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ABSTRACT

This paper presents a 12-degree-of-freedom
FORTRAN 1V digital computer program to determine
the nonlinear motion of two rigid bodies connected by
massless cables and subject to external disturbances.
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A FORTRAN IV PROGRAM FOR PREDICTING THE UNCONTROLLED

DYNAMIC RESPONSE CHARACTERISTICS OF A SPINNING,
CABLE-CONNECTED, TWO-BODY SPACE STATION

By William E. Thomas, Jr.
Manned Spacecraft Center

SUMMARY

This paper presents a 12-degree-of-freedom digital computer program for deter-
mining the nonlinear motion of two rigid bodies connected by massless cables and sub-
jected to time-dependent external sinusoidal forces and torques. The equations used in
the program and a sample problem are included.

INTRODUCTION

Long-duration space missions may tax the ability of man to withstand long periods
of weightlessness. Some uncertainty is presently associated with this ability. Because
of this uncertainty, the study of fechniques to provide an artificial gravity environment
is very desirable. One of the most attractive means of achieving a high ratio of artifi-
cial gravity to spin velocity (equivalent to that of a large diameter space station) is to
separate the manned vehicle from its adjacent booster stage by means of flexible cables
and to spin the two bodies about their composite mass center. The problem of deter-
mining the dynamic response characteristics of this type of configuration is dealt with
in this paper by means of a 12-degree-of-freedom digital computer program.

The disturbances presently allowed for in the program include time-dependent
external sinusoidal forces and torques on both bodies, These disturbances can be used
to determine the general dynamic characteristics of a given configuration and to deter-
mine the effect on these characteristics of altering body and cable parameters and/or
cable configurations. The equations defining these external disturbances are pro-
gramed in an external force subroutine distinct from the rest of the program (appen-
dix A). Equations representing other external disturbances (gravity gradient torques,
reaction control system jets, associated control equations, et cetera) may be included
in the program by replacing and/or adding the appropriate punched cards in the force
subroutine. Perturbations resulting from .internal mass shifts and fixed internal rotat-
ing masses may be included in the program by adding the appropriate terms to Euler's
dynamical equations. Instantaneous cable length and forces are calculated in a subrou-
tine which represents cable free length as a constant. This subroutine may be easily



modified to study vehicle motion during cable extension or retraction by simply repre-
senting cable free length as an arbitrary function of time and/or any of the dependent
variables in the program. Appendix B provides data on the general input and output of

the program.

x,n " y,n" "z,n

a,b,c

CDn

CG Y CG 1’ CGz, n
CGX,’ o’ CGy, . CGz'
CKn

SYMBOLS

instantaneous angular velocity of body 2 about .

c.g. comp’ deg/sec

defined by equations (18) and (19) 7
components of amplitude of the impressed force acting

on body n along in-, jn-, and kn—axis, respec-

tively, b n =1, 2) .
components of amplitude of the impressed torque acting

on body n about i;x" j;l-, and k;l-axis, respec-

tively, in-1bo (n = 1, 2)

components of translational velocity of c.g. 9 relative

to c.g. comp’ directed parallel to the XY plane and

perpendicular to the plane of 6 directed radially

RPB’

outward from c.g. comp’ and directed perpendicular

mp

to b and in the plane of 6 in/sec

RB’
equivalent viscous damping coefficient for cablen,

lb-sec/in. M =2, ..., N +1)

components of torqﬁe acting through c.g. ~about in—’, :
jn—, and kn~axis, respectively, because of N cables,
in-l1b n =1, 2)

components of torque acting through c.g. n about i;l—,
jh-, and k;l‘-axis, respectively, because of N cables, A
in-1b n = 1, 2)

spring constant of cablen, Ib/in. =2, ..., N +1)



FD
n

FK
n

F
¢, max

F. _,F__,F
x,n’ " y,n’ " zn

F_.C,F .C,F

X1 n y,17n

Fx, ZCn’ Fy, 27n’

G G
x,n’ "y,n’ “z,n

Gx, 1, Gy, 1,

Gy, 2,0 Gy, 2,00 C

C,F

Z, 1Cn

Z, ZCn

Gz, 1,n

z,2,n

unstretched length of cablen, in. m=2, ..., N+1)
number of the highest stressed cable

cable connected to points P and P, m=2, ...,

N+1)

1,n 2,n

center of gravity of composite configuration
center of gravity of body n (n =1, 2)

vector sum of a and c, in/sec

total damping force in cable , lbbnh=2, ..., N+1)
total spring force in cablen, lbbh=2 ..., N+1)

force on the highest stressed cable, 1b

components of impressed force acting on body n along

in-, jn—, and kn-axis, respectively, 1b n = 1, 2)

components of force (because of cablen) acting on body 1
parallel to il” jl" and kl-axis, respectively, 1b
m=2, ..., N+1)

components of force (because of cablen) acting on body 2
parallel to 12-, j 9" and kz-axis, respectively, 1b
m=2, ..., N+1)

components of impressed torque acting on body n about

it -, i} -, and ki -axis, respectively, in-lb (n =1, 2)

components of torque acting through c.g. 1 about il"
jl—, and kl—axis, respectively, because of cablen,

in-lb@=2, ..., N+1)

components of torque acting through c.g. 9 about iz—,
jz—, and kz-axis, respectively, because of cablen,
in-lbn=2, ..., N+1)



Ii',n’ Ij',n’ Ik',n

e’ IrB’ KRB

i,ji Lk
n’Jn’ n

i! -3 | k!
n’ Jn’ n

body n moments of inertia about i'-, j'-, and
n n

k}l-axis, respectively, lb—secz-in. n=1, 2)

orthogonal pseudorigid body axes fixed at c.g. comp

arbitrary orthogonal axes body fixed at c.g. n m=1, 2)
principal axes of inertia for body n(n=1, 2)

unit vectors directed parallel to and in the positive
direction of the in-, jn-, and kn-axis, respectively

(1’1 = 1’ 2)

unit vectors directed parallel to and in the positive
direction of the i;l—, j;a" and k;l—axis, respectively
(n=1, 2)

" functions defined by equations (13) and (14), (n =1, 2)

matrix of direction cosines for transforming vector
components from the principal body axes of body n
to the arbitrary body axes of body n (n =1, 2)

mass of body n, lb—secz/in. mn=1, 2)

number of cables

points on bodies 1 and 2, respectively, for which rela-
tive displacement vectors are determined (n = 1, 2,
..., N + 1) (cable attachment points for n=2, ...,
N+1)

magnitude of relative displacement vector from

point P . topoint P, , in. n=1, 2, ..., N +1)

1,1 2,n

components of total force acting on body n along in-,
j,~» and k -axis, respectively, 1b (h = 1, 2)

components of total moment acting through c.g. n about
i;l—, j;l—, and k;l—axis, respectively, in-lb (n = 1, 2)

time, sec



u"! V" , w'
n’'n n

P, 1 Pln’

ol

P, 2,0’ P, 2,1’

Pln

ZP, 2,n

’orthogonal axes pérallel with ?-,

components of translational velocity vector of c.g.
along i -, j - , and k -axis, respectively, in/sec
(n=1, 2)

oomponents of relative displacement vector from
point P1 n to point P2 n parallel to il" jl—, and

? H

kl-axis, respectively, in. m=1, 2, ..., N +1)

‘components of relative displacement vector from c.g. 1
to P1 : along 11 , " ]1 , and kl-ams respectlvely,
in. m=1, 2, , N +1) -

components of relative displacement vector from c.g. 9
to PZ,n along ?2-, jz—, and kz—axis, respectively,
in. m=1, 2, , N +1)

inertially fixed orthogonal axes

rf—, and E-axis,

re{spectively, with or_igin at c.g. comp

components of c.g.. displacement vector along
ST Y P comp

?—, 7—, andk‘ 77axis, respectively, in.

components of relative displacement vector from

c.g. to c. g. 1 along X'-, Y-, and Z'- -axis,

comp
respectively, in

components of c.g . displacement vector along —f_-,
Y—, and Z- -axis, respectively, in
spin—plane pointing error, deg

functions defined bj equations (37), (38), and (39)
mn=1, 2, ..., N+1)

general coordinate transformation mati'ix, defined by
equation (1)



WRB’ eRB’ ¢RB(¢=O)

v_,0

n" ' n 'n

v )

6
s,n’ s,n’ "s,n

Q. .9 .9
x,n’ y,n’ zn
Q .,
x,n’y,n’ " z,n

10 Y, 110 %, 11

orthogonal transformation matrix for transforming
vector components from the arbitrary body axes of
body 1 to the arbitrary body axes of body 2

orthogonal transformation matrix for transforming
vector components from the inertially fixed axis
system to the arbitrary body axes of body n (n = 1, 2)

orthogonal transformation matrix for transforming
vector components from the inertially fixed axis
system to the pseudorigid body axis system

orthogonal transformation matrix for transforming
vector components from the pseudorigid body axis
system to the arbitrary body axes of body n (n = 1, 2)

angle between a and D, deg
general Euler angles

Euler angles defining angular orientation of arbitrary
body-fixed axes 12, jz, and k2 with respect to

‘arbitrary body-fixed axes i and k., deg

1, ]1’ 1,

Euler angles defining angular orientation of pseudorigid
body axes iRB’ jRB’ and kRB with respect to axes

?(—", ?’, and E", deg

Euler angles defining angular orientation of arbitrary
body-fixed axes in’ jn’ and kn with respect to

inertially fixed axes X, ¥, and Z, deg m =1, 2)

Euler angles defining angular orientation of arbitrary
body-fixed axes in’ jn, and kn with respect to
pseudorigid body axes i

(n =1, 2)

jRB’ and k deg

RB’ RB’
body n angular velocity components about in—, jn—,
and k -axis, respectively, deg/sec m =1, 2)

body n angular velocity components about i;l—, ];1—,

and k' -axis, respectively, deg/sec (n = 1, 2)

functions defined by equation (33)



We o ~ frequency of the impressed force actmg on body n,
’ rad/sec n =1, 2)

W 1 frequency of the impressed torque acting on body n,
’ rad/sec (n =1, 2) .

Subscripts:
m defines matrix row
P defines matrix column

A dot over a symbol indicatés differentiation with respect to t.
ANALYSIS

Axes Systems and General Vehicle Orientation

The general body orientation of the spacecraft is shown in figure 1. Each body
has two body-fixed orthogonal axes systems having origins at the body center of gravity.
One of the systems must be coincident with the body principal axes. The rotational
equations of motion for each body are written with respect to this system and thus will
reduce to Euler's dynamical equations. Angular orientation of the other axes system
within the body is completely arbitrary; however, the system is usually located coin-
cident with geometrically symmetric axes, if such axes exist. This arbitrary system
is angularly located in an inertial frame by a set of Euler angles defined in figure 2.
The translational equations of motion for each body are written with respect to this
arbitrary system. The arbitrary systems in the two bodies are angularly related to
each other by a set of relative Euler angles which reduce to pitch, yaw, and roll for
small angles (fig. 3). The two axes systems within a given body are related by a set
of direction cosines.

Composite body motion is broken up into pseudorigid body motion and flexible
body motion. The pseudorigid body is defined as a straight line connecting the two body
centers of gravity. This pseudorigid body has a body-fixed orthogonal axes system with

7

its origin at the composite center of gravity. An auxiliary set of reference axes X',

?‘, and Z' (parallel to the fixed inertial axes and located at the composite center of
gravity) is used to angularly orient the pseudorigid body in inertial space. Pseudorigid
body orientation is shown in figure 4. Note that the iRBV axis is coincident with the

pseudorigid body and directed toward body 2 and that the jRB axis is restricted to the

X'Y* plane (a line can have no roll diSplacement); The angles Ypp and 6 define

RB

pseudorigid body inertial angular response, and the coordinates fc g.’ —fc 2.’ and

E—c g define pseudorigid body inertial translational response. The flexible cables



connecting the two bodies will superimpose structural oscillations on the pseudorigid
body motion. The structural response of each body is measured by a set of Euler an-
gles relating the respective arbitrary body axes to the pseudorigid body axes (fig. 5)

and by monitoring the instantaneous length of the pseudorigid body P1 1P2 1 The

program will also calculate the mstantaneous angular velocity of body 2 about the com-
posite center of gravity (fig. 6).

A number of coordinate transformations are required by the program. To sim-

plify the description of many of these transformations, the following general matrix
will be required.

?11 I‘12 FI-I; cos 6 cos Y | cos 0 sin Y -sin 6 n
[T]=|T T r. | -|-sin¥cos ¢+ cos ¢ cos Y + sin ¢ cos 6
{721 22 23| " | sin ¢ sin 6 cos ¥ sin ¢ sin 6 sin ¥
1"31 1"32 1"33 sin ¢ sin ¢ + -sin ¢ cos Y + cos ¢ cos 6
- — |cos ¢sinf cosy cos $ sinf sin Y ]
(1)

The principal body axes are related to the arbitrary body axes (for a given body) as
follows

i) i)
n n

Bl @
k K

\ Y \ )

[+ T T I T ""1_—
i 11'1 i -] i kn
137 . T, T - . ™
EZQ—J "1t In " dn Ih kn (3)
T T " It r .
__l_{n h kn Ia kn er

o



The inertial axes are related to the arbitrary body axes (for a given body) as follows |

/i\ /}_-E\
n
Ciap= FS T @
k Z
\ ") \ /

where n=1, 2 and [I‘] is given by equation (1) after the following substitutions are
made: [r] p= Top o V=¥ 0=0,and $=¢ where m=1, 2, 3

and p=1, 2, 3. The arb1trary body axes of body 1 are related to the arbitrary body
axes of body 2 as follows

( 1,) (1, )
< 12?=[1‘"]<11 ? 6)
\ 3 \"1)

where [T'] is given by equation (1) after the following substitutions are made:

[T] =[T], rmp=-fmp’ 0=0, Y=y, and ® =9 where m=1, 2, 3 and p=1,

2, 3. The inertial axes are angularly related to the pseudorigid body axes as follows

riRB\ (%)
{igg )= [FR:H Y) 6)
\“RB \%)

where [I"R] is given by equation (1) after the following substitutions are made:

[r]:[R], Top= TRmp © = %rpr ¥ = V¥pp 2 ¢ =0.0 where m=1, 2, 3

and p=1, 2, 3. The Euler angles in equation (6) are derived quantities obtained from



the following equations.

2 c.g. (1)

Nl
1
NI

0 - c.g. 2 (8)

-1 .
RB " %7 VR % )P, 1 )
(Xz B Xc.g.) * (Y2 B Yc.g.)

The pseudorigid body axes are related to the arbitrary body axes (for a given body) as
follows

/lin\ /iRB\

< jn?=|:rR,1;_]<jRB> ®)
k k

Y \ BB

where n=1, 2 and E‘R 1_:_| is given by equation (1) after the following substitutions
b

are made: [I']= [rR,rﬂ’ rmp = rmp, R, 6 = Bs,n’ Y= ws,n’ and ¢ = (Ps,n
where m=1, 2, 3 and p=1, 2, 3. By comparing equations (4) and (6) to equa-
tion (9), the structural Euler angles can be obtained as follows

-1 T11,0TR, 21 * T12,n'R, 22
Ygn=P0 \r— T 3T. T - +T.. T (10)
, 11,n' R, 11 * 112, 0’ R, 12 * T13,n R, 13
KK
I | n :
(:bs,n = tan (72;) (11)

10



o - tan] “Ti1,0TR, 13~ T12,nTR, 32~ T13,n'R, 33
s,n P D)
JKK + Z7Z
n n

where KKn and ZZn are given by

KK = T91,nTR, 31 * T22,nTR, 32 * T23,n'R, 33
and

2Z,=T31 nTr,31 % T32,n'R, 32 * 133, n!R, 33

(12)

(13)

(14)

The instantaneous spin-plane variables (fig. 6) are derived quantities obtained from the

following equations

y = tan” 1(%)

_ -1
a = coSs (cos 'ORB cos 'y)

and

(15)

(16)

(17)

(18)

11



and

c.g.)‘”S "’Rgl sinfpp - (Zz - Zc.g.)‘”S vB

(19)

w
oy
i
]
—3
N I
]
el
a
Sv”
m-
g
w‘%
w
+
ol
N
]
el

Equations of Motion

The equations used in the program place no restrictions (within the limitations
imposed by cable interference) on either angular or translational displacement of the
two rigid bodies relative to an inertial frame and to each other. The bodies may also
have completely general geometrical and inertial properties.

The rotational equations of motion used in the program are

Ii',nQ'x,n B Q'y, nﬂ'z,n(lj',n B Ik',n) = TGx,n (20)

Ij'-,nfz'y, n_ x,nﬂ'z,n(lk',n - Ii',n) = TG}y, n (21)
and

Ik',nﬂ,z,n B Q;c, nwy, n(Ii', n_ Ij', n) - TG"z,n (22)
where n =1, 2. Integration of these equations yields Q’X, o’ SZ'Y, o’ and Q,z,n' Equa-

tions (20), (21), and (22) may be modified to include the effects of internal mass shifts
(for example, crew movements) and fixed internal rotating masses. Body n angular
velocity components about the arbitrary body axes can be obtained from

fﬂ 3\ ( \
X, n X, n
% 0= [l %) (23)
Q 9
\ z_,n) \ z,n)

12



where n =1, 2. The translational equations of motion for body n are

M " + (sz w' - Q v";) =TF (24)
nn "~ nly,nn . znn X,n
M " +M (sz w' - Q w") =TF (25)
nn n\ z,nn X,n n y,n
and
M W' +M (sz V' - u") =TF (26)
n n n\ xX,n n y,n n Z,n

where n =1, 2. Integration of these equations yields u;l', V;l', and W;l' . The time
rates of change of the inertial Euler angles for body n are given by

en = Qy,n cos qbn - ﬂz,n sin (Pn (27)

by =, +tan en(szy’ n S+, cos ¢n> ~ (28)
and
i - Qy,n sin qbn + Qz,n cos ¢n (29)
n_ cos Gn

where n =1, 2. Integration of these equations results in the Euler angles shown in
figure 2. The time rates of change of the relative Euler angles are given by

g = (szy’ . Qy’ 1L)cos b - (QZ, 2" 9y 1L)sm ) (30)

& = (szx 2" 9y lL) + tan b‘[(szy’z -9, IL)Sjn +(% -9, lL)cos 55] (31)

13



and

Q - Q i Q -0
V= [( y,2~ %,10)50 P + (%, 5 - % q1)c0s 9] (32)
cos @
where

( (o

Qx’ ]-LW QX, 1
(% 1= [T 1) (33)

\QZ, IL/ \QZ’ 1/

Integration of equations (30), (31), and (32) yields the relative Euler angles. The com-
ponents (in the arbitrary axis system of body 1) of the time rate of change of P, P

1,n" 2,n
are
s o = I —
Xn - Ynﬂz, 1 Znﬂy, 1 ul' ZP, 1, nﬂy, 1+ YP, 1, ngz, 1
* 1%, 0 ¥ 191% 0+ T31%3,0 (34)
s = x [ -
Yn - Znﬂx, 1 Xan, 1™ "1 XP, 1, nﬂz, 1t ZP, 1, nﬂx, 1
+ Tygly o+ Tagy o+ Ty (35)
and
5 = - - -
Zn - XnQy, 1 Ynﬂx, 1~V YP, l,nQX, 1 ¥ XP, 1, nﬂy, 1
+ Tyg@y o+ Tagy o + T33%3 4 (36)
where n=1, 2, ..., N+ 1 and where
%4,n~ uy + ZP, 2, nﬂy, 2" YP, 2, nﬂz, 2 (37)

14



a =v! +X

2,n "2 P, 2, nﬂz, 2" ZP, 2, ngx, 2 (38)

and

a3’n=w‘2'+Y (39)

P,2,n'%,2 " Xp,2,n'Y, 2

Integration of equations (34), (35), and (36) yields the components of the relative dis-

placement vector from point Pl, n to point Pz’ n

Force Equations

The total force acting on each body is made up of forces caused by the elongation
of the interconnecting cables and forces caused by external sinusoidal forcing functions
acting on the respective body. The cables are considered to be perfectly elastic tension
members. The cable spring force is given by

FKn = CKn(Pl, Pon- CLn) | (40)

where n=2, ..., N+ 1. When P1 an n is less than CLn, cablen is slack and
b b
FKn is set equal to zero by the program. Energy absorption per cycle because of

damping may be approximated by an equivalent viscous damping term provided in the
equations of cable force. This damping force is given by

in_}—'(n + ?n?n + -Zn%n
FD_ = CD ‘ (41)
n n N
1,n 2,n

where n=2, ..., N+ 1.
Note that the equilibrium position of a given rotating system may be determined
by inputting nonzero values for CDn and zeros for all the forcing function amplitudes

and then allowing the program to run until all structural oscillations damp out. The
forces FDn and FKh are directed along cablen and are signed in the arbitrary axes

of body 1. The components of force, caused by cablen acting on body 1 at P1 o are
b4

15



then given by

X

_ n
Fe1Cn= (FKn +FD |\ ——— (42)
P, P
1,n" 2,n
Y 0
F 4Cp = (FKn + FD_ — (43)
I,n" 2,n ’
and
-Z_n
F, 1Cn = (FKn + FDn) — (44)
1,n" 2,n
where n=2, ..., N+ 1. The cable force acting on body 2 will be equal and opposite

to the cable force acting on body 1. The components of force (in the arbitrary axis sys-
tem of body 2), caused by ca,blen acting on body 2 at P2 o are given by

( ( A
FX, chW Fx, lcn
ﬁFy’ 2Cp >= -[r]< Fy’ 1Cn ) (45)
F_,C F .C
\ % 2 n) \ Z,1'n )
where n=2, ..., N+ 1. The components of torque (in the arbitrary axis system of
body 1) acting through c.g. 1’ caused by c:ablen acting at P1 n are given by
Gx, 1,n" YP, 1, n(Fz, lcn) B ZP, 1, n(Fy, lcn) ‘ (46)
Gy, 1,n= Zp, 1,n(Fx, 1) - X, 1,n(Fz, 1) | 7

16



and

Grz, 1,n = XP, 1, n(Fy, lcn) B YP, l,n(Fx, lcn) (48)

where n=2, ..., N + 1. Similarly, for body 2

Gl'x, 2,n = ?P, 2, n(Fz, z~C§) - 7P, 2, n(Fy, 2Cn) (49)

Gy, 2,n = _Z—P, 2, n(Fx, ch) - XP, 2, n(Fz, ch) (50)
and

Grz, 2,n = XP, 2, n(Fy, Zch) - ?P, 2, n(Fx, 2Cn) (51)
where n=2, ..., N+ 1, Thé components of torque (in the arbitrary axis‘ system of

body 1) acting through c.g. v caused by all of the cables, are given by

N+1
Cc,}x, 1- Z GX, 1,n (52)

n=2

N+1

CG = G

y,1,n (53)

n=2
and

N+1
CG, 17 Z G, 1,n (54)

n=2

17



Similarly, for body 2

N+1
’CGX, 2" Gx, 2,n (55)
n=2
N+1
CG = G 56
y, 2 y,2,n (56)
n=2
and
N+1
CG'z, 27 Grz, 2,n (57)
n=2

The components of torque acting through c.g. n’ caused by all of the cables, may now
be transformed to the principal axes as follows

\ ( \
Cay, o CGy o
CGy np = [ﬂ IJ( CG, (58)
CG,. HJ \cez,nj

where n=1, 2. The components of external sinusoidal force acting on body n along
the arbitrary body axes are given by

Fx, 0= AFx, o Sin (wF, nt) (59)

Fy, 0= AFy, o Sin (wF’ nt) (60)
and

Fon® AFZ, o Sin (wF, nt) | (61)
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where n =1, 2. The components of external sinusoidal torque acting on body n about
the principal body axes are given by

Z, N “z,n

Gx, n = AGx, n/ sih(wT, nt) (62)
Gy’ - AGY, n sin(wT’ nt) (63)

and
B G L AG , sin(wT_ nt) . o | (64)

where n =1, 2. Any component of external force or torque may be zeroedvao.ut' by in-
putting a zero for the amplitude of that component. The components of the total force
acting on body n along the arbitrary body axes may now be obtained from

: ' N+1- Lo ‘
TFX’n = Fx’n + Z FX’ Crn (65)
m=2

N+1 ‘
TFy’ . Fy’ ot Z Fy’ nCum (66)
m=2

and

N+1
TFZ’n = Fz’n + Z Fz’nCm : (67)
m=2

where n =1, 2. The components of the total moment acting on body n about the prin-
cipal body axes are given by

TGx,n = CGX,, n?t Gx, n (68)
TG =CG_, +G _ (69)
Y’n y ,n y’n

19



and

TG, ,=CG,, ,+G (70)

where n=1, 2.
CONCLUDING REMARKS

This paper has presented the six-degree-of-freedom rigid body equations of mo-
tion for each of two bodies connected by massless cables. A basic computer program
was presented for determining the dynamic response of the complete configuration
subject to external sinusoidal forces and torques on both bodies. The program was
written in subroutine form to facilitate the addition of equations representing other
perturbations and/or control systems to the basic configuration.

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, May 31, 1968
908-40-01-03-72
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Initial : ' 1
position {pitch)

(yaw) (roll)

g Figuf'é» 2, - Order of rotation for inertial Euler angles.
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(pitch)

Figure 3.- Order of rotation for relative Euler angles.
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Figure 5.- Order of rotation for structural Euler angles.
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APPENDIX A
COMPUTER PROGRAM LISTING

The FORTRAN IV source program presented in this appendix presently requires
a Stromberg-Carlson (S-C) 4020 high-speed microfilm recorder for some of the output.

The S-C 4020 output section1 of the listing runs from SUBROUTINE FILM through SUB-
ROUTINE RCLOK. The program may be modified for use on a system which does not
have an S-C 4020 recorder by removing those sections of the program indicated by the
applicable comment cards. If the program is modified in this manner, SUBROUTINE
OUTAID should also be modified to print out those output variables which are now output
in graphical form. v

1This section was programed by P. H. Thornton, Landing and Docking Analysis
Section, Manned Spacecraft Center.
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C THE » CARDS ARE SYSTEM SET~UP CARDS FOR THE MSC 7094 OPERATING SYSTEM
C ANV ARE NOT PAKRT OF THe HBASIC PROGRAM.

$JOB 2027 THOMAS 05591 ET256
$IJOB THOMAS = GO

PIF1C MAIN

COMMONZFLM/ONM»ON» TaMe TWNe THMe THNs FOMsFONsFIM»FINsSIMySIN» SEMI SEM
ltIMotIviNIMOXNINvIEM!TEN!ELM'ELN'TWtMoTWEN'TIEMPO'THIM'THINoKUTo
2LTHBOP»MOVIE» IGROPs PHI» THETA» NUM1 v NUM2 ¢ NUM3 ¢ KWHICH.

COMMON VAR KNTeKFSToL

UIMENSION VAR(0800)

CALL STAKT

10 CONTINUE
C REMOVE THE NeXT 4 CARDS IF SC=4020 NOT AVAILABLE

CALL FILMIOMeORNey TWMe TWN» THM» THNe FOMe FON  FIMeFINs SIM»SINI SEMr
1ISENPEIMeEINe XNIMe XNINs TEMe TENer ELMrELNs TWEM» TWEN» TIEMPO» THIMs THIMSK
2Te ITHBOF »MOVIE» IGROP»PHI» THETA » NUM1 » NUM2 s NUMZ e KwHICH)

CALL CLEAN

CALL RK

60 Tu 10

END

C REMOVE THE FULLOWING =%0RIGIN ACE-~ CARD IF SC=4020 NOT AVAILABLE
SORILIN ACE
$IBFTC SKCO

SUBROUTINE START
DIMENSION DYDX(100)sVAR(6800)
CUMMON VAK
EQUIVALENCE (VAR(101).DYDX(1))
C ZERO CORE AT INITIAL LOADING
DO 20 J=1» p8OUO
20 VAR(J) = U.0
C _ SET DERIVATIVE OF INDEPENDENT VARIABLE WR/T ITSELF EQUAL
C TO OME
DYDx(1) = 1.0
CALL RK
RETURN
END

$IBFTC SRC1

SUBROUTINE RK

DIMENSION Y(lOO)rDYDX(lUU)00(100)rD(lOO)!P(B?OO)'NTEGER(l
1 00) +VAR(680U)
COMMON  vARe» KNT» KFST

EQUIVALENCE (VAR(l)oY(l))v(VAR(101)'DYDX(1))r(VAR(ZOl)'Q(
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2u

4U

5u

9y

12u

i6u

190

230

26U

300

330

N e

REWIND S

REWIND 11
REWIND 195

KNT=0
KF5T=0

1)) (VAR(401) o NTEGER (1)) » (VAR(501) »vD(1)) o (VAR(601) 2P (1))
(NTEGER(6) » )

LOADL INPUT DATA INTO COMPUTER

CALL INPUT

P(5964)=+{5966)*U.b
P(5965)=F(5967)%0.0

CALL DYDXS
CALL OUTPUT

CIFCY (1) =P (2) ) 4003300330

CALCULATE THE DELTA Y(J)} AT Y(1) = O
DO 50 J = 1N :

DGJY = BYDX(JI*P(1)

CALCULATE THE Y(J) AT T = 0

DU 90 J = 1N

R = 9% (D(J) = @(J))

Y(J) = Y(J) + PR

QlJd) = @(u) + 3.0%¥R = +5%D(J)

CALCULATE DELTA Y(J) AT Y(1) = HALF STEP
CALL DYLXS ‘

DO 120 J = 1ot

DUJ) = pYUX(J)*p(1)

CALCULATE THE Y(J) AT Y(1) = HALF STFP

DO 160 u = 1N

R = .292893219%(D(J) - «(J))

Y{Jir = y(J) + R

QAlJ) = @(J) + 3.0%¥R = 292893219%D(J)
CALCULATE THE DELTA Y{(J) AT Y{(1) = HALF STEP (AGAIN) -
CALL DYDLXs

DO 190 J = 1N

DGJ) = DYLX(J)Y*P (1)

CALCULATE THE Y(J) AT Y(1) = HALF STFP (AGAIN)
DO 230 J = 1sN ~

R = 1.70710p78%(D(J) = GlJ))

Y(J) = Y(J) + R

Q(J) = g(J) + 3.0%R = 1.70710678%D(J)
CALCULATE THE DELTA Y(J) AT Y{(1) = FULL STEP
CALL DYDXS

DO 260 v = 1N

D(J) = DYLX(JI*P(1)

CALCULATE THE Y(J)} AT Y(1) = FULL STFP

DO 300 U = 1N

R = .166666666E+00%(D(J) - 2.0*%Q(J))

Y(J) = Y(u) + R .

QAlJd) = @(J) + 3.0%R = 5*D(J)

PROCEED TO THE NEXT INTEGRATION STEP

GO TO 20

RETURN

END
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$IBFTC SKC2

SUBROUTINE INPUT _
DIMENSION Y(100),Q(100)FIRSTY(100)P(6200) /NTEGER(100),V
1 ArR{(6800)
COMMON VAR
EQUIVALENCE (VAR(1)»Y (1)) s (VAR(201)+0(1))» (VAR(301)»
FIRSTY (1)) (VAR(4D01) +NTEGER(1)) s (VAR(601)P(1))
s INTEGER(6) s N) » INTEGER(2) +NP) » (INTEGER(44) o NPAGE)
C SET PAGE NO. OF FIRST PAGE
NPAGE = 1
CALL PAGEHD )
C : READ CONTROL INTEGERS INTO PROBLEM
REAL (5930) {NTEGER(J) rJ=1+8)
30 FORMAT(815)
WRITE (65500) (NTEGER(J) »J=1¢8)
50U FORMAT(1HOBIS)
NTEGER(21)=NTEGER(4) + 1
NTEGER(24)=NTEGER(6) = 1
NTEGER(25)=NTEGER(T7)
NTEGER(20)=NTEGER(8)
NTEGER(BJ)=NTEGER(S)

N

¢ CHECK FOR INDIVIDUAL FLOATING POINT DATA ENTRY
IF(NP) 380+3800110
110 DO 140 J = 1e¢NP
| READ (5+130)I» (P(I))
13U FORMAT(IS+E1540)

WRITE (60150)I,P(1)
150 FORMAT(I6rE20.8)
140 CONTINUE
P(1201)=1.0E%6
80 CALL INAID
C ZERO THE G AND SET IN IC
DO 420 U = 1N
Q(J) = 0.0
Y(J) = FIRSTY(J)
42U . CONTINUE
RETURN
END

$IBFTC SRC3

SUBROUTINE PAGEHD
DIMENSION NTEGER(100)VAR(6800)

COMMON VAK
EQUIVALENCE (VAR(#Ol)vNTEGER(l))o(NTEGER(Qw)oNPAGt)v
1 (NTEGER(1) » IDENT) -
WRITE (6020) IDENT» NPAGL
20 FORMAT(17H1 FORFUN OPTION I5, - S56H
1 : PAGE NO 15 )

S0



$I6kFTIC
1
2
1
e
3
4

C

RETURN
END

SrCy

SUBKOUTINE IMAID
DIMENSION FIRSTY(100) P (6200)

COMMON VAR

+NTEGER(100) » VAR (6800)

EQULIVALENCE (VAR(301)vFIRSTY(1)) s (VAR(401) NTEGER(1)) (VA
R(601) P (1)) (INTEGER(41) r LPRINT) » INTEGER(42) o NLINE) » (NTEG

ER(43) o NSKIP) » INTEGER(24) 1 NTSKIP)

EQUIVALENCE (P(10)epL111)»(P(11)oDL112),(P(12)9oDL113) s (P(
13)eDL121) » (P(14),DL1I22) » (P(15)»DL123)» (P(16)/DL131)» (P(1
TYeul132)p (P(18)pDL1I33) 2 (P(26) v DL211) # (P(27) 2 DL212) » (P (28
1eDL213) v (P(29) 2 DL221) v (P(30) o NL222) » (P(31)»DL223) v (P (32)

rDL231) » (P(33)9DL232)» (P(34) 1 ULL233)
PO1lu7)=0L111%P(970)+0L121*P(971)+UL131*xpP (972 )
Pl1ue)=ull12xP(970)+DL122%P(971)+DL132%P (972)
PLILG) = DLIL3*P(Q70)+DL123*%P (971)+DL133%P(972)
Pll1i6)=ul211xP(980)+DL221%P(981)+DL231%pP (982)
PL117)=ul212%P(980) +DL222*P (981) +DL232%P (982)
P(1iR)=uL213*xP(980)+DL223*P(961)+LL233%p (982)

SeT I INLTIAL CONDITIONS

FiIRSTY ()
FLIRSTY(3)
FIRSTY (4)
FLRSTY (b))
FIRSTY (o)
FIRSTY(7)
FIRSTY(8)
FLRSTY (Y)
FIRSTY(10)
FLIRSTY(11)
FIRSTY(12)
FIRSTY(13)
FLIRSTY(14)
FIRSTY(15)
FIRSTY(16)
FIRSTY(17)
FIRSTY(18)
FIRSTY(19)

PLOSI=SIN(FIRSTY(8))
P{36)=COS(FIRSTY(8))

RO T T E O T S A O I A A P AR A E N RN b

P{38)=SIN(FIKSTY{(17))
P(39)=COS(FIRSTY(17))

Pa4) =SIn(FIRSTY(9))
P{45)=COS{FIRKSTY(3))

P46)=SIN(FIKSTY(18))
Pl47)=COSIFIRSTY(18))
P(5976)=SIN(FIRSTY(19))
P(5977)=SIN(FIRSTY(10))
P{5978)=COS(FIRSTY(19))

P(107)/57.2957795
P108)/57.2957795
F{109)/57.2957795
P(110)
FP111)
F(112)
P{113)/57.2957795
P(114)/57.2957795
F{115)/57.2957785
P(116)/57.2957795
P{117) /572957795
P{118)/57.2957795
P(119)
P(120)
p(121)
P{122)/57.2957795
P(125) /572957795
P(124)/57.2957795
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P(5979)=COS{FIRSTY(10))
A2=P(39)%pP(5978)
H2=P(39)*%P(5976)
C2=-p(38)
D2=P(46) xP(38)*P(5978) =P (5976)%P(47)
e2=P(47)xP(5978)+P(4e) *¥P(38) %P (5976)
F2=P(46) ¥P(39)
G2=P(5976) %P (4p) +P(47) P (38)*P(5978)
H2ZP(47) %P (38) *P(5976) =P (46) xP (5978)
Ale=P(47) %P (39)
Al=P(36) %P (5979)
B1=P(36)*%P(5977)
Cl==pP (35)
UISP(44) *xP(35) %P (5979) =P (5977)%P(45)
£l1= P(uS)*P(5979)+P(44)*P(SS)*P(5977)
F1~P(44)*P(36)
P(597/)*P(44)+P(45)*P(35)*P(5979)
H1-P(45)*P(35)*P(5977)-P(44)*P(5979)
AIL=P(45) %P (56)
XXPRZA2*G1+B2xH1+C2*xAT11l
AKKPR= D2%G1+F2%H1+F2%AI1
LZPR=G2%*G1+H2xH1I+ALI2%A11
FIRSTY(20)= ATAN2((-XXPR)o(SQRT(AKKPR**¢+ZZPR**2)))
FIRSTY(21)=ATAN2 (AKKPR» ZZPR)
FIRSTY(22)=ATAN2( (A2%xD1+B2*E1l) » (A2XAL+B2%B1+C2%C1))
FIRSTY(23)=P(5992)
FIRSTY(24)=P(5993)
FIRSTY(25)=P(5994)
FIRSTY(26)=P(5995)
FIRSTY{27)=P(5996)
FIRSTY(28)=P(5997)
C SET IN CAgLE INITIAL CONDITIONS
NCABLE = NTEGER(21)
NRESRV = NTEGER(3)
NDO = 3*NCABLE
DO 450 J = 1.NDO
NPUT = J + 22 + NRESRV

450 FIRSTY(NPUT) = P(J+139)
C SET IN CONTROL NUMBERS FOR PRINTING
NLINE = 53
NSKIP = NTSKIP
LPRINT = 0
RETURN
END

$I8FTC SRCHS

SUBROUTINE DYDXS
DIMENSION Y(100)+,DYDX(100),P(6200) »NTEGER(100)»VAR(6800)

1 X1P1(20)»Y1P1(20)¢v21P1(20) »X2P2(20),Y2P2(20)¢22P2(20)»
2 Al1(20)2A2(20) rA3(20) »FX1I(20)»FYL1I(20)¢FZ11(20),FX21(20)

3 FY21(20)FZ2I(20)¢GX1(20)96Y1(20)+621(20),6X2(20)6Y2(20)
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2 5Z22(20) e XBR(20) » YRR(20) 2 ZBK(20) » XBRND(20) » YBRD(20) » ZBRD(
20)

COMMON VAK

EGQUIVALENCE (VAR(1)yY (1)) o (VAK(L10L)»DYDX(1) ) (VAR(U01)»
NIEGER(1) ) » (VAR(B01) 2 PUL) } o (Y(2) 2 OMXIP) s (DYDX(2) s OMXIPD) »
(YC3) e OMYLIP) o (DYDX(3) e OmYLIPU) v (Y () o OMZIP Yo (Y(5) 2 UIPP),
(LYLX(B) rLUIFPD) s (Y(6) 2 VIPP) » (LYDX(6) » VIPPD) » (Y (7)) » W1PP)
(DYDX(T) e w1PL) 2 (Y (8 » THT1) » (LYDX(B) » THTID) » (Y(9) » PHI1) »
(DYUX(O) pHLIL) » (Y(10) o PSIL1) o (DYDX(IN) o PSITD) v (Y (11) 1 0OMX2
Pler (DYDX(11) v OMX2PD) 2 (Y{12) »OMY2P) » (DYDX(12) + OMY2PD) »
(YCL3) v OMZZ2P) » (DYDX(13) s OMZ2PL) o (Y (14) »U2PP) o (DYDX(14) »
UZPPD) o (Y(15) s V2PP) » (DYUX(15) s V2PPD) v (Y(16)»r W2PP)» (DYDX
(16) 1 W2PPL) v (YL1T7) o THT2) » (DYDX(17) ¢+ THT2D) » (Y(18) »PHI2)
EQUIVALENCE (UYDX(18)PHIZ2D) v (Y (19)yPSI2) v (DYDX(19),PSIZD
Yo (Y (20) o THTHER) » (DYDX(20) ¢ THTBRD) » (Y (21) + PHIBR) » (DYDX(21)
rPHIRRD) » (Y(22) »PSIBR) » (DYDX(22) o PSIRRD) ¢r (P(3) o CIXX1) >
(PCg) s CLYY1) o (P(S) e CIZZ1) o (P(E) 2 CMI) 2 (PL10G)»DLI1L) s (P(11)
Ul 112) o (FU12)pDLELIB) » (PUL3) v LL121) v (PC1L) 2 DL122) e (P(15)
DL122)» (PU1e) e DLI3V) s (PIL1T7)pDL132)Y v (PL18) e DL133) 2 (P(19),
CIXX2) v (P(2U) e CLIYY2) 2 (P(21)0C1222)0{P(22)9sCM2) 2 (P(26)
DL211)»(P(27)vDL212) » (P(28) oDL213) ¢ (P(29) ¢DL221) » (P(30)
DL222) v (P(231)»DL223) v (PL32) 2 DL231) e (P(33)sDL232) 2 (P(34)
DL233) e (P(3D) o STHTL) 2 (P(36) s CTHT1) » (P(37) » TTHT1)
EwULVALENCE (P(38) ¢ STHTZ) v (P (39) »CTHT2) ¢ (P(4D) » TTHT2) »
(P41) v STHTHR) » (P{U2) y CTHTRBRY » (P (43) » TTHTBR) » (P(L4) ySPHT1
Yo (P (45) v CPHIL) o (P(4A) ¢+ SPHIZ) » (P(47) »yCPHIZ) v (P(4R) +SPHIRBR
Yo (P(U9) s CPHIBR) » (PISU) 2 GXIP) 2 (P(H1) s GY1IP) 2 (P(52) s GZ1P) » (
PLS3)1r6X2P) 2 (P(SH) 2 6YZP) v (P(55) s GZ2P) » (P(56) v OMX1) » (P(57)
rOUMY 1) s (P(58) 2 0OMZ1) 2 (P{(H9) 2 OMX2) v (P(60) yOMY2) ¢ (P (61) s 0OMZ2
Yo (P (p2)rUL) s (P(63) V1) e (Plol) eWl) e (P(ES) 2U2) s (P(HEB) 9 V2) 0
(P{e7)rw2) 2 (P(68)96AMBL1L) v (P(69) s GAMRL12) v (P(T70) » GAME13) »
(PO71) v cAMB21) v (P(T72)9GAMB22) 9 (P(T73) » GAMB23) » (P(74) » GAMB
31L)2(P(75) v GAMB32) » (P(76) » GAMB33) o (P(77) »SPSIBR)
FQULVALENCE (P(78)CPSISRI v (P(T79)sGX1T) v (P(80) e GY1T) s (P(8
L) r6Z1T)r (P(B2)2GX2T) » (P(83)96Y2T) v (P(84)»GZ22T) + (P(85) »
FXLIT) » (PLBE)sFYLIT) # (P(8T7)»FZ1IT) 1 (P(8B8)sFX2IT)» (P(89),
FY2iT) o (P(OU) e FZ2IT) v (P(91) o GXIPT) o (P(G2) »GYLIPT) 2 (P(93),
GZIPT) 1 (P(O4) 1 GX2PT) v (P(95) s GY2PT) » (P(96) o GZ2PT) » (P(97),
SINPH2) » (P(98) s COSPH2) ¢ (P{99) yCOSTH2) » (P(100) r SINPH1) » (P(
1ul) »COSPH1) » (P(102) v COSTH1) » (P(221) o X1P1 (1)) v (P(241)»
YIP1(1)) 2 (P(261) e Z21P1(1)) e (P(281) e X2P2(1))r(P(301),Y2P2(1
1) e (P(321)022P2(1) ) v (P(341)Y s A1 (1)) o (P(361)eA2(1)) 2 (P(38]1)
rAB(1) )y (P{46el) s FX11(1)) v (P(UB1)»FYL11(1))

EQUIVALENCE (P(S501)sFZ1I(1) )+ (P(561)FZ21I(1)) s (P(T701)+6X1
(L)) (P(721)96YL1 (1)) v (P(T741)eG21(1)) 2 (P(761) v 6X2(1) ) e
(P(7R1)»GY2(1) ) o (P(801)+sGZ2(1)) 2 (P(821)sXBR{1) ) (P(8BUL1),
YBRO1)) e (P (861)9Z2B8R(1) ) » (P(881) » XBRD(1)) » (P(O01)YBRN(1))
» (P(O21)sZBRD(1)) » (P(128) s AGXIPT) » (P(129) » AGYLIPT) v (P(130)
PAGZIPT) v (P(131) rAGX2PT) v (P{132) v AGY2PT) o (P(133) s AGZ2PT) »
(POLAG) v AFXLIT) o (PC135) s AFYLIT) s (PL136) s AFZ1IT) 2 (P(137)
AFX2TIT) s (P(138) 2 AFY2IT) (P (139) AFZ2IT) » (DYDX(4)»

OMZ1PD) » (P (521) o FX2I(1) ) v (P(S41) 2 FY2TI(1))

EQUIVALERCE(P(5976) ¢ SPSIZE) v (P(5977)»SPSIIE) » (P(5978) »CPSIZE) e
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1(P{5979),CPSI11E)
‘ SET UP THE RELATIVE CONSTANT

NCABLE = NTEGER(21)
NRESRV = NTEGERI(3) .
SET IN X+ Y» Z BAR VALUE
INTEGRATION :
DO 12 J = 1sNCABLE-
JUMP1 = 3%J + 20 + NRESRV
XBR(J) = Y{(JumP1l)
YBR(J) = Y(JUMPL + 1)
ZBR(J) = Y(JUMP1 + 2)
CALCULATE TRIGNOMETRIC FUNCTIONS
STHT1 = SIN(THT1) '
CTHT1 = COS(THTL)
TTHT1L = STHT1/CTHT1
STHT2 = SIN(THT2) -
CTHT2 = COS(THT2)
TTHT2 = STHT2/CTHT2
STHTBR = SIN(THTBR)
CTHTBR = COS{THTBR)
CPSI1E=COSIPSIL)
SPSILE=SINIPSIY)
CPSICE=CUS(PSIZ)
SPSIZESSINIPSIZ)
TTHIBR = STHTuR/CTHTBR
SPHI1 = SIN(PHI)
CPHI1 = COUS(PHIL)
SPHIZ2 = SIN(PHIZ2)
CPHI2 = COS(PHI2)
SPHIBR = SIN(PHIBR)
CPHIRR = COS(PHIBR)
SPSIBR = SIn(PSIBRI
CPSIBR = COS({PSIBR) .
CALCULATE GAMMA BAR VALUES FROM TRIG FUNCTIONS
GAMB11 = CTHTBR*CPSIBR
GAMB12 = CTHTBR*SPSIBR
GAMB13 = =-STHTBR
GAMB21 = ~CPHIBR*SPSIBR
GAMB22 = CPHIBR*CPSIBR
GAMB23 = SPHIBR*CTHTBR
GAMB31 = SPHIBRxSPSIBR
GAMB32 = ~SPHIBR*CPSIBR
GAME33 = CPHIBR*CTHTBR
TRANSFORM PRINCIPAL AXIS ANGULAR
AXIS COMPONENTS
OMX1 = DL111%OMX1P + DL112*%0MY1P
OMY1 = DL121*OMX1P + DL122*0MY1P
OMZ1 = DL13140OMXIP + DL132*0MY1P
OMX2 = DL211*0OMX2P + DL212%0MY2P
OMY2 = DL221*%0MX2P + DL222*0MY2pP
OMZ2 = DL231%0MX2P + DL232*%0MY2P
ul = UlPP
vl = V1PP
wl = W1PP

VELOCITIES INTO SYMMETRY

4+ 4+ ++

S WHICH RESULT FROM THE

+ SPHIBR*STHTBR*CPSIBR
+ SPHIBR*STHTBR*SPSIBR

+ CPHIBR*STHTBR#CPSIBR
+ CPHIBR*STHTBR%SPSIBR

DL113%0OMZ1P .
DL123%0MZ1P
DL133*0MZ1P
DL213*%0MZ2P
DL223%0MZ2P
DL233*0MZ2P
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2 = UzPr

ve = VePr

we = wWePk

OMXIPP=OmMX1*eAMBLI+OY1*GAMB12=0MZ1%STHTHR

UMY 1PPZOMX1XGANMRZI+0OMY 1*GAMB22+0MZ1*GAMB2 3

UMAIPPZOMX L XGAMBOTIH+0MY1X*GAMB32+0OMZ1*GAMB33
CALCULATE THETA» PHI» PSI BAR NDERIVATIVES

THIBRNDZCPHLIBR* (00 Y 2=OMY 1PP) =SPHIBR* (M 2=-0MZ1PP)

PHIBKNZOMX2=UMX1PP+TTHTBR*SPHIBR* (OMY2=OMY1PP)+TTHTRR*CPHIBR*

1(0OMZ2=UMLLPP)

PSIBRD=SFHIBR*% (OmY2=uMY1PP) /CTHTBRACPFHIBR* (OMZ2=0MZ21PP) /CTHTER
CALLULATE TdTe PHI» PSI DERIVATIVES

THTLID = CPHI1*OMY1l - SPrhIl*0OmMst

PRILIN = OmX1 + TTHT1x(SPHI1*0OMY1 + CPHI1*0MZ1)
PSIID = (SPHILI*OMY1 + CPHI1*OmZ1)/CTHTL

THTzD = CPHI2*0MY2 - SPHIZ2*(GM2

PrIernr = OMXe + TTHT2*%(SPHI2*0MY2 + CPHI2*0MZ?)
PSIzn = (SPAHIZ%0MY2 + CPHIZ2*0mZ2) /CTHTZ2

Nuw CALCULATE THE ALPHA VALUFS
DU 620 u = 1/NCARLE
A1(0) = U2 + Zer2(J)x0oMY2 = YzP2(J)*0MmZ2
Az(U) = Ve + X2P2{J)*0Ms2 = ZP2(J)*x0MX2
A3(U) = Wz + Y2P2(J)*x0OMX2 = XePz2(J)xNMY2
ThEi: CALCULATE Xe Yo Z BAR DFKIVATIVES FOR EACH
ATTACHMENT POIMT
XpRLJ) = YHROJ)*OMAT1 = ZBR(J)I*0OMY1 - U1
1 = Z1P1(U)*0mY1l + Y1P1(J)*OM/1
2 +OAMPII*AL(U) +GAMB21%xA2 (J)+6AMBI1*A3(J)
YuRUu(J) = ZiskR(J)*0OMX1 - XBR(J)*0OMZ1 - V1

1 - X1P1(u)*011Z21 + Z1P1(JI*OMX1

2 + GAMB12*%Al(J) + GAMB22¥AZ2(J) + GAMB32%A3(J)
ZoRU(J) = XHR(J)%0MY1 = YBR(J)*0OMX1 - W1

1 = YIP1 (U x0uX1l 4+ X1P1(J)*0OMY1

2 + GAMBL13xAl (J) + GAMB23*%A2(J) + GAMB33*A3(J)

{RANSFER TO THE CAsLre FORCE SUBROUTINE

CALL CABrOR _
TRANSEORM SYMMETRY AXIS FORCES IN BODY 1 INTO SYMMETRY
AXIS FORCES IN BOLY 2
DO 790 J = 1»NCABLE

FX21(J) = = GAMB11xFX1I(J) = 6AMB12*FY1I(J)
1 : = GAMB1A*FZ11(J)

FY21(J) = = GAMB21*FX1I(J) - wAMB22*FY1]1(J)
1 = GAMB23*FZ1I(J) ,

Fe2I(J) = = GAMB3LI*FX1I(J) - GAMB32*%FY1]I(J)
1 = GAMB3S*FZL1I(J)

CALCULATE SYMMETRY AXIS MOMEMTS ON BOTH BODIFS
GX1{J) = Y1P1 (UW*FZ11(J) = Z1P1 (J)IXFY11(J)
eYL(U)= £1P1 (W) *FX1I(J) = X1P1 (J)*FZ711(J)
GZ1(J)= A1P1 (JIXFY1I(J) = YIP1 (J)*FX1I(J)
Xe(U)= ¥Y2P2 (J)XFZ21(J) = Z22P2 (J)*FYzI(J)
Yel(J)= £2P2 (J)*xFX21(J) = X2P2 (J)%FZ7zI(J)
wZe2(Jd) = X2P2 (J)*FY2I(J) = Y2P2 (J)*Fx21(J)
NOW SuM THE SYMMETRY AXIS COMPONENTS OF MOMENT
GX1T = 0sU
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GY1T = 0.0

G211 = 0.0

GX2T = 0.0

GY2T = U.uU

G£21 = Q.U

DO Y20 J = 1+NCABLE
GX17T = GXIT + 6X1(J)
GY1T = GYLT + 6Y1(J)
GZ1T = GZiT + GZ1(W)
GXx2T = G6X2T + 6x2(J)
GY2T = G6Y2T + 6Y2(J)
GZ2T = 6Z2T + 6z22(J)
NEXT» SUM THE SYMMETRY AXIS COMPONFNTS OF FORCE
FX11T = 0.0

FY11T = 0.0

FZ1LT = 0.0

FX2iT = 0.0

FY2L1T = 0.0

FZ21T = 0.0

Du 1050 J = 1+NCABLE
FX11T = FX1IT + FX1I(J)
FY1LT = FYL1IT + FY1I(J)
FZ1LIY = Fe1IT + FZ11(W)
FX21T = FX2IT + FX2I(J)
FY21T = FY2IT + FY21I(J)
FL2iT = Fe21T + Fz2I(W)

TRANSFORM SYMMETRY AXIS COMPONENTS OF TOTAL MOMENT IMTO
PRINCIPAL AXIS COMPONENTS

GX1rT = DL111xGX1T + DL121%6YLIT + DL1I131%xGZ1T
GYIFT = DL112*%GX1T + DL122*GYLT + DL132%GZ21T
GZIPT = DL113*GX1T + DL123%GYLT + DL133%GZ1T
GX2PT = DL211*%GX2T + DL221*GYZT + DL231%6Z2T
GY2PT = DL212*6GX2T + DL222*6Y2T + DL232%GZ22T
GZ2rT = DL213*%GX2T + DL223%6Y2T + DL233%6Z22T

CALL FORULING FUNCTION SUBROUTINE

CALL FORFUN

CALCULATE THE ANGULAR VELOCITY LDERIVATIVES

OMX1PD = (GX1PT + OMY1P*OMZ1P*(CIYY1=CIZZ1))/CIXX1
+ AGXLPT/CIXX1

OMYLPD = (GY1IPT + OMX1PxOMZ1P*(CIZZ1-CIXX1))/CIYY1
+ AGYLPT/CIYY1

OMZ1PD = (GZ1PT + OMX1P*OMY1P*(CIXX1-CIYY1))/C1Z22Z1
+ AGZIPT/CIZZ1

OMXzPD = (GX2PT + OMY2P*OMZ2P*(CIYY2=CIZ2Z2))/CIXX2
+ ALX2PT/CIXX2

oOMYZ2PD = (GY2PT + OMX2P*OMZ2P*(CIZZ2-CIXX2))/CIYY2
+ AGY2PT/CIYYZ2 .

OMZz2PU = (GZ2PT + OMX2P*OMYZP*(CIXX2-CIYY2))/ClZ22
+ AGZ2PT/C1222

CALCULATE BODY AXIS VELOCITY KATES

ULIPPD = = OMY1lxwiPP + 0M21*V1PP + FX1IT/CM1
+ AFX1IT/CM1
~ OMZ1*U1PP + OMX1*wlFP + FY1IT/CM1

ViPPD
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+ AFYLIT/CM]

WIPPD = = OMX1*V1IPP + OMY1l*UlPP + FZlIT/CMl
+ AFZ1IT/7CM1
U2PPl = = OMY2*W2PP + OMZ2*V2PP + FX?IT/CM?
+ AFXZIT/LMZ
vePPn = - OMZ&*UZPP + OMXexuW2PP + FY?IT/CM?
+ AFY&IT/LM&
W2PHN = = OmXexV2PP + OMYZ*UZPP + FZ?IT/CMQ

+ AFZ2IT/CM2

SET IN RKATES OF CHANGE OF COOKDINATES AS DYDXS
DO 1280 J = 1»NCABLE

JUMF2 = 3%d + 20 + NRESKV

DYDX (JUNMPZ) = XBRD(J)

DYDX{(JUMPZ + 1) = YBRD(J)

DYDx(JumP2 + 2) = ZBRD(J)

uYux{(z23)= CTH11*CPSI1t*U1PP+(SPHI1*STHT1*CPSIlF-SPSIlE*CPHIl)*le
1P+ {SPSTI1e*SPHILI+CPHIL*STHT1%CPSILE) xw1kP

LYUX(24)=CTHT 1*SPS11E*UIPP+(CPHIL*CPSTLIE+SPHII*STHT1xSPSI1E) *V1PP
1+ (CPHIL*STHT1*SPSI1E~SPHI1*CPSI1E) *WiPP
DYUX(29)ZSPHI1*CTHT1*V1IPP=STHT1*UIPP+CHHI1I*CTHT1xW1PP
LDYUX(26)=CTHTI2*%CPS1I2E*XURPP+(SPHIZ*STHT*CPSI2F=-SPSI2E*CPHTI2) *V2PP
1+ (SPSIZEXSPHIZ2+CPHIZ2*STHT2*CPSI2E) *W2PF

DYUX(27)ZCTHT2*SPS12E*xU2PP+ (CPHIZ*CPSIcE+SPHI2*STHT2%SPSI2E) *V2PP

1+ (CPHIZXSTHT2*SPS12E~SPHIZ2*CPSI2E ) *WaPr

N =

CEFEFUWUN

UYLX(28)=SPHLI2*CTHT2%V2PP=STHT2*%U2PP+CPHI2*CTHT2*w2PP

RETURN
END

SUBROUTINt CABFOR

DIMENSTION P(bZOO)'NTEGER(100)'VAR(6800)'FX1I(20)'FY11(?0)
pF211(20) o XBR(20) ¢ ZBR(20) ¢+ XBRL{(20) » YBRD(20) » ZBRO(20) »
CABLE(ZU)'SHRK(ZO)'CDAMP(ZO)vHPlPZ(ZO)vFORS(20)rCOFt(20)
r YBR(20) .

COMMON VAR

EQUIVALENCE (VAR(401) NTEGER(1))»(VAR(601)P(1)) s (P(U461)»
FXII(1)) o (P(481)+FYII(1)) e (P(501)¢FZ2211(1))(P(821)¢,XBR(1)
) (P(841)»YBR(1)) s (P(B61) v ZBR(1)) s (P(881) ¢ XBRD(1))» (P(901
) YBRO(1)) o (P(921) v ZBRD(1)) ¢ (P(1221) vy SPRK(1)) o (P(1241)
COAMP (1)) 9 (P(1261) vRP1IP2(1))»(P(1301),FORS (1)), (P(1345)
COEE(1))»(P(1201)»CABLE(1))

NCABLE = NTEGER(21)

COMPUTE INSTANTANEOUS CABLE LENGTH

DO 180 J = 1/NCABLE

RP1P2(J) = SORTIXBR(J) xx2 + YpR(J)*%2 + ZBR(J)*%x2)

CHECK FOR CARBLE SLACK AND ACT ACCORDINGLY

IF(RP1P2(J) = CARLE(J))100+50¢50

CUEE(J) = SPRK(J)*(1.0 = CABLE(J)/RP1P2(J))

-+ CDAMP (J) *x (XBR(J)*XBRD(J) + YBR(J)*YBRD(J)

+ ZBR(J)*£ZBRD(J) ) /{RPLIP2(J) *%x2)
FX1i(J) = COEE(J)*XBR(J)
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130

18U

201
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FY11(J) = COEE(J)*YBR(J)

FZ11(J) = COEE(J)*ZBR(J)

GO TO 130

IF THE CABLE IS SLACK SET FORCES TO ZERO
FX1I1(J) = 0.0

FYL11(J) = 0.0
FZ1I(J) = 0.0 _
FORS(J) = SQRT(FX1I(J)I*%2 + FYLI(J)*%2 + FZ1I(J)*%x2)
CONTINUE
P(1342)=KP1P2(1)
FCABMX=040

U0 2u0 J=1+NCABLE
IF(FORS (W) =-FCABMX) 300,300,301
FCABMXSFURS(J) ‘
AAR=U
CONT INUE
PLL1344) =+ CABMX
P{o998)=AAA
P(1340) = RP1P2(2)
r(1341) = RP1P2(3)
FL1343) = RP1P2(4)
RETURN
EnD
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SUBKQUTINE FORFUN

DIMENSION Y(100)oP(6200) oNTEGER(100) »VAR(6800)
CUMMON VAR 5 - :
EQUIVALENCE (VAR(1)»Y(1))» (VAR(UOL1) NTEGER(1))y»(VAR(601)
o (1)) ) .
EQUIVALENCE (P(128) v AGXIPT)» (P(129)+AGY1IPT) »(P(130)¢+AGZ1P
T)r (PL131) e AGX2PT) o (P(132) v AGY2PT) » (P(133)sAGZ2PT)» (P(13
Yo AFXLIT) v (PU138B) e AFYZ2IT) v (P(139) v AFZ21T)

¢t (PC13S) v AFYLIT) o (P (136) pAFZL1IT) 2 (P(137)»AFX2IT)
1=ENTEGER(1)

GO TO(1010102,103)01

AGXIPT=P(5958)*SIN(P(5999)%Y(1))

AGY1PT=P(5957)*SIN(P(5999)*%Y (1))

AGZIPTZP(5Y56) %SIN(P(5999) %Y (1))

AFX11IT=P(5948)*SIN(P(5945)%xY(1))

AFY11T=P(S94T7T)IXSIN(P(5945) %Y (1))

AFZ1IT=P(5946)¥SIN(P(5945) %Y (1))

o0 TO 1095

AGXZ2PTZP(5958) *SIN(P(5999) %Y (1))

AGY2PTZP(5YST)IXSIN(P(5999)%Y(1))

AGZ2PT=P (5956 ) *SIN(P(5999) %Y (1))

AFX2IT=P(5948)4SIN(P(5945) %Y (1))

AFY2IT=P(S947)*xSIN(P{5945) %Y (1))

AFZ21T=P(5946) xSIN(P(5945) %Y (1))

CONTINUE

RETURN
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SUBROUT INE OQUTPUT
DIMENSIUN Y(100) DYDX(10UD) o P(c200) o+ NTEGER(100) o VAR(6800) »
1 REC(14) :
COMMONZFLMZOMe ON» TwMy TWNy THMe THNs FOMP FONs FIMeFIN) SIMeSINe SEMe SEM
e ImeE INe ANIMe XNIn e TEM e TENeELMrELNe TWEMe TWENe TIEMPO s THIM THINSKUT»
21iTHBOP e MUVLE» IGRUP s PHI f THETA» NUML o NUM2 ¢ NUM3 » KWHICH

COMMON VAR +KINTr» KFST

EQUIVALENCE (VAR(1)Y(1))» (VAR(L101)»DYDX(1) ) » (VAR(HGL) »

i NTEGER(1) ) » (VAR(G601) v P(1) ) o INTEGEK(24) ¢+ NTSKIP) » INTEGER (41
2 ) rLPRINT) » (NTEGER(42) ¢+ NLINE) » (NTEGER(43) o NSKIP) » INTEGER (
3 44) s NPAGE)

o (P(5991)r YCE) v (P(5990) 1 XCG) » (P(5989) 2+ LLCG) » (P(5988) » XBR2CG) » (P(59
537) s YBR2ULG) » (P(5986) » ZBR2CG) » (P(5985) »FSICAP) v (P{5984) ¢ PHICAP)
CQUIVALENCE(P(5970)v£X2) » (P(5969) prEY2) s (P (H96R) vEZ2)
SEAX1IZ(Y(26)=Y(23) 1 xx2+(Y(28) =Y (25) ) **%z
BR1I2=SQR1(SQAX1+{Y(27)=Y(24) ) x%x2)
Ce=(p(22)1*pR12)/7(P(6)+P(22))

Y COORD.UF BODY 1C6 1IN INERTIAL PRIME SYSTEM
YCO=Co*¥(1(2u)=Y(27))/BR12

ALNAX=SORT(SGAXL) ' '
ALAXIZSORT(ABS(COXx%2=Y(G*x%2) )

X COORDUF BODY 1 CG IN INERTIAL PRIME SYSTEM
XCOSALAX1*x(Y(23)=Y(26) ) /ALNAX

CALL DVCHK (KOUOFX)

60 TO (2u0,201) 2KOUO0FX

XC6=0.0

Z COORD.UF BODY 1 C6 IN INERTIAL PRIME SYSTEM
ZCOZALAXE*x{(Y(25)=Y(25) ) /ALNAX

¢cakl DVCnK (KOOOFX)

GC TO (202,2U3) P KOUOFX

£C=0eU

XeYrZeCOURLSOF RIGID BODY CG IN INERTIAL SYSTEM
XBK2CGIY(23)=XCG6

YBR2CG6=Y(24)=YCG

ZBR2C6GIZY(25)=2C6

£ Xe=Y (26)=XBik2CG6

EYe=Y(27)=YBR2CG

£Z22=Y(28)~2Br2C6G

AUXCALZSURT(EX2**2+EY2%%2)

PSLICAPSARTNI(EY2X2)

IF (PSICAP) 2042050205

PSICAPZ6.28318+PSICAP )
P(5973)=(=1.0)*xEZ2/AUXCAL

SHIPT=P (5973}

PHICAPZATAN(SHIPT)

CPHICP=CUS(PHICAP)-

CPSICP=CUS(PSICAPR)

SPSICP=SINE(FSICAP)

SPHICPZSINE(PHICAP)

39



P(5963)=uYDX(25)+(DYDX(28)=DYDX(25) ) *C6/BR12
P{2962)1=uYUX(24)+{(DYDX(27)=-DYDX(24) )*C6/BR12
P (5961)=0YDX(23)+(DYDX(26)-DYDX(23) ) %C6/BR12
YD2RCG=DYDX (27 )~P(5962)
KD2RCGZDYDX (26 )= (H061)
LDRCGZDYDX(28) =P (5963)
uLuAPE“(YD&RLG*SPS1CP+ngRCG*CPSICP)*SPHICP+ZDZRCG*CPHICP
RESAFEZYL2RCOo*CPSICP=XD2RCG*SPSICP
F(2Y960)=RESAPE/AUXCAL

P {5959 ) SoLUAFF

1/ {(L6=-BR12)

bl UAPM==BLUAFE

P(5950) ZARTN(BLUAPM» RESAPE)

HF{5949) =ARCOS{CPHICP*COS (P (5950) })
P{5951)=SQRT (BLUAPM**2+RESAPE**2) / (BR12-CG)
SMLAZCPHICP%CPSICP

SMLB==SPSICP

SMLCESPHICPXCPSICP

SMLD=CPHICP*SPSICP

SMLFZSPHICP*5PSICP

SMLGZ=SPHICP

A2=P(39) %P (5U78)

L2=P(3Y)*xP(5Y76)

Le==r(38) )

LU2TP(U46) *¥P (30) *P(5978)~P(5976) *P(47)
e2=P{47)xP(5978)+P (46 ) xP(38) %P (5976)
FesP{46)xP(3Yy)
62ZP(59T70) %P (46)+P(4T7)*P(38) %P (5978)

HEZP (47 ) %P (38) *P(5976) =P (46) %P (5978)
Al2=rF(47) %P (39)

A1=P(36)*P(5979)

B1=P(36)*P(5977)

Cl==p(35)

UIZP(44) %P (35) %P (5979) =P (5977 ) xP(45)
£1=PLaS) 2P (5979)+P (44 ) %P (35) %P (5977)
FI=P(44) %P (3c)
G1=P(R977)%P (44) +P (45) %P (35) %P (5979)
HIZP(U45)*P(35) %P (5977)-P(44) %P (5979)
AT1I=P (45) %P (36)

P (D962 ) SARTN( (A2XxSMLB+B2*%CPSICP) » (A2XSMLA+B2%SMLU+C2%SMLG) )
P(o983)SaARTN( (A1 *SMLB+B1XCPSICP) v (A1XSMLA+B1*SMLD+C1%SMLG) )
COMML1=GL*SMLCHHLIXSMLF+AT1*xCPHICP
COMSM2=DexSMLCHE2XSMLF+F24CPHICP
COMSMI=DiI*SMLCHE1I*SMLF+F 1%CPHICP
COMMR2=G2xSMLC+H2*SMLF+A[2*CPHICP
P(5975)=ARTN( COMSM2»COMM22)

P{2974)=ARTN{ COMSM1,COMM1L1) )
P{99B0)=ARTN(((=1.0) *x (A2%XSMLC+B2%SMLF+C2%CPHICP) ) #SAQRTH{ com
15M2*%24+CuMM22%*2) )
F{D981)SARTN(((=1.0) * (A1 *SMLC+B1*SMLF+C1*CPHICP) ) +SQRT(COMSM1 . *%2
1+COMMIL*%2))

MOVIE=NTLGER(26)

CVT=5H7.2958

40



o

IFIKFST) 190301
OMZP(5981)

ON=0OM

TWM=F (59 74)

TWN=TWM

fHM=P (5953

THNZ=THM

+ OM=r (59560)

FONZFOM

FIMZP(59¢5)

FIN=FIM

SIM=P(5952)

SIN=ESIM

SEmMZY(20)

SENZY (2014

£ IM=r (5984)

EINZEIM

ANLIMZP(5985)

ANIN=XNIM

TEM=Y (23]

fENZY (23)

elM=Y (24)

cbnz=y{z4)

tweM=Y (25)

(WENZY (25)

IHIM=P(1542)
THIN=P(1542)

KFST=1

00 TO 66
IF(P(85981)=0m)}5r5r4
uM=P (5981)
IF(P(5981)-0N)be 77
UM=P(5981)
IF(P(R9T74)=TWM)IG» 9 8
fuMm=pP (5974)
LF(P(BY974)=TwhN)11r12+12
TUNZP(5974)
IF(P(5980)-THM) 1401413
THM=P (5963)
IF(P(59848)=THN) 15016016
fHNEP(5953)
LF(P(5Y980U)=FUM)18e18s17
FOM=P(5950)
IF(P(598u)=FOr) 192121
+FONZ=P (5960)
IF(P(R9T0)~FiM)I 23023022
FIMEP(5975)
IFIP(59T70) =F i) 2492525
FIN=R(5975)
IF{P(588)=S1mI27027126
SIM=pP(5982)
IF(P(%982)=~SIN) 289129, 29
SIN=P(5942)
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31
3e
33
A4
3b
36
37
3u
3Y
41
e
43
4y
4b
46
47
4o
49
51
5¢
53
54
55
56
57
56
59
00

30U

42

LFAY(20)=SEM) 32132931

SEmM=Y (20) :
1IFLY(20)~SEN) 339540 34

SEwn=ZY (20)
LF(P(5984) =E1M) 36056935

e IM=r(59p4)
LFUP(5984)~E1M) 37+ 58y 38
cInz=P(5984)
LFP(5980 ) =XNIMIyuleli 19 39
ANLMZP(59R5)
LFP(h98 ) =XNIN)U42r 45943
ANIN=P(5985)
LFAY(23)=TeEMIUS 45044
IEmM=Y(23)

LFAY(23)-TEN) 647047
IENZY(23)
IFAY(24)~ELMIuU9r 43048
cLM=Y (28)
IFLY(24)=ELN)ISL1e5H2e52
eLin=Y (24)

LF(Y(25)=TWEM) 54254953
fweM=Y (25)

IF Y (2D)=TwEN) D51 56056
FWENZY (25)
IF(P{134c)=THIM)ISB8¢58¢57
THiIMzZP(1o42)
LEP(1342)=ThIN)S59+ 66066
THINZP(1au42)

CONT INUE

KNT=KNT+ )

REC(L)=Y(1)

REC(2)=CVT*P (5UY8])
REC(S)=CvT*P(5974)
REC(4)=CvTxP(5Y83)
REC(5)=CvTxP(898¢y)
RECL{)ZCVTxP(5975)
KEC(T7)=CvT*P(5YH2)
KEC(A)=CyTxY(20)
REC(Y)=CVT*P(5984)
REC(10)=CVT* (5985)
REC{11)=7{23)

REC(12)=Y(24)

REC(13)=Y(25)
RECL14)=P(1342)

wRITE (Q)(REC(I)sI=1s14)
LF(MOVIE)300r 109500
AI1ZXCGHF (56) %P (5979) x- (H867).
YI1SYCGHH(56) %P (5977 ) xP (5967)
LIL=ZCE=F(55) %P (5967)
AJLIZXCOH{P(44)*P(35) %P (5979)~P(5977)xP(45) ) *P (5967)
(JIZYCGH(P (49 ) *P(5979)+P (44 ) %P (35)xP{(5977) ) %P (5967)
cJIZZ2CoHP (4l4) xP(36) %P (5967)
AKLZXCGH(P(5977)xP (44) +P (45) *P(35)*P(5979) ) *P (5967)



“«

YKIZYCGH(P(4H) %P (35) P (8977) =P (U44) *xP(8Y79) ) %P (5967)

LKLIZZ2C6HR{485) %P {56 ) %P (H967)

KIZ=e X2+ (38) xP(5978) % (59067)

YIZSEY2HP (39) %P (5976) %P (H967)

clz=te722=r(38) %P (5967)

AJESEX2+ (P 46) *P (38) %P (5978) =P (5976) %P (47) ) %P (5967)

YJZEY2H(P(47)%P(5978)+P (Up) *P(38) *P(5976) ) ¥ (5967)

eJe=e 72t (46 ) ¥P (59) %P (5667)

AKZZEX2HAP(5976) %P (U46)+P(47) %P (3H) ¥P(5978) ) %P (H967)

TKeStYeH (P(47)xP(38) %P (5976) =P (46) *P(5978) ) %P (5967)

LK2Ze 72 (47 ) #P (39) %P (596 7)

WRITE (11)P(5990) 9P (5991)vP(5989) o XIL1eYI1rZI1oXJ1leYJ19ZJ1leXK19YKLy
1ZK1eP(5970) 1 (HD969) v P(HBER) o XI22 Y120 2129 XJ20Y U2 ZJ2e XK29YK202ZK2¢P(
25970)+P(5969) » Y (1)

X1UZXCGHA1xP(5967)

Y1u=YCo+tpl*P(5967)

21u=sCutC1%P(5967)

A11ZAC6=R1¥P(8967)-P(5Y65)x(D1+ 01

Y11=YCO=ul1*P (5967 )=P(5965) x{E1+ +H1)

211=/2C6-CL1%P{5B967)=P(5965) *x (F1+A11)

X12ZXCo=n1xP(5967) =P (5965)*x (51~ pl)

112=YC6=pl1*¥P (5967 ) =P (5965) *(H1= E1)

212=2C6E=L1%P(5967)=P(59en)x(Al1=F1)

X1S=ACGHAL*P(8Y67) =P (5965)* (61 =b1)

Ylo=YCG+bl*P(5967)fP(5965)*(Hl -t1)

219Z£C6HCLI*P(RY67) =P (5965) % (ATI1-F1)

X14=XCGHALXP(R967) =P (5965 ) x(G1 +ul)

YI4ZyCoHtupl*P(5967)-P(5965)%(H1 +t1)

218=2C6HC1¥P (5967 ) =P (5965 )% (AT 1+F1)

ALOZACGHALXP(5967) =P (R965) % (D1= 61)

Y15=YCGHE1*P(5967) =P (5965) % (E£1= ril)

Z215=/C6HLI*¥P (8967 ) ~P(RY965) % (F1-Al11)

X16TAC6G=A1*P(5967) =P (5965)*x (D1~ 1)

Y16=YCO=p31*P (5967 ) =P (5965) % (E1= FKl)

£16=/C6=L1*P(8967)-P(5965)x(F1-ALl1)

X17=XC6=nl1*P(5967)+P(5965)x(D1+ G611}

Y17=2YCG~p1%P(5967)+P(5965)*{(E1+ K1)

L17=4C6=C1¥P (596 7)+P (5965 )% (F1+AL1)

A16ZXCOo+HAL1xP(5967)+P (5965 ) % (D1+ 61)

Y18SYCGHB1*P(5967)+P(5965) % (E1+ H1)

218Z2C6+HL1XP(5967)+P (5965 )% (F1+A11)

K2UZEX2=n2%P (R966)

Y2UREY2=p2*xP(5966)

LP2USEZ2=(L2*P (5960b)

K21ZEX2+HA2*¥P (5966 ) +P {5964 ) % (D2~ G2)

(21ZEY2+u2%P (5966) +P(5964) ¥ {E2= H2)

221TEZ22+L2%P (5968) +P (5964 ) x(F2=A12)

XK22=EX2HA2XP (5966) =P (5964 ) x(D2+ (2)

Y22SEY2+p2%xP(5966) =P (5964 ) %x(E2+ H2)

L22=EZ22+ 24P (85966) =P (5964 ) x (F2+A12)

XK23TEX2=A2*¥P{5966) =P (5964) % (2+ 2)
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1v

2u
3u

5u
o6u
61

9u

15u

Y2IZEY2~52%P (5966 ) =P (5964 ) *x(E2+ H2)
L23=E22=C2¥P(5966)-P{(5964) % (F2+A]12)
X24=EX2=A2*%P (5966 ) =P (5964 ) * (G2~ [2)
Y24TEY2=B2%P (5966 ) ~P (5964 ) * (H2~ E2)
L24TE22=L2%P 15966 ) =P (5964 ) x(A12=F2)
A2HIEXZ2=A2%P (5966)+P (5964 ) *(D2+ 62)
Y25=tY2=u2*%P (5966)+P {5964 ) x(E2+ H2)
£2oTEZ22=C2*%P (5966 ) +P (5964 )% (F2+A12)
K2OZEX2+A2%P (5966 ) +P (5964 )% (D2+ 62)
Y20=EY2+u2*%P (5966 ) +P (5964 ) x(E2+ H2)
42b=522+c2*P(5966)+P(5964)*(F2+A12)
AR2T=EX2HA2%*P (5966) +P (5964 ) % (G2= [D2)
Y27=eY2+02%P(5966)+P (5964 ) x(H2~ E2)
L2122+ L 2*%P (5966 )+P(5964) x(A12=F2)
R2B=EX2=A2%P (5966 ) +P (5964 ) x (G2 ~02)
Y2B=EY2=02%P (5966 ) +P (5964 ) % (H2 =L 2)
L287EZ22=L2¥%P(5966)+P (5964 ) x(AI2=F2)

WRITE (13)X109 X139 X149 X159 X189 X179 X120 X112 X169X209X232 X240 X259 X28»

1X272 X229 X219 X269 Y109 Y130 Y149 Y1Se Y189 Y179 Y129Y119Y16¢Y20rY23s
2Y250 Y289 1279Y22¢Y¥219Y260 210021364140 215021802170212021107216»
BL200v42H0 22504280 /L2T217222122110226¢P(5970)+P(5969)»Y (1)

Your
220

IF(Y(1) = P(2))20+50¢50
DETERMINE WHETHER OR NOT PRINT ON THIS INTEGRATION STEP
IF(NSKIP = NTSKIP) 30050050
NSK1P = NSKIP + 1
GU T0 150
DETERMINE IF A NEW PAGE IS REQUIRED FOR PRINTING RESULTS
IF(NLINE - 52)90060061
CALL LASOUT
NPAGFE = NPAGF + 1
CALL PAGEHD
NLINE = O
CALL OUTAILD
NLINE = NLINE + LPRINT + 1
NSKIP = 0
IF(Y(1) = P(2))15001300130
COMPLETE PRINTOUT ANU GO TO FILM SUBROUTINES
CALL LASOUT
TIceMPO=Y (1)
PHI=P(59/2)
THETA=ZP(2971)
I1GROP=NTEGER (25)
ITHBOP=NTEGEK (27)
NUM1=600
NUM3=600
KWHICH=1
ENU FILE 11
END FILE 9
eNv FILE 15
RETURN
END

$IsFTC SKRCY
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1
2

LT EWUN -

SUBROUTINE OUTAID

DIMENSION Y(100)DYDX(100)P(6200) +NTEGER(100) »VAR(6800)»
XBR(20) r YBR(20) »ZBR(20) »OUTP1(13) »CARLE(20) »RP1P2(20) »
QUTP2 (57+13)0UTPU(57¢13)

pIMENSION MGUT(20)

COMMON VAK 4

EQU1VALENCE (VAR(l)oY(l))v(VAH(lOl)oDYDX(l))v(VAP(ﬁOl)v
Pl1)) v (VAR (40L1) s NTEGER(1) ) »

(NTEGER(42) v MLINE) » (Y(B) r THT1) 0 (Y(3) o PHIL) 2 (Y(18) 2 PHIZ)
(YCL7) o THT2) » (Y(20) » THTBR) » (DYDX(20) ¢+ THTBRD) » (Y (21) » PHIB
R)» (DYDX(21) o PHIBRD) » (Y(22) s PSIBR) » {DYDX(22) v PSIRBRD) »
(PSR +OMZ21) » (P(59) »OMX2) » (P(60) s OMY2) » (P(61) »OMZ2) »
(P(56) s OMX1) o (PIST)YeOMYL) 2 (P(E41) e YBR(1)) 2 (PI821) v XBRI(1))
P AP(R61) »ZuR(1)) o (P(941)»QUTPL(1)) » (P(1201)CABLE(1))
(P(1261) v RKP1IP2(1)) o (P(2151)»0UTP4(1))»(P(103)sK)r (P(1401
JoOUTP2(1))» (NTEGER(21) #NCABLE)

CALCULATE QUANTITIES TO BE PRINTED ON PAGE 1
TO PRINT OUT THE GRAPH VARIABLES MAKE THE FOLLOWING CHANGES IN THF OUT
F1( ) CARDS=CHANGE THT1 TO P(5981),PHI1 TO P(5974),THT2 TO P(5980) »PHI
2 T0 P(SYT7H)Y» XBR{1) TO P(5983)*%57.29578¢ YRK(1) TO P(5982)%57,29578+ 78R
(1) 7O P(5984)%57.29575
ouTtri(1) = Y(1)
OUTP1(2) = THT1 %57.2957795
OUTP1(3)=P(5960) ¥H7.2957795%
QUTP1(4) = PHI1 *57.2957795
QUTP1(B) = ThT2 *57.295779%
QUTP 1B I=P(50859) %57 ,2957798
QUTP1(7)=PHIZ2 *57,2957795
QUTP1(8) = THTBR*57,.,2957795
OUTP1(9) = PSIBR*57.2957795
QUTP1(10) = PHIBR*57.29%7795%
QUTP1(11) = XuR{1)
ouTP1(12) = YBR(1)
oUTKF1(13) = 7ZBR(1)
WRITE CoOLUMM HEADINGS IF NEw FAGE
IF(NLINE) 15091500170
150 WRITE (6r160)
pO 611 L=1»57
U0 612 1I=1,13
QUTP2{(L»1)=0.0
bl2 CONTINUE
611 CONTINUE
L0 613 L=1.57
u0 614 I=1.,13
QUTPL (L 1)=0.0
ol4 CONTINUE
6135 CONTINUE .
160 FORMAT(//127H TIME THETAL PSIRBD PHI1 THETA2
1THETRBL PHI2 THETAB. PSiIB PHIB XBRr(1) YBR(1)
2 <¢BR(1)/124H SEC DEG DEG/SEC DEG DEG
3DEG/SEC DEG DEG DEG DEG IN IN

4
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46

170v
180

55Ul
b0«
o1 I2Y]
505
el U]
507

b1l
531

blez
b32

515
539

514
b34

b1b
535

ble
536

517
237

D1y
538

b1Y
539

o2u
b4u

bel
541

b2z

WRITE OUT DATA ON FIRST PAGE
WRITE (6¢180) (OUTP1(I)+1=1,13)
"OHMAT(a(Fll-“'anl}'FIan) 'F1104'3F9t3)
MOUTPR=0
U0 500 I=2)NCABLE
IF(RP1P2(I)~CABLE(1))502,502,501
MGLT(I) =y
o0 TO 50u
MGLT(I)=1
MOUTHR=1
CONTINUE
IF (MOUTPK) 504504505
WwRITE (6,503)
FORMAT(18H SLACK CABLES ARE )
U0 5ube I=2+.NCABLE
LF{ MGDT(I))506¢506¢507 ,
GO TO(511¢5129513r5149515¢5169517¢518+519¢520+521¢5229523¢1524+525

115260527¢528¢529¢530) 0 1

wRiTeE (60531)1
FORMAT(1n+19Xr11)
e0 T 50¢e

WR1TE (69532)1
FORMAT(1h+21x,11)
00 TOU 50c

WRITE (6+533)1
FORMAT(1R+23X» 11)
0 TO 506

WRITE (6+534)1
FORMAT{1H+25X»11)
60 TO 5le6

WRITE (6+535)1
FORMAT(1n+27X211)
00 TU blo

WRITE (6953601
FORMAT(1i+29%x9e11)
o0 TO 500

WR1TE (6¢537)1
FORMAT(litt31 X0 1I1)
60 TO 500

wRITE (60538)1
FORMAT(1H+33Xe I1)
0 TO 500

WRITE (60539)1
FORMAT(1H+35X,11)
60 TO 500

wR1TE (6¢540)1
FORMAT{1H+37X»12)
G0 To %06

wRITE (6+¢541)1
FORMAT(1n+40X912)
GO Tu 506

WRITE (6¢542)1



bie

020
oL 30}

D24
544

u2b
545

52¢

bbb

bet
547

n2b
Yy

o el
D4y
93U
25y
o006
Hiy
510

o509

C

C oul

FORMAT(1h+43Xx»12)
00 TO 506

WRITE (69,543)1
FORMAT (1H+46Xx9¢12)
60 TO H0e

WwRITE (69544)1
FORMAT (1H+49X, [2)
w0 TO 506

wR1ITE (6+1545)1
FORMAT(1R+o52%x012)
G0 Tu H0e

WRITE (6:546)1
FORMAT(1H+55X%X» 12)
60 Tu 5006

wRITE (62547)1
FORMAT(1n+58Xxe12)
60 TO H0ou

wRiITe (60548)1
FORMAT{1rn+olrrl2)
50 Tu bl

wRITE (6¢549)1
FORMAT (1iitobxe I2)
L0 TO »le

wRLITE (6¢550)1
FORMAT(Into7Xxe12)
CONT LNUE

IF(MOUTPR)S09»509e 510

NLINE=NLINE+]L

CALCULATE DATA FOR SECOND PAGE

K = NLINE + 1

ouTr2(Kr1)

Y(1)

VUIPZ2(Kr ) =P (5950 %57.2957795
VUIPZ2 (K 3)=P(5949)*57,2957795

OUTP2(Kr4)
OUTP2 (Kr5)=THTBRD*
QUTP2(Kr6)=PSIBRD*
QUTF2(K»7)=PHIBRD*

QUTF2(K,8)
OUTP2(K¢9)
ouTr2(Kr1u)
oUTP2(Ks11)
OUTP2(Ks12)
OUTP2(Kr13)

OUTPL (K, 1)
QUTPu (K 2)
OUTPLU(K»3)
oUTPU4(Krl4)
OUTPY (Ke5H)
OUTPU(K,6)
OUTPU(K»T7)

P{5951)%57.2957795
57.2957795
57.2957795
572957795

=P (5990)

-

P(5991)

=P (5989)
=P (5988)
=P (5987)
=P (5986)
CALCULATE DATA FOR THIRDL PAGE
C TO PRINT OUT THE GRAPH VARIABLES'MAKE THE FOLLOWIMNG CHANGE IN THE OUTP

IR IR R A I B A 1

) CARDS-CHANGE P(134u) TO P(5985)%57.29578

Y1)

OMX1%57.2957795
OMY1%57.2957795
OMZ1%57.2957795
OMX2%57.2957795
OMY2%57.2957795
OMZ22%57.2957795
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OuTru(Ke8) = P(1340)
QUTRU(K,9) = P(1341)
OUTPU(Ke1U) = P(1342)
OUTPY4(Kel1) = P(1343)
DUTPL(Kyle) = P(134y)
OuTrulke10)=P(5998)
L WRITF OUT PAGES 2 AND 3 IF AT EnD OF PAGE 1

IF(NLINE = %2)420,4100410

+1u CALL LASOUT

4eu RETUPIN
Entd

Lok 10 SKCLU

SUBHOCUT INE LLASOUT

DIMEMNSTION P(6200) e NTEGER(LIQU)» OUTP2 (S7:13)r OUTPU4(57e13

1 Yo VAL L680U)
CUMMON VAK
FQUIVALERNCE(VAR(HBUL) v NTEGER (1) ) » (VAR(601)2»P(1) ),

1 (NTEGER (44) » NPAGE) » (P(1401),0UTP2(1)) 2 (P(2151) 2 QUTPL (1) ) »
.

. (P1Nn3) 2K
C ikliF OUT PaAGE 2
NPAGE = NPAGF + 1
CALL PAGEHD
WwkIltr {orady)

widu rORMAT(/7 1230 TIiMke GAMMA ALFHA IAVR2 THETAKD
15Ibb Prlch xCo YCG 2CG X8R2C6 YBR2CG
2r2L6/123n SegC VEG DeG DEG/SEC DEG/SEC DEG/SE
3¢ Dr6/ScC INCHES INCHES INCHES INCHES INCHES INCHES
u//)

U &RU L T 1K
WrITE (6rd70) (OUTP2(LeI) 9 IZ1013)

970 FORMATIFL1e39F Qe rF9.19F114392F 94 9F9e3rF11lelrFl0etbrFBe293F9.2)

G5y CONTINUE
C : WRITE OUT PaAGE 3
NPAGF = BMPRRGE + 1
CALL PAGEHD
wITF (berb2u)

520 rORMAT(//127H TiME OMEGAX 1 OMEGAY1 OMEGAZ1 OMEGAX2
luvicGAY2  OMEGAZZ2 RP1P2(2) RP1P2(3) KP1P2(1) RP1P2{(4) FCABLEMAX
2 ChanLE/112RH SEC DEG/SEC LDEG/SEC DNEG/SEC DEG/SEC
3e6/SEC wEG/SFC In IN IN IN Lb//)

00 96U L = 1eK
ARIIF (6rD50) (OUTPU(L»I)r1=1013)

55U FORMATI(F116302(F11e39FQebrFYei4) »SF1U39F660)
96U CONI THUE

ReTURN

END

$IluvF1C SRrCL1
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FUNCTION SINE(X)
SINE=SIN(X)
RETURN

ENL

$I8F1C SKRC12

FUNCTION ARTi(XrY)
ARTN=ATAN2(X?Y)
ETURN

ENU

C REMOVE THE ReST UF THE SOURCE DECK IF S=C4020 NOT AVAILABLE
HORIGIN ACE
$IBFTC SKFU

SUBROUITINE FItMOOMeOne TWMe TW e THM s THN e FOMe FONe FIMe FIN  STMe SIN2» SEMe
ISENePEIMee INe XNIMe XNIN» TEMe TENeELMe ELNe TWEM» TWEN» TIEMPO» THIMs THIM,K
2T ITHBOF e MOVIE r IGROPr PHI » THETA » NUML » NUM2 » NUMB3 s KWHICH)

DIMENSLIOn VAK(6800)

VDIMENSION REC(26) o X(18)rY(18)»2(18)

COMMOIN VAR r KNT v KFST v L

CVT=57.2958 '

K=l

L=0

REwInD 11

REwInND 10

IFCIGRUPIGLI Y11 vl4]

4i REwIkD 9

K=1

L=L+1

GO TU (192939042506 ¢72899,10211,12) L

1 XL.=0.0

AR=TIEMPU

YB=ON%CVT

YT=OM*CV1

CALL CART(XL»XRsYBeYT)

CALL APRNTVI (U2 =12»=~16¢16HTHETAST1 DEOGREES»129650)

M=L+1

G0 TO 33

e YB=TwNxCvVT

YT=TwM*CvT

CALL CART(XLeXRrYBeY1)

CALL APRNTV(Uur=129=14914HPHIST1 UEGREES»129650)

M=t+1 .

60 TO 33

S YBSTHN*CVT

YT=THM*CVT

CALL CARI(XL s XRrYB,YT)

CALL APRNTV(Ur»=12¢=14»14HPSIST1 ULEGREES»12¢650)

M=L+1
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50

[ §]

Ay

()

lu

44

34

w0 Ty 13

YHZFUN*CVYT

YT=FOMXCVYT

LALL CART(XLeXxReYSeY ()

CALL APRETV(ur=12p=10:0 16HTHETASTZ DEGRLES»120A50)

=+

w0 Tu 23

YB=F 1% CyT

YT=F Li2xCvyT

CALL CARTORL YKo YHpY )

CALL APRnTVI Ur=1cr=14 0 i4HPHIST2
et |

6O Tu 33

ThaS1ekCy T

1 T=%: «CvT

CALL CARTOXL s XRr YU YT)

CALL APRTVI(Ur=12¢=149 14HPSISTZ
pimtt 1

WG Tu 33

1tFALinn0r) 904190

CORT LNUE

TREISeM*CuT

YT=5Er-%CyT

CALL CARIT(AL» XReYBsYT)

CALL APRNTV Ur=12+=14+s I4HTHETAR
MZhot |

v TU 53

YHIE L CyT

1T=E{wxCy T

CALL CART(xLeXxxrvBeY )

CALL AvRTv U r=12s~149 I4HTHETRE
=t i

wG Ty 03

YHIXNT ROV

TTaXmimxCV ]

CALL CARIT(XL o XKPYH2YT)

CALL APRNTVI(Us=12r=14r14H PSIRH
e )

00 TU 33

THZTrlin

TT=Terilm

CALL CART(XLeXKr YR YT)

CALL APRNTV U»=12r=159r15HRP1P2=1~ INCHES»12+650)
-iv’:L+i:+ '
5 CORT LMUE

RERD (9IIREC(I) 2 I=1r14)
IXI=NXVIREC(1))
LYLi=nYVIKECAM))

<bERAD  (QI(REC(I)sI=1r14)
IXezpxvirEC (1))

LYY VIREC (W) )
LFATIY2=111)349 56,35
1FSiYl=-1Y2

LDEGREFS» 120650)

UEGREES»1296500)

DEGREES» 129650)

UEGREF S 129650)

VEGREFS»129650N)



25
37
36
36

3Y
11

5u

oc
[$F %
ou

104
5¢
51
12

201

10U

106

w0 TU 37

IDF=1Y2=1Y1

IF(IUF=3)362 38,38
IFUIX2=1X1)=3)3Y» 3R 38

CALL LINEV(IX1eIY1rIX2,1IY2)
IXl=ixz

1yi=iye

CONT 1 lUE

K=K+ 1i

IF(KNT=K)i4lel4lrldy
LF(MOVIE)SUr1205y

ATRM=0.0

u0 60 JT1sKNT

READ  (1L)(REC(II v L=1026)T

v bl 1=ire6
IFOXTRM=ABS{REC(L) ) )62r61r61
ATRMZABSIREC(1))

CONT LNUE

CONT INUE

REwInD 1i

ALZ=XTHRM=XTRm/20.0
ARZXTRMTATRM/ 20U

YB=XL

TT=XR

CALL FRONTINUML)

READ  (11)(REC(I) s 1=1e26) e |

U0 1u4a KLUG=1lenNum3

CALL ORIVIV(L e XL o XK YBeYT20Ue0r0eUr0rGrUe Qe 020()
CALL AXIS(XLeXRePHIeTHETAPU) -
CALL DRAW(RECAL) oPHI,THETA 1)
KEAD  (18)Y(X(I) e I=1+918)o(Y(I)2»1I=1+18)e(Z(1)rI=1+18)
1EXeREFY 2 ]

REwIND 10

CALL GRAKIX(1) o Y(1) v Z(1) s PHI»THETAPREFXeREFY)
CALL UNDwRT(KWHICH)

CALL RCLUK(170+9005100+18001040°T)
CONT I NUE ‘
REwWInD 11

REwWIND 10

CALL GRIUIV(1sXLeXReYBrYTrUeOr0sU200020200000)
CALL AXIS(XLeXRePHLe THETA» 1)
IF{KnT-K1 12951951

READ (11 (REC(I) o 1=1026)T

CALL DRAW(REC(1) sPHI»THETA»O)

CALL RCLUK(170,9u00¢1002180¢10.0¢7)
KEK+1

60 Tu 52

CONT INUE

CONT INUE

IF(MOVIE)1u2s1020100

CONT INUE

DO 105 KrRULU=1950

CALL RESETV

CONT LNUE

U0 1ul KRUG=1sKNT

51



inl

lUo
16«

$InFT

CALL GRIUVIVIL o XL o XKrYHIYT20e000e0e0r0rUr0eGr0)
CALL AXTIS{XLeXKePHLe THETAPL)

READ  (1a)(XC(I)eiz2olRIe(Y(I)eI=1r18)e(Z(I)0rI=1s18)
IFXeREFY

CALL GRANIX(L) oY (1) r (1) o PHIYTHETAYREFXeREFY)
CALL RCLUK(170+,9009100+180,10.0,7)

CONTINUE

U0 1uh KrUU=1,50

CALL KESETV

CONT INUE

CONT INUE

KE TURN

wNU

C SrF1

SUBROUTINE CARTIXL e XKeYBeYT)

COMMUN VAR v KT v+ KFST  » L
UIMENSION VAR(BB0G0)

CALL DXDYV(I1oXLoXRrODXeNeIsNX216eUr IEKR)
CALL DXDYVI2:YBoYTaDYrMeJrNY 21609 IERR)
CALL EUG(XL 2 AR YBeYTeDXeDY e NeMr0.,000001)
LF(L=10) 302203

NX=ENX+2

NYZ=NY+2

NXENX+L

NYZNY+1

CALL GRIUVIVIL o XL o XRrYReYToDXeDYrinoMe=Np=MeNX2NY)
CALL PRINTV(=12¢12HTIVME SECONDSeu00012)
RETURN

N

$I13F1TC SkFe

6U
61

SUBROUTINE EDGIXLeXReYBeYTeDXeDYrIvdeC)
UX=ABS{DA)
UYZABS(DY)
IF(DX)60r45960
IF{DY)Bl 45001
LONTINUE

FI=]

Fa=J
LFIXL)Z8:801
UZUX*F |

S=b

AGZS= XL
IF(AQILGrDY 3
IF(C=AG) 7rbr6
AL=S=D

60 TO b

Al.=S

0 Tu 5
LF(C+AG) 271505



27

LU

1u
11
le
15
14

7o
71

Tu
1o

17
16

1v
21

2U
2c
29

24
25

26
Zo
Y

3uU
31

34

S5=5+u

w0 TO 2

U=suX*F1

S=U

AGZXR=S

IFLAG) 1112010
1F{C=AG) 13r12v12

ARZ=S
LFUYs)22e1lbeln
S=5+0

wb Tu 9

=LY xFU

CK=D

LFAYn/CK=1000U.U) 7027171
CKZChA+1000. 0%
wh Tu 73

S=CK

AGZS=Yis
LtF{AG)1Y9el1bel7
LF{C=AG) 1B 15e1lH
TR=S=D

ot Tu 15
LFAC+HAG) g1 22U D)
S=otu

GO Tu 16

THZS

w0 TO 15

p=uYxFJ

S==0

AG=Yp=S
IF(AGI2801D0 25
IF(CHAG) ¢Hr 1D 15
YB=S

w® TO 15

5Z5=p

0 TOU 23

Uzpx*F1

ST=i

AG=XL=S
IFLAL) SUe 309052
IF(CH+AG) o190 32052
S=ES=u

L0 TU ¢9

AL=S
IF(XR)AUr12eD
ST={)

AGZXR=S
IFCAG)3Be 1506
IFIC+AG) 39915015
S=5=u)

GO Tu 35
LF{C=RG)oT79r15r45
XH=S+D
LFLY ) 4estbnruyn

53



4y

T4
7o

75
41

be
45

Gy

4o

uf

¥}
50
49
51
he
i4h

UZuYxFu

CK=D
LFUYT/CK=1U0U0U) 752 Toe 76
CK=CK+1000.,0%xD
w0 TO 74

STCK

AGZYT=S
1IFLAG)I 44 45042
IF(C=AG)43045045
STH+U

o0 TO 41

Y7=5%

w0 TU 45

USLY*FJ

5==D

AGZYT=-S
IF(AG)48r45e51
IF{C+AG) L0499 49
S=5=U

60 TO 47

YT=5

G0 TO 45
LF(C=AG)52e45045
YT=S+D

CONT LNUE

RE TUKN

EMNU

$IF1C SrFY

54

SUBLROUTINE FRONT{NUM1)

U IMENSION VAR(680U0) rP(080U0)
COMMON VAR

EQUIVALENCE (VAR(601) 1P (1))
UZd8Bo.4*rF(p)

V=38oe4*ir(22)

u0 10 I1=1e¢nNUMT

CALL RESETV

CALL RITE2V(150016991023+18002¢38¢=1»38HCABLE CONNECTED SPACE STAT
1I0N UYNAMICSNLAST)

el RITe2v(300¢250,1023018001929¢=1929HWEIGHT OF BODY 1
1LBe.r NLAST) ,

CALL R1ITE2V(435225001023¢18091029r=1929HWEIGHT OF BODY 2
1LR« » NLAST) .
CALL RITc2v{(S5T7Ur176891023¢180019379~1237HINITIAL SPIN SPEED =
1 UEG«/StEC.sNLAST) }

CALL RITe2v(705988¢1023018001948,=148HINITIAL DISTANCE BETWEEN BO
1Y CeGe ST FTe.oNLAST)

CALL RITe2v(B840023291023+18091,319-1+,31HCABLE ELASTICITY
1 PSL1eNLAST)

CALL RiTe2v(690»70091023¢180s191e=1r1H» o NLAST)

CALL RITE2VI(9750214+10230180+19339~133HTOTAL CABLE AREA



10

15G.

CALL
CALL
CALL
CALL
CALL
CALL
CONT 1
RETUR
eNU

$IsFTC SKF4

5
501
50U

61
90
180

270

63

INerinLAST)

HEAL (3930189260 3000592¢1023¢18001¢LXeLYr0r0s2,U)
HEAU(303018+260435959291023¢180+s1+L.X2L.Y20¢092»V)
HEAU(395¢1892695700556010230180+1+sLX2LY*»2+0,2,P(5955))
HEAU(3¢3¢18¢200705¢77221023718091¢LXeLYr1+0¢2,P(5952))
HEAUL(303¢18¢26¢840e57421023918001+LXeLY?020+2,P(5954))
HEAU(39311801201975155601023+18001/LXrLY s 0¢2/P(5953))
NUE

N

SUBROUT INE HLAU(LVW'LVH'ISPACEvIROW’MX:MY!LIMIT!K’INT'LX'LY'IRTI

11VAR
WIMEN
CALL
CALL
EXTER
CALL
NDS=U
LXEMX
LY=mMY
IF(LIvV
NTH=1
NTOTA
IF(IF
READI
READ(
IFIR=
CONTI
FORMA
FORMA
0 60
BCLTA
CALL
CALL
IF (K.
IF(Ke.
IF (K.
IF(K
IFC(L
G0 TO
IFO(L
GO T0O
IFC(L
60 TO
IFC(L
60 TO
LY=MY
LX=LX
60 TO
LX=MX

IFIxsVAK)

S10n REC(400)

CAMKAV(3%)

CHSLZVILVWLVH)

NAL TABL1V
RITSTV(ISPACE» IROW» TABLLV)

ARetQ+0)GO TO 10

L=6

IRNELO)GO TO B2
S¢501)NU
5¢500) (KFC(J) rd=1rNY)
1

NUE
T(1%)

T(10LAb)

L=1+NU
T=ReC(L) :
RITE2VILX LY LIMITeKe INT/NTOTAL NTH)BCDTXToNLAST)
RITXYV(LXeLY)

EQe.U) GO TO 61
EQ«90) 60 TO 90
EQ.i80) GO TO 180

«EQe27U) GO TO 270

Y=4*kLVW ) oLT<LIMITIGO TO 62
xiﬁ*va ) «GT-LIMITIGO TO 63
Yfg*va ) «GT.LIMITIGO TO 64
ng*va ) «LT-LIMIT)GO TO 65

=IRUW
60

55



56

6b '
e R YSLYHIRUW
6U

o4

1u

45

4y

q&

47

49

45

73

46

71

LYSLY=IRUW
GO TO 60
LY=MY

‘LXSLX+IRuW
60 Tu 60

LXZMX

CONT LNUE

60 Tu 20

CALL RITE2VILX LY LIMIToKeINTr1ls=10s1H=»NLAST)
CALL RITxYVILXeLY)

CALL BNBCDV(VARCON/NDS)

IFI(NLSILG 45046

NDS=IABS (NDS) ;
CALL RITE2VILX LY LIMITeKeINT22r=1922H0e e NLAST)
IF{NLDSeGLIRT) GO TO 47

U0 48 I=1¢NDS

CALL RITXYV(LXeLY)

CALL RITE2VILX LY LIMITrKeINTe1lr=1/»1HO0»NLAST)
CONT LNUE

NTOTAL=IRT=NUS

IFINTOTAL.GT.6)INTOTAL=G

CALL RITXYV(LXreLY)

CALL RITE2VILX LY LIMIToKe INToNTOTAL,1,CONeNLAST)
G0 Tu 20

U0 49 1=1vIRT

CALL RITAYV(LXeLY)

CALL RITE2VILX LY rLIMIToK» INTr1re=1¢1H0eNLAST)
CONTINUE

¢0 To 20

CALL RITE2VILX e LY LIMIToKeINTr»29=1022H0erNLAST)
CALL RITAYVILXeLY)

IF({IRT«GT6)60 TO 73

CALL RITXYVILXeLY)

CALL RITE2VILX LY LIMITeKe INT»IRTer1rCON/NLAST)
60 Tu 20

KUT=b6

CALL RITAYV(LXeLY)

CALL RITE2VILX LY LIMITeKeINToKUT»1oCONeNLAST)
60 Tu 20

IF(NUSebLEeb) GO TO 70

MORE=NDS=6

CALL RITe2VILX LY LIMITeKeINTrorlrCONoNLAST)
00 71 KLu=1+mMORE

CALL RITAYV(LXeLY)

CALL RITe2VILX LY LIMITeKeINTo1r=1¢1HONLAST)
CONT INUE .

IF(IRT.Euweu)60 TO 20

CALL RITxYVILX,LY)

CALL RITe2VILX LY LIMITeKeINT»1lo=101HeNLAST)
DO 75 KLU=1»IRT

CALL RITxYVLXeLY)



75
70

20

CALL RthZV(LXvLYrLIMIT'KvINTvlv-lolHOoNLAST)
CONTINUE '
60 TO 20

CALL RITE2V(LX+LYrLIMITeKeINT» NDSOvaON'NLAST)
IFUIRT.EWe0)G60 TO 20

IFCINDSHIRT) JLE«H6)IGO TO 72

KUT=pb=NDS

NTH=NDS+HL

CALL RITXYVILXeLY)

CALL RITtZV(LX'LY'LIMITOK'INT'KUT'NTH'LONONLAQT)
60 T 20

NTH=NDS+1

CALL RITXYV(LXrLY)

CALL RITeeVILXoLY LIMITeKeINTolo=1r1H.sNLAST)
CALL RITXYVALX?LY)

CALL RthZV(LX'LY'LIMITvaINTvIRToNTHvLONvNLAST)
CALL RITXYV{LXeLY)

RETURN

ENU

$IBFTC SKRFb5

SUBROUTINE AXIS{XLsXRePHI»THETA»LBL)
SPHESIN(PHI)

CPH=COS(PHL)

STHESIN(THETA)

CTH=COS(THETA)

CALL POINTV(U.0r0+090)

XP=XR*CPh*5TH

YP==XR*SFH

IX1=NXVIXP)

IYi=nYV(YP)

IXZ2=NXV (=XP)

IY2ENYV(=YP)

CALL LINEVIIX1,IY10IX2,1Y2)

CALL LINEV(IX1eIY1rIX2e1IY2)
IX=IXx1+1z2

Iy=iyi-1z

CALL RITE2VIIXrIY»10230180+2219=101HXsN)
XP=XR*SPH*STH

YP=XR*CPH

IX1=NXVIXP)

LY1I=NYV(YP)

IX2=NXV(=XFP)

IY2=NYV(=YP)

CALL LINEVU(IX1,IY1,IX201Y2)

CALL LINEV(IX1rIY1» IX2vIY2)
IX=IXxi+12

1Y=1Ivi+1e

CALL RITE2V(IXeIY21023¢180+251r=121HYeN)
XP==XR*CTH

27



58

YPZ0.0

IXi=nXV (aP)

IYl=nYv (YpP)

IX2zuXvViueu)

LYz2=pYviu.u)

CALL LINEVUIX19IXY19IX2e1Y2)
CALL LINeVIIX1»IY1eIX2:1IY2)
IX=IA1=-1g

1Y=1v1

CALL RITE2VUIXeIYr1i023+1800201e=1r1Hzoly)
KETUKN

N

$IFTC SKFo

1a
19
1u

SUBROUTINE DRABwW(REC)PHI» THETALBL)
UIMENSION KEC(z26)

SPHESIN(FHL)

CPR=COS(FHL)

STH=SINGIHETA)

ATHZCOS (I HETA)

AZKEC(1)

Y=REC(2)

L=KEC(3)
ARGIZX*CHHXSTH+YXSHH*STH=~Z2%CTH
ARG2==X*¥SPH+Y*LPH
LX1=nNXV(ARGYL)

1Y1=nYV(RRG2)

U0 1u I=1ry

JTOxl+]

AZREC (W)

YEREC{u+1)

Z=REC{J+e)
ARGLI=X*CHHASTH+Y*SPHXxSTH~Z*CTH
ARG2==X*5PA+YX*(CPH

IX2=NXv (KRG1)

1Y2=NYV(nRG2)

CALL LINeV(IX1I»IY1»IX2,IY2)
IF(LBL) 106271918

CALL TuK(IsIXxzrivY2)

CONT INUE

CONT INUE

LXi=iXe

iyi=iyz

U0 11 1=97

ROk [+H]

X=REC (W)

Y=REC(U+il)

LEREC(JYL)

ARGIZX*CrHRSTHHY *SPH*STH=Z2%CTH
ARL2==Xk5PH+Y*CPH

IX2=nXV ARG



1Y2=NYV (ARG2)
CALL LINEV(IA1eIY1eIX2:1IY2)
IF(LbL)2ur21s2U
20 CALL TuK(I«IX2elY2)
21 CONTINUE
11 CONTINUE
IFtLBL) 25926020
2o CONTINUE
X=REC(25)
YSKEC(26)
CALL REFR{X?rYsSPHoCPHrSTHeCTH)
25 CONTINUE
: RETURN
ENU

$IBFTC SKF7

SUBROUTINE IJUK(IsIXeIY)
EXTEKNAL TABL1V
EXTERNAL TAB15V

CALL CHS1ZV(3s3)
ILX=1X+9

ILYS1Y=6

CALL VCHARV(180¢1sILXeILY 42 TABLLV)

GO TO(1lrze30915060719)01
1 IXI=ILX+12
1IYl=liLy=-12

CALL VCHARV(18Uv1eIX10IY1e25,TARLISV)

b CALL CHSIZV(2e2)
1X1=1Xl+e
IY1=1Y1+13

CALL VCHARV(180¢1¢1X1r1Y1s1,TABLLV)

60 TO 9
2 IX1=ILX
IY1=ILY+12

CALL VCHARV(180¢191X1eIY1¢33+TABL5V)

s0 TO 8
3 IXI=ILX=12
1YI=ILY

CALL VCHARV(180¢101X1vIY1034,TAB1SV)

G0 TO 8
5 1X1=ILX+12
IYI=ILY=i2

CALL VCHARV(180r1+1iX10IY1+25,TAB1SV)

10 CALL CHS12Vv(2+2)
IX1=IX1+o
IY1=1Y1+13

CALL VCHARV(lBU!loIXloIYleOTABLlV)

60 TO 9
o 1X1=ILX
1YL=ZILY+2

CALL VCHARV(18091¢IX1vr1IY1¢33+TAB15V)

60 TO 10

59



60

7

IX1=ILX=412

1Yi=]ILY

CALL VCHARV(1RUr1sLX1eIY1s3U4,TAB1SY)
600 To 10

CONT [NUE

RE TUKT!

e NU

$IFTC SKFY

1o

15

ik

17
16

SUBROUTINE REFR{XA?»Y»SPHe CPHe STH CTH)
Y1=0.14

SLOPE=Y/ A

SLINVEX/Y

UX=XxX/20.u

pYZY/20.U

X=UsU

Y=UsU
IF(ABS(SLOPE)=1.u)13,13014
U0 15 1I=1.20

YESLUPE*X
ATEXRCPHESTHHYXSPH*S TH
YT==X*SPr+Y*(CPH

CALL POINTVIXTrYTrU)
X=X+UX

CONT INUE

G0 TU 16

U0 17 1=i,20

X=SL ANV kY
XT=X*CHPHXSTH+Y®RSPH*STH
YT==X*k5Pti+ Y% PH

CALL POINTVAXTsYTrU)
YZY+UY

CONT INUE

CONT IMUE

RE TURN

. NU

$IFTC SKFS

1v

SUBROUTINE GRAN(XeYe ZoPHe TH'REFXREFY)
DIMENSION X(lB)vY(lb)ré(lS)

SPH=ESIN(HH)

CPA=COS(HH)

STHESINCGTH)

CTH=COS({TH)

CALL PROU(X(1)oY(1)oZ(1)oPHrTHIXCGlrYCG1)
DO 1u (=9

CALL PROVIX(I) e Y(I)2Z(1)sPHeTHeX(I=1)0eY(I-1))

CONT INUE



cu

21

11

22

25

CALL QUAUIXCLIrYCGLlrIQUL)

iQu=1{aQo1l ‘

CALL PROU(X(10)rY{(10)9Z2(10)PHThHr XCG2+YCG2)

KUALZ=1

CALL QUAU(XCb?'YLGd'I@DZ)

CALL CASE(X(1)eYLL) o X(2) oY (2 e XUB) oY (B) o X ()oY (U)o X(B) 2 Y(R)eX(6)
1Y(0) o XCT7DhoY (7)o x(B8) e Y(8) 1 XCGLoYCOLLIXCG2rYCG221GDy ICASE)
CALL BUX(X(1)sY(1) s ICASErArBrCrDrEsFrGrHsOsPrOsReSrTollyVeWsA
1geaC)

IFUKUAL=1) 25921022

x1=x(1)

Y1=Y(1)

X2=x{2)

Y22Y(2)

ABEXAL3)

13=Y(3)

AbsX(4)

Yazy(4)

U0 11l I=ilels

CALL PROVIXCL) o Y(I) v Z(I) o PHo THo X(I=10)»Y(I~10))

CONT INUE

KUAL=2

lQu=iou2

ICASEIZICASE

60 TO 20

ICASE2ZICASE

CALL KABELAXCGLrYCOLr XCG29rYCG2oXLoY1o X2 Y2 X30Y3oXUrYUrX(1)rY (1)
IX(2) oY (2) e X{3) e Y{3) e X{4) oY (U)o ICASELsICASER)

CONT LNUE

CALL REFK(REFXeREFYSPHeCPH»STHe CTH)

RETURN

ENU

$IsFTC SKF10

SIF1

201
200
2Ue

209

SUBROUTINE PROJ{XeY e ZrPHI» THETA»TX»TY)

TX=X*COSPARI) *SIN(THETA) +YXSIN(PAI ) %SIN(THETA) =Z%COS{THETA)
TYS=X*xSIN(PHL) +¥%xCOS(PHI)

RETURN

eNu

C SKF11

SUBROUTINE QUAD{(XKST»YRST»IQD)
IFr(XRST12U0r2019201
IF(YRSTI20302020202
IF(YRST)I204,204+205

1aD=1

6L TO 2ué

Iab=2

.61



60 TO 206

204 14D=3
GO TO 2uéb

20 luD=4

206 COUNTINUEL
RETURN
END

$IBFI1C SkF12

SUBRUUTIKE CASE(XloYlvX2;Yer3vY3'X40Y4'X5vY50X60Y6!X70Y7OX8'Y8'
- 1XCOLle YCGLe XCG29YCG2r IGD Y ICASE)
CORIEX1Rk¥2+Y1%k%2
R2TX2**k2+Ye**2
RK3TX3%*k2+Y3%%D
KUSXY4xk2+Y k%2
KRM=R1
ITH=1
LF{Rz=RMIAU0»6U3vHU3S
vlu KM=Rg
I1TH=¢
605 1F(RS-KM)6U1»604rEULL
601 RMIRS
I1TH=S
604 IF{RY—=RMIBU2e605¢6U5
o0z RMZRY
ITH=Y
oUb CONTINUE
GO TulB21r822¢823¢824) 9 ITH
21 CALL SIMLIXCGL YCGL?XCG20YCG2eX10Y1eX20Y2eXL1vYL1)
RLIS(X1-X2) *%2+(Y1=Y2) %%x2
DLIS(X1=AL1) %%24(Y1=YL1)%%x2
ELI=(X2=AL1) %%x24+(Y2=YL 1) %x%k2
IF((DL1e0TeRLL) «ORe {ELL1«GT.RL1IIGO TO 702
701 LINE=1
GO T 621
702 LINE=2
60 TO 622
824 CALL SIML (XLGl'YCbleCGZvYCchXloYlvXQOYQvXLZvYLZ)
RLZZ(X1=X4) *%x2+(Y1=Y4) %x%2
pL2=(X1=aL2) #%x2+ (Y1=YL2) %%2
EL2S(X4=AL2) *x2+ (Yy=Y| 2) *%2
IFU{UL2e0TeRL2) eORe (EL2eGT«RL2))GO TU 704
60 TU 70z
704 LINE=G
60 TO 624
822 CALL SIML(XCbleLGIOXCGZvYLGZ:XZOY2'X30Y30XL3'YL3)
RLAZ(X2=X3) *%24(Y2=Y3) %2
DLAT(X2=AL3) %xx2+ (Y2=YL3) %%x2
EL3T(X3=XL3) *x%2+ (Y3=-YL3) %2
IF((DL3+GT+RL3) «ORe (EL3.GT«RL3))GO TO 701
703 LINE=3
60 TU 623



8523

bzl
Y44
623
624
031

633

o641

bbe

651

663

661

670

CALL SIMLIXCo1rYCGLleXCG2rYCG2r X3 Y3 o xUo Y4 XLYrYLY)

RLYT(XI=A4 ) k%24 (YI3=Yy ) *%x2
DLAZ(X3=XL4) k%24 (YI3~-YL4) %%
LS (XU=xL4 ) *%2+ (Y4=YL 4 ) %%2
LFU{UL4e6ToRLYU) sUR (ELU«GTSRLLU)IIGO TO 703
o0 TO 704

G0 Tul(b31¢6311633v033)¢1GD
GO Tulehireld2r642,641) e IQD
GO Tule51lr65296529¢651)2IQD
00 TO(66196611663¢663) 106D
S28=(YB=Y2)/ {X8=X2)
B2H8=Y2=Se8%X2

BA3A=YI=S26%X3

IF(B28.LT1.B3) 60 TU 671

60 TO e7u
S15=(Y5=Y1)/(X5=X1)
B15ZY1=515%X1

B6=Y6=~S1o%X6

IF(B1S5.LTe86) GO TU 673

GO T 67«

S48 (X8=A84)/74Y8=-Y4)
AQB=X4=S4u8%YL

AZ=X3=SUu*Y3 )
iF(A48.L1+A3) GO TU 675

60 TO 674
SUB=(X8=Al4)/(Y8=Y4)
AUGBZX4=-S48%YY

AJ=XI3=54u5%Y3

IFLA4B8.L1.A3) GO TO 677

60 TO 67w
S3IHZAX5=X3)/(YH=Y3)
A3DZX3=S355%Y3

ABSXY=~S35%YY

IF(A35.Li«A4) GO TO 678

G0 TO 67y
S26=(X6=x2)/(Y6~=Y2)
A2O=X2=ScH*xY2

Al=X1-520%Y1

[F{A26.L1A1) GO TOU 680

60 TO 681

SUE=(Y6~Y4)/ (Xb=XU4)
B46=Y4=S46%XYy

B1=Y1-S4e*xX1

IF(By6.LT.B1l) GO TO 684

60 TO 685

SA7T=AYT~Y3)/ (XT=X3)
B37=Y3=557%X3

B2=Y2=537*X2

IF(B37.LT1.82) GO TU 82

GO TO 68y '
ICASE=Y

G0 TO 80u

ICASE=12
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675
674
675
076
677
o078
079
bbU

681

083
o84

685
80U

@0 TO 80U
ICASE=16
@0 TO &0u
L1CASE=8
LO TO 80u
1CASE=10
60 TO 80u
1CASE=2
60 TO &0y
ICASE=6
60 TO 80u
ICASE=14
v TO 80u
ICASE=1
60 TO 80U
ICASE=9
60 TO 80u
ICASE=13
0 Tu 80u
ICASE=L
0 TO 800
LCASE=3
w0 TO 80u
1CASE=11
o0 TO 80u
ICASE=1S
0 TO 80u
ICASE=Y
CONT INUE
RETURN
ENU

$IBFTC SRF13

SUBROUTINE SIMLUXCG1rYCG1rXCG2¢YCG20XPLeYPLrXP2sYP2s X0 Y)
UXP12=XPL=XP2 '
UYP12ZYP1-YP2

DXCG=XCGL-XC62

DYCGZYCGL=-YCG2 |

K= {DXP12*DYCGXXCG1~DXCG*DYP12%XP1+DXCG*DXP12%YP1=DXCG*DXP12%YCG1) /
1 (DXP12*DYC6=0DYP12%DXCG)

Y=(DYCG/UXCG) *X=(DYCG/DXCG) ¥XCG1+YCG1

KE TUKN

ENU

$IBFTC SkF14
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SUBROUTINE BOX(XesYr ICASErArBeCorDIEIFrGrHrOsP2QeRIS»ToUrVeWrABrAC)
UDIMENSION X(18)0Y(18)

GO TU(lrer30r4e30603919921003109¢101394+10e4)9»ICASE

IXi=nXVix(1)) o



2U

N

21

3

1YI=nYVIY (1))

wo 20 I=¢r6

IXe=nXvix(1))

IY2=NYVI(Y(I))

CALL LINEV(IX1,IY1eIX2,1IY2)
IXi=zixe

yizjivye

CONTINUE

IXI=nXVIix(1))

Iyiz=nyviy (1))

CALL LINeVIX1eIYivIX201IY2)
IXe=nXVIiXx{4))

ye=nYvivy(y))

CALL LINEV(IX12IY1rIX2,1Y2)
IXi=nXVIXx(35))

1Y1l=nYVIY(3))

IXe=nXVix(a))

iYemnYv iy (8))

CALL LINEVUIX1eIY1rIX2e1Y2)
IXIZHXVIX(5))

IYL=nYV Y (5))

CALL LINEV(IX1,IY1IX2,1Y2)
G0 To 30

IXizixXv(ix(4))

IYizwyviy(y4))

DO 21 1I=bH+8

IXe2=nNXVIix(1))

Ivz=anyvi(y{i))

CALL LINEV{IX1eIY1eIX2,1Y2)
IX1=IX2

Ivi=fye

CONTINUE

IX2=NXVIX(5))

1Y2=NYV(Y(5))

CALL LINEV(IX1,IY1eIX2s1Y2)
IXA=NXVIX(T))

IYi=NYV(Y (7))

IX2=nNXvix(2))

Iyz2=nYvi(y(2))

CALL LINEV(IX1,IY1rIX2e1Y2)
IX1=IX2

1Yi=1Y2

IX2=nXvix(1))

Ivz=nyviy(1))

CALL LINEVC(IX1oIYReIX2e1Y2)
IXi=IXe

Iyi=lye

IXzznXxvix(g))

Ive=nyviy(g)) ‘
CALL LINEV(IX1eIY19IX20e1Y2)
IX2=nxXvixi(e))

IYz2=NYV(Y(6))

CALL LINEV(IX1oIY1rIX2¢1Y2)
G0 TO 30

IX1=nNXVIiX(2))
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23

lYi=wyviy(z}))

u0 22 I=ors

I1X2=NXVvIix(1))

IYe=nYV(Y (L))

CALL LINEV(IX1eIY10IXx2,1Y2)
IX1=1X2

LYLzliYe

CONTINUE

IXe=nNXVIA(D))

1Y2=nYVvY (5))

CALL LINEV(IX1eIY10Ix2,1IY2)
IXe=nXVIX(3))

IY2=nYV Y (5))

CALL LINEV(IAI»IY1eIX201IY2)
IX1Z=NXVIX(7))

LY1=nxXv (Y (7))

IXe=nXvix(2))

IYz=nYviy(2))

CALL LINeVIIX12IY10IX2:1IY2)
60 TO A0

IXi=nxvix(1))

LYi=tYv iy (1))

w0 23 I=cen

ILX2=NXVIA(L))

IYz=nYvy (1))

CALL LINEV(IX12IY10IX201Y2)
IX1i=iXe

LY1=1Y2

CONTINUE

IX2=nXvix(g))

LYzanYv(y(8))

CALL LINEV(IX1eIY1rIX2e1Y2)
IXi=1Xx2

IYi=iye

IX2=nNXVIx (7))

LYe=NnYVIY (7))

CALL LINEV(IX12IY1rIX2:1Y2)
IXeznxvIix(3))

IYz=nYv(Y(3))

CALL LINEV(IXIeIYL1rIX2,1Y2)
IX1=NXVIX(T))

IYLENYV(Y (7))

IXe=nXvilx(2))

IYe=NYVIY(2))

CALL LINEV(IX12IY1»IX201Y2)
ILXI=XvVIix (1))

LYi=mnxviy(1))

IX2=ENXVIXx(4))

iyz=nYviy(4))

CALL LINEV(IX1eIY1rIX2,1Y2)
GO Tu 30

IXiznxvix{(1))

Ivi=nyviy(i))

DO 24 l1=cvy

IX2=NXVIX (1))



24

25

26

10

LYaznyviy (1)) »

CALL LINEV(IX1oIYL10IX201Y2)
IX1=1X2

Ivizjiye

CONTINUE

IXez=nXvix(1))

1Ye=NYVI(Y (1))

CALL LINEV(IX1,IY10IX201Y2)
IX1=1ixe

1yiz=iye

U0 25 I=or8

IX2=NXVIX(1))

IYe=nYVIY (1))

CALL LINEV(IX12IY1eIX201Y2)
IX1i=1x2

Ivi=1iyz

CONTINUE

IXeznXvIiXx(3))

LY2=NYV(Y(5))

CALL LINEVIIX1sIY19IX2s1Y2)
IXlz=nxva(2z))

IYiz=nYviy(2))

IXe=nXvIix(7))

IY2=RYV(Y (7)) ,

CALL LINEV(IX1rIY1eIX2e1IY2)
60 TO 30

IXi=nXvix(1))

LYL=ENYV(Y (1))

U0 26 I=27

IXez=nXvix(1))

iye2=nYvVv(Y (1))

CALL LINEVUIIX1,IY1eIX2eIY2)
IXi=1X2

lYi=Jy2

CONT INUE

EXe=NXVIx{z))

IY2ENXV Y (2))

CALL LINEV(IX1eIY19IX291Y2)
IX1=NXVIx(6))

IY1=nNYVI(Y (6))

IX2=nNXvix(1))

IYe=nyviy(1))

CALL LINEV(IX1¢IY1eIXx2,1IY2)
IX1=NXVIXx(4))

LY1=nYV(Y(4))

CALL LINEV(IX1,IY19IX2e1IY2)
0 TU 30 :
IXAI=NXVIX(35))

IYI=ENYV(Y(3))

U0 27 I=4»8

IX2=NXVIX(1))

Ivz2=nyYviy(1n)

CALL LINEV(IX1.IY1,IX2s1Y2)
IX1=IX2
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2t

LYi=1vye

CONT INUE

IXe=NXVvIx(3))

IYz2=nNYV (Y (3))

CALL LINeV(IX1¢IY1lelIx2es1Y2)
X=Xy ix(s))

LYe=nyYv iy (5))

CALL LINEVIIX1»2IY1»IX2e1Y2)
IXi=nxviali))

LYL=nYv(y (i)}

IXeznxvialy))

IYe=nYv iy {y4))

CALL LINeV(IX1eIY1leIn2eIY2)

10

2b

30

IXe=nXVialp))

1Ye=nYviy(p))

CALL LiNeV(IX1eIYleIx2ely2)
w0 T 30

IX1=mwxviati))

1Yizwyviy (1))

pO 28 1=crd

1Xe=ENXvia(L))

pYe=nyYviy (i)

CALL LINeVLIX1oIY1eIx2eIY2)
1X1=1X2

Ivi=iye

CONT INUE

IXe=NXVIK(8))

1Ye=NYV Y (3))

CALL LINEVIIX1:1IY1sIX2s1IY2)
IXLZnXVIX{9))

LY1I=NYV (Y (5))

CALL LINeV(IX1eIY1leIX2e1IY2)
U0 2y I=opr8

IXe=xvix(l))

IYez=nYVI(Y (L))

CALL LINeV(IX1eIY1rIXx2,1Y2)
1Xi=1xz

IYi=iYZ

CONT INUE

IXI=nNXVIiA(L))

LYLENYV(Y (L))

IXe=nXvix(e))

1YzZ=nYvir (o))

CALL LINEV(IX1oIYLrIX2eIY2)
IX1=nXvin(2))

IYiI=nYv (Y (2))

IXZ2ENXVIR(T7))

IYZENYV(Y (7))

CONT INUE

RETURNM

ENU

$IBFTIC SKRF1S



SUBROUTINE KAREL(XCG1+YCGL1eXCG22YCG2sX1r Y1rXZoYZvXSrYB'XQDYQvXSvYS
leXorYOr X7 Y7o X80 YBrICASEL» ICASE2)
LCASE=ICASEL
KUALZ=1
XC6=XCG1
YCLb=YC6GL
50 G0 TO(19r29¢301950103010192¢301059190301)0ICASE
1 IXCI=NXVIXCG)
IYCL1=NYVIYCG)
60 TO 20
2 CALL SIML(XCblvYLlexCGZoYCGZ'XIoYl XurYqurY)
30 IXCI=NXVIX)
- LYC1=NYVLY)
w0 To 20 _
S CALL SIML(XCG1rYCGLlrXCG2rYCG2e X392 Y3 XUrY4oXrY)
0 TO 30
b5 CALL SIML(XCblDYLGlvXCGZ'YCGZ:XZOYZ!X3'Y3DX!Y)
0 To 30
20 CONTINUE
IF(KUAL=1)u2s41042
41 1xC2z=IXCi
lYC2=IYC1
XCO6=XCe2
YCe=YC62
KUAL=2
ICASE=]1CASE?
K1=X5
X2=X6
A3=X7
X4=X8
Y1=Y5
Y2=Y6
¥3=Y7
Y4=Yg
60 Tu 50
ke CALL LINEV(IXC1lriYC1s,IXC2s1YC2)
RETURN
ENU

 SIHFTC SKF16

SUBROUTINE UNDWRT (KWHICH)
DIMENSION VAK(6800)P(6800)
COMMON VAR
EQUIVALENCE(VAR(601),P(1))
EXTERNAL TAB15V

EXTERNAL TABL1YV
V1=P(5958)/712.0
v2=pP(5957)/12.0
V3=P(5956)/12.0

CALL CHS12V(3,3)

CALL RITSTV(18026¢TABLLV)

69



CALL RITE2V(B2399791023918U91¢459=1245hTORQUE ABUUT = SI
I T)  FTae=Li3erNLAST)

CALL RITE2V(873997010230180¢1945,=1¢45SHTORGUE ABOUT = S1
Ind T FTe=LBsrNLAST) )

CALL RITE2V(923909791023¢18001945,=1245HTORQUE ABOUT = SI

IN( T) FTe=LBeesNLAST)

CALL VCHARV(18001+,8329325¢25»TABLSV)

CALL VOHARV(1BU»198829325¢33»TAB1SV)

CALL VCHARV18U+r1¢932+325934,TABL1SV)

CALL CHS1ZV(292)

CALL VCHARV(180r198389338021eTABLLIV)

CALL VCHARV(180919888¢338r1¢TABL1V)

CALL VCHARV (1800109389338 1eTABLLY)

CALL HEAU(3¢3918¢20058239421010239180219L.X2LY»000+2,V1)

CALL HEAU(393918r26987324210102391809 19 XeLLYs0s0+2,V2)

CALL HEAL(393018926r923¢421910239180:19L.X2LY»090+2,V3)

CALL HEAL(S593018:269823¢619r1023¢180+1¢LXoLY»2¢0+2,P(5999))
CALL HEAU(3930189209873¢619910239180»1+LXeLY»2¢0:,2,P(59909))
CALL HEAU(393018:209923v619910239180,19LXeLYr2¢0+,2,P(599G))
RETURN

END

$IoFTC SKF17
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14

SUBROUTINE RCLOK(IX2 IYrIReKeFACTUOR!T)
EXTERNAL TABL1V

R=1IR

PI=3.1419927

C=2e UXPIXR

LX=IX

LY=1Y

IF{IReLT150) GO TU 13

CALL CHS12v{4+3)

rR1=Ir=22

G0 TO 14

CALL CHS12Zvi(2,2)

RI=IK=16

CALL RITSTV(23,26¢TABL1V)

K2=0.9%R1

VTh=2.0*%F1/10.0

[H=0.0

CX=1X

LY=1Y

U0 11 1=1010

TH=TH+UTH

LX=CX=R*¥COS({TH)

LYSCY+R*SINCTH)

O TUllrcr3r4s5069718999010)01

CALL RITE2VILXrLY»1023sK 921919 =1¢1H1s»NLAST)
60 T 11

CALL RITE2VILXoLY?»1023¢K ¢1p19=1¢1H2/NLAST)
60 Tu 11 '



10
14

15

CALL RITE2V(LXeLY?10239K
©0 To 11

CALL RITe2v(LXeLY?»1023¢K
GO Tu 11

CALL RITe2vIiLXsLY?210239K
60 Tou 11

CALL RITe2VILXsLY?1023¢K
60 Tu 11

CALL RITeE2VILX LY »10230K
G0 Tu 11

CALL RITe2VILXeLY»10239K
o0 Tu 11

CALL RITE2VILX LY 10239K
60 To 11

CALL RITE2VILXrLYr1023¢K
CONT LNUE
DTHZ2.U%F1I/100.0

fH=0.0

CALL SETmMIV(Os0e0rU)

CALL GRIUVIV(Z2906021023409¢06001023¢02Ueur 00200000002 0920)

u0 1z 1=1r100
AL1ZCX=R1%COS(TH)
Y1=CY+RIASIN(TH)
CALL POINTV(X12Y10u)
THETH+LTH '
CONT LNUE
UTHZZ o 0% I/1U. U
IH=0.0

u0 15 1=1010
K1=Cx=KR1*%COS{Tit)
Y1SCY+R1I*SINCTH)
CALL POINTV(X1+Y1lr0)
tHETH+DThH

CONT LNUE
ANGE=Z2 e U IXT

p12le=1r1HS/NLAST)
v»1v1r=1»1H4rNLAST)
p121e=191H5»NLAST)
vlrlo=1¢1lHO?NLAST)
2121e=1r1H7»NLAST)
olvlr—lleﬁvNLAST)
v1r1e=191H92NLAST)

v1ele=101HO P NLAST)

IF(KeNES LBU)AMNGZANGTL 570795

LX=CX=R1*COS(ANG)
LYZCY+R1I*SIN(ANG)

CALL LINEVIXeIYrbLXxelY)
CALL LINeV(IXelYeLXeLY)
ARG=ANG/FACTOR
LXZCX=R2*COS{AKRG)
LYSCY+R2*SIN(ARG)

CALL LINEVAIXeIYsLxeLY)
CALL LINEV(IXeIYsLXeLY)
ARGTANG/10U.U

LXZ=CX=+ 8%R2¥COS(ARG)
LYZCY+ . B%R2¥STIN(ARG)
CALL LINEV(IXelYeLXeLY)
CALL LINEVAIXeLYsLXeLY)
HE TURN

tNU
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PRECEDING PAGE BLANK NOT FILMED.

APPENDIX B
COMPUTER PROGRAM DATA

This appendix presents a description of program input, program output, and a
sample problem.
General Input
This section presents a description of program input. including correct format
and proper ordering. Format statements are given at the beginning of the partmular
group of data to which the statements apply.
The following fixed-point data should be punched on a single data card in the

order given. This card should be the first card in the data deck.

FORMAT (8 15)

A code number indicating the deéired forcing function option (The integer 1 is
used to force body 1, the integer 2 is used to force body 2, and the integer 3 is
used to indicate no forcing function. )

Number of floating-point values to be input

6 (The number of auxiliary differential equations, such as control equations, to
be integrated in the Runge-Kutta (R-K) subroutine is given in this datum location.
This number is presently 6.)

N (This number must be less than or equal to 19.)

Number of differential equations to be integrated in the R-K subroutine (This
number is equal to 3N + 25 + the number of auxiliary differential equations to be
integrated in the R-K subroutine. This number is presently equal to 3N + 31.)

Number of integration steps desired between output printout intervals

An S-C 4020 output option code number (The integer 1 calls for nine graphs to
be output. The integer 0 omits the graphs.)

An S-C 4020 output option code number (The integer 1 calls for output in the
form of motion pictures. The integer 0 omits this output. )

Each line of the following data should be punched on a single data card. Data

having a value of zero may be ignored. The order of these cards in the data deck is:
unimportant.
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FORMAT (I5, E15.7)

10
11
12
13
14
15
16
17
18
19
20
21

22

74

Integration step size, sec

Program termination time, sec

L g

L1

l,l

[t
ok
L)
u.|
H‘

foud
.
4l
e

Cod
[
[ ]
=]
H -

1
{
"

L}

b et
. .
Comnd s
Hv-:] ol o

juk
L]

Camiko

Hl‘

.

=

Juad o
.

Direction cosines
for body 1



26
21
28
29
30
31
32
33
34

110

111

112

113

114

115

119

120

121

122

123

Direction cosines
for body 2
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124
970
971
972
980
981
982
140
141
142
143
144
l145
!

140 + 3N

141 + 3N

142 + 3N
l222
|

222 + N
?42

]
241 + N



.262
]
261 + N
%82
28'1 + N

1‘302
i
]

301 + N
?22
l
321 + N
1|202
!
1201 + N
1?22
|
1221 + N
1|242
|
1241 + N
5945
5946
5947

5948

17



5952

5953

5954
5955
5956

5957

5958

5966

5967

5971

5972

5992

5993

5994

5995

5996

Initial distance between c.g. 1 and C.8- 9, ft*
Total cable area, sq in. *

*
Cable elasticity, 1b/in>

Initial spin speed, deg/sec*

Z,n

AG
y,n

AGX, 0

One-half of length of box representing body 2 in motion picture
output, in. * :

Length of arbitrary body-fixed axes i j» and 'kn,r and

. one-half of length of box representing body 1 in motion pic-
ture output, in. *

Angle of rotation of Z' axis out of projected plane of motion
picture, radT

Angle of rotation of X' and Y' axes about the Z' axis, - radT

ol Nl wil il

I

E3
This input is required for motion picture output only.

1-If these angles are both equal to zero, the A plane will be parallel to each
frame of the motion picture.
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5997 7

5999 w

Data for the first of a series of runs to be made must include a card for all non-
zero floating-point parameters as well as the card of fixed-point data. Data for suc-
ceeding runs may omit any nonzero floating-point parameters which remain unchanged
from the respective preceding run but must include the card of fixed-point data.

General Output

Table B-I relates the program output symbology to the symbols section of the
paper. Time histories of the first 36 dependent variables (THETAL to CABLE) (ta-
ble B-I) will be output by the system printer for every run made. In addition to this
fixed output format, two optional forms of output are available through the use of the
S-C 4020 high-speed microfilm recorder. This option is controlled by two fixed-point
numbers. The first of these options consists of nine graphs representing the time his-
tories of the structural Euler angles, the pseudorigid body Euler angles, and the
pseudorigid body length. The pseudorigid body Euler angles are subject to the following
restrictions. ' '

OszB<21r

The restriction on tl/RB concerns only the output values, that is, when the value of
"DRB reaches 2w, a value of zero will be plotted, causing a discontinuity in the graph.

If the S-C 4020 output section of the program is removed, as described previously,
there will be no output record of either the structural Euler angles or the pseudorigid
body Euler angles. This output may be retained by modifying the SUBROUTINE
OUTAID, as indicated by the applicable comment cards, and by making the following
changes in the headings printed by the system printer.
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Original headings Modified headings

THETAL THETAST1
PHI1 PHIST1
THETA2 THETAST?2
PHI2 PHIST?2
XBR(1) PSIST1
YBR(1) PSIST2
ZBR(1) THETRB
RP1P2(2) PSIRB

A second output option consists of an 8-millimeter motion picture of vehicle mo-
tion during the run. The motion picture consists of two distinct parts. The first part
shows pseudorigid body and arbitrary body axes motion during the run. The second
part represents complete vehicle motion. The vehicle is simulated by two rectangular
parallelepipeds connected by a single cable tied to the geometrical center of the two
opposing faces. The length of each body is controlled by data input. Body width and
height are set by the program to 0.6 of the body length. Both parts of the movie show a

dotted reference line in the X'Y" plane. This line is the projection of that part of the

pseudorigid body between c.g. and c.g., and serves to give the viewer a qual-
comp 2

itative idea of the magnitudes of z'bRB and GRB' Both parts of the movie also show a

three-handed clock in the upper right-hand corner. One revolution of the largest hand
represents 1.0 second of vehicle motion. A revolution of the middle hand represents
10.0 seconds, and a revolution of the smallest hand represents 100.0 seconds. The
S-C 4020 generates one frame for every integration step; therefore, an integration step
size of 0.04167 second will result in a real-time movie. Motion picture output should
be used with discretion since it greatly increases computer run time.

Sample Problem

The vehicle configuration used for the sample problem was taken from refer-
ence 1 and is shown in figure B-1. Body 1 is manned, and body 2 is an empty booster
casing. The launch weight of body 1 was approximately 19 000 pounds, which is within
the Saturn C-1 payload capability. The spinning configuration of body 1 includes a
small unmanned resupply vehicle and two Gemini capsules for emergency escape.

Four sample runs were made. A copy of the input data cards for the runs is
given in figure B-2. The data for each run are headed by the card containing eight
fixed-point values for that run. The first three runs demonstrate how the program can
be used to obtain the dominant response characteristics of the vehicle for the arbitrary
axes of body 1. The forcing function used for run one was

Gy ; = 1400 sin (1.5¢) (B1)
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The pertinent output from this run is shown in figure B-3. This curve was output by
the S-C 4020 and was used to obtain the point indicated on figure B-4. The forcing
function used for run two was

G, ;= 1400 sin (0. 1t) (B2)

The pertinent output from this run is shown in figure B-5. This curve was used to ob-
tain the indicated point on figure B-6. The forcing function used for run three was

Gy, 1 = 30 8in (0. 15t) (B3)

The pertinent output from this run is shown in figure B-7. This curve was used to ob-
tain the indicated point on figure B-8. A complete linear analysis of the uncontrolled
dynamic response of the vehicle is presented in reference 1. The additional response
characteristics given in reference 1 can also be determined by the program presented
here. The final sample run was made to demonstrate all available output formats. The
forcing functions used for this run were '

Gx, 1 = 4000 sin (0. 25t) (B4)
Gy, 4 = 1500 000 gin (0.25t) .’ (B5)

and
Gz’ L= 1 500 000 sin (0. 25t) | | (BG)

‘The first three sheets of printed output are shown in figure B-9. The nine graphs out-
put by the S-C 4020 are shown in figure B-10. Typical S-C 4020 motion picture output
is given in figure B-11. The first two frames shown in figure B-11 appear prior to the
motion pictures of the actual run and provide run identification information. The last

two frames in figure B-11 were taken from the two types of movies produced during the
run. '

The sample runs presented illustrate only one of many possible applications of

the program. The nonlinear approach and the generality of the subroutine structure
make the program highly adaptable to any type of motion study desired.
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TABLE B-I. - OUTPUT SYMBOLS

Program output Variables Program output Variables
symbols represented symbols represented
53]
TIME t YCG Ye. g
c.g.
PSIRBD VRrB XBR2CG X, ¢
PHIL ? YBR2CG Y
c.g.
THETA2 % ZBR2CG Z
c.g.
THETRBD %rB OMEGAX1 Q
X, 1
PHI2 % OMEGAY! Q
v, 1
THETAB 9 OMEGAZ1 2
b
PSIB ]
OMEGAX?2 SZX 9
PHIB ) )
XBR(1) X, OMEGAY?2 szy’ 5
YBR(1) -?1 OMEGAZ2 Qz, 2
ZBR(1) z, RP1P2(2) P1,2P2,2
GAMMA y RP1P2(3) Py 3Pa 3
ALPHA a RP1P2(1) Pl, 1P2’ 1
IAVB2 A : ‘
2 RP1P2(4) PPy,
THETABD o FCABLEMAX F
‘ - c, max
PSIBD v
. CABLE C £
PHIBD ') » max
XCG 5 THETAST1 6. 4
c.g. ?
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TABLE B-1. - OUTPUT SYMBOLS ~ Concluded

Program output Variables Program output Variables
symbols represented symbols represented
PHIST1 qbs’ 1 THETRB Orp
PSIST1 xlzs’ 1 PSIRB WRB
THETAST2 6 T t
S, 2

X X'
PHIST?2 ¢ s, 2 "

Y T
PSIST2

Vs, 2 Z VA
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160
161
163
164
166
222
223
224
225
226
227
228
229
242
243
244
245
246
247
248

Figure B-2. - Input data for sample runs.
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6 8
5-2

2u4+0
1236+3
10863
2076+3
10167=2
1+0

140

1+0

36+4
876+3
876+3
464173
1+0

1+0

140
=207022=3
453454-3
2292=-2
2292=2
1651192=3
1199992=3
1536~1
1199992-3
=1536=-1
1199992=-3
-1536~-1
1199992=3
1536-1
1199992-3
-1536~-1
1199992=3
1536=1
1199992-3
1536-1
11999923
~1536~1
issu~-1
18841
1884~]1
1884~}
18841
1884-1
1884-1
1884~1
=-768-1
768~1
768=-1
-768=1
-768=1
-768~1
768=1
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249
262
263
264
265
266
267
268
269
282
285
284
285
286
287
288
289
302
9203
a04
305
306
507
508
309
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323
24
325
326
327
328
329
1202
1203
1204
1205
1206
1207
1208
1209
lzz22
1223
1224
1225
1226
1227
1228
1229
5957
5992
5993
5994

768-1
768-1
768-1
-768-1
-768-1
768-1
-768-1
-768-1
768-1
-2628-1
-2628-1
-2628-1
-2628-1
-2628-1
-2628-1
-2628-1
-2628-1
768-1
-768-1
~768-1
768-1
-768-1
-768-1
768=1
768-1
768~1
768-1
-768-1
-768-1
-768~1

768~1 -

768=1
-768=1
120515=2
120515-2
120515-2
120515~2
1205152
120515~2
120515~2
120515~2
2287063
228706~3
228706~3
228706~3
228706~3
228706~3
228706~3
228706~3
14+2

2+2

2+3

2+2

Figure B-2.- Continued.



5995
b996
5997
5999

5956
5957
5999

5956
5958
5999

5952
5953
5954
5455
$956
5957
5958
5966
5967
5971
5972

© 5999

1851192~3
2+3

2+2

15-1

4 6 8

T+1

1442

0+0

1-1

4 6 8
1+2

0+0

3+1

15-2

13 6 8
25+0
1376=1
1512~4
14583333+0
2292=2
1545

1545

4+3

2628=1
18841
52354
5235=4
25~-2

Figure B-2. - Concluded.
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Figure B-3.- Pertinent S-C 4020 output for sample run one.

88

] L. L €. 8. 19. 12, 4. 16, 8. to. B ¢

{8



‘NASA-S-68-3080

50
40
= 20
1
£
<
o
° 10 7 \
0 8
= \
x 6 [ /
x . -1 / 8
SiEl /
L / [
& Z---Thi__»s_,_point was obtained
2 from sample run one.
1 i
A 2 4 .6 .8 1 2 4 6 810

T, 1.rad/sec

Figure B-4. - Structural yaw frequency response of the vehicle.
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Figure B-5.- Pertinent S-C 4020 output for sample run two.
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Figure B-6. - Structural pitch frequency response of the vehicle.
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Figure B-8. - Structural roll frequency response of the vehicle.
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Figure B-10.- Pertinent S-C 4020 graphical output for sample run four,
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CABLE CONNECTED SPACE STATION DYNAMICS

WEIGHT OF BODY 1

39285 LB.

17935 LB.

WEIGHT OF BODY 2
INITIAL SPIN SPEED = 22.92 DEG;/SECQ
iNITIAL DISTANCE BETWEEN BODY c.G.'S= 137.6 FT.
CABLE ELASTICITY = 14583300 PSI

TOTAL CABLE AREA = 0.1512 SQ. IN.

Figure B-11. - Typical S-C 4020 motion picture output for sample run four.
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TORGUE ABOUT &, = 333 SINCO.253 T) FT.-LB.
TORGUE ABOUT J; = 125000 SINC0.25 TJ) FT.-LB.
TORGUE ABOUT 1 125000 SINC0.25 T) FT.-LB.

Figure B-11. - Continued.

107



108

Figure B-11. - Continued.
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