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FOREWORD

This document represents Volume II of the final report
on NASA Huntsville .Contract entitled "Spin Vector Control
for a Spinning Space Station". The report 1s prepared in
two volumes:' -

+

Volume I =« Uger‘s Manual

“Volume II = Analytical Manual
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FINAL REPORT
SPIN VECTOR CONTROL OF A ROTATING SPACE STATION

VOLUME I: USER'S MANUAL
By: T. Hendricks, Walter Guderian, George Haynes, Gary Johnson
SUMMARY

This document presents the formulation, computational logiec,
input/output options, subroutine description and other perti-
nent information that should aid the user of the SPIN VECTOR

CONTROL COMPUTER PROGRAM (MD246).
I. INTRODUCTION

This document is concerned with the design use and imple-~
mentation of a Ezgital computer program to facilitate the
study of the dynamic behaviour and control of dusl spln space
vehicles, This volume i1s & companion to Volume II (analytical
m;nual) of the final report under NASA-Huntsville Contract
NAS8-25247,

The Spin Vector Control Program (MD246) is a Forxtran
Program that was written and checked out using the CDC 6400/
6500 digital computer. To minimize possible system incompatabili-

tles care has been exercised to assume that only the basic fea-

tures of the system are uged. Thus the program should be



operable on most digital machines with a FORTRAN 4 compiler.
The piogram i1s capable of solving the rotational dynamics
of dual spin earth orbiting spacecrafé. Several control
options as well as gpacecraft configurations are possible,
Among the avéilable control actuators are CMGs, reaction
wheels, reaction jets and torque motors, This program is
intended for but not restricted to attitude control studies
.of a rotating space station, The generalized spacecraft con-
figuration along with geometrical definitions is shown in
Figure 1. Flgure 2 is a specific spacecraft configuration.
The remaining contents of this document discusses in
varyl g degree ;f detall how to use the ?rogram. The first
chapt :r Input Deck Construction describes those cards which
are n:cessary when exercising the varilous program options.
Chapt 'x 2 Data Deck User's Guide presents a complete sequence
and format descxription of all the data input cards. For a
déacrlption and definition of the input variables refer to

’Appendix A,
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INPUT DECK CONSTRUCTION

"he basic deta deck for operating the program with essen-

tially no designated options 1s as follows.

Card :* Variable
1 NDECK =
2 IPNDIM = O Firat card of run data
3 IPRINT =
4 TSTART, TSTOP, DELTAT
5 Alt.
6-14 - TIBOI(1,1) - TIBOI(3,3)
15 WO(l), WO(2), WO(3)
16 BOMASS
17-25 BODYOI(1,1) - BODYOI(3,3)
26 NUMCMG = O
225 IPROPF = 0 '
242 BIMASS
233»251 BODY1I(1,1) - BODYLI(3,3)
252 THETAL
253 OMEGA!L
254 DO1(1), PO1(2), DOL(3)
255 IB2F = 0
282 SP
283 ' NGAIN = 0
294 IGRAVF = 0
295 IDOCK = 0



Note that the above 1is also a list of the cards that must
always be présent.

Some exémples of data deck arrangements for various bptions
will be given., All data decks consist of the basic data deck
with changes indicate&.

1. 'Pendulum

Card #2 iPNDLM = 1
Before card #282 add cards #268 through #281, the
pendulum parameter and initial value data.

2, Two single DOF (MGs

Caxd #26 NUMCMG = 2
" After card #26 add -
Card #27 IDOF(Ll) = 1
#28. - HW(1)

#29

#37 A0CI(L,1,1) - AOCT(L,3,3)

#38 = #42 ATI(1,1,1) - ATI(1,3,3)

#47 - THATA(L)

#48 - THATAD(1) )

#60 - IDOF(2) = 1
#61 - HW(2)
#62 - #70 AOCI(2,1,1) - AOCJ(2,3,3)

#71 - #79 AII(2,1,1) - ATI(2.3,3)
#80 - THATA(Z) B

#81 - THATAD(2)



4.

Card #283 NGAIN = 5

After card #283 add cards #284 - #288
(Cards #287 1s control gain for CMG #1 and
card #2838 1s control gain for CMG #2 in the
present subroutines)

Propulsion on Body 0 (no attitude conérol)
Card #225 IPROPF = 1

After card #225 add -

Card #226 IATTIF = 0

/]

I

Card #230 AOJ(l) = (non-zero) CGAINO(L)

(non-zero) CGAINO&Z)

]

Caxd #231 A0J(2)

[}

Caxd #232 A0J(3) (non—zer;j CGAINO&B)
After card #259,1if present)otherwise after card
#255 add - o ‘
’ Card #260 ALI(1l) = (non-zero) CGAIN1(1l) = 0

Card #261 ALlJ(2) = (non-zero) CGAIN(2) = O
Movable Mass o

Card #255 IB2F = 1

After caxd #255 add cards #256 - #259 per-

taining to movable mags



5,  Attitude Contrxol with Propulsion on Body 1
Card #225 IPROPF = 1

After card #225 add -

Card #226 IATTLF = 1

Caxd #227 CA(L), CA(2), CA(3)

i

Card #230 AQJ(1) (non-zero) CGAIN(L) = 0O
Card #231 AQJ(2) = (non—zeroj CGAIN(2) = O
Card #232 A0J(3) = (non-zero) CGAthBj =0
After cérd #259 1f present, otherwise after card
#255 add ~

Card #260 ALJ(1)

{(non-zero) CGA'N1(L)

Card #261 A1T(2)

il

(non-zexo) CGACNI&Z)

6., Gravity Gradient

It
| ol

Card #294 IGRAVF
7. Docking

Card #295 IDOCK = 1

After card #295 add carxds #296 - -:307 docking

quantities,



DATA DECK USER'S GUIDE

C\RD: >
I JSTRUCTION: THIS CARD MUST AIWAYS BE PRESENT,
VARIABLE: ALT

FORMAT + . E+

_COTIMN» 23456783101

CARD: &

INSTRUCTION: THIS CARD MUST .ALWAYS BE PRESENT,

VARIABLES: TSTART TSTOP DELTAT

FORMAT: + . . . + .

COLIUMN + 2348678 8101N ST WIS N NS + 282330 113231 34 35 35 138
CARD: 3 ’

INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,
VARIABLE: IFRINT

FORMAT:
COLUMN: 23

CARD: 2
INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,
VARIABLE: IPNDLM -

FORMAT :
COLUMN+_ L

CARD; 1 .
INSTRUCTION: THIS CARD GOES—IN FRONT OF DATA DECK 1 ONLY.
VARIABLE: NDECK :

FORMAT:

COLUMN: - o




CARD: 14
VARTABLE: 'TIBOI (3,3)

CARD: 13
VARTABLE: TIBOI (3,2)

CARD:. 12
VARIABLE: TIBOI (3,1)

CARD: 11
VARTABLE: TIBOI (2,3)

CARD: 10
VARIABLE: TIBOIL (2,2)

CARD: 9.
VARIABLE: TIBOI (2,1)

CARD: 8 .
VARIABLE:; TIBOI (1,3)

CARD: 7
VARIABLE: TIBOI (1,2)

CARD: 6
INSTRUCTION: THE NEXT 9 CARDS MUST ALWAYS BE PRESENT,
VARIABLE; TIBOL (1,1) _ .

FORMAT: % -+ .
COLUMI : 2348541800001

i0




CARD: 16

INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,
ZVARIABLE: BOMASS . -

FORMAT s i . E:t

COLUMN » Z34s5E1d NN ' !

CARD: 15

INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,
VARTABLES: WO(1l) WO(2) Wo(3)
FORMAT : + ' + . +

-
— —

.
13488785000 BEIBONANARBUE - BN ANBHHERH

11




s

CARD: 25
VARIABLE: BODYOI (3,3)

CARD: 24

VARIABLE: BODYOI (3,2)
CARD: 23 3
VARIABLE: BODYOI (3,1)
CARD: 22
-VARIABLE: BODYOL (2,3)
CARD: 21
- VARIABLE: BODYOI (2,2)
CARD: 20 N
VARIABLE: BODYOQI (2,1)
CARD: 19
VARTABLE: BODYOL (1,3)
CARD: 18

VARIABLE: BODYOI (1,2)

CARD: 17

INSTRUCTION: THE NEXT 9 CARDS MUST ALWAYS BE PRESENT,
VARIABLE: BODYOI (1,1)

FORMAT ¢ + . Et+

COLUMN s 234581y 0N

12




CARD: 28

INSTRUCTION: IF NUMCMG = O, IGNORE THIS CARD,
VARTARLE: HW (1)

FORMAT:  + .  Et

23458 1T8910u12
CARD: 27
INSTRUCTION: IF NUMCMG = 0, IGNORE THIS CARD,
VARIABLE: IDOF (1)
FORMAT : /
COLIMY » 3!

CARD: 26

INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,
VARIABLE: NIMCMG

FORMAT

COLUMN ; 3

I
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/ CARD: 37
VARTABLE: A0CJ (1,3,3)

CARD: 36
VARIABLE: AOCJ (1,3,2)

CARD; 35
VARTABLE: AOCJ (1,3,1)

CARD: 34
VARIABLE: AOCJ (1,2,3)

CARD: 33
VARIABLE: AOCJ (1,2.2)

CARD: 32
VARIABLE: AOCJ (1,2,1) A

CARD: 31 -
VARTABLE: AQCJ (1,1,3)

CARD: 30
VARIABLE: AOCT (1,1,2)

CARD: 29
INSTRUCTION: IF NUMCMGE = 0, IGNORE THE NEXT 9 CARDS,

VARIABLE: AOCJ (1,1,1)
FORMAT ¢ + .
COLUMN ¢ 234B6878¢0nR

14



CARD:
VARIABLE

46

AII (1,3,3)

CARD: 45
VARIABLE;

AII (1,3,2)

CARD: 44
VARIABLE:

ATI (1,3,1)

VARIABLE:

CARD: - 43

ATI (1,2,3)

CARD: 42
VARIABLE:

AIT (1,2,2)

CARD: 41
VARIABLE:

AT (1,2,1)

CAED: 40
VARIABLE:

ATI (1,1,3)

CARD: 39
VARTABLE:

AIT (1,1,2)

CARD: 38
INSTRUCTION:
VARTABLE:
FORMAT:
COLUMN «

ATT (1,
+

[
-—

2145678

1,1)

10U

IF NUMCMG OR IDOF (1) = 0, IGNORE THE NEXT 9 CARDS,

15




CARD: 48
VARTIABLE: THATAD (1)
FORMAT : + .

COLUMN ¢ T34s587e00nN

CARD: 47
INSTRUCTION: IF NUMCMG OR IDOF (1) = 0, IGNORE THE NEXT 2 CARDS,
VARTABLE: THATA (1)

FORMAT: + .

COLUMN 3 234587091000

16




CARD: 57
VARIABLE: AIO (1,3,3)

CARD: 56

_VARIABLE: AIO (1,3,2)

CARD: 55

* VARTABLE: AIO (1,3,1)

CARD: 54

VARTABLE: AICO (1,2,3)
CARD: 53

VARTABLE: AIO (1,2,2)
CARD: 52 )
VARTABLE: AIO (1,2,1)
CARD: 51
VARTABLE: AIO (1,1,3)
CARD: 50

VARIABLE: AIO (L,1,2)

‘CARD: 49

INSTRUCTION: IF NUMCMG = O, OR IDOF (1) = 0, OR IDOF (1) = 1,
IGNORE THE NWEXT 9 CARDS,

VARIABLE: AIO (1,1,1)

FORMAT ; + .

COLUMN ¢ 2348678812 :

17




CARD: 61

INSTRUCTION: IF NUMCMG < 2, IGNORE THIS CARD,
VARTABLE: HW (2)

FORMAT ¢ + E+

COLUMN 5 24588

CARD:

1348
60

INSTRUCTION: IF NUMCMG < 2, IGNORE THIS CARD.
VARTABLE: IDOF (2)

FORMAT ;

COLUMN = 1’

CARD: 59
VARIABLE: FEED (1)

FORMAT ¢
COLUMN:

+ -

—_—

234887801008

CARD; 758
INSTRUCTION

: IF NUMCMG = 0, OR IDOF (1) = 0, OR IDOF (1) =
IGNORE THE NEXT 2 CARDS,

VARIABLE: TFEE (1)

FORMAT:  +

COLUMN :

234587881001

,
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CARD:

VARIABLE

70
ADCT (2,3,3)

CARD:

VARIABLE:

69
AOCT (2,3,2)

CARD:

& 68
VARIABLE: AOCT (2,3,1)

CARD: 67
VARTIABLE:

A0cT (2,2,3)

CARD: 66
VARTABLE:

AOCT (2,2,2)

CARD); 63
VARIABLE:

AOCT (2,2,1)

CARD: 64
VARTABLE

AOCJ (2,1.3)

CARD: 63

VARIABLE: AOCI (2,1,2)

CARD: 62
INSTRUCTTION:
VARYABLE:
FORMAT 2"
COLUMN ¢«

IF NUMCMG < 2, IGNORE THE NEXT 9 CARDS.
A0CT (2,1,1)
+ .

2.3456 18810102

19




CARD: 79
VARIABLE: AIXI (2,3,3)

CARD: 78
VARIABLE: AII (2,3,2)

CARD: 77
VARIABLE: AII (2,3,1)
CARD: 76
VARIABLE: ATI (2,2,3)
CARD: 75
VARTABLE: AII (2,2,2)
CARD: 74
VARTABLE: AII (2,2,1)
CARD: 73
VARTIABLE; ATT (2,1.3)
CARD: 72

VARIABLE: AII (2,1,2)

CARD: 71

INSTRUCTION: IF NUMCMG < 2, OR IDOF (2) = 0,
IGNORE THE NEXT 9 CARDS,

VARIABLE: AII (2,1,1)

FORMAT; + .

COLUMN ¢ 23450 ngtun

20



CARD: 81

INSTRUCTION: IF NUMCMG < 2, OR IDOF (2) = 0, IGNORE THIS- GARD,
VARIABLE: THATAD (2)

FORMAT « + .

COLUMN 2 2345870010012

CARD: 80

INSTRUCIION: IF NUMCMG < 2, OR IDOF (2) = 0, IGNORKE THIS CARD,
VARIABLE: THATA (2)

FORMAT : + .

COLUMN¢ 23tserpannn

21




CARD: 90
VARIABLE: AIO (2,3,3)

CARD: 89

VARTABLE: AIO (2,3,2)
CARD: 88
VARIABLE: AIO (2,3,1)
CARD: 87
VARIABLE: AIO (2,2,3)
CARD: 86
VARTABLE: AIQ (2,2,2)
CARp: 85
VARTABLE: ATO (2,2.1)
CARD: &4
VARTABLE: AIO (2,1,3)
CARD: 83

VARIABLE: ATO (2,1,2)

CARD: 82

INSTRUCTION: TIF NUMCMG < 2, OR IDOF (2) = 0, OR IDOF (2) = 1,
IGNORE THE NEXT 9 CARDS,

VARIABLE: AIO (2,1,1)

FORMAT : + .

COLUMN : EERERRNYET T

22




CARD: 94
INSTRUCTION:
VARIABLE:
FORMAT':

COLUMN:

CARD: 93

INSTRUCTION:
VARIABLE: 1IDO
FORWAT:
COLUMN

H

1

IF NUMCMG < 3, IGNORE THIS CARD,

w (3)
£

E+

T4 0002

IF NUMCMG < 3, IGNORE THIS CARD,
F (3)

CARD: 92

VARTABLE: FEED

(2)

CARD: 91
INSTRUCTION

VARIABLE:
FORMAT:
COLUMN =

FEE (2)
+

—_—

23458129

IF NUMCMG < 2, OR IDOF (2) = 0, OR ILOF (2) = 1,
IGNORE THE NEXT 2

CARDS,

101 12,

23




CARD: 103
VARIABLE: AOCJ (3,3,3)

CARD: 102
VARIABLE: AOCT (3,3,2)

CARD: 101
VARIABLE: AOCI (3,3,1)

CARD: 100
VARIABLE: ACCJ (3,2,3)

CARD: 99
VARTABLE: AOCT (3,2,2)

CARD: 098
VARTABLE: AOCJY (3,2,1)

CARD:; 97
VARIARLE: AOCT (3,1,3)

CARD: 96
VARIABLE: AOCJ (3,1,2)

CARD: 95

INSTRUCTION: IF NUMCMG < 3, IGNORE THE NEXT 9 CARDS.
VARIABLE: AOCJ (3,1,1)

FORMAT ¢ + . )

COLUMN: 23458183000

24




CARD: 112
VARIABLE: AIT (3,3,3)

J CARD: 111
_VARIABLE: AIT (3,3,2)

CARD: 110
- VARIABLE: AII (3,3,1)

CiRD: 109
VZ/RIABLE: AIT (3,2,3)

CARD: 108
VARTABLE: AII (3,2,2)

CART: 107 )
VARIABLE: AIT (3,2,1)

CARDI: 106
VARIABLE: AIT (3,1,3)

CARD: 105
VARIABLE: AII (3,1,2)

CARD: 104

INSTRUCTION: IF NUMCMG < 3, OR IDOF (3) = 0,
- IGNORE THE NEXT 9 CARDS.

VARIABLE: AII (3,1,1)

FORMAT 3 + .

COLAMN ¢ ;-3 ssE1B90NY

25



CARD: 114

INSTRUCTION: IF NUMCMG < 3, OR IDOF (3) = 0, IGNORE THIS CARD,
VARTABLE: THATAD (3) . .
FQPMAT : + .
i COT UMN 234567691001
CARD: 113

INSTRUCTION: IF NUMCMG < 3, OR IDOF (3) = 0, IGNORE THIS CARD,
VARIABLE: THATA (3)

FORMAT: +
COLUMN :

TI456 T ELIONR

26




CARD: 123
VARTABLE: AIO (3,3,3)

CARD: 122
VARIABLE: AIO (3,3,2)

CARD: 121

VARIABLE: AIO (3,3,1)
CARD: 120
VARTABLE: AIO (3,2,3)
CARD: 119
VARTABLE: ATO (3,2,2)
CARD: 118
VARTABLE: AIO (3,2,1)
CARD: 117
VARIABLE: AIO (3,1,3)
CARD: 116 ‘ '

VARIABLE: AIO (3,1,2)

/CARD: 115

INSTRUCTION: IF NUMCMG < 3, OR IDOF (3) = O, OR IDOF (3) = 1,
IGNORE THE NEXT 9 CARDS,

VARIABLE: AIO (3,1,1)

FORMAT: = + .

COLUMN Triassreepun

27




dARD:

127

JNSTRUCTION: IF NUMCMG < 4, IGNORE THIS CsRD.
VARIABLE: HW (4)
FORMAT:  + .  Et

COLIMN & Fadssreinun

CARD: 126
INSTRUCTION: IF NUMCMG < 4, IGNORE THIS CARD,

VARTABLE: IDOF (4)

FORMAT :
COLUMN ¢

3

CARD: 125
VARIABLE:

FEED (3)

CARD: 124
INSTRUCTTION:

FORMAT:  +
COLUMN: 73

IF NUMCMG < 3, OR IDOF (3) = 0, OR IDOF (3) = 1,
. IGNORE THE NEXT 2 CARDS,

VARTABLE: FEE (3)

-

15871 9nn
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CARD: 136
VARTABLE: AOCJ (4,3,3)

CARD: 135
VARTABLE: AOCI (4,3,2)

CARD: 134
VARIABLE: AOCJ (4,3,1)

CARD: 133
VARIABLE: AOCT (4,2,3)

CARD: 132

VARIABLE: AOQGT (4,2,2)

CARD: 131

VARIABLE: AOCT (4,2,1)
CARG: 130
VARIABLE: AOCJ (4,1,3)
CARD:; 129

VARIABLE: AOCT (4,1,2)

/ CARD: 128
INSTRUCTION: IF NUMCMG < &, IGNORE THE NEXT 9 CARDS.
VARIABLE: AOCT (4,1,1)
FORMAT: | + .
COLUMN 2 2343587850000

29



/,CARD: 145
VARIABLE: AII (4,3,3)

CARD: 144
VARIABLE: AII (4,3,2)

CARD: 143
VARIABLE: AII (4,3,1)

CARD: 142
VARIABLE: AIT (4,2.3)

/' CARD: 141
- VARIABLE: AII (4,2.2)

CARD: 140
VARIABLE: ATII (4,2,1)

CARD; 139
VARTABLE: AIL (4,1,3)

CARD: 138 _
VARIABLE: AII (4,1,2)

CARD: 137

INSTRUCTION: IF NUMCMG < 4, -OR IDOF (4) = 0,
IGNORE THE NEXT 9 CARDS,

VARIABLE: AII (4,1,1) .

FORMAT : + .

COLUMN : zats8180mnn

30




CARD: 147

INSTRUCTION: IF NUMCMG < &, OR IDOF (4) = 0, IGNORE THIS CARD,
VARIABLE: THATA (4)

FORMAT : + .
COLUMY ¢ 2345578810012

CARD: 146

TNSTRUCTION: IF NUMCMG < 4, OR IDOF (4) = 0, IGNORE THIS CARD,

VARIABLE: THATA (&)
FORMAT:  + .

A

COLUMN: 23458 T880MN
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CARD: 156
VARIABLE: AIO (4,3,3)

CARD: 155
VARIABLE: AIO (4,3,2)

CARD: 154
VARTIABLE: AIO (4,3,1)

CARD: 153

VARIABLE: _AIO (4,2,3)
CARD: 152 .
VARTABLE: ATO (4,2,2)
CARD: 151
VARTABLE: AIO .{(4,2,1)
GCARD: 150
VARIABLE: AID (4,1.3)

CARD: 149
VARTABLE: AIO (4,1,2)

IGNORE THE NEXT 9 CARDS,
VARIABLE: AIO (4,1,1)
FORMAT + .

—

COLUMN 2345828 c0nn

CARD: 148 ~
INSTRUCTION: IF NUMCMG < 4, OR IDOF (4) = 0, OR IDOF (4) = 1,

32



CARD: 160

-INSTRUCTION: IF NUMCMG < 5, IGNORE THIS CALD,
VARTABLE: HW (5)

FORMAT: +,  E+

COLUMN 3 ?ussnswulz

CARD: 159

INSTRUCTION: IF NUMCOMG < 5, IGNORE THIS CARD,
VARIABLE: IDOF (5)

FORMAT ¢

COLUMN ¢ 3

CARD: 158
VARIABLE: FEED (4)

CARD: 157

INSTRUCTION: TF NUMCMG < 4, OR IDOF (4) = 0, OR INOF b4 =1,
IGNORE THE NEXT 2 CARDS,

VARIABLE: FEE (4)

FORMAT : + .

COLUMN ¢ 236567490001
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CARD: 169
VARIABLE: AOCJ (5,3,3)

CARD: 168
VARIABLE: AOCJ (5,3,2)

CARD: 167
VARTABLE: AOCJ (5,3,1)

CARD: 166

V/RIABLE: A0CJ (5,2,3)
CARD: 165

VARIABLE: AOQOCJ (5,2,2)
CARD: 164 -
VARIABLE: AOCT (5,2,1)
CARD: 163

TABLE: AOCJ (5,1,.3)

CARD: 162
VARIABLE: AOCT (5,1,2)

/ CARD: 161 _

{ INSTRUCTION: IF NUMCMG < 5, IGNORE THE NEXT 9 CARDS.
VARIABLE: AOCT (5,1,1) -
FORMAT: + . .

COLUMN: 238887880008

34



CARD: 178
VARIABLE: AIL (5,3,3)

CARD: 177
VARIABLE: AIT (5,3,2)

CARD: 176 .
VARTABLE: AII (5,3,1)

CARD: 175
VARIABLE: AII (5,2,3)

CARD: 174
VARTABLE: AITI (5,2,2)

CARD: 173 :
VARTABLE: AIT (5,2,1)

CARD: 172
VARTABLE: AITL (5,1,3)

CARD: 171
VARTABLE: AIT (5,1,2)

CARD: 170

INSTRUCTION: IF NUMCMG < 5, OR IDOF (5) = 0,
IGNORE THE NEXT 9 CARDS.-

VARTABLE: AII (5,1,1)

FORMAT .t .

—

COLUMN: 23456188000
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FORMAT :

CARD: 179
VARTABLE:
FORMAT 3
COLUMN ;

INSTRUCTION:

CARD: 180

INSTRUGTION:
VARIABLE: THATAD (5)

-+ .

1345678900nR

THATA (5)
+ .

234587810012

IF NUMCMG < 5, OR IDOF (5

} = 0, IGNORE THIS CARD.,

TF NUMCMG < 5, OR TDOF (5) = 0, IGNORR THIS CARD,
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CARD: 189
VARIABLE: AT0 (5,3,3)

CARD: 188
VARTABLE: AIO (5,3,2)
CARD: 187
VARTABLE: AIO (5,3,1)
CARD: 186
VARTABLE: AI0 (5,2,3)
CARD: 185
VARTARLE: ATO (5,2,.2)
CARD: 184 .
VARTABLE: ATO (5,2.1)
CARD: 183
VARTABLE: ATO (5.1.3)
CARD: 182

VARIABLE: AIO (5,1,2)

CARD: 181

INSTRUCTION: IF NUMCMG < 5, OR IDOF (5) = 0, OR IDOF (5) = 1,
IGNORE THE NEXT 9 CARDS,

VARTABLE: ATIO (5,1,1)

FORMAT : + .

COLUMN ¢ 2345671388100
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CARD: 193

INSTRUCTION: IF NUMCMG < 6, IGNORE THIS CARD,
VARIABLE: HW (6) .

FORMAT ¢ + . E+

COLIMN ¢ 23456730000

CARD: 192

INSTRUCTION: IF NUMCMG < 6, IGNORE THIS CARD,
VARTABLE: IDOF (6)

FORMAT =

COLUMN 3 3

CARD: 191 o
VARTABLE: TFEED (53)

CARD: 190

INSTRUCTION: IF NUMCME < 5, OR IDOF (5) = 0, OR IDOF (5) =
IGNORE THE NEXT 2- CARDS,

VARIABLE: FEE (5)

FORMAT ¢ + .

COLUMN: ta4sETBaNR

:
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CARD:

202

VARIABLE: AOCJ (6,3,3

)

CARD:

201

VARIABLE: AOCI (6,3,2)

CARD: 200
VARIABLE: AOCJ (6,3,1)

CARD: 1
ARTAB

CARD: 19
VARIABLE:®

99
L. AQCT (6,2.3)

8
AOCT (6,2,2)

CARD: 197
VARTABLE:

AOCT (6,2,1)

CARD: 196
VARIABLE :

A0CT (6,1,3)

CARD: 195

VARIABLE: AOCJ (6,1,2)

CARD: 194

INSTRUCTION: 1IF NUMCMG < 6, IGNORE THE NEXT 9 CARDS,

VARIABLE: AOCJ (6,1,1)

FORMAT : + .
COLUMN =

—
23458 Tk9011Y2
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"CARD: 211
VARIABLE: AII (6,3,3)

CARD: 210
" VARIABLE: AII (6,3,2)

CARD: 209
VARTABLE: AII (6,3,1)

CARD: 208
VARIABLE: AXI (6,2,3)

CARD: 207
VARTABLE: ATI (6,2.2)

CARD: 206
VARIABLE: ALl (6,2,1)

CARD: 205
VARIABLE: ATI (6,1,3)

CARD: 204
_ VARIABLE: AIIL (6,1,2)

CARD: 203

INSTRUCTION: IF NUMCMG < 6, OR IDOF (6) = O,
. IGNORE THE NEXT 9 CARDS,

VARTABLE: AII (6,1,1)

FORMAT: + .

—

COLUMN: 234547800001
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CARD: 213

INSTRUCTION:

VARTABLE:
FORMAT «
COLUMN ¢

IF NUMCMG < 6
THATAD (6)
+ -

234587855001

, OR IDOF (6) = 0, IGNORE THIS CARD.

CARD: 212
INSTRUCTION:
VARIABLE:
FORMAT:
COLUMN:

+

IF.NUMCMG < 6, OR IDOF (6) = 0, IGNORE THIS CARD,

THATA (6)

2345618800
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CARD: ' 222
VARIABLE: AIO (6,3,3)

CARD: 221
VARIABLE: AIO (6,3,2)

CARD: 220
VARIABLE: AIO ¢6,3,1)

CARD: 219
VARTABLE: AIO (6,2,3)

CARD: 218

VARIABLE: AIC (6,2,2)
CARD: 217

VARIABLE: ATI0 (6,2,1)
CARD: 216

VARIABLE: AIO (6,1.3)
CARD: 215

VARTARLE: ATO (6,1,2)

CARD: 214 '

INSTRUCTION: IF WUMCMG < 6, OR IDOF (6) =0, OR IDOF (6) = 1,
IGNORE THE NEXT 9 CARDS,

VARTABLE: AIO (6,1,1)

FORMAT : i .

COLUMN: 23456T3smuUR
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DUE. TO MODIFICATIONS 3 THE NEXT DATA CARD
HAS THE NUMBER 230,

CARD: 227
INSTRUCTION: IF IPROPF OR IATTIF = 0, IGNORE THIS CARD.
VARIABLES: CA(1) CA(2) cA(3)
FORMAT s + . + . +
— COLUMNG 23458t tanuNn 816 17 1815302 222324 25 CuEEEEEEREE
CARD: 226

INSTRUCTION: IF IPROPF = 0, IGNORE THIS CARD.
VARIABLE: IATTIF

FORMAT ;

COLUMN: 1

CARD: 225

INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT.
VARIABLE: IPROFF

FORMAT :

COLUMN ¢ 3

CARD: 224
VARIABLE: FEED (6)

1

CARD: 223

INSTRUCTION: TF NUMCMG < 6, OR IDOF (6) = 0, OR IDOF (6) = 1,
IGNORE THE NEXT 2 CARDS, .

VARIABLE: FEE (6)

FORMAT: + .

COLUMN 2l458 78000
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PDUE TO MODIFICATLIONS , THE NeEXT DATA CARD
HAS THE NUMBER 242,

CARD: 232
VARIABLES: AOJ (3) CGAINO (3)
CARD: 231
VARTABLES: AOJ (2) CGAINO (2)
CARD: 230 3
INSTRUCTION: IF IPROPF = 0, IGNORE THE NEXT .3 CARDS,
VARIABLES: AOJ(L) CGAINO(1)
FORMAT 2 + . E+ 4. E+
COLUMN ¢ 23458 28800R PR ANBMS
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- o

CARD: 251
VARTABLE: BODY1X (3,3)

CARD: 250
VARIABLE: BODYLI (3,2)

CARD: 249
VARTABLE: BODYLI (3,1)

CARD: 248
VARIABLE: BODYLI (2,3)

y
CARD: 247
VARTABI.E: BODYII (2,2)

CARD: 246
VARIABLE: BODYLI (2,1)

CARD: 245
VARIABLE: BODYLI (1,3)

CARD: 244 .
VARTABLE: BODYLI (1,2)

CARD: 243 .

INSTRUCTION: THE NEXT 9 CARDS MUST ALWAYS BE PRESENT,
VARIABLE: BODYII (1,1)

FORMAT:- +. 0 Er -

COLIUMN ¢ 29436789000
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/CARD: 255
INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,
VARTABLE: IBZF

FORMAT:

COLIMN = 3
CARD: 254
INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,
VARIABLES: DOL(1) DO1(2) DOL(3)
FORMAT : + . + . .
COLIMN « 2345878310112 o6 a0 2N 'z:zssnalammsas:m

CARD: 253
INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,

VARIABLE: OMEGAL

FORMAT:  + .
COLUMN = 2345878 0UR

CARD: 252

INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,
VARTABLE: THETAL

FORMAT: + .

COLUMN: 234537880
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CARD: 259

INSTRUCTION: IF IB2F = 0, IGNORE THIS CARD,
VARIABLES: 5 8DOT
FORMAT: + . + .
COLUMN: 22458788 BN NBHA RN
CARD; 258
INSTRUCTION: IF IB2F = 0, IGNORE THIS CARD.
VARIABLES: S2(1) s52(2) s2(3)
FORMAT 3 + . + . + .
COL.UMN 3 234587880 15161 1819 202 22328 25 22330 313230 34 3535 31 2
CARD: 257
INSTRUCTION: IF TB2F = 0, TGNORE THIS CARD,
VARIABLES: DI12(1) D12 (2) D12(3)
FORMAT ¢ + .. + . + .
COT;ITM-N 2 _2-3 456785100181 'I'S_;G 7 I1R 132021222324 3% _;.ﬂ!ﬂ NNRISBITY
-CARD; 256
INSTRXUCTION: 1IF IB2F = 0, IGNORE THIS CARD,
VARIABLE: B2MASS
FORMAT: + . Et
COLUMN s 234587880
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DUE TO MODIFICATIONS, THE NEXT DATA CARD
HAS THE NUMBER 2¢(¥%.

CARD: 261

VARIABLES: AlJ(2) CGAINL(2)
CARD: 260
INSTRUCEION: TIF IPROPF = 0, IGNORE THE NEXT 2. CARDS,
VARIABLES: AlJ(l) CGAINI(1)
FORMAT 3 +. . Et + . E+ -
GOLUMN : 23458780 20uR '

BN ssRARINS
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CARp: 271
INSTRUCTION: IF IPNDLM = 0, IGNORE THIS CARD,

VARIABLES: DL3(L) DL3(2) p13(3)

FORMAT ¢ iy . i . +- -

COLITMN » 2345678000012 1S58 1920 N RBRB ;%mnnnaﬁnnu
CARD: 270

INSTRUCTION: TIF IPNDIM = 0, IGNORE THIS CARD,
VARIABLE: B3MASS

FORMAT : + . E+

COLUMWN ¢ 234658789001

CARD: 269 .
INSTRUCTION: IF IPNDLM = O, IGNORE THIS. CARD,

VARIABLE: CP2
FORMAT: + . E+

234856 Taswunnr

*/ CARD: 268 .
INSTRUCTION: IF IPNDIM = 0, IGNORE THIS CARD.
VARIABLE: CPl o
FORMAT ¢ + . E+ -

COLUMN ¢ 345878 00Np
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CARD: 279
INSTRUCTION: IF IPNDLM = O, IGNORE THIS CARD,
VARIABLE: PENDAL - .

FORMAT * .
COLUMN: 23458708 0UR

CARD: 278
INSTRUCTION: IF IPNDLM = 0, IGNORE THIS CARD,
VARIABLES: S4&4(1) S4(2) S4(3)
FORMAT s + . + . + .
COLIMN « 1345878910112 1516 1 1513 2021 22 2324 75 282830 310233 H 3536 37 38"
CARD: 277 : ’
INSTRUCTION: IF IPNDIM = 0, IGNORE THIS CARD,
VARTABLES: DI14(1) D14.(2) D14(3)
FORMAT : + . + . + .
COLUMN = 2I456780001R BT RE20n282% BNWVANBUIBHIY
CARD: 276

INSTRUCTION: 1IF IPNDIM = 0, IGNORE THIS CARD,
VARTABLE: B4MASS
FORMAT: +. B+

COLUMN: 2748587881008
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CARD:

VARIABL
FORMAT .

GARD:

27

VARTABLE:
FORMAT :
COLUMN

INSTRUCIION:

INSTRUCTION:

275
IF IPNDIM = 0, IGNORE THIS CARD,
OMEGA3

+-

E:

.

71435878300 —

A
IF IPNDLM = O, IGNORE THIS CARD.

THETA3
-!-- -

2345678930012

CARD: 273

INSTRUCTION:

VARIABLE:
FORMAT: .
COLUMN:

IF IPNDLM = 0, IGNORE THIS CARD,
PEND3L
+ L4

2345820010812

CARD: 272
INSTRUCTION:
VARIABLES:
FTORMAT s

COLUMN 2 :

83(1)
e

IF IPNDLM = O, IGNORE THIS CARD,
$3(2) 83(3)
+ +

BT 0A220H88

> - -

3aseeannn W00 HNBRUIBWIT N
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CARD: 283
INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,
VARTABLE: NGAIN

FORMAT »
COLUMN = 23,

CARD: 282

INSTRUCIION: THIS CARD MUST AIWAYS BE PRESENT,
VARTABLE: SP

FORMAT: + .

23454878 9¢M0112

CARD:; 281 ,
INSTRUCIION: IF IPNDIM = 0, IGNORE THIS CARD
VARIABLE: OMEGA4 ’
FORMAT : + R

COLUMN 2_345_5_1. L ALRIR]

CARD: 280 .

INSTRUCTION: IF IPNDLM = 0, IGNORE THIS CARD,
VARTABLE: THETA4

FORMAT: .. + .

COLUMN 234367890112
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CARD: 288

INSTRUCTION: 1IF NGAIN < 5, IGNORE THIS CARD,
' VARTABLE: GAIN (5)

FORMAT:  + .  Et

. 25;7 23450788100 R—
INSTRUCTION: IF NGAIN < 4, IGNORE THIS CARD,
VARTABLE: GAIN (4)

FORMAT 3 + . B+

— —

COLUMN ¢ zad4s613eMnn

CARD: 286

INSTRUCTION: 1IF NGAIN < 3, IGNORE THIS CARD,
VARIABLE:; GAIN (3)

FORMAT:  + .  Et

T T 234587881001
INSTRUCTION: IF NGAIN < 2, IGNORE THIS CARD,
VARIARLE: GAIN (2)

_FORMAT:  + .  Et
COL,UMN = 234587881000

CARD: 284

INSTRUCTION: ITF NGAIN = O, IGNORE THIS CARD,
VARTABLE: GAIN (1)

FORMAT : + . Et

COLUMN 3 234587 83mNN
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CARD: 293

INSTRUCIION: IF NGAIN < 10, IGNORE THIS CARD,
" VARIABLE: GAIN (10) -

FORMAT:  + . Et. —

ﬁ_&_s 67891001
CARD: 292
INSTRUCTION: TIF NGAIN < 9, IGNORE THIS CARD.
VARIABLE:; GAIN (9)
FORMAT: + . E+
COLIUMN 2 2348678510N0

CARD: 291 -
INSTRUCTION: IF NGAIN < 8, IGNORE THIS CARD,
VARTABLE: GAIN (8)

FORMAT ¢ + o, Et+ .
COLUMN = -2:3_& 58 JLST;H )

CARD: 290
INSTRUCTION: IF NGAIN < 7, IGNORE THIS CARD,
VARIABLE: GAIN (7)
FORMAT:  + , E+

COLUMN: 234587000001

CARD: 289
INSTRUCTION: IF NGAIN < 6, IGNORE THIS CARD,
VARTABLE: GAIN (6)

i FORMAT + . E+

COLUMN 3 2345878800
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CARD: 297 ' )
INSTRUCTION: IF IDOCK = 0, IGNORE THIS CARD,
VARIABLE: BDMASS : :
FORMAT ; + . E+

COLUMN ¢ 2345613 00m0

"CARD: 296 U
STRUCTION: IF IDOCK =03 TGNORE THIS CARD.
%ERIEBE%: DrIME ? R

FORMAT: + .
COLUMN: 13458785 mun

CARD: 295
INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,

VARIABLE: IDOCK
FORMAT':
COLUMN: 3

/ CARD: 294 .
INSTRUCTION: THIS CARD MUST ALWAYS BE PRESENT,

VARIABLE: IGRAVF :
FORMAT:
COLTUMN: 3

/
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CARD:

306

VARIABLE: BODYDI (3,3)

CARD:
VARIAB

305

LE: BODYDI (3,2)

CARD:

VARTABLE:

304
BODYDI (3,1)

CARD: 3

VARTABLE:

03
BODYDI (2,3)

CARD:
VARTABLE:

302

BODYDI (2,2)

CARD: 301
VARTARLE s

CARD: 300
VARIABLE s

BODYDI (2,1)

BODYDT (1,3)

CARD: 299

VARIABLE: B

ODYDPI (1,2)

_CARD: 298
INSTRUCTION:
VARIABLE: BODYDI
FORMAT 1 + .
COLUMN ; 234581

IF IDOCK = 0, IGNORE THE NEXT 9 CARDS,

(1,1)
Et

RN
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CARD: 308

INSTRUCTION: TIF IDOCK = 0, IGNORE THIS CARD,
VARIABLES: DDOL(Ll) . DLOL(2) DDOL(3)
FORMAT: =+ . + . + -
COLIUMN » zae5678300R 1516 1715 13 2021 202324 25 2990 2333535 3738
307

INSTRUGIION: IF IDOCK = 0, IGNORE THIS® CARD,

VARIABLES: DTI(1) DTI(2) DTI(3)

FORMAT : + . + . ‘ + .

COLUMN 23486783001 15 % 17 18 lizg:gz_‘;_ams. . 1!_3330‘3;_3_2_3_3_&5_3531_33
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APPENDIX A, DEFINITIONS AND REFERENCES FOR INPUT VARIABLES

This appendix is in two parts. The first part contains

a list of all input variables in alphabetical ordex,

The

second part contains the ilnput variables in categories and
the input variables in each category are alphabetized,

[Arz ¢y, M)

[arrm,m] = [rx,] =

AIL(3,1,1)

ATI(J,2,1)

ATI(J,3,1)

ATI(J,1,2)
ATI(J,2,2)

ATI(J,3,2)

ATI(3,2,3)

AYI(3,3,3)

l

This array is the inertis matriz for the inner gimbal of

the Jth control moment gyro aboard the stator.

six CMGsg mey be used,

A maximum of
(1.e. J =1,6) All CMGs are also con-

ATI(J,1,3)

strained to be located at the center of mass on the stator, body

0.
have an inner gimbal.
discussion.)

UNITS: (slug-££2)

FORMAT: # 5006 = (IX,

AIO(T,M,N):

'

[Axo¢a,m,W)] = [IOJ] =

F11.5)

-

ATO(J,1,1)

ATO(J,2,1)

| AT0(J,3,1)

AT0(J,1,2)

ATO(7,2,2)

ATO(J,3,2)

If the Jth CMG has one or two degrees of freedom, it will
(Refer to the write up on (M@s for further

AT0(J,1,3)
AT0(J,2,3)

AT0(J,3,3)

This array is the inertia matrix for the outer gimbal of

the Jth control moment gyro sboard the stator.

six CMGs may be used.

A maximum of

(L.e. J = 1,6) All CMGs are constrained
to be locataed at the center of mass on the stator, bedy 0.

The



Jth CMG will have an outexr gimbal only Lf it has two degrees of
freedom, (Refer to the write up on CMGs for further discussaion.)

UNITS: (slug-£t)

FORMAT: # 5006 = (1X, Fil.5)

ALT:

[

ALT is altitude of the center of mass of the space station
configuration measured from the surface of the earth, All
orbits are conatrained to be eircular with no oblateness effects. -
Therefore, altitude is the only pertinent orbit parameter,

UNITS: (miles)

FOMMAT: # 5004 = (1X, EL1.4)

AOCJgJ!MzN;:

AOC3(J,1,1) AOCI(J,1,2) AO0CJ(J,1,3)
[aocT(3,4,1)] = [o,cJ]= A0CI(3,2,1) AOCI(J,2,2) AO0CI(I,2,3)
‘ AOCJI(J,3,1) AOCI(J,3,2) AOCI(J,3,3)
This array is the coordinate transformation matrix from the
MG null gimbal cooxdinate frame to the cooxrdipate frame of body

0, the stator. (Refer to the coordinate transformation appendix.)
For example, consider the two coordinate systems shown below:

T J
A1 Df>

0
g
e .-XE_"mh —
'Body‘o Frame Jth Null Gimbal Frame
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For the above situation:

0, 0. i,

[rocT(a,M,®)] = |1. 0. oO.

UNITS: (None)

FORMAT: # 5006 = (1X, F11.5)

AOT(M) ¢

A0J(1l) is the digtance between the jets of the pure couple
producing the torque around the X axig of body 0,

A0J(2) 1s the digtance between the jets of the pure couple
producing the torque around the Y axis of body 0.

A0J(3) is the distance between the jets of the pure couple
producing the torque around the Z axis of body 0.

Note: The variables CGAINO(l), CGAINO(2), and CGAINO(3)
are alsc read on the same datz cards as AQJ(1),
A0J(2), and AOJ(3). PFunch the valueg of AOJ(1l),
407(2), and AOJ(3) in columns 2 through 12 of the

data cards, Non-zero values should be read in for
AOJ(M). Control on an axls can be disabled by read
ing zero for the CGAINO.

UNLTS:  (feet)
FORMAT: # 5008 = (1X, Ell.4, 2X, E11.4)
ALTQM): .

AlJ(1) is the distance between the jets of the pure couple
producing the torque around the X axis of body 1,

¢

AlT(2) is the distance between the jets of the pure couple
producing the torque around the Y sxis of body 1.

Note: The variables CGAINL(1) and CGAIN1(2) are also
read on the same date cards as AlJ(l) and ALJ(2).
Punch the values of AILJ(l) and ALJ(2) in columns 2
through 12 of the data cards. Non-zero values should
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be read in for ALI(M). Control on an axis can be
“disabled by reading zero for the CGAINL.

UNITS: (feet)

FORMAT:

BDMASS:

# 5008 = (1X, Ell.4, 2X, E11.4) °

BDMASS is the sum of the mass of body 0, the stator, and

the mass of the doecklng vehicle,

gtrained to dock on body O, the statoxr., BDMASS = my,

UNITS: (slugs)
FORMAT: # 5004 = (I1X,
BODYDI (M,N) =

ooz e, Ny] = ] =

ELLl.4)

BODYDI(1,1)

BODYDI(2,1)

BODYDI (3,1)

BODYDIL(1,2)
BODYDI(2,2)

BODYDI(3,2)

The docking vehicle is con-

BODYDI(1,3)

BODYDI (2,3)

BODYDI(3,3)

This array Is the inertia matrix of the docked body which
conslsts of the docking vehicle connected to the stator:

UNITS: .(slug-£t2)

FORMAT: # 5004 = (IX,

BODYOT (M,N) :

[opvor (M‘,N)] = [5,]=

ElLl.4)

BODYOI(1,1)

BODYOI(2,1)

BODYOI(3,1)
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BODYOI(1,2)
BODYOI(2,2)

BODYOI(3,2)

BODYOI(1,3)

BODYOI(2,3)

BODYOI(3,3)



This array is the inertiza matrix of body 0, the stator,

’ 2
UNITS: (slug-£ft ).

FORMAT: # 5004 = (1X, E11l.4)

BODY1I (M, N):

BODYLT(L,1)
Boovirarny] = [r,] = | Booyizee,1)

BODYLI(3,1)

b

BODY1I(L,2) BODY1I(L,3)
BODY1I(2,2) BODYLI(2,3)

BODYLI(3,2) BODYLI(3,3)

This array is the inertiz matrix for body 1, the rotor,

UNITS: (slug-f£t2)

FORMAT: 3# 5004 = (1X, El1l.4)

BOMASS

BOMASS is the masgs of body 0, the stator. BOMASS = m_

UNITS: (slugs)

FORMAT: # 5004 = (1¥, E11.4)

BIMASS:

BIMASS is the mags of body 1, the-rotor, BiMASS = m

UNITS: (slugs)

FORMAT: # 5004 = (1X, Ell.4)

B2MASS:

0

1

BZMASS is the masg of body 2, the elevator. B2MASS = m

UNITS: (slugs)
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FORMAT: { 5004 = (1X, Ell.4)

B3MASS:
B3MASS {s the mass of body 3, a pendulum, B3MASS = my
UNITS: (sluga)

FORMAT: # 5004 = (1X, EIl.4)

B4MASS:

BHIASS is the mass of body 4, a pendulum. BA4MASS = m,

UNLTS: (Blugs)

FORMAT: # 5004 = (1X, E11l.4)

CAEM):

CA(l), CA(2), and CA(3) are the three direction cosines
of the desired attitude reference direction in the inertial
frame, )

UNITS: (None)

" FORMAT: # 5002 = (1X, 3(F1l.5, 2X))

CGAINO(M) =

CGAINO(1l) equals the control gain of all four reaction
jets in the pure force couples producing torque around the X
exis of body O,

CGAINO(2) equals the control gain of all four reaction
jets in the pure force couples producing torque around the Y
zxis of body 0,

CGAINO(3) equals the control gain of all four reaction

jets in the pure force couples producing torque around the Z
axls of body 0.
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Note: The variables AQJ(1l), AQJ(2), and AQJ(3) are also
read in on the same data cards as CGAINO(1),
CGAINO(2), and CGAINO(3). Punch the values of
CGAINC(L), CGAINO(2), and CGAINO(3) in columns
15 through 25 of the data carxds.

UNITS: (ib/radlans/second )

FORMAT: ¢ 5008 = (IX, Ell.4, 2X, E1l.4)

CGAINLI(M):
CGAIN1(l) equals the control gain of all four xeaction

jets in the pure force couples producing torque around the X
axig of body 1. ’

CGAIN1(2) equals the control gain of all four reaction
jets in the pure force couples producing torque around the Y
axis of body 1.

Note; The varxiables ALJ(1l) and AlJ(2) are also read
in on the same date cards as CGAINL1(1l) and CGAINI(2).
Punch the values of CCGAIN1{1l) and CGAINL1(2)} in
columnsg 15 through 25 of the datg cards.

UNITS: (1b/radians/second)

FORMAT: # 5008 = (1X, ElL.4, 2%, E11.4)

CPl and CP2:

CPl and CPZ are parameters used in determining the stiff-
ness and the resonant frequency of the pendulums, For example,
the control laws which are governed by the parameters are:

T13 = - CPL *# OMEGA3 -~ CPZ * THETA3

TL4 = - CPL * OMEGA4 - CP2 * (THETA4 - )

Note: These variables are read on separate data caxds.

UNITS: (none)

FORMAT: # 5004 = (1X, ELL.4)



DDOL(M):

DDO1(l), DDOL(2), and DDO1:3) are the X, Y, and Z components
of the vector from the centex of mass of the docked body to the
hinge line of body 1, the rotor. The vector is expressed in
body 0 coordinates. The docked body shall be defined as the
configuration of the docking vehicle attached to body 0.

UNITS: (feet)

FORMAT: # 5002 = (1X, 3(Fl1.5, 2X))

DELTAT -

DELTAT = At

DELTAT 1s the time increment used in the integration
algorithm which solves the rotational equations of motion,
When "PIME" 13 updatéd we have:

TIME = TIME + DELTAT

_ Note: Punch the value of DELTAT in columns 28 through 38
UNITS: (seconds)

FORMAT: # 5002 = -(1X, 3(FIL.5, 2X))

DOL(M):

DOL(1), D01(2), and DOL(3) are the X, Y, and Z components
of the vector from the center of mass of body 0 to the hinge
line of body 1, the rotox, The vector is expressed in body 0
coordinates. DO1(1l) should in most cases be zero.

UNITS: (feet)

FORMAT: # 5002 = (1X, 3(¥11.5, 2X))

DILM) 2

ﬁTI(l), DII(2) and DTI(3) are the X, Y, and Z components
of the docking torque- impulse.
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UNITS: 1b-ft-sec

FORMAT: # 5002 = (1X, 3(Fll.5, 2X))

DTIME:

DTIME is the time when docking occurs. (i.2. "Docking Time')
The restrictions placed on DTIME are as follows:

8) Mgy < DIIME <T_

b)  DTIME must be an. integer multiple of At.
UNITS: (seconds)

FORMAT: # 5006 = (1X, F11.5)

D12 (M)

D12(1l), Dl2(2) and D12(3) are the X, Y and Z components of

8 fixed vector locating the starting position of the movable
nass, the elevator, The vector equ&tion thet describes the
motion of the movable mass ig - + 8,8, Where s, is 2
unit vector which defines the d%rection in"which the moveble
mass travels and s is a scalar prespecified function of time.
For most cages s{to = 0) = 0 so that 312 specifies the initial
starting position of the movable mass, ™ The elevator ig kaown
alterpately As the movable mass or body 2. D12 is expressed
in body 1 coordinates. For example, 1f the elevator were con-
strained to travel glong the X axis, then d12 could have the
following values: D12(1) = 1., D12(2) = 0., D12(3) = O,

UNITS: (feet)

FORMAT: # 5002 = (1X, 3(Fl1l.5, 2X))

DL3 (M) 2

D13(Ll), D13(2), and DL3(3) are the X, Y, and Z.components
of the vector from. the center of mass of body 1 to the hinge
line of body 3. DI3 is expressed in body 1 coordinates,

UNITS: (feet)
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FORMAT: # 5002 = (1X, 3(F1l.5, 2X))

DiﬁgM!:

Dl&(1), D14(2), arnd DL4(3) are the X, Y, and Z components
of the vector from the center of mass of body 1 to the hinge
line of bedy 4.

D14 is expressed in body 1 coordinates,
UNITS: (feet)

FORMAT: # 5002 = (1X, 3(F11.5, 2X))

FEE(J):
FEE(T) = @

FEE(J) is the outer gimbal angle of a two degree of freedom
control moment gyro as shown pictorially below:

»

The subscript J refexs to the number assigned to the CMG,
(Refer to the write up on CMGs for further discussion,)

UNITS: (xadians)

- FORMAT: # 5006 = (1X, F1l.5)
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INITIAY, VALUE AT TIME = Tstart

FEED(J):

FEED(J) = 8

FEED(J) is the outer gimbal rate of a two degree of freedom
control moment gyro. The subscript J refers to the number
asglgned to the CMG., (Refer to the write up on CMGs for further
discussion,)

UNITS: (radians/second)

FORMAT: # 5006 = (1X, ¥11.5)

GAIN(M) :

.GAIN(M)' is an array of numbers the dimension of which is
determined by another input varlfable NGAIN. These numbers,
once read in, are stoved in common and can be used for 4 variety
of purscses. In many CMG control laws it is necessary to have
control gains. GAIN(M) can be used for this purpose among others.

UNITS: (None)

FORMAT: # 5004 = (1X, E11,4)

()

HW(J) 1s the angular momentum of the wheel aggociated with
the Jth momentum device. (Refer to the write up on CMGs for
further discussion,)

UNITS: (slug~ft2/second).

FORMAT: # 5004 = (1X, ELll.4)

TATTIIF:
TATTIF is the attitude flag.,

IATTIF = 1 implies an attempt to change attitude will be
' made,
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IAT T F = 0 implies an attempt to change attitude will not
be made,

SﬁEdIAL INSTRUCTIONS: Punch & 0 or 2 1 1in column 3 of the
data card,

UNITS: (none)

FORMAT: # 5000 = (1X, I2)

IB2E:
IR2F is the body 2 £lag. (i.e. the elevator Flag)
IB2F = 1 implfes body 2 will be present. -
IB2F = 0 implies body 2 will not be present.

SPECIAL INSTRUCTIONS: Punch &4 0 or a 1 in column 3 of
the data card.

UNITS: (mone)

FORMAT: # 5000 = (1X, I2)

IDOCK: :
IDOCK is the docking flag.

IDOCK = I implies docking wil% occur,
.IDOGk = 0 implies docking wi?l not occur.

SPECTIAL INSTRUCTIONS: Punch a 0 or a 1 in column 3 of
the data card,

.UNITS: (none)

FORMAT: # 5000 = (1%, T12)

IDOR(J):

IDOF(J) = 0 implies the Jth controller gboaxd body 0 is
& reaction wheel,
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IDOM(J) = 1 implies the Jth controller aboard body 0 iz a
one degree of fraedom control mom:t gyro,

IDO¥(J) = 2 implies the Jth controllex sboard body 0 is a
two degree of freedom control moment gyro.

SPECIAL INSTRUCTIONS: Punch a 0, 1, or &2 2 in column 3
of the data card,

UNITS: (none)

FORMAT: # 5000 = (IX, I2)

IGRAVE: -
IGRAVF is the gravity gradient flag,
IGRAVF = 1 implies gravity gradient torques will be present.

TIGRAVF = Ozimplies gravity gradient torques will not be
present, .

SPECIAL INSTRUCTIONS:; Punch a C or 2 1 in column 3 of
the data card. :

UNITS: (none)

FORMAT: # 5000 = (IX, I2)

IPNDLM:
IPNDIM ig the pendulum flag,

IPNDIM = 1 implies body 3 and body 4, the pendulums,
will be present.

IPNDIM = 0 implies body 3 and body 4, the pendulums,
will not be present.

SPECYAY. INSTRUCTIONS: Punch 2 0 or a 1 in column 3 of
the data card.

UNITS: (uone)

FORMAT: # 5000 = (1X, I2)
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IPRINT!
IPRINT iz an integer variable used to determine how often
output data is printed, Data 1s printed in time increments
of IPRINT * DELTAT, For example, if IPRINT = 50 and DELTAT = .2,
then data will be printed when time = 10, 20, 30, 40, 50, . . . .
SPECIAL INSTRUCTIONS: If IPRINT has a value .less than 10,
punch the integer in column 3 of the data card, If IPRINT has a
value greater than 9, punch the integer in columns 2 and 3.
UNITS: (none)

FORMAT: # 5000 = (1X, I2)

IPROPF:
IPROFPF 1s the propulsion flag.
IPROPF = 1 Implies propulsion forces will be considered.
IPROPF = 0 implies propulsion forces will not be considered,

SPECIAL. INSTRUCTIONS: Punch a 0 or a 1 in column 3 of
the data card.

UNITS: (none)

FORMAT: # 5000 = (1X, I2)

NDECK :

NDECK is an integer varxiable equal to the number of data
decks present at run time,

SPECIAL INSTRUCTIONS: This variable goes in front of the
fixst data deck only. If NDECK has & value lesa than 10,
punch the integer in column 3 of the data card. If NDECK
has a value greater than 9, punch the integexr in columns 2
gnd 3.

UNITS: (none)

FORMAT: # 5000 = (IX, I2)
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NGAIN:

NGAIK is an integer variable and refers to the number of
arbitrary gains which are input. If NGAIN = 3 then values
for GAIN(1), GAIN(2) and GAIN(3) will be input. The maximum
value of NGAIN is 10.

SPECTAL INSTRUCTIONS: If NGAIN has a value less than °
10, punch the integer in columm 3 of the data card. Otherwise,
use columns 2 and 3.

UNITS: ‘(none)

" FORMAT: # 5000 = (1X, IZ)

NUMCMG 2

NUMCMG is the number of controllers aboard body 0., A
maximmm of & controllers may be used,

SPECIAL INSTRUCTIONS: Punch the integer in column 3 of
the data card.

DNITS: (none)

FORMAT: # 5000 = (1X, 12)

OMEGAL:

CMEGAL 1a the initial relative angular veloclty measure
about the spin axis between bodies 0 and 1. Another definition
of OMEGAL can be visualized by referring to the sketch shown
below showing the orthogonal coordinate systems located on
bodles 0 #nd 1.
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Implicit in this sketch is the hinge line between the stator
and roto: is aligned parallel to both the x and X, axes, There-
fore, the orientation of the stator andothe rotox diffex only
in a rotation 91 = THETAl and OMEGAL = 91.

UNITS: (radians per second)

FORMAT: # 5006 = (1X, F11.5)

OMEGA3 :

OMIiGA3 1s the angular velocity of body 3 about the hinge
line s OMEGA3 is also the time derivative of THETA3 when
the da%um for the angle THETA3 will be the ¥

% A®

1 Z1 plane as
Lllustrated below:

In other words, s, determines the positive direction of

rotation by the right gand rule and the positive Yl - Zl

plane determines to starting position.
UNITS: ‘(radiang per second)
FORMAT: # 5006 = (1X, ¥11.5)

INITIAT, VALUE AT TIME = T
start

OMEGA% ¢

OMEGA%4 1s the angular velocity of body 4 about the hinge
line 8,. OMEGA%4 is also the time dexivative of TEETA%4 where
the datum for the angle THETA4 is the same as THETA3, (See
OMEGA3)

INITS : (radians per second)

A-16



FORMAT: # 5006 = (1X, F1L.5)

INITIAL VALUE AT TIME = Tstart

PEND3L::

PEND3L 1s the scalar distance from the hinge line, g,, to
-the center of mass of body 3. (d.e. the length of pendulim 3)

UNITS: (faet)

FORMAT: # 5006 = (1X, F11.5)

PENDATL

PENDAL is the scalar distance from the hinge line, 54, to
the centexr of mass of body 4., (i.e. the length of pendulim &)

UNITS: (feet)

FORMAT: # 5006 = (IX, F11.5)

S:
2

S is a scalar parameter used in defining the position of
body 2. S defines the magnitude of displacement f body 2 from
the zero position,

Note: Punch the value of § in columns 2 thrcugh 12,
UNIT3: (feet)
FORMAT: # 5002 = (1X, 3(F1l.5, 2%X))

INITIAY. VALUE AT TIME = Tstart

SDOT:

SDOT defines the magnitude of the velocity vectoxr of body 2.
Note: Punch the value of SDOT in columns 15 through 25,

UNITS: (fest per second)
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FORMAT: # 5002 = (1X, 3(F1L.5, 2X))

INTTIAL VALUE AT TIME = T

start

8P:

—

SP is the deglired spin magnitude of body 1 xelative to
bedy 0.

UNITS: (radiens per gecond)

FORMAT: # 5006 = (1X, FL1,5)

82(M):

52(1); 82(2), and S2(3) are the X, ¥, and Z components of
a unit vector defining the direction of travel of body 2. 8,
is expressed in body 1 cooxdinates,

UNITS: (none)

FORMAT: # 5002 = (1X, 3(FLL.5, 2X))

83(M):
83(1), s3(2), and 83(3) are the X, Y, and Z components of
a unit vector which defines the hinge line of body 3. s, is
expressed in body I coordinates, S3(1) must always be zéro.
UNITS: (none)

FORMAT: # 5002 = (1%, 3(F1L.5, 2X))

S& (M)

84(1), 84(2), and S4(3) are the X, Y, and Z components of
2 wnlt vector which defines the hinge line of body 4. 3, is
expresged in body 1 coordinates, 84(1) must always be =zero.

UNITS: (none)

FORMAT: # 5002 = (1%, 3(F11.5, 2X))
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THATA(T) s

THAT(J) is the gimbal angle of the Jth controller aboaxd body
0 agsuming this controller is either a one or two degree of free-

dom control moment gyro. If it is a two degree of freedom CMG,
then this wariable refers to the Inner gimbal angle. J may have
a maximum value .of 6.

UNITS: (radians)
FORMAT: # 5006 = (1X, F11.5)

INITIAL VALUE AT TIME = Tstart

THATAD(J):

THATAD(J) is the gimbal rate associated wirh THATA(J).
UNITS: ' (radisns per second)

FORMAT: # 5006 = (1X, F11.5)

?NITIAL VALUE ‘AT TIME = Tstart

THETAL:

THETAL is:the relative angular displacement messured about
the spln axils, between bodleg 0 and 1.

UNITS: (radians)
FORMAT: # 5006= (1X, F11.5)

INITIAL VALUE AT TIME = T
start
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© THEYAD:
THETA3 1s the angle between pendulum 3 and th: Y, _Z, plane,
The axls about which THETA3 rotates is the hinge l.ne s Foxr
an explanation of the THETA3 datum refer to the dincusséon of
OMEGA3,
UNITS: (radians)
FORMAT: 3006 = (1X, FIL.5)

INITIAL VALUE AT TIME = Tstart

THETA% 1

THETA4 is the angle between pendulum 4 and the ¥, Z, plane.
The axis about which THETAL votates 1s the hinge line Sy The
datum for THETA4 is the game as for THETA3,

UNITS: (radians)

FORMAT: # 5006 = (1X, FLL,5)

INITTIAL VALUE AT TIME = Tstart

TIBOL (M, N):

TIBOI(L,1) TIBOI(1,2) TIBOI(L,3)

[TIBOI(M N)] = |TIBOI(2,1) TIBOI(Z2,2) TIBOI(2,3)

TIBOL(3,1) TIBOI(3,2) TIBOI(3,3)

This array is the initial transformation matrix of the
body 0 coordinate system to the inertial coordinate system.
If ipitially body O is aligned with the inertial aystem,

TIBOI(M,N) would be the identity matrix. Refer to the
cooxdipate transformation appendixz for further details,

UNITS: (none)
FORMAT: # 5006 = (1X, F11.5)

INITTAL VALUES AT TIM.E = T
tart
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TSTART :

TSTART is the time at which you wish the prog:am to start
caleulating the equations of motion, Except for rastarting,
TSTART is usually set to zero,

SPECIAL INSTRUCTIONS: Punch the value of TST\RT in columns
2 through 12,

UNITS: (seconds)

FORMAT: # 5002 = (1X, 3(¥I11.5, 2X))

TSTOP 3

~ TISTOP is the time at which you wish the program to stop
caleulating, .

SPECTAL INSTRUCTIONS: Punch the value of TSTOP in columns
15 thyough 23. :

UNITS: (seconds)

FORMAT: # 5002 = (IX, 3(Fl1l.5, 2X))

WOM) ¢

'WD(l), WO(2), and WO(3) are the X, Y, and Z components
of the angular velocity vector of body O.

UNITS; (radians pexr second)
FORMAT: +{ 5002 = (I1X, 3(F1l.5, 2X))

INITIAL VALUES AT TIME = T
start
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GENERAL INPUT VARIABLES

ALT:

ALT 1s altitude of the center of mass of the space station
configuration measured from the surface of the earth. All
orbits are constralined to be circular with no oblateness effects.
Therefore, altitude is the.odiy pertinent orbit parameter.

UNITS: (milles)

FORMAT: # 5004 = (1X, El1.4)

BDMARBS:

BDMASS i3 the sum of the mess of body 0, the stator, and
the masg of the docking vehicle. The docking vehisle is con-
strained to dock on body 0, the stator., BDMASS = ™

UNITS: (slugs)

FORMAT: # 5004 = (1X, El1.4)

" BODYDI(M,N):

—

BODYDI(1,1) BODYDI(1,2) BODYDI(1,3)-
[Bovypr4,3)] = [1,] = | BODYDI(2,1) BODYDI(2,2) BODYDI(2,3)

BODYDI(3,1) BODYDI(3,2) BODYDI(3,3)

This array is the inertis matrix of the docked body which
consista-of the docking vehicle comnected to the stator.

UNITS: (slug-£t’)

FORMAT: # 5004 = (1X, E1l.4)
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CA(M):

CA(l), CA(2), and CA(3) are the three direction cosines

of the desired attitude reference direction in the inertial
frame.

UNITS: (None)

FORMAT: # 5002 = (1X, 3(F1Ll.5, 2X))

CPL and Cp2:

CPl and CP2 are parameters used in determining the gtiff-
ness and the resonant frequency of the pendulums, For example,
the control laws which are govérnmed by the parameters are:

T13 = - CPl % OMRGA3 - CP2 * THETA3

Tl4 = - CPL * OMEGA4 - CP2 * (THETA4 - )

Note: These variables are read on separate data caxds,

UNITS: (none)

FORMAT: * # 5004 = (1X, Ell.4)

DDO1(M) ¢ '

DDOL(1), DDO1(2), and DDOL(3) are the X, Y, ani Z componenta
of the vector from the center of mass of the docked ody to the
hinge line of bdody 1, the rotor. The vector 1s expressed in
body O coordinates. The docked body shall be defined as the
coufiguration of the docking vehicle attached to body 0.

UNITS: (feet)

FORMAT: # 5002 = (1X, 3(F11.5, 2X))
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DELTAT:

DELTAT = At

DELTAT is the time increment used in the integration
algorithm vhich solves the rotational equations of motion,
then "TIME" Lz updated we have:

TIME = TIME + DELTAT

Note: Punch the value of DELTAT in columns 28 through 38.

UNITS: (seconds)

FORMAT: # 5002 = (1X, 3(F1l.5, ZX}))

DII (M)

DTI(1), DTI(2) and DTI(3) are the X, Y, and Z components
of the docking torgque impulse,

UNITS: 1b-ft-sac

FORMAT: # 5002 = ‘(1X, 3(FlL.5, 2X))

DTIME:

DIIME is the time when docking oceurs. {(L.e, "Docking Time')
The restrictions placed on DIIME are as follows:

8) T£s tart < DIIME < Tstop

b) DTIME must be ap integer multiple of At,

* UNITS: (s econds)

FORMAT: # 5006 = (1X, F1l.5)
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GATN(M) :
GAIN(M) is an array of numbers the dimension of which is
detexmined by another input variable NGAIN. These numbers,
once read in, are stored in common and can be used for a variety
of purposes., In many CMC control laws it is necessary to have
contxol gains. GAIN(M) can be used for this purpose among others.
UNITS: (None)

FORMAT: # 5004 = (1X, E11,4)

IATTIF:
IATTIF is the attitude flag.

TATTIF = 1 implies an attempt to change attitude will be
made,

IATTIF = O implies an attempt to change attitude will not
be made.

SPECIAL INSTRIUCTIONS: Punch a 0 or a 1 in column 3 of the
data card.

UNITS: (none)

FORMAT: # 5000 = (1X, I2)

IB2F:

IB2F is the body 2 flag. (i.e. the elevator flag)

IB2F

[

1 implies body 2 will be present.

IB2F

I

0 implies body 2 will not be present,

SPECIAL INSTRUCTIONS: Punch 2 O or & 1 in column 3 of
the data card.

UNITS: (none)

FORMAT: # 5000 = (IX, I2)
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IDOCK :
IDOCK is the docking flag.

IDOCK

fi

1 implies docking will occur.
IDOCK = 0 implies docking will not oceur,

SPECIAL INSTRUCTIONS: Punch a 0 or a 1L in column 3 of
the data card.

UNITS: (none)

FORMAT: # 5000 = (IX, 12)

TGRAVE:
IGRAVF is the gravity gradient flag,

IGRAVF = 1 implieg gravity gradient torques will be present,

IGRAVF = 0 implies gravity gradient torques will not be

present,

SPECTAL INSTRUCTIONS: Punch 8 .0 or & 1 in column 3 of
the data card. .

UNITS: (none)

FORMAT: # 5000 = (1¥X, 12)

TPNDLM3
IPNDLM 1s the pendulum flag,

IPNDIM = 1 implies body 3 and body 4, the pendulums,
will be present,

IPNDIM = O implies body 3 and body 4, the pendulums,
will not be present,

SPECIAL INSTRUCTIONS: Punch 2 0 or 2 1 in column 3 of
the datsa carxd.

UNITS: (none)

FORMAT: # 5000 = (IX, I2)
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TPRINT:

IPRINT I3 an integer variabl: used to determine how often
output data is printed. Data is printed in time increments
of TPRINT # DELTAT. For example, if IPRINT = 50 and DELTAT = ,2
then data will be printed when time = 10, 20, 30, 40, 50, . . .

-

L]

SPECIAL INSTRUCTIONS: If IPRINT has a value le:s than 10,
punch the integer in column 3 of the data card. If "PRINT has a
value greater than 9, punch the integer in columns 2 and 3.

"UNITS: (none)

FORMAT: # 5000 = (1%, I2)

LPROPF:
_ IPROPF is the propulsion flag.
IPROPF = 1 implies propulsion forees will be considered.
" IPROPF =_0‘impiigs propulsion forces will not be con;idered.

. SPECTAT, INSTRUCTIONS: Punch a 0 or a 1 in column 3 of
the data card,

UNITS: (none)

FORMAT: # 5000 = (X, I2)

NDECK :

NDECK 18 an Integer varldble equal to the number of data
decks present at run time,

SPECIAL INSTRUCTIONS: This variable goes in front of the
first data deck only. If NDECK has a value less than 10,
punch the integer in-column 3 of the data card, If NDECK
has a value greater than 9, punch the integer in columns 2
and 3,

UNITS: (none)

FORMAT: # 5000 = (1X, I2)
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NGAIN:
NGAIN is an integer varieble and refers to the iumbar of
arbitxary gains which are input. IL£ NGAIN = 3 then 7alues

for GAIN(1l), GAIN(2) and GAIN(S) will be inmput, The maximum
value ‘of NGAIN iz 10,

-

SPECTAY, INSTRUCTIONS: If NGAIN has a value legs than
10, punch the integer in column 3 of the data card, Otherwise,
use columnsg 2 and 3,
" UNITS: (none)

FORMAT: # 5000 = (1X, I2)

TSTART

TSTART is the time at which you wish the program to ét&rt
caleulating the equations of motion, Except for restarting,
TSTART is usually set to zero.

SPECIAL INSTRUCTIONS: Punch the value of TSTART in columns
2 through 12.

UNITS: (seconds)

FORMAT: # 5002 = (1X, 3(¥F1l.5, 2X))

TSTIOP:

TSTOP is the time at which you wish the program to stop
calculating.,

SPECIAL INSTRUCTIONS: Punch the walue of TSTOP in columns
'15 through 25,

UNITS: (seconds)

FORMAT: # 5002 = (IX, 3(F11.5, 2X))
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- BODY O INPUT VARIABLES

[AII§J,MZN§h

ATTI(J,1,1) ATI(J,1,2)- AIT(3,1,3)

[Arx(a,m,m)] = [IIJ] = | ATI(J,2,1) AII(J,2,2) ATI(J,2,3)|

ALL(J,3,1) AII(J,3,2) AIL(J,3,3)

This array is the inertia matrix for the Inner gimbal of
the Jth control moment gyro aboard the stator. A maximum of
six (MGs may be used. (l.e. J = 1,6) All (MGs are also con~-
strxained to be located at the center of mags on the statoxr, body
0. If the Jth CMG has one or two degrees of freedom, it will
have an inner gimhal, ‘(Refer to the write up on CMGs for further
discussion,) : ’

UNITS: (slug-ftz)A

FORMAT: # 5006 = (1X, Fll.5)

ATO(I,M,N): -

—

-ATIO(J,1,1) AIO(J,1,2) AIO(7,1,3)

[Ato¢z,M,00] = [on] = | AT0(J,2,1) AI0(J,2,2) AI0(J,2,3)

AL0(J,3,1) ATO(J,3,2) AI0(J3,3,3)

This array iz the inertia matrix for the outer gimbal of
the Jth control moment gyro aboard the stator. A makimum of
six (MGs .may be used. (i.e. J = 1,6) All CMGS are constrained
to be located at the center of mass on the stator, body 0. The
Jth MG will have ap outer glmbal only if it has two degrees of
freedom, (Refer to the write up on (MGs for further discussion,)

UNITS: (slug-£t2)

FORMAT: ¢ 5006 = (1X, F11.,5)
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A0CY (J,M,N):

AOCI(3,1,1) AOCI(3,1,2) AOCI(I,1,3)
© [a0c3@,4,10] = [0,¢,] = | A0CT(5,2,1) A0GI(3,2,2) AOGI(J,2,3)

A0CJ(J,3,1) AOCI(J,3,2) AOCI(J,3,3)
. This array is the cooréinate trangformation m:trix £rom the
CMG null gimbal eccordinate frame to the cooxdinate frame of body

0, the gtator. (Refer to the coordinate tranaformation appendix,)
Fox example, conslder the two coordinate systems shown below:

2y
fﬁii——a> Zy .
y ¥ A
0
e
M o e
Body 0 Frame Jth N¥ull Gimbal Frame

For the above situation:

0. 0. 1,
[aoci(a,M,0] = (1. 0. 0.

0. 1. O,

i

UNITS: (None)

"FORMAT: # 5006 = (IX, F1l1,5)
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AQJ (M) :

A0J(1) is the distance between the jets of the pure couple
producing the torque around the X axis of body 0.

A0J(2) is the distance between the jete of the pure couple
producing the torque around the Y axis of body 0.

A0J(3) is the distance betwasn the jets of the pure couple
producing the torque around the Z axig of body 0.

Note: The variables CCGAINO(l), CGAINO(2), and CGAINO(3)
are also read on the same data cards as AOJ(1l},
ADJ(2), and AQJ(3). Punch the values of AOJ(1),
A0J(2), and AOJ(3) in columns 2 through 12 of the
data cards.

UNITS: (feat)'

FORMAT: # 5008 = (1X, ELl.4, 2%, ELl.4)
BODYOL N):

‘ BODYOI(1,1) BODYOI(1,2) BODYOI(1,3)
{Bovvor (M,N)] = [10] = | BODYOI(2,1) BODYOI(2,2) BODYO0I(2,3)

BODYOI(3,1) BODYOI(3,2) BODYOI(3,3)

This array is the inertia matrix of body 0, the‘staior.
UNITS: - (slug-ftz)

FORMAT: ¢ 5004 = (1X, E1l.4)

BOMASS:
BOMASS is the mags of body 0, the stator., BOMASS = m,
UNITS: (slugs)

FORMAT: # 5004 = (IX, E11.4)
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-GGAINOSQL:

GéAINO(I) equales the contrel gain of all four reaction
Jets in the pure force couples producing torque arocund the X
axis of body 0. .

CGAINO(2) equals the control gain of all four reaction

Jets in the pure force couples producing toxque around the Y
axis of bedy 0.

CGAINO(3) equals the control zain of all four reaction

jets in the pure force couples producing torque 2round the Z
. axls of body 0,

Note: The variables AOJ(l), AOJ(2), and A0J(3) are also
xead in on the same data cards as CGAINO(L),
CGAINO(2), and CGAINO(3). Punch the values of
CGAINO(1l), CGAINO(2), and CGAINO(3) in columns
15 through 25 of the data cards,

UNITS: (lb/xadians/second )

FORMAT: # 5008 = (1X, E1l.4, 2%, El1.4)

FEE{J!:
FEE(J) = ﬂJ

FEE(J) is the outer gimbal anglez of a two degree of freedom
control moment gyro as shown plctorially below:

The pubsexipt J raefers to the number agaigned to the CM3.
(Refer to the write up on CMGs for further discussian,)

UNITS: (radiang)

FORMAT: # 5006 = (1X, F11.5)

INITIAL VALUE AT TIME = T_, .
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FEED(J):
FEED(J) = ﬁJ

FEED(J) is the outer gimbal rate of & two degree of freedom
control moment gyro. The subscxipt J refers to the number .
agsigned to the (MG, (Refer to the write up on CMGs for further
discugsion.)

UNITS: (radians/second)

FORMAT: # 5006 = (1X, F1L.5)

HW(J) ¢

HW(J) is the angular momentum of the wheel associated with

the Jth momentum device. (Refer to the write up on CMGs for
further discussion,)

UNITS ¢ {slug-ftzlsecond)

FORMAT: # 5004 = (1X, EL1.4)

IDO?QJ):

IDOF(J) = 0 implies the Jth controller aboard body 0 is
a reaction wheel,

IDOF(J) = 1 implies the Jth controllex aboaxrd body 0 is a
one degree of freedom control moment gyro.

<

IDOF(J) = 2 implies the Jth controller aboard body 0 is a
two degree of freedom control moment gyro.

SPECIAL INSTRUCTIONS:

Punch 2 0, 1, or & 2 in columm 3
of the data card,

UNITS: (nome)

FORMAT: # 5000 = (IX, I2)
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NUMCHE

.NUMGMG ig the number of controllers aboard body 0. A
maximum of 6 controllers may be used.

SPECIAL INSTRUCFIONS: Punch tie integer in column 3 of
the data card,

UNITS: (none)

FORMAT: # 5000 = (1X, I2)

THATA(J):

THAT(J) is the gimbal angle of the Jth contreoller aboard body
0 assuming this contxoller is elther a ome or two degres of free-

dom control moment gyro. If it is a two degree of freedom CMG,

then this-variable refers to the imner gimbal angle, J may have
a2 maxdmum value of 6,

UNITS: (radians)
FORMAT: # 5006 = (IX, F11.5)
INITIAL VALUE AT TIME = 7

gtart

THATAD(T) s

~

THATAD (J) is the gimbal rate associated with THATA(J).
UNITS: (radians per second)
FORMAT: # 5006 = (1X, F1L.5)

INITIAL VALUE AT TIME = Tstart
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TIBOT (M,N):

TIBOI(1,1) TIBOI(1,2) T}:rxox:1,3)T

frizoroe,ny] = TI‘BOI‘(Z,].) TIBOL(Z,2) TIBOI(Z,3)

TIBOX(3,1) TIBOL(3,2) TIBOL(3,3)

-

This array is the Initial transformation matriz of the
body O coordinate system to the inertisl coordinst: gystem,

If initially body 0 is aligned with the inertial ssstem,
TIBOI(M,N) would be the identity matrix, Refer :zo0 the
coordinate transformation appendix for furthexr details,
UNITS: (none)
FORMAT: # 5006 = (I1X, ¥11,5)

INITIAL VALUES AT.TIME = Tst&rt

WG
- ‘Wo(l), W0(2), and WO(3) are the X, Y, and Z components
of thg angular velocity vector of body O, )
UNITS: (vadians per second)
FORMAT: # 5002 = (1X, 3(F11.5, 2X))

" INITIAL VALUES AT TIME = T
staxrt
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EODY 1 INPUT VARIABLES

ALT(M):

AlJ(1) is the distance between the jets of the pure couple

producing the torque around the X axis of body 1.

AlJ(2) is the distance beétween the jets of .tha pure couple

producing the torque around the Y axis of body 1,

Note: The variables CGAIN1(l) and CGAIN1(2) are also

read on the same data cards as ALJ(1l) and ALJ(2).
Punch the values of ALJ(l) and AlJ(2) in colummns 2

through 12 of the data c&xrda.
UNITS: (feet)

FORMAT: # 5008 = (1X, Ell.4, 2X, Ell.4)

BODY1I (M,N):

This array is the Inertia matrix for body 1, the rotor.
UNITS: (sluguftz)

FORMAT: # 5004 = (1X, E1l.4)

BLMASS:
BIMASS is the mass of body 1, the rotor, BIMASS = =y
UNITS: (slugs)

FORMAT: # 5004 = (IX, E11.4)
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CGAIN1 (M):
CGAIN1(l) equals the control gain of all four reaction

jets in the pure foxce couples producing torque arovnd the X
axis of body 1, -

CGAIN1(2) equals the control gain of all four reaction
jets in the pure force couples producing torque arocund the Y,
axis of body 1.

Note: The variables AlJ(1l) and AlJ(2) are alsoc resad
in on the same date cards =28 CGAIN1(1l) amd CGAIN1(2).
Punch the values of CGAIN1(l) and CGAINL(2) in
columng 15 through 25 of the data caxds.

UNITS: (1b/radians/second)

FORMAT: # 5008 = (IX, Ell.4, 2X, E1l.4)

DO1I(M):

DO1(1), DOL(2), and DOL(3) are the X, Y, and Z o

. Ompo t
of the vector from the center of mass of god; 0 to the ii::: °
line of body 1, the rotor. The vector is expressed in body 0
coordinates. DOL(1l) should in most cases be zZero,

UNITS: (feet) &
FORMAT: # 5002 = (1X, 3(F1l.5, 2X))

OMEGAL:

OMEGAL is the initial relative angular velocity measure
gbout the spin axis between bodies 0 and 1. Another definition
of OMEGAL can be visualized by referring to the sketch shown
below showing the orthogonal coordinate systems located on
bodies 0 and 1.
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Imp ieit in this sketch is the hinge linae between the ptator

and roto - im aligned parallel to both tha fb and X axeg, Thorae-
fore, th: orientation of the stator and,the rotor differ only-

in a wotition 01 = PHETAL and OMEGAL = 91.
UNI.S: (radians per second)
FORMAT: {f 5006 = (1X, F11.5)

8Pt

SP Ls the desired spin magnitude of body 1 relitive to
body 0.

‘UNICS: (radians per second)
FORMAT: # 5006 = (1X, F11.5)
THETAL:

THETAL 18 the relative angular displacement measured sbout
the spln axis, between bodies 0 and 1.

X
TR
/ “
Yo 1y
.Y_l )

UNITS: (radidns)
FORMAT: # 5006= (1X, F1.1.5)

INITIAL VALUE AT TIME = T
- atart
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BODY 2 INPUT VARIABLES

BZMASS:
B2MASS is the mass of body 2, the elevator. RZMASS = .,

UNITS: (alugs)

FORMAT: # 5004 = (1X, E1l.4)

D12 (M):

»p12(1), DiZ(Z) and D12(3) are the X, Y and Z components of
& fixed vector locating the starting position of the movable
mass, the elevator, The vector equation that describes the

motion of the movable mass is J,, = d o + B,8. Where s, 1s a
unit vector which defines the d%rection in"which the movable
mase travels and s is a scalar prespecified function of time.
For most cases s(t_= 0) = 0 so that d., speci{fies the initial
startiog poslition of the movable mass. “The elevator 'is known
alternately as the movable mass or body 2. D12 is expressed
in body 1 cooxrdinates, For example, 1f the elevator were con-
strained to travel along the X axis, then 312 could have the
following values: DI12(1l) = 1., D12(2) = 0., D12(3) = O,

UNITS: (feet)
FORMAT: ¢ 5002 = (IX, 3(F1ll.5, 2X))
s:

8 is a scalar parameter used in defining the position of
body 2., S defines the magnitude of digplacement of body 2 from
the zaro position,

Note: Punch the value of S in columns 2 through 12,
UNITS: (feet)
FORMAT: # 5002 = (IX, 3(¥11.5, 2%))

INITIAY VALUE AT TIME = Tstart
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1]
H

SDOT definas the megnitude of the velocity veator of body 2,
Note: Punch the value of SDOT in columms 15 through 25.
UNITS: (feer per gecond)

FORMAT: # 5002 = (1X, 3(F1l.5, 2X))

INITIAL VALUE AT TIME = Tatart

S2(M):
‘ s2(1), 52(2), and S2(3) are the X, Y, and Z components of
a unit vector Jefining the direction of travel of body 2, B,y
is expressed in body 1 coordinates.

UNITS: (none)

PORMAT: # 5002 = (1X, 3(¥11.5, 2X))
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BODY 3 INPUL, VARTABLES

B3IMASS:
B3MASS is the mass of body 3, a pendulum, B3MASS = my
UNITS: (slugs)

FORMAT: # 5004 = (l1X, Ell,4)

D13gM2:

D13(1), D13(2), and D13(3) are the X, Y, and Z components
of the vector from the center of masg of body 1 to the hinge
line of body 3, DI3 is expressed in body 1 coordinites,

UNITS: (feet)
FORMAT: # 5002 = (1X, 3(F11.5, 2X))
OMEGA3 :

OMEGA3 is the angular velocity of body 3 about the hinge
line 8,. OMEGA3 is 4lso the time derivative of THETA3 when
the da%um for ‘the angle THETA3 will be the Yl, Zl plane as
illustrated below: "

X A®

. In other words, s, determines the positive direction. of
rotation by the right hand rule and the positive Yl - Zl
plane detexrmines to starting position.

UKRITS: (radians per second)
FORMAT: # 5006 = (1X, F11.5)

INITIAL VALUE AT TIME = Tstart
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PEND3L:

PEND3L 18 the sealar dintance from the hinge lins, 8,, to
the canter of mawn of bhody 3. (i.a. ths length of pendulam 3)

‘ UNITS: (faeét)

FORMAT: # 5006 = (1X, F11l.5)

S3(M):

§3(1), $3(2), and 83(3) are the X, Y, and Z components of
2 unit vector which defines the hinge line of body 3. s, is
expregged in body 1 cooxdinates, 83(1) must always be zgro. .

UNITS: (none)

FORMAT: # 5002 = (IX, 3(F1L.5, 2X))

THETAS :

-THETA3 ig the angle between pendulum 3 and the Y, Z, plane,

The axis about which THETA3 rotates is the hinge line s.,. For
an explanation of the THETA3 datum refer to the discusazon of
CMEGA3,

UNITS: (radisns)

FORMAT: 4 5006 = (1X, F1L.5)

INTTIAL VALUE AT TIME = T
start
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BODY 4 INPUT VARIABLES

BAMASS :
B4MASS 18 the mass of body 4, a pendulum, B4MASS = m,
UNITS: (slugs)

FORMAT: # 5004 = (1X, E1l.4)

D4 (M) s

D14(1), D14(2), and D14(3) axe the X, Y, and Z components

of the vector from the center of mass of body 1 to the hinge
line of body 4,

D14 is expressed in body 1 coordinates.

UNITS: (feet)

FORMAT: # 5002 = (1%, 3(F1ll.5, 23X
QMEGAL 3

OMEGA4 is the angular velocity of body 4 about the hinge
line s,.. OMEGA%4 is also the time dexivative of THETA4 where

the daéu for the angle THETA4 is the same as THETAS. (See
OMEGA3)

UNITS: (radiang per second)

FORMAT: # 5006 = (1X, F11.5)

INTTIAL VALUE AT TIME = Tstart

PEND4T

PENDAL 18 the scalar distance from the hinge line, B,, to
the center of mass of body 4. (Ll.e., the length of pendulﬁm.k)

UNITS: (feat)

FORMAT: 4 5006 = (1X, ¥11.5)
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S4(M):

841y, S4(2), and S4(3) are the X, ¥, and Z components of
s unit veetor which defines the hinge line of body 4. s% is
expressed in body 1 coordinate: . S4(1) must always be zero.

UNITS: (none)
FORMAT: # 5002 = (1X, 3(F1l.5, 2X))

'THETA%$

THRETAL is the angle between pendulum 4 and the Y, Z, plane,
The axis sbout which THETA4 rotztes is the hinge line 8, The
datum for THETA4 iz the same as fox THETA3,

UNITS: (radians)

FORMAT: # 5006 = (1X, F11.5)

INITIAY, VALUE AT TIME = Tstart
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APPENDIX B, COORDINATE TRANSFORMATTIONS

The following pages contain a pictorial guide to aid the
user in computing the initial transformation matrix f£rom one
right hand orthogonal coordinsate system to another, The trans-
formation matxix from coordipate system B to coordinate A shall
be denoted [A B]

— .1 us -1
Mathematically: XA XB
Y, 1= (4,3] Y,
ZA _ZB_
i.e. X, = AB(L,1) * X, +AB(L,2) * Y + AB(L,3) * 7,

= % ' * *
¥, = AB(2,1) * X, +AB(2,2) * Y, +AB(2,3) * Z,

z, = AB(3,1) * X, +AB(3,2) * Y, + AB(3,3) * Z

For simpliciry, the coordinate systems in the following
illustrations are orthogonal to each other in one way or another,
i,e, There are not small offsetting rotations. Hence, the
components of A,B may assume only certain values, The com-
ponents may be + 1,, 0., + sinf, + cosf, + sinf, + cos8, + sinl,
or + cosl where §, 9, and ¥ are angles of rotation about ‘the
X, Y Z axes respectlvely.
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H4PRIM(3)
1CFA
1CF0

IPNDLM
I1PRQPF
NCHECK
NUMCMG
OMEGA3
PEND4L

RO (3}
R1YCS
RL1ZSN
R2YCS
R2ZSN
R3YCS
R3ZSN
R4YCS
R4ZSN
sDoT
SINTTO
SINTT3
SUM]
$2(3)

TC(3+3)

TEMP4 (3)
TEMPT (393}
TEMPL0(3+3)
TEMP13(353)
TERML (3)
THATA (&)
THETA3
T180(3,3)
TJ

TJ3(10)

TOTMAS
TROP(3)
TSTART
TT3007
713

WS
W4 (3)
xC

- e W e % @ %

w e e

-

- W % % W @ * ww

w» W D W B

1CFB
100CK

IPNTCK
NDECK

OMEGAS4

R1(3)
R1YSN
R2(3)
R2ZYSN
R3(3)
R3YSN
R&13) .
R4YSN

SINFEJ
SINTTL
SINTTs
SUM2
$3(I)

TEMPL(3)
TEMPS{3+3)

TEMP8(3:3)
TEMP1I1(3¢3)

‘TEMP14 (393}

TERM2(3)
THATAD (&)
THETAG
TI801(3+3?
TJ1(10)
TJ4(10)

™0
TRIG()
TSTop

TT4007
T14
Wli{3}

xcooT

- E e W B W S

- W W 9w

-

- W 0 W W - @ v e

- % % >

COMMC
comMc
commc
CoMMc
Compc
comMMe
CoMMC
COMMC
Commc
coMMC
COMMC
ComMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
CoMMe
Commc
oMM
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMHMC
CoMmMC
COMMC
COMMC
ComMmc
Commc
COMMC
COMMC
COMMC
COMMC
COMMC
coMMC
COMMC
¢COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
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THIS IS THE ENTRY POINT TO THE RUN CONTROL MODULE.
THE FUNCTION OF THIS MODULE IS TO MAKE THE DECISION TO STOP ALL

CALCULATIONS AND EXIT THE PROGRAM OR CONTINUE YO THE INPUT MODULE
AND READ IN THE DATA FOR THE NEXT CAsE,

NCHECK = 0

RCON
RCON
RCON
RCON
RCON
RCON
RCON



o0 O O

OO0 O000000)

10

eo

30

35

&0

45

READ IN THE NUMBER OF DATA PECKS PRESENT AT RUN TIME.
READ (5,5000) NDECK .

PRINT NDECK ON A NEW SHEET OF PaPeR,

WRITE(6+6000) NDEGK

THE PROGRAM RETURNS TO THE FOLLOWING §TATEMENT NUMBER AFTER EACH

DATA DECK HWAS BEEN COMPLETELY PROCESSED.

NCHECK = NCHECK + 1

IF (NDECK +GEe NCHECK) GO T0 20
sToP

CONTINUE

BRRBBBADBOBOLRRORCOBOLOARGRBDBODRBHIOLEENIBERNBRN O R G DO RGEHBLEOHORS

*
»-
-]

RCON
RCON
ReON
RCON
RCON
RCON
RCON
RCON
RCON
RCON
RCON
g-1-2-1-2.

GBNBOREBBORDUOUBUSTOIROSRBN GG B BBBRD LR BODRBFTRB LGS BLRDEOSE NGB 484

THIS 1S THE ENTRY POINT TO THE INPUT wMODULE.

THE FUNCTION OF THIS MODULE 1S TO READ IN ALL DATA PERTAINING TO
THE NEXT CASE. AFTER EACH VARIABLE HWAS BEEN READ INs IT WILL BE
PRINTED OUT TO INSURE PROPER CONVERSIQN AND TO RETAIM A RECORD OF

THE INPUT DATA,

DO 25 Mzls10

GAIN(M) = 0,

CONT INUE

WRITE (6,6500) NCHECK
READ THE PENDULUM FLAG,
READ (5:5000) IPNDLM
WRITE(6,6082) 1PNDLM

READ THE PRINT FLAGe (I¢Ec PRINT EVERY IPRINT TIME POINT.)

READ (5,5000) IPRINT

WRITE (646544) TPRINT

READ THE STARTING TIME,y STOPING TIME, AND DELTAT.
READ (5,5002) TSTARTeTSTOP,DELTAT

WRITE{696002) TSTART*TSTOPIDELTAT

READ THE ORBIT ALTIVUDE.

READ (5,5004) ALT

WRITE (646004) ALT

READ THE TRANSFORMATION FROM THE B0UY 0 FRAME TO THE I FRAME. °

DU 30 M=le3 _
DO 30 Nale3

READ (595006) Ti801 (MyN)

CONT INVE

DU 35 Mzle3d

WRITE(606006) MoTIBOI(Mel) oMeTIBOI(Ms2) sMeTIBOL (Me3)
CONT INUE

READ BODY 0 ANGULAR RATES.

READ (5,5002) WO(1)sW0(2) WD (3)

WRITE (696008) WO(1)9WO(2) s¥W0O(3)

READ THE MASS OF BODY Qo

READ (5,45004) BOMASS

J 80 )

WRITE(6,6010) JoBOMASS

READ THE INERTIA MATRIX FOR BODY 0.

DO 40 Mnle3

00 40 Nelo3

READ (545004) BODYOT (Men)

CUNT INUE

DO 45 Mplle3

WRITE(6,6012) MoBODYOI(Mol) yMeBGDYOI (M2} ¢MyBODYOL (M 3)
CONTINUE

C-~4

INPUI
INPUT
INPUY
INPUS
INPU]
INPU]
INPUS
TNPU]
INPY?
INPU
INPU'
INPU!
INPU'
INPU
INPU"
INPU
INPU*
INPU*
INPU
INPY'
INPU
INPU
INPU
INPU:
INPU:
INPU
INPU
INPY
INPY
INPU!
INPU’
INBUT
INPY’
INPU'
INPU"
INPU'
INPU'
INPUY:
TNPY’
INPY
INPU-
INPY’
INPU
INPL
INPU!
INPUY



READ THE NUMBER OF CONTROL MOMENT GYRNS ABOARD BODY Qe TNPUT

READ (5,%000) NUMCMG . INPUT
WRITE(6,6014) NUMCMG INPUT

IF (NUMCM@ «EQs 0) GO TO 120 INPUY

00 110 J=1,NUMCMG INSUY
READ THE DEGREE OF FREEDOM of THE JTH CMG. INPUT
READ (5,5000) IDOF(J) INBUT

IF (IDOF(J) .NE. D) GO TO 50 INPUTY
WRITE(646016) INPUY

GV TO 7o INPUT

80 IF (IDOF(J) JNE, 1) GO TO e0 INPUT
WRITE(646018) J INPUT

GO 70 7o INPUT

60 WRITE(6,6020) J INPUT
70 CONTINUE ) INPUY
READ THE ANGULAR MOMENTUM OF THE JTH CMG. : INPUT
READ (5,5004) HW(J) INPUY
WRITE(6,6022) JoHW() INPUY
READ THE TRANSFORMATION FROM THE JTH NULL GIMBAL FRAME TO 80DY o INPUT
FIRAME , INPUT

00 80 M=zls3 . INPUT

DV 80 N=ls3 INPUT
READ (5.,5006) ACCJ (JeMgN} INPUT

B0 CONTINUE INPUT
D0 85 M=zl43 . INPUT
WRITE(6:6024) JeMsAOCI(JtMa1) 9 eMeAQCJEIsMs2) 9 JeMe AOCUCIIM93) INPUT

85 CONTINUE INPUY
IF (I00F(J) 4EQe 0) _GO TO 110 INPUY
READ THE INERTIA MATRIX FOR TWE JTH INNER GIMBAL . - INPUY

PO 90 M=l+3 INPUY

Q0 20 N=1,3 NPT
READ (5,5006) ATI(JsMeiN) INPUT

90 CONTINUE INPUT
DO 95 M=z1s3 3 INPUT
WRITE (6,6026) JoeMeATT (JoMal) o JoMoAIT (JeMs2) s deMeAIT (JeMe D) INPUT

95 CONTINUE INPUT
READ THE INNER GIMBAL ANGLE AND RATE OF THE JTH CMgG, INPUT
READ ¢5,50086) THATA(J) INBUT
READ (5,5006) THATAD(.) INPUY
WRITE(696028) JrTHATA(J) 1Jy THATAD(Y) INPUT
FEE(J) = 0, INPUI
FEED(J) * 0. INPUT

IF {IDOF(J) LEQe 1} GO TO 110 1NPUT
READ THE INERTIA MATRIX FOR THE JTH OUTER GIMBAL. INPUY

00 100 M®1,3 INPUI

DO 100 N®1,3 INPU
READ (5.5006) ATO(JeMeN) o TNPUT
100 CONTINUE . i INPUT
00 105 M31,e3 _ INPU®
WRITE(6,6030) JoMpRIO(JIsMa1) s JaMIATO(joMa21 2 JsMeATO(SsMs ) INPY'
105 CONTINVE INpU”
READ THE OUTER GIMBAL ANGLE AND RATE oF THE JTH CMG. INPU'
READ (5,%5006) FEE(J) INPY
READ (545006) FEED (W) INPY’
WRITE(696032) JrFEE(J) 2 JIFEED(Y) INPU
1lo CONTINUE NPy
120 CONTINUE INPU
. READ THE PROPULSION FLAG : INPY
READ (5,5000) IPRQPF INPU
WRITE (6,6072) IPROPF : 1NPU

IF (IPROPF LEGQ, Q) GO TO 149 NPy
READ (5,%000) 1ATTIF ' InPU

C~5



185

150

153

1585

157

WRITE (646562)

1ATTIF

IF (LATTIF oEG, 0) GO YO 125

READ (5,5002)

.wHITE(G 6564}

o,

0 JRle3
READ (8, 5088,
leTE(e.eo74:
CUNTINUE
CUNTINVE

CAtL) sCALR) oA (D)
CA(1)eCAL2)9CA(D)

AgJ(Jd)e CRAINOLY)
JrAOJ(J) o JoCRBATNO ()

RbAU IN VARIABLES RELATED T0 BODY 1o

READ THE MASS
READ (595004)
J o}
WRITE(6,6010)

OF BODY 1.
BLMASS

JpB1IMASS

READ THE INERTIA MATRIX FOR soov le

PO 1850 Mml,3
DO 150 N=193
READ (5,5004)
CONTINUVE

00 193 M=1,3

WHITE (606060) MoBODYLIT(Mol)oMeBODYLI(M02) 9MaBODYLI (Me3)

CONT INUE

READ THE PRIMARY GIMBAL ANGLE AND RATE OF BODY 1 WerRoTo BODY 0.

READ (595006)
READ (5,50086)
WRITE(6,60642)

READ THE VECTOR FROM THE CM OF BODY 0 TO THE HINGE POINT BETWEEN

BODY1I (MeN)

THETAL
OMEGAL
THETAl o OMEGA)

BODY 0 ANV BoDY 1, (BOPY 0 COORDINATES)

READ (5,5002)
WRITE(606046)
READ YHE SoDy
READ (505000)
WRITE (696546}
IF (IB2F «EQoq
READ THE MpSS

READ (5+5004)

w2

WRITE (606010}
READ (595002)
WRITE (6,6535)
READ (545002)

J =
waszcé 6052)

PDO1(1)9D02(2) D01 ¢3)
001(1)9001(2)9001(3)
2 FLAG, (1.E, THE ELEVATOR FLAG,)
iB2F
iB2F
g¢) 60 To 155

OF TRE ELEVATORG

B2MASS

J'BZMASS

D12(1)%012(2)+D12(3)

D12(3) 90D12(2)¢D12(3)
52{1>, 82(2), S2(3

J9521(1) yJoS2(2) v Je52(3)

READ THE POSITION AND VELOCITY OF THE ELEVATOR,

READ (5+5002)
WRITE (6565648)
60 To 157
BEMASS 5 0.
pla(l) = 0,
Dla(a) 3 03
Di242) = 09

SE2()) = 0o

S2(2) = 0,
S2(3) = 0,

CONTINUE

83 SDOT
SeSDOY

IF (IPROPF LEQe 0) G0 Y0 170

DO 160 J=1,2
READ (595008)

WRITE (6,6076)

Ald(d)” CGAINI (D)
JsR1J{U) e JeCGAINL ()

C~6

INPUT
INPU?
IN¢U1
INPUTY
INpUl
INPUY
INPUY
{NPUY
INPUT
!NPUT
INPUT
INPUT
INPUTY
INPUT
INPUT
INPUY
INFU!
INPUT
INPUT
INPUY
InPU1
INPUT

INPUT

INVUT
INPU?
INPUY
1NPU?
INPUTY
INPUY
INPUT
INPUY
INPUT
INPUY
TNPUY
INPUT
INPUT

- INPUT

INPUY
INPUT
INPUT
INPUY
INPUY
INPUY
INPUT
INPUY
INPUT
INPUY
INPUT
INPUT
INPUY
!NPUT
1NPU?
INPUI
INPUTY
INPUT
INPUY
INPUT
INPUY
INPUY
INPUY.
INPUY

INPUY



160 CONTINUE

170

172

CONTINUE
If (IPNDLM +EQ, 0’ @ To 172
READ (5:5004) CP1
WRITE (6,8582) cpl) -
READ (5,5006) cP2
HR:TEtsgesaé) cPe _
READ THE VARIABLES ASSOCIATED WITH BopY 3, (1.Ee PENDULUM 3)
READ THE MAss oF BODY 13,
REAU (5:5006)  B3MASS
o =
szTE<6 60310) JsB3MASS
READ THE VECTOR FROM THE CM OF BODY 1 TO THE HINGE POINT BETWEEN
BUDY 1 AND PENDULUM 3, (BOpDY 1 COORDINATES)
READ (5,5002) D13(1)oD13(2)¢D13(3)
WRITE(6,6048) D13(1)eD13(2),013¢(3)
Ssaoacsasoozw- S3(1)s S3(2)s S3(3I)
-
WRITE(696082) JsS3(1)eJd9S3(2)0JeS3(3)
READ THE LENGTH OF BODY 3. {I.Ee PENpDULUM 3)
READ (5,5006) PEND3IL
WRITE (60,6058) PEND3L
READ THE PRIMARY GIMBAL ANGLE OF BODY 3 WoR.Ts BODY 1,
READ (5,5006) THETAS
WRITE(6,6060) THETA3
READ THE PRIMARY aIMBalL RATE OF BODY 3 WoReTa BOUY 1.
READ (5,5006) OMEGA3
WRITE(6,6062) OMEGA3
READ THE VARIARLES Assoczafen WITH BOPRY 4. (I.Es PENDULUM &)
READ THE MASS OF BODY 4
READ (5;500%) BéﬁAss
J = 4.
WRITE (696010) JYB4AMASS
READ THE VECTOR FROM THE CM OF BODY 1 70 THE HINGE POINT BETWEEN
BODY 1 AND PENDULUM 4, (BODY 1 COORDINATES)
READ (5,5002) 014(3:99141219014(3)—
WRITE(6:60850) D1%(1)oD14(2)9D14(3)
READ (5,5002) S4{1)y 8%(2)y S4(3

v =54
WRITE (6:6052) J954£1)9J954(2)0J954(J)
READ THE LENGTH OF BODY 4 {I.8¢ PENDULUM 4)

READ (5,5006) PENDSL
WRITageoaoea: PENDGL
READ THE PRIMARY GIMBAL ANGLE AND RATE OF BODY & WeReT, BODY 1.
READ (5,%006) THETA%
READ (5,5006) OMEGAS
WRITE(696066) THETA& 9 OMEGAL
GO TO 174
BJMASS e 0,
C 1 = 04
CP2 = ¢,
Di3(1) = o,
D13(2) = 0,
D13(3) = 0,
§3<1) = 0¢
3(2) = 0«
53(3’ = 09
PEND3
THeT A3
OMEGA3
BYMASS
Ri%(1)

TR T
[=4
L]

c~7

INPUT
INPUT
INPUT
INPUT
NPT
Impv?
INPUY
INPUY
INPUT
TNPUT
INRPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
TNPUT
INPUY
INPU1
18PUY
INPUT

‘INPU?

INPUI
INPUT
INPUT
INPUT
INPUT
INPYT
TNPUT
INPUT
TNPUT
INPUT
INPUT
INPUT
TNPUT
INPUT

" INPUT

NPUT
INPUT
INPUT
INPUT
INPUT
INPUT
iNPUT
INPUT
INPYT
INPUT
INPUT
INPUT
INPUTY
INPUY
INPUT
INPUT
INPUT
INPUT
INPUY
INPUTY
INPUT
INPUT
INPUT
INPUY



COGOOOOOO00

174

178
176

PENDQL u 0,
THETA4 » 0,
INUE
READ (5,5006)
WR1TE (646080)
READ (5¢5000)
WRITE (6,6570)

IF (NGAIN ,EQ, 0} G0 TO 176

sP
SP
NGAIN
NGAIN

DO 175 JU=],yNGAIN

READ (5¢5004)
WRITE (6,6B72)
CONT tyUE
CONTINUE

READ THE GRAVITY GRADIENT FLAG.

READ (5,5000)
WRITE (646078)

READ THE DOCKING FLAG,

" READ (5,5000)

377

178

180

WRITE (646068)

IF (IDOCK LEQ. 0) GO TO 180
READ THE TIME OF DOCKING.

READ (5,5006)
WRITE(646070)

DTMIN & DTIME = DELTAT/10.
DTMAX = DTIME ¢ DELTAT/10.
DCHMIN = DTIME = 1el®pELTAT
DCHMAX = DTIME = Qo9%DELTAT

READ (5,5006)
WRITE (646574)
DO 177 MS1e3
DO 177 n=1,3
READ (555004)
CONTINUVE

DY 178 Mml,.3
WRITE (646576)
CONT INUE

READ (5,5002)
WRITE (6,6578)
READ (5,5002)
WRITE (6,6586)
conY InNVE

»
o
&

GAIN()
JrBGAIN(Y)

LGHAVF
1GRAVF

100CK
100¢K
DTIME
pTIME
BDMASS

BDMASS

BODYDI (MoN)

MsBODYDI (Med) sMeBODYDL (M121 ¢MoBODYRI (M9 3)

DTI(L}oDTTI(2) 4DTI(D)
oTI1(DonT1(2),0T1(D)
DDO1 (1) oD001(2) ¢DDOL(3)
DDOL (1) +DDO1 {2) »DDOL (H)

100cK = } IMPLIES A DOCKING WILL OCCUR.

fNPUT
INPUT
INPUT
INPUY
INPUY
INPUT
INPUT
INPUY
INPUTY
INPUT
INPUT
INPUT
INPUT
INPUT
INpUT
INPUT
INPUT
INPUT
INPYY
INPUY
TNPUT
INPUT
INPUT
INPUY
INPUTY
TNPUT
INPUY
INPUT
INPUT
INPUY
INPUT
INPUY
INPUY
INPUT
TNPUT
INPUY
INPUY
INPUT
INPUT
INPUY
INPUY
INPUY
INPUY
INPUT
INPUT
INPUT
INPUT
TNPUY
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THIS IS THE ENTR
ALL INITIAL CALC

TOTMAS = BpMASS ¢

ICFA =
ICFB = 0
ICFC 3 ¢

Y POINT TO THE INJTIALIZATION BLOCK,
ULATIONS ARE PERFORMED ONE TIME ONLY FOR EACH CASEINTTY

CALCULATE THE TOTAL MASS OF THME CONFIGURATION.
B1MASS + BpMASS ¢ BaMASS ¢ BgMASS

INIT
INTT

INTT
INIY
INTT
INTTY
INIT
INIY



ICFD = 0 - .
INITIALIZE THE FLAGS NE
FLAGI = O

FLAGZ = 0,

FLAG3 = 0,

FLAG¢ u 0,
INITIALIZE THE QUATERNI
AEL(2) = 1.

AE(3) = 0,

AE{&) = 0,

AE(5) & 0,
ARD(3) = 0,
AED(4) = 0,
AED(S) = 0,
ATWO(2) = THETAL
ATHO(3) » THETA3
ATWO(4) ® THETAG
ATHREE (2) ‘» 100
ATHREE (3) u 0,0
ATHREE (4) a 040
ATHREE(S) o 040

EDED YO START THE INTEGRATIONS.

ON COMPONENTS,

INITIALIZE THE PRINT CHECK FLAGe

IPNTCK = |

Tap = 0o )
TBRF 3 0,

INITIALIZE TIME TO THE
TIME = TSTART

XMU m 1,%08E+16

R = ALT '+ 3960,

R 8: 52B800%R

Cl » XMUY/Ru53

WS = SORT(£1)

EEE{le1) = 0o
EEE(Le2) 2 0,
EEE{1e3) 5 Q.
EEE(29)1) = Qo
EEE(2:2) = 0,
EEEf243) 5 0,
EEE{3¢1) = 0,
EEE(3s2) =. 0,
EEE(343) = 0,
FFFAl) w 0,
FFF‘!“E’ 2 D.
FFF(3) = 0.
FO;(!) 2 0y
FU]. (-2‘) L3 Dg
FOL(3) 2 0, -
FO21) = 0,
FO242) @ g4
FO213) = g,
FQ( ) = UQ
FQ‘ .‘} =S 0'.
Fg‘a", -3 JOQ
Filil) = 0,
ﬁl @Z* z-U.
Fll ‘3, = 0.
Fiz{ly = o,
Fla(a) s g,
F;Z‘s) % 0Os
Fl{l’ 2 O
Fl62) = 0,

TSTART VALUE.

C-9
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TA0G(1) = 0, INTY
TWE6 (2) = o, INTY
TA0G(3) = Q.. _ INT
TQQP (1) =& 0, INIY
WOP(2) ® 0, INIY
WoP(3) & (s INgY
TAIO(L) = 0, INIT
TuiG(2) = 0, INIY
Tule(3) = o, INTT
TAP (1) & 0o INIT
Tuip(2) = 0, INIY
TQ1P(3) = o, INYT
1F (NUMCMG ,EQ. 0) GO TO 184 INIT
CALL CMo INITY
DU 183 =l ¢yNUMCMG INZT
THATA(J) % THATA(J) = THATAD(J)#DELTAT INTY
FEE(J} s FEE(J) = FEED(J)*DELTAY INITY
183 CONTINUE INTT
164 CONTINUE § INIT
SUBROUTINE XDOT CALCULATES THE FOLLOWING VARIABLES, INIT
As  HDOT(Y) ' TNTY
Bs MDOT(2) INIY
Ce  HDOT(I) INIY
De H1PDOT()) INIY
Es G3p07 INIE
Fe G4D0T INIT
CALL xboT INIY
Gﬁ##(H@ﬂ%##&*é}###@#}##b%%ﬁ&%%&ﬁﬂﬁﬁﬁb##&##%%%# %b%@é}#épaQﬁuﬂﬁaﬂﬁﬁaﬂﬁlﬁ-;z_gzé
&
@
L
LT TR TP PRNE. T - LAY T T PR Y R T R L P R S P g
190 CONTINUE
BEBBRODROBHBBSIOOQBLONIBHBIDOBELBEIVOLEBLBDDBBILVREBECFLDREBGBLIOI RS B A
-3
&
-
L TTTYETY PREEEEE L L LTS T TR TR T T L PR T T EEY T PR E L Y T P e
) INTEE
THIS 1S THE ENTRY POINT 7O INTEGRATION BLOCK ONEe INTEG
THE PURPOSE OF THE BLOCK IS T0 CALL AN INTEGRATION SUBROUTINE To INTEG.
INTEGRATE THE VARIASLES CALCULATED BY SURROUTINE XpoT, . INTEe
THE ARRAYS USED BY THE INTEGRATION SUBROUTINE MUST BEI CALCULATED INTEC
EACH TIME BEFORE CALLING THE INTEGRATYON SUBROUTINE, INTEG
) INTEG
IF (TIME oeNE. TSTART) GO TO 192 INTEG.
CALL EmCALC INTEG
G3 = EM(5.1)%W0(1) ¢ EM(5,2)%¥0(2) o EM(5+3)%Wp(3) INTEG
& SEM{Br4) ®OMEGAL ‘¢ EM(5:5)*OMEGAY ¢+ EM(5:6) YOMEBAS INTEG
G4 3 EM(6,1)5WO(L) ¢ EM{602)9HO(Z) + EM(643)#Hp(3) INTEG
® ¢EM(604) #OMEGAL » EM(G95) 2OMEGA3 ¢ EM(606) *OMEGASL INTEG
192 CONTINUE INTEC
AONE (1) = TIME INTEC
AINE(2) = H{)) INTEe
AONE{3) = H(2) INTEC
AONE (4) = p§(3) INTEC
AONE (5) = HIPRIN(]) INTEe
AUNE{6) = @3 INTEC

Fil3) =0, iNIi

c~10



193

OO0000O0000O000O0O00D OO OO0N

o000

AONE(7)

2 G4 ' INTEE

BUNE (L) = DELTAT INTEG
BONE(2) = HDOT(1) INTEG
BUNE(3) = HDOY (2) INTEE
BONE (4) = HOOT(3) INTEE
BONE(3) = H1PDOT(1) INTEG
BUNE(6) = @3pOT _ INTEE
BUNE(T7) = 04DOT : INTEG
CALL FOMS (AQNE ;BONE s 7 yFLAGLsTU1) INTEG
Hil} ez AONE (2} INTEG
Hig) = AONE () INTEG
H(3) a AONE (4) INTEG
IF (IDOCK .EG, 0) GO TO 193 INTEG
IF ((TIME oLTs DCHMIN) «OR, (TIME 08T, DCHMAX)) GO TO 193 INTEG
Hil}) = H(l) « DTI(L) INTEC
H{2) a H(2) « pDTI(2) INTEE
Hi3) = H(3) « DTI(I) INTEC
CONTINUE : INTEeC
HIPRIM(1) = AONE(S) INTECG
63 @ AONE(6) INTEG
Ge = AONE(T) INTEG
INTEG
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THIS SEGMENT.SIMPLY CALGULATES THE GImBAL ANGLE- RATES: OF BODIES:
ONEo THREE, AND.FOURe THAT IS TO SAY THE SUBSTITUTION NEEDED BY
INTEGRATION BLOCK TWO IS DONE AT THIS POINT,

TT1D0T = OMEGA)L
TT300T = OMEGA3
TT4DOT = OMEGA4

L
-]
*
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; INTEe
THIS 1S THg eNTRY POINT To INTEGRATION BLOCK TWO. INTEG
THE PURPOSE OF THE -BLOCK 1S TO CALL AN INTEGRATION SUBROUTINE Yo INTEG
INTEGRATE THE GIMBAL ANGLE RATES OF BODLIES ONE, THREEs AND FOUR  INTEG
TO PRODUCE THE CORRESPONDING GIMBAL ANGLE POSITIONS, AS BEFOREs; INTEG
THE ARRAYS USED BY THE INTEGRATION SUgROUTINE MUST BE! caLCULATED INTEC

EACH TIME BEFORE CALLING THE INTEGRATION SUBROUTINE, INTES

INTEG
ATHOAL) S TIME INTEC
BTWO(1) = DELTAT INTEC
8TW0(2) = TT1DOT : INTEC
BTW0(3) = T73DOT ‘ INTEC
BTW0(4) = 7T4DOY INIEC
CALL FOMS(ATHO.BTWO»4,FLAG2,TU2) INTES

THETAL = ATWO(2)

INTEC
THEYAZ g ATHO(3) INTEC
THETAG = ATWQ(4) INTEC

' INTEC

##QQGQ%%%ﬂ#h%ﬂﬁ&éﬁ#%#%#ﬁﬁ%ﬁ*ﬁ#ﬁ@#ﬂﬁ@&ﬁﬁﬁ&#ﬁﬁﬁﬁ%%%@é%ﬂ&%%&ﬁﬂﬁﬁ@%&ﬁﬁ%&ﬁ@i
&

-



ODOOO

OO OOO00

»
*QOOQ*#%#“%*H”ﬁﬂﬂﬂﬂﬂﬂ'#ﬁﬁﬂﬁﬁﬁﬁﬁﬂﬁ*#ﬂ**#‘0**.*&#6‘#’#00"0*4‘00'...0‘&5’!

OUAT
THIS 1S THE ENTRY POINT TO THE QUATERNION BLOCK gg:;
alisl) » 0, QUAT
Wile2) u =0.54W0{1) ‘ QUAY
Giled) w =0,8%W0(2) QUATY
Wiled) m =0,549y0(3) QUAT
Ql2ed) o o0(1e2) oUAY
Ui2e2) = 0, QUATY
Q(203) w w@(]94) QUAT
W(204) = Q(le3) QUAT
Qt3ar]) = =q(1+3) auaY
Wi3e2) m Q(led) QAUAY
Q(393) & g, QUAT |
G(3vh) w =Q(192) QUAT
Qlarl) = =0{1e4) QUAT
Q{492 = =Q(193) QUAT
Q(%e3) 2 Q(le2) QUAY
Flee6) & 0o : QUAY
AED(2) = Q(1p1)RAR(2) ¢ Q(1,2)%AE(3) « Q(193)%AE(4) * Q(146)RAE(SIQUAY
ABRD{3) = Q(201)%AE(2) » 0t§a21*AEt3> + 0(5-3)*AE<4) ¢+ Q(294)TAE(S)QUATY
AED(4) = Q(331)%AE(2) + Q(3,2)1%AE(3) 4 Q(3¢3)#AE(4) + Q(3:4)%AE(5)0uAT
AED(S) = Q(491)PAE(2) *» Q(442)PAE(3) + Q493)HAE(4) + Q(%494)PAE(5)QUAT
SET UP MATRICES- USED BY THE INTEGRATION SUBROUTINE QUAY
ATHREE (1) & TIME QUAT
BTHREE (1) = DELTAT QUAT
BTHREE(2) = AED(2} QAUAT
BTHREE(3) © AED(3). , : QUAY
BTYRREE(4) = AED(%) QUAT
BTHREE(5) = AED(5) QUAT
CALL FOMS (ATHREEBTHREESIDIFLAGIHTYI) QUAT
AE(2) » ATHREE(2) QUAT
AEL3) = ATHREE(3) QUATY
AE{4) = ATHREE(4) pUAT
AE(S) = ATHREE(S) QUAYT
CALCULATE THE NORMALIZING FACTOR, QUAT
Fn 8 SQRT( AE(2)5%92 » AE(3)292 ¢ AE(4)092 o AE(S)¥ep ) QUAT
AE{2) = AE(2)/FN QUAT
AB(3) = AE(3)/FN QUAT
AE(%) o AE(4)/FN . . QUAY
AE(B) m AE(S)/FN _ QUAT
T{101l) = Ag(2)asd » Ag(Braua w AE(4) %62 o Af {Syned ) QUAT
T(102) = 2,9(AE(3)%AE(4) ‘= AE(2) %AE(5)) ~ QUAT
T(193) = 2,%(AEIB)YAE(B) © aE(2)®AE(4)) Quat
T(Bel) = 2,9(AE(3)PAE(G) ¢ AE(2)%AE(5)) QUAT
T(202) =z AE(2)992 = AE(3)#62 ¢ AE(4) %82 = AE(S5)y#92 QUAT
T(203) = 2,2 (AE(SYPAE(B) « AFE(2)%AE(3)) QUATY
T(3s1) = 2,%(AE(3)PAE(5) = AE{2)%AR{4)) QuaT
T(392) = 2,9(AE(S)IHAE (D) ¢ AR{2)%AE(3)) QUAT
T(393) o AE(2)402 = AE(3) %42 o AE(4)6a2 & AE(5)ss QUAT
CALL MULT(DUMsDUMOUM,TIBOyTIBOTsT92) QUAY
CAlL MULT{HI+TIBOsHIDUMsDUMyDUMe1) QUAT
' QUATY
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CoNTH
THIS 1S THE ENTRY POINT TO CONTM CONT)
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CONTW

IF (NUMCMG LEQ, 0) GO TO 195 CONT¥
CALL HCON CONTW

195 CUNTINUE CONTW
FPT(1) = 0, CONTw
FPT(2) = 0, CONTW
FPT(3) = 0, CONTH
FPT(4) = O, CONTY
FPY(5) = 0, CONTW
FAT(1) = 0, CONTW
FAT(2) =» O, "CONT¥
FAT(3) » 0, CONTH
FAT(4) = O, CONTW
FAT(S) = 0, CONTIN
FAT(6) = 0, CONTY¥
FAT(T) = 0, CONTW
FAT(8) = 0, CONTN

DO 196 M®1l¢3 CONTM
TQOP(M) = @, CONTM
TQIR(M) & 0o CONTM

196 CUNTINVE CONTM
IF (IPRQPF ,EQ. 0) GO TO l99 CONTN

IF (IATTIF ,EQe 0) GO TO 197 CONT¥
CaLL ATT CONTM

IF (ICFA +EQe 1) GO TQ 199 CONTM

197 CONTINUE CONTW
CALL PCON . CONTYH

199 CONTINUE CONTY
TMR- .3 FAT(1) + FAT(Z2) ¢ FPT(2) + FPT(3) + FPT(4) CONTY

TaP = TAP + TMPODELTAT CONTy
TNP = FPT(1) ¢ FPT(S5) CONTW
TP = TBP o+ TNPROELTAT coNTv
CONTW

FRONARBBBFOREH GO PRRTRGRRDER DO SRR T TR G G SR T FERRRIS RSB EHRHEIRGIL OB BSS
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: INVER
THIS 1S THE ENTRY POINT TO THE INVERSTON BLOCK INVER
. INVER
CALL RECALC INVER
CALL EMCALC INVER
INVER |
SET Up THE X MATRIX INVER
DO 200 Mml,6 INVED
DO 200- N®ls6 INVEFR
X(MIN) = EM{MoN) INVER |
200 cgNIINUE , . INVER
STEMP1 = B2EMASS®SDOT#(mR2(3)w52(2) ¢ R2(2)0S2(3)) INVEF -
STEMPZ © B2MASSHSDOT#((R2(3)#S2(1) = R2(1)452{3) }*COSTT] = INVER
A ] (=R2(2)8S2(1) * R2(1)*52(2))9gINTT]) INVER
STEMP3 o B3MASSeSpOT#((R2(3)e52(1) « R2(1)452())I*SINTTL o INVER
+ (wR2(2)#52(1) ¢ R2(1)©82¢(2))%COSTT)) INVER
STENP® o SpOT#(S2(2) % («B2MASSYR2(3) « (BOMASSHE2NASS/TOTHAS)S INVER
# (DOL(2)#SINTTY = DOL(3)#COSTT1)) ¢ $2(3)4(R2MASS*RZ(2) = INVER
* (BOMASS*BMASS/TOTMAS) #(D01(2) #COSTT) o DO (I)#SINTTL))) INVEFR
STEMPS = (B2MASS?B3MASS/TOTMAS) #SDOT#((EL3(3)#52{1) =~ INVER
w $L311)085t3))*53124 s (=EL3(2)882(1) » EL3(1)%52(2))%53(3)) INVER
STEMP® 3 (B2MASS#B4MASS/TOTMAS) #SDOT# ¢ (EL4(31952(1) = INVEF
* ELG(1)#52(3) ) 986:(2) & (=ELG(2)%52(1) ¢ EL4(1)#S2(2))#54(3)) INVEF
H{l) » H{l} = STEMPI INVER
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OOONDOOOGO

0O QOO0 O00"

20l

202

203

204

H{2) m M(2) » sTEMPd INVES
H{3) » H{3) « STEMPI INVER
HIPRIM(1) = HIPRIM{}) = STEMP4 INVES
G3 » g3 ¢ STgmMPS INVEF
G & G4 ¢ STEMPS INVER
IF (IPNDLM (EQ, 03 GO TO 202 INVEFR
DO 201 M®1,3 INVEF
VIM) = HtM) = FFF (M) INVEF
CONTINUE INVEF
AlleT) » V{1 INVER
X(297) v V(2) INVER
Al3eTy @ V(3) INVER
A(G97) w HIPRIMII) INVER
XiS7) = INVEFR
X{627) = 4 INVER
CALL staNscx.o.e.7.FLAG: INVER
WO(l) w X(}y7) INVER
WO(2) m X(2o7) INVER
WO(d) s X(3,7) INVER
OMEGAL = X(4y7) INVES'
OMEGA3 = X{(S5¢T) INVER
OMEGAL = X(647) INVER
G0 To 204 INVER
CONT INVE INVER
DU 203 MS1le3 INVER
VIM) £ H(M) = FFF (M) INVER
CONTINVE INVER
X(1y5) = V(1) INVER
X(2s8) v V(2) INVER
Ai3¢5) = V(3) INVER
X(495) = HIPRIM(1) INVER
CALL SYEQNS({Xe4905TsFLAG) INVER
WO(l) = X(1¢5) INVER
WO (2) 5 X(2:5) INVER
WU(3) = X(345) INVER
OMEGAL = X (445) INVER
OMEGA3 = 0, INVER
OMEGA4G = 0, INVER
CONT INVE INVES
INVER
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LT PR T TR TR R T LAY LT COR TR PVL LR TSP 2. T T RO R P O g g
UPRATE TIME

TIME » TIME o DELTAT
CALL XxDoT

LT P T T T LT P Y P R P P PR Y L S PR PP T 0 A SN Y
)

@
*.
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. OUTPL
THIS 1S THE ENTRY POINT TO THE OUTPUT BLOCK. oUTPL
) , oUTEL

IF (IRNTCK +NEo IPRINT) 60 710 215 } ouTRL
SKIP To A Ne¥W PAGE AND PRINT a LINE OF ASTERICKSs oOUTHL
WRITE(6,6502) OUTPL,
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209

WRITE(696504)

TIME

IF (IDOCK LEQ. 0) 80 TO 208
IF ((TIME«LT.DTMIN} «OR, {TIME,GT,OTMAX)y GO To 208

WRITE (6,6580)
1D0CK = 0
GONT.INUE
WR1IVE (696550)
WRITE(606510)

" WREITE (6,6514)

207

20

WRITE (696512)
DO 207 MPLly3
WRITE(6,6538)
CONTInUE
WRITE (6,6536)
J & 0

WRITE (696008)

J =m0 .

WRITE (6,6526)

WRYTE (6,655¢4)
M

H{1) oM (2) sH(3)

HDOT (L) ¢ HDQOT (2) 9 HDOT{H)
HI(1)sHI{2)oHI(3)

MoTIBO (Mo 1) aMoTIBO(Me@) oMsTIBO(Me3)

THETOe TOTMAS

WRITE (6,6552) J

WO(1)eWOQ(2) WO (3)
JsRO(1) 4 JeRO(2) ¢ JsRO(I)

v 1
WRITE (6,65%2) ¢

WRITE (6,6506)
WRITE(6,6526)
WRITE(6,6528)
WRITE (6,6042)
WRITE (6,6554)
IF (IB2F +EQ,

J =2

WR1TE (6,46552)
WRITE (64 6556)
WRITE (6, 6522)
WRITE (6,9524)
WRITE (6,6526)
WRITE (69 6528)
CONTINUE
WRITE (6+6554)

JoW1(1) o JoWl(2) e oWl ()
JeR1{1) o JoR1(2)9JeRL(3I)

JeRIDOT (1) s JeR1DOT(2) 9 J,RIDOT(I)
THETAL, OMEGA}

0) 60 To 209

J

508007

JrELZ(1) o JeEL2(2) s JeEL2(3)

JeEL2DO0T (1) 9 J4EL2DOT (2) o JoEL2DOT(D)
JeR2 (1) odeR2 (210 JeR2(3)

JeR2DOT (1) ¢ JeR2DOT(2) + J,R2DOT (3)

IF {IPNDLM oEQe 0) 60 TO 21}

Y-
WRETE (6, 6552)
WRIVE (696506)
WRITE(606516)
WRETE (6,6522)
WRITE {6,6524)
WRITE(6:6520)
WRITE (16,6528)
WRITE(6,6558)
WRYITE (6:8560)
WRITE (6,05564)
J. & 6

WRITE (6,6582)
WRITE (8,6506)
WRITE (6:6516)
WRITE(6:6522)
WRiTE (6,6528)
WRITE (6:6528)

© WRITE (6,6558)

211

HRITE(G,0560)
CONTENVE

J ,
JoHB{1) oJo¥W3(2) 0 deH3(3)

"JgHIPRIM(1) 9 JoMIPRIM(2) 4 JoHIPRIM(3)

JIEL3{1) o JOEL3(2) s JEL3(3)

JIEL3DOT (1) 9 JoELIDOT (2) y JoEL3DOT (3}
JoR3{1) 9o JoR3(2) 9 JeRI(3)

JeR3IDOT (1) 9 JeRIDOT (2) +J,R3DOT (3)
JeTHETA3+JsOMEGAR

J9G3sJdec300T

J

JoHATL) o JoWa (2) 2 JsWé(3)
JoHOPRIM(L) s JoHGPRIM(2) o JoHEPRIM(3)
JIELG(LY o JeELA(R) 9 JoELG (3)

JOELEDOT (1) 9 JoELADOT (2) , JoELEDOT(3)
JAR& (1) v JeR&(2) 9JoRG(3)

JoR6DOT (1) 0 JoREDOT (2) 9 J4R4DOT (3)
JoTHETA%y Je UMEGAS

JeBeadogaloT

IF (IPROPF ,EQ, 0) 60 TO 212

WRITE (06,6588,

TAR

=15

ouTeL
OUTPL
ouTPL
oUY%t
oUTHL
oureL
ouUTpl
OUTPL
OUTPU
oUTeU
ouTRy
oUTPY
oUTpu
ouTPU
oUTRU
QuUTPU
ouTPUy
ouTeu
outeu
ouUTRY
oyTRY
ouTPU
ouUTRU
ouTpL
ouTPU
ouTPL
alTeL
OUTPL
OUuTPL
oUTeL
oUTHL:
oUTPL
ouTeL
oUTPY
ouUTRL
OUTPEL
oUTPL
OUTAL
oUTPL
oUTEL
OUTRU
oUTPL
ouTPL
oyTeu
OUTPL
QUTPL
ouTPL
ouUTeL
oUTPL
ouTel
OUTPL
QUTPL
ouTpL
OUTPL
oUTPL
oUTpp
oUTPL
OUTPL
ouTRPL
oUTpL
OUTRL
QUTPL


mailto:IF((TIME@LT.DTMIN)*OR,(TIMEoGTDTmAX

QOO0

D000 00D

212

213
al4

éls

WRITE (646890) TBP . OUTRL

CONTINUVE ) . oUTPL
IF (NUMCMG ,EG, 0) GO YO 214 oUTeL
DU 213 Js]l,NUMCMG oUTPL
WHITE(&:&U&S) JrTHATA(J} oo THATAD (U} OUTPL
IF (IDOF{J) oNEe 2} GO TO 213 oUTPL
WRITE(6,6032) JeFEE(J) o JeFEED(J) oUTRL
CONTINVE. - OUTP!L.
CUNTINUE ouTPL
IPNTCK = 0 oUTel
IPNTCK = IPNTCK ¢ | OUTPY,

oYTPL
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218

220

5000

‘5002

5004

5006

5908
6000
6002
®
6004
6006
#
6008
°
6010
6012
®
6016
6016
6018
60e0
6022

6024
"

LF tlDOCK oNEs 1) GO TO 220

TF ((TIME.LToDCHMIN) ¢ OR, { TIME 6T .DCHMAX)) 6O TO 220
DO 218 MZ1,3 -

DU 218 Nmle3

BODYOI (MyNy = BODYDI (MoN)

CONTINUE

BOMASS = BpDMASS

001{1) = Dpoi(l)

D0Lt2) = DBOLY(2)

DVU1{3) = DDOL1(3)

TOTHAS = BOMASS ¢ BIMASS ¢ azmass . BaMAss + BOMASS

GO TO 190
IF (TINME +6T.. TsToP) 80 T0 10
60 To 90
**9&&%###9#QGﬁ###ﬁ“#ﬁa&#é##QQ##Q#ﬁ#ﬂ##%###ﬁb#é##ﬁ##ﬁﬂﬁ%ﬁﬁﬁﬁ#ﬁﬁﬁﬁﬁgQQQQq
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‘ . ) 170
THIS SECTION CONTAINS ALL OF THE INPUT AND OUTPUT FORMATS, 1/0
- . 170
‘FORMAT (1%032) 170
FORMAT (1%43(F1305,2%)) : ‘ 170
FORMAT (1XeE1104) . . 1/0
FORMAT(1XsF11eD) 170
Fuﬂma?clxoszleaozxoszzgai $/0
FORMAT (1H101X»16H THERE ARE (IS} +12922H DATA DECK(S) PRESENT.) i/0
FORMAT (1H1 51X 14HTSTART = 9E13e6,23X914HTSTOP = 7513¢69!/0
23X 16HDELTAT 3 gE136) /0
FORMAT (1X 9 16HALTITUDE £ ¢€13.6) ! 170

FURMAT (1XeOHTIBOIC(oI s THol) = oF11e5,25X6NTIBOI(, 11-?H92) x4 I/0
F11,525%,6HTIBOY{0lleTHs3) = sfrll,8) {

/0
FORMATc1Xs14Hwo<1: 8 9£13,6923X,14HW0(2) = oEl3o5!23Xv§/d

14HWO (3) a gB13.6) 170,
FORMAT (1%91MBs11v]2HMASS @ 9513.6) 1/0
FORMAT(1Xs 7THBODYOT (91106Hel) o 2E1306,23X9THBODYOI(s11e6He2) = o 1/0
El3|6923x97HBODYOI(911:6H03) £ 9E1306) 1/0
FORMAT (1X 9 14HNUMCME 1 12) : 1/0
FORMAT (1%0)1)1HCMG NUMBER eIle?lH Is A REACTION WHEEL,) 1/0
FORMAT (1%511HCMG NYMBER 411,260 HAS OnE DEGREE OF FREEDOM) L 1/0
FURMAT (1%213HCMG NUMBER 211927H HAS TwO DEGREES OF FREEDOM) /0

FORMAY (1A¢35HTHE ANGULAR MOMENTUM OF CMG NUMBER 213,34 = ,E13,6) “1/0
FORMAT (1A s 6HAOCI (X3 olHoollsBHol) B 9rF11e5s25X¢5HA0CS(9IlslHooIls 1/0
EHe2) = sF1)e5925K95HA0CI (o TlvdlHesl1y6HI3) = 5F11,85) 70
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6026 FORMAT(1XeoHATT(rT2viHI9IloTHel) = 1E1306823X04RATTI s T1v1Hes Yy 1/0

* TrHe@) = ¢E13,6923X04HATI(97 e1He211,7H3) = 4EL3,6) 1/0
6028 FORMAT(1Xs6HTHATA(s11,TH) = 9E13¢6,23XyTHTHATAD (4 I146H) 3 4 1/0
* £13.46) 179
6039 FQRMAT(IX’éHAIOI'I%’IH'911'7H91) Z opl3,6923X946HAT0(21101HI* L 1/0
® Tie2) ® g13,6423%94HATOCs T 0lHee11,THy3) = 4E13,6) 1/9
6032 FORMAT (1X9SHFEE (¢ 1199H) 3 9E1346423XsSHFEED(91198H) =4y 1/0
% £1306) . 1/0
6040 FORMATY (1A THBODYLI(o1196Hol) 3 +E1396+23X+sTHBODY1I(eTI106Hs2) = » 1/0
® E13,9923%pTHBODY11(eT196Hs3) = 9E13,6) 1/0
6042 FORMAT (1Xo14HTHETAL £ ,E1346923X, 14HOMEGA] ® 4E13.6) 1/0
6044 FORMAT (1Xo16HDOY (1) = 9€1346923X914HD01(2) £ sE13.69 170
» 23X914HDO1(3) = 9E13.9) : 1/0
6048 FORMAT (1X014HD13(1) a gE13.6923%,14HD13(2) 2 4E13,.6¢ 170
.. 23X914KHD13(3) 2 9E13.6) 1790
6050 FORMAT (1X914MD14(1) 3 9E13,6423X,14MD14(2) = »£13,6, 170
. 23X4146HD14 (D) E 4E1306) N 1/0
6052 FORMAT (1X91MSsT1s12H{1) 2 9E1306023Xs1HSeI1912M(2) = 4170
#E1346523X51HS911912H(3) g ¢E13,6) 1/0
6058 FORMAT (1X014KPEND3L 2 4E13e6) 170
6U80 FORMAT(1X016HTHETA3 3 4F13.8) 1/0
6052 FURMAT (1X9)4HOMEBAS = 9E13,8) 1/0
6064 FORMAT (1X¢34HPENDGL = gE1326) 170
6066 FURMAT (1Xe14HTHETAS 3 9E13e6423X, 146ROMEGAS = E13,6) 1/0
‘6008 FOURMAT (1Xs14HIDOCK 3 412} 1/0
6070 FORMAT (1% 14HDTIME 2 4E13,6) 170
6072 FURMAT (1X014HIPROPF = o12) ) _ £/0
6074 FORMAY (1X94HA0J(912981) = sE13:6923Xe THCGAINO (4 T245H) = 170
% E1346) . 1/0
6076 FORMAT{1Xs6HALJS(9T1s9H) 3 sE1306423XeTHCGAINL(sI)s6H) = 4 1/0
] h&?.é) , N 170
6078 FORMAT (1Xy34HIGRAVF = 412} 170
6080 FORMAT (1Xv)4HSP = 9E13.46) 170
6082 FURMAT (1H191XsOHIPNDLM & 4124/) 1/0
6500¢FORMAT(1H1.1xc46H THE FOLLOWING INPUT CORRESPONDS To DaTA DECK ,I21/0

) . . ) . . R 14"
6503 FORMAT(1HL o1 X0 12THAG KGR ESBDRINIRANRBLRIRGRDERERTICRBRRGHERNIBBBI08Y /1)

BARIRBRBRIBGADELDDRBBUBRBDDUSRIRBDREI DB BDIIRERLABRBEQGIRTEORBARNBHBLT /0
RERERROORBIBBE /)

170

6504 FURMAT(1X9)4HTIME 2z ¢F11547) _ 149
6506 FORMAT(1Xo1MWo3i018H(1) % gE1306923Xs 1HWeT1012MH(2) a 4 1/0
PE1306923X0 ) MWeIL012H(3) a sEld,.6) 170
6510 FORMAT(1X#14HH(1) 2 yE13,6923X, 14HH(2) = 4E13.6, 1/0
* 23X 9 14HH () 2 4E13e6) 170
6212 FORMAT(1X0)4KHIL]) F 9E1346923Xy14HMI (2} = 3£13,6¢ 1/0
» 23%014KHI (3} = 4E13,.9) . 1/0
6514 FORMAT (1X9)16HHDOT (1) 3 gE13+6:23X,14HHDOT(2) = 9E13460 1/0
® 23X 9 14HHDOT (3? = jE13.6) 170
6516 FORMAT(1X9)HHsI1912HPRIM(L) = 4E13,6923Xs1HHsI1012HPRIM(2) = 41/0
HE1346923R0 1K1Y s 1 2HPRIM(3) 2 ¢E1300) } . 1/0
6522 FORMAT(1Xe2HEL o T1911H()) % 9E1346923X92HELs11411H(2) z 2170
#EL3e6523X92HELI1s1H(3) = 9E13.6) . 1/0
6924 FORMAT (1Xo2MEL,I1921HDOT(L) = yE13¢6923X92HEL911,11HDOT(2) = ,1/0
®E13¢6023%92HELeI1o11HDOT(3) ® ¢E13,.6) _ . 10
6926 FORMAT (1X91HRoJ1912H{1) o 9E1346923Xs1HRI IR0 12H1(2) 2 9170
. MEL360923%91HR,I1932H () s 9E13e6) 170
6528 FORMAT(1X0)HRs11912HDOT(]) 8 1E13,6923Xe1HReI1912HDOT{(2) oz +1/0
#C1306923091HR9 11932HDOT(3) B yE13,6) 1/0
6535 FONMAY (1X414HD12(1) ® E13¢6923X%X,14HD12(2) = ¢E13469 1/0
o 23Xs16MD1L2(3) & 4£13.0) 170
6336 FORMAT(1Xe14HTHETO B gF11le5925X,14HTOTHAS - z 4E13.65/) 1/0

6538 FORMAT(1X:SHTIBO(y11s8H21) % 1F1105425X4SHTIBO{sTI198H¢2) 2= 4 170

- -


http:FORMAT(1X94HAOJ(912.BH

*FlloSc?leSHTIBO(|11ﬁ8Hl3l # ¢FlleB) 1/0
6569 FORMAT (1X1 14HIPRINT 12) 1/0
s sa FORMAT (LX) 14NIB2F 2 412) 1/0
6348 FURMAT ( |Xy 14HS 2 ,£13,8423x, 1415007 a 813,60 1/0
6550 FORMAT (1 Ry 1QHGENERAL INFORMATIONs/) ‘ 1/0
6592 FURMAT (1 X»SHBODY s11012M INFORMATIONy /) 1/0
6554 FORMA¥¢/) : 170
6556 FORMAT (1Xy{4HS % 9£13+G923%,316HSp0T = 95130&) 170
6558 FURMATtLK-EHTHETA.IlnsH ¢ 9E1Ie6,23K9SHOMEGAT T 140 v 1/0
1/0
6560 nggﬂTgt*olHﬁollolaH ® E13eg923%91HB9I 128007 x ,1;0‘
@ 1/0
6562 FORMAT(1X1)4HIATTIF = 911) . 1/0
6564 FORMATtLKalancAiI) = gE13+6923X,14HCA(2) & 9E1346, 1/0
24X9 L4HCA () 3 9£13,6) 1/0
6b66 FORMAT (1Xv 14KAAQL T gE13,6923X,14HAGATNY e 4E13.) 1/0
6358 FORMAT (1X0)14KAAOZ ® oZ13:6923%,16HAGAIND s ¢E1306) 1/0
a$7o FORMAT () X LAKNGA IN s 412) 1/0
6972 FURMAT(1XoSHGAIN(911s8N) s 9E1346) 170
6574 FORMATtlxozsnaDMAsS Z 4E1306) 170
6976 FURMAT¢3XQ7HBODYDI(cIleGHol) s ¢E1396923Xv7HBODYDI(oIloéHeZ) 3 s 140
*533 992X THBODYDY (02106He3) = E13.6) 1/0
6578 FORMAT<1391¢HDTIt1> £ gE1306023X, 16HDTL (2) 3 yE13060 1/0
23Xe14K0TI(3) E13,6) /0
6530 FORMAT { 1X+204DOCKING HAS OC&URRED) 1/0
6982 FORMAT (1%, 14HCPL 2 JE183:6) 170
6354 FUORMAT (1Xe 1 4HCR2 3 3E£13.67 170
6586 FURMAT (1Xe14KDDO1 (D) 5 gE13,6923%,14HDDOL(2) 2 E13.6, 1/0
# 23%514K0DD02(3) 9 E1306) 170
6588 FO;?&Y(1&95¢HTHE TOTAL PROPULSION IMPULSE ON THE TRANSVERSE AXIS =1/0
® 0 1/0
6590 FORMaTtlﬂoaaHTwa-ToTaL PROPULSION IMPULSE ON THE SPIN: AXIS ® 5 140
® E13,6) 170
ﬂﬂ%ﬂ##%%ﬁ#ﬁﬁ%ﬂ&%#ﬂ#%ﬂ%ﬁ%#%ﬁca--e:}#Qe&-}ﬁaﬂ-ﬁﬂ@@*ﬁ-ﬁ-ea-'!&c-#%ahﬁﬁkﬁﬁﬁﬁﬂ-ﬁ&#é@ﬁﬁ#égégﬁq
.ﬁu
o
[+ B .
END
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D T L T T T PPN ST - PR PR T TP -0 02 -2 2 L L L L L 2 2P

QOMMON

&2 &

COMMON

L3R I

Common

& k500

COMMON-

F Y LR LN,

‘COMMON

st O

"COMMON

*ECTEO O

QCOMMON
ComMMON

LR 3

COMMON

XN

CoMMON
®
COMMON
COMMON
COMMON-

A(3)
AFQUR(R)
A10(69303)
AOC J1©533)
ATCPT2(3¢3)
A1 (303)
BDMASS
BODYDRI (393
BOMASS
BTWQL{4)
B3MASS
CA(3)
CBAINL{Z) .
COSFEJ
COSTT)
co2Y

csT

DB (3)
DELTAT
DTI(3)

DYIME

013007 (3)
D132C8
034007 (3)
014288
EZE (303}
EL200T(3)
E,22¢5
EL3DOT(3)
EL3ZCS
ELEDOT(3)
EL4ZCS
FAT(8)
FEE (S)
FEJ(3)
FLAG3
E0(3)
F03(3)
FPT (5]
£12(3)
GAIN{LO)
G3D0T
H(3)

Wt (3}

H1 (3)
H3PRIM(3)
1B2F
{CFC:
§DOF ()
JGRAYF ..
IPRINT
NCASE
NGAIN
OMEGAL
PEND3L
Qts00)

0ﬂ@:‘ﬂﬂﬂooﬂﬂ.ﬂﬂ@ﬁﬁﬂ@ﬂ'ﬂ.ﬂﬁ@‘ﬂﬂﬂﬂ‘ﬂ‘c.@'ﬁ‘oﬁﬂﬁo‘ﬂ‘oﬂﬂﬂ‘ﬂ@
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AE(S)
AI11{603+3)
AJL(2)

A0J (D)
ATHREE (5)
alu(2y
8FOUR (2)
BODYOY (343)
BONE (7
BlMASS
B4MASS
c8(3)

cosTTy
cosTT3
cP1

Ccl
DDO1{3)
D01 ¢3)

D}2(3)
D13YCS
D13ZSN
D146YGs
D14Z9N
EEJ(3e3)
EL.2YCs
EL2ZSN
£L3YCS
EL3ZSN
ELAYCS
FLGZSN

FEED(6)
FLAG]
FLAGS
FO1(3)
FL(3)

F13(3)
63
G4

. HCMG (3

KO (3}
HIPDOT (3)
HOPRIM (3)
1CFA
1CFD

"1PNOLY

1PROPF
NCHECK
NUMCHMG
OMEGA3

PENDSY,

o W W e

- @ D - - w e O @

<

w» B BV W O W e O D e D O - e O P

0 W e T 9

R

AED (5)

ALT
AONELT)
ATHO(S)

BMOM
BODYEI(393)
BTHREE (5)
B2MASS

CGAINO(3)

COSYT0
COSTT4
CcPR2

poipoT (3)

0i3¢(3)
D13YSN
D14 (3)
D14YSN

gL2(3)
EL2YSN
ELB(3)
ELBYSN
ELS (3)
ELAYSHN
EM{6oO)

FFF (3)
FLAGZ
BN

FO2(3)
F11(3)

646007
HDOT(3)
M6
HIPRIM(3)

1(FE
100CK

{PNTCK
NDECK

OHMEGA%

L

o 8 9 9 o -

-

L~ -]

Commc
comMMc
COMMC
comMC
covmMe
coMMC
coMMC
comMc
COoMMC
COMMC
COMMC
COMMC
coMMC
commc
COMMC

9 COMMC

3 Qo BV . o W w0

W B 9 v D

COMMC
commc
cOMMC
comMc
ComMc
coMMC
coMme
ComMMc
€OMMC
cCOMMC
COMMC
COMMC
COMMC
COMMC
Commc
COMMC
COMMC
coMMc
COMMC
cOMMC
coMM(
COMMC
COMM(
COMMI
€ OMM(
COMML
COMM(
COMM(
comMM(
COMML
COMMI
commt
COmMMI
COMM(
Comni
Comme
CoMM(
ComM(
COMM
EOMMI(



OQODOOOO0

10

COMMON

EEE £ ¢ &€

COMMON-

LS E N B J

'COMMON

TR0 B BB CESES

COMMON
COMMON

L]

COMMON

*

R

R1DOT(3)
RIZCS
R200T (3)
R2ZCS
R3DOT(3)
R3IZCS
R4DOT (3)
gazcs
SINTTV
SINTT2

SP

SUM3

$4(3)
T(3¢3)
TEMRP2(3)
TEMP3 (3}
TEMPE(3,43)
TEMPP (343)
TEMP12(343)
TEMP15(3¢3)
YFRICT
THETAL
THETO
TIME
TJ2(10)
TMoToOR
TOEF(3)
1Q06¢3)
YQ1P¢3)
TT100T
T1EF (3)
V{(3)

wo(3)
W3(3)
X(697)

AMU

- W W W W W W W W W e e

W W W W W ® W W W W W e W S w W

- % -

RO(3)
R1YCS
RIZSN

R2YCS

R2ZSN
R3YCS
RIZSN
R4YCS
R4ZSN
I
SINTTO
SINTT3
sUM]
32(3)

TC(33)

TEMP4.(1q)
TEMRT (343)
TEMP1IO(3¢3)
TEMP13(3+3)
TERML (3)
THATA (6)
THETA3
TIBO(3,3)
T

TJ3(10y

TOTMAS
TQOP (3)
TSTART
TT3007
T13

WS
wé (3)
XC

- W W = T B B S

- W O e W W e WS -

» % - B 9

-

R1{M
R1YSN
R243J)
R2YSN
R3(3)
RIYSN
R&(3)
RLYSN

SINFEJ
SINTTL
SINTTS
SUMZ
$3(3)

TEMP1(3)

TEMRS (34 3)
TEMPB (2,3)
TEMP11(343)
TEMP14(393)
TERM2(3)
THATAD (6)
THETA%
T1801(3+3}
TJ1(10)
TJ4(10)

Y01
T216¢(3)
1STOP
TT4DOT
T4 .

W1l(3)
XcooT

w D e O W e e W S

- % e 9 P W S

ww e e w 9

commMe
COMMC
COMM(
COMM(
COMMC
COMMC
COMMC
COMMC
COMMC
COMM(
Commc
COMMC
COMM(
Commc
COMMC

r COMM(

CoMM(
COMM(
COMM(¢
Comm(
COMM(
COMM(
CoMmM(
COMM(
COMM(
COMM(
COMM(
COMM(
COMM(
COoOMM(
COMMC
COoOMML
comm(
COMM(
ComMMmt
Commt
COMM(
COMM(
COMM
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*
.
*

PEABHRERDRUEBBIDARHDRIGRIBOFRHRD OB ERRGOSEGRIORBTREENRRROSBIOHVOROBDESBE

ICFD = 0

IF (EGFA «EQ, 1) 60-T0 1}
IF (ABS(HOLR)) o6Tes 0,0002) GO TO 60
IF LABS(W0(3J}) +GTe 90,0002} @o TO 69

DO 10 Muzled

CB(M) = TIBO(1oMIRCA(L) ¢ TIBO(29M)HCA(2) + TIBO(3,M)*CA(3)

CONTINUE

IF (CB(1) oLTs 009994) 60 TO 11

ICFA = ¢

-1CFB = @

$OFC-w 0
GO0 TO &9
CONTINVE
ICFA = ]

IF (ICFB .EQ, 1) G0 To 30

Tp = TIME
ZTch = 04

]

AT
ATT
ATT
AYY
AYT
ATT
aYT
ATT
ATT
aTTY
ATT
ATT
ATY
ATT.
ATT
ATT
AlT
AtT



QOO0

13

30

%0

71

50

80

60

L o)
o

DO-13 M®»leld
DU 13 Nmls3
TC(MyN) 2 TIBO(MSN)

CONTINUE

CN » CB(J)ne2 ¢ CR(2)au2
CN ® SORT(CN)

CA2 ® Cu(2)/CN

CA3 » CB{3)/CN

Al ® §,5%AC008¢CB(1))

AK 2 BODY11(1o1)POMEGAL®SIN(AL) /(5.7 4 DELTAT)

ICFB g 1}
CONTINVE
THMACHK =
If {TIME
ICFD & 1|
w0 TO &u
CONT INVE

TMA ¢ 840
oGTo TMACHK) GO TO 40

IF (ICFC «EGe 1) GO TO S0 ) : : <
ZTC 1@ =aCA3S(TC(192)8TIB0(1s1)+TC(2+2)4#TIBO(291)+TC(3+2)0TIBO(31))ATYT

SCAZH(TC(193)*TIBO(11) ¢+ TC(293)#TIBO(221) ¢TC(393)#TIBO(391))ATT
IF (ZT7C o867, ZTCL) GO TO 71
ZTCL s 2%C

GO T0 60
COnT Il

™3 @: TIME

TMG © TMB « TMA = 0,0
TME = TMB & TMC

TMB = TMC ¢ 5.0

ICFC o}
G0 To 60

"CONTINVE -
IF {TIME

IF (TIME
ICFD = 1
60 TO &0
CONTINUE
JCFA = 0
ICFB = ¢
ICFC = 0
CONTINUE
IF (ICFD

eGTo TMB) GO TO 80
oLTe TMEY GO TO 69

«£Qe 0) GQ-To 90

TAOP (2) 3 AKeCA2
IQOP(Q) 8 AK®CA3

FAT(1) o 2,6ABS(TQOP(2)/74804(2))
FAT(2) = 2,24ABS(TQOP(3)/A0J4(3))

CONT INVE
CONT INUE
RETURN

ATY
ATT
ATY
ATY
ATT
ATY
ATY
ATY
ATT
ATY
AT’
ATY
aT?
ATY
ATT
ATT
ATY
ATT

AYY
AYT
AYY
ATTY
ATT
AYT
ATT
ATT
AIT
AYT
ATTY
ATT
AYT
AvTY
ATT.
ATY
ATT
ATT
ATY
ATY
ATY
ATY
ATT
ATT
ATt
ATT
ATT
ATT
ATY

L2 LR P E P e L PP R E T TV PP P EET TS T PPy e C C R S eu-gy-

*
@
&

END
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iUBROUTINE CMG

&
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BOBRRER BB HRNBEODEONBBBRRIBDOSDORLIIBALBLLLHEBBOTISOBETLHBROENIEDOBIROSE

COMMON

208 8

COMMON

L3 -3

"COMMON

LB -

COMMON

9V BH O

»

COMMON

L N X

COoMMON

LR R N

COMMON
®

COMMON

EC B

OMMON

LR

_COMMON
ﬂ'

ComumMon
COMMON
COMMON

A(3)
AFOUR(2)
A10(603e3)
AOCJU(69303)
ATCPT2(393)
Al{3+2)
BOMASS
BODYDL(3¢3)
BOMASS
BTHO (4)
B83IMASS
CA(3)
CGAINL ()
COSFEJ
COSTT)
co2¥

csT

DB (3}
DELTAT
DTI(3)
DTIME
01300T(3)
D13ZCS
D140QT (3)
D162CS
EEE(2v3)
EL200T (3)
EL2ZCS
£L300T(3)
EL32CS
eL6noT (3)
FL4ZCS

FAT (8)

FEE (&)
FFJL3)

. FLAG3

FO(3)
FO3{3}
FPT(5)
Fiz2(3)
GAIN(10)
G3D0Y
H(3)
KI(3)

W1 (3)
HIPRIM(3)
1B2F-
ICFC:
IDOF L&)
1GRAVE
IPRINT

NCASE

NGAIN
OMEGA]L

- PEND3L

Qlaes)

W OO W W W T B W VY DO DD WD W W W DG Y @D Wee 0 0 30 09w @ awd oG 0 g a0 0D YWD 99 0w
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AE(9)
AL1(903,3)
AJL(3)
ADJ(H)
ATHREE (5)
ALJ(2)
BFOUR(2)
BODYOL (3¢3)
BONE (7}
B1MASS
B4MASS
cB(3)

CosTTy
CosTT3
CP1

c1 _
DO (3)
001 (3)

Di12(3)
D13YCS
DIBZSEN
D14YCs
DAGZSN
EEJ(3¢3)
EL2YCS
EL2ZSN
EL3YCS
EL.3ZSN
EL&YCS -
EL4ZSN

FEED(6)
FLAGY
FLAGS
FO1L(H)
FL(3}

F13(D

G3

6%

HCMG (3)
HO(3)
HiPDOT ¢3)
HePRIM(3)

1CF A

ICFD

-1PNDLM

IPROPF
NCHECK
NUMCHMG
OMEGA3
PEND%L

L2 - - 9 @ O 9 o

L -

@ o

D W D a0 W S D D T v W - BRI - )

Lo - -

>

AED(S)

ALT
AONE(T)
ATHO(%)

BMOM
BOOY11(3+3)
8 YHREE (5)
B2MASS

CBAINO(3)

COSTTO
COSTT4
CPR

poipoT(3) .

D13.43)
D13YSN
D15(3)
D14YSN

ELE(3)
ELEYSHh
EL3(3)}
ELOYSH
EL&(3)
FLA6YSN
EM{6:6)

FEF(3)
FLAG2
FN
FO2(3)
F11(3)

64D0T
HDOT (3)
HE'(8)
H1PRIM(3)

1CFB

. 1DOCK

1PNTeK
NDECK
OMEGASL

- v

o e e

<

L - - B - B -

® @ 3 0 O W

L - - B R

comme
commc
COMMC
COMMC
COMMC
cOoMMC
COMMC
COMMC
COMMC
COMMC
comMc
COMMC
COMMC
COoMMC
COMMC
COMMC
COMMC
CoMMC
COMMC

COMMC

COMMC
COMMC
COMMC
Commt
COMMC
COMMC
comMMc
COMMC
COoMMC
COMMC
COMMC
coMMC
COMMC
COMMC
comMMC
commc
COMMC
coMMC
COMMC
COMMC
comme.
CcOMMC
COMMC
COMMC
coMMc
COMMC
coMMC
COMME
COMMC
cOMMC
COMMC’
COMMC
Compc:
Commc
COMMC
COMMC.
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COMMON R
R1DOT(3)

. R1ZCS
RzpoT (3)
RAZCS
RIDOT (N
R32C§
RapoT ()
R4ZCY

COMMON s

SINTTJ

SINTTZ

SP

SUM3

$4(3)

T(3+¢3)

TEMP2 (3)

TEMPAL(3)

TEMPS(303)

TEMPS {3¢3)

TEMP12(3:3)

TEMPLIB{3+3)

TFRICT

THETA)

THETO

TIME

TJ2(10}

TMOTOR

TOEF (3}

YQ0g(3)

101P(3)

TT1Q07

T1EF(3)

V(3)

WO (3)

D WP O W W e W 0 e w0 P ww

‘COMMON

redf

W W A W D WV WD DM D WD D WS D

"COMMON
COMMON

-

\d W3 (3) $

COMMON X(6:7) ’

® MU

RO(3)
RIYCS
R1ZSN
RaYcs
REZSN
R3YCS
R3ZSN
R4Y(CS
RGZSN
sDoT
SINTTO
SINTT3
sUM}
$2(3)

TC(3°3)

TEMPS (3)
TEMPT {393)
TEMPLO(3:¢3)
TEMPL3(343)
TERMY (3}
THATA (g}
THETA3
TIB0{(3,3)
TJ

TJ3(L0)

TOTMAS
TQOP {3)
TSTARY
173007
T13

WS
Hé (3)
XC

| W W W W e YO W e L] o @ ® o W - W e W% * e o ©

O W D v O

-

rR1¢3)
R1YSN
R2{3)
RPYSN
R3(3)
R3YSN
R&43)
R&Y SN

SINFEJ
SINTTI
SINTTV4
sUM2
$3(3)

TEMP1 (3)

TEMPS(343)
TEMPR(23)
TEMPE1(3:3)
TEMP1I4(303)
TERMZ (3}
THATAD (6)
THETAS
TIBO§(303)
Tdl(10)
TJO(10)

704
T816¢3)
TSTOP
TT400T
Tis

§1(3)
xchov

a v e e ® @ O

o O 9 G

~

< D G e WD e e D

oD 0w

CGMMC
COMB(
Comsic
CONMMC
COMMC
Conme
Compc
COMMC
comMc
comuc
Commc
€ Oommc
COMMC
COmMC
coMMC
COMMC
CoMMC
COMMC
COMMC
comme
¢ OoMMC
COMMC

- COMMC

COMMC
COoMMC
eoMMC
COMMC
CoMMC
Comme
cOrHc
CoMNC
COMMC
€0MMC
COMIC
comic
£oMMC
COMMC
COMMC
COMMC
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BHBOBIHERODROHSIODHLBDNRARLIDARVOOOBTRHOBLEL HBDHORDROBOLHBHOORIBEOVNEL0E

FFF(I, = O,

FEFA2) & 0

FFFA{3) = Q.

DO 5 Mm)oe3

DO & N8le3

EEE(MeN) ® Q.

CONT INVE

om0

W LN I |

1F:0d. 08T NUMCM@) RETURN
IFLIDOF (J) o,NE, 0) GO TO 20
FRJ(1) = ApCJU(Jele3) oW ()
FRJ(2) = A0CJILJe2o3) #H¥ (J)
FRJULD) = AQCU(Jo3s3) W)
DO 15 Mzle3

DO 15 N=193

EEStMN) = 0,
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CMG
CHG
CHMB
CHG
CHG
olalc
CMB
Cuc
MG
c1e
cHMG
cMG
CHMBG
CMG
MG
cHG
CHG
CMG



15 CONTINUE ¢Me

GO TO 65 CHG
€0 IP(IDOF(J) oNE 1; G0 TO 35 CMG
SINTTY » SIN(THATALJ)) cMB
gOSTTJ s COS(THMATA(J)) CMG
INFEJ o SIN(FEE(J)) cMB
chFEg = COS(FEE(J)AI Jo1e2 ATAD (1) gue
TEMP12(1) = COSITJ*AII(Jr192)*THATAD( CMG
+SINTTUSATT (J9392) #THATAD()) ¢ WV (J)SSINTTY cMG

TEM912(2) s SINPEJOSINTTI®ATII(Je]92) #THATAD (W) cMe
oCosPEJ*AII¢Jv2023*THATA0tJa CMG

‘ »SINFEJHCOSTTUSATL (J93¢2) 8 THATAD () eMG
TtMPlztsl awSINTTU¥COSFEJPATT (Jede2) #THATAD (J) cMG
*SINFEJ*ALT (J9292) RTHATAD( )) cMe

* vCOSFEJ#COSTTURATTI (Je392) #THATAD(U) ¢ HW(J) #cOSTTY’ CMG
00 22 Me193 CMG
FFJ(M} a AOCU(JeMal) #TEMP12¢1) o AOCJ(JeMe2) @TEMPLZ(2) CMG
*A0CJ(JsMy3) #TEMP12(3) CMG

aa CONTINUE:! cMG
TEMP13(101) = COSTTJ*AOCJtJolcla + SINFEJHSINTTIYAOCU(Js142) CMG
* «SINTTURCOSFEJoAOCI(Jsle3) EMG
TEMP13¢1-23 a COSTTU®AOCS(Je201) ¢ SINFEJS#SINTTI¥AOCI(Ur2+2) CMG
-s:NTTJ*COSFEu*AoCJ(JoZ;gJ CMG

TEMP13(1’3; w COSTTU#AOCI(J93s1) » SINFEJESINTTI#A0CI(U9342) CMG
=SINTTJ®COSFEJNAOCI (U934 3) CMG

TEMPIS{ZGI) m COSFEJ¥AOCJ(Js192) + SINFEJ“AOCJ{J!1o3) CMG
TEMP13(:292) = COSFEJ#AOCJ(Jy292) + SINFEJSAOCJ(Js2y3) cMe
TEMP13(293) = COSFEJ®AOCU(J9392) + SINFEJSAOCI(J?3,3) CMG
TEMP13(391) = SINTTU%A0CI(J919l) = SINFEJRCOSTTJ®AOCIAJs102) CHG
* +COSFEJ*COSTTUSA0CI(Jy Lo 3) CMG
TEMP13(392) = SINTTJ2A0CI(Js201) = SINFEJ#COSTTIYAOCI(J1242) CHG
* . +COSPEUPCOSTTIHAOCI(J9293) 'CMG
TEMP13(393) = SINTTJU®A0CJ(J9391) = SINFEJRCOSTTI?A0CI(Jo342) cMG
* +COSFEJYCOSTTI*A0CI(Jo393) CMG
DO 25 M=143 CMG
Q0 25 Nal»3 : _ CMG
TEMFI#(M!N) a ATI(JoMal)RTEMPIIALoN) o AII(JIM92)RTEMP1I3(24N) CMG
¢A1T(JoM3)#TEMPII (39N} CMG

es CONTINUE CMG
TEMP1S(1v1) = COSTTU4TEMPL4(191) + SINTTUSTEMPL4(3,1) MG
TEMP1S(192) = cosTTJ»TEMP14t1-z: ¢ SINTTU*TEMP14(3,2) CMG
TEMP15(1+3) = COSTTUATEMPL4(193) ¢ SINTT sTEMP1I4(3,3) CMG
TbMPlS(as1) = SINFEJWSINTTUSTEMP14(1,1) + COSFEVOTEMP14(2+1) CMG
~SINFEJIRCOSTTITEMP14(3,1) CMG

TEMPIS(ZvZ) m  SINFEJ#SINTT eTEMP14(1,2) o COSFEJ#TEMP14(242) CMG
* 'aSINFEJOCOSTTJRTEMP 14 (3 2) cMG

TEMP13(293) m SINFEJ#SINTTJ4TEMP14(],3) + COSFEJ®TEMP14(203) . (MG
» wSINFEJCOSTT j0TEMP14 (3,3) CMG

L

TEMP1S(3s1) =v-SINTTJaeoser*TEMP14‘1,;> s SINFEJ*TEMP14(2¢1) CMG

» o ¢GOSFEJ*COSTTJ*TEMP14(3.11 . CMG
TEMP13(3¢92) = «SINTTJ2COSFEJGTEMPL4(1,2) ¢ SINFEJOTEMP14(242) CM6

*- , +COSFEJSCOSTTUSTEMP14(342) CMG
TEMP15.(343) = «SINTTU#COSFEJRTEMP14(1,3) ¢ SINFEJHTEMP14(243) CMG

J ¢COSFEJSBCOSTT o TEMP14 (3, 3) CMG
DO 30 M=als3 CMG

D0 30 N=le3 CMG
Eaucn.ma B AOCJ(JoMr 1) STEMPIS(15N) + A0CJ(JsMe2) *TEMPLS (24N) CMG
+A0CJ{JsMo3)OTEMPIS (34N) CMG

30 CONTIqu CMG
60 T0 60 CMG

35 CONT INVE CMG
SINTYTJ = SIN{THATA()) CMG
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GOSTTJ = CoS{THATALJ)) CMG

SINFEJ = SIN(FEE(J)? CMG
COSFEJ = CoS(FEE(J)) CMG
EMPL(1) = AJO(Je1v1)®FEED g CMG

TEMP) (2) o COSFEJ®ALO(Je251)@FEED(J) <« SINFEJSAL0(Js3-1)®FEED(S) CME
TEMPL(3) © SINFEJOALO(Je201)9FEED(J) &+ COSFEJ¥AIVU(Jy3:1)#FEED(J) MG
TEHPE(!JaCOSTTJG(AIE(Jelal!“COSTTJ“FEED!J)+AII¢491.2)*THATAD(J)4 CHG

® ALL(Jodo3)o8INTTURFEED(J) ) eSINTTUY(ATTI(J9341)2COSTTUSFEED (Y # CHG

® ATL(Jo392)THATAD(J) ¢ATI(Je303) #SINTTISFEED(J)) cMG
TEMP2(2) aSINFEJSSINTTUS(ATI (Jel9e1) #COSTTIOFEED (J)* CMG
* ALL(Jo}02)¢THATAD(JI4ATT(Jg o3 ¢SINTTUCFEED(J}) M8
@ COSFEJ2LATT(Je291) PCOSTTURFEED(J) ¢ATT (J9202) #THATAD(J) 8 © CMB
# ALI(Jo293)0SINTTYNFEED(J)) = cMG
» sINFEJéOOSTTJﬁtﬁil(JeSol)*COSTTJ*FEEn(J)eAI!(Ja3’2)“THATAD(J)o cMG
® ATI(Jo302)0SINTTIOFEED(I)) ; MG
TEMPE(S)ﬂﬂSINTTJ“COSFEJ*‘AII(Jsl’l’“COSTTJ'FEED(Jit CMG
% ATI(Je192)0THATAD(J) ¢AlT(Je193) ¥SINTTUSFEED(J) ) * CMG
& SINFEJL(ATI(J9201) FCOSTTUSFEED(J) ¢AIT (J9292) #THATAD(U) & £MG
® ATl(Je293IeSINTTYSFEED(V) )¢ MG
& COSFEULCOSTTIS(ATI(Jo301)9COSTTURFEER (J) +ATT(J9392)8THATAD(DI ¢ MG
® AII(Jo393)SINTTY*FEED(JY) _ CMG
TEMP3 (1) © HU(J)#SINTTY . CMG
TEMP3(2) = -=ul (J)2COSTTIOSINFEY £MG
TEMP3(3) = WW(J)DCOSTTJI®COSFEY CMG
TEMP®(1) = TEMP1{1) ¢ YEMP2(1l) ¢+ TEMP3(1) ) CM3
TEMP4(2) o TEMP1(2) ¢ TEMP2(2) + TEMP3(2) €MG
TENMP4(3) o TEMPL(3) ¢ TEMP2(3) ¢ TEMP3(3) MG
FFJ(1) = ROCJ(Jolol}#TEMPS (1) y cMG
4 *A0CI(Jo1o2) PTEMPA-(2) + ADCU(jsle3)aTEMPS(3) cMG
FFJtE: 2 AOCJ(JoBo 1) PTEMPL (1) CM6
¢AOCJ(J92$@J*T§M94{E} ¢ AQCJ(J9293) @TEMPS(3) CMG

FFJ&39 & ADCJ(J9 s b 8 TEMPSG (1) CMG
SADCI(Jo3eB) PTEMPL(2) o ﬁOCJ(J’BpB}*TEMP4(3} cCMG
TEMF’5¢191) w AQCY(dslod). CMG
TEMPS(1e2) & A0CU(Jo2od) ' CMB
TEMPS (1c3) o AOCJ(JO@OE) CMG
TEMPS(252) = COSFEUPA0CI(Je192) ¢ SINFEJHA0CI(Jr1,3) CHMG
TEMPB(2,2) = COSFEJPAOCU(Je242) o SINFEJEAOCI (J12,3) CMG
TEMPS(203) s COSFEJ®A0CJI(Je3+2) ¢ SINFEJPAOCI(JI93,3) CMG
TEMPS (391) = aSINFEJ?A0CJ(Je192) ¢ COSFEJRAOCI(Jol,3) CHG
TEMPS(3,2) = «SINPEUPAOCU(Js202) ¢ COSFEJHAOCI(J9253) CMG
TEMPS(303) = «SINFEJSA0CI(Ue292) + COSFEJBAOCI(JI93,3) CNG
DO 49 nMoled CHG
0O 60 N=le3 CMG
TEMPG(MoN) o ATO(JoMo)) #TEMPS(1oN) + ATO(JyMe2) 2TEMPS(29N) CMG
& 2AI0(JoMo 3y ¥TEMRS (34N) _ CMG
40 CQN;ENUE- , cHMG
7(3ol) 8 TEMP&Ll¢l) , CHMG
TEMP?(ioE)'a - TEMPG(102) _ cMG
- TEMPT (143) :m - TEMPO(1,3) CMG
TEWP7(2,1) o COSPEJOTEMPE(241) = SINFEJRTEMPE (341) cMs
TEMPT{292) . COSFEJOTEMPo(242). = SINFEJTEMPE(392) CMG
TEMPT(23) = COSFEUPTEMPRO(293) = SINEEJ*TEMPE(343) MG
TEMPTt3oz)-q gxmsadw?empé(a.xi ¢ COSFEJ“TEMP6t391) CMG
TEMPT(302) o SINFEUPTEMP6(242) ¢ COSEEJSTEMP6 (342) CMG
TEMPT(3+3) & SINFEJYTEMP6(293) ¢ COSFEJ*TEMP6(313) CHB
TEMPB(1o1) ‘= COSTTJPAOCI(Jslol) ¢ SINFEJ*SINTTJ#A0CI(JIs112) CHMG
LS wSINTTJYCOSFEJLA0CI(J9103) cHG
- TEmPatxeza = COSTTJPA0CJ(Jo2el) -0 SINFEJIRSINTTUZA0EI(Je202) £NG
»SINTTJCOSFEIFAQCI(Je213) CHMG

TEMPStl 3) = COSTVJ2A0CU(Js3al) o SINFEJ¢SINTTJ&AOCJcJ,3s2> cHG
B nSIN?Td*COBFEJﬁaﬁCJ(Jq3'3} : . EMG

.'-2 5 B



00000’

TEMPB(2)1) = COSFEJ*AQCJ{Us1¢2) * SINFEJYAOCULY01r3) CMG
TEMP8(2+2) ® COSFEJ¥AQCJ(J91292) ¢ SINFEJYAOCI(J9293) CM6
TEMPB(2,3) w COSFEJ®AOCU(J93+2) + SINFEJA0CI(J9343) cMo
TEMPS(3,1) = SINTTU%AGCY(Je1ol) = SINFEJ*COSTY#A0CI(Us112) cMG

* +COSFEJ#COSTTU?40CI(Joled) ] CMG
TEMPB(3,2) » SINTTV?AGCJ(J1291) = SINFEJHCOSTTIAOCI(JUr292) CMG

[ «COSFEV*COSTTUsaA0C) (Jr203) . CMG
TEMP8(3+3) » SINTTJ¥A0CJ(J03s1) o SINFEJ*COSTTURAOCJI(J9392) ctMG

* ~ +COSFEJ*CoSTTU®A0CI (U931 3) CMG:
DO 5 Mnle3 CMG
00 48 N=ly3 CMG
TEMPO(MyN) » ATI(JoMe2)*TEMPE(LINY ¢ ATI(JeWe2) #TEMPBAZ4N) CMG

* SATI{JIMo3) *TEMPB (3 4N) CMG
45 CONTINUE CM6
TEMP10(101) wu COSTTJPTEMPY(191) ¢ SINTTU*TE4P?(311) CMG
TEMP10(192) & COSTYTJ#TEMPR(1,2) ¢ SINTTY4TEUPO(392) CMG
TEMPLO(193) = COSTTJ#TEMP9(}9¢3) ¢ SINTTI*TEVRPY(393) CMG
TEMP10(291) = SINFEJ*SINTTISTEMPH (101) ¢ COSFEJHTEMPI(201) CMG

» «SINFEJSCOSTTYSTEMPD (301 oMG
TEMPLO(292) = SINFEJPSINTTJSTEMPO(le2) ¢ COSFEJ®TEMP9(242) CMG

* «SINFEJ#COSTTJOTEMPT (392) ‘ CMB
TEMP10(2+3) = SINFEJ#SINTTUITEMPO(113) ¢ COSFEJ#TEMPS(2,3) CHMG

d =SINFEJPCOSTTULTEMPI (393) CMG
TEMP10{3+1) mwSINTTJACOSFEJITEMPI(191) ¢ SINFEJSTEMPO(241) cMG

» +COSFPEJ#COSTTyaTEMPS (301 CMG
TEMP10(3+2) a=SINTTURCOSFEJATEMPO(192) ¢ SINFEJSYTEMP9(22) (of I8

» «COSFEJPCOSTTUSTEMPY (31 2) CMG
TEMP10(3¢3) woSINTTUOCOSFEJOTEMPO(193) ¢ SINFEJHTEMPS(243) CMG

# *COSFEJ4COSTTJATENPO (393) _ CMG
DO 50 M2le3 CMG

DO 50 Nmioe3 _ ) cMG
TEMPLL(MeN) = TEMPT(MgN) ¢ TEMPLO(MIN) CMB

50 COnTINUE cMG
DO 55 M=mle3 CMG
DU 55 N=le3 ) gMG
EEJ(MyN) ® AQCJ(JoMoLIBTEMPLYL(IeN) ¢ ADCI(JsM92)TEMPLYL (24N) CMG

* SROCJ(JeMo 3 @TEMPLY (3oN) CMG
55 CONTINVE ) CMG
S0 THATA(Y) ® THATA(J) ¢ THATAD(J)#DELTAT CMG
FEE(J) = FEE(J) ¢ FEED(J)®DELTAT CMG

65 CONTINUE CMG
DO 70 Mzl.3 . CMG
FFF(M) = FFF(M) o FFJ(M) ‘ £MB

70 CONTINUE cMB
DO 75 M=193 CMG

DO 75 Nzl,3 cMG
EEE{MoN) = EEE(MIN) ¢ EEJ (Mo} eMG

75 CONTINUE CMG
60 70 10 : ! CMG
cMB
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END
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SUm2
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TEMP1(3)

TEMPS(393)
TEMPE (343)
TEMP11(3,3)
TEMP14(303)
TERMZ (3)
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THE: FOLLOWING CALCULATIONS WiLL BE USED REPEATEDLY TO' CALGULATE M

SINTT1 = SIN{(THETAL)
CUSTT1 = COS(THETAL)
CO2T = COSTTi#e2
CST » CQSTT1#SINTT]
S12T & SINTT1#e2

R1Y(S
R2YCS
R3v¢s
R4YCS
R12CS
R2ZCS
RIZCS .
R4ZCs
R1YSN
R2YSN

ENERNENERE]

S
(2) %

R3(2)#¢0STT)
R4 (2)%COSTT1
RY(3)#C0STT1
Rzgg;agoSTTl
R3({3)%#COSTT1
R4 (3)%COSYT1

-R1(2)y#SINTT]

R2.(2) #SINTT]
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EMCAL
EMCAL
EMCAL
EMCA|
EMCAL
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EMCAL
EMCAL
EMCA|
EMCAL
EMCAL
EMQAL
EMCAL
EMCAL
EMCAL
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T 8 k&S

#
&
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*
*
L

x % % F & & & k. F &

*

R3YSN = R3{2)#gINTTL
R4YSN = R4{2)#SINTT!
RLIZSN = RIt3)#sINTT]
ResSN = R2(3)#SINTT)
R3IZSN = RI{IIT#SINTTL
R4ZSN = R4 (3)#SINTTI
EL2YCS = El2(2)%CoSTT)
EL3YCS = EL3(2)#COSTT}
ELAYCS = EL4(2)#C0O5TT)
EL2ZCS = EL2(3)#C0STT)
ELIZCS = EL3({3)#=COSTT,
EL$ZCS = EL4(3)#C0STT)
EL2YSN = EL2(2)#5INTTy
ELIYSN = ELI(2)}#SINTT1
ELGYSN = Ef 4 (2)}®#SINTTI
EL2ZSN = E{2(3)#SINTT)
EL3ZSN = EL3(3)oSINTT,
EL4ZSN = EL4(3)2SINTT)
DLl3vCs = D13(2)#CpSTT1
D14YCS = D14 (2)#COSTTy
DI3ZCS = D13(3)#COSTTYL
PD142ZCs = D14 (3y#CpSTT
DIIYSN = D13(2)#SINTTy
DI4YSN = D14({2)#SINTTY
D13ZsSn = 013(3)¢$1NT71
Di14ZSN = D14{3)#3INTT)

BMOM=BOMASS/TOTMAS
&M(1;1)-BODY0I(1!1)*BODYII(1|1)*BIMASS“DOI(2!“(R1YCS'RIZSN}*

EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAIL
EMCAL
EMCAL
EMCAL
EMCAtL
EMCAL
FMCAL
EMCAL
EMCAL
EMCAL,
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCA]
EMGAL
EMCAL
EMCAL

B1MASS#D0] (3)# (R1YSNLR1ZCS) +B2MASS¥ (R2YCS=R2ZSN) # (D01 {2) +EL2YCS= EMCAL
tLdZSN)+82MASS*‘REYSN+RZZCS)*(00113)+EL2YSN*ELZZCS)*BBMASS*(RBYCSEMCAL
=R3ZSN) *(D01{2)+D13Y(CS~D13ZSN+ELIYCS-EL3ZSN) +B3MASS#(RIYSNERIZCS) EMCAL

u(aol(3}9013ysmog13135¢EL375N+EL3ZCS)+34MASS*(R4YCS.R4zSN)a
(001(2)+D1¢YCS-01425N¢EL4YCS*EL4ZSN}+B4MASS*(R4YSN+R4ZCS)*
(D01 (3)+D14YSN+D14LCS+EL4YSN+EL4ZCS)

EM(ilZJ-BODYOI(1'2)+BODY11(1-2!*COSTT1~BODfII{1|3)ﬁSINTT1
=BiMASS#R1 (1) 2DD1(2) -

B2MASSER2 (115 (D01 (2) +EL2YCS~EL2Z5N) »

B3IMASS®#RI(1I4(D01(2)+D13YCS~DIIZSNYEL 3YCS~ELIZSN) =

B4MASSHRS (1) #(DO1(2) +D14YCS~D1I4ZSN*E 4YCS~EL4ZSN)

EM{1#3)=BODYOI(193)¢BODYLI{}s2)#SINTT14B00Y11({]193)aCOSTTL
-B1MASS#RI{1) #D01(3) -
BZMASS#RZ (1) # (D0 (3)wELZYSNEL2ZCS) ~
B3MASS#RI(1)#(D01(3) «+D1IYSNeD]I3ZCS*EL3YSN+ELIZCS) m
BAMASSHR4 (11 #(D0) (3) +D14YSN+DLIGZCS+E $YSN+ELEZCS)

EM(196)=BODY1I(10])~BIMASS#DO] (3} # (BMOMH*DOL (3)wR1YSN=R1ZCS)+
BiMASS#D0] (2) # (R1YCS=R1IZSNBMOMEDOL (p) ) m

B2MASSH (D01 (3) +EL2YSN+EL2ZCS) #(BMOM#N01 (3) =R2YSN=R2Z(S) +
B2MASSH#(D0] (2) +EL2YCS=EL22SN) #{R2YCS_R2ZSN-BMOM¥DO1{2) ) =
B3MASSH# (001 (3) + (013 (2)+EL3(2))#SINTT1+(D13(3)4E3(3))#COSTTL) #
(BMOmM#pU1 (3) «RIYSN=H3ZCS)
HSMASS*(001t2)*(013(a>¢EL3t2}}*COSTTl-(013(3!+EL3(3})»SINTTI)*
(RIYCS=RIZEN=BMOM®DOL (€} ) =

B4¢MASS® (D01 (3) # (D14 (2)+EL& (2))#SINTT 1+ (D14(3) ¢EL4 (3))#COSTT ) »
{BMOM#001(3) ~R4YSN-R4ZCS) e
34MASS*(UOI(2)¢f0l4(2)*EL“(Z))*COSTT1~(014(3}oEL4(3))*SINTTI)*
({REYES-R4ZSN-BMOMED0OL {2))

EM(195)==B3MASSH#RI(II#(SI () #EL3(1)=STILIIHEL3(3) )+
B3MASS#R3 (2) 4 (~53(2)*EL3 (1) ¢S3(1}#EL3(2))

C-29

EMGAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAY
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
FMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL
EMCAL



EM{116)2wBaMASSPRG (3)#(S4(3)PELG (1) =S4 (1) *EL4(R) ) e
* BEMASSHRE (2) 4 (=S4 (2)#ELG {1y e84 (1) #ELA(2))

EM{2+1)=B0DYOI (291) +BODY11(241)#COSTT1~-BODY1IT(3s1)5SINTT1n
# BIMASS#001(1)#(R1YCSmR12ZSN)~

¥ B2MASS® (RPYCS«R2ZSN)# (D01 (1)1 +EL2(1)) -

* BIAMASSH (RIVYCSRIZSNI# (V01 (1)+D1I3(1)+FL3 (1)) =

¥ B4MASSH (RGYCSaR4ZSNY# (DOL(1)Y+D14 (1 +ELAL(]L))

EM(2¢2)=280DYQL.(212) +BODY11(2+2)#C02T ~BODY11(243)%CST
~BODY11(3,2)#CST & BODY1T(3,3)8512T &
BIMASS#R]L(1)#D01 (1) +81MASS®DO] (3) P (R} YSNeR12CS) +
H2MASSHRZ (1) (DO (1) +EL2(1)) ¢
B2MASSH (HpySNLR2ZCS) o (D01 (3) +EL2YSNLEL22CS) +
BIMASSHRI (1) ¥ (D0 (1) +D13 (1) +EL3()} ) o
BIMASSH# (RIYSNeRIZCSI#(DOL {3} +DLI3YSNeN13ZCS+ELIYSNGELBZCS) +
B4MASSeR4(2) (D01 (1) +D14(1)sELG(1) )
H4MASSH (REYSN+R4ZCSI (D01 () +D14YSNen14Z2CS+ELGYSNGELSGZCS)

¥ S % &L

Er(2+3)=B0DYOT(2¢3)+B0oDYIL(2,2)#CST LBODY11(243)8#C02T
«800Y11(392)8512T = BODY1T(393)#CST =

BIMASS®#0D0L{3) #{R1IYCS=R1IISN) =

B2MASSH (R2YCS-R2ZSN) # (DO1 () +EL2YSN+EL22CS) ~

BIMASS# (R3IYCS«RIZSN) # (D01 (31 +D13YSNepI3ZCS+E 3YSNGELIZCS)y =
B4MASSH (RGYCS=R4ZSN) # (DO (3)*D14YSNeN14ZCS+ELSYSNSELLZCS)

*® &

& %5

EM{294)=BODY1I(102)#COSTTI=BODYII(193)#SINTT1wg10ASSH#DO] (1) #R1Y(CSe

* BIMASS®#DO0) (1) #RIZSNeBMOM#BIMASS®*00L (112001 (2) ~

# B2MASSH (D01 (1) +EL2L1) ) *(R2YCS~-R2ZSN-gMOM#DOY (2)) ~

# gIMASSH# (D01 (1 +013¢(11*EL3{1) ) #{RIY(S~RIZSN=BMOM*DD1{2) )=
» 54MA55*(001(1)*014(1}*EL4(1))*(R4YCS-R4ZSN-BM0H*DOI(2))

EMKZvS)*(83MASS*R3(3)*(-53(3)*EL3(2)0:3(2)“FL3(3’3~
# BIMASSHRI (1) #(=S3(2)BELI(1)+53 (1) H*EL3(2)))%C0S5TTl~
* (~BIMASSHRI(2)# (eDI () #ELI(2)+S3(2)HELI(I) ) :
* BIMASSER3I(1)# (S PEL3 (1) »S3({1)®EL3(3)))#SINTTI

EM(296) = (BaMASSHRS (3) #{=54 (3} #E| 4 (2) +54(2) *EL4 (3)) ~
* BYMASSHRA (1)1 # (=S4 (2)ELG (1) +S4 (LI REL4(2)))2C0ST Tl
* (wB4MASSPRG (21 P (=S4 () MELG(2)+S54(2)#xL4(3) )+
# BAMASSHR4 (1) #{S%(IIPEL4 (1) aSE(1)#ELS (3)) ) *SINTTL

EM{391)=BODYOI(3%1) +BODY1II(2e )1} #SINTT1+80DYII (39 L} #COSTTl=
# DIMASSBDDL (1) #(RLIYSN+R1ZCS) =
B2MASS# (D01 (1)+EL2(1)) #(R2YSNeR2Z(CS) -
SIMASSH (DO {1)+013 (1) +EL3{1)} 1 #(RIYSN+RIZ(CS) =
H4MASSH (DD (1) +D1%9 (1) +EL4 (1) 1 # (R4YSN4R4ZCS)

LN

EM{392)=B0ODYOI(392)+BODY1I(2+2)#CST -BODY1I(2+3) %5127
+BODY)11(3,2)#C02T=B0DY1I(3y3)#CST~

B1MASSeDO] (2) #{R1YSN+RIZ2CS) »

B2MASSH (R2YSNeR2ZCS) # (D01 (2) +EL2YCS~EL2ZSN) =

53MASS*tR3Y5N¢RJZQhJ*{001(2)0013YLS-013ZSN+EL3YLS-EL3ZSN)-

B4MASSH (R4YSNeRGZCS) (D01 (2) +D14YCS=n14Z2SNeEL4YCSEL4ZSNY

o xe &0

EM(393)=800Y0T (393} +80DY11(2+2)4#S127 .BODY11(243)%CST
& +BODYLI(392)#CST + BODY1I(343)#C02T +

# GIMASSH#R](1)#D01 (1) *H1MASS* (RIYCS=R17ZSNI#D0](2)*

# BeMASSH#R2(1)I#(D01(1) «EL2(1))+

* B2MASSe (RaYCS~R2ZSN) # (D01 (2) +EL2YCS=FL2ZSN) +

* BIMASSHRI(1)#(D01(1)+DI3(1)+EL3(1)) o
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QOO0

00 o o

& 83MASSH (RIYES=RIZSNI »{D0L (2) *D13YCEn13ZSN¢ELIVCS=ELBZSN) ¢
O BAMASSHRS (1)®(DOI(1) D)6 (1)eELL (L))
% H4MASS® (REYCSaRYZSN) (D01 (2) ¢014YC8=D16ZSNSELSYCS2ELEZSN)

EM{306)1=B0DYII(102)9SINTT1e800Y21(1e3)%COSTTYe

B1MASS001 (1) & (BMOM®*DOL {3) =R1YSN=R1IZCS) ¢

B2MASS# (DO (1) 9ELB (1)) %(BMOM®DOL (3) =R2YSNeR22eS) ¢

- BAMASSH (DO (1) D13 (LI CELI(11) ¢(BMOM#R0] (3) “RIVSN=RIZLS) ¢
BAMASSY (0031 (1) eD12(1) 2EL% (1)) # (BMOMEDOL {3 ~RIYSN=RSGZLS)

F L. % &

EME30S): (BIMASSORI ()2 (083 (3) PELI(2) o83 (219ELI{I) ) e
* BIMASSHR3 (1) 2(=8S3(2)ELI(1)eS$3(1)¥EL3(2)))23INTTL
? (eﬁsﬁﬁsseng;a)@(a53€3’@EL3(21éS@(ZI%ELB(BF)o )
¢ BIMASSHRI(1)2(SI(I)OFLI(1) =33 (1I9EL3(3)))*COSTTI

EM(306):: (BAMASSORSE () 0 (=S4 () SELL(2) 058 (2 CELA(3)) = ;e
* BeMASSaRO (1) 4 (054 (2)0ELG(1)eSa6{1)9ELA(2)))vSINTTL.

® («BAMASSPRS (2) #(e54 (3) PELSG (2) 6S4(2) #gL4(3)) s

% HOMASSHRE (1) #(S&(3)*EL4(1) =84 (1)2EL4S(3)))4COSTTI

NOW SEY UP THE LOWER HALF OF THE M MATRIX.

DEFINE. SOME REOCCURRING TERMS
SR3 = B3MASS®(D)3{2) «+ EL3(2))
SR » B3IMASS%(D13¢3) o EL3(3))
SRS @ BoMASS#(D16(2) « ELL(2))
SR6 = B4MASSH(D1%(3) + EL4(3))
SR1=BODY1] (102)=B2HASSCEL2 (2y9R2 (1) @5R3%RI (1) ~SRE2R4 (1)
SRZ=BODYLI (103)=B2MASSYEL2(3) PR2{]1) »SR6#R3 (1) =SRE¥RE ()

EM(%:1)aB0DY11(103) oB2MASS7(ELZ(3)®R2(3) +EL2(2)8R2(2))
# SR4uR3 (3) «SR3I0RA (2) 2SREDRS (3) ¢ SR50RL 12)

EM{%;2)aSR1ACOSTT1=SR29SINTT]

EM(493)aSRI2SINTT14SR29COSTT]

REDEFINE SR1 AND SR2

SRy1maMOM® (D01 (2) 9C0STT 14001 () #SINTTY,

SR2EBMOM® (=001 (2) #SINTT19D01(3)#COSTT)

EM{6o4) o EoDYié(lel) ] _ .

& *BRMASSH(EL2 (3) % (R2(3)=SR2) . EL2(2)9(R2(2) ~ SRY)) »
* SRO%(R3I(3)=SR2) *SRIN(RI(2) -8R1) +5RO2 (R4 (3) =8R2) *SR5% (R4 (2) =5R1)

EM{%95) zB3MASSH ( ((R3(3)=8R2)OELI(3) + (r3(2)=8R1I®EL3(R)) o83 (1o
® (R3(2)=5R)1)SELI (1) #S3(2)=(R3{3)>SR2)&ELI (1) 453(3))

EM(056) nBOMASSO ( ( (RO(3)=8R2) GELL (3) ¢ (R4 (2)~SRLIPELS (2)) 086 (1) =
© (R6(2)=SR1)eELLH (1954 (2) = (R4 (3) =SR) 4EL4(1) #54(3))

EM(991) a-BI3MASSHEL3 (1) (R3 (2)#53(2) *R3 (3) 253 (3))

EM{592) 2BIMASSE( ( (EL3(3) PR3 (3) EL3 (1) 2R3 (1)) 9COSTT1e K
* ELS{D)I #RIYSN) ©83 (2) o (=EL3(2) PRIZCS={ELI(2) #R3(2) cELI (1) *RI(IN) &
% SINTT1)#83(3))

EM¢533}333Mgssé(({EL3{3)“R3(3)¢EL313)5R3(1)!égiNfTiﬂ )
# EL3I(3)oR3IVCES) 083 (2) ¢ (=EL3 (2) PRILSNe (£L3(2) 4RI (2) sELI (1) PRI(1)) 5
# COSTT1)9S3(3))

EM(3063aBINASSORLI (10 ((oR3(2) 0SR1) 983 (2) « {=R3 (3} +4R2) 883 (3))
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e XeReRelel

10

. , . EMCAL
EMtS'Sg-aamASS#!1.-BsmASSIToTMAS)*(ttgLsts)*uaoEL3(13*¢z)°s3<2)- EMCAL
® ELI(D)0ELI(2)#S3(3))#83(2) » ((ELI(2)4a2¢ELI (1) ##2)052(3)= EMCAL
® ELI(2)REL3(3)6S3(2))#83(3)) EHQAL

EMCM
EMisob)u&BSMASS*B4HASS/TOTMA5)*(‘-(EL3(3)'EL4(31*EL3(1)0EL4(1))' EMCAY
¢ 54(2}¢EL3(3}°EL¢(2)*54i3))*93(2)¢('(EL3(2)*EL4(2)oEthl’*EL4!li!'EHCAI

¥ $6(3)+EL3(2)*ELS(I)#S4(2))083(3)) E:E:L
13

EMtva)auﬂamAssﬁiLbGll*(ﬁ#(2’“5#(2)+Ra13>'s4t33) EMCAL
MCAL

EM{692) aB4MASSH ( ((EL4 (3) #R4 (3) +EL4 (1) 8R4 (1) ) #COSTT{#EL4 (3) PRAYSN) ®EMCAL
® S54(2) 0 (»ELG(2)¥RGZCSw LELG(2)FRG(2) *E 4 (19346 (1) Y*SINTT1)954(3)) EMCAL
EMCAL
EMtéva)-B4MA55»(¢tEL4t3)*R4¢31+EL4¢1}«R¢(1))»SINTT1-EL4¢3>*R4ch1*EMcAL
@ bé(E)ﬁt-EL4(2}°RQZSN¢(EL4(2)*R4(2)*EL4(1}¢R4(1))“COSTT1)°36G3)) EMCAY
EMCAL

EM{6¢6)xBIMASSPELAS (1) 8((oR4(2) +SRIIPS4(2) ¢ (=RE (3} 08R2) €54 (3)) EMgﬁL
EMCAL

EM(595)=(33MASS“3¢MASS/TOTMA53*((-(EL4(3)*EL3(31¢EL4(1}15L3(2))ﬁ EMCAL
# S3(2)oEL&(3)#ELI(2)P53(3))6S6(2) ¢ (" (FL&(2) #ELI{2) +ELBL (1) *EL3 (1) ) ®EMCAL

8 S3(3)¢EL4(2)*ELI(I) ¥53(2))aS4(3)) EMCAL
ENCAL

EM({696)sBoMASSH (1,2B4MASS/TOTMAS) 4 (( (FLS () 9826ELR (1) 482)854(2) Engai
® ELG(3)0ELA (2)#56(3))4S54(2) ¢ ((ELA(2)2624ELS (1) %2 #54(3) = EMCAL
® ELG(2I#ELSL(3) PS4 (2))#S4(3)) _ EMCAL
00 10 M=1s3 EMCAL
DO 10 N=l,3 EMCAL
EM(MeN) sEM(MsN) ¢ EEE{MsMN) , EMCAL
CONTINUE : EMCAL
RETURN EMCAL
' EMCA!L

ﬂ*#*ﬁﬁﬂ%*ﬁ%#%##ﬂﬁ#ﬂQ#&**%Qﬂﬁﬂﬁﬁéﬁﬁﬂ#Q#*ﬁﬂ*&%Q#QQ**&#Gﬂ#ﬁéﬁﬁﬁ#ﬁﬁ#ﬁ#%##&i
*
*

4
END
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SUBROUTINE FOMS(AsBsNsEeTJ)
DIMENSION A(1)oB(1)sTJ(1)

B P R T L L T 2T TR LT LT TR L Py DL TPy P T2 ST Y )

FOMS
A{l) CONTAINS THE CURRENT TIME. 1.E, A(1} = TIME, FOMS
A(2) THROUGH a(N) CONTAIN THE INTEGRAL'S WHERE N EQUALS THE gOms
NUMBER OF INTEGRALS PLUS 1, FOMS

T4 1S A4 SCRATCH ARRAY, TJ(1) CONTAINS TH; INIT&AL,DELT AND TJ(2) EOMS
THROUGH TJU(N) CONTAIN THE BACK VALUES OF THE DERIVATIVES. FOMS

B(1) CONTAINS THE CURRENT DELT AND 8(2) THROUGH BIN) CONTAIN THE FOMS

CURRENT DERIVATIVES. . FOMS
IF £ o Qoo REINITIALIZE THE DERIVATIVeS, _ EOMS
IF € © lov. CONTINUE THE INTEZGRATIONS FOMS

FOMS
PP PP PP TTT LI L PP LY T EET TR ey P ey 3 STy ¥ D PEV T T T L VP EY S
&* .

[ B
&*
BOBDBOOADLOBRRENOOONNGAGORLHABVELSBERRRBAOINNBLBRBLGDLEHLDLBBBEOBELHEORS a¥d

® ! FOMS
IF(N oLEs 1) RETURN Foms
IF(E oMEe 00) 60 TO 20 FOMS
E B Lo : FoOMS
00 30 ImleN ’ FOMS
Td(l) = B(]) FONS
CONTINVE FOMS
HO2 5 B(1)&0,5 FOMS
00 30 Im20N "FOMS
A(D) = Aall) o HO294Js9BL{I)aTULI)) FOMS
TJtl) = 8Ly FONS
CONT InNUE FOMS
ALY o All) ¢ B(L) FOMS
RETURN ‘ FOMS

. iy . , . _FOMS
PREABHBHOOHHEEBDOOSNDHONNISRLAITIIDONLEDDIEBAORIBIREBDILIBHOICHBELBTEE]

&
' g
L

END
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CUMMON

FE® T

‘COMMON

E -

‘COMMON

L - - O

‘COMMON

st e e &%

‘COMMON

PR R

‘COMMON

T8 N

COMMON
L

COMMON

N

GCOMMON-

~

LSS B

‘COMMON
COMMON
COMMON
COMMON

*

Al3)
AFOUR(2)

AT10(69393)
AQCU(6¢313)
ATCPT2(313)

A1(3,3)
BDMASS

BODYDI(3+3)

BOMASS
BTWO{4)
BIMASS
CA(3)
CBAINI(2)

- COSFEY

COSTT1
Co2T

&5T

DB(3)
DELTAT
pT1(3)
DTIME
D1300T (3}
p132¢S
D14DOT(3)
P14ZCs
EEE(393)
EL2DOT (3}
EL22CS
EL300T ()

" EL3ZCS

EL4DOT (3)
EL4ZCS
FAT(S)
FEE (8)
FFJ(3)
FLAG3
FOL3)
FO3(3)
FPT(5)
F12(3)
GAIN(10}
GaDoT
H(3)

‘HI (3}
H1 (3} :
‘HIPRIM(3)
- 1B2F

1CFC
1DOF«( 85
1GRAVF
IPRINT
NCASE
NGAIN
OMEGA)
FEND3L
Ql{4e4)

-

‘..Q‘Q.‘Q‘O‘.‘..Q“O‘O...'ﬂQ‘OQ.Oﬂﬂ'06‘.0..0-‘0“."“".

AE (5!

Al1(69303)

AJL(3)
AQJ(3)
ATHREE (5)
Alg(2)
BFOUR (o)

BODYOT (3+3)

BONE (7
BiMASS
B&MASS
c8(3)

cosTly
CcosTT3
(ol

cl _
0001 1(3)
Do1(3)

D12¢(3)
p13vCs
D13Z5N
D14YCS
D14ZSN
EEJ(393)
EL2YCS
EL2ZSN
EL3YCS
ELIZSN
EL4YCS
EL&4ZSN

FEED (6)

FLAG]
FLAG4
FO1(3)
F1(3)

F13(H
63

64

HCMG (3)
HO (3)
H1PDOT 1 3)
HOPRIM(3)
JCFA
1CFD

TPNDLM
1PROFF
NCMECK
NUMCMG
OMEGA3
PEND#4L
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ty

GUMMON R 0 RO(3!

& R1DOT(3) ? R1YGCS

# R12CS 9 R1ZSN

® R2po¥ (3) o Rzv(CS

* R2Z€S 9 R2ZSN

» R300T(3) 9 R3YCS

L] RaZ¢S ¢ R3IZSN

® R&DOT(3) o RGYCS

@ R&ZCS 9 ROZSN
COMMON S v sDoT

@ SINTTY v SINTTO

@ SINTT2 ¢ SINYT3

®- §P 9 SUML

@ sUM3 9 s2(3)

& $4(3)
COMMON T(3¢3) 9 TC(303

& TEMPRE(3) )

* TEMP3(3) 0 TEMPS (3)

Bl TEMP6{393) ’ TEMPT (303)
® TEMRD(323) o TEMPIO(303)

- TEMP12(3+3) o TEMPL3(393)

® TEMP15{303) TERML (3)
» TFRICT 9 THATA (6)
& - THETAL 0 THETA3

- THEYO 0 TIBO(3,3)

L TIME 9 J

# TJ2(10) ¢ TJ3(10)

® TmoToR 9

* TOEF(3) 0 TOTMAS

# 1006(3) ® TROP(3)

® QLR {3 ¢ TSTARY

@ TT1007 o TY3007

L T1EF(3) 9 713
COMMON ¥ (3}
COMMON Ho{2) ? WS

@ §3(3) 9 He (3)
COMMON XK(6,7) XC’

# AMU

10

20

Q@ 0 @ 0w O W O v

[~ - - B AR -4

k]

LR NI - BNl

LT T - T~ B 4

<

RI{3}
R1YSN
R2(3)
R2YSN
R3{3)
R3YSN
Rg{3)
RGY SN

SINFEJ
SINTTL
SINTTS
sumMz
S3(3)

%
TEMRY(3)

TEMPS{303)
TEMPB(393)
TEMP11(393)
TEMP14(303)
TERM2(3)
THATAD (6)
THETAS
TIBOI(3:03).
TJI(10)
TJSE(€10)

704
TR16(3)
Y8Top

TT4DOYT
T14
H1(3)

XCDOT

0 OV GO 9 9 T 0 WD

LRI I - 4

1
L]

-2~ T - T - B T - B =T - I

(- B ]

CoMMC
€Ot
£oMMC
comc
CoOMse
Conmr
COMmC
(Rl
CoMMC
Commc
COMMC
c0mmC
cOMMC
COMMC
COMBMC
COMMC
COMMC
COMMC
COMMC
COMMC
cOmMMe
£oMMe
COkMC
EOMMC
COMMC
COMMC
commc
COMMC
COMMC
Commc
COMMC
COMMC
COMMC
€Oy
COLIC
co¥mr
COoMMC
COMM(
COMMC
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L

ﬁﬂ@ﬁﬁ##%&5&&%*ﬂQﬁ@é%Q#éQOQGQQ*%Qﬁﬁﬁﬂﬁﬁéﬂﬁﬁﬁﬁﬁﬁéﬁ&%&Qﬁ%d&@ﬂ@ﬁﬂ%ﬁ&@@ﬁ%gag

SINTTO = SIN(THETQ)
COUSTTO = CGS(THETQ)
DB(1) = oSINTTOPTIBO(191) & COSTTO#TIRO(251)
DB(2) & «SINTTOATIBO(3102) ¢ €OSTTO6T1g80(2,2)

DB (J) o *SINTTO4TIBO(1+3) ¢ COSTTOGTEBO(BﬂB}

REMP @ 0o

DO 10 M=193

REMP: = REMP » DBA{MI®RO(M)

CONT INUE

G0 20 Lzie3 )

FOL (L) u CY1ogOMASSw(3,oREMPADB (L) = RO(L))

ALY = 00

0O 20 M=le3

Al = A(L) o BODYOT (L oM)ODB (M)

CONTINVE

TQoG(l) o 39a01¢106(2)eﬁt3) @ DB(3)¢A(2))
Qo6 ¢2) = 3o¢CL¢§DB{3)Qﬂ(1) @ DB(l)*A(B))
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GGRAT
@Gﬁ&r
GGRAC
GGRAL
GERAf
GGRAS
GGRA(
GGRAT
GGRAL
GGRAC
GGRAL
aeRar
GGRAT
GORAL
6GRar
GBRAL
GGRAT
GGRAT
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30

40

TGOG(3) = 3,4CI#(DB(1)#A(2) « DB(2)%A(1)) : GGRACL

DB()) ® «SINTTO*TIBO(191) + €COSTTO?T1a0(2s1) . ‘GGRAL
PDE(2) = COSTT1w(wSINTTO®TIBO(142) + CNSTTO#TIRO(Z92)) GGRAL
* SINTTI#({«SINTTO®TIBO(193) + CoSTTO*TIBO(Z43)) GORAL
DB(3) weSINTT14(=SINTTO*TIBO(142) ¢ COSTTO#TIBO(292)) o GGRAC
» COSTT1#(»SINTTO*TIBO(1+3) * CNSTTO#TIBO(Z93)) GGRAC
REMP & 0o : GGRAT
D0 30 M=lsd. \ ) ‘ GGRAL
REMP w REMP o DB(M)#R1(M) GGRAL
CONTINUVE - GGRAL
D0 40 L=ls3 ‘ GGRA(L
F11(L) = C1¥B1IMASS®(3,#REMP#DB(L) = Ry (L)) GGRAL
ALY & 0o GGRAL
DO 40 M=1s3 GGRAT
A(L) » a(L) o BODYLII(LsM)*DB (M)} GGRA[
CONTINUE . GGRAL
TULG(1) ® 3.9C1¥{DB(2)®A(3) = DB(3)*A(2)) - GGRAT
1Q16(2) = 3,%C1*(pB(3)®a(1) « OBI1V?A(3)) GGRAL
TGla(3) = 3,6cle(pB(l)#a(2) = DB(2)%A(l)) GGRAC
RETURN GGRAL
, L S , . GGRAT
9%09@#%#%&#b&*@*@ﬁ**#%&*ﬂﬁé###ﬁ#*ﬁ#%#&iﬂéﬁﬂ%&ﬁﬁﬁﬁﬁaﬁi§ﬁﬁﬁﬁ#ﬁﬁ#ﬁﬁﬂﬁﬁﬁﬁﬁq
o .
*
»
END
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SUBROUTINE HCON
¥
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BRRBBBRNIODOBCHOOOROOHHBRDDBBDICOIBIVAHRDER IREOIDRTIEBEGISGHEDRBBOIBOE LTS

c~37

COMMON Al3d) s AE {5} ’ AED (S) v COMMC
e AFOUR(2) » AI1(0s3+s3) COMMC
* ATO(60393) AJ1(3) ’ AL’y y COMMC
ot AOCU(69393) ¢ ADJ(3) ’ ACNE(T) » COMMC
® ATCPT2(30¢3) ATHREE (S ’ ATHO(4) s CoMmMC
¢ A1(393) ' AlJ(2) COoMMC

COMMON BDMASS ] BFQUR (2} ’ BMOM y COMMC
* BoDYD1(3¢3) o BODYOI(3+3) o BOOY11(343) ¢ COMMC
® BOMASS ’ BONE ( 7) ’ BTHREE (5) s COMMC
® BTHO(4) ' B1MASS ’ B2MASS 2 COMMC
* B3MASS s B4MASS , ComMmc

COMMON CA(D) 9 c8(3) ’ CBAINO(3) s COMMC
* GAIN1 (2) ’ COMMC
» OSFEJ v CosTTy ’ COSTTO s ComMme
® - COSTV1 ’ COSTTI ' COSTT4 » COMMC
» oz’ . ’ cP1 ' cP2 » COMMC
® &sT ’ ci ) COMMC

COMMON DB (3) ’ 0001 (3) ’ : COMMC
* DELTAT ’ 001 (3} y polpoT(3) » COMMC
» 071¢3} y LOMMC
f DYIME, ' p1a¢d) s 013¢3) » COMMC
@ p1300T(3) » D13YCS ' D13YSN » COMMC
i 0132CS v D13ZSN ’ D141t3} vy COMMC
® D14D0T (M ’ D14YCS ’ D14YSN » COMMC
@ D142C8 ’ D14ZSN COMMC

COMMON EEE (303} ' EEJ(3v3) ’ ELe(3) » COMMC
@ - EL2D0T(3) ’ £L2YCS ' ELEYSN » COMMC
# EL22CS ’ EL2ZSN ' EL3(3) 5 COMMC
® EL300T(3) ' ELAYCS ) ELBYSN + COMMC
» EL32CS 9 EL3ZSN 9 ELF(3) v COMMC
2 ELsDOT(3) ’ EL4YCS 9 ELGYSN s+ CommMc
@ EL4ZCO 0 EL4ZSN ’ EMI(6496) COMMC

COMMON FAY(8) ? _ . COMMC
# FEE(6) » FEED (6) ¢ FFF(3) o COMMC
» FFJ(3) ’ FLAG] ’ FLAG2 » COMMC
# FLAG3 ? FLAGS ’ FNI » COMMC
® FO(3) 9 FO1{3 ’ FO2(¢3) 9 COMMC
* F03(3) ? Fl(3 ’ F11(3) s COMMC
# . FPT(3) 0 cOMMC
¢ : F12 630 ' F13(3) GOMMC

GOMMON @A:Nélo: 9 63 ’ COMMC
o - 63p0 2 G4 ’ 84D0Y CcOMMC

COMMON H{3} 9 HCMG ( 23y ’ HDOT (3} s COMMC
¢ HI(3) ' HO(3) ’ HW(8) * COMMC
\d H3(3) » H1PDOT (3) 9 HIPRIM(3} » COMMC
* H3PRIM(3) ’ HGPRIM (3) ] COMMC

COMMON . 182F ’ 1CFA 9 jcFe v COMMC
# - ICFC * ICFO y 1DOCK v COMMC
. IDOF (6) s comMmc
# 1GRAVF ’ TPNDLM ’ IPNTCK v COMMC
» IPRINT $ IPROPF COoMMC

COMMON NCASE ' NCHECK ’ NDECK s COMMC
* - NGAIN ' NUMCMG COMMC
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COMMON
“COMMGN

COMMON
L]

OMEGAL
PENDIL
"IYYY Y
R
RIDOT(3).
R1ZCS
RapoT (3)
R2ZCS
R3DOT(I)
R3ZCS
RéDoT(ai
R4ZCS
s
SINTTJ
SINTT2
SP
SUM3
$54(3)
T(3¢3)
TEMP2{3)
TEMP3(3)
TEMPS (39 3).
TEMPF(303)
TEMP12(3+3)
TEMPL1S (32 3)
TFRICT
THETAL
THETO
TIME
7J2(10}
TmoToR
TOEF (3)
TQOG(3)
TR1P ()
TT100T
T1EF (3)
Vi3)
wot(3)
W3(3)
X(697) .
XMU

“ B W W W W D W W W e we B

o -

W WM W W W DD S W R WY Ve W

OMEGA3
PEND4L

RO(I)
R1IYGCS
R1ZSN
R2YCS
REZSN
RIYCS
RIZSN
R&YCS
R4ZSN
SDOT
SINTTO
SINTT3
SUM]
s2(31}

TCA313)

TEMP4 (3)

TEMPT (303)
TEMPLO(303)
TEMP13(3,3)

* TERML(3)

THATA (&)
THETA3
T180(3,;3)
Td ,
TJ3(10)

TOTMAS
TQOR {3,
TSTARY
TT3007
T3

‘WS

Wa (31
XC

- W % w» &
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-
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OMEGAS

R1(3)
R1YSN
R2(3}
R2YSN
R3{M
R3YSN
R4(3)
R4YSN

SINFEJ
SINTTI
SINTT4
SUM2
$3(3)

TEMP] (3)

TEMPS(3+3)
TEMPB(3+3)
TEMP11(3¢3)
TEMP14(3,3)
TERMZ2 (3)
THATAD (6) -
THETAS%
T1801(343)
7TJ1(10)
TJ4(10)

T01
TQ16(3)
T8Top

TTQDOT
T1é

Hit(3)
Xcoo¥

- e @ % 9% & 9O -
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w e W W e e P e W
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COMM(
COMMC
CoMMC
COMMC
CoMMe
COMMC
cOMMC
COMMC
CoMMe
COMMC
comMMe
COMMC
COMMC
COMMC
COMMC
COMMC
comMMmc
COMM(
COMM(
COMM(
COMM(
COMM(
CoMMI(
COMM(
coMM(
Comm¢
Comm
COMM(

-COMM

CommM!
COMM(
COMM(
COMM(
COMM
COMMI
ComMm
COMM!
COMMI
COMM
COMM
COMM:
COMM
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. HC
THATAD (1) = ¢GA!N(¢)*TIBO{392) sGAIN(S) %WO (1) Hcgz
THaTAD(2) & oTHATAD(}) HCON
CALL CMG ' HCON
RETURN HCON

HCGC
%ﬁ#**##%ﬁﬁ#ﬁﬁ%##*#%##%##ﬁ*ﬁ&##Q##G#*#&b&##*#ﬁ#ﬁﬁ*ﬁ##b#*#*#ﬁ#’ﬁﬂﬁﬁ##ﬂ;ﬁ
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END
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DIMENSTON A(3,3)

D(3e3)

B(3)
E{303)

IF (MYYPE .NE. 1) 60 TO 100
Cl1) s Af)o1)9B(L) ¢ A(152)68(2) o A(y93)0B(3)
Cil2) ®» A(201)¥B(Y) ¢ A(292)0B(2) ¢ A(203)8B(I)

G(3) o A(301)0B(1) ¢ A(3:2)48(2)

RETURN

CONTINUE

Filel)
Flle2)
F(103)
Flaed)
Fi{ze¢2)
Flzy3)
F{39})
Fi{3:2)
Fi3e3)
RETURN

Qﬂ*Q@é&#ﬁ5%&ﬁ#&éﬁ%%%*bﬁ#ﬂ#ﬁéﬁ#ﬁ#ﬁﬁﬁ%ﬁﬁﬁ%%%ﬁ#Q%ﬂﬁQ*ﬁﬁéﬁﬁ%ﬁ#ﬁﬁ#ﬁ#@ﬁﬁ
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EnD

LU 7 I R B

D(lol}HELLo))
D(1:1)%E(L22)
D(lol)OE(Le3)
D(2oL)IPE{L0 1))
D(201)%E(102)
D(291)%E(LeI)
D(3Io1)PE(L0d)
D(3e1)PE(L102)
D(3:1)%E(1ed)

LR AR R - B 2

D(Le2)®E(R0))
D(1e2}%E(202)
D(102)4E(203)
Di2s2)*E(201)
D(2e2)RE{(292)
D(202)9E(293)
D(322)#E (291
D(302)%E(272)
D(3e2)2E(203)
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PP A P

y (3
F{3:3)

¢ A(393)49B(Y)

D{1:3¥9E(3,1)
D{1+3)¢%E(3,2)
D(1+3)9%E(3:3)
D(2e3)%E13,3)
D(2:3)PE(3,2)
D(2:3)8E(3,3)
D(393)0E(3s1)
D(3:3)2E(3,22
D{3:3)RE(3:3)

¢

MULY
MULT
MULT
MUY
MULT
MULT
MULT
MULT
MULY
MULY
MULT
HMULY
MULY
MULT
MULT
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MULT -
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COMMON

R E B I

COMMON

& x D

"COMMON

L3 A% -8

COMMON

"COMMON

.S 2 %9

CoMMON

LEEEECE

COMMON
L
COMMON

L I

COMMON

COMMON
o

COMMON
COMMON

COMMON

A(3)
AFOUR({2)
ATO(693+¢3)
AOCJ(64313)
ATCPTR2(3¢3)
Al(3+3)
BDMASS
B800YDI (393
BOMASS
8TWO(4)
B3MASS
CA(3)
CGAIN] (2)
COSFEJ
COSTT1
coat

CsT

DB (3)
DELTAT
DTIt)
DTIME
013007T(d)
D13FCS
D14DOT (3)
D142CS
EEE(3¢3)
EL2D0Y (3)
EL22¢S
E£1..3007(3)
E{32C8
EL4D0T ()

. EL47ZCS

FAT(8)
FEE (6)
FFJ(3)
FLAG3
FO(3}
FO3(3)
FRT(S)
F12(3)
GAIN(LO)
G300
H(3)

MY (3)
H1(3)
H3PRIM(3)
182F
1CFC
IDOF(6)
1GRAVF
IPRINT
NCASE
NGAIN
OMEGA]
PEND3L
Q{446)

W B T AW DWW DS WA S W S D O WA D W W M KD b B W M O W A D B M W D R YD M3 W ok W o W D M B e
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AE (D)
A11(99343)
AJl (3)
A0J(3)
ATHREE (5)
AlJ(2)
BFOQUR (2)
BODYOI (393)
BONE(7)
B1MASS
B4MASS

c8 (3}

CosSTTy
CoSTT3
cPl

cl
pDO1(3)
001¢3)

D12(3)
D13YCS
Di3ZSN
pi4yCs
D14Z5N
EEJ(393)
EL2YCS,
EL2ZSN
EL3YCS
ELIZSN
EL4YCS
ELAZSN

FEED{6)
FLAGE
FLAG4
FO1(3)
F1(3)

F13(3

G3

G4

HCMG (3}
HO(3)
H1PDOT (3)
HePRIM(3)
1CFA
ICFD

IPNDOLM
IPROPF
NCHECK
NUMCMG
OMEGA3
PEND4L

N W W W -

- - B -

- -

- B O - - % W 9 v v * w o w -

- % B > w»

-

AED(S)

ALT
AONE(T)
ATHO (4)

BMOM
BOOYII(343)
BYHREE (5)
B2MASS

CBAINO(3)

COSTTO
COSTT4
cP2

p01noT (3)

D13(3)
DI3YSN
D14¢3)
D14YSN

ELR2(Y)
ELBYSN
ELB (3)
ELBYSN
EL&(3)
ELAYSN
EM({6,6)

FFF(3)
FLAG2
PNl
FO2(3)
F11(3)

G4DoT
MDOT (3)
HW'(8)
H1PRIM(3)

1078
100cK

IPNTCK
NDECK
OMEGASG

- . -

w @ % -

COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
CoMMC
gommc
CoOMMC
Commc
coMMe
COMMC
COMMC
COMMC

v COMMC

* 9 % @ W © - - w -

LA B I B

COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
Commc
COMMC
COMMC
ComMmMc
comMmMc
COMMC
CoMMC
COMMC
CoMMC
-COMMC
COMMC
COMMC
CoMMC
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COMMC
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L£LOMMC
COMM(
coMmMr
coMMe
COMMC
coMMC
COMME
ComMe
CoMMe
Comme
cOMMC
COMMC
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COMMON R :
R1DOT(3)
R1ZCS
R2p0T ()
R2ZCS .
R3DOT(3)
R3zcS
R4DOT {3}
R4ZCS
CoMMON s
SINTTM
SINTT2-
SP
SUM3
86 (3)
T(3e3)
TEMP2(3)
TEMP3(3)
TEMPO(393)
TEMPD(303)
TEMP12(3+3)
TEMP15(303)
TFRICT
THETAL
THETO -
TIME
szllﬂ!
TMOTOR
TOEF (2)
7Q0G{+)
TQ1P(3)
Tr1007
TIEF(3)
COMMON V(3)
COMMON WO (2)
* Ww3(3)
COMMON X(6y7) , 9
® XMU

22t 80¢ s

W O W W e U DY D WY WS w

seces

COMMON

FTEEXISEEEN SRR R R R
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RO(3)
R1YCS
RIZSN
R2YCS
R2ZSN
R3YCS
R3ZSN
R4YCS
RYZSN
sDoT
SINTTO
SINTT3
sUMi
52(3)

TC{3¢y

TEMPA (3)
TEMPT (35 3)
TEMPLO (3¢ Y
TEMP13(3,3)
TERML (3)
THATA(6)
THETA3
T180(3,3)
TJ

TJ3(10y

TOTHMAS
TAOP (3)
TsTART
TT3007
Ti3

W3
Wh (3}
xC

o % W - -

x
L

o W e * A % 3 0 B .

- G W S -

ﬂ“\ﬁi’-\.

rR1{3)
R1YSN
R2(3)
R2YSN
R3(D
R3IYSN
R4e43)
R4YSN

SINFEJ
SINTTL
SINTTS
sumM2
83(3)

TEMP1(3) .

TEMPE (393}
TEMPR(3+3)
TEMP11(3¢)
TEMP14(303)
TERM2(3)
THATAD (6)
THETA4
TIB01(3+3)
TJIIO)
TJ4(10)

701
T216(3)
TSToP
TT400T
T1é

Wi(3)
xCooT
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COMMC
COMMC
CoumMc
COmMC
COMHC
COWNC
COMME
COMMC
COMMC
comme
coOMMC
COMMC
COMMC
comMMe
COMMC
COMMC
COomMc
COMMC
COMMC
CoMme
€ Omm(c
COMMC
CommMe
Commc
COMM(
£0OMMC
EOoMMC
COMM(
£OMM(
ComMc
COMMC
COMM(
COMM(
COMM¢
oMM
COMMt
COMMt
CoMM1L
COMM|

ﬁ#Q@#Q#éQ*ﬂﬁ&@&Qﬁ#@ﬁﬂ%@ﬁﬁ%ﬂ#ﬁ%#%%ﬁ%*##&ﬁﬁ&iﬁ&%%*ﬁﬁﬂ#ﬁ#@ﬂéﬁ@ﬁ#ﬂﬁﬁ&ﬁ%#ﬁ&

®
&
L

QR OBHLRBOFADBRDEDRVDBIDSBIBGOGLLRBBEBRBCDOLBDHIRNIBLBBLHLHDBIOBEREBBHOE

SINTTL = SIN(THETAL)

COSTTy 2. COS(THETAL)

DO 30 Malse3

FS = CGAIND (M) SO (M)

FPT(M) =: 240ABS{PS)

TAoP (M) = FSA0J (M)
30 CONTINUE

FS - % 80

IF (¢ STT! aGTa

IF (COSTTL oLTo = 0.87)F3

IF ASINTT] 6T 9:87)FS

IF (SINTT] ol To = 0.87)FS

FPT(4) = 242ABS(FS)

TQ1P(2) 8 FSeALJ(2)

FS .= CGAINI (1) 2 (OMEGAL = SP)

FPT(8) = 240ABS(FS)

TAP«1) = Fsealdly)

0B8%)FS

TR
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CBAIN] (3) aW0 (2) .
© CGAINL(2)®Wp(2)
ceAINL (2) 840 3)
- C@AINL(?}“H0(3)

pCON
PCON
PCON
PCON
PCON
RCON
PCON
RCON
PCON
ﬁcQN

FCON

PCON
PCON
PCON
PCON
PCON
PCON
PEON
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RETURN PCON
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END
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‘COMMON

T EE.

‘CoMMON

L &2

ComMMON

£ ST D

"GCOMMON
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COMMON

L E LD P

COMMON
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COMMON
&

2

‘COMMOx

SR

‘CoMMon
@

COMHON
COMHON
COMMON

AFQUR(2)
AIO(lH0203)
A0CJ(69303)

ATCPT2.(303)

Al1(3p3)
BDMASS
BODYD§{3a3)
BOMAS
BIWO(6)
BIMASS
CA(3)
CGAINL(2)
COSFEJ
€oSTT!
coat

cST

PB(3)
pELTAT
PDTI(H
DTIME
013007 (3)
D132CS
D14D0T(3)
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LINEAR ‘STMULTANEOUS EQUATIONS
A AUGMENTED MATRIX (AC) WHERE AX = C
ORIGINAL DATA DESTROYED
N NUMBER OF EQUATIONS
SOLUTION X WILL BE COLUMN Nel OF MATRIX. A
FLAG = 0, SOLUTION ex1ST Fx 1,0 NO SOLUTION
DIMENSION A (NRyNC)
Nl o N
NE & Nlel
NO = N] =)
FLAG = 0 ]
DO 60 1 s1,N}
Mol
MI 8 M
IF (M] -N1’29129
DO 10 II -aMeNO
IFC ABS(A(MIoM)Y)= ABS(A(I1e1eM))) Selgel0 .
FIND LARGEST ABSOLUTE VALUE COLUMN M, CALL IT 8BIG
MI 8 11+ 1
CONTINVE
BIG = A(MI¢M)
IF( BIG 1154100915
816 w o IMPLIES THERE IS NO SOLUTION
IF (Ml= M)18¢25c18

D0 20 JJ ®MoN2

TEMP ma (Ms )
AlMeJdJ) = A{MINJJ)/BIG
NORMALIZE ROW M1 AND EXCHANGE WITH Row ™
AMIyud) s TEMP
G0 To 35
DO 30 JUmMyN2
NORMAL IZE ROW M
A(MoJy) mA(MyIJ)/BIG
DU 50 11 = 14N}
DO ROW OPERATIONS- TO ZERO ELEMENTS OF COLUMN M EXCEPT FOR
ELEMENT A{MoM)
TEMP wA(II4M)
IF (Me11)38,50,238
IF(TEMP) 39,50,39
DO 40 JJm MeNZ:
A(IT0d)BA(IT9Jdd)e TEMP #A(MyJJ)
CONTINUE
CONTENUE
CONTINUE
RETURN _
READ SOLUTION AS N ELEMENTS FROM COLUMN (Nel)
FLAG =»1,0
SORRY THE COEFFICIENT MATRIX IS SINGULAR
RETUHN :

SYEQH
SYEQ»
SYEQM
SYEQH
sSYEQ»
SYEON
SygaQn
SYEQN

SYEQ

#***Q##ﬁ*%GQb*##**%##4G*G*ﬂﬁ%ﬁﬁﬁﬁ*Q*ﬁ%#ﬁﬁ#ﬁﬁﬁ#ﬁﬁ*ﬁ#*G&Qﬁ#ﬂﬁ#%ﬁ#ﬂ*i#*ﬁﬁ;

#
[}
%
END
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SUBROUTINE TORKO3
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@
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COMMON

LA B N IR

‘COMMON

s .8

COMMON

LERE R - R

‘COMMON

222G 0 ®

COMMON

LR

‘COMMON

&S 225 S8

COoMMoN
&

COMMON

SR - ]

-COMMON

:

s.08d

. COMMON

COMMON
COMMON
COMMON

o

A(3)
AFOUR(2)

AT0(603293)
A0CJ{6e303)
CATCPT2(303)

Al(303)
BOMASS

80DYDI(3¢3)

BOMASS
BTWO (&)
B3IMASS
CA(3)
CRAINL (2)
COSFEJ
COSTT1
coay

CS8T

DB (3)

DEL TAT
pT1(3)

DT IME
013D0T¢3)
p132cS
014007 (3)
D142C4

EEE(323)-

EL2D0T (¢3)
EL22C8
£.3007(3)
EL3ZCS
EL4DOT (3)
EL42CS
FAT(8)
PEE (6)
FFJ(3)

FTLAGS

FO(3)
Fo3(3)
FPT (5)
F12(3)
GAIN(LO)
G3DOT
H(2)
HI()

H1 (3}

H3PRIM(3)

1B2F
1CFE
1DOF:(6
IGRAVF
IPRINT
NCAGE
NGAIN
OMEGA1
PEND3L.
Qlaed)

W@ P D W W W D D WY O W WY W MmO D W D E Y W D WY W Wy WDy D 0 W 9 9 Y D WD W W W D D 0w 0 W 0w

6

AE (D)

AT1(%e3:3)

AJ1 (D)
AQJ(3)
ATHREE (5)
AlJ(2)
BFOUR (3)

BODYO] (303)

BONE (7)
B1MASS
B4MASS
c8(3)

co8TTy
COSTT3
cPl

cl '
DDO1¢3)
D01 (3}

Dl2(3)
D13YCs
D1 325N
Dl4aYCs
D14ZSN
EEJ{3073)
EL2YCS
EL2ZSN
EL3YCS
EL3ZSN
EL4YCS
ELAZSN

FEED {6y
FLAGL
FLAGSY
FO1{3)
F1(3)

F13(3)
3

6o

HCMG (3
HO(3)
H1PDOT (3)
HOGPRIM (3)

-JCFA

ICFD

1PNDLM
IPROPF
NCHECK
NUMCHMG
OMEGA3
PENDSL
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@ G W B9

< O a9

W w3 D e LTI - B - T - B B~ ] w a3 e O

A w3 W D WD

-

AED (5}
ALF
AONE(T)
ATHO (&)

BMOM

BODY1Z(3,3)

BTHREE (5}
B2MASS

CBAINO(2)

cO8TT7Q
CO8TYS
cPe

001007 ()

013¢3}
Di3vsh
Di6 (3}
DilaysN

ELB(3)
ELBYSN
ELB(3)
ELBYSH
ELG(3)
ELAYSH
EMI(6, )

FFEF (3)
FLAGZ
P

FoR(3)
F11(3)

G45D0Y
HDOT(3)
HH(S)
H1PRIM(3)

ices
1Dl

IPNTCK
NDECK
OHMEGAS

¥

o w0

< w v w 9 L -]

LT ]

come
Eomic

COMMC

COMMC
CoMMC
coMMC
COMMC
coMMc
coMMC
COMMC
COMMC
CoMMC
COoMMC
comMmMe
COMMC

e CoMMC

-3

e D P T @ L B T I @ o 5D o

w2

COMPIC
COMBMLC
COMMC
cOMmMe
COMM(
CoMpt
COmMM(
COMPMC
Comt
COMM(
COMM(
COMM
COMM(
£oMM
COMM(
CoMMI
COMM
COMMI
COoMM
COMMI
COMM:
COMM:
COoMM

COMM

€O

cOomm

COMM

- COMR

comM
coMH
COMM
COMHM
comM
CoMM
oMM
comm
COMM
CoMM
£OoMES
CGMM
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10

TYNTERTYNETERE R S 2

OOMMON Tres

LS ELET RS

CoMMON

L -

‘COMMON

"COMMON
COMMON

‘COMMON

*»

R

R1DOT(D)
R12C€S
R2007 (3}
R22¢S
R30QT ()
R3ZCS
RaDQT (W)
R4ZCS

S

SINTTV
SINTT2

SP

SU3

54(3)
T{3¢3)
TEMP2(3)
TeEMPA(3)
TEMPG(3+3)
TEMP9 (34 3)
TEMP12(3+3)
TEMP15(393)
TFRICT
THETAL
THETO
TIME
TJ2110)
TMOTOR
TOEF (3)
TQOG(3I)
TQIR(I)
TT1007
T1EF (3)

-V(3)

Wo(3)
W3(3)
X(Gg7’
XMU

- W W W W W e W e w e

W W W MWW W W W W W W e e e W

L4

RO(3}
RLYCS
R1ZSN
RRYCS
R2ZSN
R3YCS
R3ZSN
R&Y(S
R&ZSN
o
SINTIO
SINTT3
sUM1
$2(3)

TC(3+3y

TEMF4(3’
TEMPT (2¢3)
TEMPL0(3,3)
TEMP13(3+3)
TERM1 (9)
THATA (6)
THETA3
TiBO(3,3)
TJ )
TJ3(10)

TQTMAS
TQOP(3)
TSTaRT
TT3D0T
T13

s
Wh-(3)
xC

w e W W W W e

w W W a e

- % % W B e @ 9 9w -

W . W -

4

R1(3):
R1YSN
R2(3)
R2YSN
R3(Y
R3IYSN
R%{3)
R&YSN

SINFEJ
SINTTL
SINTT4
suUmM2
$3.(3)

TEMP1(3)

TEMPS{3+3)
TEMPB(3+¢3)
TEMP11(3,3)
TEMP14 (343}
TERM2(3)
THATAD (6)
THETAS
TIBOI(3+3)
TJ1(10)
TJ410)

101
TG (3I)
TSTop

Tr400T
T1é4
wied)

xCoor

- w e % % B B %

* % & w»

- W W WP O W e e 9D -

< w B W

COMMC
COMMC
COMM(
COMM
CoOM
COMMC
COMMC
COMMC
coMmc
CoOMM?
coMMc
COMMC
COMMC
CoMmMC¢
coMMC
COMMC
COMM(
COMMC
COMMC
CoMM(¢
CcoMMC
coMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
commMc
COMMC
COMMC
coMMe
coMmc
COMMC
cOMMC
CoMmc
COMMC
Commc
Comme

AT TR T YT LLLPTL LTI YT LN TELL PR VY TETE TR TRV Y T Ly

L
*
L
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THIS SUBROUTINE COMPUTES THg TORGUE BETWEEN BODY 0 AND BODY 1.

TH1S TORQUE CONSISTS OF THE- CONTROL TORQUE AND FRICTION TORQUE.
IF- (TIME (NE, TSTARTy 60 To 10

XCw=GAIN(2) #OMEGA]
AFOUR (2)uxC

CONTINVE

AFOUR (1} =»TIME
BFQUR(1)sDELTAT

XeDOTaGAIN(3) #(OMEGA) «5SP)

BFOUR(2) sXCcDOT
CALL FOMS (AFOURIBFOUR29FLAGH» TU4)

ACEAPOUR(

2)

TMOTOR®GAIN (2) #OMEGA) #XC

TFRICT=OGAIN (1) #SIN(OMEGA]L)

TolaTmoToRe TFRICT

RETURN
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TORK(C
TORK(
TORKC
TORK(
ToRke
TORKC
TORKS
TORKC
TORKC
TORKr
ToRkr
TORKC.
TORKC
TORKc
TORK(|
TORK(¢|
ToRKc
TORK(,

|
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[

®
@

END
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. ‘ TORK]
THI® SUBROUTINg COMPUTES TWg TORQUE BzTWEEN 80pY 1 AND BODY 3. TORK)
THIS TORQUE CONSISTS of THE CONTROL ToRQUE AND FRIECTION TORQUE, TORK}

.. . TORK]
Ti3 a = CPI#OMEGA3 = CP2#THETASZ ToR}
RE TURN ‘ TORK]

TORK]
hbdedd LT LLELETEDE P LT LUEEYY PETY Y PEETY Ty R Y TP TAT T LT ey
@

@
END:
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EUBROUTINE TORK14({T14oCPLloCP29 THETAS o NMEGAS)

@ )

LAl DL R T DT LA L DL TR T T T T PP Y A T L o R PR L Y. - -
' TORK1

TH1S SUBRQUT INg COMPUTES Tue ToRQUE geTHEEN goDY 1 AND BODY 4. ?Oﬁgg

THIS TORQUE CONSISTS OF THE CONTROL TORQUE AMD FRIGTION TORQUE.  TORK)

JORK)
Ti6 2 = CP1oOMEGA4 = €P2%(THETAS = 316159 TORK]
RETURN ‘ TORK]

TORK]

’ @**éewM-iwéetés\-na?meaqloﬁcwq<'z-mamwae:mm-:wmmcw@aaaéwé}aﬁ@éaeéaﬁﬁaaaaaaénaééam
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]
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COMMON

FYTEE

QOMMON

EE N X

COMMON

FYEER.

COMMON

sanci-a¢ ®

CONHON

SR & OTE

COMMON

$2356 %0

COMMON
#

COMMON-

E XN

COMHON

FEE R

COMMON
COMHON

,*COMMON

COMMON

A(3)

AFOUR (2}
AI0(69313)
ADCI (6939 3)
ATCPT2(313)
Al(3¢d)
BDMASS
BODYDI (34 3)
BOMASS
BIWO(4)
BIAMASS
CA(Y)
‘CGAIN1 (2)
COSFEJ
COSTT1

€27
-cST

DB (3)
‘DELTAT
DTI(3)

DT IME
01390113)
p132CS8
D14D0OT (3)
D142CS
EEE (3¢3)
EL200T ()
ELZZCS
EL 3007 (3}
EL3IZCS

. Eg#BOTzai

EL4ZCS
FAT(8)
FEE (6)
FFJ{3)
FLAG3.
F0(3}
FO3(3)
FPT (5)
Fla(3)
GAIN(10!}
63007
H(3)
HI(3)
H1(3)

. H3PRIM(3)

1s2¢
ICFC:
1DOF(8)
TGRAVF:
IPRINT

"NCASE

NGAIN

OMEGAL
PEND3L
Qlbe4)

O\.ﬂﬂmﬂﬂﬂﬂﬂﬂ“ooﬂﬂ"“‘ﬂﬂﬂ"ﬂ'ﬂo@..ﬂﬂ0-"‘0“00‘--"‘"-““

C~56

AE (D)
ATT(6y243)
AJl (3)
ADJ(3)
ATHREE ()
ALJ(2)
BFOUR (3)
BODYOI (393}
BONE(T)
B1MASS
B4MASS
CB(3)

coSTTy
CcOSTT3
cPl

cl ,
D001 (3)
DOl (3

D12(3)
013YCs
D13ZSN
D14YCS
D14ZSN

-EEJ(393)

EL2YCS
EL2ZSN
EL3YCS
EL3ZEN
EL4YCs
EL4ZSN

FEED (6)
FLAG]
FLAGY
FO1(3)
F1(3)

F13(3)

a3

Gé ,
HCMG (3)
HO(3)
H1PDOT (3
HGPRIM(3)
ICFA
ICFD

TPNDLM
IPROPE
NCHECK

NUMCMG

OMEGA3
PEND4L

- - L} - w W9 9% - W e W e

o

“« % - 9 w» - - - v W v e w D W

- % % % B

AED(5)

ALT
AONEL(T)
ATWO(4)

BMOM
BOOY11(3¢3)
BTHREE (5)
ARMASS
€BAINO ()

coSTTo

CO8TT4

cePe

p01D0T(3)

D13(3)
D13ysN
D14 (3)
D16YSN

EL2(3)
ELRYSN
ELB(3)
ELBYSN
ELA(3)
ELAYSN
EM{646)

FFF(3)
FLAG2
EM
Fog(3)
F11(3)

@46DOT
HDOT (3):
HW(6)

" MIPRIM(3)

icFB
1D0CK

IPNTCK
NDECK
OMEGAS

- - -

- - . 9 -

COMMC
CoMM¢
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
COoMMC
CoMMC
COMMC
COMMC

+ COMMC

- v o - L

“w B W W - O 9 O 9 %

- - -

COMMC
COMMC
LOMMC
COMMC
cOMﬂC
COMMC
CcOMMC
coMML
COMMC
COMMC
coMMC
COMMNC
COMMC
COMMC
CoMMC
COMMC
comMMC
COMMC
comMmc
COMMC
COMM(
COoMMC
COMMC
COMMC,
COMMC
cOMMC
COMMC
COMMC
COMMC
COMMC
COMMf
COMM(C
cOMM(
COMM¢
CoOMM(C
COoMMC;
CoMM(
Commc
COMMr
COMMU



OO0 0O0OO

COMMON R y RO (3} ’ R1(3)
» R1DOT(3) v RIYCS ) R1YSN
* R12CS ’ R1ZSN ’ R2(3)
. R200T (3) y R2Y(CS ' R2YSN
* R2ZCS ’ RRZSN ’ R3(3)
» R300T(3) ’ RIYCS ’ R3YSN
* Razcs ' R3zZSN ’ Ré(3)
* R4DOT(3) ’ R4YCS ’ RGY SN
# R4ZCS ' RGZSN :
COMMON S ’ spoT ’ SINFEJ
® SINTTY ’ SINTTO ’ SINTTL
* SINTT2 ' SINTT3 ' SINTT4
» SpP ’ sSUMl ' SUMz
* ‘SUM3 ’ S2(3) ' $3(3)
“ $4(3) ,
COMMON T(3+3) ’ TC(3r3) ’ TEMP1(3) "
» TEMP243) ’
. TeMP3(3) ’ TEMP4 (1) ' TEMPE (3+3)
» TEMP6(3¢3) ’ TEMPT (3+3) ’ TEMPS(393)
@ TEMP®(393) y TEMPIO(393) TEMP11(3:3)
# TEMPL2(393) TEMPLI3(393) TEMP14(3+3)
s TEMP15(393) o TERMI (3) ’ TERM2 (3}
. TFRICT ’ THATA(8) ' THATAD (6)
® THETA] y THETA3 ’ THETA4
# THETO ’ T180(3,3) ’ T1B01(3.:3)
. TIME' ’ T ’ TJ1(10)
® TJ2(10 ’ TJ3(l0y s TJH(10)
" TMoTOR ’
% TOEF (3) ’ TOTMAS ' TO1
» ‘Te0g () ’ TQOP (3) ’ TR16(3)
* TIP3 ’ TSTaRT , T8THP
@ TT1D0T ' TT3007 ' TT400T
4 T1EF (3) ’ T13 ’ T14
COMMON V(3
COMMCN Wo(3) WS Wii3)
hd w3(3) ’ wék(3)
COMMON X(6s7) ' XC ' XCOoT
» XMU

»
*
»

-9 AW v e w

- o w P -

w W9 % U W S W e e -

- O P S

BERBRADR R DR B RSB EROER NG R D GBI R DO BB ANR SR DO IRRR DG S GO E R RO DT ISR

COMMC
COMMC
Coume
COmr
coMr
cowne
COomMRC
COMMC
COUMC
COMMC
comme
COmMMC
COMMC
CouMC
COMMC
COMMC
COMMC
COMMC
COMMC
COMMC
commMc
COMMC
coMme
coMMe
COMMC
coMme
coMmMC
COMMC
COMMC
COMMC
COMMC
cOoMMC
ComMMC
COMMC
EOMMC
COMMC
commMc
comme
COMMC
L. 22 12

SR BB Wt T 200 A5 5 050 0 D00 S0 A8 U0 30 0 5 0 06 5000 0005 0 00 08 g1 34 05 3 85 S0 39 03 4S8 840053 06 W 400 43 45 04 50 3 00 3 - G B0 0 £

SINTT1 =: SIN(THETAL}
COSTTyY o COS(THETAL)

Will) = wo()) + OMEGAL

Wi(2) m wW0o(2)8coSTT] ¢ WO(3)PSINTT)
W1(3) = -NO(Z)#S%N;;I + WO(IyuCOSTT]
A

IF (TIME oNE, TS
CALL RECALC
CONT INUE

CALL. SDCALC . N
ELADOT (1) = =WICIYOEL2(2) + WI(2)%EL2(3) ¢ S2(1)*SHOT

EL200T(2) @

) 60 To 2

WI4I¥PELZ(L) = Wi(L)9EL2(3) o S522)4Sp0T

EL2D0T(3) & «W1(2YHEL2{1) + W1(1)%EL2(2) -+ S2(3)"SpoT
RO(1) = R1(1) = DQii})

RO(2) = R1(2)1FcoSTTI .~ RID#SINTTI ~ Doi(2)
RO(3) = R1(2)%SINTTIH RI(II#COSTTI — DOI(3)
W31 = WiIQY T

W3 (2) = OMEGAZSSI(R) -+ W1{Dy -
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XDoY
XDOTY
XpoT
XpoT
XpoT
XpoT
XpoT
XDOT
RpoT
xpo¥
Xxpo¥
XpoY
Xpnoy
XDoT
Xpo?¥
XDoY
Xpoy
XpovT



W3(3) = OMEGA3*53(3) ¢ w; 3) xDoY
EL3DOT(1) ® «w3(3)*ELY(2) + w3 (2)%EL3(3) XpoY
EL3DOT(") a W3 (N *ELI(L) w» w3(1)#ELI(I) xD0Y
EL3DOT( 1) w ~W3(2)9EL3(1) + W3(1)®EL3(2) xpoY
Wa(l) = Wiqp) xpoT
w4‘2l o OMEGA4#S4(2) + W1(2) xpoT
We(3) = OMEGA4#S4(3) o+ W1(3) xDo1
ELADOT (1) w «W4(I)®ELG(2) o W4(2)#ELG(3) xpoT
EL4DOT(2) w Wae(I)RELL(L) =~ W4(1l)¥ELG (D) XpoY
ELADOT(3) & =W4(2YPELA(L) + W4 (1)®ELG(2) xpo?
DO1DOT (1) = «WO(3)#DO1(2) + WO(2)#*DO](3) xpoT
DOIDOT(2) = WO(3)*DO1{1) = WO(1)#DO}(3) xpoT
DOIDOT (3) = =W0(2)®D01(1) + WO(1)*D01(2} XDoT
D1300T (1) = =W1(3)#D13(2) + W1(2)%013(3) Xpo?
D13DOT(2) = W1(3)*D13(1) = Wi(l)#D13(3) XpoT
Pl3DOT(3) m» ~w1(2)#D13(1) ¢ Wi(l)#D13(2) %00T
D14D0T (1) = «W1(3)#D)14(2) + W1(2)4D1l4(3) xpo?Y
016D0T(2) » WI(3)%D14(1) = W1(L)#D1e(3) XDoT
D14DOT(3) w =W1(2)*DL4(1} + W1(1)#D1l4(2) Xpot
RipOT(1) = (BOMASS/TOTMAS)*DOIDoT(1} xpoT
» = (B2MASS/TOTMAS) #EL2D0T (1) XpoT
# « (B3MASS/TOTMAS) #(D13DOT (1) « EL3DOT(1)) XpoY
» »{B4MASS/TOTHAS) *(D14DOT (1) +- EL4DOT(1)) xpoY
RIDOTtE! a (BOMASS/TOTMAS) #(p0100T(2)4C0STT1 + DO1POT(3)*SINTTI) Xpo?
« (B2MASS/TDTMAS)#EL2D0T (2) XpoT

-t- «{B3MASS/TOTMAS) #(D13DOT (2) + EL3DOTH2)) xpoT
* = {B4MASS/TOTMAS) #(D14DOT(2} + EL4DOT(2)) xpoY
RIDOT(3) 2 (BOMASS/TOTMAS) # (wDO1DOT (2)#SINTT1 « DOIDOT (3)#COSTT1) xpoT
w (B2MASS/TOTMAS) #E1.2007 (3) xDo¥

W ~ (83MASS/TOTMAS) #(D13D0T (3) + E{300T(3)) XpoY
I -« (B4MASS/TOTMAS) #(D16DOT (3) + EL4DOT(3)) XpoT
REDOT(1) = R1DOT(1) + EL2DOT(1) XpoY
R2DOT(2) = RIDOT(2) ¢ EL2DOT(2) %DoT
R2pOT (3) n‘RlooTta) ¢ EL2DOT(3) _ XpoT
R3IDOT(1) = RIDOT(1} ¢ DLI3IDOT(1) ¢ EL3INOT(1) Xpo7t
RIDOT(2) = R1DOT(2) + DI3DOT(2) ¢ EL3pOT(2) XpoT
R3DOT (3) m R1DOT(3) + D13D0OT(3) + EL3nOT(3) XpOT
R4DOT(1) = R1DOT(1}) « DI4DOT(1) + EL4POT(}) XpoT
R4DOT(2) = RIDOY(2) « DI4DOT(2) + EL4DOT(2) XpoY
R4DOT(3) = RINDOT(3) ¢ D14DOT(3) + EL4pOTI(I) XDoT
CALL- MULT-(40,80DY01 ,HQ,DUM,DUM rDUM?l) xpovY
CALL MULT (#1+B800Y119W1sOUMsDUMeDUMs 1) _ xpoT
H3PRIM(1) = B3MASS*(=p{3(3)6R3D0T(2) + EL3(2)eR3D0OT(3)) XpoY
H3PRIM{(2} = B3IMASS*( EL3(3)4R300T(1) = EL3(1)ARINOT(3)) XpoT
H3PRIM(3) a B3IMASS#(=gL3(2)2R300T(1) + EL3(1)#R3D0T(2)) xpoY
HYPRIM(1) ‘w. BAMASSH(=EZL4(3)#R4DOT(2) o EL4(2)#R4DOT(3)) XD0T
HAPRIM(2) = B4MASS®:( EL4(3)#R4DOT(1) « EL&(1)9R4DOT(3)) xpoT
HePPRIM(3) » B4MASS*(wEL4(2)»R4DOT(1? + EL4()1)4R600T(2)) Xpot
HLIPRIM(2) % H1(B) * H3PRIM(Z) + H4PRIM(2). XDOT
*  «BAMASS#( « EL2(3)9R200T(1) « EL2(1)#R2p0T(3)) XpoT
* oBIMASS*( = 013(3)“R3007(1) ¢ D13(1)#R3DOT(3)) xoot
*  =BAMASSH®( = DI4(F)®RADOT(1) 014t1;¢a4007(3>) XpoT
HIPRIM(3) » H1(3) * HIPRIM(3) ¢ HePRIN(3) XpoT
*  oB2MASS®( EL2(2)PR2DOT(1) e EL2(1}*R2D0T(2)) xpoT
%  wB3uASS™( 13(2)933907(1) e 013(1)#p3007(2)) XDOY
*  «B4MASSH( olata)* 4D0T (1) -w D14(1)%R4DOT (2)) xpoT
IF (TIME oNEo TSTART) GO TO S5 - XDoT
HlPRIM(l) 2 HI{1) * H3PRIM(1) ¢ M4PRIM(1) XpoY
9 «B2MASSe(EL2(3)#R200T(2) <« ELE(Z)“RQDOTGS}) xpoY
#  =BIMASSH{D13(3)}#R3D0OT(2) = D13(2)¥R3DOT(3)) XDoT
#- aBAMASSH(DI4(3) #RADDT (2), « D14 (2)%R4DOT(3)) _ XDoT

o LET-US DEFINE SOME INTERMEDIATE VALUES NEEDED FO- COMPUTE He xpoT

n_8Q
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SUM1 = BlMAass#R1D0OT()
. +B3MASSOR300T (1)

SUMZ o glMagseR1DOT(2)
sB3MASSYRIDOT(2)

SUM2 ® BlMAgs¢RlDo;(34
*BIMASSIRIDOT (3)

CALGYLATE Hoe

RO 4 Imlo3 .

HCMG (1) o FFF(D)

00 4 Uoled

- e LB 40

HCMG( 1) -8 EEE(Ied) #HO (W)
4 CONTINUE
Hil) =» HO(1) o HIPRIM{1)

¢ {=DQ} (3)¢COSTT}
o{ DO1(3)9BINTTY
o HCMG (1)

&
&

B2MASSHR2D0T (1)

B4MaSSER4DOT (1)

B2MaSS#R2DOT (2)
B4MASS#R4DOT (2)
Ba2mASS*R200T7 (3)
BeMASSaﬁsaoTtsi

¢ HCMG{I1}

DO} (214BINTTY) oSUM2
DO1 (2) #COSTT{)SUN)

H{2) @ HO(2) o COBTTIoWIPRIM(2) = SEM?TZ¢ﬁ19R:M(33

¢ DOY(3)0SUML = DO1(1)FSINTTLI®SYUMZ = ooztx’*c05171*sUM3

s HCMG(2)

Hts: @ HO(3) o SINTTLI4HIPRIM(Z) o COSTTIoMIPRIM(3)

= D01 (2)@SUMY ¢ DOL(1)#COSTTI®SUM2 = DNOL (1) ¥SINTTLIOSUN3

s HCMG (3)

S. CONTINUE
COMPUTE THE UNIT VECTOR Jle

L
W

AJl(l) = B2MASS®ELZ())
+B3aIMASS®DL3(1)
+B4MASSODL4 (1)

. AJ&(E) = B2MASS9EL2(2)

i0

a .

&

*B3MASSODY 34 2)
. oBénuAgsOD4(2)
Adstsa o BEMASSOEL2(3)
¢B§MAS$¢D!313)
+BonasseDIA(3)

‘VPDATE THE ORBIT ANGLE

THETO B TIME®WS

& @& %

&

> »

B3MASSYEL3(1)

- BoMASSWEL4 (1)
- BAMASSFEL3 (2)

BéuAsSOEL 4 (2)

- B3MASS®EL3(3)

B4MASSHEL4 (3)

IF: (IGRAVF .EQ. 0) GO*TO 10
CALCULATE Twe @RAVITY GRADIENMT FORCES AND TORQUgS,

CALL- GGRAD

-CONTINUE
SUy THE FORCES ON BODY ZERQ,

&

&

FO(1) = FOI (1)
FO{2) = Fol(2)
FO(3) = FOY(3)

SUM THE FORCES ON BODY ONE-

Fl(l) = F1i(D)
Fl1(2) = Fli(2)
Fl{3) = FR1(3)

SUM THE TORQUES ON BODY ZERO,
"TOEF (1) ® TQOG{1) ¢ TQOP(1)
T0F (2) & TQOG(2) ¢ TQOP(2)
TOEF(3) = TQOG(3) ¢ TQOP(3)
SUM THE TORQUES ON BODY ONE,
TIEF(1) ® TRlG(l) ¢ TQiR{1)
TIEF(2) o Te16(2) ¢ TQIP(2)
TLEF(2) %@ TQLIG(3) ¢ TOIPA(3)

LET Us DEFINE SOME ZNTERMEDI&TE TERMS USED 70 CALCULATE' HDOT.

TERMIIl) & (BOMAss = TOTMASYODOL (1) o AJL(D)
YERM) (2) o (BOMASS = ToTMaSy6po1(2)

= COSTT1I#AJ1(2) ¢ SINTT1%a4143)
TERML(3) & {BOMASS '@ TOTMAS}GDOQ(B)

w SINTT14a01 (2) = COS

TTisag1(3)

TERM2{1) © BOMASS#D01(1) = AJI{1)

C~59



o000

TERM2(2) » BOMASS*{ COSTT1*p0l(2) ¢ SINTTI*NO1(3)?) » AUL(2) xpoT
TERM2(3) = BOMASS®{aSINTTI®DO1(2) ¢ COSTTI#NO1(3)) e AJL(R) XpoT
ATCPT2(19)) = Qo xpo?
ATCPT2(112) w =TERMZ13) 2007
ATGPT2(19¢3) = TERMZ(2) . xpoY
ATCPT2(as]l) = cos;;znvaauetai ¢ SINTTLSTERM212) XpoY
ATCRT2(292) = ~SINTT1#TERMZ(1) xpoT
ATCRTZ2(213) = ~COSTTI®TERM2(}) XpoT
ATCRT2(3+1) = SINTTLI#TERM2(3) = COSTTI®TERM2(2) XDoY
ATCPT2(3¢2) = COSTTI#TERM2(1) . : XpoT
ATCPT2(313) w «SINTTI#TERM2()) : X0oT
HOOT (1) ® WO(3)#H(2) = WO(2)#H(3) o o, xDoT
» ¢ («TERML (31 #F0(2) » TERM1(2)4#F0(23))/TOTMAS , XpoT
e {ATCPTZ (1) 1)1 #F1 (1) ATCPT2(192)#F1(2) 4ATCPT2(193)#F1(3))/TOTMAS  XDOT
#s TOEF(1) ¢ TIEF(Y) xpOT
HOOT(2) ® w0 (at®(l) » WOolpI*n(3) X00T
* o TERMY (3)4p0(1) » TERML(1)@FO(3))/TOTMAS xpot
®+ (ATCPT2(241) #F1 (1) ¢ATCPT2(202) #F1 (2) wATCPT2(393)%F1(3)) /TOTMAS  XDOT
#¢ TOEF(2) + COSTT1®T1EF(2) = SINTTI*TIEF(3) XDOT’
HDOT(3) a wo(2)*H(1) = WO(1)®H(2) XDOT
» o («TERML(2)9FO(1) « TERML(1y8F0(2))/TOTMAS XpoT

#e (ATCPT2(351)#F1(1) ¢ATCPT2(302) #F1(2) 4ATCPT2(393)#F1(3))/TOTMAS  XDOT
fe TOEF(3) ¢ SINTTI®TIEF(2) « COSTT1I®TIEF(3) XpoT
CALCULATE THE TORQUE BETWEEN BODY 0 AND BODY 1, (CONTRoLsFRICTION)XpoT

CALL TORKO} ) XpoT
HIPDOT(1) = =W1(2)*HIPRIM(3) +« W1(3)9H1PRIM(2) xpoT
& +R1DOT (2) @ (wB2MASS#*EL2D0T (3) »B3MASS# (D13D0T (31 +EL3DOT (3)) = xpoT
* BGMASS®(D14DOT(3)+EL4DOT (3)))»R1DOT {3) * (=B2MASS®EL2D0T (2) ~ XpoT
# B3MASS® (D13DOT(2)+ELIDOT(2) ) »B4MASSH (D14DOT (2)+ELSDOT (2))) xpot
#eAJL(2)# (eF0(2)#SINTT)/TOTMASSFO (3) #CoSTT1/TOTMAS) xpoT
®eAJ1(3)#( FO(2)OCOSTTI/TOTMASSFO(3)PSINTTI/TOTMAS) XpoT

*eAJL(3)6F1(2)/TOTMAS=AJL (2) #F1(3) /TOTuASSTIEF(1)*Tol . ' xpoT
CALCULATE THE TORQUE BETWEEN BODY 1 AND BODY 3+ (CONTROL+FRICTION)XDOT
CALL TORK13(T13+CPlsCP2s THETAZ1OMEGA3) Xpot
G3D0TReS3(2) # (W1 (3FFHIPRIM(1) =Wl (1) PHIPRIM(3) } =83 (3) #(W) (1) *H3PRIMXDOT

#(2)=W1(2)#HIPRIM (1)) *»BIMASSESI(2) #(EL3IDOT (3) sR3DOT (1) »EL3DOT (1) #R3IXpOT

#DOT(3) ) +BIMASS#S3 (39 *(ELIDOT (1) *R3DOT (2) =EL3DOT (2) #R3IDOT (1) )= XpoT

# (B3MASS/TOTMAS) @SB (Z)#(ELI(3)4(FO(1)eF1 (1)) =ELB (1) 8(~FO(2)9SINTT1+XDOT

#FQ (3)#C08TT]eF1(3)) ) »(B3MASS/TOTMAS) #S3(3) #(ELI (1} a(FD(2)4C05TT e XpoT

BFQ (3} #SINTTI+F1(2) M=EL3(2)%(FO(L)+F1 (1)) 1eT13 XpovT
'CALCULATE THE TORQUE BETWEEN BODY 1 AND BoDY 4, (CONTROLFRICTION)XDOY
CALL TORK14(T149CPLaCP2sTHETAG sOMEGA4) ’ XpoT

G4DOTmeSA (2 (W1 {3 ¥HAPRIM(1) wW1 (1) ®HGPRIM(3) ) wB4{3) #(W] (1) #*H4PRIMXDOT
®(2) el (2) *HAPRIM{1)) +BEMASSHS4 (2) 2 (EL4DOT'(3) #REDOT (1) »F| 4DOT (1) #REXDOT
*DOT(3) ) «B4MASSeS4 (3) #+(ELSDOT (1) #R4DOT (2) wEL4DOT (2) ®R4DOT (1)) XpoOT
# (BAMASS/TOTMAS) PS4 (21 #(EL4 () ®(FO(1)epl (1) }=ELG{Ll) @ (=FO({2}*SINTT1eXDOT
*FQ43) #COSTT14F ] (3) })=(BAMASS/TOTMAS) #54 (3) B (EL4(1) # (FD(2) #COSTT1* XDOT
#FO(3)#SINTTLIFL(2) }=ELG(2)#(FO(1)+F1(1)))+T1s ) xpoT

RETURN o _ . . . XDOT
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FLOW CHART & BLOCK DIAGRAM

Fous DEN 100301 {3-84)

Applicotion RUN CONTROL MODULE

Oatle

OCTOBER 1970

Page

1

of

Procedure,

Drawn By_._..._.GARY, JOHNSON

READ ANP WRITE: NDECK
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¥ 20
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WRITE: NCHECK
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IPNDIXM
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130 CONTINUE
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CONTINUE TO THE NEXT PAGE
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READ AND WRITE:
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READ AND WRITE:
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DO 175 J = 1, NGAIN
READ AND WRITE:
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175 CONTINUE
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REAT AND WRITE:
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v
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ENTER
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APPENDIX E, SUBROUTINE DESCRIPTIONS

Subroutinas CMG

Purpose:

This subroutine computes the angular momenta produced
by the CMGs located on body 0,

Eirher 2 degree of freedom, 1 degree

of -freadom or reaction wheels can be accommodated,

Input/output:
Fortran Math
1/0 Name Symbol Definition

1 NUMCMG NCMG The number of CMGs located on body 0O

I IDOF(K) IDOF The number of degrees of freedom for
the kth CMG

I HW (K) :ﬁ The momentum of the kth wheel

I AIT(J,K,M) I The ipertia matrix of the innerigimbal
including wheel., The subgecxript J
refers to the CMG being referenced,
K, and M are dimensioned 3 and
accommedate the inertia matrix

I AIO(J,K,MS, "Io The inertia matrix of the outer
gimbal. The meaning of the subscripts
are ‘the same as AII(J,K,M)

I | TBATA(J) Qj The inner gimbal angle

I FEE(J) ﬁj The ocuter gimbal angle

I THATA(J) Oj The time-derivative of Qj

I FEED (J) ﬁj The time derivative of ﬁj

0 FFF (M) f The total angular momentum of the
CMGs which is not a function of the
angular rates

0 EEE(M,N) E The total angular momentum of the
CM@s which iz a funection of the
angular rates, TFor further discussion
see the Appendix
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Subroutines required:

Discussion: Nona

None



Subroutine ATT

Purpose: This routine simulates the action of an attitude
control system using.reaction jets.

Tnput/output:
Fortran Math
I/0 Name Symbol Definition
I wWo () 50 Angular rates of Body 0O (stator)

I TIBO(3,3)- [I;B]O» Transformation from Body 0 to
inertial frame ’

T cA(3) CA Direction cosines of reference
direction

I TIME t Time

I | BODYLI(1,1) Ilt‘_.4Moment of inertia around spin axis of
rotor

I OMEGAL 91 ' Gimbal rate of voto:

I DELTAT At Time increment per step

0 | TQOP(3) Control torques

0 FAT(8) ) Control forces

I 403(3) Reaction jet lever arms

Subroutines required: none

Equations programmed: AKX = le"u usinﬁ/Z/(.'i.S + At)

coordinate transformatlions

Discugsion: A complete description of this routine is
given in the final report.

In oxrder to activate the attitude control funetion it is
necessary to set both IPROPF and IATTIF in the input data.

The attitude section also requires designation of the three
direction cosines (CA(1l), CA(2), CA(3)) of the direction in
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inertizal space at which control 1s desired. For a reorientation
maneuver the initial orientation of the spin axis is dinertial
space read in (TIBOI(1,l), TIBOI(Z,l), TIBOI(2,3) are the initdial
direction cosines of the spin axis in inertial space) can be
specified different f£rom CA, It 1s necessary, however, to

ensure that the angle between the initial direction of the

spin axls and the direction to which it is commanded to be
redirected be not greater than 60° for the attitude control
Toutine employed in this program,

" The propulsion contxol section must be supplied with
appropriate jet couple lengths and control galns for removal
of tranaverge angular rates (see digcussion on PCON subroutina),
The control can be on either Body 0 or Body 1 or on both,
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Subroutine:

Purposgat

EMCALC

Subroutine EMCUALC assembles the M matrix used in the

ecaleculations from which the angular veloecities are computed.

Input/output:
Fortran | Math :
1/0 | Name Symbol Definition i
T THETAL 91 Angular displacement batween jbodies 0
and 1
I R1(3) fl Vector distance from system c.m, to
the c,m. of body 1
T R2(3) ‘Ez Vector distance from system ¢.m. to
the c.m, of body 2 .
I R3(3) §3 Vector distance from system c.m., to
the c.m. of body 3
I R4 (3) 54 Vector distance from system c.m. to
the c¢.m. of body 4
I ELZ(3) 2 Vector position of the movable mags
I EL3(3) ﬂs Vectoxr position of body 3 from hinge
line s
3
I EL4(3) Zﬁ Vector position of body 4 from hinge
line s
4
1 DOL(3) 501 Vector distance from the c.m., of
. body O to the hinge line of body 1
I D13(3) 513 Vector distance from he e.m. of
body 1 to the hinge l:ne of body 3
I | Dl4(3) 314 Vector distance from the c,m, of
body 1 to the hinge line of body 4
I BOMASS 1o Mass of body 0O




I $2ZMASS m Masy of body 2

2
I B3MASS my Mass of body 3
I B4MASS m, Mess of body 4
I TOTMAS m Mass of composite body
I Al Coordinate transformat_;n from
’ body 0 to body 1
I R1{3) El Vector distance from system cim.
. to the c.m, of body 1 ’
I R2(3) 52 Vector distance from t] e gystem
c.m, to the c,m, of bo.y 2
I | R3(3) 53 Vector distance from t1e system

c.m, to the c.m. of body 3

I BODYOI (3,3} T The inertia matrix of -ody O .

I BODYII(3,3)} I The inertia matrix of Hody 1

1
I 83(3) 53 The hinge line of body 3 ;
T | s4e3) 3 4 The hinge line of body 4 ;]
b
) FM(6,6) m The M matrix . !

Subroutines required: None °

Fquations programmed: The M matrix is related to the angular
momenta and the angular velocities by the equation shown below:
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Subroutine FOMS
Purposa: This integration routine calculates values of a

sab of variebles at time t,yq from their values at t, and their
derdvatives at times t, and tp.1.

Calling Sequence: FOMS (A, B, N, E, TJ)

Input/output:
Fortran Math
/0 Name Symbol Definition
I A(D) X o ith variable at time t3 i=1,2
4 « » e I=414+1
0 A(T) xi,n&i ith variable at time t o1
I B(L) * ith derivative at time t
. i,n —_— ] n
I N m Numbex -of variables to be inte-~
grated; m= N-1
I,0 | E Flag to use current dexivatives
) for past derivatives on first
“integration
I TF(I) xi,n-l ith derivative at time tnel
0 TTI(I) ii ith dexivative at time t_jystorage
,n f"'"_' . n .
or next step
Subroutines required: pone
Equations programmed: R =%, F 1/2 At(3xn - xnfl)

Digcusgion: The variables and derivatives are indexed over
values of I from 2 to N. B(1l) is used to bring in At. A(l)
is set up to be used for time but is not used in this program.
On the firast integration the current derivatives are also used
as past dexivatives since no past derivatives are avallable.
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Subroutine GGRAD

Purpose: This subroutine calculates the forec2s and torques
due to pravity gradient on Body O and Body 1. ’

Iny t/output:

Fortran Math
/0 Name Symbol Definition

1 THETO 2] ‘True anomaly

1 | TI80(33) [I,B]0 'iranzfoim;tion from Body 0 to
nextia rame

I BODYOI(3,3) [IO] Moment of inertia matrix of Body 0

I BODY11(3)3) [11] Mc;ment of inertia matrix of Body 1

0 FOL(3) fa; Force on Body 0 due to gravity gradient

0 F11 (3 i‘?{ Force on Body 1 due to gravity gradient

0 TQOG (3) Torque on Body 0 due to gravity
gradient

0 TQlG (3) Torque on Body 1 due to gravity
gradient

I cl Gravitation congtant and earth

rad _i.us factor

I BOMASS m Mass of Body O

0
I BlMASS - my Mass of Body 1
I THETAL 91 Gimbal angle of Body 1
I | RO(3) o Digtance between centers of mass
of Body 0 and gystem
1 RL (3) o Distance between centers of mass

of Body 1 and .system
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Equations programmed:

—

Torque: T = -'2—#—5- R, ¥ [f"i'ol
R

G
0
n - ORgT
Force: F.o= A0 (r - R.)
] 3 2 (1]
R )

where RO = digtance to center of earth

r = distance between center of mass of body and
center of masas of system

Discusgion: The translational motiop 1s limited to circular
oxrbits in the X-¥Y inertisl plane in oxrder to simplify transforma-
tions and relationghips in this subroutine, Gravity gradient
effects on Body 2, Body 3 and Body 4 are neglected,
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Subroutine; HCON

Purpose: The subroutine contains the control laws in terms of
gimbal angle rates for the CMGs, In most cases the user must fufnigh
his own control law.

Input/output:

Fortran Math

1/0 Name Symbol Definition

I Any program variables to be used in
the control law

0 | FEED(I) | ¢J Quter gimbal rate of the Jth CMG

0 THATAD(J) GJ . Inner gimbal rate of the Jth CMG

Subroutines required: CMG

Discugsion: None
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Subroutine MULT

Purposa: Subroutine MULT multiplies either and 3 x 3 matrix
by a3 x L matrix or a 3 x 3 matrix by a 3 x 3 matrix,

Calling sequence: CALL MUTL (C, A, B, ¥, D, E, MTYPE)

Input/output:
- Fortran Math
1/0 Name Symbol Definition
I. A A 3 x 3 matrix used in the
. matrix multiplication

C=Ax?B

I B A3 x 1 matrix used in the
matrix multiplication
C=Ax3B

9 C A 3 x 1 matrix which is the xe-
sult of AX B

I D A 3 x 3 matrix used in the matrix
multiplication .
F=DxE

I E A 3 x 3 matrix used in the
matrix multiplication
F=DxE

i) " F A 3 x 3 matrix which is the

result of D x E

I MIYRE . A flag which determinas the
. type of matrix multiplication
being perfoxmed. If MTYPE = 1
- then C = A X B 18 performed,
1f MIYPE # 1 then D= K x F
is performed,

Digcugsion: When subroutine MULT is used to multiply a 3 x 3
matrix by & 3 x 1 matrix variables F, D, F are dummies, when used
to multiply two 3 % 3 matrices then variables C, A, B are dummies.
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Subroutine PCON

Purpose: To gimulate a reaction jet control system for
removing trangverse components of angular velocity, maintaining
the spin rate of the rotor and removing spin axis angular rates

of the stator.

Input/output:
Fortran Math )
/0 Name Symbol Definition
I WO 50 Angular rates of Body 0
I THETAL 01 Angle of Body 1 with respect t; Body 0O
I OMEGAL ﬂl Angular veloclty of Body 1 with
respect to Body O
I CGAINO(®) Control galps of stator jets
I A0J(3) Stator jet couple arm length
I CGATRL(Z) Control gains of rotor jets
I B ALI(2) R;tor jet couple arm length
<0 | 7Q0E{3) Céntrol torques on stator
0: TQLE(3) Control torques on rotoxr
0 FPT(5) Control forces

Subroutines required:

Equatioﬁa programmed:

none

‘none

Discussion: Certain restrictions on the configuration of the

regetion jets have been assumed.

Assoclated with the torque
One palr is in & pure couple to

around an axis there are four jets.
preduce torque in one direction,

The other pair, ldentiecal in location and strength, is oppositely

directed,
designated.

No torque ig produced around axes other than the one

In setting up input data for the reaction jet controls, the
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control gain of the jets of the couple and the distance between
the two jets forming the couple must Le sgpecified, Since the
couples are similar for the two directions, this data is read
only once for each axis,

The flring of jets on Body 1 (rouor) must be zimed accord~
ing to alignment with stator axes. Gimbal angle sensing is
ugsed in this routine to provide this ciming,

The PCON subroutine :imulates a reaction jet control on
angular rates, Transvers: control torques are made proportional
and opposite to transvers: velocities. Such a control ig similar
in effect to an external frictional force acting against trans-
verse motion, For a trargverse torque T, related to the magnitude
of trangverse rate W, by TT = =K w,, some egtimate of the decrease

in magnitude of transverse rate over a time interval t is given by

“ R;wmo em K/Iyp t where @, 13 the initial transverse angular

T
rate and IT =1J(Io +I1 ? (IO + Il ). This estimate will be
22 22 33 33
good for jets on Body 0 where both transverse axes are controlled,
For the single axls jets on the rotor the control will be much
glower due to the time that the rotor spends in unfavorable

positions.

In Figure jet configurations are 1illustrated, Note that
it is not necessary for jets to be symmetrically located with
respect to any coordinate axes or planes. It is necessary, however,
thatjthe X-jet couple arm be parallel to the Y-Z plane, the Y-jet
gouple arm be parallel to the X-Z plane, ete., The data deck is
simplified by requiring only magnitudes of jet couple arms with-
out regardé for actual directions or components,

The reaction jets are activated by setting IPROPF = 1 and
supplying control gain and couple arm length data., If it is
desired to leave a certain axis uncontrolled, the corresponding
control gain is set to zero, but the couple arm length should be
glven some non-zero value in order to prevent division by zero
in calculation of impulse contributions.
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Subroutine: RECALC

Purpose: The purpoge of this subroutine is to compute the
distance from combined system center of mass to the center of
mass of the various bodias,

Input/output:
| Foxtran Math
/0 Name Symbol Definition
I BOMASS My Mass of body 0
I | B2mMAss m, Mass of body 2
I B3MASS m, Mass of body 3
I | B4MASS m, Masgs of body 4
I TOTMASS m Mass of composite body
1 DO1(3) 301 Vector distance from the e.m. of
body O te the hinge lipe of body 1
I EL2(3) [2 Vector position of the movable
massg
I | DL3(3) d;q Vector distance from the c.m. of
body 1 to the hinge line of body 3
I pl4¢3) 514 Vector distance from the c¢.m, of
body 1 to the hinge line of body &
I EL3(3) 23 Vector position of body 3 from the
hinge line 8g
I EL4(3) 'fé Vector position of body 4 from the
hinge line By
0 R1(3) El Vector distance from system c.m.
to the c¢c.m, of body 1
0 | R2(3) 52 |  Vector distance from the system c.m.

to the c.m, of body 2
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o R3(3) )

0 RA(L) T

Vector distance from the system c.m,
to the c.m, of body 3

Vector distance fron the gystem c.m.
to the c.m. of body &

Subroutines required: None
Equations programmed:
m m, m m
0 = 2 3 ? L =
s ot w st @iy -y @y by
m m m m
0 2 3 4
e o R A e TIPSV IEE-o R PP 9
m m m m ’
. -z ) . A
e TR RG-S S CIPR SV IR CE D
m m m m
=0 -2 L2 . b
T TG TRE N G NI

mO’ M, m3: m#’ m,

d d

10° "13? dl&

L, Ly 2,
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Subroutine SCALC

Purpcse: This routine supplies -the position of the movable
nass, Body 2,

Input/output:
Fortran Math
1/0 Name Symbol Definition
0 s 3 Digtance of Body 2 from D12
along direction 82

Note: Other I/0 variables may be employed depending on
the formulation of the subroutine,

Subzroutines requiced: Not specified
Equations programmed: Not specified
¢ Discussion: This subroutine will be conatructed to suit

the needs of the user, Any variables appearing in the common
reglon can be employed as input/output variables,
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Subroutine SDCALC

Purpose: This routine supplies the speed of the movable
mass, Body 2.

Input/output:
Fortran Math
1/0 Name Symbol Definition
0 SDOT 8 Magnitude of velocity of Body 2
along direction 82,

Note: Other I/0 variables may be employed depending on
the formulation of the subroutine,

Subroutines required: Not specified
Equations programmed: Not specified
Discussion: This subroutine will be constructed to suit

the needs of the user, Any variableg appearing in the common
reglén can be employed &s input/output variables.

-
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Subroutine:

Puxpose:

SYEQNS (A ,N,NR,NC,FLAG)

Subroutine SYEQNS solves a set of linear simultaneous

aquations AX = ¢ to determine the column vector x,

Input/output:
Fortran Math
1/0 Name Symbol Definition
I/0 A A A is the system matrix as depicted
above, Also the answer x will appear
gg the N+l at column of matrix A
I N N N is the number of linear equations
to be solved
I NR NR NR i3 the number of rows in A
I NC NC NC is the number of columns in A
0 FLAG FLAG I1f FLAG = 0 as solution exists 1f
FLAG = ] no solution exists

Subroutines required:

Discussion:

None

None
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Subroutine:; TORKOL

Purpoge: The purpose of this subroutine is to compute the
torque acting between bodies 0 and 1, The present veraion of
TORKOL contains a frictional torque as well as torque motor with
appropriate control law.

Input/output:
Fortran Math
1/0 Name Symhol Definition
I Any -0of the variables carried through
common
0 T01 T [ The torque acting between body 0 and
01
body 1
- -

Discussion: None
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Bubroutine:

TORK13

Purpose: This subroutine computes the torque between
body 1 and body 3.
Input/output:
Fortran Matﬁ
/0 Name Symbol Definitior.
I THETA3 8 Angulax displacement of body 3 about
3
the hinge line 84
I OMEGA3 3 Angular velocity of body 3 about the
hinge line 8,
I CP1l Crl Gain for w3
1 CE2 Cr2 Gain for 93
0 T13 T The torque acting between bodies
13
1 and 3

Subroutines required: None
Equations programmed:
T3 ™ " CPL x wy = CP2 x 93
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Subroutine;

Purpose:

body L and body 4.

TORK 14

This subroutine

computeg the torque acting between

Input/output:
Fortran Math
I/0 | Name Symbol Definition .
I THETA%4 94 Angular displacement of body 4 about
the hinge line 8,
T PMEGA%L 4 Angular veloeity oi body 4 about the
hinge line 8,
L crl CPl Gain for w4
I i ) CP2 | Gain for 93
0 Tl4 T14 The torque acting between bodias
- 1 and 4

Subroutines required:

Equation programmed:

T

= ~- 0Pl x w

Ll

None

4

- CP2 x (04 - )
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Subroutine XDOT
" Purpose: To compute the derivative of the unconstrained

components of angular momenta as well as the variable required
for these calculations.
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Segment 1

Purpose: To compute the angulax velocity of body 1.
Input/output:
Fortran Math
1/0 Name Symbol Definition
I OMEGAL 91 Angular velocity between
bodies I and O
L WO(3) 60 Angular velocity of body 0
p | WL(3) Wy Angular velocity of body 1
I THETAL -91 Angular displacement between
bodies 1 and O
Subréutines required: Nore
Equations Programmed:
Q w, =W + Q
1 Ix 0x 1
@ wly = woycosgl + wozsinel @
— 3] e
Wiy = -woysingl + wozcosg1

Discussion: The angular velocity of body 0 (w,.) iz trans-

formed to the body 1 coordinate system and is added’to the primary

gimbal xate to obtain the angular velocity of body L (&1).
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Segn ant 2.

Purpose: To compute the vector position of the movable mass
from the center-of-mass (c.m.) of body 1.

Input/output: .
Fortran] Math
1/0 Nawme Symbol Definition
I 3 8 Movable mags travel, 2 speci-
fied scalar function of time
I D12(3) &12 Fixed vector (in body 1 coordi~
nates) locating the path of
movable mass from c.m, of
body 1
I 2 (3) 52 Unit vector defining direction
in which the movable mass
travels
f EL2(3) Zz Position of movable mass
{(in body 1 coordinates) from
c.m, of body 1

Subroutines required: None
Equations programmed:
o8 ollyy = digy 85y,
1y oy = d1ay o5y, I,
s £, =4d., +
52 2z ~ %122 T 882y
Digcusgion: The position of the movable mass is computed
from the vector equa.tion.z2 =d, +8,.
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Segment 3

Purpose: 7To compute thé positions of bodies 3 &nd 4,

Input/output:
| Fortran Math
1/0 Nama Symbol Pefinition
I THETA3 93 Angular position of pendulum 3
I 83(3) 53 Hinge line of pendulum 3
I PEND3L ﬂS Scalar length of pendulum 3
] EL3(3) J) Vector position of pendulum 3
3 2
. from hinge line 84
I THETA4 94 Angular position of pendulum 4
T S4(3) 54 Hinge line of pendulum 4 in '
. body 1 coordinated (no dimensions)
I PENDAL ﬂﬁ Secalar length of pendulum 4
] EL4(3) 14 Vectox position of pendulum &

Subréutines'required: None

Equations programmed:

*jil_,_ ﬂ3x = fB sin@3
body 1 L-Eé—q» E3y = -23 cos8, 8, Eé
Iiaféi_,_ £3Z - E3 cosf, Bay body 1 cooxds.
uszei £ﬁx = 1% sind,
4 big = Ay c0s0, 5., I,
._jéLﬁ,Llaz = f% c0394 84y body 1 cooxds.
Discussion: None
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Segmant &

Purpoge:. To comﬁuta the center -of mass equations for bodies 0,
1, 2 and 3, 7z, is defined as the vector distance from the system
center of masnjto the centex of mass of the Jth body,

Input/output:
Fortran Math X

1/0 Name . |Symbol Definition

I FL2(3) lz Vector position of the movable
mass

I- EL3(3) E Vector position of body 3

3
. from hinge line B4

I EL&(3) E L Vector position of body 4

from hinge line
g 34

I DO1(3) 301 Vector distance from the c.m.
of body 0 to the hinge line
of body 1 ’

1 D13(3) 313 Vector distance from the c.m.
of body 1 to the hinge line
of body 3

T DL4(3) 314 Vector distance from the c.m,
of body 1 to the hinge line
of bedy &

I BOMASS 2 Mass of body 0 (slugs)

I B2MASS m, Mazss of body 2

I B3MASS Ty Mags of body 3

I B4MASS 'm4 Mass of body &

I TOTMAS m Mass of composite body

T Al Coordinate transformation
from body 0 to body 1
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@ R1(3) El Vector digtance from s;r.e:t:ezmﬁ_1
c.m. to the ec.m. of body 1

] R2(3) 52 Vector distance from the
system c¢.m. to the c.m, of
body 2

g R3(3) §3 Vector distance from the
system ¢.m. to the c.m. of
body 3

g 1 R&(3) 1_:4 . Vector distance from the
system c,m, to the c.m. of
body 4

Subroutines required: None
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Fquations programmeds:

T dle ﬂZx dJ..?s:r. + f:ix 14x + £4x
m m, | f m
1y -;.;Q-Al doty --51?: 2y |- d13y+‘éﬁy - A 14y+ﬂ4y
m

_rlz_ _dOIz_ _’ﬂ 2z _dlSz t 2y i 142 ¥ 'gll-z_
- - - - -
r2:r. |_rlz‘: .£2x
r2y = riy + f 2y
(Taz)  LF12] (£, |
e, b (e, (4. 7.

3x 1x 13x Ix
%ol ™ [F1g] | dapl* Egy
Tapl [Tzl L %132l 45, ]
- - r - ~ a7 7
Thx T1x d14x + 14::

r&y - rly + dllt-y ﬂl&y
| 4]  T1x 4L )4z +..£42.J

)
I 2? 23’ ﬂz,
dOl’ dl3’ d14 T2 Tgs ;és
Ay y (body 1 coorxds.)
Discussion: None
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Segment 5

Purpoge: To compute the derivative °£n22’ the rate at which
to movable mass in moving.

Input/outﬁut:
» Fortran Math

1/0 | Statement Symbol Definition

I Wi(3) @y Angular velocity of body 1

I EL2(3) ﬂz Vector position of the
movable mass

I 82(3) 52 Unit vector defiming the

. direction of travel of the

movable mass (body 2)

I 5 8 Movable mags travel, &
specified scalar function

. of time

I 8D0T 8 ° | The time derivative of 3.

B EL2DOT (%) 3f2 The time derivative of
I,

Subroutines required: SDCALC

Equations programmed:

&1 _
> L - 'e' - - é—-
sz 2x 822> | o
I 2
r—retnet | 8 - -
) £2y = CPM wy £2y + SZyS e
52 :é
B £ -
_ﬂ2z_ 2z E’2.':;51
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o

where 0 ~WL(3) w1(2;
CPM, = 1 wL3) 0 -WL(1)
 -5r1.2) wi(L) o

~

Discussion: None
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Segment 6 Y
Y

Purpose; To cbmpute the angular relocity of body 3 (&3).

s et i e e Tl T e —

Fortran Math

/0 Name Symbol Definition
1 WL(3) 51 Angular velocity of body 1
I OMEGA3 '93 Ansular velocity of bedy 3
: -about the hinge line 84
I 83(3) §3 The hinge line about which body
3 rotates
] W3(3) 53 The angular veloclty of
body 3
Subroutines required: None
Equations programmed:
“1 Do = T
> .
83 wyy = 8y, oy “3
N .
s | @ap 2385, * 01,

Discussion: None
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S;agment 7

Purpose; To compute the dexrivative of‘23.

Input/output:
Fortran Math
I/0 Name Symbol Definition
I EL3(3) Jg3 Vector position of body 3
from hinge line 84
I | W3(3) W, Angular velocity of body 3
] EL3DOT(3) E3 Time derivative of 2'3
Subroutines required: None
Equations programmed:
3y |7 CPMay 3y L3
T
“3 Ly, ﬁszJ
S | § - L
Discussion: None
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Segment 8

Purpose: To compute the angular velocity of body & Eh.

Input/output:
Fortran Math
I/0 Kame Symbol Definition
I WL(3) 51 Angular velocity of body 1
I OMEGA4 Q4 Angular velocity of body 4
about the hinge line B
I 54(3) EA The hinge line about which
body 4 rotates
) Wa(3) 54 Angular velocity of body 4

Subroutines required: None

Equationsg programmed:

T

C_l..’ w = + )

1 bx 1%
8 w, = § + %
Pa_ | Yay T YPuy T Y1y “y
N LR UL

Dilscussion: None
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SBegment 9

Purpose: To compute the dexivative ofig4.

Input/output:
Fortran Math
I/0 Name Symbol Definition
I EL4(3) 24 Vector position of body 4
. from the hinge line 8,

I Wa(3) "4 Angular velocity of body &

! EL4ADOT(3) I Time derivative of Eﬁ
Subroutines required: None

Equations programmed:

_ﬂ lx-x-

Q&y

ﬂéz_

=

s

Discussion: None
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Sepment 10

Purpose: To compute the time derivatives of 301, 313, and d

14°
Input/output:
Foxtran Math
1/0 | Statement Symbol Definition
I DOL(3) 301 Vector distance from the c.m,
of body O to the hinge line
of body 1
I D13(3) &13 Vector distance from the c.m.
of body 1 to the hinge line
of body 3
I D14 (3) 314 Vector distance from the c.m.
. of body 1 to the hinge line
of body &
I W1(3) ‘7’1 Angular velocity of body 1
¢ | DOLDOT(3) 301 Time derivative of &01
p | D13DOT(3) d;s Time derivative of d,,
] D14DOT(3) 314 Time derivative of d14
Subroutines required: None
Equations programmed:
“ L01x dox| | %01 =% * 1
dogy]| = [CFMe, 10y !
g 4
10 | [ “o1x] 10z |
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“ %= 4i3x|| 913 x dq
dny - [cmwl] dy5, -
3 d
13 > L 132_ 132_
@y dyax disl|  Y1a xdy,
diayl = [CPM“’l] 41y -
d d d
14 > | 143_ i llyz_
Digcussion: None
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Segment 11

Purpose: To compute the time derivatives to the center of
mass varisbles Tis Tys Ty and T,
Input/output:
Fortran Math
"I1/0| Statement Symbol Definition

I DOIDOT(3) &01 Time derivatives of 501

I | EL2DOT(3) Z, Time dexivative of J,

I D13DOT(3) 313 Time derivative of d,,

I EL3DOT(3) 53 Time dexivative of ﬂ._,)

I DLADOT(3) d14 Time derivative of 614

I EL4DOT (3) ﬂ4 Time derivative of EA

I R1DOT(3) El Time derivative of :’cl

I BOMASS M Mass of body O

I B2MASS m, Mags of body 2

I B3MASS my Magg of body 3

I B4MASS m, Mézs of body 4

I TOTMAS m Mass of composite body
(total mass)

I Al Coordinate transformation
from body 0 o body 1

# R1DOT(3) El Time derivative of El

¢ R2DOT (3) 52 Time derivative of 52

) R3DOT (3) 53 Time derivative of 53

@ | R4DOT(3) §4 Time derivative of 54

E-39




Subroutines required: None

Equations programmed;

et

in do1x - dygy + oy diax * l&x
m m, m
O a mz - 3 - 4 Fl .«

b1y . [‘H] do1y| " m EZy “m %3y t ESy - = 14y £4y
12 | | 4012 _’622“ 413y * 232_ 4142 +£4z_
i'2:: Tix £2x

r2y = rly 4 ﬂZy

t *1z ﬂz.z

S 0 I P .
i'3y = rly- + dlSy + BSy
ESES 4132 F £,

r&x T1x dl&x.+'£%x

4y | *1y + dllz-y + &y
E7 L I P

A

301 (body 0 coordinates)

510, 513, 514, EZ’ 23, Zﬁ’ (body 1 coordinates) 51, 52, 53, 54
Al (body 1 cooxds,)

Digcussion: Nene
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Segment 12

Purpose: To compute the angular momentum of body 0 and body 1.

Input/output:
. Fortran Math

1/0 Name ~ | Symbol Definition ;

I WO ab Angular velocity of body O

1 Wl 51 Angular velocity of body 1

I | BODYOI 1 ~ The inertia of body 0

1 BODY1I I1 The inertia of body 1

0 HO _EO ) The angular momentum of body 0
0 Hl Ei The angular momentum of body 1 |

Subroutines required: MULT °

Equations programmed:’

wO hOX @ox
=11 EO (body O coordinates)
Oy ) 0 wa e
I h ©
0 [ oz] 0z
“o hlx —wLx _
h. (body 1 coordinates)
h = |1 w 0 -
1y [ 1 ] 1y
Il _hlz_ _wlz

Discusaion: None
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Segment 13

Purﬁose: To compute the primed argular momentum of bodies 1,

3 and 4.

Input/output:
Fortran Math
I/0 Name Symbol Definition
I B3MASS m, The mass of body 3
X EL3(3) EB Vector position of body 3
oo - from the hinge line Sq
T | R3DOT(3) 53 The time derivative of 53
0 HBPRIﬁ(é) Eé The primed angular momentum
of body 3
I BAMASS m, The mass of body &
I ELA(3) ﬂA Vector position of body 4
from the hinge line 84
I R4DOT (3) 54 The time derivative of 54
0 H4PRIM(3) -L ‘the primed angular momentum
of body &4
I H1(3) El The angular momentum of body 1
1 H3PRIM(3) Bé The primed angular momentum
of body 3
L HAPRIM(3) Ei The primed angular momentum
of body 4
I B2ZMASS m,, The mass of body 2
I EL2 (3) £2 Vector position of the
: ; movable mass
I R2DOT(3) 52 The time derivative of Ez
I BBMASé my The mass of body 3

E-42




T R3DOT (3) 53 The time derivative of 53

I B4MASS m, The mass of body 4

1 | R4DOT(3) :‘:L'F The time derivative of r,

I ni3 (35 313 Vector distance from the c.m.

. of body 1 to the hinge line

of body 3

I D14(3) 514 Vector distances from the c.m.
of body 1 to the hinge line
of body 4

0 H1PRIM(3) Ei The primed apgular momentum
of body 1

Subroutines required: None

Equations programmed;

)

3’

H e

(body 1 cooxd.)

)

L?

HiEe

(body 1 coord.)||h]

|

3 _ h}éy m, [:CPMEB] i3y hé (body l;coords.)
_hézv -1‘:32_
_hZPX— _ _i'éx_

L |l Ay m, [@}&4J iz;y "11 (body 1 coords.)
| 4z ] __il;z_
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PRECEDING PAGE BLANK NOT FILMED

S e L s e —

L] t i -
hlx hlx + h3x + h&x _ Tox
] K 1 ¥ . - - -
hly hly + h3y + hl{-y m, [C?M( fz)J ny g 'EJPM( 23)]
1 ] ! \
_Plz _ﬁlz + h32 + ha;_ _fZg_

- m, [CPI'I(-alzl_)‘ ihy

Thy,
\ - _
B, B, 8, Ly, By, 5, 55, F,
(body 1 cooxrds.) Ei (body 1 cooxds.)

Discuggion: None
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Segment 14

Purpose: To compute the angular momentum of the composite
vehilcle, '

Input/output:
Fortran Math
1/0 Name Symbol Definition
I HO(3) ﬁo " The angular momentum of body C
I EIPRIM(B) ﬂi Ehe primed Qngular momentum of body
I DOL(3) 301 Vector distance from the c.m. of
body 0 to the hinge line of body 1
I A.0 Coordinate transformation from
body 1 to body 0
I BIMASS my Mass of body 1
I B2MASS m, Mags of body 2
I B3MASS ] m, Mass of body 3
I B4MASS m, Mass of body &
I | RLDOT(3) él Time derivative of El
I R2DOT(3) ‘éz Time derivative of 52
I | R3DOT(3) éS Time derivative of §3
I R4DOT(3)_ 1:5'4 Time derivative of 5’4
0 H(3) H The angulay momentum of the com-
posite vehicle

Subroutines- xrequired: None
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Equations programmed:

1 * . = P . —

» Mo By BiFin T Bayy F gt
= 3 .

YT ot [AO] "yl I‘_CPM(aM).J [AO] "1y F Pafay * Patay

I 3 .-

H;_ _h0z_ __hlr{~~ _?lflz * m2r2z + erBg_

EO (body 0 coords.) N
H (body 0 coorxds.)

_ Ei: El’ 52, 53, 54 (body L coords.)

Discussion: HNone
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Segment

* Purpose:

15

To compute in bedy 1 coordinates, the unlt vector
7. This is done as a matter of computational convenience and is
used in setting up the angular momentum derivatives.

Input/output:
Fortran Math .
I/0.! Name Symbol Definition
I EL2 (3) EZ Vector position of the movable mass
I D13(3) 513 Vector distance from the ¢,m., of
. body 1 to the hinge line of
body 3
I EL3(3) £3 Vector position of body 3
I DL4(3) 314 Vector distance from the c,m.
) of body 1 to the hinge line of
body 4

I EL&4(3) ﬂﬁ Vector position of body 4

I BMASS2 m, Mags of body 2

I BMASS3 my Mags of body 3

I BMASS4 my, Mass of body 4

0 AJL(3) 51 Unit vector defined in body 1
Subroutines required: None
Equations programmed:
EQ, ﬁS’ Eh jlx 2% dle + ﬂ&x dl&x +'££x

- ) E

Mos Mgy My | [Jyo] = By [Log} F Mg 1Qyq  + Ly, b0, d14y+£lpy 3
= 3 (body 1
d13’ 4 _;1;_ ;gzz_ _d132 + £32~ _d14z 4'f45 coords.)
Discussion: None
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Segment 16

Purpose: To update the orbit angle O
external- forces and moments,

0 and to compute the

Input/output:
] Fortran Math
I/0 Name Symbol Definition )
I TIME i T The time in seconds
I Ws w The orbital rate
0 THETO 90 The orbital angular position

0 TQLG(3) TQIG The gravity gradient torques

0 TQLP(3) TQIP The propulsion torgues

Subroutines required: GGRAD, PCON

Equations programmed:

w
8 .1 90
90 =w xT 5
—

Discussion: None
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Segmant 17

Purpose: To sum to forces and moments acting on bodies 0
and 1,

Input/output:
Fortran Math
I/0 Name Symbol ) Definition
I | FOL(3) FOl Force acting on body 0 due tg
gravity gradient
I F11(3) Fll Force acting on body 1 due
. to gravity gradient -
I TQOG(3) TQOG The torque acting on body 0
due to gravity gradient
I TQOP(3) TQOP The torque acting on body O

due to propulsion forces

I TQLG(3) TQIG The torque secting on body 1
due to gravity gradient

T TQLP(3) TQlP The torque acting on body 1
. due to propulsion forces

) TOEF(3) ToeF The summation’ of the torques
acting on body 0O
) T1EF(3) T The summation of the torques

leF acting on body 1

Subroutines required: None

Equations programmed:
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Segment 18

Purpose: To calculate the time derivatives of the angular
momentum of the composite vehicle.

Input/output:
Fortzran Math
1/0 Name Symbol Definition :

T 1 Wo(3) ‘7’0 Angular velocity of body 0

I H(3) H Angular momentum of the
composite body

I TOTMAS m Mass of the composite body

I BOMASS m Mass of body O

I DO1(3) &01 Vector distance from the e.m.
of body 0 to the hinge line
of body 1

I | AJL(3) i A vector, defined in body 1

: .. coordinates used only for

computational convenience

I FO(3) fb Summation of the foreces acting
on body 0

AO Coordinate transformation from

body 1 to body O .

I TOEF(3) T Summation of the torques .acting

OEF

on body 0

I TLEF(3) Ti Summation of the torques acting

EF

on body 1

0 | HDOT(3) %% The time dexrivative of H

Subroutines required: e

Non.
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Equations programmed:

h ey . - - - -, - p
|a " 1
g a P v
at B 01% 1x 0x
oty - 1 A F
dE -+ CPM( 0) Hy Lt E CPM (mo'm) do].y “ 0 jly oy
de .
kel B L | 9012 412 | ozl
g — e - r- | = - ull -
do1x| |J1x Fixl | Tomrx T ure
1 )
dOlz jlz Flz TOEFz TlEFz
J —
@os By Fys Topms 301 (body 0 coords.) %% (body 0 coords.)
Jas Foy T (body 1 eoords.)
1 1 1EF F
Aps Ay INTEGRATION SUBROUTINE

Discugsion: The followlng vector equation is programmed in this
segment:

dF - = - . % . ). % - -
3t F W x H=4-(m-my)dyy - 52} x = kqmdy - T o+ Tope + Ty
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Segment 19

Purpose: To calculate the time derivative of hi about the
unconstrained axis X,

Input/output;
Fortran | Math
/0 Name Symbol Definition
I W1(3) 61 Angular veloeity of body 1
1 HlfRIM(B) El The primed gngular momentum
of body 1
1 BZMASS m, Mass of body 2
I | EL2DOT(3) 2 Time derivative of ﬂz
T R2DOT(3) 52 Time derivative of ;2
I BSMASé 1,y Masg of body 3
I DL3DOT(3) §13 Time derivative of §13
1 | m3por3)| £, Time dertvative of L,
I R3DOT(3) 53 Time derivative of 53
I B4MASS m, Mass of bhody &
I D14DOT(3) ilé Time derivative of ?14
I EL4DOT(3) ﬂﬂ Time derivative of ﬁh
1 | R4DOT(3) 54 Time derivative of 54
I AJ1(3) 31 A vector, defined in body
1 coordinates, used for
computational convenlence
I T1EF(3) T&EF Summation of the torques
acting on body 1
1 | TOl Tb__l The torque acting between
bodies C and 1
: ] 4
0 H1PDOT(1) hlx Time derivative of hlx
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Subroutines required: TORKOL
Bquations programmed:

Unconstrained compon:nt along :_'EO = 5-1 (exis)

[P

dh! . . . -
——-j—--x— : ' - ! ] - -
gty t ey = By (-mpby, - my (g, +BBz) m, @,y + 440
lz ( mZRZy fac (d13y + ﬂBy) l4y +£4Y
F F F F
0 0 0
g 2 i, - T a5, 80T o, + 20 i
Fl Flz

+ T

., = -3y = 1EFx+T(0—-h-l)x
ﬁl

1 51, El’ 09 r3, rh, Z E 4o Jl,

(body 1 coprds.)

1° Timre Teo-1)_

i fb (body O coords.)

)
hlx~(body 1 cooxds.)

Discussion: None
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Bagmant: 20

Purpose: ‘o caleulate the time derivatives of the primed
angular momenta about the unconstrained axes Bq and 8

Input/output:
Fortran Math
1/0 Name Symbol Definition
T H3PRIM(3) ﬁé The primed angular momentum
of body 3
I $3(3) 53 The hinge line of body 3
I | WiE3) 5’1 The angular velocity of
; body 1
I B3MASS n, Mass of body 3
I EL3DOT(3) .g3 Time derivative of ES
I R3DOT(3) §3 Time derivative of 53
1 | EL3(3) fS Vector position of body 3
’ from the hinge line Bq
I B4MASS My Mass of body 4
I TOTMAS m Mass of composite vehicle
1 FO(3) EB Summation of the foxces
acting on body 0O
I F1(3) i& Summation of the forees
acting on body 1
I T13 '.131__,3 Torque acting between bodies

L and 3

) G3DOT %E‘(ﬁé'EB) Time derivative of the un-
constrained component of hé

jax]
I

The primed angular momentum

I H4PRIM(3)
. of body &
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r

I 84(3) 8, The hinge line of body &4
I EL@DOT(S) ) 4 | T4me .derivative of 2 4
I R4DOT(3) | ¥, Time derivative of f,
I EL4(3) ! 4 Vector position_of body 4 from
the hinge line s 4
1 Tl T, Torque acting between bodies
14
1 and 4
v G4DOT 4 (hi=s,) Time derivative of the un-
L dt V4 T4 =,
constrained component of h4
Subroutines required: TORK13, TORK1l&4
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Equations programmed
g-~< 5. + 8, >;s (wy bl -, Bl ) =
dt 3 3 3y lz 3x lx 32 lx ly 3x

masy, (Lgytay - ‘233. az) + M3y, Uaytay - Lagts)
m3 ﬂ
+5= 8y 1, By + Fp) - Ly (- Fy 5100, + Foocos0) + F) )

+il§-s f. (F. cos®, + F. sind, +F )-1’ (Fyp + Fyp)

m 3z T3z Y0y 1 Dz 1 ly 1z

d(ﬁ&-éa

H 1
It * 8y Wl o) b e, Ly - e )
8y Rt~ D) + )ﬂhx by ﬂll-y 4
m
A
ﬂ-Er-say ‘ﬂkz (FOx lx) ﬂh (- Fq sin@l + ¥y, cosQl + ¥y )
> 23’ E‘A" EB’ 24
Tys Fpo F1a Ty 30 iy
(body 1 coords.)
\
F. (body O coords.) 4 mresy =& o ;
7w (B3m83) = 31 3y53y + By 8ay
& @1eE,) = S 8, )
dt Y4 "4 dt 4y® 4y BBz

Discussion: None
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