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~ r e c t l y  t o  the current  version of ATLAS a r e  as follows: 

B. F. Backman 
G. N. Bates 
L, C, Carpenter 
R. E .  Clemmons 
H. L. Dreisbach 
W. J, Erickson 
S. H. Gridre 
F. P. Grcy 
D. W. Halstead 

H, B. Hansteen 
B. A. Harrison 
J, M. Held 
M. Y. Hirayama 
J. R. Hogley 
H. E, Huffman 
D. W, Johnson 
A. S. Kawaguchi 

D. Mounier 
D. Nelson 
C. Redman 
A. Samuel 
Tame kuni 
von Limbach 
0. Wahlstrom 
A. Woodward 
K. Yagi 



ABSTRACT 

T h i s  manual descr ibes  the input  data and execution con t ro l  
s ta tements  f o r  the ATLAS in t eg ra t ed  s t r u c t u r a l  a n a l y s i s  and 
design system. It is  operational on the Control Data Corporation 
(CDC) 6600/CYBER computers in a batch mode o r  i n  a time-shared 
mode via i n t e r a c t i v e  graphic  o r  text terminals .  ATLAS is  a 
modular system of computer codes w i t h  common executive and d a t a -  
base management components, The system provides an  extensive set 
of general-purpose t e c h n i c a l  prqrams with a n a l y t i c a l  
c a p a b i l i t i e s  including s t i f f n e s s ,  stress, loads,  mass, 
subs t ruc tur ing ,  strength design,  unsteady aerodynamics, 
visra t ion,  and f l u t t e r  analyses.  The sequcr;ce and mode of 
execution of s e l e c t e d  program modules are con t ro l l ed  via a common 
user-or iented language, Execution of selected modules with 
external  interfaced programs i s  supported by the ATLAS da ta  Sase 
and ATLAS data manager. User i n t e r f a c e s  are provided for 
i n t e r a c t i v e  execut.ion-control,  d a t a - f i l e  ed i t inq ,  and graphical-  
display of selected data.  Problern-definition input  data a r e  
written i n  a problem-oriented language. Input-data qenerat ion 
options and input-data checks provided by the preprocessors 
minimize the amount of da ta  and flowtime f o r  problem 
def i n i t i o n f l e r i f  ication, Postprocessors allow selected da ta  t o  
be extracted, manipulated, and displayed v i a  on l ine  or o f f l i n e  
p r i n t s  o r  p l o t s  far monitoring and ver i fy ing  problem solutions. 
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1.0 INTEODUCTION 

ATLAS i s  an  i n t e q r a t e d  s t r u c t u r a l  a n a l y s i s  and des ign  
system o p e r a t i o n a l  on  t h e  Cont ro l  Data Corpora t ion  (CK!) 
6600/CYBER computers i n  a ba tch  mode or i n  a  t ime-shared mode 
v i a  i n t e r a c t i v e  text o r  g r a p h i c  t e r m i n a l s .  It i s  a  modular 
system cf computer codes  w i t h  common e x e c u t i v e  and da ta -base  
management components. ATLAS prov ides  a n  e x t e n s i v e  se t  of 
general-purpose t e c h n i c a l  programs with a e r o e l a s t i c  a n a l y t i c a l  
c a p a b i l i t i e s  i n c l u d i n g  s t i f f n e s s ,  stress, loads ,  mass, 
s u b s t r u c t u r i n q ,  s t r e n q t h  des iqn ,  uns teady aerodynamics, v i b r a t i o n  
and f l u t t e r  analyses .  A f in i t e -e lement  s t r u c t u r a l - a n a l y s i s  
approach i s  used wherein t h e  d i s t r i b u t e d  p h y s i c a l  p r o p e r t i e s  
of the problem a r e  r e p r e s e n t e d  by a  f i n i t e  number of  i d e a l i z e d  
elexrent s. 

The sequence and mode o f  execu t ion  of s e l e c t e d  program 
modules f o r  a mult i - technology problem a r e  c o n t r o l l e d  by t h e  
u s e r  v i a  a  canmon use r -o r i en ted  lanquage. User i n t e r f a c e s  a r e  
provided f o r  i n t e r a c t i v e  c o n t r o l  of module execu t ions ,  da ta -  
f i l e  e d i t i n g  and g r a p h i c a l - d i s p l a y  of s e l e c t e d  i n p u t  and 
c a l c u l a t e d  data .  Comxunication of d a t a  between proqram modules 
is performed a u t o m a t i c a l l y  by t h e  ATLAS data-bas2  manager. 

Problem-def in i t ion  i n p u t  d a t a  a r e  w r i t t e n  i n  a  problem- 
o r i e n t e d  lanquaqe. V e r s a t i l e  input -  d a t a  q e n e r a t i o n  c a p a b i l i t i e s  
and inpu t -da ta  checks a r e  provided by  t h e  preprocessors  t o  
minimize tho amount ~f d a t a  and f lowtime r e q u i r e d  t o  d e f i n e  
and v e r i f y  t h e  problem t o  be solved. Pos tp rocessors  a l low 
s e l e c t e d  l n p u t  d a t a  and a n a l y s i s / d e s i g n  r e s u l t s  t o  be s x t r a c t e d ,  
manipulated and d i sp layed  v i a  on- l ine  o r  o f f - l i n e  p r i n t s  o r  
p l o t s  f o r  monitorinq and v e r i f y i n g  problem s o l u t i o n s .  

This  document p r e s e n t s  d e t a i l e d  d e s c r i p t i o n s  of a l l  
problem-def in i t ion  input d a t a  and e x e c u t i v e - c o n t r o l  s t a t ements  
f o x  t h e  ATLAS System. I t  i s  assumed t h a t  t h e  r e a d e r  is f a m i l i a r  
with matr ix  s t r u c t u r a  1-ana l y s i s  methods and a s  such, no a t tempt  
i s  road.. t o  d i s c u s s  s = : u c t u z a l  i d e a l i z a t i o n  t echn iquss  he re in .  
Documentation of tho  system des iqn  and t h e  da ta -base  management 
system a r e  con ta ined  i n  r e f e r e n c e s  1-1, 1-2 and 1-3. 

This  document i s  comprised of f o u r  major p o r t i o n s  which 
d e s c r i b e  t h e  fol lowinq:  

a)  Sec t ion  10.0 provides  a n  overview of rhe a n a l y t i c a l  
c a p a b i l i t i e s  and a r c h i t e c t u r e  of t h e  ATLAS System. 



b) S z c t i o n  11.0 d e s c r i b e s  t h e  q e n e r a l  deck s e t u p  a n d  t h e  
CDc-system job c o n t r o l  c a r d s  r e q u i r e d  for e x a c u t i o n  
o r  ATLAS, 

c) S e c t i o n  100.0 p r e s e n t s  the g e n e r a l  r u l e s  and document 
no t a t i on  conce rn inq  problem-def i n i t i o n  i n p u t  d a t a .  
D e t a i l e d  d e s c r i p t i o n s  o f  t h e  i n p u t  d a t a  a s s c c i a t e d  
w i t h  each  of t h e  ATLAS System t e c h n i c a l - d a t a  
p r e p r o c e s s o r s  a r e  p r e s e n t  sd  i n  t h e  remaininq 1 0 0 - s e r i e s  
sect ions .  

d) S e c t i o n  200.0 p r e s e n t s  the g e n e r a l  rules and document 
n o t a t i o n  conce rn inq  e x e c u t i o n - c o n t r o l  of t he  ATLAS 
Systsm modules. D e t a i l e d  d e s c r i p t i o n s  of t h e  e x e c u t i v s -  
c a n t r o l  s t a t a m e n t s  a s s o c i a t e d  w i t h  each  of t h e  t e c h n i c a l  
compu ta t iona l  modules are p r e s e n t e d  i n  t h e  r ema in inq  
200-seriss s e c t i o n s .  

Finite Element Libraries, Cataloged Executive-Control 
Procedures, Sample ATLAS Deck Setups, ir~terfaces of ATLAS 
with External Computer Proyarns and ATLAS Interactive EDIT 

Detailed Descriptions of Executive-Control Staterneats fqr 
the Technical Computational Modules (e.g. sec. 252.0 f w  

I Rules for Module Executive -Control 

ns of ProblemDefinition Data for 
processors (e.g. sec.152.0 

eneral Rules for Problem-Definition 

Sec. 11.0 - General Deck Setup and 
CDC-System Job Control Cards 

Sec. 10.0 - Overview of ATLAS System 

c*..".... ,..,..,..*.." 
USER'S M A N U A L  

INPUT A N 0  E X E C U T I O N  D A T A  

'I I * .  *- ,...... I.,. . . 



O V E R V I E W  I 

This  s e c t i o n  presents an overview of the  ATLAS Systpm 
func t ions ,  the system a r c h i t e c t u r e ,  the user  interfaces, and 
the manaqe~nent of data matr i ce s .  An overview o f  the t z c h n i c a l  
capabilities provided by +he system is a l s o  presented. Detailed 
d e s c r i p t i o n s  o f  t h e  sys tem-des ign  and data-base management a r e  
documsnted rn r e f e r e n c e s  1 - 1  and 1-2 .  



10 -1  SYSTEM FUNCTIONS AND ANALYSIS CAPABILITIES 

ATLAS provides t h e  user with three major types of 
capabi l i t ies :  

a) Analysis Cuntrol 
b) Data Communication 
C)  Numerical Computations 

me user  has complete command of the  analysis control .  This 
function is defined v i a  h i s  executive cont ro l  deck. Data 
commu~~ication within t h e  system is Piandled automatically. The 
user ,  however, is required t o  name ce r t a in  ana lys i s  data  (User 
Matrices) t h a t  descr ibe t h e  t d t a l  problem. For example, t h e  
s t r u c t u r a l  s t i f f n e s s ,  loads and displacement matrices a r e  
i d e n t i f i e d  by user-assigned names. This is p a r t  of t h e  ana lys i s  
cont ro l  funct ion a s  defined by t h e  user,  

The computational functions provided by ATLAS are divided 
into t h r e e  categories:  

a )  Input Data Preprocessing 
b) Data Processing 
c)  Output Data Postprocessing 

A1 computational functions a r e  se lec ted  by t h e  user v i a  h i s  
control  deck. 

The technical-analysis computational c a p a b i l i t i e s  provided 
by ATLAS axe summarized in t h e  f o l l w i n g  out l ine.  

Data YanaqeInent and Execution Control - 
A data-base manager 
k user-oriented execution-control language 
Catalogs of control-statement procedures 
In terac t ive ,  on-line and batch-mode processing 
In terac t ive  d a t a - f i l e  and con t ro l - f i l e  e d i t o r  
Automated execut ion-- res tar t  procedures 
Numerous problem conditioning-checks during analyses 

U t i l i t y  Matrix hlqebra 

A user-oriented language f o r  performing matrix 
and s c a l a r  mathematics 

A rnodule for assembling elemental s t i f f n e s s ,  
mass, loads, and displacement matrices 

A ;nodule for so3.ving out-of-core systems of 
l i n e a r  symmetric equations 



. A module far adding and multiplying out-of-core matrices 

Data P r e n r o c e s s i u  

Free-f i e ld ,  i n p u t  d a t a  f ar rnat  
~roblem-defini t ion data  wr i t t en  i n  a problem-oriented 

language; many d a t a  def a*at values are provided 
Conmron, automatic data-generation options f o r  a l l  da ta  types 
Automatic generation of nodes, element gr ids ,  loads, etc, 
Extecsive n-mber of warning and e r r o r  diagnost ics  

Data Postprocessinq 

Extract  se lec ted  subsets  of data f o r  pr in t /p lo t  d isp lays  
User-selected data  p r in tou t s  
User-selected on l i n e  and off l i n e  p l o t s  

-Orthouraphic, p i c t o r i a l  geometry p l o t s  
-Data displays  superimposed on element g r i d s  
-1socurve contour p l o t s  
-X-Y graphs 

In te rac t ive  graphics 

Geometry Model inq 

. Lofting of three-dimensional s t r u c t u r a l  components 
Maximum of 4095 nodes per data set o r  subs t ruc ture  
Local rectangular,  cy l indr i ca l ,  and spher ica l  

reference frames f o r  node d e f i n i t i o n  and 
s t r u c t u r a l  response. 

Boundary Candi  t i o n s  (BC) 

Constraints an se lec ted  nodal freedoms 
S y m e t r i c  and antisynrmetric options 
E l a s t i c  supports 
Maximum of 10 d i f f e r e n t  BC s tages  

S t r u c t u r a l  Modelinq 

Maximum of 32,767 elements 
Nodal freedoms with no s t i f f n e s s  are automatically 

ignored 
Library of elements 

- A x i d  ROD and general  BEAM 
-Membrane PLATE and bending GPLATE elements 

w i t h  or thot ropic  capabi l i ty  
-Ruilt-up SPAR and COVER elements 
-Family of 3-D isoparametric BRICK elements 
-Grounded SCALAR spr ing  ( e l a s t i c  support) 
Shear rod (SROD) and shear panel (SPLATE) 



-Composite-mater~al pla to (CPLATE) and 
b u i l t  -up compcl5ite CCC;lrF;R elements 

&lt i l e v e l  Subs t ruc tu r inq  

N o  l i m i t  on number of i n t e r a c t  levels 
Automatic management of s u b s t r u c t u r e - i n t e r a c t  data 
c a p a b i l i t y  for stress, mass, and v i b r a t i o n  ana ly se s  

A p p l i e d  S t a t i c  Loads 

Nodal loads  
Element d i s t r i b u t e d  loads 
Thermal loading 
hotational i n e r t i a  loads 
Spec i f i ed  displacements  
Loadcase supe rpos i t i on  
No l i m i t  on number of loadca3es 

Linear  S t r e s s  Analysis 

Displacement formulat ion 
Superposi t ion of displacements and stresses 
Freebody--internal nodal  f o r c e s  on elements 
Equil ibrium checks 
Stress contour p l o t s  

Bi fu rca t i on  Sucklinq Analysis 

Xaximum of 400 degrees of freedom 
Geometric s t i f f n e s s e s  f o r  ROD, BEAM, PLATE, GPLATE, 

and BRICK elements 
Node-shape p l o t s  

Strenqth R e s i z i n q  

~ u l l y - s t r e s s e d  design 
-Panel b u c k l i ~ g  i n t e r a c t i o n  
-Geometric and margin-of-safety c o n s t r a i n t s  
-Thermal e f f e c t s  

S~noothing of r e s i zed  element p r o p e r t i e s  
Pargin-of -saf e t y  p l o t s  

S t r u c t u r a l  op t imiza t ion  . -  

Hey ional opt imiza t ion  of composite s t r u c t u r e s  

Mass Analysis 

Miiximm of 100 massfleight  d i s t r i b u t i o n  cond i t i ons  

) ' I  I . .  .-=*v- L- 
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Maximun of 32,767 n o n s t r u c t u r a l  mass e l e m e n t s  
Library of  e l e m e n t s  

-FCC and g e n e r a l  EEAM 
-Bui l t -up SPAR and COVER e l e m e n t s  
-ELATE e l emen t s  
- concen t r a t ed  SCALAR masses 

D e t a i l e d  weight  s t a t e m e n t s  
a Diagonal ,  nondiagonal ,  and  Guyan-reduced mass m a t r i c e s  

Panel-weight  matrices 
Fue l  and payload  management 
Fue l  and payload  l o a d a b i l i t y  d i a g r a r s  

Normal modes and f r e q u e n c i e s  
G e n e r a l i z e d  mass and s t i f f n e s s  m a t r i c e s  
Maximum of 40C degrees of  freedom 
Mode-shape p l o t s  

F l u t t e r  Analysss ----------- 
a Assumed-pressure f u n c t i o n  and d o u b l e t - l a t t i c e  methods 

f o r  subson ic  c o n p r e s s i b l e  f l o w  
a S t r i p - t h e o r y  method f o r  s u b s o n i c  i n c o n p r e s s i b l e  f l o w  

Mach-box method f o r  s u p e r s o n i c  f l ow 
R e s i d u a l  s t r u c t u r a l -  f l e x i b i l i t y  e f f e c t s  
Mods i n t e r p o l a t i o n  f u n c t i o n s  

-8u r face  s p l i n e  
-Motion a x i s  and  motion p o i n t  
-Folynomial 
-Eeam s p l i n e  

Automated V-g and @Irnatched point1@ s o l u t i o n  o p t i o n s  
V-g and V-f f l u t t e r - s o l u t i o n  p l o t s  

ATLASIFLEXSTAB--Interface ATLAS s t r u c t u r a l  and  mass 
d a t a  wi th  FLEXSTAB f o r  per forming  a e r o e l a s t i c  and 
e l a s t i c  s t a b i l i t y  a n a l y s e s ;  I n t e r f a c e  FLEXSTAB 
s t e a d y - s t a t e  l o a d s  w i t h  ATLAS f o r  performing stress 
a n a l y s i s  and s t r u c t u r a l - d e s i g n  f u n c t i o n s .  

ATLAS/NASTFAN--Interface ATLAS i n p u t  d a t a  t o  NASTRAN 
and i n t e r f a c e  NASTKAN i n p u t  d a t a  t o  ATLAS 

I n t e r f a c e  qeone t ry  i n p u t  d a t a  f o r  t h e  NASA-LRC ae ro -  
d y n a ~ i c  c o n f i g u r a t i o n  program with  ATLAS 

I n t e r f a c e  geometry d a t a  g e n e r a t e d  b y  t h e  Boeing GCS 
program w i t h  ATLAS. 



10.2 SYSTEM ARCHITECTURE 

The ATLAS System has  t e e n  des igned  p r i m a r i l y  on t h e  b a s i s  
o f  conven ien t ,  u s e r - s e l e c t i o n  of system f u n c t i o n s .  O t h e r  
c o n s i d e r a t i o n s  such  a s  sys t em m a i n t a i n a b i l i t y  and t h e  a b i l i t y  
t o  ex tend  t h e  sys t em c a p a b i l i t i e s  a l s o  i n f l u e n c e d  i ts  des ign .  
The a r c h i t e c t u r e  developed f o r  ATLAS i s  a modular s y s t e m  of  
compu ta t iona l  modules with common e x e c u t i v e  and da t a -base  
management components. The e x e c u t i v e  r.omponent i s  comi rised 
o f  a system-execut  i o n  moni tor  and an a n a l y s i s - c o n t r o l  module 
( C o n t r c l  Proqrarn) tha t :  i s  c r e a t e d  from t h e  u s e r - d e f i n e d  c o n t r o l  
deck.  The system a r c h i t e c t u r e  is i l l u s t r a t e d  i n  f i g u r e  10-1. 

Tile thrp-s t y p e s  of compu ta t iona l  modules i n  t h e  sys t em 
and  th?lr b a s i c  functions are a s  f o l l o w s :  

3) P r e p r o c e s s o r s  --Rsad, decode, generate and  i n t e r r o q a t e  
t h e  problem d e f i n i t i o n  d a t a ;  load 
problem-execut ion r e s t a r t  da t a .  

t) F r o c e s s o r s  --Perform t e c h n i c a l ,  numer ica l  
computa t ions  . 

c)  ?oost p r o c e s s o r s  - -Ex t r ac t ,  f o r n a t  and d i s p l a y  
( p r i n t l p l o t )  i n p u t  d a t a  and  a n a l y s i s  
r e s u l t s ;  s a v e  p r o b l e m e x e c u t i o n  
restart da ta .  

Table  10-1 c o n t a i n s  a  summary o f  a l l  compu ta t iona l  modules 
ir t h 3  system. It s h o u l d  be no ted  t h a t  f o r  c o n v e n i e n t  
r e f  e r2nc inq ,  the 100- se r i e s  s e c t i o n s  o f  t h i s  document a r e  o rde red  
a l p h a b e t i c a l l y  acco rd ing  t o  the  names of the Prep roces so r s .  
The 203 - s e r i e s  s e c t i o n s  a r e  also o r d e r e d  a l p h a b e t i c a l l y  acco rd inq  
t o  the names of t h e  P r o c e s s o r s  and P o s t p r o c e s s o r s .  Tho i r p u t  
d a t a  fgr the STIFFNESS Prep roces so r ,  for e x a m ~ l e ,  a r e  described 
i n  s e c t i o n  152.0, whereas  t h e  e x e c u t i o n - c o n t r o l  d i r e c t j . v e s  for 
the STIFFIJSSS P roces so r  and P o s t p r o c e s s o r  a r e  described i n  
s e c t i o n  252.0. 

' i h s  vemaining modules of t h e  sys tem a r e  c a l l e d  s x s c u t i v e  
modules. These modules suppart t h e  a n a l y s i s  c c n t r o l  and d a t a  
c o n , n ; u ~ i c a t i o n  f u n c t i o n s .  The e x e c u t i v e  modules and t h e i r  b a s i c  
f u n c t l o ~ s  a r e  a s  fo l lows :  

a )  Precompilers --Support  t h e  system data-base  
management and  t h e  c r e a t i o n  o f  
c o n t r o l  Proqrarn modules t rom 
c o n t r o l  decks ;  t r a n s l a t e  L;?er- 
o r i e n t e d  e x e c u t i v e -  language 



d i r e c t i v e s  into machine 
i n s t r u c t i o n s .  

b) C o l ~ t r o l  Program --Control t h e  sequence and mode 
o f  execu t ion  of  s e l x t z d  
computat ional  modules a s  s p z c i f i e d  
by t h e  u s e r  v i a  t h e  c o n t r o l  deck. 

c) ATLAS 0.0 Overlay --Monitor an ATLAS job dur inq  batch-  
mode o r  i n t e r a c t i v e  execut ion;  
i n t e r p r e t  c o n t r o l  d i r e c t i v e s  i n p u t  
v i a  3 t ime-shared t e r m i n a l  dur ing  
i n t e r a c t i v e  processinq.  

Automatic t r a n s m i s s i o n  of d a t a  from one mcdule t o  a n o t h e r  
i s  accorrplished p r imar i ly  b y  the use of named, random-access 
d i s k  files. Each d a t a  f i l e  is i d e n t i f i e d  by a name c o n s i s t i n g  
o f  seven c h a r a c t e r s  wherein t h e  l a s t  t h r e e  c h a r a c t e r s  a r e  RNF. 
A l l  i n p u t  d a t a  format ted  by t h e  p r e p r o c e s s o r s  are s t o r e d  i n  
t h e  f i l e  named DATARNF, whereas the d a t a  genera ted  by a p rocessor  
a r e  s t o r e d  i n  a s e p a r a t e  f i l e  t h a t  i s  named by u s e  cf t h e  f i r s t  
f o u r  l e t t s r s  i n  t h e  processor  name. For example, d a t a  genera ted  
by t h o  STIFFNESS Processor  are s t o r e d  i n  STIFRNF (see t a b l e  
I O ? )  Eacn mat r ix  wi th in  a f i l e  is  i d e n t i f i e d  by a unique 
nam2 comprls2d of 1 t o  7 c h a r a c t e r s  which s e r v e s  a s  t h e  random- 
access ,  index namd f o r  d a t a  management. D e t a i l e d  d e s c r i p t i o n s  
of -11 da ta  f i l e s  and mat r i ces  a s s o c i a t e d  wi th  t h e  ATLAS Sys tem 
a r e  preserLted i n  r e f e r e n c e  1-2. 

Aanaqement of a l l  i n t e r n a l  d a t a  is performsd au tomat ica l ly .  
Manaq3ment of e x o c u t i o n - r e s t a r t  d a t a  and naminq of User Matr ices ,  
howevzi-, are r e s p o n s i b i l i t i e s  of t h e  u s e r  a s  de f ined  v ia  t h e  
c o n t r o l  &ck. A User Matr ix  i s  a set  of d a t a  such a s  t h e  
s t r u c t u r a l  s t i f f n e s s  matr ix ,  a t o t a l  mass matr ix ,  e t c . ,  t h a t  
d e s c r i b e s  t h e  t o t a l  problem. C e r t a i n  naminq and uniqueness 
requirements  e x i s t  f o r  U s e r  Mat r i ces  r e f e r e n c e d  by some of t h e  
computational modules. These r e q u i r e n e n t s  a r e  de f ined  i n  s e c t i o n  
200.c. 



1 USEX3 INTERFACES 

User i n t e r f a c e s  w i t h  ATLAS are d e f i n e d  v ia  t h e  problem 
d a t a  deck a n d  t h e  c o n t r o l  deck. The problem deck d e f i n e s  t h e  
problem to  be a n a l y z e d  by the computa t iona l  f u n c t i o n s ,  whereas  
t h e  c o n t r o l  deck d e f i n e s  t h e  a n a l y s i s  c o n t r o l  f u n c t i o n .  

The problem da ta  deck ,  which no rma l ly  r e p r e s e n t s  t h e  b u l k  
o f  t h e  i n p u t  d a t a ,  i s  d e s c r i b e d  i n  s e c t i o n  100.0. 

The d i r e c t i v e s  s u p p l i e d  v i a  t h e  c o n t r o l  deck d e f i n e  t h e  
f o l l o w i n g :  

a )  Sequsnce  of computa t ions ,  
b) Ussr Matr ix  names, 
C )  D i s p o s i t i o n  of  a n a l y s i s  r e s u l t s ,  
d) Schedule5  problem-execut ion r e s t a r t s ,  
e )  Con t inqenc ie s  i n  c a s a  o f  problem d a t a  errors. 

T h e  cont ro l  deck may a l s o  be used to  perform s p e c i a l  a n a l y t i c a l  
computations, man ipu la t e  ATLAS d a t a ,  and manaqe d a t a  for 
interfacing ATLAS computa t iona l  modules w i t h  c o q u t e r  proqrams 
tliat are external ta ATLAS. E s t a b l i s h e d  i n t e r f a c e s  between 
A T U S  and a x t e r n a l  proqrams are d e s c r i b e d  i n  a ~ ~ e f i d i x  G. 

Ex2cut ion of a C o n t r o l  Program and t h e  ATLAS Syscem may 
be  p'rfcrms.3 i n  a b a t c h  node or i n  a t i m e - s h a r s d  mode v i a  
interactive text or q r a p h i c s  t e r m i n a l s .  Execu t ion -con t ro l  
statemer,cs may be i n p u t  v i a  a t e r m i n a l  d u r i n g  i n t e r a c t i v e  
p r o c z s s i n j  of a C o n t r d l  Proqram. A d d i t i o n a l l y ,  o n - l i n e  p l o t s  
of s2lectea d a t a  may b? c r e a t e d  on i n t e r a c t i v e  g r a p h i c s  c o n s o l e s  
via input t o  the common, i n t e r a c t i v e  ( c o n v e r s a t i o n a l )  GkAPHICS 
Pcstprocessor a s  , l e s c r i b e d  i n  s e c t i o n  228. 0. 

f iequirements  of a c o n t r o l  proqrarn deck and  d e t a i l e d  
descriptions of t h e  u s e r - d e f i n e d  c o n t r o l  s t a t e m e n t s  a r e  p r e s e n t e d  
i n  s e c c i o n  100.0. 
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11.0 JOB-DECK SETUP AND SYSTEM EXECUTION 

The general  deck-setup requirements and t h e  CDC 6 6 0 0  job- 
c o n t r o l  cards  required for execut ion  of the ATLAS System ale 
presented herein.  Addi t iona l ly ,  the resource  requirements f o r  
e x e c u t i o n  o f  ATLAS a r e  d i scussed  i n  s a c t i o n  1 1.3. 



1 1.1 J C B  DECK PREPARATION 

The complete  deck s e t u p  r e q u i r e d  f o r  e x e c u t i o n  of t h e  
ATLAS System i s  shown i n  f i q u r e  11-1. ~ l t h o u g h  many modes of 
o p e r a t i o n  may ba uszd t o  assemble a  job  deck,  only  c a r d - i n p u t  
o f  a deck is i l l u s t r a t e d .  Disk f i l e s ,  for exanple ,  may be used 
t o  supply  ths ATLAS C o n t r o l  Program and p r o b l e m - d e f i n i t i o n  d a t a  
deck. I f  t h e  Cont ro l  Program is  r e t r i e v e d  from a d i s k  f i l e  
i r .  wnicn ~t was p r e v i o u s l y  e s t a b l i s h e d ,  the Control-Proqram 
s o u r c e  d ~ k  and i ts end-of-record c a r d  as shown i n  fiqure 11- 
1 would n o t  be i n c l u d e d  i n  the job  deck. 

The priinary components of an ATLAS job deck are: 

a) C o n t r o l  cards for the CDC 6600 
b)  ATLAS Control-Proqram deck 
c) ATLAS problem-def ini t i o n  d a t a  deck 

Zach of triese components i s  d e s c r i b e d  i n  t h e  f o l l w i n g  s e c t i o n s .  

( END- OF- FILE -7 

roblem-Definition Data Deck . sec. i00.0) 

xecut ive  Control Deck . sec. 200.0) 

Job Control Deck 
(ref. WCm 1-1.2) 

Piqure 11-1. ATLAS Job Deck 



11 ,1.1 Control Cards for the CDC 6600 

For many jobs, the only CDC 6600 cont ro l  cards required for 
execution of ATLAS are shown i n  the f o l l w i n g  list: 

Job Card 
Account Card 
GET (CATM/UN=UATLASU) 
CALL (CATM , ATTACH) 
CALL (CATM , CONTROL) 
ATLAS (PL= 100000) 

Each control  card statement begins i n  column one of a card,  
These control  cards and t h e  control  cards required t o  execute 
most  types of ATLAS jobs a r e  described in d e t a i l  i n  sec t ion  11.2. 

11 -1.2 ATLAS Control-Proqram Deck 

The primary function of the ATLAS Control-Program deck is 
t o  def ine  the  sequence and mode of execution of se lec ted  ATLAS- 
system modules t o  analyze the problem establ ished by t h e  da ta  
deck. Each execution-directive statement used t o  c r e a t e  a 
Control Program is wri t ten  i n  a user-oriented language. Detailed 
descr ip t ions  of a l l  Control-Program statements are presented i n  
sec t ion  200.0. The remaining 200-series sec t ions  of this 
document describe t h e  control  d i r e c t i v e s  and parameters t h e r i n  
t h a t  are oriented toward p a r t i c u l a r  technologies. These sec t ions  
a r e  ordered a lphabet ica l ly  according t o  the Processor and 
Postprocessor names f o r  convenient referencing. 

The following example Control Program to perform a s t r e s s  
dnalysis  i l l u s t r a t e s  t h e  use of same of the  A!K,AS cont ro l  
statements. 

BEGIN CONTROL PROGRAM 
PROBLEM I D  (TYPICAL FORMAT OF A CONTROL PROGRAM) 
READ INPUT 
PRINT INPUT {NODAL) 
P R I N T  INPUT (STIFFNESS) 
PEHFOIiFl STRESS 
PRINT OUTPUT (STRESSES) 
END CONTROL PROGRAM 

%ch control statement i n i t i a t e s  one or more execution s t e p s  a s  
required i n  t h e  ana lys is  of t h e  problem defined by t h e  data deck. 
These statements begin i n  column s e w n  of a card. 

Those Processors which must be executed via Control Program 
statements t o  ~ e r f o r m  standard types of analyses using t h e  ATLAS 



System a r e  i d a n t i f i e d  i n  t a b l e  11-1. P r o c e s s o r s  which may be 
e x e c u t e d  i n  s u p p o r t  of t y p i c a l  a n a l y s e s  are a l s c  shown i n  t a b l e  
11- 1, Eecause of t h e  many a n a l y s i s  o p t i o n s  provided by ATLAS, 
t h e  sequence o f  e x e c u t i o n  of t h e s e  modules i s  b e s t  i l l u s t r a t e d  
b y  t h e  sample job  decks p r e s e n t e d  i n  append ix  F, I n  a l l  c a s e s ,  
e x e c u t i o n  of t h e  P o s t p r o c e s s o r s  t o  q e n e r a t e  p r i n t / p l o t  d i s p l a y s  
i s  o p t i o n a l .  

The  111at.hematica1 model of t h e  problem t o  be  ana lyzed  by  
e x e c u t i o n  of t h e  ATLAS Systsm i s  d e f i n e d  v i a  t h s  problem- 
d e f i n i t i o n  d a t a  deck. A l l  i n p u t  d a t a  a r e  w r i t t s n  i n  a  problem- 
o r i e n t e d  lanquaqe.  A l l  d a t a  i t e m s  may be i n p u t  i n  a  f r e e - t i e l d  
format, us inq a l i  columris of  a ca rd .  The pr imary  component of 
a d a t a  dsck i s  r s f e r e n c e d  a s  a n  i n p u t  d a t a  set  (a  block o f  
i r , forrnar ion) .  Each d a t a  s e t  is a s s o c i a t a d  w i t h  one of  t h e  
P r e ~ r o c e s s o r s  i d e n t i f  led b y  t a b l e  10- 1. 

The  s t r u c t u r e  of a  d a t a  deck a n d  q e n e r a l  i n f o r m a t i o n  
a p p l i c a b l e  t o  a l l  i n p u t  d a t a  a r e  p r e s e n t e d  i n  s e c t i o n  100.0.  
D s t a i l e d  d e s c r i p t i o n s  of e a c h  i n p u t  d a t a  set  a r e  p r e s e n t e d  i n  
c h e  remainiris  1 0 0 - s e r i e s  s e c t i o n s  of t h i s  document. These 
s e c t i o n s  a r e  ordered a l ~ h a b e t i c a l l y  a c c o r d i n q  t o  t h e  d a t a - s e t  
Kames (P rap roces so r  names) f o r  conven ien t  r e f  e r e n c i n q .  

Only t h o s e  d a t a  sets  t h a t  are r e q u i r e d  t o  d e f i n e  t h e  
p r o h l ~ r r  t o  be ana lyze3  need be i n c l u d e d  i n  t h e  d a t a  deck. Those 
d a t a  sets which must be i n p u t ,  and t h o s e  da ta  sets  which a r e  
o ~ : i o n a l  f o r  s t a n d a r d  t y p e s  of a n a l y s e s  a r e  i d e n t i f i e d  i n  t a b l e  
11-2. Tne  qer le ra l  s t a c k i n q  sequence of t n e  d a t a  sets w i t h i n  
a d a t a  d s c k  i s  a l s o  shown i n  c a b l e  11-2. 
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Table 1 1 - 1 .  P r o c e s s o r / P o s t p r o c e s s o r  E x e c u t i o n s  for  S t a n d a r d  T y p e s  o f  A n a l y s e s  0 
I Processors and h r t p r o c r - s o t s  1 Module Executions f o r  Standard ~ n a l ~ t e i  1 

Name 1 Ref. Sac. 

BOUNDARY C O N D I T I O N  206 t 
B U C K L I N G  208 
CHQLESKY 210 

St ress  1 We~gh ts  I V i b r a t ~ o n  
V '  . . ... 

I I . I 

DES 1 GN --- I I - I . - 212 . . - . -. . . - . . .- I *  -. , ... ..., 1 ' '  ,, , ,..... , , , . ,.. ..........,... : --L 
DiJBLAT 

EXTRACT 

FLEXA l R  

FLUTTER 

FREEBODY 

GRAPH I C S  

l NTERACT 

I N T E R P O L A T I O N  

I I. 1 .. 

V I B R A T I O N  I 258 II I I v 

116 
218 t 
220 

LOADS 

MACHBOX 

MASS 

MATER IAL 

MERGE 

MULT l PLY 

NODAL 

REACT l ON 

RHO3 

S T I F F N E S S  

STRESS 

@ a A cross (1) i d e n t i f i e s  a Postprocessor module on ly  
A check (/) i d e n t i f i e s  a Processor tha t  must be executed f o r  the corresoonding type 
o f  analysis. 
An a s t e r ~ s k  (*) l d e n t i f l e s  a Processor or  Postprocessor tha t  may be used to  per form 
the corresponding ana lys i s  type. 
Execut ion o f  a l l  Postprocessors f o r  p r t n t / p l o t  d tsp lags  1s se lected by the user as ret lulred. 

222 
224 t 
228 t 
230 t 
232 

a A l l  modules show i n  the t a b l e  o r  any ' -nb~na t ion  thereof  may be executed v i a  an ATLAS job. 
The corresponding inpu t  data se ts  ( r e f .  Table Il-2),however,must be provided as necessary. 
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234 

236 
238 

240 t 

242 

244 
246 t 
248 t 
250 
252 

254 

L - 
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1 I 

3CI * ,  
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% 
46 
+? 

1. ".. 
1 

46 
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v 
~~~ 46 
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* 
+k 
v - A 
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46 
+$ ,, 

/ * ,  
I 

46 
V 
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% 
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v 1 I v 

+6 
46 

v 
% ,  
/ 

.3[. I *  
- 

V 
1 

1 
46 ,, 

4 



Table 11-2. Problem-Def i n i  t ion Input Data  for Standard Types o f  Analyses, 

NODAL 146 1 V 1 r/ 1 d 1 4 
I 

BOUNDARY 
, C O N D I T I O N  

'06 2 v I *  2 v 2 r/ 

MATER l A L  140 I *  I 1 $ * 1 * 
S T I F F N E S S  152 3 / I 1 * 3 b' 3 / 

MASS 138 2 V 4 / 4 / 
- . .  , - 

SUBSET 
D E F I N I T I O N  156 * I t i c \  . * 5 I/ 

DETA l L 114 * 1 1 ,., 1 '  f 
" 

i 
1 

l NTERACT 130 * 

@ A check (4) i d e n t i f i e s  a data  se t  t h a t  i s  requi  red f o r  the corresponding type o f  analysis.  

An a s t e r i s k  (*) i d e n t i f i e s  a data  se t  t ha t  may be used t o  d e f i n e  the p r o b l a  f o r  the 
cor respond ing an .~ l  j s i s  type. Any one or  cornbirlation o f  these data  se t s  may he input.  

Any one o r  combinat ion o f  AFl,DUBLAT,MACHBOX,and RHO3 data  s e t s  may be i npu t  i n  any order. 

A I  I o f  the data s e t s  shown i n  the  t a b l e  or  any combinat ion thereof  may be inc luded i n  a data  
deck. Only those data  a p y l i c a b l e  t o  the  problem - execut ion statements s p e c i f i e d  i n  t he  
Cont ro l  Program a re  used. 



11 - 2  CDC 6600 JOB CONTROL CARDS 

The CDC 6600 control  cards required to execute most types  
of ATLAS jobs are supplied as cataloged procedures on the  ATLAS 
program tape and permanent disk files. T h u s ,  only a small number 
of co~ l tro l  cards must be supplied by the user  f o r  normal runs. 
These control cards ,  v a l i d  for the NOS 1 .2  operating system, are 
described below. Each of the integers within parentheses on the 
l e f t  s i d e  of the  following list refers t o  a subsequent 
explanatory note .  Each control-card statement begins i n  col- 
one of a card. 

Job Card 
A c c o u n t  Card 
GET (CATM/UN=UATLASU) 
CALL ( CATM , ATTACH) 
VSN (kTLASMT=6 bxxxx) 
LASEL (ATLASW, NT) 
AEWIND (ATLASMT) 
COPYBF (A?ZASMT, CATM) 
CALL (CAm,ATODISK) 
CALL (CATM, c o n t r o l )  
V b 3  (3 =6 6xxxx) 
LABEL (9, F=I  ,LB=KL) 
COPYBF ( B  , CONTROL) 
VSN (C=6 6xxxx) 
LmE;L ( C ,  F = I  ,SB=KL) 
COPYBF ( C ,  Savef ile) 
REWIND (Savef i le )  
ATLAS (PL-100000) 
REWIND ( S a v e f  ile) 
REQUEST (3  ,F=I ,LB-KL, ?O=AW) SAVE 
COPYEF (Sdvef ile ,D)  
PLOTFIL ( P l o t t e r , T A P E 9 9 , 0 )  
CALL ( CATM, DROPRNF) 

NOTES : 

( 1 )  The r e q u i r e m e n t s  for t im and f i e l d  lcnqth on the  job 
cbrd vary w i t h  t h e  size of the problem and the 
m o d u l - e s  being executed (see ssc. 11.3)  . 

(2a) C o n t r o l  cards r e q u i r e d  to access the ATLAS program on 
p e r m a n e n t  file. 

(2b) C o n t r o l  c a r d s  required to copy t h e  ATLAS program 
f i l e s  f r o m  magnetic tape t o  d i sk .  Either the set of 
cards taqyet3 by (2a j  or t h e  cards tagqed by (2b) are 
input .  Both sets are not  included i n  a job deck. 



( j a )  T h i s  c a r d  c a u s e s  a C ; $ t r o l  Program i n  s o u r c e  format  
t o  be compiled and loaded .  The word " c o n t r o l N  must 
be  i n p u t  a s  one of  t h e  f o l l o w i n j  words: 

CCNTROL --The C o n t r o l  Program c o n t a i n s  no SNAFK 
l anguage  statements. 

KONTfiOL --?he C o n t r o l  Proqram c o n t a i n s  SNAkK 
s t a t e n e n t s  ( r e f .  1-3) . 

T h e  Con tzo l  Program s o u r c e  code  r u s t  t e  s u p p l i e d  
i n  t h e  INPUT deck and a l l  u s e r - d e f i n e d  c a t a l o g e d  
c o r , t r o l  s t a t 2 m e n t s ,  i f  r e f e r e n c e d  v i a  PERFOKM c o n t r o l  
s t a t e r e n t s ,  : r u s t  he on t h e  f i l e  U S E F F E O  ( re f .  s e c .  
i9C. 4)  . P r i r ~ t o u t  from t h o  c o m p i l a t i o n  and l o a d i n g  
i s  d i r s c t e d  t o  t h e  OUTPUT f i l e .  

A mor? g e n e r a l  form o f  t h i s  c o n t r o l  c a r 2  i s  a s  
f c l l o k s :  

CALL (CATM,control (INPUT=irlf i l e ,  CUTFUT=outfile, 
USEFFFO=userf i l e )  ) 

I n  t h i s  c a s e ,  d i f f e r e n t  f i l e  nanes  nay be a s s i g n e a  
t o  INPUT, OUTPUT and LJSEEPKO v i a  " in£  i l e ,  I 'ou t f i l e1@ 
s r d  l l u s e r f i l e , t @  r e s p e c t i v e l y .  I t  any of t h e  
p a r a r e t e r  p a i r s  i s  n o t  s p e c i f i e d ,  t h e  uppe r - ca se  
f i l e  names a s  shown I n  t h i s  s t a t e m e n t  a r s  u sed  
d u r i n g  c o i r p i l a t i o n  and  l o a a i n q  t h e  C o n t r o l  Proqram. 

( 3 t )  T h e s e  c a r d s  s h o u l d  be l n p u t  when an  a b s o l u t e  C o n t r o l  
Proqr3m i s  t o  be cop ied  from t a p e .  

( 4 )  T h e s e  c a r d s  s h o u l d  be i n p u t  i f  d a t a  g e n e r a t e d  by 
a p r3v ious  job  a r e  t o  be loaded  t o  r e s t a r t  e x e c u t i o n  
o r  a proSls111 by t h i s  job. Data a r e  loaded  v i a  t h e  
LCAC Coctrol-Program s t a t e m e n t s  d e s c r i b e d  i n  sec t . ion  
200.3 .1 .  h e f e r  t o  n o t e  ( 6 ) .  

( 5 )  T h i s  control c a r d  i n i t i a t e s  e x e c u t i o n  of tne ATLAS 
proqrarn. ?tie d a t &  deck ,  u n l e s s  r e s t a r t - d a t a  a r e  
l oaded ,  must b e  s u p p l i a d  i n  ti:@ 1NPUT f i l e .  A l l  
corrputer p r i n t o i l '  i s  d i r s c t e d  t o  t h e  OUTPUT f i l e .  

'1 nore  q z n e r a l  torm of t h i s  c o n t r o l  c a r d  i s  a s  
fo l l ows :  



The  parameters with in  this statement p r o v i d e  the 
c a p a b i l i t y  of changing  th? job p r i n t o u t  line limit 
and  t h e  i n p u t  and o u t p u t  f i l e  names. These  
parameters are as fo.l_laws: 

PL=nnnn --The p r ln tou t  l i n e  limit i s  se t  t o  t h e  
i n t e g e r  nnrm. 
D2fault: PL= 5000 

i n f i l e  --ATLAS reads i n p u t  from t h e  file l t i n t i l ~ .  
D e f a u l t :  INPUT 

outfile --Proqram printout is  d i r ec t ed  to  the  
f i l e  I1outf i l e .  
Defan l t . :  OUTPUT 

t + y f i l e  - - A  d u p l i c a t e  of t h e  UAYFILE msssaqzs 
is d i r e c t e d  to the file l t t t y f i l e . l e  
U s e  of this f i l e  is in tended p r i m a r i l y  
f o r  t ime-shared execution of ATLAS. 
I n  this case, f l t t y f i l e l f  is set t o  OUTPUT 
a n d  f lou t f i l e"  is a s s i q n e d  3 ria210 
different from OUTPUT. 
D e f a u l t  : TAPE96 

Whenever t h e  i i n e  limit o p t i o n  i s  used, i t  mus t  
be the first parameter  i n s l d e  t h e  ~ a r e n t h e s e s .  
I f  + h i s  o p t i o n  is not exercised, t h e  qeneral  form 
o f  this control card  shou ld  be: 

ATLAS ( i n f  i l e ,  o u t f i i e )  

The  indicated s e q u e n c e  of t h e  i l i p u t  and  o u t p u t  files 
s h o d l d  be observed. If " l n f i l e l '  i s  not spec i f l ed ,  
t h e  ( : om prsceding  w o u t f i l e w  m u s t  still be input. 

Examples : 

A T L X  (?L=40000 ,  T N , O l j T )  
A T U S  ;PL=1000(?0,  ,OUT) 
ATLAS (DATA,OUTFI LE! 
ATLAS ( , OUT) 

(5)  T n e s s  c3ris should  he  i n p u t  i f  t h s  ATLAS Sys t3m 
rzstart f a c i l i t i e s  a r e  to be used. Data qenera ted  
by  t h i s  job (jre t~ be  saved  for  restart o r  problem 
execution b y  ol subsequen t  job (see cards taqq2d  
w i t h  4 ) .  T ~ c ?  s p x i f l e d  r e s t a r t  f i l e -name  denated 
by " S a v z f i l e "  m u s t  he  one of t h e  names d e f i n e ?  i n  
s e c t i o n  200.2.  Data a r e  saved  v i a  t h e  SAVE Control- 



Proqram s t a t e m e n t s  d e s c r i b e d  i n  s e c t i o n  200.3.1. 
I f  d a t a  associated with m u l t i p l e  " S a v e f i l e s I t  are 
t o  b e  s a v s d ,  m u l t i p l e  c a r d s  o f  t h i s  t y p e  s h o u l d  
bz i n p u t .  P o s i t i o n i n g  of a l l  l f S a v e f i l e s t t  a n d  
n a n d l i n q  o f  m a q n s t i c  t a p e s  (pe rmanen t  f i l e s )  o n  
which s a v e d  d a t a  a r e  wri t ten  are r e s p o n s i b i l i t i e s  
o f  t h e  u s e r .  

( 7 )  T h i s  card is r e q u i r e d  w h e ~ e v e r  o f f - l l n e  p l o t s  a r e  
r e q u e s t e d  v i a  a n  EXECUTE GRAPHICS c o n t r a 1  statemefit 
(see sec. 228. C )  . E i t h e r  t h e  S e r o m b ~ r q  C a r l s o n  
SZ4020, t he  CALCOXP Modei 763 or the! GERBER draf t inq-  
machine  o f f - l i n e  p l o t  s y s t e m  may be requested. 
T h e   lot nardware  u n i t  t o  b e  used i s  i d e n t i f i 2 d  
by t h e  word I * P l o t t e r t t  a s  shown i n  t h e  f o l l o w i n q  
c a r d s .  

PLOTFIL (SZ4023 ,T.':.PE99,0) 
i7iOI'F1L (CilLCOMP,TAPE99,0) 
PLOTFIL (GERBES, TAPE99 ,O) 

o n l y  one p l o t  h a r d w a r e  s y s t 5 m  may be r e q u e s t e d  per 
A T L A S  job e x e c u t i o n .  Any CDC 6600 COMMENT c o n t r o l  
c,irds t h a t  i m m e d i a t e l y  f o l l o w  the PLOTFIL c a r d  a r e  
a u t o m a t i c a l l y  d i r e c t e d  t o  t h o  o p e r a t o r  of " h e  
svec i f  i e d  p l o t  u n i t .  

(8)  T h i s  card s h o u l d  be i n p u t  p r i o r  t o  e a c h  s u b s e q u e n t  
a x e c u t i o n  of t h e  ATLAS proqram (card 5 )  i n  t h ;  same 
j o  h. T h i s  c a r d  causes t h e  d a t a -  commun~ca t i ~ n  f i l e s  
u s e d  hy ATLAS t o  be r e t u r n e d .  



1 1.3 ATLAS EXECUTION RESOURCE RQUIREMENTS 

The amount of c e n t r a l  memory (CM, core or  f i e l d  l e n q t h ) ,  
c e n t r a l  p r o c e s s o r  t i m e  (CP) and p r i n t o u t - l i n e  (PL) computer 
r e s o u r c e s  r e q u i r e d  t o  e x e c u t e  a n  ATLAS job  depends  on  t h e  s i z e  
and  t y p e  of problem b e i n g  so lved .  E s t i m a t e s  o f  t h e  CM and CP 
r e s o u r c e  r e q u i r e m e n t s  a r e  r e q u e s t e d  by t h e  u s e r  v i a  t h e  CDc 
6b00  ItJob Card,lB whzreas  t h e  PL r equ i r emen t  i s  r e q u e s t ~ d  by 
t h e  ATLAS e x e c u t i o n  c a r d  (see  sec. 11.2) . Tho d e f a u l t  v a l u e s  
ror CM, CP and PL a r e  n o t  s u f f i c i e n t  f o r  most ATLAS j obs  and  
t t i e r e f o r z ,  e s t i m a t e s  o f  t h e s e  r e s o u r c e s  must q e n e r a l l y  be ma( 2 
oy t h e  ustfr. Manaqzmnt of  disk s t o r a g e  r e q u i r e m e n t s  f o r  "iarge 
problzrrsot st iould a l s o  be parformed b y  the u s e r  t o  make exe?cut ion 
p o s s i b l e .  

I n s u f f i c i e n t  computer  r e s o u r c e s  r e q u e s t e d  t o  e x e c u t e  a n  
ATLAS jcb w i l l  c ause  che j ob  t o  be a b o r t e d  e x c e p t  t h a t  a d d i t i o n a l  
C F  t i ine inay be r e q u e s t e d  d u r i n q  a  t ime-shared  e x e c u t i o n .  T ~ P  
F e c u t i c n  cost i s  n o t  a f f e c t e d  by o v e r s p e c i f i c a t i o n  o f  CP and 
PL. Irfiproper c o r o  mariaqement, however, c a u s e s  unneces sa ry  
expenses .  I n  q e n e r a l ,  t h e  CM c o s t  o f  a n  ATLAS j o b  exceeds  50 
D e r c e n t  or t h e  t o t a l  c o s t .  Thus, a  u s e r  c a n  a v o i d  s u b s t a n t i a l  
expenses  by p r o p e r  c o r e  management. A d e t a i l e d  d i s c u s s i o n  on 
CK reguire inent  s i s  p r e s e n t e d  i n  s o c t  i o n  1 1.3.1. 

D u r i n q  e x e c u t i o n  of ATLAS, most  of t h e  C P  time is  consumed 
by rile Lrocessors .  To assist t h e  u s e r  i n  c o n t r o l l i n q  e x e c u t i o n  
::3.;ts, t h e  CP-t ine  r e q u i r e m e n t s  of d j ob  are r e ~ o r t e d  i n  t h e  
i o l l o w i n q  two manners: 

a )  B e f o r e  a otModuletB is e x e c u t e d ,  ATLAS (0,O) i s s u e s  t h e  
DAYFILE messaqe 18EXSCUTING Module CP=NNn whsre  NN i s  
th2 t o t a l  e l a p s e d  CP-time for t h e  job. 

U) A f t e r  e x e c u t i o n  of a  model@ ( i n c l u d i n g  r e t u r n s  from 
A C o n t r o l  Proqrarn) , ATLAS (0,O) i s s u e s  t o  t h e  o u t p u t  
t i l e  a ;Il-.ssaqe t h a t  c o n t a i n s  t h e  CP-time used by the 
~iaoiil:le and t h e  t o t a l  e l a p s e d  C P - t i m e  fcr t h e  job, 

':'ti-. k i ~ l ~  cf t b 2  p r i n t o u t  f rom an  ATLAS jok is q z n e r a t e a  
by j x e c u t l o n  of the Fostprcrcessors a s  r e q u e s t e d  by t h e  u s e r .  
, T ~ J  t o t a l  nurnher of p r l n t e d  l i n e s  ( t h e  PL r equ i r emen t )  f o r  a 
jou i s  ~r1r.r-ed by t h e  CDC 6600  o p e r a t i n q  s y s t s m .  

A S S ; S ~ ~ I I C O  i n  manaqement of drsk s t o r a q e  r e q u i r e m e n t s  
f o r  h n a i y s i s  o r  " larqa proble!rsW may be o b t a l n e d  from t h e  A T L U  
S t a f f .  Itiar.-je Problems" a r e  t h o s e  t h a t  r e q u i r e  l a r q e  amounts 
of d i s k  s t o r a q e  and many , d i r e c t - a c c e s s  d a t a  r e c o r d s .  s u c n  
prcblerns a r i s ?  whln a s t r u c t u r a l  model i s  coniprised of  many 



n o d e s  or when many modules are e x e c u t e d .  A stress analysis, 
f o r  e x a n p l ? ,  o f  a model with less than 1500 n o d e s  d o e s  n o t  
n o r m a l l y  require!  s p e c i a l  a t t e n t i o n  t o  d i s k - ~ t o r a q e  mnaqen len t .  

Central memory r e q u i r e m e n t s  arc d e p e n d e n t  cn t h e  p rob lem 
t h a t  i s  b e i n q  s o l v e d  a n d  v a r y  f rom o n a  module  t o  a n o t h e r .  The 
i n i t i a l  dnlount of a v a i l a b l e  core i s  d e t i n e d  by t h e  u s e r  v i a  
the CC)C 6600 '@Job C a r , i t t  (see sec. 11 - 2 ) .  Management o f  t h e  
amount or c o r e  a v a i l a b l e  d u r i n g  e x e c u t i o n  of  a jcb my be 
p e r f o r t r e d  by t h e  u s e r  v i a  "CALL REQFLtt s t a t e m e n t s  w i t h i n  h i s  
C o n t r o l  Proqram (see sec ,  200.0).  The amount o f  c o r e  a v a i l a b l e  
a t  s x 2 c u t i o n  t i m e  of a madule nust be s u f f i c i e n t  f o r  e x e c u t i o n  
of that i tudule.  

A s  a r u l e ,  t h e  i n i t i a l  CM r e q u e s t  is t h e  maximum core 
t h a t  is r e q u i r 2 d  by a n y  of t h e  modules  t o  be e x - c u t e d  d u r i n q  
a job. rrse ~t t h e  "RZQFLt' f a c i l i t y  w i t h i n  a Control Proqram 
a l l o w s  tnz a v a i l a b l 2  c o r e  t o  be varied f o r  e x e c u t i o n  of e a c h  
noAul2. T h i s ,  i n  g e n e r a l ,  r e s u l t s  i n  a lower e x e c u t i o n  c o s t .  

Thz x e q u e s t s d  f i e l d  l e n g t h  must  be s u f f i c i e r t  t o  
aceornindddxe t n r e e  l o q i c a  1 components ,  (1 ) t h e  e x e c u t a b l e  proqram 
codt-. (PC) and c s r t a r n  f i x e d - l e n g t h  d a t a  b l o c k s ,  (2) the r a n d o n r  
a c c e s s  daca i n d e x  t a b l e s  ( R A T ) ,  a n d  ( 3 )  t h e  o p e n  c o r e  (OC or 
b l a n ~  common) u s e d  tor c o m p u t a t i o n s  by t h e  modules.  N i t h  r e s p e c t  
r o  ex2::ution of a module, t h e  PC a n d  RAT compcnonts  a r e  1 i x e d  
v a i u z s  ( p r o b l s m  i n d e p e n d e n t ) .  The OC component,  u s e d  b y  he  
ATLAS nlodules f o r  d y n a n i c  management of d a t a ,  i s  d e f i i l e d  by  
t h e  S x F r e s s i o n  UC= (CM-PC-RAT) . Thus ,  t h e  OC is c o n t r o l l e d  by 
t h ?  u s e r  v l d  t h e  s p e c i r i e d  f i e l d  l e n q t h .  The OC requ i remef i t  
f o r  a ~ r o d u l e  i s  one of t h e  f o l l o w i n y  types:  

A )  Problem i n d 2 p e n d e n t  ( P I )  

L)  F rob1 3m-dep3ndent ma ximum r e q u i r e m e n t  (PDMAX) - - 
di id l t  ion.31 oc a v a i l a b l e  a t  e x e c u t i o n  t i n e  i s  of n o  
t)enet it . 

) ~ l r o h l  em-dependent minimum r e q u i r e m e n t  (PDMIN) - - 
additional OC a v a i l a b l e  a t  e x e c u t i o n  time may be 
u e n p r i c i a l .  There  i s  a n  optimum OC w i t h  r e s p 2 c t  t o  
e x e c u t i o n  c o s t .  



l o  de t e rmine  t h e  r e q u i r e d  f i e l d  l e n g t h  for a job, t h e  
u s e r  must know t h e  fo l l owing :  

a )  t h e  program l e n q t h  (FC) of each  o f  t h e  nodu le s  t o  he 
execu ted  

k) t h e  RAT s p a c e  

C) t h e  oC requi rement  o f  each  of the modules t o  be  execu ted  

The f i e l d  l e n g t h  r e q u i r e d  by t h e  PC of each  nodu le  i s  p r e s e n t e d  
ifi t a b l e  11-3. It s h o u l d  be n o t e d  t h a t  each  module, i n  g e n e r a l ,  
h a s  s e v e r a l  s eccnda ry  o v e r l a y s  with d i f f e r e n t  l e n g t h s  and 
d e p e n d i r g  on t h e  problem, o n l y  some o r  a l l  of t h e s e  o v e r l a y s  
may be executed .  Th? PC l e n g t h s  p r e s e n t e d  i n  t a b l e  11-3 
accommodate t h e  l o n g e s t  s econda ry  o v e r l a y  i n c l u d e d  i n  a nodule.  

The FAT s p a c e  is 300C (decimal)  words ( 5 6 7 C  o c t a l )  i n  
l e n g t h  u n l e s s  changed by t h s  u s e r  v i a  a s t a t e m e n t  "CALL 
OFENR (0,n) It i n  h i s  C o n t r o l  Frogram. The l e t t e r  nntt  d e n o t e s  
t h e  d e s i r e d  FAT s p a c e  subsequen t  t o  t h i s  s t a t e m e n t .  T h i s  
f a c i l i t y  may t e  used t o  r e d u c e  e x e c u t i o n  c o s t s  f o r  s m a l l  
problems. 

The oc requi rement  o f  a module is, i n  g e n e r a l ,  d i f f i c u l t  
t o  d e f i r e  by s i rp le  a r i t h ~ e t i c  e x p r e s s i o n s  because  of t h e  problem 
dependeccy. Tha t  is, the OC r equ i r emen t  depecds on model 
p a r a m s t s r s  such  a s  t h e  cumber of nodes  and  e l e m e n t s  i n  a d d i t i o n  
t o  what t y p e  of  e x e c u t i o n  i s  r e q u e s t e d .  Many e x p r e s s i o n s  p e r  
module would have to  be e v a l u a t e d  t o  d e t e r m i n e  t h e  minimum OC 
t h a t  r a y  be r e q u e s t e d  depending on  t h e  rca themat ica l  models and 
t h e  e x e c u t i o n  ~ o d e s .  To a l l e v i a t e  t h i s  problem, s i m p l i f i e d  
approximate  e x p r e s s i o n s  f o r  OC r e q u i r e m e n t s  a r e  p r e s e n t e d  i n  
t a t l e  11-3  f o r  rest of t h s  rcodulss. The d a t a  i n  t h i s  t a b l e  
a r e  bas sd  on t h e  d e f a u l t  RAT s p a c e  and d e f a u l t  i n t e r n a l  d a t a -  
r e c o r d  l e n g t h s .  A module marked with a n  a s t e r i s k  i n  t a b l e  11- 
3 d e n o t e s  t h a t  c o r e  usage  is  ~ o n i t o r e d  and r e p o r t e d  on t h e  
o u t p u t  f i l e  f c r  u s e r  reference. T h i s  i n f o r u a t i o ~  a l l o w s  t h e  
u s e r  t o  d e v l l o p  t h e  a b i l i t y  t o  e s t i m a t e  the CM r e q u i r e m e n t s  
f o r  future e x e c u t i o n s  of ATLAS such  t h a t  r educed  c o s t s  ray be 
realized. 

.. ;i 
It. - , .  . . . . ,,, 
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Table I I-b. Numeric Conversion Table 

Octal Oec imal 

7 3 7 2 8  
74Zbb 
74752 
7 5 2 6 4  
75776  
7 6 2  88  
76800  
7 7 3 1 2  
7 7 8 2 4  
7 8 3 3 6  
7884b 
79360 
79872 
80384 
8OtlSb 
81406 
8 1 9 2 0  
82432 
82944 
83456 
83968 
844 80 
84992 
85504 
8 6 0 1 6  
86526 
87040 
8 7 5 5 2  
8 8 0 6 4  
88576 
89088 
89600 
90132 
90624 
91136 
91648 
92160 
3 2 6 7 2  
9 3 1 8 4  
93696 
94208 
9472Q 
95232 
95744 
96256 
9 6 7 6 8  
97280 
3 7 7 9 2  



100.0 INPUT CATA GENERAL ' INPOEMATION 

General  convent  i o n s  and  t e r m i n o l o q i s s  t h a t  arcr a p p l i c a b l e  
to a l l  i n p u t  d a t a  a s  d s s c r i b e d  i n  t h ~  1 0 0 - s e r i e s  s e c t i o n s  o f  
t h i s  document a r e  der ined  i n  t h i s  s e c t i o n .  T h i s  g e n e r a l  
i n f o r m a t i o n  i n c l u d e s  t h e  following: 

a) S t r u c t u r e  of ao. input data deck;  

h) I n p u t  data fo rma t s  i n c l u d i n g  a d e s c r i p t i o n  of t h e  
notation used i n  t h i s  document t o  d e s c r i b e  t h e  i n p u t  
d a t a ;  

c)  Automatic i n p u t - d a t a  g e n e r a t i o n  c a p a b i l i t i e s ;  

d )  D e f i n i t i o n s  of  nodes,  e l e m n t s ,  c o o r d i n a t e  s y s t e m s ,  
a n a l y s i s  reference f rames used  t o  d e s c r i b e  noda l  
k i n e m a t i c s  and  u n i t s  of measurement. 

Exampla da ta  decks f o r  s e l e c t e d  problems a r e  i l l u s r r a t e d  
i r .  a p p e n ~ i i x  F. T h s e  decks  i l l u s t r a t e  the  v a r i o u s  fo rma t s  i n  
wi-:ich th3 i n p u t  d a t a  records may b e  w r i t t e n .  



100.1 DATA CECK 

A dd ta  deck a s  i l l u s t r a t e d  i n  f i q u r s  11-1 i s  comprised 
of all t h e  u so r - supp l i ed  i n p u t  d a t a  which d e f i n e  t h e  problem 
-,c be  ana lyzed  v i a  me e x e c u t i o n  of ATLAS. The b a s i c  i n p u t  
d a t a  component i s  a  d a t a  r e c o r d  and i t s  d a t a  items. T h e i r  
r e l a t i z n s n i ~ s  i n  a d a t a  deck a r e  d e f i n e d  a s  fo l lows :  

a) Data Deck  --A d a t a  deck i s  composed o f  one  o r  more 
d a t a  sets. 

c) Data Se t  - - Inpu t  d a t a  a s s o c i a t e d  w i t h  one of  t h e  
p r e p r o c e s s o r s  i n d i c a t e d  by t a b l e  10- 
1. A d a t a  s e t  i s  comprised of two o r  
Fore d a t a  s u b s e t s .  

C )  Data Subset - -A qroup  of  d a t a  w i t h i n  a d a t a  set. 
A d a t a  s u b s e t  is  comprised of many d a t a  
records .  

.i) D a t a  Record --A s t r i c g  of  numbers o r  a lphanumer ic  
words. A r e c o r d  comrronly i m p l i e s  a n  
i n p u t  c a r d  a l t h o u q h  it may r e q u i r e  two 
o r  more c a r d s .  Each d a t a  r e c o r d  is 
compossd of  one or more d a t a  i t ems .  

n) Data I t e m  - - E i t h e r  a number o r  a  c h a r a c t e r  s t r i n g .  

T h e  f i r s t  r e c o r d  of a d a t a  deck may be 

i 3 E G I N  PECSLEM DATA 

o r  it r a y  be th2 f i r s t  " B E G I N  Set-P!ame DATAH r e c o r d  o f  a  d a t a  
set. T t ~ s  last record o f  a  d a t a  deck, however, n u s t  be 

I E N D  PKCELEM CATA 

In special c a s e s ,  r n u l t i ~ l e  d a t a  decks  may be r s q u i r e d  
when e x e c u r i n q  a s i n g l e  job. I n  t h i s  s i t u a t i o n ,  each  d a t a  deck 
e n d i n g  with the r eco rd  "END FROBLEM DATAu i s  s t a c k e d  o n e  behind  
the o the r .  co r r e spond inq ly ,  m u l t i p l e  READ INPUT s t a t e m e n t s  
(snc. 280.3) must be  i n c l u d e d  i n  t h e  C o n t r o l  Proqram s u c h  t h a t  
3ach d a t a  dzck is r s a d  a n d  preprocessed .  

Each data set heqlns  with an i n p u t  r x o r d  of the form 

I U E t i L N  S+t-Name DATA 

a n d  ends  with a r eco rd  of t h e  form 



I INPUT DATA I 

I END Set-Nape DATA 

Each d a t a  set is i d e n t i f i e d  by a  unique Set-Name. The 
d a t a  d e f i n e d  by a  d a t a  set a r e ,  i n  q e n e r a l ,  a s s o c i a t e d  wi th  
a p a r t i c u l a r  technoloqy.  The remaining  100- s e r i e s  s w t i o n s  
of t h i s  document d e s c r i b e  t h e  i n p u t  d a t a  sets a s s o c i a t e d  w i t h  
e a c h  of  t h e  d a t a  p rep rocesso r s .  R e s t r i c t i o n s  r e g a r d i n g  t h e  
input c r d e r  of f i u l t i p l e  d a t a  sets a r e  d e s c r i b e d  i n  t h e  
a ~ p r o p r i a t e  sect ions .  

Genera l ly ,  a  d a t a  s u b s e t  i s  i d e n t i f i e d  by a n  i n p u t  record  
of t h - l  fcrm 

I E E G I N  Subset  -Name DATA 

and is te r rn lna ted  by a r e c o r d  of t h e  form 

I ZED Subset-Name CATA 

Each s u t s e t  within a d a t a  se t  i s  i d e n t i f i e d  by a  unique Subset-  
N a m e .  Ti le  d a t a  a s s o c i a t e d  w i t h  each s u b s e t  of a d a t a  set are  
d e s c r i b e d  i n  t h e  a p p r o p r i a t  E s e c t i o n s  he re in ,  Some d a t a  s u b s e t s  
are i d s n t i f i s d  as being o p t i o n a l .  I n p u t  o f  t h e s e  d a t a  s u b s e t s  
i s  nct required i f  the d e f a u l t  d a t a  v a l u l s  a re  a c c e p t a b l e  for 
d?f i n i  t i o a  of  t h e  problem. 



General r u l e s  concerninq i n p u t  d a t a  formats  f o r  d a t a  
r e c o r d s ,  d a t a  i t e m s  and d a t a  comments a r e  d e s c r i b e d  i n  t h i s  
s e c t i o n .  

Throughout t h i s  dacument, i n p u t  d a t a  r e c o r d s  a r e  enclosed 
w i t h i n  r e c t a n g u l a r  Soxes t o  d i s t i n g u i s h  them from d e s c r i p t i o n s  
anci exp land t ions  of t he  i n p u t  i t e m s .  

Al thouqh inpu t  d a t d  can be de f ined  us ing  eit--er card i n p u t  
o r  direct i r ,pu t  v i a  a  conputer  t e r m i n a l ,  r e t e r e n c e  t o  card i n p u t  
da t a  is  xade helow. Inpu t  format  r u l e s  r e g a r d i n u  a l l  d a t a  
recorc?~ dre as  iiollows. 

d) A l l  data i tems which d e f i n e  a record  may be inpu t  i n  a  
f r ee - f i e ld  format .  Data i t e m  d e l i m i t e r s  a r e  b lanks ,  
cox-nas, co lons ,  semicolons o r  c a r d  boundar ies .  

b) Sorue o r  all of t h e  i t e m s  i n  a r e c o r d  may i n i t i a t e  d a t a  
qerierat ion ( p a r t  (b) of sec .  100.3) . Two t y p e s  of d a t a  
g e n e r a t i o n  a r e  a v a i l a b l e :  1) i t e m  g e n e r a t i o n  w i t h i n  a 
record  a d  2) q e n e r a t i o n  of one o r  more complete r e c o r d s  
~rorrl a pa ren t  r ecord .  I t e m  g e n e r a t i o n  w i t h i n  a  r ecord  
i s  ~ e r f o r m e d  be fo re  i n t e r r o a a t i n g  a l l  the d a t a  s p e c i f i e d  
by  a i e c o r d .  This causes  t h e  l e n g t h  of t h e  o r i g i n a l  
?‘its record  t o  be expanded. A r e c o r d  t h a t  is  n o t  a 
pdrent  record  f a r  q e n e r a t i o n  of o t h e r  r e c o r d s  may 
contair l  a maximum pf 250 items i n  i t s  expanded form. 
IIowever, a p a z e n t  r e c o r d  used f o r  r e c o r d  g e n e r a t i o n  may 
c o n t a i n  a maximum of 125 i t ems  i n  i t s  expanded form. 
See s e c t i o n  100.3 f o r  c?escr ip t ions  of t h e  automat ic ,  
data-ite:n uenera t  ion c a p a b i l i t i e s .  

C )  A seuuence  ( l is t)  of d a t a  itenrs may con t inue  on to  a s  
Inaly cdrcls a s  r e q u i r e d  t o  complete a r ecord  (ref.  (e) 
below). A l l  80 columns of a ca rd  may be used.  

d )  S h o r t  r ecords  i n  sequence may be i n p u t  on t h e  same card.  
A d o l l a r - s i q n  3 ~ u s t  be i n p u t  t o  s e p a r a t e  r e c o r d s  
~ ~ m c h e d  on a single c a r d .  

e )  5 y  c:t:rault., a s i n y l e  r ecord  inpi i t  by a s i n g l e  card o r  
tht. l a s t  record  on a card  must oe t e rmina ted  by either / 
or $ .  T h i s  form of r ecord  t e rmina t ion  is re fe renced  a s  
the m?!OD51u i n ~ u t  f o r m d t .  The u s e r  may s e l e c t  t h e  
Mli10T,E2t0 input f o r - m t  which has t h e  fo l lowing 
c h d r a c t e r i s t i c s :  



1)  Each r iqh t -hand  c a r d  boundary i s  a r e c o r d  t e r m i n a t o r  
u n l e s s  o t h e r w i s e  s p e c i f i e d  (see 2) below) . M u l t i p l e  
r e c o r d s  may be i n p u t  on one card a s  d e s c r i b e d  by 
(dl 

2 )  A plus s i q n  (+)  a s  t h e  l a s t  c h a r a c t e r  on a  c a r d  
d e n o t s s  t h a t  t h e  r e c o r d  c o n t i n u e s  o r ~ t o  the next. 
c a r d .  

3 )  I f  t h e  l a s t  c h a r a c t e r  on a c a r d  is / it i s  t r e a t e d  
as 3 r s c o r d  t e r m i n a t o r .  

The  mode tormat  is i n i t i a l l y  assumed t o  b e  MODE1. T h i s  
i r i t i a l  l n p u t  format  may be chanqed t o  MODE2 v i a  t h e  READ INPUT 
C c n t r o l  Proqram s t a t e m e n t  (sec. 200.3.1) .  The format  may a lso 
b e  s p e c i f i e d  b y  i n p u t  r e c o r d s .  A r e c o r d  o f  t h e  form * /  MODE2 
/ d e n o t e s  t h a t  subsequent r e c o r d s  a r e  t o  be i n t e r p r e t e d  i n  t h e  
MODE2 format.  Conversely,  t h e  i n p u t  r e c o r d  * /  MODE1/ d e n o t e s  
t h a t  subsequent  r e c o r d s  a r e  t o  be i n t e r p r e t e d  i n  t h e  MODE1 
f o r m t .  The  i n p u t  mode e s t a b l i s h e d  by a n  i n p u t  r e c o r d  of  t h i s  
t y p e  t a k e s  ~ r e c e d a n c e  over  t h e  fo rma t  s p e c i f i e d  by  t h e  READ 
INPUT statemsnt .  A d d i t i o n a l l y ,  the l a s t  i n p u t  format  s p a c i f  i ed  
v i a  a r eco rd  w i t h i n  t h e  i n p u t  s t r e a m  is  t h e  one t h a t  i s  e f f e c t i v e  
f o r  subsequent  d a t a  r e c o r d s .  Both d a t a - r e c o r d ,  i n p u t  -f ormat  
modas may oe u s e d  i n  s e t t i n q - u p  a  d a t a  desk.  

h l l  da4a  r e c o r d s  e n c l o s e d  w i t h i n  boxes a s  d e s c r i b e d  i n  
t h i s  dccument a re  shown i n  the MODE2 i n p u t  format ,  

Sach ,data i t em i s  c a t e q o r i z e d  a s  one o f  t h e  f o l l o w i n q  
t y p e s :  

a )  Decimal Number--The f i r s t  c h a r a c t e r  may he +, -, a 
dec ima l  p o i n t ,  o r  a numeric. A dec ima l  p o i n t  and/or  
a n  F, when t h e  FOWTkAN E-Format i s  employed, must be 
c o n t a i n e d  i n  t h e  number. A dec imal  number may h a v e  
d maximuin o r  20 c h a r a c t e r s .  

k) I n ~ e q e r  Number--All c h a r a c t e r s  must b e  numer i c  e x c e p t  
tkie tlrst one which may be + o r  -. An i n t e q e r  must 
i lu t  c o n t a i n  a  d e c i r a l  p o l n t  and may have a  maximum 
or 1 a numeric c h a r a c t e r s ,  

c) .rilphdnllinerlc Word--At l e a s t  one  c h a r a c t s r  i n  t h e  t t em 
must be nonnumeric. It i s  an item t h 3 t  canriot be  
i n t e r ~ r e t e d  a s  a  udecimaltt  or  a n  " i n t e q e r W  n ~ m b e r .  
Tr;e r l r s t  c h a r a c t e r  may n o t  be *, / o r  3 and t h e  item 
m y  n o t  have any embedded b l a n k s ,  cornmas, colo:ls o r  



semicolons .  I n p u t  "a lphanumer ic  wordsw exceeding  10 
c h a r a c t e r s  a r e  a u t o m a t i c a l l y  t r u n c a t e d  t o  t h e  l e I t -  
most 10  c h a r a c t e r s .  words c h a t  a r e  t y p e d  i n  a l l  upper  
c a s e  letters w i t h i n  t h e  boxed-in d a t a  r e c o r d s  a r e  
c a l l e d  ATLAS System key-words. 

d) Alphanumeric Text--Text s t r i n g s  may c c n t a i n  any  symbol 
An the CDC 6600 c h a r a c t e r  se t  e x c e p t  t h e  apos t rophe .  
A t e x t  s t r i n q  i s  i n i t i a t e d  by t h e  two c h a r a c t e r s  *# 
and must be completed by t h e  c h a r a c t e r  #. The c h a r a c t e r  
# a r d  an  a p o s t r o p h e  a r e  i n t e r p r e t e d  i d e n t i c a l l y  by  
t h e  computer.  I n p u t  of t h i s  c h a r a c t e r  i s  e f f e c t e d  
b y  a m u l t i p l ?  4-8 punch. The l e n g t h  of a t e x t  s t r i n s  
1s l i m i t e d  t o  2500 c h a r a c t e r s  i n c l u d i n g  b lanks .  

Tht r o l l o w i n q  n o t a t i o n  is used t h r o u g h o u t  t h i s  document 
i n  d ~ s c r i b i n q  a l l  i n p ~ t  d a t a  items: 

d )  ( 1 --Data items e n c l o s e d  b y  b r a c e s  have o p t i o n a l  
i n p u t  fo rmats .  One of t h e  i n d i c a t e d  o p t i o n s  
must he s e l e c t e d .  

c )  < > --Data items e n c l o s e  d by  b r a c k e t s  have d o f a u l t  
v a l u e s .  I f  the d e f a u l t  i s  a c c e p t a b l e  f o r  
d e f i n i t i o n  of the problem d a t a ,  t h e  p a r t i c u l a r  
itsm or items need n o t  be i n p u t .  A l l  default 
v a l u e s  a r e  d e f i n e d  i n  t h e  d e s c r i p t i o n s  o f  
t h e  i n p u t  d a t a .  

c P I  - -An item t y p e d  i n  a l l  uppe r  c a s e  le t te rs  i s  
c a l l e d  a key-word. A t  l e a s t  t h e  u n d e r l i n e d  
p o r t i o n  of a key-word must be i n p u t .  

d)  Item --An item w i t h  o n l y  t h e  l e a d i n q  c h a r a c t e r  typed  
i n  dper  c a s e  d e n o t e s  t h a t  it r u s t  e i t h e r  
be s e l e c t e d  from 2 l i s t  o f  sys tem key-words 
o r  that it is i d e n t i c a l  t o  a n  itcm p r e v i o u s l y -  
d e f i n e d  by  t h e  u s e r .  

e )  i t s i n  --An item t y p e d  i n  a l l  lower  c a s e  1 3 t t e r s  i s  
d s f i n e d  s t r i c t l y  by t h e  u s e r .  

f )  i i T l i s t -  - -Th i s  word d e n o t s s  t h a t  one i t e m  or a l i s t  
oi items may be i n p u t .  A l i s t  may d e n o t e  
i t c l i l l  q e n 2 r a t i o n .  The o p t i c n s  are: 

i tam 

a To b <BY c> I 



INPUT DATA D 
The word "list" d e n o t e s  a l i s t  o f  two or more 
items. The i n p u t  l i s t  "a TO b <BY c>" c a u s e s  
t h e  sequence  o f  i t e n s  a ,  a t c ,  a+2c, ..., b 
to  be  qene ra t ed .  Items "a@@ and mblg a r e  e i t h e r  
p o s i t i l r e  o r  n e q a t i v e  i n t e g e r s  o r  t h e y  a r e  
a iphanumer ic  words wi tn  t r a i l i n g  d i g i t s  (e.q., 
N8). The l a a d i n g  c h a r a c t e r s  of #*a1* and  "b," 
wrlen they are a l p h a n u m r i c  words, must be  
iden t ic :a l .  The item "cU i s  a ~ o s i t i v e  o r  
a  n e q a t i v e  i n t e q e r  and t h e  words TY) and BY 
a r e  i n p u t  a s  shown. The r igh t -mos t  i n t e g e r  
component o f  "bn ,  s u c h  a s  8  i n  N8, minus t h e  
i n t e q e r  co rponen t  of "a t@,  s u c h  a s  2  i n  N2, 
when d i v i d e d  by I t c n  (e.q., 2) n u s t  be a  
p o s i t i v e  i n t e g e r  ( t h e  number 3 i n  t h i s  c a s e ) .  
It t h e  l i s t - g e n e r a t i o n  inc remen t  "cM i s  b1 
o r  -1, t h e  items "BY cw need  not  be i n p u t .  
One o r  more of the i n p u t  f o r m s  e n c l o s e d  w i t h i n  
t h e  b races  may be used t.o d e f i n e  t h e  
cor respondinq  i tems .  

Note: Throughout t h i s  document, an i t e m  t h a t  i s  n o t  
i n d i c a t e d  a s  a  key-word must b e  i n p u t  a s  a lldecimal 
nurrber" u n l e s s  noted otherwise i n  t h e  d e t a i l e d  da t a -  
item d e s c r i p t i o n s .  Bracke t s  < > and  b r a c e s  [ ) 
used i n  d e s c r i b i n g  t h e  r e c o r d  f o r m a t s  a r e  n o t  i n p u t .  

I n p u t  of  A T l i s t  is  i l l u s t r a t e d  Ly the f o l l o w i n g  examples: 

2 TO 10 BY 2 d e n o t e s  2,4,6,8,10 
3,5,N2 T C  N4,12 d e n o t e s  3, SfN2,N3,N4, 12 
3 TO 1 BY -2,'13 d e n o t e s  3,1,13 
A 2 6 , T l A 0 5  T O  T1Al1 BY 2 d e n o t e s  A26,T1A05,!I1A07,T1A99,T1A11 

I n  some cazes ,  u s e  of a n  A T l i s t  l is t  q e n e r a t o r  may be  
u s e f u l  even thouqh one o r  more of  t h e  g e n e r a t e d  items i s  n o t  
v a l i d .  T o  i l l u s t r a t e  t h i s ,  c o n s i d e r  t h e  l a s t  example shown 
akove b h i c n  r r i y h t  be  u s e d  t o  r e f e r e n c e  p r e v i o u s l y  d 5 f i n e d  i t e m .  
X l t h o u q h  T l i i 0 7 ,  f o r  example, was n o t  p r e v i o u s l y  defined, u s e  
o r  tho s t r i n g  q e n e r a t o r  ?till o f f e r s  a user -convenience  i n  msny 
s i t u a t i o n s .  The n o n - e x i s t e n t  i t e m  T1A07 is  siniply i gnored  by  
t h e  preprocs : j sc r  which i s  i n t e r r o q a t i n q  t h e  p a r t i c u l a r  d a t a .  
I f  a  l i s t  q e n e r a t e d  by A T l i s t  i s  no t  a l lowed t o  have non-exis ten t .  
i t e m ,  it i s  ncted a c c o r d i n g l y  i n  the item d e s c r i p t i o n .  



Comments a r e  t e x t  which may be embedded i n  t h e  d a t a  deck 
f o r  conveniences  o f  u s e r - i d e n t i f  i c a t i o n .  Comments do n o t  a f f e c t  
t h e  d a t a  p r e p r o c e s s i n q  a c t i v i t i e s .  User comments may be i n c l u d e d  
w i t h i n  a d a t a  deck i n  t he  f ol lowinq ways: 

a )  A r e c o r d  beqinninq  w i t h  t h e  t w o  c h a r a c t e r s  */ AS a 
user-comment r eco rd .  A l *  c h a r a c t e r s  i n  a r e c o r d  of 
t h i s  type a r e  t r e a t e d  a s  da ta -deck  comments. The f i r s t  
word of us..-er comments i n  a r e c o r d  of this t y p e  must 
n o t  b9 MODE1 o r  MODE2. 

b) comments may f o l l o w  t h e  / r e c o r d  t e r m i n a t o r  and c o n t i n u e  
t o  t h e  r i gh t -hand  boundary of a c a r d .  Th i s  o p t i o n  
mky be used when e i t h e r  t h e  MODE1 or  MODE2 d a t a - r e c o r d  
i n p u t  f o r a a t  is used.  

c )  Comm2nts e n c i J s e d  between t h e  c h a r a c t e r s  * (  and ) may 
he i n s e r t e d  any p l a c e  w i t h i n  a d a t a  record .  P a i r s  
cf p a r e n t h e s e s ,  d a t a - i t  em d e l i m i t e r s  and record 
t e r n i n a t i o n  c h a r a c t e r s  may be i n c l u d e d  w i t h i n  c h i s  
type of  comment. 

Usor  colrrrents of type (a) and (c) may c o n t i n u e  o n t o  t w o  or more 
cards,  a s  r e q u i r e d .  

Examples: I @  2.0 3.0 100.0 / DEFINITION OF NOCE 10 
*/  NODE 11 I S  DEFINED BY THE NEXT RECORD/ 
11 * (  NODE 11 ) 4.0 3.0 t O O . O /  



I INPUT DATA 

100.3 AUTOMATIC INPUT DATA GENERATION ' 

There a r e  two t y p e s  of inpu t -da ta  g e n e r a t i c n  c a p a b i l i t i e s  
i n h e r e n t  t o  ATLAS. Use of t h e s e  c a p a b i l i t i e s  minimizes t h e  
amount of r e q u i r e d  use r - supp l i ed  d a t a  a s  d e s c r i b e d  below. 

a )  Automa t ic  q e n e r a t i  cn of problem-def i n i t  i o n  d a t a  
a s s o c i a t e d  with a p a r t i c u l a r  d a t a  p r e p r o c e s s o ~ .  These 
c a p a b i l i t i e s  are discussed  under t h e  a p p r o p r i a t e  100- 
series sec t ion .  User-oriented c a p a b i l i t i e s  f o r  
automat ic  g e n e r a t i o n  of t h e  nodes, e lements  and geometry 
r e q u i r e d  f o r  f i n i t e  element modeling and t h e  
a v a i l a b i l i t y  of  c a r e f u l l y - s e l e c t e d  system d e f a u l t  
v a l u e s  f o r  the many requ i red  q u a n t i t i e s  c % a r a c t e r i s t . i c  
of a  f i n i t e  .element a n a l y s i s  a r e  t y p i c a l  examples. 
Another example of d a t a  i t e m  g e n e r a t i o n  is t h e  A T l i s t  
"a TO b BY cM o p t i o n  provided by s e v e r a l  of t h e  
preprocessors .  

b) Automatic q e n e r a t i o n  of i n p u t  d a t a  on a d a t a  r e c o r d  
basis. These s p e c i a l  i n p u t  f e a t u r e s  a l low t h e  u s e r  
t o  r s F e a t  items w i t h i n  a  r ecord ,  g e n e r a t e  items w i t h i n  
a  r ecord  o r  g e n e r a t e  whole records .  Each of t h e s e  
c a p a b i l i t i e s  is  c o n t r o l l e d  by the use  of an a s t e r i s k -  
t y p e  d a t a  i t e m  and is a p p l i c a b l e  t o  any i n p u t  data 
r s c o r d  i n  a da ta  deck. A l l  t ypes  of d a t a  items except  
a l p h a n u ~ e r i c  text  (sec. 100.2.2) may be generated.  
These o p t i o n a l  c a p a b i l i t i e s  are:  

I j  *N--A d a t a  i t e m  of t h e  form *N, where N is  a n  
unsiqned i n t e q e r ,  i n d i c a t e s  t h a t  t h e  nex t  N d a t a  
items i n  t h a t  r e c o r d  a r e  i d e n t i c a l  t o  t h e  
corresponding N items i n  t h e  preceding record.  
An i s o l a t e d  * is t r e a t e d  a s  *l.  

2 )  **--Coubls a s t e r i s k s  i n d i c a t e  t h a t  a l l  of t h e  
r m a i n i n q  items i n  a p a r t i c u l a r  r ecord  are  i d e n t i c a l  
t o  t h e  correspondinq it~rns i n  t h e  preceding record. 
The same n ~ m b e r  of i tems i s  d e f i n e d  by both t h e  
** record  and t h e  pa ren t  record.  

3 )  *=N--A d a t a  i te r r  of t h e  form *=N, where N is  a n  
unsigned i n t e q e r ,  indicates t h a t  t h e  ..ext N items 
i n  a p a r t i c u l a r  record  a r e  i d e n t i c a l  t o  t h e  
immediately preceding i t em i n  t h a t  record.  The 
c h a r a c t e r s  *= followed by a t l an l -  a r e  t r e a t e d  a s  
* = I ,  

4) *=NkSTEP--A d a t a  i t em of t h e  form *=NiSTEP, where 
N is  an unsigned i n t e g e r  and STEP i s  a n  unsiqned 



numeric item ( i n t e g e r  or d e c i m a l ) ,  i n d i c a t e s  t h a t  
t h e  n e x t  N items of a  r e c o r d  a r e  t o  be q e n e r a t e d  
by c o n s e c u t i v e l y  inc remen t inq  t h e  immediately  
p reced ing  i t e m  c f  t h a t  r e c o r d  by &STEP (see n o t e  
below) . 

5)  *+N--A d a t a  r e c o r d  beq inn inq  w i t h  t h e  c h a r a c t e r s  
*tN, where N is a n  uns iqned  i n t e g e r ,  i n d i c a t e s  t h e  
n e x t  N r e c o r d s  a r e  t o  be q e n e r a t e d  from t h e  precedinq  
record .  Each item of a  q e n e r a t e d  r e c o r d  is  formed 
by addinq  an item of  t h e  * +N r e c o r d  t o  t h e  
co r r e spond inq  i t e m  of t h e  immedia te ly  p reczd inq ,  
i t lou t  or qene ra t e? ,  r e c c r d  (see n o t e  below).  A 
z e r o  ( in t - lqer )  i t e m  shou ld  b e  i n s e r t e d  i n  a n  * + N  
recox3  t o  i n d i c a t e  t h a t  a n  a l p h a n u a e r i c  word i n  
t h i s  r eco rd  is i d e n t i c a l  t o  t h +  co r r e spond inq  
a lphanumer ic  word i n  t h e  p reced ing  record .  Any 
combina t ion  of t h e  p reced inq  a s t e r i s k  i tems (see 
1 )  t h rouqh  4) above) may be used i n  a n  *+N record .  

Note: .4:1 i t e m  of an *+N r e c o r d  t o  be added to  a 
crorrespondinq i tern of t h e  prec-ldinq r e c o r d  (see 
5 )  alwve) and the STEP i t e m  (see 4)  above) must 
rrieet c o r c a i n  requirements. Each of t h e s e  items 
must be a  decimal  number i f  t h e  co r r e spond inq  item 
is a decimal  number, whereas  each of them must be  
an i n t e q e r  i f  the co r re spond inq  item i s  an  i n t e q e r  
number or an a lphanumer ic  word. I t  should  be  
unders tood  t h a t  the * + N  r eco rd  q e n e r a t i o n  o p t i o n  
i s  based on t h e  expanded r e p r e s e n t a t i o n  o f  t h e  
p r e v i o u s  record .  The  genera  t i o n  d o e s  n o t  o p e r a t e  
on t h e  c a r d  i m ~ g e  of t h e  p reced inq  r eco rd  i f  i t  
c o n t a l n s  d a t a - g e n e r a t i o n  items. The re fo re ,  it i s  
n o t  p o s s i b l e  t o  r e p e a t  or inc remen t  a n  a s t e r i s k -  
t y p e  i t e m .  

Consi,der the followinq seven  i n p u t  r e c o d s  to i l l u s t r a t e  
t h e  asterisk, au toma t i c -qene ra t iun  i n p u t  f e a t u r e s .  

Twelve da t a  i t e m s  a r e  d e f i n e d  by each  of these r e c o r d s .  
Each of the last six records is t r a n s l a t e d  i n t o  t h s  same i n t e r n a l  
r e c o r d  which  i s  



INPUT DATA 

I f  this sequence of da ta  were required  w i t h i n  a data deck, t h e  
last f i v e  rscords cou ld  be replaced by t h e  s i n g l e  record  

to  ach ieve  the same r e s u l t s .  

Generation of alphanumeric items is  i l l u s t r a t e d  by the  
followinq two records.  

These records a r e  e q u i v a l e n t  to the f o l l o w i n q  records: 



100.4 NODES ANC UEMEIWS 

A p h y s i c a l  s t r u c t u r e  is i d e a l i z e d  as  a ne twork  of nodes  
and  f i n i t e  . t lements .  Nodes are points i n  t h r e e - d i m e n s i o n a l  
s p a c e  which d e f i n e  the qeometry  of a ma thema t i ca l  model. The 
c o o r d i n a t e s  o f  a l l  nodes  are  s p e c i f i e d  by t h e  u s e r  v i a  t he  noda l  
dz ta  (sec. 146.0). The p h y s i c a l  s t r u c t u r e  is  i d e a l i z e d  by 
f i n i + e  e l e m e n t s  t h a t  are intercc . . . r~ected at t h e  nodes. 

Stiffness ( s t r u c t u r a l )  l l emen t  s r e q u i r e d  f c r  s t a t i c  and  
dynamic a n a l y s e s  a r e  d e f i n e d  by the  s t i f f n e s s  d a t a  (sec. 152.0). 
These d a t a  i n c l u d e  t h ?  q e o m e t r i c  p r o p e r t i e s ,  m a t e r i a l  properties 
a n d  mass d e n s i t y  of t h s  s t i f f n e s s  e l emen t s .  

  ass ( n o n - s t r u c t u r a l )  e l e m e n t s  may be d e f i n e d  by t h s  mass 
d a t a  (sec. 138.0) t o  supplement  t h e  mass a s s o c i a t e d  w i t h  the 
s t  i f  fness e l emen t s ,  N o n - s t r u c t u r a l ,  d i s t r i b u t s a  mass p r o p e r t i c s  
such a s  f u e l  and  pay load ,  c a n  b e  d e f i n e d  c o n v e n i e n t l y  by this 
da ta  set,  A l t e r n a t i v e l y ,  i f  c n l y  a mass a n a l y s i s  is t o  be 
performe2, the mathema t i ca l  model may be d e f i n e d  s t r i c t l y  b y  
n c d a l  and mass da t a .  



100.5 COORDINATE SYSTEMS AND NODAL KINEMATICS 

It i s  necessa ry  to  have one o v e r a l l  ( c o m n )  c o o r d i l ~ a t e  
system f o r  r e f e r e n c i n g  geomet r i ca l  d a t a  t o  e n s u r e  d a t a  
c o n l p a t i b i l i t y  between t h e  ATLAS modules f o r  a n  i n t e g r a t e d  
a n a l y s i s .  Th i s  c o o r d i n a t e  systern i s  i d e n t i f i e d  a s  t h e  GLOBAL 
r e f e r e n c e  frame which is a r ight-handed,  Car tes ian  t r i a d  denoted 
by X-Y-2. 

Geometry d a t a  a r e  i n p u t  r e l a t i v e  t o  t h e  GLOBAL c o o r d i n a t e  
systern 2nd" i n  sane cases, r e l a t i v e  t o  l o c a l  c o o r d i n a t e  systems 
de f ined  by t h e  use r .  A l o c a l  frame may be a r e c t a n q u l a r  x - y - z ,  
c , - ~ . l i n d r i c a l  r-9-2 o r  a s p h e r i c a l  P-9-$  c o o r d i n a t e  system. A l l  
coord ina te  systems a r e  o r thogona l  and r ight-handed (see f iq. 100- 
1 ) .  Co:apat ibi l i ty  of d a t a  between GLOBAL and l o c a l  c o o r d i n a t e s  
emcloyed wi th in  d d a t a  set is a u t o m a t i c a l l y  ensured.  It is, 
however, t h e  u s e r ' s  r e s p o n s i b i l i t y  t o  e n s u r e  c o m p a t i b i l i t y  of 
GL3BHL g e o r w t r i c a l  d a t a  between d a t a  sets when a n  i n t e q r a t e d  
a n a l y s i s  is performed. 

T h e  kinemat ics  of a node are described r e l a t i v e  t o  its 
a n a l y s i s  frame. The a n a l y s i s  frame of one node nmy be d i f f e r e n t  
from the a ~ i a l y s i s  frame of a n o t h e r  node. A d d i t i o n a l l y ,  t h e  
a n a l y s i s  frame of a node may be d i f f e r e n t  from its i n p u t  
rererence frame r e l a t i v e  t o  which i t s  c o o r d i n a t e s  a r e  def ined.  
All nodal  i n p u t  and a n a l y s i s  r e f e r e n c e  frames a r e  de f ined  v i a  t h e  
nodal dL+ta (sec. 146.1-1) . 

F i g u r e  1 0 3 - 1  i l l u s t r a t e s  t h e  d e f a u l t  n o t a t i o n  used i n  ATLAS 
f o r  kinentat-ic freedoms and t h e  a s s o c i a t e d  nodal f o r c e s  r e l a t i v e  
t a  rectangular, c v i i n d r i c a l  and s p h e r i c a l  c o o r d i n a t e  systems.  
These  k inemat ic  and i o r c e  l a b e l s  may be change2 t o  u s e r - s e l e c t e d  
l d b c l s  v i a  the boundary condition data (seo. 106.0) . 

K i ~ i ~ i l i d t l c  c o n s t r d i  n t s  on nodes a r e  s p e c i f i e d  by t h e  
L w ~ m d a ~ y  cond i t ion  d a t a  (sec.  106.0) . S t a t i c ,  c o n c e a t r a t e d  l o a d s  
a 2 2 l i e d  d t  the nodes or pressure l o a d s  on the s t i f f n e s s  e lements  
a e  s ~ t v i f  itd by the loads  d a t a  ( sec ,  134 -0) . 

Other local c o o r d i n a t e  systems a p p l i c a b l e  t o  data 
dssoc ia ted  wi th  c e r t a i n  preprocessors are defined where t h e y  a r e  
f i r s t  encountered. For e x m p l e ,  p r o p e r t i e s  of t h e  s t i f f n e s s  
f i n i t e  elements and some of t h e  mass f i n i t e  elements  a re  d e f i n e d  
r e l a t i v e  to right-hanileci, Car tes ian  r e f e r e n c e  frames x-y -z  which 
are assdciated w i t h  t h e  t ? l e m e l l t s  (see appendices 9 and C ) .  
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F igure  100-1. Kinematic ana [ F o r c e ]  Labels and Conventions 



100.6 UNITS OF MEASUREMENT 

The s tandard measurement u n i t s  used i n  A W  are l eng th  i n  
inches ,  force i n  pounds, and angles i n  radians .  Compatible u n i t s  
of o t h e r  i npu t  item are noted i n  t h e  d e s c r i p t i o n s  of the da ta  
records. The mater ia l  proper ty  tables b u i l t  i n t o  the system a r e  
based on these u n i t s  with temperatures measured i n  degrees 
Fahrenheit. These da t a  are used by t h e  STIFFNESS, .WSS and 
DESIGN Processors when Standard materials are se l ec t ed .  Thus, 
data  s u p p l i e d  by the user  must be cons i s t en t  with t hese  un i t s .  
h a t  is, coordinates  nust be i n  inches  and f o r c e s  o r  weights .,iust 
be i n  pounds ir Standard material proper ty  tables are  used (see 
sec. 140.0) .  The user  may, however, choose any system of units 
t h a t  i s  des i r ed  i f  cau t ion  is exercised t o  ensure  consis tency of 
units throughout t h e  a r ~ a l y s e s  performed by the selected program 
~nodules .  Special mate r i a l  property d a t a  may be i npu t  i n  t h e  
desired units provided that d a t a  for every o t h e r  module are 
d e f i n e d  w i t h  cons i s t en t  units, 



10 4.0 AF1 AERODYNAMICS DATA 

Unsteady aerodynamic a n a l y s e s  o f  r i g i d  or  e l a s t i c ,  
n o n ~ l a n a r  l i f t i n g  s u r f a c e s  d e f i n i n g  a q e n e r a l  t h r ee -d imens iona l  
c o n f i q u r a t i o n  i n  s u b s o n i c  i n c o m p r e s s i b l e  f low c a n  be  performed 
by t h e  AF1 P r o c e s s o r  (sec. 204.0) .  C a l c u l a t i o n s  performed by 
thi s p r o c e s s o r  a r e  based  on t h e  Theodorsen two-dimensiona 1 
aerodynamic s t r i p  t h e o r y  ( r e f .  104-1) mod i f i ed  to i n c l u d e  t h e  
e f f e c t s  o f  s t a t i c  i n d u c t i o n  ( r e f .  104-2). Empi r i ca l  d a t a  may 
be used t o  r e p l a c e  or modify p o r t i o n s  of t h e  t h e o r e t i c a l l y  
d e r i v e d  in fo rma t ion .  

The i n p u t  d a t a  set s u p p o r t i n g  AF1  aerodynamic a n a l y s e s  
i s  comprised o f  t h e  f o l l o w i n g  d a t a  s u b s e t s .  

a )  Geometry --Aercdynami c li f t i n g  s u r f  aces w i t h  
c o n t r o l s / t a b s  and s t r i p  d a t a  t h a t  d e f i n e  
t h e  aerodynamic model. 

b )  ivlodal - -V ib ra t ion  modes or "AICN mode s u b s t i t u t e s  
(see sec. 232.0) a s s o c i a t e d  w i t h  t h e  
aerodynamic mode 1. 

c )  Op t ion  --Mod i f  i c a t i o n s  f o r  t h e  t h e o r e t i c a l l y  
d e r i v e d  l i f t  d i s t r i b u t i o n s  and  
aerodynamic c o e f f i c i e n t s .  

T h e  o n l y  r e s t r i c t i o n  on t h e  i n p u t  sequence  o f  t h e s e  d a t a  
s u b s e t s  i s  t h a x  t h e  Gecmetry s u b s e t  must a p p e a r  f i r s t .  T h i s  
d a t a  s e t  need n o t  be preceded  by any o t h e r  d a t a  s e t  w i t h i n  a 
d a t a  deck. 

Eacn s e t  o f  aerodynamics  d a t a  i s  r e f e r r e d  t o  as a CASE. 
A ..~aximum of  36 AF1 d a t a  c a s e s  may b e  i d e n t i f i e d  p e r  job. 
P r i n t o u t  of t h e  i n p u t  c a s e  d a t a  may be  r e q u e s t e d  from t h e  AF1 
P o s t p r c c e s s o r  (sec. 20 4.1) . 



104.1 INPUT DATA 

Record 1  Data S e t  I d e n t i f i c a t i o n  

I B E G I N  AF1 CATA 

T h i s  r e c o r d  i n i t i a t e s  e x e c u t i o n  of t h e  A F 1  P r e p r o c e s s o r .  

8ecord  2 Data  Case  Number ( o p t i o n a l )  

Zach se t  o f  AFI ae rodynamics  d a t a  i s  r e f e r e n c e d  as a 
c a s e  t h a t  is i d e n t i f i e d  by a n  i n t e g e r  number. I f  m u l t i p l e  
d a t a  s e t s  a re  used  i n  a job,  e a c h  case must  be a s s i g n e d  
a  un ique  number. 

= Data c a s e  nunber  (integer) i n  the 
r a n g e  1 t o  36, i n c l u s i v e .  

D e f a u l t  Record: CASE 1 

T h i s  d a t a  s u b s e t  i n c l u d e s  t h e  f o l l o w i n g  g e c m e t r i c a l  
d e f  init i cn s .  

a )  P lanform d e f i n i t i o n  of  main l i f t i n g  s u r f a c e s  and  axes 
used f o r  c a l c u l a t i n g  s t a b i l i t y  d e r i v a t i v e s .  

b )  Planform d e f i n i t i o n  of c o n t r o l  and t a b  s u r f a c e s  and  
h i n q e  l i n e s  t h e r e o f .  

c) Aerodynamic s t r i p  koundar ies .  

A l l  qeornetry d a t a  a r e  d e f i n e d  r e l a t i v e  t o  t h e  GLOGAL 
r e f e r e n c e  f rame whose ~ o s i t i v e  X-axis i s  i n  t h e  a f t  ( s t r eamwise )  
d i r e c t i o n .  I f  t h e  c o n f i q u r a t i o n  is  s y m e t r i c  a b o u t  t h e  X-Z 
p lan"  and the  f l o w  i s  symmetric or  a n t i s y m m e t r i c ,  q e o m e t r i c  
i n f o r m a t i o n  f o r  o n l y  t h e  pos i t i ve -Y  h a l f  o f  t h e  a c d e l  need b e  
i n p u t .  Only h a l f  of t h e  t o t a l  aerodynamic f o r c e s  are c a l c u l a t e d  
b y  t h e  AF1 P r o c e s s o r  f o r  a  s u r f a c e  t h a t  lies i n  t he  X-Z p l a n e  
of s y a a e t r y .  

AE aerodynamic model mqy b e  compr i sed  o f  any  number o f  
s p a t i a l l y - o r i e n t e d  l i f t i n q  s u r f a c e s  t o  i d e a l i z s  a c o n f i g u r a t i o n .  
The  model may be d e f i n e d  v i a  m u l t i p l e  main l i f t i n g  s u r f a c e s  
w i t h  a r b i t r a r y  p lanforms  and  d i h e d r a l  w i t h  o r  w i t h o u t  f u l l  o r  
p a r t i a l - s p a n  c o n t r o l  s u r f a c e s  and t a b s .  I n t e r s e c t i n q  and /o r  



i n t e r f  e r i n q  non-cop lanar  c o n f i g u r a t i o n s  'such as + t a i l ,  V-tail 
and winq-tail c c m b i n a t i o n s  rray be a n a l y z e d .  

Each s u r f a c e  is d e f i n e d  v i a  s t r a i g h t  l i n e  seqments  and 
must  be p l a n a r .  Chordwise  edges o f  a l l  a e r o d y n a m i c  s u r f a c e s  
must be p a r a l l e l  t o  the f r e e  s t r e a m  ( p a r a l l e l  t o  t h e  X - a x i s ) .  
T r a i l i n q - e d g e  c o n t r o l  s u r f a c e s  a n d  t ab s  a s s o c i a t e d  w i t h  a  main 
s u r f a c e  a r e  s u b j e c t  t o  t h e  f o l l o w i n g  c o n d i t i o n s  (see f i q .  104- 
1 )  

a )  c o n t r o l  s u r f a c e s  must  be c o n t a i n e d  w i t h i n  t h e  ma in  
s u r f  ace p l a n t  orm. 

b) A tab s u r f a c e  must  be c o n t a i n e d  w i t h i n  a c o n t r o l  s u r f a c e  
p l a n f  orm. 

c)  M u l t i p l e  c o n t r o l  a n d  t a b  s u r f a c e s  may s h a r o  common 
s t r o a m w i s e  sdqes but t h e y  may n o t  o v e r l a p .  
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Record 3 Beqin Gecmetry Subset . 
BEGIN GEOMETRY DATA 

An aerodynamic s u r f a c e  is d e f i n e d  by Records 4-11. The 
main l i f t i n q  s u r f a c e  is dsf  i n e d  by Records  4-8 and any  a s s o c i a t e d  
c c n t r o l / t a b  s u r f a c e s  a r e  d e f i n e d  by  subsequent  Records 9-11. 
h e c o r d s  4- 11 a r e  r e p e a t e d  t o  d e f i n e  m u l t i p l e  aerodynamic s u r f  a c e s  
a s s o c i a t e d  with t h e  c a s e  s p e c i f i e d  by Record 2. Only Records  
4-6 a r e  r e q u i r e d  w i t h i n  t h i s  d a t a  subse t .  

Record 4 blain S u r f a c e  I d e n t  i f  i c a t i o n  

MAIN SURFACE i d e n t  
6 

i d e n t  = Alphanumeric word of 1 t o  5 c h a r a c t e r s  
t h a t  i d e n t i f i e s  a main s u r f a c e .  

Records 5 and 6 d e f i n e  t h e  l e a d i n q  and t r a i l i n g  edges ,  
r e s ~ e c t i v e l y ,  cf t h e  main s u r f a c e .  Each edqe  is d e f i n e d  by 
a l i s t  of  c o o r d i n a t e s  of 2 or more p o i n t s  i n p u t  i n  an o r d e r  
such  t h a t  t h e  Y and lo r  t h e  2 c o o r d i n a t e s  a r e  mono ton ica l ly  
i n c r e a s i n q  o r  dec reas inq .  The i n p u t  o r d e r  e s t a b l i s h e s  a spanwise  
d i r ~ c t i o n  f o r  t h e  s u r f a c e .  The f i r s t  p o i n t s  used t o  d e f i n e  
t h e  l e a d i n q  and t r a i l i n q  edGes must c o i n c i d e  w i t h  one  s t r e a m l i n e ,  
whereas  t h e  l a s t  p o i n t s  used t o  d e f i n e  t h e  e d g e s  r u s t  c o i n c i d e  
w i t h  a a i f  f e r s n t  s t r e a m l i n e .  

Record 5 Leadinq Edqe c o o r d i n a t e s  

LEADING ECGE x l  y l  z l  x ?  y 2  22 ... 
= GLOBAL X-Y-Z p l a n f o r a  c o o r d i n a t e s  

of t h e  i - t h  p o i n t  d e f i n i n q  t h e  main 
s u r f a c e  1 eadinq  edge.  

Rpcord 6 T r a i l i n q  Edge c o o r d i n a t e s  

I TRAILING E3GE xl y l  zl x2 y2 2 2  .. . - 
x i ,  y i  , zi = GLOBAL X-Y-Z planf  o r ~  c o o r d i n a t e s  

of tho i - t h  po in r  d e f i n i n q  t h e  main 
s u r t a c e  t r a i l i n q  edge. 

kecord 7 E l a s t i c  Axis C o o r d i n a t . 2 ~  ( o p t i o n a l )  

S t a b l l i t  y d e r i v a t i v e s  and s e c t i o n a l  a i r f  c r c e s  a r e  
c a l c u l . a t e d  abou t  t h e  e l a s t i c  axis d e f i n e d  b y  t h i s  r l c o r d .  
T h e  e l a s t i c  a x i s  need nor be r e l a t e d  t o  t h e  p h y s i c a l  
e l a s t i c  a x i s ,  nor  t o  t h o  motion a x i s  t h a t  ray have been  



used i n  modal i n t e r p o l a t i o n .  The l o c a t i o n  of t h e  e l a s t i c  
a x i s  d o e s  n o t  a f f e c t  t h e  G e n e r a l i z e d  A f r f o r c e  M a t r i c e s  
no r  t h e  G e n e r a l i z e d  Component Matrices. 

EiASTIC A X I S  xl y l  2 1  x 2  y 2  22 ,.. 
x i ,  y i ,  zi = GLOBAL X-Y-Z p l a n f  orm c o o r d i n a t e s  

o f  t h e  i - t h  p o i n t  d e f i n i n a  t h e  main 
s u r f a c s  e las t ic  a x i s .  The a x i s  is  
comprised o f  s t r a i q h t  l i n e  segments  
th rouqh  t h e  i n p u t  p o i n t s .  The l i s t  
of c o o r d i n a t e s  o f  2 o r  more p o i n t s  
must be i n p u t  i n  an o r d e r  t h a t  i s  
c o n s i s t e n t  w i t h  t h e  s e l e c t e d  spanwise  
d i r e c t i o n .  A d d i t i o n a l l y ,  t h e  a A i s  
must Se i n  t h e  p l a n e  cf t h e  main 
surface and  i t  must be  d e f i n e d  o v e r  
t h e  t o t a l  s p a n  of t h e  s u r f a c e .  

Gefaul+. Record: The e las t ic  a x i s  i s  c o i n c i d e n t  w i t h  
t h e  l e a d i n q  edqe  of t h e  main s u r f a c e .  

A l l  th? aerodynamic s u r f a c e s  a r e  d i v i d e d  i n t o  s t reamwise  
s t r i p s  f o r  a n a l y s i s  purposes .  S t r i p  b o u n d a r i e s  a re  c r e a t e d  
a u t o m a t i c a l l y  t h rouqh  e a c h  i n p u t  p o i n t  u s e d  t o  d e f i ? e  t h e  main 
s u r f  a c e  l e a d i n q  edge, t r z i l i n q  edqe  and e l a s t i c  a x i s  (Record:, 
5 - 7 )  and cnrouqh each  p o i n t  u sed  t o  d e f i n e  t h e  h inge  l i n e s  a -3  
l e a d i n q  edqes  of t h e  a s s o c i a t e d  c o n t r o l  s u r f a c e s  and t a b  s u r f a c e s  
(&?cords  9 -1 1)  . A d d i t i o n a l  s t r i p  bounda r i e s  may be def i n a d  
hy Record 8. S t r i p s  shou ld  be c o n c e n t r a t e d ,  f o r  example, i n  
r e g i o n s  wrlzre r a p i d l y  varyincj  spanwise  l o a d s  occu r  such  a s  n e a r  
strearrwise winq t i ~ s  and  c o n t . r o l / t a b  s u r f a c e  edges .  

Record 8 A d d i t i o n a l  S t r i p  Boundaries  ( o p t i o n a l )  

STRIP (FRACTIONS] d 1 d2 . . . 
DISTANCES 

* - 
= E i t h e r  t h e  FRACTION o f  ma in - su r f ace  

span  (0.0 < d i  S 1 . 9 )  o r  t h e  a c t u a l  
DISTANCE a l o n g  t h s  main-surf  a c e  span  
a t  which t h e  i - t h  a d d i t i o n a l  s t r i p  
boundary i s  t.o be l o c a t e d .  Ths 8tdil* 
v a l u e s  a r e  measured i n  t h e  p l a n e  
cf t h e  main s u r f a c e  and a r e  i n p u t  
i n  a spanwise  c r d e r  c c n s i s t e n t  w i th  
t h a t  used f o r  the data d e f i n e d  by 
Records 5-7. 



D e f a u l t  Record: No a d d i t i o n a l  s t r i p  bounda r i e s  a r e  
qcn er a t  ed. 

Records  9-11 a r e  i n p u t  orly to  d e f i n e  t r a i l i n g - e d g e  c o n t r o l  
and  t a b  surf a c e s  a s s o c i a t e d  w i t h  t he  main s u r f a c e  d e f i n e d  by 
Record 4. A c o n t r o i  or t a b  s u r f a c e  is comple t e ly  d e f i n e d  b y  
i t s  h inqe  l i n e  and l e a d i n g  edqe which must l i e  i n  t h e  p l a n e  
of the main s u r f a c e .  

Record 9 C c n t r c l  cr  Tab S u r f a c e  I d e n t i f i c a t i c n  ( c p t i o n a l )  

CONTFOL SURFACE i d e n t  
(TAB 1 

i d e n t  = Alphanumeric word of  1  t o  5 c h a r a c t e r s  
t h a t  i d e n t i f i e s  t h e  COtEROL o r  TAB 
s u r f a c e  def i nea  t:t Record 10. 

Defau l t  Record: No c o n t r o l  o r  t a b  s u r f  a c e s  a r e  a s s o c i a t e d  
w i t h  t h e  ~ a i n  s u r f a c e .  

Record 10 Cont ro l /Tab  S u r f a c e  Ilinqe Line  ( o p r i c n a l )  

HINGE LINE x i  yF zi x o  y o  zu 
-- 

x i , y i , z i  
3 

I = Two t r i p l e t s  of  GLPBAL X-Y-2 planform 
x3,yo, z o  c o c - d i n a t e s  def ini1.q t h e  i n b o a r d  

and o u t b o a r d  l i m i t s  of t h e  con t ro l / t . ab  
h i r n e  l i n e ,  r e s p e c t i v e l y .  

T h i s  r e c o r d  must be  used  i f  keco rd  9 i s  used. 

Record 11 Control /Tak Sur f  a c e  Leadinq Edge ( c p t i o n a l )  

I 
- - 

LEADING EDGE x i  y i  zi xo yo zo 

x i ,  yl, zi = Twc t r i ~ l e t s  of GLOBAL X-Y-Z p lanform 
XO, YO, zo c o o r d i n a t e s  def i n i n q  the i n b o a r d  

and o u t b o a r d  i ~ m i t s  cf t h e  con t ro l / t . ab  
l e a d i n q  edqe, r e s p e c t i v e l y .  

C l f ~ ~ i l t  fiecord: Leadinq edqe c o i n c i d e s  with t h e  h inqe  
l in t?  det ined  b y  Record 10. 

kecords  9-11 may be r e p e a t e d  t o  d e f i n e  a d d i t i o n a l  c o n t r o l  
o r  t a b  surfaces  for t h e  main s u r f a c e  i d e n t i t i e d  by Record 4 .  



Record 12 End Gemet ry Subset . 
END GEOMETRY DATA 

This record i n d i c a t e s  that a l l  geometry da ta  have been 
defined f o r  t h e  case i d e n t i f i e d  by Record 2, 

104.1.2 Modal Data Subset  (opt ional)  

T h i s  subset  def ines  t h e  v ib ra t ion  modes, 8mAICn mode 
s u b s t i t u t e s  o r  rigid-body modes to  be assoc ia ted  wi th  each 
aerodynamic sur face  of t h e  model. If no modal d a t a  a r e  input ,  
only t h e  s ta t ic - induc t ion  matrix would be generated by execution 
of t!!e AF1 P r ~ c e s s o r .  

The unsteady aerodynamic downwash d i s t r i b u t i o n  is 
approximated by a  l i n e a r  combination of modal displacements and 
r o t a t i o n s  a ~ a t  t h e  quarter-chord of each s t r i p .  The aerodynamic 
theory requi res  t he  t r a n s l a t i o n a l  components t o  be normal t o  t h e  
s t r i p  sur face  and r equ i r e s  the r o t a t i o n a l  compor~ents t o  be normal 
t o  t h e  streamlines.  Thus, t h e  ana lys i s  frame assoc ia ted  wi th  the 
re ta ined  nodal freedoms must have a  corresponding o r i e n t a t i o n ,  
Modes generated v i a  t h e  EOLYNOMIAL option of the INTERPOLATION 
?rocessor (sec. 232.1) a r e  evaluated i n  GLOSAL X and Y o r  X and 2 
coordinates.  

Record 13 Begin Modal Subset 

I S E G I N  MODAL DATA 

Record 14 def ines  t h e  v ib ra t ion  modes o r  "AICW mode 
s u b s t i t u t e s  t h a t  a r e  t o  be used i n  the ana lys i s .  Only one of t h e  
two v a r i a t i o n r  of t h i s  record may be used per da t a  case. 
Variatitin 1 n m s t  be used when mode shape c o e f f i c i e n t s  generated 
by the INTEFGOLATION Processor are to  be employed. Mode shapes 
may be defined d i r e c t l y  v i a  Var ia t ion  2 f o r  a rigid-body 
aerodynamic analysis .  Rota t iona l  modes f o r  the cont ro l / t ab  
surfaces may be defined directly v i a  Record 15, A t  l e a s t  one 
hecord 1 4  or Record 15 must be input ,  

Record 14 Nodal Data (opt ional)  

Name 

Variat ion 1  

= Thc Tame of an in t e rk  ? la t ion-  
ccc  i c i e n t  matrix previously  

USE Name WITH CONTROL SURFACE Ldent 1:: ] 



I d e n t  

qenerated v i a  t h e  INTERPOLATION 
P r o c e s s o r  ( s e e  sec. 232.0) . 

= Key-word d e n o t i n q  t h e  t y p e  of 
s u r f a c e  w i t h  which *NameN is  t o  b e  
a s s o c i a t e d .  A p a r t i c u l a r  c o e f f i c i e n t  
r r a t r i x  may b e  u s e d  w i t h  o n e  or  inore 
of t h e  t h r e e  t y p e s  of s u r f a c e s .  
I t  s h o u l d  be n o t e d  that each matrix 
i s  a s s o c i a t e d  w i t h  a s u b s e t  o f  nodes, 
611 o f  which have t h e  same a n a l y s i s  
frame. 

= A l p h a n u m r i c  word i d e n t i f y i n g  t h e  
s u r f a c e .  " I d e n t "  must  have been 
p r e v i o u s l y  d e f i n e d  t y  a Record  U 
o r  9. 

T h i s  r e c o r d  is r e p e a t e d  t o  a s s o c i a t e  an i n t e r p o l a t i o n  
c e e f f i c i e n t  x ra t r ix  w i t h  o t h e r  l i f t i n g  s ~ r f a c e s  of t h e  
a ~ r a d y n a r i c  model. 

Variation 2 a l l o w s  t h e  u s e r  t o  d e f i n e  1 t o  6 r i q i d  body 
modal f reedoms r e l a t i v e  t o  t h e  GLOBAL r e f e r e n c e  frame. 

V a r i a t i o n  2 RIGID BOCY <x y  z> R b f l  mag1 Rbf2 nag2 ... 
= GLOBAL X - f - Z  c o o r d i n d t e s  def i n i n j  

t h e  r e f e r e n c e  p c i n t  t o  be used  i n  
q e n e r a t i n q  t h e  rigid body modes. 
C e t a u l t :  The o r i g i n  of t h e  GLOBAL 

f ranie i s  u s e d  a s  t h e  
r e f e r e n c e  ~ c i n t .  

= Key-word d e n o t i n q  t h e  i - t h  r i q i d  
body f r e e d o n  s e l e c t e d  from t h ?  l i s t  
'TX, TY, TZ, R X ,  RY a n d  R Z .  W i t h i n  
each cf t h e s e  key-words,  t h e  l e t t e r  
"TIt is a s s o c i a t e d  w i t h  a  t r a n s l a t i o n  
f reedom and nR1l  i s  a s s o c i a t e d  w i t h  
a r o t a t i o n  f reedom r e l a t i v e  t o  t h e  
t iLC3AL X - Y - Z  t r i a d .  

= T h e  r e l a t i v e  maqni tude  of t r i 2  i - t h  
r i q ~ ~ i  body f reedom w i t h  r e s p e c t  t o  
t h e  r e f e r e n c e  p o i n t .  Items " R b t i n  
ant1 "maqit"re i n p u t  i n  p 3 i r s ,  1 
t o  6 times, i n  a r  o r d e r  which d e t i n e s  



t h e  sequence  of r i g i d  body modes 
used  in  t h e  a e r o d y n a c i c  a n a l y s i s .  

D e f a u l t  Record: N o  v i b r a t i o n  modes o r  nAIC*@ modes a r e  
u sed  i n  t h e  a n a l y s i s .  

Record 15 C o n t r o l  and Tab S u r f a c e  R o t a t i o n  Modes ( o p t i o ~ l )  

Nodal v e c t o r s  r e p r e s e n t i n q  u n i t - a m 3 l i t u d e  o s c i l l a t o r y  
r c t a t i n q  nlotions ( u n i t  r o t a t i o n  modes) of  s e l e c t e d  
co~nblna t ior l s  of  c o n t r o l  or tab s u r f a c e s  abou t  t h e i r  h inge  
l i n e s  a r e  d r f in . t d  by t h i s  record, These  v e c t o r s  a r e  added 
t o  the sequence  of modes i d e n t i f i e d  by ~ r e v i o u s  Records  
14.  Uni t - r o t a t i o n  modes s p e c i f i e d  for c o n t r o l  s l ~ r f a c e s  
are added first fo l lowed  by t h o s e  s p e c i f i e d  f o r  t a b  
s u r i a c e s .  

SURFACE L i s t  

. 
L i s t -  = L i s t  of  a lphanumer i c  i d e n t i f i e r s  

d e n o t i n g  which CONTaOL or TAB s u r f a c e s  
a r e  t o  have a n  a s s o c i a t e d  u n i t  
r o t a t i o n  mode. A l l  i d e n t i f i e r s  must 
have been p r e v i o u s l y  d e f i n e d  by a 
Record 9. 

C e f a u l t  Record: N o  unit r o t a t i o n  modes are g e n e r a t e d .  

' T h i s  r e c o r d  m y  be r e ~ e a t e d .  Each r e c o r d  o f  t h i s  t y p e  
q s n o r a t 2 s  o n e  a d d i t i o n a l  modal v e c t o r .  

kecord 16 End Modal Subset 

I EKD MODAL DATA 

' Th i s  r e c o r d  i n d i c a t e s  t h a t  a l l  modal d a t a  have been d e f i n e d  
ior t h e  c a s e  i d e n t i f i e d  by Record 2. 

T h i s  d a t a  s u b s e t  (Records 17-2 8)  c o n t a i n s  e m p i r i c a l  
i n f o r n a t i o n  f o r  m o d i f ~ c a t i o n  of a l l  or p a r t  of  t h e  f o l l o w i n q  
t h e c r e t i c a l l y  d e r i v e d  da ta .  

a )  ;\ero:iynamic a t r i p  c o e f f i c i e n t s  

b)  L i f t  d i s t r i b u t i o n  c o e f f i c i e n t s  



C) Pitching-moment d i s t r i b u t i o n  c o e f f i c i e n t s  

I f  no m o d i f i c a t i o n s  are t o  be made t o  t h e s e  c a l c u l a t e d  
d a t a ,  Records 17-28 should n o t  be inpu t .  

Record 17 Begin Option Subset 

E E G I N  OPTION DATA I 
Fcecords 18- 19, 20-21, 22-25 and 26-27 a r e  i n p u t  i n  groups ,  

only a s  r z y u i r e d ,  t o  modify t h e  c a l c u l a t e d  aerodynamic s t r i p  
c o e f f i c i z n t s  d i r e c t l y  o r  t o  modify t h e  l i f t  and € i t c h i n g  moment 
c c e t f i c i e n t s  used i n  c a l c u l a t i o n  of t h e  s t r i p  c o e f f i c i e n t s .  

Eecords 18 and 19 a r e  used  t o  modify s t r i ~  c o e f f i c i e n t  
data d i r e c t l y  w i t h i n  p a r t i t i o n s  of t h e  o s c i l l a t o r y  aerodynamic 
d e r i v a t i v e  ma t r ix ,  [ D l .  Each p a r t i t i o n  is i d e n t i f i e d  by a 2- 
c h a r a c t e r  a lphanumeric  l a b e l  a s  d e s c r i b e d  below. 

Each l e t t e r  of a p a r t i t i o n  l a b e l  d e n o t e s  t h e  fa l lowinq:  

L - - l i f t  on a main s u r f a c e  

M--mrnent abou t  t h e  e l a s t i c  a x i s  of 
a main s u r f a c e  

C--moment about  t h e  h; - l i n e  of a 
c o n t r o l  s u r f a c e  

T--rroment about t h e  h i n g e  l i n e  of  a 
tab s u r f a c e  

H--the l i f t  o r  moment i s  due t o  a u n i t -  
ampl i tude  o s c i l l a t o r y  d isp lacement  
cf t h 2  main s - l r f a c e  

A, ti, G--the l i f t  o r  moment i s  due t o  a u n i t -  
ampli tude o s c i l l a t o r y  r o t a t i o n  of 
t h e  main, c o n t r o l  and  t a b  s u r f a c e ,  
r e s p e c t  i v  e ly . 



A l l  r o t a t i o n s  and  moments a r e  a b o u t  a x e s  p e r p e n d i c u l a r  
t o  t h e  f r e e  stream and  t r a n s l a t i o n s  a r e  normal  t o  t h e  main 
s u r f a c e .  Each p a r t i t i o n  i s  a d i a g o n a l  m a t r i x  whose d imens ion  
i s  e q u a l  t o  t h e  number o f  aerodynamic s t r i p s  a s s o c i a t e d  w i t h  
a l l  t h e  main s u r f a c e s  d e f i n e d  f o r  the case i d e n t i f i e d  by Record 
2. Each s tr ip i s  i d e n t i f i e d  by a unique  i n t e g e r  number, 
S e q u e n t i a l  numbers beg inn inq  wi th  u n i t y  are a u t o m a t i c a l l y  
a s s i q n e d  to t h e  s t r i p s  beg inn ing  w i t h  t h e  most i n b o a r d  s t r i p  
t o  t h e  rrost ou tboa rd  s t r i p  of e a c h  main s u r f a c e .  The spanwise  
d i r e c t i o n  i s  i m p l i c i t l y  d e f i n e d  v i a  t h e  d a t a  i n ~ u t  by Records 
5-7. Main s u r f a c e s  a r e  o rde red  a c c o r d i n g  to  t h e  sequence  i n  
which they  a r e  d e f i n e d  by Record 4. 

Fecord 18 D i r a c t  Empi r i ca l  Cata  

Record 19 Aerodynamic Cata  M o d i f i c a t i o n s  
4 

REPLACE PARTITION P i d  STRIPS ~1 <M Sn, va lue1  
(SCALE ) 

<-~alue2. .  . valuen)  

Pid 

v a l u e i  

= Alphanumeric l a b e l  of  p a r t i t i o n  t o  
be modi f ied  (e.9.. LH, TA) .  

= I n t e q e r  number of t h e  f i r s t  s t r i p  
whose d a t a  are t o  be modif ied.  

= I n t e g e r  number of  t h e  l a s t  s t r i p  
whose d a t a  a r e  t o  be modified.  
W a l u e i n  d a t a  m o d i f i c a t i o n s  are i n p u t  
f o r  strips i d e n t i f i e d  by "sl, s l+ l ,  . . .sn." 
Defaul t :  Data m o d i f i c a t i o n  is o n l y  

f o r  s t r i p  llsl.ll Only 
@ v a l u e l "  shou ld  b? i n p u t .  

= The q u a n t i t y  t h a t  i s  t o  REPLACE o r  
SCALE t h e  v a l u e s  w i t h i n  p a r t i t i o n  
IqPidtt a s s o c i a t e d  w i t h  t h e  i - t h  s t r i p  
te tween  s 1 and s n  ( s t r i p  sl t i -  1) . 

This r e c o r d  may t e  r e ~ e a t e d .  



Records  20 and  21 allow the u s e r  t o  d i r e c t l y  modify  the 
l i f t  c u r v s  s l o p e  nmon from t h e  t h e o r e t i c a l  v a l u e  o f  2 f .  

Record 20 Lift Curve S l o p e  Cata 

Record 2 1  L i f t  Curve S l o p e  Data n o d i f  i c a t i o n s  

I SURFACE I d e n t  e t a 1  v a l u e 1  e t a 2  v a l u e 2  . . . 
I d e n t  

i t '  

v a l u e i  

= Alphanumeric  i d e n t i f i e r  o f  t h e  main 
s u r f a c e  whose l i f t  c u r v e  s l o p e  is 
t o  be modi f ied .  " Iden tn  must  have 
been p r e v i o u s l y  d e f i n e d  by Record 
4 . 

= F r a c t i o n  of  t h e  s u r f a c e  span ,  0.0 
r eta i  I 1.0, a t  which " v a l u e i W  i s  
d e f i n e d .  " e t a l o g  i s  measursd i n  t h e  
p l a n e  o f  t h e  r a i n  s u r f a c e  and i n  
a  s p a n w i s e  d i r e c t i o n  c o n s i s t e n t  w i t h  
t h a t  used f o r  t h e  d a t a  d e f i n e d  by 
Records  5-7. 

= The v a l u e  of  nmon a t  ne ta i  

T h i s  r e c c r d  may be r e p e a t e d .  

Pecords  22-27 allow t h e  u s e r  t o  i n c o r p o r a t e  e x p e r i m e n t a l  
s t r i p  c c e r f i c i e n t  d a t a  from o n e  or more e x p e r i n e n t s  i n t o  t h e  
calculation of t h e  o s c i l l a t o r y  ae rodynamic  d e r i v a t i v e  m a t r i x  
[Dl. Each tes t  may be used  t o  modify  t h e  l i f t  c u r v e  slope nmoM 
a n d / o r  aerodynamic c e n t e r s  f o r  some or a l l  o f  t h o  s u r f a c e s  
p r s s e n t  i n  t h a t  test. The t e s t  s h o u l d  have  t a k e n  t h e  form of 
r c t a t i n q  a  s u r f a c e  D r  c o n f i q u r a t i o n  of s u r f a c e s  about  .qn a x i s  
p e r p e n d i c u l a r  t o  t h e  free s t r eam.  T e s t  measurements a t  s e v e r a l  
spanwise  l o c a t i o n s  on  each  s u r f a c e  s h o u l d  have  been made s u c h  
t h a t  t h e  l i f t  c o e f f i c i e n t s  a r e  o b t a i n e d .  

For example, it may be d e s i r a b l e  t o  r e ~ l a c e  t h e  t h e o r e t i c a l  
l i f t  d i s t r l o u t i c n  on a v inq  w i t h  e x p e r i m e n t a l  d a t a  o b t a i n e d  
u s i n q  3 wing w i t h  n a c e l l e s .  Only t h e  l i f t  d i s t r i b u t i o n  on  t h e  
win4 was measured. Rocord 2 4  i s  used  t o  s p e c i f y  t h a t  o n l y  t h e  
w i n s  s u r f a c e  d a t a  are t o  be modi f ied .  Reccrd  2 5  p e r m i t s  t h e  
e x 9 e r i n e n t a l  wing l i f t  d i s t r i b u t i o n  t o  be i n p u t .  A s u b s e q u e n t  
hecord 2 5  may b e  u s e d  t o  s p e c i f y  t h a t  t h e  s u r f a c e s  r e ~ r e s e n t i r ~ q  
t h e  n a c e l l e s  s h o u l d  be t a k e n  i n t o  accoun t ,  u s i n q  t h e  
t h e o r e t i c d l l y  d e r i v e d  nace l l e -w inq  i n t e r f e r e n c e .  



Heccrd 2 2  E x p a r i n e n t a l  L i f t  Data 

LIFT DP-TA m 
Fecord  23 Test Pa rame te r s  

= xey-word i n d i c a t i n g  t h e  symmltry  
c f  t h e  test d a t a  t o  be l~se3 t o  
c a l c u l a t e  "mo.l@ SYMMETRIC or 
ANTISYi4METFIC z e s t  d a t a  a r e  i q n o r e d  
when t h e  NONSYMMETRIC o p t i o n  of t h o  
A F ~  P r o c e s s o r  Ls used. 
Ce fau l t :  T t  is assurred t t ~ a c  t h e  

tes t  d a t a  a r e  c o m p a t i b l e  
w i t h  t h e  syrrmetry o p t i o n  
r o r  which t h e  AF1 Proc?ssor  
i s  execu t ed .  

= A l p h a n u m r i c  word o f  1 t o  5 c h a r a c t e r s  
t h a t  i d e n t i f i e s  t h e  test d a t a .  

= Anqle i n  r a d i a n s  t r o ~ ,  t h e  GLOBAL 
X-Y p l a n e  t o  t h e  test  r o t a t i o n  a x i s  
r e a s u r e d  a c c o r d i n q  t o  t h e  r i q h t - h a n ?  
ru12  r e l a t i v e  t o  t h a  X-axis. 
D e f a u l t :  t h l t a  = 0.0 

= Maani tude of t n e  r o t a t i o n  aDoot t h e  
t e s t  r o t a t i o n  a x i s  i n  r a d i a n s .  
C e f a u l t :  a l p h a  = 1.0 

Fircord 2 4  ~ o d i  f i e d  Surfaces 

= A l r h a n u m r i c  i d e n t i f i e r  o f  t h e  i- 
+ h  main s u r f a c e  whose l i f t  data a r e  
t o  be r e p l a c a d  by d a t a  from t h i s  
t e s t .  I 1 I d e n t i n  mus t  have  been 
~ r ? v i o u s l y  d e f i n e d  t y  Record 4. 



Record 25  C o n t r i b u t i n q  S u r f a c e s  

T h i s  r e c o r d  is i n p u t  f o r  e a c h  s u r f a c e  t h a t  was used  i n  
o t t a i n i n g  t h e  data f o r  tsst n t i d , n  A r e c o r d  o f  t h i s  type  
must be i n p u t  for e a c h  s u r f a c e  i d e n t i f i j d  by Record 24.  
~ e r o d y n a m i c  i n t e r f e r e n c e  e f f a c t s  f rom o t h e r  s u r f a c e s  a r e  
i n c l u d e d  v i a  a d d i t i o n a l  r e c o r d s  o f  t h i s  type. 

= ~ l ~ h a n u r n z r i c  i d e n t i f i e r  o f  th5! s u r f a c e  
c o n t r i b u t i n g  t o  t h e  test d a t a .  
t@13ant"  mus t  have  been p r e v i o u s l y  
d 2 f i n e d  by Feco rd  4. 

= F r a c t i o n  o f  t h 3  s u r f a c e  Span,  0.0 
5 e t a i  I 1.0, a t  which M v a l u e i l l  i s  
d e f i n e d .  " e t a i l l  i s  n e a s u r 4  i n  the 
 lane of t h e  main s u r f a c e  and  i n  
a spanwise d i r e c t i o n  c c n s i s t e n t  w i t h  
t h a t  used f o r  t h e  d a t a  d e f i n e d  by 
Records  5-7. 

= Value o f  the s e c t i o n a l  l i f t  (c*CLa*a 
where I t c N  i s  +he section c h o r d  and  
Itall is " a l p h a n  d e f i n e d  by Record 
23 at "etzi ."  The siqn and  u n i t s  
of t h i s  item r u s t  be c o n s i s z e n t  wi th  
those  used t o  d e f i n e  l ( a l ~ h a l f  i;; 
Record 23. I 1e t a i t f  an.3 l ~ v a l u e i l l  must 
be i n p u t  if " I d e n t "  i s  s p e c i f i e d  
v i a  Record  24. 

C e f a u l t  Iteas: T h e  ae rodyncmic  c o n t r i b u t i o n  of "Ici?ntn 
t o  t h e  test d a t a  i s  basad  on  t h e  
t h 2 o r e t i c a l l y - c a l c u l a t e d  lift 
d i s t r i b u t i o n  and  a n y  m o d i f i c a t i o n s  o f  
"moN d e f i n e d  by previous  E2cords  23- 
25. ( A l l  ? i r?c+ m o d i f i c a t i o n s  t o  l8mol1 

r s s u l t l n q  from k e c o r d s  20 and 2 1  a r e  
used  i n  this c a l c u l a t . i a n )  . 

F.?cord 26  Expe r imen ta l  MomPnt Data 

PCi4LNT D A T A  - 



Fe,-crd 2 7  sect ior ;a l  P i t c h i n s  Moment Data 

r h i s  l -ncord  p e r m i t s  a n  e x p e r i m e n t a l l y  d e r i v e d  p i t c h i n q  
Kcment d i s t r i b u t i o n  tc be used t o  r e p l a c e  t h e  t h e o r e t i c a l  
d i s t r i b u t i o n  o n  a p a r t i c u l a r  s u r r a c e .  

= Alphanur re r i c  i d e n t i f i e r  o f  t h e  main 
s u r f a c e  whose  mornc~t distribution 
is  to be m o d i f i e d .  "Ident11 must  
h a v e  been p r e v i o u s l y  d e f i n e d  b y  
Fecord  4. 

= F r a c t i o n  o f  t h e  s u r f a c e  s p a n ,  0.3 
5 e t a i  5 1.0, a t  which w v a l u e i l *  is 
d e f i n e d .  1 8 e t a i w  i s  measured i n  t h e  
~ l a n s  o f  t h e  r a i n  s u r f a c e  and i n  
a  s p a n w i s e  d i r e c t i o n  c o n s i s t s n t  with 
t h a t  u s e d  f o r  t h e  d a c a  d e f i n e d  b y  
F e c o r d s  5-7. 

= F r a c t i o n  o f  t h e  l o c a l  c h o r d ,  0.0 
r v a l u e i  5 1.0, which d e f i n s s  t h e  
l o c a t i o n  of t h e  l o c a l  ae rodynamic  
c e n t e r  r e l a t i v e  t o  t h e  q u a r t e r - c h o r d .  
This q u a n t i t y  i s  p o s i t i v e  i f  the 
aerodynamic  c e n t e r  is  u p s t r e a m  f rom 
t h e  qua r t e r - c h o r d .  

T h i s  r s c o r d  may be r e p e a t e d .  

~ e c o r , !  :d End Cpt ion S u b s e t  

I E K D  CPTICN CATA .A 
AJl!rrional c a s e s  may t;e d e f i n e d  by  r e p e a t i n g  Records  
2 - 2 d  w i ? h  a u n i . ~ u e  i d e n t i f i c a t i o n  number a s s i g n e d  t o  each 
case z y  E s c c r d  2 .  

FFCOL-,I 2 3  Er:d A i l  C3ta Set. 

E X 3  .AF1 C A T A  EIzzl 
:Itidi:i)1.~31 c a s e s  may ke i n p u t  by  r e p e a t l n q  F e c o r d s  1-29. 



Table I OY -1. Summary o f  AFI Data Records 

BEGIN AFI DATA 

CASE n 
- - - - -- - - --- 

BEGIN GEOMETRY DATA 
MA IN SURFACE iden t  

LEADING EDGE XI y l  Z l  X2 Y2 22 * * *  

TRAILING EDGE XI y l  z l  ~2 ~2 22 
ELASTIC AXIS XI y l  ZI x2 y2 22 . a .  

( ~ ~ : T R O L )  SURFACE i dent 

HINGE LINE x i  y i  z i  xo yo zo 
LEADINGEDGE x i  y i  t i  x o y o  zo 

END GEOMETRY DATA 

BEGIN ttODAL DATA 

USE Name WITH SURFACE lden t  

RIGID BODY < x y z > Rbfl  mag1 Rbf2 mag2 ... 

END MODAL DATA 

BEG IN OPTION DATA 

DIRECT DATA 

REPLACE ISCALE ] PARTITION P id  STRIPS sI<TO sn> va lue l  <value2 . - * ;  

MZERO DATA 
SURFACE l d e n t  e t a l  v a l u e l  e t a 2  v a l u e 2  ,.. 

L I F T  DATA 

SYMM 

CHANGE l d e n t l  I d e n t 2  ... 
SURFACE l d e n t  < e t a 1  v a l u e l  e t a 2  v a l u e 2  ... > 

MOMENT DATA 

SURFACE l d e n t  e t a l  v a l u e l  e t a 2  v a l u e 2  ... 
END OPTION DATA 

- 

END AF I  DATA 



105.0 BOUNDARY CONDITION DATA 

Scundary c o n d i t i o r ,  (EC) d a t a  f o r  a  s t r u c t u r a l  model a r e  
corcpr i s sd  of t h e  fo l l owinq :  

a)  Labels f o r  r s f e r e n c i n q  n o d a l  freeaom i t i n m a t i c s  and 
noda 1 f o r  c a s  ; 

C )  k e t a i  ned- froedom o r d e r  s p z c i f i c a t i o n ;  

d )  Ypeci f iet l  cuppo r t  d i  s p l a c e m s n t s .  

. g i l  k i c  >mat.ic i n p u t  data a r e  dnf i n e d  and e f f e c t e d  r s l a t i v e  
Y O  ths a n a l y s i s  frames of the n o d t s  a s  s p c c i f i p d  v i a  the nodal 
da'd. Only ?he nod31 da ta  s e ?  ( sec .  146.0)  mus t  hs i n p t l t  p r i o r  
t h e  EL d d ~ a  sst. 

- tact; q r o u p  a f  c o n s t r a l ~ t  c o n d i t i o n s  ( a ) ,  t) and c) above)  
+ a  n3 3ppl i5i l  50 a s t r u c t u r a l  model i s  r e f e r e r ' z ed  a s  a STAGE. 
.r\ n axin iua  o r  1 0  d i  f  f dr e n t  S T A G E S  and  SUPSTAGES ( s u p e r p o s i t i o n  
.:Tiiti?S fo f~r ! . - t a  by t h e  stress dat.a set--ssc. 154.0) may kc? d s f i n e d  
p-r  n o l a l  da ta  sec.  S p e c i f i e d  s u p p o r t  d i s p l a c e m e n t s ,  i f  
r+r:uir2d, Indy oe inpu: partially or whol ly  w i t h i n  the BC d a t a  
s -  3r,-.i/or wi-,hin t h e  l o a d s  d a t a  set  (sec. 134.9) .  Each qxoup 
af d i s p l a c ~ n ~ n t s  is i d o n t i f  i e d  by one  or more l c a d  c a s a  l a o e l s  
ar.3 i s  a saoc i  3+erl wi tn  a  p a r t i c u l a r  STAGE and n o d a l  S E T .  

2rirLcouc of t h e  STAGE d a t a  may be requested from the BC 
Fcs tprocassor  ( s ec .  206.0) , whereas  printout of a l l  nod31 
d i s ~ l a s ~ m ~ n + s  ( i n c l u d i n q  support .  d i s p l a c e m e n t s )  may b? r e q u e s t e d  
rrcm r.h? :iri;.F.iS P ~ s t p r o c e s s o r  (3ec.  254.2) . 



7 6 . 1  INr'tl'r 3ATfr 

Fccard 1 Eata Set, I d 2 n t i f i c a c i o n  

This rscord i n i t i a t e s  ex?cu t ion  of t h e  BC (Boundary 
L'ondi ti on) P rep roces so r .  

h i - l u n  this d a t a  sst, o p t i o n a l  Peco rds  2 throuqh 6 may 
mpu: i n  any o rdo r .  They must b2 i n p u t  b 3 f a r e  Rscord 

7 ,  !~owevsr. Only  Fecord 7 i s  r d q u i r e d .  

Fccord 2 Sst_/Staqe Ider.ti f i c a t i o n  ( o p t i o n a l )  

= Inceqer i d e n t i f  y inq  a  nodal SET t o  wnich 
t h e  Bi data a r e  t o  be a p p l i e d .  
D , ? f a u l t  Items: The SET numker s p s c i f i e d  

by t h e  l a s t  record of  t h i s  
type  or  SET 1. 

= Unique staqe number (integer) i n  t h e  ranqe  
1 throuqh 10, i n c l u s i v e ,  to bs associated 
with SET "Se. 'c 
Defaul t  Items: STAGE 1 

D e f a u l t  F x o r d :  SET 1 STAGE 1 

3ecord 3 Fr-??dor  A c t i v i t y  Labe ls  ( o p t i o n a l )  

F.42EDOM ACTIVITIES a1 a2 a3 

a l , a2 , a3  = Three a lphanumer ic  words of 1  to  7 
c h a r a c 2 e r s  for ref e r e n c i n j  freedom 
a c t i v i * i e s .  Thsss l a b e l s  are associated 
w i t h  the t h r o e  row p a r t i t i o n s  ~f the 
srif f n e s s  e q u i l i b r i u m  matrix e q u a t i o n s ,  
r s s p a c t i v e l y ,  a s  shown belcw. 

Fow Par-ition 
:JllI?5+r 



K i j ,  D i  and ti denote  the matr ix  p a r t i t i o n s  of the  gross  
s t i f f n e s s ,  displacement and l aads  matrices, respec t ive ly .  
The as soc i a t i on  of freedan activity labels with t h e  t h r e e  
row p a r t i t i o n s  of t h e  equi l ibr ium equat ions  is f u r t h e r  
i l l u s t r a t e d  in the  following table. 

, Freedom Act iv i ty  Label Row pa*itiOnJ Numbe 
User-Specif i ed  I Default Descr ipt ion 1 

Unconstrained freedoms 
t h a t  are s t a t i c a l l y  
condensed (reduced) from 
g ros s  matr ices  during 
generat ion of reciuced 
matr ices  

Unconstrained freedoms 
t h a t  a r e  r e  ained i n  reduced 

Freedoms fox  which 
displacements ?.:e speci-  
fied; zero displacements 

If t h i s  record is not  i npu t ,  t h e  d e f a u l t  freedom a c t i v i t y  
l a b e l s  are FREE, RETAIN and SUPPORT f o r  p a r t i t i o n s  1 
through 3, respec t ive ly .  The se l ec t ed  l a b e l s  remain i n  
effect for mul t ip le  SETS and/or STAGES u n t i l  redefined.  

f 
4 
i 
1 

Record 4 Freedom Labels (opt ional)  

I FREEDOM LAEL!' 

Records 4 and 5 a l low user-selected alphanumeric labels t o  
be assoc ia ted  with t h e  nodal displacements (kinematics) 
and/or forces. These l a b e l s  are used f o r  input and 
p r in t ing  of BC and loads  d a t a  assoc ia ted  w i t h  t h e  spec i f i ed  
SETS and STAGES. The d e f a u l t  l a b e l s  a s soc i a t ed  with the 
nodal freedoms f o r  t h e  three types of re fe rence  frames 
( rectangular ,  c y l i n d r i c a l ,  sphe r i ca l )  a r e  showr; i n  t h e  
t a b l e  below, Note t h a t  a l l  re fe rences  t o  REC frames within 
t h i s  da t a  set include t h e  GLOBAL frame i n  add i t i on  t o  any 
l o c a l  rec tangula r  frames def ined v i a  t h e  nodal data. 





,*curd 6 i ietaind-Reedom Order Skecif ication (optional)  

'I':~is record der~otes t??e seaueree i n  which t h e  retained 
degrees o f  f reedon w i l l  be ordered for the i d e n t i f i e d  
SFT,'ST.Qr;S, The 3ptions are  a s  follows: 

1,:: LX?I"I'2 -- the freedoms w i l l  be ordered as t?ey are 
listed i n  4ecord 7, Variation 1. If any 
freedoms are retained v i a  Variation 2 of 
hecord 7 ,  t h e  retained order indicator  is 
automatically set to nBY INTERNALID.n 

,UY I?ZERR-X,ID -- the freedoms spec i f i ed  by Record 7 w i l l  
ordered i n  an increasing internal  node 

number sequence. 

9Y UsEli13 -- the freedoms spec i f i ed  by Record 7 w i l l  
be ordered i n  an increasing user node 
nunher sequence.  

:+uIt-lple freedoms retained for a s i n y l e  node v i a  the 
IhTEIIPr'ALID or  U S E k I D  o p t i o n s  are ordered according so the 
nodal freedom nunbers I thcough 6 shown i n  the foreuoZ . :  
table. 

kecora 7 EC S p e c i f i c a t i o n s  

This record, Variation 1 iindlor 2, m y  be repeated to 
idefitify a l l  constraints f ~ r  a part icular  STAGE. Xul t ip le  
S,f'r',(;ES for a ?art icular  mudel are  effected by repeating 
t\ecorCis 2 - 7 ,  

If Eore than one act5.vity is sgecif i e d  for a particillar 
freedom, the last one s .:eclf i e d  takes preceder~ce. :t is 
s~meti:n~s convenient, for example, to RETAIN or SUPPORT a l arge  
qroup ot frei+-tcion~s using a data-generat ion capabi l i ty ,  arid then 
i'3SE sClectcri freedoms w i t d n  the uroup. If no a c t i v i t y  is 
specified f ~ r  a freedom, it is ir~cluded i n  the FRES part i t ion o f  
the . ross  stiffness mtr ix .  An inact ive  freedom (one that has 
zero  stif i n e s s )  is a a t o r ~ ~ a t i c a l l y  ianored .  Arr a c t i v l t y  is imposed 
on the Lredogi of a S'hear node only  if the  secmnd i t e m  3f this 
record i2entities the first kinematic freedom of the GLOBAL 
ar.alysis f rase. 



V a r i a t i o n  1 
A 

FC)h A T l i s t  (n) 

, 

: I cz iv i ty  = one of the f r e e d o r  a c t i v i t y  labels d e f i n e d  
by 2ecord 3. 

alisc = ilst of  1 t o  6  k i n m a t i c  l a k 2 l s  a s  de f ined  
by " d l i s t W  i n  Record 5. I f  t h o  word ALL 
i s  selected ror t h i s  item, a l l  s i x  nodal 
r r e 3 d o r s  a rn  implied. 

:,T1:3+. (n) = ATLX.3 list of u s e r  node numbers ( i n t a q e r s )  . 
T h e  s a e c i f i e d  a c t i v i t y  is  impostd on the 
" D l i s t "  freedoms of t h e s e  nodss. Only 
those fresdoms ~f the A T l i s t  nodes thaz 
nave k i n e r ~ t i c  l a b e l s  i d e n t i f i e d  by lUDlistM 
3r2 a t  fzc'ed. 

i r  -..- .,.- I8.4S L I 3 r 2 C "  o p t i o n  is  s e l e c t e d  v i a  Rlcord 6 ,  

x ~ :  3 i r s d  f r e+ loms  az? orde red  i n  t h e  sequenc? s p e c i f i e d  via 
3 i F ~ t  ?nJ A T l l s ? .  The o r d o r  F s  defined a s  a l l  freedoms i n  D l i s t  
for :?:- z l r s t  code in XTlis~, fo l lowed by ths sane D l i s t    reed oms 
r :,r 'I:,; s - , c ~ n ; i  nods in A m l i s t ,  ~ t c .  If  ALL i s  selectxi, the 
i,r jar af' '.:I+ a i x  r l t a i n 2 3  fr2adoms w i l l  be a s  stlcwn i n  ths 
if ' -3~i r . l~ : l i>L+ .  

V a r i ~ ~ i a n  2 of t n e  Bc s p s c i f i c a t i o n  r ecord  a l lows  
3 c t i v i 7 i + ~  EO k ?  ? f r sc t+d  on s?12ct3.3 freedoms of nodss  t h a t  
f ; -  i n  cn:? or tn+ p t i n c i p 3 l  s u r f a c s s  of a p a r t i c u l a r  a n a l y s i s  
f r171e. ;r principal s d r i a c a  is d e f i n s d  a s  a s u r f a c e  i n  which 
an9 ~f 5 1 2  zoorciina--2s i s  i n v a r i a n t .  The pr inc ipa l .  surfaces 
assozi3rcti w i r ; ?  th'e c a o r d i n a t e s  of t h e  analysis frames a r e  
12-r:ifr+.l b y  the int3qez-s 1 t o  3 a s  i l l u s t r a t e d  i3 tha fo l lowinq  
?a!;lo [ a l s o  s ee  ziq. 10G-1). 

Tns iacatio:: an31 c o n f r q u r a t i o n  of a sur facs  is dof ined  
v i a  3 . i ~ l + c t l !  node "Il:nW ar~ci i-s ?issociatsd a n a l y s i s  frame. 



BOUNDARY 
CONDITION r 

Tho surfao? p a s s e s  th rouqh  MNn.t4 The s e l e c t e d  a c t i v i t y  is 
performad on t h a  specified freedoms of a l l  nod2s t h a t  l i e  i n  
"he s u r f a c e  and have t h e  same a n a l y s i s  frame as "Nn.I8 k node 
i s  cons idnred  t o  be i n  t h o  d e f i n e d  s u r f a c e  i f  t n e  p r p ! i ~ d i c u l a r  
d i s t a n c ~  from the nods to  +he s u r t a c e  is  less t h a n  10-8 u n i t s .  

Fretdons may be s p e c i f i e d  v i a  D l i s t  o r  the word ALL as 
i r t  Var iaz ion  1, Two a d d i t i c ~ a l  key-words, S Y M M  and ASYM, may 
S E  us& i c  V a i i a t i o n  2 t o  a e s i q n a + e  c e r t a r n  combinat ions of 
f r e ~ 3 o n s  u p n  w h i c h  ths s p e c i f i s d  a c t i v i t y  is  t o  be perrormed. 
Th+ss kgy-wor.3~ a ra  a s s o c i a t a d  w i t h  symmetr ical  and a n t i -  
symmrtr ica l  boundary c o n d i t i c n s  r a l a t i v e  to t he  p r e s c r i b e d  
:;:~rf ace. Tho cornhinations of f r ~ e d o m s  associated with t h e s e  
key-words and the s u r f a c e  i d e n t i f i e r s  a r e  shown i n  the c a ~ l e  
n t . 1 ~ .  

- - - - - - - -- - 

A c t i v i t y  
D l i s C  I = same as d e f i n d  f o r  Y a r i a t i o n  1 
ALL 

ii YXM = Key-word SYYM or ASYM may be usad 50 
A S Yi.; danote  a cornbirdt ion of free-joms a s  

d i s c u s s e d  a ~ o v e .  

= Int2cjer i d e n t  if ylnq the ~ r i n c i p a l  sarf  ace 
i r l  which  t h e  a c t i v i t y  i s  to 03 e f t+c tad  
(see foreqoing t a b l e ) .  



= User node number ( i n t ege r )  . The s u r f a c e  i n  
which t h e  a c t i v i t y  i s  t o  be performed passes  
through t h i s  node. 
Default: The s u r f a c e  passes through t h e  

GLOsAL origin and t h e  s ~ e c i f i e d  
a c t i v i t y  is  performed on t h e  
freedoms of nodes t h a t  have a 
GLOBAL a n a l y s i s  frame. 

:xs icple  U s e  of 3ecord 7: 

A s t r c c t u r a l  model, &ich  is synunetrical r e l a t i v e  t o  the 
UL03.X X-Z pldne, is t o  be cons t ra ined  i n  t h e  X-Z plane such t h a t  
t;n t i -;;y:;une~ricd d i sp l acenen t s  of t h e  11iMe1 r e l a t i v e  to t h i s  
r;lcir,e are zerc.  Freedoms TZ and RY a r e  t o  be retained for nodes 
: and 50 chrouch b5. Addi t ional ly ,  t h e  TX freedom f o r  nodes 8 
and 32 are t o  be r e t a ined .  The data records  could be h p u t  as: 

SOPPOriT ASY!? I K  SUXFACS 2 / 
KETAIX TX Y FOh 8 50 TO 6 5  / 
R E T h l Y  T X  FO3 8 32 / 

13 0.1.1 Supnort 9 i s g l a c a m e n t  9ata Subset 

 his data suf-)set, Ilemrcts 6-10, may be used t o  i npu t  
s p e c i r i e r i  disslacements.  These data may be inpu t  p a r t i a i l y  o r  
wholly i:l t h e  9C ranc?/or loads daca sets, Displacements i npu t  by 
32 data bnc! by l a d s  dat;, f o r  a p h r t i c u l a r  SET and STAGE (Record 
i) art2 culnulateci. 3 u l t i p l e  displacements s p e c i f i e d  for t h e  same 
;reedom cirlri load case a r e  c ~ u l a t e d .  

Dis~1acerner . t~  niay S e  s p e c i f i e d  only  for freedoms which have 
r e e n  p r r r v i o u s l y  SU3PORTed. A l l  displacement-s are def ined  and 
cf t c c t e d  r e l a t i ve  t o  t h e  a n a l y s i s  f rare of the a s s o c i a t e d  node. 
I f  no ?isr:lacen;ent i s  -pecifieC: t o r  a SUPPORTed freedom, it is 
r i q i d l y  ti:it26 (zero displacement is enf orzed) , 

% C ~ I  (?~ou? of specified displacements is uniquely 
id t?nc i f  i ed  by a load c a s e  label. Addi t ional  load c a s e  titling 
anci c o n ~ a i n ~ t i o n s  or iteLineri load case s  can be i npu t  by the loads 
, i a t , ~  (sse stlc. 134.0). S p c i t i e d  lists of disp1acenent.s may be 
a ; ~ o c i a t t > ( l  w l t n  a grou:, of load cases  (Records 9 ,  10 and 11) ,  a 
~r31.17 of nofles (heco rds  9 ,  12 ~ r ; d  13) or a group of kinematic 
ireet?orns (kccords 14 ar~c? 15) . Tiotational d i s p l a c e m e n t s  a re  i n p u t  
ir~ r a t l i d n s  . 



. .-- 
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Record 8 Speci f i e d  Disp lacement  Data Subset 

I HEGIN SUPPORT DISPLACEMENT DATA 

F a c o r d  9 Nodal -Freedom o r d 9 r  ( o p t i o n a l )  

T h i s  record det  i n ~ s  t h e  noda 1- f reedom cor xespondence  list 
a s s o c i a t e d  w i t h  lists of  d i s p l a c e m e n t s  i n p u t  by E e c o r d s  
11 d n d / o r  13. 

V t l ,  N f2 ,  .. . = List or' 1 t o  6 ,  2 - c h a r a c t e r ,  a.Lphanmneric 
i d e n t i f i e r s  def i n i n q  +he  o r d e r  and 
number o f  k i n e m a t i c  f r2edoms a s s o c i a t e d  
with t h ~ 3  d i s p l a c e m e n t s  i n p u t  v ia  " d l i s t "  
i n  F e c o r d s  1 1  a n d / o r  13. Only  t h t  n o d a l  
f r eedoms  w i t h  n o n - z e r o  e n f o r c e d  
d i s p l a c e m e n t s  need be i n c l u d e d  i n  .chis 
list. The i - t h  i d e n t i f i e r  " N f i N  i n  
this list must  be o n e  o f  t h e  f o l l o w i n s :  

N f i  -- Either one  of t h e  k i n e m a t i c  l a o e l s  
salscted v i a  Eecord 5 icr a s p l c i f l c  
type of a n a l y s i s  frame (REC, CYL o r  
5PN) or o n e  o f  t h o  words Fj* j= 1, 6 
w h i c h  dec~te t h e  s i x  o r d s r l d  nodal 
f r e e d o n s  (see F e c o r d  4 )  a s s o c i a  t2ci w i t h  
a l l  a n a l y s i s  f r ame  t y p ? s .  I f  t h e  tormer 
t y p j  of i d m t i f i e r  is wed,  a l l  nodes 
w i t h  s p e c i r i ~ d  d i s p l a c e m m t s  n u s t  have 
ths same l i s t  o f  a n a l y s i s - i r a m e  k l n e m a t i c  
l a b e l s .  However, i f  " F j n  WOKAS a r e  
u s s d ,  ?he a in ma tic laaels  a s s o c i a t e d  
w i c h  t h e  r 5 r ' e r e n c e d  nodos  are i m m a t e r i a l .  

D u f 3 u l t  Record: The o r i e r  a n d  number o f  n o d a l - f r e t d o m s  
d+f incd by ths last r e c o r d  of t h i s  type 
or  Fj; j = 1.6. I f  t h i s  r s c 0 r . i  i s  not 
us?d, tn? 0rd9r i n  which  d i s y l a c z m e n t s  
are s p e c i f i e d  v i a  R e c o r d s  1 1  and /o r  
1 3  ~ 1 s t  bo c o n s i s t e n t  w i t h  :h? *le fau l* r  
r:rd ?r ..llscussed under Recor(i  4 ie. q. , 
TX, TY, TZ, FIX, i i Y  arid hZ for FZC 
w a l y s i s  frames) . 

.z?cor~?s of z n i s  t y n e  may h? us9d any numbsr of  times 
w i t h l l ;  =hi:  d a t ~  s u b s e t .  



10b.1.1.1 Disp lacements  Grouped by Load Cases 

Xecorcis 10 arid 11 allow specified displacements to be 
associated w i t h  a group  of l o a d  c a s e s .  

Record 10 Load Cass L a b e l s  

CASF A T l i s t  (c) 

RTi  ist (c) = ATLAS list cief i n i n a  up  t o  250 u s e r -  
a s s i g n e d  load case l a b e l s  (posi t ive 
i n t e g e r s  or a lphanumer i c  words with 1 t.o 
7 cf~aracters). The word ALL, *.he 2-  
c h a r a c t e r  words F i ,  where i=1,  6 and any 
of t h e  f o r c e  and  k i n e m a t i c  l a b e l s  
s e l e c t e d  v ia  Record 5 may n o t  be used ,  

3 i sp lacernents  s p e c i f i e d  by subsequen t  Records 11 are 
a t t r i b u t e 6  t o  ~ a c h  cf t h e  l o a d  cases d e f i n e d  by hTlist (c) . 

k e c o ~ ~ i  11 Xode a ~ d  3 i s p l a c e n e n t  S p e c i f i c a t i o n  

T'Tlist (n)  
1 

Nfl  d l  Nf2 d2 ... 
a 

ATlist (n) = ATLAS list ot up t o  250 node ~lumSers 
( i n t e u e r s )  t o  which t h e  subseauen t  

a i s p l a c e m e n t s  apply .  Non-exis ten t  nodes 
i d e n t i f  ieci by A T l i s t  (n) are  n o t  dllowed. 

dlist = L i s t  of  1 t o  b d i s p l a c e m e n t s  associated 
w i t h  the sequence  and nunber of k i n e m a t i c  
f redorns i d e n t i f i e d  by t h e  l a s t  Record 9. 
T r a i l i n g  zeros need no t  be inrut .  

= The i - t h  kifiernatlc l a b e l  and d i sp l acemen t  
i n  t h i s  r e c o r d  d e n o t i n g  which freedom is  t o  
have a d i sp l acemen t  of " d i w  imposed, me 
format of N r i  is  the same a s  defined for 
Secora  9. These i t e m s  are i n p u t  i n  p a i r s  i n  
'in ~ r d e r  th&t is indever,dent of Hecord 4. 

This rccljxd or ??ecorrls 10 and 11 may be r e ~ e a t e d .  

ixanlple Use of Secords 10 m d  11: 

For load cases ABC and E20, nodles 35 and 100 through 119 
have a TY t r d ~ s l d t i o n  02 5.  and a n  XZ r o t a t i o n  of 0 .1  r a d i a n s .  

i: - 
. .-- Nor!es 36 and 200 throilqh 510 have a TX of 10. dntl an ti2 of 0.2 
C *. e- rar ' l idns.  Ad l l t i o n a l l y ,  nodf>s 37 anti 300 throuah 3 10 have a TX of 
,.?/.- 



15. dnd an RZ of 0.3 radians .  The data records could  be i n p u t  
as: 

CASE ABC I320 / 
35 100 TO 110 TX 5 .  HZ 0.1 / 
*+2 1 100 0 100 0 5 .  0 0.1 / 

10G. 1 -1.2 Displacements Grouped by Nodes 

Records 12 and 13 a l low specified displacements t o  be 
associated wit!! a group of nodes. 

Record 12 Node L i s t  

I NODh ATl i s t  (a) 

AT1 Ist (n) = ATLAS list of up to 250 node numbers 
(integers) to  which subsequent Records 13 
apply. Non-existent nodes identified by 
A T l i s t  (11) are n o t  allowed. 

K!isi.lacerdents s p e c i t i e d  by subsequent Records 13 a r e  
app l i ed  t o  a l l  :lodes in ATlist (n) . 

Secorc? 13 L o ~ , i  Case and LJis~l acement S p e c i f i c a t i o n  

3'1'1 i st (c) = Shme as defined for  Recorcl 10 

t # 

d l i s t  
Nr'i I = Same a s  defined for Record 11 
a i  

A T l i s t  (c) 

All displacements s p e c i f i e d  w i th in  t h i s  record are 
dt t r ibu tec i  t o  each of t h e  load cases defined by ATl i s t  (c) . 

c?list 
' ~ f l  dl Sf2 d 2  ... 

?:,is record o r  iiecords 12 an4 13 pay be repeated.  

1 

*ample Use of Fscords 12 and 13: 

Socies 5, 7, 9, 11 anc? 4 5  for load cases  1, 2, 3, HI, Y2 and 
113 have a TY displacement equal to 6 times t h e  i n t e g e r  p a r t  of 
t h e  load case label and an RX v a l u e  equal t o  twice t h e  integer 
p a ~ t  of the load case label. The data records  could be i n p u t  as. 

NODE 5 TO 1 1  T3Y 2 45 / 
1 H I  TY 6. AX 2. / 
*t2 1 1 0 6. 0 2. / 



1 0 6 . 1 . 1 . 3  bisplacements  Grouped by Nodal Freedoms 

Hecords 14 and 15 allow specified disp lacements  t o  be 
associated wi th  a group of kinematic freedoms. 

FQEEPOM ATl i s t  (f n) 

f 
3ecord 11 Kinematic Freedon List 

E 
4 

kl'l i s t  (f n) = ATLAS list defining up to  250 
alphanumeric worc?s--each word i s  
cornprised of a k inemat ic  l a b e l ,  as 
spec i f ied  by Record 5, fol lowed by a node 
?1um3er, An ATl i s t  (f 3) c o u l d  be TX 11 TO 
TX88 which denotes  t h e  X-axis 
t r a n s l a t i c n a l  freedoms for nocies 11 
t f ~ r o u g h  88. Non-existent n o d e  numbers 
re fe renced  by words genera ted  by 
A T l i s t  ( fn )  a r e  n o t  allowed. 

Ii2cord 15 Load Case a:ld Dis?lacement Specif i c d t i o n  

I h T l i s t  (c) d l i s t  

. ? T l i s t  (c) = S a m  a s  def ined for -9ecord 10 

= List of d isplacements  t o  be enforced on 
t r r e  treedoms as l is ted by Record 14.  The 
number and sequence of the displacements  
i n  " d l i s t B 1  rmst correspond t o  the number 
and sequence of freedoms spec i t i ed  by 
Record 14 .  

@r!lis record or Records 14 and 15 :nay be repeated. 

rxampls  Use of Ftecoras 1 4  and 15:  

TX d i s ~ l a c e r n e n t s  are  t o  be s p e c i f i e d  a t  nodes 1 throuan 5 
20, For lodd case 10, the disc lacements  are 1 ,  2, 13,  4 ,  -5 

dn13 3 .  F o r  load case J A C K ,  the displacements a r e  7 ,  12,  15 ,  -2, 
b d n ~ i  2. Thc d a t a  records could  be i n p u t  as: 



hscord 16 End Support Displacement Data Subset 

1 END SUPPORT DISPLACEMENT DATA 

Add~tional Records 2 -7  or Zecords 2-16 may be input. 

Rncorrl 17 End BC Data Set 

tND DL' DATA E z I I l  
~dditronal dC data sets may be input by r epea t i ng  Rzcords 
1-17. 

. .-_.,- n.19---x -.. -rP.-+-*- d.**rar*1)F*CV,M.M**& w +*- m e -  



Table 106-1 . Summary of Boundary Cond i t  ion Data Records 

R e f e r e n c e  
Page 

106.2 

106.2 

106. 2  

106.3 

106.4 

106.5 

106.6 

106.7 

106.9 

106.9 

101;. 10 

106.10 

106.11 

106.11 

106.12 

106. ! 2  

106.13 

106.13 
d 

r 

D a t a  R e c o r d s  

. 
BEGIN B C  DATA 

<SET Se> <STAGE s t  > 

FREEDOM ACTIVITIES a1 a 2  a 3  

FREEDOM LABELS 

1::: I { (DISP d l i s t >  <FORCE f l i s t >  

( 
AS LISTED 

O R D E R  RETAIN BY INTERNALID 
BY USERID 1 ' 

A ~ t i v i t y  { ~ ~ ~ s t ) F O R  A T I i s t ( n )  

D l i s t  

A c t i v i t y  [t:iM}IN SURFACE { 1 < THROEGH N* > 
ASYM 

EEGIN SUPPORT DISPLACEMENT DATA 

ORDER Nf 1 Nf2 . . . 
C A S E  A T I . ~ s ~ ( ~ )  

A T l i s t ( n )  { d l i s t  
N f l  d l  N f 2  d 2  ... , 

N O D E  A T l i s t  ( n )  

ATlir t  ( c )  { d l i s t  
N f l  d l  Nf2 d2  ... 

FREEDOM  list ( f n )  

ATlis  t ( c )  d l i s t  

E N D  SUPPORT DISPLACEMENT DATA 

E N D  B C  DATA 
L 



I-, D E S I G N  

112.0 DESIGN DATA 

The s t i f f n e s s  e lement  d a t a  r e q u i r e d  to  perform a f u l l y -  
s t r e s s e d  s t r u c t u r a l  des iqn  o r  r e g i o n a l  o p t i m i z a t i o n  of composi te-  
b u i l t  s t r u c t u r o s  are d 2 f i n e d  by  t h i s  data set. The d e s i q n  
c a p a b i l i t i e s  and  a n a l y s i s  t e c h n i q u e s  o f  the DESIGN P r o c e s s o r  
a r s  p r e s e n t e d  i n  s e c t i o n  212.0. The elexrent p r o p e r t i e s  o f  t h e  
s t r u c t a r a l  model d e f i n e d  by a s t i f f n e s s  SET (srrc. 152.0) a r e  
rnodiri2d ( r e s i z e d )  a c c o r d i n q  t o  u s e r  s p e c i f i c a t i o n s .  R e s i z e  
c a l c u l a t i o n s  a r e  performed by d e s i q n  a l g o r i t h m s  a c c o r d i n g  t o  
specified g e o m e t r i c  and margin-of -safe ty  c o n s t r a i n t s  on s e l e c t e d  
e 14m?nt E. 

The d e t a i l  and m a t x i a l  d a t a  sets, i f  r e q u i r e d ,  and  t h e  
nodal ,  sti r f n e s s ,  BC, l o a d s  and subse t -de f  i n i t i o n  d a t a  sets 
must  be i n p u t  p r i o r  t o  t h i s  d a t a  set i n  t h e  i n p u t  s t ream. 

The d e s i q n  d a t a  se t  i s  d i v i d e d  i n t o  t h e  f o l l o w i n g  d a t a  
s u b s t z s :  

2) Table- -shear  and compression buck l inq  a l l o w a b l e  stresses 

b) ~ o d u l u s - - s h e a r  moduli and Younq's moduli  of e l a s t i c i t y  
for c a l c u l a t i o n  of local  buck l ing  a l l o w a b l e s  f o r  " p l a t e -  
l i k n t t  s l e m e n t s  

c) P r o p s r t y - - p r o p e r t i e s  f o r  conve r s ion  of element  l o a d s  
a s  c a l c u l a t e d  by the STRESS P r o c e s s o r  t o  s l emen t  
scresses 

3) F ixed- - se l ec t ed  p r o p s r t i e s  o f  e l e m s n t s  which a r e  t o  
D e  held a t  a f i x s d  l e v e l  by t h e  DESIGN P r o c e s s o r  d u r i n g  
r e s i z i n q  

3) Lower-Bound-minimum o r  low2r-bound element p r o p e r t y  
values 

f )  flpper-Bound--maximum or upper- bound element p r o p e r t y  
v a l u e s  

q )  Narqin--element p r o p e r t y  marqins  of safety 

h )  Sizing--eJ.ernnnt m a t e r i a l  p r o p e r t i e s  and a l l o w a b l e  
s t resses  

i)  Restrain-Sizinq--selected e lz r r en t s  that are n o t  t o  
be resized by t h e  CESIGN P r o c e s s o r  



j) Optimization--problemdef i n i t i o n  d a t a  f o r  r e g i o n a l  
op t im iza t i on  of composite s t r u c t u r e s .  

k )  Variable-Constraints--desiqn-variable c o n s t r a i n t s  
(labmi na- th ickness  coupling express ions )  t o  be used 
i n  so lv inq  t tle Optimizat ion problein (j) 

1) Smoothinq--reqions of t h e  s t r u c t u r a l  mods1 i n  which 
t h e  e i e m ~ n t  p r o p e r t i e s  r e s u l t i n g  from desiqn 
c a l c u l a t i o n s  a r e  t o  be smoothed 

m )  3ucklinq--parame+ers def i n i n q  panel- buckling i n t e r a c t i o n  
formula  for "p l a t e - l i keu  elements  

n) Loads--dssiqn load cases  f o r  which e lements  a r e  t o  
be r e s i z e d  

O )  Superposi t ion--des iqn load  c a s e s  formed by superimposinq 
previously-dsf  ined load c a s e s  

p) Thermal-odesiqn load  c a s e s  formed by  superimposinq 
one mechanical and onz thermal load  c a s e  previously 
def ined  by tho l o ads  data set (sec. 134.0) .  

Input- of these d a t a  subse t s  i s  o p t i o n a l  except ,  a s  i nd i ca t ed  
below, certain da+a a r e  requ i red  rar the p a r t i c u l a r  t ype  of 
des iqn  a c t i v i t y  t o  be performed: 

a )  Fu l ly -S t resssd  Desiqn0-the S i z ing  d a t a  s u b s e t  is 
rzquired .  Addi t iona l ly ,  i f  BEAM elements  are inc:ludec! 
i n  the s t i f f n e s s  SET, t h e  P rope r ty  d a t a  subse t  i s  
required .  

k)  Thernal  Ful ly-St ressed Desiqn-the S i z inq  and Proper ty  
da:a subse t s  a r e  requ i red  a s  d iscuss+d f o r  ( a ) .  I n  
add i t i on ,  t h e  Thermal d a t a  subse t  i s  rsquired .  

c) Reqional Composits Optimizat iona-only t h e  Optimiz3tion 
d a t a  subset  i s  r squ i red .  

P r i n t o u t  of +he inpu t  des ign  d a t a  may be reques ted  from t h e  
DF:SIGI\J Postprocessor (sac. 212.1). 



11 2.1 INPUT DATA 

The fo l lowinq  n o t a t i o n  is used t o  i d e n t i f y  s e l e c t e d  
s t i f f n e s s  elsrnonts w i t h i n  ~nany of thf!  des iqn-da ta  records .  
Tho itsms, IIElidfl an.1 "Eltype,"  a r e  always used  toqe the r .  

E l i d  = I d e n t i f i e r  of an element  o r  a  s u b s e t  
of e lements ,  The o p t i o n s  f o r  laElidI( 
a r e :  

Exxx--The name of a s t i f f n e s s  element s u b s e t  
p r s v i o u s l y  d e f i n e d  v i a  t h ~  SUBSZT- 
DEFINITION P r e p r o c e s s o r  (eel=. 156.0) . 

Nxxxxx--The l o t t e r  N fo l lowed  by a 1 t o  5 d i q i t ,  
u s e r  element number (sec.  152.0).  

Ixxxxx--The l e t t e r  I fo l lowed by a  1 t o  5 d l q i t  
i n t e r n a l  e lement  number assigrled v i a  
t h e  s e l e c t e d  node r a o r d e r  s p e c i f i c a t i o n  
(sec. 146.0).  

Defaul t :  A l l  e l emen t s  a s s o c i a  t e l  with  
t h e  s p e c i f i e d  s t i f f n e s s  SET. 

= A key-word o r  i t s  e q u i v a l e n t  i n t e q e r  
t h a t  denores  a p a r t i c u l a r  t y p ?  of element  
inc luded i n  I1Elid. I t  I f  IaElidt1 i d e n t i f i e s  
a s i n g l e  element ,  t tEl typel l  is jqnored. 
The o p t i o n s  f o r  "Eltypela a r  a: 

A0 C 
E ELY 
SP Ak 
COVER 
PLATE 
G PLATE 
EF, ICK 
SROD 
SPLATE 
CPLATE 
CCOVER 

D P ~  a u l t :  ALL. The key-word ALL deno'ss 
a l l  e lsmont  t y p e s  inc luded  
i n  "El id ."  



ij t h  o t  t h e s e  items, < E l i d >  <El type> ,  ncay bs d o f a u l t e d  w i t h i n  
a l l  the d a t a  r e c o r d s  except Rzcords 23  and 26. The remain inq  
d a t a  d e f i n e d  by t h e  co r r e spond inq  r e c o r d s  a p p l y  t o  a l l  e l e m e n t s  
deno ted  by "E l id"  and "Eltype." 

1 

Fecord  1 Data Set identification 

I BEGIY ESZIGN DATA 

This r eco rd  i n i t i a t e s  e x e c u t i o n  of t h e  D E S I G N  P rep roces so r .  

Fccord 2 Data P r e p r o c e s s i n q  Mode 

T h i s  r e c o r d  a l l ows  the u s e r  t o  specify how d a t a  s u b s e t s  
o f  a d e s i q r  d a t a  sst a r e  t o  be t r e a t e d  by t h e  p r e p r o c e s s o r .  
F iva  d i f f  erenc p r e p r o c e s s i n q  modes a r e  a v a i l a b l e  t o  
i n d i c a t a  whr ther  a )  p a r t i c u l a r  d a t a  s u b s e t s  a r e  i n p u t  
t3r the f i r s t  time, t; selected s u b s e t s  a r e  bein:] input 
t c  r e p l 3 c e  p r s v i o u s l y - d e f i n e d  s u b s e t s  of t h e  same t y p e  
o r  C)  s5 l ec t ec l  s u b s e t  d a t a  a r e  b e i n q  i n p u t  t o  modify 
c o r r e s p ~ n d i n q  p rev ious ly -de f  intld s u b s e t  d a t a ,  For a l l  
~ n o J s s ,  r h e  '@Prope r tyw and NSizinql* d a t a  subs 3ts a s  r e q u i r e d  
fcr t u l l y - s c r o s s e d  desiqn must e i t h e r  be i n c l u d e d  i n  t h ~  
d a t a  set o r  t h e y  must have been d e f i n e d  ~ r e v i o u s l y ,  
D e t a i l s  o f  t h e  v a r i o u s  p r e p r o c e s s i n q  modes a r t  d e s c r i b e d  
by t a b l s  112-1. Note t h a t  t h e  16 i n p u t  d a t a  s u b s e t s  a r e  
grouped j.nto t h r e s  b locks :  

a )  '@Tahletg d a t a  a p p l i c a b l e  t o  m u l t i p l e  s t i f  fnsss SETS 
an3  boundary condition (SC) STAGES, 

c) NSET-leval l@ d a t a  a p p l i c a b l e  t o  m u l t i p l e  STAGES, 

C )  l l s T ~ 3 E - l e v e 1 ~ @  d a t a  a s s o c i a t t : d  ! . i t h  a  p a r t i c u l a r  SET. 

code = I n t e q e r  i n  t h o  rant,2 1  t o  5 d e n ~ t i n q  
how t h e  inpu?  d a t a  s u b s e t s  a r e  t o  be  
p r e ~ r o c e s s e d .  The o p t i o n s  f o r  "CodeM 
a r e :  

1--No i n p u t  d a t a  have t e e n  & f i n e d  
p r e v i o ~ l z i y .  

2--wTakls10 data a r c  t o  be us3d t o  rn0di.f y 
; r rev ious l  y - input  " ~ b l e "  d a t a ,  wtre.r<:ac 
t h e  o t h e r  i ~ p u '  d a t a  have not  bear  
clef ined p r ? v i o u s l y .  



I DESIGN - -. 

30-~Table"  data a r e  t o  be used t o  modify 
previous ly- input  "Tablen d a t a ,  i n p u t  
SET-level d a t a  s u b s e t s  are t o  r e p l a c e  
correspondinq d a t a  s u b s e t s  which nay 
have been da f ined  p rev ious ly  and no 
STAGE-lev21 d a t a  have been de f ined  
previous ly ,  

4--NT3blen and SET-level s u b s e t  d a t a  are 
to  be used t o  modi f y previous  ly- input  
s u b s e t s  of t h e  same type,  whereas any 
STAGE-level s u b s e t  d a t a  are t o  r e p l a c e  
corresponding d a t a  which may have been 
de f ined  pr  sv ious ly .  

5--All d a t a  a r e  t o  be used to  modify t h e  
corresponding,  p r sv ious ly - inpu t  s u b s e t  
da ta .  

Caution: The number of des iqn  load c a s e s  
s p e c i f i e d  by Records 38-40 
f o r  a p a r t i c u l a r  SET and STAGE 
may n o t  b e  i n c r e a s e d  when mode 
4 o r  5 is s e l e c t e d .  



Table 1 1 2 - 1  . Design Data Preprocessing Modes 

* Tne i n p u t  d a t a  s u b s e t  h a s  not been i n p u t  p r e v i o u s l y ;  
3 new s u b s s t  i s  b e i n s  i n p u t .  Only t h e  P r o p e r t y  and  
S i z i n q  d a t a  s u b s o t s ,  a s  r e q u i r e d ,  must  b e  i n p u t  f o r  
triodes 1  and 2. 

o, - 
g z  
c= 

rn 
CI 

- 
(Y 

t- 

V) 

C = .- - 

tu 
;;; 

**  The i n p u t  d a t a  s u b s e t  may h a v e  been  i n p u t  p r e v i o u s l y .  
I f  c ~ r r e s p n d i n q  d a t a  were i n p u t  p r e v i o u s l y ,  t h e y  are 
r e p l ~ c e d  by t h e  new s u b s e t  b e i n g  i n p u t .  Thus, s s l e c t e d  
Jar;* suDsecs may be i n p u t  v i a  modes 3 and 4.  I f  one 
af t h e  subse:s t a q q t d  with **1 i s  t o  bs i n p u t ,  t h s  
ot : ls r  two s u b s e t s  t a a g a d  w i t h  **1 must a l s o  be i n p u t .  
T h i s  is  a l s o  a requi rement  f o r  t h e  s u b s e t s  t a q q e d  w i t h  
**2, **3 and **4. 

*** The i n p u t  d a t a  s u b s e i  i s  t o  b e  u sad  o n l y  t o  modify 
ti:? c o r r e s p o n d i n q ,  p r e v i o u s l y - i n p u t  s u b s e t .  N e w  d a t a  
may be added t o  t h e  o l d  s u ~ s e t  d a t a  o r  t h e  old  d a t a  
nay b e  replaced OR a ons- to -one  b a s i s .  
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DESIGN L-I : 

Allowable  buck l ing  s t r e s s e s ,  s h e a r  modul i  and Younq's 
moduli  o r  e l a s t i c i t y  for l o c a l  bucklinq c a l c u l a t i o n s  a s s o c i a t e d  
w i t h  p l a t s - l i k e  e l s m e n t s  are e s t a b l i s h e d  by Records 3-8 .  "Tablen 
data may bs used  for m u l t i p l e  SE'WSTAGE models. 

112.1.1.1 T a b l e  Data Subse t  ( o p t i o n a l )  

Buc~1 i r . q  a 1  lowable  st r e s s e a  a p p l i c a b l e  t o  sh?a r  and  
compression p l a t e - l i k +  e lements  (SPAR, COVER, PLATE, SPLATE, 
sPLATE) art d a t i n e t i  by t h i s  d a t a  subse t .  Each set of a l l o w a b l e  
s t r c s s e s  is  i ~ l o n + i f i e d  by a m a t e r i a l  r e f e r e n c a  code. The codn 
i s  s u b s e c n l ~ f i t l y  a s s o c i a t e h i  wi th  s e l e c t e d  e l e m s n t s  v i a  t h o  e lement  
s i z i t l q  data s u b s e t  (sjc. 712.1.2.4). I t  slomsnt r e s i z i c q  i s  
t o  be based or: +he a l l o w a b l e  s t r e s s e s  a s  d l f i n e d  T ' ? t h e  MATEFIAL 
P rep roces so r  (sec. 14O.O), t h i s  s u b s e t  is n o t  r a q u i r e d .  That 
i s ,  ir ~ r e v i o r ~ s l y - d e f  i n s d  a l l o w a b l e  stresses a r e  t o  be used 
3 s  c o n s t a n t  huck l inq  a l l o w a h l e s  (not a f u n c t i o n  of combined 
stre~;:;es) fo r  p l 3 t e - l i k e   element.^, Records 3-5 are n o t  input. 
S p e c i a l  m a t e r i a l  a l l o w a b l e s ,  d s f i r e d  v i a  t h e  MATERIAL 
13r5processor8 t o  be used as buck l ing  a l l o w a b l e s  may he s p e c i f i e d  
a+ a n~axitr~uin of 10 t s m p e r a t u r +  lev-. ls .  

F c c o r . 1  3 Beqin  T3ble  Subset 

1 UZGTN T'BLE CATA 

F t c o r d  4 iblat?rial  Eof s r e n c e  Coda, Gaqes 3nd Al lowables  

c;aqe-depercd~nt a l l o w a b l e  buc k l i  nq st ressss a s s o c i a t  *d 
w i t h  a p a r t i c u l a r  t e m p e r a t u r e  l e v e l  are i d e n t i f i e d  and  
~ l c f i n e d  by chis record. s p e c i f i e d  m a t e r i a l  r e f e r e n c e  
cod?s a r e  used s u b s e q u e n t l y  as i n p u t  i t ? m s  of e lement  
5 i z i n q  data  r e c o r d s  (Record 2 0 ) .  

Tcodt? 

= W a t e r i a l  r e f e r e n c e  code  of the f o r m  
BCxx or BSxx where BC a n 3  BS d e n o t e  
compression-buckl inq and  s h e a r - k u c k l i n q  
codes, r e s p e c t i v e l y ,  T h e  c h a r a c t e r s  
xx d ~ ~ o t e  an  in teger  i n  the r anqe  5 1  
t o  99, i n c l u s i v e .  

= Temperature code of t h b  form l? followed 
by a s i q n i d  o r  unsiqned i n t e q e r  i n  the 
ranqe -461<temp<1000 (e.q., TlOC, T tBC,  
T-40)  which d5notes a t e m p e r a t u r e - l e v e l  



i n  deq rees  F a h r e n h e i t .  The s p e c i f i e d  
t e m p e r a t u r e  i s  a s s o c i a t e d  wit.h t h e  
a l l o w a b l e  stresses si; i = l  , n o  

q l , y l . . . q n  L i s t  of "nW m a t e r i a l  gages (nS25). 

s l , s 2 . .  . s r l  = List of "nN a l l o w a b l 2  strssses. The 
number and sequence  of these items must 
correspond w i t h  t h e  numbsr and  sequsnce  
a t  m a t e r i a l  gaqes. 

T h i s  record may be r e p e a t e d  *lo d e f i n e  a maximum of 4 9  
c o m p r ~ s s i o n - a l l o w a b l e  m a t e r i a l  t a b l e s  and a maximum of 
49 s n z a r - a l l o w a b l e  m a t e r i a l  tables. Each s e t  of NTABLE1e 
d a t a  i s  i d s n t i f i e d  by a  unique r e f e r e n c e  code. 3 y  
r e p e a t i x q  this r e c o r d ,  a l l o w a b l e  d a t a  i d s n t i f i e d  by a  
p a r ' i c u l a r  reference code may be d e f i n e d  a t  a maximum 
or 10 tenlperature l e v e l s .  Extraction of a l l o w a b l e  s t r e s s e s  
f o r  ar, elsn\ar.t w i t h  a p a r t i c u l a r  qa3e  a t  a p a r t i c u l a r  
t e m o e r a t u r s  is p e r f o r r e d  by l i n 3 a r  i n t e r p o l a t i o n  of t h 5  
s t r e s s  data r e l a t i v ?  t o  qaqe and  tempera ture .  I f  an 
element qaqe  and/or  t e m p e r a t u r e  is less than t h e  
co r r e spand lnq  d + f i n s d  "tablew v a l u e s ,  the a l l o w a b l e s  
.lerin+.l ior  tha s m a l l e s t  qaqe  and/or  t emp2ra tu re  a r e  used. 
I f  a n  element qaqe i s  g r e a t e r  t h a n  ths larqest l1tableN 
v a l u s ,  t h ~  a l l o w a b l e s  d e f i n e d  f o r  the l a r q e s t  qaqe a r e  
useti. Slemln t  t e m p e r a t u r e s  qr.?ater t h a n  the l a r y o s t  
1't,3!?le1e v a l u e  a;-? not allowed. 

Fecorci 5 Snd , X b l s  Subse t  (optional) 

END :?ELF 9ATA r 
This record i n a i c a t + s  t h a t  a l l  buck l inq  a l l o w a b l e  s tress  
.i3:3 ~ - e q ~ l i r + i l  f ~ r  subs2quent r e f e r e n c i n q  t c  s . l l rc te .3  
. ~ l a : n ~ ~ i t  s vra 5 x o r d  20 have be%n i n p u t .  

112.1. 1. I Xa iulus 3;rt a Subse t  (optional) 

j t r  ?ss-  lependont moduli of e l a s t i c i t y  and s h e a r  maduli 
r o  t - 5  I I S ? . ~  f ~ r  c d l c u l a C i ~ n  of COVE2, PLATE and GFLATE s l smen t  
lacai-!)1.1cki~n.7 a l l o w a b l ? ~  a r e  d e f i n e 3  by this d a t a  s u b s e t .  
Zi\ct,  s ~ t  u t  r r ~ , i ~ l l i  is i d e n t i f i e d  by  a m a t ~ r i a l  r lfcrenc? code 
? ~ ? V ~ ~ > U S ~ Y  -? - ;~ .2 t=l i sh? i l  v i a  the M a t e r i a l  d a t a  (sec. 14C. 9) . 
T h i s  cod? 1s . ;ubsequzntly a ~ s o c i a t e d  w i t h  selsctc?3 e l s m o ~ c - s  
v i ~  r h e  ele!nr;:~: d i z i r ~ q  ddta s u b s e t  ( R ? c ~ r d  L O  of 9 3 ~ .  11  2. 1.2.4) . 
If  loc.21 huckl i r i s  a l l o w a b l e s  a r e  t o  be based  on th.? :noduli a(: 
c l?f in+d v i a  tha Fn.ATERI.9L P r e p r o c e s s o r ,  t h i s  s u b s e t  (Records 
6 - 9 )  i s  n o t  r + q u i r s d .  Spsc ia l  m a t e r i a l  moduli ,  d e f i n e d  via 
t h 2  :n,a%+rlal ~ n g u t  d a t a ,  t o  be use3 f o r  buckl inq-a l lowable  

I 

r! 



c a l c u l a t i o n s  may b e  s p e c i f i e d  a t  a maximum o f  10  t a m p e r a t u r e  
l e v e l s .  

Record 6 Reqin Modulus S u b r a t  

I dEGIN gQQULUS DATA 

3 e c o r d  7 M a t e r i a l  R e f e r e n c e  code ,  S t r e s s - L e v e l s  and Moduli  

s t r e s s - d e p e n d e n t  modul i  o f  e l a s t i c i t y  and  s h e a r  modul i  
a s ~ o c i a ' e d  wi+h p a r t i c u l a r  t e m p e r a t u r e  l e v s l s ,  a s  d e f i n e d  
by t h i s  r ~ c o r d ,  a re  i d a r i t i f i e d  by m a t e r i a l  r e f e r e n c e  
codes .  

I :iIco,ie Tsode  sl s2  . . . sn m l  m2 . . . mn 

= M a t e r i a l  r e f e r e n c e  c o d e  o f  the fo rm 
YiExx o r  MGxx where IYE and  MG d e n o t e  
that Younqls modul i  or s h e a r  modul i ,  
r e s p e c t i v e l y ,  a r e  d e f i n s d  by t h i s  r s c o r d .  
The c h a r a c t s r s  xx d e n o t e  a n  i n t e q e r  
i n  t h e  r a n s s  1 t o  99,  i n c l u s i v e .  
Co r r e spona inq  S p e c i a l  m a t e r i a  1 r e f e r e n c e  
c o d e s  of t h e  fo rm M51-M99, a s  r o q u i r e d ,  
must have  baen  d e f i n e d  ~ r e v i o u s l y  b y  
t h e  m a t e r i a l  d a t a  ( soc .  14Q.0).  

= Tempera tu re  c o d e  o f  t h e  form T fo l l owed  
by a s i q n e d  or u n s i g n e d  i n t e q e r  i n  t h e  
r a n g e  -461 <temp< 1000 (t?. q., T 100, T+80, 
T- 5 0 )  which d e n o t e s  a t e m p e r a t u r e -  l e v e l  
i n  d e j r e e s  F a h r e n h e i t .  The s p e c i f i e d  
t e m p e r a t u r e  i s  a s s o c i a t e d  w i t h  t h e  
s t r e s s - 1 e v 2 1 s  and  modul i  "siW 3nd I t m i " ;  

i = 1,n. 

s1,32. .  . s n  = L i s t  of Itnfit stresses i n  a mono ton i ca l l y -  
i n c r e a s i n q  o r d e r  (nS25) . 

m l , 1 n 2 . .  . mn = L i s t  of Itn" modul i  o f  e l a s t i c i r y  o r  
s h e a r  moduli  a s  i d e n t i f i l d  by " i J l c~ds .~ '  
Tho number and  s e q u e n c e  of t h e s e  i t e m s  
c o r r e s p o n d s  t o  t h e  number and s e q u e n c e  
of stresses. 

T n i s  r e c o r d  may be r e p e a t e d  t o  d e f i n e  a rraximum of  99  
modulus o f  e l a s t i c i t y  t a b l e s  a n d  9 9  s h e a r  modulus t a & > l a s .  
Zach set o f  ttMODULUS1t d a t a  i s  i d z n t i f i e d  by a un ique  
referents code.  BV r e p e a t i n q  t h i s  r e c o r d ,  modul i  
i d m t i f i ~ d  by a p a r t i c u l a r  r e f e r e n c e  c o a t  may b e  d+f i n e d  



a t  a maximum of  10 t e m p e r a t u r e  l e v e l s .  E x t r a c t i o n  of 
modulus d a t a  f o r  an  element wi+h a p a r t i c u l a r  stress a t  
a p a r t i c u l a r  t e m p e r a t u r e  i s  performed by l i n e a r  
i n t e r p o l a t i o n  of t h e  modulus d a t a  r e l a t i v e  t o  stress and 
t m p w a t u r e .  I f  an e lement  stress l e v e l  i s  less t h a n  
cr q r e a + s r  t h a n  any  of t h e  s p e c i f i e d  stress v a l u e s ,  t h e  
!nodl~li  co r r e spond ing  t o  t h e  s m a l l e s t  o r  l a r q e s t  stress 
l l tab le l*  v a l u e s  are  used  acco rd inq ly .  Element t e m p e r a t u r e s  
inust be w i t n i n  t h e  r anqe  of s p l c i f i e d  t o m ~ e r a t u r d  " t a b l e "  
va luzs .  

Rrcord 8 Er.d i.Iodulus Subse t  (op t  iona  1) 

I 4ND YQQULUS DATA 

:his r o c o r d  i c d i c a t ~ s  t h a t  a l l  modulus- re la ted  d a t a  
r e q u i r e d  fcr subsequent  r e f e r e n c i n q  t o  s e l e c t e d  e l emen t s  
v i a  Seco r?  20 have been inpuc.  

112.1.2 Sfi f fggss  S ~ t - L e y g l  DogFgg Data 

Eas iqn  d a t a  a s s o c i a t e d  w i t h  a SET t o  be r e s i z e d  a r e  d e f i n e d  
by Pecor,is 9- 3 5. 

Fecord 9 S t r u c t u r a l  Component I d e n t i f i c a t i o n  

SET 5 2  D 
= I n t e q e r  i d e n t i f y i n q  a s t r u c t u r a l  model 

p r e v i o u s l y - d e f i n e d  a s  a s t i f f n s s s  SET 
(sec. 152.0) . 

T h i s  r e c o r d  n u s t  p recede  a l l  SET-level d a t a  s u b s e t s  i n p u t  
by Recor:is 10-36. 

11L.1 .2 .1  P r o p e r t y  Data Subse t  

P r o p e r t i ~ s  of  e l emen t s  used t o  c o n v e r t  e l e n ~ n t  l o a d s  
( s t r e s s  o u t p t ~ t  a s  d e s c r i b e d  i n  appendix  B) t o  e l e m e n t a l  stresses 
a r e  d a f  in??d by this d a t a  s u b s e t  (Records 10- 1 2 )  . These d a t 3  
a r e  r + q u i r e d  t o  c o n v s r t  BEAM element bending moments t o  a x i a l  
s t r e s s s s  ar:i to c a l c u l a t e  SPAR e lement  s t i f r ' s n e r  s t r e s s e s .  
S?AF el2:;1.:n+ s t i f f e n e r s ,  which may be i n t r o d u c e d  by t h e s e  d a t a ,  
a r e  u s e d  on ly  f o r  c ~ l c u l a t i o n  of marqins  of s a f e t y  f o r  d e s i q n  
r e f e r -nce .  T h i s  data  s u b s e t  i s  r e q u i r e d  i f  BEAM zlernents a r e  
i l : ~ l l ~ i ? i l  i l l  the s r r u c t u r a l  rrodel. 

Facord  10 aeq in  P rop3r ty  Subset  

B E G I N  ??OPESTY DkT?. 
I 



Record 11 Element P r o p e r t y  Cata 

I < ? l i d >  < E l t y p e >  p l i s t  

p l i s t  = List of p r o p e r t i e s  f o r  a  p a r t i c u l a r  
t y p e  of e lement .  The i n ~ u t - s e q u e n c e ,  
number and  t y p e s  of p r o p e r t i e s ,  and  
the i n p u t  v a r i a t i o n s  t h e r e o f  which may 
be used f o r  " p l i s t "  f o r  each e lement  
t y p e  a r e  summarized i n  t a b l e  112-2. 

T h i s  r ~ c o r d  i s  r e p 9 a t e d  t o  d e f i n ?  p r o p e r t y  d a t a  f o r  a l l  
EEA.1 apd SPAR e l e m e n t s  t o  be r e s i z e d .  

Record 12  End P r o p e r t y  Subse t  ( o p t i o n a l )  

I END PEQPEETY 3ATA 

T h i s  record i n d i c a t e s  t h a t  a l l  p r o p e r t y  d a t a  r e q u i r s d  
f o r  r e s i z i n y  o f  selectel BEAM and SPAR e ls rnen ts  have  been 
d e i i n + d .  

1 12.1.2.2 F i x d ,  Lowtr-Bound and Upper-Bound El2ment 
Zroper ty-Data  S u b s e t s  ( o p t i o n a l )  

C o n s t r a i n t s  on  q e o m e t r i c a l  p r o p e r t i e s  o f  s s l e c t e d  n lements  
may b e  d e f i n e d  by t h e  Fixed,  Lower-Boucd and  Up~er-Bound d = s i q n  
d a t a  sut.s+C,s ( 3 e c o r d s  13-15). "Fixedvt  p r o p e r t y  v a l u e s  a r e  h e l d  
a+ th? s p e c i f i e d  l e v e l  i n  r r s i z i n g  c a l c u l a t i o n s .  MLower-Boundv 
arid t ' r lpp~r -doundl~  p r o p e r t y  v a l u e s  d e f i n e  minimum and maximum 
e l e a e n t  qayes, r e s p e c t i v e l y ,  t h a t  a r e  n o t  t o  ba sxceeded d u r i n q  
r o s i z i n q .  Th? s p e c i f i e d  p r o p o r t y  v a l u e s  f o r  s e l e c t e d  e l e m e n t s  
may be d i r f e r z n t  from t h e  c o r r e s p o n d i n q  e lement  p r ~ p e r t y  v a l u e s  
a s  definnci v i a  t h e  s t i f f n e s s  data (sec. 152.0). The u s a r  s h o u l d  
b s  cau%ionsd  t h a t  i f  t h e  s p e c i f i e d  p r o p e r t i e s  arc d i f f e r e n t - ,  
tn+ srress?s used i n  t h e  r e s i z e  c a l c u l a t i o n s  may be i n c o n s i s t e n t  
w i t h  t h e w  naw p r o p e r t i e s .  

i i l c o r l  13 BptlFn C o n s t r a i n t  Data S u b s e t  

This  r s c o r d  d e n o t e s  whether  FIXED, LOWEK-BOUND o r  UPPIR- 
3011NLI d 2 s i q n - c o n a t r 3 i  n t  e l emen t  p rope r t i c r s  a r  o d e f i n e d  
by 3ubsaquent  Eacords  14. 



Table 112-2. Input  Var iat ions o f  Element Design -Stress Propert ies 
1 

ELEMENT 
INPUT PROPERTY 

TYPE ELEMENT PROPERTIES 
EXPANSION KEYS @ 

I 

NO. INPUT PROPERTY VALUES 
r 

NAME NO. LABEL 

BEAU 2 1 WYIA(1) 1 1 1  1 1  

I 1 ; - 1  
WY/A(Z] WY and WZ 1 1  1 1  

...... 
2 2 $ 2 2  . . . . . . . are sect tan m o d ~ f  i: ...... 

Wz/A(l) e . g . ~ = n y / H y  1 2 .2' 2'  3 3 2% 3 ,..... 
UZ/A(2) 

...... 
1 2 2 2 4 4 i:::<;: , . . . . . . . . . . . . . 4 

c V Z ( l )  8 8 3 3 5 5  
Stress concentration 

CvZ'2) factorsfor 
CVY(1) sheae e.g. 
CVY(2) fmox=CVZ(lI*favg * l 3 4 

SPAR 3 STSP St i f f  ener spacing 
ASTI Stiffener area 

I 
COVER 4 none 

PLATE 5 none , 

GPLATE 6 none 

BRICK 8 ncne 

Sm 10 none 

$PLATE 11 none 

, 
CPLATf 12 none 

CCOVER 13 none 

@ i n  expansion key i s  the  column o f  in tegers associated w i t h  a p a r t i c u l a r  
number of input property values f o r  a p a r t i c u l a r  type o f  element. Each 
integer denotes which one o f  t he  ordered property values def ined by an 
input  Record I I i s  t o  be assigned t o  the  corresponding element property 
shown in the table. 

* Defaul t  value i s  1.0 
* * Defaul t  s t  i f fener  area i s  ca lcu lated as 0.5*STSP*(T-WEB). The d e f a u l t  

value f o r  STSP, i f  no t  def ined f o r  a SPAR element, i s  9.0 



Recor%i 1 4  Zlement Des iqn -Cons t r a in t  P r o p e r t y  Data 

1 < E l i d >  <El type> p l i s t  

= List of p r o p e r t i e s  f o r  a p a r t i c u l a r  
t y p e  of element. Th% input -sequtnce ,  
number and types of p r o p e r t i e s  that 
may he  s p e c i f i e d  f o r  v a r i o u s  types of 
e l emen t s  are  summarized i n  t a ~ l e  112- 
3. 

I f  a  compos i te  e lement  t y p e  i s  i d s , i t i f i e d  
b y  " E l i c i t *  and f lEl type, l l  l t p l i s t N  
identifies t h e  i n t e g e r  number of l a y e r s  
t o  be a s s o c i a t e d  with each lamina af 
t h e  e lements .  The i - t h  va lue  i n  " p l i s t l t  
c o r r ~ s p o n d s  to t h o  i-th lamina of s a c h  
of t h e  elements a s  d e f i n e d  via tnl 
s t i f f n e s s  d a t a  (sec .  152.0).  I f  o n l y  
on? v a l u e  is i n p u t ,  e a c h  lamina of each 
of the e l2 ,nents  i s  c o n s t r a i n 2 d  t o  t h e  
same nurnher of l a y e r s .  These c o n s t r a i n t s  
a r ~  imposed a f t e r  t h o  o p t i m i z a t i o n  
problem s p e c i f i e d  by Records 25-27 i s  
so lved .  

'This record is r3pcatod t o  d ~ f i n e  a l l  c o n s t r a i n t  d a t a  
of c h ~  + y p s  s p 3 c i f i e 4  by P e c ~ r d  13. 

Rscord 15 Znd Constraint Da+a Subset ( o p t i o n a l )  

fiecords 13-15 a r e  r e p ~ a t e d  t o  define a l l  FIXED, LOWER- 
BCUND and UPPER-BOIJND e lement -  p r o p e r t y  d a s i q n  d a t a  s u b s e t s .  



@ Each o f  the  ordered property values def ined by Record I4 i s  ass ic  ed t o  the 
corresponding element property as l i s t e d  i n  the table. I f  the  number o f  
nonzero p roper t ies  t o  be s p e c i f i e d  f o r  a p a r t i c u l a r  element type i s  less  than 
the number o f  corresponding p roper t ies  shown i n  the tab le,  an appropr ia te 
number o f  zero integers, i n  proper sequence, must be included i n  the input  
l i s t  o f  property values. 

Table 1 12-3 a F ixrd,Lower-Bound and Upper- Bound Element Property Data 

ELEMENT PROPERTIES 

Upper f lunge area at end l l )  

@ I f  only  one value i s  input.each lamina o f  rach  o f  the  elements i s  const ra ined 
t o  t h e  same number o f  layers. Opt ional ly ,  a sequence o f  in tegers may be input 
t o  spec i f y  a d i f f e r e n t  number o f  l ayers  t o  be associated w i th  each lamina o f  
each o f  the  elements. 

COVER 

PLATE 

CPLATF 

BRICK 

JnL3 

SPLATE 
w 

CPLATE 

CCOVER 
* 

4 

5 

6 

8 

10 

11 

12 

13 
- 

fARfA2U 
FARfA2L 
ASTI/STSP.(T-WEB) 

T(l)U/T(OIU 
T(Z)U/ r 1 0 ) ~  
T(o)u 
T(f/U 
11 2) U 
T(l)L/T(O)L 
112)L/ T(0)L 
1/01 L I T(1) L 
1(2/ L 

~ ~ l l ) / r l ~ l  
TS12)/ r(O1 
r(0) 
w 1 /  
IS 121 

none 

A l l )  
A(21 

T 

@ 

@ 

Lower f lunge area a t  end(1) 
Upper flange area at endl21 
lower flange area at end(2) 
S t i  f jener  r a t i o  

Thickness r a t i o  f o r  Sl-9 i r .  upper 
Thickness rat  i o  f o r  $2-dir. upper 
Upper Plate thickness ' 
Smeared uniaxial gage in  81-dlr. upper 
Smeared uniaxial page i n  $2-dir. upper 

Data f o r  l o w r  p la te  analogous 
t o  data f o r  upper p la te  

Thickness r a t i o  f o r  $1-dir. 
lhfckness rat  l o  f o r  SZ-dir. 
Plate thickness 
Smeared uniaxial page in $1-dir. 
Smeared uniaxial gage in $2-d i r. 

Average membrane thickness 

3 

Cross section area at end(1) 
Cross section area a t  end(2) 

-. 

Plate thickness 

NO. of layers f o r  each l m i n a  

No. of layers f o r  each l m l n a  
A 



112.1.2.3 ;clarqin of s a r e e y  Data S u b s s t  ( o p t i o n a l )  

Marqins  o f  s a f e t y  f o r  selected s l e r e n t  p r o ~ e r t i 2 s  a r e  
d - . f i n e J  by r h i s  d a t a  s u b s e t  (Records  16-18) .  T h e s e  d a t a  a l l o * . .  
:he u s e r  t o  s n e c i f y  t n a t  s e l e c t e d  e l s m s n t  p r o p 2 r t y  v a l u e s  m,>q: 
b e  i n c r e a s e d  o r  d e c r e a s e d ,  a s  r e q u i r e d  by t h e  r e s i z s  a l q o r i , ' , m ,  
s u c h  +.hat n o a z e r o  m a r q i n s  oi s a f e t y  may r e s u l t .  A 20  perce:lr 
m a r q i n  of s a f ? t y ,  f o r  example ,  would a l l o w  t h e  e l e m e n t  p r o p e r t y  
va!~~-. ( s )  t o  he  i n c r ? a s s d ,  a s  r e q u i r s d  by t h e  r e s i z e  a l q o r i t h m ,  
sc  ' h 3 c  213 p e r c e n t  l z ~ r q e r  p r o p e r t i z s  may r e s u l t  a s  comparsd  
tc .d z + r o  narqir? of s ~ f e t y .  A new p r Q p e r t y ,  PROPPI, i s  c a l c u l a t 2 d  
iron- 3:: 9l;l ( i n i ~ i a l )  p r o p e r t y ,  Pi?OPO, s u c h  that: 
P i  :3PN= ?Ei)rO* (1 + w I )  / (1 +MSC) , wher? XSC a n d  MSI a re  t t l?  c a l c u l a t e d  
3 r d  ir:i;u+ rnar :~ins  oi :iafs+-y, r e s p e c t i v e l y .  

Racor.! 15 3?84i n Narqi:~ Srlbsac 

>EGIS ECiGTN DATA 

Zec9 rd  17 Sl?inen'-_-Prop2rJ Marqin of S a f e t y  Da ta  

= L i s t  o f  p r o p e r t y  m a r q i n s  of s a f e t y  (>  
-1 .0 )  f o r  a t y p e  o f  ~1errer-k. The i n p u t -  
s ? q u e n c e  and  number of m a r q i n s  o i  s a f e t y  
t h a t  may b? s p e c i f i e d  f o r  p r o p e r t i e s  
a ssoc ia ted  w i t h  va r i ous  types o f  e l e m e n t s  
a r e  s u m m a ~ i z e d  i n  c a b l e  112-4. 

a c o m p o s i t e  s l 2 m e n t  typs i s  i d s n t i i i e d  
" F l i d "  an? wCltype,lt  " p l i s ? "  

~ n t i f i e s  t h e  t h i c k n e s s  marqin  of 
t e t y  f o r  e a c h  l a m i n a  of t 2 elsms~lts .  

T h e  i - t h  v a l u o  i n  " p l i s t N  c o r r ? s p o n Z s  
t o  t h e  i - t n  l a m i n a  of e a c h  of the 
~ l e m a n t s  a s  d e f i n e d  v i a  t h e  s t i f f i l e s s  
d a t a  (szc. 152 .0 )  . I f  o n l y  01 ? v a l u e  
i s  i n p u t ,  s a c h  l a m i n a  o f  s a c h  o r  th? 
e l e r a n t s  w i l l  h a v e  t h e  samz marq in  o f  
s a f e t y .  I f  two  v a l u s s  a r e  i n p u t  for 
CCOVrR e l ? m e n t s ,  t h e  f l r s t  v a l u a  
c o r r e s p 3 n d s  t o  a i l  l a m i n 3  i n  t h ?  r i r s t  
s u r f a c e  and ?he s e c o n d  v a l u o  c o r r e s p o n l l s  
t o  ths s e c o n , i  surface o t  tile el;'~nent-s. 

T h i s  rscord is r e p o a A e d  to d e f i n e  a l l  e l e m ? n t - p r o p ~ r t y  
n;ar:lic of s a f e t y  d a t a .  



@ An expansion key i s  t he  column o f  in tegers  associated w i t h  a p a r t i c u l a r  number o f  input 
margins of  sa fe t y  f o r  a p a r t i c u l a r  type o f  element. Each i n tege r  denotes which one o f  the 
ordered values def ined by m input  Record I7  i s  t o  be ansigned t o  the corresponding 
element proper ty  shown i n  the  tab le .  

@ I f  one value i s  input.each lamina o f  each o f  the elements rill have the s u e  thickness 
margin-of-safety. I f  two values are  input  f o r  CCOVER elements, the f i r s t  value corresponds t o  a l l  
lamina i n  t h e  f i r s t  sur face m d  the  second value corresponds t o  the second surface. Opt ional  l y ,a  
swuence o f  in tegers  may be input  t o  spec i fy  a d i f f e r e n t  th ickness marg in-o f -safe ty  f o r  each 
lamina o f  t he  elements. 



Fecord 18 Er.J Marqin Suhset ( o p t i o n a l )  

I END 3EFGIM DATA 

T h i s  r e c o r d  i : lcl icatas that. a l l  rnarqiri of  s a f - l t y  d a t a  f o r  
r o s i z i n q  of  s c l ~ c t e d  element s have been  d e f i n e d .  

112 .1 .2 .4  Element S i z i n q  Data S u b s e t  

Gac .? r l a l  p r o p e r t i e s  a n d  a l l o w a b l e  stress2s t o  be usad  
i n  r e s i z i n s  t h e  s t r : l c z u r a l  elemc t s  are d e f i n e d  by t h i s  d a t a  
S U ~ S S C  ( F x o r d s  13-21) . Y a t e r i a l  r e f e r e n c e  c o d e s ,  p r e v i o u s l y  
i - l f i n z d  Vid :i;e XriTZnIAL P r e ~ r o c o s s o r  (sec. 140.0) and  t h e  
1nc;,311lu; . L t a  s ~ ~ b s e t  (Accords 6-R) , a r t  u s e d  t o  i d s n t i f y  s l2st ic  
p r o p e r  ~ i 3 5 ,  a l l o w a b l s  s t r e s s e s  a n d  cons+ .an t  b u c k l i n q  strsss?s 
f o r  s+lec i .?d  elzrn?n:s. Tho r n a t e r l a l  r e f e r e n c e  c o d e s  dofined 
v i a  t f io  TA3LE d a t a  (Fscords 3-5\ a r e  u s e d  t o  i d e r t i f y  t h i c k n e s s -  
iepintl.?nt_ sti-33r and  c o m p r * s s i o t ~  buck l i n q  a l l o w a b l e  stresses 
f o r  p l  i + a - l i k e  e l?~nent-s .  

F e c o r l  I ?  B?qin 3 i z i c q  S u b s e t  

= Y a + ~ r i a l  r2f e r z n c e  code .  M I  r h r o u q n  
~ 5 0  denote s t a n d a r d  ~ a t ~ r i a l s ,  i n 2 r e a s  
Y5 1 throuqf l  M99 d e n o t e  S p e c i a l  m a t e r i a l s  
as  de f  i n z d  v i a  t h o  MATERIAL Preprocessor. 
T h i s  cod? d s f i c e s  t h e  u l ' i m a t e  a n d  y i e l d  
a l l o w a b l e  s t r e s s e s  s o r  t h e  s p e i : i f i e d  
e l e m e n t s .  

Th2  material p r o p e r t i e s  i d e n t i f i r d  by 
t~Mco~lsl~ f o r  t1:s e l e l c e n t s  s p a c i f  i ed  v i a  
t t 3 1 i c l . M  and "El ' -_ypotl  may b a  d i  f f o r ~ n t  
f r o r  th? m t e r i a l  properties a s s o c i a t e d  
with tha same e1e:nents a s  d e f i n s d  by 
the s t i t f r L t s s  data. A l l  e l s m e n t s  t o  
h ~ ?  r p a i z e d ,  howev?r, must have  a n  " : 4 c ~ d - ? ~ I  
3 s s i q n e A  t,y this record. 

dad? l , 20 id r2  = C o n p r e s s i o n  and  s!lear buckl j -nq  m a t e r i a i  
r e f e r e n c e  codos of t h e  f o rm  BLxx 3nd 
??xx,  r a s p ; c t i v ~ l y  (def ; 7ed p r e v i o u s l y  
:,y hecor 1 4) , Alc,er : ia t lvoly ,  o n l y  tfie 
l o r t e r  B nay be input f o r  one or both 



f a c t o r  

of t h e s e  items. I n  this c a s e ,  c e r t a i n  
a l lowab le  stresses a s s o c i a t e d  w i t h  
"Mcode* a r e  t o  be used as  t h e  a l l o w a b l e  
buckl inq  stresses. The p a r t i c u l a r  
nMcodem stresses used  as  buckl inq  
a l l o w a b l e s  f o r  the v a r i o u s  element types 
when t h i s  o p t i o n  is used a r e  shown i n  
% a b l s  112-5. 
Defaul t :  I f  NCodel" and WC03e2~* are 

n o t  i n p u t ,  c e r t a i n  t*Mcodzl* 
a l l o w a b l e  strtsr2s a s  i n d i c a t l d  
i n  t a b l e  172-5 are  used a s  
t h e  buck l ing  a l l o w a b l e  stress 
v a l  uzs. 

= A f a c t o r  q r e a t e r  t h a n  zero. T h i s  f a c t o r  
r e l a t e s  t h e  buckl inq  a l lowab lq  stresses 
for m a t e r i a l  a x i s  2 w i t h  the allowable 
stressss f o r  material axis 1. The 
a l l o w a b l e s  defined v i a  V o d e l ,  It 
a s s o c i a t e d  w i t h  material a x i s  1, a r s  
m u l t i p l i e d  by " f a c t o r m  t o  e s t a b l i s n  
t h ?  a l l o w a b l e s  a s s o c i a t e d  wi th  mace r i a l  
a x i s  2. T h i s  f a c t o r  is a p p l i c a ~ l e  to 
a l l  PLATE, GPLATE and COVER e lements  
t o  be r e s i z e d  (see app lnd ix  B) . 
Defaul t :  t l f a c t o r n = l .  3--the buckl inq  

a l l o w a b l e s  a s s o c i a t e d  w i t h  
b a t h  m a t e r i a l  axes  a r e  t h e  
same. 

Tnis recozd is r e p e a t e d  t o  d e f i n e  a l l  e l e n e n t  s i z i n q  da ta .  

.- 
:- a:or\d 2 1 Erld Si zi nj Subset (opt  iona  1) 

I END ShZING DATA 

T h i s  roccrd i n d i c a t e s  t h a t  p r o p e r t y  and a l l o w a b l e  stress 
data  have b ? ~ n  defined f o r  a l l  e l smen t s  t h a t  a r e  t o  be 
r es i  zed. 
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1 12.1.2.5 Zlement l i ~ s  t r a i n - S i z i n q  Dat.a Subset  (opt iona 1) 

S e l x t e d  s l emsn t s  w i t h i n  a model which a r e  not  t o  be 
r e s i z e d  by t h a  DESIGN Proczssor  are d e f i n e d  by t h i s  d a t a  s u b s e t  
(kocords 2 2 - 2 4 ) .  The p r o p e r t i e s  of a l l  e lemtnks  i d e n t i f i e d  
by Record 23 re:nain t h e  same as d e f i n e d  v i a  t h e  s t i f f n e s s  i n p u t  
d a m  o r  a s  ca lcu la t . sd  v i a  a  previous  e x e c u t i o n  af t h e  DESIGN 
Processor .  Th i s  c a p a b i l i t y  a l l o w s  r e s i z i n q  of  only  selected 
r e q i c n s  of a s t r u c t u r a l  model t o  be affected. I t  should  be 
nozed tha: t h 3 s e  d a t a  c o n s t r a i n  e lements ,  whersas "Fixed1* d a t a  
c o n s c r a i a  c x t a i n  p r o p e r t y  v a l u e s  of s e l s c t e d  elements.  

Z~ccrcl  22 Beqin  Ees t ra in -S i  zinq Subset  

BEGIN ErSTitAIlS-S IZ ING DATA 

S3cord 23 Res t ra in -S iz inq  Data 

T n l s  rncord is r e p e a t e d  t o  i d e n t i f y  a l l  e lements  which 
ire not t o  he r e s i z e d .  

I END &sz'I RAI?l-SIZ ING DATA 

This r e c o r d  i n d ~ c a t a s  t h a t  a l l  e lements  which a r e  n o t  
t o  be rnsized have besn i d e n t i f i s d .  

11 2.1.2.6 Elzment Opt imizat ion  Data Subset  ( o p t i o n a l )  

2roblem- dsr  i n i t i o n  d a t a  f o r  r e g i o n a l  s t r e n q t h - o p t i m i z a t i o n  
of 3 composite structure modeled w i t h  CPLiiTE and CCOVES s t i f f n e s s  
= l s n ~ n : s  a r 2  d e f i n e d  by t h i s  d a t a  s u h s e t  (Eccords 25-27).  

rm :ho z e q i o n  ~f the s t r u c t u r a l  model t o  be s t r s n g t h - r ? s i z o d  
1s i d s n t i r i e d  a s  a s t i f f n e s s  olement s u h s e t  o rov ious ly  d e f i n s d  
v i 3  'Ih2 SUBSST-DSFINITION P r ~ p r o c e s s o r  (sec. 156.0). A l l  
coinposito olenenzs in t h i s  s u b s e t  must have t h e  same number 
of lamiria. 

Tk? n u r i ~ , x  of c a l c u l a t i o n s  a s s o c i a t e d  w i t h  an o p t i m i z a t i o n  
problem may r.;r reduced by i d e n t i f y i n q  c e r t a i n  n c r i t i c a l w  s lements  

, - w i t h i n  tn? r ~ q i o n .  That is ,  r q s i z i n q  of a l l  tne c o m p o s i t ~  
C-larc.tn+s w i t h i r i  a req ion  may bs basad on s a t i s f a c t i o n  of the 
s6rsnqth/weiqnt 32siqn c r i t e r i a  f o r  selscced " s t r e n q t h - c r l t i c a l n  
el%ncnts  w i t h i n  the raqion.  These e lements  a r e  i d e n t i f i e d  hy  < an elenent: dut~set  (a sub-region) of t h e  r e s i z e - r e q i o n  s u b s e t .  

. PAGE IS 
c i  POOR QUALITY 



Fat:ti opt ~ n t i  t a t  i o n  problpnr  i:; s o l v ~ d  hy the DESIGN PrOC9SSOr 
nc-(-orti i ntl t o  * 11;. to1 l o w i  nq s t e p s :  

, I )  'rilt? : : = r C s s  s t ~ + e s  of: the f i r s t  lamina o f  each o f  t h *  
slll)-r i ~ ~ ~ i d ; ~  eleme~rt s n r e  cornpared for oath d p s i q n  
loadcns-. .  Ttrp most "strenq t h - c r i t i c a l w  tirst l a m i n a  
i s  i , l e n t i f i ~ I .  T h e  most crit.ica1 s e c o n d ,  t h i r d ,  4tc. 
1,ittii nds n r , ?  i d e n t i  t i e d  si r n i l a r l y .  

1 . )  'I'tlta :;~t ot' 8tl~~ot;t r : r i t i c r a l l l  l a m i n a s  is u s e d  t o  s a t i s f y  
-he *:*3l?ct+(j . ; t r a n q t h  c r i t e r i o n .  

i:) . i l l  o + : i ~ r  l n n ~ i n a s  of t h e  e l e m e n t s  i n  t h e  r e s i z n - r ~ c ~ i o n  
i ir ? ~?!otIi f ie.1 d s  r1~?cessnry  . The number o t l a y e r s  
i i , s : ;oc i i~-~t i  w l t  h t he i-t t r  lamina ot  each rl;?reent- i r; 
;.1lc:illc3+~(I srlcf~ * h a t  each o f  the i-th Idminnr;  o t  t h ~  

. a l + + ~ ! i  >~lt.s ~ I I S  3 + o t a l  t h i c k n e s s  e q u a l  t c  or qro.ater 
t l i ' i  r? + ha 1- t:i opt i mi zed 1 a n i  na. 

(?r. lv  'hc :lu~!ll).lr- a: L a y e r s  3ssdc ia ted  w i t h  these l a m i n a s  is 
,3 1 l c w t % i  +J v,tr y. 

!:-ll:l)r:i 2 5  i?ec~ir? optimization Sui,S?+ 

Phe rtltjl.o;l of the s t r u c t . u r % l  mods1 t o  be resizeti ?:.: thc- 
c,?!:-;-nslts e1alnt-::- 7 w i t h i n  t h i s  ret l ion to  h e  used i n  t h e  
. > ~ + ~ . n i - r , i + ~ i ) ! :  I - ~ 1 c : r l n r i o n s  a r ?  i . , l s n t i f i e d  by .9ecorci 26. Orre 
: -!I-' tw,) ::~!'II+ v , 3 r l 1 t i o n s  of t t 1 j . s  r x o r d  !nay b~ u s e d  to  i ? f i n e  
J I .  3;): i 1 1 1 i z ~ t  it>?) prok)le~ri. 

Z l t  ype < Exxx> C I I Z l  
r l t y p r '  ; A k9y-word o r  i t s  i n t e g e r - s q u i v a l 2 n t  

that I e n o t e s  a p a r t i c u l a r  typ?  o f  
e l e m e n t .  The o p t i o n s  a re :  

1nteqgr:~qgjygl~gt Key- Wor .3 ---- -- ----- 

= Tti? name of a stiffness o l e m o n t  s u b s e t  
wh ich  c o n t a i n s  the e l e m e n t s  o f  'yps 
IrEltypew t h a t  a r e  t o  be r e s i z d .  If 
Z X X X  contains o t h e r  t y p e s  of ~ l + m ? n t s ,  
t h e y  are i q n o r e d .  



V a r i a t i o n  2 

Defau l t :  A l l  e l emen t s  of t y p e  I1Eltypet1 
i n c l u d e d  i n  t h e  SET i d e n t i f i e d  
by Record 9. 

E l t y p e  EXXK <Eyyy> 

El type ,  Exxx = Same a s  d e f i n e d  f o r  V a r i a t i o n  1 

EYYY = The name of a s t i f f n e s s  e lement  subse t*  
which c o n t a i n s  some of t h e  n3'ltype" 
slements i n c l u d e d  i n  Exxx. Eyyy 
i d e n t i f i e s  t h e  sub - req ion  o f  ~ l e m s n t s  
which a r e  to  be used i n  per forminq  t h e  
o p t i m i z a t i o n  c a l c u l a t i o n s .  I f  Syyy 
c o n t a i n s  e l emen t s  o t h e r  t h a n  "El typd,"  
o n l y  t h e  t*91typew e l emen t s  ars usod. 
3ef a u l t :  S x x x  

T h i s  recxd, V 3 r i a t i o n s  1 or 2 ,  is r e p e a t t d  Yo d e f i n e  
311 o p t i r r i t a t i o n  problems. 

F ec0 r . j  27 Erld Opt i r r i t a t i o r .  Subse t  

EKD ~ F ~ Z M I Z A ' T I O N  DATA 

 his r e c o r d  i n d i c a t e s  t h a t  a l l  o p t i m i z a t i o n  problems f o r  
e l : ?  s z l f f n e ~ s  SET i d e n t i f i 9 d  by Record 9 h a v e  been d e f i n e d .  

1 12.1.2.7 ?'.*men? Desiqn-Variable  C o n s t r a i n t  Data Subse t  
(cp t - iona l )  

  his s u b s s t ,  R?cords 28-30, a l l o w s  t h e  u s e r  t o  s p e c i f y  
that t.bp sane number o f  l a y e r s  is t o  be a s s o c i a t e d  w i t h  two 
lamipa wrthin t a c h  of the compos i te  e l emen t s  i n c l u d 2 d  i n  a 
recr 10231 o p t i r n i z a t i o n  problem dsf i n e d  v i a  Kecord 26. 

~ J S ?  o r  thrs c a p a b i l i t y  a l l o w s  "balanced" l a m i n a t e s  (i.e., 
?qua1 lamina -hickness;s i n  the t4S0 d i r e c t i o n s )  t o  r 9 s u l t  from 
the rt?sit;l c a l c u l a t i o n s .  C o n s t r a i n t s  s p e c i f i e d  by t h i s  data 
subset al.:.a r educe  t h e  number of d a s i g n  v a r i a b l e s  a s s o c i a t e d  
w i t h  th,+ o p t i r n i z a t i o n  problem. R e g a r d l e s s  of the c o n s t r a i n t s ,  
stretscs arid s t r a i n s  a r e  c a l c u l a t e d  f o r  each  lamina of t h ?  
n l z r . , . ? n t  s i:; th? r?siz% r e q i o n .  



F s c o r d  28 B w i n  V a r i a b l e - C o n s t r a i n t  Subse t  

I BEGIN YIJEIABLE-CONSTRAINT DATA 

A l l  c o n s t r a i n t  d a t a  f o r  a n  o p t i m i z a t i o n  problom a r e  d s t i n e d  
by the f o l l o w i n q  r e c o r j .  

Recor.1 29 V a r i a b l e  C o n s t r a i n t  Data 

E l type  = Same a s  d e f i n e d  f o r  Rscord 26 

Exxx = The name of a s t i f r n e s s  element s u b s e t  
for which lamina c o n s t r a i n t s  a r e  
s p e c i f i e d  by "Coni." T h i s  s u b s e t  must 
have been p r e v i o u s l y  i d e n t i f i 9 d  a s  a  
r e s i z e  r e q i o n  v i a  Exxx i n  Record 26. 
Defau l t :  A l l  l l e m e n t s  of  t y p e  "Z l typen  

i n c l u d e d  i n  t h e  SET i d e n t i f i e d  
by Record 9. 

= The i - t h  c o n s t r a i n t  i n p u t  a s  
Numl = Num2 
where 81Numlu and 8@Num2w a r e  i n t e q o r s  
and a t  l e a s t  one s p a c e  is  r ~ q u i r 2 d  
b e f o r e  and a f t e r  t h e  e q u a l  s i g n .  NNurni88 
i s  a  lamina number a s  e s t a b l i s h s d  v l a  
t h e  element- d e f i n i t i o n  r e c o r d s  of tne 
s t i f f n e s s  d a t a .  The c o n s t r a i  ncs may 
no t  be concan tena t ed  (e.q. 1 = 3 ,  3 
= 5) and the number of lamina l a y e r s  
of one CCOVEE s u r f a c e  may not be 
c o n s t r a i n s d  t o  +h? nuxnber of  lamina 
l a y e r s  i n  the sscond  CCOVER s u r f a c e .  

Pxampie Secord:  CCdVZR E l 0  1 = 4 8 = 10 / 
A l l  Cc'OVSR e l emen t s  c o n t a i n e d  i n  subset 
S1Q w i l l  be r e s i z e d  so t h a t  t h e  f i r s t  
and f o u r t h  l aminas  w i l l  have t h e  same 
nuinher of l a y e r s  and  t h e  e i q h t h  and 
t en+h  larnirlas w i l l  have *h?  sam? number 
of layers. 

T h i s  r e c o r d  i s  repea+& t o  . i s t i n e  c o n s t r a i n '  da ta  f o r  
d i & r e r s n t  o p t i m i z a t i o n  problems. 



Record 30 Znd V a r i a b l e - C o n s t r a i n t  S u b s e t  

I END YIETABLZ-CONSTRAINT DATA 

T h i s  r e c o r d  i n d i c d t s s  t h a t  a 11 v a r i a b l e - c c n s t r a i n t  d a t a  
f o r  t h e  o p t i m i z a t i o n  ~ r o b l e r n s  i d e n t i f i e d  v i a  Records  25- 
2 7  h3v? hoen i n p u t .  

112.1.2.8 Element Smoothinq Data S u b s e t  ( o p t i o n a l )  

Tni.i i a t a  s u b s e t  (3eco rds  3 1 - 3 3 )  a l l o w s  t h o  u s e r  t o  s p e c i i y  
tka: the same ~ r o p e r t y  v a l u ~ s  a r e  t o  be a s s o c i a t e d  w i t h  s e l e c t e d  
2lsrrent  E. This c a p a b i l i t y  a l l o w s  t h e  p r o p e r t i e s  r l s u l t i n q  from 
e t . t  a ~ t . c r ~ ~ t e d  r e s i z e  c a l c ~ ~ l a t i o n s  'lo be  81smoothsdt~ such  t h a t  
p r a c t i c a l  v a r i a t i o n s  of the e lement  p r o p e r t i e s  are e s t a b l i s h e d .  
If ?ks eleaevt p r o p e r t i e s  a s  c a l c u l a t e d  v i a  t h e  CESIGN P r o c s s s o r  
a s n  not  t o  bl modi f i ad ,  t h i s  d a t a  s u b s e t  s h o u l d  n o t  b e  i n p u t .  

Fpcord 31 Scqin  Smoothinq S u b s s t  

I d E G I i J  Sim'TiIING DATA 

?'h* e ie insn ts  of a p a r t i c u l a r  type which a re  t o  havs  t h e  
sanic prop ' r ty  v a l u e s  a r e  i d e n ~ i t i e d  by Record 32. 

?ecor;l 3 2  S~noothirlq Data 

Xij  <ELtyps> I x x x x x  >I 
Kxxxxx 
I xxxxx 1 = Tho l e t t e r  N or t h e  l e t t e r  I fo l l owed  

by a  1  to  5 d i q i t  u s e r  (N) or i n t e r n a l  
( I )  e lement  number. The p r o ~ s o r t y  
v a l u s s  of t h e  e l e m e n t s  i d e n t i f i e d  
by "ElidI8 w i l l  be made l q u a l  t o  t h e  
p r o p e r t y  v a l u e s  of t h e  elernant 
i d e n t i f i e d  by this d a t a  item. The 
+ y p ~  of e l emen t  i d e n t i f i e d  by this 
item must be t h o  sane t y p ~  of s l a m e ~ t  
i d e n t i f i e d  by I8Eltype.  

= A l ist  of element c r o s s - s s c t i o n a l  
p r o p e r t y  v a l u e s  fo r  th? elo!ner?t, typq 
i d e n t i r i o d  hy  "El type ."  Tn? p r o p e r t y  
v a l u e s  a£ t h e  e l e m e n t s  i d e n t i f i e d  
by " E l i a t t  w i l l  be mad? e q u a l  co ttifse 
p r o p e r t y  v a l u e s .  T h 2  p r o p e r t i e s  
an3  t h e  v a r i o u s  i n p u t  v a r i a t i o n s  
thareof  f o r  oacfl t y p o  or  e lement  



a r e  summarized i n  s e c t i o n  152.0 and 
a r e  p r e s e n t e d  i n  d e t a i l  i n  appendix  
B. T h i s  i n p u t  item i s  t h s  same as  
t h e  # * p l i s t n  i t e m  d e s c r i b e d  f o r  t h e  
e l e m e n t - d e f i n i t i o n  r eco rd  of s e c t i o n  
152.0. 

C e f  au lt : Tf on ly  #*El id"  or I*Elid1* and #*Eltype" 
a r e  i n p u t ,  s m ~ o t h i n q  of t h t  ~ l e m e n t  
p r o p e r t i e s  is t o  h e  based on the 
raxirnum p r o p e r t y  v a l u e s  a s s o c i a t e d  
w i t h  the e l s m e n t s  i d e n t i f i e d  by 
"El id ."  Each p r o p s r t y  o f  these 
e l emen t s  is a s s i q n e d  t h e  co r r e spond ing  
maximum v a l u e  a s  c a l c u l a t s d  f o r  t h e  
"El id"  e l lmon t s .  

Th i s  r2co rd  i s  r + p s a t e d  t o  d z f i n e  a l l  smoothinq da t a .  

I. =coral. 33 E:ld Smootliinq Subse t  

I E l i 3  S N O J T i i I N G  DATA 

T h i s  r e c o r d  i n d i c a t e s  t h a t  a l l  smoothinq d a t a  f o r  t h e  
s t i f f n e s s  SET i d s n t i f i e d  by hecord  9 have  besn de f ined .  

- 1  12.1.2.9 El9mont B a c k l i n q - I n t e r a c t  i o n  h t a  S u b s s t  ( o p t i o n a l )  . 
Parameters  may be i n p u t  by t h i s  d a t a  s u b s e t  (Records  3U- 

3 6 )  t3 d e i i n ?  p a n a l - ~ u c k l i n q  i n t e r a c t i o n  fo rmula  for  " p l a t 2 -  
l i k e w  +lements .  The q e n e r a l  form of each  i n t e r a c t i o n  e q u a t i o n  

r w h e r e  Each 'IFf1 deno te s  t h e  r a t i o  of  t h e  correspondin(q a p p l i e d  
s t r e s s  i n  t i 1 4  1,  2 or 1-2 m a + e r i a l - a x i s  d i r e c z i o n s  t o  t h e  
a l l c w a b l +  srress i n  t h e  same d i r ec t . i on .  I f  t h i s  d a t a  subs??  
i s  n o t  i n p u t ,  the f o l l o w i n q  i n t e r a c t i o n  e q u a t i o n  is used: 
F. = [ i? l / ( I - i?122)  14 + k2/ (1-312+)  

F ?cord 3 4  B e q i  n Fuck l i  nq-I n t e x a c t i o n  S u b s e t  

aEtiIN SVTCKLING DATA 

Th? pa rame te r s  a ,  b, c,  e l ,  e2 and 2 3  t o  be used  i n  t h e  . 
- 3  . -! fo roqo inq  i n t l r a c t i o n  expr s s s i o n  t'or s p e c i f i c  e l emen t s  are3 

d e f i n e 3  by Eecord 35. 
; 

P? 6 .  



Record 35 I n t e r a c t i o n - E x p r e s s i o n  Pa rame te r s  

I < E l i d >  < Fl typ?> par  l is t  

p a r l i s t  = A list of pa rame te r s  t o  be  a s s o c i a t e d  
w i t h  the f oreqoinq  q e n e r a l  buckl inq-  
i n t e r a c t i o n  e x p r e s s i o n .  The i n p u t -  
sequence ,  number and  i n p u t  v a r i a t i o n s  
which may be used f o r  " p a r l i s t l l  a r ?  
summarized i n  Table 112-6. 

T h i s  r e c o r d  is r e p e a t e d  to define a l l  buck l inq  i n t e r a c t i o n  
formula f o r  th? p l a c e - l i k e  elements i n  t h e  ma thema t i ca l  
rrc le l .  

Fecord 3 0  EnJ B u c k l i c q - I n t e r a c t i o n  S u b s e t  

END &JCKLING DATA 

T h i s  r ? c o r d  indicates t h a t  a l l  b u c k l i n q - i n t e r a c t i o n  d a t a  
t o r  th? s t i f f n e 3 s  SET i d e n t i f i e d  by Record 9 have been 
,12fir.ed. 

Tab1 e 1 12-6. l nput Var ia t ions  o f  I n t e r a c t  ion - Expression Parameters 

@ An 2xpansion k3y i s  a s s o c i a t e d  with a  p a r t i c u l a r  number 
of i n ~ u t  Faran2cers .  Each i n t e q s r  J e n o t e s  which one of 
the o r d s r s d  v a l u e s  d e f i n e d  by an  i n p u t  Facord 35 i s  t o  
be  a s s i q n e d  t o  co r r e spond inq  p a r a m e t l r  shown i n  t h e  
t a k l  a. 



Design l o a d  c a s e s  t o  be a s s o c i a t e d  w i t h  selected STAGES 
a r e  e a t a b l i s h s c i  by keco rds  37-46. 

Recor3 37 aC S t a q e  I d e n t i f i c a t i o n  

= A STAGS number ( i n t e g e r )  a s s o c i a t e d  
w i t h  t h e  s t i f f n e s s  SET ltSell (Record 
4 ) .  n e s i q n  l o a d  cases as d e f i n e d  
subsequen t ly  a r e  a s s o c i a t e d  w i t h  this 
SET/STAJE s t r u c t u r a l  modcl. 

= The maximun: numhar ( i n t e q s r )  of dt ' s iqn 
l o a d  c a s e s  d s f i n e d  v i a  Records 38-40 
f o r  t h e  s p e c i f i e d  STAGE. 
Defaul t :  n l = 2  

= The maximum number ( i n t ~ g e r )  of d a s i q n  
l o a d  c a s e s  d e f i n e d  v i a  s u p e r p o s i t i o n  
(Kecords 41-43) f o r  thz s p e c i f i e d  STAGE. 
Defaul t :  n2=0 

= A code  or the form TH fo l lowed  by t h e  
maxirn~im number ( i n t e q e r )  of t h e r m a l  
d s s i q n  l o a d  c a s e s  d e f i n e d  v i a  Records  
44-46 f o r  the s p e c i f i e d  STAGE. 
Defaul t :  THn3=THO 

Caution:  ( n l  + n2) must be less t h a n  25. 
"nl" m u s t  b? less t h a n  26 and "n3" muct 
b; less t h a n  26, 

"]is r e c o r d  must p rsced?  all STAGE-level d a t a  s u b s e t s  
ir.pu: by Secords  38-46. 

1 1  2. 1. 3.1 L ~ 3 d s  Data Subse t  ( o p t i o c a l )  

. ; ~ l ? c t z l  l oad  c a s e s  a s s o c i a t e d  w i t h  SZT l@SeM and STAGE 
11 qq + 11 3 r ~ -  de t ine ; l  3s d l s i q n  load c a s e s  f o r  sel?c",d e l l m e n t s  
v i 3  ,F.~cor~i 3 3 .  

9ccor,l  38 EeqFn Loads Data Subset  

a E G I N  &QdDS DATA 



Pocord 39 Desiqn Loads Data 

Case = A l o a d  c a s z  l a b e l  i d e n t i f y i n q  a set 
of l oads  f o r  which t h e  mods1 i s  t o  be 
r e s i z e d ,  

= The l e t t e r  U o r  Y d e n o t i n g  whether  
u l t i m a t e  o r  y i e l d  m a t a r i a l  a l l o w a b l e s ,  
r e s p e c t i v e l y ,  a r e  t o  be used when 
r e s i z i n g  f o r  t h e  s p e c i f i e d  load  caso .  
Dofaul t :  U l t i m a t e  (U)  l o a d  case .  

f actol- = The f a c t o r  by which the l o a d s  i d e n t i f i e d  
v i a  ncase@l a r e  t o  be m u l t i p l i l d .  
Defau l t :  " f a c t o r "  = 1.0 

= Temperatur2 code of  t h e  form T fo l lowed 
by a  s i q n s d  o r  uns iqned  i n t s q e r  i n  t h e  
r anqa  -4blCtemp C1000 (a.q., TlOO, 
T+80,T-50)  which d e n o t e s  t h e  t e m p e r a t u r e  
i n  d e q r e s s  F a h r e n h e i t  a t  which m a t e r i a l  
p r o p e r t i e s  ( a l l o w a o l e  stresses) a r e  
t o  be e x t r a c t e d  from t h e  " t a b l a "  d a t a .  
Dofaul t :  T70 

T h i s  r s c o r d  i s  r e p e a t e d  t o  d l f i n e  a l l  d s s i q n  l o a d  c a s e s  
wnich a r  .T s u b s e t s  of p rev ious ly-def  i n e d  l o a d  c a s e s .  

Kecord 40  End Loads Data Subse t  ( o p t i o n a l )  

Tt.Fs record i n d i c a t ? ~  t h a t  t h e  d e s i q n  load -case  d a t a  
associated w i t h  t h e  STAGE i d e n t i f i e d  by Record 37 have 
been i n p u t .  

11  2 .1 ,  3 . 2  S l ~ p e r p o s i t i o n  Data Subse t  ( o p t i o n a l )  

Cssrqn Load casas d e f i n e d  a s  t h e  sum of two f a c t o r ? d ,  
d c s i : ~ n  load casos are s s t a h l i s h e d  v i a  fiecords 41-Q3.  The 
u r e v i o u s l y - d e f i n e d  load c a s a s  must nave been s p e c i f i e d  v i a  
kecord 39 so r  t h e  SET and STAGE i d x i t i f l e d  by Records 9 and 
3 7 ,  r e s p e c c i v ~ l y .  



F word  41 Beqin Supsrpos i t i o n  Data Svhset 

E E G I N  SQPERPOSITION DATA 

Record U 2  Design Load S u ~ e r p o s i t i o n  Data 
f 

CASE case 0 Y < fac l>  Cassl <fac2> Case2 

<Tcods> <Elid> <Eltype> 

case = A dssiqn load-casz l abe l  (pos i t ivs  
integer  or  alphanumeric word w i t h  1 
t o  7 charac ters ) .  A load case label 
def inad by t h i s  item may nct be used 
as  lTasdlN or I l C a s ~ 2 ~  i L a  sibsequent 
records of t h i s  tyoe. 

= The l e t t e r  U or Y denoting whether 
ult imate o r  yield material  a l l o w a ~ l a s ,  
respect ively,  a r e  t o  be used whe:i 
resizinq f o r  the  load case defined by 
t h i s  record. 
Default: Ultimate (U)  load case. 

< f a c l > ,  Cassl = Loads associated w i t h  two previously- 
<f  3 ~ 2 > ,  Case2 defined load caszs idsn t i f i ed  by t h e  

labe ls  "Cas51M and l*Cass2" a re  t.o bs 
f actor3d and summed. Loads associa t ld  
with "Casein a re  factored by " f a ~ i . ~ ~  
The r e s u l t  dsf ines  t h e  desiqn load case 
iden t i f i ed  by "case, 
Defaults: f ac l= l .@ and fac2=1.0 

Tcode = same a s  defined fo r  Record 39. 

T h i s  rocord i s  repeated t o  dsf ine  a l l  desiqn load cases 
qerlarated by suporimposinq two previously-defined load 
cases. 

Rccorrl 4 3  Er~d Superpasition D a t a  Subset (optional)  

I E?iD SCPXFPOS ITIoN DATA 
A 

" h i s  record in3ica t?s  that the load- case superposition 
data to r  t h s  STAGE iqent i f i3d  by Record 37 have h?en 
i n p u t .  



11 2.1.3.3 Thermal Desiqn Loads Data S u b s e t  ( o p t i o n a l )  

Thermal d e s i q n  load  c a s s s  f o r  SET **Set* and STAGE " S t N  
a r a  ? s t a b l i s h s d  v i a  Records 4Q-46. A t h e r m a l  desiqn l o a d  c a s e  
i s  i l 9 f i n s d  as  the sum o f  a f a c t o r s d  mechanica l  l o a d  c a s e  p l u s  
a faccorzd t h e r m a l  l o a d  c a s e  p r e v i o u s l y  de f i ned  by t h e  loads 
da-a (sec. 1 . ) . Thermal d e s i q n  l o a d  c a s e s  for s e l e c t e d  
e l i l rn~?n t s  ( s l e  Record 45) a r e  u s e d  o n l y  fcr a t h e r m a l  f u l l y -  
s r r e s s e d  ~ l s s i q n .  

Ficoril 44  B o r ~ i n  Th9rmal-Dosiqn Load Case S u b s e t  

I E E G I N  TIiiFMAL DATA 

- kccrc! 4 5  T h s r a a l  Desiqn Load Data  

A l l  i t e i~ i s  i n  this r e c o r d  a r e  t h e  samc as t h o s e  d ~ f  i.?ed 
for 2 . e c o ~ d  4 2  w i t h  the f o l l o w i n s  exczpt . ians:  

a )  1 1 2 3 ~ - 2 1 v  is a mdchanic31 l o a d  case 
k)  "Cas+2l1 i s  A t h s r n a l  l o a d  c a s e  
C )  The 71 ? f a u l t  f o r  l*Tcode** is the e lement  t e m p e r a t u r e s  

6 s  dcflned by t h e  s t i f f n e s s  d a t a  (sec. 152.0) .  

T ' i s  record is  r e p e a t e d  t o  d s f i n e  a l l  t h e r m a l  d e s i q n  l o a d  
cas 2s by supar iinposinq t.wo p rev ious ly -de f  i ned  l o a d  c a s e s .  

- 
P sr:o!-d 4 6  Ec:l Therma 1-Desiqn Load Case S u b s e t  (cpt i o n a l )  

. - 

I Zh2 Ti4ZSMAL DATA 

%?>is r e c o r d  i n d i c a t e s  t h a t  the t he rma l -des iqn  load c a s e s  
f o r  t h ?  8TAc;E i d e n t i f i e d  by Fscord  37 have been i n p u t .  

3+cord 47 Znd Data  Set 

:Y3 -'- _-_ P E S i G N  DATA 

hl t i i t  i c ~ n a l  d e s i q n  data sets may be input by  r e p e a t i n q  
Fncor 1s 1-47. 



Table : 12-7. Summary o f  Desiqn Data Records 

Reference 
Page 

112.4 
112.4 

112.7 
112.7 
112.8 

112.9 

112.9 
112.10 

I 

112.13 

112.10 
112.11 

L I Z .  1 1  

112.11 

112.13 

112.13 

I 1 2 . i ~  

112.15 
112.17 

112.17 
112.17 
112.18 

112.20 
112.20 
112.20 

112.21 
112.21 
112.22 

I 

112.23 
112.23 
112.24 

-- -- 

Data Recordr 

BEQlW WIQN DATA 
MODE Code 

BEG I N  TJLE DATA 
Bcode Tcode g1 g2 . . . gn s l  82 . . . 8n 

END U L E  DATA 

BEG I N  MODULUS DATA 

Mcode Tcode SI s2 . . . sn m l  m2 . . mn 
END MODULUS DATA - 
SET Se 

BEG I N WPERTY DATA 

<El i d X E l  type> p l  i s t  
END MPERTY DATA 

FIXED , 

WER-BOUND J 

BEG I N  @JG l W  DATh 
<El i d><El type> p l  i s t  

END MARGIN DATA 

BEGIN S A l N G  DATA 
Mcode <E 1 i d > < ~ l  type><code I CodeZXfartor> 

END S I Z I N G  DATA 

BEGIN STRAIN-SIZING DATA 
E l  i d  <El type> 

END LSTRA I N-S I Z I NO PATA 

BEGIN OPTIMIZATION DATA 
E l  type <<Exxx> Eyyy) 

END OPT l M l ZAT l ON DATA - 
BEG I N  V& l ABLC-?' ONSTRA lNT DATA 

E l  type <Exxx> Con l Con2 . . . 
END VAR - IABLE-CONSTRA INT DATA 

- 

Table continued on next page 



- 
Reference 

Page 

rble 112-7. Summary o f  Design Data Records (Cont,d.) 

Data Record. 

BEGIN SHOOTHINO DATA 

El  i d  <El type> 

EPD SMOOTH lNG DATA 

BEG I N  - BUCKLING DATA 

<El id><El type> par1 i s t  
END BUCKLING DATA 

- -  

FTAGE S t  <n l Xn2XTHn3 > 
BEG I N  G D S  DATA 

CASE Case (g ) <factor><Teod&Q 1 id )<E l  type) 

END LOADS DATA - - 
BEG I N SUPERPOS IT l ON DATR 

~ A ~ E y a s e  ( i)<fac i>  Case1 <fa& Case2 (TcodeXEl i dX E 1 t y p d  

END SUPERPOSITION DATA - 
BEGIN THERMAL DATA - 

CASE (:)<facl> carel  <fa& Case2 <TcodeXEl i d X E l  type> 

END THERMAL DATA - I 
END M l G N  DATA I 



1 1 4 @ DETAIL CATA 

S e t a i l  s d  qeomotr ic  d e s c r i p t i o n s  o f  t h e  s t i f f n e s s  f i n i t e  
o l s m s n t s  of a s t r u c t u r a l  model a r e  d e f i n e d  by the D e t a i l  d a t a  
SF+.  These da?a are n o t  r e q u i r e d  f o r  q e n e r a t i o n  of 2lement 
s t i f f n e s s  or stress c h a r a c t e r i s t i c s  b u t  may be used f o r  t h e  
f cl lowinq t y p e s  of a n a l y s i s  : 

a )  G e m r a t i o n  of g q u i v a l e n t  noda l  l o a d s  f o r  thermally- 
loadsd  BEAM elemen+s ( s o e  see. 13U.O) 

t:) C a l c u l a t i o n  o f  l o c a l  b u c k l i n g  a l l o w a b l e s  f o r  COVZP, 
PLATE and GPLATE e l emen t s  a s  required f o r  d e s i q n  
r o n s t r a i n t s  (see sec. 112.G) 

7hs D e t a i l  d a t a  s e t  is  d i v i d e d  i n t o  t h e  fo l lowinq  d a t a  
s u t  s5t5: 

a )  Cross -Sec t ion  - - Fici te-gl?mont ,  c r o s s - s 5 c t i o n  
dimensions t o  be used  f o r  BEAM t h e r m a l  
l o a d  c a l c u l a t i o n s .  The basic 
s e c t i o n a l  shape  of each  loaded  e lement  
i s  d e f i n e d  v i a  a l i b r :  r y  of s e c t i o n  
"conceptsw (conf i q u r a t i o n s )  . 

t) S p a c i r q  -- Loca t ion  of s t i f f e n e r s  f o r  " p l a t e -  
l i k e n  elements .  These da+a d e f i n e  
e l e m e n t a l  "free spansw t o  be used  
for c a l c u l a t i o n  of  l o c a l  b u c k l i n q  
a l l o w a b l s s .  

w - h e  Stiffness d a t a  s e t  (sec. 152.0) and t h e  Subse t -  
I)=f i n i t i o n  d a t a  set (sec. 156.0),  a s  r e q u i r e d ,  must b e  i n p u t  
p r i c r  t o  the IIa+ail  d a t a  set i n  t h e  i n p u t  s t ream.  



I f  t h e  d e f a u l t  values o f  t h e  f o l l w i n g  input  data are 
a c c s v t a h l e ,  none of  the r e c o r d s  d e s c r i b e d  i n  t h i s  s e c t i o n  should 
5 s  1 3 ~ ~ ? .  

Krccr-3 1 Ca4a Se+ T d e n t i f i c a t i o n  

EEGm _Dg:I\TL DATA 

T h i s  r s c o r d  i n i t i a t e s  execution o f  t h e  DETAIL Preprocessor .  

F ~ c o r t f  2 Dar a S e t  Number ( o p t i o ~  1) 

Yach set  of D e t a i l  d a t a  is i d e n t i f i e d  by a n  i n t e g e r  number 
uhich  i d e n t i f i e s  t h e  a s s o c i a t e d  s t i f f  n o s s  d a t a  set 
(s t rucc-ura l  model). Tf m u l t i p l e  SETS are used i n  a job, 
each STT must be ass iqned  a unique number by this record.  
l n ~ u +  d a t a  fo l lowinq a record of  t h i s  t y p e  a r e  a t t r i b u t e d  
to t h i s  d a t a  s o t  u n t i l  ano the r  Record 2 is encountered. 

= f n t c q e r  i d e n t i f y i c q  a  a  s t r u c t u r a l  model 
p rev ious ly  d e f  i c e d  a s  a  s t i f f n e s s  s e t  (sec. 
152.0) 

r e f a u l t  F ~ c o r ? :  SET 1 

1 1 . 1.1 C r o ~ s - S % c t i o n  Datj-Subset (op t iona l )  

T h i s  d a t a  subse t ,  Fecords 3-5, is used t o  d e f i n e  f i n i t e -  
s lrner:?, c r o s s - s ? c t i o n a l  dimensions t o  be used for the rmal  load 
c s l c u l a t i o n s .  X i  thermal ly-  loaded BEAM e lements  a r e  not inc luded  
ir, +ho ~ ? r ~ + u ~ a l  model, Records 3-5 should  n o t  be input .  I f  
& h i s  data s u b s e t  is no t  used, e q u i v a l e n t  nodal  loads  f o r  any 
thermally-load9d BEAM elements  a r e  c a l c u l a t e d  on t h e  b a s i s  of 
u y i t ,  elgment s e c t i o n a l  depths. 

Fcccr3 3 Cross Sec'ion Data Subset  

I b F G I N  CEQSSECTION DATA 

I'acn b d s i c ,  sbc t io l=a l  shape of t h e  f i n i t e  e lements  i s  
d e f  l xed,  3s n c c ? ~ s a r y ,  v i a  3 sect i o n  concept (conf i q u r a t i o n )  . 
The 3 v a i l a t l s  concepts  are i l l u s t r a t e d  i n  t a b l e  114-1. 
D i w n s i o n s  to be a s s o c i a t e d  w i t h  a concept  a r e  input v i a  Fecord 
4. One o r  +wc different concepts ,  dependinq on the b a s i c  



: ~ s c n . ~ + r i o s  o f  t h +  e l e m e n t ,  may be used +o descri~-e the ssc+iona: 
s h a r e s  at the o ~ d s  of each BEAM e l e m e n t .  The  dep ths  of t h e  
o l ? m a r . + ,  r=lative t o  +he e l e m e n t  v a n 3  z r e f e r e n c e  a x e s ,  a s  
*IPEC! for t h ~ ~ 1 ~ 3 1  load c a l c u l a t i o n s  sre d e n o t e d  ky "dye@ and "dzN 
i r  * a k l e  114-1. 

Faccr-l U Cross-Sect i o n  Dimensions 

= T d o n t i f  ier o f  a BEAN e l e m e n t  or a subset 
o f  BEAM e l e m e n t s .  Th? a v a i l a b l e  options 
are :  

.-. zxxx--The nam.9 of a s t i f f n e s s  ellment s u b s e t  
previously d e f i n e d  via t h e  SUBSET- 
D E F I N I T I O N  Preprocessor (sec. 156.0)  . 

t:xxxxx--Thn l z t t e r  N f o l l o w $ d  by a 1  t o  5 d i q i t ,  
u s e r  el?men+ nurber (sec. 152.3). 

I ? ? f a u l t :  All e 1 e r n e r . t ~  a s s o c i a t e d  w i t h  
+he  SET i d o n + i f i e d  by Fecord 
3 
L .  

= The key-word BEAM or the i n t a q e r -  
? q u i v a l e n +  2. 
D r f a u l t  : A l l  BEAM e l 2 m e n t s  i r c l u d e d  

i n  " E l i d . "  

= T h e  i - t h  s ~ c t  i o n a l  s h a p e  I to ha u s e d  t o r  elern~rits d e f i n e d  
via " E l i ? t t  and  "Eltypt". "SC;h3yelN 
??fir.es * h ?  s e c t i o n a l  stlaps 
( : o n t ~ p + )  at I tFnd lw  of oach i?FAb: 
* l ~ m ? n ? ,  wilereas " S h a 0 3 2 ~ ~  def ines  
the concept a t  "FndZN ( s e e  a p p e n d i x  
E ) .  I f  a s e c t i o n a l  s h a p e  is of 
90 sicrr.if i c a n c e ,  the k-y-word 
N 3 S d N  nicry he i n p u t  :or t h i s  i t ? m .  
O t h e r w i s s ,  a p a i r  o t  itoms ltCor.ilt 
and t t p l i s t i "  must t-e i n p u t .  

Toni - -C?ncec~:  rct 'erence c o d e - - t  h a  l c L + ? r  
C f o l l o w s ~ l  k,y a ons or t w o - f i q i +  
i!~t .zcr-lr (9.  q .  , C5, C26) . cor:ccpt: 



i d e n t i f i e s  a b a s i c  s e c t i o n a l  shape ,  9-e table 114-1 f o r  
a v a i l a k l e  concept  r e f e r e n c e  codes,  

c l i s t i - -Lis t  of  p r o p e r t y  values 
(dimensions)  t o  be a s s o c i a t e d  

w i t h  "C0ni.~1 The i n p u t  sequence,  
number and t y p e  of p r o p e r t i e s  
a s s o c i a t e d  w i t h  each "coni"  are 
summarizsd i n  t a b l e  114-1. 

Defau l t :  I- "shape21t is nct  i n p u t ,  "Shapel1I 
i s  used  a t  "End2@@ o f  t h e  BEAM 
e1ement.s. 

-1lis r e c o r d  may be r epea t ed .  

F C C - r : l  5 Fn3 Cross  S e c t i o n  Subset ( o p t i o n a l )  

FC3E C90SqFCTION DATA --- 
F. l d i  t i o n a l  c r o s s - s e c t  i o n  d a t a  may be d e f i n e d  f o r  d i f f e r e n t  
s t i f f n n s s  da ta  sets by r e p e a t i n q  Records 2-5.  

1 1 u. 1 . 2  m s ~ g ~ g  Data S t ~ h ~ z :  ( o p t i o n a l )  

T h i s  I3+.d subset, Records 6 - 8 ,  is used t o  d e f i n e  l o c a t i o n s  
9f s t i f  f2rsrs (a qr id  of l i n e  suppozts) for COVER, PLATE and 
C:X-ETF rir . i+.+ ~ l e m o n t s .  T h e s e  "f rea spanbt c o n s t r a i n t s  o n  t h e  
?leat?nts  ar? use:] t o  c a l c u l a t e  l o c a l  b u c k l i ~ q  a l l o w a b l e s  t o  
5~ us+d j u r i n q  "lem+nt r e s i  z ing  by t h e  r e s i g n  P r o c e s s o r  (sec. 
1 1 2 . 9 7 n d  2 1 2 . c ) .  If s u p p o r t  s p a c i n q  d a t a  a r e  n o t  i n p u t ,  the 
l = r q + h s  of 'h2 e l ~ r n e ~ t  bounda r i e s  a r e  used t o  c a l c u l a t e  local  
b ~ l c k  f icq a 113w3bles, a s  r s q u i r e d .  

Cccord 7 Foacinq Data 

F l i  d = Same a s  d e f i n e d  f o r  Record 4.  

T l t y p +  = 4 key-word or s q u i v a l e n t  i n t e q e r  t h a t  
d e n o t e s  a p a r t i c u l a r  t y p e  of e lement  
i n c l u d e d  i n  IITlid. " I f  I1Elid" i d e n t i f i l s  
a s i n q l ?  e l s a e n t  t y p e ,  "Elf-ype" mus t  
cor.form. t lEl idol  and nEl type l l  must identify 



a s i n q l e  e l s m e n t  t y p e .  Th? available 
o p t i o n s  for 88Eltypen a r e  a s  follows: 

Key-Wor d  -- ----- --- I n t e q e r -  ---- Eguiva --______ l e n t  
COVER 4 
PLATE 5 
GPLATE 6 

C ~ f 3 u l t :  T ~ P  e lement  t y p e  
i d e n t i f i e d  v i a  "El id .  

r l is t  = L i s t  of p r o p e r t y  v a l u e s  ( d i s t a n c e s )  d e f i n i n q  
t h e  s p a c i n q  of s u p ~ o r c s  f o r  the element 
typr! ~ p s c i f i e d  v i a  "Elid" and "Eltype. 
The input s squence ,  number a n 3  t y p e  o f  
s u ~ ~ o r t  s ~ a c i n q s  a s s o c i a t e d  w i t h  e a c h  
olensnt 'ype a r e  summarized i n  table 114-  
2. 

T h i s  record may he  ror?ated. 

?ncoro4 7 En3 S r a c i n q  Data Subs2 t  ( o p t i o n a l )  

FP'U --- ??ACING DATA 
7 

&dciition,2l c r ~ s s - s s c t i o r  and s p a c i n g  da t a  may be d e f i n e d  
f cr J i f  fersn+ s t i f  f n 9 s s  d a t a  scts by repeating Fecords  
2 - 8 .  

1 FND PETE.XL DATA 

kt3 . i i+ iona l  d e t a i l  d a t a  s a t s  may be i n p u t  by r e ~ e a t i n q  
Flccr?s 1-9. 



Table 114-1. Input Var i a t  ions o f  Properties f o r  S t i  f fness-Element 
Cross-Sect ion Concepts 

Tab1 e continued on next page. 



@ An expansion key i s  the column o f  in tegers associated w i t h  a p a r t i c u l a r  number o f  input  proper ty  

values f o r  a p a r t i c u l a r  cross sect ion concept. A nonzero in teger  canponent of a key denotes which 
one of the ordered property values def ined by an input data record (Record 4) i s  t o  be assigned 

t o  the corresponding concept property show i n  the table. 

Defaul t  value i s  (WI-t1)/2 

" Defaul t  value i s  ( M - t 3 ) / 2  

* * *  Defaul t  value i s  (W3-U)/2 

The element depths 'dy and dzm shown above are used f o r  thermal load ca lcu lat ions.  



Table 119-2. Input Var iat ions of Element Support-Spacing Propert ies 

SPAC l NO PROPERT l ES 

dl masured along Si 

i n  plan* ot  plate 

Analogous t o  ha l f  a COVER 

GPLATE 6 d 1 1 1 
Ana l ogous t o  PLATE 

d 2 1 2 
* A -- 

@ An expansion key i s  the column o f  in tegers associated w i t h  a p a r t i c u l a r  
number o f  input property values f o r  a p a r t i c u l a r  type o f  element . A non- 
zero component of a key denotes which one o f  the ordered proper ty  values 
defined by an input data record (Record 7 ) i s  t o  be assigned t o  the 
corresponding element property shown i n  t h e  tab1 e . 
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Table  I /u-3.  Summary of DETA l L  Data Records 

Data Records 

BEGIN W l L  DATA 

SET Se 

BEG l N CESSECT l ON DATA 
<El id><El type> Shape l <~hapeZ> 

END CROSSECTlON DATA 

BEGIN SPACING DATA 
< E l  id><Eltype> pl  i s t  

END =C ING DATA 

END W I  L DATA 



116.0 DUBLAT AERODYNAMICS CATA 

Unstea ,dy ae rodynamic  a n a l y s e s  o f  r i q i d  or  e l a s t i c ,  
n o r p l a n ~  l i f t i n q  s t l r f a c e s  a n d  body s u r f a c e s  d e f i n i n q  a g e n e r a l  
three - d i m s n s i o n a l  c o n f i q u r a t i o n  i n  subsonic f l o w  can be  pe r fo rmed  
by t h e  CUELA: P r o c e s s o r  (sec. 2 16.0) . C a l c u l a t i o n s  p e r f o r m e d  
b y  + h i s  p r o c , ? s s o r  a r e  b a s e d  on the D o u b l e t - L a t t i c e  l i f t i n q -  
s u r f a c s  t h p o r y  p u b l i s h e d  i n  r e f e r e n c e s  116-1 a n d  116-2. The 
i rnr lC  d a t ?  set s u p p 0 r t i r . q  D o l i b l e t - L a t t i c e  ae rodynamic  a c a l y s i s  
i c  c o r c r i c e 3  o f  + h e  f o l l o w i n q  d a t a  s u b s ~ t s :  

3 )  !?cornet ry -- Aerodynamic l i f t  i n q - s u r f  ace p a n e l ,  body- 
s u r f a c e  p a n e l  'an3 b o d y - d o u b l e t  da ta  which 
d e t  i n e  the a e r o d y n a m i c  model.  

t.) s ! ~ b s e t  - - Aerodvnamic s t r i p  and box s u b s e t  d e f i n i t i o n s  
u s ~ d  t o  d e f i n e  Modal a n d  O ~ t i o n  i n p u t  d a t a .  

C )  ? lodal  -- V i k a t i o ~  modes or NAIC1f  mode substitutes 
(s?e sic. 2 3 2 . 0 )  a s s o c i a t e d  . i . i th  t h p  
ae rodynamic  model. 

?) or)t i o n  -- V e l o c i t y  p r o f i l ?  and ae rodynamic  p r e s s u r e  
c o r r e c t i o n  d a t a .  

"?-I.? o n l y  r o s t r i c + i o n  on t h e  i n p u t  s 2 a u e n c o  of these da+a 
sut>sa+s i s  t h a t  the c;ecrr,etry s u b s e t  m u s t  be f i r s t .  I f  o n l y  
-.he ~ u a s i - i n v o r s ~  o f  the normal  wash mat r ix  i s  t o  be c a l c u l a t e d ,  
c z l y  +he Geornetry s u b s & +  i s  r e q u i r e d .  T h i s  d a t a  set need not 
be  r . r ~ c ? j ~ d  h y  3ny o+.hr?r d a t a  s e t  w i t h i n  a d a t a  deck.  

Eaci; sat of a e r o d y ~ a m i c s  d a t a  i s  r e f e r r e d  t o  a s  a CASE. 
; maximum of 36 MJFLAT d a t a  c a s e s  may he  i d e n t i f i e d  per job. 
P r i r t o u t  o f  + h e  irlpu+ c a s e  d a t a  may be r e q u e s t e d  from t h e  3UBLIAT 
P o s t p r o c o s s ~ r  (sec. 2 1 6 . 1 ) .  



1 1 6 .1 I N  PUT DATA 

Fecord 1  r a t a  Set I d e n t i f i c a t i o n  

I EEGTN DfJPLAT DATA 

T h i s  r q c o r d  i n i t i a t e s  e x e c u t i o n  of  t h e  DUFLAT P r e p r o c e s s o r .  

5 ^cord 2 Cat 5 Case Number ( o p t i o n a l )  

Each s e t  of DUBLAT aerodynamics  d a t a  i s  r e f e r e n c e d  
a s  a c a s e  which is  i d e n t i f i e d  by a n  i n t e q e r  number. X f  
m u l t i p l e  scts  a r e  u sed  i n  a job,  each c a s e  n u s t  be a s s i q n e d  
a un ique  number. 

= Da+a case number ( i n t e g e r )  i n  t h e  r anqe  
1  t o  36, i n c l u s i v e .  

Dafau l t  Fecord: CASE 1  

'?hi s 33 +a subse t  i n c l u d e s  t h e  f o l l o w i n q  g e c n e t r i c a l  
?sf ir i i iors:  

E )  L i f t  i n q - s u r f a c e  p a n e l s  w i t h  s ~ a n w i s e / s t x e a m w i s e  q r i d  
l i n o s  'her2on. 

b )  I r x ? r f e r e n c e  (body) s u r f a c e  panels w i t h  
sp~nwise / s+ rea r rwi se  q r i d  l i n e s  t he reon .  

C)  Eody r a d i i  and body-axis ,  p r e s s u r e  d o u k l e t  
, I i s t r i h u t i o n s .  

A l l  qeomecry d a t a  a r e  d e f i n e d  r e l a t i v e  t o  t h e  GLOBAL 
r =f  e r 9 r . c ~  frame whose p o s i t i v e  X-axis i s  i n  t h e  a f t  ( s t reamwise)  
d i x e c t i o n .  conf i q u r a t i o n  symmstry and  f low symaetry about  t h e  
x-Y p l a n e  can be accommodated, permitting qeorne t r ica l  d a t a  t o  
h a  i n p u t  f o r  o n l y  the pos i t i ve -Y  h a l f  o f  t h e  model. Only h a l f  
of  &he  to+ a 1  aerodynamic f o r c e s  on  a  v e r t i c a l  t a i l  a r e  c a l c u l a t e d  
by &ho CTrPLFT P roces so r  when X-Z is a p l a ~ l e  of symmetry. Thus, 
+ti= qc r !e ra l i zed  a i r f  o r c e s  c a l c u l a t e d  f o r  a  c o r p l e t 2  a i r c r a f  + 
n105el v i a  3 symrnstr ical  a n a l y s i s  are d i f f e r ~ n t  from thoss 
calculated v i a  a r  a r .? i synmotr ica l  a n a l y s i s  (sec. 2 1 6 . 2 ) .  

An zerodynamic model rn3y be compriszd of  any nu rhe r  of 
s p a t i a l l y - o r i e n t e d  l i f t i n q  s u r f a c e s  and  b o d i e s  t o  i d e a l i z e  a 
c r n t i q u r a + i o n .  The method is cap.nble  o f  a n a l y z i n q  l i f t i n a  

. . ; . ' :_, .*-;AL PAGE IS 
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s u r f a c e s  w i t h  a r b i t r a r y  p lanform and d i h e d r a l  w i t h  or w i t h o u t  
f u l l -  o r  p a r t  i a l - s p a n  c o n t r o l  s u r f  aces .  X n t e r s e c t i n q  and/or  
i n t e r f e r i n q  non-coplanar  c o n f i q u r a t i o n s  such  a s  T - t a i l ,  V - t a i l  
and winq- t a i l  combina t ions  may a l s o  be ana lyzed .  Lif t i n q -  
s u r f  ace/body i n t e r f e r e n c e  i n  uns t eady  flow i s  handled  by p l a c i ~ , q  
i n t e r f e r e n c e  p a n e l s  o n  a l l  body s u r f a c e s  i n  a d d i t i o n  t o  d o u b l e t  
d i s F r i b u t i o n s  a lonq  t h e  body axes .  The d o u b l e t  d i s t r i b u t i o n s  
a c c o u n t  f o r  Lody i n c i d o n c e  and body-diameter  e f f e c t s .  

Lif'inq s u r f a c e s  and i n t e r f e r s n c e  body s u r f a c e s  a r e  
i t!aalized by a e r o d y n a r i c  pane l s .  P a n e l s  on both t y p e s  of 
s u r f a c e s  a r e  d i v i d e d  i n t o  s t r eamwise  strips which a l s o  have 
c h o r d w i s ~  d i v i s i o n s  t o  d e f i n e  an  aerodynamic q r i d  of  e lements .  
Pack. b a s i c  t r a p e z o i d a l  e l e q e n t  of t h e  q r i d  i s  r e f e r e n c e d  
a ?  a box. The  a n a l y s i s  t e c h n i q u e  i s  based  on placement  o f  the 
5011~.rtl p o r t i o n  of  a  ho r se shoe  v o r t e x  a l o n q  t h e  qua r t e r - cho rd  
l i n e  of  each box (uniform d i s t r i b u t i o n  of a c c e l e r a t i o n  p o t e n t i a l  
?olll.lee,s a l o n q  t h e  b a s e  qua r t e r - cho rd )  with t h e  c o n t r o l  p o i n t  
located 3t t h e  mid-point of the t h r e e - q u a r t e r  chord  l i n e .  

The a n a l y s t  shou ld  a d h e r e  t o  the f o l l o w i n g  r u l e s  when 
d e f i n i n q  t h e  two t y p e s  o f  l i f t i n g -  s u r f a c e  pane l  box-qr ids:  

9) )3ox bounda r i e s  ( p a n e l  edqes)  s h o u l d  c c i n c i d e  w i t h  
s u r r a c e  i n t e r s e c t i o n s ,  s u r f a c e  edqes,  f o l d  l i n e s  dnd 
c c n t r o l  s ~ ~ r f a c e  h i n q e  l i n e s .  

b) Pane l  d i v i s i o n s  shou ld  ba c o n t i n u o u s  a c r o s s  t h e  
bounda r i e s  between a d j a c e n t  pane l s .  See f i q u r e  11 6- 
1 f o r  an i l l u s t r a t i o n  of a DUBLAT aerodynamic model. 

c) If a s t r i p  boundary on a n  upstreant  s u r f a c e  l5es i n  
+he p l a n e  o f  a  downstream s u r f a c e ,  it r u s t  c o i n c i d e  
wit.h a s t r i p  boundary on t h e  downstream s u r f a c e .  

d )  s t r ips should  be c o n c e n t r a t e d  i n  r e q i o n s  where r a p i d l y  
varyir .q spanwise l o a d s  occu r  such a s  nea r  s t reamwise  
winq tips and c o n t r o l - s u r f  a c e  edqes.  

e )  Boxes should  be c o n c e n t r a t e d  i n  r e q i o n s  whero r a p i d l y  
varyir.q chordwive l o a d s  o c c u r  such a s  nea r  c o n t r o l  
s u r f a c e  h inqe  l i n s s .  

f )  Tt?p aspect  r a t i o  o f  each box (the spanwise box l enc j th  
d i v i d e d  ky i t s  mean aerodynamic cho rd )  should  be i n  
tt-19 r anqe  0 . 4  t o  2 . 2 ,  i n c l u s i v e .  The ratio of t h e  
box l e n q t h  t o  t h s  b a s i c  o s c j . l l a t o r y  wave l e n q t h  should  
also be  l e s s  t h a n  o r  e q u a l  t o  0.04. Thus ,  a  f i n e  q r i d  
cf boxes is r e q u i r c d  f o r  a n a l y s i s  a t  vory hiqh reduced 
f r equenc ie s .  ' R ! O / A ~  " mil Pdc€ ,s 

Q W i r V  



General o s c i l l a t o r y  motion of a c l o sed  body w i t h  a c i r c u l a r  
c r o s s  s e c t i o n  and wi th  d i f f e r e n t  r a d i i  along its a x i s  can be  
analyzed by t h e  s l ende r  body aerodynamic theory .  However, when 
m u l t i p l e  bodies and l i f t i n q  s u r f a c e s  nre in t roduced i n t o  t h e  
f low f i e l d ,  i n t e r f e r e n c e  e f f e c t s  met be considered.  These 
effects  are accommodated by placement of i n t e r f e r e n c e  pane l s  

' d i r e c t l y  on t, he  su r f  ace of body segments which a r e  i n  the 
i n t e r f  erencc reqion (s) , s e e  f 1 1 6  1 .  An aerodynamic model 
of a body is t h e r e f o r e  comprised of e i t h e r  t h e  f i r s t  o r  bo th  
of t h e  fo  1 low inq  components: 

a)  A d i s t r i b u t i o n  of p ressure  doub l e t s  along t h e  body 
a x i s  f o r  i s o l a t e d  slender-body ana ly s i s .  

h)  I n t e r f e r ence  panels  on t h e  body s u r f a c e  t o  account  
f o r  i n t  o r ac t i on  w i t h  o t h e r  surfaces /bodies .  

~ 0 t h  conponents are requ i red ,  f o r  example, f o r  ana lys iu  of 
closed-body and a i r f o i l - s u r f a c e  i n t e r f e r e n c e s  and f o r  a n a l y s i s  
of an open (f low throuqh) body wi th  a n  i n t e r n a l  c l o sed  body 
(c.q., a cowlinq and enq ine) .  An open kody, however, must be 
i d e a l i z e d  by l i f t i n q  s u r f a c e  panels  (not i n t e r f e r e n c e  panels)  
p laced on its s u r f a c e  (see re f .  116-2) . Non-circular s l e n d e r  
bodies may be i d s a l i z e d  by mu l t i p l e  c i r c u l a r  bodies p laced i n  
c l o s e  proximity (see f i q .  116-1). 

. L , d  a,. 



" 6 L; l: BODY PLANFORM FREE 
STREAM m 

SLENDER BODY 
WUBLET 

DUBLAT 
i 
4 

PANEL @ 

NACELLE IDEALIZED BY 
S LENDER BODY DOUBLETS 
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f i g u r e  116-1. Sample DUBLAT A e r o d y n a m i c  Mode l  



Secord 3 Reqin Gecmet ry Subse t  

I BFGIN GEOMETRY DATA 

Eecord 4 I i f t i n q  S u r f a c e  Pane l  Data 

I L I F T I N G  S U F F K E  CATA - 
Fecords 5-7 d e f i n e  t h e  qeometry o f  a l i f t i n q  s u r f a c e  panel  
and t h e  aerodynamic bcx q r i d  thereon.  These r5cords are 
repeated  to  d e f i n e  a l l  l i f t i n g  su r faces .  

~ ~ ~ o r d  5 Fans1 I d s n t i f  i c a t i o n  and Geometry 
- 

PANFL i d e n t  x l  x2 x3 xQ y i  yo z i  zo  
i 

zi, zo 

= P o s i t i v e  i n t e g e r  or alphanumeric word 
of 1 t o  5 c h a r a c t e r s  which i d e n t i f i e s  
t h e  panel. The i d e n t i f i c a t i o n  o f  each 
l i f t i n q  s u r f a c e  panel  a s s o c i a t e d  wi th  
a  p a r t i c u l a r  d a t a  c a s e  r u s t  be unique. 

= GLOBRL X-coordinates of  t w o  p o i n t s  
d e f i n i n q  t h e  forward and a f t  l o c a t i o c s ,  
r e s p e c t i v e l y ,  o f  t h e  i n b a r d  edqe of 
t h e  pans1 (x l  < x2) . 

= GLOBAL X-coordinates of t w o  po. n t s  
d5f in inq  t h e  forward and a f t  l o c a t i c n s ,  
r e s p e c t i v e l y ,  of t h e  outboard edge of 
t h e  panel  (x3 < xu) . 

= GLOBAL Y-cmrdinates  d e f i n i n q  t h e  inboard  
and outboard panel  edqe l o c a t i o n s ,  
r e s p e c t i v e l y .  

= GLOBAL 2-coordinates  d e f i n i n q  t h e  inboard 
and out  board panel  edqe l o c a t  i o n s ,  
r e s p e c t i v e l y  . 

Each panel  is 3ef ined by f o u r  p o i n t s  such t h a t  t h e  inboard 
and outboard edqes o f  each pane l  a r e  p a r a l l e l  t o  t h e  f r e e  
stream flow. The d i h e d r a l  of each p l a n a r  panel i s  
c a l c u l a t e d  a u t o m a t i c a l l y  from t h e  s p e c i f i e d  qcore t ry .  
A panel  i~ t h o  GLGBAL posi t ive-Y hal f -space  has a p o s i t i v e  
d i h o d r q l  i f  it is l o c a t e d  r e l a t i v e  t o  t h e  X-Y p l a n s  by 
a p o s i t i v e  r iqht-hand r o t a t i o n  about t h e  X-axis. The  
normal t o  a panel  is i n  the d i r e c t i o n  of p o s i t i v e  d i h e d r a l  
meaPllrement. 



Fecord 6 Chordvise  Pane l  D i v i s i u . 1 ~  

I CH06C D I V  cl c2 0. 

= F r a c t i o n  of pane l  cho rd  i n  t h e  r anqe  
0.0 I c i  < 1.0. The list of t w o  or 
more @@tin v a l u e s  must te i n p u t  i n  a 
s t r i c t l y  i n c r e a s i n q  order beqinninq  
w i t h  c l=0.0 and  end ing  wi th  c n = l . O .  

R P C C I I C ~  7 Spanwise Psilo1 D i v i s i o n s  

S F A N  DIV ~1 ~2 ... 
= F r a c t i o n  of p a n e l  s p a n  i n  the r a n q e  

0.0 < si 5 1.0. The list of t w o  or 
more "sim v a l u e s  must be i n p u t  i n  a 
s t r i c e l y  i n c r e a s i n q  c r d e r  beq inn inq  
w i t h  s i = O . O  and  end inq  wi th  s n =  1.0. 
Th i s  r e c o r d  d e f i n e s  one or more s t r i p s  
on t -he  p a n e l  i d e n t i f i e d  ky Record 5.  

Focords 5-7 a r e  r e p s a t e d  t o  d e f i n e  a l l  l i f t i n g  s u r f a c e s  
a s s o c i a t e d  w i t h  t h e  d a t a  c a s e  s p e c i f i e d  by Fecord 2. 

Socords 8- 12 .lef i n 9  i n t e r f e r e n c e  body surfaces. 

Poccrd 8 I n t ~ r f e r e n c e  S u r f a c e  Panel Data 

I INTEFFEPENCE SURFACE DATA 

Fscord 9 Ro3y Tdent i f  i c a t i o n  

= P o s i t i v e  incpqer o r  a lphanumer ic  word 
of  1 +o 5 c h a r a c t e r s  w h i c h  i d e n t i f i p s  
a l l  o r  n a r t  of a n  aerodyrlamic body 
i d p a l i z 3 d  by i n t e r f e r e n c e  p a n e l s  (de f ined  
by subsequent  s e t s  of Kecords 10- 12) . 
The i d e n t i f i c a t i o n  of each  body 
a s s o c i a t e d  w i t h  a  p a r r i c u l a r  d a t a  c a s e  
must be unique.  When d o u b l e t  d a t a  a r e  
a s s o c i a t e d  with a  body, t h e  WIdent" 
s p e c i f i e d  hy Record 14 mus t  be the same 
as  - h e  " i d e n t N  d e f i n e d  ty t h i s  r eco rd .  

Fscords  19-12 a r e  r e p e a t e d  t o  d e f i n e  t h e  i n t e r f e r e n c e  
DaKF1: a s s o c i a t e d  with t h e  body i d e n t i f i e d  b y  Fecord 9. A t  
least two p a r . 9 1 ~  a r e  r e q u i r e d  "-0 d e f i n e  a body. Cver the l e n q t h  



o f  eack panel ,  t h e  body is i m p l i c i t l y  d e f i n e d  t o  have a c o n s t a n t  
a x i a l  cross s e c t i o n .  See f i g u r e  116-1 f o r  a n  i l l u s t r a t i o n  of 
a n  aerodynami c model. 

Fecord 1C Panel I d e n t i f i c a t i o n  and Geometry 

I PANZL i d e n t  x1 x2 x3 XU y i  yo z i  z o  

see Rscord 5 f o r  a d e s c r i p t i o n  of  the  i n p u t  items. The 
i d e n t i f i c a t i o n  o f  each i n t e r f e r e n c e  r a n e l  a s s o c i a t e d  w i t h  
a p a r t i c u l a r  data case must be unique. 

Fecord 1 1  Chordwise Panel Div i s ions  

I CHOhD D I V  cl c 2  ... 
See F.ecord 6 f o r  a d e s c r i p t i o n  of t h e  i n p u t  i t e m s .  

Record 12 spanwise Panel  Div i s ions  

I SPAN DXV Sl s2  . . . 
see Record 7 f o r  a d e s c r i p t i o n  of t h e  i n p u t  items. 

F ~ c o r d s  9-12 a r e  r3peated  t o  d e f i n e  a l l  i n t e r f e r e n c e  
bodies a s s o c i a t e d  w i t h  t h e  d a t a  c a s e  s p e c i f i e d  by Record 
2. Followinq each Record 9 which i d e n t i f i e s  a p a r t i c u l a r  
body, Records 10-12 a r e  repea ted  t o  d e f i n e  a l l  i n t e r f e r e n c e  
pane l s  a s s o c i a t e d  w i t h  t h a t  body. 

Records 13-16 a r e  i n p u t  on ly  i f  bcd ies  a r e  t o  be analyzed 
bv t h s  s l e n d e r  body aerodynamic theory  or i f  t h e  aerodynamic 
model i n c l u d e s  i n t e r f  orence bodies.  I f  Records 8-12 a r e  inpu t ,  
P e c a r d s  13 -16 a r e  requi red .  

&?cord 13 Body Doublet Data 

F~cord  14 Body I d e n t i f i c a t i o n  

sCDY f d e n t  <y z> YDOUBLET 
(zDoumET) 

L 

?.den+. = P o s i t i v e  i n t e g e r  or alphanumeric word 
of  1 t o  5 c h a r a c t e r s  which i d e n t i f i o s  
a complete aerodynamic body doub le t  
or a seqment the reof  t h a t  i s  i d e a l i z e d  
by t h e  a x i a l  p r e s s u r e  d o u b l e t s  de f ined  
by Records 15 and 16. The i d e n t i f i c a t i o n  



of  each body d o u b l e t  a s s o c i a t e d  w i t h  
a p a r t i c u l a r  data case must b e  unique.  
Doublet  d a t a  are a s s o c i a t e d  w i t h  an  
i n t e r f e r e n c e  body when " Iden t  n is t h e  
same as an " iden tn  p rev ious ly -de f  i n e d  
by a Record 9. 

= GLOBAL Y and 2 - c o o r d i n a t e s  d e f i n i n q  
t h e  f r e e  f l ow s t r e a m l i n e  which c o i n c i d e s  
w i t h  t h e  c i r c u l a r  s lender -body a x i s .  
De fau l t  Items: Y=O.O and Z=O.O--the 

body axis  c o i n c i d e s  w i th  
t h e  X-axis. 

= Key-word d e n o t i n q  t h a t  t h e  body i s  
2COIIBLET t o  assume mot ion  i n  t h e  Y-axis d i r e c t i o n  

(YDOUBLST) or  i n  t h e  Z-axis d i r e c t i o n  
(ZPOUBLET) . The key-word d e f i n e s  what 
t y p e  of body s t r u c t u r a l  mode s h a p e s  
s p e c i f i 3 d  by t h e  Modal Data S u b s e t  (sec. 
116.1.3) a r e  i n c l u d e d  i n  the a n a l y s i s .  
Defau l t :  ZDOUBLET 

Record 15 Body A x i s  D i v i s i o n s  

I A X I S  D I V  x l  x2 ... xn 

= The GLOBAL X-coordinate  d e f i n i n g  t h e  
i - t h  l o c a t i o n  a l o n q  t h e  body a x i s  a t  
which t h e  body r a d i u s  is s p e c i f i e d  by 
Record 16. The list of two or more 
X-coord ina tes  must b e  i n p u t  i n  a s t r i c t l y  
i n c r e a s i n q  o r d e r .  The l e n q t h  o f  t h e  
body is d e f i n e d  by t h e  d i f f e r e n c e  (xn- 
x l )  . 

hecord 16 Body Rad i i  

= The body r a d i u s  at t h e  i - t h  body-axis  
l o c a t i o n  s p e c i f i e d  by Record 15. The 
number and sequence  o f  items must 
cor respond w i t h  t h e  number and  sequence  
of body a x i s  d i v i s i o n s  listed i n  Eecord 
15. 

Records 14-16 a r e  repeated t o  d e f i n e  a x i a l  Fressure d o u b l e t  
d i s t r i b u t i o n s  f o r  a l l  aerodynamic b o d i e s  f o r  t h e  d a t a  
c a s e  i d e n t i f i e d  by Record 2. 



Focord 17 End Geometry Subset 

I END GEOMETRY DATA 

  his record  i n d i c a t e s  a l l  g e a n e t r y  d a t a  have been d e f i n e d  
f o r  the c a s e  i d e n t i f i e d  by Record 2. 

1 16.1.2 ~ j f t i q q - s u r f a c e  Rsg$on S u b s e t s  ( o p t i o n a l )  

T h i s  d a t a  s u b s e t  is  reqcired i f  any  of  t h e  fo l lowinq  
c h a r a c t e r i s t i c s  is  e s s e n t i a l  to  a d a t a  case: 

a )  V i b r a t i o n  modes c a l c u l a t e d  by t h e  VIBRATION Processor 
(see sec.  116.1.3) are t o  be associated w i t h  selected 
boxes on t h e  l i f t i n q  s u r f a c e s  d e f i n e d  by Eecords 4- 
7 . 

k) v e l o c i t y  p r o f i l e  m o d i f i c a t i o n s  a s s o c i a t e d  w i t h  l i f t i n q  
s u r f a c e  s t r i p s  a r e  d e f i n e d  by Records 26-28. 

c) Aerodynamic p r e s s u r e  c o r r e c t i o n  d a t a  a s s o c i a t e d  w i t h  
l i f t  i nq  s u r f a c e  boxes a r e  d e f i n e d  by Eecords 29 and  
30. 

~ u b s e t s  of t h e  strips and/or  boxes a s s o c i a t e d  w i t h  t h e  
a s r o d v n a r i c  p a n e l s  p rev ious ly -de f ined  are s p e c i f i e d  by t h i s  
da'a subse t .  Each pane l  s t r i p  and each  box i s  i d e n t i f i e d  by 
.3 ~ i n i q u a  i n t e q e r  number. Both number sequences  beqin  w i t h  
u n i t y .  S e q u ? n t i a l  numbers are a u t o m a t i c a l l y  a s s i q n e d  t o  pane l  
strips beqinninq  wi th  t h e  most i n b o a r d  s t r i p  t o  t h e  most outboard  
s t r i p  of  sach panel .  P a n e l s  a r e  o r d e r e d  a c c o r d i n g  t o  t h e  
seauence  i n  which t h e y  a r e  d e f i n e d  by Record 5. Boxes a r e  
a u t o m a t i c a l l y  a s s iqned  s e q u e n t i a l  numbers beginninq  w i t h  t h e  
most forward box t o  t h e  a f t -most  box i n  each  s t r i p  i n  t h e  order 
of monotonica l ly  i n c r e a s i n q  s t r i p  number. 

Fecord 18 Beqin Subset-Data Subse t  

E e G I N  SUBSET DATA 

Record 19 Tdent if  i c a t i o n  of Subse t  Type 

= Key-word d e n o t i n g  t h a t  subsequent  
Fscords 20 d e f i n e  s u b s e t s  of STRIPS 
o r  s u b s e t s  of BOXES. 



Pccord 20 Subset  D e f i n i t i o n  Record 

SUBSET i d e n t  A T l i s t  
, I 

i d e n t  -- P o s i t i v e  i n t e q e r  or alphanumeric  word 
of 1 t o  5 c h a r a c t e r s  which i d e n t i f i e s  
a subse t .  The i d e n t i f i e r s  of a l l  STKIP 
s u b s e t s  must be unique and t h e  
i d e n t i f i e r s  o f  a l l  BOX s u b s e t s  must 
be unique for a  p a r t i c u l a r  d a t a  case .  

= ATLAS l ist  of  STRIP numbers o r  BOX 
numbers ( p o s i t i v e  i n t  eqers) which are 
t o  be inc luded  i n  s u b s e t  " i d e n t e n  Non- 
e x i s t e n t  STRIP numbers o r  BOX numbers 
qene ra t ed  by A T l i s t  are not  a l lowed.  

A l l  s t r i p s  i n c l u d e d .  i n  a s u b s e t  must 
be de f ined  by two d i s t i n c t  s t r eaml ines .  
That  is, more t h a n  o n s  s t r i p  may be 
inc luded  i n  a s u b s e t  o n l y  i f  t h e  s t r i p s  
are associated w i t h  d i f f e r e n t  c o p l a n a r  
panels .  One panel must be a f t  of t h e  
o t h e r .  Each pane l  must have spanwise 
d i v i s i o n s  d s f i n e d  by Record 7 so t h a t  
t h e  i nboa rd  edqe  and t h e  ou tboard  edqn 
of  each s t r i p  i nc luded  i n  t h e  s u b s e t  
a re  on t w o  common s t r e a m l i n e s ,  
r e s p e c t i v e l y  . 

A 1 1  s u b s e t s  (STRIPS or BOXES) a r e  d e f i n e d  ky r e p e a t i n q  
Fecords 19 and 20. A s u b s e t  t ' ident* d e f i n e d  by Record 
20 r a y  no t  be t h e  same as the s u b s e t  l t identn s p e c i f i e d  
ky 2 subsequent  Record 20. 

5ecord 21  Fqd Sutset-Data  Subse t  

I END STJYSE'X DATA 

This r a c o r d  i n d i c a t e s  a l l  l i f t i n q - s u r f a c e - r e q i o n  s u b s e t s  
hav?  been dof ined. 

T h i s  s u b s e t  d b f i n e s  th? v i b r a t i o n  modes, t tAfCM mode 
s u k s t i t u t e s  o r  r iq id-body modes t o  be a s s o c i a t e d  w i + h  each  
component of the aerodynamic model ( l i f t i n q  s u r f a c e s ,  
i n + e r f e r ~ n c e  surfaces and body d o u b l a t s )  . I f  no modal d a t a  a r e  
ir ,puA, o n l y  t h e  q u a s i - i n v e r s e  m a t r i c e s  would t e  gene ra t ed  by  
~ x e c u t i o n  of t h e  CUBLAT Processor .  



The unsteady aerodynamic downwash a i s t r i b u t i o n  is 
approximated by a l i n e a r  combination of modal displacement 
aqp l i tudes  a t  t h e  l i f t i nq - su r f ace  con t ro l  po in t s  and Sody doublet  
ioca t ions .  The aerodynamic theory  requ i res  t r a n s l a t i o n a l  
Lxxnponents of t h e  v i b r a t i o n  modes t o  be normal t o  t h e  aerodynamic 
surfaces .  Thus, the ana ly s i s  frame a x i s  associa ted  with t h e  
re ta ined  nodal freedoms must be norm1 t o  the aerodynamic 
surface.  The ana ly s i s  frar;w! assoc ia ted  with i n t e r f e r ence  kaodies, 
however, nus t  be t h e  GLOBAL t r i a d .  I n  general ,  both Y and 2 
nodal t r a n s l a t i o n a l  freedoms must be r e t a ined  when ca l cu l a t i ng  
v i b r a t i o n  modal compor~ents f o r  i n t e r 1  erence panels.  The moda 1 
component normal t o  each body i n t e r f e r ence  panel is autonl;ttically 
ex t rac ted  by t h e  DUBLAT Processor. Xodes generated v i a  t h e  
POLYNOMIAL opt ion of t h e  INTERPOLATION Processor fsec. 232.1) a r e  
evaluated i n  GLOaAL X and Y or X and ? coordinates.  

Record 22 Begin Modal Subset 

I BEGIN MODAL DATA 

Record 23 de f ine s  the v ib ra t i on  modes or "AIC8@ m o d e  
s u b s t i t u t e s  t h a t  a r e  to  be uset! i n  the ana ly s i s  of t h e  case 
i d e n t i f i e d  by Record 2. Only one of t h e  two v a r i a t i o n s  of t h i s  
record may be used per d a t a  case.  Variat ion 1 must be used when 
m d e  shape c o e f f i c i e n t s  aenerated by t h e  INTEWPOLATION Processor 
are t o  be be employed i n  t h e  aerodynamic ana lys i s .  Yodes may be 
defined d i r e c t l y  v i a  Var ia t ion 2 f o r  a r i g i d - b d y  aerodynamic 
ana lys i s .  

Record 23  Modal Data 

Name 

Variat ion 1 

= The narne of an in terpola t ion-coef  f i c i c n t  
matrix previously  generated v i a  t h e  
INTERPOLATION Processor (see sec . 2 3 2 . 0 )  . 

I LIFTING SURFACE B s u b e t s  
USE N a m e  WITH INTERQ BODY godies 

BODY DOUBLET Bodies 
i 

SIFTING SURFACE 
INTERF BODY I = Key-word denoting whether "Namew is  t o  
BODY DOUBLET be assoc ia ted  w i t h  L I F T I N G  SURFACES, 

i n t e r f e r ence  bodies (INTERF BODY) or BODY 
DOUBLETS. A p a r t i c u l a r  coefg ic ien t  
matrix may be used w i t h  one or  more of 
the three types  of aerodynamic model  
components, It should be noted t h a t  each 
matrix is  associa ted  with a subset  of 
nodes a l l  of which have the same ana ly s i s  
frame. A GfX)BAL ana ly s i s  frame must be 



Bsubsers 

assoc ia ted  with the c o e f f i c i e n t  matr ix  
used for interference-body panels.  

= A list of box subse t  i d e n t i f i e r s  def ined  
by Record 20. The v i b r a t i a n  modes t o  be 
used with all lifting su r f ace  boxes 
included i n  t h e  l i s t e d  subse t s  are 
i d e n t i f i e d  by t h e  matr ix  "Name.I8 
Geometry compat ib i l i ty  of t h e  
corresponding boxes and the region 
assoc ia ted  with t h e  nodes used t o  d e f i n e  
the rnatrix 8tNamem is a user 
r e s p o n s i b i l i t y ,  A c o e f f i c i e n t  mat r ix  
must be a s s w i a t e d  wi th  each l i f t i n g  
surface box t h a t  is t o  undergo motion. 

= A list of body i d e n t i f i e r s  def ined by 
Record 9 o r  Record 14.  me v ib ra t ion  
modes t o  be used with  the l i s t e d  boffies 
a r e  i d e n t i f i e d  by t h e  nlatrix Vame." 
Geanetry compa t ib i l i t y  of t h e  spec i f i ed  
bodies and the region assoc ia ted  wi th  t h e  
nodes used t o  def ine  the mat r ix  "Namem is 
a use r  r e s p o n s i b i l i t y .  A c o e f f i c i e n t  
matrix must be assoc ia ted  with each body 
that i s  t o  underao motion. 

This record  must be repeated t o  a s s o c i a t e  an i n t e r p o l a t i o n  
c o e f f i c i e n t  natrix w i t h  a l l  l i f t i n g  surface boxes and 
bodies for t h e  aerodynamic model. 

Var ia t ion 2 al lows the u s e r  t o  de f ine  1 t o  6 r i q i d  body 
modal freedoms r e l a t i v e  to  t h e  GLOBAL re fe rence  frame. 

Variat ion 2 RIGID 90DY <x y z> R b t  I mag1 Rbf 2 mag2 . . , 
X I > ~ , Z  = GLOBAL X ,  Y and Z coordinates  def in ing  

t h e  re fe rence  point  t o  be used i n  
generating t he  r i g i d  h d y  modes. 
Default: The o r i g i n  of t h e  GLOBAL frame 

is used as  t h e  re fe rence  po in t .  

Rbf i = Key-word denoting the i-th r i g i d  body 
freedom se l ec t ed  from the l i s t  TX, TY, 
T2, 2X, RY and h Z .  Within each of t h e s e  
key-words, the letter "TW i s  assoc ia ted  
with a t r a n s l a t i o n  freedom and "RW is 
associdtetl  with a ro t , : t ion  freedom 
r e l a t i v e  t o  the GLOBAL X-Y-Z t r i a d .  



= The r e l a t i v e  maqni tude of t h e  i - t h  r i g i d  
body freedom w i t h  r e s p e c t  t o  t h e  
r e f e r e n c e  p o i n t  . Items "Rbf iM and 
18maqiw a r e  i n p u t  i n  p a i r s  1 t o  6 times 
i n  a n  order which d e f i n e s  t h e  s equence  
o f  r i q i d  body modes used  i n  the 
aerodynamic a n a l y s i s .  

F e c o r d  24 Fnd Modal S u b s e t  

I END MODAL DATA 

T h i s  r e c o r d  i n d i c a t e s  a l l  modal d a t a  have been d e f i n e d  
f o r  the casd i d e n t i f i e d  by Record 2. 

1 1 6 . 1 .  ~ ~ ) r i , ~ ~ , , n s g a  Su,bggr ( o p t i o n a l )  

"his d a t a  s u b s e t  c o n t a i n s  t h e  f o l l o w i n q  t y p e s  o f  
i n £  crma ticn: 

3)  T'nlocity p r o f i l e  m o d i f i c a t i o n s  t o  a c c o u n t  f o r  l i f t i n q -  
s u r f a c e  'h ickness  aerodynamic e f f e c t s  on s e l e c t e d  s t r i p  
s u b s e t s .  

t:) A e r o d y n a ~ i c  pressure-dif f e r e n c e  s c a l i n q  and/or  
replacement v a l u e s  a s s o c i a t e d  w i t h  s e l e c t e d  box s u b s e t s .  

If r ? i t h e r  of these  a n a l y s i s  r e f i n e m e n t  o p t i o n s  is d 2 s i r e d ,  
F ~ c c r d s  25-31 shou ld  n o t  be inpu t .  

3 ~ c o r d  25  Beqin Opt ion  Subse t  

B E G I N  OPTTOM DATA 
i 

F e c o r d s  26-28 and Records 29-30 are i n p u t  i n  q roups ,  o n l y  
a s  r j s u i r e d ,  +O modify c a l c u l a t e d  v e l o c i t y  p r o f i l e s  or t o  s c a l e  
a r d / o r  r e n l a c o  c a l c u l a t e d  p r e s s u r e  d i f f e r e n c e s ,  r e s p e c t i v e l y .  

F a c c r d  26 V e l c c i t y  P r o f i l e  Data I d e n t i f i c a t i o n  

VELPCITY PFCFTLES 

V n l o c i t y  p r c f i l e  m o d i f i c a t i o n  d a t a  a r e  d e f i n e d  and l a b e l e d  
5 y  Fecord 27, wh3re3s Record 28 d e f i l i e s  which ~ r o f i l e  
modif ica-icrl d a t a  a r e  t o  be a s s o c i a t e d  w i th  s e l e c t e d  l i f t i n q  
s u r f a c e  S T F I 2  s u b s e t s .  



Record 27 V e l o c i t y  P r o f i l e  Data 

A v e l o c i t y  p r o f i l e  is d e f i n e d  a s  the v a r i a t i o n  o f  vIX)CAL/V 
a lonq  t h e  l o c a l  chord  where VLOCAL i s  t h e  l o c a l  a i r - f l o w  
v e l o c i t y  and V i s  the f ree-s team v e l o c i t y .  The f i r s t  
o r  second d e r i v a t i v e  of t h e  p r o f i l e  a t  t h e  forward  and/or 
a f t  edqes of a n  aerodynamic s t r i p  may o p t i o n a l l y  be 
s p e c i f i e d  i n  a d d i t i o n  t o  v e l o c i t y  p r o f i l e  va lu ,  =s a t  
s e l e c t e d  p o i n t s  on t h e  aerodynamic s t r i p .  'ne v e l o c i t y  
d e r i v a t i v e s  a r e  c a l c u l a t e d  r e l a t i v e  t o  t h e  d i s t a n c e  a lonq  
t h o  l o c a l  chord measured i n  terms of f r a c t i o n  o f  t h e  l o c a l  
chord. 

-- 

i d e n t  P o s i t i v e  i n t e q e r  o r  a lphanumsr ic  word 
of 1 t o  5 c h a r a c t e r s  which i d e n t i f i e s  
a  s e t  of v e l o c i t y  p r o f i l e  d a t a .  The 
i d e n t i f i c a t i o n  o f  each  set of p r o f i l e  
d a t a  a s s o c i a t e d  w i t h  a  articular d a t a  
c a s e  must be unique. 

Key-word DLE1 or  DLEZ d e n o t i n g  whether  
t h e  f i r s t  o r  t h e  second v e l o c i t y - p r o f i l e  
d e r i v a t i v e ,  r e s p e c t i v e l y ,  a t  t h e  l ead inq  
(forward)  odqe of a  s t r i p  i s  to  assume 

t h e  v a l u e  s p e c i f i e d  by "d1e.W Only 
one  o f  t h e  d e r i v a t i v e s  a t  t h e  l e a d i n q  
edqe r a y  be s ~ e c i f i e d .  
Defaul t  : Derivatives no t  s p e c i f i e d  a r e  

c a l c u l a t e d  a u t o m a t i c a l l y .  

Key-word DTEl or  DTE2 d e n o t i n g  whether  
t h e  f i r s t  o r  t h e  second v e l o c i t y -  p r o f i l e  
d e r i v a t i v e ,  r e s p e c t i v e l y ,  a t  the t r a i l i n q  
( a f t )  edqe o f  a s t r i p  is  t o  assume t h e  

v a l u e  s p e c i f i e d  by "dte ."  Only one  
of t h e  d e r i v a t i v e s  a t  t h e  t r a i l i n g  edqe 
may be  s p e c i f i e d .  
Defaul t :  D e r i v a t i v e s  n o t  s p e c i f i e d  a r e  t 

c a l c u l a t e d  a u t o m a t i c a l l y .  i 
f The f r a c t i o n  o f  s t r i p  chord, 0.0 I x i  1 
I 

I 1.0, a t  which t tv i t l  i s  de f ined .  i 
Value of  t h e  v e l o c i t y  p r o f i l e  ( V L O C A L N )  
a t  "x i , "  Items #*xi" and ltvi" a r e  i n p u t  
i n  p a i r s  such t h a t  t h e  n x i u  v a l u e s  a r e  



s t - r i c t l y  i n c r e a s i n g .  A t  l e a s t  f o u r  and 
n o t  more t h a n  26 d i s t i n c t  v a l u e s  of 
Itxi" must be used. 

T h i s  r e c o r d  i s  r e p e a t e d  t o  d e f i n e  a l l  r e q u i r e d  v e l o c i t y  
c r o f  ils m o d i f i c a t i o n  da ta .  

Fecord 2 3  V5 loc i ty  P r o f i l e  Modi f i ca t ions  

[JSE I d a n t  ON Subse t s  

= A velocity p r o f i l e  d a t a  l a b e l  d e f i n e d  
by Record 27. 

S u b s n t 8  = A l is t  of SThIP s u b s e t  i d e n t i f i e r s  
d e f i n e d  by Record 20. The v e l o c i t y  
p r o f i l e  m o d i f i c a t i o n s  i d e n t i f i e d  by 
MIdentN a r e  a p p l i e d  t o  each l i f t i n q  
s u r f a c e  s t r i p  i n c l u d e d  i n  t h e  s p e c i f i e d  
s u b s e t s .  

T h i s  r e c o r d  may be r epea ted .  The u s e r  is c a u t i o n e d  that 
on ly  one  p r o f i l e  m o d i f i c a t i o n  may be  s p e c i f i e d  f o r  a 
p a r t i c u l a r  strip.  A d d i t i o n a l l y ,  i f  more t h a n  o n e  s t r i p  
i s  i r c l u d e d  i n  a s u b s e t ,  t h e  f r a c t i o n s  of s t r i p  chord  
s ~ s c i f i  cd by Eecord 27  are based on t h e  combined chord 
l e n q t h s  of t h e  inc luded s t r i p s .  

Feccrd 2 9  P r e s s u r e  C o r r e c t i o n  Data I d e n t i f i c a t i c n  

PF; ESSUF F CORRECTIONS 

Peccrd  3? P r e s s u r e  Oat a  Modi f i ca t ions  

IJSC f 1 f 2 AS ON Bsubse ts  

Bsuhset s 

= The r e a l  and imaqinary components, 
r e s p e c t i v e l y ,  of a complex number. 
T h i s  number i s  e i t h e r  a scale f a c t o r  
(SCALAR) t o  be a p p l i e d  t o  t h e  c a l c u l a t e d  
non-dimensional p r e s s u r e  d i f f e r e n c e  
o r  it i s  the va lue  of t h e  non-dimensional 
p r e s s u r e  d i f  f  s r e n c e  (PRESSURE) t o  be 
used i n  the analysi ; .  

= A l i s t  of box s u b s e t  i d e n t i f i e r s  d e f i n e d  
by Focord 20. The s p e c i f i e d  complex 
number ( f  1, f  2) w i l l  e i t h e r  s c a l e  (SCALAE) 



or  replace  (PRESSURE) tue pressure 
d i f f e r e n c e  v a l u e  c a l c u l a t e d  for e a c h  
box included i n  the s p e c i f i e d  subse t s .  

This  record may be repeated.  Only one pressure s c a l i n q  
or re~lacern5nt valu? may be s p e c i f i e d  per bcx. 

Record 31 End Option Subset 

I END CPTION DATA 

Addit ional  c a s e s  may be def ined by repeat ing  Records 
t 2-3 1 with a unique i d e n t i f i c a t i o n  number ass igned to each 

c a s e  by Record 2.  

Facord 32 End DUBLAT Data Set 

I FND DUBLAT DATA 

Additional data cases may be input  by repeatinq Kecords 
1-32.  



Tab1 e 1 16-1. Summary of DUBUJ Data .Records 

Table continued on next pags 

.' 
R e f e r e n c e  

P a g e  
C 

116.2 

116.2 

116.6 

116.6 

116.6 

,116.7 

116.7 

116. '. 

116.7 

116.8 

116.8 

116.8 

116. S 

116.8 

116.9 

116.9 

116.10 

116.10 

116.10 

116. !l 

116.11 
; 

Data Records 

B E G I N  DUBLAT DATA 

C A S E n  j 

B E G I N  GEOMETRY DATA 

L I F T I N G  S U R F A C E  DATA 

PANEL i d e n t  x l  x2 x 3  x 4  y i  yo zi zo  

C H O H 3  D I V  c l  c 2  ... 
S Y N  D I V  e l  8 2  .. . 

I N T E R F E R E N C E  S U R F A C E  DATA 

BODY i d e n t  

P A N E L  i d e n t  xl x2 x 3  x 4  y i  yo  z i  eo 

CHORD D I V  c l  c 2  ... 
S P A N  D I V  s l  62 ... 

D O U B L E T  DATA 

BODY I d e n t  <y  z> ZDOUBLIT 
( Y D O U B L E T )  

1 

A X I S  D I V  x l  x2 . . . 
R A D I I  r l  r 2  * * .  

END GEOMETRY DATA 

BEGIN S U B S E T  DATA 

S T R I P S  S U B S E T S  O P { ~ ~ ~ ~ ~  ) 
S U B S B T  i d e n t  A T l i e t  

END S U B S E T  DATA 

b 



I DUBLAT I 

Table 116-1. Summary .of DUBUT Data Records (Contfid. ) 

R e f e r e n c e  
P a g e  

116.22 

116.12 

1115.13 

116.14 

116.14 

116.14 

116.15 

116.16 

116.16 

116.16 

116.17 

116.17 

D a t a  R e c o r d s  

B t G I N  MODAL DATA 

L I F T I N G  S U R F A C E  B s u b s e t s  
USE N a m e  W I T H  I N T E R F  BODY B o d i e e  

BODY DOUBLET B o d i e s  

R I G I D  BODY < x y I >  R b f l  m a g 1  R b f  2 mag2 . . . 
END MODAL DATA 

B E G I N  O P T I O N  DATA 

V E L O C I T Y  P R O F I L E S  

(DLE2 DLE1 d l e ) ( I ) ~ ~ l  d l =  D T E 2  d t e  d te )  XI v l r  • 

U S E  I d e n t  ON S u b s e t s  

PRESSURE CORRECTIONS 

{SCALAR } . ON B m u b s e t .  USE f1 f 2  AS P R E S S U R E  

END O P T I O N  DATA 

END DUBLAT DATA 
I 



I FLUTTER 

12 2.0 FLUTTER CATA 

The f l u t t e r  da t a  set descr ibed he re in  de f ine s  t h e  a l t i t u d e s  
a t  which V-g f l u t t e r  s o l u t i o n s  are t o  be performed and t h e  
s t r u c t u r a l  damping c o e f f i c i e n t s  which nay be e s s e n t i a l  t o  t h e  
f l u t t e r  problem. So lu t i on  of t h e  f l u t t e r  equa t ion  is performed 
b y  the FLUTTEE Processor (sec. 222.0) which u se s  an i t e r a t i v e  
s o l u t i o n  technique based on t h e  automated procedure f o r  computing 
f l u t t e r  eigenvalues a s  published i n  re fe rence  122-1. 

Each se t  of  f l u t t e r  d a t a  is referenced as a CASE. A 
maximum of 36 FLUTTER d a t a  cases may be i d e n t i f i e d  per job. 
Each da t a  set con t a in s  abas i ca  f l u t t e r  da t a  and o p t i o n a l  groups 
of modif ica t ion da t a  which allow v a r i a t i o n s  of t h e  *bas ic*  da ta  
t o  be defined. Each group of modif ica t ion d a t a  is re fe renced  
a s  a change-set (CSET) . A maximum of 9 CSETS may be i d e n t i f i e d  
per  CASE. The degrees of freedom t o  be  used i n  de f in ing  t h e  
f l u t t e r  equat ion may be s e l e c t e d  by t h e  u s e r  t o  be a s u b s e t  
of  the freedoms a s soc i a t ed  with t h e  b a s i c  f l u t t e r  equation.  
A maximum of 8 d i f f e r e n t  sets of freedoms, each set referenced 
a s  a re ten t ion-vec tor  set  (RSET), may be i d e n t i f i e d  p e r  CASE. 
These c a p a b i l i t i e s  a l low v a r i a t i o n s  of t h e  f l u t t e r  ~ a r a m e t e r s  
t o  be i nves t i ga t ed  conveniently,  

P r in tou t  of t h e  f l u t t e r  i n p u t  d a t a  may be requested from 
t ! .c FLUTTER P o s t p r o c ~ s s o r  (sec. 222.1) . 



122.1 INPUT DATA 

Th is  complete d a t a  set is op t iona l .  I f  t h e  d e f a u l t  va lue s  
of  t h e  fol lowing i npu t  d a t a  a r e  accep tab le ,  none o f  t h e  records  
desc r ibed  i n  t h i s  s e c t i o n  should  be input .  

Record 1 Data Set I d e n t i f i c a t i o n  

I BEGIN FLUTTER DATA 

This  record  i n i t i a t e s  execu t ion  of  t h e  FLUTTER 
Preprocessor,  

The *bas icn  f l u t t e r  d a t a  f o r  t h e  CASE i d e n t i f i e d  by Record 
2 are def ined  by Records 3-5, whereas t h e  CSET (change-set) 
data a r e  de f ined  by Records 6-9, 

Fiecord 2 Data Case Number (op t iona l )  

Each set of f l u t t e r  d a t a  is r e f e r enced  as a ca se  which is 
i d e n t i f i e d  by an i n t e g e r  number. I f  mu l t i p l e  sets are used 
i n  a job, each ca se  must be ass igned  a unique number. 

I CASF n <*# t e x t  #> 

T ext  

= Data case number ( i n t ege r )  i n  t h e  range 
1 t o  36, i nc lu s ive .  

= Alphanumeric text of  1 to 80 c h a r a c t e r s ,  
inc lud ing  blanks,  t o  be a s s o c i a t e d  with 
t h e  CAsE denoted by "n," The " t e x t n  
informat ion i s  d i sp layed  with t h e  c a s e  
number when p r i n t e d  or p l o t t e d  f l u t t e r  
ou tpu t  is  reques ted  (see sec. 222.0). 
Default :  P r i n t e d  and p l o t t e d  f l u t t e r  

d a t a  a r e  i d e n t i f i e d  by t h e  
da t a  c a se  number. 

Default  Recard: CASE 1 

I f  b a s i c  CASE da ta  (Records 3-5) a r e  requ i red ,  they  must 
precede Records 6-9.  

hecord 3 A l t i t u d e s  (op t iona l )  

al ,a2,.  . , = L i s t  of 1 t o  8 a l t i t u d e s  i n  the range 
-200,000.0 through 300,000.0 f e e t  (o r  
meters) , i n  any sequence, a t  which 



\?-u f l u t t e r  s o l u t i o n s  are d e s i r e d .  
The s t a n d a r d  a tmosphe r i c  a i r  d e n s i t y  
co r r e spond ing  w i t h  each o f  t h e  s p e c i f i e d  
a l t i t u d e s  is used t o  f a c t o r  t h e  a i r  
f o r c e s  a s s o c i a t e d  w i t h  t h e  f l u t t e r  
problem. The u n i t s  of the s p e c i f i e d  
a l t i t u d e s  must co r r e spond  w i t h  t h e  
sys t em of u n i t s  s p e c i f i e d  by t h e  EXECUTE 
FLUTTER s t a t emen t .  I f  a  Mmatched-point" 
s o l u t i o n  i s  r e q u e s t e d  v i a  t h e  MPS 
parameter ,  o r  i f  t h e  f r e e  s t r e a m  d e n s i t y  
i s  s p e c i f i e d  v i a  t h e  DENSITY pa rame te r  
of t h e  EXECUTE FLUTTER s t a t e m e n t ,  t h i s  
r e c o r d  s h o u l d  n o t  be i n p u t .  

De fau l t  Record: ALTITUDE 0.0 

Record 4 S t r u c t u r a l  Damping C o e f f i c i e n t s  ( o p t i o n a l )  

DAMPING 91 92 ---- 
= The i - t h  damping c o e f f i c i e n t  g r e a t e r  

t h a n  or e q u a l  t o  z e r o  t o  be a s s o c i a t e d  
w i t h  t h e  i - t h  d e g r e e  o f  freedom i n  t h e  
f l u t t e r  equa t ion .  The i-th d i a g o n a l  
e lement  of t h e  s t r u c t u r a l  dampinq m a t r i x  
i s  c a l c u l a t e d  by m u l t i p l y i n g  t h e  i - t h  
d i a g o n a l  e lement  of t h e  s t i f f n e s s  m a t r i x  
by t h e  i - t h  damping c o e f f i c i e n t  s p e c i f i e d  
by t h i s  r e c o r d .  T r a i l i n g  z e r o s  need 
n o t  he  i n p u t .  

De fau l t  Record: No s t r u c t u r a l  damping i s  i n c l u d e d  i n  
t h e  f l u t t e r  equa t ion .  

Fiecord 5 Reten t ion-Vector  set D e f i n i t i o n  ( o p t i o n a l )  

A s u b s e t  of t h e  NDOF degrees  of freedom a s s o c i a t e d  w i t h  
the b a s i c  f l u t t e r  e q u a t i o n  may be i d e n t i f i e d  by t h i s  
record.  A subset .  of such freedoms is r e f e r e n c e d  as a  
r e t e n t  i o n - v e c t o r  set (RSET) and  i s  i d e n t i f i e d  by a n  i n t e q e r  
number. I f  m u l t i p l e  RSFTS a r e  r e q u i r e d  f o r  t h e  CASE 
i d s ~ t i  f i e d  by Record 2,  e ach  RSET must be a s s i q n e d  a  
unique number. 

FSET n  f l  € 2  . . .  
= Ret e n t i o n - v e c t o r  se t  number ( i n t e q e r )  

i n  t h e  ranqe 1 t o  8, i n c l u s i v e .  



f l , f2* . . .  = L i s t  of freedoms t o  be a s s o c i a t e d  w i t h  
r e t e n t i o n  set * n o m  Each nfim is t h e  
i - t h  s e q u e n t i a l  number ( i n t e g e r )  of 
t h e  nbas ic"  sequence  of freedoms 
a s s o c i a t e d  w i t h  the f l u t t e r  equa t ion .  
Thus, l S f i l  NDOF. The freedom numbers 
may be i n p u t  i n  any order .  

De tau l t  Record: RSET 1  1  2 3 . , . NDOF 
T h i s  r e c o r d  is  r e p e a t e d  t o  d e f i n e  a l l  RSETS for t h e  CASE 
i d e n t i f i e d  by Record 2. I f  a p a r t i c u l a r  RSET i s  rede f ined ,  
the l a s t  one s p e c i f i e d  t a k e s  precedence. 

change-se t  m o d i f i c a t i o n  d a t a  f o r  t h e  CASE i d e n t i f i e d  by 
Record 2 are d e f i n e d  v i a  Records 6-9, 

Fecord b C h a n g e - S e t  Data Number ( o p t i o n a l )  

V a r i a t i o n s  of t h e  mbasicn f l u t t e r  d a t a  e s t a b l i s h e d  by 
F w o r d s  3-5 may be d e f i n e d  v i a  change-se ts  (CSETS) . Each 
C S T ,  which is i d e n t i f i e d  by an integer number, c o n t a i n s  
m o d i f i c a t i o n  d a t a  t o  be a p p l i e d  t o  t h e  " b a s i c N  d a t a .  
Tf m u l t i p l e  CSETS a r e  r e q u i r e d  f o r  t h e  CASE i d e n t i f i e d  
by Fecord 2, Records 6-9 are r e p e a t e d  wherein each  CSET 
nus t  be  a s s igned  a  unique number. 

[. CSET n <*# t e x t  #> 

t axt  

= Change-set d a t a  number ( i n t e g e r )  i n  
t h e  r ange  1  t o  9, i n c l u s i v e .  

= Alphanumeric t e x t  o f  1  to 80 c h a r a c t e r s ,  
i n c l u d i n g  b lanks ,  t o  be a s s o c i a t e d  wi th  
t h e  CSET i d e n t i f i e d  by nn.n The '%extn 
in fo rma t ion  is  d i s p l a y e d  wi th  t h e  CASE 
t i t l e  (Record 2) when p r i n t e d  or p l o t t e d  
f l u t t e r  o u t p u t  is reques ted  (see sec .  
222.0). 
Defaul t :  P r i n t e d  or p l o t t e d  CSET d a t a  

a r e  i d e n t i f i e d  by t h e  CSET 
number. 

Dstatrl t  Record: N o  change-set  d a t a  a r e  input .  



Record 7 M a t r i x  M o d i f i c a t i o n s  ( o p t i o n a l )  

D g _ P  ING 

<Mod r 3  c 3  <TO r U  c U  <BY r i 2  c i 2 > >  va12 

<Mod r m  c m  <TO r n  c n  <BY r i n  tin>> v a l n  > 

D U P I N G  = M o d i f i c a t i o n s  are s p e c i f i e d  by t h i s  
r e c o r d  f o r  t h e  m a t r i x  t y p e  
i d e n t i f i e d  by one  o f  these key-words, 
These CSET m o d i f i c a t i o n s  are e f f e c t e d  
p r i o r  t o  a f l u t t e r  s o l u t i o n  by t h e  
FLUTTER P r o c e s s o r  (sec, 222.0) . 

= Key-word t h a t  i d e n t i f i e s  what 
t y p e  of m o d i f i c a t i o n  i s  t o  be made t o  
t h e  e l emen t s  of  the s p e c i f i e d  ma t r ix .  
The f irst  l e t t e r  o f  t h i s  key-word d e n o t e s  
t h a t  s e l e c t e d  e l e m e n t s  a r e  t o  be r e p l a c e d  
( R )  or  s c a l e d  (S). The second le t ter  

o f  t h i s  key-word d e n o t e s  t h a t  o n l y  t h e  
m a t r i x  e l e m e n t s  i d e n t i f i e d  by t h i s  
r e c o r d  a r e  t o  be  changed (A) or t h a t  
t h e  changes  a r e  t o  be made t o  symmstric 
(S) e l e m e n t s  r e l a t i v e  t o  t h e  d i a g o n a l  
of  t h e  mat r ix .  I f  "SH is used,  t h e  
(i , j) and ( j, i) e l e m e n t s  a r e  chaxlged 
acco rd ing ly .  

= I n t e g e r  row number and  column number, 
r e s p e c t i v e l y ,  of t h e  f i r s t  e l emen t  t o  
be changed. 

= I n t e g e r  row number and  column numhir, 
r e s p e c t i v e l y ,  which i d e n t i f y  t h e  l a s t  
e lement  i n  a sequence  o f  e l emen t s  t o  
be changed ( r 2 1 r l  and  c2>c!). A sequence 
of  e l emen t s  is  i d e n t i f i e d  by inc remen t ing  
mr ln  by "r.ilW and "clW by nc i l , l f  I f  
t h e  key-word R S  or SS i s  used, a l l  
e l emen t s  i d e n t i f i e d  by a sequence  must 
be e i t h e r  i n  t h e  upper  or t h e  lower 
t r i a n g u l a r  p o r t i o n  o f  t h e  mat r ix .  



Defaul t :  Only t h e  element i d e n t i f i e d  
by nrlr and  "elm is t o  be 
changed. 

= I n t e g e r  row and column number increments ,  
r e s p e c t i v e l y ,  used t o  e s t a b l i s h  a 
sequence o f  e lements  where O l r i l  S (NDOF- 
1) and OSci 15  (NDOF- 1) . The inc remen t s  
are a p p l i e d  s imul t aneous ly  t o  y i e l d  
t h e  sequence, ( r l ,c l ) ,  (rl+ril ,c l+ci l ) ,  . . ., (rl+j*rl ,cl+j*cil) .  The maximun~ 
v a l u e  of  "j" is  such  t h a t  
r1 + ( j + l ) * r i I > r 2  or 
cl t ( j+ l )  *c i l>c2 .  
Defaul t s :  r i l=l  and cil=O 

v a l l  = The v a l u e  t o  be  used t o  r e p l a c e  ( R )  
o r  scale (S) t h e  m a t r i x  e lements  
i d e n t i f i e d  by t h e  sequence. 

The remaining i t e m s  i n  t h i s  r e c o r d  a l l o w  o t h e r  
m o d i f i c a t i o n s  t o  be made t o  a d d i t i o n a l  e lements  o f  t h e  
matrix.  The items i d e n t i f y  the type  of m o d i f i c a t i o n  t o  
be made, t h e  e lements  t o  be changed and v a l u e  t o  be used 
i n  making +he  change. Changes are e f f e c t e d  i n  a  l e f t -  
t o - r i g h t  order .  M u l t i p l e  changes f o r  a p a r t i c u l a r  element 
a r e  cumulated. 

Caution: Element i d e n t i f i e r s  must be i n  t h e  r ange  1  t o  
NDOF, i n c l u s i v e ,  where NDOF i s  t h e  o r d e r  o f  t h e  
b a s i c  ma t r i ces .  M u l t i p l e  change i n s t r u c t i o n s  
may be d e f i n e d  by t h i s  r e c o r d  provided t h e  maximum 
number of d a t a  icems does  n o t  exceed 250. 

Defaul t  Record: The b a s i c  matrices a r e  not  modif ied 
p r i o r  t o  performing a f l u t t e r  s o l u t i o n .  

This  r eco rd  may be r e p e a t e d  t o  d e f i n e  m o d i f i c a t i o n s  f o r  
+ h e  DAMPING, NASS and STIFFNESS mat r i ces .  Only one record  
of t h i s  type ,  however, is al lowed f o r  each  type  of matr ix .  



Example Recards: 

MASS SA 1 1 TO 5 1 1.10 SS 5 3 1.30 / 

The first 5 e lemen t s  i n  column 1 of t h e  mass m a t r i x  are s c a l e d  
( f a c t o r e d )  by 1.10 p r i o r  t o  s c a l i n g  t h e  e l emen t s  (5,3) and (3,s)  
b y  1.30 

STIFF SS 2 1 TO 5  4 BY 1 1 0.99 / 

The e l emen t s  on two sub-diagonals  of t h e  s t i f f n e s s  ma t r ix  a r e  
s c a l e d  by 0.99 

DAMP PA 3 3 0.00057 / 

The t h i r d  d i a g o n a l  e lement  of t h e  s t r u c t u r a l  damping m a t r i x  
i s  r e p l a c e d  by t h e  v a l u e  0.00057 

Record 8 E e t e n t i o n  Set I d e n t i f i e r s  ( o p t i o n a l )  

A s u b s e t  of t h e  r e t e n t i o n - v e c t o r  sets d e f i n e d  by Record 
5 may h e  a s s o c i a t e d  w i t h  t h e  change-se t  i d e n t i f i e d  hy 
Record 6 ,  

I 6SET Numl Num2 . . . 
Numl ,Num2 = L i s t  o f  r e t e n t i o n  set numbers ( i n t e g e r s )  

t o  be a s s o c i a t e d  w i t h  t h e  CSET i d e n t i f i e d  
by Record 6. Each nNumin must have 
been d e f i n e d  p r e v i o u s l y  by Record 5. 

Defaul t  Record: A l l  RSETS d e f i n e d  by Record 5 w i l l  be 
a s s o c i a t e d  w i t h  t h e  CSET i d e n t i f i e d  
by Record 6 ,  

Record 9 A l t e r n a t i v e  A l t i t u d e s  ( o p t i o n a l )  

A now set  of 1 t o  8 a l t i t u d e s  may be d e f i n e d  for  t h e  
change-se t  i d e n t i f i e d  by Record 6. 

a l , a 2 , .  .. = Same a s  d e f i n e d  f o r  Record 3 

Defaul t  Record: The b a s i c  a l t i t u d e s  s p e c i f i e d  by Record 
3 are used for t h i s  change-set.  

Add i t iona l  cases may be d e f i n e d  by r e p e a t i n g  Records 
2 - 9  w i t h  a unique i d e n t i f i c a t i o n  number a s s i g n e d  t o  each  c a s e  
by Record 2. 



Fecord 10 End Data Set. 

I E N D  FLUTTEK DATA 

A d d i t i o n a l  f l u t t e r  d a t a  cases may be d e f i n e d  by repeat ing  
Fecords 1-10. 

Reference  
Paac 

Table 122-1. Summary of  F l u t t e r  Data Records . .- 

Data  Records 

BEGIN FLUTTER DATA 

CASE n <* # t e x t  # >  
ALTITUDE a l  a2 ... - 
DAMPING g l  92 a-• - 
RSET n f i  f2 ... 
CSET n < * #  t e x t  # >  

DAMPING I- 
MASS {Mod r l  c j  <TO r2 c2 <BY r i i  c i l > >  " a l l  
STIFFNESS J sod r3 c3 . . . > 

where Mod = 

RSET Numl Num2 . . . 
ALTITUDE a l  a2 . .. - 

END FLUTTER DATA - . . 



126.0 GEOMETRY DATA 

Ths GEOMETRY Preprocessor  a l l o w s  t h e  u s e r  to  d e f i n e  and 
c c n t r o l  t h e  three-dimensional  qeometry of one or more components 
o f  a  s t r u c t u r a l  model. T h i s  preprocessor  i n t e r r o g a t e s  and 
stores the  geometry-def in i t ion  data ,  develops  t h e  component 
s u r f a c e  q e o r e t r y  and subsequent ly  e x t r a c t s  r eques ted  in fo rmat ion  
from t h s  genera ted  data.  A l l  i n t e r r o g a t i o n s  of t h e  genera ted  
qecmetry a r e  i n i t i a t e d  by a ~ p s o p r i a t e  nodal  i n p u t  d a t a  t o  t h e  
NcDAL Freprocessor  f o r  d e f i n i t i o n l e x t r a c t i o n  of s u r f a c e  o r  mid- 
s u r f a c e  nodal  c o o r d i n a t e s  (see sec. 146.0). 

s u r f a c e s  are qenera ted  from t h e  i n p u t  d a t a  by numerical  
c u r v s - f i t t i n q  techniques  and by enrichment  of t h e  geometry i n p u t  
da ta .  The c u r v e - f i t t i n g  process  c o n s i s t s  of  pass ing  a  c h a i n  
of cubic-pol ynon~ial ,  curve  segments (a s p l i n e )  tetween a d j a c e n t  
d a t a  ~ c i n t s  such t h a t  s l o p e  and c u r v a t u r e  c o n t i n u i t y  a t  t h e  
p o i n t s  a r e  maintained. The s e l e c t e d  cha in  o f  cub ics  is t h e  
one t h a t  minimizes t h e  c u r v a t u r e  of t h e  e n t i r e  curve  t h a t  passes  
through the correspondinq i n p u t  d a t a  poin ts .  O ~ t i o n a l ,  user-  
c c n t r o l  of s l o p e  and c u r v a t u r e  between c h a i n s  i s  provided so 
t h a t  su r f  ace  d i s c o n t i n u i t i e s  may be defined.  

Sur face  geometr ies  a r e  de f ined  by m u l t i p l e  views of 
s e l e c t ~ d  c o n t r o l  curvzs.  Each c o n t r o l  cu rve  i s  i n p u t  a s  a  
s e r i e s  of cu rve  seqments t h a t  may be s t r a i g h t ,  c i rcula :  or 
cubic. General,  i n t e r s e c t i n g  and n o n - i n t e r s e c t i n g  curved 
s u r f a c e s  [nay be defined.  

A rraxrmum of 61 components may be i d e n t i f i e d  p e r  job. 
Each conponent may be used n n y  times in d e f i n i n g  a  p a r t i c u l a r  
mcdel and each component may be a s s o c i a t e d  wi th  d i f f e r e n t  nodal  
d a t a  sets (SPC. 146.0) . 

The gtometry d a t a  set  i s  comprised of o n l y  one d a t a  s u b s e t  
b y  whizh one o r  more components is def ined.  o ~ t i o n s  a r e  provided 
f o r  d e f  i n i n q  components that requ i re  d e t a i l e d  geometr ic  d a t a  
and f o r  components t h a t  on iy  r e q u i r e  a  minimal amount of d e t a i l .  
Direct i n t e r r o q a t i o n  of t h e  i n p u t  and qenera ted  geometries  
cannot  be performed by t h e  user .  V e r i f i c a t i o n  of t h e  e x t r a c t e d  
ncda l  coord ina tes ,  however, may be performed v i a  p r i n t o u t  f tom 
t h e  NOCAL Postprocessor  (sec. 246.1) and v i a  p l o t s  genera ted  
by t h e  EXTRACT and GMPHICS Postprocessors  (sec. 218.0 and 
228.0) 



126.1 INPUT DATA 

Geometry d a t a  are r equ i r ed  on ly  if t h e  u se r  elects t o  
def ine /qenera te  soce or a l l  of the nodal  coo rd ina t e s  f o r  a model 
based on i ts  s u r f  ace geometries. Input-record data de f in ing  
component geometries  f o r  t h i s  purpose must precede t h e  
corresponding nodal  da ta .  No o t h e r  d a t a  set must precede t h i s  
d a t a  set i n  t h e  i n p u t  stream. 

G m e t r y  d a t a  f o r  a component s u r f a c e  a r e  de f ined  and 
developed r e l a t i v e  t o  a l o c a l ,  right-handed, r e c t angu l a r  
coord ina te  system x-y-z. Each compnen t  i s  ass igned  a d i f f e r e n t  
label f o r  i d e n t i f i c a t i o n  purposes. The same l a b e l  is used t o  
name the nodal  inpu t  r e fe rence  frame (sec. 146.0) when nodal  
c co rd ina t e s  are e x t r a c t e d  from t h e  geometry d a t a  f o r  a p a r t i c u l a r  
coaponent. Nodes def ined i n  t h i s  manner a r e  a s s o c i a t e d  w i t h  
a unique component (and geometry). Thus, i n t e r r o g a t i o n  of a 
coaponent geometry is i n i t i a t e d  by t h e  NODAL Preprocessor by 
a on?-to-one correspondence of t h e  nodal- input  frame name and 
t h e  c o n ~ o n e n t  name. The o r i e n t a t i o n  of one component r e l a t i v e  
t c  ancther  component (and r e l a t i v e  t o  the GLOBAL frame) is 
e s t a b l i s h e d  by t h e  s e l e c t e d  o r i g i n s  and o r i e n t a t i o n s  of the 
~ ~ r r e ~ ~ ~ n d l n q  nodal- data i n p u t  r e f e r ence  frames. 

A s e t  of components may be a s s o c i a t e d  wi th  one o r  more 
ncdai data sets. A maximum of 61 components may te  def ined  
v i a  t h e  GEOMETRY Preprocessor  per job and a maximum o f  6 1  
components may be re fe renced  by a p a r t i c u l a r  nodal  d a t a  set. 

The qeometry of a component s u r f a c e  is s p e c i f i e d  by user- 
s e l e c t e d  l o n q i t u d i n a l  and c ro s s - s ec t i on  c o n t r o l  curves  t h a t  
d e f i n e  the sur face .  Each c o n t r o l  curve  is def ined  by p o i n t s  
and curve segments i n  two-dimensional views r e l a t i v e  to an x- 
y - z  re fe rence  frame. 

Lonqitudinal  c o n t r o l  curves  a r e  used t o  d e f i n e  l o c a t i o n s  
of su r f ace  d i s c o n t i n u i t i e s  and t o  i d e n t i f y  l o c a t i o n s  a t  which 
nodal coord ina tes  are t o  be ex t r ac t9d  by t h e  NODAL Preprocessor  
(sec. 146.0) . General ly,  these  cu rve s  s e p a r a t e  reg ions  on t h e  
surtace where d i f f e r e n t  curve-f i t t i n q  rules and c o n s t r a i n t s  
a re  required f o r  su r f ace  genera t ion .  The l o n g i t u d i n a l  a x i s  
of a mmponent def ined by d e t a i l e d  geometry d a t a  (sec. 126.1. 2.1) 
m u s t  be t h e  x-axis ,  whereas t he  l onq i t ud ina l  a x i s  of a component 
de f ined  by s i m p l i f i e d  geometry d a t a  (sec. 126.1.2.2) must be 
tha y-axis. A l onq i t ud ina l  c o n t r o l  curve  is  def ined  by its 
s i d e  view and top view as i l l u s t r a t e d  i n  figures 126-1 and 126- 
2. To assure  t h a t  a smooth, cont inuous  s u r f a c e  is qenera ted ,  



I GEOMETRY I 

i t  is necessary  t h a t  both  views of each l o n g i t u d i n a l  cu rve  a r e  
smooth and continuous.  

c r o s s  s e c t i o n s  of a component a r e  e s t a b l i s h e d  a t  s e l e c t e d  
l o n q i t u d i n a l  l o c a t i o n s  by i n p u t  o f  "true-view* c r o s s - s e c t i o n  
c c n t r o l  curves.  For a "detai led-qeometryn component, t h e s e  
curvos  a r e  d e f i n e d  i n  p lanes  t h a t  a r e  pe rpend icu la r  t o  t h e  x- 
z plane as  shown i n  f i g u r e  126-1. A d d i t i o n a l l y ,  t h e  cross- 
s e c t i o n  p lanes  a r e  pe rpend icu la r  e i t h e r  t o  t h e  x-axis  or to  
a c ross - sec t ion-ax i s  c o n t r o l  cu rve  d e f i n e d  by  t h e  u s e r  (see 
f i q ,  126-1) .  A s e c t i o n  a x i s  must be conta ined wi th in  t h e  x- 
z plane. For a l ~ s i m p l i f  ied-geometryw component, c r o s s - s e c t i o n  
p lanzs  rrust be perpend icu la r  to  t h e  y-axis  a s  shown i n  f i g u r e  
126.2, 



Long i tud i nal  A& 

L L o n p i  tud  i n a l  Curves 

Optional  Section-Axis Contro l  Curve A 

Typical  
Sect ion Contour 

F igure  126-1. Reference Frame and Control Curves f o r  Deta i  l e d  Geometry 
Components 



Longitudinal  Ax i s  

Control  Curves 

\ Cross-Sect ion Control  Curve 
(Typical  ) 

A ( o r  B )  LC1 ( o r  LC2 1 

The point  w i t h  i n f i n i t e  1 ' ,- slope i s  mapped t o  LC? 

i s  mapped t o  LC1 
X 

-- 
7 

Typical  Section Contour a t  "cordn 

F igure 126-2. Reference Frame and Control  Curves f o r  S imp1 i f ied 
Geometry Components 



~ a c h  two-dimensional view of a c o n t r o l  curve i s  def ined 
a s  a s e r i e s  of s t r a i g h t ,  c i r c u l a r  andlor  cubic  curve segments 
with op t iona l  s lope  and curvature  cons t r a in t s .  A l l  curve 
sequentre iire defined by one type of input-data  record and a l l  
c c n s t r a i n t  da t a  are s p e c i f i e d  by another  t ype  cf record. These 
t w c  types of records may be used i n  s eve ra l  p laces  wi thin  a 
geometry data  s e t .  Thus, t h e  formats of t h e s e  records a r e  
presented here and referenced a s  Record A and Record B i n  t h e  
subsequent data-record descr ipt ions .  Examples of t he se  records 
a r e  shown by f i g u r e  126-3. Since t h e  c o n t r o l  curves are defined 
r e l a t i v e  t o  d i f f e r e n t  p lanes  assoc ia ted  wi th  t h e  l o c a l  x-y-z 
refarence frame, t h e  followinq d i scuss ion  i d e n t i f i e s  t h e  input  
frame as u-v-w wherein t h e  assoc ia t ion  wi th  t h e  x-y-z t r i a d  
i s  es takl ished by the type cf view. 

Record A--Contrpl Curve Def in i t ion  

Th i s  record dsf  ines  t h e  two-dimensional l o c i  of a c o n t r o l  
curve i n  terms of one o r  more curve segments through 
se lec tad  points  e s t ab l i shed  by u-v coordinates.  

I Segl Soq2 ... Seqn 

= The i-th list of 3 or more items def in inq  
t h e  i - t h  curve segment. aSegin must 
be cne of the following: 

STRAIGHT u l  v l  <u2 v2 ... un vn> --- 
CUBIC u l v l  u 2 v 2  t u 3 v 3  ... 
CIRCLE u l  v l  <u2 v2> uc vc 
CIRCLE u l  v l  <u2 v2> r 
CJ_RCLE uc vc r 

The t y p e  o f  curve seqment is i d e n t i f i e d  
by t h e  key-word and t h e  remaining i t e m s  
de f ine  t h e  geometr ical  po in t s  t o  be 
used i n  f i t t i n g  t h e  con t ro l  curve. 

ui,vi--The u-v coordinates  of a point  through 
which  t h e  segment passes  

uc, vc--The u-v coord ina tes  of t h e  cen te r  of 
a c i r c u l a r  a r c  

r--Ra 1s of a c i r c u l a r  arc. This  i ten;  
r. % i t h e r  be p o s i t i v e  o r  neqat ive  t o  
o r i e n t  an arc segment r e l a t i v e  t o  t h e  
curve i t s e l f  and r e l a t i v e  t o  t h e  u-v 
axes. A p o s i t i v e  r ad ius  places  t he  
cen te r  of curva ture  on t h e  r iqht-hand 



I GEOMETRY I 

side of t h e  v e c t o r  that goes between 
t w o  s u c c e s s i v e  p o i n t s  used t o  d e f i n e  
t h e  curve  (e.g, p o i n t s  PI and P2 i n  
the fo l lowing s k e t c h e s ) .  A n e q a t i v t  
r a d i u s  p l a c e s  the c e n t e r  of  c u r v a t u r e  
on t h e  le f t -hand s i d e  of the vec to r .  

i ARC SEGIIEWT l l T H  
POSITIVE IIAOIUS 

Afiy combication o f  up t o  99 STRAIGHT, CIRCLE and CUBIC 
segments may be used t o  d e f i n e  t h e  t r a c e  of  a  c o n t r o l  
curve. Each t r a c e  must be cont iquous  and a u s t  be 
s p e c i f i e d ,  i n  a  p o s i t i v e  o r d e r ,  from t h e  beginning to 
t h e  2nd of  th2 curve. P o s i t i v e  d i r e c t i o n s  of t h e  c o n t r o l  
curves are i d e n c i f  i e d  where Record A i s  referenced.  

v 

The u l ,  v l  c o o r d i n a t e s  s p e c i f i e d  f o r  %egi*  d e f i n e  t h e  
beqinninq po in t  of t h e  i - t h  segment and the end p o r a t  
of rhe (i- 1) segment. The c o o r d i n a t e s  o f  t h e  l a s t  p o i n t  
used t o  6 e f i n e  a  cu rve  a r e  s p e c i f i e d  by t h e  items u2, 
v2 or un, vn. Thus, f o r  example, a c u r v e  comprised o f  
acy combination of segment t y p e s  t h a t  passes  through t h r e e  
rcints  r e q u i r e s  on ly  s i x  c o o r d i n a t e s  t o  be input .  

C e r t a i n  c h a r a c t t r i s t i c s  o f  each t y p e  of curve  seqment 
a r e  a s  fo l laws:  

v 

P I  

STRAIGHT--Hay be s p e c i f i e d  t o  Fass throuqh two 
o r  more points .  

ARC SEGMENT WITH 
NESATI VE RADIUS 

CUBIC--A chain  of c u b i c s  nay he s p e c i f i e d  t o  
p a s s  through three o r  mcre po in t s .  

"IRCLE--Ganerally, a n  a r c  segment i s  de f ined  
by i t s  c e n t e r  (uc,vc) o r  r a d i u s  (r) 
and its two end po in t s .  The o r i e n t a t i o n  
of an a r c  seqment d e f i n e d  by i t s  r a d i u s  
i s  e s t a b l i s h e d  by t h e  sign of @rn a s  
descr ibed above. t i  semi -c i rc le  must 
t e  def ined by s p e c i f y i r q  i t s  radius .  



The c@ion f o r  *Segir denoted by 
CIRCLE UC vc r 
is a p p l i c a b l e  on ly  f o r  t h e  s i m p l i f i e d ,  
qeometry i n p u t - d a t a  o p t i o n  (sec. 
1 2 6 , 1 , 2 2 ) .  In this case ,  t h e  c o n t r o l  
cu rve  i s  comple te ly  d e f i n e d  by o n e  
segment . 
circles and arc segments are mapped 
i n t o  c h a i n s  of c u b i c  e q u a t i o n s  by t h e  
GEOMETRY Preprocessor ,  Each a r c  segment 
is s imula ted  by f i t t i n g  a c u b i c  s p l i n e  
through 10 equal ly-spaced p o i n t s  
genera ted  by t h e  proqram. Caut ion  must 
t h e r e t y  be  e x e r c i s e d  when i n t e r r o g a t i n g  
q e o m t r y  d a t a  d e f i n e d  by  CIRCLE segments. 

hecord E--Curve Seqment C o n s t r a i n t s  

This  r e c o r d  is used t o  e n f o r c e  slope and c u r v a t u r e  
c c n s t r a i n t s  a t  selected p o i n t s  on CIRCLE and CUBIC seqments 
of t h e  c o n t r o l  c u r v e  d e f i n e d  by t h e  immediately preceding 
Record A. C o n s t r a i n t s  may be s p e c i f i e d  a t  curve-segment 
boundary p o i n t s  or a t  p o i n t s  w i t h i n  c u r v e  seqments. I f  
Record B is no t  i n p u t ,  s lope  c o n t i n u i t y  a t  a l l  curve- 
seqment boundary p o i n t s  is a u t o m a t i c a l l y  enforced. 
Geometry a l t e r a t i o n s  cr c o n s t r a i n t s  may n o t  be a p p l i e d  
t o  STRAIGHT seqments. 

Coni = The i - t h  list of 3 o r  more i tems d e f i n i n q  
t h e  i - t h  c o n s t r a i n t .  nConiw must be  
one of the fol lowing:  

[ ~ ~ E R U R E  Cord Vals  

Cord--A u-coordinate t h a t  i d e n t i f i e s  t h e  
l o c a t i o n  of  a p o i n t  on t h e  c o n t r o l  curve  
a t  which e i t h e r  t h e  SLOPE or the 
CURVATURE ( r e c i p r o c a l  o f  radius-of- 
cu rva tu re )  i s  s p e c i f i e d  by nVals.m 
C o n s t r a i n t s  f o r  a cu rve  may be i n p u t  
i n  any  order .  



Valse-A list of one or more i tems which must. 
be one of the fol lowing:  

valuei--The v a l u e  of t h e  SLOPE o r  CURVATURE 
t o  be enforcec? a t  t h e  p o i n t  e s t a b l i s h e d  
by "Cord. I@ A p o s i t i v e  s l o p e  corresponds  
t o  a p o s i t i v e  va lue  of  dvldu. The key- 
word INFINITE may be i n p t  f o r  n v a l u e i n  
t o  denote an  i n f i n i t e  s lope.  Curvatures 
may be p o s i t i v e  or n e g a t i v e  t o  d e f i n e  
t h e  proper  o r i e n t a t i o n  of  t h e  c u r v e  
r e l a t i v e  t o  t h e  u-v axes. The s i q n  
s p e c i f i e d  f o r  a c u r v a t u r e  is t r e a t e d  
i n  t h e  same manner a s  t h e  s i q n  a s s o c i a t e d  
wi th  a CIRCLE r a d i u s  a s  d i s c u s s e d  above. 

--Key-words t h a t  i d e n t i f y  t h e  INCOMING 
and OUTGOING segments of the curve  a t  
a seqment-boundary i n p u t  point .  The 
d i r e c t i o n  of t h e  c u r v e  is e s t a b l i s h e d  
by Record A. SLOPE or CURVATURE va lues  
may be enforced  on t h e  INCOMING s i 3 e  
and/or  t h e  OUTGOIiqG s i d e  a s  denoted 
by t h e  fo rego ing  t h r e e  c ~ t i o n s .  



C l  RCULAR WITH = .25 
CIRCULAR 

r = 1.5 (13..6.) 

SLOPE = 1.0 
a f l  SLOPE = 0. w RCULAR 

= 4.0 F s w l w T  il CUBIC 

Two-Dimensional Loci o f  a Control Curve 

hEGGhP,E--ConZg~&,Su,rve Cof i n i t  ion 

C I l i  2. 5. -4. CIR 5. 5. 1.5 CUB 8. 5. 10. 5. 
I 12.  7. 1 3  6. SIR 14.  6- 16. 3 .  
L'UE18. 6. 20. 6.  23. 8.26. 6. 1 

PECC6C i - - C u r v e  Segment gonstra Ants ---------------- ---- ------ --- 
SLC 20. I N C  0. OUT 1.0 CUR 23. - 2 5  SLO 2 6 .  0 .  / 

Figure 126-3. Example Control-Curve-Def in i t  i on and Curve-Segment 
Constraint Records 
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Record 1 Cata S e t  I d e n t i f i c a t i o n  

I BEGIN GECMETRY DATA 

This record  i n i t i a t e s  executj-on of the GECMETRY 
Preprocessor .  

Cptions a r e  provided f o r  d e f i n i n g  components t h a t  r e q u i r e  
d e t a i l e d   so so metric d a t a  and f o r  components t h a t  r e q u i r e  o n l y  
a minimal amount of d e t a i l .  E i t h e r  t h e  d e t a i l e d  geometry-data 
o p t l o n  (3ecords 2-14) or t h e  s i m p l i f i e d  d a t a  o p t i o n  (Records 
15-26) may be used t o  d e f i n e  t h e  geometry of a component. The 
p r i n a r y  a f t e r z n c e s  between t h e s e  o p t i o n s  a r e  a s  follows: 

a) user - se lec ted  number of longitudinal curves  a r e  input  
t o  d e f i n e  a d e t a i l e d  geometry, whereas only  t w o  
l o n q i t u d i n a l  c u r v e s  a r e  used t o  d e f i n e  a s imple  
qeometry. 

b) There i s  a n  o p t i o n  t o  have t h e  GEOMETRY Preprocessor  
au tomat ica l ly  ENRICH t h e  number of l o n g i t u d i n a l  curves  
for a d e t a i l e d  geometry by g e n e r a t i o n  of a d d i t i o n a l  
c o n t r o l  curves. Enrichment i s  r e q u i r e d  f o r  a s i m p l e  
qeometry. 

C )  A c r o s s - s e c t i o n  a x i s  may be d e f i n e d  v i a  Records A and 
a f o r  a d e t a i l e d  qeometry. I n  t h i s  c a s e ,  t h e  i n p u t  
c ross - sec t ion  c o n t r o l  cu rves  l i e  i n  p lanes  t h a t  a r e  
normal t o  t h e  s e c t i o n  ax i s .  I f  no s s c t i o n  a x i s  is 
d z f i n e d  o r  i f  t h e  s i n p l e  geometry o ~ t i c n  is selpcted, 
all i n p u t  c r o s s - s e c t i o n  c u r v e s  l i e  i n  p lanes  t h a t  a r e  
normal to  t h e  l o n q i t u d i n a l  a x i s .  

d )  A detai led-geometry component may have  open or c losed  
c r o s s - s e c t i o n  con tours ,  whereas a simple-geometry 
component must have c losed  sect-ion contours .  

e )  Tnere i s  a n  op t ion ,  on ly  f o r  s imple  geometr ies ,  t o  
r c t a t  e t h e  inpu t  c r o s s - s e c t i o n  c o n t r o l  curves a f t e r  
they a r e  defined. R o t a t i o n s  a r e  e f f e c t e d  w i t h i n  t h e  
p lane  of t h e  c o n t r o l  cu rve  and about  a u s e r - s e l e c t e d  
p o i n t  w i t h i n  t h e  plane. 



The number o f  c o n t r o l  c u r v e s  u sed  to  d e f i n e  t h e  qeometry 
of a component by e i t h e r  o p t i o n  must s a t i s f y  t h e  e x p r e s s i o n  

where NLC i s  t h e  numbsr of l o n g i t u d i n a l  c o n r r o l  c u r v e s  and  NCS 
i s  +he numoer o f  c r o s s - s e c t i o n  c o n t r o l  curves .  

N o a - i n t s r s e c t i n q  and i n t e r s e c t i n q  cu rved  s u r f a c e s  may 
be d e f i n e d  v i a  e i t h e r  t h e  d e t a i l e d  geomet ry  data or t h e  s i m p l e  
geometry d a t a .  Surf a c e  a n d l o r  mid-sur face  n o d a l  c o o r d i n a t e s  
may be subsequen t ly  e x t r a c t e d  f o r  components d e f i n e d  i n  e i th9r  
mann2r. Mid-surface nodes may be d e f i n e d  for c c m ~ o n e n t s  w i t h  
oFen o r  c l o s e d  s e c t i o n  c o n t o u r s  (see sec. 146.0). 

126.1.2.1 D e t a i l e d  Geoffetry Data 

If tnz component i s  t o  te  d e f i n e d  v i a  s i a ~ l e  qeometry 
d a t a ,  Records  2- 1 4  shou ld  n o t  be i n p u t .  

Reccrd 2 Component I d e n t i f i e r  

E E G I N  COMEONENT <label> 

= An a lphanumer ic  word o f  1 t o  7 c h a r a c t e r s  
t h a t  i d e n t i f i e s  t h e  component d e f i n g d  
by Eiecords 3- 14 and i d e n t i f i e s  the  l o c a l  
x-y-z  r e f e r e n c e  f rame used to  d e f i n e  
t h a t  component. I f  more t h a n  one 
component i s  required t o r  a  p a r t i c u l a r  
job, each  4glabeln must be d i f f e r e n t .  
The word INPUT may n o t  be used  f o r  
nlaDel .  
3ef  a u l t :  GLOBALo-this key-word is 

a s s o c i a t e d  w i t h  a component 
t h a t  i s  d e f i n e d  r e l a t i v e  t o  
t h e  GLOBAL frame. 

A r raximu~ of 30 l o n q i t u d i n a l  c o n t r o l  c u r v e s  may bs used 
t o  clef i n e  a de ta i led-qeomotry  component. Each cu rve  is  assigned 
a unique  l a b e l  f o r  subsequent  i d e n t i f i c a t i o n ,  The  o r d e r  i n  
w h i c h  t F +  c u r v e s  a r e  described must be s e q u e n t i a l  from on? edge 
of the s u r f a c e  t o  t h e  o t h e r  edge (see f i q ,  126-1)  . I t  shou id  
be noted  t h a t  i f  t h e  component h a s  closed c r o s s - s e c t i o n  c o n t o u r s ,  
t h o  l o n q i t u d i n a l  c o n t r o l  c u r v e s  d e f i n e d  by s i m i l a r  c o o r d i n a t e s  
must be i n p u t .  The sequence  i n  which t h e  l o n q i t u d i n a l  c o n t r o l  
c u r v e s  a r e  i n p u t  e s t a b l i s h e s  t h e  o r d e r  i n  which t h e  c u r v e  
segments  i or each of t h e  c r o s s - s e c t i o n  c o n t r o l  c u r v e s  a r e  i npu t .  



Tha S I D E  view of each l o n g i t u d i n a l  c o n t r o l  cu rve  used 
t o  de sc r i be  t h e  component i d e n t i f i e d  by Record 2 is  def ined  
by repea t ing  Records 3 and 4. Each curve is i d e n t i f i e d  by 
Record 3 and t h e  curve  seqments a r e  de sc r i bed  by Record 4. 

Record 3 S ide  V i e w  of  a Longi tudinal  Curve 

I SIDE VIEW name 

name = An alphanumeric word of  1 t o  10 
c h a r a c t e r s  t h a t  i d e n t i f i e s  t h e  
l o n g i t u d i n a l  c o n t r o l  curve  desc r ibed  
by Record 4. The words LC1 and LC2 
rnay not  be used. Each rnnarnew a s s o c i a t e d  
with a component must be d i f f e r e n t .  

Record 4 Sid5-View Def in i t i on  of Lonqi tud ina l  Curve 

Eecord A o r  Records A and B 

The  d i r e c t i o n  of t h e  curve d e t i n e d  by Record A must be 
along t h e  x-axis. The curve must a l s o  be s ingle-valued 
with r e s p e c t  t o  x. Data i n p u t  by t h e s e  r ecc rd s  are:  

= x-coordinate o f  a p o i n t  used t o  d e f i n e  
t h e  curve  segments f o r  t h e  s i d e  view 
of t h e  c o n t r o l  curve. 

v = Corresponding z-coordinate  of t h e  point .  

va lue  = P o s i t i v e  s l o p e s  correspond t o  p o s i t i v e  
va lues  of  dz /dx. 

Records 3 and 4 a r e  repeated  t o  d e f i n e  a t  l e a s t  2 
l ong i t ud ina l  curves. 

The TOP views of each l o n q i t u d i n a l  c o n t r o l  curve  desc r ibed  
by Records 3 and 4 a r e  de f ined  by Records 5 and 6. The o r d e r  
i n  which t h e  curves  a r e  descr ibed by t he se  r eco rds  need no t  
correspond to  t h e  o rder  i n  which t h e y  a r e  desc r ibed  by Records 
3 and 4. kecords 5 and 6 need not be i n p u t  f o r  a curve whose 
t o p - v i e u  is cc inc iden t  wi th  t h e  x-axis. 

Record 5 Top V i e w  of  a Lonqi tudinal  Curve 

= The "nameM p rev ious ly  ass igned t o  a 
c o n t r o l  curve by Record 3. The TOP- 



view t r a c e  o f  t h i s  cu rve  is d e s c r i b e d  
by Record 6. 

Record 6 Top-View C e f i n i t i o n  of Lonqi tudinal  Curve 

I Record A o r  Records A and B 

The d i r e c t i o n  of t h e  curve  d e f i n e d  by Record A must be  
alonq t h e  x-axis .  The curve  must a l s o  be s ing le -va lued  
with r e s p e c t  t o  x. Data i n p u t  by t h e s e  r ecords  are: 

= x-coordinate o f  a  p o i n t  used  t o  d e f i n e  
t h e  curve  seqments f o r  t h e  t o p  view 
of t h e  c o n t r o l  curve. 

v = Correspondinq y-coordinate of  t h e  point .  

va lue  = P o s i t i v e  s l o p e s  correspond to  p o s i t i v e  
v a l u e s  o f  dy/dx. 

Fecords 5 and 6 a r e  repeated  t o  d e f i n e  t h e  t o p  view o f  
each l o n q i t u d i n a l  c o n t r o l  curve. By d e f a u l t ,  t h e  t o p  view o f  
a c u r v z  is assumed t.o be t h e  x-axis. 

Record 7 Enrichnent  of Longi tudinal  Curves ( o p t i o n a l )  

The us, . may reques t  a rraximum of 70 a d d i t i o n a l  
l o n q i t u d i n a l  curves  t o  be genera ted  between s e l e c t e d ,  
user- defined,  l o n q i t u d i n a l  curves.  The a d d i t i o n a l  cu rves  
a r e  qenera ted  v i a  a  cub ic  i n t e r p o l a t i o n  technique.  These 
curves a r e  equal ly-spaced on t h e  s e c t i o n  ccn tour  between 
t h e  s e l e c t e d ,  inpu t ,  c o n t r o l  curves.  T h i s  o p t i o n  provides  
a convenient  method o f  i n c r e a s i n g  t h e  nunber of c o n t r o l  
curve p o i n t s  on a s e c t i o n a l  c u t  f o r  e x t r a c t i o n  of 
a d d i t i o n a l  nodal  coord ina tes  ( r e f ,  sec. 146.0) . 
Var ia t ion  1 ENRICH BY num 

num = I n t e g e r  n-er of a d d i t i o n a l  c o n t r o l  
cu rves  t o  be qenera ted  between each 
p a i r  o f  user-  def ined  l o n g i t u d i n a l  curves.  

Var ia t ion  2 
r 

ENRICH Name1 TO Name2 BY numl 
< N a m e 3  TO Name4 BY num2 

a 

N a m e m  TO Namen BY nuak> 



Namei 

numi 

= The p r e v i o u s l y  ass igned  t o  a  
l o n q i t u d i n a l  c o n t r o l  cu rve  by Record 
3 8 

= I n t e g e r  number o f  cu rves  t o  be  generated 
between each p a i r  of user-def i n e d  c o n t r o l  
curves  inc luded  i n  t h e  i - t h  sequence 
of cu rves  i d e n t i f i e d  by nNamel and 
"Name2, nName3t* and *Name4," etc. 

Defaul t  Items: Addi t iona l  c u r v e s  are n o t  qenera ted  
between t h e  user-def ined  c o n t r o l  cb-ves 
t h a t  a r e  n o t  i d e n t i f i e d  by t h i s  record. 

Eitn2r V a r i a t i o n  1  o r  V a r i a t i o n  2 cf t h i s  record  may be 
used f o r  a  p a r t i c u l a r  component. V a r i a t i o n  2 of t h i s  
record may be repeated .  

Default Record: No enrichment of t h e  i n ~ u t  l o n q i t u d i n a l  
c o n t r o l  curves  is  perf  or red .  

dross-seccicn  c o n t r o l  cu rves  a r e  de f ined  r e l a t i v e  to 
plsnos  Qich a r e  normal e i t h e r  t o  the l o n g i t u d i n a l  x-axis  o r  
t o  a  c r o s s - s e c t i o n  a x i s  ( a  c c n t r o l  curve)  de f ined  by Records 
8 and 9. I f  any c r o s s - s e c t i o n  plane i s  n o t  perpendicular  t o  
the x-axis,  a  s e c t i o n  a x i s  must be d e f i n e d ,  A s e c t i o n  a x i s  
n u s t  he  c o n t a f . n ~ d  w i t h i n  t h e  x-z plane. Thus, it is d e f i n e d  
wholly by i t s  SIDE VIEW ( s e e  f ig.  126-1). I f  a l l  c r o s s - s e c t i o n  
planes are normal to t h e  x-axis,  Records 8 and 9 should n o t  
~e inpu t .  

fiecord 8 s e c t i o n  Axis I n d i c a t o r  (opt i o n a l )  

Record 9 side-View D e f i n i t i o n  of Sect ion-Axis  Curve ( o p t i o n a l )  

gocord A o r  Records A and B 

The d i r e c t i o n  o f  t h e  curve  de f ined  by Record A must be 
alonq the x-axis,  The curve must span t h e  f u l l  l e n g t h  
of t h e  cosponent and it must be s inqle-valued wi th  r e s p e c t  
t o  x. Data i n p u t  by t h e s e  r e c o r d s  are :  

= x-coordinate of a  p o i n t  used t o  d e f i n e  
t h e  curve  seqments for t h e  s e c t i o n - a x i s  
c o n t r o l  curve.  

v = corresponding z-coordinate  of t h e  point .  



value  = P o s i t i v e  s l o p e s  correspcnd t o  p o s i t i v e  
va lues  of dz/dx. 

Default  Records: I f  Records 8 and 9 a r e  n o t  i n p u t ,  the 
c r o s s - s e c t i o n  curves  de f ined  by Records 
10-13 a r e  con ta ined  w i t h i n  y-z planes.  

Records 10-13 axe repea ted  t o  d e f i n e  a t  leas*. two a , ;  
a r a x i m u ~  o t  4 9  c r o s s - s e c t i c n  curves  f o r  t h e  c o m ~ o n t n t .  

Reccrd 10 Cross  S e c t i o n  Locat ion 

SECTION cord  <SAME> - 
cord 

SANE 

= x-coordinate t h a t  d e f i n e s  t h e  l o c a t i o n  
a t  which a c r o s s - s e c t i o n  con tour  i s  
desc r ibed  by Records 1 1-1 3. 

= Key-word deno t ing  t h a t  t h e  c r o s s - s e c t i o n  
contour  a t  "cordn is t h e  same a s  t h a t  
de f ined  by the immediately-preceding 
Records 11-13. 
Default :  The s e c t i o n  contour  a t  "cord" 

i s  d e f i n e d  by t h e  next  Records 
1 1- 13. 

C u r v e  segments d e f i n i n g  t h e  @@true-view* of a c r o s s - s e c t i o n  
c o n t r o l  curve are  i n p u t  v ia  Record 11. The u-v coord ina tes  
input b y  t h i s  r ecord  correspond t o  z - y  c o o r d i n a t e s  if a s e c t i o n  
a x i s  i s  de f ined  by Records 8 and 9. That  is, t h e  o r i g i n  of 
t h e  u-v axes i s  on t h e  x-axis  and t h e  u-axis i s  F a r a l l e l  t o  
th? z-ax i s  a s  shown below. I f  a s e c t i o n  axis i s  def ined ,  t h e  
oriqin of t he  u-v axes is  on t h e  s e c t i o n  a x i s .  Fcr this c a s e ,  
the u-axis is  normal t o  t h e  s e c t i o n  a x i s  and t h e  v-axis  i s  
parallel t o  the y-axis.  

CROSS-SECT I ON 

Defau 1 t Sect ion Ax i s User-Defined Section Axis 



Reccrd 11 Cross-Sect ion Control-Curve D e f i n i t i o c  

The d i r e c t i o n  o f  t h e  curve  de f ined  by t h i s  record  must 
be  a s  shown i n  f i g u r e  126- 1. The o r d e r  i n  which a s e c t i o n  
contour  i s  i n p u t  must be c o n s i s t e n t  with t h e  o r d e r  i n  
which t h e  l o n q i t u d i n a l  c o n t r o l  cu rves  a r e  def ined by 
Record 3. Thus, t h e  f i r s t  p o i n t  used to d e s c r i b e  a s e c t i o n  
c o n t r o l  cu rve  must correspond t o  t h e  i n t e r s e c t i o n  of t h e  
f irst  l o n q i t u d i n a l  c o n t r o l  cu rve  with t h e  c r o s s - s e c t i o n  
plane, whereas t h e  l a s t  po in t  must correspond to  t h e  l a s t  
l c n q i t u d i n a l  c o n t r o l  curve. The u-v cooxdinates  o f  p o i n t s  
i n p u t  by t h i s  r e m r d  a r e  i l l u s t r a t e d  above. A t  l e a s t  
those  p o i n t s  where t h e  l o n q i t u d i n a l  c o n t r o l  curves  
i n t e r s e c t  t h e  c r o s s - s e c t i o n   lane must be e s t a b l i s h e d  
by t h i s  record. These i n p u t  p o i n t s  must map on to  the  
i n t e r s e c t i o n  p o i n t s  w i t h  no d i s t o r t i o n .  

E i t h e r  c u b i c  o r  s t r a i g h t  c u r v e s  may be f i t t e d  through 
t h e  sec t ion-con tour  p o i n t s  by Record 12. S lopes  of t h e  s e c t i o n  
con tour  a t  p o i n t s  corresponding t o  t h e  l o n g i t u d i n a l  c o n t r o l  
cu rves  ray be de f ined  by Record 13. 

Record 12 Cross-  Sect i o n  Control-Cutve F i t t i n g  Data 
J 

FIT  Name1 Name3 . . . 
* 

N amei = The QameW of  a l o n g i t u d i n a l  c o n t r o l  
curve. The o r d e r  i n  which IgNameiM is 
i n p u t  by t h i s  r ecord  must be c o n s i s t e n t  
w i t h  t h e  o r d e r  i n  which t h e  c o n t r o l  
cu rves  a r e  defined by Record 3. "Namel" 
must be t h e  nane of t h e  f i r s t  curve. 
The name of t h e  l a s t  l o n g i t u d i n a l  c o n t r o l  
cu rve  must be i d e n t i f i e d  by t h i s  record.  
N o t  a l l  of t h e  c o n t r o l  curves,  however, 
need be i d e n t i f i e d  by t h i s  record.  

= Key. word denot inq  t h a t  a CUBIC o r  
STRAIGHT curve  f i t  is t o  be used between 
"Nare1 and nName2tt or between "NameZN 
and "Narne3l9 etc. 
Default:  CUBIC 

Example: Longitudinal  c o n t r o l  curves i d e n t i f i e d  by t h e  names 
A thrcugh G were defined by Record 3. Twenty p o i n t s  
were used t o  d e f i n e  a s e c t i o n  contour  by Record 11. 
The coord ina tes  of 7 of t h e s e  p o i n t s  t h a t  correspond 



t o  t h e  l o n q i t u d i n a l  curves  must be de f ined  c a r e f u l l y  
such t h a t  mappinq of t h e s e  po in t e  o n t o  curves A-G is 
performed properly.  If a s t r a i g h t  l i n e  is t o  be usrd 
between curves  B-C, C- D and F-G, and a ccrbic s p l i n e  
is  t o  te  used elsewhere, t h e  i n p u t  record could  be 
FIT A B STR D CUB F STR G / 

Record 13 cross-Sect ion  Control-Curve Slope  C o n s t r a i n t s  
(op t iona l )  

SLOPE Name1 Vais Name2 Vals  . . . 
Namei = The nnamew of  a l o n g i t u d i n a l  c o n t r o l  

cu rve  a t  which t h e  c o n s t r a i n t  i s  t o  
be appl ied .  

Vals = Same as def ined  f o r  Record B fc;: SLOPE 
c o n s t r a i n t  s. 

Defaul t  Record: Slopes  of the c ro s s - s ec t i on  con t ro l -  
curve a r e  e s t a b l i s h e d  from Records 11 
and 12. 

Records 10- 13 a r e  repeated t o  d e f i n e  a t  l e a s t  2 o r  a 
maximum of 4 9  c ro s s - s ec t i on  curves  f o r  a component. 

Record 14 End Component Data (op t iona l )  

I 1  ENC COMPONENT DATA 

This record  denotes  t h a t  the geometry d a t a  f o r  a component 
have been defined. Addi t ional  components may be def ined 
by a d d i t i o n a l  Records 2-14 or by Records 15-26 desc r ibed  
below. 

126.1.2.2 S imp l i f i ed  Geometry Data 

~f a com~onen t  i s  def ined v i a  detailed geometry d a t a  
(Fecords 2-14) , :words 15-26 should  no t  be input .  

Record 15 component I d e n t i f i e r  

I BEGIN COMPONENT < l a b e l >  

1 abe l  = An a l ~ h a n u m e r i c  word of  1 t o  7 c h a r a c t e r s  
t h a t  i d e n t i f i e s  t h e  c o q o n e n t  de f ined  
by Records 16-26 and i d e n t i f i e s  t h e  
l o c a l  x - y - z  r e f e r ence  frame used t o  
d e f i n e  t h a t  component. I f  more t h a n  
one component is de f ined  f o r  a  p a r t i c u l a r  



job, each "labelm must be d i f f e r e n t .  
The word INPUT may n o t  be used as a 
labe l .  
Default:  GLOBAL--TU s key-word is 

a s s o c i a t e d  w i t h  a component 
t h a t  i s  d e f i n e d  r e l a t i v e  t o  
t h e  GL9BAL frame, 

A "simple geometrym component i s  d e f i n e d  by t w o  
l o n q i t u d i n a l  c o n t r o l  curves  i d e n t i f i e d  a s  n i  .:la and mLC2.'9 
A S  i l l u s t r a t e d  i n  f i g u r e  126-2, thess curves  should  n& cross 
i n  t h e  TOP view. The TOP views of' t h e s e  crilrves a r e  desc r ibed  
by Records 16-19. The SICE view of one o t  t h e s e  curves ,  as 
d e f i n e d  by Records 20 and 21, d e s c r i b e s  t h e  %hearm 
c h a r a c t e r i s t i c  of t h e  component r e l a t i v e  t o  t h e  x-y r e f e r e n c e  
plane,  A s  s e s n  i n  t h e  TOP view, t he  edqe of t h e  component 
s u r f a c e  da f inad  by t h e  l a r g e s t  x-coordinates  must be i d e n t i f i e d  
b y  t h e  curve LC1. 

gecord 16 Top View I n d i c a t o r  

Record 17 Top-View of  Longi tudinal  Curve LC1 

I Record A o r  Records A and B 

?he d i r e c t i o n  of t h e  curve  d e f i n e d  by Record A must be 
alonq t h e  y-axis. The curve  must a l s o  be s ingle-valued 
w i t h  r e s p e c t  t o  y. Data input  by t h e s e  records a r e :  

= y-coordi :ate of a p o i n t  used t o  d e f i n e  
t h e  curve  segments f o r  the t o p  view 
of t he  c o n t r o l  curve. 

v = Corresponding x-coordinate  of t h e  point. 

value = P o s i t i v e  s l o p e s  correspond t o  p o s i t i t  
va lues  of dx/dy. 

Record 18 Top V i e w  I n d i c a t o r  

Record 19 T o p V i e w  of Longitudinal  Curve LC2 

I Record A or Records A and B 

Same a s  Record 17. 



Record 20 S ide  V i e w  I n d i c a t o r  

Record 21 Side-Jiew of Lr l rg i tudinal  Curve LC1 or Lc2 

Record A 0:- Records A and B 

The d i r e c t i o n  of t h e  curve  de f ined  by Record A must be 
along h e  y-axis. The curve  must also be s ingle-valued 
with r e s p e c t  t o  ye Data i n p u t  by t h e s e  records  are: 

v 

value 

= y-coordinate of a p o i n t  used to  d e f i n e  
t h e  curve segments f o r  t h e  s i d e  view 
of LC1 o r  LC2. 

= corresponding z-coordinate  of t h e  point. 

Positive s l o p e s  correspond to p o s i t i v e  
va lues  of dz/dy. 

c ross - sec t ion  c o n t r o l  mrves  a r e  d e f i n r d  r e l a t i v e  t o  
p l a n e s  which dke normal to t h e  y-axis. The u-v i n p u t  p lane  
i s  pos i t ioned r e l a t i v e  t o  t h e  l o n g i t u d i n a l  a x i s  by Record 22 
and  t h z  c o n t r o l  curve  is def ined  by Record 23. Each cross- 
s e c t i o n  c o n t r o l  cu rve  is  s c a l e d  and f i t t e d  a u t o m a t i c a l l y  t o  
t h e  LC1 and LC2 l o n g i t u d i n a l  curves  a t  t h e  s p e c i f i e d  l o n g i t u s i r  . 
p ~ s i ' i c r .  Non-dimensional u-v c o o r d i n a t e s  may, t h e r e f o r e ,  be 
used t o  d e f i n e  c r o s s - s e c t i o n  c o n t r o l  curves. "Twistn 
c h a r a c t e r i s t i c s  of t h e  component may o p t i o n a l l y  be  s p e c i f i e d  
fnr s e l e c t e d  c r o s s - s e c t i o n  curves  by Record 24. 

Reccrd 22 Cross Sec t ion  Locat ion 

ccrd = y-coordinate t h a t  d e f i n e s  t h e  l o c a t i o n  
a t  which a c r o s s - s e c t i o n  contour  is 
dr3scribed ky Records 23 and 24. 

Recc~J 23 Cross-Sect ion Control-Ctirve D e f i n i t i o n  

The d i r e c t i o n  of t h e  curve  de f ined  by t h i s  record  must. 
be a s  shown i n  f i q u r e  126-2. The curve  must be s i n g l e -  
valued € o r  +tie naximum and minimum x-coordinates  d e f i n i n g  
the ssctiot contour. The f i r s t  and l a s t  ~ o i n t s  of t h e  
c ross - sec t ion  curve  must correspond to  the l o n q i t u d i n a l  



( GEOMETRY I 

curve  LC1. The p o i n t  on the s e c t i o n  curve with t h e  
s m a l l e s t  x-coordinate ( i n f i n i t e  s lope)  is  a u t o m a t i c a l l y  
RIa~ped o n t o  curve  IC2. The s e c t i o n  con tour  is  scaled 
accordingly.  Data i n p u t  by t h i s  r e c o r d  are: 

= x-coordinate or non-dimensional x- 
coord ina te  o f  a p o i n t  used t o  d e f i n e  
t h e  c u r v e  seqments f o r  t h e  s e c t i o n  
contour.  

= Corresponding z-coordinate  o r  non- 
dimensional  z -coord ina te  of the point .  

ftecord 24 E o t a t i o n  cf Input  Cross S e c t i o n  (op t iona l )  

I ECTATE anq le  AEOUT x z 

a n q l e  = Anqle of r o t a t i o n  (deqrees)  i n  t h e  p lane  
of t h e  s e c t i o n  d e f i n e d  by t h e  
immediately- preceding Record 23. A 
p o s i t i v e  "angleg@ corresponds  t o  a 
p o s i t i v e ,  r i q h t -  handed r o t a t i o n  abou t  
the y-axis. The r o t a t e d  curve  is 
au tomat ica l ly  mapped t o  the l o n q i t u d i n a l  
c u r v e s  a s  d e s c r i b e d  above. 

= x and z c o o r d i n a t e s  t h a t  d e f i n e  a p i v o t  
p o i n t  con ta ined  i n  t h e  s e c t i o n  plane. 

Cs fau l t  Record: The c r o s s - s e c t i o n  curve  a s  d e f i n e d  by 
Record 23 i s  n o t  r o t a t e d  p r i o r  t o  rnappinq 
it t o  LC1 and LC2. 

A t  l e a s t  two c r o s s - s e c t i o n  c u r v e s  must be d e f i n e d  by 
Records 22-24. These r e c o r d s  may be repea ted  t o  d e f i n e  a maximum 
of 49 c r o s s - s e c t i o n  con tours  f o r  a component. 

Lonqi tudinal  c o n t r o l  cu rves  through s e l e c t e d  p o i n t s  on 
t h e  , ross - sec t i cn  con tours  a r e  genera ted  by t h e  program accordinq 
t o  Record 25. The p o i n t s  on  t h e  previously-def  ined s c t i  >n 
con tours  through which l o n q i t u d i n a l  curves are t o  be  genera ted  
a r s  s e l e c t e d  f o r  d e f i n i t i o n  of s u r f a c e  d i s c o n t i n u i t i e s  and/or  
for i d e n t i f  yinq l o c a t i o n s  a t  which nodal c o o r d i n a t e s  are t o  
b e  extracted b y  t h e  NOCAL Preprocessor  (sec. 146.0). The 
qecnet ry  of a "simple" component, as saved f o r  subsequent 
i n t e r r c q a t i o n  t o  e x t r a c t  nodal coord ina tes ,  i s  desc r ibed  s t r i c t l y  
by t h e s e  l o n q i t u d i n a l  c o n t r o l  curves.  P o i n t  l o c a t i c n s  on t h e  
section con tours  a r e  s p e c i f i e d  i n  term of t h e  f r a c t i o n  of 
c r o s s - s e c t i o n  chord l e n q t h  measured a long  t h e  x-axis a s  shown 
i n  t h e  f o l l o w i n a  ske t ch .  



Pecord 25 Znrichment of Long i tud ina l  Curves 

ENRICH AT f I  f 2  .om 

= The f r a c t i o n  of t h e  x-axis chord, 
O,O<fiSl. 0, ~t which l o n g i t u d i n a l  c o n t r o l  
c u r v e s  a r e  t o  be qenerated.  The o r d e r  
i n  which the a f i n  are i n ~ u t  must b e  
from LC1 (1.0) a long  t h e  upper s u r f a c e  
t o  LC2 (0.0) and back t o  El (1.0) a long 
t h e  lower su r face ,  I f  c o n t r o l  cu rves  
a r a  t o  be  genera ted  f o r  the upper s u r f a c e  
and t h e  lower s u r f a c e  a t  t h e  same chord 
f r a c t i o n s ,  t h e  f i r s t  n f i n  must be 1.0, 
whereas t h e  last  Nf ia ccu ld  be  i n p u t  
a s  zero, A maximum of 99 f r a c t i o n s  
may be s p e c i f i e d .  

Example: If c o n t r o l  curves  are t o  be genera ted  f c r  t h e  upper 
and lower s u r f a c e s  a t  t h e  quar te r -chord  as shown i n  
t h e  f oreqoinq ske tcn ,  (f ~ = 0 . 2 5 )  , one o f  the fo l lowing  
records  should  be input .  

ENiiICH AT 1.0 0.25 0.0 0.25 1.0 / 
ENRICH AT 1.0 0.25 0.0 / 

Record 26 End Co~npanent ,Data ( o p t i o n a l )  

I EKD COMPONENT DATA 

This  r e c c r d  deno tes  t h a t  geometry d a t a  for a component 
have been defined.  Addi t iona l  components may b e  i n p u t  
ky r e p e a t i n q  Records 2-14 or Records 15-26. 

Record 27  End Gecrretry Data S e t  
r 

END GF./;ETRY DATA - - -- 
Addi t ional  qeometry d a t a  sets may be i ~ i p u t  by r e p e a t i n g  
Records 1-27. 



Table 126-1. Sulrary of -try Data Records 

IGHT u l  v l  <u2 v2 ... un vn> 

LE u l  v l  <u2 v2> u c v c  
LE u l  v l  <u2 v2) r 
LE uc vc r 

126.11 

126.12 
120.13 
126.13 
1-76. 13 
126 14 
126.14 
126.14 

126.15 
126.15 
126. 16 
126.17 

126.17 

126.18 
126. 18 

1%. I8 
120. 1 9  

126.19 
120. 19 
'26. 19 

126. 20 

126. 20 

126.20 
126.20 
120.21 
126.22 
126.22 

126.22 

BEGIN GEOMETRY DATA 

BEG1 N COMPONENT <I abel> 
S I D E  V I E W  name 
Record A or  Records A and B 
TOPVIEW Nwe 
Recr -d A o r  Records A and B 
ENR,CH BY num 
ENRICH Namel TO Name2 BY n u l l  

U(ame3 TO NameU BY nun2 . . .> 
SECTION A X I S  
Record A or  Records A and B 
SECTION cord <SAME> 
Record A 

FIT mainel (gEfeHT) ~ r t z  (c!&fGHT) mane3 . . . 
SLOPE Namel Vals Name2 Vals ... 

END COMPONENT DATA 

BEG I N  COMPONENT <I abel> 
TOP V I E W  LC1 
Record A or  Records L and B 
TOP V l EW LC2 
Record A o r  Records A and B 

SIDE VIEW 1:::) 
Record k or Records A and B 
SECTION cord 
Record A 
ROTATE angle ABOUT x z 
ENRICH AT fl f2 ... 

END COMPONENT DATA 

END GEOMETRY DATA 



1 30 0 INTERACT (SUBSTRUCTURE) DATA 

An ATLAS subs t ruc tu r ed  model and a n a l y s i s  scheme a r e  
def ined accordinq to a n  minteract  t r e e *  as shown i n  t h e  graph 
below. 

H i  ghest-law 1  Substructure 

H i  gher-Level Substructures 

- Lamst-Level Substructures A' 
Each node i n  t h i s  graph r e p r e s e n t s  a subs t ruc tu r e  component 
of t h e  i n t e r a c t  tree, whereas t h e  branches denote how t h e  
subs t ruc tu r e s  a r e  i n t e r ac t ed .  Each lowest - level  s u b s t r u c t u r e  
is defined a s  (equivalenced to) a previously-defined s t i f f n e s s  
or  s ti f f nes s/mass d a t a  SET and a corresponding bcunda ry-condit ion 
STAGE. The manner i n  which t h e s e  components a r e  t o  be i n t e r a c t e d  
t c  form a l l  h igher - leve l  suks t ruc tu r e s  of the i n t e r a c t  tree 
is  def ined v i a  t h e  i n t e r a c t  data. 

General r u l e s  which must be s a t i s f i e d  f o r  a l l  s u b s t r u c t u r e  
ana ly se s  a r e  a s  follows: 

a )  A l l  s t r u c t u r a l  d a t a  f o r  t h e  lowest - level  subs t ruc tu r e s  
must k e  def ined f o r  t h e  *equivalentn  SEWSTAGE 
components. 

b) Tile same GLOBAL frame must be as soc i a t ed  w i t h  each 
of t b e  l o w s t - l e v e l  subst ructures .  

C) Nudes t h a t  i n t e r a c t  between component subs t ruc tu r e s  
must have t h e  same a n a l y s i s  frame and t h e  same geometric 
l o c a t i o n  (to with in  t h e  d i s t a n c e  t o l e r ance  s p e c i f i e d  
by Record 5 ) .  

d )  The kinematic freedoms of nodes t h a t  i n t e r a c t  bet-ween 
component subs t ruc tu r e s  must be ass igned t h e  RGTAIN 
freedom a c t i v i t y  ( re fe rence  sec. 106.0 and t h e  fol lowing 
discuss ion)  . 

P) ~ a c h  subs t ruc tu r e  is ass igned a  ilnique i n t eqe r  number 
i n  t h e  range 1  t o  999, i nc lu s ive .  A aaximum of 999 
s ~ ~ b s t r u c t u r e s  may be i d e n t i f i e d  i n  a s i n g l e  ana lys i s .  



f )  A maximum of 28 substmctures (lowest-level, higher- 
level o r  a combination thereof) may be interacted to 
form a new higher-level substructure i n  the  i n t e r ac t  
tree. There is no e x p l i c i t  l i m i t  on the number of 
in te rac t  levels  , 

g) The nodes and f i n i t e  elements associated with a lowest- 
level substructure a r e  those defined for  the 
Mequivalent SET/STAGE s t ruc tura l  model, N o  f i n i t e  
elements are associated exp l ic i t ly  with t h e  higher-level 
substructures , The nodes associated with a higher-level 
substructure include only those nodes with freedoms 
retained for  the  next lower-level substructure 
components thereof. 

h) Loads and displacements may be specif ied only f o r  the  
lowest-level substructures. The load case labels  
associated with each of these components must be unique, 
These c r i t e r i a  must be sa t i s f i ed  by the loads data (sec. 
134.0) fo r  t?ie "equivalent " SET/STAGE camponents . Loads 
associated with load cases t h a t  have iden t ica l  labels  
for two or  .mre lowest-level substructures are 
cunulated , 

i) ?!ass data may be specified e i t he r  f o r  the  equivalent 
SET/STAGE conponents of t he  lowest-lwel substructures 
o r  for the highest-level substructure t h a t  is 
"equivalencedn t o  a SET/STAGE component (Record 17 of 
the in teract  data set) ,  I f  the rrrass associated with any 
s t i f fnes s  elements of lowest-level substructures is t o  
be considered, a l l  mass data fo r  the substructured model 
rnust be defined r e l a t i ve  t o  these equivalent SET/STAGE 
models. In th i s  case, the same mass CONDITION number 
must be assigned to  each of these mass data sets (see 
sec, 138.0) . Mass data may be defined d i r ec t ly  fo r  a 
highest-level substructure s t r i c t l y  by a mass data set 
for  the equivalent SET/STAGE model, In t h i s  case, the 
mass data must be input a f t e r  the  in te rac t  data set and 
the mass data must be defined s t r i c t l y  v ia  the nodes 
associated with the  highest-level substructure. These 
nodes are  the  ones with freedoms retained f o r  the  
substructure components of the highest-level 
substructure. 

Stress analyses and dynamic analyses of substructured 
m d e l s  may be perforrlled. Dynamic analyses of a highest-level 
substructure a r e  performed by using the reduced s t i f f n e s s  and 
mss matrices for tha t  substructure. 



The boundary c o n d i t i o n  (BC) k i n e m a t i o  freedom a c t i v i t i e s  
(see sec. 106.0) of the nodes associated wi th  a l o w e s t - l e v e l  
s u b s t r u c t u r e  a r e  e s t a b l i s h e d  accordinq t o  t h e  fo l lowing d i s t i m t  
s t a r s :  

1. The k inemat ic  a c t i v i t i e s  as de f ined  by t h e  BC d a t a  
(sec. 106.0) f o r  t h e  nequ iva len ta  SET/STAGE model are 
t h e  b a s i c  freedom a c t i v i t i e s .  These a c t i v i t i e s  a r e  
modif ied according t o  t h e  subsequent  s t e p s .  

2. The a c t i v i t y  l a b e l  f o r  those freedoms t h a t  i n t e r a c t  
i n  forming higher-  l e v e l  s u b s t r u c t u r e s  must be RETAIN. 
The u s e r  may i d e n t i f y  t h e s e  freedoms e i t h e r  d i r e c t l y  
by t h e  BC d a t a  or by a p a r t i c u l a r l y  user-convenience 
which a u t o m a t i c a l l y  retains a l l  r e l a v e n t  fxeedoms of  
i n t e r a c t e d  nodes (see Record 7). T h i s  t echn ique  u s e s  
t h e  c r i t e r i a  t h a t  any FREE or RETAIN freedoms i n  
component s u b s t r u c t u r e s  which have t h e  same node 
a n a l y s i s  frame and t h e  same geometr ic  l o c a t i o n  ( to 
w i t h i n  t h e  d i s t a n c e  t o l e r a n c e  s p e c i f i e d  by Record 5) 
i n t e r a c t  i n  forming t h e  n e x t  h igher - l eve l  s u b s t r u c t u r e .  
These freedoms are a u t o m a t i c a l l y  a s s igned  the RETAIN 
freedom a c t i v i t y .  The a d d i t i o n a l  c r i t e r i o n  t h a t  
i n t e r a c t i n g  nodes a r e  i d e n t i f i e d  by t h e  same user-  
a s s iqned  node numbers is  e f f e c t e d  by use  of Record 
2. I f  t h e  STIFFNESS Processor  is  executed  for t h e  
"equivalent  SET.'STAGE o f  a lawest- l e v e l  s u b s t r u c t u r e  
p r i o r  t o  i n p u t  of t h e  I n t e r a c t  d a t a ,  a l l  i n a c t i v e  
freedoms ( those  w i t h  z e r o  s t i f f n e s s )  a r e  ignored by 
t h e  automat ic  r e t e n t i o n  technique. Otherwise, a l l  
freedoms which i n t e r a c t  according t o  t h e  foregoing 
criteria are a u t o m a t i c a l l y  r e t a ined .  

3. The fo rego ing  s t e p s ,  which may be perfcrmed 
au tomat ica l ly ,  d e f i n e  t h e  d e f a u l t  freedom a c t i v i t i e s .  
This  f r e e d o m - a c t i v i t y  assiqnment  t echn ique  i s  completely 
s u f f i c i e n t  f o r  most caPes. Modi f i ca t ions  to  t h e  d e f a u l t  
freedom a c t i v i t i e s  may be de f ined ,  a s  necessary,  v i a  
t h e  nBC chanqe-data" subset of the I n t e r a c t  d a t a  (sec. 
130.1.2) . Addi t ional ly ,  the u s e r  may suppress  t h e  
a u t o m ~ . t i c  r e t e n t i o n  of i n t e r a c t e d  freedoms v i a  Record 
7 ( sec .  130.1.1). 

I n  a l l  cases ,  t h e  l a s t  a c t i v i t y  l a b e l  s p e c i f i e d  for a p a r t i c u l a r  
t reedon t a k e s  ~ r e c e d s n c e .  

'In? 3C kinematic-freedom a c t i v i t i e s  f o r  t h e  nodes 
a s s o c i a t e d  with a h i g h e r - l e v e l  s u b s t r u c t u r e  are e s t a b l i s h e d  
accordinq to  t h e  fo l lowinq d i s t i n c t  s teps :  



1. k freedom t h a t  i s  r e t a i n e d  i n  two or mcre component 
s u b s t r u c t u r e s  and t h a t  i n t e r a c t s  i n  forming the higher-  
l e v e l  s u b s t r u c t u r e  is a u t o m a t i c a l l y  a s s igned  t h e  FREE 
freedom a c t i v i t y .  

2. The freedom a c t i v i t y  l a b e l s  f o r  a l l  r e t a i n e d  freedoms 
i n  t h e  component s u b s t r u c t u r e s  t h a t  do n o t  i n t e r a c t  
remain t o  be RETAIN. 

3. ~ l l  i n a c t i v e  freedoms o f  a  node a s s o c i a t e d  w i t h  a 
n i g h e r - l e v e l  s u b s t r u c t u r e  (freedoms n c t  r e t a i n e d  f o r  
t h e  component s u b s t r u c t u r e s )  a r e  a s s i g n e d  t h e  SUPPORT 
freedom a c t i v i t y .  

The k i n e r a t i c  a c t i v i t i e s  de f ined  by t h e  fo rego ing  three s t e p s  
are t h e  basic freedom a c t i v i t i e s  f o r  a h i g h e r - l e v e l  s u b s t r u c t u r e .  
These a c t i v i t i e s  may be modif ied accord ing  t o  s t e p s  4 and 5. 

4. I f  a  h iqher - l eve l  s u b s t r u c t u r e  is used  as a  component 
f o r  a n o t h e r  h i g h e r - l e v e l  s u b s t r u c t u r e ,  t h e  a c t i v i t y  
label o f  t h o s e  freedoms t h a t  i n t e r a c t  must be RETAIN. 
These freedoms ray be i d e n t i f i e d  by t h e  automat ic  
r e t e n t i o n  t echn ique  d e s c r i b e d  i n  s t e p  (2) above f o r  
a lowes t - l eve l  subs t ruc tu re .  I n  t h i s  case, however, 
all FREE &.?d RETAIN f r e e d m s  of t h e  i n t e r a c t i n g  higher-  
l e v e l  s u b s t r u c t u r e s  are used i n  performinq t h e  au tomat ic  
r e t e n t i o n .  

5. The fdreqoinq s t e p s ,  which may be performed 
au tomat ica l ly ,  d e f i n e  t h e  d e f a u l t  freedom a c t i v i t i e s .  
T h i s  f reedom-act iv i ty  assignment  t echn ique  for hiqher-  
l e v e l  s u b s t r u c t u r e s  i s  comple te ly  s u f f i c i e n t  f o r  most 
cases .  Modif ica t ions  t o  the d e f a u l t  freedom a c t i v i t i e s  
may be  de f ined  v i a  t h e  "BC change-data" s u b s e t  (sec. 
130.1.2) . A freedom, for example, which has  i n t e r a c t e d  
i n  forming a  p a r t i c u l a r  s u b s t r u c t u r e ,  and which has  
t h u s  been a u t o m a t i c a l l y  a s s igned  t h e  FREE a c t i v i t y  
l a b e l  pe r  s t e p  1  above, must be reass igned  t h e  RETAIN 
freedqm a c t i v i t y  i f  it i s  t o  i n t e r a c t  i n  forming ano the r  
higher-I  ev? l  s u k s t r u c t u r e .  The u s e r  may suppress  t h e  
automat! r e t e n t i o n  of i n t e r a c '  ad freedoms v i a  Record 
7 (sec. O m  1.1).  

The b a s i c  o r d e r e d - l i s t  of r e t a i n e d  f reedoas  f o r  a  lowest- 
l e v e l  s u b s t r u c t u r e  i s  def ined v i a  the BC-aata f o r  t h e  
l fequival?nt"  SET/STAGE. Addi t iona l  r e t a i n e d  freedoms i d e n t i f i e d  
by the i n t e r a c t i o n  requi rements  (or au tomat ic  i n t e r a c t  freedom 
r e t e n t i o n )  and by any "Ec' chanqe datau  a r e  added, i n  a n  i n t e r n a l  
node-number orf ler ,  t o  the ead of t h e  b a s i c  l i s t .  A d d i t i o n a l l y ,  
any ini t i a . i l y - r e t a i n p d  freedoms f o r  which t h e  a c t i v i t y  l a b e l  



changed t o  FREE o r  SUPPORT v i a  t h e  @BC change-datam subset a r e  
deleted f r a n  the list. The resu l t ing  list defines  the defau l t  
sequence of re ta ined  freed- f o r  a lawest-level substructure.  

The basic ordered-l is t  of re tained freedoms f o r  a higher- 
l e v e l  substructure is formed from the lists of re ta ined  f r e e d m s  
associated w i t h  the component ~ u b s t r u c t u r e s ,  The list begins 
with t h e  sequence of freedoms re ta ined  f o r  t h e  f i r s t  component 
subsLructure followed by those associated with t h e  second 
component substructure,  etc. Component subs t ruc tures  are 
i d e n t i f i e d  by Record 6 of the I n t e r a c t  data set, Additional 
re ta ined  freedoms iden t i f i ed  by t h e  i n t e r a c t i a n  requirements and 
by any "BC change data" a r e  added, in an i n t e r n a l  node-ntrmber 
order,  t o  the end of the bas ic  list. Additionally, any 
in i t i a l ly - re ta ined  freedoms f o r  which t h e  a c t i v i t y  l a b e l  is 
changed t o  FREE o r  SUPPORT via t h e  "BC change-datan subset are 
deleted from t h e  list, The resu l t ing  list defines  t h e  d e f a u l t  
sequence of retained freedoms f o r  a higher-level substructure.  

<. 
I f  the  defaul t  sequence of retained freedoms f o r  a 

substructure is not sa t i s fac to ry ,  a d i f f e r e n t  sequence may be 
defined v i a  t h e  "BC change-data8' subset. Ordering of the 
re ta ined  freedoms f o r  any substructure within an i n t e r a c t  tree 
may be speci f ied  as required ;see sec. 130.1,2) . 

A l l  substructure analyses are most conveniently performed 
by use of tne ATLAS-System, standard, cataloged cont ro l  
statements (see sec. 200-0 and a p p e d i x  E) . A l l  matr ix  
operations performed v i a  these  cont ro l  p~ocedures  are described 
i n  appendix D. 

The i r ~ t e r a c t  d a t a  set, a s  described i n  t h e  next  sec t ion ,  is 
divided into t h e  following da ta  subsets: 

a )  S ~ b s t r u c t u r e  model de f in i t ion  
b) Boundary-Condition change-data 
C )  Hiqhest-Level substructure i d e n t i f i c a t i o n  
d) Load case se lec t ion  da ta  

Printout  of i n t e r a c t  da ta  may be requested from the 
INTEXECT Postprocessor as described i n  sec t ion  230.1, 

Tne s t i f f n e s s  data  sets (sec. 152.0) and the corresponding 
boundary-conditior~ (sec. 106.0) , loads (sec. 134.0) and mass 
(sec. 138.0) data  s e t s ,  as required,  must be input p r i o r  t o  t h e  
i n t e r a c t  data s e t  i n  t h e  input stream. 



130.1 INFUT DATA 

Record 1 Data S e t  I d e n t i f i c a t i o n  
I EEGIN INTERACT DATA 

T h i s  rscord i n i t i a t e s  execut ion of t h e  INTEFtACT 
Preprocessor. 

substructure-model components are defined v i a  Records 
2-8 f o r  subsequent i n t e r a c t i o n  analyses. Each lowest-level  
subs t ruc ture  i s  defined a s  a s t i f f n e s s  or s t i f fness /mass  SET 
and a corrzsponding boundary condi t ion  STAGE. Higher - l eve l  
subs t ruc tures  a r e  defined by i n t e r a c t i o n  of t h e s e  lowest-level  
subs t ruc tures .  A maximum of 999 subs t ruc tu re s  ( l w e s t - l e v e l  
and hiq!ler-level) may be i d e n t i f i e d  per job. 

Reccrd 2 Substructure  Interact -Tree  Node Numbers (opt ional)  

T h i s  record denotes t h a t  unique user-assigned numbers 
are used f o r  a l l  nodes in  t h e  to ta l  s t r u c t u r e  t h a t  is 
defined by t he  i n t e r a c t  tree. I n  this case ,  t h e s e  numbers 
art used t o  r e f e rence  nodes i n  a l l  higher-level  
subst ructures .  

I UNIQUE NODE KUMBERS 

Default Record: Unique, user-assigned node numbers a r e  
not assumed. Unique numbers a r e  assigned 
by t h e  program t o  a l l  nodes i n  t h e  
h i g h e r - l w e l  subst ructures .  These 
numbers may be obtained from p r i n t o u t  
of t h e  i n t e r a c t  da t a  (see sec. 230.1). 

f 

Record 3 Lowest-Level Subs t ruc ture  Def in i t i on  
- 

I CEFINE SS n AS SET Se STAGE S t  
4 

= Substructure number ( in teger )  i n  t h e  
range 1 t o  999, inc lus ive ,  assigned 
t o  a lowest-level  subs t ruc tu re  of an 
i n t e r a c t  t r e e .  

= In teqer  i den t i fy ing  a SET which is t o  
be equivalenced t o  "n. fl 



= I n t e q e r  i d e n t i f y i n q  a boundary-condition 
STAGE number p r e v i o u s l y  de f ined  f o r  
"Sen (see sec. 106.0). 

This r e c o r d  is r e p e a t e d  t o  d e f i n e  a l l  lowes t - l eve l  
s u b s t r u c t u r e s  t h a t  are re fe renced  by Record 6 t o  d e f i n e  
h iqher - l eve l  s u b s t r u c t u r e s .  Each lowes t - l eve l  s u b s t r u c t u r e  
must be ass igned  a d i f f e r e n t  number v i a  Record 3. 

Hiqher-level s u b s t r u c t u r e s  a r e  i d e n t i f i e d  and de f ined  
by Records 4 and 6. The numbers a s s igned  v i a  Records 3 and 
4 t o  each of t h e  s u b s t r u c t u r e s  o f  an i n t e r a c t  tree must be 
d i f  f e r j n t .  

Record 4 Higher-Level Subs t ruc tu re  D e f  i n i k o n  

= S u b s t r u c t u r e  number ( i n t e g e r )  i n  t h e  
ranqe  1 t o  999, i n c l u s i v e .  

Thz s u b s t r u c t u r e  i d e ~ t i f i e d  by t h i s  record is re fe renced  
a s  the index s u b s t r u c t u r e  i n  t h e  d e s c r i p t i o n s  of  subsequent  
records. 

The d a t a  de f ined  by Records 5 through 8 a r e  a t t r i b u t e d  
t o  the index s u b s t r u c t u r e  i d e n t i f i e d  by Record 4. 

Record 5 Dis tance  Tolerance Between Nodes t h a t  I n t e r a c t  (op t iona l )  

A node i n  one component s u b s t r u c t u r e  is  assumed t o  i n t e r a c t  
with a node i n  a d i f f e r e n t  component s u b s t r u c t u r e  on ly  
i f  t he  nodes have the same a n a l y s i s  frame and t h e  d i s t a n c e  
between t h e  nodes i n  Less t h a n  or e q u a l  t o  t h e  t o l e r a n c e  
s p e c i f i e d  by t h i s  record.  

= The d i s t a n c e  t o l e r a n c e  (tollO.0) t o  
be used by t h e  program when comparing 
t h e  l o c a t i o n s  of nodes i n  d i f  fs -ent  
component s u b s t r u c t u r e s  to i d e n t i f y  
i n t  o r a c t  nodes. 

Cefault Record: The t o l e r a n c e  s p e c i f i e d  by t h e  l a s t  
i n p u t  record of  this type or 10-8 u n i t s .  



Record 6 I n t e r a c t e d  (Component) S u b s t r u c t u r e s  

s u b l ,  sub2,... = A l is t  of  1 to 28 numbers (integers) 
of component s u b s t r u c t u r e s  t h a t  i n t e r a c t  
t o  form t h e  index  s u b s t r u c t u r e .  Each 
of t h e  numbers i n  t h i s  list must have 
been d e f i n e d  p r e v i o u s l y  by a Record 
3 o r  a Record 4. The o r d e r  i n  which 
IlSubi" a r e  i n p u t  i s  used o n l y  i n  
est a b l i s h i n g  t h e  d e f a u l t  sequence of 
r e t a i n e d  freedoms for t h e  index  
s u b s t r u c t u r e  a s  d e s c r i b e d  i n  t h e  
i n t r o d u c t i o n  o f  this sec t ion .  

Record 7 Suppress ion  o f  Automatic R e t e n t i o n  o f  I n t e r a c t e d  
Freedoms ( o p t i o n a l )  

I NO GEOMETRIC RETAINS 

This r e c c r d  d e n o t e s  t h a t  t h e  boundary c o n d i t i o n  d a t a  as 
de f ined  p r e v i o u s l y  f o r  t h e  s u b s t r u c t u r e s  i d e n t i f i e d  by 
Record 6 a r e  t o  be used i n  forming t h e  index s u b s t r u c t u r e .  

Cefau l t  Record: I n t e r a c t  nodes a r e  i d e n t i f i e d  by 
comparing the c o o r d i n a t e s  and a n a l y s i s  
f rames  of a l l  nodes a s s o c i a t e d  w i t h  
t h e  s u b s t r u c t u r e s  i d e n t i f i e d  by Record 
6. The freedom a c t i v i t y  l a b e l s  o f  t h e  
FREE k inemat i c  freedoms c f  an i n t e r a c t  
node i n  one s u b s t r u c t u r e  are 
a u t o m a t i c a l l y  set t o  RETAIN (see sec. 
106.1) i f  t h e y  cor respond t o  FREE o r  
R E T A I N  freedoms i n  a n c t h e r  s u b s t r u c t u r e .  

I f  unique node numbers a r e  used (Record 
2 )  , t h o s e  nodes i d e n t i f i e d  by t h e  same 
numker, t h e  same a n a l y s i s  frame and 
t h e  same c o o r d i n a t e s  ( to  w i t h i n  the  
t o l e r a n c e  s p e c i f i e d  by 7: : ord  5) a r e  
assumed t o  i n t e r a c t .  Fc-. t h i s  c a s e ,  
i f  two nodes a r e  i d e n t i f i e d  by t h e  same 
number and t h e  same c o o r d i n a t e s  but  
have d i f f e r ? n t  a n a l y s i s  frames, a n  e r r o r  
rvessaqe i s  i s sued .  

I f  Record 2 is n o t  i n p u t ,  nodes i n  
d i f  f e r s n t  s u b s t r u c t u r e s  that have t h e  
same a n a l y s i s  frame and t h e  same 



c o o r d i n a t e s  ( to w i t h i n  t h e  t o l e r a n c d  
s p e c i f i e d  by Record 5) a r e  assumed t o  
i n t e r a c t .  I f  more t h a n  one node i n  
a  s u b s t r u c t u r e  has t h e  same a n a l y s i s  
frame and t h e  same c o o r d i n a t e s  as a  
node i n  a n o t h e r  s u b s t r u c t u r e ,  o n l y  one 
of t h e  nodes i s  i n t e r a c t e d .  

Record 8 Node Eeorder S p e c i f i c a t i o n  ( o p t i o n a l )  

T h i s  r e c o r d  o f f e r s  a l t e r n a t e  ways of c o n t r c l l i n g  t h e  
bandwidth cf t h e  g r o s s  s t i f f n e s s  m a t r i x  by e f f e c t i n g  t h e  
i n t e r n a l  node-number system of t h e  index s u b s t r u c t u r e  
(see sec.  146.1.1). Only t h e  nodes t h a t  have one o r  more 
freedoms r e t a i n e d  f o r  t h e  component s u b s t r u c t u r e s  a r e  
inc luded i n  t h e  nodal data f o r  t h e  i n d e x  s u b s t r u c t u r e .  

J 

FiEORDEE FROM 

Node 
Sub 1 

= GLOEAL X, Y and 2-coordinates  of a  
poin t .  Nodes of t h e  index s u b s t r u c t u r e  
a r e  ass igned i n t e r n a l  numbers by t h e  
program accordinq t o  i n c r e a s i n g  d i s t a n c e s  
f r o r  t h i s  point .  

= The user-ass igned number (ir~teqer) of 
a  r e t a i n e d  "Nodew associatecl  wi th  t h o  
lowest - level  s u b s t r u c t u r e  i d e n t i f  ie,: 
by t h e  i n t e g e r  "Sub19 which is a c o r p ~ n e n t  
of t h e  index s u b s t r u c t u r e .  Nodes of  
t h e  i n d e ~  s u b s t r u c t u r e  a r e  a s s igned  
i n t e r n a l  n m b e r s  by  t h e  program accordinq 
t o  i n c e a s i n g  d i s t a n c e s  from nNode.m 

Cefau l t  Record: The index-subs t ruc tu re  node closest 
t o  t h e  o r i g i n  of t h e  GLOEAL frame i s  
ass igned i n t e r n a l  number 1. The 
remaininq nodes of t h e  index s u b s t r u c t u r e  
are ass igned i n t e r n a l  nufibers according 
to  i n c r e a s i n q  d i s t a n c e s   fro..^ t h i s  node. 

R\?cords 4-8 may be r e p e a t e d  t o  d e f i n e  a d d i t i o n a l  h igher-  
level substructures. 



136.1.2 pounu~-Gout-ion Chanqe-Data Subset (optional)  

T h i s  da ta  subset (Records 9-16) allows the u s e r  t o  modify 
the d e f a u l t  kinematic-freedom a c t i v i t i e s  o r  the d e f a u l t  ordered 
sequence of re ta ined freedans f o r  any subs t ruc ture  of %-A i n t e r a c t  
tree. Reference should be made t o  t h e  i n t r o d u c t ~ o n  of sec t ion  
130.0 f o r  descr ip t ions  of the d e f a u l t  data .  I f  nBC change *tan 
are not required,  Records 9-1.; should n o t  be input.  

BC changes spec i f i ed  f o r  a subs t ruc ture  are e f fec t ed  after 
its ncdal data and d e f a u l t  freedom-activit ies are establ ished.  
The nodes of an index subs t ruc ture  are those  that have been 
reta ined i n  its components. The d e f a u l t  activity f o r  a l l  t h e  
kinematic freedoms i n  t h e  index subs t ruc ture  is RETAIN except for 
the freedoms which i n t e r a c t  i n  forming this substructure ,  The 
defau l t  a c t i v i t y  f o r  t h e s e  freedoms i s  FREE. 

s ~ e c i f i c  o r d ~ r i n g  of t h e  re ta ined  degrees-of-freedom f o r  a 
substructure  i s  p a r t i c u l a r l y  useful t o  order  the equations ( the  
reduced s t r u c t u r ~ l  matrices) t o  be solved f e r  dynamic analyses. 

Record 9 begin BC Change-Data 

I BEGIN BC CHANGES I 
Record 10 Substructure I d e n t i f i c a t i o n  

This record i d e n t i f i e s  a substructure f o r  which BC chaxlge- 
da ta  a r e  input  via subsequent Records 11-16, BC chanffe- 
data f o r  subs t ruc ture  components mast be input  p r i o r  to 
change-data f o r  t h e  corresponding index substructure.  

Sub = Integer  nIa.,ber of a subs t ruc ture  
previously ??fined by a R ~ c o r d  3 o r  CJ 

Record 4 .  

Record 11 Lowes-i -Level Substructure Ref srence [optional)  

The BC change-data defined v i a  Record 12 hrrd Record 15 
r equ i re  ~ i r e c t  referiznce t o  node nwherz  of HSubr@ 
i d e n t i f i e d  by Record 10. These numbers arc! user-assigned 
node numbers only i f  "SubN is a lowzst-level subs t ruc ture  
9r i f  Record 2 is input. Excf .t f o r  tirese t;.:o cases ,  
Secoxd 11 musc be input. Otherwise, t h e  node nmbers  of 
"Subgf a r e  t h e  defaul t ,  program-assigned nuinber s which ai,e 
n o t  directly known by t l t s  use?. 



I-] 

This record allows the user  t o  reference nodes of nSubn i n  
terms of the user  node numbers of any of the lowest-level 
substruct**=es (Rsub) that i n t e r a c t  t o  form HSub.n 

REFERENCE SS Rsub 

Rsub = Integer  number of any one of the lowest- 
level substructure components of t h e  
substructure i d e n t i f i e d  by Record 10, 

L e .aul t  Record: It is assumed t h a t  t h e  "Sub* i d e n t i f i e d  
by Record 10 is a lowest-level 
substructure or t h a t  Record 2 is used. 

Record 1 2 BC Chang ?-Data Specif icat ions (optional) 

This record, Variations 1 and/or 2, may be repeated to  
def ine  all freedom-activity changes f o r  se lec ted  nodes of 
t h e  substructure i den t i f i ed  by Record 10, 

These record formats are the same as those described f o r  BC 
da t a  (see sec. 106.1). The l a b e l s  (key-words) spec i f ied  
for "Activityn and " D l i s t n  must be se lec ted  from those 
labels defined by the BC input  data  for t h e  reference 
substructure (Rsub) , If the node numbers are unique 
(hecord 2 is input) , t h e  "labelsn specif ied by t h i s  record 
f o r  higher-level substructures  n l u s t  be the system-default 
labels (see see,  106.1). 

. J 

PC.$ (::lt Record : The d e f a u l t  treedom act iv i t ies  as 
described in the introduct ion of sec t ion  
130.0. 

Variation 1 Act iv i ty  D l i s t  

Records 1 1  and 12 are repeated t o  specify addi t ional  
freedom-activity changes. 

FOR ATlist 

Records 13-15 are input only to specify the order of t h e  
freedoms retained f o r  the substructure iden t i f i ed  by Record 10. 

A L L ,  

Variation 2 c IN SURFACE 2 <THROUGH Nn> 61  list '. 

. 
Act iv i ty  * ALL 

SYMM 
ASYM 



Record 13 Retailed-Freedom Order Indicator (optional) 

This record denotes t h a t  t h e  retained freedoms axe to be 
ordered as specif ied by Record 15. 

Record 14 Lowest-Level Substructure Reference 

This record is required only w e n  Record 13 is input and 
when the user-assigned node numbers i n  the t o t a l  model a r e  
not unique. 

EFLWNCE SS Rsub I 
The function of this record is the same as Record 11. 

Record 15 Retained Freedom Order (optional) 

= L i s t  of 1 t o  6 kinematic l abe l s  
a s  defined by the BC input data f o r  t h e  
reference substructure (Record 11) , I f  
t h e  node numbers a r e  unique ( ~ e c o r d  2 is  
input) , the system-default l abe l s  (see 
sec. 106-1) must be used, I f  the w r d  
ALL is selected for this i t e m ,  a l l  s ix  
nodal f reedas a r e  implied. 

A T l i s t  = ATLAS list of user  node numbers 
(integers) , 

The retained freedoms are oxdered i n  t h e  3equence specified 
by D l i s t  and A T l i s t ,  The order is defined as  a l l  freedoms 
i n  D l i s t  f o r  t h e  f i r s t  node i n  A T l i s t ,  followed by the same 
D l i s t  freedoms f o r  the second node in  ATlist, etc. If  ALL 
is selected, the order of the nodal freedoms 1 through 6 
w i l l  be a s  described i n  sect ion 106.0. Reference t o  non- 
retained nodes v ia  A T l i s t  is  not allowed, 

T h i s  record, or Recc- ' s  14 and 15 may be repeated. A l l  
retained freedoms f OA t h e  substructure,  including the  ne t  
results of any freedam-activity modifications specif ied by 
Record 12, must be ident i f ied .  



Default Records: I f  Recorde 13-15 a r e  not input,  the 
retained freedoms a r e  ordered i n  t h e  
sequence a s  described i n  the introduction 
of sec t ion  130-0. 

Record 16 Ehd BC Change Data 

END BC CHANGES 

Records 4-16 may be repeated to define addit ional  data  f o r  
a n  i n t e r ac t  tree, 

130,1.3 aahest-Level  Substructure Ident i f ica t ion  

The highest-level substructure of an interact +ree is 
iden t i f i ed  by t h e  following record. If dynamic analyries are t o  
be performed on a substructure model, this record is a l s o  used t o  
define an equivalent SET number for  L,?e highest-level 
substructure- This SET number is used subsequently in the  
parameter lists of t h e  nEXECUTE MASS,u *EXECUTE VIBRATIONu and 
EXSCUTE INTERPOLATIONn Control Program statements, The boundary 
condition stage nunber automatically assigned t o  t h i s  SET is 
*STAGE= 1. 

Record 17 Highest-Level Substructure Ident i f ica t ions  
I i 

IJEFINE HIGHEST SS Sub <AS SET n> 

Sub = Integer number of a higher-level 
subetructure previously-defined by Record 
4. 

= A s t i f f n e s s  or stiffness-s data set  
number (integer) in  the range 1 t o  36, 
inclusive. This SET number must be 
d i f f e r en t  from t h e  SET numbers of t h e  
lowest-level substructures,  T h i s  item is 
not required i f  only stress analyses a r e  
t o  be performed on the substructure 
model 
Default: No SET/STAGE i d e n t i f i e r s  are 

as signed t o  the  highest  -level 
substructure. 

130-1 .4 Load Case Selection Data Subset (optional) 

T h i s  data subset (Records 18-21) is only applicable t o  
stress analyses of a substructure model, If these da ta  are not  
input f o r  t h i s  case, a l l  load cases defined by the loads data  
(see sec. 134.0 and 234.0) f o r  a l l  the lowest-level substructures 



(SET/STAGE components) a r e  used i n  all the substructure-analysis 
back-substi tution solut ions,  I f ,  hwever ,  the intecact solu t ions  
f o r  only selected load cases  are to  be p e r f o m  on se lec ted  
substructures ,  this data  subset must be input ,  

Record 18 Begin Load Case Select ion 

BEGIN LOADCAS SELECI?ON 

Record 19 Substructure Iden t i f i ca t ion  

Th i s  record i d e n t i f i e s  the subs t ruc ture  f o r  which back- 
s u b s t i t u t i o n  so lu t ions  are t o  be performed for the load 
cases selected by Record 20. 

Sub = Integer  number of a subs t ruc ture  
previously-defined by a Record 3 or a 
Record 4, 

Hecord 20 Load Case Select ion 

I Case1 Case2 .. . 
Casel,CaseZ,.,. A list of se lec ted  load case l a b e l s  

associated w i t h  WSub* i d e n t i f i e d  by 
Record 19 fm which i n t e r a c t  so lu t ions  
are t o  be performed. If *Sub" i s  not the 
highest-level substructure,  the speci f ied  
load cases must be associated with t h e  
index substructure of *Sub.m 

The interact so lu t ion  da ta  f o r  the selected load cases  are 
used for the  back-substi tution so lu t ion  of the substructure 
identified by Record 19. Additionally, i n t e r a c t  so lu t ions  
for the substructure components of this substructure are 
effected only f o r  the selected load cases. I f  no load 
cases are selected f o r  a substructure,  the i n t e r a c t  
so lu t ion  for t h i s  subs t ruc ture  will include a l l  load cases 
associated with the substructure inunediately above it in 
the  i n t e r a c t  tree. 

Records 19 ard 20 niay be repeated. 



Record 21 B d  Load Case Selection 

END LOADCASE SELECTlQN 

T h i s  record denotes that a l l  load case se lect ions  for a 
substructure-model stress analysis have been defined . 

Record 22 End Interact Data Set 

END INTERACT DATA 

kdditiorlal interact data sets t o  define different interact 
trees may be input by repeating Records 1-22. 



T a b l e  130-1, Summary of I n t e r a c t  D a t a  R e c o r d 8  
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Ref et ence 
l h t  a Records 
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BE0 I N  JNTERACT DATA 

UNIQUE NODE NUMBERS 

DEFINE SS n AS SET Se STAQE S t  

SS n 
TOLERANCE to1 
INTERACT S u b l  Sub2 . 
NO GEOMETRIC RETAINS 

X Y Z  REORDER FROM {Nods ,,, Sub 

BEG I N  BC CHANGES 

1 
SS S u b  
REFERENCE SS R s u b  

A c t i v i t y  { !:pt) FOR AT1 irt 

D l  1 s t  

A c t  1:- } I N  SURFACE {i } <THROUGH W 

ASYM 

RETA I N  ORDER 
REFERENCE SS R s u b  

- FOR  AT^ i r t  

END BC CHANGES 

DEFINE HIGHEST SS Sub  ( A S  SET n> 

BEG I N  LOADCASE SELECT l ON 

SS S u b  
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END INTERACT, DATA 

- 
130.6 

130.6 

130.6 

130.7 
130.7 
130.8 
130.8 

130.9 

130.10 

130. 20 
130.11 

130.11 

130.11 

130.12 

130.12 

130.12 

130.12 

130.33 

130.13 

130.14 

130.14 

130.14 

) ' 



134.0 LOADS DATA 

s t a t i c  and q u a s i - s t a t i c  l oads  t o  be app l i ed  t o  a s t r u c t u r a l  
m c d ~ l  a r e  de f ined  v i a  t h i s  da t a  set. Previous i npu t  of t h e  
a s soc i a t ed  s t i f f n e s s  and BC da ta  sets i s  requ i red .  Addi t iona l ly ,  
if EEAM element thermal l oads  a r e  s p e c i f i e d ,  previous  i n p u t  
of t h e  De ta i l  d a t a  set (sec. 114.0) is r equ i r ed  i f  c r o s s  s e c t i o n  
M c c n c ~ ~ t s t l  a r e  used. 

The l oads  da ta  s e t  is divided i n t o  t h e  fo l lowing d a t a  
suhsets :  

a )  D i sc r e t e  nodal  loads  
b) Speci  f i e d  suppor t  displacements 
C )  D i s t r i bu t ed  element loads  
d) Nodal thermal l o a d s  
e )  Element thermal l oads  
f )  f io ta t iona l  i n e r t i a  loads  

D i sc r e t e  nodal  loads  may be s p e c i f i e d  r e l a t i v e  t o  any previously-  
de f ined  nodal da ta  r e f e r ence  frame (sec. 140.0). D i s t r i b u t e d  
~ l e r n e n t  loads ,  however, may be  de f i ned  r e l a t i v e  t o  t h e  GLOBAL 
traas  cr  t h e  olement re fe rence  frames (see appendix B).  Support  
(Als~lacements  must be s p e c i f i e d  r e l a t i v e  t o  t h e  a n a l y s i s  frames 
o t t h 3  correspondinq nodes. Spec i f i ed  suppor t  displacements 
m y  b.3 input  p a r t i a l l y  o r  wholly w i t h i n  t h e  BC da ta  s e t  and/or  
withlr :  t h e  l oads  data set. Ro ta t i ona l  i n e r t i a  loads  are def ined  
b y  r i q i d - ~ o d y  motion of t h e  model about  an  a x i s  c f  r o t a t i o n  
t i x e d  i n  t h e  GLOBAL r e f e r e n c e  frame. A l l  these da ta  a r e  
subsequently processed by t h e  LOADS Processor  (sec. 234.0). 

Each group of loads  is i d e n t i f i e d  by a unique l oad  c a s e  
label .  The maximum number cf load  c a s e s  t h a t  may be def ined 
and processed i n  2 p a r t i c u l a r  job is l i m i t e d  on ly  by t h e  
a v a i l a b l e  computer co r e  s t o r a g e  a t  execu t ion  time. A l l  l o ads  
assoc ia ted  w i t h  a p a r t i c u l a r  node o r  element a r e  cumulated and 
a l l  l o ads  a s soc i a t ed  w i th  a p a r t i c u l a r  load  c a s e  a r e  cumulated 
except  thermal loads. For t h i s  c a se ,  only  t h e  l a s t  s p e c i f i e d  
i:odal-temperature incremont i s  e f f e c t i v e .  I f  both nodal  and 
~ h e r m a l  loads  a r e  s p e c i f i e d  f o r  a p a r t i c u l a r  po in t  i n  t h e  model, 
only  'ne elemant thermal loads  w i l l  be used. 

P r i n tou t  of t h e  cumulated nodal  and e lement -d i s t r ibu ted  
app l ied  f o r c e s ,  nodal  and element t e a p e r a t u r e  increments and 
t h e  s p e c i f i e d  r o t a t i o n a l  k inemat ics  may be reques ted  per  t h e  
d i s cus s ion  i n  s e c t i o n  234.0. P r i n t o u t  of  s p e c i f i e d  d isplacements  
may be requested from t h e  STRESS Postprocessor  (sec. 254 .2 ) .  



134.1 INPUT DATA 

The to l lowing  n o t a t i o n  is used i n  t h i s  sec t ion .  

A T l i s t  (n) = ATLAS list of node numbers ( i n t e g e r s ) .  
Non-existent node numbers genera ted  
by ATl is t  (n) a r e  n o t  allowed. 

A T l i s t  (e) = ATLAS l i s t  of s t i f f n e s s  element numbers 
( in teqe  rs) . Non-exf s t e n t  element numbers 
genera ted  by A T l i s t  (e) a r e  n o t  al lowed,  

AT li s t (c) = ATLAS list d e f i n i n g  l o a d  case labels 
( p o s i t i v e  i n t e g e r s  or alphanumeric wards 

w i t h  1 t o  7 c h a r a c t e r s ) .  The word ALL, 
t h e  2 -charac te r  words Fi, where i = 
1, 6 and any of the kinematic  and force 
l a b e l s  s e l e c t e d  via the  BC d ~ t a  (sec. 
106.1) may n o t  be used as l a b e l s .  
M u l t i p l e  l o a d  cases a s s c c i a t e d  w i t h  
a p a r t i c u l a r  s t i f f n e s s  set and BC stage 
must be i d e n t i f i e d  by unique l a b e l s .  

Some d a t a  r e c o r d s  a r e  desc r ibed  by one or more o f  t h e  
foreqoinq ATLAS lists i n  a d d i t i o n  t o  ather ATLAS lists d e f i n e d  
i n  this sec t ion .  The t o t a l  number of items identified v i a  
A x l i s t  qenera t ion  o p t i o n s  p l u s  t h e  n u d e r  of o t h e r  i t ems  i n p u t  
b y  a s i n q l e  r e c o r d  may not  exceed 1000, The g e n e r a l  r e s t r i c t i o n s  
that a record  may c o n t a i n  a maximum of 250 i n p u t  items or  a 
maxin~um of 125 items i f  t h e  *+N r e c o r d  g e n e r a t i o n  o p t i o n  is 
used a l s c  apply  (see sec. 100.2) . 
Record 1 Data Set I d e n t i f i c a t i o n  

E EGIN LOADS DATA 

This r?cord  i n i t i a t e s  execut ion  of the LOADS Preprocessor .  

;, loa3s ddta s e t  may be comprised of one or more s u b s e t s  
or i t  n a y  be comprised of only Records 1 throuqh 4 and 47. 
That is, fiecords 2-4 may be used t o  a s s i g n  l o a d  c a s e  t i t les 
(L ecord 3) and/or combine previously-def  ined l o a d  cases (Record 
4 ) .  Load c a s e s  comprised o f  s p e c i f i e d  d i s p l a c s a e n t s  t h a t  a r e  
d e f i n s d  whol ly  by t h e  BC d a t a  may be handled i n  this manner. 



Record 2 S e t / S t a q e  I d e n t i f i c a t i o n  ( o p t i o n a l )  

I <SET Se> (STAGE St> 

= I n t e g e r  i d e n t i f y i n q  a  S t i f f n e s s  SFT t o  
which t h e  subsequen t  i n p u t  loads  apply.  
Defaul t :  The SET number s p e c i f i e d  by t h e  

last r e c o r d  o f  t h i s  t y p e  o r  SET 
1. 

= I n t e g e r  i d e n t i f y i n g  a  BC STAGE a s s o c i a t e d  
w i t h  set nSe" t o  which t h e  subsequent  i n p u t  
l o a d s  apply. 
D e f a u l t  Items: STAGE 1  

C e f a u l t  Record: SET 1 STAGE 1 

T h i s  r e c o r d  may be r e p e a t e d  t o  i d e n t i f y  a SET/STAGE 
anywhere w i t h i n  t h i s  d a t a  set e x c e p t  w i t h i n  one  of the 
d a t a  s u b s e t s .  

Record 3 Load Case T i t l e  ( o ~ t i o n a l )  

Each l o a d  c a s e  is i d e n t i f i e d  by a use r -a s s iqned  l a b e l .  
A n  a lphanuner i c  t i t l e  may also be  a s s i q n e d  t o  l o a d  c a s e s  
v i a  t h i s  record .  Both i d e n t i f i e r s  a r e  d i s p l a y e d  when 
p r i n t o u t  i s  reques ted .  

I LOAD CASE I D  l a b e l  * #  t e x t  # 

l a b e l  

t e x t  

= Load c a s e  l abe l - - a  p o s i t i v e  i n t e g e r  
or an  alphanumeric  word of  1 t o  7 
c h a r a c t e r s .  The word ALL, t h e  2- 
c h a r a c t e r  words F i ,  where i = 1, 6 and 
any of t h e  k i n e m a t i c  freedom and f o r c e  
l a b e l s  s e l e c t e d  v i a  the BC d a t a  may 
n o t  be used. A l l  l a b e l s  a s s o c i a t e d  
w i t h  t h e  s p e c i f i e d  SET/STAGE (Record 
2) must be unique. 

= Alphanumeric t e x t  of 1 t o  100 c h a r a c t e r s ,  
i n c l u d i n g  b lanks ,  to be a s s o c i a t e d  w i t h  
H l a b e l .  

C e f a u l t  Record: Load c a s e s  a r e  i d e n t i f i e d  o n l y  by t h e  
l a b e l s  s p e c i f i e d  by t h e  load-case 
d e f i n i t i o n  r ecords .  



This  record may be repeated anywhere except within any 
one of t h e  data subsets.  

Record 4 Load Case Combination Record (optional)  

T h i s  record may be used t o  generate a load case a s  a 
l inea r  combination of cne o r  more other  load cases  
associated w i t h  the  SET/STAGE speci f ied  by Record 2. 

CASE l abe l  COMBINE f l  Label1 f 2  Label2 .,, 
label  = Same a s  defined f o r  Record 3. T h i s  load 

case lake1 must be d i f f e r e n t  from the  
labe ls  denoted by Labeli i n  t . h i s  record. 

f i ,Label i  = Loads associated w i t h  Labeli  a r e  t o  be 
multipligd by " f i e *  one tc  10  p a i r s  of 
these items may be input. I f  more than 
10 load cases a r e  t o  be c o ~ b i n e d ,  t h i s  
record must  be repeated as described below. 
The Labeli loads need not be input p r i o r  
t o  this record. The f a c t o r  " f i "  i s  applied 
t o  a l l  loads associated w i t h  Labeli. Note 
t h a t  a f ac to r  applied t o  equivalent nodal 
loads caused by therioal e f i e c t s  is not,  
i n  general, l i n e a r l y  r e l a t e d  t o  t h e  nodal 
temperature increments (see sec. 134.1.4). 

T h i s  record may he repeated anywhere except within any 
or?e cf t h e  data subsets. The nlabelll defined by one 
rzcord of t h i s  type  may be t h e  same a s  t h e  "label" 
s ~ e c i f i e d  by a subsequent record ~f t h i s  type. In  t h i s  
case, all loads associated w i t h  tile @ a r t i c u l a r  load case 
a re  cumulated. A "label" defined by t h i s  record, however, 
may not appeak as  a Labeli  i n  subsequent records of t h i s  
t y p .  

134.1.1 Nodal Load Data Subset (optional)  

A l l  concentrated nodal forces  and/or moments a r e  def insd 
via  this data  subset. Specified lists of nodal loads may be 
associated with a qroup of load cases (Records 6, 7 and 8) , 
a qrouF of S t ruc tura l  nodes (Records 6 ,  9 and 10) o r  a qroup 
of nodal-force labe ls  (Records 11 and 1 2 ) .  

hecord 5 Beqin Nodal Load Subset 

I B E G I N  NODAL LOAD DATA 



Record 6 Load Reference Frame and Freedom Order (op t iona l )  

This  r e c o r d  e s t a b l i s h e s  t h e  r e f e r e n c e  frame r e l a t i v e  t o  
which subsequent nodal loads a r e  defined.  Any nodal dat-,  
r e f e r e n c e  frame may be  used for l o a d s  inpu t .  T h i s  r e c o r ~ r  
a l s o  d e f i n e s  t h e  noda l-f orce correspondence  l i s t  a s s o c  +t ed 
with lists of l o a d  v a l u e s  i n p u t  v i a  " f l i s t "  i n  Records 
8 and/or 10. 

(::& ) = i lphanuwer ic  aLabeln of a nodal  data 
ANALYSIS r e f e r e n c e  f r a m ,  t h e  key-word GLOBAL which 

denotes  t h e  GLOBAL frame o r  t h e  key-word 
ANALYSIS. The key-word ANALYSIS deno tes  
t h a t  l o a d s  are def ined  w i t h  r e s p e c t  t o  
t h e  i q a l y s i s  frame of t h e  loaded nodes. 
Analys is  frames of t h e  loaded nodes may 
be d i f f e r e n t .  
Default :  The r e f e r e n c e  fraue denoted by 

t h e  l a s t  record  o f  t h i s  t y p e  or 
ANALYS IS  

1if 1 , N f  2, ... = L i s t  of 1 t o  6, 2-charac ter ,  alphanumeric 
i d e n t i f i e r s  d e f i n i n g  t h e  c r d e r  and number 
of l o a d s  i n p u t  v i a  " f l i s t n  i n  Records 8 
and/or  10. Only t h e  nodal - force  i d e n t i f i e r s  
a s s o c i a t e d  w i t h  non-zero l o a d s  need be 
inc luded i n  t h i s  list. The i-th i d e n t i f i e r  
Nfi  must be one o f  t h e  followinq: 

Nf i  -- E i t h e r  one of t h e  n o d a l - f o r e  l a b e l s  
s e l e c t e d  via t h e  9C d a t a  f o r  a s p e c i f i c  
t y p e  o f  r e f e r e n c e  frame (EEC, CYL o r  SPH) 
o r  one of the words F j  ; j = 1, 6 t hich  
denote  the s i x  o rde red  nodal  f o r c e s  
a s s o c i a t e d  with a l l  r e f e r e n c e  frame t y p e s  
( s e e  Record 4 o f  BC d a t a ) .  I f  t h e  former 
type  of identifier is  s p e c i f i e d ,  a l l  loaded 
nodes must have t h e  s a n e  l i s t  of nodal- 
force l a b e l s .  However, i f  "Fj" words a r e  
used, t h e  nadal - force  l a b e l s  a s s c c i a t e d  
with the loaded nodes a r e  immaterial .  

Default:  The nodal  f o r c e  o r d e r  d e f i n e d  
by t h e  l a s t  record  of this type  
o r  F j ;  j = 1 ,  6. 



Default  hecord: The o rde r  and number o f  nodal - icrces  
def ined by t h e  l a s t  r ecord  of c h i s  type  
o r  Fj; j=1,6. If this record  is no t  
used, t h e  o rde r  i n  which noda:. i oads  
a r e  s p e c i f i e d  v i a  Records 8 a~ id /o r  10 
m~st be c o n s i s t e n t  w i t h  t h e  d ls faul t  
nodal-f o r c e  o rde r  (e. q. , FX, FY, PZ, 
MX, MY and MZ f o r  REC r e f e r e n c e  frames).  

Eecords of this t y p e  may appear any number of times wi th in  
t h i s  d a t a  subset .  

134.1.1.1 Loads Grouped by Load Cases 

Eecords 7 and 8 al low s p e c i f i e d  nodal  l o a d s  t o  be 
a s s c c i a t e d  w i t h  a group of load cases .  

Reccrd 7 Load Case Labels  

Nodal l oads  s p e c i f i e d  v i a  subsequent  Records 8 a r e  
a t t r i b u t e d  t o  each of t he  load c a s e s  de f i ned  by A T l i s t ( c ) .  

Record 8 Node and Load S p e c i f i c a t i o n  

A T l i s t  (n)  f l i s t  ( Nfl f l  Nf2 f 2  1 
A l l  l oads  spec i f i ed  v i a  t h i s  r ecord  a r e  app l i ed  t o  a l l  
nodes i n  A T l i s t  (n) , 

f list = L i s t  o f  1 t o  6 nodal  l oads  a s soc i a t ed  with 
t h e  sequence and number of nodal - force  
l a b e l s  i d e n t i f i e d  by t h e  l a s t  Record 6. 
T r a i l i n q  ze ros  need n o t  be inpu t .  

E.lfi,ii = Nfi is a nodal-forct! l a b e l  and l l f i "  i s  
t h e  corresponding load  value.  The  format 
of l l N f . i H  is t h e  same a s  de f ined  f o r  Record 
6. These items a r e  i n p u t  i n  p a i r s  i n  an 
o rde r  which is  independent  of  Record 6. 

T h i s  r ecord  o r  Rec~ r t f s  7 and 8 may be repeated. 

Example Use of r;scorfi- 7 and 8: 
Y 

Fcr  load cases A9C and R20, nodes 35 and 1CO through 110 
have an FX ,orce of 5. and a n  MZ of 10. Nodes 36 and 200 through 
2 1 0  hdve a n  FX of 10. and an MZ of 20. Addi t iona l ly ,  nodes 



37 and 300 throuqh 310 have an FX of 15. and an MZ of 30, The 
d a t a  r e c o r d s  cou ld  be i n p u t  as: 

CASE ABC B2O 
35 100 TO 110 FX . S o  M2 10, / 
*+2 1  100 0 100 0  5. 0 10. / 

1 3 4, l . l .  2 Loads Grouped by Nodes 

Records 3 and 10 allow s p e c i f i e d  rlodal l o a d s  t o  be 
a s s o c i a t e d  w i t h  a qroup of S t ruc t l a  .:a1 nodes. 

Record 9  Node L i s t  

NCCE A T l i s t  (n) 

subsequsn t  Records 10 d e f i n e  noda l  l o a d s  t o  be a p p l i e d  
t c  a l l  nodes  i n  A T l i s t ( n ) .  

Kecord 10 -ad Case and Nodal Load S p e c i f i c a t i o n  

A T l i s t  (c) 
Nfl f l  Nf2 f 2  ... 1 

A l l  l o a d s  s p e c i f i e d  v i a  t h i s  r e c o r d  are a t t r i b u t e d  t o  
each o f  t h e  l o a d  c a s e s  d e f i n e d  by A T l i s t  ( c ) .  

= Same as  d e f i n e d  f o r  Record 8 

This r e c o r d  or Records 9 and 10 may be repea ted .  

E x ~ m p l e  Use of Records 9 and 10: 
J 

hudes 5, 7, 9, 11 and 45 for l o a d  cases 1, 2, 3 ,  H l ,  H2 
and H 3  have a n  FY f o r c e  equal t o  6 times t h e  inteqer part o f  
t k e  1033 case l a b e l  and an MX v a l u e  equa l  to  t w i c e  t n e  integer  
p a r t  of t h e  load case labe l ,  The data r e c o r d s  could bs i n p u t  
as: 



1 3 . 1. 1. 3 Loads Grouped by Noda 1 Freedoms 

Records 11 and 12 allow s p e c i f i e d  nodal loads t o  be 
associa ted with a group of freedoms. 

Record 11 Nodal Freedom L i s t  

I FREEDOM A T l i s t  (fn) 

ATlist ( fn )  = ATLAS list of alphanumeric words--each 
word i s  comprised of a nodal-force l abe l ,  
a s  s p e c i f i e d  v i a  t h e  BC data ,  followed 
by a node number. An ATl i s t ( f  n) could 
be MY11 TO MY88 which denotes  moments about 
t h e  Y-axis a t  nodes 11 throggh 88. Non- 
e x i s t e n t  nodal-f orce l a b e l s  and node numbers 
referenced by words qenerated by ATLAS (f n) 
a r e  not  allowed. 

iiecord 12 m a d  Case and Nodal Load Spec i f i ca t ion  

A T l l s t  (c) f l i s t  

f l i s t  = L i s t  of nodal l oads  t o  be a ~ p l i e d  t o  t he  
freedoms as  l i s t e d  by t h e  l a s t  Record 11. 
The number and sequence of t h e  loads  i n  
" f l i s t n  must correspond with t h e  number 
and sequence of freedoms s ~ e c i f i e d  by 
Record 11. 

This record or Records 11 and 12 may be repeated. 

Example Use of Records 11 and 12: 

FX loads are t o  be s p e c i f i e d  a t  nodes 1 through 5 and 
20. Fcr load case 10, t h e  fo rces  a r e  1, 2, 13, 4, -5 and 8. 
For load case TAXI, the forces  a r e  7, 12, 15. -2,  6 and 2. 
The data  records could be input  as: 

FREEDOM FX1 TO F X 5  F ~ 2 0  / 
10 1. 2. 13. 4. - 5 .  8- / 
TAXI 7. 12. 15. - 2 .  6 .  2 -  1 

secord 13 End Nodal Load Sukset 

I EKD NODAL LOAD DATA 

Additional  Records 2- 13 may be input  to def ine  nodal loads 
f o r  d i f f e r e n t  SET/STAGE combinations. 



1 3 U. 1.2 s g e g q g ~ , D ~ ~ g c g ~ f f  &&a_ Subset ( o p t i o n a l )  

T t r i s  d a t a  s u b s e t ,  Records  14-22, may be used  t o  i n p u t  
specified d i sp l acemen t s ,  These  d a t a  may be i n p u t  p a r t i a l l y  
o r  whol ly  v i a  t h e  &' d a t a  set (sec. 106.1.1) a n d l o t  the l o a d s  
d a t a  set.  Displacements  i n p u t  f o r  a p a r t i c u l a r  SEl' and  STAGE 
(Fecord 2 )  are cumulated. M u l t i p l e  d i s p l a c e m e n t s  s p e c i f i e d  
f o r  t h e  s a r e  f reedcm are cumulated.  

Cisp lacements  may be s p e c i f i e d  o n l y  f o r  freedoms which 
have been p r e v i o u s l y  SUPPORTed. All d i s p l a c e m e n t s  a re  def i a e d  
and e f f e c t e d  r e l a t i v e  to  the a n a l y s i s  frame of t h e  a s s o c i a t e d  
node. I f  no d i sp l acemen t  i s  s p e c i f i e d  f o r  a SUPPORTed freedom, 
i t  is r i q i d l y  t ixed ( z e r o  d i s p l a c e m e n t  i s  e n f o r c e d ) ,  

s p e c i f i e d  lists ot d i s p l a c e m e n t s  may be associated w i t h  
a group of l o a d  cases (fiecords 15, 16 and  1 7 ) ,  a qroup of nodes  
(Facords  IS, 1 8  and 19) or a group of  k i n e m a t i c  freedoms (Records 
20 and 21) . R o t a t i o n a l  d i s p l a c e m e n t s  a r e  i n p u t  i n  r ad i ans .  

hecord  14 S p e c i f i e d  Displacement  Data S u b s e t  

I B E G I N  SUPPORT DISPLACEMENT DATA 

2 :cord 15 Nodal-Freedcm Order ( o p t i o n a l )  

'i!~is record d e f i n e s  t h e  nodal-f reedom co r re spondence  list 
a s s o c i a t e d  with  lists of d i s p l a c e m e n t s  i n p u t  v i a  Records  
1 7  and/or  19, 

CFDER N f l  Nf2 . 
Nfl.NfZ,... = L i s t  of 1 t o  6, 2 - c h a r a c t e r ,  a lphanumer i c  

i d e n t i f i e r s  def  i n i n q  tbe crder and 
number of k i n e m a t i c  freedoms a s s o c i a t e d  
w i t h  t h e  d i s p l a c e m e n t s  i n p u t  v i a  "d l i s t "  
i n  Records 17  and/or  19. The i - t h  
i d e n t i f i e r  N f i  i n  this list must be 
o n e  o f  t h e  fol lowing:  

Nfi -- E i t h e r  one of the k i n e m d t i c  labels 
s e l e c t e d  v i a  the BC d a t a  f o r  a specific 
t y p e  o f  a n a l y s i s  f rame ( R E ,  CYL o r  
SPH) or one of the words Fj : j = 1, 
6 which d e n o t e  t h e  s i x  c rdere t l  noda l  
freedoms (see Record 4 of  BC! d a t a )  
a s s c c i a t e d  w i t h  a l l  a n a l l s i s  frame 
types .  It t h e  former  t y ~ e  of i d e n t i f i e r  
is used,  a l l  nodes  w i t h  s p e c i f i e d  
d i s p l a c e m e n t s  must have t h e  same list 



of ana lys i s -  frame kinemat ic  labels. 
HOweVeT,  i f  V j N  words are used, t h e  
k inemat ic  l a b e l s  a s s o c i a t e d  wi th  t h e  
ref ersnced nodes are immaterial. 

Default  Record: The o r d e r  and number of  nodal-f reedoms 
de f ined  by t h e  l a s t  r e c c r d  o f  t h i s  type  
or  Fj; j = 1 ,  6. I f  t h i s  r e c o r d  is 
no t  used, t h e  o r d n r  i n  which t h e  6 
d i sp lacements  are s p e c i f i e d  v ia  Records 
17 and/or  19 must be c o n s i s t e n t  w i t h  
t h e  d e f a u l t  nodal- fresdc~r o r d e r  (e.g., 
TX, TY, TZ, RX, RY and E E  f o r  REC 
a n a l y s i s  frames) . 

kscords  of  t h i s  type  ray appear  any  number o f  times w i t h i n  
this d a t a  subset .  

13U. 1.2.1 Displacements Grouped by Load Cases 

Records 16 and 17 a l l -  s p e c i f i e d  d i s p l a c e n e n t s  t o  be 
a s s c c i a t z d  wi th  a  grout of load cases .  

Record 16 Load Case Labels 
1 

CASE ATl is t  (c) 

Displacements s p e c i f i e d  v i a  subsequent  Records 17 a r e  
attributed t o  each of t h e  load  cases d e f i n e d  by A T l i s t  (c). 

iiecord 17 Node and Displacement S p e c i f i c a t i o n  

ATl is t  (n) 
Ntl  d l  Nf2 d2  . . . 

A l l  d isp lacements  s p e c i f i e d  by t h i s  r ecord  ars a p p l i e d  
t o  a l l  nodes i n  ATl i s t  (n) . 
d l i s t  = L i s t  o f  1 t o  6 d isp lacements  a s s o c i a t e d  

wi th  t h e  sequence and number of  k inemat ic  
freedoms i d e n t i f i e d  by t h e  l a s t  Record 
15. T r a i l i n q  zeros need no t  be input .  

Nfi ,di  = The i - t h  k inemat ic  l a b e l  and displacement  
i n  t h i s  r ecord  denot ing  which freedom is 
t o  have a d isp lacement  of  "di" impos5d. 
The format  o f  N f i  is t h e  same a s  de f ined  
f o r  Record 15. These i terns a r e  inpu t  i n  
p a i r s  i n  an  o r d e r  which is independent 
of Reccrd 15. 



This  r e c o r d  or Records 16 and 17 may be repea ted .  

Use of Records 16 and 17 is i l l u s t r a t e d  by t h e  example shown 
f o r  Records 7 and 8 provided that d i s p l a c e m e n t s  and k inemat i c  
l a b e l s  are ussd  i n s t e a d  of t h e  f o r c e  terminology,  

134,1.2.2 Displacements Grouped by Nodes 

E2cords 18 and 19 a l low s p e c i f i e d  d i s p l a c e u e n t s  t o  b e  
a s s c c i a t e d  wi th  a grou, ot nodes. 

Record 18 Node L i s t  

I NCDE A T l i s t  (n) 

Subsequent Records 19 d e f i n e  d i sp lacemen t s  t o  be a ~ ~ l i e d  
t c  a l l  nodes i n  A T l i s t ( n ) .  

Record 19 Load C a s e  and Displacement S p e c i f i c a t i o n  
b 

ATl i s t  (c) d l i s t  I Nf1 d l  Nf2 d 2  .., 
~ l l  d i s p l a c e m e n t s  s p e c i f i e d  w i t h i n  thi s r e c o r d  are 
a t t r i b u t e d  t o  each  o f  the l o a d  cases d e f i n e d  by A T l i s t ( c ) .  

d l i s t  
= Same as  d e f i n e d  f o r  Record 17 

d i  

This r e c o r d  or Records 18 and 19 may b e  r e ~ e a t e d .  

use of Remrds  18 and 19 is i l l u s t r a t e d  by t h e  example shown 
f o r  Records 9 and 10 provided t h a t  d i s p l a c e m e n t s  and k i n e m a t i c  
l a b e l s  a r e  us sd  i n s t e a d  of t h e  f o r c e  terminoloqy.  

134.1.2,3 D i ~ ~ l a c e I W n t s  Grouped by Nodal Freedoas 

Kecords 20 and 2 1  allow s p e c i f i e d  d i sp lacemen t s  t o  be 
a s s o c i a t e d  w i t h  a group of  k inemat i c  f reedorns. 

Record 20 Kinematic Freedom L i s t  

I FREEDOM A T l i s t  (f  n) 

ATl i s t  ( f  n) = ATLAS l ist  of a lphanumer ic  words--each 
word is comprised of a k inemat ic  l a b e l ,  
a s  s p e c i f i e d  v i a  t h e  BC d a t a ,  fo l lowed 
by a node number, An A T l i s t ( f n )  cou ld  
be TXll TO TX88 which d e n o t e s  t h e  X-axis 



t r a n s l a t i o n a l  freedoms f cr nodes 11 through 
88, Non-eXis*nt node numbers r e f e r e n c e d  
by ~ ~ l i s t ( f n )  are no t  al lcwed.  

kc3:crd 2 1  Load Case and Displacement S p e c i f i c a t i o n  

A T l i s t  (c )  d l i s t  

d list = L i s t  of  d i sp lacements  t o  be imposed on 
t h e  freedoms a s  l i s t e d  by t h e  last Record 
20. The number and sequence of t h e  
d isplacements  i n  n d l i s t "  m u s t  correspond 
w i t h  t h e  number and sequence of freedoms 
s p e c i f i e d  by Record 20, 

This  r e c o r d  or hecords 20 and 21 may be repeated. 

U s e  of Fecords 20 and 21 is i l l u s t r a t e d  by t h e  example shown 
f o r  92ccrds  1 1  and 12 ~ r o v i d e d  that  d isplacements  and k inemat ic  
l a b e l s  a re  used i n s t e a d  o f  t h e  f o r c e  terminology. 

Record 22 End Support Displacement Data Subse t  

EKD SUPPORT CISPLACEMENT DATA 
L 

Addi t iona l  Records 2-22 may be i n p u t  t o  d e f i n e  l o a d s  da ta  
f o r  d i f f e r e n t  SEWSTAGE combinations, 

134.1.3 Zlernen, Load Eata Subset  (optional) 

This d a t a  subse t ,  Eieccrds 23-29, i s  used t o  s p e c i f y  
d i s t r i b u t e d  l o a d i n g  on s e l e c t e d  s t i f f n e s s  e lements .  Uniform 
o r  l inea r ly -va ry ing  l o a d s  on  all element  t y p e s  except  t h e  SCALAR 
e l s w n t  may be def ined.  D i s t r i b u t e d  l o a d s  are de f ined  v i a  load  
i n t e n s i t i e s  a t  element nodes. 

4lernent  l o x i s  may be a s s o c i a t e d  wi th  a qroup of l o a d  cases  
(Kern rds  2 5  and 26) o r  a qroup of slements (Roccrdt; 27 and 2 8 ) .  
Lcade a ~ p l . i e J  t o  t h e  one and 2-dimensional element; a r e  

~rzsc:ri ,ed i n  s e c t i o n s  134.1.3.1 and 134.1.3.2, wh2reas loads  
a ~ p l - .  zd to BRICK elements  a re  p r e s c r i b e d  accordinq t o  section 
131' 1. 3.3. 

-7ecord 23 B ~ q i n  Element Load Subset  

1 EEGIN ELEMENT LOAD DATA 



I LOADS I 
Record 24 b a d  Direction Speci f ica t ion  

* DIRElTION (GLOB= ) ' Nn 
ELEMENT x Y 2; . 
= Key-word denoting t h a t  either the  GIDBAL 

o r  each of t h e  ELEMENT reference frames is 
used t o  def ine the load d i rec t ion  vector,  
The d i r e c t i o n  of the d i s t r i b u t e d  loads is 
from the o r i g i n  of this frame t o  the point 
defined by *Nna o r  *xa, v* and *z". 
Default: The load reference frame is either 

t h e  one denoted by t h e  l a s t  record 
of this type o r  the GLOBAL frame, 

Nn = N o d e  number (integer) . 
X,Y.Z = Coordinates x, y and z of a po in t  located 

with respect t o  e i t h e r  t h e  GLOBAL frame or 
each of the ELEMENT reference frames of t h e  
loaded elements. 

This record may appear any number of times anywhere within 
this data  subset. TIE load d i rec t ion  defined v ia  t h i s  
record remains e f f e c t i v e  u n t i l  redefined. 

13 4.1 -3.1 Loads Grouped by Load Cases 

aecords 25 and 26 allow element loads t o  be associated with 
a group of load cases, 

Record 25 Load Case Labels 

CASE A T l i s t  (c) 

Element loads spec i f ied  by subsequent Records 26 are 
a t t r i b u t e d  t o  each of t h e  load cases  defined by A T l i s t ( c ) .  

Record 26 Element and Load Speci f ica t ion  

The dis t r ibuted  loads spec i f ied  by t h i s  record a r e  applied 
to each element i n  A T l i s t  (e)  . 
flist = List of load i n t e n s i t i e s  a t  t h e  elemnt 

nodes. The n u d e r  and input sequence of 
items within w f l i s t r  t h a t  a r e  required f o r  
each element type except t h e  BRICK are 
presented by t a b l e  134-1. 



b l i s t  = ~ o a d  i n t e n s i t i e s  for  BRICK elements only;  
see s e c t i o n  123.1.3.3. 

This  record  o r  Records 25 and 26 may be repeated .  

Exanple Use of Records 25  and 26: 

F 
have a 
pressur  
lcad of 

'or load  c a s e s  LIMIT and M30, elements  100 through 200 
p re s su re  load  o f  10, elements  300 through 400 have a 
.e l o a d  of 12, and elements  500 throuqh 600 have a p r e s su re  
14. The d a t a  r e co rds  w u l d  be i npu t  as: 

CASE LIMIT M30 
100 'I0 200 100 / 
*t2 200 0 200 2. 1 

134.1.3.2 Loads Grouped by Elements 

Records 27 and 2 8  a l low element l o a d s  t o  be a s s o c i a t e d  
w i t h  a qroup o f  elements. 

Record 27 Element L i s t  

I ELEMENT A T l i s t  (e) 

Subsequent Records 2 8  d e f i n e  load  i n t e n s i t i e s  f o r  each 
element i n  AT1 i s t  (e)  . 

Record 28 Load Case and Load S p e c i f i c a t i o n  

The d i s t r i b u t e d  loads  s p e c i f i e d  by t h i s  r ecord  a r e  
a t t r i b u t e d  t o  each of t h e  load c a s e s  de f i ned  by ATl i s t  (c )  . 
(22:) = Same a s  def ined f o r  Record 26 

This  r e co rd  o r  Records 27 and 28 may be repeated. 

Example Use of Records 27  and 28: 

Elements 5 ,  10 and 15 have p r e s s u r e  l o a d s  of 6 f o r  load 
c a s e s  P1 and H2; 8 - f o r  load cases P2 and H 4 ;  and 10 f o r  l oad  
c a s e s  F3 and H6. The da t a  records could  be input as: 

ELEMENT 5 TO 15 BY 5 / 
P1 H2 6. / 
*+2 1 2  2. / 



Each nonzero i n t e g e r  i n  t h i s  t a b l e  denotes which one o f  t h e  nodal  l oad  a i n t e n s i t i e s  i n p u t  by Record 26 o r  28 i s  t o  be a p p l i e d  t o  a co r respond ing  element 
node as shown i n  t h e  t a b l e .  For  t h e  case when 1 * 3 ,  o r  u load  i n t e n s i t i e s  a r e  
i n p u t  f o r  a COVER o r  CCOVER ,one-half of t h e  i n p u t  va lues  a r e  a p p l i e d  a t  t h e  
a p p r o p r i a t e  upper  and lower  p l a t e  c o r n e r  nodes denoted by P i U  and Pi L, 
r e s p e c t i v e l y .  N ( i )  and A ( i )  denote s t r u c t u r a l  and a u x i l i a r y  element nodes, 
respec t  i ve ly ,as  descr ibed  i n  appendix 8.  

LOADS 1 



1 34.1.3.3 Loads on BRICK Elements 

Records 24-28 may be used t o  d e f i n e  d i s t r i b u t e d  l o a d s  
on S I C K  elements  v i a  " b l i s t N  i n  Records 26 and 28. "b l i s tW 
i s  comprised of one element  f a c e  nuraber followed by one  o r  more 
nodal load i n t e n s i t i e s .  A d i s t r i b u t e d  load  on cne of t h e  s i x  
faces of a BRICK element i s  def ined  via load i n t e n s i t i e s  a t  
t h t  nodes of t h e  loaded face.  Coplanar f a d e s  ray not  be loaded. 
c o p l a n a r  element f a c e s  occur ,  f o r  example, when a BRICK element 
i s  deqanera ted  t o  d e s c r i b e  a wedge. 

Three v a r i a t i o n s  of  n k l i s t @  i n  Record 26 and 28 are 
presen ted  below. The d i r e c t i o n  of the d i s t r i b u t e d  p r e s s u r e  
load inq ,  as s p e c i f i e d  by t h e  l a s t  Record 24 i n  t h e  i n ~ u t  stream, 
must d e f i n e d  r e l a t i v e  t o  t h e  ELEMENT r e f e r e n c e  frame. 

V a r i a t i c n  1 Uniform P r e s s u r e  on a Face 

b l i s t  = Face p l  
where, 

Face = Face nurrber ( i n t e g e r )  o f  t h e  elements.  
see appendix B f o r  t h e  d e f i n i t i o n  of BRICK 
facos.  

~1 = Load i n t e n s i t y  on t h e  face. 

Variation 2 Linear  Pressure D i s t r i b u t i o n  on a Face 

blist = Face p l  p2 p3 p4 
where, 

Face = Same a s  for V a r i a t i o n  1. 

pl-p4 = Load i n t e n s i t i e s  a t  t h e  f a c e  c o r n e r  nodes 
N i .  The r e q u i r e d  i n p u t  o r d e r  of t h e s e  
va lues  i s  shown i n  t h e  t a b l e  below. Load 
i n t e n s i t i e s  a t  t h e  in t e raed ia t e  edqe nodes 
are qenerated oy linear i n t e r p o l a t i o n .  



The  nodes d e f i n i n g  f ~ c e s  5 and 6 i n  the foreqoinq t a b l e  
a r e  compatible  w i t h  a BRICK element de f ined  according 
t o  t h e  f i q u r e  i n  appendix B. I f  t h e  nodes N1 t o  N 4  a r e  
i n p u t  i n  t h e  o p p o s i t e  o r d e r  (clockwise when viewed i n  
t h e  n e q a t i v e  x - d i r e c t i o n ) ,  f a c e  numbers 5 and 6 a s  shown 
i n  t h e  t a b l e  a r e  interchanged.  

Var ia t ion  3 Genera l  P ressure  D i s t r i b u t i o n  on a Face 

b l i s t  = face p l  p2 p3 p4 pel  pe2 p e 3  pe4 
where, 

Face = Same a s  for V a r i a t i o n  1 

plop4 = Load i n t e n s i t i e s  a t  t h e  f a c e  corner  
nodes N i .  The r e q u i r e d  i n p u t  o r d e r  
of t h e s e  v a l u e s  i s  shown i n  t h e  foregoinq 
t a b l e .  

~ e i  = L i s t  of load  i n t e n s i t i e s  f o r  t h e  
"nonzerom i n t e r m e d i a t e  nodes on t h e  
edge N E i .  The load i n t e a s i t i e s  denoted 
by "pein a r e  a s s o c i a t e d  with a node 
o r d e r  corresponding wi th  t r a v e r s i n g  
of element edge E ( i )  i n  i t s  p o s i t i v e  
d i r e c t i o n  (see appendix B) . The sequence 
of these  l is ts  is shown i n  t h e  fo rego ing  
t a b l e .  Face numbers 5 and 6 a s  shown 
i n  t h i s  t a b l e  a r e  in te rchanged  i f  t h e  
c o n d i t i o n  d i scussed  f o r  V a r i a t i o n  2 
e x i s t s .  

Record 29 End Elemsnt Load Subset 

I E N C  ELEMENT LOAD DATA 

Addi t iona l  Records 2-29 may be i n p u t  t o  d e f i n e  nodal and 
element loads  f o r  d i f f e r e n t  SET/STAGE combinations. 



134.1.4 Nodal Thermal Load Data Subset (optional)  

This da ta  subset, Records 30-35, define8 incremental nodal 
temperatures f o r  thermal loading of s t i f f n e s s  elements. 
Calculation of equivalent nodal loads and i n i t i a l  stresses are 
performed by the  LOADS Processor (SeC. 234.0) using the 
following input data : 

a) The i n i t i a l  (base) element temperature To defined by 
*TcodeW i n  t h e  s t i f f n e s s  element da ta  (sec- 152.0) and 
t h e  f i n a l  element temperature defined as T, =T, +AT. 

b) Equivalent nodal loads a r e  ca lcula ted  f o r  t h e  appl ied 
thermal s t r a i n  defined a s  c(T1) - c(To) , using c(T) values 
associated with the element material "Mcoden speci f ied  
i n  the s t i f f n e s s  element da ta  (sec, 152-0) , 

C) I n i t i a l  s t r e s s e s  induced i n  the elements by t h e  thenaal  
s t r a i n  a r e  based an the  i n i t i a l  To temperature. 

Incremental nodal temperatures may be associated with a 
group of load cases (Records 3 1 and 32) o r  a group of nodes 
(Records 33 and 34) 

In t h i s  da ta  subset ,  ATlis t (n)  may i d e n t i f y  nodal subset 
names f'Nxxxlt a s  defined previously via t h e  SUBSET-DEFINITION 
Preprocessor (sec- 156-0) in addi t ion  t o  -ode numbers. Non- 
e x i s t e n t  nodes o r  node subsets  i d e n t i f i e d  by ATlist(n) are no t  
a1 lowed. 

Record 30 Begin Nodal Thermal Load Subset 

BEGIN NODAL THERMAL IDAD DATA 

13 4.1.4.1 Loads Grouped by Load Cases 

Records 31 and 32 allow nodal temperature increments t o  be 
associated w i t h  a group of load cases. 

Record 31 Load Case Labels 

Subsequent Records 32 define temperature increments 
a t t r i b u t e d  t o  each of the load cases spec i f ied  by 
A T l i s t  (c) . 



Record 32 Node and Temperature-Increment S p e c i f i c a t i o n  

= Temperature i n a a m e n t  i n  degrees  Fahrenheit  
which is effectivt? a t  a l l  nodes i n  
ATlis t  (n) , Z?e l as t  temperature increment 
s p e c i f i e d  f o r  a node t a k e s  precedence, 

This record o r  Records 31 and 32 may b e  repeated.  

134.1.4.2 Loads Grouped by Nodes 

Records 33 and 34 al low temperature increments t o  be 
assoc ia ted  with a group of nodes. 

Record 33 Node L i s t  
* 

NODE A T l i s t  (n) 

Subsequent Records 3 4  de f ine  temperature increments f o r  a l l  
nodes i n  A T l i s t  (n) . 

Record 34 Load Case and Temperature Increment Spec i f i ca t ion  

A T l i s t  (c) A t  
The tempera twe  increment spec i f i ed  by t h i s  record is 
a t t r i b u t e d  t o  each of the load  cases defined by A T l i s t  (c) . 
A t  = Same as def ined  f o r  Record 32 

T h i s  record  o r  Records 33 and 34 may be repeated.  

Record 35 End Nodal Thermal Load Subset 

END NODAL THE3MAL LOAD DATA 

Addit ional  Records 2-35 may be inpu t  t o  d e f i n e  loads f o r  
d i f f e r e n t  SET/STAGE combinati m s  . 

13 4.1.5 Element Thermal Load Data Subset (opt ional)  

This da ta  subset ,  Records 36-41, de f ines  incremental  
element temperatures f o r  thermal loading of s t i f f n e s s  elements. 
Calcula t ion of equ iva len t  nodal loads and i n i t i a l  stresses a r e  
performed by t h e  LOADS Processor (sec. 234.0) as descr ibed i n  
s ec t ion  134.1.4. 

Incremental element temperatures may be assoc ia ted  wi th  a 
group of load cases  (Records 37 and 38) o r  a groop of s t i f f n e s s  
elements (Records 39 and 40). 



In this datri subset ,  A T l i s t  (e) may . i d e n t i f y  s t i f f n e s s  
element subset names nExxxn as  defined previously v i a  the SUBSET- 
DEFINITION Preprocessor (sec. 156.0) i n  addi t ion  t o  element 
numbers, Non-existent elements or element subsets  i d e n t i f i e d  by 
A T l i s t  (e) a re  not  allowed. 

Record 36 Begin Element Thermal Load Subset 

BEGIN ELEMENT THERMAL LOAD OATA 

134.1.5.1 Loads Grouped by Load Cases 

Records 37 and 38 allow elenent  temperature inpv-.-terrts t o  
ae associated with a group of load cases. 

Record 37 Load Case Labels 

CASE A T 1 i s t  (c) 

Subsequent Records 38 def ine temperature increments 
a t t r i b u t e d  to each of the load cases  spec i f ied  by ATlist (c) . 
Record 3 8 Element and Temperature-Increment Specif icat ion 

A T l i s t  ( e )  ATlist (At) 

A T l i s t ( A t )  = ATLAS l ist  of temperature increments i n  
degrees Fahrenheit a t  t h e  element nodes. 
The number and input  sequence of items in  
 list (At)  t h a t  a r e  r equked  f o r  each 
element type i d e n t i f i e d  by A T l i s t  (e) are 
presented i n  t a b l e  134-2. 

T h i s  record or Records 37 and 38 may be repeated. 

134.1 - 5 . 2  Loads Grouped by Elements 

Records 39 and 40 allow element temperature increments t o  
5e associated w i t h  a group of elements. 

Record 39 Flement- L i s t  

ELEMENT A T l i s t  (e) 

Subsequent Records 40 def ine temperature increments f o r  a l l  
elements i n  A T l i s t  (e) . 

Record 40 Load Case and Temperature-Increment Speci f ica t ion  

A t l i s t  ( c )  A T l i s t  (At) 
A 



The temperature incr=ents  spec i f ied  by this record a r e  
a t t r i b u t e d  t o  each of the  load cases defined by ~ T l i s t  (c) . 
A T l i s t  at) = Same a s  defined f o r  Record 38 

T h i s  record o r  Records 39 and 40 may be repeated. 

Record 4 1 End Element Thermal Load W.,3et 

END ELEMENT THERMAL LOAD DATA 

Additional Records 2-41 may be input  t o  def ine loads f o r  
d i f f e r e n t  SET/STAGE combinations. 

134.1.6 Qota t ional  I n e r t i a  Load Data Subses (optional) 

T h i s  data subset,  Records 42-46, def ines  rigid-body motion 
of the model about an axis of r o t a t i o n  fixed i n  t h e  GWCAL 
reference frame, These kix~exnatics a re  used by the L W S  
Processor (sec. 234.0) t o  ca lcula te  equivalent nodal forces  f o r  
t h e  reversed inertia loads (F=-Ma) . I n e r t i a  loads are generated 
from the  mass associated with t h e  stif l'ness elements (sec. 
152.0), t h e  non-structurhl mass elernents and c ~ n c e n t r a t e d  masses 
(sec. 138.0) . The following r u l e s  apply t o  the  use of this data  
subset per SET/STAGE combination defined by Record 2: 

a) Zi rnavimun of 4095 d i f f e r e n t  axes of ro ta t ion  may be 
8ef ined (Record 43) . Yult iple  load cases ( ro ta t iona l  
kinematics) may be associated with each a x i s  v ia  Records 
44  and 45. 

b) A loaJ case iden t i f i ed  by Record 44 may be associated 
wi th  only one a x i s  of r o t ~ i t i o n .  Several load cases 
input by t h i s  d a t a  subset may be combined v i a  Record 4,  
however, t o  c rea te  a load case associated with mult iple  
ro ta t ion  axes. 

Record 42 Begin I n e r t i a  Load Subset rmGIN :NERTIA DATA I 
Record 43 Axis of Rotation Definit ion 

A X I S  Nnl Nni! I 
Nnl, Nn2 = U s (  . node numbers ( in tegers) .  The 

instar~taneous axis  of ro ta t ion  is  directed 
irom *NnlW throsrgh ItNn2 The sense of t h e  
angvfar ve loc i ty  and accelerat ion cmponents 



input by Record 45 is defined relative to 
this axis according to the right-hand rule. 

The axis defined by this r e c o d  remains e f f e c t i v e  for  load 
cases input via Records 44 and 45 until another Record 43 
is encountered. 

Record 44 =nd Case Labels 

CASE AT1 ist (c) 

Inertial  loads caused by the rotational kinematics 
described by Record 45 are attributed to each of the load 
cases defined by A T l i s t ( c )  , 

Record 45  Rotatima1 Kinematics 

omega <alpha> 

omega = Angular veloc i ty  

alpha = Angular acceleration 
Default: Zero acceleration 

Records 44 and 45 may be repeated. 

Different axes of rotation and load cases for a SETISPAGE 
combination may 3x defined by repeating Records 43-45. 

Rec-;d 40 Fad Inertia Load Subset 

END INERTIA LOAD DATA 

Additional Records 2-46 may be input to define iner t ia l  
loads for different SET/STAGE combinations. 

3ecord 47 Ebd Data Set 

END LOADS DATA 

Loads to be applied to different SETS and STAGES may be 
input via additional Records 1-47, 



I LOADS I 



Table 134-3. Su-ry of Lords Urta Records 

lOOE AT1 ist(n) 

134.19 
134.19 

13Y.19 

134.20 
134.20 
134.20 
134 -20 
134.21 

134.21 
134.21 
134.22 
134.22 
134.22 

134.22 

AT l i s t ( c )  bt 
END NODAL THERMAL LOAD DATA 

BEGIN ELEMENT THERMAL LOAD DATA 

CASE AT1 i s t  (c) 
AT1 i s t (e )  A l l  i s t ( b t )  

ELEMENT AT1 i s t  (e) 
AT1 i s t ( c )  AT l i s t ( & )  

END ELEMENT THERMAL LOAD DATA 

BEGIN INERTIA LOAD DATA 
AXlSNnl Nn2 

CASE AT1 i s t ( c )  
omega < a1 pha > 

END INERTIA LOAD DATA 

END LOADS DATA 
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MACHBOX 0 
136.0 MACHBOX AERODYNANICS DATA 

Unsteady aerodynamic analyses  of r i g i d  or elastic planar  
o r  non-coplanar vinqs and u i n g l t a i l  con f igu ra t ions  i : ~  supersonic  
flow can  be performed by t h e  WCHBOX Processor ( s ~ .  236.0) . 
c a l c u l a t i o n s  performed by t h i s  processor a r e  based cn t h e  three- 
dimensional Mach Box technique published i n  r e f ~ r e n c e  136-1. 
The i n p u t  da ta  set supporting MACHBOX aerodynamic ana lyses  is 
comprised of t h e  f o l l ~ w i n g  da t a  subsets: 

a)  Geometry -- Aerodynamic su r f acz  planform and Mach Box 
g r i d  da ta ;  a i r  ;oil thickness-slope pressure  
co r r ec t ion  data and off-planform wash 
sampling locaJ- ~ ~ o n s .  ' 

b) #odal -- Vibration modes o r  "AICw mode s u b s t i t u t e s  
(see sec. 232.0) a s soc i a t ed  with t h e  
aerodynamiz s u r f  aces. 

Both d a t a  subse t s  are rsquired.  This d a t a  set need not 
be preceded by any o the r  d a t ~  set wi th in  a d a t a  deck. 

Each set of  aerodynamics da ta  i s  referenced as a CASE. 
A i ~x imum of 36 MACHBOX d a t a  cases may be i d e n t i f i e d  per job. 
Pr in tou t  of t h e  aerodynamic ca se  data may be requested from 
the l+Ac'HBOX Postprocessor (sec. 236.1). 



136.1 INPUT DATA 

Record 1 Data S e t  ~ d e n t i f i c a t i o n  

B E I N  M4CHBOX DATA 
1 

This r e c o r d  i n i t i a t e s  execu t ion  of t h e  MACHBOX 
Preprocessor .  

Record 2 Data Case Number (op t iona l )  

Each set of  MACHBOX aeroZlr imics d a t a  is re fe renced  
as a c a s e  which is i d e n t i f i e d  by an i n t e g e r  number. f* 
m u l t i p l e  sets a re  used i n  a job, each case must be ass igned  
a unique  number. 

= Data case number ( i n t e g e r )  i n  t h e  range 
1 t o  36, i n c l u s i v e .  

Defaul t  Record: CASE 1 

Secord 3 Data Case T i t l e  (op t iona l )  

A tit 15 provides  a d d i t i o n a l  user-identif  i c a t i o n  of z da ta  
case. T h i s  title and t h e  c a s e  number are p r i n t e d  w i t h i n  
the  page headings of MACHBOX p r i n t o u t  (see sec, 236.0). 

l a b e l  = Alphanumeric text o f  1 t o  75 c h a r a c t e r s  
i n c l u d i n g  embedded blanks. 

D e f a u l t  Record: MACHBOX p r i n t o u t  i s  i d e n t i f i e d  o n l y  
by the  d a t a  c a s e  number. 

T h i s  data subset i n c l u d e s  t h e  fo l lowing  geometr ica l  
informa tion: 

a )  Aerodynamic s u r f  a c e  planf orm d e f i n i t i o n s  

b )  Mach Box g r i d  d a t a  

c) Airfoil th ickness-s lope  aerodynamic c o r r e c t i o n  d a t a  

d )  Locat ions  a t  which off -p lanform sampling of t h e  
p e r t u r b a t i o n  v e l o c i t y  is  des i red .  



An aerodynamic model nay be comprised o f  one o r  t w o  
~ u r f  a c e s  whose planf orms a r e  de f ined  r e l a t i v e  to l o c a l ,  r i g h t -  
harided, r e c t a n g u l a r  c o o r d i n a t e  sys tems x-y-z o r i e n t e d  w i t h  
r e s p e c t  t o  t h e  G m B A L  r e f e r e n c e  frame. The o r i g i n  of each 
s u r f a c e  reference-frame t r i a d  x-y-z must l i e  i n  t h e  GLOBAL X- 
2 plane. Addi t ional ly ,  t h e s e  t r i a d s  must be o r i e n t e d  such t h a t  
t h e  p o s i t i v e  x-axis  is  i n  t h e  a f t  d i r e c t i o n  and t h e  p o s i t i v e  
y-axis  is d i r e c t e d  from t h e  r o o t  t o  t h e  t i p  of  t h e  s u r f a c e ( s ) .  
The p o s i t i v e  X-axis must be i n  t h e  a f t  (streamwise) d i r e c t i o n  
and t h e  X-Z  plane  must be t h e  p lane  of wing symmetry. 

a 

Geometric c o n f i g u r a t i o n s  accommodated by t h e  HACHBOX 
aerodynamic a n a l y s i s  may be summarized a s  follows: 

a )  S i n g l e  s u r f a c e  w i t h  d i h e d r a l  i n  t h e  range  k450 

k) Two coplanar  s u r f a c e s  

c) Two s u r f a c e s  with or wi thou t  l o n g i t u d i n a l  and v e r t i c a l  
s e p a r a t i o n s  each having d i h e d r a l  i n  t h e  range f450 

d) One s u r f a c e  wi th  d i h e d r a l  i n  t h e  range  i450 and a  
second non- in te r sec t ing  s u r f a c e  w i t h  a  d i h e d r a l  of 
900 t o  mods1 a  symmetrical wing w i t h  a n  a f t  v e r t i c a l  
t a i l .  

Except f o r  a  v e r t i c a l  t a i l ,  each s u r f a c e  i s  considered  t o  b e  
synunetrical about  t h e  GLOBAL X-Z plane. Geometrical  d a t a  a r e  
i n p u t  only  f o r  ha l f  of t h e  symmetrical  aerodynamic s u r f a c e s .  
Each s u r f a c e  planform is def ined  v i a  s t r a i g h t  l i n e  segments 
and may have a  streamwise or a  raked t i p .  Two s u r f a c e s  may 
p h y s i c a l l y  over lap ,  however, t h e  aerodynamic Mach cone of t h e  
a f t  s u r f a c e  should no t  i n t e r s e c t  t h e  forward planform. 
Aerody~amic  i n t e r f e r e n c e  e f  f e e s  between wing and t a i l  planforms 
a r e  accommodated i n  t h e  fo l lowing manner: 

a )  For coplanar  s u r f a c e s ,  t h e  i n t e r f e r e n c e  of t h e  wing 
on t h e  t a i l  and t h e  e f f e c t  of  t h e  t a i l  on t h e  wing 
a r e  both inc luded i n  t h e  a n a l y s i s .  

b) For non-coplanar s u r f a c e s ,  on ly  t h e  i n f l u e n c e  of t h e  
wing on t h e  t a i l  i s  included i n  t h e  a n a l y s i s .  

Tho numerical  s o l u t i o n  technique  employed by t h e  MACHPOX 
Processor  over lays  t h e  aerodynamic s u r f a c e s  and diaphragms w i t h  
a  uniform g r i d  of r e c t a n g u l a r  Mach Boxes whose d iagona l s  l i e  
a long the Mach r a y s  (see r e f .  136-1). Each box is i d e n t i f i e d  
by a  span number and a  chord number a s  i l l u s t r a t e d  by f i g u r e  
136- 1. The  s i z e  of t h e  boxes a s  de f ined  by t h e  use r  must be  , , 



sufficiently small  so t h a t  t h e  assumption of constant  source  
s t r e n g t h  on each box i s  v a l i d .  Centers  of the boxes d e f i n e  
t h e  l oca t ions  of the aerodynamic control  points. 
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Figure 136-1. Mach Box Aerodynamic Grid 



Record 4 Begin Geometry Subset 

I BEGIN GEOMETRY DATA 

Fecords 5-9 d e f i n e  a n  aerodynamic su r f  a c e  planf orm and 
a s soc i a t ed  o p t i o n a l  p r e s su re  c o r r e c t i o n  da ta .  These r e co rds  
are repea ted  i f  two s u r f a c e s  are required .  

Record 5 Surf a ce  O r i e p t a t i o n  

I SURFACE Num x z d i h  ---- 

Num =(;I = I n t ege r  i d e n t i f i c a t i o n  number o f  t h e  
surface .  I f  on ly  one s u r f a c e  is def ined,  
it must be i d e n t i f i e d  a s  Sur face  1. 
I f  two s u r f a c e s  a r e  required ,  t h e  
downstream s u r f a c e  must be i d e n t i f i e d  
a s  Surf a ce  2. 

X # Z  

d i h  

= GLOBAL X and Z coo rd ina t e s  d e f i n i n g  
t h e  o r i g i n  of t h e  l o c a l  x-y-z coo rd ina t e  
system f o r  s u r f a c e  "Nurn." 

= Dihedral  ang l e  i n  degrees  which p o s i t i o n s  
t h e  su r f  a ce  r e l a t i v e  t o  t h e  GLOBAL X- 
Y plane. A s u r f a c e  i n  t h e  GLOBAL 
p o s i t  ive-Y ha l f  -space has  a  p o s i t i v e  
d ihed ra l  i f  it is l o c a t e d  by a  p o s i t i v e  
r ight-hand r o t a t i o n  about  t he  X-axis. 
The va lue  of "dih" must always be i n  
t h e  range f45.00 excep t  a  Sur face  2 
may have a  d i h e d r a l  o f  90.00. 

T r a i l i n g  zeros  need not  be inpu t .  

Records 6 and 7 d e f i n e  t h e  l ead ing  and t r a i l i n g  edges,  
r e spec t i ve ly ,  of s u r f a c e  "Num." Each edge is  defined by 
c o o r d i c a t e s  of 2 t o  10 po in t s  l oca t ed  wi th  r e s p e c t  t o  t h e  s u r f a c e  
r e f e r ence  frame s p e c i f i e d  by Record 5. These p o i n t s  must be 
i n p u t  i n  a  r oo t - t o - t i p  order .  Each edge must begin a t  y=C.O 
and t h e  t i p m o s t  po in t s  of t h e  two edges must have t h e  same 
l o c a l  y-coordinate.  Segments o f  an  edge may be p a r a l l e l  t o  
t h e  l o c a l  x-axis ,  however, t h e  Mach Box g r i d  boundaries,  def ined 
v i a  Fecord 10, must match streamwise planform breaks of t h i s  
type .  



Record 6 Leading Edge Coordinates  

I LEADING EDGE XI yI XZ y2 -- 
x i , y i  = The x and y l o c a l  c o o r d i n a t e s  o f  t h e  

i - t h  p o i n t  d e f i n i n g  t h e  l e a d i n g  edge. 
A l e a d i n g  edge may n o t  have forward 
swept segments. 

Record 7 T r a i l i n g  Edge Coordinates  

T R A I L I N G  EDGE XI yI ~2 y2 e . e  ----- 
& 

= The x and y l o c a l  c o o r d i n a t e s  of t h e  
i - t h  po in t  d e f i n i n g  t h e  t r a i l i n g  edge. 
A t r a i l i n g  edge may have forward and 
backward swept segments. 

A i r f o i l  t h i c k n e s s  e f f e c t s  on i n t e r f e r e n c e  c a l c u l a t i o n s  
a r e  ignored by t h e  b a s i c  a n a l y s i s  technique.  However, c o r r e c t i o n  
f a c t o r s  t o  account  f o r  t h e s e  e f f e c t s  may be a p p l i e d  t o  the 
c a l c u l a t e d  aerodynamic p ressure  d i s t r i b u t i o n  v i a  t h e  d a t a  i n p u t  
by hecords 8 and 9. These c o r r e c t i o n s  a r e  e f f e c t e d  l o c a l l y  
3 t  Mach Box c e n t e r s  by employing second-order p i s t o n  t h e o r y  
(ref. 136- 1) . 
kecord 8 P r e s s u r e  C o r r e c t i o n  I n d i c a t o r  . (opt ional)  

Records 8 and 9 a r e  i n p u t  only  i f  t h i c k n e s s  c o r r e c t i o n  
f a c t o r s  f o r  s u r f a c e  nNumw a r e  t o  be appl ied .  

THTCKNESS mach --- 
= Free  s t r eam Mach number g r e a t e r  t h a n  

1.0 and I 5.0. The c o r r e c t i o n  f a c t o r s  
a r e  3ppl ied  by t h e  MACHBOX Processor  
(sec, 236.0) on ly  when the Mach number 
s p e c i f i e d  i n  t h e  EXECUTE MACHBOX 
parameter  l i s t  f o r  t h e  a s s o c i a t e d  CASE 
number is w i t h i n  *lo-5  of "math." 

Record 9 A i r f o i l  Thickness-Slope C o r r e c t i o n  Data 

= The t h i c k n e s s  s l o p e  ( v a r i a t i o n  of t h e  
a i r f o i l  ha l f  - t h i c k n e s s  wi th  r e s p e c t  
to  t h e  x l o c a l  a x i s )  a t  t h e  i - t h  box 
c e n t e r  on .,urface "Num. The number 
and sequence of items inpu t  by t h i s  



record  must be t h e  same a s  t h e  number 
and sequence of boxes on s u r f a c e  "Num." 
The number of boxes on a s u r f a c e  i s  
dependent on t h e  Mach number s p e c i f i e d  
by Record 8 and the Mach Box g r i d  data 
s p e c i f i e d  by Record 10. The boxes on 
a s u r f a c e  a r e  s e q u e n t i a l l y  o rde red  
bsginning wi th  t h e  leading-edge r o o t  
box and proceeding f o r e  to a f t  on each 
chord through t h e  a f t  box on t h e  t i p  
chord 

Records 5-9 are repea ted  t o  d e f i n e  a sccond aerodynamic 
surf ace with  o p t i o n a l  p r e s s u r e  c o r r e c t i o n  da ta .  

Record 10 Mach Box Grid Genera t ion  Data 

BOX nchords 

* 
nchords = Number of aerodynamic box-grid chords  

( i n t e g e r )  t o  be e s t a b l i s h e d  on S u r f a c e  
1. For t h e  example i l l u s t r a t e d  by 
f i g u r e  136- 1 ,  nnchords88 is 5. The 
dimension of each box i n  t h e  x - d i r e c t i o n  
is c a l c u l a t e d  a s  t h e  s q u a r e  r o o t  of 
(M2 - 1) , times t h e  dimension of  each 
box i n  t h e  y -d i rec t ion ,  where M i s  t h e  
f r e e  s t ream Mach number. 

For a s i n g l e  s u r f a c e  o r  cop lanar  s u r f a c e s  
w i t h  zero d i h e d r a l  and wi thout  box 
s u b d i v i s i o n  ref inement  (see SUBD 
parameter of EXECUTE MACHBOX s ta tement )  , 
t h e  box g r i d  may extend up t o  50 boxes 
i n  each d i r e c t i o n .  For any s p a t i a l  
c o n f i g u r a t i o n  o r  off-planform sampling 
case (see Record 11) , t h e  box grid is 
l i m i t e d  t o  a maximum of  40 boxes i n  
each d i r e c t i o n .  I n  a l l  cases ,  t h e  t o t a l  
number of on-planf orm boxes is  l i m i t e d  
t o  1000 and t h e  t o t a l  number of planform 
p l u s  diaphragm boxes is l i m i t e d  t o  1275. 

= Key-word denot ing  whether nxlocw d e f i n e s  
t h e  c e n t e r  (XCENTER) o r  t h e  l e a d i n g  
edge (XEDGE) of any box within t h e  Mach 
Box g r i d .  The complete box g r i d  f o r  
one o r  two s u r f a c e s  i s  a u t o m a t i c a l l y  



x l o c  

genera ted  r e l a t i v e  t o  t h e  l o c a t i o n  c f  
t h i s  box. 

= x-coordinate  r e l a t i v e  t o  the l o c a l  
r e f e r e n c e  frame of  S u r f a c e  1 which 
l o c a t e s  a box c e n t e r  o r  a spanwise box 
edge. Th i s  c o o r d i n a t e  may be anywhere 
n e a r  or on S u r f a c e  1 (see f i g .  136-1 
which i l l u s t r a t e s  nx locw f o r  a n  XEDGE). 

Record 1 1  Off -Planform Sampling Locat ions  (op t iona l )  

This  r ecord  a l lows t h e  u s e r  t o  sample t h e  p e r t u r b a t i o n  
v ~ l o c i t y  i n  t h e  f low-f ie ld  r e s u l t i n g  from s u r f a c e  motions. 
Samples of this  t y p e  may be reques ted  on ly  f o r  a s i n g l e  
surface .  Veloci ty  components a r e  c a l c u l a t e d  by t h e  MACHBOX 
Processor  and sampled components may be p r i n t e d  v i a  t h e  
MACHBOX Postprocessor  (see sec. 236.0) . 

1 

SAMPLING CHORD cl FBOX fl LBOX 11 ZLOC zl ---- 
CHORD c2 FBOX f 2  LBOX 12 ZLOC 22 
. . a  

J 

= I n t e g e r  g r e a t e r  than  zero and I 40 
i d e n t i f y i n g  t h e  i - t h  box-grid chord  
i n  which sampling i s  t o  be done. A 
maximum cf 10 chords  may be s p e c i f i e d .  

= Box-grid span numbers ( i n t e g e r s )  i d e n t i -  
f ying t h e  f i r s t  (most forward) and t h e  
l a s t  (aft-most) boxes of a sequence 
of boxes on chord "ci." These items 
may be i n  t h e  range  1 < f i I li I 40 
f o r  any sampling chord. 

= The GLOBAL Z-coordinats  a t  which off- 
planform v e l o c i t y  sampling is t o  be 
e f f e c t e d  r e l a t i v e  t o  t h e  foregoing 
sequence of boxes w i t h i n  chord "ci. I* 

The 2-coordinate  may n o t  l i e  i n  t h e  
su r face .  

Default  Record: No off-planform washes a re  c a l c u l a t e d .  

Fecord 12 End Gecmetry Subset 

I END GEOMETRY DATA 
d 

T h i s  record  i n d i c a t e s  a l l  geometry d a t a  have been de f ined  
f o r  the case i d e n t i C i e d  by Record 2. 



136.1.2 Modal Data Subset  (opt ional)  

This subset de f ines  the v i b r a t i o n  modes, mAICn mode 
s u b s t i t u t e s  o r  rigid-body modes t o  be a s soc i a t ed  wi th  each 
aerodynamic surface .  I f  no modal da ta  a r e  input ,  only t h e  Xach 
,%x g r i d  would be generated by execution of the MACHBOX 
Processor. 

Flow dis turbances  a r e  modeled by d i s t r i b u t e d  pu lsa t ing  
sources whose s t r e n g t h s  a r e  r e l a t e d  t o  modal displacement 
amplitudes a t  t h e  box centers .  The aerodynamic theory  r equ i r e s  
t r a n s l a t i o n a l  components of t h e  v ib ra t ion  modes t o  be rromal t o  
the surf ace planform (s) . Thus, tile a n a l y s i s  frame a x i s  
associated w i t h  the r e t a ined  nodal freedoms must be normal to t h e  
derodynamic sur f  ace. 

Record 13 Legin Modal Subset 

I SESIN MODAL DATA 

Hecor? 1 4  de f ines  t he  v i b r a t i o n  modes o r  "AICn m o d e  
s u k t  i cu te s  t h a t  a r e  t o  be used i n  t h e  a n a l y s i s  of t h e  case  
i d e n t i f i e d  by Record 2, Only one of t h e  two v a r i a t i o n s  of t h i s  
record may be used per d3 ta  case .  Var ia t ion 1 must be used when 
mode shape c o e x t i c i e n t s  generated by t he  INTERPOLATION Processor 
=e t o  be en~ployed i n  t h e  aerodynamic ana lys i s .  Mode shapes may 
be definecl d i r e c t l y  via Var ia t ion  2 f o r  a rigid-body aerodynamic 
ana lys i s .  

i~ecord 1 4  1402al Data 

Variat ion 1 USE Ndme WITH SURFACE 2 [I 
N a m e  = The name of an in te rpo la t ion-coef f  i c ien t .  

matr ix  previously  generated v i a  t h e  
INTERPOLATION Processor (see sec. 232 -0)  . 

SUHFACE 1 
SURFAc'E 2 = Key-word denoting whether "NameR is  t o  
iz% be associa ted with "SURFACE l,n "SURFACE 

2" o r  wBOTHw aerodynamic sur faces .  A 
p a r t i c u l a r  c o e f f i c i e n t  matr ix  may be used 
with BOTH surfaces only i f  t h e  same 
ana lys i s  frame is associat-ed with a l l  t h e  
r e t a ined  nodes on both sur faces .  Thus, 
the t w o  surfaces must have the same 
dihedra l .  



T h i s  r e c o r d  must be r e p e a t e d  if d i f f e r e n t  i n t e r p o l a t i o n  
c o e f f i c i e n t  m a t r i c e s  a r e  t o  be a s s o c i a t e d  w i t h  two 
s u r f  aces .  

v a r i a t i o n  2 a l l o w s  t h e  u s e r  t o  d e f i n e  1 to 6 r i g i d  body 
modal freedoms r e l a t i v e  t o  t h e  GLOBAL r e f e r e n c e  frame. T h i s  
v a r i a t i o n  may be 1-ed o n l y  i f  t h e  d i h e d r a l  a n g l e s  of t h e  s u r f a c e s  
a r c  ze ro .  

V a r i a t i o n  2 

X.Y. = GLOBAL X, Y and Z c o o r d i n a t e s  d e f i n i n g  
t h e  r e f e r e n c e  p o i n t  t o  be used i n  
g e n e r a t i n g  t h e  r i g i d  body modes. 
Defau l t :  The  o r i g i n  of  t h e  GLOBAL frame 

i s  u s e d  a s  t h e  r e f e r e n c e  po in t .  

magi 

= Key-word d e n o t i n g  t h e  i - t h  r i g i d  body 
freedom s e l e c t e d  from t h e  l is t  TX, TY, 
TZ, FX, R Y  and  RZ. Wi th in  e<-ch o f  t h e s e  
key-words, t h e  l e t t e r  "Tm is  a s s o c i a t e d  
w i t h  a  t r a n s l a t i o n  t reedom and "RU is  
a s s o c i a t e d  w i t h  a  r o t a t i o n  freedom 
r e l a t i v e  t o  t h e  GLOBAL X-Y-Z t r i a d .  

= The r e l a t i v e  magni tude of t h e  i - t h  r i g i d  
body freedom w i t h  r e s p e c t  t o  t h e  
r e f e r e n c e  point. Items 18Rbi i l l  and 
"magi" a r e  i n p u t  i n  p a i r s  1 t o  6 times 
i n  a n  o r d e r  which d e f i n e s  t h e  sequence  
o f  r i g i d  body modes used i n  t h e  
aerodynamic a n a l y s i s .  

Record 15 End Modal Subse t  

A d d i t i o n a l  c a s e s  may be d e f i n e d  by r e p e a t i n g  Records  2- 
15 w i t h  a unique  i d e n t i f i c a t i o n  number a s s i g n e d  t o  each 
c a s e  by Pecord 2. 

Fecord 16 End MACHBOX Data S e t  

I END MACHBCX DATA 

A d 2 i t i o n a l  cases may b,? i n p u t  by r e p e a t i n g  Records 1-16. 



Table 136-1. S u m m a r y  of MACHBOX D a t a  R e c o r d s  

R e f e r e n c e  
P a g e  

136.2 

136.2 

136.2 - 
136.5 

136.5 

136.6 

136.6 

136.6 

136.6 

136.7 

136.13 

1 3 6 . 8  

136.9 

136.9 

136.10 

13 6.10 

136.10 

- - -  

m. 

D a t a  R e c o r d s  

B E G l N  MACHBOX D A T A  
d 

C A S E  a 

L A B E L  l a b e l  

B E G I N  GEOMLTRY D A T A  

=FACE Num x z d i h  

- L E A D I N G  E D G E  xl yl x2 y 2  ... 
T R A I L I N G  E D G E  xi yl x2 y2 ... 
- T H I C K N E S S  mach 

c l  c2 . .. 
BOX n c h o r d s  { mE X C E N T E R )  x l o c  

-- 

- S A M P L I H G  C H O R D  cl FOOX f 1 L.IJOX 11 Z L O C  2 1  (:I101111 c ?  . . . 
E N D  GEOMETRY D A T A  - - 
B E G I N  MODAL D A T A  

S U R F A C E  1 
U S E  N a m e  W I T H  

R I G I D  BODY < x  y z >  Hbf 1 mag1 R b f 2  mag;! . . . 
E N D  MODAL D A T A  

E N D  MACHBOX D A T A  
- 

~p - - - --- -- 
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138.0 MASS DATA 

An ATLAS r a s s  moael may be comprised of  any combination 
of  t h o  followinq components. 

a )  S t r u c t u r a l  mass def ined v i a  t h e  s t i f f n e s s  elements  
a s soc i a t ed  wi th  a  s t i f f n e s s  d a t a  set (s=. 152.0) t h a t  
is i d e n t i f i e d  by t h e  same number ass igned  t o  t h e  
correspondinq mass da t a  set (sec. 138.1) . 

h)  Non-structural  mass def ined v i a  mass f i n i t e  e lements  
(SX. 138.1.2). 

C) Fue l -d i s t r i bu t i on  cond i t ions  (sec. 138.1.3). A maximum 
of 99 f u e l  d i s t r i b u t i o n s  may be defined.  

J) Payload-d i s t r ibu t ion  condi t ions .  A maximum of  99 
pay load-d i s t r ibu t ion  cond i t i ons  may be def ined  (sec. 
13d. 1.4). 

e )  Concentrated-mass subse t s  de f i ned  i n  terms of  mass 
i npu t  d i r e c t l y  as concentra ted  rrasses a t  nodes. A 
maximum of 9 subse t s  may be def ined  (sec. 138.1.5) . 

Overal l  mass-dis t r ibut ion  cond i t i ons  f o r  a  model, a s  
def  inad i n  s e c t i o n  138.1. 1, a r e  comprised of user-se lec ted  
ccmbinations of t h e  foregoing mass model components. A cond i t i on  
m u s t  be defrned t o  c a l c u l a t e  reduced mass ma t r i c e s  a s s o c i a t e d  
w i t h  r e t a i ned  nodal freedoms (sec, 106.0) and t o  c a l c u l a t e  
panel-weight matr ices ,  A l l  qeometr ica l  and mass element data 
assoc ia ted  with weight pane l s  and t h e  foregoing items b) through 
e )  a r e  defined v i a  t h e  mass da ta  set. Labelinq and ou tpu t  
fcrmat information requ i red  t o  assemble a d e t a i l e d  weiqht- 
s tatement a r e  a l s o  def ined by t h i s  d a t a  set. 

The mass data  set is divided i n t o  t h e  fol lowinq o p t i o n a l  
d a t a  sutsets: 

&lass D i s t r i h t i o n  Condition 
Hass Element 
Fuel 
Payload 
Concentrated Mass 
iqas s Lump inq 
Auxi l iary  Weiqht Panel 
W3,qht-St atement L a b e l  
Factor 



A mass data set d e f i n e s  the  non-s t ruc tu ra l  mass a s soc i a t ed  
with ,3re o r  more s t r u c t u r a l  models each i d e n t i f i e d  by a SEX 
n ~ ~ m b e : .  The mass a s s o c i a t e d  w i t h  a  p a r t i c u l a r  aode l  may be 
d e f i n f d  p a r t i a l l y  or who l ly  by the mass d a t a  set andfor by t h e  
s t i f  iness da ta  set (sec. 152.0). All mass inc luded i n  a mass- 
d i s t r i k u t r o n  cond i t i on  f o r  a  p a r t i c u l a r  SET i s  cumulated when 
a reduced mass matrix o r  panel -we~ght  matr ix i s  generated. 
~ h s  q z c a a t r i c a l  data a s soc i a t ed  with a SET are def ined v i a  t h e  
Nodal data set (sec. 146.0) i d e n t i f i e d  by t h e  sane  SET number. 
A maxirur of 36 node/mass and node/s t i f fness /mass  d a t a  SETS 
may be d e f i n e d  per  job. 

P r i n t o u t  of t h e  mass data may ke reques ted  from the MASS 
Pcs tp rccessor  (sec. 238.0). Plots of t h e  mass-element data 
c a n  a l s c  be  e f f e c t e d  v ia  t h e  EXTRACT and GRAPHICS Postprocessors  
a s  discussed i n  s e c t i o n s  218.0 and 228.0. 



138.1 INPUT DATA 

Record 1 Data S e t  I d e n t i f i c a t i o n  

E E G I N  MASS DATA 

Thi s  r e c o r d  i n i t i a t e s  e x e c u t i o n  of t h e  MASS Prep roces so r .  

Record 2 Data Set Nuwber ( o p t i o n a l )  

Each se t  of mass d a t a  is i d e n t i f i e d  by an i n t e q e r  number. 
If m u l t i p l e  sets  a r e  u sed  i n  a  job, each  set must be 
a s s i q n e d  a unique number. 

= Data set number ( i n t e q e r )  i n  t h e  r anqe  
1 t o  36, i n c l u s i v e .  If a mass d a t a  
set is t o  be a s s o c i a t e d  w i t h  a s t r u c t u r a l  
model, t h e  c o r r e s p o n d i n g  s t i f f n e s s  and  
mass d a t a  sets must b e  i d e n t i f i e d  b y  
t h e  same SET nwnber. 

Defau l t  Record: SET 1 

13U. 1.1 Mass-g&gd&_t&on C o n d i t ~ ~  Data Subsqz ( o p t i o n a l )  

This s u b s e t ,  Records 3-5, d e f i n e s  which mass model 
c c m ~ o n e n t s ,  a)  th rouqh  e) of s e c t i o n  138.0, a r e  e s s e n t i a l  t o  
a:] c v e r a l l  m a s s - d i s t r i b u t i o n  c o n d i t i o n .  A maximum of 100 
d i f t e r e n t  mass c o n d i t i o n s  may be a s s o c i a t e d  w i t h  a  mass d a t a  
s e t .  T h i s  da t a  s u b s e t  i s  r e q u i r e d  o n l y  i f  reduced  mass matrices 
ar.J/or p a ~ e l - w e i q h t  m a t r i c e s  a r e  t o  b e  c a l c u l a t e d .  

Record 3 Beqin Mass C o n d i t i c n  S u b s e t  

I B E G I N  CONDITION DATA 

kecord 4 Mass Cond i t ion  Cata 

= The boundary c o n d i t i o n  (BC) s r a g e  number 
( i n t e q e r )  p rev ious ly -de f ined  b y  t h e  

BC d a t a  (sec, 106.0) f o r  a  noda l  data 
set i d e n t i f i e d  by t h e  s a r e  number a s  
t h i s  d a t a  set.. The number and o r d e r  
of t h e  r e t a i n e d  kinematic f reedorns 
a s s o c i a t e d  w i t h  t h e  BC s t a g e  cor respond 

STAGE S t  
PANEL DATA Sub CONDITION cond Fue l  Paylaad Conmass 

& 



Sub 

cond 

Fuel 

Conmass 

w i t h  t h e  size and row sequence  of t h e  
mass mat r ix .  

= An a u x i l i a r y  pane l  s u b s e t  number d e f i n e d  
by Record 42. T h i s  number d e n o t e s  a  
p a r t i c u l a r  set o t  we igh t  p a n e l s  t o  be 
used i n  c a l c u l a t i o n  of a pane l -weiqht  
matrix. 

= M a s s - d i s t r i b u t i o n  CONDITION number 
( i n t e q e r )  i n  t h e  r a n g e  1 to  999, 
i n c l u s i v e .  Each CONDITION a s s o c i a t e d  
w i t h  a p a r t i c u l a r  SET must be a s s i q n e d  
a u n i q u e  number. T h i s  number, riqht- 
a d j u s t e d  and z e r o - f i l l e d ,  i s  deno ted  
ky xxx i n  t h e  ' I - cha rac t e r  name of the 
q e n e r a t e d  mass or weight  m a t r i x  MDCxxxY. 
Y is t h e  d i s p l a y - c o d e  e q u i v a l e n t  (1 =A, 
2=B, . . .) of t h e  mass set number. For 
example, a mass m a t r i x  f o r  CONDITION 
3 and  set  5 ( 5 = E )  i s  named MDC003E. 
Th i s  7 - c h a r a c t e r  name would be s p e c i f i e d  
i n  t h e  parameter  l i s t  of a n  EXECUTE 
VIBRATION s t a t emen t .  

= A f u e l  c o n d i t i o n  numker ( i n t e q e r )  d e f i n e d  
by Record 20 t o  be a s s o c i a t e d  w i t h  t h e  
rass CONDITION. A z e r o  d e n o t e s  no f u e l  
d i s t r i b u t i o n  is t o  be inc luded .  

= A payload c o n d i t i o n  number ( i n t e q e r )  
d e f i n e d  by Record 34 t o  be a s s o c i a t e d  
w i t h  t h e  mass CONDITION. A z e r o  d e n o t e s  
no  p a y l ~ d  d i s t r i b u t i o n  i s  to  be 
inc luded .  

= A c o n c e n t r a t e d  mass s u b s e t  number 
( i n t e q e r )  d e f i n e d  by Record 36 t o  be 

a s s o c i a t e d  w i t h  t h e  mass CONDITION, 
A z e r o  d e n o t e s  n o  c o n c e n t r a t e d  masses  
a x e  t o  he  inc luded .  

I f  Fue l  and Payload o r  i f  Fue l ,  Payload and Conmass a r e  
a11 ze ro ,  t h e y  need n o t  be  i n p u t .  

Th i s  r e c o r d  may be r e p e a t e d  t o  d e f i n e  a naximum of  100 
r a s s / w e i q h t  d i s t r i b u t i o n  CONDITIONS. A l l  s t r u c t u r a l  mass 
a s s o c i a t e d  with a s t i f f n e s s  s e t  (sec. 152.0) t h a t  i s  
i d e n t i f i e d  by t h e  same number a s s i q n e d  t c  t h e  mass set  
(Record 2) is  a u t o m a t i c a l l y  cumulated w i t h  a l l  non- 



s t r u c t u r a l  mass d e f i n e d  by Records  6-8 i n  the a n a l y s i s  
o f  a mass CONDITION. The user may, however, e x c l u d e  t h e  
nass and/or  stiffness e l e m e n t s  from a CONDITION via  Record 
5 5  of  t h e  F a c t o r  d a t a  s u b s e t  (sec. 138.1.9) 

Record S End Mass C o n d i t i o n  S u b s e t  

END CONDITION DATA 

T h i s  r e c c r d  i n d i c a t e s  a l l  mass d i s t r i b u t i o n  CONDITIONS 
havo been d e f i n e d  f o r  t h e  SET i d e n t i f i e d  t y  Record 2. 

138.1.2 Mass Element CpLa Subse t  ( o p t i o n a l )  

All e l e m s n t s  i n  a d d i t i o n  t o  t h o s e  d e f i n e d  v i a  t h e  s t i f f n e s s  
e lement  da ta  (sec. 152.0) r e q u i r e d  t o  describe t h e  s t r u c t u r a l  
a n d  n o n - s t r u c t u r a l  mass of  a  model i d e n t i f i e d  by a p a r t i c u l a r  
SET nunher are  d e f i n e d  b y  t h i s  d a t a  subse t .  I f  a d d i t i o n a l  non- 
s t r u c t u r a l  mass e lement  d a t a  are not r e q u i r e d ,  Records 6-8 
s h o u l d  n o t  be i n ~ u t .  

Record 6 Begin Mass Element Subse t  

I E E G I N  MASS ELEMENT DATA 

Elc~nent  d a t a  may t e  d e f i n e d  by any combina t ion  of t h e  
t h r e e  element- d e f i n i t i o n  r eco rd  v a r i a t i o n s  p r e s e n t e d  below. 
These v a r i a t i o n s  p r o v i d e  t h e  f o l l o w i n q  c a p a b i l i t i e s :  

1 )  E x p l i c i t  d e f i n i t i o n  of an  e lement ;  

2 )  Gene ra t ion  of a sequence  of e l e m e n t s  w i t h  node- 
d e f i n i t i o n  lists and u s e r  elexrent numbers incremented  
oy one; 

3) Gene ra t ion  o f  a sequence  of e l e m e n t s  w i th  node- 
d e f i n i t i o n  l ists and u s e r  elexrent nurnhers incremented 
as  s p e c i f i e d .  

Records of t h i s  t y p e  a r e  r e p e a t e d  as  necessary.  A maximum of 
32 ,767 mass e l emen t s  may be d e f i n e d  p e r  SET, D e t a i l e d  
d e s c r i r t i o n s  of t h e  ATLAS mass e l emen t  t y p e s  a r e  p r e s e n t e d  i n  
a ~ c e n d i x  C. I f  OPTION=I( of t h e  MASS P r o c e s s o r  i s  used, a l l  
mass e l ~ n i a n t s  should  be d e f i n e d  b y  S t r u c t u r a l  nodes which have 
non-zero s t i f f n e s s  components. 



hecord 7 Mass Element Data 

V a r i a t i o n  1  <User id l>  N l i s t l   list 

Eltype = A key-word or  its e q u i v a l e n t  i n t e g e r  
which deno tes  t h e  t y p e  of element de f ined  
by t h i s  record.  The a v a i l a b l e  o p t i o n s  
f o r  El type  are: 

ROD 
EEAH 
SPAR 
COV EE 
PLATE 
SCALAR 

User i d  1 

= Key-word deno t ing  whether the element 
m a t e r i a l  d e n s i t y  (F1) , t o t a l  weight 
(F2), or  c.q, (F3) i s  i n p u t  by 88~list.n 
Only F1 p r o p e r t i e s  may be i n p u t  f o r  
SPAR e l e m e n t s  and on ly  F2 p r o p e r t i e s  
may ba i n p u t  f o r  SCALAR elements. 
Default:  The l a s t  s p e c i f i e d  p roper ty  

type  or p r o p e r t y  t y p e  F1. 

= User-assigned element i d e n t i f i c a t i o n .  
A user element number or a word may 
be s p e c i f i e d  by t h i s  i t e m .  The o p t i o n s  
are :  

a )  Numbero-The l e t te r  N fol lowed by 
t h e  user  e l e m e n t  number ( i n t e g e r  
i n  t h e  ranqe  1-32767). The e lement  
number i s  used when p r i n t i n q  element 
d a t a  (sec, 238.0) and when genera t ing  
MSS element subsets v i a  t h e  SUBSET- 
I2EFTNITION Preprocessor  (sec. 156.0) . 

b) Word--Alphanuxreric word of 1 t o  10 
c h a r a c t e r s  t o  r e p l a c e  t h e  " E l t y p ~ ~ ~  
i d e n t i f i c a t i o n  i n  p r i n t o u t  r eques ted  
from t h e  MASS P o s t p r c c e s s o r  (sec. 
238.0) 
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N l i s t  1 

plist 

Default:  Mass e lements  a r e  a s s iqned  
t h e  i n p u t  sequence number of 
t h e  element  w i t h i n  t h i s  d a t a  
s u b s e t  and they  a r e  i d e n t i f i e d  
by  "Eltype." 

= L i s t  of node numbers ( i n t e q e r s )  which 
d e f i n e  t h e  element.  The requ i red  list 
of nodes f o r  each  o f  t h e  element t y p e s  
is shasn i n  t a b l e  138-1 and i s  presented  
i n  d e t a i l  i n  appendix C. 

= L i s t  of  element p roper t i e s .  The 
F r o p e r t i e s  and v a r i a t i o n s  of t h e  number 
and o r d e r  of i n p u t  p roper ty  v a l u e s  f o r  
each of t h e  element t y p e s  a r e  summarized 
i n  t a b l e  138-1 and a r e  p rasen ted  i n  
d e t a i l  i n  appendix C. 

V a r i a t i o n s  2 and 3 a l low t h e  u s e r  to s p e c i f y  q e n e r a t i o n  
o t  a sequence of elements. A l l  e lements  i n  t h e  sequence w i l l  
be of t h e  same t y p e  and w i l l  have t h e  same p r o p e r t y  va lues .  
The u s e r  element numbers and node numbers a r e  genera ted  by 
incrementinq t h e  f i r s t  l ist  u n t i l  t h e  second list is reached. 
Each of t h e  i t e r r s  denoted b y  User id l  and N l i s t l ,  when 
incrementzd, must r e a c h  t h e  carrespondinq items denoted by 
Userid2 and N l i s t 2  s imultaneously.  A maximum of 100 e lements  
may he def ined by one record  of t h i s  type. 

V a r i a t i o n  2 

Items 1-5 a r e  t h e  same as def ined f o r  V a r i a t i o n  
1. 

= Number of t h e  l a s t  e l e n e n t  i n  t h e  
sequence de f ined  i n  t h e  same manner 
a s  o p t i o n  a) f o r  U s e r i Z 1 .  T h i s  i t e m  
is requ i red  o n l y  i f  User id l  is  s p e c i f i e d  
a s  N fol lowed by an  in teger .  

= Node numbers ( i n t e q e r s )  de f in inq  t h e  
l a s t  element i n  +he sequence. The 
numher of  items i n  N l i s t l  and N l i s t 2  
must be equa l ,  



Var ia t ion  3 

<Userid2> N l i s t 2  BY <Incl> i nc2  

x tems  1-8 a re  the same as defined f o r  Var ia t ion 
2. 

Inc l = The let ter  N f o l l w e d  by a signed o r  
unsigned in t ege r  (e .go, N5, N+ 10,  N - 8 5 )  
which denotes t h e  user element number 
increment. T h i s  i t e m  is requi red  only it 
Useridl  and Userid2 a r e  input  as N 
followed by an in t ege r .  

= L i s t  of p o s i t i v e  and/or negat ive  node- 
number increments ( in teqers )  t o  be used 
with N l i s t l ,  The number of i t e m s  i n  
N l i s t l  and "inc2" must be equal.  

Example: An example record t o  generate  a set of ROD 
elements with input-sequence number i d e n t i f i e r s  
is: 

T h i s  record is  equiva len t  t o  the following f o u r  records:  

ROD 2'2 1 9 5.6 / 
ROD F2 3 8 5.6 / 
ROD F2 5 7 5 .6 / 
ROD F2 7 6 5 . 6  / 

I f  user  element numbers 10 through 13 are des i red ,  t h e  
single record would assume t h e  fom: 

Kecord 8 End Mass Ele.uent Subset 

END rWiSS ELEMENT DATA 

This record i n d i c a t e s  t h a t  a l l  element da t a  hdve been 
derined f o r  tbe SET i d e n t i f i e d  by Record 2. 



Table 138-1. Input  Var i a t i ons  o f  Mass Element Data @ 

@ Each integer tabulated under the a number of input property values ' denote. which m e  o f  the 

l i s t e d  property valuer input by a d r t r  Record 7 i r  t o  be esr igned t o  the  j - t h  element p r o p e r t y  

l i s t e d  i n  t h i s  t a b l e  o r  whether the proper ty  v r l u e  i s  t o  be s e t  t o  zero, 

An a s t e r i s k  ( * )  denotes a proper ty  va lue ir au tomat i ca l l y  r e t  t o  1.0. 

Two r s t e r i t k s  ( * * )  denote the p rope r t y  va lue i s  c a l c u l r t e d  u r i n g  ~ h s  o t h e r  

input  p rope r t y  values. 



1 3 8.1,3 Eye,l,Ja_$a Subsst_ (opt  iona  1) 

T h e  d a t a  s u b s e t ,  Records 9-21, d e f i n e s  t h e  f u e l  t a n k  
c o n f i q u r a t i o n s ,  t h e  fuel-manaqement sequences  and t h e  f u e l - t a n k  
o r i e n t a t i o n s .  s e l e c t e d  combinat ions  of these mass model 
c c m ~ o n e n t s  are used t o  d e f i n e  a maximum of 99  f u e l  mass- 
d i s t r i b u t i o n  c o n d i t i o n s  by Record 20 f o r  t h e  SET i d e n t i f i e d  
by Ftcord  2. I f  f u e l  d a t a  a r e  n o t  r e q u i r e d ,  Records 9-21 should  
no t  be i npu t .  

Record 9 Beqin Fuel  Subset  

E E G I N  FUEL CATA 

138.1.3.1 F u e l  Tznk Data 

The qeometry of a f u e l  t ank  is, i n  q e n e r a l ,  d e f i n e d  by 
m u l t i p l e  t ank  s e c t i o n s .  A l l  s e c t i o n s  used t o  d e f i n e  a f u e l  
t a n k  ~ u s t  have the same b a s i c  shape. T h i s  shape  i s  i d e n t i f i e d  
a s  TYPE1 or TYPE2 a s  shown i n  f iqurc 138-1. 

The c o n f i q u r a t i o n  and q e n e r a l  d a t a  f o r  a  f u e l  t a n k  a r e  
d e f i n e d  by Records 10-12. These r e c o r d s  may be r e p e a t e d  t o  
define a  maximum o f  500 f u e l  t a ~ k s .  

Rsccrd 10 Tank I d e n t i f i c a t i o n  

= Fuel- tank,  i d e n t i f  i c a t i c n  number 
( i n t e q e r )  i n  t h e  r a n g e  1-32767, 
i n c l u s i v e .  I f  m u l t i p l e  t a n k s  a r e  
r e q u i r e d ,  each t a n k  nust  be a s s i g n e d  
a unique number, 

iiecord 11 General  Tank Data ( o p t i o n a l )  

(T:;:$ , 

< l e v e l s >  < d e n s i t y >  (useab le  PERCENT) 

* 

= Key-word deno t inq  t h a t  e i t h e r  
TYPEl  or TYPE2 qeomet r i c  shapes  a r e  
de f ined  by Record 12 t o  d e s c r i b e  t h e  
t a n k  c o n f i g u r a t i o n .  
Defau l t :  TYPEl 

l e v e l s  = Number of  equal ly-spaced  f u e l  l e v e l s  
to  be c a l c u l a t e d  f o r  t h i s  t ank .  An 
i n t e q o r  i n  t h e  range 2-63, i n c l u s i v e .  



dens i ty  

us ea ble 

Default:  10 fuel  levels or the number of 
levels s p e c i f i e d  for t h i s  i t e m  
i n  t h e  imnediately-preceding 
record of  this type ,  

= Puel weight dens i ty  g r e a t e r  '-han ze ro  f o r  
t h i s  tank,  
Default:  0.0294 lbs / in . t  o r  t h e  dens i ty  

s p e c i f i e d  f o r  t h i s  i t e m  i n  t h e  
immediately-preceding record of 
t h i s  type. 

= Percent  of t h e  tank volume t h a t  can be 
used f o r  f u e l  (0. <useable1 100 .) 
Default:  100.0 percent  or t h e  va lue  

s p e c i f i e d  f o r  t h i s  i t e m  i n  t h e  
immediately-precedina record  of 
t h i s  type. 

Default Record: TYPL1 10 -0294 100. PERCENT / 

Record 12 Tank Section-Def i n i t i o n  Data 

Each tank sec t ion  i s  def ined by a l i s t  of node numbers 
which e s t a b l i s h e s  the geometries of a sequence of TYPE1 o r  
TYPE2 shapes ( f i g .  138-1). Any cornbination of the t h r e e  
i n ~ u t - r e c o r d  v a r i a t i o n s  presented below may be used t o  
de f ine  a maximum of 63 s ec t ions  per f u e l  tank. 

Variation 1 < I d l >  N l i s t l  = 

N l i s t l  

= Alphanumeric word of t h e  form Sxx where 
xx is an i n t e g e r  number in t h e  range 1- 
63, i nc lus ive ,  This word is  used t o  
i d e n t i f y  t h e  tank sec t ion  descr ibed by 
t h i s  record.  
Default:  Sxx where xx is t h e  i-th, 

sequent ia l  s ec t ion  def ined f o r  a 
tank by a record of t h i s  type. 

= L i s t  of node numbers ( i n t ege r s )  which 
de f ine  a sec t ion .  3 or 4 mid-surface 
nodes must be s p e c i f i e d  i f  TYPE1 shapes 
are used; 8 o r  20 nodes must be spec i f i ed  
i f  TYPE2 shapes are used. 

Varidtions 2 and 3 al low t h e  user  t o  spec i fy  generat ion of 
a sequence of tank sec t ions .  The sec t ion  i d e n t i f i c a t i o n  numbers 
and tile node numbers are generated by incrementing the f i r s t  list 
u n t i l  t h e  second list i s  reached. Each of t h e  items denoted by 



f d  I and N l i s t  1, when incremented, must reach the corresponding 
items denoted by Id2 and Nlist2 simultaneously* A maximum of 63 
s e c t i o n s  may be defirled by one record of t h i s  type. - 

Varia t ion 2 I < I d l >  Nlistl TO CId2> Nl i s t2  I 
Items 1 and 2 are the same as def ined for 
Var ia t ion  1. 

= I d e n t i f i e r  f o r  t h e  l a s t  s e c t i o n  i n  the 
sequence. This item is def ined  i n  the 
same manner as "Idl" and is  required only 
i f  nIdl" is spec i f i ed .  

= Node numbers ( i n t ege r s )  de f in ing  t h e  l a s t  
s ec t ion  i n  t h e  sequence. The number of 
i t e m s  i n  N l i s t l  and Nl i s t2  must be equal.  

Items 1-5 a r e  the same as def ined for 
Varia t ion 2. 

Variat ion 3 

Inc 1 

1 
< I d l >  N l i s t l  TO <IdZ> N l i s t 2  BY 

< Inc)  > inc2 
, A 

= h e  l e t t e r  S followed by a signed or 
unsigned i n t e g e r  (e . g o ,  S5, S-20, S+ 12) 
which denotes t h e  s ec t ion ,  i d e n t i f i c a t i o n  
number increment. This  i t e m  is required 
only i f  wIdlw and "Id2" a r e  specif  i d ,  

= L i s t  of positive and/or negat ive  node- 
number increnents  ( in tegers )  to be used 
with N l i s t l .  The number of i t e m s  i n  
N l i s t l  and IIinc2" must be equal.  



T Y P E 1  Shape  

Three o r  f o u r  m id -sur face  nodes Nl.W2,N3 (and N4) 
a r e  used. A d d i t i o n  o f  t h e  r e s p e c t i v e  A2 
c o o r d i n a t e s  to  t h e  noda l  z -coord ina tes  d e f i n e s  t.18 
upper ~ u r f a c e ~ w h e r e a s  s u b t r a c t i o n  d e f i n e s  t h e  1:wer 
sur face.  The A z  d i r e c t i o n s  are d e f i n e d  by t h e  
i n p u t  nodal  z-axes which need n c t  be p a r a l l e l .  I f  
4  nodes a r e  used, they must be i n p u t  s e q u e n t i a l l y  
i n  e i t h e r  a  c l o c k w i s e  o r  c o u n t e r c l o c k w i s e  d i r e c t i o n .  

T Y P E 2  S h a p e  

The b a s i c  s o l  i d  i s  d e f i ~ e d  by B nodes. These nodes 
N 8 E7 d e f i n e  12 edges ( E l - E 1 2 )  and d l  r e c t i o n s  t h e r e o f  as  

N7 shown i n  the  f i g u r e .  An i n t e r m e d ~ a t e  node may be 
spec i f i ed on each edge. The 8  un i que cc rne r  nodes 
must be i n p u t  f i r s t  f o l l o w e d  by any edge nodes. The 

E6 f i r s t  6 nodes d e f i n e  two o p p o s i t e  s i d c s  o f  the  so l  i d .  
N1-N4 may be i n p u t  c l o c k w i s e  o r  coun te rc lockw ise ,  
however, NS-NB must be o r d e r e d  so t h a t  each o f  the 
node p a i  r s  ( N l  ,N5), (N2,N6),(N3,W) and (NdeNO) I i e s  
on a  s e p a r a t e  edge. The 1 t o  12 edge nodes must be 
i n p u t  i n  an o r d e r  c o n s i s t e n t  w i t h  the  edge numbers. 
I f  o n l y  some o f  the  edges have nodes, ze ros  must be 
i n p u t  i n  the a p p r o p r i a t e  l o c a t i o n s  so t h a t  a  t o t a l  
o f  20 i n t e g e r s  a r e  input .  The noda l  i n p u t  f o r  the 
examp1 e  shown r o b  I d  be NIeN2,. . . ,N8,NB,O,NIO, 0,0,0, 

N9 O,O,O,O,O,Nll . 

F i g u r e  138-1. TYPE1 and TYPE2 Geometric Shapes 



138.1.3.2 Fuel  Manaqement Data 

Management d a t a  which d e f i n e  how f u e l  is t o  b e  loaded 
and/or  used t o  e s t a k l i s h  a d e s i r e d  f u e l  c o n d i t i o n  are ~ n p u t  
v i a  Records 13-16. Theue r e c o r d s  may be r e p e a t e d  t o  d e f i n e  
a maximum of 99  fuel-management sequences.  

Escord 13 Management Sequence I d e n t i f  i c a t i o n  

I KANAGEMENT SEQUENCE n 

= Fuel-management, sequence i d e n t i f i c a t i o n  
number ( i n t e q e r )  i n  t h e  range 1-99, 
i n c l u s i v e .  I f  m u l t i p l e  sequences are 
requ i red ,  each  sequence must be a s s i g n e d  
a un ique  number. 

The sequence i n  which f u e l  i s  loaded,  used and/or 
t r a n s f e r r e d  is d e f i n e d  by t h e  i n p v t  a r d e r  of Records 14-16. 

Record 14 me1 Loading Data 

LCAD TANK T I  <T2> <T3> (RATIO rl r2 r 3 >  UNTIL Idst 

Tl,TZ,T3 = Fuel-tank, i d e n t i f  i ca t i cn  numbers 
( i n t e q e r s )  p rev ious1  y-def i n e d  by Record 
10. One t o  t h r e e  t a n k s  nay be loaded 
v i a  t h i s  d a t a  r eco rd .  

L i s t  

V a r i a t i o n  I: 

= The r e l a t i v e  rate a t  which t h e  i - t h  
t a n k  i d e n t i f i s d  by ltTit1 is  to be loaded. 
~ f ,  f o r  example, r l=1 .0  and r2=2.O, 
rhe t a n k  i d e n t i f i e d  by 32 w i l l  be loaded 
twice a s  fast a s  t h e  t a n k  i d e n t i f i e d  
by TI. The number of  s p e c i f i e d  r a t e s  
must e q u a l  t h e  number o f  t a n k s  i d e n t i f i e d  
by t h i s  record .  I f  r a t e s  are s p c i f i e d ,  
a t  l e a s t  two t a n k s  must be i d e n t i s i e d  
by t h i s  r eco rd .  
Defaul t :  rl=r2=13=1.0 

= List of items which d e s c r i b e  t h e  end 
c o n d i t i o n  of t h e  f u e l - l o a d i n g  s t e p s  
de f ined  by  t h i s  record. One of t h e  
fo1,lowing three v a r i a k i c n s  of " L i s t "  
may be used. 

= One of  the fue l - t ank ,  
i d e n t i f i c a t i o n  numbers 
i d e n t i f i e d  by "TI, T2 or  T3" 



i n  t h i s  record. Fuel load ing  
w i l l  s t o p  when t ank  *Tnm i s  
f u l l .  

Var ia t ion  2: w t  = Weight of f u e l  t o  be loaded 
i n t o  the t a n k s  i d e n t i f i e d  by 
"TI, T2 and T3. 

v a r i a t i o n  3: w t  TOTAL = Fuel  load ing  w i l l  s t o p  when 
t h e  t o t a l  weight of f u e l  i n  
a l l  tanks a s s o c i a t s d  wi th  t h e  
mass SET r eaches  

T h i s  record  may be r e p a t e d .  

iiecord 15 F u e l  Usaqe Data 

USE TANK TI CT2> CT3> <RATIO r 1 r2  r3> UNTIL L i s t  

Items 1-10 a r e  t h e  s a n e  a s  def ined for Record 14. 

= L i s t  of i tems which d e s c r i b e  the end 
cond i t i on  of t h e  f u e l  usaqe de f ined  
by t h i s  record. One of t h e  fo l lowinq 
fou r  v a r i a t i o n s  of a L i s t M  may be used. 

Var ia t ion  1: w t  = Weight of f u e l  t o  be used from 
t h e  t anks  i d e n t i f i e d  by "TI, 
T2 and T3. 

Var ia t ion  2: w t  TOTAL = Fuel usage w i l l  s t o p  when t h e  
t o t a l  weight o f  f u e l  remaininq 
i n  a l l  t anks  a s s o c i a t e d  wi th  
t h e  mass SET equa i s  "wt ."  

V a r i a t i o n  3: T i  <Tj> <Tk> cc: 

= F i x 1  w i l l  DS ~ S Z U  unt; l  tns 
t o t a l  weight cf tuel remaininq 
i n  t h e  tanks  i d e n t i f i e d  by 
" T i ,  Tj and  Tkn equa l s  "wt ."  
A t  l e a s t  one of t h e s ~  tank 
i d e n t i f i c a t i c n  numbers 
( i n t e q e r s )  m u s t  be :he same 
a s  TI, T2 o r  T 3  s p e c i f i e d  by 
t h i s  record. 



V a r i a t i o n  4: <fi> T i  < f j  Tj> EQUAIS <fk> Tk < f l  T1> 

= Fuel w i l l  be used from t h e  
t a n k s  i d e n t i f i e d  by "Tin a n d  
*Tj until t h e  f o l l o w i n g  
e q u a t i o n  is s a t i s f i e d .  
fi*WTi + fj*WTj = fk*WTk + fl*WTl 
The weiqht  f a c t c r s  for t a n k s  
"TiN and  *TjM a r e  s p e c i f i e d  
v i a  " f i W  where O.O<f i. E i t h e r  
"Tin or  nTj" must b e  t h e  same 
a s  one of t h e  tank 
i d e n t i f i c a t i o n  nwnbers 
( i n t e g e r s )  s p e c i f i e d  by TI,  
T2 or T3 i n  t h i s  r ~ c o r d .  
Default: f i = l . O  

T h i s  r e c o r d  may be r e ~ e a t e d .  

Recurd 16 F u e l  T r a n s f e r  Data 

wt FROM 
pe r  PERCENT . 1. To T2 

= Weight of f u e l  to b e  t r a n s f e r r e d  from 
t a n k  "TIn t o  t ank  mT2. 

= P e r c e n t  (0.0< p e r  I 100.) of f u e l  i n  
tank vgT1" t o  b e  t r a n s f e r r e d  t o  t a n k  
"T2. 

= Fuel- tank,  i d e n t i f  i c a t i c n  numbers 
! in+eqers)  p r e v i o u s 1  y-def i n e d  by Record 
10 . 

T h i s  r e c o r d ,  Records 14-16 or  Records 13-16 may be 
r e p e a t e d .  

138.1.3.3 Fue l  O r i e n t a t i o n  Data 

The o r i e n t a t i o n  o f  t h e  fuel t a n k s  a s s o c i a t e d  w i t h  a mass 
SZT and t h e  f u e l - s u r f a c e  plane t o  be used w i t h  t h e s e  tanks may 
be  d e f i n e d  v i a  Records 17-19, The f u e l - t a n k  d a t a  may be 
c a l c u l a t e d   or a  maximum of 99 d i f f e r e n t  a t t i t u d e s  a s  d e f i n e d  
by  r e p e a t i n g  Fecords  17-19. These r e c o r d s  shou ld  n o t  b e  i n p u t  
i f  the f u e l - t a n k  o r i e n t a t i o n s  a s  d e f i n e d  r e l a t i v e  t o  t h e  GLOBAL 
frame by Record 12 a re  t o  be used  and i f  t h e  f u e l - s u r f a c e  p l ane  
i s  p a r a l l e l  t o  t h e  GLOBAL X-Y p lane .  



Reccrd 17 A t t i t u d e  I d e n t i f i c a t i o n  

= A t t  i t u d e  i d e n t i f  i c a t i c n  number ( i n t e q e r )  
i n  t h e  r a n g e  1-99, i n c l u s i v e .  I f  
m u l t i p l e  a t t i t u d e s  are r e q u i r e d ,  e a c h  
a t t i t u d e  must be  a s s i g n e d  a unique  
number. 

fiecord 18 Fuel-Tank O r i e n t a t i o n  Data  ( o p t i o n a l )  

The o r i e n t a t i o n  o f  t h e  f u e l  t a n k s  is e s t a b l i s h e d  by a  
r e f e r e n c e  frame which i s  o r i e n t e d  r e l a t i v e  t o  t h e  GLOBAL 
a x e s  and which has i t s  o r i g i n  a t  a s p e c i f i e d  node. 

1 I Rcde r x  r y  r z  I 
N cde = Node number ( i n t e g e r )  which i d e n t i f i e s  

t h e  o r i g i n  o f  t h e  o r i e n t a t i o n  r e f e r e n c e  
frame. 

= S e q u e n t i a l ,  r o t a t i o n  a n g l e s  i n  d e g r e e s  
a b o u t  t h e  X, Y and Z GLOBAL a x e s ,  
r e s p e c t i v e l y .  These r o t a t i o n s  e s t a b l i s h  
t h e  o r i e n t a t i o n  of  t h e  f u e l  t a n k s  f o r  
c.q. c a l c u l a t i o n s .  

Cefault Record: Fuel t a n k s  are o r i e n t e d  r e l a t i v e  t o  
t h e  GLOBAL r e f e r e n c e  f r ame  as d e f i n e d  
by Record 12. 

k e c o r d  19 Fuel -Sur face  P l a n e  D e f i n i t i o n  ( o p t i o n a l )  

v?c to r  which i s  n o r r a l  t o  t h e  p l a n e  of  t h e  f u e l - s u r f a c e  
a n d  w i i i c t ,  has  a  d i r e c t i c r .  toward t h e  errpty r e q i c n  of a 
c a r t :  i l l y - f u l l  t a n k  may b? d e f i n e d  b y  t h i s  record .  

1 

FUEL PLANE p l  <p2> 

F ~ , P L  = E i t h e r  node numbers ( i n t e q e r s )  o r  a 
l i s t  of t h r e o  GLOBAL X,  Y and Z 
roor t l l inates  ( d e c i r a l  nunbers)  . "pl I@ 

and "p2Iv define two p o i n t s  r e l a t i v e  
t o  t h e  GLOBAL frame. A v e c t o r  from 
t tp l t t  t o  "p2" d e f i n e s  t h e  f u e l  s u r f a c e  
and t h e  d i r e c t i o n  toward t h e  empty 
r e g i o n  of the tanks. 



Des'ault: If " ~ 2 ~  i s  not i n p u t ,  t h e  
normal v e c t o r  is from t h e  
GLOBAL o r i q i n  through npl. n 

Cefaul t  Record: The normal v e c t o r  is p a r a l l e l  
to the GXOBAL Z-axis. 

138.1.3.4 Fue l  Condi t ion  Data 

A fuel c o n d i t i o n  is def ined  by Record 20 by t h e  t o t a l  
f u e l  weight,  a f uel-management sequence and a f  uel- tank a t t i t u d e .  
A f u e l  c o n d i t i o n  is  a s s o c i a t e d  wi th  an o v e r a l l  m a s s - d i s t r i b u t i o n  
c o n d i t i o n  by Record 4. Record 20 may be r e p e a t e d  t o  d e f i n e  
a maximum of 99 f u e l  condi t ions .  

Record 20 Fuel-Condi t i o n  D e  f ini ti on 

I CCNDITION n  Weiqht Seq < A t t i t u d e >  

Weight 

Seq 

A t t i t u d e  

= Fuel-condi t ion  i d e n t i f i c a t i o n  number 
( i n t e q e r )  i n  t h e  ranqe  1-99, i n c l u s i v e .  
I f  m u l t i p l e  c o n d i t i o n s  are r e q u i r e d ,  
each c o n d i t i o n  must be ass igned a  unique 
number. 

= The t o t a l  weight  of f u e l  loaded for 
nSeq.n I f  z e r o  is  i n p u t  f o r  t h i s  i t e m ,  
the weight used f o r  t h i s  f u e l  c o n d i t i o n  
w i l l  be  t h e  t o t a l  f u e l  weight a s s o c i a t e d  
wi th  nSeq. * 

= A f uel-management, sequence 
i d e n t i f i c a t i o n  number ( i n t e g e r )  which 
was ~ r e v i o u s l y  de f ined  by Record 13. 

= An a t t i t u d e  i d e n t i f i c a t i c n  number 
( i n t e g e r )  which was p rev ious ly  de f ined  
by Record 17. 
Cef a u l t :  The a t t i t u d e  de f ined  by the 

GLOBAL r e f e r e n c e  frame. 

Gecord 21  End Fuel Subset 

END RlEL CATA 

T h i s  r ecord  i n d i c a t e s  t h a t  a l l  f u e l  d a t a  have bden def ined  
for the SFT i d e n t i f i e d  by Record 2. 



1 . 3  1, 4 g?yhoad Data Subse t  ( o p t i o n a l )  

This data  s u b s e t ,  Records 22-35, d e f i n e s  t h e  pas senge r  
s e a t  l o c a t i o n s ,  t h e  cargo-hold g e o m e t r i e s  and payload  l o a d i n g  
sequences ,  s e l e c t e d  combina t ions  of t h e s e  mass model components 
are used  t o  d e f i n e  a maximum of 99 payload m a s s - d i s t r i b u t i o n  
c o n d i t i o n s  (Record 34) f o r  t h e  SET i d e n t i f i e d  t y  Record 2 .  
If ~ a y l c a d  d a t a  are n o t  r e q u i r e d ,  Records  22-35 s h o u l d  n o t  be 
i n p u t .  

Record 22 Beqin Payload Subse t  

I BEGIN PAYLOAD DATA 

136.1.4.1 Pas senqe r  Data 

The  f o l l o w i n q  r e c o r d  d e f i n e s  t h e  a v e r a g e  weight  and we igh t  
mcrnents of i n e r t i a  f o r  a pas senge r  and  seat, It i s  assumed 
t h a t  t h e  c.q. cf t h e  pas senge r  and t h e  c.q. o f  t h e  s e a t ,  as 
defined i n  t h e  n e x t  s e c t i o n ,  a r e  c o i n c i d e n t .  

R ecc rd  23  Pas senge r  Weight C e f  i n i t i o n  ( o p t i o n a l )  
7 

PASSENGER Wt Ixx Iyy Izz Ixy 1x2 Iyz 

W t  = Average weiqht of e a c h  Fassenger  

Ixx,  Iyy, Izz = Average weiqht moments of i n e r t i a  of  each 
I x y ,  1x2, Iyz passenger .  These q u a n t i t i e s  are measured 

r e l a t i v e  t o  a c o o r d i n a t e  sys t em t h a t  
h a s  t h e  same o r i e n t a t i o n  as t h e  GLOBAL 
f rame and h a s  i t s  o r i q i n  a t  t h e  cog. 
of t h e  passenger ,  

C e f a u l t  Record: PASSENGER 170. 0. 0, 0 ,  0. 0, 0, 

139.1.4.2 Seat Loca t ion  Data 

The ~ a s s e n q e r - s e a t  l o c a t i o n s  ( t h e  c. q .  o f  s a c h  p a s s e n g e r  
a n 3  corresponi i inq s e a t )  a r e  d e f i n e d  by  p o i n t s  a t  which pas senge r s  
a r e  t o  he placed.  

C o o r d i n a t e s  of a  s e a t  l o c a t i o n  a r e  d e f i n e d  r e l a t i v e  t o  
t h e  GLOBAL o r  a  l o c a l ,  r iqh t -handed ,  r e c t a n g u l a r  c o o r d i n a t e  
system (see sec, 100.5). A l l  i n p u t  c o o r d i n a t e s  a r e  a u t o m a t i c a l l y  
t r ans fc rmed  t o  GIX)BAL va lues .  Only t h e  GLOBAL v a l u e s  a re  p r i n t e d  
b y  t h e  FASS Pos tp roces so r  (sec. 238.1 ) . 



Record 20 Beqin Seat Locat ion  Data 

I BEGIN SEAT LOCATION DATA 

If local r e f e r e n c e  frames are not used, Records 25 and 
26  a r e  n c t  requi red .  I n  t h i s  case, a l l  seat l o c a t i o n  d a t a  a r e  
d e f i n e d  r e l a t i v e  t o  t h e  GLOBAL frame. 

A maximum of 10 unique l o c a l  f rames  may be de f ined  by 
Record 25 p laced s e q u e n t i a l l y  or i n t e r s p e r s e d  w i t h i n  a sea r -  
l o c a t i o n  subset .  A l l  s e a t  d a t a  d e f i n e d  v i a  Record 26 are assumed 
t o  be i n p u t  w i t h  r e s p e c t  t o  t h e  local c o o r d i n a t e  system d e f i n e d  
by +he immediately preceding Record 25. Seat d a t a  i n p u t  p r i o r  
tc tne f i r s t  Record 25 are assumed t o  ke d e f i n e d  wi th  r e s p e c t  
t o  the GUIBAL c o o r d i n a t e  system. Record 26 a l l o w s  a r e f e r e n c e  
frame previously-def  i n e d  w i t h i n  a s e a t - l o c a t i o n  subset t o  be 
i d e n t i f i e d  a s  t h e  input f r a a e  u n t i l  a n o t h e r  Record 25 or 26 
i s encountered. 

Reccrd 25 D e f i n i t i o n  of Local  I n p u t  Frame ( o p t i o n a l )  

REC l a b e l  O r i q i n  X-axis Z-axis 

l a b e l  = An alphanumeric word of 1 t o  7 c h a r a c t e r s  
which i d e n t i f i e s  t h e   articular l o c a l  
c o o r d i n a t e  system. The word GLOBAL 
may no t  be used a s  a l a b e l .  

Eacn of  t h e  items nOrigin ,n  nX-axislc and "Z-axism denotes  
a list o f  three GLOBAL X, Y and 2 c o o r d i n a t e s  (decimal 
numbers). Each item d e f i n e s  a p o i n t  r e l a t i v e  t o  t h e  
GLOBAL r e f e r e n c e  frame. 

O r i q i n  = A p c i n t  d e f i n i n g  t h e  o r i g i n  of t h e  l o c a l  
c o o r d i n a t e  system. 

Z-axis 

= A p o i n t  d i f f e r e n t  frcm t h e  one denoted 
by @@Oriqina which l i e s  on t h e  l o c a l  
~ o s i t i v e  x-axis. 

= A p o i n t  d i f f e r e n t  from "OriqinW and 
nX-axis" which d e f i n e s  t h e  l o c a l  p o s i t i v e  
z-axis.  T h i s  p o i n t  may be any p o i n t  
w i t h  a p o s i t i v e  z-coordinate  i n  t h e  
x-z plane. 

Records o f  this t y p e  may appear  any nunber of times 
anywhere w i t h i n  a s e a t - l o c a t i o n  d a t a  s u k s e t .  A " l a b e l "  
de f ined  by one record  of this t y p e  may be t h e  " l a b e l "  
s p e c i f i e d  by a subsequent  r e c o r d  of t h i s  type. The l a s t  
de f ined  o r i q i n  and o r i e n t a t i o n  of a p a r t i c u l a r  t r i a d  



I MASS , 

remains  i n  effect u n t i l  r e d e f i n e d .  A maximum of  10 unique 
l c c a l  f r a n e s  may be e f f e c t i v e  a t  one  time. 

Fecord 26 A Prev ious ly -Def ined  R e f e r e n c e  Frame t c  be Used a s  
the I n p u t  frame ( o p t i o n a l )  

The label a s s i q n e d  t o  a local c o o r d i n a t e  
sys tem p r e v i o u s l y - d e f i n e d  by a Record 
25 or t h e  key-word GLOBAL. T h i s  
i d e n t i f i e s  t h e  i n p u t  f rame o f  a l l  s e a t  
data d e f i n e d  by Record 27 immedia te ly  
fo l lowing  t h i s  r e c o r d .  

h e c o r d s  o f  t h i s  t y p e  may a p p e a r  a n y  number o f  times w i t h i n  
a s e a t - l o c a t i o n  d a t a  subse t .  

Record 27 Seat-Locat  i o n  Data 

seat  numbers and c o o r d i n a t e s  may be d e f i n e d  by any 
c o r r t i n a t i o n  of  the t h r e e  i n p u t - r e c o r d  v a r i a t i o n s  p r e s e n t e d  
below. These v a r i a t i o n s  p r o v i d e  t h e  f o l l o w i n q  c a p a b i l i t i e s :  

1 )  E x p l i c i t  d e f i n i t i o n  of a s e a t ;  
2) G e n e r a t i o n  of a  sequence of equa l ly - spaced  seats; 
3) Gene ra t ion  of a ssql ience of v a r i a b l y - s p a c e d  s e a t s .  

~ h z  i npu t -  r e c o r d  f o r m a t s  f o r  s e a t  d a t a  d e f i n e d  w i t h  r e s p e c t  
t o  t h e  GLOSAL cr l o c a l  c o o r d i n a t e  sys t ems  a r e  i d e n t i c a l .  

sea t  1 = U s e r  s e a t  number ( i n t e g e r )  i n  t h e  range  
1-99999, i n c l u s i v e .  

list 1 = L i s t  of 3 c o o r d i n a t e s  of wsea t l .18  

V a r i a t i o n s  2 and 3 a l l o w  t h e  u s e r  t o  s p e c i f y  g e n e r a t i c n  
oi a sequence  of  i n t e r m e d i a t e  s e a t s  (seat numbers and 
c o o r d i n a t e s )  between t w o  s e a t s  denoted  by usea t l t g  and  "seat2.1' 

V a r i a t i o n  2 seat .1  <l is t  l>  TO s e a t 2  < l i s t 2 >  I- 
s e a t 1  
seat 2 = Same as  "seatl" i n  V a r i a t i o n  1 

l i s t 1  = L i s t s  of 3 c o o r d i n a t e s  a s s o c i a t e d  wi th  
l i s t 2  # @ s e a t  1" and  "seat2,w r e s p e c t i v e l y .  



I n  q e n c r a l ,  c o o r d i n a t e s  a r e  i n p u t  a s  
decimal numbers, However, i f  "seat 1 #@ 

and/or  n s e a t 2 m  were d e f i n e d  or q e n e r a t e d  
p r e v i o u s l y ,  t h e  a s s o c i a t e d  c o o r d i n a t e  
l ist or lists may be o m i t t e d  from t h e s e  
i n p u t  records .  I n  a d d i t i o n  t o  
s i m p l i f y i n q  t h e  input r e q u i r e d  f o r  seat- 
l o c a t i o n  d a t a  q e n e r a t i o n  r e l a t i v e  t o  
a p a r t i c u l a r  c o o r d i n a t e  system,  this 
f e a t u r e  a l l o w s  t h e  u s e r  t o  g e n e r a t e  
sea t  d a t a  spanninq  two d i f f e r e n t  
c o o r d i n a t e  sys t ems  (GLOBAL/local or 
l o c a l / l o c a l )  . 
Defaul t :  P rev ious ly -de f  i n e d  c o o r d i n a t e s  

of  e i t h e r  s p e c i f i e d  seat are 
a u t o m a t i c a l l y  r e t r i e v e d .  

Equa !ly-spaced s e a t s  ketween " s e a t 1  * and " sea t2"  are 
genera ted .  Seat numbers are e s t a b l i s h e d  by inc remen t ing  
l l s e a t l M  by i l  dependinq on whether  " s e a t l a  or n s e a t 2 m  
is  l a r q e r .  C o o r d i n a t e s  o f  t h e  g e n e r a t e d  s e a t s  are o b t a i n e d  
by l i n e a r  i n t e r p o l a t i c n  between wlistlfl and " l i s t 2 .  l9 

A maximum of  101 s e a t s  may b e  d e f i n e d  by sne record of 
t h i s  type.  

V a r i a t i o n  3 

s e a t  1 
s e a t 2  
l is t  1 
li s t 2  I = Same as defined for V a r i a t i o n  2 

= The seat-number i nc remen t  ( i n t e g e r )  
t o  he used t o  q e n e r a t e  seat  numbers 
between ~ s c a t 1 ~  and 1 c ~ t ? d t 2 . r r  The 
quantity r (seat2-seat  1 )  /ir.c] m ~ s t  be 
a p c s i t i v e  i n t e q e r  1100. 
Defau l t :  19inc11 is a u t o m a t i c a l l y  set 

t o  k1 depending on whether  
l c s e a t l w  or " sea t2"  is  l a r q e r .  

d l  ,dL,. . . ,dn = L i s t  of p r o p o r t i c n a t e  s ~ a c i n q  d i s t a n c e s  
between each pa i r  of s e a t s  i n  t h e  
sequence,  
Defau l t :  S e a t s  q e n e r a t e d  from n s e a t l M  

t o  n s e a t 2 u  a r e  e q u a l l y  spaced  
v i a  l i n e a r  i n t e r p o l a t i o n  between 
"listll* and I 9 l i s t 2 .  
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Record 28 End Sea t -Loca t ion  Subse t  

END SEAT LOCATION CATA 

Th i s  r e c o r d  i n d i c a t s s  t h a t  a l l  seat-location d a t a  have 
bsen  d e f i n e d  f o r  t h e  SET i d e n t i f i e d  by  Record 2. 

138.1.4.3 Carqo Hold Data 

The geometry o f  a c a r g o  h o l d  is, i n  q e n e r a l ,  d e f i n e d  by  
m u l t i ~ l e  carqo-hold  s e c t i o n s .  The c o n f i g u r a t i o n  o f  e a c h  s e c t i o n  
i s  d e f i n e d  by one  or  more 3-d imens iona l  segments. A l l  segments  
used  t o  d e f i n e  a c a r g o  h o l d  must have  t h e  same b a s i c  shape. 
T h i s  s h a ~ 2  i s  i d e n t i f i e d  a s  TYPEl or TYPE2 a s  shown by f i g u r e  
138-1 . 

A cargo ho ld  is d e f i n e d  by Records  29 and 30. 'These 
r e c o r d s  may be r e p e a t e d  t o  d e f i n e  a maximum of 500 c a r g o  holds .  

Record 29 Carqo Hold I d e n t i f i c a t i o n  

TYPEl 
HOLD n (TYPEI) (density) 

d e n s i t y  

= Cargo-hold,  i d e n t i f i c a t i o n  number 
( i n t l q e r )  i n  t h e  r a n q e  1-32767, 
i n c i u s i v e .  I f  m u l t i p l e  h o l d s  a r e  
r e q u i r e d ,  each  h o l d  must be  a s s i g n e d  
a un ique  number. 

= Key-word d e n o t i n q  t h a t  e i t h e r  TYPEl 
or TYPE2 qeomet r i c  s h a p e s  are d e f i n e d  
hy Record 30 t o  d e s c r i b e  t h e  cargo-hold 
c o n f i q u r a t i o n .  

= bu'eight d e n s i t y  o f  t h e  c o n t e n t s  of t h i s  
c a r q o  hold.  
Defau l t :  1 .0  l b s / i n .  "or t h e  d e n s i t y  

s p e c i f i e d  f o r  t h i s  item i n  
t h e  i r m e d i a t e l y - p r e c e d i n g  
r e c o r d  o f  t h i s  type. 

Record 30 Carqo-Hold S e c t i o n - D e f i n i t i o n  Data 

Each hold sect ion is d e f i n e d  by  a l is t  of  node numbers 
which e s t a b l i s h e s  t h e  geomet r i e s  of a sequence  of  TYPEl 
or  TYPE2 shapes  ( f i q .  138- 1) . Any combina t ion  o f  t h e  
t h r e e  i n p u t - r e c o r d  v a r i a t i o n s  p r e s e n t e d  below may b e  used 
t c  d e f i n e  a maximum of  63 s e c t i o n s  p e r  c a r g o  hold.  



V a r i a t i o n  1 < I d l >  N l i s t l  m 
= Alphanumeric word of t h e  form Sxx where 

xx i s  a n  i n t e g e r  number i n  t h e  ranqe  
1-63, i n c l u s i v e .  T h i s  word i s  used 
t o  i d e n t i f y  t h e  cargo-hold s e c t i o n  
desc r ibed  by t h i s  record.  
Default :  Sxx where xx i s  t h e  i - th ,  

s e q u e n t i a l  s e c t i o n  d e f i n e d  
f o r  a hold  by a record  of t h i s  
type.  

= L i s t  of node numbers ( i n t e g e r s )  which 
d e f i n e  a s e c t i o n .  3 or 4 mid-surface 
nodes must b e  s p e c i f i e d  i f  TYPE1 shapes 
a r e  used; 8 or 20 nodes n u s t  be s p e c i f i e d  
i f  TYPE2 shapes  are used. 

v a r i a t i o n s  2 and 3 a l low t h e  u s e r  t o  s p e c i f y  q e n e r a t i o n  
o f  a sequence of carqo-hold s e c t i o n s .  The s e c t i c n  i d e n t i f i c a t i o n  
numbers and t h e  node numbers a r e  genera ted  by increment ing  t h e  
first l i s t  u n t i l  t h e  second l i s t  is  reached. Each of t h e  items 
denotsd by Id1  and N l i s t l ,  when incremented, must r e a c h  t h e  
correspondinq items denoted by Id2 and N l i s t 2  s inu l t aneous ly .  
A rraxirrum 02 6 3  s e c t i o n s  may be d e f i n e d  by one record  of  t h i s  
t Y F e -  

V a r i a t i o n  2 < I d l >  N i i s t l  TO <Id2> N l i s t 2  
_J 

Item 1 and 2 a r e  t h e  same a s  def ined f o r  
V a r i a t i o n  1. 

= I d e n t i f i e r  f o r  t h e  l a s t  s e c t i o n  i n  t h e  
sequence. T h i s  item is  def ined  i n  t h e  
same manner a s  "Idlf l  and i s  r e q u i r e d  
only  i f  UIdl" is s p e c i f i e d .  

N l i s t 2  = Node numbers ( i n t e g e r s )  d e f i n i n g  t h e  
l a s x  s e c t i o n  i n  the  sequence. The 
numker o f  items i n  N l i s t l  and N l i s t 2  
must be equal .  

Inc l 

Var ia t ion  3 

I tems 1-5 a r e  the  same a s  de f ined  f o r  
V a r i a t i o n  i. 

- 
< I d l >  Nlistl T O  <Id2> N l i s t 2  BY 
< I n c l >  i n c 2  

= The Eetter S fol lowed by a s iqned o r  
unsigned i n t e q e r  (em q. , !35, S-20, S t12)  



which d e n o t e s  t h e  s e c t i o n ,  i d e 1 . t i f i c a t i o n  
numker increment .  T h i s  item i 3 r e q u i r e d  
o n l y  i f  "Idla and WIdZ" are s p r c i f i c d .  

= L i s t  c f  p o s i t i v e  and /o r  nega t i  ve  node- 
numker i nc remen t s  ( i n t e q e r s )  ;o be used 
w i t h  N l i s t l .  The number o f  j terns i n  
N l i s t  1 and  " inc2@@ must be  e g ~ a l .  

T h i s  r e c c r d  or Records  29 and  30 may be r e p e t c e d .  

138.1.4.4 Payload Manaqement Data 

Management d a t a  which d e f i n e  how p a s s e n g e r s  and  c a r g o  
a r e  t o  be l o a d e d  t o  e s t a b l i s h  a d e s i r e d  payload  c c n d i t i o n  a r e  
i n p u t  v i a  Records  31-33. These records may be r e p e a t e d  t o  
define a maximum of  99 payload-management sequences .  

Record 3 1 Loadinq Sequence I d e n t i f i c a t i o n  

I LOADING SEQUENCE n 

= Pay load ,  load ing-sequence ,  i d e n t i f i c a t i o n  
numker ( i n t e g e r )  i n  t h e  r ange  1-99, 
i n c l u s i v e .  I f  m u l t i p l e  sequences  a r e  
r e q u i r e d ,  e a c h  sequence  must be a s s i q n e d  
a unique number. 

Record 32 S e a t  Loadinq Cata  

The o r d e r  i n  which p a r t i c u l a r  seats a r e  t o  be loaded is  
defined by any  combina t icn  of t h e  t h r e e  i n p u t - r e c o r d  v a r i a t i o n s  
p r e s e n t e d  below. These  v a r i a t i o n s  a l l o w  seats t o  b e  i d e n t i f i e d  
i n  t h e  fo l lowinq  ways: 

1) E x p l i c i t  l ist o f  s e a t  numbers; 
2 )  Gene ra t ion  of a sequence  of s e a t  numbers by increment inq  

a l i s t  of numbers by one;  
3 )  Generat.ion o f  a s equence  of s e a t  numbers by increment ing  

a l i s t  a i  numbers by s p e c i f i e d  increments .  

V a r i a t i o n  1 

List 1 

LOAC SEATS L i s t  1 

= L i s t  of up t o  20 s e a t  numbers ( i n t e g e r s ) .  
The s e a t s  are loaddd i n  t h e  s p e c i f i e d  
o rde r .  

l ' a r i a t i o n s  2 and 3 a l l o w  t h e  u s e r  t o  s p e c i f y  q e n e r a t i o n  
of  seat  numbers between t w o  l ists deno ted  by ' @ L i s t l U  and " L i s t Z . @ *  



V a r i a t i o n  2 LOAD SEATS L i s t l  TO L i s t 2  

L i s t 1  = same 3 s  d e f i n e d  fo r  V a r i a t i o n  1 

L i s t 2  = L i s t  of up t o  20 seat numbers ( i n t e q e r s )  
which i d e n t i f y  t h e  l a s t  Eea ts  t o  be 
loaded  i n  the sequence.  The number 
of  i t ems  i n  n L i s t l * @  and IIList2n must 
be equal .  

I n t e r m e d i a t e  s e a t  numbers a r e  e s t a b l i s h e d  b y  i nc remen t inq  
t h e  numbers i n  n L i s t l n  by  i1 u n t i l  t h e  numbers i n  "L i s tZn  
a r e  reached.  Each of  t h e  numbers i n  "Listl", when 
incremented ,  must r o a c h  t h e  c o r r e s p o n d i n g  numbers i n  
"Lis t2"  s imu l t aneous ly .  

V a r i a t i o n  3 LOAD SEATS L i s t l  TO L i s t 2  BY i n c  
A 

L i s t  1 I = same a s  d e f i n e d  for V a r i a t i o n  2 
L i s t 2  

= List of p o s i t i v e  and /o r  n e q a t i v e  seat- 
number i nc remen t s  ( i n t e g e r s )  to  b e  used 
t o  increment  " L i s t l .  " The number o f  
items i n  " i n c W  and " L i s t l "  must be  
e q u a l .  

This r e c o r d  may be r e ~ e a t e d .  

Record 33 Carqo Loadinq Data 

The o r d e r  i n  w i ~ ~ c h  t h e  ca rqo  holds iire t o  be loaded  f o r  
a p a r t i c u l a r  pay load- loading  sequence  i s  d e f i n e d  by t h i s  
r eco rd .  

C i 

~. 

UNTIL w t l .  LOADED 
w t 2  TOTAL 

= The cargo-hold  i s  f i l l e d  i n  t h e  
GLOBA.?, ref erence- f  ramr d i r e c t i o n  
i d e n t i f i e d  b y  this i t em.  For example, 
t h e  i t e m  " + Z N  d e n o t e s  t h a t  t h e  hold 



is loaded such t h a t  the v e c t o r  which 
is normal t o  t h e  c a r q o  s u r f a c e  and which 
is d i r e c t e d  toward t h e  empty r e q i o n  
o f  t h e  ho ld  is p a r a l l e l  tc .e GLOBAL 
Z-axis. 

= Cargo l o a d i n g  w i l l  s t o p  when cargo-hold 
"NunN i s  FULL, when t h e  weight  o f  ca rgo  
LOACED i n t o  "Numn e q u a l s  " w t l , "  o r  when 
t h e  TOTAL v e i q h t  of  a l l  loaded  c a r g o  
e q u a l s  W t 2 . "  

T h i s  r e c o r d  may be r e p e a t e d .  

138.1.4.5 Paylcad  Cond i t ion  Data 

A payload c o n d i t i o n  is  d e f i n e d  by Record 34 by a payload- 
load inq  sequence, t h e  t o t a l  number o f  p a s s e n g e r s  t o  be l oaded  
and t h e  t o t a l  c a r g o  weight t o  be loaded.  A paylcad c o n d i t i o n  
is a s s c c i a t e d  % i t h  a n  ovsra 11 m a s s - d i s t r i b u t i o n  c o n d i t i o n  by 
fiecord 4. Record 34 may b e  r e p e a t e d  t o  d e f i n e  a ~aximum of 
9 9  payload c o n d i t i o n s .  

Record 34 Payload-Conditzon Def i n i t i o r i  

CONDITION n SEQUENCE Seq P a s s  Weight 

n 
2 

= payload-condi t ion  i d e n t i f i c a t i o n  number 
( i n t s q e r )  i n  t h e  r ange  1-99, i n c l u s i v e .  
If m u l t i p l e  c o n d i t i o n s  a r e  r e q u i r e d ,  
e a c h  c o n d i t i o n  must be as s iqned  a unique 
number. 

Eass 

= A payload- loading  sequence  number 
( i n t e g e r )  h i c h  was p r e v i o u s l y  d e f i n e d  
by Record 31 . 

= The t o t a l  number ( i n t e q e r  20)  of 
pas senge r s  loaded  f o r  "Seq 

Weiqht = The t o t a l  weiqht ,  1 0 ,  o f  ca rqo  l ~ a d e d  
f o r  Seq . 

fiecord 35 End Payload S u b s e t  

I END PAYLOAD DATA 

T h i s  r e c o r d  i n d i c a t e s  t h a t  a l l  ~ a y l o a d  d a t a  have been 
d e f i n e d  f o r  t h e  SET i d e n t i f i e d  by Record 2 .  



z o n c e n t r a t e d  masses  a r e  d e f i n e d  by t h i s  d a t a  s u b s e t .  
When dlagona 1 o r  non-diaqona \ mass matrices or panel-weiqht 
m a t r i c e s  a r e  c a l c u l a t e d  by che MASS P r a c e s s o r ,  no a d d i t i o n a l  
mass (weiqht)  of t h e  model is lumped a t  a node for which a  
c o n c e n t r a t e d  mass is d e f i n e d .  A d d i t i o n a l l y ,  a  c o n c e n t r a t e d  
Inass is t r e a t e d  a s  a n  independent  a u x i l i a r y  pane l  when p a n e l  
wci q h t  m a t r i c e s  a r e  r e q u e s t e d  (see sec. 138.1.7), A c o n c e n t r a t e d  
mass s u b s e t  t o  be  i n c l u d e d  i n  a  mass m a t r i x  g e n e r a t e d  by OPTION 
4 o f  t h e  MASS P r o c e s s o r  is i d e n t i f i e d  by t h e  CONMASS parameter .  
~ u l t i p l e  c o n c e n t r a t e d  masses  d e f i n e d  a t  a  node a r e  cumulated.  

Record 36 Begin Concc3t ra t  ed Mass Subset 

B E G I N  

= Concen t r a t ed  mass subse4 .  number ( i ~ t e g e r )  
i n  t h e  r a n g e  1 t o  9, j .cl .usive.  Each 
c o n c e n t r a t e d  mass s u b s e t  for  a  SET must 
be i d e n t i f i ~ ~ d  by a unique  number. 

Record 37 Concen t r a t ed  Mass Data 

Thi s  r e c o r d  is r e p e a t e d  t o  d f f i n e  c o n c e n t r a t e d  masses 
a s s ~ c i a t e d  w i t h  t h e  s u b s e t  i d e n t i f i e d  by R ~ c o r d  36. 

<name> <Node> Cnode <O=Laball> <I=Label2> 

vt < i l l  i 2 2  i 3 3  i l Z  i 1 3  i 2 3 >  I I- name 
= Alphanumeric word of 1  t o  ; 3  c h a r a c t e r s  

which i d e n t i f i e s  t h e  concentrated mass. 
Defaul t :  The label CON-MASS i s  a s s i g n e d  

t o  t h e  c o n c e n t r a t e d  mass. 

Ncde 

Cnode 

= l'he n u h e r  ( i n t e q e r )  o f  a S t r u c t u r a l  
node. This r e t a i n e d  node d e f i n e s  t h e  
p o i n t  t o  which t h e  c o r r e s ~ o n d i n g  mass 
i s  t o  be t r a n s f e r r e 2  when c a l c u l a t i n q  
mass rnatr i ces . 
Defaul t :  NCnodeM, i f  it i s  a r e t a i n e d  

S t r u c t u r a l  node. Concen t r a t ed  
masses  may o n l y  be t r a n s f e r r e d  
t o  a c t i v e  S t r u c t u r a l  nodes. 

= A node number ( i n t e g e r )  . T h i s  nade 
d e f i n e s  t h e  c.q. of t h e  concent ra t . ad  
mas o . 



Label 1 = The l a b e l  assiqned t o  a l o c a l  coordinate  
system previously- def ined by t h e  nodal 
data  (sec. 146.0). The output  re fe rencg  
frame f o r  t h e  ca lcu la ted  aass i n e r t i a s  
has its o r i q i n  a t  "Nodeu and has t h e  
same o r i e n t a t i o n  as t h e  "Labell" t r i ad .  
Default: If "Node" is spec i f ied ,  t h e  

ovitput frame is t h e  a n a l y s i s  
frame of Wade, If "Nodem 
is not  spec i f i ed  and NCnode. 
i s  an i n a c t i v e  node, t h e  output  
frame has t h e  same o r i e n t a t i o n  
a s  the GLOBAL frame. 

= The l a b e l  assigned t o  a l o c a l  coordinate  
system previously-defined by t h e  nodal 
data  (sec. 146.0). The input  r e f e rence  
f r ane  fo r  t h e  i n e r t i a  values has  its 
o r i g i n  a t  Vnoden and has  t h e  same 
m i e n t a t i o n  a s  t h e  -LabelZn t r i a d .  
Default: The inpu t  frame has its o r i q i n  

a t  "Cnode* and has t h e  same 
o r i e n t a t i o n  as t h e  GIDBAL 
frame. 

w t  = Weight of the concentra ted mass. 

i12,il3, 23 = Weiqht moments of i n e r t i a  of t h e  
concentrated mass r e l a t i v e  t o  t h e  
"Lakel2" input  t r i a d  1-2-3. The products 
of i n e r t i a  a r e  def ined a s  follows: 
i12=-Pfx(1) *x (2) dv, 
i13=-PJx(1) *x(3)dv 
and i23=- P f x (2) *x (3) dv 
where p is t h e  mass density.  T r a i l i n g  
zeros  need not be input.  
Cef au l t :  Zero weight noaents of i n e r t i a .  

Record 38 End Concentrated  ass Satset 

END CONCENTRATED MASS DATA 

T h i s  record ind i ca t e s  t h a t  a concer t ra te  mass subset  
has been defined. Recoo ?s 35-38 may be r t pea t ed  t o  def ine  
a maximum of 9 concectw . ?d mass subse t s  f o r  t h e  SET 
i d e n t i f i e d  by Record ''. 



1 38.1.6 t 4 4 L u m ~ h u  mta Subset ( o p t i o n a l )  

Wllen the MASS Processor (sec. 238.0) i s  execv ted  w i t h  
e i t h e r  the parameter dPTfON=2 or OPTION-3, e a c h  i n c r e m e n t a l  
mass  associated w i t h  a mass d i s t r i b u t i o n  CONDITION (Record U)  
i s  l u m ~ e d  a t  t h e  closest r e t a i n e d  node. I f  t h e  mass w i t h i n  
a qeometric r e q i o n ,  d e f i n e d  v i a  a n  e lement  s u b s e t ,  is t o  be 
lu tr~ed  a t  s e l e c t e d  r e t a i n e d  nodes  w i t h i n  t h e  model, mass lumpinq 
d a t a  must be d e f i n e d  by t h i s  data s u b s e t .  I f  mass lumping data 
are n o t  r e q u i r e d ,  Records  39-41 s h o u l d  n o t  b e  i n p u t .  

Record 39 W q i n  Lumping Subse t  

I B E G I N  LUMPING CATA 

Eeccrd  40 &lass Lumpinq Data 

The Inass a s s o c i a t e d  w i t h  e i t h e r  s t i f f n e s s  o r  mass e lement  
s u b s e t s  o r  w i t h  t h e  f u e l  and pay load  c o n d i t i o n s  may be 
lumped a' s e l e c t e d  r e t a i n e d  nodes  i n c l u d e d  i n  a node 
s ubs et . 

i 

STIFFNESS SUESETS A T l i s t  
FlASS SUBSETS A ' I l i s t  

LUMP TU EL 

+ 

AT NODE SUBSET Num 
PAYLdAD 

A 

= ATLAS list of S t i f f n e s s  or Mass e lement  
s u b s e t  nwnbers ( i n t e g e r s )  previous;y-  
d e f i n e d  v i a  t h e  SUBSET-DEFINITION d a t a  
(sec. 156.0) . The mass a s s o c i a t e d  w i t h  
t h e  i d e n t i f i e d  e l e m e n t s  is t o  be lumped 
a t  t h e  r e t a i n e d  nodes  i n c l u d e d  i n  "Num." 

= I n t e q e r  number of  a node subset 
p r e v i o u s l y - d e f i n e d  b y  t h e  SUBSET- 
DEFINITI3N data .  Non-reta ined nodes 
i n c l u d e d  i n  t h i s  subset are iqnored .  

T h i s  r e c c r d  may be r e p a t e d  to  d e f i n e  a l l  d i s t i n c t  mass 
lunpinq  r e q i o n s  and t o  i d e n t i f y  which mass model components 
must b~ lumped at selected r e t a i n e d  nodes,  

Record 4 1  End Lurn~inq Subset 

I E N 0  i .Ubl2ING DATA 1 
T h i s  record i n d i c a t e s  t h a t  a l l  mass lumpinq data  have 
been d e t i n e d  t o r  t h e  SET i d e n t i f i e d  bv Recortl 1. 



138.1.7 ( o p t i o n a l )  

The weiqht con ta ined  w i t h i n  c y l i n d r i c a l  r e g i o n s  of  a mass 
model may be c a l c u l a t e d  from the in fo rmat ion  d e f i n e d  by t h i s  
d a t a  subset .  Each c y l i n d e r  is g e n e r a t e d  by t r a n s l a t i o n  of a 
pclyqon i n  a s p e c i f i e d  d i r e c t i o n .  The weiqht  and i n e r t i a s  o f  
s e l e c t e d  elements  and p o r t i o n s  t h e r e o f  con ta ined  w i t h i n  a 
c y l i n d e r  a r e  lumped a t  t h e  center of q r a v i t y  of the contained 
mass. These d a t a  are t h e  components of the panel-weight ma t r ix  
aenera ted  by t h e  MASS Processor .  Each concen t ra ted  mass s u b s e t  
a s s o c i a t e d  wi th  a mass -d i s t r ibu t  i o n  CONDITION def ined  v i a  Record 
4 is t r e a t e d  a s  a n  a d d i t i o n a l  pane l  when c a l c u l a t i n g  a panel- 
weight aatrix. I f  panel-weight matrices are n c t  r equ i red ,  
Records 42-U6 should n o t  be input .  

Record 42 Beqin A u x i l i a r y  Pane l  Subse t  

E E G I N  PANEL DAfA n 

= Panel  s u b s e t  number ( i n t e g e r )  i n  t h e  
range  1 to 9 ,  i n c l u s i v e .  Each p a n e l  
s u b s e t  a s s o c i a t e d  wi th  a mass data set 
must be i d e n t i f i e d  by a unique number. 

Records 43-45 are i n p u t  t o  d e f i n e  a l l  weight p a n e l s  w i t h i n  
one panel  subset .  

Record 4 3  a l l o w s  t h e  u s e r  t o  s p e c i f y  c e r t a i n  mass model 
ccmponents ( subse t s )  t o  be a s s o c i a t e d  wi th  s e l e c t e d  p a n e l s  i n  
the c a l c u l a t i o n  of panel-weight ma t r i ces .  s e l e c t e d  comyonents 
ar6 i d e n t i f i e d  a s  payload s u b s e t s ,  f u e l  s u b s e t s / c o n d i t i o n s  or 
a s  mass and/or s t i f f n e s s  element s u b s e t s .  

Record 0 3  Panel  Element S u b s e t s  (opt ional)  

Any combination of t h e  fo l lowing  t h r e e  v a r i a t i o n s  of  t h i s  
record  may be inpu t  provided a p a r t i c u l a r  v a r i a t i o n  of 
t h i s  r ecord  appears  on ly  once p r i o r  t o  Record 45. Subse t s  
de f ined  by t h i s  r e c o r d  a r e  a s s o c i a t e d  with t h e  d a t a  of 
Record US u n t i l  r ede f ined  by a n o t h e r  Record 43. 

MASS SUBSETS nl n2 . .. 
n l , n 2 , .  . . = Mass element s u b s e t  numbers ( i n t e g e r s )  

de f ined  v i a  the Subset-Def i n i t i o n  d a t a  
(sec. 156.0) . This  t y p e  of s u b s e t  
i n c l u d e s  o n l y  n o n - s t r u c t u r a l  elements  
de f ined  by R ecords  16- 18. 



V a r i a t i o n  2 STIFFNESS SUBSETS n l  n2 . , . 
n l,n2,. • . = S t i f f n e s s  element  s u b s e t  numbers 

( i n t e q e r s )  d e f i n e d  v i a  t h e  Subset- 
~ e f  i n i t i o n  data. 

V a r i a t i o n  3 <PAYLOAD> <FUEL> 

Key-words t h a t  d e n o t e  whether  t h e  PAYLOAD 
and/or  FUEL c o n d i t i o n s  are t o  be i n c l u d e d  
i n  t h e  pane l  weight  c a l c u l a t i o n s .  

Defaul t  Record: A l l  s t i f f n e s s ,  mass, f u e l  and  payload 
e l emen t s  w i l l  be i n c l u d e d  i n  the pane l  
weight  c a l c u l a t i o n g ,  If any  form o f  
t h i s  r e c o r d  is i n p u t ,  only the s p e c i f i e d  
c o n d i t i o n s  w i l l  be inc luded .  

Record 44 D i r e c t i o n  o f  Cy l inde r  Axis ( o p t i o n a l )  

This  r e c o r d  d e f i n e s  t h e  d i r e c t i o n  of t h e  c y l i n d e r  a x i s  
t o r  t h e  p a n e l s  d e f i n e d  by  Record 45. This d i r e c t i o n  remains  
i n  e f f e c t  u n t i l  r e d e f i n e d  by a n o t h e r  Record 44. I f  a Record 
43 i s  i r p u t ,  Record 44 may be i n p u t  a g a i n  o n l y  a f t e r  i n p u t  o f  
a n o t n e r  Record 43. I f  no Record 43 is i n p u t ,  t h i s  r e c o r d  may 
be i n p u t  t o  d e f i n e  d i f f e r e n t  d i r e c t i o n s  of c y l i n d e r  a x e s  fox  
t h e  pane l s  d e f i n e d  by Records 45. 

& . 1 DIRECTION 1 
= The cylinder a x i s  is pard.- le l  t o  s i t h e r  

the GLOBAL X, Y o r  Z a x i s  o r  it is  
p a r a l l e l  t o  t h e  l i n e  ccnnec t inq  t h e  
o r j q i n  of the GLOBAL frame t o  t h e  node 
i d e n t i f i e d  by t h e  numter WNoden 
( i n t e g e r ) .  

Ce fau l t  Record: The d i r e c t i o n  s p e c i f i z d  by t h e  last, 
Reccrd 44  or CIRECTIUN 2. 



Record 45  A u x i l i a r y  Panel  Data 

Auxi l i a ry  pane l s  may te def ined  by any combination of 
t b e  t h r e e  v a r i a t i o n s   resented below. Records of  t h i s  
type  may be repea ted .  

V a r i a t i o n  1  i d e n t  1  <o=Label> N l i s t  

i d e n t  1  = Panel  number ( i n t e g e r )  i n  t h e  range  
1 t o  999, inc lus ive .  Each panel  
a s s o c i a . ~ e d  w i t h  a  d a t a  set must be 
i d e n t i f i e d  by a unique number. 

Label 

N l i s t  

= The l a b e l  a s s igned  t o  a l o c a l  c o o r d i n a t e  
s y s t e m  previously-def  i r ~ e d  by t h e  nodal  
d a t a  (soc. 146.0). The o u t p u t  r e f e r e n c e  
frame f o r  t h e  c a l c u l a t e d  mass i n e r t i a s  
h a s  i t s  o r i q i n  a t  the c.g. of  t h e  mass 
con ta ined  i n  t h e  polygonal  c y l i n d e r  
and h a s  the same o r i e n t a t i o n  a s  t h e  
nLabel" t r i a d .  
Default :  The o u t p u t  frame has i ts  o r i g i n  

a t  t h e  c.q. of  t h e  mass 
con ta ined  i n  t h e  c y l i n d e r  and 
has  t h e  same o r i e n t a t i o n  a s  
t h e  GLOBAL frame, 

= L i s t  of 3 t o  8  node nurcbers ( i n t e g e r s )  
which d e f i n e  a  panel.  The nodes must 
be cop lanar  and must be l i s t e d  
consecu t ive ly  around t h e  panel.  A panel  
must have i n t e r i o r  a n g l e s  less t h a n  
180°, 

V a r i a t i o n s  2 and 3 a l low t h e  u s e r  t o  s p e c i f y  a sequence 
o f  pane l s  t o  be qenera ted  between pane l s  i d e n t i f i e d  by n i d e n t l n  
and " ident  2. 

V a r i a t i o n  2 i d e n t l  <O=Label> N l i s t  TO i d e n t 2  

i d e n t  1 
Label I = same as d e f i n e d  for V a r i a t i o n  1. 
N l i s t  

= Panel number ( i n t e g e r )  i n  t h e  range  
2-999, i n c l u s i v e .  T h i s  number must 
be q r e a t e r  t h a n  Mident low 

A s e r i e s  of pane l s  i d e n t ~ f i e d  by  H i d e n t l N  through "ident2" 
i n  increments  o f  one i s  qenera ted .  The nodes d e f i n i n g  



each of t h e s e  panels  a r e  e s t a b l i s h e d  by incrementinq t h e  
l ist o f  nodes i n  n N l i s t *  by one u n t i l  t h e  sequence is  
cclrpleted. 

Var ia t ion  3 

BY i n c  < d l  d2 . . .> 

i d e n t l  
Label 
N l i s t  = Same a s  de f ined  f o r  Va r i a t i on  2. 
idelit2 

i n c  = The increment ( i n t ege r )  t o  be used t o  
qenera t  e pane l  numbers Cetween " i den t l  * 
and wident2 .  The q u a n t i t y  [ ( ident2-  
i d e n t l ) l i n c ]  must be g r e a t e r  t han  zero. 

dl,d2.. . = L i s t  of 3 t o  8 p o s i t i v e ,  nega t ive  o r  
zero i n t e q e r s  used t o  increment t h e  
list of nodes i n  n N l i s t . N  T r a i l i n g  
ones  need n o t  be inpu t .  
Default :  Node lists genera ted  from 

" N l i s t N  are e s t a b l i s h e d  by 
increment inq  t h e  l ist  of nodes 
i n  * N l i s t m  by  one, 

Record 46 End Auxi l iary  Panel  Subset 

T h i s  r ecord  ind ica  
Records 42-46 may 
panel s u b s e t s  for 

, tes  t h a t  a panel  subse t  has been def ined.  
be repea ted  t o  d e f i n e  a naximum of 9 
t h e  SET i d e n t i f i e d  by Record 2. 

Example: Example records  t o  i l l u s t r a t e  an  a u x i l i a r y  panel  
d a t a  aubset follow: 

BEGIN FANEL DATA 
1 10 11 12  
2 2 0 2 1 22 
DIRECTION Y 
3 3 0 3 1 32 
M A S S  SUBSETS 2 
FUEL 
DIRECTION Z 
4 UO 4 1 4 2  
5 50 5 1 5 2  
END PANEL DATA 



I '  L MASS 

Panel s u b s e t  3 i s  comprised of 5 a u x i l i a r y  panels .  The 
c y l i n d e r s  a s s o c i a t e d  w i t h  pane l s  1 and 2 a r e  p a r a l l e l  t o  t h e  
GLCEAL Z-axis and a l l  mass elements  are paneled. Pane l  3 is 
a s s o c i a  tad wi th  a c y l i n d e r  which i s  p a r z l l e l  to t h e  Y-axis with 
a 1 1  elements  paneled,  whereas pane l s  3 and 4 a r e  a s s o c i a t e d  
with c y l i n d e r s  which a r e  p a r a l l e l  t o  t h e  Z-axis w i t h  on ly  f u e l  
condic-ion d a t a  and mass element s u b s e t s  2 and 3 paneled. 

136.1.8 8ghght.-Statement g b e l  Data Subset  (op t iona l )  

T h i s  d a t a  s u b s e t ,  Records 47-49, d e f i n e s  a d e t a i l e d ,  
weiqht-statement  p r i n t o u t  format w i t h  1 t o  3 l e v e l s  cf weiqht  
sunlration. 

Level 3 Lieiqhts-- Weiqhts of e l ements  i n  s p e c i f i e d  s u b s e t s  
a r e  summed. 

Level 2 Weiqhts-- The Level 3 weights  a r e  s e l e c t i v e l y  
summed. 

Level 1 Weights-. The Level 2 we iqh t s  are s e l e c t i v e l y  
surnrred. 

Record 47  Begin Label Subset  

I BEGIN LABEL DATA 

Record 48 Label Cata 

I Iden t  *# l a b e l  # 

I d e n t  = A key-word d e n o t i n g  a weight summation 
l e v e l  or a n  element s u b s e t  
i d e n t i f i c a t i o n .  The o p t i o n s  f o r  nfdent" 
a r e  a s  fcl lows:  

LEVEL1-- Key-word denot ing  t h a t  a l l  LEVEX2 r e c o r d s  
between t h i s  r ecord  and t h e  nex t  LEVEL1 
record  ( i f  any) a r e  t o  be sunimed. 

LEVEL2-- Key-word denot inq  that a l l  LEVEL3 records 
between t h i s  r ecord  and t h e  next LEVEL2 
record  ( i f  any) a r e  t o  be summed. 

-- Alphanumeric word where xxx i s  t h e  
number of  the s t i f f n e s s  (K)  or non- 
s t r u c t u r a l  mass (M) e l e n e n t  subset 
denoted by EKxxx and EMxxx, r e s p e c t i v e l y ,  
t o  t e  a s s o c i a t e d  wi th  l f l abe l . f f  The 
c h a r a c t e r s  xxx denote  a n  element s u b s e t  



l a b e l  

number d e f i n e d  by t h e  SUBSET-DEFINITION 
Preprocessor  (sec. 156,O) . The o p t i o n a l  
<a> i s  e f f e c t i v e  o n l y  f o r  any SPAR, 
COVER and CCOVm element t y p e s  (see 
appendices B and C) which may be inc luded  
i n  t h e  s p e c i f i e d  subset .  T h i s  p o r t i o n  
of t h e  key-word i s  i n p u t  a s  t h e  3 
c h a r a c t e r s  (U) , (L) o r  IW) .  These 
c h a r a c t e r s  d e n o t e  t h a t  o n l y  t h e  upper 
(U) s u r f a c e  and f l a n g e  da ta ,  only t h e  
lower (L) s u r f a c e  and f l a n g e  d a t a ,  o r  
on ly  t h e  SPAR web (W) d a t a  f o r  t h e  
corresponding e lements  i n  t h e  subi3et 
a r e  t o  be inc luded,  The weight of t h e  
elements  i n  t h e  s u b s e t  is ass igned  t o  
a l e v e l  one lower t h a n  denoted by t h e  
l a s t  LEVELi record.  I f  no LEVELi record 
has  been i n p u t  p rev ious ly ,  t h e  s u b s e t  
weight is ass igned  t o  Level 1. 

[:::I -- Alphanumeric word where xx is t h e  
Cxx i n t e g e r  number of a f u e l  (F) cond i t ion ,  

a payload (P) c o n d i t i o n  or a concent ra ted  
mass (C) s u b s e t  d e f i n e d  by Records 20, 
34 and 36,  ?:espectively, t o  be a s s o c i a t e d  
w i t h  mlabel.*@ The weiqht  of t h e  e lements  
i n  t h e  s p e c i f i e d  s u b s e t  i s  ass igned  
t o  Level 1. 

= 40 c h a r a c t e r s  of alphanumeric t e x t  t o  
be used a s  a l a b e l  i n  t h e  weiqht 
s t a t ement  . 

T h i s  record  is repea ted  t o  d e f i n e  wnich s u b s e t  element 
weiqhts  are t o  be summed f o r  each l e v e l  and t o  d e f i n e  l a b e l s  
for each p r i n t e d  l i n e  of a weight s t a t ement  (see  examples i n  
appendix F ) .  

Record 49 End Label Subset  

I END LABEL CAqA 

This  r ecord  i n d i c a t e s  t h a t  all weight-statement  da ta  have 
been de f ined  for t h e  SET i d e n t i f i e d  by Record 2. 



138.1.9 E s - ~ E a _ a  S u b  ( o p t i o n a l )  

hecord 50 Beqin Factor Subset 

I E E G I N  FACTOR DATA 

Any combina t ion  of Records  51- 56 may be i n p u t .  

Record 51 S u b s e t  Weiqht F a c t o r s  ( o p t i o n a l )  

T h i s  r e c o r d  allows t h e  weight of s e l e c t e d  s u b s e t s  o f  
e lements  t o  be f a c t o r e d .  

r 
.I 

M ULT I PLY SUBSET Num<a> BY 
TABLE I d e n t  

f a c t o r  

I d e n t  

= The number ( i ~ t e q e r )  of t h e  subset whose 
we iqh t  i s  t o  be f a c t o r e d .  This rumber 
i s  e i t h e r  a STIFFNESS o r  n o n - s t r u c t u r a l  
MASS e lement  s u b s e t  number d e f i n e d  by 
t h e  SUBSET-DEFINITION Prep roces so r  (sec, 
156.0). The o p t i o n a l  < a >  i s  e f f e c t i v e  
o n l y  f o r  any SPAR, COVER and CCOVER 
element  t y p e s  (see a ~ p e n d i c e s  B and 
C) which may b e  i n c l u d e d  i n  the s p e c i f i e d  
subse t .  T h i  s p o r t i o n  o f  the d a t a  i t e m  
is i n p u t  a s  t h e  3 c h a r a c t e r s  (U) , (I,) 
o r  ( W )  . These c h a r a c t e r s  d e n o t e  t h a t  
o n l y  the upper  ( U )  s u r f a c e  and f lanqe  
a r e a ,  o n l y  t h e  lower  (L )  s u r f a c e  and  
f l 3 n q e  a r e a ,  or o n l y  t h e  SPAR web (W) 
we igh t  is t o  be f a c t o r e d  by g a f a c t o r . w  

= A f a c t o r  q r e a t e r  t h a n  o r  equal t o  z e r o  
by which t h e  s p e c i f i e d  s u b s e t  w e i q h t s  
a r e  t o  b e  m l t i p l i e d .  

= The i d e n t i f i c a t i o n  cumber ( i n t e q e r )  
~f  a  f a c t o r  table a s  d e f i n e d  by 
subsequent Records  52- 54. Weight f a c t o r s  
f o r  t h e  components uf t h e  s p e c i f i e d  
h a s s  or S t i f f n e s s  s u b s e t  a r e  e x t r a c t e d  
f ror r  t h e  f ac to r  t a b l e .  

C e f d u l t  Record: K e i q h t s  are c a l c u l a t e d  vith a f a c t o r  
cf cne. 

This r e c o r d  may be r e ~ e a t e ~ i  to  f ac to r  the weiqhts  
a s s o c i a t e d  w i t h  a maximum or  100 subsets. 



~ e i q h t - f a c t o r  t a b l e s  a s  r e q u i r e d  f o r  Record 51 a r e  d e f i n e d  
by Records 52-54. These t a b l e s  a l l o w  weight  f a c t c r s  to  be 
d e f i n e d  a s  f u n c t i o n s  of  t h e  geomet r i c  p r o p e r t i e s  of s e l e c t e d  
s lemer~ t s. 

Record 52 F a c t o r  T a b l e  I d e n t i f i c a t i o n  and F u n c t i o n  D e f i n i t i o n  

TABLE i d e n t  * #  F u n c t i o n  # 

i dent  = Weiqht-fac to r  t a b l e  i d e n t i f i c a t i o n  
numher ( i n t e g e r )  i n  t h e  ranqe  1 t o  36, 
i n c l u s i v e .  Each t a b l e  d e f i n e d  by Records  
53 and 5 4  f o r  a mass SET must be 
i d e n t i f i e d  by a  u n i q u e  number. 

Func t ion  = An e x ~ r e s s i o n  *.at is a func t ion ,  of  
1 t o  3 geomet r i c ,  e l e m e n t a l  p r o p e r t i e s .  
The v a l u e  of t h i s  f u n c t i o n ,  when 
e v a l u a t e d  f o r  a  p a r t i c u l a r  e lement ,  
is t o  b e  used  t o  n l o o k  upt* i t s  we igh t  
f a c t o r .  The g e n e r a l  form o f  **Funct ionm i s  
~1 0p1 P1 0p2 P 2  + ~2  OF^ P3 + ~ 3  
where "ciM i s  a  p o s i t i v e  o r  n e g a t i v e  
c o n s t a n t ,  "opi* is t h e  a u l t i p l y  o r  
d i v i d e  o p e r a t o r  deno ted  by * and /, 
r e s p e c t i v e l y ,  and "Pi** i s  one of t h e  
key-words i n  t h e  f o l l o w i n q  t a b l e  used  
t o  i d e n t i f y  a p a r t i c u l a r  property f o r  
one or  more e l emen t  t ypes .  

Example Rscord: TABLE 4 *#  1.5*L/A-. 05+ 

E l l l l l T  T Y P E  



D i s c r e t e  v a l u e s  of t h e  nFunction81 and cor respondinq  weiqht- 
f a c t o r  va lues  are de f ined  b y  Records 53 and 5 4 ,  r e s p e c t i v e l y .  
A maximum of  250 f u n c t i o n  v a l u e s  may be s p e c i f i e d  f o r  a 
p a r t i c u l a r  t a b l e .  L inea r  i n t e r p o l a t  i o n  of t h e s e  v a l u e s  is  
q e n e r a l l y  performed t o  e x t r a c t  the weight  f a c t o r  f o r  a p a r t i c u l a r  
element.  E x t r a p o l a t i o n  of t h e  t a b l e  v a l u z s  i s  n o t  permi t ted .  
T h e  f o l l o w i n g  f i q u r e  i l l u s t r a t e s  a w e i g h t - f a c t o r  t a b l e .  

v a l l  va12 . . . v a l n  

4 

v a l i  

Weight 
Factor 

Record 53 Funct ion Value Data 

= The i - t h  t lFunctionM v a l u e  ( l S i S 2 5 0 )  
f o r  which a co r respond inq  we igh t - f ac to r  
v a l u e  is s p e c i f i e d  by Record 54. The 
list of " v a l i n  v a l u e s  must b e  i n p u t  
i n  a s t r i c t l y  i n c r e a s i n g  o r  d e c r e a s i n g  
o r d e r .  The nFunct ionH i s  assumed t o  
be s ing le -va lued  a s  i l l u s t r a t e d  in t h e  
foregoing  f i g u r e .  

- -  
-- I- 

Record 54 Yeiqht  F a c t o r  Data 

.Funct ionB Val ue 

I facl  f ac2  . . . facn 

f aci = The v a l u e  of t h e  w e i g h t - f a c t o r  a s s o c i a t e d  
w i t h  "valiw s p e c i f i e d  hy Record 53. 
The number and  sequence of  items i n p u t  
by t h i s  r e c o r d  must cor respond t o  t h e  
number and sequence of  items i n p u t  by 
Record 53. 

Records 52-54 may be r epea ted  t o  d e f i n e  a maximum of 36 
weiqht-f a c t o r  t a b l e s .  



Record 55 Element Exclusion Data (opt ional)  

EXCLUDE MASS { STIFFNESS 

T h i s  record al lows t h e  MASS elements def ined by Records 
6-8 o r  t h e  STIFFNESS elements t o  be excluded from all 
mass/weiqht ca lcu la t ions .  Both v a r i a t i o n s  of this record 
may be input.  

Default Record: A l l  elements a r e  included. 

Record 56 Mass Matrix Divisor  (opt ional)  

MASS FACTOR f ac to r  

f ac to r  = The va lue  g r e a t e r  than  zero by which 
weights a r e  t o  be divided t o  ob ta in  
mss proper t ies .  

Default Record: Weiqhts a r e  divided by 386.04 t o  convert  
them t o  masses. 

Record 57 End Factor Subset 

END FACTOR DATA 

Thi s  record i n d i c a t e s  t h a t  a l l  Factor da ta  have been 
defined for t h e  SET i d e n t i f i e d  by Record 2. 

Record 5 S  End Cata Set 

Additional  mass data  sets may be inpu t  by repea t ing  
Records 1 - 58. 



Table 138-2. Summary o f  Mass Data Records 

Table continued on next page. 

ncf  c r c . ~ c e  
P . R ~  

138.3 

138.3 

138;3 

138.3 

138.5 

138.5 

138.6 

138.8 
138.10 
138.10 

138.10 

138.11 

138.14 
136. I U  
138.15 
138.16 

138.17 
138.1 7 
138.17 
138.18 
138.18 

138.19 
138.19 
138.20 
138.20 
138.21 

138.21 
138.23 

138.23 

128.24 
138.25 
138.?5 

138.26 

.. . 

. D a t a  Record. 
. , -..---.. 

1 

BEGIN MASS DATA 

SETn  

BEGIN CONDITION DATA 
{ STAGE St  

PANEL DATA Sub 
) CONDITION sond Fuel ~ a y l o a d  tonmass 

ENDCONDITIONDATA 

9E9!Y !!ASS ELEMENT DATA 

E l  type (;!) <Userid> N l  i s t l  p l  i s t  <TO <Userid?> Nl i s t 2  <BY <Incf> inr2>> 

END MASS ELEMENT DATA 

BEGIN FUEL DATA 
TANK n 

( ~ ~ ~ : ~ )  <leve l  r><dens i ty><useabl a PERCENT) 

< Id l>  N l  i s t l  <TO <ld2> N: i s t 2  <BY < Inc l>  inc2>> 

MANAGEMENT SEQUENCE n 
LOAD TANK T I  <T2><T3)<RATIO r l  r 2  r3> UNT l L L i  s t  
USE TANK T I  <T2><T3><fiATIO r l  r 2  r3) UNTIL L i s t  

TRANSFER, { w t  FROM per PERCENT } TI TO T2 

AT1 l TUDE n 
Node r x  r y  r z  
FUEL PLANE p l  <pp> 

CONDITION n Weight Seq (A t t i t ude )  
END FIJEL DATA 

-I 

BEGIN PAYLOAD DATA 
PASSENGER W t  I x x  l y y  122 I x y  1x2 l y z  
BEG IN SEAT LOCATION DATA 

REC l abe l  O r i g i n  X-axis Z-axis 

RESUME { ~ ; ~ ~ ~ L  } 
seat l< l is t l><TO seat2<l is t2X<BY i n c > < O ~  d l  d2 *..>>> 

END SEAT LOCATION DATA 

HOLD n { } <density> 

< I~ I>  N l  istl<TO<ldZ> N l  i s t 2  <BY <Inc l>  inc2>> 

LOADING SEQUENCE n 

LOAD SEATS L i s t l  <TO L i s t 2  <BY inc>> 

UNTIL ! w t l  LOADED 
(wt2 TOTAL 

138.27 CCNDITION n SEQUENCE Seq Pass Weight 

-, , 
- -. - - - .. - . I 



Table 138-2. summary of Mass Data Records (Cont'd.) 

<name><Nc?e> Cnode <O=Label l><l =Label2> wt, <i l l i22 i33  i 12 i 13 i23> 

END CONCENTRATED MASS DATA 
BEGIN LUMPING DATA 

f ST I FFNESS SUBSETS AT1 i s t  ) 

LUMP SUBSETS AT1 i s t  1 AT NODE SUBSET ;urn 

END LUMPING DATA 

BEGIN PANEL DATA n 

1 
Node 

i den t l  <0=~abe l>  N l i s t  <TO ident2 <BY inc  <dl d2 

END PANEL DATA 

BEGIN LABEL DATA 
ldent  % label f 

END LABEL DATA 

B E G I N  FACTOR DATA 

MULTIPLY \::T;~~~~~ 1 SUBSET Num<a> 0 1  f a c t o r  
/TABLE Iden t  1 

TABLE i dent * #  Funct ion + 
v a l l  va12 ... 
fac l  fac2 . . .  

EXCLUDE 1 MASS 
STIFFNESS 

1 ELEMENTS 

MASS FACTOR fac to r  ! 
END FACTOR DATA 1 -- 
END MASS DATA 

.. . -- --.-. - . . .-- 



140,O MATERIAL DATA 

Mate r i a l  proper ty  d a t a  f o r  t h e  ATLAS s t i f f n e s s  e lements  
a r e  comprised of t h e  follawinq: 

a )  A r e f e r e n c e  code f o r  u s e  i n  t h e  f i n i t e  element 
d e f i n i t f o n  records  (sec. 152.1): 

b) Mate r i a l  d e n s i t y  f o r  mass a n a l y s e s  o f  a s t i f f n e s s  
moZ 1; 

C) E l a s t i c  c o n s t a n t s  f o r  s t i f  f n e s s / s t r e s s  ana lyses ;  

d)  Allowable stress l e v e l s  f o r  d e s i g n  s t u d i e s ,  

The fo?lowing t y p e s  of l i n e a r l y  elastic m a t e r i a l s  may 
be used to d t f i n e  a f i r i t e  element model. 

a )  Scandard Commonly-used, i s o t r o p i c  m a t e r i a l s  
inc luded i n  the s tandard-mate r i a l  c a t a l o g  
(sec. 140.1 and appendix A) 

b) Spec i e i  -- Genera l ly  , three-dimensional  o r t h o t r o p i c  
m a t e r i a l s  de f ined  by the user  

c) Composite -- TWO-dimens i o n a l  o r t h o t r o p i c  m a t e r i a l s  
de f ined  by t h e  u s e r  f o r  a n a l y s i s  of 
composit e elements  ( r e f .  140- 1 ) 

Data  must he i n p u t  t o  t h e  MATERIAL Preprocessor  t o  d e f i n e  S p e c i a l  
and Composite m a t e r i a l  p roper t i e s .  S tandard  m a t e r i a l  p r o p e r t i e s  
a r e  loaded a u t o m a t i c a l l y  by t h e  ATLAS System and s t o r e d  
i n t e r n a l l y  f o r  d i r e c t  r e f e r e n c e  i n  t h e  e lement -de f in i t ion  
records.  

The u n i t s  i n d i c a t e d  f c r  t h e  S p e c i a l  and Composite m a t e r i a l  
p r o p e r t i e s  (sec. 140.2.1 and 140.2.2) a r e  t h e  same a s  t h o s e  
used f o r  t h e  Standard m a t e r i a l s  and a r e  c o n s i s t e n t  wi th  t h e  
da tz  u n i t s  r e q u i r e d  by t h e  i n t e r f a c i n g  preprocessors .  

P r i n t o u t  of t h e  M a t e r i a l  d a t a  may be reques ted  from t h e  
MATERIAL Postprocessor  (SeC. 240.0) . 



140.1 STANDARD MATERIAL DATA 

M a t e r i a l  i n p u t  d a t a  a re  n o t  r e q u i r e d  t o  access t h e  
p r o p e r t i e s  for S t a n d a r d  materials. T h e s e  d a t a  are s t o r e d  
i n t e r n a l l y  ro r  i l lunediate r e f e r e n c e  by a material c o d e  (see t a b l e  
below) i n  the S t i f f n e s s  and Design  d a t a  sets. 

The s t a n d a r d - m a t e r i a l  c a t a l o g  of l i n e a r l y  elastic, 
i s o t r o p i c  m a t e r i a l s  is  c u r r e n t l y  compr i s ed  of the f o l l o w i n g :  

The p r o p e r t y  v a l u e s  for  e a c h  o f  t h e s e  m a t e r i a l s  are d e f i n e d  
a t  cliscret e t en ipe ra tu r e  l e v e l s  a s  i l l u s t r a t e d  i n  Appendix A. 
A s u  t t icierlt riumtwr of ternper.3t u r e  i n t e r v a l s  a re  def i n s d  f o r  
each material propc?r+y s u c h  t h a t  l i n e a r  i n t e r p o l a t i o n  w i t h i n  
the s e l e c t e d  temperature r a n g e  y i e l d s  r e a s o n a b l e  va lues .  
heference t o  p r o p e r t y  d a t a  o u t s i d e  t h e  s p e c i f i e d  t e m p e r a t u r e  
ranqe is no t  a l lowed .  The d e n s i t y  of e a c h  S t a n d a r d  m a t e r i a l  
was selected a t  70°F. 

b 

TEMPERATURE 
RANGE, OF 

-200 to +SO0 

-200 t o  +SO0 

-200 to  + S O 0  

-400 t o  + l 1 0 @  

VATER IAL 

2@24-T35 1 Aluminum--Clad Plate (0.50- 
1.0 in . )  

7075-T6 Aluminum--Clad P l a t e  a n d  S h e e t  
(0.188-0. U99 in . )  

7075-T73 Aluminum--Forging (I 3.0 i n . )  

oAL-4V Annealed Titanium--Bar a n d  Forg inq  

E FFFREKCE 
CODE 

Ml 

P 2  

Pi? 

?. 4 

1\: 5 

F16 

M7 

MH 

M 3  

-. 

6AL-UV STAlOOO T i t a n i u m - S h e e t  and  P l a t e  
(S0.750 i n . )  

bAL-6V-2SN STAllOO Ti tanium--Forging 
(12.0 i n , )  

AISI  321 Annealed S t a i n l e s s  S t e e l - -  
S h e e t  and Bar 

AISI  4130, 4135 or 4140 S t e e l  (150-170 
ksi H. T. ) Wrouqht P r o d u c t s  

AISI  1330M S t e e l  (200 k s i  H.T.) --Wrought 

-300 to  + I100  

-100 t o  + I100  

-4OO t o  + ? 6 3 0  

-200 t o  + I000  

-200 t o  + I000  

-200 t o  +1COO 

I! P r o d u c t s  

MI0 AISI 4340M S t e e l  (275 ksi H.T.1--Bar 
a n d  Forq ing  



The s i n g l e  set of nominal property data and forms selected 
for each a l l o y  are  representative of that material (ref. 1CO-  
2 ) .  However, s ince  property data f o r  a s p e c i f i c  form o r  
thickness may d i f f e r  significantly from these nominal values, 
caut ion must be exercised.  



140.2 INPUT DATA 

A inaximum of 49 Special  and 31 Composite mater ials  may be 
derined per job execution- These data  must be defined p r io r  t o  
referencing them by another data set. NO o t h e r  data set must be 
input p r io r  to  t h i s  data set i n  the  input stream, 

hecord 1 Data Set Iden t i f i ca t ion  

I BEGIN MATERIAL DATA 

This record i n i t i a t e s  executian of the MATERIAL 
Preprocessor, 

140 -2.1 Special Material  Data (optional)  

Special mater ials  are defined via Records 2-4, Records 3 
and 4 are repeated f o r  each Special  mater ial .  

Record 2 Materi a1 Type Iden t i f i ca t ion  (optional)  

SPECIAL MATERIAL RATA 

T h i s  record ind ica tes  t h a t  subsequent records def ine 
Specia l  rnater i? .~.  

Default Record: The type of mater ial  is iden t i f i ed  
by the reterence code spec i f ied  i n  
t h e  next record. 

Record 3 Special  Material I d e n t i ~ i c a t i o n  

Kcode - - Special material  reference code--the 
char.3rtcr 14 fo l l owed  by an inteqer  in  the  
r a n g e  51 t o  9 9 ,  (i-e., YSI-M99) . A 
p a r t i  ailar na te r ia l  code and associated 
nroperty values may not be redefined. 

m: - - Material densi ty ,  p , (lbs/in. 3) 

Default: m d  = 0.0 

itri.orR 4 S p e t i  a1 i.latclrlal Properties 

A l l  the  property values for  a Special  material  must be 
def ined via one of t h e  t h r e e  input record v a r i ~ t  ions 
presented below. In each case, zeros ( in  prone-- farmat) 
must be input f o r  iLms not used. One record 01 t h i s  type 
is required f o r  each temperature t o  be specif ied for a 



material .  T h s e  records must def ine temperature values i n  
a numerically increasing order, Property values may be 
specified a t  1-50 temperature leve ls .  The i n t e rpo la t ion  
techniques used f o r  the Standard mater ial  proper t ies  are 
a l s o  used t o  generate Special  mater ial  proper t ies  a t  
unspecified wmperatures, 

1 4 0 2  , 1 1  Variation 1--Isotropic Mater ials  

p 1  - - Temperature (OF as an in teger)  associated 
w i t h  the proper t ies  t h a t  follow: 

~2 
- - Young ms modulus, E 1, (lbs/in - 2) 

p3 - - Poissonas r a t i o ,  v l  

~4 
- - Shear modulus, G l ,  (lhs/in.*) 

~5 - - Linear thermal strain,CT1, f o r  thermal 
stress analyses- 

The capabi l i ty  of def ining the three dependent e l a s t i c  
constants  (El,  G I ,  and vI) for a mater ial  allows t h e  user  
to  define one of t h e  following conditions: (1) the element 
is i so t rop ic  i f  the expression E l  = 2G1* ( l + V l )  is 
s a t i s f i e d :  (2) the element behaves in a nonisotropic sense 
i f  the  foregoing equation is not s a t i s f i e d  by t h e  specified 
e l a s t i c  constants ,  This fea ture ,  f o r  example, allows t h e  
user  t o  model more accurately t h e  behavior of buckled 
panels o r  beam webs using, f o r  instance,  t h e  SPAH o r  PLATE 
elements (see appendix B) . 

140.2.1.2 Variation 2--Orthotropic Mater ials  

Orthotropic mater ial  property values are defined r e l a t i v e  
to  ?he ohhoqonal,  pr inc ipa l  (natural)  axes, denoted by 1-2-3, 
of t h e  material .  The pr inc ipa l  axes of a mater ial  a r e  assumed t o  
be coincident with t h e  reference axes x-y-z, respectively,  of 
each element composed of t h a t  mater i a l  unless  indicated otherwise 
in  the element-definition record. An element t h a t  i s  configured 
from a Special ,  i s o t r o p i c  m a t e r i a l  possesses the propel-ies 
defined v i a  Variation 1 i n  a l l  d i r ec t ions  within t h e  mater ial .  
This c h a r a c t e r i s t i c  is handled automatically by the program, The 
user can, however, def ine  e x p l i c i t l y  t h e  same property values ror 
an i so t rop ic  mater ia l  via Variation 2. 



el - - Temperature (OF as an in t ege r )  assoc ia ted  
wi th  the p r o p e r t i e s  that follow: 

~2 
- - Young's modulus, E l ,  a s soc i a t ed  with t h e  

f i r s t  p r i n c i p a l  d i r e c t i o n  of the mater ia l  
( lbs/ in.  2)  

~3 - - Poisson's  r a t i o ,  V12, a s soc i a t ed  w i t h  t h e  1- 
2 plane 

P4 
-- - Shear modulus, G 1 2 ,  assoc ia ted  wi th  the 1-2 

plane ( lbs/ in.  2) 

~5 
- - Linear  thermal s t r a i n ,  C T ~ ,  in d i r e c t i o n  1 

P O - D ~  - - Prope r t i e s  p2 to  p5 assoc ia ted  wi th  t h e  
second p r i n c i p a l  d i r e c t i o n  of t h e  ma te r i a l  
( i -e , ,  E2,  v 23, 623 a n d , E ~ 2  , r e spec t ive ly )  

p10 -~13  = Prope r t i e s  p2 t o  p5 assoc ia ted  wi th  the 
t h i r d  p r i n c i p a l  d i r e c t i o n  of t h e  material 
(i ,e.,  E3, v 31, 63 1 and eT3, r e spec t ive ly )  

For a l l  cases ,  t h e  PoissonBs r a t i o s  m u s t  be i n  t h e  range 
3,01vij<l.O where the ca l cu l a t ed  va lues  are obtained from 
t h e  expression v jj =vij (E j/Ei) - 

14 0.2.1.3 Varia t ion 3--0rthotropic Mater ia l s  with Design 
Allowables 

This v a r i a t i o n  permits  stress al lowables  t o  be def ined for 
Special  ma te r i a l s  referenced v i a  the Design D a t a  (sec- 112.0) . 
The f e a t u r e s  mentioned above f o r  Var ia t ion 2 a l s o  apply t o  t h i s  
va r i a t i on .  

p1-p13 = Same as def ined  f o r  Var ia t ion 2 

p14-216 = U l t i m a t e  t ens ion  stresses, FTUI, FTU2 and 
FTU3 in d i r e c t i o n s  7-2-3, r e spec t ive ly  
( lhs / in .  2 )  

p17-p19 = Ultimate conl~ress ion  s t r e s s e s ,  FCU1, FCU2 
and FCU3 i n  d i r e c t i o n s  1-2-3, r e spec t ive ly  
( lbs / in .  2) 



MATERIAL  0 
~ 2 0 9 ~ 2 2  = Ult imate  shear stresses, FSU1, FSU2 and 

FSU3 i n  p l a n e s  1-2, 2-3 and 3-1, 
r e s p e c t i v e l y  ( lbs / in .  2)  

~ 2 3 . ~ 2 5  = Yield t e n s i o n  s t r e s s e s ,  FTi1, FTY2 and 
FTY3 i n  d i r e c t i o n s  1-2-3, r e s p e c t i v e l y  
( lbs / in .  2)  

~ 2 6 . ~ 2 8  = Yield compression stresses, FCY1, FCY2 
and FCY3 i n  d i r e c t i o n s  1-2-3, r e s p e c t i v e l y  
( lbs / in .  2)  

p29-p31 = Yield  s h e a r  stresses, FSY1, FSY2 and FSY3 
i n  p lanes  1-2, 2-3 and 3-1, r e s p e c t i v e l y  
( l b s / i  n. 2 )  

Add i t iona l  S p e c i a l  m a t e r i a l s  wi th  unique r e f e r e n c e  codes 
may be de f ined  by r e p e a t i n g  Records 3 and U. 

140.2.2 Com~osite M a t e r i a l  Data ( o p t i o n a l )  

Composite m a t e r i a l s  r e q u i r e d  f o r  a n a l y s i s  of composite 
f mi te  elements  a re  de f ined  v i a  Records 5-7 .  Records 6 and 
7 a r e  r e p e a t e d  f o r  each Composite ma te r i a l .  Proper ty  d a t a  a r e  
s p e c i f i e d  f o r  a l a y e r  (a t a p e  contposed of  f i b e r s  and a matr ix)  
w h i c h  i s  t h e  b a s i c  u n i t  of a composite element  (a l a m i n a t e ) .  
rdu l t ip le  l a y e r s  a r e  used t o  d e f i n e  Laminas f o r  composite elements  
v ia  t h e  element-def i n i t i o n  records.  

Record 5 Mater ia l  Type I d e n t i f i c a t i o n  

1 COMPOSITE MATERIAL DATA 

This  r ecord  i n d i c a t e s  t h a t  subsequent  r ecords  d e f i n e  
Composite ma te r i a l s .  

Record 6 Composite M a t e r i a l  1dent.if  i c a t i o n  

Ccode - - Composite m a t e r i a l  r e f e r e n c e  code--the 
c h a r a c t e r  C fo l lowed by an  i n t e g e r  i n  t h e  
range 1 t o  31, (i.e., C1-C31). A p a r t i c u l a r  
m a t e r i a l  code and a s s o c i a t e d  p r o p e r t y  
va lues  may n o t  be redef ined.  

t - - Layer t h i c k n e s s ,  (in.  ) 



md - - Mater ia l  a rea  dens i ty ,  0 *to (lb/in.  2 )  , 
def in ing  t h e  mass per u n i t  a rea  of t h e  
layer.  
Default: md = 0.0 

Record 7 Composite Mater ia l  Proper t ies  

A l l  t h e  property values  f o r  a Composite ma te r i a l  must 
be def ined v i a  one of t h e  two i n p u t  record v a r i a t i o n s  presented 
below. Tn each case, zeros  ( i n  proper format) must be i npu t  
f o r  items not used. One record of t h i s  type  is  required f o r  
each tenpera ture  t o  be  s p e c i f i e d  f o r  a mater ia l .  These records 
must de f ine  temperature values  i n  a numerically increas ing  
order. Property values  m y  be  s p e c i f i e d  a t  1-10 temperature 
leve ls .  The in t e rpo la t ion  techniques used f o r  t h e  Standard 
ma te r i a l  p rope r t i e s  a r e  a l s o  used t o  genera te  Composite mater ia l  
p roper t ies  a t  unspecif ied temperatures. 

14C. 2.2.1 Variat ion lo-Material E l a s t i c  P rope r t i e s  

P I  - - Temperature (OF a s  an in t ege r )  a s soc i a t ed  
with t h e  p rope r t i e s  t h a t  follow: 

~ 2 ,  ~3 = Young's moduli, E l  and E2, a ssoc ia ted  with 
t h e  f i r s t  and second p r i n c i p a l  d i r e c t i o n s  
of t h e  mater ia l ,  respectivel.1 ( lbs/ in.  2 )  . 
Direct ion 1 should correspond t o  t h e  f i b e r  
d i r e c t i o n  of t h e  Composite mater ia l .  

~4 - - Poisson's  r a t i o ,  v 12, a ssoc ia ted  wi th  t h e  
1-2 plane 

PS - Shear modulus, G12, assoc ia ted  wi th  t h e  
1-2 plane ( l b s l i n .  2 )  

~ 5 , ~ 7  
- - Linaa r  thermal s t r a i n s ,  tz.rl ar.d E T ~  , i n  

d i r e c t i o n s  1 and 2 ,  respect ive ly  



14 0 - 2  -2 .2  Variation 2--Material E l a s t i c  Propert ies  and Desigll 
Allowables 

This variation permits stress allwables to be defined for 
Composite lnaterials (CPJATE and CCOVER elements) i f  lawina 
margins of sa fe ty  are t o  be pr in ted  (sec. 250.2.2) , o r  i f  
c o m p o s i t e  elements a r e  referenced by the Design Data (sec. 
112,O). 

pl -p7  - - Same as defined for Variation 1 

pd,pY - - Ultimate tensian stresses, FTUl and FTU2, in 
d i rec t ions  I and 2, respectively (lb/in.z) 

plO,p11 = U l t i m a t e  compression stresses, FCUl and 
FCU2, in d i rec t ions  I and 2, respect ive ly  
(lb/in. 2) 

~ 1 2  - - Ultimate shear stress, FSU, i n  the 1-2 plane 
(lbs/in. 2) 

p13,p14 = Y i c l d  ter ;ion stresses, FIYl and FTY2, i n  
d i rec t ions  1 and 2, respect ively (lbs/in.z) 

p15,p'i6 = Yield compression stresses, FCY1 and FCY2, i n  
d i rec t ions  1 and 2 ,  respectively (lbs/in.z) 

~ 1 7  - - Yield shear stress, FSY, i n  the 1-2 plane 
(I bs/in . 2) 

5i.e material d i rec t ions  must be se lec ted  such that the 
following expressions are sa t i s f i ed :  

FTU1 2 FTU2 FCUl I FCU2 

Additional m a t e r i a l s  w i t h  unique reference codes may be 
defined by repeating Records 6 and 7 or Records 2-7,  

R e c o r d  8 End Data Set 

END PATERIAL DATA 

Additional material data sets may be input by repeating 
Records 1-8. 
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146.0 NODAI DATA 

The nodal data  set de f ines  t h e  geometrical  d a t a  necessary 
f o r  s t r u c t u r a l  and/or mass f in i te-e lement  d e f i n i t i o n  by t h e  
s t i f f n e s s  and mass i n p u t  da t a  (sec. 152.0 and 138.0) . Nodal d a t a  
are in t e r roga t ed  by many of the o t h e r  modules and thus, t h i s  da t a  
set is normally the f i r s t  da ta  set within  a d a t a  deck. Only the 

.geometry data  set (ATLAS da t a  -- sec -  126.0; GCS o r  NASA-LRCGEOM 
data--appendix G ) ,  i f  required,  must be i n p u t  before  this d a t a  
set. Geometry data permit nodal  coordinates  t o  be ex t r ac t ed  fram 
previously-def ined geometric surf aces. 

Nodal d a t a  are comprised of node numbers and coordinates .  
A nodal dd ta  s e t  t h a t  is used for  a s t r u c t u r a l  and/or a mass 
model must be i d e n t i f i e d  by the same SET number ass igned t o  the 
  nod el by t h e  s t i f f n e s s  and/or mass data (sec, 152.0 and 138 - 0 )  , 
A maximum of 36 nodal data SETS may be def ined  per job. Each s e t  
may conta in  a maximum of 4095 nodes. 

Coordirrates of a node a r e  def ined r e l a t i v e  t o  a se l ec t ed  
input  re fe rence  frame, whereas the kinematics of a node are 
described and analyzed relative t o  a se l ec t ed  a n a l y s i s  frame- 
The i npu t  and a n a l y s i s  re fe rence  frames assoc ia ted  wi th  a node 
may be d i f f e r e n t .  The GLOBAL and up t o  a maximum of 4095 local 
re fe rence  frames may be used f o r  t h e s e  purposes. The local 
frames may be rec tangula r ,  c y l i n d r i c a l  and/or s p h e r i c a l  
coordinate  systems (see sec. 100-5) .  A l l  coordinate  systems are 
orthogonal and right-handed. 

There is always a GLOBAL frame assoc ia ted  wi th  a nodal d a t a  
set. The o r i g i n  an4 o r i e n t a t i o n  of t h i s  frame are def ined 
i m p l i c i t l y  bir t he  inpu t  nodal coordinates ,  whereas t h e  o r i g i n  and 
o r i e n t a t i o n  of each local re fe rence  frame a r e  e x p l i c i t l y  def ined 
r e l a t i v e  t o  t h e  "LOBAL frame. A l l  m o r d i n a t e s  i npu t  wi th  respec t  
t o  l o c a l  coordinate systems are automat ical ly  trarlsformed t o  
GLOBAL values. Only t h e  GLOBAL coordi-nates a r e  p r i n t e d  by t h e  
Ail3AL ?ost~rocessor (sec. 246.1) . 

There are four types  of nodes: 

a )  S t r u c t u r a l  -- A node which may be e x t e r n a l l y  loaded and 
t o  which a s t i f f n e s s  f i n i t e  element is 
attached. Structural nodes genera l ly  
have t h r e e  t r a n s l a t i o n a l  and three 
rotational degrees of freedom. 



b) Shear -- Similar to  a S t r u c t u r a l  node b u t  ussd 
only  t o  d e f i n e  SROD and SPIATE f i n i t e  
e lements  (see appendix a).  A Shear  
node has  o n l y  one t r a n s l a t i o n a l  degree 
of freedom which i s  e i t h e r  along a n  
SROD a x i s  o r  a long an SPLATE edge. 
The a n a l y s i s  frame of a l l  Shear nodes 
must be i d e n t i f i e d  as t h e  GLOBAL frame. 
Although t h e  qeomet r i ca l  l o c a t i o n  of 
Shear nodes is immate r i a l ,  t hey  may 
be ass igned  e x p l i c i t  c o o r d i n a t e s  s o  
t h a t  t h e y  a r e  s o r t e d  dur ing  t h e  qeometry- 
dependent node r e o r d e r i n g  ( s e e  Record 
13 of riodal-data i n p u t ) .  

C) A u x i l i a r y  -- A node used to  o r i e n t  and/or p o s i t i o n  
a f i n i t e  element  r e l a t i v e  to  S t r u c t u r a l  
nodes. The d i s t o r t i o n  of a n  element 
is not  a f f e c t e d  by t h e  k inemat ics  of 
t h e s e  nodes. An A u x i l i a r y  node o f  one 
?lement may be used a s  a P t r u c t u r a l  
node f o r  a n o t h e r  element. 

d )  Mass -- A node used to  d e f i n e  mass f i n i t e  
elements  and concen t ra ted  masses. A 
Mass node may a lso  be used a s  one of 
t h e  foregoinq t y p e s  of nodes i n  d e f i n i n g  
a model. 

A n  ATLAS node may be def ined w i t h  t h r e e  o r  four  c o o r d i n a t e s  
depending on how t h e  node i s  used to  d e s c r i b e  t h e  elernents. 
Nodes w i t h  four c o o r d i n a t e s  a r e  r e fe renced  as mid-surface nodes. 
These nodes a r e  r e q u i r e d  on ly  t o  d e f i n e  SPAR, COVER and CCOVEEi 
elements. Coordinates  of  a mid-surface node d e f i n e d  wi th  r e s p e c t  
t o  a r e c t a n q u l a r  frame a r e  s p e c i f i e d  by a l i s t  of x, y, z and Az 
components. 'The A z  component r e s u l t s  i n  two i m p l i c i t  p o i n t s ,  
(z+Az) and (2-Az), l o c a t s d  along a l i n e  p a r a l l e l  t o  t h e  z-axis. 
Thus, t h r e , ?  p o i n t s  a r e  e s t a b l i s h e d  on a s t r a i q h t  l i n e  wherein 
t h e  middle p o i n t  l i e s  on t h e  llmid-surface#* of t h e  f i n i t e  element 
(see appendix B and C) . Other t y p e s  of e lements  may be de f ined  
v i a  mid-surface nodes. 

P r i n t o u t  of t h e  nodal d a t a  may be reques ted  from t h e  NODAL 
Pos tproczssor  (sec. 246.1). P l o t s  o f  t h e s e  d a t a  can a l s o  b e  
e f f e c t e d  v i a  t h e  EXTRACT and GRAPHICS Pos tp rocessors  a s  d i scussed  
i n  s e c t i o n s  218.0 and 228.0. 



I NODAL I! 

14 6.1 INPUT DATA 

Record 1 Data S e t  I d e n t i f i c a t i o n  

I BEGIN NOD:& DATA 

This record i n i t i a t e s  execution of the NODAL ?reprocesaor. 

Record 2 Data S e t  Number (opt ional)  

Each set of nodal data  is identified by an integer number. 
I f  mul t ip le  sets are used i n  a p a r t i c u l a  job, each set 
must he assigned a different number by t h i s  record, 
Multiple nodal data sets are defined by repea t ing  Records 
2-13 o r  Records 1-14. 

n = Data set number (integer) i n  the range 1 t o  36, 
inc lus ive ,  

Default Record: SET 1 

If  local re fe rence  frames a r e  not  used to  define a model, 
Records 3, 4 and 5 a r e  not required.  In  this case, the input and 
analysis frame of a l l  nodes defined by Records 6 and/or Records 
7-12 is  t h e  GLOBAL re fe rence  frame, Direct  definition of nodes 
is effected via Remrd 6 ,  whereas Records 7-12 provi3e 
c a p a b i l i t i e s  f o r  def ining nodes basetl on the geometries of 
components previous.ly described via  a GEOMETRY d a t a  set (sec. 
126.0) o r  v i a  GCS or NASA-LHCGEOX data (see appendix G )  . 

Multiple, local frames can ue defined by Record 3 placed 
anywhere wi th in  a nodal set.  Nodal da t a  input d i r e c t l y  a f t e r  a 
Record 3 are  assumed t o  be defi:led re la t ive t o  the l o c a l  
coordinate  system def ined by t h a t  Record 3. Nodal data  i npu t  
p r i o r  t o  the  f i r s t  Record 3 are  assumed t o  be def ined w i t h  
r espec t  t o  t h e  GLOL3AL coordinate  system, Record 4 allows a 
re fe rence  frame previously-defined within a nodal set t o  be 
i d e n t i f i e d  a s  the  input frame 1:nti.l ano ther  Record 3 o r  4 is  
encountered, The analysis frame of a l l  nodes i n  a Srl' is  assumed 
to be the GLOBAL frame unless s p e c i f i e d  otherwise  by R e ~ o r d  5. 



Record 3 D e f i n i t i o n  of a Local Refe rence  Frame ( o p t i o n a l )  

I [ ]  1.b~: o r i q i n  I-axis Z-axis  

- -  - 

= A key-.ord d e n o t i n q  a r e c t a n q u l a r  
C a r t e s i a n ,  c y l i n d r i c a l  cr  s p h e r i c a l  
l o c a l  r e f e r e n c e  frame, r e s p e c c i v a l y .  

= An a lphanumer ic  word af 1 t o  7 c h a r a c t e r s  
t h a t  i d e n t i f i e s  t h e  l o c a l  c o o r d i n a t e  
system. The words GLOBAL and INPUT 
may n o t  be used as labels. A Erame 
identified by n l a b e l n  may nct be 
r ede f ined .  

Each of the i t z ~ n s  "Origin,  @@ "X-axisN and @@X-axisN d e n o t e s  
e i t h e r  t h e  number ( i n t e q e r )  ot  a p r e v i c u s l y - d e f i n e d  node 
o r  a l ist o t  three GLOBAL X, Y and 2 c o o r d i n a t e s  (decimal  
numbers). Each item d e f l n e s  a point r e l n t i v e  t o  the 
GLOBAL r e f e r e n c e  f  rame. 

X-axis 

Z-axis 

= A p o i n t  d e f i n i n g  t h e  o r i g i n  of the l o c a l  
c o o r d i n a t e  syst2m. 

= A p o i n t  d i f f e r e n t  f r ~ m  t h e  one denoteu  
by "Originw which lies on the l o c a l ,  
p o s i t i v e  x-ax is .  

= A point l i f t  o r e n t  from t i le  ones  denoted 
bv W r i ;  In:' and IT-axisn which d e f i n e s  
the l o c a l ,  > , ' , s i t i v e  z - ax i s ,  T h i s  p o i n t  
may ke a n y  @:;int w i t h  a p o s i t i v e  z- 
c o o r d i n a t e  i n  the x - z  p l a n e ,  

C e f a ~ l r  Record: The input and a n a l y s i s  r e f s r e n c e  frame 
f o r  a l l  nodes  i s  the GLOSAL f rame,  

Records of t n i s  type  inay dppear  any nunher ,?.f times 
anywhere within a nodal d a t a  sec $*xcopt cetwesn Records 
7-12. A l l  n c d a l  ciatd inplr t  directly aft2r a Record 3 
a r e  d e f i n e d  relative t o  t h o  local r o f r r e n b p  f r s i ~ e  
e s t c b l i s h e d  by t h a t  Record 3. 



Record 4 A Prtv ious ly-Def ined Reference Frame t o  h e  Used a s  
t h e  Inpu t  Frame ( o ~ t i o n a l )  

= The mLabelm ass iqned  to a local c o o r d i n a t e  
system by Record 3 or t h e  word GLOBAL. 
This name i d e n t i f i e s  t h e  i n p u t  frame o f  
a l l  noda l  data d e f i n e d  by Record 6 
immediately fo l lowing  t h i s  record.  

Cefaul t  Racord: The i n p u t  frame i d e n t i f i e d  by t h e  
previous  Record 3 or t h e  GLOBAL frame. 

Records ~f t h i s  type  may appear  any number of times 
anywhere w i t h i n  a  nodal  d a t a  s e t  excep t  between Records 
7-12. 

Record 5 Analys is  Frame I d e n t i f i c a t i o n  ( o p t i o n a l )  

Label 
ANALYSIS FRAME 

Label 
GLOBAL 1 = E i t h e r  t h e  aLabelt@ ass iqned  to  a l o c a l  
INPUT coord ina te  system by Record 3, t h e  word 

GLOBAL o r  t h e  word INPUT. This  name 
i d e n t i f i e s  t h e  a n a l y s i s  frame of a l l  nodal 
d a t a  d e f i n e d  by Record 6 and/or Records 
7-12 immediately fo l lowing  t h i s  record.  
The key-word INPUT d e n o t e s  t h a t  t n e  a n a l y s i s  
frame is t h e  same a s  t h e  i n p u t  frame for 
these nodes. 

Default  Record: ANALYSIS FRAME GLOBAL 

Records of t h i s  type  may appear  any numbar of times 
anywhere within a nodal d a t a  set. The a n a l y s i s  frame 
of a l l  nodes i n p u t  p r i o r  t o  t h e  f i r s t  r e c o r d  o f  t h i s  type  
is t h e  GLOBAL frame. An a n a l y s i s  frame s g e c i f i e d  by t h i s  
record remains e f f e c t i v e  u n t i l  r ede f ined  hy ano the r  Record 
5. 



146.1.1 Direct Def in i t ion  of Nodes 

Input  lists of three or fou r  nodal coordinates  are denoted 
by the i t e m s  "listlW and m l i s t 2 n  within the Record 6 format. The 
lists of input  coordinates  assoc ia ted  wi th  t h e  d i f f e r e n t  types of 
re fe rence  frames are i l l u s t r a t e d  i n  f i g u r e  146-1. The "c4* 
m o r d i n a t e  f o r  mid-surface nodes must be g r e a t e r  than or equal  t o  
zero. A l l  ang les  assoc ia ted  wi th  c y l i n d r i c a l  and s p h e r i c a l  
coord ina tes  are i npu t  i n  degrees (decimal numbers). 

Piuure 146-1. Nodal R e f  exence  Frame Coordinates 

Type of Nodal 
Reference kame 

GLOBAL 

REC 

CXL 

SPH 

Node r~urnbers and coordinates  may be defined by any 
combinat ion  of the three i - ut-record v a r i a t i o n s  presented below. 
These v a r i a t i c n s  provide t. fol lowina c a p a b i l i t i e s :  

a) Lxplici t ,  c lef ini t ion of a node; 
b) Generation of a sequence of equally-spaced nodes; 
c) Generation of a sequence of variably-spaced nodes ; 

Sequence of 
I n ~ u t  Coordinates 

The input-record tormats f o r  nodal data  def ined with respect t o  
the GLOBAL or  l o c a l  coordinate  systems are i d e n t i c a l .  

c4 

dZ 

AZ 

Ar 

c1 

X 

x 

r 

P 

c2 

Y 

Y 

8 

c 3  
w 

2 

z 

z 

8 
I 

4 AP 



Record 6 Direct Definit ion of Nodes 

node 1 = User node number ( integer)  i n  t h e  range 1- 
99999, inc lus ive  . 

list 1 = L i s t  of 3 o r  4 coordinates (c 1, c2 and c3 or 
c l ,  c2, c3 and c 4 )  of nnodel.@8 
Default: *nodelm is assigned the GLOBAL 

coordinates of the o r i g i n  of t h e  
las t-specif  i ed  input frame. 

Variations 2 and 3 allow nodal data to  be generated between 
two nodes iden t i f i ed  by nnodeln and mnode2mn Cylindrical  and 
spher ica l  nodal data are always generated i n  t h e  k ~ s i t i v e  sense 
of 0 going from *nodel" t o  "node2 * (see f i g  . 146- 1) . 

Variation 2 

node2 = Same as nnodelm i n  Variat ion 1 

= L i s t s  of 3 o r  4 coordinates associa ted  
l i s t 2  list'} w i t h  *node l* and *node2, respect ively.  

Each list must have the same number of 
i terns. 
Defaults : Previously-def ined coordinates 

and analys is  frames fo r  "nodelw 
and/or "n0de2~ are re t r i eved  
automatically. The current and 
previously-used inpu t  frames f o r  
nnodel and mode2 may be 
d i f f e r e n t  for 3-coordinate 
nodes, whereas they must be t h e  
same i f  mid-surface nodes are 
senerated. 

Equally-spaced nodes between "nodetn and *node2" a r e  
generated, Node numbers are establ ished by incrementing 
"nodel" by *I depending on whether wnodeln o r  *node2N is 
la rger .  Coordinates of t h e  generated nodes are obtained by 
linear in terpola t ion  between "listln and l i s t 2 . m  A maximum 
of 101 nodes may be defined by one record of t h i s  type. 



V a r i a t i o n  3 -- 
nodo 1 
node2 = same a s  def ined f o r  V a r i a t i o n  2 
l i s c l  

= The nods-number increment  (integer) t o  
be used to  g e n e r a t e  node numbers between 
"node1 @' and "node2.n The quantity [ (node20 
nodsl )  / i n c ]  must be a p o s i t i v e  i n t e g e r  
1100. 
Defaul t :  nine" is a u t o m a t i c a l l y  set  t o  

* I  depending on whether Hnodel" 
or *node2@@ i s  larger. 

dl,d2,.,.,dn= L i s t  of  p r o p o r t i o n a t e  s p a c i n g  d i s t a n c e s  
between each pair of  nodes i n  t h e  sequence. 
Defaul t :  Nodes genera ted  from "nodel t o  

nnode2@@ a r e  e q u a l l y  spaced v i a  
l i n e a r  i n t e r p o l a t i o n  between 
" l i s t 1  and " l i s t 2 . "  

Any combination of  Records 3-5 and Record 6 may be 
repeated. 

Exainples: Use of t h e  v a r i o u s  formats ' o f  Record 6 a re  
i l l u s c r a t  ed below. 

-- Defined n 

@ -- Generated 

b 

ode 

node 

1 2 .  1. 9. TO 4 8. 1. 0. / EQUALLY-SPACED 
13 b. 8. 0. TO 16 9. 8. 0. / EQUALLY-SPACED 
1 TO 13 BY 4 O F  1. 3. 3. / VARIABLY-SPACED 
* + 3  1 0 1 ** / VARIABLY-SPACED 
50 10. 2. 0. / EXPLICIT 
6C' 10. 5. 0. / EXPLICIT 



 ode numbers and c o o r j i n a t e s  may be d e f i n e d  by use  of 
t h e  component-geometry d a t a  i n p u t  to  t h e  GEOMETRY Preprocessor  
(sec. 126.0) o r  by use  of GCS or NASA-LRCGWM component d a t a  
( s e e  appendix G) . If e x t r a c t i o n  of c o o r d i n a t e s  from qeometry 
components i s  n o t  r equ i red ,  Records 7-12 shou ld  not be inpu t .  

Records 7-12 may be i n t e r s p e r s e d  w i t h i n  a nodal d a t a  set 
t o  d e f i n e  a l l  o r  some of  t h e  component s u r f a c e  nodes (3 
'coordinates)  and mid-surface nodes ( 4  c o o r d i n a t e s )  us5d t o  
d e f i n e  t h e  model. The fo l lowinq r u l e s  must be s a t i s f i e d :  

a )  The d a t a  f o r  a qeometry component must ke d e f i n e d  
r e l a t i v e  t o  a r e c t a n g u l a r  c o o r d i n a t e  system ( ref .  sec, 
126.0) .  The GLOBAL frame and t h e  f i r s t  60 l o c a l  frames 
de f ined  by Record 3 may be used f o r  t h e s e  purposes. 
Nodal c o o r d i n a t e s  e x t r a c t 2 d  from a geometry component 
a r e  measured r e l a t i v e  t o  t h e  corresponding r e f e r e n c e  
r rame . 
The nodal  inpu t  r e f e r e n c e  frame a s s o c i a t e d  wi th  a 
geometry component must be i d e n t i f i e d  by t h e  same name 
previous ly-ass igned t o  t h e  geometry component. T h i s  
one-to-one correspondence i d e n t i f i e s  t h e  nodes wi th  
a p a r t i c u l a r  component. O r i e n t a t i o n  of a component 
r e l a t i v e  t o  t h e  t o t a l  model is e s t a b l i s h e d  by t h e  
o r i q i n  and o r i e n t a t i o n  of t h e  i n p u t  frame used f o r  
t h e  component. 

c) The qeometry da ta  s e t  t h a t  d e f i n e s  t h e  component being 
i n t e r r o q a t e d  must precede t h e  nodal  d a t a  set i n  t h e  
i n p u t  stream. It  should  be noted  t h a t  a p a r t i c u l a r  
geometry component may be a s s o c i a t e d  with d i f f e r e n t  
nodal d a t a  s e t s  i d e n t i f i e d  by Record 2. 

Record 7 Beqin Coordinate E x t r a c t i o n  from a Geometry Component 

BEGIN ~ X ! P - ~ ~ I O N  

This  r z c o r d  i n d i c a t e s  t h a t  subsequent  nodal-data a r e  t o  
be  used t o  e x t r a c t  nodal  c o o r d i n a t e s  from t h e  geometry 
component i d e n t i f i e d  by kecord 8. 

The l o c a t i o n  of a node a s s o c i a t e d  wi th  a component i s  
specified e i t h e r  by e x p l i c i t  d e f i n i t i o n  of two of i t s  x-y-z 
coord ina tes  (Record 9) o r  by a p lane  which c u t s  t h e  component 
s u r f a c e  (Records 10-11). Nodes may be p o s i t i o n e d  a r b i t r a r i l y  
on t h e  s ~ c t i o n  contour conta ined i n  t h e  c u t t i n q  p lane  or t h e y  



may be l o c a t e d  a t  p o i n t s  on t h e  con tour  where t h e  geometry, 
l o n g i t u d i n a l  con t ro l -curves  i n t e r s e c t  it. S u r f a c e  and mid- 
surLace nodes may be d e f i n e d  by t h e  f o l l w i n q  v a r i a t i o n s :  

a )  D e f i n i t i o n  of nodes by d i r e c t  i n p u t  of only  2 
c o o r d i n a t e s  per  node 

b) D e f i n i t i o n  of nodes l o c a t e d  by t h e  l o n q i t u d i n a l  c o n t r o l  
curves  of a component 

C)  Generat ion of a sequsnce of equal ly-spaced nodes l o c a t e d  
r e l a t i v e  t o  p r s -de f ined  s u r f a c e  geometr ies  

d )  Genera t ion  of a sequence of var iably-spaced nodes 
l o c a t e d  r e l a t i v e  t o  pre-def ined s u r f a c e  qeometries.  

Record 8 Geometry Component I d e n t i f i e r  

I COMPONENT Label 

Label = An alphanumeric word of 1 t o  7 c h a r a c t e r s  
t h a t  i d e n t i f i e s  t h e  geometry component 
from which nodal  c o o r d i n a t e s  a r e  t o  
be ex t rac ted .  The geometry-component 
"Labeln must be t h e  same name t h a t  was 
ass iqned  t o  a r e c t a n g u l a r ,  nodal  
r e f e r e n c e  frame (GLOBAL o r  a a l a b e l "  
s p e c i f i e d  by Record 3 ) .  

Record 9 Node Def i n i t i o n / G e n e r a t i o n  Based on Inpu t  of ; Coordinates  

The b a s i c  format of t h i s  record  is t h e  same a s  Record 
6. Any combination of t h e  i n p u t  v a r i a t i o n s  of t h i s  record  
may be used to  e x t r a c t  nodal c o o r d i n a t e s  from a geometry 
component. I f  t h i s  o ~ t i o n  i s  n o t  r equ i r3d ,  Record 9 
should no t  be input .  

? 

nodel l i s t 1  <TO node2 l i s t 2  <<BY i n c >  

<OF d l  d2 ... dn>>> 

node1 I 
node2 = Same a s  d e f i n e d  f o r  Record 6 
i n c  
dl,d2,.  . . ,dn 

list 1 = L i s t s  of 3 or 4 c o o r d i n a t e s  a s s o c i a t e d  
list2 w i t h  "nodel" and "node2," r e s p e c t i v e l y .  

Each l i s t  must have t h e  same number of 
i tems. The fo l lowinq r u l e s  must be  followed: 



A 3-i tem l is t  used f o r  s u r f a c e  nodes  
must c o n t a i n  2 e x p l i c i t  x, y or z 
c o o r d i n a t e s  and t h e  l e t t e r  @ I G I ~ ~  d e n o t i n q  
which c o o r d i n a t e  is  t o  be e x t r a c t e d  
from t h e  component geometry. The 
c o o r d i n a t e  c o r r e s p o n d i n g  to  the 
l o n q i t u d i n a l  a x i s  o f  t h e  component must 
be i n p u t  e x p l i c i t l y .  The component 
s u r f a c e  must be s i n g l e - v a l u e d  a t  p o i n t s  
where t h e  MG-coord ina taH is t o  b e  
e x t r a c t e d .  

A 4 - i t e m  l ist  used f o r  mid-sur face  nodes 
must c o n t a i n  t h e  x a n d  y e x p l i c i t  
c o o r d i n a t e s  fo l lowed  by t h e  le t ters  
I8G Gal  d e n o t i n g  t h a  c the z and A z 
c o o r d i n a t e s  a r e  t o  be e x t r a c t e d .  

T h i s  record or any combina t ion  of Record 5 and t h i s  r e c o r d  
may be r epea t ed .  

Records 10 and 11 a l l o w  s u r f a c e  and  mid-sur face  nodes  
t o  h e  d e f i n e d l q e n e r a t e d  r e l a t i v e  t o  selected c r o s s - s e c t i o n  
c o n t o u r s  of a  component. T h e  s e c t i o n  c u t t i n g - p l a n e  i s  d e f i n e d  
~y Record 10 and  t h e  c o o r d i n a t e - e x t r a c t i o n  d a t a  a r e  s p e c i f i e d  
by subsequent  Records 11. A s e c t i o n  p l a n e  must be i n t e r s e c t e d  
by a l l  t h e  l o n g i t u d i n a l  c o n t r o l  c u r v e s  used t o  d e f i n e  t h e  
component. 

The o r d e r  i n  which the l o n g i t u d i n a l  c o n t r o l  c u r v e s  a r e  
i n p u t  t o  t h e  GEOMETRY Prep roces so r  e s t a b l i s h e s  t h e  p o s i t i v e  
d i r e c t i o n  a l o n q  a  s e c t i o n  contour .  SURFACE nodes a r e  l o c a t e d  
a c c o r d i n q  t o  d i s t a n c e s  measured a l o n g  t h e  s e c t i o n  c o n t o u r  i n  
+ h i s  p o s i t i v e  d i r e c t i o n  and  r e l a t i v e  t o  t h e  o r d e r e d  set  of 
p o i n t s  c r 2 a t e d  by t h e  i n t e r s e c t i o n  of t h e  c o n t r o l  c u r v e s  w i t h  
t h e  c u t t i n q  p lane .  

MIDSUFFACE nodes a r e  d e f i n e d / q e n e r a t e d  on a s s l e c t z d  c r o s s  
s e c t i o n  by d e f i n i t i o n  of a c u t t i n g  p l a n e  t h a t  i s  p e r p e n d i c u l a r  
t o  ths x-y p lane .  Tha i n t e r s e c t i o n  o f  t h e  c u t t i n g  p l a n e  w i t h  
t h e  x-y p l a n e  i s  r e f e r e n c e d  a s  the u-axis .  MIDSURFACE nodes  
a re  l o c a t e d  acco rd inq  t o  d i s t a n c e s  measured a l o n q  t h e  u -ax i s .  



Record 10 D e f i n i t i o n  of S e c t i o n  C u t t i n g  P lane  

NODES I N  SECTION x l  y l  21 x2 y2  2 2  x3 y3 23 
i 

SURFACE 1 = Key-word d e n o t i n g  t h a t  c o o r d i n a t e s  are 
MUSURFACE ' ( z-- to be e x t r a c t e d  f o r  SURFACE (3- 

coord ina tes )  o r  MIDSURFACE (4- 
coord ina tes )  nodes. 

x l , y l , z l  I = The x, y and z c o o r d i n a t e s  of 3  p o i n t s  
x2,y2,z2 l o c a t e d  r e l a t i v e  t o  t h e  i n p u t  r e f e r e n c e  
x 3 , y 3 , ~ 3  frame such t h a t  they  are e x t e r n a l  t o  

t h e  qeometry component, These p o i n t s  
e s t a b l i s h  t h e  c u t t i n g  plane. 

I f  MIDSURFACE nodes a r e  be Lng d e f i n e d ,  
t h e  c u t t i n g  p lane  must be normal t o  
t h e  K-y plane. The g e n e r a l  d i r e c t i o n  
of t h e  u-axis  i s  from t h e  p o i n t  d e f i n e d  
by ( x l , y l , z l )  toward t h e  p o i n t  d e f i n e d  
by (x2,y2,z2) . 
Caution: A l l  l o n g i t u d i n a l  c o n t r o l  c u r v e s  

of  t h e  compon3nt must i n t e r s e c t  
t h e  c u t t i n g  plans.  

Record 1  1 Noda Def in i  t ion/Genera t ion  Based on Longi tudinal  
Contro l  Curves of Component 

node 1  
node2 I = Same as de f ined  for Record 6 
i nc  

V a r i a t i o n  1 

i 

dl  ,d2,. .. ,d Locat ions  of t h e  q e n e r a t e d  nodes a r e  
AT CUbVES f based e i t h e r  on a l ist  of p r o p o r t i o n a t e  

spacing d i s t a n c e s  ndim between each 
p a i r  of nodes i n  t h e  sequence or t h e y  
are pre-defined by t h e  l o c a t i o n s  of 
t h e  user-defined and p rcqramgenera ted  
(by enrichment) l o n q i t u d i n a l  c o n t r o l  
cu rves  (AT CURVES). I f  p r o p o r t i o n a t e  
d i s t a n c e s  a r e  s p e c i f i e d ,  SURFACE nodes 
a r e  spaced a long  t h e  s e c t i o n  contour ,  
whereas MIDSURFACE nodes are spaced 
according t o  d i s t a n c e s  along t h e  u-axis. 

r 
node1 TO node2 <BY inc> d l  d2 . . . 

AT CURVES "3 



I NODAL 

Defaul t :  Equal ly-spaced nodes a r e  
g e n e r a t e d  from "nodell' t o  
Hnode2" 

SURFACE nodes on a n  open c r o s s - s e c t i o n  a r e  e s t a b l i s h e d  
by a s s i q n i n g  Mnodelw and "node2n t o  t h e  i n t e r s e c t i o n  
p c i n t s  o f  t h e  f i r s t  and l a s t  l o n g i t u d i n a l  c o n t r o l  cu rves ,  
r e s p e c t i v e l y .  Examples o f  Record 11 f o r  t h e s e  c a s e s  a r e  
i l l u s t r a t e d  i n  f i q u r e  146-2. 

I f  SURFACE nodes a r e  gene ra ted  f o r  a c l o s e d  s e c t i o n ,  
flnodelo@ i s  a s s o c i a t e d  w i t h  t h e  f i r s t  l o n q i t u d i n a l  c d r v e  
and t h e  remaininq nodes a r e  l o c a t e d  accord ing  t o  t h e  
s s l e c t e d  op t ion .  MIDSURFACE nodes  a r e  q e n e r a t e d  by 
a s s i q n i n q  "nodel" and lfnode2o t o  t h e  l o n q i t u d i n a l - c u r v e  
i n t e r s e c t i o n  p o i n t s  which have t h e  minimum and maximum 
u-coordina tes ,  r e s p e c t i v e l y .  Examples o f  Record 11 f o r  
t h e s e  c a s e s  a r e  i l l u s t r a t e d  i n  f i g u r e  146-3. 

V a r i a t i o n  2 a l lows  nodes t o  be g e n e r a t e d  between t h e  
p o i n t s  e s t a b l i s h e d  by t h e  i n t e r s e c t i o n  o f  u s e r - s e l e c t e d  
l o n q i t u d i n a l  c o n t r o l  cu rves  w i t h  t h e  c u t t i n g  plane. T h i s  o p t i o n  
i s  only  a p p l i c a b l e  t o  components d e f i n e d  by t h e  de ta i led-geometry  
o p t i o n  ( see  s z c .  126.0). 

node 1  
node2 = Same as  d e f i n e d  f o r  V a r i a t i  
i n c  
dl,d2,. . . 

= The names of 2 d i f f e r e n t  l o n g i t u d i n a l  
c o n t r o l  c u r v e s  p r e v i o u s l y  d e f i n e d  f o r  
t h e  qeomet r y  component. "Name1 " and 
ItName2" a r e  used  a s  t h e  " f i r s t w  and 
n l a s t "  c o n t r o l  c u r v e s  i n  t h e  geometry 
i n t e r r o g a t i o n .  They must be a s s o c i a t e d  
w i t h  t h e  i - t h  and the ( i + n )  c u r v e s  i n  
t h e  pre-def ined  sequence of  c o n t r o l  
curves.  
Defaul t s :  "NamelN and I1Name2" a r s  t h e  

names of t h e  f i rs t  and l a s t  
c o n t r o l  cu rves ,  r e s p e c t i v e l y ,  
t h a t  a r e  used t o  d e s c r i b e  
the component geometry. 



Nodes are generated in t h e  same manner as described for 
Variation 1 except t ha t  *NamelN and *NameZ* correspond t o  
t h e  M f i r s t n  and n l a s t n  longi tudinal  control-curve 
in te r sec t ion  points ,  respect ive ly  (see fig. 146.3) . 
SURFACE nodes a r e  located on the sec t ion  contour according 
t o  dis tances measured along t h e  curve from t h e  point 
es tabl i shed  by flNarelm t o  t h e  point  es tabl i shed  by wName2.n 
MIDSURFACE nodes are spaced according to  t h e  u - m r d i n a t e s  
t h a t  correspond t o  the con t ro l  curves mNamelw through 
"Name2.n nNodel" is assigned t o  the longitudinal-curve 
in tersec t ion  po in t  that has t h e  l e a s t  u-coordinate and 
81node2w is assigned t o  t h e  point t h a t  has the largest u- 
coordinate. 

T h i s  record o r  any combination of Record 5, Record 9 and 
Records 10 and 11 may be repeated. 

Nodes may be defined f o r  d i f f e r e n t  geometry components by 
repeating Records 8-11. 

Record 12 ESld Coordinate E ~ t r a c t i o ~ ~  

I END EXTRACTION 

This record ind ica tes  t h a t  ex t rac t ion  of nodal coordinates 
f o r  geometry components is  complete and r e s e t s  t h e  current  
input  frame and analys is  frame t o  GIDBAL (ref. Records 4 
and 5 ) .  Additional nodal d a t a  may be defined by repeat ing 
Records 3-5 and Record 6. Additional nodes may a l s o  be 
defined v i a  geometry components by repeating Records 3-5 
and Records 7-12. 

Record 13 Node Reorder Specif icat ion (optional) 

The processing ef f ic iency of most ATLAS jobs i s  af fec ted  by 
t h e  bandwidth of t h e  gross s t i f f n e s s  matrix. The bandwidth 
represents  t h e  connectivity of t h e  s t r u c t u r a l  model 
r e l a t i ve  t o  L!e  i n t e rna l  node-number systexr es tabl i shed  by 
ATLAS. I n  solving t h e  s t r u c t u r a l  matrix equations, the 
bandwidth of each row of t h e  s t i f f n e s s  matrix is amounted 
for. Thus, one should s t r i v e  t o  minimize the bandwid+,h i n  
an overa l l  sense t o  achieve processing eff ic iency.  Record 
13 ofrers  a l t e r n a t e  ways of achieving this by e f fec t ing  t h e  
internal rlode-number system. 



KEOailEP FROM Nn 

Nn - - I n t e q e r  wi th  the fo l lowinq  opt ions :  

- 2--Nodes a re  ass igned  i n t e r n a l  cumbers 
accordiny t o  the i n p u t  sequence of tt- 
nodes. 

-1--Nodes a r e  a s s i g n e d  i n t e r n a l  numbers 
accordinq t o  i n c r e a s i n q  u s e r  node-number 
order .  

0--The node closest t o  t h e  o r i q i n  of  t h e  
GLOBAL frame is ass igned  i n t e r n a l  number 
1. The remaining nodes a r e  a s s igned  
i n t e r n a l  numbers accordinq t o  i n c r e a s i n g  
d i s t a n c e s  from t h e  o r i q i n .  

Node-Number--If a  node number is i n p u t  f o r  t h i s  item, 
it is ass igned i n t e r n a l  node number 1. 
The remaining nodes a r e  ass igned i n t e r n a l  
numbers accordinq t o  i n c r e a s i n g  d i s t a n c e s  
from t h i s  node. 

Default  Record: REObDER FROM 0 

Addi t iona l  nodal  d a t a  sets may be de f ined  by r e p e a t i n g  
Records 2-13. 

kecord 1 4  End Nodal Data Set 

I END N3DAL DATA I 
~ d d i t i o n a l  nodal  d a t a  sets may be i n p u t  by r zpeat inq  
Records 1-14.  



Longitudinal  Curve 
i n t e r s e c t  ion Point  

( T y p i c a l )  

Examples o f  Recora I I 
1 

I TO 6 / EQUALLY-SPACED NODES 

I TO V AT CURVES / 1 
Figure  146-2. SURFACE Node Generation on an Open Section Contour 



Figure 146-3. SURFACE and MIDSURFACE Node Generat ion on a Closed Sect i 
Con t ou r 



Table 146- I. Summary of Nodal Data Records 
2 

Data  Records . 
146.3 

146.3 
L 

146.4 

146.5 

146.5 

146.7 
F 

146.9 
146.10 
146.10 

146.12 

146.12 

146.13 

146.1 4 

BEG IN NODAL DATA 

SET n 
, 

( z } l a b e l O r i g i n X - a x i s t - a x i s  

( Label \ 
\ GLOBAL I 

ANALYSIS FRAME GLOBAL i::;;: \ 
nodel < l  istl>CTO node2 <list2><<BY inc)<OF d l  d2 .-.>>> 
BEG l N EXTRACT I ON 

COMPONENT Label 
nodel 1 i s t1  <TO node2 1 i s t 2  <<BY i nc> <OF d l  62 . . .>>> 

NODES IN SECTION x l  y l  z l  x2 y2 12 x3 y3 23 

nodel TO node2 <BY CURVES 
OF di d2 - * - )  

nodel <"amel> TO node2 O(ane2XBY inc>(i: $&!!&' ' ') 
END EXTRACT I ON 

REORDER FROM Nn 

END NODAL DATA 



150.0 RHO3 AERODYNAMICS DATA 

unsteady aerodynamic ana lyses  o f  a r i g i d  or e l a s t i c ,  
p l ana r  wing with or without one t o  four t r a i l i ng -edge  c o n t r o l  
s u r f a c e s  i n  subsonic  compressible flow can be performed by t h e  
s o l u t i o n  technique employed by t h e  RHO3 Processor  (sac. 250.0) . 
The s o l u t i o n  technique employed by t h i s  processor is publ ished 
i n  r e f e r ence  150-1. The i n p u t  d a t a  set  suppor t ing  RHO3 
aerodynamic ana lyses  is comprised of t h e  fol lowing d a t a  subsets :  

a )  Geometry -- Aerodynamic s u r f a c e  planform and downwash 
po in t s  . 

b) Modal -- Vibra t ion  modes or "A1Cm mode s u b s t i t u t e s  
(see sec. 232.0) a s s o c i a t e d  with t h e  
aerodynamic s u r f  aces. 

C) Option -- Locations on l i f t i n g  s u r f a c e  planf orm a t  
which s e c t i o n a l  gene ra l i z ed  f o r c e s  and 
aerodynamic p ressures  (p ressure  d i f f e r e n c e  
between upper and lower sur faces )  a r e  t o  
he ca l cu l a t ed ;  v e l o c i t y  p r o f i l e  
modif ica t ions  t o  account f o r  a i r f o i l -  
t h i cknes s  aerodynambc e f f ec t s .  

I f  only  t h e  aerodynamic-pressure/downwash-kernel i n f l uence  
c o e f f i c i e n t  matrices (C-matrices) as discussed  i n  s e c t i o n  250.2 
a r e  t o  be ca lcu la ted ,  on ly  t h e  Geometry subse t  is requ i red .  
T h i s  da t a  set need no t  be preceded by any o t h e r  da t a  set within 
a da t a  deck. 

Each set of aerodynamics da t a  i s  re fe renced  a s  a CASE. 
A maximum of 36 RHO3 da t a  ca se s  may be  i d e n t i f i e d  per job. 
P r i n t o u t  of  t h e  inpu t  aerodynamic case da t a  may be requested 
from t h e  EH03 Postprocessor  (sec. 250.1) . 



150.1 INPUT DATA 

Fecord 1  Data  S e t  I d e n t i f i c a t i o n  
4 

I BEGIN RHC3 DATA 

T h i s  r e c o r d  i n i t i a t e s  e x e c u t i o n  o f  t h e  RHO3 Prep roces so r .  

Fecord 2 Data Case Number ( o p t i o n a l )  

Each set o f  FH03 aerodynamics  d a t a  i s  r e f e r e n c e d  as 
a  c a s e  which is i d e n t i f i e d  by a n  i n t e g e r  number. If 
m u l t i p l e  sets a r e  u sed  i n  a  job,  e a c h  case must b e  a s s i g n e d  
a un ique  number. 

= Data case number ( i n t e g e r )  i n  t h e  r ange  
1  t o  36, i n c l u s i v e .  

Defau l t  Zecord: CASE 1  

150.1.1 Geometry Data S u b s e t  

A l l  g e o m e t r i c a l  i n f o r m a t i o n  i s  d e f i n e d  by t h i s  d a t a  s u b s e t  
w h i c h  i n c l u d e s  t h e  fo l lowing :  

a)  Planform d e f i n i t i o n  of a  main l i f t i n g  s u r f a c e  w i t h  
o r  w i t h o u t  t r a i l i n g - e d g e  c o n t r o l  s u r f a c e s .  

b) Aero<lynamic downwash ( c o n t r o l )  p o i n t s  on t h e  s u r f a c e .  

Geometry d a t a  a r e  d e f i n e d  r e l a t i v e  t o  a c o o r d i n a t e  sys tem 
which i s  a  r e c t a n g u l a r  r e f e r e n c e  f rame x-y-z  o r i e n t e d  so t h a t  
t h e  x-ax is  is  i n  t h e  aft d i r e c t i o n  ( p a r a l l e l  t o  the f r e e  s t r e a m  
d i r e c t i o n )  and  t h e  p o s i t i v e  y -ax i s  i s  d i r e c t e d  from t h e  root 
t o  t h e  t i p  of t h e  planform. The aerodynamic s u r f a c e  n u s t  be 
p l a n a r  and must be symmet r i ca l  about  the x-z plane.  I f  modes 
c a l c u l a t e d  by t h e  VIBRATION P r o c e s s o r  a r e  used  i n  t h e  aerodynamic 
a n a l y s i s ,  t h e  planform c o o r d i n a t e  sys tem must c o i n c i d e  with 
t h e  a n a l y s i s  f rame a s s o c i a t e d  w i t h  t h e  r e t a i n e d  nodal  f reedoms 
(see sec. 150.1.2). 

Geometr ica l  d a t a  a r e  i n p u t  o n l y  f o r  h a l f  t h e  t o t a l  l i f t i n g  
surface due t o  t h e  r e q u i r e d  symmetry. Each s ~ r f a c e  i s  d e f i n e d  
v i a  s t r a i g h t  line segments.  Up t o  f o u r ,  s e p a r a t e  t r a i l i n g - e d g e  
c o n t r o l  s u r f a c e s  may be l o c a t e d  a l o n g  t h e  h a l f - s p a n  of a main 
s u r f a c e .  Chordwise edges o f  a l l  c o n t r o l  s u r f a c e s  must be 
p a r a l l e l  t o  t h e  free s t r e a m  ( p a r a l l e l  t o  t h e  x - a x i s ) .  The 
c o n f i g u r a t i o n  of a  c o n t r o l  s u r f a c e  may be f u l l  span, t i p  span, 
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m i d  span o r  p a r t i a l  span. The outboard edge of a fu l l - span  
o r  a t i p s p a n  c o n t r o l  coincides  with t h e  tipmost chord of t h e  
main surface ,  whereas t h e  inboard edge of a f ull-span or a mid- 
span con t ro l  i s  a t  t h e  roo t  of  t h e  main s u r f a c e  (y=O). Mult ip le  
c o n t r o l  su r f aces  may sha re  comnon streamwise edges but they  
should not overlap. One c o n t r o l  su r f ace  may be a t t ached  to 
another  c o n t r o l  su r f ace  a s  i l l u s t r a t e d  by t h e  sample aerodynamic 
model shown by f i g u r e  15P-1. 

CONTROL SURFACE 3 

CREE S?RE*Y 

CONTROL SURFACE 2 

MAIN SURFACE 

0-0 .0  ) x 

Figure 150-1. Sample RHO3 Aerodynamic Model 

Record 3 Begin Geometry Subset 

I BEGIN GEOMETRY DATA 

Record 4 Main Surface I d e n t i f i c a t i o n  (opt ional)  

I M A I N  SgEEACE i den t  

iden t  = Alphanumeric word of 1 t o  7 c h a r a c t e r s  
which i d e n t i f i e s  t h e  main s u r f a c e  
assoc ia ted  with t h e  c a s e  spec i f i ed  by 
Record 2. 



Defaul t  Record: N o  u s e r  i d e n t i f i c a t i o n  except t h e  c a s e  
number is a s s o c i a t e d  with t h e  main 
surf ace. 

Records S and 6 d e f i n e  the l e a d i n g  and t r a i l i n g  edges, 
r e s p e c t i v e l y ,  of t h e  main s u r f a c e .  Each edge  is def ined  by 
a  l is t  of x and y-coordinates  of 2 t o  10 p o i n t s  i n p u t  i n  a  root- 
t o - t i p  o rde r  such that t h e  y-coordinates  a r e  s t r i c t l y  increas ing .  
The y-coordinate of t h e  inboard-most p o i n t s  of  t h e  l e a d i n g  edge 
and t h e  t r a i l i n g  edge must be i d e n t i c a l .  Addi t iona l ly ,  t h e  
y-coordinate  of  t h e  t ip-most  p o i n t s  o f  t h e s e  edges must be 
i d e n t i c a l .  

Pecord 5 Leadinq Edge Coordinates  

LEADING ECGE xl y l  x 2  y2 . . . ---- I 
x i , y i  = The x and y planform coord ina tes  of 

t h e  i-th p o i n t  d e f i n i n g  t h e  main s u r f a c e  
l e a d i n g  edge. 

Facord 6 T r a i l i n g  Edge c o o r d i n a t e s  

I TRAXLING EDGE XI y l  X2 y2 m o .  
---a- 

= The x and y  planform c o o r d i n a t e s  of  
t h e  i - t h  p o i n t  d e f i n i n g  t h e  main s u r f a c e  
t - r a i l i n g  edge. 

2r:.trol s u r f a c e s  a long  t h e  t r a i l i n g  edge of a  main s u r f a c e  
Tire d e ~ ~ n e d  by Record 7. The spanwise l e n g t h  of each c o n t r o l  
surface is def ined  v i a  t h e  inboard  and outboard  l o c a t i o n s  of 
i t s  hinge l i n e .  The l ead ing  edge of a c o n t r o l  s u r f a c e  must 
c o i n c i d e  with i t s  hinge l i n e .  

The unsteady aerodynamic p r e s s u r e  on a  c o n t r o l  surface 
i s  dependent on t h e  d i f f e r e n c e  of streamwise s l o p e s  of the 
c c n t r o l  s u r f a c e  and the s u r f a c a  t o  which it i s  a t tached.  Hinge 
l i n e  r o t  %:ions a s s o c i a t e d  w i t h  each a n a l y s i s  mode shape a r e  
a u t o m ~ ~ t i c a l l y  c a l c u l a t e d  by t h e  RHO3 Processor  based on t h e  
mc6 ~ n t e r p o l a t i o n  f u n c t i o n  c o e f f i c i e n t s  for t h e  two s u r f a c e s  
a s  d s f i n e d  by Record 11. The r o t a t i o n  a t  any po in t  on a  hinge 
Line is der ived  from a  cub ic  f u n c t i o n  o f  y by fitting a  curve  
t o  c a l c u l a t e d  r o t a t i o n s  a t  f o u r  e q u i d i s t a n t  p o i n t s  a long  the 
hirig" l i n @ .  The user may, however, d e f i n e  e x p l i c i t  hinge l i n e  
r o t a t i o n  express ions  t o  be a s s o c i a t e d  with s e l e c t e d  modes, 
These r o t a t i o n s  a r e  s p e c i f i e d  v i a  Record 7 and a r e  used i n  l i e u  
of the au tomat ica l ly  c a l c u l a t e d  v a l u t a .  



Eecord 7 Contro l  S u r f a c e  D e f i n i t i o n  ( o p t i o n a l )  

CONTROL SURFACE i d e n t  g a G E  x i  y i  xo yo 
<MODE m l  c l b  cll  c12 cl3 

MODE m2 c2O c21 c22 c23 

. 
MODE mn cno c n l  cn2 cn3> 

A 

iclent = Alphanumeric word o f  1  t o  7 c h a r a c t e r s  
which i d e n t i f i e s  a t r a i l i n g - e d g e  c o n t r o l  
s u r f a c e  a s s o c i a t e d  wi th  t h e  main surface .  

x i , y i  
X 0 , Y O  1 = Wo p a i r s  of planform x  and y c o o r d i n a t e s  

d e f i n i n g  t h e  inboard  and outboard  l i m i t s  
of t h e  c o n t r o l - s u r f  a c e  hinge l i n e ,  
r e s p e c t i v e l y .  

The remaining items i n  this r e c o r d  a l l o w  hinge l i n e  
r o t a t i o n  modes t o  be s p e c i f i e d  e x p l i c i t l y  f o r  t h e  c o n t r o l  
su r face .  Each r o t a t i o n  is d e f i n e d  v i a  t h e  c o e f f i c i e n t s  
of a  cub ic  equa t ion  which is to  be a s s o c i a t e d  wi th  t h e  
i - t h  s e q u e n t i a l  v i b r a t i o n  mode used i n  t h e  aerodynamic 
ana lys i s .  The i - t h  mode number is d e f i n e d  e i t h e r  by 
V a r i a t i o n  2 of Record 11 or by t h e  s u b s e t  of o rde red  modes 
which i s  e x t r a c t e d  by t h e  VIBRATION Processor  and i s  
a s s o c i a t e d  wi th  t h e  i n t e r p o l a t i o n  c o e f f i c i e n t  m a t r i x  
s p e c i f i e d  by V a r i a t i o n  1 of Record 11. 

= The j - th  i n t e g e r  i n  t h i s  r ecord  
corresponds  t o  t h e  i - t h  mode number 
f o r  which a  h i n g e  l i n e  r o t a t i o n  i s  
def ined e x p l i c i t l y .  Each h inge  l i n e  
r o t a t i o n  mode is  i n p u t  by t h e  key-word 
MODE fol lowed d i r e c t l y  by " m j t t  and four  
decimal numbers n c  jk. " 

c j 0 , c j l  
c j 2 , c j 3  1 = The j- th list of f o u r  decimal numbers 

i n  this r e c o r d  which a r e  t h e  c o e f f i c i e n t s  
of t h e  c u b i c  equa t ion  d e f i n i n g  t h e  
c o n t r o l - s u r f a c e  h inge- l ine  r o t a t i o n  
t o  be a s s o c i a t e d  wi th  t h e  mode number 
n m j . g l  I n  t h i s  equat ion ,  y  d e n o t e s  t h e  
l o c a t i o n  of a  p o i n t  measured i n  f r a c t i o n  
of c o n t r o l  span,  inboard  to  outboard.  

1 so. 5 



D*f a u l t  Items: Hinge l i n e  r o t a t i o n s  n o t  d e f i n e d  
e x p l i c i t l y  f o r  any o f  t h e  modes used  
i n  an  a n a l y s i s  a r e  calculated 
a u t o m a t i c a l l y  a s  d i s c u s s e d  above. 

Th i s  r e c o r d  i s  r e p e a t e d  to  d e f i n e  1  t o  4 c o n t r o l  s u r f a c e s  
a s s o c i a t e d  w i t h  t h e  main s u r f a c e  d e f i n e d  v i a  F2cords  4- 
6. 

?he i n t e g r a l  e q u a t i o n  d e f i n i n g  t h e  e f f e c t i v e  a n g l e  of 
a t t a c k  of a  l i f t i n q  s u r f a c e  due t o  a  v i b r a t i o n  mode d i sp l acemen t  
i s  e v a l u a t e d  a t  a  number of  d i s c r e t e  p o i n t s  on t h e  s u r f a c e .  
T h e s s  p o i r t s  a r e  l o c a t e d  by t h e  u s e r  v i a  Record 8 and  a r e  
r e f e r r e d  t o  3 s  downwash ( c o n t r o l )  p o i n t s .  T h e  u s e r  nay r e q u e s t  
a s r i d  of downwash p o i n t s  t o  ke g e n e r a t e d  a u t o m a t i c a l l y  
(Var i a i i o r ,  1) o r  may d s f i n e  t h e  g r i d  e x p l i c i t l y  ( V a r i a t i o n  2 ) .  

Fecord 8 Downwash P o i n t s  

o n l y  one  of t h e  f o l l o w i n g  two v a r i a t i o n s  may be  used  pe r  
d a t a  ca se .  

V a r i a t i o n  1  gQl_NWASH =SINE nchords  n p o i n t s  

Downwash p o i n t  l o c a t i o n s  a r e  g s n e r a t ~ d  a u t o m a t i c a l l y  v i a  
a c o s i n e  d i s t r i b u t i o n  i~ b o t h  the chordwise and spanwise  
d i r e c t i o n s .  

nchords  = T h e  number o f  chords  ( i n t e g e r )  on which 
downwash p o i n t s  a r e  t o  be l o c a t e d  ( 2  
5 nchords  5 9 ) .  The spanwise l o c a t i o n  
of t h e  i - t h  downwash chord i s  y ( i )  = 
COS [ in/ ( 1  +2*nchords) I* (Semi-span) . 

= T h e  number of  p o i n t s  ( i n t e g e r )  t o  be  
qenslratod per downwash chord (2 5 n p o i n t s  
5 8 )  . The s t r eamwiss  d i s t a n c e  from 
t h e  midchord of  t h e  i - t h  p o i n t  on each  
p l an f  orin chord  i s  x  (i) = -COS [ 2 i n  
/ (1 +2*nchords) I* (Semi-chord) . 

V a r i a t i o n  2 gOINWASH < B A F >  
CSOHD y l  x l l  x12 .. . xlrl 
CHOiiD y2 x21 x22 . . . x2n 

CHORD ym xml xm2 . . . xmn 
" 



Downwash p o i n t s  are l o c a t e d  e x p l i c i t l y  by c o o r d i n a t e s  
de f ined  relative t o  t h e  planform c o o r d i n a t e  system or 
r e l a t i v e  t o  a non-dimensionalized (BAR) p lanf  orm c o o r d i n a t e  
system. Spanwise BAR c o o r d i n a t e s  r ange  from 0.0 t o  1 .O 
a t  t h e  planform r o o t  and t i p ,  r e s p e c t i v e l y .  Chordwise 
BAR c o o r d i n a t e s  are measured r e l a t i v e  t o  t h e  l o c a l  semi- 
chord rang ing  from -1.0 t o  1.0 a t  t h e  planform chord  
l ead ing  edge and t r a i l i n g  edge, r e s p e c t i v e l y  (see f i g .  
150-1) . 
BAR = Key-word deno t ing  t h a t  subsequent  

c o o r d i n a t e s  i n p u t  by this record a r e  
d imensionless  (BAR) planform coord ina tes .  
Default:  The i n p u t  coordinates are 

assumed t o  be wi th  r e s p e c t  
to t h e  planform c o o r d i n a t e  
system. 

= Spanwise c o o r d i n a t e  of  the i - t h  downwash 
chord (2  S m < 9) .  A dawnwash chord 
should  n o t  be l o c a t e d  a t  t h e  planform 
t i p  and should  not  c o i n c i d e  wi th  a n  
edge of a c o n t r o l  su r face .  Addi t iona l ly ,  
it shou ld  no t  be located a t  a planform 
leading-edge or t r a i l i n g - e d g e  
d i s c o n t i n u i t y .  

= Streamwise c o o r d i n a t e  of t h e  j-th 
downwash p o i n t  on t h e  i - t h  chord [ i  
I n S 8 ) .  Downwash p o i n t s  may n o t  
coincide .  The number of  p o i n t s  s p e c i f i e d  
for each chord must be i d e n t i c a l .  A 
downwash p o i n t  should  not  be p laced  
on the planform l e a d i n g  edge o r  t r a i l i n g  
edge o r  on a c o n t r o l  s u r f a c e  h inge  l i n e .  

Record 9 End Geometry Subset  

I END GEOMETRY DATA 

This record i n d i c a t e s  a l l  geometry d a t a  have been de f ined  
f o r  t h e  c a s e  i d e n t i f i e d  by Record 2. 

I SO. 1.2 Modal Data S & s g  (op t iona l )  

This s ~ b s e t  d e f i n e s  t h e  v i b r a t i o n  modes, "AICI* mode 
s u b s t i t u t e s  o r  r igid-body modes t o  be a s s o c i a t e d  w i t h  each 
aerodynamic surface .  I f  on ly  t h e  aerodynamic C-matrices a r e  
t o  be c a l c u l a t e d ,  t h i s  d a t a  s u b s e t  should not be inpu t .  



The unsteady aerodynamic pressure d i s t r i b u t i o n  is 
approximated by a l i n e a r  conbination of d i s c r e t e  pressure modes 
which are funct ional ly  dependent on the modal amplitudes a t  t h e  
downwash points. The aerodynamic theory requi res  t r a n s l a t i o n a l  
components of the v ib ra t ion  modes to be normal t o  t h e  aerodynamic 
sur face(s )  . Thus, t h e  analys is  frame axis associated with a l l  
the re ta ined  nodal freedoms must be normal t o  the surface. 

Record 10 Begin Modal Subset 

L BEGIN MODAL DATA 

Record 11 def ines  the  v ibra t ion  modes or "AIC" mode 
s u b s t i t u t e s  t h a t  are to be used i n  t he  analys is  of t h e  case  
iden t i f i ed  by Record 2. Only one of the two va r i a t ions  of t h i s  
record may be used per  da ta  case. Variation 1 must be used when 
mode shape coe f f i c i en t s  generated by the INTBPOLATION Processor 
are t o  be employed i n  t h e  aerodynamic analysis.  Mode shapes may 
be defined d i r e c t l y  v ia  Variation 2 f o r  a rigid-body aerodynamic 
clnalysis, 

Record 11 Modal Data 

Variation 1 

Name 

USE Name WITH 

= The name of an interpolation-coef f i c i e n t  
matrix previously generated v ia  t h e  
MTERPOLATION Processor (see sec , 2 32.0) . 
It  should b e  noted t h a t  this matrix ~ 1 s t  
be associated w i t h  a subset of nodes, a l l  
of which have the  same ana lys i s  frame. 

MAIN SURFACE 
ImNThoL SURFACE ident] = Keyword denoting whether Clamel@ is 

t o  be associated with t h e  MAIN 
SURFACE o r  a CONTROL SURFACE 
previously iden t i f i ed  by *1dentn i n  
Record 4 or 7. 

A record of t h i s  type must be input  f o r  t h e  main sur face  
and once fo r  each control  surface. 



V a r i a t i o n  2 a l lows  t h e  u s e r  t o  define 1 t o  6 r i g i d  body 
modal freedoms r e l a t i v e  t o  t h e  planform c o o r d i n a t e  system. 

- -  

V a r i a t i o n  2 

Rbf i 

magi 

= X .  Y and z c o o r d i n a t e s  de f in ing  t h e  
r e f e r e n c e  p o i n t  t o  be  used i n  g e n e r a t i n g  
t h e  r i g i d  body modes. 
Default: The o r i g i n  of the planform 

c o o r d i n a t e  system is used  as 
t h e  r e f e r e n c e  point.  

= Key-word deno t ing  t h e  i - t h  r igid-body 
freedom selected from t h e  list TX, TY, 
TZ, RX, RY and RZ. Within each o f  t h e s e  
key-words, t h e  l e t t e r  nTm i s  a s s o c i a t e d  
w i t h  a t r a n s l a t i o n  freedom and nRm is 
a s s o c i a t e d  w i t h  a r o t a t i o n  freedom 
r e l a t i v e  t o  t h e  planform x-y-z t r i a d .  

= The r e l a t i v e  magnitude of t h e  i - t h  r i g i d  
body mode w i t h  r e s p e c t  to  t h e  r e f e r e n c e  
po in t .  Items "Rbfi" and %agiW a r e  
i n p u t  i n  p a i r s  1 t o  6 times i n  a n  o r d e r  
which d e f i n e s  t h e  sequence of r i g i d  
body modes used i n  t h e  aerodynamic 
a n a l y s i s .  

Record 12  End Modal s u b s e t  
-- 

I END MODAL DATA 

This  record  i n d i c a t e s  a l l  modal d a t a  have been d e f i n e d  
f o r  the caso  i d e n t i f i e d  by Record 2. 

1 50.1.3 o_&itn Data Subset  ( o p t i o n a l )  

This  i n p u t  d a t a  s u b s e t  c o n t a i n s  t h e  fo l lowing t y p e s  of 
information:  

a )  Data c a s e  t i t l e  

b) Locat ions  of planform chords  a long which s e c t i o n a l  
g e n e r a l i z e d  f o r c e s  a r e  t o  be c a l c u l a t e d .  

C )  A g r i d  of p o i n t s  on t h e  s u r f a c e  planform a t  which 
unsteady aerodynamic p r e s s u r e s  a r e  t o  be evaluated .  



d )  Veloc i ty  p r o f i l e  m o d i f i c a t i o n  d a t a  t o  account  f o r  
a i r f  o i l - t h i c k n e s s  aerodynamic e f f e c t s .  

Fecord 13 Begin Option Subset  

I BEGTN OPTION DATA 

Record 14 Data C a s e  T i t l e  (op t iona l )  

A t i t l e  provides  a d d i t i o n a l  u s e r - i d e n t i f i c a t i o n  of a da ta  
case. T h i s  t i t l e  and t h e  c a s e  number a r e  p r i n t e d  w i t h i n  
t h e  page headings of FH03 p r i n t o u t  (see sec. 250.0). 

l a b e l  = Alphanumeric text  of  1 t o  75 c h a r a c t e r s  
i n c l u d i n g  embedded blanks. 

Default  Record: RHO3 d a t a  p r i n t o u t  is  i d e n t i f i e d  o n l y  
a by t h e  d a t a  case number. 

Fecord 15 S e c t i o n a l  Genera l ized  Forces (op t iona l )  

c a l c u l a  t i o n  of g e n e r a l i z e d  f o r c e s  a long  s e l e c t e d  p lanf  orm 
chords ray  be reques ted  v i a  t h i s  record.  The s e l e c t e d  
chord l o c a t i o n s  may be a d e f a u l t  set  (Var ia t ion  1) o r  
may be s p e c i f i e d  e x p l i c i t l y  ( V a r i a t i o n  2 ) .  Only one of 
the two v a r i a t i o n s  may be used per  d a t a  case ,  S e c t i o n a l  
g e n e r a l i z e d  f o r c e s  a r e  c a l c u l a t e d  on ly  i f  one o r  more 
of t h e s e  records  is input .  - 

SECTIONAL FGECES 1 --- V a r i a t i o n  1 
- - 

T h i s  r e c o r d  i n d i c a t e s  g e n e r a l i z e d  a i r  f o r c e s  are to  be 
c a l c u l a t e d  a long chords  p o s i t i o n e d  by t h e  fo l lowing 11 
f r a c t i o n s  of semi-span: 
.01 . I  . 2  . 3  .4 . 5  .6  .7  . 8  .9 and . 9 9  

- - - - 

Var ia t ion  2 

EAR 

SECTIONAL E_OR_CES <BAR > y 1  y2 . -- 
= Key-word deno t ing  t h e  "y iN items i n  

t h i s  r ecord  a r e  i n  u n i t s  of f r a c t i o n  
semi-span. 
Default  : Each y-coordinate  ( y i )  i s  

measured r e l a t i v e  t o  t h e  
planform coord ina te  system. 

= Spanwise planform c o o r d i n a t e  or  f r a c t i o n  
of semi-span ( i f  BAR is i n p u t )  l o c a t i n g  
t h e  i - t h  chord f o r  s e c t i o n a l  g e n e r a l i z e d  



f o r c e  c a l c i ~ l a t i o n .  A s e c t i o n a l  f o r c e  
cho rd  shoula n o t  c o i n c i d e  w i t h  t h e  edge 
o f  a c o n t r o l  s u r f a c e  or t h e  t i p  o f  t h e  
main s u r f  ace .  

Record 16 P r e s s u r e  Repor t  P o i n t s  ( o p t i o n a l )  

C a l c u l a t i o n  o f  uns t eady  aerodynamic p r e s s u r e s  a t  s e l e c t e d  
planform p o i n t s  may be r e q u e s t e d  v i a  t h i s  record .  The 
s e l e c t e d  p o i n t  l o c a t i o n s  may be a d e f a u l t  set ( V a r i a t i o n  
1 )  o r  may be s p e c i f i e d  e x p l i c i t l y  ( V a r i a t i o n  2 ) .  Only 
one of t h e  t w o  v a r i a t i o n s  may be used  p e r  d a t a  case .  
P r e s s u r e  s a m l i n g  data a r e  c a l c u l a t e d  o n l y  i f  o n e  or more 
of t h e s e  recbrds is i n p u t .  

V a r i a t i o n  1 

T h i s  record i n d i c a t e s  a e r o d y ~ a m i c  F r e s s u r e s  a r e  t o  be 
c a l c u l a t e d  a t  t h e  231 p o i n t s  d e f i n e d  by t h e  f o l l o w i n g  
d i m e n s i o n l e s s  p lanform c o o r d i n a t e  g r i d :  11 cho rds  l o c a t e d  
a t  -01  . l  .2 . 3  .4 . S  . 6  .7  .8 .9 and  .99 f r a c t i o n  o f  
semi-span and 21 p o i n t s  p e r  cho rd  l o c a t e d  ar t h e  f o l l o w i n g  
l o c a l  chord  (BAR) c o o r d i n a t e s :  
- a 9 9  0.9 - 0 8  0.7 0.6 0 . 5  0.4 0 . 3  - 0 2  - 0 1  0.0 

a1 a 2  03 .U a 5  a 6  07 08  a 9  099 

V a r i a t i o n  2 PRESSUEE EEwRT <BAR> --- 
CHORD y l  x l l  x12 ... x l n  
CHOED y2 x21 x22 ... x2n 

CHORD ym xml xm2 ... xmn 
b 

P r e s s u r e  r e p o r t  p o i n t s  a r e  l o c a t e d  e x p l i c i t l y  by d e f i n i t i o n  
of e i t h e r  planform x and y c o o r d i n a t e s  o r  d i m e n s i o n l e s s  
(BAR) c o o r d i n a t e s .  

BAk = Same a s  d e f i n e d  f o r  Pecord 8, V a r i a t i o n  
2. 

~i = Spanwise c o o r d i n a t e  o f  t h e  i - t h  p re s su re -  
r e p o r t  chord  (1 d m < 11) . A p re s su re -  
r e p o r t  chord shou ld  n o t  c o i n c i d e  w i t h  
an  edge of a c o n t r o l  s u r f a c e  or t h e  
t i p  of t h e  main s u r f a c e .  

xij = Streamwise c o o r d i n a t e  o f  the j - t h  
p r e s s u r e - r e p o r t  p o i n t  on  the i - t h  chord 
(1  I n < 21) .  The number of p o i n t s  



s p e c i f i e d  f o r  each chord must be 
i d e n t i c a l .  A pressure-repor t  po in t  
should  no t  be l oca t ed  on a c o n t r o l  
s u r f a c e  h inge  l i n e  o r  on t h e  leading 
edge or t r a i l i n g  edge of the main 
s u r f  ace. 

Record 17 Veloci ty  P r o f i l e  Modif ica t ion  Data (opt ional )  

Modif ica t ions  t o  t h e  c a l c u l a t e d  v e l o c i t y  p r c f i l e  t o  account 
f o r  a i r f o i l - t h i c k n e s s  aerodynamic e f f e c t s  a r e  de f ined  
by t h i s  record. A v e l o c i t y  p r o f i l e  is defified 13s t h e  
v a r i a t i o n  of VLOCAL/V ve r sus  t h e  l o c a l  chorea 'ringth where 
VWCAL is  t h e  l o c a l  a i r - f l ow  v e l o c i t y  and Y .", t h e  f r ee -  
s tream ve loc i ty .  The f i r s t  o r  second dez i t  & *  a of t h e  
p r o f i l e  a t  t h e  planform l ead ing  and/or t r a i .  : n  sdge may 
o p t i o n a l l y  be s p e c i f i e d  i n  a d d i t i o n  to v e l o c ~ r y  p r o f i l e  
va lues  a t  selected po in t s  on al.1 of t h e  planform chords. 

I W C I T Y  PEGFILE DLE1 d l e  DTEl d t e  
(DLE2 d l>  (DTE2 d t e )  

= Key-word GLEl o r  DLE2 denoting whether 
CLEZ , d l e  t h e  f i r s t  o r  t h e  second veloci ty-prof  i l e  

edge is t o  assume t h e  value  s p e c i f i e d  
by @*d lemW Only one of  t h e  d e r t v a t i v e s  
a t  t h e  l e ad ing  edge may be s p e c i f i e d .  
Default  : Der iva t i ve s  not  s p e c i f i e d  a r e  

c a l c u l a t e d  au tomat ica l ly .  

DTEl , d t e  
(CTE2,dte) 

= Key-word m E l  o r  DTE2 denoting whether 
t h e  f i r s t  or t h e  second v e l o c i t y - p r o f i l e  
derivati-:e,  r e s p e c t i v e l y ,  a t  t h e  t r a i l i ~ a  
edge is t o  assume t h e  value s p e c i f i e d  
by "dte." Only one of t h e  d e r i v a t i v e s  
a t  t h e  t r a i l i n g  edge may be spec i f i ed .  
Default  : Der iva t ives  not  s p e c i f i e d  a r e  

c a l c u l a t e d  au tomat ica l ly .  

= The f r a c t i o n  of t h e  chord, 0.0 < x i  
I 1.0,  a t  which  " v i W  i s  defined.  

= Value of t h e  v e l o c i t y  p r o f i l e  (VLOCAL/V) 
a t  "xi." Items nxi" and W i n  a r e  inpu t  
i n  p a i r s  where (3 I n 5 26) such t h a t  
t h e  n x i w  values  a r e  s t r i c t l y  inc reas ing .  



Default Record: I:<; modifications are made to the  
calculated velocity pro f i l e .  

4ecord 18 End Option subset  

I END OPTION DATA 

Additional cases may be defined by repeating kecords 2- 
18 with a unique identification number assigned to each 
case  by Record 2, 

Fecord 1 9  End fiHO3 Data Set 

Padi t ional  cases may be defined by repeating Records 1- 
19. 



Table 150-1. Summary of R H O 3  D a t a  Records 

D a t a  Records 

150.2 

150.3 

150.3 

IS(! 4 

150.4 

150.5 

150.6 

150.6 

150.7 

150.8 

150.8 

150.9 

150.9 

150.10 

1 5 3 . 1 0  

150. 10 

150. 10 

150.11 

150.11 

150. 12 

150.13 - 
150.13 

- ,  .. 

B E G I N  R W 0 3  DATA 

C A S E  n 

B E G I N  GEOMETRY DATA 

M A I N  S U R F A C E  ident 

- L E A D I N G  E D G E  xl yl x2 y2 ... 
T R A T L I N G  E D G E  xl yl x2 y2 ... - 

mTI#)L $&ACE  dent HINGE xi yi xo yo<l(ODE ml c10 cll c12 cl3 ...> 

- DOWNWASH C O S I N E  nchords npoints 

D O U N W A S H < B A R >  CHORD yl x l l  xl2...xln CHORD ... - 
END GEOMETRY D A T A  

B E G I N  MODAL DATA 

M A I N  S U R F A C E  
U S E  Nape w l ' ~ { C O N T R ~ U R F A C E  - I d e n t  } 
R I G I D  BODY < x  y z> R b f  1 mag1 Rbf2  mag2 . . . 

END MODAL DATA 

B E G I N  O P T I O N  DATA 

L A B E L  label 

- S E C T I O N A L  F O R C E S  

- S E C T I O N A L  FORCES < B A R >  yl y2 . . . 
- P R . E S S U R E  S O R T  

- P R E S S U R E  &PORT<BAR> CHORD y l  xll x12 ... x l n  CHORD ... 

- V E L O C I T Y  % F I L E  

END O P T I O N  DATA 

END R H O 3  DATA 
. . - i 



- 

STIFFNESS 
n 

152-0 STIFMESS DATA 

s t i f f n e s s  d a t a  i n c l u d e  a l l  f i n i t e  element d e s c r i p t o r s  
necessary  f o r  qene ra t i on  of f in i t e -e lement  s t i f f n e s s  and stress 
matrices by t h e  STIFFNESS Processor  (sec. 2 5 2 . 0 ) -  These da ta ,  
i n  add i t i on  t o  t h e  nodal  i npu t  d a t a  (sec. 146.0). e s t a b l i s h  
a s t r u c % u r a l  model that i s  i n t e r r o q a t e d  by many of the other  
modulas. Thus, t h e  nodal  and s t i f f n e s s  da t a  sets a r e  normally 
t h e  f i rs t  d a t a  sets wi th in  a d a t a  deck. Only t h e  m a t e r i a l  d a t a  
set fsec. 140.0) , i f  r equ i red ,  must be i n p u t  be fo r e  t h i s  data 
se+.  

The  s t i f f n e s s  da t a  set  is d iv ided  i n t o  t h e  fo l lowing d a t a  
subsets :  

a )  Property - - E l e ~ e n t  se cti on proper t i o s  

k )  Element -- Ele r en t  type ,  m a t e r i a l ,  nodes and 
p r o p e r t i e s  

The P r c ~ e r t y  subse t ,  if used, must be i n p u t  be fo r e  t h e  Element 
d a t a  sukset .  

A s t i f f n e s s  d a t a  set de f ine s  t h e  s t r u c t u r a l  f i n i t e  e lements  
f c r  c n e  or more s t r u c t u r a l  sodels .  Each s t r u c t u r a l  model i s  
i d e n t i f i e d  by a SET number. The geometr ica l  d a t a  a s s o c i a t e d  
with a SET are def ined by nodal  da ta  (sec. 1U6.0) i d e n t i f i e d  
by t h e  same SET number, A maximum of 36 n o d e l s t i f f n e s s  d a t a  
SETS ( s t r u c t u r a l  models) may be def ined per  jcb, Each set may 
c o n t a i r  a maximum of 32,767 elements. 

P r in tou t  of t h e  element d a t a  may be reques ted  from t h e  
STIFFNESS Postprocessor (sec. 252.0) . P l o t s  of these data can 
alsc ke e f f e c t e d  v i a  the EXTRACT and GRAPHICS Postprocessors  
3s discussed i n  s e c t i o n s  218.0 and 228.0. 



152.1 INPUT DATA 

Record 1 Data Set I d e n t i f i c a t i o n  

EEGIN STIFFNESS CATA 

T h i s  r ecord  i n i t i a t e s  execu t ion  of the STIFFNESS 
3reprocessor  . 

Recor<j 2 Data Set Number ( o p t i o n a l )  

Eadl set of s t i f f n e s s  d a t a  (a  s t r u c t u r a l  uodet) is 
i d e n t i f i e d  by a n  i n t e q e r  number. I f  m u l t i p l e  sets are 
us& i n  a p a r t i c u l a r  job, each set  must be ass igned  a 
d i f f e r e n t  number by t h i s  record.  M u l t i p l e  sets a r e  d e f i n e d  
by r e p e a t i n g  e i t h e r  Records 2-8 or Records 1-9. 

n = Data set number ( i n t e g e r )  i n  t h e  ranqe  1 t o  
36, i n c l u s i v e ,  

C2fault  Record: SFT 1 

1 52. ! . 1 g r o ~ e g & y & t a S - & &  (op t iona l )  

Thr s d a t a  s u b s e t  allows a list of element s e c t i c n - p r o p e r t y  
v a l u e s  to  be i d e n t i f i e d  by a  p roper ty  code and o ~ t i o n a l l y ,  by  
a n  alphanumeric t i tle. B o t h  i d e n t i f i e r s  may be p r i n t e d  when 
element p r i n t o u t  is  reques ted  (sec. 252.0). A Froper ty  code 
i s  used In l i ? u  of t h e  * P l i s t n  items i n  Record 7. This  o p t i o n  
may be used f o r  any t y p e  of  stiffness element Except t h e  CPLATE 
and CCCVEfi composite elements.  

S~cord 3 Beqin P r c ~ e r t y  Subset 

I E E G I N  PROPERTY DATA 

fiscord 4 Sect ion-Proper ty  Reference Code 

I Pcode <*# t e x t  # > P l i s t  

P code = sec t ion-proper ty  r e f e r e n c e  code comprised 
o f  t h e  l e t t e r  nP8* fol lowed by a n  i n t e q e r  
: n t h e  ranqe 1-999 ( e .g . ,  P 6 ,  P382). This 
code may be used i n  t h e  e l e m e n t - d e f i d t i o n  
data  (Record 7) t o  i d e n t i f y  elemen+ s e c t i o n -  
p roper ty  va lues .  Unnecessar i ly  larqe 
WPcodeN i n t e q e r s  should  ts a v ~ i d e d .  



t e x t  

P l i s t  

= Alphanumeric t e x t  of 1 to 30 c h a r a c t e r s ,  
i n c l u d i n g  blanlts, to be associated with 
rPcode. * 
Default :  N o  t e x t  i d e n t i f i e r .  

= List of element s e c t i o n - ~ r c c e r t y  values.  
See the  d i s c u s s i o n  of t h e  i t e m  HPl is tn  
i n  Record 7 regard inq  t h e  i n p u t  sequence, 
number and type of property v a l u e s  required 
for each e lement  type. 

This  record may be r e p e a t e d  to d e f i n e  a naximum of 999 
" E n  codes  f o r  the d a t a  set i d e n t i f i e d  t y  Record 2. A 
 articular p r o p e r t y  code may not be redefined.  

Eecord 5 End Proper ty  Subset 

END PiiOPERTY DATA - 

A l l  s t i f f n e s s  elements  r e q u i r e d  t o  d e s c r i b e  a s t r u c t u r a l  
model are d e f i n e d  by this d a t a  subset. D e t a i l e d  in fo rmat ion  
o n  t h e  s t r u c t u r a l  elements a v a i l a b l e  i n  t h e  ATLAS l i b r a r y  is 
presented i n  a ~ ~ e n d i x  8. 

Record 6 Beqin Element Subset  
r 

EEGIN ELEMENT DATA 

Element d a t a  may be de f ined  b y  any combination of t h e  
t h r e e  v a r i a t i o n s  of Record 7 p resen ted  below. T h e s e  v a r i a t i o n s  
provide  t h e  fo l lowing c a p a b i l i t i e s :  

1) E x p l i c i t  d e f i n i t i o n  of a n  element;  

2) Generat ion of a sequence of e lements  wi th  nodo- 
d e f i n i t i o n  lists and use r  element-nunkers incremented 
by one; 

3) Generat ion of a sequence of e lements  with node- 
d e f i n i t i o n  lists and u s e r  element-numbers incrementcd 
as s p e c i f i e d .  

hecords of t h i s  t y p e  are  r e p e a t e d  t o  d e f i n e  a l l  of t h e  s t i f f n e s s  
e l e n s n t s  for a s t r u c t u r a l  model. 



Record 7 Element Cata 

Va r i a t i on  1 El type  <Mcode> <*ode> <Useridl> Nlistl ;'list 

El type = A key-word (or in teger -equ iva len t )  t h a t  
i d e n t i f i e s  t h e  type of element de f ined  by 
t h i s  record. The o p t i o n s  f o r  nEltypem are ;  

Mccde 

Key -wor d 
ROD 
B W  
SPAR 
COVER 
PLATE 
GPLATE 
BRICK 
SCALAR 
SROD 
SPLATE 
CPLATE 
ccova 

=  ater rial r e f e r ence  code (sec. 140.0) t h a t  
i d e n t i f i e s  t h e  element mate r ia l -p roper ty  
values. The letter "Zm may Ce used i n  
 lace of the l e t te r  nMn or 'CW i n  a m a t e r i a l  
r e f e r ence  code t o  i n d i c a t e  zero  densi ty .  
Th i s  form is u s e f u l  f o r  s t r u c t u r a l  elements  
f o r  which no weiqht is to be ca l cu l a t ed .  
I f  S p e c i a l  or Composite m a t e r i a l s  a r e  
requ i red ,  t h e  m a t e r i a l  d a t a  must precede 
t h e  s t i f f n e s s  d a t a  i n  t h e  i n p u t  stream. 
Default:  The nCn code with  t h e  smallest 

i n t e q e r  compcnent f o r  CPL4TE o r  
CCOVER elements. For o t h e r  element 
types, t h e  "Mm ccde s p e c i f i e d  
by  t h e  l as t  record  of  t h i s  type 
o r  m a t e r i a l  code MI. 

= Temperature code of t h e  form T fol lowed 
by a s igned o r  unsiqned i n t e q e r  (e .g . ,  
T100, T+80, T-10) which denc tes  t h e  
temperature a t  which material p r o p e r t i e s  
a r e  t o  be evaluated .  T h i s  code deno tes  
a re fe rence  temperature f o r  eva lua t i on  
o f  CPLATE and CCOVER e l e a e c t  p r o p e r t i e s  
(see d e s c r i p t i o n  of P l i s t )  . 
Caution: The specified temperature  must 

be wi th in  t h e  tea~erature range 



d e f i n e d  f o r  wHcode.m 

Defaul t :  The t empera tu re  s p e c i f i e d  by t h e  
last record of t h i s  type or T70. 

User id l  = The l e t t e r  N fo l lowed by the u s e r  element 
number ( i n t e q e r  in the ranqe  1-32767). 
Default :  The user element-number is the 

i n p u t  sequence number of t h e  
element  w i t h i n  this d a t a  subse t .  

N l i s t  1 

P l i s t  

= L i s t  o f  u s e r  node numbers ( i n t e q e r s )  t h a t  
define t h e  element. Nodal d a t a  for t h e  
SET i d e n t i f i e d  by Record 2 a r a  i n p u t  as 
d e s c r i t e d  i n  s e c t i o n  146.0. The number 
of nodes t h a t  may be used t o  d e f i n e  each 
element t y p e  is a s  follows: 

Element 
ROD 
BEAM 
SPAR 
COVER 
PLATE 
G PLATE 
BRICK 
SCALAR 
SROD 
SPLATE 
C PLAT E 
CCOVER 

See appendix B for  d e t a i l e d  in fo rmat ion  
on t h e  node i n p u t  r e q u i r e d  for each t y p e  
of element. 

= E i t h e r  a *Pcoden p r o p e r t y  code d e f i n e d  
b y  Record 4 or a list of element p r o p e r t y  
va lues .  The number, i n p u t  sequence and 
t y p e  of proper ty  v a l u e s  t h a t  may be used 
t o  d e f i n e  each t y p e  of  element as2 
summarized i n  t a b l e  152- 1 and a r e  p r e s e n t e d  
i n  d e t a i l  i n  appendix B. A v a r i e t y  of  
i n p u t  op t ions  i s  provided. For example, 
8 o p t i o n s  a r e  provided f o r  EEAM elements  
and 11 o p t i o n s  a r e  providsd f o r  GPLATE 
elements.  

Each n P l i s t t t  p roper ty  v a l u e  is i n p u t  a s  
a d e c i r a l  number f o r  a l l  element t y p e s  



excep t  for t h e  composite CPLATE and CCOVER 
elements.  These elements  are comprised 
of p l a t e s  ( l amina tes )  edch of which i s  
def ined  by 1 to  10 laminas. Each lamina 
c o n s i s t s  of a number of l a y e r s  of composite 
m a t e r i a l  with f i b e r s  o r i e n t e d  i n  a 
p resc r ibed  d i r e c t i o n .  

For CPLATE and CCOVER elements ,  n P l i s t f l  
i s  comprised of a l amina te  r e f e r e n c e  a n q l e  
fol lowed by 1 t o  4 d a t a  items p e r  lamina. 
The v a l u e s  f o r  n P l i s t n  are: 

Aref--Laminate r e f e r e n c e  a n g l e  (decimal) i n  
d e g r e e s  measured from the element x -ax i s  
where -360.OSAref1360.0 i n  increments  of 
0.1 

Axxx.x--Alphanumeric word comprised cf t h e  le t ter  
A fcl lowed by a decimal number t h a t  d e f i n e s  
t h e  f i b e r  d i r e c t i o n  of  a lamina r e l a t i v e  
t o  nilref.  tr Thi  s a n g l e  (degrees)  must be 
-360.0 Sxxx. x< 360.0 w i t h  a n  accuracy of 
o m  1 

Txxxx--Alphapumeric word comprised of t h e  letter 
T fol lowed by a n  i n t e g e r  nunber t h a t  d e f i n e s  
t h e  lamina tempera ture-devia t ion  from t h e  
r e f e r e n c e  tempera ture  e s t a b l i s h e d  by 
NTcode.n The a l l o w a b l e  zange is 
-20001xxxx<4095 
Defaul t :  The tempera ture  d e v i a t i o n  s p e c i f i e d  

for the l a s t  lamina o r  TO 

Lnum-Alphanumeric word comprised of  the le t ter  
L followed by t h e  inteqer nuaber of l a y e r s  
af cornpos i t .  m3terial  in the l a r i n a  where 
1 >n!1rnS4iJ95 
Derau l t :  The riumber of l a y e r s  s p e c i f i e d  

f o r  the l a s t  lamina or LlOO 

Ccode--composite m a t e r i a l  r e f e r e n c e  code (sec.  
140.0) that identifies t h e  material proper ty  
i 7 . ~ i u + s  t o r  t h e  l a r r i n c ~ .  
: . )$fault :  The "CN coda s p e c i f i e d  sor the 

l a s t  lamina or t h e  composite 
m a t e r i a l  i d e n t i f i e d  by "Mcode, ' 8  

Awxx.x, htxxx, Lnum and Ccode are repea ted  
t o  d e f i n e  a maximum of 10 laminas per  



laminate. The f i r s t  laminate defined f o r  a 
CCOVER is referenced as t h e  upper p l a t e  (see 
appendix B).  The lower p l a t e  f o r  a CCOVER 
is  defined by repeating t h e  da ta  items 
NAref through I8Ccode ." If a lower p l a t e  is 
n o t  required, these i t e m s  should not  be 
input.  I f ,  however, only a lower p l a t e  is 
required f o r  a CCOVER, %refn must be input  
t w i c e  follow& by t h e  lamina de f in i t ions ,  

This record def ines  a composite plate (laminate) with t h e  
following properties.  The f i b e r  d i rec t ion  is measured r e l a t i v e  
to  t h e  x-axis of the element reference frame. 

Lamina No, Fiber  D i r e c t i s  Temp. Lavers Ccode 

Variations 2 and 3 allow sequences of elements t o  be 
generated between two elements. All elements i n  a sequence are 
of Me same type and have the same temperature, mater ial  and 
section-property values. The user  element-numbers and node- 
numbers a r e  generated by incrementing the f i r s t  l ist until t he  
second l is t  is reached. Each of t h e  items denoted by llUseridl" 
and w N l i s t l l l ,  when incremented by + 1,0, -1, o r  the specif ied 
increments, must reach t h e  correspondinq i t e m s  denoted by 
"Userid2" and " N l i s t Z W  simultaneously, A maximum of 100 elements 
ruay be defi:~t?d by one record of this type. 

Items 1-6 a r e  the same as  defined f o r  Variation 1 4 

Variatiomi 2 

Useriii2 = Nurher of the last elenlent i n  the seqilence, 
This item is defined i n  t h e  same manner as 
"Userid1 .I1 It is required only i f  nUseridln is 
specified.  

Eltype  <Elcode> <Tcode> <Useridl> N l i s t l  P l i s t  

'Kl <UseridZ> Nlis t2  



N l i s t 2  = Node numbers ( i n t e q e r s )  d e f i n i n g  t h e  l a s t  
e lement  i n  the sequence.  The number of  items 
i n  I @ N l i s t l w  and  " N l i s t Z N  must be equa l .  

Items 1-9 a r e  t h e  same a s  d e f i n e d  f o r  V a r i a t i o n  2  

V a r i a t i o n  3 
- b 

= The let ter  N fo l lowed  by a s i q n e d  o r  uns iqned  
i n t e g e r  (e.q., NS, N + l O ,  N-8) which d e n o t e s  
t h e  u s e r  e lement  numker increr ren t .  T h i s  i t e m  
is r e q u i r e d  o n l y  i f  lWseridlll and I8Userid2" 
are s p e c i f i e d .  

+ 
Eltype <Mcode> <Tcode> < U s e r i d l >  N l i s t l  P l i s t  

TO <User id2> N l i s t 2  BY < I n c l >  i n c 2  

= L i s t  o f  p o s i t i v e  and /o r  n e g a t i v e  node-number 
i n c r e m e n t s  ( i n t e q e r s )  t o  be used with 
" N l i ~ t l . ~ ~  The number of items i n  u N l i s t l m ,  
89Nlis t2a1 and  " inc2" must be equa l .  

+ 

Example: A r e c o r d  t o  q e n e r a t e  a set of ROD e l e m e n t s  w i t h  
input -sequence  number i d e n t i f i e r s  is: 

RCD 1 9  5.6 TO 7 6 BY 2 - 1  / 

This r e c o r d  is 2 q u i v a l e n t  t o  t h e  f o l l o w i n g  f o u r  r eco rds :  

ROD 1 9 5.6 / 
ECD 3 8 5.6 / 
ROD 5  7 5.6 / 
RCD 7 6 5.6 / 

I f  u s e r  e lement  numbers 10 th rouqh 13 a r e  d e s i r e d ,  t h e  
s i n q l e  r e c o r d  wou ld  assume t h e  form: 

Record 8 End Element Subse t  

[ END ELEMEM' DATA 

A d d i t i o n a l  s t i f f n e s s  data sets may be d e f i n e d  by r e p e a t i n q  
kecorJs 2-8. 

kecord  9 End S t i f f n e s s  Data Set 

I END STIFFNESS DATA 

A d d i t i o n a l  s t i f f n e s s  d a t a  sets may be d e f i n e d  by r e p e a t i n q  
Records  1-5. 



1- 

Table 152-1. I n p u t  Var ia t ions  of S t i f f n e s s - E l e m e n t  Propert ies 

Shear area i 1 ocal z-d l r l  at  end (1) 
St. Yenmtos torsion constant a t  end(l1 
Mar. of inertia(1oc. y-axis) a t  end l l )  
M a  of inertia(1oc.z-axis] a t  end l l ]  

Data a t  end(2) analogous t o  
data a t  end l l )  

&eared unlaxial  gage in S2-dfr. upper 
Angle fmn x-axis t o  mot'l axfs 1 
Angle f m n  x-axis tO s t i f f .  d f r .  $1 

Data f o r  l o w r  p la te  analogous t o  
data Jor uOper p la te  

Membrane thickness at  Node A3 

T-BfNO1 Bending thfckness at  Node A1 1 2 2 0 0 4 4 5 5 6 6 .  .il': 
T-BEND2 Bending thickness a t  Node A2 1 2 2 0 0 5 5 6 6 7 7  
T-BEN03 Bending thfckness ot  Node A3 1 2 2 0 0 6 6 7 7 8 8  
T-BEN04 Bending thickness at Node A4 (quad. only)  1 2 2 0 0 0 0 8 8 9 9 
T-BENDS Bending thickness at Node A5 (quad. on ly ]  1 2 2 0 0 0 0 0 0 10 1 0  
ALPHA Angle f run  x-oxfs t o  mat'l axis 1 0 0 3 0 5 0 7 0 9 0 1 1  

Tab le  1 5 2 - 1 .  Con t i nued  on nex t  page. 



Table 152-1. Input Variat ions of St i f fness - Element Propert ies (Contfd.) 

@An expansion k e y  i s  t h e  column o f  in tegers associated w i t h  a p a r t i c u l a r  number o t  i npu t  proper ty  values f o r  a 
p a r t i c u l a r  type of  element. A nonzero in teger  c a p o n e n t  o f  a key denotes which one o f  t h e  ordered propar ty  
values def ined by an input  data record ( e l  the r  Record Y or  7 ) i s  t o  be assigned t o  the  corresponding element 
property snown i n  the table.  A zero in teger  denotes the proper ty  va lue i s  t o  be se t  t o  zero. An a s t e r i s k  ( * )  
denotes a proper ty  va lue i s  t o  be automat ica l ly  assigned the  corresponding value ( s p e c i f i e d  o r  d e f a u l t )  o f  the  
l a s t  def ined element o f  the same type. 

t i  i2; 
r :  l?, 

CPLATE 

CCUVfR 

b 

12 

13 

ARff 
Axxx. x 
~ X X X X  

l n m  
Ccode 

laminate ref. mgle f m  x-axis 
Angle from "AREFn t o  f iber  direct icn 
Atmp.  f m  YTc~deN e l e r m t  ref.  tsrp. 
No. of /?yen  of caposi te  mat'l 
Cmposl te  aatcric: refermce code 

,. - 
Oata fo r  upper plate c.~ologous to  data 
for 0 CPLATE 

Data fo r  lover plate analopools t o  data 
fo r  upper plate 

' 
Txxxx 
L null 
Ccoae 
AHCF-1 ' 
Axxx. x 
lxxxx 
1 nur 
Ccode , 

nAREFn mst  be Input. A naxilrulr of 10 
lminas may be oefined. The lminos 
ore l n w t  by repeatfng the sequence of 
9 W e r t  ies "Axxx. x * thmugh .Ccoden as 
described f o r  Record 7. 

tach plate way be defined by a 
llaxilnrn of 10 laminas. The uppcr 
plate i s  input f f r s t .  The notes f o r  
CPLATE are ~ l f c a b l r  f o r  CCOVER, 

, 

, 



Table  152-2. Summary o f  S t i f f n e s s  Data Records 

STIFFNESS 1 

Reference 
Page 

152.2 

152.2 

152.2 
152.2 

152.3 

152.3 

152.11 

152.8 

152.8 

- 
D a t a  Records 

I 

BEG l N ST l FFNESS DATA 
I 

SET n 

BEG IIi PROPERTY DATA 
Pcode < *  # t e x t  # >  P1 i s t  

END PROPERTY DATA 

BEG IN ELEMENT DATA 

E; t y p e  <Mcode><Tcode><Useridl > Nl i s t l  P l  i s t  
<TO<Userid2> N l  i s t 2  <BY<lncl> inc2>> 

END ELEMENT DATA 

END STIFFNESS DATA 



STRESS -1 : 

154.0 STRESS (SUPERPOSITION) DATA 

The d a t a  r e q u i r e d  f o r  s u p e r p o s i t i o n  o f  d i sp l acemen t s  an? 
s t r e s s e s  f o r  a s t r u c t u r a l  model are def ined v i a  t h i s  d a t a  set. 
P r e v i o u s  i n p u t  of  the nodal ,  s t i f f n e s s ,  BC and l o a d s  d a t a  sets 
(secs. 146.C, 152.0, 106.0 and 134.0, r e s p e c t i v e l y )  t h a t  a r e  
a s s o c i a t e d  w i t h  the superimposed d a t a  i s  r e q u i r e d .  

Each g roup  of superimposed d i s p l a c e m e n t s / s t r e s s e s  is  
i d e n t i f i e d  by a un ique  s u p e r p o s i t i o n  l o a d  case l a b e l  and  a 
s u p e r p o s i t i o n  STAGE (SUPSTAGE) number. A maximum o f  10 d i f f e r e n t  
s t a 7 e s  ( s u p e r p o s i t i o n  and BC STAGES) may be d e f i n e d  per s t i f f n e s s  
d a t a  set.  S u p e r p o s i t i o n  load  c a s e s  and SUPSTAGES may b e  used 
i n  e x e c u t i o n  of t h e  DESIGN and STRESS P r o c e s s o r s  (secs, 212.0 
and 254.0) . 

A SUPSTAGE ( s u p e r p o s i t i o n  l o a d  case) i s  d e f i n e d  as  a  
l i n e a x  combinat ion of p rev ious ly -de f ined  l o a d  c a s e s  a s s o c i a t e d  
w i t h  BC STAGES and/or o t h e r  SUPSTAGES. T h e  l o a d  case f a c t o r s  
a s s i g n e d  t o  the component l o a d  cases may be known o r  unknown. 
Unknown f a c t o r s  a r e  c a l c u l a t e d  by t h e  STRESS Processo r  (sec.  
254.1 ) baaed on k inemat ic  and/or  stress c o n s t r a i n t s  d e f i n e d  
by t h e  strass da t a  (sec. 154.1.2) . 

P r i n t o u t  o f  the superimposed stresses and/or  d i sp l acemen t s  
a s  c a l c u l a t e d  by t h e  STRESS Processo r  may be r e q u e s t e d  from 
the STF.ESS P o s t p r o c e s s o r  (sec. 254.2) , 



1 5 4 . 1  INPUT DATA 

Pecord 1 Data S e t  I d e n t i f i c a t i o n  

I BEGIN STRESS DATA 

T h i s  r ecord  i n i t i a t e s  execu t ion  of t h e  STRESS Preprocessor .  

Fecord 2 Set I d e n t i f i c a t i o n  ( o p t i o n a l )  

= I n t e g e r  i d e n t i f y i n g  a  s t i f f n e s s  SET 
*or  which s u p e r p o s i t i o n  of 
s t r e s s e s / d i s p l a c e m e n t s  is t.o be e f f e c t e d .  

Default  Record: The SET number s p e c i f i e d  by t h e  l a s t  
r e c o r d  of  t h i s  type o r  SET 1. 

Fecord 3 Superpos i t ion  Staqe I d e n t i f i c a t i o n  

Sach s u p e r p o s i t i o n  STAGE (SUPSTAGE) is  i d e n t i f i e d  by an 
i n t e g e r  number, Each SUPSTAGL and BC STAGE number 
a s s o c i a t e d  w i t h  a SET must be unique. 

= Unique s t a g e  number . I r l t  bger) i n  t h e  
range 1 through 10, i n c l u s i v e ,  t o  be 
asscciatec? w i t h  set  88Se." 

A s u p e r p o s i t i o n  load case may he d e f i n e j  e i t h e r  by Records 
4 and 5 o r  by Record 6. Each of t h e s e  two i n p u t  formats  c o n t a i n s  
t h e  s u p e r p o s i t i o n  load c a s e  l a b e l  and t h e  known o r  unknown 
f a c t o r s  for superimposir~q previously-def  inlsd load cases .  Each 
load c a s e  a s s o c i a t e d  wi th  a  p a r t i c u l a r  SET and  STAGE must be 
i d e n t i f i e d  by a  unique l a b e l .  Both t y p e s  of input - record  formats  
may be used t o  d e f i n e  s u p e r p o s i t i o n  l o a d  c a s e s  f o r  t h e  SUPSTAGE 
i d e n t i f i e d  by Record 3. 

Fecord 4 Stag<:  Components 

T h i s  r ecord  d e f i n e s  t h e  SUPSTAGES and/or BC STAGE3 
a s s o c i a t e d  w i t h  each superpoc i t ion  load  c a s e  and components 
the reof  a s  s p e c i f i e d  by Record 5. 

STAGES S t 1  S t 2  ... S t n  I("'[ 



st,st 1, s t 2 , .  , = I n t e g e r s  i d e n t i f y i n g  supe rpos i t i on  
and/or BC STAGES t h a t  are a s s o c i a t e d  
w i th  set mSem and t h e  load cases "Labelia 
s p e c i f i e d  by Record 5. 

I f  W t a  is i n p u t  by t h i s  r-ecord, it 
i s  assumed t h a t  each load ca se  i d e n t i f i e d  
by *Labelin i n  Record 5 is a s s o c i a t e d  
w i t h  t h e  s t a g e  I f  t h e  "nm lo& 
ca se s  i d e n t i f i e d  by Record 5 a r e  
a s s o c i a t e d  w i t h  d i f f e r e n t  s t aqe s ,  a 
corresponding list of "nn STAGES must 
be i d e z t i f i e d  by t h i s  record. 

hecord 5 Load Case Components 

I l a b e l  f l  Label1 f 2  Label2 ,.. i n  Labeln 

= Superpos i t ion  load  c a s e  label--a p o s i t i v e  
i n t e g e r  o r  a n  alphanumeric word of  1 
t o  7 c h a r a c t e r s  which may not be t h e  
word ALL. T h i s  load  case lab21 may 
be t h e  same a s  a "Labeli9' i n  t h i s  record  
i f  t h e  a s s o c i a t e d  STAGE i s  d i f f e r e n t  
from t h e  one  de f ined  by Record 3. 

= The displacements and/or stresses 
a s s o c i a t e d  wi th  nLabel i l t  a r e  t o  be 
mu l t i p l i ed  by " f i n  according t o  t h e  
s e l e c t e d  mode of execu t ion  of t h e  STRESS 
Processor (see sec. 254.1).  A known 
load  ca se  f a c t o r ,  "fir" is  i n p u t  a s  
a decimal number, whereas a f a c t o r  t h a t  
is t o  be c a l c u l a t e d  is denoted by t h e  
l e t t e r  X. A n  unknown f a c t o r  may only  
be s p e c i f i e d  f o r  I9Labelin i f  t h e  
a s s o c i a t e d  STAGE i s  d i f f e r e n t  from t h e  
one def ined by Record 3. I f  t h e  s t a g e  
numbers a s soc i a t ed  wi th  t h e  HLabe l iM 
components are d i f f e r e n t ,  t h e  number 
and sequence of t h e s e  p a i r s  of items 
(f i, Label i )  must correspond wi th  t h e  
number and sequence of s t age s  s p e c i f i e d  
by Record 4. 

This record  may be repea ted  t o  d e f i n e  a d d i t i o n a l  
superpos i t ion  load ca se s  based on t h e  STAGE components s p e c i f i e d  
by F.ecord 4. The n l a b e l N  def ined by one record  o f  t h i s  t y p e  
may not  be t h e  same a s  t h e  " label"  s p e c i f i e d  by ano ther  Record 



5 or  Eecord 6. A n l a b e l a  de f ined  by t h i s  record,  however, may 
appear  as a "Label in  i n  subsequent  Records 5 and 6. 

Fecords 4 and 5 may be repeated .  

hecord 6 Supzrpos i t ion  Load Cases 

T h i s  record  o f f e r s  an a l t e r n a t i v e  i n p u t  format f o r  
d e f i n i t i o n  of s u p e r p o s i t i o n  l o a d  c a s e s  for t h e  SUPSTAGE 
i d e n t i f i e d  by Record 3. 

l a b e l  S t 1  f 1 Label1 f 2  Label2 . , . f m  Labelm 
S t 2  f j  L a b e l j  f k  Labelk ,,. f n  Labeln 
S t 3  .*. 

l a b e l  = Same as def ined  f o r  Record 5 

= I n t e g e r  i d e n t i f y i n g  a  SUPSTAGE or a 
BC STAGE t h a t  is a s s o c i a t e d  with set 
"Sen (Record 2)  and t h e  subsequent  load 
c a s e s  *Label iu  s p e c i f i e d  by t h i s  record. 

= The displacements  and/or stresses 
a s s o c i a t e d  wi th  "Label in  a r e  t o  be 
m u l t i p l i e d  by " f in  according t o  t h e  
s e l e c t e d  mode of  execu t ion  of che STRESS 
Processor  (see sec, 254.1) .  A known 
l o a d  c a s e  f a c t o r ,  n f i , U  is i n p u t  as  
a decimal number, whereas a  f a c t o r  t h a t  
is t o  be c a l c u l a t e d  is denoted by t h e  
le t ter  X, An unknown f a c t o r  may on ly  
be s p e c i f i e d  f o r  "Label in  i f  t h e  
a s s o c i a t e d  STAGE is d i f f e r e n t  from t h e  
one de f ined  by Record 3. 

T h i ~  rsccrd o r  Fecords 4 and 5 may be  repeated t o  define 
~ d d i t i o n a l  superposition l o a d  casas. The " l a b e l w  def ined 
hy a Fecord 6 may not be t h n  same a s  t h e  "label" s p e c i f i e d  
ty another Record 5 or Record 6. A n l a b e l v @  d e f i n e d  by 
a Record 6, however, may appear  a s  a  *Label iw i n  subsequent 
Fecords 5 and 6. 

-. .-. 154 .1 .2  s g ~ p r ~ g ~ ~ & g p - Q i g ~ & g , c g m g n r  a n d - a g g ~ s  Constggi&g (op t iona l )  

C o n s t r a i n t s  t o  he used i n  c a l c u l a t i o n  of t h e  unknown load 
case factors for s u p e r p o s i t i o n  l o a d  c a s e s  ( d i s ~ l a c e m e n t s  and/or  
s t r e s s e s )  a re  s p e c i f i e d  by Records 7-10. The number of 
c o n s t r a i n t s  de f ined  by these records  f o r  a  p a r t i c u l a r  
superpos i t ion  load c a s e  must be t n e  same as  t h e  number of unknown 
f a c t o r s  denoted by t h e  l e t t e r  X i n  Records 5 and/or 6. I f  a l l  



I STRESS 

l o a d  c a s e  factors are kn-3 a p r i o r i ,  Records 7-10 should  n o t  
be input .  

Record 7 Displacement C o n s t r a i n t  Data 

Record 8 Nodal Displacements for S u p e r p o s i t i o n  Load Cases 

I Label Fnl d l  Fn2 d2 ... 

Fni 

= Superpos i t ion  load case label p rev ious ly  
de f ined  by Record 5 or  Record 6.  

= Alphanumeric word comprised of a 
kinemat ic  l a b e l ,  a s  s p e c i f i e d  by the 
BC da ta ,  fo l lowed by a node number (e.9. 
TX12, T254). 

= Value of t h e  d isplacement  which t h e  
freedom a t  t h e  node s p e c i f i e d  by V n i U  
is t o  be cons t ra ined.  The displacement  
is e f f e c t e d  r e l a t i v e  t o  t h e  a n a l y s i s  
frame of t h e  s p e c i f i e d  node. 

The kinemat ic  l a b e l s  s p e c i f i e d  by t h e  BC d a t a  (sec. 106.1) 
f o r  a l l  STAGE components o f  a SUPSTAGE must be t h e  same. 

This  r ecord  may k r e p e a t e d  if t h e  s*Labe ln  i d e n t i f i e d  
by each record  is d i f f e r e n t .  Only one displacement ,  
howev?r, may be s p e c i f i e d  f o r  a p a r t i c u l a r  nodal  freedom 
f o r  a p a r t i c u l a r  s u p e r p o s i t i o n  load case, 

Record 9 Stress C o n s t r a i n t  Data 

STRESS SQBSTPAINTS -- I 
Record 10 Element Stresses for Superpos i t ion  Load Cases 

- ~ p ~  - 

I Labcl E l i d l  S t r e s s i d l  sl E l id2  S t r e s s i d 2  9 2  .,, 
Label = Superpos i t ion  load  c a s e  l a b e l  p rev ious ly  

def ined by Record 5 or Kecord 6. 

E l i d i  = S t i f f n e s s  element  i d e n t i f i e r .  E i t h e r  
t h e  user  element number ( i n t e g e r )  or 
the le t ter  I fol lowed b y  t h e  1  t o  5 
d i g i t  i n t e r n a l  element number ass igned  
v i a  t h e  s e l e c t e d  node r e o r d e r  
s p e c i f i c a t i o n  (see sec. 146.0) . 



S t r e s s i d i  = Element stress i d e n t i f i e r .  E i t h e r  t h e  
alphanumeric stress l a b e l  o r  t h e  i n t e g e r  
denot ing t h e  n-th stress label from 
t h o s e  t a b u l a t e d  i n  Appendix B f o r  the 
t y p e  of elemeat i d e n t i f i e d  by @@Elidi ."  

= Value a t  which n S t r e s s i d i n  f o r  element 
"E l i d in  is t o  be const ra ined.  

This  r ecord  may be repea ted  i f  the w t a b e l a  i d e n t i f i e d  
by each record  is d i f f e r e n t .  Only one stress va lue ,  
however, may be s p e c i f i e d  f o r  a p a r t i c u l a r  stress 
i d e n t i f i e r  f o r  a  p a r t i c u l a r  element. 

150.1.3 g z g g ~ o s i t i o n  Load Case T i t l e s  

Each l o a d  case  is i d e n t i f i e d  by a  user-assigned l abe l .  
Addi t ional ly ,  an alphanumeric t i t l e  may be ass igned t o  load  
ca se s  v i a  Fecord 11. Eoth i d e n t i f i e r s  a r e  p r i n t e d  when p r i n t o u t  
i s  requested.  

Fecord 11 Load Case T i t l e  (opt ional )  
2 

I LOAD CASE I D  Label *f t e x t  # 

Labe 1 = Superposi t ion  load  case l a b e l  p rev ious ly  
de f ined  by Record 5 o r  Record 6. 

= Alphanumeric t e x t  of 1  t o  100 cha r ac t e r s ,  
inc lud ing  blanks, t o  be a s s o c i a t e d  wi th  
nLabel. '8 

Default Record: Load c a s e s  a r e  i d e n t i f i e d  only by t h e  
load  ca se  l a b e l s  s p e c i f i e d  by Record 
5 o r  Record 6. 

This record may t e  repeated.  

Addi t ional  Records 3-11 may be i npu t  t o  de f i ne  a d d i t i o n a l  
supe rpos i t i on  s t a g e s  and load c a s e s  f o r  set "Se." Add i t i ona l  
Fecords 2-11 may a l s o  be i npu t  t o  d e f i n e  supe rpos i t i on  s t a g e s  
and load c a s e s  f o r  o t h e r  s t i f f n e s s  SETS. 

&?cord 12  2nd Data stt 

I END STRESS DATA 

Addi t iona l  superpos i t ion  d a t a  may be def ined  by r epea t i ng  
Records 1- 12. 



Table 154 - 1 .  Summary o f  Stress Data Records 

Re f erenct 
Page 

Data  Records 

BEGIN STRESS DATA 

SET Se 

SUPSTAGE s t  - 

label  f l  Label1 f2 Label2 . . . fn Labeln 

label  S t l  f l  Labell f 2  Label2 ... St2 fj Label j  ... 
D l  SPUCEMENT CONSTRA l NTS - - 

Label Fnl dl Fn2 d2 . . . 
STRESS CONSTRA 1 NTS - - 

Label E l  id1 Stressid l  s l  E l  id2 Stressid2 s2 . . . 
LOAD CASE I D  Label * # t e x t  # 

END STRESS DATA 



15 6.0 SUBSET-DEFINITION DATA 

The SUBSET-DEFINITION Preprocessor e x t r a c t s  node and 
element subsets  of previously-defined nodal, s t i f f n e s s  and mass 
data  s e t s  f o r  use by o ther  modules. This preprocessor is also 
used t o  define subsets of labels (key-word i d e n t i f i e r s )  used t o  
iden t i fy  the  input/analysis data conponents associated with an 
ATLAS job. A l l  ATUS data  components a r e  i d e n t i f i e d  by t h e  
l a b e l s  described i n  the  d i rec tory  shown by t a b l e  156-1, 
Numerical values of t h e  data  components corresponding to t h e  
l a b e l s  included i n  a subse t  are extracted from the ATLAS data  
base v i a  t h e  EX'IXACT Postprocessor (sec. 2 18 -0) , The ext rac ted  
data  are subsequently used t o  generate pr in ted  o r  qrzphical  
displays,  

Each input/oiitput quant i ty  is, i n  general, referenced t o  a 
pa r t i cu la r  node o r  element used to define t h e  mathematical model. 
fbr example, geometry, node loads,  displacements, lumped masses, 
etc., a r e  associated with nodes, whereas stresses, d i s t r i b u t e d  
loads, etc,, a r e  associated with elements, The SUBSET-DEFINITION 
Preprocessor allows the  user  t o  iden t i fy  a portion of t h e  nodes, 
s t i f f n e s s  elements and/or mass elements which a r e  used t o  def ine  
a model. Furthermore, p a r t i c u l a r  da ta  component l a b e l s  
iden t i fy ins  which da ta  q u a n t i t i e s  a r e  t o  be extracted :'or a 
node/element subset m y  be defined as l a b e l  &sets. Standard, 
ATLAS l a b e l  subsets  may be referenced d i r e c t l y  by the user via  
pre-defined names in the EXECUTE EXTRACT statement (see t a b l e  
156-1). U s e  of these standard l a b e l  subsets  obviates  t h e  need, 
i n  most cases, t o  def ine l a b e l  subsets  v i a  t h e  SUBSET-DEFINITION 
Preprocessor . 

Data associated with the subse ts  a r e  extracted/manipulated 
by other  ATZAS modules. This capab i l i ty  allows, f o r  example, 
postprocessing a c t i v i t i e s  such as pr in t ing  and p l o t t i n g  d isp lays  
of the  node geometry and element-definition data associa ted  with 
user-selected regions (see secs.  228.4.1, 246.1.2 and 252-1.2) . 
Visual examination of segments of t h e  input  da ta  sets can thus be 
effected.  Additionally, in t e rp re ta t ion  and evaluation of 
processor output data associated w i t h  appropriately defined 
suSsets can be performed. For example, pr inted o r  p lo t t ed  
subsets of d isp lacments ,  s t r e s s e s  and v ib ra t ion  mode shapes can 
be examined by using this capab i l i ty  (see secs. 228.4, 254.2-1 
dnrl 258 .2) .  A l l  ATLAS graphical displays a r e  e f fec ted  v ia  
subsets  defined by input  t o  t h e  SUBSET-DEFINITION Preprocessor. 



156.1 INPUT DATA 

s u b s e t - d e f i n i t i o n  records  w i t h i n  t h i s  d a t a  set a l low t h e  
f o l l o w i ~ q  t y p e s  of s u b s e t  m a n i ~ u l a t i o n s  to be performed: 

a) Node Subset D e f i n i t i o n s  
b) o rde red  Node Subset  Cef i n i t  ions 
c) Element Subset D e f i n i t i o n s  
d )  Label Subset  Cef i n i t  i o n s  
) E x t r a c t i o n  of S u b s e t s  from Other  S u b s e t s  
t )  D e f i n i t i o n  of Subsets v i a  Subse t  Combinations 
q) s u b s e t  Modi f i ca t ions  (Exclusions)  
h )  Node and E l m e n t  Subsets Defined v i a  I s o l a t i o n  of 

Geometric Reqions 

If nodal ,  s t i f  fness-element  or mass-element s u b s e t s  are 
to be i d e n t i f i e d ,  t h e  corresponding nodal,  s t i f f n e s s  and mass 
data  s e t s ,  a s  r equ i red ,  must be i n p u t  p r i o r  t o  t h i s  data set 
i n  t h e  i n p u t  stream. 

Record 1 I n p u t  Data Set I d e n t i f i c a t i o n  

BEGIN SUBSET DEFINITICN 

This  record i n i t i a t e s  execu t ion  of the  SUBSET-DEFINITION 
Przprocessor  . 

Record 2 I d e n t i f i c a t i o n  of Pa ren t  Data Set 

This  r e c o r d  i d e n t i f i e s  t h e  type  of s u b s e t s  d e f i n e d  
by subsequent  Records 3. 

STIFFNESS SET Se 

NODAL SET Se 

= Numker ( i n t e q e r )  of a STIFFNESS, MASS 
o r  NODAL d a t a  set from which s u b s e t s  
a r e  t o  be ex t rac ted .  The types  o f  
s u b s e t s  which may be d e f i n e d  by 
subsequent  Records 3 depend on t h e  
s e l e c t e d  v a r i a t i o n  of  t h i s  record .  
The o p t i o n s  a r e  i d e n t i f i e d  by one o f  
t h e  fo l lowing key-words: 

STIFFNESS-- S t i f f n e s s  element and/or node subsets 
a s s o c i a t e d  wi th  the n o d a l / s t i f  f n e s s  
set  mse.'t 



MASS-- Mass element  and/or  node s u b s e t s  
a s s o c i a t e d  with t h e  nodal/mass set nSe.n 

NODAL-- Node s u b s e t s  of nodal  s e t  nSe.@@ 

LABELS-- Label s u b s e t s  which a r e  no t  dependent 
on a SET i d e n t i f i e r .  

hecord 3 Subset-Def i n i t i o n  Records 

Each s u b s e t - d e f i n i t i o n  record  d e f i n e s  t h e  name and c o n t e n t s  
of one subse t .  The q e n e r a l  format  o f  t h i s  type  of record  
is a s  follows: 

7 

Sn = (Subset- def i n i t  i o n  express ion)  

~t least one s p a c e  i s  r e q u i r e d  b e f o r e  and a f t e r  t h e  e q u a l  
s i q n  w i t h i n  a  s u b s e t - d e f i n i t i o n  record. The s u b s e t  name 
"snn must be one o f  t h e  f o l l o w i n g  alphanumeric words: 

Nxxx-- Name of a  node subset - - the  l e a d i n g  
c h a r a c t e r  is  the letter N. 

ONxxx-- Name of a n  o r d e r e d  node subse t - - the  
l e a d i n q  c h a r a c t e r s  a r e  t h e  le t ters  ON. 

Exxx-- Name of a n  element  subset - - the  l e a d i n q  
c h a r a c t e r  is t h e  let ter  E. 

The c h a r a c t e r s  xxx i n  t h e  node and 
element s u b s e t  names deno te  t h e  s u b s e t  
number, a  1 t o  3 d i g i t  i n t e g e r .  Zeros 
p r i o r  t o  t h e  first non-zero d i q i t  a r e  
iqncred.  Thus, N4, N O 4  and N O 0 4  a r e  
equ iva len t  names. E x a n ~ l e  s u b s e t  names 
a r e  N1, N02, N 9 5 0 ,  O N 4 0 ,  O N 0 9 7 ,  E l ,  
EOOS, E76. 

name-- User-speci f ied  name of a # l a b e l @ @  s u b s e t ;  
an alphanumeric word of  1 to  7 
c h a r a c t e r s .  User-defined n labeln  s u b s e t s  
may no t  be i d e n t i f i e d  by any of t h e  
ATLAS s t andard  l a b e l - s u b s e t  names which 
are :  

BMODE KPROP STRESS 
DI  SGRID IDADAB STRPRINT 
DXSNODE MGRID TMS 
D I S F E I N T  NODES VGVF 
KGR I D  SMS VMODE 



Sukse t  names a l l o w  u s e r - r e f e r r a l  t o  s p e c i f i c  s u b s e t s  
w i t t l i n  subsequent  subset-def  i n i  t i o n  records and w i t h i n  
o t h e r  module s t a t e m e n t s  for 2 a t a  e x t r a c t i o n  purposes.  

D e s c r i p t i o n s  of the v a r i o u s  subset-def  i n i t i o n  e x p r e s s i o n s  
a r e  p resen ted  i n  the fo l lowing  s e c t i o n s .  Any combinat ion  
o f  t h e  v a r i a t i o n s  may be used. The fo l lowing  q u i d e l i c e s  
ara provided: 

a )  If more t h a n  o n e  s u b s e t  is i d e n t i f i e d  by t h e  same name, 
only t h e  las t  s u b s e t  d e f i n e d  by t h a t  name can  be 
i n t e r r c q a t e d  subsequent ly .  

b) A warninq i s  i s s u e d  i f  a  n u l l  ( e m ~ t y )  s u b s e t  is  def ined .  
subsequent  u s e  of  a n u l l  s u b s e t  by a n c t h e r  module is, 
i n  q e n e r a l ,  n o t  allowed. 

C) An o r d e r e d  node sui-et ,  ONKXX, is used  t o  e s t a b l i s h  
a sequence of  nodes which, when connected  i n  t h e  
s p e c i f i e d  o r d e r ,  d e f i n e s  a con t iguous  series o f  l i n e  
seqments. Th i s  t y p e  o f  s u b s e t  is used,  f o r  example, 
t o  d e f i n e  a boundary f o r  c o n t o u r  p l o t s  (see EXTRACT 
and GRAPHICS Postprocessors - -secs .  21 8.0 and 228.0). 

d) " i a b e l "  s u b s e t s  a r e  used  o n l y  >v t h e  EXTRACrr 
Pos tp rocesso r  (sec. 21 8.0) . Subse t s  o f  d a t a  component 
LABELS i d e n t i f y  which i n p u t / a n a l y s i s  d a t a  v a l u e s  are 
t o  be e x t r a c t e d  f o r  subsequent  q r a p h i c a l  or p r i n t  
d i s p l a y .  U s e  of t h e  ATLAS s t a n d a r d  label s u b s e t s  
i d e n t i f i e d  by t a b l e  156-1 as  i n ~ u t  t o  t h e  EXTRACT 
P o s t p r o c e s s o r  o b v i a t e s  t h e  need, i n  most c a s e s ,  t o  
def i i le  l a b e l  s u b s e t s .  

Th i s  r e c o r d  may be r e p e a t e d  t o  d e f i n e  a maximum o f  9 9 9  
node s u b s e t s ,  999 o rde red  node s u b s e t s ,  999 s t i f f n e s s  
2lement subsets and 999 mass e lement  s u b s e t s  for t h e  set 
"SeU i d e n t i f i e d  by Record 2. A d d i t i o n a l l y ,  a  maximum 
of 9 9 9  se t - independen t  l a b e l  s u b s e t s  may be d e f i n e d  p z  
jcb. 

Fscords 2 and 3 may t e  r e p e a t e d  t o  d e f i n e  a d d i t i o n a l  LABEL 
subsets o r  s u b s 5 t s  of d i f f e r e n t  node, mass and s t i f f n e s s  
d a t a  s e t s .  

Record 4 End Data Set 

I ENC SUBS El' DEFINITION 

This  r e c o r d  d e n o t e s  t h e  end of a  s u b s e t - d e f i n i t i o n  d a t a  
set, A d d i t i o n a l  subse t -def  i n i t i o n  d a t a  s e t s  may be i n p u t  
by r e p e a t i n g  Rzcords 1-4. 



ISUBSET 
DEFINITION 

156.2 SUBSET-DEFINITION RECORDS 

D e s c r i p t i o n s  o f  the  v a r i o u s  forms of subse t -def  i n i t i o n  
r e c o r d s  (i ieccrd 3) a r e  p r e s e n t e d  below. The f o l l o w i n g  n o t a t i o n  
i s  used: 

a )  1f a  r e c c r d  r e f e r s  s ~ e c i f i c a l l y  t o  a p a r t i c u l a r  t y p e  
of s u b s e t  (noda l ,  o rde red  noda l ,  e l emen t  o r  l a b e l ) ,  
t h e  s u b s e t  name is deno ted  a c c o r d i n g l y  by Nxxx, ~ N x x x ,  
EXXX cr tonamsot* -. 

b) I£ a  r e c o r d  may the used  t o  d e f i n e  m u l t i ~ l e  t y p e s  o f  
s u b s e t s ,  t h e  s u b s e t  names a r e  denoted  t h e r e i n  by '*SnW 
o r  l lSnift  where "iN i s  a n  i n t e g e r .  

c) The item ItElements1@ i n  e l e m z n t - r e l a t e d  s u b s e t - d e f i n i t i o n  
r e c o r d s  d e n o t e s  a list of J n e  or more element  t y p e s  
such  as  RODS, BEAMS, PLATES, SCALARS, etc. The l is t  
may i n c l u d e  e lement  t y p e s  t h a t  a r e  n o t  a v a i l a b l e  i n  
set '@Sets (Record 2 ) .  See Appendices  E and C f o r  
a v a i l a b l e  s t i f f n e s s  and n a s s  e lement  t y ~ e  names, 
r e s p e c t i v e l y .  

d) The key-word CLOSED or t h e  key-word OPEN may b e  i n p u t  
f o r  t h e  item moptag used  i n  s e v e r a l  e l e m e n t - r e l a t s d  
subse t -de f  i n i  t i o n  records. T h i s  key-word c o n t r o l s  
which e l emen t s  a r e  i n c l u d e d  i n  a  p a r t i c u l a r  s u b s e t .  
CLOSED m a n s  that o n l y  t h e  e l emen t9  t h a t  a t t a c h  
~ x c l u s i v e l y  t o  t h e  nodes w i t h i n  a s p e c i f i e d  r e q i o n  
a re  inc luded .  OPEN means t h a t  a l l  e l emen t s  which 
a t t a c h  t o  any o f  the nodes  c o n t a i n e d  w i t h i n  t h e  
s p e c i f i 2 d  node s u b s e t  o r  r e q i o n  a r e  i nc luded .  The 
d e f a u l t  f o r  "Opt If is CLOSED. 

156.2.1 &&-Subset D e f i n i t i o n  Records  

S ix  i n p u t - r e c o r d  v a r i a t i o n s  may be used  t o  d e f i n e  node 
subs€ ts. 

V a r i a t i o n  1 

V a r i a t i o n  2 

Nxxx w i l l  c o n t a i n  a l l  o f  t h e  nodes i n  t h e  
d a t a  set. 

ATl i s t  = ATLAS l is t  o f  node numbers ( i n t e g e r s )  which 
a r e  t o  be i n c l u d e d  i n  Nxxx. 



V a r i a t i o n s  3-6 may be used t o  d e f i n e  node s u b s e t s  by  
e a p l o y i n g  the r e q i o n  d e f i n i t i o n s  p r e s e n t e d  i n  s e c t i o n  156.3. 
s u b s e t s  d e f i n e d  by t h e s e  v a r i a t i o n s  w i l l  c o n t a i n  o n l y  t h e  nodes 
t h a t  lie w i t h i n  or on t h e  s u r f a c e  of t h e  req ion .  A node is 
c o n s i d e r e d  t o  be w i t h i n  a r e q i o n  i f  t h e  p e r p e n d i c u l a r  d i s t a n c e  
f r o n  t h e  node t o  t h e  closest boundary of t h e  r e q i o n  i s  less  
t h a n  10-8 u n i t s .  

An o r d e r e d  s u b s e t  o f  nodes is d e f i n e d  by t h e  f o l l o w i n q  
t y ~ e  of record :  

V a r i a t i o n  3 

V a r i a t i o n  4 

V a r i a r i o n  5 

V a r i a t i o n  6 

I 

I ONxxx = A ' I l i s t  

Nxxx = CYLINDER Nnl TO Nn2 <RADIUS r> 

Nxxx = SLAB Nnl Nn2 Nn3 <ICLERANCE t l  < t 2 > >  
1 

Nxxx = SLAB Y cord1  <TC ccrd2> 

. (3 
Nxxx = TUBE Nnl Nn2 . . . Nnk _DIRECTION 

dv l  dv2 dv3 INN;: Np2 ] <IOLERANCE tl> 

b 

A T l i s t  = ATLAS l i s t  o f  node numbers ( i n t e q e r s )  
which a r e  to  be i n c l u d e d  i n  ONxxx. 
Tho o r d e r  i n  which t h e  r c d e  numbers 
a r e  i n p u t  d e f i n e s  a p a r t i c u l a r  szquence 
( s t r i n q )  of nodes. 

156.2 .3  Element Subset  D e f i n i t i o n  Records  

S i x  i n p u t - r e c o r d  v a r i a t i o n s  may be used t o  d e f i n e  olement 
subse t s .  

3xxx = Elements  r-F-71 
Exxx w i l l  c o n t a i n  e i t h e r  ALL e l e m e n t s  i n  
the d a t a  set  or  o n l y  t h e  e lement  types 
s p e c i f i e d  b y  l(Elements. 



DEFINITION rrl 
V a r i a t i o n  2 

ATli s t  = ATLAS l is t  o f  e lement  numbers ( i n t e g e r s )  
which a r e  t o  be i n c l u d e d  i n  EXXX. 

v a r i a t i o n s  3-6 may be used t o  d e f i n e  e l emen t  s u b s e t s  by 
e m ~ l o y i n q  t h e  r e g i o n  d e f i n i t i c n s  p r e s e n t e d  i n  s e c t i o n  156.3. 
s u b s e t s  d e f i n e d  by t h e s e  v a r i a t i o n s  w i l l  c o n t a i n  o n l y  t h e  e lement  
types denoted  by "ElemzntsW or +he word ALL ( t h e  d e f a u l t  is 
ALL) t h a t  a t t a c h  t o  t h e  nodes w i t h i n  or on t h e  s u r f a c e  of the 
req ion .  A node is  c o n s i d e r e d  to be w i t h i n  a r e g i o n  i f  t h e  
p e r p e n d i c u l a r  d i s t a n c s  from the node t o  the closest boundary 
of t h e  r eq ion  is less t h a n  10-8 u n i t s .  A u x i l i a r y  nodes and  
"Shear1' nodes arc ignored.  

V a r i a t i o n  3 

V a r i a t i o n  4 

V a r i a t i o n  5 

V a r i a t i o n  6 

. 
Exxx = <Opt> CYLINDER Nnl TO Nn2 

<E;ADIUS  r> 

Exxx = <Opt> SWIB Nnl Nn2 Nn3 

(TOLERANCE t l  <t2>> 
J 

<TO co rd2>  

<TOLERANCE t l  > 

156.2.4 Label Subse t  Def i x g i o n  Records  

A s u b s e t  of  i n p u t / a n a l y s i s  d a t a  component l a b e l s  is d e f i n e d  
b y  t h e  f o l l o w i n q  t y p e  o f  record :  

A ' f l l s t  = ATLAS list of  component l a b a l s  
(a lphanumeric  words) which a r e  t o  be 
i n c l u d e d  i n  t h e  s u b s e t  i d e n t i f i e d  b y  
nname. * Key-words s p e c i f i e d  v i a  A T l i s t  
must be s e l e c t e d  from t h e  nComponent 
h b e l  D i r e c t o r y "  shown by t a b l e  156-1. 



Records f o r  Ext rac t ion  of Subsets from O t .  .er Subsets 

The records descr ibed i n  t h i s  s e c t i o n  a l low t h e  user  t o  
de f ine  3 da ta  subset  r e l a t i v e  t o  a previously-defined subset .  

Var ia t ion  1 Nxxx = NODES I N  Exxx 

Nxxx w i l l  conta in  only  t h e  da t a  set nodes t o  which t h e  
elements i n  t h e  previously-defined element s u b s e t  FScxx are 
at tached,  Auxi l iary  nodes and IlShearw nodes are ignored. 

Var ia t ion 2 

Nxxx w i l l  conta in  t h e  same nodes t h a t  are included i n  
ONxxx. A p a r t i c u l a r  o rder  of the nodes i n  Nxxx, however, 
is not preserved. 

Var ia t ion 3 Exxx = <Opt> Elements I N  Nxxx (- ) 
Emcx w i l l  conta in  t h e  element types  denoted by 18Elernents8e 
o r  t h e  word ALL ( t he  d e f a u l t  is ALL) which a t t a c h  t o  t h e  
nodes i n  t h e  previously-defined node subse t  Nxxx, 

15 ti .2 - 6  gecords f o r  Def in i t ion  of Subsets v i a  Subset  
Combinations 

Subsets may be formed by combining previously-def ined 
subsets .  Only node s u b s e t s  can be combined t o  form a new node 
subset ,  only element subse t s  can be combined t o  form a new 
ele.:.ant subset  and only l a b e l  subse t s  can be combined to form a 
new l a b e l  subset .  These c a p a b i l i t i e s  a r e  analogous t o  t h e  set- 
algebra operat ions  def ined  a s  unions, intersections and 
cortiplements of sets. The letters U ,  I and C denote t h e s e  
opera t ions ,  respec t ive ly ,  i n  t h e  following records.  I t  should be 
noted t h a t  a t  l e a s t  one space is requi red  before  and a f t e r  t h e s e  
l e t t e r s  within a subse t -def in i t ion  record, 

The cross-hatched region i n  the ske tch  belw i l l u s t r a t e s  
Lhe subse t  formed by t h e  i n t e r s e c t i o n  (I) of t w o  subse t s ,  Snl and 
SnL. The union (U) is defined as t h e  sum of t h e  two subregions.  
The complement (C) t o  t h e  union s e t  (Snl U Sn2) is shown as t h e  
shaded region i n  t h e  sketch.  



-DATA SET 

I n  t h e  f o l l o w i n g  r e c o r d s ,  Sn d e n o t e s  the name of a s u b s e t  
to be qeneraked from p rev ious ly -de f ined  s u b s e t s  denoted by Snl ,  
Sn2, . . . , Snk. Cnly o n e  t y p e  o f  s u b s e t  (node, e lement  or label) 
,nay be  i d e n t i f i e d  i n  each r eco rd  of  t h i s  type. 

Sn w i l l  c o n t a i n  a l l  t h e  nodes,  e l e m e n t s  
or component labels t h a t  are i n  s u b s e t s  
S n l  and Sn2 

V a r i a t i o n  2 

V a r i a t i o n  3 

V a r i a t i o n  4 

V a r i a t i o n  5 

Sn = Snl  5 Sr12 

Sn w i l l  c o n t a i n  o n l y  the nodes,  e lement3  
or  component labels common t o  s u b s e t s  Snl 
and Sn2. If none are common, t h e  r e s u l t i n q  
s u b s e t  is empty ( n u l l ) .  

Sn w i l l  c o n t a i n  a l l  the data  set  nodes 
o r  e l emen t s  which are n o t  i n  s u b s e t  Snl.  

sn w i l l  c o n t a i n  t h e  sane ncdes  o r  elements 
that are i n  subset Snl .  

Sn = 13et.malqebra e x p r e s s i c n )  1 
This v a r i a t i o n  allows a maximum of 30 set-alqebra 
o g e r a t i o n s  ( U ,  I and C)  t o  be spec i f i zd  within a s i n g l e  



subse t -def in i t ion  record-  The sequence i n  which t h e  
operat ions  w i l l  be executed i s  s p e c i f i e d  via p a i r s  of 
parentheses, That is, t h e  opera t ion  spec i f i ed  within t h e  
inner-most p a i r  of parentheses  is executed first . This  
f i r s t  operation generates  a subse t  which is then  operated 
on a s  spec i f i ed  wi thin  the next inner-most set of 
parentheses, etc. All opera t ions  a r e  executed i n  a l e f t -  
t o - r igh t  sequence. 

Caution: k t  least one space i s  requi red  before  and a f t e r  
each paren thes i s ,  each U, I o r  C opera tor ,  and t h e  
equal s i a n -  

Cor~sider , for example, t h e  following inpu t  record: 

Sn = Snl U ( ( C ( Sn5 I Sn3 ) ) U Snl) ) 

This s i n g l e  record i s  equiva len t  to  the following fou r  
records i n  the sequence shown- 

Sna = Sn5 I Sn3 / 
Snb = C Sna 
Snc = Snb U Sn4 / 
Sn = Snl U Snc / 

I f  these four  records  are input ,  f ou r  subse t s  (Sna, Snb, 
Snc and Sn) a r e  formed and saved for subsequent use. 
Hawever, i f  only subse t  Sn is to  be saved, t h e  s i n g l e  
record shown above must be used. 

15 6.2-7 Subset 1Yod.i f i c a t i o n  (Exclusion1 Records 

The  records described below a l l o w  the use r  t o  exclude 
se lec ted  j terns from previous ly-de f ined node and/or element 
subsets .  Each of these  records  has t h e  following format: 

AT1 ist 1 = ATLAS list of one of the following: 

a) node numbers ( in tegers )  Jr node subse t  
names, 

b) element numbers ( i n t ege r s )  o r  element 
subset n arnes . 

ATlist2 = A T l i s t  l is t  of previously-defined node o r  
element subse t s  from which the nodes o r  
elements contained i n  ATl i s t l  a r e  t o  be 
excluded. 



Default: ATlist2 is  the subset defined by 
t h e  preceding record - 

Rrl. EXCLUDE command may involve only node numbers and node 
subsets or only element numbers and element subsets,  The 
subsets that axe modified are  merely redefined with the 
indicated i t e m s  excluded, If a user inadvertently 
s p e c i f i e s  a subset t o  be excluded from itself, that  subset 
will be left unaltered. To illustrate the use of this 
command, consider the following node subset modification 
record. 

EXCLUDE 5, N2 TO NU FROM N1 TO N19 BY 9 / 

This sinqle record is equivalent to the  following 12 
records : 

EXCLUDE N 2 
EXCLUDE N 3  
EXCLUDE N4 
EXCLUDE N2 
EXCLUDE N 3  
EXCLUDE N4 
EXCLUDE N 2  
EXCLUDE N 3  
EXCLUDE 154 
EXCLUDE 5 
EXCLUDE 5 
EXCLUDE 5 

FROM N1 / 
FROM N1 / 
FKGF N1 / 
FROM N 10 / 
FROM N f O  / 
FRO2 N10 / 
FROM N19 / 
FROM N19 / 
FNOX N19 / 
FROM N1 / 
FROM N 10 / 
FROM N19 / 



156.3 SUBSET REGION DEFINITIONS 

s e v e r a l  v a r i a t i o n s  of t h e  f o r e g o i n g  node and element  
s u b s e t - d e f i n i t i o n  r e c o r d s  may u s e  c e r t a i n  I - ,  2- and  3- 
d i n e n s i o n a l  q e o m e t r i c  s h a p e s  t o  i s o l a t e  r e g i o n s  ( s u b s e t s )  o f  
a d a t a  set. T h i s  l i b r a r y  o f  s h a p e s  a l l o w s  t h e  user t o  d e f i n e  
t h e  f o l l w ~ n q  tyces of r eg i cns :  

a )  A r i q h t  c i r c u l a r  c y l i n d e r  o f  finite l eng th - - in  i t s  
d e q e n e r a t e  form, it d e f i n e s  a l i n e  segment; 

t) A f i n i t e -  t h i c k n e s s ,  i n f i n i t e  s l ab - - in  its d e q e n e r a t e  
form, it d e f i n e s  a n  i n f i n i t e  p l a n e ;  

C)  A po lyqona l - sec t ion ,  i n f i n i t e - l e n g t h  tubeowin i ts 
deqenerate Form, i t  d e f i n e s  a f i n i t e - w i d t h  i n f i n i t e -  
l e n q t h  ~ l a n s .  

Each  of  t h e s e  c a p a b i l i t i e s  is d i s c u s s e d  below. D e s c r i p t i o n s  
ot the key-words and i t e m s  r e q u i r e d  t o  d e f i n e  t h e s e  qeometric 
s h a p e s  a r e  a l s o  p re sen ted .  Node s u b s e t  r e q i o n s  w i l l  c o n t a i n  
o n l y  t h e  riodes t h a t  l i e  w i t h i n  or on t h e  s u r f a c e  (boundary) 
o f  t h e  rdqio.rl (see sec, 156,2,1) .  Element  s u b s e t  r e g i o n s  w i l l  
c o n t a i n  orlly t h e  e l emen t s  t h a t  a t t a c h  t o  t h e  nodes w i t h i n  or 
on  t h e  s u r f a c e  of the r e q i o n  (see sec. 156.2.3). A node  is 
w i t h i n  a r e q i o n  i f  t h e  p e r p e n d i c u l a r  d i s t a n c e  from t h e  node 
t o  t h e  c l o s e s t  boundary of t h e  r e g i o n  i s  less t h a n  10-8 u n i t s .  

156.3.1 g igh t  C i r c u l a r  C y l i n d e r  of  F i n i t e  Length ------- 1 -CYLINDER Nn1 'I0 Nn2 < R A D I U S  r>J 
I - - - - - - - J 

N nl = Number ( i n t e q e r )  of  a  node v h i c h  d e f i n e s  one  
p o i n t  on t h e  l o n g i t u d i n a l  a x i s  and  one  b a s e  
of  t h e  c y l i n d r i c a l  r e q i o n  

Nn2 = Number ( i n t s q e r )  of a  second  node on  the 
l o n q i t ~ i d i n a l  a x i s  bh ich  d e f i n e s  t h e  second  
base  o f  t h e  c y l i n d r i c a l  r eq ion .  

r = The r a d i u s  2 0.0 o i  t h e  c y l i n d r i c a l  r eq ion .  
Defau l t :  r = O . O  

'Ihe r e q l o n  i j e n ~ r a t s d  i s  d c i r c u l a r  c y l l n d e r  whoso b a s e  
(end) p l a c e s  & r e  p e r p e n d i c u l a r  t o  i t s  l o n q i t u d i n a l  a x i s .  
The r e q i o n  d e q e n e r a t e s  t o  a s t r a i q h t  l i n e  seqment between 
nodes Nnl and Nn2 when t h e  r a d i u s  is z e r o .  For  t h i s  c a s e ,  
o r l y  t h e  nodes l y ~ n q  c n  t h e  l i n e  seqmsnt  are i n c l u d e d  
i n  t h e  s u b s e t .  



[SUBSET DEFINITION 

156.3.2 ~ h ~ g e - T h l c k ~ e s s  I n f i n i t e  S l a b  

Variation 1--General  S l a b  ------- 1 
r(SLAB Nn 1  Nn2 Nn3 <TOLERANCE t 1  C t D > )  I - 1 

Nnl, Kn2, Nn3 = Numbers ( i n t e q e r s )  of t h r e e  n o d e s  t h a t  
d e f i n e  t h e  mid-p lane  o f  t h e  s l a b .  

= P e r p e n d i c u l a r  d i s t a n c e  > 0.0 f rom t h e  
mid-plane  to the f a c e  which i s  p o s i t i o n e d  
by t h e  v e c t o r - p r o d u c t  o f  Nnl-Nn2 and 
Nnl -Nn3 u s i n q  t h e  r i q h t  -hand r u l e - - s e e  
t h e  figure belcw. 
D e f a u l t :  t l = t 2 = 0 . 0  

= P e r p e n d i c u l a r  d i s t a n c e  L 0.0 f rom t h e  
mid- lane to  t h e  o t h e r  f a c e - s e e  t h e  
f i q u r e  below. 
D e f a u l t :  t 2 = t l  

The b a s i c  slab i s  C O ~ F O S ~ ~  o f  t h r e e  i n f i n i t e  p l a n e s - - a  
mid-p lane ,  a p l a n e  p o s i t i o n e d  by " t l  a n d  a p l a n 5  
[ : o s i t i o n e d  by "c2" (see t h e  fiqure below) . A s l a b  a l l o w s  
t h e  u s e r  t o  d e f i n e  a r e q i o n  with a t o t a l  t h i c k n e s s  of 
" t l f 1  p l u s  "t2. I f  "tin or " t 2 R  i s  s p e c i f i e d  a s  z e r o ,  
t h e  s l a b  is d e f i n e d  b y  t w o  p a r a l l e l  p l a n e s .  A d d i t i o n a l l y ,  
it I t t L f l  and l l t l "  a r e  t o t h  zero, t h e  s l a b  d e g e n e r a t e s  t o  
t h i .  r i d -  p lane .  



Wid-plane o f  s l ab  

P lane  p o s i t i o n e d  

V a r i a t i o n  2--GLOBAL S l a b  
I---- -- 

= The letter X, Y or 2 denot inq  t h e  GLOBAL 
a x i s  which is p e r ~ e n d i c u l a r  t o  t h e  s l ab .  

cord1 = c o o r d i n a t e  of a p o i n t  on t h e  s e l e c t e d  X, 
Y ox 2 a x i s - - t h i s  p o i n t  d e f i n e s  one  f a c e  
o f  t h e  s l a b .  

cord2 = c o o r d i n a t e  of a  second p o i n t  on t h e  s e l e c t e d  
X,  Y o r  Z a x i s  which d e f i n e s  t h e  second 
f a c e  o f  t h e  s l a b .  
Default :  cord2=cordl  

The infinite s l a b  is perpend icu la r  t o  t h e  s p e c i f i e d  GLOBAL 
axis and has a t o t a l  t h i c k n e s s  of l c o r d l  - cord21. If 
"cordlu  equa l s  "cord2" the reg ion  degenera tes  t o  an 
infinite plane  l o c a t e d  by @gcordl.t t  The f i q u r e  shown below 
i l l u s t r a t e s  a GLOBAL X s lab .  



DEFINITION 

enoted by cordl and 

156.3.3  Lgfinj$e-&g~q&h-gg&gonaZ Tube - - - - - -  
(TUBE Nn1 Nn2 .. . Nnk DIRECTION 

1 'TOLERANCE t 1 >) - - -  J 

the 
scoord i 
cord2 

Nnl, Nn2, = A list o f  numbers [ i n t e g e r s )  ..., Nnk of two or more nodes (Nnk # Nnl) . A 
maximum o f  230 nodes may be s p e c i f i e d .  
These nodes d e f i n e  t h e  b a s i c  cross 
s e c t i o n  or the tube. The s p e c i f . ;  ?d 
nodes  need n o t  l i e  i n  a p lane .  

nates 

d v l  d v 2  dv3 
N F ~  Np2 I = d v l ,  dv2 and dv3 are t h e  X ,  Y ,  Z c o o r d i -  

n a t e s ,  r e s p e c t i v e l y ,  ( i n t e g e r  or d e c i m l )  
of a p o i n t  (not  n e c e s s a r i l y  a node i n  
t h o  d a t a  s e t )  i n  t h e  GLOBAL frame. 
The d i r e c t i o n  v e c t o r  o f  t h e  tube  is  
directed from the o r i q i n  o f  t h e  GLOBAL 
frame t o  the point d e f i n e d  by d v l ,  dv2 
and dv3--see t h e  fiqures below. 



The d i r e c t i o n  v e c t o r  may be d e f i n e d  
v i a  ncde numbers ( i n t e q e r s )  nNpltt and  
"Np2." I n  t h i s  case, t h e  d i r e c t i o n  
v e c t o r  goes f rom "Nplw to  "Np2. I f  
o n l y  " ~ p l "  is s p ~ c i f i e d ,  t h e  d i r e c t i o n  
v e c t o r  g o e s  f rom t h e  GLCBAL o r i q i n  
t h r o u q h  nNpl." 

The d i r e c t i o n  v e c t o r  need n o t  be l o c a t e d  
w i t h i n  t h s  t u b e  r eg ion .  

= A t o l e r a n c e  which a l l c w s  t h e  b a s i c  c r o s s  
s e c t i o n  of  a t u k e  t o  be  expanded or 
c o n t r a c t e d  uniformly.  A p o s i t i v e  v a l u e  
d e n o t e s  a u n i f o r n  e x ~ a n s i o n  of t h e  t u b e ,  
whereas  a n e q a t i v e  v a l u e  d e ~ o t e s  a 
un i form c o n t r a c t i o n  o f  t h e  t u b e  by a n  
amount " t l N  (see t h e  f i q u r s s  below) . 
Defaul t :  t l = 0 . 0  

~ h s  cross s e c t i o n  o t  a t u b e  is g e n e r a t e d  ky p r o j e c t i n g  
the nodes Nnl, Nn2,..., Nnk o n t o  a p l a n e  that i s  
p e r p e n d i c u l a r  t o  t h e  d i r e c t i c n  v e c t o r  (see t h e  figures 
below) . The r e s u l t i n q  p o i n t s ,  ~ n l ,  pn2, . . . ,pnk d e f i n e  
t h a  b a s i c  po lyqona l  cross s e c t i o n .  These  ~ o i n t s ,  l lp i ,N 
a r s  connec ted  i n  t h e  same sequence  a s  t h e  co r r e spond inq  
nodes a r e  s p e c i f i e d .  T h i s  b a s i c  po lygona l  s e c t i o n  can  
he  ~nod i f  i 2d ,  expanded or c o n t r a c t e d ,  by a s ~ o c i f i e d  
t c l e r a n c e .  The expans ion  c a s e  i s  i l l u s t r a t e d  in t h e  
f i q u r e s  below. If t h e  t o l e r a n c e  i s  z e r o ,  t h e  b a s i c  polygon 
d ~ f i n e s  t h o  cross s e c t i o n  of t h e  t u b e  reg ion .  When o n l y  
two nodzs a r e  s p e c i f i e d ,  t h e  r e g i o n  d e q e n e r a t e s  t o  a 
f i n i t e - w i d t h  i n f  inite-lent th plane .  C a u t i o n  must be 
e x e r c i s e d  by t h e  u s e r  i n  s p e c i f y i n g  t h e  n c d e  sequ, n n ~ e  
that d e f i n e s  t h e  t u b e ( s ) .  M u l t i p l e  tubes may be d e f i n e d  
by one r eco rd .  



DEFINITION 

D i r e c t  ion 

P r o j e c t i o n  P lane  
P a s s i n g  t h r o u g h  
t h e  G L O B A L  O r i g i n  
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BEGINSUBSETDEFINITION 
STIFFNESS SET Se 
IItASS SET Se 

Sn = 1 Subse t -de f in i t i on  expression 1 
END SUBSET DEFINITION 

NODE SUBSET DEFINITIONS 

Nxxx =  AT^ i s t  IALL Keg ion  ! 
CYLINDER Nnl TO Nn2 <&ADIUS r> 

SLAB Nnl Nn2 Nn3 (TOLERANCE t i  <t2>> - 
Reg ion=  SLAB 1 cord1 <TO cord?> 

TUBE Nnl ... Nnk OlRECilON ! dvl NPI dvi) NPZ dv3 /<TOLEIIAWCE ?I> 
! Npl 

ORDERED NODE SUBSET DEFINITIONS 
. - -. 

O N x x x = A T l i s t  

ELEMENT SUBSET DEF IN ITIOfiS 

\ ALL. 1 
E X X X  = . AT1 1st 

1 Elements \ 

Exxx = ( ~ \ ~ ~ E o ) (  kk:ments) 1 ~ e g i o n  1 
LABEL SUBSET DEFlYlTlONS 

name = AT1 i s t  

SUBSETS EXTRACTED FROM OTHER SUBSETS 

Nxxx = NODES IN Exxx 
Nxxx = ONxxx 

Exxx = (k\!iED)( ::kments) IN Nxxx 

SUBSETS DEFINED V I A  SUBSET CCMBINATIONS 

Sn = Snl 1U I  Sn2 

Sn = C Snl 
Sn = Snl 
Sn = ] set -a lgebra expression I 

SUBSET MOO l F l CAT l ONS 

EXCLUDEATlistl <FROMATlist2> 



200.0 ATLAS SYSTEM EXECUTION 

Execution of  t h e  ATLAS System is d i r e c t e d  by t h e  u s e r  
v i a  t h e  ATLAS Control  Proqram as descr ibed  i n  t h i s  sec t ion .  
Each d i r z c t i v e  t o  the System is w r i t t e n  i n  t h e  user-or iented,  
ATLAS-executive lanquage. 

A br i e f  o u t l i n e  of t h e  informat ion p resen ted  i n  t h e  
f ollowinq s e c t i o n s  is shown below. 

Sect ion ------ 
200.1 --Functions and s t r u c t u r e  of t h e  ATLAS Control  

Proqram. 

200.2 --Format and no t a t i on  used to  d e s c r i b e  a l l  Control- 
Proqram s ta tements  i n  t h i s  document. 

200.3 --Descript ions of t h e  ATLAS-lanquage c o n t r o l  
statements.  

200.4 - -Cataloqed control -s ta tement  procedures and t h e i r  
use. 

200.5 - - In t e r ac t i ve  co&tro l -~roqram execution. 

200.6 --Format and types  of i n t e r a c t i v e  c o n t r o l  commands. 

200.7 --Descript ions of t h e  ATLAS-language, i n t e r a c t i v e  
c o n t r o l  commands. 



2 00.1 ATLAS CONTROL PROGRAM , 

The C o n t r o l  Proqram i s  W r i t t e n  by  the u s e r  t o  perform 
t h e  f o l l o w i n s :  

a )  D e f i n s  t h e  s equence  and mode o f  e x e c u t i o n  of  s e l e c t e d  
ATLAS s y s t r  [n Modules (see t a b l e  10- 1)  . 

b) C o n t r o l  A LAS data-management f u n c t i o n s  (sec. 200.3.1). 

c) Perform s 9 e c i a l  a n a l y s e s  t h a t  are n o t  d i r e c t l y  
a t t a i n a b l e  by e x e c u t i o n  o f  t h e  ATLAS System. 

d)  Perform d a t a  i n t e r f a c e s  between t h e  ATLAS System a n d  
e x t e r n a l  proqrams. E s t a b l i s h e d  i n t e r f a c e s  are d e s c r i b e d  
i n  appendix  G.  

A l l  ATLAS-System d i r e c t i v e s  are w r i t t e n  i n  a  u s e r - o r i e n t e d ,  
e x e c u t i v e  lanquaqe. PORTRAN and/or SNARK language  s t a t e m e n t s  
( r a f .  1 - 3 )  may be i n t e r s p e r s e d  w i t h  ATLAS d i r e c t i v e s  t o  c r e a t e  
3 c c n t r o l  Proqram t o  per form s p e c i a l  a n a l y s e s  or t o  per form 
d a t a  i n t e r f a c e s  w i t h  e x t e r n a l  proqrams. Gene ra l ly ,  a C o n t r o l  
Proqram comprised of  o n l y  ATLAS-System d i r e c t i v e s  is  a d e q u a t e  
t c  perform t h e  r e q u i r e d  s t r u c t u r a l  a n a l y s i s / d e s i q n  t a s k s .  

A C o n t r o l  Proqram may be execu t5d  i n  b a t c h  mde, i n  a  
t ime-shared  mode, or i n  a n  i n t e r a c t i v e ,  t ime-shared  mode. The 
sys t em d i r e c t i v e s  used i n  b a t c h  or t ime- sha red  e x a c u t i o n s  o f  
ATLAS a r e  r e f e r e n c e d  as ATLAS c o n t r o l  s t a t e m e n t s .  Thes2 
s t a t e m e n t s  a r e  d e s c r i b e d  i n  s e c t i o n s  200.2 th rouqh  200. U. 
System d i r e c t i v e s  u sed  f o r  i n t e r a c t i v e  e x e c u t i o n  of ATLAS a r e  
r e f e r e n c e d  a s  ATLAS c o n t r o l  commands. These commands and  t h e  
v a r i o u s  modes o f  i n t e r a c t i v e  p r o c e s s i n q  are d e s c r i b e d  i n  d r t a i l  
i n  s s c t i o n s  20q. 5 th rouqh  200.7. 

A l l  ATLAS c o n t r o l  s t a t e m e n t s  and  c o n t r o l  commands havs 
the fo l lowlnq  q e n e r a l  format:  

f F u n c t i o n a l  Descr i p t o r  ( P l i s t )  t 
T h e  "Func t iona l  D e s c r i p t o r m  is one or more key-words which 
i d e n t i f y  one or s e v e r a l  System Modules t o  be execu ted  a s  t h e  
d i r e c t i v e  is processed .  " P l i s t "  i s  a l is t  of pa rame te r s  which 
i s  passed  t o  t h e  Modules a s  t h e y  are b e i n g  executed.  These 
p a r m e t e r s  aro used  t o r  t h r e e  purposes:  

a )  s e l e c t  e x e c u t i o n  opt,qns of a Module. 

b! Chanyo d e f a u l t  v a l u e s  a s  i n i t i a l l y  s e t  b~  t h e  Module. 
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DATA 

c) s p e c i f y  numeric or a l p h a n u n e r i c  in fo rmat ion  t o  be used 
dur inq  execution. 

The f i r s t  and l a s t  s t a t e m e n t s  of each Cont ro l  Proqram 
must be the *BEGIN CONTROL" and CONTROLn ATLAS-directives, 
r e s p e c t i v e l y ,  as desc r ibed  i n  section 200.3. Other ATLAS 
s t a t e m e n t s  which c o n t r o l  f u n c t i o n s  such a s  data handl inq  a r e  
a l s ~  desc r ibed  i n  t h a t  sec t ion .  The remaining 200-ser ies  
s e c t i o n s  o f  t h i s  document d e s c r i b e  t h e  ca r r t ro l  d i r e c t i v e s  and 
parameters  t h e r e i n  t h a t  a r e  o r i e n t e d  toward p a r t i c u l a r  
t echno loq ies  (see t a b l e  10-1). Ca ta logs  of ATLAS s t a t e m e n t s  
t o  c o n t r o l  p a r t i c u l a r  t e c h n i c a l  a n a l y s e s  a r e  a v a i l a b l e  to  a s s i s t  
t h e  u s e r  i n  assemblinq a Cont ro l  Program. These ca ta loged  
c c n t r o l  procedures a r e  desc r ibed  i n  s e c t i o n  200.0. 

~ h s  fo l lowinq example C o n t r o l  Proqram to  perform a stress 
a n a l y s i s  i l l u s t r a t e s  the u s e  of some of the ATLAS s t a t ements .  
Other  examples a r e  shown i n  appendix F. 

BEGIN CONTROL PROGRAM EXAMPLE 
PROBLEM I D  (TYPICAL FORMAT OF A CONTROL PROGRAM) 
READ INPUT 
PRINT INPUT (NODAL) 
PRINT f NPUT (STIFFNESS) 
PEEFORM STRESS 
PRINT OUTPUT (STRESSES) 
SAVE FILES 
ENC CONTROL PROGRAM 

T h e  p rob lem-def in i t ion  d a t a  deck i s  preprocessed  v i a  t h e  "READ 
INPUTW s ta tement  p r i o r  to r e q u e s t s  f o r  fo rmat ted  p r i n t o u t  o f  
t h e  Nodal and S t i f f n e s s  i n p u t  data.  S t r e s s - a n a l y s i s  computat ions 
are processed v i a  t h e  mPERFORMn c a t a l o q e d  c o n t r o l  procedure. 
Opt ions  were s e l e c t e d  t o  q e n e r a t e  s t r e s s - d a t a  p r i n t o u t  and t o  
s a v e  a l l  ATLAS d a t a  f o r  subsequent  r e s t a r t  of  problem execution.  
It  should be noted t h a t  a l l  pos tprocess inq  a c t i v i t i e s  cc,q. 
d a t a  p r i n t o u t  and d a t a  sav inq)  a r e  performed on ly  i f  requested. 

During problem execution,  warning and/or  e r r o r  c o n d i t i o n s  
may be  encountered. A warninq c o n d i t i o n  o c c u r s  when a n  ambiquity 
i n  t h e  da ta  i s  d e t e c t e d  which can  be reso lved  wi thout  u s e r  
in te rac t io : ' .  I n  t h i s  case ,  a warninq messaqe i s  i s s u e d  and 
process inq  con t inues  wi thout  i n t e r r u p t i o n .  An e r r o r  c o n d i t i o n  
occurs  e i t h e r  when an  i n c o n s i s t e n c y  i n  t h e  problem d a t a  is 
d e t x t e d  which cannot ke reso lved  by t h e  System o r  when a n  e r r o r  
i s  de tec ted  by t h e  computer o p e r a t i n q  system. I n  t h i s  case ,  
a n  e r r o r  messaqe is  i s s u e d  and f u r t h e r  process inq  of t h e  c u r r e n t  
s t a t ement  is abor ted .  A t  t h i s  p o i n t ,  o n l y  t h e  s t a t ements  
inc luded  i n  a n  op t iona l ,  user-def i n e d  "ERROR PROCEDUREw a r e  
executed (see sec. 200.3) p r i o r  t o  t e r m i n a t i n q  t h e  job. 



2 00.2 CONTROL-STATEMENT FORMATS 

Throuqhout t h e  200- se r i e s  s e c t i o n s  of t h i s  document, ATLAS 
lanquaqe  s t a t e m e n t s  a r e  e n c l o s e d  w i t h i n  r e c t a n g u l a r  boxes t o  
d i s t i n q u i s h  them from d e s c r i p t i o n s  o f  the s t a t emen t s .  Wi th in  
these bcxes,  words t h a t  are typed i n  a l l  upper  case letters 
a r e  key-words and must b e  i n p u t  e x a c t l y  as shown. The fo l lowinq  
s y n t a x  is  used  t o  d e f i n e  t h e  ATLAS l anguaqe  s t a t e m e n t s  and 
parameters  t h e r e i n :  

a) E 1 - -Parameters  e n c l o s e d  by b races  have 
o p t i o n a l  i n p u t  formats .  Gne of t h e  
i n d i c a t e d  o p t i o n s  must be  s e l e c t e d .  

b)  < > - -Parameters  e n c l o s e d  by b r a c k e t s  have 
d e f a u l t  v a l u e s .  I f  the d e f a u l t  i s  
a c c e p t a b l e ,  the cor re spond ing  parameter  
or parametzrs  need n o t  be  inpu t .  A l l  
d e f a u l t  v a l u e s  are d e f i n e d  i n  t h e  
d e s c r i p t i o n s  of  t h e  ATLAS s t a t e m e n t s .  

- -Optional  s t a t e m e n t  nunber  ( l lnS70000)  
i n  columns 1 th rough 5 which may be 
a s s i g n e d  t o  an ATLAS s ta tement .  

d) P rocesso r  -Name of an  ATLAS P r o c e s s o r  or 
P o s t p r o c e s s o r  P o s t p r o c e s s o r  which must be one  of t h e  

fo l lowing  key-words (see t a b l e  10- 1; : 

ADDINT 
AF 1 
BC 
BUCKLING 
CHOLESKY 
DES I G N  
DUELAT 
EXTKALT 
FLEXAIR 

FLUTTER 
FREEBODY 
GRAPHICS 
INTERACT 
INTERPOLATION 
LOADS 
MACHBOX 
MASS 
MATERIAL 

MEKGE 
MULTi PLY 
NODAL 
REACTION 
RHO 3 
STIFFNESS 
STRESS 
VIBRATION 

e) Fi lename --Name of a n  ATLAS System d a t a  f i l ~  which 
must b e  one of t h e  f o l l o w i n q  key-words: 

ADDIRNF DUBLRNF MASSENF 
AF 1 0 RNF EXTRRNF MERGRNF 
BUCKRNF FLEXRNF MUSTRNF 
CHOLRNF FLUTRNF RH03RNF 
CONTRNF INTMNF STIFRNF 
DATARNF LOADRNF STRERNF 
DES IRNF MACHPNF V I  BRR NF 



EXECUTION (-> 
The d a t a  on a p a r t i c u l a r  nFilenameM 
are qenera ted  by t h e  nProcessorn 
a s s o c i a t e d  wi th  t h e  f i r s t  f o u r  letters 
of  t h a t  Filename excep t  f o r  t h e  DATARNF 
and CONTRNF f i l e s .  A l l  i n p u t  d a t a  
i n t e r r o g a t e d  by t h e  ATLAS p reprocessors  
a r e  s t o r e d  on f i l e  DATARNF, whereas 
CONTRNF is a v a i l a b l e  t o  t h e  u s e r  f o r  
d a t a  manipula t ion  w i t h i n  a Cont ro l  
Proqram. A list o f  t h e s e  key-words 
which may be used w i t h  some of t h e  
s t a t ements ,  i s  denoted by t h e  word 
Filenames. E n t r i e s  i n  Filenames must 
be separa ted  by commas. Blanks w i t h i n  
Filenames a r e  iqnored. 

f )  S a v e f i l e  --Name of a n  ATLAS-System, s e q u e n t i a l  
d a t a  f i l e  which must b e  one o f  t h e  
fo l lowinq key-words: 

SAVESSF SAVESS 2 SAVESS4 
SAVESSl SAVESS3 

Data may be saved on  one o r  more of 
t h e s e  f i l e s  f o r  r e s t a r t  of  system 
execution.  

q )  M l i s t  

h )  P l i s t  

- - L i s t  of m a t r i x  names (parameters)  
a s s o c i a t e d  wi th  a p a r t i c u l a r  Filename. 
E n t r i e s  must be s e p a r a t e d  by commas. 
Blanks a r e  kqnored. A l l  m a t r i c e s  
qenera ted  b9 t h e  system a r e  documented 
i n  r e fe rence  1-2. 

- - L i s t  of parameters  denotinq u s e r - s e l e c t e d  
o p t i o n s  a s s o c i a t e d  wi th  execu t ion  of 
a p a r t i c u l a r  module. Unless  noted,  
the o r d e r  i n  which parameters  a r e  l i s t e d  
i s  immaterial .  E n t r i e s  i n  P l i s t  must 
be s e p a r a t e d  by commas. Blanks a r e  
iqnored e x c e p t  w i t h i n  a C A T l i s t  
q e n e r a t i o n  parameter  ( s e e  d) below). 

Eacn parameter is ei ther a key-word 
or a f u n c t i o n  i n d i c a t o r  wi th  t h e  g e n e r a l  
format "CODE= (Values) . '1 E n t r i e s  w i t h i n  
Values must be s e p a r a t e d  by commas; 
each e n t r v  i s  re fe renced  a s  a parameter.  
I f  only one *Value" i s  spec i f  i o d  o r  
i f  "Valuesn is i n p u t  a s  a q e n e r a t i o n  



parameter "a X) b <BY c > ~  ( s ee  d) below), 
t h e  parentheses about Values need not  
be input. 

Examples : SET=2, LC= (1 0,12,40) , STRESSES 
STIFFtKRED, STURM,SUBSETS=N2 TO N6 

I n  descr ib ing  t h e  P l i s t  parameters, t h e  f ollowirig no ta t ion  
is used: 

a)  W A M  --A parameter typed i n  a l l  upper case  
l e t t e r s  i s  a key-word. A t  least  t h e  
underlined por t ion  of a key-word must 
be input. 

b) Param --A parameter w i t h  on ly  t h e  lead ing  
cha rac t e r  typed i n  upper case  denotes 
t h a t  it must e i t h e r  be se lec ted  from 
a l i s t  of system key-words o r  t h a t  it 
is i d e n t i c a l  t o  an item (or a parametPr) 
previously-defined by t h e  user. 

c) param --A parameter typed i n  a l l  lower case  
l e t t e r s  is  def ined by t h e  user. 

d )  C A T l i s t  - -This  word denotes t h a t  one parameter 
Value or a l is t  of Values may be input  
f o r  a CODE (see n P l i s t n  above). A list 
m y  denote qenera t ion  of parameter 
values. The op t ions  a r e  a s  follows: 

The word "list@ denotes a l ist  of two 
o r  mare va lues  which muat be enclosed 
within  a p a i r  of parentheses. Each 
va lue  i s  referenced a s  a parameter. 
The list na b <BY cY@, with embedded 
blanks as shown, denotes  t h e  sequence 
of parameter values  a, a+c, a+2c, . . . ,b. 
The items nan and WbIc a r e  e i t h e r  p o s i t i v e  
i n t ege r s  or they a r e  alphanumeric words 
with t r a i l i n q  d i q i t s  (e. q., N 10) .  The 
lcadinq charac te rs  of @@at1 and 'fib, '1 when 
they a r e  alphanumeric words, must be 
i den t i ca l .  The item '@ctc is a p o s i t i v e  
o r  neqative i n t e q e r  and the  words TO 
and BY a r e  input  a s  shown. The r i q h t -  



most i n t e g e r  component of "b, ** such  
as 18 i n  Nl8, minus the i n t e g e r  component 
o f  "a," such  as 2 i n  N2, when d i v i d e d  
by t r ~ r *  (e. q. , 2) must be a  p o s i t i v e  
i n t e g e r  ( t h e  number 8 i n  t h i s  c a s e ) .  
I f  t h e  l i s t - g e n e r a t i o n  increment  "ct@ 
is  +1 or  - 1,  t h e  items "BY cl@ need n o t  
be input .  One or more of t h e  i n p u t  
f  o r n s  e n c l o s e d  w i t h i n  t h e  b r a c e s  may 
be used t o  d e f i n e  t h e  co r r e spond inq  Y 

parameters .  
Y 

? 
Execu t ion  p a r a m e t e r s  t h a t  may be 4 
s p e c i f i e d  v i a  CATl is t  may be r e p e a t e d  a' 
w i t h i n  P l i s t  (i. e., C O D E = C A T l i s t l  , I 
CODE=CATlist2, . . . may be i n p u t )  . The f c 
u s e r  i s  c a u t i o n e d  t h a t  a  maximum of  i 

*, 

28 pa rame te r s  may be s p e c i f i e d  w i t h i n  
t h e  p a r e n t h e s e s  of  a n  ATLAS c o n t r o l  I 
s t a t e m e n t  (see sec. 200.3). 

I n p u t  o f  CATl is t  i s  i l l u s t r a t e d  by t h e  
examples p r e s e n t e d  f o r  A T i i s t  d a t a  items 
(see sec.  100.2.2) . I f  a  l ist q e n e r a t e d  
by CATlis t  i s  n o t  a l l owed  t o  have non- 
e x i s t e n t  items, it i s  noted  a c c o r d i n q l y  
i n  t h e  parameter  d e s c r i p t i o n .  

Note: Throuqhout t h i s  document, a parameter  t h a t  
i s  no+ i n d i c a t e d  a s  a  key-word must be 
i n p u t  as  a **decimal number" u n l e s s  n o t e d  
o t h e r w i s e  i n  t h e  d e t a i l e d  parameter  
d e s c r i p t i o n s .  B r a c k e t s  < > and b r a c e s  
( ) used  i n  d e s c r i b i n g  the s y n t a x  of t h e  
statements are no+ i n p u t .  Pa i r s  of 
p a r e n t  5eses ,  e q u a l  s i g n s ,  commas and square 
b r a c k e t s  [ 1, however, must 52 i n p u t  a s  
i n d i c a t e d .  

e)  A s t e r i s k  Name Opt ion  
--This  o p t i o r ~  p r o v i d e s  a  method of  

i m p l i c i t l y  r e f e r e n c i n q  p r e v i o u s l y - d e f i n e d  
explicit names (1 t o  7 c h a r a c t e r  
a lphanumer ic  words).  I f  a name which 
c o n t a i n s  a s t e r i s k s  is  s p e c i f i e d  w i t h i n  
M l i s t  or P l i s t ,  a  l i s t  o f  names i s  
q e n e r a t e d  a u t o m a t i c a l l y  ky r e p l a c e m e r ~ t  
of t h e  a s t e r i s k s  w i t h  c h a r a c t e r s .  A l l  
r e s u l t i n q  names w i l l  be t r e a t e d  i n  t h e  
same manner a s  i f  t h e y  were s p e c i f i e d  



e x p l i c i t l y .  When t h i s  op t ion  may be 
used, it i a  noted  accord inq ly  i n  t h e  
d e t a i l e d  d e s c r i p t i o n s .  

For example, a m a t r i x  name s p e c i f i e d  
as AB****1 d e n o t e s  a l l  m a t r i c e s  whose 
names s t a r t  wi th  t h e  letters AB and 
end wi th  1. 

Another use  of t h i s  o p t i o n  i~ f o r  s u b s e t  
names such a s  Nxxx i n  P l i s t .  For 
sxample, N1*2 is e q u i v a l e n t  t o  t h e  l i s t  
N102, N112, .em, N192. 

f )  User Matrix Nrme 
--User Mat r i ces  (see sec. 10.2) a s s o c i a t e d  

w i t h  c e r t a i n  p r o c e s s o r s  a r e  managed 
i n t e r n a l l y  v i a  a User-Matrix Name Cata log  
( re f .  1 1 )  Genera l ly ,  t h e  u s e r  a s s i g n s  
a 1 t o  7 c h a r a c t e r  alphanumeric word 
t o  each User Matr ix  genera ted  by a 
p a r t i c u l a r  job. I f  t h e  same name i s  
ass igned  t o  two d i f f e r e n t  U s e r  Matr ices ,  
t h e  c o n t e n t s  of the f i r s t - g e n e r a t e d  
mat r ix  a r e  over -wr i t t en .  User Matr ices  
a r e  genera ted  by t h e  BUCKLING, CHOLESKY, 
MERGE, MULTIPLY and VIBRATION Processors .  
Addi t iona l ly ,  e x e c u t i o n  o p t i o n s  2 and 
3 of t h e  Mass Processor  g e n e r a t e  User 
Ma trices. 

The  ATLAS, FORTRAN and SNARK s t a t e m e n t s  used t o  c r e a t e  
a Con t ro l  Proqram fo l low t h e  convent ions  of  FORTRAN w i t h  some 
r e s t r i c t i o n s  imposed by t h e  ATLAS and SNARK language 
precompilers.  The fo l lowing  r u l e s  must be followed. 

a )  Columns 1-5 a r e  b lank  o r  may c o n t a i n  a s t a t ement  number 
i n  t h e  ranqe 1-70000. 

b) A s ta tement  is  always w r i t t e n  w i t h i n  columns 7-72. 

c) Sta tements  longer  than  66 columns may be cont inued 
on to  fo l lowing c a r d s  (cols .  7-72) provided a FORTRAN 
c h a r a c t e r  o t h e r  t h a n  z e r o  i s  punched i n  column 6. 
Except f o r  t h i s  c a s e  o r  i f  t h e  c a r d  c o n t a i n s  a use]  
comment, column 6 i s  blank. 

d) columns 73-80 may be used as t h e  u s e r  w j  shes. 



e )  A user comment c a r d  may be i n c l u d e d  i n  a C o n t r o l  
Proqram, Such a c a r d  must have t h e  le t ter  c punched 
i n  column 1, Columns 2-80 are used fo r  comment 
i n fo rma t ion .  

S u b r o u t i n e s  and/or  secondary  o v e r l a y s  may be used  w i t h i n  
a C o n t r o l  Program. They must be  w r i t t e n  i n  e i t h e r  FORTRAN or  
SNARK. The f o l l o w i n g  words and any  o f  t h e  words deno ted  by "Savefile" ' 

or  "Fi lename,"  a s  d e f i n e d  p r e v i o u s l y ,  may n o t  be used as variable 
names within FORTRAN or SNARK statements. 

CGNPARS 
CPTACC 
DIAGFIL 
FLORENF 
GRAFSQ 1 
GRAFSUZ 
ICYCLE 
IERRCT 
I F I L E  

IPTU 
ISAV&?RR 
KCONPAR 
KERROR 
KLAB EL 
KWARN 
KXINST 
LABEL 
NEXTADR 

PUYTFI L 
RESERVE 
SUBSRNF 
SCOORNF 
SCO 1 RNF 
SC02RNF 
SC03RNF 
SCOYRNF 
SCOO R I  F 

SCOlRIF 
SCOZRIF 
SC03RIF 
SCO4RIF 
SCOOSSF 
SCO 1 SSP 
SCOZSSF 
SC03SSF 
SCOriSSF 

SCALRNF 
SEARRNF 
SYSRNF 
TAPE3 
TAPES 
TAPE6 
TAPE96 
TAPE9 9 

A d d i t i o n a l l y ,  v a r i a b l e  names may n o t  beg in  with any o f  t h e  
fo l lowinq  c h a r a c t e r  s t r i n q s :  

B E G 1  INTE PRO& SAVE 
CHAN J0,51,...,39 PURG USER 
C C  KQ QX VQ 
DMP LOAD R ENA WQ 
ERKO LQ R EAD 
EXEC PERF RQ 
I N D E  PR I N  R O , R I ,  ,R9 

The u s e r  is c a u t i o n e d  t h a t  b l ank  common e s t a b l i s h e d  v i a  
a C o n t r o l  Proqram is n o t  p r e s e r v e d  a f t e r  e x e c u t i o n  of  an  ATLAS- 
l anguaqe  c o n t r o l  s t a t e m e n t ,  Use of  b l ank  common, FORTRAN or 
SNARK s t a t e m e n t s  i n  a C o n t r o l  Proqram are  n o t  r e q u i r e d  for 
s t a n d a r d  ATLAS-system executions. 



200.3 ATLAS CONTROL STATEMENTS 

A l l  of t h e  ATLAS-language cont ro l  statements required far 
execution of t h e  ATLAS System a r e  defined i n  t h i a  sec t ion  and a r e  
summarized i n  table 200-1. Each ATLAS statement is compriseC of 
two leading key-words followed e i t h e r  by a few add i t iona l  key- 
words o r  a parameter list ( M l i s t  or P l i s t ) ,  A parameter list 
must be enclosed by a pair of parentheses, N o  more than 28 
parameters may be spec i f i ed  within the parentheses. 

An ATLAS statement is one of the following types: 

a) A statement used t o  perform general ,  u t i l i t y - l i k e  
f unctiorrs ; 

b) A statement with a parameter list t h a t  is oriented 
toward a p a r t i c u l a r  technology. 

200.3,1 General Control Statements 

I BEGIN CONTROL (MATRIX> PROGkAM <name> I 
This must be t h e  f i r s t  statement i n  a Control Program, I f  

the program contains any SNARK statements (ref. 1-3 ) , t h e  word 
MATRIX must be included i n  the BEGIN statement. The "namew 
option permits t h e  user  t o  iden t i fy  h i s  program with an 
alphanumeric word t h a t  begins with an a lphabet ic  letter and is 
comprised of 1 t o  7 characters ,  The de fau l t  name is NONAME. 

I f  a user des i re s  t o  manipulate d i r e c t l y  any of t h e  da ta  
generated by t h e  syzctem, it must be performed by SNARK and 
FOkTRAN statements i r ~  t h e  Qnt ro l  Program, Such a c t i v i t i e s  
c o n s t i t u t e  a more advanced use of ATLRS. All SNARK f i l e -  
declarat ion statements a r e  prohibited i n  a Control Program. 

<n> CALL FZLEADD ( f e t ,  {Filenames) ) 

This statement i s  required t o  open the appropriate da ta  
f i les denoted bg Filenames so t h a t  data matrices can 'be  accessed. 
All data  f i les  a re  i n i t i a l l y  closed (nonaccessible) t o  a Control 
Program and they a r e  always returned to a closed s t a t u s  a f t e r  
each ATLAS statement. Therefore, i f  access t o  one o r  more f i l e s  
is required a t  d i f f e r e n t  s tages  of a Control Program, t h i s  
statement must be input  a s  many times a s  necessary. A maximum of 
20 f i l e s  may be opened by one statement of t h i s  type. 

The word " fe tW denotes a File-Environment-Table array,  A 
d i f f e r e n t  array of 50 words is required for each f i l e  t h a t  is t o  
Se opened, Thus, the FORTRAN statement "DIMENSION 



Tab le  200-1. Summary of ATLAS Contro l  Statements 
<-) 

.---- - .- -. . - . . - . - .- -- . . . I 
BEGIN CONTROL <MATRIX > PROGRAM < name > 

< n > CALL f I LEA00 ( t e t ,  { f i l~enames } ) 

< n > CALL REPfL ( c o r e s i t e )  

CHANGE I D  ( t e x t )  

< n > END <CONTROL PROGRAM> 

ERROR PROCEDURE 

< n > EXECUTE { Processor  
Post  p rocessor  

) <(Pl is ! )> 

< n > INDEX FILES < ( F i  lenames)> 

< n  ) LOAD MATRIX ( ( s a v t f i l e = ; i ~ w l ~ ~ e )  F i l e n a m e . ~ l i r t < . ~ ~ ~ l ~ ~ = { ~ ) > )  
Savef i It, 

< n > PERFORM { Proceuu te  } < ( P I  i s t  ) > 
(Fi lename. M I i s t )  < > P R ~ N T  { YATRixIo } 

< n > PRINT {INPUT } ( {  Pos tp rocessor  I < ,  P I  i s t  >) 
ou rpuT 

PROBLEM I D  ( t e x t )  

( n ) PURGE FILES <(Fi lenames)> 

< n > PURGE MATRIX ( f I L E = F i I s n a m e , M I i s t !  

< n > PURGE MATRIX <(MI i s t ) )  

MODEl < n > READ ~ N P U T  <(< I ) )> 

< n > RENAME MATRIX ( O l d l  =newl, Old2=nsw2, . . . ) 
< n > SAVE FILES <((  Savcf  i 1 e =REWIND, < f i  1 > > Savef i 18, ) 
< n > SAVE MATRIX ( ( S a v e f ! 1 8 = R E w ~ n D *  Savef 118, F i  loname* MI i s t )  

USER COMMON (I i s t )  



A(size)* must be included in the Control Program. The array 
dimension. 8gsize,Y must be an integer equal to 50*n where an* is 
t h e  maximum number of files 0,mned by a statement of this type, 
Examples : 

DIMENSION A ( 150) ,R (100) 
CALL FI TlEADD (A, DATARNF, LOADRNP,.WSRNF) 
CALL FIUADD (B,CaNTRNF,vIBRRNF) 

If .he dat-.a t h a t  are t o  be manipulated d i r e c t l y  are s to red  
i n  User Matrices, they  can be accessed only by pmper 
interrogat ion of  he User-Hatrix Nam Catalog. These 
in ter rogat ions  a r e  performed v i a  t h e  ATLAS-System Library 
rout ines  named INCRS, GMLKUP and GMXSRT (ref, 1-1) . 

This statem:-t allows t h e  user  to p r i n t  t h e  User-Matrix 
Name Catalog. T1 - . . une, t ype  and s i z e  of eacb U s e r  Matrix and 
the  associated Fil,..me are displayed. 

I <n> CALL REQFZ (cores-i ze) 

The central-memory f i e l d  length is changed t o  mcoresizew 
~ l r i o r  t o  exeating subsequent Control Program statements. If 
ncrlresize" is  input  as an  octal  number, it must be appended - - :-h 
t h e  letter B. The primary benef i t  to t h e  ATLAS user  is t o  be 
able to reduce the cost associated w i t h  c e n t r a l  memory usage 
whenever possible. C o r e  requirements are, i n  general ,  problem 
dependent and vary from module t o  module (see sec. 11.3) , U s e r s  
are cautioned t h a t  t h e  program f i e l d  length should n o t  be 
adjusted higher than th f i e l d  length requested on t h e  Job Card. 
Additionally, t h i s  statement should be used only a f t e r  another 
ATLAS statement i n  a Control Program, 

1 CHANGE I D  ( text)  

The problemident if  i ca t ion  l a b e l  (text)  previously defined 
by the PROBLEM I D  cont r ,~ l  statement may be changed t o  L5e n tex tn  
specif ied by t h i s  statement anywhere within a Control Program. 

I f  a Control Program is loaded from magnetic t ape  o r  a 
p e m n e n t  f ~ l e ,  the problem i d e n t i f i c a t i o n  label  may be redefined 
v i a  tne  PROBLEM I D  input record. This s p e c i a l  data record has 
the fornl: 

PROBLEM ID *# text f 



I t  this record is used,  it must be i n p u t  i m m e d i a t e l y  b e f o r e  
t h e  first " B E G I N  Set-Name DATAw record i n  t h e  d a t a  deck (see 
sec.  100.1) .  

T h i s  must  be t h e  l a s t  s t a t e m e n t  i n  a c o n t r o l  Froyram. 
It i n i t i a t e s  the q s n e r a t i o n  of t h e  o v e r l a y  s t a t e m e n t ,  p roqram 
s t a t e n ? n t ,  d e c l a r a t i o n  s t a t . e m e n t s ,  a n d  t h e  o p e n i n g  and c l o s i n q  
s t a t e m e n t s  of  t h e  C o n t r o l  Pzogram. 

T h i s  s t a t e m e n t  a l l o w s  t h e  u s e r  t o  d e f i n e  e r r o r - a n a l y s i s  
a n d  r e c o v e r y  p r o c e d u r e s  l o c a t e d  a t  t h e  e n d  o f  a C o n t r o l  Proqram. 
Recovery code which f o l l o w s  t h i s  s t a t e m e n t  may i n c l u d e  a n y  ATLAS 
s t a t 5 m e n t s  ( i n c l u d i n q  FORTRAN a n d  SNARK) t o  be e x e c u t e d  o n l y  
i f  a n  e r r o r  i s  e n c o u n t e r e d .  I t  is recommended, however, t h a t  
t h e  u s s r  limit h i s  c o d e  t o  output s ta+,ements .  I f  no ATLAS 
s t a t e m e n t s  f o l l o w  "ZRRCR PROCEDURE," t h e  d e f a u l t  r e c o v e r y  code 
i s  i m p l i c i r i y  SAVE F I L E S  ( a u t o m a t i c a l l y  e x e c u t e d ) .  

The i n i t i a l i z a t i o n  p o r t i o n  o f  a n  erro: p r o c z d u r e  e x e c u t i o n  
a u t o m a t i c a l l y  i s s u e s  the comment: 

NON STANDARD ERROR EXIT OCCURRED DURING EXECUTION O F  ATLASn 

T h i s  i n d i c a t e s  a n  e r r o r  o c c u r r e d  d u r i n q  e x e c u t i o n  of t h e  ATLAS 
c o n t r o l  s t a t e m e n t  wh ich  began w i t h  the n - t h  card of  t h e  source 
deck ,  I+ w i l l  t h e n  execute t h e  d e f i n e d  (or d e f a u l t e d )  
staternent(s) which  m a ~ e  up t h e  e r r o r  p r o c e d u r e ,  i f  a n  e r r o r  
o c c u r s  within t h e  e r r o r - r e c o v e r y  e x e c u t i o n ,  a FORTRAN EXIT i s  
c a l l e d .  

I <n> INDEX FILES < ( F i l e n a m e s )  > 1 
The ;lamss of a l l  t h e  m a t r i c e s  on F i l e n a m e s  are p r i n t e d .  

The d e f a u i t  f o r  F i l e n a m e s  i s  a l l  F i l e n a m e s  (sec. 200.,). 

T h i s  s t a t e m e n t  i s  u s e d  t o  i n i t i a t e  i n t e r a c t i v e  C o n t r o l -  
Proqrarn p r o c e s s i n g  i n  a t i m e - s n a r e d  mode v i a  a remote  t p r m i n a l .  
E x e c u t i o n  c ~ n t r o l  i s  t r a n s f e r r e d  t o  t h e  t e r m i n a l  i n  t h e  ATLAS 
i n t 2 r a c t i v e  mode a s  d e s c r i b e d  i n  s e c t i o n  200.5. A t  t h i s  po i f i t ,  
Cont r:ol-Proqram d i r 2 c t i v e s  r e f e r e n c e d  a s  ATLAS c o n t r o l  commands 
a r e  en to r2d  v i a  the ~ e y - b o a r d .  D e t a i l e d  d e s c r i ~ t j o n s  of a l l  
c c n t r o l  commands a r ~ d  i n t e r a c t i v e  e x e c u t i o n  of ATLAS a r e  p r e s e n t e d  
i n  sect  ions  200. S t h r o u q h  200.7.  The INTERACTLVF CONTROL 
s t a t e m e n t  may be u s e d  :nriny times within a C o n t r o l  Proqram. 



r 

<n> LOAD FILES < <Filenames>< ,OPTION= 

J 
The c o n t e n t s  of one f i l e  of S a v e f i l e  are t r a n s f e r r e d  to  

t h e  d a t a  f i l e s  specified by Filenames. Only t h e  d a t a  t h a t  a r e  
a v a i l a b l e  on S a v e f i l e  which are d i r e c t l y  a s s o c i a t e d  wi th  a 
p a r t i c u l a r  Filename are t r a n s f e r r e d  t o  t h a t  d a t a  f i l e  (ref. 
1-2). The Cmr1ON p a r a m e 2 r  d e n o t e s  t h e  a c t i o n  to be t a k e n  when 
a User Matrix t o  be loaded has t h e  same name of  a p rev ious ly -  
defined User , . a t r i x .  I n  t h i s  case, matr ix  l o a d i n g  s t o p s  and 
a n  error message is  i s s u e d  i f  OPTION=2 is used. For OPTION=1, 
t h e  d e f a u l t ,  c o n t e n t s  of t h e  f i r s t  m a t r i x  a re  over-wri t ten.  
Tho d e f a u l t  for Savef i le  is SAVESSF and the d e f a u l t  f o r  Filenames 
is  a l l  da ta  f i l e s  on s a v e f i l e .  Read p o s i t i o n i n q  w i t h i n  S a v e f i l e  
i s  t h e  u s e r ' s  r e s p o n s i b i l i t y .  I f  +.he key-word REWIND i s  used, 
S a v e f i l e  is a u t o m a t i c a l l y  rewound p r i o r  t o  r e a d i n g  i ts  d a t a  
cent-ex?ts, 

<n> LOAD MATRIX ( Savef Filename,Mlisf <,OPTION= 
(save f i l e ,  

Only t h e  m a t r i c e s  i d e n t i f i e d  by M l i s t  a r e  t r a n s f e r r e d  
to t h e  data file Filename from one f i l e  of Savef i l e .  The 
A s t e r i s k  Name Option (sec. 200.2) may be used i n  M l i s t .  The 
OPTION parameter denotes  t h e  a c t i o n  to be t a k e n  when a User 
Matrix to be loaded  has t h e  same name of a previcus ly-def ined 
User Matrix. I n  t h i s  case ,  ma t r ix  load ing  s t o p s  and an error 
messaqe is i s s u e d  if OPTION=2 is used. For OPTION=1, t h e  
default, c o n t e n t s  of t h e  f i r s t  matrix a r e  over-wri t ten .  The 
d e f a u l t  f o r  Savef i l e  is SAVESSF. Read p o s i t i o n i n g  w i t h i n  
S a v e f i l e  i s  t h e  u s e r ' s  r e s p o n s i b i l i t y .  I f  t h e  key-word REMIND 
is used, S a v e f i l e  i s  a u t o m a t i c a l l y  rewound p r i o r  to read ing  
i t s  d a t a  con ten t s ,  

+ 
<n> PRINT (Filename, Mlist) 

b 

T i r i s  s t a t e m e n ~  a l lows  t h e  u s e r  t o  p r i n c  t h e  f u l l  m a t r i x  
( M A T R I X )  o r  o n l y  t h e  i d e n t i f i c a t i o n  (MATRIXID) of  each Filename 
matrix s p e c i f i e d  by M l i s t .  The A s t e r i s k  Name Option ( S ~ C .  
200.2) may be used i n  M l i s t .  The mat r i ces  i d e n t i f i e d  by M l i s t  
a re  p r i n t e d  i n  a compacted format. 



EXECUTION 
DATA - 

I PROBLEM I D  ( t e x t )  

T h i s  i s  a n  o p t i o n a l  s e c ~ n d  s t a t e m e n t  of  a C o n t r o l  Proqram 
which a l l o w s  t h e  u s s r  t o  a t t a c h  a label t o  h i s  C o n t r o l  Proqram. 
A maximum af 300 c h a r a c t e r s  i n c l u d i n q  any b l a n k s  w i t h i n  t h e  
p a i r  o f  p a r e n t h e s e s  may be used. The problem i d e n t i f i c a t i o n  
" t e x t N  is p r i n t e d  U p o i l  e x e c u t i o n  of e a c h  ATLAS s t a t e m e n t .  When 
p r i n t o u t  is r e q u e s t e d  v i a  t h e  PRINT INPUT or PRINT OUTPUT 
s t a t e m e n t s ,  t h i s  Vext* is also p r i n t e d .  G e n e r a l l y ,  o n l y  t h e  
f i r s t  80 characters o f  " t e x t m  are d i sp l ayed .  I f  n t ex t* '  i s  b lank  
o r  i f  t h i s  r e c o r d  i s  n o t  i n c l u d e d  as a c o n t r o l  s t a t e m e n t ,  a 
d e f a u l t  "text1'  i s  provided. 

I - <n> PURGE FILES i (Filerlames) > 

The c o n t e n t s  of t h e  s p e c i f i e d  F i lenames  are  purged via  
t h i s  s t a t e m e n t .  The s p e c i f i e d  d a t a  f i l e s  are e r a s e d  and i f  
any  U s e r  Matrices were i nc luded ,  t h e  User-Matrix N a m e  C a t a l o g  
(ref, 1-1) i s  updated  acco rd inq ly .  The d e f a u l t  for F i l enamss  
i s  a l l  Fi lenames (sec. 200.2). 

I <n> PUFGE MATRIX (FILE=Filename, M l i s t )  

The m a t r i c e s  i d e n t i f i e d  by M l i s t  are purged from t h e  
s p e c i f i e d  Filenamt ( e r a s e d  f lorn s t o r a q e )  . The A s t e r i s k  N a m e  
3 ~ t i o n  (sec. 200.2) may he used i n  M l i s t .  U s e r  Mat.rix names 
may noC be i n c l u d e d  i n  M l i s t  (see n e x t  s t a t e m e n t ) .  

I 
- 

<n> PURGE MATRIX < (~1ist)- 

The  User M a t r i c e s  i d e n t i f i e d  by M l i s t  a r e  purged. The 
s p e c i f i e d  m a t r i x  names are removed f rom t h e  User-Matrix N a m e  
C a t a l c q  ( r e f .  1-1) and  t h e  co r r e spond inq  m a t r i x  c o n t e n t s  are 
p r a s e d  from s t o r a q e .  The d e f a u l t  f o r  M l i s t  i s  a l l  q e n e r a t e d  
User Matr ices .  

b > 

<n> READ INPUT < ( < I = F i l e , >  ( ' 
T h i s  s t a t e m e n t  i n i t i a t e s  r e a d i n g  and  p r e p r o c e s s i n q  of 

a l l  t h e  i n p u t  d a t a  i n c l u d e d  i n  a d a t a  deck (see sec. 100.1). 
The paramster  I = F i l e ,  which h a s  a d e f a u l t  v a l u e  of I=SLINPUT, 
i d e n t i f i e s  th? name of t h s  i n p u t - d a t a  f i l e .  I f  SLINPUT is  n o t  
u sed ,  cne of t h e  s a v s f i l e s  (SAVESSF or SAVESS1 th rouqh  SAVESS4) 
s h o u l d  be a s s i q n e d  t o  F i l e  (e.q. I=EAVESS2). The o p t i o n a l  Ley- 
wcrr ll MODE1 or  MODE2 d e f i n e s  which d a t a - r e c o r d  i n p u t  fo rma t ,  
a s  d i s c u s s e d  i n  s e c t i o n  100.2.1, i s  t o  be assumed i n i t i a i l y .  
The d e f a u l t  i n p u t  mode is  MCIDEl ( each  r e c o r d  i s  t e -  i i m t e d  w i t h  
a s l a s h ) .  M u l t i p l e  daA:a decks  i n c l u d e d  i n  a sin91e job a r e  
r ead  and  p r e p r o z e s s s d  by m u l t i p l e  s t a t e m e n t s  of t h i s  type .  



<n> RENAME MATRIX (Oldl=new1 ,OldZ=newZ, . . .) 
T h i s  s t a t e m e n t  a l l o w s  t h e  u s e r  to change t h e  names p r e v i o u s l y  
a s s i q n e 3  to  U s e r  Matrices. The old names (Oldl,  Old2, . . .) 
a r e  r ep laced  by t he  new names (new1 , new2, . . . ) . The User- 
Mat r ix  Name Ca ta loq  ( r s f .  1-1) i s  updated  accordingly .  

<n> SAVE FILES < ( Savef ile=REWIND, <Filenames>) > ' 
( s a v e  f i l e ,  

The c o n t e n t s  o f  t h e  s p e c i f i e d  Fi lenames are cop ied  o n t o  
t h e  s p e c i f i e d  S a v e f i l e  i n  SNARK MATRIX1 format  ( re f .  1-3 ) . 
One r eco rd  is w r i t t e n  f o r  each  m a t r i x  t h a t  is  saved. An 
a d d i t i o r a l  r eco rd  is w r i t t e n  f o r  e a c h  p a r t i t i o n  of  a saved  User 
Matr ix.  No e n d - o f - f i l e  is  w r i t t e n  o n  S a v e f i l e  v i a  t h i s  
s ta temant .  The d e f a u l t  f o r  S a v e f i l e  is  SAVESSF and t h e  d e f a u l t  
f o r  Filenames is a l l  q e n ~ r a t e d  d a t a  f i l e s .  The s t a t e m e n t  '@SAVE 
FIIEslt  causes  a l l  q e n e r a t e d  d a t a  f i l e s  t o  be cop ied  o n t o  SAVESSF. 
P o s i t i o n i n q  w i t h i n  s a v e f i l e  is  t h e  u s e r ' s  r e s p o n s i b i l i t y .  I f  
t h e  key-word REWIND is used ,  S a v e f i l e  is a u t o m a t i c a l l y  rewound 
p r i c r  t o  w r i t i n g  d a t a  on it. 

<n> SAVE MATRIX ( Savefile=REWIND, Filename, M l i s t )  
( s a v e  f i l e ,  

4 

Only t h e  Filename m a t r i c e s  i d e n t i f i e d  by Mist a r e  copied  
onto t h e  s p e c i f i e d  S a v e f i l e  i n  SNARK MATRIX1 format  ( r e f .  . 1- 
3). The A s t e r i s k  Name Option (sec. 200.2) may be used i n  M l i s t .  
one  r eco rd  is w r i t t e n  f o r  each  m a t r i x  t h a t  i s  saved. An 
a d d i t i o n a l  r e c o r d  i s  w r i t t e n  f o r  each  p a r t i t i o n  o f  a saved  U s e r  
Matrix.  No end-of-£ i l e  is w r i t t e n  o n  S a v e f i l e  v i a  t h i s  
s t3tement .  The d e f a u l t  f o r  Savef i l e  i s  SAVESSF. P o s i t i o n i n q  
w i t h i n  S a v e f i l e  is t h e  u s e r  *s  r e s p o n s i b i l i t y .  I f  t h e  key-word 
REWIND is used,  S a v e f i l e  i s  a u t o m a t i c a l l y  rewound p r i o r  t o  
w r i t i n g  d a t a  on it. 

1 - (JSFF) COMMON (l ist)  

T h i s  s t a t e m e n t  o r  t h e  e q u i v a l e n t  FORTRAN COMMON s t a t emen t  
NCOMMON/USERCOM/listt* may be  r e q u i r e d  when t h e  Con t ro l  Program 
i n c l u d e s  FORTRAN s ta t emen t s .  Any C o n t r o l  Proqram v a r i a b l e  whose 
value  i s  set  p r i c z  t o  an  ATLAS s t a t e m e n t  and which i s  r e q u i r e d  
s u b s e q u e n t l y  n u s t  be d e c l a r e d  i n  a l ist .w T h i s  is  r e q u i r 2 3  
becalla? the C o n t r o l  Proqram i s  re loaded  a f t e r  execu t ion  oi each 
A T L A S  s t a t z m ? n t .  Any DO-loop, for example, which i n c l u d e s  a n  
ATLAS statement w i t h i n  i t s  ranqe  must have t h e  DO-loop i n d e x  
i n  "list." A maximum of 6 4  v a r i a b l e s  may b e  s p e c i f i s d  i n  @ t l i s t . N  

A v a r i a b l e  inc luded  i n  "l i s tm m y  n o t  be i n i t i a l i z e d  by a FORTRAN 
DATA s t a t emen t  i n  t h e  C o n t r o l  Program. A d d i t i o n a l l y ,  t h i s  t y p e  
of s t a t emen t  may on ly  be used  once per C o n t r o l  Proqram. 



f EXECUTION \ 

Each parameter  list, P l i s t ,  a880ciatetl w i t h  t h e  f o l l o w i n q  
+ h r e e  ATLAS s t a t e m e n t s  i s  o r i e n t e d  towards  a p a r t i c u l a r  
technoloqy.  D e t a i l e d  d e s c r i p t i o n s  o f  t h e s e  P l i s t  p a r a m e t e r s  
a r e  p r e s e n t e d  i n  t h e  f o l l o w i n q  2 0 0 - s e r i e s  s e c t i o n s  of this 
document. 

.L 

<n> EXECUTE 

i 

Thi s  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  o f  t h e  s p e c i f i e d  
P r o c e s s c r  o r  Pos tp roces so r .  Values  o f  t h e  P l i s t  pa rame te r s  
denore  e x 3 c u t i o n  o p t i o n s  a s s o c i a t e d  w i t h  t h e  i d e n t i f i e d  module. 

<n> PEEFORM [Procedure)  < ( P l i s t )  > 

T h i s  s t 3 t e m e n t  i s  a u t o m a r i c a l l y  r e p l a c e d  by t h e  sequence  
o f  cont ro l -program s t a t e m e n t s  t h a t  are a s s o c i a t e d  w i t h  t h e  
i d e n t i f  id Procedure.  A procedure  ( c a t a l o g  of c o n t r o l  
s t a t e m e n t s )  may i n c l u d e  F0RTE.W and  SNARK s t a t e m e n t s  and any  
o t n e r  ATWS s t a t e m e n t s  ( i n c l u d i n g  o t h e r  PERFORM s t a t e m e n t s )  . 
The u s e r  may select  one of t h e  s t a n d a r d  p r o c e d u r e s  made a v a i l a b l e  
by t h e  ATLAS System or h e  may supp ly  h i s  own p rocedure  t o  per form 
the r 2 q u i r e d  a n a l y s i s  f u n c t i o n s .  Use o f  t h i s  s t a t e m e n t  and  
c a t a l o q e d  c o n t r o l  p r o c e d u r e s  a r e  d e s c r i b e d  i n  s e c t i o n  200.4. 

<n> PRINT ( (Pos tp roces so r )  <, P l i s t > )  ' 

T h i s  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  of t h e  s p e c i f i e d  
Pos tp roces so r .  P r i n t o u t  o f  t h e  i n p u t  d a t a  (INPUT) or t h e  o u t p u t  
d a t a  (OIJTPUT) a s s o c i a t e d  w i t h  a  p a r t i c u l a r  P r o c e s s o r  a r e  
r s q u e s t e d  by a s t a t e m e n t  of t h i s  t ype .  P r i n t  pa rame te r s  
s ~ l c i f i e d  v i a  P l i s t  d e s i q n a t e  which d a t a  a r e  t o  b e  p r i n t e d  and 
hcw t h e y  a r e  to be d i s p l a y e d ,  

I n  a d d i t i o n  t o  u s i n q  ATLAS, MRTRAN and S W R K  s t a t e m e n t s  
t o  c r e a t e  a  C o n t r o l  Program, any o f  t h e  r o u t i n e s  i nc lud5d  i n  
t h e  A.TLAS-System l i b r a r y  may a l s o  be used. Some of t h e s e  
r o u t i n e s  a r e  used t o  i n t e r f a c e  ATLAS w i t h  s e v e r a l  computer 
praqrams t h a t  a r e  e x t e r n a l  t o  ATLAS, o t h e r  r o u t i n e s ,  f o r  
example, p r o v i d e  data-management f u n c t i o n s  a p p l i c a b l e  t o  
m o , i i f i c a t i o n  af t h e  s t r u c t u r a l - m o d a l  i n p u t  d a t a .  These 
i n t e r f a c e s  and c e r t a i n  data-manaqement f u n c t i o n s  a r e  d e s c r i b e d  
i n  appendix  G. D e s c r i p t i o n s  of a l l  of t h e  ATLAS-library r o u t i n e s  
a r e  prsser l ted  i n  ref 2rence 1-1. U s e  o f  t h e  ATLAS-library 
r o u t i n e s  and u s e  of FORTRAN and SNARK s t a t e m e n t s  a r e  o n l y  
r e q u i r e d  when a n a l y s e s  which a r e  n o t  d i r e c t l y  a t t a i n a b l e  by 
t h e  ATIAS System Modules a r e  t o  be performed.  



200.4 CATALOGED CONTROL PROCEDURES 

A c a t a l o q  o f  ATLAS, FORTRAN and/or  SNARK l anguage  
s t a t e m e n t s  may be used  t o  d e f i n e  a comple te  C o n t r o l  Program 
o r  p o r t i o n s  t h e r e o f .  S t a n d a r d  c o n t r o l  p rocedures  a r e  a v a i l a b l e  
f o r  performing c e r t a i n  s t a n d a r d  a n a l y s e s  o f  s t i f f n e s s  and  mass 
SFTISTAGE s t r u c t u r a l  models and s u b s t r u c t u r e  models. 
A d d i t i o n a l l y ,  t h e  u s e r  may write his own c o n t r o l  procedures  
f o r  u s e  i n  assembl ing  a C o n t r o l  Program t o  per form s p e c i a l  
f u n c t i o n s .  Example C o n t r o l  Programs which u s e  s a n e  o f  t h e  
s t a n d a r d  c o n t r o l  p rocedures  a r e  i l l u s t r a t e d  i n  appendix F. 

200.4.1 StandardcontroJ-Procedures f o r  SET/STAGE Models 

The f o l l o w i n q  ATLAS s t a t e m e n t  may be used  i n  a C o n t r o l  
Proqram f o r  a n a l y s e s  o f  s t i f f n e s s  and mass SETATAGE s t r u c t u r a l  
models: 

<n> PERFORM (Procedure)  < ( P l i s t )  > 

Procedure  The name o f  one  of  t h e  s t a n d a r d  SET/STAGE 
c a t a l o q e d  procedures .  The a v a i l a b l e  
o p t i o n s  are a s  fo l lows:  

DESIGN M- REDUCE STRESS 
F- REDUCE REDUCE 
K-R EDUCE R- STRESS 

The f u n c t i o n s  of  e a c h  o f  t h e s z  procedures  
are p r e s e n t e d  i n  appendix  E. 

The o p t i o n a l  pa rame te r s  t h a t  may b e  i n c l u d e d  i n  P l i s t  
are a s  fo l lows :  

Ksy-Word=value T h i s  parameter  allows the u s e r  t o  chanqe 
t h e  "val*r.eN o f  a n  ATLAS s t a t e m e n t  
parameter  s p e c i f i e d  v i a  "Key-Wordw t h a t  
is i n c l u d e d  i n  t h e  s e l e c t e d  nProcedure."  
Each ATLAS s t a t e m e n t  w i t h i n  P rocedure  
t h a t  has  a pa rame te r  i d e n t i f i e d  by Key- 
Word is chanqed a c t o m a t i c a l l y  t o  r e f l e c t  
t h e  s p e c i f i e d  atvalue." The parameter  
fo rma t s  "au and Ita TO b <BY c>" may 
he  used t o  s p e c i f y  Hvalue .w A "va luew 
w i t h  embedded commas (e.q., "Key- 
Word=(values)  ," may n o t  be  used. S e v e r a l  
parameters  o f  t h i s  t y p e  may be inc luded  
i n  P l i s t .  



The p a r a m e t e r s  i n t r o d u c e d  by t h e  key- 
words SET, STAGE, LUMP, LC and  MATERIAL 
a r e  most commonly changed by t h i s  op t ion .  

[ o l d s  ]=[ N e w s  1 T h i s  pa rame te r  allows t h e  u s e r  t o  r s p l a c e  
a s t r i n g  o f  c h a r a c t e r s  s p e c i f i e d  by 
o l d 8  w i t h  a new c h a r a c t e r  s t r i n q  
s p e c i f i e d  by News. Each ATLAS s t a t e m e n t  
w i t h i n  P r o c e d u r e  t h a t  i n c l u d e s  O lds  
i n  i t s  pa rame te r  list is mod i f i ed  
a u t o m a t i c a l l y .  If a c h a r a c t e r  s t r i n q  
is t o  b e  d e l e t e d ,  N e w s  shou ld  be i n p u t  
a s  a  blank. O the rwi se ,  a l l  b l a n k s  
i n c l u d e d  i n  t h e  s p e c i f i e d  s t r i n q s  a r e  
i qnored  e x c e p t  t h o s e  i n  a  parameter 
list "a ?r) b <BY c>." The i n d i c a t e d  
brackets  [ ] must b e  inpu t .  S e v e r a l  
pa rame te r s  o f  t h i s  t y p e  may be i n c l u d e d  
i n  P l i s t .  

Exanple: Assume e lement  stresses are to be c a l c u l a t e d  
for s t i f f n e s s  d a t a  set  5 and boundary c o n d i t i o n  
s t a q e  2 and  t h e  m a t r i x  of  r e a c t i o n  f o r c e s  is 
t o  be named REACT. The a p p r o p r i a t e  PERFORM 
s t a t e m e n t  t o  i n i t i a t e  e x e c u t i o n  of t h e  s t a n d a r d  
procedure  STRESS (sze append ix  E) would assume 
t h e  f o l l o w i n q  format .  

PERFORM STRESS (SET=5, [K31 ]=[ REACT], STAGE=2) 

200.4. Z Standayd Corltrol-  Procedures  f o r  Subs_tgucturs-A__na_&ysgg 

The f o l l o w i n q  forms of  t h e  PEEFORM s t a t e m e n t  may b e  used 
i n  a  c o n t r o l  Proqram t o  re 'erence s t a n d a r d  proc2dures  f o r  
a n a l y s e s  c. s u b s t r u c t u r e  models. 

<n> PERFORM [Procedure)  ( {Type ,) SS=Subs) 

Procedure  The name o f  one of t h e  s t a n d a r d  
s u b s t r u c t u r e  c a t a l o q e d  procedures .  
The a v a i l a b l e  o p t i o n s  a r e :  

SS-EERGE --- -- SS-VSOLVE ------ 
SS-RECUCE - ------ ------- SF-PARTITION 
SS- SSOLVE ------- SS--@cKSUBSTITUTION 

The fvir.:tions of e a c h  o f  these procedures  
arr? d e s c r i b e d  i n  d e t ~ i l  i n  a p p e n d i c e s  
D and  5. 

200.19 
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The name of a matrix type on which the 
funct ion associated with t h e  s e l ec t ed  
Procedure is to be performed. Tb.e 
opt ions  are: 

STIFFNESS MASS LOADS 

This parameter is applicable only to t h e  
SS-MERGE dnd SS-REDUCE procedures for 
which one or more of these key-words may 
be spec i f i ed .  

ATLAS list @f suLstr-zcture numbers for 
which the act iv i ty  denoted by Procedure 
i s  to be perfomed. 

Example: If the structural  s t i f fness  matrices for 
substructures 2, 8, 10, 12, 15 and 16 are t o  be 
assembled and reduced, t h e  following statements 
could be used within a Control Program: 

PERFORM SS-MERG (STIFFNESS, SS=(2, 8 TO 12 BY 2 ,  15, 16) ) 
PERFORM SS-REDU (STIFFNESS, SS=(2 ,  8 TO 12 BY 2, 15, 16)) 



/ EXECUTION > 
DATA 

A u s e r - w r i t t e n  c a t a l o g  of C o n t r o l  Proqram s t a t e m e n t s  may 
i n c l u d e  ATLAS, FORTRAN and/or  SNARK l anguage  commands i n  a d d i t i o n  
t o  PERFORM s t a t e m e n t s  t h a t  r e f e r e n c e  o t h e r  u s e r - w r i t t e n  ar 
sys t em-s t anda rd  procedures .  A procedure  i s  e s t a b l i s h e d  i n  t h e  
f  o l l o w i n s  manner: 

a )  The f i r s t  s t a t e m e n t  of  each  p rocedure  must be t h e  word 
PROCEDURE, beg inn ing  i n  column 1, f a l l o w e d  by a t  l e a s t  
one b lank  and  t h e  procedure  name. T h i s  i d e n t i f i e r  
is  a n  a lphanumer ic  word w i t h  1 t o  10 n o w  b lank  
c h a r a c t e r s .  The f i r s t  3 c h a r a c t e r s  s h o u l d  n o t  be taSS-.II 

b) subsequent  s t a t e m e n t s  are those which a r e  t o  be 
r e t r i e v e d  when t h e  c o r r e s p o n d i n g  PERFORM s t a t e m e n t  
is  i n c l u d e d  i n  a Cant-rol Program. 

C )  A s i n q l e - r e c o r d  f i l e  i d e n t i f i e d  a s  USERPRO must be 
made a v a i l a b l e  a t  job e x e c u t i o n  t i ~ e .  T h i s  f i l e  must 
c o n t a i n  a t  leas t  a l l  of  t h e  c a t a l o q e d  procedures  
r e f e r e n c e d  by t h e  C o n t r o l  Program t h a t  is t o  be executed  
(see sec. 11.2).  

The f o l l c w i n q  forms o f  t h e  PERFORM s r a t e m e n t  may be used  
i n  a Con t ro l  Proqram t o  r e f e r e n c e  use r -de f ined  c a t a l o g e d  
s t a t e m e n t s .  

<n> PERFORM {Procedure)  < ( P l i s t )  > 

Procedure  The name o f  a c o n t r o l  ~ r o c e d u r e  
p r e v i o u s l y  d e f i n e d  by a u s e r .  

T h e  o p t i o n a l  pa rame te r s  t h a t  may be i n c l u d e d  i n  P l i s t  
a r e  as f o l l o w s :  

Key- Wor?=value These p a r a m e t e r s  are  t h e  same a s  d e f i n e d  
[ Olds ]=[ N e w s  ] ) fo r  t h e  s t a n d a r d  SET/STAGE c a t a l o q e d  

p rocedures  (see sec. 203.4.1) . 



Example: A S S U ~  t h e  u s e r  has  c r e a t e d  a f i l e  of  ca t a loqed-  
procedures  equ iva lenced  t o  USERPRO a t  e x e c u t i o n  
time on which is i n c l u d e d  the f o l l w i n q :  

PROCEDURE STRE-OUT 
C P R I N T  DISPLACEMENTS, STRESSES AND REACTIONS 

P R I N T  OUTPUT ( D I  SP, SET=1 ,  STAGE= 1) 
P R I N T  OUTPUT (STEE,SET= 1 ,STAGE=1) 
P R I N T  OUTPUT(REACTIONS,SET=l,STAGE=l,EQCHK) 

PROCEDURE SAVE-DAT 
C SAVE DATA FOR FUTURE ELEMENT-SUBSET STRESS 
C PRINTING 

SAVE F I L E S  (DATARNF,STRERNF) 
INDEX F I L E S  (DATARNF,STRERNF) 

PEOCEDURE MORE 
C ADDITIONAL PROCEDURES COULC BE ON T H I S  FILE.  

T h e  f o l l o w i n g  C o n t r o l  Program c o u l d  t h e n  be execu ted  t o  
perform a stress a n a l y s i s  of  s t i f f n e s s  data se t  3 with 
boundary-condi t ion staqe 2 f o r  t h e  l o a d  cases i d e n t i f i e d  
by LODQ and LOD9. T h i s  C o n t r o l  Proqram u s e s  t h e  u s e r -  
defined procedures  STRE-OtR and SAVE-DAT as w e l l  as t h e  
s t andard  p r o e d u r e  STRESS. 

BEGIN CONTROL PROGRAM DEMO 
PROBLEM ID (EXAMPLE FOR USE O F  CONTROL PROCEDURES) 
READ INPUT (MODEZ) 
PERFORM STRESS (SET=3 ,  STAGE=5,  [ALL ']= [ (LOD4, LOD9) 1) 
PERFORM STRE-OUT (SET=3  ,[ STAGEz1 ]=[ STAGE=S, LC= (LOD4, LOD9) 1) 
PERFORM SAVE- DAT 
ERROR PROCEDURE 
END CONTROL PROGRAM 



200.5 INTERACTIVE CONTROL-PROGRAM EXECUTION 

DATA 

I n t e r a c t i v e  Control-Proqram proceas inq  i s  i n i t i a t e d  by 
t h e  ATLAS c o n t r o l  s t a t ement  "INTERACTIVE CONTROL" as  desc r ibed  
i n  s e c t i o n  200.3. I n  t h i s  mode of system execut ion ,  t h e  
f ollowinq a c t i v i t i e s  may be performed v i a  a remote te rminal :  

a )  Data and c o n t r o l  f i l e s  can be de f ined ,  i n t e r r o q a t e d  
and/or  modified by e d i t  c a p a b i l i t i e s  i n h e r e n t  t o  t h e  
ATLAS I n t e r a c t i v e  Control  Module. 

b) c o n t r o l  coinmands can be s p e c i f i e d  t o  d i r e c t  execu t ion  
o t  s e l e c t e d  ATLAS System Modules and t o  c o n t r o l  d a t a  
manaqement f u n c t i o n s .  

A l l  i n t e r a c t i v e  Control-Proqram d i r e c t i v e s  a r e  reference?  a s  
ATLAS c o n t r o l  commands. The syn tax  of t h e s e  commands i s  
presen ted  i n  s e c t i o n s  200.6 and 200.7. 

Each  c o n t r o l  cammand may be executed immediately a f t e r  
it is input  v i a  t h e  te rminal .  A l t e r n a t i v e l y ,  m u l t i p l e  commands 
may be en te red  and s t o r e d  t o  c r e a t e  a *command procedure" p r i o r  
t o  execut ion  t h e r e o f .  Comn~and procedures may be nes ted  
(concatenated)  t o  form a maximum of 10 procedure l e v e l s  throuqh 
procedure c a l l s  (RUN commands a s  d e s c r i b e d  i n  s e c t i o n  200.7) .  

T h r ? e  modes of i n t e r a c t i v e  p rocess ing  a r e  i d s n t i f i e d :  

a)  ATLAS mode --The b a s i c  mode of a l l  i n t e r a c t i v 9  
Control-Proqram processinq.  T h i s  mode 
i s  en te red  e i t h e r  from t h e  Cont ro l  
Program v i a  an  "INTERACTIVE CONTRCLn 
s ta tement  o r  from a h i q h e r - l e v e l  command 
procedure v i a  execut ion  of a *IRETURNn 
o r  llREVERTt* command ( s e e  sec.  200.7) . 

b) EDTT mode - - Z n t  ered from t h e  ATLAS mods v i a  t h e  
I1pr i o r i t y t l  command &EDITN t o  d e f i n e  
and/or  manipula te  f i l e s .  

c) EXECUTE mode --Entered from t h e  ATLAS :..ode v i a  the 
execute  symbol w # . n  Execution of a l l  
c o n t r o l  commands i s  monitored b y  t h i s  
m d  c.  

The ATLAS mode i s  re -en te red  upon completion cf a c t i v i t i e s  i n  
e i ther  t h e  EDIT or t h e  EXECUTE mode. F u r t h e r  d e s c r i p t i o n s  of 
these process inq  modes a r e  presented  i n  t h e  fo l lowinq s e c t i o n s .  



~ l l  i n t e r a c t i v e  p r o c e s s i n g  i s  d i r e c t l y  or i n d i r e c t l y  
monitored from t h e  ATLAS mode. T h i s  mode is  i d e n t i f i e d  by t h e  
prompt c h a r a c t e r  

d i s p l a y e d  a t  t h e  beqinning of each l i n e  on t h e  t e r m i n a l  screen .  
A t  t h i s  po in t ,  a n  ATLAS command i s  e n t e r e d  v i a  t h e  key-board. 
I f  t h e  command i s  t o  be executed  d i r e c t l y ,  the execu te  ~ y m b o l  
" # "  should  be  typed fo l lowed  by d e p r e s s i n g  t h e  CR ( c a r r i a g e  
r e t u r n )  key. If t h e  command i s  to  b e  stored ,lor subsequent  
execu t ion ,  t h e  symbol #'IN s h o u l d  nu t  be i n p u t .  A u l t i p l e  c o - m n d s  
e n t e r e d  wi thou t  t h e  f l X W  symbol d e f i n e s  a TTY command procedure.  

Entry of t h e  execu te  symbol "3" i n i t i a t e s  p r o c e s s i n g  of 
a TTY command procedure.  An image o f  t h e  contmands i s  s t o r e d  
on t h e  f i l e  i d e n t i f i e d  by the  name TEXTFIL. Durinq- e x e c u t i o n  
of t h e  procedure,  c o n t r o l  a c t i v i t y  may be r e v e r t e d  t o  t h e  ATLAS 
mode from t h e  EXECUTE mode a t  u s e r - s e l e c t e d  i n t e r r u p t  p o i n t s  
w i t h i n  t h e  procedure.  These o p t i o n s  are d e s c r i b e d  i n  s e c t i o n  
200.5.3. 

S p e c i a l  " p r i o r i t y N  c o m a n d s  may be e n t e r e d  i n  t h e  ATLAS 
mode t o  chanqe t h 2  central-memory f i e l d  l e n g t h ,  t o  e n t e r  t h e  
EDIT mode or t o  d i s p l a y  o r  d e l e t e  t h e  l a s t  "nu l i n e s  e n t e r e d  
v i a  t h e  key-board, P r i o r i t y  commands a r e  processed  immedii.,. zly 
fo l lowed by t h e  ATLAS mode being resumed f o r  f u r t h e r  prepnraz ion  
of c o n t r o l  commands. 

The EDIT mode is e n t e r c d  from t h e  ATLAS node v i a  t h e  
p r i c r i t y  command "EED1Ten The e d i t o r  o p e r a t e s  i n  e i t h e r  t h e  
i n p u t  sub-mode or t h s  e d i t  sub-mode i d e n t i f i e d  by t h e  prompt 
c h a r a c t e r s  

The e d i t  c a p a b i l i t i e s  of t h e  I n t e r a c t i v e  C o n t r o l  Module a r e  
i d e n t i c a l  t o  t h e  BCS t e x t  e d i t o r  (CMEDIT) c a p a b i l i t i e s  which 
a r e  docvmented i n  r e f e r e n c e  200-1. For conven iea t  r e f e r e r c i n g ,  
t h e s e  c a p a b i l i t i e s  a r e  a l s o  d e s c r i b e d  i n  Appendix H. 

Ccnlnland procedures  e s t a b l i s h e d  i n  t h e  EDIT mode a r e  
r e fe renced  a s  FILE procedures .  An imaqe of t h e  commands is 
s t o r e d  on a f i l e  i d e n t i f i e d  by a u s e r - s p e c i f i e d  name, This 
f i l e  is subsequent ly  processed  v i a  t h e  *C")MPILEU or "RUN1@ command 
as d e s c r i b e d  i n  s e c t i o n  200.7. 



EXECUTION 

A command procedure ,  which may c o n t a i n  any number of  
coinmards, i s  p r o c e s s e d  i n  two staqes. 

a )  Each command w i t h i n  the procedure ,  t h e  t s sou rce l~  COBV, 
is i n t e r r o q a t e d  a n d  compiled ( i n t e r p r e t e d )  i n t o  a pre- 
d e f i n e d  f orrnat r..:f e r e n c e d  a s  the IIob jcctn code. 

b) The o b j e c t  code is execu ted  p r o v i d e d  t h e  commands were 
compiled s u c c e s s f u l l y .  

The e x e c u t i o n  s t a q e  may be performed i n  e i t h e r  t h e  .FULL or STEP 
mode a s  {pec i f  2 e d  by  the "RUNn or  "REVERT" command d e s c r i b e d  
i n  s e c t i o n  200.7. I n  the  FULL mode, a l l  commands i n  t h e  
p rocedure  are p roces sed  w i t h o u t  any  i n t e r r u p t i ~ f n  a l l owed  from 
t h e  t e r m i ~ t a l  except v i a  a ItEETURN" command i n  t h e  procedure .  
I n  t h e  STE2 mode,  c o n t r o l  r e t u r n s  t o  t h e  t e r m i n a l  a f t e r  
proccssj .nq o f  each  command. A t  t h i s  p o i n t ,  any a c t i o n  may be 
initiated. A new command procedure ,  for example,  may be 
p r o c e s s e d  pr ior  t o  resuming o h e r a t i o n s  o n  t h e  c u r r e n t  p rocedure .  

The saurce code and object. ,,ode for each procedure  r e s i d e  
i n  two d i f f e r e n t  s e q u e n t i a l  files, Only one  p rocedure  may 
r e s i d a  i n  a p a r t i c u l a r  f i l e .  When t h e  s o u r c e  code  i s  compiled,  
t h e  i n p u t  :ommands are  r e f o r m a t t e d  and w r i t t e n  o n t o  t:le o b j e c t  
fil?. T h i s  f i l e  is used  f o r  e x e c u t i o n  o f  t h e  commands. The 
names of t h e  s o u r c e  file a n d  object f i l e  a r e  u sed  i n  i d e n t i f y i n q  
a procedure .  

FILE command p r o c e d u r e s  as c r e a t e d  i n  t h e  EDIT mode are 
i d e n t i f i e d  by source and ob4ec.t: f i l e  names a s s i g n e d  b y  tibe user .  
T h e  s o u r c e  f i l e  i s  i c l e n t i f  l - ? d  bV.rinq c r e a t i o n  of t h e  procedure .  
This f i l e  i s  p roces sed  e i t h e r  !)!" t h e  '@COMPILE# u r  "RUN" command 
where in  the c o r r e s p o n d i n q  object :  f i l e  name i s  as s iqned .  

When t h e  e x s c u t e  symbol t t # t t  is i n p u t  a s  t h e  list non-blank 
char ic 'er  of a command i n  a TT'f procedure, t h e  f o l l o w i n q  
s e q u e n t i a l  st sps are  ~ e r f o r n e d :  

a )  The  s o u r c e  code r o r  the TTY p rocedure  is written o n t o  
t he f i le TEXTFr !,. 

h )  I: c a r n p i l a r i u n  of the procedu ie  i s  successful,  t h e  
o b j e c t  ccd3 is w r i t t e n  c- to th:? f i l e  Ot,JE(:?x where  
fix" i s  t h e  d i sp l ay -code  e q u i v a l e n t  of tho procedure  
l e v e l  number (i.e., OEUECTA f o r  l t i ve i  I ,  OR.TECTB for 
l e v e l  2, etc. ) . 

C) The procedure  i s  executed  ir: the FULL mode. 



TTY and FILE procedures may be concatenated  i n  any manner 
t o  form a maximum of 10 procedure l e v e l s  a t  any p o i n t  d u r i n g  
execution.  Th2 d r i v i n g  (fundamental) procedure is t h e  lowest-  
].eve1 procedure which may cal l  h igher - l eve l  procedures i n t o  
execution.  A f t e r  r e t u r n i n g  t o  a lower- level  procedure from 
a h iqher - l eve l  procedure d u r i n g  execut ion ,  t h e  h igher - l eve l  
procedure and any i n t e r m e d i a t e  procedures are i n a c t i v a t e d  from 
t h e  procedure l inkaqe.  

The s e q u e n t i a l  f i l e s  named TEXTFIL, OBJECTx and HISTFIL 
a r e  r e  ,erved f o r  use  by t h e  ATLAS I n t e r a c t i v e  Cont ro l  Module. 
TEXTFIL and OBJECTx are used as d e s c r i b e d  above. During 
i n t e r a c t i v e  processing,  a n  imaqe of each c o n t r o l  command is 
w r i t t e n  on to  HISTFIL p r i o r  t o  e x e c u t i o n  of t h e  command. Thus, 
t h i s  file c o n t a l  .IS t h e  ndayf ilew informat ion  for a l l  i n t e r a c t i v e  
executions. 



EXECUTION 

4 

200.6 CONTROL-CXWlH?iND FORMATS 

The commands inc luded  i n  a c o n t r o l  procedure may be  de f ined  
ei ther i n  t h e  TTY format o r  i n  t h e  BATCH format  as d e s c r i b e d  
i n  t h e  fo l lowing sec t ions .  I n  t h e s e  d e s c r i p t i o n s ,  t h e  n o t a t i o n  
[ ), < > and P l i s t ,  a s  d e f i n e d  i n  s e c t i o n  200.2, is used. Only 
t h e  c o n t r o l  commands d e s c r i b e d  i n  s e c t i o n  200.7 may he  included 
i n  a command procedure. The format  i n  which a procedure is 
def ined  is i d e n t i f i e d  by t h e  "Fn parameter  i n  t h e  nCOMPILEw 
and "RUNN commands. 

200.6.1 TTY Comma&-Eormat 

The TTY format is g e n e r a l l y  used t o  d e f i n e  a l l  command 
procedures.  Each command i s  s p e c i f i e d  i n  f r e e - f i e l d  format  
i n  t h e  fo l lowing q s n e r a l  form: 

1. < l a b e l  : > Key-Words < ( P l i s t )  > f 

l abe l :  

Key- words 

P l i s t  

$ 

= Opt iona l  command l a b e l .  An alphanumeric 
word wi th  1 t o  5 c h a r a c t e r s  fo l lowed 
by a colon. 

= One o r  t w o  key-words t h a t  i d e n t i f y  t h e  
command. A t  least t h e  4 l e a d i n g  
c h a r a c t e r s  o f  each key-word must be 
i n p u t  as shown i n  s e c t i o n  200.7. 

= Same a s  d e f i n e d  i n  s e c t i o n  200.2. If 
P l i s t  i s  i n p u t ,  t h e  p a i r  of pa ren theses  
must b e  used. 

= This  symbol deno tes  t h e  end of a command. 
The S-symbol may be i n p u t  anywhere an 
a l i n e .  

Multiple l i n e s  may be used t o  d e f i n e  a command. A new l i n e  
does n o t  i n d i c a t e  t h e  beginning of a new command u n l e s s  t h e  
l a s t  c h a r a c t e r  of the previous l i n e  is the  S symbol. Blanks 
may be i n t e r s p e r s e d  anywhere w i t h i n  a command except  i n  
con junct ion  w i t h  t h e  TC. ' Y op t ion  of P l i s t .  I n  t h i s  case, a t  
l e a s t  one blank i s  requ,..ed be fo re  and a f t e r  t h e  word TO and 
the word BY. 

3 EAD INPUT (MODE2) ,T EXE 
c s , rE  
iuss 
$ INDEX FILES f $ 



Ccmment commands f o r  user- i d e n t i f  i c a t i o n  purposes may 
be inc luded i n  a procedure that is d e f i n e d  i n  t h e  TTY format  
i n  t h e  fo l lowinq ways: 

a )  A command which beg ins  with t h e  t w o  non-blank c h a r a c t e r s  
*/ and ends wi th  S. 

b) A command w i t h  o n l y  blanks and S. 

C )  An empty command (e.q, S S ) .  

Comn2nt commands a r e  ignored  when p rocess ing  a procedure. 

200.6.1.1 ATLAS-Mode P r i o r i t y  Commands 

Special, p r i o r i t y  commands may be used o n l y  ,-. t h e  ATLAS 
i n t e r a c t i v e  mode. A p r i o r i t y  command is executed  inunediately 
after it i s  e n t e r e d  v i a  t h e  key-board, C o n t r o l  i s  r e t u r n e d  
t o  the ATLX mode a f t e r  t h e  s p e c i f i e d  task has  been completed. 
other commands typed i n  p r i o r  t o  a p r i o r i t y  command a r e  n o t  
destroyed.  Each p r i o r i t y  command is s p e c i f i e d  i n  f r e e f i e l d  
format i n  t h e  fo l lowinq q e n e r a l  form: 

I 5 Ksy-Word, Arqument 

= The ampersand c h a r a c t e r  which d e n o t e s  
t h a t  a p r i o r i t y  command i s  beinq entered .  

Key- Word = A key-word w i t h  1 t o  10 c h a r a c t e r s  which 
i d e n t i f i e s  t he  command. Only t h e  f i r s t  
c h a r a c t e r  i s  used t o  d i s t i n q u i s h  t h e  
command. 

Arqument = An i n t e g e r  number or a n  alphanumeric 
word. 

Blanks i n t e r s p e r s e d  w i t h i n  t h e  command a re  ignorsd.  The 
comma between Key-word and Arqument, however, must be 
input .  Each command must be f u l l y  c o n t a i n e d  on one l i n e  
and it must be t h e  o n l y  command on t h a t  l i n e .  The CR 
key i s  depressed  t o  i n i t i a t e  e x e c u t i o n  of  a p r i o r i t y  
comrnand. 



command procedures may be defined i n  t h e  BATCH format  
w h i c h  f c l lows  the b a s i c  convent ions  of FORTRAN. The q e n e r a l  
f crm o f  each command is: 

I < l a b e l >  Key-Words < ( P l i s t )  > 

= Opt iona l  command label. An alphanumeric 
word wi th  1 t o  5 c h a r a c t e r s  i n  columns 
1- 5 .  

= Same a s  d e f i n e d  f o r  the TTY format,  
P l i s t  Key-Words 1 
The fo l lowinq r u l e s  must also be followed: 

a )  Key-Words and ( P l i s t )  must be i n p u t  w i t h i n  columns 
7-72, If more t h a n  66 columns a r e  requi red .  t h e  command 
may con t inue  on to  cclumns 7-72 of fo l lowinq l i n e s  
provided a non-blank c h a r a c t e r  is p u t  i n  column 6, 
Zxcept f o r  t h i s  c a s e  or i f  t h e  l i n e  c o n t a i n s  a u s e r  
comment. column 6 is blank. 

b) Columns 73-80 may be used f o r  comments. 

c) Comment commands may be inc luded  f o r  u s e r - i d e n t i f i c a t i o n  
purposes,  Each comment must have t h e  l e t t e r  C i n  
column 1. Columns 2-80 are used f o r  comment 
informat ion ,  These commands a r e  ignored when process ing  
a procedure. 



2 0 0 . 7  ATLAS CONTROL COMMANDS 

The ATLAS-lanquaqe comrands a i c h  may be used t o  c r e a t e  
c c n t r o l  procedures f o r  i n t e r a c t i v e  e x e c u t i o n  of a C o n t r o l  Program 
a r e  summarized i n  t a b l e  200-2. A l l  c o n t r o l  s t a t e m e n t s  d e f i n e d  
i n  s e c t i o n  200.3 may be used a s  c o n t r o l  commands with  t h e  
f ollowinq e x c e ~ t i o n s :  

BEGIN CaNTROL <MATRIX> PROGRAM <name> 
CALL FILEADC ( f  et , (Filenames) ) 
CALL PRNTCAT 
CALL KEQFL ( a r e s i z e )  
END <CONTROL PROGRAM) 
ERROR PROCEDURE 
INTZRACTIVE CONTROL 
PSRFORW (Procedure} < ( P l i s t )  > 
USER COhIHON (l ist)  

Addi t iona l  i n t e r a c t i v e  commands as d e s c r i b e d  below a r e  shown 
i n  t h e  TTY format.  

COMPILE < ( < I = A f i l e , >  <O=bfi le ,>  <F= BATCH >)> $ 
{TTY 1 

The s o u r c e  code f o r  a FILE procedure as c r e a t e d  i n  t h e  
ECIT i n t e r a c t i v e  mode is compiled to q e n e r a t e  ths 
correspondinq o b j e c t  code f o r  subsequent  execut ion .  

I = A f i l e  = Name of t h e  f i l e  t h a t  c o n t a i n s  t h e  
source  code f o r  t h e  procedure t o  be  
compiled. 
Default:  I=SOURCE 

= Name of  t h e  f i l e  o n t o  which t h e  
correspondinq o b j e c t  code f o r  " A f i l e n  
is t o  be w r i t t e n .  
Default  : O=OWEKT 

= T h i s  parameter  d e n o t e s  whether t h e  s o u r c e  
code was d e f i n e d  i n  t h e  BATCH forinat 
or t h e  TTY format  as d e s c r i b e d  i n  s e c t i o n  
200.6. 
Default:  F=TTY 

The central-memory f i e l d  l e n g t h  is changed t o  t h e  s p e c i f i e d  
value  f o r  execu t ion  of subsequent  C o n t r o l  Proqram 
s ta tements .  The f i e l d  l enq th  f o r  process inq  c o n t r o l  



ccmmands i n  t h e  i n t e r a c t i v e  mode is a u t o m a t i c a l l y  a d j u s t e d  
t o  t h e  minimum r e q u i r e d  by t h e  Interactive Control  Module. 

= New field length s p e c i f i e d  a s  a n  o c t a l  
i n t e g e r .  

CONTINUE $ 

T h i s  command is  used p r i m a r i l y  for c o n t r o l  branching 
either w i t h i n  a  procedure o r  from one procedure t o  another .  

GO TO (Label) d 

Execution c o n t r o l  is t r a n s f e r r e d  t o  t h e  connuand i d e n t i f i e d  
by "Label." The s e a r c h  f o r  t h e  d e s t i n a t i o n  command i s  
performed a s  fol lows:  

a )  If t h e  GOTO command is con ta ined  i n  a  FILE procedure, 
o n l y  t h e  commands i n  t h a t  procedure a r e  searched.  

b) I f  t h e  GOT0 command i s  c o n t a i n e d  i n  a TTY procedure,  
the s e a r c h  w i l l  beq in  i n  t h a t  procedure and w i l l  
c o n t i n u e  down t o ,  and i n c l u d i n g  t h e  h ighes t -  l e v e l  FILE 
procedure inc luded i n  t h e  procedure l inkage.  

LIST CATALOG $ 

The User-Matrix Name Catalog i s  pr in ted .  The name, type  
and s i z e  of each U s e r  Matr ix and the  a s s o c i a t e d  Filename 
a r e  d isplayed.  

LIST ERROR < ( B f i l e )  > $ 

A list of a l l  e r r o r s  and warnings d e t e c t e d  dur inq  
ccmpi la t ion  of a FILE command procedure i s  pr in ted .  

Bf i l e  = The name of t h e  objec t -code  f i l e  
p r e v i o u s l y - s p e c i f i e d  by t h e  *'O=bfile** 
parameter i n  a  COMPILE o r  RUN command. 
Defaul t  : OBJEKT 

T h e  i n t e r a c t i v e  process inq  mode i s  terminated .  Execution 
c o n t r o l  is re tu rned  t o  t h e  C o n t r o l  Proqran. 



Execution of a  procedure i s  i n t e r r u p t e d  t empora r i ly  b y  
t r a n s f e r r i n q  c o n t r o l  t o  t h e  t e r m i n a l  i n  t h e  ATLAS mode. 
Any a c t i o n  may be i n i t i a t e d  a t  t h i s  p o i n t  v ia  key-board 
input .  A new command procedure,  f o r  example, could  be 
processed. Upon complet ion of t h e  t e r m i n a l  a c t i v i t i e s ,  
c o n t r o l  may be r e t u r n e d  t o  t h e  i n i t i a l  procedure be ing 
exscuted  by depress inq  the CR key on a new line. Execution 
i s  cont inued w i t h  t h e  command immediately fo l lowing t h e  
RETURN command w i t h i n  t h a t  procedure. 

I EEVERT < (<O=code, > <M=Yode>) > $ 

Execution of t h e  procedure is t e r m i w t e d  and c o n t r o l  is 
re tu rned  t o  t h e  lower- level  procedure i d e n t i f i e d  by "Code. " 
A l l  procedures a t  a h i q h e r  l e v e l  t h a n  wcodem i n  t h e  
procedure l inkage  a r e  i n a c t i v a t e d .  Execution w i t h i n  
"Coden w i l l  resume w i t h  t h e  command fo l lowing t h e  l a s t  
executed RUN command i n  t h a t  procedure. 

This  parameter  i d e n t i f i e s  t h e  d e s t i n a t i o n  
procedure. The o p t i o n s  for "Code" are :  

B f  i le--Revert  t o  t h e  procedure i d e n t i f i e d  by 
t h e  ob ject-code f i l e  named " B f i l e .  

0--Revert t o  t h e  nex t  lower procedure i n  
t h e  procedure l inkage .  I f  t h e  REVERT 
command i s  used i n  t h e  lowes t - l eve l  
procedure, c o n t r o l  i s  r e t u r n e d  t o  t h e  
ATLAS i n t e r a c t i v e  mode. 

A L L - - A ~ ~  a c t i v e  procedures  are abor ted  and 
c o n t r o l  i s  r e t u r n e d  t o  t h e  ATLAS 
i n t e r a c t i v e  mode. 

Default :  0=0 

T h i s  parameter  d e f i n e s  which execu t ion  
mode i s  t o  be used. The o p t i o n s  f o r  
*Modem a re :  

FULL--No te rmina l  i n t e r r u p t s  dur inq  execut ion .  

STEP--Control i s  t empora r i ly  t r a n s f e r r e d  t o  
t h e  t e r m i n a l  i n  t h e  ATLAS mode a f t e r  
execu t ion  of each command. The end 
of  a t e r m i n a l  i n t e r r u p t  is s i q n i f i e d  
by depxessinq t h e  CR key on a new l i n e .  



This  o p t i o n  i s  s i m i l a r  t o  havinq a 
RETURN command after each execu tab le  
command . 

0--Continue execu t ion  i n  t h e  
c u r r e n t  mode. 

Default: M=O 

The s o u r c e  code f o r  a FILE procedure as c r e a t e d  i n  t h e  
EDIT i n t e r a c t i v e  mode is compiled t o  g e n e r a t e  t h e  
correspondinq o b j e c t  code which i s  then executed. Note 
that the c h a r a c t e r  I must be s p e c i f i e d  i n  tbis command 
to d i s t i n q u i s h  it from the fo l lowinq RUN command. 

I<=A~ ile> These parameters a r e  t h e  same a s  
de f ined  f o r  the COMPILE command. 

Same as d e f i n e d  for t h e  REWERT 
command. 

FUN < (<o=Bf i le ,  > <M=Mode?) > S 

The o b j e c t  code on t h e  f i l e  n B f i l e H  is  executed. 

The  procedure whose object code is  on  
t h e  f i l e  named " B f i l e W  i s  t o  be executed. 
This  file must have been p r e v i o u s l y  
genera ted  either by a COMPILE or  RUN 
command f o r  a FILE procedure o r  by t h e  
execute symbol "Itg f o r  a TTY procedure, 
Default : 0 =OWEKT 

Same a s  d e f i n e d  f o r  t h e  EEVERT command. 



The f o l l o w i n g  c o n t r o l  commands may b e  used  o n l y  i n  t h e  
ATLAS i n t e r a c t i v e  mode. One of t h e a e  s t a t e m e n t s  i n i t i a t e s  
c o m p i l a t i o n  and  e x e c u t i o n  o f  a TTY procedure ,  w h e r ~ a s  t h e  
remain inq  commands are r e f e r e n c e d  as ATLAS-mode p r i o r i t y  commands 
(see sec. 200.6.1.1) . 

command $ # 

When t h e  l a s t  non-blank c h a r a c t e r  on a l i n e  c o n t a i n i n g  
a c o n t r o l  command is t h e  symbol c o m p i l a t i o n  a n d  
e x e c u t i o n  of t h e  TTY procedure  i s  i n i t i a t e d .  "Commandfl 
may be  any  one  o f  t h e  c o n t r o l  commands d e f i n e d  i n  s e c t i c n  
200.7. 

Sxample Termina l  Sc reen  Image: 

A> READ INPUT $ 
A> RUN (O=STRESS) $ 
A >  PFINT OUTPUT (STRESS, LC=DIVE) $ X 

I n  t h i s  example, t h e  3 - l i n e  TTY procedure  is c o n p i l e d  and  
e x e c u t e d  i n t e r a c t i v e l y .  

The central-memory f i e l d  l e n g t h  is  changed t o  t h e  s p e c i f i e d  
va lue  f o r  e x e c u t i o n  o f  subsequen t  C o n t r o l  Proqram 
s t a t emen t s .  The f i e l d  l e n g t h  f o r  p r o c e s s i n q  c o n t r o l  
ccmmands i n  t h e  i n t e r a c t i v e  mode i s  a u t o m a t i c a l l y  a d j u s t e d  
t o  t h e  minimum r e q u i r e d  by  t h e  I n t e r a c t i v e  C o n t r o l  Module. 

= New f i e l d  l e n g t h  s p e c i f i e d  as a n  octal 
i n t e g e r  . 

Examples: &CORE, 130000 
EC, 70000 

The l a s t  
If Itnu i s  
all l i n e s  

8@n4f l i n e s  i n p u t  v i a  t h e  key-board are d e l e t e d .  
l a r q e r  t h a n  t h e  a c t u a l  number o f  l i n e s  i n p u t ,  
a r e  d e l e t e d .  The d e f a u l t  v a l u e  f o r  I1nw i s  1. 

Examples : CDELETE, 6 
ED, 4 
GD 



EXECUT lON c-) 
The f i l e  i d e n t i f i e d  by t h e  name " F i l e w  i s  t o  be e d i t e d .  
I f  l lF i le lv  is new, t h e  e d i t o r  is e n t e r e d  i n  the i n p u t  ( I>)  
sub-mode, If a F i l e n  is an e x i s t i n q  f i l e ,  the  e d i t o r  i s  
e n t e r e d  i n  t h e  e d i t  (E)) sub-mode. The d e f a u l t  for " F i l e f l  
is TExTFIL which i s  t h e  f i l e  o n t o  which i s  w r i t t e n  t h e  
s o u r c e  code  f o r  a TTY procedure. 

Example: &EDIT,MYPROC 

The last "n" l i n e s  i n p u t  v i a  t h e  key-board are p r i n t e d .  
I f  #InN i s  l a r g e r  t h a n  t h e  ac tual  number of l i n e s  i n p u t ,  
a l l  lines are  p r i n t e d .  The d e f a u l t  va lue  f o r  Ivnm i s  1. 

Fxamples: &PRINT, 8 
EPR, 4 
E P  



Table 200-2. Summary o f  ATLAS Interact ive-  Control Comands 

CHANCE 10 ( t o r t )  

COYPILE <(<l=Af i lr,><O=bf i lc,)( F= 

@ (FL=n)  

~ T l N U E  

ENUTE { ~ ~ ~ ~ ~ ~ ~ ~ ~ s s , , , }  < ( PI i s t  > 
g _o ( l a b e l )  

W E X  US ( ( F i  l enamor) > 
CpJLOC 

L IST ERROR < ( B f i i e ) >  

LOAO F l l t f  <((::~:~j/::EwIND*) < F i  l o n a m e s > < . 0 ~ ~ 1 0 ~ =  {:I>)> -- 
LOAD MATRIX ( { s 3 v e f 1 1 0 = ~ f w 1 ~ 0 * )  F i  lonam8,Ml i s t  < ,OPTION={~}  >I -- . b a v e f ~  lo .  

P L N T  {-lQ} ( F i l e n a m e , M l i s t )  

( ( ~ o s t p r o r e r r o r ~  <.PI i s t  > )  

W L E M  ID ( t e r t )  

PURGE W S  < ( F i  I t n a m e s ) >  

P a l  M S l X  ( F l L E = F i l e n 3 m e , Y l i s t )  

ME W I X  < ( M l i s t )  > 
QUIT - 
RtAO INPUT < ( <  lql 18,>  ( ~ ~ ~ ~ ~ )  > -- 
WME W l X  (Oldl=newI,Old2=ner2, . . . ) 
RETURN - 

SAY€ FILES < ( ( 
SAVE MATRIX ( ( S a v o f i  I s ,  

- 

C o n t r o l  Commands f o r  Use O n l y  I n  t h e  ATLAS Mods o f  I n t e r a c t i v e  P r o c e s s ~ n g  

b,l)RE,n 

LOELETE <,n > 
L p l T  < . F l l o  > 
LPRINT <,n > 
C 



202.0 ADDINT MODULES 

The ADDINT (ADD and/or  INTerpola te )  P r o c e s s o r  may be used 
t o  combins two o r  more sets of Q-ma t r i ce s  ( g e n e r a l i z e d  a i r f o r c e  
m a t r i c e s )  i n t o  a s i n q l e  set and t o  i n t e r p o l a t e  a s i n g l e  set  
o f  Q-mat r ices  with r e s p e c t  t o  k-va lue  ( r educed  f requency)  . 
Each Q-matr ix  w i t h i n  a set is  a s s o c i a t e d  with a  articular k- 
valua .  Q-matr ices  t o  be added and /o r  i n t e r p o l a t e d  must have 
been p r e v i o u s l y  q e n e r a t e d  by t h e  AF1, DUBLAT, FLEXAIR, MACHBOX, 
RHO3 (secs. 204.0, 216.0, 220.0, 236.0 and  250.0, r . - s p e c t i v e l y )  
o r  t h e  ADDINT P r o c e s s o r  i t s e l f  and must  have t h e  f o l l o w i n q  
p r o p e r t i e s  : 

a )  The Q-matrices must a l l  h a v e  been g e n e r a t e d  f o r  t h e  
same Mach number ( to  w i t h i n  one  p e r c e n t )  e x c e p t  that 
Q-matrices q e n e r a t e d  by t h e  AF1 P r o c e s s o r  may be used 
a t  any Mach number. 

b) The k-va lues  co r r e spond inq  w i t h  t h e  f i r s t  s e t  o f  Q- 
m a t r i c e s  i n p u t  t o  ADDINT must be, t o  w i t h i n  one p e r c e n t ,  
a s u b s e t  of t h e  k-va lues  co r r e spond inq  with t h e  o t h e r  
i n p u t  s e t s  of  Q-matrices. A l l  k -va lues  a r e  based  upon 
a common r e f e r e n c e  l e n g t h  for t h e  pu rpose  of comparison. 

C)  All Q-matrices i n p u t  t o  A D D I N T  r,..st be based upcn t h e  
same s t r u c t u r a l  noda l  deqrees-of -  f r eedon .  

I n  combininq s o t s  of Q-mat r ices ,  t h e  A D D I N T  P r o c e s s o r  
s imp ly  adds all t h e  Q-ma t r i ce s  c o r r e s p o n d i n g  w i t h  e a c h  k -va lue  
a s s o c i a t e d  w i t h  t h e  f i r s t  i n p u t  set.  Thus, t h e  aerodynamic 
p r o p e r t i 3 s  of s e v e r a l  s u r f a c e s  may be combined i n t o  a s i n q l e  
set of Q-mat r ices ,  The i n p u t  sets o f  Q-matrices need riot have 
been q2ne ra t ed  by the same module and t h e  a s s o c i a t e ?  r e f e r e n c e  
l e n g t h s  need not be t h e  same, If any o f  t h e  i n p u t  Q-ma t r i ce s  
a r e  dependent upon +he f r e e - s t r e a m  d e n s i t y  t h e  o u t p u t  m a t r i c e s  
w i l l  e x h i b i c  the same dependency. 

The  i n t e r p o l a t i o n  o p t i o n  a l l o w s  a new set  of Q - n a t r i c e s  
t o  be q e n e r a t e d  a t  s p e c i f i e d  k-va lues  via a c u b i c - s p l i n e  
i n t e r p o l a t i o n  technique .  T h i s  c a p a b i l i t y  a l l o w s  t h e  l a x q e  
number of Q-matrices r e q u i r e d  f o r  a f l u t t e r  a n a l y s i s  t o  be 
q e n e r a t e d  a t  a reduced  cost a s  compared t o  g e n e r a t i n q  them 
d i r e c t l y  by  one of t h e  aerodynamics  p r o c e s s o r s .  

The A D D I N T  Processo r  must be e x e c u t e d  p r i o r  t o  e x e c u t i o n  
o f  t h e  FLUTTER Processo r  (sec. 222.0) .  P r i n t o u t  of t h e  
g e n e r a l i z e d  a i r f o r c e  m a t r i c e s  g e n e r a t e d  by t h e  ADDINT P r o c e s s o r  
may be r e q u e s t e d  from t h e  A D D I N T  P o s t p r o c e s s o r  a s  d e s c r i b e d  
i n  s e c t i o n  202.2. 



20 2.1 EXECUTE ADDINT STATEMENT 

The fo l lowing  s t a t ement  i n i t i a t e s  execu t ion  s f  t h e  ADDINT 
Processor .  Previous  execu t ion  of the appropr i i i t e  uns teady 
aerodynamic p r o c e s s o r ( s )  f o r  c a l c u l a t i o n  of  one o r  more sets 

,. of  Q-matr ices i s  requi red .  
I 

.I 

EXECUTE ADDINT ( P l i s t )  

L i s t  of o p t i o n a l  parameters  f o r  P i i s t :  

Key-word uenot inq  t h a t  previous ly-  
c a l c u l a t e d  se ts  of Q-matr ices a r e  t o  
be added (ADD) o r  t h a t  a s i n g l e  set  
of Q-matr ices is  t o  be i n t e r p o l a t e d  
(INT) . Both key-words may be used i n  
a s i n g l e  P l i s t  i n  which case,  previous ly-  
c a l c u l a t e d  sets of Q-matr ices a r e  added 
and t h e n  t h e  r e a u l t i n q  set of m a t r i c e s  
i s  i n t e r p o l a t e d .  The set of Q-matr ices 
r e s u l t i n q  from t h e  summation a r e  n o t  
saved f o r  subsequent  u s e  when bo th  key- 
words a r e  used. 
Default :  INT 

Alphanumeric word w i t h  1 t o  5 c h a r a c t e r s  
be used i n  naming t h e  set of Q- 

ma t r i ces  genera ted  by t h e  ADDINT 
Processor.  Each Q-matrix name i s  
comprised of t h e  7 c h a r a c t e r s  xxxxxnn, 
where "nn" i s  a u t o m a t i c a l l y  a s s i g n e d  
a s  t h e  corresponding number o f  t h e  
s e q u e n t i a l  k-value a s s o c i a t e d  wi th  t h e  
qenera ted  s e t .  
Default:  ID=GAF 

A s z t  of Q-matr ices i n p u t  t o  t h e  ADDINT Processor  is 
i d e n t i f i e d  e i t h e r  v i a  t h e  ADDINT parameter ,  t h e  parameters  
FLEXAIR and ALT or v i a  a t r i p l e t  of parameters,  Aname, 
CASE and COND as presented  bclow. The ADDINT parameter  
i r ? e n t i f i e s  a set of Q-matr ices qenera ted  by a p rev ious  
execut ion  of t h e  ADDINT Processor .  The FLEXAIR and ALT 
parameters  i d e n t i f y  a set of Q-matr ices  c a l c u l a t s d  by 
t h e  FLEXAIR Processor  (sec. 220.0) and each t r i p l e t  
i d e n t i f i e s  a s e t  of Q-matr ices c a l c u l a t e d  d i r e c t l y  by 
t h e  AF1, DUBLAT, MACHBOX o r  RHO3 Processa r  (sees.. 204.0, 
216.0, 236.0 and 250.0). When m a t r i c e s  a r c  t o  be summed 
( A D D ) ,  t h e  ADDINT p r a m e t e r  and/or  t h e  FLF%IR/ALT 
parameters  and/or tile t r i p l e t  of parametevs must be 



ADD I NT 0 
repea ted  t o  i d e n t i f y  a t  l e a s t  two sets or up to  a maximum 
of 20 s e t s  of i n p u t  Q-matrices.  The k-values correspondinq 
w i t h  t h e  f i r s t  se t  i d e n t i f i e d  i n  t h i s  manrler ( le f t -most  
i n  P l i s t )  a r e  used a s  t h e  b a s i s  f o r  combining the s p e c i f i e d  
sets. A t  l e a s t  four  Q-matrices must be a s s o c i a t e d  w i t h  
t h e  s p e c i f i e d  s e t  t h a t  is t o  be i n t e r p o l a t e d .  

The fa l lowinq  t h r e e  parameters  a r e  s p e c i f i e d  i n  t r i p l e t s .  

Name of t h e  unsteady aerodynamics 
processor  which was p r s v i o u s l y  executed 
t o  c a l c u l a t e  3 set of Q-matrices. The 
o p t i o n s  f o r  "Anamen a r e  AFI , DUBLAT, 
MACHBOX and RA03. 
Default:  Execution i s  terminated  i f  

a  s e t  o f  Q-matrices is n o t  
i d e n t i f i e d  v i a  t h e  o t h e r  two 
op t ions .  

Aerodynamics data case number ( i n t e g e r )  
a s s o c i a t e d  w i t h  t h e  s p e c i f i e d  COND 
number f o r  which Q-matrices were 
c a l c u l a t e d  by an nEXECUTE Anam" 
s t a t e n e n t .  
Default:  CASE= 1 

Aeicidynamic c o n d i t i o n  number ( i n t e g e r )  
s p e c i f i e d  by t h e  same "EXECUTE Anarnefl 
s ta tement .  
Default:  COND=I 

The fo l lo t i inq  two parameters  a r e  s p e c i f i e d  i n  pa i r s .  

FLEXAIR=Xxxx Alphanumeric word ass igned  by t h e  I D  
parameter of a provious  EXECUTE FLEXAIF 
s ta tement .  
Default :  Execution i s  terminated i f  

a s e t  of Q-matrices is  n o t  
i d e n t i f i e d  v i a  t h e  o t h e r  two 
op t ions .  

ALT= A l t  i tude One of t h e  a l t i t u d e s  ( t o  wi th in  one 
percent) a s s o c i a  t s d  with t h e  "Xxxxff 
matr ices  as  s p e c i f i e d  v i a  t h e  EXZCUTE 
FLEXAIR s tatement .  
Default :  The f i r s t  a l t i t u d e  a s s o c i a t e d  

wi th  t h e  nXxxxM Q-matrices 
a s  d e f i n e d  v i a  t h e  EXECUTE 
FLEXAIR s ta tement .  



ADDINT=Xxxxx Alphanumeric word a s s i g n e d  by t h e  I D  
parameter of a p r e v i o u s  EXECUTE ADDINT 
s t a t emen t .  T h i s  parameter i d e n t i f i e s  
a set o f  Q-matrices t o  be r e -p rocessed  
by t h i s  module. 
Defau l t :  Execut ion  is t e r m i n a t e d  i f  

a set  o f  Q-matrices is n o t  
i d e n t i f i e d  v i a  one o f  t h e  two 
f o r e g o i n g  o p t i o n s .  

The Mach number greater t h a n  o r  e q u a l  
t o  z e r o  t h a t  i s  associated w i t h  t h e  
i n p u t  Q-matr ices  which are t o  be 
processed.  T h i s  parameter i d e n t i f i e s  
which o f  t h e  sets of Q-matrices 
i d e n t i f i e d  by  t h e  CASE and COND 
parameters i s  t o  b e  used. T h i s  is 
r e q u i r e d  because  a s i n g l e  e x e c u t i o n  
o f  t h e  DUBLAT, MACHBOX o r  RHO3 P r o c e s s o r  
may g e n e r a t e  m u l t i p l e  sets of  Q-matrices 
a s s o c i a t e d  w i t h  more t h a n  one Mach 
number. 

The s p e c i f i e d  v a l u e  o f  Mach must be 
w i t h i n  one  p e r c e n t  o f  t h e  Mach number 
a s s o c i a t e d  w i t h  each  i n p u t  set of  Q- 
matrices u n l e s s  t h e y  were g e n e r a t e d  
by t h e  AF1 Processo r .  I n  t h i s  ca se ,  
t h e y  a r e  d e f i n e d  un ique ly  by t h e  CASE 
and COND parameters ,  

Defaul t :  The f i r s t  Mach number a s s o c i a t e d  
w i t h  t h e  f i r s t  set of  Q-matrices 
s p e c i f i e d  v i a  P l i s t .  

A r e f e r e n c e  l e n g t h  g r e a t e r  t h a n  z e r o  
t o  be a s s o c i a t e d  w i t h  t h e  g e n e r a t e d  
Q-matr ices  and  t h e i r  k-values.  
Defaul t :  The r e f e r e n c e  l e n g t h  a s s o c i a t e d  

w i t h  t h e  f i r s t  set o f  Q-matrices 
i d e n t i f i e d  v i a  P l i s t .  

The number of Q-mat r i ces  o u t p u t  by t h e  ADDINT P r o c e s s o r  
when execu ted  w i t h  t h e  ADD o p t i o n  is d e f i n e d  by t h e  number o f  
k -va lues  a s s o c i a t e d  w i t h  t h e  f i r s t  se t  o f  Q-matr ices  i d e n t i f i e d  
v i a  P l i s t .  The number of Q-matrices q e n e r a t e d  by t h i s  p r o c e s s o r  
when execu ted  w i t h  t h e  INT o p t i o n ,  however, is d e f i n e d  by t h e  
u s e r  v i a  one o f  t h e  f o u r  parameters  KVAL, GET, I G G T  o r  I G A I N .  
Only one  of t h e s e  pa rame te r s  may be s p e c i f i e d  i n  a s i n q l e  
s t a t e m e n t  f o r  t h e  INT o p t i o n ,  



KVAL= (li st) 
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A l i s t  of k-values q r e a t e r  t h a n  ze ro ,  
based on BREF, a t  which Q-matrices a r e  
t o  be genera ted  v i a  i n t e r p o l a t i o n  of 
an input set of  Q-matrices. The 
specified k-values must b e  w i t h i n  t h e  
range  of t h e  k-values a s s o c i a t e d  wi th  
t h e  i n p u t  set. The u s e r  is  cau t ioned  
t h a t  P l i s t  may c o n t a i n  a  maximum of 
28 parameters. 

The number of  Q-matrices ( i n t e g e r )  t o  
be outpu t  under t h e  s p e c i f i e d  I D  name 
where 2 5 nok 5 500. Q-matrices a r e  
genera ted  v i a  i n t e r p o l a t i o n  t o  (nok- 
2) k-values e q u a l l y  spaced w i t h i n  t h e  
ranqe  of i n p u t  k-values a s s o c i a t e d  wi th  
t h e  f i r s t  set of i n p u t  Q-matrices.  
Q-matr ices a s s o c i a t e d  wi th  t h e  maximum 
and minimum va lues  of t h e  i npu t  k-values 
a r e  o u t p u t  under  t h e  corresponding I D  
a s  t h e  f i r s t  and l a s t  s e q u e n t i a l  
ma t r i ces ,  r e s p e c t i v e l y .  

T h i s  parameter is  t h e  same a s  t h e  GET 
parameter  except  t h a t  t h e  o u t p u t  k- 
v a l u e s  a r e  e q u a l l y  spaced accordinq 
t o  l/k. 

An i n t e g e r  t h a t  deno tes  (n-1) new Q- 
m a t r i c e s  a r e  t o  be qenera ted  a t  e q u a l  
k-value i n t e r v a l s  between each a d j a c e n t  
p a i r  of i n p u t  Q-matrices.  The i n p u t  
Q-matr ices a r e  a u t o m a t i c a l l y  ar ranged 
i n  t h e  o r d e r  of dec reas ing  k-values. 
The t o t a l  number o f  genera ted  Q-matr ices 
is equal  t o  [ 1-n+n* (number of i n p u t  
Q-matr ices)  J which must be less t h a n  
500. 
Defaul t :  IGAIN=20 which impl ies  t h a t  

fewer than  26 i n i t i a l  
Q-matr ices a r e  t o  be processed.  



2 0 2.2 P R I N T  OUTPUT STATDJIENT 

The fo l lowing s t a t ement  is used to  r e q u e s t  p r i n t o u t  of 
t h e  q e n e r a l i z e d  airforce matrices genera ted  by t h e  ADDINT 
Processor .  

P R I N T  OUTPUT (ADDINT,  P l i s t )  

List of o p t i o n a l  parameters  for P l i s t :  

Alphanumeric word a s s o c i a t e d  w i t h  t h e  
names of a  set o f  Q-matr ices (genera l i zed  
a i r  f  orce m a t r i c e s )  genera ted  by t h e  
ADDINT Processor  which a r 5  t o  be p r i n t e d .  
This word is d e f i n e d  v i a  t h e  I D  parameter  
of a n  EXECUTE ADDINT statement .  
Default: ID=GAF 

KVAL= (Li st) A l i s t  of k-values i d e n t i f y i n q  which 
of the tuXxxxxN Q-matrices a r e  t o  be 
p r in ted .  
Default :  A l l  m a t r i c e s  inc luded i n  t h e  

s p e c i f i e d  s e t  are printed. 



204.0 AFI AERODYNAMICS MODULES 

The AF1 Processo r  c a l c u l a t e s  u n s t e a d y  and  q u a s i - s t e a d y  
aerodynamic l o a d s  on r i q i d  o r  e l a s t i c ,  t h ree -d imens iona l  
conf  i q u r a t i o n s  comprised o f  i n t e r s e c t i n g  and /o r  i n t e r f e r i n g  
n o n ~ l a n a r  l i f t i n q  s u r f a c e s  i n  i n c o m p r e s s i b l e  s u b s o n i c  flow. 
The processo r  i s  based upon t h e  mod i f i ed  s t r i p  theo ry  d e s c r i b e d  
i n  r e f e r e n c e  104-2 i n  which two-dimensional aerodynamic 
c o e f f i c i e n t s  a r e  c a l c u l a t e d  u s i n g  Theodorsen c o e f f i c i e n t s  ( r e f .  
10 U- 1 ) , modif ied  t o  accoun t  f o r  t h ree -d imens iona l  e f f e c t s  u s i n q  
a s t a t i c  i n d u c t i o n  ma t r ix .  

Gene ra l i zed  a i r f o r c e s  r e q u i r e d  f o r  f l u t t e r  a n a l y s e s  v i a  
t h e  ADDINT and FLUTTER Modules (sec.  202.0 and 222.0) may b e  
g e n e r a t e d  u s i n q  t h e  AF1 Processo r  (sec. 20 4.2) . These d a t a  
are  c a l c u l a t e d  by a  modal s o l u t i o n  based  o n  t h e  aerodynamic 
d a t a  and s t r u c t u r a l  modes d e f i n e d  by t h e  u s e r  (sec. 104.0). 
I f  t h e  AF1 Processo r  i s  executed  i n  c o n j u n c t i o n  w i t h  t h e  A I C  
o p t i o n  cf t h e  INTERPOLATION Processor (sec. 232.0) , t h e  
q e n e r a l i z e d  a i r f o r c e  m a t r i c e s  w i l l  r e p r e s e n t  Aerodynamic 
I n f l u e n c e  C o e f f i c i e n t  (AIC) matrices. I n p u t  d a t a  may b e  used  
t o  modify t h e o r e t i c a l l y - d e r i v e d  aerodynamic c o e f f i c i e n t s  t o  
r e f l e c t  e x p e r i m e n t a l  da t a .  O the r  d a t a  t h a t  may be c a l c u l a t e d  
b y  t h i s  p r o c e s s o r  i n c l u d e  g e n e r a l i z e d  l i f t  and moment f o r c e s ,  
s t a b i l i t y  d e r i v a t i v e s  and q u a s i - s t e a d y  a i r f o r c e s .  

P r i n t o u t  of AF1 i n p u t  d a t a  and d a t a  c a l c u l a t e d  by t h e  
AFI Processor  may be r e q u e s t e d  from t h e  AF1 P o s t ~ r o c e s s o r  a s  
d e s c r j 5 o d  i n  s e c t i o n s  204.1 and 204.3, r e s p e c t i v e l y .  



204 .1  PRINT INPUT STATEMENT 

The following statement i s  used to request  printout of 
the aerodynamics input data assoc ia ted  with a particular AF1 
data case  (soc. 1 0 4 . 0 ) .  

PRINT INPUT (AF1, P l i s t )  

The optional  parameter for P l i s t  is: 

CASE = Ca The aerodynamic data case number 
( integer)  f or  which input data are 
t o  be printed.  
Cef a u l t  : CASE=1 



204 .2 EXECUTE AF1 STATEMENT 

The following statement i n i t i a t e s  execution of the AP1 
Processor. Previous execution of t h e  INTERPOLATION Processor is 
required when s t r u c t u r a l  mode shapes generated via the VIBRATION 
processor are used i n  t h e  aerodynamic analysis or Aerodynamic 
Xnfluence Coeff icients  are t o  be generated (see sec, 104.0). 

I EXECUTE AF1 ( P l i s t )  

L i s t  of optional parameters for P l i s t :  

CASE=Ca 

KVAL= (list) 

SYMM 

= 1%;) 

A condition nunber ( in teger)  in the 
range 1 t o  36 which i d e n t i f i e s  t h e  
remaining parameters of t h i s  
statement, I f  mult iple  executions a r e  
required i n  a s ing le  job, t h e  
condition number spec i f ied  by each 
statement of t h i s  type must be unique. 
Default : COND=I 

The AFI data case number ( integer)  to 
be processed, 
Default: CASE=1 

A list of k-values (reduced 
frequencies of o s c i l l a t i o n  expressed 
as k =o( bf l )  where o is the c i r c u l a r  
frequency of osc i l l a t ion ,  b is a 
reference length and V is t h e  f r ee -  
stream veloci ty)  , The reference 
length is defined by the BREF 
parameter, 
Default: Error,  Execution is 

terminated. 

k reference length g r e a t e r  than zero 
f o r  reduced frequencies spec i f i ed  by 
KVAL . 
Default: BREF=1,0 

Key-word denoting that a SYMMetrical, 
ANTIsymmetrical, o r  a NONSymmetrical 
ana lys is  about t h e  GLOBAL Y=O.O 
reference plane i s  t o  be ~erformed.  



No c o n t r i b u t i o n s  of t h e  aerodynamic 
model i n  t h e  GLOBAL negative-Y h a l f -  
space  are i n c l u d e d  i n  a  NONSymmetrical 
a n a l y s i s .  
Defaul t :  Y=SYMM 

MOET 

Key-word deno t ing  t h a t  t h e  a i r f o r c e s  
a r e  t o  be c a l c u l a t e d  on t h e  b a s i s  
of t w o -  di mensiona 1 aerodynamic theory.  
S t a t i c  i n d u c t i o n  e f f e c t s  a r e  omit ted.  
Defaul t :  S t a t i c  i n d u c t i o n  e f f e c t s  

a r e  inc luded.  

Key-word deno t ing  t h a t  t h e  non- 
c i r c u l a t o r y  c o n t r o l  s u r t a c e  
aerodynamic s t i f f n e s s  d e r i v a t i v e s  
are t o  be set t o  zero.  
Defaul t :  The t h e o r e t i c a l  d e r i v a t i v e s  

a r e  gene ra ted .  

Key-word dsno t inq  t h a t  on1 y q u a s i -  
s t e a d y  aerodynamic f o r c e s  based on  
a  z e r o  reduced-frequency a r e  t o  be  
qenera ted .  I f  t h i s  key-word i s  
s p e c i f i e d ,  i n p u t  of t h e  KVAL and 
BREF parameters  i s  immater ial .  
Defaul t :  An uns teady  a n a l y s i s  is 

performed. 



204.3 PRINT OUTPUT STATEMENT 

The fo l lowinq  s t a t e m e n t  i s  used t o  r e q u e s t  p r i n t o u t  o f  
t h e  aerodynamic d a t a  c a l c u l a t e d  by t h e  AF1 Processor .  

EINT OUTPUT (AF1,   list) 1 
L i s t  of o p t i o n a l  parameters  f o r  P l i s t :  

The aerodynamic d a t a  c a s e  number 
( i n t e g e r )  f o r  which genera ted  d a t a  
a r e  t o  be p r i n t e d ,  
Default:  CASE=1 

The aerodynamic c o n d i t i o n  number 
( i n t e g e r )  d e f i n e d  by an  EXECUTE AF1 
parameter l ist f o r  which genera ted  
da ta  a r e  t o  be p r i n t e d .  
Default:  COND=1 

KVAL= ( L i  st) A l i s t  of reduced frequency v a l u e s  
a s s o c i a t e d  wi th  t h e  s e l e c t e d  COND 
number. 
Default :  Data genera ted  for a l l  k- 

v a l u e s  a s s o c i a t e d  wi th  COND 
a r e  p r in ted .  

LEVEL= ( L i s t )  A l is t  of 1 t o  7 unique i n t e g e r s  
denot ing  which group(s)  of genera ted  
d a t a  a r e  t o  be p r i n t e d .  Each o f  
t h e  LEVEL i n d i c a t o r s  i s  a s  fo l lows:  

1--Aerodynamic model qsometry d a t a  

2--Modal d e f l e c t i o n s  i n t e r p o l a t e d  t o  
t h e  main-surface e l a s t i c  axis and 
h inge  lice 

3--Generalized s e c t i o n a l  lift and moment 
f o r c e s  

4--Generalized component l i f t  and moment 
forces 

5--Total g e n e r a l i z e d  a i r f o r c e s  

6 - - S t a t i c  Induc t ion  Matrix 

7 - -S ta t i c  Lift D i s t r i b u t i o n  Matr ix 

Default  : LEVEL= 5 



f3OUNDARY 
CONDITION 0 

206.9 BOUNDARY CONDITION POSTPROCESSOR 

Printout.  of t h e  boundary c o n d i t i o n  (BC) d a t a  a s s o c i a t e d  
w i t h  a  s t r u c t u r a l  model may be reques ted  from t h e  BC 
Pos tprocessor  a s  p resen ted  i n  t h e  fo l lowing  sec t ion .  The p r i n t e d  
in fo rmat ion  is  comprised of two lists: 

a )  Nodal- freedom a c t i v i t y  l i s t - - n o d e s  l i s t e d  i n  a  use r -  
s e l e c t e d  o r d e r ;  each nodal  freedom is taqged wi th  one 
of t h e  f r e e d o m a c t i v i t y  l a b e l s  s p e c i f i e d  by t h e  BC 
d a t a  (sec. 106.0). Cumulative and t o t a l  coun t s  of 
t h e  freedoms a s s o c i a t e d  wi th  each o f  t h e  a c t i v i t i e s  
a r e  t a b u l a t e d .  

b) Reta ined nodal  degrees  of freedom l i s t e d  i n  t h e  o r d e r  
s e l e c t e d  v i a  t h e  BC i n p u t  da ta .  

I f  t h e  BC d a t a  a r e  p r i n t e d  p r i o r  t o  execu t ion  of t h e  
S T I F F N E S S  Processor  (sec. 252.2) , t h e  a c t i v i t y - t a g  on each nodal  
freedom i s  based s t r i c t l y  on t h e  BC i n p u t  informat ion .  However, 
i f  t h e  BC p r i n t o u t  i s  reques ted  a f t e r  execu t ion  of t h e  S T I F F N E S S  
Processor ,  t h e  nodal-freedom a c t i v i t y  l i s t  d i s p l a y s  a l l  i q n o r a b l e  
( ze ro  s t i f f n e s s )  nodal  freedoms as d e t e c t e d  by t h e  S T I F F N E S S  
Processor .  
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206.1 PRINT INPUT STATEMENT 

The fo l lowinq s ta tement  i s  used t o  r e q u e s t  p r i n t o u t  of 
the Boundary Condi t ion  (BC) data.  The p r i n t e d  d a t a  may be 
a s s o c i a t e d  wi th  a  complete nodal d a t a  s e t  or with node subsets .  

PRINT I N P U T  (BC, P l i s t )  

,The a v a i l a b l e  op t ions  f o r  P l i s t  a re  de sc r i bed  i n  s e c t i o n s  206.1.1 
and 206.1.2. 

This  op t ion  al lows t h e  user t o  p r i n t  t h e  BC d a t a  a s s o c i a t e d  
with a p a r t i c u l a r  nodal  d a t a  set. The o p t i o n a l  parameters f o r  
Pli st are: 

SET=Se The nodal  d a t a  set number ( i n t ege r )  f o r  
which t h s  BC i n p u t  d a t a  a r e  to  be  p r in ted .  
Default :  Sm=1 

The BC s t a g e  number ( i n t e g e r )  a s s o c i a t e d  
wi th  d a t a  set nSen f o r  which d a t a  are t o  
be pr in ted .  
Default :  The BC d a t a  a s s o c i a t e d  wi th  a l l  

s t a g e s  de f ined  f o r  da ta  set "Sew 
a r e  pr in ted .  

NODEORDSR=Ord This parameter d e f i n e s  the ascendinq node- 
number o rder  i n  which t h e  BC d a t a  are t o  
be printed. Optional  key-words f o r  "OrdW 
a r e :  

U S E R I D  -- User number o rde r  
INPUT -- Input record  number o rde r  
INTERNAL -- I n t e r n a l  node number o rde r  

Default:  NODM)RDEXi=USERID 



This o p t i o n  a l lows  t h e  user t o  p r i n t  t h e  BC d a t a  a s s o c i a t e d  
w i t h  s p e c i f i e d  s u b s e t s  e x t r a c t e d  Erom a nodal  d a t a  set v i a  t h e  
SUBSET-DEFINITION Prep rocesso r  (sec. 156.0). The d a t a  a s s o c i a t e d  
w i t h  hach s u b s e t  a r e  printed i n  a s e p a r a t e  b lock .  

Parameters  d e f i n e d  a s  above f o r  t h e  d a t a  
SET=se S T A G E = S ~  } set p r i n t  o p t i o n .  

~xxx<=Ord> NXXX d e n o t e s  a node s u b s e t  name. The BC 
d a t a  a s s o c i a t e d  w i t h  t h e  s p e c i f i e d  s u b s e t  
a r e  p r i n t e d  i n  t h e  o r d e r  dsnoted  by t h e  
key-word Ord: 

USFRID 

INTERNAL 

These p r i n t - o r d e r s  a x e  interpreted i n  a  
manner s i m i l a r  t o  t h e  NODEORDER key-word 
f o r  t h e  d a t a  set p r i n t  op t ion .  

Defaul t :  Ord-USERID 

S e v e r a l  parameters  of t h i s  t y p e  may be 
used i n  a  s i n g l e  s t a t emen t .  A p r i n t - o r d e r  
remains i n  e f f e c t  f o r  t h e  subsequent  subset 
names in P l i s t  a s  it i s  i n t e r r o g a t e d  i n  
a  l e f t - t o - r i q h t  o r d e r  u n t i l  it i s  reset. 

The A s t e r i s k  Name Opt ion  (see sec. 200.0) 
may be used t o  i d e n t i f y  s u b s e t  names. 

Defaul t :  All BC data  associated with 
t h e  specified noda l  se t  and 
3C staqe are  p r i n t a d ,  



BUCKLING 

2 0 8.0 BUCKLING MODULES 

The BUCKLING P r o c e s s o r  s o l v e 5  t h e  s t r u c t u r a l ,  g e n e r a l -  
i n s t a b i l i t y  e iqenproblem d e f i n e d  by t h e  real sys tem o f  l i n e a r ,  
homogeneous, a l g e b r 3 i c  e q u a t i o n s  deno ted  by (K+E*G) * 3 = O .  The 
s t r u c t l i r a l  r . ia t r ices  dznoted by K and G a r e  t h e  elastic and 
qeomet r i c  s t i f f n e s s  matrices, r e s p e c t i v e l y .  Each of t h e  
m a t r i c e s ,  K and G ,  i s  symmetric. A d d i t i o n a l l y ,  m a t r i x  K is 
pos i t i ve -de f  i n i t e .  M a t r i c e s  E and Q c o n t a i n  t h e  e i q e n v a l u e s  
and  e i  qenvec to r s  a s s o c i a  t ~ d  wi th  t h e  b u c k l i n g  ( c r i t i c a l )  l o a d s  
and  modes, r e s p e c t i v e l y .  

E i q e n s o l u t i o n s  of t h e  system o f  e q u a t i o n s  i &f f e c t e d  
by t h e  foll.owinq d i s t i n c t  s t eps :  

a )  K = L * L ~ :  t h e  e l a s t i c  s t i f f n e s s  m a t r i x  i s  decomposed 
v i a  t h e  Cholesky s q u a r e  r o o t  method ( r e f .  208-1) i n t o  
a lower  t r i a n g u l a r  m a t r i x  p o s t - ~ c u l t i p l i e d  by its 
t r anspose .  

b) T h e  e iqenproblem i s  reduced t o  t h e  s t a n d a r d ,  symmetric 
e iqenproblem denoted by D*X=E-1*X, where D=-L-1*G* (L~)'' 

c )  Matr ix  D is t r i d i a g o n a l i z e d  by t h e  Householder-Givens 
t e c h n i q u e  ( r e f .  208-2) v i a  s i m i l a r i t y  t r ans fo rma t ions .  

d )  Eiqenvalues  a r e  e x t r a c t e d  from the t r i d i a g o n a l  m a t r i x  
v i a  e i t h e r  t h e  symmetric Q-E or thogona l -ma t r ix  
t r a n s f o r m a t i o n  t e c h n i q u e  o r  t h e  S turm-  sequencir-q 
b i s e c t i o n  method ( r e f .  20 8-2) . 

e )  Eiqenvec to r s  a r e  c a l c u l a t e d  by t h e  Wielandt  i n v e r s e  
i t e r a t i o n  t e c h n i q u e  ( r e f .  208-2). 

f )  O r t h o q o n a l i z a t i o n  of  t h e  c a l c u l a t e d  e i g e n v e c t o r s  is 
a s s u r e d  by use  of t h e  Gram-Schmidt t e c h n i q u e  ( r e f .  
208-2). 

q )  Each e i q e n v e c t o r  i s  normalized t o  i t s  l a r g e s t  component. 

The numerical  q u a l i t y  of a n  e i q e n s o l u t i o n  i s  measured v i a  s e v e r a l  
checks  performed by t h e  BUCKLING Processo r  (sec. 208.1) . I n  
one  case ,  each c a l c u l a t e d  e iqenva lue  and  co r re spond inq  
e i q e n v e c t o r  a r e  s u b s t i t u t e d  i n t o  t h e  o r i g i n a l  e q u a t i o n  t o  be 
solved.  The d e v i a t i o n  o f  t h e  i - t h  r e s u l t i n g  r e s i d u a l  v e c t o r  
R (i) f r o n  a n u l l  v e c t o r  i s  measured by i t s  unh iased  root-mean- 
s q u a r e  v a l u e  R M S  (i) c a l c u l a t e d  as t h e  s q u a r e  r o o t  of [ { F i ( i ) T  
*R (i)) / (n-1) ] where i s  t h e  o r d e r  o f  m a t r i x  3. Those 



q u a n t i t i e s ,  which a r e  a  measure of  t h e  e q u i l i b r i u m  of  t h e  syst.em 
o f  e q u a t i o n s ,  a r e  p r i n t e d  f o r  each  e i q e n s o l u t i o n .  

A second so1.ution check,  r e f e r e n c e d  as t h e  o r t h o g o n a l i t y  
check ,  is a  msasure  o f  how w e l l  t h e  c a l c u l a t e d  e i q e n v e c t o r  
(mode) m a t r i x  succeeds  i n  d i a q o n a l i z a t i o n  o f  t h e  e l a s t i c  
s t i f f n e s s  ma t r ix .  Tha t  is, t h e  o f f - d i a g o n a l   element^ o f  the 
m a t r i x  c a l c u l a t a d  a s  QT*K*Q a r e  t h e o r e t i c a l l y  zero.  These 
e l emen t s ,  however, a s  c a l c u l a t e d  by t h e  t r i p l e  m a t r i x  p r o d u c t  
may d i f f e r  f rom z e r o  and  t h e r e f o r e ,  a map o f  t h e s e  e l emen t s  
i s  a u t o m a t i c a l l y  d i s p l a y e d  f o r  e a c h  e i g e n s ~ l u t i o n ~  T h i s  s o l u t i o n  
check  i n d i c a t e s  how w e l l  t h e  mode m a t r i x  Q t r a n s f o r m s  t h e  coupled  
se t  o f  e q u a t i o n s ,  e x p r e s s e d  v i a  t h e  p h y s i c a l  c o o r d i n a t e  system,  
i n t o  a n  uncoupled s e t  of e q u a t i o n s  e x p r e s s e d  i n  terms of t h e  
normal ,  q e n e r a l i z e d  c o o r d i n a t e  system.  

Subsequent  t o  a n  e i g e n s o l u t i o n ,  t h e  BUCKLXNG P r o c e s s o r  
pe r fo rms  t h e  f o l l o w i n q  a d d i t i o n a l  i i l - c o n d i t i o n i n g  ?heck on 
t h e  e iqenproblem: (1) t h e  tqNorm@e o f  t n e  D m a t r i x  is  c a l c u l a t e d ;  
t h e  a b s o l u t e  v a l u e s  of t h e  e l emen t s  i n  the i - t h  row o f  t h i s  
m a t r i x  a r e  summed t o  form s (i); i = l ,  n. The maximum s ( i )  i s  
d e f i n e d  as  t h e  @@NormN of t h e  D m a t r i x ,  (2)  i f  t h e  a b s o l u t e  v a l u e  
of  t h e  i-th c a l c u l a t e d  e i q e n v a l u e  e (i) i s  less t h a n  t h e  q u a n t i t y  
(Norm* 10-12) , it is a u t o m a t i c a l l y  set to  ze ro - - the  q u a n t i t y  

w i t h i n  p a r e n t h e s e s  is  r e f e r e n c e d  a s  t h e  c u t o f f  value.  A z e r o  
e i q e n v a l u e  i s  a n  adequa te  i n d i c a t o r  t h a t  an  error e x i s t s  i n  
t h e  ma thema t i ca l  model of  t h e  p h y s i c a l  problem. 

The f o r e q o i n g  e i q e n s o l r l t i o n  checks  are  perforriled s o  t h a t  
the user i s  a d v i s e d  of  t h e  q u a l i t y  o f  the s o l u t i o n ,  An ill- 
c o n d i t i o n e d  e iqenproblem may r e q u i r e  r e d e f i n i t i o n  of t h e  
mathemat ica l  rr~odel. The i n - p l a n e  t r a n s l a t i o n a l  s t i f f n e s s  a t  
a  nods of a model, f o r  example, is q e n e r a l l y  much l a r g s r  t h a n  
t h e  r o t a t i o n a l  s t i f f n e s s  a t  t h e  same node. :!bile t h e r e  i s  
n o t h i n q  i n c o r r e c t  a b o u t  r e t a i n i n q  b o t h  t y p e s  o f  k i n e m a t i c  
f reedoms s o r  buck l inq  a n a l y s e s ,  t h e  rounding  e r r o r s  i n c u r r e d  
when per forming  t h e  r e q u i r e d  mathemat ica l  o p e r a t i o n s  may l e a d  
t o  s u b s t a n t i a l  i n a c c u r a c i e s  i n  t h e  s m a l l  e igenva lues .  S i n c e  
t h e  s n a l l e r  e i q e n v a l u e s  a r e ,  i n  q e n e r a l ,  o f  p r imary  i r te res t ,  
t h e  r e s u l t s  of a buck l ing  a n a l y s i s  a n d  t h e  mathemat ica l  model 
d e t a i l s  must be examined c a r e f u l l y .  

P r i n t o u t  of the b u c k l i n g  a n a l y s i s  d a t a  may be r e q u e s t e d  
f  rom %ha  BUCKLING P o s t p r o c e s s o r  a s  d i s c u s s e d  i n  s e c t i o n  208.2. 
P l o t s  of t h e s e  d a t a  cai .  a l s o  be e f f e c t e d  v i a  t h e  EXTEiAC13 and  
GRAPHICS P o s t p r o c e s s o r s  a s  d i s c u s s e d  i n  s e c t i o n s  218.6 and 
228.0. 
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208.1 EXECUTE BUCKLING STATEMENT 

The to l lowinq s t a t e m e n t  i n i t i a t e s  execu t ion  of t h e  BUCKLING 
Processor.  An elastic s t i f f n e s s  m a t r i x  and a geometric s t i f f n e s s  
ma t r ix  f o r  t h e  s t r u c t u r a l  model must have been genera ted  
previously.  These m a t r i c e s  may be gross matrices as genera ted  
by t h e  MERGE Processar (sec. 242.0) or t h e y  may be reduced 
m a t r i c e s  a s  qenera ted  v i a  execu t ion  of  t h e  MERGE, CHOLESKY and 
MULTIPLY Processors .  Reference should be made to t h e  ca ta loged  

. c o n t r o l  s t a t ements  p resen ted  i n  appendix E when w r i t i n g  a Contro l  
Program t o  per form g e n e r a l - i n s t a b i l i t y  analyses .  Although t h e  
maximum permi t ted  o r d e r  of t h e  eigsnproblem is approximately 
400, t :is processor  provides  a buck l ing-ana lys i s  c a p a b i l i t y  
for small t o  i n t e r m d i a t e  s i z e d  problems. 

EXECUTE BUCKLING ( P l i s t )  

L i s t  of o p t i o n a l  parameters  f o r  P l i s t :  

BSET=xx A buckl ing  s e t  number ( i n t e g e r )  i n  t h e  
range 1 t o  36 which is used to  i d e n t i f y  
t h e  buckl ing  problem s p e c i f i e d  by t h i s  
s tatement .  I f  m u l t i p l e  s t a t e m e n t s  o f  t h i s  
t y p e  a r e  r e q u i r e d  i n  a s i n g l e  job, t h e  
buckl ing  problem a s s o c i a t e d  wi th  a 
p a r t i c u l a r  BSm! number may be redef ined.  
"xx" should correspond t o  t h e  BSET number 
specified v i a  t h e  EXECUTE STIFFNESS 
s t a tement  (sec. 252.2) f o r  c a l c u l a t i o n  
of t h e  element geometr ic  s t i f  fnesses .  
T h i s  a l lows  node/freedom i d e n t i f i e r s  
a s s o c i a t e d  wi th  t h e  modal components t o  
be d i sp layed  by t h e  BUCKLING Pos tp rocessor  
(sec. 208.2). 
Defaul t  : BSET=I 

Name o f  a previous ly-genera ted ,  e l a s t i c ,  
s t i f f n e s s  User Matrix. 
Default:  Error.  Execution i s  terminated .  

Name o f  a previous ly-genera ted ,  geometric,  
s t i f f n e s s  User Matrix. 
Default :  Error.  Execution is terminated .  



The eiqenproblem t o  be so lved  is i l l u s t r a t e d  by t h e  
f ollowinq mat r ix  equation: 

The c a l c u l a t e d  e iqenvalue  matr ix  and e igenvec to r  matr ix  a r e  
i d e n t i f i e d  by EIGENxx and MODESxx, r e s p e c t i v e l y ,  where n ~ ~ m  
i s  the buckling set number, r i gh t - ad  jus ted  and zero-f i l l e d .  
The f o u r  ma t r i c e s  a s s o c i a t e d  with t h e  eigenproblem a r e  U s e r  
Matr ices  and a r e  maxtaqed v i a  t h e  User-Matrix Name Cata log (see 
sec. 200.0). 

Key-word denot inq whether t h e  QR method 
o r  t h e  Sturm-sequence (STURM) method is  
t o  be used to e x t r a c t  t h e  eigenvalues.  
The QR method is g e n e r a l l y  more e f f i c i e n t  
t h a n  t h e  STURM method when f i v e  percent 
o r  more of t h e  e iqenva lues  a r e  t o  be 
ca lcu la ted .  The STURM method is, however, 
more s t a b l e  and t h e r e f o r e  a l lows smal l  
e igenva lues  t o  be c a l c u l a t e d  w i th  q r e a t e r  
accuracy. 
Default :  QR 

NEIGS=ne Number ( i n t ege r )  o f  e igenvalues  (buckling 
l oad  parameters)  t o  be saved. I t  should 
be noted t h a t  i f  t h e  QR method is  used, 
all t h e  e igenvalues  a s s o c i a t e d  w i t h  t h e  
eigenproblem a r e  c a l c u l a t e d  automat ica l ly .  
only "nen e igenva lues  a r e  c a l cu l a t ed ,  
however, i f  t h e  STURM method is  used. 
The eigenvalues  corresponding with t h e  
lowest  absolute-valued %en buckling loads  
a r e  saved. 
Default:  The o r d e r  of t h e  eigenproblem. 

NMODES=nm I n t e g e r  ;lumber (0 <nmSne) of e igenvec to rs  
(modes) to be c a l c u l a t e d  and saved. 
Default :  NMODES=ne 



2 0 8 . 2  PRINT OUTPUT STATP1ENT 

The fo l lowinq statement i s  used to request  pr intout  o f  
t h e  data  ca lcu la ted  by t h e  BUCKLING Processor. 

PRINT OUTPUT (BUCKLING, P l i s  t) 

List of opt ional  parameters f ~ r  P l i s t :  

BSET=Num The buckling set ?umber ( integer)  for which 
c a l c u l a t e d  data a r e  t o  be printed. 
Default: BSFT=1 

NO (Data) Key-word t h a t  suppresses  pr in t ing  of 
s e l e c t e d  data. One or both of the fo l lowing 
o p t i o n a l  key-words may be used i n  a s i n q l e  
statement: 

KOj$IEEN -- Eigenvalues ( c r i t i c a l  loads)  -- 
NOMODES -- Modes 

Default: Eigenvalues and modes are 
printed.  



210.0 CHOLESKY PROCESSOR 

The CHOLESKY Processor  employs t he  Cholesky square  r o o t  
technique t o  s o l v e  a r e a l  System of l i n e a r  equa t ions  which has  
a symmetric, p o s i t i v e - d e f i n i t e  c o e f f i c i e n t  ma t r i x  ( r e f s .  210- 
1 and 210-2). The s o l u t i o n  of a system of equa t ions  denoted 
by A*X=B is performed i n  t h e  fo l lowing three d i s t i n c t  s t eps :  

a )  A=L*L=; t h e  c o e f f i c i e n t  ma t r i x  i s  decomposed i n t o  t h e  
product  of a  lower- t r iangular  mat r ix  post -mul t ip l ied  
by i ts  t ranspose .  

b) Y=L-I *B; a  forward s u b s t i t u t i o n  i s  performed on matrix 
B. 

C) X =  (LT)-I*Y; a backward s u b s t i t u t i o n  is performed on 
mat r ix  Y t o  complete t h e  s o l u t i o n  of t h e  o r i g i n a l  
aqua t ion  unknowns. 

A p a r t i a l  o r  complete s o l u t i o n  o f  a  system of equat ions ,  as 
requested by t h e  user ,  can be perfarmed by a s i n g l e  execu t ion  
o f  t h i s  module. That is, any one o r  combination of t h e  foregoinq 
s e q u e n t i a l  t h r e e  s o l u t i o n  s t e p s  may be  performed v i a  a s i n g l e  
statement.  Execution of t h i s  module t o  e f f e c t  s t r u c t u r a l  
ana lyses  v i a  t h e  ATLAS System is i l l u s t r a t e d  by t h e  ca ta loged 
c o n t r o l  s t a tements  prdsented i n  appendix E. These ca ta loged  
s ta tements  a r e  a u s a r  convenience t h a t  o b v i a t e s  t h e  need, i n  
most cases,  t o  use t h e  e x p l i c i t  EXECUTE CHOLESKY statement.  



210.1 EXECUTE CHOLESKY STATENENT 

The f o l l o w i n g  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  of t h e  CHOLESKY 
P r o c e s s o r  

* 4 
EXECUTE CHOLESKY ( (Operat  i o n ,  In1 <=Out 1 >, Out2, In21 , 

O p t  i o n s )  
, * 

The s e l e c t e d  o p t i o n a l  Fa rame te r s  w i t h i n  b r a c e s  must a p p e a r  
i n  t h e  noted sequence.  These parameters d e n o t e  a s e l e c t e d  
s o i u t i o n  @*Operat ion4n t o  be performed on prer~iot luly-qene.~, .  ,ttd 
matrices 411nltc a n d  "Ir12~ a c c o r d i n g  t o  the  mOptions.m The r e s u l t s  
art- stored i n  m a t r i c e s  "Out 1" and *Out211 which are named by 
che u s e r  via t h i s  s t a t e m e n t .  A l l  m a t r i c e s  processed by t h i s  
r,ioduie are User Matrices (see sec. 200.0). See the OPTION 
pa rame te r  below r e g a r d i n g  un iqueness  o f  t h e  zssigaed r e s u l t -  
m a t r i x  names. Not  a l l  t h e  parameters shown within t h e  braces 
a r s  r e q u i r e d  f o r  e a c h  of the op t ions .  The f o l l o w i n q  t a b l e  
i l l u s t r a t e s  t h e  "Operat ion" key-word and t h e  U s e r  M a t r i x  names 
which must be s p e c i f i e d  i n  t h e  s equence  n o t e d  above. C h a r a c t e r s  
A, X, B ,  Y and L i n  t h i s  t a b l e  denote m a t r i x  names a s s o c i a t e d  
w i t h  t h e  sys t em of e q u a t i o n s  A*X=B t o  be s o l v e d  as d i s c u s s e d  
,q bo ve . 

"Operat iont* User Matr ix  Names Solution Steps 
Key-Word "Inl" "Outl" 1 "Out2" I "In2" ' Performed 

DECOMPOSE . A - 
FORWARD - .............. ............. .............. ............. BACKWARD - L .............. .::... :: X Y x- ( L ~ )  -'*y ............. 
SOLVE - A <L> x B A=L*L~;Y-L-'*B;x= (L~) -'*Y 

DEFO 

FOBA 

IFORWARD - 
w 

M u l t i p l e  s o l u t i o n  s t e p s  can  be e f f e c t e d  v i a  t h e  SOLVE, 
DEFO or t h e  F 9 B A  o p e r a t i o n  key-word i n  a s i n q l e  s t a t e m e n t  a s  
no ted  i n  t h i s  t a b l e .  The I F O R  o p e r a t i o n  p e r m i t s  a forward  sweep 
on an identity matr ix .  T h i s  c a p a b i l i t y  is used, f o r  example,  
t o  q e n e r a t e  a s t r u c t u r a l  f l e x i b i l i t y  m a t r i x  (see PERFORM F- 
REDUCE i n  appendix  E) . 



For t h e  SOLVE, DECOMPOSE and DEFO o p e r a t i o n s ,  ma t r ix  A 
must be s t o r e d  i n  t h e  User-Matrix t r i a n g u l a r  format  t o  be 
recoqnized by t h i s  processor .  Nornrally, t h i s  c r i t e r i o n  is 
a u t o m a t i c a l l y  s a t i s f i e d  by p r i o r  ma t r ix  opera t ions .  

I f  t h e  SOLVE o r  DErO o p e r a t i o n  is reques ted ,  t h e  decomposed 
c o e f f i c i e n t  matr ix  (L), genera ted  dur ing  process ing ,  may be 
saved f o r  subsequent u s e  by appendinq parameter  nInll@ wi th  a n  
equal -s iqn  and a name f o r  @ @ O ~ t l . ~  T h i s  ma t r ix  i s  s t o r e d  i n  
a format  f o r  p rocess inq  on ly  by t h e  CHOLESKY Processor.  

The two parameters  denoted by  *Optionsn a r e  a s  fol lows:  

Of*rION=Code T h i s  parameter  deno tes  t h e  a c t i o n  t o  be 
t a k e n  when t h e  name a s s i g n e d  t o  a r e s u l t  
matr ix ,  "Outln and/or *Out2," is t h e  same 
as  t h e  name o f  a previous ly-genera ted  User 
Matrix. The o p t i o n s  for t h e  i n t e g e r  "code" 
are: 

1--The s p e c i f i e d  s o l u t i o n  is performed and 
t h e  yontents  of t h e  previous ly-genera ted  
matr ix  a r e  o v x - w r i t t e n .  

--The s p e c i f i e d  s o l u t i o n  i s  n o t  performed. 
S~:bsequent c o n t r o l  s t a t ements ,  however, 
a r e  executed. T h i s  o p t i o n  a l lows  t h e  use r  
t o  avo id  r e c a l c u l a t i o n  of previous ly-  
qenera ted  m a t r i c e s  a s  i n  t h e  case of 
problem-execution r e s t a r t  o r  dur ing  
s u b s t r u c t u r e  analyses .  

I n  both c a s e s ,  a warning messaqe is  issued.  

Default :  OPTION=1 

CECAY=dec A p i v o t  (d iagonal )  element decay number 
( i n t e g e r  I 0 ) .  A l l  decay numbers genera ted  
dur ing  decomposition t h a t  a r e  g r e a t e r  than  
o r  equa l  t o  "dec" a r e  p r i n t e d  w i t h  t h e  
a s s o c i a t e d  m a t r i x  row number. I n  q e n e r a l ,  
i a r q e  dscay numbers i n d i c a t e  a n  ill- 
condi t ioned mathematical  model which should 
not  be accepted  f o r  f u r t h e r  a n a l y s i s .  
T h i s  c r i t e r i o n  i n d i c a t e s  where a l o c a l  
mechanism or a r eq ion  of weak s t i f f n e s s  
is i n h e r e n t  i n  t h e  s t r u c t u r a l  model. 



The squared  d i a q o n a l  t e rms  of L a r e  
c a l c u l a t e d  by 

i - 1  
L i i 2  = A i i  - xLij2 ; i > 1 

j=A 

where L i j  a r e  previous ly-genera ted  terms 
of t h e  i - t h  raw of  m a t r i x  L. The d i f f e r e n c e  
of L i i 2  and A i i  is measured by t h e  q u a n t i t y  
-109 ( L i i s / A i i )  rounded t o  t h e  n e a r e s t  
i n t e g e r  value.  T h i s  v a l u e  is d e f i n e 3  a s  
t h e  decay number of t h e  i - t h  row. 

c o n s i d e r ,  f o r  example, t h e  case when two 
rows o f  matr ix  A are a lmost  l i n e a r  dependent 
(ma t r ix  A i s  i l l - c o n d i t i o n e d  b u t  n o t  t r u l y  
s i n q u l a r )  . During g e n e r a t i o n  of t h e  l a t t e r  
of t h e s e  two rows i n  m a t r i x  L, a  l a r g e  
p i v o t  decay would occur. If ,  however, 
t h e  two rows a r e  t r u l y  l i n e a r l y  dependent,  
t h e  c a l c u l a t e d  va lue  of  t h e  la t ter  L i i 2  
q u a n t i t y  would be z e r o  o r  neqat ive .  S ince  
a  complete s o l u t i o n  i s  p r o h i b i t e d  i n  t h i s  
case ,  an ERROR messaqe is p r i n t e d  which 
d e c l a r e s  ma t r ix  A as beinq s i n q u l a r .  I f  
t h i s  occurs ,  t h e  a p p r o p r i a t e  L i i  d i a g o n a l  
element  i s  set  t o  1 0 1 0  and complete 
decomposition o f  ma t r ix  A is performed 
whereupon execu t ion  i s  terminated.  Th i s  
procedure exposes a l l  s i n q u l a r i t i e s  and 
l a r g e  p ivo t  decays  a s s o c i a t e d  wi th  a n  A 
matr ix  v i a  a s i n g l e  decomposi t ion reques t .  
The d i f t e r e n c e  between a  very l a r g e  p i v o t  
decay number of 14 (a v e r y  i l l - c o n d i t i o n e d  
A ma t r ix )  and a s i n g u l a r  c o n d i t i o n  is  
pure ly  numerical  s i n c e  t h e  p r e c i s i o n  of 
a  decimal number s t o r e d  by t h e  6600 computer 
is  approximately 1 4  d i g i t s  of accuracy.  

A p i v o t  decay t a b l e  i s  p r i n t e d  r e g a r d l e s s  
of  any s i n q u l a r i t i e s  i n h e r e n t  i n  t h e  A 
matrix.  

Detaul t :  DECAY=10 



212.0 DESIGN MODULES 

The DESIGN Processor  provides  a g e n e r a l  r e s i z e  (design)  
c a p a b i l i t y  f o r  t h e  s t r u c t u r a l  des ign  process  supported by t h e  
ATLAS System. S e l e c t e d  s t r u c t u r a l  p r o p e r t i e s  o f  f in i t e -e lement  
components of a  model are modif ied (resized) according t o  t h e  
requi rements  s p e c i f i e d  by t h e  des ign  d a t a  (sec. 112.0). The 
requi rements  to  be s a t i s f i e d  dur ing  r e s i z i n g  can  be s p e c i f i e d  

. as geometr ic  and/or margin-of-safety c o n s t r a i n t s  on s e l e c t e d  
elements .  T h e  des ign  requi rements  r e s u l t i n g  from a  s t r u c t u r a l  
op t imiza t ion  can i n c l u d e  the rmal  e f f e c t s  and " l o c a l n  buckl ing  
e f f e c t s  f o r  np la te - l iken  elements. 

The s t r u c t u r a l  o p t i m i z a t i o n  t o  be performed by t h e  DESIGN 
Processor  can be s e l e c t e d  a s  e i t h e r  a  f u l l y - s t r e s s e d - d e s i g n  
based on  a n  o p t i m a l i t y  c r i t e r i o n  o r  a  r e g i o n a l  o p t i m i z a t i o n  
o f  compcsi te  s t r u c t u r e  based on a math-programming approach. 
Options a r e  provided f o r  c o n t r o l l i n g  t h e  r e s i z e  c y c l e s  and f o r  
i n f l u e n c i n q  t h e  convergence behavior  of a  f u l l y - s t r e s s e d  design. 
These c a p a b i l i t i e s  a r e  in tended  f o r  use  p r i m a r i l y  dur ing  t h e  
p re l iminary  des ign  a c t i v i t i e s  i n  t h e  large-problem environment. 
A t e c h n i c a l  d e s c r i p t i o n  of  t h e s e  c a p a b i l i t i e s  is  presented  i n  
r e f e r e n c e  21 2- 1. 

Five t y p e s  of execu t ion  of t h e  DESIGN Processor  (Set. 
2 12 .2 )  are provided: 

a )  S t r e x t h  ___- _--------- execution--A f  u l ly - s t r e ssed-des ign  (FSD) 
and/or a  thermal  f u l l y - s t r e s s e d - d e s i g n  (TFSD) . The 
FSD r e s i z i n g  ( r e f s .  212-2 and 212-3) is  based on 
margins-of - sa f  e t y  c a l c u l a t e d  accord ing  t o  H i l l ' s  
s t r eng th -des iqn  c r i t e r i o n  ( re f .  2  12- 4) and/or buckl ing  
criteria (ref .  212-5) f o r  t*p la te - l ike f l  elem2nts (COVEh, 
PL>TE and GPLATE) . The TFSD r e s i z i n q  ( ref .  21  2.6) 
f o r  FOD, SPAR, PLATE,COVER,SROD and SPLATE elements  i s  
based on H i l l ' s  s t r e n g t h  c r i t e r i o n .  Thermal-design 
l o a d  c a s e s  must be i d e n t i f i e d  by t h e  des ign  d a t a  (sec. 
112.0) i f  TFSD r e s i z i n g  i s  t o  be performed. When non- 
ze ro  margins of s a f e t y  a r e  r e q u i r e d  f o r  s e l e c t e d  
elements ,  the FSD o r  TFSD r e s i z i n g  can  be c o n s t r a i n e d  
t 9 user-sel2cted margin-of-saf e t y  snvelopes. 

b) ~ l u t t ~ ~ - ~ g c _ ~ ~ ~ ~ _ n - - S t r u c t u r a  1 proper t ies  of s e l e c t e d  
elements  a r e  modified according t o  s p e c i f i e d  f a c t o r s  
(e.g., s t i f f n e s s  f a c t o r s  f o r  f l u t t e r  s t u d i e s )  . Margins 
o f  s a f e t y  a r e  c a l c u l a t e d  f o r  t h e s e  p r o p e r t i e s .  The 
s e l e c t e d  elements  a r e  then  r e s i z e d  according t o  t h e  
c a l c u l a t e d  margin-of-safety envelopes. These envelopes 



may i n c l u d e  margins of s a f e t y  c a l c u l a t e d  v i a  n s t r e n g t h  
executions."  % . h i s  t e chn ique  p r e s e n t s  an i n i t i a l  
c a p a b i l i t y  f o r  s t r u c t u r a l  d e s i q n  based on f l u t t e r  
s t i f f  ness -cons t ra in t s .  

C )  ki$sto~;y execu&g~--The minimum margins o f  s a f e t y  f o r  
s e l e c t e d  elements ,  a s  c a l c u l a t e d  v i a  @ @ s t r e n g t h m  and/or 
" f l u t t e r "  execu t ions  of  t h e  DESIGN Processor ,  a r e  
e x t r a c t e d  f o r  subsequent  p r i n t i n g  by t h e  DESIGN 
Postprocessor  (sec. 21 2.3). 

d )  g~~~s&$gt~p&~&=a_f~on -- T h i s  t y p e  of execu t ion  i s  
in tended  f o r  composite s t r u c t u r e  modeled wi th  CPLATE 
and CCOVEE elclnents. Regions of t h e  s t r u c t u r a l  model 
t o  b e  s t r e n g t h - r e s i z e d  a r e  d e f i n e d  by t h e  des ign  d a t a  
(sec. 112.1.2.6). Each r e g i o n  is i d e n t i f i e d  a s  a  
s t i f f n e s s  element s u b s e t  which can  on ly  c o n t a i n  one 
element type.  The lamina t h i c k n e s s e s  a r e  opt imized 
f o r  minimum weiqht according t o  H i l l ' s  s t r e n g t h  
c r i t e r i o n  o r  t h e  maximum s t r a i n  c r i t e r i o n .  The r e s i z e d  
p r o p e r t i e s  of  t h e  elements  i n  the d e f i n e d  r e g i o n s  w i l l  
s a t i s f y  t h e  s e l e c t e d  des ign  c r i t e r i o n .  

e) Smoothi n ~ ~ g c u t i p q  -- P r o p e r t i e s  of s e l e c t e d  e lements  
a r a  modified according t o  t h e  wsmoothing@g d a t a  s u b s e t  
(sec.  11?,1.2.8). The i n p u t  and/or c a l c u l a t e d  p roper ty  
v a l u e s  can be redef ined  or the proper ty  v a l u e s  of  
elements  w i t h i n  r e g i o n s  can be made cons tant .  

I t  should  be noted t h a t  t h e  F l u t t e r  and Smoothing execu t ion  
o p t i o n s  provided by t h e  DESIGN Processor  do  n o t  r e q u i r e  previous  
c a l c u l a t i o n  of  element stresses. Therefore ,  t h e s e  c a p a b i l i t i e s  
a l low t h e  element p r o p e r t i e s  of s t r u c t u r a l  models, a s  de f ined  
by t h e  problem-def i n i t i o n  i n p u t  d a t a ,  t o  be modified, a s  
necessary.  

The des ign process  i s  in f luenced  by t h e  u s e r  through 
c o n s t r a i n t s  s p e c i f i e d  by t h e  des ign  d a t a  i n  a d d i t i o n  t o  t h e  
number of des ign  c y c l e s  t o  be performed and t h e  convergence 
requi rements  a s  s p e c i f i e d  v i a  t h e  Contro l  Program. A d e s i g n  
cyc le ,  a s  d i r e c t e d  by t h e  Contro l  Program, i n c l u d e s  t h e  
fo l lowing:  

a )  Generat ion of t h e  element s t i f f n e s s  and s t r e s s  m a t r i c e s  
by  t h e  STIFFNESS Processor  (sec. 252.2) ; 

b) Assembly and s o l u t i o n  of t h e  system of l i n e a r  equa t ions  
f o r  the unknown displacements  by t h e  LOADS, MERGE and 
CHOLESKY Processors  : 



C) c a l c u l a t i o n  of  t h e  element  stresses by t h e  STRESS 
Processor  (sec. 254.1) f o r  s e l e c t e d  load  c a s e s ;  

d)  C a l c u l a t i o n  o f  %ewn s t i f f n e s s - e l e m e n t  p r o p e r t i e s  by 
t h e  DESIGN Processor  ; 

e) Modif ica t ion  of t h e  "oldn s t i f f n e s s  element p r o p e r t i e s  
by t h e  DESIGN Processor  according t o  t h e  c a l c u l a t e d  
and i n p u t  des ign  requirements: 

f )  C a l c u l a t i o n  of t h e  t o t a l  s t r u c t u r a l  weight by t h e  MASS 
Processor  (sec. 238.0). 

Margins of  s a f e t y  and r e s i z e d  element  p r o p e r t i e s  c a l c u l a t e d  
by t h e  DESIGN Processor  dur ing  a p a r t i c u l a r  d e s i g n  c y c l e  a r e  
i d e n t i f i e d  by a use r - spec i f  i e d  CYCLE number. Design d a t a  
a s s o c i a t e d  wi th  a CYCLE a r e  re fe renced  by t h i s  number. 

A s t a n d a r d  ca ta loged  c o n t r o l  procedure, a s  p resen ted  i n  
appendix E ,  a l lows  t h e  user  t o  conven ien t ly  c r e a t e  a Cont ro l  
Program f o r  performing s t r u c t u r a l  design. I n  conjunct ion  with 
us ing  t h i s  procedure, t h e  u s e r  s p e c i f i e s  i n  t h e  Cont ro l  Program 
how many d e s i g n  c y c l e s  a r e  t o  be executed. Opt iona l  convergence 
requi rements  can a l s o  be s p e c i f i e d  such  t h a t  i f  they  a r e  
s a t i s f i e d ,  remaining des ign  c y c l e s  a r e  n o t  executed. The 
fo l lowing types  of convergence criteria c a n  be invoked: 

a )  Maximum a l lowable  r a t i o  between t h e  nnewt* and "oldw 
p r o p e r t i e s  f o r  each element type. 

b) Maximum a l lowable  a b s o l u t e  change i n  t h e  t o t a l  weight 
of  t h e  model a f t e r  each c y c l e  ( W  (i+1)-W(i) 1 .  

c) Maximum al lowable ,  a b s o l u t e  r a t i o  of t h e  change i n  
t o t a l  weight t o  t h e  new t o t a l  weight of t h e  model ?Lter 
each c y c l e  ! [ W ( i + l ) - W ( i )  ] / W ( i + l )  1 .  

P r i n t o u t  of  t h e  des ign  i n p u t  d a t a  and d a t a  c a l c u i a t e d  
by the DESIGN Processor  may be reques ted  a s  desc r ibed  i n  s e c t i o n s  
2 12.1 and 212.3, r e s p e c t i v e l y .  Output d a t a  i n c l u d e  t h e  modified 
p r o p e r t i e s  of t h e  elements  and d e s i g n  h i s t o r i e s  of minimum 
margins of s a f e t y  f o r  s e l e c t e d  r e s i z e  CYCLES. P l o t s  of  t h e  
r e s i z e d  element p r o p e r t i e s  and p l o t s  of  t h e  ininimum margins 
of s a f e t y  r e s u l t i n g  from a s t r e n g t h  or thermal  r e s i z e  may be 
genera ted  v ia  t h e  EXTRACT and GRAPHICS Pos tp rocessors  (sec. 
218.0 and 228.0). 



2 12.1 PRINT INPUT STATENENT 

The fo l lowing s t a t ement  i s  used t o  r e q u e s t  p r i n t o u t  of 
t h e  des ign  i n p u t  d a t a  (set. 112.0). I n  t h e  p r i n t o u t ,  t h e s e  
d a t a  a r e  qrouped according t o  t h e  fo l lowinq d a t a  types: 

Data T y ~ g  ---- 
TABLE ---TABLE and MODULUS 
PROPERTY ---PROPERTY, FIXED, LOWER- BOUND, 

UPPER-BOUND and MARGIN 
S I Z I N G  - - - S I Z I N G  and RESTRAIN-SIZING 
T,OADS ---LOADS, SUPERPOSITION and THERMAL 

I PRINT INPUT (DESIGN,?list) 

L i s t  of o p t i o n a l  parameters  f o r  P l i s t :  

TABLE 

S I Z I N G  

Xey-word t h a t  i s  r e q u i r e d  i f  TABLE type  
d a t a  a r e  t o  t o  be p r i n t e d .  
Default :  TABLE d a t a  a r e  no t  p r i n t e d .  

The number ( i n t e g e r )  o f  t h e  s t i f f n e s s  
d a t a  set for which i n p u t  des ign  PKOPERTY, 
SIZING and/or LOADS type  da ta  a r e  t o  
b e  p r in ted .  Th i s  paramnter is ignored 
i f  only  TABLE type  d a t a  a r e  t o  be  
p r in ted .  
Default:  SET=1 

Key-word that suppresses  p r i n t i n g  of 
t h e  des ign  PROPERTY type d a t a  a s s o c i a t e d  
wi th  set "Se." 
Default:  Design PROPERTY d a t a  a r e  

p r i n t e d .  

Key-word t h a t  i s  r e q u i r e d  i f  S I Z I N G  
type d a t a  a r e  t o  be p r in ted .  
Default :  S I Z I N G  data  a r e  not  p r i n t e d .  

A boundary c o n d i t i o n  s t a g e  number 
o r  a  list t h e r e o f  a s s o c i a t e d  wi th  set 
ltSel1 f o r  which des ign  LOADS t y p e  d a t a  
a r e  t o  be p r in ted .  
Default :  Design LOADS t y p e  d a t a  are 

n o t  p r i n t e d .  
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2 12.2 EXECUTE DESIGN STATEMENT 

The fo l lowing s t a t ement  i n i t i a t e s  execu t ion  of t h e  DESIGN 
Processor .  

I EXECWE DESIGN ( P l i s t )  

Each execu t ion  o p t i o n  of t h i s  p rocessor  (St rength ,  F l u t t e r  
His to ry ,  Composite and Smoothing) i s  d e s c r i b e d  i n  s e c t i o n s  
2 12.2.1 through 212.2.5. Execution of t h e  STRESS Processor  
(sec.  254.1) i s  requ i red  p r i o r  t o  u s i n g  t h e  S t r e n g t h  and 

'Composite c;ptio;ls, whereas p rev ious  e x e c u t i o n  of t h e  DESIGN 
Processor  i t s e l f  i s  r e q u i r e d  p r i o r  t o  us ing t h e  His to ry  option. 
NO o t h e r  processor  need be  executed p r i o r  t o  us ing  t h e  F l u t t e r  
o r  Smoothing opt ions .  

The s t r e n g t h  execu t ion  o p t i o n  a l lows t h e  margins o f  s a f e t y  
t o  be c a l c u l a t e d  f o r  s t r u c t u r a l  e lements  by applying p r e s c r i b e d  
s t r e n g t h  and buckling c r i t e r i a .  Based on t h e  c a l c u l a t e d  margins 
of s a f e t y ,  t h e  u s e r  may elect t o  r e s i z e  s e l e c t e d  e lements  of  
t h e  s t r u c t u r a l  model. The o p t i o n a l  parameters  f o r  P l i s t  a r e :  

TFSD Key-word t h a t  is r e q u i r e d  f o r  execut ion  
of  t h e  nthermal  f ul ly - s t r essed-des ignw 
o p t i o n  (TFSD) , i n  a d d i t i o n  t o  t h e  
s t andard  "f ul ly-s t ressed-des ign"  o p t i o n  
(FSD) . The thermal-design load c a s e s  
t o  be inc luded  i n  t h e  op t imiza t ion  must 
be de f ined  by t h e  des ign  da ta  (sec. 
112.0). S e l e c t e d  load  c a s e s  t o  b e  
inc luded i n  t h e  FSD c a l c u l a t i o n s  a r e  
a l s o  def ined by t h e  des ign  d a t a .  
Default :  The FSD o p t i o n  i s  executed. 

Key-word t h a t  suppresses  execu t ion  of 
t h e  FSD opt ion .  This parameter i s  
e f f e c t i v e  on iy  i f  t h e  key-word TFSD 
is used. 
Default :  The FSD o p t i o n  is executed. 

The number ( i n t e g e r )  of t h e  s t i f f n e s s  
da ta  set t o  be  processed. 
Default :  SET=1 



STAGE-CATlist ATLAS l i s t  of boundary c o n d i t i o n  (BC) 
s t a g e  numbers ( i n t e g e r s )  a s s o c i a t e d  
w i t h  set W e e n  These s t a g e s  i d e n t i f y  
sets of c a l c u l a t e d  margins of s a f e t y .  
Defau l t  : STAGE= 1 

CYCL E= n I n t e g e r  g r e a t e r  t h a n  z e r o  t h a t  i d e n t i f i e s  
t i le  des ign-cyc l s  execu t ion  f o r  t h e  
s p e c i f i e d  SET/STAGES. I f  CYCLE is  
s p e c i f i e d  a s  t h e  same number used i n  
a previous  " s t r e n g t h "  or " f l u t t e r t @  
execu t ion  and i f  r e s i z i n g  i s  reques ted ,  
t h e  element-property m o d i f i c a t i o n s  a r e  
i n f l u e n c e d  by t h e  p r e v i o u s l y - c a l c u l a t e d  
margins of s a f e t y .  
Default :  Error .  Execution i s  terminated .  

An i n t e g e r  deno t ing  where ths a n a l y s i s  
is  t o  begin. The o p t i o n s  f o r  " S t a r t n  
a re :  

0- -Star t  by c a l c u l a t i n g  margins of sa fe ty .  
1- -Star t  by r e s i z i n g  based on previous ly-  

c a l c u l a t e d  margins of  s a f e t y .  

Defaul t  : MODE=O 

MARG IN=Stop An i n t e g e r  denot ing  where t h e  a n a l y s i s  
is t o  t e rmina te .  The o p t i o n s  f o r  "Stopu 
a re :  

0--Stop a f t e r  r e s i z i n g  
1--Stop a f t e r  c a l c u l a t i n g  margins of  s a f e t y  

Defaul t  : MARGIN-0 

Note: I f  MODE=1, t h e  MARGIN parameter  
i s  ignored.  Regardless  of whether 
MARGIN i s  set t o  0  o r  1, only  
r e s i z i n g  is performed. 

CONVERGE=factor T h i s  parameter i n i t i a t e s  an i t e r a t i v e  
s o l u t i o n  of t h e  stress r a t i o  "Rtt  f o r  
@ @ p l a t e - l i  keN elements  when gaqe-dependent 
a l lowable  stresses a r e  used (sec.  
11 2.1.2.9) . These "Kt' value3 a r e  used 
f o r  c a l c u l a t i n g  margins of s a f e t y  f o r  
r e s i z i n g .  The " f a c t o r t t  is i n p u t  i n  
t h e  form 16.02, f o r  example, which means 
t h a t  10 i t e r a t i v e  c y c l e s  are t o  be 



performed for each element. The 0.32 
deliotes t h a t  i f  t h e  s o l u t i o n  has  
converged s o  t h a t  t h e  t o l e r ance  o f  "Rat 
i s  i n  t h e  i n t e r v a l  0.98 SRS1.02, no 
more i t e r a t i o n s  a r e  performed. 
Default:  No i t e r a t i o n  on t h e  s o l u t i o n  

i s  performed. 

PRoC EDURE=Savo An i n t e g e r  deno t ing  whether t h e  
c a l c u l a t e d  margins of s a f e t y  ax2 t o  
be saved on f i l e  DESIRNF f o r  subsequent  
d a t a  pos tprocess ing o r  f o r  subsequent 
execut ion of t h e  DESIGN Processor.  
The op t i ons  f o r  nSave'a are :  

0--Do no t  save  t h e  margins of s a f e ty .  
1--Save t h o  margins of  sa fe ty .  

Defaul t  : PROCEDURE=O 

R ESI Z E = C A T l i s t  ATLAS l i s t  of boundary cond i t ion  s t a g e  
numbers ( i n t e g e r s )  a s soc i a t ed  wi th  set 
lase" f o r  which element r e s i z i n g  i s  t o  
be 2erf ormed. 
Default :  The s t a g e s  s p e c i f i e d  by t h e  

parameter STAGE. 

RELEASE- N1 I (Nl,N2,* * * )  I 
An i n t e g e r  o r  a  list of incegers  denoting 
which use r - spec i f  i e d  design c o n s t r a i n t  
da t a  a r e  no t  t o  be used i 1 . r  t h e  element 
r e s i r i n g  performed by t h i s  d e s i g ~  cycle .  
The cp t i ons  f o r  " N i Y  a r e :  

1--All des ign c o n s t r a i n t  da ta  
2--Fi xed d a t a  
3--Upper-Bound d a t a  
4--Lower-Bound d a t a  
5--Pestrain-Sizing d a t a  
6--Margin d a t a  

Default:  A l l  of t h e  des ign  c o n s t r a i n t  da t a  f ~ r  
t h e  s p e c i f i e d  s e t / s t a g e ( s )  a r e  used. 



2 12.2.2 F l u t t e r  E x e c u t & g _ n _ ~ ~ ~  

The f l u t t e r  execution op t i on  a l l ows  t h e  use r  t o  f a c t o r  
t h e  s t i f f n e s s  p rope r t i e s  of elements  inc luded i n  s u b s e t s  

--, previous1 y-def ined v i a  t h e  SUBSET- D E F I N I T I O N  Preprocessor (sec . 
b 

156.0). Margins of  s a f e t y  based c n  t h e s e  f a c t o r e d  p r o p e r t i e s  
are ca l cu l a t ed  f o r  t h e  s e l e c t e d  elements. The elements  a r e  
then res ized  according t o  margin o f  s a f e t y  envelopes. These 
envelopes are based on t h e  f ac to r ed  p r o h e r t i e s  and may inc lude  
margins of s a f e t y  previously  c a l c u l a t e d  v i a  "s t rength* 
executions. The op t i ona l  parameters f o r  P l i s t  f o r  t h i s  op t i on  
are:  

FLUTTER 

Exxx=f a c t o r  

Key-word which must be t h e  f i r s t  
parameter i n  P l i s t  t o  i n i t i a t e  t h i s  
execut ion option.  
Default: The s t r e n g t h  execut ion op t ion  

is assumed. 

The number ( i n t e g e r )  o f  t h e  s t i f f n e s s  
d a t a  set t o  be processed. 
Default  : SET= 1 

In t ege r  g r e a t e r  than ze ro  t h a t  i d e n t i f i e s  
t h e  design-cycle execu t ion  f o r  set mSe.n 
Res i z i ng  is performed f o r  a l l  boundary 
cond i t ion  s t a g e s  a s s o c i a t e d  wi th  set 
We. * 
Default: Er ro r ,  Execution is  terminated.  

The p r o p e r t i e s  of a l l  t h e  elements  
included i n  element subse t  Exxx a r e  
t o  be mu l t i p l i ed  by t h e  p o s i t i v e  
*fac tor .n  Th is  parameter may be repeated  
t o  i d e n t i f y  a  maximum of 14 element 
subsets .  
Default: Error .  Execution is  terminated.  

PFOC EDUFE=Save An i ~ t e g e r  denot ing whether t h e  
ca l cu l a t ed  margins of s a f e t y  a r e  t o  
be saved on f i l e  DESIRNF f o r  subsequent 
d a t a  pos tprocess ing o r  f o r  subsequent 
qxecution of t h e  D E S I G N  Processor.  
The op t ions  f o r  "SaveN are :  

O--Do not  save  t h e  margins of s a f e t y  
1--Save t h e  margins of s a f e t y  

Default:  PROCEDURE=O 



DESIGN c3 
An i n t e g e r  d e n o t i n g  which t y p e  of  marg ins  
o f  safety are t o  be used t o  e s t a b l i s h  
t h e  enve lope  o f  minimum marg ins  o f  
s a f e t y  for e lement  res iz ing.  The o p t i o n s  
f o r  nTypen are: 

0--Use o n l y  t h e  f a c t o r e d  p r o p e r t y  marq ins  
1--Use t h e  f a c t o r e d  p r o p e r t y  marg ins  and 

p r e v i o u s l y  c a l c u l a t e d  s t r e n g t h  marg ins  

D e f a u l t  : MINMS=O 

H i s t o r y  Execu t ion  OjQgs 212 .2 -  3 - - -  ----------- 
The h i s t o r y  e x e c u t i o n  o p t i o n  a l l o w s  t h e  u s e r  t o  e x t r a c t  

t h e  minimum marq ins  o f  s a f e t y  fo r  s e l e c t e d  e l e m e n t s  a s  c a l c u l a t e d  
p r e v i o u s l y  v i a  H s t r e n q t h n  o r  " f l u t t e r n  resizs cyc l e s .  P r i n t o u t  
of t h e  e x t r a c t e d  h i s t o r y  data is e f f e c t e d  v i a  t h e  DESIGN 
Postproces:;or (sac .  21 2.3) . The o p t i o n a l  pa rame te r s  for  P l i s t  
a re: 

HISTORY Key-word which must b e  t h e  f i r s t  
pa rame te r  i n  P l i s t  t o  i n i t i a t z  t h e  
h i s t o r y  e x e c u t i o n  o p t i o n .  
Defau l t :  The s t r e n g t h  e x e c u t i ~ n  o p t i o n  

is assumed. 

The number ( i n t e g e r )  of the s t i f f n e s s  
d a t a  set  t o  be processed .  
De fau l t :  S!ZT= 1 

STAGE=CATlist ATLAS l i s t  of  boundary c o n d i t i o n  (BC) 
s t a q e  numbers ( i n t e q e r s )  a s s o c i a t e d  
w i t h  set "Se."  These s t a g e s  i d e n t i f y  
q roups  of margins of s a f e t y  tor which 
h i s t o r y  d a t a  a re  t o  be c a l c u l a t e d .  
De fau l t  : E r r o r .  Execut-ion i s  terrninate,i .  

C Y C L E = C A T l i s t  ATLAS list of p r e v i o u s l y - d e t i n e d  d e s i g n  
c y c l e s  a s s o c i a t e d  w i t h  t h e  s p e c i f i e d  
SETISTAGES . 
Defaul t :  Error. Execu t ion  is t e r m i n a t e d .  



SUB N l  
ELN 1 = { (N1,N2,--.I 
I ELN This  parameter i d e n t i f i e s  one element 

o r  a list of elements, a maximum of 
150, for which a r e s i e e  h i s t o r y  is t o  
be generated. One or more of t h e  
i nd i ca t ed  op t ions  may bz used i n  a 
s i n g l e  statement.  * W i n  is an i n t e g e r  
t h a t  denotes one o r  more elements 
according to  the selected key-word: 

SUB --An element subse t  number ( in teger )  
assoc ia ted  with t h e  spec i f i ed  s t i f f n e s s  
d a t a  set a s  def ined  v i a  t h e  SUBSET- 
DEFINITION Preprocessor (sec. 156.0) . 

ELN --A use r  element number 

IEXN --An i n t e r n a l  element number 

Default:  I f  none of t h e s e  parameters i s  spec i f ied ,  
execution is terminated. 

This execution op t ion  is  used f o r  opt imizat ion of composite 
s t r u c t u r e  modeled with CPLATE and CCOVER elements. The 
op t imiza t icn  problems to be solved a r e  def ined by t h e  des ign  
da ta  (sec. 11 2.0). Lamina th icknesses  a r e  optimized for minimum 
weight e i t h e r  according t o  Hill's s t rength-design c r i t e r i o n  
o r  according t o  t h e  maximum s t r a i n  c r i t e r i o n .  Optionally,  t h e  
r e s i zed  proper t ies  of t h e  elements i n  t h e  i s o l a t e d  reg ions  of 
t h ~  s t r u c t u r e  can be modified according t o  t h e  Nsmoothing" 
design data. The op t iona l  parameters f o r  P l i s t  are: 

COMPOSITE Key-word which must b e  t h e  f i r s t  parameter 
i n  P l i s t  t o  i n i t i a t e  t h i s  execution option. 
Default: The s t r eng th  execution op t ion  

i s  assumed. 

The number ( in teger )  of t h e  s t i f f n e s s  data  
s e t  t o  be  processed. 
Default: SET=I 

The number ( in teger )  of the boundary 
condi t ion  (BC) stage number assoc ia ted  
with s e t  nSe.qf The s t a g e  number i d e n t i f i e s  
t h e  opt.imization problems t o  be solved. 
Default:  STAGE= 1 



CYCLE= n I n t e g e r  g r e a t e r  t h a n  z e r o  t h a t  i d e n t i f i e s  
t h e  des ign-cycle  e x e c u t i o n  for se t  N 

Default :  CYCLE= 1 

MODE=S~ a r t  An i n t e g e r  deno t ing  where t h e  a n a l y s i s  
is t o  begin. The o p t i o n s  f o r  " s t a r t n  are:  

0 - -S ta r t  by performing t h e  op t imizq t ion  
( c a l c u l a t e  r e s i z i n g  requirements)  

1- -Star t  by element r e s i z i n g  based on a 
previous ly-executed  o p t i m i  z a t i o n  

Defaul t  : MODE=O 

MARGIN=Stop An i n t e g e r  deno t ing  where t h e  a n a l y s i s  
is t o  te rminate .  The o p t i o n s  f o r  @*Stopu 
are :  

0--s top a f t e r  r e s i z i n g  
1 --Stop a f t e r  t h e  o p t i m i z a t i o n  

Default :  MARGIN=O 

Note: I f  MODE=I, t h e  MARGIN parameter is 
iqnored. Regardless  of whether 
MARGIN is set t o  0 o r  1, o n l y  r e s i z i n g  
is performed. 

SMOOTH 

Key-words t h a t  deno te  whether t h e  
maximum s t r a i n  c r i t e r i o n  (STRAIN) or t h e  
H i l l ' s  c r i t e r i o n  (HILL) is  t o  be used 
dur ing  t h e  op t imiza t ion .  Only one of t h e s e  
key-words may be s p e c i f i e d .  
Default:  STRAIN 

Key-word denot ing  t h a t  t h e  r e s i z e d  element 
p r o p e r t i e s  a r e  t o  be modified. A 
d e s c r i p t i o n  of t h i s  o p t i o n  i s  presen ted  
i n  t h e  f ollowinq s e c t i o n  (sec. 2 12.2 .5 )  . 
T h i s  parameter i s  ignored i f  on ly  t h e  
op t imiza t ion  c a l c u l a t i o n s  a r e  t o  be  
performed. 
Default: The element p r o p e r t i e s  r e s u l t i n q  

from t h e  r e s i z i n g  a r e  no t  modified. 



The smoothing execut ion op t ion  a l laws  t h e  p rope r t i e s  of 
elements contained i n  element subsets t o  be modified. Constant 
p rope r t i e s  for a l l  t h e  elements of a c e r t a i n  t ype  t h a t  are 
contained within  a subset  are generated according t o  one of 
t h e  fol lowing requirements. 

a )  The p rope r t i e s  of a l l  t h e  elements a r e  t o  be t h e  same 
as t h e  corresponding property values  f o r  a s p e c i f i c  
element. 

b) The p rope r t i e s  of a l l  t h e  elements a r e  t o  be changed 
t o  t h e  maximum va lues  of t h e  corresponding p rope r t i e s  
of  t h e  elements. 

C) Th? p rope r t i e s  of a l l  t h e  elements a r e  t o  be changed 
t o  t h e  spec i f i ed  proper ty  values. 

Execution of t h i s  op t ion  r equ i r e s  msmoothingn design d a t a  (sec. 
112.1.2.8). The op t iona l  parameters f o r  P l i s t  f o r  t h i s  execution 
op t ion  are: 

SMOOTHING Keyword which must be t h e  f i r s t  parameter 
i n  P l i s t  t o  i n i t i a t e  t h i s  execution option. 
Default: The s t r eng th  execution op t ion  

i s  assumed. 

The number ( in teger )  of t h e  s t i f f n e s s  data 
s e t  t o  be processed. 
Default: SET=1 

In t ege r  g r e a t e r  than ze ro  t h a t  i d e n t i f i e s  
t h e  design-cycle execut ion f o r  set @@See m 
Default  : CYCLE= 1 



DESIGN G 
212.3 PRINT OUTPUT STATEMENT 

The fo l lowing s t a t ement  is used to  r e q u e s t  p r i n t o u t  o f  
t h e  r e s i z e d  element p r o p e r t i e s  as c a l c u l a t e d  by t h e  DESIGN 
Processor  or t o  r eques t  printout of a d e s i g n  h i s t o r y  a s  genera ted  
by a " h i s t o r y  execut ionm of t h e  DESIGN Processor .  

PPINT OUTPUT (DESIGN, Plist) 

The a v a i l a b l e  op t ions  f o r  Plist are d e s c r i b e d  i n  t h e  fo l lowing 
sect ions.  

The r e s i z e d  p roper ty  d a t a  pr in tou:  may be a s s o c i a t e d  with 
a complete s t i f f n e s s  d a t a  s e t  or w i t h  s e l e c t e d  element s u b s e t s  
p rev ious ly  defined v i a  t h e  SUBSET-DEFINITION Preprocessor  (sec. 
156.0) . Ths  o p t i o n a l  parameters  f o r  P l i s t  are: 

The number (integer) of t h e  s t i f f n e s s  
d a t a  s e t  f o r  which r e s i z e d  element da t2  
a r e  t o  be p r in ted .  
Defaalt: SET=1 

NO (Eltype)  Key-word t h a t  s u p p r e s s e s  p r i n t i n g  of  
d a t a  for a selected element type.  One 
or more of t h e s e  key-words may be used 
i n  a s i n g l e  s ta tement .  The a v a i l a b l e  
o p t i o n s  are: 

NO RODS NOPLATES NOSRODS 
NO BEAMS NOGPLATES NOSPLATES 
NOSPARS NOBRICKS ROCPLATES 
NO COVERS NOSCALARS NOCCOVERS 

SUBS EX'S 

Exxx 

Default:  Data are p r i n t e d  f o r  a l l  element 
t y p e s  not  excludeu from set 
"Sen or from the element s u b s e t s  
Exxx a s  defined below. 

Key-word t h a t  must be  used i f  p roper ty  
d a t a  a r e  t o  be  p r i n t e d  f o r  t h e  s t i f f n e s s  
element subsets i d e n t i f i e d  by Exxx. 
Default :  Proper ty  data for a l l  e lements  

i n  set  "Sell are  p r in ted .  

Element s u b s e t  name def ined v i a  t h e  
SUBSET-DEFINITION Preprocessor .  The 
r e s i z e d  p roper ty  d a t a  for t h e  elements  



i n  Exxx are printed.  This parameter 
may be repeated. 
Default: If SUBSETS is used and Exxx 

is no t  defined,  no p r in tou t  
is generated. 

A design h i s to ry  pr in tout  which includes  minimum margins 
of s a f e t y  fo r  se lec ted  elements t raced  through se lec ted  load 

. cases  and design cycles  may be requested by t h i s  p r i n t  option. 
A h i s to ry  is establ ished v i a  a nh i s to ry  executionn of t h e  DESIGN 
Prccessor. The opt iona l  parameters f o r  P l i s t  are: 

HISTORY Key-word which must be t h e  f i r s t  
parameter i n  P l i s t  t o  i n i t i a t e  a design 
h i s to ry  printout.  
Default : The res ized  element property 

p r i n t  opt ion is assumed. 

The number ( in teger )  of t h e  s t i f f n e s s  
data  set f o r  which a design h i s t o r y  
is to  be pr inted.  
Default: S E = 1  

. - - . . . - .  ' ", . . "  . " , 
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2 1 6.0 DUBLAT AERODYNAMICS MODULES 

The DUBLAT Processor c a l c u l a t e s  uns teady aerodynamic loads  
o n  r i q i d  o r  e l a s t i c ,  three-dimensional  c o n f i g u r a t i o n s  c o m p r i s ~ d  
o f  i n t e r s e c t i n q  and/or i n t e r f e r i n g  nonplanar  l i f t i n g  s u r f a c e s  
and body s u r f a c e s  i n  subson ic  compress ib le  flow. The b a s i c  
a r , a l y s i s  t echn ique  employed by t h i s  p rocessor  is s i m i l a r  t o  
t h a t  used by t h e  H7WC v e r s i o n  o f  t h e  A i r  Force Double t -Lat t ice  
program (ref. 116- 1) . The DUBLAT Processor  h a s  ref inement  
o p t i o n s  t o  c o r r e c t  p r e s s u r e  d i s t r i b u t i o n s  and t o  modify v e l o c i t y  
p r o f i l e s  t o  account  f o r  l i f t i n q - s u r f a c e  t h i c k n e s s  e f f e c t s .  
Development of t h e  t h e o r e t i c a l  b a s i s  f o r  t h e  a n a l y s i s  technique  
i s  presented  i n  r e f e r e n c e s  116-1 and 116-2. 

Gensra l ized  a i r f o r c e  m a t r i c e s  r e q u i r e d  f o r  f l u t t e r  a n a l y s e s  
v i a  t h e  ADDINT and FLUTTER Modules (sec. 202.0 and 222.0) a r e  
qenera ted  by execu t ion  of t h e  DUBLAT Processor  (sec. 21 6.2) . 
These d a t a  a r e  c a l c u l a t e d  by 3 modal s o l u t i o n  based on t h e  
aerodynamic model and s t r u c t u r a l  modes d e f i n e d  by t h e  u s e r  (sec. 
116.0). I f  t h e  DUBLAT Processor  i s  executed  i n  conjunct ion  
with t h e  A I C  o p t i o n  of t h e  INTERPOIATION Processor  (sec. 232.0) , 
t h e  q e n e r a l i z e d  a i r f  o r c e  ma trices w i l l  r e p r e s e n t  Aerodynamic 
Inf lusnce  C o e f f i c i e n t  (AIC) matr ices .  Other  d a t a  o p t i o n a l l y  
c a l c u l a t e d  by t h i s  p rocessor  inc lude  aerodynamic pressure-  
d i f f e r e n c e  d i s t r i b u t i o n s ,  s e c t i o n a l  g e n e r a l i z e d  f o r c e s  and 
s t a t i c  and dynamic s t a b i l i t y  d e r i v a t i v e s  (aerodynamic 
c o e f f i c i e n t s )  . 

P r i n t o u t  of DUBLAT i n p u t  d a t a  and d a t a  c a l c u l a t e d  by t h e  
DUBLAT Processor  may be reques ted  from t h e  DUBLAT Postprocessor  
a s  desc r ibed  i n  s e c t i o n s  216.1 and 216.3, r e s p e c t i v e l y .  



2 16.1 PRINT INPUT STATEMENT 

The fo l lowinq statement is used t o  reques t  pr intout  of 
t h e  aerodynamic input data assoc iaked with  a par t i cu lar  DUBLAT 
data case (sec. 116.0) . 

PsINT INPUT (DUBLAT, P l i s t )  

The opt iona l  parameter f o r  P l i s t  is: 

The aerodynamic data c a s e  number 
( i n t e g e r )  for which input  data a r e  to 
be printed.  
Default: CASE=1 



2 16.2 EXECUTE DUBLAT STATEMENT 

The f o l l o w i n g  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  o f  t he  DUBLAT 
Processor .  P r e v i o u s  e x e c u t i o n  of  the INTERPOLATION P r o c e s s o r  
i s  r e q u i r e d  when s t r u c t u r a l  mode s h a p e s  g e n e r a t e d  v i a  t h e  
VIBRATION P r o c e s s o r  a r e  used i n  t h e  aerodynamic a n a l y s i s  or  
~ e r o d y n a m i c  I n f l u e n c e  C o e f f i c i e n t s  are t o  be q e n e r a t e d  (see 
sec. 116.0). 

L i s t  o f  o p t i o n a l  pa rame te r s  f o r  P l i s t :  

CASE=Ca 

MACH= ( l is t )  

KVAL= ( l is t)  

A c o n d i t i o n  number ( i n t e g e r )  i n  t h e  
r ange  1 t o  36 which i d e n t i f i e s  t h e  
remain ing  p a r a m e t e r s  of t h i s  s t a t s m e n t .  
I f  m u l t i p l e  e x e c u t i o n s  are r e q u i r e d  
i n  a s i n g l e  job, the c o n d i t i o n  number 
s p e c i f i e d  by e a c h  s t a t e m e n t  o f  t h i s  
t y p e  must be unique.  
Defau l t :  COND= 1 

The DUBLAT d a t a  case number ( i n t e g e r )  
t o  be processed .  
Defau l t :  CASE=1 

A l i s t  o f  1  t o  20 f r e e - s t r e a m  Mach 
numbers, M. Each Mach number must b e  
i n  t h e  r ange  0.0 I M I 1.0. 
Defau l t :  Error. Execu t ion  is t e rmina ted .  

A l i s t  of 1 t o  20 k-va lues  ( reduced  
f r e q u e n c i e s  o f  o s c i l l a t i o n  e x p r e s s e d  
as k = (wb/V) where w is  t h e  c i r c u l a r  
f r equency  of o s c i l l a t i o n ,  b i s  a 
r e f e r e n c e  l e n q t h  and V i s  t h e  f r e e -  
s t r e a m  v e l o c i t y )  g r e a t e r  t h a n  o r  e q u a l  
t o  zero.  The r e f e r e n c e  lenqth i s  defined 
b y  t h e  BREF parameter .  
De fau l t :  Error. Execut ion  is t e rmina ted .  

A r e f e r e n c e  l e n g t h  g r e a t e r  t h a n  z e r o  
f o r  reduced  f r e q u e n c i e s  s p e c i f i e d  via 
KVAL. 
Defau l t :  BREF=1.0 



SYMM 
Key-word d e n o t i n g  t h a t  a SYMMetrical, 
ANTIsyrnmetrical or a NONSymmetrica 1 
a n a l y s i s  a b o u t  t h e  GLOBAL Y=O.O r e f e r e n c e  
p l a n e  i s  t o  be  performed. N o  
c o n t r i b u t i o n s  of t h e  aerod: namic model 
i n  t h e  GLOBAL neqative-Y ha l f - space  
are  inc luded i n  a NONSymmetrical 
a n a l y s i s .  
Defaul t :  Y=SYMM 

Key-word d e n o t i n g  t h a t  t h e  PITCH o r  
t h e  YAW dynamic s t a b i l i t y  d e r i v a t i v e s  
(aerodynamic c o e f f i c i e n t s )  are t o  be 
c a l c u l a t e d .  
Defaul t :  PITCH d e r i v a t i v e s  are  

c a l c u l a t e d .  

QUASI=Label A l a b e l  comprised of two alphanumeric  
c h a r a c t e r s  denoted  by "abet which a r e  
a s s o c i a t e d  w i t h  a  set of  q u a s i - i n v e r s e ,  
normal-wash ma t r ix  names of t h e  form 
QXXabKL. I f  q u a s i - i n v e r s e  m a t r i c e s  
named v i a  t h i s  ilLabel" are a v a i l a b l e  
on f i l e  WBLRNF, t h e y  a r e  used  i n  t h e  
a n a l y s i s .  Otherwise, t h e y  are  gene ra ted ,  
named accord inq  t o  t h e  s p e c i f i e d  "Label," 
w r i t t e n  o n t o  f i l e  DUBLRNF and used i n  
t h e  a n a l y s i s .  

c a l c u l a t i o n  of  t h e s e  m a t r i c e s  is  t h e  
most t i m e  consuming p a r t  of a  DUBLAT 
aerodynamic s o l u t i o n .  To minimize 
computer time requi rements ,  p rev ious ly -  
c a l c u l a t e d  q u a s i - i n v e r s e  m a t r i c e s  may 
he reused r a t h e r  t h a n  r s c a l c u l a t i n q  
them under c e r t a i n  c i rcumstances .  For 
example, v e l o c i t y  p r o f i l e  and aerodynamic 
p r e s s u r e  m o d i f i c a t i o n s  and s t r u c t u r a l  
mode a d d i t  i o n s  and/or  a l t e r a t i o n s  may 
be i n v + s t i q a t % d  us inq  p rev ious ly -  
c a l c u l a t e d  inatr ic?s .  Each of t hese  
m a t r i c e s  must be a s s o c i a t e d  witn a n  
aerodynamic model t h a t  has  t h e  same 



c-> DUBLAT ; 

con€ iguration analyzed with t h e  same 
symmetry option a t  the  same Mach number 
and k-value. 

Caution: If previously-calculated 
quasi- inverse matrices are  t o  
be used, the  associated set  of 
k-values must correspond t o  the  
l i s t  of k-values spec i f i ed  v ia  KVAL. 

Default: ~ u a s i - i n v e r s e  matrices are 
generated and used i n  t h e  
a n a l y s i s  but are not saved 
on DUBLRNF f o r  subsequent use. 



2 16.3 PRINT OUTPUT STATEMENT 

The i o l l o w i n q  s t a t e m e n t  i s  u s e d  t o  r e q u e s t  p r i n t o u t  of 
t h e  aerodynamic d a t a  c a l c u l a t e d  by t h e  DUBWST Processor .  

f 
r! PRINT OUTPUT (DUBLAT. P l i s t )  

L i s t  of o p t i m a l  parameters  f o r  P l i s t :  

CASEzCa The aerodynamic d a t a  c a s e  number 
( i n t e q e r )  f o r  which q e n e r a t e d  d a t a  a r e  
t o  be p r i n t e d .  
Defaul t :  CASE=1 

MACH= ( L i s t )  

KVAL= ( L i s t )  

LEVEL= ( L i s t )  

The aerodynamic c o n d i t i o n  number 
( i n t e q e r )  d e f i n e d  by a n  EXECUTE DUBLAT 
parameter l i s t  f o r  which q e n e r a t e d  data 
a r e  t o  be p r i n t e d .  
Defaul t :  COND=1 

A list of  1 t o  20 unique Mach numbers 
a s s o c i a t e d  w i t h  t h e  s e l e c t e d  COND number. 
Defaul t :  Data g e n e r a t e d  f o r  a l l  Mach 

numbers a s s o c i a t e d  w i t h  COND 
a r e  p r i n t e d .  

A l i s t  of  1 t o  20 unique reduced 
f requency v a l u e s  a s s o c i a t e d  w i t h  t h e  
s e l e c t e d  COND number. 
Defaul t :  Data g e n e r a t e d  f o r  a l l  k-values 

a s s o c i a t e d  w i t h  COND are 
p r i n t e d .  

A list of 1 to 5 un ique  i n t e g e r s  deno t inq  
which g r o u p ( s )  of g e n e r a t e d  d a t a  a r e  
t o  be p r i n t e d .  The LEVEL i n d i c a t o r s  
a r e  as fo l lows :  

10- Aerodynamic mods1 qeometry da ta  

2-0  s t r u c t u r a l  mode shapes i n t e r p o l a t e d  
t o  t h e  aerodynamic c o n t r o l  p o i n t s  

3-0 Aerodynamic p r e s s u r e  d i f f e r e n c e s  

4 - 0  s e c t i o n a l  qeneralized f o r c e s  and dynamic 
s t a b i l i t y  d e r i v a c i v s s  

5 0 -  Genera l i zed  a i r f  o r c e s  

-mf a u l t  : LEVEL=5 



2 18 0 EXTKACT POSTPROCESSOR 

S e l e c t e d  i n p u t  d a t a  and d a t a  p r e v i o u s l y - c a l c u l a t e d  by 
a n o t h e r  ATLAS p r o c e s s o r  may be e x t r a c t e d  from t h e  pr imary ATLAS 
d a t a  base  by t h e  EXTRACT P o s t p r ~ c e s s o r .  The e x t r a c t e d  d a t a  
a r e  saved  on t h e  ATLAS f i l e  EXTRRNF f o r  subsequent  g r a p h i c a l  
d i s p l a y  o r  p r i n t o u t  gene ra t ion .  The d a t a  r e q u i r e d  f o r  a l l  p l o t s  
g e n e r a t e d  v i a  t h e  GPAPHICS Post~rocessor (sec. 228.0) must be 
i n i t i a l l y  e x t r a c t e d  by e x e c u t i o n  o f  t h i s  module. P r i n t o u t  
.ger .e ra t ion  of  e x t r a c t e d  d a t a  is c u r r e n t l y  o n l y  f u n c t i o n a l  f o r  
n o d a l  d i sp l acemen t s  and element  stresses. 

Data v a l u n s  t o  be e x t r a c t e d  f o r  subseqncn t  p o s t p r o c e s s i n g  
a r e  i d e n t i f i e d  by t h e  data-component lak a l s  which a re  i n c l u d e d  
i n  a l a t e 1  subse t .  Label s u b s e t s  a r e  d e f i n e d  v i a  t h e  SUBSET- 
DEFINITION Preprocesso r  (sec. 1 5 6 . 0 ) .  S t a n d a r d  label  s u b s e t s  
comprised of pre-def i ned  s e l e c t i o n s  of data-component l a b e l s  
a r e  provided  f o r  d i r e c t  r e f e r e n c e  i n  t h e  EXECUTE EXTRACT 
s t a t emen t .  Use of  t h e s e  s t a n d a r d  s u b s e t s  f o r  g e n e r a t i o n  of 
t h e  d a t a  d i s p l a y s  d e s c r i b e d  i n  t a b l e  218-1 o b v i a t e s  t h e  need, 
i n  most c a s e s ,  t o  d e f i n e  label  s u b s e t s .  The data-component 
l abe l s  i n c l u d e d  i n  t h c  s t a n d a r d  l a b e l  s u b s e t s  a r e  i d e n t . i f i e d  
in s e c t i o n  156.0. The a s s o c i a t e d  d a t a  v a l u e s  r e s i d e  i n  
a p p r o p r i a t e  m a t r i c e s  i n  t h e  pr imary ATLAS d a t a  base  ( s e e  t ab le  
218-1). 

In a d d i t i o n  t o  t h e  s e l e c t i o n  of o n l y  c e r t a i n  t y p e s  of 
input, and a n a l y s i s  d a t a  b y  us ing  a p p r o p r i a t e  lab91 s u b s e t s ,  
t h e  e x t r a c t e d  d a t a  may be a s s o c i a t e d  w i t h  u s s r - s e l e c t e d  r e g i o n s  
of t h e  r a t h e m a t i c a l  model. Regions a r e  d e f i n e d  by node anddt3r  
e lement  s u b s e t s  of  t h e  model v i a  t h e  SUBSET-DEFINITION 
Preprocessor .  

S c ~ e  of the data-components are dependent  on load  c a s e s ,  
m a s s - d i s t r i b u t i o n  c o n d i t i o n s ,  f l u t t e r  c o n d i t i o n & ,  ezc.  
E x t r a c t i o n  o f  d a t a  v a l u e s  f o r  s u b s e t s  o f  c a s e s  o r  c o n d i t i o n s  
i s  c o n t r o l l e d  by t h e  parameters  s p e c i f i e d  i n  t h e  EXECUTE EXTRACT 
s t a t e m e n t  d e s c r i b e d  i n  t h e  fo l lowing  s e c t i o n .  

Ey  a p p r o p r i a t e  s e l e c t i o n  of  l a b e l  s u b s e t s ,  r e g i o n s  of 
t h e  mathemat ica l  model (node/element s u b s e t s )  , and ca se / cond i  t i o n  
s u b s e t s ,  t h e  u s e r  may e x t r a c t  any  number of i n p u t  and/or 
c a l c u l a t z d  d a t a  v a l u e s  f o r  subsequent  p o s t p r o c e s s i n g  a c t r v i t i e s .  
An e x t r a c t e d  d a t a  block may t h e r e f o r e  i n c l u d e  anywhere from 
one  d a t a  v a l u e  up t o  a l l  d a t a  v a l u e s  a s s o c i a t e d  with a 
mathematical model. A maximum o f  28 d a t a  b l o c k s  may be e x t r a c t e d  
by e x e c u t i o n  of t h e  EXTRACT Postprocessor. 
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EXTRACT 0 
2 1 8 .1  EXECUTE EXTRACT STATEMENT 

Execut ion o f  t h e  EXTRACT P o s t p r o c e s s o r  is  i n i t i a t e d  by 
t h e  f o l l o w i n g  s t a t e m e n t ,  P r e v i o u s  i n p u t  or c a l c u l a t i o n  of t h e  
ATLAS d a t a  t o  b e  e x t r a c t e d  f o r  subsequen t  g r a p h i c a l  o r  p r i n t o u t  
d i s p l a y s  i s  r e q u i r e d  ( r e f e r e n c e  t a b l e  218-1). 

EXECUl'E EXTRACT ( P l i s  t) 

EXNAME= name An a lphanumer i c  word of  1  to 7 c h a r a c t e r s  
t h a t  i d e n t i f i e s  t h e  d a t a  b lock  
e s t a b l i s h e d  by t h e  remain ing  p a r a m t e r s  
of t h i s  s t a t emen t .  A maximum o f  28 
d i f f e r e n t  names c a n  be s p e c i f i e d  per 
job. I f  t h e  same "namew i s  s p e c i f i e d  
i n  m u l t i p l e  EXTRACT e x e c u t i o n s  i n  a 
s i n g l e  job, o n l y  t h e  las t  e x t r a c t e d  
d a t a  b lock  f o r  "namew i s  saved. T h i s  
i d e n t i f i e r  is  s u b s e q u e n t l y  used a s  ;: 
parameter  i n  a n  EXECUTE GRAPHICS 
s t a t e m e n t  (sec. 228.0) o r  i n  a P k I N T  
OUTPUT s t a t e m e n t  f o r  d i s p l a c e m e n t s  or 
stresses (sec. 254.2.3) . 
Defaul t :  Warning. N o  d a t a  a r e  e x t r a c t e d .  

The f o l l o w i n g  parameter  i s  r e q u i r e d  u n l e s s  t h e  c o n t e n t s  
of a n  ATLAS d a t a  m a t r i x  a r e  t o  be e x t r a c t e d  v i a  t h e  MATRIX 
parameter  (sec. 218.1.11). 

LSUB=La be1 Label  s u b s e t  name d e f i n e d  v i a  t h e  SUPSET- 
DEFINITION P r e p r o c e s s o r  o r  one of t h e  
ATLAS s t a n d a r d  l a b e l -  s u b s e t  names 
d e s c r i b e d  i n  t a b l e  218-1. Data v a l u e s  
co r r e spond ing  t o  e a c h  data-component 
l a b e l  i n c l u d e d  i n  LSUB a r e  e x t r a c t e d  
and s t o r e d  on  t h e  file EXTEKNF for 
subsequent  pos tp roces s ing .  I f  "Label" 
is d e f i n e d  by i n p u t  t o  t h e  SUBSET- 
DEFINITION P r e p r o c e s s o r  and i t  the d a t a  
d i s p l a y  to be g e n e r a t e d  i s  t h e  same 
t y p e  a s  t h a t  a s s o c i a t e d  w i t h  one of 
the s t a n d a r d  l a b e l - s u b s e t  names (see 
t a b l e  218- I ) ,  t h e  d a t a  component l a b e l s  
i nc luded  i n  "Labelw must be a t  least 
t h o s e  l a b e l s  i n c l u d e d  i n  t h e  s t a n d a r d  
s u b s e t .  
Default: Warning. N o  d a t a  are extracted 

u n l e s s  t h e  MATkIX parameter 
i s  used. 



The remaining o p t i o n s  f o r  P l i s t  are d e s c r i b e d  i n  t h e  
fo l lowinq  s e c t i o n s  a c c o r d i n g  to  t h e  t y p e  of  d a t a  t h a t  a r e  t o  
be e x t r a c t e d  f o r  subsequent  g r a p h i c a l  or p r i n t o u t  d i s p l a y .  
These o p t i o n s  are: 

S e c t  i o n  ---- Q&~-ZYE?!~ 

218.1.1 -- Nodal Data f o r  G r a p h i c a l  D i sp lay  
218.1.2 -- S t i f f n e s s  Data f o r  G r a p h i c a l  Disp lay  
2 18.1.3 -- Displacement  Data f o r  G r a p h i c a l  Display 
218.1.4 -- S t r e s s  Data f o r  G r a p h i c a l  D i s ~ l a y  
i 18.1.5 -- Design Data f o r  Graph ica l  Disp lay  
218.1.6 -- Buckling Data f o r  G r a p h i c a l  D i s ~ l a y  
2 18.1.7 -- Mass-element Data f o r  G r a p h i c a l  Disp lay  
118.1.8 -- Mass Data f o r  L o a d a b i l i t y  Diagrams 
218.1.9 -- V i b r a t i o n  Data f o r  G r a p h i c a l  Cisp lay  
2 18. 1.10 -- F l u t t e r  Data f o r  G r a p h i c a l  D i sp lay  
2 18.1.1 1 -- Matr ix  Data f o r  Graph ica l  C i sp lay  
2 18.1.12 -- Displacement and stress Data f o r  P r i n t o u t  

The P l i s t  ~ a r a m e t e r s  a s s o c i a t e d  w i t h  each  of  t h e  ATLAS 
s t a n d a r d  l a b e l -  s u b s e t  names a r e  summarized i n  t a b l e  21  8-2. 
T h e s e  pa rame te r s  are d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

Kode numbers, c o o r d i n a t e s  and a n a l y s i s  frame d a t a  a r e  
e x t r a c t e d  by t h i s  op t ion .  The f o l l o w i n g  parameters  a r e  used  
i f  t h e  parameter  LSUB=NODES is s p e c i f i e d .  

EXNAME= name Defined i n  s e c t i o n  218.1 
LSUB=Label ) 

The number ( i n t e g e r )  of t h e  noda l  d a t a  
set  f o r  which d a t a  are  to  be e x t r a c t e d .  
Defau l t  : NSET= 1 

Node s u b s e t  name a s s o c i a t e d  w i t h  t h e  
nodal  d a t a  set  "Se. " Nodal d a t a  are 
e x t r a c t e d  o n l y  f o r  t h e  nodes i n c l u d e d  
i n  Nxxx. 
Defaul t :  Warning. N o  d a t a  a r e  e x t r a c t e d .  

218.1.2 S t i t m f g g - g g g a  f o r  Gragh ica l  D i s ~ A g y  

S t i f  fness -e lement  s e c t i o n  and m a t e r i a l  p r o p e r t i e s  and 
t h e  s t r u c t u r a l - g r i d  nodal  d a t a  a r e  e x t r a c t e d  by t h i s  op t ion .  
The f 01 lowing parameters  a r e  used i f  t h e  parameter  LSUB=KGRID 
o r  LSUB=KPKOP is s p e c i f i e d .  



ESUB= Exxx 

EXTRACT (=5> 

EXNAMS- name Defined i n  s e c t i o n  218.1 
LsUB=Lakel 

The number ( i n t e g e r )  of t h e  s t i f f  ne sa  
d a t a  set f o r  which d a t a  a r e  t o  be 
e x t r a c t e d .  
Dof a u l t :  KSET=I 

S t  i f f  ness -e lement  s u b s e t  name a s s o c i a t e d  
with set "Se.  S t i f f n e s s  d a t a  a r e  
e x t r a c t e d  o n l y  f o r  t h e  e l e m e n t s  i n c l u d e d  
i n  Exxx. 
De fau l t :  N o  e l emen t  d a t a  a r e  e x t r a c t e d .  

Node s u b s e t  name a s s o c i a t e d  w i t h  set 
"Se."  T h i s  s u b s e t  must i n c l u d e  a t  least 
t h o s e  nodes  a s s o c i a t e d  with t h e  e l e m e n t s  
i d e n t i f i e d  b y  Exxx. A u x i l i a r y  nodes  
must be i n c l u d e d  i n  Nxxx i f ,  f o r  example,  
o f f s e t  e l e m n t s  a r e  t o  be p l o t t e d  
a c c o r d i n g l y .  
De fau l t :  Warning. No d a t a  are e x t r a c t e d .  

An ordered-node  s u b s e t  name a s s o c i a t e d  
w i t h  set ItSe." The sequence  of nodes 
i d e n t i f i e d  by ONxxx which, when connec t ed  
i n  t h e  s p e c i f i e d  order, e s t a b l i s h e s  
t h e  boundary of a n  e l e m e n t - p r o p e r t y  
c o n t o u r  p l o t .  The g e n e r a t e d  boundary 
i s  a  c o n t i g u o u s  series of l i n e  segments  
t h a t  d e f i n e s  a  s i m ~ l y - c o n n e c t e d  cu rve .  
The c u r v e  i s  a u t o m a t i c a l l y  c l o s e d  by 
connec t ing  t h e  l a s t  node i n  ONxxx t o  
t h e  rirst node i n  ONxxx. Thus,  a 
p a r t i c u l a r  node number nay n o t  be used 
more t h a n  once  i n  d e f i n i n q  G:ixxx. T h i s  
s u b s s t  of noa?s s h o u l d  i a s n t i t  y t hose  
nodss  i n c l u d ~ d  i n  Kxxx w h i c h ,  wh+n 
p r o j e c t e d  onto t h e  contour s u r f a c e  
(p lane)  , d e f i n e  t h e  boundary of the 
p l o t .  
Defau l t :  I f  p r o p e r t y  c o n t c u r  p l o t s  are 

q e n e r a t e d  for t h e  e x t r a c t e d  
d a t a ,  n r e c t a n q u l d r  p l a t  
boundary is used. T h i s  b o ~ r r ~ d a r y  
is defined by t h e  minimum and 
rnaximum c o o r d i n a t e s  o f  t h e  
n o d s s  i n  Nxxx when projecte,l 
o n t o  t h e  plot p lane .  



2 1 8.1.3 Q&sgJacement Data f o r  G g a A i c a l  Q&g~&gy 

Nodal d i sp lacemen t s  and o p t i o n a l l y ,  s t r u c t u r a l - g r i d  d a t a  
a r e  e x t r a c t e d  b y  t h i s  opt ion .  The f o l l o w i n g  parameters  a r e  
used if t i le  parameter  LSUB=DISGRID o r  LSUB=DISNODE is s p e c i f i e d .  

EXNAME= name Defined i n  s e c t i o n  218.1 
L s U S = L ~  be1  

The number ( i n t e g e r )  of  t h e  s t i f f n e s s  
d a t a  set f o r  which d a t a  a r e  t o  be 
e x t r a c t e d .  
Defaul t :  KSET= 1 

STAGE= S t A boundary c o n d i t i o n  (BC) s t a g e  number 
( i n t e g e r )  a s s o c i a t e d  wi th  s e t  "Seet1 
Defaul t :  STAGE= 1 

L C = C A T l i s t  ATLAS l i s t  o t  l o a d  case i d e n t i f i e r s  
( i n t e g e r s  o r  a lphanumeric  words) deno t ing  

which load-case  dependent d a t a  a r e  t o  
b e  e x t r a c t e d .  
Cef a u l t :  A l l  l o a d  c a s e s  a s s o c i a t e d  w i t h  

t h e  spec1  f i ed  st i f f  n e s s  set 
and BC s t a g e .  

Node s u b s e t  name a s s o c i a t e d  w i t h  set  
"Se ." Displacements  a r e  e x t r a c t e d  on ly  
f o r  t h e  nodes i n c l u d e d  i n  Nxxx. I f  
s t r u c t u r a l - g r i d  d a t a  a r e  t o  be e x t r a c t e d ,  
t h i s  s u b s e t  must i n c l u d e  a t  l e a s t  t h o s e  
nodes a s s o c i a t e d  wi th  t h e  e l emen t s  
i d e n t i f i e d  by Exxx. 
Defaul t :  Warning. N o  d a t a  a r e  e x t r a c t e d .  

S t i f f n e s s - e l e m e n t  s u b s e t  name a s s o c i a t e d  
w i t h  set rnse." S t r u c t u r a l - g r i d  d a t a  
a r e  e x t r a c t e d  o n l y  f o r  t h e  e l emen t s  
inc luded  i n  Exxx. 
D?faul t :  No s t r u c t u r a l - g r i d  d a t a  a r e  

e x t r a c t e d .  

ESUB=O?Jxxx An ordered-node s u b s e t  name a s s o c i a t e d  
wi th  s e t  "Se. " The sequence of nodes 
i d e n t i f i e d  by ONxxx which, when connected 
i n  t h e  s p e c i f i e d  o r d e r ,  d e f i n e s  a g r i d  
t h a t  is t o  be  used i n s t e a d  of t h e  
s t r u c t u r a l  g r i d  when p l o t s  a r e  genera ted .  
I n  t h i s  c a s e ,  a p a r t i c u l a r  node number 



c a n  be used more than once  i n  d e f i n i ~ g  
ONXXX 
Defaul t :  An o r d e r e d  node s u b s e t  is n o t  

e x t r a c t e d .  

Element stress d a t a  a r e  e x t r a c t e d  by t h i s  ap t ion .  The 
f o l l o w i c g  ~ a r a r e t e r s  a r e  used i f  the pa rame te r  LSUB=SThESS is 
s p e c i f i e d .  I f  BFICK e l e m e n t s  a r e  i n c l u d e d  i n  t h e  model, t h o s e  
s t r e s s e s  bas2d on t h e  EIGBRICK parameter  o f  t h e  EXECUTE STIFFNZSS 
s t a t e m e n t  (sec .  252.2) may not be e x t r a c t e d  by t h i s  module. 

EXNAME= name I Defined i n  s e c t i o n  218.1 
LSUB =La be1 

K SET=Se Same a s  d 2 f i n s d  i n  s e c t i o n  21 8.1.3 
S T A G E = S t  
L C = c A T l i s t  

ESUB=Zxxx S t i f f n e s s - e l e m e n t  s u b s e t  name a s s o c i a t e d  
w i t h  set @'Se." Stresses a r e  e x t r a c t e d  
o n l y  f o r  the e l e m e n t s  i n c l u d e d  i n  Exxx. 
Defau l t :  Warning. Element stresses 

a r e  n o t  e x t r a c t e d .  

Node s u b s e t  name a s s o c i a t e d  w i t h  se t  
NSe.l@ T h i s  subset must i n c l u d e  a t  l e a s t  
t h o s e  nodes  a s s o c i a t e d  wi th  the e l emen t s  
r d e n t i f i e d  by Exxx. 
D2faul t :  Warning. No d a t a  are e x t r a c t e d .  

Same as d e f i n e d  i n  s e c t i o n  218.1.2 w i t h  
the e x c e p t i o n  t h a t  ONxxx is used  t o  
e s t a b l i s h  t h e  boundary of a n  e lement-  
stress c o n t o u r  p l o t .  
Defau l t :  I f  stress c o n t o u r   lots re  

g e n e r a t e d  f o r  the  c x t r a c ~ ~ d  
d a t a ,  a r e c t a n g u l a r  p l o t  
boundary i s  used. T h i s  boundary 
i s  d e f i n e d  by t h e  minimum and 
maximum c o o r d i n a t e s  of t h e  
nodes i n  Nxxx when p r o j e c t e d  
o n t o  t h e  p l o t  plane.  

S t r u c t u r a l - q r i d  d a t a  and ~nicimum margins  of safety 
r e s u l t i n g  from element r e s i z i n q  v i a  t h e  D E S I G N  P r o c e s s o r  a r e  
~ x t r a c t e d  by  t h i s  op t ion .  Only t h e  "most critical" r~ l s rg in  or 



s a f e t y  a s s o c i a t e d  w i t h  a n  element is  e x t r a c t e d .  The fo l lowing  
parameters  a r e  used i f  t h e  parameter  LSUB=SMS or LSUB=TMS i s  
s p e c i f i e d .  

EXNAME=name Defined i n  s e c t i o n  21 0.1 
LSUB= La be1 

KSET=Se Ths number ( i n t e g e r )  of t h e  s t i f f n e s s  
d a t a  set f o r  which d a t a  a r e  t o  be  
e x t r a c t e d .  
Defau l t  : KSET= 1 

A boundary c o n d i t i o n  (BC) s t a g e  number 
( i n t e g e r )  a s s o c i a t e d  wi th  s e t  "Se. 8' 

Defau l t  : STAGE= 1 

CYCLE=CATlist ATLAS l i s t  of des ign  cycles ( i n t e g e r s )  
a s s o c i a t e d  w i t h  t h e  s p e c i f i e d  s t i f f n e s s  
set and BC s t a g e  f o r  which minimum 
margin of s a f e t y  d a t a  a r e  t o  be 
e x t r a c t e d .  
Defaul t :  Warning. Design d a t a  a r e  n o t  

e x t r a c t e d .  

ESUB= Exxx S t i f f n e s s -  e lement  s u b s e t  name a s s o c i a t e d  
with set t8Se. Marqin o f  s a f e t y  d a t a  
a r e  e x t r a c t e d  only  f o r  t h e  e l emen t s  
i n c l u d e d  i n  Exxx. 
Defaul t :  Warning. No d e s i g n  d a t a  a r e  

e x t r a c t e d .  

Node s u b s e t  name a s s o c i a t e d  wi::h set  
"Seew Thi s  s u b s e t  must i n c l u d e  a t  l e a s t  
t h o s e  nodes a s s o c i a t e d  wi th  t h e  e lements  
i d e n t i f i e d  by Exxx. 
Default: Warning. No des ign  d a t a  art 

2 x t r a c t e d .  

Same a s  d e f i n e d  i n  s e c t i o n  21 8.1.2 with 
t h e  e x c e p t i o n  t h a t  ONxxx is used t o  
e s t a b l i s h  the boundary of an e lement  
margin-of - saf  e t y  c o n t o u r  p l o t .  
Defaul t  : I f  margin-of -sa ie ty  c o n t o u r  

p l o t s  a r e  gene ra ted  f o r  t h e  
e x t r a c t e d  d a t a ,  a r e c t a n g u l a r  
p l o t  boundary is  used. T h i s  
boundary is de f ined  by t h e  
minimum and maximum c o o r d i n a t e s  
of t h e  nodes i n  Nxxx when 
p r o j e c t e d  o n t o  t h e  p l o t  plane. 



EXTRACT C_T=: 

T h e  " c r i t i c a l n t  l o a d  e i g e n v a l u e s  and b u c k l i n g  mode s h a p e s  
c a l c u l a t e d  by e x e c u t i o n  of  t h e  BUCKLING P r o c e s s o r  a r e  e x t r a c t e d  
b y  t h i s  o p t i o n .  The f o l l o w i n g  p a r a m e t e r s  a r e  used i f  t h e  
parameter  LSUB= EMODE i s  s p e c i  f i ed. 

EXNAME=name Defined i n  s e c t . ? n  218.1 
LSUB=La be1  

BSET=Se The number ( i n t e g e r )  o f  t h e  b u c k l i n g  
d a t a  set f o r  which d a t a  a r e  t o  be 
e x t r a c t e d .  T h i s  set nunber  must have 
been  d e f i n e d  v i a  t h e  EXECUTE STIFFNESS 
s t a t e m e n t .  
Defaul t :  Warning. ~ u c k l i r ~ g  d a t a  a r e  

n o t  e x t r a c t e d .  

ATLAS l i s t  of  mode s h a p e  numbers 
( i n t e g e r s )  f o r  which d a t a  a r e  t o  b e  
e x t r a c t e d .  Each e n t r y  i n  C A T l i s t  
i d e n t i f i e s  t h e  i - t h  s e q u e n t i a l ,  mode- 
s h a p e  number a s s o c i a t e d  w i t h  t h e  
e i g e n s o l u t i o n .  
Defau l t :  Warning. Buckl ing  d a t a  a re  

n o t  e x t r a c t e d .  

An ordered-node s u b s e t  name a s s o c i a t e d  
w i t h  set  ttSe." The sequence of nodes 
i d e n t i f i e d  by ONxxx which, when connec ted  
i n  t h e  s p e c i f i e d  order, d e f i n e s  a g r i d  
t o  be d i s p l a y e d  when mode-shape p l o t s  
a r e  gene ra t ed .  A p a r t i c u l a r  node number 
c a n  be used  more t h a n  once i n  d e f i n i n g  
ONX xx . 
Defau l t :  No g r i d  d a t a  a r e  extrac+ed. 

c a u t i o n :  I f  a  g r i d  i s  t o  be d i s p l a y e d  
on mode-shape ~ l o t s ,  t h i s  
pa rame te r  must be used. 

Mass-el2mer,t g s o n x t r i e s  and a s s o c i a t e d  noda l  d a t a  r e q u i r e d  
f o r  mass-model g r i d  p l o t - s  a r e  e x t r a c t e d  by t h i s  o ~ t i o n .  The 
f o l l o w i r g  ~ a r a m s t e r s  a r e  a p p l i c a b l e  i f  t h e  parameter  LSUB=MGRID 
i s  s p e c i f i e d .  

EXNAME= name Defined i n  s e c t i o n  218.1  
LSUB=Label ) 



The nuaber  ( i n t e g e r )  of t h e  mass d a t a  
set f o r  which data are t o  be e x t r a c t e d .  
Defau l t  : MSET=l 

Mass-element s u b s e t  name a s s o c i a t e d  
wi th  set nSe. Mass element  d a t a  a r a  
e x t r a c t e d  o n l y  f o r  t h e  e lements  i n c l u d e d  
i n  Exxx. 
Defaul t :  N o  e lement  d a t a  are e x t r a c t e d .  

Node s u b s e t  name a s s o c i a t e d  w i t h  set 
"Se.@@ T h i s  s u b s e t  must i n c l u d e  a t  l e a s t  
t h o s e  nodes  a s s o c i a t e d  wi th  t h e  e l emen t s  
i d e n t i f i e d  by Exxx. A u x i l i a r y  nodes  
must be  i n c l u d e d  i n  Nxxx if, f o r  example, 
o f f s e t  e l emen t s  a r e  t o  be p l o t t e d  
acco rd ing ly .  
Defaul t :  Warning. No d a t a  a r e  e x t r a c t e d .  

The passenger ,  ca rgo  and f u e l  c o n d i t i o n  d a t a ,  a s  c a l c u l a t e d  
by  e x e c u t i o n  cf the MASS Processo r ,  a r e  e x t r a c t e d  by t h i s  o p t i o n  
f o r  g e n e r a t i o n  of l o a d a b i l i t y - d i a g r a m  p l o t s .  The f o l l o w i n g  
parameters  a r e  a p p l i c a b l e  i f  the parameter  LSUB=LOADAB is 
specified. 

EXNAME= name Defined i n  s e c t i o n  218.1 
LSUB=Lakel 

FCONC= P a s s  
CCOND=Car 
FCOND=Fuel 1 

The number ( i n t e g e r )  of t h e  mass d a t a  
s e t  f o r  which d a t a  a r e  t o  be e x t r a c t e d .  
Defau l t  : MSET= 1 

Passender-payload (PCOND) , cargo- 
payload (CCOND) and f u e l  (FCOND) 
c o n d i t i o n  numbers ( i n t e g e r s )  a s s o c i a t e d  
wi th  set  Each o f  t h e s e  pa rame te r s  
may be s p e c i f i e d  t w i c e  t o  i d e n t i f y  
m u l t i p l e  payload and f u e l  c o n d i t i o n s  
f o r  a l o a d a b i l i t y  diagram. A t  least  
one  of t h e s e  pa rame te r s  must be s p e c i f i e d  
i f  t h e  e x t r a c t e d  d a t a  a r e  t o  be used  
f o r  g e n e r a t i o n  of a l o a d a b i l i t y  p l o t .  
Defaul t :  Payload and Fuel c o n d i t i o n  

d a t a  are n o t  e x t r a c t e d .  



EXTRACT 0 
2 18.1.9 y j b r a t & o n  Data f o r  Gc_la_~hical-p&hy 

l 'he n a t u r a l  f r e q u e n c i e s  and v i b r a t i o n  mode shapes  
c a l c u l a t e d  by e x e c u t i o n  of t h e  VIBRATION Processo r  a r e  e x t r a c t e d  
by t h i s  op t ion .  The f o l l o w i n g  pa ramete r s  a r e  used i f  t h e  
parameter  LSUB=VMODE i s  s p e c i f i e d .  

EXNAME= name Defined i n  s e c t i o n  218.1 
LSUB=Label 

The number ( i n t e g e r )  of t h e  v i b r a t i o n  
d a t a  set f o r  which modes and and 
f r e q u e n c i e s  a r e  t o  be e x t r a c t e d .  
Defaul t :  Warning. V i b r a t i o n  d a t a  a r e  

n o t  e x t r a c t e d .  

NSUB =Nxxx Node s u b s e t  name a s s o c i a t e d  w i t h  t h e  
n o d a l / s t i f  f n e s s  d a t a  set t h a t  cor responds  
t o  t h e  eigenproblem i d e n t i f i e d  by 
VSET=Se. A s u b s e t  mode-matrix must 
have been p rev ious ly -gene ra ted  v i a  t h e  
VIBRATION P r o c e s s o r  f o r  t h e  s u b s e t  of 
r e t a i n e d  nodes i d e n t i f i e d  by Nxxx. 
Defaul t :  A l l  r e t a i n e d  degrees-of- freedom 

a s s o c i a t e d  w i t h  t h e  eigenproblem 
awe r e p r e s e n t e d  i n  t h e  e x t r a c t e d  
mode-shape da ta .  

I f O D E = C A T l i s t  ATLAS l i s t  of mode shape  numbers 
( i n t e g e r s )  f o r  which d a t a  are? t o  be 
e x t r a c t e d .  Each e n t r y  i n  C A T l i s t  
i d e n t i f i e s  t h e  i - th  s e q u e n t i a  1, mode- 
shape number a s s o c i a t e d  wi th  c h e  
e i g e n s o l u t i o n .  
Defaul t :  Warning. V i b r a t i o n  d a t a  a r e  

n o t  e x t r a c t e d .  

An ordered-node s u b s e t  name a s s o c i a t e d  
w i t h  s e t  ttSe.n The sequence o f  nodes 
i d e n t i f i e d  by ONxxx which, when connected 
i n  +he s p e c i f i e d  o r d e r ,  d e f i n e s  a  g r i d  
t o  be d i s p l a y e d  when node-shape p l o t s  
a r e  genera ted .  A p a r t i c u l a r  node number 
can  be used  more t h a n  once i n  d e f i n i n g  
ONxxx. I f  t h e  NSUB parameter is  used, 
t h e  nodes i d e n t i f i e d  by ONxxx must be 
inc luded  i n  Nxxx. Otherwise,  any node 
a s s o c i a t e d  w i t h  s e t  "Self can  be used. 
Defaul t :  No grid d a t a  a r e  e x t r a c t e d .  



Caution: If a g r i d  is t o  be  d i s p l a y e d  
on mode-shape p l o t s ,  t h i s  
parameter  must be used. 

2 1 . 1 .1  0 p&agz:g,tg,fqg&&,h j c a l  Q&gJgy 

F l u t t e r  s o l u t i o n  d a t a  which a r e  c a l c u l a t e d  by t h e  FLUTTER 
P r o c e s s c r  and which a r e  r e q u i r e d  f o r  veloci ty-damping (v-g) 
.and v e l o c i t y -  f requ2ncy (V-f) graphs  f o r  s e l e c t e d  a l t i t u d e s  a r c  
e x t r a c t e d  by t h i s  opt ion .  T h e  f o l l o w i n g  pa ramete r s  a r e  used 
i f  t h e  garameter  LSUB=VGVF i s  s p e c i f i e d .  

EXNAME= name Defined i n  s e c t i o n  218.1 
LSUB=La be1 

C A S E = C A T l i s t  ATLAS list of f l u t t e r  da ta -case  numbers 
( i n t e g e r s )  f o r  which f l u t t e r  s o l u t i o n  
d a t a  a r e  t o  be  e x t r a c t e d .  
Defaul t :  A l l  f l u t t e r  CASE da ta .  

ALT= CAT list 

ATLAS l i s t  of f l u t t e r  c o n d i t i o n  numbers 
( i n t e g e r s )  s p e c i f i e d  v i a  t h e  EXECUTE 
FLUTTER s t a t e m e n t  f o r  t h e  i d e n t i f i e d  
CAS ES 
Defaul t :  A l l  f l u t t e r  CONDITION numbers. 

ATLAS list of f l u t t e r  d a t a  change-set  
numbers ( i n t e g e r s )  a s s o c i a t e d  w i t h  t h e  
specified CASES. 
Defaul t :  All change-set  d a t a  a s s o c i a t e d  

w i t h  the s p e c i f i e d  CASE numbers. 

ATLAS l ist  of  f l u t t e r  d a t a  r e t e n t i o n -  
v e c t o r  s e t  numbers ( i n t e g e r s )  a s s o c i a t e d  
w i t h  t h e  s p e c i f i e d  CASES. 
Defaul t :  A l l  r e t e n t i o n - s e t  d a t a  

a s s o c i a t e d  wi th  t h e  s p e c i f i e d  
CASE numbers. 

ATLAS l i s t  o f  a l t i t u d e s  a s s o c i a t e d  with 
t h e  s p e c i f i e d  CASES. 
Defaul t :  A l l  a l t i t u d e s  a s s o c i a t e d  w i t h  

t h e  s p e c i f i e d  CASE numbers. 
V-g and V - f  graphs a r e  gene ra te6  
f o r  each a l t i t u d e .  



218.1.11 Matrix Data f o r  G r a ~ h i c a l  Display 

The contents  of an ATLAS d a t a  matr ix  can be ex t r ac t ed  f o r  
subsequent g raphica l  d i sp lay .  In  this case, only t h e  E X m X  
parameter and t h e  fol lawing MATRIX parameter should be included 
i n  P l i s t .  

EXNAm=name Defined in sec t ion  218.1 

Filename>) 1 
parameter i d e n t i f i e s  the WName" of 

the matrix t o  be ex t rac ted  from t h e  ATLAS 
d a t a  f i l e  i d e n t i f i e d  by nFilename.w 
"Name" and "Filenamen a r e  alphanumeric 
words. I f  WName" i d e n t i f i e s  a User 
Matrix (see  sec. 200 -2) , r;'ilenamen need 
not  be spec i f i ed .  The p a r t i t i o n  number 
of a User Matrix t o  be  ex t r ac t ed  is 
i d e n t i f i e d  by t h e  i n t e g e r  "Part .IB The 
d e f a u l t  f o r  "Partm is 1. A l l  s tandard 
ATLAS matrices a r e  described i n  d e t a i l  i n  
re fe rence  1 -2. 
Default:  Wilrning. Matrix d a t a  are not  

ex t rac ted .  

218.1.12 Displacement and S t r e s s  Data f o r  P r in tou t  

Displacements and element stresses a r e  ex t r ac t ed  via this 
o?tion f o r  subsequent p r i n t o u t  by t h e  STRESS Postprocessor (sec. 
254.2.3). I f  BRICK elements a r e  included i n  t h e  model, t hose  
stresses based on t h e  BIGBRICK parameter of t h e  EXECUTE STIFFNESS 
statement (sec. 252.2) may not be ex t r ac t ed  by this module. The 
following parameters a r e  appl icab le  i f  t h e  parameter 
LSUB=DISPRINT or LSUB=STRPRINT is spec i f ied .  

EXNAME=name I Defined i n  s ec t ion  2 18.1 
LSUB=Label 

STAGE =St 

The number ( in teger)  of t h e  s t i f f n e s s  
data set f o r  which da t a  a r e  t o  be 
extracted.  
Default: KSET=1 

A boundary condi t ion (BC) o r  
superposi t ion s t a g e  number ( i n t ege r )  
assoc ia ted  w i t h  set nSe.N 
Default:  STAGE=I 
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ATLAS list of load  case i d e n t i f i e r s  
( i n t e g e r s  o r  alphanumeric wak.* : 3 )  denoting 
which load-case  dependent dsc; a r e  t o  
be ex t rac ted .  
Default :  A l l  l oad  cases a s s o c i a t e d  w i t h  

t h e  s p e c i f i e d  s t i f f n e s s  set 
and BC s t a g e *  

S t i f f  ness-element s u b s e t  name a s soc i a t ed  
w i th  set "Seem Stresses are e x t r a c t e d  
only  f o r  t h e  e lements  inc luded i n  Exxx. 
I f  only displacement d a t a  a r e  t o  be 
ex t r ac t ed ,  t h i s  parameter  should not  
be use$. 
Default:  Element s t r e s s e s  a r e  no t  

ex t r ac t ed .  

Node subse t  name a s s o c i a t e d  wi th  se t  
nSe." Displacements a r e  e x t r a c t e d  only 
f o r  the  nodes inc luded  i n  Nxxx, If  
stress d a t a  a r e  t o  be ex t r ac t ed ,  t h i s  
subse t  must i n c l u d e  a t  l e a a t  t h o s e  nodes 
a s r o c i a t e d  wi th  t h e  elements  identifier 
by Exxx. 
Default:  Warning. No d a t a  are ex t rac ted .  
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220.0 f i EXAIR AERODYNAMICS MODULES 

The FLEXAIE P r o c e s s o r  c a l c u l a t ~ s  g e n e r a l i z e d  a i r f o r c e  
m a t r i c e s  t h a t  i n c l u d e  t h e  e f f e c t s  of t h e  s t r u c t u r a l  f l e x i h i l i t y  
a s s o c i a t e d  w i t n  t h o s e  v i b r a t i o n  rnodes t h a t  are n o t  i n c l u d e d  
i n  tht set o f  q e n e r a l i z e d  c o o r d i n a t e s  used  t o  ~ i n a l y z e  a s t r u c t u r e  
( r e f .  2 2 0 - 1 ) .  These  a i r f o r c e s  a r e  s u i t a b l e  for s u b s e q u t n t  
f l u t - t e r  a n a l y s i s  v i a  t h e  ADCINT a n 3  FLUTTER Modules ( s ec s .  202.0 - 
and  2 2 2 . 0 ) .  T h e  c a l c u l a t e d  a i r f o r c e  m a t r i c e s  a r e  v a l i d  f o r  
only .Dne 3 l t i + u i i +  and f r e q u e n c y  of  o s c i l l a t i o n  and  t h u s  d i f f e r  
from 'he q 2 n e r a l i z e d  a i r f o r c e  m a t r i c e s  q e n e r a t e d  by t h e  o t h e r  
ae rodynamics  p roc? s so r  s. 

FLEXAI.;! r e q u i r z s  t h e  p r i o r  c a l c u l a t i o n  o f  a s i n q u l a r  or 
n o n s i n q u l a r  5 : ructura l  s t l f f n s s s  m a t r i x ,  K ,  a  p o s i t i v e  d e f i n i t e  
mass rnatr lx,  X, a s u b s e t  3f  the e i q e n v t c t o r s ,  G ,  o f  (K-F*M) *S=O, 
where E r e p r e s e n t s  t h o  e i g e n v a l u e  c o r r e s p o n d i n q  w i t h  t h e  
e i y s ~ v s c t o r  G ,  and  -he q e n e r a l i z e d  s t i f f n e s s  m a t r i x  G ~ * x * G .  
FLEXAIF a l s o  r e q u i r e s  t h a t  Aerodynamic I n f l u e n c e  C o e f f i c i e n t  
(AIC) m a t r i c e s  he  q e n ~ r a t e d  p r e v i o u s l y  by e x e c u t i o n  o f  t n s  

IN?EFPOLA'?ION P r o c e s s o r  (sec .  232.0) and  o n e  o f  t h e  o t h e r  
Aero,3ynamics 2 r o c e s s o r s  (ADDINT, AF1, DUBLAT, NACHBOX and  RH03). 
T h s  kinematic f reedams r e p r e s e n t e d  i n  t h e  A I C  m a t r i c e s  must 
be th? sdrne freedoms o r  a s u b s e t  o f  t h e  f reedor r s  used  t o  obCain 
t h e  v i b r a t i o n  modes G. 

P r i n t c  t of t h e  g e n e r a l i z e d  a i r f o r c e s  c a l c u l a t e d  by t h e  
FLEXATE P r o c e s s o r  (see. 220.1) nay be r e q u e s t e d  from thc FLEXAIF 
P o s t p r o c e s s o r  (sec. 220.2) . 



2 29.1 EXECUTE FLEXAIR STATEMENT 

The to l lowing  s t a t e m e n t  i n i t i a t e s  execu t ion  of t h e  FLEXAIE 
Processor .  Previous  execu t ion  of t h e  VIBRATION Processor, (sec. 
258.0) , t h z  INTERPOLATION Processor  (sec. 232.0) and one o r  
more of the Aerodynamics Processors  (ADDINT,AF1,DUBLAT,MACHbOX 
and RHO!) are requirad.  

I EXECUTE FLEXAIR ( P l i  s t) 

L i s t  ~f o p t i o n a l  parameters  f o r  P l i s t :  

I D  = XXXX Alphanumeric word wi th  1 t o  4 
c h a r a c t e r s  to  be used i n  naming t h e  
set of Q-matrices (genera l i zed  a i r  
f o r c e  mat r i ces )  genora ted  by t h e  
FLEXAIR Processor .  Each Q-matri x 
name i s  comprised of  t h e  7 c h a r a c t e r s  
xxxlnn, where "lU and a r e  
a u t o m a t i c a l l y  a s s igned  a s  t h e  
corresponding s e q r e n t i a l  numbers 
of the  a l t i t u d e  s p e c i f i e d  by t h e  
ALT parameter and t h e  k-value 
a s s o c i a t e d  with t h e  genera ted  set, 
Default:  Error, Execution is  

terminated  

A set of AIC m a t r i c e s  i n p u t  t o  t h e  FLEXAIR Processoy is  
i d e n t i f i e d  e i t h e r  v i a  t h e  ADDINT parameter  or v i a  a t r i p l e t  
of parameters,  Aname, CASE and COND a s  p resen ted  below. The 
ADDINT parameter i d e n t i f i e s  a set of A I C  matrices genera ted  
by t h e  ADDINT Processor ,  whereas each t r i p l e t  i d e n t i f i e s  a set  
of A I C  ma t r i ces  c a l c u l a t e d  d i r e c t l y  by t h e  AF1, DUBLAT, MACHBOX 
o r  RHO3 Processor .  

The followincj three parameters  a r e  s p e c i f i e d  i n  t r i p l e t s .  

A name Name of t h e  unsteady aerodynamics 
processor  which was ~ r e v i o u s l y  
executed t o  c a l c u l a t e  a se t  of A I C  
matr ices .  The o p t i o n s  f o r  @*knameM 
a r e  AF1, DUBLAT, MACHBOX and RHO3. 
Default:  Error .  Execution i s  

t e rmina ted  upless  t h e  key- 
word ADDINT is inpu t .  

Aerodynamics d a t a  c a s e  number 
( in teger )  a s s o c i a t e d  wi th  t h e  
s p e c i f i e d  COND nimber for which A I C  



FLEXAIR v 
matrices w e r e  c a l c u l a t e d  by a n  
"EXECUTE Anamen s t a t e a e n t  . 
Default : CASE=1 

Aerodynamic c o n d i t i o n  number ( i n t e q e r )  
s p e c i f i e d  by t h e  same WXECUTE Anamen 
s t a t emen t .  
De fau l t  : COND= 1 

Alphanumeric word a s s i g n e d  by t h e  
I D  pa rame te r  o f  a p r e v i o u s  EXECUTE 
ADDINT s t a t emen t .  
De fau l t :  Error. Execut ion  i s  

t e r m i n a t e d  u n l e s s  a v a l i d  
"Anamem i s  inpu t .  

The Mach n u ~ b e r  q r e a t e r  t h a n  or equal 
t o  z e r o  t h a t  i s  a s s o c i a t e d  with t h e  
i n p u t  AIC m a t r i c e s  which are  t o  be 
processed.  T h i s  parameter  i d e n t i f i e s  
which of t h e  sets o f  AIC m a t r i c e s  
i d e n t i f i e d  by the CASE and  COND 
parameters  is t o  ba used. T h i s  i s  
r e q u i r e d  because  a s i n q l e  e x e c u t i o n  
of the  DUBLAT, MACHBOX or RHO3 
Processo r  may q e n e r a t e  m u l t i p l e  sets 
of A I C  matrices a s s o c i a t e d  w i t h  more 
t h a n  o n e  Mach number. 

The s p e c i f i e d  v a l u e  of Mach must 
be w i t h i n  one  t e n t h  of one p n r c e n t  
of  t h e  Mach number a s s o c i a t e d  w i t h  
each i n p u t  set of A I C  m a t r i c e s  u n l e s s  
they were g e n e r a t e d  by t h e  AF1  
Processo r ,  i n  which case ,  the A I C  
m a t r i c e s  a r e  d ~ f i n e d  un ique ly  by  
ths C-WS and  COND pararnecers. 

Defaul t :  The f i r s t  Mach number 
a s s o c i a t e d  w i t h  t h e  f i r s t  
set of A I C  m a t r i c e s  specified 
v i a  P l i s t .  

Tho v i b r a t i o n  se t  nurrber  ( in teqer )  
i d e n t i f y i n q  t h e  s t r u c t u r a l  mcdel 
be ing  a n a l y z e d  (sec. 258.1 ) . 
Defaul t :  VSET=1 

The number of reduced  f r e q u e n c i e s  
( i n t e g e r  > O )  a s s o c i a t e d  w i t h  t h e  



ALT= ( l is t)  

AIC matrices f o r  which FLEXAIR Q- 
matrices a r e  t o  be generated.  The 
A I C  matrices are s e l e c t e d  i n  t h e  
o r d e r  t h a t  they were genera ted  b y  
the  s p e c i f i e d  Aerodynanics Processor. 
If  ann is g r e a t e r  t h a n  t h e  number 
of matrices a v a i l a b l e ,  t h e  fo l lowing 
d e f a u l t  a c t i o n  is taken. 
Default :  Q-matr ices corresponding 

to  a l l  t h e  A I C  m a t r i c e s  
i d e n t i f i e d  by P l i s t  are 
generated.  

List of 1 t o  8 a l t i t u d e s  i n  t h e  range  
-200,000 throuqh 300,000 f e e t ,  i n  
any sequence, for which Q-matr ices 
a r e  t o  be generated.  
Default  : ALT= 0.0 

The f requency of o s c i l l a t i o n  i n  Hz 
t h a t  is  t o  be used t o  g e n e r a t e  t h e  
Q-matrices. I f  t h e  Q-matrices are 
t o  be used i n  a f l u t t e r  a n a l y s i s  
v i a  t h e  FLUTTER Processor ,  nf should 
be a n  e s t i m a t e  of t h e  f l u t t e r  
frequency . 
Default: "f 1' i s  c a l c u l a t e d  a s  [ k*V, (2*n 

*b) ] where "km and "bn a r e  
t h e  previous ly-dczined 
reduced frequency and 
r e f e r e n c e  lengch and V is  
d e r i v e d  from t h e  MACH and 
ALT paramete- =. 

I f  t h e  s t i f f n e s s  matr ix  corresponding t o  VL- is  s i n g u l a r ,  
it is necessary  t o  select freedoms a s s o c i a t e d  wi th  t h e  zero-  
f requency modjs of the "Moden matr ix  genera ted  by t h e  VIBRATION 
Processor  such t h a t  a non-singular p a r t i t i o n  thereof  is  
i d e n t i f i e d .  T h i s  is done v i a  t h e  fo l lowinq parameter. 

FREEDOMS= ( L i s t )  A list of alphanumeric words w i t h  
3 t o  7 c h a r a c t e r s  of t h e  form "AAn." 
Each word i d e n t i f i e s  a row i n  t h e  
"Modew matrix: "nn i s  a use r  node 
number: "AA" is  one of t h e  s i x  
c h a r a c t e r  p a i r s  TX, TY, TZ, RX,  RY,  
K Z  i d e n t i f y i n g  t h e  k inemat ic  freedom 
a s s o c i a t e d  w i t h  node "n." The number 
of words i n  list must be equa l  t o  



FLEXAIR 0 
the number of  z e r e f r e q u e n c y  modal 
v e c t o r s  a s s o c i a t e d  wi th  VSET. 
Default:  Error, u n l e s s  t h e r e  a r e  

no  zero-frequency v i b r a t i o n  
modes. 

Example: The f i q u r e  below shows a t y p i c a l  node d i s t r i b u t i o n  
alonq the c e n t e r l i n e  of a n  a i r p l a n e .  Suppose 
t h a t  a se t  o f  symmetric mode shapes  is a s s o c i a t e d  
w i t h  t h i s  conf i g u r a t i o r ~  and t h a t  t h e  set  i n c l u d e s  
two r i q i d  body modes, each o f  which is a 
combination of p i t c h  and v e r t i c a l  t r a n s l a t i o n .  
Non-s i n q u l a r  p a r t  it i o n s  may be i d e n t i f i e d  by 
one of t h e  lists: (TZ1, TZ2).  (TZ1, RYS) , (TX75, 
TX80), etc. The fo l lowing  combinations, however, 
i d l n t i f  y s i n q u l a r  p a r t i t i o n s :  (TXI. TX2) , (RY10, 
RY5)  , (TZ75, T280), etc. 

T h e  in fo rmat ion  i n  t h e  mode-shape m t r i x  i s  shown 
below. For t h i s  c a s e ,  t h e  non-sinqular  p a r t i t i o n  
formed by t h e  parameter FREEDOMS=(TZl, RYS) is 

f::: :::I 



I f  the  a v a i l a b l e  A I C  matrices do no t  correspond i n  s i z e  
and arranqement with t h e  previously-calcula ted v i b r a t i o n  made- 
shape matrix, t h e  following parameter must be used. For example, 
t h e  v ib ra t ion  modes may inc lude  displacements and r o t a t i o n s  
a t  nodes on t h e  winq, body and t a i l ,  whereas t h e  A I C s  are 
a v a i l a b l e  fo r  displacements on t h e  winq alone. T h i s  parameter 
should not  be input  i f  t h e  order  and number of freedoms 
represented by t h e  AIC matr ices  and the mode-shape matr ix  are 
compatible, 

MODE NUMBER I 
2 

1 2 3 4 . . a  

0.0 0.0 f 3  f4 - 0 .  

t x l l  -12 tx13 txl 4 . * a  

SUBS ET=Nxxx 

1 

1 

l 

l . 
5 . 
l . 

The name of t h e  node subse t  
corresponding wi th  t h e  AIC matrices. 
Ph is  subse t  must have been def ined 
by t h e  SUBSET-DEFINITION Preprocessor 
(sec. 156.0) and it should be t h e  
same subse t  used i n  execution of 
the  INTERPOLATION Processor i c  
conjunction with  t h e  A I C  op t ion  (sec. 
232.0). A subse t  mode-matrix must 
a l s o  have been generated f o r  this 
subse t  by t h e  VIBRATION Processor 
(sec. 258.0). 
Default: Execution is terminated 

i f  t h e  o rde r  and number 
of kinematic freedoms 
assoc ia ted  w i t h  VSET d i f f e r  
f rom t h a t  assoc ia ted  with 
the AIC matrices. 

TZ 

RY 

. 
l 

RY 
6 

-1 l tz 12 t z13  -1 4 . . .  
~ Y I I  -12 r y l 3  q 1 4  0 . .  

. . 
~ Y S I  rY s2 r Y s  a ~ Y s  4 . O m  

l l l 

. . d 



220 .2  PkINT OUTPUT STATMENT 

The fo l lowing  s t a t ement  i s  used t o  r e q u e s t  p r i n t o u t  of 
t h e  aerodynarnic d a t a  c a l c u l a t e d  by t h e  FLEXAIR Processor .  

PRINT OUTPUT (FLEXAIR, P l i s t )  

L i s t  of o p t i o n a l  parameters  f o r  P l i s t :  

ALT= ( L i s t )  

KV.lL= ( L i s t )  

Alphanumeric word ass igned  by t h e  
I D  parameter  of  a  previous  EXECUTE 
FLEXAIR s ta tement .  This  word 
i d e n t i f i e s  t h e  set of Q-matrices 
(genera l i zed  a i r f  orce m a t r i c e s )  t o  
be p r i n t e d .  
Default :  Error. P r i n t  is ter iinated. 

L i s t  of 1 t o  8 a l t i t u d e s  i d e n t i f y i n q  
which Q-matrices are t o  be p r in ted .  
Default :  Q-matr ices a r e  p r i n t e d  f o r  

a l l  a v a i l a b l e  a l t i t u d e s .  

A l ist  of reduced-f requency v a l u e s  
i d e n t i f y i n q  which of the tlXxxxw Q- 
m a t r i c e s  are t o  be p r in ted .  
Default :  A l l  m a t r i c e s  inc luded  i n  

t h e  "xxxxe@ set a r e  p r in ted .  



222.0 FLUTTER M O D W S  

The FLUTTER Processor c a l c u l a t e s  eigenvalues and 
eiqenvectors of the  l i n e a r ,  complex eigen-problem associated with 
f l u t t e r  znalyses v i a  the automated V-g solu t ion  technique 
publi shed i n  reference 1 22-1. The so lu t ion  procedure involves 
solving t h e  eigenvalue problem many times, nsing t h e  reduced 
frequency of o s c i l l a t i o n  (k-value) as a parameter, by t h e  
standard Laguerre i t e r a t i v e  technique. Continuity of the 
calculated eigenvalues with respect  t o  k-value is maintained by 
solving t h e  eigenproblem a t  a r e l a t i v e l y  l a r g e  number of k- 
values. Sign changes i n  t h e  imaginary p a r t  of the  eigenvalue a r e  
detected as t h e  k-value is changed s o  t h a t  neu t ra l ly  stable 
poin ts  are determined automatically v i a  l i n e a r  in terpola t ion .  
"Flut ter  crossingsn may be determined a t  user-selected damping 
l eve l s  near t h e  neut ra l  s t a b i l i t y  points.  

A matched point so lu t ion  may a l s o  be requested whereby a 
mtched f l u t t e r  p i n t  f o r  the  critical mode is determined by 
automatically se lec t ing  a d i f f e r e n t  a l t i t u d e  and repeat ing t h e  
complete V-g solution. A mtched f l u t t e r  point  occurs when t h e  
calculated f l u t t e r  speed equals t h e  in i t i a l ly - spec i f i ed  ~Mach 
nuxber mult ipl ied by t h e  speed of sound a t  t h e  corresponding 
a l t i t u d e .  

The equations of motion f o r  f l u t t e r  may be expressed as 

j= l ,n  
where n is the number of s t r u c t u r a l  modes used i n  t h e  a n a l y s i s , ~  
is the c i r c u l a r  frequency of o s c i l l a t i o n ,  i j is an  element of 
t h e  r e a l  mass matrix, "in is t h e  value (-1) 3 , "g* is t h e  
incremental s t r u c t u r a l  damping coeff ic ient ,  K i j  is a n  element of 
t h e  complex s t i f f n e s s  matrix including s t i f f n e s s  and s t r u c t u r a l  
dampina e f fec t s ,  Qij is an element of t h e  complex a i r f o r c e  
matrix, p is the f ree-stream densi ty ,  v i s  t h e  free-stream 
veloc i ty  and q)  is t he  j-th component of the  eigenvector 
corresponding t o  o and g. 

Most conanonly the  mass and s t i f f n e s s  matrices w i l l  be t h e  
generalized Inass and s t i f f n e s s  matrices generated v i a  the  
VIBRATION Processor (sec, 258 - 0 )  . In  t h i s  case, t h e  qeneralized 
airforce matrices are calculated v i a  the  ADDINT Processor (sec. 
202.0) based an the  same v ibra t ion  mdes  used t o  generate t h e  
mass and s t i f f n e s s  matrices. A l t e r n a t e  approaches may be used t o  
generate t h e  necessary ATLAS User Matrices t o  define the  f l u t t e r  
equation. These matrices may be based e i t h e r  on generalized 
coordinates o r  on s t r u c t u r a l  kinematic freedoms. For t h e  l a t t e r  
case, reduced s t i f f n e s s  and mass matrices may be generated by 



using t h e  REDUCE cataloged procedure (see appendix E) . 
mrresponding a i r f o r c e  matrices may be generated v i a  t h e  A I C  
opt ion  provided by t h e  INTERPOLATION Processor,  one of t h e  
aerodynamics Processors,  and t h e  ADDINT Processor. For a l l  
cases ,  a diagonal ,  s t r u c t u r a l  damping matr ix  may be inpu t  v i a  t h e  
t l u t t e r  data (ssc. 122.0) t o  de f ine  the complex component of the 
s t i f f n e s s  nmtrix. 

A s  discussed i n  re fe rence  122-1, t h e  i n t e r v a l s  of t h e  k- 
value sequence must be small  enough so t h a t  con t inu i ty  of t h e  
ca l cu l a t ed  eigenvalues as a func t ion  of k-value is maintained. 
Proper s e l e c t i o n  of a k-value sequence genera l ly  a l lows a v a l i d  
e igenso lu t ion  t o  be e i f e c t e d  v i a  a s i n g l e  Laguerre i t e r a t i o n  a t  
each s t e p  (each k-value) . Lack of convergence i n  a s o l u t i o n  may 
be detec ted  by d i s c o n t i n u i t i e s  i n  t h e  velocity-damping (V-g) and 
veloci ty-f  requency (V-f) curves which may be p l o t t e d  via t h e  
EXTRACT and GRAPHICS Postprocessors (sec. 2 18 -0 and 228 -0) . 
These curves are p l o t t e d  as continuous curves i f  no ill- 
condi t ioning is inherent  t o  t h e  s o l u t i o n g  

I f  t h e  a i r f o r c e s  ca l cu l a t ed  by t h e  ADDINT Processor are 
independent of t h e  f r e e  stream dens i ty ,  the d e n s i t y  is def ined  i n  
one of t h e  following ways: 

a)  One o r  more a l t i t u d e s  a t  which s o l u t i o n s  are t o  be 
gerformsd may be spec i f ied  bv t h e  FLUTTER i npu t  data 
(sec. "2.0). The cor respmding  standard a i r  d e n s i t i e s  
are g e n ~ r a t e d  au tomat ica l ly  by the FUlTTER Processor 
(sec- 222.2). 

b) The dens i ty  may be s p e c i f i e d  directly by t h e  DENSITY 
parameter of t h e  EXECUTE FLU!I'TER statement.  

C) A llmatcned point"  so lu t ion  may be requested by t h e  .WS 
parameter of t h e  EXECUTE FLUTTER statement.  A s i n g l e  
i n i t i a l  a l t i t u d e  may be spec i f i ed ,  however, t h e  
a l t i t u d e s  for subsequent analyses  a r e  generated 
automat ical ly  The s tandard a i r  d e n s i t i e s  corresponding 
t o  t h e  required a l t i t u d e s  are generated au tomat ica l ly  by 
t h e  FLUTTER Processor. 

If t he  airforces calc1:lated by t h e  ADDINT Processor a r e  
dt?penrIent on tne  free-stream clensity, a nmatched poin t t8  s o l u t i o n  
m y  not  be performed; a l l  spec i f ied  parameters r e l a t i n g  a l t i t u d e  
and d e n s i t y  information are ignored,  

P r in tou t  of the FLUTTER input  da t a  and f l u t t e r  s o l u t i o n  
d a t a  ca lcu la ted  by t h e  ELUTIZR Processor may be requested from 
the FLUTTER Postprocessor as  descr ibed i n  s ec t ions  222.1 and 
222.3, respec t ive ly .  



< FLUTTER 
222.1 PRINT INPUT STATEMENT 

The f o l l o w i n g  s t a t e m e n t  is used t o  request p r i n t o u t  of 
t h e  flutter i n p u t  d a t a  a s s o c i a t e d  w i t h  selected FLUTTER data 
cases ( s ~ c .  122 .0 ) .  

PRINT INPUT (FLUTTER, P l i s t )  

L i s t  of o p t i o n a l  parameters  for P l i s t :  

CASE=CATlist ATLAS l i s t  o f  FLUTTER d a t a  case numbers 
(inteqers) f o r  which i n p u t  d a t a  a r c  
t o  be printed. 
Defaul t :  All prev ious ly -de f  i n e d  FLUTTER 

d a t a  sets. 

CSET=CATlist ATLAS list o f  FLUTTER d a t a  chanqe - se t  
numbers ( i n t e q e r s )  t h a t  are a s s o c i a t e d  
w i t h  each  of t he  s p e c i f i e d  CASE numbers. 
Data are p r i n t e d  o n l y  for the change- 
se ts  i d e n t i f i e d  by t h i s  parameter .  
Defaul t :  All change - se t s  d e f i n e d  for 

e a c h  FLUTTER CASE i d e n t i f i e d  
by this s t a t e m e n t .  



222.2 EXECUTE FLU'ITVZ. STATEMENT 

The following statement i n i t i a t e s  execution of t h e  FLUTTER 
Processor. Previous ca lcula t ion  of s t i f f n e s s  and mass matrices 
is required.  Additionally, previous execution of t h e  ADDINT 
Processor is required f o r  generation of t he  a i r f a r c e s  e s s e n t i a l  
to t h e  f l u t t e r  equation t o  be solved. 

EXECUTE FLUTTER ( P l i s t )  

L i s t  of optional parameters for P l i s t :  

A condition nunber ( integer)  i n  t h e  range 
1 t o  36 which i d e n t i f i e s  t h e  remaining 
parameters of this statement. I f  
multiple executions a r e  required i n  a 
s ing le  job, t h e  condition number 
specif ied by each statement of t h i s  type 
must be unique, 
Default : COND= 1 

CASE=CATlist ATIAS l is t  of FLUTTER data case numbers 
( in tegers)  associated with t h e  f l u t t e r  
problem (s) t o  be solved, Non-existent 
data  case numbers i d e n t i f i e d  by C A T l i s t  
are not allowed. 
Default : CASE=1 

Note: I f  f l u t t e r  input  da ta  a r e  not 
required t o  def ine t h e  f l u t t e r  
problem (sec. 122.0) , CASE should 
be set t o  1, 

CSET-CATlist ATLAS list of FLUTTER data  change-set 
numbers ( integers)  t h a t  a r e  associated 
with each of t h e  specif ied CASE numbers. 
Default: A l l  change-sets def ined f o r  each 

FLUTTER CASE iden t i f i ed  by t h i s  
statement, 

The v ibra t ion  set number ( integer)  
ident i fying t h e  s t r u c t u r a l  model being 
analyzed (sec. 258.1) . 
Default: VSET=1 

STIFID=Namel Alphanumeric names of the s t i f f n e s s  
MASSID=Name2 ) and/or mass User Matrices t o  be used i n  

defining t h e  f l u t t e r  equation, One or 
both of these parameters may be used, 



BRITISH 
(Mmuc ) 

These m a t r i c e s  may be based  e i t h e r  on 
q e n e r a l i z e d  c o o r d i n a t e s  or on s t r u c t u r a l ,  
k i n e m a t i c  freedoms. I f  bo th  of t h e s e  
parametere  a r e  used,  t h e y  i d e n t i f y  
i m p l i c i t l y  t h e  s t r u c t u r a l  model b e i n q  
analyzed.  I n  t h i s  c a s e ,  t h e  parameter  
VSET is ignored .  
Defau l t :  The q e n e r a l i z e d  mass and/or  

s t i f f n e s s  m a t r i c e s  g e n e r a t e d  
b y  t h e  VIBRATION P roces so r  
f o r  t h e  s p e c i f i e d  VSET number 
are used. 

Key-word i d e n t i f y i n g  w h i c h  sys tem of 
u n i t s  is  b e i n q  used  t o  form t h e  e q u a t i o n s  
of motion. A c o m p a t i b l e  sys tem o f  u n i t s  
must be used t o  d e f i n e  t h e  a l t i t u d e  
and t h e  s t i f f n e s s ,  mass and a i r f o r c e  
m a t r i c e s .  
Defau l t :  BRITISH 

Alphanumeric name a s s i g n e d  by t h e  I D  
parameter  of a p r e v i o u s  EXECUTE ADDINT 
s t a t emen t .  T h i s  name i d e n t i f i e s  set 
of a i r f o r c e  m a t r i c e s  a s s o c i a t e d  w i t h  
a u s e r - s e l e c t e d  sequence  o f  s t r i c t l y -  
d e c r e a s i n g  r educed  f r e q u e n c i e s .  
Defaul t :  GAFID=GAF 

The number o f  freedoms ( i n t e g e r  > 0)  
t o  be i n c l u d e d  a s  c o o r d i n a t e s  of t h e  
f l u t t e r  e q u a t i o n  t o  be  so lved .  T h i s  
parameter  d e n o t e s  t h a t  t h e  s t i f f n e s s ,  
mass, a i r f o ~ c e  and damping m a t r i c e s  
a r e  t o  be t r u n c a t e d  p r i o r  t o  s o l u t i o n .  
The r i q h t -  most columns and corr espondinq 
rows of t h e  f l u t t e r  m a t r i x  are e l i m i n a t e d  
f i r s t .  I f  nnM exceeds  t h e  number o f  
freedoms i n h e r e n t  t o  t h e  i n p u t  m a t r i c e s ,  
t h i s  parameter  i s  iqnored .  
Del u l t :  The number of freedoms inc luded  

i n  t h e  f l u t t e r  e q u a t i o n  is  
t h e  same a s  t h e  nunber of 
f reedoms a s s o c i a t e d  w i t h  t h e  
i n p u t  m a t r i c e s .  

The number o f  -educed f r e q u e n c i e s  
(inteqe:.  > 0 )  a s s o c i a t e d  w i t h  t h e  
a i r f o r c e s  f o r  which f l u t t e r  s o l u t i o n s  
a r ?  t o  be +rformed. F l u t t e r  s o l u t i o n s  



a r e  e f f e c t e d  us ing  eacn  of t h e  f i r s t  
"nW a i r f o r c e  m a t r i c e s  a s s o c i a t e d  wi th  
t h e  set i d e n t i f i e d  by t h e  parameter  
GAFID. I f  "nn is g r e a t e r  t h a n  t h e  
number of m a t r i c e s  a v a i l a b l e ,  t h e  
fo l lowing d e f a u l t  a c t i o n  i s  assumed. 
Default :  F l u t t e r  s o l u t i o n s  a r e  e f f e c t e d  

a t  each of t h e  reduced 
f r e q u e n c i e s  a s s o c i a t e d  w i t h  
t he  s p e c i f i e d  set  of a i r f o r c e  
matr ices .  

GCRCSS- ( g l ,  qZ,q3) T h i s  parameter  i d e n t i f i e s  1 t o  3 
s t ruc tura l -damping v a l u e s  for which 
V-g #@cross inqs"  a re  t o  be c a l c u l a t e d .  
The e f f e c t s  of s t r u c t u r a l  damping t h a t  
a r e  in t roduced  by u s e  of  t h i s  par-meter 
complement any damping f a c t o r s  d e f i n e d  
by the FLUTTER d a t a  (sec. 122.0).  
Default:  GCROSS=O. 0 

=FLUTTER 
=CAT1 is t 

AVEC = (FLUTTER, CATlist) 

T h i s  parameter i d e n t i f i e s  the  reduced 
f r e q u e n c i e s  a t  which e igenvalues ,  
e igenvec to r s  and/or  ad  j o i n t  e i g e n v e c t o r s  
of t h e  f l u t t e r  equa t ion  a r e  t o  be 
c a l c u l a t e d  and saved. The t ransposed 
f l u t t e r  ma t r ix  i s  used t o  c a l c u l a t e  
the a d j o i n t  vec to r s .  The type  of d a t a  
t o  be c a l c u l a t e d  i s  denoted by: 

EVAL--Eiqenvalues 
EVEC-- Eigenvalues and e i g e n v e c t o r s  
AVEC--Eiqenvalues and ad j o i n t  e i q e n v e c t o r s  

Each of these key-words may be s p e c i f i e d  
once per  EXECUTE FLUTTER statement .  

The d a t a  are c a l c u l a t e d  a t  t h e  reduced 
f requenc ies  i d e n t i f i e d  by: 

FLUTTER--Key-word t h a t  deno tes  a l l  f l u t t e r  
c r o s s i n q s  encountered f o r  t h e  f i r s t  
damping va lue  s p e c i f i e d  by t h s  GCROSS 
parameter. 



CATlist0-ATLAS l is t  of reduced-rrequency i n d i c e s  
( i n t e g e r s )  a s s o c i a t e d  w i t h  t h e  m a t r i c e s  
i d e n t i f i e d  by the  GAFID parameter .  
The s p e c i f i e d  i n d i c e s  must conform with 
t h e  NRF parameter. 

Defaul t  : I f  on ly  a key-word, EVAL, EVEC or  AVEC, 
is s p e c i f i e d ,  t h e  d a t a  a r e  c a l c u l a t e d  
a t  FLUTTER. Otherwise,  t b e  d a t a  a r e  
n o t  c a l c u l a t e d .  

Examples: 

EVEC, EVAI.= (FLUTTER, 1 t o  8 1 BY 10) ,AVEC=FLUTTER 

For t h i s  c a s e ,  e i g e n v a l u e s  a re  g e n e r a t e d  f o r  t h e  f l u t t e r  c r o s s i n g s  
and f o r  t h e  f i r s t ,  e l e v e n t h ,  ..., e i g h t y - f i r s t  reduced f r e q u e n c i e s .  
Additionally,eigenvectors and a d j o i n t  v e c t o r s  a r e  g e n e r a t e d  a t  
FLUTTER, 

For  t h i s  case ,  eiqenva.' .  es and e i g e n v e c t o r s  are  gene ra t ed  o n l y  
f o r  t h e  13th  reduced frequency.  

These pa rame te r s  d e f i n e  t h e  envelope  
of f r ee - s t r eam v e l o c i t i e s  [v;  and 
r t d u c e d  f r e q u e n c i e s  (F) t o  be used 

FMAX=f u when performinq t h e  f l u t t e r  s o l u t i o n  
(VMINSVMAX; FMINSFKiX) . 

A l l  f l u t t e r  s o l u t i o n s  t h a t  s x i s t  o u t s i d e  
of t h e  envelope  are d i sca rded .  The 
f l u t t e r  s e a r c h  beg ins  a t  t h e  reduced 
f requency  
k-max = 2 IT b (FMAX/VMIN) 
and s t o p s  a t  
k-min = 2 n b (FMIN/VMAX) 
where "b" i s  a r e f e r e ~ l c e  l eng th .  The 
v a l u e s  of "k-max" and ftk-mintf must bt> 
w i t h i n  t h e  r a n g e  of f~ equenc ia s  
i d e n t i f i e d  b y  t h e  parameter  NRF. 
Def au lc s :  VMIN=1. E- 100 

VMAX=1. E+':!?O 
F M I N = O . O  H z  
FMAX=1000.3 Hz 

STILL Key-word d e n o t i n g  t h a t  the coj-r' 1.8. A 
s t i l l - a i r  modss a s s o c i a t e d  w i t h  a free- 
stream v e l o c i t v  of z e r o  arp t o  be 
c a l c u l a t e d .  r e s u l t i n q  s o l u t i o n  



is used as t h e  i n i t i a l  e s t i m a t e  of t h e  
Lagu'erre i t e r a t i v e  s o l u t i o n  of  t h e  
f l u t t e r  equa t ion .  
Defaul t :  N o  s t i l l - a i r  mode s o l u t i o n  

i s  e f f e c t e d ,  The i n i t i a l ,  
t r i a l  e i g e n s o l u t i o n  is computed 
from the uncoupled f l u t t e r  
e q u a t i o n  by u s i n q  o n l y  t h e  
d i a q o n a l  e l emen t s  of  t h e  
s t i f f n e s s  ma t r ix ,  mass m a t r i x  
and t h e  f i r s t  a i r f o r c e  m a t r i x  
a s s o c i a t e d  w i t h  t h e  se t  
i d e n t i f i e d  by t h e  parameter  
GAFID. 

The number of  Laguerre  i t e r a t i o n s  
( i n t e g e r  > 0) t o  be performed when 
c a l c u l a t i n g  t h e  e i g e n s o l u t i o n  o f  the  
f l u t t 5 r  e q u a t i o n  a t  each  reduced 
frequency,  

There is no s i n g l e  convergence c r i t e r i o n  
a v a i l a b l e .  Theref o r e ,  t h e  number of 
k-valuea a s s o c i a t e d  w i t h  t h e  set of 
e i r f o r c e  m a t r i c e s  i d e n t i f i e d  by G A F I D  
and t h e  number of Laguerre  i t e r a t i o n s  
t o  be performed must be  s e l e c t e d  
c a r e f u l l y .  I n  q e n e r a l ,  a r e l a t i v e l y  
l a r g e  nulrwer o f  k-va lues  e n s u r e s  t h a t  
each e i g e n s o l u t i o n  i s  o b t a i n e d  w i t h  
s u f f i c i e n t  accuracy  a f t e r  o n l y  one 
i t e r a t i o n .  

Defaul t  : ITER= 1 

CENSITY=rho The f ree-s t ream d e n s i t y  g r e a t e r  t h a n  
or eqlral t o  z e r o  used t o  s i m u l a t e  f l u t t e r  
of a model i n  f l u i d -  o t h e r  t h a n  a i r .  
The u n i t s  of nrho@@ are ( s lugs /cub ic  
f o o t )  I n  t h e  BRITISH system and 
( k i  loqrams/cubic meter) i n  the METRIC 
system. T h i s  parameter  may no t  be used 
i f  a "r,~atched p o i n t n  s o l u t i o n  is  
reques ted  v i a  t h e  MPS parameter  or i f  
t h e  a i r f o r c e s  a r e  densi ty-dependent .  
Only one DhWSITY may be a s s o c i a t e d  w i t h  
t h e  s p e c i f  i ? d  d a t a  CASE (s) . A l t i t u d e s  
s p e c i f i e d  f o r  t i le  s e l e c t e d  aerodynamic 
c a s e s  v i a  t h e  i n p u t  d a t a  ( s ~ c ,  122.0) 
a r e  iqnor rd  i f  t h i s  parameter  is i n p u t ,  



NALT = n  

Defau l t :  The s t a n d a r d  a tmosphe r i c  a i r  
d e n s i t i e s  a s s o c i a t e d  w i t h  t h e  
a l t i t u d e s  a r e  c a l c u l a t e d  
a u t o m a t i c a l l y .  

T h i s  parameter  d e n o t e s  t h a t  a "matched 
p o i n t N  f l u t t e r  s o l u t i o n  is t o  be 
e f f e c t e d .  The a l t i t u d e ,  i n  reet or 
meters, a t  which t h e  s e a r c h  i s  t o  b e q i n  
may be s p e c i f i e d  by l l a l t . l @  I f  " a l t o @  
is d e f a u l t &  or s p e c i f i e d  a s  z e r o ,  t h e  
e i q e n s o l u t i o n / f  l u t t e r - s p e e d  match inq  
s o l u t i o n  b e g i n s  a t  s e a  l e v e l .  T h i s  
pa rame te r  may n o t  be used  i f  t h e  
a i r  f o r c e s  a r p  dependent  on f r ee - s t r eam 
d e n s i t  y o  
Defau l t :  A V-q s o l u t i o n  i s  e f f e c t e d .  

The number of a l t i t u d e s  ( i r t e q e r )  a t  
which "matched p o i n t u  e i q e n s o l u t i o n s  
a r e  t o  he  ef f e c t o d  ( 1snsuO) . T h i s  
pa rame te r  i s  v a l i d  o n l y  when used i n  
con j u n c t i o n  w i t h  the MPS paramet2r .  
I f  NALT=1, a  s i n q l e ,  V-q  s o l u t i o n  is  
p e r  formed. 
Defau l t :  NALT=5 

Key-word d e n o t i n g  t h a t  r l u t t e r  s o l u t i o n  
d a t a  r e q u i r e d  f o r  p l o t t i n q  V-q  and  V- 
f qraphv (sec. 210.0 a n 3  2 2 8 . 0 )  a r c  
n o t  t o  be gene ra t ed .  
De fau l t :  F l u t t e r  s o l u t i o n  d a t a  r e q u i r e d  

f o r  p l o t t i n g  V - q  and V-f g r a p h s  
a r e  q e n e r a t e d  and saved o n  
FLUTRNF. 



222.3 PRIHl' OUTPUT STATEMEKC 

The following statement is used t o  request  p r in tou t  of t h e  
f l u t t e r  so lu t ion  data  calculated by the FLUTTER Processor for 

?- 
5' 
; 

se lec led  data cases and aerodynamic conditions,  
* 

PRINT OVTPUT (F'LUl'TEh, P l i s t )  

List of opt ional  parameters f a r  P l i s t :  

CASE=CATl ist ATUsS list of FLUTTER data case numbers 
( in tegers)  for which f l u t t e r  so lu t ion  
data are t o  be pr inted.  
Default: CASE=l 

The f l u t t e r  condition number ( integer)  
spec i f ied  by an EXECUTE FZUTPER parameter 
list for which data  are t o  be printed.  
Default : COND=1 

Key-words which denote t h a t  the 
eigeavalues (EVAL) , eigenvectors 
(EVEC) o r  adjoint eigenvectors (AVEC) are 
t o  be printed,  Several of Llese key- 
words may be used i n  a s i n g l e  statement. 
Default: N o  eigenvalues o r  eivc?nvectors 

are printed. 



224.0 FREEBODY POSTPROCESSOR 

Printout  of t h e  in te rna l  nodal forces  ac t ing  on selected 
s t i f f n e s s  elements may be requested from the FREEBODY 
Postprocessor a s  described i n  t h e  following sect ion.  

A region (free-body; of the canplete  s t r u c t u r a l  model is 
i so la ted  by defining an element subset via t h e  SUSSET-DEFINITION 
Preprocessor (sec. 156.0) . The co l l ec t ion  of elements contained 
i n  t h i s  subset need not  define a contiguous grid.  The i n t e r n a l  
forces which a r e  associated w i t 3  the elements of t h i s  subset and 
wtiich a r e  ac t ing  a t  se lec ted  nodes associated with t h i s  subset 
are displayed, Selected nodes a r e  i d e n t i f i e d  by a node subset  
defined v i a  the SUBSET-DEFINITION Preprocessor. 

The printed information is displayed i n  blocks ordered 
a c c o r ~ i n g  t o  increasing node numbers of the se lec ted  nodes. 
Within a block, the  i n t e r n a l  fo rces  ac t ing  on t h e  i so la ted  
elements a t  a pa r t i cu la r  node a r e  printed.  These forces  a r e  
measured relative t o  the cooresponding node ana lys i s  reference 
frames. The sums of t h e  force  components associated with each 
spec i i ied  node a r e  a l s o  printed. Prin tout  of the externa l  forces  
act ing on a model may be requested from t h e  LOADS and REACTION 
Postprocessors ( s  :c. 234 - 0  and 248.0, respect ively)  . 



2 24.1 PRINT OUTPUT STATEMENT 

The fo l lowinq s t a t e m e n t  i s  used t o  r e q u e s t  p r i n t o u t  of 
t h e  i n t e r n a l ,  s t i f f n e s s - e l e m e n t  f o r c e s  a c t i n g  a t  selected nodes 
f o r  selected load cases .  Execution of t h i s  pos tp rocessor  is 
al lowed on ly  a f t e r  c a l c u l a t i o n  o f  element noda l  f o r c e s  v i a  t h e  
STRZSS Processor (sec. 254.1) . A f ree-body (element s u b s e t  
o f  i s o l a t e d  s t i f f n e s s  elements)  must have  been de f ined  v i a  t h e  
SUBSET-DEFINITION Preprocessor  p r i o r  to  use o f  t h i s  s ta tement .  
"Free-bodyn d a t a  a s s o c i a t e d  w i t h  a l o w e s t - l e v e l  s u b s t r u c t u r e  
may be d i sp layed  by s p e c i f y i n q  t h e  corresponding s t i f f n e s s  da ta -  
set number and boundary-condition s t a q e  number. 

PRINT OUTPUT (FRPEBODY, P l i s t )  

L i s t  of o p t i o n a l  parameters  f o r  P l i s t :  

SET=Se The number ( i n t e q e r )  o f  the s t i f f n e s s  d a t a  
se t  f o r  which d a t a  a r e  t o  be p r in ted .  
Default :  SET= 1 

STAGE=S t A boundary c o n d i t i o n  (BC) o r  s u p e r p o s i t i o n  
s t a q e  number ( i n t e q e r )  a s s o c i a t e d  wi th  
set %e. 
Default :  STAGE= 1 

Exxx< = ~ x x x >  Element and node s u b s e t  names d e f i n s d  v i a  
t h e  SUBSET-DEFINITION Preprocessor .  
I n t e r n a l ,  e lement  nodal  f o r c e s  which a r e  
a c t i n g  on t h e  e lements  conta ined i n  Exxx 
and which a r e  a c t i n q  a t  t h e  nodes con ta ined  
i n  Nxxx a r e  d i sp layed .  Nxxx must c o n t a i n  
a t  l e a s t  one S t r u c t u r a l  n0d.e t h a t  i s  
a s s o c i a t e d  wi th  EXXX. 

Dsfaul t :  I f  Nxxx is n o t  s p e c i f i e d ,  t h e  
i n t e n a l  f o r c e s  a c t i n g  a t  a l l  
S t r u c t u r a l  nodes a s s o c i a t e d  wi th  
Exxx a r e  p r in ted .  

S e v e r a l  parameters  o f  t h i s  t y p e  may be 
used i n  a s i n g l e  s ta tement .  

Default :  Warninq. N o  p r i n t o u t  i s  qenera ted .  



L C = C A T l i s t  ATLAS list of load case i d e n t i f i e r s  
( in tegers  or  alphanumeric words) t o  be 
pzoce s sed. 
Default: All load cases  for which elament 

nodal forces  have been previously 
ca lcu lated  by t h e  STRESS Processor 
for the s p e c i f i e d  SFTISTAGE. 

LINES=lines Maximum number of  l i n e s  ( inteqer I 5 6 )  
including page headinqs printed on a paqe. 
Default: LINES=56 



GRAPHICS 0 
228.0 GRAPHICS POSTPROCESSOR 

The GRAPHICS Postprocessor  produces o n l i n e  g r a p h i c a l  
d i s p l a y s  o n  t h e  Tekt ronix  Model 4014 g r a p h i c s  conso le  i n  a d d i t i o n  
t o  o f f l i n e  p l o t s  on t h e  Stromberg Car l son  SC4020, t h e  CALCOMP 
Model 763, and t h e  GERBER d r a f t i n g  machine. Execution of t h e  
GKAPHICS Postprocessor  can  be performed i n  t h e  i n t e r a c t i v e  mode 
and/or  i n  t h e  ba tch  mode. The u s e r  i s  provided wi th  a  pass ive  
i n t e r a c t i v e  g r a p h i c s  c a p a b i l i t y  which e n a b l e s  p l o t s  t o  be  viewed 
between job s t e p s  f o r  v e r i f i c a t i o n  of t h e  t e c h n i c a l  a n a l y s i s  
process.  

The c o n v e r s a t i o n a l  d i a l o g u e  used dur ing  i n t e r a c t i v e - g r a p h i c s  
process ing  i s  conducted v i a  menus. These menus a l low t h e  u s e r  t o  
select which p l o t s  a r e  t o  be d i sp layed  on t h e  scope of t h e  
conso le ,  g e n e r a t e  d i f f e r e n t  d i s p l a y s  of s e l e c t e d  d a t a ,  and 
e n l a r g e  s e l e c t e d  a r e a s  of o n l i n e  p l o t s  by zooming. S e l e c t e d  
hardcopy p l o t s  can be genera ted  o n l i n e  v i a  a  hardcopy u n i t  t h a t  
' s compat ib le  w i t h  t h e  Tekt ronix  4014. Addi t iona l ly ,  s e l e c t e d  
, l o t s  viewed on t h e  screei l  can  be d i r e c t e d  to one of t h e  o f f l i n e  

p l o t  d e v i c e s  (SC4020, CALCOMP o r  GERBEP) t o  o b t a i n  a  h igher-  
q u a l i t y  hardcopy p r i n t .  These o n l i n e  g r a p h i c s  f a c i l i t i e s  
zomplement t h e  c a p a b i l i t i e s  provided by t h e  GRAPHICS 
Postprocessor  f o r  c r e a t i o n  of p lo t s .  Execution of t h e  GRAPHICS 
Postprocessor  i s  desc r ibed  i n  s e c t i o n  228.4, whereas t h e  
i n t e r a c t i v e - g r a p h i c s  d i r e c t i v e s  a r e  p resen ted  i n  s e c t i o n  228.5. 

The d a t a  t o  be d i sp layed  g r a p h i c a l l y  must be extk.3cted from 
t h e  primary ATLAS d a t a  base  v i a  p rev ious  execu t ion  of t h e  EXTRACT 
Pos tprocessor  (sec. 218.0) . Each ex  .ratted d a t a  block is 
i d e n t i f i e d  by a  user-assigned l a b e l  ( t h e  EXNAME parameter a s  
desc r ibed  i n  s e c t i o n  218.1) . M u l t i p l e  p l o t s  can  be genera ted  
from t h e  b lock of d a t a  a s s o c i a t e d  wi th  a n  EXNAME. I n  most cases ,  
the EXNAME d a t a  va lues  a r e  i d e n t i f i e d  by use  of t h e  s t a n d a r d  
label-subset (LSIJB) names a s  desr:ribed i n  s e c t i o n s  156. C and 
21P.C. A surnniary of ti!? types ~ r '  p l o t s  t h a t  can be generatea 
from t h e  t e c h n i c a l  da t a  e x t r a c t e d  by use of t h e  LSUB names is 
shown i n  table 228-1. Descriptions and examples of t h e  va r ious  
d i r ;  lay 3ptior .s  a re  ~ r e s e ~ l t e d  i n  s e c t i o n  228.1. 



Table 228-1. Techn ical-Data P l o t  Types 
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228.1 DISPLAY OPTIONS 

C e s c r i p t i o n s  and examples  of the v a r i o u s  o p t i o n s  p rov ided  by 
t h e  GRAPHICS P o s t p r o c e s s o r  t o  c r e a t e  e a c h  of t h e  s i x  t y p e s  of 
p l o t s  i d e n t i f i e d  by t a b l e  228-1 a r e  p r e s e n t e d  i n  t h i s  s e c t i o n .  

The geometry of t h e  nodes  and  f i n i t e  e l emen t s  u sed  t o  d e f i n e  
a s t r u c t u r a l  and/or  mass model c a n  be p l o t t e d  t o  any scale and 
r e l a t i v e  t o  any  viewing p o s i t i o n  s e l e c t e d  hy t h e  u s e r  (see sec. 
228 .2) .  P i c t o r i a l ,  GLOBAL-axis and  exploded  views of the model 
are c r e a t e d  v i a  o r t h o g r a p h i c  p r o j e c t i o n .  

Nodes can  be d i s p l a y e d  a c c o r d i n g  t o  t h e  fo l lowing  op t ions :  

a )  A network of p o i n t s  
i 

b) A network of p o i n t s  a n n o t a t e d  w i t h  u s e r  node numbers a s  
shown i n  f i g u r e  228-1. 

A mid-sur face  node, w'lich mi r have AX,  AY and AZ GLOBAL 
c o o r d i n a t e s ,  can  be p l o t t e d  e i t h e r  a s  a p o i n t  a t  t h e  mid-sur face  
o r  as  t h r e e  d i  s t i n c t  p o i n t s  -- one a t  t h e  mid-surf a c e  and  one a t  
each  o f  t h e  s u r f a c e s .  I f  t h r e e  p o i n t s  a re  d i s p l a y e d ,  t h e y  a r e  
connec ted  by a s t r a i g h t  l i n e  t o  i l l u c , t r a t e  t h e i r  r e l a t i o r l s h i p  a s  
showc i n  f i g u r e  228-2. 4 

s t i f f n e s s  and mass e lement  g r i d s  c a n  b e  d i s p l a y e d  a c c o r d i n g  
tr t h e  fo l lowing  op t ions :  

a )  S t r a i g h t  l i n e  segments  d e n o t i n g  t h e  n o d a l  connec t i v i t y  

b)  same a s  (a )  w i t h  u s e r  node numbers (see f i g .  228-3) 

C )  Same as  (a) w i t h  u s e r  e lement  numbers (see f i g .  228-4) 

d)  Same as (a) w i t h  e lement - type  numbers ( l=ROD,  2=EEAM, 
e t c . )  . Reference  f i g u r e  228-5. 

I>) Same a s  (c) p l u s  u s e r  node numbers 

f )  Same as (d) p l u s  u s e r  node numbers 

Elements  with o f f s e t s  can  be d i s p l a y e d  e i t h e r  i n  t h e  o f f s e t  
p o s i t i o r i  o r  b y  c o n n e c t i v i t y  o f  t h e  s t r u c t u r a l  r:odes d e f i n i n g  the 
element.. An o f f s e t  BEAM e lement ,  f o r  example, t h a t  i s  d e f i n e d  by 
nodes 2 0 .  21, 30 and 3 1  c a n  be p l o t t e d  a c c o r d i n g  t o  the f o l l o w i n g  
s k e t c h .  



Mode 1 Offsets p lo t ted  Offsets not p lo t ted  

Element numbers a r e  d i s p l a y e d  a t  t h e  geometr ic  c e n t r o i d s  of t h e  
elements.  SPAR, COVER and CCOVER elements ,  which a r e  d e f i n e d  by 
mid-surface nodes, a r e  p l o t t e d  a s  shown i n  f i g u r e  228-5. 

An "exploded viewR8 o f  t h e  nodes and/or s t i f f n e s s  and mass 
e lements  o f  a  model can  b e  c r e a t e d ,  The r e l a t i v e  p o s i t i o n  
( s e p a r a t i o n )  and o r i e n t a t i o n  of each component of t h e  nexplodedI@ 

model a r e  s p e c i f i e d  by t h e  user .  An example is shown i n  f i g u r e  
228-6. The p l o t  o p t i o n s  s e l e c t e d  t o  d i s p l a y  t h e  i n d i v i d u a l  node 
and/or  element s u b s e t s  can be d i f f e r e n t .  

2  28.1.2 eef ormed Geometu-Plots  

The deformed geometry of a  s t r u c t u r a l  mc..iel t h a t  corresponds  
t o  a  s t a t i c a l l y  loaded model, v i b r a t i o n  mode shapes o r  genera l -  
i n s t a b i l i t y  buckl ing  mode shapes  can be p l o t t e d  t o  any s c a l e  and 
r e l a t i v e  t o  any viewing p o s i t i o n  s e l e c t e d  by t h e  u s e r  (see sec. 
228.2). P i c t o r i a l  and GLOBAL-axis views of t h e  model a r e  c r e a t e d  
v i a  o r thograph ic  p ro jec t ion .  

The o p t i o n s  provided f o r  c r e a t i o n  o f  deformed geometry p l o t s  
a re :  

a )  P o i n t s  p lus  v e c t o r s  -- The p o i n t s  i d e n t i f y  t h e  
undisplacsd  nodes, and t h e  s c a l e d  v e c t o r s ,  which s t a r t  a t  
t h e  nodes, r e p r e s e n t  t h e  corresponding d isplacements  ( see  
f i g .  228-7). 

b) Undeformed g r i d  p l u s  v e c t o r s  -- S t r a i g h t  l i n e  segments 
denot ing  t h e  nodal  c o n n e c t i v i t y  of t h e  undeformed model 
p lus  v e c t o r s  t h a t  r e p r e s e n t  t h e  nodal  displacements .  I f  
s t a t i c  displacemerlts are p l o t t e d ,  t h e  s t i f f n e s s  element 
g r i d  i s  g e n e r a l l y  d i s p l a y e d  (see sec. 218.1.1). 
Opt iona l ly ,  a n  o rde red  node s u b s e t  can  be used t o  
g e n e r a t e  a  g r i d  f o r  static displacement  p l o t s  i n  l i e u  of 
d i s p l a y i n g  t h e  s t i f f n e s s  element g r i d .  I f  mode shapes  
a r e  p l o t t e d ,  the g r i d  is d e f i n e d  by t h e  u s e r  v i a  an  
ordered  node s u b s e t  (see t h e  BSUB=ONxxx parameter  f o r  t h e  
EXECUTE EXTRACT s ta tement  i n  sec. 218.1). An example i s  
shown i n  f i g u r e  228-8. 



C) Deformed g r i d  -- Dashed, s t r a i g h t  l i n e  segmer-ts d e n o t i n g  
t h e  n o d a l  c o n n e c t i v i t y  of the deformed model (see f i g .  
228-9). The g r i d  that  is  d i s p l a y e d  i s  t h e  same a s  
d e s c r i b e d  i n  (b) . 

d)  Undeformed g r i d  p l u s  deformed g r i d  a s  shown i n  f i g u r e  
228-10. 

e) Same a s  (d) p l u s  t h e  d i sp l acemen t  v e c t o r s  a s  shown i n  
f i g u r e  228-1 1. 

The node and  element-number l a b e l i n g  o p t i o n s  d e s c r i b e d  i n  
s e c t i o n  228.1.1 can  a l s o  b e  used f o r  t h e  g e n e r a t i o n  of deformed 
geometry p l o t s  co r r e spond ing  t o  s t a t i c  loads .  Only t h e  node 
l a b e l i ~ g  o p t i o n ,  however, c a n  b e  used f o r  mode-shape p l o t s .  I t  
shoul?. be n o t e d  t h a t  mode-shape d i s p l a c e m e n t s  are o n l y  a s s o c i a t s d  
w i t h  ' . the r e t a i n e d  nodes o f  t h e  model. Any o f  the nodes used  t o  
d e f i n e  t h e  m d e l  can  be i n c l u d e d  i n  a n  ONxxx s u b s e t  f o r  
g e n e r a t i o n  of a  deformed and/or undeformed g i i d  f o r  a  mode-shape 
p l o t .  I f  both r e t a i n e d  and n o n - r e t a i n e d  nodes  are i n c l u d e d  i n  
ONxxx, and a  deformed g r i d  is p l o t t e d ,  t h e  l ~ n e  segments  of t h e  
g r i d  a r e  passed  th rough  t h e  r e t a i n e d  nodes i n  rheir d i s p l a c e d  
p o s i t i o n  and th rough  t h e  non- re t a ined  nodes  i n  t h e i r  u n d i s p l a c e d  
p o s i t i o n .  T h i s  produces  a  d i s t o r t e d  deformed g r i d .  

2 28. ! . 3  S c q l a r - ~ r i g  P l o t s  

S t i f f n e s s - e l e m e n t  p r o p e r t i e s ,  stress and ndesignedt* margins  
o f  s a f e t y  can be d i s p l a y e d  v i a  t h e  s c a l a r - g r i d  p lo t - type  op t ion .  
Tiis s t i f f n e s s  element g r i d  i s  p r o j e c t e d  o r t h o g r a p h i c a l l y  o n t o  t h e  
d i s p l a y  p l ane  du r ing  p l o t  g e n e r a t i o n .  The v iewing  p o s i t i o n  and 
s c a l e  ar5 s e l e c t e d  by t h e  u s e r  (see sec. 228.2). S t r a i g h t  l i n e  
segments ,  whose l e n g t h s  cor respond t o  t h e  s c a l e d  v a l u e s  of  t h e  
d a t a  component be ing  p l o t t e d ,  are drawn p e r p e n d i c u l a r  to  t h e  
d i s p l a y  p l a n e  and a t  t h e  geomet r i c  c e n t e r s  oL t h e  r e s p e c t i v e  
e lements .  The d i s p l a y  i s  t h e n  r e o r i e n t e d  a u t o m a t i c a l l y  t o  a 
p r e d e f i n e d  p o s i t i o n  t o  g e n e r a t e  a  meaningful  view of t h e  d a t a .  

Only one p r o p e r t y  component, one stress compont~l i  o r  one 
minimum margin of s a f e t y  c a n  be d i s p l a y e d  v i a  one  p l o t  o f  this 
type .  Thus. f o r  example, PLATE s h e a r  stresses, SPAE upper-chord 
a r e a s ,  o r  COVEK z a r g i n s  of s a f e t y  can  b e  d i s p l a y e d  a s  s c a l a r - . g r i d  
p l o t s .  An example s c a l a r - g r i d  p l o t  i s  shown i n  f i g u r e  228-12. 
The node and  elemerk-numbet l a b e l i n g  o p t i o n s  d e s c r i b e d  An s e c t i o n  
228.1.1 can  b e  used f o r  c r e a t i n g  s c a l a r - a r i d  p l o t s .  



Contour p l o t s  o t  s t i f f n e s s - e l e m e n t  p r o p e r t i e s ,  stresses and 
ndes ignedn  margins  o f  s a f e t y  can  be  creatrsd.  The i s o c u r v e s  
g e n e r a t e d  f o r  a p a r t i c u l a r  p l o t  d e f i n e  t h e  c o n s t a n t  l e v e l s  of one 
p r o p e r t y  component, one  stress component o r  one  minimum margin of 
s a f e t y  f o r  one  e lement  type .  Thus,  f o r  example, i s o c u r v e s  c a n  be  
g e n e r a t e d  f o r  PLATE s h e a r  stresses, BEAM a r e a  moments of  i n e r t i a ,  
COVER icargins of s a f e t y ,  etc. 

The v a l u e s  of t h e  scalar d a t a  component t o  be p l o t t e d  a r e  
a s s o c i a t e d  w i t h  t h e  geomet r i c  c e n t e r s  o f  t h e  r e s p e c t i v e  e1erner.t~. 
These d a t a  p o i n t s  a r e  p r o j e c t e d  o r t h o g r a p h i c a l l y  on to  t h e  d i s p l a y  
p l a n e  d u r i n g  p l o t  g e n e r a t i o n .  The v iewing  p o s i t i o n  i s  s e l e c t e d  
b y  t h e  u s e r  ( s e e  s ec .  228.2). 

Two a l g o r i t h m s  a r e  provided  £or g e n e r a t i o n  of cont.our p l o t s  
a s  d e s c r i b e d  below. 

a )  Rec tangu la r  Mesh -- The r e c t a n g u l a r  boundary o f  t h e  
c o n t o u r  p l o t  i s  d e f i n e d  by t h e  minimum and maximum 
c o o r d i n a t e s  of t h e  d a t a  p o i n t s .  Values  a t  t h e  d a t a  
p o i n t s  a r e  i n t e r p o l a t e d  t o  t h e  i n t e r s e c t i o n  p o i n t s  of a  
un i form g r i d  w i t h i n  t h e  r e c t a n g u l a r  boundary p r i o r  t o  
g e n e r a t i o n  of i s o c u r v e s .  The uni form g r i d ,  d i s p l a c e d  
a c c o r d i n g  t o  t h e  i n t e r p o l a t e d  d a t a  v a l u e s ,  can  be 
d i s ~ l a y e d  i n  a d d i t i o n  t o  t h e  c o n t o u r  p l o t  a s  shown i n  
r i g ~ r e  228-13. 

b) T r i a n g u l a r  Mesh -- The boundary of t h e  con tou r  ? l o t  is 
d e f i n e d  by a n  o r d e r e d  node s u b s e t  (see t h e  BSUB=ONxxx 
parameter  f o r  t h e  EXECUTE EXTRACT s t a t e m e n t  i n  sec. 
22 8.1 ) . The sequence  of  nodes  i d e n t i f i e d  by ONxxx w h ~ c h ,  
when connec ted  i f i  t h e  s p e c i f i e d  o r d e r ,  e s t a b l i s h e s  t h e  
boundary. The g e n e r a t e d  boundary is  a  con t iguous  series 
of l i n e  segments  t h a t  d e f i n e s  a  s imply-connected curve .  
Using t h e  boundary nodes and t h e  p r o j e c t e d  d a t a  p o i n t s ,  
t h e  program a u t o m a t i c a l l y  g e n e r a t e s  a mesh of  a d j a c e n t  
t r i a n g l e s  o v e r  t h e  enc losed  r eg ion .  Values  a t  t h e  d a t a  
p o i n t s  a r e  l i n e a r l y  i n t e r p o l a t e d  d u r i n g  g e v o r a t i o n  of t h e  
i s o c u r v e s .  The t r i a n g u l a t e d  g r i d  c a n  be d ,  . .? layed i n  
a d d i t i o n  ko t h e  c o n t o u r  p l o t  a s  shown i n  f i g u r e  228-14. 

There  i s  no l i m i t  on t h e  number o f  d a t a  p o i n t s  (e.g. s t r e s s  
components) t h a t  c a n  he p l o t t e d  by t h e  r e c t a n g u l a r  mesh op t ion .  
The number af  t h e  boundary nodes p i u s  t h e  number of t h e  d a t a  
p o i n t s  t h a t  c a n  be p l o t t e d  by t h e  t r i a n g u l a r  mesh o p t i o n ,  
however, must be less t h a n  1000. Thus, f o r  example, a  c o n t o u r  
p i o t  cou ld  be c r e a t e d  by u s i n g  900 s h e a r  stresses f o r  900 PLATE 
e l e m e n t s  and 100 nodes t o  d e f i n e  t h e  boundary. 
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Graph p l o t s  o f  s t i f  f nes s -e l emen t  stresses and  *designed" 

margins  of s a f e t y ,  f l u t t e r - s o l u t i o n  d a t a ,  as w e l l  a s  pay load  and 
f u e l  c o n d i t i o n  d a t a  c a n  b e  c r e a t e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  
d e s c r i p t i o n s .  

228.1.5.1 Element Stresses Versus  Loadcases  

The v a r i a t i o n  of one  element-  stress component (e.g. BMMY (1) 
f o r  a BEAM e lement  a s  s e l e c t e d  from t a b l e  156-1) can  b e  p l o t t e d  
i n  g r a p h  form f o r  s e l e c t e d  e l e m e n t s  and  l o a d c a s e s  a s  shown by 
f i g u r e  228-15. The p a r t i c u l a r  s t r e s s  component t o  be d i s p l a y e d  
i s  i d e n t i f i e d  by a parameter  i n  t h e  EXECUTE GRAPHICS s t a t e m e n t  
(sec. 228.4) , whereas t h e  l o a d c a s e s  a n d  e l e m e n t s  a r e  i d e n t i f i e d  
by  t h e  LC and ESUB parameters  i n  the EXECUTE EXTRACT s t a t e m e n t  
(sec. 218.1). s i n c e  one p l o t  is  g e n e r a t e d  f o r  each  e l emen t  i n  
ESUB, c a u t i o n  shou ld  be  e x e r c i s e d  n o t  t o  exceed t h e  l i m i t  of 40 
p l o t s  per  GNAME (See sec. 228.3). 

228.1.5.2 Element Margins of S a f e t y  Versus  Design Cyc le s  

The v a r i a t i o n  of t h e  margin of s a f e t y  f o r  one  t y p e  o f  
e lement  (e.9. BRTMS f o r  a BRICK e lement  a s  s e l e c t e d  f rom t a b l e  
156-1) can  be p l o t t e d  i n  g raph  form f o r  s e l e c t e d  e l emen t s  and  
d e s i g n  c y c l e s .  Th i s  t y p e  o f  p l o t  i s  s i m i l a r  t o  t h a t  shown i n  
f i g u r e  2 2 8 - 7 5 .  The p a r t i c u l a r  margin o f  s a f e t y  t o  be d i s p l a y e d  
i s  i d e n t i f i e d  by a parameter  i n  t h e  EXECUTE GRAPHICS s ta te rnee-+  
(sec. 220.4), whereas t h e  d e s i g n  c y c l e s  an2  e l emen t s  a r e  
i d e n t i f i e d  by t h e  CYCLE and  ESUB pa rame te r s  i n  t h e  EXECUTE 
EXTFACT s t a t e m e n t  (sec. 210.1). S i n c e  one p l o t  i s  g e n e r a t e d  f o r  
each element  rc ESUB, c a u t i o n  s h o a l d  be e x e r c i s e d  n o t  t o  exceed 
t h e  l i m i t  of 40 p l o t s  p e r  GNAME (see sec. 228.3). 

228.1.5.3 F l u t t e r  S o l u t i o n  Graphs 

veloci ty-damping (V-g) and/or  v e l o c i  ty - f  reguency [V-f) p l o t s  
o f  f l u t t e r  s o l u t i o n s  c a n  be  g e n e r a t e d  for s e l e c t e d  combina t ions  
of  CASE number, CONDITION number, a l t i t u d e ,  change- s e t  number and 
r e t a i n - s e t  number. Each g r a p h  c o n t a i n s  nNn cu rves :  each  c u r v e  
c o r r e s p o n d s  t o  a p a r t i c u l a r  g e n e r a l i z e d  d e g r e e  of freedom (e.g. a 
s t r u c t u r a l  v i b r a t i o n  mode) . The c u r v e s  a r e  i d e n t i f i e d  d i t h  t h e  
let ters  .4, B, ..., N s o  t h a t  t h e  V-g p l o t  c u r v e s  can  he p a i r e d  
w i t h  t h e  oor responding  c u r v e s  on t h e  V - f  p l o t s  (see f i g u r e s  228- 
1 6  and 225-17;. The number o f  r educed  f r e q u e n c i e s  used  t o  s o l v e  
t h e  f l u t t c :  problem d e f i n e s  t h e  number o f  p o i n t s  used t o  g e n e r a t e  
each  curve .  



228.1 .5 .4  Loadab i l i ty  Diagrams 

The passenger,  ca rgo  and f u e l  management d a t a  can be p lo t t ed  
a s  l o a d a b i l i t y  diagrams which show how t h e  cen te r -o f -g rav i ty  
l o c & t i o n  v a r i e s  with respect t o  load ing  cond i t i ons  (see f i g .  228- 
18). The f an  g r i d  used t o  plot. t h e  load ing  v e c t ~ ~ s  is  c a l c u l a t e d  
from parameters s p e c i f i e d  i n  t b e  EXECUTE GRAPHICS s t a tement  (sec. 
228.4) 

The c o n t e n t s  of any ATLAS d a t a  matr ix  t h a t  has been 
e x t r a c t e d  fro.., t h e  primary ATLAS d a t a  base  can be d i sp l ayed  
g raph ica l ly .  A n  example of this t y p e  02 p l o t  is  shown i n  figure! 
228-19. 
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Figure  228-1. Point P l o t  o f  Nodes 
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EXNAHE = K l N l  KSET = 1 NSUB = N111 

LSUB = NODES 

F i g u r e  228-2. P o i n t  P l o t  o f  Mid-Sur face Nodes 



CXNAHE = K l E l  KSEl  + 1  NSUB = N i l 1  

ESUB * E O O l  LSUB = KGRID 

Figure  228-3. S t i f f n e s s  Element Gr id  w i th  Node Numbers 



ESUB = E O O l  
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SCALE . 1l6 .017 
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SCALE-Y . 1/!0.324 

K S E f  = 1 NSUB = N l f l  

LSUB = KCRJD 

F i g u r e  228-Y. S t i f f n e s s  Element G r i d  w i t h  Element Numbers 



PLOT 10 = K l E l  

EXNAHE = K l E l  KSET = 1 NSUB = n l l l  
ESUB = COO1 LSUB = KGRID 

F igu re  228-5. S t i f f ness  Element G r i d  w i t h  Element-Type 1;umbers 



PLOf 1 0  = EXPLODED GEOnEfRt 

F igure  228-6. Exploded Geometry P l o t  



F i g u r e  228-7. Deformed Geometry P l o t  -- P o i n t s  P lus  Vectors 

CIHWC OIS? rscr I s r ~ c c  0 I 

N S U I  r N D D l  CSUB = c o o :  L S U I  . D l S C D I O  

F igure 228-8. Deformed Geometry P l o t  -- VECTOR3 Opt ion 

F igure  228-9. Deformed Geometry P l o t  -- VECTOR4 Opt ion 



GNAHE = DISPLOT 

GNAHE = DISPLOT 

F i g u r e  

EXNAHE = D l S P  KSET = I STAGE = 1 
NSUB = NO01 CSUB = EOOI LSUB = D I S G R I D  

Deformed Geometry P l o t  -- VECTOR2 Opt ion 

PLOT !D = D I S P  . GEOHETRY.LC= BEAN1 

EXNAHE = D I S P  KSCT n I STAGE = 1 
NSUB = NO01 ESUB = € 0 0 1  LSUB = D I S G R I D  

F i gure 228- 1 1 Deformed Geometry P l o t  -- VECTOR1 O p t  ion 



ROT ID=PROP , PROPERN RT ((01 

Figure 228-12. Scalar - Grid Plot 



GNAME = PLPROP 
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a) Disp laced G r i d  

b) Contour P l o t  

F igure  228-13. Contour P l o t  -- Rectangular  Mesh 
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GNAME = PLPROL 

a )  Tr iangulated Gr id  

EXNAME = PROP KS ET = 1 NSUB=NOOl 
ESUB =E001 BSUB= PO01 LSUB=KPROP 

b )  Contour P l o t  

Figure 228-14. Contour P l o t  -- Tr iangu la r  Mesh 
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F i gure 228-1 5. Graph P l o t  -- Stress v s  Loadcases 
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F i g u r e  228-16. F l u t t e r  V-g Graph 
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F i g u r e  225-17. F l u t t e r  V-f Graph 
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Figure 228-18. Loadability Diagram 



RECORO 1 MATRIX N A ~ E  : ~ A T R I X  IN  NUMERICAL FORM 

ROWS 100 COLUMNS 10 

Figure 228-19. Matr ix  Data P l o t  



228.2 OR1 EMI'ATION OF ORTHOGRAPHIC PROJECTIONS 

Orien ta t ion  of o b j e c t s  r e l a t i v e  t o  t h e  d i sp l ay  plane f o r  
c r e a t i o n  of or thographic  p l o t s  (geometry, sca la r -gr id  and contour 
p lo t s )  is se l ec t ed  by t h e  user.  The o r i e n t a t i o n  of an o b j e c t  
r e l a t i v e  t o  t h e  observer is def ined  e i t h e r  by a  viewing pos i t i on  
o r  by ob jec t - ro t a t i on  angles. 

The d i sp l ay  (orthographic pro jec t ion)  plane is def ined  a s  
t h e  P-Q plane i n  t h e  observer ' s  r e f e rence  system R-P-Q shown i n  
f i g u r e  228-20. This t r i a d  coincides  with t h e  i n i t i a l  o r i e n t a t i o n  
of t h e  GLOBAL X-Y-2 re fe rence  frame. Viewing is always i n  t h e  
nega t ive  d i r e c t i o n  of t h e  R-axis. The P-Q axes  always d e f i n e  t h e  
hor izonta l  and v e r t i c a l  coordinates ,  respec t ive ly ,  of t h e  plots.  
The R-F-Q t r i a d  is a s t a t i o n a r y  re fe rence  frame, whereas t h e  X-Y- 
z t r i a d  assoc ia ted  v i t h  t h e  ob jec t  can be t r a n s l a t e d  and ro t a t ed  
t o  e f f e c t  any view of t h e  object .  The posi t ioned o b j e c t  is 
pro jec ted  or thographical ly  onto t h e  P-Q d i sp l ay  plane during p l o t  
c rea t ion .  

Or ien ta t ion  of an ob jec t  t o  e f f e c t  a  c e r t a i n  p i c t o r i a l  view 
i s  s p e c i f i e d  by a sequence of r o t a t i o n s  of t h e  model r e l a t i v e  t o  
t h e  R-P-Q axes. These r o t a t i o n s ,  RX, R Y  and RZ, a r e  measured 
r e l a t i v e  t o  t h e  R-P-Q axes a s  shown i n  f i g u r e  228-20. The 
p o s i t i v e  d i r e c t i o n s  of t h e  pos i t ion ing  angles  a r e  shown i n  t h i s  
f igure .  The de fau l t  sequence and magnitude of r o t a t i o n s  of an 
ob jec t  displayed v i a  orthographic o r  contour p lo t s  are: 

Rotat ions  a r e  not  commutative. This is i l l u s t r a t e d  i n  
f i g u r e  228-21 by pos i t ion ing  a  f  r a m  model by one s e t  of 
s equen t i a l  30-degree r o t a t i o n s  about t h e  Q-P-R axes, 
respect ively .  The f i n a l  pos i t i on  of t h e  model, f i g u r e  228-21 (d) , 
i l l u s t r a t e s  t he  P-Q (display)  plane or thographic  pro jec t ion  which 
i s  t h e  p i c t o r i a l  view t h a t  would be plot ted.  Note t h a t  each of 
t h e  o ther  f i v e  sets of sequent ia l  30-degree r o t a t i o n s  would 
e f f e c t  d i f f e r e n t  p i c t o r i a l  views than t h e  one i l l u s t r a t e d  i n  
f i g u r e  228-21. Thus, t h e  order  i n  which RX, RY and RZ a r e  
spec i f i ed  is  c r u c i a l  when e s t a b l i s h i n g  a  p i c t o r i a l  view. 

A second method of o r i en t ing  an ob jec t  f o r  or thographic  
pro jec t ion  is t o  spec i fy  t h e  viewing pos i t i on  i n  terms of t he  
GLOBAL coordinates VX, W and VZ of a  point .  A vector  is 
automat ical ly  generated from t h e  GLOBAL o r i g i n  through t h i s  
point .  The ob jec t  is  ro ta ted  through an RZ angle  followed by an 



GRAPHICS 0: 
R Y  a n g l e  such t h a t  t h e  v e c t o r  c o i n c i d e s  w i t h  t h e  fi-axis. The 
p o s i t i o n e d  o b j e c t  is p r o j e c t e d  o r t h o g r a p h i c a l l y  onto t h e  d i s p l a y  
plane. F igure  228-22 i l l u s t r a t e s  t h e  two s e q u e n t i a l  r o t a t i o n s  
performed t o  o r i e n t  a n  o b j e c t  by t h i s  method. 

when an  o b j e c t  i s  to  b e  viewed i n  t h e  d i r e c t i o n  of one of 
t h e  G M B A L  axes ,  t h e  VIEW parameter  may b e  used i n  t h e  EXECUTE 
GRAPHICS s t a t e m e n t  (sec. 228.4) i n  l i e u  of s p e c i f y i n g  900 
increments  f o r  RX, RY and RZ. The o r i e n t a t i o n  of t h e  GLOBAL a x e s  
r e l a t i v e  t o  t h e  P-Q p l o t  p lane  f o r  each of t h e s e  GU)BAL-axis 
views i s  shown i n  figure 228-23. 

o r i e n t a t i o n  of a model shou ld  be  s e l e c t e d  such t h a t  t h e  
d z s i r e d  view is e f f e c t e d  and such t h a t  t h e  p l o t t i n g  a r e a  i s  
u t i l i z e d  advantageously. For example, when CALCOMP o r  GERBEF 
plots are generated,  t h e  model should  be o r i e n t e d  r e l a t i v e  t o  t h e  
d i s p l a y  p lane  such t h a t  t h e  l a r g e s t  dimension of t h e  p l o t  paper 
is  p a r a l l e l  o r  n e a r l y  p a r a l l e l  t o  the P-axis of t h e  d i s p l a y  
plane. 

Plane 

F i g u r e  228-20. GLOBALIDi sp lay  Axes 



[a )  l n i t l a l  P o s i t i o n  , (a) RZ- 30° 

: igure 228-21. Model -Orientation Under Sequent ia l  Rotat ions 

( a )  ax -300  
F i n a l  P o s i t i o q  

(a! R Z  = TAN- '  ( V Y ~ V X )  ( b )  RY = T A N - ~ ( V Z / V I  ) (c )  Final posit ion 

Figure 228-22. Equivalent Rotat ions f o r  a VX-VY-VZ Orientation 

-1 V i e r  + X  V i e r  -1  V i e r  +I V i e m  - 2  V i e r  +Z V i e r  

Figure 228-23. Global-Axis View Orientations 



228.3 MANAGEMENT OF GRAPHICS DATA 

A l l  ATLAS i n p u t  d a t a  and a n a l y s i s  d a t a  are s t o r e d  i n  v a r i o u s  
f i l e s  within t h e  ATLAS d a t a  base (ref. sec. 200.2). Those  d a t a  
t o  be d i s p l a y e d  g r a p h i c a l l y  must f i r s t  be e x t r a c t e d  from t h e  
primazy d a t a  b a s e  by e x e c u t i o n  of t h e  EXTRACT P o s t p r o c e s s o r  (sec. 
218.0). The e x t r a c t e d  d a t a  b l o c k s  are s t o r e d  i n  t h e  f i l e  named 
EXTRRNF which is t h e  o n l y  ATLAS data f i l e  i n t e r r o g a t e d  by t h e  
GPAPHICS P o s t p r o c e s s o r .  Each e x t r a c t e d  d a t a  block,  i d e n t i f i e d  by 
a n  EXNAME, may b e  used  t o  create m u l t i p l e  p l o t s .  

Th ree  d i f f e r e n t  d a t a  f i l e s  are g e n e r a t e d  s e q u e n t i a l l y  by t h e  
GRAPHICS P o s t p r o c e s s o r .  The c o n t e n t s  o f  these f i l e s  and  t h e  
managemen4 of g r a p h i c s - r e l a t e d  d a t a  are d e s c r i b e d  below ( r e f .  
f ig.  228-24). 

a )  G/F (GPAPFIL) F i l e  -- P l o t - d e f i n i t i o n  ( d i s p l a y )  d a t a  f o r  
EXNAMES s e l e c t e d  s t r i c t l y  f rom t h e  EXTRRNF f i l e .  The 
types of  p l o t s  t o  b e  c r e a t e d  from an  EXNAME are s p e c i f i e d  
by t h e  parameters  of t h e  EXECVTE GRAPHICS s t a t e m e n t .  A 
maximum of  100 d i f f e r e n t  groups o f  p l o t s  (GNAMES) can be 
d e f i n e d  by t h e  u s e r ,  Fo r  each  GNAME group, a  maximum of 
40 p l o t s  can  be c r e a t e d .  

b) V / F  (VECTFIL) F i l e  -- Disp lay -vec to r  d a t a  co r r e spond ing  
t o  p l o t s  p r e v i o u s l y  i d e n t i f i e d  v i a  GNAMES i n  t h e  G/F 
f i l e .  . The V/F d a t a  are g e n e r a t e d  s t r i c t l y  from t h e  G/F 
data  and a r e  independent  of any p l o t t i n g  hardware d e v i c e  
t o  be used. 

c) P/F (TAPE991 F i l e  -- Hardware-dependent i n s t r u c t i o n s  f o r  
subsequent  g e n e r a t i o n  of o f f l i n e  p l o t s  by a p a r t i c u l a r  
p l o t t i n g  d e v i c e  (SC4020, CALCOMP o r  GERBER) . M u l t i p l e  
P I F  f i l e s  can  be g e n e r a t e d  from a  s i n g l e  V/F f i l e  v i a  
m u l t i p l s  ATLAS jobs  a s  d i s c u s s e d  below. 

Gene ra t ion  of e i t h e r  t h e  G/F,  t h e  G/F and  V/F, or  t h e  G/F, 
V / F  and P/F f i l e s  f o r  t h e  p l o t s  d e f i n e d  by a n  EXECUTE GRAPHICS 
s t a t e m e n t  is  c o n t r o l l e d  by t h e  u s e r  v i a  t h e  OFFLINE pa rame te r  i n  
t h e  GRAPHICS s t a t e m e n t .  The G / F  and/or  t h e  V / F  f i l e s  c a n  be used 
i n  subsequen t  ATLAS jobs d u r i n g  g r a p h i c s - e x e c u t i o n  restarts as 
d e s c r i b e d  i n  s e c t i o n  228.6. 

When the GFAPHICS P o s t p r o c e s s o r  i s  execu ted  i n  t h e  b a t c h  
mode, each of t h e  g r a p h i c s  d a t a  f i l e s  t h a t  i s  g e n e r a t e d  c o n t a i n s  
t h e  r e s p e c t i v e  in format , ion  f o r  e a c h  p l o t  r e q u e s t e d  via t h e  
EXECUTE GRAPHICS s t a t e m e n t s .  During i n t e r a c t i v e  e x e c u t i o n ,  
however, t h e  u s e r  c o n t r o l s  which p l o t s  a r e  t o  be  s e l e c t e d  rrom 
t h e  G / F  f i l e ,  d i s p l a y e d  on t h e  t e r m i n a l  s c r e e n ,  and w r i t t e n  o n t o  
t h e  V/F f i l e  f o r  subsequent  pxocessing.  The u s e r  c o n d u c t s  a 



conversa t iona l  dialogue with  ATLAS i n  t h e  i n t e r a c t i v e  mode by 
using menu opt ions  t o  select p lo t s ,  genera te  new d i sp l ays  and 
en la rge  s e l e c t e d  regions  of p l o t s  by zooming. Any new d i sp l ays  
of  s e l e c t e d  p l o t s  c rea ted  on l ine  can a l s o  be w r i t t e n  on t h e  V/F 
f i le .  The o n l i n e  d i r e c t i v e s  a r e  def ined  v i a  t h e  keyboard and/or 
c r o s s h a i r s  provided by t h e  console. Descr ipt ions  of t h e  
i n t e r a c t i v e  graphics  c a p a b i l i t i e s  a r e  presented i n  s e c t i o n  228.5. 

The P/F d a t a  f i l e ,  i f  requested,  is  always c rea ted  a t  t h e  
end of an ATLAS job. Since t h e  opera t ing  system of t h e  computer 
suppor t s  the generat ion of only one PILITFILE per job, only  one 
o f f l i n e  p l o t  device  should be i d e n t i f i e d  per  job. I f  d i f f e r e n t  
dev ices  a r e  spec i f i ed  v i a  mul t ip le  GRAPHICS-execution d i r e c t i v e s  
i n  one job, a l l  o f f l i n e  p l o t  da t a  a r e  generated f o r  t h e  f i r s t  
device  i d e n t i  f i e d  by t h e  sequence of d i r ec t ives .  

When executing i n  t h e  batch mode, t h e  p l o t  da ta  i n  TAPE99 
(P/F) a r e  automat ical ly  t r a n s f e r r e d  t o  magnetic t a p e  f o r  t h e  
s e l e c t e d  o f f l i n e  processing by use  of t h e  PLOTFIL c o n t r c l  
statement described i n  s e c t i o n  11.2. During i n t e r a c t i v e  
processing, however, o f f l i n e  p l o t  da t a  a r e  not  managed 
automatically.  I f  o f f l i n e  p lo t s  a r e  t o  be generated a f t e r  
i n t e r a c t i v e  execution of t h e  GRAPHICS module, t h e  user  must f i r s t  
SAVE o r  REPLACE t h e  TAPE99 f i l e  followed either by a SUBMIT 
comand or by submi t ta l  of a  regula r  batch job. 

Consider, f o r  example, an  i n t e r a c t i v e  execution of ATLAS 
during which a  TAPE93 (P/F) f  i l 2  f o r  CALCOMP p l o t s  was c r ea t ed  
and saved. A batch job comprised of t h e  following CDC 6600 
c o n t r o l  ca rds  could then be used t o  gene ra t e  t h e  des i red  plots .  

Job ca rd  
Account Card 
GET,TAPE99 
PLOTFIL (CALCOMP,TAPE99,0) 
End-of-File 

An a l t e r n a t e  way of generat ing o f f l i n e  d i sp lays  of p l o t s  
c r ea t ed  during an i n t e r a c t i v e  execut ion of ATLAS is  i l l u s t r a t e d  
by the following s teps .  

a)  I d e n t i f y  s e l ec t ed  p l o t s  t o  be s to red  i n  t h e  V/F f i l e ,  
during i n t e r a c t i v e  processing, f o r  subsequent o f f l i n e  
plot  generation.  

b )  Include t h e  SAVE FILES(VECTF1L) s ta tement  i n  t h e  Control  
Program (ref .  sec. 228.61, a f t e r  t h e  EXECUTE GRAPHICS 
statements,  t o  save t h e  V/F da ta  f i l e .  



c) submit a batch job t o  r e s t a r t  execution of the  GRAPHICS 
Postprocessor f o r  generation o f  the P/F f i l e  and 
corresponding p l o t s  v i a  one o f  t h e  o f f l i n e  p lo t  devices .  
In  t h i s  case ,  the  statements which must be inc luded i n  
t h e  nres tar tn  ATLAS Control Program are  as  fol lows: 

BEGIN CONTROL PROGRAM 
LOAD FILES (VECTFIL) 

LX.WUTE GRAPHICS (OFFLINE= 

END CONTROL PROGRAM 

A further descript ion of the  GRAPHICS-execution r e s t a r t  
f e a t u r e s  i s  presented i n  s e c t i o n  228.6. 
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2 28.4 EXECUTE GRAPHICS STATEMENT 

Execution of t h e  GRAPHICS Pos tp rocsssor  i s  i n i t i a t e d  by the 
fo l lowinq s ta tement .  Previous  e x t r a c t i o n  of  t h e  d a t a  t o  be 
p l o t t e d  i s  r e q u i r e d  (see sec. 210.0). 

EXECUTE GRAPHICS ( P l i s t  ) 

GNAME=name An alphanumeric word of 1 t o  10 c h a r a c t e r s  
t h a t  i d e n t i f i e s  t h e  p l o t  group name f o r  
t h e  p l o t s  genera ted  by t h i s  s t a t e m e n t  (see 
sec. 228.3) . I f  t h e  same %amen is 
s p e c i f i e d  i n  m u l t i p l e  GRAPHICS s t a t e m e n t s  
i n  a s i n g l e  job, a l l  corresponding p l o t s  
a r e  i d e n t i f i e d  by t h e  same group name. 
Default:  Warning. No p l o t s  a r e  genera ted .  

OFFLINE= (Mode<, NOD1 SPLAY >) 

This  parameter d e f i n e s  t h e  e x e c u t i o n  mode 
of t h e  GRAPHICS Postprocessor .  The 
o p t i o n s  i ~ r  the key-word WodeI8 are:  

OFF--Only t h e  G/F f i l e  is generated. 

ON--The G/F and V/F f i l e s  a r e  genera ted .  
SC4020 

--The G/F, V/F and P/F f o r  t h e  s e l e c t e d  
GERBER o f f l i n e  p l o t t i n g  d e v i c e  a r e  genera ted .  I n  

e i t h e r  t h e  ba tch  execu t ion  mode o r  t h e  
i n t e r a c t i v e  e x e c u t i o n  mode, t h e  P/F f i l e  
is  always c r e a t e d  a t  t h e  end of a n  ATLAS 
job  even though m u l t i p l e  EXMlUTE GRAPHICS 
s t a t e m e n t s  have  been processed. S i n c e  t h e  
computer o p e r a t i n g  system supports t h e  
c r e a t i o n  of  a P/F f o r  only one p l o t t i n g  
device  pe r  job, only  one of t h e s e  key- 
words should be used dur ing  a p a r t i c u l a r  
job. I f ,  however, d i f f e r e n t  d e v i c e s  a r e  
s p e c i f i e d  i n  d i f f e r e n t  commands, on ly  t h e  
first- s p e c i f i e d  d e v i c e  is acknowledged. 
O f f l i n e  p l o t s  are genera ted  f o r  t h i s  
dev ice  for a l l  p l o t  images written onto  
V/F dur ing  execut ion  of t h e  job. 

NODISPLAY--This key-word suppresses  a c t i v a t i o n  of t h e  
i n t e r a c t i v e - g r a p h i c s  c o n v e r s a t i o n a l  mode 
when ATLAS is  being executed v i a  a 
t e rmina l .  I f ,  f o r  example, e x e c u t i o n  i s  
being performed v i a  a nongraphics t e r m i n a l  



(e. g., a H a t e l t i n e  2000),  t h i s  key-word 
shou ld  be  used t o  p reven t  *garbagen output  
on t h e  t e rmina l .  

Defaults :  OFFLINE=ON i n  t h e  ba tch  mode 
OFFLINE=OFF i n  t h e  i n t e r a c t i v e  mode 

I f  ATLAS i s  being executed v i a  a  g r a p h i c s  t e r m i n a l  and t h e  key- 
word NODISPLAY i s  n o t  used, t h e  i n t e r a c t i v e  c o n v e r s a t i o n a l  mode 
is  a c t i v a t e d  a u t o m a t i c a l l y  f o r  each GRAPHICS s ta tement .  A t  t h i s  
po in t ,  a d d i t i o n a l  d i r e c t i v e s  f o r  c o n t r o l l i n g  which p l o t  images 
a r e  w r i t t e n  o n t o  V/F and P/F can be i n p u t  by t h e  key-board. 
Desc r ip t ions  of the i n t e r a c t i v e  g r a p h i c s  c a p a b i l i t i e s  a r e  
presented  i n  s e c t i o n  228.5. 

EXNAME= The alphanumeric name o f  a  d a t a  b lock {YgEt)) i d e n t i f i e d  by a p rev ious  EXECUTE EXTRACT 
s ta tement .  The in fo rmat ion  con ta ined  i n  
t h i s  d a t a  b lock is  t o  be  used f o r  
g e n e r a t i o n  of p l o t s .  See t h e  fo l lowing  
d i s c u s s i o n  regard ing  t h e  p o s i t i o n  of t h i s  
parameter w i t h i n  P l i s t .  One o r  more of 
t h e s e  parameters  may b e  used i n  a  s i n g l e  
s tatement .  The A s t e r i s k  Name Option (see  
sec. 200.0) may be used t o  i d e n t i f y  d a t a  
b lock names. 
Default:  Warning. No p l o t s  a r e  generated. 

The fo l lowing parameters  d e f i n e  what t y p e s  of p l o t s  a r e  t o  
be genera ted  f o r  an  EXNAME. These parameters  remain 
e f f e c t i v e  f o r  p l o t t i n g  of subsequent EXNAMES l i s t e d  i n  P l i s t  
a s  it i s  i n t e r r o g a t e d  i n  a  l e f t - t o - r i g h t  o r d e r  u n t i l  t hey  
a r e  r e s e t .  Therefore ,  t h e  fo l lowing  parameters  a r e  
s p e c i f i e d  p r i o r  t o  t h e  f i r s t  EXNAME parameter  i n  P l i s t .  
Except when t h e  EXPLODE opt ion  i s  used f o r  c r e a t i n g  
undeformed geometry p l o t s ,  each p l o t  of a n  EXNAME i s  
d i sp layed  separa te ly .  

SIZE= (Hor,Ver) This  parameter d e f i n e s  t h e  hor izor l t a l  and 
v e r t i c a l  p lo t -a rea  dimensions ( i n  inches )  
t o  be  used. I f  t h e  s p e c i f i e d  dimensions 
( i n t e g e r s  o r  decimals)  exceed t h e  l i m i t s  
f o r  t h e  s e l e c t e d  p l o t t i n g  device ,  t h e  
fo l lowing maximum p l o t  a r e a s  a r e  used. 

sc40 20 ---..------------ 11.0 by 11.0 
C'LCOMP ---------------- 88.5 by 29.5 
GERBER ----------------- 144.0 by 36.0 
TEKTRONIX 4014 --------- 11.0 by 11.0 
ONLINE HARDCOPY -------- 8.5 by 8.5 



Upon special reques t  from the  ope ra to r  of 
t h e  GERBER d r a f t i n g  machine, 60-inch width 
paper is ava i lab le .  I n  t h i s  case ,  t h e  
maximum limits s p e c i f i e d  f o r  *Hor8@ and 
@@Ver l@ a r e  144.0 and 60 - 0 ,  r e spec t ive ly ,  

Default: The a r ea  requi red  t o  s a t i s f y  t h e  
SCALE parameter described 
below. 

The remaining opt ions  f o r  P l i s t  a r e  descr ibed i n  t h e  
following sec t ions  according t o  t h e  type  of p l o t  t o  be generated. 
These opt ions  are:  

S e S L a  -- --I P l o t  Tygp 

228.4.1 -- Undeforrned Geometry P lo t s  
228.4.2 -- Deformed Geometry and Scalar-Grid P l o t s  
228.4.3 -- Contour P l o t s  
228.4.4 -- Graph P l o t s  
228.4.5 -- Matrix Data P lo t s  

The P l i s t  parameters t h a t  a r e  app l i cab le  t o  generat ion of each 
p lo t  type a r e  summarized i n  t a b l e  228-2. 

228.4.1 Undefog~ed Geometry P lo t s  

T h e  GRAPHICS-statement P l i s t  op t ions  are:  

GNAME=name 
OFFLINE= (Mode<, NODISPLAY)) Defined i n  s e c t i o n  228.1 
EXNAivlE= [<Name>< ( L i s t )  >) 
S I Z E =  (Hor,Ver) 

QRTHOGPAPH 
TYPE= (QETHOGRAPH,POINT<,NODELTA)) 

(QEggOGRAPH, G R I  lX , yQ,D@LTA><, _NOOFFSET>) 

This parameter s p e c i f i e s  t h a t  an 
orthographic p ro j ec t ion  of t h e  nodes o r  
f in i te-e lement  g r i d  is  t o  be c r ea t ed  for 
t h e  next EXNAME i n  P l i s t .  The op t iona l  
key-words denote  t h e  following: 

POINT--Generate a point  p lo t  of t h e  nodes 

GRID--Generate the f ini te-element g r i d  



EXPLODE 

NODELTA-- I f  mid-surf ace nodes are displayed, p lo t  
7 

t h e  mid-surfa. a poin ts  without d e l t a s  

NOOFFS~--If  off set elemer.its are displayed, only - 
plot t h e  structural node connect ivi ty  
(see sec.  228.9.1). 

Default: I f  POINT o r  GRID i s  not 
spec i f ied ,  a G R I D  p l o t  is generated f o r  
t h e  next EXNAME i n  P l i s t -  I f  g r id  data  
a r e  not included i n  EXNAME, no p l o t s  are 
generated. Mid-surface nodes a r e  p lo t ted  
with d e l t a s  ( f igs .  223-2 and 228-5) and 
offsets are p lo t t ed  for offset elements 
(see sec, 228.1.1) - 

Defaults: Warning. N o  p l o t s  are generated. 

Key-word denoting t h a t  a l l  t h e  views of 
the EXNAMES speci f ied  i n  P l i s t  are to be 
displayed on a s ing le  p l o t  ( f ig.  228-6). 
Each EXNAME: is p lo t t ed  to  the same scale .  
This option allows an "exploded view" of 
t h e  model t o  be created. The r e l a t i v e  
posi t ion and o r i en ta t ion  of each EXNAME 
are defined by t h e  TX-TY-TZ, RX-RY-RZ, 
VX-W-VZ, and/or VIEW parameters 
discussed below. 
Default: Each view of each EXNAME is 

displayed on a separate  plot .  

The t r ans la t ions  ( integers  o r  decimals) t o  
be performed on the EXNAME d a t a  r e l a t i v e  
t o  the GLOBAL X, Y and Z axes, 
respectively. Translations a r e  performed 
c r i o r  t o  f 3  drJt{ rotat ions of the data. 

k , . ,  ";iL Thrst: para:ne*.ers are effective o n l y  when 
1s the key-word EXPLODE is used, 

OF -' Qum Detaultt The l a s t  specif ied value f o r  the 
corresponding parameter or zero. 

T!., r r j ~ : . r i t i < r n  of t h e  d a t , ~  to De ?lotred is defined e i t he r  by 
t;, f o i , , , \ ~ i n y  RX-HJ-IiZ parametrs, t h e  VX-VY-VZ pa rame te r s ,  or: t h e  
VILW parhneter. 

The ro ta t ions  i n  degrees ( integers  o r  
decimals) a b u t  the R-P-Q axes ( the  
in i t i a l ly -o r i en ted  X-Y-2 axes) , 



respectively, t o  be performed on t h e  
EXWA!! data. The sequence i n  which t h e s e  
parameters appear i n  Plist d e f i n e s  t h e  
order  of the sequen t i a l  rotations. If it 
i s  necessary t o  change t h e  sequence o r  
magnitude of r o t a t i o n  f o r  subsequently 
l i s t e d  EXNAMES, each of  these  parameters 
should be reset. I f  less than t h r e e  
r o t a t i o n s  a r e  spec i f i ed ,  t h e  order  of 
r o t a t i o n s  i s  assumed t o  be RZ, R Y  and RX, 
r espec t ive ly ,  and t h e  corresponding 
r o t a t i o n a l  values  a r e  assumed t o  be t h e  
l a s t  spec i f ied .  
Default: The following sequer~ce and 

magnitude of r o t a t i o n s  a r e  
assumed: RZ= 12 5,  R Y - 2 5 ,  P Y - 4  ,. 

Caution: I f  t h e  following 'Ix-VY- , .. 
parameters a r e  used, ti;ei .'* -RY-RZ 
va lues  a r e  ignored. 

The GLOBAL X, Y and 2 coordinates  
( in tegers  o r  decimals) t h a t  de f ine  a 
viewing vector.  
Default: These parameters are e f f e c t i v e  

only i f  a t  l e a s t  one of them i s  
input.  I n  t h i s  case,  t h e  
remaining coordinates  a r e  assumed 
t o  be t h e  l a s t  spec i f i ed  values 
02  zero.  

Uarn~les:  The parameter VX=1.0 i s  equivalent  t o  t h e  t h r e e  
parameters RZ=O. 0, RY=O. 0, RX=O. 0, The 
parameter VX=-1.0 i s  equiva len t  t a  t h e  three 
parameters RZ=O.O,  RY=l8O.O, RX=O,O. I t  should 
be noted t h a t  combinations of k1.0 f o r  VX, VY 
and VZ allow i somet r ic  views t o  be generated 
conveniently . 

VI EW=Code T h i s  parameter is  used t o  generate  GLOBAL- 
a x i s  views o r  mul t ip le  views of t h e  next 
EXNAME i n  P l i s t .  code is a 7 d i g i t  
i n t ege r ;  each d i g i t  i s  s e t  t o  0 (no) o r  1 
(yes) t o  denote whether t h e  corresponding 
view i s  desi red.  From l e f t - t o - r i g h t ,  t h e  
d i g i t s  correspond t o  -X,  +X,  -Y, + Y ,  -2 ,  
+ Z  and t h e  p i c t o r i a l  view defined e i t h e r  
by RX-RY-RZ o r  by VX-VY-VZ. Leading zeros 
need not be input .  See f i gu re  228-23 f o r  
t h e  GLOBAL-axis view o r i en t a t i ons .  
Default: The view def ined  by t h e  l a s t  

s p e c i f i e d  "Code" c r  t h e  view 
def ined either by RXyRY-RZ o r  by 
VX-VY-VZ i s  generated. 



Examp&: VIEW=101 deliotes t h a t  a - 2  GLOBAL-axis view p lus  
a p i c t o r i a l  view of t h e  next  EXNAME i n  P l i s t  are 
t o -  be generated. 

LABEL. [+.I T h i s  parameter d e n o t e s  t h a t  i n t e g e r  Labels 
are t o  be p l o t t e d  for  node (N) numbers, 
element (E) numbers, o r  element-type (T) 

N+T numbers. The combinations N+E and N+T, a s  
shown. can a l s o  be used. 
~ e f a u i t :  The l a b e l s  i d e n t i f i e d  by t h e  l a s t  

parameter of  t h i s  type i n  P l i s t  
are d i sp layed  o r  no l a b e l s  axe 
displayed.  

SCALE=scale The p l o t  s c a l e  ( i n t e g e r  or decimal) 
g r e a t e r  t h a n  o r  equa l  t o  zero,  When t h e  
s c a l e  i s  ze ro ,  t h e  s i z e  of the p l o t t e d  
d a t a  i s  a d j u s t e d  s o  t h a t  t h e  f i a u r e  
remains w i t h i n  the maximum p l o t  a rea .  
Only one SCALE may be s p e c i f i e d  i f  t h e  
EXPLODE o p t i o n  i s  used. I n  t h i "  c a s e ,  t h e  
s p e c i i i e d  s c a l e  must account  f o r  t h e  
a b s o l u t e  dimensions o f  t h e  d i s p l a y  
i n c l u d i n g  t h e  e f f e c t s  of s p e c i f i e d  
t r a n s l a t i o n s  and/or  rota'-,ions. I f  the  
s p e c i f i e d  scale r e q u i r e s  a  plot a r e a  
larger t h a n  the limits f o r  t h e  p l o t t i n g  
device ,  t h e  s c a l e  i s  assumed t o  be zero. 
Default:  The l a s t  specified value o r  

SCALE=O. 

Example GFAPHXCS Statement: 

EXECUTE GRAPHICS (GNAMC- PLOTS, TYPE=ORTH, EXNAME=N3, 
VIEW=1010000, EXNAME=(N5,E100). VX=1.0, VY=1.0, V Z = l . O f  
EXNAME=El*, SCALE=. 05, VIEW= 1 10 1 ,  EXNAME=E3) 

T h i s  s t a t ement  i n i t i a t e s  gcnera t ion  o f  the following views for 
t h e  s p e c i f i e d  EXNAMES: 



228.4.2 Qefgaed-Ge__o_metfy and Scalar-Grid P lo tg  

The GRAPHICS-statement Plist options are: 

GNAME=name 
OFFLINh= (Mode<, NODISPLAY>) 
EXNAME= {<Name>< (List) >} 1 Defined i n  s e c t i o n  228.1 
SIZE= (Ho r, Ver) 

The following parameters are t h e  same as  defined i n  section 
228.4.1 e x c e p t  f o r  t h e  NODELTA key-word. I n  this case,  only mid- 
surface points are displayed for mid-surface nodes. 

ORTH 
(ORTH, POINT) 
(ORTH, G R I  D< , NOO FFSET>) 

RX=a, RY=b,Rz=c 
VX=x, W=y,VZ=z 
vIEW=Code 

The following "VECTOR" and VSCALE parameters def ine  t h e  
types of deformed geometry p l o t s  that a r e  t o  be created.  

VECTOR3 VMODE 
VECTOR4 

The plot formats i d e n t i f i e d  by t h e  
*VECTORm key-words are: 

VECTOF.1--Undeformed geometry p l u s  deformed geometry 
plus vec tors  

VECTOR2--Undeformed geometry plus  deformed geometry 

VECTOR3--Undefoxmed geometry p l u s  vec tors  



V E C T O & U - - D ~ > ~  or rue  qeox~etry only 

Displacement p l o t s  corresponding t o  s t a t i c  
load ing  a r e  genera ted  i f  t h e  DISP key-word 
is used, whereas mode shape p l o t s  a r e  
genera ted  i f  the BMODE (buckling) o r  VMODE 
( v i b r a t i o n )  key-word i s  used. 

Default:  Undeformed qeometry p l o t s  a r e  generated.  

VSCALE=scale A s c a l e  f a c t o r  ( i n t e g e r  o r  decimal) t o  be 
a p p l i e d  t o  t h e  '%ectorrn values p r i o r  t o  
g e n e r a t ~ o n  of p lo t s .  
Default: The l a s t  s p e c i f i e d  v a l u e  or  

VSCALE= 1.0 

s t a t  ic D i s  placemsnt P l o t s  

It an ordered  node s u b s e t  i s  inc luded i n  t h e  EXNAME f o r  
w h i c h  a q r i d  is  t o  be p l o t t e d ,  only  t h e  g r i d  def ined  by  the 
node s u b s e t  is d i sp laysd .  Any of t h e  o p t i o n a l  forms of t h e  
parameters shown above can be used. 

pode Shape P l o t s  

a )  If a  g r i d  is t o  be d i sp layed  f o r  mode shape p l o t s ,  t h e  
FXNAME must i n c l u d e  a n  ordered  node subset .  

b) The TYPE parameter must be i n p u t  a s  TYPE=ORTH 

C )  Only node  umbers can be plotted v i a  t h e  LABEL=N 
parameter. 

Scalar -Grid  P l o t s  

I t  s c a l a r - g r i d  p l o t s  a r e  t o  be genera ted ,  the fo l lowing two 
parameters  a r e  used i n  l i e u  of t h e  foregoing "VECTORn and 
VSCALE parameters. Otherwise, any of t h e  o p t i o n a l  forms of 
t h e  parameters  shown above can be  used. 

SCALAP=Label One of t h e  d a t a  component l a b e l s  s e l e c t e d  
from table 156-1 t h a t  i d e n t i f i e s  a 
s t i f f n e s s - e l e m e n t  p roper ty ,  a stress 
component, o r  a  margin of s a f e t y .  
Default:  Undeformed geometry p l o t s  are 

q e n e r a t  ed. 

A s c a l e  f a c t o r  ( i n t e g e r  or  decimal) t o  be 
a p p l i e d  t o  t h e  " s c a l a r t t  values p r i o r  t o  
genera t ion  of p lo t s .  
Default:  SSCALE=l.O 



The GRAPHICS-statement P l i s t  op t ions  are: 

GNAMErname 
OFFLI NE= (Mode<, NODISPLAY >) I Defined i n  s e c t i o n  228.1 
EXNAME= [<Name>< ( L i s t )  >) 
Size= (Hor, Ver) 

TY PE=gbITOUR This parameter denotes  t h a t  contour p lo t s  
a r e  t o  be generated. 
Default: Warning. No p l o t s  a r e  generated. 

RX=a,RY=b,EZ=c 
VX=x, VY=y,VZ=z Defined i n  s e c t i o n  228.4.1 
V I  EW=Code 

SCALAR=Label One of t h e  d a t a  component l abe l s  s e l ec t ed  
from +.able 156-1 t h a t  i d e n t i f i e s  a  
s t i f fness-e lement  property,  a  s t r e s s  
component, o r  a  margin-of-sat e t y  s c a l a r  
f i e l d .  
Default: Warning. No p l o t s  are generated. 

FLEV= val 1  I These parameters ( i n t ege r s  o r  decimals) 
LLEV=val2 de f ine  t h e  f i r s t  o r  smal les t  va lue  (FLEV) 

and the l a s t  o r  l a r g e s t  value (LLEV) of 
t h e  contour l e v e l s  f o r  t h e  s c a l a r  f i e ld .  
Default: Warning. No p l o t s  are generated. 

INTLEV=v a lue  The cons tan t  i c t e r v a l  between ad jacen t  
contour levels f o r  t h e  s c a l a r  f i e l d .  
Default: Warning, No p l o t s  a r e  generated. 

I f  an ordered node subse t  i s  included i n  t h e  EXNAME f o r  
which a contour p lo t  is t o  be generated,  a  t r i angu la t ed  g r i d  
is used automat ical ly  t o  i n t e r p o l a t e  the da ta  points. 
Otherwise, a  rec tangula r  mesh i s  used f o r  generat ion of t h e  
contour plot  and t h e  following parameter i s  appl icable .  

NMESH=va l u e  The in t ege r  number of d iv i s ions  (5 40) i n  
e i t h e r  d i r e c t i o n  t h a t  t h e  rectangular  area  
is  t o  be divided p r i o r  t o  i n t e r p o l a t i n g  
the  data  va lues  f o r  generat ion of 
isocurves. 
Default: NMESH=IO 



The GRAPHICS-statement P l i s t  o p t i o n s  are: 

GRAPHICS D 

GNAME=name 
OFFLINE= (Mode<, NODISPLAY>) I Defined i n  s e c t i o n  228.1 
EXNAME= [<Name>< ( L i s t )  >) 
SIZE= (Hor,Ver) 

TY PE==R_PH T h i s  parameter  d e n o t e s  t h a t  g raph  p l o t s  
are t o  be gene ra t ed .  
Defau l t :  Warning. No p l o t s  a r e  gene ra t ed .  

X-Y Graphs 

The a b s c i s s a  o f  t h e  g r a p h  is  i d e n t i f i e d  
by one of t h e  key-words: 

LC--The element  stress component i d e n t i f i e d  by 
t h e  "Y1"  and /o r  n Y 2 t q  parameters  i s  t o  be 
p l o t t e d  a g a i n s t  s e l e c t e d  l o a d c a s e s .  

CYCLEo-The element  margin of  s a f e t y  i d e n t i f i e d  by 
t h e  mY1m and /o r  * Y 2 "  parameters  is  t o  be 
p l o t t e d  a g a i n s t  s e l e c t e d  des ign -cyc le  
numbers. 

V--The damping o r  f r equency  v a l u s s  i d e n t i f i e d  
by t h e  "Y1" and/or  "Y2*  parameters  a r e  t o  
be p l o t t e d  a g a i n s t  v e l o c i t i e s  f o r  s e l e c t e d  
flutter s o l u t i o n s .  

Defau l t :  Warning. N o  p l o t s  are generated.  

The minimum ( X Y I N )  and maximum (XMAX) 
a b s c i s s a  va l l - s s  ( i n t e g e r s  o r  dec ima l s )  t o  
be used t o  g e n e r a t e  t h e  graph. I n t e r n a l  
l o a d c a s e  numbers a r e  i n p u t  it X=LC i s  
used. 
Defau l t :  Warning. No p l o t s  a r e  genera t5d .  

One of t h e  e l e m e n t - s t r e s s  o r  margin-of- 
s a f e t y  component l a b e l s  s e l e c t e d  from 
t a b l e  156-1 i f  LC o r  CYCLE is input f o r  X, 
r e s p e c t i v e l y .  I t  X=V, 'gNameN must be 
e i t h e r  t h e  let ter  nGn o r  "Ftt  denoticq 
whether V-g or V-f f l u t t e r  s o l u t i o n  p l o t s  
a r e  t o  be g e n e r a t e d .  
De fau l t :  Warning. No p l o t s  a r e  gene ra t ed .  



YlMIN=vall The minimum ( Y  1MIN) and maximum (YIMAX) 
YlNAX=val2 o r d i n a t e  va lue s  ( i n t e g e r s  o r  decimals)  t o  

b e  used t o  generate t h e  graph. 
Default:  Warning. No p l o t s  a r e  generated.  

A second graph wi th  t h e  same absc i s s a  e s t a b l i s h e d  by X, X M I N  
and XMAX but with  a d i f f e r e n t  o r d i n a t e  can be reques ted  v i a  
i npu t  of t h e  fo l lowing t h r e e  parameters.  

Y 2 =Name2 
Y ~ ~ I N = V ~ I ~  I Same as  3 c s  ribed f o r  Y1, Y l M I N  
Y 2MAX=va 14 and Y1MAX. 

Default:  A second graph is not. generated.  

Loaddbi lit v Diauramg 

The mean aerodynamic chord of t h ~  wing. 
Default: Warning. No p l o t s  zre generated.  

LEMAC=lemac The GLOBAL X-coordinate of the 
i n t e r s e c t i o n  of t h e  MAC and t h e  wing 
l e ad ing  edge. 
Derault:  Warning. No p l o t s  are generated.  

The o p e r a t i o n a l  empty weight. Th i s  
r e p r e s e n t s  the weight a t  which t h e  loading 
w i l l  s t a r t .  
Default: The weight  of t h e  mass and 

s t i f f n e s s  e lements  p lus  the 
concen t ra ted  mass subse t  
s p e c i f i e d  by t h e  CONMASS 
parameter. 

The GLOBAL X-coordinate of t h e  OEW c e n t e r  
of g r av i t y .  Th i s  r e p r e s e n t s  t h e  cog.  
po in t  a t  which loading w i l l  s t a r t .  
Default:  The c e n t e r  of g r a v i t y  of t h e  mass 

and s t i f f n e s s  elements p lu s  any 
concen t ra ted  mass subse t s  
s p e c i f i e d  by t h e  CONMASS 
parameter. 

CONMASS= Num The number ( i n t ege r )  of a subse t  of 
concentra ted  masses, def ined v i a  t h e  mass 
da t a ,  which a r e  t o  be added t o  t h e  mass 
and s t i f f n e s s  elements  t o  e s t a b l i s h  t h e  
OEW. This parameter is  app l i c ab l e  only  i f  
OEW and oEWCG a r e  no t  spec i f i ed .  
Default :  No concen t ra ted  mass s u b s e t s  a r e  

inc luded  i n  t h e  OEW. 



OEWFAC=f a c l  

GRAPHICS 0 
The OEW c e n t e r  of g r a v i t y  t o l e r a n c e  ( %  
MAC) . T h i s  t o l e r a n c e  r e s u l t s  i n  two 
c e n t e r  of g r a v i t y  p o i n t s  f o r  t h e  OEW, one 
a t  OEWCG+CGTOL and t h e  o t h e r  a t  OEWCG- 
CGTOL. 
Default:  CGTOL=O. 

The maximum z e r o  f u e l  weight. T h i s  
r e p r e s e n t s  t h e  c u t o f f  ue igLt  when load ing  
payload (passengers  and cargo) . 
Default:  NO l i m i t  on t h e  amount of payload 

loaded. 

The f a c t o r  by which the OEW i s  t o  be  
m u l t i p l i e d  p r i o r  t o  e s t a b l i s h i n g  t h e  
s t a r t i n g  p o i n t  f o r  t h e  loading.  
Default:  OEWFAC=1.0 

PASSFAC= f  ac2 The f a c t o r  by which t h e  passenger v e c t o r s  
are t o  be m u l t i p l i e d  p r i o r  t o  p l o t t i n g .  
Default:  PASSFAC=1.0 

CAEGOFAC=~ ac3 The f a c t o r  by which t h e  cargo v e c t o r s  a r e  
t o  be m u l t i p l i e d  p r i o r  t o  p l o t t i n g .  
Default: CARGOFAC=l.r! 

FUELFAC=fac4 The f a c t o r  by which t h e  f u e l  v e c t o r s  a r e  
t o  be m u l t i p l i e d  p r i o r  t o  p l o t t i n g .  
Default :  FUELFAC=1. 0 

The fo l lowing o p t i o n a l  parameters  a r e  used t o  d e f i n e  t h e  
weight center -of-gravi ty  g r i d  ( f a n  g r i d )  t h a t  is t o  be used 
t o  p l o t  t h e  load ing  v e c t o r s  (see f i g .  228-25).  

WTINC=inc The weight l ine - spac ing  on t h e  g r i d .  
Default:  WINC= 10000. 

FWLNE=wt 1 The f i r s t  ( s m a l l e s t )  weight  l i n e  on t h e  
g r i d .  
Default :  The OEW rounded down t o  t h e  

n e a r e s t  m u l t i p l e  of WTINC. 

The l a s t  ( l a r g e s t )  weight  l i n e  on t h e  
g r i d .  
Default :  Twice t h e  OEW o r  t h e  l a r g e s t  mass 

c o n d i t i o n  weight  rounded up t o  
t h e  n e a r e s t  m u l t i p l e  of WTINC. 

The c e n t e r  of g r a v i t y  l ine-spacing on t h e  
g r i d  ( X  MAC) 



Default:  CGINC=1.0 

FCGLN E=cg 1 

LCGLN E=cg2 

DATUM=cgref 

The f i r s t  (forward most) cen t e r  of g r a v i t y  
l i n e  on t h e  g r i d  (X MAC) 
Default:  FCGLNE=O. 0 

The l a s t  ( a f t  most) c e n t e r  of g r a v i t y  l i n e  
on t h e  g r i d  ( X  MAC) 
Default:  LCGLNE=50.0 

The X MAC of t h e  g r i d  ho r i zon t a l  r e fe rence  
l i n e  (I MAC) 
Default:  DATUM=25.0 

228.4.5 Matrjx Data P b t s  

The GRAPHICS-statement P l i s t  op t i ons  are: 

GNAME=name 
OFFLINE= (Mode<, NOD1 SPLAY >) Defined i n  s e c t i o n  228.1 
EXNAME= (<Name>< (List) >) 
SI  2E= (Ho r, V e r )  

TY PE=MTEIX Thi s  parameter denqtes t h a t  matr ix  da t a  
p l o t s  are t o  be generated.  
Default: Warning. No p l o t s  are generated. 

Figure  228-25. Center o f  Gravi ty  vs Gross Weight Loadabi 1 i t y  Diagram 



Table 228-2. Summary of Execution Parameters for the EXECUTE GRAPHICS 
Statement 

COkUASS =,rum_.. --- - ----. .- - 

A .  = . - - .- -- 
t .  . --- . ----, ..- -- 

A E ! * c ? .  - . - - .. - - . .- -- 
CARG9FAC = f CFJ -- ----.. -.-. - . - 
l " f l F A C  !!E ---- -- - . . 
2 ! . - . ---- - . - 

D O F F L I N E  = ( { !!U020 1 <,NODISPLAY>) 
CALCOMP 
GERBER 

VEC l O R l  
Y€CTOR2 

OfiOGRAPn b [ v E c T o R 3 ]  = (!"'E 1 
VECTOR4 

VMODE 



2 28.5 INTERACT1 VE GKAPHI CS 

The GRAPHICS Pos tp rocessor  can  be executed i n t e r a c t i v e l y  v i a  
a  Tek t ron ix  Model 4014 g r a p h i c s  t e rmina l .  The o n l i n e  g r a p h i c s  
f a c i l i t i e s  provided by  t h e  i n t e r a c t i v e  e x e c u t i o n  mode complement 
t h o s e  g raph ica l -d i sp lay  c a p a b i l i t i e s  provided by the  EXECUTE 
GRAPHICS s ta tement  (sec. 228.4) . Funct ions  t h a t  can be performed 
o n l i n e  i n c l u d e  t h e  fol lowing:  

a )  Display s e l e c t e d  p l o t s  on t h e  t e r m i n a l  sc reen  

b) Generate  i n a t a n t  hardcopy p l o t s  of s e l e c t e d  d i s p l a y s  
shown on t h e  t e r m i n a l  screen,  A hardcopy u n i t  t h a t  is  
compat ib le  wi th  t h e  Tekt ronix  4014 must be used. 

c )  c r e a t e  new d i s p l a y s  of s e l e c t e d  p l o t s  v i a  zooming and 
r o t a t i o n .  

d) Enlarge s e l e c t e d  r e g i o n s  of o n l i n e  p l o t s  by zooming. 

e) s e l e c t  p l o t s  t o  be genera ted  by one o f  t h e  o f f  l i n e  
p l o t t i n g  dev ices  (SC4020, CALCOMP o r  GERBEFi) 

A l l  p l o t s  d i sp layed  on t h e  t e r m i n a l  s c r e e n  a r e  i n i t i a l l y  
d e f i n e d  v i a  t h e  EXECUTE GRAPHICS s ta tement  and s t o r e d  i n  t h e  G / F  
f i l e .  Th i s  pass ive  g r a p h i c s  c a p a b i l i t y  a l l o w s  s e l e c t e d  p l o t s  t o  
be viewed on l ine ,  bstween execu t ion  s t e p s ,  f o r  v e r i f i c a t i o n  of 
t h e  a n a l y s i s / d e s i q n  process.  

The user conducts  an  i n t e r a c t i v e  d i a l o g u e  wi th  t h e  GRAPHICS 
Pos tp rocessor  v i a  a  f u n c t i o n  menu, two p l o t  d i r e c t o r i e s  and a  
p l o t  t r ans fo rmat ion  menu. Zooming a  s e l e c t e d  reg ion  of a n  o n l i n e  
p l o t ,  f o r  example, can be performed by us ing  e i t h e r  t h e  p l o t  
t r a n s f o r m a t i o n  menu o r  t h e  c r o s s h a i r s  provided by t h e  Tekt ronix  
40 14. A d e s c r i p t i o n  of t h e  i n t e r a c t i v e  d ia logue ,  incLuding the 
user-command format and t h e  menu/directory func t ions ,  i s  
p resen ted  i n  s e c t i o n  228.5.1. 

I f  ATLAS i s  being executed v i a  a  g r a p h i c s  t e rmina l ,  as 
discussed  i n  s e c t i o n  228.4, t h e  i n t e r a c t i v e  c o n v e r s a t i o n a l  mode 
i s  a c t i v a t s d  au tomat ica l ly  f o r  each EXECUTE GRAPHICS s ta tement  i n  
t h e  Cont ro l  Proqram. A t  t h i s  po in t ,  a d d i t i o n a l  d i r e c t i v e s  f o r  
c o n t r o l l i n g  which p l o t  images a r e  w r i t t e n  o n t o  t h e  V/F and P/F 
f i l e s  can be i n p u t  by t h e  key-board provided t h e  key-word 
NODISPLAY i s  not  s p e c i f i e d  v i a  t h e  OFFLINE parameter. I t  should 
be n o t e d  that i f  t h e  parameter OFFLINE=OFF i s  used i n  t h e  
GRAPHICS s ta tement ,  t h e  only   lot^ w r i t t e n  on to  t h e  V/F f i l e  a r e  
t h o s e  s p e c i f i c a l l y  s e l e c t e d  t o  be w r i t t e n  a s  such. However, i f  
t h e  OFFLINE=ON parameter o r  t h e  OFFLLNE=Device parameter is used, 
a l l  p l o t s  d i sp layed  on t h e  t e r m i n a l  screen a r e  w r i t t e n  on to  t h e  



GRAPHICS 0; 
V / F  f i l e  u n l e s s  t h e  a p p r o p r i a t e  i n t e r a c t i v e  command i s  i n p u t  t o  
s u p p r e s s  this a c t i v i t y .  

The i n t e r a c t i v e  g raph ics  c a p a b i l i t i e s  c a n  be used t o  
d isp lay/manipula te  any of t h e  p l o t  t y p e s  i d e n t i f i e d  by t h e  TYPE 
parameter  i n  t h e  EXECUTE GRAPHICS s ta tement .  

QFEOGRAPH 
TYPE= 

MATRIX 

The menus and d i r e c t o r i e s  used dur ing  i n t e r a c t i v e - g r a p h i c s  
process ing  a r e  i d e n t i f i e d  as: 

a) Function Menu -- A list of e x e c u t i o n  func t ions ,  a s  shown 
i n  f i g u r e  228-26, from which u s e r - s e l e c t i o n s  a r e  made 
on l ine .  

b) GNAME Direc to ry  (G-D) -- The G-D conLains a  l i s t  of t h s  
GNAMES (100 maximum), a s  d e f i n e d  v i a  t h e  G Z U T E  GRAPHICS 
s ta tements ,  f o r  which p l o t s  have been w r i t t e n  on to  t h e  
G/F f i l e .  A maximum of 40 p l o t s  can  be a s s o c i a t e d  with 
each GNAME (a p l o t  grouping d e f i n e d  by t h e  user). Figure 
228-27 shows a  t y p i c a l  G-D. A f t e r  a GYAME is  s e l e c t e d  
from t h e  G-D, t h e  corresponding P l o t  I D  Di rec to ry  is  
displayed.  

c) P l o t  I D  D i rec to ry  (P-I-D) -- A P-1-D i s  genera ted  
au tomat ica l ly  f o r  each GNAME. Each P-f-D c o n t a i n s  a list 
of i d e n t i f i e r s ,  one f o r  each p l o t  a s s a c i a t e d  wi th  t h e  
s e l e c t e d  GNAME. A t y p i c a l  P-I-D i s  showc i n  f i g u r e  228- 
28. The p l o t  t h a t  is  t o  be v iewed/manip~ la ted  o n l i n e  i s  
s e l e c t e d  from t h i s  d i r e c t o r y .  

d)  Plot Transformation Menu (P-T-M) -- A l i s t  of pdrameters 
t h a t  c a n  be modified such t h a t  t h e  s e l e c t e d  p l o t  can  be 
r o t a t e d  and/or zoomed t o  c r e a t e  a  new d i s p l a y  (see f i g .  
22 8-2 9) 

The i n t e r a c t i v e - g r a p h i c s  execu t ion  mode i s  i d e n t i f i e d  by t h e  
prompt c h a r a c t e r  

d i s p l a y e d  a t  t h e  beginning of each l i n e  on t h e  t e rmina l  screen.  
A t  this point ,  a g raph ics  execu t ion  d i r e c t i v e  i s  e n t e r e d  v i a  t h e  
key-board. The formats  o f  the user  commands f o r  making 



s e l e c t i o n s  from t h e  menus and d i r e c t o r i e s  and f o r  modifying t h e  
p l o t  t r a n s f o r m a t i o n  parameters  a r e  summarized below. 

User command ----- --- B~~Ucable ~ g n y  

FB, n Func t ion  Menu 
LP, n G-D o r  P-I-D 
wordl=x.x<,Word2=y.y> P l o t  Transformat ion  Menu (P-T-M) 

The c h a r a c t e r s  I1FBw and nLPM a r e  i n p u t  a s  shown, i n  l i e u  of 
f u n c t i o n  b u t t o n s  and a l i g h t  pen which are a s s o c i a t e d  w i t h  t h e  
more expens ive ,  u s u a l l y  r e f r e s h a b l e ,  g r a p h i c s  t e r m i n a l s .  The 
i n t e g e r  t h a t  i s  i n p u t  f o r  "nW i d e n t i f i e s  a p a r t i c u l a r  e n t r y  i n  
t h e  co r re spond ing  menu o r  d i r e c t o r y  p r e v i o u s l y  s e l e c t e d  v i a  a n  
ltFE,nM command. A p l o t  t r a n s f o r m a t i o n  parameter  is i n p u t  a s  a 
key-word fo l lowed by a n  e q u a l  s i g n  and a dec imal  r~umber, "x.xN o r  
M y m y , "  t h a t  i s  t o  be a s s i g n e d  t o  t h e  parameter.  

M u l t i p l e  commands can  be conca tena ted  by us ing  a semicolon 
a s  a command de l ime te r .  I n  t h i s  c a s e ,  t h e  s t r i n g  is l i m i t e d  t o  a 
maximum of 60 c h a r a c t e r s .  Each conlmand o r  s t r i n g  of commands i s  
t e rmina ted  by depress ing  t h e  CR ( c a r r i a g e  r e t u r n )  key. T y p i c a l  
command formats  are:  

I > F B ,  4 CR 
I>LP, 3; FB, 1 CR 
1 > ~ ~ , 9 ; R Y = 6 0 .  , R ~ = 4 5 .  ,RZ=O.O;FB,l CR 

I f  ac nLP,n" command is i n p u t  when t h e  GNAME D i r e c t o r y  o r  
t h e  P l o t  I D  D i rec to ry  is n o t  d i s p l a y e d  on t h e  sc reen ,  it is 
ignored .  However, an nFB,nm command can  b e  i n p u t ,  when 
a p p l i c a b l e ,  even though t h e  Funct ion  Menu is n o t  d i s p l a y e d  a t  
t h a t  time. "FB,nN commands t h a t  a r e  a p p l i c a b l e  when one of t h e  
menus has  been a c t i v a t e d  o r  when a g r a p h i c a l  d i s p l a y  is on  t h e  
s c r e e n  a r e  summarized i n  t a b l e  228-3. Transformat ions  t h a t  can 
be  performed on t h e  v a r i o u s  p l o t  t y p e s ,  a s  d i sp layed  on t h e  
s c r e e n ,  a r e  summarized i n  t a b l e  228-4. 

To i l l u s t r a t e  t h e  u s e r  commands and a t y p i c a l  i n t e r a c t i v e  
d ia logue ,  assume t h e  GNAMES shown by f i g u r e  228-27 have been 
d e f i n e d  by p rev ious ly  executed  GRAPHICS s t a t emen t s .  Furthermore, 
assume t h a t  t h e  d i s p l a y s  f o r  GNAME=GEOMETRY a r e  i d e n t i f i e d  by t h e  
P-I-D shown by f i g u r e  228-28. 

Upon e n t e r i n g  t h e  i n t e r a c t i v e  mode, t h e  G-D mew i s  
d i s p l a y e d  on t h e  s c r e e n  ( f i g .  228-27) . A maximum of 50 GNAMES 
a r e  d i s p l a y e d  a t  one time. I f  more t h a n  SO GNAMES were w r i t t e n  
o n t o  G / F ,  the second pagem of t h e  G-D is  d i s p l a y e d  by d e p r e s s i n g  
t h e  CR key. I f  t h e  CR key is  depressed  aga in ,  i n  t h i s  c a s e ,  t h e  
f i r s t  "page" o i  t h e  G-D is  regene ra ted .  To view t h e  p l o t s  
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a s s o c i a t e d  w i t h  t h e  GEOMETRY p l o t  g rouping ,  f o r  t h i s  example, t h e  
u s e r  e n t e r s  the command 

?he s e l e c t e d  GNAME is  i d e n t i f i e d  by a c r o s s  appea r ing  on t h e  
s c r e e n  a u t o m a t i c a l l y  fo l lowed  by a  d i s p l a y  of  t h e  co r r e spond ing  
P-I-D ( f i g .  228-20) .  

A l l  p l o t s  d e f i n e d  unde r  t h e  u s e r - s e l e c t e d  GNAME a r e  
i d e n t i f i e d  i n  t h e  P-I-D. T h i s  d i r e c t o r y  c o n s i s t s  of a c a t a l o g  of 
t h e  p l o t  t i t l e s  w r i t t e n  o n t o  W F  unde r  t h e  s e l e c t e d  GNAME. To 
d i s p l a y  one of t h e s e  p l o t s  on t h e  s c r e e n ,  a  s e l e c t i o n  i s  made by 
t h e  "LP,nN command. Thus, f o r  example, i f  t h e  u s e r  e n t e r s  

t h e  s e l e c t e d  p l o t  t i t l e  is i d e n t i f i e d  by a  c r o s s  on t h e  s c r e e n  
fo l lowed  by g e n e r a t i o n  of  t h e  o n l i n e  p l o t .  

A p l o t  t h a t  has  been g e n e r a t e d  on t h e  s c r e e n  can b e  
t r a n s f o r m e d  ( r o t a t e d  and/or  zoomed) t o  c r e a t e  a  new d i s p l a y  of  
t h e  same d a t a .  The f u n c t i o n  commands FB,8, FB,9 o r  FB,10 a s  
shown i n  t a b l e  228-4 art!  u sed  t o  perform t r a n s f o r m a t i o n s .  To 
d i s p l a y  t h e  P l o t  T rans fo rma t ion  Menu, t h e  f o l l o w i n g  command i s  
ertered: 

The v a l u e s  of the a c t i v e  o r i e n t a t i o n  pa rame te r s  and t h e  X-Y-Z 
c o o r d i n a t e  l i m i t s  f o r  t h e  p l o t  a r e  shown i n  t h e  P-T-M a s  
i l l u s t r a t e d  by f i gu re  228-30. The v a l u e s  f o r  t h e  X-Y-Z 
c o o r d i n a t e  limits depend on what t y p e  of p l o t  h a s  been gene ra t ed .  
For  o r t h o g r a p h i c  p l o t s ,  t h e s e  l i m i t s  a r e  t h e  GLOBAL X-Y-Z 
c o o r d i n a t e s .  For  con tou r  p l o t s  and graphs ,  however, t h e  X and Y 
limits a r e  a s s o c i a t e d  wi th  t h e  h o r i z o n t a l  and v e r t i c a l  d i r e c t i o n s  
( t h e  P-Q axes )  of t h e  p l o t .  The 2 - l i m i t s  f o r  a con tou r  p l o t  
i d e n t i f y  +he  numer ica l  l i m i t s  of thr .  s c a l a r  f i e l d  f o r  which 
isocurves a r e  g e n e r a t e d ,  whereas  t h e  2 - l i m i t s  a r e  i g n o r e d  f o r  
graphs. 

To reset t h e  v a l u e s  o f  t h e  t r a n s f o r m a t i o n  parameters ,  t h e  
user may e n t e r ,  t o r  example, t h e  f o l l o w i n g  commands: 

Updated v a l u e s  are  d i s p l a y e d  t o  t h e  r i g h t  of t h e  o r i g i n a l  v a l u e s ,  
which a r s  c r o s s e d  o u t  a s  shown by figure 228-30, and t h e  new 
d i s p l a y  is g e n e r a t e d  on t h e  s c r e e n .  For t h i s  example, a new 
v i e k i n g  d i r e c t i o n  was s e l e c t e d  i n  a d d i t i c n  t o  zooming i n  on the 



z -coord ina t e  l i m i t s  o f  t h e  p l o t .  It shou ld  h e  n o t e d  t h a t  t h e  
zoom pa rame te r s  a r e  e f f e c t i v e  i n  three dimensions.  Thtis, t h e  
o r i g i n a l  p l o t  from which a  zoomed d i s p l a y  i s  g e n e r a t e d  c a n  be re- 
c r e a t e d  by r e s e t t i n g  t h e  v a l u e s  of the t r a n s f o r m a t i o n  parameters .  

 rans sf or mat ion o f  a p l o t  t h a t  h a s  been g e n e r a t e d  on t h e  
s c r e e n  can be perlormed w i t h o u t  d i s p l a y i n g  t h e  P-T-M. For  
example,  t h e  commands 

cou ld  be used  i n s t e a d  of t h e  two f o r e g o i n g  l i n e s  of commands t o  
e f f e c t  tYe same r e s u l t .  

I n  l i e u  of s p e c i f y i n g  new v a l u e s  f o r  t h e  XMIN,  XMAX, ..., 
ZMAX parameters  t o  zoom a d i s p l a y  shown on t h e  s c reen ,  t h e  u s e r  
can  employ t h e  c r o s s l l a i r s  provided by t h e  T e k t r o n i x  4014. To 
a c t i v a t e  t h e  c r o s s h a i r s ,  t h e  f o l l o w i n g  command is e n t e r e d :  

The h o r i z o n t a l  and v e r t i c a l  c r o s s h a i r s  t h a t  appea r  c n  t h e  s c r e e n  
a r e  p o s i t i o n e d  a t  one c o r n e r  of t h e  r e c t a n g u l a r  a r e a  t o  b e  
zoom~d.  The f o l l o w i n g  s t e p s  are t h e n  fol lowed:  

3) Type any numeric o r  a l p h a b e t i c  c h a r a c t e r  fo l lowed  by 
d e p r e s s i n g  t h e  CR key. 

b) w a i t  f o r  t h e  c r o s s h a i r s  t o  r eappea r .  

C )  P o s i t i o n  t h e  c r o s s h a i r s  a t  t h e  d i a g o n a l  c o r n e r  of t h e  
a r e a  t o  be zoomed. 

d)  Repeat (a) 

 he windowed p o r t i o n  of t h e  d i s p l a y  w i l l  t h e n  be g e n e r a t e d  such  
t h a t  t h e  z o o ~ n ~ d  a r e a  c o v e r s  t h e  s c reen .  F i g u r e  228-31 
illustrates a d i s p l a y  t h a t  i s  zoomed by u s e  of t h e  c r o s s h a i r s .  

~ l l  p l o t s  t h a t  axe d i s p l a y e d  on t h e  s c r e e n  a r e  w r i t t e n  o n t o  
the V/F file if one of t h e  fo l lowing  pa rame te r s  i s  used i n  t h e  
EXECUTE GRAPHICS s t a t emen t .  

GFFLINE= [':0.20 ] 
CALCOMP 
G ER BER 

I f ,  however, t h e r e  a r e  many p l o t s  on t h e  G/F f i l e  which a r e  t o  be  
w r i t t e n  o n t o  V/F o r  i f  t h e r e  are d i s p l a y s  which c o n s i s t  o f  
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voluminous amounts o f  d a t a  t h a t  would r e q u i r e  a l a r g e  amount of 
c l o c k  time t o  d i s p l a y  on t h e  t e r m i n a l ,  t h e  f u n c t i o n  menu command 
FB,7 c a n  be used. Thus, for  example,  i f  t h e  P-1-0  is d i s p l a y e d  
on t h e  s c r e e n  and  t h e  command 

i s  i n p u t ,  p l o t s  2, 3, 5 and 7 would be w r i t t e n  on to  V/F :v i thout  
o n l i n e  d i s p l a y s .  

A l t e r n a t i v e l y ,  i f  one of t h e  f o r e g o i n g  OFFLIdE pa rame te r s  i s  
used and o n l y  o n l i n e  d i s p l a y s  are t o  be g e n e r a t e d  f o r  s e l e c t e d  
p l o t s ,  t h e  FB, 5 and FB,6 f u n c t i o n  menu commands can  be  used. 

When t h e  c u r r e n t  i n t e r a c t i v e  d i a l o g u e  i s  completed,  
e x e c u t i o n  c o n t r o l  i s  r e t g r n e d  t o  t h e  C o n t r o l  Program v i a  the 
f o l l o w i n g  command: 

The c o n t r o l  s t a t e m e n t  immediately  f o l l o w i n g  t h e  l a s t  execu ted  
GRAPHICS s t a t e m e n t  i s  t h e n  performed.  

The o p t i o n  s r o v i d e d  by the FB,13 command a l l o w s  t h e  u s e r  t o  
a b o r t  subsequent  e x e c u t i o n  of the c u r r e n t  ATLAS job. G e n e r a l l y ,  
t h i s  o p t i o n  i s  used o n l y  when u n c o r r e c t a b l e  a:it4.-.?lies have  been 
d e t e c t e d  i n  the problem d a t a  by viewiirg t t :  . r :;.- i ca l  d i s p l a y s  
o n l i n e .  



FUNCTION HENU 

KEY DESCRIPTION - 
FB.1 EXECUTE CURRENT MEYU SELECi ION(S) 

FB.2 DISPLAY FUNCTION MENU 

FB.3 DISPLAY GNAME DIRECTORY (6-0) 

FB.4 DISPLAY PLOT I D  DIRECTORY (P-1-0) FOR THE GNME SELECTED FROn 6-0 

FB,S DISPLAY REnAIhING PLOTS FOR THIS STATEMENT ONLINE ONLY (ENTER FB.5 TUICE) 

FB.6 DISPLAY NEXT PLOT ONLINE ONLY 

FB.7 YRITE PLOTS SELECTED BY A STRING OF 1P.N CmHANDS ONTO V/f U I T H W T  ONLINE DISPLAY 

FB.8 DISPLAY PLOT TRANSFORMTION MENU (P-T-M) TO ROTATE AND/OR ZOOn 

FB,9 INPUT TWISFORMATION PARAMETERS WITHOUT P-T-M DISPLAY 

FB.10 ZOOn CURRENT PLOT V IA  CROSSHAIRS 

FB.11 DISPLAY DEFORMED GRID OR TRIANGULATED RFGION FOR A CONTOUR PLOT 

FB.12 RETURN TO ATLAS CONTROL PROGRM 

FB.1 r STOP ATLAS EXECUTION (ENTER FB.13 TWICE) 

# 

Figure 228-26. Function Menu Opt ions 

* 



Figure  228-27. Typ ica l  GNAME D i rec tory  

Figure 228-28. Typical  P l o t  ID D i r e c t o r y  

PLOT I D 0 1 RECTORY FOR GNAME=GEOMETRY 

I . W ING.GEOMETRY 

3 .  VTAIL,GEOMETRY 
5 .  NACELLE,GEOMETRY 

2. BODY, GEOMETRY 

U . HTA I L , GEOMETRY 

6.  MODELS, GEOMETRY, LC=D I VE , 
7. ROUGH, GEOMETRY, LC=TAX I 

- 
9. MASS2.GEOMETRY - 

8. COND3 ,MODE SHAPE NO. 5 

10. EXPLODED GEOMETRY - 

1 



PLOT TRANSFMII(ATI0N IQW 

ROTATION 

I LYTt?  K E V - W R D - X X X . X X  TO RESf l A PARAMETER (E .C . .  RV.45.O). I 

F igure  228-30. Example Use o f  the  P l o t  Transformat ion Menu 



Table 228-3. Appl icable FB,N Commands when a Menu or  Graphical 
D i s p l a y  i s  Activated 



Table  228-4. P l o t  Transformations Effected v i a  
FB,N Commands and Crosshairs 



EXHAHE = cEon KSET = 1 NSUB = Noa1 

NSUB C NO01 EXLAflE Gfon KSET 1 

b) Zoomed Display  

Figure 228-31. Zoomed Online Display 



2 28.6 RESTART OF GRAPHICS POSTPROCESSOR EXECUTION 

The G/F and/or  V/F g r a p h i c s  data f i l e s  t h a t  are g e n e r a t e d  
and saved by one ATLAS job tail be loaded  and  used by subsequent  
ATiAS jobs. These f i l e s ,  i u  a d d i t i o n  t o  t h e  o t h e r  d a t a  f i l e s  
generated d u r i n g  a job, can  be s a v e d  and loaded  by u s i n g  t h e  SAVE 
FILES and =AD FILES s t a t e m e n t s  (see sec. 200.3). If o n l y  t h e  
G/F and/or  V/F f i l e s  a r e  t o  b e  saved o r  loaded ,  however, t h e  
e x e c u t i o n  c o n t r o l  s t a t e m e n t s  d e s c r i b e d  below must be used. As 
d i s c u s s e d  p r e v i o u s l y ,  z. P/F f i l e  i s  c r e a t e d  f o r  q e n e r a t i o n  of 
o f f l i n e  plots by a p a r t i c u l a r  p l o t t i n g  d e v i c e  (SCUOZO, CALCOMP o r  
GEREEF). T h i s  f i l e  c a n  n o t  b e  saved  and used  by subsequen t  ATLAS 
jobs. 

The t o l l o w i n g  s t a t e m e n t  can  be used  t o  s a v e  the  G / F  
(GRP-PFII:) and/or  V/F (VECTFIL) g r a p h i c s  f i l e s  f o r  subsequent  
r e s t a r t  of  execu t ion .  

SAVE FILES ( GRAPFIL ) 
(VEcTFIL) 

The key-words GHAPFIL and/or  VECTFIL can  be used  wi th  t h e  o the r  
SAVE F I L E S  parameters d e s c r i b e d  i n  s e c t i o n  200.3. 

If on ly  the G/F f i l e  i s  t o  be g e n e r a t e d  and saved,  t h e  
OFFLINE=OFF parameter  shou ld  be used i n  t h e  EXECUTE GRAPHICS 
s ta tement  (sec. 228.4) and t h e  SAVE PILES o r  SAVE FILES (GRAPFIL) 
s t a t e m e n t  shou ld  be used. 

The  G/F f i l e  and the  V / F  f i l e  a r e  g e n e r a t e d  i f  one o f  t h e  
f o l l o w i n g  parameters  is used i n  any of t h e  EXECUTE GRAPHICS 
s t a t e m e n t s  i n  a C o n t r o l  Program. 

OFFLINE= [ z ~ ~  CALCOMP } 
I n  t h i s  case ,  e i t h e r  one or bo th  g r a p h i c s  f i l e s  r a n  b e  saved  by 
us ing  one or  more of t h e  f o l l o w i n g  c o n t r o l  s t a t emen t s .  

SAVE FILES 
SAVE F I L E S  (GEAPFIL) 
SAVE FILES (VECTFIL) 
SAVE FILES (GRAPFIL,VECTFIL) 



GRAPHICS 0 ' 

.*, 
The f o l l o w i n g  s t a t e m e n t  can  be u s e d  t o  l o a d  t h e  G/F 

. > (GRAPFI L) and/or  V/F (VECTFIL) g r a p h i c s  f i l e s  t o  r e s t a r t  
t e x e c u t i o n  of t h e  GFAPHICS Pos tp roces so r .  
; ? 

LOAD FILES ( GRAPFIL ) 
(VErnFIL) 

The key-words GRAPFIL and VECTFIL can  be used  w i t h  t h e  o t h e r  LOAD 
FILES parameters  d e s c r i b e d  i n  s e c t i o n  200.3. 

The r e s p e c t i v e  t y p e s  of  g r a p h i c s  d a t a  g e n e r a t e d  by t h e  
c ~ u r e n t  ATLAS job  a r e  e i t h e r  added t o  t h e  p rev ious ly - saved  
g r a p h i c s  f i l e s  o r  t h e y  a r e  w r i t t e n  o n t o  new G/F and/or  V/F f i l e s .  
The g r a p h i c a l  d i s p l a y  d a t a  g e n e r a t ~ d  by the GRAPHICS 
P o s t p r o c e s s o r  a r e  dependent  on t h e  OFFLINE parameters  used  a s  
w e l l  a s  t h e  d i r e c t i v e s  used  d u r i n g  i n t e r a c t i v e  execut ion .  
Examples a r e  p r e s e n t e d  below t o  i l l u s t r a t e  v a r i o u s  t y p e s  of  
execution r e s t a r t  of  t h e  GRAEHICS P o s t p r o c e s s o r .  

sreate a V/F Correspondinq t o  a G / F  

The t ol lowing  two c o n t r o l  s t a t e m e n t s  c a n  be used t o  c r e a t e  a 
V/F f i l e  t h a t  co r r e sponds  t o  a p r e v i o u s l y  g e n e r a t e d  G/F f i l e .  

LOAD FILES (GRAPFIL) 
EXECUTE GRAPHICS (OFFLINE=ON) 

Note t h a t  o n l y  t h e  OFFLINE parameter  need be  i n c l u d e d  i n  t h e  
EXECUTZ GRAPHICS s t a t emen t .  I n  t h e  b a t c h  e x e c u t i o n  mode, a l l  
p l o t s  on t h e  G/F f i l e  would b e  w r i t t e n  o n t o  t h e  V/F f i l e .  I n  t h e  
i n t e r a c t i v e  mode, however, on ly  t h o s e  d i s p l a y s  i d e n t i f i e d  by t h e  
a p p r o p r i a t e  menu o p t i o n s  would be w r i t t e n  o n t o  t h e  V/F f i l e .  

C r e a t e  a V/F and P/F Cor re svond ins  t o  a G/F 

The f o l l o w i n q  t w o  c o n t r o l  s t a t e m e n t s  c a n  be used t o  c r e a t e  a 
V/F f i l e  and  a P / F  f i l e  t h a t  co r r e spond  t o  a p r e v i o u s l y  g e n e r a t e d  
G / F  file. 

LOAD FILES (GEAPFIL) 

EXECUTE GFAPHICS (OFFLINE- 

I n  t h e  b a t c h  mode, a l l  p l o t s  on t h e  C;/F f i l e  would be w r i t t e n  
o n t o  t h e  V/F and P/F  f i l e s .  I n  t h e  i n t e r a c t i v e  mode, however, 
o n l y  t h o s e  d i s p l a y s  i d e n t i f i e d  by t h e  a p p r o p r i a t e  menu o p t i o n s  
would k e  w r i t  t e n  on to  bo th  t h e  V/F and  t h e  P/F f i l e s .  



Create a P/F C o r r e s ~ o n d i n a  t o  a V ? F  

The t o l l o w i n q  t w o  c o n t r o l  s t a t e m e n t s  c a n  be used t o  c r e a t e  a  
P/F f il? c h a t  c o r r e s p o n d s  t o  a p r e v i o u s l y  g e n e r a t e d  VH8F f i l e .  

LOAD FILES (VECTFIL)  

EXECUTE GFAFHICS (OFFLINE= 

I n  t h e  ba+ch mode o r  i n  t h e  i n t e r a c t i v e  mode, all p l o t s  on t h e  
v/F file woul3 be w r i t t e n  o n t o  t h e  P/F f i l e  f o r  t h e  s e l e c t e d  
o f f l i n e  p l o - t i n q  dev i ce .  As no ted  p r e v i o u s l y ,  m u l t i p l e  P/F f i l e s  
t o r  ~ j l i f i j r e n t  p l o t t i r ~ q  d e v i c e s  can  be g e n e r a t e d  'Irom t h e  same V/F 
v i a  m u l t i y l ?  A T i A S  jobs .  

Gr.linn D i sp l av  of P l o t s  f rom a  G/F 

The t o l l o w i n g  two c o n t r o l  s t a t e m e n t s  c a n  be used t o  select 
p l o t s  trom a G/F f o r  d i s p l a y  on t h e  t e r m i n a l  s c r e e n  w i t h o u t  
c rea t i rq  t h e  V / F  and  P/F f i l e s .  S e l e c t i o n  of  p l o t s  is performed 
v i a  the i n t a r a c t i v e - q r a p h i c s  menu o p t i o n s .  

LOAD F I L E S  (GKAPFIL)  
'YECUT? G R A P H I C S  

Note t h a t  i n  this case, no parameters need be i n c l u d e d  i n  t h e  
GFAPII ICS s t a t  ernent. 



230 - 0  INTERACT FOSTPROCESSOR 

Priritout of the nodal, boundary condition and loadcase data 
associated w i t h  substructures, as defined by the interdct input 
data (sec. 130.0) , may be requested from the INTERACT 
Postprocessor as described i n  the next section. 



2 3 0 . 1  PRINT I N P U T  STATEMENT 

The f o l l o w i n g  s t a t e m e n t  i s  used t o  r e q u e s t  p r i n t o u t  o f  
t h e  s u b s t r u c t u r e  i n t e r a c t  d a t a  (sec. .130.0) .  

PRINT I N P U T  (INTERACT, P l i s t )  

The o p t i o n a l  pa rame te r s  fo r  P l i s t  a r e  a s  follows: 

SS=CATlist ATLAS l is t  o f  s u b s t r u c t u r e  numbers 
( i n t e g e r s )  f o r  which i n t e r a c t  d a t a  a r e  

t o  be p r i n t e d .  
Defaul t :  Warning. N o  p r i n t o u t  is 

gene ra t ed .  

Key-word t h a t  i n d i c a t e s  what t y p e  of  
i n t e r a c t  d a t a  i s  t o  be p r i n t e d  f o r  each 
of  t h e  s p e c i f i e d  s u b s t r u c t u r e s .  One 
or more of t h e  f o l l o w i n g  key-words may 
be used  i n  a s i n g l e  s t a t e m e n t .  

UQQgS--Nodal data 

CsgNECTIVITY - - I n t e r a c t i o n  nodes 

BC--Boundary c o n d i t i o n  d a t a  

RETAINS--A l i s t  o f  the o r d e r e d  r e t a i n e d  freedoms ---- 
and a list o f  t h e  i n t e r a c t e d  nodal 
f reedoms r e t a i n e d  v i a  t h e  INTERACT 
P r e p r o c e s s o r  

I,g_A-XASES--Load c a s e  l a b e l s  

D e f a u l t :  Warning. N o  p r i n t o u t  i s  
q en era+ ed . 

T h e  f o r e g o i n g  types of d a t a ,  except f o r  t h e  l i s t  of o r d e r e d  
r e t a i n s d  freedoms and LOADCASES, a r e  p r i n t e d  i n  i n t e r m 1  node- 
number order. 

co r r e spond inq  u s e r  node-numbers a s s o c i a t e d  wi th  t h e  lowest- 
l e v e l  s u b s t r u c t u r e s  t h a t  form s p e c i f i e d  n i g h e r - l e v e l  
s u b s t r u c t u r e s  are  also d i sp l ayed .  

XmsIiFACE Key-word that i s  applicable o n l y  f o r  
p r i n t i n g  o f  CONNECTIVITY and RETAINS 
d a t a ,  I f  t h i s  key-word i s  i n p u t  i , ~  
a d d i t i o n  t o  one  or b o t h  of t h e  key-words 



CONN and RETA, these  types of data are 
printed only for t h e  interacted nodes 
common t o  two or more substructures 
specif ied v i a  *SS,* 
Default: A l l  data i d e n t i f i e d  by t h e  

key-words CONN and RETA are 
printed for each substructure 
specified v ia  "SS." 



"a,. 
<.'llrp 

232 . 0 INTERPOLATION PROCESSOR 

The primary f u n c t i o n  of t h e  INTERPOLATION Processor  i s  
t o  t r ans fo rm v i b r a t i o n  modes a s  c a l c u l a t e d  by t h e  VIBRATION 
Processor  (sec. ?58.0) i n t o  an i n t e r p o l a t i o n  func t iona l -  
c o e f f i c i e n t  form. These c o e f f i c i e n t s  may be used by any of 
t h e  unsteady aerodynamics p rocessors  t o  o b t a i n  modal 
d isp lacements  a t  t h e  a p p r o p r i a t e  aerodynamic c o n t r o l  po in t s .  
A u s e r - s e l e c t e d  i n t e r p o l a t i o n  f u n c t i o n  is e s t a b l i s h e d  which 
r e l a t e s  modal d isp lacements  c a l c u l a t e d  f o r  r e t a i n e d  k inemat ic  
degrees-of-freedom (see sec. 106.0) t o  displacements  of 
aerodynamic c o n t r o l  po in t s .  

The INTERPOLATION Processor  can a l s o  g e n e r a t e  i n t e r p l a t i o n  
c o e f f i c i e n t s  i n  t h e  absence of v i b r a t i o n  modes by d e f i n i n g  u n i t -  
displacement  modes a s s o c i a t e d  wi th  s e l e c t e d ,  r e t a i n e d  k inemat ic  
degrees-of -f reedom. The r e s u l t i n g  modes, genera ted  by t h e  I1A1C 
op t ion@# of t h i s  processor ,  a r e  b a s i c a l l y  vibratimn-mode 
s u b s t i t u t e s .  Furthermore, mode shapes  may be genera ted  by t h e  
INTERPOLATION Processor  v i a  u s e r - s p e c i f i e d  polynomial terms. 

I n t e r p o l a t i o n  f u n c t i o n a l  c o e f f i c i e n t s  genera ted  by any 
of the opt ions  d i scussed  below may be used s ~ o s e q u e n t l y  by one 
or more of t h e  unsteady aerodynamics p rocessors .  The fo l lowing 
method of a n a l y s i s  is r e q u i r e d  f o r  t h e s e  purposes.  

a )  The a n a l y s i s  frames of t h e  r e t a i n e d  k inemat ic  degrees-  
of-freedom must be r e c t a n g u l a r  x-y-z t r i a d s  o r i e n t e d  
such t h a t  t h e  x -ax i s  is p a r a l l e l  t o  t h e  f ree- f low 
s t r e a m l i n e s  and e i t h e r  t h e  y-axis  or t h e  z-axis  is 
normal t o  t h e  corresponding l i f t i n g  s u r f a c e s  de f ined  
v i a  t h e  aeroaynamics da ta .  

b) Regions a s s o c i a t e d  wi th  one or more r e t a i n e d  nodes 
must be de f ined  v i a  s u b s e t s  of r e t a i n e d  nodes by t h e  
SUBSET-DEF INITIQ!J Preprocessor  (sec. 156.0) . I f  
s t r u c t u r a l  v i b r a t i o n  modes a r e  e s s e n t i a l  t o  t h e  s e l e c t e d  
i n t e r p o l a t i o n  f u r c t i o n ,  corresponding subse t  mode- 
m a t r i c e s  must h e  c a l c u l a t e d  by t h e  VIBRATION Processor  
(sec. 258.0). 

C) I n t e r p o l a t i o n - f u n c t i o n  caef  f  i c i e n t  (IFC) m a t r i c e s  a r e  
genera ted  by t h e  INTERPOLATION Processor  based on t.he 
s e l e c t e d  i n t e r p o l l t i o n  method for t h e  s u b s e t s  of 
r e t a i n e d  nodes. 

d)  An IFC matr ix  i s  a s s o c i a t e d  wi th  each  aerodynamic 
s u r f  a c e  of t h e  model v i a  t h e  #@Modal Data Subset#@ i n p u t  



aerodynamics da ta .  A p a r t i c u l a r  IFC matr ix  may be 
a s s o c i a t e d  wi th  one or more aerodynamic s u r f  aces ,  
Reference s e c t i o n s  104.0, 116.0. 136.0 ana 150.0. 

Five i n t e r p o l a t i o n  m c t h d s  g e n e r a l l y  r e fe renced  a s  s u r f a c e  
s p l i n e ,  motion a x i s ,  motion po in t ,  polynomial and beam s p l i n e  
a r e  a v a i l a b l e .  Each of  t h e s e  methods is  d i s c u s s e d  b r i e f l y  
below. 

a )  Surf  a c e  s p l i n e  (SURFSPLINE) --The i n p u t  modal 
d isp lacements  must be a s s o c i a t e d  w i t h  a s u b s e t  of 
r e t a i n e d  nodes t h a t  do n o t  l i e  a long  a s t r a i g h t  Line 
but  whirh d e f i n e  a p l a n a r  o r  nea r ly -p lanar  s u r f a c e .  
For b e s t   result.^, t h e  nodes shou-d be evenly d i s t r i b u t e d  
over  t h e  sur--ace such t h a t  l i t t l e  e x t r a p o l a t i o n  is  
requ i red .  The i n p u t  d isp lacements  a r e  i n t e r p o l a t e d  
t o  a r b i t r a r i l y - l o c a t e d  p o i n t s  by a n  i n t e r p o l a t i o n  
f u n c t i o n  based on t h e  s m a l l - d e f l e c t i o n  bending-equation 
of  a c i r c u l a r ,  uniform-thickness,  t h i n  p l a t e  of i n f i n i t e  
r a d i u s  simply-supported a long  i ts  per iphery  (ref. 232- 
1 )  

b) Motion a x i s  (MOTIONAX1 S) --The i n p u t  modal d isp lacements  
must be a s s o c i a t e d  wi th  a s u m e t  of t w o  o r  more r e t a i n e d  
nodes t h a t  l i e  i n  a plane. A cub ic  curve  i s  passed 
through t h s s e  r e t a i n e d  nodes t o  d e f i n e  a motion a x j , ~  
(e.q. ,  tite e l a s t i c  a x i s  of a h igh-aspec t - ra t io  wing 
o r  t h e  hinge l i n e  of an aerodynamic c o n t r o l  s u r f a c e ) .  
For b e s t  r e s u l e s ,  t h e  d isplacement  nodes should  l i e  
on o r  c l o s e  to  t h e  ax i s .  A motion a x i s  may be definfzd 
such t h a t  it i s  (1) p a r a l l e l  t o  t h e  x-axis ,  (2) s t r i c t l y  
i n c r e a s i n g  i n  t h e  y - d i r e c t i o n  w i t h i n  t h e  x-y p lane  
a r  ( 3 )  s t r i c t l y  i n c r e a s i n g  i n  t h e  z - d i r e c t i o n  w i t h i n  
the x-z plane. Displacements a t  i n t e r m e d i a t e  p o i n t s  
on t h e  motion a x i s  a r e  c a l c u l a t e d  by us ing  a c ?.ibic 
s p l i n e  based on t h e  inpu t  displacements .  Displacements 
a t  p o i n t s  not  on t h e  de f ined  a x i s  a r e  c a l c u l a t e d  by 
l i n e a r  e x t r a p o l a t i o n  of t h e  a x i s  displacements .  Inpu t  
modal components may i n c l u d e  z - a x i s  t r a n s l a t i o n  and 
r o t a t i o n s  about  t h e  x-axis  and y-axis  or t h e y  may 
i n c l u d e  y-axis  t r a n s l a t i o n  and r o t a t i o n s  about  t t ~ e  
x-ax i s  and z-axis. To i l l u s t r a t e  t h e  MOTIQNAXIS 
i n t e r p o l a t i o n  method, c o n s i d e r  t h e  h igh-aspec t - ra t io  
winq i l l u s t r a t e d  i n  f i g u r e  232-1, where it i s  assumed 
t h a t  t h e  s u r f a c e  l i es  i n  +he x-y a n a l y s i s  frame. 



Fiquro  232-1. Motion-Axis D e f i n i t i o n  

undar  y 

The motion a x i s  is d e f i n e d  by t h e  r e t a i n e d  nodes A, 
E, C and  D. An i n t e r p o l a t i o n  r e g i o n  i s  a s s o c i a t e d  
w i t h  each segment of  t h e  a x i s .  Each r e g i o n  boundary 
i s  d 2 f i n e d  by a p l a n e  which is p e r p e n d i c u l a r  t o  t h e  
x-y p l a n e  and which i n t e r s e c t s  t h e  x-z p l a n e  a t  a u s e r -  
d e f i n e d  a n g l e  ( e . g . ,  0 as shown i n  f i g u r e  232-1). 
Displacements  a t  a n  a r b i t r a r y  o u t p u t  p o i n t  on the 
planform, such  a s  p o i n t  I i n  t h e  f i g u r e ,  a r e  c a l c u l a t e d  
i n  t h e  fo l lowing  manner: 

1 )  the o u t p u t  p o i n t  I i s  a s s o c i a t s d  wi th  a p a r t i c u l a r  
r e g i o n  ( a x i s  s egmen t ) - - r eg ion  BC. I f  I f a l l s  w i t h i n  
more t h a n  one r e g i o n ,  f o r  the c a s e  when t h e  a x i s  
i s  s t r i c t l y  i n c r e a s i n g  i n  the y - d i r e c t i o n ,  I i s  
a s s o c i a t e d  w i t h  t h e  r e g i o n  d e f i n e d  by t h e  sml l f s t  
y -coord ina t e ;  

2 )  the i n t e r s e c t i o n  p o i n t  o f  t h e  bounda r i e s  of  t h e  
particular r e q i o n  i s  de te rminedo-poin t  E; 

3 )  p o i n t  I i s  connec ted  t o  E by a s t r a i g h t  l i n e .  The 
p lane  which  i s  p e r p e n d i c u l a r  t o  t h e  x-y p l a n s  and 
w h i c h  c o n t a i n s  l i n e  I-E i n t e r s e c t s  t h e  B-C segment 
a t  p o i n t  K ;  

4 )  t h e  three disp lacem3nt  components a t  K a r e  c a l c u l a t e d  
v i a  a c u b i c  s p l i n e  o v s r  t h e  ax is -segment  B-C; 



5) t h e  d i sp l acemen t s  a t  K are l i n e a r l y  e x t r a p o l a t e d  
t o  p o i n t  I. 

I f  t h e  r e g i o n  bounda r i e s  a s s o c i a t e d  with t h e  o u t p u t  
p o i n t  a r e  p a r a l l e l ,  t h e  o u t p u t  point is p r o j e c t e d  o n t o  
t h e  a x i s ,  p a r a l l e l  t o  the boundary p l anes .  For  this 
c a s e ,  t h e  f o r e g o i n g  s t e p s  (2)  and (3) are omi t t ed .  
Thus, p o i n t  L i n  f i g u r e  232- 1, is projected o n t o  t h e  
a x i s  t o  d e f i n e  p o i n t  M. S t e p s  (4) and  (5) a r e  t h e n  
used t o  c a l c u l a t e  t h e  d i s p l a c e m e n t s  a t  p o i n t  L. 

Disp lacements  a t  an o u t p u t  p o i n t  o u t s i d e  o f  a  r e g i o n  
boundary a r e  c a l c u l a t e d  by e x t r a p o l a t i n g  t h z  a x i s  
d i s p l a c e m e n t s  a s s o c i a t e d  with t h e  closest r eg ion .  
These  d i s p l a c e m e n t s  a r e  t h e n  l i n e a r l y  e x t r a p o l a t e d ,  
p a r a l l e l  t o  t h e  closest r e g i o n  boundary, t o  t h e  o u t p u t  
p o i n t .  

I n  g e n e r a l ,  it is u n d e s i r a b l e  t o  d e f i n e  r e g i o n  
bounda r i e s  t h a t  i n t e r s e c t  a t  a  p o i n t  w i t h i n  t h e  r e g i o n  
o f  o u t p u t  p o i a t s .  T h i s  m y ,  f o r  example,  r 3 s u l t  i n  
s t r eamwise  d i s c o n t i n u i t i e s  i n  t h e  i n t e r p o l a t e d  v i b r a t i o n  
modes used by t h e  aerodynamics  p roces so r s .  

c) Motion p o i n t  (MOTIONPT) --The i n p u t  modal d i s p l a c e m e n t s  
ara a s s o c i a t e d  w i t h  t h e  degrees-of-freedom o f  a s i n g l e  
r e t a i n e d  node i n c l u d e d  i n  a  node s u b s e t .  These  
d i s p l a c e m e n t s  a r s  e x t r a p o l a t e d  l i n e a r l y  t o  d e f i n e  t h e  
motion of o t h e r  s e l e c t e d  p o i n t s .  The i n t e r p o l a t i o n  
f u n c t i o n  is a r iq id-body motion t r a n s f o r m a t i o n .  

d )  Polynomial (POLYNOMIAL)--The i n t e r p o l a t i o n  f u n c t i o n  
i s  a polyiiomial o f  deq ree  0 t o  5 i n  x and y w i t h  
c o e f f i c i e n t s  s p e c i f i e d  by t h e  u s e r .  Each polynomial  
d e f i n e s  a mode i g e n e r a l i z e d  c o o r d i n a t e ) .  

e) Be.3m s p l i n e  (BEAMSPLINE) - -The i n p u t  modal d i s p l a c e m e n t s  
must be a s s o c i a t e d  w i t h  a s u b s e t  o f  r e t a i n e d  nodes  
that l i e  i n  a  p l a n a r  or n e a r l y - p l a n a r  s u r f a c e .  S u b s e t s  
of t h e s e  r e t a i n e d  nodes a r e  used  to  d e f i n e  a l a t t i c e  
of beams comprised of two o r  more c u b i c  cu rves .  For 
b e s t  r e s u l t s ,  + h e  beams shou ld  be  s t r a i g h t .  or  n e a r l y -  
s t r a i y t l t  and t h e y  shou ld  be e v e n l y  d i s t r i b u t e d  o v e r  
t h e  s u r f a c e .  Over lapped  beams s h o u l d  be avoided.  
Each beam i s  g e n e r a t e d  such  t h a t  it is e i t h s r  (1)  
s t r i c t l y  i n c r e a s i n g  i n  t h e  y - d i r e c t i o n  w i t h i n  t h e  x- 
y  plan^ o r  ( 2 )  s t r i c t l y  i n c r e a s i n q  In t h e  z - d i r e c t i o n  
w i t h i n  t h e  x-z plane .  Only the d i s p l a c e m e n t s  a t  t h e  
nodes used t o  d e f i n e  t h e  h a m s  a r e  used i n  t h e  
i n t e r p o l a t i o n  p roces s .  Disp lacements  a t  i n t 9 r m e d i a t e  



po in t s  on a beam are c a l c u l a t e d  by using a cubic  s p l i n e  
based on d i s t ance  along the beam. Displacements a t  
po in t s  not  on a def ined beam are ca l cu l a t ed  by l i n e a r  
ex t r apo la t ion  of t h e  curve displacements. Input  modal 
components may inc lude  z-axis t r a n s l a t i o n  and o p t i o n a l l y  
t h e  r o t a t i o n s  about the x-axis and y-axis o r  t hey  may 
inc lude  y-axis t r a n s l a t i o n  and op t iona l ly  t h e  r o t a t i o n s  
about t h e  x-axis and z-axis. 



232.1 EXEUlTE INTERPOLATIOh STATEMENT . 

The f o l l o w i n g  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  o f  t h e  
INTERPOLATION Processor .  P r e v i o u s  e x e c u t i o n  of t h e  VIBRATION 
Processor is r e q u i r e d  f o r  g e n e r a t i o n  o f  s u b s e t  mode-matr ices  
i f  i n t e r p o l a t i o n  f u n c t i o n  c o e f f i c i e n t s  a r e  t o  b e  g e n e r a t e d  from 
v i b r a t i o n  node shapes  via t h e  SURFSPLINE, HOTIONAXIS, MOTIONPT 
or BEAMSPLINE i n t e r p o l a t i o n  f u n c t i o n .  

EXECUTE INTEEPOWTION ( P l i s t )  

The o r d e r  i n  which t h e  p a r a m e t e r s  a r e  p r e s e n t e d  below 
is t h e  same o r d e r  i n  which t h e y  must b e  s p e c i f i e d  w i t h i n  P l i s t .  

The v i b r a t i o n  set number ( i n t e g e r )  
i d e n t i f y i n g  t h e  s t r u c t u r a l  model b e i n g  
a n a l y z e d  (see EXECUTE VIBRATION 
s t a t e m e n t ;  sec. 258.0) . T h i s  pa rame te r  
i s  n o t  a p p l i c a b l e  when t h e  AIC or the 
POLYNOMIAL o p t i o n s  are used. 
D e f a u l t  : VSET= 1 

C o e f f i c i e n t s  a s s o c i a t e d  w i t h  a s e l e c t e d  i n t e r p o l a t i o n  
f u n c t i o n ,  a s  c a l c u l a t e d  by t h e  INTERPOLATION Proces so r ,  are 
based on e i t h e r  a )  t h e  n a t u r a l ,  coupled ,  v i b r a t i o n  mode-shapes 
( g e n e r a l i z e d  d i sp l acemen t s )  or b) an i d e n t i t y  m a t r i x  a s s o c i a t e d  
w i t h  un i t -d i sp l acemen t  g e n e r a l i z e d  c o o r d i n a t e s  selected v i a  
t h e  A I C  key-word p r e s e n t e d  below. Both t y p e s  o f  g e n e r a l i z e d  
d i s p l a c e m e n t s  a r e  a s s o c i a t e d  w i t h  s e l e c t e d ,  r e t a i n e d  k i n e m a t i c  
freedoms. S u b s e t s  o f  r e t a i n e d  nodes are d e f i n e d  v i a  t h e  SUBSET- 
DFFINITION P r e p r o c e s s o r  (sec. 156.0) . 

AIC< =Nxxx> T h i s  parameter  d e n o t e s  t h a t  t h e  u n i t -  
d i sp l acemen t  g e n e r a l i z e d  c o o r d i n a t e s  
a s s o c i a t e d  w i t h  t h e  s u b s e t  of r e t a i n e d  
k i n e m a t i c  freedoms Nxxx are t o  b e  used  
t o  c a l c u l a t e  t h e  i n t e r p o l a t i o n  f u n c t i o n a l  
c o e f f i c i e n t s .  
Defau l t :  I f  Nxxx is  n o t  s p e c i f i e d  by 

t h i s  parameter ,  t h e  a r r a y  of 
f reedoms t o  be used  t o  c a l c u l a t e  
t h e  i n t e r p o l a t i o n  c o e f f i c i e n t s  
is d e f i n e d  by t h e  f o l l o w i n g  
"Nxxxn parameter .  U s e  o f  t h e  
f o l l o w i n g  I*Nxxxn pa rame te r  
p e r m i t s  s e v e r a l  sets o f  
i n t e r p o l a t i o n  c o e f f i c i e n t s  
t o  be used t o  b u i l d  a n  a r r a y  
of aerodynamic i n f l u e n c e  



c o e f f i c i e n t s  v i a  t h e  aerodynamic 
processors .  

Defaul t  : V i b r a t i o n  mode shapes  genera ted  
p r e v i o u s l y  by t h e  VIBRATION Processor  
for t h e  s p e c i f i e d  VSET a r e  used. 

~ x x x  = ~ y  pe 
Nxxx=(Type,Name) Nxxx is t h e  name of a node s u b s e t  d e f i n e d  

p r e v i o u s l y  v i a  t h e  SUBSET-DEFINITION 
Preprocessor  u n l e s s  t h e  POLYNOMIAL 
o p t i o n  is  used. I n  t h i s  case ,  t h e  1 
t o  3 d i g i t s  xxx are used only  t o  form 
t h e  name of t h e  c a l c u l a t e d  i n t e r p o l a t i o n -  
c o e f f i c i e n t  m a t r i x  (see "Namen below) . 
A s u b s e t  mode-matrix must have been 
p r e v i o u s l y  e x t r a c t e d  by the VIBRATION 
Processor  f o r  t h e  r e t a i n e d  nodes 
a s s o c i a t e d  w i t h  Nxxx u n l e s s  t h e  AIC 
and/or  POLYNOMIAL o p t i o n s  a r e  used. 

Type--A key-word or e q u i v a l e n t  i n t e g e r  which 
i d e n t i f i e s  t h e  t y p e  of i n t e r p o l a t i o n  
funct ion:  

Key- Word -- --- 
SURFSPLINE 
MOTIONAXIS 
POLYNOMIAL 
HOTIONPT 
BEAMSPLINE 

Caution: Only one type of i n t e r p o l a t i o n  
f u n c t i o n  can  be used w i t h  
t h e  AIC opt ion .  

Name--A 1 t o  7 -charac te r  alphanumeric name 
t o  be ass igned  t o  t h e  i n t e r p o l a t i o n -  
c o e f f i c i e n t  User Matr ix  (See sec. 200.0). 
I f  "Namen is s p e c i f i e d ,  t h e  i n d i c a t e d  
p a i r  of p a r e n t h e s e s  must be punched. 
The s e l e c t e d  name is used as a n  i n p u t  
i t e m  w i t h i n  t h e  "Modal Data Subset"  
a s s o c i a t e d  w i t h  each of t h e  uns teady 
aerodynamics d a t a  sets, 
Default :  The i n t e r p o l a t i o n - c o e f  f i c i e n t  

ma t r ix  is ass igned  t h e  name 
Cxxx where xxx is  t h e  
corresponding node s u b s e t  



number, z e r o - f i l l e d  a n d  r i g h t -  
a d j u s t e d .  Thus, c O l O  i s  
g e n e r a t e d  f o r  N10 and ClOO 
i s  g e n e r a t e d  f o r  ~ 1 0 0 .  

one  o f  t h e  i n p u t  fo rms  o f  t h i s  parameter ,  
Nxxx=l)rpe or Nxxx= (Type,Name) , must 
be s p e c i f i e d .  Both forms  may be used  
i n  a s i n g l e  s t a t e m e n t .  1mmediat.ely 
f o l l o w i n g  e a c h  "Nxxxtl parameter ,  a set  
of a d d i t i o n a l  p a r a m e t e r s  associated 
w i t h  t h e  s e l e c t e d  t y p e  of i n t e r p o l a t i o n  
f u n c t i o n  must b e  s p e c i f i e d  a s  d i s c u s s e d  
below. 

The "Typet8 need n o t  b e  s p e c i f i e d  
e x p l i c i t l y  f o r  t h e  second  or  subsequen t  
p a r a m e t e r s  o f  t h i s  t y p e  i n  a  s t a t e m e n t .  
Thus, pa rame te r s  of  t h e  form Nxxx=(, 
Name) or j u s t  Nxxx d e n o t e  t h a t  t h e  
i n t e r p o l a t i o n  f u n c t i o n  t y p e  f o r  t h i s  
Nxxx is t h e  same a s  t h e  l a s t  s p e c i f i e d  
"Type . 

Defaul t :  Error. Execu t ion  i s  t e r m i n a t e d .  

The f o l l o w i n g  pa rame te r  is r e q u i r e d  a f t e r  t h e  "Nxxxn 
pa rame te r  i f  t h e  SURFSPLINE, MOTIONAXIS, MOTIONPT or BEAMSPLINE 
i n t e r p o l a t i o n  f u n c t i o n  is selected. 

DOF= xyzxyz The code x y z g ~  i s  a  1 t o  6 d i g i t  i n t e g s r  
d e n o t i n g  which r e t a i n e d  freedoms 
a s s o c i a t e d  w i t h  s u b s e t  nNxxxl t  a r e  t o  
be e x p r e s s e d  v i a  t h e  s e l e c t e d  
i n t e r p o l a t i o n  f u n c t i o n .  Each d i g i t  
i n  t h i s  code i s  set  t o  0 o r  1 d e n o t i n q  
whether  t h e  x -ax i s  t r a n s l a t i o n ,  y -ax i s  
t r a n s l a t i o n ,  z - a x i s  t r a n s l a t i o n ,  x-axi .  
r o t a t i o n ,  y - a x i s  r o t a t i o n  and z - a x i s  
r o t a t i o n ,  r e s p e c t i v e l y ,  are t o  be 
inc luded .  A one i n d i c a t e s  t h e  
co r r e spond ing  degree-of  - f  reedom is t o  
b e  inc luded ,  whereas  a  z e r o  i n d i c a t e s  
t h e  freedom is  not  t o  be  inc luded .  
Leftmost ze ro -va lue  d i g i t s  of t h i s  code 
need no t  be  i n p u t .  

The number and t y p e  of freedoms which 
may be deno ted  by DOF depends on t h e  
s e l e c t e d  type of i n t p r p o l a t i o n  f u n c t i o n .  



INTERPOLATION 

I n  a l l  c a s e s ,  a t  l e a s t  one  freedom must 
be selected. One to  6 freedoms may 
be selected f o r  p rocess ing  by t h e  
HOTIONPT func t ion ,  whereas only I o f  
t h e  6 freedoms may be s e l e c t e d  f o r  
p rocess ing  by the SURFSPLINE func t ion .  
One, 2 or 3 freedoms may be expressed  
by t h e  MOTIONAXIS or BEAMSPLINE f u n c t i o n s  
v i a  one of  t h e  fo l lowing  combinations: 
a )  t h e  y-axis t r a n s l a t i o n  or t h e  z - a x i ~  
t r a n s l a t i o n ,  b) t h e  y-axis  t r a n s l a t i o n  
and one o r  bo th  of t h e  x and z - a x i s  
r o t a t i o n s ,  c) t h e  z -ax i s  t r a n s l a t i o n  
and one or both  of t h e  x and y-axis  
r o t  a t  ions.  The MOTIONAXIS f u n c t i o n  
may also be used w i t h  any one of t h e  
t h r e e  r o t a t i o n  freedoms. An x -ax i s  
t r a n s l a t i o n  may n o t  be s e l e c t e d  for 
p rocess ing  by t h e  MOTIONAXIS or 
BEAMSPLINE func t ion .  

Default:  If t h e  DOF parameter i s  n o t  
i n p u t  immediately a f t e r  a n  
nNxxx18 parameter  which s p e c i f i e s  
e i t h e r  t h e  SURFSPLINE, 
MOTIONAXIS, MOTIONPT o r  
BERMSPLINE func t ion ,  e x e c u t i o n  
is te rminated .  

The fo l lowing t w o  parameters  (DEFNPTS and ANGLES) a r e  
r e q u i r e d  a f t e r  t h e  DOF parameter  on ly  i f  t h e  MOTIONAXIS f u n c t i o n  
i s  s e l e c t e d .  

DEFNPTS= (Nodel, Node2, . . . , Noden) 
A l i s t  of 2 t o  26 u s e r  node numbers 
which d e f i n e  a  motion a x i s .  These nodes . 
must a l l  have been ass igned  t h e  same 
x-y-z r e c t a n g u l a r  a n a l y s i s  frame; t h e y  
must have been r e t a i n e d  and t h e y  must 
be inc luded  i n  s u b s e t  *Nxxx.'I These 
nodes must a11 l i e  e i t h e r  i n  t h e  x-y 
plane  or i n  t h e  x-z plane. The motion 
a x i s  is genera ted  by pass ing  a ctibic 
s p l i n e  through t h e s e  nodes. The nodes 
a r e  connected i n  t h e  o r d e r  of s t r i c t l y  
i n c r e a s i n g  y-coordinates  or s t r i c t l y  
i n c r e a s i n q  z-coordinates .  I f  more than 
one node i n  t h e  l i s t  has  t h e  same y- 
coord ina te ,  execut ion  i s  te rmina ted  



u n l e s s  a l l  t h e  nodes have t h e  same y- 
coordinate .  
Default:  Error .  Execution is terminated .  

ANGLES= (al ,  a2, ... , an)  
A list of 2 t o  13 a n g l e s  i n  degrees  
measured accord ing  t o  t h e  r i g h t -  hand 
r u l e  r e l a t i v e  t o  t h e  a x i s  normal t o  
t h e  su r face .  These a n g l e s  d e f i n e  t h e  
motion-axis r e g i o n  boundar ies  a t  each 
of t h e  a x i s - d e f i n i t i o n  p o i n t s  s p e c i f i e d  
v i a  DEFNPTS. The sequence and number 
of items i n  t h i s  l is t  must correspond 
w i t h  t h e  sequence and number of  items 
i n  t h e  DEFNPTS list. 
Default:  I f  t h e  motion a x i s  i s  s t r i c t l y  

i n c r e a s i n g  i n  t h e  y -d i rec t ion ,  
a boundary t h a t  is  perpend icu la r  
t o  t h e  a x i s  is d e f i n e d  f o r  
each curve  segment a t  t h e  
segment d e f i n i t i o n  p o i n t  with 
t h e  g r e a t e s t  y coord ina te .  
The boundary through t h e  node 
w i t h  t h e  s m a l l e s t  y c o o r d i n a t e  
is p a r a l l e l  t o  t h e  x-axis.  
I f  t h o  a x i s  l ies i n  t h e  x-z 
plane ,  z c o o r d i n a t e s  a r e  used 
s i m i l a r l y  t o  t h e  y c o o r d i n a t e s  
i n  t h e  foregoing.  I f  t h e  
motion a x i s  is p a r a l l e l  t o  
t h e  x-axis ,  boundaries  a r e  
d e f i n e d  through t h e  d e f i n i t i o n  
p o i n t s  such t h a t  they a r e  
pe rpend icu la r  t o  t h e  a x i s .  

Caution: I f  a r e g i o n  boundary i s  l o c a t e d  
so t h a t  i t  does  no t  c r o s s  t h e  
motion a x i s  a t  t h e  d e f i n i t i o n  
p o i n t ,  execu t ion  is terminated .  

Example : DEFNPTS= (1,9,5,16) , 
ANGLES=(O.,-30.,30.,0.) (see 
t h e  fo l lowing  sketch)  

x -- - - R e g i o n  B o u n d a r y  



INTERPOLATION 

I f  t h e  POLYNOMIAL o p t i o n  is  selected and t h e  A I C  key-word 
i s  no t  inpu t ,  t h e  fo l lowing sequence of  parameters  is r e q u i r e d  
a f t e r  t h e  Wxxxn parameter. 

MODE, A i  j =c, . . . The key-word MODE denotes  t h a t  t h e  
p o l y n m i a l  terms fol low. Each polynomial 
(mode) is comprised of  terms of t h e  
form cxi yj . The powers and c o e f f i c i e n t  
o f  each t e r m  a r e  s p e c i f i e d  by a parameter 
of t h e  form " A i j = c n  where 0 I i and 
j 5 5 such t h a t  (i+j) 5 5. This  
parameter " A i  j=cw may be repea ted  t o  
s p e c i f y  one complete polynomial. The 
sequence of parameters  *MODE, A i j = c , . . .  II 

may be repea ted  t o  d e f i n e  a maximum 
of 21 polynon~ia ls .  The u se r  i s  
caut ioned,  however, t h a t  P l i s t  may 
con t a in  a maximum of 28 parameters.  
Default:  Error. Execution is  terminated.  

Example: I f  t h e  sequence of parameters  

i s  s p e c i f i e d ,  two polynomial 
modes, expressed a s  @@mi"  and 
"m2W below, are generated.  

I f  the A I C  key-word i s  i n p u t  and t h e  POLYNOMIAL f u n c t i o n  
i s  s e l ec t ed ,  2 1 polynomials (modes) a r e  genera ted  au toma t i ca l l y  
from the te rms of  a gene ra l  f i f t h -deg ree  polynomial. The 
c o e f f i c i e n t  of each term of each polynomial is one. 

The fo l lowing parameter (BEAMxx) i s  r equ i r ed  a f t e r  t h e  
DOF parameter only  i f  t h e  BEAMSPLINE f unc t i on  is se l ec t ed .  

(Nxxx: NYYY , 1 
N x x x  TO Nyyy 

Each beam t o  be used i n  c a l c u l a t i n g  t h e  
BEAMSPLINE i n t e r p o l a t i o n  c o e f f i c i e n t s  is 
desc r ibed  v i a  a subse t  of r e t a i n e d  s t i f f n e s s  
nodes de f ined  p rev ious ly  v i a  t h e  SUBSET- 
D E F I N I T I O N  Preprocessor  (sec. 156.0) , 
A beam i s  generated f o r  each s p e c i f i e d  



node s u b s e t  by p a s s i n g  a cub ic  s p l i n e  
through t h e  nodes i n  t h e  o rde r  of s t r i c t l y  
i n c r e a s i n g  y or z coord ina tes .  S u b s e t s  
may be i d e n t i f i e d  by any combination of 
t h e  t w o  opt ions .  The A s t e r i s k  Name Option 
(see sec. 200.0) may be used t o  i d e n t i f y  
subse t s .  The c h a r a c t e r s  "xxn i n  BEAMxx 
a r e  used t o  s p e c i f y  how a beam may be used 
i n  e x t r a p o l a t i n g  displacements .  "xx8@ is  
e i t h e r  blank or i s  comprised of 1 o r  2 
let ters  a s  fol lows:  

blank--The beam may n o t  be used f o r  e x t r a p o l a t i o n  
I--Only inboard  e x t r a p o l a t i o n  allowed 
O--Only outboard  e x t r a p o l a t i o n  allowed 

10--Inboard and outboard  e x t r a p o l a t i o n  al lowed 

This  parameter  i s  r e p e a t e d  t o  d e f i n e  a l l  
beams r e q u i r e d  f o r  i n t e r p o l a t i o n .  The 
u s e r  i s  caut ioned t h a t  P l i s t  may c o n t a i n  
a maximum of 28 parameters .  A l l  of t h e  
nodes inc luded i n  t h e  s p e c i f i e d  s u b s e t s  
must b e  conta ined i n  t h e  node s u b s e t  
i d e n t i f i e d  by t h e  "Nxxx=Typetl parameter. 
Any modal d isp lacements  n o t  a s s o c i a t e d  
w i t h  t h e  beams a r e  ignored. 

Default :  Error. Execution is terminated .  

Example: The f o l l w i n g  parameters  d e f i n e  t h e  beams 
i l l u s t r a t e d  i n  t h e  s k e t c h  below, 

I \ - a- P e k . - A - -  
(BEAM[) (BEAM) (MALI) \ 

\ 

I 



234.0 LOADS MODULES 

A l l  l o a d s  i npu t  t o  an  AmAS s t r u c t u r a l  model must be 
prepared b y  t h e  LOADS Processor  p r i o r  t o  assembling t h e  l oads  
and s p e c i f i e d  displacement mat r i ces  v i a  t h e  MERGE Processor  
(sec, 242.0) . The LOADS Processor  (sec. 234.2) performs t h e  
fo l lowing  functions:  

a )  Processes  t h e  nodal  l oads  a s  s p e c i f i e d  by t h e  l oads  
da ta  (sec. 134.0). 

b) Processes  t h e  nodal  displacements a s  s p e c i f i e d  f o r  
supported nodal  freedoms v i a  t h e  boundary cond i t i on  
d a t a  (sec. 106.0) and/or the l o ads  data.  

C) Generates equ iva l en t  nodal  l oads  f o r  e lement -d i s t r ibu ted  
load ings  a s  de f ined  by t h e  l oads  data.  Cons i s t en t  
nodal loads  a r e  c a l c u l a t e d  f o r  BRICK elements,  whereas 
s t a t i c a l l y  equ iva len t  loads  a r e  c a l c u l a t e d  f o r  a l l  
o t h e r  element t ypes  ( re f .  234-1). 

d) Ca lcu la tes  nodal l oads  and i n i t i a l  stresses f o r  t h e  
rmdal and element thermal  l o a d s  s p e c i f i e d  by t h e  loads  
data. 

e) Calculates equ iva len t  nodal l oads  f o r  i n e r t i a l  f o r c e s  
caused by rigid-body r o t a t i o n s  a s  de f ined  by t h e  loads  
da ta .  

Groups of inpu t  loads  a r e  i d e n t i f i e d  by a use r - se lec ted  
load  ca se  l abe l .  Mul t ip le  groups of loads  i d e n t i f i e d  w i th  t h e  
same l a b e l  a r e  processed a s  a s i n g l e  load  case. A T 1  i n p u t  l o a d j  
a s s o c i a t e d  wi th  a load  case a r e  c u m l a t i v e .  The use r  has  t h e  
o ~ t i o n  v i a  t h e  EXECUTE LOADS s ta tement  t o  r e t a i n  s e l e c t e d  t ypes  . 
of loads  f o r  loads  and s t r e s s  processinq.  

P r in tou t  of t h e  i n p u t  nodal and e lement -d i s t r ibu ted  f o r c e s ,  
s p e c i f i e d  temperature  i n c r e r e n t s  and s p e c i f i e d  r o t a t i o n a l  
k inemat ics  may be reques ted  v i a  t h e  s t a tement  d iscussed i n  
s e c t i o n  234.1. P r i n t o u t  of t h e  cumulated app l i ed  nodal l oads  
and t o t a l  appl ied- load r e s u l t a n t s  may be reques ted  v i a  t h e  
s t a t e ~ i e n t  d iscussed i n  s e c t i o n  234.3. 



2 3 4 . 1  PRINT I N P U T  STATEMENT 

The fo l lowinq s ta tement  is  used to  r e q u e s t  p r i n t o u t  of 
selected load case d a t a  (sec. 134.0). S t r u c t u r a l  models f o r  
which loads  d a t a  are t o  be p r i n t e d  are i d e n t i f i e d  by e i t h e r  
a s t i f f n e s s  da t a - s e t  number and boundary-condition s t a q e  number 
o r  a lowes t - l eve l  s u b s t r u c t u r e  number. Only one of t h e  
i d e n t i f i e r  t y p e s  (SET/STAGE o r  SS descr ibed  below) may be used 
i n  a s i n q l e  s tatement.  

I PRINT INPUT (LOACS, P l i s t )  

L i s t  of c ~ t r o n a l  parameters f o r  P l i s t :  

Loadtype 

The s t i f f n e s s  d a t a  set number 
( in teqer )  f o r  which loads  da ta  a r e  
t o  be p r in ted .  
Default  : SET= 1 

A boundary cond i t i on  s t a g e  number 
(integer) a s s o c i a t e d  with set  We. 
Cef a u l t  : STAGE= 1 

ATLAS list of lowes t - l eve l  
substru.:ture numbers ( i n t eqe r s )  f o r  
which ioads  d a t a  a r e  t o  be pr in ted .  
Default  : A SET/STAGE model. 

ATLAS l ist  of load  ca se  i d e n t i f i e r s  
( i n t e g e r s  or alphanumeric words) 
o r  We key-word ALL denotinq which 
loads  d a t a  are t o  be pr in ted .  
Default :  LC=ALL; a l l  l oad  cases  

a s s o c i a t e d  w i t h  t h e  s p e c i f i e d  
SET/STAGE o r  SS model. 

Key-word denotinq t h a t  a c e r t a i n  
type  of i n p u t  l o a d s  is t o  be p r in ted .  
Severa l  o f  t h e s e  key-words may be 
used i n  a s i n q l e  s ta tement .  T h e  
a v a i l a b l e  op t i ons  a re :  

ELEMENT --Element- d i s t r i b u t e d  loads --- 
NODTHEhM --Nodal thermal loads --- 
ELTHERM --Element thermal l oads  - -- 
I N E R T I A  - - i n e r t i a  loads  ---- 
Default :  A l l  load  types  a s s o c i a t e d  

w i t h  t h e  s s e c i f i e d  load 
cases.  



Maximum number of l i n e -  ( in teger556)  
inc lud ing  paqe headin, , . .  t a  be  p r i n t e d  
cn a paqe. 
Cef a u l t  : LINES= 56 

The fo l l cwinq  parameters  a r e  a p p l i c a b l e  for p r i n t i n g  
1 the rmal  l o a d s  d a t a  a s s o c i a t e d  wi th  node and element s u b s e t s  

previously-def  ined  v i a  t h e  SUBSET-DEFINITION PreFrocessor  isec. 
156.0) . The A s t e r i s k  Name Option (sec. 200.0) may be used t o  
i d e n t i f y  subset names. Severa l  of  t h e  fo l lowing  parameters  
may be ussd i n  a s i n q l e  s tatement .  

Nxxx 

Exxx 

Name of a node s u b s e t  f o r  which nodal  
2hermal  l o a d s  a r e  t o  be pr in ted .  
Default: Nodal thermal  l o a d s  

a s s o c i a t e d  kith a l l  t h e  
nodes of t h e  speci f iec-  
SET/STAGE or  SS a r e  p r in ted .  

N a m e  of a n  element  subse t  for which 
element t h e r n a l  l o a d s  a re  t o  be  
p r i n t e d  . 
Default  : Element thermal  l o a d s  

a s s o c i a t c d  w i t h  a l l  tbe 
elements  of t h e  s p e c i f i e d  
SET/STAGE Jr SS a r e  p r in ted .  



234.2 EXECUTE LOADS STATEMENT 

The f o l l o w i  ng s t a tement  i n i t i a t e s  execut ion of t h e  LOADS 
Processor.  If thermal l o a l s  a r e  t o  be processed, t h e  STIFFNESS 
Procosscr (sec. ,252.0) must be executed  p r i o r  t o  execu t ion  of 
t h i s  prccessor.  I f  i n e r t i a  loads  are t o  be processed, execu t ion  
of t h e  MAsS Processor wi th  OPTION=4 :se;;. 238.2) must be 
perforned p r i o r  t o  execu t ion  of t h i s  processor,  S t r u c t u r a l  
mcdels f o r  which  loads  a r e  t o  be processed are i d e n t i f i e d  by 
e i t h e r  a s t i f f n e s s  da t a - s e t  number and boundary-condition s t a g e  
number o r  a lowes t - l eve l  s u b s t r u c t u r e  number. Only one of t h e  
i d e n t i f i e r  t y p e s  (SET/STAGE o r  SS desc r ibed  below) may be used 
i n  a s i n g l e  s tetement.  

EXECUTE LOADS ( P l i s t )  

L i s t  of o ~ t i o n a l  parameters f o r  P l i s t :  

STAGE= CAT li st  

Loadt ype 

ATLAS l i s t  of s t i f t n e s s  d a t a  set 
numbers ( i n t e g e r s )  for which loads  
da ta  a r e  t o  be =recessed. 
Cef au l t :  SZT= 1 

ATLAS list of boundary cond i t ion  
s t a g e  numbers ( i n t e g e r s )  a s s o c i a t e d  
wi th  t h e  s t i f f n e s s  da t a  sets f o r  
which l o a d s  d a t a  are t o  be processed. 
Cefault :  STAGE=1 

ATLAS l ist  of lowes t - l eve l  
subs t ruc tu r e  numbers ( i n t ege r s )  f o r  
which l o ads  d a t a  a r e  t o  be processed. 
Default:  A SETISTAGE model. 

ATLAS list of l oad  ca se  i d e n t i f i e r s  
( i n t e g e r s  o r  a lphanuner ic  words) 
o r  t he  key-word ALL denoting which 
loads  d a t a  a r e  t o  be processed. 
Default:  LC=AL:.: a l l  load  cases  

a s s o c i a t e d  w i t h  t h e  s ;ecif ied 
SET/STAGE o r  SS models. 

Key-word denotinq t h a t  a c e r t a i n  
type of i n p u t  l oad  is  to be processed. 
Severa l  o f  these key-words may be 
used i n  a s i n q l e  s ta tement  t o  i nc lude  
a u l t i p l e  tvpes  of loads  f o r  t h e  
s p e c i f i e d  load cases .  The available 
op t ions  a r e :  



NODE --Nodal l oads  
D I  SP --Specified nodai  

d isplacements  
ELEHmT --Element- d i s t r i b u t e d  l oads  -- 
4ODTHEP.M ---Nodal t h e r u a l  loads  --- 
smER4 --Element thermal l oads  
INERTLY -- I n e r t i a  loads  -- 
Default: A l l  l oad  t y ~ e s  a s s o c i a t e d  

with t h e  s p e c i f i e d  load  
cases.  

MATERIAL= CONSTANT 
{VARIABLE) This parameter i s used o n l y  f o r  

c a l c u l a t i o n  o f  equ iva len t  nodal l oads  
and i n i t i a l  stresses f o r  thermal  
loads  on  BRICK elements. I f  t h e  
p rame ter MATERIAL-CGNSTANT is used, 
t h e  e l a s t i c  p r o p e r t i e s  a r e  based 
on t h e  element base  temperature  ( t he  
element temperature  de f ined  v i a  t h e  
s t i f f n e s s  data--sec. 152. 0 ) .  I f  
t h e  parameter MATERIAL=VAR IABLE is  
used, t he  e l a s t i c  p r o p e r t i e s  a r e  
kased on t h e  f i n a l  nodal  temperature 
( the  sum of t h e  element base 

temperature  and t h e  incremental  nodal 
temperatures de f ined  v i a  t h e  l oads  
data--set. 134.0) . I n i t i a  1 stresses 
a r e  based on the f i n a l  nodal 
t enpera tu re .  
Default:  MATERIAL=CONSTANT 

 LUMP=^ a c t o r  The f r a c t i o n  (0.0< f a c t o r  11.0) of 
SPAR-element lumped f l ange  a r e a s  
a s  s p e c i f i e d  v i a  t h e  s t i f f n e s s  i n p u t  
da ta  (see Appendix B) t o  be  used 
i n  c a l c u l a t i n q  SPAR-element i n i t i a l  
stresses and equ iva len t  nodal  forces .  
This parameter i s  used on ly  i f  SPAR 
element thermal  l oads  a r e  t o  be 
processed. I f  t h e  lumpiriq f a c t o r s  
s p e c i f i e d  v i a  t h e  : n ~ u t  da ta  a r e  
- be e f f e c t i v e ,  t h z  parameter 
' . .?=I. 0 must be i r~c luded  i n  P l i s t .  
C a a u l t :  The value ass igned t o  t h e  

parameter LUMP i n  t h e  P l i s t  
of t h e  EXECUTE STIFFNESS 
s ta tement  f c r  t h e  s p e c i f i e d  
s t r u c t u r a l  model. 



23 4 -3  PRINT OUTPUT STATEMENT 

The fo l lowing statement is used t o  r e q u e s t  p r in t -ou t  of t h e  
cumulated nodal loads  and total  appl ied- load r e s u l t a n t s  f o r  
selected load  cases .  In  general, t h e  LOADS and MERGE Prcxessors  
niust be executed p r i o r  t o  use of t h i s  s ta tement .  If on ly  the 
r e s u l t a n t s  of a p p l i e d  mechanical loads are t.o be p r i n t e d ,  only 
the LOADS Processor  need be executed p r i o r  t o  us ing  t h i s  
statement. S t r u c t u r a l  models f o r  which data are t o  be p r i n t e d  
a-e i d e n t i f i e d  by e i t h e r  a stiffness d a t a - s e t  number and 
boundary -condi t  i o n  stage number or a lowes t - l eve l  s u b s t r u c t u r e  
nu~nbtzr. Only one of t h e  i d e n t i f i e r  types (SETfSTGGE or SS 
ciescribed below) may be  used i n  a s i n g l e  s t a t ement .  The p r i n t e d  
data may a l s o  be a s s o c i a t e d  wi th  node subsets d e f i n e d  v i a  t h e  
SJBSET-DEFINITION Przprocessor  (sec . 156 - 0 )  . 

P R I N T  OUTPUT (LOADS, P l i s t )  

List- or o p t i o n a l  parameters  for P l i s t :  

The s t i f f n e s s  data set nuinber ( i n t e g e r )  
f o r  which a p p l i e d  nodal l o a d s  are to  be 
p r i n t e d .  
DtSfault  : SET-- 1 

A boundary cund i t ion  stage number 
( i n t e g e r )  a s s o c i a t e d  wi th  set " S e .  
Default. : STAGE= 1 

SS=CATlist ATLAS list of lowest-level. substructure 
numbers ( i n t e q e r s )  f o r  which loads  data 
a r e  to  be processed. 
Default :  A SET/STkGE model. 

ATLAS list of load case i d e n t i f i e r s  
(integers or alphanumeric words) t o  be 
processed.  
Default: A l l  load  c a s e s  associated with 

t h e  s p e c i f i e d  SET/STAGE or SS 
model. 

Alphan meric names of t h e  
lord-matr ix  p a r t i t i o r l s  (User Y a t r i c e s )  
qenerdted  by the  MERGE Processor  for  t h e  
specified SET/STAtiS or SS. These 
m a t r i c e s  dre a s s o c i d t - ~ ( 1  w i t h  the three 
F a r t i t i o n  r o w s  RETAIN and SUFXRT 
kinemat ic  f reeiloms) af the gross  
s t i f f n e s s  m a t r i x  (set? sec. 106.1). 
Several of t-hest3 pnrametors !nay k use11 



i n  a single statement, Zero matrix 
partitions need not be specified. Nodal 
loads a s s o c i a t e d  w i t h  t h e  FREE and  
SUPPORT partitions are p r i n t e d  in a n  
a s c e n d i n g  i n t e r n a l  node number ordzr, 
whereas  n o d a l  loads  assoc ia ted  w i t h  
t h e  RETAIN p a r t i t i o n  a r e  ~ r i n t e d  i n  
t h e  o r d e r  af s p e c i f i e d  r e t a i n e d  n o d a l  
freedoms . 
I f  t h e  s t a n d a r d  ATLAS c o n t r o l  p r o c e d u r e s  
are used  ( r e f .  appendix  E ana  sec. 
200 .0) ,  t h e  names L 1 1 ,  L21 and L31 are 
a s s i g n e d  t o  Namel, Name2 and Name7 fo~. 
SET/STAGE s t r u c t u r a l  models ,  and t h e  names 
Ll lSxxx ,  L21Sxxx and L31Sxxx are a s s i g n e d  
f o r  l o w e s t - l e v e l  s u b s t r u c t u r e s .  The c h a r -  
a c t e r s  xxx d e n o t e  t h e  s u b s t r u c t u r e  number, 
r i g h t - a d j u s t e d  and z e r o - f i l l e d .  

1 
D e f a u l t s :  L1=LllIL2=L21,L3=L31 for SET/STAGE 1 

models ; I 

L1=L11Sxxx,L2=L21SxxxtL3=L31Sxxx f o r  : 
s u b s t r u c t u r e  models.  

T h i s  parameter d e f i n e s  t h e  fo rma t  of 
e a c h  p r i n t e d  value.  The o p t i o n s  
a v a i l a b l e  for t h e  i n t e q e r  ncodem are: 

0--Optimum fo rma t .  Data  v a l u e s  awe p r i n t e d  
a s  either F-format  or E-format dec ima l  
numbers. T h i s  o p t i o n  a l l o w s  t h e  nraximum 
number of d i q i t s  per v a l u e  to  be p r i n t e d  
i n  t h e  f i e l d  w i d t h  s p e c i f i e d  by the 
pa rame te r  FI ELDW=width. 

1--F-format. Data v a l u e s  a r e  p r i n t e d  as 
dec imal  numbers w i t h  dec ima l  ~ o i n t s  
a l i q n e d  i n  t h e  columns o f  p r i n t e d  da t a .  

2--I-format. Data v a l u e s  a r e  p r i n t e d  a s  
i n t e g e r  numbers. 

3 - - E - f  ormat. Data  v a l u e s  a r e  p r i n t e d  a s  
dec imal  numbers w i th  exponents .  

Ce fau l t :  FORMAT=O 



PIELDW=width Number of digits ( i n t e g e r  d 12)  ' a v a i l a b l e  
for each p r i n t e d  value ,  The letter 
E, decimal p o i n t s  and s i g n s  each r e q u i r e  
one  d i q i t  space,  
Default:  FIELDW=8 

LINES=lines Maximum number o f  l i n e s  ( i n t e g e r  < 56) 
inc lud ing  page headings t o  be p r i n t e d  
on a p g e .  
Default  : LINES= 56 

R ESULTANTS Key-word deno t ing  t h a t  on ly  t h e  
r e s u l t a n t s  o f  a l l  l o a d s  app l i ed  t o  t h e  
s t r u c t u r a l  model a r e  t c  be p r in ted .  
Resu l t an t s  a r e  c a l c u l a t e d  r e l a t i v e  t o  
t h e  o r i g i n  o f  t h e  GLOBAL r e f e r ence  
frame. 
Default:  Load r e s u l t a n t s  and t h e  

s p e c i f i e d  load-matrix d a t a  
a r e  p r in ted .  

N xxx Node s u b s e t  name de f i ned  v i a  t h e  SUBSET- 
DEFINITION Preprocessor  ( s ~ c .  156.0) 
f o r  which cumulated ncda l  l oads  are 
t o  be pr in ted .  The As t e r i sk  Name Option 
(sec. 200.0) may be used t o  i d e n t i f y  
subse t  names. Severa l  parameters of 
t h i s  t y p e  may be used i n  a s i n g l e  
s tatement.  
Cefault:  Loads are  p r i n t e d  f o r  a l l  nodes 

i n  t h e  SET/STAGE o r  SS model 
t h a t  have f reedorrs a s s o c i a t e d  
wi th  t h e  s p e c i f -  ? load-matrix 
p a r t i t i o n s .  



236.0 MACHBOX AERODYNAMICS MODULES 

The MACHBOX Processor  c a l c u l a t e s  unsteady aerodynamic 
l c a d s  on r i q i d  or e l a s t i c ,  s i n q l e  planforms o r  non-coplanar 
wings o r  w inq / t a i l  con f igu ra t i ons  i n  supe r son i c  flow. Wing/tai l  
con f igu ra t i ons  wi th  o r  wi thout  v e r t i c a l  s epa r a t i on ,  l ong i t ud ina l  
s e p a r a t i o n  and d i h e d r a l  on e i t h e r  s u r f  a c e  may be examined, 
A non- in te r sec t inq  w i n g / v e r t i c a l - t a i l  combination may a l s o  be 
inves t i ga t ed .  The a n a l y s i s  technique is  a three-dimensional  
Mach Box method wi th  a ref inement  o p t i c n  t o  c o r r e c t  p r e s su re  
d i s t r i b u t i o n s  by a i r f o i l  th ickness - s lope  f a c t o r s .  I r r e g u l a r  
f l u c t u a t i o n s  i n  t h e  c a l c u l a t e d  p r e s su re  d i s t r i b u t i o n s  may 
o p t i o n a l l y  be reduced v i a  a  box-qrid subd iv i s i on  technique 
and/or a v e l o c i t y  p o t e n t i a l  smoothing technique.  Development 
of the t h e o r e t i c a l  b a s i s  is presented  i n  r e f e r e n c e  136-1. 

Genera l ized a i r f o r c e  matrices r equ i r ed  f o r  f l u t t e r  ana ly se s  
v i a  t h e  ADDINT and FLUTTER Modules (secs, 202.0 and 222.0) a r e  
qencra ted  by execu t ion  of t h e  NACHBOX Processor ( S ~ C .  236.2) 
These d a t a  a r ?  c a l c u l a t e d  by a modal s o l u t i o n  based on t h e  
aerodynamic model and s t r u c t u r a l  modes de f ined  by t h e  u se r  (sec. 
136.9). I t  t h e  MACHBOX Processor  is executed i n  conjunct ion 
with t h e  A I C  op t i on  o f  t h e  INTERPOLATION Processor  (sec. 232.0) , 
t h e  qenera l i zed  a i r f  o r ce  ma trices w i  11 r ep r e sen t  Aerodynamic 
In f luence  Coe f f i c i en t  (ALCj matr ices .  Other  d a t a  ca lcu- ia ted  
by t h i s  processor  i nc lude  aerodynamic p r e s su re  d i s t r i b u t i o n s ,  
v e l o c i t y  p o t e n t i a l s ,  box l i f t s  and AGARD (Advisory Group f o r  
Aeronaut ica l  Research and Development) gene ra l i z ed  aerodynamic 
c o e f f i c i e n t s .  Perturbation v e l o c i t y  components i n  t h e  f low 
f i e l d  (off -planform wash samples) of a  s i n g l e  su r f ace  may a l s o  
be qenerated. 

P r i n tou t  of t h e  MACHBOX i n p u t  d a t a  and d a t a  c a l c u l a t e d  
by tho  VACHBOX Processor may be reques ted  from t h e  MACHBOX 
Postprocessor  as descr ibed i n  s e c t i o n s  236.1 and 236.3, 
r e spec t i ve ly .  



236.1 PRINT INPUT STATEMENT 

The fol lowinq statement i s  used to  request printout of  
the aerodynamic input data associated with a part icular  MACHBOX 
data case  (sec. 136 .0 ) .  

PRINT INPUT (MACHBOX, P l i s t )  

The optional  parameter for  P l i s t  is: 

CASE = C a  The aerodynamic data case  number 
( integer)  for which input data are  t o  
be printed. 
Default: CASE=I 



2 36.2 EXECUT3 MACHBOX STATEMENT 

The f o l l o w i n q  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  o f  t h e  MACHBOX 
Processor. P rev ious  e x e c u t i o n  of  t h e  INTERPOLATION Processor 
i s  r e q u i r e d  when s t r u c t u r a l  mode s h a p e s  g e n e r a t e d  v i a  t h e  
VIBRATION P r o c e s s o r  a r e  used  i n  t h e  aerodynamic a n a l y s i s  o r  
Aerodynamic I n f l u e n c e  C o e f f i c i e n t s  a r e  t o  be g e n e r a t e d  (see 
sec. 136.0). 

EXECUTE MACHBOX ( P l i  s t) 

L i s t  of  o p t i o n a l  pa rame te r s  f o r  P l i s t :  

CASE=Ca 

MACH= (list) 

KVAL= ( l is t)  

A c o n d i t i o n  number ( i n t e q e r )  i n  t h e  
r anqe  1 to  36 which i d e n t i f i e s  t h e  
remaining pa rame te r s  of t h i s  s t a t emen t .  
I f  m u l t i p l e  e x e c u t i o n s  a r e  r e q u i r e d  
i n  a s i n g l e  job, t h e  c o n d i t i o n  number 
s p e c ~ f i e d  by each  s t a t e m e n t  o f  t h i s  
t y p e  must be imique. 
Defaul t :  COND=1 

The MACHBOX d a t a  c a s e  number ( i n t e g e r )  
t o  be  processed .  
Defaul t :  CASE=1 

A l i s t  o f  1  t o  20 f r e e - s t r e a m  Mach 
numbers, M. Each Mach number must be 
g r e a t e r  t h a n  1.0 and  55 .0 .  Va l id  
s o l u t i o n s  c a n  be expec ted  f o r  Mach 
numbers i n  t h e  r anqe  1.2 < M I 3.0. 
Defaul t :  Error. Execut ion  is  t e r m i n a t e d .  

A l i s t  o f  1 t o  20 k-va lues  ( reduced 
f r e q u e n c i e s  of  o s c i l l a t i o n  expres sed  
as k = (wb/V) where w i s  t h e  c i r c u l a r  
f requency  of o s c i l l a t i o n ,  b i s  a 
r e f e r e n c e  l e n q t h  and V is t h e  fres 
s t r e a m  v e l o c i t y )  q r e a t e r  t h a n  o r  e q u a l  
t o  ze ro ,  The r e f e r e n c e  l e n g t h  a s s c  . : ia ted 
w i t h  t h e  s p e c i f i e d  k-values  i s  d e f i n 2 d  
by t h e  parameter  BREF. Each of t h e  
s p e c i f i e d  k-va lues  may l i t h e r  b e  0.0 
o r  l i e  i n  t h e  r anqe  10-5 to 1000.0. 
Defaul t :  Only t h e  Mach Box aerodynamic 

q r i d  is gene ra t ed .  



A r e f e r e n c e  l e n g t h  g r e a t e r  t h a n  z e r o  
a s s o c i a t e d  w i t h  t h e  reduced f r e q u e n c i e s  
s p e c i f i e d  v i a  KVAL. 
Defaul t :  S p e c i f i e d  k-values a r e  assumed 

t o  have a  r e f e r e n c e  l e n g t h  
e q u a l  t o  t h e  chordwise box 
l enq th .  

Key-word deno t ing  t h a t  an ANTI- 
symmetr ica l  o r  a  NONSymmetrical a n a l y s i s  
is  t o  be performed. N o  aerodynamic 
c o n t r i b u t i o n s  of t h e  s u r f a c e ( s )  i n  the 
negat ive-y  r e fe rence - f r ame  h a l f - s p a c e  
are inc luded  i n  a NONSymmetrical 
a n a l y s i s  . 
Defaul t :  Symmetric aerodynamic a n a l y s i s  

Key-word d e n o t i n g  t h a t  t h e  d i h e d r a l  
a n q l e  of S u r f a c e  1 (DIH1) o r  t h e  d i h e d r a l  
a n g l e  of S u r f a c e  2 (DIHZ) is not t o  
be  used i n  c a l c u l a t i o n  of t h e  aerodynamic 
i n f l u e n c e  of t h e  co r re spond inq  s u r f  a c e  
on i t s e l f .  Both of t h e s e  pa ramete r s  
may be used i n  a s i n q l e  s t a t emen t .  
Defaul t :  I f  n e i t h e r  one of  t h e s e  key- 

words i s  i n p u t ,  t h e  d i h e d r a l  
a n g l e  o f  S u r f a c e  1 i s  inc luded  
i n  c a l c u l a t i o n  of t h e  
aerodynamic i n f l u e n c e  of Sur face  
1 o n  i t s e l f  and on S u r f a c e  
2. Addi t  i o n a l l y ,  t h e  d i h e d r a l  
a n g l e  o f  S u r f a c e  2 i s  inc luded  
i n  c a l c u l a t i o n  o f  t h e  
aerodynamic i n f l u e n c e  of S u r f a c e  
2 o n  i t s e l f .  

T h i s  parameter  d e n o t e s  t h a t  t h e  Mach 
Box g r i d - s u b d i v i s i o n  ref inement  tschni*e 
is t o  be  used  t o  reduce  any i r r e q u l a r  
f l u c t u a t i o n s  i n  t h e  c a l c u l a t e d  p r e s s u r e  
d i s t r i b u t i o n s  ( s e e  rlf. 136-  1 )  . The 
i n t e q e r  "nlt must be i n  the ranqe  0  5 
n  I 12. This i n t e q e r  d e f i n e s  t h e  maximum 
number of unsubdivided rows i n  t h e  
" e f f e c t i v e  a rea . "  I f  "nu i s  d e f a u l t e d  
o r  t h e  parameter  RSUBD=Otl i s  s p e c i f i e d ,  
one- th i rd  the t o t a l  number of spanwise 
box rows on t h e  planform is  used. 



S u b d i v i s i o n  r e f  ihement c o n s i s t s  of I 

a u t o m a t i c a l l y  d i v i d i n g  t h e  l o c a l  sendinq  
Mach Box q r i d  i n t o  an  even  f i n e r  q r i d  
w h i l e  t h e  r e c e i v i n g  q r i d  o f  c o n t r o l  
p o i n t s  remains unchanged. This t e c h n i q u e  
may be  used o n l y  when t h e  r e c e i v i n g  
and t h e  send inq  boxes l i e  i n  t h e  same 
plane.  Thus, s u b d i v i s i o n  can  be a p p l i e d  
t o  a  w i n q - t a i l  c o n f i g u r a t i o n  o n l y  when 
t h e  s u r f a c e s  a r e  coplanar .  

Defaul t :  S u b d i v i s i o n  of  boxes i s  n o t  
performed i n  the  c a l c u l a t i o n  
of normal wash. 

SURFIT<=n> 
CHOHDF IT<=n> ) T h i s  parameter  i n d i c a t e s  t h a t  a l e a s t  

s q u a r e s  s u r f  ace (SURFIT) G r  chordwise 
(CHORDFIT) polynomial  o f  degree  ,#rr1* 
(0 I n I 10) i s  t o  be f i t t e d  to  t h e  
v e l o c i t y  p o t e n t i a l  d i s t r i b u t i o n  t o  
minimize any  i r r e g u l a r  f l u c t u a t i o n s  
i n  t h e  c a l c u l a t e d  p r e s s u r e  d i s t r i b u t i o n .  
I f  "nN is d e f a u l t e d  or s p e c i f i e d  as 
ze ro ,  t h e  degree  o f  t h e  i n t e r p o l a t i o n  
polynomial i s  a u t o m a t i c a l l y  c a l c u l a t e d  
a s  a f u n c t i o n  of t h e  number of  boxes 
on t h e  s u r f a c e  or on  t h e  chords.  The 
s u r f a c e  r e f inemen t  is  performed 
s e p a r a t e l y  t o  each l i f t i n q  s u r f a c e .  
I n t e r p o l a t e d  values of t h e  v e l o c i t y  
p o t e n t i a l  a r e  used i n  c a l c u l a t i o n  of  
t h e  q e n e r a l i z e d  f o r c e s .  
Defaul t :  Genera l i zed  f o r c e s  a r e  

c a l c u l a t e d  from t h e  unsmoothed 
v e l o c i t y  p o t e n t i a l  d i s t r i b u t i o n .  

AICTOL Key-word d e n o t i n g  t h a t  t h e  v e l o c i t y -  
p o t e n t i a l  AIC (aerodynamic i n f l u e n c e  
c o e f f i c i e n t )  v a l u e s  a r e  t o  be c a l c u l a t e d  
w i t h  an i n t e g r a t i o n  t o l e r a n c e  o f  0.01 
percent .  
Defaul t :  A I C  v a l u e s  a r e  c a l c u l a t e d  wi th  

a  t o l e r a n c e  o f  1.0 percent++ 



PLYWOOD Key-word denot ing t h a t  t h e  aerodynamic 
l i f t s  and gene ra l i z ed  f o r c e s  a r e  t o  
be c a l c u l a t e d  us ing  full box a r e a s  
everywhere. 
Default:  L i f t  and genera l i zed  f o r c e  

c a l c u l a t i o n s  a r e  based on t h e  
f u l l  a r e a s  and f r a c t i o n a l  
a r e a s ,  where app l i c ab l e ,  o f  
t h e  boxes conta ined w i t h i n  
t h e  planform. 

LEVEL= ( L i s t )  A l is t  of 7 t o  5 r e t e n t i o n  l e v e l  
i n d i c a t o r s  ( i n t e g e r s )  i n  the range 1 
t o  5 denot ing which qenera ted  d a t a  a r e  
t o  be saved on t h e  random f119 MACHRNF. 
Only t h e  d a t ~  t h a t  a r e  r e t a i ned  can 
be i n t e r r o g a t e d  subsequent ly  dur ing  
re-execut ion of t h i s  processor  and f o r  
p r i n t o u t  purposes (see sec. 236.3).  
The fol lowing t a b l e  i l l u s t r a t e s  t h e  
t y p e  of da t a  a s s o c i a t e d  with each LEVEL 
i nd i ca to r .  See r e f e r ence  1-2 f o r  
d e t a i l e d  d e s c r i p t i o n s  of the da t a  
matr ices .  
Default:  Mach Box g r i d  da t a ,  qenera l i zed  

a i r f o r c e s ,  aerodynamic c o n t r o l  
mat r ix  and A I C  a r r a y s  s t o r e d  
i n  matrices BOXi jmW, GFOi jmk, 
A C M i j ,  AICPxxx, AICINDx and 
ACNijmk a r e  always saved on 
f i l e  MACHRNIQ 



,.. - 

D e s c r i p t i o n  of Data . , 

.. - - - -. -- . , - . 

 ox da ta ,  q e n e r a l i z e d  a i r f o r c e s ,  
aerodynamic c o e f f i c i e n t s  and t h e  
aerodynamic c o n t r o l  m a t r i x  

. 

Box l i f t s ,  s e c t i o n a l  l i f t s  and 
s e c t i o n a l  moments 

BOXijmW, BOXijmT, 
GFOi jmk, SFOi jmk, 
GACijmk, GCIijmk, 
SACi jmk, S C I i  jmk, 
MOnijmk, ISP i jmk ,  
MPTi j ..; ' , ACMi < - 
BLr~ijmk, SBnijmk, 
SLni jmk, SSni jmk, 
CMnijmk, SMni jmk 

v e l o c i t y  p o t 2 n t i a l s  and p r e s s u r e  I VPnijmk, SVnijmk, 
d i f f e r e n c e  c o e f f i c i e n t s  PCnijmk, SPnijmk 

A I C  m a t r i c e s  

~ - -  - 

Normal wash and of  f -p lanf  orm 
sampling d a t a  

AICPxxx, AICCxxx, 
AICWxxx, AICVxxx, 
AICMxxx, AICINDx, 
A C N i  jmk 

LNni jmk, Unni jmk, 
LTni jmk , UTni jmk , 
SWni jmk ,  STni jmk, 
DWPijmk, PSWijmk, 

Extens ive  amounts of d a t a  may be genera ted  by t h e  MACHBOX 
Processor  depending on t h e  aerodynamics model and t h e  s p e c i f i e d  
e x e c u t i o n  parameters .  The maximum number of A f C  m a t r i c e s  t h a t  
may be genera ted  f o r  a p a r t i c u l a r  CASE is  r e s t r i c t e d  t o  500. 
A box p a t t e r n  d a t a  matr ix ,  qenera l i zed  a i r f o r c e  m a t r i c e s  and 
AIC a r r a y s  a r e  genera ted  f o r  each combination of  Mach number 
and reduced frequency s p e c i f i e d  by P l i s t  f o r  a p a r t i c u l a r  d a t a  
case. A s  a q u i d e  t o  t h e  u s e r ,  t h e  number of A I C  m a t r i c e s  (NAIC) , 

genera ted  f o r  each combination of Mach number )and reduced 
frequency by a s i n g l e  execut ion  f o r  v a r i o u s  c o n f i g u r a t i o n s  i s  
presen ted  below. 

a )  S i n g l e  s u r f  a c e  w i t h  z e r o  d i h e d r a l  (and of f-planform 
sampling) 

NAIC = 1 (+  NSC) 
where NSC = number of sampling chords  

b) S i n q l e  s u r f a c e  wi th  non-zero d i h e d r a l  (and off-planform 
s a n p l i n q )  

N A I C  = 1 + NWC (+ 2*NSC) 
where NWC = numbar of  planform chords  



C) Two c o p l a n a r  or p a r a l l e l  s u r f a c e s  w i t h  z e r o  d i h e d r a l  
NAIC = 1 + NCO 
where NCO = numker o f  c h o r d s  on  S u r f a c e  2 

d) Two s u r f a c e s  w i t h  t h e  same d i h e d r a l  or two s u r f a c e s  
w i t h  non-zero d i h e d r a l  o n l y  f o r  S u r f a c e  1 

NAIC = 1 + NWC + 2*NTC 
where NTC = number o f  S u r f a c e  2 c h o r d s  

e )  Two s u r f a c e s  where o n l y  S u r f a c e  2 h a s  non-zero d i h e d r a l  
NAIC = 2*NTC 

f )  Two s u r f a c e s  w i t h  a i f f e r e n t  non-zero d i h e d r a l  
NAIC = NWC + 3*NTC 

C a l c u l a t i o n  of t h e  A I C  m a t r i c e s  is t h e  most time-consuminq 
p a r t  o f  a  MACHBOX asrodynamic s o l u t i o n .  T o  minimize computer  
time requ i r emen t s ,  t h e  MACHBOX P r o c e s s o r  a u t o m a t i c a l l y  r e u s e s  
p r e v i o u s l y - c a l c u l a t e d  AIC m a t r i c e s  r a t h e r  t h a n  r e c a l c u l a t i n g  
t h e m  under c e r t a i n  c i r cums tances .  An A I C  m a t r i x  saved  on f i l e  
MACHRNF v i a  a  p reced ing  EXECUTE MACHBOX s t a t e m z n t  or v i a  a n  
ATLAS LOAD (sec. 200.0) s t a t e m e n t  may be r eused .  An A I C  m a t r i x  
i s  r eused  i f  t h e  a s s o c i a t e d  aerodynamic model h a s  t h e  same 
h o r i z o n t a l  and /o r  v e r t i c a l  planf orm s e p a r a t i o n ,  t h e  same Mach 
Box q r i d  s i z e  c a l c u l a t e d  a t  t h e  same Mach number and k-value 
with t h e  s a n e  AICTOL i n t e g r a t i o n  t o l e r a n c e .  T h i s  c a p a b i l i t y  
a l l o w s  t h e  u s 2 r  t o  add and/or  a l t e r  t h e  s t r u c t u r a l  modes used  
i n  t h e  a n a l y s i s  i n  a d d i t i o n  t o  a p p l y i n q  t h i c k n e s s  p r e s s u r e -  
c o r r ? c t i o n  d a t a  or r e q u e s t i n q  o f f -p l an fo rm wash samples  based  
on p rev ious ly -  c a l c u l a t e d  AIC matrices. 



236.3 PRINT OUTPUT STATEMENT 

The fo l lowing s ta tement  i s  used t o  r e q u e s t  p r i n t o u t  ci 
t h e  aerodynamic da t a  c a l c u l a t e d  by t h e  MACHBOX r racessor .  

PRINT OUTPUT (MACHBOX, P l i s t )  

L i s t  of  o p t i o n a l  parameters f o r  P l i s t :  

CASZ=Ca The aerodynamic d a t a  c a s e  number 
( i n t eqe r )  f o r  which qenera ted  d a t a  a r e  

t o  be p r in ted .  
Default: CASE= 1 

MACH= ( L i s t )  

KVAL= ( L i s t )  

LEVEL= ( L i s t )  

The aercdynamic cond i t i on  number 
( i n t ege r )  s p e c i f i e d  by an  EXEPUTE MACHBOX 
parameter l i s t  f o r  which gene,ated da t a  
a r e  t o  be p r in ted .  
Default:  COND= 1 

A l i s t  of  1 t o  20 Mach numbers a s s o c i a t e d  
w i t h  t h e  s e l e c t e d  COND number. 
Default:  Data qenera ted  f o r  a l l  Mach 

numbers a s s o c i a t e d  wi th  CON3 
are p r in ted .  

A list of  1 t o  20 reduced frequency 
va lues  a s s o c i a t e d  wi th  t h e  s e l e c t e d  
COND number. 
Default: Data genera ted  f o r  a l l  k-values 

a s s o c i a t e d  wi th  COND a r e  
p r i n t ed .  

A lisc of 1 t o  5 i n t e g e r s  i n  t h e  ranqe 
1 t o  5 denot ing which qroup(s)  of 
qenera ted  d a t a  are t o  be s r i n t e d ,  See 
d e s c r i p t i o n  of LEVEL presen ted  i n  s e c t i o n  
236.2. 
Default:  Box p a t t e r n  d a t a  and qene ra l i z ed  

a i r  f o r c e s  a r e  p r i n t ed ,  



238.0 MASS M O D ~ E S  

The MASS P rocesso r  c a l c u l a t e s  a l l  mass/weights d a t a  
a s s o c i a t e d  w i t h  a n  ATLAS mass f i n i t e - e l e m e n t  model e s t a b l i s h e d  
v i a  t h e  mass d a t a  ( sec ,  138.0). Execut ion  of t h e  MASS Processo r  
a s  d i s c u s s e d  i r  s e c t i o n  238.2 g e n e r a t e s  one'  or  more o f  t h e  
f o l l o w i n g  t y p e s  o f  d a t a .  

a )  A non-diagonal  mass makrix whose rows correspond w i t h  
t h e  r e t a i n e d  nodal  degrees-of - f  reedom ordered  v i a  t h e  
BC d a t a .  T h i s  m a t r i x  is g e n e r a t e c  i n  t h e  f o l l o w i n g  
manner: (1) a p o l y h e d r a l  r e g i o n  i s  a s s o c i a t e d  w i t h  
each  r e t a i n e d  node s u c h  t h a t  t h e  -;;rclosed volume is 
c l o s e s t  t o  t h e  r e t a i n e d  nods, (2) t -he  mass and i n e r t i a  
w i t h i n  each polyhedron a r e  lumped a t  i t s  c e n t e r  of 
g r a v i t y  and  therr t r a n s f e r r e d  t o  t h e  a s s o c i a t e d  r e t a i n e d  
node, (3) t h e  mass m a t r i x  terms cor re spond ing  t o  the 
r e t a i n e d  degrees-of-feedom a r e  assembled t o  form t h e  
non-diagonal mass mat r ix .  

b) A d i a g o n a l  mass mat r ix .  T h i s  ma t r ix  is  g e n e r a t e d  
~ i m i l a r l y  t o  t h e  one  d i s c u s s e d  i n  (a) excep t  t h e  mass 
and i n e r t i a  c,;;ltained w i t h i n  each polyhedron a r e  lumped 
d i r e c t l y  a t  t h e  r e t a i n e d  node. 

C )  Lumperl mass m a t r i c e s  a s s o c i a t e d  wi th  s t r u c t u r a l  and 
n o n - s t r u c t u r a l  f i n i t e  e l emen t s  of  a mass n ~ d e l .  These 
e l e m e n t a l  m a t r i c e s  may be merged v i a  t h e  MERGE P rocesso r  
(sec. 242.0) t o  forin a g r o s s  mass ma t r ix ,  T h i s  q r o s s  
m a t r i x  may be reduced  v i a  t h e  MULTIPLY P r o c e s s o r  [sec. 
244.0) t o  e f f e c t  a Guyan-reduced mass ma t r ix  ( r e f ,  
238- 1) . ~ l l  f i n i t e  e l emen t s  must be d e f i n e d  v i a  
S t r u c t u r a l  nodes (sec. I 46.0) . 

d )  A panel-weight m a t r i x  a s s o c i a t e d  w i t h  user-def  i ned  
a u x i l i a r y  p a n e l s  (e. g, , a i r  l o a d  p a i ~ e l s )  s p e c i f i e d  v i a  
t h e  mass d a t a .  

e)  D e t a i l e d  weight -s ta tement  d a t a  a s s o c i a t e d  w i t h  t h e  
p r i n t o u t .  l e v e l s  s p e c i f i e d  v i a  t h e  mass da t a .  

B f )  Fue l  d a t a  

g) Payload d a t a  

.- Cisp lay  o f  mass model d a t a  i s  suppor t ed  by s .?ut i - . . i .  ATLAS .. 
e 

modules. P r i n t o u t  of t h e  mass i n p u t  d a t a  may be reqoL91.ed from 
-- t t h e  MASS P o s t p r o c e s s o r  (sec. 238.1) , P l o t s  of these uata can 



a l s o  be t f f e c t e d  v ia  t h e  EXTFiACT and GRAPHICS Postprocessors 
a s  discussed in sections 218.0 and 228.0. 

Frintout of t h e  data calculated by t h e  MASS Processor 
may be requested from t h e  MASS Postprocessor (set. 238.3) . 
These data may also be displayed graphically via the  EXTRACT 
and GRAPHICS ~ o s t p r o c e s s o r s .  



238-1 PRIW INPUT STATMENT 

The fo l lowing  s t a t e m e n t  is used t o  r e q u e s t  p r i n t o u t  o f  
t h e  mass i n p u t  d a t a  (sec,  138.0). The p r i n t e d  d a t a  may be 
a s s o c i a t e d  w i t h  a complete  mass d a t a  set o r  w i t h  s e l e c t e d  
e lement ,  f u e l ,  payload,  c o n c e n t r a t e d  mass a n d i o r  a u x i l i a r y  pane l  
d a t a  s u b s e t s .  

The a v a i l a b l e  o p t i o n s  f o r  P l i s t  are d e s c r i b e d  i n  s e c t i o n s  
238.1.1 and 238.1.2. 

T h i s  o p t i o n  allows t h e  u s e r  t o  p r i n t  a l l  t h e  mass i n p u t  
d a t a  o r  s e l e c t e d  mass d a t a  s u b s e t s  of a  d a t a  set. The o p t i o n a l  
parameters  f o r  P l i s t  are: 

The mass d a t a  set number ( i n t e g e r )  f o r  
which i n p u t  d a t a  a r e  t o  be  p r i n t e d .  
Defaul t :  SET= 1 

FLEMORDEE=Ord T h i s  parameter  d e f i n e s  t h e  a scend ing  
element-number o r d e r  i n  which t h e  element  
d a t a  are t o  b e  p r i n t e d .  Op t iona l  key- 
words f o r  wordn are: 

USERIC -- U s e r  number o r d e r  
INPUT -- I n p u t  r e c o r d  number or,'cer 
INTERNAL -- I n t e r n a l  element number o r d e r  

Defaul t :  ELEMORDER=USERID 

NOELEMENTS Key-word t h a t  s u p p r e s s e s  p r i n t i n g  of 
a l l  n o n - s t r u c t u r a l  e lement  da ta .  
Defaul t :  A l l  n o n - s t r u c t u r a l  e lement  

d a t a  a s s o c i a t e d  wi th  d a t a  set 
'#Sen a r e  p r i n t e d .  

NO (El type]  Key-word t h a t  s u p p r e s s e s  p r i n t i n g  of 
d a t a  f o r  a  s e l e c t e d  n o n - s t r u c t u r a l  
e lement  type .  One o r  more of t h e s e  
key-words may be used i n  a  single 
s t a t emen t .  The o p t i o n s  a re :  

NORODS NOSPARS NOPLATES 
NOBFMS NOCOVERS NOSCALARS 



NO (Subset] 

Default :  Data are p r i n t e d  f o r  a l l  element 
t y p e s  i n  set 

Key-word t h a t  s u p p r e s s e s  p r i n t i n g  of  
a  s e l e c t e d  mass inpu t -da ta  subset .  
One or more o f  t h e s e  key-words may be 
used i n  a  s i n g l e  s ta tement .  The o p t i o n s  
are: 

NOCONDITION -- Mass-d i s t r ibu t ion  
c o n d i t i o n  d a t a  

NOFUEL -- Fuel c o n d i t i o n  d a t a  
NOPAYIoAD -- Payload c o n d i t i o n  d a t a  
NOMASS -- Concentrated mass d a t a  
NOPAN ELS -- Auxi l i a ry  panel  d a t a  
NOLUHPING -- Mass lumping d a t a  
NOFACTOR -- Weight f a c t o r  d a t a  
NO LAB EL -- Weight-statement l a b e l  

d a t a  

Default:  A l l  the fo rego ing  t y p e s  of 
d a t a  fox  se t  mSen are pr in ted .  

This o p t i o n  a l l o w s  t h e  u s e r  t o  p r i n t  t h e  mass d a t a  
a s s o c i a t e d  wi th  s e l e c t e d  mass d a t a  s u b s e t s .  A d d i t i o n a l l y ,  t h e  
d a t a  a s s o c i a t e d  wi th  n o n - s t r u c t u r a l  mass element s u b s e t s  of 
a  mass d a t a  set which have been i d e n t i f i e d  v i a  t h e  SUBSET- 
DEFINITION Preprocessor  (sec. 156.0) may be p r in ted .  The d a t a  
a s s o c i a t e d  w i t h  each s u b s e t  a r e  p r i n t e d  s e p a r a t e l y .  The optional .  
parameters  f o r  P l i s t  a re :  

!? UBS ETS 

SET= Se 

Data 

Key-word r e q u i r e d  f o r  s u b s e t  data 
p r i n t i n g .  
Default :  T h e  d a t a  set p r i n t  o p t i o n  i s  

assumed. 

The mass data s e t  number ( i n t e g e r )  f o r  
which i n p u t  d a t a  a r e  tu be p r i n t e d .  
Default  : SET= 1 

Key-word t h a t  i n i t i a t e s  p r i n t i n g  of 
a  p a r t i c u l a r  subse t  of mass i n p u t  dat.a. 
One or more o f  t h e s e  kel-words may be 
used i n  a  s i n q l e  s ta tement .  The o p t i o n s  
a re :  

CONDITION --Mass-distr ibut  i o n  
c o n d i t i o n  d a t a  



FUEL --Fuel c o n d i t i o n  d a t a  
PAY LOAD --Payload c o n d i t i o n  d a t a  
LUMPING --Mass lumping d a t a  
FACTOR --Weight f a c t o r  d a t a  
LAB EL --Weight-statement l a b e l  d a t a  

Default:  None of  t h e  foregoing types 
of d a t a  a r e  p r in ted .  

These parameters  deno te  t h a t  a  
concen t ra ted  mass (C) s u b s e t  and/or 
a u x i l i a r y - p a n e l  s u b s e t  geometry (G) 
a r e  t o  be  p r i n t c d .  Each of t h e s e  
parameters  is comprised of a  letter 
fol lowed by a  one o r  two-diqi t  i n t e g e r  
de f ined  by t h e  mass da ta .  One or more 
of  t h e s e  parameters  may be used i n  a 
s i n g l e  s ta tement .  The A s t e r i s k  Name 
o p t i o n  (see sec. 200.2) may be used 
t o  i d e n t i f y  subse t s .  
Default :  Concent ra ted  mass or panel  

s u b s e t  geometry da ta  are  no t  
pr in ted .  

Exxx<=Ord> The d a t a  a s s o c i a t e d  w i t h  t h e  element  
s u b s e t  i d e n t i f i e d  by Exxx a r e  p r i n t e d  
i n  t h e  o r d e r  denoted by the key-word 
3rd  : 

These p r i n t - o r d e r s  a re  i n t e r p r e t e d  i n  
a manner s i m i l a r  t o  t h e  ELEMORDER key- 
word f o r  d a t a  set p r i n t o u t .  

Def au l tx  Ord=USERID 

One or more of  t h e s e  parameters  may 
be used i n  a s i n g l e  s ta tement .  A p r i n t -  
o r d e r  remains i n  e f f e c t  f o r  t h e  
subsequent subset names i n  P l i s t  as 
it is  i n t e r r o g a t e d  i n  a l e f t - t o - r i g h t  
order u n t i l  it is  r e s e t .  

The  A s t e r i s k  Name Option (s :c, 200.2)  
may he used t o  i d e n t i f y  st.%. c 2ames. 

Default:  Element s u b s e t  da ta  a r e  not p r i n t e d .  



NO (Eltype)  Key-word t h a t  s u p p r e s s e s  p r i n t i n g  o f  
d a t a  f o r  a s e l e c t e d  element t y p e  t h a t  
may be i n  s u b s e t s  &xx. O n e  or more 
of the fol lowing o p t i o n a l  key-words 
may be us2d i n  a s i n g l e  s t a t ement .  

NORODS NOSPARS NOPLATES 
NOBEAMS NOCOVEES NOSCALARS 

Default:  Data a r e  pr in tcG f o r  a l l  e l e m n t  
t y p e s  inc luded  i n  s u b s e t s  Exxx. 

Example: Assume t h e  n o n - s t r u c t u r a l  mass element d a t a  and 
t h e  a s s o c i a t e d  MASS s u b s e t s  Exxx have been de f ined  
i n  r egards  t o  t h e  fo l lowing  C o n t r o l  Program 
s ta tement .  

PKIKT INPUT (MASS,  SUBSETS, E2, E201, E S = I N P U T ,  E1*2=USERID) 

T h i s  s t a t ement  i n i t i a t e s  p r i n t i n g  of s u b s e t s  E2, E201, 
E102, E112, ... , El92 i n  USERID o r d e r  and E5 i n  INPUT 
order.  

P r i n t o u t  of  f u e l ,  payload, concen t ra ted  mass and/or panel  
geometry s u b s e t  d a t a  may be reques ted  v i a  t h e  same 
s ta tement  i l l u s t r a t e d  above o r  may be reques ted  s e p a r a t e l y  
from t h e  mass element subse t  p r i n t o u t .  For example, t h e  
s ta tement  

PKINT INPUT (MASS,  SUBSETS, FUEL, PAYLOAD, C*, GS) 

i n i t i a t e s  p r i n t i n q  of t h e  fo l lowing subse t s :  
C1, C2, ..., C 9 ,  G S  and t h e  f u e l  and payload da ta .  



23 8 - 2 EXECUTE . W S  STATEMENT 

The following statement i n i t i a t e s  execution of t h e  MASS 
Processor, N o  other processor need be executed p r i o r  to t h i s  
ane , 

EXSCtJTE MASS ( P l i s t )  

L i s t  of optional parameters f o r  P l i s t :  

The mass data set number ( integer)  to be 
processed, 
Default: SET=1 

CONDITION=Co The mass d i s t r i b u t i o n  condition-number 
( integer)  t o  be processed, The mass 
matrix or t h e  panel-weight matrix f o r  t h e  
s ~ e c i f i e d  CONDITION is  t o  be ca lcula ted  
v i a  OPTION 2 or 3. 
Default: A 1 1  mass conditions associated 

with data  set *Sen are 
processed . 

This parameter def ines  which type of 
weight data o r  mass matrices are t o  be 
calculated,  The optional  values f o r  

( integer) are: 

I--Element weights, i n e r t i a s  and t o t a l s  
thereof 

2--Diagonal, reduced mass matrix 
3--Non-diagonal, reduced mass matrix 
4--Lumped mss matrices associated with each 

of the  s t r u c t u r a l  and noc-structural  
finite elements. All elements must be 
detined v ia  S t ruc tu ra l  nodes (sec. 
146.0) . This option is used when a 
Guyan-reduced mass matrix is t o  be 
generated f o r  set "Se ." 
Default : OPTION= 1 

Caution: The mass associated with BRICK 
s t r u c t u r a l  elements is ignored 
i f  OPTION-2 or OPTION=3 is used. 
For a l l  options, t h e  BRICK 
element weights are not included 
i n  the t o t a l  s t r u c t u r a l  weight, 



INERTIAS 

The concen t ra ted  mass subse t  number 
( i n t e g e r )  f o r  which element mass mat r i ces  
a r e  t o  be generated.  Th i s  parameter  
is only  e f f e c t i v e  f o r  OPTION=4. 
Default:  Element mass mat r i ces  a r e  

genera ted  f o r  a l l  concen t ra ted  
mass s u b s e t s  when OPTION=4 
is s p e c i f i e d .  

Key-word t h a t  causes  moments of  i n e r t i a  
t o  be c a l c u l a t e d  f o r  each a u x i l i a r y  
weight panel.  Th i s  parameter is on ly  
a p p l i c a b l e  when a panel-weight mat r ix  
i s  reques ted  v i a  t h e  s ~ e c i f i e d  CONDITION 
number. 
Default :  Weight-panel moments of  i n e r t i a  

a r e  n o t  c a l cu l a t ed .  

The mass a s s o c i a t e d  wi th  a subs t ruc tu r ed  model (see sec. 
130.0) may be  c a l c u l a t e d  i n  one of  t h e  fo l lowing  ways: 

a )  I f  t h e  mass a s s o c i a t e d  wi th  t h e  s t r u c t u r a l  elements  
of  lowes t - l eve l  s u b s t r u c t u r e s  i s  t o  be considered,  
a l l  mass d a t a  must be de f ined  r e l a t i v e  t o  t h e s e  
equ iva l en t  SET/STAGE models. I n  t h i s  case ,  t h e  same 
mass cONDITIOtJ number must be ass igned  t o  each of  t h e s e  
mass da ta  s e t s  (sec. 138.0). Mass execu t ion  op t i ons  
2 ,  3 o r  4 may be  used f o r  t h e s e  SETS. Reduced mass 
mat r i ces  f o r  those  SEL'S executed v i a  OPTION=4 a r e  
c a l c u l a t e d  most convenient ly  v i a  t h e  ca ta loged  c o n t r o l  
s t a tements  presented  i n  appendix E. The reduced mass 
ma t r i c e s  f o r  h igher - l eve l  ~ u b ~ ~ t r u c t u r e s  and t h e  h ighes t -  
l e v e l  s u b s t r u c t u r e  a r e  c a l c u l a t e d  by Guyan-reduction 
( see  M-REDUCE and REDUCE procedures i n  appendix E) . 

t) Mass d a t a  may be de f ined  d i r e c t l y  f o r  a h ighes t - l eve l  
s u b s t r u c t u r e  s t r i c t l y  v i a  a mass da ta  set (sec. 138.0) 
fox t h e  equ iva len t  SET/STAGE model. I n  t h i s  case ,  
gene ra t i on  of t h e  reduced mass matr ix  f o r  t h e  h ighes t -  
l e v e l  subs t ruc tu r e  is  e f f e c t e d  f o r  t h e  mass S E T  v i a  
mass exeLut ion o p t i o n  2 o r  3. 



238.3 PRINT OUTPUT STATEMENT 

Pr in tou t  of t h e  following da t a  ca l cu l a t ed  by t h e  MASS 
Processor may be requested: 

a) Detailed weight s ta tements  

b) S t r u c t u r a l  and non-s t ruc tura l  element-subset masses 
and geometry da t a  

c) Summary of to ta l  mass p rope r t i e s  and condi t ion d a t a  

d )  Mass matrices as soc i a t ed  wi th  a set of r e t a i n e d  nodal 
degrees-of- freedom 

e) Panel-weight matrices 

f )  Fuel and payload d a t a  

I PRINT OUTPUT (MASS, P l i s t )  

L i s t  of op t iona l  parameters f o r  P l i s t :  

The mass da t a  set number ( in teger )  f o r  
which generated da t a  a r e  to be pr inted.  
Default  : SET= 1 

STATEMENT<=Code> This parameter denotes  t h a t  t h e  d e t a i l e d  
weight-statement, as defined by t h e  
mass da ta  (sec. 138.0) , is  t o  be pr in ted  
according t o  t!le 3 - d i g i t  i n t e g e r  Code, 
ABC, def ined as follows: 

A--Detail i n d i c a t o r  denoting what type  
of data  a r e  t o  be p r in t ed  f o r  each 
component of t h e  weight-statement. 
The opt ions  are: 

1--Total mass p rope r t i e s  
2--Total mass p rope r t i e s  and element 

mass prope r t i e s  
3--Total mass proper t ies ,  element mass 

p rope r t i e s  and element geometric 
data  



B--Element d a t a  o r d e r  i n d i c a t o r .  T h i s  
c i ig i t  is i g n o r e d  i f  A = l  b u t  must be 
i n p u t ,  The o p t i o n s  are: 

1--Ascending u s e r  number o r d e r  
2--Ascending i n t e r n a l  number o r d e r  
3--Ascending i n p u t - r e c o r d  number o r d e r  

C-- Iner t ia  switch.  The o p t i o n s  are: 

1--No i n e r t i a s  are p r i n t e d  
? - - I n e r t i a s  r e l a t i v e  t o  t h e  GIIOBAL 

r e f e r e n c e  frame a r e  p r i n t e d  
3 - - I n e r t i a s  a:e p r i n t e d  r e l a t i v e  t o  

a - o r d i n a t e  svs tem whose o r i g i n  
is a t  t h o  c e n t e r  o f  g r a v i t y  of t h e  
co r re spond ing  s u b s e t  or e lement  and 
whose o r i e n t a t i o n  is t h e  same a s  
t h e  GLOBAL r e f e r e n c e  frame. 

Defaul t :  I f  the key-word STATEMENT i s  n o t  used, 
no weight- s t a  tement  i s  genera ted .  I i  
o n l y  t h e  key-word is  i n p u t ,  t h e  t o t a l  
:nass pi > p e r t i e s  a r e  p r i n t e d  (ABC=I 11) .  

EKxxx<a><=Co?e> 
(EMxxx<d>C=Code>) These parameters  i n i t i a t e  p r i n t i n g  of 

t h e  mass and g e r ~ e t r i c  d a t a  f o r  t h e  
e l emen t s  i n  t h e  s t ; - f f  ness  (K)  o r  mass 
(M) s u b s e t  denoted  by EKxxx and EMxxx, 
r e s p e c t i v e l y .  The c h a r a c t e r s  xxx deno te  
an element  s u b s e t  number d e f i n e d  v i a  
t h e  SUBSET-DEFINITION Preprocessor .  

The o p t i o n a l  <a> i s  s f f e c t i v e  on ly  f o r  
any SPAR, COVER and CCOVER e lement  types  
( s e e  appendices  B and C)  which may be 
inc luded  i n  t h e  s p e c i f i e d  subset..  This  
p o r t i o n  of  t h e  key-word i s  i n p u t  a s  
t h e  3 c h a r a c t e r s  ( U ) ,  (L) o r  ( W ) .  These 
c h a r a c t e r s  d e n o t e  t h a t  o n l y  the upper 
(U) s u r f a c e  and f l a n g e  d a t a ,  o n l y  t h e  
lower (L)  s u r f a c e  and f l a n g e  d a t a ,  o r  
o n l y  t h e  SPAR web (W) d a t a  fo r  t h c  
co r re spond ing  e l = e n t s  i n  t h e  s u b s e t  
a r e  t o  be p r i n t e d .  

Itcode" is  an o p t i o n a l  3 - d i g i t  i n t e g e r  
ABC d e f i n e d  a s  above f o r  t h e  STATEMENT 
parameter .  T h i s  code is  e f f e c t i v e  f o r  



t h e  subsequent  snbbsets i d e n t i f i e d  i n  
Plist as it is i n t e r r o g a t e d  i n  a l e f t -  
t o - r i g h t  o r d e r  until it i s  reset. 

One o r '  more o f  t h e s e  parameters may 
be used i n  a s i n g l e  s ta tement ,  The 
As t e r i sk  Name Option (see sec. 200.2) 
may be used to idecLi fy  subsets .  

Defaults:  I f  t h e  words EKxxx o r  EMxxx a r e  n o t  
i npu t ,  no s u b s e t  d a t a  p r i n t o u t  is 
generated. The d e f a u l t  f o r  Code i s  
11 1. 

SUMMARY Key-word that i n i t i a t e s  p r i n t i n g  of 
t h e  t o t a l  mass-property d a t a  and a 
summary of  t h e  mass -d i s t r ibu t ion  
cond i t i on  data.  
Default:  No summary da t a  are pr in ted .  

Th i s  parameter i n i t i a t e s  p r i n t i n g  o f  
t h e  mass and lor  panel-weight ma t r i ce s  
i d e n t i f i e d  by t h e  name MDCxxxY f o r  a 
mass -d i s t r ibu t ion  COHDITION. One o r  
more of t h e s e  parameters  may be used 
i n  a s i n g l e  s ta tement .  The A s t e r i s k  
N a m e  Option (see sec. 200.2) may be 
used t o  i d e n t i f y  t h e s e  matrices. 
Default:  N o  mass o r  panel-weight matrices 

a r e  p r in ted .  

FUEL Key-word which must be s p e c i f i e d  i f  
any of t h e  fo l lowing parameters TABLES 
o r  TANKS i s  used. If only  t h i s  key- 
word is s p e c i f i e d ,  t h e  t o t a l  mass 
p r o p e r t i e s  of t h e  f u e l - d i s t r i b u t i o n  
cond i t i ons  a s s o c i a t e d  with da t a  set  
"Sen a r e  p r in t ed ,  
Default:  No f u e l - t a b l e  da ta  o r  f ue l -  

d i s t r i b u t i o n  d a t a  a r e  printed.. 



This  parameter  deno tes  which t y p e s  of 
f u e l - t a b l e  d a t a  a r e  t o  be p r i n t e d .  
n P a r n  is a  2 - d i g i t  i n t e g e r ,  AB, de f ined  
a s  fo l lows:  

A--Fuel-tank geometry switch.  The 
o p t i o n s  are :  

1--NO geomet r i e s  a r e  p r i n t e d  
2--Geometries are p r i n t e d  

B-- Iner t ia  switch.  The o p t i o n s  a r e :  

1--No i n e r t i a s  a r e  p r i n t e d  
2 - - Ine r t i a s  r e l a t i v e  t o  t h e  

GLOBAL r e f e r e n c e  frame a r e  
p r i n t e d  

3 - - I n e r t i a s  a r e  p r i n t e d  r e l a t i v e  
t o  t h e  c. g. of each f u e l  t a n k  

Default :  TABLES=I 1  i f  t h e  key-word FUEL i s  
s p e c i f i e d .  

TANKS< = Par> Th i s  parameter  deno tes  which t y p e s  of 
f u e l - d i s t r i b u t i o n  d a t a  a r e  t o  b e  p r in ted .  
"Para8 is a  2 - d i g i t  i n t e g e r ,  AB, de f ined  
a s  fol lows:  

A-- Fuel-tank mass p r o p e r t y  switch.  The 
o p t i o n s  are :  

1--Total mass p r o p e r t i e s  
2--Mass p r o p e r t i e s  f o r  t h e  

i n d i v i d u a l  t a n k s  

B--1nerti.a switch. The 0,-tions a r e :  

1--No i n e r t i a s  a r e  p r i n t e d  
2 - - I n e r t i a s  r e l a t i v e  t o  t h e  

GLOBAL r e f e r e n c e  frame a r e  
p r i n t e d  

3 - -1ner t i s s  a r e  p r i n t e d  r e l a t i v e  t o  
t h e  c o g .  o f  t h e  t o t a l  fue l -  
d i s t r i b u t i o n  d a t a  ( i f  A=l) .  o r  
r e l a t i v e  t o  t h e  cog.  of  each t a n k  
( i f  A=2) 

Default:  TANKS=11 i f  the key-word FUEL i s  
s p e c i f i e d .  



PAYLOAD<=Par> This parameter denotes which types  of 
payload-dis t r ibut ion data  a r e  t o  be 
pr ihted.  "Pam is a  2-digit  integer, 
AB, def ined a s  follows: 

A-- Pay load (passengers and/or cargo holds) 
mass property switch. The opt ions  are: 

1--Total mass p rope r t i e s  
2--Mass propnr t ies  f o r  t h e  i n d i v i d u a l  

passengers and/or cargo holds 

B--19ertia switch. The options a re :  

1--No i n e r t i a s  are printed  
2-- Iner t ias  r e l a t i v e  t o  the GLOBAL 

reference frame a r e  ~ r i n t e d  
3--Iner t ias  a r e  printed relative t o  

t h e  c.g.  of each passenqer and/or 
cargo hold 

Default: PAYLOAD=11 

Fxarn~le PRINT stazement 9: 

PfiIKT OUTPIIT (hTASS, STATEMENT=2 13) 
PFINT OUTPUT (MASS, EK1=313, EM14 (L)  , SUMMARY) 
PF Ib?T OUTPUT (MASS, MCC=MXO 1 **) 



240.0 MATERIAL POSTPROtESSOR 

Pr in tou t  of  t h e  e l a s t i c  p r o p e r t i e s  and/or  t h e  des ign  
a l lowable  stresses a s s o c i a t e d  wi th  t h e  ATLAS Standard m a t e r i a l s  
and user-def ined Spec ia l  or Composite m a t e r i a l s  (sec. 140.0) 
may be reques ted  from t h e  MATERIAL Pos tp rocessor  a s  desc r ibed  
i n  s e c t i o n  240.1. Options a r e  provided t o  d i s p l a y  t h e  fo l lowing 
t ypes  o f  da t a  f o r  s e l e c t e d  mater ia ls :  

a) The e l a s t i c  p r o p e r t i e s  a s s o c i a t e d  w i th  t h e  f i r s t  
p r i n c i p a l  d i r e c t i o n  of Standard  and Spec i a l  i s o t r o p i c  
m a t e r i a l s  

b) The elas t ic  pxoper t i e s  a s s o c i a t e d  w i th  each p r i n c i p a l  
d i r e c t i o n  o f  t h e  m a t e r i a l s  

c) Only t h e  u l t ima t e  o r  only  t h e  y i e l d  a l lowable  stresses 

a) E l a s t i c  p r o p e r t i e s  and a l lowable  stresses 



2408 1 PRINT INPUT STATEMENT 

The f o l l o w i n g  s t a t e m e n t  i s  used t o  r e q u e s t  p r i n t o u t  o f  
t h e  M a t e r i a l  d a t a ,  

PRINT INPUT (MATERIAL, Plist) 

L i s t  of o p t i o n a l  parameter  f o r  P l i u t :  

(EJDARD) T h i s  parameter  d e n o t e s  t h e  m a t e r i a l  
r e f e r e n c e  codes  f o r  which e last ic  p r o p e r t i e s  
and/or  d e s i g n  a l l o w a b l e  stresszs a r e  t o  be 
p r i n t e d .  Op t iona l  v a l u e s  of t h i s  tx ra rne te r  
a r e :  

STENDARD --All Standa rd  m a t e r i a l s  
M~,Mz, . . .  ,MI0 - -Se l ec t ed  S t a n d a r d  m a t e r i a l s  
M51,MS2,. . . , M99 - -Se l ec t ed  S p e c i a l  m a t e r i a l s  
CllC2,...,C31 - - S e l e c t e d  Composite m a t e r i a l s  

one or more of these  paramGters may be used 
i n  a  s i n g l e  statement. .  The A s t e r i s k  Name 
o p t i o n  (sec. 200.0) may b e  used t o  i d e n t i f y  
m a t e r i a l  codes .  

Dzfau l t :  M a t e r i a l  d a t a  a r e  p r i n t e d  f o r  a l l  
s p e c i a l  and compos i te  m a t e r i a l  s 
t h a t  have  been de f ined .  

E Q S T I C  
Th i s  pa rame te r  d e n o t e s  t h s t  o n l y  t h e  
~LB.sTIc j 1 . r  op. .xt ies  or  o n l y  t h o  d e s i g n  
ALyOWABLES art: t o  be p r i n t e d  9 r  t h e  
s p e c i f i e d  natc. : i a l s .  I f  ALLOWABLES i s  
used,  p r i n t o u t  may be f u r t h e r  l i m i t e d  t r b  
only t h e  ult ima%,e (U) o r  o n l y  t h e  y i e l d  ( Y )  
stress d a t a .  One or more of t h e 5  2 pa rame te r s  
may be used  i n  a s i n q l e  stateme~~t.  
Default.: ELhSTZC p r o p o r t i e s  and ALLOWABLE 
s t r e s s e a  a r e  printed. 

Koy-i.,ord de i lo t ing  :k?t on iy  t h e  e l a s t i c  
p r o , , e r t i e s  a s s o c i a t e d  w i t '  t h e  f i r s t  
u r i n c i p a l  d i  ract  i o n  of the matar iaL a r e  
t o  be printed. This  key-word is nc?. 
a p p l i c a b l e  t o  Composite m c c r ;  - ls. 
Defau l t :  E l a s t i c  p r o p e r t y  data 3 ;.;ociated 

wit!, each  of thz p r i ~ l c i o a :  
m a t e r i a ?  d i r e c t i a n s  a: p r i n t e d .  



242.0 MERGE PROCESSOR 

The nERGE Processor  assembles e l ementa l  and s u b s t r u c t u r e  
e l a s t i c  and geometric s t i f f n e s s ,  mass, l o a d s  and d isplacement  
m a t r i c e s  t o  g e n e r a t e  q r o s s  s t r u c t u r a l  m a t r i c e s  or s e l e c t e d  
submatr ices  t h e r e o f  f o r  subsequent analyses .  Addi t iona l ly ,  
t h i s  prccessor performs s p e c i a l i z e d  functions that support back- 
s u b s t i t u t i o n  o p e r a t i o n s  r e q u i r e d  f o r  s t r e s s / d i s p l a c e m e n t  a n a l y s e s  
o f  , , -bs t ruc tu re  models. Execution o f  this module t o  e f f e c t  
s t r u ~ t u r a l  ana lyses  via t h e  ATLAS System is i l l u s t r a t e d  by t h e  
cataloged c o n t r o l  s t a t e m e n t s  presented  i n  appendix E. These 
ca ta loged  s t a t e m e n t s  are a u s e r  convenience t h a t  o b v i a t e s  t h e  
need, i n  most cases, t o  u s e  t h e  e x p l i c i t  EXECUTE MERGE statement .  



2 '42.1 EXECUTE MERGE STATPIENT 

The fo l lowinq  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  of t h e  MERGE 
Processor. P rev ious  e x e c u t i o n  of o t h e r  p r o c e s s o r s  i s  r e q u i r e d  
t o  q e n e r a t e  t h e  data matrices used  by t h i s  processor .  I n  a l l  
ca ses ,  t h e  STIFFNESS P r o c e s s o r  must be execu ted  prior t o  
e x e c u t i o n  of t h i s  p rocesso r .  

EXECUTE MERGE ( P l i s t )  

L i s t  of  c ~ t i o n a l  ~ a r a m e  ters f o r  P l i s t :  

S'IIFFNESS - 
GSTIFFNESS -- 
XASS 
LOADS - 
DZZLACEMENTS 
PARTIT ION --- 
EXPANSION 

Key-word d e n o t i n g  t h a t  elastic o r  geometr ic  
s t i f f n e s s  (STIFFNESS or GSTIFFNESS) , MASS, 
LOACS or DISPLACEMENT m a t r i c e s  are  t o  b e  
assembled (merged) or t h a t  s u b s t r u c t u r e  
back-subst  i t u t i o n  o p e r a t i o n s  (PARTITION 
and EXPANSION) a r e  t o  be performed. 
U s e  of t h e  l a t t e r  t w o  key-words i s  
d i s c u s s e d  i n  d e t a i l  below. Only one 
of t h e s e  key-words may be used  i n  a  
s i n g l e  s t a t e m e n t .  
Defaul t :  Er ror .  Execut ion i s  t e rmina ted .  

I f  t h e  MASS o p t i o n  i s  s e l e c t e d ,  t h e r e  
must he a mass p r o p e r t y  a s s o c i a t e d  wi th  
each r e t a i n e d  k i n e m a t i c  freedom f o r  
t h e  s p e c i f i e d  "STAGE." I f  t h i s  i s  no t  
t h e  case ,  e x e c u t i o n  is t e r m i n a t e d  
subsequent  to p r i n t i n g  a list of a l l  
such  d e f i c i e n c i e s .  Elemental mass 
matrices and c o n c e n t r a t e d  masses (see 
CONMASS parameter)  c o n t r i b u t e  t o  t h e  
mass p r o p e r t i e s  a s s o c i a t e d  w i t h  t h e  
r e t a i n e d  f reedoms. 

Matrices t o  be assembled must be  a s s o c i a t e d  with one or 
more s t r u c t u r a l  model components each  i d e n t i f i e d  by e i t h e r  a 
d a t a  s e t  number and boundary c o n d i t i o n  (BC) s t a g e  number 
(SET/STAGE) , a s u b s t r u c t u r e  number (SS) or a buck l ing  se t  n u d e r  
(BSET) . The component i 4 e n t i f i e r  SET/STAGE may n o t  be used  
w i t h  SS o r  BSET i n  P l i s t  

E i t h e r  t h e  s t i f f n e s s  d a t a - s e t  number 
( i n t e q e r )  f o r  which STIFFNESS, LOADS 

o r  CISPLACEMENT matrices are to be  
assembled o r  t h e  mass d a t a  set  number 
( i n t e q e r )  i d e n t i f y i n g  which MASS ma tr ices 
ars t o  be assembled. F in i te -e lement ,  
e l a s t i c  s t  i f  f n e s s  m a t r i c e s  must have 



been c a l c u l a t e d  v i a  t h e  STIFFNESS 
Processor  (sec . 25 2.2) , loads and 
d isplacements  prepared  v i a  t h e  LOADS 
Processor  (sec. 234.1) and f i n i t e - e l e m e n t  
mass m a t r i c e s  c a l c u l a t e d  by OPTION=U 
of t h e  MASS Processor  (sec. 238.2). 
Default:  SET=I 

The BC s t a g e  number ( i n t e q e r )  a s s o c i a t e d  
w i t h  t h e  s p e c i f i e d  s t i f f n e s s  o r  
s t i f f  ness/mass d a t a  set f o r  which t h e  
s p e c i f i e d  t y p e  of m a t r i c e s  is  t o  be  
assembled. 

4 
Cefault :  STAGE=1 

A s u b s t r u c t u r e  number ( in tegeA ; , ass igned  
v i a  t h e  i n t e r a c t  d a t a  (sec, 130.0). 
f o r  which t h e  s p e c i f i e d  c p e r a t i o n  i s  
t o  be performed. 
Default  : Sm/STAGE c o m ~ o n e n t  matrices 

a r e  t o  be assembled. 

Ihe buckl ing  set  number ( i n t e q e r )  f o r  
which GSTIFFNESS matrices a r e  t o  be 
assembled, F i n i  te-element,  geometr ic  
s t i f f n e s s  m a t r i c e s  must have been 
c a l c u l a t e d  v i a  t h e  STIFFNESS Processor  
(sec. 252.2). I f  t h i s  ~ a r a m e t e r  is 
used with t h e  % S H  parameter ,  t h e  
conponent qeometr ic  s t i f f n e s s  matrices 
t o  be assenb led  must be User Mat r i ces  
i d e n t i f i e d  a s  GREDxxx, where "xxxW is 
a component s u b s t r u c t u r e  number, 
C e f  a u l t :  BSET= 1 i f  GSTIFFNESS 

i s  spec i f i ed .  

The number ( i n t e q e r )  of  a s u b s e t  o f  
concen t ra ted  masses, d e f i n e d  v i a  t h e  
mass d a t a  (sec. 138.0) , which a r e  t o  
be assembled. c o n c e n t r a t e d  masses may 
be assembled wi th  e lementa l  mass m a t r i c e s  
p rev ious ly  genera ted  f o r  t h e  SET/STAGE 
component. Th i s  parameter  is  on ly  
a p p l i c a b l e  when t h e  MASS c p t i o n  is  
s e l e c t e d  . 
Default :  N c  concen t ra ted  masses a r e  

assembled. 

T h i s  parameter d e n o t e s  the  a c t i o n  t o  
be t aken  when an i n a c t i v e  kinematic 



freedom (one t h a t  h a s  zero s t i f f n e s s )  
has been retained. The opt ions  a v a i l a b l e  
f o r  the i n t e g e r  'Todew are: 

1 o r .  Execution i s  terminated. 

2--Warning. The reques ted  ope ra t i on  i s  
executed. 

Regardless o f  t h e  s e l e c t e d  Vode,  i f  
an i n a c t i v e  freedom has  been r e t a i n e d  
f o r  subsequent  ana ly se s  or i f  a l o a d  
has been app l i ed  t o  an i n a c t i v e  freedom, 
a l i s t  of all such freedoms is pr in ted .  

Default  : RETAIN=I 

9-Sr_N=Code This  parameter deno tes  t h e  a c t i o n  t o  
be taken  when t h e  name of a  mat r ix  
s p e c i f i e d  v i a  t h e  HNamen parameter is  
the same a s  t h e  name of  a previously-  
qenera ted  U s e r  Xa t r i  x. The op t i ons  
f o r  t h e  i n t e q e r  "CodeH are: 

1--The s p e c i f i e d  ope ra t i ons  are performed 
and t h e  c o n t e n t s  of t h e  previously-  
qenera ted  matr ix  "Namen a r e  over-wri t ten.  

2--The s p e c i f i e d  o p e r a t i o n s  are no t  
performed. Subsequent con t ro l  
s t a tements ,  however, a r e  executed. 
Th i s  op t i on  a l lows  t h e  user  t o  avoid  
r e c a l c u l a t i o n  of previously-qenera t ed  
ma t r i c e s  a s  i n  t h e  c a s e  of  problem- 
execution r e s t a r t  o r  dur ing s u b s t r u c t u r e  
analyses .  

In koth cases, a warninq messaqe i s  
issued.  

Default:  OPTION= 1 

Name=Index This  parameter a l l ows  the user t o  s p e c i f y  
t h a t  only a p a r t i c u l a r  submatrix of 
a qross matrix for a SETISTAGE or BSFX' 
com~onent  i s  t o  be generated, "Namem 
and "Index" a r e  a s  follows: 

Name--Alphanumeric name of  t h e  r e s u l t i n g  User 
Matrix (see sec.  200.0).  



Index--A kwo-digit  i n t e g e r  i d e n t i f y i n g  which 
submatrix of a p a r t i c u l a r  gross matr ix  
( e l a s t i c  or qeometric s t i f f n e s s ,  mass, 
loads  or displacements)  is t o  be 
generated. Each of t h e s e  d i g i t s  is 
eitt.er 1, 2 cr 3 correspondinq t o  t h e  
freedom a c t i v i t y  l a b e l s  FREE, RETAIN 
and SUPPORT, r e spec t i ve ly .  The f i r s t  
d i g i t  d e f i n e s  the row-par t i t ion  number, 
whereas the second d i g i t  d e f i n e s  t h e  
column-par ti ti an number (e. g. , 1 1= FREE- 
FREE, 23=RETAIN-SUPPORT. etc. ) of t h e  
matrix t h a t  is t o  be generated. The 
DISPLACEMENT matr ix  must be i d e n t i f i e d  
by 31 and t h e  LOADS mat r i c e s  must be 
i d e n t i f i e d  by 11, 21 and 31. 

Whenever a parameter o f  t h i s  t y p e  is  
inpu t ,  on ly  the s p e c i f i e d  ma t r i c e s  are 
assembled. I f  mare than  one mat r ix  
i s  t o  be genera ted ,  t h i s  parameter i s  
repea ted  a s  necessary.  A l l  n ine  
p a r t i t i o n  ma trices of a gene ra l  gross 
matr ix  may be reques ted ,  Th i s  parameter 
i s  not a p p l i c a b l e  to  assembling 
s u b s t r u c t u r e  mat r i ces ,  

Default: It t h i s  parameter i s  n o t  i n p u t  when 
SETISTAGE o r  BSET component ma t r i c e s  
are t o  be  assembled, a l l  diagonal and 
above-diagonal p a r t i t i o n  mat r i ces  of  
t h e  corresponding g r o s s  matr ix  a r e  
assembled. Each p a r t i t i o n  (User Matrix) 
i s  au tomat ica l ly  assigned a name ABCXXYY 
where 

A--The let ter  D, G, K,  L o r  M a s s o c i a t e d  
wi th  t h e  t y p e  of ma t r i c e s  beinq 
assembled: 

0-- C ISPTAC EMENTS 
G--GSTIFENESS 
KO- STIFFNESS 
L- -LOADS 
M--MASS 

Bc--TWO c h a r a c t e r s  t h a t  i d e n t i f y  a p a r t i c u l a r  
p a r t i t i o n  m t r i x .  For t he  G, K and 
M type matr ices ,  each c h a r a c t e r  i s  t h e  
f i r s t  let ter  of one of the kinematic-  



freedom a c t i v i t y  l a b e l s  (see sec. 106.1) . 
These letters are F, R and S f o r  the 
labels FREE, RETAIN and SUPPORT, 
r e spec t i ve ly .  The f i r s t  letter i n  t h i s  
p a i r  i d e n t i f i e s  t h e  row address  of t h e  
matr ix,  whereas t h e  second letter 
i d e n t i f i e s  t h e  colum address of t h e  
matr ix  (e. q., FP=FREE-FREE, RS=RETAIN0 
SUPPORT, etc.) . The DISPLACEMENT matr ix  
is i d e n t i f i e d  by t h e  c h a r a c t e r  p a i r  
S1, whereas t h e  LOADS mat r i c e s  a r e  
i d e n t i f i e d  by F1, R1 and S1. 

XX--The STAGE number or BSET number. 

YY--The SET number or blank i f  
ESET is specified. 

Subs t ruc tu r e  (SS) component User Matr ices  assembled by 
t h e  MERGE Processor  are i d e n t i f i e d  by system-standard 7 -charac te r  
names of the form ABCSXXX where 

A--The letter D, G, K,  L or M a s soc i a t ed  wi th  t h e  t y p e  
of matrices being assembled: 

BC--A two-digi t  i n t e g e r  i d e n t i f y i n g  t h e  row add re s s  and 
column address,  r e s p e c t i v e l y ,  of t h e  p a r t i t i o n  matrix. 
Each of these diqits is either 1, 2 or 3 corresponding 
t o  t h e  kinematic-f reedom a c t i v i t y  l a b e l s  FREE, RETAIN 
and SUPPORT, respec t ive ly .  The d i g i t  C is always 1 
f o r  LOADS and DISPLACmmT matrices and t h e  d i g i t  B 
i s  always 3 f o r  DISPLACEMENT matrices.  

S--The l e t te r  S. 

XXX--The s u b s t r u c t u r e  number. 

The diaqonal  and above-diagona 1 p a r t i  t i o n  ma t r i c e s  of t h e  
correspondinq g ro s s  matr ix  for t h e  s p e c i f i e d  "SS1@ a re  always 
qenera tad  v i a  a s i n g l e  s ta tement .  No ma t r i x -pa r t i t i on  
s e l e c t i v i t y  i s  ava i l ab l e .  

The fo l lowinq two parameters  (PARTITION and EXPANSION) 
a r e  a p p l i c a b l e  on ly  t o  suppor t  b a c k - s u b s t i t u t i ~ n  ope ra t i ons  



I r equ i r ed  f o r  s tresWdisp1acement ana ly se s  a s soc i a t ed  with a 
h iqher - leve l  subs t ruc tu r e  denoted by t h e  parameter  "SS=Sub. 
See appendix E and F far a p p l i c a t i o n s  of t h e s e  parameters. 

ELRZITION Key-word denot inq t h a t  t h e  displacement 
User H a t r i c e s  DBSZwx, DBS2yyy, etc., 
a s soc i a t ed  wi th  t h e  r e t a i n e d  kinemat ic  
freedoms of s u b s t r u c t u r e s  xxx, yyy, 
etc., which were i n t e r a c t e d  t o  d e f i n e  
n s S n  are t o  be generated ,  These mat r ices  
a r e  genera ted  by a p p r o p r i a t e  p a r t i t i o n i n g  
of t h e  displacement matrices DBS1--0,  
DBS2--- and DBS3--- prev ious ly  c a l c u l a t e d  
f o r  nSSn by an i n t e r a c t i o n  so lu t ion .  
The d i g i t  1, 2 or i i n  a matr ix  name 
denotes t h e  par t i t ion-mat r ix  row address ,  
whereas --- is t h e  i n t e g e r  number of 
'1s S . '1 
Default:  P a r t i t i o n i n g  of the displacement 

ma t r i ce s  is no t  ~e r fo rmed .  

EZPNSION, Outl=Inl, Out2=In2, . . . - 
T h i s  list of parameters  denotes t h a t  
t h e  s e l e c t e d  load- c a s e  d e ~ e n d e n t  User 
Matr ices  a s s o c i a t e d  with components 
xxx, yyy,  etc., of t h e  s ~ e c i f i e d  "SSN 
a re  t o  be expanded column-wise, a s  
necessary, f o r  compatible back- 
s u b s t i t u t i o n  ca l cu l a t i ons .  An EXPANSION 
of t h e  s e l e c t e d  mat r ices  ( In l ,  I n2, 
etc.) is performed such t h a t  t h e  coluxm 
order and dimension of the r e s u l t i n g  
mat r ices  (Out1 , Out2, etc. ) are 
compatible w i t h  t h e  colurcn dimension 
of t h e  d isplacement  matrices DBSZxxx, 
DBS2yyy. etc., p rev ious ly  c a l c u l a t e d  
f o r  t h e  correspondinq components of 
nSScc (see t h e  PARTITION cp t ion)  . Proper 
expansion of load-case dependent mat r ices  
is r equ i r ed  because d i f f e r e n t  load ca se s  
may be a s s o c i a t e d  with t h e  d i f f e r e n t  
subs t ruc tu r e  components. 

outi--Four alphanumeric c h a r a c t e r s  t o  be used 
i n  forming t h e  7-character  names of 
t h e  r e s u l t i n q  set of User Matrices.  
Each of t h e  matr ix  names i s  comprised 
of these fou r  c h a r a c t e r s  followed 
d i r e c t l y  b y  t h e  corresponding 
subs t ruc tu r e  component number r i g h t -  



a d j u s t e d  and z e t e f i l l e d .  see t h e  
OPTION parameter r e g a r d i n g  uniqueness 
o f  t h e s e  mat r ix  names. 

Ini--The first f o u r  alphanumeric c h a r a c t e r s  
of  a previously-generated,  load-case  
dependent User Matr ix  which is t o  b e  
expanded. The t y p e s  of m a t r i c e s  which 
may be expanded are exempl i f ied  by  t h e  
f ol lowinq ma trices genera ted  v i a  t h e  
su b s t r u c t u r e - a n a l y s i s  ca ta logued 
s t a t ements  p resen ted  i n  appendix E: 
LREhtxx,  ESUBxxx, CSUBxxx and D31Sxxx. 

Default :  If none of t h e s e  parameters  is i n p u t ,  
expansion of load-case  dependent m a t r i c e s  
is n o t  performed. I f ,  hot ?ver ,  o n l y  
t h e  key-word EXPANSION i s  i n p u t ,  
execut ion  is te rmina ted .  

Example: The m a t r i c e s  of s p e c i f i e d  SUPPORT-displacements 
a s s o c i a t e d  wi th  t h e  components of s u b s t r u c t u r e  
10 a r e  i d e n t i f i e d  by D31Sxxx, D3lSyyy, etc. 
The column dimension of D3 ISxxx, f o r  example, 
is equa l  t o  t h e  number of  load  c a s e s  a s s o c i a t e d  
wi th  component xxx. The m a t r i x  o f  r e t a i n e d -  
freedom displacements  f o r  s u b s t x u c t u r e  10, 
DBS2010, however, w i l l  g e n e r a l l y  have a l a r g e r  
column dimension t h a n  D31Sxxx, etc. A l a r g e r  
column dimension of  matr ix  DBS2010, a s  
c a l c u l a t e d  v ia  t h e  PARTITION op t ion ,  is due 
to  a d d i t i o n a l  l o a d  c a s e s  a s s o c i a t e d  wi th  t h e  
components of s u b s t r u c t u r e  10. The s t a t e m e n t  

EXECUTE MERGE (EXPANSION, SS=lO, DBS3=D31S) 

causes t h e  E31Sxxx, D31Syyy, etc. , r a t r i c e s  
a s s o c i a t e d  with the components of s u b s t r u c t u r e  
10 t o  be expanded accord inq ly ,  named DBS3xxx, 
CBS3yyyr ..., r e s p e c t i v e l y ,  and saved f o r  
subsequent  analyses .  

The  rernalnirlq f i v e  pararreters  (CONE, COEE,  COWR, COEL 
and COWL) a r e  a p p l i c a b l e  on ly  i f  t h e  STIFFNESS o p t i o n  i s  used. 
These parameters  a l low s e v e r a l  t y p e s  of i l l - c o n d i t i o n i n g  checks 
t o  be performed on ths d i a g o n a l  p a r t i t i o n - m a t r i c e s  of t h e  q r o s s  
e l a s t i c - s t i f f n e s s  matr ix.  These checks provide  t h e  u s e r  wi th  
i n d i c a t c r s  of t h e  l o v z l  of i l l - c o n d i t i o n i n q  of t h e  s t r u c t u r a l ,  



mathematical  model p r i o r  t o  s o l v i n g  t h e . s t i f f n e s s  e q u i l i b r i u m  
e q u a t i o n s  v i a  t h e  Cholesky Processor  (sec. 210.0). 

Two l e v e l s  o f  c o n d i t i o n i n q  re fe renced  a s  the " s i n g l e  passn  
and ndouble p a s s n  checks may be performed. I n  t h e  fo l lowing  
d i scuss ion ,  K i j  deno tes  a submatrix of t h e  g r o s s  matr ix ,  wherein 
the "i I* rows and fl j" columns correspond to  t h e  kinematic  freedoms 
of i n t e r n a l  nodes m i "  and Mj*, r e s p e c t i v e l y .  

The w s i n q l e - p a s s w  check i s  performed by c a l c u l a t i n g  t h e  
s iqenva lues  of each d iagona l  submatr ix  K i i .  Based on t h e  minimum 
and nax imum e igenva lues  (Lmins and Lmaxs, r e s p e c t i v e l y )  and 
the user - se lec ted  r a t i o s  rneratW and awrat,r t h e  fo l lowinq ac txon  
i 3  taken: 

a )  Error  i f ;  Lmins S 0. 
or ,  (Lmaxs) /(Lmins) > e r a t  

b) Warninq i f ;  e r a t  > (Lmaxs) / (Lmins) > wrat 

The lldouble-passw check, i f  s e l e c t e d ,  i s  performed 
subsequent  t o  performing t h e  Igsingle-passa check on ly  i f  no 
s r r o r s  were encountered. For each K i i  ma t r ix ,  a  modif ied 
submatr ix &i is formed, 

- 
K i i  = K i i  - ~ i j *  (K j]) - 1 * K j i  

Based on t h e  minimum and mximum e iqenva lues  o f  t h i s  matr ix  
(Lmind and Lmaxd, r e s p e c t i v e l y )  and t h e  r a t i o s  " e r a t n  and *wrat," 
the fo l lowinq a c t i o n  i s  taken: 

a) Error  i f ;  Lmind S 0. 
or ,  (Lmaxd) / (Lmind) > e r a t  

b) Warninq i f ;  e r a t  > (Lmaxd) /(Lmind) > wrat  

Furtherccore, i f  no errors were encountered,  t h e  s m a l l e s t  
e iqenva lue  c a l c u l a t e d  by t h e  ( 'sinqle-pas@ (Lmins) i s  compared 
with the s a a l l e s t  e iqenva lue  c a l c u l a t e d  by t h e  ludouble-pass11 
(Lmind) fo r  each o f  t h e  K i i  submatr ices.  Based on t h e s e  
e iqenvalues  and t h e  use r - se lec ted  r a t i o s  "emin" and Hwmin,n 
t h e  fo l lowing a c t i o n  is taken: 

a)  Error  i f ;  (Lmins)/(Lmind) > emin 

b )  Warninq i f ;  emin > ( L e n s ) /  (Lmind) > wmin 



The  conditioriinq-check parameters  'are as follows: 

COND=Type The type of condi t ioning-check t o  be  
performed. The t h r e e  o p t i o n s  f o r  t h e  
i n t  eqer "Typem are: 

0 --No condi  ti on i  nq check 
1 --((Single-pa ssr check 
2--*Double-pass* check 

Default:  COND=O 

Number t h a t  d e f i n e s  t h e  error c o n d i t i o n  
f o r  t h e  r a t i o  (Lmaxs) / (Lmins) and f o r  
t h e  r a t i o  (Lmaxd) / (Lmind) . 
Default:  COER=101* 

Numker t h a t  d e f i n e s  t h e  warning c o n d i t i o n  
f o r  t h e  r a t i o  (Lmaxs) / (Lnins) and f o r  
t h e  r a t i o  (Lmaxd) / (Lmind) . 
Default:  mWR=lO@ 

Number t h a t  d e f i n e s  t h e  (*double-pass** 
error c o n d i t i o n  f o r  t h e  r a t io  
(Lmins) / (Lmind) . 
Default:  CIOEL=lOl* 

Number t h a t  d e f i n e s  t h e  *8double-passw 
warning c o n d i t i o n  f o r  t h e  r a t i o  
(Lmin s) / (Lmi nd) . 
Default: a W L = 1 0 *  



244. O MULTIPLY PROCESSOR 

The MULTIPLY Processor  e v a l u a t e s  a user-defined ma t r i x  
expression.  The express ion  may denote  t h e  a d d i t i o n  of one 
mat r ix  t o  t h e  sum of one to f i v e  mat r ix  products.  Executi  . :: 
o f  t h i s  module t o  e f f e c t  s t r u c t u r a l  ana ly se s  v i a  t h e  ATLAS 
system is i l l u s t r a t e d  by t h e  ca ta loged  c o n t r o l  s t a tements  
presented i n  appendix E. These ca ta loged  s ta tements  a r e  a usex 
convenience t h a t  obviates t h e  need, i n  most cases ,  t o  u s e  the 
explicit EXECUTE MULTIPLY statement.  



2 4 4 . 1  EXECUTE MULTIPLY STATPiENT 

The f o l l o w i n q  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  of  t h e  MULTIPLY 
Processor .  P r e v i o u s  e x e c u t i o n  of o t h e r  p r o c e s s o r s  i s  r e q u i r e d  
t o  q e n e r a t e  the data matrices use? by t h i s  p roces so r .  

I EXECUTE MULTIPLY ( P l i s t )  

L i s t  o f  o ~ t i o n a l  parameters  f o r  P l i s t :  

Matexp T h i s  pa rame te r  d e n o t e s  t h e  m a t r i x  
e x p r e s s i o n  t o  be e v a l u a t e d .  The 
e x p r e s s i o n  must  be d e f i n e d  i n  t h e  form 

where t h e  b r a c k e t s  e n c l o s i n g  t h e  m a t r i x  
o p e r a t i o n s  on  t h e  r i g h t - h a n d  s i d e  of 
t h e  e q u a l  s i g n  must be  punched. The 
remaininq items a r e :  

Mati--Alphanumeric name of  a  p r e v i o u s l y -  
q e n e r a t e d  U s e r  M a t r i x  ( s ec .  200.0) t o  
be processed .  

Res--Name of  t h e  r e s u l t i n -  User M a t r i x  d e f i n e d  
v i a  t h i s  s t a t e m e n t .  'ar! t h e  OPTION 
pa rame te r  below r e q a r d i n g  un iqueness  
o f  t h i s  m a t r i x  name. I f  t h e  add m a t r i x  
and  each  of  t h e  m a t r i x  p roduc t s  i n v o l v e  
a  n u l l  m a t r i x ,  t h e  r e s u l t  m a t r i x  i s  
n u l l .  A non-zero r e s u l t  m a t r i x  is 
s t o r e d  i n  r e c t a n g u l a r  format  u n l e s s  
a c e r t a i n  c o n d i t i o n  is  s a t i s f i e d ,  i n  
which c a s e ,  it i s  s t o r e d  i n  t h e  
t r i a n q u l a r  User-Matr ix  format .  Each 
o f  t h e s e  c o n d i t i o n s  is  a s  fo l lows:  

a )  There i s  no add m a t r i x  and a l l  m a t r i x  
p r o d u c t s  a r e  of t h e  type A (T) *A where 
A is a  r e c t a n g u l a r  mat r ix .  

b)  There i s  a  t r i a n g u l a r  (symmetr ic)  
add m a t r i x  and a l l  ma t r ix  p r o d u c t s  
i n v o l v e  o n l y  r e c t a n q u l a r  m a t r i c e s .  

C )  The t h r e e  c h a r a c t e r s  (S) a r e  appended 
t o  t h e  r e s u l t  m a t r i x  namP, a l l  m a t r i x  
p roduc t s  i n v o l v e  o n l y  r e c t a n g u l a r  



m a t r i c e s  and  t h e  add m a t r i x ,  i f  
i n c l u d e d  i n  t h e  e x p r e s s i o n ,  i s  
t r i a n q u l a  r (symmetr ic)  . 

D e f a u l t  : E Y r c r .  ~ x e c u t i o n  is t e r a i n a t e d .  - 

W i t h i n  t h e  b r a c k l t e d  e x p r e s s i o n ,  one t o  f i v e  s i m p l e  m a t r i x  
p r o d u c t s  with or w i t h o u t  o n e  s i m p l e  m a t r i x  add may be d e f l n e d .  
Ths f o l l o w i n q  r u l e s  must h e  s a t i s f i e d :  

a) ~ l i o w ~ b l e  o p e r a t i o n  s- nbols a r e  + ( p l u s ) ,  - (minus ) ,  3 
* ( n i u l t i p l y )  and T ( t ~ a n s p c ~ s ~ ) .  A l ead i r iq  p l u s  t 

4 
o p e r a t i o n  symbol may be o m i t t e d .  The sequence  o f  a  
m a t r i x  add and t h e  m a t r i x  p r o d u c t s  i s  a r b i t r a r y .  A 
m a t r l  x  rnay be transposed p r i o r  t o  p o s t  - m u l t i p l i c a t i o n  
h y  a i lo the r  inacrix. T h i s  is d s n o t e d  hy appending t h e  
tflre3 c h a r a c t e r s  (T) t o  the  name of t n e  l c f t  rnstr i~ 
o r  2 m a t r i x  p r o d u c t .  For example,  m a t r i x  B prs -  
n ~ u l t i p l i a d  b y  t h e  t r a n s p o s e  of m a t r i x  A is  denotad 
by A (T) *!3. 

b)  No d i a q o n a l  m a t r i c e s  a r e  a l lowed.  Any one of t i le  
" k a t i M  Us2r : . a t r i c e s  may be r e c t a n q u l a r  o r  n u l l .  Only 
t h e  add m a t r i x  o r  t h e  f i r s t  a a t r i x  of  a Froduc t  may 
he s t o r e d  i n  the  t r i a n g ~ i l d r  format .  

c) C o m p a t i b i l i t y  o f  t h e  d imens ions  ( o r d s r s !  of t h e  m a t r i c e s  
to he p r o c ? s s G d  i s  t h s  u s e i T s  r e s p o n s i b i l i t y .  

OPTION=Cods  This p a r a m s t e r  d o n o t e s  t h e  a c t i o n  t o  
he t a k e n  when t h s  name of t h r  r e s u l t  
m a t r i x  tfFesu i s  t h e  same a s  t h e  name 
of a  p r e v i o u s l y - q e n e r a t e d  User Mat r ix .  
T h e  op+ionc? f o r  t h e  r n t e g e r  t t codr l t  a r ? :  

1 - - T h e  s ~ ? c l f  l + d  o p e r a r i o n s  a r e  p s r f  orirl,?d 
and t h e  c o n t e n t s  o s  t h e  p r + v i o u s l y -  
q a n u r a t e d  m a t r i x  "liesN a r e  o v e r - w r i t t e n .  

2--The s p e c i f i e d  o p e r a t i o n s  a r e  n o t  
p e r f  o r m d  Subsequent  c o n t r o l  
s t a t  merits, however, a r z  exscutod.  
T h i s  o p r i o n  a l l o w s  t h e  u s e r  t.o a v o i d  
r e c a l c u l a t i o n  of p r i v i o u s l y - q + n e r 3 t e d  
m a t r i c e s  a s  i n  t h e  c a s e  af problem- 
e x e c u t i o n  r e s t a r t  o r  d u r i n q  s u b c t r u c t u r a  
a n a l y s e s .  

I n  both  c a s e s ,  a warn ina  message 1 s  
:r- ;sus~l.  



246.0 NODAL POSTPROCESSOR 

Printout of the nodal data (sec. 146.0) a s s o c i a t e d  wi th  
a s tructural  or mass model may be requested from the  NODAL 
Postprocessor a s  described i n  the  fo l lowing  s e c t i o n .  The printed 
information is  comprised o f  node-number i d e n t i f i e r s  and 
coordinates .  



206.1 PRINT INPUT STATEMENT 

The fo l lowing s ta tement  is used t o  r e q u e s t  p r i n t o u t  of 
t h e  nodal  i npu t  data.  The p r i n t ed  data  may be a s soc i a t ed  wi th  
a complete nodal  d a t a  set o r  with nodal subse t s .  

PRINT rNPUT (NODAL, P l i s t )  

The a v a i l a b l e  op t ions  f o r  P l i s t  a r e  desc r ibed  i n  s e c t i o n s  246.1.1 
and 246.1.2. 

246.1.1 B$gZSet  P r i n t  O ~ g i o n  

This  op t i on  a l lows  t h e  use r  t o  p r i n t  t h e  nodal  da t a  
a s soc i a t ed  with a  p a r t i c u l a r  da t a  set. The o p t i o n a l  parameters 
f o r  Plist are :  

The nodal  d a t a  set number ( i n t eqe r )  
t o  be processed. 
Default:  SET=1 

NODEOHDER = o r d  Th is  parameter d e f i n e s  t h e  ascending 
node-number o rde r  i n  which t h e  r:oda 1 
d a t a  a r e  t o  be pr in ted .  Opt ional  key- 
words f o r  are: 

U S E R I D  -- User number o rde r  
INPUT -- Inpu t  r ecord  number o r d e r  
INTERNAL -- I n t e r n a l  node number o rder  

Default:  NODEORDER=USERID 

T h i s  op t ion  al lows the 3s9r t o  p r i n t  t h e  nodal da ta  
a s soc i a t ed  w i t n  s p e c i ~ i e d  n o d  subs2 t s  e x t r a c t e d  v i a  the SUBSET- 
DEFINITION Preprocessor (sec. 15b.0) .  T h e  d a t a  a:;sociateLi w i t 1 1  
each subs?+ a r e  p r i n t e d  i n  a  s e p a r a t e  block. Thq o p t i o n a l  
paramaters f o r  Plist are :  

:; UBS ETS Key-word r equ i r ed  for subse t  da ta  
p r in t inq .  
Default: The da ta  s e t  print 

optiori i s  assurnecl. 

The nodal da ta  set n ~ m b e r  ( i n t e q e r )  
t o  be processed. 
Default :  SET=1 



The d a t a  a s s o c i a t e d  w i t h  t h e  node s u b s e t  
i d e n t i f i e d  by Nxxx a r e  p r i n t e d  i n  t h e  
o r d e r  denoted by t h e  key-word O r d :  

U S E R I D  

INTERNAL 

These p r i n t - o r d e r s  a r e  i n t e r p r e t e d  i n  
a manner s i m i l a r  to t h e  NODEORDER key- 
word f o r  d a t a  set p r i n t s .  

Default:  Ord=USERID 

One  or more of t h e s e  parameters  may 
be used i n  a s i n g l e  s tatement .  A p r i n t -  
o r d e r  remains i n  e f f e c t  f o r  t h e  
subsequent  names i n  P l i s t  a s  it i s  
i n t e r r o g a t e d  i n  a l e f t - t o - r i q h t  o r d e r  
u n t i l  it i s  reset. 

The A s t e r i s k  kame Option (see sec. 
200.0) may be used t o  i d e n t i f y  s u b s e t  
names. 

Default :  The nodal  d a t a  f o r  a l l  node s u b s e t s  
of set 8gSem a s  d e f i n e d  via t h e  SUBSET- 
DEFINITION Preprocessor  a r e  p r i n t e d  
i n  t h e  USERID order .  



24 8.0 REACTION POSTPROCESSOR 

Printout of reaction forces, reaction-force resultants 
and equilibrium checks of a l l  the externally applied forces 
o n  a structural model may be requested from the REACTION 
Postprocessor as  presented i n  the f o l l w i n g  section. 



2U8.1 PRINT OUTPUT STATEMENT 

The following s ta tement  is used t o  reques t  p r i n t o u t  of t h e  
r eac t ion  fo rces  and t h e  react ion-force  r e s u l t a n t s  a s soc i a t ed  with 
a s t r u c t u r a l  model, Addi t ional ly ,  an equilibrium check of all 
ex te rna l  fo rces  appl ied to  a model may be requested,  These data 
may be p r in t ed  f o r  a s t r u c t u r a l  model i d e n t i f i e d  by e i t h e r  a 
s t i f f n e s s  da ta -se t  number and boundirry-condition s t a g e  number or 
a lowest- level  substructure number, Only one of t h e  i d e n t i f i e r  
types (SETISTAGE or SS described below) may be used i n  a s i n g l e  
s ta tement-  Execution of t h i s  postprocessor  is allowed on ly  a f t e r  
the r eac t ions  are ca l cu l a t ed  (see t h e  PERFORM STHESS c o n t r o l  
procedure i n  appendix E) . 

PRINT OUTPUT (REACTIONS, P l i s t )  

L i s t  of op t iona l  parameters f o r  P l i s t :  

The number ( in teger )  of the s t i f f n e s s  
da ta  set f o r  which r e a c t i o n  fo rces  are t o  
be pr inted.  
Default:  SETzl  

STAGL=St A boundary condi t ion (BC) s t a g e  number 
( i n t ege r )  assoc ia ted  with set *Se ." 
Default  : STAGE= I 

SS=CATlist ATLAS list of lowest-level  subs t ruc tu re  
numbers ( i n t ege r s )  f o r  which r eac t ion  
forces a r e  to  be pr inted.  
Default:  A SET/STAGE model. 

LC=CP,Tl is t ATLAS list or load c a s e  i d e n t i f i e r s  
( i n t ege r s  o r  alphanumeric words) to be 
processed. 
Default:  A l l  load cases  that have been 

processed previously  f o r  t h e  
spec i f i ed  SET/.WAGE or SS model. 

This parameter denotes t h a t  t h e  
equi l ibr ium check is t o  be performed. 
T h e  r e s u l t a n t s  of the r eac t ion  f o r c e s  are 
coinpared to  t h e  applied load resultants. 
The r e s u l t a n t s  a r e  ca l cu l a t ed  r e l a t i v e  t o  
the node i d e n t i f i e d  by the u s e r  node 



( REACTION 

number "Noden ( i n t e g e r )  . I f  on ly  t h e  
key-word "EQCHKn i s  i n p u t ,  the r e s u l t a n t s  
are c a l c u l a t e d  r e l a t i v e  t o  t h e  o r i g i n  
of t h e  GUJBAL t r i a d .  
Default:  No equ i l i b r i um check i s  

performed. 

Alphanumeric names of t h e  reac t ion- fo rce  
matr ix  p a r t i t i o n s  (User Matrices)  
qenera ted  f o r  the s p e c i f i e d  SE!I'/STAGE 
or SS. These ma t r i c e s  are a s s o c i a t e d  
with the RETAIN and SUPPORT kinemat ic  
freedoms of t h e  gross s t i f f n e s s  mat r ix  
(see sec. 106.1). Both of  t h e s e  
parameters  may be used i n  a  s i n g l e  
s tatement.  Zero ma t r i x  p a r t i t i o n s  need 
not  be spec i f i ed .  Reac t ions  a s soc i a t ed  
wi th  t he  R E T A I N  p a r t i t i o n  a r e  p r i n t e d  
i n  the s p e c i f i e d  o rde r  of the r e t a i n e d  
nodal  freedoms, whereas r e a c t i o n s  
a s soc i a t ed  w i th  t h e  SUPPORT p a r t i t i o n  
a r e  p r i n t e d  i n  a n  ascending i n t e r n a l  
node number order .  

If t h e  s t andard  ATLAS c o n t r o l  procedures  are 
used ( r e f .  appendix E and sec. 200 .4 ) ,  t h e  
name R31 i s  ass igned  t o  Name3 f o r  SET/STAGE 
s t r u c t u r a l  models, and t h e  names RBSZxxx and 
RBS3xxx a r e  ass igned f o r  lowes t - l eve l  sub- 
s t r u c t u r e s .  The c h a r a c t e r s  xxx denote  t h e  
s u b s t r u c t u r e  number, r i gh t - ad ju s t ed  and 
z e r o - f i l l e d .  

Defau l t s :  R3=R31 f o r  SET/STAGE models; 
R ~ = R B S ~ X X X , R ~ = R B S ~ X ~ X  for sub- 
s t r u c t u r e  models. 

This  parameter d e f i n e s  the format of 
each pr in ted  value. The o p t i o n a l  va lues  
a v a i l a b l e  f o r  "Code" ( i n t ege r )  are :  

0--Optimum format. Data va lues  are  p r in ted  
a s  either F-f ormat o r  E-format decimal 
numbers. T h i s  opt ion  a l lows t h e  maximum 
number of diqits p e r  va lue  t o  be printed 
i n  the f i e l d  width s ~ e c i f i e d  by the 
parameter FIELDW=width. 



1--F-format. Data. values are printed a s  
decimal numbers with decimal p i n t s  
al iqned i n  t h e  columns of printed data. 

2--I-format. Data values are printed a s  
inteqer numbers. 

3--E-format. Data values are printed a s  
decimal numbers with exponents. 

Default: FORMAT=O 

Number of d i g i t s  ( integer  1 1 2 )  ava i lab l e  
for  each printed value .  The l e t t e r  
E, decimal points  and s igns  each require ' 
one d i q i t  space. 
Default: FIELDW=8 



2 SO. 0 RHO3 AERODYNAMICS MODULES 

The RH93 Processor  c a l c u l a t e s  uns teady aerodynamic l oads  
on r i g i d  o r  e l a s t i c ,  p lanar  l i f t i n q  s u r f a c e s  w i t h  o r  wi thout  
one t o  four t r a i l i nq -edge  c o n t r o l s  i n  subsonic  compressible 
flow. The s o l u t i o n  t echn ique  is based on t h e  subsonic  k e r n e l  
f unc t i on  and assumed pressure-mode approach presented  i n  
r e f e r ence  150- 1. 

General ized a i r f  o rce  matrices r equ i r ed  f o r  f l u t t e r  ana ly se s  
v i a  t h e  ADDINT and FLUTTER Modules (secs. 202.0 and 222.0) a r e  
qenora ted  by execut ion of  t h e  RHO3 Processor  (sec. 250.2) . 
These da t a  a r e  c a l cu l a t ed  by a modal s o l u t i o n  technique based 
on t h e  geometry and s t r u c t u r a l  modes de f i ned  by t h e  u se r  (see 
sec.  150.0). I f  t h e  RHO3 Processor  i s  executed  i n  con junc t ion  
w i th  the ATC op t i on  of t h e  INTERPOLRTfON Processor  (sec. 232.0), 
the genera l i zed  a i r f  o r ce  ma trices w i l l  r e p r e s e n t  Aerodynamic 
In f l uence  c o e f f i c i e n t  (AIC) matr ices.  Opt iona l  c a l c u l a t e d  da t a  
i n c l u d e  aerodynamic p ressure  and s e c t i o n a l  genexai ized f o r c e s  
a t  selected l o c a t i o n s  on a l i f t i n q  s u r f a c e  planform. 

P r in tou t  of t h e  RHO3 inpu t  d a t a  and d a t a  c a l c u l a t e d  by 
t h e  RHO3 Processor  may be reques ted  from t h e  RHO3 Postprocessor  
a s  descr ibed i n  s e c t i o n s  250.1 and 250.3, r e spec t i ve ly .  



250.1 PRINT INPUT STATEMENT 

The fo l l owinq  s tatement  i s  used to r e q u e s t  pr in tout  of  
t h e  aerodynamic input  data  a s s o c i a t e d  wi th  a  articular RHO3 
da ta  c a s e  (sec. 150.0) . 

PRINT INPUT (RH03, Plist) 

The o p t i o n a l  parameter f o r  Plist is: 

The aerodynamic data c a s e  number 
( in teqer )  for which input  data  a r e  to  
be pr inted .  
Default:  CASE=1 



2 50.2 EXECUTE RHO3 STATEMENT 

The f o l l o w i n g  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  of t h e  RHO3 
Processor .  P r e v i o u s  e x e c u t i o n  o f  the INTERPOLATION P r o c e s s o r  
i s  r e q u i r e d  when s t r u c t u r a l  mode s h a p e s  g e n e r a t e d  v i a  t h e  
VIBRATION P r o c e s s o r  are used  i n  t h e  aerodynamic a n a l y s i s  or 
Aerodynamic I n f l u e n c e  C o e f f i c i e n t s  are t o  be g e n e r a t e d  (see 
sec. 150.0). 

I EXECUTE RHO3 ( P l i s t )  

L i s t  of o p t i o n a l  p r a m e t e r s  f o r  P l i s t :  

CON 

CASE=Ca 

MACH= (list) 

KVAL= ( l is t)  

A C 

r a n  
rem 
I f  
i n  
see 
t Y  E 
Def 

o n d i t i o n  number ( i n t e g e r )  i n  t h e  
q e  1 t o  3 6  which i d e n t i f i e s  t h e  
~ a i n i n g  pa rame te r s  o f  t h i s  s t a t e m e n t .  
m u l t i p l e  e x e c u t i o n s  a r e  r e q u i r e d  
a s i n q l e  job, the c o n d i t i o n  number 
cif ied by each  s t a t e m e n t  o f  t h i s  
)e must be unique. 
t au l t :  COND= 1 

The RHO3 d a t a  c a s e  number ( i n t e g e r )  
t o  be processed .  
Defau l t :  CASE=1 

A l i s t  of 1  to 20 f r e e - s t r e a m  Mach 
numbers, M. Each Mach number must be 
i n  t h e  r a n g e  0.0 < M < 1.0. 
Defau l t :  E r r o r .  Execut ion  is  t e r m i n a t e d .  

A l i s t  of  1 t o  20 k -va lues  ( reduced  
f r e q u e n c i e s  of  o s c i l l a t i o n  exp res sed  
a s  k  = (wb/V) where o i s  t h e  c i r c u l a r  
f r equency  of  o s c i l l a t i o n ,  b i s  a  
r e f e r e n c e  l e n g t h  and V i s  t h e  f r e e -  
s t r e a m  v e l o c i t y )  g r e a t e r  than o r  e q u a l  
5 0  zero. The s p e c i f i e d  k - v a i u s s  must  
s a t i s f y  t!le s x p r e s s i o n  k 5 O.l*b. 
De fau l t :  Error .  Execut ion  is  t e r m i n a t e d .  

Xey-word denotinq t h a t  an ANTXsymmetrical 
o r  a NOKSymmetrical a n a l y s i s  is t o  be 
pertormstl .  No c o n t r i b u t i o n s  of the 
aerodynamic model i n  th- n e g a t i v e - y  
h a l f - s p a c e  o f  t h e  r e f  e r s n c e  f rame a r e  
i n c l u d e d  i n  a  NoNsymmetrical a n a l y s i s .  
Defau l t :  Symmetric aerodynamic a n a l y s i s .  



Due t o  t h e  form of t h e  assumed p r e s s u r e  modes used i n  
a  s o l u t i o n ,  each aerodynamic-pressure/downwash-kernel i n f l u e n c e  
c o e f f i c i e n t  ma t r ix  (C-matrix) i s  a  f u n c t i o n  of planform geometry, 
downwash p o i n t  l o c a t i o n s ,  k-value and Mach number. C a l c u l a t i o n  
of C-matr ices i s  t h e  most time-consuming p a r t  of  a  RHO3 
aerodynamic s o l u t i o n .  To minimize computer time requirements ,  
t h e  EH03 Processor  a u t o m a t i c a l l y  r o u s e s  p rev ious ly -ca lcu la ted  
C-matr ices r a t h e r  t h a n  r e c a l c u l a t i n g  them under c e r t a i n  
circumstances.  That  is, v e l o c i t y  p r o f i l e  v a r i a t i o n s ,  a d d i t i o n  
of  d i f f e r e n t  s t r u c t u r a l  modes, and/or  a l t e r a t i o n s  of  s t r u c t u r a l  
modes may be i n v e s t i q a t e d  by u s i n g  p rev ious ly -ca lcu la ted  C- 
matr ices .  A C-matrix saved on file R H 0 3 R N F  v i a  a preceding 
EXECUTE RHO3 s ta tement  o r  v i a  a n  ATLAS LOAD (sec. 200.0) 
s t a t e m e n t  i s  reused i f  it i s  a s s o c i a t e d  with a n  aerodynamic 
model t h a t  has  t h e  same main s u r f a c e  i d e n t i f i c a t i o n ,  t h e  same 
number of p lanform-def in i t ion  and downwash p o i n t s  c a l c u l a t e d  
wi th  t h o  same symmetry o p t i o n  a t  t h e  same Mach number and k- 
valuz .  The a c t u a l  planform geometr ies  and t h e  downwash p o i n t  
d i s t r i b u t i o n s  a r e  n o t  examined. There fo re ,  t h e  main s u r f a c e  
i d e n t i f i c a t i o n  must b e  used t o  i d e n t i f y  d i f f e r e n t  problems wi th  
t h e  same number of  geometry-def i n i t i o n  p o i n t s  and c o n t r o l  po in t s .  
I f  c o n t r o l  s u r f a c e s  a r e  i n h e r e n t  t o  t h e  model, t h e  c o n t r o l  
s u r f a c e  i d e n t i f i c a t i o n  and geometry must a l s o  be i d e n t i c a l .  



2 50 3 PRINT OUTPUT STATEMEVT 

The f o l l o w i n g  s t a t e m e n t  i s  userc t o  r e q u e s t  p r i n t o u t  o f  
t h e  aerodynamic d a t a  c d l c u l 3 t e d  by +-he RHO3 Processor. 

PFINT OUTPUT (RH03, P l i s t )  

L i s t  of o ~ t i o n a l  parameters  f o r  P l i s t :  

The aerodynamic d a t a  case number 
( i n t e g e r )  f a r  which gene ra t ed  d a t a  a r e  
t o  be p r i n t e d .  
Defaul t :  CASE= 1 

The aerodynamic c o n d i t i o n  -nunber 
( i n t e g e r )  s p e c i f i e d  by a 1 1  ZXECUTE RHO3 
parameter  J ist f o r  which g e n e r a t e d  d a t a  
a r e  t o  be p r i n t e d .  
Defau l t  : COND= 1 

MACH= ( L i s t )  A l i s t  of 1 t o  20 Mach numbers a s s o c i a t e d  
w i t h  t h e  s e l e c t e d  COND number. 
Defaul t :  Data  q e n e r a t e d  f o r  a l l  Mach 

numbers a s s o c i a t e d  w i t h  COND 
are p r i n t e d .  

KVAL= ( L i  st) A l is t  of  1 t o  20 reduced  f requency  
v a l u e s  a s s o c i a t e d  w i t h  t h e  s e l e c t e d  
CONE number. 
Defaul t :  Data q e n e r a t e d  f o r  a l l  k -va lues  

a s s o c i a t e d  w i t h  COND a r e  
p r i n t e d .  

LEVEL= ( L i s t )  A l ist  of  1 t o  3 i n t e g e r s  i n  t h e  ranqe  
1 t o  3 d e n o t i n q  which q r o u p ( s )  of 
q e n e r a t e d  d a t a  a r e  t o  be p r i n t e d .  Each 
o f  the LEVEL i n d i c a t o r s  is a s  f o l l o w s :  

1-- S t r u c t u r a l  mode s h a p e s  i n t e r p o l a t e d  
t o  t h e  aerodynamic c o n t r o l  p o i n t s  and 
g e n e r a l i z e d  a i r f o r c e s .  

2 - 0  S e c t i o n a l  q e n e r a l i z e d  f o r c e  and p r e s s u r e  
r e p o r t  da t a .  

3- - Downwash inat rices and C-matrices.  

Defaul t :  LEVEb=l 



< STIFFNESS > 
252.0 STIFFNESS MODULES 

The STIFFNESS Processor gene ra t e s  t h e  fo l lowing t y p e s  
o f  element matrices f o r  t h e  s t i f f n e s s  e lements  of a s t r u c t u r a l  
model. These mat r i ces  are c a l c u l a t e d  r e l a t i v e  t o  t n e  a n a l y s i s  
frames of t h e  nodes used t o  d e f i n e  t h e  elements.  

a )  E l a s t i c  s t i f f n e s s  matr ices.  Used f o r  a l l  s t r u c t u r a l  
analyses.  R o w s  and columns i n  each matrix f o r  which 
t h e  d iaqonal  term i s  less t h a n  10-lz times the l a r g e s t  
d iagonal  term a r e  au tomat ica l ly  e l i r i a a t e d .  

b) E l a s t i c  stress matrices.  Used by t h e  i .. " .S Processor  
(sec. 254.0) f o r  c a l c u l a t i o n  of element + - -  esses. 

c) Geometric s t i f f n e s s  matrices. Used f o r  non l inear  
analyses .  See s e c t i o n  208.0 f o r  so lv ing  general-  
i n s t a b i l i t y  problems. 

S t r u c t u r a l  models de f ined  by ATLAS s t i f f n e s s  elements 
(sec. 152.0 and appendix 8) a r e  analyzed v i a  t h e  ATLAS System 
by t h e  f i n i t e -  element displacement method (ref .  252-1). Gross, 
s t r u c t u r a l ,  s t i f f n e s s  mat r i ces  a r e  formed by t h e  MERGE Processor  
(sec. 242.0) and t h e  equ i l ib r ium equa t i ons  a r e  solved v i a  t h e  
CHOLESKY and MULTIPLY Processors  (secs. 210.0 and 244.0). 

Cisplay o f  s t r u c t u r a l  model d a t a  is s u ~ p o r t e d  by s e v e r a l  
ATLAS acdules.  P r i n t o u t  of nodal d a t a  from t h e  NODAL 
Postprocessor (sec. 246.0) , boundary cond i t i on  da t a  f rclm t h e  
BC P o s t ~ r o c e s s o r  (sec. 206.0) and element d a t a  from t h e  STIFFNESS 
Postprocessor (sec. 252.1) may be reques ted  a s  necessary. P l o t s  
of t h e s e  d a t a  can be e f f e c t e d  v i a  t h e  EXTRACT and GRAPHICS 
P o s t ~ r c c e s s o r s  a s  d iscussed i n  s e c t i o n s  21 8.0 and 228.0. 



2 52.1 PRINT INPUT STATEMENT 

The fo l lowing  s t a t e m e n t  i s  used t o  r e q u e s t  p r i n t o u t  of 
t h e  s t i f f n e s s - e l e m e n t  i n p u t  data.  The p r i n t e d  d a t a  may be 
a s s o c i a t e d  wi th  a complete stiffness d a t a  s e t  cr with element 
subse t s .  

The a v a i l a b l e  o p t i o n s  f o r  P l i s t  are desc r ibed  i n  s e c t i o n s  252.1.1 
and 252.1.2.  

i 5 2 . 1 . 1  Data-Set PIjnt~ 

This  o p t i o n  allows t h e  user to  p r i n t  t h e  element d a t a  
a s s o c i a t e d  with a p a r t i c u l a r  d a t a  qet. TLe opt icna ,  parameters  
f c : P l i s t  are:  

'The s t i f f n e s s  d a t a  set number ( i n t e g e r )  
for which i n p u t  d a t a  a re  to b e  pr in ted .  
Default:  SET=1 

ELEMORilER=Or d T h i s  parameter d e f i n e s  t h e  ascending 
o r d e r  in  which t h e  d a t a  a r e  t o  be 
pr in ted .  Opt ional  key-words f o r  *Ord" 
are: 

USER13 -- User element-number o r d e r  
I N P U T  -- I n p u t  record-number o r d e r  
INTERNAL -- I n t e r n a l  eleaent-number o r d e r  

Default:  ELPIOEGER=USERID 

Key-word t h a t  suppr-sses p r i n t i n g  of  
d a t a  f o r  a s e l e c t e d  elexrent type.  one 
or more of these key-words may be used 
i n  a s i n g l e  s ta tement .  The o p t i o n s  
are : 

NOR0 DS NOPLAT ES NOS RODS 
NOBEAMS NOGPLATES NOSPLATES 
NOS PARS NOBRICKS NOCPLAT ES 
NOL33VERS NOSCALARS NOCCOVERS 

Default :  Data arc  px in ted  for a l l  element 
t y p e s  i n  d a t a  set 



PgOPERTY= VAWES T h i s  parameter d e f i n e s  hcv proper ty  
{CODE d a t a  a r e  t o  be d i s p l a y e d  per  element. 

I f  VALUES is s e l e c t e d ,  element p r o p e r t y  
l a b e l s  and t h e  corresponding v a l u e s  
are p r i n t e d  i n  a v e r t i c a l  column. I f  
CODE is s e l e c t e d ,  t h e  p r o p e r t y  d a t a  
are i d e n t i f i e d  i n  t h e  p r i n t o u t  o n l y  
by t h e  i n p u t  sec t ion-proper ty  r e f e r e n c e  
code, i f  used, or t h e  p r o p e r t y  v a l u e s  
a r e  p r i n t e d  i n  h o r i z o n t a l  l i n e s ,  4 
v a l u e s  per l i n e ,  wi thou t  p roper ty  labels. 
Fewer paqes a r e  genera ted  for t h e  CODE 
option.  
Default:  PmPERTY=VALUES 

ELEMNODES=Enode Th i s  parameter  is  a p p l i c a b l e  o n l y  i f  
the PROPERTY=CODE parameter  is  used. 
I t  i d e n t i f i e s  which node numbers a r e  
t o  ke d i s p l a y e d  per  element. O p t i o m l  
key-words f o r  "Enode" are:  

USER -- User node nunbers on ly  
INTERNAL -- I n t e r n a l  node numbers on ly  
BOTH -- User and i n t e r n a l  node 

numbers 
NONE -- Node numbers are n o t  

d i sp layed  

Default :  ELEMNODES=USER i f  t h e  parameter 
PROPERTY=CODE is used. 
o the rwise ,  t h e  u s e r  and t h e  
i n t e r n a l  node numbers a r e  
p r in ted .  

This  o p t i o n  a l lows t h e  u s e r  t o  p r i n t  t h e  s t i f f n e s s  d a t a  
a s s o c i a t e d  with s p e c i f i e d  element  s u b s e t s  e x t r a c t e d  from a 
s t i f f n e s s  data set v i a  t h e  SUESET-DEFINITION Preprocessor  (sec. 
156.0) .  The d a t a  a s s o c i a t e d  with each s u b s e t  a r e  p r i n t e d  i n  
a s e p a r a t e  block. The o ? t i c n a l  parameters  f o r  P l i s t  a re :  

SUES EX'S Key-uord r e q u i r e d  f o r  s u b s e t  da ta  
p r i n t i n g .  
Default: The d a t a - s e t  p r i n t  o p t i o n  i s  

a ssumed. 

The s t i f f n e s s  data set number ( i n t e g e r )  
f o r  . ~ h i c h  i n p u t  d a t a  a r e  t o  be pr in ted .  
De',dlt: SET=1 



The da ta  a s soc i a t ed  wi th  the element 
subse t  i d e n t i f i e d  by Exxx a r e  p r in t ed  
i n  the order denoted b y  t h e  key-word 
Ord: 

USERID 
or, = (IN, ) 

INTERNAL 

These pr in t -orders  are i n t e r p r e t e d  i n  
a manner similar t o  t h e  ELEMOh3ER key- 
word f o r  da t a - se t  p r in t s .  

Default: Ord=USERIC 

One or more of t h e s e  parameters may 
be used i n  a s i n g l e  statement. A p r i n t -  
o rder  remains i n  e f f e c t  f o r  che 
subsequent subse t  names i n  P l i s t  a s  
it is in t e r roga t ed  i n  a l e f t - t o - r i g h t  
o rder  u n t i l  i t  i s  reset. 

The Aster isk  Name Option (see sec. 
200.0) may be used t o  i d e n t i f y  subse t  
names. 

Default: The element d a t a  f o r  a l l  s t i f f n e s s  
subse t s  of set nSew as def ined v i a  t h e  
SUBSET-DEFINITION Preprocessor a r e  
p r in t ed  i n  t h e  USERID order. 

NO [Eltype) Key-word that suppresses  p r i n t i n g  of  
da t a  f o r  a s e l e c t e d  element t ype  which 
may be in subse t s  Exxx. One or more 
of t h e  f ollowinq op t iona l  key-words 
may ko used i n  a s i n g l e  statement. 

NOR0 DS NOPLATES NO SROD S 
NOBEAMS NOGPLAT ES  NOS PLATES 
NOSPARS NOBRICKS NOCPLATES 
NOCOVERS NOSCALARS NOCCOV ERS 

Default: Data are p r in t ed  f o r  a l l  element 
types  included in subse t s  Exxx. 

F&oPERTY= VALUES Same as defined f o r  t h e  da t a - se t  
{CODE ) p r i n t  opt ion 

ELE&lNODSS=Enode Same a s  def ined for t h e  data-set  
p r i n t  o p t i  on 



Example: A s s u m e  t h e  s t i f f n e s s  data and associated data subsets 
E l ,  ES, El0 and €12 have been defined i n  regards to 
the following Control Proqram statements. 

PRINT INPUT (STIFFNESS, SUBSETS) 
PKIhT INPUT (STIFFNESS, SUBSmS, ES, E12=INPUT, 

El O=INIERNAL, E*, ES=INPEl') 

The f i r s t  print statement i n i t i a t e s  printinq o f  t h e  
stiffness data associated with subsets  E l ,  E5,  E l 0  
and E l 2  i n  USERID order, The second statement i n i t i a t e s  
p r i n t i n g  of t h e  data associated with the  subsets a s  
l i s t e d  below, 

Subset mnt-Order 

E5 USER I D  
E l  2 INPUT 
E l  0 INTERNAL 
E l  INTERNAL 
E5 INTERNAL 
E5 INPUT 



252.2 EXECUTE STIFFNESS STATEHENT 

The f o l l o w i n g  s t a t e m e n t  i n i t i a t e s  e x e c u t i o n  o f  t h e  
STIFFNESS Proces so r .  

I EXECUTE STIFFNESS ( P l i s t )  1 
Execut ion  o f  t h i s  p r o c e s s o r  to c a l c u l a t e  t h e  elastic s t i f f n e s s  
and  stress matrices a n d  t h e  qeometric s t i f f n e s s  matrices f o r  
a model are d e s c r i b e d  i n  s e c t i o n s  252.2.1 and  252.2.2, 
r e s p e c t i v e l y .  

252.2.1 E l a s t i c  S t i f f n e s s  and  Stress Matrices 

Nc o t h e r  p r o c e s s o r  need be e x e c u t e d  p r i o r  to u s i n g  t h i s  
e x e c u t i o n  o p t i o n .  T h e  o p t i o n a l  pa rame te r s  f o r  P l i s t  are: 

The s t i f f n e s s  d a t a  set nuuber ( i n t e q e r )  
t o  be processed.  
Defaul t :  SET=1 

RUN=Type This pa rame te r  d e f i n e s  whether  elastic 
s t i f f n e s s  and/or  stress e lement  m a t r i c e s  
f o r  t h e  s t r u c t u r a l  model are t o  b e  
qenera ted .  The o p t i o n a l  key-words f o r  
"Typem are: 

STZXFNESS -- S t i f f n e s s  r r a t r i c e s  o n l y  - 
STRESS ---- -- Stress m a t r i c e s  o n l y  
mTl! -- S t i f f n e s s  and stress 

m a t r i c e s  

Defaul t :  RUN=BOTH 

~ t & l P = f  a c t o r  The f r a c t i o n  (0.0 I f a c t o r  I 1.0) o f  
SPAR-element lumped f l a n q e  a r e a s  a s  
s p e c i f i e d  by t h e  s t i f f n e s s  i n p u t  d a t a  
(see sec. 152.0 and appendix  B) t o  b e  
used i n  c a  l ~ u l a t i n g  SPAR-element 
s t  i f  fnes ses .  I f  the lumpin.: factors 
as  s p e c i f i e d  by  t h e  i n p u t  d a t a  are t o  
be  e f f e c t i v e ,  t h e  parameter  LUMP=1.0 
must be i n c l u d e d  i n  P l i s t .  
Cefau l t :  LUMP=O.O 

Caut ion:  P r i n t o u t  of SPAR e lement  f l a n g e  
a r e a s  a r e  t h o s e  s p e c i f i e d  by 
t h e  s t i f f n e s s  i n p u t  data. 



Reyl rord  d e n o t i n g  that e a c h  BRICK- r l e ~ e n t  
stress m a t r i x  s h o u l d  relate s i x  stress 
components at e a c h  node. 
Defaul t :  Only s i x  stresses a t  t h e  

c e n t r o i d  of each BRICK element  
of the model are c a l c u l a t e d  
(see Appendix E) . 

Key-word t h a t  i n i t i a t e s  p r i n t i n g  of  
; ;i z t i c u l a r  type of e l emen t  ma t r ix .  
One or more o f  the fo ' l lcwing kc words 
r a y  be used i n  a s i n g l e  s t a t emen t .  

LKPJINT -- S t i f f n e s s  matrices r e l a t i v e  - 
t o  e lement  r e f e r e n c e  f rames 

LPPRINT -- Stress natrices r e l a t i v e  -- 
t o  e l e m e n t  r e f e r e n c e  f  rames 

W,P_RINT -- R a n s f  o rma t ion  m a  trices 
r e l a t i n g  e lement  and a n a l y s i s  
r e f e r e n c e  frames 

GKPEINT -- S t i f f n e s s  m a t r i c e s  r e l a t i v e  - 
t o  node a n a l y s i s  f r ames  

GPPRINT -- Stress matrices r e l a t i v e  
t o  node a n a l y s i s  f rames 

Defaul t :  N o  e lement  m a t r i c e s  are p r i n t e d .  

252 .2 .2  G g ~ m e t r i c  S t i f fnes s  MatgAces 

G e o m e t r i c  s t i f f n e s s  m a t r i c e s  a r e  l o a d - c a s e  dependent. 
Hence, ~ r e v i o u s  e x e c u t i o n  of the STRESS P roces so r  (sec. 254.0) 
ror c a l c u l a t i o n  of element stresses is r e q u i r e d ,  C u r r e n t l y ,  
q e o m e t r i c  s t i f f n e s s  m a t r i c e s  may be c a l c u l a t e d  f c r  t h e  f o l l o w i n q  
e l e r e n t  types:  ROC, BEAM, PLATE, GPLATE and BRICK. I f  BRICK 
e l e n e n t s  a r e  i n c l u d e d  i n  t h e  model, the parameter  BIGBRICK, 
a s  d i s c u s s e d  i n  s e c t i o n  252.2.1, may n o t  be used  i n  c o n j u n c t i o n  
w i t h  c a l c u l a t i o n  of qeometric s t i f f n e s s  matrices. The o p t i o n a l  
parameters  for  P l i s t  f o r  this e x e c u t i o n  c p t i o n  are:  

A buck]-inq ( l a r q e  d i sp l acemen t )  set 
number ( i n t e q e r )  i n  the r ange  1 t o  36. 
T h i s  number is used  t o  i d e n t i f y  t h e  
t r i ~ l e t  of p a r a m e t e r s  SET, STAGE and 
LC s p e c i f i e d  by t h i s  s t a t e m e n t .  I f  
m u l t i p l e  e x e c u t i o n s  a r e  r e q u i r e d  i n  
a s i n q l e  job, t h e  buck l inq  set number 
s p e c i f i e d  by each  s t a t e m e n t  of t h i s  
type must be unique. 
Defaul t :  BSET=1 

. I . .  7 . -  - - -  



The s t i f f n e s s  da t a  set number ( i n t ege r )  
to be processed, 
Default: Sm=l 

A boundary cond i t i on  s t a q e  number 
( i n t ege r )  a s s o c i a t e d  wi th  set nSe'@ f o r  
which qeometric  s t i f f n e s s  mat r ices  a r e  
to be ca l cu l a t ed ,  
Default  : STAGE=1 

I d e n t i f i e r  of the l oad  ca se  ( i n t e g e r  
o r  alphanumeric word) a s s o c i a t e d  w i th  
the s p e c i f i e d  SET and STAGE f o r  which 
qeometric s t i f f n e s s  matrices are t o  
be ca lcu la ted .  S t r e s s e s  f o r  t h i s  load  
case must have been c a l c u l a t e d  
previously  , 
Default: Error .  Execution i s  terminated.  

Generat ion of e l a s t i c  s t i f f n e s s  and/or stress ma t r i ce s  
may be requested by t h e  same EXECUTE STIFFNESS s ta tement  used 
t o  qenera te  qecmetr ic  s t i f f n e s s  matrices.  For t h i s  case ,  t h e  
" R U N = T y p e n  parameter d iscussed i n  the preceding s e c t i o n  must 
be spec i s i ed  e x ~ l i c i t l y  i n  P l i s t .  The o p t i o n a l  parameters 
nLUMP=factorm and n x x P R I N T t @  may then  a l s o  be used. 



254. O STREtSS MODULES 

The STRESS Processor  assembles displacements,  computes 
stresses and computes element nodal  f o r c e s  for t h e  l oad  c a s e s  
de f ined  by t h e  loads  da t a  (sec. 134.0) and t h e  stress da t a  (sec. 
154.0). 

For a BC (boundary cond i t i on )  STAGE, t h i s  processor:  

a )  Assembles t h e  p rev ious ly  c a l c u l a t e d  s t r u c t u r a l  
displacement ma t r i c e s  D l ,  D 2  and 03 (ref. sec. 106.0) 
i n t c  a s i n g l e  mat r ix  con ta in ing  t h e  d isplacements  f o r  
a l l  a c t i v e ,  s t r u c t u r a l  freedoms (freedoms with  non- 
z e r o  s t i f f n e s s )  . 

k) Computes stresses and i n t e r n a l ,  nodal  f o r ce s  f o r  a l l  
e lements  i n  a s t r u c t u r a l  model, 

For a supe rpos i t i on  s t age ,  SUPSTAGE, t h i s  processor: 

a )  Genera tes  a s i n g l e  matr ix  of displacements  by 
superimpos inq  displacements f o r  a l l  a c t i v e ,  s t r u c t u r a  1 
freedoms. Load case components o f  a SUPSTAGE a r e  
de f ined  by t h e  stress d a t a  (sec. 154.0). 

b) Generates element stresses e i t h e r  by computation from 
t h e  superimposed displacements  o r  by s u ~ e r i m p o s i n g  
previously-calcula ted  stresses f o r  s s l e c t e d  SUPSTAGE 
components. 

C )  Generates i n t e r n a  1, element-nodal f o r c e s  from t h e  
super imposed displacements.  

Cisplacements and element nodal  f o r c e s  a r e  weasured 
r e l a t i v e  t o  t h e  s e l e c t e d  node a n a l y s i s  frames (sec. 146.0), 
whereas s t r e s s e s  *re measured r e l a t i v e  t o  the corresponding 
e lsment  r e f e r ence  frames (see appendix B) . 

Pr in tou t  of the assembled d i sp l ace r en t s ,  corrputed stresses 
and t h e  i n t e r n a l ,  element ncdal  f o r c e s  may be reques ted  from 
t h e  STRESS Postprocessor as desc r ibed  i n  s e c t i o n  251!.2. Printed-  
paqe fcrrrats Lor t he se  da t a  may be s p e c i f i e d  by t h e  use r .  



254.1 E X E U T E  STRESS STATEMENT 

Execution of t h e  STRESS Processor  is i n i t i a t e d  by the 
fo l lowinq statement.  Previous  c a l c u l a t i o n  o f  t h e  elelsent  stress 
m a t r i c e s  and t h e  displacement mat r ix  p a r t i t i o n s  is required .  
Execution of t h e  STIFFNESS,  LOADS, MERGE, CHOLESKY and MULTIPLY 
Processors  is usua l l y  requ i red  p r i o r  t o  execu t ion  o f  t h i s  
processor  (see PERPORM STRESS i n  appendix E) . S t r u c t u r a l  models 
f o r  which t h e  STRESS Processor  may be executed are i d e n t i f i e d  
e i t h e r  by a s t i f f n e s s  d a t a - s e t  number and boundary-condition 
STAGE o r  SUPSTAGE number o r  by a l w e s t - l e v e l  s u b s t r u c t u r e  
number. Only one of t h e  i d e n t i f i e r  t ypes  (SEWSTAGE, 
SET/SUPSTAGE or SS a s  desc r ibed  below) may be used i n  a s i n g l e  
s tatement.  

I 1  EXECUTE STRESS ( E l i s t  ) 

L i s t  of o p t i o n a l  parameters  f o r  P l i s t :  

STAGE 'I 
SUPSTAGE -- C 

S 
n 
d 
n 
e 

The number ( i n t e g e r )  o f  t h e  s t i f f n e s s  
d a t a  set t o  be processed. 
Default:  SET=l 

'he number ( i n t e g e r )  o f  a BC (boundary 
:ondition) STAGE o r  a SUPSTAGE 
[ superpos i t ion  s t a g e )  a s s o c i a t e d  w i t h  
;et %e. Only one of t h e s e  parameters 
lay be s p c i f i e d .  I f  SUFSTAGE is used, 
l isplacements f o r  the SUPSTAGE components 
lus t  have been assembled v ia  previous  
!xecution of t h e  STRESS Processor.  
k f a u l t :  STAGE=1 

The number ( i n t ege r )  of a lowest - level  
s u b s t r u c t u r e  t o  be processed. 
Default:  A SET/STAGE o r  SET/SUPSTAGE 

model is  assumed. 

ATLAS l i s t  of load  c a s e  i d e n t i f i e r s  
( i n t e g e r s  or alphanumeric words) f o r  
which stresses are t o  be ca l cu l a t ed .  
Default :  A l l  load c a s e s  a s s o c i a t e d  wi th  

t h e  s p e c i f i e d  SEWSTAGE, 
SET/SUPSTAGE or SS. 

Note: The LC parameter is a p p l i c a b l e  
t o  op t i ons  2 , 3 , 1 1  and 1 2  as 
i d e n t i f i e d  by thz O P T  parameter 
desc r ibed  below. 



T h i s  parameter t d e n t i f i e s  t h e  t ypes  
OPT= {:;st)} o f  c a l c u l a t i o n s  t o  be performed. Each 

op t i on  i s  i d e n t i f i e d  by an i n t e g e r  
numker. One o p t i o n  may be s p e c i f i e d  
by " N u H  o r  s e v e r a l  op t i ons  may be 
s p e c i f i e d  by mList.@@ 

For S_ET/m&E or S w d e l s ,  t h e  op t i ons  ---- 
a v a i l a b l e  f o r  "Nurnn and " L i s t # #  a re :  

l--Assemble d isplacements  f o r  a l l  l o ad  
ca se s  a s s o c i a t e d  wi th  t h e  s p e c i f i e d  
STAGE or SS. 

2--Calculate s t r e s s e s  f o r  t h e  s p e c i f i e d  
LC. I f  only t h i s  op t i on  is used, the 
a s s o c i a t e d  d isplacements  must have been 
assembled previously .  

3--Calculate element nodal  f o r c e s  f o r  t h e  
s p e c i f i e d  LC. I f  o n l y  t h i s  o p t i o n  i s  
used, t h e  a s s o c i a t e d  d i  splacements must 
have been assembled previously.  

Default:  OPT= (1,2) 

For SET/SUPSTAGE mod-, t h e  o p t i o n s  ------- 
a v a i l a b l e  f o r  "Numu and " L i s t # *  a re :  

10--Superimpose d isplacements  f o r  a l l  l o ad  
cases  a s s o c i a t e d  w i t h  t h e  s p e c i f i e d  
SUPSTAGE. 

1 l - -Calculate s t r e s s e s  f o r  t h e  s p e c i f i e d  
ST$PSTAGE loadcases .  I f  cn ly  t h i s  op t i on  
is  used, the  a s s o c i a t e d  d isplacements  
must have been superimposed previously.  

12--Calculate element nodal f o r ce s  f o r  t h e  
s p e c i f i e d  SUPSTAGE loadcases.  If  only  
t h i s  op t i on  i s  used, t h e  a s soc i a t ed  
d isplacements  must have been superimposed 
previous l y  . 

13--Superimpose stresses for  t h e  s p e c i f i e d  
SUPSTAGE. If only  t h i s  op t ion  is used, 
t h e  a s soc i a t ed  stresses r u s t  have been 
ca l cu l a  .ed previously .  



Defau l t s :  Off= (10.11) If t h e  stresses a s s o c i a t e d  
OPT= (10.13) with t h e  s p e c i f i e d  SUPSTAGE 

are n o t  available on file 
STRERNF, they are c a l c u l a t e d .  
Otherwise ,  they are 
superimposed. 

I NTERNAL 

Alphanumeric names of t h e  d i sp lacemen t  
User Matrices g e n e r a t e d  fo r  t h e  
specified SET/STAGE o r  SS. These 
m a t r i c e s  a r e  a s s o c i a t e d  with t h e  t h r e e  
p a r t i t i o n  rows (FREE, R f i A f N  and SUPPORT 
k i n e m a t i c  freedoms) c f  the g r o s s  
s t i f f n e s s  m a t r i x  (see sec. 106.1). 
One or more of these paramete r s  M Y  
be used i n  a s i n q l e  s ta tement .  Zero 
m a t r i x  p a r t i t i o n s  need n o t  be s p e c i f i e d .  
These pa rame te r s  are o n l y  a p p l i c a b l e  
t o  the OPT=I parameter .  

I f  t h e  s t a n d a r d  ATLAS c o n t r o l  p r o c e d u r e s  are 
used  ( r e f .  appendix  E and sec. 200.0)  t h e  
names D 1 1 ,  D21 and D31 are a s s i g n e d  t o  Namel, 
Name2 and Name3 for SET/STAGE s t r u c t u r a l  
models ,  and t h e  names DBSlxxx, DBS2xxx and 
DBS3xxx a r e  a s s i g n e d  f o r  l o w e s t - l e v e l  sub- 
s t r u c t u r e s .  T h e  c h a r a c t e r s  xxx d e n o t e  t h e  
s u b s t r u c t u r e  nunber ,  r i g h t - a d j u s t e d  and zero-  
f i l l e d .  . . 
Defaul t s :  An e r r o r  message is  i s s u e d  

and  e x e c u t i o n  is terminated 
f o r  a SET/STAGE model. 
D1=DBSlxxx,D2=DBS2xxx, 
D3 =DBS3xxx f o r  an  SS model. 

Key-ward t h a t  s u p p r e s s e s  ordering of 
the c a l c u l a t e d  d a t a  acco rd ing  t o  u s e r  
node-numbers and element-numbers. T h i s  
key-word allows f o r  i n c r e a s e d  e f f i c i e n c y  
when t h e  c a l c u l a t e d  d a t a  a r e  n o t  t o  
be p r i n t e d  v i a  the STRESS Pos tp rocesso r  
(sec. 254.2) . O r d e r i n g  of d i s p l a c e m e n t s  
and stresses i s  n o t  r e q u i r e d ,  f o r  
example, f cr i n t e r m e d i a t e ,  r e s i z e  d e s i g n  
CYCLES (see sec. 212.0 and appendix 
F) 



Default: The ca lcu lated  data are ordered 
according t o  the  user-def ined 
node ar d element numbers. 

Caution: If t h e  calculated data are  
to be displayed by the ATLAS 
Postprocessors, t h e  key-word 
INTERNAL should not  be used. 



25 4.2 Phf N T  OUTPUT STATEMEXC 

The followinq statement is  used t o  request  p r i n t o u t  of t h e  
nodal displacements, element stresses and i n t e r n a l ,  element nodal 
fo rces  generated by t h e  STRESS Processor. An option is provided 
in s e c t i o n  254.2.2 t o  reques t  p r i n t o u t  of lamina stresses and 
s t r a i n s  and margins of s a f e t y  f o r  CPLATE and CCOVER composite 
elements. I f  t h i s  op t ion  is no t  used, laminate  stresses and 
s t r a i n s  dre p r i n t e d  f o r  composite elements. An a d d i t i o n a l  op t ion  
is proviued i n  s e c t i o n  254 -2.3 t o  r eques t  p r in tou t  of t h e  
displacements and stresses contained i n  data blocks  previously  
e s t ab l i shed  v i a  execution of t h e  EXTRACT Postprocessor (sec. 
218.0). For each opt ion,  t h e  p r in t ed  da t a  may be a s soc i a t ed  with 
a complete s t r u c t u r a l  model o r  wi th  node and element subse t s  
def ined v i a  the  SUBSET- DEFINITION Preprocessor (sec. 156 -0) . 

Displacements and element nodal fo rces  are measured 
r e l a t i v e  t o  t h e  node a n a l y s i s  frames (sec. 146.0), whereas 
stresses are measured r e l a t i v e  t o  t h e  element re fe rence  frames 
(see appendix B) . Rotat ions  a r e  measured i n  radians.  

I PRINT OUTPUT ( P l i s t )  

The ava i l ab l e  op t ions  r o r  P l i s t  are descr ibed i n  s e c t i o n s  
254.2-1,  254.2-2 and 254-2.3, 

254 .2 -1  Displacement/Stress/Nodal-Force P r i n t  Options 

S t r u c t u r a l  models for which d a t a  a r e  t o  be p r i n t e d  are 
i d e n t i f i e d  by e i t h e r  a s t i f f n e s s  da ta -se t  number and boundary- 
corldition number o r  a lowest-level  subs t ruc ture  number. Only one 
of the i d e n t i f i e r  types  (SET/STAGE or SS as descr ibed below) may 
be used i n  a s i n g l e  statement. The op t iona l  parameters f o r  Plist 
are: 

Df SPLTAcJ2 -- Key-word denoting whether d i sp l ace -  
ST3ESSES ments , s t r  . sse s or i n t e r n a l ,  element 

nodal f o r c e s  a r e  t o  be pr in ted .  Only one 
of t hese  key-words may be spec i f ied .  
Default :  Warning. No p r i n t o u t  i s  

generated. 

Caution: I f  FORCES are t o  be pr in ted ,  
they must have been requested by 
using the  OPT parameter i n  t h e  
EXECUTE STRESS or PERFORY STRESS 
st at.emc?nt . 



The number (integer) of the s t i f f n e s s  
data set f o r  which data are t o  be 
printed. 
Default : SET-- 1 

SET=Se 

STAGE =St A boundary condi t ior~  jdC) or  
superposit ion s t age  number ( integer)  
associated with set WSe.m 
Default: STAGE=1 

The number (integer) of a lowest-level 
substructure for which data  are t o  be 
printed.  
Defaclt: A SET/STAGE model. 

ATLAS list of load case i d e n t i f i e r s  
( integers  o r  alphanumeric words) t o  be 
processed. 
Default: A l l  load cases associated with 

the  speci f ied  SET/STAGE or SS. 

The iollowing two parameters are e f f e c t i v e  only f o r  
pr int ing nodal displacements (DISPLACE option) . 

Optional key-word denoting t h e  kinenatic- 
freedom labels (see sec. 106 .O) , 
associated w i t h  one of the t h ree  types of 
ana lys is  reference frames (RECtangular, 
CYLindrical and SPHerical.) . The l a b e l s  
are used a s  headings of printed columns 
within a group of daia. Only one set of 
column labe l s  may be se lec ted  i n  a s i n g l e  
statement. 
Default: RECtangular ana lys is  frame 

labels a r e  used as column 
headings . 

Nxxx Node subset name defined v ia  t h e  SUBSET- 
DEFINITION Preprocessor. The Asterisk 
Name Option (sec. 200.0) may be used t o  
iden t i fy  subset names. Several 
parameters of this type may be used i n  a 
s ingle  statement, Displacements are 
printed only f o r  t h e  nodes i n  the 
spcc i f  ied  subset (s) , 
Default: A l l  nodes i n  the 

specified SET o r  SS. 



The following parameter is e f f e c t i v e  only for printing 
BRICK element stresses -ria the STRESS option. 

denotes t h a t  BRICK element 
are t o  be pzinted on a 

node-by-node basis (NODAL) o r  on an 
elemerrt-by-element bas is  (ELEMENT) . T h i s  
parameter i s  appl icable  only i f  nodal 
stresses were calcil lated f o r  BR.ICR 
el-nts (see B I G B R I M  option of t h e  
STIFFNESS Processor, see. 252.0). 
Default: BIGBRICK=ELEMENT i f  nodal 

s t r e s s e s  were calculated.  If 
not, s t r e s s e s  r e l a t i v e  .to the  
centroids  of t h e  mICR elements 
a r e  pr in ted  (see appendix B) . 

The following parameter is e f f e c t i v e  only f o r  p r in t ing  
element s t r e s s e s  o r  element nodal forces  ( the  STRESS or 
FORCE option) . 
Exxx Element subset narne defined v ia  t n e  

SUBSET-DEFINITION Preprocessor. The 
Asterisk N a m e  Option (sec. 200.0) may be 
used t o  iden t i fy  subset  names. Several  
parameters of t h i s  type may be used i n  a 
s ing le  statement . .?+-: s: i d s  o r  nodal 
forces  aze pr inted 0~1,~; L C : ~  t h e  elements 
i n  she  spec i f ied  subset (rg) . 
Default: All elements i n  t h e  spec i l i ed  

S E T  o r  SS. 

Maximum number of l i n e ?  ( integer  5 56) 
including page headingti p r in ted  on a 
paye. 
Default: LINES=56 ' 

The following six parameters are e f fec t ive  only f o r  t h e  
DISPLACE o r  STRESS p r i n t  options. These parameters allow 
the  user t o  specify the printed-page format f o r  groups of 
data each printed w i t h  NCOL colutuns. The number of columns 
(MCOL) within a group of displacement data  is t h e  maximum 
number of active freedoms i n  set I'Se." The number of 
columns (WCOL) within a group of s t r e s s  data is the maximum 
number of stresses per element type t o  be pr in ted  (see 
appendix E f o r  t h e  number of s t r e s ses  calculated f o r  each 
element type) . Several groups of da ta  (NGRQ) may be 
printed across a page v ia  use of t h e  COMPACI' and GiiOUPSP 



parameters described below (NGRO is 1, by defaul t )  , When 
establ ishing a printed-page forwt, the algebra ic  value of 
one of t h e  follcwJing expressions must be less than o r  equal 
t o  132 (standard computer pr in tout  width), I f  
d i s~ lacements  are printed, the expression is 

If  stresses are printed,  t h e  expression is 

FORMAT- Code This parameter def ines  t h e  format of each 
printed value within each group of data. 
The opt ions avai lab le  f o r  t h e  in teger  
nC~den are: 

0--Optimum f o r m t -  Data values are pr in ted  
as e i t h e r  F-format o r  E-format decimal 
numbers. T h i s  opt ion allows t h e  m a x i m u m  
number of d i g i t s  per value t o  be pr in ted  
i n  the  f i e l d  width spec i f ied  by the 
parameter FIELDW=width, 

1--F-fornat. Data values a r e  pr inted as 
decimal numbers with decimal poin ts  
aligned i n  the  columns of pr in ted  data. 

2--I-format, Data values a r e  ~ r i n t e d  as 
integer  numbers, 

3--E-format- Data values are printed as  
decimal numbers with exponents, 

Default : FOHMAT=O 

.WGIN=margin The number ( integer)  of blank spaces 
defining the l e f t  margin of each pr in ted  
page 
Default: PARGIN=10 f o r  DISP option 

MARGIN=I f o r  STRESS option 

N u m b e r  of blank spaces ( integer)  between 
columns of printed data  values within 
each group of data.  
Default: COLSP=2 

FIELDW=width N u m t e r  of d i u i t s  ( j n t q e r )  ava i lab le  f o r  
each pr inted value, The l e t t e r  E, 



COMPACT 

decimal poin ts  i n d  signs each requi re  one 
d i g i t  space. 
Default: FIELDW=8 

Key-word denoting that mult iple  groups of 
da ta  a r e  t o  be aligned across  the page, 
Default: Only one group of d a t a  is 

printed across  the page. 

GHOUPSP-aroup Number of blank spaces (integer) between 
groups of da ta  pr inted across  the page. 
This parameter is e f f e c t i v e  only i f  t h e  
key-word COMPACT is used. 
Default: GROUPSP=5 

254.2.2 Composite-Element, Lamina Stress/Strain P r i n t  Options 

This option allows t h e  user  t o  p r i n t  stresses, s t r a i n s  and 
margins of s a f e t y  f o r  each lamina of se lec ted  CPLATE and CCOVER 
composite elements. Stress/strain data f o r  the laminates of 
composite elements a r e  pr inted v i a  the options described i n  
sec t ions  254 -2 .1  and 254 -2.3. 

The data  printed v i a  this option may be associated w i t h  
se lected load cases and element subsets. S t ruc tu ra l  madels a r e  
i d e n t i f i e d  by e i t h e r  a s t i f f n e s s  data-set  number and bc-lndary- 
condition number o r  a lowest-level substructure number. Only one 
of t h e  i d e n t i f i e r  types (S-TAGE or  SS a s  described below) may 
be used i n  a s ing le  statement. The optional parameters f o r  P l i s t  
are: 

- This parameter i d e n t i f i e s  whether 
lamina stresses (STRESS) o r  s t r a i n s  
(STRAIN) are t o  be printed,  Only one of 
these parameters may be speci f ied ,  
Default: S t resses  and s t r a i n s  a r e  pr inted 

i f  only t h e  key-ord LAMINA is  
specif ied  . Otherwise, no 
pr in tout  is generated. 

The number (integer) of t h e  s t i f f n e s s  
da ta  s e t  f o r  which da ta  a r e  t o  be 
printed. 
Default: SET= 1 

A boundary condition (BC) or 
superposit ion s t age  number ( in teger)  
associated w i t h  set " S e .  
Default: STAGE-1 



The number (integer) of a lowest-level 
s u b s ~ r u c t u r e  f o r  which da ta  a r e  to be 
printed . 
Default : A SET/!3TAGE model . 
AT- list of load case i d e n t i f i e r s  
( in tegers  o r  alphanumeric words) t o  be 
processed. 
Default: A l l  load cases associated with 

t h e  spec i f ied  SET/STAGE o r  SS, 

Element subset name defined via the  
SUBSET-DEFINITION Preprocessor. The 
Asterisk Naxw Option (sec.  200.0) may be 
used t o  i d e n t i f y  subset n a m e s .  Several  
parameters OK t h i s  type may be used i n  a 
s ing le  statement. Data are printed only 
f o r  t h e  campsite elements i n  the 
speci f ied  subset  (s) . 
Default: A l l  composite elements i n  t h e  

spec i f ied  SET o r  SS. 

me opt ions provided below allow lamina stress and s t r a i n  margins 
of sa fe ty  t o  be printed, Stra in  margins of safe ty  are based on a 
mximunl s t r a i n  c r i t e r i o n ,  whereas the  stress margins of sa fe ty  
are based on H i l 1 8 s  c r i t e r ion .  

Lamina s t r a i n  margins a r e  clef ined a s  ( re f .  appendix B) , 

where, EPS1+ = F'N1/E1 - v12*FTU2/E2 i f  EPSl L 0 
EPS1+ = FCUl/El - V12*FCU2/E2 i f  EPSl < 0 
EPS2+ = FTU2/E2 - v12*FTUI/E1 i f  EPS2 1 0 
EPS2+ = FCU2/E2 - V12*FCUl/El i f  EPS2 < 0 

GAlI12+ = FSU/G 

Lamina s t r e s s  margins are defined a s  

where, LL = (SI(;l/F 1+) 2 +  (SIG2/F2+) z+ (TAU12/F3+) 2 

- (SIGl*SI(;2) / (F1+) 2 

and F1+ = FTUl i f  SIGl L 0 
F1+ = FCUl i f  SIGl < 0 
F2+ = FTU2 i f  SXG2 1 0 
F2+ = FCU2 i f  S1G2 < 0 
F3+ = FSU 



m t h  types of margin of sa fe ty  da ta  may be printed for the  
c r i t i c a l  load cases  via t h e  following parameters: 

This parameter denotes that s t r a i n  
margins (M?UCSTRAIN) o r  stress margins 
( H I L L )  are to  be printed,  Only one of 
these  parameters may be specif ied.  
Defaults: Both types of margins of 

sa fe ty  a r e  pr inted i f  only the  
key-word MS is  specif ied;  
O t h e r w i s e ,  no margins of 
sa fe ty  are printed.  

Lamina stress, s t r a i n  and margin of 
safe ty ,  M S ,  data  a r e  pr inted f o r  t h e  "LP 
load cases for which MS < max. If the 
corresponding M S  values are g r e a t e r  than 
8*max,88 lamina stress, s t r a i n  and M S  data  
a r e  pr in ted  f o r  those load cases (a 
maximum of 3) which have t h e  minimum 
margins of safety.  
Defaults: I f  MS=MAXSTRAIN is specif ied,  

only t h e  minimum value of MS1, 
MS2 and MS3 for each load case 
i s  printed,  
If MS=HILG is speci f ied ,  only 
the minimum value of MS-HILL 
f o r  each load case is printed.  

25U. 2.3 Pr intout  of EXTRACTED Displacements and Stresses 

This option allows t h e  user  t o  p r i n t  t h e  nodal 
displacements and element stresses previously generated by t h e  
STRESS Processor and s tored  i n  data  blocks via execution of the 
UTWICT Postprocessor (sec. 218.0) , The printed da ta  nay be 
associated wit!! se lected load cases and node/element subsets.  
The optional  parameters fur P l i s t  are: 

EXDISPLACE [- EXSTRESS ] =Exname 

This parameter denotes whether extracted 
displacements (EXDISPLACE) or stresses 
(EXSTRESS) are t o  be pr inted,  l8ExnameW 
is t h e  alphanumeric name previously 
assigned t o  the  extracted data  block v i a  
t h e  EXECUTE EXTRACT statement (sec. 
218 .O)  . The data  component l a b e l s  



associated w i t h  ' nExnamen must include a t  
l e a s t  those iden t i f i ed  by t h e  standard 
label  subset DISPRINT and STRPRINT for 
displacement and stress printout,  
respectively (see sec, 156 -0 )  , mese 
names a r e  generally used f o r  Wxname-a 
Only one of these parameters may be 
specified. 
Default: Warning, No printout  is  

generated, 

LC=CATlist ATWLS list of load case i den t i f i e r s  
(integers o r  alphanumeric words) t o  be 
processed. 
Default: All  load cases associated with 

"Exname, 

T h e  following two parameters are ef fect ive  only f o r  
printing nodal displacements (EXDISPLACE; option) . 

Optional key-word denoting the kinematic- 
freedom labels  (see sec. 106,O) , 
associated w i t h  one of the three types of 
analysis reference frames (RECtangular, 
CYLindrical and SPHerical) . The l abe l s  
are used as headings of printed columns 
within a group of data. Only one set of 
column labels  may be selected in  a s ingle  
statement, 
Default: RECtangular analysis  frame 

labels a re  used as column 
headings, 

Node subset name defined v i a  the SUBSET- . 
DEFINITION Preprocessor. The Asterisk 
Name Option (sec. 200.0) may be used t o  
iden t i fy  subset names. Several 
paraneters of this type may be used i n  a 
single statement. Displacements a r e  
printed only for the nodes i n  the 
specif ied subset (s) , 
Default: A l l  nodes associated with 

"Exname. * 

Nxxx 

The following parameter is effect ive  only f o r  printinq 
element stresses (EXSTRESS option) . 
Exxx Element subset name defined via  the 

SUESET-DEFINITION Preprocessor. The 



Asterisk Name Option (sec. 200.0) may be 
used to i d e n t i f y  subset names. Several 
parameters of t h i s  type xay be used i n  a 
s i n g l e  statement. S t res ses  a r e  pr inted 
only f o r  t h e  elements i n  t h e  spec i f ied  
subset (s) . 
Default: A l l  elements associated with 

"Exname. * 

Maximum number of l i n e s  ( in teger  I 56) 
including page headings pr in tad  on a 

ae . 
Default : LINES=56 

The following parameters allow t h e  user  t o  spec i fy  t h e  
printed-page format f o r  uroups of da ta  each pr in ted  with 
NCOL columns. The number of coluxnns (NCOL) within a gmiip 
of displacement data  is t h e  maximum number of a c t i v e  
freedoms associated with 88Exname-m The number of columns 
(NCOL) within a group of stress data  i s  t h e  maximum number 
of stresses per element type to  be printed (see appendix B 
f o r  the number of s t r e s s e s  calculated f o r  each element 
type) .  Several  groups of displacement da ta  (NGRO) may be 
printed across a page v i a  use of the COMPACT and GROUPSP 
parameters described below (NGHO is 1, by de fau l t ) .  When 
es tabl i sh ing  a printed-page format, t h e  a lgebra ic  value of 
one of the following expressions must be less than o r  equal 
t o  132 (standard computer pr in tout  width) . If 
displacements are printed,  t h e  expression is 

(PARGIN+ 3 0 +NGRO[ 10 +NCOL (COLSP +FIELDW) ]+GROUPSP*NGRO) 

I f  stresses are printed,  t h e  expression is 

FORMA'S=Code This parameter def ines  the  format of each 
printed value within each ?youp of data.  
The opt ions ava i l ab le  f o r  t h e  in teger  

, 

OCo<JeW are: 

O--Optimum f o r m t .  Data values are printed 
a s  e i t h e r  P-format o r  E-format decimal 
numbers. T h i s  option allows t h e  maximum 
number of d i g i t s  per value t o  be pr inted 
i n  the  f i e l d  width specif ied by the  
p a r m e t e r  FIELDW=width. 



1--F-format, Data ' values  are pr in t ed  as 
decimal numbers with decimal p o i n t s  
a l igned  i n  the columns of printed data. 

2--I-format. Data va lues  are p r in t ed  as 
i n t ege r  numbers. 

3--E-format. Data va lues  are p r in t ed  as 
decimal numbers wi th  exponents. 

Default : FOlWiT=O 

MARGIN=maruin The number ( in teger )  of blank spaces 
def in ing  t h e  l e f t  margin of each p r i n t e d  
page 
Default :  . W I N = l O  f o r  EXDISPLACE op t ion  

MARGIN=1 for EXSPRESS opt ion  

cOuP=space 

FIELDW=wi dth 

Nunher of blank spaces  ( i n t ege r )  between 
columns of p r in ted  d a t a  values  wi th in  
each group of da ta .  
Default:  COLSP-2 

Number of d i g i t s  ( in teger )  a v a i l a b l e  f o r  
each p r i n t e d  value. The le t ter  E, 
decimal p o i n t s  and s igns  each r e q u i r e  one 
d i g i t  space. 
Default:  FIF%DW=8 

The following parameters are e f f e c t i v e  only f o r  p r i n t i n g  
nodal displacements via the EXDISPLACE option. 

COMPACT Key-word denoting t h a t  mu l t i p l e  groups of 
displacement d a t a  are t o  be a l igned 
across  t h e  page, 
Default:  Only one group of data is 

pr in ted  across  the page. 

GROUPSP=group N u m b e r  of blank spaces  ( in teger )  between 
yroups of displacemeqt da t a  p r in t ed  
across  t h e  page. This  parameter is 
e t t e c t i v e  only  i f  t h e  key-word COMPACT is 
used. 
Default:  GROUPSP= 5 



V IBllAT I O N  

258.0 VIBRATION MODULES 

The VIBRATION Processor  s o l v e s  t h e  s t r u c t u r a l  v i b r a t i o n  
eigenproblem. Natura l ,  undamped mode-shapes, f r equenc ies  and 
g e n e r a l i z e d  s t i f  fness/mass m a t r i c e s  c a n  be c a l c u l a t e d  f o r  t h e  
r e a l  s y s t m  of l i n e a r ,  homogeneous, a l g e b r a i c  equa t ions  denoted 
by (K-E*M) *Q=O o r  (F*M-E) *Q=O a s s o c i a t e d  wi th  a s t r u c t u r a l  
s t i f f n e s s  (K) or f l e x i b i l i t y  (F) formula t ion ,  r e s p e c t i v e l y .  
Each of t h e  m a t r i c e s  K ,  F and M i s  symmetric, where M is a 
d i a q o n a l  or nondiagonal,  p o s i t i v e - d e f i n i t e  mass matrix.  Mat r i ces  
E and Q c o n t a i n  t h e  e igenvalues  and e i g e n v e c t o r s  a s s o c i a t e d  
wi th  t h e  v i b r a t i o n  f r e q u e n c i e s  an3  modes, r e s p e c t i v e l y .  The 
s t i f f n e s s / m a s s  formula t ion  may r e p r e s e n t  a s t r u c t u r a l  model 
which is f r e e  t o  assume 1 t o  6 r ig id-body motions or a model 
which is completely c o n s t r a i n e d  from assuming any r igid-body 
motion. The f l ex ib i l iky /mass  formula t ion ,  however, r e p r e s e n t s  
a completely c o n s t r a i n e d  s t r u c t u r a  1 model. 

E iqenso lu t ions  of b o t h  types  o f  equa t ion  Systems a r e  
e f f e c t e d  by t h e  fo l lowing d i s t i n c t  s t eps :  

a)  M = L * L ~ ;  i f  t h e  mass m a t r i x  is nondiagonal,  it is  
decomposed v i a  t h e  Cholesky s q u a r e  r o o t  method ( r e f .  
258-1) i n t o  a lower t r i a n g u l a r  m a t r i x  pos t -mul t ip l i ed  
by i ts  t ranspose .  

b) The eigenproblem i s  reduced t o  t h e  s t andard ,  symmetric 
eiqenproblem denoted by D*X=E*X, where D=L-I*K* (L-llT 
o r  D=L~*F*L for t h e  s t i f f n e s s  and f l e x i b i l i t y  m a t r i x  
formula t ions ,  r e spec t ive ly .  

C) The dynamic mat r ix  D is t r i d i a g o n a l i z e d  by t h e  
Householder-Givens t echn ique  ( r e f .  258-2) v i a  s i m i l a r i t y  
t ransformat ions .  

d) Eiqenvalues a r e  e x t r a c t e d  from t h e  t r i d i a g o n a l  m a t r i x  
v i a  e i t h e r  t h e  symmetric Q-R orthogonal-matr ix,  
t r a n s f o r m a t i o n  technique  o r  t h e  Sturm-sequencing 
b i s e c t i o n  method ( re f .  258- 2)  . 

e )  Eiqenvectors  a r e  c a l c u l a t e d  by t h e  Wielandt i n v e r s e  
i t e r a t i o n  t echn ique  ( ref .  258-2). 

f )  Or thoqona l i za t ion  of t h e  c a l c u l a t e d  e iqenvec to r s  i s  
a s s u r e d  by u s e  of t h e  Gram-Schmidt technique  ( r e f .  
258-2) . 

q) Each e igenvec to r  i s  normalized t o  i ts  l a r g e s t  component. 



The numer ica l  q u a l i t y  of a n  e i g e n s o l u t i o n  is measured v i a  s e v e r a l  
checks  performed by  t h e  VIBRATION P r o c e s s o r  (sec. 258.1). I n  
o n e  case, each  c a l c u l a t e d  e i q e n v a l u e  and associated e i g e n v e c t o r  
a r e  s u b s t i t u t e d  i n t o  t h e  o r i g i n a l  e q u a t i o n  t o  be so lved .  The 
d e v i a t i o n  o f  t h e  i - t h  r e s u l t i n g  r e s i d u a l  v e c t o r  R ( i )  f rom a 
n u l l  v z c t o r  i s  measured by i t s  unb ia sed  root-mean-square  v a l u e  
RMS (i) c a l c u l a t e d  as t h e  s q u a r e  root of  [ [R ( i ) T  *R (i) ) / (n- 1) 1 
where n  i s  t h e  order o f  m a t r i x  D. These q u a n t i t i e s ,  which a n e  
a  measure o f  t h e  e q u i l i b r i u m  or c o m p a t i b i l i t y  o f  t h e  s t i f f n e s s  
and  f l e x i b i l i t y - f  o rmula t ed  sys t em of e q u a t i o n s ,  r e s p e c t i v e l y ,  
a r e  p r i n t e d  f o r  e a c h  e i g e n s o l u t i o n .  

A second s o l u t i o n  check ,  r e f e r e n c e d  a s  t h e  o r t h o q o n a l i t y  
check,  is a measure  of how w e l l  t h e  c a l c u l a t e d  e igenvec tov  
(mode) n a t r i x  succeeds  i n  d i a g o n a l i z a t i o n  of  t h e  mass ma t r ix .  

T h a t  is, t h e  o f f - d i a q o n a l  e l emen t s  o f  t h e  g e n e r a l i z e d  mass 
m a t r i x  c a l c u l a t e d  a s  Q ~ * M * Q  are t h e o r e t i c a l l y  zero.  These 
e l emen t s ,  however, as c a l c u l a t e d  by t h e  t r i p l e  m a t r i x  p r o d u c t  
may d i f f e r  f rom zero.  The re fo re ,  a map of t h e s e  e l emen t s  i s  
a u t o m a t i c a l l y  d i s p l a y e d  f o r  each  e i g e n s o l u t i o n .  T h i s  s o l u t i o n  
check  i n d i c a t e s  how w s l l  t h e  mode m a t r i x  Q t r a n s f o r m s  t h e  coupled  
se t  of e q u a t i o n s  o f  motion, e x p r e s s e d  v i a  t h e  p h y s i c a l  c o o r d i n a t e  
system,  i n t o  a n  uncoupled se t  of e q u a t i o n s  e x p r e s s e d  i n  terms 
of t h e  normal, g e n e r a l i z e d  c o o r d i n a t e  system.  

Subsequent  t o  a n  e i g e n s o l u t i o n ,  t h e  VIBRATION P r o c e s s o r  
per forms t h e  f ol lowinq  a d d i  t i o n a  1 i l l - c o n d i t i o n i n g  check on  
t h e  eiqenproblem: (1) t h e  t tNormt t  o f  t h e  D m a t r i x  is c a l c u l a t e d ;  
t h e  a b s o l u t e  v a l u s s  of t h e  e l emen t s  i n  t h e  i - t h  row o f  t h i s  
m a t r i x  are summed t o  form s (i) ; i= 1, n. The maximum s (i) i s  
d e f i n e d  a s  the  "Norm"  of  t h e  D m a t r i x ,  (2 )  i f  t h e  a b s o l u t e  v a l u e  
of  the i - t h  c a l c u l a t e d  e i g e n v a l u e  e ( i )  is less t h a n  t h e  q u a n t i t y  
(Norm*lO-la), it i s  a u t o m a t i c a l l y  s e t  t o  z e r o ;  t h e  q u a n t i t y  

w i t h i r ,  pa ren theses  is r e f e r e n c e d  a s  t h e  c u t o f f  value.  C l e a r l y ,  
i f  t h e  i l l - c o n d i t i o n i n q  i s  caused  by a  r i g i d - b o d y  mode i n h e r e n t  . 
t o  t h e  v i b r a + i o n  problem, a  z e r o  n i q e n v a l u e  i s  j u s t  what is 
r e q u i r e d .  However, i f  it i s  caused  by a n  i n f e r i o r  mathomat ica l  
model of t h e  p h y s i c a l  ;>robl2m, a z e r o  e i q e n v a l u a  is  an  adequCAte  
i n d i c a t c r  that an e r r o r  e x i s t s  i n  t h e  model. I f  any n e g a t i v e  
e i q ~ n v a l u e s  remain a f t e r  t h e  f a c u t o f f w  check is  performed, 
e x e c u t i o n  i s  t e r m i n a t e d .  T h i s  i n d i c a t e s  t h a t  t h e  e igenproblem 
t o  be so lved  is  n o n - p o s i t i v e  d e f i n i t e  and t h a t  t h e  ma thema t i ca l  
model must be r e d e f i n e d  and a n a l y z s d  aga in .  

"hz t o r3qo inq  e i q a n s o l u t i o n  checks a r e  performed so t h a t  
t h e  u s e r  i s  a d v i s e d  of t h e  q u a l i t y  o f  the s o l u t i o n .  A s t r u c t u r a l  
model may, however, have l e g i t i m a t e  ill- c o n d i t i o i ~ i n g ,  such  a s  
a  s i n q u l a r  s t i f f n e s s  m a t r i x  r e p r e s e n t i n g  a  f r e e  or p a r t i a l l y  
c o n s t r a i n e d  s t r u c t u r e ,  i n  a d d i t  i o n  t o  i l l e g i t i m a t e  ill- 
c o n d i t i o n i n g .  The i n - p l a n e  t r a n s l a t i o n a l  s t i f f n e s s  a t  a  node 



of  a modal, f o r  example, is g e n e r a l l y  much l a r g e r  t h a n  t h e  
r o t a t i o n a l  s t i f f n e s s  a t  t h e  same node. While t h e r e  i s  nothinq 
i n c o r r e c t  a b o u t  r e t a i n i n g  bo th  t y p e s  of k inemat ic  freedoms f o r  
dynamic ana lyses ,  t h e  rounding errors i n c u r r e d  when performing 
t h e  r e q u i r e d  mathematical  o p e r a t i o n s  may l e a d  t o  s u b s t a n t i a l  
i n a c c u r a c i e s  i n  t h e  s m a l l  e igenvalues .  S i n c e  t h e  s m a l l e r  
e igenva lues  a r e ,  i n  g e n e r a l ,  of pr imary i n t e r e s t  when t h e  
s t i f f n e s s / m a s s  formula t ion  is used, t h e  r e s u l t s  of a v i b r a t i o n  
a n a l y s i s  and t h e  mathematical  model details must be examined 
c a r e f u l l y .  

I f  an  eiqenproblem d e s c r i b e s  a model t h a t  undergoes r i g i d -  
body motion (s) , the coupled r iqid-body modes a s  c a l c u l a t e d  by 
t h e  e i q e n s o l u t i o n  may be r e p l a c e d  w i t h  u s e r - s e l e c t e d  uncoupled 
modes. 

Printout of  t h e  v i b r a t i o n  a n a l y s i s  d a t a  may be reques ted  
from t h s  VIBRATION Postprocessor  as  d i s c u s s e d  i n  s e c t i o n  258.2. 
P l o t s  of t h e s e  d a t a  can  a l s o  be e f f e c t e d  v i a  t h e  EXTRACT and 
GRAPHICS Pos tp rocessors  a s  d i scussed  i n  s e c t i o n s  218.0 and 
228.0. 



258.1 EXECUTE VIBRATION STATEMENT 

The tollowing statement i n i t i a t e s  execution of the 
VIBRATION Processor. A reduced s t i f f n e s s  or  f l e x i b i l i t y  matrix 
and the  corresponding reduced mass matrix must have been 
generated previously. Reduced ATLAS s t i f f n e s s  and f l e x i b i l i t y  
matrices a r e  generated v i a  2xecution of the MERGE, CHOLESKY and 
MULTIPLY Processors. F a  ATLAS mass matrix may be generated 
d i r e c t l y  f o r  t h e  re ta ined  kinematic freedoms by executing OPTION 
2 o r  3 of the  MASS Processor (sec. 238.2). It may a l s o  be a 
tiuyan-reduced mass matrix generated via  execution of the MERGE, 
CHOLESKY and MULTIPLY Processors. Cataloged control  statements 
f o r  generation of reduced s t i f f n e s s ,  f l e x i b i l i t y  and Guyan- 
reduced mass matrices a r e  presented i n  appendix E. Vibration 
analyses of a highest-level substructure are performed f o r  t h e  
"equivalentN SET/STAGE model (see sec . 130 -0) . The maximum 
permitted order of t h e  eigenproble~n is approximately 400. 

EXECUTE VIBRATION ( P l i s t )  

L i s t  of optional parameters f o r  P l i s t :  

A vibrat ion s e t  number ( integer)  i n  t h e  
ranqe 1 t o  99 which is used t o  iden t i fy  
t h e  vibrat ion problem speci f ied  by t h i s  
statement. I f  multiple statements of 
t h i s  type a r e  required i n  a s ing le  job, 
t h e  vibrat ion problem associated with a 
pa r t i cu la r  VSET number may be redefined. 
Default: VSET=1 

XASS=Name 1 N a m e  of a previously-generated, reduced 
mass matrix. 
Default: Error. Execution i s  terminated. 

STIF=Name2 Name of a previously-generated s t i f f n e s s  
FLEX-Name3 (STIF) User Matrix or  flexibility (FLEX) 

User Natrix (see sec. 200 .0 ) .  Only one 
of these parameters may be used. 
Default: Error. Execution i s  terminated, 

The ei9enproblem t o  be solved is  one of t h e  following 
nlatrix equations: 



The c a l c u l a t e d  e i q e n v a l u e  ma t r ix  and e i g e n v e c t o r  ma t r ix  are 
i d e n t i f i e d  by FREQSxx and MODESxx, r e s p e c t i v e l y ,  where n x x n  
i s  t h e  v i b r a t i o n  set number, r i q h t - a d j u s t e d  and z e r o - f i l l e d .  
The cor responding  q e n e r n l i z e d  mass and g e n e r a l i z e d  s t i f f n e s s  
m a t r i c e s  a r e  a u t o m a t i c a l l y  c a l c u l a t e d ,  s aved  and i d e n t i f i e d  
as  GMhSSxx and GSTIFxx, r e s p e c t i v e l y .  These f o u r  m a t r i c e s  are 
manaqed v i a  t h e  User-Matrix Name Ca ta loq  (see sec. 200.0).  

The fo l lowinq  SET and STAGE parameters  a r e  r e q u i r e d  i f  
any one of t h e  parameters  SUBSETS, URBM, PRBM or TRBM, as d e f i n e d  
below, is used. It is always a good p r a c t i c e ,  however, t o  
s p e c i f y  t h e  SET and STAGE a s s o c i a t e d  w i t h  t h e  eiqenproblem so 
t h a t  node/ f reedor  i d e n t i f i e r s  a s s o c i a t e d  w i t h  t h e  modal 
components can  be d i s p l a y e d  by t h e  VIBRATION Pos tp rocesso r  (sec. 
2 5 8 . 2 )  . 

The d a t a  e it number ( i n t e g e r )  i d e n t i f y i n g  
t h e  s t i f f n e s s / m a s s  model a s s o c i a t e d  
w i t h  t h e  e i g e n ~ r o b l e m .  
Defaul t :  SET=1 

The boundary c o n d i t i o n  s t a q e  number 
( i n t e g e r )  a s s o c i a t e d  w i t h  set "Sem for 
which a  v i b r a t i o n  a n a l y s i s  is t o  be  
performed. 
Defaul t :  STAGE=1 

Xey-word d e n o t i n q  whether t h e  QR method 
or  t h e  Sturm-sequence (STURM) method 
i s  t o  be used t o  e x t r a c t  t h e  e iqenvalues .  
The QH method is more e f f i c i e n t  t h a n  
t h e  STURM method. The STURM method 
is, however, more s t a b l e  and t h e r e f  o r e  
a l l o w s  smal l  e i q e n v a l u e s  t o  b e  c a l c u l a t e d  
w i t h  q r e a t  e r  accuracy.  
Defaul t :  Q H  

Number ( i n t o q e r )  o f  e iqenva lues  
( f r e q u e n c i e s )  t o  be saved. I t  should  
be noted that i f  t h e  QR method is used, 
a l l  t h e  e i q e n v a l u e s  a s s o c i a t e d  wi th  
t h e  eigenproblem a r e  c a l c u l a t e d  
a u t o m a t i c a l l y .  Only ' I n t w  e iqenva lues  
a re  c a l c u l a t e d ,  however, i f  ths STURM 
method is used. The e i q e n v a l u e s  
cor respondinq  with t h e  lowest  "nf" 
v i b r a t i o n  f r e q u e n c i e s  a r e  saved. 
Defau l t  : The o r d e r  of t h e  eiqenproblem. 



I n t e q e r  number (0 < nm S n f )  of 
ctiqenvectar s (modes) t o  be ca ' cula t:ed and 
saved. 
Defaul t :  NYODES=nf 

T t ~ e  tol lowiny parameter a l l o w s  s e l e c t e d  modal displacelnents  
t o  be e x t r a c t e d  frm t h e  c a l c u l a t e d  e igenvec to r  natrix nMODES~x.w 
These disp1acement.s a r e  a s s o c i a t e d  wi th  a s u b s e t  o f  t h e  degrees- 
of -f reedon: used to def irle the eigenproble~n,  Subsets of ;he 
ret  dined K A O ~ ~ S  Inust have been def i n &  v i a  t h e  SUBSET-DEFINITION . 
Frt?processor (sec,  156 -0) . Generat i o n  of s u b s e t  node-matr ices is 
required o r l y  f o r  i n t e r p o l a t i o n  of v i b r a t i o n  mode-shapes f roru t h e  
s t r ~ ~ c t l l r i l  treedoms t o  the aerodynamic c o n t r o l  p o i n t s  e s t a b l i s h e d  
3y  the uns teady  aerodyndmics p rocessors  of ATLAS (see sec. 
232 -0) . For t!lese purposes,  t h e  s u b s e t  mode-matrix must 
c ~ r r e s ~ o n i l  w i t h  kineinat ic  freedoms t h a t  have the  same analysis 
trarne. 

SUBSL?'S=CFLTlist A'IIAS l is t  02 node s u b s e t s  for which 
subset mode-matrices a r e  t o  be oenera ted .  
The A s t e r i s k  N a m e  Option (see sec. 260.0) 
1:1ay be used t o  i d e n t i f y  s u b s e t s .  Yon- 
rcatiined nodes i n  t h e  spec i f  i e d  s u b s e t s  
a r c  l y n o s e d .  
Default :  N o  s u b s e t  mode-matrices 

a r e  genera ted .  

Example: S U S E T S = N Z  1'0 N7, SUBSETS= (NS, 
N2* ,  NSO) , NlOO TO N104, 
SU3SETS=N2CO 

IL t n e  s t r u c t u r a l  model i s  n o t  c o n s t r a i n e d  from assuming 
riqici-l>ody (Rt?) motiorl, 1 to 6 RB c o u ~ l e d  modes will be inc luaed  
ill the n l d d t .  matr ix.  These 33 modes may he rep laced  by a set of  
~ser-selected, o p t i o n a l l y  normalized, uncoupled .N3 modes a s  
2escribed by t he  fo l lowing parameters. A replacement  m d e  is 
e i tner  d u n i t  t r a n s l a t i o n  v s c t o r  or a unit r o t a t i o n  v e c t o r .  I f  
the model is  p a r t i a l l y  cons t ra tned ,  it is  the r e s p o n s i b i l i t y  of 
the u j e r  t o  i n s u r e  t h a t  t h e  RB-mode replacements  a r e  compatible  
w i t h  t h e  s t r u c t u r a l  suppor t s .  I f  any of t h e  followina p a r a n e t e r s  
is used, t h e  YASS Processor  (sec. 238.2) should be exemlted t o  
ca l c u l a  tr t h e  to ta l -we igh t  ~ n a t r i x  p r i o r  t o  execu t ion  of thcz 
V I H M T I O K  Frocesso~-. 



The u s e r - s e l e c t e d  RB modes a r e  a s s o c i a t e d  with e i t h e r  
t h e  GLOBAL frame, t h e  p r i n c i p a l  a x e s  of t h e  model or a s p e c i f i e d  
r e c t a n g u l a r  t r i a d .  These r e f e r e n c e  frames a r a  i d e n t i  f  i e d  by 
t h e  key-words URBM, PRBM and TRBM, r e s p e c t i v e l y .  

URBM -- A r e f e r e n c e  frame whose o r i g i n  is  a t  t h e  c e n t e r  o f  
q r a v i t y  {cg)  of t h e  model a e  c a l c u l a t e d  by t h e  MASS 
Processor  and which h ; ~  t h e  same o r i e n t a t i o n  as t h e  
GLOBAL t r i a d .  The weight  m a t r i x  f o r  t h e  model (see 
t h e  d i s c u s s i o n  a t  end of  this s e c t i o n )  w i l l  c o n t a i n  
nonzero products  of  i n e r t i a  i f  t h e  a x e s  of t h i s  
r e f e r e n c e  frame a r e  no t  coincider l t  w i t h  t h e  p r i n c i p a l  
axes cf t h e  model, 

PRBM -- A referent, frame whose o r i g i n  is  a t  t h e  cg  of t h e  
model a s  c a l c u l a t e d  by t h e  MASS Processor  and which 
is o r i e n t e d  such tha: i t s  a x e s  c o i n c i d e  with t h e  
p r i n c i p a l  a x e s  of t h e  model. Genera l ly ,  dynamic 
coupl inq  w i l l  no t  e x i s t  f o r  t h i s  case .  

TPBM -- A r e f e r e n c e  frame whose o r i g i n  and o r i e n t a t i o n  a r e  
d e f i n e d  v i a  ,he X, Y, Z ,  RnX, RnY and RnZ parameters  
d i scussed  below. The r e s u l t i n g  weight  ma t r ix  f o r  t h e  
model w i l l ,  i n  qenera l ,  c o n t a i n  nonzero s t a t i c  moments 
and products  of i n e r t i a .  

= x y z u g  The key-word s p e c i f i e d  by t h i s  parameter 
denotes  which t y p e  of r e fe rence  frame 
is t o  be used t o  r e f e r e n c e  (uncouple) 
t h e  o v e r a l l  RB modes. The code x y z g y p  
is a 1 t o  6 d i g i t  i n t e g e r  denot ing  which 
RB modes a r e  i n h e r e n t  i n  t h e  model. 
Each d i g i t  i n  t h i s  code is set t o  0 
o r  1 denot inq  whether o r  no t  Y-axis 
t r a n s l a t i a n ,  Y-axis t r a n s l a t i o n ,  Z-axis 
t r a n s l a t i o n ,  X-axis r o t a t i o n ,  Y-axis 
r o t a t i o n  and Z-axis r o t a t i o n ,  
r e s p e c t i v e l y ,  a r e  present .  A one 
i n d i c a t e s  t h a t  t h e  correspondinq HB 
motion is presen t ,  whereas a  ze ro  
i n d i c a t e s  t h a t  it i s  n o t  present .  Lef t -  
most ze ros  of t h i s  code need not  be 
input .  One of t h e s e  parameters  must 
be selected i f  uncoupled RB-modes a r e  
t o  be genera ted ,  Only one af t h e s e  
parainetcrs, however, may be s p e c i f i e d  
i n  a s i n q l e  s t a t e s e n t .  
Default:  The R B  modes as  c a l c u l a t o d  

b y  t h e  V I B R A T I O N  Processor  



a r e  cdmponents of t h e  o u t p u t  
nMODESxxn matrix.  

Example: This parameter might be i n p u t  a s  
TRBM=10101 which i n d i c a t e s  t h a t  Y- 
t r a n s l a t i o n ,  X-rota t ion  and 2 - r o t a t i o n  
a r e  i n h e r e n t  t o  the model and t h a t  t h e s e  
R B  modes a r e  t o  be uncoupled r e l a t i v e  
t o  a  use r - se lec ted  r e f e r e n c e  frame. 

The fo l lowing  t w o  sets of parameters  d e f i n e  t h e  o r i g i n  
and o r i e n t a t i o n  of a use r - se lec ted  r e c t a n g u l a r  ref ere-we f ram 
r e l a t i v e  t o  which t h e  RB modes a r e  t o  be  uncoupled. These 
parameters a r e  a p p l i c a 2 i e  o n l y  if t h e  parameter  T R B M = x y z a  
is input .  

The GLOBAL X, Y and Z c o o r d i n a t e s  of 
t h e  o r i g i n  of t h e  use r - se lec ted ,  RB- 
mode r e f e r e n c e  frame. 
Default :  Values are zero. 

Ro ta t ions  (degrees)  used t o  o r i e n t  t h e  
user-selected, RB-mode r e f e r e n c e  frame 
r e l a t i v e  t o  t h e  GLOBAL t r i a d .  One t o  
s i x  of t h e s e  t h r e e  t y p e s  of parameters  
may be used i n  a s i n g l e  s tatement .  
The sequence i n  which t h e  r o t a t i o n s  
a r e  t o  be e f f e c t e d  is denoted by t h e  
i n t e q e r  a s s igned  t o  "nfl (1 I n I 6) 
w i t h i n  t h e  words RnX, RnY and Rn2. 
The sequence d e f i n e d  by t h e  &Inn numbers 
must begin w i t h  one and must be 
continuous up  t o  a maximum of 6 (e.g., 
RlY=bl, R2X=al, R3Y=b2, R4Y=b3, R S Z = c l )  . 
The i - t h  s e q u e n t i a l  r o t a t i o n  is e f f e c t e d  
r e l a t i v e  t o  t h e  X, Y or Z a x i s  as 
pos i t ioned  a f t e r  t h e  (i- 1) r o t a t i o n .  
Default:  Values are zero. 

Default:  I f  n e i t h e r  of t h e  l as t  t w o  ; ets  of 
parameters  i s  s p e c i f i e d  when t h e  TRBM 
parameter is  s e l e c t e d ,  t h e  GLOBAL t r i a d  
is used as t h e  RB-mode re fe rence  frame. 



XYx 
HALF = T h i s  parameter d e n o t e s  t h a t  t h e  t o t a l -  

weight m a t r i x  (see d i s c u s s i o n  below) 
a s s o c i a t e d  w i t h  t h e  cg of t h e  mass model 
i s  t o  be r e f e r e n c e d  t o  a GLOBAL p l a n e  
of model symmetry, The c h a r a c t e r s  XY 
(or Y X ) ,  YZ ( o r  ZY) or XZ (or  ZX) deno te  
t h e  p lane  of symmetry. The letter "xn 
deno tes  a u s e r  node number (1 to  5 
d i g i t s )  which d e f i n e s  t h e  l o c a t i o n  of  
t h e  p lane  of symmetry, Or thographic  
p r o j e c t i o n  o f  t h e  cg of  t h e  h a l f  model 
o n t o  t h e  s p e c i f i e d  GLOBAL plane  d e f i n e s  
t h e  cq of t h e  symne t r i ca l ,  t o t a l  model. 
The weight  m a t r i x  is re fe renced  t o  t h i s  
to ta l -model  cq p o i n t  p r i o r  to performing 
t h e  RB-mode replacement  (s) (URBM, PRBM 
or TRBM parameter) .  Only one of t h e s e  
parameters  may be s p e c i f i e d  i n  a s i n g l e  
s tatement .  
Default:  The weight  ma t r ix  terms a r e  

not modified t o  r e f l e c t  a h a l f -  
model of a symmetrical 
s t r u c t u r e .  

UNITR 

R BGM 

Key-word denot inq  t n a t  t h e  RB-replacement 
modes (URBM, PRBM or TRBM) a r e  n o t  t o  
be normalized. 
Defaul t  : Each RB-replacement v e c t o r  

i s  normalized t o  1.0 based 
on its l a r g e s t  component. 

Key-word deno t ing  t h a t  t h e  p a r t i t i o n  
of the g e n e r a l i z e d  mass mat r ix  which 
i s  a s s o c i a t e d  s t r i c t l y  wi th  t h e  RB- 
replacement modes (URBM, TRBM or PRSM) 
is to be c a l c u l a t e d  as HT*,J*F whsre,  
R is +he m ~ t r i x  or PL;-rnsdas .3r:l  J is 
tho total-17ass m a t r i x .  
Default :  The g e n e r a l i z e d  mass matrix 

i s  qenera ted  by us inq  t h e  
reduced mass matr ix  i d e n t i f i e d  
by  " N a m e l f l  and the c a l c u l a t e d  
node-shape matr ix  i d t n t i t i e d  
t ? y  MODESxx. 



The number (integer) of t he  concentra ted 
mass subse t  def ined v i a  t h e  mass d a t a  
(sec. 138.0) which is to be as soc i a t ed  
wi th  a Guyan-reduced mass matr ix  aName l .  
This parameter is app l i cab le  only i f  
URBH, PRBM o r  TRBH is spec i f ied .  
Default: No concentra ted mass subse t  

is  a s soc i a t ed  with t h e  mass 
mat r ix  "Namel. 

The total-weight matr ix  as c a l c u l a t e d  by t h e  VIBRATION 
Processor, i f  one of the parameters URBM, PRBM o r  TRBM is  used, 
r e p r e s s n t s  t h e  to ta l -weiqht  p rope r t i e s  of  t h e  model r e l a t i v e  
t o  the  s e l e c t e d  re fe rence  frame. Its qene ra l  form is 

0 W - W * x  - -- 1W*L ---- - I -- * W*y I Irx Ixy 1x2 O I 
0 -W*x  ' I xy  

0 1 x Iyz 
IYY ~~L. l  

where w is  t h e  weiqht of t h e  mass model and I j k  denotes t h e  
weiqht products of i n s r t i a  r e l a t i v e  t o  t h e  s e l e c t e d  re fe rence  
frame axes. x, y and z a r e  mass-model cq coordinates  r e l a t i v e  
t o  a TREM t r i a d .  The off-diagonal  p a r t i t i o n  elements (W*z, 
etc.) introduced by a TRBM coordinate  t ransformat ion a r e  
referenced a s  "static moments.r These terms a r e  zero i n  t h e  
to ta l -weight  matrix ca l cu l a t ed  by t h e  MASS Processor ( sec. 
238.2). Mass9s a r e  ca l cu l a t ed  from weights by using t h e  mass 
f a c t o r  spec i f i ed  i n  t h e  MASS input  data (see FACTOR da ta  subset  
of sec, 138.0). I f  t h a t  f a c t o r  i s  no t  spec i f ied ,  weights a r e  
divided by t h e  de fau l t  va lue  of 386.04 t o  conver t  them t o  masses. 



258.2 PRINT OUTPUT STATWENT 

The following statement is used t o  reques t  p r i n t o u t  of t h e  
data calculated by t h e  VIBRATION Processor. 

PRINT OUTPUT (VIBMTION, Plist) 

List of op t iona l  parameters far Plist: 

No (Data) 

The vibration set number (integer) for 
which ca l cu l a t ed  d a t a  are t o  be pr in ted .  
Default: VSET=1 

Key-word that suppresses  p r i n t i n g  of 
selected v i h r a t i o n  data, One or more of 
t h e  following key-words nvay be used i n  a 
s i n q l e  statement:  

NOFKEQS -- Frequencies 
NOMODES -- Modes 
NOGSTIF -- Generalized s t i f f n e s s  
NOWASS -- Generalized mass 

Defaul t :  A l l  t h e  v ib ra t ion  data a r e  
pr in ted .  

(Nxxx ,NYYY, - - 1  
TQ Nyyy 

This parameter de f ines  the node subsets 
for which subset mode-matrices, as 
generated by the VIBRATION Processor, are 
t o  he pr in ted .  Any combination of these 
opt ions  may be used within a s i n q l e  
statement.  The As te r i sk  Name Option (see 
sec. 200.0) m a y  be used t o  ident i fy  
subsets. 
Defaul t :  No previously  generated,  subset  

mode-matrices are pr inted.  
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APPENDIX A 

ATLAS STANDARD MATERIAL PROPERTY GATA 
I 

The da t a  presented i n  t h i s  s e c t i o n  i l l u s t r a t e  t h e  d i s c r e t e  
proper ty  va lues  f o r  each of t he  l i n e a r l y  elastic, i s o t r o p i c  
materials i n  t h e  ATLAS s tandard-mater ia l  ca ta log.  Each s tandard 
m a t e r i a l  is i d e n t i f i e d  by a mater ia l  re fe rence  code (see sec. 
140.0). The s i n q l e  set  of nominal proper ty  d a t a  and forms 
s e l e c t e d  f o r  each a l l o y  a r e  r ep re sen ta t ive  o f  t h a t  ma te r i a l  
( re f .  140-1). The no ta t ion  used he re in  is a s  follows: 

El = Young's modulus ( lbs l in .  2) 

G 1  = Shear modulus ( lbs/ in.  2) 

P = Mater ia l  densi ty  a t  700F ( l b s l i n .  3) 

v1 = Poisson's r a t i o  

E T ~  = Linear thermal s t r a i n  r e l a t i v e  t o  700F 

FTU = U l t i m a t e  t ens ion  stress (lbs/ in.z)  

FCU = Ultimate compression stress ( lb s l i n .  2 )  

FSU = Ultimate shear  stress (lbs/in.2) 

FTY = Yield t ens ion  stress ( lbs l in .  2 )  

FCY = Yield compression stress (lbs/ in.  2) 

FSY = Yield shear  stress ( lbsI in .2)  

The s to red  values  of E l ,  G1 and v l  s a t i s f y  t h e  expression 
El = 2G1 (1+ V1) f o r  i s o t r o p i c  mater ia ls .  



MATERlAL REFERENCE CODE M I  

D= 0.1000 i b * / h 3  V1 = 0 . 3 0  

n 
b I# - 
$ - " - I . 
Z '  
O r - 
CI 
4 8  

: @ * z .r U - 2 . , * I D 119 D $01 
" r l ? L f E I A N N  - *C 

i 

2024 -  T35 1 ALUMINUM 
CLAD PLATE ( 0 . 5 0  - 1.0 i n * )  

t 

MATERIAL REFERENCE CODE M2 - 
p= 0.1012 1 b s / i n 3  V1= 0 . 2 8 2  

7075 -  T6 ALUMINUM 
CLAD PLATE SHEET (0 .188  0.  0 . 4 9 9  I n . )  



MATERIAL REFERENCE CODE M3 

I )  = 0 . 1 0  12 1 ba / ln3  V1 = 0 . 3 3  
r 

7 0 7 5 -  T73  ALUMINUM 
FORGING (S. 3 . 0  In. ) 

1 

MATERIAL REFERENCE CODE M4 

p= 0 . 1 6 0 0  I b s / 4 n 3  V t =  0 . 3 0 5  

6 AL- 4 V ANNEALED TITANIUM 
BAR & FORGING 



6 A L - 4 V  STA t o 0 0  TITANIUM. 
SHEET & PLATE (S 0 . 7 5 0  i n . )  

6 A L - 4 V -  2SN STA I f 0 0  TITANIUM 
FORCING ( S  2 . 0  in,) 

1 

t 

MATERIAL REFERENCE CODE M6 

P =  0 .  1 6 4 0  1 b s / i n 3  V1= 0 . 3 1  

I1 - 

u- 12 - - - : l o -  - 

0 

I 
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I MATERIAL REFERENCE CODE M7 

I 

P = 0 . 2 9 0 0  I b 4 s / l n 3  ul= 0 . 2 8 5 .  

36 
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; 32 - 
; n 
Y. = 24 . ; am 
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- 4 

AlSl 3 2 1 ANNEALED STAINLESS STEEL 
SHEET AND BAR 

t 

MATERIAL REFERENCE CODE Ma 

p= 0 . 2 8 , 3 0  I b s / l n 3  V1 = 0 . 3 2  
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i 10 - 
z 5 
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AISl 4 1 3 0 , 4 1 3 5 ,  OR 4 1 4 0  STEEL ( 1 5 0 - 1 7 0  k s l  H. Te 1 
ALL WROUGHT PRODUCTS 



MATERIAL R'EFERENCE CODE M9 
L 1 

0 = 0 .2830  I b r / l n 3  Vl:  0.32 
I 

-200 0 200 400 600 600 I000 
TEMPERATURE - *f TEMPERATURE . O F  

w 

A l S I  4330M STEEL- ( 2 0 0  k r i  H.1.) 
ALL WROUGHT PRODUCTS 

C ? 

MATERIAL REFERENCE .CODE MI 0 

p = 0.2830 I br/ln3 VI = 0 . 3 2  

+ 
U- 24 - - 
2 2 0  - - 
? 16 - 
0 

.200 0 200 400 400 I 0 0  1000 0 
TEYPERANRE . *F TEYPERATURE *F 

i > 

AISC 4340M STEEL ( 2 7 5  KSI k s i  H. 7.) 
BAR & FORClNC 
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APPENDIX B ' 

ATLAS ST1 FMESS FINITE- ELEMENT CATALOG 

The fo l lowing items a r e  p resen ted  f o r  each of t h e  ATLAS 
s t i f f n e s s  f i n i t e  elements: 

a )  The key-word o r  i n t e g e r - e q u i v a l e n t  r e q u i r e d  f o r  i n p u t  
i d s n t i f  i c a t i o n ;  

b) A q e n e r a l  d e s c r i p t i o n  of  t h e  element i n c l u d i n g  a s k e t c h :  

C )  Desc r ip t ion  of  nodes used t o  d e f i n e  t h e  element; 

d )  D e f i n i t i o n  of t h e  element r e f e r e n c e  frame used t a  
r e f e r e n c e  d i r e c t i o n s  of i n p u t  element  loads  and o u t p u t  
stresses; 

e) D e f i n i t i o n  of t h e  element s e c t i o n - p r o p e r t i e s  and t h e i r  
alphanumeric i d e n t i f i e r s ;  

f )  M a t e r i a l  p r o p e r t i e s  used f o r  s t i f f n e s s ,  stress and 
loads  computations ; 

q )  Nodal i n p u t  v a r i a t i o n s  (combinat ions)  and il l e q a l  
c o n d i t i o n s  : 

h)  Sect ion-proper ty  i n p u t  v a r i a t i o n s  (combinations) and 
i l l e q a l  c o n d i t i o n s ;  

i) ~ e s c r i p t i o n  of element loading c a p a b i l i t i e s  ; 

j) Descr ip t ion  of element tharmal  load inq  c a p a b i l i t l e s ;  

k )  D e f i n i t i o n  of  element  stresses i n  f o r c e  (F) and l e n g t h  
(L) u n i t s .  

Herain, lower c a s e  x, y and z denote  r ight-handed,  
or thoqonal ,  C a r t e s i a n  element-reference-frame axes,  whereas 
X-Y-2 denotes  t h e  nodal-data GLOBAL r e f e r e n c e  frame (sec, 146.0) . 
P r i n c i p a l  m a t e r i a l  a x e s  a r e  denoted by a 1-2-3 or thoqonal  t r i a d .  

Inpu t  v a r i a t i o n s  of element  s e c t i o n - p r o p e r t i e s  a r e  
i l l u s t r a t e d  v i a  t a b l e s  of  expansion keys, An expansion key 
is  t h e  column of i n t e q e r s  a s s o c i a t e d  wi th  a p a r t i c u l a r  number 
of i n p u t  p r o p e r t y  va lues  f o r  t h e  element type. A nonzero i n t e q e r  
component of a key denotes  which one of t h e  ordered  p r o p e r t y  
v a l u e s  def ined by an i n p u t  d a t a  r e c o r d  i s  ass igned  t o  t h e  



c:orrespondinq p roper ty  shown i n  t h e  t ab le .  A z e r o  i n t e g e r  
deno tes  t h a t  t h e  p roper ty  va lue  is t o  be set t o  zero. An 
a s t e r i s k  deno tes  t h a t  a p roper ty  va lue  i s  t o  be au tomat ica l ly  
a s s i qned  t h e  corresponding va lue  ( s p e c i f i e d  o r  de f au l t )  of t h e  
l a s t  de f ined  element of t h e  same type. Descr ip t ions  of t h e  
e lement -def in i t ion  i n p u t  d a t a  records  a r e  preaented i n  s e c t i o n  
152.0. 

  he element loadinq and element thermal  loading 
c a p a b i l i t i e s  desc r ibed  h e r e i n  a r e  t h e  most g e n e r a l  i n p u t  
v a r i a t i o n s  provided. Other inpu t  v a r i a t i o n s  a r e  descr ibed i n  
s e c t i o n  134.0. 



ST1 FFNESS ROD ELEMENT 

HOD or 1 

S t r a i g l ~ t  e l e m e n t  w i t h  a l i n e a r  area v a r i a t i c n  und a c o n s t a n t  a x i a l  
l o a d .  Uniform stress d i s t r i b u t i o n  o n  c r o s s  s e c t i o n .  The geomet- 
ric s t i f f n e s s  is  b a s e d  o n  a l i n e a r  v a r i a t i  1 o f  d i s p l a c e m n n t s .  

NODES: N 1 - S t r u c t u r a l  node  l o c a t e d  a t  c e n t r o i d  o f  cross s e c t i o n  a t  
e n d ( 1 ) .  

N2 - S t r u c t u r a l  node  l o c a t e d  a t  c e n t r o i d  o f  c r o s s  s e c t i o n  a t  
e n d ( 2 ) .  

I f  x is  p n r a l l e l  to 2, y is p a r a l l e l  to X. O t h e r w i s e ,  t h e  x-y 
p l a n e  is p a r a l l e l  t o  2 s u c h  t h a t  t h e  d o t  p r o d u c t  y.2 ) O .  

ELEMENT REFERENCE 
FRAME: 

SECTION PROPERTIES: A(1)  = C r o s s  s e c t i o n  a r e a  a t  e n d ( 1 ) .  
A(2) = C r o s s  s e c t i o n  area a t  e n d ( 2 ) .  

MATERIAL PROPERTIES: El  f o r  s t i f f n e s s  
CTI f o r  therm;\l s t r a i n  

NODAL INPUT: 

I l l e g a l  Cond i t i on :  Element  l e n g t h  less t h a n  lo-' 

SECTION PROPERTY 
INPUT: 

EXPANSION KEYS 
NUMBER OF INPUT VALLES 

1 .a=. 

I l l e g a l  Cond i t i on :  A ( 1 )  o r  A(2)  < 0. 

ELEMENT LOADING: L i n e a r l y  v a r y i n g  d i s t r i b u t e d  l o a d  a l o n g  l e n g t h  (F/L). 

ELEMENT THERMAL LOADING: L i n e a r l y  v a r y i n g  A t  a l o n g  l e n g t h .  

STRESS OUTPUT: P = A x i a l  f o r c e  (F) 
P/A(I) = ~ x u l  stress a t  NI (F/L') 
P/A(2) = A x i a l  stress st  142 (F/L') 



S T 1  F F N E S S  BEAM E,LEMENT 

GENL.UL DESCRIPTION: S. t ra ight  o l r w n t  b s o d  on Nav io r ' s  t h o o r y  o f  bonding and 
S t .  Vonan* '8 thoory  o f  t o r s i o n  (no  warping) .  C r o s r  s e c t i o n  
p r o p o r t i e r  va ry  l i n e a r l y .  Tho ahmar a c n t o r  and t h o  i n t o r -  
a o c t i o n  p o i n t  of  t h o  p r i n c i p a l  a x o s  i n  bonding c o i n c i d e .  The 
elastic o x i r  can b8 o f f n o t  from t h o  r t r u c t u r a l  nodes. Tho 
g o o m t r i c  r t i f f n o r s  i n  S n s d  on N a v i o r g s  thoory  o f  bonding. 

NODES : N1 = S t r u c t u r a l  node r r d i d l y  c>nnec ted  to  e n d ( 1 )  
N2 - S t r u c t u r a l  node r i s i d l y  connected t o  e n d ( 2 )  
A1 = A u x i l i a r y  node d e f s n i n g  e l a s t i c  a x i s  l o c a t i o n  a t  e n d ( 1 )  
A2 = A u x i l i a r y  node d e f i n i n g  e l a s t i c  a x i s  l o c a t i o n  a t  e n d ( 2 )  
A 3  = A u x i l i a r y  ride d e f i n i n g  t h e  x-y p r i n c i p a l  p l a n e  

ELEMENT REFERENCE I f  A3 is  s p e c i f i e d ,  z  is  d e f i n e d  by t h e  c r o s s  p roduc t  of  x  and 
FRAME : Al-A3. I f  A 3  is  n o t  s p e c i f i e d ,  z i s  d e f i n e d  b y  t h e  c r o s s  p roduc t  

o f  x and  GLOBAL 2. Note t h a t  i f  x is p a r a l l e l  t o  2 ,  ~3  
must b e  a p o c i f i e f  The y and z-axor a r o  p r i n c i p a l  a x e s  
i n  banding. 

S E C T I O ~ ~  PROPERTIES: A(1) = Cross  s e c t i o n  a r e a  a t  e n d ( 1 )  
A-W(1) = E f f e c t i v e  s h e a r  a r e a  i n  y - d i r e c t i o n  a t  e n d ( 1 )  
A-VZ(1) = E f f e c t i v e  s h e a r  a r e a  i n  z - d i r e c t i o n  a t  e n d ( 1 )  
J ( 1 )  = S t  Venant t o r s i o n  c o n s t a n t  a t  e n d ( 1 )  
IY(1)  = M o m e n t o f  i n e r t i a a b o u t y - a x i r a t e n d ( 1 )  
IZ(1 )  = Moment o f  i n e r t i a  abou t  z-axia  a t  e n d ( 1 )  

A-VY (2 )  
P r o p e r t i e s  a t  e n d ( 2 )  analogous  tc those  a t  end(1 :  

ik!:&t ' = A t r l v o  d i g i t  number ( d a c i u l )  de f  l n i n g  h inges .  
s o c k e t s  and/or ~ l i d e s  a t  A1 and/or  A2 r e l a t i v e  
t o  t h e  e lement  r e f e r e n c e  frame. Each d i g i t  i s  a  
z e r o  o r  r one c o r r e r ~ % - r i n g  to  a  p a r t i c u l a r  e l e -  
ment k inemat i c  freedom. A  one denote. t h a t  &he  
co r re spond ing  f o r c e  or moaunt i n  t h e  e lement  
should  be zero .  The twe lve  d i g i t 8  of  t h i s  number 
i n  a  l o f t - t o - r i g h t  o r d e r  a r e  a s s o c i a t e d  w i t h  t h e  
e lement  nodal  freedom* Tz2, Ty2, Tx2, T z l ,  Tyl ,  
Tx l ,  Rz2, Ry2, Rx2, Rzl ,  Ryl and Rxl, r e r p e c t i v e l y .  
Thus, t h e  v a l u e  100010.0 c a u s e s  h inges  t o  be formed 
r e l a t i v e  t o  t h e  Rz2 and Ryl froodcms ( i . ~ . ,  t h e  
beam-end bending moment6 MZ(2) and M Y ( 1 )  i n  t h e  
s t r e s s  o u t p u t  w i l l  be ze ro .  A  ba l l - and- socke t  
j o i n t  a t  e n d ( 1 )  o f  a  beam is formed by t h e  v a l u e  
?11.0 f o r  CONSTR. 



IUTERIAL PROPERrIIS: El for axial deforaation and bending 
GI2 for tranmverre shear and tormion 
C T ~  for thermal Lrain in B W n  
C T ~  for themal mtrain in rigid offmeta 

NODAL INPUT: N1, N2, Al, A2, A3 (A1 may.equ.1 N1 and/or A2 may equal N2) 
N1, N2, Al, A2 (default element orientation) 
N1, N2, A3 (At-Nl, A2-N2) 
Nl, N2 (A1-N1, A2-N2, Uefault element orientation) 

Illegal Conditions: Blewnt length lesa than 10" 
Distance Jrom A1 to A3 Isms than 10'' 
min2a<10' where 0 = angle between x and 
Z or if A3 is defined, it is the angle 
between x and the line from A1 to A3 

SECTION PROPERTY 
INPUT: 

A zero property value causes the corresponding mtiffnemridimplaccment 
t e ~ ~  to be ignored. 

-. 

s - 
EXPANSION KEYS 

PROPERTY NUMBER OF INPUT VALUES 

Illegrl Conditions: Any property value less than zero 
Properties 1 thzough 6 or 7 through 12 
all rero 
Any of the first 12 properties non-zero 
at one end and zero at the other end 
Effective ohear area in the y-direction 
(2-direction) non-zero and 12 (IY) zero 
CONSTR contains other digits than 0 or 1 
Combinations of kinematic freedoms in 
CONSTR which allow rigid-body motion of 
the element (e.g., hinges for Rxl and Rx2) 

ELEMENT LOADI!'G: Linearly varying distributed load along length (Y/L) 

U B U  
- - . ~- ~ 

r r i j  
~ - v r ( i /  
A-VZ111 
J111 
lr111 
11111 
A121 
A-Vr121 

ELEPLUNT THERMAL LOADING: Linearly varying bt  along length of BEAU. Rigid offset At's 
vary linearly along offsets. 

1 2  

0  
0  
2  

I -  VZ1 2 )  
J121 
11121 
l z f 2 I  
COISTR 

STPSSS OUTPUT : P ( 2 )  
w (2) 
VZ(2) 
TI21 
MY(1) 
MY ( 2 )  
MZ ( 1  
MZ ( 2 )  

0  
0 
0  

= Axial force at end(2) ; (F) 
= Shear force in y-direction at end(2); (F) 
= Shear Corce in z-direction at end(2), ( € 1  
= Torque at chd(2); (FL) 
= Bending mom< r t about y-axis at end ( 1  ) : (FL) 
= Bending moment about y-axis ac end(2) ; (FL) 
= Bending moment about z-axis at end(1) ; (FL) 
= Bending moment about z-axis at en3(2); (PL) 

3 

0  

3  

4 
1 1 1 1 1 1 1 1  
0 ~ 0 0 0 2 2 2 2  
0 0 0 0 3 9 3 3  
0 0 0 0 4 4 4 4  
0 0 2 2 5 5 5 5  
0 2 3 3 6 6 6 6  
1 1 1 1 1 1 7 7  
0 0 0 0 2 2 8 8  
0 0 0 0 3 3 g 9  

0 
2 2  

3 

6 

4 

6 
0 0 0 4 0 7 0 1 3  

7 

4 

6  

1 2 1 1 3  

5 5 1 1 1 1  

I 

1 0 1 0  

1 2 1 2  



STIFFNESS SPAR ELEMENT 

IDCNTlFICATlON: SPAR or 3 

GSNYML DESCRIPTION: An element comyrlsod ot a quadrilateral shear web of unlform 
thickness, two caps with linear area variation and two rlgid 
posts. Each cap is colprisod of two conponontm: a directly- 
defined flange aroa and a luapad web area. A unifora shear 
flow between caps and wob is assuwd. 

NODES : 

ELEMENT REFERENCE 
FRAME: 

SECTION PROPERTIES: 

Wid-surface nodes are required. Addition of the rempoctive 
input h coordinates to the anput nodal coordinates defines 
the upper part of the element, whereas subtraction definer 
the lower part (see 8ec- 146-0)  . Elenbent depth. D l  and D2 
are defined by the A coordinates and the offset distances as 
shown below. When btlffneases and loads are calculated, it is 
assumed that the rigid post at end ( 2 )  is parallel to tho post 
at end (1). 

N 1 - Structural mid-surr'ace node at end(1). 
N 2 = J:ructural mld-surface node at cnd(2). 

The y-8x1s 1s parallel to the rigid posts. Upper part of element 
laas posltlve y-coordinates. The x-axis is in the plane deflned 
by the cross product of y andN1-N'. 

T- WEB 
FAREAlU 
FAREAl L 
FAREAZU 
FAREA2L 
o(r)u 
O(1)L 
(r(2)U 
O ( 2 ) L  
A-LHP 111 
A- LPIP 1 L 
A. LHP2L! 
rh- Wt'2L 

- Web tblckness - Upper flange area at and(1) - Lower flange area at endfl) - Upper f lanqe area at end(2) 
= Lower flange area at end(2) 
= Upper offset at end(1) - posltive toward N1 
= Lower offset at end(1) - posltlve toward N1 - Upper offset at end(2) - posltivc ttward N2 - Lower offsut at cnd(2) - positive toward ~2 
* Uppet- l~unpinj factor at end(1) - Lower lumping factor at cnd(1) 
= Upper lumping factor a? end(>) - tovcr lumping factor at end(2! 

A lumplng fartor denotes how much of the web arc' 1s c - t t e c t l v c  rn 
carryinq bending moments. For example, the area to bc lumped &t 
the N1 upper flanqe 1s calculated by [(T-WEB:-~1- (A-LHPIU)] . 
If no lumpinq fac:.ors are speciflcd for any defined SPAR clement, 
they are automat~cally Pet to 116 by the st~ffncss data prc- 
processor. Howc-er, if they are specifled for one element, t k ~ s c  
values are the default values for subsequent ly-dc'f lncd SPARS. It 
should bc noted that when stiffness element data are printed, the 
lumped areas (not the factors) are always displayed. Lumpinq 
factors (rperlfr~~d or default values) ere used ti> iencrste S r A H  
clemcnt st'ffnrss matrices only i f  Lh.' "LIIMI'" pardmc'L@r 1s spccl- 
fled In the EXErllTE STlYYN.:SS stnterncnt ( w e  scc. 1 5 2 . 2 ) .  



f STIFFNESS 
l~l.ll'l.lt lA1. l ' i < L ~ l ' l  l<l ' lL5 : t .  1 t 1 1 . I I I ~ I * . ~ .  

I:.! !dl  ltIn\(.cd Web JI ILr lb  

GI? f u r  wt.Li 
CTI lox ttlc!rrnCil s t r a l n  l n  11dnc~t . s  
El2 f o r  t l l e r m a l  s t r a i n  l n  l u m l ~ c d  d r c d s  
CT3 f o r  tt1crn1.11 s t r a l n  I n  r ~ y l d  p o s t s  

SECTIUN PROPER'IY 
INPUT: 

I l l e g a l  C o n d l t ~ o n s :  Clemcnt  l e n g t h  1s less t h a n  
N1 o r  NL is n o t  a m i d - s u r t a c u  :lode 
b ( 1 )  is z e r o  
Th.? d e l ~ t h  a t  N1 or N2 1s z u r o  when a web 
of nor rzero  th1ckne t . s  1s s p e c l f l e d  

See d i s c u s s i o n  u n d e r  "SECTION PROPERTIES. 

PROPERTY 

LABEL . 
I-YE8 
FARfAlU 
FAREAIL 
FARf 12U 
FARE121 
OlllU 
O(111 
ol2lU 
OI21L 
A - L ~ P I U  
A - L P I P ~ ~  
A - L  MPZC 
A-LNPZL 

I l l e g a l  C o n d l t l o n s :  Web t h i c k n e s s ,  a n y  f l a n g e  a r e a  o r  a n y  
liunp~ngg f a c t o r  r s  less t h a n  7 r r o .  
One o r  b o t h  c a p s  r n l s s l n g  when w e b  
thickness 1s n o n z e r o .  

e n i s n  o r  D ~ < O  
A l l  t l a n y r  acc.as a n d  w r b  t t ~ l c k n r h s  z u r o  
i e r ~ s  t l an( j t .  a r e a  a t  o n e  e n d  w11t.n wcb 
t 11:' L.:~es:i 1s z e r o  

ELt:MENT LOAI,I NG: Ll11ca1 l y  v . ~ r y l n y  d ~ s t r l b u t c d  1 , ~ d  s l o n q  l e n g t h  (F /L)  

1 

ELEPlENT THEREIAZ LOADING: I . l n e a r l y  v a r y l n d  At a l o n o  e a c h  cab,. R l o i d  n o s t  At's v a r y  
l i n e a r l y  b e t w e e n  u p p e r  a n d  l o w o r  c a l * - e r ~ d  v a l v e s .  

S'SRESS OUTI'UT: D-I'APtt = Aver .~gc  load l n  upp,'r cap (1') 
SIG:C,-U - A v c r a j e  s t r e s s  i t 1  uph,ctr r larrqt. (F/! . ' )  
P-LHL'U = Avrraq.1 l o a d  1 1 1  u ; l , e r  lum2ed 3rc.i ( F l  
P -CAPL = Aver.ige l o a d  i n  l o w c r  c . ~ p  ( T )  
SIGMA-I .  = A v ~ . r a q e  s t r e s s  111 l o w e r  t l a i l g c  (F / ; . ' )  
P-I.Pli'L - Average  1o.d l n  10wc.i lic~n!'e~i . t ~ c . ; l  (t') 
U-EQUIV = Eklu iva ien t  s h e a r  i l o w  ( F /  ) k TAII-MAX - b l ~ x ~ n ~ u m  s h e a r  SLI , .S>  ( F / L  1 

EXPANSION KEYS 
NUMBER OF INPUT VALUES 

TIIL c , lu  iv , i l ,  lit a11e.lr t l t ~ w  y-;:~)lll\ '  I S  ,tot l n e d  ar. 
0-Ec ' l l lV - I~L.Ci'111 ~ ) 1 . 3 1  U2 

w h l z h  rc :p rcs t .n t s ,  1x1 .I .-cr 1.11n s c n s c ,  t h c  . rvera*i t% :;hz.~: I low I I I  

tilt, web. 
F u s l t i v e  v d l u e s  u t  c.111 I c d d ,  t1.111qe stst2ss a n d  l u m p c d - . ~ t r a  1<~.i.1 
~ n d l c d t e  t e n s  I ~ I I .  

1 1 1 1 1 1 1 1 1 1  
0 2 2 2 2 2 2 2 1 2  
0 2 2 3 3 3 3 3 3 3  
0 2 2 2 2 2 4 4 4 4  
0 2 2 3 3 3 5 5 5 5  
0 0 3 4 4 4 6 6 6 6  

~ ~ 3 5 6 7 9 1 0 1 1 1 1  

0 0 3 4  

. 6  
8 7 . 6  

m . 7  

- 
' 

5 7 7 7 7  
4 8 8 8 8  
5 9 9 9 9  

10 
10 
10 
10 

10 
11 
10 
11 

10 
11 
12 
13 - 



S T I F F N E S S  COVER ELEMENT 

IDENTlFICATION: COVER or 6 

GENERAL DESCRIPTIM : ILo triangular or cluadrilateral ATLAS PLATE elements separated by 
rigid posts. One of the plates may have zero properbies. Mid- 
surface nodes are required. Addltion of the respective input 
Acwrdinates to the input nodal coordinates defines the upper 
plate corner's, whereas subtraction defines the lover plate corners 
(see sec. 146.0). The directions of the rigid posts need not be 
parallel. 

NODES : 

ELEMENT REFERENCE 
F R W :  

SECTIOU PROPERTIES: 

N 1 ,  N 2 ,  N3 (and NU for a quadrilateral COVER) arc structural mld- 
surface nodes deflning the element corners. Nodes dcflnlng a 
quadrilateral must be Input sequentially in either tllc clockwise 
or counterclockvlsc direction. 

One local frame, xu-yU-zu, is deflned for the upycr plat, and 

anotner frame, xL-yL-zL, for the lower plate. 1.ach local frame 

1s defined relatlvc to the plate corners, P.U. P2ll.  etc., in the 
same manner as the ATLAS PLATE element reference frame 1s 
defined. 

T(O)U !%%z%$ckness 
T(1)U = Smeared uniaxial thickness 1 I-dlrectlon 
T(2)U - Smeared unraxlal thickness 1 -direction 
ALI'IiAU = Angle between xu and materl s 1  (degrees) 

BETAU = Angle between xu and Stlffen~r .Ilrect.lon S1 (dcgrer:sl 

Lower Plate -- 
T ( O ) L  I 

MATEltIAL PROPERTIES: El, t2, V 1 2  and C12 tor baslc plates 
a E3 for stlftcners 
a E l l  and €12 for thermal strains In L a s ~ c  pl'vtc 
a CT3 for thermal straln 11, stiffeners 
a Aduragc of € T I  cnd €12 for tt~crmal s t t a ~ n  In rlnid I l , . a r ~ .  



NODAL INPUT: 

SECTION PROPERTY 
INPUT: 

L1,LMENT LOADING: 

N*, N2, N3 ( t r i a n g u l a r  COVBR element) 
0.  N1, N2, N3, NU ( q u a d r i l a t e r a l  COVER e l r s n t )  

I l l e g a l  Conditions: Nl, 1 2 ,  N3 o r  NI is  n o t  a  mid-surface node 
Tho l e n g t h  o f  a p l a t e  edge is less than 
1 a-' . - 
The uppor o r  lower p l a t e  has a  r e e n t r a n t  
a n g l e  

I l l e g a l  condi t ionr :  Any th ickness  less than zero. 
A l l  p r o p e r t i e s  e q u a l  t o  zero. 

Linearly varying pressure  loadinq may be appl ied  t o  one o r  
both of t h e  p l a t e s  ( F / L ~ )  

ELEHENT THE= LOADING: Linear ly  varying A t  may be a p p l i e d  t o  t h e  p l a t e  components. Rigid 
p o s t  A t ' s  vary l i n e a r l y  between upper and lower p la te -corner  
values.  

STRESS OUTPUT: 
S I G M A ~ U I  S t r e s s  i n  upper p l a t e  (F/L') 
TAU 12U 
s'O:iiu) Axial  stress i n  upper smeared s t i f f e n i n g  m a t e r i a l  :~/r,~) 
SIC S2U 
SIGMlL I 
S I G M A ~ L  I S t r e s s  i n  lower p l a t e  (F/L*) 
TAU1 2L 
SIC-S1L SIC-S2L} Axial  s t r e s s  i n  lower smeared s t i f f e n i n g  m a t e r i a l  (F/L2) 

Note t h a t  t h e  b a s l c  p l a t e  s t r e s s e s  a r e  c a l c u l a t e d  r e l a t i v e  t a  t h e  
m a t e r i a l  axes 1-2 a s  d e f i n e d  by ALPHAU and ALPHAL. 



ST1 FFNESS PLATE ELEMENT 

IDENTIFICATIONr 

GENERAL DESCRlPTION: 

PLATE OR 5 

T r i a n g u l a r  or q u a d r i l a t e r a l  membrane e l emen t  w i t h  o r t h o t r o p i c  
m a t e r i a l  c a p a b i l i t y  and w a r a d  uniaxi.1 stiffening. The b a s i c  
e l e r n t  i a  a c o n r t a n t - # t r a i n  t r i a n g l a .  Q u a d r i l a t e r a l  PWTE 
a t i f f n e a a  is g e n e r a t e d  from f o u r  component t r i u r g l e a  jo inod  m t  
a f i f t h  i n t e r n a l  node. I f  warped, t he  quadr i :a tera l  p l a t e  i 8  
e q u i l i b r a t e d  by transverse f o r c a a .  The e lement  may k o f f a e t  
(roo its structural nodes  The geomet r i c  s t i f f n e a r  i a  baaed 
on a l i n e a r  v a r i a t i o n  o f  t h e  membrane d i a p l a c e m n t s .  

Trlonplar PI ATE (Ledrll atural P l 4  TE 

N1, N2, N3 (and NU f o r  a  q u a d r i l a t e r a l  PIATE) a r e  s t r u c t u r a l  
nodes r i g i d l y  a t t a c h e d  to  t h e  e lement .  Al, AZ, A 3  (and A4) a r e  
a u x i l i a r y  nodes d e f i n i n g  t h e  l o c a t i o n  o f  t h e  membrane. Nodes 
d e f i n i n g  a  q u a d r i l a t e r a l  p l a t e  Nl-NC (and Al-AU) must be  i n p u t  
o e q u e n t i a l l y  i n  e i t h e r  t h e  c lockwise  o r  :ounterclockwise 
d i r e c t i o n .  

NODES : 

ELEMENT REFERENCE 
FRAME: 

The x-y p l a n e  is p s r a l l e l  t o  t h e  p l a n e  d e f i n e d  by t h e  mid-points  
of  t h e  p l a t e  edges .  The o r i g i n  i s  a t  A1 w i t h  t h e  axes  o r i e n t e d  
such  t h a t  t h e  y -coord ina te  of  A2 1s z e r o  and t h e  y -coord ina te  o f  
A3 i s  g r e a t e r  t han  ze ro .  

T (0 )  P l a t e  t h i c k n e s s  
TS(1) * Smeared u n i a x l a l  t h i c k n e s s  i n  S1 s t i f f e n e r  d i r e c t i o n  
TS(2) = Smeared u n i a x i a l  t h ~ c k n e s s  i n  S2 s t l f f e n e r  d i r e c t i o n  
ALPHA Angle between x  and m a t e r i a l  axxs  1 ( d e g r e e s )  
BETA = Anole betwcen x  and s t l f f e n e r  d i r e c t i o n  5 1  ( d r q r e e s )  

SECTION PROPERTIES : 

N.ATEHIAL PROPERTIES: E l ,  E2, V1Z and GI2 f o r  b a s i c  p l a t e  
E3 f o r  s t i f f e n e r s  

l ETI and ET2 f o r  t he rma l  s t r a i n s  i n  b a s ~ r  p l a t e  
l ET3 f o r  t h e r m ~ l  s t r a l n  rn  stiffeners 

Average of E l l  and €12 f o r  thermal  s t r a l n  i n  r l y ~ d  ottscts 

N1,  N2, N3, 144, AI, A 2 ,  A3, A 4  
N1 ,  N2, N3, Al ,  A Z ,  A3 

NODAL INPUT: 

I l l c ~ ~ a l  C o n d ~ t l o n s :  The l c n q t h  of  an  cdqe 1s less than 1 ~ - ~  
A quadrl:.ltcr.rl 1>1.1tc h.rs a r e e n t r a n t  
ang l c  



SECTION PROPERTY 
INPUT: 

I l l e g a l  Conditions: luly thicknces lean than re io  
A11 properties equal t o  zero 

f l  STIFFNESS 

ELEMENT LOADING: Linearly varying pressure (F/L=) 

ELEMENT T H E ~ L  LOADING: Linearly varying A t  on surface.  Rlgid o f f s e t  At's vary l lnasr ly  
along o f f s e t s .  

STRESS OUTPUT: 
P late  s t r e s s e s  (F/L2) 

TAU12 
S t i f f e n e r  a x i a i  s t r e s s e s  ( F / L ~ )  

SIGMAS2 



STIFFNESS G P L A T E  ELEMENT 

ID~NTIFICATION: GPLATE o r  6 

CUJERA; DESCRIPTION: T r i a n g u l a r  or  q u a d r i l a t e r a l  p l a t e  e l e m n t  w i t h  uncoupled membrane 
and bending s t i f f n e s s e s  and o r t h o t r o p i c  material c a p a b i l i t y .  
T r i a n g u l a r  e l emen t  aasuaus  c o n s t a n t  l u a b r a n e  s t r a i n  and  l i n e a r  
c u r v a t u r e .  Q u a d r i l a t e r a l  e lomant  is ccmposed o f  Y l i n e a r  mem- 
b r a n e  r t r a i n  and l i n e a r  c u r v a t u r e  bending t r i a n g l e s .  The e lement  
h a s  no in -p lane  bonding r t i f f n e s s .  I t  r a y  I# o f f s e t  from its 
r t r u c t u r a l  nodes. A q u a d r i l a t e r a l  element may b e  warped. The 
g o m e t r i c  s t i f f n e s s  f o r  t h i s  e lement  is i d e n t ~ c a l  to t h e  one used 
f o r  t h e  AT- PWTE element .  

NODES : N1, N2, N3 (and N4 f o r  a  q u a d r i l a t e r a l  GPLATD) a r e  s t r u c t u r a l  
nodes r i g i d l y  a t t a c h e d  to  t h e  e lement .  Al, A2, A3 ( A Y )  a r e  
a u x i l i a r y  nodes d e f i n i n g  t h e  l o c a t i o n  o f  t h e  memorane and n e u t r a l  
s u r f a c e  i n  bending. Nodes d e f i n i n g  a  q u a d r i l a t e r a l  p l a t e  . U l - I ~ U  

. ( and  A1-A@) must be i n p u t  s e q u e n t i a l l y  i n  e i t h e r  t h e  c lockwise  o r  
coun te rc lockwise  d i r e c t i o n .  AS, an o p t i o n a l  a u x i l i a r y  node, de- 
f i n e s  t h e  p o i n t  w i t h i n  s q u a d r i l a t e r a l  wnel;e t h e  component tri- 
a n g l e s  a r e  jo ined.  

ELLMEI4T REF ERELJCE The x-y p l a n e  is p a r a l l e l  t o  t h e  p l a n e  d e f i n e d  by the mid-points  
FRAME: o f  t h e  p l a t e  edges .  The o r i g i n  is a t  A1 w i t h  t h e  axes  o r l e n t e d  

such  t h a t  t h e  y -coord ina te  of  A2 is z e r o  and t n e  y -coord ina te  of 
A3 is g r e a t e r  than zero .  

SEC4IO.d PROPERTIZS: T-ME-1 = Membrane t h i c k n e s s  a t  A1 
T-HEMB2 = Membrane thickness a t  A2 
T-MEMB3 = Membrane t h i c k n e s s  a t  A3 
T-WMB4 = Membrane t h i c k n e s s  a t  A4 f o r  q u a d r j l a t e r a l  
T-MtMBS = Membrane t h i c k n e s s  a t  A5 f o r  q u a d r i l a t e r a l  

T-BEND1 = Bendinq t h i c k n e s s  a t  A 1  
T-BEND2 = Bending t h i c k n e s s  a t  A2 
T-BEND3 = dending t h i c k n e s s  a t  A 3  
T-BEiqD4 = Bcndlng t h i c k n e s s  a t  AU f o r  quadrilateral 
T-REND5 = aending t h i c k n e s s  a t  A5 f o r  q u a d r i l a t e r a l  

ALPHA = Angle between x  and m a t c r i a l  a x i s  1 { d e g r e e s )  

MATERIAL PROPZRTIESr E l ,  E 2 . V l l  and GI2 f o r  membrane and bending s t i f f n e s s  
E T ~  and ET2 f o r  thermal  s t r a i n s  i n  p l a t e  
t T 3  f o r  thermal  s t r a i n  i n  r i g i d  o f f s e t s  



Trian u l a r  GPLATE 
Nl(f  N2,  U3 ,  ~ f ,  A2, A3 I A i  may e q u a l  N i  and N i  M y  e q u a l  N j )  
N l ,  N2,  N3, ( A i  = N i )  

u a d r i l a t e r a l  GPLATE 
~ 1 ,  N2,  N3 ,  N4,  A l ,  A2, A3,  A.4, A5 
N l ,  N2, N3,  NU, A t ,  A2, A3, A4 
( ~ 5  loca ted  a t  averago of  corner  coord inr toa)  
N1,  N2, N3,  NU, AS I A i  Nil 
N1,  N2,  N3,  NO ( A i  = N i t  A5 loca ted  a t  averago o f  corner  

f l l e g a l  Conditions: The leng th  o f  an edge i a  1e.a than to-' 
A q u a d r i l a t e r a l  p l a t e  ha8 a  r e o n t r r n t  
ang le  
A5 ( i f  specified) ly ing  o u t s i d e  the 
p l a t e  edges 

Illegal Conditions: Any th ickness  l e s s  than zero 
A l l  p r o p e r t i e s  equa l  t o  zero 

SECTION PROPZRTY 
1.4PUT: 

- - 
EXPWSION KEYS 

PROPERTY NUYEff O f  IMFUT VALUES 
LABEL 1 2 4 S 1 7 8 9 1 0 1 1  

I-HEM81 1 1 1 1  1 1 1 1 1 1 1  
T-MEN82 

ELEMENT THERML LOADING: Linearly vrrylng A t  on sur face .  Rlgid o f f s e t  At's vary 
l i n e a r l y  along o f f s e t s .  

1-MEMI3 
T - H E M B ~  
I-HEHE5 
1-BEN01 
I-BEN02 
I-BEN03 
I-EMD4 
I-BEN05 
A 1  PMA 

S'l'KLSS OU'I'PUT: SIGMA1 
SIGMA2 Membrane s t r e s s e s  ( F / I . ~ )  
TAU 1 L I 

A 

tJoTt :  S t r e s s e s  anti  I,loslc,nts a r c  dvvrages  of  c o r n e r  node v a l ~ r e s .  

1 1 1 3 3 3 3 3 3 3 3  
i J  1 4 0 0 4 4 4 4  
1 1 1 0 0 0 0 0 0 5 5  
1 2 1 0 0 4 4 5 5 8 8  
1 2 2 0 0 5 5 C 8 7 7  
1 2 2 0 0 8 8 7 7 8 8  

2 2 0 0 0 0 8 8 9 g  

O f O 5 0 7 0 9 0 ? 1  



ST1 FFNESS BRICK ELEMENT 

IDLNTIFICATION : BRICK or 8 

GEHEHAL DESCRIPTION: I r o p a r a m e t r i c  s o l i d  e l emen t  w i t h  t h r e e  degrees  of  freedom p e r  node 
and an  o r t h o t r o p i c  m a t e r i a l  c a p i b i l i t y .  The b a s i c  BRICK i n  de- 
f i n e d  by 8 c o r n e r  nodor. There  noder d e f i n o  12 edge r  (El-E12) and 
d i r e c t i o n 8  t h e r e o f  am rhown i n  tho f i g u r e .  Along each  odge, 1,  2 ,  
or 3 i n t e r m e d i a t e  noder  may b e  s w c i f i o d .  The geometry o f  t h e r e  
e d g e r  i m  d e f i n e a  by a recond-,  t h i r d -  and fou r th - ,  o r d e r  poly- 
nomial,  r e s p e c t i v e l y .  The geometric s t i f f n e r s  is bared on t h e  
i s o p a r a m e t r i c  r e p r e s e n t a t i o n  of  t h e  d i s p l a c ~ m n t s .  

NODES: Nl-N8 = S t r u c t u r a l  nodes a t  c o r n e r s  o f  e l emen t  
N9-Nm = S t r u c t u r a l  nodes  on edges  o f  e l emen t  where m $44. 
A1-A3 = A u x i l i a r y  nodes d e f i n i n g  p r i n c i p a l  d i r e c t r o n s  of  m a t e r i a l  

o r t h o t r o p y  ( o p t i o n a l ) .  

The s l x  f a c e s  of  a BRICK a r e  d e f i n e d  by t h e i r  c o r n e r  nodes a s  
fo l lows:  

I f  t h e  con tour  1 4 1 ,  N2, N3 and d Q  1s clockwise when viewed In L I ~ C  
n e g a t i v e  x - d i r e c t i o n ,  f a c e  numbers 5 and 6 as  shown i n  t he  t n u l r  
a r e  ~ n t e r c h a n g e d  . 

FACE 

1 
2 
3 
4 
5 
6 

LLCMENT REFERENCE I n h e r e n t  i n  t h e  a n a l y s l s  of t h e  e lement  behav lo r  1s a mapplng of 
FRAME: t h e  geometry I n t o  a cube whereln  t h e  p l a n e s  x = f 1 ,  y = t 1 and 

z = f 1 d e f l n e  t h e  c lement  f aces .  The o r i g i n  o f  t h e  e lement  
r e f e r e n c e  frame i s  a t  t h e  C.G. o f  t h e  cube. The p o s l t l v e  x -ax l s  
i n t e r s e c t s  f a c e  1 ,  t h e  p o s i t ~ v e  y -ax l s  i n t e r s e c t s  f a c e  3 ,  .and t h e  
z-axis  is  formed b y  t h ~  r igh t -hand  r u l e .  

CORNER NODES 
I' 

11,  12, 13 ,  14  
15.16,  17 .18  
12,  13, 16,  N7 
11 ,  14 ,  15 ,  1 8  
13.  N4.17.18 
11 ,12 ,15 ,  16 

i 

SCCTIorJ PROPZHTIES : Th.:re a r e  no s c c t l o n  & ~ r o , r c r t l e ;  a s s o c l a t c d  wl th  thl:. c l ~ . l n . l ~ L .  



STIFFNESS 
ELEMENTS 

MATERIAL PROPERTIES I  he m a t e r i a l  m y  k o r t h o t r o p i c  a s  d e f i n e d  by t h e  p r o p r t i e s  
cl ,  ~ 2 ,  B3, y l 2 ,  VJl.  V23, Gl2, G13 and G23. The m a t e r i a l  
a x e s  1-2-3 are o r r e n t e d  b t h e  a u x i l i a r y  nodem ArA3 .  . Lf 1, C n and t T 8  are used? f o r  t h e r m a l  s t r a i n 8  

NODAL INPUT: 

SECYlON PROPERTY 
INPUT: 

? ? N l ,  N2, . . ., N8, NEl  , N t 2  , . . ., ~ ' 1 ~  , Al, A2, A3, where 
N I ,  N2, . . . , ne a r e  un ique  c o r n e r  nobes  which must  alway8 ba 
i n p u t .  N l ,  ..., rS4 and N5, ..., NB d e f i n e  two o p p o r i t e . s i d e s  
o f  t h e  BRICK. N l ,  ..., NC m y  b e  i n p u t  c lockucme o r  coun te r -  
c lockwise ,  however, NS, . . . , N B  must  b e  o r d - i a a  so t h a t  s -.,,I 
o f  t h e  node p a i r s  ( N l ,  NS), (N2, N6), (N3, N7; ... d (KI, N8) 
l ies  on a s e p a r a t e  edge  o f  t h e  s o l i d  ( s e e  f i g u r e ) .  

N:, , N : ~  , . . . , 11:,2 : I n t e r m e d i a t e  edge  nodes  i n p u t  i n  12 
g roups  o f  p node., where p is t h e  

maximum number o f  i n t e r m e d i a t e  nodes  on any one  of  t h e  edges  
( i . e . ,  p - O , l , 2 , 3 ) .  The g roups  a r e  o r d a r e d  a c c o r d i n g  to edge 
nt her  and t h e  items i n  e a c h  g roup  are o r d e r e d  a c c o r d i n g  to  t h e  
edge  d i r e c t i o n .  I f  e a c h  edge  docs  n o t h a v e  t h e  same number o f  
i n t e r m e d i a t e  nodes ,  z e r o 8  mumt be i n p u t  i n  t h e  a p p r o p r i a t e  
l o c a t i o n s .  Fo r  example,  i n  t h e  f o r e g o i n g  f i g u r e ,  p - 3 and  
t h e  noda l  i n p u t  would b e  a s  fo l lows :  

f 

N l ,  N2, ..., N8, N9, N10, N11, 0, 0 ,  0, Nl2, N13, 0 ,  0 ,  0, 0, 
0 ,  0, 0, N14e 0, 0 

A1, A2, A3: A u x i l i a r y  nodes  f o r  d e f i n i n g  m a t e r i a l  d i r e c t i o n s .  
Any one o f  t h e s e  may b e  a z e r o  i n d i c a t i n g  t h e  GLOBAL o r i g i n .  
I f  n o t  s p e c i f i e d ,  t h e  m a t e r i a l  axes  1-2-3 c o i n c i d e  w i t h  t h e  
GLOBAL X-Y-Z a x e s , r e s p e c t i v e l y .  

I l l e g a l  C o n d i t i o n s :  Any o f  t h e  f i r s t  8 nodes e q u a l  t o  z e r o  
Any edge  having z e r o  l e n g t h  
Improper ly  o r d e r e d  i n t e r m e d i a t e  edge nodes 

ELEMENT LOADING: D i s t r i b u t e d  l o a d s  may bc a p p l i e d  t o  any f a c e  w i t h  a d i f f e r e n t  
v a l u e  s p e c i f i e d  a t  e a c h  node on t h e  loaded f ace .  

ELEMENT THERMAL LOADING: A d t  may b e  a p p l i e d  a t  each  node. 

STRESS OUTPUT: S t a n d a r d  

The f o l l o w i n g  comwnen t s  r e l a t i v e  t o  t h e  m a t e r i a l  r e f e r e n c e  frame 
a t  t h e  c e n t r o i d  o f  t h e  BRICK 

SIGMA1 
SIGMA2 1 Axia l  s t r e s s e s  (F/L') 
SIGM3 

Shear  s t r e s s e s  (F/L') 

The same s i x  s t r e s s  components r e l a t i v e  t o  t h e  m a t e r i a l  r e f e r e n c e  
frame a t  each  r~ode  of  t h e  BRICK ( s e e  BJCBRICK paramete r  f o r  h e  
EXECUTE STIFFIJESS s t a t e m e n t ,  s e c t i o n  252.2) .  



ST1 FFNESS SCALAR ELEMENT 

IDSNTIFICATION: SCALAIt or 9 

GEIVERAL DESCRIPTION: S p r l n q  e l e m e n t  w i t h  L h r e e  t r a n m l a t i o n a l  a n d  t h r e e  r o t a t i o n a l  
a t i f f n e s s e m  a t  a p o i n t .  The e l e m e n t  r e m t r s i n a  motiqn r e l a t i v e  
to ground.  

NODES : N 1 = S t r u c t u r a l  node  r e s t r a i n e d  by t h e  SCALAR e l e m e n t .  

A l ,  A2 = Auxiliary n c d c s  d e f i n i n g  d i r e c t i o n s  o f  i n p u t  s t i f f n e s s e s .  

ELXMLIJT KWRtrJCE O r l g l n  a t  d l  w i t h  t h e  x - a x i s  f rom I41 to  Al. I f  A2 is  s p c c i f i e d ,  
F &'\ME : z is  t h e  v e c t o r  p r o d u c t  o f  x and  Nl-A2. I f  A2 1s n o t  s p c c i f i e d ,  

o n l y  a  t r a n s l a t i o n  and  a r o t a t l o n  s t i f f n e s s  may bc d e f i n e d  r c l a -  
t l v e  t o  t h e  x - a x i s .  I f  A1 and A2 a r e  n o t  d e f l n e d ,  t h ?  e l c n ~ c n t  
r e f e r e n c e  f rame c o l n c i d s s  w ~ t h  t h e  analysis frame of N1. 

SECTIUA PROPdRTIES: K('r1) = Translational s t i i ~ n a s s  ln x direction 
I.(T2) = T r d f l S l a t l ~ n a l  S t i f f n e s s  I n  y d i r c c t l o n  
K(T3) = T r a n s l a t l o n a l  s t i f f n e s s  I n  z d i r e c t i o n  
K(H1) = R o t a t i o n a l  s t r f f n e s s  a b o u t  x  a x i s  
K ( H 2 )  = Rotational s t i f f n e s s  a b o u t  y a x l s  
K(H3) = R o t a t i o n a l  s t l f f n e s s  a b o u t  z a x i s  

rJODAL INPUT: 

SLCTI ON PROPERTY 
INPUT: 

N1, A l ,  A2 
N1, A1 ( s t i f f n e s s e s  r e l a t l v e  t o  x - a x l s  o n l y )  
Ell ( d e f a u l t  e l e m e n t  o r i e n t a t i o n )  

LABEL 

K I I l I  
x i  12) 
[ I  r 3 l  
K / R l I  
K / R l l  
K I R 3 1  

EXPANSION KEYS 

NUMBER OF INPUT VALUES 

b 
? 

1 

4 

1 

1 2 3  

1 1  
0 0 2 2  
0 0 3 3  
0 2 0  
0 0 0 5  
0 0 0 6  



ELEMEidT LOADIHG None 

ELEMENT THERMAL LOADING: None 

STIFFNESS 
ELEMENTS . 

STRESS OUTPUT: ?orom and momontr acting on tha SCALAR from ground a s  
warurod ro lat ivo  to tha dunant  raformcs  tram 

} Nodal force. (F) 
F 3 



STIFFNESS SROD ELEMENT 

IDENTIFICATION r S R O D ' O ~  10 

GEIJE~UL DESCRIPTION: S t r a i g h t  e l e m e n t  w i t h  s l i n e a r  area var ia t ion  a n d  a l i n e a r l y  v a r y -  
i n g  ax ia l  l o a d .  U n i f o r m  strees d i s t r i b u t i o n  o n  cross s e c t i o n  w i t h  
s h e a r  t r a n s f e r  a t  N3 t o  a c o m p a t i b l e  e l e m e n t  (SR00 or e i g h t - n o d e  
S P U T E )  . 

ELEA~EIJT REFERENCE 
P M P  : 

SECTIOIJ PROPLRTIES : 

MATERIAL PROPLRTIdS : 

NOUAL INPUT: 

~ 1 ,  152 - S t r u c t u r a l  nodes l o c a t e d  a t  . a . n t r o i d  o f  c r o ~ i s  s e c t i o n  a t  
e n d ( 1 )  and  e n d ( 2 ) ,  r e s p a c t i . . t l y .  

1r3 - S t r u c t u r a l  s h e a r  nodo  a t  wliich t h e  t o t a l  s h e a r  f o r c e  i a  
t r m s f e r r e d  to  a c o m p a t i b l e  e l e r a a n t  or qround.  The 
a n a l y s i s  f r u n e  o f  a s h e a r  node  m u s t  b e  t h e  G M B A L  t r i a d .  

I f  x i n  p a r a l l e l  t o  2, y is  p a r a l l e l  t o  X. O t h e l u i s e ,  t h e  x-y 
p l a n e  is p a r a l l e l  to  2 s u c h  t h a t  t h e  d o t  p r o i r u c t y . 2  r 0 .  

~ ( 1 )  - C r o s s  s e c t i o n  a r e a  a t  e n d ( 1 )  
~ ( 2 )  = C r o e s  sectit n a r e a  at e n d ( 2 )  

a E l  f o r  s t i f f n e s s  
CTI f o r  t h e r m a l  . t r a i n  

I l l e g a l  Condr t i o n :  E lement  l e n g t h  less t h a n  lo-' 

SLCTIOIJ PROPERTY 
ILJPUT: 

I l l e g a l  Condition.: One o: b o t h  a r e a s  e q u a l  t o  z e r o  
a 1\11) or A ( 2 J  < 0. 

ELEMEA~T LOADING : L i n e a r l y  v a r y i n g  d l s t r ~ b u t e d  l o a d  a l o n g  l e n q t r l  ( f / ~ ) .  
ELEMEN'r THERMAL LOADING: L i n e a r l y  v a r y i r ~ q  A t  a l o n y  l e n g t h .  

STRCSS OUTPUT: P 1 = A x i a l  f o r c e  a t  1 4 :  (F) 
P 2 = A x i a l  f o r c e  a t  r i L  (F) 
P ~ I / L  = S n a a r  f l o w  a l o n g  r o d  (t ' /L) 
(P/A) 1 = S t r e s s  a t  N1 (F/L')  
(P/A)2 = S t r e s s  a t  N 2  ( ~ / i . ' )  



GWLRAL DESCRIPTIOCS: Cons tan t  t h i c k n e s s ,  f o u r  or e igh t -node  q u a d r i l a t e r a l  s h e a r  pane l .  
W ' t h  e i g h t  nodes,  s h e a r  t r a n a f e r  is a t  no&. N1-U4. With f o u r  
nodea , . shea r  i s  l q d  a t  c o r n e r  nodes. E q u i l i b r a t e d  by t r a n s -  
ve rge  f o r c e s  when warped. Bight-node SPLATE is  compa t ib l e  w i t h  
t h e  SROD element.  

ST IFPNESS 
ELEMENTS J 

ST1  FFNESS SPLATE ELEMENT 

4-nod8 SPL ATE I-node SPL A T E  

N1-N4 = S t r u c t u r a l  nodes  a t  which s h e a r  f o r c e s  are t r a n s f e r r e d .  
These a r e  s n e a r  nodet  f o r  a n  8-node SPLATE. The 
d n a l y s i s  frame o f  a s h e a r  node r u s t  be t h e  GLOBAL t r i a d .  

A1-A4 = 4 u x i l i a r y  nodes d e f r n i n g  t h e  c o r n e r s  of  an  8-node SPLATE 

Nodes may be  i n p u t  i n  either t h e  c lockwise  or c o u n t e r c l o c k v i s e  
d i r e c t i o n .  

LLEMMT REFSNNCE The x-y p:a.le is p a r a l l e l  t o  the p l a n e  d e f i n e d  by t h e  mid-polnts  
F M E :  o f  t h e  p l a t e  edges .  The o r i g i n  is a t  Nl(A1) w i t h  the  a x e s  

o r i e n t e d  such t h a t  t h e  y -coord ina te  o f  NZ(A2) is z e r o  and t h e  
y-coordinate  o f  N3(A3) is g r e a t e r  t h a n  zero.  

SECTION PROPERTIES : T = P l a t e  t h i c k n e s s  

MATERIAL PROFERTIES : G12 

i4ODAL INPUT: 

SECTION PROPERTY 
INPUT: 

N!, N2,  N3, NU (4-node SPLATE) 
A l ,  A2, A3, AU, N1, N2, N3, NU (8-node SPLATE) 

I l l e ?  -,l Condi t ions:  The l e n g t h  o f  an  edge is  less than  
There is a r e e n t r a n t  a n g l e  

I l l e g a l  Condi t ion:  T 5 0. 



ELE~~ENT LOADldG: Linearly varying distributed load (p/L1) 

ELEUENT TllEWAL LOADING: None 

STRESS OUTPUT: Q-EQUIV 1 

6 4 1  J 
TAU-KU( - Uaxinum shear s t r e s s  (F/L') 
W-AVG - Averaqe out-of-plane nodal load for warwd p l a t e s  (F ) .  



STIFFNESS 
ELEMENTS 

STIFFNESS CPLATE ELEMENT 

I ~EtlTIFICMlON: 

GENERAL DESCRIPTION: 

CPLATE or 12 

Triangular or quadrilateral laminated membrane plate element 
comprised of up to 10 orthotropic laminae. The triangular 
CPLATE is a constant strain element.   he quadrilateral CPLATE 
stiffness is generat& from the stiffnesres of four coawnent 
triangles joined at an internal node. If warped, the quadri- 
lateral plate is oquilibratd by tranmverse forces. The 
alewant may be offset froa its mtructural nodes. 

Triorlfular CPL ATE @adrilatcral CPL ATf 

N1, *12,  N 3  (and S4 for a quadrllateral CPI.n'rE) are structural 
nodes rlyidly attached to the clement. Al, A2, A3 (A41 arc 
auxiliary nodes dcflninq the locatlon of thc membrane. Nodcs 
defining a quadrllateral plate NI-NC (Al-h4) must be input 
sequentially in either the clockwise or countcrclockw~sc' 
direct Ion. 

EI.FLII:VT REFERENCE 
FlrVlE: 

T h e  x-y  plane 1s parallel to thc plane dcflnctl hy the ntld- 
voints ot the pl .ta edges. 'rhc orioin 1s at A1 ulth the 
axes oriented such that the y-coorcllnate of A 2  1s zcro ar~tl the 
y-coordinate of A 3  1s greater than zero. 

T11c Cl'LATE is  comprised of one to ten laminas rach of whlch 1s 
detined by four properties. 

SECTTON I'ROPERTIES: 



MATERIAL PROPERTIES: 

NOUAL ~NPUT: 

SECTION PROPERTY 
INPUT: 

ARUF - Angle defining the reference direction for the 
element (degrees) 

The next four properties are apecifiod for each lmina. 

Axxx.x = Fiber angle (alphanuuric of the form Axxx.x). 
The nuuric portion defines the fiber direction 
relative to the reference direction. 
-360oSxxx.x 2 3600 with accuracy of t0.1'. Thin 
muat be the firat property input for each luina. 

Txrxx = Teaperature deviation (alphanumeric of the form 
Txxxx). The numeric portion define. the lamina- 
temperature difference from the el..nnt teapera- 
ture specified by 'Tcodeg it. the elcunt-definition 
record (sac. 152.0) . 
-20000 5 xxxx 540950 with accuracy of tlO. 
Default: Temperature deviation of the previoumly 

defined lamina or oO. 

LnuP = Number of layers (alphanueric of the form Lxxxx). 
The numeric portion defines the nuntier of layers 
of composite material comprising the lamina. 
1 dxxxx 54095 
Default: Nuaber of layer. of the previously defined 

lamina or 100. 

Ccode Composite material codc~(a1phanurric of the form 
Cxx). The numeric portion identifiea the composite 
material of the lamina. 1 S xx 5 31 
Default: Composite material code of the previously 

defined lamina or the composite material 
identified by .Ucoden in the elenent- 
definition record (nee. 152.0). 

El, E2, V12, C12 and t for stiffness of 1am:ras 

CTl and C T 2  fox thermal strains in laminas 

Nl, N2,  N3, 149, hl, A2, A3, A0 A i  may equal Ni and 
N1, N2,  N3,  A l ,  A2, A3 } { N I  may equal N, 

Illegal Conditions:. The length of an edge is less than 
A quadrilateral plate has a reentrant 
angle 

Properties are input in the order 

n3EF 
Axxx. x 
Txxxx I Lamina 1 Lnum 
Ccode 
Axxx.x 
Txxxx Lamina 2 
Lnum 
Ccpde 

Axxx. x 
Txxxx 
Lnum ] ~ a s t  Lamina 
ccode 

Properties Txxxx, Lnum and Ccode may be defaulted tor any 
lamlna. 

Illegal Condltlons: l Fiber angle less than -360° or greater 
than 360° 

8 Temperature deviation .css thall -2000n 
or qreater than 409S0 
Number of layers in l,..~lna less than 
1 or greater than 2095 



ELEMENT LOADING: Linearly varying prersure (F/L~) 

ELEMENT THERWAL LOADING: Linearly varying At in each lamina. ~igid offret Atm. 
vary linearly along offsets. 

STRESS OUTPUT: Standard 

r::: } Total clement strain (WL) 
GAHlZ 

S I ~ 1  2 Total element stress (F/L ) 
TAU12 

Optional 

Stress and/or strain components in each lamina mcasured 
relative to the fiber direction of the lamina(ree rec. 254.0).  



ST1 F F N E S S  CCOVER ELEMENT 

1DENTlPlCATlON: CCOVER or 13 

GENERAL DESCRIPTION: Two triangular or quadriliteral ATLAS CPLATE elements 
separated by rigid posts. ~ a c h  plate m y  be coaprised of 
up to ten orthotropic laminas. One ot the plates may have 
zero properties. Mid-surface nod08 are required. 
Addition of the respective input Acoordinates to the 
input nodal ccxrrdinatem define8 the upper plate corners, 
whereas subtraction defines the lover plate corners (see 
8ec. 146.0). The directions of the rigid posts need not 
be parallel. 

NODES : 

ELEMENT REFERENCE 
FRAME : 

SECTION PROPERTIES: 

Nl.N2,N3 (and 144 for a quadrilateral CLWER are structural 
mid-surface nodes defining the element corners. Nodes de- 
fining a quadrilateral must be input sequentially in either 
the clockwise or counterclockwise direction. 

One local frane, C-yl-G, 1s defined for the uypcr plate 
and another frame, 1 1 - Y l -  21, for the lower plate. Each 
local frame is defined relative to the plate corners, 
PlU, P2U, etc., in the same manner as the ATLAS PLATE 
element reference frame is defined. 

Each plate 1s comprrsud of zero to ten laminas each of whlc l l  
is deflned by four properties. 

1 (Fiber Oireciionl 

Oirectlon 

XU lor xll 

lypicol 1 mino 

1 nur lavers 



Upper Plate 

MATERIAL PROPERTIES : 

NODAL INPUT: 

SECTION PROPERTY 
INPUT : 

AREF-0 = Angle defining the reference direction for the 
upper plate (degree*. A value of AREF-U rust 
be specified even if the CCOV6R has no upper 
plate. 

The next four properties are specified for each lamina 
of the upper plate. fhey are onittad if the CCOMR has 
no upper plate. 

~xxx.x = Fiber angle (alphanwric of tho form Axxx.~). 
The numeric portion definas the fiber direction 
relative to the reference direction. 
-360° 5 rxr.x '- 3600 vith accuracy of tO.lO. 
This m a t  be the first proporty input for each 
lamina. 

~ x n x x  = Temperature deviation (alphanumeric of the form 
Txxxx). The nunMric portion defines the lamina- 
temperature difference frar the element tempera- 
ture specified by 'Tcode' in the element-definition 
record (sec. 152.01. 
-2000° J xxxx 5 40950 with accuracy of tlO. 
Default: Temperature deviation of the previously 

defined lamina or OO. 

Lnum = Nurbar of layers (alphanumeric of the form Lxxxx). 
The numeric portion defines the number of layers 
of coaposite material conprising the lamina. 
1 S xxxx S 4095 
Default: Number of layers of the previously 

defined lamina or 100 

ccode = Composite material code (alphanwric of the form 
Cxx).  The numeric portion identifies the 
composite material of the lamina. lSxx S31 
Default: Composite meterial code of the 

previously defined lamina or the 
composite material identified by 
"M-ode' in the element-definition record 
(sac. 152.0). 

Lower Plate 

If the CCOVER has no lower plate, none of the following 
properties is input: 

AREF-L 

Ri:iX Defiltitions analogous to upper plate I L n m  
ccode 

El, E2, V12, C19 and t for stiffness of laminas. 
CTl and CT2 for thermal strains in .laminas 

Nl, N2, N3 (triangular CCOVER) 
a ~ 1 ,  N2, N3,  N4 (quadrilateral CCOVER) 

Illegal Condit~ons:@The length of an edge is less than 
10-6 -. 

A quadrilateral plate has a re- 
entrant angle 

Properties are input in the order 

AREF-U 
A x x x  . x 

Lamina 1 of upper plate 

A X X X .  x 
T x x x x  Last lamina of upper p l  , t e  
I.nm 
Ccode 1 



AREF-L 
AXXX . x 

Lamina 1 of lower plate 

A x i x .  x 
Laat lamina of lower plate 

Ccode 

Propertier Txxxx, Lnum and Ccode ary be defaulted for 
any lamina. 

Illegal Conditions: Fiber angle lems than - 3 6 0 ~  or 
greater than 360° 

Temperature deviation less than 
-2000" cr greater than 40950 

Number of layers in a lamina less than 
1 or greater than 4095 

ELEMENT LOADING: Line rly varying pressure applied to one or both plates ? (F/L ) 
t 

ELEMENT THE= LOADING: Linearly varying bt in each lamina of each plate. Rlgid- 
post thermal strains vary linearly between upper and lower 
plate-corner values. 

STRESS OUTPUT: Standard 

EPS lU 
EPS2U Total strain ~n upper plate (L/Ll 
GAMl2U 
31GIWlU I 2 SIGIW2U Total stress in upper plate (F/L ) 
TAUl2U 

EPSlL 
EPI2L j Total strain in lower plate IL/L) 
G M l 2 L  
S I G r U l L  2 Total stress in lower plate (F/L ) 
TAU1 2L 

Stress anI/or strain components In ea:h lamlna ac~sured 
relatlve to the fiber direction of the larnlna (see sec. 2 5 4 . 0 ) .  



ATLAS MASS FINITE- ELEMENT CATALOG 

The fo l lowing  items a r e  presented f o r  each of t h e  mass 
f i n i t e  elements  a v a i l a b l e  f o r  s t r u c t u r a l  and n o n - s t r u c t u r a l  
mass modelinq and a n a l y s i s  v i a  t h E  ATLAS system. 

a )  The key-word or i n t e g e r - e q u i v a l e n t  r e q u i r e d  f o r  i n p u t  
i d e n t i f i c a t i o n ;  

b) A q e n e r a l  d e s c r i p t i o n  of 'he element  i n c l u d i n g  a s k e t c h ;  

C) Desc r ip t ion  of t h e  nodes used to  d e f i n e  t h e  element;  

d)  D e f i n i t i o n  of  t h e  element s e c t i o n - p r o p e r t i e s  and 
their alphanumeric i d e n t i f i e r s ;  

e )  Nodal i n p u t  v a r i a t i o n s  (combinations) and i l l ega l  
c o n d i t i o n s ;  

f )  s e c t i o n  and element mass-property i n p u t  v a r i a t i o n s  
(combinations) and ~ l l e g a l  c o n d i t i o n s ,  

Input  v a r i a t i o n s  of t h e  element mass-data p r o p e r t i e s  are 
i l l u s t r a t e d  v i a  t a b l e s  of expansion kevs. An expansion key 
i s  t h e  colur,tn of i n t e q e r s  a s s o c i a t e d  w i t ; ?  a p a r t i c u l a r  number 
of  i n p u t  p r o p e r t y  values f o r  t h e  element  type. A nonzero i n t e g e r  
component of a key deno tes  which one of t h e  o rde red  p r o p e r t y  
values s p e c i f i e d  by an i n p u t  d a t a  r ccord  i s  ass igned  to  t h e  
correspondinq p roper ty  shown i n  t h e  table, A z e r o  i n t e g e r  
denotes t h a t  t h e  p roper ty  value is t o  be set t o  zero, 



MASS ROD ELEMENT 

IOENTlFlCATlON t ROD o r  I 

GENERAL DESCRIPTION: Thin 

Linear area d i s t r i bu t i on  

~ Y Y  ( loca l )  = Izz ( loca l )  

Ixx ( local)  = 0 

NODES: N l  = Node located on centroid o f  cross se,tiar a t  end(l ), 

N2 = Node located on centroid o f  cross section a t  end(2). 

ELEMENT REFERENCE If x i s  paral le l  t o  Z, y i s  para l le l  t o  X. Otherwise, the x-y plane i s  
FRAME : para l le l  t o  Z such that  the dot product y * Z  30. 

SECTl ON PROPERTIES: A(I) = Cross-sect ion area a t  end(1 ). 
A(2) = Cross-section area a t  end(2). 

NODE = A node i n  a plane tha t  i s  .perpendicular t o  the element. The intersection 
of t h i s  plane and the x-ex ts def lnes the element CG location. 

X = x-coordinate of CG on the element x-axis. 

NODAL INPUT: N I ,  N2 
I l l ega l  Condition: Element length less than 1 0 " ~  

SECTl ON PROPERTI 
INPUT; 

I1legal Conditions: 

Any property value less than zero 

Areas equal t o  zero when the F2-weight option i s  used 

CG location beyond the ends o f  the element 

~ ~ ~ ~ ~ , ! ~  

DENS1 TY 
,4 1 
A2 

PROPERTIES 

WE1 GH T 
A1 
A2 

- 
EXPANSION KEYS 

.NO. INPUT V*MS # 

b 

'Default area i s  1.0 no c. G. 
PROPERTI ES . 
WEIGHT 
NODE 
X 

EXPANSION KEYS 
.NO. lNfUT VUUES ' 

2 

1 
2 
2 

I 

EXPANS ION KEYS 
NO. I N W f  VALUES 

- 

2 
I 

I l l  
2 I ; .i.,; 

I 2 ' ' ;  

3 

1 
2 
3 

3 

1 
2 
3 

I 

1 
* 
w 

2 

1 
2 
2 



MASS 
ELtY  ENTS - 

MASS BEAM ELEMENT 

I DENT IF  I CAT I ON: EM o r  2 

GENERAL OESCRIPTIOI: L i n r r r  c rosr -sec t iona l  p ropar ty  d i r t r i b u t l o n  

R ig id  o f f r r t r  

M I  = S t ruc tu ra l  node r i g i d l y  connected t o  end ( l )  

W2 = S t ruc tu ra l  node r i g i d l y  connected t o  end(2) 

A I  = Node d e f i n i n g  the e l a s t i c  a x i s  l o c a t i o n  a t  end( l )  

A2 = Node d e f i n i n g  the e l a s t i c  a x i s  l oca t i on  a t  end(2) 

A3 = Node d e f i n i n g  the x-y p r i n c i p a l  plane 

NODES: 

ELEMENT REFERENCE I f A3 i s  spec i f ied ,  z i s  de f ined by the cross product  o f  x, and 

FRAME: AI-A3. I f  A3 i s  n o t  spec i f  ied, z i s  def inbd by the  c r o t r  product 

of x  and 2. Note t h a t  i f  x  i s  p a r a l l e l  t o  2, A3 must be spec i f ied .  

SECT l ON PROPFRT I EO: A l  = Cross-section area a t  end( l  ) 
J I  = Area i n e r t i a  about t he  element x-axis a t  end ( l )  

I Y I =  Area i n e r t i a  about t he  element y-axis a t  end ( l )  

I f l= Area i n e r t i a  about the  element z-axis a t  end ( l )  

Proper t ies  a t  end(2) analogous t o  those a t  end(1) 
I Y2 J2 ' 
NODE=A node i n  a  plane t h a t  i s  pe ipend icu lar  t o  t h e  element 

x-axis. The i n t e r s e c t i o n  o f  t h i s  p1at.e and the  x-axis 

def ines the element CQ locat ion .  

!! : x-coordinate o f  C G  on the element a x i s  

NODAL INPUT: NI , ~ 2 ,  AI  , A2, A3 (AI may equal NI  and lor  A2 may e ~ l l a l  17 '  

MI, ~ 2 ,  A I ,  A2 ( d e f a u l t  element o r i e n t a t i o n )  

M I ,  N2, A3 ( A l =  M I ,  A2=N2) 
M I ,  12 (AI = M I ,  A ~ X N ~ ,  d e f a u l t  element o r i e n t a t i o n )  

l l l e g a l  C o ~ d i t i q n :  Element length  l ess  than 1 0 " ~  



SECTION PROPERTY 
INPUT: 

D e f a u l t  a r e a  i s  1.0 

Computed value i s  based on a 

c i r c u l a r  cross sect ion  

;&-A; 
DENSITY 
A1 
J1 

l l  legal  Condit ions:  

Any property value less than zero 

Area equal t o  zero when the  F2-weight opt ion i s  used 

C G  locat ion  beyond the ends of  the  element 

U(PMIOI  KEYS : NO I M  v *Wf ,  

** ** 4 4 

I Y2 ** , ** 

2 

1 

** 

3 

1 

** 

5 1 9  

1 
2 2 2 2  

3 

F 3 - C G  
P w E m  ES 

WEIGHT 
NODE 
X 

1 

3 

- 

- 

EXPAMSIW KEYS 
WO. l u w t v ~ :  

2 
I 

i 

1 1 1  I , :, , ,, , , i:. i::,;::: ,,. ,, ::. , ,, 
, ; . : : ; : . : . :  ;;$: >;. i',:: 

I 2 w 

2 



- .  
MASS 

t t C Y  CNTS 

MASS SPAR ELEMENT 

IOENTIFICAT1011: SPAR o r  3 

GENERAL DESCRI PTIOII: a Linear dapth v a r i a t i o n  
a Cens tmt  t h i c k n r s r  wrb 

a L i n r a r  q langr area v a r i r t i m  

Mid-surf ace node8 raqui  rad 

W l  = Mid-surface node a t  end( l )  

W2 = Mid-surface nods a t  end(2) 

SECTION PROPEATIES: t-web = Web thickness 
AI-u = Upper f lange area a t  M I  

AI-L = Lower f lange area a t  N l  
A 2 4  = Upper f lange area a t  M2 

A2-L = Lower f lange area a t  W2 

NODAL INPUT: 

SECT I ON PROPERTY 
INPUT: 

H I ,  W2 (Mid-surface nodes) 

I l l e g a l  Condit ions : 
Element length leas than 10-lo 

SPAR depth less  than 1 0 ' ~  

Web i s  warped 

N l  o r  W2 i s  not  a mid-surface node 

MOTE : Input opt ions F2 and 

F3 are not  ava i l ab le  
f o r  t h i s  element. 

l l legk l  Condi t ion : 
Any property value 

less than ze ro .  



MASS ;:OVk:H EI .EMKN' l '  

I D E N T I F I C A T I O N :  c o v ~ a  cir u 

GENERAL OESCRI PTION: Two PLATE element8 w i t h  3 t o  0 edge8 8 e e l r a t r d  by r i g i d  p o r t s  

M l d - s u r f  ace node# requ l red  

NODES: 
M I .  N2, N3 (and NY, N5, . . . , N9 f o r  penera1 COVERS) z r e  

m i  d-su rf ace nodes d e f i n i n g  t h e  e  leilien t corners .  Node8 d e f i n i n g  

a  genera l  COVER must be i n p u t  s e q u e n t i a l l y  i n  e i t h e r  a  

clc;kwise o r  coun!erclockwise d i  r e c t i o n .  

ELEMENT REFERENCE 
FRAME: 

SECTION PROPERTIES: 

One I b c a l  frame xu-yU-zU i s  d e f i n e d  f o r  t h e  upper p l a t e  and 

one frame xL-yL-zL f o r  t h e  lower  p l a t e ,  Each frame i r  d e f i n e d  

r e l a t i v e  t o  t h e  ; l a t e  c o r n e r s  PIU, P2U, . . . , as i l l u s t r a t e d  

i n  th.: f i g u r e ,  ~ n  +:ie same mamer  a8 t h e  ATLAS PLATE e!ement 

re fe rence  frame i s  d- ' ined. 

t-U = Upper p l a t e  t h '  k ~ ~ e s s  

t - L  = Lower  plat^ t h ~ c k n e s s  

NODE-U = A  node on a  l i n e  t h a t  i s  p e r p e n d i c u l a r  t o  t h e  upper  

p l r t z .  The i n t e r r e c t ~ o n  ~f t h i s  l i n e  and t h e  upper  

p l r t e  d e f i n e r  t h e  upper-v!ate L C  i o c a t  icn. 

X-U ='. - roo rd ina tc -  o f  ti;°. u p p o r - p i ~ t t  CO r e l a t i v e  t o  t h e  

xu-yU-zU r e i e r e q c e  frame 

Y-U = y - c o o r d i n a t e o f  t h e u p p e r - p l a t e C G  r e . a t i s l e  t o  t h e  

xu-yU-zI! refet. .r tce frame 

""-' Y-L 1 P r o p z r t i e s  fnr th, lower  p l a t e  dn i logous  t o  thoc;. 

Y-L ) f o r  t h e  uu,er p l a t e  

. - -- 
k- a*:. .. - , , >  



NODAL INPUT: 

SECT l ON PROPERTI 
INPUT: 

EI.EM ENTS 

n l  , N 2 ,  N 3 ,  . . . , N n  (Mid-surface nodes where n s 9) 

COVER elements must be t r i a n g u l a r  o r  q u a d r i l a t e r a l  when OPTIOW=Y 

of the  MASS Processor i s  used. 

l l lega l  Cond i t ions  : 
M I ,  N2 ,  . . . , N 9  i s  n o t  a mid-surface node 

Cover depth less  than 1 0 ' ~  

Reentrant angle 

Warped upper o r  lower p l a t e  component 

Length o f  any edge l ess  than 1 0 " ~  

* Defaul t  th ickness i s  1.0 

+ 
F3- C. C. 

EXPANSION KEYS 

PROPEUnES NO. INPUT VALUES 

Illegal Condit ions : 
Any proper ty  value less  thar! zero 

Thickness equal t o  zero  when the F2-weight op t i on  i s  used 

CG l oca t i on  outs ide  a p l a t e  boundary 

6 

1 
2 

1 4 1  - 5 

1 1  1 
I 

2 ' 2  

3 ! 1 3  
Y-U 
NODE-L 
X- L 

WEIGHT-U 
WEIGHT-L 
NODE-U 
X-0 

' 4  4 .  

' 1  
2 

Y-L ll 
/ 



MASS P L A T E  ELEMENT 

IOENTIFICATION: PLATE o r  5 

GENERAL DESCRIPTIOII: Three t o  nine edges 

MODES : 

ELEMENT REF EKEMCE 
FRAME : 

M I ,  N2, N3, Nu (and N5, . . . , N9) are nodes def in ing the element 

corners. Nodes must be input sequent ial ly i n  e i t h e r  a clockwise o r  

counterclockwise d i  rect  ion. 

The x-y plane i s  para l le l  t o  the element. The o r i g i n  i s  a t  N l  and 

the axes are or iented such tha t  the Y-coordinate o f  N2 i s  zero and 

the y-coordinate o f  N3 i s  greater than zero. 

SECT l ON PROPERTIES : t =thickness 

N O D E = A  node on a 1 ine tha t  i s  perpendicular t o  the plate.  The 

in tersect ion o f  t h i s  l i n e  and the p la te  defines the element 

CG locat ion. 

X = x-coordinate o f  C G  r e l a t i ve  t o  the element reference frame 

Y = y-coordinate o f  C G  r e l a t i ve  t o  the element reference frame 

MODAL INPUT: MI, ~ 2 ,  ~ 3 .  . . . , Nm where m 5 9 

PLATE elements must be t r iangu la r  o r  quadr i la tera l  when OPTION = 4 

of the MASS Procsssor i s  used. 

I l l e g a l  Condit ions: 

Length o f  an edge less than 1 0 ' ' ~  

Reentrant angle 

Warped e' .?n t  



SECT l ON PROPERTY 
INWT: 

D e f a u l t  thickness i s  1.0 0 -C.G.  
PROpERnES 

WEIGHT 
NODE 
X 
r 

l ega l  Conditions : 

Any property value less than zero  

Thickness equal t o  zero  when the  F2-weight opt ion i s  used 

C G  l o c a t i o n  outside the p l a t e  boundary 

F1o'B(lfPI 

DENS1 Tv 
t 

P R Q P ~ ~ E S  R"*Llw 
' 

WE1 GH T 
t 

. EXPANSlW KEYS ' 

.NO. INPUT V m  

L 

2 

1 
2 

EXPANflW m 
. W. fNWT VUUES. 

2 
4 

1 
2 

2 

WPANflW ms 
NQ INPUT VALUES 

3 

1 

2 
3 - 

I 

1 
* 

2 

1 
2 

h 



MASS SCALAR ELEMENT 

IOEHTIFICATIOI:  SCAUR o r  9 

GENERAL OESCRl P T l  ON: Six degree-of -f reed- concent rated mas8 element 

NODES: N l  i s  a node that  defines the CG o f  the element 

ELEMENT PROPERTIES : WE l GnT 

I = XXX The loca l  coordinate system r e l a t i v e  t o  which the element 

i n e r t i a  values are defined. 

(Default = GLOBAL) 

I = - -The characters I = 
XXX - -The name of a loca l  coordinate system defined by 

the nodal data 

I XX 

I Y Y  

I ZZ 

I XY 

I xz 
IYZ 

NODAL INPUT: N I 

ELEYENT PROPERTY 
INPUT: 

The weight noaents o f  i n e r t i a  d f  the element about 

a loca l  x-y-z right-handed Cartesian systea wi th  i t s  

o r i g i n  a t  N l  and an o r ien ta t ion  defined by I = XXX. 
' The products of intrtia.lXY,IXZ. IYZ, are defined as 

fol lows : 
~ i j = - P / ; ~ x ~ d v .  

NOTE : Input options F I  and F3 are not  avai lable f o r  t h i s  element 

I l l e g a l  Conditions : 

l Weight less than zero 

l Local c00rd inate system fo r  i ne r t i a s  i s  not  rectangular. 



APPENDIX D 

SUBSTRUCTURE ANALiS  I S  V I A  ATLAS 

S u b s t r u c t u r e  a n a l y s e s  v i a  t h e  ATLAS System are most 
c o n v e n i e n t l y  performed by u s e  of  t h e  c a t a l o g u e d  C o n t r o l  Proqram 
s t a t e m e n t s  p r e s e n t e d  i n  appendix  E. The m a t r i x  o p e r a t i o n s  
performed v i a  t h e s e  c o n t r o l  p rocedures  are r e f e r e n c e d  w i t h i n  
t h i s  appendix  which d e s c r i b e s  t h e  method o f  s o l u t i o n  of the  
s u b s t r u c t u r e  e q u a t i o n s .  

The s t a t i c - e q u i l i b r i u m  m a t r i x  e q u a t i o n  a s s o c i a t e d  w i t h  
a t y p i c a l  m b s t r u c t u r e  can be  w r i t t e n  as: 

( r e f .  SS-MERGE (ST1 FFNESS) and SS-MERGE (LOADS) ) , where t h e  
f o l l o w i n q  nomencla ture  has  been adopted :  

Row 1 = The FREE noda l  freedoms--those which a r e  no t  
t o  be i n t e r a c t e d .  

Sow 2 = The RETAINED nodal  f reedoms-- those which a r e  
r e t a i n e d  f o r  g e n e r a t i o n  of a reduced s t i f f n e s s  
matrix. Freedoms which a r e  i n t e r a c t s d  a r e  
i n c l u d e d  i n  t h i s  qroup. 

R o w  3 = The SUPPORTED nodal  f reedoms-- those  which have  
u s e r - s p e c i f i e d  (zero or nonzero)  d i sp l acemen t s .  

K i j  = The i- j s t i f f n e s s  m a t r i x  p a r t i t i o n .  

D i j  = The i - j  d i sp l acemen t  ma t r ix .  D 3 1  is known, 
whareas Dl1 and D21 a r e  unknown. 

Lij = Tha i- j known a p p l i e d  l o a d s  ma t r ix .  

Ei j = The i - j  unknown r e a c t  jon l o a d s  matxix. 

Equat ion  (1) c a n  be expanded as fo l lows :  

S o l u t i o n  of eq. (2 )  for Dl 1 y i e l d s :  



D l 1  = K l l - 1  [ L l l  - K 1 2 * D 2 1  - K 1 3 * D 3 1  ] 

S u b s t i t u t i n q  t h i s  into eq. ( 3 )  yields: 

or R 2 1  = KRED*D21 - LRED 

where KRED = K22 - K 2 1 * K l l - l * K 1 2  
and LRED = L 2 1  - K 2 1 * K 1 1 - l [ L 1 1  - K 1 3 * D 3 1 ]  - K23*D31  

Decompose K 1 1  s u c h  t h a t  

A f o r w a r d - s u b s t i t u t i o n  p a s s  on  K12 (ref. SS-REDU(ST1FFNESS)  
and  SS-REDU (LOADS) ) y i e l d s :  

s u c h  t h a t  t h e  reduced s t i f f n e s s  m a t r i x  can be expressed as 

(ref .  SS-REDU ( S T I F F N E S S )  ) . 
Def i n i n q  

(ref. SS-REDU (LOADS) ) and performinq a f o r w a r d - s u b s t i t u t i o n  
pass  o n  B y i e l d s  

s u c h  t h a t  t h e  reduced  l o a d s  m a t r i x  c a n  be e x p r e s s e d  a s  

LRED = ( L 2 1  - K 2 3 * D 3 1 )  - A ~ * C  

The f o l l o w i n q  m a t r i x  i s  r e q u i r e d  f o r  s u b s e q u e n t  b a c k - s u b s t i t u t i o n  
s o l u t i o n s  ( r p f .  SS-REDU (LOADS) ) t o  s u p p o r t  stress a n a l y s i s  

A Guyan-reduced mass m a t r i x  a s s o c i a t e d  w i t h  a  t y p i c a l  
s u b s t r u c t u r e  f o r  subsequen t  m a s s / v i b r a t i o n  a n a l y s e s  i s  based  



o n  eq. (5) w i t h  L11 = 0. Unforced,  dynamic e q u i l i b r i u m  of the 
FPEE and  RETAINED k i n e m a t i c  f reedoms y i e l d s  t h e  f o l l o w i n g  
e x p r e s s i o n  for t h e  r educed  mass matr ix:  , 

and  t h e  f o l l o w i n q  n o t a t i o n  h a s  b e e n  adopted:  

I = An i d e n t i t y  m a t r i x  

~i j = The i- j mass m a t r i x  p a r t i t i o n  
( r e f .  SS-MERGE (MASS) ) . 

Expandinq eq. (17) y i e l d s  

MRED = M22 + ~ ~ * ~ 1 2  + M I ~ ~ * G  + G ~ * M I  I*G (19) 

(ref.  SS-REDU (MASS) ) tor the reduced  mass mat r ix .  

Subsequent  co c a l c u l a t i n g  t h e  f o r e g o i n g  reduced m a t r i c e s  
f o r  a l l  t h e  s u b s t r u c t u r e s  t h a t  i n t e r a c t  t o  form a h i q h e r - l z v e l  
s u b s t r u c t u r e ,  t h e  m a t r i c e s  a r e  merged by t h e  d i r e c t  s t i f f n e s s  
app roach  ( r e f .  SS-MERGE) . These s o l u t i o n  s t e p s  (eq. 1-1 9 )  are 
r e p e a t e d  f o r  each s u b s t r u c t u r e  i n c l u d e d  i n  a m u l t i l e v e l  
s u b s t r u c t u r e  a n a l y s i s .  When +he h i q h e s t - l e v e l  s u b s t r u c t u r e  
i s  reached ,  f i n a l  m a t r i x  r e d u c t i o n s  a r e  performed.  

I f  a v i b r a t i o n  a n a l y s i s  i s  t o  be performed on :~e h i g h e s t -  
l e v e l  s u b s t r u c t u r e ,  t h e  reduced  mass and s t i f f n e s s  mac r i ce s  
a r e  a s s o c i a t e d  w i t :  boundary-condi t ion  s t a g e  number one  and 
a s t i f f n e s s / m a s s  d a t a  set number d e f i n e d  v i a  t h e  i n t e r a c t  data 
(sec, 130.0).  These m a t r i c e s  a r e  s u b s e q u e n t l y  i n p u t  t o  the 

VIBPATION P r o c e s s o r  (sec. 258.1) . 
I f  a  s t r e s s  a n a l y s i s  i s  b e i n q  performed,  t h e  i n t e r a c t i o n  

e q u i l i b r i u m  e q u a t i o n s  for t h e  h i q h e s t - l e v e l  s u b s t r u c t u r e  a r e  
s o l v e d  us inq  a r e d u c t i o n ,  s o l u t i o r t  arid h a c k - s u b s t i t u t i o n  approach  
that accoun t s  for any r e t a i n e d  f reedoms ( re f .  SS-SSOL) . The 
unknown d i s p l a c e m e n t s  D 2 1  f o r  t h e  h i q h e s t -  l e v e l  s u b s t r u c t u r e  
a r e  c a l c u l a t e d  a s  

The unknown free d i s p l a c e m e n t s  a re  c a l c u l a t e d  by 



and  t h e  unknown r e a c t i o n s  R31 are c a l c u l a t e d  a s  f o l l o w s  ( r e f .  
eq. 4 and 16) 

Displacement  m a t r i c e s  D21 ( f o r  t h e  i n t e r a c t e d  freedoms)  
f o r  a l l  s u b s t r u c t u r e  components forming t h e  h i q h e s t - l e v e l  
s u b s t r u c t u r e  a r e  q e n e r a t e d  by a p p r o p r i a t e  p a r t i t i o n i n g  of m a t r i x  
Dl 1 and  D2 1 ( r e f .  SS-PART) . 

The l o a d - c a s e  dependent  matrices C, D 3 1 ,  LRED and E are 
expandsd column-wise such  t h a t  t h e i r  column o r d e r  and d imens ion  
a r e  compa t ib l e  w i t h  t h e  associated D21 m a t r i c s s .  T h i ~  is 
r e q u i r e d  s i n c e  d i f f e r e n t  l o a d  c a s e s  may be a s s o c i a t e d  w i t h  t h e  
d i f f e r e n t  s u b s t r u c t u r e  components. These expanded m a t r i c e s  
a r e  denoted  by cE, ~ 3 1 ~ ,  L R E D ~  and  E ~ .  

The unknown FREE d i s p l a c e m e n t s  a s s o c i a t e d  w i t h  a  lower- 
l ~ v e l  s u b s t r u c t u r e  c a n  now be c a l c u l a t e d  by d e f i n i n g  

and performinq a  backward - subs t i t u t ion  p a s s  

(ref .  SS-BACK) . 
BY eq. (7) t h e  unknown r e a c t i o n s  R21 c a n  be c a l c u l a t e d  as 

A d d i t i o n a l l y ,  by eq. (4) and  eq. (16) t h e  unknown r e a c t i o n s  
R31  a r e  c a l c u l a t e d  a s  

These s o l u t i o n  s t e p s  a r e  performed f o r  e a c h  l e v e l  of  
i n t e r a c t i o n  u n t i l  the l o w l s t - l e v e l  s u b s t r u c t u r e  d i s p l a c e m e n t s  
and r e a c t i o n s  a r e  c a l c u l a t e d .  Subsequent  t o  t h i s ,  t h e  STRESS 
Processor (sec. 254.0) may be e x e c u t e d  t o  c a l c u l a t e  e l emen t  
s t r e s s e s .  



AePeJDIX E . 

ATLAS STANDARD CATALOGED CONTROL PROCEDURES 

The purpose of t h e  ATLAS, s t a n d a r d ,  c a t a l o g e d  c o n t r o l  
procedures  is t o  a s s i s t  the user i n  c r e a t i o n  o f  h i s  C o n t r o l  
Program f o r  t y p i c a l  s t r u c t u r a l  a n a l y s e s .  S t a n d a r d  c o n t r o l  
procedures  a r e  a v a i l a b l e  f o r  direct r e f e r e n c e  f c r  a n a l y s i s  of 
stit f ness  and mass SET/STAGE s t r u c t u r a l  components and f o r  
s u b s t r u c t u r e  components. The SETISTAGE procedures ,  a s  d e s c r i b e d  
i n  s e c t i o n  E.l, a s s i s t  t h e  u s e r  i n  assemblage and r e d u c t i o n  
of s t r u c t u r a l  m a t r i c e s  and i n  per forming stress and d e s i g n  
ana lyses .  The s u b s t r u c t u r e  procedures ,  a s  d e s c r i b e d  i n  s e c t i o n  
E . 2 ,  a s s i s t  t h e  use r  i n  assemblage and r e d u c t i o n  of s t r u c t u r a l  
m a t r i c e s  and i n  performing i n t e r a c t i o n  s o l u t i o n s  a s s o c i a t e d  
with s u b s t r u c t u r e  ana lyses .  Use of b o t h  t y p e s  of procedures  
i s  i l l u s t r a t e d  by the sample problems i n c l u d e d  i n  appendix  F. 

A s  d e s c r i b e d  i n  s e c t i o n  200.0, a c a t a l o g e d  procedure  i s  
i n c l u d e d  i n  a C c n t r o l  Program v ia  the ATLAS s t a t e m e n t  "PEhFORM 
Procedure. The f u n c t i o n  o f  each s t a n d a r d  procedure and t h e  
e q u i v a l e n t  sequence o f  ATLAS s t a t e m s n t s  i d e n t i f i e d  by each  
procedure a r e  d e s c r i b e d  he re in .  It s h o u l d  be noted t h a t  t h e  
s t a n d a r d  procedures  d o  n o t  i n c l u d e  any preprocess ing  o r  
pos tp rocess ing  s t a t emen t s ,  Thus, p r e p r o c e s s i n g  of i n p u t  data 
(F EAD INPUT) and pos tp rocess ing  a c t i v i t i e s  (PRINT, GRAPHICS, 
SAVE) must be i n i t i a t e d  by use r - supp l i ed  C o n t r o l  Program 
s t a t e m e n t s ,  



E- 1--ATLAS SET/STAGE-STRU- STAN& CONTROL PROCEDURES 

T h e  f unc t i on  of each s tandard  c o n t r o l  procedure provided 
f o r  ana ly se s  of SET/STAGE s t r u c t u r a l  models i s  desc r ibed  in 
t h e  fo l lowing t ab l e .  Each of t h e s e  procedures  is r e t r i e v e d  
au tomat ica l ly  v i a  t he  ATLAS s ta tement  

PERFORM [Procedure) < ( P l i s t )  > 

a s  desc r ibed  i n  s e c t i o n  200.4.1. 

1 Each i n t e g e r  i n  t h i s  column denotes  which one of t h e  
to l lowing ba s i c  ATLAS-System parameters ,  with t h e  d e f a u l t  
va lue  shown, i s  a s soc i a t ed  with t h e  ltProcedure. 

A listing of t h e  SET/STAGE s tandard-con t ro l  procedures 
is included i n  t h e  fol lowing pages. The User-Matrix names 
ass igned  by t h e  execution-statement parameters  w i th in  t h e s e  
procedures may be replaced by use r - se lec ted  names v i a  t h e  PERFORM 
sta tement  parameter l ists ( s ee  set. 200.4.1). 

m 

Procedure 
Name 

DESIGN 

F-REDUCE 

K-F ECUCE 

M-kECUCE 

F EDUCE 

R- STRESS 

STEESS 

I 

Function 

Perform a f u l l y - s t r e s s e d  des ign  
(free and suppor t  freedoms) 

Generatereducedstiffness and 
f l e x i b i l i t y  nra tr ices 

Generate a reduced s t i f f n e s s  
matr ix  

Generate a reduced mass matrix 

Generate reduced st  if f n e s s  and 
mass ma t r i c e s  

Perform a stress a n a l y s i s  ( f r e e ,  
r e t a i n e d  and suppor t  freedoms) 

Pertorm a stress a n a l y s i s  
( f r e e  and suppor t  freedoms) 

9 

P l i s t  Option1 
I 

1, 2, 3, 4, 5 ,  
7 

1, 2, 3 ,  6 

4 

I, 2, 3 ,  6 

1, 2,  3 ,  6 ,  8 

1, 2, 3, 6, 8 

1, 2, 3, 4, 5, 

1, 2, 3 ,  4 ,  5 ,  
7 



PROCEDURE DESIGN ***************************************************************** 
C PURPOSE: PERFORM A FOLLY STRESSED RESIZE OF A 
C STRUCTURAL MODEL BY MODIFYING STIFFNESS ELEMF?r * 
C PROPERTIES (ACCORDING TO STRENGTH AND BUCKLE:;: * 
C CRITERIA) UNTIL EITHER THE CONVERGENCE CRITERIA * 
C AhrE S A T I S F I E D  OR THE FINAL CYCLE IS EXECUTED. 
C rt 

C METHOD: 1 .  COMPUTE INITIAL WEIGHT * 
C 2.  EXECUTE STIFPNESS, SPRESS, DESIGN AND MASS * 
C PROCESSORS FOR DESIGN CYCLES BEGCYCL THROUGH * 
C ENDCYCL. THE INITIAL CYCLE (BEGCYCL) AND t 
C THE FINAL CYCLE (ENDCYCL) MUST BE DEFINED VIA * 
C FORTRAN STATEMENTS I N  THE CONTROL PROGRAM. 
C IF CONVERGENCE TESTING IS DESIRED, VALUES t 
C MUST BE S P E C I F I E D  FOR THE CONVERG ( I )  * 
C VARIABLES I N  THE CONTROL PROGRAM. * 
C CONVERGENCE OPTIONS ARE AS FOLIDWS: t 
C A) YIXLMUM ALLOWABLE H A T 1 0  BETWEEN NEW AND * 
C OLD PROPERTIES FOR S P E C I P I E D  ELEWNT * 
C TYPES - - - CONVERG ( 1 ) THRU CONVERG ( 1 1 ) * 
C FOR RODS THRU SPLATES * 
C B) MAXIXUM ABSQLUTE CHANGE I N  TOTAL WEIGHT 
C FOR 2 CONSECUTIVE CYCLES - - - C-RG * 
C ( 1 4 )  * 
C C) MAXIMW ABSOLUTE RATIO O F  WEIGHT CHANGE * 
C TO THE NEW WTAL WEIGHT FOR 2 CON- * 
C SECUTI VE CYCLES - - - COIWERG(l5)  ? 
L" A PRINT OF THE CONVERGENCE SUMMARY DATA MAY * 
C BE OBTAINED BY SPECIFYING A NONZERO VALUE FOR * 
C CONVERG ( 16) . CONVERGENCE FOR A SET OR STAGE * 
C NUMBERED OTHER THAN ONE WILL REQUIRE I S E T  * 
C AND/OR ISTAGE TO BE I N I T I A L I Z E D .  IF THE USER * 
C DESIRES TO PRESERVE SNhRK P O S I T I O N S  I N  THE * 
C CONTROL PROGRAM, THE LARGEST POSITION NUMBER * 
C MUST BE STORED IN IPOS. * 
C 3 .  GENERATE LOADS I N  THZ FIRST CYCLE ON,,Y, * 
C 4. IF BEGCYCL IS NIT EQUAL TO 1 ,  A RESTART IS * 
C ASSUMED AND FILE SAVESS4 IS LOADED. * 
C 5. RESULTS ARE SAVED ON FILE SAVESS4 AND SHOULD * 
C BE PRESERVED FOR RESTART. 
C * 
C RESULT: 1 .  MODIFIED STRUCTURAL PROPERTIES ON DATARNF * 
C 2 .  STRUCTURAL WEIGHT PRINTED FOR EACH CYCLLE a 
C 3 .  D 1 1 , D 3 1  - NODAL DISPLACEMENT PARTITIONS t 
C 4 ,  H 3 1  --------- MATRIX OF REACTIONS FOR SUPPORT 
C FREZDOMS 
C 5 .  TOTAL STRUCTURAL NODAL DISPLACEXENTS (ON * 
C STRERNF) 
C 6 .  ELEXENT STRESSES * 



C 7. ALL DATA GENERATED BY -DESIGN PROCESSOR * 
C ( DES IRNF) * 
C * 
C SCRATCH MATRICES: a 
C FILES CHOLRNF, MERGRNF, MULTRNF, STIF'RN?', MASSRNF * 
C AND STRERNF ARE SUBJECT TO PURGE DURING * 
C INTERMEDIATE CYCLES. t t 

C * 
C V S I A b L E  NAMES USED: * 
C BEGCYCL, CURCYCL, ENDCYCL,CONVERGo ISET, ISTAGE, IPOS * 
C * 
C USER NOTE: * 
C THE CALL (CATM, KONTROL) CARD MUST BE USED AND THE * 
C FIRST STATEMENT IN THE CONTROL PROGRAM MUST BE: * 
C BEGIN CONTROL MATRIX PROGRAM * 
C ADDITIONALLY, THE FOLLOWING STATEMENTS MUST BE * 
C INCLUDED AT THE BEGINNING O F  A CONTROL PROGRAM * 
C THAT INCLUDES THIS PROCEDURE: * 
C US Eti COMMON (BEGCY CL. ENDCYCL. CURCYCL, CONVERG , I SET, I STAGE * 
C X I PO S) * 
C INTEGER EEGCYCL,ENDCYCL,CURCYCL * 
C DIMENSION CONVERG (1 7 )  * 
C**************************************************************** 

I F  (BEGCYCL 8 LTo 1) BEGCYCLz1 
I F  (ENDCYCL .LT. BEGCYCL) aDCYCL=BEGCYCI. 
CURCYCL = BEGCYCL 
XF(6EiGCYCL .EQ. 1) GO TO 7 0 0 0 1  

C 
C THIS IS A RESTART, 
C LOAD RANDOM FILES FROM SAVESS4 

LOAD FILES (SAVESSU=EEWIND) 
SAVE HATRIX (SAVESSU=REWIND.MERGRNF,Lll , L 3 1  ,D31) 
GO TO 7 0 0 0 2  

7 0 0 0  1 CONTINUE 
C 
C BEGCYCL = 1, 
C COMPWE AND PRINT I N I T I A L  WEIGHT 

EXECUTE MASS (SET= 1)  
7000 2 CONTINUE 

CALL DESCONS 
SF(CURCYCL .EQ. 0) CALL EXIT 

C 
C DESIGN CYCLES BEGCYCL THROEH ENDCYCL 
7 0 C 0 3  CONTINUE 

EXECUTE STIFFNESS (SET=1 ,LUMP=O. 0) 
EXECUTE MERGE(STIFFNESS,SET=l,STAGE=1,K11=11,K13=13,K33=33) 
IF(CUKCYCL aGT* I )  GO TO 7 0 0 0 4  



C 
C BEGCYCL = 1, 
C GENERATE LOADS 

EXEUTE LOADS (SET=1 .STAGE=l ,LC=ALL,MATERIAtICONSTANT) 
EXECUTE MERGE(LOADS,SET=l,STAGE=l,LI 1 = 1 1 , L 3 1 = 3 1 )  
EXECUTE MERGE (DISPLACEHE, SET=1 ,STAGE= 1, D 3  I =  3 1 )  
SAVE MATRIX (SAVESS4=RH4IND,M~GRNF,LIl , L 3 1  ,D31 J 

7 0 0 0 4  CONTINUE 
EXECUTE MULTIPLY (TEMP=[ L1l -K 1 3 * D 3 1 j )  
EXECUTE CHOLESKY (SOLVE, K 1 1 ,  D l  1 , TEMP) 
IF(CURCYCL .Earn ENDCYCL) GO C . J  7 4 0 0 5  

C 
C INTER13EDIATE CYCLE, ASSEMBLE DISPLACEMENTS AND 
C COMPUTE STRESSES I N  INTERNAL ORDER 

EXECUTE STRESS(SET=1,STAGE=1,INTEBNALfD1=C11,D3=D31}OPT=( l e  2 ) )  
GO TO 7 0 0 0 6  

70005 CONTINUE 
C f 
C LAST CYCLE, ASSEMBLE DISPLACEMENIS AND i 

. . 
C COMPlITE STRESSES I N  USER ORDER 

EXECUTE STRESS(SET=~,STAGE=~,D~=D~~,D~=D~~,OPT=( l e  2 ) )  
7 0 0 0 6  CONTINUE 

EXECUTE DESIGN(SET=l,STAGE=l ,CYCLE=CUHCYCL,PROCEWRE=l) 
EXECVT E MASS (SET= 1) 
CALL DESCONS 
IF(CURCYCL .GE. ENDCYCL) GO TO 7 0 0 0 7  
PUhGE F I L E S  (MERGRNF, CilOLRNF, MULTRVF, STIFRNF, STRERNF,MASSRNF) 
LOAD F I L E S  (SAVESS4-REWIND) 
CURCYCL = CUhCYCL + 1 
GO TO 7 0 0 0 3  

70G0 7 CONTINUE 
C 
C LAST CYCLE, 
C COMPUTE KEACTIONS AND PREPARE SAVESS4 

E; :?UTE MULTIPLY ( R 3 1 = [ - I 3  1 +K13  (T) *Dl l + K 3 3 * 0 3 1 ] )  
SAVE MATRIX (SAVESS4, MULTRNF, R3 1 ) 
SAVE MATFIX (SAVESS4, M#GSKNF, TOTLWT*) 
SAVE FILES (SAVESS4, DASAFI\!F, 3 E S I F I i i ; ,  L i ;AGHNF,STh S N F )  



PROCEDUSE F-REDUCE 
C**t*******************t******************%********************** 
C PURPOSE: GENERATE A REDUCED STIFFNESS MATRIX AND A REDUCED* 
C FLEXIBILITY HATRIX * 
C 
C METHOD: 1 GENERATE ELEMENT STIFFNESS MATRICES * 
C 2. ASSEMBLE T?IE STRUCTURAL STIFFNESS MATRIX * 
C 3. CALCULATE THE REDUCED STIFFNESS MATRIX * 
C 4. CALCULATE THE REDUCED FLEXIBILITY MATRIX BY * 
C INVERTING THE REDUCED STIFFNESS MATRIX a 
C * 
C RESULT: 1, KnED -------0 THE REDUCED STIFFNESS MATFUX * 
c 2. FRED -------- THE REDUCED FLEXIBILITY MATRIX * 
C * 
C SCRATCH MATRICES: * 
C FKl2, DFRED, DKRED,Kl 18K12,K22 * 
C**************************************************************** 

EXXUTE STIFFNESS (RUN=STIFFNESS ?SET= 1 LUMP=O* 0) 
EXECUTE MERGE (STIFFNESS,SET=l ,STAGE=1, K 1 1 = 1  1,K12= 12,K22=22) 
EXECUTE CHOLESKY (DEFO.KI 1,FK12,Kl2) 
EXEC UTE MULTIPLY (KRED=[ K22-FK12 (T) *FK12 1) 
EXECUTE CHOLESKY (DECO, KRED=DKRED) 
EXECUTE CHOLESKY (IFOR,DKRED, DFRED) 
EXEC UTE MULTIPLY (FRED=[ DFRED (T) *DFRED]) 

PFOCEDUbE K-REDUCE 
c**************************************************************** 
C PURPOSE: GENERATE A REDUCED ST1 FFNESS MATRIX * 
C * 
C METHOD: 1. GENERATE ELEMENT STIFFNESS MATRICES * 
C 2. ASSEMBLE THE STRUCTURAL STIFFNESS MATRIX * 
C 3. CALCULATE THE REWCED STIFFNESS MATRIX * 
C * 
C FESULT: 1. KRED -------- THE REDUCED STIFFNESS MATPI X * 
C * 
C SChATCH MATRICES: * 
C FK12,Kll ,K12,K22 * 
C*************************************$************************* 

EXECUTE STIFFNESS (RUN=STIFF'NESS, SET= 1 ,LUMP=O. 0)  
EXECUTE MERGE(STIFFNESS,SET= 1, STAGE= 1,K11=1 l ,Kl2=12,K22=22)  
EYECUTE CHOLESKY (DEFO,K11 ,FK12 ,K l2 )  
EXECUTE MULTIPLY (KRED=[K22-EX12 (T) *FK12 1) 



CONTROL 
PROCEDURES 

PFOCEDUEE M-REDUCE 
C**************************************************************** 
C PURPOSE: GENERATE A GUYAN-REDUCED MASS MATRIX * 
C * 
C METHOD: 1. GENERATE EtmENT STIFFNESS AND W S  MATRICES * 
C 2 ASS MBLE REQUIRED PARTITIONS OF STRUCTURAL * 
C STIFFNESS AND MASS HATRICES * 
C 3. CALCULATE THE REDUCED MASS MATRIX * 
C * 
C FESULT: 1. MRED -------- THE GUYAN-REDUCED MASS MATRIX * 
C * 
C SCRATCH MATRICES: * 
C DBS,Kll,K12,Nll,M12,M22,TEMP * 
C******#******************************************************** 

EXECUTE STIPFNESS (RUN=STIFENESS, SET= 1 .LUMP=O. 0) 
EXECUTE MASS (SET= 1,OPTION=4) 
E X E W E  MERGE(STIFFNESS,SET=1,STAGE=1,K11=11,K12=12) 
EXECUTE MERGE(MASS,SET=l,STAGE=l .M11=1 l,M;2=12,M22=22) 
EXECUTE CHOLESKY (SOLVE, K 1 1 , DEE, K 1 2) 
EXECUTE MULTIPLY (TEAW=[ MI I * D S  1) 
EXECUTE MULTIPLY (MRED [ M22-DBS (T) *M12-N12 (T) *DBS+DBS (T) *TEMP 1) 

PROCEDURE &EDUCE 
c**************************************************************** 
C PURPOSE: GENERATE A REDUCED STIFFNESS MATRIX AND A GUYAN- * 
C REDUCED MASS MATRIX * 
C * 
C METHCD: 1, GENEZAFE ELEMENT STIFFNESS AND MASS MATEICES * 
C 2. ASSEMBLE STRUCTURAL STIFFNESS AND MASS * 
C MATRICES * 
C 3. CALCULATE REDUCED STIFFNESS AND MRSS MATFiICES * 
C * 
C FESULT: 1. KRED -------- THE REDUCED STIFFNESS MATRIX * 
C 2, MEED o-o----- THE GUYAN-REDUCED MASS MATRIX * 
C * 
C SCRATCH M?.TRICES: * 
C DBS.DK11 ,FKl2,Kl1 ,K12.K22,Ml 1,M12,M22,TFNP * 
c**************************************************************** 

EXECUTE STIFFNESS (RUN=STIFFNESS, SET= 1 ,LUMP=O. 0) 
EXECUTE MASS (SET= 1, OPTION = 4) 
EXECUTE MERGE(STIFFNESSfSET=1.STAGE=1,K11=11.K12=12,K22=22) 
EXECUTE MERGE(MASS,SET=l,STAGE=l ,Mll=11,M12=12,M22=22) 
EXECUTE CHOLESKY (DEFOfK11=DK1 1,I?Kl2,K12) 
EXECUTE CHOLESKY (BACK,DK11, DBS, FK12) 
EXECUTE MULTIPLY(KRED=[K22-FK12 (T)*FK12]) 
EXECUTE MULTIPLY (TEMP=[ MI I *DES 1) 
EXECUTE MULTIPLY (MRED-I M22-DBS (T) *MI 2-MI 2 (T) *DUS+DBS (T) *TEMP 1) 



PROCEDU EE E- STRESS 
~***$*+#$*+*****+$*+*************************************4******* 

C PURPOSE: GENERATE NODAL DISPLACEMENTS, ELEMEm STRESSES L 
C AND REACTIONS H)R A MODEL WITH E'REE, RETAINED * 4 :!' C AND SUPPORTED FREEDOLIS. * - 

I, C 
C METHOD: 1 . GENERATE ELmENT STIFFNESS AND STRESS MATRICES* 
C 2. GENERATE LOADS INPORMATION * 
C 3. ASSEMBLE THE STRUC'TURAL STIFFNESS MTRIX * 
C 4. ASSEHBCE STRUCTURAL IDADS AND SPECIFIED t 
C SUPPORT DISPLACEMENTS * 
C 5 ,  CALCULATE DISPLACPIENTS, STRESSES AND REACTIGNS* 
C * 
C RESULT: 1, Dl 1, D21, D31 - NODAL DISPLACMENT PRRTITIONS * 
C 2. ~ 3 1  --------- HATRIX OF REACTIONS FOR SUPPORT * 
C FREEDOMS * 
C 3. TOTAL STRUCTURAL NODAL DISPLACEMENTS (ON 
C STR ERNF) * 
C 4. ELEMENT STRESSES * 
C * 
C SCRATCH MATRICES: * 
C FK12,KRED,K11 ,K12,K13,K22,K23.K33,L,L11,L21,L3l8 * 
C TEMPI, TEMP2, TEMP3 ,TRJIP~ * 
C NOTE THAT KRED IS THE REDUCED STIFFNESS MATRIX * 
c**************************************************************** 

EXECUTE STIFFNESS (SET= 1, LUMP=O. 0 )  
EXECUTE LOADS (SET= 1, STAGE= 1 ,IC=ALL,MATERIAL=CONSTANT) 
EXWUTE MERGE(STIFE'NESS,SET=l,STAGE=1,Kll=l l,K12=12,K13=13, 

X K22-22, K23= 23, K33=33) 
EXECUTE MERGE (LOADS, SET=1, STAGE= 1 ,Ll I =  1 1, L2 1=2 1, L3 1 = 3  1) 
EXECUTE MERGE(DISPLACEMmTS,SET=l ,STAGE=1 ,D31=31) 
EXECUTE CHOLESKY(DEFO,Kll=L,FK12,K12) 
EXECU'FE MULTIPLY (KRED=[ K22-FK12 (T) *FXl2 1) 
EXECUTE MULTIPLY (TEMPI=[ L 1 1-K 13*D31]) 
EXECUTE CHOLESKY (FORW,L,TEMP2 ,TmP1) 
EXECUTE MULTIPLY (TEMP3=[ L21-K23*D31-FK12 (T) *TEMP2 1) 
EXECUTE CHOLESKY (SOLVE,KRED,D21,TEMP3) 
EXECUTE MULTIPLY (TEMP4=[ TEHP2-FK12 *D2 1 1) 
EXECUTE CHOLESKY (BACK, L, Dl 1 ,TXMP4) 
EXECUTE STRESS (SET=18STAGE=1,Dl=D1 l,D2=D21,D3=D31,0PT=( 1 . 2 ) )  
EXECUTE MULTIPLY(R31=[-L31+K13(T) *Dll+K23(T)*DZl+K33*D31]) 



CONTROL 
PROCEDURES . . . 

PROCEDURE STRESS 
C+**+4*44*4***44+8*4****+++*****+*+**4*********&&****4+****** 

C PURPOSE: GENERATE NODAL DISPLACEMENTS, ELDENT STRESSES 4 

C AND REACTIONS POR A MODEL WITH PREE AND r) 

C SUPKIRTED FREEDOMS * 
C 4 
C METHOD: 1, GENERATE ELE3ENT STIFFNESS AND STRESS MATRICES* 
C 2. aNERATE LOADS INFORMATION * 
C 3, ASSEMBLE THE STRUCI'URAL STIFFNESS MATRIX 4 

C 4. ASSMiLE STRUCTURAL LOADS AND SPECIFIED 
C SUPPuRT DISPJA-ENTS 4 
C 5. CALCULATE DISPLACEMENTS, STRESSES AND REALTIONS* 
c * 
C RESULT: 1. Dll,D31 ----- NODAL DISPLACEMENT PARTITIONS * 
C 2 ,  ~ 3 1  --------- MATFUX OF REACTIONS FOR * 
C SUPPORT FXEEDOMS * 
C 3. TUTAL STRUCTURAL NODAL DISPLACPllENTS (ON 4 

C STMRNF) t 

C 4. ELWENT STRESSES * 
C 4 
C SCRATCH MATRICES: * 
C Kl1,K 13,K33,Lll,L31,TEMP * 
C*****+*****+****84*********************************4***44**4**4* 

EXECUT'E STIFMESS (SET= 1 ,LUMP=O - 0 )  
EXECUTE LOADS(SET=1,STAGE=18LC=ALL,MATERIAL=CONSTANT) 
EXECUTE MEHGE(STIFFNESS,SET=l,STAGE=1,Klf=11,K13=13.Y33=33) 
EXECUTE MEPC,E(LOADS,SET=I,STAGE=~,L11=11,L31=31) 
EXECUTE MERGE (DISPLAm,SET= l,=AGE=q ,D31=3 1) 
EXECUTE MULTIPLY (TEMP=[ L11 -K7 3*D3 1 1) 
EXECUTE CHOLESKY (SOLVE, K 1 1, D 1 1, TEMP) 
EXECUTE STRESS (SET- 1 ,STAGE=l, D1=D 11 ,D3 =D3 1) 
EXECUTE MULTIPLY (R31=[ -L3 1 tK13 (T) * D l  1+K33*D3 1 1) 



E m  2--ATLAS SUBSTRUCTURE STANWLRD CONTROL PROCEDURES 

The function of each standard cont ro l  procedure provided 
fa-r analyses of substructure models is described i n  the following 
tihale, Each of these  procedures is re t r i eved  automatically by 
tl-; e A T W S  statement 

I PERFORM (Procedure) (Type, SS =CATlist) 

a s  described i n  sec t ion  200-4-2, 

The "Typem parameter must be input  a s  one o r  mre of t h e  words 
STIFFNESS, MASS o r  LOADS t o  i d e n t i f y  the type of matrices t h a t  
are t o  be assembled o r  reduced by t h e  SS-MERG and SS-REDU 
procedures. The parameter "SS=CATl ist, " however, must be 
spec i f ied  f o r  each of the  procedures. The numbers of t h e  
subst ructur~>s on which t h e  selected ana lys i s  function is t o  be 
perf orned al;: iden t i f i ed  by *CATSistW (see sec, 200 -4 - 2 )  

Procedure 
Name 

SS-MERG 

SS-REDU 

SS-SSOL 

SS-VSOL 

9 ,  e sequence of control  statements t h a t  is equivalent td 
each 9f the standaxd-control PERFORM statements f o r  subscsucture 
anaq,yse:; is preserited i n  the following pages. The User-Matrix 
m-nes a:;signed by thta execution-statement parameters v;it.hin these  
srocedu.res a r e  required f o r  substructure analyses. The 
&ar , ic te rs  xxx denote r-he substructure number, r ight-ad justed and 
zero--f illed, within each of the ?-character matrix names denoted 
herein- 

Y 

Rmctim 

Assemble spec i f i ed  nTypem of matrices 

Generate reducal matrices of spec i f ied  @Typen 

Solve t h e  in te rac t ion  equations f o r  the 
highest-level substructure 

Generate reduced s t i f f n e s s  and m a s s  matrices 
f o r  t h e  highest-level substructure f o r  sub- 
sequent v ibra t ion  analyses 

SS-PART P a r t i t i o n  t h e  displacement matrices and expand 
load-case dependent matrices f o r  back- 
subs t i tu t ion  ca lcu la t ions  

SS-B? ,i Solve f o r  displacements and reac t ions  using 
back-substitution 



CONTROL 
- ~ PROCEDURES ~ ~~ 

PER- SS-MERGE (STIFFNESS, SS=CATlist) 

T h i s  statement is used to assemble the e l a s t i c ,  element 
s t i f f n e s s  matrices far lowest-level substructures and to 
assemble reduced s t i f f n e s s  matrices assoc ia ted  with higher- 
love1 substructures .  The equivalent  A m  statement 

EXECUTE MERGE(STIFFNESS,SS=xxxaRETAIN=2,OPT1ON=2) 

is  generated for each subs t ruc ture  identified by C A T l i s t .  

PERFORM SS-MERGE (MASS, SS=CATlist) 

This  statement is used t o  assemble element mass matr ices  
for lowest-level subs t ruc tu res  and t o  assenble  reduced mass 
matrices associated w i t h  h igher- level  substructures .  The 
equivalent  A'ZZAS statement 

EXECUTE MEfEGE(MASS,SS=xxx,RETA;LN=2,0PTION=2) 

is generated for each subs t ruc ture  i d e n t i f i e d  by C A T l i s t ,  

PERFORM SS-MEKGE (LOADS, SS=CATlist)  
4 

Thi s  statement is used t o  assemble ncdal loads matrices for 
lowest-level substructures and t o  assemble reduced loads 
matrices fo r  higher- level  subs t ruc tures ,  All non-zero 
displacements spec i f ied  via boundary condi t ion d a t a  a r e  
a l s o  assembled. This statement is replaced by the  two 
ATLAS statements 

EXECUTE MERGE (LOADS, SS=xxx , XETAIN=2 ,OPTION=2) 
EXECUTE MERGE(DISPLACEME,SS=~XX~RETAIN=~~O~TION=~) 

f o r  each subs t ruc ture  i d e n t i f i e d  by CATlist, 

PERFORM SS-REDUCTION (STIFFNEES , SS=CATlist) 
This statement is  used t o  aenera te  reduced stiffness 
matrices.  It is replaced by the following two equivalent 
ATLAS statements for each suixiirtructure ident i f  ied by 
CATlist , 

EXECUTE CHOLESKY (DEF0,K 1 1Sxxx=LSU~xxx ,ASUBxxx, K 12Sxxx, 
OPTION = 2 ) 

EXECUTE MULTIPLY (KREDxxx=[ K22 Sxxx -kSUBxxx (T) *ASUBxxx 1, 
OPTION=2)  



PERFoRM SS-REDIJCTION (MASS, SSrCATlist) 

T h i s  statement i s  used to generate a Guyanoreduced mass 
matrix. It is replaced by the f o l l w i n g  set of equivalent 
ATLAS statements for each substructure identif ied by 
CATlist . 
EXECUTE CHOLESKY (DEFO,K11Sxxx=LSUBx%x,ASUBxxx, K 9 ZSlcxx, 

OPTfON=2) 
EXECUTE CHOLESKY (BACK, LSUBYUCX ,GSUBx%x,ASUBxxx, OPTION=2) 
EXECUTE MULTIPLY (HSUBKxx=[ M 1 1 Smcx*GSUBxxx ],OPTION=2) 
EXECUTE MULTIPLY (MREDxxx=[ M2 2 ~CXK-GSUBXJUC (T) *M 12Sxlcx 

-M12SKxx (T)  4GSUBxxx 
+GSUBxxx (T) *HSOBxzac ],OPTION=2) 

PERFORM SS-REDUCTION (LOADS, SS=CATlis t) 

T h i s  statement i s  used to generate reduced loads matrices. 
It is replaced by the following equivalent set of ATLAS 
statements for each substructure ident i f i ed  by C A T l i s t ,  

EXECUTE CHOLESKY (DEFO,K11Sxlcrt =LSUBxxx ,ASUBxxx,  lIl2Sxxx, 
OF'TIoN=2) 

EXECUTE MULTIPLY (BSUBxxx*[ L1 1 S x ~ x - K 1 3 S l o o r + D 3  ~S%X%] ,OPTION=2) 
EXECUTE CHOLESKY(PORWARD,LSUB~BUC,CSUBXX~,BSUBXXX,OPTION=~) 
EXECUTE MULTIPLY (LREDxxx=[ L 2  1 S x x x - K 2 3 S x x x * D 3  1s- (T) 

*CSUBxxx J,OP!L'ION=Z) 
EXECUTE MULTIPLY (ESUIbcxx=[ K33SZoar*D3 1 S x ~ x - L 3  1 S x x x J  ,OPTION=2) 

PERFORM SS -SSOLVE ( S S = C A T l i s t  ) 

This statement i s  used t o  solve the interact ion equations 
for the highest-leuel substructure. The solution data are 
used for subsequent calculatian of displacements, reactions , 

and stresses for the lower-level substructures. T h i s  
statement is replaced by the following set of ATLAS 
statements for each substructure identified by CATlist. 

PERFOR3 S S - R D U  (STIFFNESS I SS==x) 7 

PERFORM SS-REDU (LOADS, SS=xxx) I 

EXECUTE C H O L E S K Y ( S O L V E , K R E D X X X ~ D B S ~ M ~ , ~ X X ~ O P T I O N = ~ )  i 
RENAME M A T R I X ( D ~ ~ S ~ ~ ~ = D B S ~ ~ ~ ~ , C S U B ~ ~ ~ = C E X P ~ K ~ , L R E D ~ ~ ~ = L E X ~ ~ ~ ~ ,  

ESUBxxx=EEXPxxx) 
!~ 

. ' 
PPRFOW. SS-BACK ( S S r x x x )  ! ! 

! 
The PERFORM statements (SS-REW and SS-BACK) are expanded 
i n t o  the equivalent ATLAS statemnts  a s  shown by (U ) ,  (6) 
and (10) . 



PERFORM SS-VSOLVE (SSSCATliat) 

CONTROL 
PROCEDURES 

This  statement is used t o  generate the reduced s t i f f n e s s  
and reduced mss matrices for the highest-level 
substructure.  The reduced matrices may be used 
subsequently for vibra t ion  analyses. This statement is 
replaced by the follawing PWFORM statements for each 
substructure i d e n t i f i e d  by C A T l i s t .  

PERFORM SS-REDU (STIFFNESS,SS=xxx) 
PERFORM SS-REDU (MASS ,SS=xm<) 

These two statements are expanded into the equivalent ATLAS 
statements shown by (4) and ( 5 )  . 
PERFORM SS-PARTITION (SS=CATlis t )  

This statement initiates generation of t h e  i n t e r a c t i o n  
(boundary) displacement matrices for the  substructure 
components of the substructures  iden t i f i ed  by M i s t ,  The 
loadcase dependent matrices associated with t h e  
substructure components are expanded column-wise, as 
necessary, for compatible back-substi tution calculat ions.  
T h i s  statement is  replaced by the following set of 
equivalent ATLAS statements for each substructure 
iden t i f i ed  by CATlist. 

EXECUTE MERGE(PARTITION,SS=xxx,OPTION=2) 
EXECUTE MERGE(MPANSION,SS=xxx,DBS3=D31S,OPTION=2) 
EXECUTE MERGE (EXPANSION ,SS-xx, CEXP=CSUB, OPTION=Z) 
EXECUTE MERGE (EXPANSION, SS=xxx ,LEXP=LRED, OPTION= 2) 
EXECUTE MERGE (EXPANSION, SS=xxx, EEXP=ESUB, OPTION=2) 

Note t h a t  the matrices generated via these  statements are 
associated with the substructure components of t h e  
substructures iden t i f i ed  by t h e  parameter tnSS=CkTl i s t  .*I 
The generated matrices are identified by the con~ponent 
s u b s t - r u c t u r e  nunbers. 



This statement is used to  back-substitute the r e s u l t s  of an 
in te rac t ion  so lu t ion  t o  ca lcu la te  displacements and 
reac t ions  f o r  substructures ,  This statement is replaced by 
t h e  following equivalent set of ATLAS statements for each 
substructure i d e n t i f i e d  by C A T l i s t .  

EXECUTE MULTIPLY (PSUBKXX=[ CEXPXXX-ASUBXXX*DBS~XXX ] ,OPTION=2) 
EXECUTE CHOLESKY (BACK,LSUBxxx ,DBS Ixxx, PSUBxxx, OPTION=2) 
EXECUTE MULTIPLY (RBS2xxx=[ KREDxxx*DBS2%x%-LEXPxxx ] ,OPTION=2) 
EXECUTE MULTIPLY (RBS3xxx=[ EEXhool+K 13Sxxx (T) *DBS lxxx 

+K23Sxxx (T) *DBS2xmr ],OpTION=2) 

The displacements calculated via these  statements f o r  the 
lowest-level substructures  a r e  subsequently used t o  pe r fom 
a stress analysis  of each lowest-level substructure (ref - 
sec 254.1) . The displacement matrices i d e n t i f i e d  by 
DBSlxxx (as calculated v i a  SS-BACK) and the matrices 
iden t i f i ed  by DBS2xxx and DBS3xxx (as generated via SS- 
PART) are used by t h e  STRESS Processor, Pr in tout  of 
reaction-forces contained i n  the matrices iden t i f i ed  by 
RBS2xxx and RBS3xxx may be requested from the REACTION 
Postprocessor (see. 248 -0)  . 



APPENDXX P . 

SAMPLE ATLAS DECK SETUPS 

Tvm job deck-setups a re  presented i n  this appendix t o  
i l l u s t r a t e  t y p i c a l  appl ica t ions  of the ATLAS System. The decks 
i l l u s t r a t e  the following: 

a) St ress  and f l u t t e r  analyses  of a delta wing using a 
s ing le  s t r u c t u r a l  model. 

b) S t res s  and v ibra t ion  analyses of a transmission tower 
using a substructure in te rac t ion  solution. 

Lis t ings  of the complete job decks are included herein. The 
standard ATTYAS catiiloged cont ro l  procedures were used i n  wr i t ing  
both of the Control Programs. The analysis  options i l l u s t r a t e d  
by these  examples, including t h e  se lec ted  p r i n t  and p lo t  
displays, are no t  to be considered exhaustive o r  r e s t r i c t i v e  with 
regard t o  the complete A T I S  System c a p a b i l i t i e s ,  Additionally, 
the l i s t e d  data  should be used only f o r  deck setup i l l u s t r a t i v e  
purposes. 

An extensive set of problems t h a t  demonstrate t h e  var ious 
analys is  and design c a p a b i l i t i e s  of ATLAS a r e  documented i n  
reference F-1. Lis t ings  of t h e  input  d a t a  and results a r e  
presented, a s  well a s  descr ipt ions of t he  analyses and 
comparisons of r e s u l t s  t o  theoretical or experimental data  where 
possible. 



APPENOIX F. 1 - STRESS AND FLUOTTER ANALYSES OF A DEL TA UING 

NACA,TJOOO CM130M)O pP00. 
*-*** ACCOUNT CARD ***- 

GET( CATM/UN=UATLASU) 
CALL t CATM .ATTACH) 

PLOTFIL(GERBER ,T~pE99,0) 
*H*- END OF RECORD -- 

dEG1N CONTROL PROGRAM BC)1010 
PROBLEM I D l D E M O l O  - STRESS/FLUTTER ANALVSES OF A DELTA YING) 

L 
C PURPOSE 
C 
C 
C 
c 
c 
C 
C 

THE P R I N C I P A L  ATLAS C A P A B I L I T  I E S  OEMl?NSTRATEO BY 
T H I S  DECK ARE 

1- NORMAL MODE A N A L Y S I S  
2. PLOT OF V I B R A T I O h  MCDE SHAPE 
3. FLUTTER A N A L Y S I S  - OULLAT AERODYNAMICS 
4. V-G AN0 V-F PLOTS 
5. STRESS ANhLYSLS 
6- STRESS CONTCUR PLCTS 

METHOD THE SYSTEM I S  EXECUTED TO DEMCNSTRITE THE 
PROCEDURE TO O B T A I N  STRESSESID~SQLACEWENTS. AN0 A 
F L L T T E R  SOLUTION FOR A D E L r A  hING. 

********************************+*****.**********I***.**U****u** 

T H I S  DECh DEMONSTRATES AN A T L A S  A h A L Y S l S  CF THE 45 DEGREE 
OELTA U I N G  DESCRIBED I N  NACA TN 3999. 8 

* THE PROBLEM 10 8E EXECUTED CGNTAINS I * 8 
117 STRUCTURAL NODES * 

* 156 SPAR ELEMENTS I 
102 COVER ELEMENTS * 

*******************#*********.*.*******I**#******0********.0.* 

READ lNPUT (HODEZ) 

P R I N T  t t iE S T I F F N E S S  A M  LOADS I N P U T  DATA. PLOT GECHETRV. 

P R I N T  I N P U T  ( N O D A L P S U B S E T S ~ N ~ ~ I N P U T , N Z I  
P R I N T  I N P U T  I S T I F F N E S S I S U B S E T S I E ~ O ~ E Z O ~ E ~ O I  
P R I N T  INPUT[LDADS)  
EXECUTE EXTRACT l EXNhMEaNPCA LeLSUB=KGR I D ~ E S U B ~ E l O e N S U b ~ N l l  
EXECUTE GRAPHICSLWIV(E~PLANVIEW,OFFLI kEsGER8ER ,TYPE*(ORTHI 

X P O I ~ T ~ ~ L A ~ E L ~ N I S C A L E ~ . O ~ ~ Y I E W ~ ~ ~ O ~ E X N ~ M E ~ N A C A ~ I  
EXECUTE EXTRACTIEXNAME*NACAZ~LSUB~KGRIDeESUB~E25eNSUB*N301  
EXECUTE t R A P H I C S L G N M E = R E A R S P A R r T Y P E ~ O R T H ~ L A 8 E L ~ N + E ~ S C A L E ~ - O 5 ~  

X Y I E W = l O C O O O O ~ E X N A M E = l u A C A Z I  

GENERATE THE REDUCER S T l F F N E S S  MA 1RIX. 

PERFORM K-REDUCE 
P R I N T  I N P U T ( B C )  



SETUPS - 
c GENERATE AN0 P R I N T  THE DIAGONAL MASS C A T R I X r P A N E L  J E I G H T  
C M A T R I X V A N D  WEIGH1 STATEMENT- 
c 

EXECUTE MASS ( O P T I O N l Z t  
P R I N T  OUTPUT(MASSrSTATEMENTrSUCOMARYrMOC~WOC*.**t 

L. 
C GENERATE AN0 P R I N T  THE M O O E S V F R E Q U E ~ C I E S ~ G E ~ E R A L I L E O  MASS.AN0 
C GENERALIZED S T I F F N t  SS. PROOUCE FCOE SHAPE PLOT 
C 

EXECUTE V l B R A T I O N ~ S f I  F ~ K R E O ~ M A S S ~ M O C O O ~ A ~ ~ W Q D E S ~ ~ V S U B S E T S ~ ~ N ~ V  
X N 2 9 J J  

P R I N T  O U T P U T ( V I B R A T 1 O b r  SU8SET S * ( N l t N Z O d  J 
EXECUTE EXTRACT( EXNAME~SPARZILSUB=VMOOE~VSET=~ v N S U B - N ~ ~ ~ M O D E = ~ ~  

X B S U B 4 i N 2  J 
EXECUTE ~ A P H I C S ( G N A W E = M O D E S ~ f Y P E ~ O R ~ h r  SCALE=. 1 tVX-- l r  p 

X VECTORZ=WMODE I VSCALE=60. VEXNAME-SPAR21 
c 
C GENERATEvPRINTIAN~J PLOT THE F L U T T E R  DATA. 
C 

EXECUTE INTERPOLATION ( ~ 1 s t  SURF S P L I N E  vCMCDI * O C F ~ l O O O J  
EXECUTE OUBLAT( CONO=L rnACn=.5*KVAL=(35~O*1~ .2  t5.OrZ.ZV1.0J 1 

1 BREF-5 12.01 
EXECUTE AOOINT ( ID-FCHCK* I N T V O U B U T I ~ G A ~ ~ = ~ ~ M A C H = . S J  
EXECUTE FLUTTER (GAF IO=FCHCKJ 
P R I N T  OUTPUT(FLUTTER) 
EXECUTE EXTAACT(EXNAME=FC: . , ~ L v L S U ~ = W G V F  
EXECUTE G R A P H I C S ( G N A M E * F L U T ~ E R ~ T Y P E = G P A P H ~ S I Z E = ( ~ ~ ~ ~ ~ )  

X X-Vp Y L = C i Y 2 = F  rXRlN-0. r  XMAX=3000. rY lM[h ) r - .Z~  
X Y2MIN=O. IV~MAX=. 1 vYZMAX=~OO. vEXkAME=FCASElJ  

C 
C GENERATE AND P R I N T  THE ELEMENT STRESSESVNOOAL DISPLACEWENISI  
C AND REACT IONS. PLOT STRESS CONTObRS. 
C 

PERFORM STRESS1 STAGE=Zr [RJ*&s]J 
P R I N T  OUTPUT(STRESSESrSTAGEIZ) 
P R I N T  OUTPUT(OISPLACE.STAtErZ) 
P R I N T  OUTPUT(REACf  l O N S r S l A C E = Z ~ R 3 = R 3 1  *ECCHKI  
EXECUTE E X T R A C T ( E X N U I E ~ N A C A 3 t L S U B ~ S T R E S S r E S L B ~ E l O ~ N S U B - N Z 5 t  

X STAGE=ZVBSUB=ON~J  
EXECUTE C R A P H I C S ( G N W E + C O N r O U R S * T Y P E ~ C C N T C U R r S I Z E = ( 1 5 r  1 5 )  v 

X SCALAR=COVSIGMAlU*FLEV=-250- v LLEV*O- v 
X INTLEV=25 .  rEXNAMEsNACA3) 

EXECUTE W I A P H I C S ( G N I \ ) ( E * C O N T O U R S ~ T Y P E ~ C O ~ T O U R V S ~ L E = ~ ~ ~ ~ ~ ~ J ~  
X SCALAR=COVSIGMAZUrF LEV.-60.r L L E V = 3 0 -  
X I N T L E V s l O .  ,EXkAME=NACAfJ 

C 
C INOEX THE RANOOM PCCESS F I L E S -  
C 

C A L L  PRNTCAT 
INDEX F I L E S  
END 

.awt+44+ END OF RECORD *+*+**+4 

B E G I N  NODAL DATA 
*/ STRUCTURAL NODES 

1 5  196.0 c.0 0.0 2.72 TO 1 9 5  100.0 0.0 0.0 2.72 BY 1 5  
*+2 - 1  0.0 E.0 0.C 0 - 0  0 -1 0.0 8.0 0.0 0.0 0 0 

1 196.0 112.0 C.C 0.844 TO 193 EV 16 
1 TO 13 

* + l l  l b  0 1 5  



AUXILIARV PANEL NODES 
310 196. 0. 0. TO 316 LOO. 00 0 .  
320 * 16. *t 326 la. O. 
330 * 28. * Z  336 112 26- 00 
340 * 40. *2 346 124. 40. 00 
3 50 * 40. *2 354 124. 46. 0. 
360 * 56. *2 364 140. 56- 0-  
3 70 * 72. *Z 374 156. 72. 0. 
380 * 880 *Z 382 172. 88. 0- 
390 * 112. C. 

END NODAL DATA 
BEG1 N S T  IFFNES S DATA 

BEGIN ELEMENT OATA 
*/ RIB ELEMENTS 

SPAR MOl lS.30 0.0254 oOl905 TO 1801195 e V  lSn15 
2 14129 000508 oC3810 TO l79e194 ** 

*L 13120 301412 -12355 ro 1781193 r* 
*2 12.27 0.0508 oC3810 TO l b Z n l ? 7  ** 

*+9 010 -11-1 0.0 • 0 0 -161-16 01010 
*2  2117 *Z 

*/ SPAR ELEMENTS 
SPAR 1 2 0.C695 0.201362 10 3 4 

4 5 0.0695 0.474579 TO 14 :5 
49 50 4.0701 0.477268 10 59 60 
97 58 O.07i8 1.498695 TC 104 105 

a 145 146 0.0720 O.tC9189 TO 149 150 
193 194 0.0706 0.039597 T O  A94 195 

1 17 OoC7Cb 0.039597 YC 177 193 BV 16 16 
COVER ELERENTS 
C4VER N1001 1 2 17 O1C696 0-0281 0 -  TO N l l b 6  177 178 193 + 

bY N15 i 6  16 16 
COVER N1002 2 3 18 17 0.C696 0.0281 00 TO N1014 A4 15 30 29 

* + I 1  0 15 10 **3 0. 0. 0. 0 14 15 a-3 
EN0 ELEMENT DATA 

END STfFFNESS OATA 
*/ 
BEGIN BC C A T A  

STAGE 1 
RETAIN T Z  FOR 1 10 195 
SUPPORT T X  FOR 195 
SUPPORT ASYM IN SURFACE z fnaoutn 1s 

STAGE 2 
SUPPORT ALL FOR 15 TO 195 B Y  15 

EN0 BC DATA 
*/ 
BEGfN MASS I l A l A  

dEGIN GONOITION DATA 
SrAGE 1 CONDITION 1 
PANEL DATA 1 CONCITfON 2 

EN0 CONOITICN O A l A  
BEGfN PANEL DATA 1 

1 315 316 320 225 TO 6 BV 1 -1 *a3 
*+2 b 10 LO 10 10 0 6 0 *=5 

19 353 354 3b4 363 10 22 ** 
* + l  4 10 10 LO 10 0 4 0 *=5 

27 372 374 382 381 TO 29 B Y  1 -2 -2 -1 -1 
2 9  380 382 390 

ENC PANEL DATA 
UECIN LA8EL DATA 

LEVEL1 # TOTAL kING STRUCTURE # 
EK 10 # COVER MATER~AL # 
EK30 # R I B  MAlERIAL 
L E V E L Z  % sPaa MATERIAL 

# 

- E K Z L  * % S P A R  1 ( F S )  
f 

EKZZ # S P A R  2 
# 

EKt3 % SPAK 3 
f 

EK24 * #  b3AR 4 
# 
P 

E & d 5  * # S P : a 5 ( W S l  f 
EN0 LABEL DATA 

. END nrss C A T A  



SETUPS 2 

aEGIN LOADS DATA 
STAGE 2 
BEGIN ELEMEhT LOALi OATA . 

CASE JUNK 1 
OIRECTION GLOBAL 0. 0. 1. 
1016  TO l l 6 d  BV 1 4  - 2  
1013 TO 1167 BY 1 4  015  
1012  TO 1166 BV 1 4  0 1 0  

1 0  -1 0 -15 0 0 -.El 
1 0 0 1  .005 

END ELEMENT LOAD OATA 
END LOADS DATA 
BEGIN SUBSET OEFINITION 

SUBSETS GF STIFFNESS SET 1 
+I SUBSETS OF ALL STRUCTURAL NODES AN0 ELEMEI'IS 

E l  = A L L  
N 1  = ALL 
NZ 3 0 0  TO 400 
EXCLUDE NZ FROM N 1  
SUBSET OF ALL COVER ELEMENTS 
E l 0  - COVERS 

+/ SUBSETS OF ELEMENTS FOR THE WING SPARS 
N 2 1  = 1 TO 193 BY 16  194  195  
€ 2 1  = I N  N 2 1  
€22  = SLAB X 124.C 

*+3 1 0 0 0 24.0 
N25 = NODES I N  E25 
SUBSET OF ALL k iNG SPAflS 
E20 = € 2 1  U €22 U € 2 3  U € 2 4  U € 2 5  

*/ SU6SET OF ALL SPAR ELEMENTS 
E l 0 0  = SPARS 

*/ SUBSET OF ALL WING RIBS 
€30 = €100 
EXCLUDE E2O 

* /  RETAINED NODES ON SPAR 2 
N29 = 49 TO 60 

*/ BOUNDARY SUBSET FOR STRESS CONTOUR PLOTS 
ON1 - A 15 195 1 9 3  

*/ SUBSET FOR MODE SHAPE PLOT 
ON2 - 4 9  * = l l + l  

END SUISET DEFINITION 
Ik iGIN FLUTTER GAIA 

CASE 1 *#NACA DELTA WING # 
ALT ITUOt 500. J 

END FLUTTER DATA 
*/ 
dEGIN UUBLAT OATA 

BEGIN GEOMETRY DATA 
L I F T I N G  SURFACE CATA 
PANEL UING1 100.0 196.C 100.4 196.0 0. 16.4 0. 0. 

CHORD DIV 0 .  0.1 C.2 0.3 0.4 0.5 C.6 5.7 0.8 3.9 1.0 
SPAN OIV O m  1.0 

PANEL WING2 100.0 196.C 190.0 196.0 1a.C 112.0 0. 0. 
CHORO DIV  J -  0.1 C.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
SPAN DIV  0. 0.1 C.2 0.3 0 - 4  0.5 C.57 0.64 0.7 0.75 0.8 + 

0.a5 o.ee 0.92 a-55 0.98 1.0 
EN0 GECHETRY DATA 
CIEGIN s i j 8sEr  D A T A  

SUBSETS OF BOXES 
SUBSET SS I TC 170  

ENC SUBSET DATA 
BEGIN MODAL DATA 

USE CHUD WITH L IFT ING SURFACE S S  
ENC NODAL OAlP 

END DUILAT OAT4 
END PRUBLEM 3ATA 

0 0 * ~ 0 * 0 0  FHD OF F I L E  +040+00* 

C 
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F i g u r e  F - I .  De! ta-Win C t r u c t u r a l  and A i r l o a d  G r i d s  



CNAHE 8 CEOROl P L O l  10 = K l E l  GCORE TRY 

EXNARC = I l E f  KSEl = 1 NSUB = 15111 

€SUB COO1 LSUB = KGRID 

Figure F-2. Plot of Delta-Wing Element Oata 



VELOCITY ( KNOTS TkS ) AT K T  = 500.00 

Figure F-3. Flutter V-g Plot for Delta-Wing 



MLOUTY (RNOS ) AT ALT = 500.00 

Figure F-4. F l u t t e r  Y-f  P l o t  for  Delta-Wing 



APPENDIX F. 2 - STRESS MD VI BRATIOII SVBSTRVCRIRE MA YSES OF A TRANSHISSIM TOHR 

NACA , T3000, CM130000, PO0 . ******** ACCOUNT CARD ******** 
GET(CATM/UN=UATLASU) 
CALL ( CATM ,ATTACH ) I 

CALL (CAM, CONTROL) 
ATLAS(PL=100000) 
PLOTFIL (GERBER ,T9PE99,0) 

****** END O f  RECORD ***** 
BEG I N  CONTROL PROGRAM ~ ~ i i b l l .  
PROOLEM ID (  D E M O 1 1  - SUBSTRUCTURE0 S T R € S S / V I B R A T I O N  ANALYSES)  

C 
C PURPOSE T H E  P R I N C I P A L  C A P A B I L I T I E S  OEWCNSTPATEO BY 
C T H l S  3ECK ARE 
C 1. SUBSTAULTUREO S t R E S 5  A N A L Y S I S  
C 2, SCBSTRUCTUREO V I S R A T I G N  A I i A L Y S I S  
C 3- EXPLODED GECHETRY P L O T S  
i 
C ***********+************************************************ 
C * 
C T H I S  EXAMPLE REPRESENTS AN A T L A S  R U h  T C  PERFCWd STRESS * 
C AND V I B R A T I O N  ANALYSES FOR A T R A N S H I  S S I O N  TOhER W H I C H  
C * IS MOUELED A S  FOUR SUBSTRUCTURESt  S S z 1  TC 40 SS=S I S  * 
i * FORMED BY I N T E R A C T I N G  SS=1 10 4, * 
c * * 
c * * 
C 4 THE E X E C U T I O N  SEQUENCE I S  * 
c * * 
C * 1) READ I N P U T  m o m - - - o . m  THE I N P U T  OATA ARE * 
C * PREPROCESSED, AN0 k R I T l € N  * 
C * O N  THE D 4 l A  F I L E ,  S S = 1  T.0 4 * 
C * ARE O E F I  kE0 AS S T I F F  NESS/MASS+ 
C * SETS 1 TO +- S S x 5  I S  D E F I N E D  * 
C * A S  SET15 FOR V I B R A T I O N  - 
C a A N A L Y S I S -  • 
c 4 * 
2 * 2 )  EXECUTE S T S F F N E S S t  . COMPUTE ELEMENTAL S T I F F N E S S E S *  
C * MASS AND THE NON-DIACCNAL MASS * 
C * M A T R I C E S  FOR THE R E T A I h E D  * 
C * FREEDONS FCH S E T S  1 TO 4, 4 

c * * 
C * 3 )  EXECUTE LOAOS ,,--,o PRCCESS CGAOS FOR 4 

C * SUBSTRUCTURES 1 ANC 32 NO * 
C * LOADS ARE A P P L I E D  TC * 
C t SU8STRI;C TbRES 2 A N 0  4, k 

C * * 
C * 4) PERFORM SS-MERGE* .. FORM GROSS S i i F F N E S S  AkD L C A D *  
C * S T I F e L O A C  M A T R I C E S  FGR S S = l  75 4 -  * 
C * * 
C 5 )  PERFORM SS-REDUP m o o  RECUCE GRCSS STIFFhESS A N 0  * 
G * S T I F r L O A D  LOADS M A T k l C E S  F O k  S S = 1  T C  +,* 
C * 4 
C 4 6 )  PERFORM SS-MERGE9 .a FORM GRCSS S l I F F N E S S r L O A D S  * 
C * S T I F r L U A O t M A S S  AND MASS M L T R I C E S  FOR S S = 5 0  * 
C 



C * 7 )  PERFORM SS-VSCL m o o *  COHPUTE REDUCE0 S T I F F N E S S  AND* 
C a MASS M A T R I C E S  FOR 5 5 0 5  TO 4 
C * PERF ORH SCBSEQbENT V I B R A T I O N  
C A N A L Y S I  S o  L 
C 
C 81 EXECUTE MASS a o o o m a o  COMPUTE CASS PROPEAT I E S  FOR * 
C TOTAL STRUCTURE. ( S E T = 5 )  * 
C 4 * 
C 9 )  EXECUTE V I B R A T I O N  0 -  COMPUTE THE F I R S T  S FREQUEN- * 
C • C I E S  AND MODES- * 
C * 
C 10) PERFORM SS-SSOL 0.a COMPUTE 51 SPLACEHENTS FOR * 
C * S S = 5 *  * 
C * * 
L * 11) PERFURH o * a e * e o o - - o o  FROM THE D I S P L A C E M E k T  H A T R I -  * 
C L SS-PART1 T I O N  CES FOR SS=5.  E X l R I C T  D I S P L A - *  
C * C E H E N T S  A T  R E T A t N E G  FREEDCMS + 
C 4 FOR S S = l  TO 40 a 
i * 4 

C 12) PERFORM SS-BACK a r m 0  PERFORM BACK S U B S T I T U T I O N  TO * 
2 4 COMPUTE A L L  D l  SPLACEME hTS 4NO* 
C * R E A C T I O N S  FUR S S = l  TC 4. 
C 0 * 
C * 131 EXECUTE STRESS, 0,-0 CCMPLTE ELEMENTAL STRESSES * 
C 4 P R I N T  STRESSES, AND P R I N T  STRESSES. * 
C * OISPLACEMENTS 01 SPLACEYERTS AND R E A C T 1  ONS * 
C 9: AND R E A C T I O N S  FOR SUbSTRCCTURES 1 TC! 4 * 
C * * 
C * 14) P R I N T  I N P U T ,  ,,,,,,o P R I N T  h O O A L  A h D  S T I F F N E S S  * 
C * NOUAL AND I N P U T  D A T A  FOR S E T S  1 T O 4  * 
C * ST 1F FNESS * 
C * * 
(3 15) €XECUTE G R A P H I C S  - 0 0  P L C T  TOTAL STRbCTURE AND * 
C * COMPONEhT SUBSTRUCTURES * 
C * 4 

C * 16) P R I h T  I N P U T .  o o . o ~ o o  P R I N T  I h T E R A C T  O A T 4  FOR * 
C * I N T E R A C T  A L L  SUBSTRbCTURESo * 
C * 4 
C 4 17) P H I N T O U T P U T t  o o o o o o  P R I N T  F R E C U E N C I E S  Ah0 CODE * 
C 9r V I B R A T I O N  SHAPES* * 
C 9r * 
C I d )  ERROR PRCCEDURE o o o o  SAVE DATA F I L E S  I F  AK ERROR 4 
i * I S  ENCCUhTEREO D U R I h G  * 
i * E X E C U T l O h .  8 
C * * 
C * * 
C ***********t************************************************ 

USEK CllMMON ( K )  c ----- 1 J ----- 
HEAD I N P U T  

c ----- 2) ----- 
00 10 K = l r G  
t X E C I I T  t S T I F F N E S S  ( SET=K)  
EXECUTE MASS ( S E T = K , U P T I O N = 3 t C O k D I T I t i h = l )  

10 C O N T I N U E  



---..- 3 J ----- 
EXECUTE: L O A D S  S S t (  I t  3 J  ----- 4) ----- 
PERFORM SS-MERGE ( S T  I F v L O A D t S S = I  TO 4) ----- 5) ----- 
PERFORM SS-REOU ( S f l F t L C J A O v S S = l  fo  4I 

UUI 6 )  UIII 

P E R F O R H  SS-MERGE ( S T I F t b O A D t M A S S t S S = S )  ----- 7 )  ----- 
PERFORM SS-VSOL ( S S = S )  ----- 8)  ----- 
E X E C U T E  M A S S  ( S E T = S t C O N O I  T I O N = 1 )  

-o-,, 9) ----- 
E X E C U T E  V I B R A T I O N  ( S T I F = K R E 0 0 0 5 t M A S S ~ M R E O O O 5 t N F R E O S ~ 5 t I E l ~ 5 ~  ----- 10) ----- 
PERFORM SS-SSOC ( S S = 5 )  

0 -  11) -0--- 

PERFORM S S - P A R T I T I O N  ( S S = S J  ----- 12) ----- 
PERFORM SS-BACK ( S S - l  TO 4 J  ----_ 13) ----- 
DC 2G K = l v 4  
E X k C U T E  STRESS(  SS=K J 
PR I k T  U U T P U T I  S T R E S S t S S = K J  
P R I N T  O U T P U T ( O I S P v S S = K )  
P R I N T  OUTPUTtREACTIONStEQCHKtSS=KJ 

2 0  C O N T I N U E  ----- 14) ----- 
00 30 K = 1 * 4  
P R I N T  I N P U T  ( N O D A L t S E T = U )  
P R I N T  I N P U T  ( S T I F F N E S S t  S E T r K J  

30  C O N T I N U E  ----- 1 5 )  ----- 
E X E C U T E  EXTRACTlEXNAHE~SSltISUB=KGRIDtUSET~lvESC1B=EltNSUB=NZ~ 
EXECUTE fXTRACTtEXNAME=SS2tLSU8=KGRID~KSET=2,ESUb=El~NSUd=hl) 
EXECUTE E X T R A C T (  E X N A M E = S S 3 t C S U B = K G R I D  tKSET=3tESbd=ElvkSU8=Nl)  
EXECUTE E X T R A C T ( E X N A H E = S S 4 t L S U B = K G R I D I K S E T ~ 4 ~ E S U 0 = E l v N S U B ~ N l )  
E X E C U T E  G R A P H I C S ( G N A M E = G E O M ~ O F f L [ N E = G E R B E R t E X P L C O E v l V P € = O R T H ~  

X S I  Z E = ( 1 5 r l 5 )  t E X N A W E = ( S S l t S S L t S S 3 , S S 4 J  J  
E X E C U T t  GRAPHICS(GNAKE=GEOH~EXPLOOEtTVPE=CRTH~SIZ€=(l5~15Jt 

X  TX=-LSO- v E X N A W E = S S l t  T X z O -  , T Y = l O O =  t E X N A M f = S S Z v  
X TX=5C. vTY=O-  I E X N A W E = S S ~ ~ T X = O ~  v T  Y=-250. p 

X  EXNAME=SS4)  ----- 16) ----- 
Pi? I N T  I N P U T  ( I N T E R A C T  INCDE, S S = 1  TO 5)  
P A I % T  I N P U T  ( I N T E R A C T , C O N N t  S S = i  TO 4) 
P d I k T  I N P U T  ( I N T E R A C T t R E T A , S S ~ l  TO 4 )  
P H I N T  I N P U T  ( I N T E R A C T t B C v S S = l  TO 5 1  
P R I N T  INPUT ( I N T E R A C T v L O A D S t S S = l  T 0  5) ----- 1 7 )  ----- 
P R I N T  OUTPUT ( V I B R A T I U N J  
E R R O R  PROCEDURE 
S A V E  F I L E S  
END CONTROL PROGRAM 

******** END OF RECORD ****+*** 



, SAMPLE C!= 
SETUPS 

*/ ************************************************************ / 
B E G I N  NODAL DATA / 

1 169.0 148.0 6 3 4 - 5  / 
2 169.0 190.C 634.5 / 

400 112.8 A69.C 96.C / 
1001 100.0 * 408.G TO 1003 100.0 169.0 600.0 / 

101 100.0 100-0 0.0 TO 106 148.0 *a 360-0 
OF 8 ~ 0 t 7 . 0 ~ 6 ~ 0 , 5 0 0 ~ 4 . 0  / 

401 * 238.0 *2 4C6 148.0 190.0 ** / 
Lob TO 116 148-0 148.0 600.0 / 
406 * 416 190.0 ** / 

REORDER FROM 101 / 
S E T  2 I */ *******************************+**************************** / 

2 169.0 190.0 634.5 / 
330 * 225.2 90.C / 
301 238.0 *=  3.0 TO 306 1CO.O *= 360. 0 

Of 8 . 0 ~ 7 ~ 0 , 6 ~ 0 ~ 5 . 0 ~ 4 ~ 0  / 
401100.0 *3 406 148.0 ++ / 
30 6 TO 316 190.0 190-0 600.0 / 
400 * 4 148.0 ** / 

HEOROER FROM 301 / 
S E T  3 / 

1 169.0 146.C 634.5 / 
2 * 190.C i) / 

200 225.2 159.C 96.C / 
2001 238.0 * 4OE.C TO 2003 238.0 169.C 600.0 / 

201 * 100oO 000 * 206 190.0 148.0 360-0 
OF 80 ,70e6. 15- 96.0 / 

301 * 238.0 * 2  306 * 190.0 ** / 
206 TO 216 190-0 148-0 600-0 / 
30 6 a 316 190.0 ** / 

REORDER FhOM 201 / 
S E T  4 / 

*/ **********+*************9*********************************** / 
1 169.0 148.0 634.5 / 

100 * 112.6 9 C . C  / 
101 103.0 *= 0.0 TO 106 148oO *= 360. 0 

OF 8-0,700 6 -  5.r4.0 / 
231 238.0 93  206 140.0 ** / 
l a b  T O  116 148.0 148.0 60'3o0 / 
206 * 21b 190.0 $* / 

REOROEFi FROM 101 / 
€ N O  NOOAL D A T A  / 
bEG I N  S T I F F N E S S  DATA / 

l3EGIN PROPEATY OATA / 
PA 5.75 00  0. 39.6 19.9 *= / 
P Z  3 . 7 5  01 0 .  11.2 5.6 506 / 
P 3  2011 0. 0. 3.6 1.8 1.8 2 -11  0- O m  3 .6  1.8 1.8 111.0 / 
P4 2.11 2.11 / 
P 5  1.15 *=  / 
PO 3.25 3.25 / 

EN0 P R O P E R T Y  DATA / 
d E G l N  E L k M E N T  DATA / 

BEAN M 8  101 102 4CO P1 TO 105 106 400 BY 1 1 3 / 
a 431 4O2 4 0 0  P 1  1C 405 4C6 4 9 3  B Y  1 1 0 1 



* 106 LC7 4C6 P 2  TO LLS 116 4Q6 ** / 
a 406 407 l C 6  P 2  TO 415 4 6  106 ** / 
a 4 16 2 116 P2 / 
* 116 1 416 P2 / 

402 400 4C3 P 3  / 
t 102 4 C O  0 3  P3  / 

ROD 4 0 1  4CO P4 / 
t 1 0 1  4 C O  * / * 403 4CO a / * 103 GCO * / 

403 103 P5 10 416 116 / 
* 103 404 *2 115 1 6  BY 2 2 / 
* 404 1C5 *2 414 115 ** / 
* 1 2 PS / 
* 1 416 * / 
t 1001 108 P6 T O 1 0 0 3  116 BY 1 4 4 
t * 4G8 t ~ f  416 ** / 
* * 1C9 * / 
4 4 4&9 / 
a 1002 113 * / 

* 4 13 * / 
t 1003 I * / * * 2 * / 

END ELEMENT OATA / 
S E T  2 / 

**********4*******+*******t*****+*************************** / 
B E G I N  PROPERTY D A T A  / 

P 3  2.11 0 .  C o  3.6 1 - E  l o 8  2011 0 0  0. 3.6 1.8 1.8 11100 / 
P4 2.11 2.11 / 
P 5  1.15 *= / 

ENC PROPERTY DATA / 
B E G I N  ELEMENT D A T A  / 

B E A M  M8 302 3C0 343 P3 / 
BEAM 402 300 403 P3 / 
ROO 301  3C0 P4 / 
ROD 401  3C9 * / 
R O D  303 * 1 / 
ROU 403 * * / 
ROD 3 4C3 P 5  10 316  416 / 
R i l U  403 3C4 *2 415 314 BY L 2 / 
ROO 304 4 C 5  4 2  3 415 ** / 

E N 0  E L E M E N T  D A T A  / 
S E T  3 / 

*/ +****484**$$*************$**4************8***************4**** / 
BEGIN PROPERTY C A T A  / 

P1 5.75 0. 0- 3FoE 19.9 *t / 
P Z  3 .75  0. 0. 11.2 5.6 506 / 
P 3  2.11 0 .  C e  3.6 1-E 1 -8  2.11 00  Oo 3.6 1.8 1.8 11100 / 
P4 2011  2.11 / 
P 5  1.15 *= / 
P O  3 -25  3.25 / 

E N 0  P R O P E R T Y  D A T A  / 
H E G l l J  E L E M t N T  D A T A  / 

BEAN M 8  261 202 200 P 1  r0 205 206 200 B Y  A 1 O / * 3 3 1  3C2 20C P1 10 305 306 200 B Y  1 1 0 / 
* 2 0 6  2 0 1  3C6 PZ T G  215 2 1 6  306 ** / 



SETUPS 
306 307 2C6 P2 TO 315 316 206 ** 
2 16 1 316 P2 I 

* 316 2 216 * / 
4 202 LOO 203 P3 / 
c 302 200 303 P3 / 

HO 0 201 200 P4 / 
301 * * / 

a 203 * * / 
* 303 * / 
* 203 303 P5 10 216 316 / 

303 204 * 315 216 8 Y  2 2 / 
t 204 305 * * 214 315 ** / 
a 2 16 2 * / 
I 2001 208 P 6  TO 2003 216 BY 1 + / 
* * 308 * + t  316 ** / 
* * 209 P6 / 
* * 3C9 * / 
* 2002 213 * / * * 3 13 * / * 2003 1 / 
* r0: 2 * / 

ENC ELEMENT D A T A  / 
S E T  4 / 

+SS+~S~*SSSS+*S+*+**~*****$$$$********************* / 
B E G I N  PROPERTY D A T A  / 

P 3  2011 00 00 3.6 l e e  1-8 2-11 00 0. 3.6 1-8 1.8 11100 / 
P 4  2.11 2011 / 
P 5  1.15 *= / 

END PROPERTY D A T A  / 
tJEGIN ELEMENT DATA / 

BEAM M 8  iO2 103 lC3 P3 / 
* 2 0 2  100 203 P 3  / 

ROD 101 100 P 4  / * 201 1co * / 
* 103 1CO * / 
t 203 1CO * / 

103 2C3 P 5  TO 116 216 / 
* 203 104 *2 215 116 8 Y  2 2 / 
4 104 205 * 2  114 215 ** / 

ENC E L E M E N T  D A T A  / 
END S T I F F N E S S  D A T A  / 

*/ / 
B E G I N  i3C DATA / 

S E T  1 / 
R E T A I N  TX  T Y  T Z  FOR 1001 TO 1003 / 
R E T A I t v  T X  T Y  FOR 4C0 I 
SUPPOHT ALL FOR 101  4C1 / 

SET 2 / 
R E T A I N  TX  T Y  FOR 300 / 
SUPPORT ALL  FOR 3 0 1  401 / 

S E T  3 / 
R E T A I N  TX T Y  T Z  FOR 2001 TO 2003 / 
R t T A I N  T X  T V  FOR 2CO / 
SUPPORT A L L  FOR 201 3Cl / 

S E T  4 / 
R E T A I N  T X  T Y  FCR 1CO / 



SUPPORT A L L  FOR 101 201 
END 8C OATA 

*/ 
B E G I N  M A S S  D A T A  

S E T  1 
J E G l N  C O N D I T I O N  O A T A  

S T A G E  I C O N O l T I O N  1 
END C O N O I T I O N  D A T A  

END MASS OATA 
d E G I N  MASS OATA 

S E T  2 
BEGIN C O N D I T I O N  D A T A  

STAGE I C O N D I T I O N  1 
E&O C O N D I T I O N  D A T A  

E N D  MASS D A T A  
bEGih MASS OATA 

S E T  3 
BEGIN C O N O I T I O N  D A T A  

S T A G t  1 C O N D I  T I O N  1 
E N 0  C O N O I T I O N  OATA 

END MASS OATA 
!3EGIh MASS D A T A  

S E T  4 
i 3 E G I N  C O N D I T I O N  O A T A  

S T A G E  1 C O N D I T I O N  1 
END C O N O I T I O N  OATA 

END MASS D A T A  
*/ 

8EGIN LOAOS DATA 
S E T  L 

B E G I N  NODAL L O A D  DATA 
C A S E  1 

GRDER FX FY FZ 
1001 TO 1003 lOOOOoC *= 2000000 

END NOOAL L O A O  D A T A  
S E T  3 

B E G I N  NOOAL L O A D  OATA 
C A S E  1 

OKOEH FX F Y  FZ 
2001 TO 2003 10000.0 *= 20000.0 

EhD NOOAL L O A D  D A T A  
kNU L O A U S  D A T A  

* / 
BEGIh SUBSET D E F I N I T I O N  

S U B S E T S  OF S T I F F N E S S  S E T  1 
t l  = A L L  
E o  = E l  
N 1  = L O O 1  TO 1CC3 
€5 = OPEN I N  N 1  
EXCLUOE E 5  FROM E 6  
N2 = A L L  

S U B S E T S  OF S T I F F N E S S  S E T  2 
E l  = A L L  
NL = A L L  

S U b S E T S  OF S T I F F N E S S  SET 3 
E l  = A L L  



N 1  = ALL 
SU8StTS OF STIFFNESS SET 4 

E l  = ALL 
N 1  = ALL 

END SUUSET O E F I N I T I O N  
B E G I N  INTERACl OATA 

DEFINE S S  1 AS SET I STAGE 1 
d E F I N E  SS 2 AS SET 2 STAGE 1 
D E F I N E  SS 3 A S  S E T  3 STAGE 1 
D E F I N E  SS 4 AS S E T  4 STAGE 1 
S S  5 
I N T E R A C T  1 2 3 4 
& € G I N  dC CHANGES 

SS 5 
HEFERENCE S S  1 

RETAIN TX TY FOR 1 0 2  T O  116 
*4 602 TO 416 
*4 1 2  

REFERENCE S S  3 
RETAIN TX T Y  FOR 202 TG 216 
* 4 302 TO 3 1 6  

END UC CHANGES 
DEFINE HIGHEST SS 5 AS SET 5 

EN0 INTERACT O A T A  
EN0 PkOBLEM DATA 

******** FYD O F  F I L E  ++*+++Y+ 



Figurs  F-5. Transmission Tower S t r u c t u r a l  Model 
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F i g u r e  F - 6 ,  Subs t ruc tu re  Models 



E X P L O D E D  V I E W  OF S U B S E T S  
OF S T I F F N E S S  D A T A  SET 
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1 

F i g u r e  F-7. Exploded V i e r  o f  S u b s t r u c t u r e  I 



APPENDIX G 

SPECIAL ATLAS-LIBRARY ROUTINES AND 
ATLAS INTERFACES WITH EXTERNAL PROGRAMS 

Arlalyses which a r e  n o t  d i r e c t l y  a t t a i n a b l e  by t h e  ATLAS 
System Nodules may be performed by use of  FORTRAN and SNARK 
s t a t e m e n t s  i n  an  ATLAS C o n t r o l  Program i n  a d d i t i o n  to  u s i n g  
any o f  t h e  A T L A S - S y s t e m  l i b r a r y  r o u t i n e s  as  d e s c r i b e d  i n  
referrrice 1-1. Some of t h e  l i b r a r y  r o u t i n e s  p rov ide  d a t a  
mandqement f u n c t i o n s  t h a t  are a p p l i c a b l e  t o  m o d i f i c a t i o n  of 
ATLAS s t ruc tu ra l -mode  1 i n p u t  da t a .  O t h e r  r o u t i n e s  p r o v i d e  
automated i n t e r f a c e s  of  e x e c u t i o n  and p r o b l e m - d e f i n i t i o n  d a t a  
between ATLAS and s e v e r a l  computer programs t h a t  are e x t e r n a l  
t o  ATLAS. These  i n t e r f a c e s  and t h e  c a p a b i l i t i e s  p rovided  f o r  
modifying ATLAS s t r u c t u r a l - m o d e l  d a t a  are d e s c r i b e d  i n  t h e  
f  o l l owinq  s e c t i o n s .  

ATLAS STRUCTURAL M T A  Fi3DIFICATION ROUTINES-- 
c a p a b i l i t i e s  a r e  provided  t o  a )  g e n e r a t e  nodal 
and/or  s t i f f n e s s  d a t a - r e c o r d  images,  one node or  
element  per r eco rd ,  from a p rep roces sed  ATLAS d a t a  
deck t h a t  i n c l u d e s  d a t a - g e n e r a t i o n  i n p u t  r s z o r d s ,  
an l i  b) c r e a t e  t w o  or more ATLAS n o d e l s t i f  f nt qs data 
s e t s  from a  s i n q l e ,  p a r e n t ,  n o d e f s t i f  f nt -ss  d a t a  
se t .  

G. 2 NASA-LKC AIEPLANE CONFIGURATION PROGEM1 INTERFACE - - I n t e r f a c e  of  t h e  geometry i n p u t  data for t h e  
NASA-LRC aerodynamic c o n f i g u r a t i o n  programs (ref .  
G - 1  and G-2) w i t h  ATLAS. ATLAS nodal  d a t a  may be 
d o f i n e d  by use  of t h e  i n t e r f a c e d  qeametry d a t a .  

3 GCS (GEGMETRY CONTKOL SYSTEM) PROGfiAM INTEKFACE -- Inter face  w i t h  ATLAS t h e  su r f ace -de f  i n i t  i o n  
qeometry da ta  saved from a  GCS e x e c u t i o n  ( re t .  G- 
3 ) .  ATLAS noda l  d a t a  may be d e f i n e d  by use o f  the 
i n t e r f a c e d ,  GCS-generated geometry data. 

G. 4 RTLAS/FLEXSTAF SYSTEM INTERFACES -- T n t e r f a c e  of 
A T L A S - q - t i e r a ; t e d ,  s t r u c t u r a l  and mass d a t a  with t h e  
I;'I,EXSTAB S y s t e m  (ref .  G-4) fo r  pertormiriq a e r o e l a s t i c  
loads and 2 l a s t i c  ~ t ~ a b i 1 i t . y  analyses .  A d d i t i o n a l l y ,  
there is an  i n t e r f a c e  of the FLFXSTRR-cjenerated 
s t e a d y - s t a t e  loads w i t h  ATLAS for p e r f  orminq st L-ess 
a n a l y s i s  and s t r u c t - u r a l - d e s i g n  f u n c t i o n s .  



G.5 ATLAS/NASTRAN SYSTEM INTERFACES -- Interface of 
ATLAS input data to the NASTRAN System (ref. G-5) 
and an interface of NASTRAN input data ta ATLAS. 



G. 1 ATLAS S IRUCTURAL-DATA MODIFICATION ROUTINES 

Two ATLAS-library r o u t i n s s  i d e n t i f i e d  by t h e  names ATEXP 
a n d  ClJTNE p r o v i d e  data-mnaqement  f u n c t i o n s  a p p l i c a b l e  t o  
m o d i f i c a t i o n  of  ATLAS s t r u c t u r a l - m o d a l  i n p u t  d a t a .  These t w o  
r o u t i n e s ,  as  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n s ,  p rov ide  t h e  
f o l l o w i n g  c a p a b i l i t i e s :  

ATEXP --ATLAS noda l  and/or  s t i f f n e s s  i n p u t  d a t a - s e t  
r e c o r d s  a r e  g e n e r a t e d  from d a t a  m a t r i c e s  on  f i l e  
DATARNF i n  t h e  ATLAS d a t a  base.  The g e n e r a t e d  
d a t a  records are such t h a t  e a c h  node and  e a c h  
s t i f f n 9 s s  e lement  u sed  t o  d e f i n e  t h e  s t r u c t u r a l  
model are o u t p u t  on s e p a r a t e  d a t a  records. 

CUTNE --Two or more ATLAS n o d e / s r i f f n e s s  data sets are 
c r e a t e d  from a s i n g l e ,  p a r e n t ,  n o d e / s t i f  f ness 
d a t a  set which was i n p u t  t o  ATLAS. The p a r e n t  
d a t a  se t  is d e f i n e d  by  i t s  c o r r e s p o n d i n g  d a t a  
m a t r i c e s  on f i l e  DATARNF i n  t h e  ATLAS d a t a  base. 
Each new d a t a  set is  e s t a b l i s h e d  via node and  
olemont s u b s e t s  of  t.he p a r e n t  set. 

G e n e r a t i o n  of  ATLAS nodal  and /o r  s t i f f n e s s  i n p u t  d a t a -  
r e c o r d  images from m a t r i c e s  i n  t h e  ATLAS d a t a  b a s e  m y  be 
e f f e c t e d  by u s e  of t h e  r o u t i n e  ATEXP. T h i s  r o u t i n e  uses t h o s e  
n a t r i c e s  i n  file DATARNF t h a t  c o r r e s p o n d  t o  a p a r t i c u l a r  node 
and /o r  s t i f f n e s s  d a t a  set. These m a t r i c e s  a r e  g e n e r a t e d  by 
p r e v i o u s  e x e c u t i o n  of t h e  NODAL and  STIFFNESS P r e p r o c e s s o r s  
(sec .  146.0 ar.d 152.0) . The d a t a - r e c o r d  imaqes g e n e r a t e d  by 
ATEXP a r t  o u t p u t  o n t o  one o f  t h e  ATLAS S a v e f i l e s  f o r  subsequen t  
use. 

Ths fo rma t  o f  e a c h  o u t p u t  d a t a - r e c o r d  image i s  s u c h  t h a t  
each  node and e ~ h  s t i f f n e s s  e lement  used  t o  d e f i n e  t h e  
s t r u c t u r a l  model is o n  a s e p a r a t e  record. T h i s  c a p a b i l i t y  t h u s  
p r o v i d e s  a means by which nodal  and /o r  s t i f f n e s s  d a t a - g e n e r a t i o n  
i n p u t  r e c o r d s  c a n  he expanded f o r  i n t e r r o g a t i o n  and /o r  
m o d i f i c a t i o n  by t h e  ATLAS I n t e r a c t i v e  C o n t r o l  Module (sec. 
2 C 0 . 5 ) .  an o p t i o n  is  provided  t o  r e p l a c e  t h e  nodal  and /o r  
s t i f f n e s s  d a t a  se t s  w i t h i n  a n  ATLAS d a t a  deck by t h e  
c o r r e s p o n d i n a ,  sxpanded d a t a  sets. A l l  o t h e r  d a t a  s e t s  w i t h i n  
a d a t a  deck a r e  no? modi f ied  hy ATEXP. 

S u b r o u t i n e  ATEXP is  c a l l e d  from a C o n t r o l  Proqram b y  t h e  
followinq s t a t emen t .  



CALL ATEXP (Se,Ehm,Elements,Nodes,Afile,~f ile,O,0,0,0,0,0) 

Elements 
Nodes 1 

A f  ile 

= The number ( integer)  of t h e  node 
and/or stiffness data set f o r  which 
data are t o  be processed- 

= A switch (integer) input as 0 or 1 
which denotes the  f ollowinq: 

0--Include element-number i d e n t i f i e r s  i n  
t he  generated data  records , 

1--Do not include element numbers i n  t h e  
generated data records. 

= These parameters denote that the 
element and/or t he  nodal data are t o  
be processed, Each of these 
parameters is input as t h e  in teger  0 
o r  1 as follows: 

0--Do not process t he  corresponding type 
of data, 

1--Process the corresponding type of 
data. 

= One of the  ATLAS Savefi les  (SAVESSI 
through SAVESS4) containing the record 
images of a data deck. I f  wAfilem is 
non-zero, t he  resul t ing "Bfilen w i l l  
include the t o t a l  data deck from 
*Afile." F i l e  = A f i l e n  is not  changed 
by ATEXP, I f  this option is not 
required, *Afilen should be speci f ied  
a s  t h e  integer zero, 

Caution: I f  nAfilew is specif ied as 
one of t he  ATLAS Savefiles,  
it must be d i f f e r en t  from 
*Ff i l e m  and it must be 
d i f f e r en t  from the input data 
f i l e  " inf i ren  specif ied i n  
the  ATLAS Job Control Card 
(sec. 1 1 - 2 ) -  

= One of t h e  ATLIIS Savefiles (SAVESSI 
through SAVESSU) onto which the 
expanded data-record images are 
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written. Complete nodal and/or 
s t i f f n e s s  input data-sets are 
genera ted .  Nodes are ordered 
according to increasing user node- 
numbers, whereas elements are ordered 
accordhg to increasi.ng user element- 
numbers. 

T h e  following example Coctrol Program illustrates the 
statements required to generate an ATLAS data f i le  with expanded 
nodal and stiffness input data sets. 

BEGIN CONTROL MATklX PROGRAM EXPAND 
PROBLEM ID (GENERATE NODE AND STIFFNESS ELMENT RECORDS) 
DIMENSION AO(115) ,A1(115) ,A2(115) ,A3( :15)  
Dm~NsroN A4(115) .PEr(S0 ,~ )  
PREPROCESS ARAS DATA DECK. 
READ YNPUT 
OPEN FILES WHICH ARE USED BY THE ROUTINE ATEXP. 
CALL FILEADD (FET , DATARNF , SCOORNP) 
CALL F?ZTADD (SCOOSSF,AO, 1 15,1,0,  IRR) 
C . U  ~T~D(SCO1SSF,41,fl5,1,O,IRR) 
CALL i?ETADD(SC02SSF,A2,115,1,O,IRR) 
CALL F!ZADLJ (SC03SSFfA3,  115, l  ,O,IRR) 
CALL FETADD (SAVESS2,A4,1 1 # o f  IRR) 

C CALL kOUTINE ATEXP TO GENERATE D.4TA RECORDS FOR SET 5 .  
CALL ATEXP(5,0,1,1,0,SAVESS2,0,~,0,~,~.0) 
END O N T R O L  PROGRAM 

Execution of B@hEA3 INPUTm results in data matrices being 
written onto file DATAH-!F of the ATLAS data-base, A l l  of  the 
working files required by the subroutine ATEXP must be opened a s  
shown by the calls to FILEHDD and FErmD. Only the output file 
of ATEXP, SAVESS2 for t h i s  exainplta, may be R i f  ferent from that 
shown- T h e  expanded data f i l e ,  SAVESS2 for this example, may be 
saved on magnetic tape for subsequent use  via t h e  following CDC 
6600 Control Cards placed after t h e  ATLAS-execution Cor.cro1 Card- 

REWIND (SAVESS2) 
REQUEST (CARDS, F= I,LB=KL, PO=AW) SAVE 
COPY EX (SAVESS2, CARDS) 
RETURN (CARDS) 

G. 1.2 ATLAS-Library Routine CUTNE 

Creation o t  t w o  or Inore ATLAS nule/stiffness data sets from 
a s i n g l e ,  karent, node/stiffness data set may be e f f e c t e d  by use 
of the routine CUTNE. The parent sst and the new sets are  
manipulated/cxeated via data matrices in the ATLAS data base. 



The CUTNB rout ine  uses those matr ices  i n  t i l e  DATARNF which are 
generated for the parent s e t  by t h e  NODAL and STIFFNESS 
Preprocessors (sec, 146.0 and 152.0) , The new data  s e t s  are 
es tabl i shed  v i a  node and element subsets  of t h e  parent set as 
defined by the SUBSET-DEFINITION Preprocessor (sec. 156.0)- 

The s t i f f n e s s  and corresponding node da ta  sets created by 
CUTNE may be used as s t r u c t u r a l  models f o r  any ATLAS analyses. 
T h i s  ca2ab i l i ty  p r w i d e s ,  f o r  example, a m a n s  by which mul t ip le  
substructures  can be m ~ ~ t m  from a s ingle ,  previously-def ined, 
parent ,  s t r u c t u r a l  model. 

Subroutine CUTNE is ca l led  f ram a Control Program by t h e  
following statement, 

-- 

CALL CUTNE (Pset,n,Nsub,Esub,File,Buff,Irr) 

P s e t  

n 

Nsub 

Esub 

F i l e  

Buff 

= The number ( integer)  of a node and 
s t i f f n e s s  da ta  set frm which new data 
s e t s  a r e  t o  be created,  

= A node/stiffness data-set  number 
( in teger)  i n  t h e  range 1 t o  36 t o  be 
assigned t o  t he  newly-created SET, 
The node/stiffness set numbers used in 
a s ing le  job must be d i f f e r e n t ,  

= Node subset  number ( in teger)  associated 
with the  parent set aPset.* The nodes 
i n  nNsub'c a r e  to be included i n  the 
new set "n." Subset Nxxx must include 
a t  l e a s t  those nodes associated with 
t h e  elements i d e n t i f i e d  by *Esub.* 

= Stiffness-element subset  number ( in tege r )  
associated with t h e  parent  set * P ~ e t , ~  
The elements i n  "Esubn are to be 
included i n  the new set 19n,a@ 

= The filename DATARNF 

= The data-block s i z e  of the s t r u c t u r a l -  
element matrices i n  DATARNF- T h i s  
parameter should be spec i f i ed  a s  t h e  
in tege r  2500 



Irr 

-- - 
SYSTEM 

1 NTERFACt3 

= This  parameter is  an error-switch 
( i n t e g e r )  returned from CZ;rm3E as 

f o l l o w s  : 

SO--Successf ul execution 
1--*Psetw data matrices not i n  Vi leen  
2--Set w a s  defined previously. 
3- -nNsubr  was not defined for  nPsetea 
4--"ESUBa was n o t  defined for mPset 
5--wNnubn does not include those nodes 

associated w i t h  the elements i n  
nEs~b.r 

If I r r > O ,  t h e  new data set  "nN is not  
created. 

The following example C o n t r o l  Program i l lustrates  the 
s t a t e m e n t s  required t o  execute t h e  subroutine CUTNE- 

BEGIN CONTROL MATRIX PROGRAM CUTTER 
PROBLEM I D  (CREATE 3 NEW DATA S E T S  FROM SET 2) 
DIME,NSION FET (SO) 
LOAD ATLAS DATA MATRICES FOR SET 2 .  
LOAD F I L E S  (DATARNF) 
BEFINU NODE AND ELEMENT SUBSETS OF SET 2, 
THESE SUESETS ARE USED TO ESTABLISH 
THE NEW NODE/ELEMENT SETS 3, 4 AND 5, 
READ INPUT 
OPEN DATARNF F I U  FOR USE BY THE ROUTINE CUTNE, 
CALL FILEADD (FET,DATARNF) 
CALL ROUTINE CUTNE TO CREATE NEW DATA SETS. 
C A L L  CUTNE (2,3,600,610,DATARNF,2500,IRR) 
CWJI CUTNE (2,4,601,611,DATARNF,25OO,XHR) 
CFLL CUTNE (2,5,602,612,DATAHNF,2500,IRR) 
SAVE GENERATED DATA FOR SUBSEWENT USE, 
SAVE F I L E S  (SAVESS 1 ) 
PRINT DATA FOR THE NEW DATA SETS* 
P R I N T  I N P U T  (NODAL,SET=3) 
PKINT INPUT (NODAL,SLT=4) 
P E I N T  INPUT (NODAL,SET=5) 
P R I N T  I N P U T  (STIFFNESS ,  SET-3) 
P R I N T  INPUT (STIFFNESS  ,SET=4)  
PRINT I N P U T  (STIFFNESS ,  SLT=S)  
END CONTROL PROGRAM 

A new node /s t i f fness  data set is created by each c a l l  to 
CUTNE. Input  data-record images may be generated for the new 
da ta  sets, i f  required, by us ing the r o u t i n e  ATWP described i n  
s e c t i o n  G.1.1 .  



G .  2 NASA-LHC AIRPLANE CONFIGURATION PROGRAM INTERFACE 

Geometry input d a t a  for t h e  NASA-LRC a i r p l a n e  configurat ion 
p l o t  program ( re f .  G-I )  o r  t h e  geometry i npu t  data f o r  the NASA 
supersonic-aircraf t, aerodynamic design and ana lys i s  system ( re f .  
G-2) are converted t o  an equivalent ,  ATLAS, input  data-deck by 
t h e  LRCGEOM subrout ine i n  the  ATLAS l i b ra ry .  The input ,  geometry 
data (LRCGEOM data) for each of the NASA programs have similar 
formats as described i n  t h e  referenced documents. The generated 
ATLAS da ta  deck is comprised of data-record images t h a t  are used 
a s  i n p u t  t o  t h e  GEaMETRY Preprocessor (sec. 126.0). ATLAS nodal 
da ta  (sec. 146.0) may be defined subsequently by use  of the 
in te r faced  geometry data.  

LRCGEOM data  d e f i n e  a s t r u c t u r a l  configurat ion that is 
comprised of a number of components. Each component is 
i d e n t i f i e d  as a wing, body (fuselage) , pod (nacel le)  , f i n  
( v e r t i c a l  t a i l )  o r  a canard (horizontal  tai l) .  The 
correspondence between t h e  LRCGEOM component data and the 
equivalent  ATLAS component-geometry da ta  is  shown i n  table (3-1. 



Tab1 e 0-1 . Corre8pondence o f  UCOEOM Data t o  the ~onverted,Equ ivalent,  
A T U S  Boometry Components 

LRCGEOM 
COMPONENT 

WING 

- 
C l RCULAR 

SECT ION 

BODY 

(FUSELAGE) 

-. 

--. -A,-- - - . 
EQU'I VALENT ATLAS GEOMETRY C O M P O N E N T ( S I ~  " 

LABEL(S) 

W I WGR 

WlNOL 

BODY i 

( I =  A,B,C,...) 

Curves penrr r ted throupb each po in t  

ARBITRARY BODY i uaed t o  de f ine  each h a l f  sect ion. 

SECT l OW Right Sidr: RSA, RSB, ..., RSj 
L e f t  Side: LSB, LSC. .... LSj 

BODY 

(FUSEUGE) 

RSA 

POD 
(NACELLE) 

FIN 

(VERTICAL TAIL) 

CANARD 

(HORIZONTAL 
TAIL) 

.-- . 

INPUT-FRAME COORDINATE SYSTEMS I LONGITUDINAL CONTROL CURVES 

LC1 md LC2 enr i ch rd  r XAF locat ions 
o f  UCBEQl spec i f i ed  r t r f o i l  ordinatcra. 

X 

WlMOL 

BODY i 

a   he LRCGEOM r o w d i n a t e  system i s  i den t i  f led by ,-*l'.whereas the ATUS input reference frame axes are ident i f led 
by / .  An LRCGEW component tha t  i s  nbt symmetrical r e l a t i v e  t c  the X-2 plane i s  converted t o  a r i g h t  (R) 
and l e f t  (L) ATLAS geomntry component. The ATLAS con~vonents are a l l  " s imp~e*  except f o r  a body w i t h  a r b i t r a r y  
cross sect  on which i s  II "deta i led '  chnponent as defined in  Section 126.0. The l e t t e r  "in i s  rss lpned auto-  
mat i ca l l y  tb the i - t h  cmp,,nent o f  a p a r t i c u l a r  type 8s ordered w i t h i n  LRCGEW input data. When e x t r a c t i n g  nodal 
coordinates v ip  nodal data (Sec. 196.0),the name of the input frame must correspond t o  the ass iyned caponen t  
l abe l  (e.9. WINGR). 

LC1 m d  LC2 enriched rt 1.0. .99, .68. ..*., .BY, -92, -90. -68, ..., .80 75, 
-70. .SO, . . a .  .30. .25, .20, .IS: ' 
-16, ..., .w, .05, .W,.... 0.0 

LC2 

LS B 

LC1 and LC2 enriched rt 1.0. .99, .98, ...-, -94, .92, -90, .88, ..., .BO, .IS, 
-70. -60, ..., *30, -25. -20, . la, 
-16, .@P -05. .We ..., 0.0 

P m i o  ' [ o:ii 
LC2 LC1 LC2 

LC1 m d  LC2 enriched a t  XFiM l o c r t i o n s  

POD ; K 
POD i L 

( i =  A,B,C, ...) 

BOOY i 

PODORG 

POD i L 

F l n  i 

Fy;iR 
FlWiL 

CANRDiR 

CANRD i L 

( i =  A,B,C,...) 

FINiR of LRCQEOM r p e c i f i e d  a i r f o i l  ordinates. 

F lNiL 

CANRDiR 

,- , 
&aNRo 

I 

L C ~ Q  LC1 
FlNiR 

LC1 m d  LC2 enriched r t X C A  l oca t ions  
o f  LRCGEOM r p e c i f i e d  a i r f o i l  ord inates.  

- - .  



Figure G-1 i l l u s t r a t e s  a t y p i c a l  ATLAS job deck for 
i n t e r f a c i n g  LRCGEOM data with ATLAS. 

Figure 0-1. ATUS Job Doak wi th  LUCOEO( Data 

G. 2.2 c,Pz 6600  Job-ControL Cards 

The standard contro l  cards f o r  execut ion  of ATLAS us ing 
t h e  CALL(CATM,KONTROL) statement a s  descr ibed i n  s e c t i o n  11.0 
may be used. 

G. 2 . 3  ATLAS Con&g_o&-Egoq~qm 

The fo l lowing  Control Program i l l u s t r a t e s  t h e  s t a t e n e n t s  
required t o  convert LRCGEOM data to "equivalentn  ATLAS component- 
geometry data and execute t h e  ATLAS System. 



BEGIN CONTROL MATRIX PROGRAM GEOM ' 

PROBLEM ID (LRCGEOM DATA INTERFACE WITH AZZAS) 
OPEN FILES THAT ARE USED BY THB ROUTINE LRCGEOM. 
DIMENSION A 1 ( 1 1 5 ) , A 2 ( 1 1 5 )  
CALL PETADD (SAVESS 1, A 1 , 1 1 5  , 1,0, IRR) 
CALL FETADD (SAVESSZ , A2,115 ,1  , 0 8 IRR) 
READ LkCGEOM DATA FHOM FILE SAVESSI, CONVERT TO EX?UXVALENT 

ATLAS GEOMETRY INPUT DATA AND STORE ON FILE SAVESSZa 
CALL LRCGEOM (SAVESS 1 ,SAVESSZ) 
PREPROCESS THE CONVERTED DATA BY THE AmA.9 GEOMETRY 

PREPROCESSOR. 
REWIND SAWSS2 
REAL, INPUT (I=SAVESS2) 
OTHER ATLAS Lf'ATEMENTS MAY BE USED HERE AS REQUIRED, 
END CONTkOL PROGRAM 

Subroutine LRCGEOH is c a l l e d  according t o  the following 
statement.  

CALL LRCGEOM (Af  i le ,  Bf i re)  
A f  i l e  = Name of t h e  ATLAS Savef ile (SAVESSF o r  

SAVESS 1 through SAVESS4) conta in ing  t h e  
LRCGEOM data to be converted, 

B f i l e  = N a m e  of t h e  ATLAS Savefile onto  which i s  
w r i t t e n  t h e  equivalent ,  ATLAS, geometry- 
i npu t  da t a  deck. These data are 
preprocessed by ATLAS via the statement 
"READ INPUT ( I = B f  i l e )  ." 

If the LRCGEC, data are inpu t  on cards as shorn i n  f i g u r e  
G-1 , %files should be specified as the  word SLINPVT and 
t h e  corresponding call  t o  FETADD shown in t h e  foregoing 
Control Program should no t  be used, 

G. 2.4 LRCGEOM and ATLAS Input Data 

The format of the UCGEOM i npu t  data is described in 
references G- 1 and G - 2 .  N o  ATLAS input  data are r equ i r ed  fo r  
execution of t h e  subrout ine  LRCGEOl4. ATLAS nodal data ( s e c .  
1 4 6  -0) , however, are used t o  define nodes f o r  t h e  i n t e r f a c e d  
geometry components. Tne nodal i n p u t , r e f e r e n c e  frame used f o r  
e x t r a c t i o n  of nodal coordinates  must correspond t o  t h e  c o o r d i n ~ t e  
system used  t o  deiine the LRCGEOM data as show, i n  table G-1. 
The ATLAS reference frame must a l s o  be i d e n t i f i e d  by the same 
name ( labe l )  thir t  is assigned t o  the component as shown i n  table 
G - I .  ATLhS f i n i t e  elements are def ined v i a  the ex t r ac t ed  nodes 
for subsequent analysis/design of t h e  model by the ATLAS System, 



G.3 GCS (GEOMETRY CONTROL SYSTEM) PROGRAM ZNTERFACE 

Geometry data generated by execution of the  GCS program 
(ref. G-3) are in ter faced  w i t h  ATLAS v ia  the GCSGEOM subroutine 
in the ATLAS library, This rout ine  canverts  t h e  GCS-generated 
data t o  equivalent,  ATLAS geometry data and stores the converted 
da ta  i n  file DATARNF i n  t h e  A T U S  data  base. ATLAS nodal da ta  
(sec. 146.0) may be defined d i r e c t l y  by use of the in ter faced  
geometry data .  

Each geometry component defined via GCS is i d e n t i f i e d  
e i t h e r  as a nwing" o r  a mbody.n A %ingn is  converted t o  an 
ATLAS msimplen geometry conponent, whereas a mbodyn is  converted 
t o  an ATLAS "detailed" geometry component as described i n  sec t ion  
126.0. There is a one-to-one correspondence between t h e  GCS and 
ATLAS geometry-canponent coordinate systems and methods of 
ident i fy ing  longi tudinal  control-curves. Therefore, coordinates 
for A!l'LAS nodes may be extracted d i r e c t l y  from the  in ter faced  
geometry data as  described i n  sec t ion  146.1.2. 

6. 3.1 Job Deck Structure 

A t yp ica l  job deck for i n t e r fac ing  GCS data  with ATLAS is  
i l l u s t r a t e d  by f igure  G-1 provided t h a t  the LRCGEOM da ta  records 
shown i n  that figure are replaced by GCS da ta  r z c ~ r d s  saved from 
a GCS-program execution. 

G.3.2 CDC 6600 Job Control Cards 

The standard cont ro l  cards f o r  execution of ATLAS using t h e  
CALL (CATM, KONTROL) statement as described i n  sec t ion  11 -0 may be 
wed.  

6 . 3 . 3  ATLAS Control Proqram 

l .e following Control Program i l l u s t r a t e s  t h e  statements 
required t o  convert GCS-generated data t o  nequivalentH ATLAS 
component-geometry da ta  and execute the  ATLAS System. 

BEGIN CONTROL MATRIX PROGRAM GCENODE 
PROBLEM ID (GCS GEOMGTRY DATA INTERFACE W I T H  ATLAS) 
OPEN FILES THAT ARE USED BY THE ROUTINE GCSGEOM. 
DIMENSlON A1 (1 15) 
CALL FETADD(SAVESSl,hl,l15f1fGfIH,P) 
READ GCS-GENERATED DATA FROM FILE SAVESS1, 

CONVERT TO EQUIVALENT ATLAS GEOXETRY 
DATA AND STORE ON PILE DATARNF. 

ID=6HCOMP39 
CALL GCSGEOM (SAVESS 1, I D )  
ATLAS NODES NOW BE DEFINED FOR THE GEOMETRY 



C COMPONENT IDENTIFIED AS COHP39. 
READ I N P U T  

C OTHER ATLAS STATEMENTS MAY BE USED HERE AS RFQUIPED. 
END CONTROL PROGRAM 

Subrout ine  GCSGEOM is c a l l e d  according t o  t h e  fo l lowing  
s ta tement .  

r-CALL GCSGEOI4 (Afile, l a b e l )  

A f i l e  = Name of t h e  ATLAS S a v a f i l e  (SAVESSF 
or SAVESSl through SAVESS4) c o n t a i n i n g  
t h e  GCS-generated d a t a  f o r  a  geometry 
component t o  be converted.  

label = An alphanumeric w ~ r d  of 1 tc 7 c h a r a c t e r s  
t h a t  i d e n t i f i e s  t h e  w e q u i v a l e n t m  ATLAS 
geometry component. The s e l e c t e d  word 
must bc preceded by t h e  le t ter  "HI1 and 
t h e  number of c h a r a c t e r s  i n  t h e  word. 

I f  t h e  GCs-generated da ta  a r e  s u p p l i e d  on c a r d s  a s  
d i scussed  i n  s e c t i o n  G. 3.1, "Afilefl  should  be s p e c i f i e d  
as  t h e  ward SLINZUT and t h e  DIMENSION s ta tement  and c a l l  
t o  FETADD shown i n  t h e  foregoing Cont ro l  Program should 
n o t  be w e d .  

Tha data saved from a n  execu t ion  of t h e  GCS program f o r  
def i n i  t ion /genera t ion  of a geometry component a r e  d e s c r i b e d  
i n  r e f e r e n c e  G-3. No ATLAS i n p u t  d a t a  a r e  r e q u i r e d  f o r  execrltion 
of t h e  subroutins? GCSGEOM. ATLAS nodal  d a t a  (sec. 146.0)  , 
however, a r e  used t o  d e f i n e  nodes f o r  t h e  i n t e r f a c e d  geometry 
components. The nodal  inpu t  r e f e r e n c e  franre used f o r  e x t r a c t i o n  
of nodal  c o o r d i n a t e s  must correspond t o  t h e  c o o r d i n a t e  s y s t e m  
used t o  define t h e  GCS d a t a  and must be i d e n t i f i e d  by  he s me 
name that i s  ass igned t o  t h e  cornporient by n labe l f l  i n  t h e  ca 
t o  GCSGEOM. 

A 
ATLAS f i n i t e  elements  a r e  d e f i n e d  v i a  t h e  e x t r a c t e d  nodes 

for subsequent  a n a l y s i s l d e s i g n  of t h e  model by t h e  ATLAS System. 



G o 4  ATLASIFLEXSTAB SYSTkX INTERFACES ' 

The execa t ion  and i n p u t  d a t a  r e q u i r e d  f o r  t h e  i n t e r f a c e s  
between t h e  ATLAS System and programs w i t h i n  t h e  FLEXSTAB System 
( re f .  G-4) t h a t  provide  s t e a d y - s t a t e  l o a d s  and elastic s t a b i l i t y  
a n a l y s i s  c a p a b i l i t i e s  are desc r ibed  here in .  The i n t e r f a c e s  
from ATLAS t o  FLEXSTAB and from FLEXSTAB t o  ATLAS i n  a d d i t i o n  
t o  t h e  use of  t h e  ATLAS-library r o u t i n e  VAMAT ( re f .  G-6) a r e  
desc r ibed  i n  terms of  t h e  CDc job-cont ro l  ca rd ,  ATLAS System 
Control-Program and input-deck s e t u p  requirements .  The fo l lowing 
capabi  l i t i  es are  provided: 

a )  t o  FLEXSTAB: Generate a t a p e  on  which ATLPLS- 
genera ted  s t r u c t u r ? i  and mass d a t a  a r e  w r i t t e n  i n  a 
format  t h a t  is compat ib le  w i t h  t h e  da ta - inpu t  
requirements  of t h e  ESIC (Ex te rna l  S t r u c t u r a l  I n f l u e n c e  
C o e f f i c i e n t )  Program o f  FLEXSTAB. These d a t a  are 
subsequent ly  used by FLEXSTAB i n  performing a e r o e l a s t i c  
l o a d s  and e l a s t i c  s t a b i l i t y  ana lyses .  

b) ELEXSTAB t o  ATLAS: Read a t a p e  on which FLEXSTAB- 
genera ted  nodal - loads  d a t a  a r e  w r i t t e n  t o  perform a 
stress a n a l y s i s  v i a  t h e  ATLAS System. The n e t  l o a d s  
a t  r e t a i n e d  ATLAS nodes a r e  c a l c u l a t e d  by t h e  SDSS 
( S t a b i l i t y  Der iva t ives  and S t a t i c  S t a b i l i t y )  Program 
of  FLEXSTAB and w r i t t e n  o n t o  t h e  SDSS ou tpu t  tape .  

c) 'TTz ATLAS-L&brary-g~ut&~g-y~T: The ATLAS-generated 
panel-weight ma t r ix  a s s o c i a t e d  wi th  t h e  aerodynamic 
pane l s  de f ined  f o r  FLEXSTAB is used t o  i n t e g r a t e  panel  
l o a d s  by subrou t ine  VAMAT i n  t h e  ATLAS-System l i b r a r y .  
T h i  s r o u t i n e  g e n e r a t e s  r e s u l t a n t  s h e a r  f o r c e s ,  bending 
momsnts and t o r s i o n s  r e l a t i v e  t o  user-def ined r ~ f e r e n c e  
axes. These r e s u l t a n t  l o a d s  a r e  not normally used 
e x p l i c i t l y  i n  s t r u c t u r a l  des ign ,  however, they  a r e  
used i n  t h e  s e l e c t i o n  of  c r i t i c a l  design-load 
condi t ions .  

ATLAS t o  FLEXSTAB I n t e r f a c e  G . 4 . 1  ....................... 
The ATLAS t o  FLEXSTAB i n t e r f a c e  produces an i n p u t  d a t a  

t a p e  c a l l e d  NASTAP f o r  t h e  ESXC program of  FLEXSTAB. NA ,TAP 
c o n t a i n s  s t r u c t u r a l  geometry and mass d a t a  i n  t h e  f i r s t  f i l e  
and s t r u c t u r a l  f l e x i b i l i t y  ma t r i ces  a s s o c i a t e d  with symmetric 
and antisymmetric: a e r o e l a s t i c  a n a l y s e s  i n  subsequent f i l e s .  
Uni ts  of t h e  mass d a t a  must be lb - sec* / f t .  A d e s c r i p t i o n  of 
t h e  format of NASTAP may be found i n  r e f e r e n c e  G-4. The f i r s t  
f i l e  of NASTAP i s  produced by execu t ion  of t h e  MASSFIL 
s u b r o u t i n e ,  whereas sabsequent  f i l e s  a r e  genora ted  by execu t ion  
o f  t h e  FLEXFIL subrou t ine  i n  t h e  ATLAS-System l i b r a r y  ( r e f .  
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B 

1-1) . Data for only one weight  condition may be w r i t t e n  o n t o  

- # 
NASTAP. 

G .  4 . 1 . 1  Job Deck S truc ture  

t Figure G-2 i l l u s t r a t e s  the ATLAS job deck required to  
qenerate t h e  ATLAS t o  FLEXSTAB interface data  tape .  

I EM-OF-RECORD I Ill1 

I ATLAS COWTROL PROCRAM 
mm 

I 

( END-OF-RECORD I I 

i g u  re  8-2. ATLAS/FLEXSTAB Job Deck 



6 . 4 . 1 . 2  CDC 6600 Job Control Cards 

The following list shows the control cards required to 
generate the data tape NASTAP for subsequent aeroelastic analyses 
via FLEXSTAB. 

Job C a r d  
Account Card 
GET (CATM/UN=UATLASU) 
CALL (CAT?3, ATTACH) 
CALL (CAW , KOKTROL) 
ATLAS. 
REWIND (SAVESSF) 
REQUEST (NASPAP ,F=I , LB=KL , PO=AW) SAVE 
COPYEI (SAVESSF , NASTAP) 
RETURN (NASTAP) 

G, 4.1.3 ATLAS C c n t r o l  P r o g r a m  

The following Control Program i l lustrates the statements 
required t-o g e n e r a t e  NASTAP for both a symmetric and an 
antisymmetric a n a l y s i s .  

BEGIN CONTROL MATRIX P R O G W  FLEX 
PROBUM ID (ATLAS/FLEXSTAB INTERFACE) 
DIMENSION FET (50 ,3)  , FETS (560) 
READ XNPUT 
EXECUTE MASS (OPTION =2)  

C 
C STAGE 1 --SYMMETRICAL 
C STAGE 2 - -&'TI SYMMETRICAL 
C 

PEhFORM F-REDUCE iSTAGE= 1, [ FRED ]=[ FLEX 1 1) 
PERFORM F-REDUCE (STASE=Z,[FREI) ]=[ -21) 
CALI.. FILEADD (FET, DATRREiF ,MASSRNFf MULTRNF) 
CALL FETADD ( SAVEShF , FETS , 550 , 1 , 0 , IRR) 
REWIND SAVESSF 
N S E T = S t i f f n e s s / m a s s  data set number 
NSTAGE= 1 
INP/J?SS=Mass matrix name 
CALL MASSFIL (INMASS ,NSET, NSTAGE) 
INSYMMz 5LFLEX1 
CALL FLEXFXL (INSYMM) 
INASYM=SLFMiXZ 
CALL FT,Z.XFIL (INASYM) 
END CONTROL PKOGWL! 

Subrol l t ines  PIASSFIL and FLEXFIL a r e  called with user- 
defined parmeters  a s  described below. The f i r s t  f i l e  of 
information on NASTAP i s  senerated by t.he subroutine MASSFIL, the 
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second and subsequent da ta  f i l e s  on NASTAP are generated by 
FLEXFIL--one f i l e  per subroutine c a l l .  

r 
i CALL PIASSFIL (Name, Set .Stage) 

Set 

S t a ~ e  

= Name of t h e  mass matrix associated with 
the mass condition number as assigned by 
the mass data  (sec-  138.0) . 

= The number ( integer)  of the 
st i f f  nessmass  da ta  set - 

= Inteuer  ident i fy ing  a boundary-condition 
STAGE fo r  symmetrical boundary conditions 
associated w i t h  "Set* (sec, 106.0) , 

-. 
CALL FLEXFIL ( N a m e )  

Name = Name previously assigned t o  t h e  
r l e x i b i l i t y  matrix, 

X f  two f l e x i b i l i t y  matrices are required (one f o r  a 
symn~etrical ana lys is  and one fo r  an ant isympetr ical  
analysis)  , two c a l l s  t o  FLJ5XF.U a r e  required,  In the 
foregoing Control Prqram, the matrices a r e  named FLEX1 and 
FLEX2, respectively.  

G. 4.1 -4 FLEXSTAB Aerodynamic Hodel D a t a  

S t ruc t -u r a l  FLEXSTAB-nude1 da ta  a r e  required and must be 
stacked inmediately followiny the "END PROBLEM DATAn record of 
the ATLAS data deck. These data are  comprised of the following 
datd blocks: 

a )  Siender body data  

b) Vert icdl  and h o r i z o n t a l  thin-body data  including the 
corresponding panel-def i n i  t i o n  data .  

Each slender body and t h i n  body, as  required for t h e  FLEXSTAB 
aerodyriarnic model, must be def ined  by one of these data  blocks, 
The  order in w t l i c l ~  t ! ~  bodies drt. def ined xilust be compatible with 
the order i n  which t h e  corresponding kinematic freedoms are 
RETAINED by t h e  ATWS boundary~ond i t ion  (BC) data  (sec, 106.0) .  
That is, t-he order of t he  retained degrees-of-freedom associated 
w i t h  the input-sequence of body data  must coincide with Iche order 
in  which  tht? same deyrees-of-freedom are retained by the BC data. 



The a n a l y s i s  frame o f  a l l  r e t a i n e d '  nodes must be the 
GLOBAL r e f e r e n c e  frame (see sec. 100.0) o r i e n t e d  such t h a t  t h e  
p o s i t i v e  X-axis is i n  t h e  d i r e c t i o n  of  t h e  f ree-s t ream flow 
and t h e  p o s i t i v e  Z-axis is upward. The X-Z plane  i s  assumed 
t o  be t h e  p lane  of model symmetry. A l l  c o o r d i n a t e s  d e f i n e d  
by  t h e  fo l lowing d a t a  r e c o r d s  must be measured r e l a t i v e  to t h e  
GtOBAL X-Y-Z t r i a d .  

The fo l lowing d a t a  b locks  a r e  i n p u t ,  a s  r equ i red ,  according 
t o  t h e  foregoing s t a c k i n g  requirement.  Each block s t a r t s  wi th  
a "BEGINn record  and t e r m i n a t e s  with a n  "ENDn record. De ta i l ed  
d e s c r i p t i o n s  of t h e  fo l lowing  d a t a  items a r e  inc luded i n  t h e  
FLEXSTP.B System documentation (ref. G-4) . 

Record 1 Begin Slender-Body Data Block 

FFGIN SLENDER BODY DATA 

Record 2 S lender  Body Data 

y z Symm Asym Code Nodes Mass Ndof F l i s t  

Asym 

= Y-coordinate d e f i n i n g  t h e  o r i g i n  of 
t h e  slender-body f o r  t h e  FLEXSTAB model. 

= 2-coordinate d e f i n i n g  t h e  o r i g i n  of 
t h e  s l ender -  body l o c a l  coord ina te  system 
used f o r  t h e  FLEXSTAB model. 

= The row number ( i n t e g e r )  of  t h e  
f l e x i b i l i t y  m a t r i x  t h a t  corresponds  
t o  t h e  s t r u c t u r a l  node a s s o c i a t e d  wi th  
t h e  beginning of t h i s  body when a 
symmetrical a n a l y s i s  i s  t o  be performed. 
A z e r o  must be  i n p u t  for t h i s  i t e m  if 
a symmetrical  a n a l y s i s  is not to be 
performed. 

= Same as "Symmw b u t  must be s p e c i f i e d  
as a nonzero i n t e g e r  when an 
ant i symmetr ica l  a n a l y s i s  i s  t o  be 
performed. 

BoCh IvSymm" and "AsymI1 m y  be s p e c i f i e d  a s  nonzero. One 
of rhese items must be nonzero. 



Nodes 

Mass 

Ndof 

Flist 

= An i n t e g e r  t h a t  d e n o t e s  t h e  l o c a t i o n  
of t h e  body r e l a t i v e  t o  t h e  X-Z plane 
of  model symmetry. The o p t i o n s  are: 

0--the body i s  n o t  i n  t h e  X-Z p l a n e  
1-- the body is i n  t h e  X-Z plane 

= The number ( i n t e g e r )  o f  r e t a i n e d  nodes 
on t h e  body. 

= The row number ( i n t e g e r )  of t h e  mass 
m a t r i x  a s s o c i a t e d  w i t h  t h e  beg inn ing  
of t h e  body. 

= The number ( i n t e g e r )  of d e g r e e s  of 
freedom r e t a i n e d  a t  e a c h  node o n  t h e  
body (1 L Ndof 5 3 ) .  

= A l i s t  of 1 ,  2 o r  3 un ique  l e t t e r s  
s e l e c t e d  from X ,  Y and  2 t h a t  d e n o t e s  
which t r a n s l a t i o n a l  degrees-of  -freedom 
a r e  r e t a i n e d  a t  each node on t h i s  body, 
The o r d e r  i n  which these le t te rs  are  
i n p u t  must be c o m p a t i b l e  w i t h  t h e  o r d e r  
i n  which t h e  freedoms a r e  r e t a i n e d .  

Kecord 3 E~id Slender-Eody Data Block 

r END DATA 1 
AND PANEL D E F I N I T I O N  DATA .----------------------- 

The  f a l l o w i n g  sequence  of r e c o r d s  is u s e d  t o  d e f i n e  a 
v ~ r t i c a l  t h i n  body or a h o r i z o n t a i  t h i n  body. 

Fecord 4 Feqin  Thin-Body Data Block 
b > 

E E G I N  VERTICAL } THIN BODY DATA 
HOEIZONTAL 

i- .) 

T h i s  r e c o r d  denotes whether t n e  s u b s e c p e n t  r e c o r d s  d e f i n e  
a VERTICAL t h i n  body o r  a HORIZONTAL t h i n  body, 



Record 5 Thin Body Data  

x y z d i h  Synm Asym c o d e  Nodes 
m 

Npan Mass Ndof F l i s t  
A 

d i h  

Code 
Nodes ) 
Npan 

= The X, Y and Z-coord ina t e s  d e f i n i n g  
t h e  o r i g i n  of t h e  body l o c a l  c o o r d i n a t e  
s y s t e m  u s e d  f o r  t h e  FLEXSTAB model. 

= D i h e d r a l  a n g l e  ( r a d i a n s )  of t h e  t h i n  
body. A p o s i t i v e  d i h e d r a l  c o r r e s p o n d s  
t o  a r i g h t - h a n d  r o t a t i o n  about t h e  X- 
axis r e l a t i v e  t o  t h e  X-Y p lane.  

= These i t e m s  a r e  a s  d e s c r i b e d  f o r  
Record 2. 

= The number ( i n t e g e r !  of  s t r u c t u r a . 1  
p a n e l s  used f o r  FLEXSTAB i n t e r p o l a t i o n  
Durposes. These  p a n e l s  a r e  d e f i n e d  
by subsequent  Rgcords 6 and 7 f o r  t h i s  
body. 

Mass 1 
Ndof = These items a r e  a s  d e s c r i b e d  f o r  
F l i s t  f Record 2. 

Fecord 6 Fegin Panel  D e f i n i t i o n  Data 

I BEGIN PANEL DEFINITION DATA 

Record 7 d e f i n e s  a pane l  a s s o c i a t e d  w i t h  t h e  t h i n  body 
d e f i n e d  by Records  4 and 5. T h i s  r e c o r d  must be r e p e a t e d  t o  
t i ? f i r . n  l15l\anw p ~ ~ n e l s  for t .he  body. 

Ki, Hi = Ni identifies t h e  j - t h  s e q u e n t i a l  
r e t  3ir,n? node for + h e  body identified 
by t h e  i i , t q e r  number ItRi. The? ltNill 
integer numbers musc be i n  t h e  r a n g e  
1 t o  "Nodes1' a s  s p e c i f i e d  by Record 
5 .  Items N 1 ,  N2, N 3  dcd N 4  d e f i n e  t h e  
3 or 4 c o r n e r s  of a t r i a n g u l a r  o r  
q u a d r i l a t e r a l  s t r u c t u r a l  pane l ,  
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r e s p e c t i v e l y ,  t h a t  i s  used f o r  FLEXSTAB 
i n t e r p o l a t i o n  purposes.  N1 through 
N 4  may be i n p u t  i n  e i t h e r  a  c lockwise  
o r  a counterc lockwise  order. N 4  and 
B4 must be i n p u t  a s  z e r o s  f o r  a  
t r i a n g u l a r  panel .  

Fecord 8 End Thin-Body Data Block 

Fecord 9 End Data 

1 END FLEXSTAB DATA 1 
This r z r o r d  i n d i c a t e s  t h a t  a l l  s lender-body and thin-body 
aerodynamic model d a t a  have been i n p u t  f o r  t h e  SETISTAGE 
s t r u c t u r a l  model f o r  which a e r o e l a s t i c  l o a d s  a r e  t o  be 
c a l c u l a t e d .  

FLEXSTAB t o  ATLAS I n t e r f a c e  G*  49 2 ------------------------ 
The !&EXSTAB t o  ATLAS i n t e r f a c e  c o n s i s t s  of p rocess ing  

the FLEXSTAB-generated net - loads  d a t a  f i l e  by s u b r o u t i n e  STREFIL 
i n  t h e  ATLAS- System l i b r a r y  ( re f .  1- 1) . T h i s  r o u t i n e  g e n e r a t e s  
s t r u c t u r a l  nodal- loads mat r i ces  used for s t r e s s  a n a l y s e s  v i a  
ATLAS 

G.4.2.1 Job Deck S t r u c t u r e  

Figure G-3 i l l u s t r a t e s  t h e  ATLAS job deck required t o  
g e n e r a t e  nodal - loads  m a t r i c e s  and t o  perform a s t r e s s  a n a l y s i s  
based on t h e  FLEXSTAB net - loads  da ta .  



F i pure 9-3. FLEXSTAB/ATLAS Job Deck 



6.4.2.2 CDC 6600 Job Control  Cards 

The following list shws the control cards required to 
execute ATLAS using the output tape f r o m  FLEXSTAB. This t a p e  i s  
i d e n t i f i e d  as "SDD* in the subsequent cards. 

Job Card 
Account Card 
GET (CATM/UN=UATLASU) 
CALL (CATM, ATTACH) 
CALL (CATM , KONTROL) 
REQUEST(SDD,VSN=~~XXMC,PO=AR,F=I,LB=KU) 
REWIND (SDD) 
COPY (SDD, SAVESSF) 
RETURN (SDD) 
REWIND (SAVESSF) 
ATLAS. 

G. 4 -2.3 ATLAS Control Program 

The fol lowing C o n t r o l  Program i l lustrates  the statements 
required t o  compute stresses and displacements v i a  ATLAS using 
the FLEXSTAB nodal loads. 

BEGIN CONTROL MATRIX PROGRAM FLEX 
PROBLLM I D  (FLEXSTAB/ATLAS INTERFACE) 
DIMENSION FET (50) , FETS (560) 
CALL FILEADD (FET, DATARNF) 
CALL FETADD(SAVESSF,FETS,~~O, 1,O,IRR) 
CALL STREFIL 
READ I N P U T  

C 
C STAGE 1 -- SYMMETRIC 
C 

PERFORM R-SJXESS 
PfiINT OUTPUT (STRE, P l i s t )  
PRINT OUTPUT ( D I S P , P l i s t )  

C 
C STAGE 2 -- ANTISYMMETRIC 
C 

PERFORM R-SIXESS (STAGE=2) 
PRINT OUTPUT (STRE,STAGE=2 , P l i s t )  
PRINT OUTPUT (DISP, STAGE=2, P l i s t )  
EWb CONTROL PROGRAM 

%>-W 4, * - I . .  ,_ ' I  -- - - * . .  1 I' . .*.-.' .' . I I ,  .* 
, ------ 

. ," a*, 
. -.- - 

. .  . v 



w i t h i n  t h i s  C o n t r o l  Program, subroutine STEEFIL i s  c a l l e d  
a s  f o l l o w s :  

CALL STREFIL 1 
G. 4.2.4 ATLAS Loads Dats 

The f o l l o w i n g  ATLAS l o a d s  data are r e q u i r e d .  

BEGIN LOADS DATA / 
STAGE 1 / SYMMETRIC CONDITION 
FEAD NODAL LOADS FROM DATARNF WITH INDEX QSYMM**/ 
* /  THE FOLLOWING TWO CARDS ARE REQUIRED I F  ANTISYMNETRICAL 
LOADS ARE ALSO AVAILABLE. / 
STAGE 2 / ANTISYMMETRICAL CONDITION 
FEAD NODAL LOADS FROM DATARNF WITH INDEX QASYM** / 
END LOADS DATA / 

Subrou t ine  VAMAT a l l o w s  t h e  s h e a r ,  moment and t o r s i o n  
a l o n g  the wing, body and h o r i z o n t a l  t a i l  t o  be c a l c u l a t e d  f o r  
a  s e l e c t e d  s e t  of p a n e l  a i r l o a d s  and pane l  weights f o r  symmetric 
conditions only. An a d d i t i o n a l  r o u t i n e  i d e n t i f i e d  by the name 
VAMSCN i s  p rov ided  t o  s c a n  t h e  VAMAT-generated l o a d  c o n d i t i o n s  
t o  f i n d  the minima and maxima. F u r t h e r  d e s c r i p t i o n s  of  VAMAT 
ar.d VAMSCN a r e  p r e s e n t e d  i n  r e f e r e n c e  G - 6 .  

G . 4 . 3 . 1  Job  Deck S t r u c t u r e  

F i g u r e  G-4 i l l u s t r a t e s  t h e  ATLAS job deck r e q u i r e d  t o  
e x e c u t e  t h e  VAMAT and VAMSCN r o u t i n e s .  



SYSTEM 
INTERFACES 0 

- -- - - -  

F i gure G-U. A T L A S  Job Deck w i t h  VAMAT and VAMSCN Data 



G. 4 .3 .2  CDC 6600 J o b  C o n t r o l  c a r d s  

The f o l l o w i n g  list shows t h e  c o n t r o l  c a r d s  r e q u i r e d  t o  
e x e c u t e  t h e  VAMAT and VAMSCN r o u t i n e s .  

J o b  Card 
Account Card 
GET (CATM/UN=UATLASU) 
CALL (CATM, ATTACH) 
CALL (CATM, KONTROL) 
FEQUEST ( S D D f V S N = 6 6 x x x x ,  PO=AR,F=I, LB=KU) 
F EWIND (SDD) 
COPY ( S D D ,  SAVESSF)  
F ETlTRE ( S P D )  
F EQIJZST (SCI, V S N = 6 6 x x x x ,  PO=AR,F=I ,LB=KU) 
FEWIND ( S C I )  
COPY (SCI, S A V E S S 1 )  
FETUFh ( S C I )  
P-TLAS. 
F EQUEST (SCO, FO=AW, F=I ,LB=KU) SAVE 
FEWIND (SAVESS1  ) 
CCPY (SAVESS 1 ,  SCO) 
FETUFN (SCO) 

Notss: (1)  C o n t r o l  c a r d s  r e q u i r e d  t o  mount t h e  FLEXSTAB 
SDSS d a t a  t a p e  f o r  e x e c u t i o n  of VAMAT. F i l e  
SAVESSF i s  rewound by VAMAT. T h e r e f o r e ,  no 
i n f o r m a t i o n  o t h e r  t h a n  the S D S S  d a t a  may be 
on SAVESSF.  

C o n t r o l  c a r d s  r e q u i r e d  t o  mount t h e  s a v e  t a p e  
from a p r e v i o u s  VAMAT e x e c u t i o n .  P o s i t i o n i n g  
o f  s A V Z s S l  i s  l e f t  t o  t h e  u s e r  s i n c e  a d d i t i o n a l  
c o n d i t i o n s  may be g e n e r a t e d  by a d d i t i o n a l  
c a , l l s  t o  VAMAT p r i o r  t o  e x e c u t i n q  VAMSCN. 
T h e s e  c a r d s  a r e  r e q u i r e d  i f  a d d i t i o n a l  
1:onditions a r e  t o  b e  g e n e r a t e d  or i f  VAMSCN 
i s  to be executed  w i thou t  a p r i o r  c a l l  t o  
VAMAT i n  t h e  ATLAS C o n t r o l  P r o q r a m .  

( 3 )  C o n t r o l  c a r d s  r e q u i r e d  o n l y  t o  save t h e  VAHAT- 
g e n e r a t e d  d a t a  for e x ? c u t i o n  of VAYSCN v i a  
a d i f f e r e n t  job. 

G .  4 . 3 . 3  ATLAS C o n t r o l  Program 

The f o l l o w i n g  Control Program i l l u s t r a t e s  t h e  statements 
r e q u i r e d  t o  execute t h e  VAMAT and VAMSCN r o u t i n e s .  



BECIN CONTROL MATAIX PROGRAM LDAD ' 

PRd'3LEN I D  (VAMAT,NAMSCN EXECUTION) 
DIMENSION PET [50,2)  ,FET? (560) ,F'ET2 (560) ,FET3 (560) ,FET4 (560) 

( 1 )  READ INPUT 
( 1 )  EXECUTE MASS 
( 1) PRINT OUTPUT (MASS,M!lC=MDC****) 

CALL FILEADD (FE2 ,DATARNF ,MASSRNF) 
CALL FETADD (SAVESSF, FEW, 560,  I ,O,  IRR) 
CALL FETADD (SAVESS1 .FET2 p 560 p 1 no, J2R) 
CALL FETADD (SCO OSSF , FET3,S 60 , 1 , 0 ,  I RR) 
C A U  FETADL,(SCOlSSF,FET4,560,l,O,IRR) 

(2)  CALL VAMAT 
( 3) CALL VAMSCN 

END CONTROL PSOGRAM 

~ o t e s :  (1) Required only  i f  VAMAT is to kt. cecuted. 
(2)  Required t o  execute VAMAT 
(31 Required t o  execute VAMSCN 

G. 4.3.4 A W L S  Input Data 

The input  da t a  required f o r  execution of VAMAT and VAMSCN 
are surm~~arized i n  t h i s  s ec t ion ,  These da ta  should be stacked 
immediately a f t e r  t h e  END PF-OBLEEF. DATAH record of t h e  IbTLAS 
data deck. Detai led desc r ip t ions  of the following d a t a  items a r e  
presented in re fe rence  G-6. 

Record 1 Begin VAMAT Data Bl.ock 

BEGIN VAMAT DATA 

Record 2 FLEXSTAB Component I d e n t i f i c a t i o n  

= Alphanumeric name ( 5  19 charac te rs )  of 
t h e  FLEXSTAB component 

NPa (1, 1) = Inceger number of panels per 
component. A zero  must be input  f o r  
t h i s  i tem i f  t h e  component is on t h e  
input  d a t a - f i l e  bu t  i s  no t  used. 

= In teger  number of freedoms per 
component. A ze ro  must be input  f o r  
this i t e m  i f  Npa (I, 1) i s  zero. 

= The in t ege r  1, 2 o r  3 corrtsponding 
t o  the x,  y o r  z freedom number. 



rf   pa (I, 1) is z e r o ,  t h e  number of  
items t o  be skipped on t h e  input 
d a t a - f i l e  s h o u l d  be s p e c i f i e d  by 
Npa ( I r  3 )  

This  record may be r e p e a t e d  t o  i d e n t i f y  a maximum o f  10 
d i f f e r e n t  components on t h e  i n p u t  da t a -  f ile. 

Record 3 Panel-Cut Data 

Imax ivam n p r i n t  

Imax 
i vam 
xiprint 

= Number of p a n e l s  ( i n t ege r1300)  
= Number o f  cuts ( i n t e g e r  < S O )  
= Switch ( i n t e g e r )  for p r i n t i n g  t h e  

pane l  a r e a - r a t i o  and  pane l - cu t  da t a .  
The o p t i o n s  a r e :  

I - - P r i n t  t h e  d a t a  
0--Da n o t  p r i n t  t h e  d a t a  

Record 4 Sect i o n  Data 

I ~ ; d  s c  l b c ~ i t  n s c u t  Pane l  set  1 
Nd = Number of s e c t i o n s  (VAMAT components).  

An i n t e g e r  I 12 

sc = Load f a c t o r  

l b c u t  

n s c u t  

Pane 1 

Set  

= Last body c u t .  The i n t e g e r  number 
of t h e  l a s t  c u t  f o r  which l o a d s  are 
m u l t i p l i e d  by t w o  and  t o r s i o n  is 
set t o  zero. 

= I n t e g e r  number of  cut  of s p e c i a l  
s u r f a c e  (wing f i n )  . 

= I n t e g e r  number of  t h e  ATLAS Mass 
A u x i l i a r y  Fanel  Data subset of p a n e l s  
co r r e spond ing  t o  t h e  FLEXSTAB a i r l o a d  
pane l s ,  If t h e  p a n e l  geometry d a t a  
a r e  t o  be read from cards, see Record 
5,  a  z e r o  must be in]-- i t  f o r  t h i s  
it er 

= :: LAS Mass d a t a - s e t  number 
( i n t e g e r )  used i n  t h e  g e n e r a t i o n  
of the panel weights .  I f  t h e  panel 
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geometry d a t a  are t o  be r e a d  from 
cards ,  see Record 6, a zero must 
be i n p u t  f o r  t h i s  i t e m .  

Record 5 Wing-Fin Panel  Data (op t iona l )  

This  r e c o r d  should  n o t  be input i f  "nscut  = O n  i n  Record 
4. 

npsf nps2 ncsl ncs2 

n p s l ,  nps2 = F i r s t  and l a s t  pane l  numbers 
( i n t e g e r s )  of s p e c i a l  surf ace. 

ncs1, ncs2 = F i r s t  and l a s t  c u t  numbers ( i n t e g e r s )  
a t  which s p e c i a l - s u r f a c e  moments 
are t o  be added. 

Fecord 6 Panel  Geometry Data (op t iona l )  

I f  t h e  panel  geometry d a t a  a r e  t o  be r e t r e i v e d  from t h e  
ATLAS d a t a  base (Panel#@ and Set#O i n  Record 4 ) ,  t h i s  
record should no t  be used. 

= Y - m r d i n a t e s  of the inboard  and 
outboard panel  edges. 

~ ( 1 ,  1) , ~ ( 1 , 2 )  X-coordinates of panel  corners .  
x ( L 3 )  , x ( i , 4 )  

For " s p e c i a l   surface^^^ (wing-f ins) ,  t h e  Y-coordinates 
are found by adding the Z-coordinates  t o  t h e  Y-coordinates. 

This r e c o r d  i s  r e p ~ a t e d  f o r  each panel  ("lmax" i n  Record 
3) i n  t h e  same order t h a t  tile panel  a i r l o a d s  a r e  conta ined 
i n  t h e  inpu t  d?+a f i l e .  

Fecord 7 C u t - T ? f  i n i t i o n  Data 

= X-coordinate and Y-coordinate of 
the cut. 



= o r i e n t a t i o n  of t h e  cut def ined as 
"-TAN# " and illustrated i n  t h e  
following ske tch .  

This record i s  repeated f o r  each c u t  ("ivarnH i n  Record 

For Wincy: O 0  < 4 < Y O 0  ; If # =900 (streamwise c u t ) ,  
s = -999. 

For For sbody : 9 = 180°; s = .0001 

For  Aftbody: 9 =  0 0 ;  S = O . O  

Eecord 8 Sect ion Title I d e n t i f i c a t i o n  

= Alphanumeric l abe l  (I 80 c h a r a c z e r a )  
f o r  t h e  s e c t i o n .  

  his record i s  repeated f o r  each s e c t i o n  fnNdn VkYAT 
components i n  Record 4 ) .  

Record 9 Last C u t  Numbers for Sections 

= The last cgt number ( i n t e g e r )  for 
t h e  i - t h  s e c t i o n .  I f  "k1# components 
are sk ipped  on t h e  i n p u t  d a t a  f i l e ,  
the last *kt# i tems on t h i s  record 
mus t  be i n p u t  a s  zero. 

Record 10 FT-va lue  (pane l  area r a t i o ;  M o d i f i c a t i o n s  

rod  ( 1) mod ( 2 )  . . . mod (ivaml 



mod (i) = Flag ( in teger )  that i d e n t i f i e s  one 
of the following options: 

0--RT-values a r e  not aodif  ied.  
1--RT-values for a continuous set of 

panels a r e  t o  be modified. 
2--Repeat previous RT-values fo r  a 

continuous set of panels. 
3--hT-values of i nd iv idua l  panels a r e  

t o  be modified. 

Modif;-cation da t a  a r e  i n p u t  by Records 11 and 12. 

Record 11 RT-value Modification Data (op t iona l )  

T h i s  record i s  input  only i f  Hmod(i) = l n  or I9mo3(i)=3* 
i n  Record 10. 

Var ia t ion 1: '#mod (i) = 1 

I i f i rs t  i l a s t  r t v a l u  

i f i r s t  , i l a s t  = In teger  numbers of f i r s t  panel and 
last panel i n  a s e r i e s  t o  be modified. 

= RT-value t o  be given t o  t h e  seqqence 
of panels .  

Varia t ion 2: "mod (i) =3It 

= Number of pa.n.els ta .c modified 
( i n t e g e r ]  . 

Record 1 2  RT-vslue Modification Data (op t iona l )  

T h i s  record is input  only if 11mod(i)=3:* in Eesord 10. 

= Integer  number of i - t h  panel  t o  be 
modified 

r t  (i) = RT-va lue  fo r  t.he i - t h  pan2l.  

Record 13 Pane l  Weiqht Matrix Name 

f MDCxxxx f 



MPCxxxx = Alphanumeric 'name (7 c h a r a c t e r s )  
of t h e  ATLAS panel  weight  matr ix .  

Record 1 4  End VAMAT Data Block 

1 END VAIlAT DATA I 
The fo l lowing i n p u t  d a t a  r e c o r d s  a r e  r e q u i r e d  for execu t ion  

of VAMSCN. These d a t a ,  i f  inc luded i n  t h e  d a t a  deck, shou ld  
be s t acked  immediately a f t e r  t h e  VAMAT da ta .  

Record 1 Begin VAMSCN Data Block 

EEGIN VAMSCN DATA 

Fecord 2 Condi t ion  and Case Data 

Ncond ncyc nsum 

Ncond 

r. cyc 

n sum 

= I n t e g e r  number of c o n d i t i o n s  on t h e  
i n p u t  d a t a  f i l e .  

= The number of groups  of c a s e s  ( i n t e g e r  
I 20) t o  b e  scanned (searched) on 
t h e  f i r s t  p a s s  through t h e  i n p u t  
da ta  file. 

= The number of subsequent p a s s e s  
( i n t e g e r  1 10) t o  be made through 
t h e  d a t a  c o l l e c t e d  from t h e  f i r s t  
pass.  

Record 3 Subsequent Passes  

T h i s  r e c o r d  is  input  only i f  "nsumn i s  n o t  zero i n  Record 
2.  

= The i n t e g e r  number of groups of 
sumcases t o  be scanned (searched)  
dur ing  t h e  i - t h  subsequent p a s s  
through the d a t a .  

F ~ c c r d  4 Casts Scanned 

nrec  (1) n r e c  ( 2 )  . . . nrec (ncy 

n r p  - (i) = The  i n t e g e r  number of c a s e s  t.o be 
scanned (searched)  f o r  maxir-a and 



minima i n  t h e  i - t h  group d u r i n g  t h e  
f i r s t  pass th rough the  i n p u t  d a t a  
f i l e .  

I f  a con t inuous  sequence  o f  cases is t o  be scanned and 
t h e  ucontinuous-sequencem o p t i o n  o f  Record 6 is used ,  
t h e  number 2 s h a l l  b e  i n p u t  f o r  " n r e c ( i )  .@( That is ,  only  
the first and l a s t  cases are counted,  a l t h o u g h  t h e  c a s e s  
i n  between a r e  also cons ide red .  I f  * n r e c ( i )  is i n p u t  
a s  a n e g a t i v e  number, t h e  r e s u l t i n g  sumcase is n o t  
c o n s i d e r e d  i n  subsequent  passes .  

Fecords 5 and 6 a r e  i n p u t  i n  p a i r s  f o r  each  g roup  of cases 
("ncycn in Record 2 ) .  

Record 5 Sumcasz T i t l e  

= Alphanumeric t i t l e  (6 80 c h a r a c t e r s )  
f o r  t h e  sumcase o f  t h i s  g roup  of 
c a s e s - - f i r s t  p a s s  through t h e  i n p u t  
da ta .  

Record 6 Cases t o  be Scanned 

Mcase(1) Mcase (2) . . . Mcase ( n r e c  (i) ) 

Mcass( i )  = The i - t h  sequence  number ( i n t e g e r )  
of  a c a s e  t o  be i n c l u d e d  (scanned)  
i n  the g r o u p - - f i r s t  pass  through 
t h e  i n p u t  data. The c a s e  sequence 
numbers w i t h i n  a group s h o u l d  be 
i n  t h e  o r d e r  i n  which t h e s e  c a s e s  
appea r  i n  t h e  d a t a  file. The f i l e  
i s  rewound a f t e r  a group of cases 
has  been read .  There fo re ,  a 
p a r t i c u l a r  c a s e  may be i n c l u d e d  i n  
m l t i p l e  groups.  

"Cont i nuous-Sequence Optiont@-- I f  a con t inuous  sequence 
cf c a s e s  i s  t o  be scanned, e.g. c a s e s  1,2,3,4,5, t h e  u s e r  
need o n l y  i d e n t i f y  t h e  f i r s t  and l a s t  numbers of t h e  
sequence a s  n e g a t i v e  numbers ( -1  and -5  f o r  this example).  
I f  chis op t ion  i s  used, * n r e c  (i) i n  Record 4 must  be 
t h e  integer 2. 

If flnsumu is z e r o  i n  Record 2,  R.scords 7-9 should n o t  
be i n p u t .  I f  " n ~ u r n # O , ~ ~  Records 7, 8 and 9 are r e p e a t e d  ItnsumH 
times,  



Record 7 Sumcases f o r  Subsequent  P a s s e s  ' 

n r e c  (1) n r e c  (2)  . . . mec (ism (j) ) 

n r e c  (i) = The i n t e g e r  number of  sumcases t o  
be scanned  ( sea rched )  for maxima 
and minima i n  t h e  i-th group  d u r i n g  
t h e  j - th  subsequen t  pass. 

I f  a c o n t i n u o u s  sequence  o f  c a s e s  is to be scanned  and  
t h e   continuous-sequencen o p t i o n  of Record 9 is used ,  
t h e  number 2 s h a l l  h e  i n p u t  f o r  " n r e c ( i ) . "  Tha t  is, o n l y  
t h e  first and l a s t  c a s e s  a r e  counted ,  a l t h o u g h  t h e  c a s e s  
i n  between are a l s o  cons ide red .  I f  " n r e c ( i )  i s  i n p u t  
a s  a n e g a t i v e  number, t h e  r e s u l t i n g  sumcase is n o t  
c o n s i d e r e d  i n  subsequen t  p a s s e s .  

Records  8 and 9 a r e  r e p e a t e d  "isrn(j) t i m e s  for t h e  j - t h  pass .  

Fecord 8 Sumcase T i t l e  

= Alphanumeric t i t l e  (I 80 c h a r a c t e r s )  
f o r  t h e  sumcase of t h i s  g r o u p  of  
sumcases--the j - t h  pass. 

Record 9 Sumcases t o  be Scanned 

Mcase(1) Mcase (2) . . . Mcase ( n r e c  (i) j 

Mcas e (i) = The i - t h  sequence  number ( i n t e g e r )  
of a sumcase to  be i n c l u d e d  (scanned)  
i n  t h e  group-- the  j - t h  pass .  

"Continuous-Sequence Option1'--If a c o n t i n u o u s  sequence  
of sumcasos is t o  be s c a n n e d ,  p,g .  SumcasEs 1,2,3,4,5, 
r.h? user  need only identify the f i rs t  and l a s t  numbers  
of t h e  s e q u e n c e  a s  n e g a t i v e  numbers (-1 and -5 f o r  this 
example) . I f  t h i s  o p t i o n  i s  used ,  "nrec (i) i n  Record 
7 must be t h e  i n t e g e r  2. 

Record 10 End VAMSCN Data Block 

I LPJD VAMSCN DATA 1 



G . 5  ATLAWNASTRAN SYSTEM INTERFACES ' 

The e x e c u t i o n  and  i n p u t  d a t a  r e q u i r e d  f o r  the c o n v e r s i o n  
of  problem-daka decks between ATLAS and  NASTRAN Level 15 ( r e f .  
G-5)  a r e  d e s c r i b e d  h e r c i n .  The i n t e r f a c e s  from ATLAS t o  NASTRAN 
and  from NASTRAN t o  ATLAS are d e s c r i b e d  i n  terms 0f  t h e  CDC- 
j o b - c o n t r o l  c a r d ,  ATLAS System Contro l -Program and i n p u t  d a t a -  
deck s e t u p  requi rements .  L i m i t a t i o n s ,  app rox ima t ions  and d e t a i l s  
o f  t h e  d a t a  c o n v e r s i o n s  a r e  a l s o  p r e s e n t e d .  I n p u t  d a t a  f o r  
one of t h e  programs t h a t  a r e  n o t  d i r e c t l y  r e l a t a b l e  t o  i n p u t  
d a t a  f o r  t h e  o t h e r  program a r e  i d e n t i f i e d .  

The ATLAWNASTRAN System i n t e r f a c e s  a r e  d e s c r i b e d  i n  t h e  
f o l l o w i n g  s e c t i o n s .  

G . 5 . 1  ATLAS t o  NASTRAN I n t e r f a c e :  G e n e r a t e  a t a p e  on 
which ATLAS-generated s t r u c t u r a l  and  mass problem- 
d a t a  a r e  w r i t t e n  i n  a f o r m a t  t h a t  conforms t o  a 
NASTRAN b u l k  d a t a  deck. 

G . 5 . 2  NASTRAN t o  ATLAS I n t e r f a c e :  G e n e r a t e  a t a p e  on 
which NASTRAN b u l k  d a t a  are  w r i t t e n  i n  a fo rma t  
t h a t  conforms t o  a n  ATLAS d a t a  deck. 

G. 5. 1 ATLAS to NA_STR_AN I n t e r f a c e  

Convers ion  of  ATLAS-generated s t r u c t u r a l  and mass problem- 
d a t a  t o  compa t ib l e  NASTRAN bulk-da ta  c a r d  images is performed 
by t h e  ATLAS t o  NASTRAN i n t e r f a c e .  The c o n v e r t e d  d a t a  are 

Once . a u t o m a t i c a l l y  w r i t t e n  o n t o  a f i l e  ( t a p e )  i n  a n  u n s o r t e d  sequ, 
The u s e r  must add NASTRAN e x e c u t i v e - c o n t r o l  d a t a  and c a s e - c o n t r o l  
d a t a  t o  t h e  u n s o r t e d  bu lk  d a t a  t o  produce a NASTRAN d a t a  d e c ~ .  

ATLAS d a t a  a r e  c o n v e r t e d  t o  NASTRAN b u l k  d a t a  by e x e c u t i o n  
o f  t h e  ATNA s u b r o u t i n e  i n  t h e  ATLAS-System l i b r a r y  (ref .  1- 1 ) .  
T h i s  s u b r o u t i n e ,  which i s  c a l l e d  from a n  ATLAS C o n t r o l  Program, 
p rov ides  o p t i o n s  f o r  c o n v e r t i n g  one  o r  more of  t h e  f o l l o w i n g  
da t a  c a t e g o r i e s :  

a) NDDAL 
5 )  ELEMENT ( S t i f f n e s s )  
c) EC and LOADS 
d)  M A S S  

F a t r i c e s  i n  tile ATLAS d a t a  b a s e  a r e  u sed  by ATNA t o  e f f e c t  t h e  
d a t a  conve r s ion .  These m a t r i c e s  a r e  q e n e r a t e d  by p r e v i o u s  
e x e c u t i o n  of c e r t a i n  ATLAS P r e p r o c e s s o r s  and P r o c e s s o r s .  
G e n e r a l l y ,  m u l t i p l e  b u l k - d a t a  c a r d s  a r e  g e n e r a t e d  f o r  each  ATLAS 
d a t a  record .  T h i s  p rocedure  of d a t a  c o n v e r s i o n  t a k e s  advan tage  



of the AmAS input-data generation capabi l i t ies .  The A T U S  
program modules t ha t  must be executed p r io r  to execution of ATNA 
are iden t i f i ed  i n  section G.S.1.3. 

G, 5.1.1 Job ileck Structure 

The ATLAS job deck required t o  convert ATLAS problem- 
def in i t ion  data t o  NASTRAN bulk data  is i l l u s t r a t e d  by f i g u r e  11- 
1 i n  sec t ion  11.0, 

G.5.1.2 CDC 6600 Job Control Cards 

The f ollowir~g l is t  shows the control cards required t o  
generate a NASTRAN bulk-data tape,  MST, t h a t  may be used fo r  
subsequent execution of NASTRAN. 

Job Card 
Account Card 
GET (CATM/UN=UATLASU) 
CALL (CkTM ,ATTACH) 
CALL (CATM, KONTROL) 
ATLAS, 
REWIND (Savef il e) 
REQUEST (NAST, F=I ,LB=KL,PO=AW) SAVE 
COPYE I (Saver il e , NAST) 
KETUkN (NAS?? 

Note: Savef i l e  = One of the  ATLAS Savefi les  (SAVESSF o r  
SAVESSl through SAVESS4) on which the 
NASTRAN bulk-data card images are stored. 
See the  description of subroutine ATNA i n  
sect ion G . 5 . 1 . 3 .  

G. 5.1.3 ATLAS Control Program 

The following example Control Program i l l u s t r a t e s  t h e  
statements required t o  corivert each of the  categories  of data 
from ATLAS t o  NASTRAN bulk-data card images. 

BEGIIS CONTROL MATRIX PROGRAM CONVERT 
PROBLEM I D  (CONVERSION OF ATLAS DATA TO NASTRAk DATA) 
DIMhNSION FET(50,5) ,AA(115) ,BB(115) ,CC (115) ,DD(115) ,EE(115) 

C PREPROCESS TH?Z ATLAS DATA TO BE CONVERTED. 
READ INPUT 

C EXECUTE THOSE ATLAS PROCESSORS, AS REQUIRED, 
C FOR CONVERSION OF BC, LOADS AND MASS 
C DATA CATEGORIES. THE STIF'FNESS/MASS DATA 
C SET NUMBER IS 3 AND THE BC STAGE NUMBER IS  
C 2 FOR TNIS EXALWLE. 

EXECUTE STIFFNESS (SET=3, RUN= STIFFNESS) 



EXECUTE LOADS (SET=3, S!TAGE=2) 
EXECUTE .KERGE(U)ADS,SET=3,STAGE=2,Lll=11,L21=21,~AD3=31) 
EXECUTE MERGE(DISPLACEME,SET=3,STAGE=2,DISP=31) 
EXECUTE MASS (SETs3 ,OPTION=3) 

C OPEN FILES THAT ARE USED BY THE ROUTINE ATNA. 
CALL FILEADD(FET,DATARNF,MERGRNF,MASSRNF~STIFRNF,SCOORNF) 
CALL FETADD (SCOOSSF,AA,llS,l,O,LRR) 
CALL FETADD (SCOlSSF,BB, 115,1,0,IRR) 
CALL FETADD (SCOZSSF,CC,115,1,0,IRR) 
CALL FETADD (SC03SSF,DD,11S,l,O,fRR) 
CALL FETADD (SAVESSF,EE, 115,1,0 ,IRR) 

C IDENTIFY VALUES OF PARAMETERS FOR THE ATNA ROUTINE, 
NSET = 3 
NCOND = 0 
IELEM = 1 
IRODE = 1 
INASS = 0 
NFILE = SAVESSF 
NSTAGE= 2 
N1 = 3LLll 
N2 = 3LL21 
N3 = 5LLOAD3 
N4 = 4LDISP 
IBCLD = 1 

C CONVERT A T U S  DATA TO NASTRAN BULK DATA AND 
C STORE ON FILE SAVESSF. 

CALL ATPJA (NSET , NCOND, IELEM, INmE, IMASS, NFILE, 
X NSTAGE,Nl ,l!J2,N3,N4,IBCLD) 

C OTHER ATLAS STATEMENTS MAY BE USED HERE AS REQUIRED. 
END CONTkOL PROGRAM 

The "READ INPUTw statement causes  execution of the ATLAS 
Preprocessors for those data included in the ATLAS data deck. 
The required ATLAS input data sets and those ATLAS Processors 
which must be executed prior to execution of subroutine ATNA are 
identif ied in table G-2 .  A l l  of the working f i l e s  required by 
the r o u t i n e  ATNA must be opened as shown by the calls to FILEADD 
and FETADD- Only the output file of ATNA may be d i f f e r e n t  from 
that shown in this example. This file, SAVESSF for t h i s  example, 
contains card images of the NASTRAN bulk data. 



Table  6-2. A T U S  Input Data aed ?rocerror  Exocutianr Required f o r  
Converrion o f  Data t o  IA8TRYI Bulk Data 

S u b r o u t i n e  ATNA is c a l l e d  w i t h  u s e r - d e f i n e d  p a r a m e t e r s  
a s  d e s c r i b e d  below. 

BC, LOADS 
(No Loads or  
support d i s -  
 aceme men t data) 

r 

BC, LOADS 
(BC, Loads andlor 
support d i s -  
placement data)  

--. - -- .. - ,. - - 

CALL ATNA (se,Cond,OptI ,Opt2,0pt3,~file,St,N1,~2,N3,N4,0pt4) 

= The number ( i n t e g e r )  o f  t h e  ATLAS d a t a  SET 
t o  b e  processed .  

Nodal, BC, Mass 
,. . 

I MASS 
. . . . , . . - - 

Nodal; BC; 
S t i f f n e s s  

~ ~ d a l ;  BC; 
St i f fness; Loads 

-. -- , -  -- - . -- - ---. 

Cond = T h e  number ( i n t e g e r )  of t h e  ATLAS mass- 
d i s t r i b u t i o n  c o n d i t i o n  number t o  be  
processed .  I n p u t  a s  z e r o  i f  mass d a t a  a r e  
n o t  t o  be processed .  

ST l FFNESS 

ST I FFNESS; LOADS; MERGE(LOADS) ; 
M R G E ( D  I SPLACEME WT) 

- -. -. - . -, - 

= Swi tches  (integers) i n p u t  a s  0 o r  1 t o  i d e n t i f y  
which d a t a  c a t e g o r i e s  are t o  be processed .  Opt3 ,Opt4 
"Opki" co r re sponds  t o  one  of t h e  da ta  c a t e g o r i e s  
as shown below. 

Opt1 -- ELEMENT 
O p t 2  -- NODAL 
Opt3 -- MASS 
O p t 4  -- BC, LOADS 

Only t h o s e  2 a t a  t h a t  co r r e spond  t o  a category 
f o r  which llOptill is  i n p u t  a s  1 a r e  c o n v e r t e d  



A f i l e  

to NASTRAN bu lk -da t a  c a r d  images. 

= One of t h e  ATL'.S S a v e f i l e s  (SAVESSF or 
SAVESS 1 t h rough  S A V E S S 4 )  . The NASTRAN 
bulk-data  c a r d  images are s t o r e d  on  t h i s  
f i l e  by e x e c u t i o n  of ATNA. 

= I n t e g e r  t h a t  i d e n t i f i e s  a boundary-condi t ion  
STAGE a s s o c i a t e d  w i t h  set HSe. It I n p u t  
a s  zero i f  on ly  NODAL and/or  ELEMENT d a t a  
a r e  t o  be processed .  

N 1 , N 2 ,  N 3  = A l ~ h a n u m e r i c  names of t h e  l o a d s  User 
M a t r i c e s  p r e v i o u s l y  g e n e r a t e d  f o r  t h e  
s p e c i f i e d  SET an? STAGE v i a  e x e c u t i o n  of 
t h e  MERGE P r o c e s s o r .  These m a t r i c e s  are 
a s s o c i a t e d  w i t h  t h e  FREE, RETAIN and SUPP3RT 
p a r t i t  i o n s ,  r e s p e c t i v e l y  of t h e  g r o s s  
s t i f f n e s s  ma t r ix .  Each name must b e  
preceded  by the l e t t e r  "LN and t h e  number 
o f  c h a r a c t e r s  i n  t h e  name. I n p u t  a  z e r o  
f o r  t h o s e  m a t r i c e s  n o t  a v a i l a b l e .  I f  Loads 
d a t a  a r e  n o t  b e i n a  c o n v e r t e d ,  a z e r o  s:.ould 
he i n p u t  f o r  e a c h  of t h e s e  parameters .  

* 
= Alphanumeric name o f  t h e  suppor t -  

d i sp l acemen t  User Mat r ix  p r e v i o u s l y  
g e n e r a t e d  f o r  t h e  s p e c i f i e d  SET and STAGE 
v i a  e x c u t i o n  of t h e  MERGE Processor .  The 
name must be preceded by t h e  l e t t e r  "LM 
and the number of c h a r a c t e r s  i n  t h e  name. 
I f  suppor t -d i sp l acemen t s  a r e  n o t  be ing  
c o n v e r t e d ,  a z e r o  should  b e  i n p u t  f o r  t h i s  
parameter .  

G. 5.1.4 D e s c r i p t i o n  of  Data  Convers ion  

The f o l l o w i n g  l i m i t a t i o n s  are  imposed on t h e  ATLAS t o  
NASTFAN d a t a  conve r s ion  because  of d i f f e r e n c e s  i n  the i n p u t  
d a t a  and t e c h n o l o g i c a ~  capabi  i t i e s  of t h e  t w o  programs. 

a )  A l l  notla1 c o o r d i n a t e s  a re  t r a n s f o r m e d ,  a s  n e c e s s a r y ,  
t o  t k e  GLOBAL r e c t a n g u l a r  r e f e r e n c e  frame. The re fo re ,  
l o c a l  r e f e r e n c e  frames t h a t  may bs d e f i n e d  v i a  ATLAS 
Nodal dat.a are n o t  i d e n t i f i e d  i n  the conve r t ed  d a t a .  

h) M a t e r i a l  d a t a  r e c o r d s  ar:  ncit conver ted .  A l l  MAT c a r d s  
for NASTEAN must b e  s u p p l i e d  b y  t h e  user. 



C) The fo l lowing element types are  not converted: 

SCALAR 
BRICK with more t h a n  8 nodes 
CPLATE 
CCOVER 

d)  ~ l l  elements wi th  o f f s e t s  are not  converted.  

n) VaryFr?? p rnper ty  va lues  f o r  an element a r e  averaged 
p r i o r  t o  conversion.  

f )  Only t h e  mass-matrix d a t a  genera ted  by execu t ion  of 
the MASS Processor  v ia  GPTION=2 o r  OPTION=3 (ref. sec. 
2 38.0) a r e  converted. 

The approximations and d e t a i l s  of t h e  ATLAS t o  NASThriN 
data convers ion  a r e  presented i n  table G-3. ATLAS i n p u t  d a t a  
r e c o r d s  corresponding t o  each d a t a  c a t e g o r y  f o r  convers ion  a r e  
i d e n t i f i e d  v i a  t h e  same nomenclature used i n  t h e  previous  
s e c t i o n s  of t h i s  document. Opt ional  d a t a  items a r e  enc losed  
w i t h i n  < >. Two rows are shown f o r  each NASTRAN bulk-data c&i!. 
image genera ted  by t h e  d a t a  conversion. The t o p  row i d e n t i f i e s  
t h e  variables a s s o c i a t e d  with t h e  c a r d  image, whereas t h e  second 
row i d e n t i f i e s  t h e  corresponding da ta  v a l u e s  gerierated by  the  
conversion.  A blank f i e l d  i n d i c a t e s  t h a t  a v a l u e  i s  n o t  
g e c e r a t e d  f o r  t h e  corresponding v a r i a b l e .  The nomenclature 
used for t h e  c a r d  images i s  i d e n t i c a l  t o  t h a t  used i n  the NASTRAN 
User Manual ( r e f .  G - 5 )  . 



Conversion of NASTRAN s t r u c t u r a l  and mass bulk-da ta  c a r d  
images t o  compat ib le  ATLAS d a t a  r e c o r d s  is  performed by t h e  
NASTRAN t o  ATLAS i n t e r f a c e ,  The conver t ed  d a t a  a r e  a u t o m a t i c a l l y  
s t o r e d  on a f i l e  ( th2e)  i n  t h e  form o f  a n  ATLAS d a t a  deck. 
Gener:illy, t h e  g e n e r a t e d  d a t a  deck must be modif ied s e l e c t i v e l y  
w i t h  hand-prepared d a t a  p r i o r  t o  e x e c u t i o n  by ATLAS. 
A d d i t i o n a l l y ,  r h e  NASTRAN e x e c u t i v e  c o n t r c ~ l ,  case-cont t .01 d a t a  
and p l o t t i r i g  c o n t r o l  d a t a  must be conver t ed  by li. nd. 

P r i o r  t o  convers ion  t o  ATLAS i n p u t - d a t a  r eco rds ,  t h e  
lt:ASTRAN bulk d a t a  must be s e p a r a t e d  by t h e  use:- i n t o  t h e  
f o l lowina  sequence o f  d a t a  c a t e g o r i e s :  

a)  MATERIAL 
b) NODAL 
c)  ELEMENT 
d)  BC 
e )  LOADS 
f )  MASS 

T h e r e  a r e  no requi rements  f o r  t h e  c a r d s  t o  be ordered  w i t h i n  
each  o f  t h e s e  c a t e g o r i e s  excep t  t h a t  t h e  GRDSET c a r d  must b e  
p o s i t i o n e d  b e f e r e  t h e  G R I D  c a r d s  w i t h i n  t h e  NODAL d a t a ,  and 
i f  more than  one c a r d  is  r e q u i r e d  t o  d e f i n e  a c e r t a i n  ty?e  of 
d a t a ,  t h e  c o n t i n u a t i o n  c a r d s  must f o l l o w  i n  order .  The t y p e s  
o f  NASTRAN bulk-da ta  c a r d s  t h a t  may be conver t ed  are summarized 
i n  t a b l e  G-4. A l l  o t h e r  t y p e s  of  bulk-data  c a r d s  a r e  ignored  
d u r i n g  e x e c u t i o n  of t h e  d a t a  conversion.  

NASTRAN bulk d a t a  a r e  conver t eA t o  ATLAS ~ n p u t  d a t a  r e c o r d s  
b y  e x e c u t i o n  of t h e  NASTATL s u b r o u t i n e  i n  t h e  ATLAS-System 
l i b r a r y  (ref. 1- 1) . This  subrout i .ne ,  which i s  c a l l e d  from a n  
ATLAS C c n t r o l  Program, i s  d e s c r i b e d  i n  s e c t i o n  G. 5.2 .3 .  

G. 5. 2 .  1 Job Deck S t r u c t u r e  

The ATLAS job deck r e q u i r e d  t o  conver t  NASTRAN bulk d a t a  
to  ATLAS problem-def i n i t i o n  d a t a  i s  t h e  same a s  ; ! . l u s t r a t e d  
by f i g u r e  11- 1 i n  s e c t i o n  11.0 w i t h  t h e  e x c e p t i o n  t h a t  ATLAS 
input d a t a  a r e  n o t  r e q u i r e d .  

G. 5. 2 . 2  C2.C 6 6 @ 3  J o b  C o n t r o l  Cards 

The fo l lowing  l is t  shows t h e  c o n t r o l  c a r d s  require17 TLJ 

g e n e r a t e  an  ATLAS data-deck t a p e ,  ATL, t h a t  may be  used t :. 
subsequent  execu t ion  of ATLAS.  



Job t'ard 
Account Card 
GET (CA'SM/ON=UATLASU) 
CALL (CATM ,ATTACH) 
c!ALL (CATM, ~ N T R O L )  
GET (Zqf ile) 
ATmS ( I n f  Lie) 
REWIND (SdvLtf ile) 
REQUEST ( A m ,  F= I ,  LB =KL , PO=AW! SAVE 
COPYEI (Savef ile ,ATL) 
RETUrn (Am) 

Notes : f nf i l e  = N a m e  of the file containing the NASTRAN data 
to be converted t o  ATLAS data. 

Savef ile = One of the ATLAS Savef i les (SAVESSF or 
SAVESSl :bough SAVESS4) on which the 
ALLAS d2t.a-recard images are stored. 
"ae t h e  description of subroutine NASTATL 

section G - 5  -2 - 3 ,  

G. 5.2.3 ATUS C m t r o l  Proqranr 

The faiLowing example Co~trol Program i l l u s t r a t e s  the 
statements required to convert NASTHAN data into an A T U S  data 
deck. 

BEGIN CONTROL PROGRAM CONVERT 
PRC3LFM ID(CONVE=ION OF NASTWLN DATA TO A W S  DATA) 
DIMENSION AA ( I  15) ,BB (1 15) ,CC ( 11S) 

C OPEN FILES THAT ARE USED BY THE ROUTINE NASTATL- 
CALL J?ETADD(SAVESS2,AAe 115, f ,O#IRR) 
C&L ~ T ~ D ( S C O O S S F , B B , ~ ~ ~ , ~ , O , ~ )  
CALL FETADD (SCO ISSF, CC, 1 15,1, 0, IRR) 

C CONVFAT NASTRAN DATA ON FILE INFILE TO A m  
C IhTUT DATA RECORDS AKD STORE ON FILE SAVESSZ- 

CALL '1P.STATL (SAVESSZ) 
c OTHER ATLAS STATEMENTS MAY BE USED hLRE AS REQUIRED. 

EN0 CONTHOL PROGRALY 

A l l  of the working f i l e s  required by the rcutine 
NASTATL ri,vst be opened as shovn by the c a l l s  to FETADD. Only the 
output ti143 of NASTATi, (SAVESS~ in the example) n??y be different 
from th-t shown. by the  toregoing statements.  

$ u b ~  >Wine NASTATL, which perf-rms the data conversion, i s  
cal led according to the following statement: 



Savef i l e  = One of t h e  ATLAS S a v e f i l e s  (SAVESSF or 
SAVESSl through S A V E S S 4 ) .  T h e  ATLAS data- 
deck r eco rd  images a r e  s t o r e d  on this f i l e  
by execu t ion  of NASTATL. The a p p r o p r i a t e  
BEGIN and END d a t a  records a r e  i n s e r t e d  
au toma t i ca l l y  to g e n e r a t e  a complete ATLAS 
d a t a  deck. 

G o  5.2.4 Descr ip t ion  of  Data Conversion 

The fo l lowinq l i m i t a t i o n s  a r e  imposed on t h e  NASTRAN t o  
ATLAS da t a  convers ion I ecause  of d i f f e r e n c e s  in t h e  i n p u t  d a t a  
and t e chno log i ca l  c a p a b i l i t i e s  of t h e  two programs. 

a )  Only t h e  b a s i c  r e c t a n g u l a r  coo rd ina t e  system i s  
considered.  

b) I f  more t han  one c a r d  is  r e q u i r e d  t o  define a c e r t a i n  
t ype  of NASTRAN d a t a ,  t h e  necessa ry  con t i nua t i on  c a r d s  
must fo l low i n  o rder .  

c )  Only t h e  NASTRAN bulk-data c a r d s  wi th  10 f i e l d s  of 
8 columns are  converted.  

d) NSM  on-Structural Masses) a r e  ignored.  

e )  All s t r e s s - r ecove ry  c o e f f i c i e n t s  f o r  NASTRAN s t r u c t u r a l  
elements  a r e  ignored.  

f )  Th? maximum user  element number i s  l i m i t e d  t o  32678. 

g )  A maximum of 4 9  d i f f e r e n t  m a t e r i a l s  is allowed. 

h )  The number of s t a g e s  f o r  BC (boundary-condition) d a t a  
or SIDs  for  SPC and SPC1 c a r d s  i s  l i m i t e d  t o  10. 

,, Only t hose  concen t ra ted  masses de f i ned  by CONM2 c a r d s  
a re  converted. 

T h e  approximations and d e t a i l s  of t h e  NASTRAN to ATLAS 
d a t a  convers icn  a r e  presented  i,? table G-4.  NASTRAN bulk-data 
c a rd  images corresponding t o  each data ca tegory  f o r  convers ion 

3 a r e  i d e n t i f i e d  by t h e  same nomenclature used i n  t h e  NASTRAN 
User Manual ( r ? f  G-5) . The ATLAS da t a - r eco rd  images genera ted  
b y  +-:IS conversion a r e  a i s o  s h a - n  i n  t a b l e  G-4.  
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APPENDIX H 

ATLAS TEXT EDITOR 

The ATLAS interactive text editor (sec. 200.5 ) can be used 
to edit files of line images. Each file may contain any number 
of logical records. Each logical record may contain any number 
of line images and each line may contain from 1 to 140 characters. 

Although the capabilities of the ATLAS text editor are the 
same as the capabilities of the BCS text editor (CMEDIT) documented in 
reference 200-1, descriptions of the method of operation and 
the edit-request commands are reproduced herein for convenient 
referencing. 

H.l FILE SIZE 

In order for a file to be,edited, the entire file along 
with the editor program (slightly less than 15000B words) must 
f;t in the job field length. Since line images may have 
d .ferent lengths, the number of lines that will fit is variable. 
Ajsuming a field length of 130000 octal words, approximately 
37,000 words are available for the file. 

H. 2 METHOD OF OPERATION 

The EDIT program uses a system of requests to locate a specific 
line and/or to perform a desired modification, insertion, or 
deletion. Specific lines in a file are referenced by means of a 
pointer. The pointer may be moved by execution of specific requests 
and is used by other requests. The po~nter is not visible to the 
user, but he can easily determine its position in the file at any 
time by using the PRINT request. 

H.3 KEYBOARD CONVENTIONS 

Each EDIT request consists of the request name, followed by 
parameters if needed. The request name or its abbreviation, with 
prefix if desired (see sec. H.6), must be the first item on the 
line, and it must be separated from any parameters by at least one 
blank. Multiple parameters are also separated by blanks. 



H.4 MODES OF OPERATION 

The EDIT program operates in either edit mode or input mode. 
If an empty file is specified with the EDIT command, the input 
mode will be invoked automatically. If the file is not empty, 
the edit mode will be invoked. The mode of the editor is indicated 
by a prompt of E> in edit mode and I> in input mode. In the 
input mode, the editor accepts the entire input line as a new 
line image to be inserted in the file. To return from input 
to edit mode the user must respond to an I> prompt with a line 
consisting of only a carriage return, or two consecutive end- 
of-line characters (see LINEND request) at the end of the last 
line being entered. In the edit mode, each E> prompt: expects 
a valid edit request to be entered. The input request allows 
the user to go back from edit to input mode. 

H.5 ABBREVIATING REQUESTS 

~ l l  requests may be abbreviated by simply deletin? any number 
of trailing characters. However, certain requests require more 
than one character to uniquely identify them. They are BEFORE (BE), 
BLANK (BL), BRIEF (BR) , DUP ,(DU) , FILE (FIL) , LINEND (LI) , REMOVE (REM) , 
REPEAT (REPE) , START (ST) , TABDEF (TA) , and TABSET (TABS) . In 
addition, if the INSERT request is used to insert a blank line, at 
least the characters "INS" are required to distinguish the request 
from the INPUT request; otherwise tne single letter I is sufficient 
for INSERT. 

Y.6 PRnFIXING REQUESTS 

All requests may be prefixed with a "." (period) and/or a 
11 _ 11 (minus). If a "." is prefixed, the BRIEF-VERIFY mode is 
reversed for this request. For example, if VERIFY mode is in 
effect and an UP request is iss:led, the located line 
will be typed. However, if a .UP request were issued, no typeout 
wmld occur. T,.e ' I . "  prefix has no effect in conditional BRIEF 
mode (BRIEF a b) . If a "-" is prefixed, the pointer movement is 
rsversed for this request. For example, a FIND request searches 
down the file, so a -FIND request will search up the file. 

H. 7 TAB CONTROL 

The tab feature alzows the user to shift input characters to 
preset locations in a line. The default tab settings are 1, 7, 11, 
18, 30, 73. The first tab setting merely specifies the starting 
location of the first input character. The default tab character 
is the ")" ( " $ "  in batch). The ?ah lharacter and the tab positions 
may be modified by the user witl- the TABDEF an3 TASSET requests, 
respectively. 



H.8 MULTIPLE INPUT LINES AND EDIT REQUESTS 

A number of logical input lines may be input as a single 
physical input line, by separating them with the logical end- 
of-line char.acter (default is the ";"). Multiple requests may 
be entered in this manner to improve response time. The logical 
end-of-line character functions exactly like a CR (Carriage 
return). 

H.9 CONTINUATION LINE 

Since many terminals are limited to 72 or 80 characters per 
physical input line and the editor allows line images up to 140 
characeers, a continuation character ( 1 )  is available in either 
EDIT cr INPUT mode to allow the user to continue his input line 
with the next line from the terminal. Typing the continuation 
character immediately before typing a CR will force concatenation 
of the next input line with the previous line. 

H.10 BLOCK OPERATIONS 

Blocks of text may be moved, duplicated, or deleted. The 
START and END requests define the block, and the MOVE, DUP, or 
REMOVE request perf o m s  the oper crtion. 

H.ll PREDEFINFD REQUEST SEQUENCES 

Each of two requests, X and Y, may be predefined to cause the 
2xecution of several EDIT requests. This predefined sequence may 
then be invoked any number of times by entering the X %:(or y) 
request, thereby significantly reducic~ the time and cost of an 
edit session. 

A loqical end-of-record mark can be written by inserting 
*WEOR as a line in the file. Multiple ends-of-record will produce 
empty records. 

An end-of-file mark can be written by inserting *WEOF as a 
line in the file. 

H.14 LENGTH OF TERMINAL LINE 

The WIDTH request can be used to set the terminal line length 
for output from EDIT. 



H.15 REMEMBE-D PARAMETERS 

The EDIT requests AFTER, BEFORE, BLANK, CHANGE, FIND,  LOCATE, 
and OVERLAY each remember the parameters with which they were last 
used. The remembered parameters are used if the associated request 
is again given without any parameters. 

H.16 PARAMETER CONVENTIONS 

Several of the individual EDIT requests require a formal 
parameter N, where N is the number of lines subject to the 
operation of the request. If N is omitted, 1 is assumed. 
Otherwise the actual parameter must be an integer or an asterisk 
( *  In the latter case the effect of the request is to continue 
all the way to EOI (or BOI). Thus the request P?INT 7 will 
print 7 lines while PRINT * will print the rest of the file, 
in each case starting with the current line. 

H.17 E D I T  REQUESTS 

Enviroriment S e l e c t i o n :  ___---_------------- 
INPUT - 
( t y ~ e  a @ ) 

QUIT 

sessage Mode 5 j e l f c t i o n ;  

B R I E F  a k 
VEF IFY n - 

P o i n t e r  Movement: -------------- 
EOT'IOM -- 
F T N D  l i n e  - 
LOCATE :st r i n g  1:  s t r i n g 2 : .  . . - 
NEXT n - 
NEXT : s t r i n q l : s t r i n g 2 : .  . . - 
TOP - 
UP n - 
U? : s t r i n g l :  s t r i n y 2 : .  . . - 

- e n t e r  i n p u t  r o d e  ' 

- r e t u r n  f rom i n p u t  mode 
- l e a v e  E D I T  

- B R I E F  mode 
-VERIFY mode 

-go t o  b o t t c m  of file 
- s e a r c h  f o r  l i n e  
- s e a r c h  f o r  a s t r i n g  
-advance  n  lines 
-advance  t o  a s t r i n g  
-go t o  t o p  of file 
-go u p  n l i n e s  
- g o  UP to a s t r i n g  

AFTER : s t r i n g l : s t r i n g 2 :  n  m - - i n s e r t  string2 a f t e r  s t r i n g 1  
BEFOEE : s t r i n g  1: s t r i r ~ g 2 :  n  m - i n s e r t  s t r i n g 2  b e f o r e  s t r i n g :  
B L A N K  mask -- - b l a n k  o u t  c h a r a c t e r s  
c_EANGE : s t r i n g l :  s t r i n g 2 :  n IF -change s t r i n g 1  t o  s t r i n g 2  
DELETE n - - d e l e t e  n lines 
DELETE : s t r i n q  1: s t r i n g 2 : .  . . - , . d e l e t e  u n t i l  a s t r i n g  i s  f o u n d  
INSERT l i n e  
--a- 

- i n s e r t  "linev as  l i n e  image 
QVERLAY l i n e  -over  J.ay c h a r a c t e r s  
REPLACE line - - rep1 ~ c e  l i n c  i n a g e  w i t h  " l i r  -" 



F i l e  H a n d l i n g 2  - -------- 
FILE i i l e n a m e  un pw --- 
ZAVE f i l e n a m e  un pw 

I n f o r m a t i o n  Regues t :  ----.-------- ---- 

- s a v e  f i l e  a n d  l e a v e  E D I T  
- s a v e  f i l e  a n d  r e t u r n  t o  i n ~ u t  

mode 

PRINT n - - ~ r i n t  n l i n e s  
PRIIGT : s t r i n g l : s t r i n g 2 : . . .  - p r i n t  t o  a s t r i n g  

S p e c i a l  C h a r a c t e r  and  format C o n v e n t i o ~ z :  - 
&JNEND c h a r a c t e r  
TABDEF c h a r a c t e r  
TABSET nl n2 . .. nn 
WIDTH n 
ZONE a b - 

START -- 
END - 
DUP 
MOVE 
REMOVE --- 

REPEAT n --- 

t 
-change  end-of-line c h a r a c t e r  
- change  t a b  c h a r a c t e r  
-change tab  settings 
- s p e c i f y  line l e n g t h  
-specify 1st and l a s t  colurrms 

- d e f i n e  start of b l o c k  
- d e f i n e  end of b l o c k  
- d u p l i c a t e  Mock 
-move b l o c k  
- d e l e t e  b l o c k  

-repeat BLANK a n d  OVERLAY 
r e q u e s t s  

- s a v e  r e q u e s t s  
- e x e c u t e  s a v e d  r e q u e s t s  n times 
-same as  X 
-same a s  X 

This r e q u e s t  i n s e r t s  string2 a f t e r  t h e  mth o c c u r r e n c e  o f  
s t r i n g 1  i n  each o f  t h e  n e x t  n l i n e s ,  including the current live. 
I f  m h a s  t h e  v a l u e  G ,  string2 w i l l  be i n s e r t e d  after e v e r y  
occurrence of s t r i n g l  i n  the next  n l i n e s .  I f  n is n c t  
s p e c i f i e d ,  a value of 1 i s  assumed f o r  n a n d  it w i l l  n o t  t h e n  
be p o s s i b l e  t o  s p e c i f y  a n y  v a l u e  f o r  IT e x ~ , ~ ~ t  G, I f  IT i s  n o t  
s p e c i f i e d ,  1 i s  assumed. I f  n=m=*, s t r i n g 2  will be i n s e r L e d  
a f t e r  e v e r y  occurrence of s t r i n g l  (from t h e  c u r r e n t  lin* t o  
t h e  end of the file) . The p o i n t e r  will advance n-1 l i  ..es whether 
or not  a n y  l i n e s  a re  changed.  



I f  a zone  i s  s p e c i f i e d  by t h e  ZONE r e q u e s t ,  the AFTER request 
w i l l  t r e a t  the z o n e  a s  i f  i t  were a n  e n t i r e  l i n e .  Hence, 
nonb lank  c h a r a c t e r s  w i l l  b e  d e l e t e d  i f  t h e y  a r e  s h i f t e d  o u t  
o f  t h e  zone w i t h o u t  a f f e c t i n g  c h a r a c t e r s  o u t s i d e  t h e  zone. 

: i s  any  d e l i n i t i n g  c h a r a c t e r  t h a t  d o e s  n c t  a F p e a r  i n  s t r i n g l  
o r  stricg2. The l a s t  d e l i m i t e r  nay  be o m i t t e d  when no  t h i r d  
or  f o s r t h  p a r a m e t e r s  a r e  s p e c i f i e d  a n d  t". last c h a r a c t e r  of 
s t r i n g 2  i s  nonklank.  

AFTER remembers t h e  p a r a m e t e r s  from the l a s t  AFTER r e q u e s t .  

Exan~ple:  E>AFTER :B:X: 5  -- 
R E A D  (S,40) A ,BX 
C=A*BX 
WRITE (6 ,50)  A,tiX,C, BB 

E > 

f i l e  b e f o r e :  
READ(5.40) A,B <----- p o i n t e r  
C=A*B 
WRITE (6, SO) A,B,C,BB 

50 FORKAT (1X,4E15.7) 
4 6 FORMAT ( 2E  10.0)  

STOP 
END 

f i l e  a f t e r :  
REAC (5,40) A,  BX 
C=A*BX 
WRITE (6,50) A,BX,C,BB 

50 FORMAT (1X,4E15.7) 
40 FORMAT ( 2 E  10.0) <----- p o i n t e r  

STOP 
E N D  

T h i s  r e q u e s t  i n s e r t s  s t r i n y 2  b e f o r e  t h e  mth o c c u r r e n c e  o f  
s t r i n g l  i n  e a c h  of t h e  n e x t  n l ~ n e s ,  i n c l u d i n g  t h e  c u r r e n t  l i n e .  
I f  m tias v a l u e  G ,  s t r i n g 2  w i l l  be i n s e r t e d  before e v e r y  o c c u r -  
rence o f  s t r i n g  1 i n  t h e  n e x t  n lines. I f  n  i s  *?-+ s p e c i f i e d ,  a  
v a l u e  of 1  i s  assumed f o r  n a n d  i t  w i l l  n o t  t h e n  t ~ o s s i b l e  t o  
s p e c i f y  a n y  v a l u e  f o r  m e x c e p t  G. I f  rr i s  n o t  s p e c i f i e d ,  1 i s  
assume{?.. I f  n=m=*,  s t r i n g 2  w i l l  be  i n s e r t e d  b e f o r e  e v e r y  c c c u r -  
r e n c e  of s t r i n g l  (from thc  c ~ l r r e n t  l i n e  t o  e n d  of f i l e ) .  The 
p o i n t e r  w i l l  a d v a n c e  n-1 l l n e s  w h e t h e r  or n o t  any  l i n e s  a r e  changed.  

I f  a zdne is s p e c i f i e d  hy t h e  ZONE r e q u e s t  (see  ZONE f o r  
d e s c r i p t i o n ) ,  t h e  BEFORE r e q u e s t  w i l l  t rea t  t h e  zone a s  i f  it 
were a n  entire l i n e .  Kence, nonb lank  c h a r a c t e r s  w i l l  be d e l e t e d  
i f  t h e y  a r e  s h i f t e d  out of t h e  z o n e  w i t h o u t  a f f e c t i n g  c h a r a c t e r s  
o u t s i d e  t h e  zone. 



: is a n y  d e l i r i t i n g  c h a r a c t e r  t h a t  d o e s  n o t  a p p e a r  i n  string1 
ox s t r i n g 2 .  The l a s t  d e l i m i t e r  may b e  o m i t t e d  when n o  t h i r d  
or  f o u r t h  p a r a m e t e r s  are s p e c i f i e d  and t h e  last c h a r a c t e r  of 
s t r i n g 2  i s  nonblank.  

BEFORE rememkers t h e  p a r a c r e t e r s  from t h e  l a s t  EEFORE request. 

Exagglg:  E>BEFORE :B:X: 5 --- 
OEAD(5,40) A,XD 
C=A*XB 
WRITE (6.50) AIXB,C,BB 

E> 

f i l e  b e f o r e :  
READ(5,40) A,B <----- p o i n t e r  
C=A*B 1 

WRITE (6.50) AIEICIEB 
SO FORMAT(lX.4Z15.7) 
4 0 FORMAT (2E 1 0 0) 

STOP 
END 

file a f t e r :  
READ(5,UO) A,XB 
C=A*XB 
WRITE (6.50) A,XB,C,BB 

50 FORMAT (1X.4321 5 . 7 )  
40 FORMAT (2E10.0) <--0-0 p o i n t e r  

STOP 
END 

BLANK[ mask ] -- 
T h i s  r e q u e s t  ~ l a c e s  b l a n k s  i n  t h e  c u r r e n t  l i n e  image w h e r e v e r  

nonh lank  c h a r a c t e r s  ( o t h e r  t h a n  t h e  tab c h a r a c t e r )  o c c u r  i n  
mask. mask i s  s e p a r a t e d  f rom t h e  ELANK r e q u e s t  by o n e  space. 
To ELANK the s a n e  c h a r a c t e r  ~ o s i t i o n s  c n  a number o f  lines, 
t h e  BLANK r e q u e s t  may be p r e c e d e d  by t h e  REPEAT r e q u e s t .  See 
REPEAT f o r  a f u r t h e r  d e s c r i p t i o n .  

BLANh remembers t h e  p a r a m e t e r s  f r o a  the l a s t  BLANK r e q u e s t .  

E>PRINT 
4030 FORMAT (2E10.0) 
E>BLANK X X  
40  FCRMAT (2E 10.0) 
E> 



T h i s  re-pest r e p o s i t i o n s  the p o i n t e r  to t h e  l a s t  l i n e  of 
the f r l e .  

E>BOTTCM 
END 

E> 

f i l e :  
READ(5,UO) A I B  
C=A*B 
WRTTE (6 , 50) A, B , C  

UO FORMAT(2E10.0) <----- p o i n t e r  before 
5 0 FORMAT(1X .3E15.7) 

ST0 P 
END <----- ~ o i n t  er a f ter 

There a r e  two ~ , ~ ~ s a g e  modes i n  t h e  E D I T  erv i ronment :  V E R I F Y  
( t h e  default) and E R I E F .  A r e q a e s t  for either t e r m i n a t e s  t h e  
o t h e r .  When a n y  of c e r t a i n  EDIT requests (AF'I'EH, BEFORE, 
PLANK, BOTTOK, CHANGE, FIND,  LOCATE, NLXT, OVERLAY, and UP) 
i s  execu ted ,  t h e  l ines a f f e c t e d  by t h e  r e q u e s t  a r e  p r i n t e d  i f  
i n  VFRIFY mode; t h e  a f f e c t e d  l ines  are p r i n t e d  o n l y  from columns 
a t o  b it i n  B R I E F  mode ( p r i n t e d  fror column a on i f  b  is 
w i t t e d ) ;  and t h e  a f f e c t e d  l i n e s  a re  not  p r i n t e d  a t  a l l  i f  i n  
BRIEF mode w i t h  b o t h  a and b omi t t ed .  

line before: 
4 0 FORMAT(2ElO.O: 

line after. 
40 FOhMAT (2F7.01 



T h i s  r e q u e s t  changes  t h e  mth o c c u r r e n c e  o f  s t r i n g 1  i n  each 
of t h e  n e x t  n l i n e s ,  i n c l u d i n g  t h e  c u r r e n t  l i n e ,  to s t r i n g 2 .  
I f  m h a s  t h e  v a l u e  G ,  e v e r y  o c c u r r e n c e  o f  s t r i n g l  i n  the n e x t  
n l i n e s  w i l l  b e  changed t o  s t r i n g 2 .  If n is  n o t  s p e c i f i e d ,  
a v a l u e  o f  ; is assumed f o r  n and  it w i l l  n o t  t h e n  be p o s s i b l e  
t o  s p e c i f y  any  v a l u e  f o r  m e x c e p t  G. I f  m is n o t  s p e c i f i e d ,  
1 i s  assumed, If n=m=*, e v e r y  occu r rence  o f  s t r i n g 1  (from the ! 

c u r r e n t  l i n e  to t h e  end  of t h e  f i l e )  w i l l  b e  changed to s t r i n g 2 .  
The p o i n t e r  w i l l  advance n-1 l i n e s  whether or  n o t  a n y  l i n e s  
are changed, 

i r  a zcne is s p e c i f i e d  by t h e  ZONE r e q u e s t  ( s e e  ZONE 
reqsc st), the CAANGE r e q u e s t  w i l l  t r e a t  the z o n e  as i f  it were 
a n  e n t i r e  l i n e .  Hence, nonklank c h a r a c t e r s  w i l l  be d e l e t e d  
i f  they a r e  s h i f t e d  o u t  of t h e  zone w i t h o u t  a f f e c t i n g  c h a r a c t e r s  
o u t s i d e  the zone. I n  a d d i t i o n ,  i f  c h a r a c t e r s  are  d e l e t e d  from 
the zone, o u t s ~ d e  c h a r a c t e r s  w i l l  n o t  be s h i f t e d  into it. 

: i s  any d e l i m i t i n g  c h a r a c t e r  t h a t  d o e s  n o t  a g p e a r  i n  s t r i n g l  
o r  s t r i n g 2 .  T h e  l a s t  d e l i m i t e r  may be omitted when no t h i r d  
or f o u r t h  parameters a r e  specified and t h e  l a s t  c h a r a c t e r  of 
string2 is nonklank. 

CHANGE rem~mkers the p a r a r r e t e r s  f rom the l a s t  CHANGE r e q u e s t .  

Example 1: ---- 
E>CHAKGE :B:X: 5 

REAC (5.40) A,X 
C=A*X 
WRITE(6.50) AIXICIBB 

E> 

f i l e  before: 
REAC (5,4 0) A, B <----- p o i n t e r  
C=A*B 
WRITE(6,SO) A,B,C,BB 

50 FORMAT(1X,4E1Se 7)  
40 FORMAT (2E70.0) 

STOP 
END 

file after:  
READ (5.40) A,X 
C=A*X 
WRITE (6,SO) AIXICIBB 

50  FOKMAT(lX,4E15.7) 
40 FORMAT (2E10.0) <----- p o i n t e r  

ST0 P 
END 



file be fo re :  
PRINT 1000,X, (Y (I) , I=1,3)  <----- pointer 

1000 FORMAT(2X,ElO.O, SX,3 (E10.2) ) 

f i l e  a f t e r :  
PRINT 1000,Xv (Y ( I ) ' , I=1,3)  

1000 FORMAT(2X,FIO.O, 5X,3 (F10.2) ) <----- ~ 0 i n t e r  

f i l e  before :  
PRINT 1000,X, (Y (I) ,1=1,3) <----- p o i n t e r  

1000 FoRMAT(~X,E~O. 0,5X,3 (E10.2) ) 

f i l e  a f t e r :  
PRINT 1000,X, (Y (I) , I=1,3)  

1000 FORMAT(2X,ElO.O,SX,3 (F10.2) ) <----- p c i n t e r  

DELETE[ n )  or DELETE : s t r i n g l :  s t r ing2: .  . , - 
This r e q u e s t  removes n l i n e s  s t a r t i n g  w i t h  the  c u r r e n t  l i n e .  

If n is n o t  s ~ e c i f i e d ,  a v a l u e  of  1 i s  assumed. I f  n=*, a l l  
l i n e s  from t h e  c u r r e n t  p o i n t e r  p o s i t i c n  t o  t h e  end o f  t h e  f i l e  
a r e  d e l e t e d .  I f  s t r i n g s  a r e  s p e c i f i e d ,  a l l  l i n e s ,  s t a r t i n g  
w i t h  t h e  c u r r e n t  l i n e  and u p  to, b u t  not i n c l u d i n g ,  t h e  f i r s t  
l i n e  i n  which one  o f  t h e  s t r i n g s  i s  matched, w i l l  be  d e l e t e d .  

The p o i n t e r  w i l l  move t o  t h e  l i n e  j u s t  a f t e r  t h e  l a s t  l i n e  d e l e t e d .  . 

: i s  any d e l i ~ i t i n g  c h a r a c t e r  t h a t  d o e s  n o t  a p p e a r  i n  a n y  
of t h e  s t r i n g s .  The t r a i l i n g  d e l i n i t e r  may ke o m i t t e d  i f  t h e  
l a s t  s t r i n g  e n d s  i n  a nonblank c h a r a c t e r .  

f i l e  before :  
WRITE ( 6 , 5 0 )  A, B, C 

40 FORMAT(LE10,O) <----- p o i n t e r  
50 FORWAT\lX,3E15.7) 

ST0 P 
END 



i i l e  a f t e r :  
WRITE (6,50) A, B,C 
STOP <----- p o i n t e r  
END I 

EXELETE :END: STOP: 
E> 

file be fo re :  
WRITE (6,SO) A,B,C 

40 FORMAT(2E10.0) <----- p o i n t e r  
50  FORMAT(IX,~E~S. 7) 

ST0 P 
EFD 

f i l e  a f t e r :  
WRITE(6,SO) A,B,C 
STOP <----- g o i n t e r  
END 

T h i s  r e q u e s t  writes a copy  of t h e  e d i t e d  f i l e  on  d i s k ,  
r e p l a c i n g  t h e  e x i s t i n g  copy o f  t h e  working f i l e .  EDIT i s  
t h e n  t e r m i n a t e d ,  When t h e  f i l e n a u e  is  s p e c i f i e d ,  EDIT w i l l  
a l s o  r e p l a c e  t h e  permanent f i l e  ( i n d i r e c t - a c c e s s )  of t h a t  name 
w i t h  a copy  of t h e  e d i t e d  f i l e .  The name of  t h e  permanent f i l e  
does n o t  have  t o  match t h e  name o f  t h e  working f i l e .  Both a 
u s e r  number (un) and a f i l e  password (pw) may b e  s p e c i f i e d  when 
r e p l a c i n g ,  b u t  n o t  c r e a t i n g ,  a permanent f i l e ,  A password may 
not be s p e c i f i e d  u n l e s s  a u s e r  number has  been  s p e c i f i e d ;  
s i m i l a r l y  a u s e r  number r e q u i r e s  a f i l ename ,  

A>EDIT.NAMEl 
E> ( v a r i o u s  edit r e q u e s t s )  
E>FILE NAME2 
/ *  015000 OCTAL REQUIRED TO EDIT 
/*END 
A >  

The f i l e  NAME1 i s  e d i t e d  and  a  p e r r a n e n t  f i l e  NAME2 i s  . 
saved, which i s  a copy of NAME1. I f  tiAME1 was a  permanent f i l e  
as  w e l l  a s  a working f i l e  b e f o r e  t h e  above a c t i v i t y ,  t h e  
p e r r a n e n t  f i l e  NAME1 w i l l  still e x i s t  i n  i ts o r i g i n a l  s t a t e .  



S t a r t i n g  w i t h  t h e  next l i n s  image, t h e  f i l e  w i l l  te sea rched  
f o r  a sequence of c h a r a c t e r s  corresponding t o  l i n e ,  T h i s  r e q u e s t  
is p o s i t i o n  d e s ~ n d e n t ,  i n  t h a t  each c h a r a c t e r  of l i n e  i s  compared 
t c  the corresponding c h a r a c t e r  p o s i t i c n  i n  a l i n e  image- One 
blank s e p a r a t e s  t h e  r e q u e s t  fron line. 

Any blanks  found i n  l i n e  w i l l  be  ignored and t h e  
c o r r e s p n d i n g  c h a r a c t e r  p o s i t i o n  i n  a line image w i l l  n o t  be  
campared. 

FIND remembers the parameters  from t h e  l a s t  FIND reques t .  

f i l e :  
READ ( 5 , 4 0 )  A,B 
C=A*B <----- p o i n t e r  before 
W R I T E ( 6 ,  SO) A,B,C 

4 0  FORMAT(ZE10.0)  
50 FORNAT ( 1 X , 3 E 1 5 . 7 )  <----- p o i n t e r  a f t e r  

S T O F  
END 

( R  i n  column 1 0 )  

f i le :  
READ (5 ,UO)  A , B  
C=A*B <----- p o i n t e r  before 
WRITE (6 ,50)  A,B,C 

4 0  FORMAT ( Z E 1 0 . 0 )  <----- p o i n t e r  after 
SO F O R N A T ( l X , 3 E 1 5 . 7 )  

ST0 P 
END 



This r e q u e s t  invokes  t h e  i n p u t  mode of EDIT, , I n  t h e  i n p u t  
mode, t h e  e d i t o r  a c c e ~ t s  the l i n e s  next e n t e r e d  as t e x t ,  t o  
be i n s e r t e d  a f t e r  t h e  c u r r e n t  l i n e .  The p o i n t e r  is advanced 
t o  e a c h  r.ew line as it is entered .  The s p e c i a l  c h a r a c t e r s  @@>" 
("tW i n  ba tch)  and @@;o are  i ? l t e r p r e t e d  as  tab and l o g i c a l  end- 
o f - l i n e  r e s p e c t i v e l y ,  so i f  e i t h e r  of t h o s e  c h a r a c t e r s  is t o  
be used as t e x t  i n  t h e  i n p u t ,  t h e  TABCEF and/or  LINENC r e q u e s t  
m u s t  f i r s t  be i s sued  i n  t h e  e d i t  mode t o  define some o t h e r  
c h a r a c t e r s  f o r  t a b  and  l ine-end.  r e t u r n  t o  t h e  e d i t  mode, 
type a l i n e  c o n s i s t i n g  only of a t h e  last l i n e  of data, 
or tyFe  t h e  end-of - l ine  

f i l e  before: 
REAC (5,UO) A,B <----- p o i n t e r  
C=A*B 
WRITE (6,50) A,B,C 

40 MWAT (2E10.O) 
50 FORMAT(lX, 3E15.7) 

STOP 
END 

f i l e  after: 
READ (5,UO) A,B 

C COMPUTE C <----- ~ o i n t e r  
C=A*B 
WHITE ( 6 , 5 0 )  A,B,C 

4 0  FORMAT (2E10.0) 
50 FORMAT(lX,3E15.7) 

ST0 P 
END 

INSERT l i n e  or JgSERT - 
Thi s  request i n s e r t s  t h e  s p e c i f i e d  l i n e  as a new l i n e  image 

after the c u r r e n t  l i n e ,  advancing t h e  ~ o i n t e r  to t h e  new l i n e .  
To  i n s e r t  a blank l i n e ,  a t  l e a s t  t h e  c h a r a c t e r s  I N S  must be 

1 typed; otherwise I is  a s u f f i c i e n t  abtrreviat ien.  One blank 
s e p a r a t e s  the r e q u e s t  from wl ine" .  



f i l e  before :  
READ (5,U 0) A, B <----- p o i n t e r  
C=A*B 
WRITE(6,SO) A,B,C 

40 FORMAT (2E10.0) 
SO FOBMAT(IX13E1S.7) 

STOP 
END 

f i l e  a f t e r :  
READ (5,40) A, B 

C COMPUTE C <----- p o i n t e r  
C=A*B 
WRITE(6,SO) A,B,C 

40 FORMAT (2E10.0) 
50 F o R M A T ( ~ X , ~ E ~ S . ~ )  

STOP 
END 

LINENDI c h a r a c t e r  ] -- 
T h i s  request r e d e f i n e s  the l o g i c a l  end -o f - l i ne  c h a r a c t e r  

t o  the character s p e c i f i e d .  I f  no  c h a r a c t e r  i s  s p e c i f i e d ,  
ED IT proceeds with no l o g i c a l  end-of - l i n e  c h a r a c t e r  d e f i n e d .  

The LINEND r e q u e s t  p e r m i t s  a number of l o g i c a l  i n p u t  l i n e s ,  
s e p a r a t e d  by e n d - o f - l i n e  c h a r a c t e r s ,  to b e  t y ~ e d  as a s i n g l e  
p h y s i c a l  i n p u t  l i n e .  M u l t i p l e  r e q u e s t s  p e r  l i n e  may be i s s u e d  
t o  E D I T  i n  t h i s  manner. 

T h e  semicoion (;) is t h e  d e f a u l t  LINEND character. 

E>TOP;LINEND / 
E>FIND SO/CHANGE :H:X: 
50 FORMAT (1H,3E15.7) 
50 FOHMAT(IX,3E15.7) 
E> 

f i l e  before: 
P.EAC (5,40) A,B <----- p o i n t e r  
C=A*B 
WRITE ( 6 , S O )  A, B,C 

40 FORMAT(~E~O.O) 
50 F o R M A T ( ~ H , ~ E ~ ~ . ~ )  

STOP 
E N C  

f i l e  a f t e r :  
H E A P  (5,40) A, B 
C=A*B 
WRITE (6.50) A,B ,C 

40 FORMAT (ZEIO. 0) 
50 FORMAT ( 1X, 3E15.7) <--- p o i n t e r  

STOP 
END 



LOCATE[ : s t r i n g l :  s t r i n g 2 : .  . . ] - 
S t a r t i n g  w i t h  t h e  n e x t  l i n e ,  a l l  t h e  c h a r a c t e r s  i n  t h e  

s p e c i f i e d  zone (see ZONE r e q u e s t )  o f  each  l i n e  are scanned  u n t i l  
one  o f  t h e  s p e c i f i e d  s t r i n g s  is found. 

: i s  any  d e l i m i t i n g  c h a r a c t e r  t h a t  d o e s  n o t  a p p e a r  i n  a n y  
o f  t h e  s t r i n g s .  The t r a i l i n g  d e l i m i t e r  may b e  o m i t t e d  i f  t h e  
l a s t  s t r i n g  ends  i n  a nonblank c h a r a c t e r .  I ! j 

LOCATE remembers t h e  p a r a l r e t e r s  from t h e  las t  LOCATE r e q u e s t .  j 

f i l e :  
READ(5,UO) A,B <----- pointer b e f o r e  
C=A*B 
KEITE (6,  50) k e B , C  <----- p o i n t e r  a f t e r  

40 FORMAT (2E10.0) 
50 FORMAT(lX,3E15.7) 

STG P 
ENC 

Note: I f  t h e  u s e r  w i s h e s  t o  Fove t h e  s e a r c h  p o i n t e r  t o  the n e x t  ---- 
l i n e  whose fig22 t h r e e  c h a r a c t e r s  are X Y Z ,  and  he  knows t h a t  
t h e  s t r i n g  X Y Z  o c c u r s  o n l y  a t  t h e  b e g i n n i n g  o f  a l i n e ,  h e  c a n  
accompl i sh  t h i s  by e i t h e r  o f  t h e  f o l l o w i n g  r e q u e s t s :  

E>LOCATE :XYZ:  o r  E > F I N C  XYZ 

However, t h e  LOCATE r e q u e s t  would t a k e  between 70 a n d  140 times 
a s  l o n g  to  e x e c u t e  a s  t h e  F I N D  r e q u e s t  ( d e ~ e n d i n g  on t h e  l i n e  
l e n g t h )  ; t h i s  c o u l d  mean, i n  a l a r g e  f i l e ,  t h a t  t h e  r e s p o n s e  
t i ~ e  might  be, say. two s e c o i ~ d s  f o r  FIND and  f o u r  minu te s  f o r  
LCCATE. S i n c e  nany needs  t o  rrove t h e  s e a r c h  ~ o i n t e r  can  be 
s a t i s f i e d  by F I N E ,  t h e  p o i n t  is wor th  emphasis ,  I f  t h e  s i t u a t i o n  
demands LOCATE, bu t  i t  is known t h a t  t h e  d e s i r e d  s t r i n g  is a 
l c n g  way down t h e  f i l e ,  it is  wor thwhi l e  t c  e n t e r ,  s a y ,  NEXT 
2000 t o  move down t o  a n  a r e a  much closer t o  t h e  d e s i r e d  s t r i a g .  



T h i s  request advances t h e  p o i n t e r  n lines. I f  n is  not 
s p e c i f i e d ,  a v a l u e  of 1 i s  assumed. I f  n is g r e a t e r  than t h e  
n t t m h c r w  n F  1 i n a m  rnmsin4nn t h n  mrr:-&nr G o  - n e Z & : n m n R  &LC. ..u..--rc W A  -*as-- r ~ r ~ m r a b r a r y ,  L a r s  pv&arbcr  A =  p W V A L A U & J s U  U I ~  rue 

last l i n e .  If n i s  n e g a t i v e ,  t h e  pointer i s  p o s i t i o n e d  n lines 
before t h e  c u r r e n t  l i n e .  

: is  any d e l i m i t i n g  c h a r a c t e r  t h a t  does  not appear  i n  any 
of  the strings. The t r a ~ l i n g  d s l i m i t e r  may ke o m i t t e d  i f  t h e  
l a s t  s t r i n a  ~ n d s  i n  a nnnblanlc ~ h a r a ~ t n r  

I f  s t r i n g s  a r e  s p e c i f i e d ,  t h e  NEXT' r e q u e s t  f u n c t i o n s  e x a c t l y  
l i k e  t h e  LOCATE reques t .  

NEXT does n o t  remerrber t h e  ga ramete r ( s )  used c ?  t h e  previous 
NEXT request. Use LOCATE or FIND i f  m u l t i p l e  s e a r c h e s  f o r  t h e  
c a m n  c t t i  nn are Anc;rnA 

file: 
REAC (5, U O )  A,B 
C=A*R - - *  - 
WRITE (6 ,SO)  A,B,C <----- p o i n t e r  before 

40 FORMAT (2E10.0) 
50  FORMAT(IX,3E15.7) 

STOP <----- pointer a f t e r  
END 

f i l e :  
READ (5.40) A, B 
C = A * R  - -. - 
WRITE(6,50) A,B,C 

40 FORMAT(2E10.0) <-- - - -  pointer  a f t e r  
50 PORMAT(lX,3E15.7) 

ST0 P <---- -  poirter before 
EN C 



QVER.LAY[ 1 i n e  ] 

T h i s  r e q u e s t  t a k e s  nonhlank  c h a r a c t e r s  ( o t h e r  t h a n  t h e  t a b  
c h a r a c t e r )  o f  " l i n e "  a n d  p l a c e s  t h e n  i n  t h e  c o r r e s p o n d i n g  
p o s i t i o n  o f  t h e  c u r r e n t  l i n e  image. l i n e  is  s e p a r a t e d  'from 
t h e  OVERLAY r e q u e s t  b y  o n e  space .  To OVERLAY t h e  same c h a r a c t e r  
p o s i t i o n s  on a number o f  l i n e s ,  t h e  HEPEAT r e q u e s t  may be  used  
ahead of  t h e  OVERLAY r e q u e s t .  See, REPEAT f o r  a f u r t h e r  
d e s c r i p t i o n .  

OVERLAY remembers t h e  p a r a m e t e r s  from t h e  l a s t  OVERLAY 
r e q u e s t .  

PRINT[ n ]  or _PRINT : s t r i n g l :  s t r i n g 2 : .  . . - 
T h i s  r e q u e s t  p r i n t s  n l i n e s  f rom t h e  f i l e ,  s t a r t i n g  w i t h  

t h e  c u r r e n t  l i n e .  The p o i n t e r  i s  advanced t o  t h e  l a s t  l i n e  
p r i n t e d .  I f  n is  o m i t t e d ,  1 is assumed. I f  n=*, a l l  l i n e s  
from t h e  p o i n t e r  p o s i t i o n  t o  t h e  e n d - o f - f i l e  will be ~ r i n t e d .  

1 

I f '  s t r i n g s  a r e  s p e c i f i e d ,  a l l  l i n e s ,  s t a r t i n g  w i t h  t h e  
c u r r e n t  l i n e  t o  t h e  f i r s t  l i c e  i n  which one  o f  t h e  s t r i n g s  i s  
matched, w i l l  he p r i n t e d .  ' 

: i s  any d e l i m i t i n g  c h a r a c t e r  t h a t  d o e s  n o t  a p p e a r  i n  any  
o f  t h e  s t r i n g s .  The t r a i l i n g  d e l i m i t e r  may b e  o m i t t e d  i f  t h e  
last s t r i n g  ends  i n  a nonblank c h a r a c t e r .  

E>PRINT 3 
C=A*B 
WRITE (6,50) A, B,C 

4 0  FORMAT ( 2E10.0) 
E> 

f i l e :  
REAL ( 5 ,  40) A,B 
C=A*B <----- p o i n t e r  b e f o r e  
WRITE ( 6 ,  SO)  A, B,C 

4 0  FORMAT (2E10.0) <----- ~ o i n t e r  a f t e r  
50 FORMAT (1 X83E1S. 7)  

STOP 
END 



W i t n  th i s  reqmert ,EDIT rsturaa contro l  t o  the  #ATLAS jnteraetive mode without 
a l t e r i n g  the oriuinrl f i l e .  

E>CHANGE :A:X: * * 
REXD (S,4O) X,B 
C=X*B 
WRITE(6, SO) X,B,C 

40 EOfiMXT (LE1O.O) 
5 0  FOPMXT(1X13E1S.7) 
EOI: 
E>QUIT 
/ *  015000 OCTAL REQUIRED TO EDIT 
/*END 
A> 

f i l e  before: 
RPAC (5,4O) A,B <----- po in ter  
C=A*F 
WFITE (6,50) A,B,C 

40 FORXAT(2E10.0) 
50 FORMAT(IX,~EI~. 7) 

STOP 
EN D \ 

The above example shows a n  unwanted g l o b a l  change to the 
f i l e .  The QUIT r e q u e s t  a l l o w s  t h e  user to preserve  the o r i g i n a l  
f i l e .  

T h i s  r eques t  executes the next BLANK or OVERLAY r e q u e s t  
n times. If n is omit ted ,  1 is assumed. The p o i n t e r  is advanced 
n l i n e s  a f t e r  t h e  BLANK or OVERLAY reques t .  

Delete sequence numbers from columns 73-80 o f  a file. 

A> EDIT,TEST 
E>TABSET 1 73  
E>ERIEP I 

E>REPEAT 10000 
E>BLANK > X X X X X X X X  
EOI: 
E> 

I f  a l i n e  irrage c o n t a i n s  trailing blanks, EDIT w i l l  d e l e t e  
the blanks ,  a f t e r  executing t h e  FLANK reques t .  Hence a f i l e  
can be condensed by us ing  t h e  above example, even i f  t h e  i i l e  
h a s  n o  sequence nurbers b u t  does c o n t a i n  t r a i l i n g  blanks.  



T h i s  request r e d l a c e s  t h e  c u r r e n t  l i n e  image w i t h  I t l ine" ,  
I f  no  l i n e  is s p e c i f i e d ,  i n p u t  mode is invoked  a n d  t h e  f i r s t  
l i n e  t y p e d  i n  i n p u t  mode w i l l  r e p l a c e  t h e  c u r r e n t  l i n e  image. 
One b l a n k  s e p a r a t e s  t h e  r e q u e s t  f rom "linew. 

f i l e  before :  
READ (S8 40) A 8 B  
C=A*B <----- p o i n t e r  
WRIIE(6,SO) A,B8C 

40 FORMAT (2E10.0) 
5 0  FORMAT(lX,3E15.7) 

ST0 P 
END 

f l l e  a f t e r :  
R E A D  (5,40) A,E 
C=A/B**2 <-- --- ~ o i n t e r  
WRITE (6, SO) A, B,C 

40 FORMAT (2E10.0) 
5 0  FORMAT(lX,3E15.7) 

ST0 P 
END 

T h i s  r e q u e s t  writes a copy of  t h e  e d i t e d  f i l e  on d i s k ,  
r e p l a c i n g  t h e  e x i s t i n g  copy o f  the  working f i l e ,  a n d  invokes  
t h e  i n p t  mode o f  EDIT. When t h e  f i l e n a n e  is s p e c i f i e d ,  
EDIT w i l l  a l s o  r e p l a c e  t h e  ~ e r m a n e n t  f i l e  ( i n d i r e c t - a c c e s s )  
of  t h a t  name w i t h  a c o ~ y  of t h e  e d i t e d  f i l e .  The name of t h e  
permanent f i l e  need n o t  match t h e  name of t h e  working f i l e .  
Both a  u s e r  number (un) and a  password (pw) may be s p e c i f i e d  
when r e p l a c i n g ,  but n o t  c r e a t i n g ,  a permanent f i le .  A password 
may n o t  be s p e c i f i e d  u n l e s s  a u s e r  nuabe r  h a s  been  s , e c i f i e d ;  
s i n i l a r l y ,  a u s e r  number r e q u i r e s  a  f i l e n a r e .  The p o i n t e r  i s  
n c t  moved by SAVE.  

E> EDIT,NAMEl 
E> ( v a r i o u s  e d i t  r e q u e s t s )  
E>SAVE NAME2 AECC99 PASS 
I> 

The f i l e  NAME1 i s  e d i t e d ,  and a  copy i s  saved  as Fernanen t  
f i l e  NqME2 w i t h  u s e r  nurnbew'ABCD99 a n d  f i l e  password PASS. 
I f  NAME1 was a permanent f i l e  b e f o r e  t h e  above  a c t i v i t y ,  t h e  
p e r a a n e n t  f i l e  NAME1 wil! still euisl: i n  i t s  o r i g i n a l  s t a t e ,  



START 

~ O V E  

REMOVE --- 
These requests p rov ide  a  neans t o  move, d u p l i c a t e ,  or d e l e t e  

b locks  of l i n e  images i n  a f i l e ,  Before a MOVE, DUP, or REMOVE 
reques t  is i s s u e d ,  t h e  f i r s t  and l a s t  l i n e s  o f  t h e  b lock  must 
be defined.  Th i s  is done by i s s u i n g  the START and END requests 
when t h e  p o i n t e r  Is p o i n t i n g  to  t h e  a ~ ~ r o p r i a t e  l i n e  images, 
The END of t h e  block cannot  occur  b e f o r e  t h e  START. The p o i n t e r  
must  then  be moved to t h e  l i n e  a f t e r  which t h e  block is t o  be 
i n s e r t e d  b e f o r e  t h e  MOVE or DUP r e q u e s t  is  i s sued .  The line 
a f t e r  which t h e  block is t o  b e  i n s e r t e d  n u s t  n o t  he l o c a t a d  
w i t h i n  t h e  block u n l e s s  i t  is  t h e  l a s t  l i n e  o f  t h e  block. The 
block s t a r t i n g  and ending l o c a t i o n s  w i l l  be  reset t o  t h e  new 
block. 

The requests o u t l i n e d  a b o v e  m u s t  be g i v e n  i n  t h e  order :  
START, ENC, MOVE (or DUP) . However, a d d i t i o n a l  EDIT r e q u e s t s  
may be given between block reques t s .  The b lock s t a r t i n g  and 
ending l o c a t i o n s  w i l l  be a d j u s t e d  i f  ~ o d i f i c a t i o n s  a r e  made 
t o  t h e  f i l e .  

An a d d i t i o n a l  combination of r e q u e s t s  i s  a v a i l a b l e  f o r  
removing b locks  of da ta .  The f i r s t  l i n e  of t h e  block o f  d a t a  
t o  be removed m u s t  be l o c a t e d  and the START r e q u e s t  i s s u e d ,  
The p o i n t e r  shou ld  t h e n  be moved t o  t h e  l a s t  l i n e  of  d a t a  t o  
be removed and t h e  REMOVE r e q u e s t  issued.  

I f  t h e  b lock d e f i n i t i o n  does  n o t  exist, t h e  d i a g n o s t i c  
* ' INVALID EI; IT REQUEST: l1 w i l l  be disp layed  whenever t h e  MOVE, 
DUP, o r  REMOVE r e q u e s t  is issued.  The d i a g n o s t i c  w i l l  a l s o  
be d i s p l a y e d  i f  an a t t empt  is made t o  i n c l u d e  t h e  f i r s t  l i n e  
( the  n u l l  l i n e )  of t h e  f i l e  i n  t h e  block d e f i n i t i o n ,  t o  p l a c e  
t h e  end of t h e  b lock i n  f r o n t  of t h e  START, or t o  d u p l i c a t e  
o r  move a  block i n t o  i t s e l f .  

E>PRINT 
R E A D  (5,40) A,B 

E>START 
E>NEXT 2 

WRITE ( 6 ,  S O )  A, B , C  
E> END 
E>NEXT 2 
50  FORMAT(IX,3E15,7) 
E>DUT 
E> 



f ile before: 
READ (5.40) A , B  <----- pointer 
C=A*B 
WRITE(6,SO) AoB,C 

40 FORMAT (2E10.0) 
50 FORMAT(1Xe3E15.7) 

STOP 
EN D 

f i l e  after: 
REAC (5,UO) A,B 
C=A*B 
WRITE (6, SO) A. B,C 

40 FORMAT (2E10.0) 
50 FORMAT(1X13E1S.7) 

READ (5,UO) A , B  
C=A*B 
WfiITE(6,SO) A,B,C <-0-0-  p o i n t e r  
STOP 
END 

TABDEFC character  ] -- 
This  request  r e d e f i n e s  the l o g i c a l  tab charac ter  to the 

c h a r a c t e r  specified. I f  no c h a r a c t e r  is s ~ e c i f i e d ,  t h e  l o g i c a l  
tab  charac ter  r e v e r t s  to t h e  d e f a u l t  charac ter  

Examgle- ---- --• 



n l  i s  t h e  column i n  t h e  l i n e  a t  which t h e  l i n e  is to begin. 
n2 ... nn a r e  column p o s i t i o n s  f o r  l o g i c a l  t a ?  s e t t i n g s .  I f  
parameters  a r e  omi t t ed ,  d e f a u l t  t a b  s e t t i n g s  (1,7,11,18,30,73) 
w i l l  be used. The maximum nunber of tab s e t t i n g s  is 12. 

The t a b  c h a r a c t e r  (n>e is t h e  d e f a u l t )  has t h e  d e s i r e d  
e f f e c t  when used w i t h  t h e  INSERT command, b u t  n o t  when used 
with t h e  CHANGE command. That  is, on t h e  INSERT command, any 
appearance of causes  t h e  next c h a r a c t e r  t o  b e  s t o r e d  i n  
t h e  next t a b  p o s i t i o n  de f ined  by TABSET, and t h e  w>n is of 
c o u r s e  n o t  s t o r e d .  But on t h e  CHANGE command t h e  c h a r a c t e r  
@O1@ is n o t  g i v e n  any s p e c i a l  s i g n i f i c a n c e  ( s e e  second example). 

This  request r e p o s i t i o n s  the p o i n t e r  t o  t h e  t o p  o f  the f i l e  
(the null l i n e  i n  front of t h e  u s e r ' s  f i r s t  l i n e ) ,  

f i le:  
<----- ~ o i n t e r  a f t e r  

REAC (5,40) A, B 
C=A*B 
WRITE (6,50) A,B,C 

40 FORMAT(2E10.0) <----- ~ o i n t e r  be fo re  
50 FORMAT(1X,3E15.7) 

ST0 P 
END 



T h i s  r e q u e s t  r e p o s i t i o n s  t h e  point .er  n l i n e s  b e f o r e  t h e  
c u r r e n t  l i n e .  If n is n o t  s p e c i f i e d ,  a v a l u e ' o f  1 i s  assumed. 
If n is g r e a t e r  than  t h e  number of l i n e s  t o  t h e  t o p  of t h e  f i l e ,  
t h e  p o i n t e r  i s  p o s i t i o n e d  a t  t h e  top, 'UP may also be used t o  
s e a r c h  upwards f o r  one  o f  t h e  s p e c i f i e d  strings. 

: is any  d e l i m i t i n g  c h a r a c t e r  t h a t  d o e s  n o t  appear  i n  any 
of t h e  s t r i n g s .  The t r a i l i n g  d e l i a i t e r  may b e  o m i t t e d  i f  t h e  
last s t r i n g  ends  i n  a nonblank c h a r a c t e r ,  

UP does  n o t  remember t h e  F a r a n e t e r ( s )  used on t h e  p r e v i o u s  
UP reques t ,  Use LOCATE or FIND i f  m u l t i p l e  upward s e a r c h e s  
for t h e  same s t r i n g  a r e  d e s i r e d ,  

Example: -- 

f i l e :  
REAC (S84O) A,B 
C=A*B <----- p o i n t e r  a f t e r  
WRITE ( 6 ,  SO) AIB,C 

40 FORNAT (2EIO. 0 )  
50 FORMAT (1X,3E15. 7 )  

STOP <----- p o i n t e r  be fo r?  
END 

This request t e r m i n a t e s  t h e  BRIEF KO& i n  t h e  e d i t  
environment (see BRIEF r e q u e s t ) .  The ~ a r a m e t e r  n is  t k e  number 
of columns t o  v e r i f y  i n  e a c h  l i n e .  The d e f a u l t  is a l l  columns. 
The E D I T  r e q u e s t s  t h a t  are c o n t r o l l e d  by VERIFY are AFTER, 
BEFORE, PLANK, BOTTOM. CHANGE, FIND, LOCATE, NEXT, OVERLAY 
and UP. 

E>BRIEF 
E>NEXT 
E>VERIFY 
E>NEX'I 
40 FORMAT (2E10.0) 
E > 
f i l e :  

READ (S140) A, B 
C=A*B <-- - - - ~ o i n t e r  b e f o r e  
WRITE (6,50) A,B,C 

4 0  FORMAT (2EIO.O) <----- g o i n t e r  a f t e r  
50 FORMAT(lX,3E15.7) 

STOP 
END 



T h i s  request sets t h e  upFer l i m i t  n f o r  the number of 
c h a r a c t e r s  printed by EDIT on  a terminal l ine . .  I f  no value 
f o r  n is  s p e c i f i e d ,  t h e  l i n e  width reverts to t h e  d e f a u l t  value 
70 

€>PRINT 
40 FORMAT (2ElO-O) 
E>WIDTH 10 
E>PRINT 
40 FORM 
AT (2E10.0) 
E> 

The form x / reques t l / reques t2 / . . .  saves a set of ;EDIT 
r e q u e s t s  for l a t e r  execut ion and t e m p o r a r i l y  names it X 
( s i m i l a r l y  f o r  Y) . Two sets of r e q u e s t s  may be saved 
c c n c u r r e n t  ly.  

The form X n (or Y n) allows t h e  set of requests named X 
( o r  Y) to be executed n times. The d e f a u l t  v a l u e  f o r  n is 1. 

/ i s  any delimiting c h a r a c t e r  + h a t  d o e s  n o t  appear i n  a n y  
o f  t h e  requests. The t r a i l i n g  d e l i m i t e r  may be omitted i f  t h e  
l a s t  request ends i n  a nonblank c h a r a c t e r ,  

E>X /LOCATE : STCP: /CELETE/ 
E >X 

STOP 
E> 

file before:  
REAC (5,4O) A, B 
C=A*B <----- pointer b e f o r e  
WRITE(6,So) A,B,C 

40 FORMAT (ZEIO. 0) 
SO F o K M A T ( ~ X , ~ E ~ ~ . ~ )  

ST0 P 
END 

f i l e  a f t e r :  
READ (Sp40) A,a  
C=A*B 
WRITE(6,SO) A,B,C 

4 0  FORMAT(2E10.0) 
50 F o R M A T ( ~ X , ~ E ~ ~ - ~ )  

END <----- p o i n t e r  a f t e r  



Parameters a and b a r e  the first and la s t  columns of a line 
to be  scanned with t h e  LOCATE, NEXT, or UP request .  For t h e  
AFTER, BEFORE, o r  CHANGE reques t ,  a and b d e f i n e  the l i m i t s  
of t h e i r  effects. The d e f a u l t  is all columns (ZONE 1 140).  

f i l e :  
REAC (5,UO) A,B <----- 
- - . -  

~ ~ i n t e r  before 
C=A*B 
WPITE ( 6 , 5 0 )  A,B,C 

40 FURMAT (2 i10 .0)  <----- ~ o i n t e r  after 
50 FORMAT(IX, 3E15.7) 

STOP 
END 
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