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FOREWORD

This report presents the results of work performed by Northrop Services,

R el e

Inc., Huntsville, Alabama in response to the requirements of Contract NAS8-
.29627 released from the Systems Dynamics Laboratory, Marshall Space Flight
Center, Huntsville, Alabama. Technical coordination was maintained through
d Mr. Mario H. Rheinfurth (S&E-ED15).

e W e

i1




TR-1378

ABSTRACT

This report documents the digital program, 2BODY, which simulates the
translational «nd rotational motion of two connected rigid bodies and provides
both digital and plot output. Relative rotation of the bodies at the connec-
tion is allowed, thereby providing a model suitable for studying system sta-
bility and response during a soft-dock regime. This document is to serve
both as a users manual for the program as well as to provide all the details
and background pertaining to the equations of motion and mathematical models,

integration scheme, and input/output routines.
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F, F1(3),F2(3)

G GAIN
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DEFINITION
Joint constraint force damping
coefficient

Joint alignment torque damping
coefficient

Joint or connection vector

Time rate of change of d

Position vector from the body center of
mass to the joint for body 1, 2

Total external force acting on bedy 1,
2 (including Ec)

Joint constraint force

Despin torque coefficient or gain

Principal moments of inertia of
body 1, 2

Joint constraint force spring or flexi~
bility coefficient

Joint alignment torque spring or flexi-
bility coefficient

Total external torque acting on body 1,
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Joint alignment torque
Joint constraint torque
Despin torque

Mass of body 1,2
Quaternions of body 1,2

Position vector from the inertial frame
to the center of mass of body 1,2

Velocity of the center of mass of body
1,2 relative to inertial space
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TEXT FORTRAN
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DEFINITION
Acceleration of the center of mass of
body 1,2 relative to inertial space

Coordinate transformation matrix
resolving body 1,2 coordinates into

the inertial frame

Coordinate transformation matrix
resolving body 2 coordinates into the
body 1 frame

Despin torque limit

Exror vector based on angular misalign-
ment between the body X-axes

Time rate of change of v

Angular velocity of body 1, 2

vii
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Section |

INTRODUCTION

The program 2BODY simulates the translational and rotational motion of
two connected rigid bodies and provides digital output as well as graphical
display by either Stromberg Carlson 4020 or online printer plots. The two
bodies are assumed to be physically attached at a point; however, relative
rotation about this point is possible. 1In fact, body 2 can be spinning about
an axis in the proximity of the docking port axis. Such a vehicle model is
analogous to the soft-dock regime (where capture or initial latch has been
achieved, but final latch or hard dock has not) and can be used to study post-
docking stability and response. Program options relative to vehicle dynamics
include ideal attitude control of body 1, a joint or hinge alignment torque,

and a despin torque.

This document is to serve both as a users manual for the program as well
as to provide all the details and background on equations, models, and routines.
Section II covers the equations of motion, coordinate systems, and model for
the two-body system including the joint and associated constraint and alignment
torques. The despin torquer model and the ideal attitude control scheme for
body 1 are also discussed. Section III provides information on QAD2, an
executive type, variable step-size integration scheme and the required state
vector input. 1In Section IV, two extremely versatile, user-oriented input/
output routines are described, namely CREAD and CRITE. Allkof the parameters
required as input data are defined and discussed in Section V. This discussion
is broken down into the categories of program control, case control, vehicle
configuration and kinemgtics control, dynamics options cpntrol, and data

output control.

Section VI contains a few remarks of interest to the user concerning
program construction and improvements relative to data input that could be
made. For the user who will be making additions and/or changes to the program,
Section VII describes in detail the utility subroutines used in the program
along with subroutine dependence and Eransfer of variables among routines

i-1



either by argument list or labelled COMMON. Finally, Section VIII covers the

applicable program language and computer. Although the Appendixes are all
referenced in the body of this document, it might be mentioned that they con-
tain such information as functional flow charts of the main routines, a com-
plete program listing, and the input and output (printout and plots) for a
sample case.
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Section ||
VEHICLE DYNAMICS AND MODELS

2.1 2BODY MODEL AND COORDINATE SYSTEMS

The two coupled bodies are modeled as two separate rigid bodies
connected by a massless joint or hinge as illustrated in Figure 2-1. The
center of mass (CM) of each body is located relative to an inertial coordin-

ate system by 51 and 52. Although the simulation assumes that initially

(at time = 0), 51

vectors d; and d, locate the joint or hinge point of each body relative to

= 31 = 0, there is no loss of generality. The position

the center of mass.

INERTIAL
FRAME

Figure 2-1. TWO COUPLED RIGID BODIES INERTIALLY REFERENCED

The relationship between the inertial and body coordinate frames is

as follows:.

{x}I = il {x}'1
‘{x}I =T, {x}2

- -1 — T, - []
{x}1 =T 'rz{x}2 =T, T, {x}2 =T {x}2

The transformation Ti’ (i=1,2), is developed from 3-2-1 Euler angle sequence
going from the inertial to the body i reference frame.

2-1
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The translational and rotational equations of motion are given by
Ry =E/my
and 1=1,2

Ly ~uy +uwy x I cuy =1L

2.2 - JOINT MODEL/CONSTRAINT AND ALIGNMENT TORQUE

The joint connecting the two rigid bodies is treated as an ideal docking
mechanism during the soft dock regime (the bodies are physically attached,
but not yet hard docked (rigidly attached), angular motion can exist between
the two vehicles, and the target vehicle could be spinning about an axis

close to or coinciding with the docking port axis).

The connection or jcint is modeled as a massless spring and damper.

From Figure 2-2, it 1is seen that

INERTIAL
FRAME

Figure 2-2. TWO COUPLED RIGID BODIES WITH IDEAL JOINT

9.’3.2'.13.1+£ ‘Q]_

and

"Ry Rty xdytuy x4y

o .

vhere it is assumed that |d| << |d |, 1 = 1,2.
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Initially (at time = 0), however,
d=d=0

since the constraint relations

and
52’5.1""‘_“.1".‘.1.1"_“_’.2"22
are used. The joint structure provides a physical constraint force and

torque given by

Kd+cd

F
-
and

L d xF
- =" =

where K and C represent the structural flexibility and damping coefficients.
To damp the scissoring-type angular motion between the vehicles, an alignment

torque is provided, i.e., |

L, =K, v+C, V

—A A — A

where KA and CA are spring and damper coefficients and v is an error vector

based on the amount of angular misalignment between the docking port axes.

The program assumes the x-axes of the vehicles are to be aligned. Thus

where ij is the x-agis unit vector of body j, j = 1,2. Since
[ - = [T |qv [mt 9
T [12|32{k2] - [lelszlTj3

then v referenced to the body 1 coordinate frame is

0
= ' =< _T!
Vv ille T31,
[}
T

where the cross product matrix operator of a general vector
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A
A= A2
. A,
if formed by
0 -Aq
A=l s, 0
I |
Also, then
0
v = q-T3,
T

where the elements of y can easily be determined from

~

TR-1378

=T o, -, T

2 1

To determine values for K, and CA’ the alignment torque is assumed of

the form (also a typical rate-position feedback control law)

L=I6=-K, 8-C¢C, 6

A

where

I - an effective inertia of the sytem
8 - a relative angular displacement

6 - a relative angular rate.

Rearranging terms results in

. C
. A .
9+T—

K
A
6+T—e

0

which is recognized as the equation of motion for a linear harmonic oscillator

where

C

A
T—:zr;w

2-4
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and

¥a_ 2

T . :
Thus .

KA=Im2=4ﬂ21f2
and

CA =27 Tw=4r ICf
where

f - undamped natural frequency

z - non-dimensional damping factor.

The undamped natural frequency associated with alignment should usually
be chosen to be lower than the precessional frequency of the spinning body.
The effective inertia can be approximated by that of the reduced inertia of
the system, i.e., '

I, I

. -1 72
I—
Il + I2
where Ij 1s'the inertia of body j, j = 1,2. Appendix A provides a set of
graphs for selecting KA and CA on the basi: of I, 1, and ¢ where v = 1/f.

2.3 DESPIN TORQUER MODEL

When one body is spinning, a torquer is available for despinning. The
despin torque can be applied from either body (reflecting actual hardware
considerations), bﬁt such application is on only the x-axis. For high
relative spin rates, the despin torque is limited, providing a constant
output, whereas for low relative spin rates the torquer output is linear as

seen by the following equations and illustrated in Figure 2-3.

Lpx = senlugy = wy.) Tppy s ~Bw > wyy =y, > du

Lpx = Glug, =rugy) s AW < wy =gy < Aw

The despin torque may be either excluded from the simulation, turned on

at time = 0, or activated on an energy condition. The energy condition might
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* Lox

Tum

-Aw Aw

'

-+

Wax — “Wyix

T ~Tum

Figure 2-3. DESPIN TORQUER OUTPUT MODEL

be desirable if large initial misalignment conditions were used. Only after
a highly transient condition damped out would it be appropriate to despin.

24 BODY 1 ATTITUDE CONTROL v

If attitude control of body 1 (usually throught of as the chase vehicle,
whereas body 2 1s usually thought of as the target and possibly spinning vehicle)
is desired, an ideal control system is available. The angular rates of body 1
are continuously set to zero to maintain a fixed vehicle attitude; however, the

vehicle is still free to translate.

2-6
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' Section 11!

INTEGRATION SCHEME AND VARIABLES

The QAD2 integration routine employed uses a variable step-size scheme
based on a fourth order Merson's method requiring first order differential
equations (see reference 1). QAD2 is an executive routine and once called
remains in control, calling four user-supplied subroutines (VDYN, AUTO, OUT,
and TERM), until integration is complete (when the time reaches a specified
value). Provision is made for output at predetermined intervals as well as
the initial and final points.

VDYN supplies the differentiail equations expressing the rates of change
for the state vector (SV):

(&)
wy (3)
R, (3)

R, (3)
Q,(3)
w,(3)
R,(3)

[ Ry ]

Vehicle attitude is represented by Euler parameters, Qi(4), i=1,2, during

SV(26) =X

integration; however, input is in terms of Euler angles and output can be in
either or both. STEP handles the variable integration step size control
whereas TERM is presently a dummy routine. TERM can be used to provide
_ integratioh termination on conditions other than a maximum value of the

time. OUT takes the currently correct values of the time and the state vector

1. Crenshaw, J. W., "Modified Versions of QUAD2," Northrop Services, Inc.
Huntsville, Alabama, Interoffice Memorandum 69-7960-42, 28 May 1969.

3-1
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‘and calculates the desired output quantities. The data are then available

for either the digital printout routine (CRITE) or storage in an array for the

online printer or SC 4020 plot routines, or storage on tape for later SC 4020
plotting.
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Section 1V

INPUT/OUTPUT ROUTINES

, A data card input routine called CREAD is used (see reference 2). Usage
for each set of data to be read is CALL CREAD (DATA,N) which must be preceded
by either DIMENSION DATA(N) or COMMON/DATAL/DATA,... . No FORMAT statement is -
required (an obvious advantage to using CREAD). For each call to CREAD, the
data to be reéd must be separated by commas, but can continue onto additional
cards. The field can be variable and all blanks are ignored. CREAD does
require input variable data names (such as DATA) to be real; however, the
actual numbers punched on the data card for the variable can be either real
or integer (integer values being automatically converted to real) thereby
eliminating one type of input error. If integer input data is required, it
can be obtained from real data already read into the program by CREAD. This
is accomplished by a round-and-fix algorithm. An example of data card input
for a sample case is given in Appendix D which can be correlated to the calls
to CREAD in 2BODY (the main program) and subroutine START, both listed in
Appendix C.

A routine called CRITE is used for digital output (see reference 3).
The ‘routine provides a tabular format with up to ten columns of printout with
multiple rows available for each print cycle. In this manner, vectors may
be output in column form rather than in rows. In addition, any MxN (N<10)
matrix can alsc be output. Any desired six character name (heading) can be
printed at the top of each cclumn and page numbering of the digital output is

automatic.

Usage whenever output is to be printed is CALL CRITE (0,KHDR,NA,N,1,IENT)
which must be preceded by DIMENSION KHDR(N),NA(N) where
0 ~ the output array
KHDR ~ the header array

2. Crenshaw, J. W., "CREAD Input Routine," Northrop Interoffice Memorandum
69~-7960-76, 11 December 1963,

3. Crenshaw, J. W., "Output Routine CRITE," Northrop Memorandum.

4-1
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NA - a dimension array

IENT - a control integer,

An example which follows best explains the usage of CRITE and the relation-
shipgbetween 0, KHDR, and NA. The integer IENT must be set to 1 on the first
call to CRITE in order to initialize the paging logic. IENT is then set to

2 by CRITE and thereifter should not be altered. Example:

SUBROUTINE OUT

DIMENSION 0(17), Ql(4), ANG1(3), W1(3), R1(3), R2(3)
DIMENSION KHDR(5), NA(5)

DATA KHDR / ' TIME ',' Q1 ',' ANGL ',' W1 ','R1/R2 '/
DATA NA / 1, 4, 3,-3, 6/

o(1) TIME
0(2) = Q1(1)
0(3) = Q1(2)
0(4) = Q1(3)
0(5) = Q1(4)
0(6) = ANG1(1)
0(7) = ANG1(2)
0(8) = ANG1(3)
0(9) = W1(1)
0(10) = W1(2)
0(11) = W1(3)
0(12) = R1(1)
0(13) = RL(2)
0(14) = R1(3)
0(15) = R2(1)
0(16) = R2(2)
1 0(17) = R2(3)

CALL CRITE (0, KHDR, NA, 5, 1, IENT)

n v nw nnun

LT L T T |

results in:

PAGE 1

TIME qQl ANG1 R1/R2-

0(1) 0(2) 0(6) 0(12)

0(3) o(7) 0(13)

; 0(4) 0(8) 0(14)
i 0(5) 0(15)
0(16)

0(17)

(values of)
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It should be noted that the order of the variables followed in setting

up the output array O must be maintained when setting up the column headings
of KHDR. The sequence of integers making up NA corresponds to the dimension
or number of entries to be printed in each column. Thus one entry, 0(1l), is
printed in column 1, 4 lines or entries in column 2 for Q1 (0(2) through 0(5)),
and 3 entries in column 3 for ANGl (0(6) through 0(8)). The 3 entries for Wl
will be skipped as implied by the negative sign preceding the corresponding

3 of NA. Then 6 entries (3 for Rl and 3 for RZ, i.e. 0(12Z) through O0(17))

will be printed in column 4. An example of the resulting printout for another
sample case is given in Appendix D which can be correlated to the material

found in subroutine OUT listed in Appendix C.
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Section V

DESCRIPTION OF PARAMETERS

The following provides a description of the parameters required as input
data for'the 2BODY simulation. The sequence in which the data are to be
read is indicated in the comment card documentation in the MAIN program of the
2BODY listing (see Appendix C). In addition, reference can be made to the

sample case in Appendix D.

51 PROGRAM CONTROL
DT ..... Initial integration step size
TMAX ... Cutoff or terminal value of time
ISTEP .. Print occurs every ISTEP integration steps
PTIME .. Print occurs each PTIME interval of time

DT is not a critical parameter and is set under QAD2 initialization in
the main program. Either ISTEP or PTIME can be used to control output of
digital printout. ISTEP is useful when a wide range of frequencies occur,
since a good distribution of points is provided for plotting. The influence
of either ISTEP or PTIME is suppressed by using a value above the expected
or normal range thereby allowing the other of the two to predominate. Use

of ISTEP only is usually more efficient.

52 CASE CONTROL

CASES ... Number of cases to process

As long as CASES is equal to the actual number of cases of data to be
processed, the program will execute all the data and provide a normal exit.
If CASES is less than the actual number of cases for which data has been
submitted, only the number of cases indicated by CASES will be processed.
If CASES is larger than the number of cases to be run, all the data will be

executed and the program will error off while trying to read more data.

5-1
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5.3 VEHICLE CONFIGURATION AND KINEMATICS CONTROL
M1,M2 ... Mass of body 1,2

11,12 ... Principal moments of inertia of body 1,2
ANG1,ANG2 Attitude of body 1,2
W1l,W2 ... Angular velocity of body 1,2

D1,D2 ... Position vector from the body center of mass to the hinge
or joint for body 1,2

54 DYNAMICS OPTIONS CONTROL
ICTRL ... = 0,1 .. Body 1 ideal control is inactive, active

IALIGN .. = 0,1 .. X-axis alignment torque inactive, active

IDSPIN .. =0
=1
=2

IDTQRF ..

. Despin torque inactive
. Despin torque active at time = 0

. Despin torque activated on energy condition (the
value of the energy flag (EPS) is set in a DATA
statement of subroutine OUT)

1,2 .. Despin torque reference frame in body 1,2

KA ...... Alignment torque spring coefficient

CA ...... Alignment torque damping coefficient

GAIN .... Despin torque gain

TLIM .... Despin

55 DATA OUTPUT CONTROL

IPRNT ... =0

ITAPE ... =

IPLOT ... =

[
W N = O N K O K

B

torque limit

Digital printout is suppressed

Digital printout is requested

No output tape is created

A single precision output data tape is created
A double precision output data tape is created
Plot output 1s suppressed

Online printer plots are requested

. SC 4020 plots are requested

Both printer and 4020 plots are requested

When IPRNT = 1, specific data will be output by CRITE (see Section IV).
When ITAPE = 1 or 2, data to be stored on tape is determined by the variables

listed after the tape WRITE statement in subroutine OUT. For a double

5-2
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precision data tape, the variables to be listed are the elements of 0, the

double precision output array. For a single precision data tape, the vari-
ables to be listed are the elements of OP, the single precision version of
the O array. When IPLOT = 1, 2, or 3, then two data cards are required for
each plot requested. On the first card, the location or dimension number of
the variables in the OP array which are to be independent and dependent vari-
able respectively are listed in 2I5 format. The second card is to contain
the plot title in 18A4 format.
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Section VI
REMARKS

The program itself is constructed in a modular fashion and consequently
will easily yield to future additions and/or changes to more sophisticated math
models. Altiough the program has been cleaned up and streamlined whenever pos-
sible, there are still two items which could be changed adding a slight benefit
to the user. These include the means of data input relative to an energy level
that could be used to trigger the despin torquer and the alignment torque

spring and damper coefficients.

First, the energy threshold (EPS) on which the despin torque is activated
is input by a DATA statement in subroutine OUT. The need for such an input
could be eliminated by developing and incorporating into the simulation an
appropriate energy expression. Secondly, there is an alternative to determin-
ing the values of K, and C

A A
cards. If appropriate expressions were developed and included in the simula-

from the graphs of Appendix A-1 and inputing on

tion for the effective inertia I and the precessional frequency fp along with
the previously given equations for KA and CA’ then two different but more
desirable quantities could be input by cards. These would be the damping
factor, z, and the frequency ratio, fr’ between alignment and precession.
Generally it would be desirable to have an alignment frequency lower than the

precessional frequency.

6-1 .



TR-1378

NORTHROP SERVICES, INC.
Section VIl

SUBPROGRAMS REQUIRED/INTERRELATIONSHIP

A functional diagram indicating the overall logic flow in the simulation
along with a functional flow chart of the main routines of the simulation are
given in Appendix B. In the following, four tables are shown. Table 7-1 is
a matrix of routines indicating the dependence of a particular subroutine on
other subroutines. Table 7-2 lists the utility subroutines giving the name,
mathematical operation, usage, and dimensioning whereas Table 7-3 lists the
Univac 1108 System Routines that are used in the program. Finally, Table 7-4
lists the main routines of the 2BODY program showing both the usage and the

transfer of variables either through an argument list or labelled TOMMON.



L

Table 7-1. SUBROUTINE DEPENDENCE
ZE3RS
1108 SYSTEM ROUTINES UTILITY SUBROUTINES PROGRAM SUBROUTINES 5§§§§
—AMmMmm>x
1 mwm j=]
SEEEEEESSEREAE23¢3F20425878558802:828 sat
= Z 232 . o 3 — ST =0 4 m o <U’r€g5
-— |
> < > | 280DY
> >< < DOCK
GRAPH1
> GRAPHZ*
>< > > > ouT
> > < > QAD2
< >< =< =< > < START
STEP
= > =< VDYN
TWST
>< > ULR1
ULR2
ULR6
VMAGN

GRAPHZ also requires the following 5

3
[

2020 plol routines:

IDENT, GRIDIV, PRINTV, QUIK3V,
QUIK3L, and ENDJOE.

"3N) ‘S3DNAUIS JOMHINON
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Table 7-2. UTILITY SUBROUTINES
NAME OPERATION USAGE/DIMENSION
CMOD Replaces library modulo function Z = CMOD(X,Y)
(Z =X - Y INT(X/Y)}
CROSS Vector cross product CALL CROSS(A,B,C)
=AxB A(3), B(3), C(3)
MPRD Matrix product CALL MPRD(A,B,C,L,M,N)
= AB A(L,M), B(M,N), C(L,N)
TPRD Transpose matrix product CALL TPRD(A,B,C,L,M,N)
C=AT3B AL,M), B(L,N), C(M.N)
SUBV Vector subtraction CALL SUBV(A,B,C)
C=A-8B A(3), B(3), C(3)
TWST Develops a rotation matrix T for a CALL TWST(THETA,T,N)
single rotation of THETA radians T(3,3)
about the N-axis measured from the >
unprimed frame, i.e., x = Tx'
ULR1 Develops a rotation matrix T for an CALL ULR1(Q,T,L,M,N)
L-M-N Euler rotation sequence for 0(3), T(3,3)
angles Q(1), Q(2), and Q(3) respec- SRS ’
tively with Q(1) measured from the
unprimed frame, i.e.,
= (011 [0(2) a3 Ty = Tx°
ULR2 Generates the Euler angles Q(1), CALL ULR2(T,Q,L,M,N)
Q(2), and Q(3) from a rotation (3,3), Q(3)
matrix T for an L-M-N Euler rotation >
sequence and Q(1) measured from the
unprimed frame, i.e., x = Tx',
(inverse of ULR1)
ULRS. Develops a rotation matrix T from CALL ULR5(Z,T)
Euler parameters Z 2(4), T(3,3)
ULR6 Develops Euler parameters Z from a CALL ULR6(T,Z)
rotation matrix T 1(3,3), Z(4)
VMAGN | N-dimensional vector inagnitude VMAGN (A,N)
- 2 2 2
|A|-/A] " A(N)

7-3
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Table 7-3. UNIVAC 1108 SYSTEM ROUTINES

NAME OPERATION VSAGE

DACOS Double precision arc cosine DACOS(X)
cos™! (X)

DASIN Double precision arc sine DASIN(X)
sin”! (X)

DATAN2 Double precision arc tangent DATAN2 (X,Y)

of a ratio (X/Y)

tan'](X/Y)

CoS Double precision cosine DCOS(X)
cos (X)

DSIN Double precision sine DSIN(X)
sin (X)

DSQRT Double precision square root DSQRT(X)
Jd X

DTAN Double precision tangent DTAN(X)
tan (X)

7-4
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Table 7-4.

TRANSFER OF VARIABLES AMONG ROUTINES

ROUTINE (USAGE)

LABELLED COMMON

VEH/MT,11(3),M2,12(3)
VDYN1/W1(3),W2(3),T1(3,3)72(3,3),D(3),00(3)
VDYN2/R1(3),R1D(3),R2(3),x2D(3)
DOCK1/F1(3),F11(3),TQ1(3),2(3),F21(3),TQ2(3}
DOCK2/NU1(3),NUD1(3),TP(3,3)
FLAGS/ICTRL,IALIGN,ITQON,IDTQRF
OUTPUT/IPRNT,ITAPE,IPLOT

PLOT/NPP, INUSE(MV) ,GDATA(MPP ,MV)

INPUT OUTPUT
1|
2B0DY (MAIN PROGRAM) NTGRAT/TMAX,ISTEP,PTIME None
{2 |
CALL START{SV,K) None ALGNTQ/KA,CA
: : DSPNTQ/GAIN,TLIM
p/D1(3),D02(3)
FLAGS/ICTRL ,IALIGN,ITQON,IDTQRF
NTGRAT/TMAX, ISTEP ,PTIME
OUTPUT/TPRNT ,ITAPE,IPLOT
PLOT/NPP, INUSE(MV) ,GDATA (MPP ,MV)
VEH/M1,11(3),M2,12(3)
| 3 |
CALL QAD2(T,SV,26,KEY,DT,TMAX,ISTEP ,PTIME None None
VDYN,ST:{,O%;’T;EM)
g (SUBROUTINES)
4 |
CALL QUT(T,SV,d) ALGHTQ/KA,CA None

HEN

CALL VDYN(T,SV,SVD)

VEH/MT,11(3),M2,12(3)

D/D1{2),D2(3)
DOCK1/F3(3),F11(3),TQ1(3),F2(3),F21(3),Tq2(3}
FLAGS/ICTRL, IALIGN,1TQON, IDTQRF

VDYN1/WI(3),W2(3),T1(3,3),T2(3,3),0(3),DD(3)
VDYN2/R1(3),R1D(3),R2(3),R2D(3)

*‘ONI ‘S3JIAYIS JOUHINON

SLET-YL
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Table 7-4.

TRANSFER OF VARIABLES AMONG ROUTIN

IES (Concluded)

ROUTINE (USAGE)

LABELLED COMMON

CALL ROTB(SV(J),iK,TQK,SVD(J))

6ddd

CALL for bady 1@ Jd=1, K=1
CALL for hody 2: J=14, K=2

INPUT ouTPUT
6 |
CALL DOCK ALGNTQ/KA,CA DOCK1/F1(3),F11(3),TQ1(3),F2(3),F21(3),TQ2(3)
DSPNTQ/GAIN,TLIM DOCK2/NUT(3),NUD1(3),TP(3,3)
D/D1(3),02(3)
FLAGS/ICTRL,IALIGN,ITQON, IDTQRF
VDYNT/W1(3),W2(3),T1(3,3),72(3,3),D(3),0D(3)
7 | '
‘. CALL XLB(SV(Jd),M1,FKI,SVD{L)) None Notie
<%> ‘
CALL for body 1: J=11, K=1, L=8
CALL for body 2: J=24, K=2, L=21
L& |
None None

"N ‘S3JIAUIS JOUHIHUON
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NORTHROP SERVICES, INC. TR-1378

Section VIl

LANGUAGE/MACHINE

The 2BODY digital simulation program, a complete liscing of which is given
in Appendix C, is written in Fortran for the Univac 1108, The program is in-

double precision throughout except for the online and SC4020 plot routines.
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Appendix A

GRAPHS OF Ko AND Cp FOR I, 7, AND ¢
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«)
K Cp= ardtl
20 7= 20SEC
$=2
15K
1
Ca
10%4
707
.A/
.4
5K
2
° T ' T T
0 10,000 20,000 30,000
I
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|
20K
Cp=4n $e1
7= 30 SEC
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20X
15K c =angtl
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5,000 —

cA=47r§'n

‘4'000 - T =150 SEC
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1,000-{
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4,000 —

cA-Anfu

T = 250 SEC
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Appendix B

PROGRAM STRUCTURE/FUNCTIONAL FLOW CHART
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BODY
{MAIN)

2B0DY SIMULATION

CREAD
PLOT
DATA
PRINT
-
»>
{ENTAY 1)
-
-
PUT
b 5./ OATa
PRINT
SYART
-
>
{ENTAY 2} i
. SC 4020
T PLOTS
TAPE
WRITE
TERM
-
>
,._____7
»- poek /
VOYN
QAD2
[ T —
<
B v
-

GSTOR

PRINTER
PLOTS
S|
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2BODY
(MAIN PROGRAM)

COMMENT CARD DOCUMENTATION

® DESCRIPTION OF PROGRAM PURPOSE AND OPTIONS
® DEFINITIONS OF INPUT DATA

® INSTRUCTIONS FOR CA R DATA INPUT

14

5

READ NUMBER OF
CASES TO PROCESS

to initialize state vector
‘ / CALL START input for QAD2 and provide
digital output of input data,

KEY =1
T=0
DT =1

CALL QAD2 {executive integration routine)

CALL START (to provide plot or tape autput)

{QAD2 Initialization)

PROCESS
ANOTHER
CASE?

YES
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START
(PROGRAM INITIALIZATION)

SPECIFY MAXIMUM ALLOWABLE NUMBER OF
PLOTS, PLOT POINTS, AND VARIABLES

MP = 35

MPP = 200

MV = 30

PROVIDE PLOT OUTPUT

CALL GRAPHY
{for printer plots)
AND/OR

CALL GRAPH2
{tor SC 4020 plots)

SECOND

FIRST

READ CARD INPUT DATA AND
PERFORM APPROPRIATE PROGRAM
CONTROL INITIALIZATION RETURN

SPECIFY INERTIAL COORDINATE ORIGIN AT CM OF BODY 1
By=8,=0

CALCULATE INERTIAL POSITION AND RATE OF BODY 2

Rp=Ry+Tydy-Tody

Ay = Ry+ Tl xdy)- ¥olos, xdy)

SET UPSTATE VECTOR
SVI26) = Q,(4), ({3}, R, (3), R, {3, ,(4), ¢, (3), Ry13), R,(3}

!

WRITE OUT INPUT DATA AND INITIALIZATION

RETURN.

B4
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VDYN
(VEHICLE DYNAMICS)

DUMP STATE VECTOR TO GET:
Wye Bye By Wy Ry, and Ry

9=By-By+Tpd-T1

4= Ry Ry + Tyled, xdy) - T, {wy xdy)

CALCULATE INERTIAL POSITION AND RATE OF CONNECTION VECTOR

{to get é1 and '_F‘h)

{10 gez joint constraint, alignment, and despin torque)

SETQ, =, =0

{to get é! and QI)

CALL xLB {to gat R, and R,)

CALL ROTS (o get Q,, snd )

RETURN



TR-1378

NORTHROP SERVICES, INC.

DOCK
(JOINT DYNAMICS)

CALCULATE JOINT CONSTRAINT FORCE AND TORQUE
Fqa=Kd+Cd

Fe2=Fa

Laa=dy 2Ty Fy

Lia=daxTy Fop

CALCULATE X-AXES MISALIGNMENT ERROR PARAMETER AND RATE

0 0
Vp={T31 } » V1= | Tazgy* T Wx Ta2%%2- Ty
T21 T'22Waz * T'3q Wyx - T3tz - T4 W2

IS
ALIGNMENT TORQU
ACTIVE?

CALCULATE ALIGNMENT TORQUE

Lai=Kal1*tCaly
c Ky TT 1y Cp TTH
Laz=-KaT 2y -CaT 1y

1S
DESPIN TORQUE
ACTIVE?

NO
RETURN

YES

B=6
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BODY IS DESPIN
YORQUE APPLIED?

80DY 1 BODY 2
(Calculate daspin torque}

L

ox "™ GAINIT Ly - (:_)‘)x

T
Lpx ™ GAINI, - 77 wyly

py *Lpz "0

NO

YES

{Limit despin torque if necessary} Loy ™0 {Lpyt TLIM

ON WHICH BODY I8
DESPIN TORQUE APPLIED?

{Resolve ED into body ¥

and boidy 2 frivines) .‘:Dl LR M E‘.D

T
=Ty

CALCULATE TOTAL TORGUE
oy =Ly thar iy

T, Lot ban *boz

B-7
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XL8
(TRANSLATIONAL EQUATIONS)

CALCULATE
‘éi =fi/mi, i=lor2

SET UP PART OF STATE VECTOR RATE OF CHANGE
SVD(8-13) = K,(3), R,(3), i=1

or
SVD(21-26) = R,(3), R,(3),i =2

RETURN
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ROT8
(ROTATIONAL EQUATIONS)

* CALCULATE

. -3
Qi'%QiQJi, i=1or2

i,
c.m Q4 03 qf2) w1
@} =% | o3 oqta g w(2)
a3 a2 o gl | L w®
L | ~
W= 1T, - W, 1 wi)
i,
Q) [T;{1) + {1;(2) - ;(3)) wif2) (311 /1,11
@2) } = {Tey2) + (13) - 1,10 @ 3) axinl/ig2)
Ga(3) (70,(3) + (1,01) - 1,62)) (1) @, (201/1,(3)

SET UP PART OF THE STATE VECTOR RATE OF CHANGE

SVD(1-7) = &,(4), G1(3), i=1
or
SVDI14-20) = Q,(4), C(3), i =2

RETURN

B-9
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ouT

' (PERIPHERAL DYNAMICS/DIGITAL OUTPUT)

o) =T {Store current value of
T in output array 0)

{To collect current variables
related to vehicle dynamics)

ANG, ANGT, ANG2 -

HpHy [Hy iy~

Hyp Hap B | H] -

ASNU -

€, Ep EyE -

CALCULATE PERIPHERAL DYNAMICS

Euler angles for 8 3—2-1 rotation sequence going from
body 1 to body 2, inertial frame to body 1, and inertial
frame to body 2 respuctively.

Angular momantum of body i sbout its CM, i = 1,2; also
the magnitudes

H=Ly

i=12
s fnZinZon?
[wf = Vu2+nd+n?

Angul of body i ralative to inertial frame;
also the total system inertia refative to inertial frame
and its maghitude

Hyy =T+ mylR; x R)

H=Hy +Hy,y

[H]= 2 en2en?

X-axes misalignment angle
ASNU = sin i}

Energy of body 1, body 2, and alignment mechanisim
vespactively; also total energy

2 R
E=nL & . =12
Ea=%KAv2
ExE +E,+E,

SET UP OUTPUT ARRAY FOR DIGITAL OUTPUT AND PLOTTING

0(2-77) = 8V(26) ANG(3), ANG1(3), ANG2(3),
H1(3), H2(3), H{3), ASNU, ET, E2,
€3, £, ate,

y

B-10
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IS DIGITAL
OQUTPUT TO BE
SUPPRESSED?

YES

(For digital output}

IS DATA TAPE
TO BE CREATED?

NO

WRITE TAPE

IS PLOT DATA

T 2€ STORED?

/ CALL GSTOR ;

\

‘ RETURN ’

B-11
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PROGRAM LISTING
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*%a

PROGRAM eeee

OPTIONS seee

CASES es0ese
M1sM2 s000ee
11612 seceee
AMGL o AMG2 oo
WleW2 seeeee
D19D2 escnee
ICTRL seseee
TALIGN oeseoe
IDSPIMN s0000

IDTQRF eseee
KA sses0seee
CA se0essenne
GAIN seosoes
TLIM se00ese
TMAX eo0eees
ISTEP seceee
PTIME sceeee
IPRNT eeseee

ITAPE esecee

IPLOT [N N ]

O scececcstcse
OP eesescnee
MP sgecncees
MPP osse00000
MV se000000e

2=-=BODY SIMULATTION ol

SIMULATES THE TRANSLATIONAL AND ROTATIONAL MOTION

OF TWO CONNECTED RIGID BODIES

1) IDEAL ATTITUDE CONTROL OF BODY 1

2) JOINT ALIGNMENT TORQUE

3) DESPIN TORQUE (FOR ONE BODY SPINNING)

4) QUTPUT BY DIGITAL PRINTOUT OR TAPE

5) GRAPHICAL DISPLAY BY ON=LINE PRINTER OR SC 4020
PLOTS

#% DEFINITIONS ##

NUMBER OF CASES

MASS OF BODY 142

PRINCIPAL MOMENTS OF INERTIA OF BODY 142
ATTITUDE OF BODY 192

ANGULAR VELOCITY OF BODY 192

HINGE OR JOINT POSITION VECTOR IN BODY 142

=0s] «= BODY 1 IDEAL ATTITUDE CONTROL INACTIVE»ACTIVE

209] == X=AXIS ALIGNMENT TORQUE INACTIVE, ACTIVE
=0 =~ DESPIN TORQUE INACTIVE

=] == DESPIN TORQUE ACTIVE AT TIME=O

=2 =« DESPIN TORQUE ACTIVATED ON ENERGY CONDITION
=192 == DESPIN TORQUE REFERENCE FRAME IN BODY 142
ALIGNMENT TORQUE SPRING COEFFICIENT

ALIGNMENT TORQUE DAMPING COEFFICIENT

DESPIN TORQUE GAIN

DESPIN TORQUE LIMIT

CUTOFF OR TERMINAL VALUE OF TIME

OUTPUT PRINT OCCURS EVERY 'ISTEP!' INTEGRATION STEP
QUTPUT PRINT OCCURS EACH 'PTIME! INTERVAL OF TIME
=0 == NO DIGITAL PRINTOUT

=] == DIGITAL PRINTOUT

=0 == NO OUTPUT DATA TAPE

=] == SINGLE PRECISION OUTPUT DATA TAPE

=2 == DOUBLE PRECISION OUTPUT DATA TAPE

20 == NO PLOT QUTPUT

=1 == PRINTER PLOTS

=2 == SC 4020 PLOTS

23 == BOTH PRINTER AND SC 4020 PLOTS

DOUBLE PRECISION OUTPUT DATA ARRAY

SINGLE PRECISION OUTPUT DATA ARRAY
DIMENSION FOR MAXIMUM NUMBER OF PLOTS
DIMENSION FOR MAXIMUM NUMBER OF PLOT POINTS
DIMENSION FOR MAXIMUM NUMBER OF VARIABLES

#u% MPyeMPPIMV ARE SET BY PARAMETER STATEMENTS

IN BOTH SUBROUTINE START AND OQUT ###x
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#% CARD DATA INPUT #*
CATA CARD PARAMETERS FORMAT
1 CASES
2 M1oIl(3)sANGL(3)eW1l(3)eD1(3) 'CREAD!
3 M2+12(3)9ANG2(3)9W2(3)9+D2(3) {(REAL OR INTEGER
4 ICTRLIALIGNSIDSPINy IDTQRF DATA SEPARATED
5 KA»CA BY COMMA!'S)
6 GAINsTLIM
7 TMAX s ISTEPSPTIME
8 IPRNT s ITAPESIPLOT
99110000 OP( )sOP( ) 215
109124000 'PLOT TITLE! 18A4

* 3

* %%

#x# FOR EACH CASE)

IMPLICIT DOUBLE PRECISION (A=Hs0=2)
DIMENSION SV(156)

COMMON /NTGRAT/ TMAXsISTEPSPTIME
EXTERNAL VDYNsSTEPSOUT»TERM

DATA ICASE /0/
INTGR(X)=2X+0e5

READ NUMBER OF CASES

CALL CREAD (CASES»1)
NOC=INTGR(CASES)

Ksl

CALL START (SVsK)

QAD2 INITIALIZATION

KEY=1
T=0600
DT=41D0

REPEAT CARDS 2 THRU 8 PLUS 99109119120000 #*¥%

CALL QADZ(T’SV’26’KEYODT’TMAXOXSTEPOPTIMEOVDYNOSTEPOOUTOTERM)
T « INDEPENDENT VARIABLE
DT = INITIAL INTEGRATION STEP SIZE (NOT CRITICAL)

SV = STATE VECTOR ARRAY DIMENSIONED 6N

‘THE FIRST N ELEMENTS CONTAIN THE INDEPENDENY VARIABLES

K=2

CALL START (SVsK)

ICASE=[CASE+1

IF (ICASE+LTeNOC) GO TO 1

END
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C %%

101

SUBROUTINE

IMPLICIT DOUBLE PRECISION

DOUBLE PRE

TR-1378

START (SVyK)

(A=H,0=2)
CISION KA

DOUBLE PRECISION M1lsI19M2,12

OPARAMETER
PARAMETER
PARAMETER
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/D/
INT

MP=35

MPP=200

MV=30

ANGL(3) sW1(3)sANG2(3)sW2(3)

D11(3)9D21(3)

DYNOPT (4)

OUTPUT(3)

PFLAG(2)

R1(3)sR1D(3) yR2(3)sR2D(3)

SV(26)

T1(393)972(343)

TIME(3)

VEH1(13) ¢VEH2(13)

WIXD(3) sWIXDI(3) sW2XD(3) 9W2XDI(3)

IGVAR(MP#2) s GMULT (2+MP ) s GSCAL (4 9MP) » ISQUA (MP) sROWS (MP } &
COLS(MP) yGNAME( 18 9MP) s ISCAL (MP) s ISORT (MP) ¢ XY (MPP 42)

/ALGNTQ/ KAsCA
/DSPNTQ/ GAINSTLIM

D1(3)4D2(3)

/FLAGS/ ICTRLsIALIGNsITQONs IDTQRF

GRAT/ TMAXsISTEPsPTIME

/0UTPUT/ IPRNTITAPESIPLOT
/PLOT/ NPPsINUSE(MV)sGDATA(MPP sMV)
/NEH/ M1e11(3)eM2912(3)

DATA NRoNW /54¢6/

DATA IT /0

DATA PFLAG /!

DATA I8BLAN

/
NO Yo' YES ¢/

KeIHITs IDASHeII /1H slH®elH=y1H1/

INTGR(X)=X+0e5

GO TO (101

READ INPUT

1102) K
DATA

CALL CREAD (VEH1913)
CALL CREAD (VEH2,13)

MlsVEH1(1)
M2sVEH2(1)
DO 1 I=1,3
I11(1)=VEH]
I12(1)=VEH?2
ANGLl(])=sVE

(I+1)
(1+1)
H1(1+4)

ANG2(1)=VEH2(1+4)

W1l(I)=VEH1
W2 (l)sVEH2
D1(I)=VEH]
D2(1)=VEH2

(1+7)
(1+T7)
(I1+10)
{1+10)

CALL CREAD (DYNOPTs4)

ICTRL = IN

TGR(DYNOPT(1))
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C
C wwn
C
2
3
4
5
6
C
C wan
C
2
8
C
C wxw
C

TR-1378

IALIGN = INTGR(DYNOPT(2))
IDSPIN = INTGR(DYNORPT(3))
IDTQRF = INTGR(DYNOPT(4))

CALL CREAD (KA»2)

CALL
CALL

CREAD (GAINs2)
CREAD (TIMEs3)

TMAXeTIME(1)
ISTEP=INTGR(TIME(2))
PTIME=sTIME(3)

CALL

CREAD (OUTPUT3)

IPRNT = INTGR{OUTPUT(1))
ITAPE = INTGR(OUTPUT(2))
))

- IPLOT = INTGR(OUTPUT(3

INITIALIZATION

NPP=O

IF (ICTRL4EQe0Q) GO TO 3

DO 2

I=142

W1l(l)=0,D0
PCTRL=PFLAG(2)

GO 70 4

PCTRL=PFLAG(1)

1F (1ALIGN«EQeO) GO TO 5
PALIGM=PFLAG(2)

GO TO 6 .
PALIGN=PFLAG(1)
ITQON=IDSP IN+]
IPLOT=IPLOT+]
ITAPE=ITAPE+]

IF (ITAPELEQel) GO TO 7
IF (1TeFEQel) GO TO 7
REWIND 8

1T=]

INERTIAL COORDINATE ORIGIN LOCATED AT CM OF BODY 1

DO 8

I=1,43

R1(1)=0600
R1D(1)=04D0

CALCULATE INERTIAL POSITION (R2) AND RATE (R2D)

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

ULRY1 (ANGlsT1934291)

ULR1 (ANG29T2539251)

MPRD (T1sD1sD11934341)
MPRD (T2+D29D21+343,41)
CROSS (W1lsD1lewWlXD)

CROSS (W2+D2sW2XD)

MPRD (T1leWlXDeW1XDIs39351)
MPRD (T2eW2XDeW2XD19393,51)

c-5
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DO 9 Is193

R2(I)=R1(I1)+D1I(I)=D21(T)
9 R2D(I)=RID(I)+WLIXDI(I)=W2XDI(])

#ue SET UP STATE VECTOR»
CALL ULRS (T1lsSV)
CALL ULRS (T24SVI(14))
DO 10 I=1,3

SVII+4 )=W1l(])

SV(I+7 )=R1(1I)
SV(I+10)=R1D(1)
SV(I+17)=swW2(})
SV(1+20)=R2(1I)

10 SV(I+23)=R2D(1)

L 22

WRITE(NW»200)
200 FORMAT(1H1 924Xy ' %4

TWO=-80DY SIMULATION
A /elaXy'BODY 1
8

WRITE INPUT DATA AND INITIAL CONDITIONS

nunty///
(TUG) ' 926X *'BODY 2

/936Xs 'UNITS' /)

WRITE(NWs201)
201 FORMAT(1H #13Xs'M1
/eol4Xet 11X
/olaXetlly
ZelaXxet112
WRITE(NW»202)
202 FORMAT (1M #13Xs 'ANGLX
/7 ol4Xe VANGLY
/elaXs VANG12Z
/elaXe'W1X
/eleXe'Wly
/914Xe'W1Z
WRITE(NW»203)
203 FORMAT (1H 13Xe'D1X
T /el4aXetDlY
/eslaXetD12
WRITE(NW»204)
FORMAT (1H #13X»'R1X
: /914Xe'R1Y
/914X 'R12
/el4Xe 'R1IDX
/914X9'R1DY
/214X 'R1D2
WRITE(NWe205) PCTRL

C—TITOm mon

rx

204

DUVvOoZX

205 FORMAT(1HO o//919X et unu
2001039104

IF (IALIGN)
103 WRITE(NW»215) PALIGN
215 FORMAT(1H o

GO TO 105

MIoM2o(T2(I)s12(1)91=193)

(RI(I)sR2(I)91I=1,3)

toFBa30TX! hd

18Xyt uus

KG tellXe?M2
1911Xe'12X
YellXsetlI2Y

VollXe't'122

"oF8sleTXs!
ToFBels X!
" oFBaleTXe!
VoF8aleTXs!

KG=M2

YoF8e3e7Xs!
PoFB8s39TXs!
t9FBe3y9TX»!
"9FBe3y7Xs! TollXytW2X
YoFB8e3sTXe 'RAD/SECY»11Xs W2V
toFBeB3eTXs! 191iXe'W22Z

RAD

(DL(I)sD2(I)sI=1y3)

toFB8e397Xs!
' oFBe3sTXy! M
VoFBa3eTXe!

t911Xs'D2X
tellXetD2Y
YoiixXe'022
toFB8e3eTXy! 1911X,y'R2X
'911Xe'R2Y
'911Xe'R22
"511Xe'R2DX
"911X9'R2DY
'911Xe'R2DZ

"9FBaBeTXs!
toFB8e39TXs!
toFBe3yp7TXe'M/SEC
"9FBeReTXs!

SV(26) = (Q1(4)sW1(3)sR1(3)sR1ID(3)9Q2(4)0e0e)

(TARGET) s/

"sFBels/
"9FB8els
toFBaly
' 9F8els/)

(ANGL(T) 9oANG2(I)sI=193)s(W1(I)oW2(1)el=ly3)
tollXs ' ANG2X
Y911Xe 'ANG2Y
"911Xe'ANG22Z

'0F803¢
"9yFB8e3y
' 9F8e3y/
'9FB8e3
'9yFB8e3y
Y 9yFBe3s /)

'9FB8e3y
'9FB8e3
' yFBe39/)

2 (R1ID(I)eR2D(I)eI=1y3)

'0F8039
'sF8e3»
' 9FBe3y/
t9F8a3
'9FBe3y
"9FBe3s/)

IDEAL CONTROL ON BODY 1 see'sAb6s/)

ALIGNMENT TORQUE seceésccset?sAby/)

C-6
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104 WRITE(NWe225) PALIGNsKAsCA
225 FORMAT(1H » 18Xy ' #ux ALIGNMENT TORQUE seececsscee!sAb
R s 'WITH KA ='yF6409' AND CA ='9F740s/)
105 GO TO (1069107+108)41TQON
106 WRITE(NW»206)
206 FORMATI(1H o 18Xo'#u%x DESPIN TORQUE eeecescsssese NO'9//)
GO TO 11
107 WRITE(NW¢207) IDTQRFsGAINSTLIM
207 FORMAT(1H » 18Xsi#n® DESPIN TORQUE ecesecocsesses ACTIVE AT T=0!
S s! IN BODY!',12
T o' WITH GAIN ='9FB8409!' AND TLIM =1 4F4e0s//)
GO TO 11
108 WRITE(NW208) IDTQRFsGAINSTLIM
208 FORMAT(1H » 18Xyt un% DESPIN TORQUE eeeesceeecsses ACTIVATED ON !
U o "ENERGY CONDITION IN BODY',12
Vv o' WITH GAIN ='3F8,00' AND TLIM =t 4F4404//)
11 WRITE(NW213) TMAXSISTEPIPTIME
213 FORMAT (1HOD» 18Xyt u%x CUTOFF TIME oseese!'oFSelyt SECONDS?H,/
W /919Xt uun  OUTPUT PRINT TO OCCUR EVERY ! 915,
X ' INTEGRATION STEPS AND AT EACH'sFB8s19!' SECOND INTERVAL's//)
GO TO (124124109+109)IPLOT
109 WRITE(NW»209)
209 FORMAT(1MO 18Xyt #dn SC 4020 PLOTS REQUESTED!)
12 GO TO (15s13914)ITAPE
12 WRITE(NW»210) ~
210 FORMAT(1HO 18Xt #ux SINGLE PRECISION DATA TAPE REQUESTED!')
GO TO 15
14 WRITE(NWs211)
211 FORMAT (1HO» 18Xy tue DOUBLE PRECISION DATA TAPE REQUESTED!)
15 IF(IPRNTeFEQel) GO TO 16
- WRITE(Nws212)
212 FORMAT (1HO» 18Xy t%us DIGITAL PRINTOUT IS SUPPRESSED!)
16 IF (IPLOT4EQsl) GO TO 20
C
C ### READ AND WRITE PLOT INPUT DATA AND INITIALIZATION
C
CALL GSPEC (NRoNWeIGVARIGMULT sGSCALS ISQUAIROWS 9COLS +GNAME »
* ISCALVISORTsMPoNC)
CALL RFILT (NCo»IGVARIMPINUSEsMV)
GO TO 20
102 GO TO (19917s18s17)sIPLOT
C (FOR PRINTER PLOTS)
17 CALL GRAPHY (NCoNPPoIGVAR:GDATAIGMULT o XY sMPP oMP sMV/y
»* NWsGNAME s ISORT 2 ISCAL + GSCAL 9 ISQUASROWS»COLS »
»* IBLANKs IHITs IDASHSII)
GO TO (19s199s18018)sIPLOT
C (FOR SC 4020 PLOTS)
18 CALL GRAPH2 (NCsNPPoIGVARSGDATAICMULT o XY sMPP oMP oV
* GNAME » ISCALyGSCALWIHIT)
19 IF (ITAPELEQel) GO TO 20
END FILE 8
20 RETURN
END
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SUBROUTINE OUT(TsSVeJ)

IMPLICIT DOUBLE PRECISION

{A=HsO=2)

DOUBLE PRECISION KA
DOUBLE PRECISION M1sIleM2e12
DOUBLE PRECISION NUlsNUSQsNUD1sNUDSQ

REAL OP

PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

[H=19

10=77

MPe35

MPP=200

MV=30

ANG(3) 9ANGL1(3) s ANG2(3)
H1(3)eHYI(3)9oH2(3)eH2I(3)
H(3VoHT1(3)9eHT2(3)
NACIH) o KHDR(IH)
O(I0)s0OP(10)

RIXD(3) 4R2XD(3)

DIMENSION SV(26) sSVD(26)

COMMON /ALGNTQ/ KAsCA

COMMON /VEH/ M1e11(3)eM2912(3)

COMMON /VDYNL1/ W1(3)sW2(3)9T1(393)9T2(393),D(3)+0D(3)
COMMON /VDYN2/ R1(3)sR1ID(3)9R2(3)9R2ND(3)

COMMON /DNOCKL/ FLl(3)oF1I(3)1eTQL(3)eF2.3)4F21(3)4TQ2(3)
COMMON /DOCK2/ NUL(3)sNUD1(3)sTP(3,43)

COMMON /FLAGS/ ICTRLsIALIGNsITQON IDTQRF

COMMON /OUTPUT/ IPRNTsITAPE,IPLOT

COMMON /PLOT/ NPPsINUSE(MV) sGDATA(MPPMV)

DATA DPR/5742957795131D0/

DATA EPS /94D3/

DATA NA / loe=mb4s 3y 39=069=b4y 3y 39=69 Lo=b9=69=51 4y Gy Ly Ly=Z gm=b/
DATA KHDR /' TIME ty! Q1 'yt ANGL 'o' W1 'H'R1/RID'y!Y Q2 '
* ' ANG2 't W2 1 'RZ2/R2ZDVHYANG/NUYe!t D/DD YL tIFL1/F2 Y,
* 'TQLTQR219'H]Y TOT'y'H2 TOT ytH TOT ' 'F123T 'y CONE '
* txy12vz1/
C
C #%## PAGING LOGIC FOR CRITE
C
GO TO (1929202)0J
1 [ENT=1
GO TO 3
2 1ENT=2
C
3 0(l)=T
C

CALL VDYN(TsSVeSVD)
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C #na VDYN IN CONJUNCTION WITH DOCKs XL8s AND R0T8 HANDLES VEH. DYNAMICS
C #uw VDYN RETURNS SVD ARRAY FOR QlDsQ2DsW1DsW2DsRIDIRIDDWR2DR2DD
C
CALL ULR2 (TPyAMG939291)
CALL ULR2 (T19ANG19392y1)
CALL ULR2 (T2sAMNG2934291)
X1=DACOS(DCOS(ANG1 (1)) #DCOS(ANGL(2)))
X22DACOS (DCOS(ANG2(1) ) *DCOS(ANG2(2}))
DEL1=~DATAN2(DTAN(ANG1(2))»DSIN(ANGI(1
DEL2==DATAN2(DTAN(ANG2(2) ) 9DEIN(ANG2( ]
X1Y1=X1#DCOS(DEL])
X1Z1=X1#DSIN(DELL)
X2Y1=X2#DCOS(DEL2)
X221=X2#DSIN(DEL2)

»)
))

)
)

C w#% CALCULATE BODY 192 AND TOTAL ANGULAR MOMENTUM AND CONE ANGLES

DO &4 1=143
MI(I)=I1(I)®#wWi(I)
L& H2(T1)s12(1)#W2(1)
HIMAGEDSORT(H1{ 1) #HT(1)+H1(2)#H1(2)+H1(3)*H1{3))
H2MAG=DSQRT(H2 (1) #H2 (1) +H2 (2 ) #H2(2)+H2(3 ) #H2(3))
CALL MPRD (TloeHlsH1Is2393,1)
CALL MPRD (T2sH29H214393»1)
CALL CROSS (R1sR1DsRIXD)
CALL CROSS (R2sR2DsR2XD}
DO 6 1=1,43
M1T(D)=HIT (T (- -M1%#RIXD(I)
H2I(1)=H2T (1 »M2%¥R2XDI(1)
6 HITY=HIT(1)+H21(1)
HMAG=DSQRT (H{ 1) ¥H{1)+H(2) #H{2)+H{3)%H(3))
1F (DARS(HMAG)) BeB,e7
7 CALL TPRD (TleHsHT1e35351)
CALL TPRD (T2sHsMHT29343,41)
CONEL=NASIN(DSQRT(HTYI(2)*¥HTL(2)1+HT1{(3)%HT]

(3)) /HMAG)
CONE2=DASINI(DSQRT(HT2(2) #HT2(2)+HT2(3)#HT2(3))

/HMAG)
C
Coa% CALCULATION OF X=AXES MISALIGNMENT
C
8 NUSQsNUL(2)#NULI(2)+NUL(3) ¥NUL1(3)
NUDSQ=sNUDL1(2)#NUD1(2)+NUD1(3)%#NUD1(3)
ASNU=DASIN(DSQRT (NUSQ))
C
C ##% CALCULATE HINGESRIGID BODYs AND TOTAL ENERGY
C

51’0500*(!1(1)*W1(13*ﬁ2 + T1(2)%WL(2)1%%2 + T11(3inWl(3)n®2)
E2ze500% (T2(1) W2 (10 #%2 & 12(2)#W2(2)%#%#2 + 12(3)#W2(3)»x2)
FxFl+ED

IF (IALIGN«FQ.0) GO TO 9

E3= ¢500#KA#NUSQ

EsE+E?
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1S DESPIN TORQUE ON / ENERGY TEST

GO TO (11911510)sITQON
IF (EeGT4EPS) GO TO 11

ITQON=2

SET UP OUTPUT ARRAY FOR CRITE AND PLOTTING
NOTE THAT 0(1)=T AND O(I+1)=SVI(1)

DO 12 I=1l44
O(1+1)=SVI(I)
O(l+17)eSV(1+13)

DO 13 1I=1,3
O(1+5)=ANGL(1)*DPR
Ol1+8)=SV(1+4)
Oll+11)=sSV(I+T)
O(I+14)=S5V(1I+10}
O(1+21)=ANG2( 1) #DPR
O(1+424)aSV(1+17)
O(l+2T7 )8V (1+20)
0(1+30)=SV{1+23)
O(1+33)=ANG(1)*DPR
O(1+37)=D(1)
0(1+40)=DD( ]
Otl1+43)=F1(1
O(l+46)=F2(1
0{1+49)=TQ1(
0(1+52)=TQ2¢(
O(I+55)=H1(!
0(1+459)=H2 (1]
Oll+63)3H(])
CONT INUE
0(37)=ASNU%DPR
0(59)=HIMAG
0(63)=H2MAG
0(67)sHMAG
0(68)s=El
0(69)=E2
0(T70)=E3
0(71)=F
0(72)=CONE 1#DPR
0(73)=CONE2#DPR
O(T4)=X1Y1#DPR
0(7%5)sX1Z21%DPR
0(T76)sX2YI#DPR
0(77)8x221%#DPR

)
)
)
1)
)
)
)

Cc-10

FOR 121426

Ql
Q2

Wl
R1
R1D

W2
R2D
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IF (IPRNT.EQe0) GO TO 14
CALL CRITE (OsKHDRINA9IHs 19 IENT)
14 GO TO (18491591701 9ITAPE

C ### SINGLE PRECISION OUTPUT ARRAY (0) FQOR PLOT ARRAY (OP)

15 DO 16 I=1,10
16 OP(I1)=0(I)
WRITE(R) OP(1)
GO TO 18
17 WRITE (8) T
18 IF (IPLOT+EQel) GO TO 21
IF (NPPeGTeMPP) GO TO 21
IF (1TAPE.EQs2) GO TO 26
DO 19 I=1,1IC
19 OP(1)=0(1)
20 NPP=NPP+1
CALL GSTOR (NMPPsINUSEsOPs ICsGDATAIMPPIMV)
21 RETURN
END
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C
C #%n
<

2
C
C e
C
c
C #»n
C #4n
<

SUBROUTINE VDYN(TsSVeSVD)

IMPLICIT DOUBLE PRECISION (A=H40=2)

DOUBLE PRECISION M1seI114M2412

DIMENSION SV(26)9sSVD(26)

DIMENSION D11(3)sD21(3)

DIMENSION W1XD(3)oWIXDI(3)sW2XD(3)yW2XDI(3)

COMMON /VDYN1/ W1(3)sW2(3)sT1(3+3)9T2(393)sD(3)+0D(3)
COMMON /VDYN2/ R1(3)sR1D(3)4R2(3)sR2D(3)

COMMON /VEH/ M1e11(3)sM2412(3)

COMMON /D/ D1(3),D02(3) v

COMMON /DOCK1/ F1l(2)sF1l1(3)sTQL(3)sF2(3)4sF21(3),TQ2(3)
COMMON /FLAGS/ ICTRLeIALIGNsITQONs IDTQRF

DO 1 I=1,3 '

W1l(1)=SV(1+4)

RI(I)=sSVv(I+7)"

RI1D(1)=aSV(1+10)

W2(l)=SV(I+17)

R2(1)=Sv(1+20)

R2D(I)=SV(1423)

CALCULATE INERTIAL POSITION AND RATE OF CONNECTION VECTOR D

CALL ULR5 (SV(1)sT1)

CALL ULRS (SV(14),T2)

CALL MPRD (T1sD1+D11+34351)
CALL MPRD (T2+sD2+D219349341)
CALL CROSS (W1eD1sW1XD)

CALL CROSS (W29D29eW2XD)

CALL MORD (T1eWIXDeW1XD19392,41)
CALL MPRD (T2+W2XDeW2XDI9343,y1)
DO 2 I=143
D(I)=sR2(1I)=RI(II4+D21(1)=D1I(1)
DO(I)=R2D(I)=RID(I)+W2XDI (1 )=WIXDI(])

DOCK PROVIDES JOINT CONSTRAINTs ALIGNMENTs AND DESPIN TORQUES
CALL DOCK

XL8 SETS UP SVD ARRAY FOR R1DsR1DDsR2DsR2DD
ROT8 SETS UP'SVD ARRAY FOR QlDsQ2DsW1DsW2D

CALL XLB8 (SV(11)eM1eF1l1eSVD(8))
;F (ICTRLeEQeQ) GO TO 4

DO 3 lel,?

SVD(1)=0,D0O

GO TO 5

CALL ROTBISV(1)elleTQLeSVDI(1))
CALL XLB (SV{(24)eM24F21,8VD(21
CALL ROTB(SV(14)912+TC2sSVD(14
RETURN

END

))
))

C-12



NnNNONO

(aXaNa)

NN 0N

NORTHROP SERVICES, INC.

L2 L

9% % %

Yy

2

TR-1378

SUBROUTINE DOCK

IMPLICIT DOUBLE PRECISICN (A=MHy0=2)

DOUBLE PRFCISION KyKA

DOUBLE PRFCISION NUlsNU2sNUD1#NUD2

DIMENSION DTQ(3)

DIMENSION NU2(3)sNUD2(3)

DIMENSION TEMP(3)

COMMON /ALGNTQ/ KAsCA

COMMON /DSPNTQ/ GAINsTLIM

COMMON /D/ D1(3)+D2(3) :

COMMON /DOCKL1/ Fl(2)4F11(3)+TQL(3)sF2(3)9F2I(3)eTQ2(3)
COMMON /DOCK2/ NU1l(3)eNUD1(3)sTP(3+3)

COMMON /FLAGS/ ICTRLIALIGN»ITQONsIDTQRF

COMMON /VDYN1/ W1(3)sW2(3)sT1(393)sT2(393)+D(3)+DD(3)
DATA KoC /4412D392491D2/

CALCULATE JOINT CONSTRAINT FORCE AND TORQUE

DO 1 I=l,3
FLI(T)=K#D(1)+C#DD(I)
F21(1)==F11(1)

CALL TPRD (T1sFl1sFle393y1)
CALL TPRRD (T29F214F29393,1)
CALL CROSS (D1sF1,yTQ1)

CALL CROSS (D2+F2+7Q2)

CALCULATE X=AXES MISALIGNMENT ERROR PARAMETER AND RATE

CALL TPRD (T19T2sTP939343)

NU1(1)=20,D0 .

NU1(2)==TP(2,1)

NUL(3)=TP(2s1)

NUD1(1)=0,D0

NUDL1(2)sTP (393)#W2(2)+TP(2s1)%Wl(1)=TO(392)%v2(3)=TP (1

e l)%Wl(2)

NUDY(2)=TP(2+2)#W2(3)+TP (391 )¥W1(1)=TP(293)%W2(2)=TO(1e1)%#W1(3)

IF (IALIGNGEQ.O) GO TO 3
CALCULATE ALIGNMENT TORQUE

CALL TPRD (TPsNU1NU29393s1)

CALL TORD (TPsNUD1sNUD2+3s3,41)

D0 2 1I=1,3
TOI(I)=TQL(I)+KA%XNUL(TI)I+CARNUDI(1)
TE2(I)=TQ2( 1) =KA#NU2(1)I=CAXNUD2(])

C-13
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3 GO TO (11+4911)91TQON
C ### CALCULATE DESPIN TORQUE IN BODY 1 OR 2 REFERENCE FRAME

4 IF (IDTQRF4EQel) GO TO 5
CALL TPRD (TPsW1sTEMP43,43,41)
CALL SURV (W23TEMP,,TEMP)

GO TO &

5 CALL MPRD (TPeW2+TEMPs343,1)
CALL SUBV (TEMPW1leTEMP)

6 DTQ(1)sGAIN®TEMP(])
DTQ(2)=04D0
DTQ(3)=20,D0
IF (DABS(DTQ(1))eGToTLIM) ODOTQ(1) = DSIGN(TLIMGDTQ(L1))
GO TO (7¢9)»IDTQRF

T CALL TPRD (TPsDTQeTEMP35391)
DO 8 12143
TOL () =TQI(I)+DTQ(I)

8 TQ2(1)=TQ2(1)=TEMP (1)

GO TO 11

9 CALL MPRD (TPsDTQTEMP§39341)
DO 10 Is1,3
TQL(I)=TQL(I)+TFMPL(])

10 TQ2(1)=TQ2(1)=0TQI(1])
11 RETURN
END

C-14
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SUBROUTINE XLB(SVeMsFeSVD)
IMPLICIT DOUBLE PRECISION (A=H¢0=2)

DOUBLE PRECISION M
DIMENSION SV(26)sF(3)sSVD(26)
DO 1 I=1,43

SET UP R1D OR R2D
SVD(I)=SV(I)

SET UP R1DD OR R2DD
SVD(1+3)aF(1)/M

RETURN
END

SUBROUTINE ROT8(SVsIsTQeSVD)

IMPLICIT DOUBLE PRECISION (A=Hs0=2)

DOUBLE PRECISION [(3)
DIMENSION SV(26)+TQ(3)SVD(26)

SET UP Q1D OR Q2D

SVD(1l)= o5DO®( SV(4)#SV(5)=SV{(3)%SV(6)4+SV(2)#5V(T))
SVD(2)= «5D0%( SV(3)%#SV(5)+SV(4)xSV(E)=SV(1}*SV(T})
SVD(3)= o5D0%#(=SV(2)#SVI5)+SVI1)%SV(6)+SV(4L)%SV(T))
SVD(4) m=e8DOK{ SV(1)#SV(S)+SV(2)%SV(6)+SV(3)%*SV(T))

SET UP W1D OR W2D
SVD(5)=(TQ(1)+(1]
SVD(7)=(TQ{3)+(1(

RETURN
END

C-15

(2)=1(3))*#SV(6)*SV(T))/I
SVD(6)=(TQ(2)+(1(3)=1(1))#SV(T)INSV(5))/1
1)=1(2))#SV(5)%#8V(&))/1
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SUBROUTINE QADZ2(XeYoNsKEYsHZsXMaNPoXPyDERIVIAUTOSOUT s TERM)

IMPLICIT DOUBLE PRECISION (Am=Ho0=2)

DIMENSION Y(1) |
DIMENSION C1(4)sC2(3)9C2(5)

EQUIVALENCE (CLE1) s THIRD) 9(C1(2)oSIXTH) s (CL14) sHALF)

EQUIVALENCE (C2(2) s THREE) s (C3(1)9TWO)#(C3(2)+2EROD)

EQUIVALENCE (C2(1)sONE)
DATA C1sC24C33THIRTYJRATIN

/03333233333233333D0+941666666666666667D0441250044500414D043,0D0C,
44D092eD090eD09=9eD098BeD0y=14D0+30eD091aD=4/

DATA 10UT/6/

XMOD (XY )=CMODI(XsY)
SSIGN(XsY)=DSIGN(XY)
AABS(X)=DABS(X)

GO TO (192)9KEY

Ne= N

N3=2%N

Né4= 3 %N

NSz 4#N

N6=5#N
XLASTZX=XMOD(XoSSIGN(XP o XM=X) )
H1=SSIGN (HZyXM=X)

CALL OUT(XsYsl)

KSRCH=0 '

IND=O

KNTRL==1

LOOK=(Q

KSK1P=]

CALL TERM(XsYsG1lsLOOK)
H=SSIGN(H]1 s XM=X)
XMAX=XLAST+SSIGN(XPoH )
DH=XM=Xt{ AST

IF (AABS(DH/XP)=CNE)30930450
XMA X=XM

DO 390 K=1410

DO 290 J=1eMNP
IF(KSRCH)IT704554970

DH= XMA X=X
IF(AABS(DH/H)=ONE)604+60+70
Hl=H

H=DH

IND=1

DO 160 M=1,10

DO Q0 1=14N

IX =N34+] ‘

Y(IX V=ZEROD

IX5aN5+]
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80

82

85
83

91
93
95
94

92

104
102
101

110
105
115

120
140

150
160

1000

TR-1378

Y(IXS)Y=Y(])

DO 115 kPASS=145

GO TO(B8lsR2+833s81485)9KPASS
DH=X

IF(KPASS=1)85483,85
DH=X+THIRD*H

GO TO 83

DH=DH+HALF *H

CALL DERIV(DHsY(NS+1)sY{N6E+1))
DO 115 I=1sN

IX =N6+1

FlaHey(1X )

GO TO (91+92+93994994) oKPASS
IXasN2+1

GO TO 95

IXaN4+1

Y{IX)aF]

IX aN3+1

YOIX =Y (IX )+C3(KPASS)#F]
IX =N2+]

XNEW=Y(IX )

GO TO (101910291024104+105)sKPASS
IX52aN4+!

XNEWEXNE W=THREE*Y (IX5)
XNEW=XNEW+C2(KPASS=1)%F]
IX5sNS+1
YUIXS)aY(1)4+ClKPASS) ¥XNEW
IF(KPASS=4)115+1105105

YOIX Y=Y{IX )+THREEX*F]

YOIX )=Y(1X )+F1

CONT INUE

DO 120 I=1N

IX =N2+1

YOIX )=SIXTH#*Y(IX )

IX =N3+!

Y(IX )=AABS(Y{(IX )/THIRTY)

IF(KNTRL)24051709i%0

KNTRL =0
CALL AUTO(XsYsY(N3+1 ) sKNTRL)
IF(KNTRL=2)170+150,170
HeHALF #H
IND=0
KPASSa?2
WRITE(I0UT+1000)
FORMAT(21M1STEP HALVED 10 TIMES)
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KEY=3
GO TO 328
170 X=X+M
DO 180 I=14N
IX sN2+1
180 Y(I)=Y(I)4+Y(IX )

190

191
195
196
220
225
230
261
242

250

260
270
280
290

200

300
3270

400
380

390

2000

320
325

IF(LOOK) 1902254160
CALL TERM{XsYsG »LCOK)
IF(KSKIP)Y196:191+196
IF(KSRCH)I300s195»300
IF{G#G1)120044004+220
KSK1IP=0

Gl=6
IF(IND)2309260+230
IF(XMAX=X) 24142504241
XLAST=XMAX

CALL OUT(XsYe2)

IND=O

GO T0 20

KPASS=3

KEY=]

GO YO 225

IF(KNTRL) 27042904270
IF(KNTRL=3)290+280+290
HeTWO*H

CONT INUE

CALL OUT(XsYs2)

GO TO %0
EPS=RATIO®AARS(H)
KSRCH=1

IND=0

GO T¢ 370
[F{INDI320+3704320
HeG#H/ (Gl=G)

Gl=G

IF(AABS(H)=~EPS) 380938049350

H=ZERO

KSRCH=1

IND=1

CONTINUE

KPASS=2
WRITE(10UT»2000)

FORMAT (15H1CAN'T CONVERGE

KEY=4

GO TO 1325

KPASS=4

KEY=2

CALL OUT(XsYsXPASS)
RETURN

END
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SUBROUTINE STEP({TsSVeEsKNTRL)
IMPLICIT DOURLE PRECISION (A=Hy0=Z)
DIMENSION SV(26)¢E(26)
DATA EPS/1eD=7/
C1=4.D?
EQLl=VMAGN(EC( 1)s4)
EQ2=VMAGN(E(1&)94)
EW1=VMAGN(E( 5)93)
EW2sVMAGN(E(18)43)
E1 =VMAGN(E( B8)s3)
E2 =VMAGN(E(21)+3)
ED1=VMAGN(E(11)+3)
ED2=VMAGN(E(24)+3)
DEL=DSORT((E1#E1+E2%E2) /C1+EDI#ED]I+ED2%ED2+EWIHEWI+EW2#EW2+EQL*EQL
14EQ2#EQR2)
KNTRL=1
IF(DEL=EPS) 19102
IF(644DODEL=EPS) 39494
KNTRL=2
GO TO &
3 KNTRL=3
4 CONTINUE )

RETURN 2a

END -

L ofel g

N -

SUBROUTINE TERM(TeSVsGeK)
DIMENSION SV(26)

G=1lse

RETURN

END

c-19



SRS LT

A

SR o A B

NORTHROP SERVICES, INC.

SUBROQUTINFE CREAD (X sNWORD)

IMPLICIT DOUBLE PRECISION(A=MHy0=2)

DIMENSION K(BO)sX(1)

DATA I1RLNK o IDOTsIZEROSNINE o IPLUSIMINUSHIIESICOM
X /1H 91HeslHO 9 1HI 9 1H+ o 1H=y1HE s 1M s/

DATA INsIOUT

X 7596/

DATA KSHFT sKADD
X /1073741824915/

TR-1378

DATA ZEROIONEsHALFSTIN
X 70eD001e¢D09e5D09104D0/
SSIGN(XeY)=DSIGN(XyY)

=80

DO 33 JJ=1sNWORD

IF(1=80)

1 READ{(IN»100)K
100 FORMAT(80A1)

1s0

2 KHALF=D
N=0Q
KE=0

3 1=+l

{
FLOT=ZERO

L1=0
LNEG=0
LDOT=0

DO 19 INDEX=1,80
Kl (INDEX)
IF(KI=IBLNK}&4y1904
4 KCON=K?!/KSHFT
KCON=KCON+KADD
IF(KCON)Bs695
5 IF(KCON=9) 69698

6 Ll=1

XCON=KCON
FLOT=TIN®*FLOT+XCON
IF(LDOT) 791947

7 N=Ne]
GO TO 19
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20

200

21
22
23
24
25

26
27

28
29

30
31

33

34
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IF(KI=1PLUS)99199
IF(KI=MINUS)11910,411
LNEG=1

GO TO 19
IF(KHALF)18912418
IF(KI=IDOT)14+13914
LDOT=1

GO TO 19
IF(XI=IE)18s154+18
IF(INDFX=80)169023423
KE=1

GO TO 20
IF(KI=ICOM)34,4,20034
CONTINUE

INDEX=81

1=INDEX

IF(LNEG) 21922421
FLOT==FLOT
IF(KMALF)27423+27
2=FLOT

IF(KE) 24426924
KHALF=)
IF(L1)3425,43

2=0NE

GO TO 3
IF(L1)28+33,28

NFLOT=FLOT+SSIGN(HALFsFLOT)

NeN+NFLOT
TEN=TIN
IF(N)29932,30
TEN=ONE/TEN
N==N

DO 31 J=1lsN
2=Z#TEN
X(JJ)=2

CONT INUE
RETURN
WRITE(IOUTs200)K

FORMAT (12H1 INPUT ERROR//1H0#80A1)

CALL EXIT
END
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SUBROUTINE CRITE(AsKHDRINASNVARINWORD » JENT)
IMPLICIT DOUBLE PRECISION(A=H0=2)
DIMENSION A(1)sKHDR(1)sNA(1)
DIMENSION K{121)
DATA LHDR
X /76 /
DATA KNDOTsKZEROIKBLNKsKSIGNsKEsMINUS
X /1Hao1HOW1H o1H o 1HE9l1H=/
DATA I0UT
X /6/
DATA KSHFT #KADD
X /10737418244=15/
DATA ONEsHALF o TENsTENTHIROUNDWEPSLN
X /14D00e5D001aD2941D09e5D=5916D=18 /
GO TO (192)91ENT
1 IENT=2
NWMAX=12 /LHDR
IF (NWORD-NWMAX)11141124112
111 NWMAX=NWORD
112 INDNT=(12~-LHDR*NWMAX) /2
NPAGE=0
MAXe0
11 NPAGE=NPAGE+1
WRITE(IOUT s 2001NPAGE
200 FORMAT(1H1 110X »4HPAGE»I4/)
LINE=3
GO 70 3
IF(LINE=~584+MAX)3511s11
MSAVE=1
DO 92 M=MSAVEs1000
DO 5 I=1lsl21
K1) =KBLNK
LOC=M
LvOolD=1
KOt =1
DO 6 J=1sNVAR
NJI=NA(J)
IFINJI6s6s7
7 IFINJ=M}90+8,8
8 LVOIlD=0
I1212#k0L~10

SN

\n
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10

15

20
2%

30
35

40

71

41

45
50

55

60

65

12

TR-1378

IF(LINE=3)9,48R49
X=A(LOC)
N=0 .
IF(X=EPSLN) 12
IF(X+EPSLN) 15,
K(Il1+5)aKZERO
GO TO 90

=X
KSTGN=MINUS

IF(X=(ONE=ROUND) )30+25+25

X=X/TEN
N=N+1
GO TO 20

IF(X=TENTH) 35540440

X=TEN*®X

NaN=1

GO TO 30
X=X+RCIUND
NXaTEN®X
IF(NX=9)41341471
XsX/TEN

N=N+1
IF(NI50955045
IF(N=5)55,455450
LDOTal1l+2
K(T11+7)=KE
NaN=-1

GO TO 60
Il=11+2
LDOT=I14N+1
N=0
K(LDOT)=KDOT
12=11+6
K{11)=KSIGN
KSTIGN=KBLNK
I1=11+1
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70

75
80

8%

a8

89
S0

100

94
92
93

95
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DO 75 1=11,12
IF(1=LDOT)I 70975470
XsTEN*X

NX=X

KKaNX+KADD
K(1)aKSHFT#KK
XNX=NX

X=X XN X

CONTINUE
IF(N)B80»90+85

N==N

KSIGN=MINUS

f1s11+7

1221142

X=N
X=({X+HALF)RTENTH*TENTH
N=0

GO TO 65
I1=11+INDNT~]

DO 89 IWORD=1yNWMAX
12=(J=1) #NWORD+IWORD
KK=KHDR(I2)

DO 89 I=1,LHDR
12=11+1+LHDR*(IWORD=-1)
K{12)= KK

KKaKK#*64

KOL=KOL+1
IF(KOL=10)656491
LOC=LOC+IABSI{NJ)
WRITE(IOUT100)K
FORMAT(121A1)
LINE=LINE+]
IFILINE=5)93, 3,94
IF(LVOID)S5,492495
CONT INUE

MSAVE=999

GO TO0 4

MAX sM= ]

RETURN

END
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SUBROUTINE GSPEC (NRsNWsIGVARIGMULT»GSCAL » ISQUASIROWS 9COLS +GNAME s
»* ISCAL»ISORTsMeNG)

DIMENSION IGVAR(M92)9sGMULT(29M) 9GSCAL(49M) 2 ISQUA(M) sROWS(M)
»* COLS (M) 9GNAME(18oM) 9 ISCAL(M) 9 ISORT(M)

NG= 0

WRITE (NWs500)

DO 12 I=14M '

READ (NR9501) (ICGVAR(I9J)oJ=192)s(GMULT(Js1)oJ=102) 9 (GSCAL(JO] )y
»* Jule&) s ISQUA(T) JROWS(I)sCOLSIT)

IF (IGVAR(Isl)) 19151
1 WRITE (NW»601) (IGVAR(IsJ)oJ=102) 9 (GMULT(Jol)eJ=192)0(GSCAL(Jo])

* JEle&) s ISQUA(T) +ROWS(I)sCOLS(I)
NG= NG+1

READ (NR»502) (GNAME(JsI)sJ=1,18)

DO 5 J=ly?

IF (GMULT(Jsl)) 342932
GMULT (JeI)= 1,
GO TO 5
IF (ABS(GMULT(Jsl)=1,s)=e00001) 49495
GMULT(Jel)= 57429578
CONTINUE
ISCAL(I)= O
DO 6 J=1s4
IF (GSCAL(Jel)) T9607
CONTINUE
ISCAL(I)= 1
IF (ROWS(1)) 99849
ROWS(I)= 50
IF (COLS(1)) 1141011
COLS(I)= 100
WRITE (NWeb0L1) (IGVAR(IeJ)sJd=192) 9 (CMULT(Je1)9J=192)9(GSCAL(Js])
* J=194) s ISQUALT)ROWS(T)sCCLSI(T)
WRITE (NWe602) (GNAME(JsI)sd=1y18)
ISORT(I)= O
IF (ROWS(I)=50e) 12+12+111
111 ISORT(I)= 1
12 CONTINUE
13 READ (NR»501) IDATA
IF (IDATA) 14,1514
14 READ (NR»502) ADATA
GO TO 13
15 WRITE (NWs603)
RETURN
500 FORMAT (1H1e26Xs!'##% PLOT DATA H##%'y///)
501 FORMAT (215,6F10e0s1292F4e0}
502 FORMAT (18A4)
601 FORMAT (1M 9211096F10e091292F5,0)
602 FORMAT (1H +18A4)
603 FORMAT (1H1)
END

N

WS W

-~ 0O WV®- o

Ty
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13

16

17
18

19
20

21
22

SUBROUTINE RFILT (NGeyIGVARIMeINUSE #N)
DIMENSION IGVAR(M3s2)sINUSE(N)

Ke 1

INUSE(1)= IGVAR(1,s1)

DO 16 132N

INUSE(I)= O

DO 21 Jsl,2

DO 21 I=14NG

L= 1

IF (INUSE(L)=IGVAR(I+J)) 18421918
L= L+1

IF C(INUSE(L)Y) 17416017

K= K+l

IF (K=N+1) 20920922

INUSE(K)= IGVAR(I¢J)

IGVAR(1sJ)= L

RETURN

END

SUBROUTINE GSTOR (NPPsINUSEsCol oGDATASMIN)
DIMENSION INUSE(N)sC(L)sGDATA(MIN)

DO 1 I=lsN

J= INUSE(L)

IF (J) 19261

GDATAINPPs )= C(J)

RETURN

END
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SUBROUTINE GRAPH1 (NGsNPPsIGVARIGDATASGMULTsXYosL oMeN

» NWo GNAME s ISORT 9 ISCAL sGSCAL » ISQUAWROWSsCOL Sy
* IBeIHs IDy1I 1)
DIMENSION IGVAR(M92) sGMULT(2+M)sGSCAL(49M) o ISQUA(M) pROWS (M)
* COLS (M) sGNAME (18 9M) 9 ISCAL (M) 9 ISORT(M) sGDATA(L oN) o XY (L s 2)

DO 4 I=1sNG

IXz= IGVAR(Isl)
IY= IGVAR(I2)
IF (IX=N) 19145

1 IF (IY=N) 20245
2 DO 3 J=m]lyNpPO

XY(Jel)=s GDATA{J»IXIHGMULT (131
3 XY{(Je2)= GDATA(JsIY)I#GMULT(241)
4 CALL DPLOTM (XY(1o1)oXY(192)sNPPIGNAME(19I)sISQUA(I)ISCALITI)

» ISORT(I)sGSCAL(LoI) sROWS(I)sCOLS(I)sNWosIBoIMIDII)
5 RETURN

END

SUBROUTINE PACK (DATA)
DIMENSION IS(6)sTEMP{12)sDATA(18}
DATA 1S/0+69129184244+30/
I=]
L=0
DO 10 J=1,18
DO 10 K=1ls4
L=L+1
IF (LeLEsS) GO TO 10
L=l
I=]+1
10 FLDUIS(L) 96+ TEMP(I))=FLD(IS(K) 969DATALY))
DO 11 J=1l»sl2
11 DATA(J)=TEMP(J)
RETURN
END
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SUBROUTINE GRAPHZ (NGaNPP s IGVARIGDATASGMULT e XYoL sMsNy
» GNAME » ISCAL 9GSCAL s IH)
DIMENSION BLANK(12)9s0PDATA(22)
DIMENSION IGVAR(M92) o GDATA(LON) sGMULT(29M) e XY(L92)
* GNAME(18sM) o ISCAL(M) 4yGSCAL (4M)
DATA BLANK /12%6H /
DATA OPDATA /132H SC=4020 DATA
* NINE INCH CAMERA HARD COPY OUTPUTY
» /
CALL IDENT (9sOPDATA)
DO 5 I=14NG
IX= IGVAR(I91)
1vys IGVAR({1+2)
IF (IX=N) 19196
IF (1Y=N) 24296
2 XL= GDATA{Ll+IX)®GMULT(1s1)
XR= XL
YBm GDATA(1e1Y)#GMULT(2s1)
YT= YB
DO 3 J=lsNPP
XY{Jel)m GDATA( I IXIHGMULT(1s1)
XY{(Je2)2 GDATALUSsIYIHGMULT(241)
XL= AMINL (XLoXY(J9el))
XR= AMAX1 (XReXY(Jsl))
YB= AMINL (YBeXY(Je2))
3 YT= AMAX1 (YTeXY(Je2))
IF (ABS(YT~YB)eGE4LeQO0OLl) GO TO 31
RIAS= (YT=YB)/2.
YT= BIlAS+,00001
YBx BIAS=,00001
31 DX= (XR=XL)/10.
DY= {(YT=YB)/10.
CALL GRIDIV (1oXLoXRoYBoYToDXoDY9=09p=09=19=19747)
CALL PACK (GNAME(1l,1))
CALL PRINTV (T72+sGNAME(19e1)02410)
IF (ISCAL(I)eEQel) GO TO 4
CALL QUIK3V (O9sIHsBLANK9BLANK 9=NPPoXY (101l aXY(1s2))
GO Y0 5
& CALL QUIK3L (OoGSCAL(191)sGSCAL(2+1)+sGSCAL (39T )9GSCALI4L4s])
» THoBLANKIBLANKs=NPPsXY(191)oXY(102))
5 CONTINUE
6 CALL ENDJOB
RETURN
END

S
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SUBROUTINE DPLOTM (X9YoNPPsTITLEsISQUAsISCAL s ISORTsSCALEWROWSY
X COLSINRITEsBLANKsHITsDASHs JALPH)
REAL LINE
INTEGER GRID(121)s0UT(121)
INTEGER BLANK HITDASH
DIMENSION X(1)sY(1)sTITLE(18)9SCALE(4L)sAXIS(12)9DIGIT(2)
IF (COLS=1204) 19142
COLS=120,
WRITE (NRITE.601) TITLE
JSORT= 1
IF (ISORT) 20292014202
201 JSORT= =]
202 CONTINUE
DO 5 I=1yNPP
DO 5 JU=1sNPP
IF ((Y(J)=Y(1))*FLOAT(JSORT)) 59543
3 TEMP=Y(])
Y{I)=sY(J)
Y(J)=TEMP
TEMP=X (1)
X(1)=X(J)
X(J)=TEMP

5 CONTINUE
IF (ISCAL) 691346

6 SCALE(4) =Y (1)
SCALE(3) =Y (NPP)
SCALE(2)=X(1)
SCALE(1)=Xx{(1)

DO 10 I=1sNPP

IF (SCALE(1)=X(I)) Be8s7
SCALE(1)=X(1)

IF (SCALE(2)=X(1)) 9910s10
SCALE(2)=X (1)}

0 CONTINUE
XM=10#(SCALE(2)~SCALE(1))/COLS
YM=104#(SCALE(4)=SCALE(3))/ROWS
SCALE(1)=SCALE(1)=XM
SCALE(2)=sSCALE(2)+XM
SCALE(3)=SCALE(3)=YH
SCALE(4)=sSCALE(4)+YM

13 IF (ISQUA) 14415914

14 SCALE(3)aSCALE(1)*(ROWS/COLS)I*#Be5/54
‘ SCALE(4)=SCALE(2)%(ROWS/COLS)I#*#845/5,
15 CONTINUE

N

- O 2~
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DO 152 1=1s392

J= 1/2+1

DIGITtU)= 1,

IF (ABS(SCALE(I+1)=SCALE(]))=10s) 15091504151
DIGIT(J)= o001

IPlel+]

DO 152 K=l,s1lP1

ITEMP= SCALE(K)/DIGIT(J)

SCALE(K)= FLOAT(ITEMP)#DIGIT(J)

DO 12 I=149392

IF (ABS(SCALE(I+1)=SCALE(I))~400001) 11911412
TEMPm {SCALE(I+1)=SCALE(I))/2.
SCALE(I)= TEMP++0001#FLOAT(JSORT)
SCALE(141)= TEMP=4,0001%#FLOAT(JSORT)
CONT INUE

YSTEP= (SCALE(4)=~SCALE(3))/ROWS
XSTEP= (SCALE(2)=SCALE(1))/COLS
YHALF= YSTEP/2,

XHALF= XSTEP/2.

NP=]1

ICOLS=COLS+1,001

IROWS=ROWS+1,001

DO 16 I=1,ICOLS

GRID(1)=DASH

DO 17 I=1,I1C0LS»10

GRID(I1)=TALPH

WRITE (NRITE.602) (GRID(1)eIl=1,41COLS)
DO 263 L=1+IROWS

LINE=m (=1

DO 18 I=2,1ICOLS

OUT(I)= BLANK

OUT(1l)= DASH

OUT(ICOLS)= DASH

YPOS®s SCALE{4)=LINE®YSTER

TOP= YPOS + YHALF

BOT= YPOS = YHALF
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181 IF (ISORT! 182+19,182
182 IF (BOT=Y(NP)) 251+251,183
183 IF (TOP=Y(NP)) 21921425
19 IF (Y(NP)=BOT) 25142020
20 IF (Y(NP)=TOP) 21425425
21 TEMP= COLS#(X(NP)=SCALE(1))/(SCALE{(2)=SCALE(1))+1e
ICOL=TEMP
IF (TEMP=FLOAT(ICOL)=e5) 22854224922
22 ICOL= ICOL+]
225 IF (ICOL) 25425423
23 IF (ICOL=121) 24424425
24 OUT(ICOL)= HIT
25 NP=NP+1
IF (NP=NPP) 18141814251
251 IF (DIGIT(2)=e999) 261426926
261 WRITE (NRITEs604) YPOSs (OUT(I)eI=1,ICOLS)
. GO TO 2613
26 WRITE (NRITE#603) YPOSs (OUT(I)el=1,1COLS)
263 CONTINUE
262 NIS= COLS/10e+1s
DO 27 I=1,4NIS
27 AXIS(I)= SCALE(1)+(SCALE(2)=SCALE(1))*FLOAT(I=1)%10,/COLS
WRITE (NRITE#602) (GRID(I)sI=1,1COLS)
IF (DIGIT(1)=1s) 29928,28
28 WRITE (NRITF9605) (AXISU1)eI=1sNIS)

GO 7O 30
29 WRITE (NRITEs606) (AXIS({I)sI=lyNIS)
30 RETURN

601 FORMAT (1H1418A4/)
602 FORMAT (1H +10X9121A1)
603 FORMAT (1H +F9¢2+1X9121A1)
604 FORMAT (1H +F9e4s1X9121A1)
605 FORMAT (1H +3X912F10,2)
606 FORMAT (1M #3X912F10.5)
END
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DOUBLE PRECISION FUNCTION CMOD(XsY)

IMPLICIT DOUBLE PRECISION(A=Hy0O=2)
CMOD=X
IF(Y)14501
2=X/Y

N=2

XN=N
IF(2-XN)20402
IF({X%Y)345494
XN=zN=]
CMOD=CMOD=XMNU#Y
RETURN

END

SUBROUTINE CROSS(AsBsC)

IMPLICIT DOUBLE PRECISION(A=HsO=Z)
DIMENSION A(319B(3)eC(3)
Cll)=A(2)%B(3)=A(3)%B(2)
C(2)=A(3)#B(1)=A(1)%B(3)
C(3)=A(1)%#B(2)=A(2)#B(1)

RETURN

END
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SUBROUTINE MPRD(AsBeRoMeNsL)
IMPLICIT DOUBLE PRECISION(A=Hy0=2)
DIMENSION A(1)sB(1)sR(1)
DATA ZERO
X /04D0O/

IR=0

IKz=M

DO 10 K=l,L

IK=IK+M

DO 10 J=1lsN

IRsIR+]1

JIizJ=N

IB=1K

R{IR)=ZEROD

DO 10 I=1l,M

JI=Ji+N

IB=1R+}
RUIR)=R{IR)+A(JI ) #B(IB)
RETURN

END

SUBROUTINE SUBV(AsBsC)

IMPLICIT DOUBLE PRECISION(A=Hy0=2)
DIMENSION A(3)sB(3)9C(3)
C(l)=A(1)=R(1)

C(2)=A(2)=B(2)

C(3)=A(3)=R(3)

RETURN

END
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SUBROUTINE TPRD(AsBsReMeN»L)
IMPLICIT DOUBLE PRECISION(A=Hy0=2)
DIMENSION A(1)eB(1)sR(1)
DATA ZERO
X /04D0/

IR=0

IK==N

DO 10 k=1l

1J=0

IK=IK+N

DO 10 J=1sM

IB=1K

IR=IR+1

R(IR)=2ERQD

DO 10 I=1»N

I1Jzld+l

18=18+1
RIIR)Y=R(IR)+A(IJ)NHR(IB)
RETURN

END

SUBROUTINFE TWST(THETAsTsN)
IMPLICIT DOUBLE PRECISION(A=Hjs0=2)
DIMENSION T(313)

DATA ZEROsONE/0eDOs14DO/
SSIN(X)aDSIN(X)
CCOS(X)=DCOS(X) Y
CTHET=CCOS (THETA)

DO 90 I=1,3

DO 50 J=1,3

IF(1=J)10+60,10
IF((1=N)*(J=N))30,20430
X=ZERO

GO TO 50

X=SSIN(THETA)

IF(N=2)50440,50

Xz=X

T(led) =X

GO TO 90

IF(1-N)70+80470

X=CTHET

GO TO 90

X=ONE

T(Js1) =X

RETURN

END
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SUBROUTINE ULR1(QsToelLoeMsN)
IMPLICIT DOUBLE PRECISION(A=Hy0=2)

DIMENSION G(2)9T(393)sA(393)9B(3+3)

CALL TWST(Q(3)sTsN}
CALL TWST(Q(2)sAsM)
CALL MPRD{AsT9B939393)
CALL TWST(O(1)sAsl)
CALL MPRD(ARIT934393)
RETURN

END

SUBROUTINF ULRS5(ZsT)
IMPLICIT DOUBLE PRECISION (A=H90=2)
DIMENSION Z(4)9eT(343)
DATA TWO »HALF

/724D09 4500/
NeZ(4)%Z2 (4 )=HALF
DO 50 1=1,3
DO 50 J=z1l,3
XeZ(1)#2(J)
KGN=2#( J=1)
IF(KGN)10s40420
SGN=KGN+13
GO TO 230
SGN=KGN=3
KGNsb=]=y
X=X +SGN#Z (KGN)*Z (4)
GO TO 50
X=X+Q
T(leJ)sTWORX
RETURN
END
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SUBRQUTINE ULR2(TsQsLsMsN)
IMPLICIT DOUBLE PRECISION(A=MHy0=2)
DIMENSION T(343)9Q(3)
DATA I0UT/6/
DATA CNEsZEROWHLFPI
X /1eD090eD09»145707963268D0/
AACOS (X )=DACOS(X)
AATAN2 (XoY)=DATAN2(XeY]
AABS(X)=DARS(X)
IF(M=N)5999+¢5
IF(L=2)19243
IF(M=2)99,12413
Kz3
GO TO 40
K=2
GO TO 50
[F(M=2)21999423
K=13
GO TO 50
K=l
GO TO 40
IF{M=2)31,432,99
K=2
E=0NE
GO TO 60
Kl
Ez=QNE
IF(AABS{T(LsN)=ONE))T0»70+80
Q(2)=2FRO
N(3)=2FRO
SQL=E*T{(KyM)
CQ1=T (MaM)
IF(N=L)854110+95
NU2)=AACOS(T(LN})
IF{N=L)9G+100,90
O(3)=AATANZ2(=E*T(LoM)eT(LsL))
SQl==E*T (M uN)
CQl=T(KeN)
Q(2)=Ex(HLFPI=Q(2))
GO TO 110
N{3)=AATAN2(T{L M) 4E*#T{LsK))
SQ1=T{MyN)
CQl==E#T (K sN)
Q{1)=AATAN2(SQ19C0Q1)
RETURN
WRITE(IOUT»1000)
FORMAT {5H1ULR2)
CALL EXIT
END
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SUBROUTINE ULR6(T2Z)

IMPLICIT DOUBLE PRECISION(A=MH0O=2)
DIMENSION T(9)s2(4)
DATA ZEROsONEsTWO
X /0eD0s1eD0s24D0/
SSQRT(X)=DSQRT(X)
XaT(1)+T(5)+4T(9)+ONE
IF(X)10910460
0=ZEROD
X=ONE+T(1)=X
IF(X)20+20450
A=2ERO

X=T(5)+ONE
IF(X)30030¢40
B=2ERO

C=TWO

GO TO 70

B=SSQRT( TWO#*X)
C=(T({6)+T(8))/B
GO YO0 70
AxSSQRT(TWO#X)
Be(T(2)+T(4)) /A
C=IT(3)+T(T))/A
GO TO 70
DeSSART(X)
A=(T(6)=T(8))/D
Ba(T(7)=T(3))/D
Ca(T(2)=T(4)}/D
2(1)=A/TWO
2(2)=B/TWO
2(3)=C/TWO
2(4)=D/TWO

RETURN

END

DOUBLE PRECISION FUNCTION VMAGN(XsN)

IMPLICIT DOUBLE PRECISION(A=HyO=Z)
DIMENSION X(1)

Y2000

DO 1 I=1,N

YeY+X{T1)#X{])

VMAGN=DSQRTI(Y)

RETURN

END
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TYPICAL DATA CARD INPUT

/' FIRST CARD

RN

3222, 8418,31000,31000, .1,.1,.1, 0,0,0, 5,0,0

N

J

4500, 43400,43400,11732, 0,0,0, .099619,.008716,0,

~

-2.3,0,0

L

1,1,1,2

N

435,2962

NN

00000,10

N

5,1000,.5

)JJJ

AN

-
(o]
w

BODY 2 X-AXIS TRACE IN INERTIAL SPACE (DEGS)

PN

NU - RELATIVE MISALIGNMENT BETWEEN X-AXIS (DEG)

SN

J)J)

LASTCARD'———///,




TInME

e 510U

1«500u

1e500u

2.000u

2+¢500u

3.5000

3e500u

YetitiNu

Ye50U0u

ANG1]

5.729%6
5.729¢
57298

S«72%98
57296
Se72%6

547296
S5.7296
Se72%s

5-7296
Se7296
S5e7296

567298
Se729%6
57298

S.72%96
5.72%%
57296

9.72%6
57296
57296

57296
57296
5.72%98

5472%6
57298
547296

5.7294
5¢72%

5«72%6

3]

s

foo e}

2

2

a3

2

22

o e |

ANG2

[}
=2.9¢4UE~10
1]

2+49418E-02
e 2b1 43
248527

iUl
«50293
57033

18677
e 75269
845519

2c8ull
lsuun?
11.3%8

28924
le2457
144243

eH2790
Te4blb
17.086

e 67954
le710L%
19.920

cBF450
1e9287

2¢:760b

l.0Yv8Y
2¢139%
256607

TYPICAL DIGITAL PRINTOUT

LI

FePo0l9E=u2
8e716UE-03
0

Fe9933E=02
HeBU4ot=03
1e4/36E~03

Fe94945L =02
BeF096E-0U3
1e9784E=y3

999356k =02
PeU6D7E~UI
leBUYE=03

Ge9ebhteys
Fe134bE=y3
1e8734k=03

FeWITIE~UZ
Fe23b6/E=03
2e0524E=0d

FeFU7%E=D2
9e3b666E=-03
2¢8092E-03

948984E=yz
FebuDbE~133
JeldbbE=ul

TeBBRab=(2
FebulLE=y3
3sbulvbheyl

FeB879Ub U2
YebbShEeyy

3.3347E-y3

ANG/NY

~5.j608
be2464
~5.1608

B,.0961

«5¢1541
-5e9934
-2,3u8Y

7.8986

51061
547365
0536386
Teb742

«S.042U
=S 480U
303777
Te44lH

~4,971&
~5.2244
be21b1
742068

448843
4,970/
F.05L08
6490645

4476743
47214
11e6B1
6e7U58

-Heb1687
-4,479¢
1447080
6e4291

-44s442U0
~4e2447
17e52/7
bel4lu

~4,2574
“4,0160U
2UedHs
548501

Hl

oc ac ococCc [~ RNl =] 0OoCc e oOooc O oo cooc oo ocoooo

cCo o0

10y

He 107

43235

378427
0

43400

43197
3us5e6y
17.286
433609

43159
39015
23.211
433300

43120
393624
2}4165
43300

43084}
396445
190632
43263

4304}
qUﬂl87
24,07s
432248

43000
406651
32.958
43193

429509
41232
Yue4le
43158

42917
41684
424258
431201

42875
419.0%
39e123
H30Be1

H ToT

427867

103203
0

44014

42754
104190
254607
44004

42738
10494
67e742
458013

42736
1uSées
123.00
440400

427363
10616
174.59
440607

42715
fub4el
208.53
44070

426802
luédlaee
225.14
44045

42647
1uS9e4
23548y
440000

42624
1u52su
25] «54
43974}

42600
Iud4qe
274.33
439447

FAGE

E1237

¢}
217.00
4031239
221431

]
21670
4.1074
22081

0
216037
3e8786
22025

[}
216401
3.6482
219066

¢}
215665
3.4230
21907

(¢]
215430
3.1978
218450

9}
21497

209657
21794

3}
21464
267271
21737

g
214428
2.489¢
216477

3}
2]13.87
242596
2146413

1

*ONI ‘S331AU3S JOUHINON

8LETIL



BODY 2 A=axlS ThaACE In INERTPAL S5PACE

1«04
84
-1
T
»20
olu

~efa

s 20

-ty

-sbd

'-au

«e%0

“lsle
“iadn
-],5¢
~1e70
~leBo
2,06
“2¢24%
o2sd
2,86y
2.7
2470
=3¢19
~3,3«4
«3,5u
~3ebo
=38,
oH oD

*4e2¢
=4, 4y

4,58
-%.70
4N
51«
=5eJU
*heln
“Sebo
“5.84
=6e02
“4e2u
=6edb
650
fheTH
“beTe
“7e}u
“7elb
=T elto
*Teb
=7 .82
~3,0u

{DLGS)

_ TYPICAL PRINTER PLOTS

l"“".‘?l‘-..‘.--ol""""’l""""-l'.--.“-’l‘-;-.--"l---"-'-’l""“'9"..----.‘-l----.’--‘l

s e &9

L BN B B}
]
*
e
[}
-*

+

LI S )

[ X (X ]
LA X 2 .
LE N ]

.e

e s

(X L)

sges Swey

s ese
.
.
e
e 8% 4 ege

“ee s 0D e e

-

IR S TR s A Al e e T e L L L L A et DL SR L Rt L S el L e R Y it |

<00 .00 240U 3.0U

Y.0U

S.00

6,00 7.0U

8,00 9.00

10.00

BLET-IL



S-a

HU = REUATIVE MISALIGHMENT WFTWNLEN Xeak|s$

Fellu
HeBu
Heby
Redu
Kelu
de0u
7 .8BuU
76U
7elu
7.2u
7.00
6o By
behUL
LERI"
bhelU
&eluy
S.8u
S5.40UL
S.4u
5.2
5«0u
4.8u
Yebu
4440
4.2u
4e0u
3e8u
Jebu
Jely
3.2u
3.0u
2.8u
260
2,40
242U
2.0u
JeBu
lebu
1elu
1+2U
1+0u
«Bu
sbu
o« du
20
«Uu
-t
-oliu
esbhu
-4 Ru
S N 1Y)

-b.00

TYPICAL PRINTER PLOTS (Concluded)

(OEG)

l--Q-o--001-0u-.----l--.-.----l--.--o--—l----:‘—--l----.-—-.'.-----.-.|-..-.-...1.------.-1........-l

[ I I B B

[ememrcese]cccmocan_|o=n

1e7y Qe My

17

(A AN KR X -

e e -

v . -

(X J - -

L ] -

[ ] * -

. L -

.e . -

. -

LR -

* [ S,088843008 -

(] I e se® -

- L] L 'Y -

*e -

®s e -

A E L XX Y -

|remenceme|mcerscecn|onrcnnas Al Al Al LA Ll P ST Al D bt S R L Ll ol §
slu 24 .81 3245y Yu.20 47,.9u 556y 63.3n 7100

‘SNl ‘S3NANIS JOUHIVON

SLET-UL
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TYPICAL SC 4020 PLOTS

-2.71179

=1.83598

=2.15397]

\

-2.87198]

=3.5009

=8.30793

-5.02%9;

=5.743%1)

\

«$.86190

~.

/

«7.17%09

S00Y ? X-ARIS TRACE IN INEATIAL SPACE

— 0.y

I17]

J17]

T.T085%  S.48788  R.41281

{0EGS)

D-6

oIt

$.4N23

1.3

510

.3

016 9.2

ARe2
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TYPICAL SC 4020 PLOTS (Concluded)

6.06485¢

L] .!06”&

a.56872]

3.790604

AN A

NER \H
SN N

6.5000 13.00600 19.5000 26.0000 32,5000 39.0000 45.5000 52.0000  58.%5000 €5.0000

= NG

WY = RELATIVE MISALIGNMENT BETWEEN E-AX(S (0E6)

D-7



