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THE N-BOD2 USER'S AND PROGRAMMER’'S MANUAL

Harold P. Frisch
Goddard Space Flight Center
Greenbelt, Maryland

INTRODUCTION

The general purpose digital program N-BOD, and its present version N-BOD2, have been de-
veloped with the needs of the spacecraft attitude dynamicist foremost in mind." This fact,
however, does not detract in any way from its applicability"to a much broader class of
problems. The program may be used to both derive and output in a vector-dyadic form,
and/or to solve numerically the equations of motion of any system that may be adequately
modeled, for the purposes of dynamic simulation, as a topological tree of point-connected
rigid bodies, flexible bodies, point masses, and symmetrical momentum wheels (commonly -
called ‘symmetric wheel” in this document).

The underlying theoretical development upon thch the program N-BOD?2 is based may be
found in References 1 and 2. In the FORTRAN IV-coding of this Jprogram, a definite
"attempt has been made to draw a balance between available generality, ease. of user opera—
tion, and computational speed and efficiency. v

The program is structured to expand or contract with the required needs of the user. By
an internal interrogation of the input data, the program sets up a series of logic flags that
determine the computational options that should be used and those that should not.

In most practical problems, the user will be required to interface with the program. The out-
put routine, which is called every integration step, prints virtually all system state variables
along with numerous other physically meaningful parameters that are useful for initial check-
out purposes. In setting up the output routine for production runs, the user is expected to
literally delete the unwanted print statements from the output subroutine and insert his
own,

If external forces and torques act on the system or if nongyroscopic forces and torques act
internal to the system at hinge points, the user is required to define them. This will present
no particular problem since a number of examples are provided which show exactly how most
commonly occurring forces and torques are defined and coded.



- Frequently programs already exist that define, for example, the workings of a complex
attitude control system. State-variable information is required as input to it and motor : .

- torques are outputted from it. By a few simple interface statements, which create the-proper

state-vanable parameters for the existing torque routine and the required force and torque

parameters for N-BOD2, the debugged routine may be inserted in total into N-BOD2

The input of data is provided for in three separate subroutines which are called sequentially.
The first is of a rigid format. In this routine a basic coupled rigid body, point mass, and
symmetric wheel model of the system is described. Connection topology, degrees of; freedom
mass, inertia, and geometric parameters, along with relative body orientation and initial -
kinematic condrtlons are inputted here. The second input routine is more flexible. Num-

- erous optrons are available and | may be called for by use of option cards. For example, ',
some of the bodies may be redefined to be flexible; if so, the flexible body data would be.
inputted at this point. The third input routine is for the user. Any data that will be requued
for the torque and output routines, written by the user, are entered here. It may be left empty,
or again the user may insert an existing input routine and set up the proper interface state-
ments. It is permissible, and at times is convenient, for the user to use thrs routine to over-
ride some data already 1nputted in the first input routine.

When the analyst is first presented with a particular problem for dynamic simulation, he is
usually provided with just enough information to create.a topological model, define the '
character of each body in the model (rigid body, flexible body, point mass, or symmetrrc
wheel), and to define the number of degrees of re]atlve freedom between contiguous, bodies.
With this information and a fictitious set of mass and inertia propertties, the user may obtam
the equations of motion for the simulation model. At times, this is the end product )

With the outputted equations of motion, the user will immediately recognize familiar terms
and will need only a cursory glance at the rather lengthy symbol list for exact definitions.
There is a one-for-one correspondence between the outputted equations and those prov1ded
in References 1 and 2. For example, the outputted statements

FOMC(S) X (XIC(S) * FOMC(5))
'and ’ .
FOMC(3) X (FOMC(3) X CAC3) . -~ - .. «..

; --translate to the fam1har vector tensor expressrons : ‘
S e Al e sy eyt e Ynidnvg 2igdmiig o1f1  .e1sdenig

- C
Wy X (P, - &)

and

respectively,




To.use this program effectively, the user must become familiar with the array names used
to define the various physical characteristics and state variables in the equations of motion.
.This is most easily done by a study of the computer derived equations of motion. Once this
is done the user is in a position to proceed to code the required input, torque, and output
routines for his particular problem and to make use of the: full power of N-BOD2

"'THE SIMULATION MODEL

- The analysis of the dynamlc charactenst1cs of a complex system is usually done through the
~study of a simulation model. The simulation model must possess'the same dynamic charac-
tenstlcs as the complex system and at the same time be amenable to mathematlcal analysis.

R1_g1d bodles, point masses, and symmetric ‘wheels are idealized bodies that readarly lend them-
selves to mathematical analysis. Flexible bodies are more complex; however, if the defor--
matjon is small and the laws of linear elasticity can be applied, the dynamic chiaracteristics

" - can be simulatéd by the natural modes and frequencies of vibration, the determination of

which is a subject in itself. [ N-BOD2 simply assumes that the modes and frequencies of flex-
ible bodies are obtainable; it accepts only resultant mode-dependent parameters in the 1nput
data stream (see Appendlx B).1 :

N-BOD?2 assumes that the complex system under study may be simulated by a model com-
prised of rigid bodies, point masses, symmetric wheels, and flexible bodies for which natural
modes and frequencies of vibration are available. Contiguous rigid and flexible bodies are
assimed to be point connected in such a manner that the total system forms a topological

* tree (no closed paths). Furthermore, point masses are assumed to exist only at limb ends
while symmetnc wheels are assumed to be imbedded within either rigid or flexible bodies.

"The present version of N-BOD2 has certain limitations with respect to the simulation of flex-
ible bodies. The author has not coded the equations requlred to allow hinge points and

“'wheel attachment points on flexible bodies to be time varying in the flex1ble body’s body-
fixed reference frame. This will be done if future simulation demands require it.” It should
be noted 'that the equations exist and can be found in Reference 2,ina form amenable for
inclusion into N-BOD?2. : ‘

The simulation model must reﬂect the fact that relative.motion between COntlguous bodies
may be kinématically constramed To do thrs, N-BOD?2’ assumes that contiguous.rigid and
flexible bodies are connected together by physically realizable 0-, 1-, 2-, or 3-degrees-of:-freedom
gimbals. The gimbals prohibit relative translational motion and perm1t at most, 3

degrees of relative rotational freedom at hinge points. Point masses may have 0, 1, 2, or 3,
degrees of relative translational freedom and symmetric wheels may have 1 degree of rota-
tional freedom relative to the body in which they are imbedded. Flexible bodies may pos-.

sess several degrees of vibrational freedom in addition to the degrees of freedom associated

with the connection gimbals. Practical computer storage and speed limitations put a limit

on the total number of vibrational modes allowed for the total system of coupled bodies.



PROGRAM OVERVIEW, MAIN PROGRAM, AND SUBROUTINE DYN.

The basic flow logic of the program N-BOD?2 is shown on the flowchart in figures 1 and 2
using the symbology listed below. Immediately upon entry into.the MAIN program a single
control’ card is read. The data on this card sets several Ioglc flags that control the mode of
data 1nput and output. '

Flow Chart Symbology

X - L Q Conditional Statement
- . CoAE LS o ‘ ' o

Call Subroutine

L) |
o

Computation

Program Point
F-’rimary Path for F;rogram Flow
Secondary Path for Program Flow

—_— {Usually option related or a onne-only path
for mmal setup) -

The input Eléta may either define the physical and kinematic parameters for a new}ob that
will start at time zero, or define the paraméters needed to restart the program at the termi-
nation time of a previous run.

The output data may'either be a listing of the system equations of motion or the output of
selected system state variables. Upon reaching the termination time of a particular job, a”
restart tape may be requested. . This tape contalns all data required to restart the job at a

later date.

If a restart run is to be made, the restart tape created at the end of a previous run beeomes
the input tape for the present run. It contains the magnitude of every computer-generated
parameter required for a reinitiation of computé_‘tion, The tape is read in and the program
then immediately branches to the start of the integration loop and proceeds as if the previous

run had never been terminated. N

Ifa new run startmg at time zero is to be made three input subroutines are sequentially called.
The first called is INBS. In this subroutine, the basic system is defined. The data are checked
in INEROR for physical realizability, and then subroutine SETS is entered. In SETS, various
integer sets are computed that enable the program to avoid redundant and trivial computa-
tion. Subfoutine INOPT, the second input routine, is programmed to recognize various op- -
tion codes. The available optlons fall into two categories: those that expand modeling capa-
blhty, e.g., flexible body option, caged degree of freedom option; and those that attempt to -

4 )




ENTER, STARY OF JOB

RETURN FOR NEXT RUN

RESTART RUN
READ RSTART NSTART

INBS INEROR

DATA INPUT ERROR (INBS)

DATA INPUT ERROR (INOPT)

ouTp H DYN 1 T=0 INTOR

OUTPSP m = =
INTEGRATION LOOP FOR
SYSTEM EQUATIONS OF MOTION

|

UNCAGE

" OUTPUT STATE VARIABLE DATA

RSTART

ouTesp

eV LT vt | AT
PR L
.~ '[ .
. - N " x..' : “{JK
. - . v
JOB END
Figure 1. Main program flowchart. ) . . Y



TRANSIV

FIRST PASS -
THRQUGH
ONLY

TRANVD EQIV

FIRST PASS
THROUGH
ETA XDY _RATE s \j/ , ONLY

TORQUE H QFDOT ’ : ’ ,

3

SiMQ SIMQ

n
DCT ANGLE SETUP
. S START >——m OUTPUT . ji5 ‘1 aovitsvitsh 9¢) 193
FGI = | TIMEND
FALSE.
RETURN RETURN

Figure 2. Subroutine YN flowchart.




improve computational efficiency and run time by allowing the user to introduce engineer-
ing judgment in deleting computations that he feels will have a negligible impact upon com-
puted results. The last input routine is INTOR. Normally this routine is empty. It is
inserted for the user. Any input data that the user requires for a description of the nongyro-
scopic forces and torques acting on this system are entered here according to a user written
code. The user’s input data should be stored in common block /SATELL/ which is reserved
for the user. Normally, it-contains an empty. dummy array of 1000 real double precision
words. :

With all necessary input data stored in computer memory, subroutine DYN is entered for the
first time. The complete state of the system is computed at time zero and outputted. The
primary integration loop is then entered. RUNGE is the integration package; it is a fixed-
step, four-qrder Runge Kutta numerical integration routine that calls DYN to compute the
equations of motion to be integrated.

At the end of each integration loop, a check is made to determine if the output routine
O_UTPSP should be entered. At the termination time (a flag is reset in DYN), the program
branches out of the integration loop, creates a restart tape if called for, and terminates if
there is no succeeding run to follow.

Subroutine DYN is used to call the subroutines in which the equations.of motxon are coded.
Upon entry, a check is made to see if it is the first pass through if so, certain ‘initialization
procedures must be carried out. Initial values for transformation matrices are obtained by
TRNSIV; initial values for all vectors and dyads are obtained by VDIV, and initial values
for all differential equations are defined in EQIV. If it is not the first pass through DYN,
the call for DYN has been made by RUNGE. All of the system state variables obtained
from RUNGE are sorted out in SETUP. TRAN computes all transformation matrices;
TRANVD transforms all vectors and dyads to a common frame of computation; RATE
computes all rate related vectors; XDY computes all inertia and pseudo inertia tensors on
the left-hand side of the system equations of motion; and ETA computes all gyroscopic
cross coupling torques found on the right-hand side of the equations. '

Subroutine TORQUE is user defined; all nongyroscopic forces and torques are defined here
in vector form. To reduce the equations to a set of simultaneous scalar equations, QFDOT
is called. Upon exit, a check is made in DYN to see if any degrees of freedom are caged.
Appropriate action is taken by COMPRS if they are caged, and the simultaneous equations
are solved by SIMQ. All acceleration parameters are now at hand. DCT is then entered to
get the derivatives of the difS¢fion ICosine-mattices, and ANGLE is entered to get the equa-
tions that define relative displacement. All differential equations are then stacked in a one-
dimensional array by SETUP-in a form accepiable to RUNGE and return to RUNGE is made

after a time check. ‘



PROGRAMMING TECHNIQUES USED

A definite attempt has been made to reflect as much of the subscrlpt notation as possible
that is used in References 1 and 2 in the FORTRAN IV coding of the equations. Deviations
from this practice occur at points where a more streamlined subscript notation leads to a
considerable saving in computer storage and an increase in computatlonal speed. It should
be realized that computation speed is severe]y compromrsed by the unnecessary use of mu]tr-
dlmensmned arrays - :

N-BOD2 is built on the ba31s that the only labehng which should be done by the ‘user is the
labeling of bodies and wheels.- All other requ1red labeling is done by the computer The user,
however, must be aware of the labeling rules that are used mternally 1f he is to effectlvely
interface with the program.

Table 1 provides a listing of the symbol names used in the coding of N-BOD?2,.their-dimen-
sion, type, storage location, and a very brief description of each along with the subroutine in
which they are first defined and/or used extensively. A detailed definition of each symbolic
name may be found in the comment cards of the subroutine and/or i in the subroutine discus-
sion included in this report.

PROGRAMMER'S GUIDE TO MAIN PROGRAM AND SUBROUTINE.DYN '

The purpose of the MAIN program and subroutine DYN is to sequentially call the primary ,
special purpose subroutines that read input data, define and integrate the'equations of motion,
and write output data. A detailed discussion of the ﬂow logic is provided in the sectnon en-,
titled “Program Overwew MAIN Program; and Subroutine DYN.” :

The following variables defined in table 1 are e1ther ﬁrst mtroduced or used extensrvely in
the MAIN program and subroutine DYN.

CT4 — a counter. Used to count the number of passes through subroutine' DYN. Itis |,
updated upon entry into DYN. The fourth order fixed step Runge Kutta mtegra-
tion routine calls DYN four times per mtegratmn step, consequently

mEoes T CTA= 1444 (N2 1)t )
Sy durmg and after the Jth pass through DYN ofthe Nth mtegratlon step. - ~5r£..:.;‘:

CT4.=-1. _' S Durmg and after the m1t1a112at10n pass through DYN; <
i.., when called by MAIN

FG1! — end of job flag. At the end of each integration step its status is checked in MAIN.
If .TRUE., computation continues; if .FALSE., an end-of-run condition has been
satisfied. If T.GE.TIMEND in DYN, FG1 is reset to .FALSE.. The user may define
any other end-of-run condition he desires in subroutines TORQUE or QUTPSP.




‘ Table 1 )
Symbol Names Used in N~BOD2

N-BOD2 1S DIMENSJIONED TO ACCEPT A MAXIMUM OF
N - BODIES (FLEXIBLE BODIES + RIGID BODIES '+ POINT MASSES)
N - SYMMETRIC WHEELS
2N - FLEXIBLE MODES OF VIBRATION (TOTAL FOR ALL FLEXIBLE BODIES)
4N - MODAL CROSS-COUPLING COEFFICIENTS (TOTAL)
"33 - INDEPENDENT DEGREES OF FREENQM )
- 160 FIRST ORDER NON-LINEAR DIFFERENTIAL EQUATIONS

L

THIS VERSION OF N-BOD2 USES
‘N = 10

MAKING'USE OF N.LT.10 SAVES CONSIDERABLE COMPUTER STORAGE
N.GT.10 RUN TIME FOR PRATICAL APPLICATION. EXCESSIVE

SYMBOL LIST ABBREVIATIONS

IDEM2 = N¥%2 + N + 1 = (N:(N-1))/2

IDEM3 = (N=1)%%2 + N = ({(N=1)%(N=2))/2

IDEM4 = SI2E OF /LOGIC/ 16 .LOGICAL WORDS

IDEM5 = SIZE OF /INTG/ ~ 724  INTEGER WORDS

INEM6 = SIZE OF /INTGZ/ 70 INTEGER WORDS

IDEM7 = SIZE OF -/REAL/ 4354 REAL WORDS

IDEM8 = SIZE OF /REALZ/- 168 REAL WORDS

IDEM9 = SIZE OF /SATELL/p . 1000 REAL WORDS :

ALL COMPUTED VECTORS AND TENSORS IN COMPUTING FRAME COORDINATES
NA = OPTION NOT AVAILABLE IN N<BOD2
# = NUMBER OF

BFC. = BODY FIXED COORDINATES" . -
CFC = COMPUTING FRAME FIXED COORDINATES (BODY 1 OR INERTIAL)
IFC = INERTIALLY FIXED COORDINATES

EQIVIXMN) = EQUIVALENCED TO XMN ARRAY
0:N = BY USE OF A DUMMY - VARIABLE SUBSCRIPT ‘0’ ALLDWABLE
.., NEEN

SYMBOL LIST AND STORAGE LOCATION

NAME ~ TYPE DIMENSION STORAGE DEFINITION AND SUBROUTINE USED 1IN
ANGD R. 3(N+1) EQIV(XMN) EULER ANGLE DOT (ANGLE.SETUP)
AWORK I 200, %y’ ©/INTG/+ - .LOCAL "WORK AREA TO SAVE STORAGE
CA R 3,N - /REAL/ CM VECTOR BFC (INBS)

CAC R

3,N . - /REAL/ . CM VECTOR CFC (VDIV,TRANVD)

IFUAM o boflar o c



10

GAM

cao
CBDUM,CB
CBCDUM,CBC
CBN
CLM
CNF
coMC
CT1
-CT2
cT3
CTa4
cTs
DOMC
DUMMY
ETC
ETIC
ETM
ETMC
FCF
FCK
FCON
FG1
FG2
FG3
FG4
FGS

" FLA

FLAC
FLB
FLC
FLCRC
FLD
FLE
FLH
FLIRC
FLJ
FLO
FLOC
FLOM
FOMC

H

HM
HMC
HMOM

VW DDDBODDDODVODODODDDXEIC Tt OO0 0 i et bt it e 00 000 D0

Table 1 (Continued)

Symbol Names Used in N-BOD2

[= N =14
o oo
zZ 2

. & e

WWwWwZuwwuww

3,N+1

1000
34N+1
3,N
33

3,344N
344N
3(N+1)

342N
342N
342N
392N
34N
3¢392N
3:342N
34342N
3.N
34392N
342N
342N
2N
34N+1
3, IDEM2

34N
34N
N

/REAL/
/REALZ/
/REALZ/
/REALZ/
/REAL/
EQIV(XMN)
/REAL/
/INTG/
/INTG/
/INTG/
ZINTG/.
/INTG/
/REAL/
/SATELL/
/REAL/
EQOTV(XMN)
/REAL/
EQIV(XMN)
/REAL/
/REAL/
/INTG/
/L0GIC/
/L0GIC/
/LOGIC/
/L0GIC/

/LOGIC/ ..

/REAL/. 31
JREAL/ -
/REAL/
/REAL/
/REAL/
/REAL /
EQIV(FLD)
EQIVIFLJ)
/REAL/
JREAL/
EQIVIFLB)
/REAL/
JREAL/
/REAL/
/REAL/
/REAL/
/REAL/
/REAL/
/REAL/

ZERO. DEF CM VECT BFC (VDIV)

HINGE VECTOR BFC (INBS)

HINGE VECTOR CFC (VDIV,TRANVD)
HINGE VECTOR PART ( INBS) o
SCALAR TORQUE ON WHEEL (TORQUE)
FORCE CENTRIPETAL + CORIOLIS(ETA)
ANG RATE TO COMP FRAME (RATE,DCT)
COUNTER (INOPT) UNUSED AFTER
COUNTER (INOPT) UNUSED AFTER
COUNTER (INOPT) UNUSED- AFTER"
COUNTER (INOPT)+PASSES THRU (DYN)
COUNTER (INOPT) UNUSED AFTER

PART OF ANG. ACC. VEC. (RATE)
STORAGE AREA FOR USER
GYROD+EXT.TORQ.ON NEST (ETA,QFDOT)
INERT X-COUP TORQ. (ETA)
SCALAR,GENEALIZED TORQUES (QFDOT)
WHEEL X-COUP TORQ. (ETA)

MODAL CENTRIP X~COUP(INOPT,QFDOT)
MODAL CORIOLIS X-COUP(INOPT,OFDOT)
CODE,FREE VECTORS (INBS)

END OF RUN FLAG (MAIN+DYN,QUTPSP)
ERROR INPUT DATA(MAIN, INEROR)}
ERROR INPUT DATA(MAIN,INOPT)
UNUSED . . o

OUTPUT DATA ? FLAG (MAIN,TORQUE)
MODAL CM VECTOR BFC (INOPT)

MODAL CM VECTOR CFC {(VDIV, TRANVD)
MODAL MOMENT VECTOR BFC (INOPT)
MODAL ROTATION MOMENT BFC (INOPT)
GYRO FLEXIBLITY FORCE (ETA)

MODAL INERTIA DYAD BFC -{ INOPT)
FLD + FLD**T (VOIV)

FLD + FLH (VDIV)

GYRO FLEXIBLITY TORQUE (ETA)
MODAL ROTATION DYAD BFC (INOPT)
MODAL MOMENTUM VECTOR BFC (VDIV)
FLO IN CFC {(VDIV;TRANVD) :
MODAL FREQUENCY (INOPT) |
INERTIAL RATE VECTOGR (RATE)

HINGE TO CM VECTOR {(VD1V,XDY)

"INTEGRATION STEP SIZE (RUNGE,INBS)

WHEEL SPIN AXIS BFC (INBS)
WHEEL SPIN AXIS CFC (VDIV,TRANVD)
WHEEL ANGULAR MOMENTUM(INBS,SETUP)




Table 1 (Continued)
Symbol Names Used:in N-BOD2

o

¢

C IDEM4 I LOCAL SIZE OF /LOGIC/ (RSTART)
C IDEMS I LOCAL SIZE OF /INTG/ (RSTART)
C IDEM6 I LOCAL SIZE OF /INTGZ/ (RSTART)
C-- IDEM? I LOCAL SIZE OF /REAL/ (RSTART)
C 1DEM8 1 " LOCAL SI1ZE OF /REALZ/ (RSTART) .
"€ IDEM9 I " - LDCAL "SIZE OF /SATELL/(RSTART)
C  TINIT I IDEMS EQIV(AWORK)ZERO OUT /INTG/ (RSTART)
C- INERF L JLOGIC/ FLAG/BFC OR IFC FOR CFC (INOPT)
C IZINIT 1 IDEMb < EQIV(SCNDUM)ZERO OUT /INTGZ/ (RSTART)
C JCON I /INTG/ BODY CONNECTION MATRIX (INBS)
¢ LCON -+ E 2(N+1) - JINTG/ ‘CODEyLOCKED VECTORS {INBS) -
“C UANGLE - - L .+ " JLDEBUG/  PRINT EQUATIONS IN ANGLE? (MAIN)
C* LDCT - L “"J/LDEBUG/ - PRINT EQUATIONS IN DCT? -(MAIN)
C - LEQU L EQIV( )  EQIV IN EACH SUB TO PRINT FLAG
€ LEQUIV L JLDEBUG/  PRINT EQUATIONS IN EQIV?. (MAIN)
C LETA. L /LDEBUG/  PRINT EQUATIONS IN ETA? (MAIN)
C LINIT L IDEM&4 -  EQIV(FGL) ZERO OUT /LOGIC/ (RSTART)
€' LoFDOT L /LDEBUG/ "PRINT EQUATIONS IN QFDQT? (MAIN)
- C LRATE L /LDEBUG/  PRINT EQUATIONS IN RATE?. (MAIN)
€ LRTAPE L /CHEKS/ CREATE RESTART TAPE? IMAIN)
C LRUNGE L JLDEBUG/  PRINT EQUATIONS IN RUNGE? (MAIN)
C LSETUP L . /LDEBUG/ -PRINT EQUATIONS IN SETUP? (MAIN)
C LSIMO L /LDEBUG/  PRINT EQUATIONS IN SIMO?. (MAIN)
C - LTORQU - L JLDEBUG/  PRINT EQUATIONS IN TORQUE?. (MAIN)
C LTRAN L . /LDEBUG/  PRINT EQUATIONS IN TRAN? (MAIN)
C LTRANV L JLDEBUG/  PRINT EQUATIONS: IN TRANVD? (MAIN)
C LTRNSI L JLDEBUG/ - PRINT EQUATIONS IN TRNSIV? (MAIN)
C LVDIV L’ JLDEBUG/.  PRINT EQUATIONS IN VDIV? (MAIN)
C LXDY L . /LDEBUG/  PRINT EQUATIONS. IN XDY? (MAIN)
C MO 1 N J/INTG/ . -~ BODY IN WHICH WHEEL IS IN (INBS)
" C 'NBOD I : © JINTG/ NUMBER OF BODIES (INBS)
C ' NB1 . o1 JINTG/ NUMBER OF BODIES + 1 (INBS)
¢ NCTC I JINTG/ (INOPT,NA) 'CONSTRAINT TORQUES
C'. NEQO 1 LOCAL # EQUATIONS SETUP BY N-BOD2 (EQIV)
C NFER 1 JINTG/ # FREE COORD VECTORS (INBS)
C NFKC 1 JINTG/ (INOPT,NA) CONSTRAINT .FORCES .
"€ NFLXB I /INTG/ #- FLEXIBLE '‘BODIES (INOPT)
C NFRC I /INTG/ # RELATIVE ANGLES COMPUTED (INOPT)
C NLOR 1 JINTG/ - # LOCKED COORD VECTORS(INBS)
C NMO. 1 _/INTG/ = TOTAL NUMBER OF WHEELS (INBS)
C -NMOA 0 /INTG/ '# WHEELS TO COMP REL ANGLE (INOPT)
C - NMODS . I . _/INTG/ TOTAL # MODES FOR SYSTEM (INGPT)
C' NMV “1v wntTaust . f/INTG/ o # VARIABLE SPEED WHEEES -(INOPT)
C NSTART L o L JCHEKS/ . NEW OR RESTART RUN?.(MAIN)
‘' C NSVP 1

: /INTG/ .. . # LOCKED .VECTORS TRANSFORM(VDIV) '
(QUT'Jva’aVIt)MUTMBM()M QLOPINAA 1.“:,., AR L.
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NSVQ
NTOQ '
PCON
PHI
PLM
QF
QFC - -

QL

oLC
RBLO
RINIT
ROMC -
RZINIT
SCF,. '_

sce

SCG :
SCNDUM, SCN

SCRDUM,SCR °

SCXC

SO

SEU

SFCC .
SEKDUM, SFK
SFLX

SFR

SFXM

SG

S1

SIG..
SIXDUM,SIX
SKDUM, SK
SL

SLK -

SMA

SMAL
SMCOUM, SMC
SMV

SOK
SPIDUM,SPI
SOF

SoL -

SR
SSCN

SSIX
SVA

e e e e e e R R S SO i I N I R S I Tl B X I - R

Table 1 (Continued)
Symbol Names Used in N~-BOD2 .

N+1

'3'N+l

YE

34y3(N+1)

392 (N+1Y

342(N+1)
N .
IDEMT.
'39N+1

" IDEMS8

3(N+1)

O:N-1

N+1
O:N-1
N+1
N+l -

3,3(N¥1)

/INTG/
JINTG/

/INTG/

/REAL/
/REAL/
/REAL/
/REAL/
/REAL/
/REAL/
/LOGIC/
EQIV(CA)
/REAL/

EQIV(CBDUM)ZERO OUT /REALZ/

/INTG/
/INTG/

- JINTG/

/INTGZ/

“JINTGZ/

EQIV(TORQ)
/INTG/

“/INTG/

/INTG/
/INTGZ/
/INTG/
/INTG/
/INTG/

/INTG/

/INTG/
/INTG/-
JINTGZ/
/INTGZ/
/INTG/
/INTG/
/INTG/
/INTG/
/INTGZ/
/INTG/
/INTG/
/INTGZ/
JINTG/
/INTG/
/INTG/
/INTG/
/INTG/
7INTG/

. LOCKED VECTOR BFC

# FREE VECTORS TRANSFORM (vDIV)

# DIFF EQS.IN SUB TORQUE ( TORQUE)
# CONSTRAINED AXES AT HINGES(INBS)
EXTERNAL TORQUE ON NEST (TORQUE)
WHEEL SPIN INERTIA (INBS)

FREE VECTOR BFC (INBS) :
FREE VECTOR CFC (VDIV,TRANVD) -

{ INBS) :
(VDIV, TRANVD).
(INBS)

LOCKED VECTOR CFC
RIGID BODY OR POINT MASS?
ZERO OUT /REAL/ (RSTART)
RELATIVE RATE VECTOR (RATE)’
(RSTART) :
FREE VECTORS CAGED (INOPT,UNCAGE)
UNUSED .

# CAGED DEGREES (INOPT,UNCAGE) "
CODE+CENTRIPETAL EFFECTS (INQOPT)
CODE+CORIOLIS 'EFFECTS (INOPT)
CODE+X-COUP. MODES (INOPT,QFODOT)
CODE,DIRECTION COSINES (INDPT) .
CODEsEULER ANGLES (INOPT)
CODE+BODIES FLEX X-~COUPLING (INOPT
CODE,CONSTRAINT FORCE(INOPT,NA)
CODE,ALL FLEXIBLE BODIES- ( INOPT)
CODE,COMPUTE FREE VEC ANGLE(INOPT)
# MODES EACH BODY (INOPT) .
-CODEsALL GYROSTATS(SETS)
1CODEYBODIES HINGE TO CM
UNUSED .
CODE, INERTIA EFFECTS (INOPT)
CODE,BODIES IN EACH NEST (SETS)
CODEsALL POINT MASSES (SETS)
CODE,CONSTRAINT TORQUE(INOPT,NA)
CODE+WHEEL ANGLE COMPUTE(INOPT)
CODEySMALL ANGLES (INOPT)

CODEyALL WHEELS IN NEST (INOPT)
CODEyVARIABLE SPEED WHEELS (INOPT)
CODE,BODIES HINGE 0O - CM (VDIV)
CODE.PSUEDO INERTIA TENSORS(INOPT)
CODE,FREE VECTOR AT HINGE (SETS)
CODE,LOCKED VECTOR AT -HINGE (SETS)
CODE,ALL RIGID BODIES (SETS)
CODE,UNION OF ALL SCN (VDIV)
CODEyUNION OF ALL SIX (VDIV)
CODE+CM VECTORS TRANSFORM (VDIV)

(SETS)




“SvQ

CSXT

“THADD

‘TIMEND
"TORQ

"XMCDUM, XMC

“ZETA

SvB
SvD
Svi
SVM
SvP

SXM

T
TEM
THA
THAD

THADW
THAW -

TUG
XDIC
X1
XIcC
X10
XMAS

XMN
Y

YD
YMCD
XMT

R E R R L LR R E R T P I 1P -1 - GRS SR

Table 1 (Continued) ]
Symbol Names Used in N-BOD2

2(N+1)

3(N+1)
34N

24,160
33

33

33

N

N

97 .
3(N+1)
343, IDEM2
3434N

/INTG/
JINTG/
/INTG/
/INTG/
/INTG/
JINTG/
/INTG/
/INTG/
/REAL/
LOCAL
/REAL/
/REALY/ -
EQIVIETM)
/REAL/
/REAL/
/REAL/
JINTG/
/REAL/
/REAL/
/REAL/
/REAL/
/REAL/
/REAL/
/REALZ/
JTREAL/
LGCAL
LOGAL
EQIVIXMN)
/REAL/
/REAL/

. CODE,HINGE VECTORS TRANSFORM{VDIV)

CODE,DON'T TRANSFORM (INOPT) .
CODE. INERTIA .OYAD TRANSFORM. (VDIV)
CODEsSPIN VECTORS TRANSFORM(VDIV)
CODE,LOCKED VECTORS TRANSFORM(VDIV

- 'CODE,FREE VECTORS TRANFORM(VDIV)

CODE, SMALL ANGLE KINEMATICS{INOPT)
CODE,TIME VARY COL INER MAT{INOPT)
TIME (MAIN)

-TEMP. STORAGE AREA (RUNGE) . -
‘GENEALIZED COORDINATES(INBS,SETUP)
‘GENERALIZE COORD RATE (INBS,SETUP)
. GENERALIZE COORD ACC (SETUPvSIMO)
"WHEEL RATE (INBS,SETUP).

WHEEL ANGLE (INBS,SETUP)

TIME TO END RUN (INBS+DYNY"-
UNUSED STORAGE AREA FOR USER
TIME TO UNCAGE (INOPT,UNCAGE)

‘MATRIX OF INERTIA TENSORS(VDIV,XDY
- INERTIA DYAD BFC- (INBS) :

INERTIA DYAD CFC (VDIV,TRANVO]),
ZERD INERTIA-DYAD BFC(NDIV) '
BODY MASS (INBS)

TRANSFORM BFC TO CFC (TRNSIV4.TRAN)
SCALAR INERTIA MATRIX (VDIV,QFDOT)

. -SYSTEM STATE (EQIV,.SETUP,TORQUE)

SYSTEM STATE DERIV (SETUP, TORQUE)
DIRECTION COSINE RATES (DCT)

ZERD STATE TRANSFORMT.ION" MAT(INBS)
MODAL DAMPING RATIO (INOPT)

PR
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FG2 — input error flag. If .TRUE., the input data defines a physically reallzable system.
If .FALSE., a criteria for physical realizability in subroutine INEROR has not
been satisfied and the ]Ob will terminate with an error message.

FG3 — input error flag. If .FALSE., a code word on an option card read by subroutine
INOPT has not been recognized and the job will terminate with an error message.

- FGS — output data flag. Its status is checked at the end of each integration step. If _
.TRUE,, a call to the data output subroutine OUTPSP is made. If .F ALSE,, it is
not. To change the frequency of data output, the user may change the status of
FGS5 in subroutine TORQUE. The default status of FG5 is .TRUE..

LANGLE

LDCT

LEQUIV
'LETA

LQFDOT"

LRATE
LRTAPE
LRUNGE
LSETUP
LSIMQ

LTORQU,

LTRAN
LTRANV

LTRNSI |

LVDIV
LXDY

NSTART

- T

TIMEND

\

F see section. “Data Inpdt, Input/Output Control.”

fenat widd Lodndiv el YQbs 1isidvin ii
. .

independent variable, defines actual 51mulat10n time. Evaluated in

» subroutine RUNGE.

termination time. At T.GE. TIMEND the flag FG] is reset to FALSE in
subroutine DYN:

For additional discussion, see comment cards inserted into the MAIN program and subroutine

DYN.
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DATA INPUT, |NPUT/OUTPUT CONTROL
The ﬁrst card of the data deck is called from the MAIN program by the statement

READ 102, NSTART, LRUNGE, LTRNSI, LVDIV, LEQUIV, LTRAN, LTRANV LRATE, LXDY
LETA, LTORQU, LOFDOT, LDCT, LANGLE, LSETUP, LSIMQ, LRTAPE |

102 FORMAT (4X, 17L1)

The.data on the card set 17 logic flags that are used to control the mode of input and output.
The following definitions apply to the logic variables set by the data on this card:

The first logic variable controls the mode of data input.

NSTART = .FALSE. A new job: data input will be from cards. The starting time
for the simulation run will be time zero (T.EQ.0). S

=.TRUE. A restart job: data input will be from tape. The input tape for
a restart job is the output tape of a previous job. It is generated,
by N-BOD2. The starting time for the simulation will be the
. - terniination time of the job for which the restart tape was written.

The next 15 logic variables control the print commands programmed in the various subrou-
tines. For example:.

LRUNGE=_.FALSE. All print statements coded in subroutines RUNGE will be by-
: passed. :

=_TRUE. All equations coded in subroutine RUNGE will be printed along
: with the numerical magnitudes of the associated variables at the
time of execution.

Table 2 lists the sutyroutines in which the system equations of motion are coded and the as-
sociated logic variables that control whether or not the equations coded therein should be
outputted on the line printer. '

T'he last logic variable of card 1 controls whether or not a restart tape should be written.

LRTAPE.

JFALSE. Create a restart tape at the termination time of this job.

il

.TRUE. Do not create a restart tape at the termmatron time,

If a restart tape is created, the restart data are put into file 2 of the output tape referred to
as data set 11 by the WRITE statements.

DATA INPUT, SUBROUTINE RSTART

After the first data card is read, a CALL to subroutine RSTART is made. The precautionary
step of zeroing all storage locations, except those already loaded by the data on the first input

15



Table 2

. Logic Variables Controlling the Printing
of thé Equations of Motion Coded in the Subroutines

: Loglc Varieble : Subroutine
LRUNGE RUNGE
LTRNSI TRNSIV
LVDIV VDIV ) PR
 LEQUIV " EQIV S
~ LTRAN r TRAN |
Sl 7T LTRANY o ‘TRANVD -
S LRATE . ~ RATE .
"LXDY - ‘ XDY
LETA - , ~ ETA -
LTORQU TORQUE
'LQFDOT . - QFDOT
- LDCT DCT
LANGLE T ANGLE
LSETUP -  SETUP
- LSIMQ SIMQ

card, is performed upon. entry A check on the status of the loglc variable NSTART is then
made: - . . R . ; L e

IF (NSTART EQ FALSE),

a return to the main program is immediately made. The data to be read in will be from cards
and will deﬁne a new job. '

sspredeis 5. IF(NSTART.EQ.ERUE), -ttt o vy v £ 2 oiT

the data.to restart.an old job will be read according to the read statements coded in subrou-
tine RSTART The restart tape is read accordmg to the followmg statements
) o READ (10, 102) Y
~ READ (10, 102) YD
READ (10, 101) NEQ
READ (10, 102) (DUMMY (1), | ~1,IDEM9) =

READ (10, 102) (RINIT (1), { = 1, IDEM7)
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READ (10, 102) (RZINIT (1), 1 = 1, IDEMS)

. READ (10, 101) {IINIT (1), 1 = 1, IDEMS)
READ (10; 101) (IZINIT (1), i = 1, IDEM6) -
READ (10, 101) (LINIT (1), = 1, IDEM4)

101 FORMAT(1628) | |
102 FORMAT (8Z 16)

These statements read the restart tape exactly as it was written: The user has no control over
the writing or reading of the restart tape other than by the logic control variable LRTAPE
that defmes whether or not 1t should be created at the t1me of run termmatlon

At the end of any job that calls for a restart tape to be generated the restart data are put in
file 2 of the output tape wh1ch is dataset 11. To execute a restart job, the program assumes
that the appropriate job control statements have been provrded that will position the restart
tape (now data set 10) at the start of file 2 before the execution of the first READ input
tape instruction. (See the comment cards in subroutine RSTART and the job control re-

_ qulrements discussion in the followmg section.)

After the restart tape has been read, the last input card requlred for a restart run is read by
the statement:
_READ 103, TIMEND
103 FQRMAT (D15.5)
in RSTART where
"TIMEND = termination time for bresent job. |
‘This read"statement is exécuted only on a restart job. Upon exit from RSTART, return is
made to the start of the numerical integration loop in the MAIN program. The job then -

proceeds as if it had never been prevrously termmated There are no more data input cards

requlred for a restart ]Ob

A
BE

PROGRAMMER’S GUIDE TO SUBROUTINE RSTART ot
There is no actual computation ¢arried out in sibroutine RSTART. Its functions are:
"®  Zero all'storage: locatrons used by N-BOD2’ before any computatlon is done .
® Reatit tf{é restart tabe ;o t’Iha.t lcb?nputatmn rnay be rermtrated at‘the ter‘rr’unatlo'n
time of a previous run. :

/@  Write the restart tape so that computati‘on' may be restarted at a later data.

For further detail, see the comment cards insertevd in the ls.ubroutine RSTART.
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To zero out all common blocks, the size of each must be defined. Thus:
IDEM4 = number of logical wbrds in /LOGIC/
IDEMS = number of integer words in /INTG/
IDEMS6 = number of integer words in /INTGZ/
IDEM?7 = number of real words in /REAL/

IDEMS8 = number of real words in /REALZ/
IDEMS9 = number of real words in /DUMMY/

These parameters are defined in subroutine RSTART and must be changed if any of the
primary labeled common blocks are extended or modified. The user is referred to the pro-
gram listing to note the method used to zero the common blocks.

To make use of the restart capability, the user is required to provide appropriate machine-
dependent job control statements.

N-BOD?2 is programmed to put all user-desired output data in file 1 of data set 11 and to
put all of the restart data in file 2 of data set 11. Data set 11 becomes the restart tape..

\
To restart the job, the restart tape becomes data set 10. The appropriate job control state-
ments must be provided to position it at the start of file 2 prior to the execution of the _

first read tape instruction of the program.
fot

For a restart job, the author has found it convenient to prov1de the job control statements
that copy, prior to job execution, file 1 of data set 10 onto file 1 of data set 11. Data set
10 will then be positioned at the start of file 2 and, at the end of the restart job, file 1 of
data set 11 will contain a continuous record of the output data from time zero. Further-
more, the old restart tape, data set 10, will not have been destroyed.

DATA INPUT, SUBROUTINE INBS

IF (NSTART .EQ. FALSE)*,

a call to the subroutine INBS is made immediately after the program returns to the MAIN
program from RSTART. In INBS, the input data required to describe the basic simulation
model are read in from cards.

" Asin References 1 and 2, the labehng of a system of N bodies (ngld bodles + ﬂemble bodies
+ point masses) and M symmetric wheels must adhere to the following rules:

®  Bodies must be given distinct integer labels ranging from 1 to N inclusive. The
labeling must be such that, along any topological path extending from body Ito
a limb end, the body labels are of increasing magnitude.

*Condition code for a new job.
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®  Symmetric wheels must be given distinct integer labels ranging from 1 to M in-
clusive. These may be randomly assigned.

®  Body 1 is treated as the principal body of the system.

The labeling of hinge points between contiguous bodies is done by the computer according
to the following rule:

®  Hinge point K-1 is the point of connection between body K and the chain of bodies
extending to it from body 1.

Figures 3 and 4 are provided as visualization aids. Figure 3 is the example used in Reference
1 to illustrate the defined labeling convention. Figure 4 shows the exact posmon and labeling
of-each of the position vectors defined for the system.

' The following definitions are used in the coding of subroutine INBS. The total riumber of
bodies and wheels that make up the simulation model are defined by:

‘ 'NBOD, — total number of rigid bodies, flexible bodies, and point masses
NMOQO - total number of symmetric wheels
also defined is the constant
NB1 = NBOD + 1

As a direct consequence of the established labeling convention, the system topology can be
uniquely defined by the one dlmenswnal arrays:

J CQN(K) Body label of the body connected to body K at hinge
forK=2,3,...,NBOD point K-1, Relative to body: 1, it is the body inboard of
body K.
JCON(1)=0 implies body 1 is contiguous to the inertial frame of
reference. '
MO(M) Body label of the body in which symmetric wheel M is

forM=12,...,NMO is imbedded.

The physical nature of each body, its mass and the number of kinematic constramts between
contiguous:bodies, are defined by: : PR oo

RBLO(K) = .TRUE. Body K is either a r1g1d ora flex1b1e body. For N-BOD2
T body 1 and all bodiés not at a limb end must be r1g1d

= FALSE. Body K is a point mass.
forK=1,2,...,NBOD

XMAS(K) Total mass of body K including mass of all symmetric
forK=1,2,...,NBOD  wheels which are imbedded within it.
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2

BODY LABELS ARE NOT CIRCLED.
HINGE POINT LABELS ARE CIRCLED.
MOMENTUM WHEEL LABELS ARE SHOWN WITHIN THE WHEELS.

-

F{guré 3. Labeling séheme for; 10-body eXampIe.
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INERTIAL
REFERENCE

Figure 4. Positions and labeling of hinge-point and center-of-mass location vectors.
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PCON(K) - , , - '
“forK=1 Number of kinematically constrained rotational degrees’
of freedom between body 1 and an inertially fixed frame

of reference.

forK=23,... ,' NBOD Number of kinematically constrained rotational or trans-
lational degrees of freedom between body K and body
J CON(K)

for K = NBOD+1 Number of kinematically constrained translational degrees
‘ : of freedom between body 1 and the inertially fixed frame
of reference.

implies 3 degrees of relative freedom
implies 2 degrees of relative freedom
implies 1 degree of relative freedom
implies no relative motion allowed

PCON(K)
forK=1,2,...,NBOD+l ~

W N = O

The equations of motion have been derived in a vector-dyadic format and are valid for all’
frames of reference. To numerically solve these equations, it must be poss1ble to express any
vector or tensor relative to any desirable frame of reference. -

The equations of motion are derived relative to an origin that is fixed in an inertially fixed-
reference system. The user is required to pick an inertial origin and to define an orthogonal
reference frame there. All translational and rotational motion of body 1 is computed rela- - °
tive to this inertially fixed-reference frame.

Let

Y .
(X,»>Y,sZ,) = coordinate axes of the inertially fixed-reference frame

N-BOD?2 assumes that if:
PCON (NBOD +1)=0 Body 1 unconstrained in translation
PCON (NBOD +1)=1 Body 1 constrained to translate in the X, Y, plane

PCON (NBOD +1)=2 Body 1 constrained to translate in the X direction
.. - ‘r';"{

i, 2+ "PCON (N-BODM+ 1)=3 - Body 1 totally constrameﬂ in translatlon
In addition to the inertial reference frame, body ﬁxed-reference frames must also be defined.
Consequently, a body K fixed-reference frame is defined at hinge point K-1; K=1,2, ...
NBOD. The orientation of the body K fixed-coordinate axes is arbitrary and to be defined
by the user. To simplify the input of initial kinematic conditions, it is desirable to define
a zero state for the system. All relative motion between contiguous bodies can then be meas-
ured relative to this state in terms of a few physically meaningful relative displacement para-
meters.
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The following set of transformation matrices completely defines the relative orientation of
all reference frames when the system is in the zero relative displacement state.

[(XMT (1, J,K)] — transformation matrix used to transform vectors from
body K to body. JCON(K) fixed coordinates when the
system is in its zero relative displacement state

XMT (1,1 X) XMT (1,2K) XMT (1,3K)
XMT (2,1 K) XMT(22K) XMT (2,3K)
XMT (3,1 K) XMT (32K) XMT (33K)

[(XMT (1] K)]

where
K =1,2,...,NBOD

If K = 1, the inputted transformation matrix transforms vectors from body 1 fixed coordinates
to inertial fixed coordinates.

The origin of the body K fixed-reference frame is always at hinge point K-1; K =1,2,...,

NBOD. If body K,K=2,3,...,NBOD,is a point mass, a transformation matrix is not in-
putted. The axes of the body fixed-reference frames are defined by the computer to be re-

spectively parallel to the axes of the body JCON(K) fixed-reference frame.

The components of all inertia tensors and position vectors required to describe the physical
size and rotational inertia characteristics of the simulation model are 1nputted relative to the
body fixed-reference frame in which they are fixed. That is:

[XI(1,J,K)] — components of the inertia tensor for body K and all despun
forK=1,2,...,NBOD wheels contained therein about the body’s center of mass, '
relative to the body K fixed-reference frame (assumed to be
zero if body K is a point mass).

XI(1IK) XI(12K) XI(13K)

XIAIK] = | XI(21K) XI1(22K) XI(23K)
| XIGIK) XIG2K) XIG3K)
CA (ILK) . — components of the vector from hl"nge point K-1 to the
forK=1,2,...,NBOD . center of mass of body K (zero state location if body K is a
“point mass) relative to the body K fixed-reference frame.

Lot 150 90 Ugals JGhudic Soiins aw aead o e CA (l ,K)
{CA(K} = {CARK)
CAQBK)
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CB. (1, K) . _ o : o : . I+
for K 0 ~ — reserved for the components of the vector from the iner~
o . tial origin to the composite system center of mass.--(Not
needed for computation and hence not computed, may
be user-defined if desirable.)

forK=1,2,...,NBOD — components of the vector froni hinge point'~ JCON(K)-1
to hinge point K-1, (from inertial origin if K = 1), relative
to the body JCON(K) fixed-reference frame

CB (1K) )
o , . {CB(I,K)}‘-: CB(Z’K)‘ | o
' CB (3X)
Note: §pecial’ provision has been made in the coding of N-BOD?2 to aceept the
subscript O in certain arrays such as CB. Furthermore, to avoid numerical
computation problems, it is advisable to avoid placing the inertial origin

at a distance that is many orders of magnitude greater than the diameter
of a sphere which:could contain the entire simulation model.

The previously defined.integer array PCON(K), K =1, ..., NBOD+1, specifies the number of
kinematic constraints that exist between contiguous bodies and between body 1 and the iner-
tial reference. The logical array RBLO(K), K =1, 2, ..., NBOD; can be used to determine

whether relative motion between the bodies K and JCON(K) is rotational or translational.
Body 1 may have both rotational and translational degrees of freedom relative to the inertial

. reference. Rigid and flexible bodies may have only relative rotational degrees of freedom
while point masses may have only relative translational degrees of freedom. N-BOD2 assumes
that relative rotational motion may be adequately modeled by either a 0-, 1-, 2-, or 3-degree-of-
freedom gimbal, while relative translational motion may be either 0, 1, 2, or 3 dimensional.
Both the directions about which, or along which, motion is free of kinematic constraints and
the directions about which, or along which, motion is kinematically constrained must be
defined.

These directions are defiped by a set of exactly NBOD+1 triads of unit coordinate vectors.
These coordinate vectors are defined to be either free coordinate vectors (implying that mo-
tion is free about or along the directions defined by them) or locked coordinate vectors
(implying that motion is locked or kinematically constrained about or along the directions
defined by them). The user will be required to define two of the three coordinate vectors;. -
the th1rd will be mternally generated by a vector cross product based upon conditions of
orthogonahty

The integer array PCON(K), K =1, 2, ..., NBOD+1, defines the mix of free and locked co-
ordinate vectors in each of the NBOD+1 trlads It also provides a convenient tool for creat-
ing a labeling sequence for the free and locked coordmate vectors. The labeling will be done
by the computer.
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1t is a sequential numbering algorithm that starts with the coordinate vectors associated with
relative rotational motion of body 1, proceeds sequentially up to body NBOD, and ends with
the coordinate vectors associated with the description of the translational motion of body 1.

Let

{QF (1, M)} = components of the unit free coordinate vector M relative to the reference
frame in Wthh it is fixed.

{QL da, L)}' = components of the unit lockéd coordinate vector L relative to the refer-
ence frame in which 1t is fixed. '

The mix of free and locked coordinate vectors at hinge point K-1 and thelr labeling sequence
are defined as follows for K=1,2,..., NBOD+!:

® For PCON (K) = 0 the mix of coordinate vectors at hinge poiqt K-1is
- {oram} joFaM+ D}, {oF @M+ )}

® For PCON (K) = 1 the mix of 'coqrdjnate vectors at hinge- peint K-1 1s
fora, M)} foramM+ b {oLa nt. |

; For PCON (K) =2 the mix of coordinate vectors at hmge point K-1 is

C{erambjara ) fora L+ n}

. 0 For PCON (K) = 3 the mix of coordmate vectors at hinge pomt K—l is

{eLa,n}, oL, L+ 1)} {QL(I L+2)}
where for any K =1, 2, . NBOD+1 . '

21+ Y 6 -rcong)

- K#1

ooy e}

One f 4&véral'differént Kinemati¢ conditions can exist at each hmge pomt The user must
adhere to the following rules when specifying the coordinate of the free and locked coor-
dinate vectors in each of the NBOD+1 trlads

e If RBLO (K) = .TRUE. forany K = 1, 2, . ..., NBOD, the coordinate vectors are
: associated with g1mba1 axes. Table 3 deflnes for this case the coordmate frames
in which the free and locked coordinate vectors are defined.
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e If RBLO (K) = .FALSE. forany K=2,3, ...

, NBOD, the coordinate vectors de-

fine the directions along which relative translational motion of point mass K is
free and along which it is constrained. The origin of this triad of coordinate vectors
is the zero position of the point mass K that is defined by the components of the
center of mass vector { CA (I,K)}. T able 4 defines the coordmate frame in which

-~ the free and locked coordinate vectors are defined.

e If K - NBOD+1, the coordinate vectors define the direction along which the ceriter
. of mass of body 1 is free to translate. These directions are defined by the computer
" based upon the number of kinematic constraints defined by PCON(NBOD+1). '
" Table 5 defines the coordinates of the unit coordinate vectors relative to the iner-

tlally fixed reference. These are set by the computer.

v

The mltlal state of the simulation model can now be defined by specification of initial dis-

placements.and rates about or along the free coordinate vectors whose direction defines the

THA (M)
THAD (M)

directions of positive displacement. Let

initial relative displacement about or along the free coordinate vector M

initial relative rate about or along the free coordinate vector M - ?

The user need not be concerned with defining initial values for transformation matrices since
it is done by an internal computer computation. '

Table 3 - -
Coordinate Frames in Which Free and Locked
~ Coordinate Vectors are to be Defined for

RBLO (K)= .TRUE.;K=1,2,...,NBOD
PCON (K)
Vector ! r

!. 0 1 : 2 3
{QF (I, M)} JCON (K) JCON (K) JCON (K)
{QF (I, M + 1)} Intermediate Ko orrreon [

- {QF (I, M + 2)} K |

fQLq, D} . Intennediate K K
fLa, L+ 1} - K
{QL @, L+ 0}




Table 4
Coordinate Frames in Which Free and Locked
Coordinate Vectors are to be Defined for
RBLO (K)= .FALSE;K=2,3,...,NBOD

Vector PCON ()
o . .1 2 .3

fQFa,m} | K K K
{QF, M+ D} K K
{QF (1, M+ 2)} K
{QL (1, L)} K K K
QL (1, L+ 1)} K K
fQL(,L+2)} i K

Table 5
Coordinates of the Unit Coordinate Vectors Defined
at the Inert1a1 Origin Along Which Translational .
i Motlon of Body 1 is Measured;

K =NBOD + |

, PCON (K)

Vector 0 1 ) 3
{QF (1, M)} - L 1,001 L 1,001) |L 10,0}

{QF (I, M + 1)} L0,1,01 |[L010]
AQF (1, M+ 2)} L 0,011 :
{QL (1, )} L0,0,1J|LO1,0J]| L1001
{QL @, L+ 1} L0,0,1J L0101
L{QL(I_,LH)} : | | L0001




To define the characteristics of each of the symmetric wheels imbedded within the simula-
tion model, the following definitions are made:

{HM (I, M)}  — components of a unit vector along the spin axis of symmetric wheel
: M relative to the body MO(M) fixed-reference frame. Its direction
defines the direction of positive rotation.

PLM (M) - rotational inertia of the symmetric wheel M about its spin axis.
THAW (M) — initial angular position of the whee1 M about its‘spin axis.

THADW (M) — initial angular rate of the wheel M about its spin axis relative to body
MO(M).

The integration step size for the fourth order Runge-Kutta mtegratlon package and the time
for job term1nat1on are defined by:

H . — integration step size
TIMEND — job termination time

To completely specify the initial state of the simulation model, the above parameters must
be defined by the user or be internally generated. The following is a listing of the READ
statements coded in subroutine INBS in order of execution. The data deck must be pre-

pared accordingly.

*hsasassssn READ STATEMENTS FOR SUBROUTINE [NBS IN ORDER OF EXECUTION wwxsssssss,

C . Ty F R
:C - INITIALIZE FREE AND LOCKED COORD[NATE VECTOR LAHELS

- . M-= 1 . C— , . . R i L

Lo o =1 . . .

Fxusxexsksx FIRST CARD READ RY INRS IS. SECOND CARD OF DATA NECK . C
. READ 1N0, NBOD
c .
'*s:vtttt:#u READ EXA(‘TLY NHOD SETS OF RODY DATA, ONE PER RODY
B DN 1 K=1,NROD ) <
READ 105, N, {MESS(J).J=118)
IF{N,NE.K) ERROR, CARD OUT OF SEQUENCE, PRINT MESSAGE, HALT
c MESS{J)},J=1,18 ALPANUMERIC DESCRIPTION OF BODY N, PRINTED WITH DATA ECHO
READ 101, RBLO(K)yJCON(K)PCON(K) s XMAS(K)
i. o+ TF(RBLN(K)) GO TO 2 RODY K IS A RIGID OR FLEXIBLE BODY
GO TO B BODY K IS A POINT MASS
2 READ 102, ((XI(IyUyK)yJ=143),1=1,3)
READ 102, ((XMT(I,J,K)yJ=1,3),1=1,3)
B READ 102, (CA(J,K),4=1,3)
READ 102, (CA(J4K)yJd=1,3)
[« COMPUTE LABELS FOR FREE AND LOCKED CDORDINATE VECTORS INTERNALLY
IF(K.EO.1) GO TO 12 :
M = M + 3 - PCON(K-1)
© L = L + PCON(K=1) L .
12 GO TO (13,14, 154171 PCONICK 14154 5 Fx o afops s veanie
13 CONTINUE THREE DEGREES OF RELATIVE FREEDOM FOR HODY K
READ 102, {OF(JyM),051,3)
READ 102, (OF(JyM+2),4=1,3)
READ 102, (THA(J),J=M,M+2) B s
READ 102, (THAD{J),J=M,M+2)
GO TN 1 END OF DATA FOR BODY K
16 CONTINUE TWO DEGREES OF RELATIVE FREENDM FOR RODY K
READ 102, (QF(J,M),J=1,3)
READ 102, (QF(JyM+1),J=1,3)
READ 102, (THA(J),J=M,M+1)
READ 102, (THAD(J),J=M,M+1)
GN.TN 1 END OF DATA FOR RODY K

LAt e e - -




15 CONTINUE ONE DEGREE OF RELATIVE FREEDOM FOR RODY K ;
READ 102, (QF({J,M),0=1,3)
RFAD 102, (QL{JsL)yJ=1,3)
READ 102, THA(M)
READ 102+ THAD(M)

s GN TN 1 END OF DATA FOR 8ODY K . .

' 17 CONTINUE 2ERO DEGREES OF RELATIVE FREEDOM FOR BODY K

READ 102, (QL(JsL)yJ=1,3)
RFAD 102, (OL(J,L+1).0=143)
GO TN 1 END DF DATA FOR HOBY K

b CONTINUE
wrExzExxxs ALL BODY DESCRIPTIVE NATA 1S IN MEMORY NQOw N

ereseaesks READ TRANSLATION CONDITINNS FOR RODPY 1
RFAD 100. PCON(NROD+1}, e s
.M o= M o+.3 <~ PCONINRND) - . <o e Coe T
T RFAD 102, (THAN(.), =M, M+2=PCONINBNN+] )}
C : i
whsastants READ ALL SYMMETRIC WHEEL DATA ot
READ 100, NMO
DN 16 F=1,NMN GO TO 16 IF NMD.EQ.O
RFAD 104, MOCT) o (HMI,1)oU=143)
READ 106, PLM{I),(MESS(U),0=1416)
READ 102, THAW( ) THADW( )
1A CUNTINUE . . . . . ;
XEEEEEXEES ALL WHEEL DATA [S IN MEMORY : ) "
C
sresaseesk READ STEP SIZE AND TIME TO END SIMULATION
READ 102, H,TIMEND .
o END (F DATA T0 HE READ RY SURRDUTINE INRS
C .
agpressess FORMAT STATEMENTS USED
100 FNRMAT (15)
N1 FARMAT (L5,215,N15.5) ' .o
. 102 FNRMAT (3D15.5)
' - 104 FORMAT (15,3D15.5)
105 FrRMAT (15,1RA4)
2 10k FORMAT (D15,.5,164A4)

T

PROGRAMMER’'S GUIDE TO SUBROUTINE INBS

The primary function of subroutine INBS is to read the data cards that define the basic sim-
ulation model and its initial kinematic conditions. This has been thoroughly discussed in
the section “Data Input, Subroutine INBS.”” A cursory glance at the subroutine listing will
show that it is also programmed to provide an echo of the input data and to compute a few
additional variables that will be needed for the succeeding computations.

The following variables defined in table 1 are either first introduced or used extensively in
subroutine INBS. The programmer is referred to the comment cards inserted therein and
the following for detailed definitions: '

CA (1,K) -

-y
'

[

$6¢ 'sEction “Data Input, Subroutine INBS.”
CB (I,K) - see section “Data Input, Subroutine INBS.” .. . , .-

CBN(I) — computed variable. Used to compute body 1 center of mass location
relative to inertial origin

.

CBN (1) 0
CBN(2)¢ = 0 . ifPCON(NBI1) = 0
N CBN (3) 0 o
i ‘o
! I f
/ ; / Lo ,
/ / / / ; P, |
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FCON (M)

H
{HM (1, M)}
HMOM (M)

JCON (K)
LCON (L)

MO (M)
NBOD

" 'NB1

NFER _
NLOR
NMO,
PCbN (K)

PLM (M)

0
= 0
{CB (3,1)} ifPCPN(NBl) =1
0
= CB(2, 1)}
CB(3,1 if PCON (NB1) = 2
CB(1,1) BT
= (CB(2,1)
CB(3,1)) - if PCON (NB1) =3 . -

code used to define the body label of the body in which free coordinate
vector M is fixed. :

FCON(M) = K if free coordinate vector M is fixed in body K

FCON (M) = ~(M-1) if free coordinate vector M is the intermediate
axis of a three axis gimbal

see section “‘Data Input, Subroutine INBS.”

see section “Data Input, Subroutine INBS.”

relative angular momentum of momentum wheel M .
HMOM (M) = PLM (M) * THADW (M)

see seétion “Data Input, Subroutine INBS.”

code used to define the body label of the body in which locked coordinate
ordinate vector L is fixed

LCON (L) = K if locked coordinate vector L is fixed in body K

=-M if locked coordinate vector L is the axis about which
relative motion is kinematically constrained on a two
axis gimbal defined by the free vector M and M+1

see section “Data Input, Subroutine INBS.”

I B O

total number of free coordinate vectors ’
. PN . n— n‘@-qﬁgMAgaogq

total number of locked coordinate vectors

see section “Data Input, Subroutine INBS.”




{QF (1, M)} - )
foa,vt -
RBLO (K) -
THA (M) -
THAD (M) - _
THAW (M)-v - > see section ‘‘Data Input, Subroutine INBS”
THADW (M)  — - /

TIMEND -
[XE(1, 3, K))
XMAS (K)
[XMT (1,3,K)] -

J
PROGRAMMER'S GUIDE TO SUBROUTINE INEROR

The main function of subroutine INEROR is to check the data inputted by subroutme INBS
for obv1ous errors.

The followmg error checks are made:
®  All bodies must have positive mass greater than zero.

®  The topological tree must be properly labeled; i.e., JCON (K) must be less than
K for all K where K =1,2, , NBOD.

.®  The number of kinematic constraints must be 0, 1, 2, or 3.
°o Inertia tensors must be symmetric and have a positive nonzero determinant.
L Zero-state transformation matrices must be orthonormal.

If any of the above tests are not satisfied, the flag FG2 is set .FALSE.. Appropriate error
messages are printed to assist the user in locating the error source, and the job will terminate
after a return to the MAIN program.

ety P A $vorrgy

PROGRAMMER'S GUIDE TO SU'B:ROUTII\-IVE SETS

The main function of subroutine SETS is to interrogate the data inputted by subroutine
INBS and compute various sets of integers which will enable the computer to avoid redun-
dant and trivial computation. To save computer storage, code words are created that com-
pact the desired integer arrays into a single integer code word. Triangular arrays are stored
as one-dimensional arrays in the memory of the computer. The following variables, defined
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in table 1, are either first introduced or used extensively in subroutine SETS. The progfiim-'
mer is referred to the comment cards insgrted therein and the following for detailed defini- .

tions.

SG

= SI(KN)

SK (K-1)

-SL -

SQF (K)

SQL (K)

SR,

32

code word used to define the body labels of all gyrostats; i.e., all bodies
that have one or more imbedded symmetric wheels.

one dimensional array of code words used to define the body labels of -
all bodies on the topological path extending from hinge point K-1 out-:
ward to the center of mass of body N, where

KN = KTO(NBOD, K-1, N)
K =1,2,...,NBOD
N >K

The utility function KTO is used to store the triangular array of code -
words in a one-dimensional array.

code word used to define the body labels of those bodies contained
in the nest of bodies K-1; K=1,2,...,NBOD. Due to the setup of
la_beled common block /INTGZ/, SK(0) is stored in the location SKDUM.

code word used to define the body labels of all point masses.

lowest magnitude free coordinate vector label at hinge point K-1:K= "~

.1,2,...,NBOD+1, where
K= NEOD+1 imi)lies the inertial origin
" and |
‘ SQF (K) = 0 if PCON (K) = 3

f

lowest magnitude locked coordinate vector label at hinge point K-1;
K=1,2,...,NBOD+1, where

K = NBOD+1 implies the inertial origin
and

SQL(K) =0 if PCON(K) = 0

' bode word used to define the body labels of all rigid and flexible bodies.




DATA INPUT, SUBROUTINE INOPT -

Subroutine INOPT is the second input subroutine called by the MAIN pfogram The input
cards to be read by it follow immediately after those read by subroutine INBS in the data
deck. S

The program N-BOD?2 has been coded to accept a description of the basic simulation model
by subroutine INBS. Amplifications or modifications to the mode] or to the equatxons of
motion that describe it are defined by subroutine INOPT. :

In many problems of practical interest, the user will not have to exercise any of the available
options. In such cases all parameters required for computation; which could have been user
defined, are set by default to the values that, in the author’s opinion, are most commonly
desired. If no options are to be used, INOPT will read on]y one data card.

INOPT is programmed to recognize different code words that are used to define which of the
available options is to be used. The code words are punched on what will be referred to as
“option cards.” All option cards are read at program point .12 in INOPT by the statement

12 READ 100, 1CD1, ICD2, ICDS I, NSET, (S1 (J) J 1 10
100 FORMAT (3A4,13,1115)

Columns 1 through 12 of each option card contain the code word. Table 6 cpntainé a listing
of all code words, the columns in which the alphanumeric characters must be punched, and
a brief descrlptlon of the functlon of the optlon :

Upon recognition of a code word, the program branches to the appropriate pomt in the pro-
gram where all required computational and additional READ data operations are carried out.
Upon completion, the program branches back to program point 12 to read the next option
card. The cycling back to program point 12 continues until an END OPTIONS option card
is recognized. The END OPTIONS card is the last card to be read by INOPT.

If a code word is not recognized, the flag FG3 will be set .FALSE., an error message will be
printed, and return to the MAIN program will be immediately made.

The following subéections define in detail the various option codes recognized by INOPT and
" their purpose.

*** Terminate Option Input ***

1. No Option Required

If no options are required for the simulation model, the code word NO OPTIONS must be
punched on the data card 1mmed1ately following the data cards read by subroutine INBS.
In this case, all modifiable parameters are set by default. The NO OPTIONS card would, in
this case, be the only card read by INOPT.
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2. End Optlons

If the user is to make use of one or more options, the last card of the cards to be read by
INOPT must have the code word END OPTIONS punched_ on it: If it does not, an input
error will result and the program will terminate with an appropriate.error message. ,

*ur Optumlze Computatlon Efflclency ***

In order~to optlmlze computation speed, all unnecessary, t:rmal and redundant computation
must be-avoided. By an interrogation of the input data, numerous sets of 1ntegers canbe
defined that can be used to carry out the above task. It is not possrble for the computer to
pick ou't almost trivial”’ computations; this the engineer- must do. -By use of partrcular
optlon cards he can hterally insert engineering judgment into N-BOD2

In practrcal apphcatlon the author has found that usually there: are not enough almost triv-
ial” terms that can be justifiably deleted to make a srgmflcant impact on computatlon speed.
Consequently while the optlons are available for the user, the author has rarely made prac-
tlcal use of most of them :

3 Chouee of Frame of Computation

The equatrons of motron as derived, are in a vector-dyadic form and are vahd for all frames
of reference. The user may choose the frame of computation to be elther the inertially fixed-
reference frame or the body 1 fixed-reference frame. All vectors'and tensors required for-
computation are stored in memory in computing frame coordmates The user should define
the frame of computation to be the reference frame in which he W1shes to output most of
the: computed system state variable vectors. : . T

The loglc variable INERF is used to defme which frame of computatlon is to be used for
mtemal computatlon ' :

INERF TRUE if the frame of computation is to be the inertially frxed-reference
g . . frame. Recogmtlon of the code word INERTIAL on an option
_card will set INERF equal to’ TRUE -

INERF =FALSE if the frame. of computation is to be the body 1 f1xed-reference
N KRR - frame Recogmtlon of the. code word BODY 1 on an optron card
will set INERF equal to FALSE

Default[‘ INERF = FALSE. : ﬁ.

Body l'will be the-frame.of computation un-less othervs}ise directEd.

4, Truncate Computatlon of Pseudo-inertia Tensors

The vector-dyadlc form of the srmulat1on model’s equatrons of motlon 1s grven in Reference
1by eqiration 88 and in Reference 2 by-equation 111.- The coefficient matnx on the left-
hand side of the equation contains numerous inertia and pseudo-mertra tensors that are
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defined by equations 6_3 through 70 of Reference 1. If the simulation model has both large
and small bodies, some of the small bodies may contribute a nearly trivial amount to the
pseudo-mertla tensors associated with the nests that contain both the large and the small
bodies.

To compute the inertia and pseudo-inertia tensors defined by equations 63 through 70 of
Reference 1, the integer code words SPI(I),1=0, 1, ..., NBOD-1, are usedin subroutine
XDY. -

SPI:(I) '~ code word. Used to define the set of bodles contained in the nest I that
. ~ contribute significantly in the computatlon of the inertia and pseudo-inertia
tensors associated with the nest [; 1=10, 1, , NBOD-1.

Upori'fecognitio'n of the code word ASETX, INOPT mdkes use of the data m cc;lum'né 13
through 70 of the option card to redefine the.code word SPI(I). The following deflmtlons
apply for this option:
1 = riest number ,
NSET . number of body labels to be defined to be in the set-defined
' by SPI(I)

the body labels defined to be in the set defmed by SPI(I)

(S1 (J) J =1, NSET)-

The code word SPI(I) is- created by the operation

: CALL COMPAC (S1, NSET, SPI(D)).
Default  SPIT) = SK(;1=0,1,...,NBOD-1 | ) |
Unless otherW1se d1rected all bodies contained in the nest I are assumed to contr1bute signif-
1cantly to the inertia and pseudo-inertia tensors associated with the nest 1.
5. '.I'runca_té,Co’mbutatioh-of Inertia Cross-Coupling Tordues

In Reference 1, the inertia cross-coupling torque acting on the nest I can be found from
equations 79 and 80. In Reference 2, it can be found in equation 92. It is given in the nota-
tion of these references as

°o e > -
Z [(DA' W, + W, X‘<<I>7\ . 9,7“+ A;}‘:]‘)i] ..

where the\summation extends over all bodies contained in the nest I. In subroutine ETA,
the integer code words SIX(I),I=0, 1, ..., NBOD-1, are used to define which bodies con-
tribute significantly to the above summation. :
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SIX(I) — code word. Used to define the set of bodies contained in the nest I that
contribute significantly to the computation of the inertia cross- couphng
torque actingon thenest I;1=0, 1, , NBOD-1.

Upon recognition of the code word ASETIXC, INOPT makes use of the data in columns 13
through 70 of the option card to redefine the code word SIX(I). The following deflmtlons
apply.for this option:

I
NSET

nest number

number of body labels to bel defined to be in the set defined
by SIX(D).

(Sl (3),J=1,NSET) = the body labels defined to be in the set defined by. SIX(I)
The code word SIX(I) is created by the operation

CALL COMPAC (S1, NSET, SIX(1)).
Default Unless otherwise directed, all rigid and flexible bodies contained in the nest I are
assumed to contribute significantly to the inertia cross_-coupling torque acting on the nest I.

NOTE: Point masses have zero contribution and hence their body labels’
are not contained in any of the sets defined by the code words
SIX(I);1=0,1,...,NBOD-1. '

6. Truncate Computation of Centrlpetal and some of the Coriolis Cross-Couphng Torques :

In Reference 1, the centripetal and Coriolis cross-coupling forces and torques appearing on
the right-hand side of equation 88 are defined by equations 75 through 78 In Reference 2
the analogous terms are found in equations 100, 107, and 108.

~ In the notation of Reference 2, the gyroscopic torque associated,with these effects.acting
on the nest I is given by

Z Ta ¥ ;\ ;1=0,1,...,NBOD-1
7\eS ‘

where v .

e - - —> -> e

C, =m, Z (‘*’J(i) X (“’J(i) X ﬁi) + 2“’1(.) X ﬁ)
ieSO,A_l

i1

v b

R I 3
+w7\X(w}\Xah)+2w Xﬂt)
and the summation extends over all bodies contained in the nest I.

37



In subroutine ETA, the integer code words SCN(I) and SCR(I), I = 0,1,... , NBOD:1 ,él're
used to define which bodies contribute significantly to the above summation.

SCN(I) — code word. Used to define the set of bodies contained in the nest I which
contribute significantly to the computation of the centripetal and Coriolis
cross-coupling torques acting in the nest I; I = 0 1, , NBOD-1.,

SCR(I) — code word. Used to define the set of point masses contained i m the nest I

for which their Coriolis acceleration effects contribute 51gn1ﬁcantly to the

. computation of the centripetal and Coriolis cross-coupling torques actmg
onthenest;I1=0,1, , NBOD-1.

Upon recognition of the code words ASETCEN or ASETCOR, INOPT rﬁakes use of the data
in columins 13 through 70 of the option card to redefine the code words SCN(I) or SCR(I)
respectively. The following definitions apply for these options:

I = nest number

NSET = number of body labels to be defined by SCN(I) or SCR(I)
respectively. .

(S1 (D, J=1,NSET)

the body labels defined to be in the set defined by SCN(I)
or SCR(1), respectively.

The code wofd SCN(I) is created by the data on the ASETCEN option card by the operation
'CALL COMPAC (S1, NSET, SCN(I)).
The code word SCR(I) is created by the data on the ASETCOR option card by the operation
| CALL COMPAC (S1, NSET, SCR(I)).
Default Unless otherwise directed, all bodies contained in thé nest I are assumed to con-

. tribute to the centripetal and Coriolis cross-coupling torques aqting on the nest I;1=0, _
1,...,NBOD-1. ‘

NOTE: The elements of sets defined by the code words
SCR(D,I1=0,1,...,NBOD-1, are only point-
mass body labels.

7. Choice of Kinematic Techniques

The user has the choice of which type of kinematic formulation should be used to define
-the transformation matrices. In the first version of N-BOD2, direction cosine techniques
were used exclusively. In an attempt to improve computation speed, it was noted that the
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integration of the equations of motion yielded Euler angles directly. These could be used to
directly obtain the required transformation matrices and eliminate the need for setting up

and integrating six direction cosine equations per transformation matrix. It was further
reasoned that time-consuming trigometric operations could also be dropped if it was known
that the Euler angles-would be small angles. Practical application has shown that the com-
putational operations required to go from Euler angles or small Euler angles to the transforma-
tion matrices takes about the same amount of computer time as the operations required to set
up and mtegrate the d1rect10n ‘cosine equations.

1 These th:ee approaches.are avallable for the user in N-BOD2 The author personally uses
direction cosine techniques for most simulation work; however, if it is critical that the trans-
formation matrices maintain orthonormality to a high degree of accuracy, Euler angle tech-
mques are preferable There is no significant computational speed advantage associated with
any of the techniques. The Euler angle and small angle approach requ1res that the body
fixed free vectors, about which the Euler angles are measured, be aligned with the coordinate
axes of their respective body fixed-reference frames; a restriction not imposed in the direc-
tion cosine approach.

In subroutine DCT, the direction cosine equations are set up and in subroutine TRAN, trans-
formation matrices are computed. The code words SD, SEU, and SMAL are used 1n these
subroutines to define the part1cu1ar kmematlc approach that is to be used.

SD = code word. Used to defme all contiguous pairs of bodies (JCON(I), I) for

' which direction cosine techmques are used to compute transformation
matrices. e :

SMAL = .code word. Used to define all contiguous pairs of bodies (JCON(I), I) for

which small angle techniques are used to compute transformation matrices.

SEU = code word. Used to define all contiguous pairs of bodies (JCON(I), I) for
: which Euler angle techniques are used to compute transformation matrices,

Upon recognition of the code word EULERANG the data in columns 13 through 70 are -
used to create the code word SEU by the operation

CALL COMPAC (S1, NSET, SEU).

Upon recognitiohro:fiche rcode word SMALLANG, the data inl eolumns 13 through 70 are used
to create the code word SMAL by the operation

CALL COMPAC (S1, NSET, SMAL).

NOTE: Redundancy is not permitted. Pairs of bodies defined
by the user to be in either of the séts defined by SEU
or SMAL will be subtracted from the set defined by SD
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In columns 13 through 17 of the option cards,
I
'NSET

unused

the number of pairs of bodies for which the specxal kmematlc
techniques are to be used.

(S1(J), T=1,NSET)

1.

the labels defmmg the pairs. The Jth pair-is defined as body
JCON(SI(J)) and body SI(J). . :

Default = Unless otherwise directed, all contiguous pairs of rigid or. flexible bodies are con-
tained in the set defined by SD. Both SEU and SMAL are empty sets unless otherwise di-
rected.

8. Suppress Selected Coordmate Transformatlons

All nontr1v1al body fixed vectors and tensors are transformed to computing frame coordinates
four times per integration step. Under certain conditions, this can be a wasteful operation..
If it can be determined that the components of all body fixed vectors and tensors of certain
bodies are essentially time invariant in computing frame coordinates, it makes no sense to
retransform them at every integration step.

The avoidance of these redundant transformations is controlled by the code word SVD in
VDIV and TRANVD.,

SVD — code word. Used to define the set of all bodijes for which body-fixed vectors
and tensors are time varying in the frame of computation.

* Upon r'e'cognition of the code word VTINBOD, the data in columns 13 through 70 are used
to create the code word SVD by the operation

CALL COMPAC (S1, NSET, SVD).
In columns 13 through 70 of the option card,
I = unused

NSET

the number of bodies for which body-fixed vectors and ten-
_sors are time varying in the frame-of computation. . .; - ..i:e

(Sl M, I1=1, NSET) ‘the body labels defined to be in the set defined by SVD.
vesnod o K P TN SO IS TN 1YY E 38 BT T PRE S LN |

Defa_ult Unless otherW1se defined, all body labels are contamed in the set SVD. If the com--
puting frame is the body 1 fixed-coordinate frame, body label 1 is automatically subtracted
from SVD. '

NOTE: Body labels associated with point masses are included
in SVD since their nominal center-of-mass positions
are given in their respective bodyifixed coordinate
system. ' '
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9. Suppress Recomputation of Elements of Coefficient Matrix of Inertia Tensors

In References 1 and 2, the matrix X is a symmetric (NB1) X (NB1) matrix of inertia and
pseudo-mertra tensors, the elements of which are given by equations 63 through 70 in Ref-
erence 1. Under certain condrtrons one or more of the columns (down to the diagonal) of
this matrix will have nonzero entries that are nearly constant in time. Unless otherwise di-
rected, the program recomputes these terms four times per integration step. The avoidance
of these redundant computations in:subroutine XDY is.controlled by the code word SXT.

SXT —. code word..Used to define the columns of the matrix X of psuedo-inertid
tensors that have time-varying elements. X is'symmetric and columns referred
to extend down only to the diagonal element. Column NB1 always is taken as
having time-varying elements. The elements of column K, K =2, .. . NBOD,
give the inertia contributions of the riest:K-1 to the system’s équations of motion.

Upon recognition of the code word COLX, the data in columns 13 through 70 are used to
create the code word SXT by the operation .

, . CALL COMPAC (Sl NSET SXT)
In columns 13 through 70 of the option card
I =-unused

NSET = the number of columns to have time-varying elements (not
R S - 1nclud1ng column NBl NBl = NBOD +1).

(Sl (J) J 1 NSET) the column numbers of the columns of X that w111 have time-,
" varyrng elements.

Default Unless otherwise defmed all body labels are contamed in the set SXT. Th1s im-
plies that all nonzero elements of X will be assumed to be time varying.

10. Suppress Computatlon of Relatlve Drsplacements |

A redundancy exists in the computatron of kinematics. All transformat1on matrices may be'
computed by 4 solution.of: drrectron cosine equations. Relative displacement angles, which
provide. basmally the ‘samg-information,-ate’ found by an integration of Euler rate equations.
If d1rect10n cosine methods are used it usually is not,necessary to compute all relative dis-
.,’placement angles since the1r only use is for a descnptlon of torques acting between bodies

- that-are: a: functron of relatrve displacement angle (springs) and for output drsplay Accord-
1ngly, ‘the user. *may selectrvely supress their computatron

The avoidance of the computatron of relative drsplacement angles is controlled by the mteger
array SFR in subroutmes SETUP and ANGLE. .

NFRC  — total number of free. coordmate vectors about or along which rela-
tive displacement is to be computed
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“SFR (I) - = the labels associated with the free coordinate vectors about or along
wh1ch relative displacement is to be computed. 1=1,2,...,NFRC

Upon recognition of the code word FREE, the data i in columns 13 through 70 are used to
define the elements of the set SFR. In columns 13 through 70 of the option card,

I unused

NSET

the number of free coordinate labels to be defmed on th1s
card for inclusion is the set SFR. kS . -

PO

(S1(J),J=1,NSET) = ‘the free coordinate labels to be defined to be in the sét SFR.

The input data format statement allows a maximum of 10 free coordinate vector labels to
be defined per option card. Several option cards wrth the code word FREE may be used 1f
required. :

Default Unless otherwise defined, all relative displacement rate equations will be set up :
and integrated. _

NOTE: INOPT is programmed to prohibit the user from supress--
ing the computation of angles required for use in conjunc-
tion with either the Euler angle or the small angle option. -
It also prohibits the suppression of the computation of the
coordinates that define body 1 translat1onal displacement
or pomt mass drsplacement o

1~1 Suppress Computation of Symmetric Wheel Angular Position o

In spacecraft application, the mtegratlon of the symmetric’ wheel rate equatron to ascertam
the angular position of.a mark on a symmetrrc wheel is usually a time-consuming and. waste-
ful practice since its rates are usually high relative to the spacecraft frequencies of interest.
At times, however, it may be 1mportant to know the wheel’s angular position.

3

The determmatron as ‘to which wheel rate equatron should be mtegrated is controlled in sub-
routine SETUP by the integer array SMA. '

NMOA — total number of symmetr1c ‘wheel rate equatlons to be mtegrated
Dar i 0o SMA(D)  —. -the. labels of the symmetrrc wheels for whrcl}\ wheel angular position .
. A AN t.,{ + i Eiel E4F ey
is to be computed. 1= 1° 2,. NMOA T rrrmeenat nool

Default  Unless otherwise directed, none of the wheel rate equatrons wrll be mtegrated

Upon recognition of the code word MOMANGLE the data in columns 13 through 70 are used
to define the elements of the set SMA. In columns 13 through 70 of the option card,

I = unused
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‘NSET

the number of symmetric wheel labels to be defined on this
card for inclusion in the set SMA. :

the symmetric wheel labels to be defined to be in the set

(S1 (1), =1,NSET)
The input data forlbat statement allows a maximum of 10 wheel labels to be defined per )
option card. Several option cards with the code word MOMANGLE may be used if desired.
12. Computatidn of Forces and Torques of Constraint.

The code words CFORCE and LOCK are recognized and may be used to redefine the ele-

ments in the integer array SFK and SLK, respectively. These arrays were to be used to-de-
fine which forces and torques of constraint should be computed. ThlS option has not been
coded and is not avallable for users of N-BOD2.

. Default :

e

NCTC =0
NFKC - =0
© SEK =0
SLK =0

rx EXpand Modeling Capability ***

13. Specification of Constant Speed Wheels

Wheels that are contro]led to spm at a constant speed should be modeled as constant speed
wheels. Computationally, this reduces the order of the equations of motion of the system
and‘ eliruinates the need for defining a control system that will maintain constant wheel rate.

The code word SMV is used in subroutmes QFDOT and SETUP to define which wheels are
to be treated as varlable speed wheels.

SMV = code word. Used to define- which of the symmetric wheels are-to be treated
as varlable speed wheels; all others are treated as constant speed wheels.

ey

NMV  — total number of variable speed wheels.

Upon recogmtlon ‘of the codé word VARWHEEL the data in columns 13 through: 70 are: used
to create the code word SMV by the operation

' CALL COMPAC (S 1 , NSET, SMV).
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In columns 13 through 70 of the option card,
I

NSET

- (81 (3); I =1,NSET)
Only one VARWHEEL option card is permitted.

unused

number of wheels to be defined as variable speed wheels.

the labels of the varrable speed wheels.

Deftault Unless otherwise directed, all symmetric wheels are assumed to be variable si)e'ed
wheels. o

14. Caging and Uncaging of Degrees of Freedom

In order to simulaté the deployment of spacecraft appendages, 1t is desirable to have the

' capabrhty to increase the number of allowable degrees of freedom durmg a simulation run.
A ““caged degree of freedom is a degree of freedom that is not allowed for a predefined ‘

" time. The uncaging of degrees of freedom at predefinable times allows the user to srmulz_rte
deployment transients . 4 ‘

The followmg definitions are used

SCG -~ total number of caged degrees of freedom at time zero. . .

: }
SC(I) — labels of the free coordinate vectors about or along which relative motion
will be constrained for a predefined time. 1=1, 2, ..., SCG
. - o
TUG (I) — time at which motion about or-along free coordinate vector SC(I) will

.be allowed (uncaged). I1=1,2,...,SCG

NOTE: All uncaging takes place with zero initial relative
rate. The coding to account for the impulse effect
that is associated with uncaging with an initial
relative rate has not been included in N-BOD2.

Upon recognition of the code word CAGE, the procedure for inputting the data required to
use thrs optron is started In columns 13 through 70 of the optlon card

, f
I
i . 'NSET-

‘unu sed

SCG, the total number-of-degrees of freedom caged attime
Zero.

(S1 (J),J =1, NBOD) = unused.
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Their labels and times for uncaging are then read according to the following:

READ 101, {SC(l}, TUG(]), I=1, SCG)
101. FORMAT {i5, D 15.5)

After these data cards are read, a check is made to make sure that the initial rates associated
with the caged degrees of freedom are zero. If not, they are reset to zero.

Default Unless otherwise directed,’all degrees of freedom are assumed uncaged at t»i_rne )
zéro. o T ‘ R to

15. Flexible Body Option

The user 1s encouraged to first refer to the section entitled “Flex1ble versus R1g1d Body
Modehng in Reference 2 before making use of the flexible body optron Contamed therein
are equatrons that provide a guide for estimating the requ1red number of v1brat10n modes
and a d1scuss1on of the assumptions implicit in the formulatlon of the coupled flex1b1e body
equatlons of motion.

N-BOD?2 accepts only resultant mode dependent parameters. Their description is based ..
upon the assumption that a finite element model of the flexible body can be deﬁned *

The following defimtlons are taken drrectly from Reference 2 and are used to deﬁne the
:réquired resultant mode dependent parameters. B

o mg, . = mass of element i of body A

° LA = inertia tensor of element i of body A about its own center of mass in the
undeformed state of body A

Efi A = position vector from hinge point A-1 to the undeformed center-of-mass
position of the element i of body A

°&,\ = posltion vector from hinge point A-1 to the undeformed center-of-mass

. position of body A :
Q}Z’,\ = nth normal mode displacement vector for the element i of body A

¢ . .
9111} Ilil‘?’?i]‘jgj,{} Fthnormal.moderotation vector for the element i of body A

m, = total mass of body A
Sm,n = Kronecker delta function
N, = total number of elements i used in the finite element model of body A

*The user is also referred to Appendix B in which a NASTRAN DMAP program and a preprocessor program are listed. The
output of these two programs define the resultant mode dependent parameter required.
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The normalization condition imposed upon the modes is

2T 2T 2R fen >R e m s
i A Pmin Pnin T Pmin TR ALY RY RO
ieA
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The resultant mode dependent parameters required as input data to N-BOD?2 are given by
equations 48, 50, 51, 54, 55,67, 70, and 72 in Reference 2. They are
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If mode shapes are obtained by a continuum analysis, the rotational inertia effects of the
infinitesimal elements about their respective centers of mass is negligible ; hence

Lm C . =0
Lim =
N, o A
i,A
Lim J, xS 0
Ni,A—)w
= > S
Lim K = T T
N. oo M, Z A Pmin X Pnin
i,A H2

and

->T -
E mn}\‘pml?\ sanl)\_m}\‘sm,.n —0.~

ieA

=

The other mode-dependent parameters that are used or computed are:

w, — natural frequency of mode n of body A (rad/ .
Ein - — damping ratio for mode n of body A
a ,(t) — generalized displacement coordinate for mode n of body A

én }\(t) — generalized displacement coordinate rate for mode n of body A

The position vector from the undeformed to the deformed center-of-mass position of the
element i of body A is .

> ->T
ei,}\ - z: an,k (t) wn,i,?\
: . n,A

where the summation is overall modes defined for body .

The followmg parameters are defined in subroutine INOPT and used within the various sub-
routines to compute the effects of body flexrbrhty

NFLXB = toral rxumber of flexible bodies

SFXM (I) — total nimber of flexible body modes to be used to describe the flexible

body characteristics of body I (zero if body I is a rigid body or a point
mass); I= 1,2,...,NBOD.

SFLX — code word used to define the body labels of those bodies that are to be
treated as flexible bodies.

NMODS - total number of flexible body modes used for entire simulation model.
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Upon recogmtlon of the code word FLEXIBLE, the procedure for mputtmg uncoupled
modal data- starts In columns 13 through 70 of the option card,

. I'
'NSET
(S1 (1), 1=1, NBOD)

v unused

1!

total number of bodies to be defined to.be flexible.

"

the number of flexible body modes to be used to déscribe
the flexible body characteristics of body I;1=1, 2,..., NBOD.
(Zero if body I i isa rigid body or point mass). . . e

The parameters NFLXB, SFXM SFLX, and NMODS are computed by an internal process
that makes use of the above data provided on the option cardf .

To conserve computer storage and increase computation speed, all mode-dependent param-

(eters are sequentially numbered from 1 to NMODS by an internally defined. algonthm that -
makes use of the SFXM integer array. All parameters associated with mode M of body K
are grven the mteger labél MN which is computed by the algorithm

K-1

MN = M + Z SEXM(I)
I=1

where -
K =2,3,...,NBOD

and
"M = 1,2,..., SFXM(K)
MN will be referred to as the ‘““mode number.”

All uncoupled mode-dependent data required by N-BOD2 are read immediately after recog-
nition of the code word F_LEXIBLE on an option card. For mode M of flexible body K, the
following data must be defined.- Its mode number MN is defined as

MN=M + Z - SEXM(I)

I=1

and recall that »

NFER = total ‘number of free coordinate veotors}
Then |
FLOM (MN) -
ZETAMN) | =

w,, « the modal natural frequency (rad/. ..)

¢ M' - the modal damping ratio -
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THA (NFER + MN)
THAD (NFER + MN)

{FLA (1, MN)}

1nputted)

to be inputted) - C-

components of the resultant mode-dependent vector A

so .., - . botothe body K fixed reference frame.
{FLB (, MN)} SR components of the resultant modedependent vector B
) “i.. . . . - ‘tothe-body K fixed reference frame.’ P
{FLC a, MN)} = components’ of the resultant mode-dependent vector C
c .Gt . -tothe body K frxed reference frame.- -
[FLD (1,7, MN)] = components of the resultant mode-dependent dyad D

[FLJ (1, J, MN)]

to the body K frxed reference frame.
b,

to the body K fixed reference frame.

(t) generalrzed drsplacement coordinate (1mt1al value to be -

k (t) the generalized displacemént coordrnate rate (initial value
 Trelative
 Telative
Ar'elative

relative

components of the resultant mode-dependent dyéd Jyy k relative

The data required to describe the uncoupled modal data for each flexible body are read ac-
cording to the following sequence of read statements.

®* OO0,

RAcExkRxkwkk READ STATEMENTS FOR OPTION 'YFLEXIRLE' IN INOPT sckaswsowssksys

INITIALIZE MODE LARELS
MN = O

REEHuG g kkk READ UNCOUPLED MODE DATA FOR AtL FLEXIBLE RODIES swekswsisieis
DO 1 K=1,NBOD
IF(SEXM(K).EQ.O) GO TO 1 BONY K IS NOT A FLEXIBLE BODY.
READ 103, N,(MESS(J}..0=1,18)
TF(K.NEJN) ERROR,CARDS OUT OF SEQUENCE, PRINT MESSAGE HALT
N = RODY LABEL FOR WHICH FLEXIRLE BODY DATA TO FOLLOW APPLIES
. MESS = ALPHANUMERIC DESCRIPTION: OF RODY Ny PRINTED WITH DATA ECHO.

R sk READ EXACTY SFXM(K) SETS OF MODAL .-DATA FOR BUDY K sssmsssxis
PO 2 M =1,SFXM(K)
MN = MN + ]
READ 104, FLOM(MN),ZETA(MN)
READ 104, THA(NFER+MM), THAD(NFER-MN)
READ 104, (FLA(T,MN),I=1,3):
READ 104, (FLA(I,MN),I=1,37
READ 104, (FLC(I.MN),I=1,3) :

" OREAD 104, ((FLD(I,JsMN)yJ=1,43)41=1,3)
READ 106, ((FLJUT4JoMN) 3J=1,3),1=1,3)

? CONTINUE A )
e A kA e AL UN(OUPL&D MODAL DATA FOR RODY K HAS BEEN READ *4*******‘
C
C .o : . o : N

1  CONTINUE
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Fexexexexsk ALL UNCOUPLED MODAL DATA HAS REEN READ F#X¥X s X8 sfFxFsniss

END OF DATA FOR OPTION 'FLEXIALE EEEETIERRERRIIECEETS

OO0 # OO %
#
i#*
3#
3
3#
i
3t
i
4
4t
3t

FORMAT STATEMENTS
103 FORMAT (15,184A4)
104 FORMAT (3D15.5)

- et . . P ¢ - ¢ i . . L ey LTI
L AR . Lt I - B RN METTN ¢ BT R T S E PON -

The input of the coupled modal data follows the option card ‘MODE CUP.” .- - Lo

In the process of developing the equations that define centripital and Coriolis related loads
associated with flexible bodles certain mode-dependent, cross-coupling parameters are de-
rived; namely Fm,n,,\ and K nA (previously defined in this section). In many practical ap-
plications, most, if not all, of these terms are identically or nearly equal to zero. Computer
time and storage can be conserved by developing a scheme which will only use nontrivial
cross-coupling terms.

The following parameters are defined in subroutine INOPT and used in subroutine QFDOT
to compute the modal cross-coupling effects.

SFCC = code word. Used to define the body labels of the flexible bodies that
have flexible body modes that are cross coupled (significantly). -

SCXC (MN) = code word. Used to define the modes M of body K which significantly
cross couple in-the generalized dlsplacpment coordinate equatlon for
the mode having mode number MN

K-1
MN = N + Z SFXM(I)
I=1
From equation 95 of Reference 2, the cross-coupling terms in the equation for the generalized
displacement coordinate associated with mode n of body A are

-> . =2 . . P
ORI 2 Fm X m ?\(t) -.'Zw'kf.f N E ra“«"fk('t) 'K'“‘I*n”k: E O S )

m,A

More simply expressed, the SCXC array ‘defines which modes i of'body A shall be used in
evaluating the above summations. :

In the input deck, the code. word MODE CUP must follow FLEXIBLE. Upon recognition
of the code word MODE CUP, the procedure for inputting coupled modal data starts. In
columns 13 through 70 of the option card,

I
NSET

unused

unused
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(S1 (I), I =1, NBOD) = number of blocks of mode dependent cross coupling data to be

read in for body I;a block of data consists of the three integers
(M, N, K), the components of the tensor F
nents of the vector

MN K’ and the compo-

M, N, K

The parameter SFCC is computed by an internal process which makes use of the above data
provided on the option card.

To conserve computer storage and increase computational speed, all coupled mode-dependent
- data are sequentially numbered. Strict ddherence to-the following input logic is required.

MN
“KF

0
0

. pOi K =1,NBOD - ;.
DO 1 N =1, SEXM(K) | |
MN = MN+1
DO 1 M =1, SFXMI(K)
IF (F
. READ M, N, K
KF = KF+1

-*
READ FM,N’K and K

M,N K

INSIGNIFICANT .AND. ZM N.K INSIGNIFICANT] GO TO 1

M,N.,K

LOAD F into FCF arraystarting at location (1,1,KF)

M,N,K

M,N,K

LOAD —K> into FCK array, starting at location {1 KF)

ADD integer M to code word SCXC{MN)

1 CONTINUE
~ where
MN — mode number for mode N of body K
KF - storage location integer designator for modal cross-coupling parameters

- [FCF(I1,JJ KE)1~ components of the resultant coupled mode-dependent tensor

ai haeu ac flaris £ wny-Significant terms usually exist), . ., ..., ..

) FM’N‘,K relative to the body K fixed reference frame (if M = N,

e o0

[FCK(II,KF)] — components of the resultaht coupled mode dependent vector

t

‘-

CMUN.K relative to the body K fixed reference frame.

51



All coupled mode-dependent data required by N-BOD?2 are read immediately 4fter recoghi-
tion of the code word MODE CUP on an option card. If flexible bodies are defined and the
‘MODE CUP’ option card and associated data are not in the optlon deck all computatlon
required to define modal cross-coupling effects is skipped. S :

The data required to describe the coupled modal data for each ﬂexrble body are read accord-
ing to the following sequence of read statements: o
*'*'READ STATEMENTS FOR OPTION ‘MODE CUP” IN INOPT

€ INITIALIZE COUPLED MODE LABELS . . - - - . . - -4
KF=0 ) :
C » . . L. -
*READ ALL NON-TRIVIAL COUPLED MODE PARAMETERS
c - . .
DO 1K = 1, NBOD
c
€ S1K) = NUMBER OF DATA.BLOCKS FOR BODY K
C  SFXM(K) = NUMBER OF MODES USED FOR BODY K
IF(SFXM(K).EQ.0) GO TO 1 (BODY K IS RIGID) .
IF(SH(K).NE.O.) GO TO 2 (SOME CROSS COUPLING FOR BODY K)
. GOTO1 - ‘ : y ’
2 DO1M=1,51(K) it
READ 105 M8, NB, KB '
KF=KF+1 - -~ Co -
READ 104, (FCF(11JJ,KF),J = 1,3),1i = 1, 3)
READ 104, (FCK(1I,KF),l1=1,3)
1 CONTINUE
C .
Coae o ALL COUPLED MODAL DATE IN
. .
C
C  FORMAT STATEMENTS
104 FORMAT (3E155) . . .. ..., O §tiatall

105 FORMAT (3I5)

Default Unless otherwrse drrected the simulation modelfwﬂl consist only of rrgrd bodies,
pomt masses; and symmetrrc wheels. Al] parameters assocrated with flexrble bod1es wrll be
set equal to zero.

PROGRAMMER'S GUIDE TO SUBROUTINE INOPT

The main function of subroutme INOPT is to accept the data that will deflne the parameters
associated with the various computatronal options available’ to the user. It is structured to -
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grow. -As new-modeling requirements are defined and their associated equations developed,
INOPT is the subroutine in which the basic data required to define the new option are to be
entered. This is done by simply defining another code word that will be regognized along
with the FORTRAN coding required to set up the basic data necessary to describe the new
optron .

| Subroutme INOPT has the followmg structure:
®  Define by default all parameters associated with available options.
® Read optlon card and compare option code with llbrary of recognizable codes.

®  Branch to appropriate program point, redefine optlon-related parameters, input
any additional data required. :

®  Branch back to prograrn point 12 to read another option card.

®  Upon recognition of the ‘END OPTIONS’ code word, check all optlon data for
'basrc 1ncompatab111tres

®  Perform any final setup work that must be done after all option. data have been _
mputted :

e  Print an echo of all optron related data defmed in INOPT

The following variables, defined in table 1, are either first introduced or used extensively in
subroutine INOPT. The programmer is referred to the comment cards inserted therem and
the following, for detarled definition. :

CT1 ' —  counter. Zeroed before exit frorn IN.OPT‘

CT2 ' —  counter. Zeroed befOre exit from INOPT

Cc13 . —  counter. Zeroed before exrt from INOPT

CT4 —  counter. Zeroed before exit from INOPT (See DYN)

CTS — counter. Zeroed before exit from INOPT

[FCF1J ,K_)]. —  See section ““Data Input/iNOP’i’,;’ subsection 15.

{FCK(I,K)} —  See section “Data Input/INOPT,” subs.ecti‘on" 15 :.'

FG3 - - — inputerror flag. If the code word on any opt1on card is not
Jamihad BT o crécognized, it is set to .FALSE. - _

" {FLAQ, MN)} “_ " See section “Data Input/INOPT,” subsection 15
{FLB(I,MN)} —  See section “Data Input/INOPT ” subsectlon 15 B )
{FLC(I,MN) } ~ See section “Data Input/INOPT,” subsect1on 15

A [:FLD(I;J ,MN)] K - See sectron “Data Input/INOPT,” subsection 15 :
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[FLI(1,] MN)]

FLOM(MN)
INERF

‘NCTC

NFKC
NFLXB
NFRC
NMOA
NMODS
NMV
Sc(h
SCXC(K)
SCG
SCN(I)
SCR(I)
SD
SEU
SFCC
SFK(I)
SFLX

SFR()
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SFXM(I)
SIX@D) |
SLK(I)
SMA(T)
SMAL -
SMC(K)’

SMV

i

1

See section “Data Input/INOPT,” subsection 15
See section “Data Input/INOPT,” subsection 15
See section “Data Input/INOPT,” subsectic;‘n 3

See section “Data Input/INOPT,” sui:sectio’n 12

See section “Data Input/INOPT,” subsection 12

See section “Data Input/INOPT,” subsection 15
See section “Data Input/INOPT,” subsection 10
See section “Data Input/INOPT,” subsection 11
See section “Data Input/INOPT,” subsection 15
See section “Data Input/INOPT,” subsection 13
See section “‘Data Input/INOPT,"’ _subsection 14
See section “Data Input/INOPT,” subsection 15
See section “‘Data Input/INOPT,” subsection 14
See section “Data Input/INOPT,” subsection 6

See section “Data Input/INOPT,” subsection 6

See section “Data Input/INOPT,” ibsection 7
See section “Data Input/INOPT,” subsection 7

See section “Data Input/INOPT,” subsection 15" -

See section “Data Input/INOPT,” subsection 12
See section “Data Input/INOPT,” subsection 15

See section “Data Input/INOPT,” subsection 10.

See section ““Data Input/INOPT,” subsection 15

See section “Data Input/INOPT,” subsection 5 .
See section “Data Input/INOPT,” subsection 12 -

See section “Data Input/INOPI,” subsection 11
See section “Data Input/INOPT,” subsection 7

“code word. Used to define the symmetric wheel labels
associated with all wheels contained in the nest K-1;

K=1,2,...,NBOD
See section “Data Input/INOPT,” subsection 13



SPI(I) — . See section “Data Input/INOPT,” subsection 4"
SVD . —  See section “Data Input/INOPT,” subsection 8

SXM(1,K) — computed integer array. Used in subroutine TRAN if the trans-
formation matrices for body K are to be computed using Euler-
angle techniques. SXM(I,K) defines the coordinate axis (1, £2,
+3) in body K along which the free coordinate vector M+(I-1),

=1, , 3-PCON(K), is aligned in the zero state (sign implies
d1rect10n) It is computed only if needed; otherwise it is set to
. zero. . _ _
SXT = See section “Data Input/INOPT ” subsection 9
TUG() —  See section “Data Input/INOPT, subsection 14
ZETA(MN) —  See section “Data Input/INOPT, subsection 15

DATA INPUT, SUBROUTINE INTOR -

The third and last input data subroutine to be entered is INTOR. Normally this routine
contains no executable instruction. It is for the user. The user may insert any desired input
statements and store the resultant data in common block /SATELL/. The data inputted

here usually consist of all data needed to define thie parameters in the user-defined description’

of the forces and torques acting on the simulation model.

There are no new variables introduged in this subroutine other than those that are user defined.

'.PROGRAMMER'S GUIDE'TO-SUBROUTINE TRNSIV

The primary purpose of the computation coded in subroutine TRNSIV is to compute initial
values for all required transformation matrices. The user- need never mterface with this sub-
routine.

All required computation carried oht in N-BOD?2 is done relative to the frame of computation
(see section “Data lput/INOPT,” subsection-3). Consequently, transformation matrices which
take vectors from body fixed coordinates to computing frame coordinates must be evaluated.

" TRNSIV computes the initial values of these matrices based upon the data inputted in sub-

routine INBS. Quarternion techniques are applied Since gimbal axes need not be aligned with

v body fixed coordinate. axes (see Reference 1, sectlon “Imtlal Onentatlon of the N-Body

System” and Appendli “Quartemlon Techmques”)

The following variables, defined in table 1, are first introduced in subroutine TRNSIV. All
other variables used therein have been previously defined. The programmer is referred to
the comment cards inserted in TRNSIV, and the following, for detailed definitions:

[XMC(LIK)] -

forK=0 — transformation matrix used to transform vectors from
inertially fixed coordinates to the frame of computation.
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forK=1,2,...,NBOD ' — ‘transformation matrix used to transform vectors
: from body K fixed coordinates to the frame of com-

putation,,
where
' XMC(1,1,K)  XMC (12.K) XMC (1,3.K)
C XMC(JK)] = | XMC@2,1,K)  XMC(22,K) XMC (2,3,K)
XMCG,1K)  XMC(32K) XMC (3,3,K)

For any particulér problem, all computation carried out in TRNSIV can be outputted on
the line printer by defining

LTRNSI = .TRUE.

on card 1 of the data deck. There is a one-for-one correspondence between the line printer
output and the theoretical notation in Reference 1.

PROGRAMMER’S GUIDE TO SUBROUTINE VDIV

The initial values for all body fixed vectors and tensors, relative to the frame of computation,
are computed in subroutine VDIV. The user need never interface with this subroutine.

All vector-tensor opefations required to define the system equations of motion are carried
out in computing frame coordinates. N-BOD?2 attempts to avoid redundant and trivial com-
putation By transforming all body fixed vectors and tensors, used more than once, into
computing frame coordinates at time zero. Thereafter, integer sets, computed in VDIV, are
used to transform, at every integration step, only those vectors and tensors that have non-
trivial time-varying components relative to computing frame coordinates.

The. following variables, defined in table 1, are first introduced in subroutine VDIV. All
other variables used therein have been previously defined. The programmer is referred to
the comment cards inserted in VDIV, and the following, for detailed definitions:

'{CAC(I,K)} — components of the vector from hing:e point K-1 to
forK=1,2, ..., NBOD the deformed center-of-mass position of body K, re-
. ’ lative to the frime of computation (see Reference 2,
equation 47).

o {CAO(I,K)} . — components 6f the vector from hinge point K-1 to
forK=1,2,...,NBOD the undeformed center-of-mass position of body K,
relative to body-K fixed coordinates.

.. {cBC,K)}. . L
forK=0 — unused. Reserved for the components of the vector
from the inertial origin to the composite system
center-of-mass, if needed.
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forK=1;2/::.,NBOD"

{FLAC(I,MN)}

" [FLE(LJ MN)]

(FLHOL,IMN)I-

{FLQUMN)}

L S N SV

{FLQCO MN)}

components of the vector from hinge point
JCON(K)-1 to hinge point K-1, relative to the frame
of computation (N-BOD?2 assumes zero elastic de-
formation at hinge points).

components of the mode-dependent vector defined by
equation 48 of Reference 2 relative to the frame of
computation. It is used in equation-47 to define the
contribution of mode M deformation of body K to
the vector which defines the deformed center-of-mass

location of body K, where mode number MN is de- :

fined as
K-1
MN =M+ ) SFXMQ)
o=
K =2,3,...,NBOD
M =1,2,...,SFXM(K)

components of the mode-dependent tensor defined
by equation 52 of Reference 2 relative to body K
fixed coordinates. .It is used in equation 49 to define

- the contribution of mode M deformation of body K

to the deformed state inertia tensor of body K, where
MN is the mode number defmed as above

components of the mode-dependent tensor deflned by

* equation 68 of Reference 2 relative to-body K fixed -

coordinates. It is used i in equation 65 of Reference 2

to define a component of the generalized force actrng

on mode M of body K, where MN is the mode number

defined as above.

components of the mode-dependent vector defined by

. .equation 56 of Reference 2 relative to the body K
fixed reference It is used in-equation 53 of Reference

2 to compute the contribution of mode M deformation

‘rate to the angular momentum of body K, where MN

is the mode number as defined above.

components of the mode-dependent vector defmed by
equation 56 of Reference 2 relative to the computmg
frame.
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{GAM{ KL)}

fHMCa M}

forM=1,2,...,MNO
NSVP
NS_VQ '

IQFCUI, M)}

forM=1,2,...,NFER

{Qrea,

’ forL—l 2,.

SOK(K) .
forK— 1,2,...

.., NLOR

» NBOD

_ SOK(NBI)

: for NBI = NBOD+1
SSCN

SSIX .
SVA

SVB

SVI

unosed in VDIV; however, all elements of the array
GAM are set equal to zero in VDIV. ’

components of the unit vector directed along the .
spin axis of symmetric wheel M relative to the frame
of computation (N-BOD2 assumes zero elastic defor-
mation at wheel attachment points).

total nutnber of locked coordinate vectors to be -
transformed to computing frame coordinates at every
integration step.

total number of free coordinate vectors to be trans-
formed to computing frame coordinates at every
integration step.

components of free coordinate vector M relative to
the frame of computation. '

components of locked coordinate vector L relative

" to the frame of computation.

code word used to deﬁne the body labels of those
bodies on the topologlcal path from hinge po1nt Oto
the center-of- -mass of body K.

code word used to define the set of mtegers from 1
to NBOD+1 1ncluswe Co

code word used to defme the union of all labels con-
tained in the sets of integers defined by the code
words SCN(K); K =0, 1,...,NBOD-I.

code word used to define the union of all labels con-
tained in the sets of integers defined by the code
words SIX(K); K=0,1,...,NBOD-I.

code word used to define the set of center-of-mass

-vectors that have nontrivial time-varying components - - .

in the frame of computation.

code word used'to define the set of hinge-point vectors - .iz -
that have nontrivial time-varying components in the
frame of computation.

code word used to define the set of inertia tensors
that have nontrivial time-varying components in the
frame of computatlon



SVM — code word used to define the set of symmetric-wheel
spin vectors that have nontrivial time-varying compo-
nents in the frame of computation.

SVP(L) — the labels associated with the locked coordinate vectors
forL=1,2,...,NSVP" that must be transformed at every integration step.
SVQ(M) — the labels associated with the free coordinate vectors
forM=1,2,...,NSVQ that must be transformed at every integration step.
[XDIC(,J,IK)] — unused in VDIV, however? all elements of the array
XDIC are set equal to zero in VDIV,
~IXIC(1,3,K)] R — components of the inertia tensor of body K about its
forK=1,2,...,NBOD center-of-mass in the deformed state relative to the

frame of computation (see Reference 2, equation 49).

[X10(1,J,K)1 — components of the inertia tensor of body K about its
forK=1,2,...,NBOD undeformed center-of-mass position in the undeformed
state relative to the body K fixed reference.

For any particular problem, all computation carried out in VDIV can be outputted on the
line printer by defining '

LVDIV = .TRUE. -

on card 1 offthe data deck.

PROGRAMMER’S GUIDE TO SUBROUTINE EQIV

The complete description of the motion of the coupled-body system is defined by the simul- '
taneous solution of a set of first-order, nonlinear, ordinary differential equations. Subroutine
EQIV is used to compute the total number of first-order equations to be integrated (excluding
‘those that are user defined) and to set up an array of initial conditions in a form compatible
with the integration subroutine RUNGE. The user need never interface with this subroutine.

The following variables, defined in table 1, are first introduced in subroutine EQIV. All other
variables used therein have been previously defined. The programmer is referred to the com-
ment cards inserted in EQIV, and the following, for detailed definitions:

NEQ — total number of first-order differential equations that
will be set up and numerically integrated via RUNGE
(excluding those that are user defined in TORQUE).

In the coding of the equations of motion, the system state variables and their associated time
derivatives are stored in various arrays which are given different symbolic names.
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To effectively use the integration subroutine, these must all be reloaded into two one-,
dimensional arrays so that the equations to be integrated take on the general form

IO = [ O g 00y, O, - Vg O01]

where
N‘=‘,. 1,2,. . .,NEQ. '

S Y(N) - . -+ — one dimensional array in which all state variables "~
that are determined by integration are stored for
- entry.into the integration package ‘In EQIV all -
initial values are. defined . A
TN 2,2, NEQ
The followmg sequential ordermg scheme is used to defme the locatron of each system state
varlable in the array Y. A ‘ . _
LI Angular and hnear rates about or along all of the free-coordmate vectors -
THAD(N);N°= 1,2,...,NFER.

o Generahzed elastlc coordmate rates for all modes of v1brat10n _
. THAD(N) N - NFER + 1, , NFER +, NMODS
®.-  Angular rates for all variable-speed wheels . -
o ' THADW(M) M defmed by code word SMV
0 )Dlsplacements about or along selected free-coordmate vectors
. THA(SFR(N)); N = 1,2, ..., NFRC.
®  Generalized elastic coordinates, all of them '
THA(N);N = NFER + 1; ..., NFER + NMODS.
®  Angular position of selected wheels *
THAW(SMA(M)); M = 1,2,. .., NMOA.
ot eharEleifients!of the fifst two colimns of each transformatlon tnatrix that-is- obtamed'-

by direction-cosine technique

1=1,23
.J =1,2
, Md fined by code word SD

T < (s (A A VN
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Refer to subroutine listing for exact details if needed. For any particular problem, all com-
putation carried out in EQIV can be outputted on the line printer by defining ’

B - LEQIV = .TRUE.
on card 1 of the data deck. _ : e

PROGRAMMER’S GUIDE TO SUBROUTINE TRAN

Numeérical solution of the vector-dyadic equations of motion requires that the orientation
of all body fixed-reference frames relative to each other and to the inertially fixed frame be
obtainable.- A minimal set of transformation matrices is the set that defines the relative
orientation of each body fixed and inertially fixed reference frame to the frame of compu-
tation. These transformation matrices are evaluated in subroutine TRAN. The user need
never interface with' this subroutine.

As dlscussed in sectxon “Data Input Subroutme INOPT,” subsectlon 7 three kmematlc
methods for obtaining transformation matrices are available for the user. TRAN makes use
of the data stored in‘the code words SD, SMAL, and SEU to determine the kinematic tech-
nique to be used for the computation of each respective transformation matrix.

The following variable, defined in table 1, is recomputed in subroutine TRAN. All other .
variables used have béen preV10usly defined. The programmer is referred to the comment
~cards inserted in TRAN, and the following; for detailed definitions:

[ XMC1,],K)] — ' see section “Programmer’s Guide to Subroutine TRNSIV.”
 In subroutine TRAN, which is entered four times per integra-
" tion step, the elements of all transformatlon matrlces that have
“time-varying coefficients are recomputed.- d

If direction-cosine techniques are used, the fifst two columns of the transformation matrix
[XMC(,J,K)], namely

xXMcLK)b and {xMeazk)}
are computed by integration of direction-cosine rate equations. The third column

{XMC(I,3{K)-}A .

FURLL

is, computed in;TRAN. by, a simple vector.cross-product-operation. ~No:attempt-is’made to
ensure that the resultant matrix is orthonormal. C

The author is of the opinion that since it generally is impossible to determine which of the
six integrated direction cosine parameters is contributing most strongly to any error buildup,
it is also impossible to define an orthonormalization procedure which would be satisfactory
for all possible situations. If orthonormalization of transformation matrices must be main-
tained to a high degree of accuracy, then Euler angle techniques should be called for in
INOPT.
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If Euler angles are used, the appropriate free coordinate vectors must be aligned with body
fixed coordinate axes in the nominal zero displacement state. Euler angle techniques are

used to obtain only the transformation matrix between pairs of contiguous bodies. The trans-
formation matrix to the computing frame is obtained by an appropriate. matrix multlphcatlon
The same logic is used for the small-angle techmque with the exceptlon that the approximation

'BM'-_T smB !

is employed. - : o Lo e

For any partlcular problem, all computatxon camed out in TRAN can be outputted on the ‘
line printer by defining : : PR

7

'~ LTRAN = .TRUE.

on card 1 of the data deck.

PROGRAMMER'S GUIDE TO SUBROUTINE TRANVD

The prlmary purpose of TRANVD is to transform to computing frame coordlnates all body
fixed vectors and tensors, which are used more than once in the evaluation of the equations
of motion. The user need never interface W1th this subroutme :

The following variables defined in table 1 are recomputed each t1me TRANVD is called by
DYN:

fcacaxyt - - ,-{HMC(I,M)}
{cBC (LK)} - . {QFC(I M)}
{FLAC (1, MN)} * {QLC a, L)}
{FLQC (1,MN)} S C[XIC (L1,K)]

Each of the above variables is defined in the section “Programmers Guide to Subroutine VDIV.”
In subroutine TRANVD, which is entered four times per integration step, the transformation
matrices evaluated in TRAN are used to obtain the‘eoniporients ‘of ‘each of the above body

fixed vectors and tensors in computing frame coordinates. Only those that have time-varying
components in the computing frame are recomputed; all others retain the initial value that was
set in MDIV hanistios rinvay (08 aitt cvedd setineron o4 geigtsr lmsnoomou arfd

For any particular problem all computatlon camed out in TRANVD can be outputted on the
line printer by defining

LTRANV = TRUE.
on card 1 of the data deck.
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PROGRAMMER'S GUIDE TO SUBROUTINE RATE

The pnmary purpose of subroutine RATE is to compute all linear and angular velocity vectors
_that will be required by the succeedmg subroutmes The user need never interface with this  _
subroutme :

In the codmg of N-BOD2 all }unge points of the system are assumed to be either on rigid
bodies or at node points of flexible bodies. Consequent]y all rate-related effects associated
with the deformation dependent motion of hinge points are identically equal to zero. That is,
in Reference 2 equatlon 126, all elements of the partltlon ¢H s apw ,and ¢H equal zero.

The followmg vanables are defmed in table 1 and recomputed each time subroutine RATE
is called by DYN: - )

ROMC@B} © jooMc K}
~ {romMc (, K)} {DOMC a, K)}

In Reference 1, equat1on 141 the partltxon that defmes relatlve rate between contlguous
bodres is - ~ - ' o T '
| | m t,q.Hé}‘i B

In Reference 2v;:eq"uation 126, it s
RCIEE I lwﬂli” |
\ where,._b)-l equationg 133, R_eterence 2, _ '
- Aeat=qae)

and undef the resfrictions ‘o’f‘.N'lBODZ

LA e -»fgﬂ- y:g-i}’g;s’-;»r TR I.H l.l

.....

A‘;,“ [ s ,:‘.._»_, : Sy ‘4':;‘:"": R ST \..,1." .
The components relative to the computing frame of the NBI1 vectors contamed infthe mi 192

_column rnatrlx{ }are stored in the array ROMC according to the following storage conven-
tion: T -

® Body K is a rigid or flexible body; K=1,2,...,NBOD

-{R'onca,x)} = {SK}C = Z ‘;M{EfM}c

M@K-1
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® Body K isa point mass; K=2,3,...,NBOD

L fromean} ={d ) = 3 @)

¢ M@K-1
e K = NBI implies linear velocity of the center-of-mass of body 1 relative to inertial
origin - .
- ] ->
frovcan} = {5} = 2 b (T},

M@K-1

Note that by applying equation 134 of Reference 1, namely

all trivial multiplications by zero called for by the matrix equation

(&) = La)ié}
are circumvented.
The_: relative angular-rate vectors stored in the array ROMC are used to compute the inertial
"angular-rate vectors; the components of which, relative to the computing frame, are stored \

in the array FOMC. Making use of equation 37 of Reference 1, the following parameters
are stored in the array FOMC: o

®  Body K is a rigid or flexible body; K =1,2,...,NBOD

'{FOMC.(I,K)};{BK}C = Y, {c_’fi}c

ieSo’K_l
® Body K is a point mass, since hinge point K-1 is at a node point on body
JCON(K); K=2,3,...,NBOD
{romMe (10} = {840},
e K = NBI

{romMc 1 x} = fROMC (1K)}

The elements of this array. FOMC are used primarily to compute gyroscopic cross-coupling
loads. :
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The user may choose the frame of computation to be éither the inertially fixed-reference -
frame or the body 1 fixedreference frame. In Reference 1, pages 34 and 35, the angular
rate of the body K fixed-reference relative to the computing frame is defined. The compo-
nents of these vectors, relative to the computing frame, are stored in the array COMC; that
is, :

. ’Bodky‘ K is a rigid or flexible bo‘dy; K=1,2,...,NBOD
feouc ax} -L8,),

® Body K isapoint mass; K=2,3, .. . NBOD
{comc (I,I()':}."'= { D1k 3

e K =NBI |
{comc X} - {ROMC (LK)}

The elements of this array COMC are used primarily in the evaluation of the dlrectlon cosme
equations to be integrated. :

In Reference I, equat1on 136 dlfferentlatlon of the relatlve angular-veloc1ty vector ylelds

E [BM Ay * Oy ] o

M@K-1

The second term reflects the fact that free—coordmate vectors are not inertially fixed. This
term carries through the development and appears in the final partitioned matrix form of the
equations of motion: Reference 1, equation 144; or Reference 2, equation 136; as

Lal {o}
The elements of the column matrix are computed and stored in the array DOMC according
to the following storage convention:

O e et udy

® Body K is a rigid or flexible body K=1,2,...,NBOD

{DOMC (I,K)}- = Z éM {E{M}c
M@K-1
-®_ Body Kisapoint mass K =2,3,...; NBOD or K =NBI;

{poMC (1K)} = {0}
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The components of the vectors a’M are needed only for the above computation and are not
stored in COMMON; furthermore, only those having nonzero components are evaluated.

For any particuiar problem, all computation carried out in RATE can be outputted on the
line printer by defining

LRATE = .TRUE.
on card 1of the data deck.

In the coding of subroutine RATE it should be noted that by use of the EQUIVALENCE
statement the single subscript arrays EFOMC, EROMC, ECOMC, and EDOMC, are used inter-
changeably with the double subscript arrays FOMC, ROMC, COMC, and DOMC, respectively.
This is done to optimize computation speed. '

PROGRAMMER'S GUIDE TO SUBROUTINE XDY

The primary purpose of subroutine XDY is to compute all required hinge point to center-of-
mass position vectors and all inertia and pseudo-inertia tensors. The user need never interface
with this subroutine.

On the left-hand side of the system equations of motion given in Reference 1 by equation 144
and in Reference 2 by equation 136, the computation of numerous pseudo-inertia tensors is
required. To compute these tensors, it is also required to compute the components of the
position vectors which locate center-of-mass position relative to hinge points.

In TRANVD, the center-of-mass vector, hinge-point vector, and inertia tensor for each body
of the system is computed. Once these vectors and tensors are determined, no distinction
need be made between rigid and flexible bodies for the computation of inertia and pseudo-
inertia tensors of nests of bodies. Consequently, equations 11 and 63 through 70 of Reference
1 may be applied to define the contents of the matrix of inertia tensors defined by the parti-
tion

(X}
in the equations of motion.
The following variables are defined in table 1 and computed in XDY:

{caM @ xL)}

~ [xpIc (3KD)]

In Reference 1, equation 11, hinge point to center-of-mass position vectors are defined by
the equation

- >
- -
TRa,L E b toy

€Sy 1L
£ K




where

K=1,2,...,NBOD and
K<L

-To conserve computer storage and eliminate a superfluous dimension, the integer function
KTO, defined along with the other utility subroutines, is used to’ store the triangular matrix
of vectors in a two-dimensional array. That is ‘

{oamakn} = {v,, }
where
KL = KTO(NBI,K-1,L)

" In Reference 1, equations 63 through 70, the tensor in row K, column I, 1> K, is defined by
the equation that satisfies one of the following criteria: ' ‘

L. KeSg, TeS, |, TeSy.
D AR S
K,I : A K-1,I-1 .
AeS| “AeSp ‘
5T . AdS
2. KeSp, leSy,, leS, ,
XK,I = - ml FK-I,I
3. KeSg, 148,
SO ?(K;’I = 00 e moerian. e anrygrr e antied el
4. KeS , 1=K
Xy =m1
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5. KeS,, 145,
Xg1 =0
6. KeS,,1= NBI
xfg,l.z - 2 m Py
- . - J\GSK_1 o
7. KeS,,1= NBI
XK,[ =my 1

8. K = NBi,I = NB!

Z m, 1

‘ AeS o o
where

A _ - s -> >
GKl 11 - M [(71-1,7\ 71(-1,7\) 1= 7K-1,7\]

=3
!

) —>
AR ACTERY,

“and
1 = unit dyad

To conserve computer storage and eliminate a superfluous dimension, the integer function
KT1, defined along with the other utility subroutines, is used to store the symmetrlc matnx
of tensors m a three-dlmensmnal Aarray. . -That is -

ST [XDIC (I J, KI)]‘,_.,[ [] T I I3 TV ST PR P A

P A mottet ey %

where

. «+KI = KT1 (NB1,K,])

68




From symmetry

[x“(] = [XoIc @, 7, KI)] T

where post superscript T implies ‘“transpose.”

On the first pass through XDY, all elements of the arrays XDIC and GAM are computed.
Thereafter, only those elements of the arrays that have time-varying components are re-
computed. To do this, the integer arrays, defined by the code words SPI,SVD, and SXT,
are used. ‘

For any particular problem, all computation camed out in XDY can be outputted on the
line printer by defining

LXDY = .TRUE.

on card 1 of the data deck.

PROGRAMMER’S GUIDE TO SUBROUTINE ETA

The primary purpose of subroutine ETA is to compute the forces and torques associated
with the gyroscopic motion of each body and each nest of coupled bodies. The user need
never interface with this subroutine.

On the right-hand side of equation 112 of Reference 2, the matrix

{m}

contains all gyroscopic forces and torques that enter into the coupled body equations of
motion. The vector elements of this matrix are defined by the terms appearing in equations
107 and 108 of Reference 2. For the case of coupled rigid bodies, these terms reduce to
those defined in Reference 1 by the partitions

{n°} and o'}
of equation 88. |

R RN AL U LA

Subroutme ETA is programmed to avoid redundant and' trivial computatlons The mteger
code words SCN, SCR, SIX, SMC, SFLX, SFXM, SSCN, and SSIX are used to pick out

exactly which bodies contribute significantly in each step of the computation. Only non-
zero time-varying contributions are computed. -

The following variables are defined in table 1 and computed in ETA:

{ETIC(LK)} - {FLCRC(K)}
{CNF(I K} {ETMC(, M)}
{FLIRC(LK)} {eTC@,x)}
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The gyroscopic torque acting on the nest-K-1; Wthh con81sts of at least ‘one rigid ‘body, is
from Reference 2, equation 107 '

where

- > .
ALy 5 = Z Quaana M.

N,A

E

e
1

N AN @)
N.A

. N ‘ 4
i : . o 1

AT M [2 ( By X @y X B + 2w1(i)x73’i")' |

ieS
s

4

@}
1]

€S0,A-1 o
”é_l P +w X(w onk)+2w XE:>

o

3
(In N-BOD2 all 8, assumed €10)

The gyroscopic force acting on the nest L-1, wlnch consists of the pomt mass deﬁned as body
L, is from Reference 2, equation’ 108

o)

-

_CL

and from the same equation, the gyroscopic forde acting on the composite syster,h. is

-
fiher ol ooz Tioge et oo vhod b= - ’iz;\i;' 5}@}4\31'3(}{2«.‘ 457 50 DRl INE DUA T
,}\eSo .

These resultant quantities are computed and stored in the array ETC, so that

{ETC(I,K)} =  components of the gyroscopic load vector, in computing frame
‘ coordinates, acting-on the nest K-l ;K=1,2,..., NBOD.
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,{ETC(I;NBI)}: = componeﬁts ‘of the gyroscopic force vector, in computing frame
" coordinates, acting on the composite system.

The following procedure is used to compute the elements of the array ETC:
1. " Forall b'o_dies L contained in the set defined by the code word SSIX, compute

- {Emca D} = {3, x @, - &)}

c

2. For all bodies L cqntaineci in fhe_ set defined by the éodc word SSCN, compute

- ‘ X1 = > s L -

{CNF L)} = {F’L[Z LWy X @y X B+ X(wp X aL)]}

. CodeSy , ' ¢
i1 ;

3.  For all flexible bodies L, that is, for those bodies contained in the set defined by
the integer code word SFLX, compute :

-> o>,

& . - {ruRc@L)} = {&L "W+ @ XAL L}
.o I X4

s,

S e i) 2,

{FLCRC([’L) } = V{z;mx. @ X “L»} .

) , — ' N — N
, '-{??‘L,_‘{fLX E ay L (t)f\N,P o

Cedr T TUAGNGL G N Fit S e

4. .Add’gyroscopic loads assOgi_afed w1th rigid body motion to that associated with
~ relative elastic deformation to obtain

{EeTic o, 1)} = {ETICQ, L)} + {FLIRC(, L)}

T e

{oNF (D)} = {ONF @, L)} + {FLCRC (1, 1))}
for each ﬂexib'le‘bdd)-' .L. o |

71



" For each symmetric wheel of the system, éom'pute

{ET™MC (1, M)} = {BM'O(M)X §M}

C

Sum the gyroscopic loads associated with each body L contained in the nest K-1
to obtain the components of the gyroscopic load external to the nest K-1; K =1,
2,...,NBOD+l, as follows:

a. Initialize the array ETC: ,
{ETC(I,K)} ={o}; " K=1,2...,NBl

b.  Add inertia cross-coupling terms for all bodies L contained in the set defined
by the che word SIX(K-1):

{ETC (1K)} = {ETC (LK)} - Y. {Emcqany}

LeSIX(K-1)

whefe
) K=1,2,...,NBOD

c.  Add centripetal cross-coupling terms for all bodies L contained in the set '
defined by the code word SCN(K-1):

e Ifbody L is a rigid or flexible body

{CNE(, L)} = {E’L}z

[

® Ifbody L isa point mass

JeNF@, D)} = {E’L‘ - 2m, BLXZL}

[

o Aonr a L} = {E)L*}c

T

then, for all nests K-1 containing one or more rigid bodies

{ETC(I,K)} ﬁ‘{F;TC(l,K)} - E {?K-I,L_X:.E_)L*}C

LeSCN(K-1)




and for all nests K-1 containing the single-point mass labeled body K
x
{ETC(,¥)} = {ETC (1L, K)} -.- {7“ K x?K}
. . : ‘ ’ c

and for K = NBI

NBOD

{ETC (I,K)% = {ETC(I, K)}, - Z {6:}0

L=1

. Add Coriolis cross-coupling terms for all point masses (bodies L) contained
.+in the set defined by the code word SCR(K-1): :

For all nests K-1 containing one or more rigid bodies

{ETC (LK)} = JETCLK)} - > {?Kﬂ,,L X 2m, & X &’L}
: LeSCR(K-1) <

For all nests K-1 containing the single-point mass labeled body K

{l.ETC‘(I,K) =-{ETC-(I:,K)} - .' {Zr,nK ‘_‘51( X‘ %K}

DAY

" and for K = NB1

ferca.of = ferca ) - 2 fm, 3, x@

LeSL

where SL is the code word defining all poin.t-mass‘body labels.

Add symmetric wheel cross-coupling terms fo_r all wheels M contained in
the set defined by the code word SMC(K-1): :

{eTC(1,¥)} = {ETCO,K)} . .- E {ETMC (1, M)}

B : “ " MeSMC(K-1)
where

K =1,2,. . .,NBOD

For any particular problem, all computation carned out in ETA can be outputted on the
line printer by defining

LETA = .TRUE.

on card 1 of the data deck.
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PROGRAMMER'S GUIDE TO SUBROUTINE TORQUE

The primary purpose of subroutine TORQUE is to provide a place for the user to define the
nongyroscopic forces and torques acting on the particular problem under investigation. In
Reference 1, pages 41 through 53, several nongyroscopic effects commonly encountered in
the analysis of spacecraft attitude dynamics are described along with the methods that must
be used to enter their resultant effects into the equations of motion. This section will define

the coding (by example) that is required to interface with N-BOD2. b

The following variables are defined in table 1 and computed by user defined algorithms in
TORQUE:

{PHICK)}

{cimow}

NTQ

Y(N) N = NEQ+l,...,NEQ+NTQ
YD(N) N = NEQ+1, ..., NEQ+NTQ

In subroutine TORQUE, the user has access to all computed system state variables. These
are stored in the various labeled common blocks. Any user-defined function of state variables
may be computed and stored in array DUMMY in labeled common block /SATELL/.

The nested body approach has been used to derive the equations of motion presented in
References 1 and 2. In Reference 1, equation 88, the forces and torques acting external to
the nests are contained in the partitions

while torques acting external to symmetric wheels are contained in the partition

. . { m

2

In Reference 2, equation 111, the forces and torques acting external to the nests are con-
tained in the partition
@1
14}

while torques acting external to symmetric wheels are contained in the partition

foL}
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The user must define the algorithm that is to be used to compute

{PHI(I,K)} ~  resultant torque (force*) that is acting on and external to the
nest K-1; K=1,2,... NBOD ' -

{PHI(I,NBI)} — resultant sum of all external forces acting on the composite
system of coupled bodies

CLMM) — . scalar magnitude of the torque acting external to the symmetric

wheel M

Frequently the algorithm involves the integration of differential equations such as in the
description of an onboard control system. The user must define

NTQ —  total number of differential equations that are defined by the
user in TORQUE and which must be integrated. - ‘

The state variables and associated time derivatives for all first order differential equatlons
defined in TORQUE are stored in the arrays Y and YD.

Let
N = NEQ +M
where
M =1,2,.. ,NTQ
~ then
Y(N) = - storage location to the state variables associated with the Mﬁz
differential equation defined by the user in TORQUE.
YD(N) = storage location of the time derivative of the state variable stored

in Y(N).

To code subroutine TORQUE, the user should first zero out the external torque matrix upon
entry. The resultant torque matrix is then obtained by vector addition of the various com-
ponents. Thus, the first executable statements of TORQUE should be '

C ZERO ALL ELEMENTS OF EXTERNAL TORQUE MATRIX
DO 1 K=1,NB1
DO 1 1=1,3
1 PHI(1,K) =0.D0
DO 2 M=1,NMO
2 CcLM(Mm) = 0.00

*Force if body K in nest K-1 is a point mass.
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Motion about or along any free coordinate vector may be constrained by springs, dashpots,

or motors. The computation of the associated reaction loads and their inclusion into the
equations of motion are discussed in Reference 1, pages 42 through 45. The following coding
is to be used to mclude these effects in N-BOD2:

REACTION TORQUE ACTING ACROSS OR ALONG GIMBAL AXIS M
AT HINGE POINT K-1- DUE TO :
- LINEAR SPRINGS - ’
LINEAR VISCOUS .NDAMPERS
MOTORS
LFET:
SPR{M) = SPRING CONSTANT ABOUT OR ALONG GIMBAL AXIS M
(M2 =%2/Te22 DR M/T#%2)
DPC(M} = DAMPING CONSTANT. ABOUT OR ALONG GIMBAL AXIS M
(M*L%%2/T OR M/T) .
CLT{M) = CONTROL TORQUE APPLIED BY MOTOR ABOUT OR ALONG GIMBAL
AXIS M M2 Lx82/T%x2 QR M=2L_/T®=s2

DIMENSION TEM(3)

SPRING TORQUE - - . .

SPR(M) = USER INPUT L o '

A = SPR(MISTHA(M)

CALL SCLV(A,OFC(1+M}yTEM) '

CCALL VECSUB(PHI{1,K)yTEMsPHI(1+K))

DAMPER TORQUE

DPC{M) = USER INPUT

A = DPCIM)#THAD (M)

CALL SCLVIALOFC{14+M),TEM)

CALL VECSUB(PHI (14K}, TEMyPHI(1:K))

c MOTOR TOROUE

[+ CLT(M) = FUNCTION OF STATE VARIABLES, USER DEF.
CALL SCLV(CLT{M},OFC{1,M),TEM)
CALL VECADD(PHI (14K),TEM,PHI(1,K))

(e N el

a¥sXzXa¥aXaRalsinkalainkaiakaRulaReNa o NaRaRaNoNa e N ol el
[2Xa)

Symmetric wheels are usually used to simulate controlled momentum wheels. Since wheels
have only one degree of freedom, it is not necessary to compute wheel torque as a vector
quantity. The following coding is to be used to include this effect in N-BOD2:

REACTION TORQUES ON SYSTEM DUE TO A CONTROL TORQUE
APPLIED TO MOMENTUM WHEEL MW
LET: -
CLM{MW) = CONTROL TORQUE APPLIED 7O WHEEL MW ABDUT ITS SPIN AXIS
USER DEFINED FUNCTION OF STATE VARIABLES (M*L%%2/T%%x2)

[sEalaNaNslalaNateNaNal

c CLM(MW) = USER DEFINED FUNCTION OF STATE VARB.

ardl

Locally applied forces may be applied to any body of the system they may not be apphed
to symmetrlc wheels.directly. The computation of the’ reaction loads and thelr mclus1onbllr,1{';q“
the equations of motion are discussed in Reference 1, page '45. The followmg codmg is used

to include this effect in N-BOD2:

REACTION TORQUES ON SYSTEM DUE 70 A& LOCALLY
APPLIED EXTERNAL FORCE (l.E. A GHAS JET)
LET:
J = lNTEGER LAREL ASSIGNED TO GAS JET
L = BODY TO WHICH EXTERNAL FORCE DIRECTLY APPLIED
RJ(I) = RADIUS VECTOR FROM CENTER OF MASS OF RODY. L TO

GAS JET J, (COMPONENTS RELATIVE TO RODY L COORDINATES)

FJ(1) = COMPONENTS OF APPLIED FORCE DUE TO GAS JET  J, (RELATVE
TO BODY L COORDINATES) USER DEFINED FUNCTION OF STATE
VARIABLES (M*L/T%*%2) '

[gXaNalaleNaleNaNaNaNalal
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DIHENSION RJC(}}'FJC(3).TEM(3)'YEM1(3\'id‘3)vFJf3) .

INTEGER $1(10),NS1 A T T E
LOGICAL CTAIN ) . : -
- c RJICLTY = USER INPUT R oo, 1 e
CALL VECTRNIRJ,XMC(1s1sL}+RIC)- -
C FJ{1) = USER DEFINED FUNCTION OF STATE VARIABLES

CALL VECTRN(FJ,XMCI1,1sL)FIC)
CALL VECADD(PHI(1,NB1)+FJCsPHI(I,NH1)}
00 3 K=1,NBOD v
CALL UNPAC(S1,NS1,SK(K=-1)} .
IF(.NOT.CTAIN(IL,S1,NS1)} GO TO 3
1IF(RBLO(K}) GO TO 4 '
CALL VECADD(PHI{14K)4FJCsPHI(1+K}}
GO TO 3 )
4 KL = KTO(NBL.K=-1,L}
CALL VECADD(GAM(1,KL),RIC+TEM)
CALL VECROS {TEM,FJC,TEM1)
CALL VECADD(PHI(L,K),TEML,PHL{L4K))
3 CONTINUE

[aXakaiziziaiakskalalakaisiaXulaNaRaNeRa el

The system to be modeled may be in a gravitational field;i.e., an Earth-based system. The
computation of the reaction loads and their inclusion into the equations of motion are dis-
cussed in Reference 1, pages 45 and 46. The following 4coding is used to include this effect
in N-BOD?2:

REACTION TORQUES ON SYSTEM DUE TO GRAVITATIDNAL
. EFFECTS ON AN EARTH BASED SYSTEM
LET: :
GRAV = ACCELERATION OF GRAVITY (L/T#%2)
RH(1) = COMPONENTS OF UNIT VECTOR FROM INERTIAL ORIGIN TO COMP.
SYSTEM CENTER QF MASSy (RELATIVE TO INMERTIAL FRAME}
THAT 1S, PARALLEL TQ DIRECTION NF GRAVITY FORCE

INTEGER S1(10}1,NSL . -
. DIMENSION TEM(B),BHC(3)-HH(3)
c BH{1) = USER INPUT - -
) CALL VECTRN(BH, XMC{1+1+0), HH()
DO 4 K=1,NBOD
[ GRAYV = USER INPUT
A = XMAS(K)*GRAV
CALL SCLV(A,BHC,TEM)
CALL VECSUB(PHI(1,NRL1),TEMsPHI(1,NRL))
IF(RBLO(K)) GO TO S
CALL VECSUBIPHI{1,K),TEMyPHI114K))
GO TOQ 4
5 CALL UNPACI(S1,NS1, SK(K 1)}
DO 4  LL=1.NS1
L = SkliLL)
KL = KTO(NBl,K-1,L)
A = XMAS(LI*GRAV
CALL SCLV{A,BHC,TEM)
CAtt VECROS (GAM{1,KL)+.TEM,TEM1}
CALL VECSUR(PHI(1,K}TEML,PHI(1,+K))
4 CONTINUE

oy

OO0 OO0 AN OO0 OONn 0D DO0OOO

C
The system to be modeled may be in orbit and subject to gravity gradient effects. The cém-‘-"
putation of the orbit and the gravﬁy gradxent torques atg, discussed, in. Referenee lyipages 46‘

Ty ATeN

through 52" “Thé followmg codmg is used to include these. effects in N-BOD2: - S
C . Ty o
C KEPLERIAN ORBIT !

C LET: :
C CB{1,0) = COMPONENTS OF VECTOR FROM EARTH'S CENTER TO COMPOSITE

C SYSTEM CENTER DF MASS, RELATIVE TO INERT1AL REFERENCE

Cc . FRAME, ORBIT ASSUMED TO BE IN INERTIAL 2-3 -PLANE

C ASM = SEMI-MAJOR AXIS OF ELLIPTIC ORAIT INERTIAL 2 DIRECTION
C ECC = ORBIT ECCENTRICITY .

C TPP = TIME OF PERIHELION PASSAGE, (T) ..

[ GEV = EARTH'S GRAVITATIONAL CONSTANT, (L*%3/T%%2)

C ETE = MEAN MOTION N =

C AME = MEAN ANOMALY
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LET:

ECE
TVE
BYO

= ECCENTRIC ANOMALY
= TRUE ANOMALY
= MAGNITUDE DF CBUI1+0),- (L)

ASM' = USER INPUT

GEV = USER INPUT

ETE = 1./SORT(ASM%#3/GEV)

TPP = USER INPUT

TAME = ETEX(T-TPP)

SM1 = SIN(AME} - T SM4 = SIN(4%AME!
SM2 = SIN(2%AME)

SM3 = SIN(3=AME)

ECC = USER INPUT

ECE = AME + ECC#5M1 + ECC*®»2%5M2/2

CBCLIs1Y}

+ECC##3%(9%5M3 — 33SM11/(24)
+ECCx%bL%(64#5M4 - 32%5M2)/192
CE = COS{ECE)
SE = SIN(ECE)
BTO = ASM®(]1 -~ ECC#CE)
cBt1,0) = O
CB(2,0) = BTO*({(CE- ECC)/{1 - ECC=CE))
CB(3,0) = BTO*(SORT(1-ECC**2)%SE/(1-ECC*CE))
CALL VECTRN(CB(1,0),XMC(1,1,0),CBC(1,01))

REACTION TORQUES ON QRBRITING SYSTEM DUE TO
GRAVITY GRADIENT EFFECTS

= COMPONENTS OF VECTOR FROM COMPOSITE SYSTEM CENTER OF
-MASS TO CENTER OF MASS OF BDDV 1, RELATIVE TO
COMPUTING FRAME - .

NOTE FOR GRAVITY GRADIENT OPTION
CB(I,1)
ARE REDEFINED TO' CIRCUMVENT DIFFERENCE L
OF LARGE NUMBER PROBLEMS, THAT |S M
THEY ARE MEASURED FROM COMPOSITE CM T0
CM OF BODY 1 RATHER THAN FROM INERTIAL
ORIGIN TO CM OF RODY 1

BHUT)

DEL(I,K}

DFG(I 4K
SGG(I

oo0

)
)

BTO

AND ITS INERTIAL DERIVATIVE . ) - S

= UNIT VECTOR FROM EARTH'S CENTER TO SYSTEM COMPOSITE
CENTER OF MASS, COMPONENTS RELATIVE TO INERTIAL FRAME
COMPONENTS OF VECTOR FROM COMPOSITE SYSTEM CENTER OF
MASS TO CENTER OF MASS OF RODY K
= COMPONENTS OF GRAVITY GRADIENT FORCE ACTING ON B0ODY K-’
= COMPACTED INTEGER WORD, THOSE BODIES IN THE NEST I
WHICH SIGNIFICANTLY CONTRIBUTE-TO GRAVITY GRADIENT EFF.
= DISTANCE FROM EARTH'S CENTER TO COMPOSITE SYSTEM (M

" DIMENSION DEL{3,10),DFG{3,10)+BHC{3),BH(3),TEM(3),TEMLI3)

10

o

YA

INTEGER SGG(0,9)s 51410}

KEPLERIAN ORBIT MUST BE USED WITH GRAVITY GRADIENT OPTION

00 10 1=1,3

BHC(1) = CBC(1,0)/BTO..

DO 7 K=1,NBOD

KL = KTO(NB1,0,K} R

caLL VECADDICBC(l'l)'GAM(viL).DEL(lyK))

CALL VECDOT{BHC,DEL{L1+K),A)

A = 3%A v

CALL SCLV(A,BHC,TEM) ) :

CALL VECSUBIDEL(1,K),TEM, TEM)

A = —GEVSXMAS(K)/BTO#23 e

CALL SCLV(A,TEM,DFGI1+K)) R

CONT INUE

DO 8 K=1,NBOD .

1FLRBLO{K)) GO TO 9

CALL VECADD(PH[(].K) DFGLLeihaPHI (14K K K

6070’

sccil) = SK(1) IF ALL BODIES CONTRIBUTE TO GRAVITY GRAD.
EFFECTS. IF NOT USE COMPAC TO CONSTRUCT
SGG(1) FORM USER INPUT OR DEFINE DIRECTLY

CALL UNPAC{S1,NS1,56G(K=1))

DO 8 LL=1,NS1

L= S1(LL)

KL = KTO(NB1,K=1sL}

* CALL VECROS {(GAM{1,KL)sDFG(1sL)oTEM)

CALL VXDYOV{BHC XIC(1s1sL)sTEML)

A = 3#GEV/BTQex3

CALL SCLV(A,TEM1,TEML)

CALL VECADDITEM,TEM1,TEM)

CALL VECADDIPHI{14K)yTEMyPHI(1,4K))
CONTINUE ’



As previously mentioned, it is often necessary to integrate several differential equations to
define control torques in TORQUE. The following coding is used to include additional dif-
ferential equations for integration by N-BOD2 along with the system equations:

.

PARAMETERS DEFINED BY FIRST ORDER
DIFFERENTIAL EQUATIONS
LET: .
NTQ = TOTAL NUMBER OF FIRST ORDER DIFFERENT!AL EQUATIONS TO
BE SOLVED FOR USE IN SUBROUTINE TORQUE
TQIN) = MAGNITUDE OF PARAMETER NUMBER N DEFINED WITHIN SUB.
TOGRQUE AT TIME T
TOD(N) = TIME DERIVATIVE OF PARAMETER TQ(N}. A USER DEFINED
: FUNCTION OF THE SYSTEM*'S STATE VARIABLES

DIMENSION TQ(20),TOD(20)

C FOR THE PARAMETER N
IF(CT4.NEs1) GO TO 11

c . Y(NEQ+N)} = TQ(N) = INITIAL VALUE FOR TO(N)

11 TOUN) = Y(NEO+N}
C TOD(N) = USER DEFINED FUNCTION OF STATE VARB.
C
c AFTER DEFINITION OF LAST DIFFERENTIAL EQUATION
C NTO = TOTAL NUMBER OF FIRST ORDER DIFFERENTIAL
c EQUATIONS TO RE SOLVED FOR USE IN TORQUE

D0 12 N=1,NTO
12 YD(NEQ+N) = TODIN}

OO0 0O0 OOONO0

At times, appendages on sbaceéraft are subject to thermally induced motion. This is dis-
cussed in Reference 1, pages 52 and 53. The following coding is used to include this effect
in N-BOD2: '

THERMALLY INDUCED MOTION ABOUT GIMBAL AXIS M
AT HINGE POINT K-1
ASSUME : .
ALL THERMALLY INDUCED DEFLECTION IS SMALL ANGLE
RELATIVE TO THE SYSTEM'S NOMINAL 2ERO STRESS STATE
THERMALLY INDUCED DEFLECTION IS MODELLED AS A MOVEMENT
OF THE ZERO STRESS.STATE
: "ACROSS ALL MINGE POINTS SUBJECT TO THERMAL DEFORMATION |
. . SPRINGS AND DAMPERS ACT
A RESONABLE MODEL. OF THE THERMAL INPUT CAN BE OEFINED
IN TERMS OF THE SYSTEM'S STATE VARIABLES
THERMAL EQUILIBRIUM POSITION ABOUT ANY GIMBAL AXIS 1S DEF.
: BY SOLUTION OF THE HEAT CONDUCTION EQUATION
LET: . X
SPR(M) = SPRING CONSTANT ACROSS GIMBAL AXIS M
DPC(M) = DAMPING CONSTANT ACROSS GIMRAL AXIS M
TAU(M) = THERMAL TIME CONSTANT FOR DEFORMATION ABOUT GIMBAL
AXIS M, (T)
TO(N) = THERMAL EQUILIBRIUM POSITION FOR THERMAL DEFORMATION
ABOUT GIMBAL AXIS M, (RAD)
TOD(N) =. RATE OF CHANGE OF THERMAL EQUILIRRIUM POSITION ABOUT
GIMBAL AXIS M, FIRST ORDER DIFF. EQ., (RAD/T)
TINP = THERMAL INPUT USER DEFINED FUNCTION, OF STATE VARIABLES,
(RAD/T) fere DAL A :

DIMENSION TEMI(3)

C N = USER DEFINED LABEL. DEPENDS UPON. EQUATION NUMHERING
C : SEQUENCE* DEFINED WITHIN' SURROUTINE- TOROUE 3

IF(CT4.NE.1) GO TO 13
C YINEQ+N) = TO(N) = INITIAL VALUE FOR THERMAL DEFORMATIOM
[ . ’ ABOUT GIMBAL AXIS M, USER INPUT

13 TO(N) = Y(NEQ+N).

[ TINP = USER DEFINED THERMAL INPUT FOR THERMAL DEFORMATION
C T ABOUT GIMBAL AXIS M .
C TAU(M) = USER INPUT

TADIN} = -TQ(N)/TAU(M) + TINP

A = SPRIM)=(THA(M) - TO(N})

CALL SCLV(A,OFC(1+M),TEM)

CALL VECSUBIPHI(14K)sTEMyPHI(14K))
A = DPC{M)=THAD(M)

CALL SCLVIALQFC(1,4M),TEM) .
CALL VECSUB(PHI(14K)sTEMyPHI(1,K))




For any par‘ticu-lar problem, all computAatio_n. carried out in TQRQUE can be outputied on
the line printer by defining :

LTORQU = .TRUE.

on card 1 of the data deck, if the user codes the print statements.

PROGRAMMER'S GUIDE TO SUBROUTINE QFDOT

cre y

The primary purpose of subroutine QFDOT is to eliminate the forces and torques associated’
with Kinematic constraints. In so doing, the coupled vector-dyadic equations of motion will
reduce to.a set of simultaneous scalar differential equatrons The user need neyer mterface E
with this subroutine. .

The eq_uation's‘of mdtiqn to be integrated are giv%n in'Reference 2 by equation 136. This’
equation, in the absence of body flexibility, reduces to equation 144 of Reference 1. Making
use of the array names used in the coding of N-BOD2, the equation takes on the general form

[XMN] {THADD} {ETM}
where, to be consistent with the coding of N_-BOD2 and the notation of Referenee 2,
Y
{THADD} = { &
é;”
Thrs \matrrx equatlon deﬁnes exactly '
NFER + NMODS + NMV
scalar second-order ordinary differential equations.
The following variables are defined in table 1 and computed in QFDOT:
| XMNMN) -
{ETM ()}

The elements of these arrays are obtained by carrymg out the vector-dyadrc operatrons de- A
fined by the partitioned matrix equatron 136 of Reference 2.

The equatrons coded in N-BOD2 assume that all hmge pomts and symmetrrc wheel attach-
ment pomts_are e1_ther on rrg_rd bodies or at node points of flexible bodies. The restriction -
in modeling capability implies that in equation 136 of Reférence 2, the following is true:

80




. «pHR =0,
‘_pr‘ = 0, and
oy =0

Furthermore, it is assumed in N-BOD2 that the user will not neéd to compute forcesof cons”
straint; that is, the elements of the partition F*. . .. . .. . :
Introduction of these two modehng 11m1tat10ns significantly simplifies the required coding. -
The codmg is structured so that, if required at a later date, both limitations can be removed’

by simple insertions into QFDOT and other relevant subroutines. Making use ‘of the above- -
assumptions, the equations coded in.N-BOD2.are from equation 136 of Reference, 2.

T 0T R e a0 o0y (i
] , - , -
0 h" o] e |1 ¥ 0] «'|l0 h o0 =
R . .- . ; . . : - GW -
0 o 1 FT. o wMmi 0 0 1 a
‘ T
-qT 0 0 X I© F} [q 0 0V (6 AT
0 hT 0] e<-41° 1 0| o 0 0 0 ot {m, s t/CL
o o 1J (Le" o mMd Lo o .0 i n,) \o

Coding requlrements force a rearrangement of rows and columns from that used in the theo-
, retical development. The followmg storage allocatlon scheme is used:

° [XMN M, N)] = |qT] - [X] * |q}
. "'v'vhere .M -=1,...,NFER
N=1...,6NFER |,
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[XMN M, N)] = [qT] - [F|
where M =1,. . .,NFER
' ' N = NFER+1,. . ., NFER+NMODS
[XMN M, N)] =.[1q"} - [1] * |h]
“where M =1,...,NFER
N = NFER+NMODS+1, . . ., NFER+NMODS+NMV
[XMN M, N)] = [M!}]
i where © M = NFER+#1,. . ., NFER+NMODS
N = NFER+l,. . ., NFER+NMODS
[XMN (M, N)] = (0]
where M = NFER+1,. . ., NFERtNMODS ] '
' N = NFER+NMODS*1, . . ., NFER+NMODS+NMV
[XMN M, N)] = [hT} [F] |n]
where = NFER+NMODS+1, . . ., NFER+NMODS+NMV
Ui e s o0 T N = NFERNMODSH, . . ., NFER+NMODS+NMV
Lo ST
o} = W7 - [} + o} - K14 {é}}

where M =1,2,. . .,NFER




o {Emon} = {n} - F7){a]{d}

where M = NFER+l,. . ., NFER +NMODS

e {ETM M)}

|hT] - {{nz} + foL} - p']14) {‘5}}

where «M = NFER+NMODS+1, . .., NFER+NMODS+NMV

In the computation of the ETM array, the contents of the ETC array defined in subroutine
ETA are changed. In ETA, the components of the vector in row K of {nlf are stored in
{ETC (I_,K)} . In QFDOT, the components of the vector in row K of

b+ o9} - B La e}

are stored in {ETC (1,K)}.

" In the computation of the full XMN array only the nontrivial entires of XMN are computed,
and the lower triangular portion of the array is obtained by making use of the fact that the
array must be symmetric. To ensure that all redundant and trivial operations are circum-
vented, the labels stored in the integer code words

SI, SK, SR, SCXC, SMV, SOK, SQF,
JCON, SFCC, SFLX, and SFXM
are used extensively.

For any particular problem, all computation carried out in QFDOT can be outputted on the
line printer by defining

LQFDOT = .TRUE.

on card 1 of the data deck.
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PROGRAMMER’S GUIDE TO SUBROUTINE DCT L ST s

The primary purpose of subroutine DCT is to set up the differential equations required to
compute the elements of the transformatlon matrices that are to be obtained by direction
cosine techniques. The user need never ‘interface with this subroutine.

In Reference 1 equation 119, the direction cosme equation is given in a form compatlble
with this coupled body analysis; namely :

NEARREA(CNAIENY

N-BOD2 is coded to integrate Bﬁljl six of the ninesequations defined for each transformation
matrix that is to be derived by direction cosine techniques. The other three parameters of
the respective transformation matrices are obtained in TRAN from orthogonality conditions.

The following array is deflned m table 1 and the elements of it are computed in DCT:
YMCD 1) K.

In DCT a unique numbering sequence is used to facilitate the handling of the direction
cosine data. The body labels stored in the integer code word SD are obtained first. Let

AN, Ay = . body labels associated with those body fixed-reference
: : * frames for which transformatjon matrices are to be ob-
! tained by direction cosine techniques

where
"?\1.>-7\2-..>:,<..>7\ﬁ,; R A S S AR .-’ R

If Ay = 1 and the body 1 fixed frame is the frame of computation, then to obtain the trans—
formation matrix between inertial and body 1 coordinates,

(1
L Ta)
_ {YMCD(I,I,I)} = [CJO] 0

L I AL G N ST s AL WLk B LIS IFPACVE ST SSRRWE I e TN P

: : 0 v 3 o -
{ s 3 B A SR 3
L 7
LOfing GG L i THE v e i [T -

o

S

_{yMep 1,2, 1} = [C ;
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and fortherest, M=1,2,...,N-1 . ) R

{YMeD (1,1, M+1)} =[c91M] _o$. o
0
» {0
{ymep @, 2, M)} = [9; ] 1y
L . - "M
O_t_lﬁler:vx./i'se,‘:f‘orM= 1,2,:....‘.,N, _ -
‘ - R . lf . ~
{y™McD 1,1, M)} = [c,ojw] 0
07,
e 0y
“fymep @, 2, M)} = g‘] 1
{ D _ )} .[c M
0.

For any particular problérh, all computation carried in DCT can be outputted on the line
printer by defining
R LDCT = .TRUE.. .
on card 1 of the data deck. ' |
PROGRAMMER'’S GUIDE TO SUBROUTINE ANGLE

The prlmary purpose of subroutine. ANGLE is to set up the dlfferentlal equatlons required
to compute the displacement coordinates that are measured about or along the free coordmate
vectors. The user need never interface with this subroutine. :

The following array is defined in table 1 and the elements of it are computed in ANGLE: .

ANGD(N) — time derivative of the.displacement coordinate associated with the
motion about or along the free coordinate vector SFR(N); N =1, 2,
,NFRC

In Reference 1, pages 37 and 38, the differential equatidns which define relative dispiaée-
ment about or along free coordinate vectors are defined. These équations are coded in



ANGLE. The user has the capability by subroutine INOPT to select which displacement
coordinate should be evaluated. The integer array SFR defines the selected coordinates.

Several special cases are recognized in ANGLE:
®  If relative translational motion is measured along free coordinate vector

M ='SFR (N)
then :

ANGD(N) = THAD (M) = 6,

(Point mass motion or body 1 center-of-mass motion.)
® If free co_ordihate vector _ N
M = SFR (N)
is aligned with the gimbal axis of a one-axis gimbal, then

ANGD (N) = THAD (M) = §,,.

° If the free coordinate vectors

SFR(N)  and

M
M+l = SFR (N+1)

are aligned with the gimbal axes of a twd-axis gimb'al at hinge point K-1, then

-2 .2
C = dy * dy+y
- 2
Ap T gyt wg
- 2
Ay = Qyyy "Wk
i »an(gl * » - ASrame caInrey g
..; -;,; . - . : . T
. - Cs .
AR IS R E U EX L S R ANCD%N)‘L Al:; 9«‘-"\34 £ 03 1 Dua t) LR €A s eheei seslil
1 -¢C?
A, - C*Al
ANGD (N+1) =
1 -¢?
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L If the free coordinate vectors

M+i=SFR(N + i) i=0,1,2

are aligned with the gimbal axes of a three-axis gimbal at hinge point K-1, then-

1

> -
-C =qM ._9M+2
> =
R
- =
Ay, = Gy W
‘(:_) .
L
and
Al -C * A3
ANGD (N) =
. 1 - C2
ANGD(N+1) = A,
_—.A3 -C =* A1

ANGD (N + 2) v
: . 1-¢?
For ans? particular plﬂ'o‘bllem, all computations carried out in ANGLE can be outputted on
the line printer by defining '
LANGLE = .TRUE.

on card 1 of the data deck.

PROGRAMMER’S GUIDE TO SUBROUTINE SETUP‘

The primary purpose of SETUP is to provide the necessary interface between the’symbolic
array names used in the derivation of the equations of motion in N-BOD2 and the symbolic
array names used in the integration subroutine: RUNGE.. The user need never interface with
this subroutine.
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The following sequential ordering scheme, used to define the locations of state variables and
their time derivatives in the Y and YD arrays, is identical to 'that used in EQIV:.

®  Accelerations and rates relative to free coordinate vectors

THADD(N) ; THAD(N) = Y(N)

X

YD (N)
N =1,2,...,NFER
~ Sum equations: NEQ = NFER -
®  Accelerations and rates of generalized elastic coordinates
YD (N) = THADD (N) ;. THADMN) = Y(N) -
.« . . N =NEQ+l,...,NEQ+NMODBS .. :
Sum dquations: NEG = NEQ+NMODS
/

®  Accelerations and rates of symmetric wheels with variable rate. Let

M .,M,....,M = wheel labels in the set defined by ‘integer code word SMV

YD (N) = THADD(N) ; THADW(M,) = Y(N)
N = NEQ+,...,NEQ+L
I =1,2,...,L

Sum equations: NEQ = NEQ+L

o Rate and displacement relative to free coordinate vectors

YD (N) = ANGD(MM) ; THA(M) = Y (N)

N = NEQ+l1,...,NEQ+NFRC

.MM =1,2,...,NFRC

M = SFR (MM)

Sum equations: NEQ = NEQ+NFRC

®  Rate and displacement of geheralized elastic coordinates

YD(N) = THAD(M) ; THAM) = Y(N)
N = NEQ+I,. .., NEQ+NMODS
M=1,2,...,NMODS

Sum equations: NEQ = NEQ+NMODS
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®. Rateand angle of symmetric wheels -

YD(N) = THADW (M)  ;  THAWQM) = Y(N)

N

NEQ+1, . NEQ+NMOA
MM=1,2,...,NMOA
M = SMA (MM)

Sum equations: NEQ = NEQ+NMODS

®  Rate and magnitude of direction cosine

K .K,,...,K;, = body labelsiassociated with the coordinate frames for
which transformat1on matrlx is to be obtamed v1a direction
cosine

YD (N) = YMCD (I,J,M)

M=1,2,...,ID
J =1,2
I =1,2,3

N

NEQ + 6+(M -1)+3 % (J -1) + 1

]

XMC (L1 Ky) =Y () s e T

1 =1,2,3
I =1,2
M=1,2,...,ID

The exact algorithm is obtainable in the discussion of subroutine DCT.

AT AT A AR T - ,A+.—r.--r. vy /

For any particular problem, all computatlons carrled out in SETUP can be outputted on the
line printer by defining . .

LSETUP = .TRUE.

on card 1 of the data deck.
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PROGRAMMER’S GUIDE TO SUBROUTINES OUTPUT AND OUTPSP

The primary purpose of subroutines OUTPUT and OUTPSP is to provide a convenient place
to put all output data statements. OQUTPUT is entered only at time zero while OUTPSP is
entered at the end of every integration step unless otherwise directed by the user. The user
is expected to refrain from modifying subroutine OUTPUT. It provides a useful echo of the
initial state of the system for checkout purposes.. '

Nominally, subroutine OUTPSP is identical to OUTPUT. The user is expected to remove
unWanted print statements from OUTPSP, add additional computation if desired, and insert
any other set of desirable output statements.

The following parameters are outputted on the line printer by subroutine OUTPUT:
TIME - simulation time t

CENTER OF MASS — components of the vector from hinge point O to the center-of- -
mass of the-composite system relative to the frame of computation

TOTAL SYSTEM MASS — total mass of the system

SYSTEM INERTIA TENSOR — components of the total system inertia tensor relative
to the composite system center-of-mass and relative to the frame of computation

ANGULAR MOMENTUM — magnitude of the total system inertial angular momentum
vector '

HBODY - compohents of the total system inertial angular momentum vector rela-
tive to body 1 fixed coordinates

* HINERT — components of the total system inertial angular momentum vector rela-
tive to inertial coordinates

LiNEAR MOMENTUM — magnitude of the total system inertial linear momentum
vector ‘

LBODY — components of the total system inertial linear momentum vector in com-
puting frame coordinates

KINETIC ENERGY - Kinetic energy of total system~ - -----~ - R I T
After the.above parameters are printéd, a block of data for each body of the system is printed:

BODY K — body label for the body for which the adjacent block of data applies;
K=1,2,...,NBOD

ROMC = {ROMC (1K)} = {3K}

c .,

FOMC

fromcan} = {5




C o= ot . 4}
AC not in ¢ommop { Wy ;

ETC = [Erc IR} = g QFDOT, a1 Page 83

PHL = fpy L8 9F S, TORQUE

cac - feacaxy, ={&;}c |
’c1.;.cv - {(;BC(I,K)} ={E;}C '

Pos < ot in commep = {?1 K}
. ) Kf

VEL = notincommpn ={';7;K}
. ’ ¢

{
!

K = Poreq K] =[.7]
XC = Txicq,y 0= [5,7.
R . C e
-
Hp - ot in commgp ={L, K}
e
’ ->
M - 0t in commep = {GI,K}
. c

TK = not in COmmon

Lr, ; - >
= ?[(‘JK T (& - “k *my Nk X %)

N
&

12

5:
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The block of data pertinent to the translational motion of the center-of-mass of body 1 is
given adjacent to the title, “ORIGIN.” '

FOMC = {FdMC(I,NBi)} = ”3:}

"A’cc" = not mcommon | = {3, }c__

e = feecao} = {A}

ETC = {ETC (i,Nﬁl)} = See QFDOT
PHI = {PHI(LNBD} ' = See T'GRQUE |
xMc = {fxMcq 0. = [ 7] .

For each symmetric wheel of the system, the follqwing data are}ou:tputte'd:'

1}

>
HMOM (M) tH,, |

e
CLM (M) IcL,, !

For each flexible body of the system, a block of data associated with its flexible body charac-
teristics is outputted: .

FLEXIBLE BODY K- - body labél for the flexible Bbdy for which the adjacent block
of data applies '

EP ={MK}K ) z {AN’K}K Nk

N,K A
EPD = {&’K} = E {AN,K} éN,K )
. c NK c .
R T P
@ = Z {QN,K}K ay x @
N.K »
- T —_Y‘ T t ‘~ =_'\ -

BID = D [Ey] ina® = [$y
NK. S ,
FIR = {FLIRC(I,K)} = Se¢ ETA
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;+.f.... - - FCR = {FLCRC(,K)} = See ETA"

DHM = | E{QN K} iy K(t) - {KL;’}\};

Following the last block of flexible body data, the system state variables associated with
relative body motion and flexible body motion are prmted

ForM = 1,2,. . .,NFER :
THA (M) = 6, N
 THAD(M). = 6,000, .

THA'DD(M_) = 'NOR
lorcon C = forcaml, = fa)
ForMN = 1,2,. . .,NMODSz;ndM .='¥4.'I\IFI~.:R+I\54N
ok ey e THAM) G = agy (1)
CTHADOW = iy (O

THADD (M) = ;i_N,:K ®

where

%

MN

I

N + Z ‘SFXM(I) s

I=1

2,3,. NBOD e

1]

N =1,2,. SFXM (K) [See INOPT, subsection 15]

All of the above data will be printed at the end of each integration step. The user is expected

to delete the undesired print statements from OUTPSP and to insert those more applicable to
the problem at hand.
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PROGRAMMER'’S GUIDE TO THE UTILITY ROUTINES -
The utility routines required by N-BOD2 are:, A

SIMQ ~ — used to obtain the solutxon toa set of sunultaneous linear equations of
the form

x1{d} = {n}
A standard fediiction’ téchiniqit'is used to solve for {0} without ever
o obtaining the inverse of the coefficient matrix.
RUNGE — used to numerically integrate the set of sim;_xltaneous nonlinear differ-
ential equations,
vo}={Fot’
Fourth order, fixed-step Runge-Kutta integration is used.

COMPAC — used to create integer code words.

Inte_ger code words are used primarily to cbnserye computer storage. "I’his was a critical
factor on the small XDS-9300 computer on which N-BOD?2 was originally debugged.

Let
(S S B
be a set of unique integer labels so that
1 < [ <24 ; i=12,...,N
and
" N < 24

If computer storage is limited, it is a waste of computer storage to reserve 24 words of mem-
ory to store this set.

All integer code words are 32 bits long.*. These bits may be numbered as shown below:

z103109V mrotznprt  — (Y Aal AVIVA TRV
r a]3)2] ‘l

28|27|26|25 ulzﬂzzjzl 20 |19 |18 |17 1s|15|14|13 12|11]10]|9 |8 |7]6]s

lgzlv Jso| ]

*IBM 360 Computer, subroutine must be modified for computers having different word lengths.

94




COMPAC stores the number of labels (N; N < 24) in bits 25 through 32. The set of integers
11,12, ..., I are stored in bits 1 through 24. ForJ=1,2,... ,24,ifbitJ=1,Jisa
member of the set;if bit J = 0, J is not a member of the set.

UNPAC — used to decode the integer code words created by COMPAC

KTO and KTl — integer function subprograms used to assign storage area locations
in one-dimensional arrays for elements of triangular or symmetric
matrices; another tool used to conserve storage requirements:

K(N-1)+J+1-KEK-1)/2 K<J

~ KTO(N, 1,K) A
JIN-D+K+1-J0 =D K>T

J=0,1,...,N1

K=0,1,...,Nl
| A-DN-D+T-®-DEK-22  K<J
KT1(N,J,K) = o
G-D(N-D+K-(J-DJ-22  K=J
J=1,2,...,N
K=12,...,N
CTAIN — logical function subprogram used to determine if a particular integer
is contained in a particular set of integers ,
= .TRUE. if the integer I is contained in the set of

CTAIN (I,S,N)
- integers S (1),S(2),...,S(N) -

FALSE. if it is not
VECTRN (VA, TBA, VB) — transform vectors

D ]

¥ = L% VL
TENTRN (XA, TBA, XB) — transform dyads

' [X]B = [B'Z\] [x]A [Bfoj;]T
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VECNRM (V) — normalize vector to unit magnitude
o= =
IV .-V

-

v

.. Error message if Vev=0; inputted vector destroyed

" MATMUL (A;B,C,N) — multiply two N X N matrices of scalars
[C] = [A] [B]
TRNSPS (TBA) — transpose a 3 X 3 matrix of scalars

[TEM] = [TBA]T

[TBA] - [TEM]

Inputted matrix destroyed

ROT (A,J,T) — forms transformation matrix for rotation about a coordinate
axis ‘

A — sine of the rotation angle

J — axis about which positive rotation is measured;J = +1,-1,4+2,-2, +3 or -3
Define:
=15l
V.1 =0
vV, =0
' V3 =90
Redefine:
V., = A*]J/]]

13
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Then:

2 2 -
1 -V, -V, - V3 v,
2 2 '
1] = Vs 1 'vl -V "~'V1>
L -V, V1

|

VECADD (V1,V2,S) — add vectois:

o
S=V, +

—

2

VECSUB (V1, V2, D) subtract vectors

2 _ > -
v

‘D=v, -V,
SCLV (SC', V,P) — multiply vector by a scalar
i’) = SC*V

VECDOT (V1,V2,D) vector dot product

-

wiw ’

D=

VECROS (V1, V2, C) vector cross product

-

-
C = Xv2

¥

TRIPVP (V1, V2, V)

special triple vector product

> _ = -
v—VIX(\_/:sz)_

|

DYADD (D1, D2, D) add dyads

b=D, +D,.

SCLD (A,D, T) ‘multiply dyad by a scalar

T=A*xD
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- DYDOTV (A, V,D)

VXDYOV (V1,D, V)
DYTOV (D, V1, V)
VODYOV (V1, D, V2, SC)

DYOP ¢V, D) -

SUEOP (V1, V2, XM, D)

is. 2~ 8,9¢

QUTMUL (Q1, Q2,P)

— djlad- dot vector

-
v

>

D = A .
— special vector cross dyad dot vector

> > >

v =V, X(D-V,)

— dyad transpose dot vector

- ->
: v =DT.v,

— vector dot dyad dot vector equals scalar
SC = 7,’1 -(D- 7,’2)
— skew operator. .. .
D = ¥()
0 Vi -V,
= |-V, 0 v,
v, -V 0

— consttuct pseudo-inertia tensors

D =m[F V)1 -7,V]

{o9+ 5.8 Sa-%s. a4t 8oy
— multiply quaternions ' '

E=6l*62 o




QUATOP (QF, THA, ZT)’A — construct rotation quaternion

TRANSO (ZT, TAU)

[TAU] =

0. = THA

VAN
@ 1a,
43

P,
NI
I

9

.q2

q sin §/2

cos 8/2

sin /2

sin 6/2

— construct transformation matrix from quaternion com-
" ponent :

2(e; €5 - ¢y €y)

2(e,e; t e e))

2 2 2 2
eo -el ez +83J
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UNCAGE (SCG, SC, T, TUG)  — check to see if it is time to uncage any of the caged
: degrees of freedom. If it is time, redefine SCG and
"SC. T

COMPRS (XMN THADD, N SC, SCG, LG) — remove rows from XMN and THADD
arrays and columns from XMN array associated with

caged degrees of freedom, renumber and return
compressed XMN and THADD arrays. '

UNPRS (THADD M, SCG, LG) — expand THADD array putting zeros in locations
associated with caged degrees of freedom.

NOTATIONAL CROSS-REFERENCE

The equations of motion are derived in References 1 and 2 using standard analytic notation.
They are programmed in N-BOD?2 using FORTRAN IV notation and are outputted on the
line printer using an abbreviated FORTRAN notation. This section is intended to provide
the user with a notation crossreference between the three techniques used to define and
evaluate the equations of motion. : v A \

1. Matrix Notation .

{ } — column matrix
[ 1. — square matrix
L' ] — row orrectangular matrix

2. Vector-Tensor-Matnx Notation

Vectors and tensors must be stored relative to partlcular reference frames. A post
subscript outside of the brace or bracket is used to specify the reference frame in
which the vector or tensor is defined. For example,

-
‘{VK} — 3 X 1 column matrix of the components of the vector V relative
to body K fixed coordinates. ‘

[Td _— ..3. X3 square matrix of the components of the tensor T, relative
t to the frame of computatlon

If. the elements of the vector V are stored relative to the body K fixed-reference frame in
the array VE and relative to the frame of computation in the array VEC,

where

DIMENSION " VE (3,10), VEC (3,10),
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the following notation is used: . S

Analvtic Notati N-BOD?2 N-BOD?2 - N-BOD2
ytic Notation FORTRAN IV © Users 1 ¢ Outputted
References 1 and 2 ) .
o . Coding Manual Equations
VE(1,K)
AN VEQ2,K) | {VE@K} | VEX)
K . K
VE (3,K)
VEC (1, K) _ | )
AT VEC2,K) . | {vEca®} |- VEC®) . -
WVl . .
, VEC (3,K) ' B

3. Mathematical Operational Notation

In the output of the equations of motion, the analytic syxmbolkqg‘y 'uséd to define
several mathematical operations cannot be duplicated with a standard line printer.
The following notation has been adopted: .

Let
REAL S1, 82,83,
V1 (3),V2(3), V3 (3),
©T1(3,3),T2(3,3),T3(3,3),
Q1 (4),Q2 (4),Q3 (4),
M1 (3, 3),M2(3,3),M3(3,3)

define the dimension of the.following quantities:

S1,82,S83 - — storage locations forthe soatlars S Se S

255 O3
Vi,v2,V3 - storage locations for the components of the vectors:
- .
prrea et relasei A vpou VY ’)V‘l,'.nyld'I 9103~ It x' 10t09v 513 i0 dHU"’l‘it'? 5m A.'i
T1, T2, 3 -~ storage locations for the components of the tensors of

rank two,dyads T, T,, T,

Q1,0Q2,Q3 — storage locations for the components of the quaternions
q, ¢,:9;

M1, M2, M3 — storage locations for the components of the 3 X 3
matrices of scalars [M, ], [M, 1, [M, ]
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The following cross-reference for mathematical operations is used in the output of equations
of motion: :

‘@, Addition
S, =8, +58, ~S3 =81 +82
N, =V, + T, ~ V3 = V1 +V2
T, =T, +T, ~T3 =Tl +T2 R
M,]1= [M,] + [M,] =~ M3 = Ml + M2
®  Subtraction
(Same as addition)
®  Division
Sl
S, =3 ~ S83 = S1/S2
2
1
v, =— 79, ~ V3 = V1/si
Sl
_ 1
T3 —E- Tl ~ T3 = TI1/S1
1
- ®  Scalar Multiplication
-8, =5,8, ~ 83 = S1a82
V, =87V, = V3 =S8lsVl
T, =S, T, ~ T3 = SIHTI -~ o%r
M= S, M,] ~ M3 = SlaMI
®  Quaternion Multiplication
Q =QQ ~ @ =Q+
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Scalar Product’

S, =V,*V,  ~ Sl =VI:V2

Vv, =TV, =~ VI =T1-V2

Vv, =V,rT, ~ V3 =V2-TI
Vector Product

v, =7V X ?2 ~ V3 = VI XV2

T, =V,XT, ~ Tl =VIXT2 ’

Ts =72X71 B -mx \;1
Tensor Product |

T, =YY, = T1=V1V2
Transpose Matrix

[szl = M7 ~ M, = M1 **T

Transform Coordinates of Vectors and Tensors

If
[Ml ] — transformdtion matrix, reference frame A to reference frame B
V1, Tl — storage area for components of Tf’l and T, relative to reference
frame A respectively
V2, T2 v—‘f*"s"tio'rag: area for components of 71 and T, relative to reference
frame B respectively,
CiMeid = WM = [ M) e =] W
then ' ) f
> _ - - : _ )
‘!Vl}B - [MI]{VI}A ~ VI =Ml =*vy

[T,]B= M,] [.T,_]A M]JT =~ T2 = M1 +Tl1+«MI*+T

103



104

Rotation Quarternion . S R
Using the notation of Reference 1 (see equations 99, 100, 101, and A-21),
- Sl 8,
- -> 3 —
Q1 = Cos—2— + 2 ({vl}) Sin ;
i
~ Q1 = QUATOP (V1, S1)
Subroutine QUATOP makes use of the scalar S1 and the three eiemehts storéd

in the array V1 to compute the four components of the quarternion Q1 (see
Utility Routine/QUATOP).

Transformation Matrix from Rotation Quarternion

Using the notation of Reference 1 (see equations 96,97, 98, and A-18),

[M,] =%(Q)T ~ M1 = TRANSO(Ql) ,

" Subroutine TRANSO makes use of the four elements stored in the array Ql to

compute the components of the associated transformation matrix (see Utility
Routine/TRANSO).

Transform Vectors to Tensors

Using the notation of Reference 1 (see equation 51),

T, =9(,) ~TiI =SKEW(VI)

Pseudo-Inertia Tensors

Using the notation of Reference 1 (see equation 53 or Reference 2, equation 98),

_ > > > >
T _S_l[vl V21’V1_v2]
S1#(V1+ V2 1-VIV2)

2
e
I

SUEOP (V2, V1, S1)

Subroutine SUEOP makes use of the scalar S1 and the elements stored in
two arrays V1 and V2 to compute the components of the tensor T1 (see Utility
Routines/SUEQOP).




° Normalize Vectors

. - - : :
vy X v
v = =~ V2 = NORM (V3 X V1)
2 - -> R
A X A

Goddard Space Flight Center .
National Aeronautics and Space Administration
Greenbelt, Maryland December 1977

'

VIV < | % OV = IV)w [2 = (] s

i
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C c0100000
C €0100100
C €0100200
CoEE RPN Ao AR AL XS KRR ASR XA Y MAIN FEAXEXXNEXXEXXXERXEEE Rk ke ke xn % (0100300
< . ' €0110400
C N-BOC2 €0100500
C 0190600
C A FRCGRAM TU CCMPLTE THE RELATIVE ATTITUDE CYNAMICS OF Co1€0700
o N-COUFLED FLEXIBLE EOQCIES, RIGIC BUDIES, POINT €0100800
C MASSES AND N SYMMETRIC WHEELS €0100900
C ' €0101000.
« A CCMSISTANT SET GF UNITS MUST BE USED Tu DEFINE INPUT DATA €0101100
C THESE UNITS ARE ASSUMEC CCNSISTANT AND wILL- BE USED IN A 00101200
C CCNSISTANT MARNER THRCUCGHOLT THE CCMPUTATICN c0101300
C NC INTERNALLY CODED CCNVERSION OF UNITS IS NEEDED QR PROVIDEC (0101400
C €0101500
C FEFEFRENCES: C0101600
c NASA TN D=-7767 'A VECICK-CYACIC DEVELOFEMENT UF THE EQUATICNS (0101700
C OF NOTICN FUR N-COUPLED RICGIC BODIES AND €01¢1800
C POINT MASSES! €010190C0
C 8Y HARCLD P, FRISCH 0CT,.1974 €0102C00
C €0102100
C NASA TN D-8047 'A VECTCHK-DYADIC DEVELUPEMENT UF THE EQUATICNS ,€0102200
[« OF MOTICN FUR N-CUUPLED FLEXIDLE BODIES ANC €0102300
4 PCINT MASSES? co1c2490
C 3Y HARCLD Feo FRISCH AUG, 1975 €0102500
C €0 102600
C IN FREFERATION 'THE N-BO0C2 USER'S AND PROGRAMMERS MANUEL® €0102700
. C BY HARCLD F. FRISCH SUBMITTED Tu EDITORIAL 1273777 (010280¢C
d €0102900
C 0103000
C . . €0103100
.c N-E0C2 IS DIMENSICNED TO ACCEPT A MAXIMUM CF €0102200
C N - BCCIES (FLEXIBLE ECDIES + RIGID BUDIES + PCINT MASSES) €0103300
C N - SYMMETRIC WHEELS €0103400°
C 2N - FLEXIBLE MODES OF VIBRATION (TOTAL FCR ALL FLEXIBLE BOCIES) C0103500
[« 4N - MCLAL CRLSS-COUPLING CCEFFICIENTS (TOTAL) €0103600
C 32 - INCEPENDENT CEGREES GF FREEDCM ¢0103700
C 160 - FIRST ORDER NCN-LINEAR DIFFERENTIAL EGUATICNS c0103800
C €0103900
C THIS VERSICN GF N-BCC2 LSES €C104000
C N = 10 ’ ’ 0104100
C c0104200
[ MAKIANG ULSE UF NeLT410 SAVES CUNSIDERASLE CCMPUTER STORAGE €0104300
C NeGTel10 RUN TIME FOR PRATICAL APPLICATION EXCESSIVE C0104400
C €0104500
C C0104600
« €0104700
< SYVMBUL LIST ABBREVIATICONS €0104800
C IDEMZz = N*%x2 ¢+ N + 1 = (N2(N=-1))/2 ) €0104900
< IDEMZ = (N-1)%%2 ¢ N = ((N=1)%(N=2))/2 C0105000
C IDEMa4 = €1Z& CF /LCGIC/ 16 LOGICAL WORDS €01C5100
c 10EME = SIZE OF /INTG/ 724 INTEGER WOURDS . €0105200
C IDEVE = SI1Z2E CF /INTGZ/ 79 INTEGER WORDS ' . c0'105300
C IDEM? = SIZE CF /REAL/ 4354 REAL WORDS ) cC0105400
[d ICEME = S1ZE OF /REALZ/ 168 REAL WwORDS €0105500
C IDEMS = SIZE OF /SATELL/ 1000 REAL wORDS . €0105600
C ALL CCMFPLTED VECTCRS ANC TERSURS IN COMFUTING FRAME COORDINATES €c0105700
C NA = UPTIUN NOT AVAILABLE IN N-BJDZ2 €0105800
C 4 = PUMBEK OF €0105900
A-3
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BFC = 3CCY FIXED COORDINATES . "€0106000

CFC = CCMPUTING FRAME FIXED COURDINATES (BOCY 1 OR INERTIAL) o €C106100

IFC = INERTIALLY FIXED CCORCINATES ) ' co1c0€200
EQIVIXMN) = EQUIVALENCED TU XMN  ARRAY : : ~7 €0106300

tN = BY USE CF A CUMMY VARIABLE SUBSCRIPT O ALLJOWABLE . €0106400

. : : ' ’ ~ €0106500
SYMBOL LIST AND -STORAGE LOCATION 0106600

: : ' . €0106700

NAME TYPE DIMENSION STORAGE DEFINITION AND SUBROUTINE USEC IN CO106800
R bl ettt e ettt €0106900
ANGC R 3(N+1) ECIV(XNMN) EULER ANGLE COT (ANGLE,SETUP) €0107000
AwORK I zoc /INIG/ LOCAL wORK AREA TO SAVE STORACGE C0107100
CA R 3N /RE AL/ . CM VECTUR BFC (INBS) €0'107200
cAC R 3N /RE AL/ CM VECTOR CFC (VDIV,TRANVD) €0107300
CAC . R 3N /RE AL/ ZERO DEF CM VECT BFC (VCIV) .. €01C7400
CEDUMCE R 3.0:N /REBLZ/ "HINGE VECTOR S8FC (INBS) €C0107500
CECCUM.CBC K  3.C:N /REALZ/ ~ ° HINGE VECTOR CFC (VCIVsTRANVD) €C1C7600
CEN FE 3 /REALZs ~  HINGE VECTOR PART (INBS) " €0107700
cLm & N /RE AL/ SCALAR TOKQUE ON wHEEL (TORQUE)  €0107800
.CNF R 3N ECIVEXMN) FORCE CENTRIPETAL + CORIOLIS(ETA) CO1C7900
‘cemC R." 34N+1 /REAL/ ANG KATE TO COMP FRAME (RATE.LCT) €0108000
CcT1 -1 C/INIGY COUNTER (INCPT) UNUSED AFTER co108100
cT2 1 /INTG/ COUNTER (INCPT) UNUSEC AFTER 7 60108200
c13 1 7IN1G/ COUNTER (INGPT) -UNUSED AFTER €0108300
CTa 1 7INTG/ COUNTER "(INCFT)+PASSES THRU (CYN) €0108400
cTs 1 /INTG/ * CUUNTER (INJPT) UNUSED AFTER ‘0108500
DCMC F 3.N+1 /REAL/ PART OF ANGe ACC. VEC. (RATE) conoasoo
CUNNMY £ 1000 /SATELLY STORAGE AREA FOR USEK . €0108700
“ETC R 3N+l /REAL/ GYRC+EXT,TOKQsON NEST (ETA,QFCOT) €01C88B00
ETIC Rk 3N ECIV(XMN) * INERT X-COUP TuURQ. (ETA) ' €6108900
ETM £ 33 /RE AL/ SCALAR,GENEALIZED TOKQUES (QFCGT) CC109C00
ETMC R 3N EQIV(XMN) WwHEEL X=COUP TURQ. (ETA) €0109100
FCF F 3s3.4N /REAL/ MODAL CENTRIP X=-CUOUF(INOPT,QFCCT). €C0109200
FCK K 344N /RE ALY/ MODAL COURIGLIS X=-COUP(INOPT,QFDOT)C0109300
FCCA L 3(N+1) /ZINIG/ CODE +FREE VECTORS (INBS) 00109400
FG1 L /LCGIC/ END OF RUN FLAG (MAIN,DYN,OUTPSP) (0109500
FG2 L /L0GIC/ ERROR INPUT "CATA(MAIN, INERUR) €0109600
FG3 L /LCGIC/ _ERROR INPUT CATA(MAIN,INOPT) €0106700
‘FGa L /LOCICY UNUSED . €0109800
FC5 L /LOGIC/ * - "OUTPUT CATA:? FLAG (MAINsTORQGLE) (€0109900
-FLA R 3.2N /RE AL/ MOCAL CM VECTOR oFC (INCPT) €0110000
FLAC £ 3.2N /RE BL/ MUDAL CM VECTOR CFC (VDIV,TRARVO) C€0110100
FLB R 32N /RE AL/ MOCAL MOMENT VECTUR BFC (INOPT) = €O11C200
FLC F  3.2N /REAL/ MODAL ROTATION MCMENT BFC (INCPT) €0110300
-ELCRC R 3N /RE AL/ . GYRO FLEXIBLITY FURCE (ETA) 0110400
.. FLD R de3.2N /REALY/ MODAL INERTIA DYAD BFC, (INOPT) 1 €0110500
FLE R 3e3e2N ECIVIFLD) FLD + FLO*%T (VDIV) ~ €C01,10600
. FLF R 332N ECIV(FLJ) FLD + FLH_(VCLV) o ’ €01107¢C0
FLIRC K 3N /REAL/ GYRO FLEXIBLITY TORQUE (ETA) €0,110800
FLJ R 343.2N - /REAL/ - “MUDAL RCTATION DVﬁghng (INOPT) €0,110900
FLQ R 32N ! EQIV(FLE) MUDAL NCMENTUM VFCTUR BFC (VCIV) coil1000
- FLGC R 32N /REAL/’ FLQ IN CFC (vDIV, TRANVD) €o0111100
FLEW “+R 2N /REBAL/" MOCAL FREGUENCY ‘CINOPT) £0111200
FCMC 23IMI R ?GwNﬁxTMIO‘/REALyub S1gNERTIAL dd%{§vecron (dATEﬁ “ég111300
GAWN F  3,1DEM2 /REALY/ HINGE ro CM VECTOR (VDIV,.XDY) 0111400
H 3 ) /REAL/ ‘INTEGRATION STEP SIZE .(RUNGE,INES)CO111500
HV R 3,N /RE AL/ WHEEL SPIN AXIS BFC (INBS) €0111600
ThMC Kk 3N /RE 2L/ WHEEL SPIN ‘AXIS CFC (VDIV.TRANVD) €0111700
FNC M F N /RE AL/ WHEEL ANGULAR MOMENTUM(INBS,SETUP)C0111800
ICENSG I LOC AL S31ZE JUF /LUGIC/ (RSTART) €0111900
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ILEMS
ICENGE
ICEN?
ICENS

1CENQ

1INIT
INEFRF
I1ZINIT
JCCN
LCON

LANGLE

ceet

" LEGUL
T LEQULY
LETA

LINIT
LGFCOT
LRATE
LRTAPE
LRUNGE
LSETUF
LSING,
LTCRQL
LYRAN
LTRANV
LTRNS'T

LVD IV

L'xDY
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NEGC
NE1

"NCTC
INEQ

NFER

~NFKC

NFLXB

. NFRC
. NLGR
"NNC

AMOA

* NNCCS

Ny

- NSTART

NEVP
NEY G-
NTQ

< PCGN

PrI

- pLM
/CF
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ey
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RINIT
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N..

10EMS
1CEM6
N
2(N+1)

IDEM4"

LOCTAL R SIZE OF /INTG/ (RSTART) V 0112000

-LGCAL - SIZE OF /INTGZ/ (RSTART) co112100
LCCAL . SIZE OF /REAL/ (RSTART) tcii22c0
LucaL SIZE OF /REALZ/ (RSTART) ' co1t2300
LGCAL "SIZE OF /SATELL/(RSTART) co112400
EGIVIABORK) ZEKO QUT /INTG/ (KSTART) to112500
- /LOGICY/ _FLAG,BFC OR IFC FOR CFC (INGPT) €0112600
ECIV(SCNDUM) ZERG OUT /INTGZ/ (RSTART) .. €0112700
/INIG/ BODY CONNECTION MATRIX ( INBS) co112800
ZINTG/ CUDEZ »LOCKED VECTORS (INES) €0112900
/LCEBUG/ PRfNT EQUATIONS IN ANGLE? (MAIN) C0113000
ZLDEBUG/  PRINT EGUATIONS IN DCT? (MAIN) 0113100
EGIV( ) EQIV IN EACH SuB TU PRINT FLAG €0113200
/LOGEBUG/ PRINT ECUATICNS IN EQIV? (MAIN)  .C0113300
/LDEBUG/  PRINT ECUATICNS IN ETA? (MAIN) €0113400
EGIVIFGl) ZERO QUT /LGGIC/ (RSTART) . . . 00113500
Z/LDEEUG/  PRINT ECUATIGNS IN QFDOT? (MAIN) C€O113600
/LDEBUG/ PRINT ECUATICNS IN RATE? (MAIN) €C0113700
/CREKS/ . CREATE RESTART TAPE? (MAIN) €0113800

F4

N+l

3N+l
N
3s3(N¢1)

T 3,3(N#1)
C342(N+1)

342(N+1)
e {n%\av
IDEM7
3.Na1
IDEMS.
3(N+1)
N

ZLCEBUG/  PRINT EQUATICNS IN RUNGE? (MAIN) €0113900
ZLDEBUG/., PRINT EQUATIUNS IN SETUP? (MAIN) (€0114000
/LDEBUG/ . PRINT EQUATICNS IN SIMQ? (MAIN) co1i14100

/LDEBUG/ 'PRINT EQUATIONS IN TORQUE? (MAIN) C0114200

ZLDEBUG/  PHINT EQUATICNS IN TRAN? (MAIN)  :C0114300
Z/LDEBUG/ ° PRINT EQUATICNS IN TRANVD? (MAIN) 00114400
/LDEBUG/  PRINT EQUATICNS IN TRNSIV? (MAIB) CO114500
ZUDEBUG/  PRINT EQUATIONS IN VDIV? (MAIN) €0114600

/LDEBUG/ '~ PRINT EQUATICNS IN XDY? (MAIN)’ C0114700
ZINTG/ | BUDY IN WHICH WHEEL IS IN (INES) C0114800
ZINIGY NUMBER OF B8CDIES (INBS) 0114900
ZINTG/ . 'NUMBER OF BCDIES + 1 (INBS) €0115000
ZINTG/ (INCPT,NA} CCNSTRAINT TORQUES €C0115100
LOC AL . # EGUATIUNS SETUP BY N-80C2 (EQIV)C0115200
ZINTGY/ # FREE COORD VECTCRS (INBS) - €0115300
ZINTG/ CINOPT yNA) CCNSTRAINT FORCES’ 0115400
ZINIG/ # FLEXIELE BCLODIES (INIPT) C0115500
ZINIG/ . # RELATIVE ANGLES CCLMPUTED (INOFT)CO115600
ZINIGY # LOCKED COCRD VECTORS(INBS) €C0115700
7IN1G/ " TOTAL NUMBER GF WHEELS (INBS) CCL15800
ZINTGY/ " # WHEELS TO COMP REL ANGLE (INOPT)(00115900
ZINTGY. TOTAL # MODES FOR SYSTEM (INOPT) (€0116000
/IN1GY # VARIABLE SPEED WHEELS (INOPT) €0116100
ZC?EKS/ NEW CR RESTART RUN? (MAIN) ¢0116200
ZINIG/ # LOCKED VECTORS TRANSFORM(VCIV) (0116300
ZINTG/ . ¥ FREE VECTCRS TRANSFORM (VDIV) €0116400
ZINTG/ | & DIFF EQS.IN SUE TORGUE (TORQUE) CO116500
ZINTG/ # CCNSTRAINED AXES AT HINGES(INES)CO0116600
. /REALZ EXTERNAL TORQUE CN NEST (TORQUE) €0116700
/RE AL/ . WHEEL SFIN INERTIA (INBS) .€0116800
/REAL/ FREE VECJOR:.8FC (INBS) . 00116900
/REAL/ . . FREE VECTOR CFC (VDIVTRANVD) co117000
IREAS LOCKED VECTOR of C (INBS) €0117100
/REAL/ . LOCKED VECTCR CFC (VDIV.eTRANVC) €0117200
/L0GICs LGRIGIC BOPYs OR, POINT{MASS? ;L INBS) "CO117300
EQIV(CA) ZERQ OUT /REAL/ (RSTART) co117400
/REALS RELATIVE RATE VECTOR (RATE) €C0117S00
EQIV(CBOUM) ZERC OUT /REALZ/ (RSTART) €0117600
7INTG/. . FREE VECTORS CAGED (INOPT.UNCAGE) €0117700
T ZINTG/ . UNULSED €0117800

ZINTG/ 4 CAGED DEGREES (INOPT UNCACE) C0117900
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N
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/INTGZ/
/INIGZ/
ECIVITCRQ)
ZINTG/
ZINIG/
/7 INIGY/
/INIGZ/
/INIG/
ZINTG/
/ZINIG/
ZINIG/
/INTG/
ZINIG/
ZINTIGZ/
/INIGZ/
/INTG/
7INTG/
ZINTG/
ZINIG/
/INIGZ/
/ZINTG/
ZINTG/
/INTG2/
/INTG/
ZINTG/
/INIG/
Z7INTG/
/INIGY/
/7INTG/
/INTG/
ZINTG/

ZINTIGY/

/INTG/
/INTG/
ZINTG/
ZINTG/
ZINTG/
/RE AL/
LCCAL
/REALY/
/REBL/
EQIV(ETM)
JRE fL/
/RE AL/
/RE ALY
ZINTG/
/EEBAL/
/REAL/
/RE AL/
/REAL/
/RE ALY/
/REML/
/REALZ/
/REAL/
LOCAL
LCCAL
ECIV(XMN)
IREAL/
/FRE AL/

CODE» CENTRIPETAL EFFECTS (INOFT) co118000

CODE»CORIOLIS EFFECTS (INOPT) €0118100
CODE +X-CUUP VMGDES (INOPT,.QFCOT) co118200
CUODESDIRECTICN COSINES (INOPT) 0118300
CODEEULER ANGLES (INOPT)- 0118400

COVE »3UDLES FLEX 'X=CUOUPLING (INGPTCO118500

CODE s CONSTRAINT FCRCE(INOPT NA) CO011€8600

CUDEsALL FLEXIBLE BODIES (INGFT) CO11€700
CUDE »CUMPUTE FREE VEC ANGLE(INOPT)O00118800

# MODES EACH ©UGDY (INGPT) : €C118900
CODEALL GYRCSTATS(SETS) : €0119000-
CODEBUDIES HINGE TO CM (SETS) €0119100°
UNUSED : T €0119200°
CODE.INERTIA EFFECTS (INOPT) - (€92119300
CODE,BODIES IN EACH NEST (SETS) : C€0119400°
CODE.ALL PUINT MASSES (SETS) : €0119500°
CODEYCCNSTRAINT TORQUE(INOPT.NA) C0119600
CUDE »wHEEL ANGLE "CCMPUTE (INOPT).© C€0119700-
CODE »SMALL ANGLES (INOPT) T €0119800™
CODE,ALL wHEELS3 IN NEST (INGPT) 00119900

CODE,VARIABLE SPEED WHEELS (INOPT)C0120C00°

CODE,30DIES HINGE 0 - CM (VDIV) °~ €0120100

CUDE »PSUEDG INERTIA TENSORS(INOPT)C0120200

CODEFREE VECTUR AT HINGE (SETS) €012C30C

CODE»LOCKED VECTOR AT HINGE (SETS)COIZOQOO”

CCDEsALL RIGILC BQDIES (SETS) : €0120500°
CODE»UNIOMN CF ALL SCN (VvDIV) t . €0129600-
CUODE+»UNIUN CF ALL SIX (VDIV). " €01207¢C0

CODE+CM VECTORS TRANSFORM (VCIiV) €012080C
CODE +HINGE " VECTORS TRANSFGRM(VCIV)(C012090C
CODEJOCN'T TRANSFORM (INOPT) 0121000

CODE+ INERTIA DYAD TRANSFCRM (vDIV)C0O012110C.

CODESPIN VECTURS TKANSFORM(VCIV) €0121200°

CUDE »LUCKED VECTOKS TRANSFORM(VLC]IVC0121300
CODEFREE VECTORS TRANFCRM(VCIV) C0121400

CODE sSMALL ANGLE KINEMATICS{INOPTY)CO0121500":
CUCE.TIME VARY CUL INER MAT(INGPYT)O00121600 -

TIME (MAIN) . €0121700

TEMP STORAGE AREA (RUNGE) €0121800 -

GENEALIZEC CCORDINATES({INBS.SETLP)ICO12190C
GENERAL I ZE' CUGRD RATE (INBS,SETUP)C012200¢C
GENERALIZE CQURD ACC (SETUP,SIMQ) CO122100C

0

WHEEL RATE (INBS,SETUP) ) © €0122200
WHEEL ANGLE. (INB8S,SETUP) . © €0122300 -
TIME TU END -RUN (INBS.DYN) - . €0122400
UNUSED STURAGE AREA FOR USER  C€0122500
TIME TC UNCAGE ( INOPT  UNCAGE) €0122600
MATRIX OF INERTIA TENSOKS(VCIV,XCYC0122700
INERTIA DYAC. BFC ( INBS) .~ €0122800.
INERTIA DYAC :CFC (VDIVsTRANVC) _ = €0122900
ZEROQ INERTIA DYAD BFC(VCIV) ¢ -.-~ €0123000:
BUDY MASS (INSS) . , ., €012310C .

TRANSFURM BFC.TO CFC (TRNSIV.TRAN}C0123200
SCALAR INERTIA(MATRIX (VDIV,QEDCT)€0123300

L

SYSTEM STATE (EQIVsSETUP,TORQUE )} €0123400 .

SYSTEM STATE DERIV (SETUP,TORQUE) C0123500

DIRECTI.CN CCSINE RATES (DCT) . €0123600
ZERGO STATE TRANSFORMTION MAT(INES)ICO123700
MOCAL DAMPING RATIU C(INUPT) €0123800

€0123900
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SLERKUUTINE LCGCATICN

MAIN
CYN
FSTART
INBS
INERCK-
SEVS
INOF 1T
INTCK
TENS IV
VoV
gEQlv
TRAN
TRARNVD
FATE
xCY,
ETA
TCRULE,
CFOGCT
ccr
ANGLE
SETUF
CUTPLT
CLTPSP
SIMC
RUNCE
LNCAGE
CCMFRS |
UNPKE

- CCMFAC .

UNPAC
k10 -
KT1
CTAIN
VECTRN
1ENTRN
VECNRM
FATMLL
1ANSFS
ROT"
VECALD
VECSELY
sCL vV
veECCCT
VECRCS
TRIFVP
CYADC
scLC,
cyocTv i/t
VXD YCV
‘CYTCV

Cvyap
SLECP
CLTMLL
CLATCP
TRANEL

Ty

YANGDYEV YV

00CC0100
0202C0CO00 .
003CCCO0
00400C00
0G5C0CCO
€06C0C0C
QC7£0C00
€08C0OCO0
009C0C00
0i9¢0¢00
011C0C90
.01200C00
013€C0C00
,  014C0CCO
. 015C0C00
. Cl16CCCO00
C17€CCCO
018CCCCO
€19C0C00
€20C0C00
o21¢ccCCO
€22€0CCO
023€6C00.
024£CC00
025¢0CC0O
.026€0000
0260260C
026CS100
026C€LCO

026C9100

02612200
02613C00
02613€00,
€27C1CC0O
027¢2C00
C2704€00

.027C€100
€27C7490
027CHECO .
02800000
028C1CCO
028C1500
028C2£00
028C3500
028C4400
028C6CCO
c28C7CCO

S4397028€8E00

028C9¢C0O
02811C00

02813500
02812400
£29C0C00
- 029C2200
029C3Z00 -

4in02812400- -

RN

€0124000
€0124100
€0124200
€0124300
€0124400
€0124500
c012460¢
c0124700
C0124800
€0124900
€0125000
€0125100
€0125200
co125300

. €012S400

C0125500
€0125600
€0125700
0125800
€c0125900
€0126000
€0126100
0126200
0126300
€C0126400
€0126500
€0126600
€0126700
€0126800
€0126900
€0127000
€C0127100
€0127200
€0127300
€c0127400
€0127500°
€0127600
c0127700
€0127800
0127900
€0128000
c0128100
€0128200
0128300
€0128400
€0128500
€0128600
€0128700.
€0128800
0128900
€C129090:
€o129100
coiz29200"
€0129300
€0129400"
€0129500
€0129600
€0125700
€0129800
€cC129900




IMPL ICI
LOGICAL
LOGICAL
LOGICAL

INTECENR
AWCRK
SCNCUM
S
SMA
SCL
SVM
SC
ITINIT(

L B R B R A

REAL#E
* ANGC
* FLQ
* ThACD

CCMMCON

CCvMMON
*
*

CCNMCN

CONMON
cT
ci1s
ML
NFER
ANMV
NSvC
SG
SLK
sCL
SEIX
Svli
SXM
SEU
NFL >3

“SFCC

EIE NI I Y

LR K N R

c

C .

L o4 .. CCVMEN
* SCNCUM
% SFKCULM
®x SKDULN
* SMCTUM

A8

T KEAL*E(A-F,0~2Z,+1)
FGl, FG24s FG3, FGG,y "G5, INERFM RBLG, LEUGUs LINIT(1)
NETART» LRTAPY
LRUNGE » LTKNS1 » LVDIV 5, LEWJIV , LTRAN
LTRANV o LRATE , LXDY + LETA + LTGROU ,
LGFDOT ,» LCCT o LANGLE o+ LSETUP , LSIMA
. CT1 r CT2 » CT3 s CTa + CTS + FCON , PCGN
s SCN +» SCRDUM, SCR » SFKDUM, SFK s SFR » SG
» SIG s SIXDUM, SIx » SKDUM , 3K . SL » SLK
s SMCDUNM, SMC s+ SMy s SUK s SPIDUM, sPI s+ SQF
+» SR s SSCN s SEIX ¢« SVA » SVE s SVD s SvVI
s SVP » SVQ s SXW SXT » TORQ 4+ SMAL , SEU
. SCG » NFLXB o SFLX , SFXM 4 NMCDS » SFCC » SCC
1) s IZINIT(1} . SD » SCXC(20)
(24) « CNF (341C) o ETIC (3+10) o+ ETMC  (3410)
(2+20) » FLE (343420), FLH (3+3+20),
(23) » YNCD  (3.2,11), RINIT (1) o RZINIT(1)
/CHEK S/ - NSTART, LRTAPE
/LUEBUGZ LRUNGE » LTRNST , LVDIV , LEQUIV , LTRAN
LTRANV o LRATE 4 LXDY » LETA » LTORQU
LCFDGT o LDCT + LANGLE. ., LSETUP , LSIMOQ
/LUGIC/ FGls FG2+ FG3s FG4, -FGSs INERF. RELO(10)
/INTG/ AWOERK (200) .
s (72 s CT3 « CTa
s FCON (33) o JCON (10D » LCUN (2&)
(10) s+ NEL + NGOD « NCTC
» NFKC + NFRC s NLOK
s NMG ¢+ NMOA » NSVP
» FCON _(11) s 5D v SFR  (33)
s SI (£5) v SIG s SL
4 s SMA (10) » SOK (11) » SQF (11)
11) + SNV + SR . » SSCN
s SVA s SVQ » SVD
s SVM y SVP (z2) y SVQ (33)
(2+10) & SXT v TORQ (97) + SMAL
» MNTQ ¢+ SC {33) ¢+ SCG
s SFLX T s SFXM(1O) » NMODS
v SCC ~L10)T -- . . - Vs
JINTGZ/ SRAT VHATESES A 38343 50D o duwie = e
s SCN (s) » SCRDUM + SCR (9)
+ SFK (s) » SIXDUM v SIX (9)
v SK (%) s+ SPIDUM v SPI (9)
s+ SMC (<)

C0130000
€0130100
€0130200
C0130300
€o013040C
coizosoo
C0130600
0130700
C0130800
C0130900
€0131000C
€0131100
coi13izo0c
c0131300
€C131400
0131500
C0131600
€012170C
co13180¢C

"c01319oo

€0132000
co132100
€C0132200
€0132300
0132400
€0132500
0132600
€0132700
€0132800
€0132900
€C133000
€o133100
€0133200
€C133300
€0133400
€0133500
€c13360¢C
€0133700
€0133800
t0133%0¢C
C0134000
CO134100
€0 134200
€C0134300
€0134400
€0134500
€0134600
(0134700
€0134800
€013490C
€C13500¢C
€o0135100
¢013520¢
€0135300
£013540C

"'¢0135500

C0135€00
0135700
co13s580¢C
€0135900
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nOa,
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n

*
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CCNMCA
CA
DCMC
GAM
HNC W
QfcC

T
TFACW
XIC
TLG
FLG
FLIRC
FLCW
T IMEND

CCMMIN
C3DLM

/REAL /
(Z+10) ’
(Z2e11) .
(2s00) .
(10) .
(3,33) v
.
(1C) ’
3.3.10)'
(23) .
(2e3+20),
(2s10) .
(20) .

/FEAL Z/
(1s3) ’

* XNCCUM(1e10G)

CAC
ETC

Frl
oL

THAW
XMAS
FLA
FLJ
FLCRC
ZETA

CE
xmC

(3.,1C)
2ell)

(2,11)
(2s22)

(19)
(19)
(Z:2C)

(2434200,

(3.,1C)
(20)

(3.10)

(3¢3410)

CLWM (10) ’
ETM (33) .
HM (3.,10) .
PLM (19} .
ALC (3,22) ’
THA (33) 0
XDIC (3+34100)
XMN (33+s33) »
FL8 (3+20) D
CAQ (3,10) ’
FLAC (3+20) .
FCF (3+3640),
C3COUM(L,+3) ’
CHN(J)

/SATELL/ AREA RESERVED F(R LSER REQUIRED CATA

* & R # R RN

COMMIN /SATELL/Z DULMMY(1CCC)

EQLIVALENCE (ETM(1),THADC(1))
(XMN(1+3)sYNCC(L1slsl))
(XMN{1+8)sETIC(1+1))

(FLBULW1) 4 FLG(1 1))

(FLH(T o101l )eFLI(Ls141))
(FGL LINIT(1))
(CBOUM(L,1)sRZINIT(1))

{SCNDUNMLIZINIT (1))

CIMEMSICN Y{160) 2 YCULIEC) 4TEN(2,4169)

RETURN FERE FOR START CF NEXT

1 CONT INUE

i
,“

*

INFUT COCNTROL CARC

READ (S,

LC2PEND=7)

RRIUN

CCMmC

FCMC
HMC
QF
ROMC
THAD
X1
xMT
FLC
xX10
FLQC
FCK

cBC

(3.11)

3ell)
(3.10)
(3.,32)

(Zo11)

(33)

(3.3'1C)'
(3+431C)

{(3.20)

(3+43,10),

(3,20)
(3,40)

(3+10)

s {XMN(1,41)yANGD(1))
v {XMN(L+6)sCNF(1s1))
s {XMN(L1+10)ETMC(141))

n(FLE(lvlcl)oFLD(

s (CACL 1) RINIT(1))
s LAWORK( 1) LINIT(1))
W (TORGC(78)+SCXCL 1))

.

lelel) ),

NSTART s LRUNGE o LTRNST oLVDIVILEQUIVILTRANSLTRANVILRATE,

LXDYSLETALLTORQUULGFOUT +LDCT o LANGLEWLSETUPLLSINQ,

LRTAPE

LOGIC CCNTRUL PARENETERS FOR N-30D2
A RESTART RUN AT TeNELO
STANCAFRD RUN START AT TLECLO

PRINT ECQUATIUNS
BYPASS PKINTING

NETART
NETERT
LEQU =
LEQL =

" LRTAPC

LRYAPEL

= «TRUE.
= LFALSE.
«TRUE «
«FALSE o

= JTRUE.
= JFALSE,.

CON'T CREATE A RESTART TAPE
CREATE A RESTART TAPE

Abetar N

2ZEFO ALL CCMMCN BLCCKS Ok FILL THEM IN FRCM THE RESTART TAPE
CALL RSTART (1 +YsYCWNEG,TENsE2)

bean

-

€0136000
€C136100
€0136200
cC136300
C0136400
€0136500
0136600
€0136700
€0136800
€0136900
€0137000
€0137100
co137200
€0137300
CO0137400
€C137500
€0137600
€0137700
€0137800
€0137900
€0138000
€0138100
€0138200
0138300
€0 138400
€0133500
C0138600
€Cc13870C
€0138800
€0138900
€013900¢
€0139100
cc139200
€0139300
€0139400
C0139500
0139600
€0139700
€0139800
€0139900
€C140000
C0140100

© €0140200

€C0140300
€0140400
€0140500
€0140600
€0140700
€0140800
€014090C
0141000

‘C01411CO

€0141200
€0141300
€0141400
€0141500
C0141600
€C0141700
€0141800
€0141900



.

INFUT OESCRIPTION CF BASIC SYSTEM
TCPOLUGY ’
INERTIA
MCHMENTUM WHEELS R
CEUME TRY
NCMINAL STATE : : -
KINEMATICAL CCNSTRAINTS
INPUT  INITIAL CCADITILINS
RATES
DISFLACEMENMT
: - FREE COORLC INATES
e MOMENTUM WFEELS
: INTEGRATICN TIMZ STEP -

AR NANAANAANN

“CALL INES
€ ¥ % CHECK FOk PHYSICALLY REALIZABLE SYSTEM
wEIUYLGALL  INERGH
IF(WNCT.FG2) GC TC 4" o
v« "'FGz RISET FALSE IN INERUF FF PHYSICALLY UNREALIZABLE -

fon

(ONPLT: EQDY LAdCL SETS hEECED FUR SUMMAT.ION CHAINS/
CALL SETS -

XNFUT CCMPUTATIUN: CPTICNS
FRAME CF CCMPUTATICN
ALGMENTED SETS FOFR SULMMATIUN TRUNCATION
CIRECTICN CCSINE CELETICN
CLLUMNS OF INERTIA TENSUR DELETICN
TEANSFURMATION SURPRESSIUN
ELLER ANGLE TECKHNIQUES
SMALL ANGLE ASSULMFTICNS
ANGULAR DI SFLACEMENT .

MCMENTUM wrHEEL RATE

S VMCMENTUM WwHEEL ANCLE

FLEXIHLE BCCIES

VCOAL CUOUPLING ’ :

w0 CAGED DEGREES OF FREEDOUM

‘CALL INCFT

o IF(JNCT FG3) GC .TC 4 !

.w‘fG3 FESET FALSE IN INOPT IF CPTION CARD NOT RECUGNIZED

’

o

ndnanoanAANDOAAA.

INFL1 PARAME TERS NEEDED. 1C CEF INE EXTERNAL. DISTUREANCES
GRAVITY
GRAVITY GRACIENT
CRBIT
LCCALLY APPLIED FCRCES
SFRINGS
CAMPEKS
NCTURS
VCMENTUM WHEEL CCNTRCL
.. <CCNTKUL SYSTEMS :
i TFERMAL DEFCRMATICA
. CTHER
¢« CALL INTCR

B

v

noaDANOANNNDONAND

N . - : x .o Y
. . . R B

4221 CEMPLTE INTITIAL VALUES FCR ALL SYSTEM PAREMETERS
- - TRANSFCKMA TICN MATRICES
L CENTER CF MASS VECTCRS
o FINGE POINT VECTCKS
INCRTIA TENSOR
FREE VECTURS

NAOONON

A-10

co142000
€0142100
€0142200
c0142300
0142400
€0142500
0142600
€0142700
€0132800
€0142900
th1a3c00¢
€014 2100
€0143200
0133300
€0143400
01435090
€0143600
0143700

. €0143800

€c014390C
€0144000
to1a410¢C
0144200
€0144300

' €0144400

€0144500
€0144600C
€0144700
C0144800
€01449C0
€0145000
€0145100
€0145200

£ €0145300

(0145400
€0145500
€0145600
€C0145700
€0145800
€0145900
€0146000
€0146100
CC146200
€0 14630C
€0146400
€0146500
€0146600
€0146700
C0146800
€0146900
€014 7000
€0147100
co1a720¢
00147300
c014740C
€0147500
€0147600
€0147700
€0147800
co1a790C



ANAANDANA

¢

aanant

po

s
B

nOOD

o

(]

R

T =C

LCCKED VECTCRS

RATE VECTOKE

CCMPOSITE VECTORS ANC DYADS

CRUSS COUPLING

EXTERNAL DISTUREANCES

SYSTEM DYNAMICS

MCMENTUM wHEEL CYNAMICS.

ACCELERATIGN ABCUT-ALONG FREE VLCTURS
CIRECTICN (CSINE FATES

)

CALL DYN(Y,YDNEQ)

CUTPLT

TCTAL SYSTEM SYATE AT T=0

. CALL OUTPUT
CERINT L
CALL OUTFsSP

ETART ¢

- AN INT

.NCTE:

c1

ASIC INEGRATICN OF SYSTEM EQUATICNS CF MOTICN
LSE FIXED STEP FLUKTH -CRDER. RUNGE KUTTA,
CCNT INUE

EGRATIGN STEP, CHECK IN UNCAGE I[F IT

CEGCREES (F FREEDOM MAY BE UNCAGED CNLY AT THE ‘3TART UF

IS TIME TO

- UNCAGESs SCL.EQ.D IMPLIES NRT MORE UNCAGING TO dE DUNE

INITiAL UNCAGING VELCCITY = 0, IMPULSE EFFECTS

FAVE NUT EEEN CCCEC IN PRUOGRAM

JAF(SCG.EC.0Q0) GG TC 3

CALL LNCAQE(SCG'bC.T'TLG)
CCAT INUE
(ALL HUNGE(T.FoVrYCvNEC.hTG'TQM) -

ECUATIONS ARE SETUP AND PUT lN TrHE YD ARRAY .

CRECK ENC UOF RUN.FLAG
IF(oNCTW.FGL) GU TC 5

. CUTPLT
‘IF FCE

- IF FG5
,CEFALLT FUR FGS IS TRUE EULT MaY B“ CVERRIDDEN IN TURQUE
IF(eMGT oFGS) GU .TC 2
CALL CuTFspP

FA'S END CF RUN.FLAG BFFh SET IN OUTPSP BY USER?

IF(FCL)

CCMPUTED PARAMETEFS
TRUE PKINT
FALSE SKIP FRINT AND CU TU RUNGE

CuU YO 2

CONT INUE

.. SHCULD
- IF(LRTAFE) GO 'TO €

- CALL RETART (2.v.vc.~ec.15r.ee)
CALL CUuTPSP

CONT INUE .
CLSER SHCULLD WwRITE CUTPUT CATA ON FILE 1
IS¢ PLT INTO FILE 2 CF TAFE 11

<EWIMD

. G6GC T

*¢O0 TC 1

ETCP

FORM2T
FGRMAY
FORMAT

A KESTART TAPE BE MACE?

~

UF TAPE 11
PR R

27U LAY

11

0 1 TO SEE IF ANOTHER N-BOD2 RUN FOLLUWS
SAY T M ARLT PRV 2 A S

(A4)

(*1)

(4X,17L1)

"SUERCUTIME RUNGE CALLS DYN IN AHICH ALL SYSTEM DlFFERENTlAL

€0148000 -
€0148100
€0148200
€0148300
€D 148400
€0148500
€0148600
€0148700
€0148800
00148900
C0149000
C0149100
€C149200
€0149300
€0145400
€014$500

:001496C0

C0149700

.C01498C0

€0149900
C0150000
€0150100
€0150200
€0150300
€0150400
€C0150500
C0150600
€015270C
€0150800
€0150900
CC 151000
€C0151100
€0151200
€0151300
€0151400
€0151500
C0151600

~€C0151700

RESTAPT CATA

R

JALITITSS

S wey 4

0151800
0151900
€0152000
co1s2100
€0152200
0152300
€0152400
0152500
€0152600
€0152700
cc15280¢C
0152900
€0152000
0153100
€0153200

-+€0153300

€015340C
€0153500
€0153600
€0153700
€015380¢0
€0153900

Al




T ENC

.0

T IMPLIICTE
... LOGICAL
- T . LCCICAL

At a’~n e

[

(ol

INTECGER
* AWGHKK
* SCNCULM
* SI

- ®. SMA
* SCL
¥ SVvM
% SC
* TINIT(

Nalall

we - REBL#E

on % ANGC
o - % FLQ

& TrACO

.7+ COMMCN

. COMNMON

c - -
COMMCNA
<11
C1s
MC
NFER
NNV
NEVG
SG
SLK,
scL
SEIx
svi
SxM
SEU
NFLXB
SFCC

e

.\
2

>
bl

5}

~

7

P SR

A-12

SLERCUTINE DYN(Y, YCNEQ)

CEF INES. THE LGGICAL FATHS THROUGH ThHE SUBROUTINES LSED TC
SET UP ThHE SIMLLTANEOUS DIFFERENTIAL EQUATIONS
CF MCTICN FCR THE COUPLED N=BCUY SYSTEM '

T REAL#*8(A-H,0~2+%)

FGle FG2s FG3s FG4s FuSs INERF,

e CT1. *
v SCN -
v SIG ~
» SMCDULM,
s SR ’
s SVP »
s SCG, »
1) : .
(33) . »
(3+20) v
2z)-

JCHEKS/

/L0GICs FGl, FG2, FG3, FG4, FG5, INERF, RBLO(10)

ZINTG/
.
’
(10) ’
.
’
L ]
.
(23247
(11) 3
“e
’
(2.10) ’

NSTART, LRTAPE -

Ccte -

1] []
SCRDUWVM, SCR )
SIXDUM, SIxX 5
sMC » SMV .
SECN 5 SS&IX B
sSva s SXM .
NFLXB « SFLX ’
IZINITCI) ’
CNF (3.1C)
FLE" (Ze3+23 )

YMCD  (Ze2e10)y

cr12
FCUN
NEL
NFKC
LY Jo
FCGN
<1
CSMAL, .
My
SVA
SvM
exT
NTQ
SFL X
de

crE

CTa

e

’

(1) -

B

B
» .CTS

NSTART, LKRTAPE.

" AWORK (20C)

(22)

«11)

(ES)..

(110 oy

(10)

cT3

JCCn
NSCD
NFRC

30
S1G

SR

svse

SVP
.TCRQ

. sc

SFXM

(19)

"NMOA ..

S SGK sl Gl

(22)’

(37)

(33) '

(10)

L ]
SFKDUMs "SFK ’
SKDUM ' SK* ’
SUK .. SPIDPMQ
SVA s SVH ’
SXT v TURQ
SFXM  ». NMCD3
SD Lot
ETIC (3410).
FuH (3+3+20),
RINIT .

FCCN
SFR
SL.
SKL-
SVD
SMAL
SFCC

ETNMC.

CTa
LCUN
NCTC

NLOR

NS VP
SFR
SL

o i SQF

SSCN
SVD
sva
SMAL
sSC6
AMODS

RBLO, LEGQU, LINIT(1)

PCCN
SG
SLK
SUF
. $VI
s SEU
s SCC

(3.10)

RZINIT(1)

(22)

(33)

& D § A

(33)

1]
’
]
~ 9
.
.
.
’
[

€€ 154000

€0290000
€0zn010¢C
c020020¢C
€0200300
€C200400
C0Z00S00
€0200600
¢0200700

. €0200800

€02€C€900
'€0201000
€0Z01100
€0z01200
€0201300
€0201400
cozelsoc
C0Z01600
€0201700
€02018C0
€CZ201900
c0202¢C0
00202100
€0202200
€0202300

. €0202400

0202500
0202600
‘€02027¢C0
€0202800
€0202900
€0z03000
€0203100
©€0203200
€0203300
€0203400
€0203500
€0203600
€0203700
€C203800
€0203500
€0204000
00204100
€Cc204200
€0204300
€0204400
€0204500
€0204600
€0204700
€0204800
€0204900
€0205000
€0205100
€0205200
€0205300




»

CONMMCN ZINTGZ/

* SCACUM ’
¥ SFKCULM D
* SKDLHM ’
* SMCLUM .

COMMCN /REAL/

*x Ca (3010) "
* DCMC  (2,11)
* GaAV (3,60)°
* HNCVM (10) ’
* QFC (3:33)
T o,
* THACwW (10} B
* XIC . (23,100,
* TLG (23) .
¥ FLD  (243,20),
® FLIRC (32410)
* FLCM .(20) C e

TIMENO :

CCMMCN /REALZ/ -

‘2 CBOWLM (1.3) 4

AR RE XS

* XNCCULACLnl s F)cs

SCN
SFK
€K

SMC

CAC
ETC
’—
Fnl
cL

ThAW

“XMAS

FLA
FLJ

FLCRC

2ZETA .

ts) .
€s) .
) e
(s)

_(E.I-C) T
211 K

(3.11).

.22y

€10y - .
“(10) - e
(3,20)
(2+3420)
(3.1C)
(z0) e
{3,1C) ’
(3

EQUIVALENCE (ETM(1)+sTHADC(1))

DIMENSICAN YINEQ)»YC(NEQG)

LOCICAL LG(32)

COUNT TINMES THRU
CTa = CT4 + 1

CYN

CrHrECK FLR FIRST PASS

IF(CT4.6T.1) GC

-y .

< NAKE USE OF =, v

To 1

(XMN(lo3)-YNFD(lvlol))
(XMN{1+8),ETIC(1,1))
(FLBOLa1 o FLGCR 1))

{FLA(I 131 ),FLUCL,101)) »
(FGLoLINIT(1)) - .
(CBDUM(L 41 )sRZINIT(L))
(SCNDUMLIZINIT(1))

SCRDUM
S IXDuUM
SPIDUM

CLM  (10)
ETM - (33)

HM (3410)
PLM  (10)

aLc  (3.22)
THA  (-33)
XDIC (3+34+60)
XMN  (33,33)
FLB  (3,20)

“CAQ (3.10)

FLAC  (3,20)

FCF " (3,3,40)

CICDUM(1,3)
CaN(3)

SCR
SIX
SP1

come

FUMC
HMC
oF
RCMC
THAD
X1
XMT
FLC
XiG

FLQcC
FCK

<BC

(9)
(9)
(9)

(3+11)
(3.11)
(3.10)
(3,32)
3.11)
(33)

(3+2+10)

(3.,20)

’
0
(3+3410)
.
]

{343+1C)

(3,20)
(3,40)

(3,10)

s (XMN(1+1)+ANGD (1))

s (XMN(L+6) sCNF(1e1))

y EXMNC1410)sETMC(1,1))
s (FLE (Lol ol )eFLO(Lel01)),

o (CA(LL1)WRINIT(1))

-~ XMT = NOMINAL :STATE IRANSFURMATIGN MATRICEa
GF | = FREE- COCKDINATE VECTOURS -

TFA = INITIAL ROTATICN AEBOUT QF VECTOR
TC COMAUTE THRECINITIAL IVALLESIH (RUR THE KLMPCN&NTS LOF THEH’
TRANSFCRMATION MATRICES .
xMC = TRANSFORMATICN NATRIX WHICH TAKES VECTORS FROM
BOUDY FIXED COORDINATES TU COMPUTING FRAME COOKDINATES
CALL TRANSIVIXMT,QF s THA »JCCN yPCONINBGCD s RBLO » INERF s XMCDUM, XMC)

GO TC 2

’

s (AWCRK(1), IINIT(1))

b

Mo

Ao

€0205400
€0205500
€0 205600
€0205700
€0z05800
€02€5900
€020600C
€02C6100
€0206200
'€0206300

' €0206400

C020€500
€0206660
€02067CC
€0206800
€02069C0

Acozc7ooo
"coz20710C

€0207200
(0¢07300
'C0207400
C0207500
C02076OC

'¢02C7700
1t0207800

€0207900
€0208€00
cozo8100
€0208200

- €0208300

C020€400
€0208500
€0208600
€02c8700
0208800
€0208900
€C209000
€0209100
€0209200
cdac93o0
€0209400
€0209500

- €0209600

€0209700
€02¢9800
.€0209900
"C0Z10000
€0210100
€0210200
cozxosoo
“C0Z10400
€0210500
.€0210600

«CO0Z210700

€0210800
€0210500
€0211000
€0zZ11100
€0211200
.£0211300
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.
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'RETURN FERE AFTER

| WAKE

CCNTINUE

lﬁAKE LSE OF
T RATE_ ABCUT
- CALL RATE " - <1 < o

‘MAKE LSE OF

CGNTINUE .

INITIALLZATIUN PASS THROUGH DYN
SORT GLT QUANTITIES IN ARRAY Y

'cALL 551Lp(v.vc.NEc..rnuE.)

SIX CF NINE cLEMENTc
SY INTEGRATICNs RENMAINING CNES 3Y URTHOGONALITY

C0z11400
0211500
€C0Z11600C
toz11700
cczi1so0
66211900

J COMPLETE TRANSFCRNMATICN MATRICES ARE NUT OBTAINED VIA lhTECRAYlCN €oz12900
IN EACH MATRIX hAVlNG LASEL IN SD OETAIANEDCO212100

€6212200

MATRICES wWITH LABELS NCT IN SD.ASSUMED CBTAINABLE ALGEERACIALLYC0212300

gy bMALL ANGLE DF EULER ANbLt TcCHNlQUEb

':(ALL THAN

lF(CT4.hE.l) GC TC 3
FIRST PASS THROUGH
TAKE INTO ACCGUNT SET SVD, CWLY THCSE VECTCRS AND DYACS WITH
"BCDY LAEELS IN SET SVL ARE TU 3E TRANSFORMED
CCMEUTE QF ANC QL VECTCRS. NOT DEFINED BY INPUT USING
- VECTOR CRCSS PRODUCT CEFXNITXCN ' ’
CET ALL VECTORS AND LYACS .INTO COMPUTING REFERENCE FRAME
SET LP SETS wHICH SPECIFY £XACTLY WHICH VECTGRS TO €E

TkANSFCRMtD FCrR CC LOCPS 1IN TRANVD
(ALL VDIV R .
SET LP. INITIAL VALLES FCF EGUATICNS AS ThEY GO INTJ RUNGE

CALL EGIV(Y,.NEQ)

GQ TC o

‘NOT FIKSY PASS THRCUGH

. TRANSFCRM ONLY SELECTEC VECTURS AND DYADS
USE OF XMC TC TRANSFCRW ALL BODY ¥
CCMFUT ING FRAME cconorunrec ) .
IN SET SVA

; CAC = XMC*CA "~ CENTER OF NASS
" CEC = XMC*CE <o . ="HINGE POINT IN SET svB
, QFC = XMC*QF - FREE VECTGR IN SET sva
T ULl = xMC=aL - LOCKED VECTOKS "IN SET- SvP
XIC = XxMC®XI={XMC)®x(-1) =~ INERTIA UYAD' IN SET SvI
HML = XMCkHWM - wHEEL - AXIS IN 3SET SVM
TCALL TRANVD

FREE VECTORS IN COMPUTING FRAME CCURDINATES AND
UR ALCNG. THEM TC OEFINE ALL RATE DEPENDENT TERMS

THE MATRIX OF INERTIA AND FSUEDO INERTIA TENSORS
FASS UNE - CCMPUTE ELEMENTS. -
SKIP ALL ZERO ELEMENTS - - - -
TRUNCATE 3UMMATIONS USE SET sP1
THERE~AFTER - CCMPUTE ELEMENTS,
: SKIP ALL ZERO ELEMENTS
crin SKIP TIME CUNSTANT ELEMENTS USE SET SXT
o TRUNCATE SUMMATIONS USE SET SPI
CALL XxOY

MAKE LSE OF VELOCITY ANRC ECCY FIXED VECTURS TG CCMPUTE GYROSCCPIC

CROSSE CCUPLING TERMS
INERTIA CROS5S COUPL ING TRUNCATE ACCORDING TO SIXx(1)
CENTRIPITAL C(ROSS CCLFLING TRUNCATE ACCGRDING TU SCN(I)
CORIOLIS CROSS COLPLING TRUNCATE ACCCRDING TG SCR(I)

IXED VECTUORS AND CYAC INTO

.

TRANSFGRMEC ECDY FIXED VECTORS AND CYADS TO CCNSTRUCT

toz12400"
co212500

"C0z212600:

€0212700

- €C212800

€0212900
£0213000

€0z213100-
co213200,

*c0213300°
1 C0Z213400°

€cz13500°
€0213600 .
€0213700
€0213800
€0213900

. €C214000

€0214100
€0214200
00214300
CC214400
€0214500
€0Z14600-
co21470¢C
€0z14800
€0214900

“CCZ15000
'€0215100

(0215200

© €0215300

€C215400
€C215500°

- €0Z15600
10215700

c0z1580¢
C0Z215900.
C0Z216000°

.€0zZ16100

€0216200
0216300
€0216400 -
C021€50C
€0216600

L ¢ec2167C0

C0216800
€CC216900
ccz17000
€0217100
€0z17200
€C0z17300




o n

[alaNalal

neann

(g}

o000

NnoNn

s

NONOAONONN

m

MCVMENTUM aHEEL COUPLING NGT TKUNCATEC
FLEXIBLE E0CY EFFECTS NCT TRUNCATED SEY SFULX
CALL ET» :

MAKE ULSE OF PUSITICN ANC RATE INFORMATICN TG CCMPUTE
ALL NON-GYRLSCOPIC TORCLES

NOTE - SULBROUTINE TORQULE IS LSER DIZFINCZED (EMPTY [F NOT)
CALL TORCUE(Y YD NEQ)

MAKE UL3E UF FREE CCOKDINATE VECTOK TO DOT VECTOR-CYADIC EQUATION
OF NOTICN TOU GET ACCELERATICNS ABCUT FREE CUORDINATE AXES

ALSC SET UP AND EXPAND ECUATIUNS TG ACCUOUNT FOR VARIABLE SFEED
MCMENTLM AHEELS AND FLEXIBLE 30DY EFFECTS

CALL CFCCT

EXIT FRCM QFDOT wlTH ECLATIINS UF MOTIUN IN SCALAR FORM

KECUCE ThHE GFDOT ECLATIINS TO USTAIN THADD
ENTER 5IMQ WITh ELEMENTS XMN AND £TM OOTAINED IN QFDOT.
EXIT wiTH ACCELERATICNS TrADD+s XMN DESTROYED IN SIMQ
EQUIVALENCE PUTS THADC AND ETM IN SAME STORAGE LUCATION

CHECK YC SEE IFf ANY DEGREES CF FREEDCM CAGED
IF(SCGeNEWO) GU TC S
"7 NGNc CAGED.
N = AFER+NMVENMOOS
CALL SINC(XMN, THACC N ,23)
€0 TC ¢
CCATINUE
CNS CR MORE CAGED CEGREES UF FREEDUM
CELETE AND REAUMBER ROWS AND CUOLS UF XMN.ETM [N COMPRS
SULVE REDUCED SET OF EGUATIONS IN SImMQ )
RESTRUCTURE THADC ARRAY FLUGGING IN ZERCS IN UMPRS
N = NRFER4NMV+NMODS-SCG

‘CALL CUMPRS(UXMNGTHADD oNoSCECH54LG)

CALL SINQ(OXMNs THACC»N+22)
CALL UNPRS(TFACD+sN+SCGsLG)
CONT INLE

CEFINE DIRECTICN CCSINE ECUATIUNS IN ACCURCANCE wITH SET SD
CALL DCT . ‘ :

CEFINE ANGULAR PUSITICN EGUAT‘GNS ACCURDING TO SFR(1) AND SMA(I)
CALL ANGLE

FUT ALL FIKST CRCEK EQUATICAS IN ONE DIMENS ICNAL ARRAY ACCEPTABLE
TC INTEGRATICN RCUTINE FUNGE

CALL SETLP (Y »YDINEGssFALESES)

IF(T +GE«TIMEND) GC TO S0C

RE TURN

CONT INUE , TR .
FG1l = +FALSC.
FETURN
ENC
LK DRI B S Y . IR AR B R PAGT 3V OHY YT Y] 144 ‘11:4'4‘1/ I,

co222700

€c0217400
co0217500
€0217600
€c0217700
€0217800
c021790¢C
coz18000
co0218100
€c0218200
c0z138300
€c0218400
€0218500
€0218600
€0218700
€0218800°
€0218900
€c219000
€0219100
co0219200
€0219300
00219400
€0219500
0219600
€0219700
€0219800
€0219900
€C220090
€0220100
0220200
€0220300
c022940C
€0220500
€0220600
co2207cCC
€0220800.
€0220900
€0221000
€0221100
€0221200
co221300
€0221400
€0221500
€0221600
€0221700
coz218¢0
€0221900
€0222000
c0222100
€0222200
€0222300
€0222400
€0222500
€0222600

€0300000

A-15
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* 28 B % RREERER

SUERCUTIREvRSTART-(J.YoYCoNEC.TEM.‘)

ZERC OUT ALL ARRAYS OR FILL THEM IN FRCM THE RESTART TAPE

AT "TE END CF RUN CRE2ATE A RCLSTART TAPE,

FUT TrE RESTART CATA [N FILE 2 OF TAPE 11

TG OC THIS

NOTE: APFRUPRIATE JOB CCATRCL LANGUAGE MUST ACCOMPANY

SUGGEST

IMFLICI

LOCICAL

- % & & K" 8w

*
*
%

LOGICAL

INTECER
ABCRK
SCNCuM
S
SMA
SCL
SvM
SC

REAL®E
ANGC

"FLQ
TFACD

IGN:

FILE 1 OGN TAFE 1C PREVIOUS OUTPUT DATA

FILE 2 CN TAFE

10 RESTART CATA

WITH A UTILITY RGUTINE CUPY FILE 1 OF TAPE 10
ONTO FILE 1 OF TAPE (1, THEN PUT New OUTPUT DATA
RIGHT AFTER [T wITHOUT AN EUF MARK, 'TAPE 11 wILL TFENCO0201400
HAVE IN FILE 1| A CONTINUOUS RECCRD GF THE OUTPUT
DATA FROM 1=9

AT END OF RUN NEw RESTART DATA FUT AFTER AN EGF MARK

‘ON TAFPE 11,

. CLO TAPE 10 .wILL B& UNDISTURGSED

T REAL*8(A-Hs0=2,%)

FGl

» CT1
» SCN
» SIG
» SMC
» SR
s SVP
¢+ SCG
1
(33)

(3,20
(23)

» FG2

,
L
»
DUM,
L ]
.
N

) .

.CCVMMCN /CHEKS/

COMMCN

COMMCN
cT1
.CT5,,
MC
NFER
NNVY
NSVC
SG
SLK
seL -
‘s€x
SviI,

/L0G1

7INTG

t10)

(23

(11)

s FG3+ .FGa,

NETART,

2

s CT2

SCRDUN¥, SCF
SIXDUM, - SLX

LRTAPE

F35,

* ® 9 ° w w

S¥C s SMV
SSCN s SEIX
SvQ » SXWM
NFLXB o+ SFLX ’
IZINIT(1) .
CANF (2s1C) »
FLE- (2:32,20),
Y~¥CD (Ze2011),
. NSTART,

C/ FGly FG2y FC3s FG4s FGSe INERF,

/

AwWORK
T2

. FCON

NE1
NFKC
MO

FEON |

sl

EMA
svy
Sva
SvM

(200)

(33

(1)
(€€)

(10)

" » e ® e

IT wllLL TFrEN BE IN FILE 2 LF TYAPE 11

RBLOs LEQUs LINIT(1)

INERF
CTa » CT5 + FCON o RCON
SFKCUM, SFK » SFR s+ SG
SKOUM , SK » SL » SLK
30K » SPIDUM, SP1 s SuF
SVA » SVE SVD e SVI
SXT » TURG , SMAL o+ SEU
SFXM s NMUDS , SFCC  » SCC
S0 "

ETIC (3410) o+ ETMC  (3,10)
FLH (363:20),
RINIT (1) s RZINITQ1)
LRTAPE
RBLOC(10)
CcT3 . CT4
JCCN . . €10)- .+ LCON (22)
NJUD e ‘s NCTC E
NFRC » NLOKR
NMOA » NSVP .
SS0 rpRPove oyl -SER -, (33)
sSiG v SL
SOK (11) » SGF (11)
SR + SSCN
sve s SVD
SvpP (22) s SVC (32)
—

C0200100
€03200200C
€0200300
€0 300400
€C200500
€0300600
€0300700
c020C800
€03C0900
€03201000
€0201100
0301200
€0301300

€0201500
€0201600
€0201700
€C301800
€02C1900
€03202000
€0202100
€0202200
€0202300
€0302400
€0302500
€032¢2600
€03202700
€0302800
€0 302900
€0203000
coz20310¢C
€0203200
c0203300
€0303400
€032903500
€0203600
c020370C
€0303800
€03203900
€C294000
€03204100
€0204200
€0304300
C03204400
€0304500
CO03204600
€0204700
€0204800
0204900
€C 205000
€0205100

€0205200° = .

€0305300
€0305400
00305500
€0 295600
£0305700
0305800
€02C5500
€0306000




non

* SxM (2s10) + SXT « TORQ (97) s SMAL . . C0326100
* SEU s NTQ » SC (33) s S5CG . C0206200
¥ NFLXJ s SFLX » SFXM (1C) « NMUDS . C030&3C0O
* SFCC » SCC (1¢) €0 20€400
C0306500

00306600

CCMMON /INTGZ/ C0206700
* SCANCuM » SCN (g) » SCRDUM » SCR (9) 0 €02063800
* SFKCULM s "SFK (s) s SI'XDUM s SIX {9) . <o03cesco
* SkDULWM s SK (s) » SPIDUM + SP1 (91} ’ €C0207000
* SVCCUM s SNC (s) c0307100
0307200

c0 207300

COVMMCN /KREAL/ €03C7400
% CA (3+10) » CAC (2es10C) v CLM (10) » COMC (3.11) . €03C7500
* DCMC (2+11) - » ETC (2s11) » ETM (33) + FGMC (3e11) . co0207600
¥ GAM (3+60) T o + HAM (3,10) » HMC (3.,10) . c0307700
* hNOV (10) « PRI (3.11) s PLM (10) . » QF (3,33) . €C0307800
¥ QFC (3+33) + GL (2+22) » QLC (3+22) ¢« RCMC (3.11) ’ ¢cc3o790c0C
% T . : THA (33) +« THAD (22) . c03208000
* THACwW (10Q) y THAwW (10) » XDIC (3+3466)s X1 (3+3s1C) co308100
s XIC €293,10)s XMAS {10) v XMN {33+433) » XMT (3+3s1C)» €0208200
* TUG (23) » FLA (3+20) » FLB (3+20) s FLC (3.29) v c0208300
x Fi.D (343,22)s FLJ (243,20)s CAQ {3,10) s+ X110 {(3+351C) C0 208400
* FLIRC (32+10) s FLCRC (3410) » FLAC (3+20) « FLQC (3+20) » €0 208500
* FLOWM (20) s ZETA (22) » FCF (393,40), FCK {3+80) s -€C0308B600
* TIMEND ’ ’ €0308700
co208800

c0208900

CCVMMIN /REALZ/ . €0209000
* CECLM (1+3) s CE (2,1C) » C3CDUM(1,3) s COC (3.10) ». CO209100
% XNCEULM(1s1e5) o XxMC (2¢3,10) s CUN(3) . €03Cg200
. _ €c0209300
CCMMIN /SATELLY/ DULMMY{(10CO) C02C0S40C

: €0 229500

EQLIVALENCE (ETM(1)sTHACL(1)) s (XMN(1s1)sANGD(1)) . C0309600
© % (XMN(L1s3),YMCD(1el,1)) e {XMN(1+46)sCNF(1s1)) ’ c0209700
* (XMN(1+¢B),ETIC(1+1)) u(XMN(lolO)”ETMC(lol)) » €03209800
L3 (FLB(1+s1),FLQC(1,1)) s (FLE(Lsls1)sFLD(1s141)), CC309900
* (FLA( 13141 )sFLU(L0l 1)) ’ €C0310000
* {FG1,LINIT(1)) s{CACL 1) RINIT(1)) . C0310100
» (CBDUNM(141)eRZINIT(1)) » CAWORKC 1) o IINIT(1)) ’ €0310200
* {SCNDULNML,IZIN1IT (1)) €C310300
€C0310400

C0210500

C0210600

CIVMENSICN Y(160)sYC(16C)TEN(24160) C0210700
€021080¢C

COMMCN ELCOCK SIZES c0210900
IDEM4 = 16 €0311000°
ICEME = 724 c0211102
IDEME = 70 © C0211200
IDEM? = 4354 €0211300
IDEME = 168 . - .. . C€o311400
IDEMS = 1000 c02115¢0¢C
€0211600

GG TC (1+2)0d €0311700
INITIALIZE ALL STCRAGE LUCATIUNS TO ZERO coz211800
1 CO 3 I=1,1DENT C0311900
2 FINICL) = 0.DO . : €C212000



-CO 4 I=1+IDENS

c0212100

A-18

- 4 CUNMY(L) = 0.DC €0312200

_ CO 1C I=1.,1DEM8 €0312300

1C RZINIT(I) = 3.DO €0312400
‘CO 11 I=1,I1DEMS €0212500

11 LINITCI) = O €03212600

CO 1z I1=1,I1DEM6 €03212700

LE2 IZINLIT(D) = @ ) €0212800

CO 12 1=1,IDEN4 . €0312900

13 LINIT(I) = +TRLE, €0313000
Lo 14 1=1,160 €0213100
‘Y{I) = G.DO €0313200
YC(I) = C.DO €0213300
TENM({1,1) = 0.D0 €0313400

14 TEN(Z41) = 04D . €0213500
IF (o RGT.NSTART) RETURN €0313600

c €0313700
FRESTART RFUN LGAD ALL CCMMCA BLOCKS AND LUCAL AKRAYS FRCM .€0313800

4 THE RESTART TAPE, TAPE IC FILE 2 €0313900
) FEAC (154102) ¥ €0214000
FEAD(104+132) YD . 60314100

READ (10.101). NEG ) . €0314200

"READ (10,102} (DUMMY (1) s T=1,1DEMS) 00314300
FE#D(104102) (RINIT(I),I=1,IDEMT7) . €0314400
FEAD(10+102) (RZINIT(I) 1=1s1DEME), €0314500

FEAD (1041C1) (LINITC(I)sI=14ICEMS) ’ C0314600
READ(10,101)CIZINIT(I)1=1,1IDEME) €03214700
aEAn(lJ.xoxj(LxNxt(x).x-l.xcsma)' €0314800
‘NETART = LFALSE. 00314900

FG1 = ,TRUE. €C315000

© UPCATE TERMINATIUON TIME €0315100
READ 103+ TIMEND coz1s20¢

C ﬂLL CATA REQUIRED TO RESUME CUMPUTATION HAS BEEN INPUTTED €€315300
< GC TC THE START OF THE xatscnarnc~ LOGP IN MAIN - 0315400
FE!UFN 1 .. ’ €0315500

C 0315600
C . ) 00215700
4 " FUT EJF MARK CN TAFE 11 710 SEPERATE RESTART DATA FRCM ouTPuT CATA €0315800
< IN FILE 2 GF TAFE 11 FUT RESTART DATA ., €03215900
- ‘2 ENC FILE 11 €0316000
WRITE(L1,102) ¥ ) . . €0316100
WRITE(11,102) YD . €0216200
WRITE(11,101) NEG €0 21£300
“UWRITE(11.102) (DUMMY{1).1=1,1DEM9) . 0316400

" WRTTE(114202) (RINITCI)oI=1,IDEM7) €0216500
TMRITE(11,102) (RZINIT(I)sI=1, (DEM8) €0316600

7 WRITE (11+101) ¢ VINIT(L).I=141DENS) cc3ta700

“ WRITE (11¢101) C(IZINITC(I)sI=1,1DEMG) C031€800
SRITE (114101) ( LINIT(I)eI=14I0CEMAE) 0316900

€  REST [N FEACE ALL CATA NEEDED TO RESTART JUS 1S CN FILE 2, TAPE 1100217000
Cues¥ -vu FYRTHERMORE CLD KESTART TAFE, TAPE 10 HAS NOT BEEN DESTROYEC .. L C0217100
c T 0 t " coa17200
191 FORMAT (16Z28) "¢o217300
102 FOFRMAT (EZ106) €0 217400
T183 FORMAT(D1b5) €0317500
"~ RETURN" o . €0317600

- ENC €0317700



[}

nnnnnnmnnmnnnnnnnnnnnnndnnnqoonnﬁnhnnnnaonnﬂnnnnnqnnnnnnnn

SUBRCLTINE INES

z) INERTIA

€) INITIAL

I EEE R R E L S L3

NacC

PFCCN(NBCD+1)

[N TH‘D(V)‘A:":;'
. " TRAC(N)
LTHAL(M)
) . NMC
Y
“hABRRk AR IERBIXR T NMO
LI MIC L)
* PLM( )
* THAa( 1)

AP INBBAEE END

ACCERPTS ALL INFCRMATICN NEEDED TU DEFINE EASIC N—BObY>SYSTE
1) TCPOLOGY

CHARACTERISTICS

2) CECOMETRIC CHARACTERIESTICS
4) KINEMATIC TRANSFGRVATIUN
€) MOIMENTUM WFEELSs CYRCSTATS

CUNCITICNE

?7) FREE AND LCCKED CCORCINATE AXES
€) INTEGRATION STEF €IZE

INBS INPLT CATA SETUP #xnskikxxss
: b FG

+C
e

A

*wd thkk b ek ek NHOD SETS OF ThE FULLOWING CARDSs ONE PER>BODV X

* N MESS(J) B
* RBLC(N) JCGN{N) PCGN(N) ’ XMAS (N) Ke
& XTI (1sdlsh) XICLse2sN) XI{1s3sN) C
* - X1 L2980 0N} XI{2s2sN\) xuz-:‘th [»]
*  XI(3+1sN) X1(202sN) XI(3+3enN) S )
* XMT(1sleN) XMT(1s2eM) XAT(1s 39D . E
* XNT(Z2s0oN) XMT(2e24sN) XAT{2e3e4) E
* XNT(3s14N) XMT(3s24N) XMT(3+3eN) E
Tk c CA(1eN) CA(2sN) CA(3,N) F
#: CB(lsN) CBl2s0N) - CB(3.N) G
* CFlsM) QF(24¥) TUQF (3eM) k.
x 7 GF(1eM+Z) QF (2eM+2)  QF (34M42) -
* Trai™) THA(M#1) THA{M+2) H
x THAC (M) THAD(M+1) THAD(M+2) -
® CF(leM) QF(2,M) _QF (3.M) 1
* CF(1eMFL1) QF (2, M+1) QF (3oMel) R
T TRA(M) THA(M+1) : 1
LI THAC (M) THAC(M+1) 1
* "GF(1,) CFL2,N) QF (3,M) J.
x CL(L,L) cL(2.L) QL (3sL) J
* THA(M) J
- THAD(M) ) J
1 e, GLI2,L) aL (3L v K
=  GL(1l,L#1) QAL (2sL+1) aL(3sL+1) K
BAsasssdrcwwex END OF SET CF EOCY W DESCRIPTIVE CARDS ttt*ttwtttt

L
THAC(ME L)  THADECM2) . ypaa ain anaaM
THAD(M+1) N
o

Pw x.'.u-?

j~ate

SETS OF THE FCLLUWING CARDS, GNE FER WHEEL #*%%
WML, 1) HM(2,1) HM(3.1) Q
NVESS(J) R
THADW(I) s

OF SET CF WHEEL I DESCRIPTIVE CARDS #%kkxk¥xik%x

1 €Ca20000
€0a00100
€0400200
€04003C0

¥ . C0400400

C0400500
€0409600
€C400700
€0400800
€04C0900

" €0401000

'€0401100

€C401200

., €oa01300
0401400

RMATSCOAOISOO

_COES C0401600

*x4&%C040170C
€C401800

1C0 C0431900
’ €0402000
*x%x%x%x (0402100
1¢5%£0402200

1C1%C0402300

102%C0402400

1C2%C0402500

102%€C402600

102*%204C2700

‘102%£0402800
102%C0402900

1€2%C0403000

102%¢0403100

1C2%C0403200

102%C0403300

1€2%¢0403400

102%€0403500

162%C0403600

"102%€0493700
102%C0403800

"102%€0403900
1C2%¢C404000

1C2%€0404100

102%C0404200

102%€0454300

102%C0404400

1C2%CC404500

%% (0404600
€0404700

1C0 €0404800

M.1€2.C0404900

102 C0405000
102 €0405100
160..£0405200
yve. - €04353C0
#x %k *(04054CC
1Ca%C0435500
1C6%C0405600
102%C0405700
*% %% C04058C0
C04905900
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C

C

C  *3sAxs
C

C

C

C A -
C

C .

C g -
C.

c

C

C

C C -
C

C

C

C .

C

C

C

C

C

C

C C -
C-

C

C .

C.

C

C

c E -
C X
C

C

c-

[

C -

C

C

¢ -

C

C F -
C

C

C

C

C

C-}w:k.’: -
crs '
C I
COREY 5202
C

C

C

c

C -

C

A-20

TIMEND i . ) T 102

€Q406000
€0406100

**3x¢  END GF CATA (ALLEC FUOR BY INBS . FERERRSRERERRARRK KRR %% (0406200

CCDE L1Isy

AL&AYS READ, FIRSY CARD READ BY.INSS
NBJD=TOCTAL NUMBEFR. OF BODIES (R!GXD*FLEXXDLE*PDINT MASSES)
FIR3T CARD FOR EACH SET CF BUDY DESCRIPTION CARCS\‘ ’
N=30DY ANUMBER (SETs TQ BE READ SEGUENTIALLY N= lpc--.-

€0406300
€0406400
€0406500
€0406600
€0406700
€0406800
€0406900
€C407000 .

MESs( J) =ANY ALPHAANUNERIC MEbSAGE wiLL BE-PRINTED_AS A FEADINGC0407100

FCR EBCOY N .IN TkE INPUT bATﬁ ECHU PR[NTED B6Y INBS

SECLND CARLC FCR _EACKH SET OF BODY DESCRIPTIUN CARDS
JCCNIN) =BUDY LABEL (F ECOY CCNTIGUOUS TQ AND INBDARD OF
HODY Ny HINCE FCINT BETWEEN BODIES JCONIN) AND N
IS DEFINELC AS RINGE PUINT N-1, IF N=1i THEN JCGN(1)=0
AND FINGE FCINT 02 IS5 THE CENTER OF . MASS OF BGDY 1
RILCIN) =+ TRUE. IF BCDY. N A RIbID OR FLEXIBLE BODY
.FALC:. IF ECDY N A POINT:- MASS N
PCCA(N)=TCTAL NUMEEFR OF RIGIDLY CCNSTRAINED RUTATIONAL
CEGKEES UOF FREECUM AT HINGE POINT N-1 CF BGOY N
XMAS(N)=TCTAL MASS (F ECOY N AND ALL IMBEDDED WHEELS(IF ANY)
L .
LEL:T: THE SE (ARCS IF 800Y - N A PCINT MASS -
XI(I.J-N)-INERTIA TEN‘UR OF 300Y N wlTH ALL DESPUN. thEELS
CINCLUCEC(IF ANY)Y ADUUT ITS UwN CENTER CF. MASS ANC

- €0407200

€0407300
€040740C
€0427500
€Ca07600

.C0407700

€0407800
€04C7900
€0438000
0408100
€0478200
€0408300
(0408400 .
€04Ces500
C0408600
€0408700

RELATIVE TC TRE SUJDY N FIXED REFERENCE FRAME, IF BDDYC04CBBOO

N IS FLEXIBLE INPUT INERTIA TENSOR IN UNDEFCRMEC
ZERG INTERNAL STRESS STATE . e
CELETE THESE 2 CARDS IF BODY N A POINT MASS L
MT(L+JsN)=TRANSFOKMATICN MATRIX wHICH TAKES VECTORS FRCM THE
BODY N TG THE EODY JCCN(N) FIXED REFERENCE FRAMES

€04C890G0
€0429000
€0409100
€0409200
€0409300
€0409400-

FCR ZERD RELATIVE ANGULAR RUTATION. BETWEEN THE ECCIESC040$500

IF BCCY N IS A PUINTY MAS33 THE BGODY N FIXED REFERENCE
FRAME .AXES ARE RESPECTIVELY PARALLEL TO THCSE OF. THE
BUDY JCCN(N) FIXED REFERENCE FRAME . . -
IF BCOY N IS A FLEXIBLE B00Y3IT IS ASSUMED TO EE
CLAMPED IN TRARSLATICN AND RUTATION AT THE OKIGIN
LF THE BODY N FIXED REFERENCE FKAME. ' -
[N N . L. .
ALWAYS READ
CA(I+N)=CENTER OF MASS VECITOR CCMFCN&NTb OF THE VECTOR FFCM

€C409600
€C409700
€0409800
€046$900
€0410000-
€0410100
€0410200
€0410300
€0410400

TrE HINGE PCINT N-1(URIGIN GF BODY N FIXED REFERENCE)C0410500

"TC TRE CENTEK CF MASS OF :30DY N(UNDEFORMED POSITION
IF 8GDY N FLEXIBLE) RELATIVE TC BUDY N FIXED
REFERENCE FRAME, FOR N=1 CA(IsN)=0 I=1+2,3 SINCE BY
DEFINITICN THE HINGE POINT OF EGDY 1 IS THE_ CENTEK
OF MASS UF EQODY 1} HEC IR O PO AR S o W SR

AL wWAYS READ A AT
CA(IsN)=HINGE VECTCR, COMPINENTS OF THE VECTOR: EROM- HINGE. -

POINT JCON(AN)~1 TU HINGE POINT N-1 RELATIVE,TO: THE
BUDY JCCN(N) FIXED REFERENCEs FOR N=1 IT IS TFE
VECTCK FRCM THE INERTIAL ORIGIN TO THE CENTER OF
MASS CF BUDY 1 .wWHICH IS THE INGE POINT OF EBODY 1.
RELATIVE ¥C THE INERTIAL REFERENCE FRAME: | -

€0410600
€0410700
€0410800
€0410500

€£0.411000:

€C04a11100

£0411200
£0411300

€041-1400
€0411500
€0411600
C0411700

:€0411800

€0411900



c k-
c :

< 1 -
¢’

C g -
c - .

C K -
c

C -

e

<.

C

c

c .

c.. -

C 2
R
c -

c‘ ..

c -
c v -
c

<. N -
¢ .

C - [
c T
c

¢

¢

€. F-
g ..
c - !

c . ¢ -
c .

C

C . .

c‘ N
C. <f R -
el

c - .

C .
[ s -
e .
C:

c .
- .1 -
. v
Cc

d -
. 10¢
CL'JGC;I}t;l"o/l
c- v 10¢e
c' 104
C+t . lr10'e
c.

C

FCAC ONLY IF 2 DEGREES CF RCLATIVE FREECCM AT HINGE PGINT N-1
REAC CNLY ;# 2 'DEGREES CF RELATIVE FREEDCM AT HINGE PCINT N-1

FEAC ONLY IF 1 DEGKEES CF RELATIVE FREECCM AT HINGE PCINT N-1

ﬁtAC UNLY IF C. CCGFEEQ CF RELATIVE FREECCM AT RINGE PCINT N-1

CF(I-M) COMPCNENTS (F FREE CODRDINATE VECTOR M
QL((:L) CCMPCNENTC CF LCCKED CCURDINATE VECTUR L
ThA(M)’R&LATIVE Cl SPLACEMENT AdUUT OR ALONG QF(1.M)
ThAC(M)-RELATIVF RATE CF OISPLACEMENT AECUT UR ALONG QF(1s¥)
) FREE AND LOCKEL CUJRINATE VECTORS ARE INPUTTED
RCLA‘IVE TO THE dJOY FIXED FRANME IN whICH THEY

€0412000
c0412100°
€04a12200
€0412300
€04124CO
€0412500
€C4126CO
€0412700
€0412800

€0412900

€CC4a13000
€041 3100
€Ca13200

ARE . FIXFD. IHEN FlXED IN BOTH BODY N AND BCDY JCGNIN)O00413300

THEY ARE INFUTTED IN BODY JCON(N) CCCRDINATES

ALIAYD REAU

FCCN(NLUD#!) NUMBER OF CCNSTRAIN&D DEGREES CF TRANSLATIGNAL

FREECEM FCR, TCTAL SYSTEM
READ UNQY IF 3 DEGREES (F TRANSLATIOWAL FREEDCM FOR SYSTEM
REAC-ONLY [F 2-DEGKEES CF TKANSLATIONAL FREECCM FOR. SYSTEW

FEAC ONLY IF 1 DEGREES CF TRANSLATIONAL FREEDCM FOR SYSTEM
THAC(M) =INITIAL TRANSLATIONAL RATE ALCNG INERTIAL AXIS 1

THAU(N+1) =INITIAL TRANSLATIGNAL RATL ALUNG INERTIAL AXIS 2
THAD(M+Z) ZINITIAL TRARSLATIUNAL RATE ALONG INERTIAL AXIS 3

ALWAYS READ
., NMD= TCTAL NUMEEF CF SYMMETRIC wHEELb

FLWAYS READ (hNC-NE-C)
NC(X)-BDDY LABEL " CF BCOY IN wHICH WHEEL I Is IMBEDDED

HM(J.I) =COMPCNENTS CF. A UNIT VECTUR ALUNG WhEEL SPIN AXIS

“iINn-BCCY MC(X) FIXED COCRDINATES

PEES Y

AL WAYS READ (NND.NE.O) ' .

MESS(J)=MESSAGE TO EE PRINTED WwITH WHEEL I CATA ECKO
PLM(I)=SPIN INERTIA OQF  wHEEL 1

ALWAYS READ .(NNCoNE.C)
THAW(I)=INITIAL WHEEL ANGLE
THAWC(L1)=INITIAL WFEEL KATE

BLAAYS KEAD
" - H=INTEGKATICN STEP 31ZE
TIMEND=TIME AT. WHICk RUN IS TO BE ENDEC

‘FLkNAT(l‘)

FURNAT(LS-ZIJ-CIS-E)

FCRNAT(3D15.5)

FGRNAT([S-BDIE-S)

FORNMATCISHWBAG)y vt Zrh S bt svioe erdl s HoalhS{al e

CO10€ FORMAT(L 155 ,16a%")

IMPL ICIT REAL*B(A-Hs0=-2Z, %)

LOGICAL FGls FG2s FG3s FG4,y F35, INERF, RBLU,» LEQU. LINIT(1)
‘LocrcaL NSTART, LRIAPE

€0413400
€0413500
(041360C
€c0413700
€0413800
€0412900

T €C414000

€04141060

€04142C0

€0414300
€C414400
€0414500
€0414600
€0414700
€0414800
€0414900
€0415000
€0415100
€0415200
€04i53C0
€0415400
€04155¢0
€0415600
€0415700 .
00415800
€0415900
€0416000
€0416100
€0416200
€0416300
€0416400
€0416500
€0416600
€0416700
€0416800
€C416900.
€0417000
€04a17100
€0417200
€C417300
€0417400
€0417500
€041760C
€0417700
€0417800
€C417900
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-

c- . €Ca18000
c €C0418100
INTECEKR . , €0418200

: * AWCRK » CT1 s CT2 s CT2 s CT4 . CT5 s FCCN + FCON , (0418300
"% SCNCULM,. SCN » SCRDUM, SCFR + SFKDUM, SFK + SFR s SG » CO4l 8400

. % SI y S16 s SIXDUM, SIX » SKOUM , 3K s SL » SLK + (0418500

* SKA » SMCDUM, SMC s ShV » SOK + SPIDUM, SPI + SOF + CC4l1E86C0

* SGL . SR + SSCN 4, SSIX + SvVA » SVB + SVD s SVI s C€C418700

* SVM + SVP s SV » SXW + SXT .+ TORQ » SMAL » SEU s+ €0418809

% SC +» SCG » NFLXB » SFLX s SFXM » NMGDS » SFCC » SCC -0 C0418900
- 4 LINIT(L) o LZINIT(D1) » SC ’ . CC419000°
C o €0419100
C €0419200
: [REAL¥Y oo 0419300
<% ANGE  (23) . o CNF {241C) o ETIC (3410) o+ ETMC (3410) o+ (0419400

A .FLQ 2,20) . FLE (2+3429), FLH (343420), €0419500

* THACD (33) 2. YNCD  (Z,2e11)s RINIT (1) s RZINIT(1) (0419600

c. - €0419700
c - €0419800
T COQM(A /CHEK 5/ NETART,s LRTAPE C0419500
c T o ) ; "7 c042000¢C
c v €0420100
. © COMMON /LUGIC/ FGls FG2, FG3s Fiud, FGS. INERF, REBLU(C10) cca2020¢C
C. €042030C
C: : €0420400
. . CGNMCN Z/INTG/ AWORK (2001} ’ €0420500
¢ .+ ¥ CT1 y CT2 s CT3 y CT4 v €0420600
% €715 s FCON  (33) ¢ JCGN  (10) » LCGN  (22) s+ €0420700

ok MC (10) s NEI » NSOD » NCTC » €0420800

* NFER o AFKC » NFRC + NLOK 0 €c0420500

% AWMV v AMO v NMOA + NSVP ‘s C0&4210c0

- 4 NSVG + PCON  (11) + 50 + SFR (33) » €0421100
*SC » S1 (£5) » SIG + SL » C€0421200

% SLK (33) v SMA (1c) ¢ 5LK (11) + SQF (11) ., €0421300

* SGL i1) » SMV s+ SR +» SSCN s (€0421400

% SSIX s SVA » Svid s SVC 0 CC421500

.. SVl s SVM v SVP (22) y SVGQ (23) s, €0421600
- . ¥.SXM (2+18) » SxT y TORG  (97) + SMAL s €0421700
s ¥ SEU s+ MTQ + SC (33) » SC6 s+ C€0421800

* NFLXd v SFLX » SFXM  (10) s NMODS s+ €042190C

. .¥ SFCC » SCC (10) €C422000
C €0422100
c .. €Ca22200
_CCMMON /7INTGZ/ €0422300

% SCNCUM » SCN (s} » SCRDUM » SCR 9) s €0422400

‘2 . SFKCUM s SFK (s) » 5IX0DUM s SIx (9) s+ €0422500

% .SKCULWM + SK (<) + SPIOUM ¢ SPI 9) + €0422600
*.SMCCUM v SNC %) ‘ - €0422700
€0422800

B €0422900
LLLCCMMON /REALZ 0423000

- %, Ca (2,100 o+ cac (3.10) » CLM (10} s CCMC (3411) % 6Ca23100
S DOMC (2,11)  , ETC (2.s11) » ETM (33) » FCMC  (39%11)° . - £€0423200

s ockaGAM (24661, s k v en v HM (3:10) "9 HMC (3,10) o+ C€0423300
R ey {agy TN B ORrRRT IR 1N g0t pd e DY Ao T(3prTy  { 4-C0423400
* QFC 2,33) , GL  (Z,22) . QLC (3,22) + RCMC  (3,11) , 00423500

w1 ’ ' ) THA (33) + THAD (33) s+ €C0423600

T % TraCw (10) o THAW (10} s+ XDIC (343460} XI (3.3+1C)s C€0423700
*XxIC (3.3417)s XMAS (10) v XMN (33,323) , XMT  "(3,3,10), (0423800

* (23) + FLA (3,20) . FLB (3.20) o FLC €0423900

TLG (3.20) .

A22




: »

noon

-

"CCWMMEN /REALZ/

‘\.

R SR B O AR R

FLIRC (3410) » FLCRC (32,1C) o FLAC (3,20) , FLQC (3,20)
FLCM  (20) » ZETA  {20) s FCF (3+3440), FCK (3,40)
‘T IMEND ’ :

CELALM (1:3) . B (301C) 4 CBCDUM(143) » CBC (3,10)
XMCCLM(14149) » XMC (2+3410)4 CBN(I) )

4

EQULIVALENCE (ETM( 1), THACC(1)) 2 (XMN(1+s1)sANGD(1))
(XMNT1+3)sYMCT (14l yl)) 2 (XMN(L1 46 ) +sCNF( 1e1))
(XMN(}.B)-ETIC(IQI)) e (XMN(1410)ETMC(1,1))

(FLH(l.l.l).FLJ(l.l.l)) . o s
= ) (FGLsLINIT (1)) : s{CA(L+1 )} RINIT(2})

(CBOUM(L 1) +KZINIT(1)) s (AWORK(1) s TINITC1))

(SCNDLNM,,IZINIT(1)) :

CCIMEMNSICN TEMI(342)sTENMZ2(3,2)

INTEGER FMESS5(18)

.
L

1
1

W

NBCD = NUMBER CF ECDIES

READ .13Cs NBOD

'NB1 = NECD+1

FRINT 156

"FRINT 20C. NBGC

FRINT 2%4
"FRINT, 2g¢ |

PRINT zt¢
PRINT 257

" FRINT 2%€

<.
c.

.CONT INVE

Cua}quCCN(K)g

C XMAS(K)
 READ 101+ RBLO(K) + JCONCK ), PCON(K) s XMAS(K)

FRINT 2¢g¢
fFRINT 2é¢
AFEAD INPLT FOR EACH BOCY

CO 1 K=1,NB0OD
Kl = K-1 . . L B
MESS(J) = ALPHANUMERIC CESCRIPTION UF BODY N TO BE FR}NTED

CREAD 10€4. Ny (MESS(J)»J=1918)
" IF(NEQ«K) GO TO 24
L FRINTY 247

cTYFE 247

RETURN

TRUE IF BODY K RIGID 80DY

FALSE IF_BODY K PCINT MASS

‘BQOY LAEEL TG WHICH SUDY. K'IS ATTACHED AT HINCEQK 1
NUMBER CF CONSTRAINZO AXES AT WINGE PUINT K-1

TOTAL MASS UF EODY K PLUS MCMENTUM WHEELS

FBLD(K)

FCCN(K)

.- IF(RELO(K)) GU TO 2

"_FRINT 2C1s Ky (MESS(J)»J=1418)

- FRINT ZC€4Ky XMAS(K)

~ﬁLD (2:3,20), FLJ (2¢3420), CAC (3,10) s XI1I0 (2e301C)o

*

(FLB(1e1D)sFLG(141)) ' -(FLE(IwI.l)oFLD(l.l{lrlf

€C424000
€0424100
0424200
0424300
€C424400
€0424500
€0424600
c0424700
€0424800
C0424900
‘C0425000
€0425100
€0425200
€0425300
€0425400
€0425500
€0425600
€C0425700
€0425800
-€0425900
€C0426000
€042610¢C
©€0426200
C0426300
€0426400
' '€C0426500
€0426600
" 0426700
€0426800
© £0426900
€CC427000
€0427100
c0427200
0427300
0427400
€0427500
‘0427600
€0427700
- cCa27800C
0427900
. €C428000
cc428100
€0428200
" €0428300
0428400
0428500
'€0428600
'€0428700
0428800
€0428900
€0429000
€0429100
€0429200

'

i codzg3o0

0429800
€0429500
€0429600
€0429700
€0429800
1 €0429900
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Ay,

GO TC 3

FRINT 2C2s Ko (MESS(J)J21,+18) 0430100
FRINT 2C€s KoXMAS(K} S : €0430200
C XI{I sJsK)eled=1,3 = CCMFCNENTS OF INERTIA TENSOR OF BODY K WITH 0430300
C ' ALL DESPUN MOMENTUM WHEELS..IN BODY K 60430400
4 MASS RELATIVE 1C S0DY K FIXED FRAME ' ) €0430500
C COCKRCINATES (ABUUT ThE COMPGSITE CENTER CF 0430600
: FEAD 102, ((XI(IousK)sd=1s3)el=1+3) ' . €C0430700
FRINT Z21€s (XI(lodsK)sdJ=1s3)s K €0430800.

FRINTY 217+ (XI€(2e4d0K)sd=1,3) €0a30900

FRINT Z1Ee (XI(30dsK)sJd=1432) ccaanboo

Z CONTINUE coasxxoo
IF(K.EQ.1) GO TO 4 co0a31200

FRINT 2C3s KoJCON(K],K1 €0431:300

€0 TC € . €0431400

4 FRINT ZC4 0431500
FRINT 2€Z, NBGD €0431600.

€ CCNTINUE €0431700
IF(.NOTLRBLO(K)) GC TO 8 C0431800 -

C XMICTladsK)el vJ=1+3 = CCMFCNENT OF TRANSFURMATION MATRIX BODY - C0431900
‘¢ K TC BCDY JCON(K) CUOORDINATES . - €0432000
FEAD 122, ((XMT(I oJdsK) sJ=192)eI1=143) - €0432100°

760 TC 9 coaszzoo

€ XMI({1leleK) = 1 c0432300-
C xMT(1s24K) = 0 00432400 -
XMY(143,K) = O . ‘ €0432500
XMTLZs14K) 0 o R .£0.432600
XMTCZ+24k) =1 ) ’ 'c04327oo
XMT{Ze3.K) = O --£0432800

ST XMTI(Ie1eK) = O €0432900
TURMTLZ424K) 3 '€0433000
COXMT(Z930K) 1 c0a33100

S FRINT 216+ (XMT(1sJsK) eJ=1+3) 0433200

| FRINT 22C, K.(xMT(Z.J-K).J=l.3) €0433300
"IF(K.EQ.1) GO TO. IC - €C0433400
CFRINT 222, JCONIK ) s (XMT(Z9d oK) sd= 1,3) €0433500

€0 TC 11 . €0433600

. 1€ PRINT 221, (XMT{34JsK) +J=1,3) . L €ca33700
" .11 CONTINUE ) R .. " coa3380¢C
C - CA(JsK)+J=1+3 = CCMPONENTS CF CENTER OF MASS FRCM HINGE PCINT K-1 0433900
. READ 102 (CA(JIeK)IJ=1,3) . " €C434000

o FRINT 2C7 CAG14K)s K . . €ca34100
FRINT Z2C€s K1sCAL24K) €0434200

FRINT 2CSs KsCA(3:K) €C0434300

d CB(JsK)sJ=1,3 = CCNPONENTS OF VECTOR FROM HINGE POINT {JCON(K)=1) CCa34000
C . . HINGE PCINT K-1 IN 80DY JCGN(K) COORDINATES €0434500
READ 122, (CB(UsK)9sJ=1,3) (0434600
IF(K«NEsl) GO TO 6 00434700

PRINT Z21iCe CB(1¢K) €0434800

s uies. PRINT 211s CO(24K) €Cca34900
FRINT 212: ca(32 .K) - .€043500¢C

, GO TG 7 €0435100

| € k2 = JCCMK) -1 ~tca3s2co
e i. PRINT 213, CB(I.K).JCCB(K) : . .€0435300
FRINT 214, K2,CB(24K) X =, 13 43200435400

U FRINT 215 KLsCB(3,K) ’ ' . €0435500

7 (DATIAUE ’ : €0435600

c €0435700
C

A-24.

€€430000

NEAD IN FREE AND LCCKED COORCINATE VECTORS ALONG WwITH XNIT[AL CCND (0435800

IF(K-EQ-‘)

GC TO i2 - 00435900




L= L + FCON(K—=1)
12 M1 = p+1
N2 = Ne2
L1 = L+)
L2 = L+2
IF(RELO(K)) GO T 20
IASIGN = 1 .
.60 TC 21
2¢ IASIGN = C
21 -CONT INUE
"IGCTC = FCON(K) + 1
. GO TC (12414415+17),1G6CTC
c
¢ FCCN(K} = Oy THREE DEGREES CF FREEDCM
12 READ 122 ((QF(Je1)eJd=142) 1M eM2,2)
"READ 102, (THA(I) JI=M,M2)
READ 192, (THAD(I) s1=M,MZ)
FRINT 24€, K1
IF(RELC(K)) GO TC 21
FCCNIM) = K )
TFCCN(ML) = K
GO TC 32
31 FCOCN(N) = JUCCN(K)
G CF(I,M1) CCMPUTED FRCM QF(1,¥) AND GF(1,MZ2)
C FCCNIM1) = =M RELPS LCGIC IN SUBRCUTINE TRANVD
' FCCN(M1) .= =M
22 FCCN(MN2) = K
FRINT 226y UF(LeM)+QF(1,42)
FRINT 225¢ MsQF (2 +M) eM2,4QF (ZoM2)
IF(K«EQs1) GO TO 2%
c FRINT 223Cs FCON(IM)oQF (34M) 4FCON{M2) sQF (3 4M2)
© G0 TC 3¢
26 - FRINT 222, CF(3,M),FCONI{M2),QF (3,M2) .
30 CONTINUE
- FRINT 2€Zy Ml
- IF(IASIGN «ECe O ) PRINT 224
IF(IASIGN «EGe 1 ) PRINT 243
FRINT 225+ (IsTHACL)sI s THAC(I) s i=MoM2)
JFRINT 22€ :
- GC TC 1
d ' : ,
C - FCCN(K) = 1, TwO CEGREES OF FREEDOM
: 14 READ 102+ ((QF(J,1)5I=143)41=M,M1)
‘READ 102, THA(M),THA(ML)
READ 122, THAD(M),THAC(M])
FRINT 227, K1 .
IF(RELUIR)) GC TO 23
FCCN(M) = K
. FCCN(ML) = K
ITTOLCENIL) = K
7o €0 TC 34 :
33 FCON(M) = JCON(K)
S DBCESCECCNIML) = K . .-
C CL(IsL) COMPUTED FKOM QF (1 .M) AND QF (1 4M1)
C LCON(L) = =¥ HELPS LCGIC IN SUQROUTINE TRANVD
LCCN(L) = =M ’
34 FRINT 2ZEs QGF(L1eM)y QF (L oM1)

M= F + 2 - PCON(K-1)

FRINT 226, MsQF(2,M) s M1,CF(2,M1)
IF(KEG.1) GO TO 35

VAPALGLOCY s He EIBD fRLS TR

€0436000
C0436100
0436200
€0436300
C0436400
€0436500
€0436600
C0436700
C0436800
€0436900
€0437000
€0437100
0437200
€C0437300
€0437400
0437500
€0437600
c0437700
€c0437800
€0437900
€0438000
€0a438100
€0438200
€0433300
0438400
€0438500
0438600
€0438700
€0438800
00438900
0439000
€0439100
€0439200
€0439300
C0439400
0439500
€C0439600
0439700
€0439800
€C435900

. €0440000

€0440100
€0440200
€0440300
€0440400
€0440500
€0440600
€0440700
€0440800
€0440900
CC441000
€0441100
'€0441200
"¢0441300
€0441400
€0441500
€0441600
€0441700
Q0441800

© 00441900

- A25



W
™ n

3s

Tac

17,

Py Y

€€a42000

FRINT 23Cs FCCN(N)WQF (3,4 )4 FCON(ML) sQF (3,41 )

S oeo TC e €04642100
FRINT 223, L GF(34M)sFCIN(ML) 4GF (34M1) '€0442290
CONT INGE . N 0442300
FRINT Z31, L . €0442400
IFCIASIGN .EWs O ) PRINT 224 €0442500
IFCIASLGN J£Ce 1 ) PRINT 243 0442600
FRINT 225, . (IsTHACI) o1+ THAC(I).4sI=M,M1) €0442700
. FRINT 22¢ €044280¢C
€6 YC 1 €0442900
: .- _ €C443000
LFCCN(K) = 2 GNE CEGREE C(F FREEDIM c0443100
READ 102+ (UF(JsM)ed=1,43) ©€0443200
U READ 102s (QL(JsL D ed=1,43) €c4433c0
~READ 192, THA(M) €0443400
-READ 1Szs THAD(M) 0443500
TERINT 232, K1 €0443600
IF(RELC(K)) GO To 37 (0443700
FCONIM) = K €0443800
(L LCENIL) = K €0443900
SLCOCN(LL) = K €0444000
€U TC 28 €0444100
FCCN(NM) = JCCN(K) €0444200
LCCN(L) =" K_ ~ €0444300
-LCON(LL ) = K €0444400
“PRINT 223, QF(1,M) 0444500
PRINT 2324, MyGF(2;M) €0434€00
IF(K.EQa1) GO TO 3§ C0444700
FRINT 22&, FCON(M)y QF (3 M) €Caa480C
GG. TC 40 €0444900
FRINT 2€ts UF(3,M) €Ca45000
FRINT 2€S, GL(1,L) t64asioc
. FRINT 27C, LsQL(24L) €0445200
SFRINT 271, LCCN(L)QLE34L) €C445300
LFRINT 2321, L1 €0445400
IF(IASIGN EQs O ) PRINT Zz4 €0445500
CIFCIA3IGN +EGe 1 ) PRINT 243 €0445600

. FRINT c2€, MyTHA(NMIoN, THAC(M) CC445700

CFRINT 22¢€ €C445800
€0 TC 1 €C4as59CO

S o €04a6C0C
. FCCN(K) = 3, Z2ERG CEGREES CF FREEDCM C044€10C
READ 192, ((QL(Js I)sd=1,53) szl 1) . coaa620h

LFRINT 27&s K1 T €C0446300

 LCEN(L) = K ’ 'C0846400
SLCCN(LL) = K €0446500
LCCN(LZ) = K €0446600

T IPRINT Z23€, QL(1,L), QL(1.L1) €044670C
FRINT 27, LsGL(2sL)sL1s0LEZ,L1L) €044680¢C
FRINT S2Es LCON{LDIQLI3,L) ¢LCINI(LL) +QL (3L 1) €C446900
FRINT 221, L2 . ..., Ccas7000
FRINT 2Z€ %7 €04471060
_CCRTIALE t6aa7200C
[T L " €0447300

" READ Iin TRANSLATICNAL VELOCITY CJINDITIONS EOR, HINGE POINT  ZERC' |, €Q347400
RELATIVE TO INERTIAL GRIGIN €044750C
FEAD 13C» PCCN(NBCO+1) €C4a7600

. NFR = #+3-PCON(NGCD} €0447700

- NLR = L+FCUONA(NEQD) - 1 c0aa780C
' €Ca47900

: “FRINT 244 1




nnn

ié

€0

o

2C

LSV

A

15
1€

“RE AD
“FRINT
FRINT

CPRINT

TUFRRINT

‘o 22

TTENCD)

"PRINT

PRINT 284s HMCM(I) L
TEQCI/20%2,0E07T) e FoMig €7D OMY M IN0dIY AT YT AR AT

FRINT CEC,PCUN(NBCD*1)

13 3-FCENINBOD 1)

IF(IZeZTed) GU TC 25

CONPLTE INITIAL DISPLACENENT UF HINGE POINT ZEKO FRCM CE(1)
INFUTING THIS wCLLC EE KECUNDANT INFURMATICN

CO 1€s I=NFRNFR+13-1 o

[TEST=NFRe¢li-1

IF(IIESTLLTWNFR)GG TU ECCC

Ca 1& i=NFR.ITEST

THa(I) CA(I+1-NFKs1)

CONTINUE

122e{THAD(IL ) +I=SNFR,L,ITEST) : v

2¢el . ’ .

242

22C¢ (Ll s THALI) o [+ THAC (L) » I=NFRH,ITEST)

2¢2

2¢

24¢€

2€a

I[=1.3

IF(I «GT413) GO TO 23

BN 1 0.00¢%20

GO TC 2£ ’

PRINT
FRINT
Go TC
FRINT
FRINT

Ca(ls1)
CONT INUE

FRINT 2€¢

FRINT 2Z2¢¢

FRINT 2£7

NFER NFR+( 3-1
ALOR NLR+PCON(NECD+1)
FRINT 252

FRINT 246G+ NFER
FRINT ZECsNLUK . -
FRINT 22¢

READ IN MCMLENTUM WHEEL DESCRIPTION

READ 133+ NMC

IF(NMCLEC.0) GG TC 50

FRINT 226, NMGC

CO 1€ [=1,NMD

READ 124y MUCI)oe(ENM(JsI)ed=1+3)
READ 136
KEA) 1J2,
FRINT ZEE,
274,
275,

THAW(IL) »THADW(I)

IsMOCI D)2 (MESS(J) sd=1,16)
BM(1,1),M0OCT)

HM(2,1)

27€s LohM(3,1)

2E€y PLM(I)

ceCe 1

2E 1L
PRINTY 2EZ,
FMCMLL) =

FRINT

FRINT
FRINT

1sTHADW(I)
PLM(I)*THADW(I)

FRINT 2€3 3
FRINT 2¢:2
GG TC 1e
FRINY 22¢

CCGAT INUVE

PLM(I) s (NESS(J)ed=14106) C e

1sThAW(I) > i

€0448000
€0448100
€0448200
€C44830C
€0448400
€C448500
€0448600
€0448700
€C448800
CC448900
€C449000
€0449160
€0449200
€0449300
€C449400
€0449500
€0449600
€0449700
€0449800

: €0449900
€C450000
€2450100
€0450200

" '¢0450300
€0450400
€0450500

- €0450600

¢« 7 €045070C
0450800
'€0450900
€0451000
€o4as1100C
€0451200
€0451300
0451400
€0451500
C0451600
€0451700

;. €0451800C
'C0451G00
€0452000
€C452100
€Ca52200
: €04523¢C0
Y 0452400
€C 452500

" - €0452600
€0452700
€0452800
€0452500
"'"€0453000
.- €0453100
€0453200
€0453300
€0453400C
€0453500
€04536C0
"€C0453700
ccas3s80C
12453900
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5S¢ CONTINUE ’ ‘ S €0454000

d v . . : €0454100
C. READ IN INTEGRATICN STEP SIZE - , ) ' €0454200
READ 102+ Hs TIMEND ) ) ’ €0454300
FRINT zt2 .€045440C
FRINY 272, H ) ’ 0454500
FRINT 253 ' ‘ T €0454600
FRINT 2€6Ss, TIMEND . ' €0454700

10C FORMAT (I5) . ; €0454800
101 FORMAT (L5+2154D15.5) ) o D €0454900
102 FORMAT (3Ci5.5) . . €0455000
' 1032 FORMAT (3LS) . ’ . 0455100
104 FORMAT (15+3D15453) . €0455200
105 FORMAT (I5.18A4) . : €0455300
10€ FORMAT (Cl5e5,16A4) . o €0455400
195 FORMAT(*1',20(/)) : 0455500
20C FORMAT (22X *INPUT DATA FOR ‘*s13+' BODIES (A CONSISTANT SET OF LN1C045560C
*¥1S MULST EE USED) *,/) €0455700
201 FORMAT (SX,*B0ODY AUMBER® . I3.' (PGINT MASS)',18A44,/) . ' €0455800
202 FORMAT (5X,*HCDY ANUMBEFR',[2,* (RIGID dH0DY)?,18A4,/) . - €0455900
. 202 FORMAT (10X, *30DY*,I3,' CCNRECTED TU dUDY*+13,° AT HINGE POINT!,12C0456000
1+7) . €Ca56100
224 FORMET (10X. *CENTER OF MASS OF d0DY 1 CAN TRANSLATE AND RCTATE IN C045€200
*INTERTIAL SPACE '), €0456300
275 FORMET (10Xs *MOTICAN CONSTRAINED ASOUT'sI3s¢ AXES. AT HINGE POINT?, [C045640C
X2, (F ECDY's13,7) ) . €0456500
20€ FORMAT (1CXs *TCTAL MASS CF ECDY *412,° ='4D1lleSs® (M) *o//) . €0a56600
2C7 FORMAT( 10X, *CCMPONENTS CF VECTUR FRCM ! D155, (BOCY ', 13,€0456700
¥¢ FIXED *) . €0456800
20€ FOFMAT (10Xs' HINGE POINT*,13,*' TO CENTER ' eD15454 0, COORDC04565900
_ #INATES) ') . €0457000
205 FORMAT (10X, ' CF MASS CF ECCY's13¢11XsD19e5410Xs*(L)* s/ /) . 0457100
21C FORMAT (10X, 'COMPCNENTS CF VECTOR FROM 5015450 ¢ (INERTIAL €0457200
o ' . €04573C0
211 FORMAT (1CX»* INERTIAL CFRIGIN TO CENTER 140155, 7 CCORDCO457400
*INATES) *) . . - €0457500
212 FORMAT (10X, ' OF MASS CF BCCLY 1 14D15e5010X0 (L) "4ss/) CO45760C
213 FORMAT (10X, *COMPCAENTS (F VECTOR FRQOM taD15.5, " (BOCY ', 13, CC457700
*¥' FIXED ') : . €045780C
214 FORMAT (10Xs' HINGE FOINT*+13,' TO HINGE ' 401565, - COCRDCO457900
*INATES) *) : _ S €Ca58000
215 FORMAT (10Xs* POINTY4I132,21XeD15e5:10Xs (L) sr/) . o : €0458100
21€ FORMAT (20Xs301245,° BCDY'+13,* COURDINATES ') . - 0458200
217 FORMAT (13X, 'INERTIA TENSOR =?,3D1245,.° UNITS ) €065830¢C
218 FORMAT (26X, 3D12eS,5Xs ' (M*L¥%2) 1,//) S €Ca58400
216 FORMAT (10X, 'TRANSFCRMATICN MATRIX .Joxz.s.sx.'oesxnss NOMINAL R(C0458500
LELATIVE ) - €C458600
22¢C FORMAT (10X,°* BCCY', 12, TC =1,3D1245+12X+*ORIENTATION' ) CO4587C0
221 FORMAT (10X,°* INERTIAL ) .3012.5.7x.-oF BODY FIXEC AXECCA58800C
*S0, /) S : €C458900

222 FOFMAT (10X,°* BCCY '+ 13413Xs301245,7Xs'0F EGDY F-IXED.-AXES'.../I)"—-_COOSQ.COO
223 FORMAT (12X *INERTIALLY ' 43X sD12e5:s6Xe? IN BODY ', 13+s10XeL1Z2eS+//7) C€0459100

224 FORMAT (10X, INITIAL CONDITICNS ABOUT FREE AXES- (RAD.RAD/SEC0459200

. %CY 7)) ’ .- . - C0459300

225 FORMEAT (15Xe "THA( *412+°') =¢,012435," tHAD(')lZi')”iTJDYZ;S)' 2'C045940C

22€ FORMAT ('1°') oL - . 00459500

227 FORMAT (10X, ' TwO CEGREES COF FREEDCM AT HINGE PGINT *413./) - -  €0459600

22€ FORMAT (10X, *CCMPCNENTS (F FREE '.Dlz.bnbx.'COMPONENfS OF FREE C04597CC

* *,D1Z2.5) ' - €0459800

226 FORMAT (1CX, ' VECTCR',13,' FIXED =0 ,D12+5+6Xs " vecron'.xa. FIXC0459500
A-28 o S



L 23C
221

n23z
232
234
. 23s
23e

237

23¢"

236

24¢C

241

242 .
“243.

244
24

24 ¢
‘2{‘1

248
246

2¢C

$EC =1,012.5) 04606000

FORMAT (10X, IN ECDY'313,1CXs012e5+6X+* IN BUDY* . 13410X4012.5¢/71C04860100
FORMAT (10X, *CCMPCNENTS (F LOCKCD VECTUR's12,* DEFINED INTERNALLY (0460200
*EY VECTCF CROSS PRCODUCT *,//) _ C0460300
FOKMAT (10Xs *ONE CEGREE CF FREEDGCM AT HINGE FUINT*,13,7) ' €0460400
FORMAT (10X, *COMPCNENTS (F FRIE ' 4D1I2e5) €0460500
FORMAT (10X, ' VECTCR',Id.' FIXED ‘=v,D1245) C0460600
FORMAT (10Xs* IN CODY® 413 ,1CXeD12eD0/7) €0460700
FORMAT (10X, 'CCMPCNENTS (F LGCKED 'sD12e5¢6Xs *COMPONENTS OF LCCKECC0A460800
* *,D12.8) CC460900C
FORMAT (10Xs' VECTCR®.IZ,.* FIXED =4 ,D12+5+0Xs* VECTOF'sI3,* FIXC046100C
*ED 20 ,D1Z2e5) : €0461100
FOKMAT (10X, * IN ECOY'sIZ410X4D12e5,6X,* IN BODY ', 13,10X,C12.€,//)C0461200
FORMAT (20Xs13%' NCMENTLM WHEELS IN SYSTEM'.//) 0461300
FCRMAT (1CXs *MGMENTUM WHEEL '+1 3, * EMEEZLDED 1yDLZ2e5y ! UNITS')CC4€E1400
FORMAT (10X, * IN ECDY'.132,* , CUMPGNENTS =t,D12454" L*FRT+)CCA61500
FORMAT (10Xs* FIXEL "IN CCCY*.13.% - T Yy D12eDe/7) t0461600
FORMET (10X, * INITIAL ChNUITICNb ALONG FREE AXES (LaL/T) C0461700
X0, /) ’ . T €0461800
FURMAT (10X, ' TRANRSLATICNAL CINDITIENS ON CENTER CF MASS GF BCDY 1€0461900
* RELATIVE TG INERTIALGRIGIN: *) €Ca62000
"FORMAT (10X+SXs134' FREE DIFFCTIUN: uF TRANSLATIGN.PAFALLEL TC [,J004621C0
t.K INERTIAL AXES RESP t,,2) . €0462200
FORMAT (10X, *THREE DEGFEES CF FREEOCM AT HINGE polux',lz./) €0462300
FORMAT (' INPUT ERROR’ [N CATA CARDS, G0DIES OUT UF SEQUENCE CR CAC0462400
*EDS MISSING FRCM FRECEEDING EUDY CARD3 ') €0462500
FORMAT (10Xs * TRANSLATICRAL MOTICN OF SUDY 1 CeM. LCNSTFAINRD ALONC0462600
%G BLL TFREE INERTIALLY FIXEL AXES ',//) ) €0462700
FORMAT (10X, * ENTIKE SYSIEM RAS® .03, UNLLN:TRAINED DEGKEES CF FREC0462£00

PEDCM Yor/) S C €046290¢C

FOFRMAT (1CXs*' ENTIFE SYSIEM HAb'oIBo' LUCKEC OR CCNSTRAINEC cecn&ecc463000_
‘#S CF FREEDGM *,//) 0463100
FCRMAT (10X, * DISPLACEMENT ABOUT OK ALUNG FREE VECTOK '+12+* CCMPLC0463200

2¢1

2g2

inm (" (n
™M pe ta

NN N

NN
L5 4 ]
nm ~

260
“r261

."2€2

C 263

L1264

PRI

‘2€87

PR

N L2.6€

2¢€7
- 26E
265

*JEC ) ) C0463300

FCRMAT (10X, ' CCNSTRAINY TCRCUE "ABOUT OR ALCNG LUCKED VECTOR *,.12 C0463400
"H G CONMPUTED ') 7 €C0463500
FORMAT (Z(/Y )71 -« : : Co €C04636C0
:FORMAT'CZSX.‘(GUANTXTY)'.6X"(ENOL15H)'.9X" (S1)°*,9%e* (SYMECL )* )00463700
“FORMAT (2BXs ' LENGTH YeEX,'  FOOT Y yudXe ! METER *,10Xe'L*) " CO463800
FORMAT (25X * FORCE '~ *,6X¢* 'POUND 'o8Xs? NEWTUN '.10X,*F') 00463900
"FORMAT (25X, ' TIME teEX ' SECOND *,6Xe? SECOND *s10X,*714) (0464000
‘FORMAT (Z5X,* MASS T146Xs'  SLUG T ',dXs' KILGGRAM® 4 10Xe'M1) C046410C
FORMAT (25Xs * ANGLE - "e6Xs' RADIAN *,8X»' RADIAN *,10Xe*'R*,//)C0464200
FORMAT (20X *(MOTICN CONSTRAINZD ALCNG "5 13,° AXESY'V/s//7) €0464300
FORMAT (lﬁX.‘FkEt vccropc ALIGNED wlTH XNERTIALLY PIXED AXES RESPEC0464400
1CTIVELY *y /77 . © €046450C
FOFRMAT ( 19X,° (TRANSLATICNAL CONCITXLNS GIVEN AFTER BODY', 13, C0464600
CECATAY /) - - €0464700
FORMAT “C10X, * CCMFCNENTS CF FREE VECTUR'.xa.' DEF INED INTERNALLY BC0464800
‘#Y VECTOK CROSS PRCCUCT *,/) €0464500
SEQRMAT OIOXn‘INh'LAL’CChCPT!DVS JOF ALL DxREcrxuN “COSINE IRANSFOFMAC0465000
ATICN “MATRICE'S COMPUTED * ) = « . <. ,z . CC46510C
FORMAT. (12X, ' ENTEFNALLY FRCM THC TRAN;FJRMAT[ON MATRICES wHICF DEF(0465200
*INE MCMINAL RELATIVE?') {1.%:00465300
’FORMAT‘Pl*x”'URiFNFNFLCNfQZERU INTERNALY-STRESS STATE)“NND INITIAL CQ4654CO
#CONDITICNS FQF ') €0465500
FORMAT (12Xs 'RCTATICN AECUT- THE SPEC[FltD FREE vecrops') ' €04656CC
FORMAT (11X, "INERTIALLY " 310XsD12¢547/) c0465700
"FORMAT (10X, 'CCMPLINENTS CF LGCKED *4D1245) €0465800

‘27¢

FORMAT (10Xs " iVECTCR'+13¢* FIXED =t ,012e9) ) ' CC4659CO
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271 FORMAT
272 FOURMAT
273 FORMAT

(10X, ¢ IN BUCDY® ,12,1CXs01245477)

(10Xs *ZERD CEGREES UF FREEDCM AT HING: PCINT'»13./)
FIXEL STEP RUNGE KUTTA INTE

(12Xs *INTEGRATICN STEF S51ZE FUR

c CC46600C
€C0466100
CC46€200
C0466300

*GRATICN (FOURTH ORCER) -=9,012.3)
274 FURMET (15X, 'COGMPCNENTS CF ULNIT VECTUR * 01245, (BOLY'y13+* FIXCC4604CC
*t£D ') i C04665C0
275 FORMET (15X.? ALCNG SFIN 2XI5 OF =¢,C12e5,°¢ CGURCINATES ) C04666C0
%) C0466700
27€ FORMAT (15X, * WHEEL ' s 12416X,D12e5,+/7) C04668C0
T28CTFORMAT (25Xxs ' INITIAL CCADITIONS FUR WHEEL®,134/) (0466500
281 FORMAT (Z0Xs "THAW(*,I2,') = *,012.5+°' RAD') €C467000
T 282 FOFMAT (Z29Xe *THADW( ' e 124%) = *,01245," RAD/SEC *47/) C0467100
- 2564 FORMAT (10As *ANGULAR MONMENTUM AQUUT SPIN AXIS =0,D12.5,' MsL**2/SEC0A467200
’ «C 'y 7) - €0467300
285 FORMAT (10X. *MCMENTUM WHFEEL *+1d4,* EMHEQJUSD IN BUDY?+13,5Xs(6AGsr7/7)C0467400
23€ FORMAT (19X, 'ROTATIONAL INERTIA AJUUT SPIN AXIS 'eD12.5." NMELECCA67500
%2 0, //) : ’ cC46760C
28€ FORMAT (10X *RIGIC BUDY CR GYRJISTAT NUMBER®,13) C0467700
T . 286 FORMAT(1CX,*PROGRANM TINE TERMINATOR=',D1245) L -€0467800
©  RETUFN C04567900
"L ENC €C468000
c - €0s00000
- SUERCUTINE INEROUR * C0€00100
C- (0ECC200
C. CO0SC0300
C INERGR PERFURMS VARIOLS CHECKS ON INPUY CATA TG CHECK ,0500400
c’ FCR EASIC TYRING ERRURS IN INPUT DATA ANC VIULATIUNS cCcecosco
c .. GF dASIC FCKMALISM RULES . . . C0s0060C
C .C0E20700
C THE DEFINED SYSTEM MUST BE PHYSECALLY REAL IZABLE COS0C800
c- ; . ‘CCE00900 .
c : ) . CCE9210C0
- IMEL ICIT REAL®8(A~F,G=2,%) . . (cso1100
LOGICAL FGls FG24+ FG34  FGGs 735 INERF, holLCs LEGUs LINIT(1) coe2120¢C
; LOGICAL NSTART, LRTAPE ' coso1300
C : CCEC1400
C. E . COE01500
INTECEN . . . - C0S016C0
* AWORK o CTLl , o+ CT2 s CT3 . CTG » CT5 o FCCN o+ PCON o+ . CO%01700
. % SCNCUM, 3CN s+ SCHDUN,., SCR s SFKDUM, SFK s SFK . SG » C€0£01800
*.S1 v Si6 +» SIXDUN, SIX . SKOUM , SK » SL + SLK » €0501900
*. SMA » SMCDUM, SMC + SMV » SCK s SPIDUM, SPI » SUF s+ €C5%2000
* SCL » SR © 4 SSCN o SEIX , S3VA » 5VB » SVD » SVI. » COE021CO
s % SVM s SVP » SVQ » SXM - , SXT _. TGRQ , SMAL o+ SEU .» (0%0220C
cAs=e wSC ' SC6 s NFLXB o SFLX o SFXM o, NMCDS , SFCC , SCC « COE0230¢C
oo TINIT(L) » IZ2ZINITCL) » SO C0E92400
c .o ) . . .. €0£02500
€0 wG200 ¢ T O W RV A T L P €Ccs026CO
REAL *8 LA mer e e T I S S R S Y cog0272¢c0
& ANGC. (33) + CNF (2,100  , ETIC (4+10) o, ETMC (3.10) + COS0280C
Se FLQ (2+20) o+ FLE (34342714 ELH (35¢3+20), - . coEC29C0
) # THACC (23) e YNCD  (3Ze2s11), RINIT (1) s RZINIT(1) CCE03000
C , \ . o €0£03100
c . . o ccsc3200
C ’ €0503300
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, CCMMCN /CHEKS/ NETART,, LRTAPC
c .
C - . . PR oL { . . . . B
- CONMMCN /LUGIC/ FGl. FG2. FG3, FL4» FG3s INERFs RBLA(L0) -
C ' : ,
c .
. . COWMMCN ZINTG/ . AwWORK (2090) » . o
- e €11 . C12 » CT3 s CT4
* C15 » FCON (32) °© o JCCEN (10) .+ » LCCN (22)
v W (10) » NEL . < » NBUD - v NGTC
$ NFER o NFKC .o+ s NERC. . | + NLOK .
‘* NNV » NNOD- » NMOA . o :NSVP. v
. * NEVC » FCOGN . (11) - SD . . » SFR (32)
*. SC o S1 €c s SIG s SL
% SLK . (323) i SMA. (10) » SCK . (11) » . SUF (11)
‘s s¢L - (11) » SNV . - PSR +» SSCN
* SEIX s SVA . SVH s SVC
* Svl s SVM . ) _ s SVP (22) « SVGQ, (33)
* SXM (2,10) SXT .- s TORU {97) - '» SMAL
* SEU s+ NTQ » SC (33) . SCG
* NFL>3 » SFLX » SFXM  {10) « NMODS
* SFCC » SCC t1o)
c .
C
. CCMMCN ZINTGZ/
* SCNCULM s SCN (s) » 3CRDUM + SCR (9)
" % SFKCuUM s SFK (S) . SIXDUM y SIX (9)
* SKCLULW » SK (s) » SPLOUM » SPI (9
: * SNCCLM s SNMC (s)
c .
C‘
: COVNMCN /REAL/ o - . ) . , .
* Ca - (3210) o CAC ., (3,1C) -, CLM (10) - » CCMC (32411)
x oCMC (3,11) . ETC (2,11) , ETM (33) . s FCMC (24119
* GAM (Z166) o F » HM (3+10) « HMC (2,10)
* HMCN  (10)- o PRl (2i11) - 4 PLM . (10) Ce OF (3,33)
© % QFC (2,33) , GL (2,22) , Q¢ (3+22) » RGMC  (32,11)
x T ' : - THA (33) o THAD (32)
* THACW (10) s THAW (10) o XDIC (3434600 XI7 - (343,1C)
* X1C C3+3,10)s XNAS  (10) . ~ -, XMN (33433)7 s XMT (3,3,10)
% TLG (23) » FLA (2.,2C) , FLB (3,20) » FLC (3,20)
* FLD (3,3,20)s FLJ (243420)4 CAC (3,10) » XIO (3+:3,10)
* FLIRC (Z,19) o FLCRC (2,1C) 4+ FLAC (3,20) » FLQC (3,20)
% FLCM (20) s ZETA (20) v FCF (3+3440)s FCK (3,490)
v & TIMEND- . . s . ]
C ' N
Cc . . o
S CCVMMCN /REALZ/ ;) . - . i
* CEDULM (143) , CE (3,10) , CBCDUM(1,3) s CHBC-.  (3,1C)
- @ XNCCULM{1lsleS) o XMC (Ze34¢10) 4 CoN(3)
C‘ oot ' Lt n IS FE AR L Py bX 13
C“r\_‘; oy N A
: EQUIVALENCE (ETM{1)sTHACC(1)) s (XMN(141)sANGD(1)) .
AR (XMNC143)sYNCD(1 4l ,1)) » (XMN(1+6)+CNF( 10 1)) .
AR A {XMNL1s8)4ETIC (1411 P (XMN(Le10) dETMCCLILD)
* (FLBCle1) s FLG(L, 1)) S(FLE(1+101)+sFLDC1s141)),
* (FLHOL o141 ) sFLJ(1ls1,1)) . ' i
“x (FG1sLINITC(1)) : JOCALLL1) eRINIT(1)) .
* - (CBOUM(1 41 ) RZINIT(1)) » CAWORK(1 )43 LINITEL)) .
N (SCNDUM,IZINIT (1))

C0£03400
€0503500
C0£03600
€0<SCc3700
€0S03800
C0S03900
€0<04C00
CO0SC41 00
€0£042¢C0
€0<€043C0
€0S044CO
C0€04500
CO0E04600
C0£047CO
€0€048C0O
€0SCa900
€0€05000
C0S05100
€05%55200
C0£05300
€0€NS400
€0E0556¢0
C0S05600
€0505700
C0€05800
COE05900
€CCS0600C
€0506100
C05062C0
C0£06300
€0506400
C0S06500
C0506600
€€S067CC
cosos8ce
C0SC69¢C0
CCec7000
C0507100
€0€07200
€0sC7300
€CE07400
C0E07500
C0S07600
€C05077C0O
€0S507800

" €CECTI00

C0ECB000
€0€08100
€C0€08200
CNEO0B300

-CQE08400C

€0s08500
CCESC8600
C0E€08700
C0E508800
€0SN8YCOo
€CS090C0O
C0SN9100
€C0£09200
ccsc9300
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C co0sC94cCO
C C0£08500
C CC8C9600
C €0509700
CIMENSICN QD3 €C509800

c C0SC9900
c . €0£10000
N1 _ CCE10100

) L o= 1 _ " €0S10200
<. CYCLE TRRU DATA FOR ALL ECDIES C0510300
: LG 1  Kk=1,NBCD cos10400

C CHECK TO SEE IF BODY MASS 1S POSITIVE (CS105¢C0
IFIXMAS(K)eGTL.0) GC TO 1IC C0E10600

FRINT 2CCs KoXNAS(K) CO0E10700

FG2 = ,FALSE. cos108¢0

C CHECK TU SEE IF TCFOLOGICAL TREE PRUPERLY LABELED €0S109C0
,1C IFCUCONEK) oL TeK) GO TO 11 ’ €CS11000
FRINT 2Cls JCCN(K),K cos111c0

FG2 = ,FALSE. €0€11200

C CHECK NUMBER CF CCNSTRAINEC AXES. AT MOST 3 COS113C0
" 11 IF(PCON(K) «GE+CeANDSPCCA(K)oLEe3) GC TQ 12 . T C0S11400
K1 = k-1 . . , €O0S11500

FRINT 2CZ+ K+PCON(K), K1 i ’ CCS116C0

FGZz = LFALSLC. ' COS11700

12 IF(.MGTSRBLGCK)) GC TO 13 co€11800

CO 2 1#1,3 . €05119C0

. CO 2 J=1e¢3 "€0€12000
< CFRECK SYMMETRY OF INERTIA TENSUR CO£12100
IFIXI(LIsJsK) EGeX1lJsI14K)) €CC TU 2 €0€12200

FRINT 2C3s K : cO0€12300

~ FGZ = LFALSE. ) ' CO0E£12400

2 CONTINUE ) " €0512500

C CETERMINANT OF INERTIA TENSCK MUST BE POSITIVE FOR IT CCS12600
< . _ TO RAVE REAL PRINCIPAL MCMENTS OF INERTIA ccs12700
L CET = X119l sK)*(XI(242,k)%xXI(3s3,K) = XI{2+3+KI.X1(3+2.,K)) . COE12800

* “XICLe2KIF(XI{201+K)RXI(3s34K) = XI(30lsKR)IEXI(2034K)) CCE12970

* *XLCLs34K)IREXI(2010KIXXI(I02+K) = XI(2902eK)IXXIL3 41 4K)) C0S13000
IF(DET.CTe0) GG TO 13 COS1 3100

FRINT 204y KLDET. €0€13200

. FGZ = .FALSC. ' . co0c133¢0
€ . CHECK CRTHOGCNALITY OF TFANSFURMATICN MATRIX C0E13400
12 CO 3 1=1.3 0513500

£Q 3 Jsle3 CO0S13600

JEST = ¢ C0S13700

CO ¢ 1=1:3 C0S13800

4 TESY = TEST ¢ XMT (LI oK)#XMT(LsJsK) €0%513900

IF ([ JEC»Jd) GC TO 14 C0€14C00
IF(DAESTEST )el T4 o1D-02) GC TJ 3 C0S141CO

FRINT 2CS»s 1sJeTEST,K i cCces14200

.. FGZ = LFALSE. ccs143ce
naamo 60 TC O3 fmrt e ... . .. . COE1440C
-14- IF(CAB3(DABS(TEST)~1eDC) oL T4elD=-03) GO TO 3 . ) ’ - €0€14500
P PRINT 2CSs I+JeTESETHK L e, 00514600
NATLOSFGE2 & LFALSE. 3Y3u . QU . b5A . YR ., LeE147CO
3 CONTINVE . ) CCE14800

1 CONT INUE C0c14900

200 FURMAT (10X, *'MASS CF BCDY'»13s°' =',D15.5,* Z2ERO OR NEGATIVE MASS ECQ0ES15000
#LEMENTS UNACCEFTABLE *',/) €0S15100

201 FORMAT (10Xs *JCON(K) MLST BE LESS THAN K 80DY', I3,' CANNOT LIE BETCOE152C0

. *#WEEN BSDY 1 ANC JCCY* .13, IN TUPOLOGICAL TKEE'+/) ) COS15300
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202 FORMAT (10X, '80DY*,I13+,* CANNOT HAVE®',I3,' CUNSTRAINED AXES AT MING(CE15400
*E FCINT*,13,/) ) "C0£15500
203 FORMAT (10X, *INERTIA TENSCR CF 0BODY®413,' NCN~SYMMETKIC *) COS15600
204 FORMAT (10X, 'DETERNMINANT CF ToE INERTIA TENSOR UF BODY?*,13,' =',D1CCE15700
#€eS4 0 IT MUST BE FCSITIVE FCR REAL FRINCIPAL MOMENTS OF 'INERTIA *,C0£15800
/) o . €0515900
29€ FOKMAT (10X 'EIGENVECTCR*,I132,% DOT* 43,9 =% ,C15.5+% FORK THE TRANSFCCE1€0CO

ACRMATICN MATRIX OF BODY? ,13,/) cCE161CO
"~ RETURN . , €0E16200
ENC . c0s163C0
. . co0en000C0
SUBRCUTINE SETS . ) €0€00100
€0600200
) ) C0€00300
IMFLICIT REAL*8(A-h,0~-2i%) ) C0600400
LOGICAL FGls FG24 FG3s FGas FG5s INERF. RBLCe LEQU, LINIT(1) CO0£00S00
LCCICAL NETART, LRTAPE : COE0C60C
. ' COEIC700
. . CO0€00800
INTECER S1(10)+S2(10)sS2MM1 - C0EC0900
INTECEK CO0E01N00
* ARORK » CT1 s CT2 s CTS s CTa s CTS ¢+ FCON ¢« PCCN . CO€o0ttoC
* SCNCUM, SCi » SCRDUM, SCFR + SFKLCUM, SFK + SFR + SG s COED1200
¥ S1 »y SI1G » SIXDUM, SI1X » SKDUM , SK v SL » SLK » COED1300
* SNA 7, SMCDUWM, SMC + SMV v SOK » SPIDUM, SPI » SGF - , C€O0EO01400
* SCL s SR v SSCN o+ SSIX 4+ SVA . Sva +» SVD -, SVI s C0EO1S500
* SVM ., SW s Sva ¢+ SXN + SXT » TOKQ o+ SMAL » SEU s C0E0L1600
* SC s SCG s NFLXB » SFLX o+ SFXM , NMODS » SFCC + SCC , s COEC1700
» TINIT(1) » IZINLIT(1) » SO : . C0E0180C
' o CO0€ED1900
€0602000
REAL %R - S 0602100
®x ANGE  (23) s CNF {2341C) » ETIC (3,10) o EYMC (3,10) , (0€02200
* FLQ (2,20) ¢+ FLE (3+43e22), FLH (3:3¢20) t0€02300C
% THACD (23) s YMCD (2s2411)s RINIT (1) 4 RZINIT(1) ) c0€02400
€0€0250C
C0€%260C
: . N C0€02700 °
CCNMEN /CHEK S/ © NSTART, LRTAPE C0€E02800
' CCEC2900
C0€03000
CCMMOCN /LOGLC/ FGls FG2s FG2s FG4y FG5, INERFs RBLU(IO) €0€03100
' o : C0€03200
€0€03300
' COMMCN /INTG/ AWORK (200) ' ~ '¢0en3ac00
* CT1 . CT2 » CT3 s CTa + CO€E03500
= CT5 ¢+ FCCN (322) + JCCN  (10) + LCON (227 s+ C0E€03600
* MC cic) s NE1 » NBOD ¢+ NCTC o3cdads - ..CQE03700
* NFER » NFKC s NFRC o NLOR | . s COE€D3BOO
% NNV + NMC s+ NMUOA » NSVP . » COE0390¢C
s NSVC » FCON (11) » SO "s SFR ~ (33) + C0€04000
% sC » €1 (£5) . SIG o SL ' s+ C0E04100
* SLK (23) +» SHA (10) v SOK (11). » SGF . (11) s COEN4a200
& SCL (11) ' SWMV s SR » SSCN + COE04300
* SSIx s SVA s SvB » SVD .

€0€04400
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w Svl » SVM v SVP (22)

7

D

s SVa (33) » C€0€04500

* SXM (3,10) &+ SXT » TORG (97) + SMAL s, C0E04600

* SEU e NTQ - ' 3C (33) s 5CG o » CO0EC4700

® NFL X3 s SFLX v 5FXM  (10) » NMODS + . COECABOO

. ..® SFCC s+ SCC C(19) C0€04900C
c : ) . ) ‘ _€censoocC
g o €0€05100
CCMMON ZINTGZ/ ' D . C0e0520¢C

% ‘SCNELM s+ SCN (s) » SCRDUM s SCR, (9)  , €0€0530¢C

. * SFKCLM + SFK (s) ¢ SIXDUM e SIX (9) » C0NENS4NO0
fvi 4 SKDULWM s SK (s). s SPIDUM . - SPI (9) .+ CCENSSO00
<. 7% 'SMCCUM . SMC (S) S _ "7 €0€05600
c . o : ’ .. €0€D05700
[ ) ; CCEQ5800
- CONMCN /REAL/ . C0E05900
* Ch (3.,10) » CAC (2,10) , CLM™ (19) » CCNMC  (2,411) o CO€NE0CO

;% DCMC (3,11) , ETC (3+11) .+ ETM (33) » FCMC (3,110 .+ CCE€06100

% GAM (3e66) o+ h v HM (3,10) « HMC (3.,10) .. CCE06200

® HNMCM  (10) + FrI (2s11) , PLM (10) » QF (3,32) , (Coe0630C

*® OFC (3,33) » GL (2,22) .+ aLc (3.22) o+ RGMC (3,11) , CCE0ESL00

BT . THA  (33)  » THAD (23) ., (0€06500

%  THACW (10) o THFAW  (10) s XDIC (J43+66),s XI (3+3,1C), COE06600

* x1IC (Z+s3+s10)s xMAS  (1C) » XMN (33,33) o+ XMT (3+3,1C), CCe%670C

* TLG (z3) o FLA (32.2C) o+ FLB (3,20) o+ FLC (3,20) ., CceoesoC

* FLD (39 3+2C)s FLJ (303020)- CAQ (3,10) . K[U_ .(JOJOlC)O. CCe06900

* FLIRC (3410) o+ FLCRC (3,1C) » FLAC (3420) « FLUC (3.20) o  CCEC7CCC

& FLCM  (20) s ZEYA (20) + FCF (3+3,40), FCK (3.,40) , CO&C7100C

* TIMEND C0€07200

<. . ’ C0e07300
c. - . _ S . . ' . £oenva00
COMMEN /KEAL 2/ : o CCE0750C

% CEDULM (1,3) N d:] (2,10) o+ C3CDUMI(1,43) v CBC  (2,410) ", CO€97600

S % XNCCLMULle109) » XMC (2+3.10)s CUN(3) i C0€e07700

G . . ’ ’ C0€0780C
<. : : . €C607900
EQUIVALENCE (&TM()).THACE(I)) s (AMN(141)4ANGD(1)) "+ toeo0so0C

: ® (XMN(153)sYNCD(1ol4s1)) P (XMN(1+6) s CNF( 14 1)) » COE98100
% (XMN(1+8)sETIC(141)) . s (XMN(1210)+ETMC(1,1)) 4  COECB20C

= (FLB(1,1)4FLC(141)) v (FLECLv1e1) o FLD(Lolsl) ), €0€08300

N ¥ (FLH(L1s1al)eFLJIC(L s Lel)) » COECB400
: * - (FGl,LINIT(1)) s (CAC1,1),RINIT(1)) , cceousce
* - (CBDUM(1,1),KZINIT(1)) s (AGORK(1) o LINIT(1)) v CCeCB600

. BLE (SCNDLM,IZINIT(1)) ’ ‘CoeCcHB70C
C . L ' . ' CCECB800
C CO0ECB900
c €CE0S000
c €0€09100
. C 'C0€99200
I ) . C0€05300
C CET ThHE SETS SR AND SL - ’ o ) C0€09400
Cuzs:.+, SR = SET UF BGDY LAGUELS OF RIGID BUUIES (CCMPACTED) : €0€&05500
C SL = SET OF BUDY LABELS CF LINEAR USCILLATORS (CUMPACTEC) ~ ‘' '€CE€0960C
4 '€6 = SET UF SUDY LABELS CF GYROSTATS (CCMFACTED) ) CCE0S700
Guensol iiﬁlﬁ;,J%;l"‘ngj _Coeossce
C , R o I L L1
g . NR = 0O L . . ) €0€1000¢C
AL = 0 B R : C0€10100

., CO 1 I=1.NBOD . Y ’ : . © €0€1C200
TF(RELU(I)) GO TO 14 o Tt o " €CE€10300

AL = AL ¢ 1 : C0€10400
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14
1
C
S
c.
(<
‘1€
17
1e
15
c
C .
C
1g
4
C
R
C
c.-
7
c
: E
yeace
C .
DALPT N
z
<.
¢
c

S2(nL) = 1 - - CO€EL0S0C

cu TC 1 - . €C0€10600
NE = NR + 1 _ . : . :CCELOT00
S1(NR) = [ o o : * CC€1080C
CCNT INUE . *'COE10900
TCcOMPACT SL(NR) INTO SR AND - ’ CCEL11000
S2(NL) INTC SL C0611100

CALL CCNMFAC(SI NR,SR) T i+ CO€11200
CALL CUMFAC(S2sNLsSL) ) ot T €0611300
. _ N R " s. 7 CO€E11400
CEY SET SG GF GYROSTAT ECDY LAUELS . o L C0€EL1500
IF(NNG.EC.0) GO TC 19 . Ce L i 1t .CO0€E1160C
Lo 1€ 1=1,10 : co€t11700
s1(i) = ¢ . C0€1180C
s2(1) = ¢ _ PR C0E11900
CC 17 N=1,NMC - e . - CCE12000
L= NC(M) o : A S : .+ CO0€12100C
S1(L) = 1 - : ST © -€0€12200
K = ¢ : o . R e * .+ C0€12300
CO 1€ 1=1,10 . : . ' © C0E12400
IF(S1{1)eEded) GU TC 18 K . C0€1250C
ko= K4l : S T Co CO€12600
s2(Kk) = [ . ‘ - : ‘ : - S e SRR -+ 0612700
CONTINUE : ) ’ . sl €0€12800
CALL CCNFAC(S24K,S6) ; o : w T CNEL12900
Gu TC 1€ ‘ : . ' Co RS €CE13000
G = ¢ ' o o © - CO€13100
GO TC 1% © CO€13200
i : €0€13300
CET ThS SETS OF SOCIES GULTBCARD OF HINGE POINT K C0€13400
(OMPACTED FORNS IN SK(K) . : . -~ C0E1350C

AM1 = NECD - 1 Co ’ . T v 7 C0€13600
CO 2 L=1+NBUD ' S . : . "CO0€13700
K = L-1 : C0€E13800
CO ¢ [=1.N80D ) C0€1390C
S1(1) = C ' - ‘ o © - - C0E14000
nNC = C T . s ‘ : e T Cceralo0
CYCLE THRU BUDIES WHICH CAN ‘8E OUTBUARD OF K © ~ S C0€14200
ITEST = Kel ' ' , : o C0E14300
Cu 3 J=11EST.NBOD L e LT C CO0€1440C
IN = J ‘ o ] o . €C€1450C
[F(IN=1-K) 64+7,8 ' o o o C0€E14600
ECCY J NCT ON PATF FRCM K o : : €C614700
€O TC 3 ' CO€14800
'E0CY J CUTBUARD OF HINCE K CN JHAIN FROM K . , CCEL14900
NC = NC + 1 . .CCEL1SNOC
S1({NC) = J : C0€15100
o T1C 3 ) CCE152C0
EUCY J4 CAN HBE CN CRAIN FKCM K €0€1530C
IN = JCONCIND ; ' - C0€E15400
‘co TC = e ‘“ oo "x ’ - ' i dei 2 apb g FGIS T Thy ¢ w2 co0e15560
CONT INUE C L e e " €0€15600
CCNPACT SET SK(K) ot o - e T '~ C0€15700
CALL CCMFAC(S1 ¢NCosSK(K)) C0€15800
CCNT INUE : C0€E15900
CEV SETS LF BUDIES GN PATH FROM HINGE POINT I " (CE16000
TO CeMoe OF BCCY Rel: SI(KTOINBODsLon) ©CO€EL16100
KTC = FUNCTION TO PUT TRIANGULAR ARRAYS IN CNE DIMENSIONAL ARFAY C(CE16200
CO § L=1sNBOD : ’ ‘COE16300
I.= L~-1 o " C0€E1€400
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1C

-
[N

12

CALL UNPACUS2¢NSET+SK(1))
CO 1C N=1s+NM1
SI(KTII(ASODeIeN)) = C

CO 11 AN=1.NSET

CO 13 K=1.NBGD

SI(K) = ¢

NG = ¢

IN = S2(ANN)

IF(IN=-1,LTel) GO TC 29

NC = NC 471"

S1LINC) = IN
IN = JCCNCIN)D
GO TC "1z

CONT INVE

CALL CLMPA&(SX-NC.SI(KTO(RBCD.lobZ(hh)-l)))
CCATINUE
CCMNTINLE

COMPLTE REQUIRED SUMMATICN CETS
MM = ]

e =1

2¢C
C
11
C
C
22
24
2¢
22
C
c
C
c
.Qéﬂucn
c
C -
u‘c-u., ")
C
¢
<
C
<
( .
C

A36

.S@LCK)
CONTINY
- RETURN

£O 22 K=1,NB1

IF(K.EQ.1) GC YO 23

MM = MM+ Z=-PCUON(K=1)

LL = LUL4FCCNI(K~-1)
IF(PCUN(K)NE.3) GC YO 24
SQF{K) = C :
SCLIK) = LL

GO TC ‘22

IF(PCCN(K) +NELO) CC TO 2€
SQF(K) MM

QLK) )

€0 TC. 2
SQF (K]}

rx
-z

[+ I TH N R TR T}

ENC .

H . . N 3

SUBRCUTINE INOPT
ACCEFTS ALL INFOFRMATICN-NEEDED TO DEFINE 'THE CUMPUTATICNAL
OFTICAS WHICH (AN BE ExECUTED BY THE JUSER

TFRE FULLCWING AUGNMENTELD SET DEFINITIONS ARE MADCL

¢NEST I' = ALL BCDIEE CUTECARC OF -HINGE ‘RGINT [A0E:BOCY L[+1
€cPI(]) = ALL ECDIES CF NEST I CONTRISUTING SIleFlChNTLY
- TU PSLEDO "INERTIA TENSCRS CF NEST 1 % =
€1X(1) = ALL ECDIES CF NEST*I:CENTRIBUTING: SlelFICANYLY
’ TO [hERlA ‘CRCSE LOUPLINU cFF:CTb ANt NEST I MGCTICN
EQUATION
SCN(1) = ALL ECOIES CF NEST [ CCNTRIGUTING SIGNIFICANTLY
TO CENTRIPITAL CRUSS COUPLING EFFECTS IN.NEST I
. MOTICN EQUATICN
SCR(I) = ALL ECDIES CF NEST I CCNTRIGUTING SIGNIFICANTLY
E£UCATIGN

CCE16500
C0€E16600
CCE16700
CCe16800
CCE€L16900
00€17000
COE17100
cce17200
€0617300
C0€17400
C0€17500
CCE17600
C0&17700
0617800
cce17900
cce1800¢C
C0€18100
C0618200
C0€18300
CC618400
C0€e18500C
C0€186CC
£0€18700
C0€18800
C0618900
CC619000
CO€191:00

€Cce19200

co€1930C
C0€19400
COE1950C
C0E19600
CO0€1$70C
cce19800C
CCELSS00
CC€20000
€0€20100
coe2c200
€Ce20300

€c729000
cc700100
co70020¢C
€07¢0300
€c 700400
€0700500
CO07990600
€0700700

T cc77°0800C
-CC70090C
-CC701000

€Q 721100

€0701200

Co721300
(C7C1400
(0721500
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.TL.I CCFRIOLIS CRCSS COUPLING EFFECTS IN NEST 1 MOTION (C070160C

€MU(1) = ALL CCNSTANT ARG VARIAGLE SPEEC MWMENTUM WHEELS €07617C0
IN NEST I ' .. CO791800

S0 = ALL CCNTIGUCLS PAIRS OF 3CCIES (JCUN(K),K) FOR wkICK CO7C1900
DIRECTICN CCSINE TECHNICUES ARE .TU 35 USED TG CCMPLTEC079200C

RELATIVE TRANSFCRMATICN MATRICES €0702100

SD SFUULD CCNTAIN ONLY LABELS FOR RIGIC OR FLEXIELE CC702200

BODIES €c 702300

SMAL = ALL CCATIGUCLS PAIRS> OF BUUIES (JCCNK).K) FOF WHICH (€07C2400
SMALL ANGLE TECFNIQUES ARE TO BE USED TGO CCMPUTE. . CO0702500

RELATIVE TRANSFCRMATICN MATRICES - ,€0702600

SEU = ALL CCNTIGUCUS PAIRS OF 30DIES (JCUN(K).K) FOR wkICH CC702700
EULEF ARGLE TECHNIQUES ARE TU EE USED TU COMPUTE - €C702800

RELATIVE TRANSFCRMATICN MATRICES - €(C702900

SXN(1,K) = COMPLTED COCE wORD ARRAY €C 703000
THE CCORDINATE AXIS IN BODY K ALONG WHICH THE I-TH - C0703100

FREEC CR LCCKED GIMJAL AXIS IS ALIGNELC, SIGN IMPLIES C€0703200
DIRECTICN ' ) ' - €C0703300

INCTE' INTERNAL LOGIC ASSUMES THAT ThE FREE €0 703400

CUCRDINATE VECTURS AT HINGE FOINTS AT WHICH SMALL: (0793500

ANGLE OR ELLER ANGLZ TECHNIGUES ARE APPLIEC ARE , (0703600

* PARALLCL TO THE BOOY FIXEC AXES DEFINEC €07¢3700

AT THAT PCINT €G703800

$XT = ALL CCLUMNE CF THE SYSTEM INERTIA MATRIX OF PSUECO- (C7C3900
INERTIA TENSGRS WHICH -HAVE TIME VARYING ELEMENTS. €0704000

(SINCE INERTIA MATRIX SYMMETKIC COLUMNS CESIGNATED €C704100

EXTEND DOWN CALY TU DIAGUNAL -ELEMENT,COLUMN N+1 IS €C704200

ALWAYS ASSUMNED TIME VARYING) - €C7C4300

ELEMENTS IN CCLUMN KsK=1+2000esN GIVE THE INERTIA €CC 704400
CONTRIBUGTICAS CF THE NEST K=-1 TU THE SYSTEM EGUATICNSCO0704500

OF MCTICN ' , : €07046C0

SMV = ALL VARIABLE SPEED MCMENTUM WHEELS 1 €C 704700
SVD = ALL ECDIES IN WHICH BOCY FIXED VECTCRS AND DYADS ARE CC704800
TIME VARYING IN THE CCMPUTATIONAL REFERENCE FRAME . €C7C4900

SFR{I) = SET CF FREE CCCRDINATE VECTOR LABELS CF THCSE VECTCRSCC70S000
ABOUT OR ALCNG wH{CH DISPLACEMENT [S COMPUTECL C070£100

SLA(I1) = SET CF LOCKEC CCURCINATE VECTGR LABELS OF THOSE VECTOC0705200
ABCUT OR ALCNG wHICH CCNSTRAINT TORQUE 1S CCMPUTEC. C€C705300

: THIS CAPABILITY NJOT AVAILABLE IN N-BOD2 €N705400
SMA(I) = SET CF MGMEMNTUM WHEEL LABELS CF THOSE WwHEELS FOR 0705500
WFICK ANGLLAR LISPLACEMENT IS Tu BE CCMPUTED C0705€00

C070S5700

INSKF = +TRUE. CCVMFLTATIUN FRAME IS INERTIAL KEFEKENCE C0765800
JFALSE. CCMFUTATIUN FRAME FIXED IN 8CGCY 1 €CC7C5900

- (C706000

SC(I) = ALL CAGED DEGREES OF FREEDOM . €CC 706100
SCG = TCTAL NUMBER CF CAGED DUGREES CF FREECOM ) €0706200
TLG(J) = TIME AT WHICH CEGREE GF FREEDOM J UNCAGED | . €07¢c6300
’ - i o . €0706400

' N e anen s e s e . €0706500

NFLXi3.= {TGTAL NUMBER -GF., FLEXIBLE BODLES +7 =& - . - <y 7.~ . €070660¢C
SFLX = SET CF ALL “ELEXxI8LE BODIES .+ . . o , } €07¢67CO
SFXA(I) = TOTAL NUMBER :GF FLEXIELE doCOY-'MUDES USED FOR EODY I 6C706800
v o QZERCLIEABOCY 1 L RLGIQ) Y234 93 2351G)5 JUA = (LIxi2 €0 706900
NMUCS = TOTAL-NUMEEFCF FLEXIELE BODY MUDES USED FUR ENTIRE cc7e7600
SIMULATICN . ' ) co7¢7100

. . . . €07€7200
RESULTANT FLEXIBLE BODY MCDAL PARAMETERS . : B C0707300
FLACI.MN) = MGDE MN CENTER OF MASS . C077°7400
FLECI+VN) = MASS MODAL MCMENT AS0UT HINGE PCINT FGR €C07¢7500

CA-37
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A-38

FLC (I, MN) =

FLD([OJ.NN).=
EEJ(I-ﬁtMN) =

FOR
MN

THACNFER+MN) =

FAC(NFER#MN) =
NFER
SFCC =

ECXCIMN) =

MUDE MN DUE TC TRANSLATIGN OF MA3S PUINTS

INERTIA WMCOAL MCMENT FCR MODE MN DUE TO
ROTATION CF MASS POINTS

PSUEDGC-INERTIA CIOUPLING TENSGR FOR MODE MN

CENTFRIPITAL COUPLING TENSOR FCR MODe -MN

MCDE M OF ECCY NyMUODAL NUMODER MN IS

= SFXM(1)4e ee +SFXM(N=-1)+M

FGR ELASTIC COORCINATE MN
INITIAL GENERALIZED OUISPLACEMENT,
ELASTIC CCORD.

INITIAL GENERALIZED RATL,
TOTAL NUMBEF OF FREE CCURDINATE VECTJIRS

SET CF ALL FLEXIOBLE BOOIES FOR whilCh CENTRIPETAL AND.

ELASTIC COORD. MN
MN

CCRIAULIS EFFECTS sIGNIFICANT IN DEFURMATION EQUATIEN

SET OF ALL WNOCES N wHICH SIOGNIFICANTLY CONTRIBUTE ..

¢c72c760¢C
cercrroce
ce707800
€02¢7900
(0708000
0708100
0708200
€0708300

"€0728400
€0 708500

€C7C¢8E00
€c708700
€0708800
C07¢8900
€c 709000
c070510¢C
€0709200

TO TrE CENTRIFETAL JR CURIOLIS CRUSS COUPLING EFFECTS(C0705300
IN TFE EQULATICN FUR MODE WITH MUDE NUMBER MN

RESULTANT FODE CCUPLING CUOEFFICIENTS FOR MODE M AND N
MODE CROSS CCUFLING TENSUR CENTRIPETAL ACC. EFFECTS
CIN VCST CASES FCF(MsN) i M=N CAN HAVE SIGNIFICANT

T FCF(MeN) =

FCKIM4N) =

IMFLICIT REAL

NCN-2ERQO TEFMS)

MCDE CROSS CCUPLING VECTUR FCR CORIQLIS ACCe. EFFECTS.

2E{A~Fo0=2,%)

LOGICAL" FGls FG2s FG3, FG4,s F35s INERF.

'LCGICA% NETART, LRTAPE
INTECER'
* AWCRK » CTI . CT2 « CT3
* SCNCUMs SCN « SCRDUM, SCFR
% S1 s S1IG » SIXDUM, S1X
* SMA » SMCOUM, SMC . EMV
* SCL s SR + SSCN , S€SIX
* SVM s SVP ¢« SVQ » SXW
* SC T 5C6 s+ NFLXB o SFLX
* LINIT(1) _ e I1ZINITC1)
REAL %4

‘% ANGE  (33)
* FLQ (2,20)
*. THACD (23)

~“CONMCN /CHEKS/
VECMMEN /LOGIC/ FGl., FG2. FG3, FG4s FGSs INERF. RBLOC10Q) .

COMMCN ZINTG/

e CTl
* C15
= MC (10)

s CNF (3s1C)
¢+ FLE (2e3422)
v YMCD (Ze2411)

R S

NSTART

AWORK (200)
s CT2
» FCON (232)
» NEL

’

CT4

.

RBLG, LEQU LINIT(1)

» FCCN .

s CTS s FCON
SFKDUM,s SFK s SFK +« SG ’
SKDUM s+ SK ¢ SL ¢ SLK .
SUK s SPIDUM, SPI + SQF ‘.
SVA s SVB. s SVC ¢« SVI .
SXT + TORQ ¢ SMAL ¢« SEU [
SF XM s NMLDS + 5F(C ¢« SCC .
Sv .+ SCXC(20) :
ETIC (3,10). +» ETMC " (3,10) .
FLH (3+3420),
RINIT (1) . » RZINIT(1)
LRTAPE

cT3
JCGN
NS0D |

A

» CT4

(10} ¢ LCON

.

v NCTC

(22) 0

€€ 709400
€0759500
(€ 709600,
€0709700
€0709800
€C7€9900
€0710000
€0710100
€Cc710200
€N710300
€0710400

€0 710500

€0710600
0710700
€0710800
€C7109C0

€0711000

co711100
¢n 711200
€C711300
ce711400
co711800
0711600
€0711700
€0711800
€C711900
cc7r2000
€0712100
c0712200
€cc712300
€0712400
€0712500
€0712600,
(c712700

0712800

et s

€0712900

“éé713000

€O0?13100

.€0713200

€C07133CC
€0713400

. €0713500



[alg]

CE R EE KRS RE.

"NFEFR

NVMV

NEVC

sc

.SLK (33)
. SGL (11)
SSEIX

svi

SXM (3410)
SEU

NFL xd

SFCC

. CéNMCN /INTGZ/:

(]

L3R A X 4

RS 2R B B AR AR BRI BF MR M 2R 2R

AR IE R R I A IR

S SCNCLM

SKDULM
svCCuM

H

_CCNMCN ZREALZ

ca ‘€39 10)
DCMC (2,11)
GAM T (3.60)

HNVONM  (10)
‘QFC (3¢33)
T

THACwW (10)

TG (z23)
FLIRC (2,10)

FLOV  (20)
TIMEND

5

:T CCMMCN /REALZ/
‘% CEDLM (1+3) :
oo% XNCCLM(14149)

SEKCLM . .

X1C (3e3slC)

_FLD (2+3+420)

NEKC
NMO
FCON
€I
SVA
cEVV
SVA
SVvM
EXT
NTQ

. SFLX.
- scc

: CAC

ETC
FHI
GL
THAW
.XMAS
FLA
FLJ

FLCRC
ZETA

ce
xmMC .

(11)
(g

(10)

(}0);

(s)
(s)
(s)’
(s)

(2s1C)
(2s11)

(Set1)
(3+22)

(10)
L10)
(3.2C)
(Z+34+22)
(2y1C)
(20)

JEQUIVALENCE (ETM(1)sTHACLC(1))

" CIVENSICN MESS(18) ‘
(SINTECGER MCNCAD ¥ 'SEXMI, "tk voe

CINERSICN OFK(3,3) :
S INTECER S1(10)+S2010)4S2(10)s5ML,S4(33)

“LOGICAL CTAIN

(XMN(123) s YMCO(14l,1))
" (XMN(1+8)sETIC(151))
B (FLB(ls1)+FLA(131))
(FLHC(Llel9l)oFLIU(L,1,1)) [
(FG1 LINIT(1)). i
. (CBDUM(1+1)FZINIT(L))

(SCNDUNMLIZINIT(1))

p.NFGS - » DMLCR

» NMOA o NSVP

s+ 3D s SFR ~ (33)

 SIG . s SL

e SCX (11}, » SQF T (11)

s SR + SSCN

« 5v8 L s+ SVD .

» SVP 22y’ s SVQ T (33)

s TORQ (97) " SMAL

» SC .. (33). s .SCG

v SEXM O (10). » NMODS - .,

2 »

‘+. SCRDUM » SCR T (9)

» SIXDUM v SIX (9

y . SPIDUM | . SPI (9)

» CLM (10) voceMC (2,110

. ETW (33) + FOMC  (32,11)

y» HM (3.10) o HMC (JQIOlT_

y PLM (19) » QF (3,33)

» QLC (3,22) » RCMC  (2,11)
THA (33) o« THAD (33)

» XDIC (3s3000)s XI (3+351C)

o XMN (33.,33) + xMT (3,3,:1C)

» FLS (3.20) ., -FLC (3,20)

» CAQ (3,10) » XIO (3+,3,1C)

» FLAC (3.,20) » FLQC (3:2C)

s, FCF (3s3+40) s FCK (3440)
CBCOUMI1.3)  » CBC {3,10)
CBHN(3) :

s (XMNE141) e ANGD (1)) T
s AXMN(1e6)CNF(1,1)) ’

s (XMN(1+10)+ETMC(141))

W e (FUE(Ls101) oFLDURslald )y,

.

CATA INR.IBO.IAS/ YINER® 4+ *ECCY' 4 VASET-*/,

e 4

W (CACL,LDRINITEL)) .
s (AWURK( 1) LINITCL)) ’
+ (TORG(78) +SCXC(1))

RN

€0713600
C0713700
€0713800
€0713900

. €C714000

C0714100
0714200
€0214300
€C 714400
€C714S0C
. €C71460C
"¢¢714700
" C0714800
€0714900
€0715000
€C715100
_ €0715200
€0715300
€0715400
C0715500
C0715600
C0715700
00715800
CC71590C
CC716000
€C716100
€C716200
(C71€6300
- (0716400
.. €0716500
-CC716600
€0716700
€C716800
€C716900
C0717000
. CO717100
0717200
co717300
€0717400
CO0717500
€0717600
.€0717700
CC71780C
CC717900
.€C718000
ccr1e10o0
Co0718200

' cc718300

CC718400
cc718500
2€0718600
co71e700
c0718800

«20% NJ10UdN AIMEC0718900

cCc719000
€C0719100

. 2 €C719200

€CC719300

" €0719400

- €C0719500

A-39



C
C
C
C
C
C
1
€4
7S
as
z
[SRSTINE
C
C
-
C
C.
C

A40

* 8B R RN

IXVoIICHICE»ICO/*X CH?IXC TL'CEN *4'CCR '/

TECoICL s IVT o IFR ILO/Z"ELLE *» *COLX " o *VTIN'» "FREE®*» 'LOCK"'/
ICFSsIMA/*CFCR 'y "MCMA'/,

IvA/*VARW/,

ISM/'SMAL Y/,

IEN/' END'/,

NJel8LWICG/® NO ' $9 PCAGE /),

IFLsIMD/Z¢FLEX®, *MCDE*/

CEFALLT CONDITIONS

SET LP CFTIUN CATA SETS MAKING NU ENGINERRING
CCMPLUTATION IS RELATIVE TO INERTIAL FRAME

INERF = JFALSE.
CO 1 L=1,NBGD
1 = L-1
SFK(I) = 9o
SPICI) = SK(I)
SIx(I) = SK(1)
SCNCI) = SK(1)
S SCREI) = SK(I)
EXT = SK(0)
SVEC = SK(9)
sMaL = ¢
SEL = D
. NFRC = NFER
NCTC = ¢
NMCA = 3
NEKC = ¢
€CG = D
NBZ = 3%AB1
CO €4 I=1,NB3
SLK(I) = O
sC(I1) = ¢
CSFLX = ©
PMCDE = C .
CO 7S (=1.,N30D
SEXM{I) = O
NFLXE = €
SFCC = C
NBZ = 2%N30D
CC 86 I=1.NB2
cCxC(I) = ©
co 2 =1,NFERK
SFREI) = 1
CO 6C 1=1,NMO
SMA(T) = 0
€1(1) = 1
CALL CCNFAC(S1+NMCoSMV) s s
MMV = ANC T *
ANOTE

4.

CCRICLES EFFECTS CMLY FCR LINEAR O5CILLATGRS .. L7 o

INERTIA CROS5 COUPLING CNLY FOR RIGIC ECLIES

FCR LINEAR OUSCILLATGR TKANSFORMATION MATRICES FIXED

SUETRACT THESE FRCFM NON-AULCGFENTED SET5 CUNSTRUCTED

to s
I =

=1 NBUL

L-1

CALL ULNPAC(S51¢N1,SCR(TID)

€0719600
€C 715700
CC719800
€C719900
€0720000
¢¢?7201C0
€0720200
0720300
0720400
(0720500
C0720€00

ASSUMPTICNS ANC THATCO72C70C

cc720800
ccr2c9c00C
€0721200
co721100
c0721200
€0721300
c0721400
€07215090
€0721600
€0721700
€0721800
€C721900
cc722c00
co72210¢
co72220¢

- €0722300

€Cc722400
€0722500
0722600
€0722700
€0722800
€0722900
€Cc723000
€0723100
€0723200
C0723300
€0723400
C0723500
c0723600
¢0723700
cc72380¢
€C723900
€0724000
€0724100
€0724200
€0724300
€0724400
C0724500

€0724600

0724700
€0724800
€C724900
€0725000
0725100
0725200
€C725300
€C725400
0725500



AT PRI

LCALL UNPAC(52+R2,SL)
N3z €
IF(N1.ECe0) GU TO €66
CO €& J=1,N1
IF(NZ.EC.0) GO TO 667
CC 6€8 K=1+N2
IF{S1(J)+NEeS2(K) )
N3 = N3 ¢+ 1
.. €3(NZ) = S1{J)
. 66E CCNTINUE
‘667 CONTINUE
" & CCATINUE
6€€ CONTINUVE
CALL CUMFAC(S3,N345CH(1))
& CCNTINUE

GO TC

,CO 1C L=1,NBOD
1 = L=-1
CALL LNFAC(SL1sNL1SIX(L))
CALL UNPAC(SZ N2 ,SK)
N3 = ¢
IF(N14EGC) GO TO
CO 11 J=1eN1
IF(NZ.ECs0) GU TQ
CO 1113 K=1,N2
IF(S1(J)«NEeS2(K)) GC TO
"R3 = N2 41
. €3(NZ) = S1(J)
11132 CONT INUE
1112 CGNTINUE
11 CONT INUE
1111 CONTINUE
CALL CCMFAC(S3,N34SIX(I))
1C CONTINUE

1111

1112

12 READ 1CC,
CT1 = CT1 + 1
IF(ICD1EQ.IBL) GC TO 2¢C
IF(ICC1.EQ.NU) GO TO 21

€ee

1113

ICDl.lCCZ.ICDJoX.NSET.(SI(J)-J=l.10f

IF(ICLCLEUuslEN) GC YO 21 .

2C IF(IC02+.EQe1AS) GC TO 22
IF{ICO2.,EQ.IEVU) GG TO 23
IF(ICC2EQ.ICL) GC YU 24
IF(ICC2+EQ.IVT) GC TU 25
IF(ICC2.EGs1IFR) GC TO 26
IF(ICC24,EQ.ILC) GC TO 27
IF(ICD2+EWeIMA) GC TC 28
IF(ICU2.EQ.ICF) GC TG 2$
IF{ICD2.EU-.INR) GC TO 20

.- ~IFLICC2.EU0.IBD) GC TO 21

IF(ICC2EGeIVA) GC TOU €2
IF(ICO2.EQeISM) GC TU €9
_J!F(XCCE.EO-ICG) GC 19¢gz
[F{ICO2.EQ.IFL) GC TO ecC
IF(ICCZ.EQeIMD) GC TO 90

37 FRINT £0Cs CT1,ICD1,1CD2,
FGZ = +FALSE.

FETUFRN

3C INERF = LTRUE.

Va4 122

IVMe oy o Doul

SAEATL

ICD3

QA ¥2AD0 2T 3133 21 057

€0725600
€0725700
€0725800
€C725900
CC 726000
€0726100
€0726200
€0726300
€C726400
€0726500
CC726600
€C726700
€C726800
€0726900
€0727000
€0727100
€072720¢
€C727300
cer27400
€0727500
C07276C0
co727700
c0727800
€Cc727900
co72800¢
€0728100
€0728200
€0 728300
€c 728400
€C 726500
€0728600
€0728700
¢c728800
€C728900
€€729000
cc729100
€0729200
€0729200
€0729400
co72950¢
€0729600
€0725700
€0729800
€0729900
€0730000
€0730100
€0 730200
CO 730300
C0730400
€0730500

. €0730600
€0733700

€027230800
CC730900
€0731000
C0?731100
(C731200
C0731300
€0731400
€0731500

A4l



N

o TC 12 .. ‘tc 731600

*IL INERF = JFALSE. . €073170C
T GC TC 12 AR = - 07318090
~ 22 IF(1CC2.EC.IXM) GC TO 32 , e . L . .€C731900
TIF(ICDZWEQIIC) GC TO 33 . R s L . .€0732000
LT UFCICC34€Q.1CE) GC TO 24 €0732100
- ~IFCICC3.EQICO) GC TO 3S . . .Ce132200
6o TC 27, ; - : . €C732300
“CALL COMFAC(S1,NSET,SEL) . T« €0732400
- €O TC 12 . . . co?32s0¢C
[ : T ; €0732600
“AFLXE = NSET . - €0732700
U .L0 81 (IS 1eNSUD . - _ c0732800
= SEAM(L) = siCr). . o s . . . . .---€C732900
T8LE-NMCDS = AMODS + SFXM(I . - €cc733000
€7 -CREATE TrE SET SFLX e €0733100
SRR § AER: ) . .. €0733200
© O 8¢ I=1,N3UD €0733300
“§1(1) = ¢ co733400C
“IF(SFXM(1).EQ.0) GG TO 88 _ © €¢333500
R & SRS & S | A co073360C
TS0y =1 o €0733700
~B€ CONTINUE : . cci33800
s7u 7 CALL CUMFACES1 W NFLXBSFLX) .. €c?33900
C- - READ IN ALL FLEXIELE 8CDY MCDAL DATA © €0734000
©7. CALL UNFAC(S1,NS1eSFLX) ) . - - C0734100
TMN o= C ' _ T, .€2734200
by = 9 ' €0734300
CFRINT 2C: . .C0734400
. FRINT 2424 (S1QI)s1=14NE1) . .£C734500
*LQ 8E Il=1.,NS$1 o €0734600
S1 1= S1INSLel~11) ) . €6123a70C
"READ 103, N (MESS(J)»J=1418) . oL . £c73480C
FRINT 241, N, (MESS(J)eJd=1418). . . . v T o £C¢73490¢C
"IFCLsEGeN) GC TO EE€ " c€13s5000
SFRINT 23z ) 00735100
S . -FG2 = LFALSE. -+ ¢.. .. €0735200
w1 -RETURN : L C, 7 ..tc135300
"EE JSFIMI = EFXM(T) . ) o X . €0735400C
“CO 87 N=1,SFXMI e . - L .€0735500
ChMN = MMM O+ €0735600
:OMNYG= MN+1 €0735700
“d s READ 1264, FLUM(MN) S ZETACNN) - . €0735800
% READ 104, THA(NFER+MN) ¢ THAC (NFER+MN) . .  co3s9ce
CUREAD 104s (FLA(KIMN) oK=1,32) - ..+ €0736000
‘READ 104, (FLBIKsMNL.KZ1,3) e €C736100
-READ 104, (FLCIKWMN) oK=1,2) . €0.736200
.t READ 104, ((FLD(KSLIMN) sL=143) 2K=1,+3) NN L o £0736300
TLREAD 104, ((FLJ(KLeMN)oL=143)3K=1,3) ... €0736400
5. PRINT 233, MA, MNFLCM(NMM)sMN, ZETA(MN) ;. . €Cc73650¢C
>0 sNENN = NFER + MN P AAM YRR e B A ';:933':600
St FRINT 236, NFMNs THACNFMN ) o NFMN , THAD (NFMN) . . €07367C0
v PRANT 2340 MNe (FLAGKGMNY 0K=1,3)01 ., ... . ..., .c0736800
coesaFRINT 242 ’ ) .. .co073690C
< . FRINT 23€, MN«(FLE(KsMN) oK=143)01 Co e TUT edisreoc
»cir ERINT 242 F ’ €0737100
« o+ ERINT 23€., MN.(FLC(KsMN) oK=143),1 I ) €0237200
S CERINT 243 - ' ’ , €0737300
£ -FRINT Zzl€, (FLC(1 +LoMN) oL =1,43) . S . €0737400
CLERINT 237, MN,(FLE(2eLeMN)oL=te3)0l, .. . 777 = '€e737500
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0
(1)

FRINT 23E&., (FLC(3.L oMN) 4L =1,3)

‘FRINT 242

PRINY Z2E&» (FLJ(L oL o¥M) ol =143)

PRINT 2400 MNo(FLJ(2sLosMN) oL =103)sl
FRINT 23E., (FLJ(3sL oMM) oL =1,3)

FRINT ¢l €

IF(MMM.NES2) GG TC E7 o -

PRINT 2C1

MMM = 0

CONT INVE
CONTINUE
GG TC 1z S

CENSTRUCT CENTRIPETAL ANC CCRIULIS MODE CUUPLING CCDE WORD
CONT INUE

CRECK IF *FLEXIBLE®* READ YET

IF (NVODSWNEWO) GU TO 91

ERINT 232

SFG2= ,FALSE.

RETURN .
CC 92 .1=1,NMCDS .
SCXC(I) =0 )
CO 62 i=1,N3C0
s2¢(1) = ¢

NSZ = 0 , . S
CO S4 J=1,NBOD . CAa . ST
IF(S1(J)+EQ.C) GO 1O S4 )

NSZ = NEZ+l . o ] . N

‘s2(NEz) = 4
‘ga-
" JCALL CGMFAC(S2WNSZ.SFCC)

TFRINT ZC1 ’

CONT INUE

FRINT 244, (S2(1)4+1=1,NS2) . . e

READ IN MUDE COUPLING CATA, STT UP CUUNTERS
NN = 0 : .
JKFE =0

‘CO 150 K=1,.,NBOD

IF(SFXxM(K)+EQe0) GC TO 150

“TIF(S1(K)WNELC) GO TO 151

'READ 104, ((FCF(xt.JJ.xF).JJ=|.J).1x=1;J)
,ERLN1 242 ..
"FRINT 246€, (FCFUloddekF)yuJ=1s3) "
"PRINT (4792 MBeNBIKE9 (FCFL29JIsKF)sJJI=11+2) ¢KeKF

NU CFRCSS COUPLING TERMS, UFCATE MUOE NUMBER COUNTER MN

MN = MN+SFXM(K)

. GO TC 1€¢C

S1K = 351(K) .

CO 152 [=1,81K . ;
READ 10%, Mo +N3.KE ) . .-
IF (K .NE .KB) GO TO 154 :
MNN = MN + NB

cALL UNPAC(sz.st.sch(Mhn))
NSZ = NEZ+ 1

S2(NEZ) = MB

| CALL CONFAC(S2sNS2,SCXCIMNND)

KF = KF+1

A PR

FRINY 24¢€, (FCF(30JJsKF)»JJ=14+2)
FRINT 243 .
FEAD 1348s (FCK(II1 okF)o18=192) . "ﬁ

FRINY 24Es MBsNB'KEY(FCK(JJ !KF)nJJ=l '.3) yKyKF

C0737€00
€073770¢C
€0737800
€c737900
€C738000
€0738100
€0738200
€0738300
£0738400
€0738500
(0738600
€0738700
€0738800
€C 738900
0739000
.€0739100 -
€073920C
0739300
€0739400
€C 739500
€C 739600

©.€C07397¢C0

€0?73980¢C
CC739900

€CC740000 .

- €0740100
€0740200
€0740300
C0740400
€0740500
€0.740600

/€6740700
t0740800
€C740900
€0741000
0741100
€0741200

.+ 0741300

:'C0741.400
“€C741500
(C7a1600
€0741700
0741800

:€0741900

. €0742000
‘0742100
€0742200

.€0742300
C0742400
€0742500

“€0742600
"CC742700
€CC742800

14.€0742900
© €C743000
€0743100

‘c0743200

'€0743300
"C0743400

© €0743500
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_SFxXMI1 = SFXM(K)

" FRINT 24z

CORTINUE .
. CRECK AND OUTPUT INTEGER ARRAYS FCR BODY K
KKF = KF-51(K) .

O 153 I1=1,SFXMI

MN = MN#1 . o

CALL UNPAC(52,NS2+SCXC(MN))

" IF(RSZ.NE.O) GU TO 155

—
(he
o

CFRINT 246, MN . o o :
€0 TC 13 : . -
_€Q 1%0 J=1.NS2

FRINT 242

v8 = Sa(Ns2¢1=y) ] o - e

CKKF = RKF#1

-
non
O Wt

(82

“dalL LLNFAC(QI.NSFT.SXT)

FRINT ZSCe KsMBsMNIKKF
CONT INYE )
CGAT INUE
CONT INGE

€0 TC 12 ' .

‘6o TC 1z

_(ALL CLNFAC(SI'N$E1 . SVC)

co _TC 1z
CALL CCMFAC(S] ,NSET,5MV)

MMV = NSET - >

T ¢C TC 12

65

77

CALL CCMFAC({S1 +N3SET,SMAL)
ca TC 12
SCC = NESET

‘CO 9% 1=1+5C6

7¢

FEAD 1C1, SC(I),TEM e o e -
TUCCSC(I)) = TEM T :

CHECK IC UN THAGC(SC(I))i MUST gE ZERU, KESET IF NUT.-
| T CCOING FOR IMPULSE EFFECT DUE TC NCN-ZERG THAD ‘NOT "INCLUCEC
CU T¢ I=1+5CG
IFITHAU(SC(I))eEQ.C40) GC TC 24

THAC(SCCI)) = Go0 L .
FRINT 23Cs SC(D) L. T
CONT INUE R
co TC 12

CTZ = CTé+l
JDECNE = CT2+NSET-1
IF(CTZ.GT+JUCNE) GC TC SCO1 . , ..

"CD 3€ J=CT2s JOONE

XTE = CTIel dvite sz e

““LK(J) -VIXT?JGI‘ CT‘) R N T TR S e PNV

SFR(J) = 51Ld+1-CT2)
CCAT INUE

Tz = CTZ¢+N3ET-1

CC TC 12

UDCNE = CT3#NSET-1

IF(CT3,GT.JDGNE) CC TO scoz

CO 3¢ J=CT3+JD0ONE

T CCNTINUE

TCTZ: = CTZ#N5ET-1

2¢

A44

GG TC 1&

"CT4 = CT4a+l

WOONE = (T4¢ANSET-U

€0743600

L£0743700

€0 743800
€0743900,

€C744000

0744100
€0744200
0744300
€C 744400
€0744500
€0744600
€0744700
€€744800
€C744900
€0745000
CC74S5100
€0745200
€C0745300
€C 745400
£0745500
€0 745600.
€0745700
€0745800°
€0 745900
€0746000
€C 746100
0746200

€074€300

0746400
C0746500
C0746600
€C0746700
co0746800

" CC746900

cC747000
co747100
0747200
C0747300
cc7a4740C
0747500
C0747600C
cc747700
¢C747800
CC747900
€C743000
€07481C0
€0748200
cc748300
CO0 7486400
€0748500
(cr48600

i C0748700

€Cc74880C
C0748900
CC745000
€0749100 =
€0745200
€0749300
£0749400
C0 749500




ac

IF(C14.GT,JUCNE) GC TG €£¢C02
CO 4C J=CT4, JOONE
EMA(J) = S1(J+1-CT4)

500G CONTINUE

2%

41

SC04

)4

32

T

CT4 = CT4+NSET-1

€0 TC 12

CTE = CTs+1

JCCNE = CTS5+NSET-1
IF(C15.GT.JDONE) GO TO SCO04
DO a1 J=CTS, JOONE

SFK(J) = S1(J+1-CTE)

CCNT INUE

CTE = CTE+NSET-1

¢O0 TC 12

CALL CCNFAC({S1+NSET,SPI(I))
€0 TC 12

CALL CONFAC(S1eNSET.SIX(1))
€c TC 12

CALL CCMFAC(S1+NSET,SCN( 1))
60 TC 12

"CALL CCMFAC(S1WNSETW.SCR(1))

.60 TC 12

¢T1 = ¢
IF(CTIZ4ECeQ) GT TC 42
NFRC = (T2

T ct2 = o

a4

e NaNals!

Nnon

IF(CT2,EGeD) GO TC 643
NCTC = CT3

€T3 = 9

IF(CT4.£G.0) GO TC 44
MMCA = CT4

CTa = 2

IF(CTELECa0) GL TG 45

NEKC = CT15
TS = o
CONT INUE

CBTAIN ELEMENTS UOF ARRAY SX¥

INITIALIZE BUTH £xM AND TH ARRAYS

£C 3  K=1,NG8GD
€O 3 I=1.3
SXM(1,Kk) = ©
CCNT INUE

CEFINE CCNTIGULUS FPAIRS FUR wHICH DIRECTICN CUSINES ARE

SD = SR=~SMAL-~SEV

DEF INc CGNTIGLOUS PAIRS FOR wrnlCH SMALL ANGLE UR EULERK

TECANICUES TO 83E USEC
EML = SR - 5D

e CALL UNRACCSTaNS oSML)

CrY s CYCGLE THRUUGH ELEWVENTS UOF SkL TO DEFINE 3XM ARRAY

oA ey

-

1€

IF(NS1.,EC.C) GO TC sSCs&C
CO 4 KK=1,NS1
K = S1(KK)

CEFINE NCMINAL STATE TRAMNSFCRMATION FRCM BOCY JCON(K) .TU BODY K

CALL TRANEPS (XMT{}+dsKk)}))

FICK CUT GIMEAL CCANFIGURATICN AT HINGE PUINT K-1

IGCTC = FCUON(K) + 1
CO TC (2129141801 €),1GLTC
CALL TRNESPS (XMT(1s1eK))

€0749600
€0749700
¢C749800

'€074990C

€C750000
€0750100
€0750200
€0750300
€0750400
€075C0500
€0750€00

£0750700

€C75¢800
€c750900
€0751000

_ co7s110¢C

€0751200
€CC751300
0751400
€075150C
€0751600
C0751700
€0751800

" €C751600

C0752000
€0752100
€0 752200
€0752300
€0752400
€C75250¢C

.€0752600

€c0752700
c075280¢C
€075290¢
€C753000
C0753100
€0753200
€C0753300
€0753400
(0753500
0753600
cO0753700C
0753800
€0753500

TC BE USEDCO?54000
. 00754100

€0754200
€0754300
€0754400
€0754500
€D754600
€0754700
€0754800
€C754900

" co7ss000

€0755100
€C755200
€C0755300
CC755400
C0755500

A4S



¢G TC 4
NGA = 3
Sb = EQF (KD

L = SOL(K)

. CALL VECTRN (GF (10 ) oXNT(1+14K) 4QFK(Lo1))

“14

LLE0 7€ I=1,3
S CFK(I+2) = QLI L)
CCALL VECKOS (QFK(Js1) sCFK(1+2)sdFK(1,3))

cc 'TC 7

‘ﬁGA = 3

M3, 8CF (K)

Ml = M+ -

-
tu

CALL v=CTKN (uF(l.N)oXMT(l.l.K)deK(lol))
€0 B 1=1,3

GFK(1462) = QF(IsM1)

CALL VECFGS (QFK(1s1)+GFKR(1+2)suFK{L+3))
GC TC 7

NGA = 3

.M = SGF(K)

ML= Ml

N2 = N¥2

CALL VECTKN (OF (1 M) oXNT (L oloK ) GFK(L1s1))
Lo 9 1=1,3

GFK{I1+sZ) = UF(1eM2)

;CALL VECRUS (OFK(192)sCFKR(1s1) suFK(14+2))

“éo TC 7

IF(NCGA.EC.D) GO TC 16
CO. 17 N=14NGA

€O 17 1=1,3

‘18

[aNaNaNaNaNal

\IF(QFK(I-N).NE--I) G0 Tu s8
USXNMINGK) = -1

CJF(GFK( IWNJNEWO) GO TC' 18

co TC 17 e
IFIQFK({ I sN)eNES1) GO TG 19

EXMINIKY = I

€L TC 17

CC TC 17
CONT INGE

':CCNC FEKE UNLY IF FREE CCCRCINATE AXES NOT ALIGNEC WwlTH

BCDV K FIXEC AXES IN NUMINAL STATE.
SMALL ANGLE UK EULER ANCLE METHCDS CANNCT BE USED,

INCLLS ION

"CF THIS CAPABILITY UF LIMITED VALUE SINCE IT wClLLD SACRIFICE

- CCMFLTATION SPEED ANC MEMUKY STCORAGE.
PLT K EACK IN SD AND CELETE [T FRCM SEU UR SMAL
€2(1) = K

’ (ALL CCMFAC(SEsl oK)

A46 -

' Go. JC e Pes
CONT INUE A
CORTINUE :

D = S0 * NK
CALL UNPAC(S3,NS3,SEV)

TF(NSZ.EG.D) GO TO 5020

CO 71 JJ=1,NS3
Y o= €3(9J)

"IF (JoNEWK) GO TO 71

cEL = 3EC = NK

CALL UNPAC(S3,NS3,SMAL)
IF(NS3.EC+0) GO TC 16
CC 72z JJ=1,NS3

Vo s30sN

€C075560¢C
0755700
€0755800
€C755900
CC75€000
€0756100
€0756200
C0756300
€C0756400

€0756500

€C 756600
€0 756700
€0756800
C0756900
€C 757500
c0757100
(0757200
€0 157300
€0757400

'€0757500

c0757600

"€0757700

C07578C0
0757900
0758000
€0758100
€C 758200
co75330¢C
€C0758400
€0 758500
C0758600

.€0758700
¢c1s880¢C

€cC?15890¢C
(c7590200

S €0759100

"€C 759200

€0759300
€0755400
€0755500
€C759600
cec7597¢C0
cc75980¢C
cc75990¢
€0760000
€0760100
€0760200
cC 760300
£C760400
€0760500
€C760600
co?6€700
£C 760800
€076€S00
£0761000
cc76110C
c07612¢C0
¢0761300
€076140¢
€07615C0




508¢C

IF (J «NE oK) GO TU 72
SEMAL = SNMAL - NK

CC TC 1¢

COAT INVE o - ’ Lo 4
GO TC 1€ o

CONT INUE
€0.7C le

CONTINUE
CONT INUE

MAKE SURE ALL ANGLES CALLED FUR BY SAM WwILL BE CUMPUTED
CO 3€ K=1,N30D - S

IF(S>XN{1:K)eEQC) GO TC :Z€
NDCNE = 2-PCON(K)

" CO 4S LL=1,MDCNE

P S

-LL=1
"QF(K) + [

N

,lF(NFHC.cQ-O) GO TC 59021

-.C0 57 N=1.NFKRC

57

5021

45
‘3¢

sl aNaNs]

[t
(}F T:\

SE
EN17

IF(MEQGSFRIN)) oC TO 49
CONT INVE
CCANT INVE

"COME hERKE IF M NOT IN SFR

NFRC = NFRC+1 .
SFRINFRC) = M : . .
CCATINUE o

LOUNT INJUE

€0761600
€C761700
tois1800
€C761900
C0762000
€0762100
(0762200
co762300
€0762400

1 €0762500

1 £€762600

0762700
€0762800
€0762900
€0763000
0763100
€C763200
C0763300
c0763400
€0763500
0763600
€CC763700
0763800
€C763900C
€£764000

€0764100
/€0764200

€C0764300

MAKE SUKE TRANSLATION CCMFONENTS OF CeMe OF HODY 1 (HINGE POlhT 0)CC764400
lNERIIACO76450O

'607646"0

ARE CUNFUTEC SO AS T3 d8E AELZ TU OEFINE CB(1). NEEDED FOR

ANGLLAR MCMENTUM ANC ENERGY CALCULATICN
MDCN1 = SQF(NB1)

MOCNE = SUF(NB1)+2-FCCN(NELl)
IF(MCCNT.EQaC) GO TO 5032

CC 732 M=NDUNI MDUNMNE

'

TIFANFRUSEQ.Q) GU TC 5722

CO 74 R=14NFRC .
IFAM EJLSFRINY) GC,TO 737 &, - . o - F
CONT INLE R
CCATINUE ~ - .0 4 '

‘NFRC = NFKC+1
TEFR(NFRC) = W

CCAT INVE
CCNTINVE

MAKE \UFL ALL POINT MASS CGCROINATES IN 3QF ARRAY

CALL UNPAC(S1oNLIsSL)

IF(N1.£GCe0) GO TO €018
CO 9¢€ 11=1.N1

T = 1¢d1)

MDCGNI = SUF(1I)

" MDCNE = SUF(I) + 2 = PCONCT)

IF(MCCNI «EWQe0) GU TO SC1e

L0977 M=NMOUCNI+MDUNE

IF(NFRC.EQ.D) GO TC 5017

"CO SE& N=1,NFRC

IFIMEISFRINY) GC TO o7

‘CONT INUE

CGAT INUE
AFRC = AFRC + 1

. €0764700

' €C764800

" €C764900

€C 765000

,£0765100

€0765260

" €0765300

£t0765400

' €0765500

0765600

" €C765700

€0765800
€C 265900
€C7660060
€0766100
€0766200

 €0766300

C0766400
CO766500

'C076b600

€0 766700
€0766800
€C766900
€0767000
€0767100
co767200
€0767300
€C767400
C0 767500

A47"



57
501¢€
Se
5018
<
4
67
€E
€022
Ee€
C
c
. TE
c
s
c-
c.
S &€
47

4E

A48

SFR(NFRC) ='W

CONT INUE
CONT INUE
CGNTINUE
CONT INUE

FIND ALL -MGMENTUM WHEELS IN TrE NEST K=1; K=1432s0¢0s0¢NBOD
CC 6€ 11=1,NEOD

I=1l-1

CALL UNFAC(SI.NI.SK(I))

CO 67 J=1440

€2(J) = €

N2 = ¢

IF (NVOLEG.D) GO TC.5023

CO B6E J=1,NMU |

IF (o NCTLCTAIN(MU(J)¢sSIN1)) GI TO 68
N2 = N2 ¢ ] ’

€2(NZ) = J

CONT INUE

CCATINUE

CALL CuycAC(cz.Nz.SMC(I))

CORT INUE

IF-CCMPLTING FRAME BODY | DELETE LABEL 1 FRGM 3VC
CALL UNPAC({S1sNSET,SVD)

IF(INEFFJORe S1(NSET).EC.C) CO TO 76

NSET = NSET - 1.

. CALL CCNPAC(CloNSET.SVD)
'CONTINUE

-ALL TRUNCATED SUMMATIUGNS DEFINED
PRINT. THEM OUT

CPRINT 201

IF(INERF) Gu -TC 46
FRINT 2¢2

€0 TC a7 ' Co
FRINT 202

FRINT ZCa

FRINT ZO€

FRINT 20¢ :

CO 4€ 11=1.NBOD
I=11-1 :

" CALL UNPAC({S1oNSET.SK(I1))

FRINT 2C7¢ I+(S1(J)sJ=1sNRSET)
CALL UNPAC(S1+NSET.SMC(I))
FRINT 222+ L[+(51(J)eJ=1+ASET)
FRINT 224

CALL UNPAC(31sNSET+SPI(1))

TFRINT 2CS, (S1(J)is=1WNSET) -

CALL UNPAC(S1oNSET,SIX(I))

FRINT 21C, (SI(J)sJ=14ASET)
CALL UNPAC(SLeNSET,SCN(I)) L
FRINT &l1, (SECd).3=1onNseET) £rIsE
CCALL ULNPAC(S1NSET.SCR(1))

FRINT 212, (S1(J)sJ=14NSET) ,

FRINT 228, 1

FRINT 2€1

CALL UNPAC(S1eNSET.SD)
IF (NSET.EQ.0) GO TO SCCS

C0767600
C0767700
€0767800
CC767900
€C768C00
0768100
€0768200
€0768300
€0768400
0768500
€0 768600
€C76870C0
€0768800
€Q0768900
€0769000
€0769100
0769200
€c0769300
€0769400
C076650C
C0 769600
C0769700
€0 769800
€C769900
€C770000
€0770100
€0770200
€0770300
€C770400
€C770500
0770600
co07707cC0
C077080¢C
€0770900
CC771000
c0771100
€0771200
€0771300
C0771400
€0771500
CO0?7716C0
ccz7170¢C
cor?71800
C0771900
0772000
€6 772100
ccr72200
€0772300
c0772400
CC772500_,
€0772600
€0772700
€€ 772800
c0772900
€C7730CC
cc?731c0
€0773200
cC773300
€0773400
€0773500




S¢C

!
50C¢E

SS

S0CEe€

7¢

5CC7

S1

SCCE

m
Ny

S0CY

€1

€32
501¢C

64

n
tw

5011

CC SC 1=1.NSET
PRINT 214y SLCI) s JCONCSICIY)
FRINT 21€

CCNTY INVE

CALL UNPAC(S1sNSET,SMAL)
IF(NSET.Eu.0) GO TC 50C6
CO 5 1 =14NSET - .
FRINT 22Es S1(1),JCCN(SLI(I))
PRINT 21%

CCAT INVE

CALL UNPAC(S1+NSET,SEV)
IF(NSET.EQ.0) GO TO 5CC7
CO 7€ 1=1eNSEY

FRINT 226, S1(1),JCONCSE(I))
FRINT Z1¢

CCAT INVE .

CALL UNFAC(S1sNSET.SXT)
IF(NSET+EQed) GO TC SCCE
CG €1 1=1sNSET

FRINT Z21€,51(1)

FRINY 21¢

CCAT INUE

CALL ULNPAC(S1+NSET,SVD)
IF(NSET.EWs0) GO TC 57C9
CO €2 I=1,NSET

ERINT 217,51(1).

FRINT <1€

CCNTINUE

FUT ARRAY SFR IN SEQUENTIAL CRDER
CO €1 I1=1.NE3

ca(r) = ¢,
IFINFRC+EQe0) GO TC S01C
LO €3 I=1.NFRC
Sa(SFR{1)) "= 1

CCAT INUE

K = ¢

CO €4 1=1,NB3
IF(S4(1).EQ.C) GG TO €4
K = K+l

SFR(K) = 1

CONT INUE

IFINFRCEQeQ) GO TC 5011
CO £2 I=1sNFRC

FRINT Z1&, SFR(I)

PRINT 215

CGANT INUE

IF (NCTC.EQe0) GO TG 5012
CO 5S4 =1,NCTC

PRINT 21S, SLKC(I)

FRINT 21%°

CONT INUE | .

IF (NFKCsEQe0) GG TC 5012
CO St 1=1+NFKC

FRINT 22C, SFK(I)

FRINT 21¢

CONT INUE

CALL UNPAC(S1+NSET.S5MV)
IF(NSET+EV.0) GO TC 5014
CO 6S I=1sNSET

FRINT 2132, $1(1)

€0773600
€c773700
€0773800
€C773900
€c 774000
€tc774100
€C774200
tc774300
€0774400
€0 774500
€C 774600
CC7747€0
€0774800
C0774900
€0775000
€0775100
€0775200
€0775300
0775400
€0775500
€C775600
C0775700
CC775800
€0775%00
€0776000
0776100
€0776200

'€0776300

€0 776400
€0776500
0776600
0776700
€C0776800
0776900
c0?777000
€0 777100
ce777200
€C0777300
C0777400
€Cc777500
CC777600
C0777700
c0777800
€0777900
CC778000
0778100
€0778200
CO778300
€0778400
c0778500
€C 778600
€0778700
C0 778800
€0778900
€0779000
€0779100
€c0779200
€0779300
€0779400
€C0779500
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FRINT 21€ CC779600
5014 CCNTINUE ) . . €C775700
) IF(NVOALEG.O) GO 1C S015 | T . €0775800
- CO S€ I=1,NMOA €C0779900
SE PRINT. 221, SMA(I) . i L €C780000
: FRINT 21¢ co780100C
€015 CCMTINUE L , €0780200
IF({SCG.EGC.0) GO TO &3 ) cc780300C

£O B8z I=1,5C6 . 0780400

€2 PRINT 221, SCCI),TUG(SC(I)) ' ’ ’ cc780S50¢C
83 CONTINUE €C 780600
T = co7807c0"
100 FORMAT (3A4,13,1118) _ €C 780800
101 FURMAT (15,015.5), . €C780900
102 FORMAT (15:2015.5) ' C ) ’ €Cc781000
172 FORMAT (15.18A4) ) co781100
104 FORMAT (3D15.5) . . . . €0781200
105 FORMAT (£15) ) ’ ) o cCc 781300
20C FORMAT (' IDCNTIFICATICN CODE NOT RECUGNIZEE 1IN SUBROUT INE INCPT. €C781400
*INFUT CFTICN CARD'.14,' C(CDE READ IS ',3A4) . €c18150¢
201 FORMAT (*1°) L ) €0781600
202 FORMAT (10X, 'CGMPLTING FRAME TAKEN TQ 3E THAT FIXED INERTIALLY',//CC781700
. %) -co731800
202 FORMAT (10Xe *CCMPLTING FRAME TAKEN TC BE THAT FIXEC. IN BOCY 1%4///CC781900
*) €C782000
204 FORMAT (320Xs *TU,; SPEED (P CCNPUTATth VARIOUS TRUNCATED SETS GF EODCC782100
¥Y. LAEELS HAVE EBEEN DEFINED') ccv82200
20€ FORMAT (34Xe *THE SPECIFICATICN UF THESE SETS PERMITS ENGINEER ING JC078230¢C
.. WUDGEWNENT TO') 07826400
2C€ FORMAT (28X, *BE INTRCDLCEC INTU THE FURMALISM AND MODELLING *,//7)CC7825C0
2C7 FORMAT (20X, *BODY LABELS OF EUDIES IN NE3T*,13,3Xx+1C15) o €0732€0¢C
2C€e FORMAT (2CXs1015,/) cc782700
20$ FORMAT (30Xs *PSUEDC INERYIA TENSIRS*s13X+1015) cc78280C
21C FORMAT (30X, "INERTIA CRCSES COUPLING®»13X,1015) €€ 782900
211 FORMAT (30K *CENTRIPITAL CRCSS COUPLING',9X+1015) €C783000
212 FORMAT (20X *CORICLIS CRCSS COUPLING',12X41015) co7s831co
213 FORMAT (10X *MCMENTUM WHEEL .13, IS5 ASSUMEC TO BE VARIABLE SPEED (£78320C
xr) co7833c¢C
214 FORMAT (10X, '‘RELATIVE ANGUL R DISPLACEMENT EETWEEN SODIES®, 13, ANCO783400
#C'.IB.' IS COMFUTEL VIA INTEGRATICN OF DIRECTION COSINE EQUATECNS®C0783500

‘*) C c0 783600
215 FORMAT (s/77) €c0783700

21€ FORMAT (10X .
*THE SYSTEM INERTIA MATRIX CF DYADS ARE ASSUMED TIME VARYING') - CC733900

217 FORMAT (10X,

*¥E°  VARYING IN

PTHE ELEMENTS CF COLUMN',13,' UCwN TU THE CIAGUNAL IN €C783800

'VECTCRKRS ANC CYADS FIXED IN 80DY's13,' ARE ASSUMEC TIMCC784000
THE FRAME GF CCMPUTATICN ') ’ C0784100

218 FORMAT (10X*DISPLACEMENT AEBCUT UR ALUNG FREE VECTAOR'*.I3,' CCMFLTEDC(C784200

%)

21S FORMAT (10X,
*CCMPLTED ')

22C
221
222
L2248
228
228

226

FORMAT
FORMAT
FORMAT

L FORMAT
FORMAT
FORMAT

*¥L 412,

FORMAT

DY, 13,

€C 784300

'CCASTRAINT 1CRGUE ABOUT UR ALONG LOCKED VECTOR?,I13,' C07844CC

' . , €0784500

(10X, '"CCNSTRAINT FCRCE AT HINGE PUINT'¢[3,* COMPUTED "0y €0T784600C
(10X, *ANGULAR PCSITICN OF MCMENTUM WwhEEL *,I3.' CGMFUTEC ') CC7847CC
(30X, "MONENTUM WHEEL LABELS IN NEST®,13,3X.1015) €C7848C0
(20X, *PRIME CONTRIBUTORS TO COMPUTATICN OF ") €CC784900
(20X, 'FOR THE ECUATICN OF MOTION UFSREST 1% sv//)vE Mgt 785000
(10Xs *RELATIVE ANGULAR DISPLACEMENT EETWEEN BUDIES’, 12,* ANCC785100
IS CCMPUTED VIA SMALL ANGLE ASSUMPTIONS *) €c 785200

(10X 'RELATIVE ANCGULAR DISPLACEMENT EETWEEN BUDIES®*.I3.,* ANC0785300
IS CCMPUTEL VIA EULER ANGLE TECHNIQUES *) €C78540C

230 FORMAT (10X 'NOTE: THAC(*,12.') = O INITIAL RATE CONDITIGN RESETCO078S500

A-50




[a]

* TC ZERO., SEE SU

8 INOPT ANC VMAIN ')

C0785600

231 FORMAT (10X, *MOTICN ABOLTY FREE VECTCR',I3¢' UNCAGED AT T=',C1E45) CO785700
232 FORMAT (° MOCAL CATA CLT CF SEQUENCE *) €Cc 785800
232 FORMAT (' MODE®',12+2Xs® FLCM("4024°') =*4C12e5s5Xs* ZETA(*,12,') =CC785900
#¢,Cl1ze5) CC786000
2324 FORMAT (' FLA('+12,%) =*43C12.5+3Xs* (BUDY*,12.' FIXED COORCINATECO786100
®5) ) 0786200
23¢ FORMAT (* FLBU's12,') =*,3C12,5+3Xe" (BODY*+12,' FIXED COGRDINATECC786300
$<) ) C078640C
236 FORMAT (' FLC('+12¢%) =0,3C12.5¢3Xe* (SUDY '+ 124" FIXED COORDINATECO786500
*s) *) ) €C'786600
Y237 FORMAT (' FLO('412,%) =0,3012.5+3Xs" (BUDY*es12.' FIXEC COORCINATECO786700
*s) V) €C 786800
'23E FORMAT (11X,3D12+%) ’ "C07869C0O
235 FORMAT (11Xe*' THA(®124%) =',012e5+5Xs® THAD('4124") =°,4D1ZeS»s) CCTB7CO0
240 FORMAT (* FLJC'912¢%) =9,3012+4503Xe* (EUDY*, 12, FIXED COORCINATECC787100
$5) ) : ' €0787200
241 FORMAT (//7/,10Xs" NMOCAL CATA FUR GODY®, 15, 18A4,4/) ©€0787360
242 FORMAT (10X, ' THE FCLLGWING HUDIES HAVE SEEN REDEFINED TO BE FLexxcc737aoo
*ELE *,1015) C0787500
242 FCRMAT (* *) ) €C787600C
244 FORMAT (10X, * THE FULLCWING FLEXIELE BODIES hAVE SIGNIFICANT NCDE CC787700
i *COLPLING IN THEIRK CEFORMATICN CQUATIONS®,10135) €cc787800
24€ FORMAT (17X,2D12,5) €C787900
247 FORMAT (' FCF(*+124%4%0124%4"4129%) ='43C12.5,* (BODY's+12,' FIXECCC7880CO
% CCORCINATES) LCCATEC AT FCF(lslstsl2s?)") cc788100
24€ FORMAT [ FCK('sIZs'y 20124, ,12,%) =',3D12.5,* (BCDY'»12,° FIXECCO 788200
* CCORCINATES)  LCCATEC AT FCK(ls's12,°%)°) ' ¢C788300
245 FORMAT (* 'SCXC('412.%) = Q') €c788400
L25C FORMAT (' BUDY *,12,' VCDE',13,' CROSS COUPLES IN COOKDINATE EGUACO738500
ATICN *,1Z+* COEFFICIENYS AT KF 20,13) €0738600
FE TURN ) €0738700
ENC c0788800
. " ) CC800000
SUERCUTINE INTCR cogn0100
’ CCENDO200
. . " cceoo300
INFLICIT KEAL*B8(A-F 0-2+%) CCENDACO
LUGICAL. FGl., FG2, FG3y FG4,s F35, INERFs RBLOs LEQU. LINIT(1) CO0802500
LOCICAL NSTART, LR1APE | N ' €0800600
' cceccroo
. €Ceq0800
INTECER : , - COEC090C
¥ AWCRK , CTi , CT2 s CT2 v CTa y CTS » FCON . FCON ,+ (C0BO100C
.. % SCNCUM,. SCN, » SCRDUNs SCR =~ o SFKCUM, SFK o SFR » SG | s _COEOLICO
* S s SIG v SIXDUM, SIX s SKCUM , SK 3 s SL » SLK , . coen1200
* SNvA s SMCCUMe SMC 4 SMV s SCK  » 3PIDUMs SPI + SQF + CCEC130C
* SGL s SR . <<CN s+ SSIX + SVA . SVE ¢+ SVD » SVI » CCEN1400
foe=ATSVM v SVP (N SVO, Lv e SRM L SXT . TORQL o SMAL . SEU . cceorsoc
* 5¢C vy 5CG + NFLXA o SFLX o+ SFXM 4 RMCDS » SFCC 4 SCC vy COBC160C
s 1INIT(1) v TZINIT(1) » 5D ‘coenl17oC
' ccentsooe
COED1Y00
RE AL ¥Q ) . _€0e02c00
* ANGC (3.) s CNF (341C) » ETIC (3,10) » ETMC (3,10) , (C80210¢C

V4
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FLQ (2+20) o FLE (2¢3¢20)y FLH (3¢3¢20)

THACD (23) » YNCD (Ze2911)s RINIT (1) v RZINIT(1)
COG¥VMIN /CHEKS/ NETAR T, LRTAPE

COMMCN /LULGECYZ FGls FG24 FG3y Fuas FGSe INEFRF, REBLU(10)

COMMCN ZINTG/ AWORK (200) D

cT1 o CT2 » CT3 + CT4

CcT15 s FCON (33) » JCCON (10) s LCON (22)

Mc (10) s NEL » N3OD « NCTC

NFER » NFKC - » NFRC s+ NLCK

[ LAY » NNO e NMCA » NSVP

NSVC » FCUN (1L} s 30 s SFR (33)

SG s S1 (<) s SIG » SL

SLK (23) s SVMA (10) s SCK (11) » SQF (11)

SCL (11) 1. AY » S s SSCN

SEl»x » SVA b 5V38 o SVC

svl s SVM » SVP (22) v SVQ (32)

S XM (3s1C) v EXT » TOKQ (97) + SMAL

SEU o ANTQ + SC (33) + SCG

NFL xg » SFLX s SFXM (19 » NMCDS

SFCC » SCC (10)

CCNMMON /ZINTGL/

SCNCLA » SCN {s) » SCRLOUM s SCK (9)
SFKLCLM » SFK (S) » SIXDUM - » SIX (9)
SKOLM™ s SK (s) ¢ SPIDUM v SPI (9)
svlCcud s SMC (s

COMMCN /RZALZ

CA (3s10)° + CAC (2.1C) » CLM (10) » CGMC (2+11)
DIOMC (2,11) s ETC {32,11) o ETWV {33) » FOMC {(3.11)
GAM (32s00) y H e HM (3+10) s HMC (3,10)
=NMOWM (192) o PHI (3Z,11) s PLM (10) + QF (3,32)
QFC (2¢33) +« OL (Ze22) » QLC (3,22) s RCMC (Zell)

T ’ THA (33) » THAD (33)
THACA (10) v+ THAW (10) » XOIC (3+¢3+60)» X1 (3¢3.1C)
x1c (3,3,10), XMAS " (10) v XMN (33,33) o XMT (3:3,1C)
TLG (33) s FLA (342C) o FLB (3+20) « FLC (3:20)
FLD (32¢3920)y FLJ (2e3+20)s CAQ (3,10) « XIO (3+43410C)
FLIRC (32,10) s FLCRC (2.1C) » FLAC (4,20) » FLUC {(3.20)
FLCwW (292) ¢ Z2ETA (zn) s FCF {(3.40) » FCK (3+43440)
TIMEND

COMMCN. /REALZ/

CECLM (1,3) s CE (Zs1C) ¢« C3CDUM(L,3) v CBC (3.10)
XMCCLM(191,9) » XMC (2e3010)y CBNC3) | oL ivmniue vnd v oo a
CCMMCN /SATELLY/Z OUMMY(10CC)

EQUIVALENCE (ETM(1}sTHADC(1)) s (XMN(1e1)sANGD(1)) ’
: (XMN(E+3),YMCC(141,1)) s {XMN(1s6) sCNF(1s1)) ’

(XMN(1+8),ETIC(1+1))

P (XMN{1410)ETMC(14+1)) »

ccen2200
CC802300
€CE02400
€C892500
CCe02600
cceoz27ocC
CCe0280C
C0E02900
€cen3noo
CCED3100
tCec3z0cC
cceon3sec
C0E03a0C
€0803500
COEN360C
€0e03700
coe0380C
€080390C
€CE0A0CO
€Cena100
cCEN4200
€C€04300
0804400
CcenqasoO
CCECa600
cceos70¢C
€Cc804800
co€eca9ee
CCEC5000
CCE05100
(cens200
CCE05300
C0EN5400
€08055C0
C0805600
€089570¢C
CCENSBOC
CCeCs900
€CCE060CO
CCE06100
CCE96200
cCed€e360
CCR0E4CO
0806500
CoE0660N
€C806700
CCECH800
€Cav6960
€CEN7N0O0
CCEe07100
coenr20¢0
€Cel7300
C0€C7400

,CCEC7500

€0eN7609
CoEC770C
ccenrsoo0
cc8C7906
CCEDBOOO
C0€C810G
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(FLB(1s1)sFLGC(L,41)) s (FLECLs101),FLDCLs1s1))y CCENB200

(FLHC1a1 41 ) oFLICL 41 1)) ' €0808300
(FGL.LINIT(1)) s (CA(L L) oRINIT(L)) ’ CCECaa00

(CBOUM(L o1 ) RZINIT(1)) y CAWORK( 1) W IINIT(1)) ' €0e08500

(SCND UM IZINIT (L)) : CCECB600

cescazoe

€c808800

FETUFRN C0808900
ENC CCED9000
: . €Cs$n0000
SLERCUTINE TRNSIV(XMT,GF yTHA JCUN»PCCN,NBOD »REL U INERF ¢ XMCDUM ,XMC) COG0C100
covMPLT: INITIAL TRANSFCRVMATION MATRICES €0s$00200
BCOY K TO CCMPUTING FRAME COURDINATES €0500300
€0500460

ENTER SLERGUTINE WwWITH (0<S0CS00
XMT = NUOUMINAL STATE TRANSFURMATIUN MATKICES EUDY K TO 80CY JUCC0&%00600

WF = FREE CCCRDINATE VECTOR, EIGENVECTCRS €CS00700

THA = RUTATICN ABCLT RESPECTIVE LIGENVECTORS €0s00800
RETURN FROM SUEROLTINE wliTh €0500900
XMC = INITIAL TRANSFORMATICON MATRICES BCDY K TC COMPUTING FRACCSO100C

) €0$01100

IMFLICIT REAL*B(A-HsC—-2,%) (8s0120¢C
LOCGILCAL ROLO( 1)+ INEKF, LEGU €2s601300
LCGICAL LRUNGE o LTRAST 4 LVDIV o LEQUIV + LTRAN . C0s01400
LTRANV 4 LRATE ¢ LXDY s LETA « LTORQU €0s015¢C0

LCGFDOT » LDCT + LANGLE +» LSETUP , LSIMQ C0S01600

INTE CER JCON( 1)sPCCNC 1) C0901700
CINENSICN XMT(3s34 1)+GF(3s 1)sTHAC 1) ccso1800
CINENSICN XMCDULM(14149)sXNC(3,35, 1) €0501900
CINENSILAN XTMP(3+3)+XTMIC343),XTM2(3+3) €0$22000
CINERSIUN QT1(3)22T1(4) +2T2(4)+2T3(4)+2T4(4)4uT2(3) €c0s$02100
COMMCN 7LDEBUG/Z LRUNGE s LTRANSI o‘LVDlV-'o LEGUILIV o+ LTRAN . c0s02200
LTRANV , LRATE » LXCY s LETA v LTORQU €0$02300

LOFDOT , LOCT v LANGLE » LSETUP , LSIMO €0502400

EGUIVALENCE (LTRNSI,LEGL) coso2sc0
) €0502600

CCNALTE TRANSFORMATICN MATRICES WHICH TAKE VECTORS FRCM BODY JCCN(C0S0270C0C
Tu EODY K CUCRDINATES €05028C0
€csc2900

NOTE xMT TAKES VECTORS HBCDY K TC JCCNIR) IN NOMINAL STATE €0603000
v oz €N0s031C0
IFlNUT. LEUL) GO YO 1001 €05$03200
FRINT 2CC €0503300
FRINT £3C €05C3400
CC 1S K=1,NBOD €0503500
TUERINT 201 C0S03€00
FRINT 202, (XMT(L sdsK) eJ=14+3) C0s03700
FRINT 2C3s Ko (XMT(2sJsK) sd=143) - €0503800
FRINT ZCZs (XMT(3sJdeK) ed=1e3) -. -~ €0<$03900
£0O 1  K=1,N30D €0504000
IF(LEWU) K1 = K-1 €0S041C0
XMT(IsdeK) = 3X3 TRANSFCRMATICN MATRIX BCDY K TO JCON(K) (0s04200
XTMP( 1) - 3x3 TRANSFORMATIUN MATRIX ECDY JCCN(K) TO K €C0SN4300

CO 2 I1=1,3 - €0S04400
CC 2 J=1.,3 : €0%04509
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IF(+NCT+ LEQU) GO TO 1CC2 : €0s04700
PRINT 2c4 - Lo €0924800
FRINT- 221y K1 - €0504900
FRINT 205, K : €0505000

] : €0505100
CCMPLT FREE COORDINATE LABEL -7 - : . €0s0s200
IF(K.Eu.l) GO T0 3 €0505300
M = p + 2 - PCON(K-1) €0505400
M1 = M ¢+ 1 T ’ 0505500
M2 = M o+ 2 : €0505600
; - . €0505700
CFECK RIGIC EBOCY CR LINEAR CSCILLATCR €05n5800
IF(RELJIIK) dAND PCENIK) oNELI) Ga TO 4 €€ 605900
‘LINEAR CSCILLATUR CR THREE CCN3TRAINED AXESs JCON(K) TU K €C506000
CO S 1=1,3 : €0G06100
€0 S J=143 ) €0506200
AMC(TsdsK) = XTMP(14d) C0526300
TIF(LEQU) PRINT 2Cé€, K €0$16400
L €ea TC 1 €0506500
CONT INVE ’ ’ C0SN6600
EOCY K IS A RIGID BODY whICH [5 CCNNECTED TO B0OOY JCUN(K) €050670C

) By ZITHER A ONEs TwO CR THREE AXIS GIMBAL C0<c06800
: o ‘ T €05C6900
FUT FREE VECTOR M IN COGFDINATE FRAME [ 3UB N €0S07000
"CALL VECTRN (QF (1 +M) +XTMF,QT1) C €0607100
"IFALEQU) PRINT 207, M (0507200
FORM RUTATION QUATERNICN EQUATIJIN FRAME [ Sus N INTO 1 sus 1 0Csc7300
CALL QUATUP(QTL+THA(M) »2T1) €0GC7400
IF(LEGU) PRINT 2CEBsMs(ZTI(I)s1=144) : €0s07500

’ . o €C0607600
IF(PCCAN(K)NEWZ) GC TGO 6 €0sC77C0
EODY K CCNNECTED TC BODY JCCN(K) BY A UNE AXIS GIMEAL €0s07800
COCRDINATE: FRAME I -SUB 1 1S gQ0DY K FIXED FRAME . €0sC7900C

- €CsC8C00
CALL TRANSO(Z2TL.XTN1) COS0E100
IF(LEGU) PRINT 2CS : coscg20¢
FORM INITIAL TRANSFORMATICN MATRIX JCUN(K) TG K . €0S08300
CALL MATNMULEXTML , XTMP 4 XNC (19l sK)+3) : . coscB4a0C
IF (LEQU ) PRINT 21¢C, K €05085090
GG YC 1 ' €C0SC8600
€0sc870C

T IF(PCCN(K)oNEL1) CC TO 7 €0SC8800
“ BODY K CLCNNECTED TC BOCY JCCA(K) BY A TWQ AXIS GIMBAL ccsos90¢C
" FREE VECTOR M1 GIVEN IN BODY K COURDINATES. FORM KGTATIGN QUATERNICCSO0900C
CALL QUATUP(QF (1+M1)sTHA(ML)4+2T2) : c0S09100
IF(LEQU) PRINT 211, M1 ,M1,€2T2(1)sI=1,4) €0509200

. FORM RESULLTANT ROTATICN CLATERNIUN €0$09300
CALL GUTNMUL (ZT1,212,274) €0509400
IF(LEGU) PRINT 212, (ZT4(1)el=1,4) - €0S$NSS0C
. CALL TRANSO(2T44Xx1TM1) 0509600
CIF(LEGU) PRIANT 2132 - -€0$09700
'FORM INI1TIAL TRANSFORMATICN MATRIX JCUN(K) TO K €050S800
CALL MATMUL(XTML y XTMP 4 XMC(1s1+K)»3) €0509900
CLIF(LECGU ) PRINTY 214, K et sl aATSM AL A Laua . ny 4inLCS1000C
T.GG TC L . S m e - +=~(€0S10100
cosi020¢C

EODY K CCNNECTED TC BOCY JCCN(K) BY A THREE AXIS GIMBAL €0610300
CALL VECKROS (QF (1L s¥2)4CT1,GT2) €0s10400
“ CALL VECKARM{QTZ) . (0510500
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IF(LEWU) PRINT 21S.M2 ' €051060C

d THE CCHFCNENTS OF FREE VECTCR M1 FOR A THREE AXIS GIMBAL IN THE €0510700
c: INTERNEDIATE FRAME | SULB 1 ARE IODENTIAL TC ITS CCMPONENTS CCNFUTCOSI0800
c WHEN SYSTEM IN NCMINAL STATE €C0$10900
CALL QUATOP(QTZ,THA(M1),272) . €C0S11000
IF(LEQU) PRINT 21 €5 M1 +(272(1)e1=1,4) cosiit10¢

CALL QUATUP(QF (1 +N2)sTFA(NZ),2ZT3) €0sSt1200
IF(LEQU) PRINT 217, M2 ,M2,(2T3(1)+1=1,4) . . €0$11300

c FGRM RGSLLTANT GLATERNION BY SUCCESSIVE UUATERNION MULTIPLICATICN COS11400
CALL GUTMUL (2T1.4212.ZT4) €C0S11500

\ IF(LEQU) PRINT Z1€& . €CS11600
: CALL CUTMUL (ZT4,+273,271) . €0S11700
IF(LEGU) PRINT 216, (ZT1(I)sl=14+4) : ’ . €0S11800

CALL TRANSO(ZT14XTML) _ . €0S11900

. IF(LEGU) PRINT 22¢ €CS12C00
C FORM INITIAL TRANSFCRMATICN MATRIX JCJUN(K) TO K cost1210¢
CALL MATMUL(XTM1o XTMP o XMC{1 ol sK)o3) . €Cs12200
IF(LEQU) PRINT 214, K . €C612300

I CENTINUE €0S12400

. IF(LEJU) PRINT 2C4 €0612500

C . . - €0S12600
C ALL CCNTIGUUUS EUDY TRANSFCRMATICN MATRICES CUMPUTED cos12700
c XMC(LsdsK) = 3X2 TRANSFCRMATIUN MATRIX BODY JCUN(K) TG BOCY K ATCOS12800
IF(«NCT,. LEGU) GU TO 100C cost129¢00
CFRINT 232 . . €€S13000

CC 2C K=1,NBOD , - €0$13100

FRINT 2C1 ) o cosi32co

FRINT  ZzZ1, (XMC{LleJoK)sd=143) . €cs133200

FRINT 222+ Ko (XMC(2+JsK)sJ=143) €0s1340C

2C FRINT ZZl, (XMC(34JsK)eJ=143) €CS13500
FRINT 2C4 . €091 3600

C : ) cos13700
C CCNPLTE TRANSFORMATICON MATKICZ3, CCMPUTING FRAME TU 80DY K €9613800
C . . €0s13900
193¢ IF(INERF) GU TC € . €CS14000
IF(LEQU) PRINT 222 . © €0S18100
IF(LEGU) PRINT 221 €0514200

Ic = 1 ' . : €0S14300

GO TC 9 . - . €0614460

€ 1C = ¢ €cs14500

IF (LEQU) PRINT 224 . €0S14600
IFILECU) PRINT 201 . €0S14700

S ICB1 = IC + 1 - : €0514800

CO 1C KKK=ICBINBLD - : . : 0514900

K = NEGC = (KKK=ICl) : ' €CS15C00
IF(LECU) PRINT 2C1 : » (0S15100

KK = K €0S15200

12 JK = JCCAN(KK) : €0S15300
"IF(JKLECLIC) GC TG 16 cos1540C

CO 11 1=1,3 ‘ €C915500

TUCD 11 J=143 o : €0S15600
XTML(Lsd) = XMC(IsJdsK) . (CS15700

11 XTN2(L1sJ) = XMCUI 4usdK) - ' - €0515800
v o v CALL MATMULEXTMI, XTM2 o XMC(1e14K),3) . €0S15900
7T VIF(LEQU) PRINT 228, KeKedk €0%16000
KK = JK €C0516100

GO TC 12 . €CS16200

1C CONTINUE : ' ) © €CS16300
IF(LEGU) PRINT 204 ’ €0S16400

< . A _ (0516500
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1£

14

17
Y-

1€,

21
20¢
201
202
203
204
20¢
20¢
2¢7
Pee
20¢
21¢
211
212
2132
214
21¢
21¢
. 217
218
21¢

IF(IC,ECsl) GU TU 14 €0S16700
CO 1€ I[=1,3 cCs1680C
CC 1€ J=1,3 €0$16900
XMCCIsdsC) = 2 CCS170C0
XMC({1s4+C) = 1 - "€0S17100
XMC(2,2+C) = 1 “€0S17200
XMC{Z,3+C) = 1 T (0617300
IF(LEQU) PRINT 22¢€ © €0517400
GO TC 1é& Y €0S17500
CO 172. I[21+3 ¢ (0$17600
CO 17 J=1,3 - €0$17700
XMCCJelaC) = XMCC(Isdal) o €Cs17800
IF (LEQU) PRINT 227 - €0S17900
CC 1€ 1=1+3 €0S18000
CO 1& J=1+3 + ., €0518100
XxMC(lsdsl) = O 1 €0518200
XMCCtlslsl) = cesi8360
XMCLZ4s241) = 1 €0S16400
XMC(Ze391) = 1 €0S18500
IF(LEGU) PRINT 228 €0518600
CCNT INVE €0s187C0
€0s18800

~1RANSFDSE TG GET TRANSFCRMATION MATRICES BOCY K TU COMPUTING FRAMECCS18900
NBCD 1=NECD + | : © €CS19000
CO 12 Krhk=1,NBOCIL C0S191C0
K=KKK = 1 : S - €0519200
CALL TARSPS (XMC(141eK)). €CS163C0
IF(LEGQU) PRINT 226, KyK. : . C0519400
CONT INUE . - T (eS1$500
IF («NCT e .LEQU) RETULRN €0S19600
FRINT 2C4 : - €CS16709:
FRINT £33 €0519800
€O Z1.KKK=1,NBCD1 © CCS$19900
K= KKK=1 Y- - €Cs20C00
FRINT 2C1 €6$20100
FRINT 2Z1» (XMC (1 oJd oK) 1d=14+3) €Cs20200
FRINT 222+ Ke(XMCUZodsK) 9d=103) . ' €0$203CHO
CFRINT ZZlo (XMCUZeJoK) ¢d=143) €cs204aC0
PRINT 2C4 €Cs$20500
FCRMAT (*'1 SUBROULTINE TKRSIV TNTERED *4//) ' €CS20600
FCRMAT (° ') €0622700
FORMET (12X, 3D1545) €Cs20800
FORMAT (' XMT(',1Ze') = *43D15e5) 0520900
FOFMAT (2(/)) - ‘€0s21000
FORMAT (' XTMP = XMT(*,I2.,')%x=%T *) €0S$21100
FORMAT (* XMC('s12,°*) = XTMP ) cos21200
FORMAT (' QT1 = XTMP * CF(*,12,') *) €0621300
FORMAT (' Z2T1 = GUATOF(CT1»THA(®+12,"))%,8Xe'= ,4D1545) €0521400
FORMAT (°* XTM1 = TRANSO(2T1) @) €0s2150¢0
FORMAT (', XMC(*e12.%) = XTNL * XTMP ¢) €CS21600
FORMAT (' T2 = CLATOF(CF(*el2+%)sTHA(*412+°))":5X,%= *,4D15.5) (€C€$21700
FORMAT (* 2T4a = 211 * Z72 1oiSXe = 1 ,4D1565) o €0$21800
FORMAT (' XIML = TRANSG(ZT4) ') . T e *“7;3' ¥2521900
FORMAT (' XMC(*,[24¢%) = XTNM1 x XTMP ) - ccs22000
FORMAT (' QT2 = NGRM(CF(',12,') X QT1)?*) €0522100
FORMAT (' ZT2 = GUATOF(CT2+THA(®12:'))*43Xe'= ?',4C15e5) €0s22200
FORMAT (* LT3 = CULATOP(CF(*eI2,*)sTHAL',I2+2))%,5X,'= *,4015.5) (€0S22300
FORMAT (* ZTa = 2Tt *x 272 ¢) €cs22400
FORMAT (' 2Tl = 274 % 213 ' 41SXs'= *44D15e5) .€cs22s60
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FORMZT

€0s2260C

~22C (* XTM1 = TRANSG(ZT1).')
WEZ1 FCRMAT (12X, 3D1545) ' €0$22700
~ 222 FORMAT (' XMC('yI2,') = *,2D15.5) - £0622800
.227 FORMAT (' CCMFUTING FRANE FIXED IN EUDY 1 ') €c$22900
224 -FORMAT (' CCMPUTING FRAME FIXED I'NERTIALLY') . - €CS23000
. 22E FORMAT (' XMC('4125') = XNC(',T12+%) * XMC(2,12.%) ) €CS23100
22€ FORMAT (' XMC( C) = 1 *) : ' €0623200
227 FORMAT (' XMC( 0) = XNC( 1)*xT *) . €0523300
L 228 FORMAT (* XMC( 1) = 1 *) : . ©,€0623400
~ 226 FORMAT (¢ XMC(®*4124%) = XMC(',I24")x%T 1) ' €0$23500
~230-FORMAT (10X, ' TRARSFCRMATIGON MATRICESs NCMINAL STATE BGCY K TC EODCCS23600
< &Y TUCLRIK) *es/) ~ ¢es23700
'231 ,FORMAT (10X, ' HINGE POINT *o12.7) . €05$23800
o 232. FORMAT (10X, ' TRANSFGRNATICN MATRICES, TINE 2ERO euov JCDN(K) TC BCCS23909
.. %CDY K ) . . - €0S24000
232 FORMAT (10X, ' TRANSFCRMATION MATRICES, TIME ZERQ B8QDY K TG CCMPLTICCSG2410C
« - ¥RG FRAME ' /) - . €€S24200
’ RETURN - ’ : ' €0524300
LENC €0$24400
c - : €1C00000
- - SUERCUTINE VLIV _ - €1C0C100
c - LSED TU TRANSFORM ALL VECTORS AND DYADS TOU COMPUTING FRAME . €1¢c0200
¢’ " CEFINES FREE ANC LOCKEL VECTORS NUT INPUTED C1CC0300
< SE1S LF DU LOOP SETS F(R TRANVD C1C00400
C - ' ~ C1C00500
cC - . : ' . €1€00600
) .IMFLICIT REAL*B(A-t,0-2Z4+%) : . . €1ceco700
. LOGICAL FGl, FG2s FG3, FGas F35, INERF. K3LO. LEGU, LINIT(R) © €C1C0C800
* LOGICAL LRUNGE » LTRASI o+ LVOIV , LEQUIV , LTRAN - C1CCo0900
S LTRANV o+ LRATE + LXDY s LETA » LTORGU €1C€01000
Sl e LCFDOT » LDCT s+ LANGLE + LSETUP , LSIMQ £ €1C01100
C ' - ' €1£01200
c- : €1€01300
. INTECER . . . €1c01a00
- % AWCRK o CT1 s CT2 . CTZV e CTa s CTS » FCCN s+ PCCMN . c1co01500
J % SCNELMs SCN » SCRDUM, SCR + SFKDUM, SFK v SFR + SG s . C1CC1600
D s SIG o SIXOUM, SIX » SKDUM o+ SK s SL s+ SLK s+ . C1CO1700
. % SMA v SMCDUM, SNC ¢ SNV + SOK » SPIDUM, SPi  + SGQF v €1€01800
* SGL y Sk v SSCN 4 SSIX s SVA s SVB v SVD 2 SVI » C€1001900
.. y SVP » SVQ » SXW + SXT ».TQKG o+ SMAL _» SEU  » C1C02000
L » SCG o+ NFLXB o SFLX + SFXM "5 NMOCS » SFCC » SCC , ClOcC210C
* 1) o IZENIT(1) » 5D c1002200
' ’ B €1002300
€1002400
: §r TMTX ow 0T o oav. L, Loa s, ., €1£02500
. REAL*8 ., . . o e v - - . . c1092€ce
.«-t LANGC (23) + CNF f(:.xO) o  ETIC (3,10) , ETMC (3,10) ,  0€1€02700
Q LFjLQ (--20) » FLE (343 220) s FLH o (‘3”':350'29)’“‘ ey E o Cl COZBQO
..,.t TFALD (33) ¢ YNCD (242511 )s RINIT (1) ’ nzxnxr(x) ' '€1¢C2900
4 , . : . ‘c1€c03000
c .o o oo ' €1¢03100
c . 3 . ) o ' . e : €1C03200
c i ’ T : ) ) ' tico3300
ccwncn /LDEBUG/ LRULNGE « LTRENSI » LVDIV i LEGUIV o LTRAN €C1003400
LRATE » LXOV » LETA , LTORGU , €1003500

x : L1RANV ’

'
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COVMMCN

CCwMMON

cT
CcT1S
MC
NFER
NMV
NEVC

k19

SLK
SGL
SEIx

‘svi

SxM

SEU

NFL X3
SFCC

SCNCULM
SFKCULM
SKDLW

SNMCCLM

Ca
oCMC

.GAM

HNVOWM
QFC

T
THACW
x1¢C
TLG
FLD
FLIRC
FLCW
TIMEND

s7LUGIC/

/7 INTG/

(1¢)

(33)

(11)

(2410)

T CCMMIN JINTGZ/

",CCMMEN /REAL /

(2.10)
2.11)
(2:606)
(10)
(34633)

(10)
(3s3,10)
(23)
‘3'3.20’
(2e10)
(£0)

CCVMMCN /FREAL Z/

* CEBCLM (1+3)

o
¢ .
C
C
C:
*
®
*
*
‘.
%
. .‘
*
2
*
*x
)
4
»
¥
C.
4
*
. ¥
*
*
c
C
%
*
»
&
»
-
‘.
K]
®
*
*
%
-o®
C
C .
C

PO G

A58 -

* XNCCULM(2s1+G)

FGles FG2, FG3s FG4y» FG5s INEKF, RBLUC(10)

LAFDOT

AWORK
ci2
FCOUN
NEL
NFKC
ANMC
FCON
£1
SMA
1Y
SVA
SvM
SxY
NTQ
SFLX
scc

SCN
SFK
SK

swve

CAC
ETC

PrI
oL

THAW
XMAS
FLA
FLY
FLCRC
ZETA

CE
x¥C

« LDCT

(200) .
’
(22) ’
’
’
.
(11 »
(£5) .
(10) ’
’
»
’
’
.
’
(10)
(s) .
(s) ’
(<) .
(sS)
{3.10) s
(2s11) ’
’
(Zs1 1) ’
(3,22) ’
(1C) ’
(10) ’
(2.20) ’
(2+3:20)
{3,1C) .
(20) .
(2e10) ’
(2+3410),

- EQUIVALENCE (ETM(1)eTHADL(1))
(XMN{1¢3)sYMCC(1sls1))

(XMN(1,8)sETIC(141))
(FLB(1s1)sFLQ(LW1))
(FLH{1s1s1)sFLU(101,1)) ’
(FGL.LINIT(1))

(CBDUM{141),RZINIT(1))

(SCNDULNM, IZINIT(1))

LANGLE o LSETUPR

s LSIMQ

CT3 . CT4
JCCN  (10) s LCON  (22)
NBUD s NCTC
NFRC » NLOUR
NMOA » NSVP
5D + SFR (22)
SIG ¢+ SL
SCK (11) » SQF (11)
SR +» SSCN
svag sy SVD
svp (22) » SVQ (23)
TUKQ  (97) + SMAL
sSC (33) » SCG
SFXM  (10) » NMCDS
SCRDUM » SCR (9)
SIXDUM s SIX 9)
3P IDUM y - SPI (9)
LM (10) s CCNC (3411}
ETM  (33) s FOML (Z411)
HM (3100 » HMC €3,13)
PLM™ (10) + QF (3+232)
aLc (3,22) o+ RCMC  (3,11)
THA (33) v THAD (33)
XDIC (3+43460)s XI (3,3.1¢€)
XMN (33,33) , XMT (3.3+10)
FLB (3+20) » FLC (3.20)
CAD (3,1C) o XIO (343,10
FLAC (3,20) » FLGC (3,2C)
FCF (3,+3440), FCK (3440C)
C3CDUM(1,3) . CBC (3,10)
C3N(3)

s (XMNC141),ANGD(L1))

s (FLECL 31 01)oFLDC1s141))s

SCCALL L) WRINITCL))

+ CAWORK(1) s 1INIT( 1)) .

T

?(5MN!£EQLEQN§£!!LE{:MM.%'
v‘XMN(leO)oELMC‘LqPLb a9

C1C03€00
€1¢03700
c1co3800
€1¢03900
C1¢04000
ci1co0alo0cC
€1¢04200
€1¢c04300
€1€0440C
€1€04500
€1€04a600
€1€047C0
€1€04800
€1.094900
€1005000
€1¢25100
C1€05200
C1¢05300
€1¢15400
€1005500
C1C0S5€600
C1C05700
€1¢95800
€1¢C5900
C1C06000
C100€6100
1006200
C1¢06300
C1CC6400
C1C0€5C0
C1C06600
€1C06700
C1C0EBOO
.€1CC6900
C1¢0790C
C1CC7100
€1¢07200
21¢073C0
C1€07400
£1¢C7500
C1CC7600
€10077CO
C1C97800
€1¢C7900
€1€08000
€1€08100
€1¢58200
c1¢08300
C1C98400
€1¢08500
v ;C1,0CE600

c1¢08700

C1¢c08800
_c1c089c0
.1 €09000

€1C09100

ci1cogz200

€1¢05300

€1¢09400

€1¢92950¢



[a]

7

100

7

1Aae NS

7

z

S

LOCICAL CTAIN
INTECER SET(18)+S(18)»S5(18)

INTECER ST1C10)e5T2C10)4ST3(10)+5T4(10) +5FXNMN
REALAE TEM(3)y TENMI(3eZ)e TENZ2(3s3)e TEM3I(3,2)

EQULIVALENCE (LVDIV,LEQU)

IF(LEGU)FRINT 200

IF(INERF) GO TO 1
IC = 1
IF(LECU)FKRINT 201
¢0 vC 7

1ICc = 0
IF(LEGU)FRINT 202
CCNT INUE

INCLULDOE FLEXIBILITY EFFECTS
IF(NFLXBJWEW.C) GO TO 7¢
CALL UNPAC(SETNSET,S5FLX)

IF(LEQU) PRINT 231, SFLXW(SET(I)el=1en3ET)
SAVE UNCEFORMED CM VECTCR AND INERTIA TENSOR DATA
‘wN = C

CO 7€ NN=1 +NSET

N = SET(NSET+1-~NN)
IF(LEQU) PRINT 257+ N

CO 77 1=1.,3

CAC(IsN) = CAC(IN)

CO 77 J=14+3

PICCTsJoN) = XILL odwN)
IF(4NGT.LEQU) GO TO 13C1
FRINT 232 NN

FRINT 234y NN . "t
FRINTY 232

CCNT INUE

SEFXMN = SFXMIN)

CC 7¢& M=1y SF XMN

MN = MN+1

CALL VECTRNCFLACL oMN) o XMC(1 ol ) sFLAC(L1sMN))

IF(.NGTLLEQU) GO TC 19¢C2
FRINT ZEE&y N,MN j

FRINT 248, MNsNsMAL(FLAC(I 4¥N) 1 1=1,3)
FRINT 233

CCATINUE

LSE TEMPCRARY LOCATICNS SO THAT
ECUIVALENCE MAY BE LSED T0O SAVE STORAGE
CC 7S5 1=1.,3

CO 7S J=1,3

CTENMLIA(L s J) = FLDET sJdeMN)
TTEN2(Lsd) = FLC(Jde IeMN)

TEN3(L43) = FLJUCT 4JsMN)

CALL CYACD(TEMISTEN2WFLE (1ol sMN))

CACL CYACOCTENMTITENIJFUR (L 3 7MND )
IF(«ACT.LEGU) GU TC 10C3

FRINT 2644, (FLEC1+1 sMN) s I=143)
FRINT 26Z.MNyMANoMAN o (FLECZol oMN) o I=1,3)
FRINT 244, (FLE(Z01 oMN) 2 1=143)
FRINT 22

C1CC9€00
c1co0s700
€1CC9800
1009900
€1€10000
c1C10100
C1€10200

:€1C10300

c1C104a0C
C1C10500
€1C10600
C1C10700
€1019800
€1C10900
C1011000

C1011t10C

€1€11200
CiC11300

-€C1011400

C1C11500
c1011600

"C1C11700

¢1011800
C1C11900
¢1c12000
€1012100
€1¢12200

S C1cCl230¢

€Ci1C12400
€1C12500
C1C12600
C1C12700
€c1C12800
C1C12900
€1C130¢C0
ci1c13100
€1052200
C1C13300
C1Cl1340C
€1C13500
C1C13€00
€C1013700
C1C13800

‘C1C13900

Ci1cC1a000
c1Ct4a100™
C1C14200

‘C1C14300

C1014400
C1C14500
C1C14600
ct1c14700
C1C14800
1014900
€1 0150600
C1¢15100
€1015200
C1015300
C1015400
C1€15500

A-59



1c

i0

19

o]

12

A-60

c2

ce€
7¢

c7
7€
7€

N

¢

4€

. FRINT

244, (FLEFC1, 1 oMN) o I=1,4J)
2A4ZsMN NN MR {FLFE(2Z2s1 eMN) s1=1,43)
244, (FLE(Zs 1 oMiN) s 1=143)

c32

FRINT
FRINT
FRINT
FRINT
COMNT INVE

IN BOGDY N FIXEL FRAME
sN) sFLACL oNN) L, TEM)
oMN) L TEN,TCEM)

s TEMLTEN)

CCMPLTE ¢ VECTUR
Catl VECRUS{CAO(1
CALL VECSUB(FLBI(]
CALL STLV(XMAS(N)
CALL VECADDIFLC(L sMN) o TEMFLA( L 4MN))

CALL VECTRN{FLQEL oMN) s XMCUl ol 4N} +sFLQC(L 4MN) )
IF(«NOTJLEQU) GO TC 1CCa

PRINT Z24Ss MNsMNsNeMN N MN o (FLQEIsMN)»I=1,3)
FRINT 232
FRINT 246,
FRINT 233

MNosNsMNs (FLQC (I oMN) 41=142)

" CCMTINUE

CALL SCLV(THA(NFER+MN) sFLA(1 M) o TeM)
CALL VECADDCCALLWN)+TENLCA(LN))
CALL SCLC(THA(NFER+MN) sFLE(Lls L yMN)TEML)
CALL CYACD(UXIC1s1 oN) o TEMLoXI(L 41 eN))
IF(«NCTLEQU) GC TC 107E
NFCM = NFER+MN
PRINT 24€¢ NeNoNFGNMMN
FRINT 247+ NoNIsNFGNMN
FRINY Z:&
CONT INUE
CONT INUE
[F{sNCTJLEQU) GO TO 1CC7
FRINT Z2E9s N
PRINT 2225 No{CA(IsN)»I=1,2)
23
254,

255,

(XIC1s1sN)o12143)
Nel(XI(2¢1sN)oI=1:3)
(XI(32s1sN)sI=1,3)

FRINT
PRINT
FRINT Z2%4,
FRINT 232
CCNTINUE
CONTINUE
CCATINUE

P

CENTER OF MASS VECTCEKS
IF(LEQU)FRINT 204
00 2 J=1sNB80OD
CALL VECTRN (CA(1+J)eXNC(Llsled)sCAC(Lvd))
IF(«NCT e« LEQL) GO TO 1C2C
co 8 J=1»NBOD
PRINT 2C23,» J’J’Jc(CAC(ltd)cl=lo3)

INERTIA TENSGRS
FRINT 2¢¢
CALL UNPAC({SET,WNESET, SR)
CO 4€ J=1,NSET 5
K = SET(J)
CALL TERTRN
IF(NCTe LEQU) GG TO
CO 4% w=1,NSET
FRINT 222
K=SET(J)

[ v i

(XTI ol oK) o XML 101 o KIoXIC(2414K))
12C¢

W

€1¢15600
C1015700
€1C15800
€C1015900
C1C1€000
C1016100
C1C16200
C1C1€3C0
C1C16400
C1C16500
€1C16600

Tcic167c0

As T2 e LLINLATI, THa, ) Y

C1C16800
CiClo900
C1LC179Q0
C1C17100
cLc17200
c1c17300
C1C17400
c1C17500
C1C17€00
C1Cc1770¢C
ci1c178c00
c1C17500
€1¢18000
C1C18100
€1c18200
C1C18300
C1C18400
C1€18500
€1018600
€1C18700
(101880¢C
€10189¢C0
c1019000
C10191¢0
ci1c1920¢C
C1C19300
c1c19400
€1€19500
C1C19600
C1019700
C1C19800
C1C199¢C0
C1¢c20C00
C1¢c20100
€1€20200
€1C20300
C1¢2040C
€10205¢C0
C1¢20600
c1cz2o07¢ce
ci1czo800
£10209¢c0
C1C21000
c1C21100
€1021200
€1021300
€Ci1C21400
€1C2150¢C




as
c.
122¢
C.
C
C
C
51
ac
5¢C
s024
47
a1
4t
C
C
C
4
- e
€
C
C

FRIN1 2C¢€, - (XICCLoL oK) sL=1+2)
PFRINT 207y KoKeKsKo(XICIZsL sK) 0i=1+3)
FRINT 2CE¢€, (XICU23sL oK) L =192)
CONTINUVE

GET ELEMENTS OF Sva; ThAT ISs S5VD MINJUS ZERKLC CA VECTORS

IF 3CLCY FLEXIGDLE BCTH CVM VECTUR AND INERTIA TENSOR MUST BE
TRANSFORMED EVERY STEF

CALL UNFAC(SET +NSET.SVD)

CALL UNFAC(STLI NS .SFLX) .
IF(LECUIFKRINT 2C8, SVC{LET(I) +I=1NSET)
NS = D

CO 51 [=1,18

S(1) = ¢

IF(NSET.EQ.J) GO TC 50:z4

0O SC  J=1WNSET

K = SET(J)

IF(CTAINIKSSTIWNS1)) GC TG €O
IF(CAC(LvK)eEQaDeBRDeCAC(24K) sEQeDeAND«CAC(3,sK)sEAa0) GL TA 5¢C
CONT INUE :

NS = NS+l

S(NE) = K

CUNT INUE

CCNTINUE

CALL CUMFAC({SsNS,SVA)

IF(LESUIFKINT 2419 SVAL(S(I)esI=1sNS)

CO 47 1=1,18

S(1) = ¢

CALL UNPAC(SSsNSe EVD)

CALL UNFAC(SET I NSET,SR)

K = C

CO 4€& J=1.NBOD

IFCeNOT o (CTAIN(J L SETINSET) e ANDSCTAIN(JsS3sNS))) GU TO 48
CONT INUE °

K = K¢l

S(K) = J

CCNTINUE

CALL CCMFAC(SsKsSVI) B
IF(LEQUIFRINT Z0Ss SVIS{S(1)sl=1,K)

CO CN Sv1 ELEMENTS IN TRANVEC TO GET xIC

FINGE VECTORS
IF(LEQU)PRINT 21C
CO 4 u=1,18

Sty = ¢ :
CALL UNPACISET . NSET,SVC)
K = ¢ -

EQ 5 J=1,N80D

L dd = JCCN(J)

CALL VECTRAN (CB(1 +J) o+ XMC(1914sJJ)sCBC(LsJ))

IF(LEWUIFRINT 211 JsJdJeus (CBI(Ted)sI=143)
IF(CEC(14J)eEQeOeANDCRC(21J)eCQeReANDLCIBC(3+,J)ECeD) GU TO 5
TFUJNOTCTAIN(JJILSET.NSET)) GU TO 5

K = K+l

S(K) = J ,

CCNT INVE

CRL1) ALCNG wlTH CBC(1) ML.ST BE COMPUTED AT EACH INTEGRATICN STEP,

PLT | IN SVvS8
K = K+l

€1C21600
1021700
€1c218¢0
€1C21900
C1C22000
c1c22100
C1¢22200
cicz2300
1022400
ci1c22s50¢0
c1c2260¢C
ci1c22700C
c1¢22800
C€1C22900
C1¢C24300¢C
(1€23100
ci1ca3aco
c1cz2330¢C
C1C23400
ci1ca23s50¢0
€1C23600
€1¢c23700
€c1€23800
C1C23900
€C1C24000
C1C2410¢C
C1C24200
c1c24300
€1C24400
€1C24500
€1C2460¢C
C1C24700
c1cz248CC
€C1C24900
C102500¢
€1¢c25100
€102520¢
€C1€25300
c102540¢C
€102550¢C

.C1C25600

C1C25700
c1¢25800

€1C25900

C1026500
01026100
€C1026200
€C1C26300
C1026400
€1C€26500
C1C26€00
C1C26700C
C1C26800
C1C26900
c1c27coo0
€1027100
cicazace
C1¢27300
c1c274c0C
€1€27500

A6l



S(k) = 1 ' ) L,
€ CALL CCMFAC(SsK,SVE) c1c27700
IFILECUIFRINT 2124 SVB(S(1)s1=1,K) c1c278co
C, "DC Ch SvB ELEMENTS IN TRANVC €1¢27900
C : ' . €1¢28000
C NGTE CEC(I,9) IS5 CGMPOGSITE CENTER OF MASS, MUST BE CALCULATEC C1C28100
C . ' ‘c1c28200
C FREE ANC LOCKED CUOFCIMATE VECTORS €(1¢283006
IF(LEQU)FRINT 213 ciczasoc
vz €1028500
L o= 1 €1¢28600
CO 9 K=1,N80D c1¢287¢co
: IF (K Q1) GO TO 1C .€1¢c28800
M = ME3-FCON(K=1) €1¢28900
L = L4PCON(K=1) ' C1¢29009
IC M1 = N+l c1ca9100
SN2 = Ml ci1g29z0¢C
L1 o= L+l €1029300
L2 = L2 c1c2sa00
T IGCTC = FCUN(K) + 1 ©c1c29500
"CO TC(11412,13+14),160TD c1c2960C
c €1€29700
C THFEE LCEGKEES UF FREECD(M ) i ‘ C1c2980C
11 CALL VTCTRN (QF (1 oM) ¢ XMC (101 +FCON(M)) o QFC(L sM) ) t1c2990¢
CALL VECTRN (GF (1 sM2) 4 XMC(1s1:FCONIM2) ) 4QFC(14M2)) c1¢3000¢C
[F(LEGUIFRINT 214, MyFCCR(M) o C1C30100C
' IF(LEGUIFKINT 216, M2,FCON(N2) 4M2 . €1¢30200
IF(FCEN(ML)LLTL0) GC TC 15 €1¢30300
CALL VECROS (UWF (1 4M2) QF (LsM) s aF (1 ,4M1)) c1c304ac0C,
IF(LEQUIPRINT 236, M1,N2,M €1¢3059¢C
Y CALL VECTAN (QF (1 +M1) o XMC(L a1l sFCON(ML) ) 4uFC(14M1)) €1¢3060¢C
IF(LEJUDFRINT 21445 ML1oFCCN(NML) oM1 c1¢3070¢C
‘- €0 TC v c1c30800
f 1€ CALL VECKUS (CFC{14M2)4QFCLL1+M ) oGFCLLeML)) €1¢3050¢C
TCALL VECARM (QFC(1,M1)) c1C3100¢C
" co a4c =1,3 €1¢31100
45 GF(I.M1) = O €1¢21200
g IF(LEQUIFRINT Z1€s M1y M2, N ci1c31300
GO TC & C1C31400
C ’ €1Cc31500
c TWC DEGREES OF FREEDCM c1c3160C
"1z CALL VEUTRN (QF (1 ¢M) o XNC (1 e1 sFCONIMIDI e QFCLLoM)) c1C31700
CALL VZCTRN (UF (1 sM1) 3 XMC(1 o1 sFCON(NML) ) ouFC(1sML)) c1¢31800
IFC(LEWUIFRINT 214+ M, FCCA(NM), M c1¢3190¢
IF(LECUIFRINT 2144 M1, FCCN(NL), MI ci1c¢320c0
CIF(LCONIL) e Te0) GL TO 16 c1c32100
s CALL VECFRUS (GF(14M)QF(1,M1)4aL(140L)) €1€32200
IF(LEQUIFRINT 2374 LaM,yM] €1¢32300
" . CALL VECTRN (CLC1 oL ) o XMC (191 +LCINCL) ) sULC(1 L)) €1032400
. IF(LECUIFKRINT 217+ Ly LCON(L), L c1c32500
- CO TC & . : % 1032600
16 .CALL VECRUS (OFCC1+M)sCFCCL1 ML) oQLC(L4L)) ci1c3z27oc¢
P CALL VECRRM (QLC(1,0)) €10323¢C0
- o 25 13143 cic32900
2¢GL(ILL) = 0 P ofaM E033000
© ee IF(LEQUIRRINT 233+ LeM,M1 - ci1c33t10¢
- GG TC 9 cC1C33200
c v €1033300
[ CNE DEGREE OF FREEDCM - €1¢33400
12
A-62

SCALL VECTRN (GF (1 +M) g XMC (191 ¢FCUN(M) ) o uFC(L oM}

t1c27600

-ci1¢33s50C




17

CALL VECTRN (QLC1 sL) o XNC (11 LCON(L) ) 4suLC(1,4L))
IF(LEQU)IPRINT 214+ MyFCOCN(M) oM

IF(LEGQU)IFRINT 217, LoLCCN L)L

IF(REBLO(K)) GU TO 17

CALL VECROS5 (OF (1 VM) sCGLC(1eL)suL (14 1))
IF(LEQUIFRINT 238+ L1lsMoL )

CALL VECTRN (QLILL 4L 1) s XMC(1 41 +LCUN(LLI))»QLC(L4L1))
IF(LEQU)FRINT 2174+ L1,LCOCNC(LL) L]

¢co TC 9

CALL TRASPS (XMT(leloK))

CALL VECTRN (QF {1 sM)sXMT(141,K)+TEM)

CALL TRAERPS (xMT(lslek))

CALL VECROS (TEM,CL(1.L)sQL(1,sL L))

IF(LEGUIFRINT 239+ L1lsKysbM,t

CALL VECTRN (QL(1 sL1) s XMCU1 o1 LCONCLLI)) s QLC(LWLL))
IF(LEQUIFRINT 217, L1,LCCNCLL) LI

cOoO 7C 9 . .

CPCCN(K) = 3 ZERO CEGREES CF FRCEDCM

14

2¢C

21
15

CALL VECROS (GLU1+L) QL1401 1)+0QL(1sL2))
IF(LEGUIPRINT 217+ LoLCCA(L) WL
IF(LEGUIFRINT 2174 L1,LCCN(LL) oL T
IF(LEGU)IFRINT 280, L2+LsL1
IF(LEQUIFRINT 217, L2.LCCN(L2), L2

CO 18 [1=1.,3 e

=11-1

H

CALL VECTRN (QL(I-L*l)nXPC(l.l-LCUN(L#I))odLﬁ}loL*l))

CONTINGE .
" AT INERTIAL CRIGIN

M = N#3-FCON(NBOD)

L = L+PCCNINTOD)

CO 16 1=1,3
MBZ = M+Z

€O 2¢ J=MsMB2
GF(I.4J) = O
Le2 = L+2

CO 21 J=L,LB2
CLiIeJ) = 0
CONT INUE
IF(LEQUIMO = O

1GCTC = FCCN(INEOD+1)+1
CO TC (22+23424+2E5)+1GCTC

THREE CEGREES OF FREED(CM
N1l = Me]
N2 = N42

. FCCNIM) = O

FCENIML) = ©
FCCN(MZ) = 0
CF(1.M) = 1

CF(2.M1) =
TGF(3.M2) =

IF{(1C+.cQ.0) GO TO 26
€0 27 [1=1.,3

1 = I1I-1
IF(LEGU)IJIM = M+
IF(LECUIFRINT 2144 JVNMCoIM - . v iy

C1C33€00
C1¢33700
1033800
01€33900
01¢34000
c1¢3a10C
€1034200
€10343¢C0
C1C34400
€1€34500
01C34600
€1¢3a700
C1034800
€1€34900
€1¢35C00
c1¢35100
€C1¢35200
€1035300
C1C35400
135500
€1€35600
c1€35700
€1C35800
€1635900
C1036000
C1¢36100
€1¢36200
C1C36300
C1C36400
01036500
€1C36600
C1C367¢C0
C1C36800
01036900
1037000
C1037100
ci1c37200
c1¢37300

" Cc1¢37400

€1¢37500
Ci1C37600
€1C37700
C1¢3780¢
€1C37900
€1€38000
c1C38100
€1C38200
0103830¢
€1¢38400
€1¢38500
C1C38€00
€1¢38700
c1¢38800
€1€38900
C1039000
€1C39100
€1€39200
€1¢39300
€1039400
0139500

A-63



27
C
C
23
c -
C
24
C
<
t2¢
o 2e
<
2€

1

A64

CALL VECTRN (QF (1 oM+1) o XNC(L1 41 +0)sQFC(LoM+I))

GO TC 26

TwC DEGREES CF FREEDCM

Ml o= Mel

FCCN(M) = O
FCCN(ML) = O
LCCNIL) 0
CF(1sM) 1
CF(2.M1) = 1
GL(3,L) = 1

"IF(ICeE5C.0) GO TO 26

IF(LEQUIFRINT 2145 MyMCy¥

IF(LEUU)FRINT 2144 M1 sMO,W¥]

IF(LEGUIPRINT 217, LoNMCoL

CALL VECTRN {(QF (1 4¥)+sXMC(14+1eC)QFC(1sM)})
CALL VECTRN (QF(1+M1)sXNMC(11,+0),0FC(1sM1))
CALL VECTRN (QL(1 L) +XMC(141+0),QLC(14L))
GO TC 2¢€

CNE UVECGREE CF. FREEOCM
L1 = L+}
FCCN (M) (o]
LCCN(L) 0
LCCN(LL1) = O
CF (1 M) 1
CL(2,L) 1
GL(3,L1) =1
IF(IC.EC.0) GO TA 26
IF(LEQUIFRINT 2144 MoNCy¥
IF(LEGU)PRINT 2174+ LeMCylL
IF(LEGU)IPRINT 217 L1,M0L1
CALL VECTRN (QF (1 soM) o XMC (L 01 00)sAFC{LloM))
CALL VZICTIRN (QLIL+L) e XMC (1l ele0)QLCLYsL))
CALL VeCTRN (GQLOTL +L1) o XMCU1 s192)ulC(2,sL L))
GO TC 2c¢

ton

2EFC DEGREES OF FREECCWH
L1 = L+1
L2 = L+zc
LCCN(L) = 0
LCCN(LL) =
LCCNI(LZ2) = ©
GL(1.L) =1
GL(2,L1)
GL34L2) = 1
IF(IC.EQeD) GC TO 26
CO 2€ 11=14+3
I = Il-1
IF(LEGUIJL = L+1
IF(LEQUIFRINT 2174, JLsMCJL

1]
-

CALL VECTRN (QLC1 sL+¢1) o XMC(1s1,0)sQLCCL,L#T7))

v

GO TC 2¢

'€ CCNT INUE

IF(IC.NESC) GO TO 1025
co 3¢ I=1+3

MBZ=M42

CO 3z J=MeMB2

CFC(14+sJ) = UF(1,4J)

i

C o

=

e

C1C39€00
01¢39700
€1C39800
€1C3990C

.€C1€40000

C1€40100
€1040200
€1C40300
€1€40400
€1€a40500
C1C40€00
€1€40700

-€1€40800

€1€40900C
c1c41000
€1C41100
€1041200

©C1C41300

€C1€41400
€1C41500
€1€41600
€1€41700
€1¢41800
€1C41900
€1C42000
€1042100
€1€42200
€10423200
€1c42400
C1C€42500
€1€42600

- 01C4270C0

CiC4a2800
C1C42900
C1C43000
€1C43100
c1C4320C
C1C43300
C1C4340C
C1C43500
C1C43600
C1C43700

 €1043800

s

€1C43900
C10440C0
€1044100
€1044200
€104430C
C1C4440C
C1€44500
C1€44600
c1c84700
c1c¢aa80¢
€1C4450C
€1:045000
€1C45100
€1¢45200
€1045300
€1C45400
€1€45500




10

§9
12

59

61

1€

W
{

3¢

37
34

€4

1€
o€
2¢E
17

41

€1Ca5€00

LBZ=L+2
LO 3z J=L.LB2 C1C45700
CLC(Isd) = WL(I,49) C1C45800
CONT INVE C1€45900
CGAT INUE C1046000
IF(.ACTe LEQU) GU TO 1C1E C1Ca6100
FRINT zZ1 C1€46200
CC 6C J=1,NFER C1C4€300
FRINT 222, .(oF(l.J).1-1.-).J.(QFC(1.J).1 1.3) C1Ca6400
ERINT 2zZ1 €1046500
IF(NLCREQ.0)GC TC 101 . .°C1C46600
CO 61 J=1.NLOR - C1046700
PRINT 222, J.(QL(I.J).t-x.-).J.(uLC(x.J).l-x.a) C1CA6800
FRINT 221 €C1C46900
€1€47000

CYCLE THROUGH FREE VECTCRS PICK DUT CNE3 TG BE TRANSFORMED IN TRANC1C47100
CO 32 J=1.NFER . C1047200
SVG(J) = O €C1¢47300
K = € . C1C47400
CC 34 WM=1,NFER €1Ca7500
IS FREEZ VECTUR M FIXED IhERllALLY C1C47600
IF(FCCNIN)) 3IE43€437 €1C47700
IF(IC.EC0) GO TO 34 -€1¢47800C
K = K+l ‘ €1047900
SVC(K) = M €1C28000
¢C TC 34 - €¢1C43100
ELENENTS OF SVD IN SET(J) c1cag8200

IF (CTAIN(FCON(M) +SETWNSET)) GO TO 35 - C1C48300
CONT INUE - ..-' . C€1€48400
ASVO = K- v C1€a8500
IF(NOJ « "LEQU) GU TO 1€0¢ 1048600
IF(NSVQEQ.0)GC TC SN1¢€ C1¢a870C
CO €4 I=1,iNSvQ c10s8800
FRINT 224» 1.5vadi} C104890C
FRINT 221 €1€49000
) . €1049100
CYCLE THKOUGH LOCKED VECTCRS PICK ouT CNES TO BE TRANSFORMEC IN TRC1049200
IF (NLOR +EQ.0)GO TG 5917 €1C483C0
CO 3€ J=1sNLUK C1C4940C
SVF(J) = 0 - ©1C€49500
CONT INUE €1€49600
K = ¢ . . C1C49700
IF(NLUREQ.D) GO TC 5025 €1C45800
CO 36 L=1,NLOR €1C49909
IS COCNSTRAINT TORQUE AECLT CL(IWL) CCMPUTED €1¢50000
IF LoNOToCTAIN(L »SLKeNCTC)) GO TO 39 €1050100
IF(LCCN(LY) 4Ceal 442 . €1050200
IE(ICLEC,D) GO TU 39 - €1€50300
K = K&l . €1€50400
SVF(K) = L €1C50500
¢C TC 39 . : ‘ . 1050600
ELEMENTS UF SVO IN SETGJI) (o boes i, ST o .. . . ci1csor00

IF(CTAIN(LCUNIL) » SETSNSET)) G0 TU 40 : a ’ ) €1¢50800
CGNT INUE €1C599900
CUNT INUE ' €1€51000
ASVP = K ! €1es1100
IF(«NCT. LEUU) GO TO 101C i 01€51200
IF(NSVPEW.D)G0 TC 101¢C "C1C51360
CO 6€ I=1,NSVP ) e ‘C1€51400
FRINT 22¢, 1+SVP(I1) - . "t €1€51500



c
C .
101¢C
¢
€2
c
.‘c
sa
d
d
C
<
c
&€
s7
E01€
S€
€019
56
&z
sg
.C
¢

A-66

2ERQ ALL ARKAY ELEMENTS CF GAM STOKED UPPEK TRIANGULAR
CO €z Kk=1,NB0OD

IF(LEGU)FRINT 233

CO Sz L=K,NBOD

KL = KTZINBlsK=1,L)

FUT [N LGGIC TU AVCID CLCBEERING CUDE wJRDS STORED BY EQUIV.
IF(KL.ECel) GO TU €2 : .
IF(LEQU)IK]L = K-1

IF(LEGU)IFRINT 218+K14.L oKL

CO €2 [=1,3

GAMUI,KL) = 92.C0

CONT INUE

ZERC ALL ARRAY ELENENTS CF XCIC STORED LUWER TRIANGUL AR
co &2 K=1sNB1

IF(LEQU)FRINT 233

cc €2 1=KNB1

IK = KT1{NB1 1K)

TRFLEQUIFRINT 215, 1sK e IK

CO S: M=1,3

CO €2 an=1.3

XDIC(MsNeIK) = 0.CC

IF(LEQUI)FRINT 221

 FIRST FASS THROULGHs FINC THE UNICN JUF ALL LABELS IN ThE

C1CS1€00
€1¢51700
. €1€51800
.C1CS1500,
€1€52000
€1¢52100
€1052200
1052300
€C1C52400
€1€52500
C1€52€00
01€52700
€1€52800
€1€5290¢
€i¢53000
.€1€53100
€1¢53200
€1¢53300
€1€S3400
€1¢53500
€1€S3600
c1¢537¢0
c1¢s3800
01853500
€1054000
€C1¢54100
€1¢54200
€1¢5423C0

SET5 SIX(K) sK=Crese sNECL=-1 AND TRE SETS SCN(K) +sK=01s0e e sNBUC-1 ,CiCSGGOO

CO SE  [=1,N30D -
€T3(1) = ©
STaCI) = 0

CO S€ JuJ=1,NBUD
J;JJJfl

CALL UNFAC(ST1oNSTL,SIX(J))

CALL UNPAC(STZ2,NST2,5Ch(J)) &1
IF(NET1.EQ.0)GU TC 5018 «
£O 57 I=1,NST1 3
STZUSTI(L)) = 1 : .
IF(NST2.EQ.0)GU TC S01S ;

CO SE I[=1,NST2

STa(ST2(1)) = 1

CONTINLE

CONT INUE

NST1 = ¢

"NST2 = 0

CO 5% J=1sNoOD
IF(ST3(J)sEQ0) GC TO €2
AST1 = NSETL +1

STI(A3TL) = J
IF(ST4(J)eEQ.0) GC TO SS
ANST2 = NST2 +1

STZ(N3TZ) = U

“CONT INUE

CALL CCMFACIST1oNST1,+SSIX) L ITietbLoladMA)elL e
CALE CCMFAC(ST2sNET24SSCN)

IF(LEQUIPRINT 219, SSIX, (ST1(L1)sI=1.N5T1)

IF (LEQUIPKINT 222+ SSCM,(ST2(L)+I=14N35T2)

€1¢5450¢
€1€54600
o1cs470C
€1¢54800
€1¢54900
c1cs500¢
cicssioc
C1€55200
c1¢55300
€1¢55400
€1655500
C1¢5560¢
c1c557¢0
crLesseoc
€1¢55900
01¢56000
C1€56100
€1¢56200
€1¢56300
€1C56400
€1€56500
C1C56600
€1¢56700
C1C56800C
€1¢5690¢C
i1 Q4 €32000
ci1c57100
c1057200
c1c57300
€1¢57400
€1057500




[l

[aN o

co e2 K=1+NBOD
SOK(K) = S51(K)
CALL UNPACIST1 s NST1,SKDUN)

"NST1 = NST1 +1
TETIEASTI) = NB1

" .CALL CUMFAC({ST1sNET1,SCK(NB1))

7t

72
7C
$572¢

43"

s32¢C

44

‘027

“CONPLTE ACTUAL PUSITICN CF FCINT MASSES . f

NUNMINAL CAC(KX) + DISFLACED THA(M)‘QFL(N)
(ALL UNPAC(SET NSET.SL)
IF(NSET EQ.0)GLC TC 5026
to 7¢ KK=14sNSET
K = SET(KK)
*M=SCF(K)
MVNN=MN+2-PCUN(K)
CO 7¢ MMM MMM
co 71 I=1.3
CAC{1sK) = CAC(IK) 4+ THA(MIXAFC(L.M)
IF(LEQUIFRINT 228+ KK eMy¥
CCANT INUE
CONT INVE
CONT INUE

ANCULAR MUMENTUM wWHEEL
IF{LEGU)FRINT 226 N . .
IF(NNC.EC.0)GU -TO €020 . o s

CO 43 J=1,NMC
s(J) = ¢

CCAT INVE

K = ¢

IF(NNCEGeD) GJ TC S027

CQ 44 J=1,.NMO
H¥M(LIsd) = CCMPCNENTS CF SPIN AXIS .
HNCM(J) = RELATIVE MOMENTUM l.Ve ASUUT SPIN AXIS

CALL VECTRN (HM(1 +J) o XMC(1+1eMI(JI) ) eHMCLL,J))
FMC{1sd) = SEIN AXIS COCMPCNENTS IN COMPUT ING FRAME

IF(LEQU)IFPRINT 227 JoMC(Jd)0y

Jd = MT(J)

ELEMENTS OF SVD IN SET(J)

IF{NOTCTAINIJII+SETLZNSEET)) GO TO 44

K = K+l

S(UK) = J

CONT INVE

CONTINUE

CALL CCMPAC(S+KeSVN)

IF(LEQU)IFRINT 2294+ SVM, (S(I)si=1,K)
LSE SVM ELEMENTS IN TRANVD TO GET HMC

IF(LECUIFRINT 233

Y IF(.NGTe LEGU) RETURN

IF(NMCoEC.0) RETURN

T CC 6€  J=1.NMO

FRINT 23Cs Jo(HMCUI4J)+12142) L
FRINY 223 : ’
FORMAT ("1 SLBROLTINE VLIV ENTERED '2(/))

FORMAT (¢ CCMFUTING FRAME 1S 300Y 1 'e/) s

FORMAT (' CCMPUTING FRANE INSRTIALLY FIXED *s/)
FCEMAT (' CAC('+sIZ,%) = XMC(*»I2+') * CA(*512,") =
FCRMAT (2(/)»

' 4y3D15.5)

I A

€1¢57600
01057700
c1C57800
€1¢57500
€1C58000
C1C58100
€1¢58200

. €1¢58300

c1C58400
€1¢58500
C1CSBEOC

" ¢1¢58700

€1¢58€00
(1058500
01C59000

. €1C59100

C1¢59200
€1059300
C1659400
€1¢555C0
€1€59600
€1¢55700
€1¢59800

' €1¢59900

€1¢6000C0
€1C60100
€1060200
C1060200
€1C60400
C1¢60500
€1C6060C
€1€607C0
€106080C
€1C6090C0

_C1C61000

€1C61100
€1€61200
€1061300
C1¢61400
C1€61500
C1C6160C
Cic617C0
€1061800
€1C61900
€1¢62000
c1c62100
£1062200
c1c62200
€1¢62400

. €C1€62500
- .C1C62€00C

C1¢62700

.. €C1C62800
--€1C62900

C1063000
ci1c63100
c1¢c63200
€1¢63390
€C1C63400
€1€63500
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.‘. i ,

2CE FORMAT (2(/) .
L ® ) - I

20€ FORMAT (44X,3D15.5)
2¢7 FORMAT (S XIiC(*, 12
© L% = 9 ,3D15.5)
208 FORMAT (/.9 SVD
2CS FORMAT (/,' SVI =
21C FORMAT (2(/),
'.. PN s .
211 FORMAT (* CoC(*,IZ
214 FORMAI (/70 sve =
"2132 FORMAT (2(/). -

‘ .
219,Fonnﬁr (* QFC(*,1I2
215 FOFRMAT (* XDIC(',I
21€ FORMAT (' QFC(*,12
217 FORMAT (E5X, ' OLC(
218 FOFMAT (* GAM(?',IZ
219 FORMAT (€X,* SSIX

" $ARE *.1C15)
22C FORMAT (SX,* SSCAN
i ..% ARE *.1CIS)
221 FORMAT (2(/))
222 FORMAY (* QF(',12,
2232 FCRMAT (' QL(*,I2.
224 FORMAT (* sva(',1I2
22€ FORMAT (' SVP(*,12
226 FORMAT (3(/) 325X,
227 FORMAT (' HMC(',12
228 FORMAT (' CAC(*,12
*,3C1€.5)
229 FORMAT (2(/).
-k : ’ SVM =
23C FORMAT (* HMC(*, 12
221 FORMAT (/' SFLX =
232 FORMAT (39X, ' CAD(
233 FORMAT (° '
234 FORMAT (39X
235 FURMAT (ESX,°® aLc
L]
1]
L]
1]

Y

23€ FORMAT (35X,
237 FORMAT (35X,
23€ FORMAT (35X

239 FORMAT (35X, (o]
: ‘Eof,-') .
24C FORMAT (25X ? CL

241 FORMAT (/s* SVA =
242 FORMAT (* FLE(*.12
*<) '
242 FORMAT (' FLH(', 1z
244“FORMAT (€1X,3D12.5)
245 FORMAT (' FrLu(',I2

L% CAO(*.I2+*) X FLAL
246 FDRMAI (30X, * CA('
247 FORMAT (30X,' XI(®
242 FORMAT (' FLAC(',1
249 FORMAT (°* FLOC(',I
«€2 FORMAT (20X,' CAC(’
254 FORMAT. (41X,3012.5)
28 FORMAT (30Xs' XIC*

A-68

CENTER CF MASS VECTORS .*,/)- - el . -C1C63€00

. : . - ' €1€63700

INERTIA TENSORS ™ '*,./) . < €1€63800

T ‘ : : C1C63900

e') = XNMC(',I2,') * XI(':12,°%) % XMC('-KZ-')‘tTClC6AOOO
’ ’ .C1064100

*,Z6+ ' ELEMENTS OF SET ARE *,1015./) €1C64200
.28, ELEMENTS OF 3ET ARE *,1015./) ) 164300
€1C64400

‘FINGE VECTORS *,/) 1064500

') = XMC(',12+%) %® Co(?,12,%) = ¢,3D15,€) C1C64600
* .28+ ELEMENTS OF .SET ARE ',1C15,/) €1¢64700
. . C1¢64800

FREE AND LUCKZD COURCINATE VECTORS ',/) C1C64900
»') = XNC(',I2+%) = QF(*'412,°) %) <37, €1€65000
2e%48,124%) = XCIC(*o[24*) = 0 ) . . €1€65100
') = NURM{QFC(*oI2,%) X QFCL'4I24%)) ) €1€6520¢C
'L12,%) = XMC(*s124s%) % QL' 02,%) *) €1€65300
200" 12,%) = GAM(',[240). =0 *) . H C1¢65400
= V,ZE+* UNIUN UF ALL LAGELS3 IN THE- SETS SIX(K)CIC65500
. . - 0165600

= 'eZts' UNIUN OF ALL LABELS IN THE SETS SCN(K)C1C65700
- €1€65800

€1¢65900

') = 1,3D0154595Ke" GFC(®s124+*) = *,3D15.5) €1¢66000
1) = 1,3C155,5Xs' QUC{*vI24%) = ¢, 3D15.5) C1€66100
v?) = 1,15) - ' * 166200
o?') = *,15) ' - " €1€66300
MCMENTUM "WHEELS /) - E- €1¢66400
%) = XNCU'oI2,%) % HM('WI24%) ') S 1066500
) = CAC(?,12+%) + THA(®+I24')%UFC(*,12,%) = *'C1C66600C
- ' ’ €1066700

» o . €1C66800

',284" ELEMENTS- OF SET ARE *,1015)- C1C66500
s?) = '4,3D135) ) €1¢67000
1,28, ' ELEMENTS GF SET ARE *,1015.,/) . €1C67100
*,124%) = CA(*s120%) ) C1£67200
. i €106730¢C

Vo124 %) = XI('s1240) 0) " SR €C1C67400
(*y12,°) =_NJRM(CFC('oIZ.') X QFC(*,12.%)) *)- C1C67500
(*0124%) = UF(*+12s') X CF(*4124%) *) €1€67600
(*0124%) = GF(*+12e%) X GF('s12,%) *) c1c67700
(*I24%) = QF(*sI2+%) X CLC'302,%) ) C1€¢67800
CP012,4%) = XMTC' 02,0 ) %57 % QF(*eE24 %) X OL( ', 1€1C67900
- S : 1068000

(*0124%) = QLE*WI24%) X QL0 12.%) ) €1C68100
0,28, ELEMENTS OF SET ARE *4101547) C1¢68200
') = FLC(" «I2+') + FLD(®*o12¢*)%%T =¢,27X,3D12.C1068300
: ] : C1C68400
ot) = FLD(' 212+ ) + FLU(® 31245 =1 ;30X43812%5)- C1C68500
€1€68€00

27) = FLC(P+124%) + XMAS('412,')%(FLB(*,12,') -C1C6870C
*,12,°%) =¢,3D12.5) CRE Tl S €1€68800

(]
v124%) = CA('.I“") + THA('.IZ.*?‘FLA('.IZ.')')Ch(68900
2120.0) = XI('.IZ-') ¢ THA( 12,V %FLE( 412, )" )C1C69000
20%) = XNC(?,12s 'I%FLAL'4124%) =%,31X,3D12.5) C1C69100

2,%) = XMC{*, 12, J*FLU('sI24°) =1,31Xs2D12.5) (1€69200
+124%) = 1,3D12.5) ) i ¢1¢69300

T et €1'¢65400
s12+%) = *,3D012:5) o U €1€65500




[a]

laNaXalal

25€ FCRMAT (/4' SVA =
257 FORMAT (//7/7+40X ' FLEXLIELE BODY *413./7)
25€& EORMAT (30X, ' 80DY ‘.13,
256 FORMAT (15X * ELASTICALLY DEF JRMED CENTER OF MASS
xTIA TSNSCR FCR BUCY ',13,/).° ‘
FETUFRN ' . . .
ENC - .

SCBRCUTINE ECIVIY WNEQ)

EFFECTS CF ELASTIC MODE

P 4Z8s" ELEMENTS CF SET ARE *+10154.7)

e 13,7)

m -

LSED TU SET LP INITIAL VALUES FUR RUNG
IMFLICIT REAL*3(A~Hs0-2+%) -
LOGICAL FGls FG2y FG3s FGay F3ds INCRF . RBLO, LEQUS LINIT(1)
LOGICAL . ;EUNGE 3 LT@NSI'.'LVDIV e LEQUIV » LTRAN'
L T ’ SLTRANV o LRATE  , LXDY s LETA s LTOKQU
* : LOFDOT 4 LDCT s "LANGLE » LSETUP . LS1MOQ
INTECER S : . . .
"4 AWDRK. . CT1 -4 C€T2 s CT2 ¢ CTa o. CTS -~ -FCON. .» FCCN |
*. SCNCLM, SCN + SCRDUM, SCR. » SFKDUM, SFK..  » SFR* 4 56
« S1- s 31G6- 4 SIXDUM, SiX » SKDUM » SK . o SL . SLK
* SMA" 5 SMCDUNMs SNMC- -~y "SMV". o SCK. o+ SPIDUMs SPI + SOF
¥ .SCL s SR 5-SSCN 4 SSIX 4 SVA s SVB 4 SVD ', SVI
% SVM y 3VP e SVG o SXM . 4 SXT « TOKQG + SMAL 4 SEU
s 5S¢ s 5C6 » NFLXB 4 SFLX o SFXM ~ o NMUDS » SFCC o SCC
« TINIT(L) v TZINIT(1) s SO, . . L
CREAL*S : o .
® ANGLC (23)- » CNF " (2,1C) ' ETIC (3210) » ETMC  (3+10):
« FLQ (24200 » FLE (2+3420)s FLH (303420
* TRACD (33) o YNCD. (3v2,11)s RINIT (L) . s RZINIT(1):
CCMMON' ZLDEBUG/ LRUNGE o+ LTRNSL o LVOIV 4+ LEQUIV » LTRAN
. LIRANV » LKATE 4 LXUY  + LETA + LTORQU
* ‘LGFDOT "5 LECT s LANGLE » LSETUP ,» LSIMQ
COMMCN_ 7LUGIC/ FG1l, FGZy FG2, FG4» FG3e INERF, RBLU(10)
CONMCN ZINTGZ AWORK (200) » .. Lo .
50e®alIl 0l o s1.03aaE82, 50, 000 <20 CTBg e = L a2 CTS LT L
. % C15 » FCON.: (23) . s JCCN (10D~ s LCGN “(22)
% NC €(10) o NEL ’ » NOOD + NCTC
*. NFER s+ NFKC » NFRC o NLOR :
% NNV s 'NNO - s NMOA + NSVP
< %« N&VC ¢« FCON  (11) » SC ¢ SFR (33) =
s S¢° RN 3 | . L55) ¢ S1G : e SLY
* SLK (33) v SMA (10) - (11 » SOF

SUK

(11)

€I C69€00
€1¢69700
€1(65800

VECTOR ANC INERC1C69S00

cic70000
€1€70100
61€70200

€1100000
€1100100

. C1100200
.€1100300

€1100400
€1i00500
¢1100600
€1100700
€1100800
1108900
€1101000

-€1101100
"¢110120¢C
-€1101300

€1101400
€1101500

.€1101600

- CL1017C0

tr110i800

¢1101$00
€1102000

.¢11%2100

g1102200
€1102300
€1102400
€1102500
€1102600

.€1102700

61102800
€1102900

.€1103000

¢i103100
€1193200
€1103300
€1103400

-€1103500

o

.

€1103600
1103700
€1103800
€1103900

.£1104000

"ci104100

1104200
C1104300
€C1104400

.€1104500

€C1104600
1104700
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SCL 1)

* y SMV y SR + SSCN » €1104800

% SSIx » SVA » SV s SVD s C€110490C

* Svi s SVM s SVP (22) s SVC (32) s CI'105000C

* SXM (2+10) o EXT » TURQ (97) » SMAL » C1105100

- % SEU : s NTQ » 'SC (33) s SCG » C11C5200

* NFL»3 s SFLX » SFXM  (10) s NMODS + C1105300

. . % SFCC » SCC (1c) : €1105400
c. .. . . "c1105500
[ ' : ©€1105€00
. CCVMCN /INTGZ/ : .7 c11c5700

* SCNCLM - s+ SCN (S) » S5CRDUM » SCR (9) v €1105800

* SFKCULM + SFK (s) » 3IXDUM . y» 51X (9) + C€1105900

4 SKDLM s SK s) v SPIDUM | o SPI T (9) - + C11C6000

. * SNCCUM » SMC s) v €1106100
c - .. . ’ T 1196200
C... - ‘. €I196300
CCMMCN /REAL / o C110€400

- % Cp (3,10) .+ CAC (3,10) , CLM (190) » CCMC "(3411) » C1106500

- ® DCMC  (2,11) + ETC (3,11) , ETM (33) s FUMC  (3411) 4 -C1106600

% GAM (2.66) » h . HM (3,101 + HMC (2.,10) .+ CliCeTOC

* HMCM  (10) s FHI (32,21) , PLM (10) » CF (3.,32) . Cl10680¢C

* QFC (3,33) » CL (2.22) » QLC  (3422) o+ RCMC  (3s11)° » C€11C6900

* T . . THA (33) » THAD (32) - + (Cr107€00

* TRACW (10) » TFAW  (19) s XDIC (343400}, XI (3,3,1C)s C€1107106

* XI¢C (Z,3,10)s XMAS (10) » XMN (33423) o+ xMT (3,2,1C)» €1107200

* TUG (23) s FLA (2,2¢) , FLB (3,20) , FLC (3,2C) +» C€1107300

% FLD (3,3,20)s FLUY (2¢3420) CAO " (3,10) , XIO "(3+3.,1iC)s (1107400

* FLIRC (2,10) » FLCRC (2,1C) , FLAC (3,20) o+ FLGC (3,20) , (1107500

* FLCM  (20) ¢« ZETA  (20) v FCF (30344014 FCK (3v40) o+ Cl1107€0C

% TIMEND €1107700

C 01107800
C. .., ' €1107900
. CCMMCN /FREAL Z/ . €1108900

* CEDLM (1,3) » CB (3,1C) , caChUM{L,3) ~ , C8C (3,1C) + C€1108100

% XNCCLM(1l,1,6) » XMC (3+92410), CBN(3) ) crios2o0

C €11082300
c . . 1108400
' EQUIVALENCE (ETM(1),THACC(1)) s (XMN(Ls1)sANGD (1)) . €11¢c850C
. (XMN(143)sYMCO( 101 41) ) P IXMN L1460 4 CNF (14 1)) . €1108600C

. (XMN(1+8)sETIC(1,1)) W A(XMN(L1s10)sETMC(L41)) €11C8700

* (FLS(1,1)4FLQ(Ls1)) W (FLECLs131)oFLD{14141) ), '€1108800

e (FLH{Lls1ol ) oFLI(Ls101)) . _€11¢8900

BN (FGL,LINIT(1)) v ECACL 1) W RINIT( L)) . €1'10900C

,* (CBDUM(141)sRZINIT(1)) » (AWORK(1) o LINLIT(1)) ¢+ C1106100

. . (SCNDUMLIZINIT(1)) . €1109200
< . . ) . , 1109300
INTEGER ST1(11) : s €1109400
EQUIVALENCE (LEQUIV,LEGU) . : 7 €11069500

C . ' : - - €C1109600
) " CINENSICN Y{NEG) ‘ €1109700
C : : ©€1109800°
< ' - €1109900°
C ANCULAR CK LINEAR RATE wITH RESPECT Tu FREE AXES’ ‘ - ' €1110000
IF(LEQU)IFRINT 100 . S ST L 1110106
VIF(LEGQUIPRINT 101, NFER ’ . ©OADMVIIC 4 DCIT10200

€0 1 N=1JNFER . - . C1110300

Y(N) = THAD(N) - 1110400
IF(LECUIFRINT 1024 NeN,Y(N) ’ e %€1110500

"1 CUNT INUE . - - -€C1110600

- NN = NFER o €1110700
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N

n

noo

Anoe

- - C1110900

GENEFRALIZED ELASTIC COCRCINATE RATE EJUATIONS - ~ €1111000
IF(LECU) PRINT 1123 NMODS o C1111100
IF (NWODS4EQs0) GO TO 7 €1111200
€0 7 N=1,NMODS ‘€1111300
..I\A.= NN ¢ N 1111400
_Y(NA) = THAD(NA) - €1111500
IF(LEQU) PRINT 102+ NAs NA, Y{(NA) C1111600
CGAT INVE C1111700"
AN-= RN + NMODS a " €1111800
. €1111900

. “tcr1112000
KELATIVE ANGUL AR NMCMENTUM CF wHEEL ‘c1112100
CALL UNPAC(ST1,NST1,SMV) c1112200
IF(LECUJIFRINT 103, NST1 €1112300
, IFENST1.EQ.0) GO TC S028 €1112400
.co 2 NNR=1,NSTY . ‘T C1112500
A= hSll-(hNN-l) ’ - . €1112600
NA = NN+ NSTI + 1 - N . : *€1112700
Y(KA) = INADn(STl(h)) . ’ ‘' €1112800
IF(LEQU)DFRINT 104+ NAsSTI(N)sY(NA) €1112900
CONT INUE C1i13000
conTxupt €1113100
AN NN+ NMV 1113200
-“C1 113300

I<PLACt~ENT ABOUT. UR ALCNG FREE Ax&;' ' 1113400
IF(LEGUIFRINT, 135+ NFRC 1113500
IF(NFRC.EQ.0) GO TC_SOZQM ’ C1113€00
..CO.3 N=Z1.NFRC ' " “ciri13zoo
¥ = SFR(N) ' €1113800
NA = NN4A C1113900
YONA) = THA(M) €1114000
IF(LEGUIPRINT 1C€Es NA+N2YINA) e C1114100
CORTIRUE C : T ) L7t ofe1118200
" CCNTINUE . , | Cuila3so0
AN = NN+AFRC C1114400
: . L 1114500

. P S i C1114600

CENERAL 1 2ED tLASTIC COORCINATE DIbPLAC:MENT EGUATIOAS " ciL114700
JECLEGU) PRINT 112, NMODS, . o €1114800
'lF(NNCDS.&Q.C) GO TO 9 €1114900
CG 9 R=1sNMODS - o €1115000
"NA = NN.+ N i €1115100
‘NST1 = NFER + N c1115200
YINA) = THA(NSTL) C1115300
CIF(LEGU) PRINT 106+ NASNETL sY(NA) C1115400
CONT INUE "€1115500
AN = NN ¢+ NMCDS ' €C1115600
.. . €1115700°

S C111580C.
CISPLACEMENT ABOUT WHEEL SFIN AXIS €1115900
CIF(LEQUIPRINT 107, NMOA, - C1116000
. IF(NNCALEQ.0) GO TC 5020 R T R T3 Y11
EO~4 N=1,NMOA Chre Lo el T €1116200
M.z SMA(N) P © 6111€30C
NA- = AN4N o €1116400
N(NA) = THAW(M) i} « 7. . c1116500
IF(LEQU)FRINT 1C8, NAN,Y(NA) ’ W €11166900

CCAT INVE

1110800

C1116700

ATl



£93¢C

m

n

n
o
tu

100
101
192
103
104
10S
10€
1¢7
ice
105
110
111
112

[aNaNaNa} (]

NN

A2

CONT INGE
AN = AN+ NMUA

CIRECTICAN COSINES

CALL UNPAC(STL +NSTL1+SD)

IF (LEQU)FRINT 109, sc.(s11(1).x-l.N571)
IF(LEQU)FRINT 11Cs INERF

IF(NST1,EQ.0) O rc €031

N = AN

M =

TF (INERF «ORST1(NST1)NE.1) GU TO 5

NST1 = NETL = 1}

CO B8 J=1+2

o0 8 1=1.3

AN = NN +1 .

YIAN) = xMC(I,JsM)

IF(LEGCU)FRINT 1114 NNl owsMeYIRN)

CCNT INGE '

JFINST1..EQeQ) GO TC €921

CO 6 A=1,NST1

M= STLI(N)

CO 6 J=1+2

CO 6 1=1,3 A

AN = NN + | \
.Y(NN) = XMC(I'J-M)

gF(LEdu;FRlNT 111 s ANeT oG oM YINN)

CONT INJE

CONTINUE

NEG = Nn

FORMAT (1 ENTER SUBROLTINE EQIV )

FORMAT (°* NFER =',15)

FORMAT (¢ YU(',124') .2 TFAC(*+124*) = *,D15e5)
FORMAT (* NST1 =*,15)

FCRMAT (' Y(',1I2,') = THAD®(',12+°) = *,D155)
FORMAT (* NFRC .= s,18) . SOar

FORMAT (' Y(',124') = THA('+12,%) = *,D15,5)
FORMAT (' NNCA = ,15) .

FORMAT (' Y(",I24°) = THAW('+1I24%) = ',015e3])
FORMAT (* SD =',Z8,' ELEMENTS [N ARRAY STl ARE',1015)
FGRMAT (* INERF = 1,L10) :

FORMAT (' Y(',12,') = xyc('.le.'. w1240, .xz.- =
FORMAT (* NMODS =1,15) -

RETURN

ENC

SUERCUTINE TRAN .
»couPLT% ALL- TRANSFCRMATICA NATRICES . s Az

1) LSE ORTHOGGAMALITY TQ GET MISSING ELEMENTS
2) CCASTRUCT OTHERS NCT IR 3D
IMPFLICIT REAL*8(A-H,0-Z,%)

‘(1116800
~€1116900
€1117000
(1117100
cxx:7zoo
cx|17300
c1117aoo
€1.117500
CL117600
€1117700
€1117800
€1117900
"€1118000
1118100
C1118200
€1118300
€1118400
c1118500
C1118€00
€1118700
€1118800
€1118%00
ctii1g0co
€1119100
€1119200
€1119300
€111940¢C
ct11950C
C1119600
€1119700
c1119800
C1119900
€1120000
1120100
©c11290200
cLi2030¢
£€112040¢C
cr120s0¢
c1120600
€1120700
€1120800
. €1:12090C
€L121000
1121100
€1121200
c1121390

C1200000
clzoo01lco
M \.mC l’2°0200
C1200300
€c1200400
€120050¢C
€1200600
€120070nN
(1200800




« RBLOy LEQU» LINIT(1)

LOGICAL FGls FG2s FG3s FG4s F35s INERF
e LOGICAL LRUNGE , LTRNSI LVDIV s LEQUIV o+ LTRAN
. * LTRANV 4 LRATE LXDY +» LETA s LTCRQU ,
x LCFDOT , LDCT LANGLE » LSETUP o LSIMQ
c
C .
INTECGER . : .
® AwWGRK o+ CT1 « CT2 s CT3 s CTa y CTS s FCCN o+ PCON
= SCNLCUM, SCN » SCRDUM, SCK + 3FKDUM, SFK + SFR . s SG
= S1 v« SIG s SIXDUMN, E£1IX sy SKEOUM 4 SK s SL s+ SLK
* SMA » SMCDUM, SNMC + SMV v 30K »- SPIDUM, SPI + SQF
% SGL ¢ SR » SSCN , SESIX o+ SVA » SVb w SVD . SVI
* SVM s SVP » Sva s SXWM + SXT o TORKQ o+ SMAL 4+ SEU
* SC » SCG s NFLXB o, SFLX 4 SFXM » NMUDS o+ SFCC o+ SCC
* LINIT(1) » IZINIT(1) v SD
C
C -
REAL %3 .
* ANGC (33) s+ CNF (241C) o ETIC (3+10) o+ ETNC (3410)
L 3 FLQ. (3420) « FLE (2930200, FLH (3:63:20),
* THACD (23) s YNCD (2429113 RINIT (1) s RZINIT(1)
C
L
e
d
CCVMMCN /LDEBUG/ LRUNGE , LTKNSI LVDIV . LEWUIV , LTRAN ,
* LTRANV o+ LRATE LXDY + LETA . LTORQU
* LOFDOT , LDCT LANGLE + LSETUP , LSIMC
d
C
COMMEN /LUGIC/ FGls FG2s FG3s FG4s FGSs INERF, RBLJ(10)
C
d
CONMCN ZINTG/ AWORK(292C) o
* CT1 » CT2 e CT3. s CT4
* C15 » FCON (23) s+ JCCN (10) » LCON (22)
* MC (10) » NB1 y NOCD + NCTC
% NFEF ¢« NFKC » NFRC s NLOR
* NNV +» NMO » NMCA » NSVP.
* NSVC » FCON (11) » SD s SFR . (33)
* SC s SI (¢<) s SIG » SL
* SLK (23) s SMA (10) v SOK (11) . SOF (i1
* SCL (11) » SMV » SR s SSCN
* SEIX s SVA s SVE - . SVC
* SvI v SVM » SVP (22) " e SVG (33)
¥ SxM (3+10) » SxT o« TURG  (97) » SWAL
* SEU ¢« NTQ » SC (33) + SCG
® NFL>B » SFLX » SFXM  (10) + AMODS
* SFCC + SCC (10) .
C
C
~ COMMEN ZINTGZ/
* SCNCUM s SCN (s) » SCRDUM +» SCR (9)
¥ SFKCLM + SFK (s) s SIXDUM o SIX (9)
J0L 00 SKDULM s SK (s) s SRIDUM, « i, .. > SPIL... . (9) .
® SNCLCLM + SNC s) -
¢
C .
CCVWMCN /REAL / . : -
4 Ch , (20100 , CAC (2.1C) o+ CLM (10) » CCNC  (3411)

crzocgo0
€1z01000
€C1201100
c1201200
€1z01300
C1z01400
C1201500
C1201€00
c1zo01700
€1201800
c1z97190¢0
€1202000
c1202100
c1202200
€1202300
€1202400
c1202500
1202600
ci1z02700
c1202800
€1202900
C1203000
€1203100
€C1203200
€1203300
€120340C
c1z03s5C0
€12032600
cr12037c0
1253800
€1203900
€C1204000
C12C4100
c1z7420¢C
1204300
€1204400
€1204500
€C1204600
C12047¢C0
C1204800
€1204900
€1205000
1205100
ct205200
€120s300
€1205400
1205500
C1205¢€00
€1205700
C1205800
€12¢5900
€120600C
C12061C0
€1206200
€C1206300
€1206400
12176500
C1£226600
C12067C0
C1206800

A-73



A-74 -

CLzcesce

* DCMC 2.11) . ETC (3,11) o, ETW (33) "--4 FCMC  (3411)

* GaM (2+66) & v HM (3:10) o+ nMC (3+10) o :£1207000

¥ HMCF (10) » FhI (2s11) 4 PLV (10) » QF (3.,33) . €1207100
*,QFC (2,33) » GL (2,22) aLc (3,22) » ROMC -(3+11) . (1207200

T , TAA (33) » THAD (33) - €1207300

. * THACw (10) . ». THAW  (10) s XCIC, (3:3.,66), XI (3+341€)s C€1207400
$. x1c (3¢3410), xMAS ‘(10) C v XMRT (33433) 0 XMT' (34241005 G12C7500

A TG €z3) s FLA ~7(2,20) , FLB (3,20) .+ FLC (3.20) , €1207600
"FLD (39342000 FLJ (3+3420)s CAC (3,109 s XIC (3¢3+1C)o Cl12C7700

;% FLIRC (3410) FLCRC (3,1€) , FLAC (3,20) » FLGC (3.20) .+ €1207800

- * FLOM (200 s ZETA (20) s FCF ' (3,34403, FCK {3.40) o .C13C7900
. _ % TIMERD ' - - : £1208000
C.. : 01208100
C .. : - ~ t12c8200
[ COMMON /REALZ/ - €1208300

* CEDLM (1.3) » CE (3,1C) o+ C3COUM(1,3) + CBC  (3.10) .. C12C84CC

. % XNCCULM(141e9) o XxMC 2+3510) s CdN(3) szoesoo
c. o : : €12086C0 -
K PRI . i . 1208700
EOUIVALENCE (ETM{1),THACC(1)) s (XMN(1,1),ANGD(1)) . c1208800

. (XMN(1+3)sYMCD(1e14s1)) s (XMN(146) sCNF( 14 1)) v . 1208900

» (XMN(io&)o_ETIC(l-l)) s (XMN(L4+10)+ETMC(1,1).) ’ 1Cl'209000

T (FLB(1s1)sFLG(1s1)) e (FLE(1W 14 1)oFLDCLelal) ), £120910¢C

- % (FLHOLs 101 )sFLUCLS1410) o - ‘ - . €12092¢C0

* (FGL.LINIT(1)) s (CATL WL ) oRINIT(1) ) s  C1Z09300

* (CBDUM(141)4RZINIT(1)) +(AWORK(1) IINITCL)) ... €1209400

e ® (SCNDULNMSIZINET (1)) - €1209500
oL ) €1209€00
_LOGICAL CTAIN ..€C1209700
CCIMENSICN TEMPL(3,43) c1z098¢00 -

. CCINENSICA XMS(3+3),Q(2)0GS(2) s TEM(3+2) 4 TEMP (3, 3) ¢1209900
TINTEGER ST1(10)+SET(19) €1210000

N EQUIVALENCE (LTRAN,LEGU) €1210100
€ : - R -CLZ10200
., . €1210300
<, . €1210400
T, TTIF(WNOT. LEQU) GO TO 10CC €1210500
.. .FRINT 1CC €1210600
ue = ¢ ‘€1210700
Ul = c121080¢

W2 = & . ctztasoce

) .43 = 2 . T . c1211000
"7 FRINY 1C1s INERF ct211100
1730 CALL UNPAC (SET.NEET,SD) S €1211200
" T IF(LEGU)IFRINT 102, SD(SET(I)sI=14NSET) C1211300
"IF(NSET.EQe0) GO TC- 5022 cLzr1aco

KST = 1 clzl1500
CIF(INERFeURSETINSET)ANES1) GJ TO 1 Cl211€00
CNSET = NSET - 1 . . c1211700
_KST = 0 . . €1211800
K= PR .£1211900
T kK=K ST ' TC1212000

. . IF(KST.GT.NSET)IGU TO S€22 . - ; . 1212100
‘€021 IF(KK,EG.0) GO TO 19 : ‘c1ziz200
. LTk = SETIKK) yagaCl212300
“ 16 CALL VECROS (XMCOU1a1 oK) oXMCELa20K) o XMCE1w30k)) | . AT U%lznzaoo
IF(.AGTs LEQU} GO TO 2 - - c1212500

T, CFRINT 1C T €1212600
TUTTFRINT 116, (XMC(LsT1sK)sI=1,3) } _ c1212700
T FRINT 11€4Ks (XMCU{2s14K) s1=143) . - ‘C1212800




<

s0zz

[aMaNadal

FRINT 11¢€, (XMC(3s1sK) s1=1,3)
CCAT INUE

KK=KK¢1

IF(KK,LE.NSET) GO.TO 5C21
CCNTINUE i

COMELTE ELEMENTS OF TRANSFURMATIUN MATRICES GBTAINABLE
VIA SMALL ANGLE ASSUNMFTICNS OR EULCR ANGLES

IS = 38 - SO

T CALL UNFAC(SET W NSET,.15)

ki

2¢

CALL UNPACISTI+NST14SMAL)
IF( «MNGT s LEGU) GO 10 3

FRINT 1C7s ISe(SET(I)s1=1.NSET)
FRINT 1GCe

IF(NSETLEQ.0) GO TC €032

CO 4 III=1,NSET

JIIENSET-(I1I~1)

JJd = SETLIJI)

v = JCTN(GI)

CO 20 1=1,3

CO 2C L=1.+3

TEMPCIsL) = XMT(ILLoedd)

CHECK FCR THREE CCNSTRAIMNED AXES
IF(PCCN(JJ).NEL3) GG TC €026

LC 27 1=1,3 . .

'CO 27 L=1+3

xMSCIeL) = TEMP(I L)

27 CONTINUE
Ed2€e CGATINUE i :
. MDCNE = 3-PCCN(JJ}

CO S I1=1+MDCNE
I = I1-1

CYCLE TFROUGH FREE COORDINATE ROTATION3 AT RINGE FGINT JJ-1

M = SAF (YY) ¢+ 1

KB = S$XM{l¢1,d4)

CHECK SNALL ANGLE ASSUMPTICNS
€ = ThA(WV) .

C = 1e.9CC

IF(CTAIN(JISSTLWNETL)) GC TC 22

‘8 = CSIN(THA(M))
C = CCAS(THA(M))

2z CONTINUE

CIFLWMCTWLEQU) GU TC ScC27
PRINT 120s JJs» JeslsMsKEPESC

"12C FORMAT (' J4J =',124% J =*,13,* 1

*$,D017e84¢" C =1,0178)

'502% CONTINUE

Vil

2

CALL ROT(HsCoKE,TEMPL)

CALL MATMUL({TEMP , TEMP1 ¢X NS 3)
CO 28 L=1.3

CO 28 LL=1,3

CTEMP(LLL) = XMS(LsLL)

&

<
N

«

LCCNTINUE
“CONTINUE

TIF(LEGCU) PRINT 118, ((TENF(L4L)sU=143)+1=1,43)
CALL MATNULEXMT(1 42 sSJ) ¢ TEMF 4XMS,+3)

IF({.NCT. LEWU) GO TO 1COZ
FPRINT 104
FRINT 1CSs (XMS(141)sl1=1,2)

"vl34|'- 8 =¢

€1212900
€1213000
C1213100
€1213200
1213300
C1213400
€1213500
€1213600
€1213700
€1213800
C1213900
C1214000
€1214100
C1214200
C1214300
ctz14a00
C1214500
crzrae0c
C1z147C0
€121480C
€1214900
€1215000
€1215100
c1215200
€1215300
€1215400
C1215500
€1215600
€1215700
¢1z15800

. C1215920

C1Z1€90C
c1216100
1216200
€1216300
C12164C0
1216500
C1216€00
ci216700
€12168C0
C1216900
€1z17000
€1217100

. c1z1v7200

€1217300
C1217400
01217500
(1217600

ClZ17700

€C1217800
C1217900

. €1218000
. C1218100
.C1218200

C1218300

.C1218400

1218500
C1218600
c1218700
1218800

"A-T5



JJe EXMS(2, 10411 43)
(XMS(3+1)41=1,3)

cnx~1 11C,
FRINY 1CS,
“FRINT 124
"IF (J «NEWC) GO TQ 1€
iFCINERF) GU TC 17
CO 18 [=1,3
EO 15 L=1.3
XMCCIsLoC) XMS{L D)
IF {oNOT . -LEQU) GU TO 4 .
"FRINT 112, (_'XMC('lo'loG)olzlt-’-)
FRINT 112,
FRINT 112e (XMC(341,0),15143)
.. FRINT 1Ca - ' :
€c vC a- N
17 CO1E 1=1,3
" CO1€E L=143
XM((I-L.I)-XMC(X.L)
"IF(.NOT, LEQU) GU TO 4
: FRINT ll‘o(XMC(lolvl)nl-lo-’-)
1 FRINT 114,
" FRINT 11¢.(XMC(J.I-I)-I-1--)
GO 'TC &

100z

1e

1€

' IF(.NOT. LEGY) GO TC &

. FRINT 1CSe(XMCLlv14JJ)sl=1+3)

JIFRINT 1Cé€.

CFRINT 1CEs (XMC(3sT4Jd)el=1,3)
FRINT 104
"CONT INVE
CONTINUE

m
(=]
n o

u

LPCATE TRANSFORMATION MATRICES
" CALL UNPAC(SETeNSET,.SL)
IF(NSET EQ.0) GO TC 5033
CO.12 JJJ=1NSET
JJd = SET(IJI) .
J. JCCN(IJ) -
CO 14 [=1.,3
CO 14 L=1+3
XMCC Islodd) = XMCUIsLsd)
IF(LEQU) PRINT 111, JJed-
CCATINVE :
CONT INUE

IF(LEQU) PRINT 104
FORMAT (*1
FORMAT (°*
FORMAT (* SD
FORMAT (°* )
FORMAT (20X,3D17.28)
FORMAT (' XMC(',12,*)
FORMAT (* " SR-SC.= v,
FORMAT ( 12X +3D178)
FORMAT (' XMS{'s1z,*)
FORMAT (/s* XNC('s12,%)
FORMAT (ZEX+3D1748)
FOFMAT (* XMC(?,12,47)
FCRMAT (' XMC('412.%)
FORMAT (12X+3017.8)
FORMAT (' XMC(',12%*)
FORMAT (' TEMP ='.3D17.8)

[
ta oty

om’
o

170
101
J1e2
104
10&
1Ce
197
1¢s
11¢C
111
112
113
118
"U118
116
118

. lze.

INERF Se/)

xXMC(
284

xMs(*
xMs(*

A-76

J-JJ.(XNC(Z.IiO)-Iil.j); T R

bbdROlehE TRAN ENTERED

SET EL:M&NTS ARE

SET ELEMENTS ARE.

JJoJJ.(XMC(c.l'l)cI=l v3) )

(ALL NATNUL(XMC(I-ch).XOS-XNC(l-l'JJ)pJ)

JJ.J.J-;O(XMC(E!I.JJ,.[=l'3?

¢121890¢C
€1219000
€iz219100
€1z1920C
€1219300
01219400

-€1219500

C1219€00
€1215$700
c1z1680C
C121990C

_C1z22900¢C

0122010¢C

"€1229200

ASSOCIATED wiTH LINEAR DSCILLATGRS'

Y477)

*01015:/7)

. L

v 124V )RXMS(*VE24) *,3017.8)
* 2 1015./7)

it

2D17.8)
XMC(-? 3 124.%)

l)'_

& ’ i o
-30!7.8)
+3D1748)

21200 )HET o
v12510)

1-'
.

*,3017.8)

C122030¢C

" ¢1220800

ciz20s00
C1220€00
¢122¢c700
¢1r220800
€1220500
61221000
€1221100
c122120¢C
€1221300
c122140C
c1z215c0
C1221600
c1221700
c1221800
€1221900
€1222000
c1222100
C1z22200
c1222300
C1222400
1222500
C1z22€00
c1222700
€1222800

" c122290¢

"€1223c00
‘c1223100

.

€1223200
1223300
1223400

‘c1223500

C1223€00
t1z23700C
t1223800
€1223900
€1224000
€1224100
c1224200

£1.224300

C1z24400

¢1224800

€1224600
c1z2470C

'€1224800
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[al sl ol
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*

[a¥aNasl
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»

Y

FETURN
ENG

sueRCuT
TRANSFU
CCMEUT

IMFLICT
LOGICAL
LOCICAL

INTE GER
AWCGFK
SCNCUM
SI
‘SMA
SGL
‘SvM

sC
FINIT(

REAL WG
LANGE
FLQ
THACD

COMMEN

COMMCN

CONMON
c1i

* €15
=M

. % NFER
e NNV

N :‘_QS’-‘

s

LK K K SR R J

"NEVC

A
S¢
SLK
SGL
SEIx
Svi
S XM

INE TRANVD

RMS UNLY THCSE VECTORS AND

ING FRAME

T REAL=®8(A-H.0-2,4)

DYADS TIME VARYING IN

INERF» RBLOe LE
LVDIV o LEQUIV
LXDY s LETA

{
Qus LINIT(L)
y LTRAN R
» LTORQU v ¢+

LANGLE + LSETUP , LSIMO

CTa o« CTS ’

SFKDUMs SFK e
SKDUM » 5K ’
SOK s SPIVUM,
5VA s SVB ’
SXT s TUKRQ .
SFXM s NMCDS o
SO

ETIC (3,10) ’

FLH (393420),

FGls FG2s FG34+s FG4, F 35,
LAUNGE o+ LTRNSI »
LTRANV » LRATZ .
LGFDOY » LOCT .

» CT1 v CT2 s CT3 [
¢« SCN + SCRDUNM, SCK .
» SIG s SIXDUNM, SIX ’
+ SMCDUNM. SMC ¢ SMV .
» SK ¢+ SSCN » SSIX .
» SVP s SVQ + SEXWV ’
» 5CG » NFLXB o SFULX .
1) s I2INITY(1) .
(23) » CNF (3,10) .
(3+s20) s FLE (34¢3.20)
(23) s YMCD (2s2411)»

/LCEBUG/ LRUNGE
LTRANV
LGFDOT

\

Z1L0GLlC/s FGl, F

/INTG/ AWC
Y . N
.\}

(10) 0
.

.

.

.

(33) 0
(11) .
)

’

(2s10) ’

RK(200) .

c12

nEL
NFKC
LY A8}
FCON
5T °
SMA
svv
SVA
SVM
exT

G2

LTRNSI

LRAT
LOCT

FG3s FG4s -FGSs INERFe ROLOC(1C)

"FCON (33)

(11)
Tres)s
(10)

1=

.

- NMOA

RINIT (1) .

LVOlv » LEQUILV
L XLY » LETA
LANGLE + LSETUP

CcT3

JCON (10):
NS OD

NF RC’

.- v e

EY

SIG 'yrux
SUK’ (11)
SR

sve

SvP (22)
TURQ (97)

FCON , PCCN
SFR ¢+ SG
St s SLK
set + SQF
SVD v SVI
SMAL , SEU
SECC .+ SCC
EYMC  (2,10)
RZINIT(1)

s LTRAN o
s LTOKQU
. LSIMQ

CT4
LCECN
NCTC
NLOR

"NSVP.

SFR . -
sSL
SQF -
SSCN
SvD
SVQ
SMAL

(2z)

.

BN

. €23)

(11)

(33)

* o ® ® s e e o

€1224900
1225000

€1290000
€1200100
€13c020¢C
€1390300

€1200400

1200500
C1200€00
€1300700
€1300800
€13cc900
C1201000
€1301100
€1301200
€1301300
€1301400
€1201500

- €1201600

C1201700
1201800
€1201900
€1302000
€1302100
€1202200
€1202300
€1302400
€1302500

€1302600

tiz0270¢
€1302800
01202900
€1393000
€13203100
€1303200
€1 203300
€13203400
€1303500

S C1303600

€1303700
€1303800
€1303900
€1204000
€1304100
€1304200
€1304300

"€13204400

C1304500
c1304600

=~ €13N4700

€1304800
€C1204900

€1205000

C1305100
€1305200

A7



A-78

* SEU » NTQ » SC (33) » SCG ¢+ C13205300

* NFL X3 s SFLX o SFXM (10} » AMCDS ° + C€1305400

. * SFCC + SCC (1c) © €1305500
C (1205600
C €1205700
' _CCNMEN /INTGZ/ | , ' €c1205800
% SCNCLM » SCN sy » SCROUM s SCR “(S) s €13205900

* SFKCUM s SFK ts) » SIXCUM o SIX (9) - +» C€1206000

* SKDL#M s SK (s) » SPIDUM . SPI (9) s C120€100

. ® SMCCLM » SNC (9) 1206200

c - . 1206300
C C130€400
© COMMCN /REALZ C1306500

* Ca (2,10) » CAC (3,1C) , CLM (19} s CCMC  (2,411) » C€13206€00

£ DCMC  (3s11) o+ EIC (3511) , ETM (33) » FUMC (3,11) ¢ C13C6700

* GAM (2.66) . k + HM (3,1C) . HMC (3,10) +» C€120€800

* HNOM  (10) s PFI (32,11) , PLM (19) + CF (3,32) . C1306900C

* QFC (3.33) o+ CL (3422) o, uLC (3+22) » KCMC (3,11} + (€1307000

* T » THA (33) s+ THAD (33) : s C1307100

5 ® THACW (10) » THAW (10} s XDIC (3+3.66), xi- (3,3.1C)s C13207200

* X1IC (2+3410), XvAS  (1C) » XMN (33+33) 4 XMT (2,3.,1C)s C€13C7300

. .%. TG (23) s FLA (2,20) o, FLD (3,20) ., FLC (3,20) .«  C€1307400
J~_. ‘:FLD (3:3,20)s FLJY (Ze3,29), lCAU {3,10) « X[U (3:43+1C) 1307500
"4 FLIRC (3,10) » FLCRC (241C) , FLAC® (3420)  » FLQC (3,2C) .+ Cl1397600C

‘® FLCN¥ (20) s ZETA (20) . FCF (3s3,40), FCK (3,40) .+ .C1397700C

& TIMEND ) ' ' : €1327800

C €1267900
C o €132080C0
CONMCN /FREAL Z/ . _ €1398100

% CEDLM (1,3) + CE (2,1C) , C3COUMI1+3) ,» €3C (3,1C) » .C13208200

¥ XNCCUMA(1s1,9) » XNC (3+3,10), CoN(3) - : c1308390

c ' 1228400
C ] C1208500
’ EQUIVALERCE (ETM(1).THACC(1)) s CXMN(Lls1)eaANCD(L)) ' C120860¢C

. (XMN(143) s YMCOCL o8 91 )) S(XMN(I+6)+CNFU L1 1)) - c1298700

* (XMNC1s8)oETICE131) %~ L (XMN(L410),ETMC(L141)) & 1328800

* (FLB(1s1),FLACL,1)) s (FLECLolo1)oFLDULe1e1))s C13€8%00

* CFLHC Lo 1ot ) oFLICToE0i)) " - : . o (1309000

* (FG1,LINIT(1)) s (CACLs1) 4 RINIT(1)) . €1209100

* (CEBDUM(14+1)«RZINIT(1)) » (AWORK(1 )2 [INIT(1)) . 1305200

o (SCNDULM,IZINIT(1)) €1209300

c ) €1209400
LOGICAL CTAIN €13065¢C6
CINENSICN TEM(3) €1209€00
CIMENSICN TEM1(3,2) €1305700
INTECER ST1(10)+SET(18)sSFXWNN C1299800

. EQUIVALENCE (LTRARVLLEGU) €12C9900
< €1210000
. IF(LEQUIFKINT 2C¢ €1321C100
< . €1210200
d €1210300
€ ... ELASTIC CEFGRMATICN PARAVETERS 1130 . Cl31040C
" IF (NFLXE.£Q.0), GO TO 15 €1210500
Tt wN = ¢ €1210600
“ 7 CALL UNPAC(SET WNSETWSFLX) C1%10700
"' 7 CALL UNPAC(STLWNST1,SVE) Tiit v wsav oz, -. .~ C131080¢C

} IF(NSET.EQ.Q0) GO TC 50CO . 1310500
’ CO 1€ NR=1,NSET C1211000
P = SETINRSET+1-NN) €1311100

‘IFLx = € - €1311200
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s alal

102¢C

17

10C1

100z

16¢3
2¢
1€

1004

[aNa¥a)

1€
$9¢¢

i€

S g

IF(CTAININGSTLNSTI)) GO TC 19

IFLX = 1

CCATINLE

IF IFLX=C MUCAL VECTORS AND TENSURS FIXED IN
BCDY N MUST BE TRANSFCRPVEC

CCMPLTE CEFURMED CM VECTCKR AND INERTIA TENSCR ouDY N FIXED FRAME

IF(«NOT.LEQU) GO TC 1000

FRINT Z2Z2€+N,

FRINTY cC¢€

CONT INUE

CO 17 I=1,3

CA(I oN) = CAC(IeN)

CO 17 J=1.3

RICL sJdeN) = XIOCT oo o)

IF(«MNITSLEQU) GU TC 1021

PRINT c2Cs NN

FRINT 221 NN

FRINT 20¢

CCNT INVE

SFXMN = SFXM(N)

CO 1€ M=1,SF XMN

MN = MN+L . .
CALL SCLVITHA(NFER+MN) 4FLA(L1sMN}»TEM)
CALL VECADD(CA(L+N)STENCALL4N))

CALL SCLU(THA(NFER+MN) JFLE{ 141 eMN)»TEML)
CALL CYACDU(XICU1lel oN) o TEMLoXI(LelsN))
IF(«MCTLLEQU) GO TC 10C2

AFXVM = ANFEReNN .

FRINT 21€s NoeNJNFXVysMN ) .
FRINT 217, NoNNF XN, MN o o
FRINT 2CS

CCGATINUE .

IF(LFLXeEQel ) GO TC 20 :
CALL VECTRN(FLACL JMN) o X¥C(L o 1o N)+FLAC(1sMN})
CALL VECTRNEFLGOL oMN) o XNCUL ol o) oFLAUC(1sMN))
IF(eNOTLLEQU) GO TC 1DCZ. .

FRINT 21€, MN-K.MN.(FLA((InNN)-l=l'J)
FRINT 219e MNoRsMNG(FLQCCLW¥N) s 1=1,:2)
FRINT 2¢C¢< - B . ’

CONT INUE

CONT INVE

CCATINVE

IF(+MCTLLEQU) GO TC 10C4

FRINT 223, No{(CA(TWNII=143)

FRINT 2C¢

FRINT 224, CAXTI{ 1oL aN) W I=1 43)

PRINT 2&Ss No(XI(2+TeN)sI=143)

FRINY 224, (XI(20sleN)oI=14+3)

CONT INULE

CONT INUVE

CONT INVE

CCANT INUE

Y CENTER UF MASS VECTORS ‘-

CALL UNPAC(SETINSETeSVA)
IF(NSETLEQ.Q0) GO TC 5034
CO 1  J=LeNSET

K = SET(J)

IF (4 NUTLRBLO(K)) GC TO 1

c121130¢
C1311400
C1211500
C1211600
€12117006
€1211800
1211900
1212000
ci1212160
c1212200
€1212300
C1212400
ct21250C
€1312€00
€1312700
cL2126800
€1212900
€1213000,
C1313100

‘€1213200

C1213300
€1313400
€1213500
C1213600
€1213700
C1313800
C1313900
C1214000
c1314100
c121a200
1214300
1214400
€C1214500
C1314€00
1214700
C1214800
€121490C
1215000
€1215100
€1215200
€1215300
€1215400
C1215500
C1215€00
€1215700
c1215800
1215900
€1216000
€1316100
c13162¢C0
€1216300
C131€400
€1316500
1216600
C1316700
13216800
€1316900
C1217000

‘c1a17100

c1217200

A-T9



CALL VECTKN (CACL1 +K) o XMCC1 o1 4sK)oCAC(LsK)D) : €1217300

. AF(LEGUIPHINT 201+ KyKeK(CAC(LsK) sI=143) ' €1217400
! .U CONTINUE . - : C1317500
5334 CONTINUE . . : €1317600
o lF(LEhU)FRINT zoa . ’ . C1217700
c .. . . .- ’ €1317800
C .,1n5ern TENSORS ) ' €1217900 -
CALL UNPAC(SET NSET,SVI1) - €1318000
IF(NSET.EQL.0) GO TC 5025 : i €1218100
CO 1C  JU=1.NSET C1318200
Koz SET(D) ' _ " c1218300
. CALL TENTKN (Xl(l-l.K).XkC(l-l-K).xlC(xol K)). - 1218400
" IF(LEQU)FRINT 203, (XIC(Lls1sK)yI=143) ) €1318500
D F(LECUIFRINT 208+ KoK oK Ko (XIC(2:[7K)eI=0,3) C1218600
IF(LECUIFKINT 203,  AXIC{3sieK) 0 I=143) B €1218700
~ JF{LECU)IFRINT 205 ) ’ o ’ 1318800
1C CONTINUE A ’ A ' : €1318900
€025 CONTINUE . . €1219000
. IF (LEQU)FRINT 202 - c1319100
c. ‘ o ] 4 . ~ €1219200
< " FIMGE VECTORS | C131930¢0
C . ‘COMPLT INERTIAL PCSITICN GF CENTER UF MASS CF 300Y 1 T C1315400
‘ CoO ta  [=1,3 : C1219500
14 CBE(I 1) = CBN(I) ’ C1219€00
IF(LEQU)IFRINT 2164(CB(1¢1)s1=1,43) r13216700
. _IF(SCF(NELl)+EQ.0) GG -TO £Ca2 C1219800
LITERM1=SCF (NH1) .. . ' ' ¢1219900
© ITERN2=ITERMI+2-PCCN(NEL) ’ . . €1320000
T 00 12 MSITERML,ITERM2 | . " €1220100
. ¢ CALL SCLV(THA(M),CF(1 V) TEM) S . . c122020¢C
. CALL VECADD(CB(1+1)sTENVCB(141)) . €1320300
. IF(LEQUIPRINT Z15 M ,M. . . C1320400
12 CCMTINUE . ’ : _ €13220500
€042 CONTINUE . Ce .. c1320690
- -CALL UNPAC(;ET-NSEI.SVB) <. ’ . . c1220700 ‘
JIF(NSETL.EQ.0) GO TC 502¢ . c132089¢C
CO 2 JZ1.NSET 1 _ 1220900
. K= SETLH . . , Cc1321000
L JJ = JCONK) : ’ : c1221100
CALL VEZCTRN (CB(1+K)4XMC(1aledJd)sCBC(L¢K)) . c1321200 "
IFCLEQUIFRINT 2064y KoJJs ko (CBC(I K)o I=143) ci12213900 :
.. Z .CONTINUE . . C1321400
" €03€ CUNTINUE ' : . : €1221500
It IF(LECUIFPRINT 202 c1221¢€0¢C
C = " ¥ ct32170C
< - FREE CCORDINATE VECTCKS €1221800
- IF(NSVU.EG.0) GO TC 5027 ci1z2190¢C
CO 3 J=l.NSVaQ - c1322000
: N = svadld) - . . . -c1222100
. .. IF(FCCA(N).GE.D) GG TO. e : c132220¢C
Mttt ey s CALL. VECTRN, (uF(l.Mol)-XPC(rwl.FCQN(M#X))mQFC(l.M#l)) cee 1. 1.C13222300C S
: "CALL VECFOS (GFC(1sM#1)+sCFCULIM=1)4sQFCCLIM)) .+ ° . . c132240¢ - ‘
“CALL VECARM (QFC(lsM)) . €1322500
SIF(LEGU)IML =" M-1 ) .. . C1222€600
[F(LEQU)IN2 = Mel o : S €1222700 " 1 0 ?
IF(LEQUIPRINT 2C8s MoM2:M1o(OFCCI M) si=10d) ' 01322800
‘€0 TC' 2 C1222900
4 "CALL VECTKN (OF(lcN)-xMC(l-l.FCJN(M))oQFL(l-M)) i - €1323000
"IF (LEQU)IFRINT 207, M.FCCh(M).M-(QFC(l.M).I 1+3) c1323100

]

¢ 2tCONT INVE : _ . €1323200




CM

mn
o
(7]
m n

11

12

€24C

€041

29¢C
201
202
202

CGATINUE
IF(LEGUIFRINT 292

LCCKEC CUORCINATE VECTCRS
IF(NSVP .EQ.0) GO TC S028
CO S J=14NSVP
L = svP(J)
IF(LCCN(L)eGE.O) GC TO €
b = =LCEN(L)
CALL VECKOS (GFC(1sM)GFC(1sM+1),QLC(L1sL))
CALL VECKRM (QLC(1,L))
IF(LEGU)INL = M+l
IFILEGUIPRINT 229 LoMoMI(QLCCISL) »1=1,3)
¢CO TC S5
CALL VECTRN (QL (1 +L) o+ XMC(11,LCON(L))H»QLC(L sL))
IF(LEQU)IPRINT 210¢ LsLCOMUI Lo (QLC(I L) oI=143)
CCANT INVE
CONTINLE
IF(LEQUIFRINT 202

PCINT MASS POSITICN

CALL UNPAC(SET WNSET,LSL)

IFI(NSET «EQs0) GO TC 5229

CO 9 KK=1,NSET

K = SET(KK)

cCo 11 I=14+3

TENM(I) = CA(I+K)

IN1=ECF (K)

ITI=INL+c-PCUN(K)

CO 12 M=IN1,IT1

IF(LECU)IFRINT 212+ KeKasMoM

CO tz =143

TENC(I) = TEM(I) + THA(NM)*QF ([ .+ M)

CALL VECTRN (TEMyxXMC(141sK)sCAC(14sK))
IF(LEQUIPRINT 2139 KiKoKy(CAC{I+sK) sI=1:3)
CCATINLE

CONTINLE

ANCULAR MUMENTUM WHEEL
CALL UNPAC(SETeNSET,S5VM)
IF(NSET «EWe0) GU TC 5C40
€0 7 JJ=1.,NSET
J = SET(4J)
CALL VECTHAN (HM(1 +J) o XMC(1a1eMU(J)) sHMC(1+0))
CCNT INUE
CONT INGUVE
IF(«AOT . LEWU) RETURN
IF(NSET.EQ.0) GO TC 5041
CO B JJ=1.NSET
J = SET(JU)
FRINT 211y JoMOGI)0Js (HMC(I o) o I1=1432)
CCATINUE
CONT INUE
FRINT 202

FORMAT (1 SUSRUUTINE TRANVD ENTERED *,2(/))

FORMAT (' CAC(*s12+*) = XMC(*y]2+%) * CA(*4]124s*) = *,3D17.8)

FORMAT(3(/))
FCRMAT (44X+3Cl7.8)

c1223300
c1323400
T1323500
€1223606
c1223700
ci122380C
€1223990
€1324000
€1324100
c122a20¢
€1324300
€1324400
c1L22450C
C1324€00
€1324700
C1324800
€1324900
€1225000
€1225100
€1325200
€1228300
€1325400
c12255C0
€1225€0C
€1325700
€1325800
€1225900
€1326000
€1326100
€1326200
€1326300
€1226400
c122€50C

- C1226600

c1226700
C13226800
(1326900
c1227000
€1327100
C1327200
c1227300
C1327400
1227500
c1227¢€00
c1227700
€1227800
C1327900
C1328000
c12328100
1228200
€1228300
C132840C
C1228500
1328600
C1328700
C1328800C
€132890¢C
1329000
€122910¢
c1229290

A-81



2cq
25¢
2Ce¢
2¢7
2¢¢e

206

210

211

212
21

21
21

216
217,
‘21€

219

22¢.
2z1.

2232

224

EFLS
22¢

[a]

necONANANANONON

h.

FORMAT (¢ KIC(f412e%) = XMC(*4I2,5) % XI(',12,%) % XMC(*+12,')#%T(122930C
* = *,3D017.8) . o : €122940¢C
FCRMAT (* 1) s . c132950¢C
FORMAT (% CBCL'yI2s¢) = xMC(*,120%) % .Co(*,124%) 5 *42C17.8) €1229600
FORMAT (' QFC('s124%)-= XNC(*4120°%) * QF(',124%) = '33D017.8) c1329760
FORMAT (* QFCL'y124?) = NCFM(QFC(*+12+%) X QFCL*312+%)) = *,3D17.Cl32980C
*€) c1329900
FORMBT (¢ GLC(*y12s%) = NORM{QFC(?,124%) X GFC(*412+%)) = *,30C17.C€123090C
_AE) €123010C
FCRMAT (' QLC(®*y1Za%) = XMC('»12,%) % QL(*,12+s°) = *,3D17.8) c1330200
FORMAT (' HMCU®.120') = xMC(*2120%) i% HM(*,12+%) =.',12Xs3C17.€).C123030¢C
TFORMAT (' CA('3I24%) = CAC'H12,%) # THA('4I24' I¥QAR( 0IEs") ') €133040C
FORMAT (35X ' "CAC(YI124%) =. XMC(L4I2+* 1%CA(*412+%) = *422017.E47) C1323750¢C
FORMAT (' B( 1) = *,3D17.E) ' €133C600
FCRMAT (' CBC 1) = CB({ 1) + THA(*, 124" )xCF (', 12,%) *) c123c70C
FORMAT (20X, ® CA('4I24 ') = CA(*,124+%) + THA(' 12, )%FLAC*,12,7))C1330800
FORMAT (20Xe " " XTA"9124%) = Xi(*9l2s') +. THA( 4 12+ )RFLE(*412,°)°)C13230500
FCRMAT €' TFLAC('412,%) = XMC(*2I2,%)sFELA(*,124%) = *,3012.5) C1331C0C
FORMAT (* FLGCE® 412,%) = XNMCC ', 12, ) %FLAL" 42"} = *,3D1248) ciz3iiec
FORMAT (2CXs? CAC'3I2,%) = CAJ(*412:%) *) cL231200
FORMAT (30Xe ' XI{*y125¢) =.XI0(%12s%) *) - €1231300
FORMET (20X, * ,CAL'4I2,%) =',301245) " 1231400
FORMAT (40X,3C12.%) c123180C
FORMAT (Z20X,* XI('y12,%) =1,3D1245) . C1331€0C
FORMAT (//¢25X¢* FLEXIELE ECOY PARAMETIRS FOR BODY'.13) ‘c123170¢
FE TURN . .. ' . €1331800
ENC ' EESRT . C1331900C

. . €1400C0C

SUEKCUTINE iRATE . . €1402100
USEE TC CUMPUTE ALL LINER ARD ANGULAR VELOCITY VECTURS KEQUIKEEC (14202C0

. €14C0300

RCNC(1sK) = FChk -ECDY kK RIGIU- ANGULAR VELCCITY OF BUCY K FIXED €14924CC
AXLS RELATIVE TU OUDY JCUN(K) FIXEC AXES © C14n0500

FGR BCDY K PCINT MA5S— LINEAR VELOCITY CF FOINT MAS(C14C0600

. REALATIVE TU AXES FIXEL AT HINGE PCINT. K-1 C1400700
CCMC (1K) = FOR BODY K KIGIU= ANGULAR VELUCITY CF BODY K FIXEL €14008€0

* AXES RELATIVE.TD FRAME LF COMPUTATION 1400900
o . FCR EODY K PCINT MASS— £QUALS RCMC(L.K) €C1401000
CFCMC(IeK) = FCR BODY K RIGIO~ ANGULAK VELGCITY UF BODY K FI1XER C1491100
AXES RELATIVE TC INERTIAL FRAME’ .ci1ac1z00

- : . FCR BODY K PUINT MASS— EGUALS RUMC(I:K) C1401300
DCMC(IsK) = SUM GF INERTIAL DERIVATIVES(FIRST) UF FREE VECTORS C€1421400

AT FINGE FCINT K-1 . €140150C

AMFLICIT REAL*E(A-F,0-Z,2) . . 1401600
s . : : ; . €1401700
, - I, . _ €1401800
"LDGICAL 'FGls FG2+ FG3, FGés F35s INERF, RBLUs LEQUs LINIT(1)" “€1401900
Lcercac ! © LRUNGE +» LTRNSI » .LVDIV s LEQUIV s LTRAN “t1402000
. (it)  CARANY o LEATE  spLXUY v LETA » LTORGU - c1492100

I - SLQFDOUT. s LDCT o~ LANGLE +-LSETUP o+ LSIMG ci4b2200
: . : ‘ c14023c00
. . ) €1402400
INTECER : . L. . cl1ac250¢
* AWCKK o+ CT1 . €72 s CT3 . CT4 o CT5 « FCCN s PCCN . (14026CC
* SCNCUMs 3CN » SCRDUNM, SCK + SFKOUM, SFK » SFR 4 SG + C14C2700
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s1

SMA
sSCL

SVM
sC
TINIT(

FEALYE
ANGC
FLG

_THACD

CGMMCN

COMMON

COMMCN
cT1
c15
MC
NFER
NMV
NEVE
SG
SLK
scL
SSIX
sSvi
S xMm
SEU
NFL *3

SFCC

SCNCLM
SFKCUM
SKDLM
SNCCULM

CCMMCON
ca
BCMC
GAM
HMC ¥
.QFC
sTn
THACW
X1¢
TG
FLD
FLIRC

» Slo

» SMCDUWM,

s SR
+» SVP
» 5CG

.

SIXDUM, SIX

/LOEBUG/ L RUNGE

ZLUGIC/ FGl,

LCFDOT

SMC » SMV
SSCN » SS1IX
SvQ s SEXNM
NFLXB o SFLX
[ZINITCL)
CNF (3,10)
FLE (243,209
YNCD " (2e2411)
¢ LTRNS]
LTRANV o+ LRATE
» LOCT

ZINTG/ AWGRK(200)

(10)

(23)
(11)

C3e10)

.

/REAL/
(3+10)
(32,11)
(2+66)
(10)

(3.33)

ar

(10)

(3'3.10).

(33)

(2¢3420),

(Z+10)

cT2
FCON
AB1
NFKC
LY 9]
FCON
sl
SMA
SMy
SVA
SVM™
EXxT
ATQ

| SFLX

€CC

SCN
SFK
K
sMe

AW
XNAS
FLA
FLJ
FLCRC

"{1dy -
{10)
(2,20)
(343.20)
(3,1¢C)

(23)

(1)
(€5)
(10)

€10)

(s)
(S)
($) 4
(s)

* e e v w e

S3KDUM
SOK
SVA
S5XT
SFXM
SO

ETIC
FL
RINIT

s LVDIV
s LXDY

¢+ 3K

¢+ SPIDUM
» SVB

s TURQ

+ NMCDS

(3,1C)
(3+320)
(1)

¢ LEWV

o LETA .

« SL

s SPI
s+ SVD
» SMAL
s SFCC

o ETMC

. .SLK
s SQF
» SVI
+ SEU
s SCC

(3.10).

+ RZINIT(L)

IV . LTRAN R

». LTORQU

o LANGLE o LSETUP , LSIMQ

FG2s FGC3y FG4s FG9,

CcT3

JCCN
NSUD
NFRC
NMJA
SO

SIG
SCw
SR

Svie
. SVP
TORQ
SC

“SFXM

SCRLUM
SIXDUM
SPIDUM

CLM
ETM™
HM

PLM
QLc

Y THAC

"W kdic

XMN
FLo
CAU
FLAC

INERF»

(10)

(11)

(22)
(37)
(33)
(12)

.

(10)
(33)°
(3.10)
(10) -
(3.22)

3534 o

(3+3466)
(33,33)
(3,20)
(3,10)
(3+20)

RBLO(10)

e SPI

¢« CCOMC
o FLWNC
s HMC

e QF -

» ROMC
NYiTHAD
s XI

» XMT
o FLC
« XIO
s FLQC

(9)
(9)
(9)

(3.11)
(3s11)
(3.10)
(3.32)
(3,11 .
(33)
(3e¢3,1C)
(3,3,1C)
(3,2C)
(3+3410)
{3.20)

C140280C
C1402900
€1403C00
€1403100

£1403200

€140330¢C
€1473400
€1403500
C1403€C0
1403700
€1403800
€1403900
€1,404000C
€1404100
€1404200
c1a043ce
€142440C
€1404500

 €1404600
. £1404700

C1an4800
€14€4900

:£140500¢C

€149510C
€14052¢C0
€14053C0
€14054¢CC
€14055900
€1405600
€1405700
C149580C
€14059CC
€1406000
€C1406100
€1406200
€1406300
C14364C0 .
€1406500
1406600
C1406700"
€1406800
€1406900
€1407000"
€1477100 ;
€1407200
C1497300
€1407400
€14C7500;
C14C7€00
C1477700
€1427800
€1417900
€14€8000
€1408100C
C1408200
Cl140£300
C14CE4QO0,
C1408500,
C140€60C
€1428700

A-83-
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* FLCVW (20) o ZETA (2¢) » FCF (3+3+,40) FCK (3.40) .
* TIMEND

COCVMMIN /REALZ/
*- CBDLM (1,+3) » CE (2.1C) s COCOUM(1,3) + CBC (3+19) .

* XMCCULM(141,5) +» XMC (Z2e¢341J3)s CON(S)

EQUIVALENCE (ETM(1)s THACC(L)) . s (XMN(Ls1) s ANGD(L)) »
* (XMN(1+3),YNMCD(1,s1,41)) s (XMN(1+6) sCANF(1s1)) ’
* (XMNC1+B)4ETIC(1451)) s (XMNCLL10)sETMC(141)) »
* (FLBC1s1)oFLG(L 1)) s AFLE (Lo o L)y FLE(10141) ),
* (FLHULs1 1) sFLJUCLs1,41)) ’

* (FG1.LINIT(1)}) v (CACL 1) sRINIT(1)) ’
* (CBUUMCL oL JoRZINIT(L ) s CAWORK( L F o EINIVC LSS .
* (SCNDLNM, TZINIT (1))

CIVENSICN X1{3),X2(3)

CINEMSICN TEM1(33),TEM2(23)

REAL#8 EFGMC(33). ECCMC(22), ERGMC(33}s cLUNMC(33) -
INTECERK SET(10) '

LOGICAL CTAIN

LSE SINCLE DIMENSICN ARRAYS wHEN ADVANTAGEUUS TU INCKEASE
CCMFLTATIUN SPEECC
EQUIVALENCE(FCMC (141) 4 TENMIC(L1)) s (CCMCLLol)TEM2UL))
EQUIVALENCE (EFGNC(1 ) FCMCULls1)),y (ECIMC(1),COMC(L,41))
* (ERCMC(1) +FONC(Lo1)) e (EDCMC(1),DCMC(L121)) -

EQUIVALCNCE (LRATELLEQUL)

€14088C0
C1408900
C1409000
C1409100
€1409200
€140930¢C
C14094C0
C1409500
C1409€00C
C14CS7CO
€1409800
1409900
C1410000
C141010C
clLs1020¢C
C1410300
C1410400
1410500
€141060C
€C1410700
€141C800
C141090C
€1411000
€1411100
C1411200
C14a1130¢C
€1411400
C1411500
€1411606
1411700

.€141180C

IF(LEGU)IFPRINT Z00

IF («NOT.LEQU) GU TO 10cCC
IF (INERF) Gu TU 32
FRINT <01 :
cCo TC 34
FRINT 2C2

CGRT INUE
EVALLTZ RELATIVE VELOCITY VECTURS
CCAT INUE

v =1
Co 1 K= 1eNB1

[F{K.,Evel) GC TO 2
VM = MEI-FCON(K~-1)
CCAT INUE

IK1 = Z&K-3

CC 21 I=1,3

K = IK{+]
CERCMCCOIK) = 0400
IF(LEQU)PRINT 221, K
CIK = IKE +71
~ITERM = N+2=PCON(K)
IF(M.GT,ITeERMIGO TC 1
*€0 3 MMM, ITERMAY 2xav 33 A3THID GuA <RITAIITIIR0 A 21 + 70 4na3 34
CALL SCLVITHAD(MM) sQFC(1sMVM)4X1) :

CALL VECZADDIX1 )ERCNCUIK) JERCNC(IK))

IF(LECUIFRINT 205, KsK oMMy My

CCAT INUE

CONTINUE

Cl1411900
cl41200C
Cl41210¢C
1412200
C141230¢C
Cl1412400
€141250C
€1412600
1412700
€1412800
C1412900
C1413000

c1413100

C141320¢C
C141330C
€1413400
C1413500
C1413600
C141370¢
C1413800
€1413999
€1414000
C1414100
C1414200
€1414300C
C141440C
€1414500
€1414600
C1414700"
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€naz
<
1c
€942
<
d
11
13
2¢
10c2
12
C B
gosuls

IF (4PCTolEQU) GJ TC 10C1

€1414800

FRINT 214 €1414900
€Q 25 K=1,N31 €l14150CC
FRINT 21S, Ko(ROMC(J K ) eJ=1,3) €1415100
FRINT 214 €1415200
CONT INUE C14153C0
. €1415400
EVALUATE ANGULAR VELCCITY BOODY K TO INERTIAL AND COMPUTING FRAMECI 415500
€14156C0O

TAKE CARE UF RIGILC BGDY ANGULAR RATES €1415700
CALL ULNPAC(SETINSET+SR) C1415800
CC 7 I=1.3 €14159¢0
FGNC(I1+1) = ROMC(Is1) C1416006
IF(LECUIFRINT 219 Cl1416100
NSETML = NSET =« 1 c141620C
IF(NSETVM1.EW.0) GC TU £C4Z2 €C1416300
CG 8 JJ= 1 ,N3ETMIL C1416400
Jd = NSZETNML = (JJu-1) C1416500
K = SET(J) C1416600
CALL VCECADD(FUMC(14JCCN(K))4RIMC(L oK) +FLMCI1,K)) ¢141670C
IF(LEQU)JK = JCCN(K) C1416800
IF(LEJUIFRINT 209 KoedK kK Cl 41 €90C
CONT INUE €C1417000
CONTINLE €1417100
IF(INERF) GU TO 11 C1417200
CC 9 I1=1,3 cl1a17300
ECCMC(L) = C.CC €1417400
IF(LEQUIPRINT 214 €1417500
IF{LEGUIFRINT z22 €141 760C
NSETML = N3ET - 1 C1417700
IF(NSETM1.EU.,0) GU TU €043 €1417800
CO 1C JJ = 1 » N3ETMIL C1417500
J o= NSETIML - ( Jo - 1) €1418000
K = €2T(J) €1418100
CALL VECADD(CUOMC(14JCCN{K)) oFOMC(LsK) s COMC(14K)) cl1al1820¢
IF(LEQU) JR = JCEN(K) €1418300
IF(LEGU)IFRINT 210y K sJK, K Cl418400
CONT INUE C141850¢C
CONT INUE €1418600C
IF(LEQU)PRINT 214 c1418700
CU TC L& Cl1418800
C1418900

CCNC = FCMC VIA EGUIVALENCE FUOR INERTIAL CCMPUTING FRAME €1419000
ITERM = 3 = NBOD €C1419100
CC 12 I = 1+ ITERVW €1419200
TEM2(1) = TEMLI(I1) C1419300
IF(.MNOT.LEQU) GO TC 19C2 €1419400
FRINT 214 €1419506
CO 2€ Kk=1,NBUD C1419€00
PRINT ZZ2Cs KK €14197C0C
FRINT Z14 . €141980C
CONT INUE €1419900
CCNT INUE €1420000
' €1420100
JAKE CAKE UF LINEAK OSCILLATGRS AND CENTER CF MASS MOTION ' €14202006
CALL UNPAC(SET  NSET.SL) €14203C0
IF(NSETWEQ.0) GU TC S0CC €1420400
CO 22 J=1,NSET ; €1420500
K = SET(J) €1420600
JIF(LEGU) PRINT 223, K4 JCCN(K) €1420700
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€
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IF(LEQU ) PRINT 2244 K4JCEN(K)
‘Co 6 =143
FOMC(IsK) = FOMC(I»JCCN(K))

CGMC (I sK) = COMC(I,JCUN(K))
CCNT IMNUE
CONT INJE

FGNCCLWZNELY = ROMO(L.NEL)

CCMC(IsNEL) = ROMC(I.NEL)
IF(LEQU) PRINT 2CE,s NB1.ME1WN31

IF(«N3T.LEQU) GO TC 19C3

Y.CO 2 R=1,NB1

CEFRINY 2170 Ko (COMCLI oK I 9u=103) oK o {FCMC{JsK) 4J=1,+3)

ERINTY 214
CCATINVE

€142CH00
1420900
C1421000
€142110C
€1421200
€1421300
€1421400
€C1421500
€1421600
€1421700
€1421890
ci1421900
1422000
€1422100
€1422200
c1422300

EVALLTE COMPONENTS CF ACCELERATICN ASoUCIATED wITH CUOCRDINATE €1422400 °

+ FRAME ROTATIUN

IF(CTA4<NE1) GO TG 15

CO 18 k=1,NO1 "0 "

IK = 2%K=3
COo 14 - I=1+3 -
IK = IK+1

EDCMCIK) = 0.00

. IF(LEQUIFRINT -212+ K . |

CONT INUE

CYCLE THROUGH. .ALL -ECDIES
vy = 1 .

‘CO 1€ K=14NBCD
K1 = Z¥K-3
LIF(LECUIFRINT 203 -

IF(K £Qe1) GO TO 17

¥ = b+#3-FECON(K=1)

IF(NUTRBLOCK)) GC TO 1€

co-21 I=1,3

IK = fK1+l

EDCMC(IK) = 0.D0C

IF (LEQUIFRINT 212, K

TAKE CAKE OF COMPCAENT CULE TO ROTATICN OF FRAME K RELATIVE Tg

CYCLE THROUGH FKEE COORCINATE VECTORS AT HINGE FOINT K-]

K = K1 + 1
MMM = M ¢ 2 - PCON(K)

IF(M,GT «MMM) GO TC 5044

CO 1€ MN= MyMMM

MF = FCON(MM)

IF(MF.LT.0) GO TO 18

IF(MF,EGD) GO TO 16 .

CALL VICRUS (FCMCU1,MF),GFC{1sMM),X1)
CALL SCLVITHAD(MM) oX1,4X1)

~ - CALL VICADD(ECCMC(IK) 4 X1 ,EDONMC(IK))

16
C
2¢&
loc:
C
d
c
c
14
1%
C
c
17
21
d
d
vol&s
. a
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IF_(LEGU JFRINT 213, Ko!( sNMeMF oMM

c€g TC 1€
ME; = FCCNIMM=—1)
M1 .= MM-1

CALL SCLV(THAD (ML) UFC(1MI)sX1)
IF (MF +EG0) D TO 4

L CALL VECADDLFOMC 1 oMF) oX10X1)
CONT INUVE R

1422500
C14a22€00
' c142270C
C1422300
€1422900
.01423000
€1423109
1423200
c142330C
€1423400
€1423500
C142360C
C1423700
1423800
1423900
€1424000
€1424100
€1424200
€raz2a300
£1424400
'C1424500
€1424600
ClL4z24700
IAEFCIGZASOO
C1424900
C1425000
‘C14251 00
€142520C
€1425300
€142540C
€1425500
€1425600
€14257C0
€14258C0
€142590C -
1€C142600C
C1426100 °
€1426200
€1426300°7
Cl4z6aco
€1426500
C1426600C
€1426700




CALL VECROS (X1+4QFC(1sMM)uXZ) - ’ C1426800

CALL SCLV{THAD(MM) ,X2,XZ) . €1426900
CALL VECADD(ECGMCULK) +X2,EDCNC(IK)) . C1427000
IF(MF.ECe0) GO TU & : €1427100
IF(LEGUIFRINT 2165 KoK oMM oNF M1l ML oMM C1427200
GG TC 1€ €1427300
€ CCNTINGE C1427400
IF{LECUIPRINT 208, KsKsNMMsN1, M1 , MM €1427500
€044 CCNTINUE C1427€00
1€ COMNTINUE €r427700
IF(MOT.LEQU) RETURN S C1427800
FRINTY 214 C1427900C
CO 2§ WM=1.NB1 s : €1428000
26 PRINY 2Z27s Mo{DCGMC(J M) su=1,43) €1428100
c . - . €1428200
c ) C1428300
20C FORMAT (' ~SUBROLTINE RATE ENTERED ') - e . €1428400
201 FORMAT (/+' CCMPULTING FRAME [5 BODY 1 *,./) o ’ C1428500
2Cz FORMAT (/s' CCMPLYING FRAME [5 INERTIALLY FIXED *4/) 1428600
2C3 FORMAT (! L} C1428700
2046 FORMAT (' DOCMC(?4I2¢%) = DCMC{*+sI2+%) + THAD(*,12,° )*THAC(*412.%)C1428800
®2QFC(*'2IZ4%) X QFC(*,12,%) ) ' €1628900
208 FORMAT (' RCMC(*.124%) = RCMC(*,12+") + THAD(®,12," )®GFC(',12,%) C1429000
) €1429100
‘208 FORMAT (* FCMC(®»I2,%) = CCMC{*,I25%) = RCMC(*,12,%) ') : €1429200
206 FORMAT (°* FCMC('4I124*) = FCMC(*s12+') + ROMC('4124) ) (1429300
210 FGRMAT (' COMC(*sI24%) = CCMC('»124') + RUMC(*,124%) ') €1429400
212 FORMAT (' DOMC('eI2,°') = 0 ') C1429500
212 FORMAT (' DGMC('os124+') = CEMC(*+124s%) + THAC( 'Y, 12, )®(FCMC(*,12.°C142960C
%) x CFC('»I24%)) ) C1429700
214 FCFMAT(2(/)) ) 1425800
215 FOFMAT (' KCMC(®+12+4%) = *,3D017.8) i C142990¢C
216 FORMAT (' DCMC(*4I25,') = DCMC(*+I2+%) + THAD(®, 124 )*((FCMC(*,12+C1430000
. ®Y) ¢ THAD( ', I2,°)#QFC("s12,')) X GFC(*'+E2+°))°) : €1430100
217 FORMAT (* CCMC('+I24s*) = *,3D1748,' FUMC(*sl24s%) = *,3D17.8) €143020¢
216 FORMAT (' FCMC( 1) = RCNC( 1) *) : eR €14303C0
22C FORMAT (* CCMC('+12,°) = FCMC(*o12,%) *) C1430400
221 FORMAT (' RCMC(*,12,') = 0 ¢} '€1430500
222 FORMAT (* CCMCL 1) = € *) €1430€600
222 FORMAT (* FOMC(7"4124%) = FCMC('0120%) 7} C1430700
224 FORMAT (¥ CCMC(* . I2,') = CCMC('H»12,%) ) ’ oo €1430800 -
227 FORMAT (' DOMC('412,°%) = *,3D17.8) : i - €1430900
RE TURN €1431000
ENC : Cta431100
C. ... o €1€00000
': s [N R AN . CH LMY Y D e e Ay e p
.SUERCUTINE XDY C1€20100
C CC¥PUTES VALUES CF VECTURS AND DYADS USED TO DEFINE SYSTEM INERTC1500200
C TENSCR MATRIX ' : C1500300
Chnr aryin berns -4 - £1500400
C 7 LET: (1500500
c. GAM(I+KL) = CCMFONENTS CF VECTCR FRUM hHINGE FGINT K-1 TO THE C1E00600
C CENTER CF MASS OF EODY LAMBA WHERE . C1500700
C KL = KTO(NSOD#+1.K=1,LAMBA) €150C800
C XD1C(1+JeKI) = CCMPGANENTS OF TENSCR OF RANK TWwO IN ROW K, CCL I CLEC09CO
C

CF THE SYSTEM MATRIX OF INERTIA TENSORS C1501000
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C WHERE ; C1€011CO .
c - : L . KI = KT1(NBUD+1,K,1) €1501200
C NOTES . €1501300 .
c " TRE SYSTEM MATRIX OF INERTIA TEN3UR3 IS SYMMETRIC THUS CALY (1501400 -
c. ] LOWER TRIANGULLAR PCRTICN CCMPUTED C1€01500
o IMFLICIT REAL®E(A-heC~2,4) . . C1501600 "
< : : - - - .CIUE01700.
C . o ."€1£01€C0°
LOCGICAL ' FGls FG2e FG3s FG4,s FuS, INERF, RBLU» LEUU, LINIT(1) C1501900
LCGICAL LRUNGE o LTKNSI » LVDIV « LEQUIV + LTRAN C15020C0
* - LTRANV o LRATE , LXDY s LETA +» LTORQU C1502100
* LOFDOT , LDCT + LANGLE o LSETUP + LSING €1£02200
d : ! ‘ : €1£02300 N
C . . . C1£02400 - ) S
. INTEGER . . . C1502500 e
* AWCORK + CT1 » CT2 ., CT3 s CT4 - 4 CTH + FCCN » PCCN o C€1502600
% SCNCUM, SCN - o+ SCRDUM, SCR . , SFKDUM, SFK + SFR v SG s+ C180270C
* sI - . 516 s SIXDUM, S1IX . SKDUM o+ SK . SL + SLK .« €C15C2800
. % SMA s+ SMCDUM, SNMC s SMV ¢ SUK v SPIDUM, SPI1 » SQF s C1502900
* sCL s SR s ESCN , SSIX , SVA s S5VB » SVD - , -SVI , C1503000
* SVM s SVP s SVQ + SXW s SXT . » T.GRQ s SMAL » SEU v ClSOJ)OC
* SC v SCG ¢ NELXB o+ SFLX o SFXM » NMCUS + SFCC  » SCC 7,  €1503200
# TINIT(L) oo IZINIT(1) . SD - .£1803300
< : - - ’ ¢1503400
C. : €1503500
REAL¥E . . . - . C1503600
% ANGC (323) . + CNF (261€C) o, ETIC (3,10) , ETYNC (3,10) -, - €C1503700
% FLQ (2.,20) o FLE (203420),y FLH . {(3:s3e20) CIEO;écc
: * THALD (23) s YMCD  (Zs2s11)s RINIT (1) © s RZINIT(1) C1£03900
c - : . C1504000
c- i : o C1£04100
CCMMCN /LDEBUG/ LRULNGE o+ LTRASI , LVDOIV » LEQUIV » LTRAN c150a20C
« LTKANV » LRATE , LXDY + LETA v LTCKQU o €1504300
» LCFDGT o LDCT s LANGLE '» LSETUP , LSIMQ - Cl1E044CO
c . L C1504500
c’ . . T C1E504€C0O
COMMCA 7LOGICY FGl, FG2, FG3e FGay FG5y INERF, RELG(10) . C1£04700
c . , . C1504800
C . ] C15Ca%00
CCMMEN ZINTG/ AWORK(20C) » . C1£05000
* C11 y CT2 y CTY . CT4 - + C18175100
* CT5 » FCON  (22) s JCCN  (10) v LCCN  (22) s €1505200
* MC (10) y NEL v N30D v NCTC + C1E€195300
* NFEFR » NFKC + NFRC » NLOR +. C1EC5400
* NNV s NMMGC . « NMOA s NSVYP - s ~"C18055C0
£ NSVC » FCON (11) » SC + SFR (33) s 'C1£05600
* SC s €1 (%) » SIG y SL s C1505700
. % SLK (23) + SMA (10) ¢ 50K (11) + SGF (11) s C€1505800
* SGL (11) » SNV . . SR + SSCN + C15C5900
* SSx » SVA . SV3 .+ SVD - s+ C€15060C0C
* svI . . s SVM . SVP (22) » SVQ (23) . €C1506100
® SXM (3,10) 4 SxT " » TORQ (97) s SMAL ToE4 ., 'C1E06200
* SEU » NTO » SC (33) . SC6 . e CIS0E3CO
< * NFLXB » SFLX » SFXM  (10) » ANMCDS + C1506400 -
AT AR IgECe IEAME J Marded o OF100RVU XIRTAM AITHIAL A0 2¢0R 32UHT - T2 C15065C0
c . : o €150660C
C ' €150670C
CEMMCN ZINTGZ/ : . - . €15068C0
* SCNCULM » SCN (s) » SCRDUM . » SCR (9) s C1S5C6900

* SFKCLM v SFK (s) T s SIXDuM e SIX 9 . c1£970C0
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n .

Cu

c’

NnOON

A aNaNalalal

*

R

N N S S S SR S I

SKDLM .
svCoLM .

CCMMIN /REALZ/

Cce (2,10)
DCMC (3,11) .
GAM (2,66) -
‘RNCM  (10) T
QFC~ (2423) - »
‘¥ [
“THACwW (10) ’
x1cC (Ze3410),
TLG (23) .
FLD . (2e3+420)
FLIRC (2,10)
FLCNM (20) ,

TIMEND

CGVMIN /KREAL Z/

*
»

‘CEDLM (1,3) .
XMCCLM{ls20o9)

thn
x

CAC
EYC

PHI
cL

THAW
XMAS
FLA
FLJ
FLCRC
2ZETA

ce
XmC

(s) ’
(s)

(2+10) ’

(3,11) .

. : »
(Ze11) ’
(3+22) ’
(10) .
(10) ’
(3+420) .
(2+3420)
(3.s1C)
(c0) Ty
(2,1C0) ’
(Ze3410),

EQUIVALENCE (ETM(1)+THACLC(1))

LR B BF S BN B J

(XMN(162)9sYMCC(14l51))
(XMN(1+8)+ETICC(L141))
(FLB(1,1)+FLGC(1,1))
(FLHC(191sl)sFLJI(1s101)) »
AFGLILINIT(2)) :
.(CdDUM(l-l)-F?[NIT(l))
(SCNDUNMLJIZINIT(1))

SPIDUM

CLM (10)
ETW™ (33)
HM (3,10)
PLM (10)

‘QaLc (3.22)

THA (33)
XO1C (3+¢3006)
XMN © (33,33)
FLOY (3.20)
CAU (3+,10)
FLAC - (3.20)

"FCF (3¢3440)

COCDUM(1,3)
CHN(3)

¢ e ® o @

SP1

[ /4
FCMC
HMC

CGF:

RCOMC
THAD
x1
xXMT
FLC
XI0

-FLQC
- FCK

CuC

(9)

(2e11)
2.1
(3.10)
(3,32)
(2,11)
(33)

(3+4341C)
(3:,2.10C)

(2,29)

(3¢3,1C)

(3,20)
(3,40)

(2,10)

s ({XMN(1el)sANCD(1))

s (XMN(L1+6)+sCNF( 101))

s (XMN(1s10),ETMC(1,1))
P {FLE(Lolsl)sFLD(L1s1s1)})

INTECER ST1(10).5T2(12),5T3(1C)s5T74(19)

CINEPNSICA TLM(3)-1EM1(3.3)-TEMZ(J-J)-TLMJ(J).T&M4(3.3)
EQUIVALENCE (LXDY,LEQU)

-

IF(LECUIFRINT 2248

IF{CT4+NE.1) GO TC 20
FIRST PASS THROUGH PUT FLLL SETS IN DECREASING
CFDER CF MAGNITUCE

£0 21 K=14sNBOD
STI(K) = NB1-K
ST4(K) = NG1-K
AST3 = NEUD

~NST14 .= NEOD
.60 TC 22

Qaeao=xo S»T - THOSE ROWS OF

INERTIA MATRIX,

OVER) iTC OAGCNAL ,

CARE TIME VARYING ANC MUST HE RECALCULATECL

s (CA(Lol) W RINIT(1))
s (AWURK(L)» IINIT (1))

wHICH

+ SVD - THUSE BOCIES IN a#HICH B300DY FIXED VECTORS AND DYACS ARE
TIME VARYING IN COFMPUTING FRAME

2C CALL UNPAC(ST3,NST3,SxT)

C1€927106C

‘€1£C7200

€1507300
C1£07400
€C1507500
C1507600
ClLseC77cCo.
c1c07800

'C18C€7900

C1£08000C
C15C81€0
c1£¢82¢0
C1508300
C1508400
(1508500
€1508600
C18C8700
C1508800
€C15C8900
£1509000
C1506100
1509260
C1505300
€1509400
€1506500
C1509€0¢C
C1599700
€15068C0
(1505900
C15130C0
C1510100
€1£10200
€1£12300
C15104C0
€151050¢C
C1510600
€1510700
C1510800
(1510900
€1€11¢CO
C1S111C0
C15112¢C0
015113C0
C15114C0
C1€11500
CLE11600
C1S11700
1511800
€15119C0
Ci1512000
C1€12100
C1512200
C1£12300

1»aC1€12400

C1512500
C1€12600
C1£127€0
1512800
C1512900
€1513C00
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. IFILEQU)IFRINT Z202¢ SXTH(ET3(I)sl=1,4NST3) : : . . 113100

U CALL UNPAC(ST4sNST4,5vD) . : €1513200
IF(LEGUIFRINT 203+ SVD(ST4(1)sI=14NST4) ) o C1£13300

C ' : - C1513a00
C T CEMPLTc VECTCKS FRCM HINGE FCINT k-1 TUC 30DY LAMEA CENTER OF. MASS C1513500
C STCRE UPPER TRIANGULLAR ) C1513600
d : C1€137C0
C AFTER F1RST PASS RECGMPUTE CALY THOSE GAM VECTURS WHICH ARE TIME VC15138C0
< 4 . . €1513900
‘22 CONTINUE . . - : ' t12140¢€0
IF(NST4,EQ.Q) GO TC SC45 ’ . ci1€14100

"CO 3 LP=1,NST4 : : . €1514200

L = STa(LP) - . : . (1514300

KLL = RTC(NB1lsL-1,.L) . (114400

o a =1,3 o €1£14500

4 CAMUINKLL) = CACC(IWL) . c1e14€c0

IF (LEQU)IFRINT 229 ) . c1€147¢C0

" IF(LEGUILL = L-1 _ L C151480C
IF(LEUU)IPRINT 204+ KLLsL1sL oL . . . ‘ -C1£14900

- L =L L ci£15000
€ k. = JdCCn(LL) : : o c1s51510¢0
IF(K+EQ.C) GO TO 2 _ . o C151520¢C

TKL = KTC(NBL.K=1,L) ' . - c1s153c0
TCALL VECADC(CBCIL slL) s GAN( 1 sKLL) »GAMIT »KL)) €C1£156400
LF(LEQUIKL = K-1 . C1515500
IF(LEGU)FRINT 205+ KLeKl oL sKLLsLL c151560¢C

KLL = KL : . B C1E1570C

L = K ’ ’ . C1%15800

€0 TC 5 . ) .. €1515900

32 CCNTINGE . . €15160C0
£245 CCNTINUE ' ' - C1E8161C0
IF(.AGT, LEWU) GO 71O 103C : c1sis62c0

FRINT 23c = c1s16360

CO 23 K=1,NBOD €1516400

FRINT 22¢ €1,5165C0

€0.22 L=k,NBOD . . o C1S1€€CO

. KL = KIC(NSLsk=1atL) : R C15167CO0

S Kl = K-l ’ _ c1s168CC

23 PRINT 231, mloL oKL (GAMUIKL) o I=143) €15169C0
CFRINT z23c ' ‘ N . C1€17000

100C CCRTINUE ‘ ' C1€171¢0
c’ : . €1517200
c . CCMPLTC ELEMENTS CF SYSTENM INERTIA TENSUR MATRIX crs173¢ce
c o : . c1si'7400
<’ AFTEF FIRST PA3S RECCMPLIE CNLY TIME VARYING ELEMENTS CF XCIC C1517500
C © 1) IF K CCNTAINED IN SXT, ZLEMENTS JF ROW K FHCM COLUMN 1 TC K C(1E176C0
c AKE EITRER ZERD OR ASSUMED TIME VARYINGs INTERNAL LOGIC, SUNZISI77CO
C UN SET SPI(K=-1). SKIPS ZEKe ELEMENTS ' c1€178¢0
C. 2) IF K GCNTAINED IN £xT, cSLEMENT IN RUW NBOD+1 COLUMN K IS c1s17900
<. ASSUMEL TIME VARYING C1518000
€7 . . 3) IF K NUT CONTAINED IN SXT ABUVE ELEMERTS ASSUMED cc CNSTART ANCIS1E10C
¢ ‘ £aLAL TO VALUE DEF INEC ON FIRST PA3S THROUGH - cis1 8200
c 4) [F HINGE K-=1 IS A-RIGIC HINGE INERTIA .TENSORS IN ROW K NOT, CrE1£30C
c:- e NEEUED FUR DYNAMICS HCWEVER THEY ARE NECESSAKY FOK CONSTRAINC1S1840C
c ) TCRUUESs NU LCGIC YO AVOID THIS SINCE IT wiLL a& HARCLY EVERC1E18500
C - . £XT STCRED IN ST3 ARRAY ’ o €1£18600
© - IF(NST2.EQ.Q) GU TC S3a€ . o c1s187¢0

CC &6 KF=1,NST3 - C1£188C0
IF{LECUIFRINT 230 ‘ ) C1518$€0

K-z SETI(KP) ’ : , ’ C1519000




C
I
c
C
c
S
1¢
e
c
7
(d
11
c )
c
c

AN

IN = KTCA(NBUDs»OsK~-1)

SET SICIN) DEFINES BODY LABELS ON PATH FRUM FINGE PO[NT ZERO TC

CEMTEK OF MASS CF BODY K
CALL UNPAC(STLI ,NSY14SI(IN)) ~
IF(RELU(K)) GU TO 7

EBCCY K IS A LINEAR OSCILLATCR
IF(LEGU)IFRINT 20€, K
IF(LEGU)IFRINT 232, K
IF(LEGU)IFRINT 207 +ke(ST1(JJ)eJJI=14NSTL)
IF(LECU)IPRINT 229

FILL UP ROW K TO CIAGCNMAL
IF(NST1.EQ.0) GU TC 6

CO 8 1I=1,NST1

1 = €T1(11)

Kl = KT1{Nul +K,1)

IF (1 +EU«K) GO TO S

IK = KTC(NBLlsI=-1,K)

CALL SCLVIXMAS(K) sGAM{ 141K} +TEM)
CALL CYCF(TEMy XDIC(1+s1,sKI))
[F(LECUILL = [-1

IF(LEUU)FRKNT 208, KI.K.I.K.IK.K.II'K
GO TC 8

IF(CT4sNEel) GC TC &

AK. = KT1(ND1sNBL1,K)

CO 1C M=1,3

XDIC(M oM sKT) = XMAS(K)

XDIC (MM oNK) = XMAS(K)
IF(LEGUIFRINT 210+ KIsKysleK
IF(LEGQUIFRINT Z21Cs NKsRBLlIK K
CONT INVE

¢O0 TC 6

CCNT INVE

EQCY K IS A RIGIC EODY

IF(LEGUIFRINT 2114 K

IF(LEQUIFRINT 232, K

IF(LEGUIPRINT 229

IF(LEUUDIPRINT Z07 Ko (STI(JU)sJI=14NSTL)
CG 11 [=1,3

TENM3(I) = O

CO 11 u4=1,3

TENLI(I+Jd) = O

'

SPI(K=-1) = SET CF BOCIES IN NEST K~-1 CONTRIBUTING TO PSUECC

TENSCRS OF REST K-1
CALL UNFAC(ST2,NST2,SPI(k=1))
IF(LEQU)IERINT 212 ¢ KoK o (ST2(M) +M=1 «N3TZ)
IF (LEQUIPRINT 229

IF(LEGUIFRINT 217 L S iaral Ty

IF(NETZ 4+EQ.0) GO TC 5047
CO 12 LL=1.NST2
L o= €T2(LL) ’ . .

- . . ' PRNTEVRESTRS 12 TR IPUI S SPORE S A

VKL F U KTOUNBL sK=1,1) 7 T P e
CALL SCLV(XMAS(L) +GAMU 1 oKL ), TEM)
CALL VECADD(TEM3, TEM.TEM2)
1F(LEGUIKL = K=1
IF(LEGUIFRINT 2134 LeKLoLoK1sL
IF(.ANQTeRGLO(L) ) GO TO 12

CALL CYADD(TEMI+XIC(1s1,4L),sTEML)

" C1%19100
‘C1€19200

C1519300
¢18194cC0
€1519500
C1£19€00
C151570C
€1516800
C1519900
c1£200C0
(1520100
€1520200
€1€20300
C1£20400

€1€20500

C152060C
€18207C0
(1520800
€1520500
C1€21000
c15211¢€0
c1€2i200
1521300
C1£214C0
c1€2150¢
€1521600
C152170C
(1521800
C1£2190C
C1£22000
C1522100
C1822200
1522300
C1€224C0
€1522500
€1£22600
C152270C
(1522800
C1522900
€1£23000
¢1523100
C1£23200
C1€23300
C1823400,

INERCI‘ZJSCQ

Cl1€23€00
€C1523700
€1523800
C1€23900

€1524€00,

€1524100,
€1524200.
€1524300
€1£24400
C1£245CC
€1£24€00
c1£247€0
C1524800
€1524900
€C1£250090

A91



14

1€

17

1001

DO

NN N
9 0O
(£ VI N}

20¢€
2C7

A-92

IF(LECU)IFRINT 213 L

C1€25100

CONT INUE (1525200
CONTINUE (1525300
MK = KT1{NEl ,NE1,K) C1525400
CALL CYCF(TEM3I o XxDIC{1ls1,NK)) (1525500
IF(LEQUIFRINT 213+ NKeRBL oK CLE256CC
FILL CUT ROW K OVER TC DlAGCNAL C1525700
IF(NSTL .,EQ.0) GU TG 6 C1525800
£O 13 11=1¢NSTI1 C1£25900
I = sT1(11) C15260C0
KI = KTI(NBl +Kel) C1526100
CO 14 ¥=1+3 C1526200
CO 14 N=1,3 c1c263¢C0
TEN2(MWN) = € C1526400
IF(LEGU)FRINT 220 c1c265¢C0
IFINST2.EQeC) GO TG 504¢€ (1526600
CO 1% LL=1,NSTZ C15267C0O
‘L= ET2(LL) C1526800
KL = KTO(NDILK=1.L) €15269C0
IL = KTCU(NBLsI-1,L) C18270006
CALL SUECP(GAM(L+KL) «GAM{L4IL) oXMAS(L),TEMSE) €1£27100
CALL CYACO(TEMZ,TENG,TEMZ) €1527200
IF(LEUU)IK] = K-} c1s273¢0
IF(LEQU)I1 = I-1 C1527400
IF(LEGUIFRINT 221y LoeKIsloIlslsllsl skl onL oIl sl (1527500
IF(LEGU)IFRINT 222 : C1527600
CGNTINUE -€18277¢C0
CCATINUE . - c1s278cC0
CALL CYACL(TEM1.TENZ2XCIC(Lle1sKI)) €15279C0
IF(LEQUIFKINT 2244+ KlLoK,1 ci1sz2eccoe
CCNT INVE c1€281C0
CONT INUE c1£2820¢
CONT INUE c1£2ez200
IFICT4.NEs1) GC TC 17 €1528400
AN = KT1(NB1.NElsNREL) C15285C0
CO 1€ K=1,N3GD C1£28€00
CO 1€ 1=1,3 €15287C0
ACICCI s IoNN) = XDIC(IsIoNN) + XMAS(K) c1£28800
IF(LEQU)IFRINT 22€&s NNsREI1WNEL cr1e2890¢0
CCAT INUE C1529000
IF(.NCTe LEGU) GO TO 1CO1 (1529100
FRINT 23¢C ci1s25200
CC 24 K=1.NB1 €1529300
CO 24 I=K,Ng1 C1529400
IK = KTI{NB1 1 4K) €1€2950¢
FRINT 229 C1529600
FRINT 23Zs (XCIC(LoLsIK)sL=143) CLS257C0O
FRINT 234s L eKs1Ko(XDIC(ZsL +IRI oL =1133) C1£29800
FRINT 232, (XDIC(3sLoelK)oL=1+3) C1£29970
CONT INUE C153%0C0
CONT INUE Co ot 4 . €1530100
. : C1530200

FORMAT (' SXT = *,Z8,' ELEMENTS OF 3XT = *,1015 ) cis3c3ce
FORMAT (* SVD = *,28,' ELEMENTS OF SVD = *,1015 ) c1s304cC0
FORMAT (* GAM(*,12,%) = GAM(*,I2+"¢%+12,') = CAC(*s12,') ') (1530500
FORMAT (' GAM( *4124+%) = GAM( ', I2+%4'512,%) = GAM(*¢[2,') ¢ CBC(',IC1S306C0O
¥Z4,) 0) €1s8307¢C0
FORMAT (' GCDY *+124* IS A LINCR OSCILLATGR ') C1£30800
FORMAT (' NUN~ZERC CCLUMNS CF RUW *,[2,' OVER TO CIAGUNAL ARE *,+1CC15309CO
$1S.7) e €C1£31000



2
)

noannn

NONOHANOAD

(2}

)

no

)

2CE FORMAT (' XDIC(',12,") XDIC(*s12
*¥AM(* ,124°)) XNASC' e [24*)*CYIUP(GA
21C FGRMaT (* XDIC(*'124*) ="XCIC(* ol
z11 FGRMAT (°* BCDY *4+12+* IS A RISGID
212 FORMAT (°* TO GET INERTIA TEANSCRS
', 12,* SLUM OVER ECCIES ',1CIS5)
FORMAT (EX.* TEM3 TENI ¢ XMAS(*,
E, 12,0 )8GAM( 12,4, ,12,%) ")
215 FORMAT (EXe* TEMIL TEMI ¢ XIC(*,1
217 FORMAT (E£X+' TEMI L] TEMS 0
218 FORMATY (* XDIC(',124%) = XDIC('s12
22C FORMAT (EX.* TEM2 0 ') ’
221 FORMAT (SX,* TEM4 XMAS(* 412, 2 )% (
*,124')%x1 GAM(* 1240, "4 12s0)GAM("

k]

21

2P et e l2,%) = XMAS('e124')*DYCF(GC1E311CC
M{*s12:%4ts12e%)) ) c1€312¢C
2e' s s [24%) = XMAS(*,I24')%1 *) C15313CO
Jacby *) €1€3140C
IN RUW *,[2,' CGLUMNS 1 THRCUGH (C1S315(C0
, C1531€C0

12+ )%GAM(*,12,*) = TEMI 4+ xMAS(C1E317CC
c1£318C0

2+:%') ") €1€319C0O
') 1532000
1¥5'0124%) = SKEW(TEMZ) ') (1€321¢C0
€1€3220C

GAM( ¢, 12,
1200512,

s e l2¢')eGAM(*4T124*,*C1E32300
) ) SUEOP(GAM( ' ,12(15324C0

30 )y CAM( L2 ) XNAS(*sl2s*)) *) C1E3250¢C
222 FORMAT (EX.* TEM2 = TENM2 ¢+ TEM4 ') Cl£32600
224 FORMAT (' XDIC('512s') = XDIC('sI24%s's12+s') = TEM1 + TEMZ *) (15327¢C0O
22€ FORMAT (" XDIC(®412,1) = XDIC(*sI12+%,'+12.s') = (TOTAL MASS)®1 *) CLE32800
228 FORMAT ('l SUBROLTINE XCY ENTERED *) €C1532900
225 FORMAT (! ) . C1E€330C0
220 FORMEY (2(/)) . . . c1s5331¢C0
221 FORMAT (' GAM(*s124% 0,12+ ) = GAM{?,4124%) = '43D17.85) €1£33200
222 FORMAT (/! CCMFLTE ELEMENTS IN kuw *,12+' OF INERTIA MATRIC1E33300

X 'ys) C1533400
232 FCRMAT (Z27X43D17.8) C1£33500
234 FORMAT (°* XDICC?* 0124 4% 43124%) = XDIC('s12+s*) = *43C17.8) C1£33¢€0C

FETURN C1£33700

ENC .C1£€33800
. de. o

. A C1€00000

SUERCUTINE ETA C1€00100

LSE TO CUMPUTE GYKOSCCPIC CROSS COUPLINSG TERMS DUE TO C1€20200

1) INERTIA CROSS COULPLING €1600300

2) CENTRIPITAL CRCSS COUFLING C1€0N00400

3) CCRIOLIS CRCSS CCULFLING C1€00500

' C1€00600

LET: C1€707C0

ETC(1+,K) = COMFCNENTS OF GYROSCOPIC CRUSS COUPLING TORQUE cléennBoc

CN NEST K=} C1€00900

[ C1€01000

Cleni10C

IMFLICIT REAL*8(A~F+0~2,%) C1€01200

LOGICAL FGls FG2s FG34 FG&4s FuSe INEHF .. KELCs LEQUs LINIT(L) Cl€01300

LGCICAL LRUNGE o+ LTRANS] » LVDIV s LEQUIV , LTRAN , ClenNtano

* LTRANV s LRATE s LXDY s LETA » LTOFQU , (1€01500

B * LCFDOTY , LDCT » LANGLE +» LSETUP , LSIMQ Cl1€01€00
Cl€01700

C1€01800

LIRS v (PR N fefae " - Uwe ; N C(601900

c e ‘e S ODVIIL T oy i e sve v leren2000

’ C1€02100

C1€02200

INTEGER ! C1€02300

* AWORK , CT1 e CT2 s CT3. » CT4 » CTS +» FCON ¢ PCON . Cl1€0240C

* SCNCuUM, SCN +» SCRDUWMV, SCK » SFKDUM+ SFK v SFK + SG ’ C1€02500

% S1I » SIG s SIXDUM, SIX +» SKDUM s 5K « SL s SLK ’ C1€02600

A—93



DR B A 2 B R IR R IR IR S

SNMA
sSGL
SVM

-scC
TINIT(

. K % o

REAL*¢
* ANGC

* FLQ "
% THACD

b

¢« SMCDUNM,

+ SR
s SVP
» SCG
1)

(33)
{32,20)
{33)

COMMCN /LDEBUG/ LRUNGE

'Y
'

.-

COVMMON /7LGOGIC/ FGL»

L1 A s SMV
SECN » SEIX
Sva s SXN
NFL XB » SFLX
IZINIT(1)
CNF (2,1C)
FLE- (3+3429)
YMCD (3+s2411)
¢+ LYTRANSI
LTRANY 4 LRATC
e LDCT

LCFDOT

CCMMON ZINTG/ AWORK(22T) .

CT1
-CTS
MC
NFER
N¥V
NEVC
E1d
SLK
SCL
SSIx
Svi

- S XM
SEU
NFL»3
SFCC

(10)

(Z3)
(11)

(3410)

"CGMMCON /INTGZ/

* SCNCuM

‘% SFKCUM

* SKDUWM

% SMCLCUM

A-94

COMMCN
» Ca

© % DCMC

* GAM
s HNCN

_*.QFC
% T

* THACw

X IC

3. TLG
* FLOD
* FLIRC
* FLCWw
*» TIMEND

/hEAL /
(2,10)
(2s11)
{Z2,66)
(10)

(2,33)

(12)
(Ze3,10)
(23)
(Ze3,20)
(Z+10)
(z0)

ci2
FCON
AE1L
NFKC
ANVO
FCOCN
€1
SErA
SNV
EVA
SvM
SXT
NTQ
SFLX
sCC

SCN
SFK
K

S§C

CAC
ETC

PHI
cL

TrAW
XMAS
FLA
FLJ
FLCRC
ZETA

(Z2)

(1C)

(s)
s)
{(s)
(s)

(Ze10C)
(2.11)

(2.11)
(2422):
{(12)
(10)

(2,2C)° -,

(2¢3,20)
(2,1C)
(20)

SUK
SVA
SXT
SF XM
SD

ETIC
FLH
RINIT -

s LVDIV
» LXDY

s SPIOUM, 35P1
» SVB » 3VD
y TOKQ » SMAL
» NMGUS » SFCC

(3.1

0) v ETMC

(343020)
e -RZINIT (1)

1)

s LANGLE o

F32s FCZe F340 FGD

CcT3
JCCN
NB3CD
NFRC
NMOA
S0

s31G
5CK
SR

svs
SVP-
TUkUG
SC

SF XM

SCRDUM
SIXDUM
sPlioum

cLM
ETM
HM
PLM
sQLC -
THA
xXpIC
X MN
Fug
CAQ
FLAC
FCF

INERFs RELO(10)
» CTa
(12) +» LCCN
s NCTC
s NLOK
5 s NSVP
+ SFR
+ SL
(11 s SQF
s SSCN
s SVC
(22) s SVQ
(97) s SMAL
(33) . 5CG.
(10) » NMUOS
+ SCR
s SIX
+ SPI
(10) s CCMC
(33) +» FUMC
(3,10) » HMC-
(190) + QF

<

¢ SQF
s SVI
s+ SEU
¢« SCC

(3.10)

LEQUILIV » LTRAN .
LETA » LTOFQU
LSETURP , LSIMO

(3¢c2) -1 » RAMC..

(33)

o« THAD

(3+3,66)s XI

(33,

33) » XMT

(3320) .3 FLC-

(3,1

0) ¢« X10

(3,20) v FLQC
(3+3+40) s FCK

(9)
(9)
(9)

(3.11)
(3.,11)
(3.1:0)

L (3432)
NETSR U N

(22)
(3+3,1C)
(302,10)
(3+20)r ™
(3.2,1C)
(3+,20)
(3440)

C1€92700
C1€02800
1602900
C1€03000
C1€03100
C1€03200
C1€03300
C1€03400
C1€93500
C1€03600
C1€03700
(1603800
C1€C3900
£1€604000
C1€04100
C1€04200
C1€074300
C16044C0
C1604500
C1€04600
C1€047C0
C1€04800
C1€€4900
C1€05CCO
01€7510¢0C
C1€052C0
C1€05300
€1€05400
C1€605500
C1€605600
-C1ENSTCO
C1€0580C
C1€05900
C1€C6CC0
C1€0610C
C1€36200
C1€06300
C1€0640C0
C1€06500C
C1EC660C
Cl1E0€700
C1€06800
C1€C6900
C1€07000
C1€07100
C1EC7200
C1€07300C
C1€07400
C1€07500
C1€07600
cLeo077c0
C1€C7800
CLECT7S0C
.,._C1€08000
»~C1€0810C
¢1608200
C1€C8300
C1€9840C
C1€08500
C1ECBEDD

w




GOMMCN /REAL Z/ .
CEDLNM (1,3) s CE (3.1C) 4 CBCDUM(L43) s €C8C  (3410)
XNCLUM(1s15S) » XMC  (3,3,412), CoN(3)

EQUIVALENCE (ETM(1).THACCI(1)) s (XMN(14+1)4ANGD(1)) ’
(XMN(1+3)+YNCC(14l 1)) s (XMN(1e6)sCNF(141)) ’
(XMN(1+8)+ETIC(1+1)) v (XMN(1410) ETMC(1,41)) .
(FLB(1+1)sFLQA(L,1)) - s (FLECLsl el ) oFLDC1ol01) )y
(FLHC(1s141)sFLJU(L0101)) ., . .

(FGLLLINIT(1)) v(CACLel) s RINITC(1)) .
(CBDUM(1 +1)sRZINIT(1)) s (AWORKC(L) W IINITC(L)) ’

(SCNDULNGIZINIT(1))

INTECER STI(10)eST2(10)3ST3(12)¢3T4(1D)+3T(10)+SFXMN

CINMEMSILN TEMC3) o TEMLIL2) #TEN2(3) 2 TEM3(3)+TEMG(3)+TEMS(3)+TEME(2)

CINMERSICN TEMZ7(342) s TEMB(3I4Z)eTEMYI(I)+TEMIO(3)WFLEC(343)
EOLIVAL:hC: (LETALLEQU)

KF(LEGU)FR[NT 2490
co 1 I[=1,3
TEM3(I) = D
TEMG(L) = O -
ETC(1sNEL1) = O

C1€CET700
€1€088CN
Cl€0890C
C1€09000
C1€09100
C1€0920¢C
Cl1€cs200
Cl1€0G400
C(1€09500
C1€906¢€0C
(1€0570C
Cl1€06800
C1€05900
€C1€10000
C1€10100
C1€10200
Cl€10300
C1€10400
(1€10500C
(1€1C600
Cl1E107C0
Cl1€10890
Clernsec
c1er100¢0

Cler110c0

1611200

LSE "SETS SSIX AND SSCN TC REDUCE RECUNUANCY IN CkOSS COUPLIAG CCMPCl1€11200

CCMFLTE INTERTYIAL C(RGCSS CCUFLING CONTRIBUTIUNS FOR EACH BODY
IF(LEGU)FRINT 233 N

CALL UNPAC(ST1 I NST1,.SSIX)

IF(NETL EWe0) GO TC SO4Y

CC 3¢ II=1sNETI

I = ST1(11)

CALL VXCYOV(FCOMCU 1o ) o XIC(Lols ) ETIC(L1,41))
IF(LEQUIFRINT 2394 Lol oI sl o (ETIC(JeI)sU=143)
CCATINVE . .

TCCANTINLE

CCNPLTE FURCE ASSCCIATED wllh CENTRXPITAL ACCtLEkATIuN CF EACH
‘BCDY IN THE SET £SCN

"CALL UNPAC(ST2,N53T2,5SCN)

IF(LECU)IFRINT 234

IF(NSTZ.EQeO0) GO TC S50EC

CO 21 1I1=1sNST2

TI=NET2-(I11-1)

I =" §7T2(11)

IF(1 «EQel) GO TU Z1

CALL TklPVP(FOMC(l'JCON(I))oCdC(l-l)oCNF(l.l))
IF(ICCN(I)sEUel) CGC TO 22

c
.
3
C
c
*
*
R
*
*
x
*
c .
C
1
C
C
C
2¢
£045%
C
C
c
C
“ SCALL VECADD(CNF(1 sJCON(I))SCENF(1e1)»CNF(L 1)) A a ioe
"IF(LEQUIPRINT 235+ 14JCONCI)4JCONCL) »JCONCT) oI
co0 TC 31 - . . T
3¢ CONTINUE- »7 « -~ Ve B S Ll Mot e et e,
AVATATIF(LEQUIPRINT 236% 1 4JCOMT)IeJCONCI) LN 7 "
31 CONTINUE t .
S0SC CCOATINUVE ’ '

IF(LEQU)IPRINT 229
IFINST24EQe0) GO TC 50¢1
€O 32 I1I=1,NST2

€1611400
C1€1150¢
C1€11600
Cl€117C0
Cl€e11800
C1€11600
C1€612000
C1€12100
C1612200
€1€12300
C1€12400

‘C1€12500

C1€12600
C1€12700
C1€12800
€1612900
C1€13000
C1€13100
C1€13200
€1613300
C1€13400
C1€13500

-C1€13600

€1€13700
01613800
C1€13900

. C1€14000

Cl€14100
C1€14200
Cl€1420C
Clel4400
C1614500
Cl€14600

A-9S



T
109¢

[aNalala}

€0C1

II=NST2-(11]l-1)

I = €T2(11)

IF(I4EU.1) GL TO 22

CALL TRIPVPIFOMC(1+1)4CAC(L,1),TEM)
IF(LEQUIFRINT 2374 1l slelsl.l

CALL VECADD(CNF(1,1).TENMCNF(1,1))
CALL SCLVIXMAS(I) +CNF(LsI)+CNF(Llsl))
CONT INUE

CCNT INUE

IF(eNCT, LEQU) GU TOQ 1COQ

FRINT 22§

IF(NST2.E040) GO TC 1900

CO 3€ [I=1+N5T2

I = ST2(C11)

IF (I «EWel) GO TU GZo

FRINT 2280 L2 (CNF(Js1)sd=1,3)

CONT INUE

CONT INUE

DEFORNMATICN CONTRIEUTICNS TC CRUSS CUOUPLING
IFINFLXE JEQaC) GO TO 3&

MN = D

CALL UNPAC(SET,NSET.+SFLX)

IF(LEQU) PRINT 252, (SET(I),I=1,N3ET)
CC 40 NN=1.NSET

N = SET(NSET+1-NN)

IF (L.EQU ) PRINT 253, N

Co 37 I=1,3

TENMI (L) = 0.

€0 37 J=1,3

TENEB(LLJ) = Co

IF(LEGU) PRINT 231

SEXMR = SFXM(N)

CO 35 M=1,S5FXMN

MN = MN ¢+ 1 ’

CALL CYOF(FLOC(14,MN),TENT)

CALL TENTRNUFLE(L 91 +MN) s XMC (1,4 1aN),FLEC)
CALL CYACD(FLECsTENT.TEMT)

CALL SCLCUTHAD(NFER+MN) 4 TEVT,TEM7)

CALL DYACLD(TEM8sTEM7 . TEME)

CALL SCLV(THAD(NFEK4MN) +FLAC(1 sMN),TEMLI)
CALL VECADV(TEMS, TEMI0,TEMS)
IF(LROT.LEQJU) GU TC 59CI

FRINT 251, MNyNsMAGN

NFCX = NFER+MN

FRINT 23Zs NFUXsMAJMN

ERINT 243, NFUXsMN

CGATINGE

CONT INUE

CALL CYCCTVITEMB,FCMCU1sRN) oFLIRC(LHN))
CALL 5CLV(2e40D0TENS +TENS, )

CALL SCLVIXMASANDpTEMI. o JEMS, ) QUGS ccLRU JALITSANE UT 31t ATHID

CALL VECROS (FCMC(1sN) +TEMS HFLCRC(1,sN))
CALL VECADD(ETICC1oN) +FLIRCI14N)JETIC(L14N))
CALL VECADDUCNF {1 oN)oFLCRCULWN) oCNF(14N))
IF(LNCTLLEQU) GG TC 50¢C0

SFRINT 2440 NWN»(FLIRCCTIWM) 2I=1 43}

A96

FRINT 24€s NoNsNo(ETICIIWN)sI=1,3)

C1€14700
CLe14800
C1€14920
C1615000
C1€15100
Cl€15200
C1E1£300
€1€15400
€1615500
C1€15600
C1e15700
C1615800
C1E15900
€1616000
C1616100
C1€16200
C1€16300
C1€16400
Clel6500
C1€1660C
C1€16700
C1E168CC
C16169C0
C1€17000
CLe17100
creiz2c0
C1€17300
€1€17400
€1€17500
€1617600
cre1vree
C1€17800
£1€17900
clelsoco
€1613100
c1e182c0
C1€18300
Clereace
c1€18500
Cre1860¢
cte1s700
C1€18800
C1€18900
cLetvcoe
CleE19ICe
C1619200
C1€15300
€16194C0
C1€19500
C1€15600
C1€1970C
C1€198C0
C1E15900
C1€20000
clezoio0
€1€20200
C1€22300
C1€20490
C1€20500
C1€20600



NOANOD

Ia)

s00¢
acC
2E

(Y]

tn

1001

PRINT 245, NoN Ny (FLCRC(IeN)sI=1+3)
PRINT 247+ NoNsNy (CNF(IsN)sI=1,3)
CONTINLE

CONT INUE

CONT INUE

ELIMINATE REDUNDARNT COMPLTATIUN IN MCMENTUM WHEEL CROSS
CCUFLING CUMPUTATION €Y ETNMC

IF(NMC.EC.0) GO TC 5CE2

IF(LEGCU)FRINT 208

CO 1€ M=1,NMD

CALL VECRUS (FCMC(1sMO(NM))oFMC{LoM) sETMC(L14M))
CALL SCLV(HMOM(M) sETMC (1 4M) JETMC(1o¥))
IF(LEGU)IFKINT 2C74 MeM MCINM) I Mo (ETMC(T «M) 01314 3)
cCnT INUE

CanT INVE

CC 2 K=1,NBJD

co 3 =1,3

ETC(1,k) = 0

Kl = K=-1

IF(LEQUIPRINT 225, K1

SET LF SUMMATICN SETS FCR NEST K-1
INERTIA CRGSS CCLPLING

CALL UNPAC(ST[.NST!-SIX(KI))

IF(LEQUIFKINT 200, K1,SIXC(K1) s (STLCI) ,I=14NSTL)
CENTRIPITAL CKCSS CCUFLING

CALL UNPAC(ST2,NST2sSCNh(K1))

IF(LEGUIFKINT 201+ K1 ,SCN(KL) o (ST2C(1),[=14NST2)
CCRICLLIS CRCSS COULPLING : .

CALL UNPAC(S5T3,NST3,SCR(K1))

IF(LEQUIFRINT 202, Kl.SCL(Kl).(bTJ(l).l—l»NSTS)
MCMENTUM wHEEL CROSS CCUFLING

CALL UNPAC{STG N5T&sSMC(KL))

IFL.NCT. LEQU) GO TOD 1€01

FRINT 2CSe K1,SMCUKLI) (ST4(1)41=1sNST4)

FRINT 22¢
FRINT 2C3, K
IF(K«NEL1) GO TO €
PRINT 203, NB1
FRINT 22¢
CONRTINUE
INERTIA CRCSS COUPLING
FRINT 241 '
FRINT c2¢€
CONT INGE
IF(eNJUTLRBLUIK)) GC TO 4
IF (LEQUIPRINT 206, KoK

SUM CVER UNLY THCSE EGCIES UF NEST K—1 wHICH SIGNIFICANTLY
CCNTRIBUTE Tu INERTIAL CRU3S COUPLIAG'IN- EQUATICNS-OF

MOTICN OF NEST K-1
IF(NET]1.,EQ.0) GO TC 4
CO 6 LL=1sNSTI
L= ST1(LL)
IF(LEUWUIFRINT 2056 KeKolL

AL

C1€20700

€1€29800

(1€2090¢C
C1€21000
C1e21100
c1e21200
(1621300C
€1€21400
C1€21500
C1€21600
c1€21700
01€21800
C1€21900
€1€22000
tiez22100
C1€22200
€1622300
€1622400
tiezzsoc
C1€22600

'€1€22700

c1e2280¢C
C1€622900
C1€23000
C1€23100
C1€23200
€1623300
C1€234C0
1623500
Cl162360C
C1€23700C
c1e2380¢C
t1€2390C
C1624000
C1€624100
1624200
C1624300
1624400
C1624500
€1¢246C0
(1624700
C1€2480C
C1€249C0
C1€250C0
c1€2510C
cle2520¢C
C1€25300
C1€25400
C1€25500
C1€25600
C1€25700
(1625800
CLre€25900
C1€2600C

- Cl1E26100

Cl1€26200
Cl1e26300
Cle26400
€1€26S0C0
(1626600

- A97.



€ CALL VECSUD(ETCUL oK) SETICL14L) +sETC(1,K)) : ' ' C1€26700

C - NOTE RSCUNDANT VECTUR ADCITICNS LESS CUSTLY THAN LUGIC NEEDED TG Cl1€268C0
..C ~ AVUID THEM ) C1€26900
4 CONTINUE : ' . C1€27000
IF(LECUIFRINT 21€s Ko(ETC(IsK)oI=153) © C1€27100

c.. crez720¢
. C CENTRIPITAL CRUSS COUPLING ‘ C1€27300
IF(LECU)FRINT 241 T v C1€27400

" IF(LECUIFRINT 227 ' S : " C1€27500
TF(NST2eEQe0) Gu TC 7 o CLE27€00

. . CO 8 1=1.3 ClLE27700

. UTENG(1) = O . : "€1627800

g YEM2(I) = O - ‘ C1€27900

. C ) SUM OVER ONLY THCSE ECCIES OUF NEST K—1 WHIGCH SIGNIFICANTLY C1€28000
c CCNTRIBUTE TO CENTRIFITAL CRO5S CUUPLING IN EUUATIONS OF . Cl1€28100
(< MCTICN UF NEST K-1 C1€28200
IF(LEQUIPRINT 206 - €1628300
IFINST2.EQe0) GO TC 50€2 Cl1e2340C

CO 9 LL=1sNST2 : . o C1€628500

L = sT2(LL) : : Y7 t1€28€00

LC = o , : o C1€28700
TF(LC.EC1l) GC TO S : ’ ' 7 C1e28800
IF(RELO(K)) GO Ta 22 = = o o ' © C1€28900

CALL V=CESUB(TEMG,CNF(1.L)sTENG) : 1 C1€2900C
IF(LEQU)IFRINT 211, L C1€29100

GO TC v . : C1€29200

22 IF(K NELL) GO TO 14 : o ' C1€25300
CALL VECEUB(TEM3sCNF(14L)sTENI) ' Cl1€25400
IF(LECU)IPRINT 212, L . C1€29500

14 KL = KTCINB1,K=1,L)} CIE25€00
CALL VECFOS (GAM(1+KL) »CAF(14L),sTEM) C1€25700

CALL VECESUB(TEM4, TEN,TEMYG) : C1€29800
IF(LEQU )KL = K=1 ' €1€29900
IF(LECUIFRINT 213, Klalsl ) ) . o C1€30000

" IF(LEGUIFRINT 229 . o ’ C ! C1€30100
) S CONTINUE C1€30200
5052 CONTINUE \ C1¢30300
CALL VECADD(ETC(L4K) +TENGLETC(1,K)) © Ccl€3040C
IF(LEQUIPRINT 214+ Ky Ky (ETC(I oK) »I=143) €1€305CC
IF(K.NELL) GO TO 7 C1€30600

CALL VECADD(ETC(1sNB1) +TEM3LETC(1,N81)) C1€30700
IF(LEQUIPRINT 215 NBL1 +NEls (ETCCINBL) +I=1,43) C1€30800

7 CGATINUVE o €1€30500

c - ) ) ' ' c1€31000
c’ : CCRIOLIS CROSS COUPLING o Cl1e3110C
IF(NST3.EQ.0) GU TC 15 - : © C1€31209
IF(LEGU)FRINT 241 C1€31300
IFCLEQUIFRINT 228 e . ) - : " C1€31400

CO 1€ 1=1+3 ' . ) : C1€31590¢C

1€ TEMS(L) = O N : . 7 : Cl€31€00

c SUM GVER UNLY THCSE BUCIES OF NEST' K2H3 wH1CH: SIGNIFICANTLY .. -7C1€3170C
¢’ . CCNTRIBUTE TO CORIOL IS CRUS'S cuupanq S EQUAT IONS GF . C1€31800
c . MCTICN OF NEST K-1 - C1€31900
' IF (LECU)IPRINT 217 R T vws L ClE32C00
T T IE(NST3.EQ.0) GO TC SCS4 €R.TTTIL 1 £ 01€32100
CO 17 LL=L4NST3 - - ’ T e - : ' C1€32200

L o= ST3(LL) c1€3230¢C

CALL VECROS (FCMCOLsL) oRKCMC (L oL) sTEM) - - . © 1C1€32400C

CO 18 [=1,3 . ‘ C1€32500

18 TENM2(I) = 2+CO*XMAS(L)I*TEM(I) - €1€32600
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JFILEQUIPKRINT 216+ Lok . ) . C1€32700

IF(RELJ(K)) GO TC 20 . . L Lo _ . . 01€32800

Lo 21 i=1,3 . ’ C1€32900

21 TENS(I) = -TEM2(1) C1€33000
IF(LECUIFRINT 221 _ A C1€33100

GO TC 17 ' ’ - 'c1€33200

2C KL = KTC(NGLleK=1,L) . . €1€33300
CALL VECFUS (GAM(1,KL) sTEM2,TEM) ) C1€33400

CALL VECSUB(TEMS ,TEM,TEME) ) ) ' 1633500
IF(LEQUIKL = K- 1 : " c1e33€00
IF(LECUIPRINT 2224 KlsbL _ v ‘C1€3370C.
IF(K.NEW1) GO TO 15 . C1€33800

CALL VECSUB{(TEM6,TEM2,TENG) ’ ' C1€33900

© IF(LEQUIERINT 220 . o _ i C1€34000

1S CONT INWE _ ) ) C1€34100

7 IF(LEGUIPRINT 229 ' ) LT C1¢34200

1.7 CONTINUVE ) [L1€34300
€054 C(ONTINUE C s 7. Cl1€34400
CALL VECAODIETC(1 3K} s TENEWETC(14K)}) o €C1€34500

., IF(LEQUIFRINT 223, KoK (ETC(I+K)o1=143) . C1634600
IF(KNEel) GO TO 1S C1€34700

CALL VECADD(ETC(1sRB1) +TENOETC(1sNB1)) ) ... Cl1€34800

© IF(LEGUIFPKRINT 224+ NB1WNE1S(ETC(IWNEL) »1=143) . . C1€34900

1§ CCANTINVE . 7 C1€35000

d ' ’ . C1e35100
‘co- _ . .. C1€35200
c . MOMENTUM whHEEL CRO5S CuUUPLING ‘ C1€35300
IFINST4.EQ.C) GO TC 5055 . . . ’ C1€35400
IF(LEQUIFRINT 241 : ' €C1€35500
[FILEQUIFRINT 210 . , . €1635600

C . €1¢35700
CO 11 MM=1,NS5Té , - C1€35800

vV o= STa(MM) ’ ' ) . C1€35900
CIF(LECUJFRINT 218, KiKoM o . o ‘C1€36000

. CALL VECSUO(ETC(1+K)JETMC(L M) 4ETC(L4K)) ‘_ié‘ . C1e3€100
11 CCATINUVE £1€36200
S0SE CONTINVE _ o €1636300
TIF(LEGUIFRINT 2164 Ko (ETCUI4K)»1=143) . ' C1€3€400

.C v C1€36500
c N €1€36600
C . R A © . c1636700
. Z CONTINUE . ) ] €163680C

c . ’ " 01636900
20C FORMAT (SX,' SIX(®,12,') = *,28,' CCNTRIGUTERS TG INERTIAL CROSS €1€370C0
*COLPLING ARE BUODIES tL,1018) - - C1E3TLOO

201 FORMAT (SX,* SCN(',12,%) = *,/28,' CCNTRIBUTERS TO CENTRIPITAL CRGC1€37200
#SS CCUPLING ARE BCCIES *,1G15) i .. . C1€37300

202 FORMAT (SXs* SCR{',I2,%) = *,Z5,* CUNTRISUTERS TO CORIUL IS, CRDSS C1€37400
#COLPLING ARE BCDIES *,1015) . C1€37500

202 FORMAT (* CKOSS CCUPLING TGRQUE ETC(',I2.%) = 0 *) . €C1€37€00
0 204 FORMAT (°* CETCC Y 129:8), FHEFCO 9 I20 %), "D v im0 2397 ¥t AlVG du- C1€37700
20€ FORMAT (° ETC(?402+%), = ETC(*0124%) = ETIC( s 12s%) *) Crte37s80C

- 20€ FORMAT (20X, ' TEN2 =0, T1ENG = 0 *) : €1€37900

. .
4. 20T FORMAT (EX,*ETMCE*0I2,%) = FMEM(*0I2:%) # (FCMCU'oI24' ). X HMC(' 2 12C1€38000

A vyt )) = 4 ,3D17.8) [P - AR - C163810C
208 FURMAT (//.5Xs* INERTIAL CRLSS COUPLING TERM FOR EACH MCMENTUM WwrEC1€38200
“EL Y 4/) ) €1€38300

206 FGRMAT (SX,® SMC('4I2,%) = %,28+%. CCNTRIBUTERS TO MOMENTUM WHEEL (1€38400
$CRCSS CCUPLING ARE WHEELS' ,1015) (1638500

210 FORMAT (! MUMENTUM wHEEL CRUSS CUUPLING EFFECTS *) C1€38€00
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211 FORMAT (22Xs* TEMAG = TEN4G =~ CNF(2,12.%) ') C1€3€700°
2212 FORMAT (20X,*' TEM3 = FEMI - CNF('412,') ') - : - o C1€38800
213 FORMAT (20X, ' TENM4 = TEME = GAM(*,I2+%,°,12,%) X CNF(*,I2.%) *) C1€3890C
214 FORMAT (* ETC('eI24') = ETC(*412,*) ¢ TEM& = *,3017.8) C1€39000
21€ FORMAT (* ETC(*,124+') = ETC(',12,%) + TEM3 .= *,3017.8) €1€39100
216 FORMAT (* ETC('412+') = 23D17e8) ° -C1€39200
217 FORMAT (4dX.,' TEWNVS = C ') . C163930¢C
218 FORMAT (* ETC(',I2,%) = ETC(*4I24%) = ETMC(*412,°) 1) (1635400
219 FORMAT (40Xe ' TEN2 = 2%#XMAS(*,12,%) = FOMC(*'s124%) X KCMC(*+12,°(C1€395C0
%) ¢) C1€39600
22C FORMAT (40Xe® TEME = TENG - TEM2 ') C1€35700 .
221 FORMAT (40Xx,* TENS = =TEN2 ) ‘C1€39800
222 FORMAT (40X, ' TENS = TENS = GAM(',12+'+';12.%) X TEMZ2 *) . . -5 €1€39900
223 FCRMAT (' "ETC(*'+124%) = ETC('4124') + TEMD = ',3D17.8) C1€49000
224 FORMAT (' ETC(',1I24%) = ETC('412,%) ¢ TEMG = -.Jc17.a) €1640109
22€ FORMAT(7(/)., - ’ C1€402n0
. * * PBODY LABELS CF THOSE BODIES whICH SIGNIFICANTLY CCNT (1640300
*RIEUTE TC GYRCSCUFIC CRCSS CCUPLING TURQUES GN NEST *,12./) ° C1€£40400
- 22€ FCRMAT ( * INERTIA CRCSS COUPLING TFFECTS *) C1€49500
227 FORMAT ( 29X,°* CENTRIFITAL CRCSS COUPLING EFFECTS *) ' C1€E4C600
228 FOFMAT ( 40X,* CCRICLIS CRUSS CUUPLING EFFECTS ) Cl1€49700
226 FORMAT ( ¢ ') C1€4C80C
230 FORMAT (! TEM3 = 0, TEM6 = 0 ') .C1€40900
231 FORMAT (10X,* TENME = 0! 45X, TEMY = 0 ',/) - : ClEalnNoO0
222 FORMAT (10X, * TeEMs = TEME + rHAo('.la.-):(FLEL(-.xz.') + SKEW(FLQC1E41100
) 2C( ' 12,%)) ) e "C1€41200
2332 FOFMAT (//+5Xe* INERTIAL CRCSS COUPLING CGNTRIBUTIUNS OF. EUCIES INC1€41300
$SET S3IX *4/) C1€a1400

234 FCRMAT (//+5Xs' INERTIAL FCRCE ASSOCIATEO WIThH CENTRIPITAL -ACCELER(1€41500
*ATICN CF CENTER OF MASS CF EACH B800Y IN SSCN *,/) Cl1€41€00
235 FORMAT (EX,'CNF(*412,') 2 CNF(*4I2,%) + FUMC(*+12+s') X (FCMC(*,12,C1€41700
£0) X COC(*i2,1)) ) C1641890
23€- FORMAT (EXs*CNF(*,12,') = *,10X, TFOMC(' e 12400 X (FCMC('-IZ.C16419OC
- %) X CHC(',12,)) ) ' e : © C1€42000
237 FORMAT (EXs?CNF(? +12+%) = XMAS('4024+%) * (CNF(*,02,%) ¢ FCMC('312,C1€42100
$0) X (FCMC('WIZ4%) X CACC*412,%)) *) ) C1642290
23E FORMAT (EX,*CNF(*,124*) = *,3D17.3) ' C1€42300
236 FORMAT (EX'ETICL?,12,%) = FOMCI*,12s%) X (XIC(*s12:%) o FOMC(®,12C1€42600
$,°)) = *,3D17.8) et - o ’ ©'C1€42500
24C FORMAT ('1 SUBROULTINE ET#A ENTERED *4+2(/)) C1€42600
241 FORMAT (3(/)) C1€42700
243 FOCRMAT (€SX.*TEMS = TENG + THAD(',12,')#FLAC(' . 12.%)") C1€42800
244  FORMAT (/' FLIRC(®*,1Z2,%) = TEMS.FOM&('.I&-') =1 ;6Xe2D12.5) €1€42900
24€ FORMAT (' ETIC(',12,') = ETIC(*,12,%) + FLIRC(*412,°') =',3D1Z.5) C1€43200
24E FORMAT (/+55Xs '"FLCKC(*2I24°) = 2%xXMAS( ', 12,9 )%FUMC(*,12,°) X TENS (164310C
“®20 ,3C12.5) C1€43200
247 FORMAT (S3Xs ' CNF(*4I2,%) = CNF('402,°) + FLCRC(*4124+') =',GxsZD1C1€43300
$2.5) ) o ) C1€43400
2S1 _FORMAT (10Xs* FLEC('e124) = xMC('.xz.-)sFLE(-.12.-)txMC('.xz.-ntcneéasoo
AT v ’ C1€43600
2E2- FORMAT (//+5X,* ELASTIC CFUSES COUPLING conrnxuu1xc~s DUE TO FLEXIECI€43700

¥

*ILITY OF BODIES'»1CIS,//)

2E3 FORMAT (///,35Xs"

Doegy

FE TURN
l 3

NC

A-100

\NSothls

“€1e43800

ELASTIC CEFURMATICN EFFECTS DUE TO BODY?',1S.,7) C1E€43900

1644000
AIME1eaar00



()

- .

SUERCUTINE TGRQUE (¥ YD +NEC)

JIMFLICIT REAL#8(A=-+.0~Z:%)
FGls FG2+s FG3s FGA,y FIS,

LOGICAL
LCCGICAL
. .

%

INTECER
& AWCKK
* SCNCUM
¥ S
* SMA
A SGL
% SVM
% SC
* TINIT(

REAL #8
* ANGC

* FLQ

* THACD
COMMCN
*

*

COMMCN

© 'COMMCAN

A A

B RE R BB R R R EES RN

cT
€15

vC
NFER
NMYV
_NSVC
sc
SLK
scL
SeTx .
Svil

-G XM
SEU
NFL X3
sFCc

SRITTI4N

SCNCUM
SEKCULM
SKDLM

smeCLm

T % 2 2R

LRUNGE + LTRNSI
LTKANV -y LRATE
LGFDAT , LOCT

s CT1 . CT2 » CT3 .
s+ SCN o SCRDUM, 'SCR .
» SIG - o SIXDUM, S1IXx ,
¢+ SMCDUN,- SMC ‘s SMy *
s SR . o SSCN o SSIX ,
‘s SVP s Sva s SXWM .
+ SCG s NFLXB o+ SFLX
1) o IZINIT(Y) ’
(23) + CNF (3,10)
(2229) » FLE (243429)

(33) ’

YMCD

/LDEBUG/ LRUNGE
‘LTRANV

/LOGIC/ FGle FG2,

ZEINTG/
(10)
(23)"
(11).

(3:+10)

7INTGZ7

KN

LQFDOY

AWORK

€12

FCON

CNBY .

NFKC’
AMO
PCON
sI
SMA
SMY .
SVA

svmM
CEXT,
. NTQ.

SFLX

sce

SCN
SFK
SK.
svC

(252511 )

INERF »
Lvulyv ’
LXDV_ .
LANGLE

cTs

RILGs LEQU,s LINITC(L)
LEQUIV

LTRAN ’
+» LTOKGU ,

s LSETUP , LSIMQ

CT4 0 s FCON- + PCON
SFKDUM,s SFK » SFR s SG
SKDUM , SK s SUL s SLK
SOK » SPIDUM, SPI s SQF
SYA s SVB » SVC ¢ SVI
SXT s TOKQ » SMAL ., SEU
SFXi o NMGDS » SFCC « SCC
SV
ETIC: (3+10) » ETNVC (3.10)
FLH (3¢3,20), . . :
¢ RZINITC(L)

RINIT (1)

s LTRNSI » LVDIV ’

» LRATE
» LOCT

o . LANGLE » LSETUP ,

LXOY ’

FG2y FG4's FGSs INEFRF,

cT3
JCCN .
NBSOD .

(19)

‘NFKRC

SFXM

(200} ’

- .

(22) v

.

’

' )

(11) .

(€3) »

(10) ’

.' - [

»

.

]

. "

s
(10)

(s) | ’

(s} .

)

(s

NMOA Lot
30
SIG
SOK .
SR
svg
sSVP
TORG
SC’

(1i)
221
(97)
SCROUM

3IXCuUuM
SPIDUM

LEQUIV

(33) -
€10)

LTRAN .
» .LTORQU ,
LSIMQ
RBLO(10)
*
v CTa
» LCCN (22)
» NCTC
¢« NLGR
- NSVP -
s SER (33)
v, SL -
+ 30QF 11)
» SSCN '
s SVD. .
+» SVQ (32)
+ SMAL
» SCG-
. AMODS
¢ SCR (39)
s SIX (9)

* o o o ®

s

€1700000
1700100
€1700200
€17£0300
€1790400
t170¢50¢
C17C0600
C17€0700
€1796800
1700909

"£1701000

C1701100
c1701200
€1701300
t17014CC
€170t1sC0C
C1701€00
1701700
C1701800
€1701900
c1.702¢¢C0
€170210¢
C17%2200
€1702300
ci712400
1702500

. €C17C2€00

c17c270¢C
€1702800
1702900
C1703000
1793100
€1703200
€1703300
€1703400
€1703500
c17c3e00
€1703700
€1703800
€1703%0¢C
€1704000
€17C4100
€1704200°
€1704300
C1704400C
€1704500
(1704600
€1704700.
€1704800
C1704900
(1705000
C1705100
ci705200
C170530¢C
1705400
€1705500
(17€5600
€17¢57€C0
€1705800

" €17€5900

. A-l01
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R 2 AR K BE B J

CXIC( LedeK)

SUUiCECCLaM) =

TPHICINBL)

’coymcn'/RsAL/

CAC (3.1C)

Ch . (3,10) )
‘DCMC (2,11) , ETC (3,11)
GAM  “(2,66) .. ¢ T ’
ENC N (10) s PHI (Z.11) .
‘QFC (3,33) » GL (Z+22) ]
T .
THACW (10) o. THAW  (1D). ’
XIC -(3s3,10)s xMAS (10) .
TUuG (23) s FLA (3,2C)
FLD (2,3,20), FLY . €3+s3420),
FLIRC (3,10) o+ FLCKC (2,1C)
FLCM  (20) o ZETA (2D) ,
_TIMEND
CCMMCN /REAL Z/
* CEDULM (1,3) s CB (Z,1C)
% XFCCUM(1,1,G) ,» XMC (2,3410),

CCMMCN- /SATELLY/

* DLMMY(1€00)

"EQUIVALENCE

TEQUIVALENCE

.

(ETM( 1)+ THACC (1))

(XMN(14¢3)eYMCC(14s141))

(XMN(1+8)+ETIC(141)
(FLB{1s1)eFLG(L1,41))

(FG1oLINIT(1))

(CBDUMIL,1)FRZINIT(1))

(SCNOUMLIZINIT(1))

(LTORCULLECL)

CINMERSICN Y(NEG) . YC(NEC)

NEOD

NS1

~

K~=1

- JCCN(K)
K
RELC(K)
XMAS(K) =

[[I 1)

(1]

"

THE(N) =
THAC(M)

PHI{1,K) =

A-102

)

(10}

CLM CCMC (3,11)
ETM (33) - FUMC  (3,11)
HM (3.10) HMC (3,109
pLM (10) GF (3,32)
aLc (3s22) RCME (3.11)
THA (33) THAD  (32)
XDIC (3¢3466), X1 (3,351C)
T XMN (33¢33) XMT ° (3.3.1€)
FLE (3.20) FLC - "(3.,20)
‘CaO (3410) xro (34341C)
FLAC (3,20} FLUWC (3,20)
FCF (3s3440)s FCK (3.40)
C3COUM(1,3) c3c (3,10)
CBN(3) i

A CXMNCLs 1) 4 ANGL (1)) .

W IXMN{1,6) +CNFL1,1)) .

v IXMN(L+10)+sETMC(L1,1)) ’
s (FLECLs 1ol ) sFLD(Ls141) )0

(FLHOL o101 )sFLJIC(LsLW1)) ’
2 (CALLWL)WRINIT(1)) .

s {AWORK(1 ) IINIT (1)) e

SYMECL LISTING UF PARAMETERS USED. FRCM COMMON

(M)

VECTUR ALING GINBAL AXIS M

NEST K=1

PUINT K-1i
FALSE GTRERWISF

TCTAL NUMBER CF RIGIO EBUCIES AND POINT MASSES
NEUD + 1

GIMBAL AXIS LAEEL
HINGE FCINT AT wkICH GIMBAL AXIS M IS LOCATED
LABEL CF ROCY INBCARD OF HINGE PLINT k=1
LABEL CF BOCY CULTBJARD UF HINGE
TRUE IF BODY Kk 1S A RIGID -daDY-
MASS 'OF 'BODY K.
INERT[A TENSCF OF gulY K ABUUT
RELATIVE TO FRAME UF CCMPUTATIGN,
CCMFPCNERTS KELATIVE ‘TiU CGEMPUT ING' CFRAME UOF UNIT

ITS CENTER QF MASS
AMEL*x2)

DISPLACEMENT ABCLT UR ALON3G GIMBAL AXIS M (K UR L}
RATE AECUT CR ALCNG GIMEAL AXIS M (R/T OR L/T) . -
RESULTANT EXTERNAL FUKCE ACTING CN COMFCSITE SYSTENM (M.CL?711800
RESULTARNT EXTERNAL TURUUE UN

C1796000
C17C6€100

.C170€200

€17¢c6300
€1706400
€170650C
c17¢660CC

€17067¢0

1706800

* €1706900

1707000
1707100
€1707200
€17C7300
C17C7400
€1707500
€1707600
€17¢7700
C17C7800
€1707900
€1708000
€1708100
€(17¢8200
c17¢8300
1708400
(17C8500

c1708¢€00

€17¢8700
c117ce800
C17£8%00
€1705000
C17€9100
€1709200
C1709300
C17C%400
C1709500
C17C9600
€1709700
Cc179980¢0
C17%990¢C
€1710009
c1710100
€1710200
C17103200
(1710400
1710500
C171CE00
C1710700
C1710800
€1710900
c1711c0¢C
C1711100
cr7ti200
C1711300
C1711400
C1711500
C1711600
C1711700

C1711900




I3 Me = MOMENTUM WHEEL LABEL _ ) _ €1712000
C MO(Mw) = BUDY IN WHICH MCMENTUM &rFEEL Mw [S EMBEDDED " €1712160
c BEMC(I.Mw) = CCMFONERTS OF UNIT VECTOR ALUNG SPIN AXIS OF WHEEL MW c17122c0
Y S (RELATIVE TO CCMFUTING FRAME) ) €1712300
€ - .GAM(I.KL) = COMPONENTS CF VECTUR FRCM HINGE FCINT K-1 TO'CENTEF OF C1712400
c. I ’ MASS OF BUDY L WHERE KL = KTO(NGlsK-1,L) " c171250¢C
€ 'SK(K=-1) = CODED WGRDs ALL ECOIES IN NEST k-1 : - €1712600
c ‘SMC(Kk=1) = CODED WGRDs ALL MOMENTUM wHEELS IN NEST K-1 "€1712700
€| XMC(Isdal') = TRANSFCRMATIGN MATRIX, EGOY L TO COMPUTING FRANME! "€1712800
C .. XMC(14+5+0) = TRANSFCRMATICR MATRIXs 'INERTIAL TU COMPUTING -FRAVE C1 712900
€5 Y = SOLUTICN ARRAY, CONTAINS INTEGRATED PARAMETERS: - .f €C1713000
< YC = EQUATICN ARRAY, SENT TU RUNGE FUR INTEGRATION - ‘c1713100
c - NEG = NUMBER OF FIRST CROER DIFFERENTIAL EQUATIONS :DEFINEC . C1713200
C o " OQUTSIDE OF SLERGLTINE TuRQUE . . " C1713300
C. . c1713400
c*® . 1713500
< i . €1713€00
c . INPUT OF ULSER REWUIRED UATA FOR SUBRULUTINE TORGUE ' C€1713700
C: o o ‘ ' v £1713800
< - ‘THE USER MAY APPLY CAE OF THREE CPTICNS T e S Te1713900
c-. 1) PREFERABLE, CEFINE ALL USER REQUIRED DATA GN €1714060
C- IDATA* CAFDS WITHIN SUBROUTINE TURQUE €1714100
C. 2) WRITE SUBRCUTINE INTUR AND PASS ALL USER REQUIRED CATAC1714200
C THRCLGH CCMMCN IN /SATELL/ 1714200
.C 3) READ INPUT CATA ON FIRST PASS THROUGH TCKRQUE C1714400
c CT4 = 1 CN FIRST PASS THROUGh. STORE DATA €1714500
4 AN /SATELL/ S - €1714600
c. T €1714700
N . €1714800
‘c , €i714900
<., €C1715000
c . - €i715100
c ; REACTIGN TCKOGUE ACTING ACRubb UK ALUNG GINEAL AXIS MC1715200
€. ' AT HINGE PCINT K-1 DUE To': °° €171S300
.. LINEAR SFRINGS — . . €1715400
c . LINEAR VISCCUS DAMPERS o - o "'€1715500
c MCTCRS . ) C1715600
€t - LET: . e e T C1715700
C: .- % SPR(M) = SPRING CONSTANT AEBOUT UR ALJING GIMSBAL AXIS M* - 1715800
c - (ML % %2/T%%2 CR M/ Tx%2) €1715900
¢ "o PTCPC(W) = DAMPING CCNSTANT AdUUT GR ALONG CIMUAL AXIS M - €i716000
€. - Con(MELE®2/T CR M/T) (1716100
c _ICLT(M) = CONTROL TORGUE AFPLIED BY MUTIR ABUUT CR ALONG GINEAL C1716200
c. o AXIS M  M&L#%2/T%%2 (R MsL/Texz o €1716300
~C. i : . : ’ 1716400
¢ DIMENSICN TEM(J3) , o €1716500
<. - N [ SPRING TCRQUE } o C C1716600
c € . SPR(M) 2 USER INPUT . : . s c17167c0
c- A = SFR(M)®THA(M) ' e : - C1716800
C - . CALL \SCLV(AsOFCULM)+TEM) I . €1716900
T CALL \ECCUd(PHI(l’K).TEM.PH[(I.K)) o . . €1717000
C, > . c :DAMFEF TCRQUE _— S vl . ..:cam7i00
¢ C.. . CPC(M) = USER INPUT S L YT eimnrzo0
WGeITeD 114U 30 MasDEGUNIATHAD (M) Sy ra o0 27aq 12 = emov 2 2§1717300
T CALL SCLV(A4QFCC1,M),TEM) N C1717400
[ CALL VECSLI(PHI(1,K) sTEM, PHI(I-K)) . €1717500
c ... C _MOTCR TORCUE Y . C1717600
[ C cwr(m) = FUNCTIUN OF . STATE VARIAELES' LSER DEF.C1717700
C o CALL SCLVICLT(MI 2QFCC14M) s TEMY o ) €1717800
c ’ ’ caLL vECADD(PH[(I.K).TtM-PHI(l.K)) o €1717900
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LET:
CLM(Mw)

LET:

RJICI)

FJ(l)

2

LET: .
CRAV
Br(1)

REACTION TCRQUES ON SYSTEM DUE TO A CONTROL TORCUE

APFLIED TC MCMENTUM wWHEEL My

= CCNTROL TCRCUE AFPLIED TC WHEEL Mw ABUUT [ITS SPIN AX1S
USER DEF INEC FUNCTYON GF STATE VARIABLES (M*L*%2/T%%7)

C CLM(MW) = USER DEFINED FUNCTIGN UF STATE VARE.

REACTICN TCRCUES JN SYSTEM DUE TU A LUCALLY

APFLIED EXTERNAL FURCE (l1.E.

INTEGER LABEL ASSIGNED TO GAS JET

(]

A GAS JET)

bODY TO wHICH EXTERNAL FORCE OIRECTLY APPLIED
RADIUS VECTCR FR(CMVM CENTER UF MASS OF dgOO0OY L TO

GAS JET J, (CCMPCNENTS RELATIVE TO dS0DY L COCRCINATES)

COMPONENTS CF APFLIED FOURCE DUE TO GAS JET J»

(RELATVE

TO BODY L CCCRDINATES) USER LCEFINED FUNCTION GF STATE

VARIABLES (M*L/T%%2)

4
DIMENSION RJUC(I)sFJICLI)»ToM(3)sTEMLI(3)+RI(3)FI(Z)

INTEGER S1(10)sAS1

LUGICAL CTAIN

RJ(I) = LSER INFLT

CALL VECTAN(RJG e XMC(1lasl s )sRIC)H

FJ(I) = LSER DEFINED FUNCTICN OF STATE VARIABLES

CALL VECTRN(FJ+XNC(1lslsL)sFIC)
CALL VECADD(PHI(1sNEL) FIC,PHI(LsNE
DU 3 K=1.NBOC

CALL UNPAC(S1,NE1,4SK(K=1))

IF{ «NOTLCTAIN(LsS1sNS1)) GO TO 3
IF(RBLO(K)) GC TC 4

CALL VECADD(PHI(14K) FIUCsPHI(L1+K))
G0 TO 3 ’

KL = KTO(NBLsK=1sL)

CALL VECACD(GAN(1sKL)sRJIC,TEM)
CALL VECRCS (TEMJFJC,TCML)

CALL VECACD(PHI(1sK)TEML PHIC(1.K))
CONTINUE

REACTION TCRQLES 'ON "Syste
EFFECTS CN AN EARTH EASE

= ACCELERATION (F GRAVITY (L/Txx2)

M DUE
C SYSTEM

1))

s
10

GRAVITATICNAL

€1718000
€1718100
€1718200
€1718300
C1718400
(1718500
c171860C
€1718700
C1712E€00
c1718900
€1719000
C1719100
€1719200
€1719300
€1719400
(1715500
C1719600
€17167060
€1719800
C1715900
€1720000
€1720100
€1720200
C172C300
€1720400
€1720500
€1720€00
€1720700
€1720800
€1720900
c1721000
€1721100
€1721200
ct72130¢C
C17214C0
€1721500
€1721600
€1721700
€1721800
€1721900
C1722000
€1722100
c1722200
C1722300
C1722400
€1722500
C1722€00
€1722700
€1722800
€1722900
1723000
€1723100
€1723200
€1723300
C1723400
€1723500
C1723€00
€1723790

= CCMFUNENTS OF UNIT VECTOR FRGM INERTIAL GRIGIN TC CCWMP,01723800
SYSTEM CENTER OF MA3S, (RELATIVE TU INERTIAL FFRANE)

€1723900
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s

A

K

v

LET?

r

CE(I+2)

9
A

ASW
ECC
TR
GEV
ETE

_ AME

ECE
TVE
BTC

THAT ISy PARALLEL TO DIRECTIULN OF GRAVITY FURCE

INTEGER S1(10).n85)

DIMENSION TEM(2).8FC(3)8H(3)
BH(I) = LSER INFULT

CALL VECTYRN{3F +xMC(141,+0),8HC)

DO 4 K=1.NBOC -

GRAV = ULSER INPLY

A = XMAS5(K)*GRAYV

CALL SCLV(ABFCTEN)

CALL VECSLBIPHI(1.NB51)»TEMWPHI(L14NEL))
IF(RBLO(K)) GC Y0 £

CALL VECSUBI(PHI(1+K)»TEMIPHI(1,K))
G0 TO 4

CALL UNPACCSEsNSE1sSKIK=1))

DO 4 LL=1sNS1

L = S1(LL)

KL = KTO(NBl eK~1,L)

A = XMAS(L)I*GRAY

CALL SCLV(AWBFRCTEN)

CALL VECKGS (GANM{1+KL ) »TEM,TEML)

(CALL VECSUE(PHI(1+K) e TEMLPHI(1,K))
"CONTINUE

KEPLERIAN CRBIT

= COMPGNENTS CF VECTUR FROM EARTH®'S CENTER TO CCMPCSITE
SYSTEM (ENTER (UF MAS55s RELATIVE TO INERTIAL REFERENCE

FRAME, ORBIT ASSLMED TO BE IN INERTIAL 2-3 PLANE

ORBIT ECCENTRICITY o
TIME OF PERIFELICN PASSAGE, (T) I
EARTH®' S GRAVITATICNAL CUNSTANT, (L*x%3/T%x2)
MEAN MCTICN

MEAN ANCMALY

ECCENTRIC ANCMALY

TRUE ANCMALY

MAGNITUDE OF CE(1,0), (L)

ASM
GEV
ETE
Tep
AME
SM1
SMZ
SM3
ECC
ECE

USER INPLT

USEF INFLTY
1e/SQFT(ASMP*3/GEV)

USER INFLT

ETE*(T-TFF)

SIN(AME) § 3M4 = SIN(4*AME)
SIN{(2%ANE)

SIN(3*AVNE)

USEF INFUT

AME + ECCa¥SM1 + ECCx¥2x5M2/2
+ECCH¥%®3*(GH¥SMI - 3%5M1)/(24)
+ECCH®4%(E4%SM4 — 32%¥SM2) /192
CkE = COS(ECE)

SE = SIN(ECE)

BT0 = ASM¥(1 -~ ECC*CE)
CBl1.0) = ©

Hw s n

SEMI~MAJOR AX1S CF ELLIPTIC OKRBIT INERTIAL 2 CIRECYICN

€17240€0
€1724100
1724200
1724300
1724400
1724500
€1724600
1724700
C1724800
1724900
£172500¢
€1725100
€1725200
£1725300
1725400
€1725500
€1725600
1725700
€1725800
€17259CH
C1726000
c1726100
1726200
€1726309
1726400
(1726500
C1726€00
01726700
€C1726800
1726900
€1727000
€1727100
1727200
€1727300
1727400
€1727500
1727600
1727700
C1727800
€1727900
€1728000
1728100
€1728200
€17282¢90
€1728400
€1728500
1728600
1728700
€1728800
€1728900
n1729000
.1726100
c1729200
€1729300
€1729400C
€1729500
C1729600
c1725700
1725800
1729909
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LET:
CBC(I,1)

a

CE(Is1)

DO NOHOHOANDOAONONANANNNOIOD O

c R BF(I)
c . 7]

[d LCEL(1,K)
C. o

I DFG(1.:x)
C SGC(I)
C

C: 8TC
C

c -

c

[ c

c

c . 1c
C

C

C.

b .

< .

C

c.

C-

C

c’ 7
C ..

¢ -

c.

. ;

c’ c

C ¢

c ‘C

C v 4
c . .
c,__..': a1
c

C

C

c

c-

A-106-

NCTE FCR GRAVITY GRADIENT CFTICN

*

*

4 AFE RECEFINED Tu CIRCUMVENT DIFFERENCE
* OF LARGE NUMBER PROBLEMS, THAT IS
&
*
»

CB(2.,0) = BTO*{(CE~- ECC)/ (] -'ECCUCE)).
CB(3,0) = BTO*(‘CR1(I*LCC‘*2)*St/(l—ECC‘CE))
CALL VECTRN(CE(142)sXMC(Ls142)sCBC(14+0))

REACTION TCRQLES CN URG[TINb SYSTEM DUE TC
GRAVTTY’ GFADI:NT EFFECTS

= COMFCNENTS CF VECTUR FROM CCMPGSITE SYSTEM CENTER GF
MASS TC CENTER CF MASS OF BUDY 1,  RELATIVE TO
COMFUTING FRANME ) ’

AND 115 INERTIAL DEKIVATIVE

THFEY ARE MEASURED FRCWV (CMFOSITE CM TO
,CM CF BCDY 1 RATFER THAN FRCM lNERTlAL_
CRICIN YO CM OF 8CDY 1

= UNIT VECTOR FRCM EARTH!S CENTER TU SYSTEM CGMPOSITE
CENTER CF MASS, COMPONENTS RELATIVE TC INERTIAL FRAME

= COMPONENTS CF VECTUR FRCM CCMPGSITE SYSTEM CENTER CF

MASS TO CENTER OF MASS UF 8UDY K

CGMPUNENTS CF GRAVITY GRADIENT FORCE ACTING ON BOCY K

.CCMPACTED INTEGER WURD. THUSE BODIES IN THE NEST I

wWHICH SIGNTFICANTLY CUNTRIBUTE TC GRAVITY GRADIENT EFF,

= DISTANCE FRCM EAFRTH'S CENTER TO COMPOSITE SYSTEM CV

€173000¢
C1730100
€1730200
€i730300

C1730400

€1730500
1730600
€1739700
1730800
€1730900C
C1731000

€1731100 -

ci?31200
€1731300

€1731400 °

€1731500
€1731600
€1731700
ti1731800

€1731900 -

C1732000
c1732100
1732200
c173230¢
€1732400
ci1732500
€173260¢C
c17327oo
€1 732800
€1732900

DIMENSION DEL(3410)DFG (3.10)oJHC(J).UH(J)-TEM(B).TFMI(S)CI733000

INTEGER SGG(Cs9)y £1(10)

c17331¢¢

KEPLERIAN ORBIT MUST 2E USED wITH GRAVITY GRADIENT CFTIONC1733200

CaLL SCLV(ALTEN1,TENML)

€1735900

DU 1C 1=1,3 1733300 .
BHC(I) = CBC(1+C)/ETO C1733400 .
DO 7 K=1,NBOC 1733500
KL = KTO(NBI'+CoK) 1733600
CALL VECADD(CEC(1+1)+GAM{1,KL) L DEL(1,K)) €1733700
CALL V:CDCT(BHC.CEL(I-K)-A) C1733800 .
A = 3%A 3 €1733900 -
CALL SCLVIAWSHC.TEN) €1734000 "
CALL VECSUB(DEL (I'eK) 4 TEM,TEM) oo c173a100
A = ~GEV*XMAS(K)/BTO%4%3 : €1734200 >
CALL "SCLV{AVTEN JDFG(L 4K )) €1734300
CONTINUE . : . oo €1734400 :
DO 8 ~'K=1JNBCC Lo : €1734500
IF(RBLO(K)) GC TC & €1734600
CALL VECADD(PHl(loK)oDFb(loK)oPHl(l.K)) €1734700 .
GQ TU. 8 €1734800 .
SGG(1) = SK(I) IF ALL BUDIES CONTRICUTE TO GKAVITY GRAC. C1734900
EFFECTSY 'I1F “NOT -USE "COMPAC TO -CONSTRUCT - €1735000
¥ LTe€6 (i)Y FCRM USER INPUT OR DEF INE c:necrLV"c173=100‘
“CALL UNPAC(SIINE1,SGG(K=1)) fh et €1735200 ..
DO 8 LL=1.NS! R €1735300 ©
(v S greLp)an-nt rud ASLIIEUS s snaedi0U3 JaMSuAT = (A)2T 1735400
KL = KTO(NBl.K=1,L) ' ) : ; €1735500
CALL VECKCS (GANM(1+Kiz) +DFG(L oL )+ TEM) : €1735600
CALL VXDYCV(BFCoXIC(Lslal ) TEML) c1735700
A-= 3%GEV/ETC=*$3 . C1735800



CALL VECACC(TENTIEML s TEM) ’ €1373692000

CALL VECACD(PFI(1 eK) s TEMPHI(L +K)) i : €1736100
. € CUNTINUE ) _ ©1736200
) ’ 1736370
€173€400
. €173€500
€1736600
017367092
€1736800
) PARAMETERS CEFINED BY FIRST UKDER - C1736900
. . DIFFERENTIAL EJUATICNS €1737000
LET: : R ; €1737100
NTGC = TOTAL NUMBER CF FIRST ORCCR UIFFERENTIAL EQUATIONS 'TC (1737200
. BE SOLVED FOR LSE IN SUBROUTINE TORWUE C1737300
TCIN) = MAGNITLCE OF FARAMETIR NUMBER N CEFINED u[THlN SLE. €1737400
TCROUE AT TIME 7 " €1737s00
TGL(N) = TIME DERKIVATIVE CF PARAMETER TG(N)s A USER DEF!NEC, £1737600
FUNCTICN OF ThHE SYSTEM'S STATE VARIABLES . C1737700
B 4 C1737800
] DIMENSICN TQ(20),T2D(20), T T €1737900
d FGR THE FARAMETER N : T T C1738000
o 1IF(CT4eNECl) SO TU 11 L €1738100 .
[d Y(NEG*N) = TUu(N) = INITIAL v ALUE FOR TC(N) €1738200
11 TGUN) = YUNEQ#N) " 1738300
e TGD(N) = USEK DEFINED FUNCTIGN CF STATE VAREB, (1738400,
c - } . . cr73sso00
T C AFTER CEFINITICN OF LAST ODIFFERENRTIAL EGLATICN (1738600
C NTQ = TOTAL NUMBER OF FIkST UKDER DIFFERENTIAL C1738700
c _ ECLATIUNS TU B8E SGLVED FOK USE IN TCROUE 1738800
’ DO 12 N=1,NTQ .‘ €1738900
12 YCONEG#N) = TQD(N) o . 1739000
: ) €173910¢C
' €1739200
, €1739300
Mt €1739400
) €1739509
) THERMALLY INDLCED MOTICN AHCUT blMUAL AXIS M - 1739600
' AT HINGE POINT K=-1 . L —_— ' €1739700
LASSUNE: T " ¢173%9800
ALL THERMALLY .INDLCED OEFLECTIJIN 1S SMALL ANGLE " €1739900
S RELATIVE TO TrE€ SYSTCM'S NUMINAL ZERU STRESS STATE . €1740000
T THERMALLY IRDUCED DEFLECTION IS MODELLED AS A MOVEMERNT ' €1749100
s OF THE ZERC STRESE STATE €17423200
. ACROSS ALL HINGE FCINTS SUBJECT TJ THERMAL DEFORMATICN €1740300
mel SPRINGS AND CAMFERS ACT . o . o €1740400
: A RESCONABLE MCDEL CF THE THERMAL INPUT CAN EE DEF INEL £1740500.

IN TERMS GF TrE SYSTLM'b STATE VARIABLES | C1740600
THERMAL EQUILIBRIULN FG:ITILN AJOQUT ANY GIMBAL AX[S 1S CEFe. C174C700

[aN e NalalNa] nf\n nono NN AN OAANADNNONOAONDANONDANADANNANANANAANANOAANANNDND

B8Y SOLUTICN UF THE HEAT COCNDUCTICN EQUATICN . €174080¢C.

LETS o . .- 1740900

{7 L :SFR{M) = SPRING CONSTANT ACROSS GIMBAL AXIS M = C1741000
seiE0e DEGEM) = DAMPING CONSTANT ACROUSS GIMBAL AXIS M - ' -Cl?éllOO:
- TCTAU(M) = THERMAL TINVME CCASTANT FOR DEFGRMATICN ABOUT GIMEAL . 1741200
B DR AXIS M, (T) C1741300
”ﬁ\dn-!J TG(N) = THERMAL EQUILIBRIUM FOSITIUN FOk THERMAL DEKORMATICA C1781400,
ABOUT GIMBAL AXIS M. (RAD) €1741500

TGL(N) = RATE UF CHANGE CF THERMAL EQUILIBRIUM PAISITICN AEOLT c1741600
. GIMBAL AXIS M, FIRST URDER DIFF. EQ,.,s (RAD/T) . ’ €1741700 -
TINP = THERMAL INPUT LSER DEFINEC FUNCTIGN UF STATE VARIABLES, (1741800

‘ (RaD/T) o _ €1741500
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C. - . - s
c. = CIMENSICN TEM(2) . . . . . S ST C1742100
c. . C N = USER DEFINEC LABEL, DEPENDS UPGN EQUATICN -NUMBERINEG (1742290
- L C SEQUENCE DEFINED wITHIN SUBKOUTINE ,TORQUE : . -€1742300
d . IF(CT4.NE«L) GG TG 13 - €1742400
c c- v;ucofN) = TQUIN) = INITIAL VALUE FGR THERMAL DEFcnvnxxCN_cxiazsoo
C . c S - ABOUT blMBAL AXIS M, USER INPUT C1742€00
c . . 12 TA(N) = Y(NEC#N) ’ C17a27¢C0
c . - C TINP = USER DEFINEC THLRMAL prur FUk THEkMAL CEFCFMATIGNCI7AZEOC
C.- ¢ C ABCUT GINEBAL AKIS M . - €1742900
c - c TAU(M) = '‘LSER INFLT ) o 'j . . _ €1743000
c. .- TADA(N) = -TQ(N}/TAL(M) + TINP _-. . BT ~ €1783100
c. A = SPRIMI®(THA(M) ~ TQIN)) - . . . - - . - . €1743200
C CALL. SCLVA(A,QFC(14¥),TEM) - o €11783300
c - CALL VECSUB(PHI(1,K) s TEMsPHI(LoK)) . : .. © €1743400
c. . - A = DPCIN)*THAC(M). - . o . : 1743500
c o . CALL SCLV(A.QFC(I.N)-TEM) S - .. .. - . .- €1743€00
c ., . cALL V&C“UB(le(l-K).TEM.PhI(l.K){‘; Do . C€1743700
c- . -, €1743800
c. . €17439¢C0C
C- © €1744000.
c. . . ~ C1744100
c . R, . - - C1144200
c-- el €1744300
c L -, . . o A . 17644400
C. .ZERD -ALL -ELEMENTS CF SEXTERNAL TORJUE MATRIX - . - " €1744500
‘CO 1 K=1.NO1 . o o GRS A - €1744600
. .CC 1 1=1.3 e . . S i e C1744700
1 PHI(I.K) = J0.00 - . : . S . . 1744800
. GO 2 N=1.NMO : ) A ST T - . .C1744900
. 2'CLNM(N) = 0.D0 ) : . . .€1745000
c- IR ' s ‘C1745100
TRETUFN : : €1745200
CENC €17452¢0
c - : . ) - ...~ .+ . . - €180000¢C
. <usacurxne QFDCT - : : - 1802100,
c . " LSEC TC REDUCE,TFE SET CF NSUD+1+NMV VECTCK DYAC(C Euuar:cnc CF C1€00200
€’ ¢ . MCTICN TO NFERNMV SCALAR EQUATICNS . - C1E00300
¢ ’ .- C1807300
C LET . ’ T . €1£09500C
c " SCF(K) = LOWEST MAGNITULDE FREE COORDINATE INDICE AY HINGE - -C1€00600
c POINT K=1, EQUALS ZERU 'IF THREE CUNSTRAINTEC AXES 1800700
C SCL(K) = LOWEST. MAGNITUDE LUOCKED COURDINATE INDECE AT HINGE 100800
d , PUINT K=-1. ECUALS ZERG IF THREE FREE AXES -7 C1€C0500
c . , SCR(K), fﬁeoov LABELS CN FATH FRUM HINGE PUINT ZERO TO CoM. ‘C1€01000
c . OF BUDY K+ FGF K=NO1 xr 15 SET OF ALL " ‘ECDY 'LAEELS - C1801100
' xanxcxr REAL*8(A~H,0-Z4%) - c1e01200
Cv~-'-.l.' . i‘-LeLs’ ‘1'1 » l(;;) 411':!4: f.642) I'f; ’ . c1€013c0
c - o TTh X me pAes LS © Y} %TYC1E01400
: LOGICAL FGle FG24+ FG3+ FG4s F i35, INERFe RBLOs» LEQU. LINIT(1) " €1801500
> LDGICAL LRUNGE o LTRNSI o LVDIV » LEQUIV s LTRAN C1e0160¢0
* LTRANV s LRATE s -LXDY ¢+ LETA ° 5 LTORQU . C1EC1700
- “LGFDOT 4 LDCT » LANGLE +» LSETUP .+ LSIMG - €1£801800
c S h : RS o C1ECL9C0
< T S T €1£02060
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INTECER

(2,20)

* AWOFK » CT1 s CT2 s CTZ s CTG ¢« CTS s FCON + PCCN .
* SCNCUMs SCN » SCRDUN, SCH, » SFKDUM, SFK. , SFR + SG .
*S1 . S1G s SIXDUM,. SIX ,- » SKDUM , SK s SL + SLK .
* SMA _a_ SMCDUM, SNMC s SMV s SOK , SP.‘DUMQ S,pl‘ s .SQF N
% SCL o SR » SSCN-~-s SSIX- o SVA . » Svo | s SVD . SVI .
* SVM . SVP v SVA .. SXM v. SXT o+ TGRU + SMAL , SEU .
v % 5C » SCG s NFLXB + SFLX ¢« SFXM ¢« NMCDS .+ SFCC . SCC . »
* [INIT(L) - . o IZINIT(1) s S50 2: SCXCL20} :
c T e 7 i
- Yo .
t REAL Y8 - C s . i
.® ANGL (33) s CNF (2,1C) » ETIC  (3,10) + ETMC "(3:10)
% FLQ (2.20) o+ FLE (3.3420)s FLH - (3.3+20),
.. % TFACD (23) « YMCD (342911 )s RINIT (1) - o RZINITU(1)
c - ' .
c - . . ) .
COMMCN ZLDEBUG/ LRULNGE o, LTRNSI o+ LVDIV. + LEQUIV +. LTRAN
. LTRANV o LRATE » LXDY LETA -, LYOKQU .
= LCFDOT , LDCY » LANGLE + LSETUF , LSIMQ.
c h
C . .
COMMCN /LGGIC/ FGls FGZs FG3s FG4s FG3. INERFs RBLJI(LIO0)
C
C
CCMMCN 7/INTG/ AWORK(2CO) o,
% CT1 » CT2 s CT3 s CT4 .
. % C15 v FCON (22) s+ JCCN  (10) » LCON (22) .
+ MC (1o » NEL s NSCD s+ NCTC .
* NFEF + NFKC +» NFRC . + NLOR .
* NMY s ANMC ¢+ NMOA + NSVP .
* NSVG « PCON (11) » SD + SFR (33 .
* SG s S1 (55) » 'SIG » SL ‘ .
* SLK (23) » SMA (12) » SCK (11) + SQF (1) .
* SGCL 11) y SNV s SR ¢ SSCN .
* SSIXx s SVA » Sva + SVD .
* SvI s SVM » S5VP (22) s+ SVG (22) .
* SxM (3,10 ¢+ SxT [ ";’_JRQ (37) + SMAL »
* SEU s NTQ s SC (33) +» SCG .
* NFLX3 . SFLX » SFXM, (10) +» AMCDS .
N % SFCC » SCC (1c)
C
c : e !
CCNMCN /INTGZ/ .
% SCNCUM + SCN (S) + SCRDUM » SCR (9) .
* SFKLCUM s SFK (S} v SIXOUM v SIX (9) .
¥ SKDLWM .+ SK (s) y SPIDUM s SPI (9) .
s SNCCUM -, » SMC (s) '
C>, .
C. .. .
o2 QOMMEN AFEALZ o g Sealr Sut L Ead P INTS S SU T S
% CA €3510) W CAC. , €3,10)  , CLM _ (10) ] "7 CEMC T(ILY T
.,'% DCMC (Z2411) o+ ETC (3.10) o ETM 7 (33), o FOMC, (3.,11)
%, 1GAM (2,606) o F s HM (3410) o HMC ~ (3410) . »
21N )R VO Y (1C) s PHI1 (Zs11) » PLM (10) s QF (3,22 .
% QFC (3433) . » QL. (2.,22) » aQLC (3.22) "» ROMC  (Z.,11)
* T Cs . THA (33) s THAD (33) ) .
* THACwW (10) ¢ THAW (10) » XDIC (3+3,66)s XI (3,341C)
* X1C (243,10), XMAS . (1C) » XMN (33,33) » XMT (3.3,1C),
* TLG (23) v FLA s FLO (3+20) + FLC (3,200

C1€02100

. 1802200

C1€02300
€1802400
1892500
C1E02600
€1£02760
1802800
€1€02900
€1803C00

1203100 -
C1€03200
. C1€03300

C1€03400
C1803500
C1803600
€1803700
C1En3so00
C1803990
c1enacoo
c180a100
C1€804200
C1€04300
€1804400
c1804500
C1ECAE00
C1E04700
€1804800
€1£04900
C1€05000
cisnsioc
¢1895200
€C1£E05300
€C180540¢C
£1805500
C1£C5€600
C1E05700
C1805800
C1€05900
C1806000
C1806100
C1806200
C18c6300
C1ECE400
€18n06500
C18066C0
C18067C0
€1806800
C1806900
C1E07000
CLE07100

‘ci1eo7200
_CLECT7300

C1£807400
C1E0750C
C18€7600
CLEDNTT700
CLE807800

-C1EC7900

Cl1€089500
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.
r!
*
*

*
*

c .

L

NaNaNals)

CAC

(4+10) .

FLD (303,2C)s FLY (:.3,29), x10 (3.3.1C)
FLIRC (3+10) + FLCRC (341C) ,,FLAC (3,20) .+ FLOC (3.20)
'FLCM  (20) v ZETA (20D « FCF (343:40)s FCK-  (3,40)
T IMEND : ’
COMMCN /REAL 2/
CEDLM (1,3) v CE (3s1C) 4 CHTDUMLLe3) . CHC (3.1C)
T XMCCLMOLelsG) o XNMC (343413), CBN(3)
EQUIVALENCT (ETM(1),THADC(1)) s (XMNCL. 10, ANGD (1)) .
) {XMN(143)e YMCC (141 41)) s {XMN(L1,6)CNF101)) - e
(XMN(1,8)+sETIC(141)) s (XMNCL,10)3ETMC(L,1))
(FLB(1s1)eFLQ(L41)) s (FLE(lelel )eFLDC10a1,1)),
(FLHO141s1)eFLI(L101,1)) . '
(FGL,LINIT(1)) s (CALL 1) RINIT(1)) ,
(CEOUM(1 o1 ) oKZINIT(1)) s (AWCKRKCL )+ TINITCL))
(SCNDUMTZINET(L)) s (TGRC(73)4SCXC(L)) '
CINENSICN TeML(3) ,TEM(3411),XAD(3411)
CINENSICN TEM2(3) s TEM3(3)4FTEM(S3) s FLHC(30+3) .
CINEPSICN EQFC(99), EXCIC(554) ) .
FEAL*Y FCUP(342,20)+FCLPLI3,3),KCUP(3,20) kCUPL(3)
RE AL #& TMF(3+s3), TMK(Z)
INTEGER ST1(1C)sST2(10),ST3(11)
“INTEGER ST4(10)
INTEGER SFXMN !
LOGICAL CTaIN '

*

TLT1E

[aNalalel

Lo

vy

C -

CYCLE

Lo 7

(OCMC (141 ) eTEM(LH1))>»
B (EXDICL1)eXDIC(1slsl))
CATA IHR/Z4HXMN(/

EQUIVALENCE (LAQFDCTY,LEGU)

EGLIVALENCE

IF(LEQUIFRINT 22¢

ZERC ALL ELEMENTS IN XMAN MATRIX
-ANTERN = NFER + NMV ¢+ ANNODS

CO 1€ MN=1sNTERM

CO 1€ M=NyNTERM

XMA(No,N) = O
CONT INUE
IF(LEQUIFRINT 214

CONMPLTZ (NFEK)X(NFER)
MATRIX EQUATICN OF MOTICN

K=1.N31

‘CHECK FCR 3 CCNSTRAINEC AXES

IF(PCCN(K)WNEL3) GO TO 21

IF(LECULIFRINT 227

IF(LEGUIFRINTI 202 K ¢ :- . v,

IF(LEQUIFRINT 227 ’

GO TC 7

CONT INVE
CALL UNPAC(ST3.NS5T3,SCK(K))

(EUFCC(L)+QFC( (11D,

TRRUUGH ALL KCwS. OF SYSTEM INERTIA MATRIX
VMATRIX UF 5CALARS3 LEFT

HANC® SIDE OF SYSTEM

C1E08100 -
c18n825%0
c1ensice
c1e0840¢0C
C1ecgsca
C1eo08en0
CrLece700
18038800
C1ecs4%09
C1809000

"C1EC91CD

c1en092c0
C1E76300
C1899400
C1EC£5500
C1E59600
C1£806700
C1809800
C1809900
C1E10000 -
C1E10100
C1e10200"
C1£10300
C1€1040°7
CLEL1050C
cie106c?
C1E1G7CC
C1£E10800
C1€13900
C1E11CO0
C1€11100
CLE11200
CLEL1300
C1£811400
CLEL15CC
c1e1160n
C1€11700
Cl1é118C0O
c18119¢C0
1812000
C1E121CO
c1e12200
c1e12300
c1Le1240n
C1E12500
C1812600
C1€12700
c1e12800
c181290¢C
crLerieco

- €C1813100

Cc16813200
ci1e133n¢
C1E13400
C1E13500
Cl1E13600
cl1erLa7o0
C1€13800
C1E13500
C1€14000




nOan

annon.

n -

GET NCA-ZERQ ELENENTS IN RCw K UF xDIC
IF (LEQU)IFRINT 227 .

CIF(LECU)FRINT 205 Ko (ST2(1)e1=1,N5T73)

IF(LECUIPRINT 2238
IF(NST3.EQe0) GO TC 41

CO 4C II=1eNST2

1 = ST3(11)

MBEG=5QF (K)

ABEG=3UF (1)

PTERM=SCF(K) +2-PCCN(K)
ATERNM=SCF(1)+2-PCCNL1)
IF{MEEG,CTMTERM) GO TO 43

-CO 4& M=MBEG +MTERM

IF(NEEG.CT .NTERM) GO TC 4S
CO 44 N=NBEGNTERM

VIF(NLWGTWNM) GO TO 44

KI = KT1{NS1.+KsI)

L NE. = Iw(N~1)

*
*

NE. = 2s(N-})
KIE = 9»(KI-1)

CALL VUCYOV(QFC(14M) o XDIC{Ls1sKI)sGFCCLaN) s XMNI{MsN))
REFLACE MULTI-SUBSCRIPY CFERATION WITH SINGLE SUBSCRIPT
CCMFUTATION OF VECYOR CLY CYAD DOT VECTUR

CO 1C  J=1.3 )

TEML(J) = EXDICI(KIE+JIBECFC(NE+L) +
EXDIC(KIE+3+J)2CEQFCINE+2) +
EXDIC(KIE464J) *EQFCINE+3)

1C CONT INUE

CIFCLEQUIFKINT Z0€ o MoNoM KT oNyMogKol s Ao XMN(MoN)

XMA(MoeN) = ECFCIME+]1)*TENI(1) +
EGFC(ME+2)4TENMI(Z) +
EQFCIME+Z)*TENLI(2)

CONTINCE
CONT INVE
CUAT INUE
CCAT INVE
CCAT INGE
CCAT INUE
CONT INUE

INCLULDE FLEXIBILITY TERMS
IF(NFLXB.EQeC) GU TO 11

- CALL UNPAC(ST1,NST1,5FLX)

C CALL UNPAC(ST4 WNST4,5FCC)

ZERO GUT GYROSCOPIC TCRGLE ARRAY EiM(M).M:NFER*I...--NF&H#NMOES

ANF1 = NFER ¢+ 1
NFe = NFER ¢+ NMODSE

L0 17 M=NFLyNF2

IF(LECU) PRINT 252+ M

. ETMIN) = O,

)

RICHT HARD SIDE OF EQUATICN
CO 2 K=1,NBUC

CALL UNFAC(ST2«N3T24SK(K=-1})
MN=O0 '

XH

CYCLE THRU ALL NESTS., FCF K=1 PICK UP DIAGOMNAL AND ‘MOST OF# T

€1814100
c1e1a200
c1814300
C1£14400
Cierasoc
€1814600
C1e14700
€1814800
C1814900
€1815000
C1E15100
c181£200.
€1815300
C1E15400
C1€15500
C1€15600
C1815700
C1£815800
€1£15900
CLE16000
c1e1€10¢
C1E16200

" ci1ere6300

C1816400
Cl1E16500

. Cl1EL1EEQOC
‘Ci1e167Ce

C1€16800
(1816900

"C1EL17000

1817100
CiE17200

“C1e17300
C1€17400C
C1817300

c1e17600
C1E177CO

S C1E17800
. C1817900
. €1818000
. C1€18100

C1E18200
1818300
CLELB8400
ci1e1ssne
€1€18600
C1EL1870¢C
C1€18800
C1E18900
C1€19000
C1619109
C(1€19200
C1E19300
€1£19400

C1E19500C
‘C1819600

C1€819700
c1e19800
C1e19900C
18292000

A-111



CO 2 NRN=1.NSTI

N = STICASTI4#L=NN)

CRECK 1S 50DY N A FLEXIBILE 8BADLY IN NEST k-1
IF(CTAIN(NIST2,NSTZ)) €O TO o

MN = MN+SFXM(N)

GO TC 3 C L ~ . .
CCAT INUE T e

"IF(«NIT LEQU) GO TG SCCC

KM1 .= K~1
FRINT 234+ N,KMI
CONT INVE

FOR k=1 "CGET: 1)DIAGONAL ELENENTS uF XMN(M,N)
2)CENTRIPITAL ACC. OF UNDCFORMEC CM CF BODY N o
JIMARJER PLRTICA OF ETM(M)
M=NFER+¥1 400 e s NFER+NMODS

IF(K«NEL1) GO TO S

TEM2(1) = O

T1EV2(2) *# Ca

JEN2(2) = 0.

IF(LEQU) PRINT 2a1

~CENTRIPITAL ACCELERATICM UNDEFURMED POSITION DF B0CY N C¥,
A o= N

IFINI.EGsl) GO TO 12

CALL VECTRNCCAU(T oNI D)o XMC(L 41 sNI)TEMZ)

lf(LEQU) PRINT 211, NI oNJoN1

CALL TRIPVPIFOMC(14NI)TEM3,TEMZ)
IF(LEGU) PRINT 212+« NISNI NI

JNT = JCCNINT)

CALL TRIFVP(FGMC(L1+JUNI)+CBC(LyNI)4TEMS)

.CALL VECADDITENMZ2, TEM3.TENZ)

IF(LEQU) PRINT 213+ JNI+JNI NI

- NI = JNI

IFINI.NESL) GC TO 32

CALL SCLVIXMASIN) +TEM2,TEME)

IF(LEQU) PRINT 222, No(TEM2(J) 4d=1,3)
CONT INUE

CYCLE THRU ALL FLEXIGSLE ECDY MODES ASSOCIATED WwWITH BODY N IN
THE NEST K~1¢ FOR K=1 DU EXTKA CCMPUTATIGNS

SFXMA = SFXM(N)

EC 3 11=31¢SFXMN

MN = MN+1

M = NFER + MN

CONMPLTE VECTOR ELEMENTS CF F MATKIX AS NEEUDED DGN'T sroke IN
COMMEN, STGRE AS NEEDEC IN FTEM TO SAVE 3STORAGE
KN = KTC(NBl[K 1s0N) .

CALL SCLV(XMAS(N).GAM(!-KN).TEMJ)

CALL VECROS(TEM3.FLAC(14MN) (FTEM)

CALL VECADD(FTEMFLQC(1+NMN) (FTCM) -
TF (e ANGTLEQU) GU ‘TG -59CH e, -

"KMl = K-l

C
4
s00C
C.
c .
<’
C
C
C
C
2z
12
: €
c.
C
C
C
C
C
C
C
€001

A-112

bR]NY‘ZiEO KMlDh'"N.NOKMIINQMADMNQ(FTEM(J)'J=l'3.

CCATINUE
IF(K «NE«1)GG TO 1S

CALL TENTHN(FLﬁ(loloMN)aXNC(lvl'N)gFLHC)

C1E22100
Cle20200
C1€E20300
CLE20400
c1820500
crez06090
C1E20700
Cl1E2080¢C
Cl1e2090¢C

'C1€E21000

ci1s8211c0
c1e21200
c182130¢
c1ez21400
CLE2150¢C

" ClE21€C0

C1g21700

. C1B821800
. C1g21900

(N

c1e22000 -
€1822100
C1€22200
C1e22300C
c1822400
C1€22500
C1€2260C
cis22700
C1€e22800
ClLE22500
01823000
c1823100
c1e23200
€1e23300
c1a23acc
CLE23500
C1€23600
Cl1E23700
ci1g238Co
C1E23900
C1£24000
C1£24100
cLE24200
Cl1€24300
C1E24400
Cl1824500
C1e24€6C0
CLE24700
c1e24800
C1€24900
ClE28000
C1e2s510€C
c182520¢
C1£25300
€1€254CC

CLEZ2S55C0 - -

ClE25€6C0
€C1825700
(1825800
C1E25900
C1E26000



(alaNa)

[a¥aNs}

Hnoo

o

IFLeNGTLLEUWU) GO TC 5C¢C2
FRINTY 22z¢&

FRINY 2s¢, (FLFC (L1 ) I=1,3)

CFRINT 262, MNoNIMANGNG(FLKRC( (241 )0I=143)

-
["s N

[s AN ]

FRINT 2¢c¢,
CCAT INUE
CCNT INLE

(FLEC(241)s1=1+3)

-CCNMPLTE ELEMENTS CF XMN ARKRAY

*

IF(LECYU) PRINT 22¢&

IF(PCCN(K) +EC43) GC Tu 4€

N = 3QF(K)

N2 = 5QF(K) + 2 = FCCN(K)

CO 6 L=N1.N2

CALL VECCOT(QFC(L +L) oFTES s XA ML) )
IF(LEGU) PRINT 23€¢ MsL oL oKNLoNoMNoXMN(M,L)
CCAT InuUE

CONT INUE

THAT 'S [T FUR XMN IF KehEel

IF(KeNZ el) GO TU E ,
XMNEN o) = XMAS(N) .

IF(LEQU ) PRINT 237+ MsNMeNe XMN( My ™) .
CET TERMSE ASSUCIATED wITH THE TRANSLATIUN CGUATICON
CALL ECLVIXMAS(N) +FLAC (1 +MN) +TZM3)
IF(PCUNINBLl) «EQ.3) GU TC 8

Nl = SQF(NJL)

NE = SAF(NBl1) + 2 - PCCN(NBL)

CO 13 L=N14N2

CALL VZCCOTIQFC{14L) s TENI S XMN(-MsL))

IF(LEAU) PRINT 21GSe MoL sLoNoMNsXMN(M4L)

CONT INUE '

CONT INUE

CK CONSINRTRATE CN EMY ARRAY NUw

PLT IN FTEM.QFC(DCT) TEFMS

CALL VECCOT(FTYEM CLMC(1sK)A)

ETN(N) = ETM(M) - A '

IF(LEQU) PRINT 23Es MyM kML oRye N, Ko ETM(M)
THAT 'S [T IF KeNE1

IF(KeNEW1) GU TG 3

FUT IN SFRING=DASHPCY EFFECTS MUObL ww
ETM(NV) =

+ FLUMIMN)*%2«THA(M))
IF(LEQU) PRINT 23Gs MeNMeNgMNoMNg Mo MAN o MyETM(M)
CALL VCTYOCV(FUMCCOLoN) +FLECIFCHMU(LaN) o)
CALL vedlCUT(TEM2.FLACCL oMN) ot3)

ETM(NM) = ETM(M) + A - B

IF(LEQU) PR%Nf 24%¢ MaMy Ny NN o NgMN,ETM(M)
CONT INUE

o CHECK. TC .SEE IF CCULPLING SICNIFICANT P
IFINST44EQ.0) G TC 11
KF = ¢
L |

EG 3% x=1,NH0C
CHECK TC SEC IF 90CY K FLEXISLE

ETHM(M) = XMAS(N)®(Ze¥ZETA(NMN)®FLUMIMN)*THAL (M)

ClE2€1CO

1826200 °

€1826300
€1826490
C1E26500
C1E26€00
c1e2e67c0
c1826800
C1€26600
C1€27006
c1e27100
c1827200
C1827300
Cl1e27400
€1827500
C1€27600
1627700

- C1€27800

cLe27900
(1€28000
c182g10¢
c18282¢0
c1&e2830¢C
C1€28400C
cl1e2&s00C
Cl1€28€00
C1E28700C
1828800
€1828900
1829000
1829100

.c1€29200

€182930¢
€1829400
c1829500
€1829620
C1E2870C
21E29800
C1E29900
C1E30000
cia3olee
C1€302090
C1€30300
C1830400
€1e3050¢C
C1E3C600
C1E3070¢C
C1€30800
C1€309C0
C1831000
C1E31100
C1E21200
C1€31200
C1831400
Cl1E3150C.
C1E31€00
CLE3L70C
C1E318C0
Cl1€31909
C1€32000
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IF(SFXM(K)W+EUeO): GC TO -3€ ;. .
c CYCLE THRRUUGH ALL GENERALIZED COURDINAT& EQUAT[CNS FUR BODY K
.MMM = MA .
. SFaMM = SFXM(K)
T O 33 A= 14S5FXMN L .
" NN = NN+l ’
CALL UNPAC(ST1 sNSTI14SCXC(MFN)) .
IF(NST1.,EQ.0) GO TO 33
" JF(LECU) PRINT 25€, NeKoMN o (STLI(1)sI=1,N3T]1) ,
NI = RFER+MN
- CC 37 I=1.3 LI ) -
KCUP (I +MAN) = 2,0 : . .y
SCO 37 J=1,3
- 37 FCUP(L+usMN) = 0.0
IF(LECU) PRINT 245
v IF(LEQU) PRINT 242, MNMA
“ .+ €O 34 I=1,NSTI1
SNT= STL(NSTLI+1-~1) : I
MJ = MMN + M + NFER
KF = KF+1 ’
CALL SCLCOTHA(MJI ) sFCF{1s1+KF) o TMF)
4 v CALL DYACD(FCUP( 141 sMN) s TMFsFCUP (11 4MN))
IF(«NDT ,LEQU) GO TC S5CZ4
"ERINT 24%8

FRINT 24€, (FCUP (1 oL oMN) sL=1,3)
e FRINT £47s MNoMNoNJKF 4 (FCUF(2sL +MN D)oL =1,3)
FRINT 24¢, (FCUP(3.LosMN)sL=1,3)

€004 CALL SCLVITHADI(MJ ) »FCK(1 +KF) s TMK ). .
CALL VECADD(KCUP( 1 MN) 4 THK, kCUP(l.MN))
JdF (oNCTLLEQU) GO TC 5CCS

- FRINT 24¢
. FRINTY 20E¢ MNoMNsNJsKF o ( KCUF(L sMN) oL =1,2)
507TS. CONTINUVE
- .34 CONTINUE
C. - TRANSFUKRN FCUP ANC KCUP TC CCMPUTING FRAM;

D CALL TENTRN(FCUP (141 ¢MN) o XMC(1 41 4K)FCUPL)
CALL VECTRNCKCUP(1+MN) ¢XNC(1sl,sK)yKCUPL)
CIF(«MOTLLEQU) GO 1C 52C3
FRINT 24f

. FRINT 2£4, (FCUPL1(1+L)s=14+3) : . .
FRINT 257¢ KsMN K (FCUPL1 (2oL )sL=1,3) 1
FRINT 254, (FCUPL (3sL)sL=1,3)

. FRINT 248 .
. PRINT ZES, KeMNS(KCUPL(L)sL=1,3)
SC02. CONTINUE
c
CALL VUCYOVIFOMC(14K)sFCUPLIFLMCULK)4A)
CALL VECCUT(FCMC(14K) KCLP1 .3}
TETM(NI) = ETMIMI) + A - Z.0%3
IF.{ «NOTLEGU) GO TC S9C7?
R FRINT 24%
. FQIN1 245 sM] JMI oK o KsKETN(M])
7 CONTINUE
2 CONTINUE .
& 'CONTINUE : : ;
1 cenTinue P ti-igee
THAT*3 [T FOR MCCAL COUFLING

naan

COMPLTATICN FGR VARIABLE SFEED MCMENTUM wHEELS
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.C1€32100

C1€32200
€1€32300
C1€324C0
€1£32500
€1832600
C1€32700
€1832800
C1€32900
C1€3300C
c1e3310¢
€1€33200
C1E333C0
C1€33400
C1€33500
C1E3360C
c1£337¢CC
C1€33800
C1€33900

. Cl1e3400¢C

C1€E341C0
C1E3420C
C1€34300C

. Cl1€3440C

C183450C
c18346C0
€183470C

. C1E3480C

C1E34900

‘"C1E350CO

C1€35190
C1€35200
C1€35300
1635400
C1£35500
C1E35€00

.C1E35700.

C1€35800
€i835900
C1£36000

. C1€36100

C1£36200
C1£36300
C1€3€400
£1836500
C1836600
1836700
€1836800
C1€369C6
€1€37000
1837100
C1837200

‘cresraoc

C1€37400
C1€37500
clesreoc
C1€37700
C1£37800
C1837900
C1E38C00



NANN

EXPAND CIMENSIUN OF MATRIX CEQUATICNS AND COMPUTE SCALAR EUEMENTS C183E100

"ASSCCIATED wlTH PRESENCE CF MOMENTUM wHEELS . - . ClE3B200

' CALL UNPAC(3T1sNST1,5MVv) . C1E38300

) IF(NST1,.,EQ.D) GO TC 52¢7 C1€38400
) "IF(LEQUIFRINT 201 ,(ST1(I)s1=1sNSTL) C1£8385¢C0
CO 2 MMMNMZ1,NST1 : C1€386C9
MMZNSTL1~(MMMM=1) . ’ . C1€38700

MM = ST1(MMM) . .- C1E38800
M = NFcRANST1+¢1-MMVENMCCS : : : DN . C1€38900
XMR( M oM) = PLM(MM) . CoeL.  C1E39000
IF(LEQU)PRINT 203, MeMyNNeXNN(AsM) o i+ C1E36100

" CALL UNPAC(ST2 NST2,5CK(MC(MN))) © i C1€3S200
ETM{NM) = 0.DC - " C1€E39300

) IF(LECUIFRINT 2C4, MyETM(M) s . 1839400
IF(NST2.EQ.Q) GO TC 59se ’ . © . C1&39500

CO 1 iI=1.NST2 “ : - 1839600

I = STZ(LID) I "1 C1E39700

CALL VECCOT(HMC( 1 ,MM)DCNC(1el)sA) o R - C1€3980C
ETN(M) = ETM(M) = ASPLM(NN) o : C1£39900
IF(LEGUIFRINT 207¢ MiM oMb MM : C1840000
KTERM=SCF(I1)+2~PCCN(I) R : "'C1840100
KBEG=SAF (]) e - CLE40200
IF(KEEG«GT.KTERM) GO TC 48 ' o : C1€40300

‘CO 47 K=KBEG.KTERW ) . €1'840400

N = K e e . ' £1€40500

caLL VFCCUTlHNClI-NM):OFC(I:K)-A) . : co o C1£40600
XMA(M,N) = ASPLM(MN) o . C1840700
IF(LECU)IPRINT 209, N.h.uh.hh.n.XMh(N.N) . : - .Cl€EacE00

47 CCNTINUE : . ’ : C1E4090C0
"4€ CGNTINUE . C1€41000
1 CONTINUE" . ci18a11ce
S0S& CONTINUE ' B Sk - : v 1841200
ETM(M) = ETM(M) + CLM(MM) ' C1€41300
IF(LEQUIPRINT 2104+ MM MM ETN(M) . ) - C1£41400

& CONTINUE : o o : A'C1€41500
SOE7 CONTINUE ) T ' : ' : Jc1ga1600
' CoT ‘ : - ClE41700

: C1E41800

. . €1841900

FILL IN LPPER TRIANGULAR PCRTION P C1€42000

NFMV = NFER+NMIDS+AMV o T - ’ -c1842100

CC 9 M=1NFMV e © 7 C1E42200

"CO 9 N=N(NFMV ’ e C1€42300

S XMR(NM N) = XMN(N,N) ’ v S C1ea2400

" IF(.NCT.LEQU) GU TC 3706 C1€42500
FRINT 227 ) Cl1€42600

" 11 = NFNV/4 S ’ . o : ‘C1E427CO

12 = NFMV - 4x]1 o ' €1842800

13' = 11 4 1 . ) o © cies290c

£0 2¢C 1=1.13 ' : : C1€43000
L*ga_— 3 o e ‘ . . .. ..cureasioo

. IF{I.NELI3) GO T 22 © c1€q3200
IFJIE.EC.O) GO To 2¢ " ¢1£43300

Lo las 12 -1 §J;"ﬁc 1843400
LL2ENS = as(1-1) 1 T e 5500
CO 23 N=1.NFMV : _ ~ C1EG3€E0D

) ISFI14 = IS5 + 14 ‘ ' © C1£43700
. PRINT 2CCe (IHsMoNoXMN{NoN) o M=15,15P14) C1£43800
23 CONTINUE i . ) . C1£843900

FRINT 22E€ ' ' o C1844C00
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2C CONT INUE Cl8aa1l10C

FRINT 227 ) c1844200C

c . C1€44300
ld COMPLTE (NB1)X1 COLUMN MATRIX JF VECTURS RESULTING FROM DIFFENT JATC1£44400
C VECTORS MOVING RELATIVE TC FRAME GF CCMPUTATION @ C1844500
c CONE BY ECUIVALENCE (DCMC+TEM) C1884600
FRINT S0€s (KeKelTEM(TK)sI=143)+K=1,NO1) C1844700

PRINT 227 ' . C1£44800

C - 1644900
C MULLTIPLY (NBL)X(NBL) INERTIA MATRIX XOIC wiTH (NELIXI MATRIX TEM C1645000
C ‘NOTE ThAT XCIC STOREC IN TRIANGULAR FOXKM PUT RESULT IN TEM 1845106
SCCE CANTINUE ] C168452C0O
200C CONTINUE €1845300
CC 24 K=1.NB1 1845400

CG 25 1=1,3 C1845500

26 XQC(1.K) = O ’ c1£a456nC
IF(LEGUIFKINT 215, K ’ ) C18457¢0
IF(K NS .NB1) GO TC 30 ’ C1845800C

CALL UNPAC(ST1WNSTL,SR) C1E45G600

nST2 = € ) cleaen00

¢C TC 31 C1€46190

3C CALL UNPAC(ST1,NST1,SI(K)) f1E6620C
CALL UNPAC(STZ2,NST2,SK(K=-1)) ‘ C1E463C0
STZ(NSTZ) = NB1 C1e4640C

21 CONTINUE C1E465CO

c . C1e46600
C . START MATRIAX MULTIPLICATICN ROW K Td RIGHT CF DIAGONAL A C1EBET70D
IF(LEGUIFRINT 217 4Ke (ST2(I) o I=1,NSTZ) Cl1€46800
IF(NSTZ.EQ+0) GO TC 5CE§ C1£46600

. CO 2€ 11=1,NST2 ' C1847000

C- ELEMENT K=1 CELETE IT wAS TAKEN CARE UF ABOVE cLearioo
.1 = €T2011) creava2coe

C CHECK FCF MULTIPLICATICN EY ZERY : C1E47300
I RECALL FKOM RATE ThAT CCMC(NS1) =TEMI(NBL) = O " C1847400
: IF(1.5Q.NBLl) GC TC 26 C1£47500
IF(«NOT«RBLULIL)) GC TO 2€ C1E47€600

KI = KT1(Nbl K1) C1€47700
IF(LEGUIFRINT 2204 KoKk Esl oKoKolylI ' £1£47800

C. - -~ NCTE TRAT I,K TENSOR IS THE TRANSPCSE UF THE keI TENSOK C1£47900
¢ THI5 FOWEVER DCES NCT INSURE THAT L+K IS SYMMETKIC, IN FACT C1€48000
C IMN GENERAL IT WILL NCT BE SO HENCE OYTDV 1S LSED Cl1e48100
I . CALL DYTCV (XCIC(lelsKIDeTEM(141),TEML) cLEas200
f CCALL VECADDIXQD(1 +K) 4TEN 1+ XCD( 14+K)) 1848300
2€ COANTINUE c1p48400
505% CCATINUE C188E500
IF(LEQUIFRINT 228 C1848600
IF(NST1 aEQ+0)GG TC 5n6C C1e48700
IF(LEQUIPRINT 2164 Ko{STI(L) sl =1,N5T1) ’ C1£48800

CO 2& II=1,NSTL : Cl1ea8900

1 = STULIL) e b e m tease o C1E4900C

. CIF («NCT «RBLO(I)) GC TO 2% 1849100
C . B8COY I RIGIC B8QDY C1€49200
Sl KD = KTL(NBLeK,.1) . C1€493C0
>>>>> [F(LEQU)FR[NT‘(IG.‘K'K pK;‘onK'Ko[oI.y\( = {r, 7w o na 3 xns gg,-gq'ClEquco
CALL DYECTV(XCIC(14s1,KI) TEM(L1sI)sTEML) C1£49500

“CALL VECADD(XQD(1 +K) s TEM1+XGD(14K)) C1£49€00

25 CGNTINVE C1849700
506C CONTINUE 1849800
IF(LEGU)IPRINT 228 . C1849900

c FINISREC MATRIX MULTIPLICATICN ROW K UVER TO DIAGCNAL C1850000
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C1€50100

ACT LP GYRUSCCPIC., XGD ARC EXTERNAL TURUJUE GN NEST k-1 Cl1€5020¢C
IF(LEQU)IFRINT 229+ Ko (ETCIIK) »1=1,43) C1€50300
IF(LEQUIPRINT 230 Ko(XQL(14K) W11 43) C1€50400
IF(LEGUIPRINT 2314 Ky (PHI{IK)  I=143) C1€50500

CC 27 I=1.3 €1850€00

27 EVCLI4K) = ETC(IWK) - XCOC(I.K) & PHI(IK) C1ES0700
IF(LEQUIFRINT 2324 KsKsK Ko (ETC(IsK)»I=143) C1ESN8CC

24 CONTINUE . C1£50900
IF (oNCT, LEUU) GU TO 3C0C C1€51000
FRINT 227 C C1€51100

. CC 18 Kk=1,NBI1 : 01851200
1S FRINT 226, Ko (ETCCLIsK) +sI=142) C1E51300
FRINT 227 C1€51400
302C CCNTINUE ' C1E51500
C1E51600

CCMFLTE (NFRE)IX1 CCOLUMN MATRIX UF TURQUE CCMPUONENTS ALONG - C1851700

FREE CLCURDINATE AXES C1€51800

CO 2€, k=1,Nul C1E51500

. MBEG=SuF (K) T C1€52000
NTERM=MEEG+2~PCON(K) " C1£52100
IF(MEZS.GT.MTEKM) GO TG £061 CL1E852200

EQ 2& M=NIEG+NMTERM C1&52300
CALL VECLOT(UFRCEL oM) dETC (1 oK) EETM(M)) C1€52400
IF(LEQUIFRINT 2244+ M.N,sK C1£52500
5061 CONTINUE C1852€00
2€& CCNTINLE ' . C1£52700
IF(eNUTs LEQU) RETURN C1€E52800
FRINT ce7 c1852900
MTERNSNFER+NMNV4 NNCDS €18536090

CO 1€ M=1,MTERM C1€5310C

1€ FRINY 223, METM(N) C1€5320¢C

) C1€53300

RECUCTICN GF VECTCR CYACIC EGUATIUNS Tu 3CALAR EQUATIONS CONPLETE C1€534C0

. +01£53500

SUM CVER Nz1,NFEFR tNMV $NMGDS cleS360C

c1€53700

XMN (N NIRTFACDUIN) = ETM(M) . C1€53800

01853900

200 FGRMAT (4(2X,A4412,% 4% 412+%) =',D15e8)) €1854000
201 FORMAY (,/.% LABELS OF VAKIAGLE SPEED MOMENTUM wHEELS *,1CI¢./) (185410€C
202 FOFRMAT (* BODY *,12.* TIED TO SYSTEM AT RIGID HINGE *) C1€54200
203 FORMAT( /4% XMN(*ol24%e*eI24%) = PLM(*4I2¢%) = *,D17.8) - 1854300
204 FORMAT (E0Xxs* ETN('4124°) = '4,017.8) C1€54400
205 FOKMAT (' NUN-ZERC COLLMMS IN ROW *,12,' CF XxDIC UVER TO CIAGCNAL C1£56500
. *ELEMENT ARE 4,111€) C185460C
20€ FCRMAT (¢ XMN(*9124"%¢%slZ2e%) = UFC(*s124°)e(XDICI*+I24%)eQFC(*,12,C1E54700
¥0)) T UFCE ' I20') a(XDIC( s 120" s¢ 412" )eCGFC( 4124°%) = *,D174+8) C1E54800
207 FORMAT (€0Xy' ETN('3I2+°) = £TM(*,12,') — PLM(*4124¢) * HMCl*412,C1E54900
1) o« COMC(',124%) ') 01€55000

2DE FORMAT (' TEM(*,12s*) = CONMC(*4124°) *+3D17 .8) C. Cl1E55100

205 FORMAT (* XMN(*oI2+s'+%s124%) = PLM(*3I2,%) % HMC('el2,°) o GFCI'.CIBSSZOO

#1243 ) = $,D17.3) C1855300

21C FORMAT (€0Xs' ETM(P4I124%) = ETM('312,%) + CLM(*¢124%) = *4C17.€) C1E55400
TN FORMAT (30Xe* CACT('+124%) = XMCU*LI2309%CABC T2, ) 1) ClLESESOC
212 FCRMAT (30X, ' TEMZ2 = FOMC('4124%) X (FCMC(?',12,') X CACC('elZ4%)'C1ESSECC
*) C1E55700

212 FORMAT (320X, ' TENZ = TENZ % FIMC(',124%) X (FCMC(*412,%) X CEC(*C1E55800
$12.7) 1) C1E55900

214 FORMAT (' XNMN = CoD ‘4//7) C1856000
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215 FORMAT (' XDG(*,12.%) = 0 v} 1856100
21€ FOSMAT (* RUw ',12.° OF XCIC LEFT UF CIAGONAL USE ELEMENTS IN CCLLC1BSE209

KMNE 1,1015) €1856309

217 FORMAT (' KUw ',12,' CF »DIC RIGHT CF DIAGUNAL USE ELEMENTS IN COLC1856400
*LMAS 0, 1C15) €1856500

21E FORMAY (' XUD(*eI12+%) = XGCU(*412,') + XCIC('+124*) o TEM(',12+*) (C1€56600
*OS0,0 XCO(*4I120') + XCICC'oI240,%4124%) o TEM(*4124°) ') C185€6700

216 FORMAT (¢ XMNC*o 0240, 04124%) = UFC('s12,') & (XMAS(* 124 ')#FLAC( C18568CC
L ¥s1Z.0) =0,D12.5) _ ) C1656500

[ 22C FORMAT (" x@D("21249) = XxCDU*e12,%} + XOIC{* o124 )%%T o TEM(®,124°C1857CC0
L E) = DA I2,') + XDICC'eI2e%s 502+ ') o TEM(*0I2s%) ) Z1EST13D
‘222 FCAMAT (Z20X.', TEM2 = XMAS(®+[2,')%TE42 ="+ 17X+3D12.5) €1857200
223 FORMAT (' ETM('4124') = *,3C1743) ' C1€57300
224 FORMAT (¢ ETNM('4124%) = CFC(' 412,40 ) eETCL 402,%) *) €1857400
,22€ FCRMAT ('l SUERULTINE CFCOUT ENTERED *s52(/)) C18575C0
227 FORMAT (2(/)) i ’ : c1857€0C
L 22€ FORMAT (* 1) : ' C1E577C0
1226 FCRMAT (* ETC(*,124%) = *,3D17.3) C1E57800
. 230 FORMAT (* XQD('.12.%) = 1,3017.3) . C1857900"
©221 FOFMAT (' PAHI(*.12,%) = *,3D17.8) 1858000
222 FOKRMAT (' ETC('sIZe*) = ETC(*s1247) = XaD('+125') + PHIC*»12,*) =C1ESp100
T R, 3D1T.y .//) A . fresszo0
232 FORMAT (* ETVM(*'412+%) = *,C17.3) C1£58300

234 FCRMAT (,//74+4%%,% BUDY *»12,' 1S A FLEXIHLE BULCY IN NEST *,1Z,/) C185840C
23S FORMAT (/4s* FTEMU®oL2,%:°012, 1,7, 12,%) = XMAS( ', 124" J*GAM( "4 12+, C1ESESOC

s N T240) X FLAC(' ,1Z4+°%) # FLUC(',12,%) =*,3D12.5) c1e5860¢
23€ FOFMAT (¢ XMN(*512+°',%412,%) = QFCC 2 12,°) dFTEM( 024" 4% 4124%, ", 1C1858700
: 2Z37) =1, EX.D1245) : 1858800
237 FORMAT (* XMN(*3IZ24%4%,12+%) = XMAS(',124%) =*429XsD12,5) C1E58900
23€ FORMAT (/430Xe® ETM(*,12,%) = ZTM(*sIZe?) =~ FTEM(* 40204 %0 124747 4C1855900
*I24% )eDCNMC(T 412, %) =1,36X4D1243) : . C1E59100

339 FORMAT (2CGXe ' ETN('3124%) = ETM(*412,%) = XMAS(*+ 12, ') %(2,%2ETA(*CIESY200
¥, 120" )2FLOMC * o124 *)=THAC({* 12, *) ¢ FLIOM(' 412, )*%2%THA( ', 124*) =',C1ES9300

.. $ClZ.5) B ' €1859400
T 280 FURMAT (Z20Xe' ETM('4I12,%)°= STM(F.124') + FOMC('4124*)oFLFC( 4 12+C1E859500C
S)VUFCMC(Ps 29 ) ~ TEMZoFLAC( aI24%) ='419XC12e51 C165%96C0
241 FORMAT (Z0X,' TENZ2 = C ') . C1E59700
"242 FOFRMAT (20X.' FCLP(',12,%) = D KCUP(*»124*) = 0*) C1£659800
245 FORMAT (¢ ') C1859900
24€ FORMAT (E0X,3D12.8) - . (1862C0C
347 FORMAT (10Ks* FCUP(*2124%) = FCUP(',124,%) + THA(® 12, )%FCF(¢,12,°CLESD10C
T ) =Y ,ED1Ze5) g €1860200
2468 FORMET (10X * KUCUF(',12,%) = KCUP(',12,¢) + THAD('+12¢* )¥FCK( ', 12,C1E60300
*x4) =v,3012.5) C1£60400
245G FORMAT (3CXs® ETM('4I2,%) = CTM('s12,%) + FCML( '+ 124" ) FCUP1FCNCECL1EBDSOO
e 02,0) - 2.0%FOMC(',12,*).KCUPL =',D1e5) C1E60600
25C FURMAT (71X,23D12.5) CLEBO07CO
7251 FORMAT (//.45X."MCDAL CRCSS CUOUPLING SIGNIF ICANT FCR BODY *,12) C1E608C0 -
252 FCAMAT (/430Xe! ETM(t,124.%) = 0 ) C1E6090C
2¢3 FORMAT (30Xse? FLHCE'3I24%) = XMC( '+ L2, )%FLH( ', 124 *)&XMC(*,12,"C1E61C00
TR &) RRT =0 ,3D12.5) c1861100
7254 FORMAT (48X, 3D12.5) €1861200 -
2SS FORMAT (10XKe? KCUPL = XMC(* 412+ )#KCUP(?s124+%) =%,301245) C1£61300
'zsé-FénMnT (/+% EQUATICN OF NMCTICN FCR MIDE ',12.' CF 3UDY *,12,° (MOCCL1E61400
nOYeLBIRUMecR 15121 ) MHAS cress L@dIPLING Y FROM MECES Y ToTa) ¢¢ped1soo
27 FORMAT (10Xe' FCUPL = XMC(*oI2,*)%FCUP( s 12+ )*XMC(*, 12, )%xT =%, ClE61600
T %3012 ,.5) ’ (1861700
I N : Cl1€618C0
. g : ‘ : C1E61900

TRETURN : C1e62000
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[aNaNaNaNaNaNaNaNaNaNal

"ENC

" C1€621C0

. . €1670000
SUERCUTINE LCT -C1$99100
LUSEC TC UEF INE DIFFERENTIAL EQUATICNS wHiCH MUST HE INTEGRATED c1900200

TO DEFINE DIRECTION CGSINE MATRICES . €1590300

. J €169040¢0

€D = ALL CONTIGUOLS FAIRS UF SOCIES .(KsJCON(K)) HAVING €1$905¢C

' SIGNIFICANT RELATIVE MITICN, DELETIUN OF K.FRCM SC €1$20e00
IMPL IES TRANSFCRMATICN MATRIX UF dGDY K TG JCON(K) "£1500700

T IS CONSTANT IN TIME, OR DEFINED BY SMALL ANGLE Ascump110c1sooeoc
p OR sEULEFR ANGLE TECHNIWUCS 'cncﬂcgoc
¥ 21501000

c1s21100

. €1501200
IMPLICIT REAL®E(A=F+0-2,%) ) . €1$01300
'LOGICAL FGls FG2e FG3e FG4,y Fobe INERFs KdLOs LEQUS LINIT(1) '€16016400
LCGICAL LRUNGE » LTRNSI + LVDIV » LEQUIV , LTRAN €1501500

* LTRANV o+ LRATE 4 LXDY » LETA . , LTOKOU » €1601€00
* . LCFDOT , LDCT s LANGLE » LSETUP . LSIMQ €1591700
t1501800

. .€15C1900
INTEGER €1$02C00

% AWCKRK , CT1 y CT2 s CT2 4, CTa . CTS + FCON o+ PCON o .C16052100
* SCNCUM, SCN s+ SCKDUM, SCF » SFKDUM, SFK s SFR + SG + €1902200
% SI » SIG s SIXDUM, SIX s SKDUM , SK »  SL s SLK . C16£2300
* SMA s SMCDUN, SNC v SMV y SOK + SPIDUM, SPIL + SQF + C€15C2400
% SGL » SR » SSCN , SEIX 4+ SVA . SvB » SVD e SVI  , (€1$02500
* SYM , svP » SVQ + SXM 4 3XT » TCRG + SMAL o SEU + C1502600
* SC +.S5CG .+ NFLXB +» SFLX » SFXM + NMODS + SFCC » SCC .., €16C2700
* IINIT(1) » IZINITC(L) s+ SO “"ti1so02800
€1622900

€1$030C0

- FEAL*3 . 1563100
® ANGC  (23) » CNF (2410) , ETIC (3+10) o+ ETMC 2,190 . €1603209
$ FLQ (2+20)., » FLE (243420) FLH (3¢3420) . ) ,cxsoaaoo
* THACD (33) s YNCD (242+11)s RINIT (1) o SRZINIT (D) €1503400
- €1593500

; €1503600
‘COVMMCN /LDEBUG/ LRULNGE + LTRNSI o LVDIV s LEQUIV + LTRAN tiso3rco

* LTRANV o LRATE » LXDY s LETA + LTORQU €1603809

. - LQFDOT » LDCT s LANGLE » LSETUP , LSIMQ C16C 3900
T €15040C0

. cisna100

COMMCN /LOGIC/ .FGle FG2e FG3s FGbs FG3s INERF, RILJU(10) €1504200
. ’ ' Ceangni. .. €1SD4300

. €15$04400
‘COMMCN /INTG/ AwWORK(20C) s, i €1$045900

$ CT1 . » CT2 . e €T3 e CT4 . . s €16046C0
R XN ok £ 2 SFCONY 6323 wpngd CCN 4l c);- qay LCON. . (22). s €150470C0
* MC (10) ¢« NEL » N30OD » NCTYC s+ C€1504800
% NFER + NFKC s NFRC » NLOR + €C1S0490C
* NNV » AMO +» NMCA s+ NSVP + (1505000
- % NSVG » FCON (11) + SD » SFR (33) s €1$95100
* SC v SI (£g) s SIG » SL . e C€1605200
* SLK (23) + SMA (19) s 30K (11) ’ (11) s €1505300

SUF
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SCL (11)
SSix

Svli

S XM (2+10)
SEU ’
NFL X3

SFCC

R I I K B DY 3 I

_.CCMMCN ZINTGZ/
SCNCLM

- 'SFKCUM

SKDUM

SNCCUM

* 8 8 *

CQ&MCB Z/REAL /
ca (3.10)
CCMC  (2,11)
GAM (Z+.00)
HMC W (10)

QFC (3,33)

T .

TFACW (10)

XIC . (2+3,10)
TUG (33)

FLD {(3+3,20)
FLIRC (Z,10)
FLCM (20)
TIMEND

R RN R RN RN

COMMCN /KEALZ/
* CEDWM. (1+3)
* XNCCUM(1le199)

MV
SVA
sSvw
SXT
NTQ
SFL X
sCC

SCN
SFK
5K

svC

cac
ETC

PHI
cL

TrAw
XMAS
FLA
FLJ
FLCRC
ZETA

CE
xMC

»
L ]
’
L d
»
*
(10)’
(s1 ~ °
(s) : .
(S) .
s)
(2,10)
(2o11)
*
(2,11)
(2.,22)
(10) .
(ic) »
(2,27 -,
(3+3420),
(2.1C)
(20) .
(2,1C)
(2¢3410),

EQUIVALENCE (ETM(1),THACLC(1))

R

INTEGCER SET(1IC)

EQUIVALENCE (LDCT..LEQU)

B - e

[aNcNalla]

T IF(eNCTe LEWL) GO TO 100C

OCBCOUPRINT 1CC

«C= €
Ji= 1t
J2= ¢z
w3= 2

10CC CCMTINUE
N = C

A-120

CBCOUM(1,+3)

CuN(3)

(XMN(1e3)eYMCC(1lslsl))
(XMN{ 1+B)sETIC(151))
(FLB(1,s1)sFLQC(L1W1))
(FLH(1s1e1)sFLJICLe101))
(FGLLLINIT(L)) :
(CBDUM(1,1),FZINIT(1))
(SCNDULMWIZINIT(1))

o(XMN(lvl)oANGDﬁl
s {XMN{1+6) +CNF( 1,
e UXMN(1 01 0)sETMCH

SR
svae -

SVP (22)
TGRQ  (97)

sC (33)
SFXM  (10)
SCRUUM

S1XDUM

SPIDUM

cLM (10)

ETM (33)

HM (3,10) -
PLM (10)

uLC {(3.22)
THA (33)
XCIC (3+34+606)
XMN (334 33)
FLB (3.20)
"CAD (3,19)
FLAC (4,20)
FCF (303440}

SSCN
S5vO
SvQ
SMAL
SCG
NMGDS

SCR
SIx
SP1

COMC
FCMC
FMC
GF
RCMC
THAD
x1
XMT
FLC
x10
FLQC
FCK

[9-18

(9)

{9)

(9)

(3s11)

(3,11)
(3.1¢)
(3,23)
(3+11)
(33)
(34341C)
(3.341C)
(3+20)
(3,3,1C)

(2.2C) "
© (3+40)

(3.10)

)) .

1)) o

1+1)) .

e (FLE(Lol sl )eFLDC(1s1,1)),
e e

W (CACL ol )W RINIT(L)) .
s (AWORKI(I L} IINITC(1)) .

€15€5400
€150550¢C
€1595600
€1505700

'€1¢05800

€15£5900
1596000
€1596100

€1$06200

C1sce300
€1506400
€1506500
1506600
1506700
1506800
cr'ssegen
€1507000
€1507ic0
c1s072¢0
€i507300
€15€7400

‘€1607500

€160760¢C
€isn7700

'C1607800

€isc75co
€1698C00
€15£8100
C1S€CE200
€1608300
cisngaQn
(1508500
C15c8600
€15¢8700
€1's08800
€15C89CO
€1$9900¢C
€16179100

T €1609200
- €1606300

€1909400
£1589500
€1505600
€15097¢C0
€1599800
€1sc99¢Cn
€1510900
ci1ginicee
€1510200
€1610300
€1910400
€1510500
C1610600
€151070C
c151080¢
€1510900
c1s1100¢C
€1511100
ctisi1120¢
€1S113¢¢C



VIF(LEGU Y PRINT 104+INERF

o,

aNaWalal

T
. e e = O

oo
Mo WO N

L S BN BN » 1

107

CONT INVE
IF(LEAL) PRINT 10%
IF(NSET.EG.0) GO TO 5062
CO 3 KK=14NSET
N o= A+l
K =: SET(KK)
re 6 1=1,2 ) o ;
CALL VECFUS (CCMCU14K)aXNCU1a1 oK) aYMCO(10LsN))
CIF(LECU) PRINY 107, ['NoKol-Ko(YMCD(JolvN)!J=l'3)
CCNT INUE B
JIF(LEUU) PRINT 10€
"COMT INUE
CCATINUE
CFORMAT (1 SUBRELTINE CCT CNTEKED *)
CFORMAT (* SD =1,Z8+' SET ELEMENTS ¢,1215)
"FORMAT (¢ 'INERF = *.L10) '
CFORMAT (' .+) : L .
TFORMAT (' YMCO(*el2,%3%412,5%) = XMCU'sI2493",12,%) X FCMCH
*,3C174d) ‘ - C o
FORM2T (°* YMCC(? o124 4%4s12,') = CCMC(.OIZD.’.X XMC(0,12,°
*.= 4,3017.8) :
© RETURN
ENC

n

Nan'non

v

REREOT

CALL UNPAC(SETNSET,SD)
L IF(NSET.EQ.0) GO TC 5%€2 ,
P IF(LEGU) PRINT 1032y SOW(SETCL)oI=14NaET)
JF CINERF GURGSETINSET) o NE Wl ) GO TU 2
TRANS S©CDY 1 TU dOCY | CCMPUTING FRAME NUT NEEDED
NSET = NSET - 1
ACCCUNT FOR INERTIAL TC EGOY 1 TRANSFCRMATICA
ANGLLAF VELUCITY "INERTIAL TQ uODY 1
= ~ ANGULAR VELOCITY ECDY 1 TO INERTIAL
. = - FUMC(1,1)s 1214242 : :
p o= Nel ’ S
CO & 1=1,2 _ ) .
“CET MINLE SIGN IN EY REVERSEING VECTUR CRUSS PRIDUCT
CGALL VECROS (me(l-l.0).FOM((1.l).VMCO(l-l.h))
IF(LECU) PRINT 19€¢ LoNoloJCs{VYMCD(JsIsN)»J=1:3)

¢ K

SUERCLTINE ANGLE
LSED TC SET UP CIFFERENTIAL EWUATICNS wniCH D:FXNE
ANGUL Ak DISPLACEVENT AEQULY FREE CUORDINATES '

i FECALL

BE CCMPLTED

Cranvagn

<.

IMPLICIT REAL®=HB(A-t,0-2,+%) ] .
LOCGICAL 'FGls FG2s FG3, FG4s» FGSe INERFs RBLO, LEQU,

LCGICAL ] LREUNGE » LTRNST » LVOLIV o LEQUIV
W LTRANV » LKATE » LXDY « LETA .

% LGFDOT + LDCT  » LANGLE o+ LSETUP

J#R(I) = FREE CCORDINATE AXES AQOUT "whiICH ANGLF T0

RY

(1511400
C1$11500
€1511€00
C1511700
C19118C0
€1511900
€1912000
cistzioo0
C1<12200
€1$12300
c1s124a00
c1s12500
C1S12600
C1s12700
€1512800
c15129¢0
€161 30006
€1s13100
€15132¢00
C1$13300
C1S13ac0
€1613500

1513600 o

€C1<€13700
c1513800
C1s13900
1514000
€15$14100
C1514200
€1514300
C1514400
€15145¢0
C1$14690
=i C1514700 -
42:¢1614800

*e1Z249)C1514900

LINIT(L)
LTRAN -
LTORQU
LsSImMC

fnrf

€1615000
€1615100
€16152¢0

€2C00000
€2¢C0100
c2c00200
C20003C0
€2CN0400
c2¢C0S00
€2C00600
€2000700
€¢2000800
€2¢N0900
¢a2co1c00
c2c011¢0
. €2€01200

€2001300

c2c0140C

€2C01500

A-121



ENE T EY RS

INTEGER
AWORK , CT1
SCNCUM, SCN
S1 .o S16G
SMA » SMCDUM
sGL s SR
SVM + SVP
sC » SC6

CTINIT(1)
KEAL G ,
* ANGC  (33)

* FLQ (3,29)

® THACD (23)

CCMMON /LDEBUG/ LRUNGE

*®
*

. COMMON /LOGIC/ FGls F32,

cT2 » CT3
SCRDUM, SCFR
SIXOUM, SIX
svC s SNV
SSCN . SSIX
SVQ ¢+ SXWN
AFLXB » SFLX
IZINIT(1)
CNF (2,10)
FLE  (3243.29)
YMCD (Ze2,11)

LTRNSI
LTRANV , LRATE
LCFDOT , LDCT

COMMON /7 INTG/ AWORK(20C)

cT1
ci1s
MC
NFEK
Nwy
NSVC
sc
SLK
scL
Selx
svl
S XM
"SEU
“NFLX3
SFCC

(10)

23y
(11)

(2,10)

R L R O JEE JIE L NY JRFUNR N WU NN Y

. .CCMMCN /INTGZ/

SCNCLM
CEFKCULM
SKDLM
‘SNMCCLM

R IR NP RS 5

v
.CCNM(h /REAL/

s CA (3,10) .
'?‘DCMC (Z,11) »
#7GaAM (Z,60)
RNCN (10) .
QFC (3 30) »

i )
THACW (10) ’
(Z,3.10)

& %% 8o

xIC

A-122

c12
FCON  (22)
NEL

NFKC

NMO

FCON  (11)
€1 (£5)
sva (10)
Svv ’
sva

SVM

EXT

NTQ

SFL X

scc (1m)
SCN - (S)
SFK (%)

K ()
sMC (<)
CaC (2,10
ETC  (2,11)
. - M -
Fr1 (3e11)
G (2,22)
TRAW  (10)
XMAS  (10)

.

»

*

cT3

JCCN  (10)
NBLD

NFRC

NMOA

50

516G

30K (11)
SR

sva

sSvp (22)
TORW (37)
5C (33)
SFXM  (10)
SCRUUM
SIXDUM
SPICUM

CLM (10)
ETM (33)
H%j,{:&éﬁ*?%
PLM T (10)
QLcC (3.22)
THA (33)
TXDIC  (343.00)
XMN (33433)

.CT4 s CTS ’
SFKOUM, SFK .
SKDUM 4 3K 0
SOK v SPIDUM,
SVA » SVE ’
SXT » TCRG ’
SFXM » NMODS
SD ’
ETIC (3,10) ’
FLH (303420)
RINIT (1), ’
LVDIV » LEQUIV
LXOY ¢ LETA
LANGLE » LSETUP

FCCN .

PCON
SFR . SG
SL s SLK
SPI + SQF
SvD » SV1
SMAL ° , SEU
SFCC  » SCC
ETMC  (3,10)

RZINIT (1)

s LTRAN
o LTORQU
s+ LSIMQ

FG3, FG4s Fubs INLAF, RELO(10)

CTq
LCON  (22)
NCTC
NLOR
NS VP )
SFR (33)°
SL -
SQF (11)
SSCN
SvVD
svQ (32)
SMAL
SCG .
NMCDS
SCK (S)
SIx (s)
sP1 (9)

: L
CCMC  (3,11)
FCMC  (3,11)

-EMQ\nJSQ#RQ’wu

¢F (3.,22)
REMC (2.11)
THAD (32)

x1 (3+3,1C)o
XMT (3,3,1C)

€2C21600
£2001700
€2¢n1800
€2€01900
€20C2000
€2¢02100.
€2022290
€2092300
€2€024a00
c2c9%2500
C2002600
02¢N2700
c2c02800
£2£02900
€2€03200
€2C03100
ca2co3z00
€2¢03300
€2€03400C
€2C03500
C2C026CC
¢2¢03700
c2r03eno
2003930
.€2¢04000
t2c0410C
c2co0a2c0 -
€2C04300
€2C044G0
€2C04500
€C2¢"4600
€2¢04700
€c2¢04800
c2c04900
€2c0sn00
€2¢CS5100
€2005200
€2¢05300
€CZCNS400
2008509
c2005600
€2¢C57¢C0
c2co0s800C
c2C05900
C2C06C00

.C2¢n6100

2006200
€2¢06300
C2C0E400
€2¢06500
c2c0660C
c2coe700
€2¢06800
c2¢2690C

;c%§q7ood

‘d2cerico
cz2c07200
c2cor3ce
€2c07400
€2¢07560.



* TLUG (23) o FLA (2,2C) y FLo (3.,20) » FLC (3.,20C) 0 €C2CC7000
* FLD (2¢3.2C)s FLY (2+43,20), CAC (3,10) o XIU (3+4341C), c2¢07700
"% FLIRC (Z2.10) » FLCRC (24,10) v FLAC (3.+20) v FLGC (3.,20) . cCZco7800
.
*

FLChM  (20) .+ ZETA (20) s FCF - (343440), FCK (3,40) & (€2CC7900
T IMEND . €2¢08000

c " . cz2cos100
c’ . €2cc8200
CCMMIN /REAL 2/ . ' €2¢08300
+ CEDLM (1,3) . CE (2,10) , CoCDUM(1s3) y CacC (3,1C) .+ c2co8saco
* XNCCLM(1sle9) » XMC (2s34+12) s CBN(S) ) caco8snc
' €2€08600
[T €2c98700
© 7 EQUIVALENCE (ETM(1),THADE(1}) s (XMN(1s1)eANGD(1)) . =~ C2cn8aco
c e (XMN(143) ¢ YMCC(141,1)) yOXMNELsG) e CNFCO Lo 1)) €2c08900
* (XMN(1+8)ETIC(141)) s (XMN(L+10) ETMC(141)) €2¢09000
i TUFLB(141)sFLQ(L41)) ¢ (FLE(1o1%1 ) sFLDCLslwl))s €2¢09100
) (FLHC L1t ) o FLU(Lahak) )~ 2005200
. * (FS1,LINIT(L)) sICACLS L) WRINIT(1)) . €2¢CS30C
* (CBDUM(1+1) RZINIT(1)) s CARURKCLY W TINITCL)Y c2€0940¢
. (SCNDLM, IZINIT(1)) ' €2C09500
c . €2C09€00
ECUIVALENCE (LANGLESLECGU) €2¢N9700
INTECER S1(33),52(23) . c2cn9sc0c
C - 1 €2C999C0
c’ €2C10000
¢ . €2010100
¢ €2010200
C ‘ €2010300
"' _IF(LEQU) PRINT 190¢C ‘ ' €2C12400
c- : _ €2C10500
c FRCCEED SEQUENTIALLY NCw CEFINING UNLY THOSE EQUATIONS CALLED FCR €2C10600
C TAKING SPECIAL NCTE OF 2-AXxIS GIMBALS BETWEEN RIGIC BODIES €2C10700
CIF(LEQU ) PRINT 101y NFRCW(SFR(I)sI=1,4NFRC) €2€10800
K = 1 €2010900
Vo= _ ’ ’ " “Meacrro000
€C 5 N=1.NSI . .. €2€11100
IF(N,EG.1) GU TO S _ ‘ c2011200
M = M+3=FCUN(N=-1) ’ c2c11300
S CONTIAUE . s ' c2011400
c MT = RIGFEST MAGNITUDE INDICE AT HINGE POINT n-1 C2C11800
MT = Me2-PCUN(N) : . © taoris00
7 IF(SFR(K)4GT.MT.OF K oGTANFKC) GO TO 5 2011700
" IFINJEG.NBL) GC TC 4 €2C11800
IF (RELC(N) sAND «PCCR(N)+ECeC) GO T3 6 . cacrig00
e IF(RELU(N) JAND BPCONINI EGLL) GU TO L . © ' tacr2000
4 CCNTINUE . ) ’ .¢a2c12100
IF(SFRIK).EQeN) GC TO S . c2c12200
ANCD(K) = THAD (SFR(K)) " c2012300
IF(LEUU) KRK=SFRIK) €2C12400
IF(LEQU) PRINT 102+ KsKKANGD{K) - 2012500
LK = K+ o ... _Ct2c120600
°o6C TC 7 ) ' T c2c12700
c - caci2aco
C.. . SPECIAL CASE CHECK FCR SKEWED TWU AXI3 GIvBAL S 1£2C12900

DBONI DN ' I YEN ] M I01el ) MU, . (el 2 wa o

1 CALL 'VECCUTCQFCIT M) sQFC (1 N¢#1),C) _ , - tzc13000
IF(C.EQ.C.D0) GU TC 4 ’ ) _— €2¢131C0
CALL VECCOT(QFC(1 +N) KEMC(1+N)4AL) czc132c0
CALL VECCOTCQFC(L oM#1) 4RCMC (1, N) 4 AS) c2c¢133C0
ANGD(K) = (Al = C#A3)/(1.0C0 - C*%2) - ca2c13acC
ANGC(K+1) = (A3 = C%®A1)/(1,C0 ~ Cxx2) ’ €C2C13500

A-123



N

103 ¢

m

1cc
1c1
1c2
1c2
104
ice
10€
107
1o0e
185
11c

A-124

IF L eN
L

K1 =

FRINT
FRINT
FRINT
FRINT
FRINT
CONT 1
K = K
co TC

CCAT]

SPECIAL CASE THREE AXIS CINEAL -

CALL
CAaLL
CALL
CcALL
ANCD(

_ANED(

ANGD (
IF(N
;ML=

N =

K1l =

K2 =

FRINT
FRINT
FRINT
FRINT
FRINT
FRINT
FRINT
(o] R
K = K
CCATI

FORM2
FORMA
FURMA
FURMA
FOKMA
FURMA
FUFRMA
FORMA
FORMA
FORMA
FORMER
RE TUFR
ENC

UT.LEQU)
M+ 1
K+1
102,
1C2S,
1CEy
1C7,
1CS,
ANUE
+2

5

MaNsAL

MoeMLC

Nue

VECCIT(GFC(1
VECLOT(uFC(1
valDaT(aFC(1
VECLOT(UWFC (1

K) = (Al - C*A3)/(1 - (=x2)
Ket) = A2
K+Z) = (A3 - C*A1)/(1 - Cxx2)
CT. LEGL) GO TC 100C '
M+l
ez
<+1
K2

1C2s MINJAL

1C4y M1oN,A2

1CSe M2+NyA3 N

10€Es MoM2,C

1C7s KsANGD(K)

1Ces K1 4ANGC(Fh+1)

1CSy K2,ANGD(K+Z)
NUE
+ 3 ‘
NUE

T ('l SUBROLTINE ANGLE ENTERED ')
T (110, ' ELEMENTS 1IN ARRAY 5FRs THEY ARE ',33}3)

T (¢ ANGD(',0I24%) = THAD(',124*) = *,C17e5)
T (' Al = QFCC*+124%) o RUMC(*s124s%) = *,D17.8)
T (' A2 = QFC('eI2,%) o RUMC(®4I2,') = ',D17.8)
T (' A3 = QFC(*»124') o ROMC(*,12,%) = ',017.8)
T C = OFCE '+ I2,%) & QFC(*412,1) = ',D17.8)
T (' ANGD('+I2+') = (AL=C®A3)/({1~-Co%x2) = ',017.8)
T (' ANGD('4I2.*') = AZ = 1,017.8)
T (' ANGD(*+124+') = (A3-CkAL)/(1=Ce%2) = 1,Cl7e8)
T (I10s*' ELENENTS IN AFRAY SMA, THEY ARE *,1014)
N - .

- . S U
vl i -

GO TC

10C1

MLeN,AZ

K +ANGD (K)
KlsANGC (K1)

NGTE LOGIC ASSUMES THAT
SFR(K) sSFRIK+1) +SFR(K*+2)
ARE THiL THREE GIMoAL AXES

M) JRENCI14N) ,,AL)

M+l ) FCMC{LlsN) A2)

s N#2) JFCMC (L1 a)WAT)

M) sQFC (L sM+2) .C)

SUERCUTINL SETUP(YYDWNEC,SURT)

1F

SCRT =

REY 1Y

SGFT CUT [NTEGRATED QUANTITIES

€2C13600
cz2ci13700
2012800
€201 3900
€2C140C9
€201410¢C
£2014200
2714306
c2C14400C
€2014500
€2C14600
c2C14700
c2c148C0
CzC1490C
€2¢1500C
‘€2¢15100
c2c152900
c2¢153¢0
€2015400
c2C15500
£2C156C0
€2C157600
c2ci1s80¢C
2215900
€2C16000
€2C1610C
€C2c16200
€2¢163092
C2C16400
C2€165CH
C2016600
€C2C167090
£2c16800
2016900
c2¢17000
c2¢17100
2017200
2717300
c2c17400
ca2ci7sce
c2Cc176C0
€2C17760
c201780C9
€2C17900
c20187¢C0
c2c18190
c2018200
cz2¢18300
czcLeaco
€2Cc18500
£2c18600
" ~TcZciarea

21270000
21001290
(210C200




[alalalal

NN

[alg]

IMFLICI

LOGICAL
LOGICAL
*
*

INTEGER
AnOFK
SCNCUM
S1
SNA
SGL
SwM
sC
TINIT(

LR K B B N BN N J

REAL*Y
* ANGLC
* FLQ
* THACD

COMMCON
*

»

COMMCN

COMMCN
cT11
c15
MC
NFEFR
NVY
NEvVCe
SG
SLK
SCGL
SEIx
Svl
SxM
SEU
NFLXxd
SFC(C

LR B B BE B BE BE BN NEBF N R SN BN 3

= oFALCSE.

CCMMON /INTGZ/

* SCNCDLM
* SFKCUM
* SKDLwm

INTEGRATED

1T KEAL®E(A-H,0~2,%)
FGl s FG24 FG3y FGas F35, INERF, RBLOs LEQU, LINIT(1)
LRULNGE o LTRNST o LVDIV o LEQUIV , LTRAN .
LTRANV , LRATE » LXOY » LETA « LTCRQU
LGQFDOT , LODCTY o« LANGLE » LSETUP , LSIMQ
e CT1 -+ CT2 + CTZ e« CT4 ¢+ CTS + FCCN ¢« PCCN
» SCN » SCRDUNM, SCF » SFKLUM, SFK v SFR + SG,
» SIG s SIXDUM, SIX + SKDUM » SK v SL s SLK
¢« SMCDUM, SNMC » SMV v SUK » SPIDUM, S5PI + SQF
s SR s SSCN s SEIX » SVA » 3VE +» SVC » SVI
s SVP s Sva s SXM s SXT » TORG . » SMAL + SEU
s 5CG s NFLXB » SFLX s SFXM s NMODS + SFCC » SCC
1 » TZINIT(1) s SD
(23) s CNF (Zs1C) s ETIC (3.10) « ETMC (3.10)
(3+20) » FLE (2+3+20)s FLH (3¢3.20),
(Z3) s YNCD (Ze2,11 ) RINIT (1) o RZINIT(1)
/LDEBUG/ LRUNGE o+ LTRASIT » LVDLV » LEQUIV 4 LTKAN ’
LTRANV » LRATE , LXOY v LETA « LTORQU
LGFDOT » LOCT » LANGLE » LSETUP , LSIMQ
/LCGIC/ FGle FG2s FG3s FG4y FGSe INERF, RBLUCIO)
ZINTG/ AWORK(184) 4ST1eNsMyMM N3T1+Js 1
« CT2 s CT3 s CT4
s+ FCCN (22) » JCCN (10) » LCCN (cz)
(10) » NE1 » N300 +» NCTC
¢« NFKC » NFRC » NLOR
s NMMO » NMUA ¢+ NSVP
» FCON (1 » SC ¢ SFK (33)
» S (€S » 316G + SL
(Z3) s SNMA (10) s SUK (11) » SGF (11)
(11) s SMY s+ SR . » SSCN
s SVA » SVg ¢+ SVD
s SVM v SVP (22) » SVG (33)
(2.10) s SXT o TURG (97) +» SMAL .
+» NTQ » SC (33) » SCG
s SFLX » SFXM (10) +» NMODS
» SCC (10) N
s SCN (G) » SCROUM + SCR (9)
s SFK (s) s SIXDUM e SIX (9)
s EK (%) » SPIDUM - » SPI (9)

>
-

SET1 UF ONE DIMENSIUNAL ARRAY QOF EQUATICANS TOC210C300
EE

2100400
2170500
c212060C
czi1cc7o0
2120800
€213C90¢C
tz101ccC0
€C21011090
czi01200
c210130C
c21014cC0
€21015%90
€21916900
cz210170¢C
€Cz101800
2121600
c2102900
C219210%
Cz122200
€z21%2300
£2122400
€2102500
2122600
2102700
c2102800
€2127290¢C
€Z 123000
2103100
2103200
c2103300
€C2193400
2103500

.€2193600
€210370¢

2103800
€21103900
€C2104000
2104100
2174200
€Cz21%4300
C2124400
2104500
€C2104060C0C
C2104700
€2104800
C2104900C
€21¢5000
€C212€100
c210s520¢0
Cz120530¢C
2105400
2195500
€21056C0
2105700
c21175800
€21059¢C9
€2176000
21761C0O
Cz126200

A-125



7

* SMCCUM « SMC (s) 3 C2106300
. €2106400

c2196500

CCMMON /FREAL/ © C210€600
. ca (3,10) o CAC (2.10) , CLM (1) v CCMC (3411) 4+~ €2196700
* DCMC  (3,11) o ETC (3,11) , ETM (33) v FUNMC (3+11) & (€2196800
¥ GAM  (3.606) 4, F + HM (3,10) » HMC (3,1C) + C€2106900
* FNCM  (10) . PRI (2,11) o+ PLM (10) + QF (2.23) o+ Cc2107000
* QFC (2,33) , CL (2e22) » QLC (3:,22) » RGMC - (3+11). ¢ €2177100
T , ThA (33) s+ THAD (22) » CZ2177200
* THACW (10) + THAW (10) o RDIC  (3,3+66)s XI (3+.3,1C)e C€2107309
* XIC (243410), xMAS (10) » XMN (33.33) o+ XMT (3+3,1C)s  £2107400
* TLG (33) + FLA (2.,2¢) o Fo2 (3,20) 4+ FLC (3.,2C) + €2107509
* FLD (203020), FLY (243,20) s CAG (3,13) .+ x1i0 (3,2,1C), €2107600
* FLIRC (3410) o FLCRC (3+1C) o+ FLAC (3420) s FLQC (3429). o+ C€21€7700
*-FLCHK (Z20) vy ZETA  (2D) y FCF (303+40)s FCK . (3+80) +.C2107800
* TIMEND ) . €2197900
i : - - €2108000
: C21C8100
"CCMMCN /REAL 2/ : .. f21¢c€200
* CEDLM (1,3) s CE (3,1C) 5 COCDUM(E43) ° , CeC - (3+410) . €2108300
* XNCCLM(LslsS) » XxMC (23+3,10), CBACI) - . €2198400
Ce : . cz108500
' 2128609

EULIVALERNCE (ETM(1),»THADC(1)) s (XMN(141)iANGD(1)) , €2158700

* (XMN(1+3)sYMCCU Lol ol)) s (XMNCL+6) s CNF( 1o d)) . c2108800
e (XMN(L+8)sETIC(L4L)) P IXMN(1410) ETMCC(L,1)) €2118900
.. (FLB(1+1)+FLC(141)) , W (FLECLs1 s 1) oFLDC(1 101D ), €2129600
L% (FLHCLs3 ol ) FLULLI,101)) . ‘ - €210610¢C
* (FGLl ,LINIT(1)) s (CALLWL)WRINITCL))Y . - c210s200
x (CEBDUM{ 141 ) eRKZINIT(L)) ¢ CAWURK(L) W TINIT(1)) - o €21063C0O
* (SCNDULNMWIZINIT (1)) . €2199400
: C : . 12109500
L INTEGER STL(10) .- . €2129620
LOCICAL SURT €2106700
"CINENSICA YINEQ) 4 YCONEC) ’ .. c2108800C
VECUIVALENCE (LSETULF,LECU) ' . . £2109900
€2110000

2110100

IF(LEGU) PRINT 10C c2110200
- . €2110300
ANGULAR CK LINEAR KATE RELATIVE TU FREC COURCINATE AXES £2110400
CC L. N=1,NFER €2119500
IF(SCRT) GJ TO 10 . . . : . o (211060¢C
CYD(N) = THALD(N) : - €2110700
L IF(LEGU) PRINT 102+ NoRNgYC (M) . - c2119800
GO TC 1 o €2110900
THAC(N) = YIN) ’ . €2111¢99
IE(LEQU) PRINT 202.NsN,THAC (N) c2111100
CONT INUE . €Z111200
.. NEC = NFEK f i x . s s -0 1€2111300
. €2111400

Lo cz111500
CIGENEFALIZLuL SLASTIC COCRCINATE RATL EWUATIURS ired & t1i..,2CE111600
CIF(NNODS EQe 0) GO TO 5063 D - s s+ ... ...€2111700
CO 7 AN=1,NMCDS c2111e00
N = NECHNN o C2111900
IF(SCRI) Gu TO 9 . ) c21123¢0
YC(N) = THADCI(N) €2112100

IF(LEQU) PRINT 102+ NsNoYO(N) cz112200
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cC. 7€ 7 R €211230¢C

[ala el

S THAD(N) = Y(N) c2112400
IF(LEQU) PRINT 202s NsNs TRAC(N) : €2112%00

7 CCANTINUE €2112600
€0€3 CONTINUE : PN , . €21127¢0
MEC = NEG + NMODS ) . . P €2112800

. ) €2112900

. . - €2112000
RELAVIVE ANGULAR NUMENTULM WHEEL . ] .- c2112100

CALL UNFAC(ST14NST1,SMV) . - €z113209
IF(NST1.EG.0) GO TC S0¢€a. ; Lo L ¢ €2113300

CO 2 MMM=1,NST1 - . . e . €2113400
MVENETI-(MMM=-1) PR : . 2113500

¥ = STL(MM) . . o €2113600

N = MEQENSTI41~MM . . e . - €2113700

" IF(SCRT) GO TC 11 S o . . c211380¢
YO(N) = THACD(N) i 2113900
IF(LECU) PRINT 104+ NsNeYC(N) 2114000

€0 TC 2 2114100

11 TRACW(M) = Y(N) . : ' R - €2114200

L - FMCMA(N) = PLM(M)®xTRADW(M) . fou . c2114300
"IF (LEQU) PRINT 205+ MoN, THACW(M) ) . . ., . €2114400
“IF(LEGU) PRINT 204, Mob oM HNCM(M) €2114500

Z CCANTINUE cZ1146C0
€064 CONVINGE . . .. c21147¢0
NEC = NEG + NST1 ) 2114800

. o . . . ;. : t2114900

C” :CISPLACEMENT ABOUT UR ALCNG FREE CUCRDINATE AXES . . c2115¢¢c0
IF (NFRC+EQeQ) GO TC 5065 . . ' S 2115100

4 O 3 MNM=1,NFRC - . . : © €2115200

N = NEQ ¢ MM . . . - . . €2115300
“IF(SCRT) GU TO 12 c © €21154C0
YO(N) = ANGD (MM) €2115500
IF(LEQU) PRINT 1CEs NyMMYD(N) o . €2115600

-G¢0 TC 3 : . .31 C2115700

12 ¥ = SFR(MM) . . s C2115800-
THA(NM) = Y(N) . . .. C211590¢C
IF(LEQU) PRINT 20€s MoNoTHA(M) €z116000

2 "CCMTINUE ’ c2116100
SE0€S CONTINUE g ’ . 2116200
) "'NEC = NEL + NFRC . €21163C0
C - : . . £ ' : C2116400
c : : . 2116500
c “CENEFALIZED ELASTIC COORCINATE DISPLACEMENT EQUATIUNS C2116600
IF(ANNGDS.EQ.C) GO TO SCe&z c2116700

CO 1S NA=1,sNMODS P C2116800

N = AEQHNN ] C2116900

NST1 = NFER+ANN -€2117000
CIF(SCRT) GO TO 2¢ . .- . " €2117100

~ YC(N) = THAD(NSTL) €2117200

"4 IF(LEQU) PRINT 103¢ NoNSTLsYO(N) : L= . . 02117300

" 60 TC 1§ ’ €21174C0

2C 'CONTINUE Cz117%00C
cme g g THACRSTI) = Y(R) ST s T et e €2117600
- IF (LEQU) PRINT 20€, NSTI NsTHA(NSTL) Fata o7 - < Stte211770C
16 CONTINUE . c2117800
€962 CONTINUVE : c2117900
’ NEC = NEG # NMODS " . c2118000
C : ' o £€2118100
C ’ e cz118200
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CISPLACEMENT AEOUT WhEEL SPIN AXIS
IF(NNCA.EQ.Q0) GO TC SC66

LD 4 MM=1.NMOA

M o= SMA(MM)

N = NEQ + MM

IF(SCRT) GO TO 13

YDIN) = THADW(M)

IF(LECU) PRINT 108+ Nsb,YC(N)
cC TC 4

CONT INUE

THAW(N) = YIN)

IF(LEQU) PRINT 208, MohsTHAW(M)
CONTINUE

CCATINUE

REQ = NEG + NMOA

. CIRECTICN COSINES

CALL UNPAC(STL1NST1.S0)

N = NEQ

M= C

IF(NET1.EQeO) GO TO SC67

IF CINERF ¢ORs STI(NSTLI) NEWl) GU TO 35
NSTEL = NST1 ~ 1

IF(SCRT) GU TO 14

T

£O 8 J=1,2

to 8 =1,3

N o= Nl

IF(SCKT) GU TO 1S

YOUN) = YMCO(l4us¥)

IF(LEGU) PRINT 111y NoelsowosM,YO(N)
€0 TC 3

XMC(Isdsb) = Y(N)

IF(LEQU) PRINT 211s T oJebsNeXMCLEsJsM)
CONTINUE ’
IF(NST1.EQGeD) GT TC S0€7

€O 6 MM=1,NST1

IF(SCRT) GO YO 16

TS

-0 TC 17

b= ET1(MM)

o &6 J=1,2

CO 6 1=1,3

o= Al

IF(SCRT) GO TO 18

YO(N) = YMCD (I ds¥)

IF(LEQU) PRINT L1ls NolswsM,¥YD(N)
o TC 6

XMC(IsJe¥) = Y(N)

IF(LEQU) PRINT 211¢ TedeMeNoXMC{IsJsM)

“CONTINLE e e

CCATINUE & ’ : ’ -
“NEC = N T .
JIF(LEGU) PRINT 112+ NEG : e
"EORMAT (*1 SUBROUTINE SETUP ENTERED ') i oA
FORMET (' YD('412,') = THACD(?,I24+") = ',D20.3)
FORMSBT (* YD('512.') = THAC(',[2,') = *,D20.8) °
FORMAT (' THAD(',I24%) = Y{(*4[2,¢) = ?,D20.8)

FORMAT (' VYD(*,12+,%) = THADD(*,12,?) = *,D20.8)

. FORMAT (' HMOM{*,1I24%) = FLM(*,12+") * THACW('»12,')

Ve

*v€C20.8)

€2118300
c2118400
€2118800
€2118600
c21187¢0
€z2118800
2118500
€2119000
2119100
2119200
€z119300
2119400
C211950¢C
€2115600
€z119700C
€2119800
c211990C
€2120000
€2120100
c2120200
c212¢300
€2129400
€2120500
€212060¢C
€c212070¢C
€2120800
€2120900 -
£2121000
c2121100
c2121200
€2121300
€2121400
2121500
2121600
c2121700
2121800
€2121900
¢2122000
€2122100
€2122200
cz2i122300C
2122400
€2122500
2122600
c2122700
2122800
2122900
2123000
€2123100
2123200
€2123390
2123400
C2123500
€2123600
¢2123700
2123800
c21239¢0
€2124000
2124100
€2124200




2¢e<
10€
20¢€
1C€
2Co
[ 1
211
112

n

*
*
*

e NaRaXa)

* & # »

3
-
,

LI K R R AP A 4

I A A

SVM » 3VP

c21243C0

FCRMAT (° TrADW(*+l2+%) = Y(*el2,') = *,02Ce8)

FCRMEAT (* YD(®s124%) = ENGLC(',12,') = *,02Ce8) 2124400
FORMAT (' THA(?I2+%) = Y(¢s02s*) = *,020e8) 2124500
FGRMAT (' YD(®e124%) = THACW(*sI2:%) = *4D20eb) €2124600
FORMAT (¢ THAG(*sI24%) = Y(*4I24%) = *,D2048) €2124700
FORMAT (¢ YD(‘|[2") = YMCCC(®* 41240 ell0?e?4l2e") = *¢,L20e8) .€2124800
FORMAT (¢ XMCC* 20209, '3 02,%4%3124%) = Y(*412,%) = *,D2Ce8) c2124900
FORMAT (2 TCYAL NULMBEF CF ECUATICANS, NEQ = ¢,15) €C2125000
RE TUEN €2125100
ENC €2128200
L . : . (2200000
SUBRCUTINE GLTPUT ¢22900t00
" CENERAL "TYPE OUTFUT FCF NC PARTICULAR SATELLITE. c2200200
) a €2200300
c22c0400
. INFLICIT REAL®B(A-F40-2,1) €2250500
LOGICAL -FGle FG2s FG3s FG4s F35, INERF, KGLGs LEQUs LINIT(1) C220C600
o o : €2200700
R c22c080¢C
INTEGER , ) . €2z009C0
AWCRK . .CTL s €T2.0 o CT2 CTa ¢ CTS o FCON o+ PCCN o €2291000
SCNCUM, SCN - o SCROUM, SCR. » 3FKUUM) SFK » SFK » SG . C€220110C
s1 4 5i6° s SIXDUM, SIX +» SKDUM , SK + SL s SLK . €2201200
SMA s SMCDUN, SNC s SMy . SUK » SPIDUM, SPI + SOF » C€2201300
SCL. » SR s+ SSCN +» SEIX 4 SVA » SVE » SVD s SVI » C22014C0
Svms » SVP » SVQ s SXxw~ + SXT s TORQ s SMAL s+ SEU . C2201500
sC v SCG s NFLXB 4 SFLX o+ SFXM , NMCDS , SFCC 4 SCC » €2201600
TINIT(1) o I1ZINIT(1) » SO ‘ €2201700
T4 €2201800
€2201900
C2z02000
FEAL*8 2202100
ANGE  (33) » CNF (2+10) » ETIC (3+410) » ETMC (3.10) » C2202200
FLO (2,20) » FLE (2+3420) s FLH (3e342C) ' €229230¢
TRALD (323) s YNCD  (242.11)4 RINIT (1) » RZINIT(1) c22n240¢C
: €2202500
C2202600
€2202700
€2202800
. 2202900
COMMECN /ZLUGIC/ F3ls FG2, FGZse FG4,y, FGoe INERFs RELU(C10) CZZOJUOO
- €2203100
€2203200
COMMCN ZINTG/ AWDRK (200) . C2&£03300
c1 .« CT2 » CT3 .« CTa ;. s, L2E03400
c15 s FCUN (21) » JCGN (10} s LCON  (22), v C2203S0C
MC (1c) N T v NDAD e NCTC . C€2203600
NFEF s NFKC » NFRC e NLOKR . . v .-C2203700C
Ny » AMMO Y JINMOAYT SaT 32 el INSVP e o Ta e 02203800
NSVC « FCON (11} v S0 s SFR €33) . €2273900
sc s <1 (£35) v S1G . s SL » (2204900
st (233 + SMA (10) » 50K (11) + SCF (11) + C€2204100
sCL (11) ' SMV s SR » SSCN . €2204200
SEIx ¢ SVA s SVB8 ‘ . SVD' . €2294 300

svi , (22) . SVa

(33) ’ (2204400
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"%.SxM (36123) o SXT - s TAORQ  (57) y SMAL
* SEU » NTQ s+ SC (33) » SCG
* NFLXB » SFLX . SFXM (10) » NMCDS
* SFCC . SCC (19) '
c
c _
. CCNMCN /INTGZ/
*° SCNCLM « SCN (s) » SCRDUM » SCR (9)
$ SFKCLM s SFK (¢)  » SIXDUM v SIX (9)
% SKDLWM . SK 5) » SPIDUM y SPI (9)
* SNCCLM « SNMC (<) :
c 1 .
C - .
COMMCN /REALZ ] o
% ChA (2,10) o+ CAC (2,1C) » CLM (10) y CCMC  (3,171) |
s CCMC  (3,11) . ETC (3e11) o+ ETM (33) s FOMC  (3411)
s GAM (Z,66) o+ F » HM (3,10) o RMC  (34+10)
* FNOM  (10) » FFI (2s31) o PLW¥ (10) v CF (3,33)
% QFC (3.33) s QL (2.22) s QGLC (3+22) » RONMC (3,11)
T , . . THA (33) o« TRAD (33)
* THACw (10) « THAW (10) s XDIC (3+3066) s XI ' (343.10)
* X1C (3+3+1C), XMAS (10) + XKMN €(33,33) + xMmT (2,3,1C)
* TLG (33) ¢+ FLA (2.2C) » FLB (3+20) » FLC (3,2C)
* FLD (32e3+20)s FLJY (3Ze3420)e CAO (3,10) ¢« XIC (3,3,1C)
"% ELIRC (2,10) o+ FLCRC (3.,1€) o FLAC (3420) . FLQC (2,22)
& FLCV  (Z20) » ZETA (20) » FCF (3¢3440), FCK' (3,40C)
* TIMEND
c
C . _
COMMCN /REALZ/ .
® CEDLM (1.3) « CB. (241C) 4 C3COUM(Le3) + CBC (3+10)
. * XMCCULM(1,149) 4 XMC (2.,3,10), CBN(3) :
c. .
c ) .
EQUIVALENCE (ETM(1),THACC(1)) S (XMN(Lel) s ANGD(1)) ,
E (XMNC142) e YMCDC(LEol41)) e (XMN(1e6) s UNF( 14 1)) ’
x (XMN(1+8)+ETIC(Ls1)) s (XMN(1210) s ETMCULLDD o
* (FLB(14,1)4FLC(101)) s (FLECLol sl )aFLDC(1s141) s
L% (FLHOL 161 )sFLU(L oL l)) .
¥ (FGLLLINIT(1)) D(CACL 1) KINIT(Y)) - .
* (CBDUNM(14+1)eRKZINIT(1)) s (AWORK( 1)+ TINIT(1)) .
* (SCNDULM,IZINIT(1))
c ’
C
INTECER TIK
CINERSEICN PHIT(3.,2)
CINMENSICN TOMC(3,11)
"CIMENSICAN 3YSCM(3) ,
CINENSICN SYSIN(3,3)
CIFENSICN HB(3,10).TK(10),
CIMEMSICN PUS(IL1CIsVEL(Z41C) P o
. CINERSICN TEMI(3) ., TEM2(3),TENI(3),DE TR Frnte oA
CINENSICN TEM4(3)
- CINENSICN HSCDY(2), FINERT(3J)
Arrs s CAMERSICN EPO(341C) DHM(2410)
CINENSICA EP(J).tl(3.3).EID(3-J).FQD(J)-rODC(J).TEMb(B.Z)
REAL#3 LNM(3,10),LVT(3)
. INTEGER SET(10)sSFXMK :
C
c.,

€2294500
€2204600
€2204700
€2204800
€2204900
c2205009
c2z05100
€z2295200
€2205300
€2205400
(2295500
€2205600
€2205700
£2205800

.. €2205900
B 1
c2z0€000

€2256100
€220€200
2206300
€220640C
2206500
€2296600
£2206700
€2206800

‘c22069006

€2207900
€2207100
€2207200
cz2297300
C2207400
€2207500
C2207600
cz2z207700
c220780¢
€22¢7900
c22n8c00
€2208100
€2208200
C22z0€8300
C22C8400C
£2208500
€2208600
c22¢8700
c2z08809
€2208900
€2209000
€2209190
€2209200
€2219300
€2209400
€2299500
(2209600
2209700
c220980C
€22¢9900
€2210000
c2210100
c2z210200
c2210300
€2210400

1



.1 COGATINUE

FRINT 2C2, T €2210600

C c221070¢C

C . €2212800

C COMPLTE SYSTEM CCMFOSITE CENTER GF MASS ¢221€900

TCIM = C.0D0 czzir1000

CO 11 1=1.3 Czz11160

11 TEMI(L) = 0.D0 2211200

CCO 1S K=1.N80D £2211300

KO = KTC(NB1+0.K) €2211400

CALL SCLV(XMAS(K) +CAN(1,KC) ,TEM2) €2211500

CALL VECADD( TEML, TEM2,TEN1) €2211600

1€ TOTM = TCTM + XMAS(K) ¢2211700

CO 1€ 11,3 €2211800

1€ SYSCN(1) = TEMI(I)/TOTWH S €221190¢

"PRINT 20C, (>v=CM(1).l-1.3) N ©€2212000

" FRINT 222, TOTWM i ) . C221-:2100

c . o : 2212200

c - . c2212300

C 'COMPLTE. SYSTEM INERTIA TENSCR AJOUT CIMPUSITE CENTER OF MASS €2212400

CALL SUECP(SYSCMsSYSCMTLTM,SYSIN) i+ Tczziesoc

‘to & 1=1.3 2212600

RO 4 J=1,3 2212700

4 SYSINCIsd) = XDICCIedol) = SYSINCI®J) czzr2800

cL PRINT Z211s (SYSIN(leJ) oJ=1s2) :€2212900

FRINT 212, (SYSIN(2+sJ)ed=1+3) ‘2213000

PRINT 211, (SYSIN(3sJ)sd=1,3) €2213100

FRINT 2132 €2213200

C £2213300

C ) c2213400

< CONPLTE VECTUR FRCM INEKTVIAL ORIGIN Tu CGMPCSITE SYSTEM €2213500

C CENTER CF MASS RELATIVE 10 CCMPUTING FRAME €2213600
CALL VECADD(CBC(1,4+1),SYSCVM.CBC(1,0)) €2213700 -

d ., (2213800

C - 1¢z2213900

d . . . 2214000

C FLEXIBILITY RELATEC PARAMETERS ¢22141C0

NN = 3 o 2214200

2CQ 3C K=1.NBCD i €22143¢C0

CO 3z 1=1,3 . R ’ ' o t2z14400

CEPD(14K) = 04 I P €2:14500

ZZCHMUT4K) = 0. ) €2214600

IF(SFXM(K).EQ.C) GC TO 3¢ c2z147c0

SEXMK = SFXM(K) €2214800

CO 31 1=1,SFXMK €22149¢0¢C

MN = MN+1L - " €2215000

NEMN = NFER + MN €2215100

CALL SCLV(THAD(NFNMN) sFLAC(1 +MN),TEML) ¢2215200

CALL VECADD(EPD(L sk} s TENLIEFD(L,K)) 2215300

CALL SCLVITHADINFMN) ¢FLQC(1 +MN},TEML) c2215400

o w~CALL VECADD(DHMUL +K) o TEVM14DFMIL4K) ) U S S o €2215500

31 CONTINUE Y ) : T ¢2215600

©3C CONTINUE ;.£22157¢€0

Y v Yo e P

E“’<“J55- ] (o«.s)ﬁnoffo:.a)uqa 44354352512222

c ) ) €2216000

d COMPLTE INERTIAL ANGULAR MCVENTUM AND KINETIC eueucv OF EACH c2zi6100C

Cc ECCY ANC OF YRE CCMPCSITE SYSTEM €221€200

SIKIN = CL00 C22163C0

CO 7 '1=1,3 C221€400

C2z12€00
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AN

. 29

2€

2€

[

e
SJ€E

o 1z

_cALL

.L0 27

LMT(I) =-0.,0O .
FOCOY(1) = Ql.0C

£O 17 KKKk=1,NBLD

K= hB(C-(nsK-l)

KK = K

JK = JCCNK) ) ..
IF(KK.NEWL1) GO TU 28

CC 2€ - 1=1+2

TENMI(I) = ROMC(ILNEL)

_€C TC 2€

CONTINLE
CCNMPLT LINCAR
IF(RELG(K)) GO TU 19

CALL VECROS (FCML(I'JK)-(A((vi)'TLMl)
CALL vECAUD(RCMC (1K), TENLs TEML)

€U TC 24

CALL voCFROS (FCMC(1eK) oCAC(LeK)TEML),
CALL VECADDIRCMC (1 .NBL)»TENMIL,TEML)

- CHECK FUk END OF (hAIN

IF(JKsEL D) GC TO 26

CALL VvICRUS (FLMC(I-JK)'(LC(I.NK).TEMZ)
CALL VECADO(TEML, TEM2,TENL)

KK = Jn

JK = JCLN(KK) .

CC TC ¢

CCAT INUE

INTERTIAL PUSITICN CF CENTEF OF MASS
KL = KTC(NBL s04K)

CALL VECAUD(CEC(1 41)sGAM{L yKL) sTEM2)
c£o 3 1=1+3
FCE(1lek) =

VELLT.K) =

IN TEM2

TeMa2(1)
TEMLI(I)

ADC RELATIVE VELOCITY CF CM,
CALL VECADD(VEL(L oK) JEFD UL oK) o VEL (14K}~ -
I=1.3

TEMI(I) = VEL(I.K)

SYART CCMPUTATIAON CF ANGLLAR MUMENTUM,

S CALL CYLCTVEXICCL o1 3K) ¢FCNCUL W K) pHB(L4K))

CALL VECCCTI(FCMCU14K)JHE(L+K) 4 TK(K))
CALL VSCCUT(TEML,TEML.TEMN)

TK(K) = +500»(TK(K) ¢ XMAS(K)=®THEM)
VvECRUS (TEMZ W TEML W TEN3)

CALL SCLV(XMAS(K) +TEM3,TEM3)

CALL VECADO(RE(L«K)eTENIWHE(L+K))
IF(NOT .RBLUL(K)) GC TO 27
[F(NVO.EQ.0) GU TC 5268
¥M=1,NMO

IF(MC(NM) «NEeK) GO 10 27
CALL 3SCLV(HMOM(M) ob-MC(1o0),TEMS)

M I R VA

SCALL VECACD(HE(LWK)ZTENZ2WHE(LWK))

oty R

TK(K) = e SCORHNCM(M)RR2/7PLM M) ¢ ¢+ 1
CCAT INUE

CUNT INLE

TK(K) +

ADLC FLEXIEILITY ACCITICANE TC

A-132

VELCGCITY C(F CENTIR GF MASS OF BJDY. K -PUT

NJIN-LERU IF BGCY FLEXIULE~

w TN

MOMENTUM AND ENERGY .. - R

2216809
€2216600
czzie700
€2216800
€2216900
c2z1700C
€2217100
£zz17200
€2217300
2217400

. €2217500
. €C2217600
€2217700

. ©1€2z17800
C ©. . €2217900
. c2218000
© (2218100

iy cz2z18200

... €2218300
£2218407

- £221857%0
L €2218607
: 2218700
c2218€00
(2218900
€22199000
€2219100
(2219290
2219300
2219400
€2219500
(2219602
c22157¢0

. c2z15800

. 02216900
T .€222000¢
t22201C0

c2220200

-€2220300

t2z226409

IN TEWMI

LINEAR MUMENTUM. ANC KINETICC2Z220S50C

N c2z20600
2220700
cezz2cacce
c2z209CC
2221000
€2221109
c2z212¢C0
(2221300

R (2221400
JCZcZISOO
2221600
€2221700
Jleavi. o= o (222180C
Ll . T NI R2221900
- c22220¢?
2222100
. 2222200
c22223¢C0
c2z222400

2V lauAdav



[aN e XKal

[a

17

N

i1c

CALL VECADD(HE(1sKIoBHNU oK) oHI(1 4K ).
CALL VECLCT(FGNC(14K) ChM(14K) 4 TEM)
IK(K) = TK(K) + TEM

ACC LP FCR SYSTEM ANGULAR MCOCMENTUM AND KINETIL ENERGY
TKIN = TKIN + TK(K)

CALL VECADD(FE(14+K)oHECOYSHEQDY)

CALL SCLVIXMAS(K) oVEL(Lek)oLM{L1yR))
CALL VCCACDILMTLLM{14K)LLNT)

CCRTINUE - .

CALL TRAEPS (XMC(1a14C)) .
CALL VECTRN (HOODYeXMC(1e1+0) s HINERT)
CALL TRRSP3 | (XMC(ls14C))
IF(NCT . INERF) GO TO 2

CALL THAEPS " (XMC(is141))

CALL VECTRN (HINERTSXMC(131 +1) sHBIDY)
CALL TRASPS  (xMC(lelel))

A=

CONT INVE

MG =
FRINT

D‘CRT(H[NENT(I)“Z + PldnﬁT(Z)*‘;

2C Sy

FRINT 2C1l,

FRINT

PRINT

FRINT 216,

FRINT

CCMFLTE

CO 8

CO 14

2CZ

217,

21%,

HMG -

(FEUDY(I)-!'[03)

+ HINERT(2)%%2)

(thEkT(l)-I‘l--)

A :
(LMT(I)eI=102)
TRIN- 7 . -

COMC( T41)
co To s50¢1

K=2 ¢ NBUD

CSARTILMT(1)®%2 ¢ LMT(Z)¥x2 + LMT(3)xx2)

INEXTIAL ALCELER#TI(N»
1=1.3
TONMC(ILs1)-=
AF (NECVUGEQel )

o 2z

TPRINT

CALL VvECFOS (FCMC(loK)oRL"((loR)oT M1)
CALL V& C‘UB(DUMC(loK)oYEhlo’CML(loK))
CONT INUVE "

CALL VECFOS (FGMC(lol)'FCMC(loNdl)pTEMl)
CALL veCSUB(OGMC( LaNBL) s TEMLLTCMC(LWNTL))
¥y o= 1 - . - -

co 2¢ K=1sNB1 * '
IF(Kecdel) 60-TU zl
M= M+3-FCON(K=1)
1=1,3
TEMI(I) = O

NMTERM=N 42~ PCON(K)

"IF(M.GT«MMTERM) GC'TO 20

CC 22 MN=M,MMTERM : - ©
CALL c&L\(THADD(MN)-QFC(l.NN)-TCMZ)
CALL VECADD(TEML . TEM2,TENL)

CALL VECADU( TEM1,TCMC(14K) +sCERV(LK))

CC S K=1N3uUuD IRERTY B TR VR RPN
2C4s Ke(ROMCII LK) o I=1 3D SCFAMCEEITRIVIZELVI) ™

2C7¢ (JERV(IsK)sl=1e2) - : .

222y - (ETC(T oK) Izt o2) v (PHI(IvK)vI=1,43)

2CEs (CAC(LI k) sI=2143)4(CICIIIK)41=143)

21€s (PCSUIok)s12102) e (VEL{1eK)sI=142) 4
2C€s ((XMCCI oK) ou=103) s(XIC(IsJsK)sJ=1+3)s1=143)

PRINT
FRINT
PRINT
FRINT
FRINT

OMiie b v

¢2222scC
.€2222600
(2222700
€2222800
c2z229¢0
c2zz22000
c2z23100
‘¢2223200
¢222330¢C
f2z23400
€2223500
c2z23e00
€2z23700
c2z23800
€2223900
. €2224%00
-€2224100
€2224200
€2224300
€2224400
' €2224500
C2z24600
€2z24700
c2224890
. €2224900
€2225000
c2225100
C2:z25290
2225300
(2225400
2225500
€2225600
c2z25700
€2225800
i1 . cz2225900
C2226000
c2z26100
€222€200
2226300
2226400
C222€50¢C
T 2226600
t2z267¢¢C
- £22268CC
C2226900
c2227¢00
c2227100
c2227200
c2:27300
€2227400
€2227500
t2z27600
c22277¢00

r1s L..€2227800

€2227900
c2228000
(222e10¢C
c2228200
c222e300
. €2228400
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FRINT 214, (HE(JsK)eJ=1432),TK(K) | o7 - ) 2228500

O FRINT Z1Ee (LM(JeK)eJ=1,3) ’ o ’ ’ T 02228600

S CONT INUE . ; ) : cz22g700C

PRINT 2CEs¢ (FOMC(I1,NB1)e1=1+3),(DERV(INGL) 1=143) (2228€00

FRINT 2232: (ETC(I1sNB1)sI1=1+2) o (PHICIsNB1) +1=21+3)" - . €2228900

FRINT 224, (CBC(1+C)slI=1,3) (2229000

CFRINT 2216 ((XMCUIeJe0)sd=143)s1=1,+2) " .. c222s100

FRINT 213 . B : : c22292c0

CIF(NMOGEC.0) GC TC 41 . . '€2229300

©CO 6 M=1,4NMO : ) U c2z29400

CFRINT 21Cs MoHMOMIN) oM CLM(N) C . c2229s¢C¢C

.. € .CONT INUE o ‘ - . . C2229600

41 CONTINUE . ’ . ' ... . tzea970C

T PRINT 212 : : : : : €222980C

IF (NMCDS+EQ0) GO TO 490 ‘ ’ : (2225900

. CALL UNPAC(SETSNSET.SFLX) : . s e 142230000

T NN = 0 ’ . . : c223010¢

,CO "3Z KK=1,NSET . : . c2230200

K = SET(NSET+1-KK) . . . ' 2230300

€O 34 I=1,3 . : . ) ‘ - -, 2230400

TEP(I) = C. . o . B (2230560

FOC(I) = 0 : : o - . €223060C

Facc(l) = o - : . €2230700

"CO 34 J=1.3 ' ' L . ' ‘ €2z30800

EICL.J) = 0O ’ : ) €2230900

. EICCI.Jd) = 0 o ’ £2231000

34 CGNTINUE : ) ' c2z31100

© SFXNK = SFXM(K) T ' 2231200

CO 3% M=1,5F XMK . t22313c0

MN = NN ' - 2231400

NEMN = NFER+MN €2231500

CALL SCLVITHAINFMA) JFLACLIMNNYTEML) . €223160CC

CALL VECADD(EPTENLEP) . C - T+ c2e3r700

CALL SCLVITHAD(NFMN) +FLQ(1,MN),TEML) ' 22313800

CALL VECADD(FQD+TEM1,FGC) : €2231900

CALL SCLCUTHA(NFMN)GFLE(1s1 NN} TEME) (2232¢00

CALL CYACD(EIsTEME,ET) €2232100

CCALL SCLC(THADU(NFMR) +FLE(141+sdN) ¢ TEMS) c2z32200

CALL . DYALC(EIDsTENSLEID) : T . c2z32300

7 3€ CORTINUE ’ c22324CC

 PRINT 22€s (EP(I) s1=14+2) o(EFD(I+sK)s12143) ) . cza232500

TFRINT 22Es Ks(FAD (1) 41=1,3) : . (2232600

FRINT 226 CLEICT2J)ed=143)e(EID(LsJ)sI=1e3)0l=1,42) . © 2232700

FRINT 23Ce (FLIRC(IsK) 112142)4(FLCRC(I+K)o1=143) 2232800
FRINT Z21e(UHM(ToK)alI=1,2) c2232900 -

33 COANTINUE . . o 22233000

- _FRINT 213 : - T (2233100

“aC COANTINUE : . T . : €2233200

£O 9 I=1,NFER" : : ) : . ©€2233300

G FRINT 22Cs (IoTHALT)sIiTFAD(L) o1 +THADD (L) s14(OFClIel)ed=143)) £2233400

"Nl = NFER®L . . - P T ) . €223350¢

N2 = NFER+MN . . - _ o (2233609

: IF (MN oEG 20 )" RETURN' e . A o c2z337¢0

7 CO 1z I=N1,N2 o . €2233800

SEP2IRRINT 225 Lo THA(I) oI +THAD(L) s I+ THADO(I) . c2233900

206 FORMAT (*. CENTER CF MASS =1,3D17:5+/) " . €2234500

201 FORMAT (/93X *H3G0Y = 1,3C17.8) c2234100

202 FORMAT (3X.'HINERTY = ¢,3D017.8) . - . - c223a20¢

203 FORMAT (*1 TIME = *sD1EaE4/) - ’ .. . .cez23a300

204 FORMAT(/43X,s 'BLEDY *412,4X, *ROMC ='+3D17.3+3Xs"FCMC =*,3C17.8) €2234400
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2CES- FCRM2T

2Ce FCRMAT
207 -FURMAT

- 2C& FORMAT

2C¢ FORMATY

211, FCRMAT

12 FORMAT
2132 FURMAT

{1
(1
(1

(*

4Xs *CAC
4R, *XNC
4Xe *ACC

214 - FORMAT( 14X, HE =

215 FORMAT
21¢ FCRMAT
217 FOFRMAT
21€ FORMAT
21G FOFMAT

. 22¢.FORMAT
O, 12,*)

221 FOKMAT
222 FORMAT
223 FORMAT
224 FORMAT
228 FORMAT

= Y, 3C17e8B¢3Xs'CRC =
= 1,3D17.8,3X,'X1C =
= ¢,3D17.8)

l/oJXv'ORlGXN'-4X.'FCrC
ANGULAR MOMENTULM =
21C FORMAT (ZA4HMOM( *4I120 %) = "3D17eH8, 10X CLM(*el24%) = ",01748)
(Z5Xe 3D1748) ’ o '

¢ 2 3D17.3)

" .3DIT7.8)

1 ID1743.3X0PALC = *.3D17.€)
1.D20.8)

(' SYSTEM INERTIA TENSOR =1,3D17.8)
‘l O) .

3017 e8¢3Xs* TK = *,D17.8)
(/7s* KINETIC ENERGY = *,D20+8) .
(1aX, *PCS = *,3017.843X.*VEL = *,3D17.58)
{7+ LINEAR MCMEANTUNM = ?,D02048)
(14X, * LM = ¢,3D17.8)
(743X LLUCY = *,3D17.8)

(3Xs " THA(* w124 %)
=0 ,D13e043Xy'CFI(?yI200) =

(1
(

(lax, 'ETC: =

(1

4 Xy " XMC

44X *CaC

S #CC("412,') =*,D13
22€ FCRMAT (/43X e *FLEXIBLE "9 32X

228 FORMAT

(ZXet

©.22¢ FCRMAT ' (l14ax,* EIl

C
C
C

.
B
AR

~

o .

23C FCRMAT

(1

4Xe 'FIR

231 FORMAT (14X, 'DHM

““RETUERN
CENC

SSUERCULTIME UUTPSP

<"GENERAL TYPE GUTFLUT FCFR NC PARTICULAR SATECLITEj

COIMPLICT
LLICICAL

INTEGER
AWOFRK
SCNCLW
St
SVA

seL
SvM
5¢C

: LINIT(

ooeLresn

PR S

REBL *8
-% ANGC
"% 'FLQ
x TFACD

T

»

(2

(2

+

€2234500
€2234600
c223a7¢0
€22348¢0
€2234900
t223s00¢C
€2235100
€zz35200
€2238300
€2235400
€2235500
€2235600
‘c223s700
€2235800

"€2235900

20401346+ 3X e THAD(? » 124 %) =0,013+€42X4? TRAC223EMCC

= ¢,3D017.8)
TOTAL SYSTEM MASS

= t,3C17.8)
(3Xe *THAL 124 ) ' eC13400dXs'THADC 9124 %) =4,D124€+3X,"'THAC2236600

«€)

BOLY *,12.4X 4" CD

v3D13e0)

=0 4,D17e307)

eP

"33017.833Xs'PHI =

*43D17.8)

= 1,3D178¢IXy'EPP = ', 3D17.8)

‘93017

= ¢ ,3D17e8+3Xs'EiD =
= ' 43C17.6593Xs'FCR =
= 1,3017.8)

REAL*E(A=-H,0~2,%)

FGls FG2s .FG3» FGG. FJ?cleENE.

Tl ’
SCN ’
SIG ’
SMLOUNM,
Sk ’
SVP .
SC6 .

0

s20)
3) ’

CIMUUART A e (1) QAAT,

cr2 e L7232 *
SCRDUNM, SCR .
SIXDUNM, €£IX B
‘SVC y SMV |,
SECN s SSIX .
SvQ s+ SXWN ’
NFL X3 » SFLX .
IZINIT(CL) ’
CANF (2,1C) .
FLE » (30324292)
YNCD  (2920411)

«8)
*23D17e8)
123D 7.0)

CcTa . CT5 .
SFKOUM, SFK .
SKOUM » SK .
SGK + SPIDUM,
SVA » SVB ,
SxT » TORQ
SFXM » NMJUDS
S0

v

ETIC
FLH
RINIT

(34100 + ETMC 3.1C)

(3¢3420)
(1) »

RELGs LEGQUs LINITC(1)

FCCN » PCCN_ o

SER 4 SG - 4
SC v,SLK,. .
SR s SQF - .,
SVD o SVE
SMAL » SEU [

SFCC v SCC .. .

RZINIT(1)

-€2236100
-€223€200

2236300
€223€4C0

1€2236500

€2236700
C2236H00
€223£900
c2237¢00
2237100
c223720C
(2237300
€2237400

€2200000
€23c010¢0
€2200200
€2390300
€2200400

. €23C0500

€220C600
€2300700

. 2200800

€2200900
€2201000
€2301100
€z301200
2301300
€2201400
€22915%00C

€2201600

2201700

T 2201800
2201920

c2202000

£€23202100

€2302200
€22023C0
€2202400

" A-135



C
C
c
C
C
CCVMCN /LUGIC/
C
C
CCMMCN ZINTG/
* CT1
. * C15
- x MC (19)
® NFER
* NNV
% NSVC
* S¢
% SLK (23)
* SCL (11
* SSIx
* Svi
* SXM (3,10)
* SEU
* NFL)3
* SFCC
C
c
CGMMCN ZINTGZ/
* SCNCUM
* SEKCLM
* SKOLM
* SMCCLHM
C
C
: CONMCN /KREAL/
x CaA (2,10)
* DCMC  (Z411)
¥ GAM (2,66)
* HvCM  (1D)
* GFC (3,35)
* T
* TraCw (1C)
% xIC (3e3419)
* TLG (33)
= -FLD {3e3+20)
% FLLIRC (3.10)
* FLCr (20)
¥ TIMEND
d
C
CCMMCN /REAL Z/
= #®2CECLM (1+3)
o * XMCCLM(lyle9)
c
C.A‘..- - .

FG1oe

FWORK
c12
FCON
NE1L
NEKC
AvC
FCON
i
SNA
1 Y
SvA
SVM
xT
KTQ
SFLX
SCC

i (n 0 in
TN
x z

k4
[a]

CAC
ETC

Frl
cL

THAW
XNAS
FLA
FLJ
FLCRC
ZETA

CE
XHC

(200) .
’
(22) .
*
L]
.
(11) N
(££) »
(10) .
*
*
”
*
’
1)

(10)
(s) ’
(s) .
(s) .
<) '
(3,10) .
(Z,11) »
»
(2,11) .
(2,22) .
(10) N
(1¢) »
(2+2C) ’
(3+3420)
(2s1C) .
(Z9) .
W1C) B

EQUIVALENCE (ETM( 1), THADC(1))

IR 3R SIS

"A-136

(XMN{1¢3).YNCD(1,1,41))
(XMN(1,8¥,ETIC(1+1))
(FLB(1+1).FLQI14+1))
(FLH(1s1s1)eFLJI(1s101)) ’
(FGLLWLINIT(1))

FG2s FG2e FG4, FGS3

cT3
JCCN
N3 0D
NF RC
NMOA
sC
516
SCK
3R
svB
sSvP
TOKQ

SF XM

SCRDUM
31 XDUM
SP1DUM

cLwv
ETW
Hid

PLM
aLc
THA
xDIcC
XMN
FLE
CAO
FLAC
£ CF

CBCOUM
CaN(3)

e (XMINCLs 1)
s (AMNEL 00) »CNF( 1y
P (XMNC121C) ETMCH
s (FLECLs 121 ),FLD(

s (CACL el }4RINIT(]

INERF,

(10)

(1)

(22)
(97)
(33)
(10)

(10}
(332)
(3.10)
(10)
(3,22)
(33)

(3¢3060)
(33+33)
(3.20)

(3,10)
{3.2C)

(343040)

(1+3)

RELC(10C)

CT4
LCGON
NCTC
NNLOK
NSVP
SF R
SL
SQF
SSCN
svC
Sva.
SMAL
5CG
NMCDS

SCR
SIix
SPI

cCMmC
FCMC
HMC
CF
ROMC
THAD
x1
XMT
FLC
xIC
FLQC
FCK

cBC

ANGD( 1

(9)
(9)
(9)

(2.11)
(3,11)
(3.19)
(3.32)
(3.11)

(22)

(3+3,1C)
(3,3.10)
(3.20)
(3¢341C)
(2.20)
(3,40) "

{34109

) .
1)) T
1+1)) .
1v141) )

)) [

. e % e e e

¢ o o

. s e s e

0t

€220250¢
€2302600
€23227¢0
€23n2800
€2202900
€2303000
c2203100
£2203200
€2293300
2203400
€2203<00
€C23036060
€2302709
€2303600
€2393900
€2204000
€23%4100
c2274200
C2304200
€23204400
€2374500
€2204600
€22047C0
€22n4800
€2394900
€2205900
(2275100
€2205200
c229s300
€230S400
2205500
2395600
2205700
€23058C0
2255900
€220€000
€2206100
€2376200
C2320€300
C230640C
2206500
2296600
(2396700
2306800
€23276900
c2207¢00
€2377100
2357209
€2307300
(2307400
2307500
C2207600
€2207700
€21307800
€23€7900
2208000
€c2308100
€2208200

. €2308300

c2227840C




NnoN

[¢]

[aNala)

AONAO

[aNalal

v

(CBCUM(1 +s1)eFR2ZINIT(1)) s (AWOKKC L) s TINITC1))
(SCNDUNM, IZINIT (1)) . *

CINEASICN PHII(3,3)

CINEMSICN TENMC(3,11)

CIMENSICN SYSCM(3)

CIMEASICN SYSIN(3,3)

CINERSICN HB(3,19),TK(1IC)

CINENSICN POS(3e1C)y VELI3,1C)

CINERSICN TEMI(3) eTEM2(Z)sTEM3(3) s DERVI3W11)
CINMEANSICAN TEMAL(2) )

CINENSICN HSODY(2), FINERT(Z)
CINENSICN EPC(3,41C)sDHN(241C)

CINEMSICN EP(3)4ET(3+43)4EIC(343)FGD(3)FGDCI3) +TEMS(343)
INTECER SET(10),SFXMK . :
REAL A3 LNM(3,10)LNT(3)

INTECER T1K

CCAT INUE
FRINT 2CZs T

CCNMPLT: SYSTEM CONMPOSITE CENTER CF MASS :
TOTM = C.DO

CO 11 1=1,.3

TENL1(1) = D.D00

CO 15 k=1 ,NBCD

KO = KTC(NGL 0 .K)

CALL SCLV(XMAS(K) ¢GAM( 14KC)+TEM2)
CALL VECADD(TEM1, TEM2,TENL)

TOTM = TCTM + XMA€S(K)

CO 1€ 1=1,3

SYSCWN(I) = TEMI(I)/TCTW

FRINT 2CCos (SYSCM(I)el=1,3)

FRINT 22z, TCTM

COMPALTE VECTUR FRCWVM INERTIAL JRIGIN TU CUMPCSITE SYSTEM
CENTER LF MASSKELATIVE TC CIOMPUTING FRAME
CALL VECALD(CBC(1 s1) oSYSCM,L,CBC(1.42))

CONMPLTE SYSTEM INERTIA TENSCR AQSUUT COMPOSITE CENTER OF .  MASS
CALL SUEUP(SYSCMeSYSCM 4TCTNMSYSIN)

Co & I=143

CO 4 J4=1.,3

SYSIN(IwJd) = XOIC(IsJdsl) = SYSIN(I,LJ)

FRINT <11ls (SYSIN(LsJ)sJ=1+2)

CERINT ZIHE8 (SYSIN(ZeJ) sd=1 o3 ) 77 [ R r -

FRINY 211y (SYSIN(34J) ed=142) .
FRINT 213

FLEX ISILITY KELATEC PARANETERS
MN = 0 .
CO 3C K=1,NguD

CO 3Z 1=1,3

“wh

-

(2308500
€23208600
C23c8700
c2z:cs8800
€2208900
2309000
€2309100
cz22c9200
€2229300
€2379400
€22095C0
€23209600
c2306700
C232C9800
€2309900
€2210000
€2310100
c2:10200
€2310300
€22104C0
€2310500
€2212600
€2310700
€2310800
c2310900

€2211000

c2211100
€2211200
€23211300
2311400
€C2211500
2211600
€23211700
€c2211800
€2211900
€2212000
ca2212100

T c2212200

Cez212300
c2312400
€2212¢€00
€2312600
c2z12700
ca2212#800
c2212%600C
€2313007
€2213100
€C&313200
€c2213300
€C2213400

©€2313500

€2213600
€c2213700
€231 3800
2212900
€c2214000
C2314100
€2314200
C2214300
€C2314400
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EPD( 1
TZ CchMv(T
IF(SF
‘FXNK
- -co 21
T WMN =
NFE NN
CALL
" catt
CALL
Tt cdaLL
31 CCATI
3¢ CONTI

.n;(opr
‘EQC
TKIN
co 7
LMT(I

7 +8CDY
“to 17
KENBC

" KK =
JK- =

S~ IF(KK
€0 2¢
-26- TEMIL (
€0 TC

2€ CCATI
c .- 1 compPL
1F (RE

T CALL
T CALL

[aN e NaNaNs)

oK) = d. T T . T e
sK) = 0. oL ..
X4(K)eEQ.0) GU TO 3¢ ) R

= SFXM(K) -

1=1+SF xVMK L . .o
MN+ 1 ’ . .- . .o
= NFEK + MN © ' - : T )
SCLVITHAD (NFMN) JFLACIL oMN ), TEML) . . Ce
VECADD(EPO(L oK) +TENL4EFD(L1+K)) : - .o
SCLVITHAC(NFNN) FLQOC(L MN), TEML) .
VECADD(DHM(]1 4K) ¢+ TENMLOFM(1.K))
NUE
NUE

TE INERTIAL ANGULAR NMOCNMENTUM AND KINETIC ENERGY OF EACH . -

Y AND OF THe CGMPCSITE SYSTEM
= C.DO .
[=1,3 . . e

) = C.06 o, s - - . —_—

(1) = 0.0C : ’ ’ o ’ .
KKK=1, NGUD . o

D= (KKK=1)

o

JCUN(K)

eNCel) GC Tu 28 . -

I1=1¢3° T

1) = RUMC(Is,NE1)
2E€ Tt e, :v",‘

NUE R

Tz LINEAFR VELCCITY CF CE!TLR OF MASS UF  GUDY K PUT IN TEML-

LolK)) . GU T3 19 ’ - v
vL CROS (FCMC(I.JK).CﬂC(l.K).T:Ml) . .. o -
VECADD(KOMC (14K ) s TENMLHTEML) : .

. GO TC 24 O

1.6 CALL
24. CALL
C < CHECK
2¢ IF (Jk
T CALL
St CALL
tTKRK =
PR ."'JKJ’:
cC TC
C2€ CONT]

C INTER
TRLT =
T CaLL
ca 3
- FCsS(1
~ 3 VELCL
c
(\\\:Q:CF
C ACC kR
- caLp
cCo 13
13 TEMLL

A-138

VECKOS (FCMC (1K) 2CACKLoKD»TEML) . .-
VECADD(RCMC(14NB1 ) s TEML ,TEML) S, e s .
FCR END CF CFAIN -
+EG.0) ‘GO Tu Z6 : - e :
VECRUS (FOMC(I-JK).CEC(I.AK)-TEMZ) Y
VECADD( TEML s TEM2,TENL) . :

JK .o . . B
JCUN(KK) R - - .

2¢
NE Lo

TIAL PUSITIGN OF CENTER JF MA3S IN TEM2
KT2(NB1 +C oK)
VECALU(CEC(L o1) sGANM(1 4 KL) 5 TEM2) : .

i=1.3 L

K1) = TEM2(I1) PR O S B ﬁ;
WK) = TEMLI(I) [P oo I

Tt
T

. EXet 3T o (A T)IOMOA. M. 'XDVWQ) EUD)j;
ELATIVE VELOCITY CF CM, NGN-ZERU.IF BCLY. FLEXIELE,

VECADDEVEL( 1 9K) sEFC(14K)s VEL(1 2K) )
I=143. . . ..
I) = VEL(L.K) s L

. 1

a

" €2314500:

2214600

- €2214700
..€2214800

€2214909
€2215000
€2215100
czzis200
€2315309
€2315400
€22315%09
€2315600
€2315700
€2315800
€2215900

€2216000

© €2216100
- c2216200

Cz21e200
€2:16400
C221€E00
c23216600

'CEBIOTCC

c2216800,
€2216900
c2317000 -

- C23171€0

c2217209
€23173¢0
€2317409

221700

C2217600
cz221770¢C

.€2317800

2217900
€2:18000
tza1810¢
cz218200
c2z183CC
€2318400

. c2218800

.£2318600

€2:18700
c2218800
€23218900
€221$000
2219100
€22192090
€2319300

.€2316400
. €2219500
(2219600
"c2216700

tm

€2219800
¢2z19900

2320000

c2229100

.€22292290

¢2:2030¢0

€2220400



[alal

[a]

17

CALL OYCUTV(XIC(L91eK) oFCNC(1eK) HB(1,K))
CALL VECCOTU(FCMC(14K) shEC(L1 1K) TK(K))

CALL VECCOTY(TEML .TEM1,TEN)

TK(K) = oSO0%(TK(K) + XMAS(K)®TEM)
CALL VECROS (TEMZ2,TEMI,.TEN3)

CALL SCLVIXMAS(K) +TEM3,TEM3)

CALL VECADO(HE(L1sK)s TENI o-B(14K))
IF (LAOT.RBLUCK)) GC YO 27

IF (NNC.EU.O0) GC TC 5068

CO 27 ¥F=1,NMC :

IF(MC(M) eNEWK) GU TO 27

CALL SCLV(HMOM(M) +HMC(1,¥M),TEMI)
CALL VECADD(HB(1+K)sTENIWFE(1,K))

TTK(K) = TKAK) + (SCORHNCM(M)%x2/P . M(M)
'CbthAUE
4'C0r\TlNu‘E

‘ADC FLEXIBILITY ADCITICNS TC MJUMENTUM AND ENERGY

CALL VECADDUHE (1K) oDHNC1,K)sHd(1sK))
CALL VECCCT(FGMC( 1 +K ) sDRN(1 4K) TEM)
TK(K) = TIK(K) + TEM

ACC LP FCK SYSTEM ANGULAR MOMSENTUM AND KINETIC ENERGY
TKIN = TKIN + TK(K)

CALL VECADU(RE(1+K)++BCCY,FECDY)

CALL SCLVIXMAS(K) sVEL(1,K) oLM(14+K))
CALL VECADDILMT L ¥(1K)LMT)

CONT INVE

CALL TRNSPS  (XMC(1+14+C))

CALL VECTRN (HBODY.XMC(lol-C).HINERT)
CALL TFASPS (XMC(1,1,0))

IF( «NOTINERF) GO TO 2

- CALL .TRRSPS  (XMC(1s1+1))

(@LL VECTRN (HINERT«XMC(14+s1 1) H2ODY)-

"CALL TRANSPS (xMC(l.x.x))

CONT INVE

EMG = DSCRT(HINERT(1)%%2 + FIN:RT(Z)**Z + HINERT(3)**2)4

FRINT 2CG» HMG
PRINT 201, (HECOY(I)o1=142)
FRINT 2CZ2¢ (HINERT(I)s1=1,3)

A = CSQRT(LMT(1) %22 + LMTI(Z)*x2 + LMT(3)*x2)

FRINT 217, A
FRINT 21Ss (LMT(I)sI=1,3)
FRINT 218, TKIN

CCMPLTE INERTIAL ACCELERATICNS
CO 8 1I=1+3 '

8 TCWC(I+1) = DEMC(I+1)

IF (NECD«EQel) GG TC S9C1

‘CO 14 K=2,NSCD

CCALL VECROS (FCMC(1+K) sRCNC(LsK) »TEML)

14
5001

CALL VECSUB(DUMC(1+K) s TEML 4TCMCI14K))
CONT INVE

. CALL VECKUS (FCMC(l-l)gFCMC(lcNDl)-TEMl)
. CALL VECSUB(DOMC(14NB1),TENML,TOMC(1.NB1))

M =1

. ETART CULNPUTATIUN OF ANGULLAR MCMENTUM, LINEAR MOMENTUM ANC KINETICC2220%500

€C2220€00

. €2320700
. g23z2c¢cs8e0

€22209¢0
€2221000

-c2z21100

€23221200
€232130¢0
€23221400
€2221500
€2321600

- €2221700

€2221800
€2321900

' €2:222000
-+€2322100,
. €2:22200

€2222300

" ca2z22a400
T 2322500
< €2222600

2222700

- €2222800

2222907
2323000

€232310¢

€2223200

" .c2323300

2223400

€2323500

€2323600.

£23237¢0
'c2323800
€2323900

(222400C

- €2324100

(2224200

© c2224300

€2224400
€23224500
2324600
€2224700

2224800

€232490¢C

- €222500¢0C

€2325100
€2325200
€2225300

T g2225400

€2325500

"¢2325600

€2325700
€2322580°0
c222590Q
(2226000

' €232€100
. €2226200

(232630C
€2326400

- .A-139



CO 2C K=1,NB1

el
2z

23
2c.

1¢

TF(KEQe1) GC TO 21
P = Me3-FCONIK-1)

CO 2z 1=1,.,3

TENML(I) = O

VMTERM=N+42-PCON(K) .
_IE(M.GT .MMTERM) GC TO 20 o
iLO 22 MMN=M,MMTERM

CALL <CL\(THADD(MN).QFC(I-NN).TCMZ)
CALL VECADD( TEML+ TEM2,TENL) .-

CALL VECADD(TEML s TCMCU1,Kk)CERV(1,K))

CO ‘s K-I.NBUD

CPRINT 204, Ko (RUMCUL, K).l‘lo3)-(FCMC(I.K)ol=l.3)

FRIN1 237¢ (DERV(IsK)eI=1,2)

ER(N‘ 223 (&TC(XQK).I-IQZ)o(pHI(ll‘)ll-lQJ)
CFRINT 20%e (CACCI oK) oI=1453) o (CAC(I oK) (=163
FRINT 21¢€, (PU‘([OK,Q[-I-E)O(VCL(IDK)DI—IQJ) .
FRINT c£Cé¢o, ((XMC([nJ'K)-J'ch,.(XXC(IQJQK)vJ l-J)-l-l.3)

FRINT 214, (HE(JsK)sJI=1,2),TK(K)

€

‘41

FRINT 21€, (LM(JsK)od=1,3)
CCATINUE

T.FRINTY 2CE. (FCMC}I.NBI)ol“l-3)-(b=RV(l.Nél)-l;l.3)
PRINT 222, (ETC(IABl)el=142 D)o (PHICLeNG1)eI=143) "

PRINT 224, (CBCCIsC)al=1,2)
PRINT 221+ ((XMC(IsJs0)4us= 1.3).1-1.3)
FRINT 2132

IF(NMCLEG.0) -GG TC 41

CO 6 F=1,NMO

PRINT Z21Cy MoHMUM(N) N CLNLN)

CONT INUE

FRINT 2132

CCAT INUE ‘

JFINNOD S £EQe0) GO TU 40

CALITUNPAC(SETNSETWSFLX)

¥N = ¢ o
CO 332 KK=1,NSET

K = SET(NSET+1-KK)

“Facc(r)

24 .

CG .34 1=4,3
EP(I) = ¢ : . S
FQC(I) = 0 - . - -« . e e

=0
€O 34 J=1,3
EIC(I ) = O
EIC(I+J) = O
CCNT INUE

T ERXMK = SFXM(K) . : -

3¢

CO 3¢ M=1,3FXMK
MN = MN+1

MNEMN = NFER+MN

CALL SCLV(THA(NFMN) ¢FLA(1,MN)oTEML1) .
CALL VECADD(EPTENL,ER)

CALL SCLV(THAD(NFNh)-FLC(loﬂh).TEMI)
CALL VECBDD(FQGD+TENLILFGD) )

CALL <LLC(THA(NFMB)|FLE(l-loNV)'TtM‘)
CALL CYACD(EIs» TEME,EI)

CALL aCLC(TuAD(NFMA).FLE(x.l.MN).rewo)
CALL CYACL(EID,TENESEIC) '

CCCNT INUE
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. €2326500

€2326600
€2226700
€232£800
€232€900
€2327000
€22271¢0
c2127200
€23227300
€2327400
c2227s500
€22276%0

_gazz27709

£23227820
€2327900

. (2328C0C

c2228100
23228200

T 2228300
. €2228400
. €2328500

c2:28690
£2328700

(2228800

«

€2:28900

2329000

€2329100
2229200
£2229300
€2329400
C2:2$500
€23229600

. 2229700

c222980¢C
£2229900
€2:3c000
€2335100
€2230200
€2230300

. €2230400

€2230500
€2230600
23230700
(22333800
€223090¢0
€233100¢C
€2331109
€2331200
€232313¢0
€223140°2
€2331500
€2331600
€2331700
€233130¢C
2231900
€2232000
€2332100
€2232200
€2332300
€2332400




PRINT 22€s (EP(1)oI=143) +(EFD(IL+K) +1=1,:3) c223250¢C
) FRINT 226, Ko(FUD(I}e1=1,+3) €2232600
FRINT 226, ((EJ(Ied)sd=1s2)(EID(Isd)ed=1e3)el=1,3) "€2:232700
FRINT 23C, (FLIRC(1sK) ¢I=143),(FLCRC(I+K)oI=1,43) €2232800
FRINT ZZ1.(DRM(TsK)eI=1,3) €23232900

32 CONT INUE ) . ! ¢2333000
FRINT 213 : (2333100

aC CONTINUE (2233200
CC 9 [=1.NFER -t ) i C2333300

S PRINT 22Cs (LoTHACI) o1 oTHFAG(I) ¢ 1 s THAUD(I) sIs(QFC(Js 1) ed=1+3)) €23233400
Nl = NFEFR+1. e at Vet RIEEE €23233500

N2 = NFEReMN f2233600

. IF (MR 424G +0) RETURN . c2233700
CC 1z I=N1,N2 L €2233800

12 FRINT 228, I+THAC(I) o1 o THADCI) oI +THALD(I) ' ’ : €2333900
J20CCFORMAT (* CENTER UF MASSE =9,3D17.8+7) £23234000
201 FORMZT (743X, 'RBICY = ¢,ZD17.d): I T . €23234100
202 FORMAT (2x+'HINERT = 1,3D17.8) . e . : €2334200
2C2 FORMAT ("1 TIME = *4D154CS4/) . -~ . . R ) . €22343C0
204  FORMAT( /33Xy *BADY . 'y 12 44X *REMC =", 301734 3Xs *FCMC =',3D17.8) €2234400
208 FORMAT (14X, *CAC 143D17e843X4*CEC = '433017.8) €2334500
20€ FORMAT (14X, *XMC = *#,3C17e843Xs'XIC = *,3017.8) €2334600
2C7 FURMAT (14X4s*ACC = *,3D17.8) ) .€233a700
208 FORMAT (/e3Xs'URIGIN® 44X e *FENC = *#33D017e3s3Xs*ACL = *,3D1748) €2323480C
205 FORMAT (' ANGULAR MOMENTLM = *,D20.8) : (2334900
217 FORMAT (23X, 'HMCM( *3124%) = $,017e3410Xs *CLM(*s12,%) = *,D17.8) €233500¢C
211 FURMAT (25X, 3D1748) i £€233510%
212 FORMAT (' SYSTEM INERTIA TENSUR S',43D017.0) : €223520¢C
213 FCRMAT (' ) : €2235300 .
214 FORMAT(14X+e* HE = *33D17:843Xe?' TK = *,D1748) €2335400
21S FORMAT (/»* KINETIC ENERGY = *,D20.8) . "€2235500
21€ FORMAT - (14Xe'PC3 = *43C17e8e3Xs'VEL = *43D178) €2335600
217 FCRMAT (/s' LINEAR MCNMENTUM = ',D20.3) : £223570¢C
218 FORMAT (14X,* LN = *,3D17.8) . €2235800
21$ FORMAT (/43X ,s*LBUCY = ¢,3D17.8) . €223590¢C
22C FURMAT (33X, THA(® 412,%) ='4C13e¢0e3Xe'THAD(*+I24%) "=10,D1266932Xs*"THACZ2236000
HCD(* ,I24%) =9,D13e€s3Xs*'CFCLt,I24") =¢,301346) c2236100
221 FORMAT (14X, *XMC = ',3C17.8) 2236200
222 FORMAT (°* TOTAL SYSTEM NMASS =',D17+8./) €2336300
222 FURMAT (14X, *ETC = 4301748+¢3Xs'PHL = ¢ 4,3D17e8) ¢2236400
224 FORMAT (14X,°C3C = *,3C17.8) . c233es0¢
225 FORMAT (ZXe'THA( *41249) =0 ,C13.653X+'THRAD(?+124%) =¢,D132,6+3X,*THAC22336600
#CO(* 4 I2,4') ='4D13.¢€) €2236700
22€ FORMAT (/+3Xs'FLEXIBLE * 93X ZP = $,3017.843X:'EPP = ¢,3D17.8) €223680C
22t FORMAT (zXx,' BODY *412+a4X,+* CD = *¢,3D17.8) €2236900
226 FCRMAT (14X, % EI = *33D17e8s3X*E£ID = *,3D178) €2337000
23C FORMAT (14X, 'FIR = "43C017e¢843X4'FCRk = ¢ 43D17e0) c23237100
231 FORMAT (14X, 'OCHM = ¢,3C17.8) €2237200
RETUERN €2337300

ENC €2237400

anA TN L R LR O N R AE R TR AR A
et o R ) .
PR (G JMP T} 210G CaT N e
]

¢ €2400000

SUERCUTINE SIMU(LC +CoNoNC) €24929100
IMFLICIT REAL*B(A=-hs0=~244%) €2400200
LCGICAL LEQU , €24C2300
LCGICAL LKUNGE 4 LTRNST o LVDIV s LEQUIV o+ LTFAN €2400400
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C
C
C

[a]

[alaNal

aNaNaNaNaNalNaNaNaNalN

- LIFANV o LRATE o+ LXDY » LETA s LTGRQU , €2490500
* LCFDGT , LOCT » LANGLE , LSETUP , LSIMQ €240060¢C
" €2400700 .
CINERSICN D(1.).C(1) €2479800
CINMENSICN DD{33433),CC(33) (24C£C900
LSED Tu CHTAIN SOLUTICN CF A SET UF SIMULTANEDUS LINEAR ECUATIONS (24€1000°
C*x = C €2491100
d €za21200
DESCKIPTIUN OF PAKAMETEKS €2401300
L = CGEFFICIENT MATRIX STUKED CULUMN-wISE DESTROUYEC DULRING(C24714C0
CCMPUTATICN €2471500
s N = NUMBSR CF EGLATICNS ) c24016CC
ot NC = CIMENSION CF ARRAY3 D AND ¢ IN THE CALLING SUGROLTINE (249217C0
- C = VECTUR OF CRIGINAL CONSTANTS UF LENGTH N, THESE ARE c2421€00
N REPLACED B8Y THE SULUTICN VECTUK €2471900
S : 2452000 .
COMMCN /LDEJUG/Z LRUNGE + LTRASI o LVUIV o, LEQUIV , LTRAN €2402100
R LTKANV o LRATE o LXDY + LETA s LTOROU . c2an2200
* LGFDOT » LECT v LANGLE o+ LSETUP , LSIMC c24n23c0
. EQUIVALENCE (LSIMG.LFQU) €24922400C
< - IF(LEGU) PRINT 1C7 €2432500
: (2472600
© TAKE ARRAY D FROM LIMENSICN NDXND AS OEFINEC IN CALLING SUBRULTINEC242270C
’ TC AN NXN ARRAY : €245280¢C
1y = © c2a029090
CO 14 J=z1.N 2423000
“tJ3 = (J-1)%ND 2433100
to 1¢ I=1eN . c2a03200
I = 10 + 1 ' 24953200
CC1J) = C(I+J3) . £2473400
. IS (LEQU) LO(1+d) = D(1J) : 2423500
"1 CGNTINUE S C24%3¢C0
U IF(LECU) CCCJ) = C(J) c2473700
‘14 C(GNTINUE ! 2403800
e . . C2473900
FORWERD SOLUTICN €c240400¢C
: c24041CC
- 7IOL = Q.00 2404200
¢ KRS = D €2404300
SRR N R AN 22404400
T LT 6€ "uzleN- C2474500
Sy = U+l €24%4600
JJ = JJ+h+d €2404700
EI1CA = C.D0 c24%480¢C
AT = Jdu~g c24Ca900
CO 23  1=JsN €2425000
: 2475100
CEARCh FCK MAXIMUM CCEFFICIENT IN COLUMN €24€5200
: €24953C0
1J = 1T+1 24054100
IF(D265(EIGA) = CTAPS(C(1J))) 21433433 €24055¢C0
21 EIGA = LI o .£2495600
£TIMAX = e c240s700
23 CONT INUE c24958C¢C
T Lo R “¢24359¢0
CinsrREEY FCR PIVUT LEZS THAN TOLERANCE teviy = ziesl - 243000
’ . _ c240¢€100
IF(DAES(EIGA) = TCL) 3E€,35,4C €240€200
3€ KS =1 €240630¢C
FRINT 1C2 cz2a0€a00
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Nnon

oanon

aNaXal

[aNale]

- 4C

s¢

7C

8cC

cer)

sTcp .
FETURN

INTERCHANGE ROWS IF NECESSARY

11 J ¢ Nx(JY-2)

IT = IMAX = J

CO SC  K=J4N

1 = I1 ¢ N

12 = 1t + I7 ,
SAVE = C(I1) ‘ o
C(I1) = £(i2) ;

CC12) = SAVE

CIVICE ECUATIUN BY LEACING CGEFFICléNT

C(11)/B1GA
CCIMAX)

SAVE

CCCIMAX) = C(J)
- C(Jd) = SAVE/BIGA

"ELIMINATE NEXT VARIABLE

IF(J=N) €5,7(Cs55

19 = N#(J-1)
£O 65 IX=JY.N
IXJ = IQS + IX

IT = J - IX

‘CO 6C JX = JYN

IXJX = N#(JX-1) + 1IX

X = IXJIX ¢+ IT

COIXJX) = DOIXJIX) —(DCIXJ)I*C(IIX))
COIX) = CCIX) = (C(II*CCIXI))

EACK SCLUTION

NY = N-1

IT = N=N

CO 8C J=1,NY
IA = IT - J
IB =N - J

IC = N

CO 8C K=1,.J

C(IB) = C(IB) ~ CC(IA)=*C(IC)
1A = lA=N

IC = IC~-1

IF(«.MOTs LEQU) GO TO 1C2C
TEST1 = (C.D0

.C3 1 I=1,N

JCIESTZ = CeDO

CO 2 J=1N

TESTZ = TEST2 + CC(I.J)*C(J) .

JESTZ = T1EST2 - CC(I) PYAARIIOT anT

FRINT 1CEs I,TESTZ

TESTL = TEST1 + TEST2##2
CONT INUE

TEST1 = CSQRT(TEST1)
FRINT 1CS. TESTIL

>

NzZ476500
€2406600
€2476790
€2496800
€2476900
€2497000
c24n07100
€2407200
€24n7300
€24C7400
€2407500
€2407600
€C2407700
€2407800 .
€24379C0
. €2498000
c2408100
c24ca82¢9
€24£8300
€24084C9
€24)8500
c24C8600
€2498700
C2498800
€2438900
€2405000
€2409100
€2409200
€24993CC
€2499400
€2495500
€2419600
2495700
€24n9800
€2409900
C2410000
€2410100
. €2410200
€2410300
¢2410400
€2410500
€2410600
€2410700
c2410800
€24109C0
t2a11c00
c2411100
€z411200
€2411300C
2411400
€2411500
€2411600
€2411700C
€2411800
; €2411900
€2412000
c24121060
€2412200
" czatr230¢
€2412400

i
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100¢
1c¢

-103
104
105
106"
1¢?
1c8
106

*
*

-COMMCN /LDEOBUGY/ LRULNGE o+ LTRANST » LVODILIV

.
L J

CONT INUVE

FORMAT ( 6D15,5)

FORMAT (* MATRIX IS SINGUL AR GARDAGE FUOLLOwWS *)
FORMAT (* O(':e144°) = XMN(*ol24¢4*¢l24%) = ',D20.10)
FORMAT (*. *) '
FORMAT (*  C(*,124%) = *,02Ce10)

FORMAT (*1 SUBROULTINE SINQ ENTEKED ')

FORMAT (* ERRGR IN ROW' I2,' = *,D17.8)

FORMET (' NCRM OF ERRCR VECTOR = *4D1743)

FRETUFN ’ - -

ENC

SUBRCUTINE RUNGE(T sHsY sYLCoRLoN2,TEM)

IMFLICIT REAL*B(A-H,0-2+%)

LCGICAL LEQU . -

LOGICAL LRUNGE 4+ LTFNSI , LVDIV , LEQUIV + LTRAN
LTRANV o+ LRATE 4 LXDY « LETA « LTORQU
LQFDCT o+ LDCTY s LANGLE , LSETUP , LSIMQO

» LEQUIV s LTRAN

LTRANV , LRATE , LXDY s LETA » LTORQU
LCFDOTY , LDCY » LANGLE o LSETUR 4 LSIMQ

EQUIVALENCE (LRUNCGE,LECGU)

CCINERSICN Y(1).YC(1)sTEM(251)

ANDNHNOHNANAD

. ACCEFTS SYSTEM STATE AT TIME T
RETURNS SYSTEM STATE AT TIME T+H

SYSTEM STATE Y(N)

CERIMATIVE OF Y(N) IS YD(N)

SUBRCUTINE DYN COMPUTES YC(M) A5 REGWUIRED 8Y RUNGE KUTTA
hUﬂBEF UF STATE VARIABLES IS N1 ¢ N2

hl = NUMEER OF DYAANIC ECUATIINS

N2 = NUMBER OF EQUATIONS FKCM TORUUE

TENMPCRARY STCRAGE AREA TENM(2.N) NOT TO BE USED IN CYN
N.= Ml 4+ N2

IF(LEQU)FRINT 202

IF(LECUIFRINT 200+ (T oY (I)oLo¥YOCL) oLl oTEMIL L) oI, TEM(241)0l=14sN)

K o= C

F NN

CIF(LEQU)IPRINT 200, (loY(l))IuYD(l}-lvTEM(lol)olnTEM(ZuI)oI:[.N)

co 1 I=1.N
TENC(L11) = Y(I)

"TENCZH1) = YD(I)

C0O = F/2

A = (CO

T = 1T+ CD

CC 4 1=1sN

Y1) = T&M(l.l)fAtvD(l)v«

AF (LEQUIPRINT 201.%- (luY(I)olaYD(!)vlaTEM(l-l)-loTEH(Z-l)-l 1'eN)

CALL DVYNIYYDsN1)

K=K+ 1 R

" IF(K<EG.3) GC TO 7-

th

co S 1=1eN

TENM(Ze1) = TEM(2,1) + 2%YC(1I)
IF(KeEQel) GO TO 2

A = F

.60 TC 2

A-144

[

C2412500
€2412600
€2412709
2412800
€2412900
t2413000

- 2413100
‘r£2413207

'€24133900

' (2413400

€2413500

€2413600 .

¢2scocce
c2e00129
€2€00200
c25c030C
€2590400
€25705¢C0
(259C600
c2<co7¢C
¢2e200800
c2sn0900
€2€01000
€2€01100
c2sc12¢0
€2£01300
€2£91400
€28n1509
C2501600
€2501700
cz2so018¢0
C25£1900
c2s929¢0
t2e021¢€0
c2&92200

- €2€02300

€2sn2400
cz2er25¢n
€2£02600
c2sn27¢0
c2g€n2800
€25026¢0
czsc3ooc
€2€n3100
c2s93200

3C2€03300~

C2E5N3600
€C2€23500
25903600
€2c93700
€2503400
€2<03900
C2E040CO
€2€04100
€2504200

M@ g FATN Rt




7 6= ss6 : ' : €2504300

CO € I[=1,N €2504400
TEN(Z41) = AR(TEM(2+1) ¢ YO(L)) L €2594500
€ Y(I) = TEM(Ll.1) + TEM(2.1) . €25046C0
IF(LEQUIFRINT 201 s (1 4Y(1) 0o YO(I) ol pTEMOL 1), LaTEM(2: 1) +1=1sN) C25Ca7.CO
CALL DYN(Y,YD.N1) . ‘ €2574800
IF(LEQU)IPRINT 200¢ (ToYCL) Lo YD(I) ol ¢TEMIL,1)¢I+TEM(2,1)4151sN) C2S64900
©20C FORMAT (' IN RUNGE Y(*y120%) = 9,01848¢% YC(*,124:%) = *,D18.,8,' TC280500C
SEM(L 4" 120%) = *,ClBeBb," TEN(24'4]24%) = *,D18.8) 2505100
261 FORMAT (' OUT RUNGE Y('412+°) = #,D18¢8," YC(*,12,') = *,DIE.Es* T1C2E952CC
HEM(1,%,12,') = *,DI8BeB,' TEN(2+',12,°%) = *,D18.8) ' €2£05300
202 FORMAT (*19) . . ; . 2505400
RETUEN . : ) €2£055C0C
ENC . ' €2505€0C

1
. . C2€00C0C
SUERCUTIME UNCAGE (SCGoSCoToTUG) : 2600100
IMFLICIT KEAL®B(A=kR,0-Z,%) ' . : ) © (2600200
INTECEN SCGoSCL1) +SCGL B €2€003C0
CINEMSICN TUGL1) . - . £2€en0400
TEST TC SEE 1F TINE TC LNCAGE ANY DEGREE CF FREEDOM (2€0CS0C
IF YES DU SO ANC KRENLMEER SC ARRAY . 2600600
SCG1 = $C6 . c2erc700
CO 6 1=1+SCG1 ' c2€rc80C
IF (T LT TUGESC(IN)) GU TC € : C2€00900
SCC = S$CG-1, o C2€01000
FRINT 13C, SC(I),T,5CG S c2€01100
sc(ry. = ¢ . : C2€01200
€ CCNTINLE . : : - C2€71300
IF(SCGeEC,5CG1) RETURN - - _ ' c2€01400
J=C : . . C2€D1500
CC 7 I=1.5C61 o ,C2€01600
IF(SC(1)+EQsC) GO TO 7 C . C2EDTTON
J=J+ 1 4 i . e o T 't2en1800
€C(JI)I=SC(]) ’ S : . T ¢2€01900
IF(I +Eued) GC TO 7 - . ’ o Cae02000
() = ¢ . " c2enz2100

7 CONTINUC : - €2€n2200
120 FORMAT (°* NOTICN ABULT FREE VECTUR *e124' UNCAGED AT T =¢,E£1545,C2€02300

¢ VMOTICN STILL CAGEC AECLT *s12,' FREE VECTCRS ') €26H2400
FETURN : _ £2€02500
ENC . . . C2€02600
SUERCUTINE COMPRS (XMN, THACC sNs 3C+SCGILG) . ] © C2€n2700
IMPL ICIT -HEAL#B(A-F,0=2,3) . G et rERgt s wae g C2E02800,:- ., .
CIMEMSTTN :XMN(3241) e THACTC (L) S C2€02900
INTECER SL(1)sSCG ’ c262300°
LOGICAL LGIn < C2€03100
SET LF LCGIC FLAGS ‘ . C2€03200
RS = N+ SCG c2€03300
TO 7 1=14N3 . ? " c2énzane

7 LG(1) = LTRUE. C2€03500

- A-145
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.- CO B I=1+5C6

8 LG(SC(I)) = +FALSE, €2€03700
11-= 0 (2603800
CO 9 I=1,NS €2€03900
IF CeMOT.LG(1)) GO TO 9 €2€04000
NS § SN § 'Y ; €2€604100
THADE(II) = THADDU(I) €2€04200
JJ = ¢ : €2€04300

O . 1C Jz14NS (2€04400
IF(+NIT.LG(J)) GO TO 1C (2€0450C
I = Juel €2€04600
XMNCITadJd) = XMN(T.J) C2604700

.1C CCNTINVE ’ . €2€04800
S CONTINGE : €2604900
RE TURN n X "t €2€05000
. END . .. R " €2€ns100
L o . . N s LY c s . .
T 5 - e T e s .
4 R e
- ¢ .ot : .

- ) e T - ¢ LT . . -

_ SUERCUTINE UNPRS(TRADD N »SCGsLG) CZ€05200
IMPLICIT REAL™ECA=~H0-2,%). . . . . ) C2€05300 °
CIMENSICN THADC(1) e L st : €2€05400
INTEGER $CG . T ey e . "C2€05500
LOGICAL LG(1) St T ¢ . C2€05600

12’ =N €2¢0570¢
AN'= N¢SCG - (2695800

LCO-11 I=1sNN N C2€05900
11 = NNel-1 T %7 €2€06000

SIF(LCE(IL)) GO TO 12 ' €2€06100
THADC(IL1) = CsC v C2€06200

. €0.TC 11 _ €2€196300
12 THACC(I1) = THADD(12) C2€06400
.o 12 = 12-1 C2€9650C
11 CONTINUE : N "C2€06600

L RETUFA ©t C2€06700

- | ENC . C2€0€800
SUERCUTINE CCMPAC(SETsNSET,»$) c2€ece9c0
IMFLICIT REAL*8(A-H,0-2,%) €2€07000
INTEGER SET(NSET),A(24),5.AB (2€07100
CATA A/ 21 v 22 y 24 + 28 ’ C2€07200

* z19 v 220 ¢ 249 + 280 . €2€07300

. z1900 . 2200 s 2400 v 280077, 0 C2€cT400

T 21000 + Z2COC + 24000 ¢ ZHOOO -G, T T aki C2€07500

* 210000 v 22cCOCC « 240009 + 280000 . T T L. 2C2€C7600C

) % 2100000 o Z2CCCCO o+ 2400000 + ZBOO0QO/: '* "  ~ * 7 ' €2¢07700
o A A 00000/ »iC2€N078

00551:"’;5; 3 Bs 210 SNEI-L3R, = § 4 ox oy (] ay T c2¢°7ggg

TAKES THE SET CF INTEGERS STCRGUL IN SET(NSET) ANC CCMPACTS C2€08C00

TFEN INTC THE SINCLE CCDEC INTEGER WURD 3. THE SET OF C2€c8100

INTECERS IN ARRAY SET MLET BE DISTINCT FHCM EACF CTHER C2€08200

ANC .LIE EETWEEN 1 AND 24 INCLUSIVE. C2€)8300

= NSET # Ab C2ECB8400

C2€€8590

IF(NSET4EQ.0)GO TO 2
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LCO 1  K=1,NSET . €2€¢8600

1.8 S + A(SET(K)) : R C2€08700
‘ FETURN €C2€08800
L SETU1)=¢C : c2es890C0
"1 RETUERN ’ ‘ v -C2€09000
ENC ) : €2609100

t i
. SUERCLTINE UNPACCSETNSET.S) "+ c2€05200
S IMFLICIT REAL*8(A~F0-Z,1) C2€06300
INTECER SET(1)sAC28) 45,288,115 . © C2€09400
CATA A/ 21 . Z2 . 24 + 2B . €2€05500
\ o z10 . 220 o 240 » 280 ’ C2€09600
= z10¢ . 2200 » 2400 » 2800 . €C2€09700
* 21000 . Z22CO0C . 26000 v 28000 . €C2€09800
. 210000 . 2200CO . 240000 s 2800CO . €2€09900
* 2109000 o Z200CCO o+ 2400000 » 2800000/ 2610000
DATA AS/ 210000007 o ) €C2€10100
. ‘ o C Tt C2€10200
CECOCES THE CODED wORD 5 TO O3TAIN THE ELEMENTS CF SET(KSET) " C2€10300
. ELEMENTS OF SET RETURNEC IN CECREASING OKDER OF MAGNITUDE- - 'C2€10400
. SET(1)eGToSET(2)eGT o enne oGTe SETINSET) T C2€1¢500
“NSET = £/AB © 7t t2e1c600
IF(NSET.EQ.0) GO YO 5 - C2€1C700
1=C_ T t261¢800
1S= S-NSET=*AE ' C2€10900
KN=2€ . ' €2611000
. €O 1 K=1,24 T 'C2€11100
©IF 0 TS=A(KN=K)) 14342 C t2€é11200
2.1=1+1 . -, C2€11300
CSETLI) = KN-K ’ R © | "c2€11400
1S = TS=A(KN=K) T+ C2€11500
1 CONTINUE  C2€11600
2 (=141 - ca2étrroc
SET(I)=KN=K C2€11800
4 FETURAN C2€11900
£ SEVT(1)=0 02612000
FETURN €2€12100
ENC : C2€12200
INTEGER FUNCTION KTO(Nso oK) . o €2€12300
IMFLICIT REAL#EB(A<k,0=Z01) ST R s c2ei2400
v IF(K.GE4J) GC TO 1 : o - S P C2€12500
CKTCEKP(N=1)4J41-KB(K=1)/2 . - ” ‘ " C2€12600
"GO V€ 2 ' e ., .caerz700
3 ilnKTC = ys(N=1) + K ¢+ 1 = Jk(J-1)/2 TrvTTEAT T tZérzeoo
"2 RETUFRN e . . ‘ €2€12900
ENC C o © €2613700°

P . . :
‘.

K
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INTEGER FUNCTION KT1(N,d ¢K) B : C2€13100

IMFLICIT REAL*8{A-F.0-249) . _ . ¢2€13200
IF(K«GE ed) GC TO 1 : C2€13300
KT1=(K=1)%(N~1)+4J=(K~ 1)t(n-<)/e C2€13400
e TC 2 (2613500
KT1 = (J=1)1%(N=1) # K = (J=1¥x(u=2)s2" "~ 7 -~ = ’ ) * C2€13600
RE TUFN ’ T2€612700
ENC . . C2€13€00

A-148

LOGICAL FUNCTION CTAIN(I¢Se.N) €2€13900
IMFLICIT REAL®E(A~-F,0-Z.1) . €2614000
~INTEGER S(N) L. €2€14100
< ‘ T : C ~ €Z2€14200
c- CTAIN = +TRUE. IF EOCY LAGEL [ CONTAINEC IN SET S(N) . ' C2€14300
c. : .. = «FALSE. IF NO1I T Cc2€r4a00
c -ELEMENTS IN 3ET(N) NMLSF ‘BE FUSITIVE NON-ZERC™ INTEGERS IN LT T C2€18500
c € ITHER ASCENDING OR CECERDING URDER UF MAGNITUDE . €2€14600
d . . L €2€14700
IF(N.EQ.CoCRo1+EQW0) GC TC 1 o €2€14800
Nl = N+ C2€14900
IF(SIND) - S(1)) 24243 ' ' C2€150C0
2 K = AN €2€15100
L= -1 . C2€15200
€O TC 4 .. L ’ C2€15300 .
2K =1, ST Co N o " . €2€15400 .
L= ) . . . C2€issa0
4 IF(S(KI=1) S5s641 . : €2€15600
E K = k4L ) o 2615700
IF (K JEQeCoOR WK 4ET«AL) GC TO 1 i €2€15800
. GC TC 4 ’ : C2€15900
1 CTAIN = JFALSE. €2€16000
RE TUFN : C2€16100
€ CTAIN = oTRUE. - : C2€16200
FETUFRN ’ S : - S -+« C2€16300
END - C2€1€400
C . . . - B ::_r,.:-_-‘. EER Y v, LT Ty . v _ e F 3w “ , Yy . . (RN} ,.-\ 1 S w C27'JOOOO
SUERCUTINE VECTRN (VA.XMTsVAC) €C2700100
c PERFCRMS TRANSFORMATIGN CF COURDINATES FOR VECTORS © 2700200
d XNT = MATRIX, TRANSFCRMS VECTORS TO COMPUTING FRAME COCRCINATESC2700300
Corecss o FRCM 300Y LAMSA FIXED COGURCIAATC2790400
C.. vA = VECTOR INFUTEC RELATIVE TO 80DY LAMBA FIXED cooncanres c2700500
c VAD = VECTOR CCMPCNEMTS CCMPUTED RELATIVE TO COMPUTING FRANE €2790600
c . €2700700
(n'«aov EQLATICN SOLVED I€ S . AnE . s . f2nccsoo
c _ €27¢0900
c VAD = (XMT) * VA : ‘ 2701200
C ) €2701100
IMFLICIT REAL*B(A-F¢C~2,%) . ’ 2701200
CINMENSICN VA(3)eXMTL3,2)4VAC(3) : €2701300
CO 1 I=1,3 €2701400
vAC(1)=C . c27¢c1500

-

»



v

s

© 1 CGNTINUE

_17C FORMAT (°*

TTLC0 L d=1.3

1 VAC(l)—vAD(I)QXMT(I-J)‘VA(J)
FETUFN
ENC

SUERCUT INE TENTRN(XI ¢ XNT 4XIC)
TRANSFORM 3X3 TENSCRS wl1H CHECK FOR svnuarsv
IMELICIT REAL®8(A=FoC=Zo%) + = - e
CINENSICN XI(3¢32) eXMT(243)eXID(3,3)
. LCGICAL FLAG
.FLAG = +TRUE.
JIFC XEC1oZ2)eECeXI(2s1)
$ 7 GANDeXI{1+2)eEQaxXI(241) .
T GEND WXI(2432) EQ.XI(342)) GU TO. 2 -,
.. .FLAG = JFALSE. . :
@ CO 1 I=1.3
Toa = 1
. IF(FLAG) ¢U TO 3
D ¥
CO 1 J=11.3
XIC(Ied) = O
CO 1 L=1.,3
CO 1 M=1,3
XIC(1s3) =

()

XIC(Isd) + XMTUL oL ) EXIAL oMIEXMT(JoM)

CIF (L eNGT «FLAG) RETURN

L UXICCEs1) = XID(1+2)
UXIC(Ze1) .= XID(142)
XICLZs2) = XID(243)

. FETURN '

ENC

SUERCUTINE VECNRM (V)

IMFLICIT REAL®8(A=-Fe0=2+%)
CINMENSICN VD)

U‘EC TC NURMALIZE VECTOFS 10 UNITY
A = N(1)%e3 +7V(2)e82 ¥ w(a)-te
IF(A «NEoC) GG TO 1

FRINT 1CC, )

GIMBAL  LOCK ccuoxrtun.
ptEAEL\ FLLLOW * -)

R .a‘: FETUFN z : - ?‘J\ HE TR E P :‘_3“-‘ ,:l-‘.: S omaelTr L ae
?.J,A_= CSQKRTCA)Y 7 ’ R
:,CU 2 I=1+3 ’
,,,,, 2 NI1) = v(II/A
" FETURN
ENC

C2701600
2701700
(27101800
2701900

€2702000
c2702100

€2702200-

€2702300
€2702400
€2702500
*€2702600
.. t27c2700"
. B €2702800

e : €27€2900

. €2703000
< c2703100
€27c3200

© €2703300
€2703400

€2703500

€2703600

€27037¢0
2703800

-+ €2703900

© €2704000
€2704100 °
©€2794200
# €2724300
€2704400
€2704520

€2704600
€279470C0
€2704800
£27¢a900

€2705000

€2705100
€2705200

NUOKMAL 1 ZATION SKIPPED ERRORS FROC27CS300

_ €2705400
oo -7 £2795500
: €27€5600
€2705700

Q3v .02 AJITA 162705800 .
C27C5900

2706000

21

A-149



.- SLERCUTINE MATMUL (A+3eCoN)
v . IMFLICIT REALWE(A=FeO-Z,%)
" CINERSICN ACNGN) sE(NSND s CON N

LON

T . Axg = C
*cc H 1+N
TLE0 1 J=1.N
c¢Iled) = ¢C
T CC 2 L=1sN
2c{Ted) = ClIsd) # ALLIL)*EILL D)
1 CONT INUE
RE TUFRN
ENC

[

.SUERCLTINE TRNSPS (XMT)
G-+ LSED TG COMPUTE THE TRANSPCSE OF A 3X3 MATRIX
T IMFLICIT REALXB(A~FC~2,%)
CINEMNSICN XMT(3,3).TEMF(3,2)
cO 1 1=1,3
‘L 1 J=z1,3
1 TENMP(I,+J) = XMT(I +J)
CO 2 1=1,3
CO 2 J=1,3
XMTULyd) = TEMP(J 1)
RETURN
ENC

nM

. L SUEKCULTINE ROT(A+CsJASTNE)
T IMFLICIT KEAL®B(A=-Fs0-Z,12)
CEENERAL EULER ANGLE ROTATION MATRIX
CINENSICN TME(3,3)sv(3).n(3)
€ = C/DABS(C)
CO 24 N=1,3
wih) = ¢
24 V(N) = .CDO
JJA = IAES(JA)
T N EJJA) = ARJAZIIA
SO w{dd ) = 1.0D0

TIME(1s1) = DSQRT(1.D0 ~ V(Z)*%x2 - V(3)®s2)*xall)
CCTME(Ze2) = DSQRT( 1400 - V(1)%%2 — V(3)%¥2)%uw(2) -
C TR ITME(Ze2) = DEQRT(1.D0 = V(1) 922 = .v(2)%%2)xw(3) .
OBELOXTME(1e2) = =V(2)
Bl U IMECESl) = V(Z)
TMECL1+3) = V(2)
TME(2,1) = =V(2)
IME(Z43) = =V(1)
TME(Ze2) = V(1)
FETUERN

_ ENC

A0

CCNPLTa THE STANOAKD MATKIX FRODUCT UF Twu NXN MATRICES

€2706100
€2706200
C27C€300

- C270€400

€C2706500
€27C6600
€2756700
(27068C0
2706900

- g210700C

ca270710¢C
2707220
(270730C

L£27C7400

€2707500
., €27297609

c2707700
2707800

€27C790¢C

(21708000
(27¢8100
(2708200
€27¢8300
€27178400
(27c8sce

(27C¢8600

© €2702700

€2708800
€(27¢8900
€2709C00
€2709100
€272°9200
2705300
€C27C9400
c27¢c950¢C
€27¢9600
c277¢7¢C0
c270s800
€C2709900
C2710000
€2710100
c271c200
€2710300
C2710400
c271¢500
€2710600
€271C700




SUERCLTINE VECACD(V1,V2,%5)

" ACCS VECTOR V1 TO v2 RESULT IN S .

IMFLICIT REAL*8(A-F,0-2,2)
CIMEMSICEN VI(3)V2(3), S(2)

(1) = vi(i) + v2(1)
S(z) = vi(2) + v2(2)
S(2) = vI(3) + v2(3)
FETURN

ENC

SUERCUTINE VECSUBUIVL.VZC)
SUETRACTS VECTORS vi-vZ=C
IMFLICIT REAL*#8(A-HD~Z+%)
CINENSICN VI(3)sv2(3),C(2)
Ce1) = vi(l) - v2(1)

CCz) = vi(2) - v2(2)
CL3) = vi(3) - v2(2)
FETURN

ENC

SUERCUTINE SCLVESC,VP)
SCAL 4R * VECTOR

IMFLICIT REAL*B(A=F,0-2+%)
EINENSICN V(2)P(3)

F(1) = sC=v(l)

F{2) = sCxv(2)
FL2) = sSC*Vv(3)
RETURN

ENC

SUBRCUTINE VECDOT (V] +V2.0)

VECTCR DOCT PRODUCT

IMFLICIT REAL*B8(A=-F,0-24+%)

CINENSICN V1(3).V2(3) .

C = Vi(1)®¥V2(1) + V1(2)3V2(Z) + V1{3)*v2(3)
-RE TUEN

-ENC

SUERCUTINE VECROS (V14V2.C)
WVECTCR CROSS PRODUCT € = VI X V2
IMFLICIT REAL*2(A~-H,0~-Z» %)
CIMEASESM-VIE(Z)4eV2(3),C(3)

Cl1) = vi(e)sv2(3)~- v1(2)*v2(2)

€2€00000
c2e00100
€2800200
€2800300
€2£00400
C2£00500
€2£00600
€2€00700
€2£90800
€2€00900

c2ge90100¢0

c2eolto0

. CZEOIZOO

€2€01300
€2891400
€2E01500
£2801600
€2801700

£2€01800

'€2€01900

€2£02000
c2802100

'€26802200

€2e02300
(2502400

.. €2892500

€2£02600

.€2€02700

€2€02800

- €2803800 ..

€2€02900
€2803000
2803100
C2e03200
C2€03300
€2803400

.-

"y

€2803500
€2£803600
C2€03700

€2£03900
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X XaXaRa e

VA2 eVEC

vi(l)sv2(2

. o

C e TaTate 0t

_V

)= VI(L)#VEC(S)
)= Vi(zreva(l)

RN

‘UERCUTIBL TﬂlPVP(VlvVZ-V)

CCMFLTE‘ §TANCARD VECTOR TRIPLE PFCDUCT

\ll(le\Z)

vis(viev2) - VZ‘(VI.VI)

lMFLlCIT REAL®E8(A<F,0=Zs8)
ClN‘hSlCh VI(3)Vv2(2)eVI D)

) A= v1(1)8V2(1) ¢ vi(2)v2(2) + VI(BD‘VZ(J)
Y ETE WLOADEVL(L) ¢ VI{2)eV1(2E) ¢ VI(J)'VI(3)

- T e
T N 2)
Cow2)
FE TUF

ENC

Z h'uow

Vi(1)*A -
vi(2)%A -

VI(3)*A -

va(1)e8
va(2)se .
va(2)ee i

.7 SUEBRCLTINE DYADD(C1+D2+D)
€ ' ADCS TwU DYADS

[

€ =.01 ¢+

c2

JIMFLICIT REAL®8(A-HeC=2, %)
CINERSICA DL1(3+43)s D2(3+200 D(3.3)

‘to 1
co i
1 CEEvd)

FETUFN .

ENC

I=1,3
J=1e3 .

= DI(I.J) DA DZ(IUJ,

+ .

~ . " SUERCUTINE SCLC(AWC+T) . .-
“ . IMPLICIT REAL®E(A=Fe0~2,1)

DU T(100)
CTTCEe1)
T T€341)
=T O T(1e2)

e IMEez).

L "1(2.2)
(1 2)
RICIEIN
A T(3253)
S CRETURN
,AE_N%. -

A152-7

A®D(1,1)
A‘D(Zol,.
A®D(3.1)
ASD(1,2)
A®D(2.,2)

'

~A‘D(IQJ’
A‘D(203)
A‘D(3n3’

ll " nw

. TCIMEFNSICN.D(342)41(3,:3)
STENGLT IPLY SCALAR 3

YA renécn

A.D(JoZ)’

- . 3o
- .

S

" cze0a000

€2804100

© .C2E04200
- €2804300

2 .

CZéOOGéO
CZEOASOO

':czecasoo

€2804700
‘2804800
€2804900
€2805000
C2805100
€2€05200

L. €2e0s300
- . C2805400
1 €2805500

€2€05600

.C2805700

€2€95800
€2805900

.¢28€6000

. €2806100

€2806200
€2€06300
€280€400
€2806500
€2806600

"C2806700

-€2806800

. C28€6900

c2eo7eco
c2807100
C2€07200
C2807300

- £2807400

€2807500
€2807600
c2807700

. 02807800

€28C7900
C2€e08000

' ¢2€08100
26808200

€2£98300
€2€C8400



PN o N o TR

”

CSLERCUTINE DYDOTV(A(V,D) )
"'SCALAR CCT PRODUCT OF DYAD AND VECTOR

D = Asv - T
lMFLlClT REAL‘B(‘-F.D-Z.!)

"CIVEPSICA D(2),A0333),v(2)
.CO 1 I=1.3

c(1y = ¢
CO 1 J=1,3
ClI) = C(1) ¢+ A1 ,4)%VEJ)

"RE TUFRN
"ENC" " . s Tt T

‘. SUERCUTINE VXDYOV(VlsDYsV) ° ~ »

" COMPLIES

VECTOR X (DYAC o VEGCTOR) -
V=Vl X (CY « V1)

CIMFLICIT REAL®8(A=Fs0-Z+%)

CIMENSICN V1I(3),v2(3D)4Vv(3)eDY(3:3)

TLLO 1 K=1.aY

‘to 1

v2(K )
SvE1)= VI(2)3V2(3) ~ VI(3)ev2(2)
vez)

€.00
=13 .
V2IK) ¢ OY(KeJIAVICJ)

va(K)

IIL h

=.vi(2)*V2(1) - VI(1)sv2(3)
VE2) = vi(l)*v2(2) - VI(z)*v2(1)

~<uERcunhE OYTOV' (DeX1leX)
RLSE TO: TAKE SCALAR DCT PRODLCT OF TRAN;POSE CF '

TENSCR C WiITH VECTOR x1

NCN' SYMMETRIC-

TIMFLICIT REAL%8(A~FoG=243)

CINEFSICA D(Jol).)l(‘)-l(’)
co 1 I=1+3 )

x(I) = ¢

co 1 J=1e3

“xC1) = 2(1) + D(Jol)®X1(L);
" CONT InUVE : = LT
" RETUEN

ENC

. SUERCLTINE-VCLYOV (V1 DY s VZ »X)

« CCMFULTES THE SCALAR TRIFLE PRUODUCT
© VECTCR -+ (DYAD o VECTUR)
Vlo(DYo\Z)

AIMFLICIT REAL®8(A=-heC=2)%)

jClNEF‘lLk Vl(‘)oDY(JoS)-VZ(‘)-TCN(J)

4

LN

) A

i -

.=

ST s g

\
!” LA

)

_c2eo0es00
€2e08600
'fczeoe7oo
"t2608800
t2808900
€2809000
C2€09100
2809200
2809300
€2€09400
€28¢9500

'€2809600
€2809700
€2809800
C2€09900
2810000
2810100
C2810200
€2810300
c2e10400
€2810500
C2€610600
c2e107¢c0
C2€10800
€2£€10900

€2€11000
€2811100
c2e112¢c0

"NEEDEC SINCE TENSCRS IN ‘YMNERIC NATRIX aF lNERTlA TENSORS ARE lN -£2811300

C2E11400
TC2€11500
2811600
c2811 700
‘c2€11800
. €2811900
- c2er20¢0
€2€12100

i1+ 16281220¢C

c2e12300

gaw
s

(2612400
€2812500
L2E12600
" .c2812700
-€2812800C
T ‘2812900

. A153



<

ERS

- to {.‘ -1.3

CTEMCK) = 00"
o1 J4=1.3

= C
-CC 2 J=1e 3

2= X o+ VI(J)IsTEM(J)
KE TURN

ENC

‘SUERCUTINE DYCF(V,C)

[ TEM(K) = TEM(K) + DY(K.J)9V2(J)

(4 TRANSFCRMS VECTOR V1 INTC SKEW DYAD
IMFLICIT REAL®E(A~Fe0~-2Z,%)
D CINEMSICN  V(3)4C(3,2)
Cllel) = O
L. Bt1e2) = v(3)
TUCCYeZ) = =v(2)
. T UCCEe1) = =v(3)
t(zs2) = 0
< CCZ2e3) = V(L)
TL(2.1) = vi2)
S CCZe2) = =vil)
C(Z43) =0
" FETUFRN '
ENC
SUERCUTINE SLEQP(V1sV24XM,D)
IMPLICIT REAL®E(A=F,0-Z, %)
" CINEPSICN VI(3),v2(3).C(343)
c LSED TU COMPUTE TFE PSLECC INERTIA TENSUR
c’ OF ECDY LAMBA wITk RESPECT TU THE ORIGIN OF NEST K-l
4 THE HINGE POINT I-1 WFICH IS (UN THE TUPOLUGICAL PATH FRCM
C -BCOY 1 TU "UCDY LAMBA
¢ .
C. D = XME((V1,Vv2)*1
o :
C N XM - SCAL AR
c’ V1 VECTOR
C ve VECTOR
C- 1 UNIT CYAD
C * SCALAR.MULTIPLICATICN
< . e = VECTCR SCALAF MULTIFLICATIUN
C- ELANK TEN5S0OR MULTIPLICATICN
»C. NCTE
oG
L LTEC1et) = XME(VI(2)#V2(Z) ¢ VI(3)AV2(3))
S C(1eZ) =-XMEV2(1)*VI(2)

S L1,
LGEL)
Btz

T €(2e3)

o TE2.)

ELCCK & SUPPER GAMBA,SUE K- lol-l EQUATICN 2-55 GF Xx=732-71-7¢

THAT [N GENERAL TrRE FSUEVUD INERTIA TEANSUR I35 NON SYMMETFKIC

S<~XMEV2(1)%v1L(2)

LTEXMEV2(2)9VICL),
= XMR(V2(1)eVI(Q) & V2(3)sVI(3))

S-XMEV2(2)*VL(3)
=—XMEV2(3)evi (1)

C2E13CC0

‘€2813190

c2813200
c2£13300
C2€13400
€2813500
€28136C0
c2813700
C2€13800

C2€13900
c2e14000C
2814100

(2814200
2814300

¢2e14400

- (2814500

€2€14600
C2€14700
€z814800
€2€14900
C2€15000
£2e15100
€2€15200
C2€15300

C(2€E15400
C2€15500

- CZ2E815600

C2€15700
€2€15800
(2615900
czer16000
c2€16100
€2816200
C2£1€300
C2€16400

.C2€16500
1 €2816600

c2e16700
€2£16809
C2€169CO
c2a17¢c0
C2€17100
¢2€17200

- €2E17300
" c2817400

C2EL1T7S5CO
C2€17600
C2€17700
c2€17800
€2€17900



Annon -

ABAN

. EO

- ZT(1) = CCOS(THA/Z)

C(2,2) =-xMEV2(3)#VI(2)

£032,2) = XM®(V2(1)#V1(1) + v2(2)%V1(2))

RE TUEN

ENC .,

SUBRCLTINE WUTMUL (QlC2,.P)
IMFLICIT REAL®E(A-H.0-2,+%)
CINMEPSICN Ql(4),02(8)P(4)
MULTIPLIES TwO QUATENICNS AND PUTS FRULDUCT IN P

. P=01%Q2

wWHERE .
. * = QUATERNICN MLLTIPLICATION .
AQ = ai(1l) N

A1 = Q1(2)

A2 = C14{2)

43 = 414l

= G2(1)
€1 = G2(2)
E2 = Q2(2)

.E3 = Q2(4)

F(1) = AC*xO0 - Al*El - AZ#B2 - A3*53
F(Z) = AC*31 + Al1*E0 + Az*B2 - A3%xd2
F(Z) = AC*B2 - AL*E3 ¢ A2*BC + A3*8l
F(4) = ACxB3 + A1*B2 - AZ*Bl + A3*80
RETURN

ENC

SUERCUTINE QUATOP (GF 4 THA2T) T
IMFLICIT REAL®8(A~-F,0~Z,9%) . S O
CINENSICN QF (3),2T(4) ‘

ca2818¢cc0

C2€18100

C2€18200

c2e18300

€2600000
€2522100
(2600200
€2500300
€2%$00400

 €2500500

€2500600

,€2600700
£260¢800

€2500900
02$01000
2901100
€2$01200
€2$01300
€2601400
€26071500
€2901600

2501700
2601800

2601900
€2602000
€2$02100

" €2502200

CCMPLTES ROTATION QUATERNIGA FROM ClGENVECTUR F AND ROTATICA'

ANGLE THA, EQUATION A-11 OF Xx- 732-71-89

)

- ’.]ﬂt.'
s = CSIN(THA/2)
Co 1 J=Zv4
2T(J) = GF(J-1)%5
- FETURN
END
* Liva2 -
T A | P
Ve v ALl s baLE suceal -
e S . e ST ANT T Y g a3 ua T N R | A

SUERCUTINE TRANSO(GML » SL )
IMFLICIT REAL®8(A-F.0=24%)
CINMERSICN GML(4),SL(3,2)

€2502300

'€2$02400

€2502500

| c2sn2600

NAn U
s T

€2502700
€2902800
€25C2900
€2503000
€2<03100
€2903200

]
€2903300
€2503400
(2503500
'€2603600

MATRIX OFERATOR CCNSTRUCTS THE QUATERNION TRANbFURMATXON MATRIX SLCZSO37OO

FRCM THE CCMPONERNYS CF THE QUATERNION uML(K)
TFE EULATIUON EVALLATE IS THE TRANSPCSE OF A- lb OF x- 732-71 -86
THAT I1Ss-LET- . :

i

2503800
" 2503900

'£2904£00. .

(A-155




GML (K)
THEN

ECR%2¢E 1% %2-C2832-E39%2
 Z(E1*E2-EJ*EJ)
Z(EL1PE3+EQ*E2)

_SLC1,1)
= SL{2s1)
SL(3.1)

AOANAAOBANANAD

GML(L1)=GML (1)
GML(L)*GML(Z)
GMLC(1)sGML(2)
GML(1)sGML (4)
GML{2)*GML(2)
GVML(2)%GML( 2)
GML(2)xGML(4)
‘GML(3) *GML( Z)
g22 GML{ 3)*GMLL L&)
< 7 E32 GML(4)=GML (4)
StLilel)
st {1.2)
Ll +2)
SL{E1)
SL€2+2)
SL243)
SL(3,1)
SL(32+2)
"EL(3+3)
FETURN
ENC

EOC

" ECH

* EQZ
’ "EC 2

E1l

E1Z

EtZ

€22

[ | I U | S T N 1}
nhowonp

EOC + E}) -
2% (EC3 + E12)
2% (E13 - EO02)
2%(E12 - EO02)
EOO - E1l ¢ E22Z2 - E33
2% (E23 + EC1)
2% (E13 + EO2)
2% (E23 - EC1)
EOCO - ELlL -

EOS#2-E 1% #24E2%22-EJnx2

SL(2,2)
SL{3s2)

E22 + E33 -

(EOC+E1+E2,E3)

S{ECSEI*EL*E2)

2(EZ*C3~-EQ*E})

SL(1.,2)

‘E22 - E33

SL(1,3)
SL(2+3)
SL(3,3)

2(E1*E3-EO0*EzZ)
2(E2%E3¢+EO*E1)

(2904100
€2504200
(2604300
(2504400
€2674500

EO®*2-E1%%2-E28824¢E2%(2GC4600

€250470C
(2604800
€2$04900
(2605000
€2605100
€2$05200
(2595300
€2$0%5400 °
(2505500
€25€5600
€2s057¢0
€2$95800
€2s¢590¢
€25C60C0
(2G60£100
€250€200

25C6300 " -

€25C6400
C2606500
2506600
C2506700
€C2696800
€260690¢C
2907000
2507100
€(2s07200

T€2607300°
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APPENDIX B

~ SUPPORT PROGRAMS FOR N-BOD2
FLEXIBLE BODY CAPABILITY

The flexible body options available in N-BOD?2 require the user to obtain several resultant
mode dependent parameters. These parameters will, for most applications, be computed from
lumped parameter data obtained via the standard in-house finite element program. NASTRAN
is the standard program at NASA/GSFC; however, other installations make use of other pro-
grams. Therefore, as a guide for the interested user, the following two programs are submitted
and can either be used directly or be extensively modified to suit the situation existing at the
partlcular computer installation that N-BOD?2 will be applied.

The first program is actually the NASTRAN Executive Control Deck for a specially wntten
DMAP program. This DMAP program will output all lumped parameter data necessary for
the generation of the required N-BOD?2 resultant mode dependent parameters. The program
DISCOS referred to in the DMAP listing is another flexible body program being prepared by
H. P. Frisch for release at GSFC. It requires similar data but in a completely diffgerent format.

This DMAP program is operational on the Macneal-Schwendler version 38 of NASTRAN and
the Level 15.5 NASA version with one trivial change in the functional module GP4. (Built-in
NASTRAN error messages will point out the change.)

The DMAP program was written so that, in addition to modes and frequenmes (real), NASTRAN
could be forced to output modal mass, stiffness, and damping matrices. Several print and

punch options were also built in so that the user could see more clearly some of the resultant
mass stiffness and damping matrices internally generated by NASTRAN. The interested user

is referred to a NASTRAN Level 15 User’s Manual (Reference 1) and Programmer’s Manual
(Reference 2) for a detailed description of the DMAP program. Basically it is a combination

of rigid formats 3, 9, and 12.

Preceding Page Blank



10
DIAG
TIME
APP
BEGIN
FILF
GP1
SAVE
CHKPNT
PAR AM
COND
TABPT
TARPRT
TABPRT
TABPRT
LABEL
PURGE
CHKPNT
GP2
CHKPNT
TAL,

SAVE
CHKPNT
PURGE

CHKPNT

SMal
SAVE
CHKPNT
PARAM
COND
MATPRN
LABEL
PURGE -
‘CHKPNT
SMA2

SAVE
CHKPNT
PARAM
COND-
MATPRN
LABEL
PARAM
COND: -
DIAGON
MATPRN
LABEL
PURGE
CHKPNT
conp -
GPWG
CHKPNT
oFpP-
SAVE
LABEL
PARAM

B4

FRISCH, DISCOS N-BOD2 NASTRAN

14
6000

NMAP

DISEOS AND N-BOD2 DATA VIA NASTRAN §
%

GEOM1,GEOM2,/GPL, EOEXIN'GPDT.CSTMvBGPDTvSIL/V'N.LUSET/ c.N.123/
VyN,NOGPDT $

LUSET 4NOGPDT %

GPLLENEXIN,GPDT,CSTM,BGPDT,SIL

//CyNyNOP/V,Y,PRTGD=1 &

LBL10,PRTGD $ :
GPL+EQEXIN,GPDT,RGPNT,SIL// § :
GPL//C4N4GPL % .- "‘5':«‘
GPDT//C4yN,GPDT $ S '
BGPDT//C4N,RGPDT % ,
LBL1O $ . o
USET,GMyGO,KAA,BAA,MAA,K4AA,PST KFS+QP,EST/NOGPDT '8
USET,GMyGO,KAA,RAA,MAA, K4AA.PST'KFS,QP.EST $
GEOM2,EQEXIN/ECT &
ECT & : _
sECTVEPT,RBGPDT4STLy+sCSTM/ESTy+sGEI+ECPToGPCT/V,NyLUSET/ CyN,
123/V4NyNOSIMP/CoeN,0O/V 4N, NDGENL/VvN,GENEL $ : e
NOGENL NOSIMP,GENEL $ A : .
EST,GEI ECPT,GPCT $ ' B S
K4GGsGPST,0GPSTyMGGsBGGy K4NNoK4FF o K4AAyMNN,MFF 4 MAA4BNN, BFF,
BAA,KGGX/NOSIMP/ OGPST7/GENEL $
K4GGyGPST,0GPSTy MGGy BGG s K4NNK4FF 1 K4AAMNN, MFF; MAA.BNN.BFF,
BAA,KGGX & :
CSTMyMPTLECPTGPCT, DIT/KGGXsK4GGsGPST/VoNyNOGENL / VwN'NOK4GG$
NNK&4GG $ v : SR
KGGXyK&4GG4GPST §
//CyNyNOP/V,Y,PRTKG==-1 $ , .
LBL14,PRTKG $ : R ' Comes
KGGXye9e// & - o
LBL14 $
K4NN ¢ K4 GG K 4FF 4K4AA/NOKSGGG $
K4NN,K4GG,K4FF K4AA &
CSTMsMPT4ECPT,GPCT,DIT/MGG,RGG/V,Y,WTMASS=1, O/VoNqNOMGG/ v.N.
NOBGG/V,Y,COUPMASS=~1 &
NOMGGyNDBGG $
MGG,BGG §
I’/C'N’NOP/V'YOPRTMG=-1 $
LRL11,PRTMG $ ) »
MGG,,’,// $ cee T . R I )
LBL11 $ o T
//7C4NyNOP/V,Y,PRTHGN=1 $ ’ - L ’
LRL15,PRTMGD & . T Dman 0T N
AL MGG/MMG/C,Y,0PT= COLUMN/V Y.PowER le $. - : )
MMGsy9o// §

LRL1S $

BNNyBFF,BAA,BGG/NOBGG $ _

BNN,BFF,BAA,BGG $ o S
LBL1yGRDPNT $ ‘ :
BGPDT,CSTM,EQEXIN, MGG/DGPNG/V'Y'GRDPNT-—I/VoY WTMASS $
OGPWG %

OGPWGyyees//VeN,CARDND $

CARDNO $

LBLl $

7/CoNyMPY/V4NyNSKIP/CyNsO/CoNsO S




GP4 CASECC yGEOM4 4EQOEXINySIL yGPDT +BGPNDT+CSTM/RG4 +yUSET+/VeNsLUSET/
VeNyMPCF1/VyNyMPCF2/VyNySINGLE/VyNsOMIT/VNyREACT/V+NNSKIP/
VyN,REPEAT/VyN,NOSET/V,N,NOL/VINyNOA/CyN+O

SAVE MPCF1ySINGLE+OMIT,NOSETREACTyMPCF2yNSKIP+REPEAT,NGL+NOA $

CHKPNT RGLUSET s

PURGE GM,GMD/MPCF1/G0,KOOB,L00,U00.,MO00ByMOAB+GOD/OMIT/KFS+PST,0QP/

. SINGLE $

CHKPNT GM,GMD,G0,K0OOB,LO0,UD0,MD0B+MDAB+GOD+KFS+PSTH0P &

EOUIV KGGX+KNN/MPCF1/MGGyMNN/MPCF1/ BGG¢BNN/MPCF1/K4GGsK4NN/MPCFY §

CHKPNT KNN,MNN,BNN,K4NN,OGPST $

GPSP GPL+GPSTLUSET,SIL/0GPST $

OFP OGPSTyy993+//V4N,CARDNO $

SAVE CARDNOG ¢

. COND LBL2,MPCF1 $

MCE1 USET+RG/GM §

MCE2 USET, GM,KGGX,MGGQBGG,K#GG/KNN;MNNvBNNoK“NN S

CHKPNT GM,KNN,MNN,BNN,K4NN $

LABEL LBL2 ¢ :

EQuU1lvV KNN,KFF/SINGLE/MNNQMFF/SlNGLE/BNNvBFF/SINGLE/K4NN'K4FF/SINGLE $

CHKPNT KFFyMFF,BFF,K&4FF ¢

COND LBL3,SINGLE $

SCE1l USEToKNNyMNN o BNNoK4NN/KFF 4y KFSy 'MFFQBFFvK4FF $

LABEL LBL3 $

EQUIV KFFy,KAA/OMIT/ MFF, MAA/OM[T/BFF9BAA/OMIT/K4FFvK4AA/DMIT $

CHKPNT KAA,MAA,BAA,K4AA

COND - LBL20,OMIT.s .

SMP1 USET,KFF"BFF,K4FF/GD'KAA KOOB!LOO’UOO""BAA K#AA $

CHKPNT GO,KAA,KOOB,LOD,UOO+BAAsK4AA $

SMp2 USEToGO'MFF/MAA $

CHKPNT: . MAA $

LABEL LARL20 $

PURGE KRR,KLRyDM¢MLR, MR/REACT/CM/MPCFI/GO/OMIT/KFS/SINGLE/UG/NOSET ‘%

COND LBL21,REACT %

RBMGl USETKAA,MAA/KLL.KLR,KRR, MLLvMLRvMRR $

CHKPNT KLLyKLRyKRRyMLL ¢MLR4MRR $

RBMG2 KLL/LLL,ULL $

CHKPNT ULL,LLL $

RBMG3 LLL+ULLyKLRyKRR/DM $

CHKPNT DM &8 . :

RBMG4 DMyMLL MLR,MRR/MR $ 5

CHKPNT MR $ ' : :
LABEL LBL21 $ :
DPD DYNAMICS¢GPLySIL yUSET/GPLDySILDsUSETD o v 99 vy sEENDIEQDYN/V Ny

LUSET/VyNyLUSETD/V+N4yNOTFL/VsNyNODLT/V, NvNUPSDL/VoNvNUFRL/Vva
NOMLFT/VyNyNOTRL/VeNyNOEED/CsNy123/VeNsNOUE $
SAVE NOEED,NOUE 8 .
CHKPNT GPLD,SILD,USETD,EED,EQDYN $
COND ERRD2,NOEED e
READ KAAsMAA, MR DM, EED USET,CASECC/LAMA,PHIA, MI, GS/C
NyNEIGV $ ) ' >
SAVE NEIGVS ‘ o
CHKPNT LAMALPHIA,MI,OEIGS $
ADD MIo/01/CyNy(1.-10,0.0) $
OFP LAMA,OEIGSyss9e//VyN,CARDND $
COND FINIS,NEIGV $
SDR1 USET',PHIonvGOvGMvyKFva/PHIG,vQG/Cval/CoNvREIG $
CHKPNT PHIG,QG $
PARAM //CyNyNOP/V4YPRTMD=1 $
COND LBL12,PRTMD $
MATPRN PHIG,,?}// $



LABEL
SDR2

CHKPNT
OFP
SAVE
EQUlvV
CHKPNT
MTRXIN

SAVE
CHKPNT
PARAM
PARAM
PARAM
PURGE
EQulv

GKAD

CHKPNT
GKAM

CHKPNT
PARAM
COND
MATPRN
LABEL
PARAM -/
COND
TABPCH
LABEL
PARAM /
COND
OUTPUT3
LABEL
PARAM /
COND
OUTPUT3
LABEL
PARAM /
COND
OUTPUT3
LABEL
JUMP
LABEL
PRTPARM
LABEL
END
CEND

B4

LBRL12 5
CASECC,CSTM,MPT,DIT, EOEXIN;SILv!vHGPDT,LAMA OG'PHIGvESTv/oDQle
OPHIG,OES1,0EF1.PPHIG/C4yN4REIG $
OOGloUPHIGQOESloDEFl1PPHIG -
OPHIG,0QG1 ,0EF1 0ES1,44//V.NsCARDNO %
CARDNO §
GO,GOD/NOUE/GM,GMD/NOUE $
GOD,GMD 3
CASECC, MATPOOL’EODYN"/KZPP'MZPPVBZPP/VON'LUSETD/V'N'NOKZPP/V'
Ny NOM2PP/V4N,NOB2PP $ - )
NOK2PP 4NOM2PP NOB2PP & -
K2PP,M2PP,B2PP % .
7/CyNoAND/V N KDEKA/V4NJNOUE/VIN,NOK2Z2PP $
//CyNyAND/VyN,MDEMA/V4NyNOUE/V+N,NOM2PP %
//CoNyAND/VyNyKDEK2/V yNyNODGENL/V yNsNOSIMP %
K2DD/NOK2PP/M2DD/NOM2PP/B2DD/NOB2PP $
M2PP, MZDD/NDA/BZPP,BZDD/NOA/KZPP9KZDD/NUA/MAA MDD/MDEMA/ KAA,
KDU/KDEKA
USETDoGM GO KAA, BAAvMAA K4AA9K2PP9M?PPvHZPP/KDD BDDvMDDvGMDv
GOD,K2DD,M2DD, BZDD/C;NvTRANRESP/C»NvDISP/C'NvDIRECT/C Y9yG=0.0/
CeYoW3=0,0/CyYosW4=0.0/V,NyNOK2PP/VsNsNOM2PP/V4sNyNOB2PP/ V4N,
MPCF1/VyNySINGLE/VyNyOMIT/VyNyNOUE/VNsNOK&GGG/V4NyNOBGG/ V4Ny-
KDEK2/C4N,y,~-1 3
mM200,8200,K2D0D,MDD,KDD4BDDyGMD,GOD $ .
USETDPHTIA,OT 4LAMALDIT MDD4BNOWKOD+CASECC/MHH, BHH,, KHH,
PHIDH/V4¢NyNOUE/CysY yLMODES=0/CyY+LFREQ=0.0/ CyY+HFREND=0.0/Cs N,
1/CoeNoe1/CoyNy1/V4N,NONCPU/V,N,FMDODE %
MHH, BHHyKHH,PHIDH % ‘
//CyNyNOP/V,Y,PRTMM=]1 §
LBL13,PRTMM $
KHHyBHH,MHH,PHIDH,// %
LBL13 s°*
/CoeNyNOP/V,4Y4PCHGD=~1 $
LBL6,PCHGD &
GPL+BGPDT,444//C4NyGP/CN,BG $
LALG §
/CyNsNOP/V, Y PCHMG=~1 $
LBL74PCHMG ¢ .
MGGoo 99 //CeNgO/CoY4N1= MMG . ]
LBL7 $
JCoNyNOP/V, Y PCHMD=~-1 ¢
LBLBy,PCHMD $
PHIGys99//CoN,0O/C, Y N1=PHG % ) . .
LBLS $ ’ v _: K
/CeNyNOP/V,YPCHMM=~]1 & an
LBL9.PCHMM § o
KHH'BHanHHOO//C'N O/CvY Nl KKH/C, sN2=BBH/C,YyN3=MMH %
LBLS ¢
FINISS
ERRDZ2 $
//CyNy=2/C4Ny,MODES S
FINIS s

°$



NASTRAN is extremely inflexible in allowing the user control over output data formatting.
. Consequently, a preprocessor program must be available to read the NASTRAN generated
data. The next program is designed to not only read the data but"alsd to process the data

and compute the input data required by both N-BOD?2 and DISCOS in respectlvely acceptable
format.

For N-BOD?2 users, the resultant mode dependent parameters are outputted on the lme
printer and annotated with the same acronyms used in the coding of the read data ‘statements
in subroutine INOPT. :

C\.ﬂ«'

DISCOS, N-ROD2 PREPROCESSOR OF NASTRAN GENERATED DATA

PURPNSE : : )
- 1) READ ONE OR MORE NASTRAN GENERATED TAPES

2) WRITE ONE INPUT TAPE FOR DISCOS PROGRAM
CONTAINING FLEXIBLE BODY DATA FOR ALL
FLEXIBLE RODIES IN SIMULATION

3} COMPUTE RESULTANT MODE DEPENDENT PARAMETERS
FOR GSFC MULTI-FLEXIKRLE RODY PROGRAM, K
N-BOD2, THIS SECTION OF NO INTEREST TO
NDISCOS USERS b

DEFINITIONS:

DATA SET 1 SCRATCH FILE USED TO PRDCESS™ NASTRAN DATA

DATA SET 2 = DISCOS INPUT TAPE (THE OUTPUT TAPE ‘OF THIS PROGRAM)
THE CARD OUTPUT OF THIS PROGRAM ASSUMES THAT DATA SET 14 IN,
DISCNS WILL RE RESERVED FOR THE FLEXIBLE" BUDY DATA

DATA SET 3 SCRATCH FILE USED’ TO REDUCE CORE REOUIREMENT%

LOCATION IN SYSTEM OF NASTRAN TAPE A§§OCIATED WITH
THE FLEXIBLE BODY IN DISCOS HAVING LOWEST MAGNITUDE
INTEGER LAREL sy .

PR O Foeit

DATA SET 11

1

LOCATION IN SYSTEM OF NASTRAN TAPE AssocrATED'wlfH
THE NEXT FLEXIBLE BODY IN THE DISCOS,MODEL,

. 1l oW o ghtdimm sida f o MARS ULy Ny Ve U v g o VNG AR I o FiViA glu:‘Uu
ey

DATA SET 12

"

ETC. PROGRAM DIMENSIONED FOR A MAXIMUM OF 6 NASTRAN TAPES

P

IMPLICIT REAL%8B (A-H,0-2)

DATA IDL/1HS/
DATA ISTR,IBLK/1H%,1H /
DATA IGPL,IBGP, IMGG /4HGPL +4HRGPD,4HMGG /



DATA ID,IT,1I/1HDy1HT,1HI/
DATA IR, IE,IS/1HR,1HE,1HS/

INTEGER INPT(80), IGRID(500), 1A(20), I8R(20),
* ICOT(5), IY(4)
INTEGER MSAVE(100),MSTOTL,HINGE

REAL*8 X(500), Y{500), 2{500),

* INERTA(64+6,500), PHI(64500412),
* KHH(12,12), BHH(12+12),
T % MHH(12,12), XX(4), XY (4)

REAL%8 AMD(500,72)
COMMON /WORK/ AMD

EQUIVALENCE (AMD(1,1)4PHI(14141))
EQUIVALENCE (AMD(1,1)4X(1))
EQUIVALENCE (AMD{1,2),Y(1))
EQUIVALENCE (AMDI(1,3}),2(1))
EQUIVALENCE (AMD(1,4),INERTA{14141))

LOGICAL LECHO,LPUNCH,LCHECK,LNAST
LOGICAL LRSTRT

100 FORMAT (15,3L5,215,L5)
101 FORMAT (4A4,718,2A4)
102 FORMAT (2A44,818)
103 FORMAT (4A4,518,E16.9)
104 FORMAT (2A4,2E16.9,116,E16.9)
105 FORMAT (2A4,2E16.9)
106 FORMAT (110) A ‘
108 FORMAT (4A4,18,2116,E16,8), ‘
109 FORMAT (10E13.5)
110 FORMAT (6E15.5)
111 FORMAT (1215)
112 FORMAT ('1',15,31L5,215,L5)
113 FORMAT (1X,2015) -
114 FORMAT (1',5X,'#%%%x%. MODAL DATA SELECTED FROM NASTRAN INPUT TA¢
%E1,14,' FOR PROCESSING #xx3kkt,//)
,.-115 FORMAT (12X, 'MODE',14,* LISTED BELOW IS MODE',14,' ON THE NASTRAN
© %DATA TAPE')
200 FORMAT (' NJOINT =t¢,15,1 NUMBER OF GRID POINT LOCATIONS TO BE REACL
* =4,15,% THESE SHOULD BE EQUAL') . . -
201 FORMAT (! NUMBER GRID POINT X-LOCATION . Y~LOCATION
= Z-LOCATION ") :
202 FORMAT (6X+15,7X.15,2X,3E15.5) v e e
. 300 FORMAT (80A1) _ S e
302 FORMAT (4A4,18,2116,E16,8,244) :
303 FORMAT (2A4,4E16.8,2A4)
400 FORMAT (2X,80A1) ‘
SO0 FORMAT (' ANOMOLOUS EOF MARK ON TAPE, LISTING FOLLOWS ') ‘
501 FORMAT (/,' INTERNAL GRID POINT #,15," EXTERNAL GRID POINT'yI5,!
*N THE NASTRAN BULK DATA DECK') .
502 FORMAT (' X,Y,Z COCRDINATES!')
- 503 FORMAT (6E20.10)
504 FORMAT (' LUMPED INERTIA MATRIXT')
505 FORMAT (' PHI (6 MODAL COMPONENTS FOR EACH SELECTED MODE) ')

B8




506 FORMAT (//,' KHH ')
507 FORMAT (*1',5X, ' *%xxxx* LUMPED PARAMETER AND MODAL DATA TO BE PROCE
*SSED FNR DISCOS AND N-BOD2 INPUT DATA =xxxxxtl,///)
508 FORMAT (//,' BHH ')
509 FORMAT (//,' MHH V)
510 FORMAT (////7/)
S11 FORMAT (2X,'EXIT DECODE ',4(18,E16.8))
512 FORMAT (2X,'ENTER DECODE',218,4E16.8)
600 FORMAT (15,3E20.8)

READ TWO INPUT CARDS PER NASTRAN TAPE
NTAPE = DATA SET WHERE TAPE IS TO
BE FOUND NTAPE=11+129e0e

LECHO = .TRUE. PRINT ECHO OF PROCESSED DATA
= JFALSE. PRINT ONLY IF ERROR FOUND ON TAPE
LPUNCH = TRUE. PUNCH PLOT DATA \
= JFALSE. DON'T
LCHECK = ,TRUE. PRINT DATA IN/OUT OF DECODE

«FALSE. DON'T :
HINGE = GRID POINT NUMBER 0OF HINGE POINT AS
DEFINED BY USER IN NASTRAN BULK DATA
MSTOTL = TOTAL NUMBER OF FLEXIBLE BODY MODES TO
PROCESS FOR DISCOS AND N-BOD2 DATA
LNAST = ,TRUE. PRINT NASTRAN DATA INPUT
«FALSE. DON'T
MSAVE = MODE SAVE ARRAY
MSAVE(K) = O SKIP MODE K DATA
K PROCESS MODE K ‘DATA"

REWIND 2 ' ' o .

1 CONTINUE .
READ(SVIOO,EN[):‘P) NTAPE LECHUVLPUNCHQL(HFquHIf\GFvMSTUTL!L“AgT
WRITE(6,112) NTAPESLECHO4LPUNCHs LCHECK ¢ HINGE s MSTOTL o LMAST

READ(5,111) (IA(I),1=1,MSTOTL)
DO 11 1=1,100 .
11 MSAVE(I) = O . o
D0 12 1=1,MSTOTL
12 MSAVE(IA(I)) = 1 :
WRITE(6,113) MSAVE ‘
REWIND NTAPE

3

SFALSE. ND RESTAKT CARNS NN NTAPE "

, .TRUE.  RSTART CARDS ON NTAPE

ICNTRS = 0 - ' . S e, s on

.. LRSTRT = ,FALSE. L : .

" 9 READ (NTAPE,300,END=K) INPT

IF(LNAST) WRITE(6,400) INPT . 0

CHECK FOR RESTART CARDS Pl e

IF{IR.NEJINPTIL)) GO TO '

IF(IE.NE.INPT(2)) GO TO

IF(IS.NE.INPT(3)) GO TO

IF(IT.NE.INPT(4)) GO TO
COME HERE FOR RESTART CARDS, COUNT THEM AND SET FLAG

LRSTRT = ,TRUE.

LRSTRT

NeNoJRNoJEN o}

ICNTRS = ICNTRS+1 i
13 READ (NTAPE,300,END=8) INPT ] i
IF(LNAST) WRITE(6,400) INPT ot

IFCIDLEN.INPTI1) AND,ITLEQOJINPT(2)AND.TTLEQLINPT(3)) GO TO 9
ICNTRS =ICNTRS+1
GO 70 13
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8

50

51

53

54

B-10
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CONT INUE

REWIND NTAPE .. . . _ L 5
REWIND
REWIND
ICNT =
IBLK =
pn 7 I=1,5
ICOT(I) = O

jo e RV

READ ALL DTI CARDS FROM NASTRAN TAPE NTAPE TO ORTATN
1) GRIN POINT NUMBERING SEOUEMCE SET UP RY NASTRAN
2) GRID POINT LOCATIONS , .

wxxx NOTE S . L
NASTRAN WILL RENUMBER GRID POINTS DEFINFD HY USFR ]
INTO A SEQUENCIAL SET, THIS IS USED FOR’ INTERNAL NASTRAN
COMPUTATION AND WILL BE USED BY DISCOS

SKIP RESTART CARDS IN FRONT OF:GOOD DATA

IF(.NOT.LRSTRT) GO TO 2

DO 14 I=1,ICNTRS

READ (NTAPE,300,END=3) INPT

READ (NTAPE,101,END=3) (IA(I1),1=1+4)s(IB(I),1= 1.7).(1A(1).1 546)
CHECK .FOR TARLE HEADING _ . 4

IF(IA(3).EQ.IGPL) GO TO 50 L

IF(1A(3).EQ.IRGP) GO TO 60

IF(IA(3).EQ.IMGG) GO TO 70

GO To 2~ '

ERROR ON TAPE’
CONTINUE
WRITE(6,500) R : o
REWIND NTAPE = - '
READ (NTAPE,300,END=4) INPT - - :
WRITE(64400). INPT

GO TO 5
sTOP
COME HERE TO PROCESS GPL TABLE DATA-
CONTINUE | .o - o
ICNT = ICNT + 1. - , co : . .
IF(ICNT.NE.1) GO TO 51 Coe 3 '?._ gﬂ

NJOINT = 18(2)

. i NJOINT = NUMBER OF GRID POINTS lN MODEL
GO TJ0 2 : . . W [ PR R
IF{ICNT.NE.2)G0 TD 52 Coen S ot
DO 53 J=1,6
IGRID(J) = IB(J+1)
NC = (NJOINT-6)/8
DO 54 J=1,NC
JJd = T+ 8%{J-1)
JJT = JI+7 .
READ(NTAPE,102) (ITA(I1)41=1,52),(IGRID(1),1=4J,JU7)
JJ = 6 + 8=NC . -
JIL = JJu+l
IF(JJ.EQ.NJOINT) GO TO 2 '
READ(NTAPES102) (TA(I)4I=142)s (IGRID(I)sI= JJl.NJOINT)
GO TO 2 .

IGRID(1) =USER DEF}NED GR.ID POJNT NUMBER



aaon

OO0

52

16

15

60

61

62

70

16

71

" 72

G0 TO 6

"READ

ICNT‘ =N
NC =

NC = NC + 1

NO 15 I=1,NC
READ (NTAPE,300)
GO TO 2

CONTINUE

IF(IB(2)EQ.NJOINT)

ERROR
WRITE(6.200)

READ (NTAPE,300)
READ (NTAPE,103)
NN 62 J=2,NJOINT
READ (NTAPE,104)
J.= NJAINT
"(NTAPE,105)
GO 10 2

SAVE LOCATION

X(J)
Y(J)
FAIND

noiou

STEP 1:
COUNT

(NUNINT-3)/4
TF(NJOINT.EQ.4%NC+3)

fNJDINT.IH(?)

COME HERE TO PROCESS ALL DMI CARDS .+ -

WHICH NASTRAN HAS RELABLED TO

RE INTERNAL NUMBER T°
GO TO 16

INPT

COME HERE TO PROCESS BGPDT CARDS

GO T0O 61

INPT
(La(ty,1=1, 4)9(‘R(I)v]—lv5)oX(1)

(I1a(l),I=1 ,?)qY(J l)vZ(l-l)'IR(l),X(J)

(IA(I),I=1, 7)9Y(J)vZ(J)

DATAy WRITE IT ON TAPE 3 AFTER INERTIA "DATA

X-COORDINATE OF GRID POINT IGKID(J)”
Y-COORDINATE OF GRIN POINT IGRID(CYY
Z-COORDINATE OF GRID PDINT IGRID(J)

CARDS IN EACH GROUP ~ e A

ASCERTAIN FORMAT 0OF EACH CARD
REWRITE ON SCRATCH FILE ALL CARDS T L
PRECEEDED RY THEIR FORMAT CODE w

STEP 2:

CONTINUE
REWIND 1
IFORM =-301
WRITE(1,106)
WRITE(1,101)
IBLK = 1
ICOT(IRLK) = 1
IF(IB(2).NE.6.OR,
DO 76 I=14,NJOINT
DO 76 Jl=1,6

DO 76 J2=146
INERTA(JY,J2,1Y
60 T0 72
CONT INUE
ERRNOR
WRITE(64101)
GO0 TO 6

READ(NTAPE,300,END=80)
IF(INPT(4) NELISTR)

REWIND -SCRATCH FILE : ’
READ CARDS OFF SCRATCH FILE WITH KNﬂWN
LOAD ALL ARRAYS,

1FORM .
(IA(I)yI—ly4)v(IH(I)vI-ly7)-(]A(I)yI 516)

=0.0

FORMAT -
ALL UNWANTFD MODES"

SKIPPING
oL .’,.)“1

BN J! Ud

IB(6)NELIB(7).0R.IB{6).NE. NJOINT*b) QQ:TO

CIACT) 9 12198) g (TR(T) o121y T) o (TA(F) 125,60 "

"INPT
GO TO 73
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ICOT{IBRLK) = ICOT(IRLK) + 1
IFORM = 302 ’
GO TO 74
IF(INPT(1).EQ.ISTR) GO TO 75
END OF DATA BLOCK IBLK
CHECK FOR 'END OF CHECKPOINT DICTIONARY!
IFCINPT(1).EQ.IDL) GO TO 72
IBLK = IBLK + 1
ICOT(IBLK) = ICOT(IBLK) + 1
IFORM = 301
G0 To 74
CALL INTERP(INPT, IFORM)
ICOT(IBLK) = ICOT(IRLK) + 1
WRITE(1,106) IFORM , -
WRITE(1,300) INPT " :
G0 T0.72 : o
END -FILE 1 ‘ :
' ALL DMI CARDS READ, FORMAT DEDUCED AND
REWRITTEN ON SCRATCH FILE 1-
FORMAT CODES:
301 = FORMAT (4A4,718,2A4)
302 = FORMAT (4A4,18,2116,E16.842A4)

303 = FORMAT (2A4,4E16.842A4)

304 = FORMAT (2A4,3E16.8,116,2A4)

305 = FORMAT (2A442E16.841164E164842A4)

306 = FORMAT (2A4,E16.8,1164+2E16.842A4)

307 = FORMAT (2A4,E16.8,1164E16. Be1164204)

308 = FORMAT (2A4,116.8,3E16.8,2A4) - :

309 = FORMAT (2A4,116.842E16.8+116.842A4)

310 = FORMAT (2A4,116,E16.8,116+E16.8,2A4)
START TO PROCESS NDMI CARDS

REWIND 1 i

IF(IRLK.LE.5) GO TO 20
ERROR IBLK MUST BE LESS THAN OR EOUAL TO 5
REWIND 1
READ (1,300,END=90) INPT
WRITE(6,400) INPT
GO Tn 83
sTOP
CONTINUE
DD 22 IBK=1l,IRLK
ICBLK = ICOT(IBK)
DO 21 JJ =1,1ICBLK
IF(JJ.NE.1) GO TO 23 . S
READ FIRST CARD OF DATA BLOCK
READ (1,106) IFORM _
READ (1,101) (IA(I),I= 1,4),(18(1).1-1.7).(1A(1).1—5.6) :
IF(IBK. NE.1) GO TO 40 -

INERTIA MATRIX ’ o )
IF(IB(2).NEe6.OR.IB(6)NE.IR(7).0R.IB(6)NE. NJOINT*b) GO TO 81
S0 FAR SO GOOD .
GO T0 21
IF(IBK.,NE.2) GO TO 41

o MODE SHAPES
IF(IB(6).NE.6%*NJOINT) GO TO 81



42

41

44

45
43

23

NMODES = IB(7)
: : NUMBER OF MQODES
NUMBER OF MODDES TO PROCESS

NMODES
MSTOTL

DD 42 11=1,6

DO 42 12=1,NJOINT
D0 42 13=1,MSTOTL
PHI(I14]2413) = 0.0
G0 TO 21

MODAL MASS, STIFFNESS AND DAMPING MATRICES -
IF{IB(6).NE.IB(7).0R.IB{(7).NE.NMODES) GO TO NAY
D0 43 I1=1,MSTOTL
PO 43 12=1,MSTOTL
IF(IBKJNEL3) GO TO 44
KHH(11,12) = 0.0
GO TO 43
IF(IRK.NE.4) GO TO 45
RHH(I1,12) = 0.0

G0 TN 43 _
MHH(I1.12) = 0.0
CONT INUE
G0 TN 21

.- READ IN DATA CARDS
CONT INUE

READ (1,106) IFORM
IF(IFORM.NE.302) GO TO 24

READ (1,302) (IA(1),1=1, 4),18(1),NNR NNC + XX (1), (TACT) 4 1=5,6)
NSR = MSAVE (NNR)

NSC = MSAVE(NNC)

IF(IBK.NE.1) GD TO 25

NIT = (NNC-1)/6 + 1

N2T = (NNR-1)/6 + 1

IF(NITLEQ.N2T) GO TO 26

26

25

27

28

29

ERROR
WRITE(6,302) (TA(I)41=134)IR(LIINNRINNCyXX(L)4{(TA(T),1=5,5)
GO TO 81. )

NT = NI1T
-NC = MOD(NNC-15;6) + 1 ,
NR = MOD{(NNR-1,6) + 1

INERTA(NRGNC,NT) = XX(1)

GO TO.21 .

IFLIBK.NE.2) GO TO 27

NT = (NNC=1)/6 + 1

NE = MOD(NNC~-1,6) + 1 _ .
IF(NSR.EQ.0) GO TOD 21 e
PHI(NEJNT,NSR) = XX(1) ) '
GD TN 21

IF(IBK,NE.,3) GO TO 28
IF(NSR.EQ.0.0R.NSC.EQ.0) GO TO 21
KHH{NSR,NSC) = XX{(1)

GD 1D 21

IF(IBK.NE.4) GO TO 29
IF(NSR.EQ.,0.O0R.NSC.E0.0) GO TO 21
BHHINSR,NSC) = XX{1) :
GO TO 21

CONTINUE

MHH(NSR,NSC) = XX(1)

GO TO 21

N U Ly {ledWiobul-ig

B-13



24 CONTINUE
FORMAT 4E16,8 FOR XX WILL READ INTEGER T WHICH IS RIGHT
“ JUSTIFIED AS I % 1.0E-OR
THIS IS EASILY UNDONE IN DECODE ;

READ (1,303) (IA(I),I=1, 2),(xx(1).4_1,4),(1A(1).1 3,49
IF(LCHECK) WRITE (6,4512) IFORM,NNC,(XX{1),1= 1,4) S
CALL DECODE(IFORMyXXyNNCyXY,1Y4NY)
IF(LCHECK) -WRITE (6,511) (IY(I)yXY(I)yI=1,NY)
DO 30 -I=1,NY _ C
IF(IBK.NE.1) GO TO 31
NC = MOD(IY(I)-1,6) +
INERTA(NRGNC,NT} = XY(1)
GO TO 30 . :

31 IF(IBK.NE.2) GO TO 32
NT = (IY(I)=-1}/6 + 1 : e T
NE = MOD(IY(D)-146) + 1 - “.7 - .~ R R
IF(NSR.EQ.0) GO TO 30 o e
PHI(NE NT,NSR) = XY(I). e S g
GD TO 30 : : - :

32 IF(IBK.NE.3) GO TO 33 I B
NSC = MSAVE(IY(I)) o T
IF(NSR.EQ.,0.0R.NSC.EQ.0) GO TO 30
KHH{NSR,NSC) = XY(I)
G0 TO 30 W .

33 IF(IBK.NE.4) GO TO 34
NSC = MSAVE(IY(I))
1F{NSR.EQ.0.0R.NSC.EQ.0) GO TO 30
BHH(NSR,NSC) = XY(I)" e = 4
GO TO 30 _ _ e

34 CONTINUE - T T
NSC = MSAVE(IY(I))
IF(NSR.EQ.0.,O0R.NSC.EQ.0) GO TO 30
MHH{NSR,NSC) = XY(1)

30 CONTINUE S

21 CONTINUE

OO0

IF(IBK.NE.1) GO.TO 63

REWIND 3 .

WRITE (3) (((INERTA( ToJeN) s I=10e6)0d=1496)9yN=1,NJDOINT)

WRITE (3) (X(N)ysY(N)yZ{N)yN=1,NIOINT)

IF({ NOT,LPUNCH) GO TO 10

WRITE (7,600) (IGRIDIN)sX(N)oY(N),Z(N)yN=1,NJOINT) .
10 CONTINUE . : .

WRITE(6,507)

NN 64 N=1,NJOINT

WRITE (64501) NyIGRIDI(N)

WRITE (6,502)

WRITE (6:503) X{N)}sY(N)Z(N) _ o _

WRITE (65504) o ST o St o

WRITE. (6,503) ((INERTA(I,JsN)yJ=146)s1=196) o
64 CONTINUE - = i i L

© . WRITE 4645100 : b

G0 TN 22 ' St F
63 IF(IBK.NE.2) GO TO 65 oo

WRITE (3) (((PHI(I,NyJ),yI=1,6)0J= lvMSTDTL),N 1, NJOINT)

IF(.NOT.LPUNCH) GO TO 67

DO 68 J=1,MSTOTL -

HRITE (7,600) (IGRID(N)y(PHI(I4NyJ)yI=143)yN=14NJOINT)

N . ]
LR S N L B - I I IR R
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68

17

66

65

69

17

22

CONTINUE
CONTINUE

_WRITE (6,114) NTAPE

DO 17 1I=1,NMODES

IF(MSAVE(I).EQ.O0) GO TO 17

WRITE (64115) MSAVE(1),I

CONTINUE . -

WRITE (64510}

DO 66 N=1,NJOINT .

WRITE (6,501) N, IGRID(N)

WRITE (6,505)  ° e oo
WRITE (64503) ((PHI(I4NyJ)y1=196)+J=1+MSTOTL)
CONTINUE : . .
WRITE (6,4510)

GO TO 22 B e

IF(IBK.NE.3) GO TO 69
WRITE (3) ((KHH(I,J),1=1,MSTOTL) J=1,MSTOTL)

WRITE (6,506) .

WRITE (64503) ((KHH(I,J),J=1;MSTOTL),1=1,MSTOTL)

WRITE (6,510) - o L [

60 TO 22 . . S
1F(IBK.NE.4) GO TO 77 - :
WRITE (3) ((BHH(I4J),1=1,MSTOTL),J= loMSTOTL) S
WRITE (6,508) o
WRITE (6,503) ((BHH{T4J),J=1,MSTOTL)»1=1,MSTOTL)

WRITE (6,510) L : o
GO TO 22 . L
IF(IBK.NE.5) GO TO 22° :

WRITE (3) ((MHH(I,0),1=1,MSTOTL),J=1,M$TOTL)

WRITE (6,509)

WRITE (64503) ((MHH(I,J),J=1,MSTOTL)+[=1,MSTOTL)

WRITE (6,510) : T

CONT INUE

DATA READY FOR DISCOS PROCESSING o - =
CALL DISCOS(IGRIDyNJOINT,MSTOTL, ITAPELECHO) SHE
CALL NROD2 (IGRID,NJOINT,MSTOTL,ITAPE,LECHO,HINGE)
IF(ITAPE.LE.6) GO .TO 1
STOP o
END : B -

SUBROUTINE DISCOS(IGRINGNJ4NMyICNT4LECHO) TP
IMPLICIT REAL*R (A-H,0=Z] B

LOGICAL LECHOD
( <
REAL*8 " X(SOO)'Y(SOO),2(500),INERTA(ﬁ,b'SOO)'IRUNNO

REAL %8 PHI{6+500,12)yKHH(12,12)43RHH(12412),L0C(6) TU
REAL*8 AMS(6) 3 JMASS(500,1) 4, JINER(500,6),AIN(6), SMML{6)

O B TR AL 'Ef‘F AV AT L

REAL*8 SMSM(500,3),L0CA{500,3)+4MOD(646), AMD(SOOle) KHlé)oHH(b)

REAL*8 AMP(500y72)
COMMDN_/HORK/ AMP
EQUIVALENCE (AMP(1,1),X{(1))
EQUIVALENCE (AMP(1,2),Y(1))
EQUIVALENCE (AMP(1,3),2(1))
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EQUIVALENCE
EQUIVALENCE

INTEGER IGRID(500)

COMMON /WDRK2/ AMD

%

EQUIVALENCE (AMD(141),JMASS{1,1)),

EQUIVALENCE (AMD(1,7),SMSM(1,1)), (AMD(1,10),L0CA(1,1))
_EQUIVALENCE (AMD(1,413)4KHH{141))y {(AMD(145,13)4BHH(1,1))

DATA IFST/0/

‘DATA - --- AMS/6HJMASS], 6HJMASSZ¢6HJMAS§3quJMASSé,bHJMASSS' .-
* 6HJIMASS6/

DATA FLX/6HFLXDAT/ '

DATA AIN/6HINERT], 6HINERT2,6HINERT3'6HINERT4,6HINERTS.»

% : 6HINERT6/. LA

DATA . SMM/6HSTMSML , 6HSTMSM296HSTMSM3o6HST§MS4 6HSTMSMS,

* 6HSTMSM6/ /
" DATA ' LDC/6HLOCATL, 6HLOCAT2-6HLOCAT3o6HLOCAT4.6HLOCAT5;
x 6HLOCAT6/

DATA MOD/6HXDIS1 46HYDIS1 ,6HZDIS1 46HTHALl +6HTHA21. ,6HTHA3]
* 6HXDIS2 ,6HYDIS2 ,6HIDIS2 +6HTHAL12 +6HTHA22 ,6HTHA32
* 6HXDIS3 ,6HYDIS3 ,6HZDIS3 +6HTHAL13 46HTHA23 ,6HTHA33
* 6HXD1S4 ,6HYDIS4 ,6HZDIS4 +6HTHAL4 L6HTHA24 ,6HTHA3S
* 6HXDISS5 L6HYDISS 46HIDISS +6HTHALS ¢6HTHA25 ,6HTHA3S
% 6HXDIS6 +6HYDISH ,6HZIDISH6 +6HTHAI6 +6HTHAZ26. 4 6HTHA36

DATA KH/6HKHH1 4 6HKHH2 4 6HKHH3 ¢ 6HKHH4 s 6HKHH5 3 6HKHH6

DATA BH/6HBHH]1  ,6HBHH2 ,6HBHH3  y6HBHH4 4 6HBHHS5 4 6HBHHG6

DATA I1RUNNO/6HPREPRS/

FORMAT (A6, 0 14PREPRS ')

700

INITIALIZE TAPE,

REWIND 3

" IF(IFST.NEL.O) GO TO 1

B-16

CALL INTAPE(2,FLX}

ICNT = 0
IFST = 1
CONTINUE

ICNT = ICNT+1

READ (3)
READ (3)

JMASS(141)
GO T0o 2

WRITE(6,500)

FORMAT (¢
JMASS(1,1)
CONTINUE

(AMP(144),INERTA(1+1+1))
(AMP(141),PHI(1,1,41))

(AMD(1+1)4JINER(1,1))

START COUNTER

PROCESS MASS MATRIX DATA
((CINERTA(T 4 JeN)9I=196)eJ=1l9b)eN= lvNJ)
(XIN)3YIN)Z(N)yN=14NJ)
00 2 I=1,NJ
IF(INERTA(L91,1).NE,INERTA(2,2+1)) GO TO 3
IFCINERTA(2,291).NE.INERTA(3,3,1)) GO TO 3
IF{INERTA(3,3,1).LT.0) GO TO 3
= INERTA(3739‘I) 3

VoIS,

1y CINERTA(IL,I11,1),11=1,3)
ERROR MASS MATRIX POINT

JMASS =1,3E20.10)

= (INERTA(1y191)+INERTA(24291)+INERTA(3,3,1))/3.0D0

PUNCH READ MATRIX INPUT CARD

. . PUT MASS MATRIX ON TAPE
WRITE(7,700) AMS(ICNT)
IF(LECHO) CALL WRITE(JMASS,NJ,1,AMS(ICNT),500)
CALL WTAPE(JMASSyNJ41,AMS{ICNT),500,2)

NN v e



e XaNel

- DO &4- 1=1,NJ

*"JINER(1,3)

PROCESS INERTIA DYAD DATA

JINER(I,41)
JINER(1,2)

INERTA(G4,1)
INERTA(5,5,1)
INERTA(646,41)

JINER(I44) ==INERTA(4,5,1])
I

1)

JINER(1,5) =—INERTA(4,6,

JINER(I4+6) =—INERTA(5,6,

WRITE(7,700) AIN(CICNT)

IF(LECHO) CALL WRITE(JINER,\NJ,6, AIN(ICNT)oSOO)
CALL WTAPE(JINERyNJ,6,AIN(ICNT}+500,2) :

PROCESS STATIC MASS MOMENT DATA
PROCESS JOINT LOCATION DATA

DD 5 I=1,NJ ,
SMSM(I,1) = INERTA(2,6,1)
SMSM(1,2) .= —INERTA(1,46,1)
SMSM({1,3) = INERTA(1,5,I)
LOCA(I,1) = X(I)
LOCA(I,2) = Y(I)
LOCA(Is3) = Z(1)

WRITE(7,700) SMM(ICNT)

IF(LECHO) CALL WRITE(SMSM (NJ,3,SMM(ICNT),500)
CALL WTAPE(SMSM,NJ,3,SMM(ICNT),500,2)
WRITE(7,700) LOC(ICNT)

TIF{LECHD) CALL WRITE(LOCA (NJ+34LOCILICNT)+500)
CALL WTAPE(LOCA,NJy3,LOC(ICNT}+500,2}

: " PROCESS MODAL DATA
READ (3) {(((PHI(I4NyJ)eI=146)sJ=1sNM)IyN=1,NJ)
DO 6 K=1,6
DN 7 I=1,4NJ
DO 7 M=1,NM
AMD(T4M) = PHI(K,I,M)
WRTITE(7,700) MOD(K,ICNT)
IF(LECHO) CALL WRITE(AMD, NJqNMvMOO(KyIFNT)'SOO)
CALL WTAPE(AMD,NJNM, MOD(KyI(NT)yBOO,?)
CONT INUE

MODAL MATRICES
READ (3) ((KHH(I,J),1=14NM)},d=14NM)
READ (3) ((BHH(I,J),1=1,NM)4J=14NM)
WRITE(7,700) KH(ICNT)"
IF(LECHD) CALL WRITE(KHH,NM,NM¢sKH(ICNT),12)
CALL WTAPE(KHH,NM,NM, KH(ICNT)ql?yZ)
WRITE(7,700) BH(ICNT)
WRITE(64100) R no ‘
IF(LECHO) CALL WRITE(BHH,NM,NMsBH(ICNT)y12)
CALL WTAPE(BHH,NM,NM,BH(ICNT),12,2) :

EICEPEE PR

CALL LTAPE(2)

CALL RTAPE( IRUNNO, AMS(ICNT),AMD.NJ.1,500.17.7)
CALL WRITE(AMD,NJ,1,AMS{ICNT),y500)

CALL RTAPE({IRUNNOJAIN{ICNT) yAMD¢NJ+6+5004+1242)
CALL WRITE(AMD,NJ,6,AIN(ICNT),500)

CALL RTAPE( IRUNNO SMM{ICNT)yAMDyNJy3+500,12,2)
CALL WRITE(AMD,NJ,3,SMM(ICNT),500)

CALL RTAPE(IRUNNO,LOC(ICNT) ¢AMDyNJ+3,500,12,2)
CALL WRITE(AMD,NJ,3,LOC(ICNT),500)

DO 8 K=1,6



CALL RTAPE(IRUNNO,MOD (KyICNT) 4 AMDyNJ/NMy500,12,2)
8 CALL WRITE(AMD,NJ,NM,MOD(K,ICNT),500)
CALL RTAPE(TRUNNG,KH{ TCNT ) yKHHy NMyNMy12,512,2) -
CALL WRITE(KHH,NMyNMoKH(ICNT),12)
CALL RTAPE{TRUNND,BH{ ICNT) BHHoNMyNMy12,1242)
CALL WRITE(BHH,NM,NM,BH(ICNT),12)
100 FORMAT (111,5X, #ss%sx PROCESSED LUMPED PARAMETER AND MODAL DATA
*0W ON DATA SET-2 (DISCOS INPUT TAPE) *xksxsty///) °
RETURN
END

SUBROUTINE NBOD2 (IGRID,NJyNMyICNT+LECHO,HINGE)
COMPUTE RESULTANT MODE DEPENDENT PARAMETERS FOR N-BOD2
IMPLICIT REAL*8 (A-H,0-2)

LOGICAL LECHO

COMMON /WORK/ AMP
REAL*8. AMP(500,72)
COMMON' /WORK2/ AMD .
REAL*8 AMD(500,13)

REAL®8  AMS(6),FLX+AIN(6),SMM(6),LOC(6),MOD(6,6)sKH{6)4BH(6)

REAL*8  JMASS(500), JLOC(3,500), CMLOC(3),y JINERT(3,3,500),
PHIT(3,500,12), PHIR(3,500412), SM0O(3,500),
FLOM(12), ZETA(12), BDINER(3,3), . C
FLA(3,12), FLB(3,12), FLC(3412), FLD(3,3+12),
FLIt3,43,12), o . L
FCF(3,3,12,12), FCK{3,12412), .
TEM(B), TEM1(393)9 ADM(500491246)¢ TFM(39
KHH(12,12), BHH(12,12), I1RUNNO

INTEGER IGRID(500)

INTEGER HINGE, INTH

3 3 3t o # % *

- DATA AMS/6HJMASS] , 6HJMA552.6H;NAssa.6HJMASS4.6HJMA5$5,z
* bHJIMASSH/ '
DATA AIN/BHINERTY, 6HINERT2.6HINERT3 6HINERT4 6HINFRT5;
* 6HINERTA/
DATA SMM/6HSTMSM] , 6HSTM§M2,6H§TM5M3.6H9T§M54,6HSTMSM5.
*« 6HSTMSMA/ ’
DATA LOC/6HLOCAT, 6HLOCAT7'6HLOCAT3'6HLOCAT4,6HLOCAT5"
* 6HLOCAT6/ Vet B9 . e 453

DATA MOD/6HXDIS1 ,6HYDIS1 L,6HZDIS1 +6HTHALL ,6HTHAZ21l ,6HTHA31l ,
6HXDIS2 ., 6HYDIS2. 46HZDIS2: y6HTHAL2 ", 6HTHA22 6HTHA32 ,

6HXDIS3 ,6HYDIS3 ,6HZIDIS3 +6HTHA13 ,KHTHA23 ,6HTHA33 ,

6HXD IS4G 46HYDISG L6HIDIS4E 6HTHAL14 ,6HTHA24 46HTHA3SG

6HXDISS5 46HYDISS 46HZINISS ,6HTHALS ,6HTHA25: 6HTHA35 ,

6HXDIS6E ,6HYDISE LHHINISH +6HTHALSL ,6HTHA26 +AHTHA3G /

/

/

3 3 3 3 #

DATA KH/6HKHH] s 6HKHH?2 4 6HKHH3  AHKHH4 ¢ AHKHHS 4 6HKHHG
DATA BH/6HBHH1 y 6HBHH? 4 6HRHH3  ,6HBHH4 , 6HBHHS 4, 6HBHHG6
DATA TRUNNO/6HPREPRS/

EQUIVALENCE (AMP(1, 1)PHIT(1,41+1))s(AMP(1,+37)sPHIR({14141)),
* (AMP (1, 1)4ADM(14141)),
% (AMP(14,313),ADM(14142) )
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o000

3 3% 3 3

17

(AMP(1,425),ADM(141+3)),
(AMP(1437)3ADM{14194) ),
{(AMP(1,49) ,ADM{141+5) ),
(AMP(1,61),ADM{1,41+6))

EQUIVALENCE (AMD(1,1)yIMASS(1})y (AMD(142)4JLOC(L1,1)1),
* (AMD{1,5)4SMO(141))y (AMD(14+5)4JINERT(1,4141))

FIND INTERNAL NASTRAN MUMRER ASSOCIATED
WITH THE HINGE POINT (GRID POINT 'YHINGE™)
DN 1 N=1,NJ
IF(IGRID(N).EQ.HINGE) GO TO 2

CONTINUE
WRITE(6,100) HINGE
RETURN
INTH = N
INTH = INTERNAL NASTRAN' NUMBER
o OF HINGE POINT :
' GET DATA OFF OF TAPE 2 TO COMPUTE CENTER OF MASS
CALL RTAPE(IRUNNO,LOC(ICNT),AMP3NJ+3,500,7252)
JLOC(I,N) = 1-TH COORDINATE OF GRID POINT IGRID(N) ~
VECTOR RELATIVE TO HINGE POINT HINGE
DO 3 N=1,NJ
bo 3 I=1,3 L. . .
“JLOC(I4N) = AMP(N,1) = AMP(INTH,I)
CONTINUE ‘ ' .
CALL RTAPE(IRUNNO, AMS(lCNT),AMPqNJ.1,500.7?o?)
, JMASS(N) = LUMPED MASS AT GRID POINT IGRIDIN)
DO 4 N=1,NJ . .
JMASS(N) = AMP(N,1)
"CONTINUE ‘
IF(.NOT.LECHO) GO TO 17
WRITE(6,101) ' . o
WRITE(64102) (NyIGRIDIN)yNy (JLOC(ToN)3T1=193) 9Ny IMASSIN)yN=14NJ)
CONTINUE, ' S ‘
COMPUTE CENTER OF MASS LOCATION
TOTMAS = 0.0
CMLOC(1) = 0.0
CMLOC(2) = 0.0
CMLOC(3) = 0.0

READ GRID POINT INERTIA TENSORS AND MASS MOMENTS
i Lt L] . 3T oty O Nt A R 1L Ao
CALL RTAPE(IRUNNO,SMMI{ICNT), AMPvNJv3v500972v2)

00 11 N=1,NJ
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0O. 11 1=1,3 :
SMO(I,N) = AMP(N,1)
IF(SMO(I,N).EQ.0.0) GO TO 11
WRITE(6,107) (Ny(SMO(T,N),I=1,3))

11 CONTINUE
IF(LECHO)HCALL WRITE(SMO, 3,NJ,6H SMO . +3)
c
CALL RTAPE( IRUNNO, AIN(ICNT) AMP.NJ.6.500.72.2)
DO 10 N=1,NJ
JINERT(1419N) = AMP(N,1)
JINERT(1424N) = —AMP(N,4)
JINERT(1,34N} = —AMP(N,5)
"JINERT(2,14N) = =AMP(N,4)
JINERT(2,24,N) = AMP(N,2)
JINERT(2,3,N) = —=AMP(N,6)
JINERT(3414N) = =AMP(N,5)
JINERT(3,2,N) = ~AMP(N,6)
JINERT(3,3,N) = AMP(N,3)
10 CONTINUE <
TF(LECHN) "CALL WRITE(JINERT,9,NJy6HJINERT,9)
c
c COMPUTE UNDEFORMEN RODY INERTIA TENSOR
o " RELATIVE TO BODY CENTER OF MASS
C C :
. 00 20 I=1,3
0N 20 J=1,3
20 BDINER(I,J) = 0.0
- 7 DO 19 N=14NJ o _
CALL VECSUB(JLOC{1,N),CMLOC,TEM)
CALL SUEOP(TEM,TEM,JMASS{N),TEM])
CALL DYADD(BDINER,TEM1,BDINER)
cALL DYADD(BDINER.JINERT(l 1,N)+BDINER)
19 CONTINUE
c .
C _ : _ o
o READ. IN MODE SHAPES AND RESORT THEM
c _
DO 6 I=1,6
CALL RTAPE(IRUNNO, MOD(I'ICNT),ADM(lvloI),NJ NM+500+12+2)
6 CONTINUE
REWIND 3 .
WRITE. (3) (((ADMINyMyT)aT=143)gN=1,NJ}M=1,NM) :
WRITE (3) (((ADMIN, Myl)vl=4,6)vN=loNl),M=15NM)
REWIND. 3
READ (3) (((PHIT(I,N, M)ol—l 3).N= I,NJ),M 11 9NM)
READ (3) (((PHIR(I4NyM)eI=133)y4N=1sNJ)yM=1,4NM)
. REWIND 3
¢ 4
IF(.NOT.LECHO) GO TO 18
WRITE(64104)
DO 7 M=1,NM el
WRITE(64105) _— e
WRITE(6,106) (NgMy (PHIT(T4NyM),1=143),
* NeMe (PHIR(I¢NyM)yI=143)4N=1¢yNJ)
7 CONTINUE :
1R CONTINUE
c _ )
WRITE(6,118) -
B-20
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WRITE(6,103) TOTMAS

WRITE(6,115)

WRITE(Ay119) (RDINER(1,J)ed=143)
WRITE(6,120) (BDINER(2,J)sd=143)
WRITE(6,121) (BDINER(3,J),J=1,3)
WRITE(6,115) . .

WRITE(6,122) (CMLOC(T),1=1,3) .
WRITE(6,115)

WRITE"
WRITE

DO 8
Do 8

FLA(I M) =
FLBIT M)
FLC{T4M)

Do 8

FLJUT9JdeM) .
FLD({TsJsM)

(6,125) INTH, HINGE
(6y115) -«

COMPUTE RESULTANT PARAMETERS

]=113

"oHo
OO
» ‘e o
(== Re)

J=1,3

o0
D)
fo o]

8 CONTINUE
DN 9 M=1,NM

nn 9

MM=1,NM

DO 9 I=143

FCK(T4MyMM) = 0.0

DO 9 J=1,3

FCF(I'JoM MM) = 0.0
9 CﬂNTINUE

AMASS = 1,0/TOTMAS

DO 12 M=1,NM
DO 13 J=1,4,NJ

CALL
CALL

CALL
CALL
CALL
CALL
CALL
CALL

SCLV (JMASS{J) s PHITIL,J,M) o TEM)
VECADD(FLA(LsM) o TEM,FLA(L4M))

VECSUB(JLOC(14J)4CMLOC,TEM)
SUEOP(PHIT(14JeM) s TEMyJMASS(J) s TEM])

DYADD(FLD(1y14M) o TEML,FLD(1y14M))

VECROS(JLOC(14J) yPHITA14JsM) o TEM)
SCLY(JMASS (J) ,TEM,TEM)
VECADD(FLB(l.M).TEM.FLB(l M))

IF(JINERT(I'lyJ).EO 0.0.AND.
®  JINEPT(2424J4).EQ.0.0.AND,
L JINERT(3.3 J).EQ.0.0) GO TO 13

caLL

DYDOTV(JINERT(l'l'J)QPHIR(l'J'M)'TEM)

CALL VECADD(FLC(I M),TEM FLC(1,M))

CALL VECXDV(PH]R(levM)oJ]NERT(1019J)1TEM1)
CALL DYADD(FLJ(lyl M)vTEMlvFLJ(lvlvM))
13 CDNTINUE ’

RESULTANT, UNCOUPLED MODE DEPENDED PARAMETERS
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c

!

CALL SCLVIAMASS,FLA(1,M),FLA(LsM))
CALL SCLV{AMASS,FLB(1,M),FLB(1sM))
12 CONTINUE

READ MODAL STIFFNESS AND DAMPING DATA

CALL RTAPE&IRUNNDQKH(ICNT)qKHHvNM'NMv12'12'2)
CALL:RTAPE(IRUNNO,BH(lCNT)yBHH,NMvNMvIZQIZOZ)

DO 16 M=1,NM
WRITE (6,116) M
FLOM(M). = DSORT(KHH{M,M))
ZETA(M) = BHH(M,M)/(2,0%FLOM(M))
WRITE(6,115) S )
WRITE(6,123) M,FLOM(M)
WRITE(6,115)
WRITE(6,124) M,2ETA(M)
WRITE(6,115)
WRITE(64108) (My(FLA(I,M),1=1,3))
WRITE(6,115) :
WRITE(6,109) (My(FLB(I,M),1=1,3))
WRITE(6,115)
WRITE(6,110) (My(FLC(I4M),I=1,3))
WRITE(64115) .
WRITE(6,124) (Mg (FLD(1yJyM)yJ=1,3))
WRITE(6,111) (My (FLD({T939M)yJ=143)41=2,3)
WRITE(6,115)
WRITE(6,127) (My (FLJ(L4JsM)4J=1,3))
WRITE(6,112) (Mg (FLJIT4JyM) yJ=1,3),1=2,3)
WRITE(6,115)

16 CONTINUE
WRITE (6 105)

REﬁULTANT COUPLED MODE DEPENDENT PARAMETERQ

Dﬂ 14 NN=1;NM
Dﬂ 14 -MM= lyNM

DD 15 J=1,NJ
CALL SUEUP(PHIT(IQJ'NN’vPH]T(I'JvMM)'JMASS(])QTEMI)
CaLL DYADD(FCF(I 1 4,MM, NN),TEMlvFCF(l'l'MM NND)

CALL.DYDOTV(JINERT(1.19J),PHIR(1,JvMM).TEM)
CALL VECROS(TEM,PHIR(14J4yNN)4TFM)

HF = .5 ’

CALL SCLV(HF,TFM, TEM)

CALL VECROS(PHIR(1,J4MM),PHIR{(1,19sNN)L,TFM)
CALL SCLV(IJUMASS(J)yTFM,TFM)
CALL-VECADD(TEM,TFM,TEM)

CALL VECADD(FCK(I,MM.NN)'TEM FCK(1,MM, NN))

.15 CONTINUE .

B-22

WRITE:(6,117) MM, NN
WRITE(6,115)

_ WRITE(6,128) (MMyNN, (FCF(1,JsMMyNN)yJ=1,3)) :
WRITE(6,113) (MM NN, {FCF (I, JyMMNN) = 1.3).1 243)
WRITE(6,115) :
WRITE(6,114) (MM NN, (FCK(I,MM,NN),I=1,3))

14 CONTINUE )

re



100 FORMAT (1X,* =®x ERROR %% ' CANNOT FIND HINGE POINT"IS' IN GRID P
*0INT TABLE, RETURN OUT OF SURROUTINE NROD?2Y)
101 FNRMAT. (////,% GRID POINT LABELINGy -LOCATION AND MAss TABLFS'v//)
102 FORMAT. (' IGRID(',14,") --,15,9x,-JLnC('.14.') —',3F15 7o 9x,
® S VIMASS( ', T44%) =t,E15.7) :
5 CONTINUE .
A = 1.0/TOTMAS
CALL SCLV(A,CMLOC,CMLDC) ~ ° ™

DO 5 N=1,NJ
TNTMAS = TOTMAS + JMASS(N) ]
CALL SCLV{JMASSIN) 4 JLDC(14N),TEM) _ e
CALL VECADD(CMLOC,TEMyCMLOC) L L
A8 Y(I)-= X(I+1) R e e
NY=3, R
© NR-=TI1Y(3)
- RETURN ~ -
7 IFLIFDRM,NE;307) GO TO 9
IY(1) = NR+l
Y(l) = X(1) . . _
=1 . ) ' _ R LN
NR = X{2)*FAC ST e S o
IF(NR.,EQ.0) RETURN
1V(2) = NR
Y(2) = X(3)
NY. = 2° o
NR = X(4)%FAC e
TF(NR.EQ.O) RETURN
NR = NR-1
 RETURN B , : o Ry
9 IF(IFORM,NE.308) GO TO 10 , _ . R
NR = X{1)%FAC KA
- IF(NRLEQ,0) GO TO 14 S L
DO 11 I=193 . Ca . . * . "‘- .,_’ . ) i R P v

C o IYCI) = NR-14T . :
11 Y(I) ‘= X(I+1) : ' o
. . NY - 3 ' ) ‘A .’1. i ‘ . o - I

NR = 1Y(3) ' : SRR

RETURN

. 10 IF(IFORM.NE.309) GO 70 12
: NR = X(1)%*FAC ’ o R .
IF(NRGEQ.0) .GO TO 14 . : T e
D013 1=1,2 ' S
IY(I) = NR=1+1
13 Y(I) = X(I+1)
NY- = 2 . _
NR.Z X(&4)%FAC o o I
IFINR.EO.O) RETURN ' : : ’ Co o
NRgNRl
RETURN o S
103 ‘FORMAT (' ~ XMAS =1',E15,7,30X,% (TOTAL MASS OF BODY)')
104 FORMAT (////s' MODE SHAPE TABLE (INTERNAL NUMBERING) *,//)
105 FORMAT. (///) - o
106 FORMAT (0, PHIT('yI4y,9,12,') =743E15.745X,,
T PHIR( Y 14,y 12,%) =1,3E15.7)
107 FORMAT (///,% WARNING MASS MOMENT AT GRID PDINT NON-ZERO,. THAT IS
* SMM '514,%) =t, 3E15,.74/4' THIS EFFECT IGNORED RY N-#OD2. N-BOD2
% ASSUMES EACH GRId POINT AT ELEMENT MASS CENTER ')

1
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108 FORMAT ('  FLA(',12,') = ',3E15.7,' (COEFFICIENT TO FIND CENTER OF
% MASS LOCATION AFTER DEFORMATION)') C o

109 FORMAT (' FLBU'412,%) = ',3E15.7,' (COEFFICIENT TO FIND ANGULAR M
*OMENTUM DUE TO DEFORMATION)') o L

110 FORMAT (' ‘FLC(',12,%) = 1,3E15.7,"' (COEFFICIENT TO FIND ANGULAR M
S0MENTUM DUE TO DEFORMATION) ') '

111 FORMAT (' FLD(',12,') = ',3E15.7)

112 FORMAT (¢ FLJ(',12,%) = ',3E15.7)

113 FORMAT (' FCF(',12,',';12,') ='43E15.7) A

114 FORMAT (' FCK{',I2,%,",12,') =',3E15.7,' (COEFFICIENT FOR CORIOLI
%S TORQUE DUE TO DEFORMATION)') : '

115 FORMAT (¢ 1)

116 FORMAT (/43X,'FOR MODE',13,' THE RESULTANT UNCOUPLED MODE DEPENDEN
*T PARAMETERS REQUIRED FOR N-BOD2 INPUT ARE')

117 FORMAT (/43X *FOR MODES'yI3,' AND',13,' THE RESULTANT MODE DEPENDE

~ #NT CROSS COUPLING PARAMETERS REQUIRED FOR N-BOD2 INPUT ARE!)

118 FORMAT (#1%,5X, t#xx&% RESULTANT FLEXIBLE BODY DATA REQUIRED FOR IN
*PUT TO N-BOD2 wsskEt L/ /)

119 FORMAT (!¢ '9y3E1S5.7,' {(UNDEFORMED INERTIA TENSOR OF THE')
120 FORMAT (* XI ='43E15.7," FLEXIBLE RODY IN BODY COORDINATES't)
121 FORMAT (! '9y3E15,7,4° RELATIVE TO BODY CENTER OF MaSS)')
122 FORMAT (' CA- =',3E15,7,%' (CENTER OF MASS VECTOR, HINGE POINT T
*0 CM) ') o . '

123 FORMAT (' " FLOM(',12,"') =',E15.7,' RAD/SEC (MODAL FREOUENCY)')
124 FORMAT (' "ZETA(',12,') =',E15.7,y" (MODAL DAMPING-ZETA)Y)
125 FORMAT (' CB - = VECTOR IN CONTIGUOUS BODY TO HINGE . POINT.DEFINED

% AT INTERNAL  GRID POINT*,I5,' (EXTERNAL GRID POINT',IS5,' IN BULK D
2ATA)Y) . .

126 FORMAT (' FLD('412,') = '43E15.74' (COEFFICIENT TO FIND.INERTIA T
*ENSOR AFTER DEFORMATION) ') ' S

127 FORMAT (' FLJ(*412,') = *',3E15.7," (COEFFICIENT FOR CENTRIPITAL T
*0RQUE DUE 'TO DEFORMATION)') ' g -

128 FORMAT (' FCF('412,%y',124') ='43E15.7,' (COEFFICIENT FOR CENTRIP
®*ITAL TORQUE DUE TO' DEFORMATION)') )
RETURN
END

SUBROUTINE INTERP(INPT,IMAT)

THIS ROUTINE SETS UP A-CODE SEQUENCE WHICH WILL RE USED

TO READ MIXED INTEGER AND FLOATING POINT DATA FROM

THE DMI CARDS i -
RLANK FIELD ON LAST CARD WILL RE INTERPRETED AS AN . INTEGER

RUT READ LATER IN AS ZERO, A CHECK FOR WHICH 1S MADE

INTEGER - INPT(RO)

DATA IDOT,IEE/1H.s1HE/ .
IF(INPT{12).EQ,INOT.ANDLINPT(21).EQ.IEE) GN TO 1~
IF(INPT(44).EQ IDOT.AND. INPT(SB).EO IEE) GNn 10 2

IMAT = 310
310 - FORMAT T,E,1,E
. RETURN o
2 IF(INPT(60).EQ.IDOT.AND.INPT(69).EO.IEE) GO TO 3

IMAT = 309 .
. L. 309 - FORMAT TvEsEWl
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.RE_T;URN .

3 IMAT = 308 S S L
) : 308 + FORMAT- IonEvE .
RETURN RN

.1 FPFUINPT(28),ED.IDOT.AND, 1NPT(37)-E0 IEF) G0 TD 4

. IF(INPT(60).EQ IDOT.AND.INPT(69).EQ, !EE) GU TO 5

IMAT = 307 . . ‘
_ 307 - FORMAT - E.L,E'If OR™Y E
RETURN ' . o O o
5 _IMAT = 306 - ‘ S P
g ‘ ) 306 - FORMAT . E01+EsEY . T
RETURN ' -

4 IF(INPT(44).E0 IDOT.AND, INPT(53).EO IEF) 60-T0: 6 :'ﬁj{“f

SR IMAT =305 Coel
305 - FORMAT F,E.I.E R, EvE .
RETURN, : a}gﬁ..~
6. 1FLINPTL60) .EQ. IDOT AND.INPT (69} .E0. TEE) Go TO 7 o
IMAT = 304 . R ._‘ 4 0 ’
G L. 304 - FURMAT E.E.E.I Q%‘.EgE'E;~f1“
» RETURN ; T N SRR T
7 JIMAT = 303 ' : R SRR
: . .303.- FORMAT.‘EquEyE‘j .
RETURN i - S e
CEND ., T e T
“SUBRGUTINE DECODE ( IFORM X+ NR Yo EYoNYy

1

. ERROR IN TFRNINOLOGY ELEMENTS COMING IN HY RONQ;-

. . NR AND IY(I) REFER TO COLUMN NUMRER ;1nﬂ ’\"4“§:‘
OUTPUT OF DECODE ’ o R
NY = NUMBER OF REAL NUMBERS ON DMI CARD SRR
IY(I) = ROW LOCATION FOR I-TH REAL NUMHER ON DMI CARD
Y{I) = I-TH REAL NUMBER
= NEXT REAL NUMBER TO BRE- PUT IN ROW NR+1 UNLESS

NR
: FIELD 1 OF NEXT CARD CONTAINS AN‘INTEGER»”

REAL%8 X(&4)y Y(4)
INTEGER IY(4)
FAC .=, 1.00001D+08 .
IF(IFORM.NE.303) GO TO 2
DO 2 I=1,4 , L
CIYUD) = NR4I - o . I
2 Y(1) = X(CI), - R
NY = & '
NR = 1Y(4) :
RETURN . R
1 IF(IFORM,NE.304) GO TO 3 ' ;
DO 4 I=1,3 ‘ :
TIYLI) = NR+I
4 Y(I) = X(I)
NY = 3 '
NR = X(4)*FAC~1
RETURN
3 IF{IFNDRM.NE.305) GO TO 5
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DO 6 1=1,2
vl NR+1
Y(I)
NY = 2

- NR .= X(3)*FAC

IF(NR.EQ.0) RETURN

IY{3) = NR
Y(3) = X(4)
NY = 3
RETURN

IF(IFORM,NE.306) GO TO 7
1Y(1) = NR+1 -

Y{1) = X(1)

NY = 1

NR = X{2)*FAC

12

14
100

IN
CA
co
RE

‘NT
TA
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IF(NR.EQ.O0) RETURN

DO 8 1=2,3

IY(I) = NR-2+1

IF(IFORM _NE.310) GO TO 14

NR = X(1)*FAC

JF(NR.EQ.O) GO TO 14

IY{(l) = NR.

Y{l) = X{2)

NR = X(3)*FAC

IF(NRL.EQ.0) RETURN

IY(2) = NR

Y(2) = X(4)

NY = 2

RETURN

WRITE(6,100) IFORM o
FORMAT (* IFORM =1,15,"' ERROR?')
STOP

END

SUBRDUTINE INTAPE (NTAPE,TAPEID)
REAL*8 TAPEID,BUF,EOT

DATA 121,BUF,E0T/1,0.0 O, 3HEOT/
DATA NOT / &/

ITIALIZE TAPE FOR SURROUTINE WTAPE.
LLS FORMA SUBROUTINE PAGEHD. N
DED BY RF HRUDA. JULY 1968..

VISED BY R A PHILIPPUS. APRIL 1969.

SUBROUTINE ARCUMENTS (ALL INPUT)
APE = NUMBER OF TAPE, (E.G. 10).
PEID

2001 FORMAT (///7 14H LOGICAL UNIT ‘12, THs
* : 23H, HAS BEEN INITIALIZED.) °

REWIND NTAPE

WRITE (NTAPE) TAPEID.IZ1, EOT’(BUFoI 1,16)

REWIND NTAPE

_TAPE IDENTIFICATION. (E«G. T1234),

(Ab FORMAT)-



WRITE (NOT,2001) NTAPE,TAPEID

RETURN
END

SUBROUTINE WTAPE (A, NRA,NCA,ANAME,KRsNTAPE)
REAL*8 A,ANAME, IRUNNO,DATE,
x BUF ,EOT,DENSELTAPEID,1EOTCK

DIMENSION A(KR,1) .

DATA IRUNNO,DATE/6HPREPRS,6HDATE /

‘DATA BUF,EOT,DENSE/O0.D 043HEOT,5HNENSE/

DATA NOT / 6/ )

WRITE MATRIX A ON TAPE,
INITIALIZE TAPE WITH SUBROUTINE INTAPE.
REWIND TAPE BEFORE FIRST USE OF THIS SURROUTINE.

NOTE...THIS ROUTINE IS DESIGNED SPECIFICALLY FOR WRITING ON A DISK

(EG CDC-6400 DISK). USING THIS ROUTINE TO WRITE ON A PHYSICAL

"TAPE DIRECTLY (IE WITHOUT USING THE DISK AS
WILL PROBABLY GIVE PDOR RESULTS (DUE TO THE
CHARACTERISTICS -OF A TAPE DRIVE) AND SHOULD
. . ALL POSSIBLE. o )
~ essTHE CDC-6400 DISK IS AUTOMATICALLY ENDFILED
CODED BY W A BENFIELD, MARCH 1966.
REVISED BY R A PHILIPPUS. APRIL 1969.
REVISED BY RF HRUDA, NOVEMBER 1970.

SUBROUTINE ARGUMENTS (ALL INPUT)

AN INTERMEDIARY)
TOLERANCE
BE AVOIDED IF AT

AFTER EACH WRITE.

A .. = MATRIX.TO BE WRITTEN ON TAPE. SIZE{(NRA.NCA}.
"NRA = NUMBER OF ROWS OF MATRIX A.

NCA . = NUMBER OF COLS OF MATRIX A.

ANAME = MATRIX IDENTIFICATION. (A6 FORMAT).,

KR = ROW DIMENSION OF A IN CALLING PROGRAM.

NTAPE = NUMBER OF TAPE. (E.G. 10).

INTERNAL 'VARIABLES THAT ARE PUT ON TAPE (TRANSFERRED THRU COMMON).

JRUNNO IS RUN NUMBER OF PROBLEM. (A6 FORMAT).
DATE 1S DATE, (A6 FORMAT). FOR EXAMPLE 15FE6S.

IF (NRA ,LT. 1 ,OR., NCA ,LT. 1) GO TO 999

SEARCH TAPE FOR END OF WRITTEN DATA:

10 READ (NTAPE) TAPEID,LN,IEQOTCK
IF (IEOTCK EO. EDT) GO TO 20
READ (NTAPE). '
GO 7O 10

END OF WRITTEN DATA HAS BEEN FOUND.
20 BACKSPACE NTAPE

WRITE (NTAPE) TAPEID,LN,RUF, IRUNNO,ANAME NRAyNCA,DATE,DENSE,

* (BUF,1=1,10) .

WRITE (NTAPE) ((A(I,J)yI=14NRA),J=1,NCA)
LN = EN + 1

WRITE (NTAPE) TAPEIN,LN,EOT, (BUFsI=1,416) -
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‘BACKSPACE NTAPE _ : . -
RETURN . - - e S
c - ' - : ‘ '
999 WRITE. (NOT,1000} : o
1000 .FORMAT (1H1,43HERROR IN SUBROUTINE WTAPE. PROGRAM STOPPEDS:)
- STOP ‘

. END

SUBROUT INE LTAPE (NTAPE) )
REAL*8 TAPEID, IRUNNOD, ANAME,IEOTCK.DATEvITYPE.ICHKoEUT’

% . DENSE, SPARSE ,SPART

- DATA NOT / 6/ :
DATA €OT,DENSE,SPARSE,SPART/ BHEOTySHDENSE'bHSPARSEqSHSPART/

u@

LIST HEADINGS OF MATRICES ON TAPE.

CALLS FORMA SUBROUTINE PAGEHD.

CODED BY RF HRUDA. JULY 1968, REVISEDN NOVEMBER 1970.
REVISED BY R. A PHILIPPUS., APRIL 1969.

SUBROUTINE ARGUMENTS (ALL INPUT) . .
NTAPE - = NUMBER OF TAPE. [E.G. 10). : S

X N R e R N W}

2001 FORMAT (//36X35HLISTING OF MATRICES 0ON LOGICAL UNITI3'7H3‘TAPE Ab6)
2002 FORMAT (//30X3SHLISTING OF MATRICES ON LOGICAL UNITI3,7Ho TAPE Aby

* ' 12H (CONTINUED))
2003 FORMAT (27X69(1H-)/27X3HNO.3XTHRUN NO. 4X4HNAMESX5HNRONS4X5HNCOLS4X
x0T 4HDATE6X3HNNZ3IX9HPARTITION/ -
%  27X3H-==3X6H=m~mmm 4X6H=mm— = 4X5H=—mmm :
%* . 4XSH—==—— 3IX6HS = mmm 5X3H===3X9H-mmmemmmm /)

2004 FORMAT (25X15,3XA6, 4XA6,3XI5q4X15y4XA6,3x15,3x14,IH/]4)
2005 FORMAT (/27X12HEND OF LIST.) _ L R
c - o o Y
REWIND NTAPE . : . . o

~ -READ:: (NTAPE) TAPEID .. - . o - e
REWIND NTAPE S ‘ T - ;
=0 Lo - ' ' : AR R

12 CONTINUE-. T L o o -
IF(L .EQ. 0) WRITE (NOT,2001) NTAPE,TAPEID S
IF(L .NE. 0). WRITE (NOT,2002) NTAPE,TAPEID
WRITE - (NOT,2003) R . ;
NLINE=D . -
13 L=L+1 = - R Rt
: READ (NTAPE) TAPEID,LN, IEOTCKyIRUNNO ANAME;NR,NC'DATE.ITYPF'NNZ.
X coc e INPONPT e e SR
-IF'(L_.EO.VI) ICHK = IRUNND - R - - *1.;w .
IF (ICHK. ,EQ. IRUNNQ) GO TO 15- . R
NLINE=NLINE+1 - :
WRITE (NNT,2004)
~ICHK = TRUNNO »
15 IF “(1IEQTCK .EQ, EOT) GO TO 30 . L R SRR
READ (NTAPE) e
IF (ITYPE -,EQ. DENSE ) WRITE (NOT,2004)
* o LN, TRUNNO+ ANAME yNR,NC 4 DATE
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IF. (ITYPE .EQ. DENSE ) GO TO 20 : R
IF (ITYPE .EQ. SPARSE) WRITE (NOT,2004) Do

* LNleUNNnvANAMEvNR'NC DATE'NNZ

IF (ITYPE .EQ, SPARSE) GO TO 20 : AT

IF (1ITYPE .EQ. SPART ) WRITE (NOT,2004) - . . R
* i LN, lRUNNO'ANAME'NRqNCoDATE NNZ s NP+ NPT

IF (ITYPE LEQ. SPART ) GO TO 20 .

WRITE (NDT,2004) LN, IRUNNO,ANAME,NR,NC,ITYPE
20 NLINE=NLINE+1

IF(NLINE.GT.43) GO TO 12

GO To 13
c )
30 WRITE (NOT,2004) LN,IEDTCK
WRITE (NOT,2005) ... . ' : o T L ey
REWIND NTAPE : J S LA
RETURN . - ce T
END. - ’
SUBROUTINE RTAPE (IARUND,IANAMEs AyNRAGNCA, KRyKCyNTAPE): = *
REAL*8 A, IARUNO, [ANAME,TAPEID, !EOTCK,ITRUNO'ITNAMEo
* DATE, ITYPE,NENSELEQT ° ) R o
DIMENSION A(KR,1) . : SRR Teeo M
‘DATA NOT / 6 /
o DATA DENSE,EOT / SHDENSE, 3HFOT / i
C. - e RRMIE Y
c READ MATRIX A FROM TAPE RY IDENTIFICATION OF IARUNO,IANAME.. o
‘C's. CALLS - FORMA .SUBROUTINES LTAPE,PAGEHD,ZZBOMB.’ o Con el e s
C CONDED'BY WA BENFIELD. -JUNE 1966. - S “
C LAST REVISION BY R F HRUDA, SEPTEMBER 1971. : : -
c B
C - SUBROUT INE ARGUMENTS A g ERCES
C. IARUNO = INPUT RUN NUMBER OF MATRIX A. (A6 FORMAT). -
- C TANAME = INPUT MATRIX IDENTIFICATION. (A6 FORMAT).
C A = OUTPUT MATRIX READ FROM TAPE. SIZE(NRASNCA)s -0
C NRA = QUTPUT NUMBER OF ROWS OF MATRIX A. WILL RE READ: FROM TAPE.
C NCA = QUTPUT NUMBER OF COLS.(OF MATRIX A. WILL BE READ FROM TAPE.
C KR = INPUT ROW DIMENSION OF A IN CALLING.PROGRAM,.
C KC = INPUT (COL DIMENSION OF A IN CALLING PROGRAM, .
C. NTAPE = INPUT NUMBER OF TAPE. (E.G. 10). T
c : : _ B (
3001 FORMAT (29H1RTAPE CANNOT FIND RUNNO = A6./ “
* 21X 8HANAME = A6 7/ 29X bHe—==—=- ) S X
c . - :
NTIME =0

C SEARCH . TAPE FOR CORRECT HEAD ING. ‘ ' s o
5 READ (NTAPE) TAPEID,LN,IEOTCK, ITRUNO;ITNAMEoNRA.NCAoDATEoITYPE NNZ
IF (ITRUNO .EQ. TARUNO .AND. [TNAME .EQ. TANAME). GO TO 10
IF (IEOTCK .EQ. EOT) GO TO 20 '
READ (NTAPE)
GO TO 5
C
C MATRIX.HAS BEEN FOUND,
10




. : o _ NERéok=&
IF {1TYPE .NE. . DENSE .AND. NNZ .NE. 0) GO TO 999 :
g " TNERROR=2

IF. (NRA.GT,.KR. ,0R, NCA.GT.KC) GO TO 999 L .
READ (NTAPE) ((A(IeJ)yI=14,NRA)4J=1,NCA) - RS
RETURN . :
c - . R )
C MATRIX CANNOT ‘BE FOUND, SEARCH TAPE ONCE MORE. ;
20 NTIME = -NTIME+1 ) o
. MERROR=3
If (NTIME LEO0. 2) GO TO 998 .
REWIND NTAPE .. AU

c - _ “-
998 WRITE (NNT,3001) IARUND,IANAME : S e
999, CALL LTAPE _(NTAPE) o L s

. WRITE (NOT,3002) NERROR : ‘ e
3002 FORMAT. (1H1,43HERROR IN SUBROUTINE RTAPE, PRQOGRAM STOPPEDy .-
x " 10H NERROR = ,13) E e T
STOP . : .
END-

SUBROUTINE WRITE (A,NR,NC,ANMAME,KR)
REAL#*B A, ANAME :
» DIMENSION A(KR,1}
DATA NOT / 6/ .

WRITE MATRIX OF REAL NUMBERS ON PAPER.

REQUIRES 123 COLUMN (MINIMUM) PRINTER. .- ' L
UP TO 10 DATA FIELDS PER LINE. PRINTS ONLY NON=-ZERO. FIELD ROWS: -
CALLS FORMA SUBROUTINE PAGEHD, L - PR
CODED BY RL WOHLEN. DECEMBER 1968. T L

SUBROUTINE ARGUMENTS (ALL INPUT): ' ST R

A = MATRIX TO BE PRINTED. SIZE(NR,NC).

NR = NUMBER: OF ROWS IN MATRIX A, e

NC ' = NUMBER OF COLS IN MATRIX A. L o LT
ANAME = MATRIX- IDENTIFICATION. (A6 FORMAT), oo T
KR = ROW DIMENSTON OF A IN CALLING PROGRAM. R Lo

sEeaNelelskslalaNeloReNaNeNe!

2010 FORMAT (//15H QUTPUT MATRIX A6,42X lH(1492H X I4q2H | A

% 10X410(TXy1H( I1241H))/) R
2020 FORMAT (//15H OUTPUT MATRIX Abe2X 1H(T4,2H, X T4p2H ) - Cs
- 3X, 9HCONTINUED //10X,10(7X51H( 12,1H))/),  © 12 %

2030 FORMAT (1X,215,2%,1P10D11.3)
- 2040 FORMAT (14HOEND OF WRITE.)
¢ - ' o L e
C PULL UP A NEW PAGE FOR MATRIX AND PRINT MATRIX NAME.’ o
_WRITE (NOT.2010§ ANAME,NR,NC,(LsL=1,10) e T
NLINE,= o - : ‘

PO 60 1=
NZERN =
JSs
10 JE

non
-

1-30




SEE

20

30

TF (JE +GT. NC) JE=NC

- LF ELEMENTS ARE ZERD.

DO 20 J=JS.JE .

IF- (A(14+J) .NE. O0.D Q) GO TO 30
CONTINUE - - C :
GO TO 40

NLINE = NLINE+1

.IF (NLINE JLE, 44) GO TO 35

35

<0

SKI

WRITE (NNT,2020) ANAME,NRoNC,(LsL=1,10) -
NLINE = 1 o : S
WRITE (NOT92030) 1,JSs(A(14J), J=JS,JE) .

NZEROD = 1 .. - : :

IF (JE .EQ. NC) GO TO 50

JS .= JS+10 ‘

G0 TO 10 . : ' S

P A SPACE BETWEEN EACH ROW IF THERE ARE MORE THAN .10 COLUMNS

AND- SOMETHING HAS BEEN WRITTEN.

50

60

IF (NC.LE.10 .OR, NZERDO.EQ.0 .OR. I.EQ.NR) GO TO 60
NLINE = NLINE+1 .
WRITE (NOT,2030)

CONT INUE

WRITE (NOT,2040)
RETURN-
END

SUBROUTINE VECADD(V1,4V2,S)

ADDS VECTOR V1 TO V2 RESULT IN §
IMPLICIT REAL*8(A-H,0-2,%)
DIMENSION V1(3),V2(3), S(3)

S(1) = V1(1) + Vv2(1)

- 8.02) = V1{2) + Vv2(2)
S(3) = V1(3) + Vv2(3)
RETURN . -

END

SUBROUTINE VECSUB(V1,V2,D)
SUBTRACTS -VECTORS V1-v2=D
IMPLICIT REAL*B(A=H,0-2,%)
DIMENSION V1(3),V2(3),D(3)
D(1) = V1(1l) - v2(1)
D(2) = Vv1(2) - Vv2(2)

3) = VI(3) - v2(3)
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- RETURN -
END C e

SUBROUTINE SCLVISCyV,P)
SCALAR * VECTOR

IMPLICIT REAL*8(A-H,0~Z+8)
DIMENSION V(3),P(3)’

P{1) = SC=&V{1)
P(2) = SC=xV(2)
P(3) = SC%V(3)
RETURN

END

SUBROUTINE VECDOT(VI»VZ'D'v

‘VECTOR DOT PRODUCT .

IMPLICIT REAL#*B(A=H,0~7,$)

DIMENSION V1(3),vV2(3)

D = VI(1)%V2(1) + v1(2)*v2(2) + v1(3)*v2(3)
RETURN '

END

SUBROUTINE VECRODS (V1,V2,C)

VECTOR CROSS PRODUCT € = V1 'X v2:
IMPLICIT REAL*8(A~H,0~24%)
DIMENSION V1(3),V2(3),C(3)

Cll) = V1(2)%V2(3)- V1(3)%Vv2(2)
C(2) = V1(3)%V2(1)- V1(1)%Vv2(3)
Ci3) = V1{1)*V2(2)- V1(2)*V2(1)
RETURN : ..

END

SUBROUTINE TRIPVP(V1,V2,V)
COMPUTES STANDARD VECTOR TRIPLE PRODUCT

v VIX{VIXV2).

V1*{V1.V2) - V2%(V].Vl)

IMPLICIT REAL*8(A~H,0-2,%)
DIMENSION V1(3),V2(3),V(3)
A = VI(1)%V2(1) + V1(2)%V2(2) + V1(3)%V2(3)
B = V1{1)1*V1{1) + V1{2)%V1(2) + VI{(3)*V1(3)
V(1) = V1(1)%A - V2(1)%*8B :
V(2) = V1(2)%A - V2(2)*B
VI3) = V1(3)*A - V2(3)*B




SUBROUTINE DYADD(D1,D2,D)

ADDS TWO DYADS

: "D = Dl + D2 |

IMPLICIT REAL*B(A-H,0-2,$)
DIMENSION-D1(3,3), D2(3,3), D(3,3)
00 1 1=1,3 o

00 1 J=1,3

D(I+J) = DI(I,d). + D2(I,J)

RETURN

END

SUBRDUTINE SCLDCALD,.T)
IMPLICIT REAL*BlA-H,0~2,%)
DIMENSION D(3,3),T(3,3)
MULTIPLY SCALAR BY A TENSOR

T(ls1) = A%D{1s1)
T(241) = A%D(2,1)
T(3,1) = A%*D(3,1)
T(1s2) = A%D(1,2)
T(2+2) = A%D(242)
T(342) = A%D(3,2)
T(l1s43) = A%XD(1,3)
T(2+3) = A%D(2,3)
T(3y3) = A%D(3,3)
RETURN

END

SUBROUTINE DYDOTV(A,V,D)

'SCALAR NDOT PRONUCT OF DYAD AND VECTOR

D = A.V
IMPLICIT REAL*8(A=H,0-Z,$%)
DIMENSION D(3).,A(3,3),V(3)
DN Y 1=1,3
D(I) =0
DD 1 J=1,3
D(I) = D(I)
RETURN
END

+ A1, 0)%V(J)

SUBROUTINE VXDYOV(V1,DY,V)

COMPUTES  VECTOR X (DYAD . VECTOR)

o V=Vl X (DY « V1)
IMPLICIT REAL*B(A=H,N=Z,%)

DIMENSTON V1(3)V2(3),V(3),NY(3,3)
Dﬂl K=193
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V2(K) =
DD 1. J=1,3 | .
1 VZ(K) = V2(K) + DY(KeJ)EV1(J)

V(L7 Vl(ZY*VZ(B) S V1(3)%V2(2)

VI2) = V1(3)%V2(1) = V1(1)%V2(3)
VE3) = VI(1)*V2(2) = V1(2)*V2(1)
RETURN - ~ ;

END -

B

SURRNUT INE DYTOV _(n x1.X)
USE ‘TD TAKE SCALAR DOT.PRODUCT OF TRANSPOSE OF
‘TENSOR D WITH . VECTOR X1 .
NEEDED SINCE TENSORS IN SYMMERIC MATRIX OF INERTIA TENSORS ARE IN
‘NAN SYMMETRIC
IMPLICIT REAL#*B(A-H,0=248%)
DIMENSION D(3,3),X1(3)4X(3)
DN 1. I=1,3"
X(I)' =0 .
DO 1 " J=1,3 Lo .
X(I) = X(I) + D(J,1)=X1(J)
1 CONTINUE o
RETURN
END

OO0

SUBROUTINE VODYOV(V1,DYsV2,4X)

conpures THE SCALAR TRIPLE PRODPUCT
vecroa . {DYAD . VECTOR)

) .{DY.V2)

IMPLICIT REAL*8(A- H 0-24%)

DIMENSION V1(3),DY(3,3),V2(3),TEM(3)

DO 1 K=1,3

TEM(K) = 0.00

DO 1 J=1,3

! TEM(K) = TEM(K) + DY(KpJ)*VZ(J)

[aNeXel

X =0

bo 2 J=1,3 :
2 X =X + Vl(J)*TEM(l)

RETURN

END - .

SUBRﬂUTINE DYOP(V D)

c TRANSFORMS VECTOR V1 INTO SKEN NDYAD
IMPLICIT REAL*8(A=H,0-2,$)
DIMENSINN V(3).D(3,3)

D(1,1) 0
D(1,2) vVi3)
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oD

D(2,1)

D(1,3) = =V(2)
D(2,1) = =V(3)
D(2,2) = 0
D(2,3) = V(1)
D(3,1) = V(2)
D(3,2) = =V(1)
D(3,3) =0
RETURN

END

SUBROUTINE SUEOP(V14V24XM,yD.)
IMPLICIT REAL*B(A-H,0-2,%)

(DIMENSTION . V1(3),V2(3),D(3,3) -

USED TO COMPUTE THE PSUEDO [NERTIA TENSOR .
OF BODY LAMBA WITH RESPECT TO THE ORIGIN OF NEST K-1 AND
THE HINGE POINT I-1 WHICH IS ON THE TOPOLOGICAL PATH_FROM-
BODY 1 TO BODY LAMRA : i ] . .
RLOCK G SUPPER GAMBA,SUB K-1,1-1 EQUATION 2-55 0OF X-732-71-70
D= XME((V1.V2)%¥] -~ V2 V1) -

XM - SCALAR
vVl -~ VECTOR
vZ2 - VECTOR
1 - UNIT DYAD
#* = SCALAR MULTIPLICATION
- VECTOR SCALAR MULTIPLICATION

"BLANK - TENSOR MULTIPLICATION

NOTE THAT IN GENERAL THE PSUEDOD INERTIA TENSOR IS NON SYMMETRIC'

D(ly1) = XME(VI(2)%V2(2) + V1(3)%V2(3))
D(1,2) ==XM&kY2(1)%V1{2) .
D(1,3) ==XMxV2(1)%V1(3)

D(2,1) ==XMEV2(2)%V1(1) L
D(2,2) = XME(V2(1)*V1(1)-+.V2(3)%V1(3))
D(2¢3) ==XM%V2(2)%V]1(3) '

D(3,1) ==XM%xV2({3)%V1(1)

D(3,2) ==XMxV2(3)%V1(2) .

D(3,3) = XMR{V2(L)*V1(1) + V2(2)%V1{(2))
RETURN

END

SUBROUTINE VECXDY(P,T,D}
REAL®*8 P(3), T(3,3), DN(3,3)

COMPUTES VECTOR CROSS DYAD

D=PXT . X
D(1,1) = P(2)%T(3,1) - P{3)%T(2,1),
D(1,2) = P(2)%T(3,2) - P(3)%T(2,2) p ,
D(1,3) = P(2)%T(3,3) ~ P(3)%T(2,3)

= P(3)#T(1y1) = P(1)*T(3,1)
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Ni2.?2)
DiE2,3)
D(3,1)
DE3,2)

.N(3,3)
RETURN

END

PI3)%T(1,2)
PI3)%T(1,3)
Pl1)*T(2,1)
P{1)%T(2,2)

PILI=T(2,3)

POII%T(3,2)
PL1)%T.(3,3)
PI2)%T(1,1)
PI2IET(1,2)
PI2)%T(1,3)
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