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FOREWORD 

This volume (11) documents the computer programs developed under 
Contract NAS3-11216. The volume was or ig ina l ly  published i n  December 
1970 and contained the programs as described i n  report  Volume I. 
t iona l  work on the hydrodynamic analysis and computer Fogram ( i n  the  
areas of t i p  clearance and leading edge sweepback) was l a t e r  conducted 
under Contract Modification 3. This additional work i s  reported i n  
Volume I11 and the modified computer program i s  included i n  t h i s  revised 
issue of Volume 11. 

Addi- 

The work was sponsored by the Lewis Research Center, National 
Aeronautics and Space Administration, Cleveland, Ohio, under the techni- 
cal  direction of the Chemical Rocket Division with M r ,  D. D. Scheer, 
Project Manager. 
application rziy be obtained by contacting M r ,  Scheer. 

r'urther information regarding the programs and t h e i r  

P r a t t  and Whitney Aircraf t ' s  Florida Research and Development Cen- 
t e r  a t  West Palm Beach, Florida was the contractor and M r .  W. E. Young 
was the Program Manager. The following P ra t t  & Whitney personnel con- 
tr ibuted to  the program: 

Mr. R. E. Davis supervised the analytic effor t .  

M r .  H. J. Barten, M r ,  L. L. Coons, and M r ,  G. G. Roberts performed 
the analyt ic  work. 

M r .  D. R, Edmonds Jr. and M r .  J. A, Scheurenbrand did the computer 
programming. 
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SECTION I 

INTRODUCTION 

The computer programs t h a t  were developed as a r e s u l t  of the work 
reported i n  Volumes I and I11 are l i s t e d  i n  th i s  volume. 
programs are  included: 

Three computer 

Hydrodynamic Computer Program - T h i s  program calculates the 
in te rna l  flow, blade loading, and performance of an inducer 
under noncavitating and cavi ta t ing conditions . The basic flow 
analysis uses a mean streamline, two dimensional, axisyrmnetric 
model. 
cavi ty  on the blade suction surface and, because the vapor 
cavi ty  r e r e l y  displaces l iquid,  it i s  considered tha t  the 
ac tuG blade can be replaced by a pseudo blade consisting of 
the r ea l  blade plus the cavity. The analysis includes viscous 
effects and th program input provides f o r  leading edge sweep- 
back and t i p  clearance. 

It i s  assumed t h a t  a l l  cavi ta t ion i s  contained i n  a 

S t ress  Computer Program - The s t r e s s  program calculates s t resses  
and deflections of the inducer blade which resu l t  from blade 
pressure loading and centrifugal force. 
f ini te  element matrix displacement method where the blade is 
replaced by contiguous polygonal e l a s t i c  elements of f i n i t e  
s i z e  which a r e  joined a t  t h e i r  ver t ices  o r  nodes. 
input provides f o r  blade lean and for  variable t h i c h e s s  blades. 

The analysis uses the 

The program 

Vibration Computer Program - The vibration program calculates 
blade natural  frequencies and the dis t r ibut ion of re la t ive  
deflections and s t resses  f o r  each resonance. This program i s  
a f i n i t e  element analysis which uses many of the same subrou- 
t ines  as  the stress program. 

Input and output descriptions, and a sample case a re  included f o r  each 
pro gram. 

The s t r e s s  and vibration programs a re  ident ical  to the l i s t i n g s  
given i n  the or ig ina l  issue of this volume. 
has been modified as  reported i n  Volume I11 and the program changes a re  
included i n  this revised issue of Volume 11. 

The hydrodynamic analysis 



SECTION I1 
HYDRODYNAMIC COMPUTER PROGRAM (PWA 6091) 

A .  GENERAL 

The hydrodynamic computer program p r e d i c t s  i n t e r n a l  f low condi t ions  
and blade pressure  loadings wi th in  an  inducer .  

The b a s i c  flow a n a l y s i s  uses a mean s t r eaml ine ,  two-dimensional, 
meridional  f low model. It i s  assumed t h a t  average flow condi t ions  i n  
t h e  blade-to-blade space can be represented on a meridional  su r f ace .  
A two-dimensional s t reaml ine  balancing a n a l y s i s  i s  then used t o  s a t i s f y  
r a d i a l  equi l ibr ium and e s t a b l i s h  mean v e l o c i t i e s ,  p re s su res ,  and flow 
angles .  The program a l s o  employs a dev ia t ion  model t o  c a l c u l a t e  flow 
condi t ions downstream of the  inducer .  Inducer i n l e t  and e x i t  condi t ions  
a r e  then i n t e g r a t e d  t o  o b t a i n  p red ic t ions  of performance. 

The program r e q u i r e s  approximately 180,000 by tes  of core  (165,000 
by tes  program and 15,000 by tes  b u f f e r )  on an IBM 370 Model 165 Computer. 
Computer language is For t r an  IV-G Release 1.1. Approximate running time 
for a t y p i c a l  case  (one s e t  flow cond i t ions )  with t i p  c learance  is 
2 minutes. 

B .  INPUT DESCRIPTION 

The hydrodynamic computer program input  can be divided i n t o  two 
p a r t s  : 

1. A geometric d e s c r i p t i o n  of t h e  inducer;  and 

2 .  A d e s c r i p t i o n  of t he  inducer  opera t ing  flow parameters.  More 
than one s e t  o f . f l o w  parameters may be input  f o r  a given 
inducer geometry. 

Unless otherwise s p e c i f i e d ,  da t a  may be input  i n  any cons i s t en t  s e t  
of u n i t s .  The same u n i t s  must be used f o r  fo rce  and mass. Output w i l l  
correspond t o  the  input  u n i t s  used. Severa l  examples a r e  l i s t e d  below. 

Input .- output  

Force Mass Length V e  l o c i  t y  Pres  sure  

l b  l b  f t  f t / s e c  l b / f t 2  
l b  l b  i n .  i n .  /sec l b  / i n ,  

gram gram meter meter / s e c gram/meter2 

Input da t a  t o  be w r i t t e n  on each card a r e  descr ibed  below. "F" 
format da t a  should be l e f t  ad jus t ed  i n  the  column f i e l d  and should 
conta in  a decimal po in t .  "I" format da t a  should be r i g h t  ad jus t ed  and 
should not  conta in  a decimal p o i n t .  

3 



Columns 

Card 1 

1-80 

Card 2 

1-5 

6-10 

11-15 

16-20 

21-35 

36-45 

46-55 

56-65 

Card 3 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

Card 4 

1-40 

Variab 1 e 

T i t l e  Card 

Job I d e n t i f i c a t i o n  da ta  

General Geometry 

N I  Number of s t r eaml ines  t o  be considered 
Maximum of 15 

N J  Number of a x i a l  s t a t i o n s  t o  be considered 
Maximum of 60 

NB Number of inducer  blades 

CASES Number of flow condi t ions  

G Grav i t a t iona l  cons tan t  

ALPWH Hub l ead ing  edge wedge angle ,  degrees 

ALPWT Tip l ead ing  edge wedge angle ,  degrees  

CBHR Tip c learance  t o  blade he ight  ra t io ,may 
be zero i f  t i p  c learance  a n a l y s i s  i s  no t  
required.  

Geometry at EachAxial  S t a t i o n  (NJ Cards) 

Z Axial dimension from the  s t a t i o n  t o  t h e  
leading-edge.  ' S t a t i o n s ' s p a c i n g  may be 
va r i ed  t o  provide f i n e  r e s o l u t i o n  i n  
a r e a s  where flow condi t ions  a r e  expected 
t o  change r ap id ly .  

RH Hub r a d i u s  

RT Tip r ad ius  

BHS Hub b lade  angle ,  degrees  from t a n g e n t i a l  

BTS Tip blade angle ,  degrees from t a n g e n t i a l  

TT Blade t i p  th ickness  

TA Blade t a p e r  angle ,  degrees 

+ N J  Leading Edge Shape 

zo , z1 Coef f i c i en t s  of t h e  t h i r d  degree quad- 
22 * z3 r a t i c  equation which 3e f ines  t h e  lead ing  

edge curva ture  as pro jec ted  on the  
meridional  plane 

Format 

20A4 

i5 

15 

15 

15 

F15 a 5  

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

F10.4 

4F10.4 

4 



Columns 

Card 5 
1-10 

11-20 

21-30 

31-40 
41-30 

Card 6 
1-10 

11-20 

21-30 

Variable  Format 

+NJ Flu id  P r o p e r t i e s ,  Speed, & P r i n t  Option 

RHO S p e c i f i c  weight F10.4 
MU Kinematic v i s c o s i t y  F10.4 

PSAT S a t u r a t i o n  p res su re  F10 * 4 
SN Rotat ing speed, rev/sec F10.4 

LOADOP 0 i f  no blade load ing  d a t a  d e s i r e d  I10 
1 i f  blade loading d a t a  i s  d e s i r e d  
Automatically 1 i f  CBHR is p o s i t i v e  

+ N J  I n l e t  Flow Conditions at Each Streamline (NI Cards) 

F1O.O PO Re la t ive  i n l e t  t o t a l  p re s su re  

VA I n l e t  a x i a l  v e l o c i t y  F10.0 

ALPHI I n l e t  abso lu t e  flow angle ,  degrees F10.0 
from t a n g e n t i a l  

For more than 1 se t  of flow cond i t ions  (CASES > l), r e p e a t  
ca rds  (5+NJ) and (6cNJ) 

C. OUTPUT DESCRIPTION 

The output  of  t h e  program is  i n  t h e  fol lowing seven p a r t s .  P a r t s  3 
t h r u  7 are p r i n t e d  twice i f  CRHR is a p o s i t i v e  number, first f o r  zero 
and then f o r  t h e  s p e c i f i e d  t i p  c learance.  

1. Geometry 

t'ne i n l e t  t i p  is ca lcu la t ed  and p r i n t e d  out.  

2. 

!%e i n p u t  geometry is p r i n t e d  out  f o r  reference.  Also s o l i d i t y  a t  

F lu id  P r o p e r t i e s  and I n l e t  Flow Conditions 

The i n p u t  f l u i d  p r o p e r t i e s  (Card 5) and t h e  i n p u t  i n l e t  flow 
condi t ions (Cards 6 t h r u  NI) a r e  p r in t ed .  

3. I n l e t  Conditions 

condi t ions are l i s t e d  f o r  each stredmtube. 
The above flow condi t ions and the  fol lowing a d d i t i o n a l  i n l e t  

I Streantube number 

ALPYA Absolute flow anzle ,  degrees from t a n g e n t i a l  

R Streamtube r a d i u s  

BETA Rela t ive  f i o u  ang le ,  degrees from t a n g e n t i a l  

? Volumetric flow 

K Cav i t a t ion  number, k 

W Re la t ive  v e l o c i t y  

U Inducer t a n g e n t i a l  v e l o c i t y  

5 



PO Absolute t o  ta  1 pres  s u r e  

V Absolute v e l o c i t y  

PREL Re la t ive  t o t a l  p re s su re  

VM Meridional v e l o c i t y  

P S t a t i c  pressure  

vu Absolute t a n g e n t i a l  v e l o c i t y  

PHI Mass averaged i n l e t  flow c o e f f i c i e n t , @  

NPSH Mass averaged n e t  p o s i t i v e  suc t ion  head 

THOMA Cav i t a t ion  parameter 

VT Inducer t i p  speed 

PT Mass averaged t o t a l  p ressure  

4, I n t e r n a l  Flow Conditions 

. The fol lowing a r e  l i s t e d  f o r  each a x i a l  s t a t i o n  

J S t a t i o n  number 

2 Axial dimension t o  s t a t i o n  

I T E  Number of i t e r a t i o n s  requi red  t o  ob ta in  r a d i a l  p re s su re  
e qui  1 i b  r ium . 

The fol lowing a r e  l i s t e d  f o r  each streamtube a t  each a x i a l  s t a t i o n .  

I Streamtube number 

P S t a t i c  pressure  

BETA Rela t ive  flow angle ,  degrees from t a n g e n t i a l  

ALPHA 

RST Streamline r ad ius  

Absolute flow angle ,  degrees from t a n g e n t i a l  

PREL 

BETA* 

ETA Ef f i c i ency  

PCR Rat io  (RST-RH) / (RT-RH) 

Rela t ive  t o t a l  p ressure  of t h e  core  flow 

Blade angle, degrees from t a n g e n t i a l  

6 



POREL 

DEV 

W 

R 

PT 

DLB* 

U 

TAU 

M* 

XMTH 

v 

THK 

BN 

DEL* 

vu 

B 

PCB 

HS F 

VM 

5. Ex i t  

Re la t ive  t o t a l  p re s su re  (mass-averaged) 

Deviation angle ,  degrees 

Re la t ive  v e l o c i t y  

Streamtube r ad ius  

Absolute t o t a l  p ressure  

Vapor c a v i t y  s lope  angle ,  degrees 

Inducer t a n g e n t i a l  v e l o c i t y  

Blade t a n g e n t i a l  spacing 

Distance along b lade  

Momentum th ickness  

Absolute v e l o c i t y  

Normal blade th ickness  

Normal c a v i t y  he ight  

Boundary l a y e r  displacement th ickness  

Absolute tangent  i a  1 v e l o c i t y  

Tangent ia l  c a v i t y  he igh t  

Rat io  of t a n g e n t i a l  c a v i t y  h e i g h t  t o  b l ade  t a n g e n t i a l  
spacing,  B/TAU 

Rat io  DEL*/XMTH 

Her id iona l  v e l o c i t y  

Conditions 

The fol lowing a r e  l i s t e d  f o r  each streamtube a t  an axial  s t a t i o n  
downstream of the  inducer .  

I St reamtube number 

ALPHA Absolute flow angle ,  degrees from t a n g e n t i a l  

R Radius of streamtube 

BETA Re la t ive  flow angle ,  degrees from t a n g e n t i a l  

DEV Deviation angle  

7 



performance 

NFSH 

PI11 

FSI 

H 

TI1 

RrJ 

ETA 

ss 

w 
CVOL 

o f  t h e  inducer.  

Net p o s i t i v e  s u c t i o n  head 

Flow c o e f f i c i e n t  

I-Iead c o e f f i c i e n t  

Head r i s e  

I d e a l  head r i s e  

Reynolds number 

Ef f i c i ency  

S p e c i f i c  speed 

Volumetric flow 

To ta l  blade s u c t i o n  s u r f a c e  

V Absolute v e l o c i t y  

H Head r ise  

VPT Meridional v e l o c i t y  

P S t a t i c  p re s su re  

w Absolute t a n g e n t i a l  v e l o c i t y  

PT T o t a l  p re s su re  

'SdU Re la t ive  t a n g e n t i a l  v e l o c i t y  

ETA Ef f i c i ency  

r,l Re la t ive  v e l o c i t y  

6. Performance Parameters 

The fol lowing l i s t e d  parameters r e p r e s e n t  t he  mass averaged 

c a v i t y  volume ( a l l  b l ades )  

PSI I D q A L  I d e a l  head c o e f f i c i e n t  

PSI LOSS Head l o s s  c o e f f i c i e n t  

7. Blade Loading Data 

are l i s t e d  f o r  each a x i a l  s t a t i o n .  
This d a t a  is l i s t e d  i f  "LOACOP" is i n p u t  as 1. 

J S t a t i o n  number 

2 Axial dimension t o  s t a t i o n  

Z/ZT 

The fol lowing 

Rat io  of  a x i a l  lengt'? t o  t o t a l  ax i a l  l eng th  

8 



The following are l i s t e d  for each streamtube a t  each axial  s t a t i o n .  

I 

R 

PS 

PP 

!JS 

WP 

DPB 

PSIS 

PS IP 

S treamtube number 

Streamtube r a d i u s  

S t a t i c  pressure  on blade suc t ion  su r face  

S t a t i c  pressure  on blade pressure  su r face  

Rela t ive  v e l o c i t y  a long blade suc t ion  su r face  

Rela t ive  v e l o c i t y  a long blade pressure  su r face  

Normal pressure  d i f f e rence  ac ross  blade 

Suct ion s u r f a c e  s t a t i c  head c o e f f i c i e n t  

Pressure su r face  s t a t i c  head c o e f f i c i e n t  

9 



D. HYDRODYNAMIC COMPUTER PROGRAM 

Sample Case (Noncavitating Flow) 
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E. HYDRODYNAMIC COMPUTER PROGRAM L I S T I N G  



PAGE 1 1 1 / 0 1 / 7 2  S L I S T  
00000010 c **********************************%***********~*#*******~***#% 

c *  INDUCER HYDRODYNAMIC PROGRAM 00000020 
c *  * 00000030 
c *******%*****~**~**********~********~***************~*~******* 00000040 
C , F a R o D r C r  00000050 

REAL L I ,LOW*M1 ,M2,M3tM4,Nl ,N2,N3rN4,LOWLIM 00000060 
REAL ML~MPKIMP*NUPYU*MSTR,NPSH,MOM,MOMP 0000 0070 
INTEGER CASEsCASES 00000080 
LOG 1 C A L  ERROR 00000090 
D I Y E N S I O N  00000100 

R1N ( 1 5 1 ,  B S I N  ( 1 5 1 9  TCBSI (151, WIN ( 1 5 1 ,  00000110 
2 P R E L I ( 1 5 1 ,  BSEX ( 1 5 1 ,  W J 1  ( 1 5 1 ,  WE)! ( 1 5 1 9  0 0 0 0 0 1 2 0  
3 WNJ (151, DBS ( 1 5 1 ,  REX ( 1 5 1 ,  VEX ( 1 5 j ,  0 0 0 0 0 1 3 0  
4 DBSP (151, P O R E L P ( 1 5 ) s  RVU ( 1 5 1 9  MOM (151 ,  00000 140 
5 A ( 1 5 )  t AP ( 1 5 1 ,  MOMP ( 1 5 1 9  PCR ( 1 5 1 9  0 0 0 0 0 1 5 0  
6 SI ( 1 5 1 9  S I B  ( 1 5 1 9  R ( 1 5 1 ,  M t 1 5 ) r  0 0 0 0 0 1 6 0  
7 OM ( 1 5 1 9  H I 0  ( 1 5 1 s  BETA ( 1 5 1 ,  W ( 1 5 1 9  00000170 
8 B ( 1 5 1 ,  PREL ( 1 5 1 9  RP (1519 R E T A P ( 1 5 1 t  0 0 0 0 0 1 8 0  
9 S I P  ( 1 5 1 ,  YP ( 1 5 1 9  T T  (601, BP ( 1 5 1 ,  00000190 
1 PRELP( 1 5  1 9  DY ( 1 5 1 s  OYP ( 1 5 1 ,  RETASI151r  0 0 0 0 0 2 0 0  
2 TAU ( 1 5 1 9  ZBL ( 1 5 1 ,  PX ( 1 5 1 r  T A  (601, 0 0 0 0 0 2 1 0  
3 E ( 1 5 1 ,  PCRl  ( 1 5 ) ~  TAUP ( 1 5 1 9  RSTL ( 1 5 1 s  0 0 0 0 0 2 2 0  
4 SIS ( 1 5 1 ,  S I S P  ( 1 5 1 9  WP 11519 PXP ( 1 5 1 9  00000230 
5 RSTS ( 1 5 1 9  P R E L E X ( 1 5 ) ,  ESV (151, I T B  (151, 0 0 0 0 0 2 4 0  
6 POREL(1519 DBDM ( 1 5 1 9  DWDM ( 1 5 ) #  HSF ( 1 5 1 9  00000250 
7 XMTH (151, HSFP 11519  XMTHP ( 1 5 1 9  PO ( 1 5 1 ,  00000260 
8 VA ( 1 5 1 ,  ALPHI ( 1 5 1 ,  Q (151, HO ( 1 5 1 9  0 0 0 0 0 2 7 0  
9 X I 0 1  (151, X Y T H I  ( 1 5 1 ,  B I N  ( 1 5 1 ,  T E R M l ( 1 5 1  0 0 0 0 0 2 8 0  

D I Y E N S I 0 N 0 0 0 0 0 2 9 0  
1 TERM2(151*  BTS (601,  BETASP(1519 T (151, 00000300 
2 TP (1519 SBS ( 1 5 1 ,  TBS ( 1 5 1 ,  CBS (151, 0 0 0 0 0 3  10 

0 0 0 0 0 3 2 0  3 T ITLE(ZO1,  CSB ( 1 5 1 9  PCBB ( 1 5 1 ,  DELW (151, 
4 z (601 + RH ( 6 0 1 9  R T  (601, BHS (60) 00000330 

O I Y E N S I O N  00000340 
1 TCBS ( 6 0 9 1 5 )  9 P. 'L(609151 9 B L  ( 6 0 9 1 5 )  e P R E L L ( 6 0 t l 5 )  9 0 0 0 0 0 3 5 0  
2 PXL ( 6 0 9 1 5 1 r  DPBN(6311519 R L  ( 6 0 9 1 5 1  00000360 

DIYEhlSION D C ( l S ) r C C P ( 1 5 )  00000370 
DIYENSION W N C ~ 6 0 ~ 1 5 ~ r D B T C ~ 6 0 t 1 5 1 ~ W P X ~ 6 0 ~ 1 5 ~ ~ W S X ~ 6 0 ~ 1 5 ~ ~  0 0 0 0 0 3 8 0  

1 00000390 

3 Y F L R ~ Z O )  00000410 

1 0 1 8 1 ~ 2 0 r 0 2 5 r ~ 3 0 9 0 3 5 ~ 0 4 O / 9  0 0 0 0 0 4 3 0  

3 0 0 8 5 0 ~ 0 9 4 ~ ~ 1 0 ~ ~ 1 0 7 ~ ~ 1 2 3 ~ ~  1 3 4 9 0  1439.1521 0 0 0 0 0 4 5 0  
00000460 C 

CALL ZERO ( N I 9 T G I F ( 4 1  1 00000470 
C 0 0 0 0 0 4 8 0  
C *++*I* INPUT ***+* 00000490 
C 00000500 
1 R E A 0 ( 5 ~ 2 r E N 3 = 9 9 9 )  T I T L E  000005 10 

N R I T E ( 6 t 4 1  T I T L E  0 0 0 0 0 5 2 0  
0 0 0 0 0 5 3 0  READ(5931 NI 9 N J  9N6 ,CASES 9 G e  ALPWH, ALPWT, CBHR 

N'RITE(6,5) NItNJ,NBtCASES,GeCBHR 00000540 
0 0 0 0 0 5 5 0  

1 

PSX ( 6 0  e 1 5  1 rPPX 160 9 1 5  1 rk 'VX (60 915 1,TAUVX ( 6 0  915 rDMVX (60 915 1 e 
2 D Y X ~ 6 0 ~ 1 5 ~ ~ B E T A S X ~ 6 0 ~ 1 5 ~ ~ F U N C ~ 6 0 1 ~ Y O U T ~ 6 O ~ ~ T G I F ~ 4 ~ ~ X C O D ~ ~ 2 0 ~ ~  00000400 

DATA XCODY / r O ~ i o 0 2 ~ e 3 3 ~ o 0 4 ~ ~ 0 ~ ~ ~ O 6 ~ ~ O 7 ~ o O 8 ~ o O 9 ~ o l O ~ ~ l 2 ~ * l 4 ~ ~ l 6 ~  0 0 0 0 0 4 2 0  

2 YFLR / r 0 0 7 ~ ~ 0 3 7 ~ o 0 3 7 ~ o 0 0 8 ~ ~ 0 1 ~ ~ 0 1 4 ~ o 0 2 5 r r 0 4 1 , . 0 5 4 t ~ 0 6 ~ ~ 0 7 5 ~ 0 0 0 0 0 4 4 0  

C 
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C BLADE HUB AND T I P  DESCRIPTION 
C 

WRITE(6,6) 
R E A D ( 5 r 7 )  ( t ( I ) ,  R H ( I )  , R T ( I ) g  B H S ( I 1  9 B T S ( 1 )  9 T T ( 1 )  * T A ( I )  t 

1 I 1,NJ 1 
WRITE(6v81  (IsZ(I),RH(I)tRT(I)rBHS(II B T S ( 1 )  9 T T ( 1 )  9 T A ( 1 )  

1 I = l , N J  1 
DO 8 8  J 1 9 N J  
6 h S ( J )  = B H S ( J )  / 5 7 0 2 9 5 8  
B T S ( J )  = B T S ( J 1  / 5 7 0 2 9 5 8  

8 8  CONTINUE 
C 
C COEFFICIENTS FOR SWEPT LEADING EDGE 

C 
REA0(5 ,6091)  209ZlrZ2923 

ALPW? = ALPWT / 5 7 0 2 9 5 7 7  
ALPWH = ALPWH / 57.29577 
BTSR = ( B T S ( 1 )  + B T S ( N J 1 )  / 2 0 0  
C2 = 6 0 2 8 3 2  / NB 
X Y Z  = 20 + Z l * R f ( l )  + ZZ*RT(1 ) *+2  + 2 3 + R T ( l ) + * 3  
S I C  = I Z l N J )  - X Y Z I /  ( C 2 *  R T L 1 )  * S I N ( B T S 8 ) )  

C 
I F (  CBHR r E Q o  000 1 GO T O  7 7 0  
CLEAR = CBHR * ( R T ( 1 )  - R H ( 1 ) )  
CODY = CLEAR / I ( Z ( N J )  - Z ( 1 ) )  + S I N ( B T S B 1 )  
CALL NEWGG ( 1 9 ,  CODM, FLRs XCODM, Y F L R  1 
FLR = FLR * 3 0 1 4 1 5 9 2  

770 WRITE 16,760 1 LO 921 9 2 2  923 
760 F 3 R M A T ( / / '  SWEPT LEADING EDGE COEFFICIENTS' / '  Z O t ' s F l O o S / '  Z l = ' ,  

1 F 1 0 0 5 / '  Z Z = ' s F l 0 0 5 / '  2 3 = ' t F l O r 5 / / 1  
ALPH = ALPWH * 57.29578 
ALPT = ALPWT * 5 7 0 2 9 5 7 8  
W R I T E ( 6 9 7 6 1 )  S fGvALPHtALPT 

761 FORMAT(T9,'SOLIDfTY'rT24e1ALPWH',T38e'ALPWT'/3Fl5r7) 
C 
C ***** END OF INPUT ***+* 
C 
C OPERATING CONDITIONS 
C 

CASE = 1 
20  READ (5,17,END=999) RHO, MU, PSA?, SN, LOADOP 

I F (  CBHR rEQ. 000 1 GO T O  775  
LOADOP = 1 
WRITE4697851 CASE,RHO~MUIPSAT,SN~LOADOP~FLR 
GO TO 790 

LOAOOP 775  WRITE (6 ,221 CASE# RHO, MU, PSAT, SNs 
790 READ (5,191 (PO(I1r V A ( I ) #  A L P H I ( I 1 ,  I = l * N I )  

WRITE (6 ,231 ( P O ( 1 ) v  V A ( I ) ,  A L P H I ( I ) ,  I = l , N I )  
NHEV = 0 

K I L L  = 0 
9 2 6  NREV = NREV + 1 

C 
C INTERNAL PROGRAM CONSTANTS 
C 

NXXI  = NI - 1 
CVOL = 000 
P I  = 3 0 1 4 1 5 9 2  

36 

0 0 0 0 0 5 6 0  
0 0 0 0 0 5 7 0  

0 0 0 0 0 5 9 0  
00000600 
00000610 
00000620 
00000630 
00000640 
OOO006 50 
00000660 
00000670 
0 0 0 0 0 6 8 0  
00000690 
00000700 
00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
0 0 0 0 0 7 8 0  
00000790 
0 0 0 0 0 8 0 0  
00000810 
0 0 0 0 0 8 2 0  
0 0 0 0 0 8 3 0  
0 0 0 0 0 8 4 0  
0 0 0 0 0 8  50  
0 0 0 0 0 8 6 0  

0 0 0 0 0 8 8 0  
0 0 0 0 0 8 9 0  
00000900 
00000910 
000009 20 
000009 30 
00000940 
0 0 0 0 0 9 5 0  
00000960 
00000970 
0 0 0 0 0 9 8 0  
00000990 
00001000 
000010 10 
0 0 0 0 1 0 2 0  
00001030 
0000 1040 
00001 0 5 0  
00001060 
0000 10 7 0  
0 0 0 0 1 0 8 0  
00001090 
00001100 
0000 11 10 
0 0 0 0 1 1 2 0  

ooooo 5 ao 

oooooa70 



NU = MU / RHO 

C3 = C 1  +t  OMEGA*+^ 
V T  = OMEGA * R T ( 1 )  

OMEGA = SN * 6 0 2 8 3 2  
C1 = RHO / Z O O  1 C 

INLET ROUTINE 
( UPSTREAM 

CONSTANT PARAMETERS 

DZ = 000 
OR = R T ( l l  - R H ( 1 )  
DR2 ( R T ( 1 ) * * 2  - R H ( 1 ) + + 2 )  / N1 
CE = 0.284 / SIG * * 0 0 5  
SLOP 2 ( R T ( l ) * T A N ( B T S ( l )  1- R H ( 1 )  * T A N ( B H S ( l )  1 ) /  OR 
S I T  ATAN( ( R T ( 2 1  - R T ( 1 ) )  / ( Z ( 2 )  - 2 (1) 1 
S I H  = ATAN( (RH121 - R H ( 1 ) )  / ( 2 (2) - Z (1)  1 1 
DSI  5: S I T  - S I H  
DELS =i 000 
2P = Z ( 1 1  - 0001*( Z ( 2 )  - Z ( 1 )  1 
RSTP = F ? H ( l )  
DRZE = I R T ( N J ) * * 2  - R H ( N J ) * * 2 )  / N I  
RSTEP = R H ( N J )  
QI = 00 
z z 1  = 00 
222  = 00 
WRITE (6 ,301 

C 
C VARIABLE PARAMETERS 
C 

DO 4 0  I = 1 B N I  
RSTE = SQRT(RSTEP**2 + DRZE) 
RST 2: SQRT( RSTP**2 + DR2 1 
R S T S ( 1 )  = RST 
P C R ( 1 )  = ( RST - R H ( 1 )  1 / OR 
D Y ( 1 )  = RST .. RSTP 

T A U ( 1 )  = C2 * R ( 1 )  
R T N B  = R T ( 1 )  * T A N ( B T S ( 1 )  - SLOP * I R T ( 1 )  - R l f )  
B E T A S ( 1 )  = ATAN( RTNB / R ( 1 )  1 
SI(I) = S I H  + ( R ( 1 )  - R H ( 1 ) )  / OR * OS1 
S I S ( I 1  = S I ( I 1  
SIB(I1 = S I ( 1 )  
A ( I )  = T A U ( I )  * D Y W  * cos(sr(ru 
U = OYEGA * R ( I )  

VM = V A ( I 1  
V = VM / S IN(ALPHA1 
VU = V * COS(ALPHA 1 
wu = u - vu 
R E T A ( 1 )  = ATAN( VM / wu 
X I O I ( 1 )  = B E T A S ( 1 )  - B E T A ( 1 )  
W ( I )  = Vtv! / S I N ( O E T A ( 1 ) )  
P X ( 1 )  = P O ( 1 )  - C l  * v**2  
QD = C 1  * W(1) * *2  

R ( 1 )  t (RSTP + RST 1 / 2.0 

ALPHA A L P H I ( 1 )  / 57.29578 

0 0 0 0 1 1 3 0  
00001140 
00001 150  
00001160 
00001170 
00001 1 8 0  
00001190 
0 0 0 0 1 2 0 0  
0000 1 2  10 
0 0 0 0 1 2 2 0  
0 0 0 0 1 2 3 0  
0 0 0 0 1 2 4 0  
00001 2 5 0  
0000 1 2 6 0  
0 0 0 0 1 2 7 0  
0 0 0 0 1 2 8 0  
00001290 
0 0 0 0 1 3 0 0  
0 0 0 0 1 3 1 0  
0 0 0 0 1 3 2 0  
0 0 0 0 1 3 3 0  
0 0 0 0 1 3 4 0  
0 0 0 0 1 3 5 0  
0 0 0 0 1 3 6 0  
0 0 0 0 1 3 7 0  
0000 1 3 8 0  
00001390 
00001400 
00001410 
0 0 0 0 1 4 2 0  
0 0 0 0 1 4 3 0  
0 0 0 0 1 4 4 0  
0 0 0 0 1 4 5 0  
00001460 
00001470 
0 0 0 0 1 4 8 0  
00001490 
0 0 0 0 1 5 0 0  
0 0 0 0 1 5  10 
0 0 0 0 1 5 2 0  
0 0 0 0 1 5 3 0  
0 0 0 0 1 5 4 0  
0 0 0 0 1 5 5 0  
0000 1 5 6 0  
0000 1 5  70 
0 0 0 0 1 5 8 0  
0000 1 5 9 0  
00001600 
0000 16 10 
0 0 0 0 1 6 2 0  
00001630 
00001640 
0 0 0 0 1 6 5 0  
0 0 0 0 1 6 6 0  
0000 16 70 
0000 1 6 8 0  
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00001690 
0 0 0 0 1 7 0 0  PREL11)  = P X ( I ) + Q D  

K = ( P X ( I ) - P S A T  1 / QD 
HIO(1) = U * VU / G 0000 17 10 

0000 17 2 0  H O ( 1 )  = P O ( I )  / RHO 
Q ( 1 )  = VM * A ( I 1  0 0 0 0 1 7 3 0  

00001 740 Q I  = Q f  + Q ( I )  * FLOAT(N8)  
0000 1 7 5 0  2 2 1  = 2 2 1  + VM 
00001760 2 2 2  = 222 + P O ( I )  * Q ( 1 )  
0 0 0 0 1 7 7 0  D E L W ( I 1  = 0.0 
0 0 0 0 1 7 8 0  E ( I )  = 0. 
0 0 0 0 1 7 9 0  T ( 1 )  = Om 

B ( I 1  = 01 0 0 0 0 1 8 0 0  
B L ( 1 , I l  = 0 1  0000 1 8  10 

0000 18 20 
0000 1 8  30 
0 0 0 0 1 8 4 0  
0 0 0 0 1 8 5 0  
0000 1 8 6 0  
0000 1 8  70  
0000 1 8 8 0  
0 0 0 0 1 8 9 0  
00001900 

M O M ( I ) = P X ( I ) * A ( I )  * S I N ( B E T A S ( 1 ) )  + 2.0 * C 1  * Q(II *W(I)*COS(XIOIOOOO191O 
0000 19 2 0  
0 0 0 0 1 9 3 0  T C B S I I I )  = T A U ( 1 )  * C O S ( B E T A S ( 1 ) )  

R V U ( I 1  = R I I )  * VU 00001940 
D R S l I )  = XIOI(I1 0 0 0 0 1 9 5 0  

00001960 R I N ( 1 )  = R ( 1 )  
R S I N (  I) = RETAS( I) 00001970 

0 0 0 0 1 9 8 0  W I N ( 1 )  = W ( I )  

q ( 1 )  = 0.0 
D C ( 1 )  = 0.0 
DM(I) = 0 0 0  
H S F ( 1 )  = 1.4 
X M T H ( I b 0 . 2 7 8  * SQRT(NU / W ( 1 )  1 
Z R L ( 1 )  = O B 0  

F = 1.0 
X M T H I ( 1 )  = X M T H I I )  
B I N ( 1 )  = B E T A ( 1 )  

1 ( 1 ) )  

P S E L I ( 1 )  = P B E L ( 1 )  00001990 
RSTP = RST 0 0 0 0 2 0 0 0  
RSTEP = RSTE 00002010 
HETADG f B E T A ( 1 )  * 57.2958 00002020 
ALPHDG = ALPHA * 57.29578 0 0 0 0 2 0 3 0  
WRITE 16,411 1 9  R L I  1 , Q ( I )  , W ( I  1 ,PO( 11 ,PREL( 1 1  +PX(  I )  (ALPHDG, B E T A D G ~ 0 0 0 0 2 0 4 0  

1 K, u, v, V M 9  vu 00002050 
40 CONTINUE 00002060 

00002070 
0 0 0 0 2 0 8 0  
00002090 
0 0 0 0 2 1 0 0  

C 
C 
C 

MAIN PROCRAY 

PH = Z Z 1  / NI / V T  
PHCRT = 0 5 0  * B T S ( 1 1  00002 110 
I F ( P H  OGTI PHCRT) GOT047327 0 0 0 0 2 1 2 0  

47328 F O R V A T ( / / / / / '  FLOW C O E F F I C I E N T = ' ~ F l O o S r 3 X ~  'AND IS LESS THAN CR00002130  
1 I T I C A L  FLOW '9F10.5) 0 0 0 0 2 1 4 0  

WRITE(6,47328)PH,PHCRT 0 0 0 0 2  1 5 0  
GOT04531 00002 160 

4 7 3 2 7  CONTINUE 0 0 0 0 2  170 
PT = ZZ2 / Q I  * FLOAT(NB1 0 0 0 0 2 1 8 0  
NPSH = ( PT = PSAT 1 / RHO 00002 190 
XKTIP = 2o*C*PiPSH / VT**2 / (1m+PH**2) PH**Z / (l.+PH*+Z) 0 0 0 0 2 2 0 0  
THOMA = 2 0 0  * G * NPSH / VT**2 0 0 0 0 2 2 1 0  

w R I T E ( 6 , 7 0 9 0 )  PH,NPSHBTHOMA,VT,PT,XKTIP 0 0 0 0 2 2 2 0  
PTU 2: PT 0 0 0 0 2 2 3 0  
OB = 000 0 0 0 0 2 2 4 0  
FD = O b 0  0 0 0 0 2 2 5 0  
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AV = 000 
CGAM = 000 
GAM = 000 
PP = 0.0 
PS = 000 
v1  = 000 
XLAM = 0 0 0  
DO 300 J t 1 * N J  

C 
C J-STAT I O N  CONSTANT PARAMETERS 
c 
L 

1252 PCRDLl  = 0.01 / N I  
ETOL = 010 
SMH ~ 0 0 0  
SMHI = 000 
DZE = Z t N J  1 - Z ( J )  
I F (  J .NE. 1 1 ZP = Z ( J  - 1 1 
DZ = Z ( J )  - ZP 
OR = R T ( J )  - R H ( J )  
SLOP = ( R T ( J ) * T A N t B T S ( J ) ) -  R H ( J ) * T A N ( B H S ( J )  1 1 / OR 
IF( J OEQO 1 1 GO TO 44 
225 a PCRDLl*DR/DZ 
IF ( 225 O L E O  0 0 0 1  1 GO TO 44 
PCRDLl  = 0001 * DZ/DR 

44 CONTINUE 
PCRDL f PCRDLl  

C 
C 
C 

RESET I N I T I A L  VALUES 

DO 125 I = 1 8 N I  
Y P l I  1 = Y ( I )  
R S T L ( 1 )  = R S T S I I )  
R P ( 1 )  = R ( 1 )  
S E T A S P ( I ) = R E T A S ( I )  
T P ( I I = T ( I )  
T A U P 4 I I  = T A U ( 1 )  
A p t 1 1  = A ( 1 )  
D Y P l f )  = DY(I1 
S I P ( I ) =  S I t I I  
S I S P ( 1 )  f S I S ( 1 )  
W P ( I I  = W ( I 1  
RETAP(1 )  = R E T A ( 1 )  
P X P ( 1 )  = P X ( 1 )  
H S F P i I )  = H S F ( 1 )  
X M T H P ( I )  = X M T H ( I )  
VOOYPII) = MOM(1) 
DBSPtI) = OBSII) 
D R T C ( l r 1 )  = 00 
W N C ( 1 , I )  = 00 
B P ( 1 )  = BII) 
D C P ( 1 )  = D C ( 1 )  

1 2 5  PRELP(1 )  = P R E L ( I 1  
C 
C START STREAMLINE ITERATION 
C 

DO 130 I T E  = 1 9 100 

00002260 
00002270 
00002280 
00002290 
00002300 
00002310 
00002320 
00002330 
00002340 
00002350 
00002360 
00002370 
00002380 
00002390 
00002400 
00002410 
00002420 
00002430 
00002440 
00002450 
00002460 
00002470 
00002480 
00002490 
00002500 
000025 10  
00002520 
00002530 
00002540 
00002550 
00002560 
00002570 
00002580 
00002590 
00002600 
00002610 
0000 26 20 
00002630 
00002640 
00002650 
00002660 
00002670 
00002680 
00002690 
00002700 
00002710 
000027 20 
00002730 
00002740 
00002750 
0000 27 6 0  
00002770 
00002780 
00002790 
00002800 
00002810 
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ERROR = .FALSE. 
I F (  I T E  .GE. 25 .AND. I T E  .LEI 50) PCRDL = 0.1 * PCRDL1 
I F (  I T E  r G T e  5 0  1 PCRDL 0101 * PCRDLl 
S M 2  = 0.0 
RSTP = RH(J1 
DO 1 3 1  I = 1 t N I  
RST = R H ( J 1  + P C R ( I 1  * OR 
S I S ( 1 1  t ATAN I (  RST - R S T L ( 1 ) )  / DZ 1 

R S T S ( 1 )  = RST 
D Y (  I )  RST - RSTP 
O Y X ( J t 1 )  = D Y ( 1 )  
R ( I 1  = (RSTP + RST) / 2.0 
R L ( J , I )  = R ( 1 )  
ZLE =ZO + Zl*R(I) + 22*R(1)*+2 + 23*R(I)**3 
OZLE = ZLE - Z ( J )  
U = OMEGA + R (  I) 
RSTP = RST 
RB = ( R P ( 1 )  + R ( 1 )  / 2.0 
RTNB = H T ( J ) * T A N ( B T S ( J ) )  - S L O P * ( R T ( J )  = R ( I 1  1 
B E T A S ( 1 )  ATAN( RTNB / R ( 1 )  I 
B E T A S X I J t I )  = B E T A S ( 1 )  
SRS( I ) =  S I N (  BETAS ( I ) 1 
T B S ( I ) =  T A N ( U E T A S ( I I 1  
C R S ( I ) =  C O S ( R E T A S ( 1 ) )  

I F  ( J e E Q e  1 1 S I S ( 1 )  = S I S P ( 1 )  

POWER2 e -DZE * NB /2.0/ R(1) /(SBS(I)) 
IF(J e G T 4  NJI  GO TO 44444 
T ( 1 )  = T T ( J )  + T 4 ( J )  / 57.3 * ( R T ( J ) -  R l f )  
RETASB = ( R E T A S ( 1 )  + B E T A S P ( I I ) *  0.5 
SBSR = S I N ( R E T A S 8 )  
S I ( 1 )  = A T A N ( ( R ( 1 )  - R P ( I ) ) / D Z )  
I F ( J  e E Q 6 1  1 S I ( I ) =  S I P ( I )  
S I R ( I ) =  r 5 * (  S I ( 1 )  + S I P ( 1 ) )  
C S S ( I ) =  C O S ( S I B ( 1 ) )  
GO T O  1 3 5  

C 
C SET VALUES FOR E X I T  STATION 
C 
44444 B S E X ( 1 )  = B E T A S ( 1 )  

SI(1) = 0.0 
S I B ( 1 )  = 000 
T ( 1 )  = 0.0 
R E X ( 1 )  = R ( 1 )  
GO TO 126 

D M V X ( J 9 I I  = D M ( 1 )  
DMB=OM( I 1  
I F ( D Z L E  eLT. 00 .AND. ZLE O C T O  ZP) DMB=DM(I)  * ( -DZLE/DZ)  
I F ( D Z L E  rCTe 0.1 DMB=Oo 

I F ( D 2 L E  .GE. O e ) M ( I ) = O e  
ALW =ALPWT - ( R T ( J )  - R ( I ) ) / ( f ? T ( J I  - R H ( J I )  + (ALPwT .. ALPWH) 

I F t T L E  rLT. T I 1 1 1  T ( I )  = TLE 

I F I D Z L E  r G T o  0 )  T ( I ) = O e O  

1 3 5  D M ( 1 )  = DZ / CSB(I1 / SBSB 

M [ I )  = M P ( I ) +  DMB 

TLE = YII) * TAN(ALW1 * C O S ( S I ( 1 ) I  

f C B S ( J t 1 )  = ( C 2  * R ( I )  - T ( I )  / S B S ( 1 ) )  * C B S l f )  

T A U ( 1 )  = C 2  * R ( 1 )  - T ( I )  / S B S ( 1 )  

00002820 
00002830 
00002840 
00002850 
00002860 
00002870 
0000 2880 
00002890 
00002900 
00002910 
00002920 
000029 3 0 
00002940 
000029 50 
00002960 
00002970 
00002980 
00002990 
00003000 
00003010 
00003020 
00003030 
00003040 
00003050 
00003060 
00003070 
00003080 
00003090 
00003 100 
00003110 
00003120 
00003 130 
00003140 
00003150 
00003 160 
00003 170 
00003180 
00003 190 
00003 2 00 
00003210 
00003220 
00003230 
00003240 
00003250 
00003260 
00003270 
00003280 
00003290 
00003300 
00003310 
00003320 
00003330 
00003340 
0000 33 50 
00003360 
00003370 
00003380 
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00003390 
00003400 
00003410 

T A U V X ( J 9 1 )  = TAU(1) 
ML(J9I) = rul(If 
DPDMP = 0.0 
IF(D2LE rGTo 0 )  GO TO 1248 00003420 

C 00003430 
C START CAVITY ITERATION 00003440 
C 00003450 

DBSSAV = DBS(1) 00003460 
ITB(1) = 1 00003470 
IF( DRSP(1) rGTe (0010 * BETASP(1)I 1 GO TO 140 00003480 

00003490 DBS(I1 t 0.0 
00003500 IF(DELW(1) oGTr 0.0 1 GO TO 791 

IF(PCBB(I1 .GT. 0. .AND. PCBB(1) OLE. 0.05) 00003510 
00003520 

2 PCBB(I)**2 + (-2e984396E 03) * PCBB(1) + 90.04968 00003530 
IF PCBB(1) rGT. 0.05 .AND. PCBB(1) .LE. 0.069 1 00003540 

1 DELW(1) = (-50706232E 10) * PCBB(Il**8 + (30597064E 09) 0000 35 50 
2 * PCBB(I)**7 + (2r303375E 08) if PCBB(1)**6 + 00003560 
3 (-3r853306E 06) * PCBB(I)**5 + (le692314E 05) * PCBB(I) 00003570 
4 **4 + (-8r575639E 04) * PCBS(IJ**3 + (-6r183219E 02) 00003580 
5 * PCBB(I)**2 + (-20479463E 01) * PCBB(I1 + 14.903 00003590 
IF ( P C B R ( 1 )  .CEO 0069 1 DELW(1) = 2.902 -10.4651* PCBB{X) 00003600 
IF ( PCRB(1) r G E o  0155 1 DELW(I1 = 1.28 00003610 
DELV(I1 DELW(I) / 57.295 00003620 

791 TDY = TAN( DELWII) ) 00003630 
C 00003640 
C CALCULATE CAVITY HEIGHT. 00003650 
C 00003660 

B ( I )  = B P ( 1 )  .. DZ*TDW/SBS~I)+*2 00003670 
1 / ( l a 0  + TDW/TBS(I)) 00003680 
IF (B(1) eCTr 0.0) B ( 1 )  = 0.0 00003690 
GO TO 1248 00003700 

140 CONTINUE 00003710 
OESR = 0.5 * (DBS(1) + DBSP(1) 1 00003720 
IF(ZLE oGE. Z P )  DBSB=DBS(I) 00003730 
OB= DMB * sr~(D8sB) /sIN(BETASB = DBSE) 00003740 
B ( 1 )  = R P ( 1 )  + DB 00003750 
PCBR(1) = 8(I) / TAU(1) 00003760 
IF( DZLE r E Q a  0.0) B(1) = 0 0 0  00003770 

1248 BL (J, I )=E( I 1  00003780 
TAUL= TAU(1) -B(I) 00003790 
221 = 2.0 00003800 

2Z2 = ZZ1 * DELS * DY(1) * COS(SI(1)) / SBS(1) 00003820 
IF(1 .EQo 1 .OR. I .EQ. N I )  222 = 222 + DELS * (TAUL - ZZ1 * DELS 00003830 

1 / SRS(1)) 00003840 
A ( 1 )  = DY(1) * TAUL * COS(SI(1)) 00003850 
VM = Q ( X )  / ( A ( 1 )  - 222) 00003860 
IF(DZLE oGE. 0.) B E T A ( I ) = A T A N I V M / ( R ( I ) + O M E S A - R V U ( I ) / R ( I  1 ) )  000038 70 

C 00003880 
C EXIT DEVIATION 00003890 
C 00003900 

DEL2 = 000 00003910 
IF(POWER2 e L T o  -100. 1 GO TO 1250 00003920 
DELE = ( BETAS(1) - B I N ( 1 )  1 * CE 0000 3 9 3 0 
DEL2 = DELE * EXP(POWER2)/(1- DELE * (1- EXP(POWER2)) / TAN 0000 39 40 

1 DELW(I) r: (-50389049E 04) * PCBR(11**3 + (2r853374E 041 * 

IF(B(1) .GT. 000) ZZltlrO 00003810 
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1 ( R E T A S ( 1 ) ) )  
C 
C F L U I D  I N E R T I A  EFFECTS 
C 

1 2 5 0  RESEF = R E T A S I I )  - 0 0 5  * D B S ( 1 )  
D E L I  = Oe 
I F ( D Z L E  rGE. 0 1 )  GO TO 137 
I F ( D E L 2  eGT. O o O O l * B E T A S ( I ) )  GO TO 1354 
POWER1 = - P I  * DMB / TAUL / S I N ( R E T A S ( I  1 )  
DEL0 = RESEF = B E T A P ( 1 )  
D E L I  D E L O * E X P ( P O W E R ~ ~ / ( ~ ~ - D E L O ~ ( ~ O ~ E X P ~ P O W E R ~ ~ ) / T B S ~ I ) )  

C 
C E N D  F L U I D  I N E R T I A  EFFECTS 
C 
1354 I F (  NREV e E Q a  1 .OR* CBHR OEQO 000 1 DBTC(J91)  = 000 

B E T A ( 1 )  = BESEF - OELf  - DEL2 + O B T C ~ J I I )  
I F (  R E T A ( 1 )  OLTO 000 1 B E T A ( 1 )  = 005/5?0295f 

BFTAB = 015 * ( B E T A ( 1 )  + B E T A P ( 1 )  ) 
SBB = S I N I B E T A B )  
CBB = COS(BETA9) 
DRDM(1) = DBETA / D M ( 1 )  

W ( 1 )  = V Y  / S I N  ( B E T A ( I 1 1  
W V X ( J t 1 )  = W(1) 
I F ( D Z L E  rGE. O o ) W J l ( I I = W ( I )  
I F  ( J  O E Q O  N J )  W N J ( I 1  = W ( I )  
QD = C 1  * W ( 1 ) * + 2  
WB = ( W P I I )  + W ( I )  1 / 2.0 
VMB = WR*SRR 
WUB = WR*CBB 
UB = OMEGA+RB 

137 DBETA = R E T A ( 1 )  a R E T A P ( 1 )  

I F ( D 2 L E  o G E .  00) DBSII) = R E T A S I I )  - B E T A ( I 1  

VUB = UB-WUB 
TAULB = ( T A U ( I )  - 8 ( I )  + T A U P ( 1 )  - B P ( 1 )  1 / 2.0 

Fz1.0 

I F ( D 2 L E  eGE. 0.1 GO TO 996 
I F  ( MU ONE. 000 1 GO TO 1372 
X M T H ( I )  = 000 
DELS = 000 
CF = 900 
GO TO 996 

1 3 7 2  CONTINUE 

QDB * C 1  * WB**2 

DWDM(1) = I W ( 1 )  - WP(I1 1 / D M ( 1 )  

C 
C START BOUNDARY LAYER CALCULATIONS 
C 

RET = W P ( I 1  * XMTMP(1) / NU 
X K L = X M T H P ( I ) / W P ( I ) *  DWDMII) 
CF = 00246/(100**(00678+HSFP~I~~ * RET**00268 1 
DTDM = C F  / 203 - ( H S F P ( 1 l  + 2 0 0  1 * XKL 
C L  = RET**0016666 * XMTHP(1)  / 010135 / E X P ( 5 o O * ( H S F P ( f )  .. 1.4)) 
H S F ( I 1  = 1.4 RET**0016666 * XKL / 000135 
H S F ( I ) = H S F ( I )  - ( H S F ( I ) - H S F P ( I  ) ) *EXP(mDMB/CL)  
I F (  H S F ( 1 )  . G T a  340 1 H S F t I )  = 3r0 
I F (  H S F ( 1 )  o L T .  1.0 ) H S F f I )  = 1.0 
X t d T ~ ( I ) =  OTDM * DMB +XMTHP(I )  

000039 50 
00003960 
00003970 
000039 80 
Q0003990 
00004000 
000040 10 
00004020 
00004030 
00004040 
00004050 
00004060 
00004070 
00004080 
00004090 
00004100 
000041 10 
00004120 
00004130 
00004140 
00004150 
00004160 
00004 110 
00004180 
00004190 
00004200 
00004210 
000 04 220 
00004230 
00004240 
00004250 
00004260 
00004 210 
00004280 
00004290 
00004300 
00004310 
00004 3 20 
00004330 
00004340 
0000 43 50 
00004360 
00004 3 70 
00004380 
00004390 
00004400 
00004410 
00004420 
00004430 
00004440 
000044 5 0 
00004460 
00004470 
00004480 
00004490 
00004500 
000045 10 
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ZZ5z.05 * TAUL * SBS 
I F ( X M T H ( 1 )  O G T O  2251 
I F (  XMTH( I1  O L E O  000 
DELS = X V T H I I )  * HSF 

I )  
XMTH( I )  = Z Z 5  
1 XMTH(1)  = X M T H I ( 1 )  
I )  

F = 100 221 * X M T H ( I )  / TAUL / SBS(I)*2o 
IF( I OEQO 1 .OR. I e E Q o  N I  1 F * F * ( l o O - X M T H ( I )  I DYtI) * 2 0 0 )  

996  I F (  OZLE OGEO 0.0 1 DELS = 0 0 0  
ZBL(I1 = DELS 

C 
C END BOUNDARY LAYER CALCULATIONS 
C 

IF( DRSP(1)  oCT. ( 0010 * R E T A S P ( I 1 )  1 GO T O  997 
I F (  BP(I1 O E Q O  0.0 1 GO TO 997 
AR = W ( 1 )  / WP(1)  
ZZS=(TAUL + T A U P ( I  )-BP~I))*(DYlI)-DYP(I)~/(2wTAUL*OY(I)) 
DPDMP = C l + ( ~ P ( I 1 * ( 1 . O  0 AH1)**2 + ( P X P ( 1 )  P S A T ) * ( l o  AR-ZZ5)  
I F (  DPDMP o L T o  0.0) OPDMP ~ 0 0 0  

997 CONTINUE 
P R E L ( I )  r: PREL.P( I )  + C3 * l R(1)**2 - R P ( I l * * 2  1 - OPDMP 
PRELL(J91) = P R E L ( 1 )  
W N C ( J 9 I )  = A B S ( W N C ( J 9 1 ) )  
I F (  NREV .EQ* 1 .OR0 CBHR 0 E Q o  0.0 1 WNC(Jt1)  t 0 0 0  
P O R E L ( 1 )  = P R E L ( I I  t 100 - F 1 * QD - ( R H O / ~ ~ / G * W N C ( J ~ I ~ * * ~ O )  
P X ( 1 )  = PREL(1) - QD 
P X L ( J 9 f )  = P X ( 1 )  

X A  = A t 1 1  - D Y l I )  * COS(SI(1)) * D C I I )  
D C ( I ) = O o O  

X A = A (  I )  
IF(D2I-E r L T o  OeIGO TO 96 
D P R N ( J 9 I )  = 200* ( P X ( 1 )  - PSAT) 
GO TO 9 5 2  

TERMZ(1)  = DBDM(I) 
96 T E R M l ( 1 I  = ( 200 * OMEGA / WB - CBB / R ( 1 ) )  * SIN(SI(1)) 

D P B N ( J t I 1  = 200 * TAULB * QDB * S B B * * 2 / S B S ( I 1  

I F (  DBSP(1)  O C T O  (0010 * BETASP(I11 1 GO TO 1 2 1  
GO TO 204 

1 * ( T E R M 1 4 1 1  + T E R M 2 ( 1 ) )  

C 
C CHECK MOMENTUM BALANCE (FOR EACH STREAMTUBE) 
C 

121 DTH=T( I 1-TP( I 1  
DYB ( D Y ( 1 )  + D Y P I I ) )  * 0 0 5  
AB=(AP(IIUSIN(BETASP(f))+ XA * 5 B S 1 1 ) ) / 2 0  
PB = P X ( I I  + P X P ( 1 ) )  / 2.0 
IF( J o E Q o  1 1 GO TO 951 
WETP = 221 * DYB 
IF(I O E Q O  11 WETP= ZZ1*DYB + TAULB*(RH(J- l )  + R H ( J ) ) / ( R P ( I )  + R (  

I F ( 1  .EQoNI1 WETPr: ZZ1*OYB + T A U L B * ( R T ( J - l )  + R T I J ) ) / ( R P I I )  + R (  
1 I )  1 %  SSSB 

1 I ) ) *  SRSB 
FD =CF * QDR * ~ E T P  * o m  

9 5 1  FC = 200 *C1*AB*(H(I)-RP(I))*VUB**Z/RB 
2 2 1  = PSAT * DYB * DTH 
OB = DB + D C ( 1 )  - D C P ( 1 )  
ZZ2=PSAT+DYB*DB*SBSB 
1 2 3  = 200 * PB * (DYB - O Y ( 1 ) )  * SRSB * (TAULB DC(1) / 201 

00004520 
00004530 
00004540 
00004550 
00004560 
00004570 
00004580 
00004590 
00004600 
000046 10 
00004620 
00004630 
00004640 
00004650 
00004660 
00004670 
00004680 
00004690 
00004700 
00004710 
00004720 
00004730 
00004740 
00004750 
00004760 
00004770 
00004780 
00004790 
00004800 
00004810 
00004820 
00004830 
00004840 
00004850 
00004860 
00004870 
00004880 
00004890 
00004900 
00004910 
00004920 
00004930 
00004940 
00004950 
00004960 
00004970 
00004980 
00004990 
00005000 
00005010 
00005020 
00005030 
00005040 
0000 50 5 0  
0000 50 6 0  
00005070 
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9 5 2  

C 
C 

C 
C 
C 

DMOY:: 
M O M ( 1 )  = PX(1) * XA * SBS(II + 200 * C1 *Q(II* W C I I  * 
IF(D2LE r G E o  0.1 GO TO 2 0 4  
ERRORlr MOY(1) =. M O M P ( 1 )  - DMOM 
IF( B(1) *CE.(eB*TAU(I))) GO TO 204 

IF ( ABS (ERROR1 ) .LTr O e 0 0 0 1 * M O M ( f ) )  GO TO 204 

FC - FP - FD 
1 COS(CETAS(1) - RETA(I)I * F * w o e 5  

CONVERENGE TEST FOR YOMENTUM BALANCE0 

ADJUST CAVITY SLOPE 

1 5 1  

C 
C 
C 
C 
C 
C 
126 

C 
C 
C 
C 

IF( ITBII) ,LE. 2 1 GO TO 140 
IF( ( DBSlI) DBSSAVI * DDBSSV rGTa 000 1 GO TO 140 
GO TO 204 

END CAVITY ITERATION 

E X I T  STATION FLOW CALCULATIONS 

PREL(1) = PRELP(1) + C3 * ( R(Il**2 - RP(I)*+2) 
PRELEX(I1 = PREL(1I 
221 = 0.0 
IF ( I  r E Q e  1 oORe I e E Q e  N I  1 ZZ1 = ZBL(I) 
V Y  = Q ( I 1  / (DY(I)+COS~SI(I)I-ZZl)/C2/R(I) 
VU = RVU(1) / R(1) 
wu = u = vu 
BETA(1) = ATAN( VM/WU) 
W ( 1 )  = VM / SIN(BETA(1)) 
WEX(I1 = WIII 
QD = Cl * W(I)**2 
PX(1) = PRELlI) .. QD 
CALCULATE RADIAL PRESSURE GRADIENT 
FOR ALL STREAM TUBES 

204 I F (  I 0EQ0 1 1 GO TO 131 

DPR = PXI'I) - PXII-1) 
DSR = R(I1 - R(1-1) 
ZZS=(R(I) +OMEGA - W(II * COS(BETA(II)) +* 2 / R I I )  
226=(R(I-1) * OMEGA - W ( 1 - 1 )  * COS(BETA(1-1))) **2 /R(1-1) 
DPDSR= RHO * (ZZ5 + 2 2 6 )  / G I 2 0 0  
IF ( J eGTr NJ .OR. DZLE ~CEIOO)COTO 1311 
221 = SIS(I-ll 
fZS=(SIS(I-l) -SISP(f-l)) / DZ 

C GOT0131 

00005080 
00005090 
00005 100 
00005 11 0 
00005120 
00005130 
00005140 
0000 51 50 
00005160 
00005170 
00005180 
00005190 
0000 5200 
000052 10 
00005220 
00005230 
00005240 
000052 50 
00005260 
00005270 
00005280 
00005290 
00005300 
00005310 
00005320 
00005330 
00005 340 
00005350 
00005360 
00005 370 
0000 5 3 80 
00005390 
00005400 
00005410 
00005420 
00005430 
00005440 
00005450 
00005460 
00005470 
00005480 
00005490 
00005500 
00005510 
0000 55 20 
00005530 
00005540 
00005550 
00005560 
00005570 
00005580 
00005590 
00005600 
0000 5610 
00005620 
00005630 
00005640 
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C 
C 
C 
C 

226 = (W(I)*SIN(BETA(I)) + ~(I-l)wSI~(RETA(Iol))) so05 
DPDSR = DPDSR .. 2~O*Cl~ZZ6*ZZ6*Z25*COS~ZZl1**2 
224 = (WP( I )*SIN(BETAP ( I 1  1 + WP( 1-1 1 *SIN( BETAP( 1.1') 1 ) * 0 . 5  
222=(2Z6 - ZZ4)/DZ 
DPDSR = DPDSR - C1*ZZ2*SIN(2rO+ZZl)*ZZ6 
€ 4 1 )  = lDPR/DSR - DPDSR) 
SME2 = SME2 + ABS(E(1)) 

1311 ESV(1) = E(I1 

131 CONTINUE 
GOT0144 

CHECK RAOIAL EOUlLIf3RIUM 

IF( SME2 4LT. ( ETOL * PX(Nf1) / DR 1 GO TO 144 
IF( ITE .LTo 53 1 GO TO 133 

IF( ESV(I1 * E(I1 r L T r  0.0 1 GO TO 132 
DO 132 I = 2 9 NI 

ERROR-.TRUE. 

IF( .NOT. ERROR 1 GO TO 144 

IF(1TE oEQr 200) GO TO 130 

132 CONTINUE 

133 COQTINUE 

C 
C ADJUST STREAMLINES 
C 

DO 141 I = 1 v N X X I  
NXI = I + 1 
224 = PCRDL 
225 = E (  N X I )  
IF (ITE rEQ. 1 1 GO TO 139 
226 = ESV(  N X I )  
221 PCR(I1 - PCRl(1) 
222 = ARS(ZZ6) .. ABS(ZZ51 
IF ((ZZl*Z22) .LTo 0.0) 224 = 0PCRDL 

139 PCRltI) = PCR(1) 

130 CONTINUE 
141 PCR(1I = PCR(1) + 124 / SYE2 * ABS( Z25 1 

C 
C END STREAMLINE ITERATION 
C 
144 IF ( J .GT. N J  1 GO TO 404 

C 
C CALCULATE J-STATION STREAM TUBE PARAMETERS 
C 

VOL = 0. 

CALL PRNT5(JtZ(J)+ITE) 

DO 299 IzlvNI 
VOL = VOL + ( B ( 1 )  * SIN(BETAS(1)) + B P l I )  * SIN(BETASPLI1)) 
U = OMEGA * R i I l  
V M  = W ( 1 )  * SIN(RETA(I1 1 
WU = W ( 1 )  * COS(BETA(I1 1 
vu = u - wu 
RVU(I1 = R ( I )  * V U  
ALPHA=ATAN2(VM,VU) 

JSTOP = 0 

1 * DM(1) * ( D Y t I )  + D Y P ( 1 )  1 / 4r 

00005650 
00005660 
00005670 
00005680 
00005690 
0000 5 7i30 
000057 10 
00005720 
00005730 
00005740 
00005750 
00005760 
00005773 
00005780 
00005790 
00005800 
00005810 
00005820 
0000 58 30 
00005840 
00005850 
00005860 
00005870 
00005880 
00005890 
00005900 
00005910 
000059 20 
00005930 
00005940 
00005950 
00005960 
0000 59 70 
00005980 
00005990 
00006000 
00006010 
00006020 
00006030 
00006040 
00006050 
00006060 
00006070 
00006080 
00006090 
00006100 
00006110 
00006 12 0 
00006130 
00006140 
00006 150 
00006160 
00006170 
00006180 
00006190 
00006200 
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V = VM / S IN(ALPHA1 
PT = POREL(1)  + C 1  * ( V * * 2  - WIIf**Z 1 
H = PT / RHO - H O ( 1 )  
H I 1  = U * VU / G .. H I O ( 1 )  
ETA = H / H I 1  
I F ( M 1  I )  * L E O  O o I E T A = l r O  
PCB = B ( 1 )  / T A U ( 1 )  
DEV = ( B E T A S ( 1 )  - R E T A ( 1 )  
EN = E l l )  * S I N ( B E T A S ( 1 ) l  
YSTR= M ( I )  + B t I )  * C O S ( B E T A S ( 1 ) )  
I F  ( P X I I )  rGEe 0.0) GO TO 9 0 8 5  
JSTOP = 1 
PXS = PX(  I )  

1 ' EXECUTION SUPPRESSED' 
GO T O  4 5 0 1  

J = N J + l  
Z ( J )  = Z ( N J )  + DZ 
R T ( J !  = R T ( N J I  
R H ( J )  = R H ( N J )  
B T S 1 J )  = B T S ( N J )  
BHS(J1 = B H S ( N J )  
GO T O  1 2 5 2  

300 CONTINUE 

C 
C E X I T  ROUTINE 
C (DOWNSTREAM) 
C 
404 CONTINUE 

WRITE ( 6 9 4 0 5 )  
405 FORMAT ( 1 H l r  T 5 4 r  

1 V ' ,  T 6 1 9  'H'r T759 
2 ' BETA '+  T479 ' V ' B  

SMH = 01 
SPHI = 0. 
DO 4 5 0  1 = l v N I  
U = OMEGA * R ( 1 )  
VU = RVU(1 )  i H(1) 
wu = u - vu 

0 0 0 0 6 2  10 
0 0 0 0 6 2 2 0  
0 0 0 0 6 2 3 0  
0 0 0 0 6 2 4 0  
0 0 0 0 6 2 5 0  
0 0 0 0 6 2 6 0  
0 0 0 0 6 2 7 0  
00006280 
0 0 0 0 6 2 9 0  
0 0 0 0 6 3 0 0  
0 0 0 0 6 3  10 
00006320 
0 0 0 0 6 3 3 0  
00006 3 4 0  
0 0 0 0 6 3 5 0  

9085 CONTINUE 
CALL P R N T 6 7 ( J t Z ( J ) t f r R S T S ( I ) ~ P C R ( I ) ~ R ( I ) , T A U ( I ) ~ T ( I ~ ~ B ( I ) ~ P X ( I ) ~  

1 P R E L ( I ) e P O R E L ( I ) t P f c M S T R ~ B ~ ~ P C B , B E T A ( I ) ~ B E T A S ( I ~ t D E V ~  00006360 
2 D B S I I ) ~ X M T H ( I ) , Z B L ( I ) , H S F ( I ) 1 A L P H A , E T A ~ ~ ( I ) ~ U ~ V ~ V U ~  0 0 0 0 6 3 7 0  

0 0 0 0 6 3 8 0  3 V M 9 I T E I  
0 0 0 0 6 3 9 0  I F  ( J *NE. NJ) GO TO 2 9 9  

POREL(1)  = P O R E L ( I 1  - QD * ( ? ' ( I )  / C2 / R ( I )  / S I N ( B E T A S ( I ) ) ) * + Z  0 0 0 0 6 4 0 0  
00806410 P R E L ( 1 )  = POREL(1) 

I F  (I rEQo 1 *OR. I aEQo N I )  P R E L ( I ) = P O R E L ( I )  + 2.O*XMTH(I) /  0 0 0 0 6 4 2 0  
0 0 0 0 6 4 3 0  

299 CONTINUE 00006440 
CVOL = CVOL + VOL * NB 0 0 0 0 6 4 5 0  

00006460 I F (  JSTOP OEQI 0 1 GO TO 3 0 0  
WRITEL699086)  PXS 00006470 

9 0 8 6  F O R M A T ( / / / / / '  NEGATIVE PRESSURE OF ' t F 1 6 r 5 r  00006480 
00006490 
00006500 
0 0 0 0 6 5 1 0  
0 0 0 0 6 5 2 0  
00006530 
0 0 0 0 6 5 4 0  
0 0 0 0 6 5 5 0  
00006560 
0 0 0 0 6 5 7 0  
00006580 
00006590 
0 0 0 0 6 6 0 0  
00006610 
0 0 0 0 6 6 2 0  
00006630 
00006640 

E X I T  COsIDIT IOI  S t / /  T 1 9 ~  1 1 ' 9  T339 ' R e v  T46r 'DE00006650 

f 6 0 ,  ' V M ' ,  T 7 4 9  'VU',  T88 t  'WU' r  T 1 0 3 ~  ' M ' )  00006670 
0 0 0 0 6 6 8 0  
00006690 
0 0 0 0 6 7 0 0  
0 0 0 0 6 7 1 0  
0 0 0 0 6 7 2 0  
0 0 0 0 6 7 3 0  

VM = W ( 1 )  * S I N ( R E T A ( 1 ) )  00006740 
V E X ( I 1  = V V  0 0 0 0 6 7 5 0  
ALPHA=ATAN2 ( V M  ,VU I 00006760 
V = VM / SINLALPHA) 0 0 0 0 6 7 7 0  

1 DY(II*QD 

@PI, T 8 8 9  ' P T ' r  T102, 'ETA' /T17, 'ALPHA', T 3 1 9 0 0 0 0 6 6 6 0  
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BETAE = ATAN(VM/WU) 0000 6 7 8 0  
QD = C l  * WP(1 ) * *2  00006790 
POREL(1 )  = P R E L ( 1 )  0 0 0 0 6 8 0 0  

PT = POREL(1)  + C 1  * ( V**2 - W ( I ) * * 2  1 0 0 0 0 6 8 2 0  
H = PT / RHO - H O ( 1 )  0 0 0 0 6 8 3 0  
H I 1  = U * VU / C, - H I O ( 1 )  0 0 0 0 6 8 4 0  
ETA = H / H I 1  0 0 0 0 6 8 5 0  
SMH = SMH + H +t Q(I) 00006860 
SMHI = SYHI + H I 1  * Q ( 1 )  0 0 0 0 6 8 7 0  
DEV = ( B E T A S ( 1 )  BETAE 1 * 5 7 0 2 9 5 8  0 0 0 0 6 8 8 0  
ALPHA = ALPHA * 5 7 0 2 9 5 8  0 0 0 0 6 8 9 0  
BETAE = BETAE * 5 ? 0 2 9 5 8  00006900 
WRITE ( 6 , 4 1 1 )  19 R ( I ) r  OEVI H, P X ( f ) r  PTr  ETA, ALPHA, BETA€( VI 00006910 

1 VM, VU, WU, W ( I )  0 0 0 0 6 9 2 0  
4 1 1  FORMAT ( 1HO 9 T 1 2 , 1 O X ~ I 4 r 6 E 1 4 . 6  / T12, 7E14.6 1 00006930 
4 5 0  CONTINUE 00006940 

0 0 0 0 6 9 5 0  C 
C 0 0 0 0 6 9 6 0  
C OVERALL PERFORMANCE 0 0 0 0 6 9 7 0  
C 0 0 0 0 6 9 8 0  

H = SMH / Q I  * FLOAT(NE1 00006990 
H I 1  = SMHI / Q I  * FLOAT(N8)  0 0 0 0 7 0 0 0  
ETA = SMH / SMHI 00007010 
S IOP = G * H / ( OMEGA * R T f 1 ) )  **2 0 0 0 0 7 0 2 0  
RN = OMEGA * R T ( 1 ) * * 2  / NU 0 0 0 0 7 0 3 0  
SS = OMEGA * QI * *o5  / ( G  * NPSH)**o75 00007040 
SI10 = SIOP/ETA 0000 70 5 0 
SIL = S I 1 0  - SIOP 

I F  (I o E Q o  1 O O R O  I 0EQo N I )  P O R E L ( I 1  ~ P R E L ( I ) ~ ~ o * X M T H ( I ) / D Y ( I ) * Q O O O O O ~ ~ ~ O  

C 
I F (  CRHR o E Q .  000 O O R O  NREV oEQ. 1 1 GO T O  2 5 0  
DELTR = ( R T ( 1 )  - R H ( 1 )  + R T ( N J )  - RH(NJ11 / 20 
ARR = OELTR / IZ(NJ) - Z I 1 ) )  * S I N I R T S B )  
S I L  = ( S I L S A V / S I I D  + ( 0 0 7  * CRHR/ SIN(8T 'SR)  * S I I D )  * ( l o + l O o O * (  

SIOP = S I 1 0  - S I L  
ETA = SIOP / SIID 
H = SIOP / G it  (OYEGA+RTLl ) ) * *Z  
HI1 = S I I D  / G * (OMEGA*RT( l ) )+ *2  

1 P H / S I I D  * CBHR / S I N ( B T 5 B )  * ARR)**OoS ) )  * S I 1 0  

2 5 0  SILSAV = S I L  

0 0 0 0 7 0 6 0  
00007070 
0000 70 8 0  
0 0 0 0 7 3 9 0  
00007100 
0 0 0 0 7 1 1 0  
0 0 0 0 7 1 2 0  
0 0 0 0 7 1 3 0  
00007140 
0 0 0 0 7 1 5 0  
0 0 0 0 7 1 6 0  
0 0 0 0 7 1 7 0  

2 7  
C 

C 
C 
C 

CALL PRNTB (NPSHI PHt  SIOP, H P  H I I r  RN, ETA9 S S t  QIICVOL)  0 0 0 0 7 1 8 0  
W R I T E ( 6 e 2 7 )  S I I C , S I L  00007 190 
FORMAT( / / / '  P S I  IDEAL = ' rF10*5 ,5X , 'PS I  LOSS = ' , F l O * S )  0 0 0 0 7 2 0 0  

000072 10 
IFtLOADOP . E Q o  0) GO T O  4 5 0 1  0 0 0 0 7 2 2 0  
CALL L O A D ~ P X ~ ~ M L ~ D P R ~ ~ N J ~ N I ~ ~ C B S ~ , T C B S , P S A T ~ B L ~ P Q E L L ~ C ~ ~ W I N ~ W J ~ ~  0 0 0 0 7 2 3 0  

1 N B * R I N * B S I R r P R E L I , V A , W N J , R E X * B S E X e V E X # Z s R L ~  WEX sPRELEX, V f r  PTU 9 0 0 0 0 7 2 4 0  
1 RHOrG,PCZ,TPiT , B E T A S V D Z , C ~ ~ W P X I W S X ~ P P X ~ P S X  1 0 0 0 0 7 2 5 0  

I F (  CBHF! e E ( 3 0  0.0 * O R 0  NREV e E Q a  2 1 GO TO 4501 

VORTEX CALCULATIONS 

DO 906 J r 2 r N J  
CGAMP = CGAM 
GAMP = GAM 
AVP = AV 

0 0 0 0 7 2 6 0  
0 0 0 0 7 2 7 0  
0000 7 2 8 0  
0 0 0 0 7 2 9 0  
00007300 
0 0 0 0 7 3 1 0  
0 0 0 0 7 3 2 0  
0 0 0 0 7 3 3 0  
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V 1 P  = v 1  
X L A M P  = X L A M  
I = N I  
I F  I K I L L  e E Q e  1) GO T O  9081 
I F  ( P S X ( J + I )  .LE. P P X ( J e 1 )  1 GO T O  9078 

9081 A V  = AVP 
KILL = 1 
GO T O  9079 

9078 X L A M  = ARCOS ( W P X ( J , I )  / W S X ( J 9 I )  
X L A M X  = X L A M  * 57.2958 
X L A M B  = ( X L A M  + X L A Y P  1 / 2 e  

GAMR = ( G A M  + G A Y P I  / 2. 
V I  = W S X ( J I I )  * C O S ( X L A M  / 2 0 )  

GAM = 2. * W S X ( J t I )  * S I N ( X L A Y  / 2.1 

V I 6  %% ( v l  + V I P ) /  d b  

C 
C V O R T E X  R A O I U S  I T E R A T I O N  
C 

K K  = 0. 
A V C  = GAME * D M V X ( J v 1 )  / (4. * P I  * V 1 B )  
A V C l  = A V C  

IF ( K K  O C T O  330)  S T O P  
D A D Y  = GAYR / ( 4 r + P I  * V 1 B )  * A L O G (  1 + C L E A R  / A V C )  

925 K K  = K K  + 1 

I F  ( X L A M  r E Q b  0.1 D A D M  = o b  

I F  ( A B S  ( (  A V  - A V C  ) / A V  1 * L E *  e001 1 GO T O  98 
AV = AVP + DADY * D Y V X ( J ~ I )  

A V C  = ( A V  + A V C )  / 2. 
GO T O  925 

98 C G A Y ~ ~ C G A Y P + G A M ~ * T A ~ ( X L A M B / ~ B ~ * D M V X I J , I )  * F L R  1 I ( 1 * +  GAM6 * 
9079 O T C V  = C G A Y  / (  2 0  * P I  * A V  **2 1 

1 D M V X ( J , I ) * F L R  /(4. * P I  * ( A V  + C L E A R )  * V 1 B )  1 

U P L I M  = R T ( J )  
L O W L I M  = R T ( J 1  - 2. * A V  

C 
DO 906 I = l t N I  
RW = R T ( J )  + C L E A R  
R 1  = R L ( J i 1 )  - D Y X I J 9 I )  / 2 e  
R 2  = R L ( J s I 1  + D Y X ( J , I )  / 2 .  
I F ( 1  r E Q e  N I  R 2  = R 2  + C L E A R  
RC = R T ( J )  - A V  
Y 1  = RW - P2 
Y 4  = RW - R 1  
Y 2  = RW .. (RC + A V )  
Y 2  = A Y A X 1 I Y 2 v Y l )  
Y 2  = A M I N l ( Y 2 9 Y 4 )  
Y 3  = RW - (RC - A V )  
Y 3  = A M A X l I Y 3 , Y l )  
Y 3  = A M f N I ( Y 3 t Y 4 1  
S = T A U V X ( J 9 N I l  * S I M ( B E T A S X ( J , % I ) )  

L I  = T A U V X ( J v i 1  i t  S I N ( B E T A S X ( J i 1 ) )  
E1 = ( L I  / SI * 8 T I P  
X 1  = B I  = A V  
X 2  = B 1  + A V  
A F A S  = I 1  * ( Y 4  - Y 1 )  
T G I S  = AV* ( Y 3 * * 2  - Y 2 * + 2 )  - 2 + A V  * ( R W  - R C ) *  ( Y 3  - Y 2 )  

B T I P  = S / 2. 
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00007340 
00007350 
00007360 
0000 73 70 
000073 80 
00007390 
00007400 
000074 10 
00007420 
00007430 
00007440 
00007450 
00007460 
00007470 
00007480 
00007490 
00007500 
00007510 
000075 20 
00007530 
00007540 
00007550 
00007560 
00007570 
00007580 
00007590 
0000 7600 
00007610 
0000 76 20 
00007630 
00007640 
0000 76 50 
00007660 
00007670 
0000 7680 
0000 7690 
00007700 
000077 10 
00007720 
00007730 
00007740 
0000 7750 
00007760 
00007770 
00007780 
00007790 
00007800 
0000 7 8 10 
00007820 
00007830 
00007840 

00007860 
0000 78 70 
0000 7880 
00007890 
00007900 

0000 7 8  50  



5 1  

52 

54 

5e 

61  

6 3  

6 4  

59 

57 

TPS=2. * P I  / S 
APC = AV + CLEAR 
Y l  = TPS * (Y1-APCI 
M2 = TPS * (Y2-APC) 
M3 = TPS * (Y3-APCI 
M4 = TPS * (Y4-APC) 
N 1  = TPS * ( Y l + A P C )  
N2 = TPS * (Y2+APCI 
N3 = TPS * (Y3+APCI 
N4 = TPS * IY4+APCI  
DO 57  N=1,4 
GO T 0 ( 5 1 e 5 2 ~ 5 4 t 5 4 ) , N  
UP = LI 
LOW = x2  
GO TO 58  
UP = X l  
LOW = 0. 
GO T O  58  
UP = x 2  
LOW = X l  
D X  = ( U P  - LOW) / 2 5 e  
X X  = LOW -DX 
00 5 9  K X t l t 2 6  
X X  = X X  i O X  
X L  = 2. * P I  / s * ( X X  - 91)  
GO TO ( 6 1 r 6 1 , 6 3 r 6 4 ) , N  
FUNC(KX1 = ALOG( ( ( C O S Y ( Y 4 ) - C O S I X L ) I / ( C O S H I M 1 ) - C O S O )  / ( I  

GO TO 59 
GO T O  59 
FUNC(KXI=  A L O G (  ((COSH(M2)=COS(XL)1/(COSH(Ml)=COS(XL))) 

GO TO 59  
FUNC(KX)= ALOG( ( ( C O S H ( M 4 ) - C O S ( X L ) ) / ( C O S H ( M 3 ] - C O S ( X L I ) )  / ( (  

CONTINUE 
CALL QSF(DX,FUNC,YOUTt26) 

TCSUY = T G I F ( 1 1  + T G I F I Z )  + T G I F ( 3 )  + T G I F ( 4 )  

D B T C ( J 9 1 t  = ATAN( WNC(J9IJ  / W V X ( 3 , I )  1 
R 1  = R1*12. 
R2 = R2*12. 
RC 2 RC*12e 
RW = RW*12r 
AVX AU * 1 2 0  
x 1  = X1*12. 
x2  = X2*12. 
Y 1  = Y1*12. 
Y2 = Y2*12. 
Y3 = Y3*12. 
Y4 = Y4+12. 
TGIS = TCIS*12e 
TGSUM= TGSUY*12e 
s = s * 12. 
L I  = L I  * 12. 

1 C O S P ( N 4 ) - C O S ( X L I ) / ( C O S H ( N l ) - C O S ( X L ) )  1 )  

1 C O S H ( N 2 ) - C O S ( X L ) ) / ( C O S H ( N l ) - C O S ( X L ) )  1 )  

1 C O S H ( N 4 ) - C O S H ( X L I ) / ( C 3 S H ( N 3 ) - C O S ( X L ) )  1 )  

fG IF (h1 )  = S / 12. *PI )  * YOUT(26)  

W N C ( J l 1 )  =I./ AFAS + ( F L R  % CGAM /(2.*S ) * TGSUM + OTCV * T G I S )  

0000 7 9  1 0  
0000 79 20 
00007930 
0000 7940 
00007950 
0000 79 6 0  
00007970 
00007980 
00007990 
0 0 0 0 8 0 0 0  
0 0 0 0 8 0 1 0  
0 0 0 0 8 0 2 0  
0 0 0 0 8 0 3 0  
00008040 
00008050 
00008060 
00008070 
0000 80 80 
00008090 
0 0 0 0 8 1 0 0  
00008 110 
0 0 0 0 8  1 2 0  
0 0 0 0 8  1 3 0  
00008 140 
00008 1 5  0 
00008 1 6 0  
00008170 
00008 1 8 0  
0 0 0 0 8 1 9 0  
00008190 
00008200 
000082 10 
00008220 
00008 2 3 0  
00008 2 4 0  
0 0 0 0 8 2 5 0  
0 0 0 0 8  2 6 0  
0000827'5 
0 0 0 0 8 2 8 0  
0 0 0 0 8 2 9 0  
0 0 0 0 8 3 0 0  
00008310 
0 0 0 0 8 3 2 0  
00008 3 3 0  
00008340 
0000 8 3 5 0  
0 0 0 0 8 3 6 0  
0000 8 3  7 0  
0000 8 3 8 0  
00008390 
0 0 0 0 8 4 0 0  
00008410 
0 0 0 0 8 4 2 0  
00008 4 3 0  
0 0 0 0 8  440  
0 0 0 0 8 4 5 0  
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00008460 
00008470 

B T I P  = B T I P  * 12. 
BI = E1 * 1 2 0  

00008480 APC L APC * 1 2 0  
00008490 T P S  = T P S  * 120 

A F A S  = A F A S  * 12 .  00008500 
000085 10 M I  = M l  * I 2 0  
00008520 M2 = M 2 + 1 2 0  
00008530 Y 3  = M 3 * 1 2 r  
00008 540 M 4  = M 4 * 1 2 e  
00008550 N 1  = N l * l 2 0  
00008560 N2 = N2*120 

N3 = N3+12r  00008570 
00008580 N4 = N 4 * 1 2 0  

TX = F C R  * CGAM / ( 2 r * S  1 0000 85 90 
DO 68 K K K = l , 4  00008600 

00008610 
00008620 
00008630 

4501 IF( C A S E  o E Q o  C A S E S  1 GO TO 1 00008640 
00008650 CASE = C A S F  +1 
00008660 GO TO 20 
00008670 Z FORMAT(  2 0 A 4  1 

6091 F O R M A T l 4 F l O o O )  00008 680  
4 F O R M A T I ~ H ~  9 6 1 X  B ' D E C K  6091'  / /  5 1 X  ,"INDUCER HYDRODYNAMIC PO0008690 

1PROGRAM'  / / /  3 x 1  2 0 A 4  / /  1 0000 8 700 
3 FORMAT(  4 1 5  I F 1 5 0 5  93F10.4) 0000 8 7 10 
5 F O R M A T (  4 X  g ' N 1 ' ~  9 x 9  ' N J  ' 9 7 X ~  'NB',9X,'CASES'r00008720 

0000 8730 
0000 8740 

l ' T T ' , l ? X t  ' T A '  / /  1 00008750 
00008760 

2 3  FORMAT ( / /  T 4 5 9  ' P o t ,  T 6 0 ,  ' V M ' ,  T 7 5 ,  ' A L P H A '  / ( T 3 6 ,  3F15.5))  00008770 
17 F O R V A T ( 4 F l O o 4 , I l O )  00008780 
7 F O R Y A T ( 7 F 1 0 . 4 )  00008790 
2 2  F O R M A T ( l H l r l O X 9 ' C A S E  NUMBER =' ,14/ /31X, 'RH0',13X1'MU't  00008800 

1 1 1 x 1  ' P S A T "  1 2 x 9  'Sh'9 1 2 X  t ' LOADOP'  / / 2  3 X 1 4 F 1 5  0 5 1 I 1 0  / /  1 0000 88 10 
785 F O R M A T ( l H l r l O X 9 ' C A S E  NUMBER - ' r I 4 / / 3 1 X ~ ' R H 0 ' , 1 3 X , ' M U ' , l l X ,  00008820 

1 ' P S ~ T ' ~ ~ ~ ~ ~ ' ~ ~ ' ~ ~ ~ ~ ~ ' ~ ~ A O O P ' ~ ~ ~ ~ ~ ' F L R ' / / ~ ~ X ~ ~ F ~ ~ O ~ ~ I ~ O ~ ~ ~ O * ~ / / ~  00008830 
19 FORMAT (3F19.0) 00008840 

7090 F O R M A T ( / / / / T 2 1 , ' P H I ' , T 3 6 , ' Y P S H ' , T S l r ( T H O ~ A ' , T 6 6 9 ' V T ' 9 T ~ l 9 ' P T ' 9  00008850 
1 T 9 0 , ' K T I F ' / / l l X , 6 F 1 5 . 4 )  00008860 

3 0  F O R M A T ( / / T 5 4 , ' I N L E T  C O N D I T I O N S '  / /  T I 2 9  ' 1 ' 9  T 2 9 ,  ' R ' ,  T 4 6 9  'Q'e 00008873 
1 T 6 3 ,  'W'r T 8 0 ,  'PO'* T 9 5 ,  ' P S E L ' ,  T I 1 4 9  ' P '  / T 1 0 t  ' A L P H A ' ,  T27 ,  00008880 
2 ' B E T A ' ,  T 4 6 ,  ' K ' c  T 6 3 9  ' U t *  T 8 1 r  ' V ' C  T 9 6 ,  ' V Y ' ,  T 1 1 3 ,  ' vu ' ]  00008890 

4 1  FORMAT i / T l l c  129 T l 3 1  6 ( 5 X ,  F12.51 / T 6 ,  F12.51 6 ( 5 X e F 1 2 0 5 ) )  00008900 
999 C O N T I N U E  000089 10 

END 000089 2 0  

68  T G I F ( K K I 0  = T G I F t K K K )  +120 
906 C O N T I N U E  

I F  ( NREV r E Q .  1) GO T O  926 

1 6 x 9  ' G ' ~ I O X , ' C B H R ' / / ~ X I I ~ , ~ X ~ I ~ ~ ~ ( ~ X ~ I ~ ) , ~ X ~ F ~ O ~ ~ ~ F ~ ~ ~ ~ )  
6 F O R Y A T ( / / / / 6 X , ' Z Z " t 1 4 X , ' R H ' ~ l ~ X ~ ' R T ' , 1 3 X ~ ' B H * ' ~ l 2 X ~ ' B T + ' ~ l 2 X ~  

8 F O R Y A T ( l X , f 3 r  F9.5,  6F15.5 1 



* 
00010 
00020 
00030 
00040 
00’350 
00060 
00070 
00080 
00090 
00100 
00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
00 190 
00200 
002 10 
00220  
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00310 
0 0 3 2 0  
00330 
00340 
00350 
00360 
00370 
00380 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00470 
00480 
00490 
00500 
00510 
005 20  
005 30 
00540 
0 0 5 5 0  



00560 
00570 
00580 
00590 
00600 
00610 
006 20 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00600 
00610 
008 20 
008 30 
008 40 
00850 
00860 
008 70 
00880 
00890 
00900 
00910 
00920 
00930 
00940 
00950 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
01040 
01050 
01060 
01070 
01080 
01090 
01100 
01110 
01120 
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2 

3 

30  

* 
PRINT SUBROUTINE FOR DECK 6091 00000010 
SUBROUTINE P R N T 5 ( J  92 t I T E  1 0 0 0 0 0 0 2 0  
W R I T E ( 6 9 2 2 )  J e 2 t I T E  00000030 

22 FORMAT(1H1+' STATION J = * e 1 3 9  9 2 = ' F10.5 9 1 9 I T E  = ' * I 4 1  0 0 0 0 0 0 4 0  
W R I T E ( 6 t l l  00000050 
FORVAT( / /  T 8 t ' f ' , T 2 3 r ' R S T  ' r T 3 8 , ' P C R ' , T 5 3 , ' R ' r T 6 8 # ' T A U ' g T 8 3 *  00000060 

1 00000070 
2 T 8 3 , ' B N ' t T 9 8 t ' P C R ' / T ~ ~ ~ ~ E T ~ ' t T ~ 3 ~ ' ~ E T A + " T 3 8 ~ ~ D E V ' ~ T ~ 3 ~ ~ D L B * ~ t  OOCOOO80 
3 T 6 8 , ' X M T H ' r T 8 3 , ' D E L + ' t T 9 8 , ' H S F ' / T 8 , ' A L P H A ' , T 2 3 , ' E T A ' , T 3 8 , ' W ' 9  0 0 0 0 0 0 9 0  

'THK' , f 9 8 9 ' B ' / T 8  g * P '  rT23 r 'PREL ' ,T38  ('POREL' t f 5 3 t  ' P T '  , 7 6 8 ,  'M*,' t 

4 T53 , 'U ' ,T68 t 'V '  wT83,'VUt,T98,'VM' 1 00000100 
RETURN 00000110 
ENTRY P R N T ~ ? ( J , Z , I I R S T S , P C R I R , T A U , T , ~ , P , P R E L ~ P O R € ~ , P T ~ M S T R * B ~ ,  o c 0 0 0 1 2 0  

1 P C B r S E T A , E E T A S , D E V ~ D ~ S ~ X ~ T ~ ~ Z 3 L ~ H S F t ~ L P ~ A ~ E T A ~ W t U t V ~  00000130 
2 V U t V M t I T E )  @00!30140 

2 5  BETADG = BETA * 57.2958 0000 0 15 0 
ALPH = ALPHA * 57.2958 00000160 - 

DE =DEV * 57.2958 
BETS =BETAS it  5 7 r 2 9 5 8  
O R 1  ORS * 47.2957 

WR I T E  [6 92 1 I ,RSTSvPCR ,R,TAU,T cB,P ~PRELIPORELIPT tMSVR SBN~PCR,  
18ETADG9BETS ,DE , D B ~ , X M T H ~ ~ B L I H S F ~ A L P H  , E T A I W * U ~ V ~ V U ~ V M  

1 5E15.5 / 7 E 1 5 r 5  / 7E15.5 1 7E15.5) 
FORMAT( /6%,13,6X,E15.5* 

RETURN 
ENTRY PRNTS (hiPSH, PHI, P S I ,  H, 41,  Rh(r E T A ,  559 Q I t  CVOL 1 
WRITE (€193)  NPSH, PHI* PSI, Ht HIt RN, ETA* SS, 01 

F O R M A T ( / / /  4 5 x 9 '  OVERALL PERFOR~ANCE' / /T6 , 'NPSH' , f2 l r 'PHI ' ,T35 t  
1 ' P S I ' ,  T50,  'H I ,  T 6 5 1  ' H r ' t  T79, ' R N ' ,  T 9 5 r  'ETA ' ,  T 1 1 0 ,  ' S S ' t  
2 T1239 '01' / /  T3tF10.4, 2 4 2 X p F 1 2 e 5 ) r  2 ( 2 X ,  F 1 3 . 3 ) ~  ~ X S  F14.29 
3 3 1 2 X ,  F12.51) 

W R I T E ( 6 1 3 0 )  CVOL 
FORMAT(/ /  f 6 9 '  C V O L '  / /  E15.4) 
RETURN 
END 

00000170 
00000180 
00000190 
0 0 0 0 0 2 0 0  
00000210 
0 0 0 0 0 2 2 0  
00000 2 30 
0 0 0 0 0 2 4 0  
00000250 
00000260 
00000270 
0 0 0 0 0 2 8 0  
0 0 0 0 0 2 9 0  
0 0 0 0 0 3 0 0  
00000310 
0 0 0 0 0 3 2 0  
00000330 
00000340 
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S U B R O U T I N E  QSF H ~ Y I Z V N D I M  
D I M E N S I O N  Y 1 t Z  1 
H T  r3333333uH 
L 1  1 
L2 2 
L3 3 
L4 4 
L5 5 
L6 6 
IF N D I M - 5  7 9 8 9 1  

1 S U Y l  Y L 2  CY L 2  
C N O I M  IS GREATER THAN 5 0  P R E P A R A T I O N S  OF I N T E G R A T I O N  L O O P  

S U Y l  SUYl lGSLJMl 

A U X l  Y L4  C Y  L 4  

A U X l  S U Y l & H T *  Y L3  G A U X l G Y  LS 

SUY2 Y L5 GY L5 
SUM2 SUM2GSUM2 
SUM2 AUX2-HT+ Y L4  6SUM2GY L6 
z L 1  O b  

AUX Y L 3  t Y  L3 
AUX AlJXGAUX 
2. L2 SUP2-HT*  Y L2 GAUXGY L4 
Z C 3  S U M l  
z L4 SUM2 
IF NDIP.4-6 5 ~ 5 9 2  

C I N T E G R A T I O N  LOOP 

S U Y l  A U X l  
SUM2 AUXZ 
A U X l  Y 1-1 CY 1 - 1  
A U X l  A U X l G A U X 1  
A U X l  S U M 1 6 H T *  Y 1-2 G A U X l b Y  I 
z 1-2 SUM1 
I F  I-NDIM 3 9 6 9 6  

3 AUX2 Y I t Y  I 
A U X 2  A U X 2 C A U X 2  
A U X 2  SUM2&HT+ Y 1-1 GAUX2GY IG1 

S U M l  H T *  Y L1  C S U M l G Y  L3 

A U x l  A U X ~ G A U X ~  

AUXZ H T *  Y L 1  G3.875+  Y L2 GY L5 & 2 @ 6 2 5 *  Y L3 GY L4 GY L 6  

2 DO 4 I 79NOIY92 

4 z 1-1 SUM2 
5 2 N D I M - 1  A U X l  

N D r M  A U X 2  
RETURN 

6 Z N D I V - 1  SUM2 
2 N D I M  A U X l  
RETURN 

C END OF I N T E G R A T I O N  LOOP 

C N D I M  IS EQUAL TO 4 OR 5 
7 IF N D f M - 3  1 2 , 1 1 9 8  

0 S U Y 2  1 0 1 2 5 + H T *  Y L1 GY L2  G Y  L2 GY L2 GY L3 GY L3 GY L3 GY L4 
S U Y l  Y L2 CY 1 2  
S U Y l  S U M l G S U M l  
S U Y l  H T +  Y L1 GSlJMlGY L3 
2 L1 o *  

* 
00010 
00020 
00030 
00040 
00050 
00060 
00070 
00080 
00090 
00 100 
00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
00190 
00200 
00210 
00220  
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
0 0 3  10 
00320 
00330 
00340 
0 0 3 5 0  
00360  
00370  
00380  
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00470 
00480 
00490 
00500 
00510 
0 0 5 2 0  
0 0 5 3 0  
00540 
00550  



A U X l  Y L3 C Y  L3 
A U X l  A U X l G A U X l  
2 L2 SUM2-HT+ Y L2 G A U X l G Y  L4 
If N D I M - 5  10,999 

9 A U X l  Y L4  t Y  L4 
A U X l  A U X l G A ( J X 1  
Z L5 S U M l & H T +  Y L3 G A U X l G Y  L 5  

10 2 L3 SUM1 
Z L 4  S U M 2  
RETURN 

C NOI'VI IS E Q U A L  T O  3 
11 S U M 1  H T +  l r 2 5 r Y  L 1  C Y  L2 G Y  L2 -r25*Y L3 

S U M 2  Y L2 GY L2 
S U M 2  SUFAZGSUMZ 
Z L3 HT* Y L 1  t S U Y 2 G Y  L 3  
z L l  0. 
2 L2 SUhill 

1 2  R E T U R N  
EN0 

8% 48 
00580 
00590 
00600 
00610 . 
00620 
0 0 6 3 0  
00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
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SUBROUTINE NEWGG 
D I M E N S I O N  X (  1) C Y  

C 
C SUBROUTINE NEWGN 
C NPT = NUMBER OF 
C 
C 
C 
C 
C 

5 

6 

7 

0 

9 
10 

NPT*X*Y  cXBLK c Y R L I O  
POINTS PER BLOCK 

X f KNOWN VALUE 
Y = UNKNOWN (OUTPUT) 
XBLK = BLOCK OF X VALUES 
YBLK = BLOCK OF Y VALUES 

I F  (Z-X(1))5*5r6 
W = Y ( 1 )  
GO TO 10 
DO 7 I z 2 r N P T  

CONTINUE 
I = N P f  
w = Y ( I )  
GO T O  10 

R E T U R N  
END 

r F  (z-x(1))9,8~7 

w = ( w ) - w I - i )  ) ~ ( x ( r ) = x ( r . i ) ) ~ ( z - x ( r - i ) ) + ~ ( r = ~ ~  

* 
00010 
00020 
00030 
00040 
00050 
00060 
00070 
00080 
00090 
00100 
00110 
00120 
00130 
00140 
00150 
00160 
00 170 
00180 
00 190 
00200 
00210 
00220 
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SUBROUTINE RMFIT L 1 N t X t Y , S L O P E O t S L O P E ~ t A ~ B 1 C 1 0  
DIMENSION X 100 t Y  109 t A  100 16 100 t C  100 90 100 ’ 

KN 3* L-L/3 - 2*L 
KO L-1 / 3  
DO 1 J 2 t N  
A J  X J -X J-1 

K2 Y-2 
1 D J  Y 3 - Y  J-1 / A  J 

IF KN-1 4 t 5 t 6  

B N  0 05  
K3 b! 
K 1  1 
GO TO €! 

B N SLOPEN 
GO TO 7 

SLOPEN 000 

fl N-1 A N-1 / T  
K3 N-1 
K 1  2 

K Y - J  

B K  A K / T  

4 C N  300* SLOPEN-0 N / A  N 

5 T 200*  A N &A N o 1  

6 T 3oO*A N & A  N-1 GA N-1 

7 C N-1 640+ 0 N -0 N-1 -SLOP€N*A “4 / T  

8 DO 9 J K19K2 

T 240*  A K & A  KG1 -A K G l  *E3 KG1 

9 C K  6.0* D KG1 -D K -A K 1 1  *C K b l  / T  
10 I F  KO-1 1 2 9 1 3 r l l  
11 B 1 6 r 0 +  D 2 -SLOPE0 -C 2 + A  2 / A 2 * 2.018 2 

K 1  2 
GO TO 1 5  

€ 3 2  C 2 - B 2 * B l  
1 2  B 1 SLOPE0 

GO TO 14 
1 3  6 1 600*  D 3 -D 2 - A  3 *C 3 / 3,O+A 2 LA 3 * 2.0-8 3 

B 2  6 1  
14  K 1  3 
1 5  DO 16 J K l r K 3  
1 6  R J C J -5 J *R J-1 

IF KN-1 18 ,18917 
17 B N R 4-1 

C CUBIC COEFFICIENTS 
1 8  DO 19 J 21hl 

T A  6 r 0  * A J 
TM 0 J-1 * X  J 
TN X J-1 *R J 
TX X J * X J - X  J-1 - X  J-1 
T Y  X J-1 * X J G X  J - X  J-1 
A J-1 R J -6 J-1 /TA 

B J-1 TM-TN * 3 r O / T A  
C J-1 0 J 6 J * - T X  &2o*X J-1 *TN-B J-1 * T Y - Z O + X  J *TM I T A  

19 D J-1 TX*TN &TY*TY / T A  G Y  J-1 - X  J-1 *O J 
20 RETURN 

END 

* 
000 10 
00020 
00030 
00040 
00050 
00060 
00070 
00080 
00090 
00 100 
00110 
00120 
00130 
00140 
0 0 1 5 0  
0 0 1 6 0  
0 0 1 7 0  
0 0 1 8 0  
00190 
00200 
0 0 2 1 0  
00220 
0 0 2 3 0  
0 0 2 4 0  
00250 
0 0 2 6 0  
00270 
00280 
00290 
00300 
00310 
0 0 3 2 0  
00330 
0 0 3 4 0  
0 0 3 5 0  
0 0 3 6 0  
00370 
00380  
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
0 0 4 7 0  
0 0 4 8 0  
00490 
00500  
0 0 5 1 0  
00520 
00530 
00540 
0 0 5 5 0  
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CSRYVAL BEAM EVALUATION SUBROUTINE 
SUBROUTINE BMEVAL N , X ~ Y ~ V A L U I L ~ A I ~ * C * D I V V A L U * D E R I V  
D I Y E ~ I S I O N  X 100 9 Y  100 ,A 100 r B  100 B C  100 * D  100 
L O  
DO 1 J 1 v N  
IF X J -VALU 1 9 2 9 3  

1 CONTINUE 
C OUT OF RANGE 

L 1  
J N  

2 YVALU Y J 
D E R I V  VALU* 3oO*VALU*A J &2.0*8 J tC J 
RETURN 

3 IF J-1 5 9 5 9 4  

4 YVALu VALu* VALU+ vALu+A J- l  GB J-1 GC J-1 GD J-1 
D E R I V  VALU* 3oO*VALU*A J-1 6200+8 J-1 GC J-1 
RFTURN 

5 L -1 
GO T O  2 

END 

* 
00010 
00020 
00030 
00040 
00050 
00060 
00070 
00080 
00090 
00100 
00110 
00120 
00130 
00 140 
00150 
00160 
00170 
00180 
00190 
00200 



* * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
PWZERO S T A R T  0 
RRO 
R R 1  
F)R2 
B R 3  
R R 4  
B R 5  
8Q76 
R R 7  
RQ8 
R R 9  
B R l O  
R R 1 1  
R R 1 2  
R R 1 3  
RRl4 
RR 15 * 

2 ERO 

ZEROC - FILL D E S I G N A T E D  AREA OF CORE W I T H  Z E R O  OR W I T H  
A CONSTANT S U P P L I E D  IN THE C A L L I N G  SEQUENCE. 

C A L L I N G  SEQUENCE 
C A L L  ZEROC ( F R O Y t T O I  

C A L L  ZEROC I F R O Y t T O ~ C O N S T )  
OR 

WHERE-FROM-I5 T H E  S T A R T  I N G  ADDRESS 
T O - F I N A L  ADDRESS TO BE C L E A R E D  
CONST-THE CONSTANT CORE IS TO BE 

F I L L E D  WITH. I F  NOT S U P P L I E D  
I N  C A L L I N G  SEQUENCE, CORE 
WILL BE F I L L E D  W I T H  Z E R O E S @  

EQU 0 
EQU 1 
EQU 2 
EQU 3 
EQU 4 
EQU 5 
EQU 6 
EQU 7 
EQU 8 
EQU 9 
EQU 10 
EQU 11 
FQU 12 
EQU 17 
EQU 14 
EQU 1 5  

E N T R Y  ZERO 
U S I N G  *,BR15 
S A V E  
S T  
L A  
S T  
L 
t 
N 
N 
C L R  
BNL 

MODE1 T Y  
RZ 

MODE A 
SR 

MORE C 
BL 
S 
L 

YONE 5 
S TC 

VOVE XC 

[ 1 4 t 1 2 1 * * *  
RR13 ,SAVE+4  
B R l O  ( S A V E  
R R ~ O I B ( O ~ R R ~ ~ )  
R R 3 9 0  ( 0  96R 1) 
RR4.4 ( 0  ( B R 1  I 
B R 3  ( R I  GAD 
B R 4  I G A D  
8 R 3  9 R R 4  
S W I T C H  
4 ( B R l ) i X ' 8 0 '  
N T Z R O  
BR4,FORBT 
R R 4  9 B R 3  
B R 4 , T W 0 5 6  
L E S T N  
B R 4 9 T W 0 5 6  
B R 5 9 T W 0 5 6  
RR5,TWO 
BR5,YOVE+1 
0 ( 0 t R R 3 ) , O ( R R 3 )  

B A S E  R E G I S T E R  0 

I N S U R E  ADDRESS ONLY. 
I N S U R E  ADDRESS ONLY. 
1 S T  ARGI CESS T H A N  Z N D  ARGO 
NO, THEN S W I T C H  R E G I S T E R S .  

MORE ARGUMENTS e 
Y E S v C A L C U L A T E  B Y T E S  T O  B E  CLEARED. 
B R 4  E Q U A L  NO. OF BYTES. 
OVER 2 5 5  B Y T E S  TO C L E A R  
Y E S  
REDUCE B Y  2 5 6  

* 
ZER 00 0 0 0 
Z E R O 0 0 1 0  
Z E R O 0 0 2 0  
Z E R O 0 0 3 0  
Z E R O 0 0 4 0  
ZEROO 0 5 0 
Z E R O 0 0 6 0  
Z E R O 0 0 7 0  
Z E  ROO 0 8 0 
Z E R O 0 0 9 0  
Z E R O 0 1 0 0  
Z E R O 0 1 1 0  
Z E R O 0 1 2 0  
ZEROO 130 
Z E R O 0 1 4 0  
ZEROO 1 5 0  
Z E R O 0 1 6 0  
Z E R O 0 1 7 0  
Z E R O 0 1 8 0  
Z E R O 0 1 9 0  
Z E R O 0 2 0 0  
Z E R O 0 2  10 
Z E R O 0 2 2 0  
Z E R O 0 2 3 0  
Z E R O 0 2 4 0  
Z E R O 0 2 5 0  
Z E R O 0 2 6 0  
Z E R O 0 2 7 0  
Z E R O 0 2 8 0  
Z E R O 0 2 9 0  
Z E R O 0 3 0 0  
Z E R O 0 3  10 
Z E R O 0 3  2 0 
Z E R O 0 3 2 5  
Z E R 0 0 3 4 C  
ZERO0 3 30  
Z E R O 0 3 5 0  
Z E ROO 360 
Z EROO 3 7 0 
Z E R O 0 3 9 0  
Z E R O 0 4 0 0  
Z E R O 0 4 1 0  
Z E R O 0 4 2 0  
Z Et? 00 4 3 0 
Z E R O 0 4 4 0  
ZER 00 4 7 0 
Z E R O 0 4 8 0  
Z E R O 0 4  50 
Z ER 00 4 6 0 
Z E R O 0 5 0 0  
Z E R O 0 5  10 
Z E R O 0 5 2 0  
Z E R O 0 5 3 0  
Z E R O 0 5 4 0  
Z E R O 0 5 5 0  
Z E R O 0 5 6 0  



A B R 3  r T W 0 5 6  
L T R  B R 4 t B R 4  
BC 2 ,MORE 

R E T R N  R E T U R N  ( 1 4 r 1 2 ) r T  
L E S T N  L R  

LA 
B 

S W I T C H  L R  
L R  
LR 
€3 

N T Z R O  L 
L 

N T Z R l  S f  
CR 
BE 
A 
0 

S A V E  OS 
R I G A D  DC 
F O R R T  DC 
TWO56 DC 
TWO DC 

END 

B R 5  r 6 R 4  
R R 4  tO 
MONE 
B R 5 9 B R 3  
BR3 r B R 4  
B R 4 r B R 5  
MODE1 
R R 6 ~ 8 ( 0 8 B R l  
B R 6 r 0  (0 t 6 R 6  
R R 6 r O ( O r B R 3  
R R 3  r R R 4  
RETRN 
B R 3  r FORBT 
N T Z R l  
18F 

F ' 4 '  
F ' 2 5 6 '  
F ' 1 '  

X'OOFFFFFF' 

R E S T O R E  AND R E T U R N  

ZEROO 5 7 0 
Z E R O 0 5 6 0  
Z E R O 0 5 9 0  
Z E ROO 6 0 0 
Z E R O 0 6  10 
ZERO06 2 0 
ZEROO 6 3 0 
ZERO0640 
ZE ROO 6 5 0 
ZERO0660 
Z E R O 0 6 7 0  
ZERO06 80  
Z E R O 0 6 8 5  
ZEROO 6 9 0 
Z E R O 0 7 0 0  
Z E R O 0 7 1 0  
Z E R O 0 7 2 0  
Z E R O 0 7 3 0  
Z E R O 1 0 0 0  
Z E R O 1 0 1 0  
Z E R O 1 0 2 0  
ZERO1030 
Z E R O 1 0 5 0  
ZER 09 9 90 
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SECTION I11 
STRESS COMPUTER PROGRAM (PWA 6098) 

A .  GENERAL 

The stress computer program breaks t h e  inducer blade i n t o  f l a t  
t r i a n g u l a r  elements f o r  a n a l y s i s .  The program then c a l c u l a t e s  stress 
magnitude and d i s t r i b u t i o n  caused by p res su re  loading and c e n t r i f u g a l  
f o r c e  using t h e  matr ix  displacement method. 

Computer capac i ty  l i m i t s  t h e  number of f r e e  element nodes t o  150 
which i s  equ iva len t  t o  900 simultaneous equa t ions .  Computer t i m e  f o r  
handling such a problem i s  approximately 90 minutes. An input  opt ion i s  
provided t o  permit a n a l y s i s  by subsystems. This i s  a conventional technique 
i n  which t h e  s t r u c t u r e  i s  divided i n t o  a maximum of 10 subsystems with a 
t o t a l  of 200 nodes ( including hub nodes).  U s e  of t h e  subsystem op t ion  
reduces computing t i m e  by a s  much a s  a f a c t o r  of 10 f o r  a t y p i c a l  
inducer .  The program requ i r e s  180,000 by te s  of core  ( including b u f f e r s )  
on a n  IBM 360 Model 75 computer. 
and 8 b i t e s l b y t e  i s  used. Fo r t r an  I V - G ,  Level 1, Mod. 3 compilations 
da t ed  March 1969 were used. 

S ing le  p r e c i s i o n  with 4 bytes/word 

B.  INPUT DESCRIPTION 

The inpu t  t o  the  stress computer program gene ra l ly  c o n s i s t s  o f :  a 
phys i ca l  d e s c r i p t i o n  of t he  inducer ,  a d e s c r i p t i o n  of t h e  f i n i t e  element 
breakup t o  be used, and a d e s c r i p t i o n  of t he  blade pressure d i s t r i b u t i o n .  

The inducer phys i ca l  d e s c r i p t i o n  and blade p res su re  d i s t r i b u t i o n  
inpu t  are s t r a igh t fo rward  b u t  t h e  f i n i t e  element breakup input  r e q u i r e s  
f u r t h e r  exp lana t ion ,  When preparing the  f i n i t e  element breakup input  
i t  i s  h e l p f u l  t o  sketch t h e  d e s i r e d  p a t t e r n  a s  i n  the  example of f i g u r e  1. 
The following l i m i t a t i o n s  should be remembered: 

1. The maximum number of f r e e  boundary nodes (on boundary 
gene ra to r  l i n e s )  f o r  t he  e n t i r e  system i s  50. The minimum 
is 3 .  

2 .  The maximum number of f r e e  boundary nodes p e r  subsystem i s  15. 

3 .  The maximum number of f r e e  i n t e r n a l  nodes p e r  subsystem i s  15. 

4 .  The maximum number of nodes ( f ixed ,  f r e e ,  boundary and 
i n t e r n a l )  p e r  subsystem i s  30. 

5 .  The maximum number of nodes f o r  t h e  e n t i r e  system is  200. 

6 .  The maximum number of elements f o r  t he  e n t i r e  system i s  200. 

6 1. 



Figure 1. F i n i t e  Element Breakup FD 48167 

The computer program w i l l  reproduce the  sketched elemental  breakup 
proper ly  i f  t h e  fol lowing i s  remembered when w r i t i n g  the  input :  

1. 

2. 

3 .  

4 .  

I f  genera tor  l i n e  "i" has "ii" po in t s  and genera tor  l i n e  
"i+l has "iifl" po in t s ,  then the  l i n e s  forming the  edges of 
t he  f i n i t e  
wi th  the  l e a s t  number of p o i n t s  and z i g  zag between t h e  
genera tor  l i n e s .  The a r e a s  between genera tors  A and B y  B and 
C ,  D and E ,  e t c . ,  of f i g u r e  1 a r e  examples. 

elements s t a r t  a t  t he  f i r s t  po in t  of t he  genera tor  

The a rea  between the  f i r s t  t w o  gene ra to r  l i n e s  wi th  the  
same number of po in t s  w i l l  be broken up a s  shown between 
gene ra to r s  F and G and G and H of f i g u r e  1. 

The procedure of (2)  w i l l  be followed f o r  a l l  genera tors  
wi th  the  same number of po in t s  u n t i l  symmetry about a 
gene ra to r  is  reques ted ,  as  w a s  done about genera tor  H i n  
f i g u r e  1. 

The a l t e r e d  breakup w i l l  cont inue f o r  s e c t i o n s  between 
gene ra to r s  with t h e  same number of p o i n t s ,  u n t i l  symmetry 
i s  aga in  reques ted ,  a s  w a s  done about genera tor  J i n  
f i g u r e  1. Af te r  symmetry i s  aga in  reques ted ,  t he  breakup 
w i l l  r e v e r t  t o  t he  o r i g i n a l  p a t t e r n .  

62. 



5. 

6. 

7 .  

I f  two genera tors  "i" and I1j1' have "ml' and "n" p o i n t s  
r e s p e c t i v e l y  such t h a t  

m = 2n-1 and n > 2 

o r  

n = 2m-1 and m > 2 

then t h e  breakup w i l l  be as i n  the s e c t i o n s  between K and L, 
and L and M of f i g u r e  1. 

Notice t h a t  genera tor  A of f i g u r e  1 has  only  one p o i n t .  
I n  t h i s  case  

RHUB = RTIP  and THHUB = THTIP 

Elements a r e  i d e n t i f i e d  as shown i n  f i g u r e  2.  

Figure 2 .  F i n i t e  Element Nodes 



Unless otherwise s p e c i f i e d ,  da t a  may be input  i n  any c o n s i s t e n t  
set of u n i t s .  Output 
w i l l  correspond t o  the  input  u n i t s  used. Severa l  examples a r e  l i s t e d  
be low : 

The same u n i t s  may be used f o r  f o r c e  and mass. 

Input o u t p u t  

Force Mass Length Pisplacement Stress 

l b  l b  f t  f t  
l b  l b  i n .  i n .  

gram gram meter meter 

l b  / f t 22 
l b / i n .  
gram/meter 

Input  da t a  t o  be w r i t t e n  on each card i s  descr ibed below. 
format da t a  should be l e f t  ad jus t ed  i n  the  column f i e l d  and should 
con ta in  a decimal p o i n t .  "E" format da t a  (.300E08) must be r i g h t  
ad jus t ed .  "I" format da t a  should not con ta in  a decimal po in t  and should 
be r i g h t  a d j u s t e d .  

'IF" 

Column 

Card 1 

1-80 

Card 2 

1- 10 

11- 20 

21-30 

31-40 

41-50 

51-55 

611 

Variable  Format 

T i t l e  Card 

Input job i d e n t i f i c a t i o n  d a t a ,  
A s  many t i t l e  cards  a s  requi red  may be inpu t .  
With a 1 i n  column 1 the  machine w i l l  read 
i n  another  t i t l e  ca rd .  O m i t  t he  1 i n  column 
1 on the  las t  t i t l e  card t o  s t o p  the  machine 
from reading t i t l e  ca rds .  

RHO S p e c i f i c  weight of t h e  inducer  blade 
m a t e r i a l  (MASS=RHO/G). 

RPM Ro ta t iona l  speed of t he  inducer  b lade  
( r evo lu t ions  p e r  minute) 

POISSO Poisson ' s  r a t i o  f o r  t he  m a t e r i a l  of t he  
inducer  b lade .  

YOUNGS Young's modulus of e l a s t i c i t y  f o r  t he  
material of t h e  inducer  b lade  

RG RADGEN Generator l i n e  o f f s e t  r ad ius .  
i n  f i g u r e  3 (May be 0 ) .  

NCF Cen t r i fuga l  fo rce  op t ion .  

F10 .O 

F10 .O 

F10.0 

E10.0 

F10 .O 

I5 



Leave blank i f  t h e  fol lowing approximate equat ion i s  des i r ed  
This  equat ion  should be used where bending stresses due t o  gas loading 
a lone  a r e  predominant. 

- -  
F 
x1 

y 1  

z1 

x1 

Y 1  

F 

F 

M 

M 

M"l 

2 X 
F 

F 
y2 

22 

x2 

y2 

z2 

x3 

y3 

23 

x3 

y 3  

23 

F 

M 

M 

M 

F 

F 

F 

M 

M 

M 

I -  

. -  pw2A 
3 

J 

. -  
E X  1 1  

P1 

0 

0 

0 

0 

E X  2 2  

E2Y2 

0 

0 

0 

0 

- 
t x  

3 3  
- 

3 3  

0 

0 

0 

0 

- 
N 



Z 

X 

Generating Line 

2, 

Figure 3 .  Geometric Parameters of Middle FD 25602A 
Surface of  Inducer Blade 

Input as  1 i f  t h e  following equat ion i s  des i r ed .  Use t h i s  equat ion 
where bending stresses due t o  c e n t r i f u g a l  loads dominate. 

Column Variable  Format 

55- 60 NGL T o t a l  number of i npu t  gene ra to r  l i nes .  
Maximum of 100. 

61-65 NGS Number of gene ra to r  l i n e s  about which 
geometric break-up symmetry i s  d e s i r e d .  

I 5  

I 5  

66-70 NGP T o t a l  number of i npu t  e lemental  p re s su res  I 5  

71-75 NSUBS T o t a l  number of subsystems i n t o  which t h e  I 5  
inducer blade is  t o  be divided.  Maximum of 100. 

I 5  76-80 IPRINT Intermediate  p r i n t  op t ion  which should be 
used only f o r  t h e  checkout of t h e  program. 
Leave blank f o r  no intermediate  p r i n t .  



Input as 1 f o r  t h e  following in t e rmed ia t e  
p r i n t :  

a .  Elemental l o c a l  membrane s t i f f n e s s  matr ices .  
b .  Elemental l o c a l  bending s t i f f n e s s  matrices. 
c .  Elemental l o c a l  p re s su re  f o r c e  matrices. 
d .  Elemental common c e n t r i f u g a l  f o r c e  matr ices .  
e. Elemental assembled common s t i f f n e s s  matrices. 

Input as  2 ( r i g h t  ad jus t ed  with no decimal p o i n t )  
f o r  t he  following intermediate  p r i n t :  

a .  A l l  of  t h e  above 
b .  The 6 (N + 1) c o e f f i c i e n t s  f o r  each of  t h e  

6 (N) simultaneous equat ions f o r  nodal 
d e f l e c t i o n s  (only f o r  NSUBS = 0) .  

C o lumn Variable  

Card 3 Boundary Lines  and G 

1-5 LBOUND (1)- Generator l i n e  numbers which form t h e  
6-10 LBOUND (9) boundaries between a d j  acent  subsystems 
e tc .  
41-45 

71-80 

Card 4 

1-5 
6-10 
e t c ,  

Format 

15 

I f  NSUBS = 0 ,  l e a v e  blank. Otherwise 
LBOUND (1) i s  t h e  number of t h e  generator  
l i n e  which forms t h e  boundary between 
subsystems I and I+1. In  t h e  l a t te r  case 
t h e r e  must be  NSUBS-1 values  inpu t .  

G The g r a v i t a t i o n a l  constant  i n  t h e  appropr i a t e  F1O.O 
u n i t s .  I f  l e f t  blank o r  input  as 0.0, a 
value of 386 .4  is used. MASS = RHO/G. 

( S ymme t r y R e  que s t s ( 0 p t i ona 1 ) 

NCHB(1)- Numbers of t h e  gene ra to r  l i n e s  about which I 5  
NCBH(NGS) geometric break-up symmetry i s  d e s i r e d .  The 

only cond i t ion  al lowing t h i s  request  f o r  
break-up symmetry i s  t h a t  t h e  previous 
gene ra to r  l i n e  and t h e  next gene ra to r  l i n e  
must each have t h e  same number of po in t s  as 
does t h e  generator  l i n e  about which symmetry 
i s  requested t h a t  i s  

S ix t een  va lues  pe r  ca rd ,  as many cards  as  
needed. I f  NGS on Card 3 w a s  i npu t  as 
ze ro  o r  l e f t  blank,  omit t h i s  card 



Column 

Cards 5 ,  7 ,  9 ,  11 

1- 10 

11- 20 

2 1- 30 

3 1-40 

RAPANG (I ) 

ZGL(1) 

RHUB (I) 

RTIP(I) 

Var i ab le  Format 

Generator Line P rope r t i e s  (NGL Cards) 

Wrap ang le  i n  degrees of t h e  I t h  gene ra to r  
l i n e  (e1, and 8 
wrap ang le s  may be equa l .  A l l  wrap angles  
must be  e i t h e r  c o n t i n u a l l y  inc reas ing  o r  
con t inua l ly  decreasing i n  s i z e .  

F10 .O 
i n  f i g u r e  4 ) .  N o  two ad jacen t  

2 

z va lue  a t  t h e  hub of t h e  I t h  gene ra to r  
l i n e  (21 and 22 i n  f i g u r e  4). No two 
ad jacen t  gene ra to r  l i n e s  may have t h e  same 
z value un le s s  one of t h e  two l e a n  angles  
i s  non-zero. 

I f  RADGEN # 0 ,  then RHUB(1) i s  t h e  
h o r i z o n t a l  (x-y plane) d i s t a n c e  from t h e  
po in t  where t h e  gene ra to r  l i n e  i s  tangent 
t o  a cy l inde r  with a r ad ius  of RADGEN t o  
t h e  hub of t h e  I t h  gene ra to r .  I f  
RADGEN = 0,  then RHUB (I) i s  t h e  
r a d i a l  d i s t a n c e  from t h e  z-axis t o  
t h e  hub of t h e  I t h  gene ra to r .  

Measured t h e  same a s  RHUB(1) except t h a t  
i t  i s  t h e  d i s t a n c e  t o  the  t i p  i n s t e a d  
of  t h e  hub of the  I t h  generator .  

F10 .O 

F10 .O 

FlO . O  

Figure 4 .  Tr iangu la t ion  of lnducer Blade FD 25630A 



Column Variable  

41-50 THHUB(1) Thickness of t h e  inducer blade a t  t he  
hub of t h e  I t h  gene ra to r  l i n e .  

5 1- 60 THTIP(1) Thickness of t h e  inducer  blade a t  t h e  
t i p  of t h e  I t h  generator  l i n e .  
i s  v a r i e d  l i n e a r l y  from the hub t o  the  
t i p  of a gene ra to r  l i n e .  

Thickness 

Format 

F10 .O 

F10.0 

6 1- 65 NUP(1) Number of p o i n t s  on t h e  I t h  gene ra to r  l i n e  I 5  
which a r e  used f o r  t he  d i v i s i o n  of t he  
inducer blade i n t o  t r i a n g u a l r  elements 
These p o i n t s  are evenly spaced between and 
including the  hub and t h e  t i p .  

66-70 N I  Number of pressures  on the  following c a r d ( s )  
which desc r ibes  t h e  p re s su re  d i s t r i b u t i o n  
along t h e  I t h  generator  l i n e .  The p res su res  
w i l l  correspond t o  the  p o i n t s  on t h e  
gene ra to r  l i n e  which a re  obtained by 
d iv id ing  the  l i n e  i n t o  N I - 1  equal  segments. 
Minimum of 2 and maximum of 15. 

I 5  

71-80 ALEAN(1) Lean angle  i n  degrees of t he  I t h  gene ra to r  F1O.O 
l i n e  measured p o s i t i v e  upward from the  
h o r i z o n t a l  (x-y plane) .  These a r e  i l l u s t r a t e d  
i n  f i g u r e  3 .  

Cards 6 ,  8 ,  10 Inducer Blade Pressure D i s t r i b u t i o n  (NGL Cards) 

1- 10 PRESSI(1)-Pressures ( p o s i t i v e  upward) which desc r ibe  F1O.O 
11-20 PRESS t h e  p re s su re  d i s t r i b u t i o n  along t h e  I t h  
e t c .  NGL(NI) gene ra to r  l i n e ,  Linear i n t e r p o l a t i o n  

between p o i n t s  i s  used. Eight va lues  pe r  
card;  as many cards  a s  needed. Input 
s t a r t i n g  with t h e  hub and ending wi th  the 
t i p .  

Card 13 NGP Elemental Pressures  - (Optiqnal)  (NGP Cards) 

These cards  a r e  used f o r  i n p u t t i n g  elemental  pressures  which cannot 
s a n n o t  be obtained from the  gene ra to r  l i n e  p re s su res .  

1- 5 JI Number of t he  element t o  which the  following I 5  
input  p re s su re  corresponds.  

11-20 PRESSE(J1)- Pressure which corresponds t o  element F10 .O 
PRESS JI .  This p re s su re  w i l l  ove r r ide  t h e  
E (JNGP) p res su re  obtained from the  gene ra to r  l i n e  

p re s su re  d i s t r i b u t i o n s .  



C .  OUTPUT DESCRIPTION 

X ,  Y ,  Z o r  X COMMON, Y COMMON, 
Z COMMON 

XL, YL, o r  X LOCAL, Y LOCAL 

TH 

PRES SURE 

ARE A 

LOAD 

U ,  V ,  W, THETAX, THETAY 

U LOCAL, V LOCAL, W LOCAL 

SIGMA X BAR, SIGMA Y BAR 
SHEAR 

PRINCIPAL SIGMA X BAR, 
PRINCIPAL SIGMA Y BAR 

PRINCIPAL THETA 

MAXIMUM SHEAR 

EFFECTIVE STRESS 

A, B ,  c 

KM 

KB 

Common coord ina tes  of v e r t i c e s  o r  
nodes of t r i a n g u l a r  elements.  

Local coord ina tes  of v e r t i c e s  o r  
nodes of t r i a n g u l a r  elements.  

Nodal th ickness  a t  v e r t i c e s  of 
t r i a n g u l a r  elements.  

Average normal p r e s s u r e  a c t i n g  on 
t r i a n g u l a r  element.  

Area of t r i a n g u l a r  element.  

Normal uniform load a c t i n g  on 
t r i a n g u l a r  element.  

Common displacements of nodes or 
v e r t i c e s  of t r i a n g u l a r  elements.  

Local displacement of nodes o r  
v e r t i c e s  of t r i a n g u l a r  e lements .  

S t r e s s e s  a t  cen t ro id  of t r i a n g u l a r  
element . 
Pr inc ipa l  stresses a t  cen t ro id  of 
t r i a n g u l a r  element.  

P r inc ipa l  d i r e c t i o n  of p r i n c i p a l  
stress a t  cen t ro id  of t r i a n g u l a r  
element . 
Maximum shea r  stress a t  cen t ro id  
of t r i a n g u l a r  element.  

Relative e f f e c t i v e  stress a t  
cen t ro id  of t r i a n g u l a r  element.  

Bending s t r e s s  c o e f f i c i e n t s .  

Tr iangular  element l o c a l  membrane 
s t i f f n e s s  matr ix .  

Tr iangular  element l o c a l  bending 
s t i f f n e s s  matrix. 
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D .  STRESS COMPUTER PROGRAM 

Sample Case (89 Deg H e l i c o i d  with P r e s s u r e  Load) 
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d d d d d  
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RESULTING TRIANGULAR ELEMENTS 

AREA 0.125005 
NODE NO. 

LA 8 
LB 9 
LC 1 

AREA 0.125011 
NODE NO. 

LA 1 
LB 2 
LC 9 

AREA = 0.125011 
NODE NO. 

LA 9 
LB 10 
LC 2 

AREA 0.125019 
NODE NO. 

LA 2 
LR 3 
LC 10 

A R E A  = 0.125019 
NODE NO. 

LA 10 
LB 11 
LC 3 

AREA = 0.125030 
NODE NO. 

LA 3 
LO 4 
LC 11 

ARE4 = 0.125030 
N3DE Y O .  

LA 11 
LB 12 
LC 4 

ELEMENT NO. 1 
PRESSURE 0.13000E 0 2  

X Y 2 TH 
-0.004 1 .ooo 0.500 0.1000 
-0.007 1 503 0.500 0.1000 

0.0 1.003 0 .o a. 1000 

ELEMENT NO. 2 
PRESSURE O.lOO0OE 0 2  

X Y 2 TH 
0.0 1. 000 0 .o 0.1000 
0.0 1.503 0.0 0.1000 - 0.007 1 500 0.500 0.1000 

ELEMENT NO. 3 
PRESSURE * 0.10000E 0 2  

X Y 2 TH 
-0.007 1 500 0.500 0.1000 
-0.009 2.003 0.500 0.1000 

0.0 1 503 0.0 0.1000 

ELEMENT NO. + 
PRESSURE = 3.13000E 0 2  

X Y 2 T H  
0.0 1 500 0.0 0.1000 
0.0 2 .ooo 0 .o 0.1000 

-0.009 2.003 0.500 0.1000 

ELEMENT NO. 5 
PRESSURE = 0.10000E 32 

X Y 2 TH 
-0.009 2.003 0.500 0.1000 
-0.011 2 503 0.500 0.1000 @. 0 2.009 3.0 0.1000 

ELEMENT NO. 6 
PRESSURE = 0.10300E 3 2  

X Y 2 TH 
0.0 2.000 0.0 0.1000 
0.0 2 500 0 .o 0.1000 

-0.011 2.500 0.500 0.1000 

ELEMENT NO. 7 
PRFSSURE 3.13300E 3 2  

X Y 2 TH 
-3.011 2.500 0.5C.3 0.1000 
-0.013 3.007 0.500 0.1003 

o b  0 2.503 3 .o 0.1000 

(CONTINUING TO ELEMENT NO. 48) 

LOAO 0.12500E 01 
XL YL 

0 .o 0.0 
0.5000 0.0 

-0.0000 -0.5000 

LOAO 0.12501E 0 1  
XL YL 

0.0 0.0 
0.5000 0.0 
0 5000 0 5000 

LOAO 0.12501E 01 
XL Y L  

0 .o 0.0 
0.5000 0.0 
-0 .OOOO -0.5000 

LOAO = 0.12502E 01 
XL YL 

0 .o 0.0 
0.5000 0.0 
0.5000 0.5001 

LOAD = 0.12502E 01 
XL YL 

0.0 0.0 
0.5000 0.0 

-0 .OOOO -0.5001 

LOAD * 0.12503E 01 
XL YL 

0.0 0.0 
0.5000 0.0 
0.5000 0.5001 

LOAD = 0.12503E 01  
XL YL 

0.0 0.0 
0.5000 0.0 

-0.0000 -0.5001 
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E. STRESS COMPUTER PROGRAM LISTING 



MA I N 0 0 0 2  

.. MA I NOO-04 
,MAIN0003  

r M A  I N 0 0 0 5  
*MA I NO006 

M A 1  NO007 
MA 1 NO008 
M A I N 0 0 0 9  

M A I N 0 0 1  1 
M A 1  NO012 
M A  I N 0 0 1 3  
MA I N 0 0  14 
MA I NO0 15 
M A  1-NO0 16 
MA I N 0 0 1  7 
MA I N 0 0 1 8  
MA I NO0 19 
MA I NO020 
MA I N 0 0 2 1  
M A I N 0 0 2 2  . 
MA I NO023 

c ___. M-AT-RIX FOR EAC.H SUB-SYSTEM a MA I NO024 
- - - - - - - CALL - _ - ASSEM2 - - . M A I N 0 0 2 5  

_. - I F - C N S U B S  .LT-  -0 1 GO TO 5 MA I N 0 0 2 6  
- c._ _ -  CALC.ULATE THE SUB-SY2TEM PORTIONS OF THE SYSTEM STIFFNESS MATRIX M A I N 0 0 2 7  

C AND SYSTEM BOUNDARY FORCE COEFF_ICIE-NT MATRIX- a ._.__ - __ - M A I N 0 0 2 8  
- - C A L L  -ZA.LC. M A I N 0 0 2 9  

C ASSEMBI=E-THE S U B ~ S Y S ~ E M  MATRICES INTO THE SYSTEM MATRIX a MA I N 0 0 3 0  
.- .- . -_ ___ __ __ . CALL - ASSEM3.1 NBNO.DE 1 M A I N 0 0 3 1  

- . _ _ _ _ ~ _ _ .  C SOLVE- FCUR T H _ E  BOUN.OARY NODE OEFLECTIUNS I N  THE COMMON COOROINATE M A I N 0 0 3 2  
.- .- G__ .~ SYSTEM . M A I N 0 0 3 3  

- CALCHEFL-~ NBNODXJ __-. ... - . ._ .- - .  M A I N 0 0 3 4  
.- - - __ - - - - I F  - ( N S U B S  .LT2 9.1 GO J T  5 -  MA I NO035 

- c  SOLVE FOR THE IN-TERNAL NODE DEFLECTIONS OF EACH SUB-SYSTEM . M A I N 0 0 3 6  
. - - - .- CALL - - - LCEFL . M A I N 0 0 3 7  
. . G  -- CALCULAT~- THE -LOCAL NODAL DISPLACEMENT MATRIX '(DISPLL) THE MA I N 0 0 3 8  

- C LOCAL PEMBRANE STRESS MATRIX ( S T R S L M I r  AND THE LOCAL BENDING M A I N 0 0 3 9  
. .  M A 1  NO040 

- . - 10 CALL  STRESS_-(-IP.UNCH -1 M A I N 0 0 4 1  . 

- . _ _  - _ - G O T O % -  -- . - .- M A I N 0 0 4 2  
. __ _ _ _ _ _ _ _  END . -  M A I N 0 0 4 3  

M A I N 0 0 1 0  

- . . . .  . . _  ____ C STRESS MATRIX ( S T R S L B I  . 

. . 

.~ 
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. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

~~~ ~~ ~ . 

. . .  

. . . . . . .  

. . .  

. . . . .  -. . . . .  -. - - 
. .. 

. . . .  

. . . . . . . . .  __ ... _ _  ...... .- 

s 2 



"3 



14 
C 

20 

25 
C 
C 

C 
C 

24 

C 
C 
C 

15 

2 6  

30 
C 

C 

C 
C 

3 5  

C A L L  B E J S T F  I L A 9 L B v L C , I  1 MA1 N 1 0 5 2  
MA I N 1 0 5 3  I F  1 I P K I N T  .GE.  1 ) 

l W K I T E  ( 6 ~ 1 4 )  l l E L M S M l J ~ K ~ ~ K ~ 1 ~ 6 ~ ~ J ~ l ~ 6 ~ 1 ( ( E L B S M ( J 1 K ~ ~ K ~ l ~ 9 ~ ~ J ~ l v 9 ~ M A I N l O 5 4  
F O R M A T I l H 1 / 4 5 X , 2 H K M  / 6 ( 1 0 X i 6 € 1 4 - 6 / )  / / 6 5 X s 2 H K R / 9 (  l X * 9 E 1 4 . 6 / )  I M A I N 1 0 5 5  
ASSEMBLE L O C A L  S T I F F N E S S  M A T R I X  I E L S T I F )  FOR A T R I A N G U L A R  ELEMENT M A I N 1 0 5 6  
00 20 J = 1 9 6  MA IN1057  
DO 20 K = 1 9 6  M A I N  1058 
E L S T I F L I C O L 1 J ) r I C O L l K ) )  = E L M S M l J , K )  MA I N 1059 
00 25 J = 1 9 9  M A I N 1 0 6 0  
CO 25 K = 1,9 YA IN1061  
ELSTIFlICOLlJ+6)~ICOL(K+6)) = E L B S M I J e K )  MA1 N 1062 
C A L C U L A T E  THE L O C A L  G E N E R A L I Z E D  P'RESSURE FORCE M A T R I X  ( P F L G N I  FUR M A I N 1 0 6 3  
A T R I A N G U L A R  ELEMEN1 MA I N1064 
C A L L  NPFORC ( I I MA I N  1065 
C A L C U L A T E  THE CUHMON G E N E R A L I Z E D  C E N T R I F U G A L  FORCE M A T R I X  I C F L G N )  M A I N 1 0 6 6  
FOR A T R I A N G U L A R  ELEMENT M A I N 1 0 6 7  
C A L L  NCFORC ( L A v L B , L C p  I t N C F )  MA IN1068 
I F  I I P R I N T  .GE- 1 ) WRITE ( 6 ~ 2 4 )  PFLGNISYSICFLGN MA IN1069 

1 / / 2 0 X ,  284 , 3 6 H G E N E R A L I Z E D  C E N T R I F U G A L  FORCE M A T R I X  /9E12 .4 /  M A I N 1 0 7 1  
2 9E12 .4  1 MA I N 1 0 7 2  

C A L C U L A T E  THE S T I F F N E S S  M A T R I X  1 E C S T I F ) g  NODAL PRESSURE FORCE MA IN1073 

T R I A N G U L A R  ELEMENT I N  THE COMMON COORDINATE SYSTEM ( X v Y v Z )  . MA I N 1075 
C A L L  COMSTF I I , N C F  1 MA IN1076 
W R I T E  ( 1 ' 1 )  E C S T I F  MA I N  1077 
I F  ( I P R I N T  .GE- 1 ) W R I T E  (6,151 M A I N 1 0 7 8  
FORPAT (1H / / 2 5 X 9 5 5 H C O M M U N  C O O R D l N A T E  SYSTEM T R I A N G U L A R  S T I F F N E S S M A I N 1 0 7 9  

I M A T R I X  1 MA IN1080 

FORMAT 1 / / 1 8 1 1 0 E 1 2 . 4 / 8 E 1 2 . 4 / ) )  M A I N 1 0 8 2  
ADD VALUES O F  PFCGN AND CFCGN WHICH ARE CDMMON TO A COMMON NODE . M A I N 1 0 8 3  
C A L L  ACDF I I 1 M A I N 1 0 8 4  
P R I N T  GEOMETRIC BREAK-UP AND A S S O C I A T E D  P R O P E R T I E S  . M A I N 1 0 8 5  
C A L L  P R I N T 1  M A I N 1 0 8 6  
I F  I NSUbS .GT. 0 1 RETURN M A I N 1 0 8 7  
S O L V E  FOR THE NOCAL O E F L E C T I O N S  ( D I S P L )  I N  THE COMMON COORDINATE M A I N 1 0 8 8  
SYSTEM . MA I N  1089 
C A L L  D E F L  I I P H l l V T  1 M A I N 1 0 9 0  
I F  ( N P  .LE. 0 1 GU T U  5 HA I N 1091 
RET URN M A I N 1 0 9 2  
EN 0 MA IN1093  

FORMAT ( / / 2 0 X v 3 9 H L U C A L  G E N E R A L I Z E D  PRESSURE FORCE M A T R I X  / 9 E 1 2 - 4  M A I N 1 0 7 0  

M A T R I X  ( P F C G N b r  AND NODAL C E N T R I F U G A L  FORCE M A T R I X  ( C F C G N )  O F  A M A I N 1 0 7 4  

I F  I I P R I N T  .GE. 1 ) W R I T E  1 6 1 2 6 )  ~ l E C S T f F ~ J ~ K ~ ~ K ~ 1 ~ 1 8 ~ 1 J = 1 , 1 8 ~  M A I N 1 0 8 1  



.... ............. 

-_____ ..... . .... 

.... . . . . . .  .. ~ ___ 
__.__ ~ . . .  .- . .- 

~ . . . . .  ...... . .  

.. .- _. . _. ..... __ . . . . . . . . . . . . . . . . . . . . .  

__ .. ... .. . . .  

. -. - _ _  
- . - . - - - SUBROJUTINE - INPUT I IPRINT*NGP*NUP*NCHB*lBOUND*NCFt IPUNCH ) I N P U T 0 0 1  

READ AN0 PRINT ALL  INPUT I N P U T 0 0 2  
C- I N P U T 0 0 3  

-...---..tQM-~!NX---.-~- 2 P O  L* y ( 200) *. z I. Z O O )  t TH ( 200)- * I N P U T 0 0 4  
-. 1 PRESSEI 200) * X L  ( 200r3) * YL ( 20013)  t I N P U T 0 0 5  
- 2 .  RAPANGt 1001 t ZGL 1 100) 9 RHUB ( 100) R T I P  I 1001 r INPUTOO6 

- ---- _ _ _ _ _  3 THHUB J.100)  r_ T H T I P  ( 1001-r P R E S S L ( 1 0 0 ~ 1 5 ) r E O C M  ( 393)  * I N P U T 0 0 7  

- -. - 

4 RHO v OMEGA t POISSO YOUNGS RADGEN t I N P U T 0 0 8  
5 NGENLI  L I N E 1  NPRES(100)  t NEXT I 2 0 0 r 3 1  9 NP v NT I N P U T 0 0 9  
6 E.LMS.M(>A&) ,_AMNIN_(6r61 ELBSM(-9-*9) c_ A B N I N ( 9 r 9 )  I N P U T 0 1 0  

- 8 PFCGN( . lBs l )  C F C G N I 1 8 r l l r  M E X I 2 0 0 r 8 ) *  I M E X ( 2 0 0 ) r  I N P U T 0 1 2  
9 F O R C E ( 2 0 0 r 6 )  9 A L E A N ( 1 0 0 )  I N P U T 0 1 3  

1 I N T N ( 1 0 )  I N P U T 0 1 5  
DIMENSION NUP( 100) -t NCHBIlOOr 9 -LBOUNDtlOJ- . I N P U T 0 1 6  
REAL T I T L E  ( 1 8 )  INPUT017  

1 WKI TE (-6 *-5 1 INPUT018  
5 - FO-R-MA-T -(.lH_1/35HOINDUGEK STRESS PROGRAM - DECK 6 0 9 8  / / )  I NPUTO 19 

CALL DATE (BMONTHIOAYIYEAR) I N P U T 0 2 0  
WR I T-E ( 6  r7) BMONTH *DAY *YEAR I N P U T 0 2 1  

7 F O R M A I _ ~ ( H - ~ A ~ r A Z r l H / ~ A 2 r l H / r A 2 / / 1  _ _  I NPUT022 
.- . l o _ _  _READ_( 5 1  15rEND=_50) NT IT ITLE I NPUTOZ 3 

15- FORMAT I I l - t l 8 A 4 )  I N P U T 0 2 4  
- WKI-TE (6920-1 T I T L E  I N P U T 0 2 5  

. 20 FORMA-T (-5X118A4 / )  I N P U T 0 2 6  
I F . (  _NT .GT. 0 ) GO TO 10 I N P U T 0 2 7  

- - __ - -. ___ - 1 NSUBSt I P R I ~ ~ ~ B O U N O ~ ~ i ~ U N C H ~ G  _. - I N P U T 0 2 9  
. __ 25.- FQRMAT 13F10.0* E ~ O ~ O I F ~ O . O ~ ~ I ~ / ~ O I ~ ~ ~ ~ X (  I5,FlO.O) I N P U T 0 3 0  

. __ . - - _ _  - WRITE -4 6,-26 1 NSUBS2NCF r LBOUNOr IPUNCH I N P U T 0 3 1  

.. - 

. . _. ._ - _- 
7 P F L G N 1 9 r l )  C F L G N ( 1 8 r l )  I E L S T I F I 1 8 r l 8 )  9 E C S T I F I l 8 r l 8 )  s I N P U T 0 1 1  

COMMON / MANE / N S U B S ~ I P O S ~ 2 O O ~ r N 8 T S ~ l O ~ l 5 ~ ~ N I T S ~ l O ~ l 5 ~ r N B N ~ l O ~ ~  I N P U T 0 1 4  

~~ 

. . - . .. 

---- 
_ _  

_ REA0 I 5.25 1 RHOIRPM-~~OI SSO~YOUNGS*-RADGEN t NCF r NGENL I t L  1 NE1 r NGPt I N P U T 0 2 8  

- - . - - -. - ._ I F  - [ G .EO.* O+O_) G = 386.4 

.. - ......... -~ 26 FORMAT I /_/LOX-pZOHNO. OF SUB-SYSTEMS-= I ~ ~ ~ X I ~ ~ H C E N T R I F U G A L  FORCE OINPUT032  
l P T I O N  = 12/1OX*47HSU-BySY~TEM _6OUNDAR_r_ES-FORMED BY- GENERATOR L I N E S  I N P U T 0 3 3  

- - _- - - - -_ -_ 2 ~ O I ~ / _ ! O ~ X _ ~ ~ H P U _ N C H _ O P ~ T I O N  _ _  - -= ,151 I N P U T 0 3 4  
. . . .  -___. ........ I F  ( LINE&_.GT. 0 b READ 15.27)  I N C H B I I ) ~ I = l ~ L I N E l )  I N P U T 0 3 5  

I N P U T 0 3 6  
I NPUT037 

- - ~ - I F L L  NCHB_(_ILL.GT,-O. )_-GO _.TO 2 9  .. I N P U T 0 3 8  

. - - 29 - _L(;ONTI-M!E -. I N P U T 0 4 0  
INPUT04  1 

- 2 7  FORMAT (161.5)  . -  

- -  __ . _ _  -DO.29__I .= I ,  LOO 

I L - = _ N G E N L I  +-.L - __ _ _  - . - .  . I N P U T 0 3 9  . 

. - .  - . _WR I TE.. ( 6 *-3.0-1 RHO * G-* KPM t P O I  SSO 9 YOUNGS NGENLI * L I NE1 * RADGENI NGP 
- . - . . 30- _ F ~ O R M A T ~ / _ / L ~ X ~ ~ _ 1 O H O E N S I T Y  F6.4r5Xs4HG = rE12.4,5X*6HRPM F 1 0 - 1 * 5 X I N P U T 0 4 2  
_ _  __.. .. - ~_LL~H_~_OI_SSON_'S RAT1.O = F5-3rSX118HYOUNG'S MODULUS = t 1 2 e 4  / / l o x *  I N P U T 0 4 3  
-_ .-. - _ _  ___ 2- 26-tfN0.m- OJF GENE-R-ATING L I N E S  = 14r5Xr40HNOo--OF SYMMETRY CHANGES REOiNPUT044 

_____ 3UESTED = I 3  / / l O X ~ ~ ~ ~ H ~ E N E ~ R A ~ - O R ~ _ L _ I N E - O ~ F ~ € T  RADIUS = F9.3 / /  INPUT-045 . . 

......... 4 __ 10x1 I ~ ~ Z X I ~ ~ ~ ~ E L E - M E N T  PRESSURES / / I  I N P U T 0 4 6  
- . - _- __ - I F  - ( - L I N E l -  - _ ,E-Oo__O 1 GO TO 32 I N P U T 0 4 7  

_I_.__ .__ W_R_ITE ( 6 , 3 1 1  I N C H R ( . I ) r l = l v L I N E l )  I N P U T 0 4 8  
._ 3 1  FORMAT ( - l o x *  38HSYMMETRY CHANGE ABOUT GENERATOR L I N f S  15IW 1 I NPUT049 

- . - 32 RHO ~ = RHO / A--.- I NPUT050 
OMEGA = RPM *-1-*141292!L5_L30.0. ____- _ _  I N P U T 0 5 1  
K ou_NL-o - ___ __ __ .. - . ._ - __ I N P U T 0 5 2  
WR I TE Lh5J . .. - I N P U T 0 5 3  

- ____ - .. -____ OD 45 I = l,NGEtiL_I I NPU TO54 

I N P U T 0 5 6  - -- ---__-____ 1 -~ NUP - I ).v.Y-v A.UiAN_( 1 1- - _. . 

I N P U T 0 5 7  

~ -___ 

READ ( 5 9 3 5 )  R A P A N G ~ ( _ i l _ ~ ) _ ~ ~ ~ ~ _ ( I ~ ~ ~ R H U B ( I ) ~ R T I P ( I ) ~ T H H U B ( I ) ~ T H T I P (  I ) *  I N P U T 0 5 5  

- -- - - - - - J  
3 5  FORMAT ( 6 F l O . O ~ Z I 5 r F 1 0 . 0 )  



NPRES( I )  = N I N PU TO5 8 
HEAD ( 5 9 3 7 )  (PRESSL( l , J ) v J = l , N )  I NPUT059 

37  FORMAT (BF10.01 I NPUT060 
WHITE ( 6 9 3 9 )  I INPUT061 

39  FURMAT (30X*22HGENERATOR L I N E  NUMBER 13*5X,L6H(ANGLES I N  DEG.) / I  INPUT062 
INPUT063 W R I T E  (6 r 4 0 )  RAPANGI I 1 , ZGL ( I 1 ,ALEAN( I 1 rRHUBI I 1 ( R T I P t  I 1 9THHUBI I ) 9 

1 T H T l P I l ) , N U P ( I ) r N P R E S I  I ) , ( P R E S S L ( l r J ) r J = l r N )  INPUT064 
4 0  FORMAT ( 5X,13HWRAP ANGLE F12.695X, 7HZHUB = F7.3,5X,12HLEfNPUT065 

1AN ANGLE =F12.6, 5Xe13HHUB RADIUS F 8 0 4 , 5 X ~ l 3 H T l P  RADIUS = INPUT066 
2 FBm4/ 5X,16HHUB THICKNESS = F7.4*4X*16HTIP THICKNESS = F70494X1  INPUT067 
3 16HNC. OF POINTS = I 2 r 9 X 1  INPUT068 
419HNO. DF PRESSURES 13 /  40X~lOHPRESSURES / 1 0 X ~ l O F 1 2 ~ 4 / 1 0 X ~ 5 F l 2 ~ 4 I N P U T O 6 9  

I NPUT070 5 I / )  
INPUT071 KOUNT = KOUNT + 1 

IF (KCUNT .Ea. 8 )  WRITE ( 6 9 5 )  INPUT072 
IF ~ K O U N T  .Ea. 8) KOUNT = o INPUT073 
A L E A N t I I  = A L E A N t I I  * 0.0174533 INPUT074 

4 5  RAPANGII = HAPANGII 1 * 0.0174533 I NPUT075 
GO TO 55 I NPUT076 

5 0  STOP INPUT077 
INPUT078 55 RETURN 

END INPUT079 

8 6 



SUBROUTINE GEOM (NUPtNCHEtLBOUND 1 GEUM00 10 
C TRIANGULATION OF INDUCER BLADE AND DETERMINATION UF THICKNESS A T  GEOM0020 
C EACH VERTEX AND PRESSURE ON EACH TRIANGLE . GEOM0030 
C GEOM0040 

1 PRESS€( Z O O )  * XL ( 2 0 0 r 3 )  9 Y L  ( 2 0 0 9 3 )  . GEOMOO6O 
COMMON x ( 200) t Y ( 200) 9 2 ( 2 0 0 )  t TH ( 200) tGEOM0050 

2 RAPANGl 100) t ZGL ( 100) 9 RHUB ( 100) 9 R T I P  ( 100) *GEOM0070 
3 THHUB ( 100)  t THTIP ( 1001 9 PRESSL110Ot15leEDCM ( 3 9 3 )  tGEOM0080 

5 NGENLI 9 L I N E 1  t NPRESl1001 9 NEXT I 200.3) 9 NP NT 9 GEOMOlOO 

7 PFLGN(991)  t CFLGN(1891)  , ' E L S T I F ( l B t l S )  t E C S T I F ( 1 8 9 1 8 )  9 GEOMOlZO 

4 RHO 9 OMEGA t POISSO tYOUNGS 9 RADGEN 9 GEOM0090 

6 ELMSM(6.6) t A H N I N ( 6 t 6 )  t ELBSM(9.9) 9 ABNIN(999)  GEOMOllO 

B P F C G N ( l B t 1 )  9 C F C G N ( 1 8 t l ) r  MEX(ZOO*B)t I M E X ( 2 0 0 ) r  GEOMO 1 3 0  
9 FORCE(200.6) t ALEAN( 100) GEOM0140 

1 I N T N ( l 0 )  GEOMO 160 
DIMENSION PRESN(ZO0) 9 NUP(1OO) 9 NCHB1100)r LBOUNDI10) GEOMOl70 
ICHB = 1 GEOMOl80 
KDUNT = -1 GEOMO19O 
IPOS(1) = - 1  GEOMOZOO 
L I P 1  = 0 GEDMOZ 10 
L I P 2  = D GEOM0220 

GEON0230 LSUB = 1 
NP1 = 1 GEOM0240 
NT = 0 GEOM0250 
NP = NUP(1 )  GEOMOZ6O 
NS = NGENLI - 1 GEOM02 7 0  
DO 90 I = 1 tNS GEOM0280 
NT1 = NUP(1 )  t N U P ( I t 1 )  - 2 GEOM0290 
I F  ( I .NE. 1 1 GO TO 1 5  GEOM0300 

GEOM03 LO L I N E  = N U P ( 1 )  
DR = 0.0 GEDM03 11 
IF ( LINE . E a .  1 GO T O  A GEOM03 1 2  
DR = 1 R T I P t I )  - R H U B t I )  1 / FLOAT1 L I N E  - 1 GEOM0320 

GEOM03 3 0 
SINA = S I N (  RAPANG(1) 1 GEOM0340 
COSA = COS( RAPANGII )  ) GEOM0350 

GEOM0360 TANL = TAN ( A L E A N t I )  J 
DRP = I R T l P I I )  - R h U B t I )  ) / FLOAT( NPRESI I )  - 1 1 GEOM0370 
L I N E  = VUPI I )  GEOM0380 
DO 10 J = l q L I % E  GEOM0390 
I F  ( J .EQ. 1 ) GO T O  2 GEOM0400 

GEOMO4 10 KOUNT = KOUNT + 1 
I P O S ( J )  = KOUNT GEOM0420 

GEOM0430 L I P 1  = L I P 1  + 1 
N I T S ( L S U R p L I P 1 )  = J GEOM0440 

2 RADIUS = RADIUS t OR GEUM0450 
Z I J )  = Z G L ( 1 )  t ( RADIUS - RHUB(1) 1 * TANL GEOM0460 
X ( J )  = RAOGEN * COSA - RADIUS * SINA GEUM0470 
Y l J )  = RADGE.4 * SINA t RADIUS * COSA GEOM0480 
T H ( J )  = THHUB(1) t ( T H T I P ( 1 )  - THHUB(1) ) * ( RADIUS - RHUB(1) )GEOM0490 

GEOM0500 
I F  ( T H ( J )  .LT. 0.0 1 T H ( J )  = 0.0 GEOMOS 10 
J1 = I RADIUS - HHUB(1) t 0.0001 1 / DRP GEOM0520 
J1 = J1 t 1 GEOM0530 

GEOM0540 
PRESN(J) = P R E S S L ( l r J 1 )  + I P R E S S L ( l . J l t 1 )  - P R E S S L ( I 9 J l )  ) * GEOM0550 

GEOM0560 

COMMON / MANE / N S U B S ~ 1 P O S ~ 2 O 0 ~ ~ N B T S ~ l O t l 5 ~ ~ N I l S ~ l O ~ 1 5 ~ ~ N B N ~ l O ~ t  GEOMOl5O 

1 RADIUS = R H U 8 ( I I  - DR 

1 / ( K T I P ( 1 )  - R H U R I I )  ) 

I F  ( J l  .GF. NPRES(1) I GO TO 5 

1 RADIUS - DRP * FLOAT1 J 1  - 1 ) - RHUB(1) 1 / DRP 



5 
10 
15 

16 

1 7  

2 0  
25 

2 6  

GO TO 10 

CONT I N U €  
L I N E  = I 4 U P ( I t 1 )  
CR = 0.0 
I F  ( L I N E  .EQ. 1 1 GO T O  16 
DR = ( H T I P ( I t 1 )  - R H U B I I + l )  ) / F L O A T (  L I N E  - 1 I 

R A D I U S  = R H U B ( I t 1 )  - DR 
DRP = (  R T I P ( I t 1 )  - R H U B ( I t 1 )  1 / F L O A T (  N P R E S ( I + l )  - 1 1 
J 2  = NP t 1 
J3 = NP t NUP(  1 t 1 )  
S I N A  = S I N (  R A P A N G ( I + l )  ) 
COSA = C O S (  RAPANGI  1 + 1  1 1 
T A N L  = T A N (  A L E A N ( 1 + 1 )  .I 
I P O S ( J 2 )  = -1 

IF ( J .Ea. 5 2  ) GO TU 17 
KOUNT = KOUNT t 1 
I P O S I J )  = KOUNT 

I F  ( ( L S U B  .Ea. 1) .AND. ( I + 1  .LT. L B O U N O I l ) )  1 L I P 1  = L I P l  + 1 

I F  ( L S U B  .EQ. NSUBS ) L I P l  = L I P l  + 1 

P R E S N l J )  = P R E S S L ( l r N P R E S ( 1 ) )  

IF ( I t 1  . E a -  L B O U N D I L S U B I  1 L I P 1  = 0 

DO 2 5  J = J 2 9 J 3  

IF ( NSUBS . E a .  o I GO TO 17 

I F  ( ( L S U B  .Ea. I )  .AND. ( I + 1  .LT. L B O U N D ( 1 ) )  ) N I T S ( L S U B e L I P 1 1  

I F  ( L S U B  .EO. NSUBS 1 N I T S ( L S U B r L I P 1 )  = J 
I F  ( ( L S U B  .NE. 1) .AND. ( L S U B  ONE. N S U 8 S I  -AYD. (I+l - N E *  

I F  I ( L S U B  .NE. 11 .AND. ( L S U B  .NE. NSUBS)  .AND. ( I + 1  - N E *  
1 L B O U Y D ( L S U B ) )  1 L I P l  = L I P l  + 1 

1 L B O U N D ( L S U B ) )  1 N I T S ( L S U B * L I P l )  = J 
IF I I + 1  .NE. L B U U N O ( L S U B )  1 GO TO 1 7  
L I P 2  = L I P 2  t 1 
NBT S(  L SUB, L I P 2 ) 
1 1 1  = L I P 2  
I F  I L S U B  .NE. 1 f K = L B O U N D t L S U B - 1 )  
I F  ( L S U B  .NE. 1 ) 1 1 1  = 111 - N U P ( K )  + 1 
N B T S ( L S U B t 1 1  1 1 1 )  = J 
R A O I U S  = K A O I U S  t OR 
Z ( J )  = Z G L ( I t 1 )  t ( R A D I U S  - R H U B ( I t 1 )  1 * TANL 
X ( J )  = RAOGEN * C O S A  - R A D I U S  * S I N A  
Y ( J I  = RADGEN * S I N A  t K A O I U S  * COSA 
T H ( J ) =  T H H U B ( l t 1 )  t I J H T I P ( I t 1 )  - T H H U B ( f + l )  * ( R A D I U S  - 

1 R H U B ( I t 1 )  1 / ( R T I P ( I + l )  - R H U B ( I + l )  
J1 = ( H A O I U S  - H H U B ( I t 1 )  + 0.0001 1 / DRP 

=J 

J1 = J1 t 1 
IF ( T P ( J )  .LT. 0.0 ) T H ( J )  = 0.0 

GEOM0570  
GEOM0580  
GEOM0590  
GEOM0600  
G E O M 0 6 0 1  
GE 0 M060 2 
GEOMO6lO 
GEOMObZO 
GEOM0630  
GEOM0640  
GEOM0650  
GEOMO660 
GEOM0670  
GEOM0650  
GEOM0690  
GEOM0700  
GEOM07 LO 
GEOM0720  
GEOM0730  
GEOM0740  
GEOM0750  
GEOMO76O 

= JGEOM0770 
GEOM0780  
GEOM0790 
GEOMOBOO 
GEOHO8lO 
GEOMO820 
GEOMOB3C 
GEOM0840  
GEOM0850  
GEOMOB60 
GEUM0870  
GEOM0880  
GEOMO890 
GEOM0900  
GEOM0910  
GEOM0920  
GEOM0930  
GEOM0940  
GEOMO950 
GEOM0960  
GEOM0970  
GEOM0980  
GEDM0990  

I F  ( J1 .GE. N P R E S I I t l )  1 GO T O  2 0  
P R E S N ( J 1  = P A C S S L ( I t l r J 1 )  t ( P R E S S L ( I t l ~ J l + l )  - P R E S S L ( I + l r J l )  1 

1 * ( R A O l U 5  - ORP * F L O A T ( J 1 - 1 )  - R H U B ( I t 1 1  I / ORP 
GU T i l  2 5  
P R E S N t J )  = P R E S S L ( I t l , N P R E S ( I t 1 ) 1  
C(JNT1hlUE 
I F  ( I t 1  . Id€ .  L B U U N D ( L S U 8 )  1 GO TO 2 6  
L S U B  = LSUR t 1 
K = L B C U Y U (  L S U C - 1 )  
L I P 2  = X U P ( I 0  - 1 
J 1  = hT t 1 
J 2  = N T  t U T 1  
NI3 = 0 

GEOMlOOO 
GEOMlO 10 
GEOMlOZO 
GEOM 1 0 3 0  
GEOM 1040 
GEOMlOSO 
GEOMlObO 
GEOM1070  
GEOM1080  
GEOM1090  
GEOMllOO 
GEOM 11 10 
GEOM 11 2 0  



K = O  

N P T l  = N U P ( I )  
NPTZ = N U P ( I + l )  

NB1 = -2 

IF I N P T l  .Ea. NPT2) GO TO 2 7  
IF lNP12 - N P T l  .Ea. 1) GO TO 275  
IF ( N P T l  - NPTZ .EO* 1) GO TO 2 7 0  
IF (NPTZ - N P T l  .GT*  1) GO TU 2 6 5  

C BOTTOM GENERATOR HAS AT LEAST TWO MORE NODES THAN THE TOP 
C GENERATOR. 

DO 264  J = J1,JZ 
K = K + l  

IF IL .Ea. 0 )  L = 3 
L = MOC(K.3) 

GO TO ( 2 6 1 1  2621  2 6 3 ) .  L 

N E X T l J g 1 )  = N P l  + NB1 
N E X T ( J * 2 )  NP1  + NB1  + 
N E X T l J 1 3 )  = NP + NB1 / 2 
GO TO 2 6 4  

2 6 1  NB1 = NB1 + 2 

2 6 2  N E X T I J v l )  = N E X T I J - l r 3 1  
NEXTfJ,2)  = N E X T ( J 1 1 )  t 
N E X T I J v 3 )  = NEXT(J-1.2) 

2 6 3  NEXT(J.1) = NEXTIJ-1.3)  
GO TO 2 6 4  

+ 1  

NEXT(J.2) = N E X T ( J , l )  + 1 
NEXTlJ,3)  = NEXTIJ-1.2)  

2 6 4  CONTINUE 
GO T O  85  

C TOP GENERATOR HAS AT LEAST TMO MORE NODES THAN 
C THE H O T T O M  GENERATOR. 

2 6 5  DO 2 6 9  J J l r  J 2  
K = K + l  

I F  I L  .Ea. 0) L = 3 
L = MOOlK,3) 

GO TO ( 2 6 6 9 2 6 7 1 2 6 8 1 1  

NEXT(J.1)  = NP + NB1  
N E X T ( J v 2 )  = NP + NE1 
NEXT(J,3J = N P l  + NB 

2 6 7  YEXT(Jv1 )  = NEXTIJ -1  
N E X T l J 1 2 )  = NEXTIJ.1 

2 6 6  NR1 = NE1 + 2 

GO TU 2 6 9  

L 

+ 1  
+ 2  

/ 2  

3 )  

NFXT(J.3) = NEATIJ-1.2) 
GO T O  269  

268  N E X T l J 1 1 )  = NEXTIJ -113)  
N E X T l J e Z )  = N E X T I J * l )  + 1 
NEXT(J.3) = NEXT(J -1 ,2 )  

+ 1  

269  CONTINUE 
GO TU 8 5  

C BOTTOM GENERATOR HAS ONE MORE NUDE THAN THE TOP GENERATOR. 
2 7 0  N E X T l J 1 1 1 )  = NP1 

NEXT(J1,Z)  = N P 1  + 1 
N E X T ( J 1 1 3 )  = NP + 1 
IF l J 1  .EQ. J Z )  GO TU 8 5  
J 1 1  = J1 + 1 
CO 2 7 1  J = J 1 1 v J 2  
NEXT1 J P 1 )  = I4FK.T I J-1 t 3 )  

GEOMl l30  
GEOMl140 
GEOMl l50 
GEOM1160 
GEOMl l70  
GEOM1180 
GEOML 190 
GEOM1200 
GEOM1210 
GEOM 1220  
GEOM1230 
GEOM1240 
GEOM1250 
GEOM1260 
GEOM1270 
GEOM1280 
GEOM 1 2 9 0  
GEOM1300 
GEOM 1 3  10 
GEOM 1320  
GEOM 1330  
GEOM1340 
GEOM 1350  
GEOM1360 
GEOM1370 
GEOM1380 
GEOM 1390 
GEOM1400 
GEOM1410 
GEOM1420 
GEOM1430 
GEOM1440 
GEOM1450 
GEOM1460 
GEOM1470 
GEOM 1 4 8 0  
GEOM1490 
GEOM1500  
GEOMlSlO 
GEOM1520 
GEOM1530 
GEOM1540 
GEOM1550 
GEUM1560 
GEOM1570 
GEOM1580 
GEOM1590 
GEUM1 600 
GEOM1610 
GEUM1620 
GEUM1630 
GEOM 1 6 4 0  
GEOM1650 
GEOM 1660 
GFOM1670 
GEOM1680 
GEOM1690 
GEOM 1700 



N E X T I J , Z )  = N E X T I J v l ) + l  
2 7 1  N E X T l J . 3 1  = N E X T t J - 1 . 2 )  - .  ~ 

GO TO 6 5  
C TOP GENERATOR H A S  OaE MORE NODE THAN THE BOTTOM GENERATOR. 

2 7 5  N E X T l J l v l )  = N P  + 1 
N E X T I J 1 , Z )  = NP + 2 
N E X T l J l r 3 )  = N P 1  
I F  I J 1  .EQ. J 2 )  GO TU 85 
J l l  = J1 + 1 
DO 276 J = J11i J 2  
N E X T I J * l )  = N E X T ( J - l r 3 )  
N E X T (  J v 2 )  = N E X T I J ,  1)+1 

276  N E X T l J q 3 )  = N E X T l J - l v 2 )  
GO T O  85 

C SAME NUMBER OF NUOES ON TOP AND BOTTOM GENERATORS . 
27 I F  ( RADGEN .NE. 0.0 1 GO TO 55 

I F  I N C H B ( I C H 8 )  .EQ. I ) GO TO 40 
I F  ( ICHB .GE. 2 1 GO TO 42 

28 00 3 5  J = J l i J 2  
K J - J1 + 1 
I F  t M G D ( K v 2 I  .EQ. 0 1 GO TO 30 
NB = N8 + 1 
N E X T ( J t l 1  = N P  + NB 
N E X T l J , 2 )  = NP + NB + 1 
N E X T l J 1 3 )  = N P 1  + NB - 1 

30 N E X T ( J g 1 )  = N P l  + N B  - 1 
GO TO 35 

N E X T ( J 9 2 )  = N P 1  + N E  
N E X T ( J 9 3 )  = N P  + N E  + 1 

35 C O N T I N U E  
GO TO 85  

40 ICHB = lCH8 + 1 
42 I F  I M G D l I C H B , Z )  .EQ. 1 ) GO TO 28 

DO 50 J = J l v J 2  
K = J - J1 + 1 
I F  1 M O D l K v 2 )  .EO. 0 I GO TO 45 
N B  = N B  + 1 

N E X T l J v 2 )  = N P 1  + NB 

GO TU 50 

N E X T I J I L )  = NPA + N B  - 1 

N E X T ( J 9 3 1  = NP + 'VB 

45 N F X T I J - 1 )  N P  + N8 
N E X T I J I Z I  = N P  + N B  + 1 
N E X T l J , 3 )  = N P 1  + NB 

50 C O N T I N U E  
GO TO 85 

55 I F  ( N C H B I I C H M )  .EQ. 1 ) GO T U  70 
I F  ( I C H B  .GE. 2 ) GO TU 77 

K = J - J 1 + 1  
I F  I MODlKr2) .EO.  0 1 GO TO 60 

N E X T I J , l )  = N P 1  t YB - 1 

N F X T l J v 3 1  = NP + N B  

5 8  00 6 5  J = J l t J Z  

N B  = NO t 1 

N E X T 1 J r 2 )  = N P l  t N B  

GO TU 65 

N C X T ( J v 2 )  = N P  t R1B t 1 
60 N E X T ( J , L )  = NP t N H  

G E O M 1 7 1 0  
G E O M l 7 2 0  
GEOM 17 30 
G E O M 1 7 4 0  
GEOM175O 
G E O M 1 7 6 0  
G E O M 1 7 7 0  
GEOM 1780 
G E O M 1 7 9 0  
GEOMlBOO 
G E O M l B  10 
G E O M 1 8 2 0  
GEOM 18 30 
G E O M 1 8 4 0  
G E O M 1 8 5 0  
GE OM 1860 
G E O M 1 8 7 0  
G E O M 1 8 8 0  
G E O M 1 8 9 0  
G E O M 1 9 0 0  
G E O M 1 9 1 0  
G E O M 1 9 2 0  
G E O M 1 9 3 0  
G E O M 1 9 4 0  
GEOM 1950 
G E O M l 9 6 0  
G E O M l 9 7 0  
G E O M 1 9 8 0  
G E O M l 9 9 0  
G E O M 2 0 0 0  
GEOM2OlO 
G E O M 2 0 2 0  
G E O M 2 0 3 0  
G E O M 2 0 4 0  
G E O M 2 0 5 0  
G E O M 2 0 6 0  
G E O M 2 0 7 0  
GEOMZOBO 
G E U M 2 0 9 0  
GEOMZ 100 
G E O M 2 l l O  
G E O M 2 l  20 
GEOMZ 130 
GEOM2 140 
G E O M 2 1 5 0  
G E O M 2 1 6 0  
G E O M 2 1 7 0  
GEOM218O 
G E O M 2 1 9 0  
G E O M 2 2 0 0  
GEOM22 10 
GEOM222O 
G E O M 2 2 3 0  
G E O M 2 2 4 0  
G E O M Z 2 5 0  
G E O M 2 2 6 0  
GEOM22 70 
G E O M 2 2 8 0  



6 5  

10 
72 

75  

80 
65 

8 6  

8 7  

8 8  

90 

95  

100 

110 

NEXT(J.3) NP1  + NB 
CONTINUE 
GO TU 8 5  
I C H B  = ICHB + 1 
I F  ( M O U ( I C H 8 ~ 2 )  .EO. 1 1 GO TO 5 8  
00 80 J sz J l e J 2  
K f J - J1 + 1 
I F  ( MOD(K.2) *EO.  0 GO TO 75 

NEXT(J.1) = NP + NB 
NEXT(J.2) = NP + NB + 1 
NEXT(J.31 NP1 + NE - 1 
GO TU 80 
NEXT(J.1) N P l  + NB - 1 
NEXT(J.2) N P l  + NO 
N E X T ( J t 3 )  NP + NB + 1 
CONTINUE 
CONTINUE 
NP1 -5 NP + 1 
NP = NP + N U P ( I + l )  
NT = NT + NT1  

NB = NB + 1 

I F  I NP .LE. 200  1 GO T O  8 7  
WRITE (6.86)  
FORMAT (//20X,35HMURE THAN 2 0 0  POINTS WERE GENERATEO I 
RETURN 
I F  ( NT .LE. 200  1 GO TO 90 
WRITE (6 .88 )  
FORMAT (//ZOXp37HMORE THAN 2 0 0  ELEMENTS WERE GENERATEO I 
RETURN 
CONTINUE 
DO 95 I = 1,NT 
J1 = NEXT(I .1)  
J 2  N E X T ( I . 2 )  
J 3  = NEXT( I .3 )  
PRESSEI I )  = I PRESN(J1) + PRESNIJ2)  + PRESN(J3) ) / 3.0 
I F  ( NSUBS .EO. 0 ) RETURN 
I = LBOUND( 1 1  
hlBN(1) = N U P ( I 1  - 1 
DO 110 I = l tNSUBS 
IF ( I .EQ. 1 1 GO TO 100 
J = LBOUND(1-11 
NBhl(1) = NUP(J )  - 1 
I F  ( I .EO. NSUBS 1 GU TO 100 
J = LBOUND(1) 
N R N t I )  f N R N i I )  + N U P ( J )  - 1 
J2  = LRUUND(I1 - 1 
IF ( I .EO. NSUBS 1 JZ = NGENLI 
J1 = 1 
I F  ( I . G T .  1 I J 1  = LBOUNDII-11 + 1 
I N T N ( 1 )  = 0 
00 110 J = J l t J 2  
I . V T N ( I )  f INTNt I )  + NUP(J )  - 1 
9 ET URN 
END 

GEOM2290 
GEOM2300 
GEOM2310 
GEOM2320 
GEOM2330 
GEUM2340 
GEOM2 3 5 0  
GEOM2360 
GEOM2370 
GEOM2380 
GEOM2 3 9 0  
GEOM2400 
GEOM2410 
GEOM2420 
GEOM2430 
GEOM2440 
GEOM2450 
GEOM2460 
GEOM2470 
GEOM2480 
GEOM2490 
GEOM25OO 
GEOM25 10 
GEOM2520 
GEOM2530 
GEOM2540 
GEOM2550 
GEOM2560 
GEOM2570 
GEOM2580 
GEOM2590 
SEOM2600 
MOM26 10 
GEUM2620 
GEOM2630 
GFOM2640 
GEOM2650 
GEOM2660 
GEOM2670 
GEOM2680 
GEOM2690 
GEOM2700 
GEOM2710 
GEOM2720 
GEOM2730 
GEOM2740 
GEOM2750 
GEOM2760 
GEOM2770 
GEOM2780 
GEOM2790 
GEOM28OO 
GEOM28 10 
GEOM2820 



S U B R O U I I N E  D I R C O S  ( L A t L B t L C r  I )  e D I R C O S O l  
C C A L C U L A T E  THE C I R E C T I O N  C O S I N E  M A T R I X  (EOCFO OF ELEMENT LOCAL AXESDIRCOSOZ 
C ( X L * Y L , Z L )  R E L A T I V E  TU COMMON A X E S  ( X t Y p Z )  D I R C O S 0 3  
C DI R C O S 0 4  

1 P R E S S € (  2 0 0 )  p X L  ( 20093) t Y L  ( 2 0 0 9 3 )  t D I R C O S O I  
COMMON X I 200) , Y ( 200)  , z I 2 0 0 )  t TH ( 2001 s D I R C O S O 5  

2 R A P A N G i  100) p ZGL ( 1 0 0 )  8 RHUB ( 100) * R T I P  ( 100) * D I R C O S O 7  
3 I H H U B  ( 100) 9 T H T I P  I 100)  t P R E S S L ( l O O t l S ) , E O C M  ( 3 9 3 )  r D I R C D S O 6  
4 RHO t OMEGA P O I S S O  t YDUNGS t RADGEN p 01 RCOSO9 
5 N G E N L I  t L I N E 1  9 N P R E S ( 1 0 0 )  t N E X T  I 200.3) N P  , NT OIRC'OS10 

DOUBLE P R E C I S I O N  L12 9 S 1 X  , S l y  S 1 Z  * 51 S 2 X  * S Z Y  * S 2 Z  w O I R C O S l l  
1 52 O l R C O S l Z  
L12 = S P R T (  ( X ( L B ) - X ( L A J ) * * Z  + ( Y ( L E ) - Y f L A J J * * 2  +ILIL~)-Z(LA))**ZIDIRCOS~~ 
S 1 X  = l Y ( L B ) - Y ( L A ) )  * ( Z ( L C ) - Z l L A ) )  - ( Y ( L C ) - Y ( L A ) ) * I Z ( L B ) - Z ( L A ) )  0 1 R C O S 1 4  
S l y  I Z ( L B ) - Z ( L A ) I * ( X ( L C ) - X ( L A ) )  - ( Z ( L C ) - Z ( L A I ) * ( X ( L B ) - X ( L A ) )  9 I R C O S 1 5  
S 1 Z  = ( X I L 8 )  - X ( L A ) )  * ( Y t L C )  - Y t L A ) )  - ( X ( L C )  - X t L A ) )  * DI R C O S l 6  

t ( Y ( L B )  - Y ( L A ) )  DI RCOS 17 
S I G N  = 1.0 D I RCOS 18 
I F  ( L C  .LT-  L B  1 S I G N  = -1-0 01 R C O S l 9  

01 R C O S 2 0  5 S 1 X  = S I X  S I G N  
S l y  = S l y  * S I G N  D I RCOS2 1 

D I R C O S 2 2  S 1 Z  = S 1 L  S I G N  
10 S 1  =DSPRT[  S 1 X * * 2  + S l Y * * 2  + S 1 2 * * 2  1 01 R C O S 2 3  

S 2 X  = S 1 Y  * ( Z i L B )  - .!(LA)) - S 1 Z  * I Y ( L B )  - Y ( L A ) )  DI  R C D S 2 4  
S 2 Y  = S 1 Z  * ( X ( L 8 )  - X t L A ) )  - S 1 X  * ( Z t L B )  - Z t L A ) )  D f R C O S 2 5  

D I R C O S 2 6  
01 R C O S 2 7  52 =OSPRT(  S 2 X * * 2  + S 2 Y * * 2  + S 2 Z * * 2  1 

E O C M ( l r 1 )  = ( X ( L B )  - X ( L A ) )  / L12 D? R C O S 2 8  
E D C M l 2 p l )  = I Y I L B )  - Y t L A ) )  I L 1 Z  D I R C O S 2 9  
E O C M ( 3 , l )  = I Z ( L B )  - Z i L A )  ) / L12 D I R C O S  30 
E D C N ( l r 2 )  = S 2 X  / 52 D I RCOS 31  
E O C P ( 2 1 2 )  = S 2 Y  / s2 01 RCOS32 
E D C M ( 3 t 2 )  = S 2 L  / 52 D I R C O S 3 3  
E O C M ( l p 3 )  = S 1 X  / S 1  0 I RCOS 34 
E D C M ( 2 9 3 )  = S l y  / 5 1  O I R C O S 3 5  
E D C H ( 3 r 3 )  = S 1 Z  / SI DI R C O S 3 6  
RETURN D I R C O S 3 7  
E N 0  DI RCOS38 

s 2 z  = s i x  * ( y ( L e )  - Y ~ L A ) )  - s l y  * ( X ( L B )  - X(LAI) 



S U B R O U T I N F  LCOURC ( L A I L B ~ L C S  I )  LCCORDO 1 

C FROM COMMON NOOAL C O O R D I N A T E S  ( X * Y * Z )  - L C O O R 0 0 3  
C D E T E R M I N E  LOCAL NODAL COORDINATES (XLVYLIZL)  OF T R I A N G U L A R  ELEHENTLCOORDOZ 

C 
COMMON X I 2 0 0 )  , 

1 P R E S S E l  Z O O )  9 

Z R A P A N G l  100)  t 

3 THHUB I 1001 9 

4 RHO OMEGA 9 

5 N G E N L I  9 L I N E 1  
X L (  1 9 2 ) =  EOCM( 1, l )  * 

1 

LCOURD04 

X L  I 200*3) p Y L  I Z C O v 3 )  9 LCOORD06 
Y I Z O O )  * z I 2 0 0 )  9 TH , I Z O O )  vLCOORDO5 

ZGL ( 100) * RHUB ( 100) v R T I P  ( 100) v L C O O R 0 0 7  
T H T l P  I L O O )  9 P R E S S L I l O O p 1 5 ) ~ E O C M  ( 3 9 3 )  ,LCOORDOB 
P O I S S O  v YOUNGS 9 RAOGEN 9 LCOORD09 
9 N P R E S ( 1 0 0 )  N E X l  1 200,3) 9 N P  9 NT LCOOROlO 
X I L B )  - X ( L A I )  + E D C M ( Z * l )  * I Y I L B I  - Y ( L A 1 ) L C O O R O l l  

L C O O R O l Z  
2 9 1 )  * ( Y ( L C I  - Y I L A ) ) L C O O R D 1 3  

L C O O R 0 1 4  
2 1 2 )  * ( Y I L C )  - Y ( L A ) ) L C O O R O l S  

LCOORO16 
L C O O R 0 1 7  
L C O O R D l e  



SUBHlJUTINE MEP’STF ( LAA,LBBvLCC,IE 1 MEMSTFO 1 
C CALCULAlE THE LOCAL PEMMKAQE STIFFNESS MATRIX (FLMSM) FOR A MEMST F02 
C TRIANGULAR ELEMEAT . MEMSTF03 
C MEMS TF04 

1 PKESSEI 2 0 0 )  t XLL ( 2 0 0 ~ 3 1  t YLL I 2 0 0 9 3 )  MEMSTF06 
COF(MIIN X 1 2 0 0 )  1 Y I 2 0 0 1  , 2 f 2 C 0 )  9 TH ( 2 0 0 )  9MEMSTFOS 

2 RAPANG( 1 0 0 1  q ZGL ( 100) t RHUB ( 100)  1 R T I P  ( 1 @ O )  ,MEMSTF07 
3 THHUB I 100)  p THTIP I 1001 9 PRESSLI100 , lS ) i tOCM I 3 1 3 )  rMEMSTFO8 

5 VGFNLI 9 L I N E 1  9 NPRES(100) 9 NEXT I 2 0 0 9 3 )  q NP 7 N I  9 MEMSTF10 

7 PFLGN(Vp1) 

4 RHO t OMEGA q PUlSSU 9 YOUNGS P RAOGEN q MEMSTFO9 

ELMSMI6r61 , A M N l N ( 6 r 6 )  t ELBSM(9,91 ARNINI999)  , MEMSTFl l  
MEMSTF 1 2  

6 

CUMPUN / TBAR / THMAR(2OO) ME MSTF 1 3  

1 T N ( 6 r l )  t ZINT (1.61 Z l ( 6 9 6 )  2 2  1 6 9 6 1  MEMSTFl5 
DIMENSION Y L ( 3 )  t X L l 3 1  MEMSTF16 

1 TN 9 11 9 2 2  MECSTF18 
OATA LAiLB,LC / 1 9 2 3 / MEMS T F 19 

O A T A  WCT i.0~o,~*o.oco,i.ono,3*o.oo~.z*i.o~o,3*o.ooo MEMSTFZ 1 
C A T A  AMNITpEMpTV / 51+0.000 / MEMSTFZZ 
XC(LB)  = X L L I l E , Z )  MEMSTF23 
X C ( L t )  = X L L l I C . 3 )  MEMSTF24 
Y L I L C )  = YLL(  I € ,  3 )  NEMSTF25 
TERM = YOUNGS / I 1.0 - PUISSU**2 ) MEMST F26 
E M i 1 * 1 )  = TERM MEMSTF27 
EM(1,L) = TERM * PUISSU MEMSTFZB 
EM(2911 = € M ( 1 ~ 2 )  MEMS TF29 
EM(2.21 = TFKM MEMSTF30 
E M I 3 9 3 )  = I 1.0 - PUIS50  1 * TERM / 2 - 0  MEMSTF31 
A M N I N I l p l )  = -1.0 / XL(LU1 HEMSTF32 
ACNIN(1,3) = - AMNIV(1 , l )  MEMSTF33 
AMNIN(2,Zl  = AMNINI l r l l  ME MS T F 3 4  
AWN IN( 29 4 )  = AMN I N 1  1 9  3 )  MEMSTF35 

MEMSTF36 
APNIN(3 .3)  = - X L ( L C )  / X L ( L B 1  / Y L I L C )  MEMSTF37 

HEMS TF38 AMNIN(3 ,S l  = 1.0 / Y L ( L L )  
MEMSTF39 

AMNIN(4,41 = AMNINI3.31 MEMSTF40 
ACNIY( 4 1 6  I = AMN I &  I 39 5 1  MEMS TF4 1 
AMNIN(5.11 = 1.0 MEMST F42 
AMNIN(6,ZI = 1.0 ME MS T F 4 3  
DI1 1: I = 1.6 MEMSTF44 
Z I N T ( l . 1 1  = 0.0 ME MS T F 4 5  
CC? 10 J = 196 MEMST F46 

I C  AMN1TI I .J )  = A M N I N ( J q I 1  MEMSTF47 
r N ( i . 1 1  = T H I L A A )  ME M S TF48 
TN13.11 = T H I L d D I  MEMS TF49 
TNI5 .11  = TH(LCC) MEMSTF50 
CALL L h l 1  ( I T _ . L I U T  I MEMSTF5 1 

OIMENSION AMNIT(6q6)  9 WM(3r61 . WMT(6.31 q EM(3.3) t MEMSTFL4 

DOUBLE PRECISION Z I N T  1 XL Y L  9 TERM . ACNIT 9 WM 8 WMT p E M  9 MEMSTF17 

O A T A  ClP / 1 ~ 0 0 0 ~ 4 * 0 ~ 0 0 0 ~  1 ~ 0 0 0 ~ 2 * 0 ~ 0 0 0 ~  l ~ O O O ~ O ~ O O O ~  1 . O O O q 7 * O ~ O D O  / MEMSTF20 

A M N I N 1 3 r l l  = I X L ( L C 1  - X L l L b )  ) / X L I L B )  / Y L I L C )  

AMN I ‘4 1 4 v L 1 =  AM^ I N I 3 q 1 I 

15 J = 1,6 
1,J) = 0.0 
15 K = 1 9 6  
1 v J )  = L l (  
l r l )  = 0.0 

1 . 1 1  = I Z I  
70 K = 1.6 

, J l  + L I J T ( 1 , K l  * AMN1hIK.J) 

,11 + L 1 1 1 , K I  * TN(K,II 

MEMSTF52 
MEMSTFS3 
CEMSTF54 
MEMSTF55 
MEMSTF56 
HEMS TF57 
MEMSTFSM 



25  

30 

35 

40  

THBAR(IE) = I TH(LAA)  + TH(LBB1 + TH(LCC 
00 25 I = 1 9 6  

DO 25 J = 193 
2111,J )  = 0.0 
00 25 K 1.3 
2 1 I I . J )  1 L l l I r J 1  t 2 2 1 1 p 1 )  * W M T I I I I O  * 
DO 30 I = 1 9 6  

00 30 J = 1.6 
L Z ( I 9 J )  * 0.0 
DO 30 K = 1.3 
Z Z ( 1 . J )  = Z2 (  
DO 35 I = 1.6 
00 35 J = 1 9 6  
ZllItJt * 0.0 
DO 35 K = 1.6 
L l l I ~ J l  = 211 
DO 40 I * 196  
DO 4 0  J = l r 6  

r J 1  + A M N I T ( 1 r K )  * Z2tK.J) 

E L M S M ( I * J )  = 0.0  
DO 40 K f 1.6 
ELWSM(I rJ1  = E L M S M I I ~ J )  + Z l l I v K )  * AMNIN(K9JI  
RETURN 
END 

MEMSTF59 
MEMSTF60 
MEMSTF61 
HEMS T F 6 2  
MEMSTF63 
MEMS TF64 
ME MS T F65 
HEMST F 6 6  
MEMSTF67 
MEMSTF68 
MEMS TF69 
MEMST F 70 
MEMSTF71 
MEMS TF 72 
MEMS T F7 3 
MEMSTF74 
MEMSTF7* 
HEMSTF76 
MEMSTF77 
HEMST F 78 
MEMSTF79 
MEMSTFBO 
MEMSTF8 1 
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1 
2 

3 

4 
5 

SUBR1;UTlaE Z l i . ( T 1  I l t , Z l N T  ) ZINT 1001  

THE SURFACE OF T H E  TRIANGLE Z I N T 1 0 0 3  
f- IXL,YL) = 1.0 Z I N T 1 0 0 4  
F I X L , Y L I  = XL Z INT1005 
F(ALIYL) = YL L I NT 1006 

ZINT 1007 

1 PRESSEI 2 0 0 )  9 ALL ( 2 0 0 ~ 3 )  t YLL ( 2 0 0 9 3 )  t Z I NT 1009 

USING GAUSSIAN QUADRATURE, INTFGRITE THE FGLLOWING FUNCTICkS OVER Z I N T 1 0 0 2  

COCHON x ( 2 0 0 )  , Y I Z O O )  , z ( 200) TH ( 2001 ,ZINT1008 

2 RAPANGI 1 0 0 )  ZGL I 100)  , RHUB I L O O )  9 R T I P  I 100) ,L INT1010 
3 THHUB ( 100) 9 T H l l P  ( 100) 9 PRESSL(100,15lrkOCM I 3 9 3 )  p L I N T l O 1 1  
4 RHO 9 OMEGA POISSO 9 YOUNGS RADGEN 9 Z I  UT 1012 
5 YGENLI 9 L I N E 1  I NPRESl100)  9 NEXT ( 200*3) NP 9 N T  9 ZINT1013 
b ELMSM(6.6) t AMNIN(6,6) ELBSM(9,9) t A B N I N ( 9 9 9 )  t 2 INT LO14 
7 PFLGN(991)  L I N T  LO 15 

1 X I L ( 1 0 )  9 X I R l 1 0 )  L I N T I 0  17 
CIMENSION Y L ( 3 )  , X L ( 3 )  2 I NT10 18 

1 X I L  , X l R  , XL , YL ZINT 1020 
D A T A  LArLB,LC / 1 9 2 9 3 / 2 1  NT 1021  

DIYENSIUN Z I Y T ( l 9 6 )  A ( 1 0 )  9 Hl10) 9 Y I I I O )  , X I ( 1 0 )  AREA(10) ,Z INT1016 

DOURLE PRECISIUN YU 9 HT XU 9 Z I N T  t A p H 9 Y 1  9 X I  9 AREA * Z I N T l O 1 9  

C A T A  A / - .97390652851711 t - .86506336668899 9 - .67940956829902 , Z I N T 1 0 2 2  
1 -.43339539412925 t - .14887433898163 - 1 4 8 8 7 4 3 3 8 9 8 1 4 3  9 ZINT1023 
2 - 4 3 3 3 9 5 3 9 4 1 2 9 2 5  , .67940956829902 t - 8 6 5 0 6 3 3 6 6 6 8 8 9 9  9 Z l N T 1 0 2 4  

D A T A  I-? / .06667134430865 9 .14945134915058 9 .21908636251598 p ZINT1026 
1 .26926671930100 , - 2 9 5 5 2 4 2 2 4 7 1 4 7 5  * .29552422471475 9 Z I N T l O 2 7  
2 .26926671930100 , .21906636251598 9 .14945134915058 * L I N T 1 0 2 8  

3 . 9 7 3 9 0 6 5 2 8 5 1 7 1 1  / Z I NT 1025 

3 .Ob667134430869 / L I N T  1029 
X L ( L 8 )  = X L L ( I E , Z )  ZINT 1030 

L I N T 1 0 3 1  X L I L C )  = X L L ( I t r 3 )  
Y L I L C )  = Y L L l I E , 3 )  Z INT1032 

ZINT 1033 Y O  = 0.5 * Y L ( L C )  
2 I N 1  1034 co 3 I = 1 , l O  
L I N T 1 0 3 5  Y I ( 1 )  = YO + A ( I )  * YO 

X I L I I )  = X L I L C )  * Y I ( 1 )  / Y L I L C )  Z I NT 1036 
ZINT 1037 X I R ( 1 )  = X L I L B )  - ( X L I L B )  - X L I L C )  ) * Y I ( 1 )  / Y L I L C )  
2 I NT 1038 I F  ( I .NE. 1 1 GO 10 2 
Z I N 1  1039 HT = 0.0 
Z I  NT 1040 DO 1 J = l t l 0  

HT = HT t H ( J )  2 1  NT 104 1 
Z I N 1  1042 A K E A ( I ) =  X L ( L H )  * ( 1.0 - A ( [ )  1 * 0.25 * HT 

Z I N T ( l v 5 )  = ZINTl1,S) + C A B S ( Y L ( L C ) l  * 0.5 * AREA( [ )  * H ( I )  L I N T 1 0 4 3  
Z I N T ( l r 3 )  = L I I q T [ 1 , 3 )  + O A B t l Y L ( L C ) )  * 0.5 * Y l l I )  * A R E A I I )  * H I 1 1  L I N T 1 0 4 4  
DO 5 1 = 1,lO Z I NT 1045 

L I NT 1046 x I 1  = X I L I I I  + 0.5 * ( X I R ( I 1  - X I L ( 1 )  ) 
A R E I ( I l =  0.0 L I N T 1 0 4 7  

Z I  NT1048 00 4 J = 1.10 
L I N T  1069 X I ( J 1  = XO + A ( J )  * ( XU - X I L I I )  1 

A H F A ( I ) =  O I ( F A ( 1 )  + XL(L t3)  * ( 1.0 - A ( 1 )  1 * 0.75 * H I J )  * X I I J I  L I N T 1 0 5 0  
Z I N T ( 1 , l )  = L I U T ( 1 , l )  + U A H S ( Y L ( L C ) )  * 0.5 * AREA111 * H I 1 1  Z I N T l O S l  
H E T U Y N  Z I  Y T 1 0 5 2  
EtJC Z I N 1  1053 
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SUBROUTINE BENSTF ( LAA,LBBvLCC#IE BENSO010 

C BENS0030 

1 PRESS€( 2 0 0 )  * XLL ( 2 0 0 r 3 1  9 YLL ( 200.3) 9 BENS0050 

C CALCULATE THE ELEMENTAL LOCAL BENDING STIFFNESS MATRIX (ELBSW) . BENS0020 

COMMON X ( 2 0 0 )  * Y ( 2 0 0 )  . z ( 2 0 0 )  9 TH ( 200) (BENSO040 

2 RAPANGt 103)  p LGL ( 100) t RHUB ( 1 0 0 )  p R T I P  ( 100) rBENS0060 
3 THHUB ( 100) I THTIP ( 100) p PRESSL(LOOt15).EOCM ( 3.3) .BENSO070 

5 NGENLI L I N E 1  * NPRES(1001 t NEXT ( 200,31 NP t NT p BENSO090 
4 RHO * OMEGA 9 P O I S S O  * YOUNGS 9 RADGEN BENSO080 

6 ELMSM(6r6)  9 AWNIN(6q6) 9 ELRSM(9.9) t ABNIN(9p9)  9 BENSOl 00 
I PFLGN( 9q 1)  BENSOllO 

ClHENSlDN ABNIT(9 .9)  p Z l ( 9 9 9 )  9 i I N T ( 9 1 9 1  BENS 0 1 2 0  
DIMENSION Y L ( 3 )  t X L ( 3 1  BENSOl30 

1 ZINT 9 XL t YL BENSO150 
DATA LA1LBqLC / 1 9 2 9 3 / BENSO160 
X L l L B l  = X L L ( I E . 2 )  BENSO170 
X L I L C )  = X L L I I E . 3 )  BENSO180 
Y L I L C )  = Y L L ( I E . 3 )  BENSO 190 
ABNINt 1 1 1 )  = 1-0 BENSOZOO 
A B N I N ( 2 * 3 )  = -1.0 BENSO2 10 
ABNIN(3.2) 1.0 BENS0220 
A B N I N ( 4 9 1 )  1-3.0 / X L I L B )  / X L I L B )  BENS0230 
A B N l N ( 4 p 3 )  = 2 - 0  / X L t L B )  BENSO240 
A B N I N ( 4 r 4 )  1 - A B N I N ( ~ I ~ ~  BENS0250 
A B N I N ( 4 r 6 )  = 1.0 / X L ( L B )  BENS0260 
ABNIN15.11 - 3.0 * 4 XL(LC)**2  - XL(LB1**2 ) / ( X L ( L B ) * Y L ( L C l ) * * 2  BENS0270 
A B N I N ( 5 i 2 )  = -2.0 / Y L ( L C )  BENSO280 
A B N I N L 5 ~ 3 )  2.0 * ( X L L L B l  - X L t L C I  1 * X L I L C )  / X L ( L B )  / Y L ( L C )  BENSO290 

1 / Y L I L C )  BENS0300 
ABNIN(5.4) - 3 . 0  I X L I L C )  / X L ( L B )  / YL(LC)  ) * * 2  BENS0310 
ABNIN(5.6) - ( X L ( L C )  / YL(LC)  ) **2 / X L t L B I  BENS0320 
A B N I N ( 5 r 7 1  i: 3.0 / Y L ( L C )  / YL(LC)  BENSO330 
A B N I N ( 5 r B )  = - 1.0 / Y L l L C f  BENSO340 
ABNIN(5.9) = X L ( L C )  / Y L f L C )  / YL(LC1 BENS0350 
ABNIN(6 ,L I  = 2.0 / X L ( L B I * * 3  BENS0360 
A B N I N ( 6 v 3 )  * - 1.0 / X L ( L B )  / X L ( L B )  BENS0370 
ABh l IN (6 r4 )  = - A B N I N ( 6 r l )  BENS03 BO 
ABN I N ( 6 * 6 1 = ABN I N  ( 6 p 3 ) BENS0390 
A B N I N l 7 q 2 )  = A B N i N ( 6 v 3 )  BENSOCOO 
ABNlN(7.51 - ABNIN(6 .3)  BENSO410 
ABlUIN(B.1) = 6.0 * X L ( L C I  / X L ( L B ) * * 3  / YL(LC)**Z  * (XL(LBI -XL(LC))BENS0420 
ABNIN(Bv2)  = 2 - 0  * X L ( L C )  / X L ( L B )  / X L ( L B )  / Y L I L C )  BENS0430 
ABNIN(B.3) = I X L ( L B )  - 3,0*XL(LC) ) * X L ( L B )  - X L ( L C )  / BENS 0 4 4 0  

1 ( X L ( L B )  * Y L ( L C ) ) * * 2  BENSO450 
ABNIN(8.4) 6.0 * X L l L C )  * ( X L ( L C )  - X L ( L B )  1 / X L ( L B ) * * 3  / BENS0460 

1 YL (LC 1**2 BE NS04 7 0  
A R N I N ( B r 5 )  = -2.0 * X L ( L C )  / X L ( L B )  / XL(LB)  / YL(LC)  BENSO400 

BENS0500 
ARNIN(8.9) = -1.0 / Y L ( L C )  / Y L I L C )  BENS05 10 
A B N I N ( 9 r l )  = 2.0 * ( Z m 0 * X L ( L C ) * * 3  - X L l L B ) * (  3.O*XL(LC)**2 - BENS0520 

1 X L ( L B I * * 2  ) 1 / ( X L ( L B )  * Y L ( L C )  )**3 BENSO530 
A B N I N ( 9 1 2 )  = ( X L ( L B ) * * 2  - X L ( L C ) * * 2  1 / ( XL(Lf3) * Y L ( L C )  ) * *2  BENS0540 
ABNIN(9,3) = -2.0 * X L ( L C )  * I XL(LE3) - XL(LC) ) * *2  / X L ( L B ) * * 2  / BENSO550 

1 Y L ( L C ) * * 3  BENS0560 
A B N I N ( 9 r 4 )  = 2.0 * X L ( L C ) * * 2  * ( 3 * 0 * X L ( L B )  - 2-O*XL(LC)  ) / BEN S 05 70  

1 ( X L ( L 0 )  * Y L ( L C )  ) * * 3  BENSO580 

OOUBLE PRECISION ZJ1 Z J 2  9 Z J 3  9 ZJ4 e Z J 5  r ZJ6 p ABNIT s Z l  * BENS0140 

ABNIN(B.6) X L ( L C )  * ( 3.O*XL(LC) - 2.0*XL(LBI 1 / ( X L ( L B I  * BENS0490 
1 YL1LC) 1**2 

37 



ABNIN(995)  = ( X L ( L C )  / XL(LM) / Y L ( L C )  ) * * 2  
A B N I N ( B t 6 )  = 2.0 * XL(LC) * *2  * ( XL(LL3) - XL(LC)  1 / X L ( L B ) * * 2  / 

A H N I N ( 7 t 7 )  = -2.0 / Y L ( L C I * * 3  
A R N I N ( Y r 8 )  = 1.0 / Y L ( L C ) * * 2  
00 5 I l v 9  
DO 5 J 119 
Z I N T ( 1 v J )  = 0.0 

CALL ZI i (T2 ( L A A I L B B ~ L C C ~ Z J ~ ~ Z J ~ ~ Z J ~ , Z J ~ * Z J ~ ~ Z J ~ ~ ~ E  
Z l N T ( 4 t 4 )  = 4.0 * ZJ1 
Z I N T ( 4 v 5 )  = POISSO * Z I N T ( 4 r 4 )  
Z I N T ( 4 t 6 )  = 12.0 * Z J L  
Z I N T ( 4 v 7 )  = 4.0 * ZJ3 
Z I N T ( 4 1 8 )  = 4 - 0  * POISSO * ZJ2  
Z I N T ( 4 t 9 )  = POISSO * Z I N T ( 4 t 7 )  * 3.0 
Z I N T 1 5 t 5 )  = Z I N T ( 4 1 4 )  
Z I N T ( 5 r 6 )  = POISSO * L I N T ( 4 v 6 )  
Z I N T 1 S t 7 )  = POISSO * L I N T ( 4 9 7 )  
Z l N T ( 5 t 8 )  = L I h 4 1 ( 4 t 8 )  / POISSO 
Z I N T ( S t 9 I  = Z I N T ( 4 t 9 )  / POISSO 
Z I N T ( 6 t 6 1  = 36.0 * Z J 4  
Z I N T ( 6 9 7 )  = 12.0 * Z J 5  

Z I N T ( 6 t 9 )  = Z I Y T ( 6 t 7 )  * POISSO * 3.0 
Z I N T ( 7 t 7 )  = 4.0 * ZJ6  + 8.0 * ( 1.0 - POISSO * ZJ4  
Z INT(7 ,R)  = 4.0 * ( 2.0 - POISSO ) * Z J 5  
Z I N T ( l t 9 I  ~ 1 2 . 0  * POISSO * ZJ6 
Z I N T ( 8 1 8 )  = 8.0 * ( 1.0 - POISSO 1 * ZJ6 + 4.0 * 254 
Z I N T ( 8 1 9 )  zL2.0 * 2 5 5  
Z INT(Yv '3 )  ~36.0 * Z J 6  
GO 10 I = 4vH 
1 1 = 1 t 1  
DO 10 J = 11.9 

1 YL(  LC) * *3  

5 A B N I T ( I I J )  = A B N l N ( J t 1 )  

Z INT(6 ,8 )  = 12.0 * POISSO * ZJ4  

11; Z I N T ( J . 1 )  = Z I N T ( 1 , J )  
Z J 1  = YOUNGS / ( 12.0 * ( 1.0 - POISSO**2 1 I 
C f l  15 I = 4,9 
DO 15 J = 4 t 9  

DO 20 I = l t 9  
D(J 20 J = 1 t 9  
Z l t l r J )  = 0.0 
DO 20 K = 1 t 9  

1 5  Z I N l ( I t J )  = Z I d T ( 1 t J )  * L J 1  

2 0  Z 1 ( I V J )  = Z l ( I q J 1  t ABNIT(1,K)  * Z I N l ( K r J )  
eu 25 I = i , 9  
DO 25 J = 119 

GO 25 K = 1,9 
EL@SI.cl l  , J )  = 0.0 

25 F L H S % ( I , J )  = F L B S M l I t J )  t Zl(I,K) * ABNIN(KpJ )  
R E T  lJR% 
END 

BENS0590 
BENSO600 
BIENS0610 
BENS0620 
BENS0630 
BIENS0640 
BENS0650 
BENS0660 
BENS0670 
BENSO680 
BENS0690 
8ENS0700 
BENS07 10 
BENSO720 
BENS0730 
BENSO740 
BENS0750 
BEN S 0 760 

BENS0780  
BENS0790 
BENSOBOO 
BENS0810 
BE NS 08 2 0  
BENS0830 
BENSOB40 
BENS0850 
BENS0860 
BENSOB70 
MENS0880 
BENS0890 
BENS0900 
BENS09 10 
BEN SO920 
BENS0930 
BENS0940 
BENS 0950  
BENSO960 
BENS0970 
BENSO980 
BENS0990 
BENS 1000 
B E Y S 1 0 1 0  
BENSlO2O 
BENS 1030  
BENS 1040 
BENS 1050  
BENS 1060 
BENS 1070 
BENS 1080 
BENS 1090 

BENsor ro  



C 
C 
C 
C 
C 

SUBROUTINC L I N T 2  ( L A A ~ L B B ~ L C C ~ Z J ~ ~ Z J ~ ~ Z J ~ V Z J ~ ~ Z J ~ ~ Z J ~ ~ I E  ) Z I NT20 10 
bSING GAUSSIAQ QUADRATURfi, INTEGRATC THE FOLLOWING FUNCTIONS OVER Z l N T 2 0 2 0  
THE SURFACE UF THE TKIANGLF LI NT2030 

L I N 1 2 0 4 0  
F(XL,YL)  = TERM ** 3 * XL L I NT 2050 

L I N 1 2 0 6 0  
Z INT2070 
Z I  NT2080 

F ( X L 9 Y L )  = TEKM ** 3 * YL ** 2 Z INT2090 
Z I NT 2 100 

T E R M  = ( ( X L ( L B ) * Y L l L C )  t ( X L ( L C )  - X L ( L B I ) * Y L  - Y L l L C ) * X L ) *  Z I N T Z l l O  
l H ( L A A ) +  ( Y L ( L C ) * X L  I- X L ( L C I * Y I  ) * T H ( L B B ) +  X L ( L B ) *  L I N T 2 1 2 0  
TH(LCC )*XL ) / X L  ( L E )  /YL (LC 1 Z 1 NT 2 130 

Z INT2140 

Z I NT2160 

F ( X L t Y L )  = TERM ** 3 

F ( X L , Y L )  = TERM ** 3 * YL 
F I X L t Y L )  = TERM ** 3 * XL ** 2 
F ( X L t Y L )  TERM ** 3 * XL * YL 

WHERE 

COMCOh x ( 200) I Y ( 200) v z ( 2CO) I H  ( 200) i Z l N T 2 1 5 0  
1 PRESS€( 200) 9 XLL ( 2 0 0 9 3 )  i YLL 2'2013) 1 

2 RAPANGI 1 0 0 )  t ZGL ( 100) RHUB ( 100) i R T I P  ( 100) r Z I N T 2 1 7 0  
3 THHUB ( 100) i T H T l P  ( 100) i PRESSL( lOOt15) rEDCM ( 3 1 3 )  r L I N T 2 1 8 0  

5 YGENLI 1 L I N E 1  NPRES(100) 9 YEXT ( 200.3) 1 NP e NT r Z I N T 2 2 0 0  
4 RHO . UMEGA 9 PUISSO t YUUNGS i RADGEN t LI NT2190 

b ELMSM(6.6) t A M N I N ( 6 i 6 )  t ELBSM(9.9) i A B N I N ( 9 i 9 '  9 Z I N 1  22  10 
7 PFLGN( 9 r  11 Z I N T 2 2 2 0  

Z INT2240 1 X I R (  10) 
CIMENSIUN Y L ( 3 )  r X L l 3 )  Z I NT 2250 

DIMENSIl lN A ( 1 0 )  1 H ( 1 0 )  9 Y I ( 1 O )  9 X I ( 1 0 )  i A R F A ( l O t 6 )  * X I L ( 1 O )  r Z I N T 2 2 3 0  

DOURLF PRFCISIUN Z J 1  i L J 2  1 ZJ3 r Z J 4  9 Z J 5  i ZJ6 i YO 1 XO i Z I N T 2 2 6 0  
1 TERM 9 A 1 H 1 X I  9 V I  AREA 1 X I L  1 X I R  9 XL 9 L I N T 2 2 7 0  
2 YL Z I N 1 2 2 8 0  

C A T A  L A i L B r L C  / 1 t 2 t 3 / 2 I NT 2290 
D A T A  A / - .97390652851717 r -e86506336668899 1 -a67940956829902 1 L I N T 2 3 0 0  

1 -.43339539412925 t - .14887433898163 1 - 1 4 8 8 7 4 3 3 0 9 8 1 6 3  i ZINT2310 
2 .43339539412925 t - 6 7 9 4 0 9 5 6 e 2 9 9 0 2  1 a86506336668899 1 ZINT2320 

D A T A  li / ,06667134430869 9 .149451349150?~8 v - 2 1 9 0 8 6 3 6 2 5 1 5 9 8  i ZINT2340 
1 .26926671930100 p .29552422471475 r .29552422471475 i ZINT235O 
2 - 2 6 9 2 6 6 7 1 9 3 0 1 0 0  t ,21908636251598 9 e14945134915058 t L I N T 2 3 6 0  

Z I NT 2330 3 .97390652851717 / 

3 .06667134430869 / Z I N 1 2 3 7 0  
X L ( L 8 )  = X L L ( I E t 2 )  Z INT2380 

L I N T 2 3 9 0  X L ( L C )  = X L L ( I E . 3 )  
Y L ( L c )  = YLL(  1 E i 3 )  2 I N 1 2 4 0 0  
ZJ1 = 0.0 Z I NT24 10 
ZJ2 = 0.0 L I N T 2 4 2 0  
ZJ3 = 0.0 Z I  NT2430 

Z I NT2440 ZJ4 = 0.0 
ZJ5 = 0.0 Z I NT2450 
L J 6  = C . 0  Z 1 hl T 2460 
Y I I  = 0.5 * Y L ( L C )  Z I NT24 70 

Z I NT 2480 eo 4 I = 1110 
Y I ( 1 )  = YII t A ( I )  4 YLJ L I N T 2 4 9 0  

Z I N 1 2 5 0 0  X I L ( 1 )  = X L l L C )  * Y I ( 1 )  / Y L I L C )  
X I R ( I )  = X L ( L U )  - ( X L ( L B )  - X L t L C )  1 * Y I ( 1 )  / YL(LC)  Z I NT25 LO 

Z I  NT2520 X O  = X I L ( I )  + 0.5 4 ( X I R I I )  - X I L ( 1 )  1 
CLJ 2 J = 1110 L I N T 2 5 3 0  
00 1 K = 116 Z I N 1 2 5 4 0  

L I N T 2 5 5 0  
Z I N 1 2 5 6 0  

CU 3 J = 1910 L I N T 2 5 7 0  
IFRP = 1 ( X L ( L B ) P Y L l L L )  + ( X L ( L C )  - XL(Lf3) 1 9: Y I ( I )  - Y L ( L C ) *  Z l N T 2 5 8 0  

1 AHFA(J.K) = 0.0 
C X I ( J )  = Xn + A ( J )  * ( XU - X I L ( 0  
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AREA(l.21 AREA 
A R E A I I I ~ I  AREA 
AREA11q41 = AREA 
AREA(1.5) = AREA 

3 AREAl1.6) = AREA 
ZJ1 = Z J  + 
2 J 2  = ZJ2 + 
2 J 3  = Z J 3  + 
Z J 4  = 2 5 4  * 
255 = Z J 5  + 

4 2 5 6  = L J 6  + 
RETURN 
END 

I;21 + TERM * X I  
1.31 + TERM * Y I  
1.41 + TERM * X I  
1.51 + TERM * X I  
I s 6 1  + TERM * Y I  

0.5 * H ( I I  
0.5 * H ( I 1  
0.5 * H f I )  * ' A R E A I l p 3  
0.5 * H ( I 1  * AREALIv4  
0.5 * H ( I 1  * AREA(I.5 
0.5 * H ( I )  * AREA(1.6 

J)  I *TH(LBB 
I 1  I * 0.25 

J l  
I 1  
J l * * 2  
J l  * Y I t I )  
I 1 * * 2  
A R E A ( I , l I * O A B S ( Y L ( L C ~ l  
A R E A ( I I ~ ) * D A B S ( Y L L L C ) I  

* D A B S t Y L I L C l )  
*DABS(YL(LCI f 
*DABS(YL(LCI  1 
* O A B S ( Y L I L C ) l  

L I N T 2 5 9 0  
Z I N T 2 6 0 0  
2 1  NT 2 6  10 
ZINT2620 
2 I NT2630 
2 I N 1 2 6 4 0  
2 I NT 2650 
21 NT2660 
2 I N T 2 6 7 0  
2 I N T 2 6 8 0  
2 I NT 2690 
L I N T 2 7 0 0  
Z INT2710 
L I N T 2 7 2 0  
2 INT  2730 
2 I N T 2 7 4 0  
L I N T 2 7 5 0  
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C 
C 
C 

10 

15 

SUBRllUTINE NPFUKC ( I 1 
CALCULATE THF LOCAL GtSERALIZEO VOOAL PRESSURE FORCE (PFLGNI FOR 
A TRIANGULAR ELEMEi\II . 
COCMUN X ( Z O O )  , Y ( 2 0 0 )  , Z ( 200) 9 TH ( 2 0 0 )  

1 PRESSEl 2001 s XLL ( 2 0 0 1 3 )  9 YLL ( 2 ' 2 0 ~ 3 )  9 

2 RAPANGf 100)  9 LGL I 1001 * RHUB ( 1001 t K T I P  I 100) 
3 THHUB I 1 0 0 1  9 THTlP I 100)  v PRESSL(100,15)rEDCM I 3 r 3 )  

5 NGENLI 8 L I N E 1  9 NPRES(100)  * NEXT ( 2 0 0 ~ 3 1  9 NP g NT 9 

6 ELMSM(bp6) 9 AMNIN(6p6)  9 ELRSM(9,Y) 9 ABNIN(9.91 9 

7 PFLGN(9v1)  

4 aHo , OMEGA , POISSO , YUUNGS , RAOGEN , 

DIMENSIUN ABNIT(9v91  8 L I N T ( 9 * 1 )  
OOUBLE PRECISIJN AB411 t Z I N T  
CO 10 J l r 9  
L I N T l J , l )  = 0.0 
00 10 K 1 t Y  
A B N I T l J g K )  = A B N I N ( K * J )  
CALL 21YT3 ( I r Z I N T  I 
OU 15 J = 119 
PFLGN( J, 1 I = 0.0 

PFLGNfJ.1) = PFLCIN(J, l )  + P R E S S E l I )  * A B N I T ( J 1 K )  * Z I N T I K , l )  
00 IS K = l ,9  

R E  T U R N  
EN0 

NPFOROlO 
N PF OR0 2 0  
NPFOR030 
NPFORO4O 

NPFOROIO 
pNPFORO50 

NPFOROTO 
pNPFORO80 

NPFUR090 
NPFORlOO 
NPFORl2O 
NPFUR130 
NPFOR140 
NPFOR15O 
NPFOR 160 
NPFORl7O 
NPFORl80 
NPFOR190 
NPFORZOO 
NPFORZlO 
NPFOR220 
NPFOR230 
NPFOR240 
NPFUR250 
NPFO RZ 60 
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SURROLTItUE ZIP413 I l E t L l N T  1 Z I NT30 LO 
C USING GAUSSIAN QUAOHATUKE, INTEGRATE THE FOLLOWING FUNCTIONS OVEH Z INT3020  
C THE SURFACE OF THE TRIANGLE Z I N 1 3 0 3 0  

2 I NT 3040  
C F IXL ,YL)  = XL Z INT  3050 

Z INT3060  
t F I X L - Y L )  XL**2 Z l N T 3 0 7 0  

C F I X L , Y L )  = 1.0 

C F I X L v Y L )  = Y L  

C F l  XL, Y L  1 = 
C F I X L t Y L )  = 
C F I X L v Y L )  = 
C F I X L t Y L )  = 
C F l  XL t  YL 1 = 
C 

COCMON X I 2 0 0 )  , Y 

YL**2 
XL**3 
XL**2 * Y L  

YL**3 
YL**Z * X L  

L I N T 3 0 8 0  
Z I  NT3090 
Z 1  NT3100 
Z I N T 3  110 
L I NT 3120  
Z I NT 3 1  30  

2 0 0 )  t z I 2 0 0 )  9 TH l 2 0 0 )  ,L INT3140  
1 PRESSEt 2 0 0 )  v XLL I 2 0 0 9 3 )  t YLL 1 200.3) t 

2 RAPANGI 100) ZGL I 100) 9 RHUB I 100) t R T I P  ( 100) r Z I N T 3 1 6 0  
3 THHUB I 1 3 0 )  9 THTIP I L O O )  t PRESSLIlOOp15)tEDCM I 3 9 3 1  .ZINT3170 
4 KHO 9 OMEGA * POISSO * YOUNGS v RADGEN t 

5 VGENLI 9 L I N E 1  t FtPRESl100) t NEXT I 200,3)  9 NP v NT 9 Z I N T 3 1 9 0  

Z I N 1 3 1 5 0  

L I N T 3 1 8 0  

6 FLMSM(696) + AHNINI6p6)  t E L R S M l 9 t 9 )  t A B N I N l 9 t 9 )  t Z 1 NT 3200 
7 P F L G N l Q t 1 )  2 I N T 3 2  10 

2 l N T 3 2 3 0  

I TERM 21’41 t A t H L I  NT3250 
Z I NT32 60 

DIPENSION Z I N T ( 9 , l )  9 A I 1 0 1  9 H I 1 0 1  Y l l l O )  X I I I O )  r A R € A l 1 0 ~ 9 1 Z l N T 3 2 2 0  

DOUBLE PRECISION Y I t X I t  AREA p X I L  9 XlR  9 X L  t YL p XO t Y O  t 21NT3240 

DATA LAvLMtLC / 1 t 2 t 3 I 
DATA A / - .97390652851117 9 - - 8 6 5 0 6 3 3 6 6 6 @ 8 9 9  + - .67940956829902 9 Z I N T 3 2 7 0  

1 - .4333953941292> 9 -a14887433898163  9 - 1 4 8 8 7 4 3 3 8 9 8 1 6 3  t Z I N T 3 2 8 0  
2 .43339539411925  t .67940956829902 9 .86506336668899 t Z l N T 3 2 9 0  
3 .97390652851717 / L I N T 3 3 0 0  

DATA H / .06667134430869 .14945134915058 .21908636251598 * L I N T 3 3 1 0  
1 .26926671930100  .29552422471475 9 - 2 9 5 5 L 4 2 2 4 7 1 4 7 5  t ZINT3320  
2 .26926631930100  t .21908636251598 9 .14945134915058 t ZINT3330  
3 - 0 6 6 6 7 1 3 4 4 3 0 8 6 9  / Z INT3340  

X L I L B )  = X L L l I E . 2 )  Z I N T 3 3 5 0  
Z I NT 3360  X L I L C )  = X L L I I E v 3 )  
L I N T 3 3 7 0  Y L I L C )  = Y L L l I t , 3 )  

Y(1 = 0.5 4 Y L I L C )  L I N T 3 3 8 0  
GO 5 I = 1 , l O  Z I N 1 3 3 9 0  

Z I NT 3400  Y I ( 1 )  = YL) t A l l 1  * YO 
X I L I I )  = X L I L L )  4 Y I I I )  / YL ILC)  ZINT 3410 

Z INT3420  X I K I I I  = X L I L U )  - I X L I L B )  - X L I L C )  1 * Y I I I )  / YL ILC)  
X O  = X I L I I I  t 0.5 * I X I R I I )  - X I L I I )  1 ZINT3430  

L 1 NT 3440 
DO 1 K = l r 9  Z I  NT3450 

1 AREAIJ.IO = 0.0 Z INT3460  
2 X I I J I  = XU t A I J )  4 I X b  - X I L I I )  1 Z I NT 34  70  

1 9 X I L I 1 0 1  X I R l 1 0 )  9 XL13)  9 Y L l 3 )  

DO 2 J = 1910  

cn 3 J = 1.10 
TFRH = X L I L H I  * ( 
AKEAI I ,1 )  = AREA( 
AREA(I ,Z)  = AKFrAI 
AREAI l r 3 )  = AKFAI 
AREAI1,41 = AKFA( 
A R E A I l r 5 )  = AdLAI  
A R E A I  1.61 = A R t A (  
ARFAl I ,  7 1  = A K E A I  
AHFAI I ,8 )  = AHEAI 

5 AHEAl1,71 = A g E A (  

A l l )  
TERP 
T f R M  
TLRM 
T EQM 
T CRY 
TEKM 
T E K M  
T t R V  
TFKM 

* 0.25 * H I J )  

X I I J )  
Y I I I I  
X l l J ) * * Z  
Y I I 1 1442 
X I  l J I * * 3  
X I l J 1 * * 7  * Y I ( I )  
X I ( J )  * Y l I I ) * * 2  
Y I I I ) 4 *  3 

Z I N 1 3 4 8 0  
Z I NT 3490 
Z INT3500  
Z I NT35 10 
L I N T 3 5 2 0  
ZI NT3530 
Z INT3540  
Z I N 1 3 5 5 0  
Z I N 1  3560 
Z I NT35 70 
ZI NT358O 
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TERM = O A B S I  YLILCJ 1 * 0.5 * H ( I I  
Of1 4 J = 1.9 

4 Z I N T l J p l )  = Z l N T l J v 1 )  + TERM * A d E A l I p J )  
5 CONTINUt 

RETURF( 
END 

L I N T 3 5 9 0  
Z I N T 3 6 0 0  
L I N T 3 6 1 0  
L I N T 3 6 2 0  
L I N 1  3 6 3 0  
L 1 NT 3 6 4 0  



C 
C 
c 

8 

9 

10 

1 
2 

SUBROUTINE NCFURC ( LAA,LBOtLCCtIE#NCF I NCFOOOlO 
CALCULATE THC COPPOY GENERALIZED CENTRIFUGAL FORCE MATRIX (CFLGNI NCF00020 
FOR A TRIANGULAR FLEME!JT . NCF00030 

NCF00040 

1 PHESSEI Z O O )  9 XLL ( 200,31 * YLL ( 2 0 0 ~ 3 )  * NC F 0 0 0 6 0  
COMMUN X ( 2001  , Y I C O O )  , 2 ( 2 0 0 )  t TH ( 2 0 0 )  rNCF00050 

L IAPANG( 1 0 0 )  9 ZGL ( 1001 , Rt’U8 ( 100) v H T l P  ( 1 0 0 1  tNCFOOOlO 
3 TkHUE ( 1 0 0 )  9 T t i T I P  ( 100) t PRESSL(100,15)tEOCM 3 9 3 )  ,NCFU0080 

5 NGENLI , L I N E 1  9 NPRFS(1001 9 NFXT I 200,31 t NP NT 9 NCFOOIOO 

1 P F L G N ( 3 , l I  CFLGN(1R. l )  9 E L S T I F l 1 8 , 1 8 )  E C S T I F ( l B r l 8 1  t NCF00120 

4 RHO UMEGA t POISSO * YOUNGS 9 RAOGEN 9 NCFU0090 

6 ELHSM(6,61 A M N I N ( 6 r O l  ELBSM19,9) 9 A B N I N ( Y I ~ )  t NCFOOl10 

0 PFCt iN(18 , l )  t C k C G N I 1 8 , l ) t  P E X ( 2 0 0 t 8 l s  IMEX(2OOl t  NCFOO 130  
9 FURCE(200,6) NCFOO 1 4 0  

1 X f K l 1 0 )  t TERM(9) 9 X L l 3 1  , Y L ( 3 1  , NCF00160 

1 TERM3 t TERM4 t TERM5 v A t H 9 Y I  * X I  9 NC FOO 1 8 0  
2 AHEA t X I L  9 XIR s TERM t XL t YL NCFOOl90 

DIMENSION A l l 0 1  9 H ( 1 0 1  t Y I ( 1 C l  t X 1 ( 1 0 1  AREAI lO,L51 9 X I L ( l O ) ~ N C F 0 0 1 5 0  

DOUELF PRECISION ARE€ p TERN 9 YU 9 XO 9 TERM0 9 TERM1 , TERM2 , NCF00170 

C A T A  A / -.97390652851717 9 - .86506336668899 t - .67940956629902 9 NCF00200 
1 -e43339539412925  t -e14887433898163  9 -14887433898163  NCFOO2lO 
2 - 4 3 3 3 9 5 3 9 4 1 2 9 2 5  , .67940956829902 t e86506336668899  t NCFOO220 

C A T A  H / .06667134430869  t .14945134915058 t .21906636251598 t NCF00240 
1 .269C6671930100 t - 2 9 5 5 2 4 2 2 4 7 1 4 1 5  9 - 2 9 5 5 2 4 2 2 4 1 1 4 7 5  9 NCF00250 
2 .26926671930100  9 .21908636?51598 t - 1 4 9 4 5 1 3 4 9 1 5 0 5 8  t NCF00260 

3 - 9 7 3 9 0 6 5 2 8 5 1 7 1 7  / NCF00230 

3 . 06667134430869  / 
LATA L4,LBpLC / 1 t 2 t 3 / 

DO 8 J = 1118 
CFLGN( J t  1) = 0.0 
AHEE = 0.5 4 A b S (  X L L ( I E . 2 )  * Y L L ( I F I ~ I  1 

C F L G h ( l r l 1  = X ( L A A l *  T H l L A A l *  TFKN 
C F L G N ( 2 q l l  = Y I L P A l *  r t i ( L A A l *  TERN 
CFLGN(7, l )  = X I L B R ) *  T t i i L B 9 ) *  TERN 
C F L G N ( 8 t l )  = Y ( L B B l *  TH(LHi3)* TtRN 
C F L G N 1 1 3 t l )  = X { L C C l +  TH(LCCI *  TERN 
C F L G N ( 1 4 t l )  = Y ( L C C l *  l h I L C C ) *  TtRN 

IF i NCF .GT. n 1 GO T O  9 

TERN = RHO * LIMEGA**2 * ARFE / 3.0 

RETURN 
XL(LB1  = X L L ( I F , Z I  
X L ( L C )  = X L L ( l E t 3 )  
YL(LC1 = Y L L l I E . 3 )  
CO 10 I = I t  18 
CFLGN( I , l )  = 0.0 
Y l J  = 0.50 4 YL(LC 
00 6 I = l t l 0  
Y I ( 1 )  = Y(J 4 A ( I )  
X I L I O  = XL(LC)  Q 

X I R ( I 1  = X L I L H I  - 
x o  = X I L ( 1 )  4 0.5 
CCI 2 J = 1 ~ 1 0  
CLI 1 K = l t l 5  
AKEA1J.C) = 0.0 
X l ( J 1  = X O  4 A ( J 1  
CO 4 J = l r l O  

NCFU0270 
NCF00280 
NC F 0 02 90 
NCFOO300 
NCF00310 
NCF00320 
NCF00330 
NCF00340 
NC F003  5 0  
NCF00360 
NCFU03 70 
NC F 003 80 
NC FUO 3 90 
NCF00400 
NCF00410 
NC F 0 0 4  2 0 
NCF00430 
NCFUO440 
NCF00450 
NC F00460  
NCF00470 
NCF00480 
NCF00470 
NCFOOSOO 
NCFOO5lO 
NCF00520 
NCFUO530 
NCF00540 
NCF00550 
NCFU0560 
NCF00570 
NCF00580 



2 Y L ( L C ) * X I ( J l ) * T H ( L B B )  
3 / X L I L B I  / Y L I L C )  

TFRCl = l E O C M l l r l ) * l E D C M ( 1 ~ 1 ) )  
l * X I ( J  + ( E O C t ’ ( l , l ) * E C C M ( 1 ~ 2 )  + 
2 + X(LAA1 * ECCM11.1) + 

TERM2 = (EDCM(1,2)*1 EOCM 
1 + ( E O C M l l r 2 ) * * 2  + EDCM 
2 + X (LAA)  * E C C M ( l r 2 )  + 

11 ) *X I I J ) + (  EOCM ( l r  3) *EDCM( 192)  
TERM3=(ECCM( 1 9  J ) * (  EDCM( l r  1 ) 

X L ( L B ) * T H l L C C ) * Y I I I ) t  NCF00590 
NCF00595 

+ EOCM(211)**2)NCF00600 

Y I L A A )  * EOCM12,l) NCF00620 

NCF00640 
NCF00650 

E D C M ( Z r l ) * (  EDCM(2,Z)) ) * Y I  I 1  I NCF00610 

1 ~ 1 ) )  + E D C M ( ~ I ~ ) * E O C M ( ~ ~ ~ ) ) * X I ( J )  NCFDO630 
2 1 2 ) * (  EDCCl2.2) 1 ) * Y I  ( 1 )  
Y t L A A )  * EDCMl2p2)  

+ E D C M ( 2 r 3 ) * E D C M ( 2 t N C F 0 0 6 6 0  
+ EDCM(Zr3 ) * (  EOCM(2~2l~)*YI(I)NCFOO67O 

2 
TERM4 = 
TERMS = 
TERM( 1 )  

1 
2 

1 
2 

1 
2 

1 
2 

1 

1 
2 

l E R M l 2 )  

TERPI 3 )  

TERYl41 

TERM( 5 1 

TERM161 

TFRCI 7 )  

+ X (LAA)  * ECCM11,31 + Y ( L A A )  * EDCM(2v3) NCF00680 
1.0 - X I l J ) / X L l L B l  + ( X L I L C I  - X L ~ L O ~ ~ / X L ~ L B ~ / Y L l L C ~ * Y l ~ l ~ N C F O O 6 9 0  
X I  ( J  ) / X L l L B )  - XL( bC l * Y  I ( I ) /XL l L B ) / Y L  1 LC 1 NCF00700 
= AHNIN(1.1) + X I ( J ) * * 2 * A R N I N ( 4 r l )  + Y I ( I ) * * ~ * A B N I N I S I ~ )  NCF00710 

+ X I l J ) * * 3 * A B N I N ( 6 , 1 )  + XIIJ)*YIlI)**2*ABNIN(8rl) + NCF00720 
Y I I I **3*ABN I N  ( 9 1 1 1 NC F 00 7 30 

*ABNIN I 7 1 2  ) + X I  ( J  ) * Y l  ( I  ) * *2 *ABNIN(Hr2  + Y I I X **3* NCF00750 
ABN 11’4 I 912 ) NCF00760 

= X I ( J ) * A B N I N l 2 , 3 )  + X I l J ) * * 2 * A B N I N ; 4 , 3 )  + Y I ( I ) * * 2 *  NC FOO 7 7 0  
ABNIN( 5.31 + X I  ( J  ) * *3 *ABNIh (  6 9 3 )  + X I  I J l * Y I  ( I ) **2* NCF00780 
ABNIN(B.3) + Y I ( I ) * * 3 * A B N I h l 9 ~ 3 )  NCF00790 

= Y I ( I ) * A B N I N ( j 9 2 )  + Y I ( I ) * * 2 * A B N I N ( 5 q 2 )  + X I ( J ) * * Z * Y I I I )  NCF00740 

X I ( J ) * * 2 * A B N I N ( 4 r 4 )  + Y I ( I ) * * 2 * A B N I N ( 5 , 4 I  + X I ( J ) * * 3  * NCFOO8OO 
A B N I N 1 6 ~ 4 1  + X I ( J ) * Y I I I ) * * 2  * A R N I N ( B q 4 )  + Y 1 ( 1 ) * * 3  * NCFD0810 

X I  I J ) * *2  * Y  I ( I ) *ABNIN ( 795  + X I  ( J )  * Y  I ( I )  **2 * ABNIN (8r 5 )NCF00830 

= X I l J ) * * 2  * ABNlY(4,6)  + Y 1 ( 1 ) * * 2  * ABNIN(5.6) + X I (J1* *3NCF00850  
*A@NIN(6 ,b )  + X I l J l * Y I ( I ) * * 2  *ABNIN(816)  + Y I ( 0 * * 3  * NCF00860 

ABN I N (  9 9  4 NCF00820 

+ Y I l I ) * * 3  * A B N I N l 9 * 5 1  NCF00840 

ARhI ’119r61 NCF00870 
= Y I ( I l * * 2  * ABNIN(5.7)  + Y I ( 1 ) * * 3  * A B N I N l 9 r 7 )  NCF00880 

AHNIN(5.8)  + Y I l X ) * * 3  * A R N I N ( 9 r 8 )  NCF00890 TERC(8) = Y I ( I ) * * 2  * 
TFRM(3) = Y I ( I I * * 2  * 
AREA( 1,  1 I = AHEA( 1.1 
AREA( I 1 2  1 = AHEAl I .2  
AREA1 I 9 3 ) = AREA1 1.  3 
AREA1 1 . 4 )  = AREA( I ,4 
AREA( I .5 )  = A R E A ( I v 5  
AREA1 1.6 t AAEAI I v6 
CO 3 K = 1.9 

A t )N IN15r91  + X I I J ) * Y I l I I * * 2  * A B N I N ( 8 r 9 )  NCFOO900 
+ T E R M O  * TERM4 * TERMl NCFOO9lO 
+ TERM0 * TERM4 * TERM2 NC F00920  
+ TERM0 * TERM5 * TERMl NCF00930 
+ TEQMO * TERM!, * TERM2 NCF00940 
+ TERMO / Y L I L C )  * Y I ( 1 )  * TERF l  NCF00950 
+ TFRMO / YL(CC.1 * Y I ( 1 )  * TERM2 NCF00960 

NCF00970 
3 AKEA( l ,K+6)  = AKEA( I ,K+6)  + TERMO * T E R M I K )  * TERM3 
4 COUTINUE 

TERYO = 0.5 * H(I) 4 RHO * UMFGA**2 *OABS(YL ILC) )  
CO 5 J = l r 1 5  

f, CFLGNlJ, I )  = CFLGNIJ, l )  + TFRMO * A R E A I I v J )  
6 CONTIYUE 

RFTURlv 
E’JC 

NCF00980 
NCFOOPPO 
NC F 0  1000 
NCFOlO 10 
NC FO 10 2 0  
NCF01030 
NCF01040 
NC F 0 1050 



C 
C 
C 
C 

5 

10 

2 0  

30  

40 

50 

5 3  
55 
60 

6 5  

SUBRLIUTINE C l l M S T F  ( I E  t NCF I COMSTO 10 
C A L C U L A T E  THE S T I F F N E S S  M A T R I X  I E C S T I F I ,  NODAL PRESSURE FORCE COMS T O 2 0  
M A T R I X  ( P F C G N I ,  ANC :qODAL C E N T R I F U G A L  FORCE M A T R I X  (CFCGN)  OF A C O M S T 0 3 0  
T R I A N G U L A R  ELEMENT I N  THE COCMON COORDINATE SYSTEM ( X , Y , Z l  . C O M S T 0 4 0  

COMSTOSO 
( L O O )  r C O M S T 0 6 0  

C O M S T 0 7 0  
( 100) tCOMSTO8O 
I 3.3) rCOMSTO9O 

GUMS T 1 0 0  
NT * C O M S T l l O  

COWST120 
8,181 1 C O M S T 1 3 0  

C O M S T l 4 0  

GUYYON x I 2 0 0 1  , Y I 200)  , z ( Z O O )  * T H  
1 9 W E S S E l  2001 v X L  I 2 0 0 * 3 l  p Y L  I 2 0 0 * 3 l  * 
2 I t A P A N G I  1001 9 ZGL I 100) t R H U 8  I 100) 9 R T I P  
3 THHUB ( 1001 , T H T I P  I 1001 v P R E S S L ( 1 0 0 1 1 5 l r E D C M  
4 RHO OMEGA 9 P U I S S O  9 YOUNGS t RADGEN 9 

5 N G E N L I  t L I N E 1  9 N P R E S 1 1 0 0 l  9 N E X T  I 2 0 0 ~ 3 1  s NP t 

6 E L M S M ( 6 v 6 )  A M Y I N ( 6 r 6 )  9 E ' L H S M l 9 p 9 l  9 A B N I N I Y , 9 )  
7 P F L G N I 9 , l l  p C F L G N l l 8 r l l  v E L S T I F l l d t 1 8 I  9 E C S T I F I  
8 P F C G N I l B r l l  C F C G N l l d ~ l l  

O IMENSICIN  R 6 I 1 8 . 1 8 l  9 H E S U L T l l 8 r l i 3 l  s E P F L G N l 1 8 , l )  9 [ N O (  
COUBLE P R E C I S I O N  R E S U L T  E P F L G N  
D A T A  I N 0  / 1 9 2 1 7 , 8 , Y t 1 6 ,  3 ~ 4 1 1 0 9 1 1 9 1 2 r 1 7 1  S v 6 ~ 1 3 ~ 1 4 t 1 5 t l R  
00 5 I = 1 , lO  
DO 5 J = 1918 
R 6 ( I * J l  = 0.0 
00 LO 1 = 1.3 
00 10 J = 1.3 
R 6 l l r J )  = E D C M I I I J I  
R 6 1  1 + 3 , J + 3 )  ECCMI 1,JI 
R 6 I I + 6 , J t 6 )  = E D C P I I v J l  
R 6 (  I + 9 , J + P l  = EOCM( 11 J I 
R 6  I I + 1 2 ,  J t 1 2  I EDCM4 I t J ) 
R 6 (  1 + 1 5 , J + 1 5 1  = E D C M ( I p J )  
W R I T F  l 4 ' I t )  K 6 , A M N I N , A B N I N  
DO 2 0  I = 1118 
00 2 0  J = 1 9 1 8  
R E S U L T I 1 , J I  = 0.0 
00 2 0  K = 1 8 1 8  
R E S U L T l l r J I  -i R E S U L T ( l v J 1  + R 6 ( I p K l  * E L S T I F I K , J I  
DO 30 I = 1 9 1 8  

E C S T I F l 1 , J I  = 0.0 
00 30  K = 1 9 1 8  
E C S T I F l I p J I  = E C S T I F ( 1 , J )  + R E S U L T I 1 , K I  * R 6 ( J , K l  

E P F L G N ( I . 1 )  = 0.0 
00 50 I = 1 9 3  
E P F L G N ( I t 2 r l I  = P F L G N ( 1 , l )  
E P F L G N ( I + t i , l )  = P F L G N ( l + 3 , 1 )  
E P F L G N l I t 1 4 r l l  = P F L G Q I I + 6 r l )  

= 

CO 30 J = 1 , 1 8  

CO 40 I = 1 , 1 8  

DO 60 I = l r 1 5  
P F C G h ( I . 1 1  = 0.0 
I F  ( NCF .EP. 0 1 GO TU 5 3  
CFCG'J( Iil) = C F L G N ( I N D ( 1 ) v l )  
G f l  T[J S5 
C F C G h t  I p 1 I 
CO 60 J = l t l H  
P F C G N ( I , l )  = P F C G N ( 1 , l )  + R 6 1 1 v J )  * E P F L G N ( J , l l  

= CFLGFII  I p 1 I 

I F  I NCF .EC. 0 I GU TLJ 7 5  
CO 65 I = 1,113 
R F S U L T ( I . 1 1  = 9.0 
00 6 5  J = 1.18 
H F S U L T ( 1 , l )  = H E S U L T ( 1 , l I  + H 6 ( I , J l  * C F C G N l J , l )  

81 

/ 

COWS 11 50 
C O M S T 1 6 0  
C O M S T 1 7 0  
C O M S T l 8 0  
C O M S T l 9 0  
C O M S T 2 0 0  
COMSTZ 10 
C O M S T 2 2 0  
COMST2 30 
COMS T 2 4 0  
COMS T 2 5 0  
COMS 1260 
C O M S T 2 7 0  
C O M S T 2 8 0  
C O M S T 2 9 0  
COMST3OO 
COMST3 10 
COMS T 3 2 0  
COMS 7330 
C O M S T 3 4 0  
C O M S T 3 5 0  
C O M S T 3 6 0  
COMST 3 70 
C O M S T 3 8 0  
C O M S T 3 9 0  
C O H S T 4 0 0  
C O H S T 4 l O  
COMS 1420 
C O M S T 4 3 0  
C O M S T 4 4 0  
cons 1450 
C O M S T 4 6 0  
C O M S T 4 7 0  
C O M S T 4 8 0  
C O M S T 4 9 0  
C O M S T 5 0 0  
COWS15 10 
C O M S T 5 2 0  
COMS T 5 3 0  
C O M S T 5 4 0  
C O M S T 5 5 0  
C O M S T 5 6 0  
COMS T 5 70 
C O M S T 5 8 0  

CU 70 I = 1.18 
70 C F C G N I I . 1 )  = K E S U L T ( I * 1 1  
75 RETURN 

E NO 

COWS T 5 9 0  
C O M S T 6 0 0  
C O M S T 6 1 0  
C O M S T 6 2 0  

106 



SUf?ROUTlNE ACOF t I 
C A C O  VALUES OF COMMON NODAL PRESSURE FORCE 
C CENTRIFUGAL FORCE (CFCGN) WHICH ARE COMMON 
C 

COMMON X t 200) , Y ( Z O O )  * z 
1 PRESSFf 200)  t XL t 2 0 0 , 3 )  , YL t 
2 RAPANC( 100) t ZGL t 100) 9 RHUB 
3 THHUB t LOO) T H T I P  [ 100)  PRESS _. 

4 RHO , OMEGA 9 P U I S S O  YOUNGS 9 R A  

6 ELHSMI6,6) t AMNIN(616)  9 ELBSM1919) t ARNIN(9,Y) 9 ADDFOllO 
5 NGENLI L I N E 1  9 NPRES(100)  t NFXT I 2 0 0 ~ 3 )  t NP 9 NT 9 AODF0100 

r PFLGN(991)  CFLGN(1891)  9 E L S T I F t 1 8 , l B )  9 E C S T I F ( 1 8 * 1 8 )  9 bDDFO120 
8 PFCGNt 18,  1 )  , CFCGNt 1 8 r l ) p  HEX[200,8)  9 I H E X ( 2 0 0 )  t FORCE t ADOF0130 
0 9nn.r) Anncni an 

ADDFOOlO 
PFCGN) AND COMCON NGDALADDF0020 
TO A COMMON NODE ADDFOO 30 

ADDF0040 

2 0 0 1 3 )  9 AODF0060 
t Z O O )  * TH t 2 0 0 )  sADDF0050 

( 100) , R T l P  ( 100) eAODFOO70 
t100,15)rEDCM I 3 9 3 )  rADDFOO8O 
GEN , ADDF0090 

L"",", 

20 LA NEXT( I .1 )  
LH = N E X T ( I r 2 )  
LC N E X T ( I r 3 )  
CD 30 J = 196  
FORCE(LAeJ1 = FUHCEtLA,J) + PFCCNtJ u l )  + CFCGNtJ ~ 1 )  
FURCE[LO,J) = FORCEtLMpJI + PFCGNIJ+6 9 1 )  + CFCGNtJ+6 9 1 )  

3 0  FORCEtLCWJ) FOKCE(LC,J) + PFCGNlJ+12,1) + C F C G N t J t l Z r l )  
RETURN 
END 

"VU, UI-.U 

ADDFOl50 
ADDF0160 
ADDFOl70 
ADDF0180 
AODFOlPO 
ADDF0200 
AODFOZ 10 
ADOF0220 
ADDF0230 



SUBROIJTINE PRINT1  PRIhlTOlO 
C PRINT GtUMtTRIC HREAK-UP AYD ASSOCIATED PROPERTIES . PR INTO 20 
C PR I NT030 

1 P R E S S E I  2001  XL ( 2 0 0 1 3 )  9 YL ( 2 0 0 9 3 )  PR I NT050 
CGMCOh X ( 2 0 0 )  ' Y ( 2001  , 2 ( 2CO) 9 TH ( 200) qPRINT040 

2 RAPANGt 100) 9 ZGL f 100) 1 RHUB ( 100)  9 R T I P  ( 100)  9PRINT060 
3 THHUB ( 100) 9 THTIP I 100) 9 PRESSL1100,15)rfDCM I 3 9 3 )  *PRINT070  
4 RHO 9 OMEGA q P O I S S O  9 YOUNGS 9 RAOCEN PR I NTO8O 
5 NGENLI 9 L I N E 1  9 NPRES1100) 9 NEXT I 2 0 0 9 3 )  9 NP 9 NT PR INTO90 

KOUNT = 0 PRINT 100 
URITE ( 6 ' 5 )  PR I NT 1 10 

t, FORPA1 l l H l / / 3 d X ~ 2 9 H R E S U L T I N C  TRIANGULAR FLEMFNTS I / / )  PR I NTlZO 
CO 20 I = l t N T  PRINT 130  
AREA ABS1 X L l l t 2 )  * Y L I I v 3 )  ) / 2.0 PR I NT140 
PLOAD = AREA P R E S S E I I )  PR I NT150 
WRITE ( 6 ~ 1 0 )  I 9 AREA t P K E S S E ( I )  s PLOAD PR1 NT 155 

1 ' E12.5qlOX 'LOAD = ' €12.5 / 20X 'NODE NO- X Y PRINT165  
2 2 TH XL YL' 1 PRI NT170 

LA = N E X T ( I s 1 )  PRINT180 
L B  = V E X T I l q 2 )  PR I NT 190 
LC = N E X T ( I t 3 )  PR I N 1 2 0 0  

10 FORMAT ( 4 5 X  'ELEMENT NO. 1 3  / 14X 'AREA = '  F13.6910X 'PRESSURE =PRINT160 

WRITE ( 6 9 1 5 )  L A ~ X ( L A ~ ~ Y ( L A ) ~ Z ( L A ~ ~ T H ( L A ) ~ X L ( l l l ) r Y L ( l ~ l ~ ~ L B q X ~ L B ~ ~ P R I N T 2 1 0  
1 Y ( L B 1 , Z ( L B ) , T H ( L B ) r X L ( I ~ Z ) ~ Y L ( I I 2 1 , L C I X ( L C ~ q Y ( L C ) '  PRINT220 

15 FORMAT (17Xp5HLA ,I3,5X93F10.3*3F10.4/ 17X95HLB q I 3 ~ 5 X ~ 3 F l O . 3 , P R I N T 2 4 0  
2 PR I NT 230  

1 3F10.4 / 17X95HLC 9 13'5X13Fl0.3,3F10.4// ) PRINT250 
KOUNT = KOUNT + 1 PRINT260 
I F  ((KCUNT .EQ. 71 .AYO.  (I .NE. Y T ) )  k R l i E  1 6 9 5 )  PR I NT2 70  
I F  I KCUNT .EQ. 7 1 KOUNT = 0 PRINT280 

20  CONTIhUF PRI  NT290 
RETURN PR I NT300 
Eh(D PR INT 310 

Z(LC) ,  T l i I LC  1 r XL I I , 3 )  ,YL I I ,3) 



SU8ROUTlNE D t F L  I I P H I N T  1 OEFLOOlO 
C SOLVE FUR THE NUCAL OEFLECTIONS I D I S P L )  I N  THE COPPUN CDOHCINATE OEFLOOZO 
C SYSTEP . OEFL0030 
t DEFL0040 

1 PRESS€( 2 0 0 )  9 XL ( 2 O O t 3 )  t YL I 2 0 0 t 3 )  t DEFL0060 
COPYON X ( 2 0 0 )  t Y f 2 0 0 )  . z ( 2 C O )  t T H  I 200) tDEFLOOS0 

2 RAPANGt 100) q ZGL 4 100) t RHUB I 100)  t R T I P  I 100) tDEFLO070 
3 THHUB I 100) 9 THTIP 1 LOO) 9 PRESSLl lOOt15) rEDCM I 3 1 3 1  rDEFL0080 
4 RHO t OMEGA 9 POISSO t YUUNGS t KADGEN t 

5 NGENLI L I N E 1  9 NPRESl100)  9 NEXT I 2 0 0 9 3 )  t I4P t NT t DEFLOlOD 

7 PFLGNl9.1) t CFLGN(18-1)  t E L S T I F ( l R t 1 8 )  t E C S T I F ( l B r l 8 )  t DEFLOl2O 
8 PFCGNl18, 1 ) s  C F C G N ( 1 8 t l ) r  M E X l 2 0 0 t 8 ) t  I P E X l 2 0 0 )  t FORCE( DEFLOl3O 

COMMON / M A N E  / N S U 8 S ~ I P U S l 2 O O ~ ~ N 8 T S l l O t l 5 ~ t N I T S I l O t l 5 ~ t N ~ ~ ~ l O ~ t  DEFLOlSO 

OIHENSIUN D l S P L A l 9 0 0 )  9 COEFFIPOO) 9 EOUAT(6 t900)  9 COEFR(900) DEFL0170 

DEFL0090 

6 FLMSM(696) e AMNl INI6 i6 )  ELBSMIPv9)  9 ARHINl9eV)  t DEFLOl lO  

9 2001 6 )  DEFLO 140 

1 ItSTN(1O) DEFLOl6O 

1 M E X T I 8 )  t C I S P L I 1 8 t 2 0 0 )  DEFLOlBO 
DATA UISPL / 3600*0.0 / DEFL0190 
[ E a  = 6 * 4 NP - NGENLI 1 DEFL0200 
1 1  = IEQ + 1 DE F LO2 10 
IF I IPKINT .GT. 1 1 * K I T E  16,s) i i t I E a  DEFL0220 

5 FORMAT l IH1 / /1OX~18HFULLUWING ARE THE r I 4 t 3 0 H  COEFFICIENTS FOR EACDEFLO230 
1H OF THE 114p45H SIMULTANEOUS EQUATIUNS FOR NODAL DEFLECTIONS / / )  DEFL0240 

KOUhtT = 0 DEFL0250 
CO 90 I = l r N P  DEFL0260 

DEFLOZ 70 I F  I iPUS(1) .LT. 0 1 30 TO 90 
KOUNT = KOUNT + 1 DEFLOZ 80 

DE F LO290 IHEXT = IMEXl I )  
DE FL 0 3 0 0  

40 MEXT(J)  = M E X ( I , J )  DEFL0310 
00 5 J  J = 1.11 DEFL032O 
G O  50 K 5 1.6 DEFL0330 

5 0  EQUAT(K*J l  = 0.0 DEFL0340 
00 80 J = 1gIMEXT OEFL0350 
K2 = CEXT(J)  DEFL0360 
F I N C  ( l ' K 2 )  DEF LO3 70 

OEFL0380 
LB = N E X T l K 2 t 2 I  OEFL0390 
LC = NEXT(KZt3 )  DE FL0400  
NA = 6 * I P O S I L A )  OEFL04 10 

OEFL0420 NB = 6 * I P O S ( L 8 )  
NC = 6 * I P O S I L C )  DEFL0430 
KEA0 ( l ' K 2  1 ECSTIF DEFL0440 

DEFL0450 
I F  I L b  .EL). I 1 11401 = K DEFL0460 
I F  1 LR .EO. I I I N 0 1  = K + 6 UEFL0470 
I F  I LC .EG. I 1 I N D l  = K + 1 2  DE F L 0 4  80 
GO 7U L = 1 t 6  DEFL0490 
KA = luA  + L DEFLOSOO 

OEFLO5lO KB = NU + L 
KC = I\rC + L UEFL0520 
I F  ( l P O S ( L A I  .LT.  0 ) GO T O  60 OEFL0530 

OEFL0540 
60 IF I IPc)S(LB)  .LT. 0 1 GO TO 6 5  DEFLO55O 

EOUAIlK,KB) = EQUATIK9KB) + E C S I I F ( I N D l ~ L + 6 )  DEFL0560 
6 3  I F  I I P U S t L C l  .LT. 0 1 GO TO 10 DEFL05 70  

EQUAT(KtKC1 = tPUAT(K9KC)  + I - C S T I F l I X O l t L + l Z )  DE FL 0580 

DO 40 J 5 l t  IMEXT 

LA = NEXT(K2t  1 )  

CO 75  K = 1 1 6  

FQUAT(KtKA1 = E t J U A f l K t K A )  + ECSTIF ( IND1qL)  



7 0  CONTINUE 
75 CONTIhUt 
80 CONTINUE 

DO 85 K = 1.6 
J1 6 * I KOUYT - 1 I t K 
EOUATlKi  IEUtlI = FORCE1 1iKl 
I F  I XPKINr . G I .  1 I WRITE ( 6 , 8 6 1  I E U U A T ( K . J ) r J = l v I l l  

8 5  W R I I E  I ' 3 ' J l l  I E Q U A T I K ~ J l ~ J ~ 1 ~ 1 2 0 1 ~  
86 FORPAT 110t12.41 
90 COkTIkUE 

100 READ ( 3 ' K )  COEFF 
K = 1  

I = K + l  
I F  ( A B S 1  COEFFIK) )  .GT .  1.OE-10 I GO TO 12C 
CO 105 J = I r  IEQ 
READ 1 3 ' J l  CLiEFR 
J1 = J 
I F  I ABS1 C O E F R I K I I  .GT. 1-OE-10 ) GO TO 115 

WRITE (611101 

k P  = -NP 
RETUHN 

WRITE 1 3 ' K )  CUEFR 

105 CONTINbE 

110 F(1RMAT 1 3 2 H  OISPLACEMEJT MATRIX IS SINGULAR I 

115 WRITE 1 3 ' J l )  COEFF 

CO 117 J = 1 v 1 1  
117 COEFFIJ I  = COEFRIJ I  
120 R E A D  1 3 ' 1 )  COEFR 

L M  = CCEFHIK) / COEFFIK) 
COEFRIKI = 0.0 
J = K t l  

I F  I J .EQ. IEQ I GO TU 140 
J = J + l  
GO TU 130 

hRITE 13'1) CUEFR 
IF,(  I .EU. I E U  I GO TO 150 
I = I t l  
GO TL 1 2 0  

K = K t l  
GC T O  100 

RFAD 13'IEOl CUEFF 
CISPLAt  I E Q  J = CUEFF(1EL t 11 I COEFFIIEQ) 
I = IEC - 1 

J = I + l  
s = 0.0 

IF I J .EL). I € &  I GO TU 2 3 0  
J = J + 1  
GO T O  220 

I F  ( I .tC. 1 1 GO TU 2 4 C  
I = l - l  
C f l  T T  7 1 0  

1 3 0  COEFRIJ I  = COEFRtJ I  - L H  * C O E F F I J I  

140 C O E F R l J + l l  = C O E F R t J t l I  - I #  * C U E F F I J + l )  

153 I F  I K .EC. I E Q  - 1 I GO T(1 160 

160 CONTINUF 

210 HEAD 1 3 ' 1 1  CUEFF 

2 2 0  5 = 5 t COEFF(J1 * D ISPLAt  J 

2 3 0  C ISPLAI  I I ( C U E F F I I E U t l l  - SI / C G F F F I I I  

DEFL0590 
OEFLObOO 
DEFLO6 10 
DEFL0620 
DEFL0630 
DE F L 0 6 4 0  
DEFLO650 
DEFL 0660 
OEFL0670 
DEFLO68O 
DEFLO690 
OEFL0700 
DEFL0710 
DEFL0720 
DEFL0730 
DEFL0740 
DEF L 07 50 
DEF LO760 
DEFL0770 
OE F L  0 7 80 
DE F L  0790 
OEF LO800 
DEFL0810 
DE F L 08 20 
DEFL0830 
DEFL0840 
DEFL0850 
DE F L  08 60 
DEFL0870 
DEFL0880 
DEFL0890 
DEFLOIOO 
DEFL0910 
DEF LO920 
DEFL09 30 
OEFL0940 
DEFL0950 
DEFL0960 
DE F L  0970 
DEFL0980 
DEFLD990 
DEF L 1000 
D E F L l O l O  
DEFL lo20 
DEFL1030 
DEFL 1040 
OE F L 1050 
DEFL 1060 
DE F L  10 7 0  
DEFLlOBO 
DEFL1090 
UEF L 1 100 
DEFL 11 10 
D E F L l l 2 O  
DEFC 11 3 0  
DEFL 1140 
DEFL 1150 
DEFL1160 

110 



240  CONTINUC 
F I N D  ( 3 ' 1 )  
DO 2 6 0  I = 1,NT 
LA = N E X T ( I I 1 1  
L B  = NEXT( I ,Z )  
LC N E X T I 1 1 3 )  
NA = 6 * IPOS(LA1  
NB = 6 * I P O S ( L 8 )  
NC = 6 * IPOStLC)  

I F  ( I P O S I L A )  .LT. 0 1 GO TO 2 4 3  
DO 2 5 0  J = 196  

C I S P L ( J ~ 1 )  = CISPLA(NA + J )  
2 4 3  I F  ( IPOS(LB1  .LT. 0 GO T O  246  

OISPL1J+6 ,1 )  = D lSPLAfNB + J )  

C I S P L I J + l Z , I l  = CISPLA(NC + J )  
2 4 6  I F  I I P 3 S ( L C )  .LT. 0 1 GO TO 2 5 0  

250  CONTINUE 
260  CONTINUE 

F I N D  ( 4 ' 1 1  
WRITE 1 6 ~ 2 1 0 1  

2 7 0  FORMAT ( lH1 /43X,  14HCUMMUN S Y S T E M  / 
1 4OXvZOHDEFLECTIUN PRINTOUT //8X,BHNODE N O - I ~ X I ~ H X I  
1 ~ X ~ ~ H Y ~ Y X ~ ~ H Z ~ ~ ~ X ~ ~ H U ~ ~ ~ X ~ ~ H V ~ ~ ~ X I ~ H W ~ ~ O X ~ ~ H T H E T A X ~ ~ X ~ ~ H T H E T A Y / ~  
J - 0  

L A  = I 
K = 6 * I P O S t L A )  
E1  = 0.3 
02 = 0.0 
0 3  = 0.D 
0 4  = 0.0 
c 5  = 0.9 
I F  IPOS(LA)  .LT. 0 1 GO TO 275  
D1 = D I S P L A ( K + l )  
02  = C I S P L A ( K + Z I  
C3 = C I S P L A ( K t 3 )  
0 4  = DISPCA(K+41 
05 = C ISPLA(K+51  

DO 280 I = 1,NP 

2 7 5  J = J + l  
I F  ( J -EQ. 50  I W K I T E  (6127C) 
I F  I J .EU. 50 1 J = 0 

283 WRITE (6,290) I ~ X ( I I I Y ( ~ ) ~ Z ( I ~ S ~ ~ ~ O Z I ~ ~ I D ~ ~ D ~  
290 FORMAT (10x1 15,3F10.3,5E15.51 

K 1  = -47 
K 2  = 0 
00 300 
K1 = K 1  
K2 = K 2  

300 W R I T E ( 3  
RETURN 
F ND 

OEFL 11 70 
DEFL 11 80 
DEFL 1 190 
DEFL 1 2 0 0  
DEFL 1210 
DEFL 1220  
OEF L 1 2 3 0  
DEFL1240 
DEFL 1250 
DEFL1260 
DEFL127D 
DEFLl28O 
OEFL 1 2 9 0  
DEFL 1 3 0 0  
DEFL1310 
OEFL 1 3 2 0  
DEFL 1330  
OEFL 1 3 4 0  
OEF L 1 3 5 0  
DEFL 1360 
OEFL 1370 
DEFL 1 3 8 0  
OEFL1390 
OEFL1400 
DEFL 1410  
DEFL 1420  
DEF L 1 4 3 0  
OEFL1440 
OEFL 1450 
DEFL1460 
DEFL 1 4 7 0  
DEFL1480 
DEFL 1 4 9 0  
DEFL 1500  
OEFL l5  10 
DEF L 1 5 2 0  
OEFL 1530  
DEFL 1 5 4 0  
DEFL 1 5 5 0  
CEFL1560 
DEFL 1570 
DEFL 1 5 8 0  
DEFL 1 5 9 0  
DE F L 1600  
DEFL1610 
DEFL 1 6 2 0  
OEFL 1 6 3 0  
OEFL 1 6 4 0  
OEFL 1650 
DEFL 1660  
DEFL1670 

111 



SUBROUT I N E  A S S E M 1  A S M l  00 10 
C ASSEMBLF THE K A A  ANU K A B  P O R T I O N S  OF THE COMMON S T I F F N E S S  M A T R I X  A S H 1 0 0 2 0  
C FOR EACH SUB-SYSTEM. A S M 1 0 0 3 0  
C A S M 1 0 0 4 0  

1 P R E S S E I  200) t X L  ( 2 0 0 ~ 3 )  t Y L  ( 200.3) 1 A S M l O O 6 0  
COMMON X I 200) t Y I 200)  1 2 t 2 0 0 )  t TH t 200) p A S M 1 0 0 5 0  

2 KAPANG( 100) t L G L  1 100) 9 RHUB t 100) 1 R T I P  t 100) r A S M 1 0 0 7 0  
3 THHUR t 100) s T H T I P  ( 100) P R E S S L ~ ~ O O ~ ~ ~ ) S E D C M  t 3 1 3 )  t A S M 1 0 0 8 0  

5 N G E N L I  L I N E 1  s N P R E S ( 1 0 0 1  t N E X T  ( 20013) s NP 1 N T  1 A S M l O l O O  

7 P F L G N t 3 r 1 )  9 C F L G N l 1 8 t 1 )  E L S T I F ( 1 8 * 1 8 )  p E C S T I F ( 1 8 t 1 8 1  t A S M 1 0 1 2 0  

9 20016)  

4 RHU 9 OMEGA t P U I S S U  YOUNGS t RAOGEN 1 AS M 10090 

6 E L M S M t 6 r 6 )  9 A M I U I N ( 6 t 6 )  9 E L B S M t 9 . 9 )  1 A B N I N ( 9 1 9 1  v A S H 1 0 1  10 

8 P F C G N t 1 8 * 1 ) ,  C F C G N [ l B , l ) ,  M E X t 2 0 0 . 8 ) p  I M E X t 2 0 0 ) *  FORCE( A S M 1 0 1 3 0  

CflMMUN / MANE / N S U B S ~ I P O S ~ 2 0 0 ~ ~ N 8 T S ~ l O ~ l 5 ~ ~ ~ I T S l l O ~ 1 5 ~ ~ N B N ~ L O ! t  
1 I N T N ( l 0 )  

U I M E N S I U N  K A A t Y 0 9 9 0 ) ~  K A B t 9 0 1 9 0 )  9 M E X T t 8 )  
R E A L  K A A t  K A B  

00 110 I = 1 t N S U B S  
KKEC = 0 

KAAM = 0 
I E O l  = 6 * N B : . ( l I )  
DO 5 J 1190 
00 5 K = 1.90 
K A A t J t K )  = 0.0 

5 K A B l J t K )  = 0.0 
J1 = I V B T S t I v 1 )  
J2 = N B T S t I t N M N t  1 ) )  
00 90 J = J l r  JZ 
I F  I J  .YE. N M T S t I t K A A M + 1 ) )  GO TO 90 
KAAC = UAAM t 1 
I M E X T  = I M E X ( J )  
00 10 K = 1 , IMEXT 

00 85 K = 1 t I M t X T  
10 M E X T I K )  = M E X t J 9 K )  

K 2  = M E X T ( K )  
F I N O  t l ' K 2 )  
L A  = N E X T I K Z S L )  
L B  = N F X T t K Z r L I  
L C  = N E X T t K 2 t 3 )  
I F  t 1  .EO. 1) GO r u  15 
IF ( 1  .CO. N S U B S I  GO T U  2 0  
I F ( ( I L A  .LT. J1-1) .OK. ( L A  .GT. J Z ) )  -OR. 

1 [ ( L e  .LT. J l - 1 )  .OR. ( L R  .GT. J 2 ) )  .OR. 
2 ( ( L C  .LT. J1 -1 )  .OR. I L C  .GT. J 2 ) ) I G O  TC 85 

GO T u  2 5  
1 5  I F  ( ( L A  .ST. J Z )  .OK. I L B  .GT. J 2 )  .OK. t L C  .GT. J Z ) )  GO TO 85 

1 85 
2 5  LL = I U H U ( 1 )  

N 4  = -1 
NH = -1  
YC = - 1  
OCI 30 L = 1 , L 2  
I F  (LA . E O .  p4l31S 

I F  I L L  .kQ. J B T S  
I F  ( L B  .EU. ~ e r s  

ASM 101 40 
A S M 1 0 1 5 0  
AS M 1 0 1 6 0  
ASM 10 170 
A S M l O  180 
A S H 1 0 1 9 0  

A S M l O Z  LO 
A S H 1 0 2 2 0  
ASM 10230 
AS E110240 
AS M 10250 
AS M L O 2  60 
A S H 1 0 2 7 0  
A S M l O 2 8 0  
ASH 10290 
A S M l O 3 0 0  
A S M 1 0 3 1 0  
A S M 1 0 3 2 0  
A S M 1 0 3 3 0  
A S M 1 0 3 4 0  
ASP410350 
A S M 1 0 3 6 0  
A S H 1  0370 
A S M 1 0 3 8 0  
A S M 1 0 3 9 0  
A S M l O 4 0 0  
A S H 1 0 4  10 
A S M 1 0 4 2 0  
A S M 1 0 4 3 0  
AS M 1 0 4 4 0  
A S M 1 0 4 5 0  
A S H 1  0460 
A S M l O 4  7 0  
AS M 1 0 4 8 0  

asuiozoo 

GO T U  2 5  
2U I F  ( ( L A  .LT. J 1 - 1 )  .OK. t L H  .LT. J L - 1 )  .OR. I L C  .LI. J1-1))  GO TO A S M 1 0 4 9 0  

A S M 1 0 5 0 C  
A S M 1 0 5 1 0  
AS M 1 0 5 2 0  
ASH1 0530 
A S H 1  0540 
A S M 1 0 5 5 0  

1 , L ) )  NA = 64 ( L - 1 )  A S M l O 5 6 0  
I , C l )  Nt3 = 64 ( L - 1 )  A S M 1 0 5 7 0  
1 . L ) )  NC = 69 ( L - 1 )  ASM 10580 



30 CONTINUE 
L 2  = I N T N ~  I )  
DO 35 L = 1qL2 
I F  ( L A  .EQ. N l T S ( 1 , L ) )  N A  = 6* ( L + N B N ( I ) - l I  
I F  ( L B  . € P I  N I T S ( 1 , L ) I  N B  = C* ( L + N B N ( I ) - l )  
I F  ( L C  .EO. N I l S ( I 9 L ) )  NC 6* ( L + N B N I I ) - l )  

35 C O N T I N U E  
45  READ ( l ' K 2 )  E C S T I F  

00 80 L = 1.6 
I F  ( L A  .Ea. J )  IN01 = L 
I F  (Lt) . € P I  J)  I rYOl = L + 6 
I F  ( L C  .Ea. J )  l N D l  = L + 12 
P l  = 6 * ( K A A M - 1 )  i L 

K A  = NA + H 
K B  = NB + H 
K C  = NC + M 
I F  ( N A  .LT. 0 )  GO TO 5 5  
I F  ( N A  .GT. 6 * ( N O N ( I ) - 1 1 )  GO TO 50 

GO T O  55 

CO 80 M 116 

K A A f E l l r K A )  = K A A ( M 1 , K A )  + E C S T I F ( I N O 1 , M l  

5 0  K A  = M + NA - I E U l  
K A B ( H l r K A 1  = KAB(M1,KA)  + E C S T I F ( I N D 1 r W )  

K A A ( M l r h t 3 )  = K A A ( M l r K 8 I  + E C S T I F ( I N D l ~ H + 6 )  
55 I F  ( N B  .GT. 6 * ( N B N ( I ) - l ) )  GO TO 60 

GO TU 6 5  
L O  K B  = Ir + NB - ( E 0 1  

K A B ( M 1 , K B )  = K A B ( P 1 p K B )  + E C S T I F I I N D l , M + 6 )  
65  I F  (NC 4 1 .  0) GO TU 7 5  

I F  (NC . G T .  6 * ( N B N ( I ) - l ) )  GO TO 70 

GO T O  75 
KAA(M1,KC) = KAA(M1,KC)  + E C S T I F t  1Nl)I.c M + l 2 )  

70 KC = P + NC - I E c j l  
K A B ( M 1 t K C )  = K A B ( M 1 , K C )  + E C S T I F ( I N D 1 ,  M i 1 2 1  

75 CONTINUE 

85 C O N T I N U F  
90 C O N T I N U t  

a 0  COFiTIhUF 

K 1  = -9 
K 2  = 0 
00 95 L = 1,9 
KREC = K K E C  + 1 
I F  ( 6 2  .GE. I E U l  I GU T O  9 >  
1(1 = K 1  i 10 
K 2  = K 2  + 10 
W R I T E  ( 3 ' K R E C )  ( ( K A A I K v J  ),J=1,90) t K = K l  v K 2 )  

K 1  = -9 
K 2  = 0 

KREC = KREC + 1 
I F  [ K 2  . G E .  1 E b ) l  ) GU TU 100 
K l  = K 1  + 10 
K 2  = K2 i 10 

95 CONTINUE 

on i o 0  L = i , 9  

W R I T t  ( 3 ' K R E C )  ( I K A B ( K , J ) , J = l , V O ) , K = ~ l , K 2 l  
1 G O  C O N T I h U F  

110 C ( l h T 1 h U E  
K F T U K N  

A S H 1 0 5 9 0  
A S H 1 0 6 0 0  
A S H  106 10 
A S M 1 0 6 2 0  
AS M 1 0 6 3 0  
A S M 1 0 6 4 0  
AS M 10650 
A S H 1 0 6 6 0  
A S M 1 0 6 7 0  
AS M 1 0 6 8 0  
A S H 1 0 6 9 0  
A S M 1 0 7 0 0  
A S M 1 0 7 1 0  
AS I 4 1 0 7 2 0  
ASM 10730 
A S M l 0 7 4 0  
A S H 1 0 7 5 0  
A S M 1 0 7 6 0  
AS M I 0 7 7 0  
A S H 1  0780 
AS M 1 0 7 9 0  
A S M 1 0 8 0 0  
A S H 1 0 8 1 0  
A S M 1 0 8 2 0  
A S N 1 0 0 3 0  
ASM 10840 
A S H 1 0 8 5 0  
A S H 1 0 8 6 0  
AS H l 0 8  70 
ASM 10880 
A S H 1 0 8 9 0  
A S M 1 0 9 0 0  
AS M 1 0 9  10 
ASM 10920 
A S H 1 0 9  30 
A S M 1 0 9 4 0  
AS M I 0 9 5 0  
ASH 10960 
A S H l  0970 
A S M l O 9 8 0  
A S M 1 0 9 9 0  
A S H 1  1000 
A S H 1  1010 
A S H l  1020 
A S H 1 1 0 3 0  
A S M l l O 4 0  
A S H 1 1 0 5 0  
A S M l l O 6 0  
A S M 1 1 0 7 0  
A S M l 1 0 8 0  
A S H 1 1 0 9 0  
A S M l 1 1 0 0  
A S H 1 1 1 1 0  
A S M l l l 2 0  
ASH1 11 30 
A S H 1 1 1 4 0  
AS M 1 1 1 5 0  
A S H 1  1160 

END A S M 1 1 1 7 0  



SUBWUUTINE ASSEM2 ASM2OO 10 
C ASSEMBLE THE KEA AN0 KBB-1 PORTIONS OF THE COMMON STIFFNESS ASP20020 

AS M20030 C MATRIX FOR EbCH SUB-SYSTEM.  
C ASM20040 

1 PRFSSE( 2 0 0 )  X L  ( 2 0 0 ~ 3 )  t Y L  ( 2COg3) t ASM20060 
COPPON X 1 1  I 2 0 0 )  1 Y ( 200) , 2 ( 2 0 0 )  1 TH I 200) rASM20050 

2 KAPANG( 100) t ZGL ( 100) 9 KHUB ( 100) 1 R T I P  ( 100) gASM20070 
3 T H H U B  ( 100) THTIP ( 100) 9 PRESSL(1001151,EDCM ( 3 1 3 )  ,ASH20080 
4 RHO 9 UMEGA 1 POISSU , YOUNGS 1 WAOGEN ASH20090 
5 NGENLI  1 L I N E 1  NPRES(100)  9 NEXT ( 2 0 0 1 3 )  9 NP p NT 1 ASH20100 
6 ELMSM(6,6)  1 A H N I N ( 6 r 6 )  1 E L B S M ( 9 r 9 1  9 A B N I N ( 9 s 9 )  9 ASH20110 
7 

REAL KBA, KBB 

00 1 3 5  I = l rNSUHS 
KREC = 1 8  * NSUBS 

KEAP = 0 
l E Q l  = 6 * I N T I (  I )  
I E C 2  = 6 * N B N I I )  
DO 5 J = 1190 
DO 5 K = 1990 
K B A ( J 9 K )  = 0.0 

5 KRE(J ,K)  = 0.0 
J 1  = N I T S ( I v 1 )  
J 2  = N I T S ( I * l N T N ( I ) )  
GO 90 J = J l q J L  
I F  ( J  .UE. N I T S ( I * K B A M t l ) )  GO TO 90 
KBAM = KBAM + 1 
I M E X T  = I M E X I J )  
CO 15 K = I t l M E X T  

DO 85 K = 1,IHEXT 
15 MEXT(K)  = M E X ( J 9 K )  

K2 = P 'EXT(K)  
F I N O  ( l ' K 2 )  
LA = N F X T ( K Z v 1 )  
LB = N€XT(K2,2)  
LC = NEXT(K2.3)  
L 2  = NHY( I )  
NA = -1 
h1B = -1 
NC = - 1  
on 30 L = 1,LZ 
I F  ( L A  .EL). ) J O T S ( I g L ) )  Y A  = 6 * ( L - 1 )  
I F  ( L H  .EU. N B T S ( 1 , L ) )  NO = 6 * ( L - 1 )  
I F  ( L C  .EC.  f u B T S ( I I L ) )  NC = 6 * ( L - l )  

31) C(lt%TlrvUt 
L 2  = I N T N ( I 1  

I F  ( L 4  .CQ. N I T S ( 1 . L ) )  NA = 6* ( L  + NBN( 
I F  ( L b  .EQ. N l T S ( 1 , L ) I  NB = 6* ( L  + NBN( 
I F  ( L C  .FO. N I I S ( 1 . L ) )  NC = 6* ( L  + NBN( 

DU 35  L = 1 1 L 2  

35 CONTlrvUE 
45 HEAP ( l ' K . 2 )  FCSTIF 

C f l  80 L = 1.6 

ASH201 3 0  
ASM20 140 
AS M20150 
ASH2 0 160 
ASH2 01 70 
AS H 2 0 1 8 0  
ASH20190 
ASH20200 
ASH202 10 
ASH20220 
AS M20230 
ASH20240 

ASH20260 
AS H 2 0 2 7 0  
ASM20280 
ASH20290 
AS H20300 
ASM203 10 
ASH20320 
ASH20330 
ASM20340 
AS H20350 
AS H2O 3 6 0  
ASH20370 
ASH20380 
ASH20390 
ASH20400 
ASH20410 
AS H204 2 0  
AS 1420430 
ASH20440 
A SH2 0450 
ASH20460 
AS M20470 
ASH20480 
ASH2 0 4 9 0  
AS M20500 
ASH20510 
ASN20520 
ASH20530 
ASH20540 
ASW20550 
ASH20560  
ASM20570 
ASP20580 

~ ~ ~ 2 0 2 5 0  

1.1. '-1 



I F  ( L A  .EQ. J )  I N L ) l  = L 
I F  ( L E  .EG. J I  I N 0 1  = L + 6 
I F  ( L C  .EO. J )  INDl = L i 1 2  
F c l  = 6 * (KBAM-11 i L 
GO 80 M = 1.6 
KA = h A  + M 
K B  = Ne + M 
KC = NC i M 
I F  (NA .LT. 01 GO TU 55 
I F  (NA .GT. 6 * ( N H N f I ) - 1 ) )  GO TU 50 
KBA(Ml .KA1  = KNA(M1,KA) + E C S T I F (  IND1.H) 
GO TO 5 5  

5 0  KA = M + NA - I E d 2  
KBB(M1,KA) K t ) I j l t ’ l t K A )  + E C S T I F t  1NDI.M) 

KRA(M1rKLI)  = K B A I H l e K B )  + E C S T I F ( I N D l ~ C i 6 1  
35 I F  ( N 9  .GT. 6 * ( N B N ( I ) - l ) l  GO TO 60 

GO TU 65 
60 KB = C + NB - IEQ2 

KBB(Ml .KO1 = K B B ( M 1 t K B )  + E C S T I F (  I N D l t ) r + b )  
65 I F  (NC .LT. 0 )  GO TO 7 5  

I F  (NC .GT.  b * ( N B N ( I I - l l )  G O  TU 70 

G O  TU 75 
KBA(M1.KC) = KUA(M1,KC) + E C S T I F (  I N D l p M + 1 2 )  

7 0  KC = H + NC - I E Q 2  
KBB(M1pKC)  = KBB(M1,KC) + F C S T l F ( I N D 1 ~ H + 1 Z l  

7 5  CONTINUE 
80 CONTINUE 
8 5  CONTlNUE 
90 CONTINUF 

K 2  = I N T N ( 1 )  * 6 
DO 1 2 0  K = 1.K2 
I F  ( K B B ( K v K 1 )  1 0 5 9 9 5 ~ 1 0 5  

9 5  W R I T E  ( 6 p 1 0 0 1  I 
1 0 0  FURCAT f 2 2 H  KBL) UF SUB-SYSTEM NO.. 1 3 ,  13H IS SINGULAR) 

NSURS = -NSUBS 
RETURN 

1 0 5  X = 1.0 / KBB(K ,K)  
K B B ( K p K 1  = 1.0 
DO 110 J = 1 9 K 2  

I F  (K -K2  1 115 ,1259  1 1 5  
1 1 0  KBB1K.J )  = K B B I K I J )  * X 

115 M = K + 1 
00 120 Y = M,KL 
X = K B R ( N 9 K )  
K B B ( N q K 1  = 0.0 
00 1 2 0  J = 1 9 K 2  

1 2 0  K B B l N v J I  = K B B ( N . J )  - X * KBB1K.J)  
1 2 5  L L  = K 2  - 1 

DO 1 3 0  J = 1,LL 
M = J + 1  
00 1 3 0  K = M,K2 
X = K B B ( J , K )  
K B U ( J ~ K 1  = 0.0 
DO 130 L = l l K 2  

1 3 0  K R B ( J 9 L )  = K U B ( J , L )  - K B B ( K , L )  * X 
K 1  = -9 
K 2  = 0 
00 1 3 1  L = 1 9 9  

ASM20590 
ASM20bOO 
ASM20610 
AS M 2 0 6 2 0  
AS M206  31) 
ASM20640 
ASEr20650 
ASM20660 
ASM20670 
ASY20680  
ASW20690 
ASH20700  
ASM20710 
ASM20720 
ASM20730 
AS M2 0740 
ASM20750 
ASM2O 760 
ASH20770  
ASM20780 
ASH20790  
ASM20800 
ASP2 08 10 
AS M20820  
AS M208 30 
ASM20840 
ASH20850  
ASH20860  
ASH20870  
ASH20880  
ASH2 0 8 9 0  
ASH20900  
AS H 2 0 9  10 
A SH2 0 9 2  0 
A S M2 0 9 3 0  
AS H 2 0 9 4 0  
ASH20950  
ASH2 09 60 
ASF120970 
ASH20980  
ASH20990  
ASM21000 
ASH21010  
ASH2 1 0 2 0  
ASH2 10 30 
ASH21040  
ASH2 1 0 5 0  
ASH2 1060 
ASMZ 1 9 7 0  
ASH21080  
ASH2 1090 
ASH21100  
ASH2 11 10 
ASH21120  
ASH21130  
ASH2 1 1 4 0  
AS M2 11 50 
ASMZ 1 1 60 



KREC = KREC + 
I F  I K2 .GE. 
K 1  = K 1  + 10 
K Z  = KZ + 10 
W R I T E  (3'KREC 

K 1  = -9 
1 3 1  CONTINUE 

K2 = 0 

1 
E 0 1  1 GU TC 1 3 1  

CU 132 L = I s 9  
K W E C  = KREC + 1 
I F  I K2 .GE. l E Q l  1 GO TC; 1 3 2  
K 1  = K 1  + 10 
K2 = K2 + 10 
W R I T E  O ' K H E C )  I ( K U ~ I K g J ) , J = 1 g Y O ) t K = K l l K 2 )  

132 CONTINbE 
135 CONTINUE 

RETURh 
END 

ASW2 11 TO 
A S M Z  1180 
ASM2119O 
A S M Z  1 2 0 0  
AS321710 
A S M Z  1220 
ASM21230 
ASH2 1 2 4 0  
ASC21250 
ASMZ 1260 
ASH2 1270 
ASM2 1 2 8 0  
ASMZ 1 2 9 0  
A S  M2 1300 
ASM21310 
A S M Z  1 3 2 0  
AS M2 1330 
AS M2 1340 

116 



S U B H O U l  I N E  C A L C  
C C A L C U L A T E  THE S U d - S Y S T E M  P O R T I O N  OF THE S Y S T t M  S T I F F N E S S  
C M A T R I X  ANI) S Y S T E M  BOUNDARY FORCE C O E F F I C I E N T  M A T H I X .  
C 

COMMON / MANE / N S ~ R S ~ I P O S l 2 C O ~ ~ ~ B T S ~ l O ~ l 5 ~ r N I T S l l O ~ l 5 ~ r N 8 N l l O J r  
1 I N T ? 4 ( 1 0 )  

R E A L  K S S  

J3 = 36 4 N S U R S  
5 4  = 4 5  4 N S U B S  

lEOl = 6 * N B N I  1 )  
IECZ = 6 4 I N l a V ( I )  

OlMENSlDN 8 t 9 0 r 9 0 ) r  K S 5 1 5 0 , 9 0 ) ,  A t 9 0 , 9 0 )  

00 20 I = I r l U S U D S  

K A  1 8  * I - 9 
K 1  -9 

DO 1 L = 1 9 9  
K Z  = 0 

K A  = K A  + 1 
I F  t K 2  .GE. I E P l  1 GO TU 1 
K 1  = K 1  + 10 
K 2  = K Z  + 10 
R E A D  1 3 ' K A )  l(AIK,J)rJ=1,90)rK=Kl*K2) 

K R  = 18 * I N S U B S  + I )  - 9 
K 1  = -9 
K 2  = 0 
00 2 L = l r 9  
K R  = K B  + 1 
I F  I K 2  .GE. I E Q Z  1 GO TO 2 
K 1  = K 1  + 10 
K 2  = K Z  + 10 

1 C O N T I N U E  

R E A D  1 3 ' K B l  ~ I B l K , J ~ r J = 1 , 9 0 ) r K = K l ~ K 2 1  
2 C O N T I N U E  

J1 = I E U l  
J Z  = I E O 2  
I F  I J1 .GT .  50 J1 = 50 
CO 3 J = 1 r J 1  
DO 3 K = 1 r J 2  
K S S ( J r K 1  = 0.0 
DO 3 L = 1 p J 2  

3 K S S I J V K )  = K S S I J p K )  + A I J r L l  * B l L , K )  
K 1  = -9  

00 4 L = 1 ~ 5  
K 2  = 0 

J 3  = J 3  + 1 
I F  I K 2  .&E. l F Q l  
K 1  = K L  + 10 
K 2  = K 2  + 10 
W K I T C  1 3 ' J 3 )  I I K S S  

I F  I I F ' . 1  .LE. 5 3  
I F  ( l E O l  .LE. 5 0  

4 CONTI;.IUE 

~1 = i w i  - 50 
011 5 J = l i J l  
I10 5 K = 1 r J 2  
K 5 S l J . K )  = 0.0 

G J  TC 4 

CALCOO 10 
CALCOOZO 
C A L C O O 3 0  
C A L C O O 4 0  
C A L C 0 0 5 0  
C A L C 0 0 6 0  
C A L C O O  70 
C A L C 0 0 8 0  
C A L C 0 0 9 0  
C A L C O l O O  
C A L C O l 1 0  
C A L C O l 2 0  
C A L C 0 1 3 0  
C A L C 0 1 4 0  
C A L C O l  SO 
C A L C O l b O  
C A L C O 1 7 0  
C A L C O l 8 O  
C A L C 0 1 9 0  
t A L C 0 2 0 0  
C A L C O 2  10 
C A L C 0 2 2 0  
C A L C 0 2 3 0  
C A L t 0 2 4 0  
C A L C 0 2 5 0  
C A L C 0 2 b 0  
C A L C O 2  70 
C A  L C 0 2  80 
C A L C 0 2 9 0  
C A L C 0 3 0 0  
C A L C 0 3 1 0  
C A L C 0 3 2 0  
C A L C 0 3 3 0  
C A L C 0 3 4 0  
C A L C 0 3 5 0  
C A L C 0 3 6 0  
C A L C 0 3 7 0  
C A L C 0 3 8 0  
C 4 L C 0 3 9 0  
C A L C 0 4 0 0  
C A L C O 4  10 
C A L C 0 4 2 0  
C A L C 0 4 3 0  
CA L C 0 4 4 0  
C A L C 0 4 5 0  
C A L C 0 4 6 0  
C A L t 0 4 7 0  
C A L C 0 4 8 0  
C A L C 0 4 9 0  
C A L C 0 5 0 0  
C A L C O 5 l O  
C A L C 0 5 2 0  
C A L C 0 5 3 0  
C A L C O 5 4 0  
C A L C O 5 5 0  
C A L C 0 5 6 0  
C A L C 0 5 7 0  
C A L  CO 5 80 

, 



6 
T 

n 

9 

10 

11 

K 1  = -9 

DO h L = 1 9 4  
K 2  = 0 

J3 = 5 3  4 1 
I F  ( K 2  .GE. I C O 1 - 5 0  I GU T U  6 
K 1  = K 1  4 10 
K 2  = K 2  4 10 

C O N T I N U E  
K 8  = K B  - 18 
K 1  = -9 
K 2  = 0 
DO 8 L = l r 9  
K B  = K H  4 1 
I F  ( K 2  .GE. IEQZ ) GO TO 8 
K 1  = K 1  4 10 
K Z  = K 2  4 10 

C O N T I N U E  
J11 = I E Q l  
J1 = I E Q l  

J11 = J11 - 50 

M R I T E  ( 3 ' J 3 )  I l K S S ( K r J ~ r J = l r 9 O ) , K I K 1 1 K Z )  

R E A D  ( 3 ' K 8 1  ( ( B ( K r  J 1 t J=1190) r K = K l r K Z )  

IF ( ~ i i  .LE. so ) GO ro 11 

00 9 J = l r J l l  
DO 9 K = 1 r J 1  
A ( J + S O r K l  = 0.0 
DO 9 L = 19J2  
A I J 4 5 0 ~ K l  = A I J 4 5 0 , K )  4 K S S I J e L I  * B l L r K l  
J 3  = J3  - 9 
K l  = -9 
K 2  = 0 
DO 10 L = 1 9 5  
J3 = J 3  4 1 
I F  I K 2  .GE. IEQl I GO TO 10 
K 1  = K 1  4 10 
K 2  = K 2  + 10 

CDNT I N U E  
J 3 . =  5 3  4 4 
J11 = I E Q l  
I F  ( J11 .GT. 50 I J l l  = 50 

R E A D  ( 3 ' J 3 1  l l K S S l K ~ J ) , J = 1 ~ 9 0 ) r K = K l ~ K 2 ~  

LO 12 J = l r J l l  
DO 12 K = 1 r J 1  

C A L C 0 5 9 0  
C A L C 0 6 0 0  
C A L C 0 6 1 0  
C A L C 0 6 2 0  
C A L C 0 6 3 0  
C A L C 0 6 4 0  
C A L C 0 6 5 0  
C A L C 0 6 6 0  
C A L C 0 6 7 0  
C A L C 0 6 8 0  
C A L  C 0 6 9 0  
C A L C 0 7 0 0  
C A L C 0 7 1 0  
C A L C 0 7 2 0  
C A L C 0 7 3 0  
C A L C 0 7 4 0  
C A L C 0 7 5 0  
C A L C 0 7 6 0  
C A L C 0 7 7 0  
C A L C 0 7 8 0  
C A  L C  0 790 
C A L C 0 8 0 0  
C A L C O 8  10 
C A L C O B Z O  
C A L C O 8  30 
C A L C 0 8 4 0  
C A L  C 0 8 5 0  
C A L C 0 8 60 
C A L C 0 8 7 0  
C A L C O R B O  
C A L C 0 8 9 0  
CALCOPOO 
C A L C 0 9 1 0  
C A L C 0 9 2 0  
C A L C 0 9 3 0  
C A L C 0 9 4 0  
C A L C 0 9 5 0  
C A L C 0 9 6 0  
C A L  C 0 9  70 
C A L C 0 9 8 0  
CA L C  0990 
C A L C l O O O  
C A L C l O l O  
C A L C  1020 
C A L C 1 0 3 0  
C A L C  1040 
C A L C l O S O  
C A L C 1 0 6 0  
C A L C l O T O  
C A L C l O 8 O  
C A L C  1090 
C A L C l l O O  
C A L C l l l O  
C A L C l 1 2 0  
C A L C  1 130 
C A L C  1140 
C A L C  11 50 
C A L C l l 6 O  



15 B I J t K )  = B 1 J . K )  - A 1 J . K )  
K 1  = -9  

CO 16 L = 1 . 9  
K? = 0 

J 4  = J 4  + 1 
I F  ( K 2  .GE. I E O l  ) GU TU 16 
K 1  = K 1  + 10 
K 2  = K 2  + 10 
W R I T E  1 3 ' J 4 )  ILB ( K * J ) r J = 1 , 9 O ) , K = K l r K 2 )  

16 C O N T I N U E  
21, CONTINUE 

RETURN 
EN0 

CALC 1 1  10 
C A L C 1 1 8 0  
C A L C l l B O  
CALC 1200 
C A L C l 2  10 
CALC 1 2 2 0  
C A L C 1 2 3 0  
CALC 1 2 4 0  
C A L C l Z S O  
C A L C 1 2 6 0  
C A L C 1 2 7 0  
C A L C 1 2 8 0  
CALC 1290 



C 
C 

SUBROUTINE ASSEM3 I NBNUDE ) 
ASSECOCE THE SUB-SYSrEM MATRICES INTU THE 

REAL KSS 
COMMCN X ( 2 0 0 )  9 Y ( 2 0 0 )  1 z 

1 PRESS€( 2 0 0 1  t XL ( 2 O O i 3 )  i YL 
2 RAPANG( 100) 1 ZGL I 100) i Rl-UB 
3 THHUR ( 100) i THTIP I 1001 1 PRES 
4 RHO t OMEGA i PUISSO 1 YOUNGS W 
5 NGENLI i L I N E 1  i N P R E S l 1 0 0 l  I NEXT 

ASEM3010 
SYSTEM MATRIX. A S  EM3020 

ASEM3030 
ASEM3040 

2 0 0 1 3 )  i ASEM3060 
I 200) i TH ( 2 0 0 )  iASEM3050 

( 100) 9 R T l P  ( 100) rASEM3070 
L (  1 0 0 1 1 5 )  tEDCM I 3 9 3 1  iASEM3080 

( 20013) NP i NT i ASEM3100 
DGEN t ASEM3090 

6 E L M S M ( 6 i b l  I A M N I N ( 6 i 6 )  1 E L B S M ( 9 i 9 l  i A B N I N ( 9 s Y )  i ASEM31 10 
7 P F L G N I 9 i  1 )  t C F L G N ( 1 8 i l )  i E L S T I F ( 1 8 i l 8 )  i E C S T I F l 1 8 i 1 8 )  i ASEM3120 
8 P F C G N ( 1 8 i l ) r  C F C G N ( 1 8 i l ) i  M E X l 2 C O i R ) i  IMEXl2OO)i FORCE( ASEM3130 
9 200*6) 

COMMON I MANE / N S U ~ S i I P O S l 2 0 0 l i N B T S ~ l O ~ l 5 ) ~ N l T S l 1 O i l 5 ~ i N B N l l O ~ ~  ASEM3150 
ASEM3140 

1 l N T N l 1 0 1  
DOUBLE PRECISION COEFF 

NBNEHl1) = NHNI 11 
DIWENSION C O E F F l 3 0 1 ) p  F ( 9 o ) i  K S S ( 9 0 i 9 0 )  9 NBNFW1101 

OD 2 I = 2iNSUBS 
2 h(BNEY(I1 = N B N ( I )  - N B N E $ ( I - 1 )  

NBNODE = N B N l 1 )  

J1 = I P O S ( J 2 l  
NSUM = NSUBS - 1  

J = N B N ( I 1  
co 3 m = I,J 
J 2  = NBTS( 1 i K )  
I F  ( I P l J S ( J 2 )  .LE. J 1  1 GO TO 3 
J1 = I P L l S ( J 2 )  
NBN@CE = NBNCDE t 1 

J 2  = NBlS(11NBNOCEI 

DO 4 1 = ZiNSUB 

3 CONTINUE 
4 C(INT1NUF 

1 1  = 6 * QBNOOE + 1 

K 1  = 3 6  * NSUBS + 9 4 ( 1 - 1 1  
I E Q l  = 6 * N H N I I )  
J 7  = -9 
J 3  = 0 
DO 5 L = 119 
K1 = K 1  t 1 
I F  ( J3  .GE. I E Q l  ) GO TO 5 
J 2  = J 2  t 10 
J 3  = J 3  + 10 

CO 4 0  J = 1tNSUBS 

READ ( 3 ' K l )  I ( K S S l K ~ J l , J = l r 9 0 ) , K = J 2 ~ J 3 ~  
5 CONTINUE 

J 2  = NBVI I )  
J3 = I N T N ( I )  
DO 10 J = 1 t J L  
DO 10 I( = 1 1 6  
J 1  = 6 4  ( J - 1 )  t I< 
F ( J 1 )  = 0.0 
nn 10 L = I , J ~  
00  10 t' = 116 
M1 = h 0 I C - 1 1  + M 

K1 = 4 5  1 NSUU5 + 9 9 ( 1 - 1 1  
10 F ( J 1 1  = f - I J 1 1  + K S S l J l i M I l  * F O R C E l N I T S ( 1 i L l r M  1 

AS EM3 1 6 0  
ASEM3170 
ASEM3180 
ASEM3 190 
AS EM3200 
ASEM32 10 
ASEM3220 
ASEM3230 
AS E M3240 
ASEM3250 
A SE M 32 6 0  
ASEM3270 
ASEM3280 
ASEM3290 
ASEM3300 
ASEM3310 
AS EM3320 
A S  EM 3 3  30 
ASEM3340 
ASEM3350 
AS EM3360 
ASEM3370 
A SE M 3380 
ASEM3390 
AS EM3400 
ASEM3410 
ASEM3420 
ASEM3430 
AS EM3440 
ASEM3450 
ASEM3460 
ASEM3470 
AS EM3480 
ASEM3490 
A SEM 3 500 
ASEM3510 
AS E M  3520 
ASEM3530 
ASEM3540 
ASEM3550 
ASEM3560 
ASEM3570 
ASEM3580 



L 1  = - Y  
L 2  = 0 
DO 11 L 1 p 9  
K 1  = K 1  + 1 
I F  I L 2  .GE. I E Q l  GO TU 11 
L 1  = L 1  + 10 
L Z  = L 2  + 10 
READ I 3 ' K l )  I I K S S I  K, J 1 ,  J s l r 9 0  1 r K = L  l i i . 2 )  

11 CONTINUE 
J l = I - 2  
l C 0 L l  = 1 
I F  { I .LE. 2 1 GO T O  1 3  
CO 1 2  J = 1 ,J l  

1 2  I C O L l  = I C O L l  + 6 * NB4ECr lJ l  
I j  ICOLZ = I C O L l  + 6 * N B N I I )  - 1 

K3 I C U L l  -1 

DO 40 K = l r 6  
CO 40 J = 1,JZ 

00 1 5  L 1 ,701 
1 5  COEFFIL)  = 0.0 

K 1  = 6 * IJ-11 + K 
K 2  = K 1  + K 3  
I F  I I .EO.  1 ) GO TO 2 0  
I F  ( J .GT. Nt3NEWI 1-11 1 GO TO 2 0  
R E A D  1 4 9 ~ 2 + 2 0 ~ )  COEFF 

20 DO 2 5  L = I C O L l t  lCUL2 
2 5  COEFFIL)  = C O E F F ( L )  + KSS(K1,  L - I C O L l + l I  

C O E F F I I l )  = C O E F F ( I 1 )  - F I K 1 1  
IF ( I .EO. 1 1 GO ro  2 7  
I F  ( J .LE. NBNEWII -1 )  1 GO TO 3 0  

2 7  C O E f F I I l )  = C O E F F I I l )  + F O R C E l N B T S l I , J l , K )  
3 0  h R I T E  1 4 * K 2 + , ? 0 0 )  CUEFF 

4U CCNTINUE 
RFTURN 
EN0 

ASEM3590 
ASEM3600 
A SEM 3 6  10 
ASEM3620 
ASEM3630 
AS EM 3 6 4 0  
A S  EM 3 6 5 0  
ASEM3660 
AS EM3670 
ASEM3680 
ASEM3690 
ASE M3700 
AS EM37 10 
AS EM 37 2 0  
ASEM3730 
AS E M3 7 4 0  
ASEM3750 
ASEM3760 
ASEM3770 
ASEM3780 
ASEM3790 
AS EM3800 
ASEM38 10 
ASEM3820 
ASE M3830 
AS EM 3840 
A S E  M 38 5 0  
ASEM3860 
AS EM3870 
AS EM3880 
ASEM3890 
ASEH3900 
AS EM39 10 
AS EM 3 9 2 0  
A 5 EM3930 



SUBRUUTINE BDEFL I NBNUOE 1 
+ I Y P L I C I T  REAL*8 (A-He 0 - 2 )  

C SOLVE FOR THE BOUNDARY NOOF OEFLECTIONS I N  THE COMMON 
C COOROINAlE SYSTEM 
C 

COMMON / MANE / NSUBSeIPOS(200) rNBTSl  0 ~ 1 5 1 e N I T S I 1 0 ~ 1 5 ) e N R N  

OIMENSION COEFF(301)  t DISPLA112001 e COEFR(3011 e l O l S ( 3 0 0  
1 I I s T N ( 1 0 )  

OIMENSION NBNEHILO) 
DATA IDIS / 3 0 0  * 0 / 
I F Q  = 6 * NBNUOE 
NBNEWl1) = N B N ( 1 )  
CO 5 I = 2rNSUDS 

I 1  = I E Q  t 1 
K = l  

I = K + 1  

5 NBNEWII )  = N B N ( l )  - NDNEWII-1) 

10 READ 1 4 ' K + 2 0 0 )  COEFF 

IFlOABS(COEFFlK)) .GT. 1.00-10) GO TO 35 
CO 15  J = l e  I E P  
J1 = J 
READ 1 4 ' J + 2 0 0 1  COEFR 
I F I O A B S I C O E F R I K ) )  .GT. 1.00-10) GO TO 25 

WRITE (6.20) 
1 5  CONTINUE 

20  FORMAT 132H DISPLACEME%T M A T R I X  IS SINGULAR ) 
NSUBS = -NSUBS 
QETURN 

WRITE 1 4 ' K + 2 0 0 )  COEFR 
25 WRITE ( 4 ' J 1 + 2 0 0 )  COEFF 

DO 3 0  J = 1.11 
3 0  COEFFIJ)  = C O t F R t J )  

35 READ 1 4 e 1 + 2 0 0 )  COEFH 
ZM = COEFRIK) / CUEFF(K) 
CUEFKIK) = 0.0 
J = K + 1  

I F  I J  .EQ. IEQ) GO T O  4 5  
J = J + 1  
GO TO 4 0  

WRITE 1 4 ' 1 + 2 0 0 )  COEFR 

I = I + l  
GO TO 3 5  

K = K + l  
GO Tb 10 

5 5  K = K + l  
R E A D  ( 4 ' K + 2 0 0 )  CUFFF 
K.? = 0 

K 1  = KZ + 1 

J 1 2  = 0 
00 60 J K l r K L  
J 1 2  = J 1 2  + 1 
1 1 1  = h d l S I I . J l 2 )  

4 0  COEFK J )  = COEFRIJ)  - L M  * C O E F F I J )  

4 5  CUEFK Jt1) = C O E F K ( J t 1 )  - 7 M  * COEFF 

IF ( 1  .EG. I E Q )  GO r u  50 

50 I F  I K  .tO. IEQ - 1) GO T O  5 5  

oa 60 I = ~ , N S U H S  

K)  = K I  + r w k r l i  1 - 1 1  - 1 

BOEFLOlO 
bDEFL020 
BOEFL030 
BOEFL040 
BDEFLOSO 

BDEFL070 
BOEFL080 
BDEFL090 
8DEFL100 
B D E F L l l O  
BDEFL120 
MDEFL130 
B D E F L l 4 0  
B D E F L l 5 0  
BDEF L 160 
BDEFL 1 7 0  
BDEFL 180 
BOEFL190 
BDEFL200 
BDEFLZlO 
BDEFL220 
BDEFL230 
BDEFL240 
B O €  FL 2 5 0  
BDEFL26O 
BDEFL2 70 
BDE F LZ 80  
BDEFL290 
8DEFL300 
BDEFL310 
BDEF L 3 2 0  
BOEFL3 30 
BDEFL340 
BDEFC350 
BDEFL360 
BOEFL 3 7 0  
BDEFL3BO 
BOEFL3YO 
BDE F L 4 0 0  
BDEFL4 10 
BDEFL420 
BOEF L 4  3 0  
8 0 E F L 4 4 0  
BDEFL450 
BOEFL460 
BDEFL4 70 
BDEFL480 
BDEF L 4 9 0  
BOEFL500 
BDEFL510 
BDEFL520 
BOEFL53O 
B0EFL540 
BDEFL550 
BOEFL56O 
BDEFL5 70 
BOE F L 5 80 

101, BDEFL060 

122 



CO 60 K = 1.6 
L = 6 * t J - 1 )  + K 

60 I @ I S ( L )  = 6 * I P O S ( J 1 1 1  + K 
6 2  O I S P L A ( I O I S ( I E O ) )  = C U E F F ( I E Q + l )  / CUEFF(1EQ) 

6 5  RFAC ( 4 ' 1 + 2 0 0 )  COEFF 
I = IEC - 1 

J = I + L  
s = 0.0 

I F  ( J  .EQ. I E Q )  GO TO 7 5  
J = J + l  
GO TO 7@ 

I F  ( I  .FQ. 1 )  GO TO BO 
1 = 1 - 1  
GO TU 6 5  

BO CONTINUE 
WRITE ( 3 ' 1 )  ( O I S P L A (  I ) r I = l t 3 C O )  
WRITE ( 3 ' 2 )  ( O I S P L A ( I ) , I = 3 0 1 r 6 0 0 )  
WRITE ( 3 ' 3 )  1 0 I S P L A ( l ) i I = 6 0 1 ~ 9 0 0 )  
WRITE ( 3 ' 4 )  ~ O I S P L A ( I ) ~ 1 = 9 0 1 ~ 1 2 0 0 )  

70 S = S + COEFF(J)  D I S P L A ( 1 D I S I J ) l  

7 5  O I S P L A ( I O I S ( 1 ) I  = (CUEFF( I E Q  + '1 - S )  / COEFF(1) 

RETURN 
EN0 

BOEFL590 
80EFL600 
BOE F L 6 10 
BOE F L 6 2 0  
BDE F L 6 3 0  
BOEFL640 
BDEFL650 
BDE F L 6 6 0  
BDEF L 6 7 0  
BDEFL680 
BOEFL690 
BDEFL700 
BOEFL710 
BDEFL720 
BOE FL 7 30 
BOEFL740 
BDEFL750 
LIDEFL760 
BOEFL 7 70 
BOEFL780 
BDEFL790 
BDEFL800 
BDEFLB10 



I DFLOO 10 
C SOLVE FUR THE INTEKNAL NODE DEFLECTION OF EACH SUB-SYSTEM. lDFLOO2O 
r. IDFLOO30 

SU BRUUT I NE 1 CE FL 

- - 
CDMCUN X ( 2 0 0 )  , Y ( 2 0 0 )  r z ( 200) r TH ( 2 0 0 )  ~ l D F L 0 0 4 0  

2 RAPANG( 100) 8 ZGL I 100) 9 RHUB ( 1 0 0 1  9 K T I P  I 100)  r IDFLOO60 
3 THHUB I 100) 9 THTIP I 100) 9 PKESSL(100,151.EDCM ( 3 r 3 )  r I D F L 0 0 7 0  

5 NGENLI 9 L I N E 1  9 NPRES(100) NEXT ( 2 0 0 ~ 3 )  v NP NT 9 IDFLOO90 
6 ELMSM(6.6) 9 A M N I N ( 6 r 6 )  I ELBSM(9,P) * ABNIN(Pw9)  r 
r PFLGN(9.1) C F L G N ( 1 B r l )  . E L S T I F ( 1 8 9 1 8 I  r E C S T I F ( 1 8 r l 8 )  9 I D F L O l l O  
8 PFCGhl( 1 8 r l ) r  C F C G N ( 1 8 v l ) r  f l E X ( 2 C O r B ) r  IMEX1200)  FORCE( l D F L O l 2 0  

COMMON / MANE / N S U B S ~ 1 P O S ~ 2 0 0 ~ ~ N B T S ~ l O ~ l 5 ~ ~ N l T S ~ l O ~ l 5 ~ ~ N 8 N ~ l O ~ ~  IDFLO140 

1 PRESS€( 2 0 0 )  t XL ( 2 0 0 9 3 )  3 Y L  ( 200.3) t IDFLOOSO 

4 RHO I) OMEGA POISSO 9 YOUNGS RADGEN 9 I OFLOOBO 

IDFLOlOO 

9 2 0 0 9 6 )  I O F L 0 1 3 0  

I DFL0150 1 I IUTN(10) 
DOUBLE PRECISION OISPLA 

DATA D I S P L  / 3600*0.0 / 
DIMENSION O I S P L A 1 1 2 0 0 )  * A ( 9 C 9 9 0 )  9 8 ( 9 0 )  9 D I S P L ( 1 8 r Z 0 0 )  

READ 
READ (3'2) ( D I S P L A ( I ) , I = 3 0 1 ~ 6 C O I  
R E A O  ( 3 ' 3 )  ( D I S P L A ( I ) r I = 6 0 1 r 9 0 0 )  
READ ( 3 ' 4 1  1 D I S P L A ( I ) r I = 9 0 1 , 1 2 0 0 )  
DO 2 5  I = I rNSUBS 

I 3  ' 1 1 ( OISPLA( I 1 * I = l r  3 0 0  ) 

KBA = 1 8  * NSUBS + 18 4 ( 1 - 1 )  
I E Q l  = 6 * I N T N I I )  
K 1  = -9 
K2 = 0 
00 5 L = 1.9 
KBA = KHA + 1 
I F  ( K2  .GE. I E O l  ) GU TO 5 
K 1  = K 1  i 10 
K? = K2 + 10 
REAC 13 'KHA)  I(A(K,J)rJ=lr90),K=KlrK2) 

5 CONTINUE 
J1 = IFITN( I )  
L 1  = N B U ( I )  
00 15 J = 1 r J 1  
UO 15 K = 1 9 6  
K 1  = b 4 (J -1 )  t K 
R ( K 1 )  = 0.0 
cu 10 L = l r L l  
L 3  = NBTS( I I L )  
L7 = 6 * I P U S I L 3 )  
00 10 C = 196 
M 1  = L 2  + M 
N = 6 * ( L - 1 )  + M 

IG B(KII = H ( K 1 I  + A ( K 1 r N )  * DISPLA(M1)  
1 5  B ( K l l  = FORCE( ld ITSI1 ,J )vK)  - B ( K 1 I  

K 1  = -9 
K 7  = 0 
00 17 L = 1, 
KOA = KYA + 
I F  ( K 2  .GF. 
K 1  = K 1  t 10 
K 7  = K2 t 10 
R E A C  13'KHA) 

1 7  CONTINUF 
~i = I b r l \ r ( i )  

I DFLO 1 6 0  
I OFLO170 
I DFLO 1 8 0  
I O F L 0 1 9 0  
I DF LO200 
I D F L O 2 l O  
l D F L 0 2 2 0  
IDFLO230 
I D F L 0 2 4 0  
I D F L 0 2 5 0  
I DFL 0 2 6 0  
IDFLO270 
lDFLO280 
IDFLO290 
I DF LO 300 
I DFLO3 10 
IDFLO320 
I DFLO3 30 
1 DFLO 340 
IDFLO350 
I D F L 0 3 6 0  
I D F  LO370 
I D F L 0 3 8 0  
JDFL0390 
I OF LO400 
IDFLO410 
IDFLO420 
I O F L 0 4 3 0  
I DFLO440 
I OFL 0 4 5 0  
I D F L 0 4 6 0  
I D F L 0 4 7 0  
1 OFLO480 
IDFLO490 
IDFLO500 
I O F L 0 5 1 0  
1OFL0520 
I DFL 0 5  30 
I D F  LO540 
I D F L 0 5 5 0  
IDFLO560 
I D F L 0 5 7 0  
I D F L 0 5 8 0  

3.24 



L 1  = 6 * J1 
CO 20 J = l r J l  
K 3  = N I T S 1  I t J )  
00 20 K = 1.6 
K 1  = 6 * I P O S l K 3 1  + K 
K 2 = 6 * (  J - 1  ) + K  
DISPLA1K11 = 0.0 
DLI 2 0  L = l r L l  

2 0  D I S P L A ( K 1 )  O I S P L A I K I )  + A ( K 2 r L )  * b(L) 
2 5  CONTINUE 

00 50 I = LrNT 
LA N E X T ( I r 1 )  
LR = NEXT( I .2 )  
LC = N E X T ( I r 3 )  
NA = 6 * I P O S I L A I  
NR = 6 * I P O S I L B )  
NC = 6 * I P O S I L C )  
CO 40 J 1.6 
I F  I I P O S I L A )  .LT. 0) GO T O  3 0  
O I S P L ( J r 1 )  = DISPLA(NA + J )  

30 I F  ( I P O S ( L B )  .LT. 0 )  GO TO 3 5  
C I S P L l J + 6 r 1 )  = C I S P L A ( N B t J )  

D I S P L l J t 1 2 r I )  = O I S P L A I N C t J )  
35 I F  l I P O S ( L C )  .LT. 0) GO TO 40 

40 CONTINUE 
50 CONTINUE 

K l  = - 4 9  
K2 = 0 
00 5 2  I = 1.4 
K 1  = K 1  + 5 0  
K 2  = K 2  + 50 

52 kRITE 13'1) ((DISPL(JrK)rJ=l,L8)tK=KlrK2) 
W R I T t  (6 ,551 

55 FORMAT ( 1 H l /  43Xp 14HCOMPON S Y S T E M  / 40x1 2OHDFFLECTfON 
1 / /  8x9 BHNOOE NU., 6x9 1HXr 9x9  1HYr  9x9 l H L r  11x9 IHUr 
2 1 4 x 9  lHW9 l O X q  6HTHETAXr 9 x 1  6HTHETAY / I  

J = O  

LA = I 
K = 6 * I P O S I L A )  
D 1  = 0.0 
C? = 0.0 
0 3  = 0.0 
04 = 0.9 
0 5  = 0.0 
I F  I I P O S I L A )  .LT. 0 )  GO TO 60 
Dl = C l S P L A ( K t 1 )  
0 2  = O I S P L A I K t Z )  
0 3  = C I S P L A ( h t 3 )  
04 = C I S P L A l K t 4 )  
If5 = O I S P L A ( K t 5 )  

CO 70  I = l r N P  

6 J J = J t 1  
I F  ( J  .EO- 50) k9ITE ( 6 9 5 5 )  
I F  I J  .CC. 50) J = 0 

7 0  v J R I T F  ( 6 t R O )  I t  r ( ( 1 ) r  Y ( I l r  Z 1 I ) r  O l r  02. 0 3 9  D 4 r  05 
80 FORCAT I l O X r  1 5 ,  3 F l G - 3 .  5E15.5) 

RrTUHlv 
E U C  

I D F L O 5 9 0  
1DFLO600 
I D F L O 6 l O  
I D F L O 6 2 0  
I OFLO630 
I D F L O h 4 0  
I O F L 0 6 5 0  
I DFLO660 
I O F L 0 6 7 0  
IOFLO680 
I D F L 0 6 9 0  
I D F L 0 7 0 0  
I D F L O 7 1 0  
I O F L 0 7 2 0  
IDFLO730 
I D F L O 7 4 0  
I O F L 0 7 5 0  
IDFLO760 
I D F L O 7 7 0  
I DFLO780 
I D F L 0 7 9 0  
I D F L 0 8 0 0  
IDFLOB 10 
I O F L 0 8 2 0  
I O F L 0 8 3 0  
IDFLO840 
I OFLOB 50 
I D F L O 8 6 0  
I DFLO870 
IDFLO880 
IOFLOB90 
I D F L 0 9 0 0  
I D F L O 9 1 0  

PRINTOUT I O F L 0 9 2 0  

I D F L O 9 4 0  
I D F L O 9 5 0  
I D F L 0 9 6 0  
I DFL 09 7 0  
I D F L 0 9 8 0  
I OFLO990 
IOFL 1000 
IOFL 1010 
I D F L 1 0 2 0  
I O F L 1 0 3 0  
I O F L  1 0 4 0  
I O F L  1050 
I D F L  1060 
I D F L 1 0 7 0  
I O F L l O 8 0  
I O F L  1090 
I D F L  1100 
I D F L l l l O  
I D F L  1 1 2 0  
I D F L  11 30 
I DFL 1 1 4 0  
I D F L l l 5 0  
I O F L  1160 

14x1 IHV. IDFLO930 





is 

LO 

30 

40 
C 
C 
C 

2 DISPLLf 9 v l ) p  L C r X ~ L C ~ r Y l L C ~ r Z I L C ~ ~ D I S P L L ~ l 3 ~ l ~ ~ D I S P L L ~ l 4 ~ l ~ ~  STRS0570 
3 DISPLLI 1511) S T R S 0 5 8 0  
FORMAT ( / /  43X,12liELEMENT NO- 14 /llX,72HYODE X Y STKS0590 

2YMON COMMON COMMON LOCAL LOCAL LOCAL / S T R S O 6 l O  

43F10.3~3E15.5 1 S T  RS06 30 
00 20 J = 113 S T R S 0 640 
DO 20 K 196 STRS0650 
ZlIJeKI 0.0 S lKS0660 
DO 2 0  L = lr3 STRS0670 
Z1lJ.K) = Zl(JvK) t EM(J1LI * WM(LvK) STRS0680 
DO 30 J 1.3 STRS0690 
CO 30 K = 1 9 6  STRS0700 

STRS07 10 ZZ(J,KI = 0.0 
00 30 L = 196 STRS0720 

STHS0730 Z2(JvKI = Z2lJvK) t ZlIJ,L) * AMNIN(LrK) 
STRS0740 DO 40 J 1 ~ 3  

STRSLMIJ) = 0.0 STRSO750 
DO 40 K 196 STRS0760 

1 Z U V b / 12X,73HYD. COSTRS0600 

38x1 2HLAt IS, 3F10.313E15.5 / EX, 2HLB 151 3F10.3 ~3E15.5 / 8X,ZHLC 9 151 STKS0620 

S T R S O ~ ~ O  
S T R S O ~ ~ O  

TERMIS YOUNGS * THBARII) / 2.0 / ( 1.0 - PDISSO**2 I sins0810 

STRSLP(JI = STRSLMIJI t L2lJ,K) * OISPLL(INDlKIr1I 
STRS0790 
STRSOAOO 

A l l )  = -2.0 * TERMl * ( 1  3.0 * ABNIN(hr1) + POISSO * ABNIN(8,l) I STRS0820 
I * OISPLL0,l) + POISSO * ABNIN(892) * OISPLL(4rlI + ( 3 - 0  *STRS0830 
2 ABNIN(613I t POISSO * ABNINI8g31 ) * DISPLL(5vl) t ( 3.0 * STRSO840 
3 ABNINI6r4I t POISSO * ABNINIBp4) I * DISPLL(9rl) t P O I S S O  *STRSO85D 
4 ABNINl815) * OISPLL(1011) t I 3.0 * ABNIN(6p6) + POISSO * S T K S 0 8 6 0  
5 ABNIN(816I I * OISPLLlllrL) + POISSO * ABNlN(8vPI STRS0870 
6 OISPLL~17tlII S T  RS0880 
A(2) = -2.0 * TERMl * I (  3.0 * POISSO * ABNIN(6911 t ABNIN(8rl) I STRS0890 

1 * DISPLL(311I t ABNINl8r2I * DISPLL14,lI + I 3.0 * POISSO *STRS0900 
2 ABNINlb,3l t ABNINl8,3I I * DISPLL(5,l) + ( 3.0 * POISSU * STRSO9lO 
4 DISPLLIlO*l) t ( 3.0 * POISSO * ABNiN(6q61 t ABNINl8t6I 1 *STRS0930 
3 ABNIN(694) + ABNIN(8p4) 1 * DISPLL(9rl) + ABNINI815) * STRS092D 

5 DISPLLl11,lI + ABNIN(Br9) * DISPLL(17vlII STRS 0940 
A 3) = 2.0 * TERM1* I ABNINl7r2) * DISPLLl4rlI + ABNINl7r5) * STRS0950 
1 DIspLLiiolii 1 * 1.0 - PnIsso I S T  RS0960 

B 1 )  -2.0 * TERMl * ( 3.0 * POISSO * ABNIN(9,lI * DISPLL(3*11 + STRS0970 
1 ( ABNIN(7r2l + 3.0 * POISSO * ABNIN19,ZI I * DISPLL(4v1) + STRS0980 
2 3.0 * POISSO * ABNIN(9,3) * DISPLL(5,l) + 3.0 * P O I S S O  * STRS0990 
3 AtiNIN(9,4) * CISPLL19.1) t f ABNZN(7.5) + 3.0 * POISSO * STRS1000 
4 ABNINl7,5) I * DlSPLLl10,l) + 3.0 * POISSO * ABNIN19t6) * STRSlOlO 
5 DISPLLIL1,l) t 3.0 * POISSO * ABNINl9,71 * DISPLL(15,lI + STRS1020 
6 3.0 * POISSO * ABhlINl9,R) * DISPLL116vl) ) STRS1030 
812) -i -2.0 4 TEKMl* ( 3.0 * ABNIN(9,l) * DISPLLl3,l) + 1 POISSO *STRSl040 

STRS 1050 1 ABYINl7r2I + 3.0 * 4RNINl9r2) I * DISPLL(4vl) + 3.0 * 
2 ABWINl9,3) * DISPLL(5,l) + 3.0 * ABNIN(9,41 * DISPLL(9vI) S T K S 1 0 6 0  
3 + I POISSO * ABNIN(7,b) + 3.0 * ABNIN(Pq51 1 * 01SPLL(10~1)STRS1070 
4 + 3.0 * A@NINl7,6) * DISPLL(11,lI + 3.0 * ABNINl9r7) * STRS1080 
S DISPLL115,ll + 3.0 * ABNI84(998) * DISPLL(16rlI STRS 1090 

1 DISPLL(4,Il + AHNINI8r3) * DISPLL15vl) + ABNIN(Br4) * STRS 11 10 
2 DISPLL(0,lI + ABNIN(8,51 * CISPLL(lO,l)+ ARNINl8,6) * STRS1120 

R ( 3 l  -i 2.0 * TiRMl * ( ABNINIR11) * DISPLL13,l) t ABNINl8r2) * STRSllOO 

3 UISPLL(11,l)t AHNIN(B,YI * DISPLLI17,ll 1 * ( 1.0 - PCISSO1STRS1130 
C(1l = -2.0 * TEKPl * ( (  ARNIN(4,L) + POISSO * ABNINlSrl) I * S T K S L ~ ~ O  
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4 5  

C 
C 
C 
C 
C 
50 

55 

1 D I S P L L ( 3 r l )  + P U I S S O  * A B I V I N ( ~ ~ ~ )  
2 I A A N I N t 4 r 3 )  + POISSO * A B N I N ( 5 r 3 )  
3 t A B N I N ( 4 9 4 )  t POISSO * At)Nlh1(5,4) 
4 ( A B N I N ( 4 9 6 )  + PUISSO * A B N I N ( 5 r 6 )  
5 PUISSO * A B N I N ( 5 r 7 )  * D I S P L L ( 1 5 t 1 )  
6 D I S P L L t  169 1) t POISSO * A B N I N I  5 9 9 )  

C ( 2 1  = -2.0 * TERMl * ( (  POlSSO * ABNIN(4 ,  

D I S P L L ( 4 v 1 1  + STRS 1 150 
1 * O I S P L L t 5 , l )  + STRS 11 60 
) * D I S P L L ( 9 . 1 )  + STRS 1 1 7 0  
) * D I S P L L ( l l r 1 )  + S T R S  11 80 
+ POISSO * A B N I N ( 5 t A )  * STRS1190 

1 D I S P L L t 3 9 1 1  + A B N I N ( 5 . 2 )  * D I S P L L ( 4 r l )  + ( POISSO 
2 A B N I N ( 4 9 3 )  + A B N I N ( 5 r 3 1  1 * D I S P L L ( 5 r l )  + 1 POISSO * 
3 A B N I N ( 4 9 4 1  t A O N I N ( 5 1 4 )  1 * D I S P L L ( 9 , l )  + ( POISSO * 
4 A B N I N ( 4 p 6 )  t At)YIN(5 ,61  I * D I S P L L ( 1 1 9 1 )  + A B N I N ( 5 s 7 )  * 
5 D I S P L L ( 1 5 r l )  t A B N I N ( 5 . 8 )  * O I S P L L ( l 6 r l )  + ABNINt5 .9)  * 
6 OISPLL t 1 7 . 1 ) )  

c t 3 1  = 0.0 

YG i: t V L ( I v 1 )  t Y L I I I Z )  + Y L ( I 1 3 )  ) / 3.0 
DO 50 K = 1 1 3  
8 S T ( K )  = t A ( K ) * X G  t B t K ) * Y G  + C t K )  1 * SIGNSS 

X G  = ( x ~ ( 1 . 1 )  t x ~ ( 1 . 2 )  t x ~ ( 1 . 3 )  I 3.0 

T S T I K )  = B S T I I O  t STRSLMtK) 

TFRMZ = SORT( ( T S T t 1 1  - T S T t 2 )  ) * * 2  / 4.0 
SIGNS = 1.0 

P R S T ( 1 )  = TERMl + SIGNS * TERM2 
P R S T ( 2 )  = TERM1 - SIGNS * TERM2 
P R S T t 3 )  = 0.5 8 ATAN( 2.0 * T S T ( 3 )  / { T S T  

T E R C l  = t T S T t 1 )  + T S T l 2 I  ) / 2.0 

I F  ( T S T ( 2 )  .GT. T S T l 1 )  1 SIGNS = -1.0 

1 57.29578 
P R S T ( 4 )  = t P R S T ( 1 )  - P K S T ( 2 )  ) / 2.0 

I F  t IPASS .Ea. 0 WRITE ( 6 . 5 5 )  ( A ( K ) . B ( K  
FORMAT l/2OX,74HBENDING STRESSES = A * I 

1 ( LUCAL Y VALUE + C / /  4 2 X i l H A t 1 4 X i l H  

P R S T ( 5 )  = SQRTt P R S T ( l ) * * 2  - P R S T ( 1 )  * PRS 

+ T S T ( 3 ) * * 2  1 

STRS 1 2 0 0  
S T R S l 2 l O  
S T R S  1 2 2 0  
STR S 1 2  30  
STRS1240 
STRS 1 2 5 0  
STRS126D 
S T R  S 12 7 0  
STUS1280 
S T R S  1290 
STRS 1 3 0 0  
STRS 1 3  10 
STRS1320 
STRS1330 
STRS1340 
STRS1350 
STRS 1 3 6 0  
S T R S  1 3 7 0  
S T R S  1 3 8 0  
STRS1390 
STRS 1 4 0 0  
S T R S  14 10 
STRS1420 
STRS1430 
S T K S l 4 4 0  
S T R S  1 4 5 0  
STRS1460 
STRS1470 
STRS1480 
S T R S  1 4 9 0  

X VALUE ) t B *STRS1500 
HC,7Xv17HVALUE ATSTRS1510 

2 CENTRCID / 26XI9HSIGMAXBAR 9 4E15.5 / 26X19HSIGMAYBAR t4E15.5 / STRS1520 
3 i 'bX99kSHFAR 14E15.5)  S T R S  1 5 3 0  

STRS1540 TERM1 = ( B S T ( 1 1  + B S T ( 2 )  ) / 2.0 
TERC2 = SQRT( ( 8STtlI - B S T ( 2 )  ) * * 2  / 4.0 + B S T ( 3 ) * * 2  ) STRS1550 
SIGNS = 1.0 STRS1560 
I F  t B S T ( 2 1  .GT. B L T ( 1 )  1 S I G N S  = -1.0 
P R S T ( 6 )  = TERMl + SIGNS * TEHNZ 
P R S T ( 7 )  = TERMl - S I W S  * TERM2 
PRSTIB)  = 0.5 * ATAN( 2.0 * B S T ( 3 )  / t B S T (  

P R S T ( 9 )  = ( P H S T ( 6 )  - P R S T ( 7 )  1 / 2.0 
P R S T ( 1 0 )  = SCRI( P R S T l 6 ) * * 2  - P R S T ( 6 )  * PRS 
TERPl  = I STRSLM(1)  + STRSLM(2)  1 / 2.0 
TERM2 = S O R T [  I STRSLM(11 - STRSLM(2)  )**2 
S I G N S  = 1.0 
I F  t ST. tSLMt2)  . G T .  S T K S L M ( 1 )  1 SIGNS = -1.C 

1 57.295 7n 

D D C T I l l I  = T C D M l  L C l r N C  * T C D M 7  

STRS1570 
STRS1580 
S T R S  1 5 9 0  

- B S T t 2 1  1 1 * S T R S  1 6 0 0  
STRS1610 
STRS1620 

1 7 )  + P K S T ( 7 ) * * 2  1 STRS1630 
S T R S l 6 i O  

4.0 t STRSLM(3)**2  I STRSl65O 
S l R S l 6 6 O  
STRS1670 
C T R C l A R n  

r r \ d , , ' ' ,  - . L < \ l . L  I _'"I.., l L l l l L  . , . . l > d * " " "  

PRST(12)  = T F R M l  - S I G ( V S  * TERM2 STRS 1 6 9 0  
P R S T ( 1 3 )  = 0 . 5  4 ATAN( 2.0 4 STRSLM(31 / ( STRSLM(1)  - STRSLM(21 1STRS1700 

1 1 * 57.29578 STRS1710 
PRST(14)  = I P R S T ( 1 1 )  - P R S T ( 1 2 1  I / 2.0 STRS 1 7 2 0  



...... 







a 
7 
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* ZEROC - FILL OESIGNATEO AREA OF CORE WITH ZERO OR WITH 

* ~ _._____ * __ _._______ A CONSTANT S U P P L I E O  I N  THE C A L L I N G  JEQUENCE- 

* * * * * * * * * * 
PWZERQ START 0 
6R0 EQU 0 
6R1 EQU 1 

BR3 EQU 3 

- 

- - 

B R ~  Eau 2 

BRS E a u  5 
-BRc---€uu -4 -  - 

- - ___. -_ 

6R6 EQU 6 
6R7 EQU 7 
BRB EQU 8 
8R9 EQU 9 eRloEQU-m- 
B R l l  C4U 11 

.__I_ 

C A L L I N G  SEQUENCE 
C A L L  ZEROC 4 F R O M r f O l  

OR 
C A L L  ZEROC ( F R O M t T O ~ C O N S T l  

WHERE-FROM-IS THE STARTING AOORES.%- --- -- - 

TO-FINAL AOORESS TO B E  CLEAREO 
CGNST-tHE CONSTANT CORE IS TO BE 

F I L L E O  WITH. I F  NOT SUPPLIEO 
I N  C A L L I N G  SEQUENCE* CORE 

- __ - - -__ WILL BE F I L L E O  WITH ZEROES. - 

ZERO0000 
ZERO0010 
ZERO0020 
ZERO0030 
ZERO0040 
Z E R O 0 0 5 0  
ZERO0060 
Z6ROOO IO 
ZERO0080 
Z E R O 0 0 9 0  
Z E R O 0 1 0 0  
ZEROO 110 
ZERO0120 
Z E R O 0 1 3 0  
ZERO0140 
ZERO0150 
ZEROO 160 
ZERO0170 
ZERO0180 
ZERO0190 
f E R B m b 0  
ZERO02 10 
ZERO0220 
Zf%(102 30 
t E R 0 0 2 4 0  

-___ -- 

.___.--_- 

.-_I-- 

.... 

E 
E 
E 
:E 

ROO 

ROO 
Rao 

ROO 
ROO 
ROO 
ROO 
RUU 
ROO 
R O O  
m10 
ROO 
ROO 
ROO 
ROO 
ROO 
Rad 
ROO 
'ROO 7cm 
ROO 

- 

4 
4 
4 
4 
? 
4 
4 
4 
4 
5 
J 
J 
9 
1 
1 
3 
4 
5 

.. . 

. . .. 

. . + . . ~ , . .  . i . . .  - . .. 



% ' t  

....... .......... . ... .. - 

- _____ ...... - ....... - _. . . . . .  - . . . .  ....... 
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SECTION I V  
VIBRATION COMPUTER PROGRAM (PWA 6 1 4 0 )  

A. GENERAL 

The v i b r a t i o n  computer program is  a f i n i t e  element a n a l y s i s  which 
uses  many of t h e  same subrout ines  a s  t h e  stress program. This program 
c a l c u l a t e s  n a t u r a l  f requencies  and t h e  d i s t r i b u t i o n  of  re la t ive 
displacement and stress f o r  each resonant  frequency. The resonant  
f requencies  which s a t i s f y  the  eigen-value equat ion:  are obta ined  by 
reducing t h e  t e r m  

t o  a n  almost t r i a n g u l a r  Hessenburg form [H) by elementary s i m i l a r i t y  
t ransformat ion .  The eigen-values  a r e  then  determined by an  ex tens ion  
of Hyman's method followed by i t e r a t i o n s  using a modi f ica t ion  of 
Laguerre I s method. 

The s i z e  of t h e  eigen-value subrout ine  l i m i t s  t he  number of f r e e  
f i n i t e  element nodes t o  50 (100 t o t a l  nodes) .  The program requ i r e s  
210,000 by te s  of core  on the  I B M  System 3 6 0 ,  Model 75 computer. Computer 
t i m e  f o r  t h e  f u l l  50 nodes i s  approximately 3 minutes.  S ingle  p r e c i s i o n  
wi th  4 byteslword and 8 b i t s l b y t e  i s  used. Fo r t r an  I V - G ,  Level 1, 
Mod. 3 compilat ions were used. 

B . INPUT DESCRIPTION 

The input  t o  the  v i b r a t i o n  computer program gene ra l ly  c o n s i s t s  o f :  
a phys ica l  d e s c r i p t i o n  of t h e  inducer ,  a d e s c r i p t i o n  of t h e  f i n i t e  
element breakup t o  be used, and a s p e c i f i c a t i o n  of t h e  number of 
v i b r a t o r y  nodes requi red .  

The f i n i t e  element breakup should be sketched t o  a i d  i n  prepar ing  
t h e  program inpu t .  An example i s  shown i n  f i g u r e  1. The program i s  
l imi t ed  t o  50 f r e e  nodes ( a l l  nodes a t  the  hub a r e  f i x e d ) ,  100 t o t a l  
nodes, and 100 t r i a n g u l a r  e lements .  

The program w i l l  reproduce t h e  requi red  f i n i t e  element breakup 
proper ly  i f  t h e  fol lowing r u l e s  a r e  observed when prepar ing  the  inpu t .  

If gene ra to r  l i n e  "i" has  "ii" po in t s  and gene ra to r  l i n e  
"i+l" has  llii,l'f p o i n t s ,  then  t h e  l i n e s  forming t h e  edges 
of t h e  f i n i t e  elements s t a r t  a t  t h e  f i r s t  po in t  of t h e  
gene ra to r  wi th  t h e  least  number of p o i n t s  and z i g  zag 
between t h e  gene ra to r  l i n e s .  The areas between gene ra to r s  
A and B ,  B and C ,  D and E ,  e t c . ,  of f i g u r e  1 a r e  examples. 

The area between t h e  f i r s t  two gene ra to r  l i n e s  wi th  t h e  
same number of po in t s  w i l l  be broken up as  shown between 
gene ra to r s  F and G and G and H of f i g u r e  1. 
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3 .  The procedure of (2)  w i l l  be followed f o r  a l l  gene ra to r s  
w i th  t h e  same number of p o i n t s  u n t i l  symmetry about  a 
gene ra to r  i s  reques ted ,  a s  w a s  done about  gene ra to r  H 
i n  f i g u r e  1. 

4 .  The a l t e r e d  breakup w i l l  cont inue  f o r  s e c t i o n s  between 
gene ra to r s  w i t h  t h e  same number of p o i n t s ,  u n t i l  symmetry 
i s  a g a i n  reques ted ,  a s  was done about gene ra to r  J i n  
f i g u r e  1. Af te r  symmetry i s  aga in  r eques t ed ,  t he  breakup 
w i l l  r e v e r t  t o  t h e  o r i g i n a l  p a t t e r n .  

5. I f  two gene ra to r s  "if' and j "  have rrmc' and "n" po in t s  
r e s p e c t i v e l y  such t h a t  

m = 2n-1  and n > 2  

o r  

n = 2 m - 1  and m > 2  

then  t h e  breakup w i l l  be a s  i n  t h e  s e c t i o n s  betweenL and 
l f ,  and M and N of  f i g u r e  1. 

6 .  Notice t h a t  gene ra to r  A of f i g u r e  1 has  only  
one p o i n t .  I n  t h i s  ca se  

RHUB = R T I P  and THHLJB = THTIP 

7 .  Elements a r e  i d e n t i f i e d  as shown i n  f i g u r e  1 and nodes 
a r e  i d e n t i f i e d  as shown i n  f i g u r e  2 .  

Unless o therwise  s p e c i f i e d ,  d a t a  may be inpu t  i n  any c o n s i s t e n t  
set of  u n i t s .  The same u n i t s  must be used f o r  f o r c e  and mass. Output 
w i l l  correspond t o  t h e  inpu t  u n i t s  used.  Seve ra l  examples a r e  
l i s t e d  below: 

Input  ou tput  

Force Mass ieng  t h D i  s p l a c  e men t Stress 

l b  l b  f t  f t  l b / f t 2 2  
l b  l b  i n .  i n .  l b / i n .  

2 gram gram meter m e t e r  gram/ m e  t e r 

Input  d a t a  t o  be  w r i t t e n  on each card  i s  descr ibed  below. "F" 

format d a t a  should be  l e f t  a d j u s t e d  i n  t h e  column f i e l d  and should 
con ta in  a decimal p o i n t .  "E" format d a t a  (.300E08) must be r i g h t  
ad jus t ed .  "I" format da t a  should not  con ta in  a decimal po in t  and 
should be r i g h t  a d j u s t e d .  

Card 1 T i t l e  Card 

A s  many t i t l e  ca rds  as requi red  may be  inpu t .  With a 1 i n  column 1 
t h e  machine w i l l  r ead  i n  another  t i t l e  ca rd .  O m i t  t h e  1 i n  column 1 on 
t h e  l a s t  t i t l e  card  t o  s t o p  t h e  machine from reading  t i t l e  ca rds .  

1 ;Q 



\ 
\ 

Column 

Card 2 

1- 10 

11- 20 

21-30 

3 1-40 

41-50 

51-60 

61-65 

66-70 

RHO 

POISSO 

YOUNGS 

RADGEN 

NGL 

NGS 

MODE 

I PRINT 

71-80 G 

Card 3 

1- 5 
6 -  10 
e t c .  

Var iab le  

Density of the  inducer  b lade  (MASS= 
RHO/G) 

Poisson ' s  r a t i o  f o r  t h e  m a t e r i a l  of t he  
inducer  blade.  

Youngs modulus of e l a s t i c i t y  f o r  t he  
material of t h e  inducer  b l ade .  

Generator l i n e  o f f s e t  r ad ius .  RG i n  
f i g u r e  3 .  

T o t a l  number of  input  genera tor  l i n e s .  
Maximum of 50. 

Number of genera tor  l i n e s  about which 
geometric break-up symmetry i s  d e s i r e d .  

T o t a l  number of v i b r a t o r y  modes 
reques ted .  Maximum i s .  the  number of 
f r e e  nodes.  

In te rmedia te  p r i n t  op t ion  which should 
be used f o r  check-out of t h e  program 
Leave blank f o r  no in te rmedia te  p r i n t .  
Input  a s  1 ( r i g h t  ad jus t ed  wi th  no 
decimal po in t )  f o r  t h e  fol lowing 
in te rmedia te  p r i n t :  

Format 

F10 .O 

F10 .O 

F10 .O 

F10 .O 

I10 

I10 

I5  

I5 

a .  Elemental l o c a l  membrane s t i f f n e s s  ma t r i ces .  
b .  Elemental l o c a l  bending s t i f f n e s s  mat r ices .  
c .  Elemental  l o c a l  membrane i n e r t i a  ma t r i ces .  
d .  Elemental l o c a l  bending i n e r t i a  mat r ices .  
e .  Elemental l o c a l  assembled s t i f f n e s s  mat r ices .  
f. Elemental l o c a l  assembled i n e r t i a  mat r ices .  

G r a v i t a t i o n a l  cons tan t  i n  t h e  appropr i a t e  F1O.O 
u n i t s .  I f  l e f t  blank o r  i npu t  as 0.0, 
a va lue  of 386.4 i s  used. MASS = RHO/G. 

Symmetry Requests (Optional)  

NCHB(1) Generator l i n e  numbers of t he  genera tor  l i n e s  I 5  
NCHJ3 (NGS) about which geometric break-up symmetry is  

d e s i r e d .  The only cond i t ion  al lowing t h i s  
r eques t  f o r  break-up symmetry i s  t h a t  t h e  
prev ious  gene ra to r  l i n e  and the  next  
gene ra to r  l i n e  must each have t h e  same 
number of po in t s  a s  does the  genera tor  
l i n e  about which symmetry i s  reques ted .  



Column 

Card 4 

1- 10 

11- 20 

2 1- 30 

3 1-40 

41-50 

5 1-60 

Genera to r  

RAPANG ( I  ) 

ZGL( I )  

RHUB (I ) 

RTIP(1) 

THHUB (I) 

THTIP(1) 

Variable  

That i s  

Format 

S ix t een  va lues  pe r  
needed. I f  NGS on 

card ,  as many cards  as 
l i n e  3 w a s  input  a s  

ze ro  o r  l e f t  blank,  omit t h i s  c a r d ( s ) .  

Lines (NGL Cards) 

Wrap ang le  i n  degrees  of t h e  I t h  F1O.O 
genera tor  l i n e  (9 , and f12 i n  f i g u r e  
4 ) .  No two ad jacen t  wrap angles  may 
be equa l .  A l l  wrap angles  must be 
e i t h e r  con t inua l ly  inc reas ing  o r  
c o n t i n u a l l y  decreas ing  i n  s i z e .  

z va lue  at t h e  hub of t h e  I t h  genera tor  F1O.O 
l i n e .  (21 and 22 i n  f i g u r e  4 ) .  No two 
ad jacen t  genera tor  l i n e s  may have the  
same z va lue  un le s s  one of t h e  two 
l ean  angles  i s  non-zero. 

If RADGEN # 0, then  RHUB(1) i s  t h e  
h o r i z o n t a l  (x-y p lane)  d i s t a n c e  from 
t h e  poin t  where t h e  genera tor  l i n e  
i s  tangent  t o  a cy l inde r  w i th  a 
r ad ius  of RADGEN t o  t h e  hub of t h e  I t h  
gene ra to r .  

F1O.O 

I f  RADGEN = 0 ,  then  RHUB(1) i s  the  
r a d i a l  d i s t a n c e  from the  z -ax is  t o  the  
hub of t he  I t h  gene ra to r .  

Measured t h e  same as RHUB(1) except  F1O.O 
t h a t  i t  i s  t h e  d i s t a n c e  t o  the  t i p  
i n s t e a d  of t h e  hub of  t h e  I t h  genera tor .  

Thickness of t h e  inducer  b lade  a t  the  F1O.O 
hub of t he  I t h  gene ra to r  l i n e .  

Thickness of t h e  inducer  b lade  a t  t he  F10 .O 
t i p  of t he  I t h  genera tor  l i n e .  
Thickness i s  v a r i e d  l i n e a r l y  from t h e  
hub t o  the  t i p  of a genera tor  l i n e .  



Column 

6 1-65 NUP(1) 

71-80 ALEAN(1) 

Var iab le  

Number of  po in t s  on t h e  I t h  gene ra to r  
l i n e  which are used f o r  t he  d i v i s i o n  
of t he  inducer  b lade  i n t o  t r i a n g u l a r  
e lements .  These p o i n t s  are evenly 
spaced between and inc luding  the  hub 
and the  t i p .  

C .  OUTPUT DESCRIPTION 

The lean  angle  i n  degrees  of t h e  I t h  
gene ra to r  l i n e  measured p o s i t i v e  upward 
from t h e  h o r i z o n t a l  (x-y p l ane ) .  These 
a r e  i l l u s t r a t e d  by h i n  f i g u r e  3 .  

XL, YL 

TH 

FREQUENCY 

AMPLITUDE 

SIGMA X BAR, SIGMA Y BAR SHEAR 

PRINCIPAL SIGMA X BAR, PRINCIPAL 
SIGMA Y BAR 

MAX SHEAR 

EFFECTIVE STRESS 

KM 

KB 

MM 

Format 

I 5  

F1O.O 

Common coord ina tes  of v e r t i c e s  
o r  nodes of t r i a n g u l a r  elements.  

Local coord ina tes  of v e r t i c e s  
o r  nodes of t r i a n g u l a r  e lements .  

Nodal th ickness  of v e r t i c e s  of 
t r i a n g u l a r  e lements .  

Natura l  frequency. 

Relative amplitude r a t i o  of node. 

Re la t ive  bending stress of cen t ro id  
of t r i a n g u l a r  element.  

Re la t ive  p r i n c i p l e  bending stresses 
a t  cen t ro id  of t r i a n g u l a r  element.  

Re la t ive  maximum shea r  stress a t  
cen t ro id  of . t r i a n g u l a r  element 

E f f e c t i v e  combined stress a t  
cen t ro id  of t r i a n g u l a r  element.  

Tr iangular  element l o c a l  membrane 
s t i f f n e s s  mat r ix .  

Tr iangular  element loca 1 bending 
s t i f f n e s s  matrix. 

Tr i angu la r  element loca 1 mass 
mat r ix .  

m Triangular  element reduced mass 
matr ix .  



D. VIBRATION COMPUTER PROGRAM 

Sample Case (Simulated Cantilevered Flat Plate) 
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. .  
I 

00 
00 

0 
0 
00 
00 

U I W  mu\ 
* O  
* 9  
* N  

00 
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E.  V I B R A T I O N  COMPUTER PROGRAM L I S T I N G  

15 I. 



C 

C 

C 
C 

C 
C 

C T H I S  IS T H E  M A I N  P I (0GYAM FOR THE I N D U C E R  V I B R A T I O N S  PROGRAM MA I N O 0 0  1 
C D E C K  6140 MA I N O 0 0 2  
C MA I N O 0 0 3  

1 X L  I 10093) v Y L  ( 1 0 0 ~ 3 )  9 MA 1 N O 0 0 5  
COMMON X ( 100)  , Y ( 100) , 2 ( 100)  t TH ( 100) , M A I N 0 0 0 4  

2 R A P A N G t  501 * L G L  ( 5 0 1  , R H U B  ( 5 0 )  9 R T I P  ( 5 0 )  * M A I N 0 0 0 6  
3 T H H U B  ( 5 0 )  t THTIP I 5 0 )  , EOCM I 3 1 3 )  , M A I N 0 0 0 7  

5 V G F N L  I 9 L I V E  1 1 N E X T  ( 10013) * hJP t N T  9 M A I N 0 0 0 9  
4 K H O  t P O I S S O  9 YOUNGS v R A D G E N  MA I N O 0 0 8  

6 E L M S M ( 6 , 6 )  , A M N I N I 6 , 6 )  9 E L H S M ( 9 9 9 )  , A B N I N ( 9 . 9 )  M A l N O O l O  
7 S I G H A X ( 1 0 0 )  * S I G M A Y l 1 0 0 1  t E L S T I F ( 1 8 , 1 8 )  , MAX N O 0 1 1  
8 T A U X Y (  100) .  E L S S H ( 9 , 9 ) ,  , M E X ( 1 0 0 , 8 ) *  IMEX(100)r MA I N O 0  12 
9 E L I N R ( 1 8 , l B )  9 E L M I M ( 6 . 6 )  v E L B I M ( 9 p 9 )  9 A L t A N l 5 0 )  MA 1 N O 0  13  

D I M E N S I O N  O M E G A ( 5 O I  , I G E N l 1 0 0 )  M A 1  N O 0 1 5  

15 9 16 9 1 7  / MA IN00  17 
D E F I N E  F I L E  1 ~ 1 0 3 ~ 6 5 7 r U ~ I K 1 ~ ~ 2 ~ 4 8 ~ 9 0 0 ~ U ~ 1 R 2 ~ ~ 3 ~ 1 0 0 ~ 3 2 4 ~ U ~ 1 R 3 ~  MA I N O 0 1 8  

5 C A L L  Z E R U ( X I E L B I H ( ~ * ~ ) I  MA I N O 0 1 9  
C R E A 0  A N D  P R I N T  A L L  I N P U T  M A 1  N O 0 2 0  

10 C A L L  I N P U T  ( I P H I N T I Y U P ~ N C H B ~ M O D E  1 M A I N 0 0 2 1  
C T R I A N G U L A T I O N  O F  I N D U C E R  B L A D E  A N D  l l E T E R M l N A T I D N  OF T H I C K N E S S  AT M A I N 0 0 2 2  
C E A C H  V E R T E X  . MA I N O 0 2 3  

C A L L  GEOM ( N U P I N C H B I I P O S I I G E N  ) M A I N 0 0 2 4  
M A  I N O 0 2 5  I F  ( I Y P  .GT. 100 1 .OR. ( N T  .GT. 100 1 G O  T O  5 

DO 30 I = l t v T  M A T '  3026 
L A  = N E X T (  1, 1 )  MAX , 0 2 7  
L B  = h l E X T I I , 2 )  M A 1  N O 0 2 8  
L C  = N E X T (  1 9 3 )  M A 1  N O 0 2 9  
I M E X L L A )  = I N E X ( L A 1  + 1 M A I N 0 0 3 0  
I M E X ( L B )  = I M E X ( L R 1  + 1 MA I N O 0 3  1 
I M E X  ( L C )  = I M E X I L C )  + 1 M A 1  N O 0 3 2  
M E X l L A v I M E X l L A l )  = I MA I N O 0  33 
M F X I L B , I M E X ( L B ) )  = I M A I N 0 0 3 4  
M E X l L C , I M E X ( L C 1 )  = I MA I N O 0 3 5  
C A L C U L A T F  THE C l R E C T  I t I Y  C O S I N E  M A T K I X  ( E O C l r )  F O R  A T R I A N G U L A R  E L E M M A I N 0 0 3 6  
C A L L  D l R C O S  ( L A , L B , L C ,  I )  M A I N 0 0 3 7  
ZCOS(1l = E D C M ( 3 , 3 l  M A I N 0 0 3 8  

C A L L  L C O O K D  l L A , L H , L C , I )  MA I N O 0 4 0  
C A L C U L A T E  THE M E M B R A N E  S T I F F N E S S  M A T K I X  I E L M S M )  F O R  A T R I A N G U L A R  M A I N 0 0 4 1  

M A 1  N O 0 4 2  
C A L L  C E Y C T F  I L A , L B , L C p I  I MA I N O 0 4 3  
C A L C U L A T F  THE t 3 E N C I V G  S T I F F Y E S S  M A T R I X  ( E L B S M )  F U R  A T R I A N G U L A R  M A I N 0 0 4 4  
E L E M E N T  I Y  T H E  L U C A L  C J O R D I Y A T E  S Y S T E M  ( X L * Y L , Z L 1  MA I N O 0 4 5  
C A L L  BCLSTF ( L A , L O , L C , I  1 MA I N O 0 4 6  
IF i i p y i v r  .tic. I t MA I N O 0 4 7  

D I M E N S I O N  I C O L 1 1 5 )  9 Z C U S ( 1 O O )  t N U P ( 1 0 0 )  9 N C H B ( 5 O )  9 l P O S l 1 0 0 )  M A I N 0 0 1 4  

O A T A  I C O L  / I 9 2 7 9 8 13 9 14 , 3 , 4 8 5 8 9 10 11 3 M A I N 0 0 1 6  
1 

C A L C U L A T E  THE L O C A L  C U I I R D I N A T E S  ( X L , Y L , Z L )  F O R  A T R I A N G U L A R  E L E M E N M A I N C t - 7 9  

E L E M E S T  IN T H E  L O C A L  C ( 1 U R D I N A T E  S Y S T C M  l X L * Y L , Z l )  

l W K I T F  1 6 1 1 4 )  ~ l E L C S M ~ J ~ K l ~ K ~ 1 ~ 6 l ~ J ~ l ~ 6 l ~ l ~ E L B S ~ l J ~ K l ~ K ~ l ~ 9 ~ ~ J ~ l ~ 9 ~ M A I N O O 4 8  
14 F O R M A T (  l t i 1 / 4 5 X , Z H K Y  / 61 1 0 X , b E 1 4 . 6 / )  / / 6 5 X , Z H K D / 9 1  1 X , 9 € 1 4 . 6 / ) )  M A I N 0 0 4 9  

C C A L C U L A T t  THE L U C A L  MCMBHANE I N E R T I A  M A I N 0 0 5 C  
C C A T R I X  ( E L M I P I  F O R  A T K I A h G U L A R  M A I N 0 0 5 1  
C EL EMEf4 r . MA I N O 0 5 2  

C A L L  M F M I N H  ( L A , L H , L C ,  I I MA I N 0 0 5 3  
M A I N 0 0 5 4  C C A L C U L A T E  THE L U C A L  H E 4 U I U G  I L E 2 T I A  M A T K I X  ( E L R I M )  FUR A 
MA I N O 0 5 5  C T . ( l A N G U L A R  F L F C t  4 T .  

C A L L  h F h l l Y I I  ( L A , L H , L C ,  I )  MA I N O 0 5 6  
I F  ( I P 3 1 ~ ' 4 1  . 5€ -  1 I hl1l1TF (b,lb) I l L L M I M ( J , K 1 ~ K = l r b ) i J = l t b ) r  MA I N O 0 5 7  

I I ( F L H l M l  J p K I  t K = 1 1 9 )  ,J=1,9) MA I N O 0 5 8  



15 
C 
C 

20 

24 

25 

26 

2 7  

30 
C 

C 

C 
C 

C 
C 

C 

C 

C 

C 

3 1  

3 3  

40 

F O R M A T  (//45X,ZHCM/6(10X,6El4.6/)//65X~2HME/9(1X~9El4.6/)) MA I N O 0 5 9  
ASSEMt3LE L t l C A L  S T I F F a J E S S  M A T R I X  ( C L S T I F )  A N D  L O C A L  I N E R T I A  M A T R I X  M A I N 0 0 6 0  
( E L I % R )  F O R  A T R I A N G U L A R  F L E M E N T  . MA I N O 0 6  1 
DU 20 J = 1.6 MA I N O 0  62 
Cfl  20 K = 1.6 M A I N 0 0 6 3  
E L I N K ( I C O L ( J ) r I C O L ( K ) )  = E L M I M ( J * K )  MA I N O 0 6 4  

M A I N 0 0 6 5  E I S T I F ( I C O L ( J ) , T C O L ( K ) )  = E L M S M I J I K )  
DO 24 J = 1.9 MA I N O 0 6 6  
00 24 K = 1,9 MA IN0067 
E L I N H ( I C U L ( J + 6 ) ~ 1 C O L ~ K + 6 ) )  = E L E I M I J I K )  MA IN0068 
ELSTIF(ICUL(J+6)iICUL(K+6)) = E L B S M ( J * K )  MA IN0069 
W R I T E  ( 1 ' 1 )  E L S T I F , E L I N R I F D C M  MA I N O 0  70 
I F  ( I P R I N T  .GE. 1 1 W N I T E  (6,251 M A I N 0 0 7 1  

1 M A T R I X  1 MA I N O 0 7 3  

F O R P A T  1 / / 1 8 (  1 0 E 1 2 . 4 / 8 E 1 2 . 4 /  1 )  MA I N O 0 7 5  
MA I N O 0 7 6  

FORMAT ( 1 H  / / 2 5 X , 5 5 H  L O C A L  C O O R D I N A T E  S Y S T E M  T R I A N G U L A R  S T I F F N E S S M A I N O 0 7 2  

I F  ( I P R I N T  .GE. 1 1 W R I T E  (6.26) I ( E L S T I F ( J . K ) , K = 1 , 1 8 ) r J = l r l 8 )  M A I N 0 0 7 4  

I F  ( I ? ? I R ( T  .GE. 1 1 W R I T E  (6.27) 
F O R M A T  ( 1 1 1  / / 2 5 X , 5 C H  L O C A L  C U O R D I N A T E  SYSTEM T R I A N G U L A R  I N E R T I A  M A M A I N 0 0 7 7  

L T R I X  1 
I F  ( I P R I U T  .GE. 1 1 W H I T E  ( 6 9 2 6 )  ( ( E L I N R ( J ~ K ) ~ K = l r l 8 ) 1 J = l t 1 8 )  
C O N T I I 4 U E  
P R I N T  G C U M E T R I C  B R E A K - U P  A N 0  A S S O C I A T E D  P R O P E R T I E S  . 
C A L L  P R I N r l  
C A L C U L A T E  NORMAL D I R E C T I O N  C O S I N E  M A T R I X  A T  E A C H  N O D E  

T R A N S F O R M  S l l F F N E S S  M A T R I C E S  TU N O R M A L  SYSTEMS A N D  A S S E M B L E  
INTO A 1 3 N  X 3 N )  M A T R I X  . 
T R A N S F O R M  I N E R T I A  M A T R I C E S  T O  N O R M A L  S Y S T E M S  A N D  A S S E M B L E  
I N T O  A ( 3 N  X 3U)  M A T R I X  . 

C A L L  NORM ( L C D S v I G E N  ) 

C A L L  A S S E M K  ( L C U S  9 I P O S  1 

C A L L  ASSEMM ( ZCOS t I P O S  1 
R F D U C E  THE A L S E H E L E D  S T I F F N E S S  M A T R I X  TO A N  I N  X N) M A T R I X  
N = iuP - U G E V L I  
C A L L  R E O U C K  ( N 1 
I F  ( N .LE. 0 1 GO TU 5 
R E D U C E  THE A S S E M B L t l l  I Y E K T I A  M A T R I X  T O  A N  lh (  X N )  M A T R I X  . 
C A L L  R F O U C M  ( ,\ 1 
I F  ( N .LE. 0 I GO TU 5 
S O L V E  F O R  THE Y A T U H A L  F R E Q U E N C I E S  . 
S O L V E  FIIR THE A M P L I T U L I E S  FOR F A C H  R F O U F S T E O  F R E Q U E N C Y  . 
I F  ( I .GT. N ) GU T I :  5 

C A L L  E I G E N  1 N v U M E G A  1 

00 35 I = 1,MClDE 

W R I T E  ( 6 , 3 2 1  I 
F l l R M A I  1 I H l , / / ~ O X ~ Z L H A M P L I T U D E S  F O R  MUOE I 3  1 
M = N P  - N G E N L I  
I 1  = N + 1 - 1 
C A L L  A C P L  ( M  9 O Y E C A ( I 1 )  t 1PDS) 
C A L L  S T 9 F J S  I Z C U S ?  I P U S  1 
Gir T u  5 
S T U P  
E h10 

MA I N O 0  78 
M A I N 0 0 7 9  
M A I N 0 0 8 0  
M A 1  N O 0 8 1  
MA 1 N O 0  82 
MA I N O 0 8 3  
MA IN0084 
M A 1  N O 0 8 5  
M A I N 0 0 8 6  
M A I N 0 0 8 7  
MA IN0088 
M A I N 0 0 8 9  
MA I N O 0 9 0  
MA I N O 0 9  1 
M A I N 0 0 9 2  
M A I N 0 0 9 3  
MA I N O 0 9 4  
MA I N O 0 9 5  
MA IN0096 
M A I N 0 6 9 7  
MA I N O 0 9 8  
MA I N O 0 9 9  
MA I N O 1 0 0  
M A 1  N O 1 0 1  
MA IN0102 
MA I N 0 1  03  
MA I N O 1  04 
MA I N O 1 0 5  
MA I N O 1  06 
MA I N O 1 0 7  
MA IN0108 
MA I NO 109 
M A I N O l  10 
M A I N O l  11 



C 
C 

1 
5 

7 
10 
15 

2 0  

2 5  

26 

2 V  

3 0  

3 1  

32 

35 

39 

4 u  

SUBROUTINE IVPUT ( 
R E A 0  ANI) PRINT ALL 

CIIMMCJJ X ( 100 
1 
2 RAPANG( 5P 
3 THHUB ( 5 0  
4 KHU I 

IPR I N T  ~NC~PINCHR ,MODE 1 
INPUT 

t Y  ( 1001 , z [ 100)  v IH ( 100) 

, LGL ( 5 0 )  t KHU8 ( 5 0 )  R T I P  ( 50) 
XL [ 1 0 0 ~ 3 )  9 YL ( 10093)  9 

, I H T I P  ( 50) 9 EOCM ( 3 .3)  
PUISSO 9 YOUNGS RADGEN * 

5 ;UGENLI t L I q f 1  t NEXT ( 1 0 0 * 3 )  t NP , NT t 

6 t L M S M ( 6 , 6 )  9 AMhl lM(6q6)  9 ELRSM(Yr9)  v ABNIN(9 .9)  * 

8 TAUXY( l o o ) ,  CLSSM(Yv91, 'MFX(100,8 l  9 I M E X ( 1 0 0 ) *  
Y E L I N R ( l H , 1 8 )  , E L H I M ( 6 t 6 )  t E L B I M ( 9 v P )  9 ALEAN(50)  

7 SIGMAXt 100) , SIGMAY(100)  , E L S T I F ( 1 E I 1 8 )  t 

DIMFhSICIN N U P ( 1 0 0 )  9 N C H B ( 5 0 )  

WRITE ( 6 ~ 5 1  

CALL DATE (BMOYTH,OAYIYEAR) 
WRITE ( 6 v 7 )  BMUNTH,DAY,YEAY 
FUKHAT ( 6H DATF ,A2,1H/ ,A2,1H/vA2/ / )  
READ I 5 1  151EN0=50)  N T t T I T L E  
FUKHAI ( 1 1 , 1 8 8 4 )  
WRITE ( 6 , 2 0 1  T I T L E  
FORMAT ( 5 X 9 1 8 A 4  / I  

READ (5,251 K H U ~ P U I S S U ~ Y U U N G S ~ K A D G E N ~ ~ G E N L I ~ L I N E l ~ M O O E ~ I P R ~ N T ~ G  
FORMAT (2F10.0 ,  E 1 0 ~ O ~ F 1 0 ~ 0 ~ 2 1 1 0 ~ 2 1 5 ( F 1 0 . 0 )  

I F  ( L I Y E I  .GT. 0 RkAU ( 5 , 2 6 1  ( N C H O ( I ) , I = l v L I N E l )  

REAL T I T L E  ( 1 8 )  

FORMAT ~1H1/3I3H01WUUCER VIBRATIOi\( PROGRAM - DECK 6140 / I )  

I F  ( N I  .GT. 0 1 GO T O  10 

IF ( G .EQ. 0.0 1 G = 386.4 

FORMAT ( 1 6 1 5 )  

I F  ( N C H B ( 1 )  .GT .  0 I SO T O  2Y 
NCHB( I )  = lJGENL1 + 1 

C O  2 9  I = I t 5 0  

INPUT001 
I NPUTOO2 
INPUT003 
, INPUT004 

INPUT005 
I NPUT006 

t INPUT007 
INPUT008 
INPUT009 
INPUT010 
INPUTO 11 
INPUT012 
INPUTO 1 3  
I NPUT014 
I NPUTO 15 
INPUT016 
INPUT017 
INPUT018 
INPUT0 19 
INPUT020 
I NPUT02 1 
INPUT022 
I NPUT023 
INPUT024 
I N P d T 0 2 5  
INPUT026 
INPUT027 

I N  PU TO 28 
INPUT029 
INPUT030 
I NPUT03 1 
I NPU T O  32 
I NPUT033 
INPUT034 
INPUT035 
INPUT036 

3 U E S T E C  = I 3  / / lOX,~1HGENEKATUR L I N E  OFFSET RADIUS = F9.3 / /  INPUT038 
4 10Xq24HNU. UF MOIIES R E U U E S T E O  = 1 4 / / )  INPUT039 

I F  ( L I  4tl .EO. 0 1 GG TU 32 I NPUT040 
INPUT041 

FORMAT ( l O X ,  3EHSYMMETRY CHANGE ABLIUT GENERATOR L I N E S  1 5 I 5 / )  INPUT042 
INPUT043 
INPUT044 
INPUT045 
INPUT046 
INPUT047 
INPUT048 
INPUT04Y 
INPUT050 . 

FORMAT ( 30X, ZI'tIGC'IFKAILIA L I N E  IIUMHE& I3,5X,L6YlAiUSLES I N  DEG. 1 / I  INPUT051 
w R I  T t  ( ( , ,40)  RAP4'ILt I ) , Z G L  ( I )  ,RHUP( I )  t K T I P (  I ) 9 THHUS( 1 )  9 T H T I P l  I I t  INPUT052 

INPUT053 
FURMAT ( . 10X,13+WKAP AMGLF = F12.61NPUTO54 

2 76tINC. UF GEaItRATInG L I N E S  = 14,5X140HNO. OF SYMMETKY CHANGES KFQINPUT037 

W R I T t  (6,311 ( ' J C H H ( I  ) , l = l , L l N E l )  

1 ,KHUO I I ) , R T I P (  I ) vTHHUB(1)  , T H T I P ( I )  t 

I )  

1 ALFAuI  I )  , rvlJP!I ) 

1 ,bXt  7HLHIJt3 = Ft;.4,5Xp l 3 l l H U 9  H A O I U S  = F 8 . 4 1 5 X t l 3 H T l P  RADIUS INPUT055 
l =  f l3 .4 /  5x9 lbHHUI1 THICnNl-SS = f 7.415X9 1611TIP T H I C K I \ ( E S S  = F7.4rSXs INPUT056 
3 12HLFA4 4'qLLF = FI2.6,  5 ~ ~ 1 6 ~ 1 4 0 .  O F  POINTS = 1 2 1 1  I NPUT057 

I 



KOUNT = KOUFJl + 1 
IF ( K O G V I  .FO.ll) h R I T E  1 6 9 5 1  
r F  ( K u w r  . E C . I I ~  K U W T  = o 
A L E A N l I I  = ALEA;J( I )  f 0 . 0 1 7 4 5 3 3  

GO TO 5 5  
4 5  R A P A N G I I I  = RAPArUG(1) * 0 . 0 1 7 4 5 3 3  

50 STOP 
5 5  RFTURN 

Ea0 

I N P U T 0 5 8  
I N P U T 0 5 9  
I N P U T 0 6 0  
I N P U T 0 6 1  
I N P U T 0 6 2  
I N P U T 0 6 3  
I N P U T 0 6 4  
I NPUT065  
I N P U T 0 6 6  

155 



C 
C 
C 

C 

SUHHOU I I NE GEON I UUP , YCHH t I P O S r  I GEN 1 GEOMOOlO 
T K I A N G U L A T I O N  O F  I X O b C E R  H L A U E  AND O E T E H M I N A T I O N  OF T H I C K N E S S  AT G E O M 0 0 2 0  

G E O M 0 0 3 0  
G E Q M 0 0 4 0  

1 XL ( 10093) , Y L  I 100,3) G E O M 0 0 6 0  

E A C H  V E A T E X  A N 0  P R t S S U R E  UY E A C H  T R I A N G L E  . 
COMMUN X I 150) , Y I 100)  , z I 100) t TH I 100) , G E U M 0 0 5 0  

2 R A P A N G I  50) , ZGL 1 50) 9 RHUB ( 5 0 1  9 K T I P  ( 5 0 )  , G E U M 0 0 7 0  
3 THHUB I 5 0 )  t T H T l P  I 50) 9 EDCM 4 3 9 3 )  rGEOMOOB0 

5 V G F Q L I  9 L I N E 1  v NEXT ( 100t3) t NP NT t GEOMOlOO 
6 E L M S M 1 6 r 6 )  , A M N I N ( 6 1 6 )  9 E L B S M ( 9 r V )  t A R h l N l 4 , 9 1  , 
7 S I G M A X ( 1 0 0 )  t S I G M A Y 1 1 0 0 )  8 E L S T I F ( l H , l B )  v 

4 R H O  P U I S S O  t YOUNG5 9 KAOGEN s G E O M 0 0 9 0  

G E O M O l l O  
G E O M O 1 2 0  
G E O M O l 3 0  8 T A U X Y I  l o o ) ,  E L S S M l 9 , 9 ) ,  ' M E X l 1 0 0 , 8 ) ,  I M E X I l O O ) ,  

9 E L I N R I l M , 1 8 )  9 E L M I M I 6 , 6 1  9 E L B l M l 9 * 9 )  t A L E A N I S O )  G E O M O l 4 0  
D I M E N S I O N  U U P 1 1 0 0 )  9 N C H B ( 5 O )  v I P O S l 1 0 0 )  9 I G E N l 1 0 0 1  G E O M O l 5 0  
I C H B  = 1 G E O M O l 6 O  
KOUNT = -1 G E O M 0 1 7 0  
I P O S ( 1 1  = - 1  GEOMOLBO 

G E U M 0 1 9 0  
NT = 0 GEOMO2 00 
N P  = N U P I 1 1  GEOMOZ 10 
NS = N G E Y L I  - 1 G E O M 0 2 2 0  
DO 90 I = l r 3 S  G E U M 0 2 3 0  
N T 1  = N U P I I )  t N U P I I t 1 )  - 2  GE OM02 40 

G f O M 0 2 5 0  IF I I .NE. 1 I 60 TU 1 5  
G E O M D 2 6 0  L I N E  = r U P l I )  

OR = 1.P G E O M 0 2 6 1  
IF ( L I N E  .EU. 1 ti0 T O  1 GEOMOZ 62 
OH = I K T I P I I )  - R H U U I I I  ) / F L O A T 1  L I N E  - 1 1 G E O M 0 2 7 0  

1 R A D I U S  = K H U B I I I  - OR GEOMOZBO 
G E U M 0 2 9 0  S I N A  = S I N 1  R A P A 4 G l I I  I 

C O S A  = C C S (  R A P A Y G I I )  1 GE O M 0 3 0 0  
T A N L  = TAN [ A L E A N ( 1 )  1 GFOM03 10 

G E O M 0 3 2 0  
DO 10 J = 1 v L I N E  G E O M 0 3 3 0  
IF I J .EO. 1 1 UQ T O  5 G E O M 0 3 4 0  

1 G E O M 0 3 5 0  

w i  = 1 

KOUNT = K O U I I I  t 
I P O S I J )  = K O U N l  

5 R A D I U S  = R A D I U S  
Z I J )  = Z G L ( I 1  
X ( J 1  = KADGEN 
Y I J I  = K A D G C 4  
T t 1 l J )  = I H H U B (  

/ ( K T  1 
I GEN 
I F  I 

16 CUNT 
15 L I N F  

C A  = 
I F  ( 
DR = 

G E O M 0 3 6 0  
GEOM03 70 t DR 

t I R A D I U S  - R H U B f  I )  * T A U L  GE OM03 80 
* COSA - K A D l U S  4: S I N A  G E Q M 0 3 9 0  
* SIhlA t R A D I U S  4: CUSA G E O M 0 4 0 0  
1 t I T H T I P I I I  - T H H U B ( 1 I  1 4 I R A O I U S  - R H U B ( 1 )  l G E O M 0 4 1 0  

16 K A D I U Y  = P H U U ( I t 1 I  - 1)R 
JZ = iy? t 1 
J 3  = NS t N ~ J P 1 1 t l l  
I P U S I J P )  2 - 1  
S I Y A  = 5 l ' 4 (  9 A P A U ; I l t l )  1 
COSA = C U S I  d A P A J G I I t 1 )  
T A N L  = I A \ l  A L F A 4 I l t l l  1 

1 )  

G E O M 0 4 2 0  
G E U M 0 4 2 1  
G E O M 0 4 3 0  
G E O M 0 4 4 0  
GE 0 M 0 4 4  1 
G E O M 0 4 4 2  
GE O M 0 4 4 3  
G E U M 0 4 5 0  
G E Q M 0 4 6 0  
G E U M 0 4 7 0  
G E O M 0 4 8 0  
G E U M 0 4 9 0  
G E O P 0 5 0 0  
GEUMOS 10 
GE OM05 2 0  

156 



DO 25 J = J 2 1 J 3  
I F  ( J .EP. 3 2  1 GO TU 2 0  
K W N T  = KOlJNT + 1 
I P O S ( J 1  = KOUYT 

20 RADIUS = RADIUS + DR 
Z ( J )  = L G L ( I t 1 1  t I KAOICIS - R H U t ) ( I + l I  ) * TANL 
X ( J 1  = RAOGEN 
Y ( J 1  = RADGEN 
T H ( J ) =  THHUB( 

1 KPUBt I 
I G E N t J )  = 1 + 
I F  ( T H ( J 1  .L 

2 5  CONTINUE 
J1 = NT t 1 
J2 = NT t N T l  
NR = 0 
K - 0  
NE1 = -2 
N P T l  = Y U P ( I 1  
NPTZ = Y U P ( I +  
I F  (NPT1 .EP. 
IF (NPT2 - NP 

* C O S A  - RADIUS * SINA * SINA t RADIUS * C I l S A  
t 1 )  + ( T H T I P ( I + l I  - T H H U B ( I t 1 )  I * ( RADIUS 
11 I / ( R T I P ( I t 1 1  - R H U B ( I + 1 )  I 
1 . 0.0 I T H I J )  = 0.0 

I 
NPT21 QU TO 2 7  
1 .EO. 1) GO TU 275 

I F  (NPT2 - N P T l  .GT. 11 GU TO 265 
I F  (NPT1 - NPT2 .EO. 1)  GO TG 2 7 0  

C BOTTlW GENERATOR HAS A T  L E A S T  TWO MORE NODES THAN THk TOP 
C GENEKATUR. 

DO 264 J = J l s J 2  
K = K * 1  
L = MUO(K.31 
I F  ( L  .EQ- 0) L = 
GO TO ( 7 6 1 ,  262, 2 0 3  

2 6 1  N H I  = NR1 t 2 
N E X T 1 J v l I  = N P I  t NH 
N E X T ( J v 2 1  = N P l  t N B  
NFXT(J ,31  = NP t %3H1 
GO TO 2 6 4  

2 6 2  h lFXT(Jv11 = 4 E X T ( J - 1  
N F X T ( J p 2 1  = N E X T ( J v 1  
N E X T ( J . 3 )  = N E X T ( J - l v 2 )  
GC TO 2 6 4  

1 6 3  N E X T ( J t 1 1  = Y t X T l J - l r 3 )  
N E X T ( J i i 1  = NCXT(J.11 t 1 
NEXT(J ,31  = N E X T ( J - L s 2 1  

2 6 4  CONTINUE 
GO T I 1  M’J 

C TOP GENFKATOR H A S  A T  L E A S T  TWO MORE NOOES THAN 
C THF U L I T I O M  G E h E K A T U K .  

2 6 5  DU 2 6 9  J = J l t  J L  
K = K t 1  

I F  ( L  .FU. 0 )  L = 3 
L = MOC(Kq31 

GU TI1 ( 2 6 6 r 2 h 1 , 2 6 b ) i  L 
2 6 6  hlHl = hi31 + L 

M F X T I J I ~ )  = NP t ‘4t31 + 1 
N F X T ( J p 2 1  = XJP t I J H I  + 2 
NEXT(J ,3)  = ’dP1 t . \ t H 1  / 2 
GI1 T I 1  7 h Y  

L6I h E X T ( J , L l  = NCXT(J-1 .3)  

G E O M 0 5 3 0  
G E O M 0 5 4 0  
G E O M 0 5 5 0  
G E O M 0 5 6 0  
GEOMO5 70 
G E O M 0 5 8 0  
G E O M 0 5 9 0  
G E O M 0 6 0 0  
G E O M 0 6 1 0  
G E O M 0 6 2 0  
G E O M 0 6 2 1  
G E O M 0 6 3 0  
G E O M 0 6 4 0  
G E O M 0 6 5 0  
G E O M 0 6 6 0  
G E O M 0 6 7 0  
G E O M 0 6 7 1  
G E O M 0 6 7 2  
G E O M 0 6 7 3  
G E O M 0 6 7 4  
G E O M 0 6 7 5  
GEOM06 76 
G E O M 0 6 7 7  
G E O M 0 6 7 8  
G E O M 0 6 1 9  
G E O M 0 6 8 0  
G E O M 0 6 8  1 
G E O M 0 6 8 2  
G E O M 0 6 8 3  
G E O M 0 6 8 4  
GEOM06 8 5 
G E O M 0 6 8 6  
G E O M O 6 8 7  
G E O M 0 6 8 8  
G E O M 0 6 8 9  
G E O M 0 6 9 0  
G E O M 0 6 9 1  
G E O M 0 6 9 2  
G E O M 0 6 9 3  
G E O M 0 6 9 4  
G E O M 0 6 9 5  
GE 0 H 0 6 9 6  
G E O M 0 6 9  7 
G E O M 0 6 9 8  
G E O H 0 6 9 Y  
G E O M 0 7 0 0  
G E O M 0 7 0 1  
GEOM0702 
G E O M 0 7 0 3  
G E O M 0 7 0 4  
G E O M 0 7 0 5  
G E O M 0 7 0 6  
GEOMOIO7 
GEOMO7OR 
G E O M 0 7 0 9  
G E U M 0 7 1 0  
G E O M O 7 1 1  
GEOMO? 12 



2 6 8  

26'4 

C 
2 73 

2 7 1  

C 
2 7 5  

2 7 6  

C 
2 7  

2 8  

3 0  

35 

40 
42 

45 

N E X T ( J v 2 1  = N F X T ( J c 1 1  t 1 
N E X T ( J i 3 1  = N C X T ( J - l i 2 1  

N F X T ( J i 1 1  = Y F X T ( J - l s 3 1  
YEXT(J,71 = N E X T ( J , l l  t 1 
N E X T I J e I )  = N t X T ( J - 1 * 2 )  
CONTINUE 
GO TO 85 
BOTTOM GENERATOR HAS ONE MORE NODE THAN THE TOP GENERATOR. 
N E X T ( J l r l 1  = >dPl  
NEXT(J1,Z)  = NP1 t 1 
N E X T l J l r 3 1  = NP t 1 

GO T O  2 6 9  

I F  ( J1  .EO. 5 2 1  GO TO 8 5  
J l l  = J 1  + 1 
EO 2 7 1  J = J l l r J 2  
N E X T ( J c 1 1  = N E X T ( J - l i 3 1  
NEXT(J ,21  = N E X T ( J e l l * l  
NEXT(Jp41 = N F X T ( J - l e 2 1  

T O P  GENFRATOH HAS ONE MORE NODE THAN THE BOTTOM GENERATOR. 
N E X T ( J 1 , l I  = UP t 1 
N E X T ( J l i 2 )  IJP + 2 
N E X T ( J l i 3 1  = N P l  

GO T O  8 5  

I F  ( J l  .Ea. J 2 1  GU TO 8 5  
J11 = J1 + 1 
00 2 7 6  J J l l c  J 2  
1 ' IEXT(J i1 )  = NEXT(J-1,31 
N E X T ( J i 2  I = NEXT( J i  1 1 + 1  
N E X T ( J t 3 1  = N E X T ( J - l e 2 )  
GO TO 85  
SAME NUMBER OF NODES 0'4 TUP A N 0  B O T T O M  GENFRATORS . 
I F  ( MAOGEN .NE. 0.0 1 GU TO 5 5  
I F  ( NCHE(ICH8) .Ea. I I GO TU 4 0  
I F  ( ICHB .GE. 2 1 GO TU 4 7  
CO 35 J = J l t J 2  
K = J - J 1  t 1 
I F  ( YODlKs21 .EGIS 0 1 GO TU 30 
N E  = ke t 1 
N E X T ( J , l I  = NP t Y B  
N E X T ( J e 2 1  = NP t Ut! t 1 
N F X T ( J i 3 1  = NPl t Nt3 - 1 
GO T I J  35 
Y E X T ( J , l I  = N P 1  t at3 - 1 
tJFXT(Jp71 = UP1 + o'4U 
N E X T l J i 3 1  = NP t N H  t 1 
CONTINUC: 
G O  TT: 8 5  
ICHR = ICHB t 1 
I f  I H C f J ( I C k ~ 8 i 2 )  .EO. 1 I GO TU 2 8  
011 50 J J l i J )  
K = J - JL t 1 
I F  ( V O D I K c 2 1  -EJ. 0 I G[J 1'1 4 5  
vu = NU t 1 
V F X T ( J c l l  = N P l  4 ,\Lo - 1 
NUEXT(J,Z) = U P 1  t ;4f3 
N F X T ( J 1 3 1  = NP t 413 
GO TU 50 
N F X T l J * l  I = ,If' + &ti 

GEOM0713 
GEOM07 1 4  
GEOM0715 
GEOMO7 16 
GEOMO7 1 7  
GEOM0718 
GEOMO719 
GEOM0720 
GEOM0721 
GEOM0722 
GE 0 M072 3 
GEOM0724 
GEOM0725 
GEOM0726 
GEOM07 2 7  
GEOM0720 
GEOM0729 
GEOM0730 
GEOM073 1 
GEOM0732 
GE O M 0  7 3 3 
GEOM0734 
GEOM0735 
GEOM0736 
GEOM0737 
GEOM0738 
GEOM0739 
GEOM0740 
GEOM0741 
GEOM0742 
GE 0 MO 7 4 3  
GEOM0744 
GEOM0745 
GEOM0746 
GEOM0747 
GEOM0748 
GE OM07 49 
GEOM0750 
GEOM0751 
GEOM0760 
GEOM0770 
GEOM0780 
GEOM0790 
GEOMO8OO 
tiEUM0810 
GEOMORZO 
GE O MOR 3 0  
GEUM0840 
GFOM0850 
GE O M 0 8  6 0  
GEOMOA70 
GEOM0880 
GEOMO89O 
GEOM0900 
GEOM0910 
GEOM0920 
GEOM0930 
GEUM0940 

1-58 



30 

5 5  

38 

60 

6 5  

10 
12 

75 

d O  
d5 

8 6  

1 7  

8 8  

3 0  

9 5  
1 CJ(, 

N E X T I J V ? )  = N P  t Nt3 t 1 

CLI:\IT I W E  
GO T O  H5 
I F  ( i\lCHM( ICHLI )  .EO. I ) GO TL: 70 
I F  ( IClit3 .GE. 2 1 Gu TU 7 2  
011 6 5  J = J 1 , J 2  
K =  J - J1 t I 

N B  = N8 t 1 
N F X T I J . 1 )  = N P 1  t Y U  - 1 

N E X T I J r 3 )  = N P l  t UB 

IF ( M O D I K , 2 1  .EO. 0 1 GO TO 60 

N F X T l J , Z )  = N P I  t YO 
N E X T I J , 3 )  = N P  t NB 

N E X T I J . 1 )  = N P  t %uB 
N E X T I J . 2 )  = ;VP + Nt l  t 1 
N E X T ( J . 3 )  = N P 1  t NB 

GO TO 45 

CONTINUE 
GO TL 65 
ICHB = I C H E  t 1 
I F  ( M O D ( I C H 8 , Z l  .EQ. 1 I GO TO 58 
DO 80 J = J 1 v J 2  
K = J - J1 t 1 
I F  I MODlK,Z) .€&I. 0 ) GO TO 75 
NR = N B  t 1 
N E X T l J v 1 )  = N P  t NH 
N E X T l J . 2 )  = N P  + NU t 1 
N E X T I J q 3 )  :.(PI t N R  - 1 

N E X T ( J q 1 1  = N P 1  t Y O  - 1 
N E X T I J B Z )  = NP1 + N B  

GO TO HO 

N E X T l J . 3 )  = N P  t %I3 t 1 
C O N T I N U E  
CONTINUE 
N P 1  = NP + 1 
X P  = UP t NUPIIt11 
NT = N T  t N T 1  
I F  ( NP .LF. 100 1 GC TU A7 
W R I T E  ( 6 , 8 6 1  
FUKCAT ( / / 2 0 X v j 5 H C O R E  THAN 100 P O I N T S  WERF GENERATED ) 
H F T U H N  
IF i \ T  .LE. 100 GU ro 90 
h R I T t  l h , t j 8 )  
FORMAT ( / / Z O X ,  3 7 l i M O R t  T H A h  100 C L E M F k T S  WERE G E Y E K A T E D  ) 
R E T U R N  
C U N T I N b +  
N P 1  NP - N G E ? r L I  
i r  i U P L  .LE. 50 1 GU T O  loo  
~ J P  = 15-1 
W R I T E  ( b , 9 5 )  
F O R P A T  ( / / 2 ~ X 1 3 8 H Y I J H C  THA-4 5C Fi<I-E NUDES UFHC GFNFKATCD 1 
K r  T U W  
F N C 

G E U M 0 9 5 0  
GEOMO960 
GEOM09 7 0  
G E U M 0 9 8 0  
G E O M 0 9 9 0  
G E O M l O  10 
G E U M 1 0 2 0  
GE OM 1030 
G E U M 1 0 4 0  
G E O M 1 0 5 0  
GEUM 1060 
GEOM10 7 0  
G E O M 1 0 8 0  
G E O M l O 9 O  
G E O M l l  00 
G E O M l l  10 
G E O M l l 2 0  
G E O M 1 1 3 0  
G E O M 1 1 4 0  
G E O M l l S O  
G E O M l l 6 0  
GEOM 11 70 
GEUM1 180 
G E O M 1 1 9 0  
G E O M 1 2 0 0  
GEUM 12 10 
GE OM 1 2 2 0 
G E O M 1 2 3 0  
G E O M 1 2 4 0  
GEOM 1250 
G E O M l 2 6 O  
G E O M 1 2 7 0  
G E O M 1 2 8 0  
GEOM 1 2 9 0  
G E O M l 3 0 0  
G E O M 1 3 1 0  
G E O M 1 3 2 0  
GEOM 13 30 
GEOM 1340 
G E O M 1 3 5 0  
G E O M 1 3 6 0  
G E U M 1 3 7 0  
G E U M 1 3 8 0  
G E O M 1 3 9 0  
G E O M 1 4 0 0  
G E O M 1 4 1 0  
GEUM14 11 
G E O M 1 4 1 2  
GEOM 14 13 
GEOM14 14 
G E O M 1 4 1 5  
G E O M 1 4 2 0  
GEOM14 30 



SUBRUUT 1 I J t  U I R C O S  ( L 4 , L B  ' L C  9 I I C I K C O S O l  
C C A L C U L A r E  THE O I R E C T I U V  C O S I N E  M A T R I X  I E D C M I  OF E L E M E % T  L O C A L  A X E S O I R C O S O 2  
C I X L p Y L t I l )  P f l  U I V F  TO Cc7MMDFI A X F S  I X t Y . L I  O I K C O S 0 3  
C 01 R C O S 0 4  

COMMLJ.~ X I t o o l  , Y I 1 0 0 1  , z ( 103) iH 1 1001 t O I R C O S O 5  
1 K L  I 100,3l 9 Y L  I 1 0 0 t 3 )  01 RCOSOG 
2 K A P A N G I  20) L G L  I 50) p RHUB ( 501 K T I P  ( 501 r D I R C O S 0 7  
3 lHHUB I 501 , T H T I P  I 50) t F O C H  I 3 r 3 )  r D I R C O S O 8  
4 WHO , P U I S S O  t YUUrYGS t RADGEN * 01 R C O S O 9  
5 N G E Y L I  t L I N E 1  9 N E X T  ( 100t3l t N P  r N T  D I R C O S 1 0  

D O U B L F  P R F C I S I O N  L 1 2  t 5 1 X  , S L Y  t S 1 Z  I 5 1  t S 2 X  r S 2 Y  9 522  r O I H C O S 1 1  
1 5 2  D l  RCOS 1 2  
L12  = S Q R T (  l X l L H ) - X ( L A l ) * * 2  + ( Y l i B l - Y ( L A )  l * * 2  +~Z(L8l-Z(LAl1**2lOIRCOSL3 
S 1 X  = ( Y ( L l - j l - Y I L A ) I  * I Z ( L C I - Z ( L A 1 )  - (Y(LC)-Y(LAI)*(Z(LBI-Z(LA)I O I R C O S 1 4  
S l y  = ( Z ( L 6 l - Z ~ L A l ~ * ( X ~ L C ~ - X o )  - IZ(LC)-Z(Lbl)*(XILMI-X(LA)I D l R C O S l S  
Sll = ( 4 l L D )  - X ( L A I )  4 ( Y I L C I  - Y I L A ) )  - I X I L C )  - X ( L A 1 )  * D I RCOS 16 

1 ( Y I L D )  - V I L A ) )  O I R C O S 1 7  
S I G N  . 1.0 O I R C O S 1 8  

O I K C O S  1Y 1F t L C  .LT. LE3 I SIGU = -1.0 
5 S l X  = S l X  * S I G N  DI RCOSZO 

S l y  = S l y  * SIGh 01 R C O S 2 l  
si2 = 5 1 2  * S I G N  DI R C O S 2 2  

10 S 1  = C S Q R T l  5 1  ' 4 2  + Sly442 + 5 1 L * * 2  I Dl R C O S 2 3  
S 2 X  = S l y  * l Z ( L 8 )  - L I L A ) )  - 5 1 2  * I Y I L B )  - Y ( L A ) )  D I R C O S 2 4  
S 2 Y  = Si2 * ( X ( L 8 1  - X I L A ) )  - S 1 X  * ( Z ( L B 1  - 2 I L A ) I  D I R C O S 2 5  
S Z Z  = S I X  * I Y I L H I  - Y ( L A I )  - S L Y  * ( X ( L M I  - X ( L A 1 )  O I R C O S 2 6  
S Z  = C S Q R T l  S 2 X * + 2  + S 2 Y * * 2  + L?.?**Z I D I R C O S 2 7  
E O C M ( l r 1 )  = ( K ( L B )  - X I L A I I  / L I Z  D I R C 0 5 2 A  
E D C V ( 2 , l I  = ( Y ( L I 3 )  - Y I L A ) I  / L12 D I R C O S 2 9  
F I X M ( 3 t l )  = 1 Z I L B )  - Z I L A )  1 / L 1 2  01 R C O S 3 0  
E D C M I I t Z I  = S 2 X  / S2 0 I RCOS 3 1 
F D C M ( 2 , 2 )  S 2 Y  / S 2  D I R C U S 3 2  
E I ) C M ( 3 , ? )  = s2z / 52 o r ~ c n s 3 3  
E D C F l ( l r 3 1  = S 1 X  / S I  D I  R C O S 3 4  
E O C Y ( Z , 3 1  = 5 1 Y  / SI O I H C O S 3 5  
E D C M ( 3 , j )  = S 1 L  / s 1  D I RCOS 36 

0 I KCOS 37 R F  T UR N 
E Nl l  01 R C O S 3 8  



S U H R U U T I I \ ( E  L C U U R O  ( L A i L t 3 , L C t  I )  L C O O K D O  1 
C C E T E K C 1 , Y t  L O C A L  Y U C A L  C O O R D I N A T F S  ( X L i Y L , Z L )  O F  T K I A N G U L A R  E L F Y E Y T L C O O R D O Z  

L C O O R D 0 3  
L C O O R D 0 4  

L C O O R D 0 6  

C F R O M  C[IMMUN h O O A C  C O O R D I N A T E S  ( X , Y , Z )  . 
Y ( 100) , 2 ( 1 0 0 )  i TH [ 100)  r L C O O R D O 5  
X L  ( 1 0 0 9 3 )  9 Y L  I 1 O O i 3 1  i 

C 
COMMUV X ( 100) 1 

1 
2 RAPAIJG 
3 T H H U R  
4 d H O  i 

5 YGEWL I 

1 +EDCM 
X L ( I 9 2 ) =  EDCH 

50) , 
S O )  , 

9 L I N E 1  
111) * 

Z G L  ( 51)) , R H U B  ( 50 )  t R T I P  ( 501 r L C C O R D 0 7  
1 H T I P  ( 50) 9 EOCM ( 3 9 3 )  , L C 0 0 R D 0 0  
POISSO s YLIUNGS i R A O C E N  i L C O O R D 0 9  

N E X T  I l O O i 3 )  9 NP 9 NT L C O O R D l O  
X f L H )  - X ( L A 1 )  + E O C M ( 2 . 1 )  * ( Y i L B )  - Y ( L A ) I L C O O R D l l  

L C 0 0 R 0 1 2  

9 

L A )  ) L C 0 0 R D 1 3  
L C C O R D l 4  

L A )  ) L C O O R D 1 5  
L C O O R D l 6  
L C O O R D 1 7  
L C O O R D 1 0  



SUBRUUTINt M E M S T F  l LAA,LYR,LCCvIE ) MEMSTlOl 
C CALCLJLATE THE LOCAL MEMBRAYE STIFFNESS MATRIX IELMSM) FOR A MEMSTI 0 2  
t TRIANGULAR ELTMFYl . MFMS T I03 
C MEMSTIO4 

1 XLL 100~3) 9 YLL L 1 0 0 1 3 )  9 MEMST I 0 6  
CUMMUY Y ( IJO) , Y I 100) * z ( 100)  t TH I 100) tMEMSTIO5 

2 RAPANG( 50) q ZGL [ 5 0 )  RHUB I 5 0 )  K T I P  5 0 )  ,MEMSTI07 
3 THHUH ( 50) v THTlP 1 50) t EDCM I 3 r 3 )  rMEMSTlO8 

5 NGENLI t L I N E 1  9 NEXT I 100,3)  * NP , N T  r MEMSTIlO 
6 ELMSM(bv6) t AMNIN(696)  9 ELRSM(9,91 v A B N I N ( 9 s 9 )  

DIMFNSIUN AMNIT(6 ,b)  r ' W M ( 3 * 6 )  9 WMT(hr3) r EM(3931 MEMSTI l2  

DIMENSION Y L ( 3 )  9 X L ( 3 )  
COUeLE P R t C I S I U N  Z I N T  q XL 9 YL 9 TERM 9 AMNIT , bin 9 WMT 9 EM 9 M E M S T l l S  

MEMSTI 09 

MEMST I 1  1 

1 T ' J ( 6 1 1 )  1 ZINT ( 1 ~ 6 )  9 2 1 1 6 ~ 6 )  9 2 2  ( 6 9 6 )  MEHSTI13 
MEMST I 1 4  

1 T I  9 2 1  9 2 2  MEMSTI 1 6  
DATA LAqL0,LC / 1 t 2 t 3 / M E M S T I  1 7  
DATA WM / 1 . 0 D 0 , 4 * 0 . 0 D 0 , 1 . @ D O , 2 * 0 . O D O ~ l . 0 D O , O . O ~ O ~ l o O D O ~ 7 ~ O o O ~ O  / M E M S T I 1 8  
DATA h M T  / l.OC0*8*0.0DO* 1 ~ 0 0 0 ~ 3 * 0 ~ 0 D 0 ~ 2 * 1 ~ 0 0 0 ~ 3 * 0 ~ 0 D 0  / MEMSTl19 
DATA AMNITIEMvTV / 51*0.ODO / MEMST I 2 0  
X L I L B )  = X C L l l E t 2 )  MEMST I2 1 
X L I L C )  = X L L l l t , 3 )  ME MS T I 2 2  

MEMST I 2 3  
MEMS T I 2 4  

Y L ( L C 1  = Y L L ( I E , 3 )  
TERM = YUUNGS / ( 1.0 - PUISSO**2 1 
E N 1 1 , l )  = TERM M E M S T I  2 5  
E M ( 1 p Z )  = TFHM * POISSO MEMS T I 2 6  
E M ( 2 , l )  = EMI1 ,Z)  MEMST I 2 7  
E M l Z 1 2 )  = TERY MEHST I 2 8  
EM13131 = ( 1.9 - PUlSSO ) * TERM / 2.0 M E M S T I  2 9  
A M N I N ( 1 , l )  -1.0 / XL1LB)  M E M S T l 3 0  
A M N I N I l s 3 )  = - AMUIIU(1, l )  MEMS T I 3  1 
AMN I N  ( 2, 2 ) = AM4 I % I 1 9 1  ) MEMSTI 32 
AMNlY1214) = A M N I N ( l r 3 )  M E M S T I  33 
A M N I N ( 3 , l )  = ( X L ( L C )  - XL(L l3 )  ) / X L I L B )  / Y L t L C )  HEMS1134 
AMNIN13,3) = - X L ( L C )  / XL(Lt3) / Y L I L C )  ME MST I 3 5  
AMNlN(3 ,5)  = 1.0 / Y L I L C )  MEMST136 
IMNI IJ (  49 2 )  = A M I Y I * I (  3, 1) MEMST137 
AMNIrUI4p4) = A M N I N I  3, 3 1  MEMSTI 38 
A M N I N l 4 t 6 )  = AMNlNI3 ,5)  MEMST 1 3 9  
A M N I % l S 1 1 )  = 1.0 MEMST 1 4 0  
AMNIN16,L) = 1.0 MEMSTI41 
CU 10 I = 1 9 6  MEMST I 4 2  
L I N T I l 9 O  = 0.0 MEMST I 4 3  
DII 10 J = 1.6 MEMST I 4 4  

li' AMNIT(1 ,J )  = A M N l N ( J , I I  MEMSTI45 
MEMST I 4 6  TN11.1) = T H t L A A )  

T N 1 3 , l )  = T H I L t l B )  MFMS T 147 
T V I 5 t l . )  = l t i ( L C C )  MEMST I 4 8  
CALL Z I J T l  I I C t Z I l v T  I MEMS T I 4 9  
f l C  15 J = 1.6 MEMST I 5 0  
Z l l l t J )  = 0.0 MEMST 15 1 
DtJ 15 K l e 6  MEMSTI52 

15 L l ( 1 . J )  = Zl(1,J) t L I r J T I l v K )  * AMrUlNlKvJl  MEMSTI53 
MEMST I 54 

I:(? 20 h = I t f J  MEMS T I 5 5  
2 0  Z 2 l l r l )  = I 2 l l r l )  t L l ( 1 , K )  * I Y ( K q 1 )  MEMST I 5 6  

UIJ 2 5  I = 1.6 MEMST157 
fl(? 2 5  J = l v 3  ME MS T I58 

4 RHO , puissn , YUUNGS , RADGEN , 

Z i ' ( 1 . 1 )  = 0.0 



25 

30 

35 

40 

Dll  
22 
eo 
DO 
21 
D CJ 
2 1  
00 
00 

3’3 K 1.3 
IrJl = 221 
35 I = 1r6 
35 J = l r 6  
ltJ1 = 0.0 
35 K = 1 9 6  
IrJI = L1( 
40 I = 196 
40 J = 1.6 

E L M S M l  I *  Jl = 0.0 
CO 40 K = leh 
F L M S M ( I r J 1  = FLMSM(ItJ1 + Z l l l t K )  * AMNIN(KtJ) 
RETURN 
END 

MEHST I59 
MEMS T I 60 
MEM S T  I61 
MEMSTI6Z 
MEMS T I 6 3  
M E M S T 1 6 4  
MEMST I65 
M E M S T f 6 6  
MEMST I67 
MEMST I68 
M E M S T  I69 
M E H S T 1 7 0  
MEMST I 7 1 
M E M S T I 7 2  
M E M S T l 7 3  
MEMST I74 
MEPST I75 
NEMST176 
M E M S T I  77 
MEMSTI78 



C 
C 
C 
c 
C 
C 

1 
2 

3 

4 
5 

SUCRUUTI:4F Z l N T l  I I E i L I N l  1 Z I N T 1 0 0 1  
USING GAUSSIAN QUACRATURE, INTEGRATE THE FOLLOWING FUhlCTIONS CVER L I N T 1 0 0 2  

Z I NT1003 Ill€ SURFACE OF T H E  TKIANGLE 
F I XLi Y L I  = 1.0 ZINT 1 0 0 4  
F I X L i Y L )  = XL ZINT 1 0 0 5  
F(XL,YL)  = YL 2 INT 1006 

2 I NT 1007 

1 XLL I 1 0 0 1 3 )  i YLL I 1 0 0 ~ 3 )  i Z I N T 1 0 0 9  
COMMUV i I 100) 1 Y I 1 0 0 )  1 2 I 1001 i TH I 1001 t Z l N T l O O 8  

2 KAPAYGI 5 0 1  i ZGL I 50) 9 HHUH I 5 0 )  9 K T l P  I 5 0 )  ~ Z I N T 1 0 1 0  
3 TIiHUB I 5 0 )  t THTIP 1 5 0 1  i EDCH I 3 t 3 )  r Z l N T l O l 1  

5 NLEYLI  1 L I V E 1  , NEXT I 100,3) t NP 8 NT t Z I N T l O 1 3  

OIMEbSIUN LINTl1,6) A I 1 0 1  H I 1 0 1  I Y I l 1 0 )  t X 1 I 1 0 )  i AREA(10) r Z l N T l O 1 S  

4 AHU PUISSU YUU.NGS 9 KADGEN i L I N T 1 0 1 2  

6 ELWSMI6r6)  t A M N I N l 6 t 6 )  i E L R S M l 9 r 9 )  , A B N I N ( 9 r 9 1  Z I N T 1 0 1 4  

1 X I L I 1 0 )  t X I R ( 1 0 )  Z I N T l O l 6  
DIMENSIUa Y L ( 3 )  t X L ( 3 )  2 1  NT1017 

1 X I L  i X I R  8 XL 9 YL Z I N T 1 0 1 9  
DATA L4,LBvLC / 1 t 2 i 3 / ZI NT 1 0 2 0  

DOUBLE PRFCISION Y O  t HT 9 XO Z I N T  * A * H t Y I  i X I  t AREA 9 Z I N T l O l 8  

DATA A / - .97390652151717 , -.86506336668899 , -.67940956829902 9 Z I N T l O 2 l  
1 - .43339539412925 i - e 1 4 8 8 7 4 3 3 8 9 8 1 6 3  . 1 4 8 8 7 4 3 3 8 9 8 1 6 3  Z I N T 1 0 2 2  
2 - 4 3 3 3 9 5 3 9 4 1 2 9 2 5  i - 6 7 9 4 0 9 5 6 8 2 9 9 0 2  i - 8 6 5 0 4 3 3 6 6 6 8 8 9 9  i Z I N T 1 0 2 3  

DATA H / - 0 6 6 6 7 1 3 4 4 3 0 8 6 9  i ,14945134915058 v e 2 1 9 0 8 6 3 6 2 5 1 5 9 8  t Z1NT1025 
1 .26926671930100 .29552422471475 9 - 2 9 5 5 2 4 2 2 4 1 1 4 7 5  t L I N T 1 0 1 6  
2 . 2 6 9 2 6 6 7 1 9 3 0 1 0 0  i - 2 1 9 0 8 6 3 6 2 5 1 5 9 8  t - 1 4 9 4 5 1 3 4 9 1 5 0 5 8  v Z I N T 1 0 2 7  

3 . 9 7 3 9 0 6 5 2 6 5 1 7 1 7  / L I N T  1 0 2 4  

3 . 0 6 6 6 7 1 3 4 4 3 0 8 6 9  / 2 I NT 1 0 2 8  
X L I L U )  = X L L l I E , 2 )  Z I N T 1 0 2 9  
X L I L C I  = X L L I  I E p 3 )  Z I NT 1030 
Y L I L C )  = Y L L l I E , 3 )  Z INT 1031 
Y O  = 0.5 4 Y L I L C I  Z I N T 1 0 3 2  
on 3 I = I , I O  L I N T 1 0 3 3  
Y I I I )  = Y O  t A ( I )  4 Y O  Z I NT 1 0 3 4  
X I L I I )  = X L I L C )  * Y I I I )  / Y L I L C )  Z I NT 10 35 
X I R I I )  = X L I L B )  - I X L I L B )  - X L I L C )  1 * Y I I I )  / Y L I L C )  Z INT 1 0 3 6  

I .hE. 1 1 GI1 TU 2 Z I N T 1 0 3 7  IF I 
HT 
DC1 1 
HT 
AREA 
ZlUT 
2 I N 1  
00 5 
X 0 
4 R E I  

I =  

I ) =  
C f l 4 J -  
K l I J )  = 
AREA1 I ) =  
ZIkT I 1  t l  
R F T U d  v 
€ ND 

0.0 
1 , l C  
X U  t 4 l J )  4 I X l i  - 
A R F A I I )  + X L I L B )  * 

= Z l . 4 l l l r l )  +DADS 

2 I NT 1038 
Z I N T 1 0 3 9  
ZI NT1040 

HT ZI NT 1 0 4  I 
Z I N T 1 0 4 2  * A R E A I I )  * H I I )  

* Y I l I )  * A R E A I I )  * H I I I  Z I N T 1 0 4 3  
L I NT 1 0 4 4  

1 Z I NT 1 0 4 5  
Z I NT 1046 
2 I NT 1047 

X I L ( I )  1 Z I NT 1 0 4 8  
I 1.0 - A l l )  1 * 0.25 * H I J )  * X I I J )  Z I N T 1 0 4 9  
YL(LC.1) * 0 . S  * A R T A I I )  4 H I I )  2 I NT 1 0 5 0  

Z I N 1  I O 5 1  
Z I NT 1052 
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5 

10 

15 

LC, 

25 

AHNINI9 ,6)  = 2.0 * X L I L C ) * * 2  * I X L ( L M )  - X L I L C )  1 / X L ( L B ) * * 2  / BENST059 
Y L ( L C ) * * 3  BENST060 

= -2.0 / Y L I L C ) * * 3  BENST061 
1 

ARNlN(9 ,  7 
A9N l ig  I 9 P 8 
DLI 5 I = 
C O L ,  J =  
Z I N T t  I t J )  
A R N I T I  I r J  

Z I N T I  4 ,4 1 
CALL 2 x 4 1  

= 1.0 / Y L I L C ) * * Z  
1,’) 
1 1 9  
= 0.0 

BENST062 
BEUSTO63 
BENST064 
BENST065 
BENST066 
BEN S TO 6 7 
BENSTO68 
BENST069 
BENST070 
BENST071 
BENSTO 72 
BENST073 
BENS TO74 
BENST075 
MENS TO76 
8ENST077 
BENST078 
BENST079 
BENST080 
BENST08 1 
BENSTOR2 
BEN51083 
BENSTO84 
BENST085 
BElJS T O  8 6  
BENST087 
8 E I\S T 0 88 
BENST089 
ZENST090 
R E d S  io91 
’ -a.1ST092 
BENST093 
BE NS T O 9 4  
BENST095 
BENST096 
BENST097 
BENST098 
BENST099 
BENS T 100 
B E N S T l O l  
BENST102 
B E N S T 1 0 3  
BENST104 
BENST 105 
HENST 1 0 6  
BEh ;07 
BENSl  LC’8 





Z I N 1 2 0 5 9  
Z I NT 2 0 6 0  
ZI N T 2 n 6 l  
ZI NT2062 
L 1 NT 206 3 
2 I NT 2 0 6 4  
L I N T 2 0 6 5  
Z I N T 2 0 6 6  
Z I NT2067 
Z I NT 2 0 6 8  
Z I N T 2 0 6 9  
Z I N T 2 0 7 0  
Z I NT207 1 
ZINT 2072 
Z f  YT2073 
Z I N T 2 0 7 4  



C 
C 
C 
C 

1 0 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 

SURHIIUTINE MEMIN4 lLAA,LOH,LCC, I € )  
CALCiJLATE THt LGCAL MEMIjKANE I k E K T I A  
WATHIX I t L M I M )  FUR A TKIANGULAR 
ELEMEUT. 

COP CON x I 100)  , Y I 100) , Z I 1 0 0 )  , 
1 XLL I 100,3) t YLL ( 100,3) t 

L RAPANGI 55) 9 ZGL ( 50) 9 KHUB t 5 0 )  t 

3 THtiUR ( 5 0 )  , T H T I P  ( 5 0 )  9 

4 RHO POISSO , YUUNGS q RADGEN 
5 NGENLI 9 L I N E 1  NEXT t 100,31 
6 ELMSM1616) t A M N I N ( 6 r 6 )  E,LRSMIVt9) I ARNIN 
7 S I G M A X l 1 0 0 )  t S I G M A Y l 1 0 0 )  E L S T I F ( 1 8 r 1 8 )  * 
8 TAUXYIlOO), t L S S M ( 9 r 9 ) .  C E X ( 1 0 0 v 8 ) *  IMEXt  
9 E L I N R I  lfl, 1 8 )  , E L P I M ( 6  

DIMFNSIUN AMNIT(6 ,6)  9 R l l 6 q 6 )  q A I 1 0 1  e H t 1 0 )  
1 X l t 1 0 )  A R E A ( I O p 6 )  9 X I L l 1 0 )  9 X I R ( 1 0 )  9 X L ( 3  
2 Z l N 1 1 6 )  t R216.6)  

DClUBLE ' "~ECISIUN YO * XO 9 IERMl  1 AMNIT 9 R1 

DATA LA,LB,LC / 1,293 / 
1 XL YL , L I N T  , R2 

D A T A  A - . 9 7 3 9 0 6 5 2 ~ 5 1 7 1 7  , - .86506336668n99 , 
1 - a 4 3 3 3 9 5 3 9 4 1 2 9 2 5  t - e 1 4 8 8 7 4 3 3 8 9 8 1 6 3  9 

2 - 4 3 3 3 , - 3 9 4 1 2 9 2 5  p - 6 7 9 4 0 9 5 6 8 2 9 9 0 2  
3 .97390652851717 I 

C A T A  H / . 0 6 6 6 7 1 3 4 4 3 0 8 6 9  t .14945134915058 t 

1 . 2 6 9 2 6 6 7 1 9 3 0 1 0 0  9 - 2 9 5 5 2 4 2 2 4 1 1 4 7 5  t 

2 - 2 6 9 2 6 6 7 1 9 3 0 1 0 0  9 m21908636251598 t 

3 
X L t L H )  = X L L l  
X L I L C )  = X L L l  
Y L I L C )  = Y L L t  
DO 10 I = 1 
Z I N T I I )  = 0.0 
CU 10 J = 1 
R l I I v J )  = 0.0 
K 2 l I . J )  = 0.0 

.06667134430f l69  / 
E,.?) 
E r 3 )  
€ 1 3 )  
6 

6 

HEMIN001 
MEMINO02 
M E M I  NO03 
MEMINO04 
MEM I NO05 

MEMIN007 
& T I P  ( 5 0 )  ,MEMINO08 

MEMINOlO 

9 1 9 )  9 MEMI NO12 
HEM I NO13 

001 , MEHIN014 

t 100) ,MEMINO06 

EDCM ( 3 ~ 3 )  qMEMIN009 

NP t NT t MEMINOl l  

E L 8 1  M l 9 . 9  ) HEMIN015 6 )  t 
* Y I ( 1 0 )  , M E M I  NO16 

* Y L t 3 )  * ME M I  NO1 7 
PEM I NO 18 

I \ , H * Y I (  MEM I NO 19 
HEMIN020 
MEM I NO2 1 

- a 6 7 9 4 0 9 5 6 8 2 9 9 0 2  MEMIN022 
,14887433898163 9 MEMIN023 
e 8 6 5 0 6 3 3 6 6 6 8 8 9 9  HEMIN024 

,21908636251598 9 MEMINO26 
- 2 9 5 5 2 4 2 2 4 7 1 4 7 5  9 MEMIN027 
.14945134915058 9 MEMINO28 

MEM I NO25 

MEMINO29 
MEMIt4030 
MEM I NO3 1 
M E M I  NO32 
ME M I NO33 
M E M I  NO34 
MEM I NO 35 
MEMIN036 
MEM I NO3 7 
ME M I NO38 
MEM I NO39 

HE FOLLOWING FUNCTIONS OVER HEMIN040 
MEMINO41 
MEM I NO42 

* XL M E M I  NO43 * YL MEMI NO44 
4 XL*YL MEM I NO45 

FIXL,YL) = TERM 4 x ~ * 4 2  PEMI N04h 
F l X L t Y L )  = TERC * YL**2 ME M I NO47 

WHERE HEM I NO48 
TEYF'  = l l X L l L H ) * Y L l L C )  + l X L l L C ) - X L l L B ) 1 * Y L  - Y L I L C ) * X L * T H ( L A A )  - MEMIN049 

I X L I  L C l * Y L  - YL I L C  ) *XL ) *TH(LBP 1 t X L I L B )  * T H l L C C I  *YL) /XL(LRMFMIN050 
Y O  = 0 . '1 (1  * Y L ( L C )  M E M I  NO5 1 
00 35  I = 1,lC MEMIN052 
Y I I I I  = Y i l  + A ( I l * Y U  MEMIN053 
X I L I I I  = X L I L C ) * Y I l I )  / Y L I L C )  M E M I  NO54 
X l K f I I  = X L ( L U )  - I X L I L U I  - X L ( L C ) ) * Y I I I l  / Y L I L L )  MEMIN055 

MEM I NO56 XU = X I L ( 1 )  + O . 5 * l X l t t ~ I ~ - ~ l L l I ~ ~  
M E M I  NO57 CIJ 20 J = 1 , l O  

ci: 1'1 h = 1.h M F M l N n S R  

ELCIMt  I ,  J )  = 0.0 
AMNIT( I r  J )  = AMNINIJ,  1 )  
USIYG G 4 U S 1  A3 OUAI)RAIURE 9 INTEGKATE 
THE SURFAC€ I IF THF TkIANGLF 

F l X L , Y L )  = TERM 

F I X L V Y L )  = TERM 
F l X L . Y L )  = T E R M  

F ( X L , Y L )  TEKM 



It,  
20 

2 5  

30 
35 

C 

4 0  

4 5  

50 

HEM I N 0 5 6  
M € M I  NO60 
ME M I NO6 1 
ME M I NO62 
MEH I NO63 
M E M I  NO64 
MEHIN065 
HEM I NO66 
MEM I NO67 
HEMIN068 
HEMIN069 
MEM I NO70 
HEMIN07 1 
PE M I NO 72 
ME M I NO73 
HEMIN074 
HEM I NO 75 
MEM I NO 7 6  
HEM I NO77 
MEMIN078 
HEM I N 0  79 
MEM I NO80 
MEM I NO8 1 
ME M I NO82 
MEMINO83 
M E M I  NO84 
MEMINO85 
MEM I N 0 8 6  
WEMINO87 
M E M I  NO88 
HEMIN089 
M E M  I NO90 
ME M I  NOV L 
MEMI NO92 
MEM I NO93 
MEM I NO94 
MF M I NO95 
MEMI NO96 
HEM I NO97 
MEMIN098 
MEM I NO99 
M E M I  N l  00 
ME M I  N10 1 
MEMINlOZ 
MEM I N103 



t 
C 
C 

c 
C 
C 
C C 

c 
C 
C 
C 
c 
c 
i 
c c 

c L 
(, 

c 
c 

COPPCIh X ( 1 0 0 )  , Y 
1 XLL ( 
2 IAPArJGl 5 0 )  , ZGL 

LCC, I E )  
'JERTIA N A r R I X  IELBI I? )  F U H  A 

100) , Z I 1'20) t TH 
COv3) I YLL I 1 0 0 1 3 )  9 

50) , RHUO ( 50) , RTIP 
3 THHUH 1 50) 9 THTTP 1 50) t ECCM 
4 RHO , POISSO t YUUNSS * RADGEN , 

BEN I NO0 1 
BENIN002 
BENI NO03 
BENIN004 

BEN I NO06 
100) ,MENIN005 

501 rBENINOO7 
3 1 3 )  r 8 E N I N 0 0 8  

5 UGENLI L I Y E l  NFXT ( 1 0 0 ~ 3 )  t NP 9 NT , BENIN010 
BEN I NO09 

6 ELMSM(696) AM:IINl6,6f , ELBSHl9 ,9)  t A R N I N ( 9 9 9 )  9 8 E ~ I N O  11 
7 S I G M A X ( l 0 0 )  9 t I G M A Y 1 1 0 0 )  * E L S T I F 1 1 8 , l B )  t BEN I NO12 
8 TAUXY I 1 0 0  1 v ELSSP 91 9 )  9 HEX ( 1001 8 I 9 I MEX 1 1 0 0 )  9 B E N I h 0 1 3  
9 E L I N R I  18,163) 9 ELHIM(6,b)  E L B I M ( 9 , 9 )  BENIN014 

BENIN015 
1 X I I l O ) ,  AHEAI10,2B) t  X I L t l O ) ,  X I R I l O ) ,  X L ( 3 ) r  YL1311 BENIN016 
2 Z I Y I l 2 d ;  BEN I NO 1 7  

CCUBLF PKECISION YO t XO , TERM1 AIjNIT 9 R 1  , R2 t A 9 H BEN I NO 18 
1 Y I  , X I  9 AREA X I L  t X I R  XL t YL t ZINT BENI NO 19 

DATA LA, LB, LC / l r 2 , 3  / BENIN020 

OIMEYSION ARNIT lY,9) ,  H 1 1 9 , 9 ) r  R 2 ( 9 , 9 ) r  A I l O ) ,  H I I O ) ,  Y I ( l O I ,  

DATA A / - .97330652851 I 1 7  9 - .@65063366688S9 I - .67940956829902 BFNIhO21 
1 - a 4 3 3 3 9 5 3 9 4 1 2 9 2 5  t - .14887433898163 
2 - 4 3 3 3 9 5 3 9 4 1 2 9 2 5  , - 6 7 9 4 0 9 5 6 8 2 9 4 0 2  9 

3 .97300652851717 / 
D A T A  H .06667134430a69 , .14945134915058 , 

1 . 2 6 9 2 6 6 7 1 9 3 0 1 0 0  , - 2 9 5 5 2 4 2 2 4 7 1 4 7 5  9 

2 . 2 6 7 2 6 6 7 1 9 3 0 1 0 0  9 - 2 1 9 0 8 6 3 6 2 5 1 5 9 8  9 

3 . 0 6 6 6 7 1 3 4 4 3 0 8 6 9  / 
X L ( L 6 )  = X L L I  I E t 2 )  
X L I L C )  = X L L ( I t , 3 )  
Y L ( L C )  = Y L L I I E I 3 )  
DU 1Ll I = I , Y  

R l ( 1 , J )  = 0.0 
R Z ( 1 , J I  = 0.0 

CO 10 J = 1 , 9  

E L B I C ( 1 . J )  = 0.0 
i d  AONIT(1 ,J )  = A t 3 Y I U I J . I )  

15  L I Y T (  I )  = 0.0 
CO 15 I = 1.28 

-14M87433898163 9 BENIN022 
- 8 6 5 0 6 3 3 6 6 6 0 8 9 9  9 BENIN023 

,21908636251598 9 BENIN025 
- 2 9 5 5 2 4 2 2 4 7 1 4 1 5  * BENINO2h 
- 1 4 9 4 5 1 3 4 9 1 5 0 5 8  BFNIhJ027 

BENIN024 

BENI NO28 
BEN I NO29 
BFNIN030 
BEN I NO 3 1 
BENIN032 
BENIN033 
B E N I  NO34 
BEN I NO 35 
BENI NO36 
BENIN037 
BENIN038 
BEN I NO39 

USING G A U S S I A " :  OUAOKATUKE, INTEGRATE THE FOLLOkIVG FUNCTIOVS BEN I NO40 
CVER TI+  SURFLCE O f  THE TKIANGLE. BENIN041 

F ( X L , Y L )  = TERM BEN I N 0 4 2  
F l X L , Y L I  = 
F ( X L , Y L )  = 
F ( X L , Y L )  = 
F I X L , Y L )  = 
F l X L , Y L )  = 
F ( X L , Y L l  = 
F ( X L , Y L l  = 
F ( X L , Y L I  = 

F ( X L , Y L )  = 
F ( X L . Y L )  = 

F ( X L , Y L )  = 

T E R M  * YL 
TCKM * YL+*2 
T E R Y  9 YL**3 
T E R M  * YLQ44 
T E R M  * YL**5  
T E K Y  4 YL*+6 
T E R M  * XL 
I E R M  * XL**2 
T E R M  * XL*43 
TEHW * XL**4  
T E R W  XL**5  

BEN 
BEN 
BF N 
BEN 
ME N 
BEN 
BEN 
BEN 
BE v 
BEN 
B F Y  

n043 
n044 
n045 
n046 
n047 
n048 
k049 
n050 
n051 
n052 
N O 5  3 

BENIN054 
BEN I NO55 
BEN1 NO56 
MEN I NO57 
HEYIN058 



C 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 

F ( X L , Y L )  = TtKM 4 XL * YL445 
F ( X L , Y L )  = TERP 4 XL+*2 4 YL 
F ( X L , Y L )  = l E R M  4 XL447 4 YL**2 
F(XL.YL1 = TFRM 4 XL*+2 4 YL**3 
F I r ( L , Y L )  = T C K M  * XL+*2 4 YL*44 
F l X L , Y L )  = TFRM * XL4*3  * YL 
F ( X L , Y L l  = TERM 4 XL443 4 YL**2 

f - I X L , Y L l  = lERM 4 XL444 4 YL 
F ( X L , Y L I  = TERM 4 XL**4 * YL**2 
F l X L , Y L l  = TERM * XL445 * YL 

TFRM = ( l X L ( L B ) * Y C I L C l  + ( X L ( L C ) - * L ( L B l I * Y L  - Y L f L C  
( X L ( L C ) * Y L  - Y L ( L C ) * X L I * T H ( L H B )  + X L ( L B I * T H  

F l X L * Y L l  = T E R M  * XL443 4 YL**3 

WHERE 

Y O  = 0.50 4 Y L ( L C 1  
EO 4 0  I = 1 , l O  
Y I ( I 1  = YO + A ( 1 )  4 YU 
X I L ( I 1  = X L I L C I  * Y I ( I 1  / Y L ( L C )  
X I R I I )  = X L l L H )  - ( X L I L B )  - X L ( L C 1 )  * Y I ( 1 I  / YLILC 
X O  = X I L I I )  + 0.5 * ( X I R ( 1 )  - X I L ( I 1 )  
DO 2 5  J = l t l 0  
DO 2 0  K = l i L 8  

2 0  AREA(JvK1 = 0.0 
2 5  X I I J )  = XO t A ( J )  * (XU - X I L ( 1 ) )  

DU 30 J = 1.10 
T F R M l  = X L I L B I  4 (1.0 - A ( 1 ) )  * 0.25 * 

1 I X L I L C I  - X L I L B ) )  4 Y I ( 1 )  - YL 
2 ( Y L ( L C )  4 X I ( J 1  - X L I L C I  
3 THILCC)  4 Y I l I ) ) / X L l L H ) /  

AREA(1.21 = AKEA(1,21  t TERMl4YI  
A R E A ( l , I I  = A K t A ( 1 , l I  t TERM1 

A K E A ( 1 , 1 4 ) =  AKEA 
AKFA( 1 , 1 5 l =  A R E A  
ARFAI 
AHFA( 
A?EAl  
AYEA( 
A R E A (  
A R F A C  
ANEAI 
AiIEAI 

I ,  1 4  
I , I f ,  

t T F R K l * Y I  
t TERMl*YI  
t T E R M l * Y I  
t TERMl*YI  
+ T E R M 1 4 Y I  
t T E R M  1 4 X  1 
t TFRMl4XI  
+ TCRMleXI  
+ TEHMloXI  
+ T t R M l * X I  
t T E Q M 1 4 X I  
t TF'?Ml*XI  
t TEWMloXI 

* Y I I  
L I L C )  

I )  
1 1 4 4 2  
1 ) * * 3  
I ) * * 4  
I ) * * 5  
I 1 * + 6  
J )  
J )**Z 
J ) * * 3  
J ) * 9 4  

J ) 4 * 6  
J ) * Y I  
J l * Y I  

J 1*45 

I , 2 4 ) t  T F H C l * X I  ( J  1*+3*Y I 
1,251 t TF"b ' l+XI  L J l * * 3 * Y I  

1 , 2 7 1  t T t N M l c X l  ( J l + + 4 * Y I  
1 , 2 H l t  T t R Y l * X I ( J ) * * b * Y I  

1 , 2 b ) t  ? E R M l * X I ( J I * * 4 * Y I  

BENIN059 
BEN I KO60 
B E N I N 0 6 1  
B F N I  N?62 
BENIN063 
HENI NO64 
HEN I hi065 
l iE N I NO 6 6  
BEY I NO67 
B E N I K 0 6 8  
MENIN069 
BEN I NO 70 

*XL*TH(LAAI  - BENIN071 
LCC 1 *YL 1 / XL I LBBEN I NO 72 

BEN I NO 73 
BEN I NO74 
BEN I N 0 7 5  
BEN I NO76 
BEN I NO 77 
BENIN078 
BEN I NO79 
HENI NO80 
BEN1 NO81 
BENIN082 
BEN I NO83 

( X L I L B )  * Y L ( L C 1  + BENIN084 
( J I )  * TH(LAA1 + BENIN085 
L O B I  + X L I L R )  * BENIN086 

BENIN087 
BEN I N O 8 8  
BENI  NO89 
BEN I NO90 
BENIN091 

BEN I NO93 
BENIN094 
BEN I NO95 
BEN1 NO96 
BEN I NO97 
BENIN098 
BFNI  NO99 
BEN I N100 
BEN1 N l O l  
BEN I NlOZ 
BENIN103 
BEN I N104 
BENI  N105 
BENIN106 
BEN I N 1 0 7  
BFN I N108 
BENIN109 
BENIN110 
BEN I N 1  11 
BENIN112 
BEN I N i l 3  
I j E N I N I  14 
BENIN115 
B E N I h l l h  

BENI ~ n 9 2  



9) 4 RHO 
3 )  * RHO 

19)* RHU 
15)* RHO 
4 )  * RHO 
4) 
1414 HHU 

1014 RHO 

8 )  
12) * RHO 
26) * KHU 
24) * K t l U  
21) 4 HHU 
9) 
8 )  
9) 
17) 4 XHO 
6) 4 RHU 
13) * U H U  
28) * KHU 
2f) 4 RHO 
2 3 )  4 H l l O  
a )  

BENIN117 
BEN I Nl1B 
BEN 1 N119 
BEN I N120 
BEN I N121 
BENI N122 
BENI N123 
BENIN124 
BEN I N125 
BEN1 N126 
BENIN12 7 
BENIN128 
BENIN129 
BENIN1 30 
BENIN131 
BENIN132 
BENIN133 
BENI N134 
BEN I N135 
BEN I N136 
BEN IN1 37 
BENIN1 38 
BENIN139 
BENIN140 
BEN IN 14 1 
BEN I N142 
BEN 1 N143 
BENIN144 
BEN IN 145 
BEN I N146 
BEN I N147 
BENIN148 
BEN I N 149 
BENI N150 
BENIN151 
BENI N152 
BEN IN153 
BENI N154 
BEN I N155 
BEN I N156 
BENIN157 
BENI N158 
BENIN159 
BEN1 Nl6O 
BENIN161 
BENIN162 
B E N l  N163 
aEN I N164 
BEN I Nl65 
BENIN 166 
BEN1 N167 
BENIN168 
BEN I N169 
BEN I N170 
BENI N171 
BENl N172 
BEN IN173 
BENIN174 
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B E N 1  N175 
B E N 1  N176 
BFN I N 1 7 7  
BEN1 N17A 
SEN1 N 1 7 9  
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PR I NT 10 1 
PRINT 1 0 2  C PRINT GEOVETR I C  PREAK-UP A V O  ASSUC IATEO PROPERTIES . 

C PR I NT103 
I 1 0 0 )  TH ( 100) ,PRINT104 

1 XL I 1 0 0 1 3 )  1 YL ( 100,31 t PR I NT105 
2 KAPANC( 5 0 )  , LGL ( 501 RHUB I 5 0 )  9 K T [ P  I 5 0 )  r P R I N T 1 0 6  
3 THHUB ( 50) I THTJP ( 50 )  1 EDCH I 3 1 3 1  1 P R I N T l O 7  

5 NGENLI 9 L I ’ q E 1  1 h l fXT I 1 0 0 1 3 )  t NP t NT 

SUBROUT I *NE PR I dT 1 

CIIPPUPU x ( 1OG) 1 Y ( 100) , 2 

4 gH0 9 POISSO 9 YOUNGS * KAOGEN t PR I N 1 1 0 8  
PR I N 1 1  09 
PRINT 110 KOUNT = 0 

WRIT€ (6.5) PR I N 1 1  11 
PRINT1 12 

GO 20 I = 1,NT PR I NTL 1 3  
WRITE ( 6 9 1 0 )  I PR I N 1  114 

10 FORMAT ( 3 5 x 1  12HELEMENT NO. 9 1 3 9 / /  PRINT115 
1 20X167HNUDE NO. X Y 2 TH X L  PRINT116 
2 YL PR I N T 1 1 7  

LA NEXT1 1 ~ 1 )  PR I N 1  118 
LB = N E X T ( I 1 2 )  P R I N T 1 1 9  
LC = N E X T I I 1 3 )  PRI  NT120 

5 FORCAT (1H1//30X,ZOHHESULTIYG TRIANGULAR ELEMENTS / / / )  

W R I T E  ( 6 9 1 5 )  L A ~ X ( L A ) r Y ( L A ) ~ Z l L A ) r T H ( L A ) r X L ( I t l l r Y L ( I ~ l ~ ~ L B ~ X ~ L B ~ ~ P R I ~ T l 2 1  
PR I N 1 1 2 2  

15  FORCAT ( 17Xt5HLA rI3,5X,3F10.3,3F10.4/ 17X,SHLM r I 3 , 5 X ~ 3 F 1 0 . 3 ~ P R I N T l 2 4  

1 Y ( L B  1.2 I LB 1 ,  TH( LB IXL I I e2 1 t YL I I 12 1 1 LC * X  ( L C )  v Y(LC 1 1 

2 L I L C ) ~ T H ~ L C ) , X L ( I ~ 3 ~ , Y L ( l , 3 1  PR I NT 1 2  3 

1 3F10.4 / 1 l X t 5 H L C  9 1 3 1 5 X 1 3 F l 0 1 3 r 7 F 1 0 . 4 / /  1 PRf NT125 
KOUNT = KOUNT + 1 PR I N 1  1 2 6  
I F  ((KCUNT . E Q .  7 )  .AND. ( I  .NE. N T ) )  WRITE ( 6 1 5 )  PR I N T l 2 7  
I F  ( KCUNT .EQ. 7 1 KOUNT = 0 PRINT128 

P R I  NT129 
RETURN PR I N T l 3 0  
E N 0  PRINT 1 3 1  

2 0  CONTIhUE 



c 
t 

C 

5 
1u 

C 
15 

2 0  

2 3  

3c 

4 (1 

N O R M 0 0 0  1 
N O R M 0 0 0 2  
NORM0003 

9 N O R M 0 0 0 4  
NORM0005 

9 N O R M 0 0 0 6  
1 nJn RMOOO r 

N O R M 0 0 0 8  
NORM0009 
N O R M O O l O  
NORM001 1 
NORMOO 12 
NORMOO 13 
NORMOO 14 

176 



NO R M 0 4  2 0 

1-77 



SUBROUTIi'dUE ASSEMK I L C O S  v I P O S  ) A S S E K 0 0 1  
C THANSFOKM S T I F F Q F S S  M A T R I C E S  TU h O R M A L  S Y S T E M S  AND A S S E M B L E  AS S E K 0 0 2  
C I N T O  A 13N X 3 d )  M A T K I X  . A S S  EKOO 3 

A S S  F K O 0 4  C 
COMEnOFc X I 100) 9 Y I 1 0 0 1  , z ( 100)  , TH ( 100) , A S S E K 0 0 5  

1 I(L ( 1 0 0 9 3 )  9 Y L  ( 1 0 0 ~ 3 )  q ASS E K 0 0 b  
2 R A P A h l t t  50) 9 LGL I 50) RHUB I 50) 9 R T I P  I 50) ,ASSEKOO7 
3 THHUH 1 50) 9 T H T I P  ( 50) , EDCM ( 3 1 3 )  9ASSEKOOB 

!J X G E N L I  9 L I r Y E l  9 N E X T  I 10093 9 NP , N T  9 A S S E K O l O  
4 RHO t P O I S S U  9 YUUNGS t K A O G E N  r A S S E K O O 9  

6 C L M S M ( 6 p 6 )  9 A M N I N 1 6 9 6 )  t E L R S M 1 9 . 9 )  9 ARN N ( 9 9 9 )  9 A S S F K O l l  
7 S I G M A X l 1 3 0 )  , S I G N A Y I L O O I  , E L S T I F l l 8 r l 8 )  9 A S  S E  KO 12 

A S  SEKO 13 

O I M E N S I U N  E N S T I F I Y p 9 1  9 R 6 ( 1 8 , 1 8 )  t A K ( 5 0 1 5 0 )  t ASSEKO 15  

A S S E K O l 7  
ASSEKO 18 

00 1 I = 1950 A S S E K O l 9  
A S S E K O Z O  
A S S E K O 2 l  A K I l , J )  = 0.0 
ASS F K 0 2 2  

1 C K l I + 5 0 p J I  = 0.- A S S E K 0 2 3  

M T A U X Y I  1 0 0 ) ~  t L S S M ( 9 ~ 9 l r  M E X l 1 0 0 , 8 ) r  I P E  IlOO), 
9 E L I N K I  18918)  v E L C I M l 6 r h )  E L 8 1 ! 4 ( 9 , 9 1  A S S E K 0 1 4  

1 H K l 1 0 0 ~ 1 0 0 )  , C K ( 1 0 0 9 5 0 )  * I P U S I 1 0 0 )  9 M E X T ( 8 )  t I N O ( 9 ) r A S S E K O l 6  
2 R 1 1  l d ,  18)  9 L C O S I  ICO) 

C A T A  Ih. / Z, 9. 1 5 .  49 10, 1 6 9  5 9  l l r  17 / 

DO 1 J = 1 9 5 0  

C K ( I , J I  = 0.0 

DO 2 I = 1.18 
CO 2 J = 1 9 1 8  

2 H ~ I I I J )  = 0.0 
00 5 I = 1,100 
D O  5 J = 1,100 

h = tUP - N G E N L I  
KOUNT = 0 
DO 55 I = 1,NP 
I F  I I P f l J l I )  .LT .  0 ) GO TO 55 

5 B K I I , J I  = 0.0 

KOUNT = KUUNT + 1 
I M E X T  = 1 M E X l I )  
D11 10 J = l t l M E X T  

1U C E X T I J )  = M E X 1 I . J )  
OC1 50 J = l t l M E X T  
K 2  = M k X T l J )  
F I N O  ( I ' K L I  
L A  = h E X  T ( K 2 9 1 1  
L B  = N E X T ( K 2 , Z )  
L C  = N E X l I K 2 r 3 )  
N A  = I P U S  I L A  
NR = I P U S  I L R 
NC = I P O S I L C  
R t A O  l l ' K 7 )  E L i T  
F I N O  1 3 ' 1 )  
I F  I L A  .Et. I ) 
I F  I L H  .FO. I ) 

I F  I L C  .tC. I I 
K F A D  ( 3 ' 1 1  R 6  

F t E L  

1411 1 
I VD 1 
1 IJD 1 

d2 FDCM 

= 1  
= 2  
- 3  

A S S E K 0 2 4  
A S S E K O Z S  
A S S E K 0 2 6  
A S S E K 0 2 7  
A S S  E K O Z 8  
A S S E K 0 2 9  
A S S E K 0 3 0  
AS S E  K O 3  1 
A S S  E K 0 3 2  
A S S E K 0 3 3  
A S S E K 0 3 4  
A S S E K 0 3 5  
A S S E K 0 3 6  
A S S E K 0 3 7  

A S S E K 0 3 8  
ASSEKO 3 9  
A S S E K 0 4 0  



4 0  

4s 

I F  ( I P O S t L A )  .LT. 0 1 GO TO 4 0  
AK(KOUNT,NA+ l I  = A K ( K O U N T # N A + l )  + 
CK(  KUUNr t NA+ 1 1 = CK(KOUNT,NA+l)  + 
C K ( K L U N T + ~ ~ ~ N A + l )  = C K ( K O U N T t N r \ A + I )  + 
BK(KOUNTrNA+L)  = HK (KOUNT, NA+ 1 I + 
BK(KOUNT+N,NA+l)  = BK(KOUNT+NINA+~)  + 
BK(KOUNT+N,N+NA+l)  = BK(KOUNT+NIN+NA+LI + 
I F  ( I P O S ( L 8 )  .LT. 0 ) GO TO 4 5  
AK(KDUVT,NB+l  I = AK(KOUNT,NB+ l )  + 
C K I K O U N T ~ N B + l I  C K I K U U N T , N B + l I  + 
CK(KUUNT+NsNB+1) = CK(KUUNT+NINB+IJ + 
BK(  KOUNT ,NB+ 1 ) = BK(KOUNTvNB+ l )  t 
BK(KOUNTvN+ND+ l )  = BK(KOUNT,N+NB+l I  + 
B K (  KOUNT +;V, N B t l I  = ~K (KUUN r + N v N B + l )  + 
BK(KOUNT+NvN+NB+ l )  = BK(KOUNT+NIN+NR+~) + 
IF ( I P O S ( L C )  .LT. 0 ) GO TO 5 0  
AK(KOUNTvNC+ l )  = AK(KUUNT,NC+l)  + 
CK(  KCUNT , tdC+ l )  = C K ( K O U N T r N C + l )  + 
C K I K t I U N T + N s N C + l I  = CK(KUUNT+N,NC+l)  + 
BK( KOUhT , V C +  1 I = B K ( K O U N T I N C + ~ I  + 
B K ( K U U N T ~ N + N C + I )  = BK(KOUNT,N+NC*l I  + 
B K ( K O U N T + N s N C + l I  = B K I K O U N T + N , V C t l )  + 
RK I KCiUNT +% N t h l C  + 1 I + 

BK(K@UNT,N+NA+ l I  = BK(KOUNT.N+NA+l)  + 

= BK ( KOUN T +N s i\1 +NC + 1 1 

K 1  = -8 
K 2  = 0 
D l l  63 K = 1.11 
K 1  = K 1  + 9 
m ?  = t 'I 
L = K + 3  

W R l T t  ( 2 ' 1 5 1  ( H K (  100 

KC = 0 

K 1  = K 1  + 9 

6G k H I T E  ( Z ' L )  l ( 1 ) K l I r J  

K 1  = - d  

DLJ 45 K = 1 9 1 ,  

E N S T I F  t I N D l s  1 I 
E N S T I F ( I N D l + 3 ~ 1 )  
E N S T I F ( I N D 1 + 6 * 1 I  
E N S T I F ( I N 0 1 + 3 r 4 )  
ENST I F ( I NO 1 + 3 9 7 1 
ENSTIF  I N D l + b t 4 )  
E Y S T I F ( I N D 1 + 6 r I l  

F N S T l F ( I N D 1 , 2 1  
EIJST I F ( I NO 1 +3 v 2 I 
E N S T I F ( I N D 1 + 6 r 2 )  
E N S T I F t I N D 1 + 3 ~ 5 )  
E N S T I F ( I N D 1 + 3 r 8 )  
E N S T I F  1 I N D l + 6 r 5 )  
E N S T I F ( I N 0 1 + 6 p 8 )  

ENSTI  F ( I UOlq 3 I 
E N S T I F ( I N D 1 + 3 ~ 3 1  
E N S T I F ( I N D 1 + 6 * 3 )  
E N S T I F ( I N O l t 3 r 6 )  
E N S T I F ( I N D 1 + 3 q Y )  
E N S T I F ( I N D l + 6 , 6 I  
E Y S T I F ( I N 0 1 + 6 . 9 1  

ASSEK048 
ASSEK049 
ASSEKOSO 
ASS € K O 5  1 
ASSEK052 
ASS E KO53 
ASSEK054 
ASS E K 0 5 5  
ASSEK056 
A S  SE K O 5 1  
ASS EK058 
ASS €KO59 
ASS E K 0 6 0  
ASS€ KO6 1 
ASSEK062 
ASSEK063 
ASSEK064 
ASSEKO65 
ASSEK066 
ASSEK067 
ASSEK068 
ASSEK069 
ASSEK010 
ASSEKO7 1 
ASSEK072 
AS SE KO 1 3  
ASSEK074 
ASSEK075 
ASSEK076 
A S S €  KO1 1 
ASS E K 0 1 8  
ASS EKO 19 
ASSEKOBO 
AS SE KO8 1 
ASS EK082  
ASSEKO83 
ASSEK084 
A SSE KO85 
ASSEKO86 
ASS E K 0 8 1  
ASSEKOBA 
AS SE KO89 
ASS E K 0 9 0  
ASSEKO9l  
ASSEK092 
ASSEKO93 
ASSEK094 
ASSEK095 
ASSEKO96 
ASS E KO9 7 
ASS EK098  
ASS EKO99 
ASSEKl  00 
A S S E K l O l  
ASSEK 1 0 2  
ASS EK 10 3 
ASSEK104 
ASSEKlOS 
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A S S E K l O b  
ASS EK 10 7 
ASSEKLOB 
A S  S E K l  09 
A S S E K 1 1 0  
A S S E K 1 1 1  



-- -_. __ .. __ ....... ... . .  .. - . ...... .- ...... -. ._ 
~ ...... .......... _ 

.. . .  . ..... .... ...... . ......... . . . . . . . . . . . . . . .  __ -. ..... .... . .  ._ __ -. - .- - - - - 

. .  ... ....... __ _. ... __ __ ..... - - -__ 
_____ . ... . . . . . .  . . -  -- __ - .__ 

A S S E M 0 0 6  
r A S S E M 0 0 7  
r A S S E M 0 0 8  

A SSE MOO9 
A S S E M O l O  
ASSEM011 
A S S E M O l Z  
A S S E M 0 1 3  
A S S E R O l 4  
ASS EM0 15 
A S S E M 0 1 6  
A S S E M 0 1 7  
A S S E M 0 1 8  
A S S E M 0 1 9  
A S S E M 0 2 0  
A S S E M 0 2 1  
A S S E M 0 2 2  
A S S E H 0 2 3  

. .  A S S E M 0 2 4  .. 
A S S E M 0 2 5  
A S S E M 0 2 6  
A S S E M 0 2 7  
A S S E M 0 2 8  
A S S E M 0 2 9  
A S S E M 0 3 0  
A S S E M 0 3 1  
A S S E M 0 3 2  
A S S E M 0 3 3  
A S S E M 0 3 4  
A S S E M 0 3 5  
A S S E H 0 3 6  
A S S E M 0 3 7  

A S S E M 0 3 8  
ASS E MO 39 
ASS E M 0 4 0  

. . . . . .  - .  . .  . .- .. . .  ... 



CO 15 K = 1 9 3  
00 15 L = 1 1 3  
R6 I K+3 t L * 3  I h 6  I K t L 
Q 6 ( K + 6 i L t 6 I  = R 6 l K t L  
Rhl Kt9 ,L  t 9  I = R6 lK,L 
R 6 l K + 1 2 v L + 1 2 l  = R 6 l K i L  

1 5  R b ( K + 1 5 9 L + l S l  = 46lK.L 

= 

20 GO 30 K = 1.18 
CO 30 L = 1, 10 
R l I K i L l  = 0.0 
DO 30 lf = l r 1 8  

DO 75 K = 1.9 
DO 35 L = 1 9 9  

E N I N R l K t L l  = 010 
DO 35 I4 1 9 1 8  

3 0  R l I K p L l  = R l ( K 1 L I  + R 6 l K i M I  * ELIN,RIM,LI 

3 5  f N I N K ( K 9 L )  = E N I N R l K t L l  t R l l I N D l K I r M l  * R 6 l I N D l L I t M l  

4 0  

4 5  

IF ( I P O S I L A I  .LT. 0 
A M (  KUUNr t N A t l  I 
CC(KOUNT,NA+ll  - - 
EMIKOUNTtNA+l l  
B C l K O U N T ~ N t N A t 1 l  = 

- - 
CM(KOUNT+N.Nd+ll  = - - 
BU(KUUNTtN.NAt1) = 

I F  ( I P O S I L B I  .LT. 0 
t3M( KOUNT +N, NtNA+ 1 I = 

- AM(  KOUNT ,NB+l I - 
C I' ( KOUNT * NB + 1 I 
CHI KClUNT + Y t  N O +  1 I 

- - 
= 

) GO TO 40 
AMIKOUNT,NA+ll t 
CMlKOUNT*NA+1l t 
CM(KOUNTtN,NAt l l  t 
EMlKOUNTiNA+l I + 
BM(KOUNT,N+NAtl) + 
BM I KOUNTtNpNA t 1 I t 
EMlKUUNTtN,N+NAt l l  + 
1 GO TO 4 5  
AMlKOUNTtN8+11 + 
C M I K O U N T t N O t l l  + 
G M I K O U N T t N ~ N E t l l  + 

E N I N R ( I N D 1 , l I  
FN I NR I I ND 1 +3 t 1 I 
ENINR ( I N D 1 + 6 r  1 J 
E N I N R I I N D l t 3 t 4 I  
E N I N H L I N D l + 3 , 7 l  
EN1 NR ( I ND I + 6  (4 I 
E N I N R l I N D l * 6 , 7 1  

E N l N R ( I N D l i 2 l  
EN1 NR I IND1+3 r2 I 
E N I N R l I N 0 1 + 6 ~ 2 l  

BMI KIIUNT iNB+ 1 )  = BMIKOUNT,NB+lI + ENiNR 
BW(K(JUNT,N+NB+I I = BM(KUIJNT,NtNR+I) + ENINR 
B W l K O U N T + N ~ N B + l l  = BMlKUUNTtN*NE+1l t ENINR 
BM(KUUNT+NtN+NRt l l  = BMlKOUNTtNiN+NH+l )  t ENINK 
I F  I I P U S I L C )  .LT. 0 1 GO TU 50 
A M I  KLJUNT vNC+1 I = A M l K ~ I U N T t N C + i  I + ENINR 
C M (  KOUh(TvYC+l I = CM(KOUNTINC+LI t ENINR 

SO C O N T I W E  
55 CONTINUE 

WHITE ( 2 ' 2 2 1  
H H l T E  ( 7 ' 2 3 1  
W R I T E  1 7 ' 2 4 1  
K l  = -8 
K2 = 0 
CO 60 K = 1, 
K 1  = K I  + 9 
K Z  = K2 t 9 
L = K t 2 4  

KOUNT+N,NC*ll t EYINR 
KUUNTvNCtl  I t ENINR 
KOUYT,N+NC+lI t EhINR 
KOUNT+N,NC+ll t ENINR 
K O U N T t N t N + N C t l l  + ENINR 

1 

IND 1+ 3; 5 
IND 1 + 3 *  8 1 
I ND1+6,5 I 
I N D l + b i  8 1 

I N D l . 3 )  
I N D 1 + 3 * 3 l  
I N D l t 6  3 I 
I ND 1 + 3 i 6 I 
I N D 1 + 3 t  9 )  
I N D l t 6 . 6  I 
INDL +6 9 9  I 

ASSEM048 
ASS EM049 
AS SEI4050 
ASSEP051 
ASS Elf05 2 
ASSEM053 
A SSEM054 
A S S € P O 5 >  
ASS EC056 
ASS EM0 5 7  
AS SE MO 58 
ASS€ PO59 
ASS €PO60 
AS SEMO6l 
ASSEC062 
AS SE PO6 3 
ASSFM064 
A S S  EM065 
AS SEMO66 
ASSFC067 
ASSFPOI8 
AS SEMObV 
AS SEI4070 
AS SE M07 1 
ASS EM072 
ASSEM073 
AS SEM074 
ASSECO75 
ASS EM076 
ASSEM077 
ASS€ M078 
ASSEP079 
ASSEMORO 
ASSEM081 
4 s  SE M082 
ASSEC083 
A S S E M 0 8 4  
A S S E M 0 8 5  
ASSEM086 
ASS E PO07 
ASS EM088 
ASSEM089 
ASSEM090 
ASS EC091 
ASS EM092 
ASSEMOV 3 
A S  SE M094 
ASS€ PO95 
ASS EM096 
ASSEM097 
ASSEM098 
ASSEIU099 
ASS E M 1  00 
ASSEMlOl 
A S  SE C 1 0 2  
ASSEPlO3 
ASSEM104 
ASSFM105 



A S S E Y l O 6  
ASSEClO7 
ASSEM108 
AS SE M109 
A S S E C l 1 0  
ASS E M l 1 1  



SUHRUUI I ;JC RF[ lUCK(N) 
C HEDUCE THF ASSEMBLE0 ST IFFNESS MATRIX 
C 

CI PENSION AKI  bO,C,O)r BK I 1 0 0 , l O O )  9 C K I  

EUUIVALFNCE I & K (  l v  11 t S K I  l r  1)  1 

REAC 
READ 1 2 ' 2 )  ((AK(I,J),J"1,50),I=lE,34) 
RFAD 1 2 ' 3 1  I ( A K l I t J ) ~ J = l i 5 0 ) , 1 = 3 5 1 5 0 )  
K 1  = -8 
K I  = 0 
CO 1 K = 1 ~ 1 1  

1) 

DATA R 1  / 500C * 0.0 / 
1 2 '  1 ) I ( A K I  I * J 1,  J = l t  5 0  1 t I = l r  1 7 )  

K 1  = K l  t 9 
K2 = K 2  t 9 
L = K + 3  

1 RFAD I Z ' L )  
REAC 0 ' 1 5  
K 1  - 8  
KZ = 0 
011 2 K = 1 
K 1  = K 1  + 9 
K2  = K 2  t 9 
L = K + 1 5  

2 READ I Z ' L )  
RFAD ( 7 ' 2 1  
N 2 = 2 * N  
00 3 0  K = 1 
I F  I H K ( K r K )  

5 WRITE ( 6 r l O  

TO AN ( N  X 

0 0 1 5 0 ) r  SK 

5 

10 FURMAT 152H B POKTIUN OF ASSEMBLED STIFFNESS 
WRITE ( 6 1 1 2 )  1 ( 8 K (  I ,  J ) t  J = l r N Z ) r  I = l , N Z )  

1 2  FORMAT l 1 0 E 1 2 . 4 )  
N = -N 
RETURN 

1 5  X = 1.0 / B K ( K 1 K )  
EKIK ,K)  = 1.0 
00 20 J = l 1 N 2  

IF I K  - N 2 )  25, 351 2 5  

00 3 0  I = MI 42 

L S  B K l P , J )  = B K I K , J )  * X 

2 5 M = K + l  

X = b K ( 1 . K )  
B K ( I , K l  = 0.0 
DO 30 J = 1,UZ 

30  B K I I p J l  = H K I I s J l  - X * B K I K P J )  
3 5  L L  = N2 - 1 

CD 40 I = 1, L L  
I r a =  1 t 1 
O(: 40 K = M, $42 
X = H K I I , I O  
B K ( I , K )  = 0.0 
CI? 40 J = I t  N 2  

O(1 45 I = 1 ,N 
CO 45 J = l t ~ \ l L  
CC 4 5  K = l r N 2  

4U B K I I V J )  = O K ( 1 v J )  - B K ( K , J )  * X 

4 >  R l ( I , J )  = 9 1 ( I t J )  t L K L K p I )  * 8 K I K t J )  

HEDUCK01 
N) N A I R I X .  REDUCKOZ 

KEDUCK03 

REDUCK05 
REDUCK06 
REDUCKO 7 
REDUCKOI 
KEDUCKO9 
REDUCK 10 
KEDUCKl1  
HEDUCKlZ 
RE DU CK 13 
REDUCK 14 
REDUCK1 5 
REDUCK16 
REDUCK17 
REDUCK 18 
REDUCK19 
REOUCKZO 
RE DUCK2 1 
REDUCKZZ 
REDUCK23 
REDUCK24 
REDUCK25 
RFDUCK26 
HEDUCK27 
REDUCKZE 
REDUCK29 
REDUCK30 

5 O v 5 0 1  R l ( 5 0 r L O O R E D U C K 0 4  

MATRIX IS SINGULAR 1 REDUCK31 
REDUCK32 
RE DUCK 3 3  
REDUCK34 
REDUCK35 
REDUCK36 
REDUCK37 
REDUCK38 
REDUCK 3 9  
REDUCK40 
RE DUCK4 1 
REDUCK42 
RE DUG K 4  3 
REDUCK44 
REDUCK45 
RF DUCK 4 6  
REDUCK47 
RFOUCK48 
RE DU CK49 
REOUCKSO 
RE DUCK51 
REDUCK52 
HE DUCK5 3 
REOUCK54 
REDUCK55 
HEOUCKb6 
RE OUCK57 
REDUCK58 



55 

60 

HEDUCK59 
HEDUCKIO 
R f  DUCK61 
WEDUCK 62 
REDUCK63 
REDUCK64 
RE DUCK 65 
R E  DUCK 66 
REDUCK67 
REOUCKI8 
REDUCK 69 
REDUCK70 
RE DUCK 7 1 
RE DUCK72 
R E  DUCK 7 3 
REOUCK 74 
REOUCK75 
RE DUCK 76 
REDUCK7 7 
REDUCK78 
REDUCK79 
RE DUCK80 



- 
- -. - - - - SUBROU.TINE REDUCM~ N b 

C R-EDUCE. THE INERTIA  MATRIX TO AN ( N  X N) MATRIX- 
REDUCMO 1 
REDUCM02 
REDUCM03 

R 1 ~ 1 0 0 ~ 5 0 R E D U C M 0 4  
R EDUCMO 5 
REOUCMO6 
REDUCMO7 
R E  DU CM 08 
REDUCM09 
REDUCMlO 
REDUCMll  
REDUCM12 
REDUCM 13 
HEDUCMl4 
REDUCMlS 
RE DUCM 16 
REDUCM 1 7  
REDUCML8 
REDUCM19 
RE DU CM 2 0  
RE DUCM 2 1 
REDUCM22 
REDUCH23 
REDUCM24 
R EDUCM 2 5  
REDUCH26 
REDUCM27 
REDUCMZB 
RE DUCM23 
REDUCM30 
REDUCM31 
REDUCM 32 
REDUCM33 
REOUCM34 
REDUCM35 
REDUCM36 
REDUCM37 
REDUCM 3 8  
REDUCM39 
REDUCM4O 
R EDUCM 4 1  
REDUCM4Z 
REDUCM43 
REDUCM44 
REDUCM45 
REOUCM46 
HEOUCM47 
REDUCM48 
RE DU CM 49 
REDUCMSO 
REDUCMS 1 
RE DUCM 5 2  
REDUCM53 
REOUCM54 
REOUCH55 
REDUCM56 
RE DUCM 5 7 
REOUCH58 

_ - _ _  

186 



RFTURtJ 
END 

KEDUCM59 
KEDUCMIO 



SUBROUTlrUE E l G E N  (YrOMEGA) EIGENOOO 
C E I GENOO 1 
C SIILVF FOR THE JATURAL FREQUENCIES. E ICENO02 

OtIUBLt P'KECISIUN CUEFi E I G V 4 i  E I G V I  E I GEN003 
DIt'EhtS ION SKI 501 50 1 1  SMI 509 50) OMEGA (50) C O E F I  5 0 1 5 0 1  r E IGVR 150) i E I G E N 0 0 4  

1E I GV I ( 50 1 i FREQ( 5 0  
DATA CUFF i E I i V I  
READ ( 2 ' 1 )  ( I S K (  
READ ( 2 ' 2 )  ( ( S K (  
REAG 1 2 ' 3 )  ( ( S I ( (  
KFAD (2'43)tISMl 
READ (2*44)l(SM( 
READ ( 2 ' 4 5 ) ( l b M (  
CO 30 K = 1 i Y  
I F  ( S P I K r K ) ) 1 5 r  5, 15 

5 WRITE I6ilO) 
10 FORPAT l 3 5 H  REDUCEC I.VERTIA PATRIX IS SINGCLAR 1 

N i: -N 
RETURN 

15 X = 1.0 / SMIK,K) 
SHIKvK)  = 1.0 
CO 20  J = I r N  

20 S M l K t J )  = SM(K,J) 4 X 
I F  ( K  - N )  25, 3 5 r  2 5  

CO 30 I = M i &  
X = S W l I i K )  
S M I I r K )  = 0.0 
DO 3 0  J = 1 r Y  

2 5 P = K + 1  

30 S Y ( 1 . J )  = S M I I I J )  - X 4 S M I K i J )  
3 t , L L = N -  1 

DO 4 0  I l r L C  
t ' = I + l  
CU 40 K = M I %  
X = S f ' l I i K )  
S M ( I i K )  = ~1.0 

CO 40 J = 1ir-4 
40 S M I I i J )  = S M l I i J )  

DO 45 I = l , N  
n u  45 J = i ,r$ 
n o  45 K = 1 , ~  

45 CDFFI I ,  J )  = COEFI 
M = t i  
CALL C l n 3  (CclEFr 
KCUNl = 0 
co 50 I = i . ~  

* x  

iK) 4 SM 

r E IGVI) 

K i J )  

IF I S N G L I E I G V I I I ) )  :uE. 0.q) GO TO 5G 
I F  I E I G V R I I )  .LT. 0.000 1 GlJ TO 5 0  
KUUYT = KDUNT t 1 
SIGN', = 1.0 
flMEGAIK[lUNT) = S I G 3 S  * US(aRT( D A R S l F I G V R ( 1 ) ) )  
F'KFC(KCUh1) = rjFrCGAb(KUUNT) / 6.283185 

IF I K C I J J I  .GI. 0 )  GO TU 60 
N = - N  
k H I T t  I h , 5 5 )  

R F T U<bJ 

5 0  CONTl\lJE 

55  FORMAT (49H ALL CALCULATEO F'KtQUEVCIES AI(€ IPAGINAKY AUMBEKS 1 

EIGEN005 
E IGENOO6 
EIGENOO? 
E I GE NO08 
E I GENOO9 
E IGENOlO 
E l G E N O l l  
E I GENO 1 2  
E I GENO 1 3  
E I G E N O l 4  
E1 GENO 1 5  
EIGEN016 
E ! GENO 17 
E 1  GENO 18 
E I GENO 19 
FIGEN020 
E I GENO2 1 
EIGENO22 
E I GENOZ 3 
E I GE NO24 
E I GE NO 25 
E IGEN026 
E I GE NO2 7 
E l  GER028 
EIGEN029 
E I GENO 30 
E I GE NO3 1 
EIGEN032 
E I GEN033 
E lGFN034 
E I GEN035 
EIGEN036 
E IGEN037 
EIGEN038 
E I GEN039 
E I GEN040 
EIGEF1041 
E I GEN042 
E I GEN043 
E I GEN044 
EIGEN045 
E IGEN046 
E 1 GEN047 
E IGEN048 
E I GEN049 
E I GENOSO 
EIGENOS1 
E I GENO52 ' 
EIGENO53 
E IGEN054 
ElGEN055 
E I GEN056 
EIGENO57 

188 



60 k R I T C  16 .65)  ( F ~ C U ( K U U ~ T t 1 - l l , l = l ~ K U U N T ~  E I GENO 58 
65 FORMAT l l H l , / /  40x9  i9HNATURAC FSEOUEVCIES / / 1 4 3 X 1  €12.5 1 1  E I GE N 9 5 9  

N = KOUYT E IGEFt060 
HE T URN E I GENO6l 

E I G E N 0 6 2  END 

189 



C 

S U B R D U T l N t  L A G E K l A ~ E P S ~ N l e ~ U e N e K ~ K ~ K T l )  
I M P L I C I T  H E A L * B  (A-H, 0 - Z )  
D I M E N S I I l N  A I  501 50) ,P l6,101)  
D I M E N S I O N  R T K l 5 0 ) e H T I I 5 0 ) ~ B ( 6 )  
R E A L  S S S S S S  

ONCE=O .I) 
O A T A  X /O .ODO / 
D A T A  2 /1.000/ 
BL1.l.O 
N U C x N U -  1 
L L Y = O  
D F L U L O =  1 .O 
ROLO= 1 .O 
t G S U M  1 =U .O 
E GSUM2 -0.0 
DO 10 L = 1 , 6  
co 10 L L X = 1 , 1 0 1  

10 P ( L , L L X l = O . O  
N U l - N U t l  
CUP=O.O 
CO 11 J=)YUleN 
CUP=CUP+DABS I A (  J - l e  J 1 1  
I F  I N  . Y € .  NU) GO T U  200 
CUP = 0. 
GO TU 2 0 1  

e * + *  D O U 8 L E  P R E C I S I O &  L A G E R  **** 

11 

200 C U P = C U P / D F L O A T  I N - N U )  
201 CAP=O. 

P ( 1 *NU ) =  1.0 
C 
C F I N O  T R A C E  O F  H AND b S Q U A R E 0  
C 

S P U R l = A l  NUINU ) 
S P U R L  =A [ NU 
CU 13 JZNU1.N 
S P U R l = S P U K l + A I  JI J )  

NU ) * *2 

1 3  SPURZ=SPUR2+A(J~J)**2+2.0DO*A(J-l~J)*AtJ~J-l1 
C 
c I N I T I A L  L T E K A l E  FROM I ; \ I F I N I T Y  
C 

14 S I R = E G S U M l - S P U K l  
' iZR=SPUXZ-EGSUMZ 
F l z N - N U Q  
I F ( r A M S  ( S 1 1 0  + D A B S ( S 2 R )  -1.D-7*CAP) 1 5 e 1 5 ~ 1 6  

1 5  XAAR=CUP 
Y t\AR=O.O 
GO T I !  2 3  

D R = F 2 e l F l ~ S 2 R - S l ~ e * 2 )  
E K = C S L R T  ( D A B S (  D R ) )  

I C  F Z = F l - l . O D O  

I F I CH 1 1 7 9 1 8 p 1 8  
I /  I F ( F 1  .Uk. 0.0DO) GU T L I  LO2 

XHAR=O. 
YDAR=O. 
GO T O  ? 3  

Y R A R = 2 . 3 U 3 * E R / C l  
G O  TC 23 

LO2 XHAH=-2.ODO*S i k / F  1 

L A G R O O l O  
LAGKOOPO 
L A G R 0 0 3 0  
L A G R 0 0 4 0  
L A G R O O 5 0  
L A G  R O O 6 0  
L A G R 0 0 7 0  
L A G R O O 8 0  
L A G R 0 0 9 0  
L A G R O l O O  
L A G R O  I 10 
L A G R O l 2 O  
L A G R O l 3 0  
L A G R 0 1 4 0  
L A G R O l 5 O  
L A G R O  160 
L A G R O l l O  
L A G R O l l O  
L A G R 0 1 9 0  
L A G R 0 2 0 0  
L A G R O 2  10 
L A G R 0 2 2 0  
L A G R 0 2 3 0  
L AGR 0 2 40 
L A G R 0 2 5 0  
L A G R 0 2 6 0  
L A G R 0 2 7 0  
L AGR 02 80 
L A G R 0 2 9 0  
L A G R 0 3 0 0  
L A G R 0 3  10 
L A G R O 3 2 0  
C A G R 0 3 3 0  
L A G R 0 3 4 0  
L A G R 0 3 5 0  
L A G R 0 3 6 0  
L A G R 0 3 7 0  
L A G R 0 3 8 0  
L A G R 0 3 9 0  
L A G R 0 4 0 0  
L A G R 0 4 1 0  
L A G R 0 4 2 0  
L A G K 0 4 3 0  
L A G R 0 4 4 0  
L A G R 0 4 5 0  
L A G R 0 4 6 0  
L A G K 0 4 7 0  
L A G R 0 4 8 0  
L A G R 0 4 9 0  
LAGROSOO 
L A G R O S  10 
L A G R 0 5 2 0  
L A G R 0 5 3 0  
L A G R 0 5 4 0  
L A G R O S S 0  
L A G R 0 5 6 0  
L A G R 0 5 1 0  
L A G R 0 5 8 0  



18 YHAR-0.0  
S l R X = S L R  
F 7  = C S I G N I  1.000, S l H X  1 
I F I S l R ) 2 2 , 2 0 p 2 2  

20 F2=0.0 
2 2  I F I F 1 - N E .  0.0031 GO TO 203 

XBAR=O. 
GO TO 2 3  

203 X D A K =  - ( S l R + F L * E R I / F l  
C 
C E V A L U A T E  P U C Y N U M I A L  A N 0  O E R I V A T I V E S  
C 

2 3  IF ( D A B S ( Y B A R t - O A B S ( X B A R )  *1.0-6 ) 2 4 , 2 5 , 2 5  
2 4  YOAR=O.O 
2 5  W=6 

26 M = 3  
I F ( Y t j A R ) 2 7 , 2 6 , 2 7  

2 1  

28 

29 

30 
305 

204 
205  

32 
3 3  
3 4  

206 

L O 7  
C 

C 
C 

DO 207 K = N U v N  
T = - A ( K , K + I I  
On 2 0 1  L = l , M  
S O S I T , N (  1-000,  3 - 5 D O - D F L U A T t L )  ) 
s s s s s s  = s 
H l = L + 3 * I F I X I S S S S S S )  
R ~ - X H A R * P l L ~ K ~ + Y 9 A H ~ S * P ~ M l ~ K ~ ~ O F L O A l l M O O l L ~ l ~ 3 ~ ~ * P I L ~ l ~ K ~  
CO 20 J = N U t K  
R = R + P l L , J l * A l K , J )  
I F ( Z l 2 9 p 3 2 , 2 9  
Z=O.0 
P I  1 , N U ) = 1 . 0 - 1 O * P (  1 ,NU)  
I F l P ( 1 ~ N U ) I 3 0 ~ 3 O r 2 7  
I F ( N - K U + l )  2 0 4 r 3 0 5 , 2 0 4  
F = O .  
GI1 TU 2 0 5  
F =O F L G  A T ( K - N U  1 / 0 FL O A T I &-NU+ 1 J 
C O N 1  I h U E  
X S A R = X B A R * F  
Y B A R = Y B A R * F  
P( l , N U ) = l . O  
GO TU 27 
I F t N-K 1 3 3 t 3 3 9 34 
T = 1 . 0  
IF (T.NI-. (1.000) GO TU 206 
P I L , K + l ) = O .  
GI1 TU 2 9 7  
P l L , K + l I = H / T  

L A G R 0 5 9 0  
L A G R 0 6 0 0  
L A G R 0 6 1 0  
L A G R O 6 2 O  
L A G R 0 6 3 0  
L A G R 0 6 4 0  
L A G R 0 6 5 0  
L A G R 0 6 6 0  
L A G R 0 6 7 0  
L A G R O 6 8 O  
L A G R 0 6 9 0  
LAGRO7OO 
L A G R 0 7 1 0  
L A G R 0 7 2 0  
L A G R 0 7 3 0  
L A G R 0 7 4 0  
L AGR 0750 
L A G R 0 7 6 0  
L A G R 0 7 7 0  
L A G R 0 7 8 0  
L A G R 0 7 9 0  
L A G R 0 8 0 0  
L A G R O B  10 
L A G R 0 8 2 0  
L 4 G R O 8  30  
L A G R 0 8 4 0  
L A G R 0 8 5 0  
L A G R O B L O  
L A G R 0 8 7 0  
L A G R 0 8 8 0  
L A G R 0 8 9 0  
L A G R 0 9 0 0  
L A G R 0 9 1 0  
L A G R 0 9 2 0  
L A G R 0 9 3 0  
L A G R 0 9 4 0  
L AGR 0950 
L A G R 0 9 6 0  
L A G R 0 9 7 0  
L A G R 0 9 R O  
L A G R 0 9 9 0  
L A G R l O O O  
L A G R 1 0 1 0  
L A G R l O Z O  
L A G R  1 0 3 0  
L A G K 1 0 4 0  
L A G R  1050 
C A G R 1 0 6 0  
L A G R  1070 
L A G R  1080, 
L A G R 1 0 9 0  
L A G R l l O O  
L A G R  11 10 
L A G R l l Z O  
L A G R I I 3 0  
L A G R l 1 4 0  
L AGR 11 50 
L A G R l l 6 0  



3 6  O= O M A X l ( f l . O A B S (  R ( K 1  1 1  
C A L L  S C A L E ( O I H I M ~  
1F (GI1 41.41943 

1: 

t 
C REMOVE KQOWN w o i s  

43 P1R=O.O 
a1 1=0.0 
02  R=O 0 
0 2  I =o.o 
l F ( N U P - V U ) 1 9 r Z 1 , 2 1  

21 00 44 J = N U v N U C  
O I = R T R ( J  1-XRAH 
07=RT I ( J  1-Y BAW 
D = 0 1 * * 2 + 0 2 * * 2  
I F  ( D - N f .  0.000) GO TU 2i8 
01=0. 
C2=0.  
GO TU 209  

ZOd Ol=Dl/C 
02 = -02 / 0 

209 0 1 R = C 1 R + O l  
Q 1  I =01 I +02 
P 2 R = Q 2 R + 0 1 * * 2 - 0 2 * * 2  

44 0 2 I = 0 2 1 + 2 . 0 0 0 * 0 1 * C 2  
C 
C F I N D  5 1  ANI, S2 
C 

19 I F  ( B ( 1 1  .NE. 0.000) GO TO 210 
T1W = 0. 
GO TO 2 1 1  

~!L I  T l R =  H(2)/H(11 
2 1 1  T l I =  0. 

I F ( B f 2 1  .hE. 0 . 0 1 i O I  GO TO 212 
T 2 R  = 0, 
GO TU 2 1 3  

212 T2R = 1 3 ( 3 1 / 8 ( 2 )  
213 1 2 1  = 0. 

I F  ( YBAR 1 4 5 9 4 6 9 4 5  
4 5  0 1 = B (  1)*42+B(4)**L 

02=B(  2) + * 2 + B (  5 1 **Z 
I F  ( C 1  .NE. 0.0CO) GO TU 214 

L A G K 1 1 7 0  
L A G R 1 1 8 0  
L A G R  1190 
L A G R  1200 
L A G K 1 2  10 
L A G R  1220 
L A G R 1 2 3 0  
L A G R 1 2 4 0  
L A G R  1250 
L A G R  1260 
L A G R l 2 7 O  
L A G R  1280 
L A G R  1290 
L A G R 1 3 0 0  
L A G R  1310 
L A G R 1 3 2 0  
L A G R  1330 
L A G R 1 3 4 0  
L A G R  1350 
L A G R 1 3 6 0  
L A G R  1370 
L A G R  1380 
L A G R  1390 
L A G R l 4 0 0  
L A G R 1 4  10 
L A G R l 4 2 0  
L A G R  1430 
L A G R 1 4 4 0  
L A G R 1 4 5 0  
L A G R  1460 
L A G R l 4 7 0  
L A G R 1 4 8 0  
L A G R 1 4 9 0  
L A G R 1 5 0 0  
L A G R  1510 
L A G R 1 5 2 0  
L A G R 1 5 3 0  
L A G R  1540 
L A G R  I e 5 0  
L A G R  1560 
L A G R  1570 
L A G R 1 5 8 0  
L A G R 1 5 9 0  
L A G R L C O O  
L A G R l 6 l O  
L A G R  1620 
L A G R 1 6 3 0  
L A G R 1 6 4 0  
L A G R 1 6 5 0  
L A G R  1660 
L A G R  1670 
L A G R 1 6 8 0  
L A G K 1 6 9 0  
L A G R 1 7 0 0  
L A G R  17 10 
L A G R 1 7 2 0  
L A G R 1 7 3 0  
L A G R 1 7 4 0  
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C FIND THF Y E X T  I T E R A T E  
c 

L L Y = L L Y * l  
D= D A B S l X 8 A R ) + D A U S l Y b A R  
I F  ( 1 . 0 + 7  -0  * ( U P H S I S l H I + D A B S I S l I I J I  4 1 i 4 1 r 4 2  

41 C A R K = 1  

42  G=N-!YUQ 
GO T U  LOO 

46 I F  l Y R A R - D A 8 S l X ) ) 5 0 i 5 U , 4 9 1  
4'31 I F  ( Y C A R  .kE.  0 . O C O )  GO T U  4 9  

GO TU 216 

S Z R = S Z R t l . O D O  / I 4.000 * Y B A K * * 2  J 
49 S l I = S l I + l . O C O  / I 2.000 * Y B A K  1 

216 G=G-l .nUO 

65 H = 0.500 * ( G - 2.000 

66 H-G-1.OUO 
6 7  DR=H*lC*SZK-SlK**2tSl1**2I 

D I =H* I G * S 2  1 - 2 . O D O * S l K * S  1 I 1 

50 I F I BL 1 1 6 5 1  659 66 

GO T U  6 7  

IF(D1)53iSli53 
51 EI=0.0 

E R = C S C H I  I D A B S I  CH 1 I 
I F 1  D R ) 5 2 , 5 4 , 5 4  

ER=O.O 
GO T O  54 

52 FI=FR 

53 C A L L  C X S Q R T l C R ~ D I i E K i E I  I 
54 IF(SlR*tR+Sll+E1)55i56i56 
55 F R = - t R  

E I = - E I  
56 D l = S l H + F K  

D 2 = S l I  +E I 
D = D 1 * * 2 t C Z * * 2  
IF I C  .UE. 0.000) GO TU 217 
x=o. 
Y=@. 
GCI TO 2 1 8  

21 7 X = - G * C I / U  
Y = G * D 2 / D 

218 X H A R = X R 4 H t X  
Y B A R = Y P P K t Y  
C E L N C h  = D A H S l X ) t C A B S l Y  I 

RhEW = 0. 
GO T O  220  

I F  I L I E L L I L D  .NF. 0.OUOl GIJ TU 219 

2 1 9  KNEW = C E L N E W / C C L G L C  
2.40 D= C A P S l ~ B A R I + O A H S l Y ~ A R )  

C 
C T E S T  F C R  L I h J E A R  C U U V t K G E N C E  
C 

I F I L L Y - 3 ) 6 2 , 6 7 , 5  I 
3 7  I F  I D f C ~ i t h - D R A Y 1 l  ~ . O ~ O * ~ E L O L D i . 5 D O * D )  ) 5 7 1 9 b 7 1 r 5 7 0  

5/7 CFLC!CL'=CAP 
570  I F  ( B L 1 )  5 7 1 r 5 7 1 r 5 1 2  

HOL PZ3.2 
I F  ( L L Y - 1 5 )  1 4 i 1 4 p 1 0 1 :  
I F I 214 E W - . 7  C O  * H d L  5 I 1 I 6 Zr58,5R 

L A G R l 7 5 0  
L A G R 1 7 6 0  
L A G R 1 7 7 0  
L A G R  1780 
L A G R 1 7 9 0  
L A G R 1 8 0 0  
L A G R 1 8 1 0  
L A G R  1820 
L A G R  1830 
L A G R 1 8 4 0  
L A G R 1 8 5 0  
L A G R 1 8 6 0  
L A G R  1870 
L A G R 1 0 8 O  
L A G R  1890 
L A G R  1900 
L A G R 1 9 1 0  
L A G R 1 9 2 0  
L A G R 1 9 3 0  
L A G R 1 9 4 0  
L A G R  19 50 
L A G R 1 9 6 0  . 
L A G R 1 9 7 0  
L A G R 1 9 8 0  
L A G R 1 9 9 0  
L A G R 2 0 0 0  
L A G R Z O  10 
L A G R 2 0 2 0  
L A G R 2 0 3 0  
L A G R 2 0 4 0  
L A G R Z 0 5 0  
L A G R  2060 
L A G R 2 0 7 0  
L A G R 2 0 8 0  
L A G R 2 0 9 0  
L AGR 2 100 
L A G R Z l l O  
L A G R 2 1 2 0  
L A G R 2 1 3 0  
L A G R 2 1 4 0  
L A G R Z l 5 0  
L A G R 2 1 6 0  
L A G R Z  170 
L A G R  2 180 
L A G R 2 1 9 0  
L A G R 2 2 0 0  
L A G R 2 2 1 0  
L A G R 2 2 2 0  
L A G R 2 2 3 0  
L A G R 2 2 4 0  
L A G R 2 2 5 0  
L A G R 2 2 6 0  
L A G R 2 2 7 0  
L A G R 2 2 8 0  
L A G R 2 2 9 0  
L A G R  2 300 
L A G R 2 3 1 0  
L A G R 2 3 2 0  
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3 8  M A R K = 3  
IF(DELNFU-.001DO*EPS*C4P) 7 0 r 5 9 t 5 9  
I F ( BL 1 ) h 1 9 6 1 9 60 5 9  

60 XRAR=XRAH-X 
YBAR=YEAR-Y 
B L l = O . O  
GO TO 48 

61 B L l = l . O  
GO TO 63 

C 
C T F S T  FOR A N  E I t i E N V A L U E  
C 
62 I F  ( D E L h E W - F P S * D M A X l  ( U t  .001DO*CAP*) i64.64163 
63 DELOLD=DELNEW 

ROLD=RNEW 
I F  I L L Y - 1 5  

C 
C DO WE H A V E  
C 

64 P A R K = 2  
70 8 L 1 = l  

I F (  YEAR 1 7 1  
7 1  I F ( G 2  + D A B  

2 3 9 2 3 , 1 0 0  

A COMPLEX APPROACH TO A R E A L  ROOT 

1 C O , 7 1  
( Y BAR )-G 1 ) 721  100 t 100 

72 I F ( O N C E ) 7 3 * 7 3 * 1 0 0  
7 3  X r O . 0  

ONCE=l.O 
Y BAR=O.O 
GO TO 63 

C 
C WE ACCEPT ( X O A R p Y B A R )  A S  A ROO 
t 

100 NIJC=NUCt 1 
R T R ( N U d ) = X B A K  
IF(DABS(YOAR)-.00100*DABS(XBAR 

74 YBAK=O.O 
75 I F ( N U C - ’ I U )  9t76, 9 
9 I F ( R T I ( Y U P - l ) ) 7 6 r 7 6 r 7 7  

7b YBAR=CPBS ( YBAK 1 
R T I ( N U C I = Y B A R  
GO T I 1  18 

7 7  R T I ( N U Q I = - C A H S ( Y M A R )  
7 8  C O N T I N U E  

L L Y = O  
C A P = D C A X A ( D , C A P )  
C F L U L  C- 1.0 
ROLD=1.0  
FGSUML-FGSUM 1 + R T R (  YUQ 1 

174.74r 75 

L A G R  2 330 
L A G R 2 3 4 0  
L A G R 2 3 5 0  
L A G R 2 3 h 0  
L A G R 2 3 7 0  
L A G R 2 3 8 0  
L A G R 2 3 9 0  
L A G R 2 4 0 0  
L A G R 2 4 1 0  
L AGR 2420 
L A G R 2 4 3 0  
L A G R 2 4 4 0  
L A G R 2 4 5 0  
L A G R 2 4 6 0  
L A G R 2 4 7 0  
L A G K 2 4 8 0  
L A G R 2 4 9 0  
L A G R 2 5 0 0  
L A G R 2 5 1 0  
L A G R 2 5 2 0  
L A G R 2 5 3 0  
L A G R 2 5 4 0  
L A G R 2 5 5 0  
L A G R 2 5 6 0  
L A G K 2 5 7 0  
L AGR 2 580 
L A G R 2 5 9 0  
L A G R 2 b O O  
L A G R 2 6 1 0  
L A G R 2 6 2 0  
L A G R 2 6 3 0  
L A G R 2 6 4 0  
L A G R 2 6 5 0  
L AGR 2 660 
L A G R 2 6  70 
L A G R 2 6 8 0  
L A G R 2 6 9 0  
L A G R 2 7 0 0  
L A G R 2 7 1 0  
L A G R 2 7 2 0  
L A G R 2 7  30 
L A G R 2 7 4 0  
L A G R 2 7 5 0  
L A G R 2 7 6 0  
L A G R 2 7 7 0  
L A G R 2 7 8 0  
L A G R 2 7 9 0  
L A G R 2 8 0 0  
L A G R 2 8 1 0  
L A G R 2 8 2 0  
L A G R 2 8 3 0  
L A G R 2 8 4 0  
L A G R 2 8 5 0  
L AGR 2860 
L A G R 2 8 7 0  
L A G R 2 8 B O  
L A G R 2 R 9 0  
L A t i R 2 9 0 0  

‘I 



LAGR2910 
LAGR2920 
LAGR 2930 
LAGR2940 
LAGR2950 
LAGR2960 
LAGR2970 
LAGR2980 
LAGR2990 
LAGR3000 
LAGR 30 10 
LAGR3020 
LAGR3030 
LAGR3040 
LAGR 3050 
L AGR 30 60 
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C 

C 

SUHRUUTINE E I G 3 ( A r Y i M * K T K i R T O  
I M P L I C I T  KEAL+H ( / \ - t i t  U - Z I  

CIMENSION A l S O i S O )  
DIMENSlilrU N C ( 5 O ) r S T R ( 5 0 ) r 4 r I ( 5 0 )  

TRACE=A( l r  1) 
CU 10 I = 2 r N  

E l  GENVALUES UF YOU-SVMHETS IC MA r 8 I C E S  

* e * *  OUUHLE PRECISION E I G 3  **** 

10 T R A C t = T K A C E + A ( I i l )  
t )=  1.€-7 
CALL TRlNG (A,O,N9NC ) 
THACE=A( 1 9 1  I 
DO 11 I = 2 9 N  

NU=O 
NV=O 

1 4  NV=NV+l 
NU=NV 

1 5  NV=NV+l 

I 1  TRACE=THACE+A(I , I I  

1 3  I F  ( l b  1-N)  141 129 1 4  

16 IF ( N C f Y V ) ) l b r l 7 r l S  

GO T O  1 6  
1 T I F  (NV-YUI 1 9 r 1 8 r  19 

I M  RTR(NU ) = A (  NU. NU) 
RTI(NU)=O.O 
GU TO 13 

19 I F  ( N V - ~ ' U - l ) 2 0 i 2 1 , 2 0  
20  NP=MINO( MiNV I 

CALL LAJE4(AI1.0-4iNP~~~U,NVIRTRIRTI) 
GO TU 13 

2 1  R R = . S C G * ( A ( N U , N U ) * A l N V r N V ~ )  
E l = R R a 9 2 - A ( N U , . ~ U ) * A ( N V r N V ) t A ( N U r N V ) * A ( N V i N U I  

2 3  

2 5  

22  

12 

24 

S=DSURT(UABSIEl)  1 

R T R  (NU) =RR tS 
RTIlNU)=O.O 
RTR(NV )=RR-S 
RTI(hV)=O.O 
CUNT INUC 

RTP(NU)=RR 
R T I  ( N U ) = S  
R T R  (NV ) = R K  
K T  1 (bqV 1 z - S  
GO TU 25  
x - 0  .0 

X=X+RTRI J )  
R t T U R ?  
EI.rD 

I F ( E 1  I 2 L . 2 3 ~ 2 3  

GO T l J  1 3  

cn 24 1 - 1 , ~  

E I G300 10 
E I G 3 0 0 2 0  
E I G 3 0 0 3 0  
E I G 3 0 0 4 0  
E I G 3 0 0 5 0  
E l  G30060 
E I 6 3 0 0 7 0  
E I G 3 0 0 8 0  
E I G 3 0 0 9 0  
€ 1  G30100 
E I G30110 
E I G 3 0 1 2 0  
EX G30130 
El G30140 
E I C 3 0 1 5 0  
E I G 3 0 1 6 0  
E I G 3 0 1 7 0  
E I G 3 0 1 8 0  
E 1  G30190 
E I G30200 
E l 6 3 0 2 1 0  
E I G 3 0 2 2 0  
E I 6 3 0 2 3 0  
E 1 6 3 0 2 4 0  
E 1 6 3 0 2 5 0  
E l  G30260 
E I G30270 
E 1G30280 
E I G 3 0 2 9 0  
E 1 6 3 0 3 0 0  
E I C 3 0 3  10 
E 1 6 3 0 3 2 0  
E 1 6 3 0 3 3 0  
E I 6 3 0 3 4 0  
E I G 3 0 3 5 0  
E I G30360 
E I G303 7 0  
E I G30380 
E I G30390 
E I 6 3 0 4 0 0  
E1 6 3 0 4 1 0  
E I G 3 0 4 2 0  
E 1 6 3 0 4 3 0  
E l G 3 0 4 4 0  
E I G30450 
E I G 3 0 4 6 0  
E 1 G30470 
EIG304HO 
E l G 3 0 4 9 0  
E I G 3 0 5 0 0  



C 

C 

6 

11 

1 2  

13 

1 3 1  
1 4  

1 4 1  
1 5  
16 

1 7  

31 

30 
18 
1 8 1  

7 
8 

19 
9 
10 
2 0 
2 1  
22 

SUBRLiUTlNE T R I N G ( A r E P S ~ N ~ K O O 0 F X )  
I M P L I C I T  REAL*M ( A - i i n  U-21 
ALMOST TRIANGULAR (HESSENBERG1 SUt3ROUTINE 
Cf HENSIUN A I  5 0 ~ 5 0 )  
OlMENSlOY KOOOFX(50) 

N l=N-1  
N2tN-2  
DO 21 J r l s N l  
SzOABS ( A ( J r J + l ) )  

* * * *  OUUBLE PRECISION TRlNG **** 

J l = J + l  
J 2 = J + 2  
L = J l  
N J l Z N - J  1 
I F  ( N J 1 )  1 5 t 1 5 9 6  
CO 12 K=JZ,N 
TrOABS ( A ( J 9 K ) )  
IF(T-S)12,12~11 
L=K 
S = T  
CONTINUE 
IF( L - J l )  13p 15.13 
DO 1 3 1  K = l r N  
T = A ( K p J + l )  
A ( K p J * l ) = A I K v L )  
A ( K v L I = T  
DO 1 4 1  K = l r N  
T = A (  J + l i K 1  
A I  J * l  v K ) =A( L r K  ) 
A I  LeK ) = T  
I F ( S - E P S *  O M I N l I O A B S ( A ( J , J l ) ~ D A B S I A I J + L I J * 1 ) ) 1 )  16r16s17 
L = O  
N J l = O  
GO TU 1 8 1  
T = A l J t  J + 1 )  
CO 18 K=JZ,N 
I F ( T )  30,31930 
A (  J,K)=@. 
GO TU 18 
A l J p K ) = A (  J p K ) / T  
CON1 INUE 
00 20 I = l t N  
M =  CINO(Jr1-21 
u-0.0 
IF (kJ1) 1 9 ~ 1 9 1 7  
00 8 K = J 2 r N  
U = U + A 1 K e I ) * A I J , K I  
I F  (C) 2 0 1 2 0 9 Y  
Ctl  LO K=l,M 
U = U - A l K ~ l ) * b ( J t l r K + l )  
A ( J t l , I ) = A ( J + l p I ) + U  
KOOOFX(J)=L 
KOOOFX 1.4 )=O 
RETURN 
EUO 

TR I N 0 0 1 0  
TRINOOZO 
T R I N 0 0 3 0  
TRIN0040 
TR I N 0 0 5 0  
TR IN0060 
T R l N 0 0 7 0  
T R  I NO080 
TR I NO090 
T R  I NO100 
T R I N O l l O  
T R  I NO1 20 
TRINO130 
TR I NO1 4 0  
T R l  NO150 
TR I NO160 
TRlNO170 
TR I N 0 1  80 
TR I NO1 90 
T R I N 0 2 0 0  
TR I N 0 2  10 
T R I N 0 2 2 0  
TR I NO230 
TR I N 0 2 4 0  
TR I NO250 
T R  I NO260 
TRINO270 
T R I N 0 2 8 0  
T R  I N 0 2 9 0  
TR I N 0 3 0 0  
TRIN03 10 
T R I N 0 3 2 0  
T R I N 0 3 3 0  
T R I N 0 3 4 0  
T R I N 0 3 5 0  
TR1N0360 
TR I N 0 3 7 0  
TR I N 0 3 8 0  
TR I NO390 
TW I N 0 4 0 0  
7R I NO410 
TR I N 0 4 2 0  
TR 1 NO430 
TRIN0440 
TR T R I N 0 4 6 0  I N 0 4 5 0  

TRIN0470 
TR I NO480 
TR I N 0 4 9 0  
TR I NO500 
TR I NO5 10 
TR I NO520 
TRINO530 
TRIN0540 
TR I N 0 5 5 0  



S U B R O U T I N E  S C A L E  ( D t B r M 1  
C S U B R O U T I N E  5C4LF. - FOR USE WITH DECK NO. 614’3 F O R T R A N  I V  

D I C E N S I I I N  HI61 
EQU I V 4 L E N C E  
COURLE P R E C I S I O N  D i M , D P  
FMASK = SkL( 1 2 7 ~ 2 4 )  
F M A S X l =  SWL ( 7 v 2  11 
6: = S W L ( 1 1 3 0 1  
DP = SNGL ( O A H S ( D 1 1  
E = A N C A l D P , f M A S K )  
IE = I C - 1 6 :  
G = A N C A ( D P I F M A S K 1 1  
G = SWR( I G . 2 1 1  

I F  (IGL - 1 ) 2 1 r 1 0 1 2 3  

I G, I G 1 9  I E, I E 9 I E 1, I E  1) 9 ( G P  I G P  1 p (Q , I  Q) 

I G 1 =  I G / Z  

23 I G 1  = 0 

2 1  I F  ( I L  ‘ Q . O ) I G l = l  
GO TO 10 

I G 1  = 1 G 1 + 2  

I E l  = I E l  - I f 1  
IF(E.LT.0.  ) I E l = - I E l  

5 B ( I 1  = B ( I 1 / 2 . 0 0 0 * * I E l  

10 E l  = S W R l I A B S ( I E 1 , 2 2 )  

D l l  5 I = 1 v M  

H E T U R N  
END 

SCALOO 10 
SCALOOZO 
S C A L 0 0 3 0  
S C A L 0 0 4 0  
S C A L 0 0 5 0  
S C A L 0 0 6 0  
SC ALOO 70 
S C A L 0 0 8 0  
S C A L 0 0 9 0  
S C A L O l  00 
S C A L O l  10 
S C A L O 1 2 O  
SC A L O  130 
S C A L O l 4 O  
S C A L O l 5 0  
SC A L O  160 
S C  A L  0 170 
S C A L O  180 
SC A L O l 9 0  
S C A L 0 2 0 0  
S C A L O Z l O  
S C A L O Z Z O  
S C A L O 2 3 0  
S C A L 0 2 4 0  
SC AL 0250 
S C A L 0 2 6 0  



C 

4 

Z 

I 1  

10 
3 

SUBRCUT I N €  CXSdHlI A r  B r  Xt Y 1 
IYPLICIT REAL*& ( A - l i t  0 - Z J  

F=CPAXl( O A B S (  A I  1 CABSILI I 
IF(FI 5 1 7 9 5  

IFLA) l r l r Z  
Y=CSCRT((F-A)*.5CO) 
IF(Y1 8 1 9 ~ 8  
x=o. 
GO T O  3 
X=.5CO * 8 / Y 
I F ( X l 4 r 3 r 3  
x=-x 
Y=-Y 
GO T O  3 
X=CSORT I (F+A)*.5DO) 
I F ( X )  l O 1 l l r l 0  
Y=O.  
GO TO 3 
Y=.500 0: 6 / X 
RETURN 
END 

COCPLFX SGUAHE RUOT 

F=F*bSQRT((A/F)**2 + (U/F)*+Z) 

cxsaoo io 
C X S ~ O O Z O  
cxsaoo30 , 

cxsa0040 
C X S ~ O O S O  

cxsaooio 
cxsaooao 
cxsa0090 
cx sa0 1 oo 
cxsaoi i o  
C X S ~ O I Z O  
cxsaoi30 
cxsaoi40 
cx saoi 50 

c x s a o i i o  
cxsao iao  

cx s a02 00 
c x s a o t i o  

cxsaoz30 

CXSQ0060 

CXSQOlbO 

cx SQO 190 

CXSQ0220 



A M P L O O O l  
A M P L O 0 0 2  
A H P L 0 0 0 3  

A M P L 0 0 0 5  
( 1001 r A M P L 0 0 0 4  

I 5 0 )  r A M P L 0 0 0 6  
( 3131 r A M P L O O O 7  

AMPLOOO8 
N T  9 A M P L O 0 0 9  

* A M P L O O l O  
A M P L O O l l  

, A M P ( 1 0 0 ) A M P L 0 0 1 2  
AMPL 00 13 
A M P L O O 1 4  

AMPL 00 15 
A M P L 0 0 1 6  
A M P C 0 0 1 7  
AMPLOO 18 
A M P L 0 0 1 9  
AMPLOOZO 
A M P L 0 0 2 1  
A M P L 0 0 2 2  
A M P L O 0 2 3  
A M P L O O 2 4  
A M P L O 0 2 5  
A M P L O O 2 6  
A M P L 0 0 2 7  
A M P L 0 0 2 8  
A M P L 0 0 2 9  
A M P L 0 0 3 0  
AMPL 0031  
A M P L 0 0 3 2  
A M P L 0 0 3 3  
A M P L 0 0 3 4  
A M P L 0 0 3 5  
A M P L 0 0 3 6  
A M P L 0 0 3 7  
A M P L 0 0 3 8  
A H P L 0 0 3 9  
A M P L O O 4 0  
A M P L 0 0 4 1  
A M P L 0 0 4 2  
A M P L 0 0 4 3  
A M P L 0 0 4 4  
A M P L 0 0 4 5  
A M P L 0 0 4 6  
A M P L 0 0 4 7  
A M P L 0 0 4 8  
A M P L 0 0 4 9  
A M P L 0 0 5 0  
AMPL 005 1 
AMPLOO 52 
A M P L 0 0 5 3  
A M P L O O 5 4  
A M P L 0 0 5 5  
A M P L 0 0 5 6  
A M P L 0 0 5 7  

200 
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I = N-1 
5 5  J = I t 1  

s = 0.0 
60 5 = S t S M I 1 . J )  * R O W t J )  

I F  I J  .EQ. N )  GO TO 65 
J = J + 1  
GO TU 60 

I F  ( I  .EO. 1 )  GO TU 70 
I = I - l  
GO T U  55 

70 C O N T I N U E  
K = O  

I F  ( I P C S f I )  .LT. 0 )  GU T U  75 
K = K + 1  
A M P ( [ )  = ROWIK) 

65 ROWIII = ( S M ( l t M )  - 5 )  / SM(1rl) 

DO 75 I = ZINP 

75 C O N T I N U E  
I J R I T E  (6,RC) FREO 

30 F O R P A T  ( / / ~ O X I ~ Z H F R E C U E N C Y  3 E ~ Z . ~ / / ~ ~ X ~ ~ H N O ~ E I ~ ~ X ~ ~ H A ~ P ~ I T U D E  
AMX = 0.0 
00 82 I 2eNP 

I F  ( A R S ( A H P ( 1 ) )  *LE. AMX I GO TO 82 
IF I I p o s t I )  .Lr. o ) GO TO 82 

AMX = A B S (  A H P ( 1 )  f 
82 CONTINUE 

DO 90 I = l r N P  
I F  I I P C S ( 1 )  .LT. 0 )  GO TO 90 

W R I T E  (6.85) 1 9  A M P ( I 1  
A H P ( 1 )  = A M P t I )  / AMX 

8 5  F O R C A T  ( 4 7 x 1  1 5 1  10x9 €15.51 
90 C O N T I N U E  

R E T U R N  
END 

r 

A M P L O O 5 8  
A H P L 0 0 5 9  
A M P L 0 0 6 0  
A M P L O 0 6 1  
A M P L O 0 6 2  
A M P L O O 6 3  
A M P L O O 6 4  
A M P L 0 0 6 5  
A M P L 0 0 6 6  
A H P L 0 0 6 7  
A M P L 0 0 6 8  
A M P L O O 6 9  
A M P L O O 7 0  
A M P L O 0 7 1  
A M P L 0 0 7 2  A M P L 0 0 7 3  

A M P L 0 0 7 4  
A M P L 0 0 7 5  
A M P L O O 7 6  

/ I  A H P L 0 0 7 7  
A M P L O O 7 8  
A M P L 0 0 7 9  
A M P L O O 8 0  
AMPLOO8 1 
A M P L O O 8 2  
A M P L 0 0 8 3  
A M P L 0 0 8 4  
A M P L O D 8 5  
A M P L O O 8 6  
A M P L 0 0 8 7  
A M P L 0 0 8 e  
A M P L O O 8 9  
A M P L 0 0 9 0  
A M P L 0 0 9 1  
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C 
C 
C 

5 

10 

15 

2 6  

2 5  

30 
35 

STRSOO 10 
S O L V E  FOR T P E  R E L A T I V E  V I B R A T O R Y  B E N G I N G  S T R E S S F S  AT T H E  CENTRCID STRSOOZO 
C F  E A C k  ELEMENT S T R S 0 0 3 0  

S T R S 0 0 4 0  

S U C R C b l I N E  S T R E S S  I Z C O S t  I P U b  ) 

CCClrUA XL100) p Y I I O O )  9 Z ( 1 C O )  * T H I l C O )  9 X L I l C O * 3 1  9 Y L ( l 0 0 * 3 ) r S T R S 0 0 5 0  
1 H A P A N G l 5 C I  v Z i L I 5 0 )  9 R H U 8 1 5 0 )  p R T I P l 5 0 )  T H H U 8 1 5 0 )  S T R S 0 0 6 0  
i! T H T I P L b O )  * E D C W l 3 * 3 )  RHO 9 P C I S S C  9 YOUNGS t KACGEN T STRSUO7O 
3 P i G E N L I  9 L I N E 1  * N E X T f l C O 9 3 )  * N P  9 Y T  * E L M S M ( b v 6 )  9 ST R SO080 
4 A l r Y I N ( 6 r 6 )  9 E L B S M I 9 . S )  9 A B N l N L 9 r 9 )  9 S I G P A X ( I O 0 )  9 S T R S 0 0 9 0  

6 M E X l l C G r 8 )  i )  I M E X 1 1 0 0 )  t A M P ( 1 5 0 )  S T R S O l 1 0  
C I P E h S l C K  I P C 5 ( 1 C O )  t Z C U S ( 1 C O l  r ' C K I l C O v 1 C O )  9 C K ( 1 0 0 * 5 0 )  v S T R S 0 1 2 0  

1 B C ( 1 0 0 , 5 0 )  , R 6 1 1 8 , 1 8 )  9 W L 1 9 )  , S I G 1 1 1 0 0 )  9 S I G Z ( 1 0 0 1  r S T R S 0 1 3 0  
2 T A l J M A X I l C O )  9 S I G E F F l 1 0 0 )  S T R S O l 3 5  

E C L I V A L E N C E  I R 6 1 1 ' 1 )  t E L S T I F L l r l l  ) STRS.0140 
J - 0  ST R SO 150 
CC 5 I = 1,NP STRSO 160 
I F  I IPOS(I1 .LT. C 1 GO TO 5 S T R S 0 1 7 0  

S T R S O 1 8 0  J = J + l  
S T R S 0 1 9 0  4 C F L J )  = A M P 1 1 1  

C C h T  I A L ' E  STRSOZOO 
S T R S O 2  10 K 1  = - e  
S T R S 0 2 2 0  K 2  = C 

CU 10 K = 1 9 1 1  S T R S 0 2 3 0  
K 1  = K 1  i 9 S T R S 0 2 4 0  
K 2  = K 2  i 9 S T R S 0 2 5 0  
L = K + 3  S T R S 0 2 6 0  
REAC 1 2 ' L )  l ( B K (  1 1 J ) r J = l r 1 0 0 ) r I = K l r K 2 )  STRSO2 70 
REAC ( 2 ' 1 5 1  l P K l 1 O C t J ~ ~ J = l r l C O l  S T H S 0 2 8 0  
K 1  = - 8  S T R S 0 2 9 0  
K 2  = C S T R S 0 3 0 0  

S T R S 0 3 1 0  
S T R S 0 3  20 K 1  = K l  i 9 

K ?  = K 2  i 9 S T R S 0 3 3 0  
S T R S 0 3 4 0  L = K  i 1 5  
S T R S 0 3 5 0  
S T R S 0 3 6 0  

M = NP - N G E N L I  S T R S 0 3 7 b  
S T R S 0 3 8 0  t 4 2 = 2 * M  
S T R S 0 3 9 0  

XX= 1.C / H K ( K , K )  S T  RS0400 
C K I K ' K )  = l . C  S T R S O 4 l O  
CII ZC J = l r # 2  S T R S 0 4 2 0  
F K ( K q J 1  = O K I K S J )  * XX S T R S 0 4 3 0  

ST RS0440 
S T R S 0 4 5 0  Y = K 4 1  

CL! 30 I = V s C 2  S T R S 0 4 6 0  
X X =  B K ( 1 , K J  ST R S O 4  70 
P K I I g K )  = 0.C ST RS04 R O  
CO 30 J = l v P 2  S T R S 0 4 9 0  

S T R S 0 5 0 0  
L L  = r 2  - 1 S T R S O 5  10 
cc 40 I = 1 , L I .  S T R S O 5 2 O  
P = l 4 l  STR S 05 30 

S T R S 0 5 4 0  
X X =  E K ( I  .lo S T R S 0 5 5 0  
P K I 1 , ) o  = G.G S T R S 05 60 
r c  40 J = I , P V L  ST RS 05 70 

5 S I C M A Y I l C C )  9 E L S T I F L 1 8 , 1 8 )  9 T A U X Y L 1 0 0 )  9 E L S S M l 9 r 9 )  9 S T R S O l O O  

CU 15 K = 1 9 5  

R F A C  1 2 ' L )  l ( C K l I ~ J ~ ~ 1 = 1 ~ 1 0 0 ) r J = K l r K Z )  
R E A C  ( 2 ' 2 1 )  (lCK(I~J),l~l,lOC),J=46,50) 

CO 30 K I= 1pP2 

IF ( K - r2 1 2 5 9 3 5 ~ 2 5  

R K ( 1 . J )  = H K I I ~ J )  - X X f  B K I K V J I  

CL) 40 K = C 9 P 2  

202 



40 

45 

50 

55 

2 X L C  1 * T H ( L t 3 )  + ( X L (  
C O E F  = C C E F l  * A @ S ( ’ T B A R  / X L  
CC 55 J = 1.9 
CC 55 K = 1.9 
A B N I N ( J 1 K )  0.0 
A E k I h (  111) = 1.0 
A E h l N ( 2 1 3 )  = - 1 . C  

P R N I N  
A f lN Ih  
A P h I h  
P @ N  I N  
ARN I N  
b @ N l h  
APhIh 

1 

(2) * Y L C  
1.2) / Y L  

L(:,2) 

STR SO580 
S T R S 0 5 9 0  
S T R S O 6 O O  
S T R S 0 6 1 0  
S T R S 0 6 2 0  
S T R S 0 6 3 0  
S T R S 0 6 4 0  
S T R S 0 6 5 0  
S T R S 0 6 6 0  
S T R S 0 6 7 0  
ST U S 0 6 8 0  
S T R S 0 6 9 0  
S T R S 0 7 0 0  
S T R S 0 7 1 0  
S T R S 0 7 2 0  
S T R S 0 7 3 0  
S T R S 0 7 4 0  
S T R S 0 7 5 0  
S T R S 0 7 6 0  
S T R S 0 7 7 0  
S T R S 0 7 8 0  
ST R S 0 7 9 0  
STRSOBOO 
S T R  S O 8  10 
S T R S 0 8 2 0  
S T R S 0 8 3 0  
S T R S 0 8 4 0  
S T R S 0 8 5 0  
S T R S 0 8 6 0  
S T R S 0 8 7 0  
S T R S 0 8 8 0  
S T R S 0 8 9 0  
S T R  SO900 
S T R S 0 9 1 0  
S T R S 0 9 2 0  

S T R S O 9 7 0  
ST R S 0 9 8 0  
S T  A S 0 9 9 0  
S T R S  1000 
STRSlOlO 
S T A S 1 0 2 0  
S T R S 1 0 3 0  
S T R S  1040 
STRS1050 
S T R S 1060 
S T U S 1 0 7 0  

- X L (  1.3) ) S T R S  1080 
S T R S l 0 9 0  

1 . 3 ) )  / S T R S l l C O  
S T R S 1 1 1 0  

S T R S 1 1 3 0  
, 2 ) * * 3  / S T R S 1 1 Z O  



ELPSC 
1 
2 

1 

1 
2 

1 
2 

1 

1 
2 

ELBSC 

EC@SM 

ELBSP 

F L R S C  

ELBSM 

1.1) = -2.0 * P O I S S O  * ABNIN(4 .1)  - 2 - 0  * A B N I N ( 5 r l )  - f 6eOSTRS1300 
* P C I S S O  * A R N I N ( 6 v l )  + 2.0 * A B N I N ( B s 1 )  ) * XLC - STRS1310 

1.2) = -2.0 * A B N I N ( 5 9 2 )  - 2.0 * ABNIN(8 .2)  * XLC - ( 2.0 * STRS1330 

1 .3)  -2.C * ( P O I S S O  * ABNIN(4.3)  t A B N I N ( 5 9 3 )  1 - 2.0 * STRS135O 
( 3.0 * POISSO * ARNIN(6.3) + ABNINI8 .3)  1 * X L C  - STRS1360  

6.0 * A B N I N ( 9 r l )  * YLC STRS 1 3 2 0  

POISSG * At3NIh1(7*2) + 6.0 * ABNIN(9.21 ) * YLC STRS 1 3 4 0  

6.0 * A e N l N ( 9 ~ 3 )  * YLC 
1.4)  = -2.0 * ( POISSO * A t 3 N I N l 4 r 4 )  t A B N I N ( S r 4  

( 3.0 * P O I S S O  * A B N I N ( 6 9 4 )  t A B N I N ( 8 v 4 )  - 6.0 * A O N I N ( 9 p 4 )  * YLC 
1 9 5 )  = -2.0 4 A B N I N ( 8 r 5 )  * XLC - 2.0 * 1 POISS[I 

t 3.0 * A B N I N ( 9 * 5 )  1 * YLC 
1.6) = -2.C 4 ( POISSO * A B N I N ( 4 r 6 )  + ABNIN(5.6 

( 3.C * POlSSC * A B Y I h ( 6 . 6 )  t A e N I N ( 8 r 6 )  
6.0 * A @ N I N ( 9 . 6 )  * YLC 

STRS1370 

* XLC STRS 1390 
STRS1400 

STRS 1420 
) - 2.0 * STRS1430 

) XLC - STRS1440 
ST R S  1 4  5 0  

I - 2.0 * STRS1380 

* A B N I N ( 7 r S ) S T R S 1 4 1 0  

- 
E L @ S C ( l p 7 )  = -2.C * ARNIN15, I )  - 6.C * ABNIN(9 .7)  * YLC STRS 1460 
€ L @ S M ( 1 , 8 )  = -2.C * A B N l N ( 5 . e )  - 6.0 * ABNIN(9 .8)  * YLC STRS 1 4 7 0  
E L B S C ( l r 9 )  = -2.0 * A B N I N ( 5 t 9 )  - 2.0 * ABNIN(8 .9)  * XLC STRS1480 
E L B S F I 2 ~ 1 )  = -2.0 * I A B N I N l 4 r l )  t P U I S S O  * ABNINIS.1)  ) - 2.0 * STR.51490 

1 ( 3.0 * ABNIN(6 .1)  t P O I S S O  * ABNIN/8 ,1)  1 * XLC - STRSl5OO 
6 . C  * PUISSC * A B N I N ( 9 r l )  * YLC STRS 1 5  10 2 

ELRSC(2.2)  = -2.C * POISSO * ABNIN(S.2)  - 2.0 * POISSO * A B N I N ( 8 r  STRS1520 
1 2 )  4 XLC - 2.0 * ( ABNIN(7 .2)  t 3.0 * P O I S S O  * STRS1530 
2 AENIU(9 .2)  f * YLC STRS 1 5 4 0  

ELBSM(2.3)  = -2.C * ( AUNIN(4 .3)  t P O I S S O  * A B h ' l N ( 5 ~ 3 )  - 2.0 * STHS1550 
1 ( 3 . C  * A B N I N ( 6 r 3 )  t P C I S S C  * A B N I N ( B r 3 )  * XLC - S T R S l 5 6 0  

E L @ S C ( 2 , 4 l  = -2.C * l A B N I N ( 4 s 4 )  t P O I S S O  * A B N I N ( 5 r 4 1  I - 2.0 * STRSl58O 
1 ( 3.0 4 A B N I N ( b g 4 )  + P O I S S O  * A B N I Y ( E v 4 )  * XLC - STRS15YO 
2 b.0 * PCISSC 4 A B N I N ( 9 9 4 )  * YLC STRS 1600 

ELeSC(2.5)  = -2.0 4 POISSO 9 AENIN(R.51 * XLC - 210 * ( A B N l k ( 1 ~ 5 ) S T R S 1 6 1 0  
1 t 3.C * POlSSO * A R N l N ( 9 * 5 l  1 * YLC STRS 1620 

€ L P S P ( 2 , 0 )  = -2.C 4 ! ABNIN(4 .61  + P 0 I S S l . j  * A D N l N ( S * b )  - 2.0 * STRS1630 
1 ( 3 . 0  * ABNIN(h ,6)  t PCISSO * ABNIM(8.6)  * XLC - STRS1640 
L 6.0 4 PLlSSO * PBNIN(F,6)  * YLC STRS1650 

E L @ S t ' ( 2 . 7 )  = -2.C * POISSO 4 ( At3NIN(5,7)  t 3.C*AHNIN(9 7) *YLC 1 STRS1660 
E L @ S C ( 2 , 8 l  = -?.C 4 P U I S S U  4 ( A B N I N ( 5 9 8 )  t 3.0*ABNIN(9rB)*YLC ) S T R S l 6 7 0  
€ L P S C l ? , 9 l  = -2.C * P U I S S L I  4 I A B N I N ( 5 9 9 )  t AP.kIN(8.9)  * XLC STRS1680 

2 6.0 * P L I S S O  * PBNIIV(9.3) * YLC STRS 1570 

ELPSFI3 .11  = 2.0 * AENIN(R.1)  4 ( 1.0 - P O I S S O  I * Y L C  S T R  S 1690 
ELk!St '(?,Zl = 2.C * ( 1 . C  - PCISSU 1 4 ( A R h l k ( 7 r Z I  * XLC + STRS 1 7 0 0  

1 A L ! r 4 l b 4 I H , L l  4 YLC 1 STRS1710 
F L H S C ( ? , J )  = 2.C f A P l Y l N ( 8 ~ 3 l  * ( 1.0 - PCl ISSO 1 * YLC S T R S 1 7 2 0  
ELPSC(3.41  = 2.0 f AI21\1!418,4) 4 ( 1.C - P O I S S O  I * YLC ST R S 17 30 
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60 

65 

7 0  
7 5  

80 

8 5  
90 

9s 

100 
105 

110 

115 
120 

E L B S P ( 3 , 5 )  = 7.0 * ( 1.C - P C I S S O  I * ( A B N I N ( 7 r 5 1  * X L C  t STHS 1740 
1 A t 3 N I % I 8 r 5 1  * Y L C  ) S T R S 1 7 5 0  

E L R S P ( 3 , 6 )  = 2.0 * A E N I N ( 8 . 6 1  * 1 1.0 - P O I S S O  1 * Y L C  S T R S l 7 6 0  
E L @ S C ( 3 , 7 )  = 0.0 S T R S 1 7 7 0  

S T R S  1780 
E L 8 5 F ( 7 , 9 1  = 2.C * A O " 4 I N ( e r 9 )  * ( 1.0 - P C I S S C  ) * Y L C  S T R S 1 7 9 0  

S T R S  1800 
C C  6 C  K = L r 9  S T R S 1 8 1 0  
F L R S Y ( J * K )  = F L E S V ( J r K 0  * C O E F  STRS 1820 

S T R S 1 8 3 0  CC! 6 5  J = 1 ~ 9  
k L ( J )  = 0.0 S T R S L 8 4 0  
I F  ( hA .LE. 0 1 GC TU 80 S T R S  1850 
R E A C  ( 3 8 ~ 1 )  ~6 STHS 1860 
I F  ( I C E X ( L A I  .EQ. 1 ) GC TO 7C S T R S 1 8 7 0  
R 6 ( 3 , 2 1  = S I N (  R C ( 3 . 3 1  - ARCUS(  Z C C S ( 1 )  1 1 S T R S 1 8 8 0  
R6(3,3l = COS(  R 6 ( 3 , 3 )  - ARCOSt  Z C C S ( 1 )  1 1 S T R S  1890 
R 6 ( 2 r 2 )  = H 6 ( 3 r 3 )  S T R S  1900 
R 6 ( 2 r 3 l  = - R 6 1 7 r 2 )  S T R S  19 10 
CU 75 J = 1 9 3  S T R S 1 9 2 0  
k L ( J )  = A C P ( N 4 )  * H L ( 1 , J )  t A M P ( C t N A 1  * R 6 ( 2 r J 1  + A M P ( C + M + N A )  * S T R S 1 9 3 0  

1 H6( 3 ,  J ) S T R S  1940 
IF ( y e  .LE. o I GU TU 95 S T R S  1950 
R F A C  ( 3 ' L R l  H6 S T R S  1960 
IF ( ICEX(LB1 . E C .  1 ) GO TO 8 5  S T R S 1 9 7 0  
R 6 ( 3 , 2 )  = S I N 1  R C ( 3 . 5 )  - A R C C S (  Z C O S ( 1 )  ) 1 S T R S  1980 
R 6 ( 3 * 3 )  = C O S 1  R C ( 3 r 3 l  - A I C O S I  Z C C S ( l 1  I I S T R S l 9 9 O  

S T R S 2 0 0 0  
S T R S 2 0 1 0  

R 6 ( 2 v 2 l  = R 6 ( 3 r 3 )  
R 6 1 2 . 3 )  = - R 6 ( 3 r Z I  
CC 90 J = 1 9 3  S T R S 2 0 2 0  
w L ( J t 3 )  = A M P ( N B )  * R 6 ( l r J )  t A M P ( C t N 0 )  * R 6 ( 2 , J l  + A M P l M + C * N R )  * S T R S 2 0 3 0  

1 R 6  1 3 ,  J 1 S T R S 2 0 4 0  
I F  ( hC .LE. 0 1 GC T O  110 S T R S 2 0 5 0  
R E I C  ( ? ' L C )  It6 S T R S 2 0 6 0  
I F  1 I l r F X ( L C 1  .EO. 1 I GT. TO 1CO S T R S 2 0 7 0  
R 6 ( 3 , 2 1  = SIN1 R C l 3 ~ 3 )  - ARCGS(  Z C O S f I )  1 1 S T R S 2 0 8 0  
R 6 ( 3 r 3 )  = CCSI R 6 ( 3 , 3 )  - A R C O S I  L C C S ( 1 )  I S T R S 2 0 9 0  
R 6 ( 2 , 2 )  = R 6 ( 3 , 3 )  STRS 2100 
R 6 1 2 r 3 )  = - R 6 ( 3 , 2 )  S T R S 2 1 1 0  
CO 105 J = 1.7  S T R S 2 1 2 0  
h L ( J + 6 )  = ACP1h;C)  R C ( 1 , J )  + APPIb '+NC)  * R 6 l 2 . J )  t A M P ( P + P + h C !  * S T R S 2 1 3 0  

1 K b ( 3 . J )  S T R S  2140 
CC 115 K = 1 9 9  ST R S  2 150 
S I G C A X I I )  = S I G l s d X I I )  4 E L B S C ( 2 , K l  * WL(tO S T R S 2 1 6 0  
S I G C A Y ( 1 )  = S I G N A Y I I )  4 E L E S P l 1 , K )  * W L ( K 1  S T H S 2 1 7 0  
TAUXY ( I 1  = TAUXY ( 1 1  + E L R S l ' ( 3 r K l  * W L I K )  S T R S Z  180 
CLINT I h L F  S T R S 2 l  90 
Cn 125 I = l r N l  S T R S 2 2 0 0  
T E R C l  = 1 S I C V A X I I )  4 S I C M A Y I I )  1 / 7.C S T H S 2 2  10 

ST R S 22 30 S I C 1 1 1 1  = T E W l  + TFKM2 
SIC7(I) = TERM1 - TERM2 S T R S 2 2 4 0  
T A U P A X I I )  = I S I C - 1 1 1 )  - S I C 2 ( 1 1  I 1 Z . C  S T R S 2 2 5 0  
S I C F F f ( 1 )  = S C R T I  5 I C I l I ) * * ?  t S I G Z I I 1 * * 2  - S I G I I I I  * S I G 2 ( 1 )  ) S T R S 2 2 6 0  
JD = 1 S T R S 2 2 7 0  
J1 = 1 S T R S 2 2 8 0  
J? = 1 S T R S 2 2 Y O  
J 3  = 1 S TRS 2300 
.I4 = 1 S T R S 2 3 1 0  

E L P S t " ( 3 r A 1  = C.C 

CCI 60 J = 1 . 3  

T F R P 2  = SCRTI ( S I C M A X I I )  - S I G F A Y ( 1 )  ) * * 2  / 4.0 t T A I I X Y ( I ) * * 2  ) S T R S 2 2 2 0  



J5 = 1 S T R S 2 3 2 0  
J6 = 1 S T  R S 2 3 3 O  
AMX = C 7 S T R S  2 340 
B P X  = c.u S T R S 2 3 5 0  
C P X  = c.0 S T R S 2 3 6 0  
C P X  = c.0 S T R S 2 3 7 0  
EluX = C.C S T R S 2 3 8 0  
F M X  = C.C S T R S 2 3 9 0  
GCX = 6.0 S T R S 2 4 0 0  
C C  160 J = 1 t N T  S T R S 2 4 1 0  
I F  ( A P S I  S I G M A X ( J I  1 .LE. B P X  I GO T O  130 STRS 2420 
J1 = J S T R S 2 4 3 0  
e r x  = L I E S (  SIGCIIX(JI I S T R S 2 4 4 0  

130 I F  ( A P S (  S I C C A Y ( J I  I .LE. A P X  I GO TO 135 S T R S 2 4 5 0  
J O  = J S T R S 2 4 6 0  
AMX = A B S (  S I G C A Y ( J 1  I S T R S 2 4 7 0  

135 IF l A e S I  T A U X Y ( J 1  1 .LE. CMX I GO T O  140 S T R S 2 4 8 0  
J2 = J S T R S 2 4 9 0  
CMX = 4 E S (  T A U X Y ( J 1  I STRS2500 

140 I F  ( A E S (  S I G 1 ( J I  1 .LE. OCX 1 GU T O  45 S T R S 2 5 1 0  
J3 = J S T R S 2 5 2 0  
C P X  = PHS( S I G l I J )  I S T R S 2 5 3 0  

145 I F  ( A P S (  S I G 2 t J I  I .LE. EMX I GO TC 50 STRS 2540 
J4 = J S T R S 2 5 5 0  
E P X  = A E S (  S I G Z ( J 1  I S T R S 2 5 6 0  

150 IF ( & e s (  T A L P A X ~ J I  I . L E .  F P X  GO TI! 155 S T R S 2 5 7 0  
5 5  = J S T R S 2 5 8 0  
F M X  = A B S (  T A U P A X ( J 1  I S T R S 2 5 9 0  

1 5 5  I F  ( A P \ (  S l C C F F ( J I  I .LE. GPX I GO TO 1 6 0  S T R S 2 6 0 0  
J6 = J S T R S 2 6 1 0  
C P X  = A 8 S (  S l i E F F ( J )  I S T R S 2 6 2 0  

1 6 C  C C N T I h L E  S T R S 2 6 3 0  
ACX = q I G M A Y ( J 0 )  S T R S 2 6 4 0  
P P X  = S I C W A X ( J 1 )  S T R S 2 6 5 0  
CMX = T 4 L X Y I J 2 )  STRS 2660 
CMX = S I G l ( J ? I  S T R S 2 6 7 0  
E C X  = S I G 2 ( J 4 I  S T R S 2 6 8 0  
F C X  = T A U F r A X ( J 5 )  S T H S 2 6 9 0  

LO 1 6 5  J = 1,NT S T R S 2 7 1 0  
S I G P A Y ( J I  = S I C Y P Y ( J )  / A V X  S T R S 2 7 2 0  
S I C C A X ( J )  = S I G P A X ~ J )  a V x  S T R S 2 7 3 0  
T A U X Y  (J I  = T A L X Y  ( J )  / C P X  S T R S 2 7 4 0  
S I C 1  ( J )  = SI61 ( J I  / C P X  S T R  5 2 7 5 0  
S I G 2  ( J I  = S I C 2  ( J I  / EMX S T R S 2 7 6 0  
T A U C A X ( J )  = T 4 L M 4 X ( J )  / F C X  S T R S 2 7 7 0  

165 S I C E F F ( J I  = S I G E F T ( J I  / G V X  S l R S 2 7 8 0  

S T R S 2 8 0 0  
1 7 0  T C K P A T  ( ' 1 '  / / 4 C X  ' K E L A T I V F  V I B R A T O K Y  RENDI, 'JG S T R E S S E S '  / 4 5 X  S T R S 2 8 1 0  

1 ' F V P C U P T F L  AT C F V T K U I C S '  / /  ' E L E C E N T  S I G M A Y B A H  S I G M A X S T R S 2 8 2 0  
L H A R  S t i f  hc: PHIY S t G M A l P A H  P R l Y  S I G V A 2 H A R  MAX S H E 4 S T R S 2 8 3 0  

4 11 1 S T R S 2 8 5 0  

l l 5  FOPt'Al I / 4Xil3rF16.5 / 4 X 1 1 3 , l b X , E l b . 5  / 4 X 9 1 3 t 3 2 X p E 1 6 . 5  / S T R S 2 8 7 0  

2 4 X ,  1 3 , 9 t X l t l t . 5  I S T R S 2 8 9 0  

Rf-TLRI\; S T R S 2 9 0 0  
E N C  S T R S 2 9 1 0  

GPX = S I G f F F ( J 6 I  S T R S 2 7 0 0  

k R I T E  ( 6 , 1 7 0 )  ~ I ~ S I G C A Y ~ I 1 ~ S I G P A M I ) , T 4 U X Y ~ l ~ ~ S l G l ( l ) r S ~ G Z ~ l I ~  S T U S 2 7 7 0  
I TALIYAX(I),SIGEFF(II , I = I ,NT  I 

3 K  F F F .  S T H F Z S '  / 5 0 ( 4 X 1 1 3 r l E l C . 5  / ) * ' l '  / / / /  5 0 ( 4 X , I 3 r 7 E 1 6 . 5  S T R S 2 8 4 0  

H R I  I T  ( 6 , 1 7 5  I J O ,  AMXI J 1 r U C X e  J 2 , C M X t  J 3 v C M X 1  J4 , E P X I J ! J * F P X ~  J6 t G M X  S T R S 2 8 6 0  

1 4 x 9  1 3 , 4 e A , E 1 6 . 5  / 4 x 9  1 3 ~ 6 4 X r E 1 6 . 5  / 4 X 1 1 3 t 8 0 X 1 E 1 6 . 5  / S T R S 2 8 B O  
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211 



- -. 

~~~ 

-~ 
CLOK 

8 S T D E  CLOK 
AUGSI SP P D O F Y ( 4 ) r P K 2 1 2 ( 4 )  __ CLOK 

8 STDAT- ___ CLOK 
CLOK 

CLOK 
B STDAT CLOK 

__ MAYS1 SP P D O F Y ( 4 ) r P K 1 2 0 ( 4 L  CL OK 
__ 8 STDAT----_- - CLOK 
--__ APRSI  _____-- SP POOFY(4 ) rQK09014)  ___.____ ~ CLOK 

CLOK B 
CL OK 

B STDAT CLOK 
FEES I SP ~~ PDOFY ( 4  ) P K 0 3 1 ( 4 )  CLOK 

~ __--_ B S T P L  ___ CLOK ~ 

JAN01 -DC c e  1 ____ ~- CL OK 
FEBO2 DC C' 2 - _ _. CLOK 

- CLOK ~ 

APRO4 DC C '  4 CL OK 
CL OK 
CLOK JUNO6 DC C '  6 

-___ -. JULO7 DC C r 7  . __ - . CLOK 
CL OK AUGO8 DC C'-a- @ 

~- SEP09 DC C' 9 _-_ CL OK 
OCTlO DC C.10 CLOK 
N O V l l  DC - C B 1 l  ' __ --______ __ CLOK- 
D E C l 2  DC C ' 1 2  ____ CLOK 
BLNK2 DC C'OO __I ~ CL OK 

_ _ _ _ _ ~ _  __ _ _  CLOK 
LYEAR DC PL4 '0 '  CL OK 

CLOK PDOFY DC P L 4 @ O B  
CLOK P K 3 3 4  DC P L 4 e 3 3 4 '  
CLOK P K 3 0 4  DC PL4 '304 '  

P K 2 7 3  OC P L 4 ' 2 7 3 @  CLOK 
Q K 2 4 3  DC PL4 '243 '  -_ CLOK 
P K t l 2  DC P L 4 * 2 1 2 e  CLOK 

CLOK P K 1 8 1  DC P L 4 ' 1 8 1 '  
P K 1 5 1  DC P L 4 ' 1 5 1 '  CLOK 
PK120  DC PL4 ' *120e CL OK 
PK090  DC P L 4 e 0 9 0 1  _ CLOK 
PK059  DC PL4.059'  ' CLOK 
P K 0 3 1  DC P L 4 @ 0 3 1 @  CLOK 
PK060  DC P L 4 * 0 6 0 '  CL OK 

PFOUR DC P.4' 
~ CLOK 

ZT IME OS 2F -. CL OK 
PT IME OS 1F CL OK 
F l O O  DC F@6O0OT CLOK 

- SAVE OS 18F SAVE AREA FOR THIS PROGRAM- CLOK 
_ _ ~ _ .  END CLOK 

--________ -7 ~- PDOFY (4) t P K 2 4 3 l 4 )  

-_ J U ! _ - S P  PDOFY ( 4 1 P K l 8  1 4  4 

JUNSI  SP P D O F Y ( 4 ) t P K 1 5 1 1 4 1  
6 -  STDAT ___ C L m  

________ ___. 

STfJAT------_ -__ _ _ _ _ _ _ ~ ~  
~ ._ MARS1 SP P D O F Y ( 4 ) r P K 0 5 9 ( 4 )  -- 

~ _ _ _ _  ' 
WAR03 DC C *  3 e - 

NAY05 OC '2  - . . - ___ - __ ____ -.-I__ 

__- ~~ - 

________ _ _ _ ~  
~ 

' 
ZFBYT DC ?L4809 CLOK 
PYEAR DC PL4 '0 '  - 

~ _ _ _ _ _ ~ - ~  
. _ ~ _ _ _ _ _ _  

- _ _ _ _ ~  
- _ _ _ ~  

-~ ___- 

PKOO1 DC P L 4 ' 0 0 1 '  - -~ C L C  
.______ 

- 

-_ 
870 
880 
890 
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BC ~ S H O R E  ZERO0590 

Z E R O 0 6 2 0  L A  - B R I r O  
MINE ZERO0630 B 

Z E R O 0 6 4 0  
L R  B R 3 r B R 4  Z E R O 0 6 5 0  

- _ _ _ ~ ~  _ _ _ _ _ ~ -  _- _ _  - 
~ _ _ _ _  

_ _ _ _ _ _ _ _ ~  - SWITCH L R  B R 5 r B R 3  -~ _. _____-- 

-___ B MODE1 ~ ZERO0670 __ - 

__- _ L ~~~~ 

__-___ B R 6 r 8 ( 0 1 B R l )  - ZERO0680 NTZRO L 
B R 6 r O  0 1 B R 6  1 - 2 E RO 0685 

N T Z R l  ST BR6rO(O*_B_R_3_) - Z E R O 0 6 9 0  

BE RETRN ZERO0710 
a B R 3  r FORBT _- - ZERO 07 20 

Z E R O 0 7 3 0  
Z E R O 1 0 0 0  

_ _ _ _  __ BIGAD DC X ' O O F F F F F F T  Z E R O 1 0 1 0  
__ FORBT DC F ' 4 ' -  ZERO 1020 

TWO56 DC Fm256@ ZERO1030 
ZERO1050 TWO DC _ F g l e  

~ Z E R O 9 9 9 0  END 

______ 
CR BR3 rB!?4_ _~ ZERO0700 - 

~~ 

- B NTZRl--_--- -~ 

__ SAVE OS 18F ______ ___- 

____ _ _ ~ _ _ _ _ _ _ _  
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