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PREFAC E

The following document was intended to serve as a reference manual
which will enable the reader to gain a quick understanding into the design
and working arrangements of the Space Shuttle Entry and Approac h Test

• simulation as used on the Simulator ~or Aircraft Flight Test and Development
Simulation Benchmark . By reading through this report he is expected to
know how to mak e use of the program and to find his way around in case any• modification/addition is comtemplated. In brief , the main purpose for this
report is to insure a smooth transferability from the or~ginators to the
users with a minimum period of learning and associated delay .

The program was written in Fortran for the SEL 32/5 5 digital computer
with 48K 600 nsec memory equipped wit h floating-point hardware and tied to
a functioning mock-up of an aircraft cockpit . Some part of this program
was coded in Assembly language to improve the execution speed . Therefore
the package cannot be transferred to another type of machine without some
re-programming efforts.

Significant contribut ions to all phases of the simulation and report-writing
were made by the following personnel:

Mr. Richard Hansen, Supervisor
Mr. Steve E . Louton , Engineer
Mr. Larry V. LeDuc , Engineer
Capt . Charles L. Bozeman , USAF
Lt. Douglas V. Palmer , USAF
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1. INTRODUCTION

The Shuttle software package is a general-purpose real-time
digital computer program that simulates all aspects of the flight :
aerodynamics, flight control system connected to a cockpit for
man-in-the-loop operation . The Space Shuttle mission profile is
composed of many modes. They are very briefly: ignition 6 lift-
off, pitch initialization after about 6 seconds, staging 122
seconds after lift-off (in the neighborhood of 235-nautical-mile
altitude), external tank separation 6 disposal then orbit inser-
tion. On the way back to earth the mission can be subdivided
into: deorbit phase at 160—nautical—mile altitude, entry mode
starting at 400,000ft, terminal phase starting at 50,000ft and
finally landing and touchdown. The simulation contained in this
report is devoted to the last two phases: Entry (beginning at

• l~0 f t)  and Terminal Area Energy Management (TALM)

Handling quality constitutes the main objective of this
study. It does not address the Shuttle 5 s full mission nor does
it simulate the navigation to pinpoint a landing site. Actual
touchdown will not be simulated because the model does not
include ground effects, the lowering of landing gear assembly
and nose wheel steering. The Space Shuttle simulation described
in this report is designed for training and contractual accept-
ance of procured simulator hardware. It is different from the
Shuttle simulation used by the AFFTC Office of Advanced Manned
Vehicles which is used for development and fli ght testing of
the Shuttle.

I’
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2. MATHEMATICAL MODEL

• I3y wr i t ing  the aerodynamic equations , three exp licit coordinate
systems are used . They are H—fram e ( f li g h t — p a t h  axes for describing

• orbital mechanics), body—axes and earth axes. The choice of

various coordinate systems is made to enhance the relative

computational accuracy of each segment of the model. For example,

it makes no sense writing the vehicle rotational equations in any

coordinate system except the ones with an origin residing within
the vehicle itself such as body—axes, stability axes, or wind axes.

The transformation from body—axes to earth-axes is accomplished
with a matr ix  composed of direction—cosine terms . These direction
cosines are listed below but they are not explicitly evaluated in

the program .

L1 cos O cos~ ji

(2— 1)

R.3 = —sin 0

= —COS 4 sin ~, + sin • sin 0 cos ~

m., COS 4) COS i~ + sin 4) sin o cos ~ ( 2 — 2 )

m1 = sin 4) cos e

= sin 4) sin 4i + cos 4) sin 0 cos ~I,

—sin • cos tp + cos 4) sin 0 sin 4.1 ( 2 —3)

= cos 0 cos 4)

The angles 8, 4) and ~p represent the pitch , roll and yaw angles.
Together they are commonly referred to as the Euler angles.
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• For clarity, the model equations are arranged in groups , each

group descr ibing an aspect of the f l igh t . Subscripts 11, L , and E

stand for the three coordinate systems mentioned earl ier . what—
ever symbol not expl ici t ly named can be found in alphabetical
order under Chapter 8

2 , l Ae rod y namic equations: Acceleration terms in body—axis
reference frame are the results of thrust  vectors T , ~~~ and “

,.

The subscript “G” stands for  landing gear and even though there
is no engine , the thrust terms are included in the equations for
completeness .

= ~~~ [Cc 

C 

2 

CC (~~e) L 
+ 

C (6DF) 
+ 

C

+ c
G j  +~~i

= ~~ 
{ (c ’, ( 6SB — 6SB~~ M ) + C.1, ~ ór + C,~. (óa) ( 2 —4)

m 6r 6~~ 6r

T .
+ C . ~, ( B )

B

Z~ ~~~~ 
[C~ + 

C~, ( s e)  + 
CN D~~ + 

CN (6SL

• T

0( 1 )  0

Note that  the subscript “N” refers  to the normal force as opposed
to subscript “n ” which is associated with yawing—moment coefficients.

Resolved into the earth—axes reference frame , these acceleration
teros become , a f t e r  compensation for the  ea r th ’ s oblateness

r
= X~ L1 + Y

~
m1 + ZBnl - 3J2g0 ~~ cos ~ sin 17

• 
~
‘E X~~,, + Y1,m,, + Z1~n2 ( 2 —5)

= X 1, 2...~ + + Z~n3

~~~ A1~~~-—~’~- ~~~~~~~ ~~~~~ —- - i 
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17 and J ., are t h e  cola t i t ude  (~ — — L) and the  measure of ear th

oblateness respectively. The dynamic pressure q in the above

equa t ions  and other related term s such as Mach number and the ma ss
m are de f ined  below .

7j = 1 pv 2

- 
Mach = ; a = sonic speed ( 2  _ 6 )

‘ r
M _____

g0

Here , \
() 

and stand  for  t h e  veh ic le  empty v.’eight and fue l  weight

r esI)ect ive ly .  Also t he  airspeed V , wh ich  is no rma l ly  obtained by

~~~~~~ ~. 2  can simply he established by

= cos a • cos ~ 
( 2 7 )

L a t i t u d e  L and longitude A are der ived f rom the  l a u n c h i ng— p o i n t

coord ina te  CL 0, A 0 ) and t h e  e a r t h ’ s ro ta t ion

L L0 Ut

A = A 0 +Io

t 

[r ~~~~~ 
— 

~e] 
dt ( 2 -8)

2 • 2 O r b i t a l  & Suborb i ta l  Equat ions :  First  consider t he  o rb i t a l
phase . LOt l>e the angle between the direction of travel and
t rue  no r th  and r the vehic le  a l t i t u d e  measured from t h e  earth center .
Lrt  (x H ,  ~~~ 

be the  local plane pe rpend icu la r  to the  l i n e  of r
(or z,1) such t h a t  x 1. is pointing in the general direction of travel

and Y 1{ p erpendicu la r  to (x 1~ , z11) to form a right—handed triad (see
ref. 9.1.3) Then

• r~~ = (rE11)0 + J r.~ .dt
2 — ~r +

~~~~.

= ~~~ +j —~ tan  L + -
~~~~ Ut

• ° J o  
r
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W11 W11 + g + z11J Ut

6R~ + ( — ~V11)dt
.10

— 
(rU )U11 H
r

Where
r = r0 + oR (OR measured from sea level)

= ~~ COS *11 + Yr Slf l

( 2 —10 )
= —X 1, sin + Y

~ 
cos

Zj i = z ~

And the veloci ty  and the gravi ty  terms are obtained as follows

E~ = U~ CO S

V = u  in ’E II “II ( 2 — l i )

= 
~ hI

= ~O (r 0)
~~ — 

~~~~~ 
(
~~)4 ~~ ~~ i)~ — 

(U 11) 2

Next , consider the suborbital  phase

C = P + ~T 0 + ~
I 0

B EA 1  E A 2  ‘E 3

V = U  m + \ ~ + \ ~S S A l  E A 2  ‘5 3  ( 2 - 1 2 )

= U~~~n~ + VEA n2 +

9
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where t h e  e f f ec t ive  airspeeds EFA and Vl~A are de f ined  in terms of
the nor th  (W U ) and east 

~~~~~ 
component of the wind shears. No

updra f t/ downdra f t  are included in t h is model . Values of and
are stored at 5 , 000 foot increments , f rom 0 to 100 , 000 feet

a l t i tude  where this simulation starts.

USA = LI: — Lu
( 2 —13)

VSA V5 - (r cos L )tA ) e

2.3 flotational Equations: The moments acting on the vehicle
are est imated about the body axes as shown below . Let 

~r 
be the

reference length  of the  vehicle . Let J5, J~ and J~ be the dimension—
less numbers of roll, pitch and yaw jet  f i r i n g s  and L1.. and L~ be

the rolling moments due to one roll and one yaw reaction jet
firing,respectively. Then

= 
q [C~ (P .,) + C~ (fl5)J + ~SU ( [C~ + C~~~~(Oe)

+ (c~ + C~ ) ( OSb — 25°) + C~ (655 — 000)

2 —14 )

+ (00) ) ( c )  + C9 (Oa) + C
~ 

(Or) }
Or

+ ri . £ [ (z
~10~ 

— ~ 
. Y 13 — . + (LR ) 

~R

~~~~ ~~~~ ~ (C 1 , )  + ~~~~~ 
~~~~ 

+ 

m ( OC) 
+

( 2 — 1 5 )

÷ C ( 655 6~iL~.0~i ) + C (651’) + C
OSP 651’

+ ACM ] + m • & r [ — (z r.o,i — 

~
) . + (X ~ :0~ , — 

~i) + (L~ )J~

.10

~~
-
~~~~~~~~ • —-• ~~~~~~~~~~~~~~~~~~~~~~~~ 

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_I~~~~~~

_ _ • _ • _ •



!~ 
• • ________

N = ~jSb 2 [C~ (P5) + C (fl11)J + ~ Sb{ [C~ (Oe)

+ (C~ + C~ ) ( 6S13 - 25°) + C~ (OSS — 60°)
B 6s5

+ C (~~G) + C ](B) + Cn (Oa) + [C~ ( 2 —16)
B iSa Or

+ C~ (~ B~) 1 ( O r ) )  + (37Cc — ~Y5) Cm) ~~~ 
+

r
B

• Appropriate reaction—jet terms can be added to the and N b
equations if later vehicles are so equipped . The mean aerodynamic

chord length is represented by ~ in the above equation . The
• symbol ~ represents the x—axia displacement of center—of—gravity

from an arbitrarily picked reference point . Similar definitions apply to ~ and ~~~~.

(cg~ - cg~ ) + ~ F 
~ 

+ sin 0r (~~ ) V5~ jo .!
0 ~N0M $ sin 0~ ) F

max !

= (CC y — cgy )
o ( 2 —17)

(cg~ — cg~ ) + WFo NOM F
max

Here, 0F the angle made by the surface of the fuel with respect to

the axis

z
~~~ + tan~~ ~~ ( 2 — 18)
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Using the moments L5, 1113,and N13, we can obtain the vehicle angular

accelerations about its own axes — — P5, Q13 and Il13

P13 ~L (L13 - Ixy (P13I0 Q13) + ‘Xz~’~13~I3 +

xx

+ Iyz (Qn
2 

- ~~
2 ) + Q13rt13(I~~ - 1zz~

+ 1
~ y ~~~~~ 

+ P13) 
- I~~~(P jj

2 
- ~~2)

(2 —19)

— - r113) + - Ifl)]

~
‘TI 1L. (N 5 - I~~~(Q 13

2 
- P13

2) - ‘xz~~D% — P13)

+ Iy~ (P~ R~ + Q~
) + 

~B~ B~
1XX -

where the inertia terms are defined as follows

- w
= — — F

w F

max

= = + 

( WF

hIF ) ~~Fmax
2 —20)

= — + 

~~~~ ) ‘ZZ F
max

= + 

(wF

t
~
1
~ ) ‘XZ F

max

~XY 
= + 

(
~ç~!_ )  ‘XYF

max
12
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= + 
( W

F ) 1YZ~
max

Fuel consumption and the weight of fuel are described by

Wp = _ (FT)T ; T = Thrust

r~. ( 2 - 2 1)
1’l = w  + /  W d tF F0 ~o F

By integrating the  angular  accelerations we acquire the angular
velocities P13, Q13 and Il5 (also known as the rolling rate, pitching
rate and yawing rate).

= “B ‘~f ~ 
P13dt

= + f  Q13dt ( 2 -22)

Il13 = 5B + f ~ 
R13dt

2 . 4 Other Pert inent  Equations: Euler angles namely pitch ,
y aw and roll , are calculated below . Notice that  this  formulation
will not tolerate a pitch angle 0 of ±900.

- 

0 = 0 0~
o ft (Q c o S ._ f l s i n ,)dt

+ r t
0 Jo  [P5 + tan 0(1113 cos $ + sin •)] dt ( 2 —23)

• 

~~~~~~~~~~~~~~~ 
f t . R 5 c o s $ + Q 5 sj n q 

dt
0 cos O

13

-
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Stability—axis angles, namely angle of attack a and angle of

sides]ip 8 can be computed as

cz tan~~ 
WB

(2—24)

tan~’ 
VB COS cm

US

Flight path angle

e — a cos • — B sin • ( 2—25)

Let be the given angle between true north and the RD vector;

then down range and cross range can be computed as:

= r0 [(L — Lr) cos 
+ (A — A0

) cos L sin
(2—26 )

= r0 ((L — Lr) sin + (A — A
0) cos L cos *R

]

Equivalent airspeed KEAS and calibrated airspeed KCAS

KEAS (v 
~~ 

) 3600 nautical miles •

KCAS = ~l . (SEAS) ( 2 —27)

The quantities v1 and v., are defined by the following empirical formulae:

f(x) ; x Mach number ( 2 —28)

f(x) ; x — (.001511) (l:cAs)

Where f(x) assumes the following form s

14



• 
• (~~~~ i + x 2 + x 4 + x C f o r x <  1.0

~~ icoo
• 1( x)  = ( 2 — 2 9 )

I ‘t f l .839 — .772 + .104 + .035 fo r x > 1.0
2 ~~ 4 6 —

x x x

Geometric altitude h and geopotential altitudc~

h = or + (sin2 5) Oh

= 
(r0) (h) 

(2 -~0)

~ r~~~+ h

Ka te of climb:

d (h) = —

~~~~ 

= — ( 2 —31 )
Ut I

Ai r d ensity can be approximated as a func t ion  of a l t i t ude , based
upon standard atmospheric data:

— Ii

— 

p (2— 32)
— p

0
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3 • MAIN PROGRAM

No efforts are spared to organize the main program in a self—
explanatory manner. Parameters and data are grouped together

according to their roles and the omnipresence of the comment cards
should guide the reader through the program . It is suggested

that subsequent users do not deviate from the existing logical

organization when making modifications/additions, so not to

defeat the purposes. In order to simplify the loading process,

all parameters and data (including aerodynamic coefficients) are

stored in the main program , thus avoiding the use of COMMON blocks.

As indicated by figure 3 —1 , the main program is composed of

three parts: the initializat ion , the Ui—speed loop (starting from

statement 47), and the EASE subroutine designed to display and

modify any parameter of the main program . EASE was written to

allow interchange of parameters without the use of COMMON blocks.

3.1 Initialization: Most data parameters and initial conditions

are on punched cards to allow maximal flexibility on flight conditions

and vehicle configurations. All aerodynamic derivatives are stored

in the form of 16—bit normalized fixed point fractions. The detailed

• discussion of their handling will be covered under the heading of

“Funct ion Generat ion ” . Dur ing the in i t i a l i za t ion  phase the program
wi l l  ask the user if he is through with changing parameters before

entering into the next phase , by typing the question “ARE FURTHER

CHANGES DESIRED?” A “YES” answer will automatically call in the

EASE program. A “NO” answer will set in motion the high—speed

loop.

Not all parameters can be independently initialized . For
‘I

in stance l VE is called an “i ntermediate” variable because it is a
f unc t ion  of and U11. Thus the initial value of VE is determined

once the initial conditions of and U11 are specified, and vice versa.

3 . 2 Ili—Speod Loop: This loop is actuated by an interrupt

which occurs at synchronous , regular intervals ~t whose duration

was set a—priori. During the time ~t , the computer must finish

solving one frame of the dynamic equations before the occurrence
• 16
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Tim er and

]

Read from Disc
-Constants and Parameters

• -Aerodynam ic Der ivatives
-Initial values of the state variables

1) Initialize digital input for
mode control

2) Calculate intermediate parameters
from given values

• Set-up and Enable
Interval Timer 

___________

47 
~~~~~

\
~~~~~O

a

i~~~
7

Disable Interval Timer Y OTSE N
Wait for 2 seconds mode? To be continued next page

Figure 3-1 - Main Program Flowchart
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} igure 3 -1 (Continued)

1) A-D conversion of FCS commands HOLD Y
2) Reading of control switches from mode ?

cockpit (IC , HOLD , 3DOF , windy
atmo~phere , e t c . . .)

IC
mode?

Lock control surfaces IF corresponding
FCS signals are disconnected Y

In i t i a l i ze  Time
Counter=0

IC
mode?

N Init ialize P ,Q, R , e, cp& ‘4,
Initialize lattitude , longitude ,

UH , 14)H , WH and 
~R

On ~Jext I’age
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Figure 3-1 (Continued)

Integration to obtain body rate IC
of rotat ion P , Q , R N or HOL

mode 9

Y
210

IC
or HOLD 

Calculate Euler-angle

mode? rates e , ~ and qi

N

Want
3-DOF p =  ~, =  c

only ?

N

Integration to obtain e , ~p and ~t#

270

Want
5-DOF 

- accelerations UB

only 2 VB and WB to zero

N

Calculate body-axis
acceleration 320

Evaluate body-axis accelerations , ZB

To Be Contin,ied On Next Page
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Figure 3 -1 (Continued)

1) Coordinate transformation to obtain earth-
axis accelerations XE 

‘
~ E Z

E
2) Coordinate resolution to obtain H-frame

accelerations XH ‘
~ H ZH

3) Computation of gravity

Calculate H-frame derivatives rUH
WH , LH , A 

‘

ant
<
‘ 5-DOF~~’)Y ~ Set 

~ R = 0
~~~~nly~~~~

N

IC 
N l)Integrate to obtain rUH ~PHor HOLD —3

mode 9 WH , L , A and 0R
2) Calculate r , UH separately

Y _____________________________

370

1) Compute down range, cross range & altitude
2) Compute vehicle ground speeds UE V E and WE
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Figure 3-1 : Continued

Compute vehicle airspeed components U EA V EA

L2~ Generate body-axis velocities UB ; V B WB

• [Evaluate a and B

True airspeed V=const~~j

-~~~~~~~~~~~~ 

_ _ _ _[Evaluate
~~~~i 

44Ø\

1) Calculate p , , equivalent airspeed, calibrated
airspeed , Mach.

2) Digital FCS processing

• 3) Examine pulse flags (DEPULSE , DAPULSE
and DRPULSE )

4) Apply pulse to the desired surface

5) Digital FCS Processing (bypassed if any surface
is pulsed )

6) Examine surface flags (FCSDE , FCSDA , FCSDR ,

FCSSB , FCSBF )

7) Set surfaces that are flagged equal to their IC values

( DELIC , DERIC , DRIC , DSBIC , DBFIC )

8) Preparation of output

To be continued on next page
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Figure 3-1: Continued

~~~Js N
TIME. GT .~~~~—~ \~~~~j~/ 

Want ~~~
RUNTIME EASE ?

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~t fo r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Disable Interrupti

~~~~~~~~~~~~~~~~~~~~~~te EASE

of the next int e~-rup t .  In order to achieve the real-time (or time-
critical) goal, great care was made to minimize the execution time.
Even so,a number of calculations have to be delegated to the analog
computer such as

— Sin/cos functions of angles 0, 4 > ,  ~, cx for instrumentation

— generation of test pulses

In fact, if more equations are to be added into the dynamic model,

some other existing equations must be deleted from the high—speed

loop. An alternative would he solving the deleted equations on
another digital or analog processor. The dynamic model is given

in Chapter II, thus not repeated here. During run times the operator

can intervene by throwing a number of switches which in turn

activiate a number of interrupts in the digita l computer . The

switches are si tuated in the general cockpit area and they consist of

22
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— IC Switch: sets the program back to Initial Condition
mode, All information concerning the preceding run is
lost.

— HOLD Switch: also stops execution but all state variable

values are frozen at their respective values reached

prior to activation of the switch. This mode allows

the user to investigate the status of his program in

post—mortem fashion.

— 3 DOF Switch: sets the yaw rate 4s and the roll rate 0

to zero, the vehicle can then be studied entirely in

the pitch plane, having three degrees-of-freedom : ~ ,

~~~, and 0. This mode is useful in planning and perfor-

mance analysis such as plotting the gliding envelope.

In this case, we are interested only in getting from

one point to another point.

- 5 DOF Switch: imposes a nearly constant altitude, constant

total—velocity flight regime . This mode offers a con—

venient way to study vehicle handling quality and

maneuverability. To different people, 5-DOF simulation

means slightly different things. Thus we derive the 5-DOF

situation used in this simulation for reference purposes.

Consider the acceleration equations in body-axes, excluding the

thrust and aerodynamic force on the surfaces.

xli U B 0 WB VB I?B

= + _W
B 0 UB

VB 
_U
B 0 { RB

23
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c~p. c0 s~p .c0 —~~A 0

+ (c~ .s0.s4> — s~ .c$) (s~ .s0.s~ + c~ .c4) cO.s4 0
( 3 — 1 )

(ci4, .sO.cct  + s*.s~) (si~.sO.c$ — ci~.s~) cO.c~ —g
_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _—,

Inertial—axis —a. body-axis transformation

Where c~ji and s~ji are the abbreviations for 
cos ip and sin ~ respectively .

For 5DOF, assume that U8 = = = 0 and solve for the acceleration

component XB

= - 

ZBWB : YBVB + g 
[
sinO 

coso (v8sin4~- w~~os4~
) 

-2)

Equation ( 3 -2) is used in lieu of XB described in equations ( 2  - 4 ) .

The only other changes in the 5—DOF case are

d(~r) —

dt — 0
( 3 —3 )

and V = V1~ p a constant

The closed-loop nature of the hi—speed loop is illustrated by the

block diagram of figure 3 -2. This block diagram depicts the main

stream of the calculations and how different groups of calculations

are related to each other functionally.
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Figure 3-2: Block Diagram
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4 . FLIGHT CONTROL SYSTEM (FCS)

4.1 Description: In this simulation we investigate the Orbiter
handling qualities under manual control of a pilot . There is no
provision for an autopilot in this program . From the time the Orbiter
enters the atmosphere at a nominal altitude of 400 ,000ft to touchdown
it is not power-assisted except for the Reaction-jet Control System (RCS).
Thus the importanc e of the FCS can’t be too much exagerated.

The Orbiter is equipped with an all-digital fly-by-wire FCS which
insures aerodynamic stability with the help of five on-board computers
(four redundant primary and one secondary). The computers , in turn , feed
signals to the actuators of the control surfaces . A picture of the
control surfaces can be found on page 22 of reference 9 .2 .2 .

a/ Elevons ( Elevator-aileron combination): They are full-span
in construction, used for affecting both pitch and roll. This progr am does

— not exercise the inboard and outboard elevons separ ately.

bI Rudder / Speedbrakes: The conventional rudder is made up
of two symmetrical halves which, when deployed, constitute the speed
brakes.

c/ Body flap is found on the very end of the fuselage below the
main engines and serves mainly as augmentation to longitudinal trim.

Whenever the control surfaces prove to be ineffective (high altitude, low
dynamic pressures) pitch and roll reaction-jets are fired to guaranty the
orbiter ’s aerodynamic stability . The yaw reaction jets are used more
often , including the cases just mentioned above.

4.2 FCS Block Diagrams: The pitch , roll and yaw modes of the FCS
are depicted by the block diagrams on figures 4_ i , 4-2 and 4-3 in
that order. Let us discuss one of the mode s in detail , say the pitch mode
of figure 4-i . A command from the RHC ( Rotational Hand Command
is fed through the deadband and pitch shaping networks then compared
with the current Orbiter performance ( a  function of the pitch rate Q )
to generate a pitch rate error signal called DPJ. Because of the
coupling effects between the axes, the nose tends to dip during a turn .
To compensate for this , we want an additional negative elevon deflection
( trailing edge up,  by convention ) and the term R*tar~p does exactly
this by contributing a negative Influence to the elevator comman d

CMD .
t
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When the speedbrakes are deployed,they force the nose upward by
contributing a moment around the Orbiter ’s center of gravity ( C G  ) .
Note how the speedbrake increment ( DSBPC ) signal is used to negate
the unwanted pitch-up by a direct reduction in the pitch-position t r im.

• The FSC roll channel is represented on figure 4 -2 .  The switches
EAR LY and LATE correspond to MACH > 1.5 and MAC H ~~ 1. 5 respectively.
Notice the roll-rate command main path. Starting with the roll stick
position, the signal goes through deadband, shaping and first-order lag
circuits before being added with the integral of the roll-rate t r im term
at SUM21. From there,the control signal is sent through SUM 24 where
the roll-rate feedback and other coupling terms are subtracted. All the
feedback signals taken together are called PSTAB (roll-rate stability) .
SUM24 is directed to a switch xthose poles are marked EARLY arid LATE.
The EARLY side of the switch allows only reaction jets to control the roll
channel because, at that time, the Orbiter is still at high altitude. Only
during the LATE stage can the control surfaces perform effectively .

The FCS yaw channel is illustrated on figure 4-3. The rudder pedal
generates a signal which is fed through the dead-band and shaping networks.
Then it is summed with the integrated yaw-trim sign al . Before reaching
the actuators proper, this signal is further modified by Mach number and
dynamic pressure ~~~ . An arrangement similar to the roll-axis channel is
implemented here to allow the yaw jets UZCMD to take over at high altitude
(EARLY). Only at low altitude (LATE) can the rudder work the way it works
on an airplane .

Figure 4-4 describes how the Orbiter ’ s control surfaces are exercised
by different actuators.

4. 3 FCS Computer Implementation: In the block diagrams the t ransfer
functions and filters are expressed in the Laplace s-domain . We could
have used the s-plane if an analog computer were used. Since the FCS
program is done digitally it is advantageous to map the transfer functions
from the s-plane to another complex plan e, the z-plane . In simple terms ,
z can be defined as z e 5T where T is the sampling period . A comprehensive
treatment of infinite-impulse-response digital filters can be found in reference
9.1,6 , chapter 4.

It is a known fact that a stable analog filter might or might not map into
a stable digital filter if we just go about replacing the differentials by finite
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diff erences (b ackward , forward,or central differences) . A more elaborate
process is used in this program to prevent computat ional instability and
aliasing problems . It is called Bilinear transformation (simple conform al
mapping ) and it is represented by the following transformation:

— 2 ( l — z ~~~) (4 1)
T ( 1 + z i)  

-

Consider a first-order transfer function as an example. Given

H(s) = 
10 (4-2 )

S + 10

Substituting s for z as dictated by equation (4-1)

H(z) 10

2 ( 1 - z~~ ) + 10
T ( l + z~~ )

/
lOT + lOTz

H(z) (4—3 )
2 - 2z~~ + lOT ÷ lOTz~~

In this pro gram the crame time is T . 04 second. Any first -order transfer
fu nction can be , for our programming purposes , reduced to the form shown
below:

G1 + G. *z ~~
= 1 (4-4)

X 1 + G 3 *Z
L

Similarly we put all second-order transfer functions in the following form
prior to digita1 coding:

32
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= 
Q1 + G~ *~~ l + G3*z 2 

(4 5)
X 1+G 4*z

1 +G 5*z
2

Thus the z-transform of equation (4-2 ) finally becomes , after introducing
the proper value for T into equation (4-3)

H (z) .1667 + . 1667z L (4-6)
1 - .6667 z~~

• Computer mechanization of equations (4-4) and (4-5) are done in the form I

of function subroutines called FILT 1 and FILT2 respectively . FILT1 and
FILT2 stand for first-order filter and second-order filter. For FILT1
the expression comes directly from equation (4-4)

= G1*Xn + XOLD

XOLD = G2*Xn l  - G3*Y~~1

For FILT2 , equa tion (4-5) can be put into the format

Y = G * X  + X  (4-8)n 1 fl nodel

where Xflod el = G2~ X~~ 1 - G4*Y 
~ 

+ X d 2

Xnode2 = G3*X 2 - G5*Y 2

Refer to Table 4-1 to correlate an s-domain transfer function to its
z-domain counterpart. Besides the filters , the hysteresis transfer
function also deserves a brief mention . Figure 4-5 depicts the flowchart
of the HYSTER subroutine and it is self-explanatory.

A detailed flowchart of the Shuttle Flight Control System ( SHTLFCS
subroutine) is contained in Figures 4-6. The actual listing of SHTLFCS
can be found in Appendix D.
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TABLE 4-1 : Transfer Functions

Transfer Functions z -Transform Equivalent
s-domain) ( for sampling period T .04 sec)

÷ H
s .9 804 - .98O4 z~~ _

s ± 1 1 - .96O8z~~

5 .0909 + .0909z 1

S + 1 - .8182 z~~

7.5 .02988 + .O2988z~~
5s + l  1 — . 992 z~~

- 
10 .1667 + .1667 z 1

s + 10 1 - .6667 z~~

1 .01961 + .O1 961z~~
S~~~~ 1 1 - .9608 z 1

20s .999 - .999 z~~
20s + 1 - .998z~~

s + 1 1.9615 - l.8846z 1

.5s + ~ I — .9231z~~

152 .06475 + .12 95z ’ + .06475 z 2
2 

+ 15s + 152 1 - 1.309z ’ + .5683z 2
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HYSTER
Figure 4—5: Hysteresis Function
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Figure 4-6: SHTLFCS Flow Chart
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5 • EASE PACKAGE

EASE is an interactive package that allows the researcher easy

access to the Simulation program in the format that is natural to
him. To qualify as a general-purpose package, the program must

readily accept different vehicle configurations and flight condi-

tions which vary from case to case. The list of parameters and

variables can be found in Chapter VI together with their units
and computer symbols. Users of EASE are required to follow two

simple formats correspond ing to an interrogation and an input.

EASE can be accessed through the Main program or by setting Control

Switch 12 to .TRUE .

a! Examples of Interrogation Mode

THETA? What is the current value of 0? (in F25.lO format)

*l2~F? What is the integer content of address 12AF?
(In decimal format 125). The asterisk (*)
specifies the integer mode.

43600? What is the floating—point content of address
43600?

b/ Examples of Input Mode

OMEGA = .000072923 Replace the content of OMEGA with

.72923E—4.

*17777 = 50 P- -- ’~ ce the content of cell 17777

wl . r 5’) decimal

1FF2C = .25 ! Put .25 (in floating-point format)

into cell 1FF2C.

c/ To exit EASE, type an exclamation mark “i” followed by

a carriage return (C/R).

For unusally large numbers or unusually small numbers, check the

46
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accompanying listing to avoid truncation of the input data. For
example, the I/O floating-point number is determined at format
F25.lO. Any digits beyond 10 places to the right of the decimal
point will be ignored. The user should also safeguard against

entering a value for a parameter that is larger than the largest

allowable for the parameter. For example, the pitch rate

has a range of +2 rad/sec and is scaled at 
~~B
’2
~ 

when appearing

to the Flight Control System. If the user of EASE inadvertently

setsQB = 3, the output of the DAC (digital—to—analog converter)
corresponding to is completely wrong.

When a wrong symbol was typed, EASE will respond with “NO
SUCH SYMBOL IS DEFINED TO EASE”. There are other interactive

features built into EASE to help the users in case of mistakes.

Here are a few common typing mistakes to serve as examples:

at OMEGA = 2.6Fl9

EASE will come up with the message “MEMORY flATA MUST BE
A DECIMAL NUMBER ” because there is no provision for EASE
to accept hexadecima l numbers .

b/  *pjj~~ ( even though p was declared a floating—point in
the main program). The resulting message is

“WRON G INPUT FORMAT”.

c/ BYTE = 377 (even though BYTE was declared as 8 bits)

In that case 255 ~ BYTE ~ 0. EASE will

alert the user with the warning “DATA

OUTSIDE RANGE” .

The simplified flowchart for the EAS E package is contained in

figure 5 -l for reference purposes.
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Fi gure 5-1: EASE Flowchart s Executive

(inter EAS~~ -- Display “WELCOME TO EASE”

~~~~~~~~~~~~~~~~~~~~ T1JRN

1) Execute Carriage Return
2) Input 1 Line From CR1
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~~~~~ lay ”E N9 OF EASE~~~~~~~~~~~~~~~ ” Z ”
PROCESSING” ?
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Exit  EASE a
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9
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WORD ( L )

To he continued
on next page 48
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Figure 5- 1  (continued) , Execut i ve
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Figure 5-1 (continued), Letter

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Processing

• TEMP(J)=WORD(L) 221

220

a~ 
RETURN

1) L~L+l
- 

blank
2) Examine Character in WORD(L) Dis play “VARIABL E NAME

-
N 

EXCEEDS 8

Cl IARA CTERS”

V

Compare SYMBOL to a is

LIST(K) ?

? 
?

N

an N
J~J+

‘P

is
SYMBOL in N

LI ST(K) 
Display “NO SUCH SYMBOL IS

DEFINED TO EASE”
‘P

Y
Store K For Use RETURN
By Executive

40 50

I IIrIIILr — — —  ~_ r r—t~z .  ~~~~~~ -—  - - -- --
~~~~

=—--- - -- - - - — nil_i



~~~~~~ _~~~~~~ —- 
-

~~~~~_ :~~~

-— - 
~~~~~~~~~~~~~~~~~~~~~~ .—~ -—- ~~

••-
~~~

— -• —-—
~~

—
~~~ 

- ~~~~~~~~ ;— —• —
~~ 

•— •~~~~ — -—
~~~~~ ~~

— -
._ —

~~~~~~~~~~~~~~~ -~~~ —— 
•_ —

Figure 5 -l (continued) , Number Address
Processing
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Figure 5-1 (continued), Number Address
Processing
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Figure 5-1 (continued), CR1 Input
Proce ssing
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Figure 5-1 (continued), CP.T I n put
P rocessi n g
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6. FUNCTION GENERATION PACKAGE (FGP)

Fast function generation constitute the main objective of this
software package so it can successfully support a time-critical
simulation . The package is Fortran compatible making it adaptable
elsewhere if needed . On the other han d , because of speed consideration ,
some part of this program were written in Assemble language . Physi-
cally the FGP is embedded into the Main program and considered an
integral part thereof.  This leature also helps speed up the execution
time.  Aerodynamic data for this particular simulation are composed of
about 40 functions having from one to three arguments. Overall , there
exist more than 4000 data points to be handled by the FGP. If there is
a shortage of memory space each dat a point could he converted into a
fixed-point quantity , normalized then made to fit into a 16-bit half-word
location . But i n  that  case , the  FGP must be great ly  modified .

~e are provided wit h  data  in the  form of punched cards ,

The card image of a representative two—ar gument f u n c t i o n  is shown

below . In th is case the function is the pitching—moment coeffi—

cient (or derivative) bias , CM 0 (a , Mach) , wh ich is a f u n c t i o n  of

the angle of attac k and the velocity.

c 4’,(.. ‘45
.0u57 .0037 — .00 l.~ .0153 .0373

~~~~~~ . 0 0 5 7  .u037 — .uu l3
— ,~~303 — .u Su $ — ,u O / 3  •.oOli .0057 .0057 .00~~7
— .Ol bS — .Oe~~3 •.0L4 13 — . O UL ~~3 . 0 0 0 7  .00 8 1 . 0 0 u 7  .U0U3

— .0193- — .u~ 73 — .02e’3 .000~’ ,00 S~ .0132 ,001~
— .0158 — .u 2’4 d — .0278 •U05~

Note that the first card (called the h eader card) gives the deri-

va tive name (C ’~f l)  and the nurTher of data points ( 4 5 ) .  Der iva t ive

n ames nu~t sta r t  w i t h  the l e t t e r  “C” or they wiU he rejected -

The re is no ment ion  of how many argurents are involved , Onl y
when we mak e use of C’~~ in th e Ma in program th a t  the type of
ar gument and it s br eakpoin ts appear exp l ici t l y. For th is example ,

the two arguments are arranged in the order CM0(a 1, M1 )
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CM0( a 2, M 1) ; CM 0 (ct 3, M 1) ;  . ; C M 0 (a 5 1 M 1) ; CM 0 (a 1, M2 )

CM0 (a 2,M2) ; CM0 (cx3, M 2 ) ; unt il CM 0 (a 5, M 9 ) -

The FGP is made up of three separate sub-programs , each do ing a
specified task . They are: DATASTORE , POINT and DERIVE4 . Their
particular roles are described below .

6. 1 DATASTORE Program : This program performs the following tasks:

- Read aerodynamic data from the card file as described earlier.

- Check the validity of data including the name.

- Rearrange the data in a predetermined order .

- When an end-of-file (EOF ) card is encountered , wr ite the whole
data array on a disc file.

The flowchart for DATASTORE can be found on figure 6-1. We can analyze
DATASTOR E program by tracing through the handling of one stability
derivative, say CMO again . When MAIN program calls DATASTOR E , it
reads and inspects the first card , also called the Header card . That card
should contain an 8-character derivative name followed by a blank and
followed by a 6-digit integers ( blanks ~ included) . For example

Derivative Columns #16 thru #80
name reserved fo r comments

C M 0 ~~~~~~~~~~~~~~~ 4 5,C O M M E N T S . - -

Number of
data po ints

One header card is required per derivative by DATASTOR E . Anytime
an EOF card is encountered in place of a header card , control is reverted
to the MAIN program . Thus the very last card must be an EOF or the
program will han g up.
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Since all derivative names stored start with the letter “C”,
a test is made of the first cha ract er to eliminate any unnecessary
search of the Data List . Only those names previously defined in
the Main program ’s Data Table ( such as CM 0, C~ , C~

~

are considered legitimate. If the first  letter of the header card
is a “ C “ , control is passed to the “name list search portion of
DATASTORE program (beginning with statement ft 50). In the
event the first character of the header card is not a “ C I T

DATASTOR E allows the user the choice of aborting the run
( returning to Main program ) or the choice of correcting the typo-
graphical mistake by inputting a new name on the CRT .

After the derivat ive name and address have been found
in the tables, DATASTORE returns to the card reader and reads
the information on the cards stacked beh ind the header card.
The newly arr ived data points are stored in th e tempor ary array
called DATA (I) , ( I  1, LENGTH ) . In our example LENGTH 45
as indicated on the header card earlier. When all the expected data
points are in ( an EOF card is read ) DATASTORE term inates
the reading phase and all the aerodynamic data are written out on
a disc file. Notice that DAT ASTORE is excuted only once ,
during program initialization phase and the disc f ile will he
utilized by the Derivative subroutines later on.

It should be a w a r e  that l ) \ ’ 1 A~ TOR1 ~s a separat e progr~~n~
tha t  must  he exerut ed prior ~o all other p rograms  in the n orn i e l
sequence of operation . Also note that  DAT \~-~i( )~ -~ I- program -v
he modif ied  and re run  for any change tn the length or t able al-range-

ment of the ae rodynamic  da ta .  These p a r a m e t e r s  n i i is t  match  t h o se
of the MAIN program to i n su re  tha t  the  data a re  s to red  in the  same
rela t ive  locat ion where  they wiU be us ed . Spe c i l i c a l l y ca re and : it t en -
tion should he paid to the following:

- The order and dimension of the d a t a - t i L l e  dec la ra t ion  s t a t u ’~~ents

- The I)AT A statements for va r iab le  SIZE and N U M B E R

F,9
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— - 4



rr ~ 
- • _i

~
__

~~~_~~
_ 

~~~~~~~~~~~~~~~~~~
-- - _ _ _ _ _

- The ASCII variables in NAMELIST

- The order of the data table ACW(Address  Constant Word ) array .
These parameters effect the proper ordering of the data table
in the array whic h is dumped to disc .

6 . 2  POINT Subroutine This subroutine , which is called by the Main
program , performs all the preliminary tasks prior to final interpo-
lation . One call to POINT subroutine is required per argument list
and a representative calling sequence applicable to our present examp le
might appear as follows:

1’
CALL POINT (ALP I-I A , ALPHAPT(2) , ALPHAPT( 1) , ALPHAT( 1) , A L P H A T ( 3 ) )

CALL POI NT (M A C l I , MACHPT(2) , ALPHAPT( 1) , ALPJ-IAT(l) , ALPHAT(3 ) )
4. 1’ ‘1’

The outgoing arrows are added to visually indicate arguments needed
by the subrout ine  lo r  processing the calls and , conversely, the in-
coming arrows show that information is being re turned to the Main
program . Two (ails are  made to POINT subroutine because in our
current examp le , ( ‘MO is a function of two arguments , a and Mach .
Let us inspect one of the calls above.

ALPHA = an argument , the present value of ~ .

ALPHAT(3) = starting point of a list of breakpoints associated w ith
the independent variable a. This list consist of
floating-point values.

\ L P H A P T ( l )  = re turns  to Main program as an integer value
(called “pointer ”) indicating the smallest hrea1~point
adjacent to the argument a , say x1 . This information
will he used dur ing subsequent interpolation .
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Subroutine POINT - - - 

~.j Acquire argument value
Load current POJNThR

—-

~~~~

Update BREAKPOINT
______________-~~~~~ —----~~~~~~~— corresponding to

curren t POINTER

~~~~ KPT) > AR omp~~~~~ fR~ K~T) <A o 
_ _

— lhipdate BRKPT

___

PO INTE

~~~~~~~

TER

~~~~~~~~~

J

~~~~~~~~~~~~

)  , P0iN 1~~~~~P~ i

POIN
~~

R>-LIM
~~

’
N,~~LIM 

t,o~
—~~~~

---
_ 

- 

-. 

“
T~~~~JER<± 1AXBPJ (PT

POINTER ”-LIM POINTE R -
PO IN TER+ l___J____ 

~~~~

-

~~~

.--

LPOINTER= -LIMJ ______ 
,~ t ompare
(BRkPT+l) t

• 

. 
(BRKPT+1)=ARC ~~N 

,~~~
,,

z9’(B P.KP T+ l )  < AR’~

-
~~~~~~~l3O

L~1~~~L+l )>+_,\R
- Dlvi = ( B R K P T + l ) - ( B R K P T )

[
~~RA C  

FRAC = A RG - (B~~~KPT) /flI\’L

Notes: Abbreviations used :

BRKPT = Break point number 
_____

~~

/

~~

j-TITt

~ 

to~~”~
-LIM = 1 , the first brkpt 

— \,,M~~n prog~~~ J

MAXBRKPT= no. of hrkpts of

an argument.

AR (=value of the argument

(BRKPT) =the value of the argument Figure 6-2 : Subrou tine P01 VT
corresponding to BRKPT
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ALPHAT( 1) returns to Main program representing the

distance , FRAC = (a- aj ) / ( c tj~~1 -
~~~~~~~~~

Finally, ALPHAPT (2) contains the number of breakpoints
associated with the argument . In this case there
are 9 breakpoints as declared by a DATA state-
ment in the Main program .

When subroutine POINT is entered , a test is made to compare the
argument ( ‘~~ in this instance ) against the extrema of the argument
values ( a 1 and ag here ). Should a< a 1  then we set the pointer

ALPHAPT (1) to 1 . Conversely whenever a>a9 we set ALPHAPT(1)

to 9. A simplified flowchart of the POINT subroutine can be found
in figure 6-2 .

6.3 Derive Subroutine: This section was written using the FUNCTION
approach instead of the standard SUBROUTINE approach in order
to reduce program length and minimize the transfer of arguments
between different  programs . There exist four DERIVE function s
DERIVE 1 , DERIVE2 , DERIVE3 and DERIVE4 . Together they can
handle any function having from one to four arguments. A sample
use of DERIVE 1 is as follows:

FI IN CT = DERIVE 1 (DATATABLE , MACHT )

where DATATABLE is the starting location of the memory table
containing the data which were were placed there earlier by the
DATASTORE subroutine . MACHT is an argument table containing

FRAC in the first word (see figure 6-2 for the significance of FRAC),
the breakpoint pointer in the next half-word and the number of Mach

breakpoints in the last half-word .

MACHT I FRAC

POINTER MACHT LENGTH
_ _ _ _  _ _ _  • • . :
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For our existing example , the pitchin g derivative bias CMO
appears at last , on the right-hand side of an assignment statement

I CMO = DERIVE2 ( CMOT , ALPHAT , MACHT )
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7. REPRESENTATIVE SOLUTION S

No simulation can be completely trusted unless it has undergone

prelim inary STATIC and DYNAMIC CHECKS . It is imperat ive th at
such checks be carried out before the very f irst product ion run and
especiaiiy if the simulation is just started up after some lay-off
time . Check conditions need not be unique; any reasonable set of
conditions will suffice. However , some considerations should he given

to check ing conditions commonly encountered in the flight regime.

7 . 1  General Procedures

The STATIC CHECK for the rotational equations could be
performed as follows: an initial flight condition is established by

fixing Mach number , dynamic pressure and angle of attack at pre-

selected values.  Input variaj ies , angular rates , Euler ang les , control
su rfaces , etc., to each of the equations are then perturbed one at a

t ime or in pairs to excite particular terms of the equation s to be

checked.  The outputs should be scrutinized for trends and for possible
wrong signs.

By choice of certain parameters we can isolate each portion

of an equation to see if it gives the correct answer. A case in point - V
is i l lustrated by considering

= 
q S h  

F c , P + C R ) JL. + C B~ C ~a + C2 5r1
B I

~ 
L 

-
~~ 

B 2R B 2V or I

‘xz . 
_ _ _ _ _

+ I x ( R B + 
~~B~~13~ 

+ 
~ 

1~ ) QB R B (7-1)

If we set = 
~~B = 0 and B 0a = 5r = 1xz = 0 we can observe the

change in roll rate as a sole function of the yaw rat e , or 
~~B = 1( R& .

By resett ing d i f fe ren t  parameters , we can gradually examine the influence

of e i c h  of t h e  t e r m s  in the  
~~B equation , remembering to take into

aecount the sign of each t e r m .
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A similar procedure is used t o check the aerodynamic coef-
• . ficient equations for CN , Cc , CL, Cm , C~ and Cy as functions

of a , B ,  Mach number and control surface configuration.

• DYNAMIC CHECKS should be attempted only after the user
is fully satisfied with the static tests. Again a few checks are sug-
gested herein for illustration purposes . They are ne ither unique nor
exhaustive. To test the dynamic behavior of the rotational equations ,
a stable flight condition is picked and initialized by setting a , B ,

~~TRIM ÔrTRIM , Ôa TRIM , V and h (TRIM conditions are selected

so that the initial moments are zero , i . e . ,  a and S remain unchanged) .
Eac h surface 

~°e ‘ 
6r ‘ 6a ~ is pulsed separat ely and the resulting

• aerodynamic responses on 
~ B ~ B ~ B QB , RB , RB a. , B

acceleration terms NZ & NY , e , p and $ a~re recorded on a strip-

chart and compared to known correct responses. The suggested shape

of the bidirectional ramp shown below could be used for forcing
function ( deflection varies from ± 5 0 for subson ic region to ±200 for
super sonic region )

V

time (sec)

It is recommended that this test be conducted on a daily basis to
verif y the operation worthiness of the equipment . DYNAMIC CHECKS
should be carried out on the translational ( orbital ) equations also.
I f all aerodynam ic effects are nullif ied by zero ing C~ , C~ , CN LB~ 

MB,
N B ,  ~~B ~~B R 8 at the same time fixing a ., B ,  e , * and ~~~, the

vehicle can then be considered as a point mass. Additional checks of the
orb ital equations are also performed by in itializ ing Cc and CN suc h
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that the aerodynamic effects of these equations can be assessed.
It should be noted that dynamic checks for handling qualities are
normally performed in five degrees-of-freedom. Dynamic checks
for performance (point-mass) are performed in three and six

• degrees-of-freedom .

• The control system mechanization is checked by varying
the input variables (control stick , rudder pedal, angular rates ,
angle of attack , Mach number , dynamic pressure, etc) and
observing the control surface responses.

The cockpit instruments, switches , control stick and rudder
pedals must be checked for proper mechanization (magnitude and
sign) .

7 . 2 Static Checks

The values being established for Static Check can be
completely arbitrary but they must be reasonable. For instance,
we can ’t choose a test value for a. _ 100 because the Shuttle will not
operat e in that range . On the other hand one can pick a test value
of a 2 8 ° or a=30° and one value is as good as the other. In this
program the Orbiter can assume either the ENTRY phase or the
TAEM phase. Each phase should be tested individually.

7 . 2 . 1 Equations-of-Motion Checks: By setting certain flags
the FCS c~ n be effectively bypassed to allow us to check only the
equations of motion . Specifi cally , to disengage the FCS , reset the flags
concerning aileron and rudder and trim the elevon 0e = 16.330 -

•

Then establish the following initial conditions

Mach 3 a = 20 = 150
h 99480 V=2970 S = 2690

b = 78.06 ë 39.57 W0 155 ,000
= 600,000 ly =I

~~
= 5 5 *  106 IXZ =

• 65% = 29.06% 6BF ~~
85B = 25 Gear in Up position 8e = 16.33

With the above IC’s, equation (2-19 ) become,
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~ B =(~~;
‘z) ~ B RB + 

~~~ 
(~~B~~~B

QB) ÷ 
~ Sb 

C~~ °e) B

+ C2~ a
Oa + CLÔr ör] + ~ Sb2 ( CL P

B 
+ CL R  RB) . 

( 7 -2)

Substituting known quantities into (8-2 )

.1667 ( RB ~ B~~B
) + 52 .495 [(_ .0 0168_ .0000l *(..16.33)) s

+ .000547 8a ± , 00022 6r] + .6 8986 (_ .26 1P B + .073 R B)

Next we manipulat e the state variables to obtain a number of
conditions. The series of checks appear lengthy at first glance,
but they are necessary because each set of condi t ions allows us
to verify a different part of the set of equations of motion.

a! For 
~B 

= 

~~B 
= 0 ; R

B 
= .4 rad/sec ; ~=0°

1xz 0 resulting in 
~ B 

.0201 rad/sec2

For Q
B

R
B

O ; 5 5 a 6r ° ‘~~~B
1’

= 0 
~ B 

= - .1801

c/ For 
~ B 

= QB = R B = 0 ; 8=  -
~~~~

° 
; 0a 5r = 0

.3990

d/ For 
B 

= 

~~B 
= R B 0 0a = 100 

~ 
= 0r = 0

IXZ = 0 
~ B 

= .2871

For PB Q
B

R
B

= 0 ; o i.=20°; 5 6 a 0

IXZ = 0 
~B 

= .2310

f/  For 
~ B 

= 0 = R B = • ‘~ ; B = 
~a 

= = 0

Ixz = 0 
~B 

= .1534
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In the next two cases, g) and h) ,  ~~~ is not set to zero but to io~
as indicated earlier.

g/ For PB = Q B = R B = O ; ô~~~~10 • 5 6 r °
R B .0058 Resulting in 1’B .2881

h/ For 
~ B 

1 
~~B 

= ~ RB = 0 ; ôa = 100 
~~~= 6r =

= -.3541 P = .1148

Still under the IC’s imposed earlier, calculate the static test concerning
the pitch acceleration. According to equation (2- 19)

~ B ( 
z x ) P R B 4 (~~ 

- p~~~) + 

~~~:~~~
m0 

+ t
~
Cm +

C 0BF + Cm (â SB - 550)]
+ 

~~ 
(C~~~ QB)

Plugging in the inertia terms

.S909 PB R B ~ .0182 ( R~ - P~~) +2 . 9 o 3 [_ .o23 +~~Cm -

+ .00023 ( 6SB - 55
°)] + 0193

~~~
2’3

~~B~

As a consequence

if For PB QB
RB O ;  0e 0 6BF = -

~~~ 
ÔSB _ 2 5

Whereupon the check value for the pitch acceleration is

= - .0838 rad/sec2

For 
~B 

= 

~ B 
RB = 0 6e = -16.33° 8 BF = 16.3

5SB 25° 
~ B 

= - .083 1

For 
~B ~ B 

R
B 

0 8e -16.33° 6BF =

87.2° 
~B 

= .072
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i - I  For 
~
‘B = RB = 0; 

~ B = .5; 6e — 16 .33 °; 8BF = -5°

• 6 SB = 25° Q B = - .0222

m/ For ~ B = 
~~B = 0 ; R B = ~~~ 0e = -16.33°; ÔBF -5°

- 08SB 25 
~~B = .0029

n/ For 
~ B = 1. 

~ B 
= 0 ; RB 

= ~ ; 0e = - 16.33°

• 5BF = -5~~; ~SB = 25° 
~ B = .3411

Next let us turn our attention to the yaw acceleration by making use ofequation (2- 19) again

= 
(

1x ’
Y) 

~B~~B 
+ + b[(C +C~~~~~ e)8+C O

+ ( C
nô ór + Cn I5()or l 

+ 

~~~~ 
(CflP PB + CnR R B) (7-6)

R B = 

~
8909

~~B~~B 
+ .0182 

~~~ 
_ Q B R B ) ~ 5.727 [- .00096 5 + .00001 6a

+ ( - .00042 + 000016 I~t ) O rJ± .075 3 [ .O 1P B
. .91 R B ]

Carrying on with the test

0/ For PB QB O ; R B .4 ; 6a 0r 0

= 0 , we obtain RB = - .0274

p/ For 
~ B 1 QB RB O ;  B 0 a 6r 0

IXZ 0 RB = .00 08

q/ F0r PB = Q B = R B = o ; $ _ 5 o ; 6a 8r 0

1XZ = 0  R B - .0275
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r/  For PB QB RB O ;  8a 20 6r =
~~~~°

‘xz = 0 R
B 

= .0011

SI For PB QB = R B = O  ;~~r = 2 0 ° ; 5
~~~a 0

R B .O48i

t/  For P
B 

1
~~ ’~~~B ~~

‘xz 0 R B .3556

Now we again impose a value of 10~ on

uI F0r PB QB = R B = 0  ; o a = 2 0 ° ; B = O = o

= .5761 rad/sec 2 R B = .0116

vi For 
~ B = 0 ; Q~ 

= R B = .4 6a 20 ; B = 8r = 0

= .5913 R B = -.0184

7 . 2 .2 FCS Checks : Set ALTITUDE = 92,800 ft ; VELTRUE=2960ft/sec
TURNCORD = . TRUE . ( to allow the FCS to maintain the nose level
during a turn) and Rudder Pedal Position RPTASOP = 0. Then proceed
to parts a) and h) below.

a) Pitch Plane Test (ENTRY Phase) Fix the Pitch RHC
PR HCSOP - 10° and 

~ B = 2°/ eec. Then the elevon deflection , the
final object of our Pitch-plane test , should be 6e = -6.42°. The cal-

• culation of intermediat e variables leading to 6e is left to the reader.

b) Roll and Yaw Test (ENTR Y Phase) Establish the Roll Stick
Position RRHCSOP = 16.15° and also the following conditions

PRHCSOP = 0° 1DB 5°/sec
= 300 RB = 1°/se c

e = 2 0 ° a = 1 5 °
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We should obtain these final results

â
a
= _ 2 6 6 °

• 
~r 

-1.9°

• and Yaw-jet Command DRJET .63 (dimensionless) corresponding
to the firing of two reaction jets (UZCMD = 2).

• Now we are ready to test the FCS in TAEM phase. Assume
ALTITUDE = 48,600 ft and VELTRUE = 1017 ft/sec . This will result in
Mach = 1.05 and ~ = 200 lb/ft2 . Proceed to parts c) and d) next .

• c) Pitch-Plane Test (TA-EM Phase ) : Choose PRHCSOP = -10°

RRHCSOP 0° ; RPTASOP 0° ; Q~ 
= -2°/sec ; RB = -2°/sec and

30° . With the above initial conditions we should command the
following responses:

Pitch -jet command , DPJET = -.79
Pitch command signal , BCSL = .365

d) Roll & Yaw Test (TAE M Phase) : Select the conditions listed
below.

PRHC SOP = 00 RRHCSOP = 11. 15°
RPTASOP = 11.125° 

~ B 
= 2°/sec

= 30° R
B 

= 5°/sec

0 20° NY = .25g

a 15° RB - O

Look for the following results out of the FCS

6 = .771°
a

8r 22.09°

DRJET = -10.68 (4 jets )
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7 .3 Dynamic Checks

Again , two principal part s of the program are tested semi-
independently of each other. We choose to test the simulation in
5 DOF ‘s only, by setting FIVDEG = . TRUE. . In 5-DOF mode the
Shuttle flies at a constant altitude at a constant axial velocity .
To disturb the equilibrium (or steady-state) conditions , we introduce
a forcing-function of short duration and observe the system response.
The triangular -waveform forcing-function shown in paragraph 7. 1 is
generated on the analog computer and patched into an A-D convertor.

• It has its peaks at ±1 . Once converted into a digital quantity, this
• waveform is further modulated to give the proper pulse amplitude

(for example ±160 for 6e pulse) . During each test only one surface
is disturbed. All other surface deflections are returned to init ial-

• condition values or set to zero. Both the equations-of-motion test
and the FCS test use the same standard conditions for altitude,
true airspeed , weight , surface area , inertial coefficients, Euler
angles and trim surface deflections, namely

6*10~ = .65 VT 2970

= 5.5*106 = q = 150

5.5*106 = .2907 Mach = 3

h = 9 9,480 S 2690

= io~ W0 = 1.55*105 b = 78. 03

39.56 4 = 107.5

• The following angular conditions are also arbitrarily imposed

25° cp ( 0)  = 0
0 L(0) = 0°

6BF = 
~~~
° 

~U0) = 0° x(0) = 0°

a (0) 20° 0(0) = 20° 5a = 00

8(0) 00 ôe = 16.33° 5r = 0
0
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7.3. 1 Equations-of-Motion Tests : Three runs are made , all with
the following conditions:

FCSDE = FCSDA = FCSDR = .TRUE.
Various output quantities are fed to the DAC’s and appear on the strip
charts as analog signals. Under the best circumstances the traces can
be read at an accuracy of 1% and thus can be used as a qual itative
check only. Distinguish the three runs:

- Case a: 6e is pulsed with a triangular wave (see page 65)
• having ±16° peaks . See figure 7-1.

- Case b: is pulsed with the same waveform resulting in

the traces on figure 7-2 .

- 0- Case c: 6r is pulsed with a triangular signal having ±20
peaks. Consult figure 7-3 for the airframe responses.

7 .3 .2 Flight-Control-System Tests: The FCS tests helps to verif y the
end -to-end performance of the simulation . Since we operat e at Mach 3
and since rudder pedal input s are bypassed by the FCS at Mach> 1.5 ,
there is no need to pulse the rudder surface. In the two rema ining
test cases , a full stick input is applied to the aileron in one case and
to the elevon in the other case. The testing is intended not only for
dynamic system response , but also in assisting in the discovery of
possible FCS discontinuities or errors. Both cases are made with the
following conditions:

FCSDE = FCSDA = FCSDR = .FALSE .

As before, the system response is observed through the use of strip-
chart recorders.  The two cases are perturbated in the following manner:

- Case d : 8eRHC is pulsed with a triangular wave having peaks at

±20° . See figure 7-4.

- Case e: is pulsed by the same signal. See figure 7-5.

It should be noted that in both cases the Flight Control System must
be allowed to stabilize the airframe for approximately 3 to 5 seconds
before applying the disturbances. In this manner the pitch axis will
settle to a trim condition, reducing the inter-axis interaction.
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8. TERMINOLOGY , SYMBQLS AND DEFINITIONS

8 . 1 List of Acronyms

ASCII American Standard Code for Information Interchange
A-D Analog -to-Digital
CG Center of Gravity

CMD Command ; Commanded
CRT Cathode-Ray Tube (Computer terminal)
C/R Carriage Return

DAC Digital-to-Analog Convertor
DOF Degree Of Freedom
EOF End-Of-File

FCS Flight Cont rol System
FGP Function-Generation Package
FILT Filter

Hex Hexadecimal number
IC Initial Condition mode
I / 0 Input / Output

NOM Nominal value
RHC Rotational Hand Control
RCS Reaction-jet Control System

SEL Systems Engineering Laboratories

8 . 2 Lists of Symbols Used in Computer Programs

The following abbreviation is used throughout this chapter: DL = dimen-

sionless quantity . The subscripts on ~rarious quantities have the
following signif icance:

= aileron incremental deflection
B = wri t ten in Body coordinate system
ÔBF = Body Flap incremental deflection
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d evon incremental deflection
or = rudder ‘

• OSB = Speed Brake incremental deflection

• E or e Earth axes or relating to earth
F Fuel
G = Gear extended

II = written in H-frame (orbital reference axes)

• L , H two halves (Left & Right) of the elevon
0 = nias value ; IC value ; sea-level value

• Be aware that stability coefficients with various final subscripts may
have different un it+ . Consi’1er C~ , C~ , C ( bias value of

~~6BF
norna~ force c o e f fic i e n t  , normal force derivatives due to elevon and
bo ty flap inc r ’j mental deflection) ; they will not appear as three separate
en tr ies  on the ta 1” . Note that CN is dimensionless while CM and

0 Oe
N~~p~ have i i i ii t •~ ‘f sec~~ . Other subscripts used are ri , 8, p, q and r .

Sometimes a quantity is represent ed by two computer variables wh ich
are riot equivalent . For instance ALPHA stands for a in radians . :\t the
same time • \ i V ~~ a1.’~o symbolizes a but in degrees. Similarly LAT and
LA ooth :~l.and for Eatitude , hut LAT is a single-precision quantity while
LA is compin co in double precision . The computer symbols appear on
two separate taL.1e~~. The second table lists the names used in the 

FCS

program and the first table covers the remaining programs ( MAIN
plus all subroutines)

80
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Table 8-1 : MAIN PROGR AM SYMBOLS

• Symbol Explanat ion Computer Un it
Representattoi

a Sonic speed SOUND ft/sec
b Wing span B ft

Cc Total trim chord coefficient CC DL

cg~ Longitudinal distance of CG measured
from a reference point situated 238”
in front of the nose (expressed in %

of Orbiter ’s lenght ) (not used)

C~ Total rolling-moment derivative CL DL

Mean aerodynamic chord C ft
Cm6 Pitching-moment derivative due to 6e CMDE deg~~

CmOSB Pitching-moment derivative due to 
~~B 

CMSB deg~~

C~ 5 Yawing-moment coeff. due to rudder CNDR deg
1

CN Total normal force der ivative CN DL

C~~8 
Side—force coefficient due to 8 CYB deg~~

• FT Fuel consumpt ion rate (not used) 1 /sec

GRAVITY 2g Gravitational acceleration f t / sec
o r G

h Geometric altitude ALTITUDE ft

Geopotential altitude (used for calcu-
lating air density & temperature) GEOALT ft

‘xx Polar moment of inert ia (along the
longitudinal axis). Or I~ IXX slug.ft2

‘XY~~ 
IXY )

Products of inertia IXZ ~,. slug.f t2

I
~ z J  

IYZ J

81

- ~~~~~~~~~~
- 

~~~ 
-
. -. - -. ~~~~~~~~~~~~~~ ~~~~~~~~ 

- , -
~~~~~~~~~

- -



______ -- T~~c - ~~----, - -  -~
.• • -• . ----- -~~~~~~~~~ --~-~ ~~~~~~~~~~~~

Table 8-1 : Continued

Symbol Explanation Computer Unit
Representation

I~~~; 1~ z Transverse moments of inertia IYY ; IZZ slug. ft

• KCAS Calibrated airspeed KCAS knot
KEAS Equivalent airspeed KEAS knot

- A constant characteristic of the
earth mass distribut ion J2 DL

~~~ 1 
Constants character istic of the I UYCMD

• 
~~R ~ thrusts of the pitch , roll and UXCMD DL
,~ j yaw reaction )ets.

L Lat itude LAT OR LA radian
LB Total rolling-moment in

body axes I LBODY lb . f t

~i 
; ~~; ~ Direction cosines Li ; L2 ; L3 DL

Lengt h of the Orbiter (nose to
tail) - LENGTH ft

m Orbiter’s mass MASS slug

m 1 ; rn~ : m3 Direction cosines I M l ;  M2 ; M3 DL

M B Total pitc hing moment MBODY lb. ft

Mach Mach number MAC H DL

n 1 ; ri2 ; n3 Direct ion cos ines Nl  ; N2 ; N3 DL

N B Total roll ing moment NBODY lb.ft

Roll ing rate PBODY rad/ sec

l)ynamic pressure QBAR lb/ft~

Q~ P itch ing rate QBODY rad /sec

82

L•~ ~~~~~~~~~~~~~~~~~~~~~~ ~~
•
~~~

• 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -~~~~~~---~~~~~~~~~------



- - -- 
—.--

~~~~
-
~~~~~~~~

--
~~~~~~~~~~~~~T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table 8 -l : Continued

Computer
Symbol Explanation Representation Unit

r0 
Equatorial radius of earth RO ft

r Distance between Ortiter and RADIUS ft
earth center RAD

OR Altitude measured from
sea level D ELR ft

RB Yawing rate RBODY rad/sec

RD Down range DOWNRNG ft

Rx Cross range CROSSRNG ft

S Reference wing surface area 5 ft
2

T Thrust (not used) lb

Tx,Ty,Tz Thrust vector in the (not used) lb
3 body axes

UEA, VEA Horizontal components of UAIR(or UA) f t / s e c
airspeed in earth axes VAIR(or VA)

U I UEARTHE Orthogonal velocity components
expressed in earth axes VEARTH ft /sec

W
E J  L WEARTH

VELTRUE
V Orb iter ’s total velocity or ft/sec

TAS

W0 Orbiter ’s weight WEIGHT lb

WF Fuel weight (not used) lb

w Wind component in NWIND ft/secu North direction

Wv Wind component in EWIND ft/sec
East direction

• . 83
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Table 8-1 : Continued

Symbol Explanation 
- 

R~~~~~~ r~~ t ion Unit

Longitudinal location of
Orbiter’s CG (expressed in

• percent of Orbiter ’s length) XBAR %

XB 
Longitudinal acceleration XBOD~~, XB 

ft! 2
component

• Lateral location of CG YBAR

YBODY , YB
Lateral acceleration component or ft /sec2

AY

Vertical location of the CG ZBAR %

Normal accelerat ion ZBODY , ZB - 2ZB or ft/sec
component

a Angle of attack ALPHA radian
8 Angle of side slip BETA deg.

y Flight path angle (not used) rad

Aileron total deflection DAIL orDA deg.

~BF B d y-flap total deflection FLAP orDBF deg.

Elevon total deflection ELEV or DE deg.

Rudder total deflection DRUD or DR deg.

Speed brake total deflection BRAK or DSB deg.

Time increment (time fr ame) DELTA sec

8 Pitch angle THETA rad.

Angle between surface of the (not used) deg.
fuel and XB &XIS
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Table 8-1 : Continued

Symbol Explanation R~~~~~~~~~ ion Unit

A Longitude LNG or LN rad

• Colatitude ( - i -  -L MU rad

p Atmospheric density RHO slug/ft 3

cp Roll angle PHI rad

• ‘f’ Yaw angle PSI rad

W e Angular velocity of earth OMEGA rad/sec

Some variables appear both in the Main program and the SHTFCS .
If t hey have been previously listed on Table 8-1, they will not be
repeated here on Table 8-2.

Table 8-2 : FCS Varia liies

Computer .
Variable Description Unit

DACMD Aileron command deg

DATMPAN Aileron panel trim command 0 , tl

DATMR HC Aileron stick trim command 0 ,~~l

DATSUMI Aileron trim integrator command deg

DBFMAI”i Manual Body Flap command 0 , ± l

DBFRC Body Flap rate command deg/sec
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• Table 8 -2 : Continued

Computer Description Unit
Variable 

_________

DCSP Aileron command due to stick and rat e feedback deg

DECMD Elevator command deg

DEL Left elevon deflection deg

DER Right elevon deflection deg

DETRIM Elevator position trim command deg

DETMPAN Elevator panel trim command 0, ‘ 1

DETMRHC Elevator stick trim command 0,±l

DPJET Pitch Jet Command DL

DQCT Elevator Command due to stick and rate feedb ack deg

DRCPF Rudder command due to pedal deg

DRCMD Rudder command deg

DRJET Yaw Jet Command DL

DRLP Left-half rudder deflection deg

DRRP Right-half rudder deflection deg

DRTRIM Yaw Trim Integrator output deg

DSBPC Speedbrake command deg

ELFBK Elevator Feedback signal (Mach�12 ) deg

ETRIM Elevator Position Trim ( Mach>12 ) deg

NY Lateral Acceleration g ’ s

NZ Normal Acceleration g’s
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Table 8-2 : Continued

Computer Description Unit
Variable

PE Roll & Yaw stability feedback DL

PRHCSOP Pitch Stick Command deg

QDOT Pitch Acceleration rad/ sec2

RDOT Yaw Acceleration rad/sec 2

RPTASOP Rudder Pedal Command deg

RRHCSOP Roll Stick Command deg

SBHP Speedbrak e Handle Command deg

SUM23 Roll & Yaw Command due to stick DL

_ _ _ _  -~~~~~~~~~~~~~~~~~~ •—~~~~~~~~~~--- -_~~~~---—•--•.- • -•- •--- I
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** **
** APPENDIX A - MAIN PROGRAM LISTING **
** **
** **
** S A F T 0 **
** **
** **
** S I M U L A T I O N  ~~E N C p 1 M A R K  **
** **
** **
** **
** **
*a*a*a********a**a***** ***********************************************
aa****************** ******A************************* * a* * * * * * * * * * *a* * * *
*

*
a
a
*

*

a a* * * * * *  * * *  * * ** * a* a*  * * * * * * * ** * ** * ** * * *  * * * * * * * * * * * * * * * * *  *********a* ****
a *
a *

* S~~I U 1  ~~L E  *

* *
a E O U A T I O N S  O~~ M U T I O ~~ *

* *

* *
***********a *a ****a ** * * ** * **  ***** * * * a * * * * a * * a * * *  * * * *** * a ******  **** **a *

PRLJGkAM S P4I LO FT
*
* SPACE ~MUT TL€. O~ H ITA L fL 1I.~H1 lEST SIMULAT IITh.
*

IM PLICIT M~. AL *~4 (A Z)
RE AL*8 DA TAO f~L
LOGIC AL *L OA1A ~4YJ
COMMON /A~~~A Y 1/i)A TA~~ OR (4OO )
COMMON /A kkAY2/0A~~AO~ L (17)
COMMON /ARf ~A Y3 /OAtA ~~YT (17)
COMMON /AW ~ AY4/A NI LE~(3)

~IT INb Il (lb )
LU~~ICML*1 IC,HULO.POTSEI ,A~ OI~l , I~~~~~~,fIVOU. ,
LOGICAL *1 fCSL)A,~~CS0E,FCSOM ,FCSOF ,FCSS~4,*1 ND
LUt~ICA L *L AOY,00MPFLA (,AU TUBF
LOGIC A L a I TUI~NCOP~O
LUbI CA L* 1 U1PULSE,DAPULSE,U~ PUL SE
Lo(~ICA L* q  iAS ER
LO (,ICAL*q OI SC RIIN
IN1E~,LI~*~ J~PL , 1EMP2 ,fr ’~( E V T EMP
INIEGER*Ll SAVf L
JNf tGE R*4  L I N K , I I , J J

TE~~~~*~4 HAND L Ek
WE AL A S DpJ11 ,DP112,L )P1U,CUSLAT,COSMU ,COSPSIH ,LA ,LN,MU,P~At),

* WCUSLAT ,SMA kL,SINLA 1,SLNMU ,SPoPSIPl ,UA .UH,U~.,VA, ~~~~~~~~~~
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* *Mo ,x b .ya ,L t~,s~s 1pi, Lw,oEL uT, t,w A v 1 T y . LA s D o r , L N L ~L)u1, Ps1I-so ur ,
* RU$, WU UI,IJM, aM,X E A M ,X p 1 , Y E A W I M ,V1$ , Z EAt ( l I l ,ZH
WEAL*~ UU1t )A1A(S~ 43)
INT Gt.I~*~ A EWO SILE

a

* THE FULLOY.IN ( IY PI~d sTA T~ MENrS t IMENSIUN TPIE DATA TAbLE AR RAYS .
*

INTEI,EW *d LSIIE, W S IZ E ,  ISIZE ,P~A & S I L E , b V 1 S I L E ,S LZ E . P L A C L
INTE (iER*~ ILEVPI (2),UELPT (2),DEWPT (2), ALI MAPT (2),MACMPT(fl,

a 8ETAPT (~~).OStSPt (2)
INTE (iEN*8 LIST (43’4)

*

* THE FULLUMLN ( A MNA YS FUP~M THE 1/U IAbLES .
* ~)A TAUU1 AN D D A I A I i ~ J Q p ~M J~lE 4’4 C h A NNEL D A I A  uUIPur A ND 3 ±  C~~A NNE L
* DAT A 1NPU% TAbLES, KESPELT1VE LY ,
* SCALOUT ANt) bCAL 1 ’~ A~~E IHE CUWWESPONDIN~ 0iJ I~ ’UT ANU It~PUT SCA LE
* FAC IOWS , RE S PEC t IVE L Y .

INJL (tR *~4 CuUr~l
jNIE~,ER*2 OA fAUU1 (’4’4),DATA If~(3d)
kEAL*~4 SCALUUT (4U),SCALIN(32)

*

*
REA L*44 CCUI (b33
REAL*q UCCEE (378)
WEAL*4 CCtThF1T(b3)
WE AL *i~ CC1)~ F2)(b3)
REAL *a CCDSd 1T (é3)
kEAL*~ CCDSS2T (63)
REAL*4 cLt SlAt ~L (d52)
REALa~J CLi4OEIT(ô3)
RE A L*4  C L L 4 U E d T ( 6 3 )
REAL*~4 CLl~OSt~1I (ô3)
REA La~4 L L d O S b 2 T (e ~3)

CL~ US~43T(63)REAL * M C L U A I ( 3 1~~
)

WEML*~4 CLU~~T(~~~~)k EA L* 4 4  L L P J ( b 3 )
CL~~T ( b 3 )

WEAL *~i CMUI (t,3)
DC~’ E l(3 7S )

REAL * ~4 C M(Th F 1T ( b 3 )
W EA L* L3 CMOb~ 2 I (6~~

)
WEAL *’4 CML) St 3 1 1 ( o S )
RE AL *4 CMOS~ 21(b3)

CM~ T(d~ 2)
REAL*4 CNBTAt~L (2S2)
REA L* ~ CNI iDEII(63 )
REA L* L~ CN~ t)E2T (~~3)
R EA L*4  C N b D S b I I( b3 )

C NbO SI32 I(6 3)
W EA L* l 1  C NW)Sb3 1( b3)
~E A L*4  - C N D A T U 1 8)
~EAL*4 Li’iU (a~~~iWE A L *~4 C’W~ t~T (o3)
R EA L a4  C N P T ( b 3 )
REAL *~ CNRT (b3)

CNOI (b3)
REAL*4 CNOET (63)

L 

WEAL*’4 CNO~ F 1t (b3)
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WEAL*~i C t i ~~~I (b3JRE A L*~ CNI)SblI (63)
REAL * U CNDSH~~T ( b 3)
REAL*~l CYtU (b3)
RE AL *4 CYOAT (378)

CYDWT (b3 )
REAL*4 C YORSr~IT (7)

CYL ) RS~~2 I ( 7 )
*

RE AL *~4 SNDIAdL(31), SNoAkt~(31),L~~TAbL (41) .ZE1AR G (~4t )
REAL *~4 ~~~~~~~~~~~~~~~~~~~~~~~ ,E*1 At~L (2U)
W EA L*~4 E L E v T  ( 8 ) , D L L T ( 2 ) , D E W T ( 2 ) ,A L P H A T ( 1 1 ) , M A C H I ( 9 ) , b E IA T C 6 ) ,

* D S b U b )
*

*
EOU IVA L INCE (1Nb11 ,DISCi ~i IN )
EUU IVA LENCE (SNDAR(.~(1 ) ,LET APIG(1))
E DU1vALE N CE (ELEvr (2),ELEv ~’r (1)),(uELT(2),oELPT (l )), (UEWT (2),

a , IAPT ( 1) ) (OSbl ( 2)
*

EQUI VALENCE
* ( U U T O A T A ( 1 ) , C L O E ( 1 ) )
a , (OUTUA TA (bSlJ ,DCCEI (1 ))
a , (OU 1UA IA (~4’42),CCOb11T (1 ))
* , ( U U T DA J A ( S O S ) , C C I ) b F 2 1 ( 1 ) )
*, (OUTOAJA (’~o8),CCUSb1 1(1))

* , ((jtJ J~,)A TA ( 69Zs) , CLt~ I Ab L (1))
*,(IjUIDATA (946),CLdOE11 (1))
a , (UU It.)A ~A (  100 9)  ,C LbOE~~1 ( 1) )
a , (OUIUAIA (1072 ),CLdU S ~3 lT LI ))a , (hJ U IOATA (11 3 ’,),CLdOSb2T (1))

* , ( O u T u A f A ( 1 1 q 8 ) , c L t 3 t ) s t ~3 T ( j ) )
* , (00 1 OA A t  1 c~b I), CLL)4 1(1))
a , (O UIUA FA ( 1b39) ,CLDPU ( 1))
* , (uUI0 AT A (l ~~91 ),CLPr (1))
a , (OU1uATA (19’,4),CL~~l (1))
*,(LJUTUA TA (d01 7 ),CMOI (1))
* , ( U i J T O A T A ( ~~O 8 O )  ,O C M ET (  1))
a , (ouI oArA (~~4S8),CMobF1T (1))
a , (UUTDATA (2 ~~~1 ) ,CMDt~~~T (1 1)
a , ( 11)A IA ( ) , CMOSt~1T  ( 1)  )
a , (OUtOATA (2 ~ 47) ,CMDSt$2T( 1)3
* , ( O U 1 U A T A ( ~? 7 1 0 ) , C M O l ( 1 ) )
a , ( (J~~ I D A T A  ( 2962)  , CNh ~ T A B L (  1 ) )

*,(uo1oArAt32I ~~),cN~ uE 1 1 (1))
*,(O1jTUA TA (327 7 ),CNt~DE~~I ( 1))
* ,( t j t J l L j A l A ( 3 3 ) . C N b D S d l r ( 1 ) )

* , ( U U T I ) A T A ( ~~4 0 3 ) , C N u ~OSt3 IT ( 1) )
* ,(uu r o A I A ( 3 ~ e b ) ,c Na u St i 3 I ( 1) )
* , (‘j U T U A T  A (3 52 9) ,  C~ 0A 1( 1) )
a , ( u U T u A  3 9 0 7 )  , CNi) R 1( 1) )
* , (00 T0A A ( ‘ 4 1 59 ) ,  CNO’~ b 1( 1) )
* , ( U U I U A 1A ( ’ 4 2 2 2 ) , C ” ~P T ( 1 ) )

* , (LJLjh ) A l A ( U 3 4 d) , C ~.Ut ( 1  ) )

*,(uUToA I4 (~~4 1j ),CNDET (1))
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a,(UtJ1D A JA t ’ 4 ’,37),CNL)~ I2J (1))
a , ( U U 1 0A T A (~4 8 0 0)  ,CNOSB1 I t  I))
a,(UUIUAIA(thbb3 ),CNUSH2I(1) )
*,(QUTDATA(q726),CybI (I))
a , (U~~ UATA (~~789) ,CYDA1 (1))
*, (QUIDAT A (5167),CYORI (1) )
a , (00 IDA TA (52.SO) , CYDWSb1T ( 1))
a ,( O 1j j O A I A ( 5 2 3 7 ) , C y~)k S b 2 t ( I ) )

EOUIVAL ENC E
*

* ,(OATAObL (2),OELWOO I)
* , (DA T A D b L . ( 3 ) , L W A V I T Y )
a , ( UA lA O t s L (

~~) ,LA 1UOIj
* , (DA1AU~~L(5),LNGUOT)

* THERE IS A HOLE AT UA IAIThL(6)
a , (QA 1A ~ThL (7),pSIhDOT)a , ( O A T A O I 3 L ( b ) ,RUH)
* ,(UAIAUBL (9), RUP400I)
* , ( DArAOb L ( 10) , (JP I )
a ,(OATADt ~L (11),M M )
* , (t)ATA~~~L (j2),XEAkTH)
* ,(t)ATAObL (13),Xhl )
* , (OA lA DaL (114 ),YEA ,~TH)
* ,(04TAOdL(1~~),YH)a , ( D A T A O a L ( 1 o ) , L E A ~~1H )
* , ( L ) A J A D H L ( 1 7 ) ,Z H)

a
a , (DATAb ’iRut~t I ),CALPHAO)
a , ( UA I A M R t ) R  (2 ) ,  A X )
a , (DAIA ~ iw R (3),AY)a , (O A I A a W O R  (4 )  , Af l
a, (UA TAa ~~)W(5 ),CALPHA )a , ( U A I A M W D W ( b ) , ALI  I l oDE)

a,(U4A*Nt)R(9 ),h4EIA )

a , (DATA ~~ROR ( 13) ,CCt3F )
a , ( O A T A ~~4 O~< ( 1q ) , C C 5 b )
a , ( O A T A ~~~t)t’~( 15) ,C O)
* , (DA 1AaWD ~~(16),LL)a ,(t)AtA *RDH(t7 ),CL~~T)
a , ( DAT Av~Ht)R( 1~~) , CM)
a , ( OAT AMRL )W ( 19) , CMBF)
a , ( 041 A v~RoR ( d O )  ,CMSt3 )
a , (UATA n WOR (21),CN)

a , ( D A J 4 a R D ~~( 2 3 ) , C N Sb )
A , (DA TA ui~(24),C Nd I)
a , (DAJAwWDR(25 ),CY)
a , (OATA ~i RUR(2b) ,CLtWE)
a , (041  A~~~U R ( 2 7 )  ,CLbSt ~)

•

a , ( t)4 IAv.WDN ( 29) , RUN TIRE . )

• a ,( U A I A ~~RDp~( 3 2 ) , C Y O RS d )
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* , ( t )A1 A nWOR ( 3 3 ) ,C h .WSSkN ~~
)

*, (UATA p ~RQR (3L1),OAjL)
a ,(DAIAMKUR (35),OEL )
a , (DATAMRDR(36), ALT O )
a , (DAlAv ~WDR (37),PNHCSUP)

* , (0ATA ~ RDW(39),OMjC)
a , (DA IA ~~W0W(4O ),UNUO )

a , (OATAMRDR (42) .L)E.LIC)
a , ( O A T  Av ~RDR (4 3) , 0 4CR )

a , ( h J A l  A W W U R ( 4 4 ) , D E L R I C )
a , (0ATA ~~s0R(45),L)t~L I A )

* , (DATA O R ( ’4 1 ) , 0 0 M N M N ( )
a , (OAI A.’~RDR (L48) ,OSBIC)

*,(UA 1AMkD ~~(51),FLAP )
*,(-DAT AWRL)R(52 ),G0)
a , ( 04 TAMROM ( 53) , GEA R )
a , (UAt4~.I~w~~(5a),0PJET)
a , (uAT A~~W OM 55) , OK JE . T )

a, (DA I A~~NOW (Sb) ,P1L) O T )

a ,(UAlA nRO ~~(S8),GE.UALT)
a , (OAt AM NON (59), IXX)
a , ( U A 1 A ~~MI) h~ (bo), 1* Y)
*, ( OA J A ~~~ M O N (b 1 ) , l X L)

*, (U A TAM K O R (6 2 ) , I YM Z )
a , (OA TA ~~R0f~(b3 ), I Y J Y )
a, (1)4 Av~lE0~ & b M )  , I Y Y )

* , (t )A lAv i k Ur ( ( bb) ,  ILOZ)
*,(DA IAtNWIW (67),IZZ )
a , (041 A~dkOH(bb), IHJr’4C)

* ,( O A T A a k L D ~( 7 O ) , K C A S )
a , (L)A1AAKD ~~(?1) ,“ .EAS)
a;(DAIA WO’.’(72),RRHcsuP )
a , ( 1)4 T A M R D k  ( 73) , J’~NO IC ON )

A . ( t ) A I A~~ROi~~( 75) , d AT )
a , ( D A T  A v~R U~~ L 76) , CLA 10)

0 , (OATAMROW (78) ,CLNGO )
a , ( 04 r AaRi) ( 79) , UICM1))
a , (DAt AvdkIP~ toO ), UXCMO )

a , (uArA ~ WuW (82),U~NGIH )
*,(OAjA .’~R0h~(b3) ,UYCMO)

a, ( 1)4 TA U~5) , RASS)
a ,(DA T R1).’~(Øø),C MU)
*, (OA 1A ~~H U~~(b7 ),MbOOY ) 

- -

*, ( D A 1 A ~~R L ) R U 3 8 ) , Nb (J I ) Y )
a , (0414 OR (a9 . , Nw I N O )

• a , ( O A T A n R t .fl~(9 0 ) , O~~L A 1 E)
a , ( L ) A l A w R 0 ’~ ( 9 1 ) , O M E G A )
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a , t U 4 I A v . W O P ~(92 ) ,P d iC )
a,(OAT M~ RuR (93),PUUT)

a,(OA IAWKUW(95) ,CPI410)
a,(UA IAWROW (90),CPSIJ
a~, (OATAV.ROR(91) ,CPSIO)
a ,(UAlAaNOW(98),CPS1I’l )

a,(UA TAW kDR (1OU),I~H OU Y )

A , (UATAWWOR (10d ),PE )

a , (1)4 IAWRDH () 04) , IC)
a , ( O A 1 A w h.WR ( 105) , UDU)~)
a , ( 0 A T A * R O p ( 1 0 b ) , U t 4 0 0 Y )

a , ( O A J A W R O R ( 1 0 0 ) , RbI C)
A , (OAT AA WUR (I u9) ,W()Q I)
a , ( 04 1 AWROW( 11O ) , RHO)
a , (DA TA~~RO k (11 1), i~ 1U1))
a, (UAIu ~~~iTh (112),5bh~~)
a , (DAT At ’sRDR( 113), WAD IUS )
*,(OA IAWROR( 1114) ,kbOU Y )

a THERE Is A HOLE. AT U#TA MWDR (I1S)
a , (04 I A WWDR (11 b ) , RUhIIL)
* , (DATA ~ ROR ( 11 7),S)
a , ( U A T A v v N U R (  1 1 8 )  ,LPSIHO)
a , (t)4 lAWRD ~~t 3 19) , SOUND)

(0414  WRU N ( 1 20) ,C THE. TAO )
a , (OATA MRDR(121) ,CTHE IA )
a ,( U A I A W H D W ( 1 2 2 ) , I P I E I A I ) U T )
*, (D A T A W R O R ( 1 2 3 ) , UA J R )

a ,(DA TAWWOR (125),UbOUY )

*, (OAIAWROR (12h ),UE.A RIH )
a , (1)A 1A. ,ROR (12/),VAIR)
a , (~~4 1A WHO ~ (1 2F3) , ~a0uY )
a ,(OATA ~~~OR (129), V EAR T HJ
a , (OAtA ~ ROi~(L 3u3 , VEL IC )

a~ ( 0 4  IA UR( 132) ,1’j rCHt .~AN)
a , (QA 1A ~~WUR ( 133) ,
a , (1)~~ At~RUN( 1 34 ) ,  .‘~b O DY )
a , (OATA ~ R0R ( 135), i~E4R TH)
A , ( 04 I A W R O R (  136) , Ibh i I )

a ,(OA1AW RDR (137 ), wI4001)
a , (()A TAWROW( 13 8) ,  A b 4 W )
*~~ (UA TA ~~ROR (139),X8RX )
a , (OATAnWDH (140) ,P1 ICI-Isis.)
a , ( O A T A I~R D W (  141), XBAR’WM)
a , (DA LAWRORtL42 ),XBUO Y )
a , (()ATAr ~R1)R( 143), NOLLPAN )

* , (1)A1 A WRDR ( 1 14 4 ) ,  V O A R )
*, (DATAMRQR(145) ,YBRX)

a ,(DATA&~OR (147),Y8QOy)
a , (1)4 IA DR ( 148) , L O A P ()
a , (1)AT4~~~1)W ( 149) ,  ZbRX)
a, (0A TAoRUR ~ l 5O ) , l E . TA )
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a, ( UA 1AIRDR ( 151), V A  ~1R1M)
a , (04 I AWWDR (152), L~ Al4NOM)
a , (t)A I *v~RDW (153), LbUDY )
* , (UA lAr ~ROR (1S4),FLAPCMU)

a , (D A t  A R RO R (1 5 6)  ,CCE)
a , (04 I A M W O R (  157) , CCO8FL )
a ,(UAT AMROR(158),CCOdf 2)
*,(I)AjAi~RD k(159),CCOStjl)

a ,(DATARRDW(16 1),CLI3 ) —

* , ( O A 1~~~R 1)I~ ( 1b3) ,CL t30Ed)
a , ( IA P .W I)R( lb4) , CL8OSI3 1)
a , ( OA IAM R DR ( 1 b 5) ,C L t f t)5 8 2 )
a, (DAIAVdR OW (1bb),CL8OSb3)
a , I. 0414 W R O R (  167) , CLL)A)
a , ( I ) A T A W R O R ( 1 6 8 ) , C L O R )
a , (OA1 AWNDR(1b9 ) ,CLP)
a , (DAT AnWI)R (170),LLR )
a , (t)4 TA WWD W (171) ,CMO)
a , ( OA T  A a R D W  ( 1 7 2)  ,CME)
a , (OAT A WN U R (  173) , CM08~~1)
a , (041 A~~R UR (114), CMUIIF .2)

a , ( 041 A W R D R (1 7 b )  , C~ sD582)
a ,(t)4T4WR~~~(177 ),CMtJ )
a, (0ATA’iRD.~(1 18),CN8 )
a , ( 1)41 A * R O R ( 1 1 9)  , CN8OE. 1)
a , (0 A TA ~~W O R ( 1d 0 ) ,CN ~3DE2)
a ,( D A T A , ~Ro~~( l 8 1) , C N~3O551)
a,(PAIA*RUk(182),CN8OS$2)
a, ( 1)4 TA ~~NL~~( 183) , CN6OSb3)
a , (DAfA ~~RD R (j84),CNDA)

a , ( DA 1 A [ ~~ (1 8o ) , C ND R~~)
*, ( U A T A W W U I ~~(1 87 ) ,C NP )

a , ( O A T A r ~Ro~~( 186) ,CN~~)

a , (OA TA *RDN (189) ,CNO)
a , (OA TAWWOW(190 ),CNDE )
a , (OAT Aak0~~~I 91 I ,CN081 1)
a , (DA tA URt 192) ,CNU8f 2)
a , (~)A~ AWRDW (193), CNOSt~1)a , ( O A T  A W R D R  (1 914) , Cr4OSOI2 )
*,(OAT4.~pU)~~(195),CYd)
*,(O4TAWRu ~~(196),C YOA)
a , ( 1)4 I A f ~R 1) k (  197) , 1. T O W )
a , ( o A t  Av4RDR ( 198) ,C Y O R O S U 1 )
A , (uA lAnROl ’ (199) ,CYOROSH2 )

a

* , ( O A T A I j Y 1 ( 1 )  , F C S O A )
a , (oAJAHy r( 2 ),~~CsoE)
* , (1)41 A O Y  (3), ~ CSL)F )
* , ( L ) A I A O Y T ( 4 ) , FCSD#4 )
* , ( U A T A 8 Y i ( 5 ) , F C 5 S ~~)a , ( 1) 4 1 4 8 1 1  (b ), F1V OEC.)
* ,(OAIA 8fl (7), FREOEG )
* ,(0A141411(8 ),v,lNli)
a ,t o A r A b y c ( q ) , h ’UISET )
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* , ( UA I A 8 V I ( t ( J ) , H U L I ) )
* , (04148Y1(11),IC)
* , (L)ATA8 YI(1d) ,AO URI)

= a , ( O A r A b Y T ( 1 3) , I U R N C U R L ) )
a ,(t )A IAb YI (14) ,AUTObf )
a ,(L)AJA 8YI (15),OEPULSE)
*

• 
a ,(UA (4by !(t7),ORPULSI)
a, (ANGLE (1),ALPHA)
a , ( ANGLE (2) , P H I )
a , (ANGLE (3),1HE.TA )

• 
*

0414 P1/3, 141S926S14/
DA TA AERUSIZE/52143/

a
DATA SC ALuUT/ .8727,3.’491,,8727. .8727,1.7s45, .4363, 128.7,e4.35,

* 64,35, L , 745,25 ,0,2 040.O,32168 .D,t b .U,$.142,3.1’42,3 .14d,
a 1021400.U,102i4 .0,1 024.U,512.0, IO .24,0.u,0.0,3 .1142,3.142,

* 35,Q,35.U,SS.O ,400000.0,35.U, 30 .U,911 .0,2,,0,’4.096,9a0.O/
DATA SCALIN/25 .0,20.O,30.0,90.0,1 .O,1 .0,1.0,1.0,1.0,1,U,

a 1.0,21*0 .0/
*

DA T A  AL PPjA I/ 0.0,0.U, 0,0,0,0893,0. 17i4S,0 .2b18,0.31491,0.~43bj,
aO,523o, 0.6981.0.8727/
DATA MA CHT /O,Q ,U ,O, I.S,2,Q,3 ,U, ’4 .U,5.O,8.U, 10 ,0/
DA TA ELEVl /v .0 ,0 ,0,—3S.ti ,—20 .0,~~10 .O,0.0, 10.0,20.0/
0414 OS8T/O ,0, O ,u,O ,u,25.U,~~5,O,87.2/
DATA B E TA T /O .0,U,0,O ,O,2,O,5.O,10,0/
DA T A  ALPPIAP ’1/1, 9/
DATA MA C P$P1/1,7/
0 4 1 4  E L E V 1 T / 1 , b /
04 14 UE.LPT/1,b/
0414 OERPI/1,b /
D A T A  DS8PT/1, 4/
DATA bt I A P T / 1 , ’4/
D A T A  ZEIA RG /u ., 10000 ,,20000 ,,30000 .,40000.,50000 .,600 00.,70000.,

I 8 0 0 0 0 . , 9 0 0U 0 ., i 0 0 0 0 0 . , 1 L 0 0 0 0 . , 1 d0 0 0 0 . , 13 0 0 0 0 . , 14 0 0 0 0 .,15 00 0 0 .,
I l ou0 0 0 .,  17 0 0 0 0 ., 1 8 0 0 0 0, ,  1 9 0 0 0 O .,20 0 O 0 0 .~~2 1 0 0 O O . , 2 2 0 O O 0 . ,d 3 0 O0 0 .,
I 240000.,250000 ,,260000.,270000 .,280000 .,290000 .,300000 . . 3 1 00 0 0 .,
a 3~~O o Q Q , ,  3~~000i ) . ,34 0 0 0 0 ,  ,3 5 0 0 0 0 . , 5 6 0 0 0 0 , , 3 70 0 0 0 , , 3 800 0 0 , .390000 .,
a

*
1)414 SNDIA8 L / l il b .,1O /1 .,1037. ,995,,968.,968.,9b8,,911.,978.,985.,

1 991 .,10014.,1 022 .,10’40,,1 058.,107b.,1082, ,1082,,10 71 .,105t3 .,104b .,
I 1020.,99’4 .,9b1. ,939.,911,  ,88~~. ,684 .,d814.,88” .,90’4 . /
DA T A  tEIA 8L / .292$30, .303149, ,31’4793,,327 /19, .350427,.3764b6

a , .393~~3~~,- ,4O7O 1 9, ,‘41 7j73, .424332, .429408, ,43393~~, ,‘e313o3, .438992
*

* ,.4do571,,~~dO2 75,. 142O99a,.422 748,,425734,.431314 ,.43.,
(1 93, .u41S1 b

* , .446949, .451434, ,4’i’4810, .457721, .459620, .460466, .461 186, .1461258

* ,,4b0 134 ,,’458847,.’457300/
*

DA T A  W IN1)AWI, / 0 . , 5 0 0 0. , 1 0 00 0 . , l 5 0 0 0 . , d 0 0 0 0.,25000 .,3000 u . ,3500U .,
1 40000 ,, ~5~ uj . ,5oo~.)o, ,ssouo, ,~,O000, ,65000, .7 0 0 0 0 ,, 7500u .  , M O o O 1 ) . ,
1 O S v O O . ,9 0 0 00 . , 95 0 00 ./

*
1)4(4 )8LSLLE ,P £IL,ISILE,HA ~~SILE,bYISIZE,StLE /I7,400,0,U, L7. ’43~4/

A

* LIST C L JN I A I N S  t hiE A SCII 0008LEWURL’S nhLCH oEf1 ’~E VA R IA b L E  NAME S l u

_ _ _ _ _ _  
--~~~~ ‘ .-~~~~~~~~~~~~~~~ -- ~~~~~~
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* EASE AND DATA STORE,
a

DATA LI8T/
- 

REAL 0OUBLE~ ORD VA RIABLES ARE DEFINED HERE.
* ‘DELK’
* ,‘DELRDOI’
a ,‘GKAV ITY’
* ,‘L A IDOT’
a ,‘LNGDOT’

a P418 HOLE. CORRESPONDS TO DATADBL (6)
* ,

I I

* ,‘PSIPIDOT’
* ,‘RUH’
a ,‘I4UHDOT’
* ~~~~~~~~

a ,~~slhf~
a ,‘XEA RTH’
* ,~~)U4~
* ,‘YE ARTI4 ’
a ,‘YM’

* ,‘iE.ARTH ’— 
* , ‘b•$ ’ - —

a
* THE. REAL Muki) VAR IAbLES AR E. DEFINED HERE.,

* ,‘ALPHAO ’
a

* ,1AY’
* , ‘A Z ’
* ,‘ALPPIA’
* ,‘AL lITLJDE ’
a ,~~~~ ‘

* ,‘ b E . l A O ’
* ,‘OETA’
a ,‘URAK’
* ,,C,
a ,‘~~C’a ,‘CCBF ’
a ,‘CCSB’
* , CD1
a ~~~~~~~~ 

- •

a ,‘CLBT’
* ,‘CM’

* ,‘CMbF ’

* ,‘C MSB’
a ,‘CN’
* ,‘CNI3F ’
a ,‘CNSB’
* ,‘CNBI ’
* ,,C Y I
a ,‘CL bDE ’
* ,‘CLbSa’
a ,‘CNbOE ’
* ,‘NUNIIME.’
* ,‘II ME’
* ,‘C NtSS8 ’
a ,‘CYORSB’
a ,‘C ROSSRNG’
a ,‘L)A JL’
a
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* ,‘ALTU ’
a
a ,‘t)~~R’-•  

* , ‘D R I C ’
a
a
a

• * ,‘DACM’

* ,‘DELRlC’
a ,‘DELTA’
a ,‘t)~~I4~~c’
* , ‘OO r . NRNG ’
a ,‘DSULC’
*
a ,‘E.MIND’
a ,‘F1 4P1

* ~~~~~~~~
a ,‘GEA I4’
a ,‘L)PJET’
a ,‘URJET ’
*

* ,‘IXM Y ’
a ,‘GE.UALI’
a , ‘ j X X ’
* , ‘IXY ’
a 

~~~~~~~
* ,‘IYMZ’
a , I j y Q y I

* ,‘ZYY ’

* ,‘IZMX ’

* ,‘Iz OzI
* ,‘Izl,
a , ‘J fL j N ~~’a ,IJ ~~~~I

a

* ,~~pç~~45I
* , ‘ W W P i CSU P
* ,‘h(NOTCON’

* ,‘WPlA S QP ‘

* ,ILAT !

* ,‘LA IO’
* ,‘LNG’
a ~~~~~~~~~~~~
a ,‘UZCND’
* ,‘UXC MI)’
a ,‘LBOOY’
* ,‘LENGTH ’

* ,‘UYCMU ’
a ~ ‘MACP1 ’

* ,‘M ASS’
a ,‘MU’
*

* ,‘NOIJDY ’

* ,‘NM JN U ’
a ,‘OI3LA TE ’
*

* , ‘P O L C ’
* ,‘PDOT’
* ,‘PP4I’
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A ,‘PHIO’

~ 
,sP S1’

* , I P S 1 o ’
* ,‘PSIPf ’
a ,‘PSI$’

* , Ip b Q Uy b

* ,‘PHlUOT’
a ~~~~~
*

* ,‘w31C’
*

* ,‘QbODY’

* , ‘ W O ’
* ,‘RbLC ’
*

* ,‘RHo’
* ,‘RIiO O ’
* ,‘58hP

* ,‘RA DIUS’

*

* THIS HOLE CORRESPONDS ID 1)A IA *RDW (115 )

* ~~1 I

= * ,‘RU HIC ’
*
a ,‘PSIP IO ’

* ,‘SOUNU’
a ,‘THE.lA O ’
a
* ,‘THET AL)OT’
a ,‘UA lW ’
* ,‘uYG ~)EI’
* ,‘UaODY ’

* ,‘UEARTM ’
* ,‘V A IR’
a ,‘VbUDY’
a ,‘VEA WT M ’

* ,‘VEL IC’
a ,‘VLLTR IJE ’
a ,‘P IICMPAN’

* ,. ‘nti jC’
* ,‘vdtiOL)’r ’

* ,‘MEARI P$’

* ,‘RElGHT’
a
* ,‘X dA R’
a ,‘X I3RX’
a ,‘PIIC HS IK ’

* ,‘ Xt i A Nt ’ IOM’
a ,‘XOUUY ’
a ,‘ROLLPAN’
a
a ,‘Y bRX’
a ,‘RULL SI$.’
* ,‘Y r ~UUY ’
* ,‘L t,Ak’

*

* ,‘IET A ’
• * ,‘Y Av~TRIM ’

* ,‘LOARNO M ’
100
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a
a

a
a THIS PUINF,kE.fERLNCEO bY THE. OA TAS TURE SLj8RDUT1NE,LS LZSI (172 )

a
a ,‘CCE.’
* ,‘CCV b F I’
a ,‘CCDI$F2’
a ,‘CCDS 8I’
a
a ,‘CLI3 ’

• * ,‘CLbDEI ’
a ,‘CLbDE.21
* ,‘CLOOSbL’
a ,‘CLL3DSb2 ’
a ,‘CLF3DSb3’
a ,‘CLDA’
a ,‘CLL)R’
a ,‘CL P’
* ,‘CL R’

— * ,‘CMI )’

* ,‘CMI ’

*

* ,‘CML) 13F2’
a ,‘C Mt )Sbl ’
a ,‘C MDS82’
a ,‘CMU ’

*
a ,‘CN tIDEI’
* ,‘C NBOE2’
a ,‘C NbL)S bI’
* ,‘CN8DSO2’

* ,‘CN8DS83’

* ,‘CNDA ’
— *

a ,‘ C Ie OM8 ’
* ,‘C~~P’

* ,‘C NR ’
* ,‘CNU ’
* ,‘C NDE’
a ,‘C N O b F I ’
* ,‘CNDBF2’
a ,‘C~~uSb3 ’
*
a 

~~~~~~
* ,‘CYD A’
a ,‘CYL)(O
a ,‘C Y U R D S t ~ I. ’
* ,‘CYL)R0S132’
a
* ,‘LSHAPE’ F

a

* ,‘DEMS’
* ,

I0 ,

a ,‘PWtjD2 b ’
a ,I I

a .‘GJET’
a ,I I

* , ‘E.TR lM l f~’
101
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a ~
* ,‘ELF bKIN ’
* ,‘ELF OK ’
* ,‘UEI MPAN ’
* ,‘DSIiPC ’
* ,‘DS$XTI4’
* ,‘OSbXTRS ’

— * ,‘UE10 513 ’
*
a ,‘GDSb ’

— a
a
a ,‘UETR~
* ,‘QEMSP’
a
a ,‘WTA~~pH~~’
a ,‘OJHIP’
* ,‘bCSL ’
a ,‘OCSL ’
a ,‘L)uCT’
* ,‘t)E.CML) ’
* ,‘wFt~jL’a
a ,‘OCSLLO’
*
a ,‘Mfl)P~~~(ch
a ,‘i~

p
~~~’

* , ‘G D Q ’
*

* ,‘R’

*

*

* ,‘L)UPIlN’
a ,‘NZA’
a , ‘N Z P ’
a ,‘OOLON’
* ,‘UULQA ’
* ,‘ALPMM IN’
a

* ,‘GIRED UCT’
a ,1~~~I

* ,‘ I

* ,‘ DA IMRPIC ’
a ,‘PROD2a’
* ,‘PRuO2S’
a ,~~~*

I I

a ,‘PIh0021’
*
a
* ,‘Pwuu2l’
a ,‘8UM21’
* ,

I ~

*

*

* ,‘i)ALMD’

* .‘uArstJMZ’ •

* ,‘PIUAM LLN’
* ,‘‘~DA MPAht ’
a ,‘t~f43’
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~1* ,‘GDAC ’
a ,‘GO A ’
a ,‘DA ISU M’
a

* ,‘OA IR ’
* ,‘ORP RM’
a ,‘PSI Ab’
a
a

*

* ,‘5U M22’
a ,‘GTX ’
* ,‘Y AWXFEE.L )’
* ,‘PR00S41’
* ,‘GP’

* ,1GKPI ’
a ,~
a ,I I

a ,‘ 5 (j t 4~~5I

a ,‘SU M2SS’
* ,

I ~

* ,‘50M26’
a ,‘PRUD UJ’
a ,‘WS JAB ’
*
a ,‘bE.IAF ILT’
* ,‘I)AT M PAN’
a

~ 
I

*

* ,‘0141’
a ,1t)RP45fh

* ,‘DRMS’
* ,‘DRTMS’

* ,1PRUD I’
a ,1 5(JM~~’
a
a , I N Y 4 ’
a ,‘(~~4~~’
*

* ,‘I’K003’

* ,‘SUMV

*

* ,‘ORCPF- ’

*
a ,‘GDRC’
a ,‘(,NYDRM’
a
* ,‘PKUO F’
*
a
* ,‘SU M3’
* ,‘DRC MD’
* ,‘D ACMC ’
a
* , ‘t ,ORE ’
* ,~~ S

a
a ,7 3a ’ I
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a

* D’E LOGiCAL bYTE VA R IAbL ES ARE. DEFINEL) HERE. .
a ,‘fCSDA’
a ,‘FCSOE ’
* ,‘FCS DF ’
* ,‘FCSD R’

— * ,‘r~~~~t~’
a ,‘ F IV Q E G ’
a ,‘TREOE.G’
A

* ,‘ P ( J T S E T ’
a ,‘NULD’
* ,h l C ’
*
a ,‘ lURrdCURU ’
* ,‘AU TOt3 F ’
* ,‘UEPULSI ’
a ,‘DAPULSE ’
a ,‘DRi~ULSE.

1/
a E . X E C ( J T 1 V E  P O RT IO N  FULLUAS
aTHIS IS T~it. ENtR Y POINT FUR PROGRAM A C T I V A T I O N

aIN i T IAL I ZAT ION
*
a THIS SECTIUN IN ITIAL IZES IRE INTERVAL TiMER HANDLER .
a

Ir’,LINr.
)1020 01 43 DISAbLE INT ERVAL TIMER

L A  7,428 FETCH ADDRESS OF oLD HANDLER
51* 7,rIANULER STONE FOR LATER USE
LA 7 , ) 1 0 0 0  F ET C H  A DDRESS (if ~~~ HANDLER
STM 7,426 STORE ADDRESS iN HANDLER LOC,

*
a
a THE AEROL ,YNAMI C D A T A  iS PLACED IN CORE. HERE
*

11:1
JJ:1 152

3 CALL ~UfFERI~~(5, 1,00TDATA(Ii),JJ)
4 C ALL STATUS (5,TEMP I )

11 (Tt. MPI .niL .2)GUTU14
II II.11 52
IF(1i.GT .AERUSIZE)GO 1 0 5
IF (11 +1 152.G1 .AERU SA ZE )JJaA E.ROS IZE+1—iI
GO 10 3

S CONT iNUE.
a

Ic:. T RUE,
POT SE Ta • FALSE.
MULL) a .f ALSt .

a
a THE FOLLOWi NG VA R IAb LE S AW E SET 10 INOI CA1h ~ A DESIRED COND IT ION
a AS 1NL ICAT EL ). THESE VA R IAbLES ARE EASE. ACCESSA8LE .
a
* A UTO 801)1 I-LA P (NUT AVAILA b LE )

AUIUOF: .F ALSE .
* TURN CUORUINATION

TURNCORO Z . TRUE.

104
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* ORDERLY PROGRAM IERM LNA T 1UN
A BORIa .FALSE.,

* FiVE DEGREES OF FREEDOM
F1VDE.Gs,TRUE,

* THREE DEGREES OF FREEDOM
114E0t Ga • F AL SE

* ATMOSPHERIC A INO
MI NDZ.FALSE..

a CONTROL Of VEH ICLE SURFACE OEFLE.LTIONS... .(NUE. . IND ICAT ES THAT Tr~E.
* VALUES ARE DEIt.RMINEL) 81 OELIC,I)EkIC,t)WIC,OS81C,U8FIC,

F C SUE. aF C SQA :FC SON: .F AL SE. .
• FCS UFZFCSS8a .TR UL.

a SURFACE PULSE FOR DYNAM IC RESPONSE CHE.CP~....TWUE . IN DICATE S THAT
* TIl E SURFACE IS 10 bE PULSED.

OEPULSI:UAPULSE.:DRPULSE:.F AL SE.,
a PRESET PROGRAM NUN lIME IN SECONDS.

RUNTLMEab.E.75
a

CAL P’tIAO*20 .U
CBEIAO:O .0
C Til E I 40*20 • U
CPt-sIOaO .O
CPSIU :0.0
CLA IO aU .0
CLrSG OzV • 0
CR5 LNa2b.0
S:2b9U,0
8* 18. 03
C :39.56
LLNG T PIz1O1.S
øE IGPIT’ 155000,u
LXX z 000000 .O
11 1 :5500000 , 0
I Z Z :5 S 0 0 0 0 0 . 0
I * 1:0 • U
1*1*100000.0
X 8A N I t )  .bS
YSA WzO.0
Z8A R:0.290 7
X8ARN (IM*0 .6S
Z8ARrIiOMaO .2907
0: 32 • l 4 b S  ~4b

J2s. 0010823
KNQTCQNsO,592 10526
UbLATE$70 150 .0
OMEGA :, 0 00 072921159
k0s20925 738 ,0
RHUO:.0023769
D 8 F iCz ’~5.0
DELIC”1 6.33
OEKICS— 1b.33
DWICaO ,0
OS8IC’25, 0
AL 10:99480.0
PbIC :0 .0
08 IC a 0,0
Rb’C*O .O
V EL IC
DE L TA :.04
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HALFPI a
IAUPI a 2aPl

a
*IHIS 15 THE EASE. RE TURN POINT

10 IF (A 8UKT ) GO TO 1100
*
a 4 DIGI TAL IN PUT IS PERFURMEI) HERE. TU INiT IA LIZE THE MODE CONTROL
* PARAMET ERS.

lb CO NTiNU E
INL INE

LW £4,-bZOOiJjFfFF
LEA 1,3920
ST Ma 1,256
CD 0,418000

ENOI
a

MASSZAE .I GP4J/31, 174
REZ NO—UML A IL.
PIALFOEL OELTA/2

a
ap ITSL , PLlSd ,P113 A RE TE.4PORARY LOCATIONS

P IT 1:MA SS*LENGTH
X8KA: (X 8AWNOM A8AN ) apt ii
Yd k* YBAR*PI1l
L 8 K X :  ( L6ARN0M~~2bA k) AP I Ti
1 XMY:jX X~~J YY
1 YM Za IYY—il L
IZ M* :LLZ—I *X
I YUY zI*V/ I V Y
1ZU1:IXZ/ 1l1
IF UNCa1/ (I*x .1LU1*1XZ ..1YOY*IXY)
SC IS AC
SC 28 y 2: • 5* S*C* *2
S6z8*d
SbIbYl . 5*Sa b* *2

* THE FULLUMING SECTION CALCULATES ~ME. iNITiAL CONDITION VALUES
a FOR ThE INTEGRAL EOUAJ IUN S . EASE. DEFINES IHEIA ,PhJ,PSI,AL PIIA,
* bE.fA ,VILTRUE AND A LTITUDE, THESE VALUES ARE PROCESSED TO ObTA IN
* kUH,RS1M ,AH ,A N I) DELN .
a ALL ANGLES AR E INTERNA LLY DEFINED IN RAD IANS . ALL COMMUNICATIONS
* ~ilT H LARDS AND EASE. AW E Wi TH ANGLES O€FI N E L  IN DEGREES . A “C~
* PRECEEOS ALL UEGREE.—UEFINEU ANGLES.

T~ E I AOxC THE.J 40/57.29577951
P,IIO:CPII10/57,2957 7951
PS1O :CPSLO/57.2957 7951
ALP HA OSCALPIiA0/57 .29577951
bET AQ CHE. 140/57.29577951
PSIR:CPSIR/51,2957 7951
LAT OzCLA 1 0/57 • 2957 7951
LNGO :CLIIGO/57.2957 7951
P111 :SIN (1HE TA O )
PIT2:C OS (IFIE TAO )
PIT 3:5 IN ( Pi4 10)
P1 14 CUS(PPIIQ)
PI1S:S1N (PS1U)
PITo :COStPS,1 0)
L1 :PITIaPIIb
L2IPI12*P1TS
L3*.P111
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MIa .PjT4aPl lb sP113*PITLaP IT 6
M2aPIUIaPII6tPIT3*PLTL*PII5
M3*PIT3aP1 2
NIsPI T3aPITS+PjI4aPlT 1*Pi lb
N2:~ PIT3 aP1Tb+PITUaP1T l*PII5
N3*PLT2*PIT4
DE.LkIC:ALIU.RQ* (.0O167828~~.OO1676I6*COS (c~*LAT0 )~~.0OQ0U211*

a CUS (4aLATO ))
RA D :RU+OELRIL
UBUDYaVEL .IC*CUS (ALPHAO )*COS (6E.IAO)
V800Y*VELIC*SJN (btT TAO)
A I3UDY VE.LiC*S1~~(ALPRA0)*COS (bE.1AO )
UAIRaU800Y*L1+V8UL )Y*M 1$M8UUY*N1
VAiR:UbOL)Y*L2+VbOL )Y*M2+W8OL)Y*N2

AR lHaubU L) *L3$ V bODY * M3+ *8001 aN3
UE.AWlH:UA IR
V EARIH a VA 1t4+RAUaCUS (LA It) )
PSIHO ZATAN2 (VEAWT PI,UEAWTH J
W OH1CaNAO*UEAKTM/COS (PSIPIO )
MM IC: WE A RT H
CPSIMOZPSIHO*57.29577951

a
* IP4IS SECTiON STA R TS THE iNT ER VAL TiMER OPE RA tI ON .
*

COU NT*OEL IA / .00000 12
INLi NE

LA U,CUU iE T LOAD FRAME. TIME.
CL) 127,60 STA RT TIMER
LI ‘~3 EN At3LE INTERVA L TIMER

ENDI
a
A PATC HES n j $ . $ .  GD HERE
A E N D OF IN 1TIAL ILA T IUN ROUTINE
aIMIS IS TIlE LOOP RETURN ENTRY POINT

47 PUTSLIZINB1T (1 )
IC :IN8I 1(2)
HULD INBIT (3)

*
iF (PUISE$) GO lii 1105
IF(HULO) GO 10 170
IF (ICI TIME:O

*

* ANAL OG INPU T IS STARTED HERE.
INLiNE

LA ‘4,8L0003FFFF
LEA 1,)910
STM* 1,25 6
CL) 0,418000

ENO1
*

* THIS SECTION tRANSF ERS THE INPUT VALUES CONTAIN ED IN THE DATA
* HALFMORO TABLES TO IRE APPROPR iATE REAL P~ORO V A R IA B L ES ,

J J  :1
INLI NE

8$. 3960
E NDI
PNMCSOP:UAT A
JJ:2
INLI NE.

107 
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)960
(P101
WR P$CSUPIUAIA
jJa3
INLINE

tiL )9b0

RPIASQP:DA IA
J J a44
INLiNE.

81. 3960
END!
S$SPIP*OA TA
JJ:5
INLINE

8L )960
ENDI
PITC 1IPAN $OA TA
JJ;ø
INL IRE

)9b0
END!
RI IC IISIK ZDA TA
JJ z7
INL iNE.

8L )9b0

ROLLPAN :DAT A
JJ:8
INLINE.

81. )960
END!
ROLLS h~z0A IA
JJ*9
INLINE

3960
ENL)I
YAW TN IM aUAT A

JJ zjl)
INLI NE

BL )960
ENDI
FL APCMD:DA IA
JJ:j 1
INLI NE.

8L. 1960
E N D !
PULSEZI)A TA

*
I F( IC)  GO TO L49
GO T O 170

‘49 PBU UYIP81C ;Ub0Dv:WBICIN800YaRBIC
T HETA : THE IA U ; Ptl j : PHIt) ; PSi a

AH:WrIIC DE.LRaOELN1C
PSIH:PSIMO RUH:HUHIC
LA :LAIO LN:LNGO

170 CONT INUE
A

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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C T HIS STA RT S THE UAI A LO0~ .UP.
C FIND ARGUMENT bREA~ PO INl S

4888 1 I A a A b $ ( 8 E  TA)
CALL PO !NIF(MACIl,MACHPT (2),MACHPT(1),NACI$l (i ),MACMT (3))
CALL PU INT F(A LPII A ,A L P f r IA P I ( 2 ) , A LP MA P T ( 1) , A L P H A T ( 1 ) , A L P HA 1 ( 3 ) )
CALL PUINTF (E.LEV ,E.LE.VPI(2),E.LEVPT (1),ELE.V1 (1),ELE.V1 (3))
CALL PUIN IF (DE.L,DELPT (2) ,DE.LPT (1 ),Q(LT (1),ELEVI (3))
CALL PUI NIF (DER,OLRPT (2),DENPT(1),O(RT (1),E.LEVT(3))
CALL PO INTF (bWA $~,OS8PT(2),DSbP1(l),DS8T(1),DSBT (3))
CALL POI NIF (A 8SBETA ,BETAP I (2),8ETAPT (1),8ETAT (1) ,t3 (TAT (3))

C FI ND DE R i VA T Iv E VALUES
• C M O ; D E R 1 V L 2 ( C M O T , A L P HA P T ( 2 ) , MA C H P T ( 2 ) .A L P M A P I ( 1 ) , M A C H P T ( l ) , A L P H A T (

*1).MACP4T (1))
CNO ZUERLVE.2 (CNOT, AL PPIAPI (2))
CNOEz0EN1VE2 (CNOET,A1.PHA~’1(2))C C O a D E I I I V E . 2 ( C C ( J T , A L P HA P T ( 2 ) )
CLPaDERIVLd (CLPI ,ALP,IAPJ (2))
CLR*O€ RIVE2 (CLRT ,ALPHAPT(2))
CNOR8 :DERJVE2 (CNUR8I ,ALPMA PT (2))
CNPgULRLVE2 (CNPT,ALPHAPT (2))
CP4k*UEWLVL2 (Ci4N1,ALPMAT’T (2 ))
CY8:L)E.RIVE2(CYBI ,ALPIsAP I(2)) -

C YDR :L)IRIVE2 (CYDMI,ALPP4APT (2))
if (FL AP .G1 .O.U) GOb 220
CCoFZCCO8F 1 :uERivE.2(CCDrjF1I,ALPHA PI (2))
CMFjF:CMOBFIZDLR1VE2 (CMO8FII ,ALPIIAPT (2))
LNBF ;CNDBF1 ZOEWIVEI (CNOBFLT,ALPMAP I(2))
GOb 230

220 CO NT IN UE
CC 8F CCVBF2ZL )E.i11VE2 (CCO8F2T ,ALPHAPT (2))
CM8FZCMD8FI*OERIVL2(CML )8F21,AL PHAPT (2))
CNt,F:CNW3Fd :OErIIVEI(CNUBF2I,ALPHAPI(2))

230 CONTINUE
IF (8RAK .GT .25,O) GOTO2’1 O
CLdSSZCL S81 DtRIJE.2 (CL8DS8LT,ALPMA PT (2))

• CN8S8:CNBOSB1aDE.R1VE2 (CNBDSt31T,ALPHAPT(2))
GOb 245

2Li O CO~~Ti~~UE
CL8S8ZCL8OSB2ZUERI VE2 (CL8L’Sb2T~ ALP IIA PT (2))
CNBS8*CNBUSB2 :DER1VE2 (CN8DSB2I,AL PHAP T(2))

245 CONTINU E
CL8L)S83zCN80583:0 • 0
IF (bRA ~~,LT ,bO. O) GOTU 249
CLBOS83aOERL VE2 (CL8DSB3T, ALPHAPT (2))
CN8DSB3:DERIVE2 (CNdOSb.~T, ALPMAPT (2))

d’19 CONTINUE
IF (ELE V .ti T .O ,0) SOlO 250
CLb1iE:CLtiDE1 :OERLVE2(CL8OE1T,ALf~tlAPT(2))

CN8DE.:CNbDEi :DER1VE2 (CNBDE.1T ,ALPHAPT (2))
5010 255

250 CL8UE:CLBDE.2;DEK1VE.2 (CL8UE2T,-ALPMAP) (2))
C D L xC~ bOE2 DERIVE2 (CNbOE2T ,ALPMAPT (2))

255 CO NTINUE
IF (bNA I ~.GT .~~S.0 ) 5010 258

• CCS8 :CCUSbl :DERIVE2(CCUSB1T, ALPMAPI(2))
CMSBZC MUSPS1 :DERIVE.2(CMUSbIT ,A L PMA PT (2))
CNS 8ZCNt)Sbl :DEWLVL2 (CTIL )SBIT,ALPIIAPT (2))
CYDNS8:CYDNDS81 :DE.RIVEI(CYURS81T,MACMPT (2),MACMPT (1), MA CMT(1) )
5010 259
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258 CON TiNUE
CCS8aCCDSB2ZUERIVE.2 (CCDSdZT,ALPIIAPI(2))
CMS82CML)582$UERI VE2 (CMUS82T , ALPP’APT (2))
CNSHaCNDSB2sDERIVE2 (CRDSB2T,ALPPiAPI (2))
CYDMS 8:CYDWDS82SUE.RIVE.1(CYURS82I,MACHPT (2),MAC’IPT (l),MACMI(l))

259 CONTIN UE
CMELZOERIVE.3 (OCMET,ALPHAPI (2).MACHPT (2),OE.LPT (2),ALPHAPT (1),

a MACMPJ (i),OELPT (1),ALPHA I (1),MA C HI (1),DE$.TU))
CCEL;DERI VE3 (UCCE.T , ALPPIA PT (2))
CMLR *DERiVE.3 ( DCME I, ALPIIAPT (2) , MACHPT (2) , DtRI’T (2) , ALP HAP T (1)

a MACMPT (l),OLRPI (1),ALPIiAT (1),MA C MT (i),OIRT (1))
CC€ kiL.)Ek! VE3 (t)CCE T,ALPHAPT(2))
CL OA *DLRIVE3(CLDA I,ALPP,API(2),MACIIPT (2),ELE.VPT (2),ALPMAP1 (1), *

*MAC MPT (1),ELEVPI (j1,ALPHA I(1),MACHT (1),($.EVT(1))
CNDAaU LRLVE 3(CNL ,A T ,ALPHAPT (2))
CYOA :DER 1VE3 (CYDA I, ALPHA PT (2))
CL U :iM.NIVE3 (CL8IA8L,ALPMAPT (2).MACMPT (2),8LIAPI (2),ALPMA PT(1)

a , MACHPI( 1) , BET APT (1) , AL.PPIAT(1 ) ,MACHT (1) ,BE TA T ( 1) )
CN8:L )ERIVE3(CNBTABL,ALPPIAP I (2))
CMO :OE.N!VL3 (CMUT,ALPHAPT(2),MAChPT (2),DSt~PT (2),ALPMAPT (l),

aM ACPIPI( 1 ),US$ 3P1 (LJ ,A LPHA T (1) ,MACHT (1),Q5bT (1))
CLORaOERIVE3(C LORI ,ALPIIAP T (2))
CNUII:UERIVE3(CNURT , ALPHA PI (2)3
CME.z(CMEL+CMEN )/2,0
CCE.:(CCELsCCER) /2.0

C TillS CONCLUDES THE. DATA LOOIc’UP.
*
AC A LCUL skI ION OF DE R IVATI VE C1ThFFICI(NTS
*CL ANT) L800Y
A CALC ULAT ION OF LLBT

CL 8 T :CLB+CL130E*E.LEV+CL858* (BWAI (—25 ) sCL6ITh83a (bWAic”oO)
aCA LCUL A 1j Qi’~ (iF LbOOY

LBOOYIUBAR* ((CL8T*8EIA ,CLOA*DAIL+CLDN*DHUO)*Sb
* +5b2óY2* (CLPaPt3UUYtCLR*RbOOY )/VELTRUE. )~~Y8R X*Z8ODY+ZBRX*YBODY
* —u~ CMOAb 12b

A CM AND M8001
aCA LC%J LAILIJ N uF Cr~ 

•

CM2CMU+CME+ CMBF *FLAP,CMSB* (BRA$.55)
*C ALCULA 1 !QN OF MHUDY

MBOUY : AR* (CM*Sc+CMO*SCZBY2aWBUDY/VELTRUE )~~Z8RX*XBO DY+XbRX *lBODY
aC~ A N D  s~HODY
*CA LCU LA T It3N OF CP4BI

CNb1sCNb.CNbDEaELLV+CN88tia (8RA~~~25)+CN8USb3* (6KAI(—6O)
*~ ALC 1jLAT~ QN OF P18001

NBODY*O8AR* ((CN8T*8EIA+CNUA *DAIL+ (CNL )R+CPIUK8*A 8SBE1A) *URUU )*StI+
a (CNRaR800TtCNP*P800Y)aSti2aV2/VELIRUE).X8FIX*Y800YsYBRXaXBODY
* +UZCMD*33469

a~ ALCIjLAjjUN OF CC
CC CCO+CCL+CCBF af LAP+CCS8* (8RAK.b5 )

A CA LCU LA$I UN OF CV
CY :CYbabE. TA+ CYUAaUALL+ (CYDR ,CYURSBa(8RA~~ 5S))aORUD

a CALCUL A TI ON OF CN (NURMAL FORCE COEFF ICIENT)
CNaCNU+CNUE *E.LE.v+CN8 F *F LAP+CNSti* (bWA~~ 55)

* CALC ULA IIUN OF CL ( L I FT  COEFFICIENT)
CL $ CN*COSA LF —C CaSINALF

* I M LCLJ LAIIU Pa OF Ct)
Cu : CCA CUSALF + CN*SINALF

*
a 

110
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*1HL FULLU*ING is A FUU NIi i ORDER RUNGE. t ’U ITA IN T EGR AT IO N N UUT1NE.
afuk FORMATION UF PBUOV ,’4BUUY,MNO Rt~ODY
A l l iS  SECTIO N USES FUNCT iON TYPE SUds~Nu5RAH S FuR CA LCUL AIiU ’~ oF
a DERI VAT 1VE. TERM S
*DE.LTA:FKAME lIME IN SECONDS

*
P D O I : p D o r l ( p8 0 0 y ,W B O U Y , k B o t ) Y )
PO OELIA*PDUI
idOQb*000TT (PBQDY,t)13001,HBUDY,PUUT)
LOZL)EL IA * 000T
RDUT :ML,UTT (PBuDy ,WBUOY,RBUDY ,PUUI)
MOX D E L J A * R L ) O T

a
PITL :POOTT (PBUUY+ .5*R 0,UBUDYt .5*L0,RHODY+ .S*M0)

~ 1SUELl A * PZT1
L 1$DE.L TAA ODOTI(PBOOY+ .b*)~0,W8ODY+ .5*L O,RtiUOY+,5*MO, Pll1 )
M 13DELTA *NDUTT(PBODY ,,5*K0,DBODY+ ,S*LO,RI300Y+,5*MO, PIT 1 )

a
P IT 1:PL)OuT ( P~ OOY+ . Saki, OBOTJY+ , SaL1, RbODY+ , 5aM~,)
$c2:DE LTAaP IT1
L2$DELI A*QE )OIT (PHODY+ .Sa IU,t)$UDY+.5*L1,R800Y+.SaM l ,P ITT )
M2$0 (LIAaRDOTT (PBODY+ ,b*K i,IThODY+.5*L1,RB O O Y + .5*M1,PIT1 )

a
R I  T1:POOT T (PbUo ~~+#~2, 0800Y+L2, R8ODY+M2)
,
~3~~DELTA *PI 1 1
L 3 : D E L T A * 0 0 0 T T ( OO Y+ 1c2 ,OBUD Y + L2 , R800Y + R 2 ,P IT 1)
M3 :QELTA*ROOTT (PBOOY+K2,UBODY+L2,RBOVY+M2,PI11)

*
A STOP iNT EGR ATIO N IF IC OR HOLD MODES

IF (!C,UN .HULU) 50 10 210
*

PBOOYzPbODY +e-0/b+ I (1/3+T~2/3+X3/6
O U Y ;t .4H U t Y Y + L 0 / b + L 1  /3+L2/3+L3/6

R800YzRbODY .M0/b+M1 / 3+M2/ :s ,M3/b
A

21 0 CONTINUE
a
A l l i s  SECTION tjSE $ THE FOURTH ORDER RUNGE ~UTTA TECHNIOUL TO GENERATE
aTri E EULER A NG LES T~Q T A , P H i , ANL ) PS_ I
A l I t  RESULTA NT ~IA LUES FOR T HETA , PHI,ANUPSI A PE I t~ RAD IANS
aTHE SiN AND COs VALU E S FUR THE. EULER ANGLES ARE. ALSO CALCULA TE I )

SINTHET Aa S IN ( THE TA)
C OST PIETAa C U5 ( 1,11 14)
S1 NPI1I:SIN (PhI)
COSPtII:CUS (PhI)
S L NPS laS IN ( PSI 3
COSPS1 :COS (PSI)

a
I RE TA0UT~~0bUQY*COSPH1 ~Rt~OL)Y*SI NPHI
$.0O$DELTA*THE 1*001
PSIOUT :(RBOt )Y*COSPHIsUBOOY*S1NPMI)/COSTHIIA
LOOSOELTA*PSIDO1
PHIOOI :PBODV +PSLDO T*S IAe THE.IA
MO 0 $UEL J 4 a 1L)OT

*
,cOl :OE.LTA aTHEIDU IT(PMI+ ,b aM OO )
PIT 1 :PS1~~0T1(P r1I+ ,5*MOO, 1ilET *+.5at~OO )
LOIaOELTA *PI TI
M 01 .OELT A* PH I DOT I ( P111+ , b aMUO , THE TA+ • 5*kQU, PIll )

i l l

- ~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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a
Pt 02:DELT Aa Ill b UTT ( P111+ , SaMOl)
PITIzp.1 SIOOTl (Ppli+ .Sa MO l ,THEIA+ .SaKOl)
LO2 DELTA *P1TI
M02$DELTA *PHIOUTI (PPII+ .5*M01, THE TAs .SaKOl,PIT1)

*
KO3aDELTA*TPIETDUTT (PHI+M02)
PIT 1 :PS 1001 I ( PHI+M02, THE T*+i~O2)
L03 L )ELTA *PIT1
M 03 :OELTA *PHIDOTT(PHI+MO2,THETA+K02,PIT1 )

a
a INTEGRATIUN IS NUT PERFORME L) IN TIlE 1C OR MOLT) MODES

IF (IC.uk .HOLU) GU 10 270
AI MNEE DEGREES UF FREEDOM MOUE. REQUIRES PHIDOT AND PSI DOT :0

IF (INEDEG ) LOO :LOIZLO2ZLO3 MOO :MO1ZMO2 MO-l O
a

THETA lP4LTA+ ltO0/6+PtO1/3+K02/ 3+~ 03/b
PHI:PP41+MOO/6+M01/3+M02/3+M03/6
PSI :PS1 +L00/6-pLO 1 /3+L02/3+L03/6

a
270 CON 1INUE

*
*CA LCLJLA TION OF &RA VI TY ,INCLU UING EART HS OBLATENESS

M 1J :p IALFPI— LA
C 0 SMU: DC OS ( M(i )
SINMU :USIN (MU)

*lr4iS TER r~,SHARE ,1S USED 80111 HERE AND IN THE CA LCULAT ION OF XEA RTPI
*J2,GCQ N1 , #N05C0N2 ARE CONSTANTS

SHARL=~ 3*J2aG0A (W 0/RAD)*a4
GkAV ITYaGO* (R0/RA0)**2+ .5*SHARE* (3*COSMU*a2—1)~~LJH**2/RAU

*GRAVIT Y HAS UNITS F 1/SEC**2
a
a BODY A X I S ACCELE RATION CALCULATIONS

DPi I 1:OBA R/MA SS
aTEST FOR DESIREt ) F IV ~. DEG REES OF FREEDOM

IF (FI VOEG ) GO 10 2~ 0
X8:—DPI) IaCC*S
50 10 320

290 DPIT2= (W1~aZ8+V8aYB )/Ub
DPI I3:SirUMETA .CUSTRETAa(*8*COSPMI+VBaSINPHI)/UB
Xt4:GN A V I IYaOPI 13.DPIT2

320 AX *X 8
XBODY sXB
YB O P 1TL *CY *S
A V2YII

18:—UP I TI *CN *S
A Lz I rj
I8UDY :Ld

a ~ A R~~H AND 1 1 — F N A~~E A L CE LE RAT IUN S
DPI 11$Z8*CUSPHI+Yd*SIP.PHl
DPIT2 :—L ti*~~IN~~1i+Y8*COSPNI
DPI I j$X8*CTJST,1L TA+LIPI  T 1*SIf4T PIETA
X~~A R T pi:—DP 1 2* Sj  NPSI+D PIT3aCOSPSI+SHARE*COSMUaS1NMU
YE.ART HZDPI Td*COSPSI+DPI T3aSiNPSj

AR I P1~~~ X b* 8  iN TIlE I A +DPIT 1*CO STMEIA+ GWA V ITY
XII = ~LA Rlr1 aCOSPSIM + YEARTPI*SINPSIM
Y~I : —XEA R1H aSINPS 1PI + YEARTIl*COSP$II4
111 a L EA R T Pi

112
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a
* THE &ULLO*lNt, SECT iON CA LCULAT E S T H E  H— FRA M E D E R IVATiVE VALU E S.

RUH01j J~~HA I )AX h
PSIHUO I3VE *SINLAT /RCOSLAT +VH/UH
MMD : LI
W1$ DLJT WI4 L)
LA I DO I :UE/ RA I)
LNGOOIZVE / RCOSLA I OME.GA

aQMEGA IS THE EA R t H S  ANGULAR VE LO C I1 Y
A FOR FiV E DEGREES OF FREEDOM OELRDOI MUST BE. ZE’~UI) EL Ru 01:— * 11

1 F (FAV OE G ) UE.LRI)OTZ0

*

* THE PII.FRAME. D E R I V A T I V E  VALUES ARE INTEGRA TED BY A FIR ST— OR DER
a EU LER I~~IEbRA1 ION ROUTINE..
A INTEG RA TION IS HYPASS ED iN IC AND HOLD MODES -

‘

*
IF(IC .uR .HOLD ) 0 10 310
RUHaRUH +R UHL) OT a [ ) ELIA
PSIH:PSIIII+PSIHDO I *T)~ $ I A
*H:MH+~ MO* OEL IA
LA aLA +LAIDOT* [)ELTA
LN:LN +LNGOU 1*DELTA
DELR OL LR +OELRDO I * DEL I A

a
370 LA Ta LA

LNG:LN
RA O $ R0* UE L R
RA D LUSZRA D
UH RU11/RAO

*
aTIl E FOLLO~~j”~1, S~~~TlO (4 CALC ULATES TRAN SLATION Of THE. BODY PROJECTED
*QNTO TIE. EA RT HS SURFA CE ,IN FEET.
*LAl0 AND LN G~~J 

A I~~~ REFE RENCE LA1I TU DE AND LONGITUDE (if THE ST A R T IN G
a PO INT OF ~L i G ~iI
*p~~~~~ IS T H E A r~GLE. IN RA D I A N S  8E.l~~EEN IRUE N O R T H  A ND TOP OF ~ A P
A POSI T IVE. ~SIR IS ‘.111 M AP R O T A T E D  E4ST,(CLOCTc~%1SE ) FROM NORTH
*NOTE lIlA ! bri e LU SLAT TERM A CCOUNTS FOR CHANGE IN DISTANCE dET~~EE.N
A L UNG _ Ir U DE LJ~--t S AS A FUNCTION OF LATiTUD E

SINLAT :DSIN(LA)
C U S L A T : U C U S ( LA )
RCU SLA I RA D *COSL AT
SI NPbIR SL 4(P ~5IR)
COSPSIR :CUS(PSIR)
DOW N bZRO* ((LAT LA IO )*LUSPSIR+(LNG LNGO) *SINPS1R*COSLA1 )
CROSSRNG=Pu a( (LAT .LATO)*SINPSIR+ (LNG—LNGO )*COSPSIR*COSLA T )
A LT _ ITuUE :tThLR+PO a( ,0OIb7828~~.OO1b7b1b *COS (2*LAT )~~.00O0O211*

* COSLA*LAT ))
COSPSL 14:DCUS (P511)
SIN PSI 11:1.) Si N (PS 11)
OE :Uh*CUSPSIH
U EA R T r ~~uE
~~.2 U N* Sj N R S i r i
V EA R T P I Z V E

WE AR I It W E

*

* ~i1NDS
* NORTH W I N D S ( N W I N U )  ANS E A S T  W I ND (EnIND) A K E  T A B L E  LOO~~UPS

113
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a AS A FUN CTiON OF ALTITUDE ANT ) ARE ADDE D 10 CORRESPONDING EARTH
* AX IS V E LOCI t IE S 10 GET Ai R SPEED

IF (.NOT .WIN O) (,u (0 ‘~10
WI N UAL T : AL T I T UD E
IF (a1NDALT .GT . 9~ 00O) M INDA LT 95000
CALL PUI-’~TF 

(~UNDALI,~~O,PLA CE ,FRACT ION ,nINUARG)
NWIND NWTABL (PLA CE )+ (NWTAHL (PLACE+1 ).NWTAbL (PLACE ))*FRACT 1ON
Ev. JNU :En TABL C PLACE ) + (E WTA BL C PLACE+1 ) TA8E (PLACE) ) AFRA C TION
GO 10 LT2O

M1 0 NMINU E.WIN D 0
* EART H AXIS ANt ) A I R VELOC ITIES CONSIDER H—FRAME VELOCITIES .
* nINDS, AN T ) R OTATIN G EARTH

‘~20 UA :UE—N#dIND
UA LR :UA -

VA :VE—E WIND .RCOSLAI *UMEGA
VA 11: VA
111)01 : —WI

*111)01 REFERENCES POSI1IV E UPWARDS
*
a CALCUL A 1 ION OF 8UU Y— AX IS VELOCITIES, ALPHA, BETA
a SIGN CONV ENT IONS FUR VELOC ITIES ARE, U iS POSITIVE FOR FORWA R D
a V IS POSITIVE ~ 1U HI, A Nt) .‘~ IS POSITI V E DUW N*At~D

DPIT 1 V4 *C1JSPSI—UA*SINPSI
DPIT2 :UA*CCISPSI+VA *SINPSI
DPI I3 W E * C U S  ErI E IA +t)P112*SLNTHEIA
U l~~OP i l IA C t’S T HE. T A WE*SIN THE TA
U BUD V :08
Vd :DPIT1aCUSPHI+uP113*SINPII I
V800Y :VB
WB OP~ I 3*CUSPHI—u pI I1aSINPHI

* ALPHA IS ANGLE Of AT TA C I’~ Ii~ RADIANS
ALP HA :A I AN~~(WtjU1) V , UBODY)
SIN 4L~ :SIN (ALPPIA)
COSALF :COS (ALPHA )
P I l l  a SORT (UBUUYaa2 + WBODYa*2)

a BETA IS ANGLE OF S1DESLIP Ii~i DEGREES
BE I A AI A N2 C VBUD’ ( , PIll )
BE. TA :~ E I 4*57 .2957 7951

aVELTRUE IS TRUE A IRSPEED IN FT/SEC
aTEST FOR F I v E .  O FGRE.t—O F—FW EEL )OM

IF (FivUEG ) GO TU q30
VE L 1RUE :SURT(VI3UUYa*2+PI11**2 )
GO T o A~~O

U30 V E LT RUE VLL IC
4L4 0 CONT INUE

a
aRHO AND oBAR CALCULATIONS REoULPE TABLE LOOKUP OF ZETA

GIOALI :RE. aA LT IIUUE /(RE+A LT ITU UE )
M HUAL T GE OAUJ
CALL P (J1NIf T.RH OA L T .441 ,PL ACE,F RACT iON , ZETA RS )
ZE TA :IE. TA RL (PLACE. ) +( LET ABL (PLACE+1) .ZETABL (PLACE) )*FRACT ION
RHO;RHOOaEXP (.1ETAaGEOALT /10000 )
Q SA R :

aEQU1~~~LENT AND C A L IB R A T E D  A IRSPEEDS ARE.  CALC LJ LA 1E.L )  IN KNOTS
a K E A S  IS E~~IJ I V A L ~~NT A IRS P E E D ,  KCAS IS CA LI BRATED A iRSPEED

K E A S  V EL I~~UEabUR TCRHU /RHOO )AKNOT CUN
*Tpl~ CA LCUL AT ION OF MACIl REQUIRES A TABLE LOUKUP OF SPEED OF
*SOUNO BASED ON ALTITU DE
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CALL POIN T F (RHOAL I,31 , PL ACE ,FRACTION.SNDA P( ,)
SOUNDZSNL )TABL (PLACE)+ (SNDTABL (PLACE+1 )— SNUIABL (PLAC E) )aFRA CTION
MACFT z VELTPCUE/SOUN D

aREAL FUNCTION SPEED IS USED TO DERIVE I’CAS FROM KEAS, AND
a1S PRESENTED jN TIlE F U N C T I O N  DEFINITION SECTION

Pill : SPEE.O (MACII)
P112 3 SPEE O (.OO151IA KCA S)
P’C AS ~ PII 1*KEAS/PIT2

*

*

* ANA LOG oUTPUT AN D DIGITAL INPUT ARE. STA R TED HERE.
*

INLINE
LW ‘4,BZ0003FFFF
L E A
STM~ 1,25b
CT) 0 , 4 4 1 80 0 0

END!
a
a
* IF DYNAMIC CI4ECt~S ARE DESIRED TIlE. A PPROPR IATE SURFACES AlE DEFLECTED
* AND fCS PROCESSING iS BYPASSED .
*

IF (.NO1 .UE.PULSE) 50 10 ~4 L43

DEL:OELIC +PULSEa1Ô.0
DE. MzOE R IC +PUL S EA lb ,0
GO TO ‘4448

(44 4~~ IF (.NOI.DAPULSE ) GO TO ‘4(44
D E La D E . LT L + P U L S E* l b . O
DER :DER IC— PULSE * 16,0
GO TL~ (448

44’4’4 IF(, NOi .DRPULSE) GO T O 445
LIW UD D R I C + R U L S E  *~~~~• ()
0€. M U ERIC
1) EL: U ELI C
GO 10 (4449

444 5 C O N T I N U E
A

aE*ECUTE SHU F fLE F L I G H t  CONT ROL SYS TEM
a

CALL SHTLFCS
a

IF(.NOT . (t-CSOE,UR ,FCSOA )) 50 10 4448
DEL :D€.LIC

448 IF (FCSDR ) DRUD DRIC
44449 IF (FCSOF ) FLAP:D1i FIC

1F (FCSSB) BRAK:DSBIC
ELEV :(OEL,DER)/2
DAIL :(DEL.DER)/2

*

a THIS SECTIO N BUILDS THE DA IA HALFWORD TABLE S TO BE OUTPUT THRU

* TIE U-A CONVERT E R .
JJai
DA 1A SUOT ) T
INLINE

)9SO
END!
JJ$i
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0* TA :PDUT
iNLINE

BL )950
END1
JJ z3
DAT A~ RDOT
INL iNE

)950
EMIl

DAT AsUBUDY
INLINE

)950
E ND1
JJa5
DA T AaPBOOY
I N LI NE

) 95 U

~N 1)1
J J b
DAT A gRBUDY
INLINE

IL )950
END!
JJ;7
1)A I A tAL
I N LI NE

IL )950
ENDI
JJ a8
DATA:A Y
INL INE

IL )950
ENDI
JJ:9
DA TA :AX
INLINE

BC )950
ENDI
JJ:I 0
DAT A$ALP1-T A
iNLINE

tiL )950
E NDI
JJ:( 1
t)AT UtBE TA
INLINE

IL )950
ENOL
JJ~~liL)A FA t U B A R
INLINE

IL )95 0
END I
JJ :13
DA TA : VET.. TwuE.
INLINE

141 )950
EMIl S
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JJa14
DA T * :MA C I
INLI NE

IL )950
ENUI
JJ:15
DAIA :PHI
INLINE

IL )950
EMIl

DA T ua P S I
INLI NE

IL )950
END!
JJ:I7
DA TA: THE TA
INLI NE

IL )950
END1
JJx1 8
DAIA :ALJITUUE
INLINE

IL )950
END!
JJ:19
DAT A Z K E  AS
INLiNE

IL )950
EMIl
JJ:20
DA TA :VEL TRUE
INLINE
IL )9S0

EN 01
JJ$2 1
DA TA aPIOOT
INLiNE

IlL )950
END!
JJ~~22DA T  A : DO T
iNLI NE

)950
EMIl
JJ:23
04 TA:CRUSSRNG
INLI NE

IL )950
EMIl

DA IA :DOWNRNG
INLINE

IL )950
EMIl
J J ii S
D*TA :LAT
INLINE

IL )950
117
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END!
JJa ~~~DA T A S L A I G
iNLINE

IL )950
E N D !
JJ$21
DATA :UER
iNL INE

IL )950
END I
JJ:2b
DATA *ELEV
INLI NE.

IL 1950
E M I l
JJ:29
DATA :DA IL
iNLiNE

IL )950
E ND !
J J : 3 u
DAT A :AL T I I UDE
INLI NE

IL )950
E ND !
JJi3I
DA TA zUEL
INLINE

ML 1950
E.NDl

DATA:t )RUD
INLI NE

IL )950
END!
JJ;3S
(IA 1A :BRAK
INLINE

IL )950
E.NOI
JJ :3 ‘4
DAIA :FLA P
INLINE

ML )950
E ND !

DA T A :UZCMO
INLINE

IL )950
E ND !

*

*

* ‘RE ADY’ IS USED To IND ICAT E THA T A ‘dEW LOOP IS TO START ,
a IT IS SET TO .TRUE . BY THE iNTE RVAL TIMER INTERRUP T HANDLER .

REA DY :.FALSE .
*
A T E S T  FO R DESIRED EA SE
*E ASE IS IlE~JUESTED BY SETTING SENSE SW ITCH 0 $
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*
500 CALL SSWFCPT (i2,EASER )

IF (.NOT .E ASr.R) GO 10 550
SOS CONTi NUE.

IN Li “4€.
Dl 43 DIS ABLE INTERVAL UMER

END!
a C ANGLES ARE FOR CUI~1MUNI CAT ILJN S TO AND FROM THE O PERA JUR V IA EASE,
* THE Y ARE EXPRESSED IN DEGREES.

C I HE TA: T Ilt IA *57 • 295 17 95 1
CPHI :PFIIaS7.29577951
CPSIzPSIaS?.29S77951
cALPHA ~ ALPtlA *51 , 2957 7951
CPSIH PSIPI*57.29577951
CPSIRZPSIR*57.29577951
CMU:MU*57.2957795!
CLAT ;LAT aS7 .29577951
CLN(~ILNG*S? .295?7951
CALL M :LUAD (‘EA SEFCS ‘ill )
CALL EA SE (DATADBL.DILSIZE,DATAWR DR ,RSIZE,t)A IAWRI )1 , ISIZE,

* DATA HA F.HAF S IIE. ,DAT A BY I ,IY ISIZE,LIST,SIZE)
GO 10 10

a
aWAIT FOR INTERVAL TIMER INTERRUPT
550 T !ME :1LMEsUELTA

IF (TIME ,GT.RUNTIME ) GO lu 505
551 CONUNUE

IF (READY ) GO 10 447
GO It) 55 1

*
A THIS IS THE ANA LOG INPUT IOCI

INLINE
)910 DATA W BZCOU1002O

ACH )911
AC H DAT AI N
RES 1~ I

)911 RES
*

* THIS IS THE. LLNTcEO IOCB FOR BOTH ANALOG INPUT AND DIGI TAL UUIPUE
1915 DATA W 8144200002C

AC rs )916
AC H D A T AO U T
RES

1920 DATAW BZE0000001
Ad 1921
ACH OISCRTIN

1*
)916 lIES 1W
)921 L)A E A M  81140000000

END!
*

INLINE
1950 ST., O ,L 1NP’

ENDI
IF (SCALOIJT (JJ).LT .0) so to 9544
IF (DATA .LE.SCALOUT (JJ)) GO TO 951
DA TA OUI (JJ)3327b7
GO 1 0 953

951 IF (DATA .GE,—SC ALUUT(JJ)) GO TO 952
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OAI A O U1’(JJ)z—32767
GO 10 953

9S2 DATAOUT(JJ)sQ*IA/SCALUUT (JJ)*32767
INLINE.

1953 L~ 3,JJ
SLA 3,1
LI 7,DATAOUT—2 ,3
SlIL 7,4
SIps 7,t)ATAUUI—2 ,3
Ln O,LI NK
T I’I SW U

E M I L
9514 IF(D ATA .GE .SC ALUUI (JJ)) 50 10 955

DATAOUT (JJ ):32 767
GO 10 953

955 1F (D A T A ,LE.—SC ALUUT(JJ) ) GO TO 952
DAT ADUl (JJ):~~327b7
GO TO 953

a
INLI NE.

)960 ST* 0,L!NK
L ’~ 3,JJ
SLA 3,1
LI 7,OAIAIN .2,3
SLL 7,1
STM 7,DATA IN .2,3

END!
DA T A z O A T A I t ~d (JJ)  *SCA L IN(JJ )/3276 7

-

‘ 
INLINE.

LW O ,L 1NP
TRS W 0

E ND!
*

*
INL INE

)1000 A C Id )1O1O
11010 lIES

ST a 7,SAVFL
Lb 7,2ZFF
STI 7,READY

7,SA V FL
*11 010

E ND!
*

*
INLINE

)11 00 DI ‘13 DISABLE INTERVAL TIME R
7,HANDLER

51W 7,428
E ND !
STO P

a
I NLINE

)1105 Dl ‘43 DISABLE iNTER VAL TIMER
LEA 6,11105
LW 7,M ZFFF FFFEC
CALM

E ND !
GO II.) 10

END 120
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APPENDIX B - EASE PROGRAM LISTING

* *
A E A S E  a
a *

* * * * * * * *  ***a* a*a**** ***a*****a***** *a**a***aa~ ** ***a**a*** a*aa * **a  ~**a
SUBR OUTINE EAS E (DATA OBL ,DBLS ILE ,OATAWRDII ,MSIZE ,DATAWRDI , ISIZE,

1 DA TA I-IAF ,HA FSIZE ,DAIA BYI ,BYTSIZE,L IST,S LZE. )
* THE PURPOSE OF THE EASE PROGRAM IS TO ALLOW INPUT AND OUTPUJ OF

~ DATA VALUES . DA TA  MAY BE REFERENCED BY EiTHER VARIA B LE NAME OR
* NUMBERED MEMORY LOCA TION , -

a
* DATA IS COMMUN ICATED IN THE FOLLOWING FASHION—
*

*

* NAMED VAR IA B LES ARE ADDRESSED BY NAME , AND MEMORY LOCAT IONS ARE
* ADDRESSED BY A FULLRORI) ADDRESS.
a
* TO EXAM INE A DATA VALUE A UUESTION MARK SHOULD FOLLOW THE LOCAT ION

* D€.SCRIF’IIU’T.
a
* TO CHANGE THE VALUE OF THE SPECIFIED LOCATION AN IUUAL Slt.N SHOULD
A FOLLOW 111€. LocA rloN DESCRIPtION .
*
a IN (jUIWjES OF OPT iNPUTS TO MEMORY LOCATIONS THAT ARE INTEGER VALUE S
* SHOULD BE PRECEDED BY AN ASTERISI (.
* INQUIRIES OF OR INPUTS TO MEMORY LOCAT IONS THAT ARE RE AL V A LUES M A Y
* BE L E F T  UNPREFIXED.
a
* IMBEDUED BLAN$~S ARE IGNORED IN ALL CASES.

• a
a TO RETURN 10 THE MA IN PROGRAM Au ~ EX CLA MA 1l U~ MA RK SHOULD BE. TYPED .
*

* HEX ADDRESSES BEGINNING W iT H A LETTER (C.F. A12C ) MUS 13€. PRECELUED
* BY A ZERO (C.F. 0A72C )
*
a
a T HE FOLLOWIM, INPUT WILL CAUSE A L FA TO BE. SET TI) 30 L)EGREES
* ALFA Z3O
a THE FOLLOW ING WILL CAUSE THE PROGRAM TO OU IPUJ ZE TA—
* ZET A ? -

* THE FOLLOW ING WILL CAUSE TIE PROGRAM Hi OUtPUT AR E REAL VALUE FROM
a LOCATION 123145
a 123145?
* TPIE FOLLOW ING W ILL iNPUT TPTE INTEGER vALU E OF 54b TO LOCAT ION 123145
a a123(45a4456
a

THE DATA STOR4G~. A RRAYS ARE SET UP AS FOLLOW S
a
*a a a* a * a * a a a a* aA * a * * * *a * a a* a * *a * a * * a * *a * * * *a a* * a a * * * * * *a * * * *  K= 1
* a

* *
* OA TA DBL (P~I:HEAL DOUBLEWORD A RRAY *
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a a

* *
a a a * a a * * a a a * a a a * a a a * a * * * * * *a a a a* * * * *A a * * a a a * * * * * * * * *a a a a a * a *  ,c~ KM4XDBL

*
A *

* UA JAWRDR (K ) RE.AL WORD ARRAY a

* a

* *
a* * * * * * * a * * a a * * a * a a  * * a a * a a * * * * * a a * a a a a * a a * * a a a * a a * * * * * a * * * a a  K :KMAX~~EAL
a *
a *
* DA IAWR DI (K):INTEGER WORD ARRAY *
* *
a a

* *a * * a* * * *a a a aa aA * * *a a* * * * ** * ** * * * ** a * * *a * * * aA * a* * *a a a* * * * **  K :KMAXnRO

* *
* *
A DA IA HAF( K) INTEGE.R HALF *ORD ARRAY a

* a

* *
*****a****aa** a***************a**********************A***a** K~~K M A X P 1 A f

* *
a *
a UATA BY I (K J :IN TEG LR BYTE A R R A Y  *

* a

* a
* * a * * * * * * * a a* * a a * * * * * *A * * A * A * * a * * * * ** a * *  * * *a * a * * * * a * * *a * *a * a  tc:SI ZE
a
a
* THE. LiST SYMBOL ARRAY CONTAINS A 000BLEWORO CHA RACT ER NAME FOR EACH
a VARiABLE IN THE DATA( K ) ARRAY . T HE VALUE OF K IN LiSI ($.) CORRESPO~

()

* TO THE VA LUE OF K IN THE DATA( K ) ARRAYS

*

*
a THE FOLLOWING VA R IABLES MUST tiE DIMENSIONED AS IND ICATED TO INSURE

* PROPER OPERATION (iF TI-SE PRUGRAM IN EACH CASE
* DA TA B Y T (VALUL Of IcMAX HA F,5IZE)
* DATA 1IAF (VALUE OF KMAX W RO ,VALUE OF KMAX HAF )
a OATA .,RD I (VALUL OF KMAX REAL, vA LUE OF KMAXWRU )

* DAT A WR DR (VA LUE OF KMAXOBL,VAL UE OF KMA X REAL)

* DA TA OBL (1 ,VA LUE OF KMAXDB L)
* LIST (IOTAL NUMBER Of- VARIAB LES )
a
*

* ALSO, THE. FOLLOWING PARAM ETERS MUST BE INIT IA LIZE D IN A DATA
a STATE M ENT
* SIZE IOTAL NUMBER OF VARIABLE S
* KMAX DB L 3VA L L J E OF K AT END OF DOUBLEWORD ARRAY
* KMA XHEAL $VA LUE OF K AT END OF REAL ~ORD AR RA Y
* Kf-IAXWR(I:VA LIJE OF K A l END OF INTEGER WORD ARRAY
* KMAX 14AF 3VA LUE Of K A l END OF HALFWURD ARRAY

*

*
bIT INTG $,LETTEPI ,DECIMAL
CHAR ~iURD(B 1 ), TEMP(8), 4UMB (5 ),OUTBUF(25),NAMEIN(25)
CRAM MSSGL (I5),PTSSG2 (18),MSSG3 (344),MSSG4(33),MSSGS(35),MSSG6 (31)
CHAR MSSG7(37),MSSG8(3b),MSSG9 (29),MSSGIU (22)
INTEI’ER*2 DBLSIZE,RSIZE, ISIZE,HAFSIZE,RYTSIZE,SIZE
INTEGER a1 UA TAB YT( BYTS IZE )

122

_ _ _ _ _  ____  - ~- —  
— ----

~~~
-
~~ 

— — ‘---—
~ 

- - - -- -- - - ~~ 
i_



~~~~~~ - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5-5-~~~~~~ -

l NlE.GER*2 DA TA HA F OIAFSIZE-)
INTEGERa4 DAT AnR O 1 (L SIZE )
INTEGER*’4 AUON,b( JXI
INTEG€R a8 LIST (SIZE), INBUFI,SYMBOL
REAL*44 DATAWRDR (RSI ZL ),BOXW
REA LA IS DA IA UbL (DBLSLLE ),INI3UFR
EDULVALENC E (SYMBUL,TEMP (1)), (TEMP (1),NUMb(1j), (BOXR,BUXI)
DAT A MSSG1/’WtLCO ME 10 EASE’/
DAT A M5552/’WRQrtG INPUT FORMA 1’/
DA TA MSSG3/’VARIABLE NAME E*CEt~DS 8 CHA RACIER S ’/
DATA MS$G4/’NO suCis SYMBOL. IS DEFINED 10 EASE ’/
DATA MSSGS/’MEMORY ADDRESS MUST BE A HEX “.UM B E R’/
DATA MSSG6/ MEMURY ADDRESS E.~ CE E D S  S UIGITS’/
DATA MSSG7/’MEMORY ADDRESS 15 OuTSIDE CURE LIM ITS ’/
DA TA M5Sb8/’MEMOHY DATA MUSE t~E A DECIMAL ‘~UMaER’/
DAT A MSSG9/’MEMORY DATA EXCEEDS 25 DIGITS ’/
DATA MSSG1O/’ENO OF EASE PRUCESSING’/
KMAXDBLZOBLSL 1E
KMA XW EA L :OBLSILE.+RSIZt:.
KMAXWIID ~ DbLSiZE+KSIZ E+1SIZE
KMAX HA F [)BLSIIEsR5ILE+LSILL+r,A FSILE.
CALL CAR R IAGE.
C ALL MflELEn(M5551,15 )
CALL CARRi AG E

10 CONTiNUE
LE TT E.HZINTGR: .FALSE .
CALL CANR1A (,E
CALL M :TELER (WORU,80)
L 32

a TEST FUR BLANPc S IN INPUT LINE
15 IF (WO RD (L),NE..’ ‘1 GO 10 20

LzLsI
GO TO 15

20 IF (WOlIu (L).EU.’L’ I GO II) 100
!F((WUlID (L).LT .’A ’ ).OR .(WIJRD (L).Gl. ’Z’)) GO TU 22

• GO TO 200
22 IF (WURD (L).NE .’*’) GO 10 24

INTGRa . TRUE,
23 LZL +1

IF(WORD (L).NE .’ ‘) GO TO 24
GO TO 23

244 IF ((..UMD(L).L 1 ,’O’).OR .(~ ORD (L).GT, ’9’)) GO T0 30
GO TO 300

440 CONTINUE
IF (WORD(L).EU. ’?’ 1 50 10 ‘400
1F (WOftO(L).E.O.’z’) GO TO 500
GO 10 30

a
*
a THE FOLLO WING SECTION CONTAINS ERROR MESSAGES
*

30 CA LL CAR RIAG E.
C ALL M IELEW(MSS5~~,1B)so ru 10

a
SO C A LL C A R R I A GE

CALL M :ILLEW (M55G3,344)
GO 10 10

*
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60 CALL CARR IAGE
C ALL MITELE.a (M5S5it,33)
GO TO 10

a
70 CALL  CAR R IAGE

C ALL MsTE.L€.w (M3555,35)
GO 10 10

*
80 CALL CARRIAGE.

C ALL M :TE.LEW (MSS5b,31)
GO T O 10

*
90 CALL CA RRiA GE

CALL M :IELEW(MSSG7,37)
GO TO 1 0

A
55 CALL CARRIAGE

CALL M:TEL€w (MSSG8,36)
GO 10 1 0

*
65 CALL CA RRI A GE

CALL M~ TELEW (MSSG9,29)
GO T O 10

ft

*

*

* NAME D V A R IA B L E  PROCESSING
200 CONTINUE

* LETTER SIGN IFIES TO TIE I/U SECTION THAT THE EFFECTIVE VA R IA B L E.
* ADDRESS IS DEFINED BY LOCATION IN Tpi E VARIA BLE TABLE .

LE HE w:, I RUE.
* IN ITIAL i ZE TEMP TO BLANKS

J~~1
210 IEMP (J)3WORU (L)
220 LZLt1

1F ( W Uw U ( L ) . r~E. ’ ‘I GO 10 230
GO 10 220

230 IF ((WORD (L).EU .’?’ ).OR .(WURU (L).EU.’z’)) 50 10 250
J z J p 1
£F (J ,EtJ .9) GO to SO
GO 10 210

A TEST FOR SYMBOL IN SYMBOL LIST AND FIND RELATIVE LOCA T ION IN DATA
a ARRAYS

250
255 JF( SYMBOL .€.D .LIST(K)) GO TO 260

K : K +  1
IF( K .GT .S11E.) 50 10 60
GO T O 255

260 IF (K  ,i,1 .KMAX R EA L ) INTGRS . TRUE .
* RETURN 10 MA I ’~

GO TO 40
*

*

*
a NUMBER IU ADDRESS PROCESSING

300 CON TINU E
* FILL NUMb W ITH BLANKS
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J’l
310 NUMB (J)3WURO (L)
320 L*L+1

IF (WORD (L).NE .’ ‘) GO 10 330
GO 10 32 0

330 IFUWORD (L),EU ,’?’ ).Uk ,(RUR O (L).L0.’:’)) GO TO 350
IF ((WURU (L),GE .’O’).ANU .(WUWD (L) .LE . ‘9’)) GO 10 340
jF ((W (JRD(L).G E , ’A ’),AND .(WORU(L).Lt .’F’)) GO It) 3(40
GO TO 70

340 J*J+1
IF (J.EU.6) GO TO BO
GO 10 310

A NUMB MUST BE. RIGHT JUSTIFI ED FOR CONVERSION
350 IF (J.EI~.S) GO 10 357

MOVEZS.J
00 355 N 1 , MO VE.
N U M B ( 5 ) 3 N U M I I ( (4 )
NUMB(’4)NUM$ (3)
NUMB (3)*NUMB (2) k
NUMB (2):NUMB ( 1)

355 NUMB (1):’
* CONVE RT A SCIi INPUT 10 HEX ADDRESS
357 DEC ODE (5,360,NUMB )AUUR
360 FORMAT (Z5)

a TEST FUR EXISTENT MEMORY ADDRESS
- IF (ADDR .G I.SZ27FFC) GO 10 90

a RETURN TO MAIN
GO T O ‘40

*

*
a

* CR1 OUTPUT PROCESSING
* TEST To DETERM INE IF NUMBERED LOCATION OR NAMED VA R IAB L E OUTPUt IS
a DESIRED

4400 CONTINUE
IF (LETTE R) GO lu 4450

a R~ Tj EVt VALU E FROM EFFECTIVE. ADDRESS
INLiNE

LW 7,*A (iUR
ST* 7,BO XR

E ND I
a TEST l~OR INTEGER OR REA L CONV ERS ION

IFUNTGR ; GO TO 4410
ENCODE ( 25, 405, Ou TI3UF I

‘405 FO RMA I (F25.1O)
GO T O 490

‘410 ENCOUE (25,41S,UUTBUF)BOX I
“15 FOR MAT (I25)

GO 10 490
4r~Ø IF(INTGR) GO 10 470

a TEST LU DETERM INE WHICH A R RAY TYPE IS TO BE ACCESSED, AND PROCESS $
* AC CORDINGLY

IF (K .t,1.KMAXOI3L ) GO IL) ‘460
ENCUOE (25,405,00TI3UF)UAIADI3LLtc )
GO To ~49u

4460 ENCOUL (25,40 5,OULBUF )UA TAWWDW (KUKMAX DBL )
GO TU 4490

4470 IF (K .GT ,K MA XPI AF) GO TO ‘4$S
IF(K .GT. KMA XWRU) GO TO 4480
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ENCUL)E (25,~41S,UU1BUf )OA 1AWRUI(K — KMA XR EA L )
GO TU 4490

‘480 ENCODE (2’,,’4L5,00TBUF )OATAMAF(K ..KMAXWRD )
GO IL) 490

485 ENCOOE (d5,441b ,OUIBUF )DATA Byr (K~ KMAX HAF)
* OUTPUT ANSWER

(490 CALL CARRIA GE
CA L L M$TE.LEW(OUIIjUF,25)

* RETU RN TO MAIN
GO To 10

*

*
a
* CR 1 INPUT PROCESSING
a FI NIS~i IN PU I (if DESIRED VALUE AND STORE

SuO CONTiNUE
OECIM A L .~~ALSE .

~Jz1NAME 1N ’
51 0 L:Ls1

* TE ST f-L )R BLANK S
iF (WURD (L).EU .’ ‘I GO 10 510

* IE S I f- ti M CAP ~~ I A G1 RETURN
jF (aURD (~.).EO ,2Z0D) GO TO 520

* Ir S I FUR v A L j J J  NUMBER
1F ((AURU(L ).GE ,’O’).ANU. (WORD (L).LE . ’9’)) GO TO 515

GO TO 515
IF (WURD(L) . NE . ‘ .‘)  GO TO
DEC IMAL :.1RUE .

515 NAMEIN (J ):WURU(L)
1

IF (J.E0.28) GO TO bS ¶
GO 10 510

* NA M E IN NOW C0’~T A IN S TIE VALUE TO BE STORED IN AS CII
a TEST FUR INTE GER QR REAL CONV ER SiON
520 If (INTGR ) GO 10 525

If(.NtJ 1 .OEC IMA L ) NAMEIN (J )s ’.’
DECODE (25, ‘405, NAM E IN ) INBUFR
GO TO 530

525 1F(J ,~~D.25) GO 10 529
A NAM E.I N MUST HE R IGHT JUSIIFIED FOR CONVERS IU~4

M O V 1~~db—J
DO 527 I L , MUVE
1)0 526 N :1,244

526 NAM E. IN(28 N) NAMLIN(25 N)
527 NAME.JN (1 ):’
529 DE.CuuE(2’ ,~415, NAME IN) INBU F I

~ INBUFR CQ N rA j ’~S THE REAL DATA VALUE, AND j r ’i*-i t j F I  CONTAINS THE INTEGE R

* DAIA VALU E
* T E S T  ~‘vr1ET IEN t)A1A is FOR NAMED VARIABLE OR NUMBERED MEMORY LOCA IT UN
530 IF (Lt TTER ) GO TO 550

IF(I’~ I”R ) GD TO 5440

* STORE. R E A L  VALUE iN E F F E C T I V E  ADD RESS
INLI NE

L~’4 7,IN BUF W
Sin 7, *A ODR

t NDI
GO To 599

a STORE INTEGER VAL UE IN E F FE CT IV E ADDRESS

12F
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540 CONTINUE
INLINE

LR 7 ,IN UU T-I+I W
SIW 7,aA DDFT

ENUL
GO TO 599

* CHOOSE DATA TA BLE iN WHICH VA RiABL E iS TO BE. STOREu
550 IF (K .GT .KMAX HA F ) Ut) TO 560

IF (K ,GT.KMAX WW O) GO 10 562
IF (K .tiI.~~M AXREA L ) GO 10 So4
1F (K .GT. KMAX DBL) GO IL) 566
L)A I AL)HL (K I :INBUFR
GO 10 57 0

560 OA TA BY T (K— KMA XHA F)Z INBU F I —

GO TO 570
562 OATA HA F (K— KMAX RRD)ZINBUF I

GO TO 570
56(4 DA TAWRD I (K KMAXREAL )zINiiUF l

GO t O 57 0
566 DATA nRUR(K ~ KMAXL )BL)*IN 6UFR

a THE FOLLO W ING SEC1ION TESI FOR VALUES OF K THA T REUUIRE. AUDI1IO~4AL

* CALCULA T IONS FOR EACH CHANGE IN VALUE
570 CONTINUE

a
*
a INSERT ADDED CALCULATIONS HERE **~~ * * * * * * * * *A * * * * *

* a *
* RETURN 10 MAIN
599 GO TO 10

*
a

100 CALL CARR IAGE
CALL M :TELEW (MSSGIO,22)
RETURN

*

* END OF EASE PRUGRAM
E Ni)
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APPENDIX C - F UNCTION GENERATION PAC K AG E

PROGRAM LIAT A STUR
REAL DATA (1000 )
IP4TEGER*8 r~sAME ,NAM€Lis1 (a5 )

A
* NOTE Ti-sAT U U TDA IA MUST BE DIMENSiONED 10 ‘SIZE’ , OR TIlE TOT AL
* NUM~~E.R OF n0k05 IN ALL DATA ARRAYS ,

RE A LA ’4 OUTI.)ATA(5243)
*

INTEGERA 44 LENGIM ,NUMBER,D1F F ,ADORE5S,SIZE,P1T,$IAT
a

CCO I(63)
RE A LA 4 OCCET (378)
REAL*4 CCOB FTT (b3)
REA La4 CCDBF2T(63)
REAL *4 CCOSBII(63 )
RE AL*4 CCDSB2T(63)
REAL*44 CLBTABL (252 )
REAL*4 CLBOELT (63)
REAL *44 CLBOE2T (63)
R€A L*4 CLBDSI3TT (63)
REA La4 CLBDSB2T(63)

CLBDSB3T (b3)
RE AL*4 CLOAT( 378)
REAL*4 CLi)I4T (252)
REAL*4 CLPT (63)
REAL*44 CLRT(63)
W E.AL a 44 CMUT (63)

OCMET (318)
REAL*44 CMDBF1T (63)
RE.A La 44 CMOBF2T (63)

CMDSI31T (63)
CMDSt32I (63)

REAL*4 CMOI (252)
REALA 4 CNBTABL(252)
REA LAL4 CNBOEIT (63)
REAL a4 CNBDE2T(63)
REA La4 CNBDSB1I(63)
REA La 4 CNBDSB2T (63)
REALa44 CNBDSB3T (63)
REAL*4 CNDAI (378)
REAL*44 CNDP1 T (252)
REAL*4 CNDRBT (63)
REAL*44 CNPT (63)
REAL a44 CNRT (63)

CN OT (63)
REAL *L 4 CNDET (63)
RE AL*4 CNDBFIT( 63)
R L A L a 4 4  CN OF3F2 T(b3)
REA L* 44 CNDSB1T(63)
REAL a44 CNOSB2T (63)
P4EA L A 14 CYBT (b3)
REALa 4 CYDAT(378)
WEAL* ’4 CYDRT(63)
REA L a 44 CYDRSB1T (7)
REA L* 4 CYDRSH2T (7)
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CHAR BUFFER (81),COMMENT3(b5 ),MSSG(80), TEST
CHAR MSSG1(45),MSSG2 (’44),MSSG3C644)
EQUIVALENCE (BUFFER (2), M$SG (1). TEST)

EQUIVALENCE
a (OUTDATA (1),CCOT (1))
a, (OUTOATA (64), DCCET ( 1))
*, (QUTOATA (4442),Cc013F11 (I))
a, (IJUTDATA (505) , CCUBF2T (1) )
a, (OUTD ATA(566 ) ,CCOSB1 1(1))
a , (OUTDATA (631) ,CCDSB2T (1))
a, (OUTOATA(694) ,CLBTABL (1))
*, (QIJTDATA( 9444),CLBDE1T (1))
*,(QUTDATA (1009),CLL3UE2T (1))
a, (OUTDA TA ( 10 72) , CLBDSBIT (1))
a, (OUTOATA ( 1135) • CLSOSB2T (1) 1
a,(OUTD ATA (1198),CLBDSB3T (j))
a, (UUTDAT A( 1261) ,CLDAT (1))
a, (OOTDATA (1bS9),CLL)IIT( 1))
*,(QLJTDATA( 1891),CLPT (1))
a,(OLJTDATA (1954 ).CLRT (1))
a, (CIUTOATA (2017), CRUT (1))
a , (OUT DA TA ( 2080) , DCME. U 1) )
a, (OUTD ATA (2458) ,CMOBF1 T (1))
* , (OUTDATA(2521),CMOBF2T (1))
a, (OOTOATA (258’4) ,CMOSB1 T( 1))
a,(UUTDATA (26447),CMLI$82T(3))
* , (OUTDAIA (2710),CM (TT (1))
a ,(Ut JTOAT A I,2962),CNBTABL (i))
a ,(OUT DATA (321 44) .CNBDE 11 (1))
*,(QOTUA TA( 3~ 77),C Nt3DE21 (1))
a , (OUTDA T A  ( 33440) , CNBDSB1I (1))
a, (QUIDA TA ( 3403) , CNBDSB2T (1) )
a, (OUTDATA (3466),CNI3OSB3T (1))
a, (OOTL)AT A(3529) ,CNOA T (1))
a, (OUTOA 1A(3 907).CNURT(1) )
a , (OUTOATA (4159),CNORBI (1))
a , (O0 TDATA (44222 ),CN PTU) )
a , (Ot4IDATA (’42&35),CNRT(1))
a, (OOTOATA (4348),CNOT (1))
a , (OUTDA 1A (~T411),CNOET (1))
a , (OUTDA TA (‘4474) ,CNDBF IT (1))
a , (OUTDATA(4537) ,CNDBF2I (1))
a,(QUTOA IA (UbOO ),CNDSB1T (1))
*,(QUTD ATA (44663),CNDSB2T (1))
*,(QUTDATA (4726),CY131 (1))
a ,(OUTOATA(4789),CYOAT(1))
a ,(OUTQATA(5)6 7),CYURT(1 ))
a,(OUTDATA (5230),CYDRSB1T(1))
a, (O0TDAT A (5237),CYORSB2T (1))
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DAT A MSSGL/’IF HEADER CARD CORRECT TYPE C, I F  NUT TYPE A P/
DA TA MS$G2 / ‘PLEASE INPUT CORRECT HEADER CARD INFORMAT ION ’/
DATA M$$G3/’NAME WAS NOT FOUND IN NAMELIST PLEASE ENTER CW4RECT IN

1FO ITMAT ION .’/
DATA SIZE/52443/
DATA NUM8EK/4S/

a
DATA NAM ELIST/

* ICCO ’
a ,‘CCE’
a ,‘CCO8F1’

* ,‘CCDBFZ’
* •‘CCDS81’
* ,‘CCDSB2’
a ,‘CLd ’ ’
* ,‘CLBDEl’
a ,‘CLBOE2’
* ,‘CLBUSBI’
a ,‘CLBDSB2’
* ,‘CLBDSB3’
A ,~~~j)A’a ,‘CLO N’
* ,‘CLP’
* ,‘C LK’
* ,‘CM O’
* ,‘CME’
* ,‘C MD BFl’
* ,‘CMDBF2’
a ,‘C MOS$l’
* ,‘C MDSB2’
* ,‘(MGI ’
*
a ,‘CNBDEI’
* ,‘C NBDE2’
* ,‘C NBOSBl’
* ,‘C NBDSB2’
* ,‘CNBOSB3’
a ,‘CNUA ’
a ,‘CNDR ’
* ,‘C NDRB’
* ,‘C NP’
a
* ,‘CNO’
*
a ,‘CNDBFI ’
* ,‘C NDBF2’
* ,‘CNDSSI’
* ,‘C NDSB2’

I a
a ,~~C’V1 )A 1
a ,‘CYDR’
* ,‘CYDRDSBl’
* ,‘CYDRDSB2’/

10 DATA : 0.0
READ (44,20,END*150) NAME, LENGTH, COMMENTS

20 FORMAT (A8,1X ,1b,65A1)
30 ENCODE (80,20, MSSG) NAME, LENGTH,COMMENTS

I F  (T E S T , k U.’C’) GD TO 50
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I
a THIS SECTION O 0TPU 1S THE HEADE R CARD TO THE CR T
a

CALL CA RR iAGE
CALL M :TELEW (MSSG,80)
CALL CARR IA GE
CALL M ITELEW (MSSGI,45)
C A LL. M :JELER (HUFFER ,80)
IF (TEST,EU . ’L ’ ) GO TO 150
IF (T ES T ,Lw ,’C’) GO TO 50
CALL CA RR iAGE
CALL M:TELEV4 (M5862,4444)

~40 CALL CA RR iAG E
CALL M :TELEW (MSSti , 80)
CALL M TELEW (MSSG, 80)
CALL CAR~~IAGE
C ALL MITELER (BUFFER ,81)
DECODE (80,20,MSSG) NAME , LENGTH , COMMENTS
GO TO 30

a
a SEARCH EASE TABLE OF DER iVAT iV E NAMES FOR NAME AND RETURN POSI TION
*

50 J~~~0

51 J=J +1
IF (NAME ,E0,NAMELISI (J )) GO TO 55
IF (J.LT.NUMBEW ) GO TO 51
C ALL CARR IAGE
CALL M :TELEW (MsSG3,644 )
GO TO 40

55 CONTINUE
INLI NE

LW 3,J
SLA 3,2

7,)200—44,3
STVS 7,ADD RESS

END I
*
*Tp,jS SECTiON RE ADS THE. DATA CARDS UNTIL THE NUMBER OF POINTS RLAO zLENGT
a

59 REAl) (~~,b0) ( OATA(I),I :1,LENGTH)
60 FORMAT (SF10 .6)

a
DO 160 ial,LENGTP1
DATA W * DA TA (I)
INL INE

LW 3,1
SLA 3,2
ADM* 3,ADDRESS
LW 7,O A IA n
STW 7,—’4,3

ENDI
160 CONT INuE

GO 1010
150 CALL CARRIAGE
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P1 Tal 152

180 CALL BUFFEROUT (5, 1,00TDAJA (I),PIT)
185 CALL STATU S (5,STAT )

IF (STAT. NE..2) GO TO 185
1~~1+1152I F (I , (IT .SIZE) GO TO 186
IF (1+1152 .GT .SIZE) PITsSIZE+1—I
GO 10 180

186 CONTINUE
S T O P
INLINE

)200 ACM CCOT
AC M DCCET
AC M CCDBFIT

• AC M CCDBF2T
ACM CCL)861T
AC M CCDSB2T
AC M CLBTABL
AC M CLI3DE1T
AC~ CL B D E 2 T
AC M CLBOSB1T
A CM CLBDSb~ T
ACM CLBDSB3T
ACM CLDA T
ACM CLORI
ACM CLPT
A CM CLRT
ACM CMOT
AC M DC MET
AC M CMDBF1T
ACM CMDBF2T
ACM CMDSB1T
AC M CMDSB2I
AC M CMOT
ACM CNBTABL
A CM CNBDE1T
ACa CNBL)E2T
A CM CNBDSB1T
AC M CNBDSB2T
ACM CNBOSa3T
AC M CNDAT
ACM CNORT
AC M CNORBT
ACM CNPT
AC M CNRT
ACn C NOT
ACM CNDET
ACM CNDBF1 T
ACM CNDBF2T
ACM CNUSBIT
ACM CNDSB2I
ACn CYBT
ACM CYDAT
AC M C YDRI
AC M CYDR SB 1I
ACM CYDRSB2T

END I
END
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a a a a a a a * a a a a* a a a * * A a - * a * * a * * a * a a * a * * * * * a A * a * a * a * * * * * * * * * * * * * a * * * * * a  a a* *
* *

* D E K I V I  F U N C T I O N S  a

* 
a

* a a * a a * a * a a * a  at  a * a a a  a a* * * * * ** * a * * * * * *  * a* * * ** a* * * *A * * * * *a* * a a* ** * * * * * * *
FUNCTION DE RIVL1 (ARRAY ,I ,ARGPNI I , AR FRAC 1)
INTEGEfca2 A I GPN II,1
DIMENSiON A RNAY (I)
DER IVE1 Z (ARRAY(A RUPN T I+ 1 ).A RRAY( ARGPN T 1 ))*A R FRA C 1+A WRAY (ARUPNT L )

• RETUR N
END

• a
a* a* * * a a
*

FONd ION DERIVE2 (ARRAY2 ,I,J, AR1~PNI1 , ARGP Nt2,AR F RAC 1, A RFMA C 2 )
DIMENSION AR RAY 2 (I,J)
INTEGER*2 A RGP N I1 , ARGI- ’NT2
TEMP3 (ANRAY 2 (ARUPN11+1, AR GPNT2+1 )_ RAYd (ARGPN T 1, GP~~T2+1))a~~~~

aA C1+ARR 4 f~~(AR ~ PNT1,4R(jPNf~~s1)
1EM P22(A RRAY 2 (ARGPNT1+1,AR GPNI2 ) A RKAY2(A WG PN T 1 ,ARG PN T2 ))*ARFR AC L+

aA R RA Y2 (AkL ,PNT1,A RGPN J2 )
0ER1VE23( 1EMP3~~TEMP2)* A RfRAC 2+TEM P2
RE TU RN
END

a

*
FU NCTIO N OERZVE 3 (ARRAY3,1,J, K, ARG PNII ,AR&PtVI2, AMG PNT3, A RFR AC I,

*ARF RA C2, ARFRA C 3 )
DIMENSION AR RA Y 3 (j ,J ,$)
INTEULR*2 ARU PN 11, ARG PN 2, AI4GPNI 3
TEMP7 :(A RRAY3 (ARG PN I1+1 , ARGPNT2+1,A RG PNT 3+ 1 )—ARR AY3( A RG PNT 1,ARG PN

*T2+I ,AW G PN I3 s1 ))*AR FRAC1+ A NRAY 3 (ARUPN T1 , A RGPN T2+t ,A RGPN T 3+1 )
IEM P 6 :(A RRAY 3 (A RGPNT1+1 ,ARG PNT 2, A RGPNI 3+1 )- .A RWA Y 3 (AW G PNI1 , ARGP NT2,

*ARG pN j3+j ))*A R fRAC1 + 4RRA Y3 ( PNTl , AkUP1~T2, A RUPNT3+I )
TEMPS* (A~ RAY 3 (ARGPN T 1+1 ,ARG P~~T2+1 ,ARGPNT3) ARRAY 3 (AR .~PNl1, AR& PNT2t

aj,A RGP N T3)) *AWf -RA C1 sA RKA Y 3 (ARi,PN T I ,ARG PNT2tI ,ARG PN T3 )
TEM P44: (A RRAY 3 (ARGPNI1 +1, ARGPNI2, ARGPNT3 ) AP1 RA Y 3 (AR G PNT1 , AW &PNT2,AR

• *Gpr .413) )A A R f - RA C I f A R N A Y 3 ( A RG P N I 1 ,AR GPNT2,A RGP NT3)
TEMP3:( rEMP7~~TEMPb )*ARFRAC2I-TEMP6

• TEMP2Z (TEMP S—IEMP 44)*AR }RAC2+TLM P44
DERIVE. C 1EMf13. TEMP2) a A K FRA C3+ TEMP2
RET U RN
END

a

*
FUNCT ION DE.RIVE44 (ARRAY 4,j,J,K,L,A RGPNTI,A RGPNT2,ARGPNT3,A KGPNT4,

aA R FRA CI ,A RFR A C2 ,A RFRA L3 , ARFRAC4 )
DIMENSiON A RRAY ’4(I,J,K ,L)
INTEGER*2 ARG PNT1 ,ARG PNT2,A RGP NI3 ,ANG PNI4

* OER IV E ’4 IS Ti - s E VALUE RERURNED it) THE MA IN PROGRAM .
* A RR A Y 44 iS A FOUR DIM ENSAUA L DUMMY AR RAY CONT A IN ING FUNCTION DA TA 0

* I IS AN INTEGER VALUE REPRESENTING THE. SIZE (iF TME FIRST DiMENSION OF
a J IS AN INT EGER VALUE REPRESENTING TM€ SUE OF T~iE SECON UIMENSION OF
a ~ I S  AN INTEG ER VALUE REPRESENTING THE SIZE uf THE THIRD OIMENSION OF
* L I S  AN INTEGER VALU E RLPRE8ENlj~~ F ir s SIZE (if THE ~UUR1H DIMENSION U
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TEM PL 5 : (ARRAY 44 (ARG PNT 1+1 ,ARGPN T2+1 ,A WG PNT3+ 1,ARGPNI ’4+ 1 )
a .ANR AY U (ARG PNI I , ARGPNI 2+1,A WU PNT 3+1,AR GPNI ’4+1 ))*A RFRAC 1
* +ARRAY 4 (ARGPNIL ,ARI..PNT2+t, ARGPNT5,1,AWG PNT44,1)
TEMR144 :(A RRAY 4t (AWGP N TI+ 1.A RG PNT2 ,ARGPNT3+1 ,ARGPNI4+ 1)

a ~ANRAY 4(A R G PNf1 ,AR (,PNI2,A WU PN1 3+1,AHG PNT4+1 ))*A KFRAC 1
A +ARRAY 44(ARGPNT L ,ARG PNT2 ,ARU PNI 3+1 ,AHGPN T4+1 )

TEMPI 3 :(ARRAY’4 (AHGPNT 1+1 ,AKURNT2+1,ARG PNI 3,AR GPNI4+1 )
* ~A kpA y 4(ARG pN11, AR GpNI2+1 , ARGPNr3, ApGpNT4 ,1))*ARFKA C1
a +AR RA Y 44 (ARG PN T 1 ,AWG PN T2+1 ,AKUPNT3,AK GPNI ’4+1 )

TEMPI2 C ARR AY I 4 ( ARGPNT 1-ti, ARG PNT 2, ARG PNT 3, ARGPNT441)
* ~A RNA y ’4(ARG PN( j ,ARG PNT2,A HG PN13 ,AR GPN T44+ 1 ))aAHFRA C1
* +ARRAY4 (AR GPNTI ,ARGPNT2 ,ARGPNT3, ARGPNI ’4+1 )

IEMP1I :(ARRAY (4 (AKG PNI 1+1 ,ARG PNI2 ,ARGPNT3+1 ,ARGPNI44)
* ~A kRAy ’4 (ARG PNT1, A RGPNr2+I ,AR (,d~NT3+l ,ARGPNT44) )*A RFRA C1
a +A RRAY44( A RGPN T 1 ,AR GPNT2+1,ARG PNT3+1.ARGPFIT4)

TEMp lo= (ARRAY44 (ARGPNT1+1 ,ARGPNT2, ARG PNI3+1 ,ARGPNT4 )
a ..AR RAY4 (ARGPNT1, A RGPNT2,A RUPN T 3+1,A RG PNTM ))*A R FRAC 1
a +ARRAY44 (ANU PNI I ,ARGPNT 2 ,ARG PNT 3+1,ARGPNT4 )

I EMP9= ( ARR A Y4 ( ARUPN T1 1, ARG PN T 2+1, ARG PNT 3, ARGPr~e T ‘4)
a ~A RRAY44(ARGP NT j ,ARGPN)2+1,A kbPNT3,ARG PNT ’4 ))*A RfRA C1
* +A RRA Y4 (ARI PNJ1 ,ARU PNT2+1 , AHGPNT3 ,AKUPNT’4)

TLM PBa (ARRA Y44 (AR GPNI1+1 ,AN GPN T2, ARGPNT 3,ARGPNT44 )
* .A RRAY 44(A RG PNI1,ARUPN T2,ARGPNI3 ,ARGPN I14) )aA RFRA C 1
a .ARRAY44 (ARL,PNT I,ARGPr ’4T2, ANGPNI3 ,ARGPNT4 )
IEMP7:( iEMP1~~.TEMP14) *ARFWA C2+TEMP1 (4
T E M P b : ( T t ~MP 1 3~~T E M P i 2 ) * A R F R A C 2 + T E M P 12
TEM PS: (TEMP II—TE.M P10 )aA RFRA C2+TEMP 1O
iE MPLt= (TEM P9—TLM Pb) aAR ~-RA C 2+TE MP8
TEMP3:( IEMP 7—TEMPb )*A KFRAC3+IEM PÔ
TEM P2 :(TEMPS .TEMP’4)*ARFRAC3+TEMP4
DE.I - t iV E 4 ~~( 1E M P 3— t € M P2 ) * A p 4 F R A C 4 + T E M P 2
RET uRr~
END

a aaa *a *a aa ** **a **aaa *aa **a ******a *aaa *a **aa **a *aa *****A a *a **a ******aa *

* *
* S U B P R O G R A M  D E F I N I T I O N S  a
a *
aa ***********a at. * a *a * *a* a* * * *  *** ****  ********a*a************** ********
A THE FOLLOwiNG ARE THE FUNCT IUi~ TYPE SUBPROGRA M DEFIN ITIONS

RE AL FUNCTION PDOTI(A ,b,C)
A NUTI tri A l A ,b,A ’4D C REPRESENT P,W,AND R RESPECTIvELY

iMPL ICIT i-~E .ALa44 (A—i )
COMMON /AR RAY 1/OAJ A WROR( ’4 (JQ)
EW OItIAL ENCE (UATAwROR (57 ),IXMY)

a • (DATAWRL)R(b0 ), IXY)
a , (1)ATAWRDR(6I) , IXZ)
a , (UAIA MRDR LBfl,IYML)

a , (i)AT AWRDR (65), IZMX)
a , (OATAMRI )R (bb ),120Z)

•, (UA TA MRDR (8l ) ~LBUO Y)
a , (D4fAMRO ~~(B7) ,M B( JDY )
a~ ( DA TA  WRUR ( 88) , NBODY )
P1)0) T~~l~~UNC* ((LhODY IXY*A *C+IX Z*A *B+IYM i*b*C)

1 +IYUY* (MBUDY+ ~ XY*BaC .XXI* (A**2 .C**fl+IZMX*A *C )
I ,IZoi* (NaO) Y~~1xY a(B *a2 .A *a2)—i X Z *BaCsIXM Y *Aab))
RETURN
EN()
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a
REAL FUNCTIO N wL)uTl (A,H,C,U)

a A , B , L , Q  REPRESENT P,w,w,PDU I RESPECIIVELY
IMPLICII REAL*4 (A—i )
COMMON /ARRA Y I/UATAMI4UR (4400)
EUOIV ALE.NCE (D A IAMRI )R(bO ),IXY )

a , ( DA IAMR DR (61), lxi)
• - 

a , (UATAMRDR (b ’4), IYY)
a , (OATAMRDR L 6S ), IZMX)
a , (DAJAV ,WDR(87) ,Mt~OUY)
(JDU(1g (1/IYy )a (MBOQy+ IXYa (daC+O ) 1X1* (A**2 C**2)+IZMXAA *C)
RETURN
END

*
RE AL FUNCTIO N RUOTT(A ,b,C ,O )

aA ,b,C,l) REPRESENT P,O,R,PDOT RESPECTIVELY
IM PL ICII REAL~ 44 (A—i )
COMMON /ARWAY 1/DATAWR OR( ’400)
EUUIVALE ’ICE. (UATAMR DR (51),IXMY )

a ,(DATAMRL )R(b0 ),IXY)
• a, (DA I AnRDR(61 ), 1*1)

a, (DA I AM RDR (67), IZZ)

ROUT T= (l/IZZ )a(reBOOY_ IXY * (B**2~ A**2)~~IXZ* (B*C~ D)+IXMY*AaH)
RETURN
EN’)

*
RE AL FUNCTION THE TL )QIT (A )

*A REPRESENTS PHi
IMP LICIT REA La 4 (A—I)
COMMON / A R R A Y 1 /UA T A MRUN (’40U)
EQUIVALE NCE (‘)ATAWR’)R(10a),UBODY;,(OATAWRDR(11-44 ),RBOOY )
TIlE TU UT1 :LJBOOY*CUS (A )~~RBUOYaSiN (A)
RETURN
END

*
REAL FUNC IIO ”4 P,-4 1 L )OJT (4,b ,C)

*A ,~~,C REPRESENT PslI ,THETA ,PSII)OT RES PECTiV ELY
IM PLICIT REAL *’4 (A— i)
COMMON /ARRAY 1 / DA TA ~dRDk(’400)
EUU IVALE N CE ( U A T A w R O N ( 1 0 0 ) , P H U U Y )
PH1D Ol T*PBOuY.CaS1N (l~)

END
a

REAL FUNCTION P S JDO T T( A ,-8)
a A ,B RE.PREStNT PI-41 ,THE TA RESP ECTIVELY

IM PLiCIT REA L *44 (A—i )
CO MMOr~ /ARRAY I /DA IAMRDR (4400)
EI4UIVAL ENCE l~0ATAWR DR (10bJ ,t)hO OY ), (DA TAMR DR(iL4), RBODY)
PSIOU1TI(RBOOY*LUS (AJ+UBUDY*SIN (A))/COS (t,)
RETURN
E N D

*
REAL IUN C 1Iu ~ SfrLtL)(4)

*4 RE~~RESEid S A~~~ UNNAM ED F iNC iiO~ /v A RIAb LR
iMP LI C IT REAL a’e ~ A — L )
IF(A .GE,l) (.0 10 10
STUs4E:1+A *a 2 /44+Aaa~4/440s***b/1b00
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GO To 20
1 0 SfORE3I .839~~,77d/A*a2s .1b4/A*a4+ .O35/A*ab
20 SPEEU3SURT(SIORE)

RE TURN
a

END
*e .aaa a*aa *** *a *a **aaa *aa **aaaaa *a *aAaa *a ******a *a ***a ****a **aa ****aa *
a a

* P O I N T  F U N C T I O N  a
a
a *a *aa * *a *aa **a *****a *aaaa **a **********A **aaa ****a **a **aa **a *aaA a **** *

SUbROUTiNE PO It~TF (A RGVAL LiE ,AWGLN1 h ,ARGPNT, A RFRA C ,ARGLIST)
a TillS IS T I-SE FLOAT IN G POiNT VERSION OF POINI
C-
C SUbROUTiNE. PUNT CO MPARES THE FLOAT ING POINT VALUE IN A RGVALU E M IT H
C A L IST OF FLOAT IN G POINT VALUES STAR IIMG IN LOCATION ARGLIST
C AND RETURNS AW GP NT ANt ) A R FRA C TO THE M I1N PKU 7RAM
C ~HENE A RGL ISI IS A LIST OF (ARGLNTI-I ) REAL NUMbERS IN ASCENDING URDE
C AND WHEFE . ARGPNT IS TI-SE. POS IIION OF THE LARGEST VALUE IN AR GL IST TI-I
C IS LESS THAN AR G vA LUE AND ARF RAC IS A SCALED FRACTION VALUE REPRESE
C THE DISTANCE bETwEEN THE. TWO POINTS AR 7PNT ANT) AWGPN1PLUS OWE —

C
IMT r- t’E.W*2 A t4G LNT I-s, A I4GPNT
REAL A RGVA L UE, ANG LLST (ARG LNIH )

2 iF (A RGPNi ,LT .t ) GOb 150
14 t (ARGPVII ,GT .ARG LNIrS ) ARGPNT :ARGLNTH

10 iF (ARGVAL UE— A RGL IST (ARG PNI )) 70,130,20
20 IIE.M P:ANGPNI+1
30 IF (jl€MR.G T .ARGLNTH) GO 10 130
‘40 IF(A MGVA LUt:—AR I3LLST (LTEM P)) 100,120,50
50 AR~ PNT~~1T~ MP •1

GO TO
70 IF (ARG PNT—1 ) 150,130,80
80 AR ,PN1 :ARGP N T—l
90 GO 10 10
100 A RFR A C~~(A RGVA LOE.—A RGLIST (A RGPN1 ))/(AHGLZST (ITEMP)—A RGL IST(ARG PN T))
110 GO TO 140
120 A RGPNT 2JFE.MP

• 130 ARF’RAC :O
132 IF (As4GI- ’NT .L J . A RGLN IIl ) GOTO 140
135 ARGPN1~~A R GL~1I h— I
137 A RFRA C 3 1.U
t~40 RE.1OR~’~
150 ARGPNTZ I
160 GO TO 10

END

if if if # if if if if if if if if if if # if if if if

NOTE: Pages 136 to 148 inclusive contain all the aerodynamic coefficients
us ed within  this  program .
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CMU 63
.0450 .0040 — .0286 — .0570 — .0745 — .0730 — .0720 — .0670
•,0630 .0270 .0012 — .0137 — .0250 — .0408 — .0607 — .0632
,O6b0 — .0700 — .00145 — .0060 — .0092 — .0150 — .0230 — .0343

— .0490 — .0806 — .1290 — .0080 — .0070 — .0010 — .011 0 — .0170
— .0250 — .0370 — .0613 — .1000 — .01 25 — .Ul l v  — ,0081 — .00714

— .0080 —.0115 — .0210 — .0530 — .0820 — .0219 — .01440 — .0085
— .0041 — .0035 — .0068 — .0155 — .0450 — .0900 — ,0180 — .0140
— .0080 — .0028 .0014 .00 02 — .0100 — .0400 — .0810

CME 378
.1155 .1100 .1020 .0900 .0910 .09440 .0910
.1110 .0170 .0710 .0660 .0660 .0680 .0720 .077 (1
.0860 .09440 .04435 .0385 .0305 .0405 •0455 .0525
.0608 ,0800 .1000 .0295 .02440 .0235 .0308 .0355
.04420 .0500 .0730 .1000 ,027u .02u0 .0210 •u250
.0300 .03o0 .0460 .0715 .0980 ,0240 .0170 .0 150 ~
.0150 .0215 .0295 .0410 .0680 .09440 .0240 .0170
.0150 .0150 .0215 .0295 .04410 •068u .09440 .0805
.0760 .0720 .0700 .0700 .0700 .0720 .07140 .0160
.0560 .0530 ,0504 .05044 .0513 .05140 .0580 .0650
.0730 .0310 .0275 .0275 .0290 .0334 .04400 •0’i70
.0650 .0830 ,OloS .u1440 .015 0 .0222 .0270 .03140
.04423 .0620 .0830 .0150 .0120 .014u .0200 .02440
.0300 .0390 .0610 .0820 .0150 .0120 .0100 .0120
.0163 .0240 .03440 .0560 .0760 .0150 .0120 .0100
.012 0 .0163 .0240 .0340 .0560 .0760 .0490 .04440
.01425 .04440 .04440 .01480 •0480 .ObOO .0530 .0330
.0310 .0292 .0292 .0300 .0330 .0370 .04440 .0500
.01440 .0160 .0160 .0180 .0210 .0260 ,0.~1b .04428
.0520 .0085 .0070 .0100 .0153 .0182 .0230 .0288
.04408 .0520 .0080 .0060 .0080 .0120 .0160 .0210
.0268 .0395 .0500 .0090 .0080 .0060 .0080 .0110

.0165 .0235 .0370 .0500 .0090 .0080 .0060 .0080

.0~~10 .0165 .0235 .0370 .0500 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .OOvO .0000 .0000 ,000u .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0001) .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000

.0000 .0000 .0000 .0000 .0000 .0000 .0000 .000u

.0000 .0000 .0000 .0000 — .0480 — .0490 — .0495 — .0500
— .0538 — .0616 — .0690 — .0750 — .0800 — ,0~~10 — .0310 — ,0330
— .0354 — .04410 — .0460 — .0540 — .0640 — .0730 — .0140 — .01447
— .0 158 — .0190 — .0250 — .0320 — .04400 — •05140 — .0655 — .0085
— .0120 — .0175 — .02314 — .0310 — .0380 — .04470 — .0630 — .0770
— .0070 — .01 09 — .0150 — .0220 — .0290 — .0370 — .044445 — .0605
— .07440 — .0053 — .0082 — .C1~40 — .021 0 — .0280 — .0350 ..0430
•,0580 •,07440 — .0053 — ,0082 — .01440 — .0210 — .0280 — .0350
— .01430 — .0580 — .07140 — .0890 — .0920 — .0980 — .1025 — .107 0

— .1190 — .1280 — .1400 — .1500 — .0600 — .0615 — .0700 •.O818
— .0935 — .1050 — .1140 — .1300 — .11400 — .0275 — .0352 — .047F

— .0590 — .0690 — .0765 — .0830 — .09440 — .10440 — .0227 — .1.313
— .01438 —.0585 •,0720 — .0795 — .0852 — .0957 — .1 050 — .0180
— .0260 — .0395 — .0560 ,07b0 — .0925 — .1050 — .1180 — .1233
— .012 0 •,0218 — .0358 — .0545 — .0760 — .0950 — .1110 — .1320
— .1380 — .0120 — .0218 — .0358 — .05145 — .0760 — .0950 •.111 0

— .1320 •.1380
CMDBF I 63
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— .000614 — .00077 — .00090 — .00095 — .00100 — .00105 •.v0128 — .00 1548
— .00240 — .000314 — .000445 — .00055 — .00065 — .00075 — .00092 — .00109
— .00162 — .00209 — .00017 — .00022 — .0002e — .00039 — .00051 •,00073
— .00094 — .00138 •.00i86 — .00013 — .00019 — .00025 • .0034 — .000442
— .00063 — .00084 — .00132 — .00179 — .00009 — .00015 •,u0021 — .00029
— .00036 — .00057 — .00077 — .00128 — .00179 — .00009 — .00013 — .00017
— .00026 — .000344 •,0005b — .00077 — .00128 — .00179 — .00009 — ,0u015
— .00017 — .00026 — .00034 — .00056 — .OuUll — .00128 — .00179

CMOBF2 63
— ,0015o ‘.00167 — .00183 — .00200 — .00217 — .002344 — .00297 — .00387
•.00~400 — .00109 — .00123 — .0013 6 — .001 61 — .00186 — .00225 •,00263
— .00362 •,00375 — .00057 — .00016 — .00095 — .00128 — .00160 •,0020’4
— .002447 — .00327 — .00339 — .00025 — .000148 — .00070 — .00110 — .0015 0
— .00194 — .00237 — .00310 — .00324 — .00007 — .00033 — .00059 — .0 0 1 0 1
— .001443 — .00188 — .00232 — .003014 •.00325 .00000 •.00023 — .000446
— .00086 •.00126 — .00180 — .00234 — .00303 — .00347 .00000 — .00 02 3
— .00045 — .00083 — .00121 — .00177 — .00233 — .003044 — .00353

CR0881 63
.00090 .00084 .00078 .00070 .00061 .00058 .00049 .000440
.00041 .00073 ,oOOb b .00058 .00053 .000146 .000441 .000344
.00027 .00020 .00050 .0001444 .00038 .00033 .00028 .00022
.00016 .0 0 0 10  .00004 .ooo29 .00026 .00022 .0001 8 .0001’4
.00011 .00007 .00002 .u0000 .00024 .00021 .00017 .00013
.00008 .0 0 0 0 8  .00007 .00000 .00000 .00015 .00012 ,000u8
.00005 .00002 .00001 .00000 .00000 .00000 .00015 .00012
.00008 ,00005 .00002 .00001 .00000 .00000 .00000

CMOSB2 63
.0010 14 .00100 .00091 .00087 .00082 .00080 .0 0 0 7 8  .00076
.00074 .001 02 .00095 .00086 .00078 .000744 .00066 .00064
.00062 .00060 .00076 .00069 .00062 .00051 .00051 .000146
.000441 .00026 .00011 .00055 .0005 0 .000 414 .000 41 .0003 8
,00Q344 .00030 .00020 .00010 .000314 .00029 .00023 .00018
.00012 .00009 ,0000o .00000 .00000 .00034 .00028 .0002 1
.00016 .00010 .00006 .00002 .00000 .000 00 .000314 .00028
.00021 .00016 .00010 .00006 .00002 .00000 .00000

CR0 252
—2,70 —2,52 — 1,60 —0,08 —0,27 —3,66 —2 .91
—0 ,bb •2.00 1,82 —0 .75 — 0,88 —0.67 —3,06 —1,66
1,344 3,3’4 — 1,58 — 1 .49 —1.05 —1.34 —1 ,31 “2.73

—1 .83 —0 ,33 1,07 —1.140 —1 ,40 — 1.43 .1.50 —1. 60
—2.10 —2 .10 —1 ,80 —1.50 —1,55 —1.55 1.SS —1.60

1.6’4 —2 .00 —2 ,90 —2,90 —2 .00 —0.60 .1.00 —1 .70
•2,bO —2.30 —1.90 —1. 140 — 1.00 —0.60 —1.00

.1,70 .2.40 —2,60 —2,30 — 1 ,90 — 1 ,40 — 1 ,00 — 3.00
—3,00 .3,00 —1 ,00 —2 .25 —3,00 —2.25 0.00 0.00
—2.30 —2,30 —2 .15 —1,80 —2.65 —2.140 .1,20 2.00
‘3,00 — 1, 73 —1, 73 —1,75 —1 ,80 —2,30 —2 .40 — 1,50
0.00 1.40 —1 ,40 .1.40 “'1.43 — 1 ,50 — 1,80 —2,10

— 1.80 •1.50 —1 .55 —1.55 —1.55 —1.60
—2 ,00 —2,90 —2,90 —2 ,00 —0 .60 — 1.00 .1,70 —2,40
.2,60 —2.30 —1, 90 1.40 —1.00 —0.60 1,00 1, 70
—2 ,440 —2.60 —2,30 — 1,90 — 1 .140 — 1,00 —3 ,36 —3 ,58
—44,70 —2,12 — 44,65 2,20 — 1 ,45 0,80 0.80

.2.92 —5,05 —1 .80 —0.40 2,80 -4 ,80
—1 .91 “2.02 2 ,b U —2 .36 —3 .50 —2,00 — 1 .10 0 ,40

1 ,80 — 1,40 -1,40 —1 ,43 — 1 ,50 —1,80 —2.10 —2,10
— 1 .80 —1.50 —1.55 —1,55 —1 .55 — 1.60 —1,64 —2.00
—2.90 —2.90 .2.00 .0.60 — 1 .00 —1.70 .2,40 —2.60
.2,30 —1, 90 -1.440 —1 .00 —0,60 —1.00 —1 .70 .2,440
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—2.60 .2,30 —3, 90 — 1.440 —1 ,00 —3,75 “4.20 —6.52
—3.32 — 7 ,22 -1 .344 — 0 ,59 1.66 1.66 —3.05 —3,50
.5.67 •4.12 —7,62 •0,74 0,46 3,66 5,66 —2.11
—2,33 —3,51 -2,96 —14,78 —1. 57 —0 .67 0,83 2.23
—1 .40 .1,40 —1 .443 .1.50 —1. 80 —2,1 0 —2 ,10
—1.50 —1.55 —1. 55 —1.55 —1, 60 — 1.614 —2,00 —2.90

—2.90 —2,00 —0 ,60 —1 ,00 — 1 ,70 —2 .140 —2,60 —2 .30
-1.90 — 1.140 —1 .00 .0.60 —1. 00 .1,70 —2.40 “2 ,60
—2,30 —1 ,90 —1 ,440 .1.00

CNO 63
— .0351 .21 00 .4520 .69148 .9362 1.1500 1.3830 1, 7880
2.2120 — .0475 .1535 .3475 .5500 .7578 .9b~~’J 1 ,2O~~0
1,6660 2.1300 — .0472 .0761 .2260 .3879 .5730 .lalO

.97 10 1,4220 1,873 0 •,0a440 .0520 .1815 .3318 .50140

.6950 .9080 1.3450 1.7820 — .0625 .0380 .1535 .2958

.4690 .6520 .8580 1,3030 1.7600 — .0568 .0240 ,1i90

.2518 .4199 .6000 .8000 1.2350 1,7080 — .USoS .02440

.113 0 .2429 .4079 .5910 .7920 1.22140 1.6900
CNDE 63
.0061 .0061 .0060 .0055 .0050 .0050 .0050 .0 05 0

.0050 .0040 .00440 .00440 .0040 ,00440 .00440 .0 0440

.0040 .0040 .0022 .0023 .0022 .0021 .0020 .0025

.0030 .00140 .0050 .0018 .0018 .0015 .0014 ,00~~3

.0020 .0025 .0035 .0048 .0015 .0016 .0015 .001’-~

.0015 .0019 .0023 .0035 .0044 8 .0 0 0 9  .0 0 1 3  .0015

.0015 .0018 .0022 .0023 .0035 .00148 .0009 .00 13

.0015 .0015 .0018 .0022 .0023 .0035 .0048
CNDBF1 63

•000b8 .00071 .00085 .00091 .00097 .00 1 1 1 .00132
.00308 .00030 .00037 .0001414 .00056 .00068 .00090 .00115
.00167 .00299 .00017 .00025 .00032 .0 0 0 4 4 4  ,0 0 0 S s, ,00080
.00103 .00158 .00282 .00013 .00020 .00027 .000440 ,0~~05c
.000744 .00096 .00158 .00267 .00009 .00016 . 00023  .0 0 0 3 7
.00051 .00069 .00087 .00158 .00256 .00008 .OOu13 .0o017
.00034 .00050 .00067 .00083 .00158 .002148 •u0 0ot~ .00013

• .00017 .00031 .000145 ,00064 .00083 .00158 .002148
CND 8F2 63

.00147 .00162 .00176 .00195 .002144 .00250 .00271 .00372

.004405 0010b .00119 .00133 .00156 .00179 .00209

.00348 00379 .00052 .00071 .00090 .001 19 .0 0 1.4 ’  .OONI

.00235 ,~~0316 .003644 .000214 .000447 .00070 .0u 102 .00133

.00182 .C)230 .00298 .00365 ,0000o .u0032 .u0058 .00091

.00124 .00173 .00222 .00290 ,003oi .000uu .00023 .00u’~5

.00082 .00118 .00165 .00212 .002844 .003441 .O u OO U .00023

.000145 .00082 .00118 .00185 .00212 ,U02~ w ,U0333
C NOS8I 63
— .00044 — .00036 — .00028 — .00018 — .00011 — ,u0007 — ,000u3 .00000
.00000 — .00033 — .000214 — .00016 — .00012 — .00004 — .00003 — .00003
.00000 .00000 — .00017 — .00012 — .00001 — .00005 •.000u 3 .00000
.00000 .00000 .00000 — .00010 •.0000$ — .00005 — .00004 — .00003
.00000 .00000 .00000 - .00000 — .00008 — .0000 7 — .00005 — .00004

— .00003 .00000 .00000 .00000 .00000 — .00006 — .00005 — .00003
— .00001 .00000 .00000 .00000 .C0000 .00000 — .00006 .,00005
— .00003 — .00001 •000oO .00000 ,00oOO ,o0000 .0 0 0 0 0

CNU582 63
..000714 ,00064 — .00052 •.000’41 — .00030 — .00022 — .00014
.u0002 — .00056 — .00046 — .00038 -.00028 — .00024 — .00014 .0000L~
.00004 .00004 — .000140 — .00034 — .00028 — .00020 — .00012 — .00008

— .00003 .00001 .00001 — .00035 •,00029 — .00022 — .00010 — .00009
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— .00006 — .00003 .00000 .00000 — .00025 — .00021 — .00016 — .00012
— .00008 — .00006 — .00003 .00000 .00000 — .00017 — .00014 -.00010
— .00008 — .00005 — .00004 — .00002 .00000 .00000 — .00017 — .00014
— .00010 .,00008 — .00005 — .000044 — .00002 .00000 .00000

CC O 63
.1771 .1684 .1579 .1472 .1405 .131 0 .1183 .0961
.0765 .1554 .14476 .1369 .1264 .1175 .1092 .0981
.0787 .0593 .1238 .11s5 3 .1059 .0989 .0921 .0844
.0754 .06644 .0568 .1054 .0952 .0876 .0825 .0782
.0753 .0701 .0638 .0555 .09141 .0833 .o759 .0723
.0705 .0689 .0660 .0627 .0553 .0836 .0735 .0673
.0641 .0633 .0630 .0624 .0605 .0538 .0835 .07344
.0672 .0640 .0632 .0629 .0623 .0604 .0537

CC E 376
.066 .059 .04-46 .036 .02o .017 .008 — .009

— .022 .042 .034 .027 .022 .016 .009 .006
.000 — .001 .023 .019 .017 .012 .008 •OOo
.007 .00 2 .0144 .022 .018 .013 .008 •004
.005 .005 .003 .015 .023 .017 .011 .008
.006 .005 .005 .005 .015 .019 .011 .003
.003 .003 .003 .004 .000 .016 .019 .011
.003 .003 .003 .003 ,004 .006 ,Olo
.025 .021 ,014 .010 .007 .003 — .004 — .01u
.015 .013 .011 .007 .002 .000 .001 .003
.007 .009 .007 .005 .003 .001 .000 .001

— .001 .006 .008 .006 ,u03 — .001 — .004 — .0 03
.000 — .004 .003 .008 ,004-4 .002 .001 .000
.000 — .00 2 — .004 .0 04 .007 .005 .002 .000

— .001 .002 .000 .009 .007 .005 .002
.000 -.001 — .001 .002 .000 .009 .008 .005
.0014 .000 — .002 — .005 — .008 — .0144 — .017 .004
.003 .001 .000 — .003 — .005 — .005 •.00b — .00 44
.003 .002 .002 — .002 — .003 — .004 — .0044 — .003
.002 .001 .002 .001 — .001 — .004 — .005 — .004

— .007 — .002 .002 .000 .000 — .002 — .003 — .003

— .005 — .006 — .004 ,o03 .002 .002 .000 — .001
— .002 -.001 — .005 — .001 .003 .002 .002 ,000
— .001 — .002 — .001 — .005 — .001 .000 .000 .000
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APPENDIX D - FLIGHT CONTROL SYSTEM
PROGRAM LISTING

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  **** * * * * * * * * * * * * * * * *
* *

* *

* S M U T I L E  I ) 1 b L T A L  *
* *

* F L 1 I h T  C O N 1 R U L  S Y S 1 L M  *
* *

* *

* * * * *  * ** * * *  ** *  * * * *  * * * ** ** ** * * ** * * * * * * ** * * * * * * * ** * * * * * ** * * * ** * * * ** ** * * *

• SU8R1)UT1N~ S#TLFCS
iM PL iC IT  r4 EA L *4 4 (A .Z )
1N1~~~1M *2 j A 1 , I P I, j0 1 . , IG H
L0b ICAL * 1  D A T A I 3 Y T
CO MMON /A ? i ~A Y 1 / D A I A~~N0M(4U0)
CO MMON /A~4 8 A Y 3 / i ) A T A d Y T ( 1 7)
COMMO N /AkP~AY4/AN( LE (3)
LOGIC AL*1 A UtObF
L0L1I~~AL *1 IL, P4ULO
LOGLC A L *t TU~ ’4COf~D

~t4 U1 ~l A LE N C 1
* (DAr A ~ RO~’(3),AY)
* , (UAT AwN0l ~(44),AL )
*1 (OATA LH4 (9),8~~TA )

* , (D AT A r ~~0M ( 10) ,DSb )
*,(04TA t)ft’(3 (4),OA) *

* , (UATA i ~f(OI~(i5) ,0~.L)
*,(DAT 4WNOf~(37),PRHCSOP)

* , ( O A J  A~ p 4 O 8 ( 1 4 0 )  ,0~~
)

* , (DA1Ar ~R 0R(43 ) ,t)A CM)
( DA T A~df ~Oi~ ( 4 -49) , DL)

* , (OAT A w ~ DR (51),L)8F )

* , (DA TA o k ( 5 5 ) , 1 4I~J E 1 )
*,(O ATA LTh (72),~~M MCSOP)
* , ( 1 ) A T A P ~RD8’ (7 L l ) , M P T A 5UP)
* , (OATAWRDk (79),UZCMD)
a , ( VA 1Api i’~Ok ( 80), W’C Ml))
*,(DA1A ~ RUk(83),UyCM0)
a , (DA TA ~ RDM(04) ,MA C P$ )
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*• (UATAV.WDN( 302),PL )

a, (0AtAvikW~(1o5),UO0T)
a , ( V A TA~ Kl)K ( 10*) , O800Y)
a , (DAT A .~kOM( 109) , MUO1)
a. (uATA ~ RDK (112),5tiMP )

a , ( V A IA .)M( 124-4) , UY ( J L I)

a, ( VA T ( 131), lAS)
a , (OA TA ~ kD H (132 ) ,PJ T CM PAN )

a,(DAj Anp~Ijp~(3a 0),PjfCM5FK)
a , ( ~)AT AaWUN ( 143) , NOLLPAN )
a, (0ATA ~ WDM ( 146), ~ULLST I~)

a, (DAIA ,.ML)K(154),ILAPCMO)
a , ( V A T A ~~~D R ( 2 0 0 ) , D E M A N)
a , (UA TAMWDW(20 1 ) ,LS PIA PE.)
a , (0ATA ~ ROK (202) ,GPS)
a , ( ~ A T AMkDR (203) , DLMS)

a ,(QA T A IvMV~~(2 O5),PRQO2b )
a , (~)AT AM ROR (207) , GJLT )
*,(DArAnP ~)k(2o9),ET~UM1N )
a , (DA AnWI)W (210),ETMIM )
a, (O ATA *RO1~ (2 11) ,ELFBi~IN)
a, (QATA kL)M(212),ELF8I~)
a , ( OAT Aak OW (213) , ()E. TMPAN )
a, (DAT A v~PWW (214) ,oS13PC ) t .
a , ( O A T A V V R I ) W ( 2 j 6 ) , O S I I X T k S )
a, (DA TAwWUK(21 7 ),t .)LTDS O)
a , ( DA T AnKL)W (218) , DL f IM)

a , (uATA ~ RoR (220),(ilkE)a ,(DA TAnR (gf2l),DETMWNC )
a , ~~~~~~~~~~~~~~~~~~~~~
*, (VATAMWOk(223),DLMSP)
a,(OATAaWOk(224),RTPHI)
a , (VAIA (225) , ~1
a , (OATA. ’~ROK(22b),DJ~~TP)
* , (DAT Aaf4UW (227) ,oCSL)
a , (DATA .v~ OR (228),DCSL)
* , ( D A T A . *dk l )~~(2 d 9 ) , O 0 C T )
a , ( DAT AMWD W (230) , L*CMD)

a , (DAIAMKOW (232),OCSU)
a , (OATAMWD R (233 ) ,OCSLLO )
a , ( l)A T A $N OW ( 2 3 1 4 )  , DC SLM1 )
a ,(VA fA ~~ OW (235),MjDP1CK )
a,(OA TA.~iWD W( 2 3 6) ,K P IT )

*• (DAT A*WUK (239),W )

a , (DA1A ~~RDW(2441) ,DGIHIA)

a , ( V A I A v i  W O I~ ( 2 4 4 3 )  , N1A
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a , (DAI A L)W (244),AIj~~)
a~ ( U A 1 A v ~W 1 ) M ( 2 4 4 S )  ,00LUN)

* ,( U * T A .~lW D W ( 24 4 6 ) , L) 0 L lj A )
*,(OAfAMWUf ~(247),aLPP4MIN)
a , (DA TA ~wWW .4(2q8),ALPMMAX )
a , (L)ATAMkDk (249),GIWLDQCT)
a , (DATA ~ ROk (25Q),P)
a, (uAT A~ ROW(252 ),UATMpffiC)
a ,(oArA L,N (253),pW0024)
a , (DA 1A r ~kOW(254),PkUU25 )
a, (DATAPIWUW (257), PROD2I)
a , ( D A T  A n~ 1)T.~( 258) , P~iUD22)
a , ( DA T A~~W l)R ( 259) ,
*, (DATA ,~R (k(2b0),Pi~0O27)
a,(OA TA p~koR (2b1),SUM21)a~ ( DAT A nI4DN (2*3) , SUM23)
a , (OAIAMRI)R (2614),DCSP)
a ,(VA TA ~ RUk (265),VACMD)
a , (~~A v ~~[)~ (2*6), DA 13DM !
A , (DAlAwW1 )~~(267 ),KDAML1N)
a , (DA 1A.~kOT4(2b8),~~OAM PAR)
a, ( D A T  A v ~s~ OT ~ ( 2* 9) , GRS)

a , ( VA ) A~~4Dp4 (2 71) , GOA )
a , ( UA1~~I*dWD~~( 272) , VAT SUM)
a ,(OArA ~~f4DW(273),Pw0D42)
a ,(DA1Ai ~fl~DW (2713 ),OAtR )
a , (DA TA DR (275),VWPP~M)
a , (DA TAv ~4-L)~~(27b) ,PSTAS)
a , ( U A 1 A w R u ~~

( 27 7) , SUM2U)
*,(VATAV4RDW (278),t )WPHI)

*, (OA jA ~~ VR (279),P~ Oj)29)
a, (DAIAV4WI)W (dbO),30M22)
a , ( T A ~~WD I~ (2bj),GTX)
a , (OATA ~~k D~~(d82), YA~~X FLEV )
a , ( VAT A~~~ D~4- ( 283) , Pk0041)
a , ( VA T A~~~NDk ( 2 8 13)  , GP)
a, (OATA ~’4~ W~(285),GRH)
a , ( VAT A WROW ( 288) , SUM2S)
a , ( D A T A ~~~1)~~(2 8 9 ) , S U M 25S)
a , (~)A I A V ~W() b~ (291), SUM26)
a ,(OAT4~’.4~Ok (29d),P~ OO443)
*,(UAI A 0~4- (293),~~$T AB )a ,(OA TA ~ WuW (294),t3LTAu)
a , ( OAT ( 295) , I~i~ TA F  ILl )
a , ( V AT Rt)i~( 296) , OATMPAN )
*,(DA TAW ~Tt)W(d97),OA IP)
a , ( O A T  A~ W t ) ( 299 )  , PR004 4 )
a , ( V A T  AWWOW (300) , OWl )
a , (L )ATAvwRI )R (S01),DRTMSF)
a , ( u A T A ~~R u 4 ( 3 0 2 ) , O N M S )
a~ ( VAT A~ ROW( 303) , OR TMS )
a ,(VA J A v ~U)R (304),PROD1 )
a ,(OA1A ~~~u~~(30S),SUM1)
a~ ( 0 A T A # ~p4V ,~ ( 3 O b ) , NY P )
a , ( V A T A ~u W O P4 - ( 3 0 7 )  N Y A )
a,(U ATA v ~RUM(308), (iWAV )a , ( D A 1 A D~~(3 0 9) ,~~RO02 )
a ,(DA TA ~ NDW~~310),P’WUD3)
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a , ( O A ) A ~ RQk ( j 14 ),SUM2)

a , ( O A T  A w W U K (  3 13) , DWCPF)
a~ ( 

~A T AP4W()W (314) , Pc VRC )
a~ ( I ) A T A v ~R D W ( 3 1 5 ) , b D W C )
a~ ( DATA s ! , ROR (31 b ) , ( , NYD RM )
a , (UA1A v ~~uM(317),Ok1WW )
*, (OAT A vdP~Uk (31b),~’W0V7)
a ,(O AJA. ~iWDW(319 ), (,TP~W)
a , ([)ATA i~RDP4 (320),DlflRIM)
a~ ( OA T A *~ROR( 321) , SUM3)
a , ( DAT A~dN OW ( 322) , ORCMO )

• a , (D ATA wT ~I)W (323 ) ,OACM C )
*, (DATA ~ WU R (3d4),(RXFD)
a , ( DA T AwRL )R ( 325) , GORE )
a~ ( OAT A &W R( 327)  , NR )
a , (UATAOYI (10) ,Pl(JLO)
a , ( l )A 1 A~ Y T  ( 11)~ IC)
a , ( D A T A b Y I ( 3 3 ) , 1 ( J R N C O WD )
*,(~~A TA ~3~ T (44),AUTLft3F)
*,(ANGLL (j),ALF4)
*, (ANGL. L (fl, Pp I I )
a , (ANGLL (3) , IMLIA )
DIMENSiON
aGPST (4),
aALPMMj~-JT (4),
aTA LPP sMAX (4,2),

* G T W E 1 (4)
*1,0387(44),
*KU AMLINT (I4),

ap,RST (44),
a (.,OAC T (4-4),
a(~P7(4),
aGNYDfDI T (44),
*(,RAY 1(4),
*GD WCI (13),
* G I W R I  ( 4-Li

D A T A  L)E(,NA O / 5 7 . 2957795 1/
D A T A  (,PSI/0. 44, 0 , 125 ,2 .0,2 .5/
DATA AL p tiMINT /—4 - 4.0,0.0, .6, .8/
DATA IALPMMA*/20. 0, 15,0,j5,0,30,0,,b,,8,t.5,3.0/
DATA IPcP1T/15. 0,81.S,81.5,60.O,1 .2,3.0,3.5,5.0/
DA T A &,TWLT /1. 0,0.3,10.0, 12.0/
D ATA GUS8T/0 .1 ,0 ,25 ,1 .5,3 .0/
DATA PcOAM L IN I/0.O8,O,93214,U.b, 1,5/
DAT A KL)AMPA NT /0 .0b3b,0,008,0.6, 1.5/
DATA GRST/1, 0,0.25,Q.6,1.5/
DATA GDACI/O .45,2,5,1.15,3.J/
DATA (jPT/10 .0,1,b, 10 .0,445.U/
DATA GNYOWMI/0 .05, o.0l5,250.v,900,O/
DATA ~WA Y T / 10 .0,3.2,2.0,3.0/
DA T A  (,DRCT/1200.0,3800.0, 1.15,5.0/
DATA (,)kW1/U .2,1.0,2,0,b.5)/
DATA VAMA */l0 .0/
DATA PRP1CDtP/1.15/
DA 1A GPWr,CT/u .3/
DATA WP1AU8/1.125/
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DATA NOLO/2.0/
DATA N(4P11/44 .O/
DATA UT~CUT0F~ /1.U/
DATA DPJLTI/0.0/
DATA OLOPL/0,0/
DATA DWJLT1/0,0/
DATA i8D8/0.25/
DATA UAUt3/0 ,2/
DA1A T G J L T 1 2 /0 . 5/
D A T A  T G J ET21 / 5 .0/
DA T A c,WPAN)L/0,5/
DA TA GRPANTL /—O. 5/
DATA (,WRrICIE/0.6/
DA T A  ~WP~MC TL/0 ,2/
DATA M4~1W/1,5/D A T A  ( ,DA/1.0/
DA T A  NZ M A X / 3 . 75/
DA T A  (,VN L/U .0/
DATA NLMIN/ .1,0/
D A T A  L,St38 1/25. O/
DA TA (,StiLU/10.0/
DAT A (PPANT/2.0/
DATA GPP/1.0/
DAT A L1RA / 0 .2/
DATA G/32 .17L4/
DATA ~PTADb/ 1,125/
D A T A  i..DWT I/1.U/
DA TA Yb8F ILT /1,0/
DATA ObI-A06/O,S/
D A T A  1)8Ft~Dd/1 .0/
DATA IcDRMLIN/0 ,0131/
DATA KDW M PAW /0,042/
DATA )tif PlA/ 1,0/
DATA L) BFHB/2 .0/
DATA L Li~At)H/O.9/D A T A  U~ k r4Ob / 1 , 0/
DATA ‘~t.bV8/0.2/
DATA ~j~AD8/0.1/
DATA ‘~~1/1.0/o A T A  NR2/2 .0/
DAT A  to~3/3,0/
DATA 4R4/4 •1)/
DATA t~WCSA / 2.0/
DATA OBFOCS1 /0.0/
DA TA u8fOC /0.0/
DATA (iL025/0.O/
DATA DSbC1 /0 ,0/
D A T A  P~1A i ’iPM1 N/0,0/
DA TA  BCSLN/0.0/
D A TA uFF1L’~/0 ,0/
D A T A  NZ Pi’J 1 ,NZ PN2 / O .0 ,0 .O/
D A T A  P~ O D22N/O . U/
D A T A  PW(JO29~~/0.0/

• D A T A  ~
j
~~T A ~’/0 ,0/

DATA r~YP~~i ,NYPrJ2/0.0,Q,0/
D A T A  PWOU2 N/ 0 .0/
If (IC ) GO TO 1000

3 CO NT IN U E
NY3AV/52,1 74
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NZ :AZ/32. 174-I
Al. PH A AL. F A a DL S AL)
CGPUS:129S. 36*XI3AR+236. 0
P*P900Y*DEGRA ()
Ug0bO~~Y*OLGKAD

W800 V a UEGW At)
SI N AL F ~ SIN (AL F A)
S1NALF 1~~SINALF
IF (SI NAL~ .L1 .0.087155) SINALF1~~0,087155
COSALFZCOS ( ALF A)

* 
SI NPHIISAN (PP41)
COSPMIaCOS (P~11)
COSII-,LT AsCOS ( THE TA)
DEIMPAN~ 0.0
IF (PITCMPAN .GE. 0.5)OL TMPAN 1.O
IF (P1 IC).IPAN .LE,—0.5)DETMPAN*—1 .0
01 TMkl1C~ 0. 0
1F (PITC HST Pc.t1 .0.S)DETMRhC 1.0
!F (PlTCP$STK .L1.0.5)DE1MP*IC~~h1. O
DA TM PA NsO • 0
IF(ROLLPAN .&E.0.5)OATMPAN~~1.0
IF (WULLPAN .LE..0.5)OATMPAN: 1.0
DATM NPIC 0.0
IFO~OLLS 1K .GL.0 .5 ) DA J M W H C : 1 . 0
1Ft ~w uLLSl’~.LE. —u. 5 ) O AT HFTH C~ — 1 . O
owr=o ,o
IF (YAr jIWIM .GL.0.5)V RTS1 .0

• - 1F (Y AM TWI M .LE ..O.S)0Tfl~~~t.0
• UBFMAN~ O.0

D (FLAPC MD.GE.0.5)Dt3FMAN~~1.0
1f (FLAPCMU .LE.0.5)DBFMANZ 1.0

a

* IME FOLLUM1NG SECTiON CALCULAT ES ALL TABL E LOOKUP FUNCT ION VAL UES
a

S~ FUNC1IUN (MACh ,GPST )
GJ L T~~0,0
If ( UBA M • GE.. TGJ~ T 12) ~IJ 1T~~T GJ L 12 1
CALL PO I N T F ( MA C r I ,14, IAI,FRAL,TALPHMAX (1,2 ))
ALPMMAX:T ALPP-4MAX 1 14 1, 1) +( TALP HMAX( IA T+ ),1) — IALPMMAX ( 3A T ,fl )
ALPHMIN:F UNCI ION(MACPI , ALPHM INT)
C ALL PO INT F- (MA CM ,4,IPT,FWAC ,TP (PIT (1,2))
P~Pjl~~1PcPIT (jPT ,1 )+ (tKPIT (1PT+1,l) .TPcPIT (1PT ,1 ))*FWAC
GI UNC )ION (MACH ,SIRLT )
GDS8 FUNCIION (MAC H,GOSE4T)
PcDAMPAW *FUNCT ION (MA C P4 ,PUAMT -’AW T )
Ic UAML IN*FUAdCT I UN ( MA CP$ , PcDAML INT )
GRS :FUNCIION (MACH ,GRST )
GOAC :FUNC I IOPv (MAC,-$ ,GDAC I )
GP fU NCT I (JN (tIBAR,GPI)
GNVL)MM$FLJNC T ION (TAS, GNVDRMT )
( ,WA Y :f t j NCT IUN(MAC PI . G R A V T )
pcDl1C :f UNCI I QN( MACH, SI) MC I)
S IWW FUNC T .IO N ( MAC r I ,STWM T )

a
* P iTC H FCS PROC ESSI NG
a
a DEMSP

DEMANSO
IF (PMMCSOP.LT ,—PHHCOB)DEMAN :PMIICSOPsPWPICO8
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IF (PWP$CSOP .GT .PWP4(.D8)DEMANZPRP4CSUP.PKMCDB
ESHAPEX (0.36,0.O4814aA8S (DEMAN ))aOEM*N
IF (ES HAPE .GT .23.0)~~SM APE~~23.0
IF (ESHAPE.LT .—23.0)ESP1APE~ —23.0DL MS~~L SM APE a 5P3
DL MSP a MS
IF ((MACH ,GT.1.5).ANO .(PKHCSUP.ST,19.5)) I)LMSPZDLMS*2.0

l i T
20 DL T MSPW:OE IMRH C * G PWM CT

IF( IC .O R .HULD) CO 10 29
OETWzf 1LT1 (DLTMG PN, .044,O,0,—1 .O,DLTTTN )
I F ( D E T W .G1 .1.5) DLT Ra1. 5
IF (DL l W .L 1.—1, S) OETR —1 .5

29 CONT INUE
aDPJ ET

DPJE IZ L) EM S P—W
aUYCMO

AHSDPJET:AUS (OPJET )
ND: ND I-s I
I F (A L S S D P J E T . L E .DP CU IOF F)  1~~2~ DLO
CALL T-sysrElT(C4ADB,08 08,OPJET1,DPJEI ,00TDPJET )
DPJET 1~~DPJE1
UY C MD ~N G a QU I DPJE I

- IF ( ( M A C M ,LL .1.5) ,OR . ( u BA W ~ G T .2 0 . 0 ) ) UV C M D~ 0. O
*UYSJET

SO UY GJ ET : G J LT a UV C M D

TAN PhI~~SIN Pt-4 I/C O SPMI
I F ( T A P s P H I ,GT .1 ,0) TANPI - II~~1,0
IF(T ANPPI I .LT .— 1 .0)TAN ~ p1I :—1.0

60 RTPI-si :Ra IANPTiI
• IF (P sOLO ) So TO 62

R TANPH I:f IL) 1(M IPPII, .01961, • 019*1, — , 9608, RTANPH1N)
62 C ON TINUE

aBCSL
IF (MACM .G1 .t.5) RT Ard P,-4I:0,0

70 DJR T P — D P J E . 1 — i T T A N P H I — O E . T R
IF (r4OLD) 50 10 72
BCSLZf- ILl 4 (OJRTP, 1.9615,—i ,$846,— ,9231 ,8CSLN )

72 CO NTI NUE
* DCSLL O

IFthOLD) GD TO 74
DFi~IL~ fiLT1 (I ),.O2988,.O2988,— .992,VFFILN )

7~ CONTIN uE
DCSU:DfF IL*GUM~sGP
DULOA : (A LPHA—ALP HMAX) *GOA
NZA :Ni+1 .6*449*0001
Li- (I-sOLO) GO TO 16
NiP :~- I L T 2 (NL A , .0*4475 , • 1295, .0*475, —i .3094 , ,5683,NZPTI1 ,N ZPN2 )

76 CONTINUE
O DL UN ( NiP —N Z MA X ) * C IJNL
O0LU:t)~~LOA
1F(UULUN .Gl .D U LOA ) DULIJaDULON

80 DC S L L O : D D L O s D CS O
*VCSL pS I

DQPl 1 A :(ALPHA—ALP HMII\4)aGDA
D0~~II~:(NiP~~NLM1N)aGI)NL
OuHI:Ok~,4 1N
IF ( t)UM1A • LE • Vol t  IN) DQHI DUPiIA
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90 DCSLIII:DOHI+DCSW
aMlDplC,(

IF (L)CSLLO .GL .OC SLI1I) GO 10 98
If ( DCSL H1.LT .8CSL. ) CU To 91
GO 10 93

91 1F (VC SL HL .G I . OCS LLO) GO TO 97
GO TO 98

93 IF (BCSL .GL .DCSLLU ) GO TO 98.
GO E U 99

97 MIDP1C Ic:DCSLHI
GO TO 100

98 MIOPICPc:8CSL
GO TO 100

99 M1DpJCKaT)CSLLQ H

aDC SL
• 100 1F (MACPI .ST.1.5)GL) 10 105

OCSLZM1I)P1CIc
• GO T O 110
• 105 IF (D8AR .GT .2.0) GO TO 10*

DCSL:0.0
GO 10 110 - -

1 06 I)CSL~ bCSL
aDUCT

110 CONTiNUE
GDD KP1 T /S 0W1 ((36AM+4 .0)
IF (GDD.GE..b ,O )GOW:6.0
IF (SJ V.LE .O.2)GOQ:0.2
DTJCT :DC SL a 5 LiD

aGT~5[DQC1
ST REVUC I lWE * DUCT
I PS

D5a x1& :V STi PCaGD S8
1F (DSb.SE.30 .0) GO 10 115
DS8XTWS :OSBXTWaGSBLO
GO TO 12 0

115 0 S bXT WS aD S t ~X TW * G S l3P $ i
aOE T P

120 OETPEOE.IMPAN *GPPANT
DETDSB :0513X1WS—DLTP

aLT k 1W
E.TNAM 1N :GTWEL )DCT—O E .IP—U YGJE.I
IF (ZC .OW .rSOLD) GO 10 121
ETWIM ~ FILl1 (E1RIM IN , .04,0.0,—1.0 ,LTWIMN )

121 CONTiNUE
I F ( E T H I M .SE , 2 0 . 0 ) L  IPIM:20,0
IF (E IPIM ,LE,— 35.0)ETRIM2—35.0

aLLF8Ic
ELFBP (IN: (LTh IOSB/GTRE )+VL
IF (IC .OR .HULU) 50 It) 1~~2
TEMP:50.O/ GTiT E
LLFMIc=FILI1 (ELFB ,cIN,i .O/ (TEMPs1.0),L .0/ (TEMP+1 .0),

* (—TEMP-P t .0)/(TLMP+1.0),LLFB,(N)
122 CONTINU E

aOL TR IM
If (MACH ,LE .12 .0) GO TO 125
DE T KIM ZE T RI M
SO TO 130

125 DLTR1r4~ ELFb lc
13 0 CONT INUE
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aDECMD
1 40 DECML)~~OEr PI MsUUCT

IF (DECMV. Gf .20.0) DECMD:20.O
IF (DELMO .L T .— 35,0) OLCMD.—35.0

a
a END (iF PITCH PROCESSING
a
a ROLL FCS PMOCE$SINC ,PAR T I
*
a DAMAN

DA MAN :0 • 0
IF (RPHCS O P .LT .— i • Ibi OAMAN:WWHCSOP$1 .15
jF (Rlts1CSUP .GT.1 ,15) OAMANZRRH CSOP—1.15

a P150021
PRUD2I :DAMANa (KDAMLIN+IcUAMPAN*A 8S (DAMAN ))
IF C PTTU02 1 .  ST • DA M A X ) PkO021 :DAMAX
I F (P550021 .L I .—l )AMAX )PR0021:— DAMAX
IF (PTOLD) GO TO 155
PW0D22:FLLI1(PROO21,,0909,.0909,— ,8162,PR0022N)

155 CONTINUE
*GNS

P k O V 2 S:GW S* i~~U022
1 F (MACI-t.G1 .1.5) Pf50024:I)ATMHMC*.b
If (MA CH ,LE.1.5) PR0024:DAIMRHCa .2
IF (IC,OM .l-SOLD) GO TO 171
PWOD2S:F 1LT 1 (PRQD2 4 -4 , .04, 0,—4 ,s),PROL)25N)

171 CONT iNU E.
IF (P~ OD25.GF .2.5)PPOD25a2.5
IF (PI4-0025.LT.—2.S) PR0025:—2,S
SUM21 ~PMOO25+PROD23
PROU2 1 SUM21 a2.0
IF (P k0D27 • ST • 10 .0 )PR0027:10,0
IF  C P550027 , LI. — 10 . 0 )  PROD 2 7 :— 10 .0
pROO~~~:PHOD~ 7* S 1NA LF1

* ORPHI
DWPP11 57.3*GaSINPHI*COSIME I A/ lA S
I F ( T U R N C U R ) ) G O T O  1744
DRPHI 0

a DWP&M
1714 DWP~o~~R—t)RPH I

IF (l-IULD) Go 10 178
PH0D29:FILI4 (DPPHM ,,9804,— ,9804,— ,9608,PP0029N)

478 CONT IA S LiE
* GRh

10.0)
L F(GWM .LT..05) GRH:.05
IF (Pi(JLD) GO TO 185
53 ET AFI L T F1LT4 (BETA ,.999,~~.999,

..998,8ETAN)
185 CO NT I NUE

BET A~
j
~ 8E I A F ILl

IF (08AR .Lt.2.0)T3ETAU~ BET A
IF (OB AR .ST .20.0)BEIADaO .0
5UM22:COSALF abE TAW .PR0029*GRH—2aDRPRM
SUM23 PR0026+SUM22

a RSTA8
RST At3 ORPI .SMaCOSA LF— P*SINALF

a PS T A~
PS TA 13:0 H PPM * SIN AL F+P ace SAL F
PS TA8 (,:PSIA~~aGPP
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SU M2M :SUM2 t.PST AbC
DA C M *SUM 24*GOAC

*

* END OF ROLL ,PART I PROCESSING

*

* VAV ’ FCS PROCESSI NG
a

• a ORMAN
DR MA N~ 0 • 0
IF (5TPTASUP,L1 ,—1 • 125) 

UHMAN RPTASO P+l • 125
ZF (RPT ASOP.5T.1.uiS) DNMAN3WP

S0P~~~
hi2S

a DRP~S
220 DPMS:( W M L l N + P c 0 K M P * S~

0kM D

IF (DWMS ,~~l , 22.5) L)WM5222.5

IF (OR MS .LI. .22.5)  ORMSa.22. b

* DRT MS
ORTGO R I)RT*GDRI1
1F (IC.OM .H0L0) GO TO 221

• oR1MSf :FILT1 (DMT R,.04,0,~~~
,0
~
0i
~~~~~~

)

• 221 CONTI NUE
IF (ORTMSF .LT ,_2.U)O~~IMSF~~~2.0
IF (DWlMS~ 

,GT.2.O)DW)MSFZ� .O

URTMSXDRTMSF +~~
Mb

* SUMI
PROD1: G NY DW M * DW T M S
IF(T URNCOR U) GO 10 225
SU M 1~~~PROOl
GOT 02 30

• 225 NyA :Nys~HDOT*1,8b449
1F(HOLD) GO 10 232
NY PfILT2 (NYA, .0 7 5 ~~

,u295
~~

e 0b lSl

230 PWOD2 :FIL1i (SUMt,,0909~~1
0909~

_ 18182~~
MOU2SUM 1aNVP PR0U1

232 CO NTiNUE
a P55003

PH 4J5) 3:5W A V a PROD2
a SUM2

SUM2*PRUD3 HST Ab

* SD1S C
CDRCZKDRC/ (Gl$AR+80)

If (CURL ,GT . 15.0) SDRC:15.U
IF (GDMC .L1.t,2~~

0
~~ ”’2

2314 pw~j~ 5 :SUM2*GDMC
• IF’(MACM .LE. 1.5) GOlD 235

a GDRE (LARLV )
G h.b00.0/ Qb

~~
IF
If (G DRE .L1 ..b.0)GDWLa•6.0

PROD TIGDME*5UM23
ORCPF*Y~~~F ILl 

aPPOD?

jf(MACH .LL. 5.0) 5010 236

PROD7:0.0
ORCPf O.0
GOlD 23*

235 DPCPF :Yb8F1LTa~~
UDS

236 CO NTINUE
a DN TRW

IF (LC.UR. H0LD) 50 10 244
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DR TM IMsI- ILT 1 (DRTRM , , Oa, 0, .1. 0, DRTM IWN)
2’i14 C O NTiNUE

IF (D KTRIM .ST.9.0)DRTKIMB9 .O
if (DRTISLM .LT .—9.O)ORTWIM :—9.O
GRXFU 1SO/U8AR
IF (GMXFD. GT . 1.0) GRXFDaI ,0
i f (SR X FO, LT ..i) GR*FDa.1
O A C MC :0
IF ((MACH .LE .1.5).AND.(IUHNCOMD)) DACMCIGRXFD*OACM
SUM3IONCPF+DRTRIM .OACMC

a DRCMD
IF (SUM3,GT ,22.8) 8UM3a22.8
IF (S UM 3 .Ll. —22.8) SUM3$-22.8
DRC MD S U M3
DRJE IZSUM23
1F (MACrS .GI.1.S) GO TO 262

* D KJET
DRJ E 1 ~u
1F(MAC i4 ,S1.1.O) DlSJLT :GRCSAaSUM2

* NW
a VA
a Y b
262 ABSDRJET :A 8S (UMJET )

If (Db u I5 ,LE.20) so to 2*3
NR :Nkl
1F CA U S I)RJE.T.G 1..5) NR NR2

• 1 F (A B S O R J E . T . G T .1.0) Nl5:NR3
IF (A 8SDRJEE.GT .1.S) NR:NM4
GO 10 2614

263 NR:N PI
I F ( A H S D S - S J L l . G T . . 5 )  NRa NW2

264 YADB:,1
VU0b:.d

• IF(MA CH .G1,1 .5) GO TO 265
YAO8 .5

265 CALL HVSTEM (YA DH ,Y8053,U RJET j,D14JE1,00IL)HJ)
D RJET I:DRJ LT
UZCMU :NfSaOUIOHJ

*
a END OF YA ~ PMOCESSING

* POLL FCS PMUCE.SSING,PAMT 2

* PE
COT ALF :COSALF /SINALF
IF (CU IA LF .51,11.143) CUT ALF :1 1.443
IF (CUTALF .LT ,.11 ,143) COTALF :1 1.43
PE :DPTPRM*CO I ALF.13E TAGT *SINALF—P
A8SPE:AbS(PE)

* YAWX FE.€U
CALL PIYSTER (PEADB,PEBDB,OLDPE, PE,PEOUT )
OLL)PE~~PE

• YA ~jXFEE.O:PEOUT*AbSPL
PROL)41 0 *

IF ( D8 A W ,I.1 .2) PKOD4 1 Z G P * V A # S X F E ( D
* DLsP

I F ( MAC H .Gl.1. 5) GO TO 270
S DA * 2 0 0 / ( U B A M +80 )
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1F( GU A .L.1 . . ) G O A = .1
If (GDA .GT. (1.2/GOA C )) GOA :1.2/GDAC
DCSPL GD A aDA CM
GO TO 275

210 CONTINUE
GDA a ISO /UBAM
IFt GD A .LT. •1) SDA Z .1
IF (GUA .GT.1) GDA:1
DCSPaGOA*PWUL)141

275 CONTINUE
P550044 2aDC a PA

a UXCMD
NP :2
IF ( AB SPE.G l . t )  NP *14
UXCMOaO
IF((UbAR .LE.10 ).AND .(MACH .GT.t.5)) UXCMDa~ PaPL 0UT

* Pk00143
SUM2S SIGN (1.0,UXCMU )—SIGN (1,0,UZCMD)
SUM2SS:SIGN ( 1.0, S0M25)
Ab525 :A535 (80M255)
SUM26:SUM25—0L025
(JL 025:SUM2SS
PRUD 143aSISN ( 1.0, SUM26)*AbS25

* GIX ,PRODLI 44
CT X: 1. 25
IF (MACH .GT ,1O) GTX :50/ (UbAR+1O )
IF (GTX ,LT ,1.2S) GT X:1.25
IF (GTX ,GT .5) GIXaS
pR0044-4apROD43aGTX

* L)ATR
04115:0
IF (MAC H ,LL.1.5) DAT HZPPOD42
IF ((MA cPS .GT.5).AND .(Q6AIS . GT . 2 ) )  DA IR a P Is O O ’ L M

a O A T P
OAT Pa V A IM PA N a .5
IF (MA CP$ .G1.1.5) DATP :— .5*OA TMPAN

a DATSUMI
04 ISUM:OATP+I)A IP
IF (IC. Us5 .PIOLD) GO TO 300
DAISU MI :F1LTI (DAJSUM,.014,0,—1. 0,DATSUMN )

300 CONT INUE
a DACHO

D A C M O Z D C S P + DA T S U M I
IF (L)ACMU.ST .10) OACMO :10
IF (DACMD.LT ,—1 0) DACMO a—i 0

*

* END (iF POLL PROCESSING
a
*
a ACTUATOR PROCESSING FOLLOv~S
a
a OLCDWPS

I)ECDRK;( (I)ECMU .UACMO).DEl5)a20.U

If (UECU RN •LE. .20.0)OECOWR:—20 .0
a DER

‘43 0 DEI5a ,Q 4aOECDRR ,OEM
IF (OE I’T .GE ,20,0)DERad0 . 0
If (L)ER ,LT ..35.U)DE TT .35,O
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a DECD KL
‘433 D€CVNL :(LDECMD+DACMD)—DLL)*20.0

IF CUECDH L.G E ,20 ,O) DLCD MLa2O ,U
IF(L)ECORL.LE.—20,O)OECDRLa 2O •0

a DEL
~4 14 0 DLL:.04-IaDECDRL+DEL

If C DEL ,GT • 2u, 0) 0LLz20.0
IF ( OEL .L t .’35.0)DEL$ 35.O

* DE APSO L)A

* OS13C
£1 50 DS8RC :S6HP—U S6C I

1F(0~
,8PC.Gt.6.1) OS6PC:6,1

IF (UStSPC.LT.-1O.8b) DSS3PC :—1O .86
DS8C 1 zDSbC 1 I- L)SbPC
OS13C:.5*L)SBC1

a OR C O R M
DISCDHR:( (UMcMD. DSbC).DRRP)*10.0
IF (DHCDR P. GE. 10. 0) DRCDRR:10.0
IF (OMCUI.T R ,L T ,.1O .0)DkC0f5 54:.”lU .O

a O R R P
460 DRRP$ .014*OMCDPR+DRRP

IF (ORRP ,GT .5’4.85S ) ORRP:5~~.88
IF (V PMP .LT ..514.88) DRI.5P:.54.88

* URCORL
£163 DW COf (L:((DRLMO OS6C)—t )RLP)*10.0

IF ( OW C OP L .51. 10 ,0 ) DRC ORL:1O.0
If(UISCDHL.L1.—1 0.O)OMCDRLZ 1O .0

a DMLI-~
4-470 DWLPa .04*DtTCOIsL+URLP

1F (DHLP .GT.514.88) DRLP:54.88
I F ( DssL P .L1..~~4 .88) DPLP=—b a ,88

• * 0 W
Dk:(OHRP UMLI’)*O .S

* OSB
DSP~zUMLP—O R 45P

* U8FRC
IF ( Ft~C.~,E.3.0)ObFRCz3.O
IF (OU~-k C.LE..I.0)DBFi5C :—1 .O

* DbF
‘490 OBFEI)I3F+0.O14*DBf MAN

1f(D*P .SE.22.5)D8F:22.b
IF (utS f .L1. — 1 1 .  7 VBfX.11.7

*
a Isl E FULLU~~L NG SECTION IN ITIALIZES ALL INIEGISATOR OUTPUTS AM)
* IN T ER MED IAIE TRANSFE R FUNCTION NODES TO ZE R O.
a

1000 DET Ra LT PI M* EL F8 K:0
PWOO25at)lT TMSF :ORTPIM:0
DATS UM I :Q .O

a T h E TiSANSFEP S FUNCT ION NODES ARE INUIA LIZED hi ZEPO MERE.
*

U~ 1 kN :fl ,~
E.TKIMNsELFBIcN:0
PWOV2SN2L )P1 MSFNIO $IMIMN O. 0

• UAI SUMNX O
CU T O 3
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END
aaa *a *aaa * **a *aa aa *aa****a******a*******a*a****aa*a**a****a**********a**
a a

* F L L T I  *a
a ** **eaa aaa aa *a *aa * * a *aa ****a ****** a *a ***a **a **a **a *aaaa *aaa *aaaa *aaaaa a

FUNCTIO N F 1LT1 (X IN,GX1,C*2,G~~3,XN0DE)
• F !LTI3 XNOUL ,XLNaGX I

XNUUL$X1Na5X2.F IL 11*5*3
RE1 UMN

• END
a a a a a a a a a a a  *a a a a  ****a* **a*aaaa*a **a **aaa **a ****a *aa **a**a *a **a ***a*a*a **
a *

• a F I L T 2  *

* *
*aa*e ** **e****a **aaa * *a a*a a *a a *a a *a a* aa *a a aa a* a a *aa* a ***********a a ***a*a

FU NCTION FZLT2 (XIN ,G X1 ,5A2,5x3,Gx4,GXS,XNUDE 1,XNODE2 )
fILr2 :xiPsaGxl+XNOUEI
XNUOE IzX1N *5X2— fIL T2*5X44+XNUL)€2
XNUL)L2sXiNa(,X3~ fIL 12*6*5
RETU R N
END

• *a aa a *aa *a *aa *aaaa ***aaa **a *aa ** a**a *a ***a *aaaa **aaa **aaaaa*a ****a **a ***

* *

* P I Y S 1 E K  *
* *
*a * *a e *a a a** * *a a * *a * * * * ** *a **a ** *a a ** **a  aa **aa ***a * *  *a***a*aa***aa *a*aaa

SUbROUTIN E siYSTEFS (LIM1,LIM2,AWGTO ,ARCTI,FUNCT )
REAL LIMI,LIM2

a

* IH1S SU13ROUUNE PERFORMS IslE. HYStERESIS FUNCTION USING
* PARAMETERS FROM TilE CA LLING PROGRAM , TI-IL ARGUMENTS ARE AS FOLLUv~S;
*

*
• 

* t.IM1 AND LIM2 APE THE POSIT iVE BREA P PUINI VALUES.
* (LIMI LESS THAN LIM2). IT IS ASSUMED THAT THE FUNC TION
a IS SYM ETHI CAL AbOU T THE ORIGIN.
*

* A P G I O  AND A RGIL APE THE INPU) VALUE S FOR THE T~~O MOi ST

* RECENT TIME FRAMES MITiS A RCh THE MOST RECENT, THE CALLING
a ROUT INE MUST CORRECTLY UPDATE THESE VALU ES bEFORE CALL iNG
a PIVSTE.R .
*
a FUNCT IS THE OUTPUT VALUE RETURNED 10 THE CA LLING PRO5RAM ,
* FUNCT is SET 10 —1, 0, OR .1

• *
a

TtMP1 : Ab S (AR GT1 )
IF (TEMP t — LIM I) 10,20,20

10 FUNd : 0,0
900 RETURN
20 IF ( IEs4P1 • LIM2 ) 40,30,30
30 IF ( AR ST1 ) *0,50,50
50 F U r ~cr 3 1.0

CC) 10 900
60 FUNd a — 1 . 0

GO 10 900
£40 IF C AR Ch ) 80 ,70 ,70

a
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a ~~~~~ p-j e sS E ~f iNPU T j5 bET~~E~~s~ •LIMI A NSi •LIMZ ,
* CHECK PREV IOUS INPUT VALUE AND SET FUNd ACCORDINGLY OP
* LEAVE IT UNCHANGED.
*

~O If C A R G J O  + LIM I 3 900, 900 , 10
a
a (()M~ HIRE. IF INPUT IS HE1*EEN L IM L AM) L1M2 .
* CHECK PREvIOUS INPUT VALUE.
a

70 II- A PGIu — L1M1 3 10,900,900
IN I)

a a* a  aaaaaa **-*a**a*** ******************a****a**a*****************a****a
a *

* F U N C I I 0 14 *

* *
• a a a a * a a a a a * a * a a  *aa*aa*aaa*aa********* a**a**aa******************a****a*

C ‘FUNCTION ’ IS USED TO DETERM INE THE OUTPUT OF A FUNCTIO N SCHE~)ULE TH A I
C HAS MIs4 LMLJ M ,MA X .LMUM , AN D lu ~TER M E1iJA TE LIN EAR VALU ES, THE F UNCTION

C SCHEDULE CA N HAVE . A MA XiMUM OF 1~~O bR EAKPO iNTS . TA13L€ (3) IS THE.

• C SMA LLEST AW L,UMLNT t3 14 -EA Ic PO1ASI VALUE ANt) IAbL E (4-4) IS THE LARGEST .
C IA 13LE (1 ) IS THE UuIs-’UT VALUE Fu’ It-si CORRESPONDIN G JA 13LI (3) (SMALL)
C ARGU M ENT A~~L~ IA5 ~LI(2) IS T HE CURRI-SPUNUINL’ VALUE FUR THE . T AB L E ( 4 4 )
C ( LARG E ) A MS UM E N I ,

F UNC TION FoNCTION (A kG,TAb LE )
VIM EN S IUN 1A 13LE(~~)
1F(ARt ,.G1 .1At ~LE. (3))GOT 03000
FUN C ILUN Z1A H LL (1 )
5010 3u02

3000 IF (AI4-G .LT .1A 5 3LE.(44))GOTO 3001
FUNCT 1ON :TAHL~~(2)
GO IU 3002

3001 FUNC1IOI~4 a ) A b L E ( 1 ) + ( A R G . I A 1 3L E ( 3 ) ) a ( ( T A b L E ( 2 ) 1A t 3 L E ( 1 ) ) / ( T A H L E ( U ) .
aTAbLE (3)))

3002 RETURN
*****aaaa **a**a*aa***aaa*a*aaaaa**a**aa*a*a******a****a*****a*******a*
****aaa******* **a* aa*aaaaaaaa**a*a*a******aa***a*aa*a*****aa*********a

**
** **

**** *a ** * a aa *  a **aa *a *aa *a aaaa *****aa ** * * * * * a * * a  a * a a a a a * * * * * a * * * * * * a a * *
END

164

~~.: ~~~~~~~~ — “
~~~

-— : 
~~~~ - 

~~~~~~~~~~~~~~~~~~~ 
- 

- - -


