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FOREWORD
This report, prepared by the Dynamics and Loads Section, Martin Marietta
Corporation, Denver Division, under Contract NAS5-11996, presents the re-
sults of a study whose purpose was to develop a computer program system
for dynamic simulation and stability analysis of passive and actively
The study was performed from May 1973 to April
1975 and was administered by the National Aeronautics and Space Admin-

controlled spacecraft.
istration, Goddard Space Flight Center, Greenbelt, Maryland, under the

direction of Mr. Joseph P. Young.
The report is published in four volumes:

Volume 1 - Theory
Volume II - Program Users' Guide
Volume I1I - Demonstration Problems
Volume IV - Program Listing
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ABSTRACT

A theoretical development and associated digital computer program
system for the dynamic simulation and stability analysis of pas-
sive and actively controlled spacecraft is presented. The dynamic
system (spacecraft) is modeled as an assembly of rigid and/or
flexible bodies not necessarily in a topological tree configura~-
tion. The computer program system may be used to investigate
total system dynamic characteristics including interaction effects
between rigid and/or flexible bodies, control systems, and a

wide range of environmental loadings. Additionally, the program
system may be used for design of attitude control systems and for
evaluation of total dynamic system performance including time do-
main response and frequency domain stability analyses.

Volume I presents the theoretical developments including a des-
cription of the physical system, the equations of dynamic equi-
l1ibrium, discussion of kinematics and system topology, a complete -
treatment of momentum wheel coupling, and a discussion of gravity
gradient and environmental effects.

The development of synthesis and analysis techniques for the
linearized system includes a discussion of the numerical linear-
ization technique, procedures for definition of system transfer
functions, and linear time domain response.

Volume II is a program users' guide and includes a description of
the overall digital program code, individual subroutines and a
description of required program input and generated program out-
put .

Volume III presents the results of selected demonstration prob-
lems that illustrate all program system capabilities.

Volume IV contains a listing of the digital code.






INTRODUCTION

This volume documents the results of several demonstration pro-
blems selected to illustrate and verify the multiple analytical
options available within the DISCOS program system, The demon-
stration problems, in the general sense, have been selected to
verify the four general but distinct analytical capabilities
which are available as user options. Three of the options are
related to time domain analysis; the fourth is applicable to
frequency domain analysis. By way of summary, the four options
are:

i) nonlinear response in the time domain where the dynamic
system is characterized as an assembly of rigid bodies connected
by either linear or nonlinear springs and dashpots;

ii) nonlinear response in the time domain where the dynamic
system is characterized as an assembly of either rigid or flex-
ible bodies;

i1i) linear response in the time domain where the dynamic sys-
tem is characterized as an assembly of either rigid or flexible
bodies and where the perturbed response is computed about either
a calculated or user-prescribed steady-state motion; and

iv) general response in the frequency domain where the dynamic
system is characterized in either of the above described forms
and where the linearized form of the motion equations is im-
plied. :

In addition to an illustration of the above described general
capabilities, the demonstration problems documented herein have
been structured to 1llustrate various of the specific program
capabilities.

In particular, the capability to consider either a lumped or
consistent representation of inertial properties, several possi-
ble descriptions of the space functions which may be used to
represent system vibrational characteristics, the ability to
prescribe rheonomic constraint conditions and the implementation
of a specific control law are presented.

Preceding Page Blank



One demonstration problem is devoted to illustration of the
DISCOS/NASTRAN data interface program through examination of a
simple two-beam problem. A brief summary of the eleven pro-
blems described in the following text is presented in Table I-1,
Note that six demonstration problems examine the ATS-F space-
craft and that two consider the AE-C spacecraft. These de~
monstration problems were agreed upon following discussion with
Goddard Space Flight Center technical personnel.



Table I-1.

Brief Description of Demonstration Problems

Problem

Description

1

ATS-F modeled as six interconnected rigid bodies
with four imbedded momentum wheels, active control
system-qualifies nonlinear time domain response to
initial attitude and rate errors.

ATS-F modeled as a single flexible body using a
geometric representation for modes, three imbedded
momentum wheels, active control system, consistent
mass representation - qualifies nonlinear time do-
main response to initial attitude errors.

ATS-F modeled as a single flexible body using nor-
mal vibration modes, three imbedded momentum wheels,
active control system, consistent mass representa-
tion - qualifies nonlinear time domain response to
initial attitude errors.

ATS-F modeled as a single flexible body using a
geometric representation for modes, three imbedded
momentum wheels, active control system, lumped mass
representation - qualifies nonlinear time domain
response to initial attitude errors.

ATS-F modeled as six interconnected rigid bodies
with four imbedded momentum wheels, active control
system, prescribed (user) hinge motion to simulate
rhenomic panel deployment - qualifies nonlinear
time domain response to initial attitude errors.

ATS-F modeled as six interconnected rigid bodies
with four imbedded momentum wheels (three are
locked and the fourth represents reflector dynamics
for high-order system response) - qualifies linear-
ization algorithm and demonstrates that n-bodies
can be coupled to reproduce system vibration pro-
perties.

Two simple beams coupled end-to-end and cantilevered
at the root, five elastic modes for each beam, forced
at the tip, input data generated via NASFOR program-
qualifies both the DISCOS/NASTRAN interface program
and the lumped mass representation of system iner-
tial characteristics.




Table I-1.

Brief Description of Demonstration Problems (Cont'd.)

Problem

Description

8

10

11

Two mechanical degree of freedom system with a two
channel control law - qualifies linearization tech-
niques, resonant frequency calculations and transfer
function evaluation.

AE-C modeled as five interconnected rigid bodies
with a multi-channel control system - qualifies
linearization techniques, resonant frequency cal-
culations, transfer function evaluation, frequency
response, root locus and plot displays.

AE-C modeled as five interconnected rigid bodies
with a multi-channel control system - qualifies
linearized time domain response with plot output.

Two mechanical degree of freedom system with a two
channel control law - qualifies polynomial transfer
function input for control system.




1L, THE ATS-F SPACECRAFT - DEMONSTRATION PROBLEMS 1 THROUGH 6
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Demonstration problems 1 through 6 detail several program system
options through examination of the ATS-F spacecraft. A schema-
tic of the baseline configuration is shown in Figure II-1 where
six subassemblies (bodies) are indicated and where two of the
six are used to represent propellant. Also indicated are three
momentum wheels used for spacecraft control. A fourth momentum
wheel, used to simulate higher order response effects, is not
shown on the schematic.

These six demonstrative examples are used primarily to indicate
the versatility of the program system with regard to modeling
capability and definition of the system characterizing inertial
and vibration properties, However, all six examples use a
common groundwork based upon inertial and geometric character-
istics as defined in Tables II-1 and II-2, 1In Table II-1, we
have indicated the inertial characteristics®* of the assumed
s six bodies and four imbedded momentum wheels. Table II-2 indi-
: ‘cates the appropriate geometric data and details the six hinge
point locations in each of the body axis reference frames. Al-
A so indicated here is the location of the four sensor points re-
quired in conjunction with the four momentum wheels.

The ATS-F spacecraft is controlled by a three axis control sys-
tem as indicated schematically in Figure II-2 where block dia-
grams of the roll, pitch and yaw axis controllers are shown.

* Data described in this sectionare based upon data provided by
H., P. Frisch, National Aeronautics and Space Administration,
Goddard Space Flight Center, Greenbelt, Maryland,

II-1
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Figure II-1. ATS-F Spacecraft-Baseline Configuration
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I11-4

Table 1I-1, ATS-F lnertial Data
Ihertiaé
Mass l1b-ft-sec
Body | 1b-sec?/f¢ | J J J J J J
XX vy zz Xy Xz vz

1 68.273 3713.7 | 3557.3 [ 477.63 {-5.0961{ 32.729 2.9104
2 3.5559 100.48 | 100.79 | 193.41 0 0 0o
3 5.1553 168.96 | 40.091 | 145.07 | -4.7689 | .14296 | -1.9592
4 5.1553 168.96 | 40.091 | 145.07 | -4.7689 |~.14296 1.9592
5 1.708 .79758 | .79758 | .79758 0. 0. 0.
6 1.7081 .79758 | .79758 | .79758 0. 0. 0.

Inertia
Wheel 1b-ft~sec*
1 .065
2 .065
3 .065
4 96.705

7



Table II-2, ATS-F Geometric Data
Location of Hinge Point - Bédy System, ft
Hinge Body X y z
2 1 .030197 .014451 -12.660
3 1 .030197 3.4312 -13.497
4 1 .030197 -3.4022 -13.497
5 1 1,2969 014451 4.3140
6 1 -1.2365 .014451 4.3140
2 2 0. 0. -1.3521
3 3 .36998 -15.809 -.070084
4 4 -.36998 15.809 -.070084
5 5 0. 0. -,001
6 6 0. 0. -.001
Location of Sensor Point - Body System; ft
Sensor Body X y z
T 1 1 0. 0. 0.
2 1 0. 0. 0.
3 1 0. 0. 0.
4 2 0 0 0
Note: Body reference points (origin of body-axis system) at
mass center of respective body.
Demonstration Problems 2 and 4 use so-called geometry modes such
that the six interconnected bodies can be represented as a
single flexible body. Geometry modes are not orthogonal with
respect to a mass matrix and are developed through use of sim-
ple kinematic expressions (i.e., to express absolute appendage
motion as that due to Body 1 absolute motion plus motion of all
other bodies relative to Body 1).

I1-5
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These modes are developed in the form
(II-1) U = AV

(11-2)  yhere U= [y @ @ @ & (& |1

(1I-3) a=[1 ]
A21 A22
A31 E
A1 "
ASl A55
f61 %66
A1 A2 477
= -l
(11-4) v = lU(l) (2 33 &) 5y () §(7{} T .
o
(11-5) and U(i) = oy w, @, Y Vo W T fori= 1,2,...,7;
BRSS!
é(z) = Lgl 22 §3J T (Pemo 1, Hinge 2 rotations),
§(3) = é& éS T (Demo 1, Hinge 3 rotations),
2(4) = %6 37 T (Demo 1, Hinge 4 rotations),
5(5) = 28 59 T (Demo 1, Hinge 5 rotations),
L d
<(6) _ . . T (Demo 1, Hinge 6 rotations),
¢ Gkt k
(D _ 2 ’ .
¢ = 8 icel 4 (simulates reflector torsion mode), -
= =
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and where

-
11-6) a0 =1 7 for 1=1,2,...5;
1
- 1
zy -y 1
..NH xw 1
Y X 1
- - r- -
A, = , A = ,
71 5 72 -1
‘ i nie L ﬁ J "l J
Ay = |-1 L Ay = (-l . 1
1
-1 1 1
Nm %@ l%w I%m
N@ lua@ N.N Vnu le Nm
|76 i |7 |78
o 4 - - e
Ass = b B T | o By T
1 . -1
1 1 1
Z9 Y9 210 "Y10
%9 *10
-lixw - _ll um“_.o = o L
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II-8

The values of the coordinates (x, y and z) arc given in Table

II-3.

Table II-3. ATS5~-F Description of Geometric Modes
Point x, ft y, ft z, ft

1 .030197 .014451 -11.3079

2 -.339783 19.2402 -13.426916
3 .400177 -19.2112 -13.426916
4 1.2969 .014451 4.3150

5 -1.2365 .014451 4.3150

6 .0 .0 1.3521

7 -.36998 15.809 .070084
8 .36998 -15.809 .070084
9 .0 .0 .001

10 .0 .0 .001

(
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Three of the wheels

With reference to Table I-1, this demonstration problem assumes
A three channel

the dynamical system to be modeled as six interconnected rigid
The intent

DEMONSTRATION PROBLEM 1
are for control; the fourth is included to represent reflector

A.

bodies with four imbedded momentum wheels.

dynamics for higher order structural response.

active control system (Figure II-2) is assumed and the response
to initial attitude and rate errors is developed. :
of the problem is to qualify the program system's capability to

model a dynamic system as a assembly of rigid bodies connected

by either linear or nonlinear springs and dashpots and to pro-

vide the nonlinear time domain response.
With reference to Figure II-1 we realize that the topology in-
dicated in Table II.A-1 describes the system.
The orientation of hinge triads and the nature of the constraints
1,A-2, Note that 19 constraints are indica-

are shown in Table I

ted.

The nonlinear time response corresponding to a three second
real time simulation in the absence of gravitational effects
is indicated in Appendix A.

M“
et

( |
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Table II,A-1

Topology Description - Demonstration Problem 1

Body Description

1 EUM and support structure

2 Reflector mesh and ribs

3 +Y-axis solar array

4 -Y-axis solar array

5 +X-propellant tank fuel

6 =X-propellant tank fuel

Hinge

1 Body 1 to inertial reference

2 Body 2 to Body 1

3 Body 3 to Body 1

4 Body 4 to Body 1

5 Body 5 to Body 1

6 Body 6 to Body 1

Table II.,A-2 Constraint Description - Demonstration Problem 1
Euler Rotation Coordinate

Hinge Type 91 92 93 X ¥ z

1 1 0 0 0 0 0 0

2 1 0 0 0 1 1 1

3 1 0 1 0 1 1 1

4 1 0 1 0 1 1 1

5 1 1 0 0 1 1 1

6 1 1 0 0 1 1 1

Note: O = unconstrained
constrained

1=

(
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B.

dicated in Table 1I.B-1 describes the system..
Topology Description - Demonstration Problem 2

Table II.B-

With reference to Table I-1, this demonstration problem assumes

DEMONSTRATION PROBLEM 2
the dynamical system to be modeled as a single flexible body*
using a geometric representation for the vibration mode shapes.

The intent of the problem is to qualify the

Three active momentum wheels are included and the system is
operating under the influence of the three-axis controller des-

program system's capability to model a dynamic system as a sin-
gle flexible body assuming a geometric representation of modal

cribed previously.
characteristics and a consistent representation of inertial
properties and to provide the nonlinear time domain response

With reference to Figure II-1, we realize that the topology in-

1

Body

Dummy to satisfy program requirements

Description
Assembly of six bodies indicated in Table II.A-1

Body 1 to inertial reference

Body 2 to Body 1

s

The orientation of hinge triads, and the initial hinge angles

and displacements are shown in Table II.B-2.

* and a single (dummy) rigid body to satisfy the program system
requirement for a minimum of two hinge points and, therefore,

two bodies.

II-11



Table II.B-2

Problem 2

Initial Hinge Orientations - Demonstration

Euler Rotation

Initial Orientation

62 03 X y z

Hinge Type 8]
1 1 0. 0. 0. 0. 0. 0. i
2 1 1.463E-3|1.962E-3[1.094E-3}-3.02E-2|-1.445E-2 2.435E+1j

Body 2 is assumed to have 12 elastic modes. The values of spin
axis inertia and specified initial momentum wheel rates are in-
dicated in Table II.B-3.

Table II.B-3

Momentum Wheel Characteristics - Demonstration

Problem 2
Y
Initial Rate Spin Axis Inertia :
Wheel rad/sec 1b-ft-sec? |
N SR :
1 127.8 0.065 :
2 127.8 0.065 ;
3 127 .8 0.065 j

The nonlinear time response corresponding to a two second real
time simulation in the absence of gravitational effects is in-

dicated in Appendix A,

I1-12
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DEMONSTRATION PROBLEM 3

With reference to Table I-1, this demonstration problem assumes
the dynamical system to be modeled as a single flexible body*
using a normal mode representation for the vibration mode shapes.
Three active momentum wheels are included and the system is
operating under the influence of the three-axis controller des-
cribed previously. The intent of the problem is to qualify the
program system's capability to model a dynamic system as a sin-
gle flexible body assuming a normal mode representation of modal
characteristics and a consistent representation of inertial pro-

perties and to provide the nonlinear time domain response.

Body 2 is assumed to have 12 elastic modes and the system topology,
initial hinge orientations, and momentum wheel characteristics are
identical to the values given previously in Tables II.B-1 through
I1.B-3.

The nonlinear time response corresponding to a two second real
time simulation in the absence of gravitational effects is in-
dicated in Appendix A.

% and a single (dummy) rigid body to satisfy the program system
requirement for a minimum of two hinge points and, therefore,
two bodies.

II-13
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DEMONSTRATION PROBLEM 4

With reference to Table I-1, this demonstration problem assumes
the dynamical system to be modeled as a single flexible body

(see previous note) using a geometric representation for the
vibration mode shapes. Three active momentum wheels are included
and the system is operating under the influence of the three-axis
controller described previously. The intent of the problem is to
qualify the program system's capability to model a dynamic system
as a single flexible body assuming a geometric representation of
modal characteristics and a lumped representation of inertial
properties and to provide the nonlinear time domain response.

Basic data is as described previously for Demonstration Problems
2 and 3 and the nonlinear time response corresponding to a two
second real time simulation in the absence of gravitational ef-
fects is indicated in Appendix A.



¢

(11-7)

(11-8)

DEMONSTRATION PROBLEM 5

With reference to Table I-1, this demonstration problem assumes
the dynamical system to be modeled as six interconnected rigid

bodies with four imbedded momentum wheels. Three of the wheels
are for control; the fourth is included to represent reflector

dynamics for higher order structural response. The three-axis

controller described previously is included.

Demonstration Problem 5 differs from those described previously
in that there is defined a prescribed hinge motion to simulate
a rheonomic solar panel deployment. To facilitate this rheono-
mic panel deployment requires two control variables. These
control variables are relative velocities obtained through in-
tergration of prescribed accelerations:

a) For tlé:tét?, Panel 1 (Body 3) is moved through 60° accord-
ing to :

. A
g = (-—9) K2 cos K (t-tl)

2
where A0 = w/3
K= "'/(tz—tl)
t1 = (.2 sec
t2 = 1.2 sec

b) For t.&t4t,, Panel 2 (Body 4) is moved through 60° accord-

ing to 3 4

s - (22) g2 i
6 ( p ) K* cos K (t t3)

where A0 = =/3

K = ﬂ/(ta-t3)
t3 = 0.7 sec
t4 = 1.7 sec

II-15



The topology of the configuration is identical t> that des-
cribed in Table II.A-1 and the orientation of hinge triads and
the nature of the constraints arc shown in Table 1I.E-1. Note
that 21 constraints are indicated.

Table IT.E-1 Constraint Description - Demonstration Problem 5

Euler Rotation Coordinate
Hinge Type 91 92 93 X |y z
1 1 0 0 0 0 0 0
2 1 0 0 0 1 1 1
3 1 2 1 0 1 1 1
4 I 2 1 0 0 0 0
5 1 1 0 0 1 1 1
6 1 1§ 0 | O 1] 1)1

Note: 0O = unconstrained
constrained (fixed)
constrained (rheonomic)

N
o

Momentum wheel data are identical to those described previously
with the cxception that the fourth wheel (used to represent re-
flector dynamics) has a specified inertia of 96.7 lb-ft-sec?.

The nonlinear time response corrcesponding to a three second real
time simulation and showing pancl deployment and total system
response to small initial attitude crror is shown in Appendix A.



With reference to Table I-1, this demonstration problem assumes
Three of the wheels

F. DEMONSTRATION PROBLEM 6
the dynamical system to be modeled as six interconnected rigid
bodies with four imbedded momentum wheels.

are for control but, for this example, are locked; the fourth
is included to represent reflector dynamics for higher order
structural response.
Demonstration Problem 6 is intended to qualify the numerical
linearization algorithm and to demonstrate that a set of n
bodies can be coupled to reproduce total system vibration char-

acteristics.
the constraints are as shown in Table II.A-2.
Table IL.F-1 presents a comparison of numerical

The topology of the system is identical to that shown in Table
The linear system forward loop (plant) poles are presented in

I1.A-1 and the orientation of hinge triads and the nature of

results from this demonstration problem with those obtained at

Appendix A,
Goddard Space Flight Center¥®,
Comparison of System Natural Frequencies

Table II.F-1
Frequency, Hz
Mode MMC (DISCOS) GSFC (Frisch)™
- 1 0.929226 .9304275
e 2 1.43161 1.431621
o 3 1.51287 1.512894
4 1.86227 1.862339
5 3.62141 3.621936
6 4.83878 4,99606
7 5.00001 5.000250
8 5.00001 5.000250
9 5.00096 5.001182
- 10 5.01624 5.018296
11 7.02780 7.025820
12 7.07268 7.036717
* Data courtesy Mr, Harold P, Frisch, GSFC,

I11-17
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III, THE DISCOS/NASTRAN INTERFACE - DEMONSTRATION PROBLEM 7

------- P ey ey T R L L T A RS R L L R R R R

This demonstration problem i$ intended to qualify the DISCOS/
NASTRAN interface through examination of a simple physical sys-
tem consisting of two connected uniform beams with a cantilever

boundary condition at one end. The system is as indicated in
Figure I1I-1, '

O Body
(3 Hinge
> Sensor Point

Figure III-1 Two Beam Configuration Fy(t)

ITI-1
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me
b

Esch of the two beams is 1000 units in length with the inecvtial
properties, modal amplitude and rotation characteristics, and
stiffness and damping characteristics indicated in Appendix B.
These data were originally generated using the NASTRAN code by
W. Casc of Goddard Space I'light Center and were transformed to
appropriate DISCOS inputs through application of the NASFOR
program as shown in Appendix B,

With reference to Figure III-1 we note that the topology fonr
the svstem is as shown in Table III-1 whilce the orientation

of the hinge triads and the naturc of the constraints are as
shown in table 1Ili-Z. :

Table III-1. Topology Description - Demonstration Problem 7

Body Description
1 Beam 1, cantilever at root
2 Beam 2, cantilever to Beam I
Hinge <
1 Body 1 to inertial refercnce
' Body 2 to Body 1
Table III-2. Constraint Description - Demonstration Problem 7
C inat
Euler Rotation oordinate
Hinge Type 91 92 93 X y z
1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1
Note: O=unconstrained
l=constrained
E E

Reproduced from
best available copy



The coupled system was forced at the tip by the functions

111-1
( )Fy

F,

10 sin (800t) 0.0€t<0.01 sec
20 sin (600t) 0.05t£0.01 sec

1]

and the time response is indicated in Appendix A.

ITI-3






v, A TWO-BODY EXAMPLE - DEMONSTRATION PROBLEMS 8 AND 11

The primary purpose of this demonstration problem is to verify
the general approach and theoretical basis employed in the fre-
quency domain stability portion of the digital simulation. The
verification is accomplished by choosing a problem that is sim-
ple cnough to develop analytical closed form solutions, yet
sufficient to exercise the many program capabilities. Many
clements relating to transfer function aspects of the digital
simulation can be qualified with this example problem.

The example problem consists of a free-free two mass system

connected together by a single spring and dashpot combination.

s A multi-channel controller is introduced to complete the coupled
plant/controller system. Although the system is initially

P linear, the governing equations are rclinearized within the

program to further validate the linearization technique.

A CONFIGURATION DESCRIPTION

The problem consists of the mechanical system indicated in
Figure IV-1,

F——=x, %

Fy-B; F)-B

- 1 $x

Figure IV-1. Mechanical System (Plant)

The controller depicted in Figure IV-2 represents a negative
fecedback two channcel control system such as occurs for a space-
crafe.

V-1
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Figure IV-2.

The block diagram for the coupled system is given as Figure
IV-3.

Figure IV-3.

V-2

cts

— j§$§ —_—t >
s

Control System (Controller)

e
mtns >
pts 2

Plant — G(s)

Channel 1

Channel 2

Channel 1 — Hl(s)

Channel 2 -—Hz(s)

Block Diagram for Plant/Controller

Ll

,
b

(‘

iy



(Iv-1)

(Iv-2)

(IV-3)

The plant system can be isolated from the rest of the system via

[~ T 0. B "
s+c/m1 -c/m1 , k/m1 -k/m1 Tl(s) 1/m1 |
-c/m2 s+t/m2 —k/m2 k/m2 ﬁ X2(s) _ 1/m2 Fl(s)
-1 s Xl(s) ? F2(S)
-1 s X. (s)
! JU) ] ]

and we next wish to obtain the plant characteristic expression
in s, G(s), such that

SORIION Fi(s).

We will establish this form as an analytical expression to com-
pare with the digital simulation results. '

ANALYTICAL FORMULATION

The system state space representation is written in terms of the
symbols indicated in Figures IV-1 and IV-2 as

Y r | 10 . w ~ | -
X « V. >'(1 /m j O F
% A1 : Al | % 0 : 1/m, 3 F, (
X, ' X, :
L x| = | x, |+
dt 2 2 ]
¢ 5, / o :'* < 3 ) T
5 211 422 8 |
By ! B :
B2 : B2 |
. - U - L J L I -

V-3
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is

|
|
|
11 S12
(IV-4) lI“I - A
Siit Sy
|
|
|
s - -l f
where
.m+o\3H
_ | -c/m
wHH = 2
M‘Y\\ IH
= L
ﬁ
5127
C -b
m =
21 -be
and
[ s+c
S92 %
s ce-~d
i :

Y o' o]
ﬁ@ ta: 0
X, (s) 0 | 1/m,
X, (s) ol o
1
X\ 22 42
mwﬁmv 0 | 0
umﬁmv ol o
wHAmv 0 _ 0
wNAmv 0 _ 0
J L _ i
..n\aH r\aw uw\aw
m+n\am -W\BN w\aw
s
-1 s
H\Bw
H\BN
-a
-g .
-ae
-hn -gn
m+h .
s+f
Nsua s+p

mw?v
wNAmv
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(IV-8)

(Iv-9)

which after carrying out the inversion, yields

=] [

G(s)

From Equation (IV-6) we establish (for B = H(s) xumﬁmvv that

1

2 cs k. s X
Am +Bw +BNVm Aaw +BH
es  k , <=

+ +
Bm Bw Vm Am SH

, &8 kv es kL
s + Em + EN 1 aH
At X , £8
m, + m,, v Am + BH

m, + m m, + m

2 + e Ew - 2 s +k Ep - 2 .
1 2 1 2

H(s) is given by the second two rows of the expression

mpﬁmv
mNAmv
wwﬁmv

wNAmv

stc

ce-d

m+N
s+f

Lo-m

s+p

-1

-b

Carrying out the above indicated inversion yields

H(s) =

d-ce
(s+c) (s+f)

0]

m=-£n
(s+f) (s+p)

~-a

=ae

1/m

0

or

ae

H\Bm

wHAmv
wNAmV
X, (s)
xmAmv

gn

Iv-7



(Tv-11)

(Iv-12)

(IV-13)

(IV-14)

1v-8

and finally

sbe+bd 0 aestad 0
(stc) (st£) (stc) (s+f)
H(s) = 0 shnthm 0 gnstem ’
(stf) (s+p) (s1f) (s+p)

We now write the open-loop transfer function G(s) H(s) by first
noting that

mpﬂmv By
RGN B PYRS R B
X. (s)
1
xm (s)
and B w (s)
1 1
= mAMV . ) i
wm Nmﬁmv S
xHAmv
xmAmv
and it follows that
B._(s) F
1 . 1
= H(s) G(s) .
wMAmv WN

Carrying out the matrix multiplication gives the system trans-
fer function (GH) such that B! = Anmku Fl i,j=1,2

where the matrix Anmku is



w

iy |

_.k_
m

mm, o +1<“‘1+m2>

m M

where
C
<sz + m2
2 (s+c) (s+£) (s c
m m

Th =
) (be82 + (aetbd) s + ad )
m,+m
2 s + k

bes + (aetbd)s + ad )

Xk
. m)*m, )
m m2 ml m2

T12
) (hns2 + (hmtgn) s + gm
m.+m
1 m2 s + k
2

X
n

<u
m tm
2 (s+c) (s+£) (sz +
1
™

m

1™

Q S
m2 + m2
(stf) (s+p) (s +

AY

=)

o

2

=)

7 S X 2
s” + m + m, hns” + (hmtgn) s + gm
m_-m
(s+f) (s+p) <s2 +c ml m2 + k=
172 1 72
BL/FJ (i,j=1,2), for the dynamical system.

expression (Equation(IV-15)) it is possible to
identify the poles, zerog, and Bode gain for each of the open-loop

transfer function
An

In the (GH)j;
transfer functions,
We next wish to identify the quasi-open loop
whereby one channel of the controller is closed and the other
channel is opened to prohibit feedback from the latter
example would be to leave channel two (2) closed, open channel

These transfer functions are classified as Type III as indica-
one (1) such that By does not feed back and establish the trans-

|
ted in previous discussions (e.g., Volume I (Chapter III))

This transfer function is

fer function designated as B;/F;.
classified as a Type VII in Volume I

Iv-9



Tirst note that for Lhis particular case we can write {with rol-
arcnec to Figure IV-3)

: 1 .
(TV-16) T Gt 46 (1)-B

where

.
bo

M e

<
3o

N

and wowv and NQNM arc identificd from Equation (IV-8) as part
ol G(s),

avrn s, = | |1y

and thercfore,
. -1 ,
- ; G
ﬁHQ € ﬁ zN_ M 1 f1o

from which the closed form analytic expression becomes

(IV-18) Iy

(IV-19) B /F, = | ¥, | ﬁH ; - T3 fmw-_ﬂoww Amwv y.mm._ 6, :

V=10



Table IV~1 summarizes the physical data that was used to obtain
numerical values for Demonstration Problem 8.

Table IV-1. Summary of Data for Two-Mass Demonstration Problems

Item Value
m, 2.7

m, 3.1

k 1424.286
c . 90673
a 450.

b 2.

c 450.

d 500.

e 3.

f 500.

g 450,

h 2.

Z 450 .

m 500.

n 3.

p 500.

RESULTS AND COMPARISONS, DEMONSTRATION PROBLEM 8

The data presented in Table IV-1 is used in conjunction with
the basic coupled mechanical/control system depicted in Figure
IV-3 to establish results for both the analytical and digital
program formulations for comparison purposes. For the analy-
tical portion, all indicated matrix operations were carried out
in symbollic form and the fipal results were obtained by direct
substitution into the final form representing the particular
result desired.

Iv-11
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The same input data was then inpul into the DISCOS propram Lo
obiain the corresponding digital results.  These results ave
summarized in comparison form in Table LV-2. The program out-
put for Dcmonstration Problem 8 is contained within Appendix A.

(



Table IV-2. Comparison of Digital Results With Analytical Solution (Shect 1 of 3)

Case 1 Plant Only ~G  TFTYPE=1

Results :
Closed Form DISCOS '
No. I.D. K Zeros Poles X Zeros Poles
| ... |.» Real Imag Real Imag | " Real Imag Real Imag
ffffffff : 1 Xl/RTl L1724 -.146 +21.4 -.314 _f31.4 L1724 -.146  +21.4 -.314 31.4
‘ 0 0 0 0 0 0 0 0
0 0 0 0
2 X2/RT1 .1724 -1570. 0 =-.314 +31.4{.1724 -1570. O -.314 #31.4
; 0 0 0 0 0 0 0 0
0 0 ' 0 0
3. Xl/RTl L1724 -.146  +21.4 -.314 +31.4(.1724 -.146 #21.43 -.314 #31.4
! 0 0 0 0o
§ 0 0 | 0 o !
- '. "
4! X2/R.Il .1724 -1570. 0 -.314 +31.4,.1724 -1570. O -.314 +31.4
0 ) 0 0
o 0 i , 0 o |
5 Xl/R'rz .1724 =1570. 0  =-.314 #31.4..1724 -1570. O -.314 #31.4 §
0 0 0 0 0 0 0 0
0 o ! 0 0 5
6 5(2/12T2 1724 -.1679 +22.9 -.314 +31.4 .1724 -.1679 +22.9 -.314 #31.4 3
0 0 0 0o | 0 0 0 0
0 o 0 0
7| X /Rp,| 1724 -1570. 0 -.314 +31.4:.1724 -1570. 0 «.314 #31.4
0 0 ! 0 0
0 0 0 0
8 XZ/RTZ L1724 -.1679 22.9 -.314 #31.4].1724 ~.1679 +22.9 -.314 #31.4
0 0 ! 0 0
o 0 J 0 0

Iv-13



T~1n 1V=-2. Comparison of Digital Results With Analytical Solution (Sheet 2 of 3)

Case 2 Controller Only ~H  TFTYPE=2

i Results
Closcd Form DISCOS
N I1.D -
K Zeros Poles K Zeros Poles
Real Imag Real Imag B Real Imag Real Imag
P - e — s - s [ PR [ PR e T ammse— = . —— -—.~~*
1 .
) 9 B]/Xl 0044 -167 0. - 500 0. .0044 -500 0. - 500 a.
‘ -450 0. -450 0. -500 0.
- 167 0. -4350 0.
-450 0.
Cn ;Blfkl POk : 0.*
}11% B /X, | 0 0.5
I o
112 [ B,/X, | .0044 =500 0. -500 0. | .0044 -500 0. -500 0.
o =450 0. - 500 0. -450 0. - 500 0.
-167 0. -450 0. -167 0. =450 0.
i -450 0. -450 0.
!
RE! B /X, |1.0 -167 0. -500 0. |{1.0 -500 0. ~-500 O.
; -450 0, -450 0. - 500 0.
! _ -167 0. -450 0.
| -450 0.
l
& * 3
1 BZ/Xl 0 0.7
] 15 Bl/x_’ u.? 0.7
blio B’/X, 1.0 -167 0. ~ 500 0. 1.0 - 500 0. - 500 0.
- - -450 0. =450 0. -500 0.
-167 0 =450 0.
=450 0.

Note: ¥ roots for zero gain omitted

Iv-14
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Table IV-2. Comparison of Digital Results With Analytical Solution (Sheet 3 of 3)

Case 3 Loop Gain~GH  TFTYPE=3

Results
Closed Form f DISCOS
Ne. I.D. kB Zeros Poles ! Zeros Poles
Real Imag Real Imag : Real Imag Real Imag
17 | B /Ry 11724 -167 0. =500 0. :.1724 -167 0. =500 O.
-225 0. =450 0. - -225 0. =500 0.
: -450 0. -450 0.
: - 500 0. ~-450 0.
-.146 421.4 -.314 #31.4 . -.146  421.43 -.314 #31.4
0. 0. : 0. O.
0. 0. ' c. O.
18 | B, /R, |.1724 -167 0. -500 0. .1724 -167 0. =-500 0.
i : -225 0. =450 0. -225 0. =500 0.
; -1571 0. -.314 131.4 =450 0. =450 0.
— ! 0. 0. - 500 0. =450 0.
g 0. 0. -1571 0. ~-.314 +31.4
; 0. O.
0. O.
19 | B, /Ry, [.1724 -167 0. =-500 0. .1724 -167 0 -500 0
-225 0. -450 0. . -225 0 -500 0
-1570 0. -.314 #31.4 -450 0 -450 0
0. 0. - 500 0 -450 0
0. 0. ' -1570 0 -.314 +31.4
6. O.
0 0.
20 | B,/Rp, [.1724 =167 0. -500 0. ..1724 -167 0. -500 O.
-225 0. =450 0. -225 0. =-500 0.
-.1679 +22.9 -.314 #31.4 -450 0. =450 0
0. 0. | - 500 0. =-450 0.
0. o. | -.1679 +22.9 -.314 31.4
i ' 0. 0.
L : 0. a.
f

Iv-15




IV-16

CONTROL SYSTEM - POLYNOMIAL TRANSFER FUNCTION INPUTS

In Chapter III of Volume T, a basis was estabhlished whereby the
uscer could input his control law in the form of polynomial
ratios for cach control channel. Demonstration Problem 10
employs this approach in conjunction with the simple two mass
problem depicted in Figure IV-1. The control law used for this
example is given in Tigurc 1IV-4.

Xl Pl(s)
— - Ql(s) > By " Channel 1
X’)
2 P, (s)
2 — B, Channel 2
Q,(s)

Figure IV-4. Control System - Polynomial Ratios

The results for this demonstration problem are summarized in
Appendix A\
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V. THE AE-C SPACECRAFT - DEMONSTRATION PROBLEMS 9 AND 10

The RCA/AE Solar Pointing System (SPS) provides the basis for
Demonstration Problems 9 and 10. Demonstration Problem 9 is a
linearized transfer function study and Damonstration Problem 10
exercises the linearized time response portion of Program DISCOS.
A mechanical representation of the AE is depicted in Figure V-1.

_Elevation Motor

Azimuth Motor

Yoke

PIA (Pointing Assembly)

Platform (Spacecraft)

Figure V-1. Schematic of AE-C Spacecraft

V-1



Ve

The mathematical model consists of five (5) interconnected

rigid bodies and a two channel controller.

control law is presented in block diagram form in Figurc
and a schematic portraying mechanization of the system in terms
of bodies, hinges, and rclative locations is given in Figure

v-3.

Azimuth Channel

The two channel

V-2

-1 4
K., L ~°
TA A
1 Plant _\i’ ]
S+RALA .
D
K34
GPSI
T7a TeaCaal | Tsafoa | |KeC?Tun) | | ELO¥Ta) | | T1aC1a
+ | s+ ] — «
s T7A s T6A s+T5A s s+T2A s+T1A
Elevation Channel
Kpelg d
1 Plant
S+RELE AY’} !
(2()- ' KeE |« %
+T
C1e%eT4E Gyg(s+T;p) e Ko
S+T4E s+T2E S+T1E
Figure V-2. AE-C Control System



Ql\nertial Axis System
I

Elevation Motor
Body |l

Azimuth Motor
Body IV
Hinge 4, Hinge 5

ITOPOL| Hinge No.

Platform

1
Body V 1234
0123

Figure V-3 Mechanization of AE-C Spacecraft



The bloek diasvam algebra s synthesized into first order dif-
ferrntial agquations o3 depicted in Table V-1,

Tanle V-1, Oontrol Systenm Differential Equations

Azimutl, Contrel
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PRI« FRETR ST B L i P Tl N A WY T VACKS WA
STATE VARIABL® ARRARCEMERNT

The wariahle #or.npanent por the AT-C Spacceraft is discussed
from various points of vicw ther velate to differcent stages of
the simulation. [n particulav, the system state variables (in-
cluding dependeat variables) that originally describe the sys-
tem are rloatefied as

Reproduced from
best available copy
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(

o
Y !
Y,
U
3
U4 System State
US
B
%A
B Y
xss Additional Equations
: Y
L d

For the jth body we have

1 ®
U =

i %

2
Us = oy

j 73
U3 = 9y

] j
U@ = u,

j j
Ul =

j Vi
U@ = w

j 3

NX = 42

er——————

NDELTA = 11

1

NXSS=4
NBTQ=2



and

40

41
42

Next, the in

31} PIA/Inertia

| dw Elevator Motor/PIA

Au)y Yoke/Elevator Motor

y

Ao l
Cde Azimuth Motor/Yoke
Aw ‘ )

z

LAwQ Platform/Azimuth Motor

dependent variables are determined and the indepen-

dent state vector is arranged ahead of the additional equations

as
y

v 8
Xss
B

This arrange
cocfficient

Plant Variables (NY)
Controller Variables (NDELTA)
Plant Sensor Signals (NXSS)

Control Output Variables (NBTQ)

ment is also consistent with the system linearized
matrix (-A-).

The similarity transformation is established within the program

for further
space cquati
the variable

processing of the linearized system. The state
ons are then restructured and reordered such that
order becomes



Al

Plant Sensor Signals (NXSS)

Controller Variables (ND2=NDELTA-NBIQ)

¥ | Plant Variables (NY2=NY-NXSS)
)xss ;

(1

B Control Qutputs (NBIQ).

This set represents a completely independent set of state-space
variables that is utilized for all subsequent linearized analy-
ses. The order can be used to identify the subpartitions of

¥

the system characteristic matrix, |A] . This form of the
governing equations has been used for both the transfer func-
tion studies (Demonstration Problem 9) and the linearized time
domain response (Demonstration Problem 10).

RESULTS

The results are summarized in Appendix A, Each different type
within the transfer function package has been exercised as well
as each mode of output display (i.e., Nichols, Nyquist, Bode,
Root/Locus). The output consists of selected printed and plotted
results for various AE-C system transfer functions. In all,
twelve separate transfer functions were evaluated for the AE-C
spacecraft. The reader is referred to Volume I (Chapter III)
for a detailed description of the transfer function type classi-
fications and to Volume II for an in depth discussion of the
user supplied modules and program input/output descriptions.

The linearized AE-C spacecraft was also used to exercise the
lincarized time domain response portion of the program. The
choice of external forcing function was chosen quite arbitrarily
(as given in user supplied subprogram LTORQL) in that the intent
was to only exercise this aspect of the digital simulation.

Table V-2 provides a comparative summary between some early
AE-C results (3-body simulation) and some recent results ob-
tained with program DISCOS for a Type VII transfer function
(pseudo-open loop azimuth torque/azimuth torque with elevation
loop closed).



Table V-2. AE-C Pole-Zero Comparison

.,

Poles Zeros
csre'Y wic ? (prscos) csrc mic ?) (p1scos)
Real Imag Real Imag Real Imag Real Imag
~62800. ~62800. -62800. -62800.
~62800. -62800. -6665. ~6665.
—-56666. - 6666, -1098. -1098.
~6665. ~6665. -300. -300.
-2514. -2514. -3.83 +22515. -1.73 F22513.
=2514. ~2514. ~.00174 +183.1 -.0019 +188.7
~1098. -1098. -.00535 +182.2 -.073 +188.3
-~1000. -1000. ~45. +55. =45, +55.
-559. ~560. -49.8 -49.8
- 300. -300. -5.0 -5.0 6
-3.83 | +22515. -3.82 | +22513. -2.87x107 -9400. | +.73x10
-.402 +2596. -.12 +2595. 0.
-.00175 +183.1 -.002 +188.8 0.
-.0058 +182.2 -.074 1+188.3 0.
-45. +55. 44,7 +55.6 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. )
0.
0.
0.(3)
Notes: (1) Used a constrained platform
(2) Used a frece-free platform (also IBM 170/155 Q-precision)
(3) The 12 zcero poles represent the 6 rigid body modes of the free-free
systen. .

C
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APPENDIX A - DELINEATION OF USER-PAKS, INPUT AND OUTPUT FOR
ELEVEN DEMONSTRATION PROBLEMS

This appendix contains, for all demonstration problems, the fol-
lowing items:

1.

2.

listing of user-pak - computer listing of the user-supplled
subroutines required for the demonstration problem;

data input - computer listing of data used to generate re-
sults for the demonstration problem;

print output - representative print output sufficient for
the user to validate the numerical results for the demon-
stration problem;

graphical output - representative graphical output suffi-
cient for the user to validate the graphical results for the
demonstration problem,
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ACTIVE CONTROULLERs NUNLINEAK TIME DDOMAIN KESPONSE
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DATE 02/23/75 * PAGE NO.

RUN NQO. DEMO 1
RIN AY CARL BODLFY

CURRENT TIME = 10.58.16

ATS F* ~—= & INTEPCOUNNECTED KIGID BODIES, 4 IMBEDDED MOMENTUM WHEELS,
THE CPU TIMER = 0.0

ACTIVE CONTROLLEP, NONUINEAP TIME DOMAIN PESPONSE

oT-v

NAS5-11996 DEMONSTRATION PROPLEM NUMBER 1,

THIS DEMONSTRATION PRORLEM SYNTHESIZES THE ATS F SPACECRAFT AS A

SYSTEM OF SIX INTERCONNECTED BODIES. THERE ARE & ACTIVE MOMENTUM

WHEELS (ONE REFRESENTS REFLECTOR OYNAMICS FOR MIGHER ORDER

STRUCTURAL RESPONSF) WHILF THF OTHER THREE ARE USED FOR CONTPOL TORQUF.

THE PROBLEM STARTS WITH INITIAL ATTITUDE AND RATE EFRORS AND
SIMULATES NON LINEAR TIME DOMAIN RESPONSE.

( - C
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RUN NO. DEMC 1 CATE 02/23/7% PAGF NO. 2
. RUN BY CARL POOLFY
ATS F —— & INTEQCONNECTED RIGID RODIES, & IMBEDOED MOMENTUM WHEELS, CURRFNT TIME = 10.58.16
ACTIVE CONTHOLLER, NONLINEAR TIME DOMAIN PESPONSE THE CPU TIMER = 3,966TE-O1

SUMMARY OF CYNAMIC~SIMULATION-PROGRAM INPUT DATA * & * * & % % % £ »

ACTUAL SI2E€ES MAXIMUM SIZES INTEGRATION DATA GRAVITY GRADIENT DATA MISC. DATA
N8 = & NEMAX = ) STARTY = 0.0 Gl = 0.0 GAMAL = 0.0 NOPRNT = 20
NH = & NHMAX = [ CELTAT = 1.2500-0? G2 = 0.0 GAMAZ = 0.0 NOPLOT = 1
NSPT = 4 NSPMAX = 15 ENDT = 3.000D+00 G3 = 0.0 GAMA3 = 0.0 IFLNER = O
NOFMO = [ NMWMAX = s GMAG = 0.0 RCMAG = 0.0

NDELTA = k4 NMWBOD = &

NU = 40 NMDEOD = 12

NBETA = 17 KMu = 22

NLAM = 19 KY = 250

NEQ = 64 LY = 113

THE TOPOLOGY ARRAY (ITOPOL) FOR THIS CASE FOLLOWS
1Y €2 €3 L&) (5) (&)

1 1 1 e 3 & S &

2 1 L] 1 1 1 1 1

THE CONSTRAINT SPECIFICATIONS FOR THIS CASE FOLLOW
C1) C2) €3) (4) (5 (6)

NPV P WUN -
bt 00,0l (et Pt s Pt
QOO Om
-t O OO~
gt b D et O we
ot ot b O e O v
et et OO e
-t et OO gt

THE SPECIFIFD INITIAL HINGF ANGLES AND DISPLACEMENTS (PETAH) FOLLOW

tn t 2} t3) ( &) t 5 (&)
1 1 1.463D-02 4.0000-02 7.0000-02 9.000N-02 0.0 0.0
2 1 1.9620-03 5.00CD-02 0.0 0.0 1.1000-01 1.3000-01
3 1 1.094D-03 6.0000-02 6.0000-02 1.0000-91 1.2000-01 1.400D0-01
& 1 ~3.020D-02 GC.0 0.0 0.0 0.0 0.0
5 1 ~l. 445002 0.0 0.0 0.0 0.0 0.0
6 1 2.4325D+01 0.0 C.0 0.0 0.0 0.0

THE SPECIFIED INITIAL HINGE RATES (BETAMO) FOLLOW

(1 t2) (3) t &) t 51 (&)
1 1 1.0000-0? 0.0 0.0 0.0 0.0 0.0
2 1 2.0000-02 0.0 0.0 0.0 0.0 0.0
3 1 3.000D0-02 0.0 0.0 0.0 0.0 0.0
& 1 0.0 0.0 0.0 0.0 0.0 0.0
5 1 0.0 0.0 0.0 0.0 0.0 0.0
[ 1 0.0 0.0 0.0 0.0 0.0 0.0

T-v



RUN NO. DEMOD I DATE 02/23/75 PAGF NO. 3
RUN BY CARL BODLEY

T1-v

ATS F —— & INTERCONNECTED RIGID ROPIES, 4 YMBEDDEDR MOMENTUM WHEELS, CURRENT TIME = 10.58.17
ACTIVF CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE THE CPU TIMER = 5,566TE~01

THE NO. OF ELASTIC MODES/BODY ARKRAY (IRGFLX) FOLLOWS
€ 1) 2y € 3 C&) ( S) (6}
1 1 (4] 0o o [} o] 0

THE NO. OF P/Q HINGE POINTS/BODY ARRAY (NHPOTI) FOLLOWS
€ 1Y (21 €3y L&) € S) U 6)
1 1 5 1 1 1 1 1

THE NO. OF SFNSOR POINTS/B80DY ARRAY (NSPOI)} FOLLOWS
) C1Y C2) 3 C4Y € 5) C6)
1 1 3 1 ] 0 0 0

THE MOM. HﬂgELIBODY TABLE (NMOW) FOLLOWS
1Y € 2) € 3) L&) € =) o

AP WN -
bt b 1t b ek el
QW W
QOO
QOO0 Q0
0000QQ
QO20QQQ
[N NeRalieRal, )

THE STATF VECTOR LENGTYH ARRAY (LENU) FOLLOWS

(1) €2) €3) &)Y €S)Y U 61 C7) (B) €9 (10) (11} (12) (12) {14)
9

1 1 7 6 (] 6 6 0 0 4] 0 0 0 17 T

THE STATE VECTOR LOCATION ARRAY (LOCU) FOLLOWS
C1) C2) €3) ¢ 4) S C6) 7Y C8) L 9) (10) (11) (12) (13) (14)
1 1 1 10 17 23 29 35 41 41 41 41 41 41 41 £8

THE SPECIFIED SENSOR POINT/BODY CORRELATION AFRAY (IFTSMW) FOLLOWS
C1Y 2) € 3) (4)
1 1 1 1 1 2

( ( (
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RUN NO. DEMOD 1 DATE 02723775 PAGE NO. &

RUN &Y CARL BODLEY
ATS F —— 6 INTERCONNECTED RIGID RODI*S, & IMPEDDED MOMENTUM WHEELS, CURRENT TIMF = 10.58.17
ACTIVF CONTROLLFR, NONLINEAP TIMF DOMAIN PPSPONSE THE CPU TIMER = 6.TOOOE-O1

THE FOLLOWING DATA IS SPFCIFIED MOM. WHEEL INFOPMATION *XF ANY) AND CONTROLLER INFORMATION

THE SPECIFIED MOM. WHEFL COMTROL ARRAY (IMD) FOLLOWS
(1) €2 ¢3) (&)
1 2 &
2 3
1

1 1
2 1
3 1 1

[ )

1
1

THE SPECIFIED MOM. WHEEL RATES AND INERTIAS (AMC) FOLLCW

t 1 (21 t 3) t ay
1 1 1.27€0+02 1.2780402 1.2780402 0.C
2 1 6.5000—02 6.5000'=02 6.5000-02 9.6700+01

THE SPECIFIED CONTKOLLER TNITIAL CONDITIONS AND CHARACTERISTICS FOLLOW
(THE FIRST NDELTA ARE INITIAL CONTRCLLER SYATE VARIARLES, THERE ARE 40 ADDITIONAL CONTRCL PARAMETERS)

1 2) { 3) t &) t 5) { &} [ ) t 8 o) 10
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.789D404 ?.8B0ND+02 0.0
1 11 0.0 GG C.0 0.G 2.0970405 2.07&D+05 6.747D+03 1.1770+05 0.0 T7.8840404
1 2% 1.177De05  0.C T7.8840404 0.0 7.A720+402 7.8720402 0.0 T.8720+0> T.8720402 0.0
1 31 0.0 0.0 ©,L110401 9.438D+01 £,7120+01 2.6190+402 0.0 2.1270402 2.619D+402 0.C
1 41 2.1727D+02 0.0

1.06020+401 1.0020+401 0.0 1.0020+401 1.002D+01

(244



RUN NO. DEMO 1 DATE 02723/75 PAGE NO. 5
RUN PY CARL BODLEY

ATS F ~- 6 INTERCONNECTED RIGID BCDIFS, 4 IMBEDDED MOMENTUM WHEELS, CURRFNT TIMF = 10.58.17
ACTIVE CONTROLLEF, NONLINEAR TIME DOMAIN RESPONSE THE CPU TIMER = R.9667€-01

21V

SUMMAPRY OF INPUT DATA FOR RDOY 1 WHICH IS RIGID.

THE 6X6&6 INERTIA MATRIX IS ——

«tn «2) t 2 ( &) ¢ 5) t 6}
1 1 3.714D403 5.0960+00 -3.273D+0! 0.0 0.0 0.0
2 1 5.096D4+00 3.557D+03 ~2.910D0+00 0.0 0.0 0.0
3 | § ~3.273D+01 ~2.9100+400 &.776D+02 0.0 0.0 0.0
4 1 0.0 0.0 0.0 6.82704+01 0.0 0.0
5 1 0.0 0.0 0.0 0.0 6.8270+01 0.0
] 1 0.0 0.0 0.0 0.0 0.0 6.82TD+01

FOR BODY 1 THE P-Q HINGE NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,243)s AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
HINGE TRIAD WRY THE EODY TRIAD
1y (2)

1 1 2 1
2 1 3 1
3 1 & 1
4 1 5 1
5 1 & 1
tn ( 2) ¢ 3) t &) t 5) { &)
1 1 0.0 3.14204+00 0.0 3.0200-02 1.445D—-02 —1.266D+01
2 1 0.0 0.0 3.1420400 3.0200—02 3.4310+00 ~-1.3500+01
3 1 0.0 0.0 0.0 2.,0200-02 -3.4020+400 -1.350D+01
L 1 0.0 0.0 0.0 1.297D0400 1.445D-02 4.314D+00
s 1 0.0 0.0 3.142D0+400 —-1.236D+00 1.4450-02 4.3140+00

FOR BODY 1 THE SENSOR POINT NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES(1,2,3), AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
SENSOR TRIAD WRT THE BODY TRIAD

c1my 2y
1 1 1 1
2 1 2 1
3 1 3 1 '
- t 1 t 2 t 3 t &) ts) t &)
) § 1 0.0 0.0 0.0 0.0 1.4450-02 ~1.266D+01
2 1 0.0 0.0 0.0 0.0 3.4310+400 -1.3500+01
3 1 0.0 0.0 0.0 0.0 ~3.,402C4+00 —1.350D0+01

( ( | (



RUN NO. DEMO 1} DATE 02/23/7% PAGE NO. 6
RUN &Y CARL BPOOLEY
ATS F ~— & INTERCONNECTED RIGID PONIFS, & IMPEDDFD MOMENTUM WHEELS, CURRENY TIME = 10.58.18
ACTIVE CONTROLLFR, NONLINEAR TIME DOMAIN RESPONSE THE CPU TIMER = 1.1500€+00

SUMMARY OF INPUT DATA FOR RODY 2 WHICH IS RIGID.

THE 6X6 INERTIA MATRIX IS ——

ST=¥

1) ( 2) {t 2) { &) t 5 { 6)
1 1 1.0050402 0.0 0.0 0.0 0.0 0.0
2 1 0.0 1.0080+402 0.0 0.0 0.0 0.0
3 1 0.0 0.0 1.934D+02 0.0 0.0 0.0
4 1 0.0 0.0 ¢.0 3.5560+400 0.0 0.0
5 1 0.0 0.0 0.0 0.0 3.5560400 0.0
& 1 0.0 0.0 0.0 0.0 0.0 3.5560+00

FOR BODY 2 THE P-Q HINGE NO. AND THE EULFR ROTATION TYPE APPEAR IN THE FOLLOWING INTEGFR ARRAY WHICH
IS FOLLOWYD BY AN ARRAY CONTAINING EULFR ANGLES (142,3), AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
HINGE TRIAD WRTY THE GODY TRIAD
t1) 2)
1 1 2 1
tn (2] t3) t 4) { 5) { &)
1 1 0.0 3.142D+00 0.0 0.0 0.0 ~1.252D+400

FOR BODY 2 THE SENSOR POINT NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED EY AN ARRAY CONTAINING EULER ANGLES(1.243), AND POSITION VECTCOR COMPONENTS (4,5,6) THAT POSITION THE
SENSOR TRIAD WRT THE BODY TRIAD
t 1)y 2y
1 1 4 1
«tn
1 1 0.0

{ t 4) (=) € 6)
0.0 0.0 0.0 0.0 ~1.3520+00



RUN NO. DEMO )

91-¥

SUMMARY OF INPUT DATA FOR €0ODY

THE 6X6 INERTIA MATRIX IS ——
1) € 2) ( 3)

1 1 1.690D+02 4.7690400 -1.4300-01
2 1 4. T6D+00  4.009D0401 1.9590+00
3 1 ~1.4300-01 1.959D400 1.451D+02
& 1 0.0 0.0 0.0
5 1 0.0 0.0 0.0
& 1 0.0 0.0 0.0

NATE 02/23/75
PUN RY CARL BODLEY

3 WHICH IS RIGID.

DQOMOQOO ~

F 3

Qo000

550400

ATS F ~~ 6 INTERCONNECTED RIGID RODIFS, & TMBEDDED MOMENTUM WHEELS,
ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE

0.0
0.0
0.0
5.1550+00

PAGE NO.

CURRENT TIME = 10.58.18
THE CPU TIMER = 1.2933E+00

FOR 80DY 3 THE P-Q HINGE NO. AND THF FULFR ROTATION TYPE APPEAR IN THE FOLLOWING INTEGEFR ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,2,3)}, AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE

HINGE TRIAD WRT THE BODY TRIAD
t 12}
1 1 3 1
«2) ( 3)
1 1 0.0 0.0

t &)

(5

1

( &)

3.142D0+400 3.7000-01 -1.5810+01 -7.008D-02

(

7



RUN NO. DEMO 1

DATE 02/23/75

N BY CARL RODLEY

ATS F -~ 6 INTERCONNECTEC RIGID ROOIFS, 4 IMBEDDED MOMENTUM WHFELS,

ACTTIVE CONTROLLER, NONLINFAR YIME DOMATN RESPONSE

SUMMARY OF INPUT DATA FOR BODY

THE 6X&6 INERTIA MATRIX 1S -—--

r1n t 2) «3)
1.6900+02 4.769D+00 1.4300-01
4.T69D+00 4.0090+401 ~1.9590+00
1.43200-01 -1.9590+00 1.451D+02

WM PrWN -
o b ek b bt el

0.0 0.0 0.0
C.0 0.0 0.0
0.0 0.0 0.0

FCR RODY 4 THE P—Q HINGE NO. AND THE EULFR °OTATION
IS FOLLOWED RY AN ARRAY CONTATNING EULFR ANGLES (1,2,

HINGE TRIAD WRT ThE FODY TRIAD
t1 2
1 1 “ 1
[ § | t 2) (2
1 1 0.0 0.0 0.0

LI-y

COMNMOOO™
[
2O0~200 N

550+00

(&)

-2.700D-01

& WHICH 1S RIGID.

t 5)
0.0
0.0
0.0
0.0
5 «155N+00
0.0

TYPE APPEAR

t 5)

1.5810+01 -7.008D-02

e

t 6
0.0
0.0
0.0
0.0
0.0
S.1

«1550+00

PAGE NO.

CURRENT TIME = 10.58.18
THF CPU TIMEP = 1.406TE+00

IN THE FOLLOWING INTEGER ARRAY WHICH
3), AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE

( 6)



RUN NO. DEMO 1 NATE 02/725/7% ' PAGE NC.
RUN RY CARL HODLEY

ATS F —- & INTERCONNECTED RIGID 80DIES, 4« IMBFDOFD MOMENTUM WHEELS, CURRENT TIME = 10.5%8.18
ACTIVE CONTROLLER, NUNLINEAR T1MF DOMAIN RESPONSE THE CPU TIMER = 1.5223F+00

8I=V

SUMMARY OF INFUT TAYA FOR PODY € WHICH IS RIGID.

THE 6X6 INERTIA MATFIX 1S -—
) t s t &)

(1 « 21 « 3) ( &
1 1 T.9760-01 0.0 0.0 0.0 0.0 0.0
2 1 0.0 7.976D-01 0.0 0.0 0.0 0.0
3 1 0.0 0.0 7.9769-01 0.0 0.0 0.0
g 1 0.0 ¢.0 0.0 1.7080+00 0.0 ) 0.0
5 1 0.0 0.0 0.0 0.0 1.7080+00 0.0
[ 1 0.0 0.0 0.0 0.0 0.0 1.7080+00

FOR BODY 5 THE P—Q HINGE NO. AND THE EULFR ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
1S FOLLOWED EY AN ARRAY CONTAINING EULER ANGLES (14243)y AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
HINGE TRIAD WRT THE RODY TRIAD
(1) €21
1 1 5 1
5) t 6)
-1.0000~03

t 21
1 1 0.0 0.0

oW

O -
.
S -~
.
o
O -
»
(=]
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RUN NO. DEMOD 1 OATE 02/23/75 PAGE NO. 10
RUN BY CARL RODLEY
ATS F —— ¢ INTERCONNECTEN RIGID PODIFS, & TMOFDOED MOMENTUM WHEELS, - CURRENY TIME = 10.58.19
ACTIVE CONTROLLEP, MCNLINEAR TIME DOMAIN RFSPCNSE THE CPU TIMER = 1.6500E+00

SUMMARY QOF INPUY DATA FOR PCDY & WHICH IS RIGID.

THE 6X&6 INERTIA MATRIX IS —-—

COONOO ~
[
CQOQVWaOODwW

{
0o
[
760-01 ©
1
0
0

O D WN -
et b ot gt et ek

FOR BODY 6 THE P-Q HINGE NC. ANT THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
1S FOLLOWED RY AN ARRAY CONTAINING EULER ANGLFS (152,3), AND POSITION VECTOR COMPONENTS (4,%,6) THAT POSITION THE
HINGE TRIAD WRY THE POOY TRIAN
(1) ¢ 2)
1 1 & 1
2} 3 { &) t5) t &)
1 1 0.0 0.0 3.14204+00 0.0 0.0 -1.0000-03

FOLLOWING INTEGEF ARRAY (INDEP) PRESCRIBES INDEPENDENT VARIABLES (1), AND DEPENDENT VARIABLES (0)

CI) €2 U3 (4 €5 (6 CT) (8) [ 9) (10) €110 (12) (13) (14) (15) (1861 (17) (18) (19) (20)
1 1 ¢ 0 0 0 o o 1 1 1 0 1 1 1 1 1 1 L] 0 ] 1
1 21 1 1 0 o 0 1 0 1 ] 1 1 0 1 0 0 1 1 1 1 0
1 41 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 61 1 1 1 1

61~Y



RUN NO. OEMO 1} DATE 02/23/75
RUN BY CARL BODLEY
ATS F -~ 6 INTERCONNECTED RIGID BODIES, 4 IMBEDDED MOMENTUM WHEELS, CURRENY TIME = 10.586
z ACTIVE CONTPOLLER, NONLINEAR TIME DOMAIN RESPONSE THE CPU TIMFR = 3 .86
=}
AT SIMULATION TIME, T = 0.0 PRI B R EE B R N AR B N N R B N L B B B N N A A
THE STATE VECTOR Y =
tn t 2 t 3 {4 {5 { &) tm { 8) t 91
1 1 1.0020-02 1.999N-02 3.0020-~02 46.1€30~1T £.0720-18 —6.9330-18 1.27804¢02 1.2780+02 1.278D0+02
1 11 1.9250-02 3.1260-02 ~2.346D-01 1.024D~01 —-8.024D-03 0.0 1.1420-02 1.698D-02 3.1340-02
1 21 1.5040-01 2.3000-01 1.2230-02 <£.1490-02 2.810D-02 2.9220-01 1.581D0-01 -2.48102-01 ©$.0110-03
1 31 3,004D-02 8.698D-02 ~1.483D-02 -1.6200~-02 1.648D-02 1.7860-02 2.847D-02 7T.6240-02 -9.1915-02
1 &1 1.4620-03 1.9620~02 1.094D-03 -3.020D0-02 ~1.445D-02 2.435D+01 4&.0000-02 &K.0000-02 6.0000-02
2 51 8.0000—02 9.0000-02 1.000C-01 11.1000-01 1.2000-01 1.300C-01 1.4000-01 0.0 0.0
1 61 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.0 TR EEREEEREEEI I B I EE R N I EE N N S NN I I R B N
THE STATE VECTOR TIME DERIVATIVE YDY =
(1 t2) { 3) { &) { 5) t &) (7 { &) t 9)
1 1 ~1.2290-02 £.6250-01 2.391D+01 7.8330+400 4.7670D+00 —1.4080401 -B.5900~02 —-9.6080—-01 -3.401D+01
1 11 ~9.1720401 &4 ,186D+00 -1.273D+02 —1.0790402 —1.4030+01 ~4.186D400 6.4950400 -2.037D+00 —-1.1160+01
1 21 1.9PSN401 B8.820D+01 ~8.236D0+00 4.753D0400 —~1.183D+401 ~7.529D+401 -1.0620401 1.1390+402 -1.671D+01
1 31 ~1.184D402 1.831D+01 4.6950401 —1.3890401 2.224D+01 1.264D*02 ~1.382D+402 4.1410+00 -3.8060+01
1 41 1.0000-02 2.0000-02 3.0000-02 4.1620~17 6.124D-18 ~5.006D0~18 =T.9470-17 1.9240-17 3.4690-18
1 51 -6,07720-18 $,204D-18 -3,383D0-17 2.1480-17 0.0 ~1.7400-17 ~1.735D~-18 3,412C-02 4.997D+00
1 61 5«.014D0+00 1.862D-02 5.0080+00 0.0
AT SIMJLATION TIME, T = 0.0 * % K %k 2 B % K F N K X KK KKK KN KX XK TSRS
THE BETAS (FULER ANGLF S, POSITIOM COORDINATES) ARE
1) (2) ( 3) ( &) ( 5] { 6]
1 1 1.463D-03 4,0000~02 7.000D-02 ©.0000-02 0.0 0.0
2 1 1.9620-03 £.0000~02 0.0 0.0 1.1000~01 1.300D-01
3 1 1.0940-03 6.0000-02 &.000D-02 1.000D0-01 1.2000-01 1.400D-01
& 1 ~3.0200-02 0.0 0.0 0.0 0.0 0.0
s 1 —1la4450-02 0.0 0.0 0.0 0.0 0.0
6 1 2.435C+01 0.0 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.C * & & % ® & B & % % % % & %k % % B % ¥ & & ¥k & ® % & * ¥k ¥ % ¥k *
THE AEYTA TIME NERIVATIVIS ARE
1) t 2} ( 2) { &) t 5) {86
1 1 1.0000~02 ~7.947D~-17 1.1280-18 5.2040~-18 0.0 0.0
2 1 2.0000-02 1.924D0-17 0.0 0.0 2.168D-17 ~1.740D-17
3 1 3.000D0-02 2.4690-12 -6.072C-18 -3,3R3D-17 0.0 -1.735C-18
& 1 4.162D-17 0.0 0.0 0.0 0.0 0.0
5 1 6.124D~18 0.0 0.0 0.0 0.0 0.0
6 1 —-5.0060~18 0.0 0.0 0.0 0.0 O«
AT SIMULATICN TIME, T = 0.0 FEE IR IR IR IR BE B 2R IR BB 2 R K NS BE N BN N BN BE NN R BE B N N TR N I
THE DELTAS (CONTROL SYSTEM VARIABLES) ARE
1 t2) (3} ( ~} [ | t6) [ |
1 1 0.0 0.0 0.0 .0 0.0 0.0 0.0
AT SIMULATICN TIME, T = 0.0 "E R EEEEEEET I S AN BRI EE N N RN B A R N ]
THE DELTA TIME NERIVATIVES ARE
tn t 2 {2 { 4) { &) { &) [ |
1 1 .40 4 007000 Y AN K OYLNNN TLRAINNZ SONRNGAN A0

C

(

PAGE NO. 11

.22
&TE +00

(10}
T.329D-03
-8 .5530-01
1.9050-02
1.3530-02
7.0000-02
0.0

(10)
8.4250+01
5.7T000+01
-1.074D+02
~1 +434D+01
1.128D-18
1.395D-02
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AT SIMULATION TIME, T = 0.0 LR I N S L N I L R NN B IR B N B BE B N I R T N T IR

FODY 1 THE VELOCITIFS ARE
tn ( 2} ( 3) ( 4) t5) { 6} t 7 t 8) ( 9)
1 1.0020-02 1,9990-02 3.0020-02 4.1630-17 6.072D~18 —%.9330-18 1.278D+02 1.2780402 1.278D+02
FODY b THE COPRESPUNDING MCMENTA APE
«cn « 2 ( 3) L 4 (53 ( &) [ B A { a) ( 9)
1 4.46460401  7.938D+01  2.226P+01 2.842D-1F% 4.1450~16 -3.368D-16 B8.206D+00 8.307D+00 8.3080+00
E0DY 1 1TS CONTRIFUTION TO TOTAL ANGULAF AND LINEAR MOMENTUM IS
(1) {21 { 3) ( 4) t5) { 6}
1 4.4600+01  7,93S0401 2.2290+01 2.841D-1F 4 ,181D~16 -3.4180-16
CONTRIFUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES 1¢ 1.593553940+03 0.0
AT SIMULATION TIME, T = 0.0 k ¥ £ A & * % K %k % £ Kk & % &k F ¥ X % % % % & % & % & & %k ¥ %
fany 2 THE VELCCITIEY ARE
tn t 2) t 2 L 4) ( 51 ( 6) {7
1 7.2260-03  1,425D~02 3.1260-02 -2.2460-01 1.0240-01 —8,.0240-03 0.0
RODY 2 THE CORRESPONDING MOMENTA ARE :
«tn « 2) (2) { &) { 5) { 6) (mn
1 7.364D-01 1.9400+00 6.045D+00 —£.342D-01 3.640D-01 -2.853D-02 3.0230+00
rROOY 2 ITS CONTRIEUTION TO TGTAL ANCULAR AND LINEAR MCMENTUM 1S
t 1 [ | t t 4) {5 ( 6)
1 —44220D+0C -8 .4830¢00 5.9920+0C ~C.11TD-01 4.126D~01 ~-2.314D-03
CONTPIRUTION TO TQTAL KINETIC AND POTENTIAL ENERGIES IS 2.324383360-01 0.0
AT STMULATION TIME, T = 0.0 L NE B I N AR R IR I U N BN NN N R RN I N R N N R N R
BODY 3 THE VELOCITIFS ARE
t 1) t 2) ( =) { &) {5) &)
1 1.142D-02 1.698D-0G2 3.134D-02 -8.553D-01 1.5040-01 2.300D~01
BadY 3 THE CORRESPONDING MOMENTA APE
{n «2) ( 3) ( &} ( 5} ( &)
1 2.005D+400 7.96T0~01 4.5T9D+00 —4,.4090+00 7T.756D—01 1.186D0+00
BODY 2 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINFAR MOMENTUM 1S
1 ( 2) ¢ 3 ( &) ( 5) { &)
1 1.9300401 —4_069D+01 £,890D+401 —4,.4550400 4.961D0-01 1.142D+00
CONTPTPUTION TN YOTAL KINETIC AND POTENTIAL ENSRGTIES 1S 2.17016102D400 0.0
AT SIMULATICON TIME, T = 0.C (AR IR AR IR N IR BE I B N B BN B N I N U R N BN N T N T R
RODY & THE VELOCITIES ARE
{1} { 2) t 3 (4) { 5} { 6)
1 1.2230-02 2.1490-02 2.8100-02 2.922N-01 1.5810-01 -2.4R10-01
ROCY <« THF CORRFSPONDING MOMENTA ARF
t 1 t 2) « 3 { &) (%) (-3
1 2.1730400 B.649D~01 4.02&D+00 1.5060400 8.1510-01 ~1.2790+00
BODY 4 ITS CONTRIBUTION TO TOTAL ANGULAR AND L INEAR MOMENTUM IS
(tn t 2) U 3) ( &) { s) { 6}
1 1.4500401 1.6420+01 3.310D+01 1.414D400 1.076D+00 —1.189D+00
CONTRIBUTICN TO TOTAL KINETIC AND POTENTTAL ENFRGIES TS $.224031090-01 0.0
AT SIMUILATION TIME, T = 0.0 LA B L L I B B I IR 2R 2N S B IE B BE BE B A IR N B BN L BRI P N
BQDY 5 THE VELOCITIES ARE
tn { 2) {3 { &) « 5) { &)
1 9.0116-03 1.5050-02 3.0940—07 E.698D~02 ~1.4R3D~02 ~1.420D-072
EODY 5 THE CORRESPONDING MOMENTA ARE
(1n t 2) {t 3) { &) { £) { &)
1 7.187P-02  1.5190-02 2.468D~02 1.4P6D-01 —2.533D~-02 -?.76E0-02
EODY 5 ITS CONTPEIPUTIGN T TCTAL ANGULA® ANN [ INEAR MOMENTUM IC

" [ | [ | f &) (%) t AN

Adoo ajqepeae 3saq
wiol) paonpoiday




1 1 2.1270-01  &.2720%00 1.857T-02  1.6659-01 =7.3360 05

oA b 2N-02
ITS CONTRIRUTYION Yit TOYAL KINETIC AND POTENMTIAL ENCRGIES 1S Tal3

18432T0-02 0.0
AT SIMSLATION TIME, T = 0.0 P R R R I NI I I RN B N B N A
FOR RODY & THE VELOCITIES ARF
«t1n t2) [ 3) t &) 5) ( &}
1 ] 1.6480-02 1.7B&D~02 2.B47D-02 7.624D-02 -9.1910-02 1.352D-02
FOR BODY &, THE CORRFSPONDING MOMENTA ARE
1 { 2) ( 3) { &) «5) { &)
1 1 1.3150-02 1.42%0-02 2.2700-02 1.302"-01 -1.570D0-01 2.2110~02
FOR EODY & ITS CONTRIBUTION IC YOTAL ANGULAR ANT LINEA® MOMENTUM IS
tn «2) t 3) ( &) { 5) t 6)
1 1 3.9410+00 42780400 1.9770-01 1,4680-01 ~1.3720-01 4.198D-02
ITS CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 1.28929564D-02 0.0
AT SIMULATION TIME, T = 0.0 P N E R E R R E E E N Y A IR TN N R R R Y
THE INTERCUNNECTION CONSTRAINY FORCES{LAMBDAS) ARE .
{1 2y (2 ) { &) { 5) { 6) «t7” { &) {9 t10)
1 1 4. T6E6D+02 -3.56TN+02 1.184D+01 -7.770D0+402 -2,848D0+402 -1.5690402 4.449D+402 ~1.1330+4023 -2.,8080+02 ~1.4560+02
1 11 Se 7650402 ~1.2410401 1.8T7I0+01 0.336D4+401 -2.594D+401 ~1.7820+401 ~1.212N+01 6.3200+01 -2.2210+01
AT SIMULATION TIME, T = 0.0 ® % %k % % % k ¥ % %k $ 3 £ 4 & £ ¥ X% & XS K EFE XS F 2K
THE TOTAL ANGULAR MOMENTUM VECTOR IS
(1 ( 2) {3)
1 1 7.8330+01 5.5200+01 V.50:0+02
THE TOTAL LINEAR MOMENTUM VECTOR IS
«1n «2) ( 3)
1 1 ~3.560D+00 1.P40D+00 -~3,044D-02

THE TOTAL ANGULAR MOMENTUM 1.78413248D+02

THE TOTAL LINEAR MOMENTUM = 4,00749179C+400
THE TOTAL KINETIC ENFRGY = 1.596499247+02
THE TOTAL POTENTIAL ENERGY = 1.87538333D+03
THE TOTAL ENERGY (T + V) = 3.471882570+03
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(!

RUN NO. DEMO 1

OATE 02/23/75
RUN RY CARL BOOLEY

ATS F ~—~ & INTERCONNECTED RIGID BODIES, & IMBEDDED MOMENTUM WHEELS,
ACTIVE CONTROLLERy NONLINEAR TIME DOMAIN RFSPONSE

AT SIMULATION TIME, T =

THE STATE
1 1
1 1
1 21
1 31
1 41
1 51
1 81

AT SIMULATION TIME,

THE STATE

1
11
21
31
41
51
61

-t b bty

VECTOR ¥ =
(1)
~%.2320-03
-2.3960-01
=3.5760-02
-2.18 1D-01
3.5940-02
1.1530-02
1.6980+00

VECTOR TIME
1)
-2.618D-01
~2.098D+01
-1.2780+00

3,.539D+00
~3.8200-03
2.457T0-01
4.5550-03

«2)

t 3

~2.5220-03 -7.446D0-02
~4.226D-01 -1.7230-01

~1.2830+00

1.7340-01

1.1190-01 ~5.3820-03

6.4270-02
—6.1890-02
3.1140-01

T =

1.486D-01
Y.344D-03
1.6980+00

DERIVATIVE YOT =

( 21 t 3)
3.6600-01 2.4000+00
T.7510-01 -3.2130+01
~6.4920+01 5.5430+00
2.456D+00 5.131D+00

~3.1210-03 ~7.4220-02

1.7T7T70-01

8.7540-02

1.0520-01 &.5666D-03

t &)
1.2170-01
~5.9580-01
1.8550-03
2.558D0-01
~1.1610-02
8.9590-07
-8.58TD-04

3.00000400* * * & ¢ ¢ *»

(&)
9.1730-01
-9.735D+00
1.8100-01
9.241D+00
1.2560-01
-1.568D-02

AT SIMULATION TIME, T = 3,00000+00% % * % & & *

BETAS

1
1

CVP N
oyt =t pe

AT SIMULATION TIME, T = 3.0000D+00% =%
BETA TIME DERIVATIVES ARE

CVEWN -
- b ey b e

AT SIMULATION TIME, T = 3.00000+00% *

(EULER ANGLES, POSITION COORDINATES) ARE
(1) t 2) ( 3) t &)
3.594D-02 2.9690-03 -5.186D-02 -6.1890-02
64427002 1.1000-02 0.0 0.0
1.4860-01 1.4240-02 1.1530-02 1.344D-03

-l.!SlD-OZ - 0.0 0.0 0.0

-5.8410-03 0.0 0.0 0.0
2.4090+01 0.0 0.0 0.0

(1
-3.8200-03
-3.1210-03
—7.4220-02
1.2560-01
8.1080-02
2.482D-01

t 2}
-4 .5620-01
~2.4370-01
3.5310-01
o.o

0.0

0.0

€ 3)
9.1730-02
o.o
2.4570-01
o.o
0.0
0.0

THE DELTAS (CONTROL SYSTEM VARIABLES) ARE

1 1

AT SIMULATION TIME, T = 3.00000+00% =»

t 1
5.1410-01

(2)

t3)

1.696D+00 2.394D-01

THE DELTA TIME DERIVATIVES ARE

(1)
1.A95h-01

(2
T.32AN-03

{3}
7 .RARN~0?

* & ¢ & "

{ &)
1.7770-01
0.0
B.754D-02
0.0
0.0
0.0

* % * @ =
&)

1.6980+00
L L B O

t 4)
PR LI WL

t 51 t 6)
7.2730-02 2.5260-01
2.544D-01 -1.5680-02
1.3060-02 1.0910-01
~%.20TD-03 -1.3990-02
~5.8410-03 2.409D+01
~1.737T0-03 -9.302D~-07

* ¥ * ¥ % & & & ¥ & &

¢ 5] ( 6)
8.688D0-01 9.721D+00
9.613D+00 -3.476D--01
-3.186D-01 -8.873D-01
-2.6090-01 1.3740-01
8.1080-02 2.4820-01
-1+436D-01 1.146D~02

CURRENT TIME =
THE CPQ TIMER = T.3146F+02

tn t 8y

)} .?8%‘02 1.2890+02
~-9.6030~02 -5.2720-03
=1.0370-02 -2.4750+00
~2.1810-01 1.116D-01

2.9690-03 1.1000-02
=1.7570-03 5.1410-01

® % % & ¥ * % * &k x %

«7 8l
6.434D0~01 1.564D-02
-4 26850400 5.743D-01
=3.6990+00 ~7.7270+01
3.5390+00 2.440D+00
—4.5420~01 ~2.4370-01
~1.4360-01 1.68950-01

11.14

3.0000D400% # % & % % % % # % & * & % % % & & & $ & * ® & & & & & @ & & &

(o)
1.290D+02
1.7150-01
~44,207D~03
1.8330-01
1.4240-02
1.696D+00

% % %

t 9}
-2.0180+00
-‘.3690000
-2.6090-01
-9.4830-01

3.5310-01

7.3280-03

* ¥ & %k & Kk & 2 &2 E s EEEFEEEEEER

( 5) ¢ 6)

0.0 0.0 ~
8.9590-07 -9.3020-07
=1.7570-03 -1.7570-03

0.0 0.0
0.0 0.0
0.0 0.0

2 & & & % & & & & ¢ & & & & 8% k& *&d @& & &K

t 5 ( 6)
0.0 0.0
-1.1460-02 1.146D-02

~1+4360-01 -1.4360-01

0.0 0.0
0.0 0.0
0.0 0.0

* % & & 4 % % %S REE S A NS SRS

t s) (6]

tn

3.1140-01 1.698D+00 -8.587D-04

B B BE BN BN BN BE B B N NE L BE NS N B NE BE R B K B B B

t 5
T .0S52N-0

(&)

t7n

&L ALGAD=NA —T _SAAN-N?

i

PAGE NO.

«25

(10)

4 .5420-01
-2.3000+00
-1.3990-02

2 495001
-5.1860-02

2 .394D--01

(10)

5 .5080+00
9 .407D+00
1.3740-01
1.0170+01
9.1730-02
7 .868D-02

23

i

i

i

|

“mwpf_”

i
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AT SIMULATION TIME, T = 3.0000D400% & & & % & & ¢ % ¢ & & & & 3 & % & & & & % % & % & % & & & & &
FOR BODY . 1 THE VELOCITIES ARE

(1) t2) t ) t 4 t 5] t6) tn ( 8) {9
1 1 ~4e2320-03 -2.5220-03 ~T.44560-02 1.2170-01 7.2730~-02 2.5260-01 1.2890+402 1.289D0402 1.2900+02
FOR BOOY 1 THE CORRESPONDING MOMENTA ARE
tmn t 29 t3) t &) t 5 (6} tn {8 € 9
1 1 ~4<9150400 -4.018D0-01 ~2.704D+01 8.309D0+00 4.966D+00 = 1.7250+01 8.376D+00 8.376D+00 8.3780+00
FOR BOOY 1 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
t 1 «2) 3 { &) {5} { 6]
1 1 —1.4000402 2.0660¢02 ~2.6710+01 8.575D+00 5.%5360+00 1.6940+01
ITS CONTRIBUTION TO TFOVAL KINETIC AND POTENTIAL ENERGIES IS 1.62345644D+03 0.0

AT SIMULATION TIMEs T = 3.0000D+00% * & % & & & % & 2 & X & & & & % % & & &£ % & & & * & & & & & *
FOR BODY 2  THE VELOCITIES ARE )
(1 € 2y 3 (4 t 5 ( 61 (n
1 1 4.5642D-01 -2.396D0-01 —%.226D-01 -1.7230-0! -5.958D-01 2.544D-01 -1.5680-02
FOR BODY 2  THE CORRESPONDING MOMENTA ARE

(1) t2) {3} { %) [ 5) t& tmn
1 1 45640401 ~2.4150401 -8.325D0+401 ~6.1260-01 ~2.119D400 9.046D-01 ~4.2390+01
FOR BODY 2 ITS CONTRIBUTION YO TOTAL ANGULAR AND tINEAR MOMENTUM IS
{1} t2) 3 { &) {5 ( 6}
1 1 T7.0780401 —~1.774D0401 -8.5510+01 -2.543D-01 -2.210D0+00 8.5730-01
ITS CONTRIBUTION TD TOTAL KINETIC AND POTENTIAL ENERGIES IS 3.19805669D+01 0.0

AT SIMULATION TIME, T = 3.0000D400% % % % % % % % & % * Q * & ' % 'K & % R % &K & * % & § %k » *
FOR BOOY 3 THE VELOCITIES ARE

tn «2) « 3) ¢ 4y ts) t 6)
1 1 =9.603D-02 -5.2720-03 1.7150-01 —2.300D+00 -3.5760-02 ~1.283D+00
FOR BODY 3 THF CORRESPONDING MOMENTA ARE
tn 2 « 3) {4 t5) t 6)
1 1 ~1.6270+01 -3.333D0~01 2.48B8D+01 ~1.186D+01 -1.844D-01 -6.6160+00
FOR BODY 3 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM 1S
tn t 21 t 3) ( &) { 5) ( 6}
1 1 —1.097D+02 ~1.803D+402 2.666D+02 -1.2130+01 -1.521D+00 -5.9130+00
ITS CONTRIBUTION TO YOTYAL KINETIC AND POTENTIAL FNERGIES IS 2.07938193D+01 0.0

AT SIMULATION TIME, T = 3.,00000400% % % % & % % % & $ & % & % % % & & & & & & & & & % & % & & & *
FOR BODY & THE VELOCITIFS ARE

n «2) 3 { 4) (5) t6)
1 1 1.7540-01 1.8550-03 1.3060-02 1.0910-01 -~1.037D-02 -~2.475D+00
FOR 800Y 4 THE CORRESPONDING MOMENTA ARE
tn {2 { 3) (&) ( 5) t &)
1 1 2.931D401 8.7580-01 1.9186D+00 5.6220-01 —5.348D-02 -1.2760+01
FOR BODY 4 ITS CONTRIPUTION TO TOTAL ANGULAR AND LUINEAR MOMENTUM IS
tn t 2) t 3) ( 4) t 5) ¢ 6)
1 1 2.6T5D402 3.4990+401 -3.0670+00 ~1.3830-01 —2.9080-01 ~1.2770+01
ITS CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 1.837551690+01 0.0

AT SIMULATION TIME, T = 3,0000D+00% #* % & # % % & % & % % 2 % & & % & & % % & 5 £ 2 % & & % % » %
FOR 800Y 5 THE VELOCITIES ARE
1 t 2y t3) { 4) (s) ( &)
1 1 ~442070-03 ~1.3990-02 -2.181D-01 1.119D0-01 -5.3820-03 2.5580-01
FOR 8ODY S THE CORPESPONCING MOMENTA ARE
tn { 2) { 3) ( &4) - 08) ( &)
1 1 ~3356D0-03 -1.116D0-02 -1.7290-01 1.9110-01 -9.192D-03 4.,370D-01
FOR BODY 5 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINFAR MOMENTUM IS
tn r 2 t 2y t 4) sy [ ]

C C (



1
1vs

FOR

FOR

FOR

I7S

THE

o

THE

THE

THE
THE
THE
THE
THE

: \ RN IEIE ] F i

1 ~9.49TD-02 5.515D+00 -1.78680-01 2.1810-01 3.628D-03 4.2430-01
CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIFS IS 8.567038450-02 0.0

AT SIMULATION TIME, T = 3,0000D400% % % # & 8 & % * ® &« * % & * 2 2 2 * % & & & & & & & & & & & &
8ODY 6 THE VELOCITIES ARE
tn () t 3 ( &) { 5) { 6)
1 —4.20TD-03 -1.3990-02 —-2.1810-01 1.1160-01 - 1.8330-01 2.4950-01
800Y 6 THE CORRESPONDING MOMENTA ARE
1) « 2) «t3 { &) ts) ( 6)
1 -3.3560~03 -1.1160-02 -1.7390-01 1.906D-01 3.1300-01 4&.2610-01
f|0DY 6 ITS CONTRIBUTION TO YOTYAL ANGULAR AND LINEAR MOMENTUM IS
{ 1} { 2) ( 3) { &) t5) {6)
1 =9.3310+00 5.237D+00 -4.2590-01 1.6980-01 3.224D-01 4.2790-01
CONTRIBUTION TO TOTAL KINEYTIC AND POTENTIAL ENERGIES IS 1.115112520-01 0.0

AT SIMULATION TIME, T = 3.00000400% % & & & * % & £ 2 % & £ £ % £ 2 & & £ & & * % & & & % & % % ¥
INTERCONNECTTON CONSTRAINT FCRCES{LAMBDAS) ARE
(S § ) ( 2} « 3) ( &) ¢« 5} L 6} (x4 { 8) { 9} 110)
1 1. 1550402 ~3.302D401 —3.444D+01 1.929D402 -4 .867D+01 —8.664D+00 -3.347D+02 1.9120402 —4.575D+00 —4.146D+01
11 ~3.966D0402 —2.166D-01 4.2030400 B8.7160400 1.579D¢01 2.062D-01 —4.2270+00 1.667D+00 1.737D+01

AT SIMULATION TIME, T = 3.00000+00% % % % % % » & % % & &« £ & % & & & % & & & & & 4 & % % % & ® &
TOTYAL ANGULAR MOMENYUM VECTOR 1S
(N t 2} { 3)
1 7.9160401 5.429D401 1.507D+02
TOTAL LINEAR MOMENTUM VECTOR IS
tn t 2} (3
1 =~3.557D0400 1.2400400 -2.923D0-02

TOTAL ANGULAR MOMENTUM = 1.78669901D+02

TOTAL LINEAR MOMENTUM = 4,00475219D+00
TOTAL KINETIC ENERGY = 1.69480352D+403
TOTAL POTENTIAL ENERGY = 4.03065442D402
TOTAL ENERGY (T + V) = 2.0978689N4+03

CPU TIME/STEP (PU TIME/REAL TIME
3.0895E+00 2.4T16E+02

)
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RUN BY CARL PODLEY

ATS F —— ¢ INTERCONNECTED RIGIC RCDIFS, 4 IMBECOED MOMENTUM WHEELS,
ACTIVE CONTROLLER, NONLINFAR TIME DOMAIN RFSPONSE
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1000
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SUMMARY OF PLOTTING INFORMATION

DEMONSTRATICN PRGB. 1 -— ATS—F CONTROLLED SPACECRAFT

NCPLOT = 247
KCPLOTY = 16

2 3 4 5 6 7 8 9. 10

1 NCD = 2 2 & NGRID = 1
OMEGA] RODY~1 ANGULAR VELCCITY VECTOR
1 NCD = 5 & 7 NGRID = 1
UV—w RODY~1 BODY REFERENCED VELOCITY VECTOR
1 NCD = 8 9 10 NGRID = 1
THEDQT MOMENTUM WHEFL 142¢ AND 3 ANGULAR RATES

11 12 13 14 15 16 17

1 NCD = 2 3 4 NGRID = 1
OMEGA2 BONY—-2 ANGULAR VELOCITY VECTOR

1l NCD = 5 6 7 NGRID = 1
U-v-w BODY-2 LINEAR VELOCITY VECTOR

1 NCO = 8 0 [+ NGRID = 1
THEDOT MOMENTUM WHEFL 4 ANGULAR RATE

18 19 20 21 22 22 24 25 26 27 28 29

1 NCD = 2 3 4 NGRID = 1
OMEGA3 BODY-3 ANGULAR VELOCITY VECTOR

1 NCO = 5 [ 7 NGRID = 1
U-v—-u AODY~3 LINEAR VELOCITY VECTOR

1 NCN = R g .10 NGRTN = 1

PAGE

CURRENT TIME = 11.14,3%
THE CPU TIMER

NO.

7.3519€+402

24



Le=v

ISET
JVPL
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ISETY
JveL

TIME

NCIX
TIMF

NC I
TIME

NC1
TIME

NCTY
TIME

NCI
TIME

NC I
TIME

NCY
TIME

NC1
TIME

NCI
TIME

NCT
TIME

NCT
TIME

R ol

- R

30

&2

5S4

T2

OMEG A&

NCD
U-v-w

31 3z

NCOD
OMEGAS

NCO
U-v-w

NCD
OMEGA6

NCD
TRV

43 L2

BETA

NCD
xXyi-1

BETA

55 56

NCO
DELTA

NCD
DELTA

NCD
DELTA

n Ta

1t

BODY~4 ANGULAR VELOCITY VECTOR

11 12 13 NGRID = 1
BONY—4 LINEAR VELOCITY VECTOR

33 a4 35 36 37 38 39 40

2 3 4 NGRID = 1
BODY-5 ANGULAR VELOCITY VECTOR

5 6 7 NGRID = 1
RODY-5 LINEAR VELOCITY VECTOR

8 9 10 NGRID = 1
BODY-6 ANGULAR VELOCITY VECTOR

11 12 13 NGRIOD = 1
BODY=6 LINFAR VELOCITY VFCTOR

45 46 4T 48 49 50 51 52

2 3 4 NGRID = |
HINGE~1 EULER ANGLES

5 ] 7 NGRID = 1
HINGE-1 INERTVIAL XYZ POSITION

8 9 10 NGRID = 1
HINGE-2 EULER ANGLES

57 58 59 60 61 62 63 &4

T 8 ] NGRID = 1
ROLL CHANNEL CONTROL VARIABLES

9 10 (] NGRID = 1
PITCH CHANNEL CONTROL VARIABLES

11 12 o NGRID = 1
YAW CHANNEL CONTROL VARIABLES

at

41

53

65
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ISET
JVPL

ISEY
JVPL

ISET
JVPL

ISET
JVPL

NC T
TIME

NC I
TIME

NC X
TIME

NCY
TIME

NC1
TIME

NCT
TIME

nu

NCY
TIME

n "

NC T
TIME

NC1
TIME

1
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118

130

144

NCD
THEDD

107 108

NCD
BETAHDT

NCO
xXy2-Cv

NCD
BETAHDT

119 120

NCD
OELTADY

NCD
DELYADY

NCD
CELTACT

131 132

NCD
LAMBDA

145 146

NCD
MOMENTUM

NCD
ENERGY

2 3 4 NGRID =

1
MOMENTUM WHEEL 1,2y AND 3-—- ANGULAR ACCELERATION

109 110 111 112 113 114 11% 116 117

"

"

"

2 3 & NGRID = 1
HINGE -1 EULER ANGLE RATES

s 6 7 MGRID = 1 A
HINGE—1 INERTIAL REFERENCED VELOCITY VECTOR

8 9 10 NGRID = 1
HINGE—2 EULER ANGLE RATES

121 122 122 124 125 126 127 128 129

7 8 o NGRID
ROLL—-CHANNEL

0
et

9 10 ] NGRID = 1
PITCH-CHANNEL
11 12 0 NGRID = 1

YAW CHANNEL

133 134 135 136 127 138 139 140 141 142

2 2 & NGRID = 1
HINGE—2 INTERCONNFCYION FCORCES

147 148 243 264 245 246 247

7 8 4] NGRID = B
TOTAL ANGULAR AND LINFAR MOMENTUM

9 10 11 NGRID = 1
KINETIC, POTENTIAL AND TOTAL ENERGY ~= T ¢ V
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ATS-F CONTROLLED SPACECRAFT

BOOY-2 LINEAR VELOCITY VECTOR

CARL BOOLEY
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Figure A-1 Graphicai Results, Demonstration Problem 1 (Sheet 2 of 11)
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RUN NC. DEMO 2 DATE 02720775 FAGE N .
KUN BY (ARL RCDLEY

ATS-F SINGLE FLEXIELE ELOY JSING GEUMLTRY MUDES, 3 IMIEDDLT MUM. WHELLS, CURRENT TUIMF = 1942423
¥ ACTIVE CONYROULLER, NCNLINEAR TIME DUMALN RESFONSE, UST  MTHODC TH:Y CPJ TIMER = G.u
S
NASS-11996 =~ (SFC DEMONSTRATI(N PROELEM NUMPER 24

THIS GEMONSTRATIUN PROBLEM SYNTHESIZES THF ATS~F SPACECLRAFT AS A SINGLE
FLEXIELE EODY ANC A CURMMY RIGID ELDY (THE PROUGRAM MUST haVE A MiNIMUM OF
L-hINGES, THUS 2-£0D16%)e THERE ARE THREE ACTIVE MCMENTUM WHEELS USEL
FOR CONTROL TCRWUE.

THE PRUBLEM STARTS WITH INITIAL ATTITUDE EWKCS (NC RATc ERRCR]) AND
SIMULATES NONLINEAR TIME DOMAIN RESPOUNSE.



‘ ‘ l

«s R L -

RUN NC. DEMO 2 DATE G2/22/75 PAGE NC. 2

RUN EY CARL BODLEY
ATS—F SINGLE FLUXI1BLE BLDY USING GECMITRY MOUDES, 3 IMEENDED MUM. WHEELS CURRENT TIME = 19.22.23
ACTIVE CONTROLLER, NUNLINEAR TIME DUMAIN KESPUNSE, USE  MSMCDC ThE CPU TIMER = 3.566Tt-ul

SUMMAKY OF DYNAMIC—-SIMULATION-PRUGRAM INPUT DATA * » % * % 4 &% % *

ACTUAL SIZES MAXIMUM SIZES INTEGRATICUN DATA GRAVITY GFACIENT [ATA R M1SC. DATA

NE = < NBMAX = 6 STARTT = 0.0 Gl = 0.0 GAMAl = 0.0 NOPRNT = 10
NH = 2 NHMAX = [ DELTAT = 1.250D-02 G2 = 0.0 GAMAZ = 0.0 NOPLOT = 1
NSPT = 3 NEPMAX = 15 ENUT = 2.0000+00 G3 = Q.0 GAMA3 = 0.0 IFLNER = O
NCFMO = El NMWMAX = S GMAG = 0.0 RCMAG = 0.0

NDELTA = 6 NMWBCD = 4

NU = 27 NMDB(CD = 1z

NBETA = 12 KMU = 22z

NLAM = (¢} KY = 250

NEQ = 5T Ku = 113

THE TOPOLOGY ARRAY (ITOPOL) FOR THIS CASE FOLLOWS

1) (2)
N 1 1 2
2 1 o 1

THE CONSTRAINT SPECTIFICATICNS FCR THIS CASE FOLLOW

€1 C2)
1 1 1 1
2 1 o o ‘
3 1 o o
4 o o
5 1 6 o
6 1 o o
71 ¢ o0

THE SPECIFIED INITIAL HINGE ANGLES AND DISPLACLMENTS (BETAH) FCLLOW
(1) (2)

1 1 0.0 1.4630-05
2 1 0.0 1.9620-03
3 1 0.0 1.094D-03
4 1 0.0 ~3.0200-02
5 1 0.0 -1.4450-02
6 1 0.0 2.435D+01

THE SPECIFIED INITIAL HINGE RATES (BETAHD) FOLLOMW
1 ( 2)

0.0
0.0
0.0
0.0
0.0
0.0

£S-v

[ O IR N
-yt b i et
COOOO0OO
COO0O00O



RUN' NO. DEMO 2 DATE 02/22/75 PAGE NC.
RUN BY CARL EODLEY

ATS—F SINGLE FLEXIGLE GUDY USING GEOMETRY MCCES, 3 IMBEDDED MUM. WHEELS, CURRENT TIME = 19.22.24
ACTIVE CONTRGLLER, NONLINEAR TIME DUMAIN RESPONSE, USE MSMCDC THE CPU TIMER = 5.0000t-ul

yS-¥

THE NO. OF ELASTIC MCDES/BCUY ARKAY {IRGFLX) FOLLLWS
t1) 2
1 1 0 12

THE NO. OF P/Q HINGE PUGINTS/EODY ARRAY (NHPUOi) FOLLOWS
1)y ¢ 2
1 1 1 1

THE NO. OF SENSOR POINTS/BODY ARRAY (NSPOI) FOLLOWS
1 (2)
1 1 (4] 3

THE MOM. WHEEL/BODY TABLE (NMOW) FCLLCWS

{1 2
1 1 0 3
2 1 0 3
3 1 G 1
& 1 [¢] 2
5 1 o] 3
& 1 o 0

THE STATE VECTOR LENGTH ARRAY (LENU) FCLLUWS
C1)Y €2 C3) C4) (U 5) (o)
1 1 ] 21 0 12 12 6

THE STATE VECTOR LUCATION ARRAY (LOCU) FOLLOWS
1) €21 ¢ 3) (&) (5) (&)
1 1 1 T 28 28 <0 52

THE SPECIFIED SENSCR PCINT/BCDY CORRELATION ARRAY (IFTSMW) FOLLCWS
(1) €2y (3)
1 1 2 2z 2



RUN NO. DEMO ? OATE 02/22/75 PAGE NO-. 4
RUN BY CARL EQOLEY
ATE~F SINGLE FLEXIELE BODY USING GE(OMLTRY MAUES, 2 IMEEDDED MOM. WHEELS. CURRENT TIME = 19.22.24
ACTIVE CUNTROULLER, NONLINEAR TIML DUMAIN RESPONSE, USE  MIMODC THE CPU TIMER = 6.0000L-01

THE FOLLOWINC DATA 1S SPECIFIED MOM. WHEEL INFCRMATION (1F ANY) AND CONTRULLER INFORMATICN

THE SPECIFIED MCM., WHEEL CONTROUL ARRAY (IMC) FULLCWS
1) ¢ 2) ¢ 3)

1 1 1 2 3
2 T 1 2 3
3 1 1 1 1

THE SFECIFLIED MOM. WHEEL RATES AND INERTIAS (AMO) FCLLOW

(1) 2) € 3)
1 1 1.276D+02 1.278D+02 1.278D+02
2 1 £.5000-02 6.5000-42 6.5000-02

THE SPECIFIED CONTROLLER INITIAL CONDITIONS ANL CHARACTERISTICS FOLLOW
(THE FIRST NDELTA ARE INITIAL CONTRGLLcR STATE VARIABLEL, THERE ARE & APDITICNAL CONTRLL PARAMETIERS)

(1} t2) ( 3) { <) (5 { 6) €7 ( 8) { v) (10)
1 1 V.0 LaO 0.0 0.0 Ueu 0.0 0.0 Geu Vv 0.0
1 11 0.0 C.C

(4% 4



RUN NCG. DEMO 2 ’ OATE OL/22/7% PAGE NUL.
. PUN FY CARL ECDLEY
ATS—F SINGLE FLEXICLE PODY USING CLUMETRY MUDES, 3 IMBEDDED M(UM. WHEELS, CURKENT TIME = 19,22.2«

& ACTIVE CONTROLLER, NCNLINEAR TIME OOMAIN RESPONSE, USt MSMODC THE (PU TIMELX = 0.4333t-01

SUMMARY OF INPUT DATA FUR BLODY 1 wr1Ch 1S KIGID.

THE oX& INFRTIA MATRIX IS ——-

(1) t 2) t 3) ( &) t 51 { 6)
1 1 1.0000+00 0.0 0.0 0.0 0.0 0.0
2 1 0.0 1.000D+00 0.0 [N ] 0.0 G.0
3 1 0.0 0.0 1.000D+00 0.0 0.0 0.0
4 1 0.0 Q.0 0.0 1.0000+00 0.0 0.0
5 1 0.0 0.0 0.0 0.0 1.0000+00 0.0
[} 1 0.0 0.0 0.0 0.0 0.0 1.0000+00

FOR BODY 1 THE P—0 HINGE NU. AND THE EULER RCTATION TYPE APPEAR IN THE FCLLOWING INTEGEF ARRAY WHICM
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES €14293)¢ AND PLSITICN VECTUR CUCMPUNENTS (4,5,6) THAT PCSITICN THE
HINGE TRIAD WRT THE BCDY TRIAD ’
(1) (2)
1 1 2 1
(1) (2] ( {
1 1 0.0 0.0 0.0 0.0 0.0 0.0



( ]

RUN NQO, DEMO 2 DATE 02/22/1% - PLGE NOO 6
RUN BY CARL BLOLEY
ATS—F SINGLE FLEXIBLL BUDY USING (tuMt TRY MUCES, 3> IMEEDDED MCM. WHEELS, CURKENT TIME = 19.22.26
ACTIVE CONTROLLER, NONLINEAK TiMt DOMALIN RESFONSE, USt MSMODC Tht CPU TIMER = 1.0933E+400

SUMMARY CF INPUT DATA FOR 8ODY 2 WHICH 1S FLEXIRLE W/CONSLISTENT MASE MATRIX.
THE INTEGER PARAMETERS—~~ IFRBM,IFOIAK,IFCIAD ASRE 1. Oy [¢]

THE JOOF TABLE FOLLOWS~—~—
(1) C2) (3) € 4) €52 L 61

1 1 & 5 & 1 P 3
2 1 10 11 12 7 8 9
3 1 1¢ 17 18 13 1& 1%
4 1 22 23 24 19 20 21
5 L 28 2+ 30 25 26 27
& 1 34 35 36 31 3z 33
7 1 40 41 42z 3T 38 39
THE MODE SELECTION VECTOR FOLLCWS=—— g 2
110 0 2) 0 3) (&) 1 5) €6 €71 €81 €9 (lu) (111 (121 (13) {(1l«] (15) (le) (17) (18) wa
1 1 1 2 3 4 s & T 8 ¢ 10 11 1z 13 1 15 1 17 18 ; P
FOR BODY NC. 2 THE PGSITION VECTCR FROM THE BOUY ORIGIN TC JGINT 1 IS ]
X = 0.0 Y = 0.0 2= 0.0 g &
o
af
THE CONSISTENT, REPARTITIONED MASS MATRIX 15—~ 83
t 1 «2) (3 { «) (5} € 61 (3] t 8) 9 (16) <
1 1 6.827D0+01 0.0 0.0 0.C 0.0 0.0 0.0 0.0 0.0 0.0
111 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Ul 0.0
1 3 0.0 0.0 0-G 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 41 0.0 0.0
2 1 0.0 3.556D+00 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0
2 1n 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0-G 0.0 0.0
2 21 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 31 0.0 0.0 0.0 0.0 ¢-0 0.0 0.0 0.0 0.0 V.0
2 41 0.0 0.0
3 1 0.0 0.0 5.155D430 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0
3 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0-G
3 31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 v.Q 0.0 0.0
3 43 0.0 0.0
4 1 0.0 0.0 0.0 £.1550+00 0.0 0.0 0.0 0.0 0.0 0.0
4 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.G
4 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Oau 0.0 0.0
4 31 0.0 0.0 6.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0
4 41 0.0 0.0
s 1 0.0 0.0 0.0 0.0 1.7080+00 0.0 0.0 0.0 ) 0.0
s 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
s 21 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
s 31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
> 5 41 0.0 0.0
) 1 0.0 0.0 0.0 0.0 0.0 1.706D+00 0.0 0.0 0.0 0.0
6 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 a1 0.0 6.0 0.0 0.0 0.0 G.0 0.0 0.0 0.0 0.0
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(1) { 2) t 5) () { S) o) [ () t v) (10)

0.0 0.0 .0 0.0 a.n [ (0 Ll

1 1 9.4110+01 0.0

1 11 0.0 Ouls

2 1 0.0 9.4580+01 0.0 GaU Jal 0.u 0.0 u.0 Gt CoC
2 11 0.0 .0 .

3 1 0.0 0.0 . $.T120D+01 0.0 0.0 0.0 0.0 Leu Gaw Cau
3 11 0.0 0.0 ’ ‘

4 1 0.0 0.0 0.0 2.0190+02 0.0 GaU 0.0 Cel 0.0 GoC
& 11 0.0 0.0

5 1 0.0 0.0 G0 0.0 2.1270+02 0.0 Gel G0 0.0 Cab
5 11 0.0 0.0

6 1 0.0 0.0 0.0 Vel GO Z.6190402 0.0 Geu Gal u-0
6 11 0.0 0.0

7 1 0.0 0.0 a0 G.C 0.¢ . U.C 2.12TNeu: 0.6 0.4 U.0
7 11 0.6 0.0

8 1 0.0 0.0 0.0 0.0 0.0 6.0 0.0 1.0020+01 6.0 C.0
8 11 0.0 0.0

9 1 0.0 0.0 U0 u.U 0.0 O.u . DG 0.l 1.0020+01  U.G
% " 11 0.0 0.0

10 1 0.0 0.0 0.0 et G0 o.C ULt C.o €0 1.0G20+01
10 11 0.0 0.0

11 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 GaU
11 11 1.002D+01  0.G )

12 1 0.0 0. G.u Ueu 0.0 Ca0 G Gau u.U U0
12 11 0.0 2.880N+02

THE INITIAL MODAL COCRCINATE DISPLACEMENTS ARL——-

(1) «2) € z) ( 4) t 5] { &) (7) [ SR ¢ v} (o)
1 1 0.0 0.0 0.0 Osu 0.0 Ca 1 0.0 0.0 vy [O7]
1 11 C.0 0.C
THE INITIAL MODAL COORDINATE VELUWCITLIES ARE—=—

(1) (2} (2 ( 4) t 5) { 6) « 7 (el {91 {10)
1 1 0.0 0.0 0.0 Oau C.0 0.0 0.0 0.4 0.0 Vel
1 11 0.0 G0

FOR BODY 2 THE P—Q hINGE NO., THE EULER ROTATION TYFE AND THE JOINT NC. COR&E SPCND ING TL ThE P-Q
HINGE APPEAR IN THE FCLLOWINL INTEGER ARRAY WHICH iS FOLLUWED SY AN AR AY CONTAINING EULER ANGLES THAT
POSITION THE MINGE TRIAD WRT THE 600Y TRIAD

{1y 2 (3)

1 1 2 1 1
(1 t 2} ( 3)
1 I 0.0 0.0 0.0

FOR BODY 2 THE SENSOR PUINT NC., THE EULER ROTATION TYPE AND ThE JCGINT NC. CORRESPFCNDING TU ThE SENSCH
POINT APPEAR IN THE FOLLCWING INTEGER AKRAY WHICH IS FOLLUWED BY AN ARRAY CONTAINING tULER ANGLES THAT
POSITION THE SENSCR TRIAD WRT YHE 8CDY TRIAU

1y €2 ¢33

1 1 1 1 1
2 1 2 1 1
3 1 3 1 1

(1) ¢ 2) 3
1 1 0.0 0.0 0.0
2 1 0.0 0.0 0.0
3 1 0.0 0.0 0.0
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THE FOLLCWING INTEGER ARRAY (INLEP]) PPESCRIEES ANCEPENUENT VARIAELES (1), AND DEPENCENT VAP ITABLES (W)

C1) €2y 0 3) Co) €5 Co) €7y £ 8) € 9) {10) (11) (12) (13) (14) (15) (16) (17) {18)

(12} (20)
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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RUN NO. DEMO 2 DATE (2722775 PAGE NC.
' RUN BY CARL KODLEY

> ATS—F SINGLE FLEXIBLE &CDY USING CEUMLTRY MOUES, 3 IMEEODEDL MOM. whiblS, (UKRINT TIME = 1%.,22.50
S, ACTIVE CONTROLLER, NONLINEAK TIME DOMALN RESPONSE, USE MIMUDL THE CPU TiMER = 1.1153%E+01
S
AT SIMULATION TIME, ¥ = U.u W E B R X R A % S KK K F xR MK A E R E DR R KNS KA KR KR
THE STATE VECTUR Y =
{1 (21 ( 3) { &) ( 5) {61 {7 (&) ( v) (iv)
1 1 0.0 0.0 0.0 (O [N ¢} 0.0 0.0 O.u 0.0 0.0
1 11 0.0 6.0 G0 0.0 Vel 0.0 0.0 GeQ [VINV] (.0
1 21 0.0 0.0 Ve Veu 1.2760+402 12780402 1.276D+02 C.u Ueld 0.0
1 31 0.0 0.0 0.0 0.0 0.6 C.0 GeC Cal C.0 [OAV]
1 41 0.0 0.0 0.0 (V) (VYY) 1.4630-03 1.95620-03 1.0940—03 —~3.0200-0c ~1l.44&50-07
1 51 2.435D+01 0.0 0.0 0.0 (S ¢ 0.0 0.0
AT SIMULATICN TIME, T = 0.0 * % & * ¥ X ¥ % ¥ K ¥ € E % x % % k ¥ 4 % % X » ¥ % % Kk %k ¥ K
THE STATE VECTOR TIME DERIVATIVE YOT = }
t1n ( 2) ( 3) ( &) ( 5) { 6) « 7) (- ( 9) {10)
1 1 0.0 G.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 [FF9 V)
1 11 G.0 G0 0.0 u.0 0.0 0.0 0.0 Vel 0.0 (U@
1 21 0.0 (R U0 0.0 0.0 0.0 v.0 Ga.v .0 0ul
1 31 0.0 0.0 0.0 0.0 Ul 0.0 0.0 uels 0.0 0.0
1 &1 0.0 0.0 0.0 0.0 G0 L0 Celr Vel Ul UeU
1 51 0.0 3.413D-02 4.997D+00 1.3%5D0-07 5.014D+00 1.8630-02 5.00el+0C
AT SIMULATION TIME, T = 0.0 B ok % % ok % % B % % & X ¥ K % %k % ¥ ¥ & ¥ ¥ %k ¥ % ¥ & ¥ ¥ ¥ ¥ ¥
" THE BETAS (EULER ANGLES, PCSITION COCRDINATES) AKE
tn { 2)
1 1 0.0 1.4630-03
2 1 0.0 1.9620-03
3 1 (O] 1.094D-03
[ 1 0.0 ~3.0200-02
5 1 0.0 =~1e4m50-02
[ 1 0.0 2.46550+C1
AT SIMULATICN TIME, T = 0.0 ok Kk & % ox & X & B % % K ¥ & X o K & MK KX R oK KA A X KN
THE BETA TIME DERIVATIVES ARE
(1} (2}
1 1 0.0 0.0
2 1 0.0 [V ERV]
3 1 0.0 0.0
& 1 0.0 0.0
s 1 0.0 0.0
6 1 0.0 00
AT SIMULATICN TIME, T = 0.0 & % % 8 % m % % & Kk k % & ¥ K % % % % & % kB ¥ ¥ k% ¥ ¥ ¥ ® ¥ ¥ 2
THE DELTAS (CONTRCL SYSTEM VARIAGLES) ARE
(1) ( 2) (3 { &) { 5] { o)
1 1 0.0 0.0 0.0 (VY] 0.0 0.0
AT SIMULATICN TIME, T = 0.G A X R oF B oF ¥ ¥ F OE R R F oA %% ANk % ok R X B X R X YA I F W

THE OELTA TIME DERIVATIVES AKE
(1) {2) ¢ 3) { &) (5]} ( o)

C T
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(2) 3 { <)

0.0 0.u Oal
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ny
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RUN Nu. DFMO 2 DRSS De/s27/75 PAGEL NC. 27
RUN 8Y (ARL BOLLLY
> ATCS~F SINGLE FLEXIELE LUOY USING LECMETRY MULESy 3 IMBEDDSD MUM. WHEELLS, CUFnEnT TIME = 19,32.00
. ACTIVE COUNTKCLLEFR,y MUNLINEAR TEIMEL DOMAIN KESLUUNSE, USE MIMONC The COU TiMiR = Z.6%61lbel
~
AT SIMULATION TIME, T = 2.00000400% % % 3 % % 3 % % % % & % % * % % x % % & = 2 % % x & » » = 2 »
THE STATE VECTOKR Y =
{ 11 ( 2) ( 3 { «) { 5) { ol [ ] (&) (v (lu}
1 1 0.0 0.0 v.0 O.U G.0 0.0 ~5.6110~06 —L.128D~0b ~£ . 2206006 =1 u9TL=0
1 11 6.5%6D-06 =2.750D-08  1.0050~07 =2.128U~0UT ~%.T460-07 ~2,426D0-0T7 1.096D—06 34260007 Z.oztED-uo Tebél TU-GL
1 21 62 T4D~06 ~Te4bTD-0UH b.2T4D=~08 2.8510=-08 1.252C+02 1.283D+402 1428630402 -2.0750-09 3.ebh0—0% =5,.5550=ua
1 31 ~1.0580~07 B.252D=ub 1.0%4L~07 ~1.162D0~07 —-23.,0670-09 &.8490-~09 3.007D0-0% &.3490~0% 7T.6850lL~(Y 0.0
1 41 0.0 0.0 v.G Gl 0.0 1oeE90=C3 12957002 1le0etb=0i =3.0210-02 ~l.444l~-0¢
1 51 2.435D+01  5.5350-02 3.773D-ul  2.4910-02 &8.946D-01 R.3300-3¢ 0.981D0-C1
AT SIMULATION TIME, T = 2.0000D+G0% % x % % 2 % % % % » % % % X % & % ¥ % » 3 % ¥ % % ¥ = 3 » % %
STATE VECTOR TIME ODOERIVATIVE YDT =
{ 1) 21 (3 { «) ( 5) L6l 1) ( o) ( 9% (101}
1 1 G0 0.0 0.0 0.0 0.0 Geu 24017006 2.T54T-U6 —5.21.0-ub ~Y.el2ul=~vo
1 11 =1.u530-05 3.5340-08 3.1T76D~UéE —T.0550-06 ~2+5560~08 1.66240-U% =060 ~Ub ~1.4540~08 1.200D-05 ~¢aTIub—ul
1 21 ~2 062006 6.T100~07 ~2.0620-U0 «2.528D~00 =L .01L0-06 -2.7500~06 3.5190-0u  laUabD~U7 ~2.1200~07 —YeTwsl-u?
1L :1 =3 4260—07 1,096D~06 34360007 2.2580-06 T4bTD=08 6.2760-03 ~TowbTL-UE 0e2T4U-0e £Z43510-CE  (at
1 41 0.0 G.0 Q.0 (¢ 39 V] [VISV) =3 4Ub0=06 =S 1310~ —beZ19D-0L ~1.0930-U. o0.%440-Uu
1 51 3a468D-09 J.4T0D~U2 L.0220400 1.104D-02 2.2TLD+GO 1 .4E8CD-0Z2  2.205D+00
AT SIMULATION TIME, T = 2.0000D+00% % % & % % % % % % & ¥ # % & % % % & 3 ¥ = % = x ¥ & ¥ & % » =%
THE PETAS (EULER ANGLES, POSITICON CODURDINATES) ARE
t1n ( 2}
1 1 0.0 1.459D-03
2 1 0.0 1.957D-03
3 1 0.0 1.08PD~03
& 1 0.0 =3.0210~02
5 1 0.0 =1.444D~-02
-] 1 0.0 2.4350+01
AT SIMULATION TIME, T = Z.0000D+00% * % % % % % % % % % % % & & % % % 3 % % % 2 = % % % % % % %
THE BFTA TIME DERIVATIVES ARE
(1) ( 2)
1 1 0.0 ~3.406D0-06
2 1 0.0 ~5.1210-06
3 1 0.0 ~B+2190-06
& 1 0.0 -1.0980~05
5 1 U0 be5644D-Co
[ 1 0.0 3.4480-09

AT SIMULATION TIME, T = 2.00060*00* * x ¥ ¥ W B K F N X & ¥ 5 *X X * % * ¥ x k k A X & X & * ¥ K ¥

THE DELTAS (CCNTROL SYSTEM VARIABLES) AkE
[N (2} ¢ 2
5.£350-02 E.778D-01 2.4910-02

( &)
Ba?48D-C1

( 5)
3.330D~02

( o)

1 1 t.o810-01l

AT SIMULATION TIME, T = T . T T N T S I
THE DELTA TIME DERIVATIVES ARE
{1 { 2) {

2.4700-02 2.032D+00

2.00000+00% & % % % % % & % ¥ % & ¥ x

(5)
1.48G60-02

EQ - C

t 6}
22850400

{ «)
2.27T80+00

3)

1 1 11064002



FCR

FCR

FCR

ITS

FOR

R ety e

FOR

o

THE

THE

THE
THE
THE
THE
THE

gL=v

(| , 4

AT SIMULATIUN TIME, T = Z.0U0LLLUE %2 3 % 2 % 2 & 3 8 ¥ % % » = # & % & 3 & % & & & = % % 3 ¥ % ®
[0 S | THE VELCCITILS AkE :
t 1) 2] { 3) { <) <) { o)
] 0.0 0.0 0.0 .0 C.0 0.0
FODY 1 THE CORRESPUNDING MUMENTA ARL
(1) 2 {3 t =) t5) ( 6)
1 uay 0.0 V.0 V.0 G0 0.0
#CDY 1 ITS CCNTRIBUTION TU TCTAL ANGULAK AND L INEAR MOMENTUM [S
t 1) (2) [} ( &) ( 5) t &)
1 0.0 0.0 0.0 0.0 0.0 0.0
CCNTRTIEUTION TC TGTAL KINETIC ANU PUTENTIAL ENEFGIES IS 0.0 0.0

AT SIMULATION TIME, T = 2.00uuD+00% % * = % % % % % & * & % & & % & ¥ & & & & =« % & & & & & 3 & %

BODY 2 THE VELCCITIES ARE

(1) (2} () (S | (s { 6) «7 8] t 9)
1 =3.4110-06 ~5.1280-06 ~&+226D-00 -1.U97D-0% 6.556D-06 —2.7580-08 1.0850=07 ~2.126LD-07 ~9.7+40-07
11 1.0960-06 3.360D0-07 Z.28L0=06 T.vb6TO-08 06.2T4D—08 ~T.4bTN-08 6.2T740~0L 2.551D~08 1.283D+02
21 1.2830+02
8CcDYy 2 THE CCRRESPCNDING MOMENTA ARE
(1) 2] t 3) t &) ts) t 6} 7 tt) { <)
1 8.306D0+00 8.3060+400 8.306L+00 4.354D~17 ~5.727D-16 ~2.6650-17 1.9920-C4 ~3,1300-04 1.4000-03
11 =1.7180~02 =5.6037-05 ~6.146D035 —4.0E6D-06 ~6.,511D-0b6 4£.0560-06 -6.,511D-06 —6.9E50~04 8.3390+00
21 8.3390+00
acoy 2 ITS CONTRIBUTION TC TGTAL ANGULAR AND LINEAR MOUMENTUM 1S
1) {2) ( 3) ( &) (5) { 6)
1 £ .313D+00 8.3030400 4.3020+00 4.411D-17 -5,727D~16 ~2.760D-17
CONTRIBUTION TG TCTAL KINETIC AND PCTENTLAL ENERGIES IS 1.6046565%1D+03 2.,12580:57D-0U9
BRODY 2 THE ELASTIC DEFLECTIONS ARE
(1) € 2) t 3) (&) «5) { o) t 7 t 8) [
1 —2.8730-0% 3.6550-09 —5.553D-08 ~1.058D-07 £.2520~08 1.0540~07 —1.1462D-07 ~-3.0670-0%

11 4.8490-09 7.656D-GC9

4.849D-0v

AT SIMULATION TIME, T = 2,0000D400% * % * % & % % % % % % % & &k % & &k & % ¥ % ¥ % & % ¥ & & % & &

TOTAL ANGULAR MOMENTUM VECTOR IS

t 1) { 2) f 2)

1 8.313D0+00 R.303D+00 B8.302D+00

TOTAL LINEAR MOMENTUM VECTOR 1S
(1 t 21 t 3)

1 444110-17 =5.7270-16 ~2.7600~17
TOTAL ANGULAR MOMENTUM = 1.438569440D401
TOTAL LINEAR MOMENTUM = 5,750127290-16
TOTAL KINETIC ENERGY = 1.60445651D+053
TOTAL POTENTIAL ENERGY = 2.125502570-09
TOTAL ENERGY (T + V) = 1.650445651D+03

CPU TIME/STEP CPU TIME/REAL TIME
1.476T7E+00 1.1813E+02

(10}
—2.4260-07
1.2830v02

(1v)
5.5810-03
8.3370+00

110)
3.,0070-09

¢

Adoo ajqepeae 3soq
woJij pasnposdeay




RUN NO. DEMO 2 QATE 02/72/75 PAGE NU. 24
RUN BY CARL BODLEY

ATS—F SINGLE FLEXIBLE BCOY USING GEUMETRY MUDES, 5 IMEEDDEC MCM. wWhibtlli, CUKRENT TiMt = 1v.37.0b6
ACTIVE CUNTROLLER, NONLINFAR TIME DOMAIN FESPONSE, USt MSMODC THe (PU TIMER = Zz.T7162b+02

vL=V

SUMMARY OF PLCTTING INFORMATION

NAS5~11996 —— GSFL DEMONSTRATION RUN NC. 2, ATS—F CCNTRLLLET SPACLUKAFT
NSET = 6
NRPLCT = 162 NCPLOT . = 176
KRPLOYT = 1000 KCPLOT = 16
ISET = 1
JVPL = 1 g ¢ 1w 11 12 13
NCI = 1 NCD = 2 3 4 NGRID = 1
TIME OMEGA ATS-F ANGULAR VELLCITY VECTCR
NCI = 1 NCD = 3 6 1 NGRID = 1
TIME UVW ATS—F TRANSLATIONAL VELCCITY VECTCR
1SET = 2
JVPL = 1 14 15 16 17 1g 18 0 21 22 2» gzt x5 26 i1 it
NCI = 1 NCD = 2 3 4 NGRIC = 1
TIME EETADOT REFLECTOR RINGE ANGLE FATES
NCT O = 1 NLD = 5 6 U . NGRIC = 1
TIME BETADLT £Y MCST PANEL, HINGE ANGLE RATIS
NeT = 1 NCD = 7 5 0 NGR1D = 1
TIME BETADCT ~Y MOST FANEL, HINGE ANGLE RATLS
NCI = 1 NCD = s 10 o NGRID = i
TIMZ BETADCT £X MOST SLOSH, HINGE ANGLE FATES
NCT = 1 NCD = 11 12 u NGRI[ = 1
TIME BETAGOT X MUST SLCSHy riiMGE ANGLF RATES
NG = 1 NCD = 13 0 9 NOR1D = 1
TIME T0CT-4 MOMENTUM WHEEL 4, ANGULAR RATS
NCT = 1 NCS = 14 15 16 NGF IT = 1
TIME TD0T-123 MOMENTUM WHEELS 1-7-%, ENGULAR RATES

C C



ISET

n

JveL =

NC1
TIME

NC T
TIAE

NCI
TIME

NCI
T1ME

NCT
TIME

NC1
T1ME

ISET
JVPL

[[I1)

NCI
TIME

NC1
TIME

NCI
TIME

NC 1
TIME

NCI
TIME

ISEY
JVPL

[/ 1]

NCI
TIME

SL~¥

NC1
T1ME

W

30 31

NCD
ELTA

NCD
BETA

NCO
BETA

NCD
BETA

NCO
EETA

NCO
THE-4

48 49

NCD
EULERS

NCD
POSITION

NCOD
DELTA

NCD
DELTA

NCC
CELTA

84 &S

NCD
MW-~ACC

NCD

DELTAGCT

3z 33 EL) 3¢ 36 37 an 39 4«0

Z 3 & NGR 1D = 1
REFLECTOR HINGE ANGULAF DISPLACEMENT

= ) & 4] NGRID = 1
LY MCST HANEL, HINGE ANGULAR DISPLACEMENT

= T 8 Q NGRID = 1
~Y MOST PANELs HINGE ANGULAR DISPLACEMENT

= 9 10 4] NG 1L = 1
EX MCST SLCSHe HINGE ANGULAR DISPLACEMENT

= 11 12 0. NGRIC = 1 , )
—X MOST SLOSHy HINGE ANGULAR DiSPLACEMENT
= 13 0 o NGRID = 1

MOMENTUM WHEEL 4, HINGE ANGULAR DISPLACEMENT

I

50 51 £ 5 S4 55 56 57 58

= 2 3 & NGR1D = 1
EULE® ANGLES THAT POSITION EODY WRT INERTIA

= 5 6 7 NGR 1D = 1
X Y AND Z FUSITION COORDINATES WRT INERTIA

= & v v NGR 1D = 1
RCLL CHANNEL (ONTRCL VARIABLES

= 10 11 0 NGk1D = 1
PITCH CHANNEL CONTRUL VARIABLES

= | 93 13 0 NGR1ID = 1
YAW CHANNEL COUNTROL VARIAELES

110 111 11z 113 11s 115

= 2 3 4 NGR1ID = 1
MOMENTUM WHEELS 1-2-3, ANGULAR ACCELERATICN

= ] [ 0 NGR1D = 1
ROLL CRANNEL CONTRCL VARIABLES (DOTS)



1SET
JVPL

N{1
TIME

MC T
TIME

[

NCI
TIME

NC1
TIME

[FTRe]
Le LTADNT

NCO
DELTADOT

leo 167

NCD
MOMENTUM

NCD
ENERGY

‘ & u “GRID = 1
PITCH CHANNLEL CONTROL VAR IABLES (DGLTS)

9 10 o NGK 1D = 1
Yiw CHANNTL CUNTROL VARIALLES (DCTS)

let 16%

2 3 < NGRIL = 1
FLTAL ANGULAR ANT LINEAS MOMENTLM

& 5 & NGRID = 1
KINETIC, PCTENTIal AND TOTabL ENESCY T + V)
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Figure A-2 Graphical Results, Demonstration Problem 2 (Sheet & of 4)
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Demonstration Problem 3
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8=y

SUBRU

UTINt CONTRL

IMPLICIT REAL®S (A=H»0~L)

BH(O 1B 11) yHS(B1Be19)eROL{Iv3s 6)sDOL (S b)

COMMON /ZLUSTZE/ NXoNYoNDLTAINXSSentTWaNJQINYZ2IND2Z

CCC  THIS COMMON IS TRANSFER WETWEEN COUNTRL ANU SHAFTT ONLY e=w-

BETAR (69 6) yBETAHD (69 6) sAMO(Z? S)sRM(IvIe3U) yRS (393930,
DH{39¢35) sDS(3030) 91140 (3
NBoNHsNSPTsNOFMUSNDELTAZTTOPOL (29 6) s IRGFLAL 6) s IHDATA(T,
LOCU14) 2 LENU(LI4) yNUYNBETAWN|AMINEQ

STARTTSUELTATs ToENDTYTMST

1,700

SIeNMOW (6s 6) 2 IFTSMW(19)

TO(O) s TUO(O) RHD (3) s THAUNW ()
0,00y QU0 /

1.0471975500 /

UsV) = UMAX] (=VsOMINIL (UeV))

THE FOLLOWING STATEMENTS MUST ALWAYS BE IN CUNTRL..

RETURN

CCCCo====NUTE==IHIS SUHROUTINE mMUST ESTABLISH NDLTASNASS AND NHTQ

1

c
COMMON /RHHSHDY/
-
LUMMUN /CONPAR/
- CNTUTALLI00Q)
COMMUN /SPLCIF/
*
*
-
L
CUMMON /TIMESS/
»
COUMMON /VECTOR/
- Y(250) « YDT(250)
ccce
CUMMON /WHEEL /
- CLM(s)
[
DIMENSION
DATA [CT4/0/¢ RHD / 0,00,
UATA Tls12sT34144DTHEY/
. «2D0s | ,2DUy 7DV,
aALIM(
c
ceceececececce
ceeececcece
ccce
NULTA = NOELTA
NASS = 3
NesTu = 3
IF (NDELTA LEQ. O}
ceceeceececee cce
ccecececcecce
o
CCCC  ESTABLISH THE O/DT(DELTAS)
(o
LUVEL = LOCU(Z#NE+2)
[LT4 = ICTe + 4
Ia 2 ([CTexl)ra
[AA = (ICT4=2)/4
IFrLAG = [A = JAA
UU & [=1¢3
6 THADW(]) = Y(6+])
Uu b I=lve
5 Tui(l) = Y(LDEL+D)
C

61

coOyYgocnheccocccC

ccccccCcCCcoEocococcoEooccaooeecaooooococCccCcooeoeoacccC

9631
963¢
9634
9634
9635
9636
9637
9638
9637
964y
6%l
964
9643
9644
964>
9640
964/
9648
964Y
965v
9651
965¢
9653
96594
9695
9650
9637
9659
9659
966UV
9661
Y602
9663
g6b4
9665
9660
9667
9668
960Y
9670
96171
961
9673
9674
9675
9616
9677
96/9
967y
96U

Adoo ajqejieae 3saq
wouj paonpoisday




o000

o000

ooaon

€8-y

v

ai

3c

¢
33

wWHEEL 1 (RULL INewl A wWeEFL CONTROL TORWUER)
DEFINE Uit FERENTLAL EFUWUATTONS FOR ROLL CONTHUL LOQOP

Ul 2 ST YSBUUPKROL (3924¢) /R0 (3934¢)
Us = 4LIMITA(S)129,0V)

U = 2.,l/0ueu]l ~ 1S

vd = ALIML,IDUeUZ2ela1700)

Tuwu (D) = (1, U0/8H,D0)®(~TW(H) « (971.100)eu)
ue = ALIM(S5*U3ei,68D0)

Yo 3 ALIM(TQ(6E) | .900)

It (IFLAG LFd, U) GO TO 3¢

yu & pABD(UR)

lr (UUGTal U0 GO TU J0

1F (UYL TL0,50V) GO 10 31

Uy = RHD(L)

6Gu TO 10

uv = ys/uu

b0 10 10

U? = 0.0V

sy 10 10

uy = RHP (L)

9 To 33

=D (1) = U9

CONT INUE

TWO(B) = (=TU(B) & 2,5V0*(UB=UI))/edD0

12UV RPM = 1D7,U79% RAUL/SEC

-]

1o

INCH®OZ = 03125 FTeLbS

I+ (OABS({THAUW(]1))oGl, 157,079500) UY = 0,0V
CAM(Ll) = 403L12900%UY = S, U=USeTHADW(])

WHEEL 2 (PITCH INERTIA wHEEL CUNTROL TOHuWUE)
DEFINE DIFFERENTLAL FWUATIONS LN PITCH CUNTHUL Luob

Ul = «57.¢95800%K0L (39192) /HOL (3939&)
US =2 ALTM(TQUL) 016,400)

ye & 2,11uueul = Y5

U3 F ALIM(,820U%)241.17U0)

TWO(1l) & (=TU(l) & UIB(T/.68200))/59.DV
U = ALTM(58U3rl,6H0Y) ’
Vo a ALIMITA(Z2) +1,90V)

It (IFLAL.EQ.0) GO TU 14

Uu = DABS(UY)

IF (UUeGle 1eDU) GO 10 15

IF (UULTL0,500) GU 10 16

Uy = RHO (<) ’

6O T0 12

J¥ = UB/UU

6L TO 12

cCCceccCccecrcecCcOoCceCcecCoCCcCCCcccCccCccCcececccegcoaoceEecoearercCcecocaoPDEecCccCccaccoccoccoc

[1-T-¥1
et
96863
T Y1
964Y
yobo
vey/
[7-1-1.}
960y
Y6
oYl
Jeve
963
&Y
[ 1% 2]
96Y0
961
S6Yo
S6YY
wTve
QTVL
9TUL
9TV
9Tus
yTud
970
QrV/s
9TUY
97uy
TLv
974l
97l
wTLd
97Tle
S7Til>
9Tio
9L/
9710
YTl
9Tecv
97<i
9Tee
9TL4
9T7cs
9TeES
9r2L
wre!
9728
9Ty
aT3u



8-V

ONOO0

lb

le

1e
i3

¢l

[-14

av
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FUN NO. NEMO 2 NATE 02/23/7%

FAGE NO.
FUN EY CARL FODLEY
. ATS-F STIMCLE FLEXIHLS FOLY USING NORMAL VIFRATION MCDES, 3 IMBEDUED MCM. CURRENT TIME = 12.08.05
T WHEFLS, ACTIVFE TONTROLLER, NONLINEAP TIME NOMAIN RESPONSE, USE MSMODC THUE CPU TIMER = (.0
e
NASE-11994 -~ GSFC DFMOMSTRATICON PRORLEM NUMPER 23,

THIS DEMONSTRATION PROBLEM SYNTHESTZES THE ATS~F SPACECRAFT AS A SINGLE
FLEXIRLE RCOY AND A DUMMY RICID BODY (THE PROGRAM MUST MAVE A MINTMUM OF
2-HINGES, THUS 2-BOCIES)e. THERE ARE THREE ACTIVE MOMENTUM WHEELS USED
FOP CONTPOL TORQUE.

THE PROFLEM STARTS WITH INITIAL AYTITUDE ERRCR (NO RATE ERRCR) AND
SIMULATES NONLINEAP TIME NOMAIN PESPONSE.



RUN NO. DEMC 1

ATS-F SINGLE FLEXIBLE FODY USING MIPMaL
WHEEL S, ACTIVE CONTROLLER, NONUINEA- TIME DOMAIN RESPONSE, USE MSMODC

RUN RY CARL BOCLEY

DAYE 02723775

VIRRATION MODFS, 3 IMBEDDED MOM.

SUMMA®SY OF CYNAMIC~SIMULATION—PROGRAM INPUT DATA * % 3 % & % * % » %

ACTUAL SIIFS

NB
NH

ﬂSPT
NCFMO
NDELTA

NU

NBETA
NLAM

NEQ

THE TOPOLOGY ARRA

i
i

)}
2

[UBT S T L O (I

1
1

MAX (MUM STIZ2ES

NBMAX
NHMAX

NSPMAX

NMWMA
NMWBO

X
0

NMDROD

KMy
KY
XU

]

6
15
5
'
12
22
250
113

ot RN AR

t 1) ¢ 2)
1 2
[} 1

INTEGRATION DATA

- e e o

STARTY = 0.0
DELYAY = 1.2500-02
ENDY = 2.0000+00

Y (1TOPOLY FOR THIS CASE FOLLOWS

THE CONSTRAINY SPECIFICATIONS FOR THIS CASE FOLLOW
t 1) ¢ 2

THE

G6=V

COOQ0QOm

| ¢

QOO0 O

PAGE NO.

CURRENT TIMF = 12.08.06
THE CPU TIMER = 3.0867E-01

GRAVITY GRADIENT DATA MISC. DATA
Gl = 0.0 GAMAl = 0.0 NOPRNT = 10
62 = 0.0 GAMA2 = 0.0 NOPLOT = 1
G3 = 0.0 GAMAZ = 0.0 IFLNER = O
GMAG = 0.0 RCMAG = 0.0

SPECIFIED INYTIAL HINGE ANGLES AND DISPLACEMENTS (BETAH) FOLLOW

1 1
2 1
3 1
4 1
L3 1
'y 3
7 1
1
1 1 0.0
2 1 0.0
3 1 0.0
. 1 0.0
5 1 0.0
] 1 0.0
SPECIFIED
t 1)
1 1 0.0
2 1 0.0
3 1 0.0
& 1 0.0
S 1 0.0
6 1 0.0

21

1.4630-03
1.9620-03
1.0940-03
3.0200-02
1 .445D-02
2.435D+01

t 2)
0.0
0.0
0.0
o.o
0.0
0.0

INITIAL HINGE RATES (BETAHD) FOLLOW



RUN

Jo-Y

THE

THE

THE

THE

NO. DEMC 1 DATE 02/23/75
PUN PY CARL PODLEY

ATS-F SINGLE FLEXIBLF RODY USING NORMAL VIRRATION MODES, 3 IMREDDED MCM,
WHEFLS, ACTIVF CONTROLLFR, NONUINEAP TIME DOMAIN RESPONSE, USE MSMODC

NO. OF ELASYIC MOGFS/BODY APPAY (1PGFLXI FOLLOWS
tNn 2
1 1 0 12

NO. OF P/Q HINGE POINTS/RNODY ARRAY {NHFOTI) FOLLOWS
1) 2)

1 1 1 1

NO. OF SENSOR POINTS/BOLY ARRAY (NSFOI) FOLLOWS
' (1 o2y

1 1 (4] 3

MOM. WHEFL/BOUY TABLE (NMOW) FOLLOWS

1 2)

1 1 o 3

2 1 o 3

3 1 o 1

& 1 ] 2

5 1 o] 2

6 1 o 0

STATE VECTOR LENGCTH ARRAY (LENU) FOLLOWS
C 1) €2) (3 €t 4) (5 (&)
1 1 [ 21 [ 12 12 6

STATE VECTOR LOCATION ARRAY (LOCU) FOLLOWS
CI) €2) €23 L4y €5) (&)
1 1 1 ? 28 28 40 52

SPECIFIED SFNSCR POINT/BCLY CORRELATION AQRAY (IFTSMW) FOLLOWS
1 2y t =)
1 1 2 2 2

( (

PAGE NO.

CURRENT TIME = 12.08.06
THE CPU TIMER = 4 .2667F 01

3



RUN NO. DEMO 3 . DATE 02/23/75
I RUN BY CARL PBODLEY

ATS—F SINGLE FLEXIELE BODY USING NORMAL VIPRATION MODES, 3 IMBEDDED MOM.
WHEFLS, ACYIVE CONTROLLER, NONLINEAR TIMF DOMAIN RESPONSE, USE MSMODC

THE FOLLOWING CATA 1S SPECIFIED MOM. WHFEL INFOSMATION (1F ANY] ANDC CONTROLLER INFORMATION

THE SPECIFIED MU¥. WHEEL CONTROL ARFAY (IMO) FOLLOWS
t1y tz2y 3

1 1 1 2 2
2 1 1 2 3
3 1 1 1 1

THE SPECIFIED MOM. WHEEL RATES AND INERTIAS (AMD) FOLLOW
(1) (2 {3
1 1 1.278D+02 1.278D+02 1.2780+02
2 1 6.5000-02 6.5000-02 6.5000-02

THE SPECIFTIED CONTROLLER INITIAL CONDITIONS AND CHARACTERISTICS FOLLOW

{THE FIRST NDFLYA ARE INTTIAL CONTRCLLER STATE VARIABLES, THERE ARE 44 ADDITIONAL CONTROL PARAMETER

« U 23 € 3) t 41} t 5 (6) tn
1 1 G.0 0.0 0.0 0.0 0.0 0.0 0.0
"1 11 0.0 G0 0.0 0.0 0.0 0.0 0.0
1 21 0.0 0.0 0.C 0.0 0.0 0.0 0.0
1 31 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 41 0.0 0.0 0.0 0.0 0.0 0.0 0.0

L6=V

QOO ~

PAGE NO.

CURRENYT TIME = 12.08.06

THE CPU TIMEP $.1000E-01

(10}
0.0
o.o
0.0
0.0
0.0



RUN NO. DFMO 3 DATE 02723775 PAGE NO.
RUN BY CARL BODLEY

o -
é ATS~F SINGLF FLFXTIELE RAODY USING NORMAL VIBRATION MODES, 3 IMBEDDED MOM, CURRENT TIMF = 12.08.06
WHEFLS, ACTIVF CONTROLLFR, NCNLINEAR TIME DOMAIN RESPONSE, USE MSMODC THE CPU TIMER = 7,2000F-01
SUMMAKRY OF INPUT DATA FUR BOOY 1 WHICH 15 RIGID.
THE 6X6&6 INERTIA MATRIX 18 ~we

(tn t 2y € 3) { &) ( 5% (&)

1 1 1. 00NM+00 0.0 0.0 0.C¢ 0.0 0.0

2 1 0.0 1.000D+400 0.0 0.0 0.0 0.0

3 1 0.0 0.0 1.000D0+00 0.0 0.0 0.0

4 1 0.0 0.0 0.0 1.0000400 0.0 0.0

5 1 0.0 0.0 0.0 0.0 1.0000+00 0.0

6 1 0.0 0.0 0.0 0.0 0.0 1.000D+00

FOR BOOY 1 THE P-Q HINGE NO. AND THE EULFR ROTATION YYPE APPEAR IN THF FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED RY AN ARRAY CONTAINING EULER ANGLES (1+2,3), AND POSITION VECTOR COMPONENTS 14,5,6) THAT POSITION THE
HINGE TRIAD WRY THE BODY TRIAD
1) ¢ 2)
1 1 7 1

( {
1 1 0.0 0.0 0.0 0.0 0.0 0.0



RUN NO. DEMO 3 DATE 02723775 PAGE NO.
RUN BY CARL RODLEY

ATS—F SINGLE FLEXIPLE BODY USING NORMAL VIARPATION MODES, 3 IMBEDQED MOM. CURRENT TIME = 12.08.07
WHEFLS, ACTIVF CONTROLLFR, NCNLINEAR TIME DOMAIN RESPONSE, USE MSMODC THE CPU TIMER = 9.1667E-0O1

SUMMARY OF INPUTY DATA FUR BODY 2 WHMICH IS FLEXIBLE W/CONSISTENY MASS MATRIX.
THE INTEGER PARAMETERS—— IFRPM,IFDIAK,IFDIAD ARE 0, o

TrE JOOF TABLE FOLLOWS —-

t (1) L2 €3y L&) tS) L &)
4 5 & 1 2 3

10 11 12 7 f 9

16 17 18 13 14 15

22 22 24 19 20 21

28 29 30 25 26 27

34 35 36 31 32 33

40 41 &2 37 38 a9

NOVIWN -
o g ft 18 P e ek

THE MODE SELECTION VECTOR FOLLOWS ——

€21 C2) €3) t4) LSy L 6) €T ( 8) € 9) £20) (220 112) (13) {14) (15) (16) C17) (1®)
1 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

FOR BODY NO. 2 THE POSITION VECTOR FROM THE BODY ORIGIN TO JOINT 1 IS
: X= 0.0 Y= 0.0 I = 0.0

THE CONSISYENT, REPARTITIONED MASS MATRIX IS~

(BB §) «2 « 3 t %) ¢ 5) { 61 tmn { 9 t 9 {10)

1 1 6.8270401 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
) & 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
) I} § 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0
1 41 0.0 0.0 ’
2 1 0.0 3.556D4+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
z2 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 4} 0.0 0.0 )
3 1 0.0 0.0 $.1550400 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 41 0.0 . 0.0 :
4 1 0.0 0.0 0.0 5.15504+00 0.0 0.0 0.0 0.0 0.0 0.0
& 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 21 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0
& M 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 &1 0.0 0.0
s 1 0.0 0.0 0.0 0.0 1.708D+00 0.0 0.0 0.0 0.0 0.0
s 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
s 23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N 0.0 0.0 0.0

T S 41 0.0 0.0

o 6 1 0.0 0.0 0.0 0.0 0.0 1.708D+00 0.0 0.0 0.0 0.0

e 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0
6 2: OCD o'o 0-0 0-0 0-0 N 0.0 0-0 0.0 0-0 0.0
6 31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 &1 0.0 0.0
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8.3270-03
0.0
1 .398D0-04
1 458004
1.3980—04
1 .3980—0%
1.627D~0%

1.627D—04

("

“el
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11
1
11
1
11
1
11

1
11
1
11

A

0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 1.0000+00
4.217D-02 2.140D-03 Q9 .7A0D-19
0.0 0.0 1.0000+00
1.1120-03 -7.4590-02 -6 .4R9N~20
0.0 0.0 1.000D400
~1.46220-02 -5.794D-04 5.957D-~15
0.0 0.0 1.00004+00
~1.4120-07 -5.748D0-04 -5.957D~15
0.0 0.0 1.0000+00
R. 869002 3.3720-07 3.0840~14&
0.0 0.0 1.000D+00
8.849D-02 3.272D-02 ~5.]1600~14
0.0 0.0 1.0000+00
~t. 646003 6.8800-02 -7.3B0D-20
~UNDEFORMED~- INERTIA MATRIX (MU) IS~
tn «2) ( 3)
1.0340+06 B.797D+01 —-2.778D+01
3.0550-10 -1.T744D0~11 7.1460~17
B.797D401  6£.124D+03 —=F .350D~01
3.9600-09 4.9020-10 ~3.2750~11
~2.TTED+01 -5.3500-01 4.781C+03
1.682D-08 —-3.163N—00 -5 _T81ID~17
~2.8430-09 -1.6390+02 -2.5020-01
-1.5640-10 —-3.315D-11 5.5360-14
1.6390402 -2.460N-09 5.219D~01
1.205D-10 -1.381D-13 -3.526D-19
2.5020-01 -5.2190-01 -1.7780-09
B.057N-12 ~1.035D-15 6.857D0-19
—2.552D~-10 1.766D-09 -3.666D-08
1.026D-10 2.831D-10 6.372D-18
~1.056D-09 B8.726D-08 4.028D-08
—-8.599D-11 5.3240-12 2.6330-13
5.2670-08 -2 .200D0-10 -9.231D-10
6.0110-12 4.6600-14 —1.932D-15
~3.2330-08 -2.7990-09 7.084D-11
-6.67T2D-12 ~4£.922D-13 -5.311D~15
3.0550~10 3.9600-09 1.8820~-08
1.000N7+00 1.1330-11 -1.6050-15
~1.744D-11 4.,902D-10 -2.1630-09
1.138D~11 1.000D400 -5.6220-16
7.146D-17 -3.275D-11 -5.7810=17
~1.6050~15 -5.6220-16 1.00GD+00
-5.798D=16 =3.,200D0-15 4.602D-13
3.6650-14 ~1.15%10-14 —6.5990-21
4.9600-12 8.1230-10 -2.325D~12
-7.9140~13  2,485D-14 9.914D-15
~2.131D-10 ~1.4620-10 3.244D-09
4.0330-11 2.,4930-11 1.3000-14
~3.252D-11 9.393D-09 -8.127D-11
4.255D-13 8,086D-14 —-3.8960-14
~2.2750-08 -3.740C-10 1.1900-10
~T7.7270-12 -8.028D-13 -1.592D-16
COEFFICIENTS ARE———
tn t2) « 3
9.698D~13 ~2,291D-14 £.578D-12
2.226D-15 -1.510n-12
S.YAT-12 —Q_702Nn-1Y —T.20%1.-Nn9

C

0.0
0.0
3.388D-21
1.636Nn-15
3.388D-21
9.5480~16
3.38P0-21
~442210-16
3,388D-21
’401620‘16
3.388D-21
T.9180-01
=.2880-21
-7.9180-01
3.28BRD-21
-9,628n=16

{ &)
~2.843D-09
~5.798D-16
-1.6290D+02
-3.2090-15
-2.503n-01

4.6020-13

B.556D+01

2.379D-16
-3.3030-11
~4.252D-18

3.1550-10

3.027n-18
~2.706D-10

b.4620-16
~1.044D-08
~1.0490~16

6.T7T720-11
=3.5070~-17
-6.537D-11

6.8TON-15
~1.5640-10
2,665N-14
-3.315D-11
~1.1510-14
5.8246D~14
~6.599D~21
2379N~16
1.0000+00

4. T0O5D-11

3.062D-15

1.6360‘1!

2.7640-15

4.1060-10
-1.2580~-18

2.0220-12
=1.7020-17

t &)
~1.0940-11

—A.7?RP-YN

0.0

0.0

% T630-20
1.5670-07
~% . T43D0-20
-9.725D-08
—4 . T4 AD-20
2.2800-04
~4 .743D-20
~2.2810-04
%+ T43D~20
~e216L 04
—4 . TH3D-20
—4 o216D-04"
~& .T630~20
T.931D-08

{5
1.6390+02
4.960D-12
=2 «460D-09
8.1230-10
5.2190-01
-243250-12
=3.301D0-11
4£.705D-11
8.556D+01
~1.714D0-12
1.043D0-08
R «3180~15
~l1.412D-11
~1.547D-13
~1.606D-10
~8.7830-12
2 .8390-09
9.4T30~14
7.3470-09
1.0010-12
1.2080-10
~7.914D-13
~1.2810-13
2.485D~14
~3.5260~19
9.914D-15
~4,352D0-18
3.062D-15
~1.714D-12
1.0000400
~9.6470-12
~1.0070~13
~R .B960-12
—¢.135D-12
7.913C-10
2.2920-14

t 5)
2.520D0-11

Y. ANARND-T1 Y

0.0

0.0
~2.66TD-23

5.118D0-03
=2 6?7023
-2.9160-03
=2 ..64T0-22
-1.3570-03
-2 «64TD-23
-1.346D0-03
~2pbhTD-23
-T7.8590-01
—2.6470-23
-7.8590-01
-2.6470-23
2.3520-03

(6
2.5030-01
-2.1310~-10
~5.2190-01
~1.462D-10
-1.7780-09
3.244D~09
3.155D-10
1.6360-11
1.0430-08
-9.,647TD~12
8.5560+01
4.5530-13
~2..204D-12
-2.393p-11
1.1230-10
5.166D-12
9.7120-09
2.7660-12
1.3180-09
-2.835D-12
8.0570-12
4.0330-11
-1.0350-15
2.4930-11
6.8570-19
1.2000-14
3.037D-18
3.7640-15
8.3180-15
~1.007D-13
4.5530-13
1.0000+00
~4a14620-12
5.3280-13
6.202D~14
~1.486D-13

t 6)
1.2890~12

1.2 N1 D

C

0.0

0.0
1.20T-03
92.5590-04
-6.T510-02
~5.1060-07
3.5620-03
4.5T770-046
3.5600-03
~4 . 620004
1.2%10-03
~9,.798D0-06
1.251D-03
-9.7980-06
~T.313D0-02
1.5030-07

«n
~-2.552C-10
-3.2520-11

1.7660-09

9.393D0-09
-3.666D-08
-8.127C~-11
-2.706D-10

4.1060-10
-1.4120-11
~8.896D-12
-2 .204D-12
~4.1420-12

1.000D+00
~-6.1080-13

3.6640-11
~3.102D-10
-1.786D-12

9.4880-13
-3.184D-12
~44,221D~12

1.0260-10

4.2550-13

2.821D0-10

8.08AD-14
6.3720-18
—3.896D-14

b4 ,44620-16
-1.3%580-18
~1.547M-13
-6.135D-12
~2.3930-11

5.3280-13
-6 .108D-13

1.0000+00
-1.5760-12
=7.121D-13

t7
~3.1220-26

-~ . AR TIN-TQ

0.0

0.0
5.2780-06
4 .2030-05
~3.364D-06
-2 .1990-06
2.2640-02
1.964D-06
~2.267D-02
~2.1160-0%
5+ T4 9D~-06
—6.199D-0%
5.T769D-06
~4.199D0-05
~4,0900-06
6370007

( 8}
-1.0560~09
~2.275D0-08

8.726D-08R
~3.7400-10

4.0380-08

1.1900-10
-1.C440~08

2.022D-12
-1.6060-10

7.913D-10

1.12310

6.2020-14

A.6640-11
~1.576D-13

1.N00D+00
4 420D~12
-1.0720-11

1.885D-12
1.8800-~11
=3.4520-11
-8.599D-11
-7.727D-12

S e3240D-12
-8.0280~-13

2.633p-12
-1 .592N--1¢%
-1.049D-164
-1.7020-17
-8.783D-12

2.292D=14
5.166D-12
-1.4860-12
-3.102D-10
-T-121D-13
—4 4200-12
1.00004+ 00

{8y
9.1220-2%

-2, . NTATN-VA

0.0
T.782D-08
—-4.050D0-08
~1.233D-04
1.236D-04
8.5670-08
8.567T5-08

~5.0860-08

t 9}
5.,26TD-08

-2.2000-10
-9.2310-10
6.7730-11
?.839D-09
9.7120-00
~1.789D-12
-1.0720-11
1.0000+00
7.2550=-10
6.0110-12
b446600-14
-1.232D-1%
-3.5070-17
9.4730-14
2.7660-12
9.4880-13

1.8850-12

t 9)
=1.123D-15

P.AYAN-T D

0.0
~1.036D-04
2.726D-05
1.7720-04
2 .90TD-0%
<1.2030-04
-1.203D~04

3.,9440-0%

(100
-3.2330-08

~2 . T990-09
7.0840~11
-6 .5370~11
7.3470-09
1.2180-09
-3.184D-12
1.5800-11
T.2550-10
1.0000+00
- .6T2D-12
~4.9220-13
-5.311D0-1%
6 .8700~1%
1.0010-~12
-2 «8350~12
% .221D-~12

-3.4520-~-11

(100
3.085D-~12

?.4Q7N17
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y

1.1770-11
-5.8500-12
~6.678D-12
-9.6090-12
~6.5510-12
-2.0230-10
~6.013D-12
—4.514D-11

2.6040-09

1.6360-11

1.534D-11

6. 360D-11
-3, TLOD-10
-1.197D-13
-5.463D-13

§.567D-11

~2.%28D-10
~1.376D-09

9.5370-11"

-5.7210-13
2 .4030-09
1.195D-12
1.0%90-08
6.7750-12
2.613D-10

~1.640D-09

~7.332D-09
~31.331D-~12
~1.,2A760-~12

6£.4220-14

COEFFICIENTS APF——

(11
~-2.6110-01
-8.9530-04

2.3050-01

1.261D-02
~3.0670~02

1.384D0~02
~Y. 197 +01

6.9360-03

3.296D—03
~5.732D+00

7.194D-03

2.2970-02

2y
~2.0970~01
7.4310~03
~2 J6950-01
—h JLLD~04
—6.181D0-02
7.8290-03
1.1180-0?
1.6780-02
2.T420+01
e.5750-03
B .620D0~-0}
-6« 395D+ 00"

-1.715D0~12
1.0550-08
~1.7570-11
~T.8540-11
7.5180-12
5.914D-11

5.5790-14

« 3
~3.T040+01

-3.677D401
-2.7200-01
4.816D-03
—6 412002

-8B .6950-02

t 3)
8.549D~04

—4 .1890-05
6.2530-22
-1.0160-03
—1.1720-03
-2.T62D-05
—2 +666D-10
-2.3300-17
2.6930-07
-4 .966D-05
2.623D-06

2.2800-04

THE COFXY COEFFICIENTS ARE—--
t 1 1 2)
1 1 0.0 1.497D-04
1 11 ~3.236D-05 ~1.064D-05
2 1 ~1.4970-04 B8.6730-19
2 11 =5.20230-04 2.6370-02
3 1 -8.5490-04 4.1890-05
3 1 ~2.6235D-06 ~2 .280N~04
4 1 2.2800-05 2.2230-01
4 11 ~%o TSTO—02 -€.T450-04
5 1 2.1810-02 9.0570-03
5 11 ~1.9050-03 —4.063D-04
6 1 1.085D-04 4 .3R2D-04
& 1 ~9.,095D-05 ~-2.0650-05
7 1 ~4.1370-06 -1.B080—08
7 11 —=3.2750-08 -1.4400-07
8 1 8.293D~17 1.9380-15
8 11 ~3.9780-16 ~1.6880-17
9 1 T.9680-07 -1.4T770-04
9 11 ~9.9190-06 1.5310-03
10 3 2.5890-04 1.044D-03
10 11 ~2.1600-04 -5 ,0400-05
3 1 3.23¢0-05 *.203D-04
1 11 5.2940-23 6.°9110-02
12 1 2. 064D-05 -2.,637D-02
12 11 =~6.9110-02 6.617D-23
THE COFXZ COEFFICIENTS ARE--—
1 { »

« )

6.,099D0-09
1.683D-10
2.9020-11
6.5460-11
~7.363D-09
~6.9760-~11

3.14T0-14

{ &)
2.5520~02

2.091D-02
1.2670~02
-2.2060-01
1.2700+00

-£ +1200+01

{ &)
~2.2800-05

~2.373D-01
1.0160-03
6.776D-21
—~1375D-04
-B.9490-06
3.5510-07
3.0100-17
1.2730-03
~2+2610-05
L.T3TD~02

8.7450-04

4.613D0-10
1.5150~11
2.687D-10
5.3900-~10
~3.622D0-10
-5 . 765D0~10

5.3510~14

t s)
1.06400+00

~3.048D-01
7.348D-01
1.6050+01
4.0110-02

-7.9460-01

ts)
~2.181D-03

~9.0570~03
1.1720-03
1.3750-04
1.084D-19
-7.8130-05
-1 .4450-04
~6.1600-17
4.86T0—05
-2.025D-04
1.905D—03

4 .063D-04

1.724D~11
1.7590-13
6.1330-12
4.0830-11
-1.1780-11
—% ,206D~11

~1.6320-15

t 6}
4.2370-02

—6.9130-03
3.544D-02
3.7010-01
2.1650-03

=3.439D~02

{ 6)
=1.0850-04

—~4 .382D-04
2.7620-05
8 .949D-06
7.8130-05
3.9700-23

~T.233D-06

-8.6310~20
2322006

=~7.961D-07
9.0950-05%

2.0650-05

{ AL

~3.526D-~19
3.8680-13
3.236D-15
5.3690—12
~2.232D-16
2.086D0-12

-6.2150-17

t 7
-6.3930-15

-3 .426D0-03
~3.4260-03
4.0020-15
~3.7210~12

2.2610-13

tn
4.13TD-06

1 .8080-08
2.666D-10
-3.5510~-07
1 .445D-06
7.3330-06
~T.5220-37
5 .6060-18
5.368D-10
1.754D-0%
3;?750—03

1.4400-07

—%4.352D~18
3.0370~18
3.4010-246

-2.379D~16
%4 .3520-18
2.3790~-16

~-1.5710-27

t 8)
2.T7640-14

—6.994D=15
2.708D-14
2.1400-13
5.616D-15

—4 ,49%5D~13

t 8
~8.2930-17

-1.9380-15
2.3300-17
~3.0100-17
6.1600-17
8.6310-20
~5 .6060-18
-1.971D-46
1.0580-17
~4.,0960-19
3.978D-16

1.6880-17

1.-AY

~2.4050-12
~-9.3000-13
~1.8430~12
8.021D~12
2.5230-12
3.8110-11

-1.231D-14

t 9)
—2.423D-04

6.449D~05
3.1250-04
1.5850-04
-1.516D0-01

8.6T8D~-03

(9
~T.9680-07

1477004
-8.6930-07
-~1.273D-03
~4 .86 TD-05
~2.3220-06
~-5.3680-10
~1.058D-17

3.4690-23
~5.5150-06

9,919D--06

-1.5310-03

3.1940-112
2.401D-13
1.3170-11
-3 .909D-13
-1.879D-11
-2 J6560~12

—4 . 766D-15

(10)
9.923D-02

-1.4820-02
8 439002
7.959D-01
5 .3030-03

-8 .1140-02

(10}
—~2 «589D-04

~1 J044LD-03
5.966D-05
2 .2610-05
2.0250~04
7.9610-07
~1.T754D-0%
& ,096D~19
5 .5150~06
~2.,3750~21
2.1600-06

5 .0400-05

11/
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COEFFICIENTS ARE-=—

1 -3,88N-2)
11 1.4330-0%5
1 ~& .42 IN-04
11 1. 107004
1 4 o HAKN-OF,
11 1.B100N-0%
1 1.3780-01
11 4. 7] 8D—0%
1 3. 6860D-04
11 -2.0250-05
1 7.633D-06
11 —4.2550-07
1 4.7110-10
1l 3..693N-06
1 9.591D0-16
11 7.0660-20
1 —6.5190-06
11 3.6828D0-06
1 1.630D-05%
11 -8.9900-07
] ~1.6330-0%
11 0.0
1 2.234D-04
11 6.1110-06
CoFyYZ
(1
1 0.0
11 6. 788D-06
1 -3.783D-05
11 1.6260-06
1 ~1.9340-04
11 3.56430~04
1 -3.0030-03
11 1.0170-0%
1 4. ¢85D-06
11 2.5110-04
1 -6.472D~11
11 1.273D0-05
1 -4 .6990-17
11 ~32760-19
1 -2.080D-17
11 9, 8A5D-18
1 ~1.79°9D0-06
11 -1.183D-08
1 44294008
11 3.0440-0%
1 -6« T8 8006
11 244082024
1 4o 896N~-06
11 1.4910-0%
c1
tn
1 2.603D-0%
11 ~2.012D-08
1 -2, 779006
11 5.0610~05
1 1. 799005
11 6.827T0-06

~-1. 14 8N-N&

H.4220-04
=2 234004
2.7110-1°9
=T.2264N-07
~7.264D-01
=2 .552N-04
~6.8640-06
=2 «297D-0%
~7.0940-04
2 .9%5D-04
-1 .5420 0%
6.T7CON-0¢

2+502D-0%

1.630D0-08
=T .T7ED-17
3,.6730-18
—de o 336006
-1.14i80-07
-3 .,4040-0%
1..436D-0%
-1.1070-04
~6.111D-06
7.224D-07
~2.6400=23

{ 2)
3.7830-05
L B96D~06
64565021
-1.9670-04
1.809D0-02
~1.726D0~02
1.746D-03
-3.0400-0%
1.8110-03
~1.910D0-05
9.1280-05
~T. 745007
-2 .5700-17
~1.084D~16
8 .244D-17
-2.344D0-18
~9.7860~-07
-4 . 034006
2.182D0-04
-1.R110-06
-1.626D-06
=1.4910-0%
1.967D-04
~1.985D~22

t 2
-2.TT9D~06
3.484D-05
T.173D~04
4 .661D-04
4.8100-03
T.5700-06
=T.AXTN=NY

—A;bBSP-OA
7.34640D-01
1.0¢050-1<
8.4290-03
6.2970-04
2.2530-0%

-Y.8260-07

-2.2610-17

~F L 6650-04
£ W43LT-0"

-1.8100-03

3.552M-04

COEFFICIENTS ARE-——=

( 3
1.934N-04

-1.8090-02
-5.4330-20
3.0770-01
1.196D-02
5« 774004
~4 ,5970-15
2.568D-15
~1.T7600-04
1.376D-03
=3.5430~04

1.7240-02

{3
1.7990-05

4.8100-03
8.7020-01

& . AST~NE

~1.2780-01%
A.Gh‘h—06
=8 47200-03
7.048D0-19
1.8220-01
4.1310-03
—4 JT90D-07
2+3820-15%
~£.0160-07
A.AS20-03
—,718D-05

2.2920-0%

&)
3.0020-03

~1.7T46C~-03
—3.,0770-01
-1.3880-17
-1.1990-02
=4 .8870-04
-4.8180-17
-3.835N-16
~1.879D0-06
-1.1450~01
~1.0170-05

3.0400-05

(%)
~1.1450-04

-7.8310-03
4 .465D0-05

ALROLN-NY

~3.6R6N—04
7.0940-04
~% . 297D-04
~1.8220-01
5.6210~-20
9.5450-07
~8.074~08
~1.262D-15
8.562D-06
2.1310-06
2.025D-0%

~2 955004

t %)
&£ .685D-06

-1.811C-03
~1.1960-02
1.1990-02
2.965D-21
7. T240-07
~-1.T87D-15
8.1170-17
-6.8390-05
~1.9390-06
-2.5110-04

1.9100-0%

( 5)
2.1070-04

-23390-04

~7.6610~05

T .NIAN-NA

—T.6230-06
1.5920-0%
-2.2%3D-0S
~4.1210-03
~9.,5490-07
0.0
=3 ,6390-09
-2 .8e30-17
1.9240-07
1.906C-00
4.255D0-07

—~6.TOON-0¢

t6)
6.46T20-11

—-.1280-0%
-5 .77640~-04
4.887D-0&
T7.7240-07
8.272D-2%
-9,0530-17
21.322D-18
~3.4650-06
—4 .896D-09
-1+273D-05

T.7450-07

€ 6) .
1.1420-05

-1.113D-05%
-31.0890~-06&

2.973N~N4

(

~6,T117-10
-2.5120-05
1. A280-07
4 ,.7900-07
8.074N-08
3.6390-09
T.T70460-24
4.25C0=21
~1.004D-06
9.722D-09
=3 .692D-04

~1.6300~08

tn
4_699D-17

2.570D-17
4.5970-15
4818017
1.78M~15
9.0530-17
1.752D-46
6.9960~29
$.0910-21
2.165D-16
3.276D-19

1.0540-16

7
—6.6220-19

4.,094D-16
2.1130-17

-2.00"N-18

-8.591P-16
7.7TTAC-17
2.2610-17

-2.7R20-1%
1.2620-1%
2.0630-17

—4,4 250021
1.7 2046
1.075D-19
6.1360-17

-7.046D-20

-3.673D-18

{ 8
2.080D-17

~8.244D-17
~2.568D-1%
3.835D~16
-8.1170~17
~-3.322D-18
-6 .9960-29
~8.7510-46
~2.6780-18
~7T<7840-18
-9.835D-18

2.344D-1F

t 8)
8.0510-18

-6.2180-17
T.6950-17

& . TPRN-18

A£.519D-Go
LJ2260-08
S .665T-06
6.016D-07
-8.562N-06
-1.9240~-07
1.004D-06
-1.07%D-19
1.3230-23
~4.11 07
-3 .698D~-06

1.1480-07

t Q)
1.799D-06

9.786D-07
1.760D-04
1.8790-06
6.839N-05
3.465D-06
-5.0910-21
2.478D-18
0.0
a,2840-06
1.183N-08

4.034D-06

o
~2.4T6D—08

1.567T0-05

8.160D-07

-R.NOASN-NE&

~1 630005
3 .4040-05
~% «434D-05
~8 .8530-03
-2 +131D-06
-1 .9060-09
—9.7230-09
-6 4136017
4.117D0~07
2.6420-23
8 .9900-CT

-1 .46360-05

(10)
—4 4294008

-2 .1820-04
-1.3760~-03
1.1450-03
1.9390~06
4 «896D~-09
-2 «165D~16
T.784D-18
~8.286D-06
-1.572D-23
=3 ,046D-05

1.8110-06

(10)
2 JT4SD-05

~2 «6490-05
-T.2300-0&6

A _QQLNaNL

(
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~7.6610-05
-3.0890-06
2.1130-17
' 7.6950-17
8.1600-07
~7.2300-06
6.8270-06

7.5700-06

t3)
7.896D0-07

1.6360-03

8.7020-01
~3 .6300-05
~6.3650-06
~2.1920~-07
-9.2810-17
7.8860~17
-3.7610-06
-5.0150-07
-2 .872D-04

2.0180-06

-2.1030-04 %.2136D-0?
2.1070-04 -2 .339D-04
-3.9700-06 Z2.112D0-03
1.142D-0% -1.1130-0%
~-1.8080-07 1.0090-04
~£.6220-19 4.094D-16
4. TOBD-17 1.470D-16
A.0510~18 -A.21AD-17
~-1.588D—18 4.454D~16
~2.4T60~08 1.567TD0-05
1. 802006 5.634D-06
2. 745005 -2.649D-05
-4, 2940-07 2 ,.3970-04
-2.0120-08 5.0610-05
6.56 8006 —4,.356D-0%
3.484D-05 4.6610-04
—4.356D-05 6.8710-02
COEFFICIENTS ARE———
tn t 2y
3.7640-02 —6.599D0-05
-8.3720-06 -5.360D-06
-6.599C-05 &.5080-01
3.997D-02 3.4750-04
7.896D0-07 1.6360-03
-2.872D-04 2.018D-06
5.956D—06 4.620D0-03
~8.6490—04 8.201ND-04
~4.978D--02 1.9610-04
-4,.088D-04 B.965D-06
-1.129003 9.960D-06
~2064D-05 1.9170-07
~4,3110-18 1.239D-14
3.95TD-14 3.990D-17
~6.468D-16 -%.162D-17
~1.851D0-17 S5.755D-18
~2.484D—07 4.815D-04
1.5390-02 1.5%6D-06
-2.4190-03 2.3450-05
~5.0350-05 4.0610-07
~8.372D-06 3.997D-02
£.9810-02 8.087D-05
-5,360D-06 3.,4750-04
8.087D-05 1.5690-06

COEFFICIENTS ARE~——

tn
3.7670-02
—8.4420-06
-7.0350-0%
2.9930-02
2.0170-05
~2.942D-04
8.8190-04
~9.542D-04
-4.9570-02
~44121D-04
-1.1170-03
~2.0800-05
~5.,4810-18
3.9RO2N-V4&

{t 2
-7.035D-05
3.0130-05
6.508D-01
8.1960-04
-3.1800-03
1.9510-06
7.6590-04
$.2550-02
-2.3160-05
2.1160-03
-8.0790-07
1.0200-04
1.2180-14
1 .ARSD~1A

t 3)
2.0170-05

-3.1800-03
3.5150-05
2.0410-05

~7.4300-05

~2 .9890-06

~1.1540-16

7.0960-03
2.9730-04
-2 .0920-15
4&.725D-15
-8.0050-05
6 . 994D -04
—2.1050—04

5.3360-02

( 4)
5 .9560-04

%.6200-03
-3 .6300-0%
5.0440-01

5.6860-04

1.04 7005

-1.186D-15
3.5000-15
—~%.7530~05
2.2320-05%
—8.649D-04

8.201D0-04

(&)
8.8190—04

7.6590-04&
2.0410-05
1.4620-01
4 .436D-03
2.3990-04

~2.0190-15

1.0250-02
5.1670-04
-5.9810-17
4 .4638D-16
-2.2610-06
1.2350-03
-3.9700-06

2.112D0-03

t 5}
~4.9780-02

1.961D-04
~6.365D-06
S .686D-04
6.5850-02
1.4930-03

~2.5130-16

8.6500-16

-8 .5570-06
3.1990-03
—4.088D—-04

8.9650-06

( 5)
~4.957D-02

~2.3160-05
~T.4300~-05
&4 ,4360-03
7.6090-02
2 .0090~03

~3.0510-16

5.1670-04
2.6080-0%
-2.836D-18
2.1980-17
-1.0710-07
6.2340-05
~1.8080-07

1.009D-04

{6)
~1.1290-03

9.960D0-06
~2.1920-07
1.047D-05
1.493D0-03
3,3840-05
~1.265D0-17
1.9590-17
-4 .3430-07
T+254D—05
~2 .0640-05

1.9170-07

t 6)
~1.1170-03

~8.0790-07
~2.9890-06
2.3990-04
2.0090-02
5.9920~05

-1.5310~-17

~5.981D~-17
-2 .8360~18
3.473D-24
~1.6600-29
1.3290-17
—6.7560~18
4%.T080-17

1.470D0-16

«mn
-&.3110~-18

1.239D0~14
-9.2810-17
-1.186D-15
~2.513D-16
-1.2650-17
2.1420-06

~1.1150-19

8.8200-16

~3.081D-17

3.9900-17

t 7
~5.4810~18

1.2180-1&
~1.154D~16
~2.019D0~15
-3.0510-16
~1.5310-17

2242006

4.4380-16 -2.2610-06 1.2350-03

2.1980-17 ~-1.071D-07 6.234D-05%

~1.6600-29
4.968D-29
—6.3430-19
5.264TD-17
~1.588D-18

4, 454016

t 8
-6 .468D-16

~4.162D0-17
T.886D0-17
3.5000-15
8.6500-16
1.9590-17
-1.1150-19
3.5570-29
~5.296D-19
4.199D0~17
~1.851D0~17

5.7550~18

8
~6.3600~16

T .6940~17
-1.6380-18
1.1970-15
1.286D-15
4.1100-17

-1.115D-19

1.3290-17
=6.343D~19
5.0890-07
~2.5520-07
1.8020-06

5.634D0-06

t 9
=2 .484D-07

4.815D~04
~-3.7610-06
~4,7530-05
-8.557D-06
~44343D-07
8.8200-16
~5,206D~19
3.510D-05
-1.0620-06
1.5390-03

1.5560-06

(9
~2.9260-07

4+ T34D~04
bk .6346D-06
~7.9430~0%
~1.0590-05
-5.346D-07

8.707D-16

4 .75%60-18
5 .26T0-17
~2 552007
1 .490D—04
=% .294D-0T

2.3970-04

(10}
~2 «419D—03

2.3450-05
~5.0150~07
2.2320-05
3.1990-03
7.2540~05
~3.0810~17
4.199D~17
-1.0620-06
1 555004
-5.0350-05

4 .0610-07

(10)
-2.3910-03

~2.2380-06

-6 <98 TD-06
S «T6TO—04
4 .434D-03
1.3490-04

~3.7150~-17
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-6.3600~14
~1.925D-17
-2.9260-07
1.5380-03
~7.391D-03
~5.'0730-05
-8.44 2D-06
6.'9800-02
3.0130-05
1. 745005

~T7.694D—-17 —-1.638N~18
4 .398D-16

4, 734D ~0% —4 .634D-06
T.2510-06
~2.2238D-06
2.299D-04
3.9930-02 -2.942D-04
3.745D0-0%

-6.9870~06

COEFFICIENTS ARE~—=~

t N
A, 208D-04
3.182D-0%
?.4360~06
8.000D-04
8.556D-04
1.3237D-06
~T. 606006
4. T5T0-02
-3.26Th~02
1.9060-03
~1.231D-04
9,099 -0%
~1.840n-19
2.2230-16
~9,.680C-17
3.978D-16
~1.559D0-08
B. 896006
-3.1170-04
2.1610-04
~5.422D0-07
~3,.7560-05%
~1.0790-05
6.9110-02

8.196D-0% 1.951D0~06
6.8700-02

€21 « 3
~1.473D-04 6.893D~07
~1.524D-07

1.5870~02 -7.7250-05
R.2A99D~06

-1.1910-04 € .941D-07
-1.701n~07
~2.3210-01 1.0320-03
-T.0280-0%
-9,0560~03 4.0490-05
=2.274D-06
-4 +.380D0-04 1,9620~06
-1.144D-07

4.0530-15 -1.9770~17
2.1690-18

=1.9390-15 8.635D0-18
=5 T460-19
1.5510-04 -7.5680~07
B.305D-08
~1.044D-03 4.6780-06
~2.7400-07

2.797D—-04 ~1.2860-D6
1.0250-07
2.56380-02 -2.2820-04
T.3770-05

COCEFFICIENTS ARE——-

(1
=5, 6T4D-05
1.9810-08
=5.416D0-04
1.101D-04
4.6840-05
1.810D-03
1.3780-01
4. 66 6D-05
4e4100~06
1.174D-06
9.2740-06
5.6000-08
~1. 705016
1.038D-16
9.6010-16
£+369D~19
~6.5190-06
3.9730-06
1.9210-05
1.3090-07
=1 62008

«t2) t3)
6.235D-07 ~4,736D~-09
7.5890-09

-%.,0370-03 1.9180-05
-1.7880-06
~7.3630-01 3.520C-02
=2.5510-04

~6.5660-05 4.51BD~06
~1.828D-05

3.839D0-0&6 -5.867D-09
-5.5640~-08

1.5090-07 ~4 .8R850-~10
~1.1090-09

1.8880-17 -1.930D-19
1.2210-19
~6.T090-17
~1.5950-~19
T1670-07 ~7.360D-09
& 668009

2.5250-07 -1.198r-09
=2 4345009

“HS.R20N =0T ~1.144N-NP

3.4990~19

1.1970-15
~T7.943D-05
5. T67TD-04
—9.5420-04

5.255D-02

(&)
1.5200-05

1.449D—04
1.6720-0%
-3.598D-03
~2.056D-04
-9.3850-0¢
4.1500-17
-2.1930-17
1.588D-06
~2.224D-05
2.8100-06

—9.448D—-04

t 4)
=1.1510-06

~5 487905
~8,424D-03
2.914D-03
9.363D0-06
1.9740-07
—4.580D0—-18
1.9550-17
~1.7520-07
42219007

-sS.190N-NT

1.2860-15%
-1.0590-0%

4.434D-03
~%.1210-04

2.116D-03

«5)
-~1.0860-03

4.662D0-07
=1.1320-03
~3.432D-04
. 4.2030-03
1.7520-04
1.053D~18
1.2490-16
5.157D0-C8
4,1030~-04
1.1160-06

~4.0850-04

5
7.239D-05

T.1330-04
~% .29TC-04
=-1.822D-01
~5.8320-04
~1.2270-0%

2e244D-16
~1.2700-15

8.5800-06
~2 620005

2.142N-N%

4.31100-17
-5.3460-07
1.3490-04
-2.080D—05

1.0100-04

t &)
=2 662005

1.6970-07
~2.5650-05
-1.8330-05

9.7050-05

3.947D-06

6.086D~20
2.741D-18

2.5840-09

9.243D-06

3.726D-08

-2.07T60-05

t &)
1.6410-06

1.407D-05
-2.2530-05
-4.1300-03
~1.3220-0%
~-2.781C-07
$.058D-18
~2.8790~-17
1.9340-07
~5 494 1D-07

L. B18M-NT

C

~1.1150-19
8.707D-16
~3.7150~17
3.952D-14

1.8850-16

tmn
~-4.1370-06

-1.808D-08
-2 .666D~10

3.5510-07
~1.4450-04
-7.333D0-06
=3.364D-21Y
-5.606D0-18
-5.3680~-10
-1.754D-0%
~3.2T5D-08

-1.4400-07

(N
=6.7110-10

-2.5120-05
1.828D0-07
4.7900-07
8.074D-08
3.8390-09

-2.6210-17
4,2500-21

~1.004D-06
9.7220-09

~A.AQ3ANNA

3.6060-20
-8.2770-19
9.3450-17
—1.925PM-17

4.,2980-16

(8
-1.3860-17

~T.2180-19
-1.46TD-17
-1.825D~18
6.3350-17
2.655N-18
-1.758D~31
1.9310-30
-6.565D=21
6.237D-18
1.182D-20

~1,T4E0-17

t 8y
9.286D-19

1.0690-17
2.296D-17
~2.362D-15
—-7.566D-18
-~1.5920-19
4.248D-30
~1.646D-20
1.6257-19
~3.403D~-19

L. AALN-1Q

-8.27TN~19
AL 4TD-0S
~1.301D-06
1.538D0-03

7.2510-~06

9
T.8120~-07

T+296D~06
1.125C-07
1.2740-03
&£.872D~05
2.2250~06
2.548D~18
1.0570~-17
9.7660-08
5.521D-06
~1.0220-06

1.5310-03

t 9)
1.424D0-10

5.0520-06
5.645D~04
4.2623D-07
1.844D-08
9.4860-10
" 2.0130-18
5.4000-20
7.705n-08

2.2250-09

Y.REAN-NT

9.345D-17
-1.30{0-06
3 .045D-04
~5.073D-05

2..3990~-04

{10)
-5.278D-05

4 .2890-07
-5 ,4980-05
b 4485D-05

2.0780—04

B .44TD~08

1.450D0~19

5.827D0-18

&6 .0960-09

1.978C-05

B8.5870-08

—5 068005

{10}
3.5170-06

3 .440D0-05
~5 .434D-05
-8 .8530-03
-2 .6340-05
-5.9600-07

1.0820~17
-6.1700-17

4 .139D~07

-1.2730~06

1 .030N<OA
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THE  MODAL DAMPING MATRIX TS~—-=

c23

1461008 1.458N—0F
2:.234D-04 ~1.06%0-06
6.126D-06 -2 .484D-08
COEFFICIENTS ARE—~
« 1 t 2}
-1.1930-06 9.634D-09
1.04T0-09 1.2090-08
3.784D~-05 —9.,9246D-0%
=1.635D~06 1.96TD-0k
1.9220-04 -1.8110-02
~3.54TN~04 Y.T25D-02
3.0030-03 1.2180-05
1970006 2.4250-05
9.459D0-06 1.3940-07
~6.4170-09 1.046D0-06
1. 948D-0T7 4.587D-09
~1.%9FD-10 5.17°0-08
4.6990~1T 4.9590-19
3.268D~19 1.0%4D~16
2.094D-17 -1.547D0-18
-4.588D~20 1.847D-18
1. 7990~06 1.882D-08
1.2%10-08  4.0330-06
4e1320-07 1.0%1D-08
-3.5960~10 1.211D0-07
be TB9D—06 —8.9920-09
&e 439008 1.4900-05
4.908D~06 ~1.204D-08
~8+3A7T5D—-09 6137006

tn
3.409D+01
-3.06TD~-10
~6.2220-09
1. 855D~-08
-2.TT00-11
6.5120-11
-1.4360-10
~3+4475D-09
4, 705N~08
1. 942009
1. 1350-08
Y. 792011
2.737D~16
-7.318D-11
1.5290~-14
=2.647T0-15

~1.401D-10

-1.1570-08
1.264D—08
3.528D-10

-3.0670-10
1.950D+03

-8.1990-11

-7.358D-10

tn

( 2)
~6.2220-09
~8.199D0-11

8.091D+01
-5.1320-09
~2.5290-09
~7.9880-10

1.4050-09

1.2300-07
~1.585D0~07
~T.435%D-09
=5.401D-09
—-2.7T70-10

2.1330~11
=3.111D-13
-8.490D-15
~3.3610~-14

1.869D~-09
1.184D0-10
-5.2050-09
1-37‘00‘]0
1.855D-08
~T.358D0~10
-£.1320-09
1.9750+03

>

6£.229D-09

t3)
-1.2440-06

-1.1530-05
1.410D0-04
3.1310-02
1.0020-0%
2.1080-07

-2.86TD-1R
2.1830-17

~1.4780-07
& .5030-07

-3.6890-07

5.0790-06

MOOAL STIFFNESS MATRIX 1S—-

( 3}
-2.770D0-11

~2.5290-09
9.036D4+01
~1.T7TT60-07
1.766D-09
7.478D-11
~1.7570-13
~1.1640~13
5.015D0-11
1.472D0~-10
6.5120-11

-7.9880-10

t 2 —

4.6460-06

{ «)
-2 .0980-07

1.7590-03
2.1090-01
-5 .8910-05
-1.280D-06
-3.776D-08
4.8610-17
2.7750-17
1.864D—06
-8.6430-08
2.1990-06

3.8470-06

( &)
-1.436D-10

1.4050-09
~1.776D-07
1.3690+02
—4 .0890-09
8.1890-11
~To4470~13
9.4070-13
9.7920-10
—64+2180-10
~3.4750~09

1.2300-07

-2 .9550-04

t sy
& . TT4D-06

1.8110-02
1.1970-02
~1 «1990-02
~& .3T40-05
-1 .064D-06
1.787D-15
-8.252D-17
6.8390-05
-2.3770-06
2.5110-04
-1 «806D-05

{ 5
%.705D-08

-1.5850-07
1.7660-09
—4 .089D-09
5.177TD+02
5 . 4890-09
-8.0300~-13
1.8980-11
3.6330-10
2.1060-08
1.9420-09

~7 «4350-09

-6.7010-06

{6)
1.9%4T0-07

9.1280-05
5+ 7TT60~04
~&.887T0-04
-1.8370-06
~4.5960-08
9.0530-17
-3.357D-18
3.4650-06
~1.0340-07
1.2730-05
-T.2280-07

{ &6)
1.135D-08

=5 4401009
T.47T80-11
8.1890-11
5 489009
9.243D+02

~5.1710-13

—1.0640-11
5.4580~11
24332008
1.7920-11

-9.7770-10

~1.6300-08

tm
3.6180-21

-2.5200-17
~4.600D~-15
4 27TTD-19
2.6340-~20
0.5310—22
1.376D-312
—& .1330-31
5.2300-21
2.2830-21
~8.1400-22

—6 449021

tn
2. 737016

2.1330-11
~147570~13
=7.447T0-13
-8.0300-13
-5.1710-13

9.870D+02

L.0350-16

‘9.8840—12

1.2920-11

-7.3180-11

-3.111D-13

-3.832D~10

( 8)
Y.4020-19

8.1900-17
2.590D~1%
~3,.,5580-16
~1.3550-18
-3.417D0-20
6.9550-29
=2 4 24T0~30
2.662D-18
~7.7030-20
9.789D-18

-4 +963D-19

t 8)
1.529D~14

~8.490D~15
-1.1640-13
9.4070-13
1.8980-11
~1.064D-11
1.0350-16
9.870D+02
3.023D-12
3.7620-12
-2.66TD-1%

~3.3610~14

1.1940-07

t 9
1.5100~10

~9.5980-07
~1.761D-04
-~1.4990-08
8.9200-10
3.4800-~11
1.0320~20
~1.6040-~20
3.9360-10
8.1050~11
6.787TD~10
-2.9390~-10

[ ]
-1.4010-10

1.8690-09
5.0150-11
9.7920-10
3.6330-10
S.458D-11
@.884D~12
3.0230~12
9.873D+02
-8.5840-11
-1.1570~08

1.184D-10

~1.4360-05

t101
4.5620-07

2 .1820-04
1 .376D-03
=1 .1450-03
—4 .3160-06
~1.0830-07
2.165D-16
=7 .861D0-18
8 .2846D-06
-2 .438D-07
3.044D-05%

-1 .690D-06

{100
1 .264D-08

-5 .205D-09
1.4720-10
-6.218D-10
2.1860-08
2.3320-08
1.2920-11
3.762D0~12
-8.5840~11
9 .934D+02
3.528D~10

1.374D-10

10t
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THE

FOR

1

1

FOR BODY
POINT APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH IS FOLLOWED BY AN ARRAY CONTATNING EULER

2.8120-01
2.6TTD-04
2.3770-0%
3.6560-0?
3.607T0-07
=2.392D-0%
~3.5570-0%
~26 20 RN~
1. 1730-01
2.275D-04
6.6230-02
6.685D-0%
-3.6100-186
-3.1970-14
3.7190-15
1.103D-16
I.46 1007
3. 620002
1.584D0-02
3.0880-04
2.677TD-05
8.8680-01
1.158D-04
1269008

23T ~0%
1.158D-06
?-1823D0-0]
T.0520-05
=2 . 080D -04%
4.83TD-07
1. 242D~Dk
1.1720-02
1.634D-0%
1.208D-~03
T.42710-06
2 .9830 04
5.7310-14
~1.66T0~186
—4 J66TD~17
1.1220-16
-8.204D~03
1.454D~04
5.951N-07
1 .444D-02
3.6569-03
1.269D-06
T.QF20-05
8 .8690-01

2.607TN-07
~2 +0E0D~04&
2.011C-01
-6.815D-07
3.132D-07
1.0530-~07
—b ,460D~16
-~1.5690~15
&6£.868D-0%
~1.009D-07
~3.3920-0%

4.837D-07

-31.557TN-04
1.2420-04
~6.8150-07
3,0470-01
-1.1270-03
~-1.2T760-04
~1.612D-15
2.0%55N-19%
3.0320-04
8 .5830-0%
—2+208D-04

1-.1720-02

INYITIAL MODAL COORDINATE DISPLACEMENTS ARE—-

1 0.0
11 0.0
INITIAL

t 1

! 0.0

11 0.0
aooy

t 2)
0.0
0.0

2y
0.0
0.0

t2)
0.0

2
0.0

{ 4)
0.0

MCDAL CODRGINATE VELCCIVIES ARE——-

( &)
0.0

1.1730-C1
1.636D-05
3.1320-07
-1.1270-03
1.52070+00
~h . 586002
~9.7950-15
5264014
2.6080-06
~5.71570~01
2.2750-04

1.2080-03

6.632AD-02
7.4270~06
?.0530-07
~1.37T6D-04
4 .586D-02
6.281D+0C
~6.570D-15%
~T48TD-14
~7.1630-06
-2 «4050-01
6 .685D-0%

2.9830~04

-3.6100-18
5.7310-14
~& ,4400-16
~1.612D-15
-9.7950-15
-6.5700-15
1.257D+01
1.318D~18
1.2230~-13
1.645D-13
~-3,197C~14

-1.667D-16

31.7190~1%
;4.6670-17
=1.5%690-1%
2 .0550-1%
S.3640-14
=~7.4870-14
1.2180-18
1.2570+401
3.86490~1¢
2.9180-14
1.1030-16

1.1220-16

1.441D-07
~R.20&D-03
6.8650-05
‘3-0!2D~06
2.6080-06
-7.1630-06
1.223D~12
3.849D~14
1.2570+01
—4.823D~-07
2.4200-02

1.4540-04

2 THE P—0 HINGE NO., THE EULER RPOTATION TYPE AND THE JOINT NO. CORRESPONDING TD THE P-Q
HINGE APPEAR IN THE FOLLOWING INTEGFR ARRAY WHICH IS FOLLOWED BY AN ARRAY CONTAINING EULFR ANCLF< THAT
POSITION THE HINGF TRIAD WRT THE AODY TRIAD

1y ¢
2

2y {3
1 1

t 1)
0.0

2 THE SENSOR POINT NO., THE EULER ROTATION TYPE AND THE JOINT NO. CORRESPONDING TO THE SENSOR

POSITION THE SENSOR TRIAD WRT THE BODY TRIAD

W N

W N =

1
1
1

iyt

C

1t
1
2
3
t 11
0.0
0.0
0.0

2) ¢ 3)
1 1
1 1
1 1

(3
0.0

" 0.0

0.0

THF FOU I OWING TNTFGER ARRAY (TNNFP) PRESIRIRFS TNNFRPENDENT VARTARIFS 1)

C

ANN NEPENNENT VARTAALI £< A1

ANGLES THAY

1.5840-02
5.9510-07
~1.0090--07
8.5830-0%
~5.7570-01
-2 +405D~0%
1.6450~13
2.918C~14
—4.823D0-07
1.2570+01
3.08BD-04

1.444D-03

(10}
0.0

110}
0.0
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P U 2) U3 (&) €5 (6 ¢ T € 8) ¢ 9) (10) (11) €12} (I3) (24) (I5) (X&) (17} €18) (19) (20)
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1

1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1



AUN NO. DEMO 3 DATE 02/23/75 PAGE NO.
RUN B8Y CARL RODLEY

* ATS—F SINGLE FLEXIBLE BODY USING NORMAL VIBRATION MODES, 3 IMBEDDED MOM, CURRENT TIME = 12.08.26
jod WHEELS, ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE, USE MSMODC THE CPU TIMFR = 1.172T7E«01
re
AT SIMULATION TIME, T = 0.0 * T A % S E E A EH EE RS KA RERR RS TS EE SN
THE STATE VECTOR Y =
tn (« 2) 3 ( 4) ( 5] ( 6) (M (8 (9 (10)
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 21 0.0 0.0 0.0 0.0 1.2780+02 1.2780+02 1.278D+02 0.0 0.0 0.0
1 31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 &1 0.0 0.0 0.0 0.0 0.0 1.463D-03 1.9620-03 1.094D~03 -3,.020D0-02 ~1.445D-02
1 51 2.4350+401 0.0 0.0 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.0 "B EEEFEEREEEEEEE I I I B I R B A B B I I BN
THE STATE VECTOR TIME NERIVATIVE YDT =
(1 t 2} 3 ( &) {5 ( 61 «mn ( 8) (9 (10)
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 21 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 31 - 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0
1 41 0.0 0.0 0.0 0.0 . 0.0 0.0 . - 040 0.0 0.0 0.0
1 51 0.0 3.413C~02 4.99T7C+00 1.3950-02 5.014D+400 1.8620-02 5.,008D+00
AT SIMJLATICN TIME, T = 0.0 % % 2 & X % % % XA 4 XK % % X & X E X & %% AS ES S E S KB E S
THE BETAS (EULER ANGLES, POSITION CCORDINATES) ARE
«1n t 2)
1 1 0.0 1.4630-03
2 1 0.0 1.9620-03
3 1 0.0 1.0940-03
4 1 0.0 -3.0200-02
5 1 0.0 -1 .445D-02
& 1 0.0 2.4350+01
AT SIMULATION TIME, T = 0.0 % Kk % % ¥ % % & % % KA $ B K E X K KX KK SIS A ESE & ADN
THE BETA TIME DERIVATIVES ARE
«tn « 21
1 1 0.0 0.0
2 1 0.0 0.0
3 1 0.0 0.0
4 1 0.0 0.0
5 1 0.0 0.0
& 1 0.0 0.0
AT SIMULATION TIME, T = 0.0 2 & % % ¥ R & * B N KE R AR KA EENN RS NN
THE DELTAS (CONTROL SYSTEM VARIABLES) ARE
t 1 { 2) 3] { &) { 5) { 6)
1 1 0.0 0.0 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.0 B IR A AR SRR IR B AR BE B R B BF B I K N N N N N NS N A R
THE DELTA TIME DFERIVATIVES ARE
(1) ( 2) ( 3) ( &) (5) ( 6)
1 1 3.413D-02 4.9970400 1.295D-07 5.0140+00 1.863D0-02 5.0080+00

( C



THE

THE

THE
THE
THE
THE
THE

€I1-v

¢

Iy

AT SIMULATION TIME, ¥ = 0.0
BODY 1 THE VELOCITIES ARE
«cmn «2) 3 { &) t 53 { 6)
1 0.0 0.0 0.0 0.0 0.0 0.0
800DY I THE CORRESPONDING MOMENTA ARE
tn t2) { 3) t &) t 5) (8]
1 0.0 0.0 0.0 0.0 0.0 0.0
800Y 1 ITS CONTRIBUYION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
t 1) t 2) t 3) t &) s { 6)
1 0.0 0.0 0.0 0.0 ~0.0 0.0
CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES 1S 0.0 0.0

AT STMULATION TIME, T = 0.0

PR N I B R R BN IR N N R BN B NE Y R BE NN NE NS B N B B RE N R B B R

2 % & 3 ¥ %K & ¥ &% X X E S X EE PDF T RAEE &K FEES

BODY 2 THE VELOCITIES ARE
1) «2) « 3) ( &) (5 { 6] ("N t 8) { 9)
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.278D+402
21 1.278D+02
BODY 2 THE CORRESPONDING MOMENTA ARE
-4 1) «2) t3) { &) { 5) { 6} tn ({8 {9
1 8.306D+00 B8.306D+400 B8.3060400 0.0 0.0 ‘0.0 . 1.0050~02 ~5.963D-02 4.453D-04
1 3.524D-01 1.788D-02 —-6.3180-14 1.4150-14 =2.4170-03 4.2750-02 -0.8480-03 8.0910-03 8.306D+00
21 84306D+00
BODY 2 ITS CONTRIRUTION YO TOTVAL ANGULAR AND LINEAR MOMENTUM 1S
(1 « 2) {3 ( &) ( 5) (&)
1 8.3130+400 8.2030+00 8.3020+00 0.0 0.0 0.0
CORTRIBUTION TO TOTAL KINETIC AND POTVENTIAL ENERGIES IS 1.591953520+03 0.0
BODY 2 THE ELASTIC DEFLECTIONS ARE
(1 [t 2) ( 3) ( 4) ts) ( 6) [ 4 ( 8) ¢ 91
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0
AT SIMULATION TIME, T = 0.0 5 %k KA AL TSR TS E SRR KSR RN
TOTAL ANGULAR MOMENTUM VECTOR IS
« 1 { 2) ( 3)
1 8.313D+00 8.303D+00 B.3020+00
TOTAL LINEAR MOMENTUM VECTOR IS
« 1 t2) (3
1 0.0 0.0 0.0
TOTAL ANGUULAR MOMENTUM = 1.43858944D+01
TOTAL LINEAR MOMENTUM = 0.0
TOTAL KINETIC ENERGY = 1.59195352D+02
TOTAL POTENTIAL ENFRGY = 0.0
TOTAL ENERGY (T + V) = 1.%591953520+403

(10)
0.0
1.278D+02

(10}
6 .946D-02
8.3060+00

(10)
0.0




RUN NO..

711-¥

DEMO 3

o
RUN

ATE 02/23/75
BY CARL BODLEY

ATS—F SINGLF FLFY1PLE PODY USING NORMAL VIBRATION MODES, 3 IMBEDDED MOM.
WHEELS, ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE., USE mMSMODC

AT SIMULATION TIME,

THE STATE VECTCR Y =

et b Gd oS Pt et

THE

b pub put ) pud b

THE BETAS (EULER ANGLES,

WV P WN -

CVPWN~

1

1
1}
21
31
&1
B |

AT SIMULATION TIME,

tn

0.0

&4 360004
T.916D-C8
~44,36RD~06
Ce0
2.46350+01

T =

«2)

0.0
~2.284C-08
-1.8650-06

z.2860-07

0.0

¢ .8360-02

T =

t 3

t &)

0.0 0.0
4.9700-06 -2.6310-0%
~2.2190-06 1.063D-06
2.7710-08 -3.1820-76
C.0 0.0
B.778D~01 2.491P0-02

STATE VECTOR TIME DERIVATIVE YOT =

1
11
21
31
&1
51

«1n
0.0
T.TT60-09

0.0
3.4500-09

(2}
0.0
B.t650-11

C.0
2.4700-02

« 3)
0.0

?2.00000+00% & 3 % % % %

t &)

0.0

3.5910-05 —-3.507D-04
~9.3090-0T7 —-3.015D0-06 -7.941D-05
~1.378D-05 =2.960D0~05 -1.1380:-06 =~2.657D-16

0.0
2.0320+00

8.£14D-05

0.0

1-104D-02

t 9 t &)

0.0 0.0
2.8420-07 —~1.3780-0%
1.2830+02 1.283D+02
-3.379D-24 —2.167D~10
0.0 1.459D-0%
8.949D-01 3.3300-02

2 2 4 %2 % % % & % X W

{ S { 6)

0.0 0.0
1.3430~06 6.0210-04
-5.0160-06 —2.748D~06
6.1600~23 7.916D-08
0.0 ~3.4060-06
2.278D+00 1.480D-02

tT
~3,28 D06
-2 .96 0D0-0%
1.283D+02
9.0590-09
1.957TM-03
R2.9810-01

CURRFNT TIME =
THE CPU TIMFR =

{ 8)
~5.2200-06
-1.128D-06
~%,901C-07

4217708

1.0880-03

& % % % 4 * % & & % %

t N
-4 4,073 8C—09
-8.178D-0%
3.5170-06
-1.8650-06
~5 4121006
2.285D0+00

t 8)
1.2270-08
-2.0630-05
4.,9700-06
-2.219D-06
-8.2190-06

12.15
2.01

2.0000D+00% * # & & 2 % & 5 % & & & & & 8 5 % & 3 4 %835 &2 s20x

{9
-6.9730-06
~2.65T0-16

4.6072D-06
-4 o4 010-08
-3.021n-C2

* % %

t o
-56.5960~09

o.,990Nn-16
-2.6310-05

1.063D-06
-1.0980-05

AT SIMULATION TIME, T = 2.00000400% * # & # & & % % & & & % » £ % & % & % % % % & % % ¥ £ * X % &

ot gt bbb

AT SIMULATION TIME, T =
THE BETA TIME DERIVATIVES

bt pd b gt Pl bt

AT SIMULATION TIME,
THE DELTAS (CONTROL SYSTEM VAPIAELES)

1

AT SIMULATION TIME, T =

tn
0.0
0.0
0.0
¢.0
0.0
0.0

1)
0.0
0.0
0.0

0.0
0.0
0.0

tn
S.8360-02

23
1.4590-03
1.957M-03
1.0880-03
-3.06210-02
—1 «444D-02
2.435D+01

ARF
( 2)
=3.406D-06
~5,121D0-06
-8.2190-06
-1.098D-05
5 «54460~06
3.4500-09

t 2)
8.77T8D-01

THE DELTA TIME DERIVATIVES ARE

1

m
(L

1)
2.6700-02

t2)
?2.032D+00

T = 2.00000+00% »

ARE
t 3)
2,4910-02

2.00000+00* *

€ 31
1.104D-02

POSITION COORNINATES] ARE

2.0000D+00% * % % % & % & & 3 ¥ & 'WEEEEXEIE I I I N R N

"N ETEEEEREREE I I I NI N * ® & & B

{ 4}
8.9490-01

{t 5 t &)
3.3300-02 8.9810-01

* 2 A B 2 R E S R FEED EE SN EE RS *

{ 4)
2.278D+00

5
1.4800-02

(6}
2.2850+00

PAGE NC.

.09
BTE +02

(101}
~-1.021D0-05
6 .1600-23
-1 .555C-08
0.0
-1 .444D0-02

(10}
2 .3490-08
3.0490-21
2 «842D0-07
0.0
6 .5460-06

23



FOR

FOR

FOR

ITS

FOR

| Joyoge

n
[ o4 9"'—‘.‘

ITs
FOR

3333 - A 3

THE

SIT-v

¢

AT SIMULATION TIME, T = 2.0000D¢00* * $ &£ $ 2 2 $ ¢ $ $ ¢ ¢ 5 8 3 % 2 S S S S S LS RSB N
80Dy 1 THE VELOCITIES ARE :

t1n t 2) (3 (&) «5) t 6)

1 0-0 0.0 0-0 °-° °¢° °.°
soDY 1 THE CORRESPONDING MOMENTA ARE

tn t2) {3 (&) «3) ( 6)

1 0.0 0.0 0.0 0.0 0.0 0.0

so0oY 1 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS

(3 4 ] “2) (3 { 4} «s (¢ 6)

1 0.0 0.0 0.0 0.0 0.0 0.0

CONTRIBUTION TO YOTAL KINEVIC AND POTENTIAL ENERGIES IS 0.0 0.0

AT SIMULATION TIME, T = 2.0000D0400% & & £ & & & 3 & & % & 8 2 % & & 2 & S & ¢ ¢ & ¢ A % 2 &8
sooy 2 THE VELOCITIES ARE
t 1) 2 « 3 { &) ¢ S (3% ) [ ] ¢t 8) t 9

(10}

1 ~3.28TD-06 -5.3200-06 ~6.9730-06 ~1.021D-05 6.3400-06 -2.284D—08 &,.970D-06 -2.6310-05 2.8420-07 -1.3780-05

11 ~2.960D0-05 ~1.138D0-06 ~2.6570~16 6.2600-23 7.916D-08 ~1.8650-06 -2.2190-06 1.0630-06 1.2830+02
21 1.283D+02

BooY 2 THE CORRESPONDING MOMENTA ARE

tn t 2) t3) (&) «5) ( &) tmn t 8 t 9

1 8.3060+00 8.306D+00 8.3060+400 ~2.2740-18 3.5490-18 6.996D-21 1.0090-02 -5.988D-02 4.4T730-04
n 3.537D-01 1.7950-02 -6.314D-14 1.4200-14 -2.4260-03 4.2920-02 —-8.8830-03 8.1250-03 8.339D+00
21 8.339D04+00

BODY 2  ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS

«1n € 2) { 3} { &) {5 t 6}
1 8.313D+00 8.3030400_ 8.302D+00 -2.278D0-18 3.546D-18 1,663D-20 :
CONTRIBUTION TO TOVAL KINETIC AND POTENTIAL ENERGIES IS 1.60445465104+03 2.125966090-09

8ODY 2 THE ELASTIC DEFLECTIONS ARE
tn ( 2) ( 3) { &) t 52 t 6) tN t 8 t 9
1 ~9.901D-07 4 .402D-06 -1.555D—08 —4.368D0-06 2.386D~0T7 2,.7710-08 -3.1820-16 -3.,379D-24 -2.1470-10
11 4. 17TD-08 -4.4010-08

AT SIMULATION TIME, T = 2.0000D¢400% * # % % % % ¢ # &€ * 8 ¢ £ 3 ¢ % % ¢ & %+ ¢ X 2 & £ ¢ % & & & &
TOTAL ANGULAR MOMENTUM VECTOR IS
tn t2) ¢ 3)
1 8.313D+00 8.303D+00 8.3020+00
TOTAL LINEAR MOMENTUM VECTOR IS
) tn ( 2) t3)
1 -2.2780-18 3.546D0-18 1.6630-20

TOTAL ANGULAR MOMENTUM = 1.43858944D+01

TOTAL LINEAR MOMENTUM = 4.21499308D-18
TOTAL KINETIC ENERGY x  1.604456510+03
TOTAL POTENTIAL ENERGY = 2.125966090-09
TOTAL EMERGY (T + V) = 1.604456510+03

CPU TIME/STEP CPU TINE/REAL TIME
1.84T73E+00 1.4TT9E+02

1.283D0+02

(10}
6 .9T3D-02
8.337D+00

(10)
9.0590-09

K¢
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PAGE NO. 1

LATE (27287175

RUN NU. DEvn &
RUN tY CARL BOOLEY

CURRENTY TIME = 20.49.56

ATS—F SINGLE FLEXIHLE 0¥ ULING GELMETRY MulkS, 3 IMBEUCEL MOMENTUM ‘WMt
THE CPU TIMER = 0.0

ACTIVE CUNTRULLER, NUMLIN: &5 TIMI UDLYAIN FESHUNSE, USE MSMODL

NASS=LLi9wE -~ CLFC LEMONSTRATION PRGLLEM NUMBER 4,

THIS DEMUNSTFATION PHUBLEM SYNTHESIZES THE ATS—F SPACECRAFT AS A SINGLE
FLEXIBL: BODY AND A JUMMY RIGLL 30DY (THE PROGRAM MUST HAVE A MINIMUM OF
2-HINCES . THUS 2-8GD15¢). THERE AR: THREE ACTIVi MCMENTUM WHEELS USED

FOR CONTKOL TOKCQUE.

- THE PFOELEM 1S TC DEMONSTFATE THE USE OF DATA FOR LARGE
CUAST-LUMPt O STRUCTUKAL SYSTEMS.

THE OROALEM ¢TAGTS WITH INITIAL ATTITUSE ERROR (NO RATE EtHROR) AND
SIMULATLS NONLINER® TIME TOMAIN RESPONSE.
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RUN NU, DEMD « ULATE 0272¢/7%5 FeGE NO.
QUN BY CAPL LOLLTY

ATS=F SINGLE FLEXISLF 50LY USING GLLUMETRY MOTESL, 3 IMBEDLED MOMENTUM WHE CURRENTY TIME = 20.49.%7

T ACTIVE CONTKULLER ¢ NONLINEAF TIME LCMAIN KESPUNSE. USE MSMODL THL CHU TIMER = 5,30008-01

o

~ .

CUMMARY UF DYNEAMIC-SIMULATIUN-FRUGRAM INFUT LATA » » & & 3 & » & 3 *

ACTUAL S1267% MLXIMUM STZES INTEGATION DATA GRAVITY CRADIELTY CATA MISC. CATA
NE = Pt NE M LX = { STARTT = Ca0 Gl = 0.0 GAMAL = 0L NOPPNT = 10
tH = 2 NhMAX = ¢ ODLLTAT = L.Z500—ue L2 = 0.0 GaMp2 = 0.0 NCPLLT = 1
NSPT = 3 NLPMAX = 1% ENDTY 52,0000 +00 3 = (1.0 GCAMAZ = 0.0 IFLNER =
NOFMD = 3 NMWMAY, = 5 GMAL = (.0 FLMAC = 0.0
NOELTA = [ NMWBOC = 3
NU = 27 NMOBOD = 12
NAETA = 12 ¥.my = 27
NLAM = ¢ Y = 2%h
NEY = 5% V] = 11z

THt TLPOLDLY ARFAY [ITURFOL) FrLS Tr1s CASE FLLLUAS

1) (2}
1 1 1 2
2 1 [¢ 1

THE CUNSTRAINT SPECLFICATIONG FUR THiL Chsz FOLLOW

(1 2
1 : 1 1
2 1 G (6]
> 1 0 7]
“ 1 o ]
5 1 o] 0
<) 1 n 0
7 1 0 [4]

THE SPECISIFL INITIAL MHINCE ANCLES AND tISPLACEMENTS (2ETAK) FCLLOW

{ 1) «2)
1 1 C.I 1o4bZl~0C
2 1 0.0 l.9e20~C2
3 i 0.0 1.0640 02
o 1 vel =%.0200-02
5 1 C.0 ~lebttL-02
] 1 6.0 FAL L ANEA |

THE SPECIFIED INITIAL HINGE &ATES (RETARL) FOLLOW

(1) { 2)
1 1 0.0 C.C
2 1 0.0 GaC
2 1 0.0 Gl
“ 1 0.0 0.0
1 1 0.0 Q.n
] 3 0.0 0.0



RUN

THL

THE

THE

THE

THE

THE

THE

CeT-v

(

NO. DEMD & ' DATE 02/26/15
RUN BY CARL BOOLEY

ATS~F SINGLE FLEXIulE LUDY USING GELOMETRY MCOES, 3 1MBEOCEC MCMENTUM WHE
ACTIVE CONTROULLEK, NUNLINEAR TIMt DCMAIN KESPGNSE, USE MSMODL

NO. OF ELASTIC MOOES/EOUY ARPAY (IRCFLX) FCLLOWS
Cy t2)
1 1 G 12

NO. OF F/@ HINGE POINTS/BULY AERAY (NHFGE) FOLLUWS
t 1y (2)
1 1 1 1

NO. OF SENSOR PUINTS/ZECAY AKRAY (ASPOL) FULLOWS
t 2y
1 1 0 3

MUM. WHEZL/ZtOCY TABLE (NMOW) FOULLOWS

(1) (2)
1 1 [ 3
2 1 o 3
2 1 o 1
4 1 G 2
5 1 [¢] 3
& 1 la] 0

STATE VECTUh LENGTH ARELAY (LENU) FOLLUWS
1) 2y U 3) L s) C5) L8
1 1 & 21 C 1z 12 [

STATE VECTOR LUCATION ARRAY (LLCUY FOLLOWS
C ) €21 ¢ 2 L) £ 5) 0 o)
1 1 1 ? 28 2 40 &2

SPECIFIED SENLUR FUINT/ZEODY CURRELATION ARRAY C(IFTSMW) FOLLOWS
C1y t2) € 3)
1 1 2 2 2

PAGE NO.

CURRENT TIME = 20.49.57
THE CPU TIMER = 4.5000€-01



RUN MU. JEMO < CATE 02/2€/7% PAGE NCG.
RUN 8Y CARL BOOLEY

ATS~F SINGLF FLEXI=Le iUCY USING CEOMETRY MOCES, 3 IMBEDDED MUMENTUM Whi CURRENT TIME = £0G.46%.47
ACTIVE COURTHFULLER, MOMLINEAV TIME [ OMAIN RESPONLEs USE MIMOCL THE (CPU TIMER = £.4:22E-01

bRty

THE FULLOWING DATA 1% SPECIFLiL MUM. arttEL INFUPMATION (1F ANY) ANL CONTFOLLER INFLAMATION

THE SPECIFIED MOM. WHEFL LONTRGL ARRAY (IMI) FOLLOWS
t1y 2y ¢ L)

1 1 1 ? 3
2 1 1 2 3
3 |8 1 1 1

THE SPECIFIED MOM, WhrEL KaleS ANL TNERTIAS -(AMQO) FOLLOW
t

1 { 2) 3]
1 1 1.27:0402  1.2780407  127Lus02
2 1 6.500L-02 L.E0GL-02 ¢L5(DT—(02

THE SPECIFLED CONTROLLER INJTIAL CONCITION' AND CHARACTERLISTICS FCLLCW
(THE FIPST NDELTA ARE INITIAL CONTRCLLER STATE VARIABLES, THEKE AFE <& ACDITIONAL CONTROL PARAMETERS)

t1n t2) «2) { &) { 5) ( e) { 7) &) (91 tiv)
1 1 Q.0 0.0 ¢.0 U.0 0.U 0.0 (g e C.C 0.0 0.C
1 11 0.0 0.0 C.C 0.0 0.0 0.C CoL 0.0 0.0 0.0
1 21 0.0 0.0 0.0 C.0 0.0 0.0 e.0 0.0 0.0 CaC
1 3 0.0 0.0 0.0 0.0 0.0 n.c 0.0 0.0 0.0 0.0
1 &1 0.0 Ga0 0.0 U0 0.0 3.0 U.0 0.0 0.0 0.0



CATE O2726/75 PAGE NO.

RUN NU. OFMO 4
QIN BY CARL BODLEY

ATS—F SENGLE FLEXIBLE LLUY USING GFULMETRY MOCES, 3 IMBEDDED MOMENTUM WHE CURRENT TIME = 20.49.5¢&
ACTIVE CONTRULLERs NONLIKEAF TIME LUMAIN FESPONSE, USE MSMODL THE (PU TIMER = T.5333£-01

SUMMakY CF INPUT OATA FOR EDCY 1 WHICH IS RIGIC.

THE 6X6 ENERTIA MATPIX IS ---

tn «t2) tz (&) { 5) { &)
1 1 1.0005+00 0.0 G.0 0.C 0.0 0.0
2 1 0.1 1.0000+00 0.0 0.0 0.0 0.0
3 1 0.0 0.0 1.0000+00 0.0 0.0 0.0
4 1 0.0 C.0 G.0 1.0000+00 040 0.0
5 1 0.0 0.0 0.0 0.0 1.0000+00 O.0
] 1 0.0 0.0 0.0 0.0 0.0 1.0G00+00

FUR 80DY 1 THE P—C HINGE NO. ANL TH: EULER ROTATIUN TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
15 FOLLOWELD BY Al ARKAY CUNTAINING ZULER ANGLES (1,2,3)y AND POSITION VECTOK COMPONENTS (4,5,6) THAT POSITIUN THE

HINGE TRIAD WRT THf BOUDY TRIAL

(2
1 1 2 1
(1) (2] t 3) ( 4) (5] ( &6}
1 1 0.0 0.0 G.0 0.0 0.0 0.0

SETI-Y

5



DATE G2/2¢&/75 FAGE NOD.

RUN NO. DEMO 4
FUN BY CARL bCDLEY

i ATS—F SINCLE FLEXIOLc 20LY USING CEOMLTAY MOUES, > IMBEDDED MCMENTUM WHE CURRENT TIME = 2(.50.01
w ACTIVE CONTKOLLER, NUMLINEAK TIME LOMAIN RPESPUNSE, USE MSMOGL THE CPU TIMER = 2.3633E«00
QUTPUT MATRIX INEFC ( X 2 )
) t 2) [P ] t 4) (I ( ¢) .7 ( ¢) (v (1¢)
1 1 1-026U+06  5T9TC40L ~2.778L+04
2 1 G.0 6.1240402 ~5.250D~03
a 1 0.0 G0 Lo TEILGE

END OF WRITE.

Adod ajqejieae )saq

woJj pasnpoiday




DATE 027267715

NQO.
RUN BY CARL EODLEY

RUN 0EMO 4

ATS~F SINGLE FLEXibLE SOCY USING GEOMETRY MODES, 3 IMBEDDED MOMENTUM WHt CURRENT
ACTIVE CONTROLLER, NONULINtAR TIML DOMAIN RESPONSE., USE MSMUDL THE CPU
OUTPUT MATRIX STATO { I ¢ )
N « ) (Y t 4) s ( &1 73 t 5)
1 1 0.0 1.6390+02 2.5030-01
2 1 ~1 «629C*+02 (a0 -5.2190-01
3 1 -2.5020-01 %5.219C-01 0.0

END OF wWRITF.

Le1=v

W

ol

PAGE NO. 7

TIME = 20.50.02
TIMER = 2.376TE+00

(10}



LATE G2/2¢/7% FAGE NO.

RUN NG. DEMT 4
RLN EY CAFL ELTLEY

CURRENT T1IME = 20.50.C3

T ATS—F SINGLE FLLXIELE ~00Y USING GECMETRY MODESe 3 QiMBEDCEL MCMERTUM WHE
e ACTIVE CONTEOLLEF 5 NANLINEAE TIMT LOHAIN RESPUNSE, USt MIMODL THE CFU TIMER = Z.&l07E+00
@
QUTPUT MATPIX MASSU { 3 A |
¢ i) (2 { o { «) (%) t &) t 7 ( F) (9 (10)
1 i tSEATA0I 0.0 G.U
2 1 9.9 PLohW6leNnl (0.0
3 1 Cal 0.G PN AR 2 ER

END OF wWR1TE.

( C



RUN NO.

[

DEMO & DATE 02/26/77% PAGE NO. 9
RUN BY CARL BODLEY
ATS~F SINGLE FLEXIBLE BODY USING GEOMETRY MODES, 3 IMBEODED MOMENTUM WHE CURRENT TIME = 20.50.05
ACTIVE CONTRULLER, NONLINEAR TIME DOMAIN RESPONSEs USE MSMOOL THE CPU TIMER = 3,1600E+00

OUTPUT MATRIX DOCOEF ¢ 3x 12

ww N

(1) t 2) {t 3) { &) {5 ( 6) t 7 ( 8) { 9) (1a)
1 ~4.611D0+01 0.0 0.0 ~1.732D0403 —2.5750401 1.730D0+03 2.575D401 0.0 0.0 0.0
1 0.0 46420401 G.0 -3.246D401 1.0960+03 3,7280+01 -1.0960+03 8.0500-01 0.0 -8.050D0-01
by 1.4520-01 —6.,9480-02 =1.934D+02 2.020D-02 1.714C+03 —1.626D-02 1.7120403 -2.4680~05 7T.97¢0-U1 2.468D0-05
11 T-976C-01 9.670L+0L

END OF WRITE.

6TV



RUN NO. DEMO 4 CATE 02/2¢/75 PAGE NO. 10
RUN BY CARL BUDLEY
E ATS—F SINGLE FLEXIBLE BOLY USING GECMETRY MODES, 3 IMBEDDED MUMENTUM WHE CURRENT TIME = 20.50.05
& ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE, USE MSMUDL THE CPU TIMER = 3.2167€+00

OUTPUT MATRIX AOCOEF ( X 12 )

t 1 t 2) {21 ( 4} t5) ( &) «7) t 8) ( 9} {101}
1 1 0.0 L.t 080+40G0 O.C GG ~8.1500+01 0.0 b<150C+01 1.708L-03 0.0 -1.7080L~03
2 1 4a8060+90 0.0 0.0 3.6120-01 =1.9070400 -2.613C-01 1.9C70+00 0.0 0.0 0.0
3 ) 8 0.0 0.0 GaC ~-8.15C0+01  G.C -8.1%G0+01 0.0 ) 0.0 G.0 G0

END OF WRITE.

( C



RUN NO. DEMO &

DATE 02728675

RUN BY CARL BODLEY

ATS—F SINGLE FLEXIBLE €0ODY USING GEOMETRY MOOES. 3 IMBEDDED MOMENTUM WHE
ACTIVE CONTROLLER, NONLINEAR TIME LOUMAIN RESPONSE, USE MSMOCL

QUTFUT MATRIX ECOEF t 12x 12

tn {2y t 3

1 1 1.0700+02 0.0 0.0

2 1 0.0 1.073L+C2 0.0

3 1 0.0 0.0 1.9340+02
3 11 0.0 ~9.6700+01

& 1 ¢.0 0.0 0.0

S 1 0.0 6.0 0.0

& 1 0.0 0.0 0.0

7 1 0.0 0.0 0.0

a 1 .0 G.0 0.C

9 1 Vel 0.0 g.C

10 1 0.0 0.0 0.0
11 11 T«97¢0~01 0.0
12 1 0.0 0.0 -~9.6700+01
12 11 0.0 9.670D+01

END OF WRITE.

19TV

t %)
0.0
0.0

0.0

1.45TC+02
9.2850-03
0.0
0.0
0.0
0.0

0.0

{
0.0
0.0

0.0

9.2850-03

1.4340+03

0.0

0.0

0.0

C«0

0.0

5)

{ 6)
0.0
0.0

0.0

0.0
0.0
1.45T0+03
9.2850-03
0.0
0.0

0.0

0.0
0.0

0.0

0.0
G.0
9.2850-03
1.434D0402
0.0
¢.0

0.0

|

PAGE NO.

CURRENT TIME = 20.50.16
THE CPU TIMER = 5.8400E+00

{ el {t 9 (10
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
7.976D-G1 0.0 0.0
0.0 T7.976D—-01 0.0
0.0 0.0 7.976D01
0.0 0.0 0.0

11

i
\

i/



RUN NO. LtMG 4
T ATS—F SINGLE FLEXIOLT
s
(&)
QUTPUT MATRIX MUD {
t 1)
) 1 1.026L 404
1 11 -2.5750+01
2 1 ALTYTIN+01
2 1l 1.0960+0%
3 I ~2.TTe0+01
3 11 1.T1ali+0G3
o 1 0.0
4 11 ~E.1%0L+01
5. 1 1.6290+02
S 11 ~1.907D+00
6 i 2.5030-01
6 11 0.0
7 1 =4.611G+01
& 1 0.0
9 1 0.0
9 11 0.6
10 1 —1.7220+02
10 11 9.2850-03
11 1 -2.5750+01
11 11 1.4245+03
12 1 1.7300+02
12 11 0.0
13 1 2.570+01
13 11 6.0
14 1 0.0
14 11 0.0
15 1 0.0
15 11 0.0
16 1 0.0

(eTE

b U,

LGUY ULihG SECPETOY MULEL, 3

02726774

LY CAKL SGLLEY

ACTIVE COMTROLLEP s NONLINEAR TIML NOMAIN RDSEONLE, USE MSMOUL

1
c:h

16 X 1t
t 2)

E.T9TIC+01
1.7300+C32

ta1240+0%
3.738C+01

-52500-01
—let 2tL~(3

~1e&34C+02
00

G0
~2.613C~1

=F.219L-01
-8.1500401

.0
bbbl 20401

0.0
0.0

~3.z4tC+01
[(]

1.0960+03
0.0

3.72&0+01
1.457C+02

~1a0960L 405
9.285D~02

6.050C~-01
0.0

C.o
0.0

-£.0500-01

)
{ 3)

~2aT78L+01
2.5T504( 1

~Le350D~(1
~1le096l+02

Lo TuLiC+U2
1.712.+02

~2«5C30-01
ELd500+CL

%2190~ 1
1.9070+00

0.0
C .0

laal2D—Gl
—6 JPFLEL~02

~1.934604(2
Ca0

c«0200-0c
0.0

17140403
G.C

~l.6260-0C
9.265L 0%

1a7220+C

l.43404+03

=~2.40B0-0%
0.0

7.9760~01
G.0

244660-0%

{ o)

00
G.0

=1.6290+07
S.0500-01

~2e503l~01
=2 bbb =05

E.5560+40})
L. 708002

C.0
G.0

0.0
0.0

0.0
L. BLSLHO0

Q.0
0u0

0.0
0.0

~F 15001
[OFd]

Ca0
0.0

5.1500+C1
Cula

1.7060~0C
T.9760-01

0.0
G0

~1.706D-03

t5)
1. 6319C+02
0.0
CeG
0.0

5.719L-01
7976001

4.8060+00
0.0
0.0
0.0
246130L-01
0.0

= 207000
Q.0

~2.6130-n1
0.0

1.9070+00
0.0

0.C
0.0

C.C
7.97¢0-01

0.0

{ ¢)

2.5020-01
0.0

-5.219,-01
~£.0500:~01

J.0
2.4E6L-(5

C.C
-1.7060~-02

0.0

61500 (-1
[

O.C
Gl

~8.1500+01
o

IMBEDDED MOMENTUM wWHE

t M

~4.c1l0+01
Gauls

(OS¢
0.0

1.4520-01
T.9761-C1

o0
(L]

$.LC500C
C .l

0.0
0.0

1.07C0+02

1.0

[ (]
0.0

0.0

CUKRENT TIME = 206.50
THE CHU TIMER = 5,94
( &) { 9)
0.0 G.0

0a0

battzl 401l 0.0
0.0
G 6b{~02 —1.93¢(+02
Q. TUL (]
LLbUEL 400 (.0
0.0

C.C .0
OaC

0.0 G.0
0.0

0.0 [N ]
1.07:r0«0z Ca.0
0.0 1.924D+02
—9.670L+0]

el (.0
0.0

G0 0.0
0.0

0.0 U.0
0.0

C.l 00
Gale

0.0 .0
0.0

G.0 Gel
Ga0

00 0.0

FACE NO.
«lo

£ Te+00

{10}

~1aT520+03

~3.2484{+01

2.0200L =02

Gals

Z.0130-01

to150L 401

G.C

C.0

Gal

14570403

Ye2b50~02

0.0

G0

0.0

.0

G.C

12

d00d 40
IVNIDINO

nod
ST @bvd



RUN NQO. DtMO & LATE 02/2¢/75
RUN 8Y CARL BODLLY

ATS—F SINGLE FLEXIBLE BODY USING HECMETRY MUJES., 3 IMBEDDED MOMENTUM WHE
ACTIVE CONTROLLER, NUNLINEAR TIME CUMAIN RESPONSE, USE MIMOCL

QUTPUT MATRIX MUD ( & X 1& ) CONTINUED
1) t2) t 3) ( &) ( 5) ( 6) (7]
¢ 11 0.0 0.0 0.0 0.0 0.0 7.276D-01 0,0
17 1 0.0 Q. T.976L—01 0.0 0.0 0.0 0.0
17 11 0.0 0.0 0.0 0.0 0.0 6.0 7.976C-01
18 1 0.0 0.0 9.670L+C1 0.0 0.0 0.0 - 00
18 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0

END OF WRITE.

€rT-vy

PAGE NO. 12

CURRENTY TIME = 2C.50.17
THL CPU TIMER = 6.21CO0E+00

t 8} {9 110}
0.0
0.0 0.0 0.0
0.0
0.0 -9.6700+401 0.C
9.6T00+0L



RUN NU. DEMD 4

-y

—
S
Rl

QUTPUT MATRIX ACOF t X 12 1

(1) t 2) (
2 1 0.0 G.0 .0
3 )3 &.BOED+OL 0.0 0.0
4 1 0.0 0.0 0.0
6 1 N0 ~&4B0eL+00 0.0
7 1 ~L 30800 C.0 0.0
8 1 0.0 L HONLOO G0

ENC OF WRITE.

C

w

TOMAIN RESPUNSEs USE MIMOCL

( 4]

baJEODGL

2eb1AC~01 —1.907C+00 =2.¢12%-01

-Lel50D+01
.0
~%e6 13001

Vel

DATE 02/26/75
RUN €Y CARL EOCLEY

ATS—F SINCLE FLEXIBLE HBOLY USING GEUMETFY MOUES, 3
ACTIVE CONTHROLLER, NONLINEBEAK TIMC

0.0

IMBEDLEC MOMENTUM wHE

t ) ( ¢) «7) t 8)

Be150L+01 GO G.0

1.9070+C0 0.9

0.C ~5« 1500401 GO 0.0
8.150D0+01 G.0 ~£.1500+0L —1.7%08L-05
1.907C+00  ?,¢130-01 -1.9070400 0.0
-8.18CT+(1 0.0 £.1500+01 1.TUFL-0Z

C

CURRENT TIME =
THE CPU TIMER

0.0

G.0

PAGE NO. 14

20.50.18
= 6.5033E+00

¢)

{10}
0.0
0.0
C.0
1.708L-L3
C.0

~1.708L-02



RUN NO.

DEMD &

LATE 02726775

RUN BY CARL PODLEY

ATS—F‘SINGLE FLEXIBLE ®WOLY USING GECMETRY MODES, 3 IMBEDCEL MCMENTUM WHE

ACTIVF CONTRULLER,

DUTPUT MATRIX LCOF (
1]
1 1 [T X3 P
2 1 0.0
3 1 €e94bL-02
4 1 1.45z0-C1
5 1 0.0
& 1 —S5.%Z70+ul
END OF WRITE.

SY1-¥y

(VR Y]
1.64520-01
L.4SeC-0i
€ .9«3L-02
—£.4370+01

0.0

NONL INEAF T IML COMAIN FESPGNSE, USE

{ &)
11010402
1.0940:407=
6 .9520+00

~142280~01
2.7¢90+01

~1e5720+02

MIMODL
ts) t &)
~3.6700+01 1.1010+063
Z2.7690+G1  1.0940¢02
“9.0060+400 6.941D+00
~1.56T0+02 —1.46406D-0]

1.,094D+(2 —-2,2610+401

2.5610+01 1.5710+02

"N
=3.66404+01
3.,2€10+01
-4.9280000
—1.5650403
-1.0940+03

—2.561D401

PAGE NO.

CURRENT TIME = 20.50.20
THE CPU TIMER = 6.900U0E+0D

(8}
0.0
2.2150-032
2.215D-03
2.4680-05
7-3700~03

0.0

v)

(10}
0.0
2.112D-03
2.112D0-03

~2 « 466005
-T.3700-03

0.0



RUN NO. DEMO & DATE 02/26/75 . PAGE NO. 16
PUN 8Y CARL BODLCY

“«

z ATS—F SINGLE FLEXIBLE BLLY USING GEUEETRY MOUES, 3 IMBEDDEL MOMENTUM WHE CUFRENT TIME = 20.50.26
& ACTIVE CCONTKULLER, NUNLINEAR TIME DOUMAIN RESPGNSE. USE MSMOUL THE CPU TIMER = 7,.9567E+00C
QUTPUT MATRIX CXY t 12 Xx 12
{ 1) t 2 t 3 { «) t 5) { ¢) t 7 t §) {9 (10}

1 1 0.0 -6.5010+00 0.0 G0 0.0 0.0 C.0 0.0 0.0 0.0
2 1 ¢£.50:0400 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
& 1 0.0 0.0 0.0 0.0 £.7120+400 0.0 0.0 0.0 . 0.0 0.0
5 1 0.0 0.0 0.0 ~5.TL20400 0.0 0.0 ) 0.C U0 0.0 0.0
6 1 0.0 0.0 G.0 0.0 0.0 0.0 £.7120+006 0.0 0.0 0.0
7 1 0.0 0.0 00 9.0 0.0 ~5.71224¢00 0.0 0.0 0.0 0.0

END OF WRITE.



RUN NO. UEMO 4 OATE 02/72¢/7¢

RUN BY CARL BOCLEY

ATS~F SINGLiL FLEXIELEt 2UDY USING LECMETKY MOLES, 3 IMBEDDED MUMENTUM wHE
ACTIVE CONTKOLLEK, NONLINTAF TIME DCMAIN KESPUNSE, USE MSMOOL

OLTPUT MATRIX CXZ t 12 x 12
(1) t 2) t 3) { &) { 5) ( 6) {7
4 1 0.0 0.0 0.0 | 0.0 1.2880+02 0.0 0.0
5 1 0.0 0.0 0.0 ~1.2880+40% 0.0 0.0 0.0
6 1 0.0 0.0 G0 0.0 0.0 0.0 ~1.288C+03
T 1 0.0 G.0 0.0 0.0 0.0 1.2¢80+402 0.0

END OF WRITE,

LYT=¥

PAGE NO.

CURRENT TIME = 20.50.29
THE CPU TIMFR = 8.6000t+00

t 8) « 91 (101
0.0 0.0 0.0
0.0 0.0 " 0.0
0.0 0.0 0.0
6.0 0.0 C.0

17




RUN NO. DERMO 4
T
-
'S
-]

QUTPUT MATRIX CYZ

{
L 1 0.0
5 1 0.0
6 1 0.0
T 1 0.0

END OF WRITE.

1)

12

0.0

0.0

X

ATS—F SINGLE FLEXIBLE
ACTIVE CONTROLLER, NONLINEA

12

3

{ 4)

2.2200-1¢6 -3.0150+01

3.0150+01
0.0

0.0

t 5

0.0
0.0

0.0

DATE 02/726/75
RUN BY CARL 8ODLEY

0.0
0.0
~24.2200~16

~3.015D+401

£

&)

BODY USING GEOMETRY MODES, 3 IMBEDDED MOMENTUM WHE
P TIME DOMAIN RESPONSE,. USE MSMODL

2.015C+01

6.0

PAGE NO. 18

CURRENT  TIME = 20.50.31
THE CPU TIMER = 9.196T7E+00

0.0

0.0

0.0

0.0

&)

t 91
0.0
0.0
0.0

G.0

(10)
0.0

0.0



( | I

iy

RUN NO. GEMO 4 DATE 02726775 ' PAGE NO. 19
RUN BY CARL BUDLEY
ATS—F SINCLE FLEXIBLL BOOY USING GEOMETRY MODES, 2 IMBEDDED MOMENTUM WHE CURRENT TIME = 20.50.32
ACTIVE CONTHULLEKR, NOMLINEAF TIME CCMAIN KESPONSE, USE MSMODL THE CPU TIMER = 9.T716TE+00
OUE?UT MATRIX C11 ( 12 x 1tz )
t1n t 2) (2 ( 2] (5) { o) (S| t €) { 9) {10}
1 1 6£.5010+0¢ 0.0 G0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
“ 1 0.0 0.C 0.0 1.2E040% ~14337D-C1 0.0 G.0 0.0 0.0 0.0
5 1 0.0 0.0 0.0 -1.337D-0. 7.0570-01 0.0 .00 0.0 0.0 0.0
] 1 ~0.0 6.0 797} Gal 6.0 1.28860+02 —1.537C—01 0.0 0.0 0.0
7 1 0.0 0.0 0.0 a0 , 0.0 41.3370—0} 7.0570-01 0.0 G.0 0.0

END DF WRITE.

av1-v



RUN NU. CTM™ o DATE G2/72¢/775 FaCL NG.
' K{N BY CAKL BOOLeY

E ATS—F SINGLE FLEXIelé oUDY ULING GLOMETHY MOUES. 2 IMBECUED MUMENTUM WML CURRENT TIME = 20.50.34
2 ACTIVE CUNTHULLER, NUNLINEAP TIME [OUMAIN FESHUNSE, USE MIMGCL THE (PU TIMFR = 11,0223t +01
QuUTPUT MATRIX C22 t 12 & 12
¢t ) t ¢) t 2) ( «) ( 5) &) t 7} t &) {9 {16)

2 1 0.0 tLEOLT+0L L0 0.0 0.0 0.0 0.N DaU 0.0 0.0

& 1 [{R7] [OY] [ T.2BEL4CI GO 0.C C.C Cal 0.0 (O]

5 1 0.0 0.0 .0 .0 1.2FR0O+03 0.0 [ QY G.0 0.0 Ca0

6 1 0.0 Q.0 Cad 0.0 (.0 J2EEL+0> CoU 0uD 0.0 0.0

7 1 0.0 0.0 C.0 ua.0 [C O 0.C 1.2€EBL+C3 C.l C.C Co.C

8 1 Nad 0.0 0.0 0.0 Q.U (¢ [N & 1.708D-06 0.0 GaC

10 1 0.0 O.u 0.0 a0 0.0 0.0 00 0.0 0.0 1.708C~0&

END OF WRITE.



Adod ajqejjeae )}saq

RUMN NCa DEMC & LATE 02/26/7¢
RLM BY CARL BOGL:Y

ATL—F SINGLE FLEXEIBLE 400LY USING GEUMETRY MOULESy 3 IMBECLED MOMENTUM WHE
ACTIVE CONTROLLEF s NONLINtAF TiMi UODMAIN RESUCANSE, USE MEMULL

QUTPYT MATHEX (33 ¢ 12 x 1 1}
(1) ( 2) ( 31 { 4} (-7 ] { 6) 7]

1 8 &.5010+00G 0.0 ¢.0 Qe G.C 0.0 0.0

2 1 0.0 ©.5010400 0.0 0.0 0.0 : 0.0 0.0

“ 1 0.0 0.0 6.0 2.5220-02 -1.337C-01 0.0 0.0

5 1 0.0 0.0 CaG ~1.33T0~vl 1.2890+03 0.0 0.C

] 1 0.0 Q0.0 0.0 0.0 0.0 2.532D-02 ~1.2370-01
T 1 ' 0.0 0.0 . 0.0 Ua0 0.0 =1.53270~-01 1.28%95+02
R 1 6.0 0.G 0.C 0.0 CaC 0.0 0.0
lu 1 0.0 : 0.0 0.0 G.0 0.0 0.0 0.0

END OF WRITE.

woiy paonpoiday

151-v

CUPPENT TIME =

THE CPU TIMER =

0.0
0.0
0.C
0.0
0.0
1.7080~06

0.0

0.0
0.0
G.0
0.0
0.0
0.0

0.0

PAGE NO.

20.5C .54
1.0393E+01

{10)
Cal
0.0
0.0
0.0
(.0
0.0
0.0

1.70ED-G6

¢



RUN N, DEMO 4 DATE 02/2¢/75

RUN BY CARL BODLEY

i ATS—F STRGLE FLEXIBLY BULY USING GEUMETAY HOEEtc“ IMEEDLED MOMENTUM wWHE
E ACTLVE CONTROLLER s NOUNLINEAR T;ML COMAIN FESPUASE, USE MSMOLL
QUTPUT MATRIX C12 t 1z X 12
t 1) t 2] [ | { @) t <) t e} t )
1 1 0.0 65010400 CoC G.0 0.0 [ON¢ 6.0
& 1 0.0 (O] 0.6 .0 —€.7120+0GC G.C 0.0
s 1 N0 0.0 .0 G.0 2.0150401 0.0 0.
& 1 ¢.0 U0 ¢.0 00 G.0 Ul —S.T120+0G
K4 1 G0 0.0 [V O.b 0.0 Ga.C 3.0150+01

END JF WRI1TE.

CURRENT TIMtr =
THE CPU TIMER

¢.0

.0

0.0

0.0

PAGE NO.

20.,%0.35
1.0717t +01

22



RUN NO. OEMU & DATE 02/2&/75 PAGE NO. 23
KUN 6Y CARL BUDLEY
ATS—F SINGLE! FLEXIELE HOCTY ULING GELUMETRY MCOEL, I IMREDDED MCHENTUM WHE CURRENT TIME = 20.50.35
ACTIVE CONTRULLER, NONLINEAR TIME CCMAIN PESPUNSL s LSE MSMOLL THE CPU TIMER = 1.0823t+01
OUTPUT MATRIX C13 ( 12 x 1z
{ D 2} ¢ 31 t ) t 51 ( o) «7) . { 8) { ¥ (101}
4 1 0.0 0.0 G.U 0.0 1.26BD+03 0.0 0.0 0.0 0.0 0.0
& 1 0.0 G.0 .0 0.0 v.0 0.0 -1.,2860+03 0.0 0.0 0.0

END UF WRITE.

LS1=v



RUN NO. ULEMO &

LATE 02726775
RUN BY CARL BCOLLEY

T ATS~F SINGLE FLEXIBLE 3UCY USING LECMETRY MOCESs 2 IMBEDDED MOMENTUM WHE
E ACTIVE CUNTROLLERy NONLINEAF TIME CCMAIN RESPUNSEs USE MSMOCL
OUTPUT MATRIX C23 ( 12 x 12
1 t 2) t 3) { 4) {5) (&) ) { 7)
“ 1 0.0 c.0 C.0 -5.712D+06G  3.G150+401 0.0 0.0
&6 1 0.0 0.0 Cals 0.0 0.0 5.T12D0+00 -3.015D+01

END OF WRLITE.

C C

CURRENT TiIMt =
THE CPU TIMER

t &) {
0.0 0.0
¢.n 0.0

PAGE NO.

20.50.39%
109228 +01

91

(10}
0.0

0.0

24
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RUN NU. DFMO 4 CATE G2/2e/75 PAGE NU. 25
RUN EBY CAKL BCODLEY

ATS—F SINGLE FLEXI3LE SOUY USING LECMETFY MODL5,e 2 IMSEOCEDL MUMENTUM WHE CUFRENT TIME = 20.50.3¢
) THE CPU TIMEK = 1.10&63t+01

ACTIVE CONTRULLE#R, NONLINEaK TIME UCAALN TESPUNSE, USE MSMODL

QUTPUT MATRIX XEOQ ( LX 12
t 1] ¢ 2] t 2 { <) t 5) (&) t 7 t 8} t 9N (10}

END CF WRITE.

SC1-v



RUN NO. DEMO 4 . CATE 02726775 PAGE NO. 26
RUN BY CARL BODLEY

¥ ATS-F SINGLE FLEXIBLE BOCY USING GEOMETRY MODES, 3 IMBEDDED MOMENTUM WHE " CURRENT TIME = 20.50.36
% ACTIVE CONTROLLER, NONLINEAR TIME DUMAIN RESPONSE, USE MSMOOL THE CPU TIMER = 1.1097E+01
QUTPUT MATRIX XEOC ¢ 1x 12
(N ¢ 21 W ( 4) « ) (&) ) t 8) Y (10)

END OF WRITE.

FOR BOCY 2 THE P-G HINGE NU., THE EULLK ROTATION TYPE AND THE JOINT NO. COKRESPONDING TO THt P-Q
HINGE APPEAR IN THE FOLLOWING INTEGER AKRAY WHICH 1S FGLLOWED BY AN ARRAY CONTAINING EULER ANGLES THAT
POSITION THE MHINGE TRIAL WRT THE BLDY TRIAD

t1) C2) ¢ 3)

1 1 2 1 1
(1 t 2) « 3
1 1 0.0 0.0 0.0

FOR BODY 2 THE SENSUR POINT NU.y, THt EULER KOTATIUN TYPE AND THE JOINT NU. CORRESPONDING TO THE SENSOR
POINT APPCAR 1M THE FOLLOWING INTEGER ARRAY WHICH IS FULLOWED BY AN ARPAY CONTAINING EULER ANGLES THAT
POSITION THE SENSOR TRIAD WRT THE s0DY TRIAD

() 21 ¢ 3)

1L ) 1 1 1
2 1 2 1 1
3 1 3 1 1
(1) ( 2) { 3] ’
| § 1 0.0 0.0 0.0
2 1 0.0 0.0 0.0
3 )3 0.0 0.0 0.0

THE FOLLOWING INTEGER AKRAY (INDEP) PRESCRIELES INDEPENGENT VARIABLES (1)s AND DEPENDENT VARIABLES (0}

C1) € 2) C 30 0 &) 1S €6 CT) CED C9) €10) {11} (12) (13) (14D (25) (1&6) (17) (18B) (19) (20)
1 1 1 1 1 1 ) 8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 41 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1

( C

™



{ ‘ ! i !

RUN NO. OFMO ¢ LATE 02/72¢/7% PAGE NO. 21
PLN RY CARL BODLEY
ATS—F SINGLE FLEXIBLE EUDY USING LELMETEY MODES, 3 IMGEDLED MOMENTUM WHE CUKRENT TIME = 20.50.41
ACTIVE CCHTROLLER,y NONLINEAR TIME DOMAIN RESPONSE, USE MSMGDL THE (PU TIMER = 1,3263E+01
AT SIMULATICN TIML, T = 0.0 2 % ¥ %k A ¥ % k & & K& X K K X W E F K&K KX SN EF XS XS
THE STATE VECTOR Y =
1) t 2) { 2] { 4) t s) ( &) 7 { 8) { 9) €10}
1 1 0.0 G0 00 0.0 C.0 0.0 0.C 0.0 0.0 0.0
1 11 00 u.0 V.U 0.0 0.0 0.0 G.0 0.0 0.0 0.0
1 21 0.0 0.0 0.0 0.0 12780 402 1.27ED+02 1.27LL+02 0.0 0.0 0.0
1 31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 41 C.0 [V} 0.0 0.0 0.0 La%62D=03 1.962C-03 1.0940-03 =3,020C—0c =~i.445C—02
1 51 2-&250401 U0 Q.U 0.0 0.0 C.C C.0
AT STMULATION TIME, T = 0.0 X %X % & 8 & % %k K & %k & ¥ % & & & X % & & ¥ X E X X X SN X
ThE L TATE VECTOR TIMF DERIVATIVL YCT =
(1) t 2) ( 3) t &) t %) ( &) {7 t &) ( 9} (10)
1 1 0.0 CW0 (:.C 0.0 G.0 0.0 0«0 0.0 0.0 0.0
1 11 0.0 G0 Gols 0.0 0.0 0.0 C O 0.C 0.0 0.0
1 21 0.0 V.0 0.0 00 U.0 0.0 0.0 0.0 0.0 0.0
l 31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 43 0.0 C.0 0.0 0.0 0.0 0.0 G0 0.0 0.0 0.0
L 51 G0 5a44Z0-02 «.99T7L+00 1.398C-07 5.0140+00 1.P6£30-02 5.006L+00
AT SIMULATION TlMe, 1 = Cal RN EET RN EEREEEEEIEIEEEEE RN
THE ELTAS (FULSR ANGLES, POSITION CUORDINATES) ARE
{ 1) { 2)
1 1 0.0 1.4630-(3
2 1 C.C 1.9620-0"
3 1 G.0 1.0940L-03
& i Ge U -3.Cz0N0-02
5 M (.0 ~1ebewSL—02
& 1 0.0 2.4350+01
AT SIMILATIUN TIME, T = C.C 2 % % 8 K K ¥ ¥ X kK K & ¥ K X K X KA X E XX E KX E K E F X
THE EETA TIMI TERIVATIVES AKE
t 1) [
1 1 0.0 C.0
2 L 0.0 .0
E) 1 (o s [T
‘o 1 C.0 0.C
5 1 00 (.0
o 1 50 C.0
AT SIMULATION TIME, T = 0.0 % % & % & £ % % ¥ A % ¥ ¥ ¥ x 3 k ¥k X 3 k¥ & ¥ & ¥ 2 & ¢ ¥ ¥ &
THRE DELTAS (CONTHCL SYSTEM VARIASLES) Ak
(1) t2) { 3) { &) { ) ( ¢)
» L 1 [¢] G0 G.0 0.0 0.0 0.0
A
<
AT SIMULATION TIME, T = C.C "' E N EPEEEEEEEEE R I 2 I I T I NI N RN NN N

THE CELYA TIMF LFXIVATIVES AKE
t t 2) t 3) { &) <y t &)
1 1 326172202 4oy FTLAG0 1a355u~02 5.014D+00  1.b63L=-C2  35.CUBL+00



851~y

FOR

FOR

FOR

ITS

THE
THE
THE
THE
THE

AT SIMULATION TIME, T = NLO « & % ® 8 ¥ ¥ ¥ &k & &0 e % 3 ¥ RN A kS SRS [ B

su0Y 1 THE VELOCITIES AKE

(1) ( 2) {3 &) ( 51 { &)
1 0.0 0.0 0.0 G0 0.0 0.0
suDY 1 THt CUKRESPONDING MOMENTA ARE
(1} { 2} ( 3) { &) { 51 ( &)
1 0.0 0.0 0.0 0.0 0.0 0.0
egdby 1 1TSS CONYRIBUTION TOU TUTAL ANGULAR ANC LINEAR MOMENTUR 1S
(1 {2} t 2 { %) « 5) ( 6}
1 00 0.0 0.0 0.0 0.0 0.0
CONTRIBUTION TO TOTAL KINETIC &ND COTENTIAL ENERGI®S 1S G.0 0.0
AT SIMULATICN TIMEL, T = 0.0 2 % & & & E W K E KKK I A X XE * W 2 % F & % k¥ %k % X B
scuy 2 THE VELOCITIES AKE
t1n ( 2) t 3) { &) {5) ( &) (7
1 0.0 0.0 Ce0 G.0 0.0 0.0 0.0
11 0.0 0.0 0.0 G.u 0.0 0.0 0.0
21 1.2T78D+02
BLOLY 2 THE (OFWESFONUING MOMENTA ARE
( 1) (2] ( 31 { &) { 5] { 6) (S A ) 9)
1 L206U+U0  be30ED+00  E.30LD+00 0.0 0.C 0.0 U0 0
11 0.0 0.0 0.9 (.0 0.0 0.0 0.0 3
21 £.3060+00
sopy 2 17TS CUNTRIBUTION TU TOTAL ANGULAR ANC LINEAR MOMENTUM 1s
1) ( 2} t 3 { &) {5 (&)
1 6.313U+00 B8.3020+0( 8.302D+00 0.0 0.0 0.0
CONTRIBUTION TO TOTAL KINLTIC ANC POTENTIAL ENERGIES IS 1.591953520+¢2 0.0
80Dy 2 THE ELASTIC CEFLECTIONS ARe
(1) ( 21 t 3) { &) (« &) (&) t
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 6.0 0.0
AT SIMULATION TIME, ¥ = 0.0 s 2 s 8 8 E X X E B E KK X XA FKEX * X 2 &5 %2 2 ¥ B A % X
TOTAL ANCULAR MOMENTUM VECTOK IS5
( 1) (2} { 3)
i 8.3120400 B.303C+00 8.30ZL+00
TUTAL LINELAR MOMENTUM VECTOR 1S
( 1) t 2) )
1 0.0 0.0 0.C
FTOTAL ANGULAR MUMENTUM = 1.436589440+01
TOTAL LINFAR MOMENTUM = 0.0
TUTAL KINETIC ENERGY = 1.591953520405
TOTAL POYENTIAL ENERGY = 0.0
TCTAL ENERGY (T + V) = 1.591953520+03

(10}

0.0

1.2760+02

(1C)

G.C

§+3060+00

(10)
0.0



RUN NG,

651~V

ATS—F SINGLE FLEX]IBLE

DEMC 4

DATE 02/26/7%
KUN BY CARL BODLEY

ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE, USE MSMODL

AT SIMULATION TIME,

THE STATE VECTOR Y =

et s p

THE

ot g

NP WN

1

1

1
11
21

31

“1
51

AT SIMULATION TIME,

(1)

0.0
€.55eD~0¢
¢ «304C~0&
—-1.0560-07
0.0
2.4350+01

1 =

{2}

0.0
~Z.T530-08
~7.4690~08

8.2510-08

0.0

5.8350~0¢

T =

() ]
V.0
1.0EEL-07
L.3040-08
1.0564L~CT
0.0
&.TT0L~01

STATE VECTOR TIME DERIVATIVE YCT =

1
11
21
31
41
51

AT SIMULATION TIME, T =
BETAS (EULEZR ANGLES,

o Pt bt g

AT SIMULATION TIME, T =
TIME DERIVATIVES ARE

SETA

- s ped

AT SIMULATION TIME, T =
THE DELTAS (CONTRCL SYSTEM VARLIABLES)

1

. AT SIMRATION TIME, T =
THE DELTA TIME DERIVATIVES ARE

1

t 1

0.0
~1.0520U—0%
-2.0570-0¢c
-3.4260-07
0.0
3.44E6T—09

(1)
0.0
0.0
0.0
0.0
C.0
0.0

tn
0.0
0.0
0.0
0.0
0.0
0.0

(1)
5.R350-02

tn

2.4700-02 2.0320+00

(t2)

(« 3

{ «)

0.0
~2.1280-07
2.2560~08
-l.1620-07
¢.0
2.491D-02

2.00000L+00% & = * % % %

( &)

0.0 0.0 0.0
3.5340~068 6.1760=0b =7 .6550-06
6.T120-G7 ~2.0570-06 =2.52T0~0¢
1.0960~06 3.360C—0T 2.288D-06
0.0 0.0 6.0
2.470C~U2 2.0320+00 1.1060~02

{ 2)
1.4590-03
1.9570~053
1.0860~03
=3.0210-02
—l.h4b4D~02
2.4350+01

(2)
~3.404L-06
~5.1310~06
-~1.0980-05

6.544L-06

3.449C-09

t2)
8.7780-01

(21

ARE
t 3
2.4910~02

t 3}
1.1040-02

(&)
8.9480—01

( %}
2.278D+00

( 5} t 6)

0.0 0.0
~9 ,744D=07 -3.426D-07
L.262C+02 1.28204+02
-3.0670-09 4.843D-09
0.0 1.4590-02
8.9480-01 3.330D-02

*® & k¥ ¥ ¥ & ¥ & % & %

( 5) t 6)

0.0 0.0

-2 .5590-06 1.463D0-05
-5.0150-0& —2.750D0-06
T4690-08 6.2040-08
0.0 -3.4060-06
2.2780400 1.4800-02

( S} ( 6)
3.330D~02 8.9810-01

t 5 t 6)
1.4800-02 2.2850+00

40LY USING GIUMETRY MODES,y 3 IMBEDOED MOMENTUM WHE

t 7
-3.64110-0¢
1.0960-06
1.2830+02
3 067009
1.9570-03
8.9810~01

i

CURKENT TIME = 21.10.08

« 8)
~£.1280-0¢
3.3600—07
-2.8730-09
4+843D-09
1.0880-02

* % % * % % & ¥ ¥ ¥ %

t7)
5.0170-06
-3 .06301-06
3.5210-06
=T.46£9D0-08
-5.1310-06
2.2650+00

{ 8)
2-.T540-06
~1.4590-05
1.085C~07
6.304D-08

ZUGOGDHUOE % % 5 & 8 % & % % X S ¥ E X 2 & 8 % ¥ E X EEE X ETESES

PAGE NG.

THE CPU TIMER = 2.6124E+02

{ 9 (10}
~8e226D06 -1.097C-05
20288004 7.469D0-08
£50-09 -5.5530-08

T7.684D-09 0.0
=3.0210-02 -1.4440-02

x* x ¥

9 (10)
—2,515C-0¢ —%.4200-06
1.2810-05 -6.T7120-07
~2.128D0-07 —9,7440-07

2.8500-68 0.0
-1.,098D—05 6,544D~06

-8.2190-06

ZL0000D40C* % & % * % * * # % & € & & & % & & & & %x * & & & & & * & & & &
POSITION CCORDINATES) ARE

2.00000+00% % % & % & & % £ & & % % ® ¥ & &£ £ & % & ¥ & % & X & % ¥ 5 ¥ &

20000D+00% * € & S & % & % & & £ & B K B & X X & XX KX XX KX & EE

2.0000D400% * # & & & % % & & £ & & * ¥ & ¥ £ & & x X K ¥ & & ¥ ¥ %

&3

U\\l |
" ‘\ HMI!




09T-¥

G. 3. 8. 4

3

n n
2 2
B s e e g

(=]

FOR

-

THE

THE

THE
THE
THE
THE
THE

A"S]HULATIONTIHE']':2.0000000('..‘.tt“.t."“‘.“t'.“‘t‘t‘.‘.

BOOY 1  THE VELUCITIES ARE
«tn t2) t 3 ( &) { 5) ( 6)
1 0.0 0.0 0.0 0.0 0.0 0.0
800Y 1 THE CORRESPONDING MOMENTA ARE
1 €2 t 3 ( &) t s ( 6}
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY 1 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
L ( 2) ( 3) { &) t 5) t 6)
1 0.0 0.0 0.0 0.0 0.0 0.0
CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 0.0 0.0

AT SIMULATION TIME, T = 2,0000D+00% ® * » & % % % % £ 2 # % & & X 3 % % % & % % & & % & % & % & ¥
Baoy 2 THE VELOCITIES ARE
t 1) { 2) { 3) { %) { 5] t 6) t N { 8) { 9)

1 ~3,411D-06 —5.1280-06 -8.2260-06 ~L.0970~05 &a556D—06 ~2.75E0-08 1.085D-07 ~2.12EC-07 -9.7440L-07
i1l 1-096L~06 3.3600-~07 2.28B0-06 T.4690-08 6.3040-08 =7.4690-08 6.30406—08 2.68500—C8 1.2830+0z
21 1.2830+02

8OdY 2 THE CORRESFONDING MOMENTA ARE
(1) ( 2) ( 31 { &) t 5) ( &) (M ( 8} ( 9)

1 8.3060+00 B.306D*CO B.306L+00  4.3950-17 ~5.T320-16 ~2.6646D~1T7 1.9920-04 =3.1200-06 1.4000-03
11 ~1.T7180-02 =5.6030-03 —¢ .1460-03 —4.0B6D—(¢t -6,51106—06 4.086D~06 ~6.5110-06 —6.9850-04 8.3390+400C
21 8.2390+00

BODY 2 ITS CONTRIGUTION TO TATAL ANGULAR AND LINEAR MOMENTUM 1S
«n { 2) ( 3) { &) ( 5) (&)
1 8.3130+400 B8.3030400 6.302L+00 4.4520-17 ~5.7310-16 -2.7560-17
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CPU TIME/REAL TIME
1.2296E402
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ACTIVE CONTROLLERe NUNLINEAR TL{ME DNMAIN RESPUNSE

NASS5=11996 GSFC DEMONSTRATION PHOALEM NUMBER S

THIS OEMONSTRATINON PHUBLEM SYNTRESIZES THE ATS—F SPACECRAFT AS A SYSTEM
OF SIX INTERCONNECTEU ROUIES. THERE ARE FOUR ACTIVE MOMENTUM WHEELS

(ONE REPRESENTS NEFLECTOR UDYNAMICS FOR HIGHER ORDER STRUCTUPAL KESPAONSF)
WHILE IHE OTHER THREL ARE USED FOR CONTRUL TORQUES.
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56 K7 54 99 60 6l (Y4 64 bk 65 66
ROLL CHANNEL COMTROL VARIABLES
PITCH CHANNEL CNNTROL VARIABLES
YAw CHANNEL CONTROL VARLABLES

16 83

4
MOMENTUM WHEEL 1923 ANU 3~= ANGULAR ACCELENATIONS

146 110 112 113 1lle iis 1le 117 18 119
‘ﬁINGE-l EULEK ANGLE KATES
7HlNGE-1 INEKTIAL REFERENCED VELOCITY VeCTOR
lUHlNGE-d EULER ANGLE HATES

122 123 126 125 120 1é1 1éo 129 Ldu 431 132
HOL L ~CHANNFL

PLTCH=ChANNEL

Yaw CHANNEL

6

134




LLT=V

¢ , , il !

1Y) 1
I 146 135 146 137 130 139 140 Liel 14l 1ed  leas  las 146 s
1 é 3 &
TIMe LAMBUA HINGE-¢ INTEWCOMNECTION FORCES
i L] 10
TIME TorQue CONSTKATNT TORAUES Tu LAUSE PanELS 10 UePLOY
000UV0VVOV
13 L
} iew ley 1950 151 152 153 19 ¢+9 25U bl 292 «¢d)
i 9 jv
fIME MOMENTUM  [OTAL ANGU| AW AMD L INEAR MOMENTUM
1 11 1¢ i3
TImME ENERGY KINETIGCs PalERTTAL aAND TOTAL eNERGY == T + V
VYUUUBLUVY
ST10¥



RUN NO.

8L1-Y

DEMO S

ATS—F — & INTERCONNECTED BODIES, PRESCRIBED (RHEONOMIC) RELATIVE MINGE

DATE 02/27/75
RUN 8Y CARL BOOLEY

ACTIVE CONTROLLER, NONLINEAR TINE DOMAIN RESPONSE THE CPU TIMER =~ 0.0

1

C

NAS5-11996 GSFC DEMONSTRATION PROBLEM NUMBER 5,

THIS DEMONSTRATION PROBLEM SYNTHESIZES THE ATVS—F SPACECRAFT AS A SYSTEM
OF SIX INTERCONNECTED BOOIES. THERE ARE FOUR ACTIVE MOMENTUM WHEELS

(ONE REPRESENTS REFLECTOR DYNAMICS FOR MIGMER ORDER STRUCTURAL RESPONSE)}
WHILE THE OTHER THREE ARE USED FOR CONTROL TORQUES.

FOR TIME BETWEEN 0.2 AND 1.2 SECONDS, PANEL NO. 1 (BODY 3) IS MOVED
THROUGH 60~-DEG.

FOR TIME BETWEEN 0.7 AND 1.7 SECONDS, PANEL NO. 2 (BODY 4) ]S MOVED
THROUGH 60-DEG.

FOR TME RHEONOMIC HINGE MOTION, WWO CONTROL VARIABLES ARE EMPLOYED.
THEY ARE RELATIVE VELOCXTIES (ALPHASDOTS) THAT ARE OBTAINED BY INTEGRATING
PRESCRIBED ACCELERATIONS, (ALPRA®DOUBLESDOTS ), SEE CONTROL SUBROUTINE.

THE PROBLRM STARTS WEITH A SLIGHT INITIAL ATTITUDE ERROR AND SIMULATES
NON-LINEAR TIME DOMAIN RESPONSE.

-

PAGE NO.

CURRENT TIME = 20.39.64



RUN NO. DEMO S DATE 02/727/75 PAGE NO.
RUN BY CARL BODLEY
ATS—F — & INTERCONNECTED BOOIES, PRESCRIBED (RHEONGMIC) RELATIVE HINGE CURRENT TIME = 20.39.46
ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE THE CPU TIMER = 4.3647E-01
SUMMARY OF DYNAMIC~SIMULATION—PROGRAM INPUT DATA * ¢ * % = % « % » %

ACTUAL SIZES MAXIMUN S1ZES INTEGRATION DATA GRAVITY GRADIENT DATA MISC. DATA

NB = 6 NBMAX = 6 STARTT = 0.0 Gl = 0.0 GAMAL = b.O NOPRNY = 20

NH = 6 NHMAX = 6 DELTAT = 1.2500-02 G2 = 0.0 GAMA2 = 0.0 NOPLOT = 1

NSPT = 4 NSPMAX = 1% ENDT =  3,000D0+00 63 = 0.0 GAMA3 = 0.0 IFLNER = O

NOFMO = 4 NMWMAX = L GMAG = 0.0 RCMAG = 0.0

NDELTA = 9 NMWBO0D = &

NU = 40 NMDBOD = 12

NBETA = 17 KMU = 22

NLAM = 21 KY = 250

NEQ = 66 LY = 113

THE TOPOLOGY ARRAY (ITOPOL) FOR THIS CASE FOLLOWS

1 1
2 3

LY €20 3) L &) U S5) (6)

1 2 3
W) 1 1

-
1

5
1

[
1

THE CONSTRAINT SPECIFICATIONS FOR THIS CASE FOLLOW

THE

THE

6L1-V

NN, WN
o Pt Pt gt Pt

SPECIFIED INITIAL HINGE ANGLES AND DISPLACEMENTS (BETAM] FOLLOW
{1 )

) 8
1
1
1
1
1

GRS WN

C1) C2) € 3) (&) L 5) L&)

1

[-X-N-X-X- R
e OO O
O N

( 2)

1.4630-03 0.0
1.9620-03 0.0
1.0940-03 0.0
~3.0200-02 0.0
~1.4450-02 0.0
2.4350+01 0.0

gt © e N Pt

P o X-N-N o

ot g OO Pt g

(3 { &)
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

SPECIFIED INITIAL HINGE RATES (BETAMD] FOLLOW

VS WN M
[N Y

L ( 2)
o.o o.o
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

t3»
0.0
o.o
0.0
0.0
0.0
0.0

{ &)
o.o
0.0
°.°
0.0
0.0
0.0

5
0.0
000
0.0
0.0
0.0
0.0

t s
o.o
0.0
o-o
0.0
0.0
0.0

( 6)
0.0
0.0
0.0
0.0
o.o
0.0

{ &)
o.o
o.o
0.0
0.0
0.0
0.0



RUN NC. OERG S DATE 02/27/7%
w RUN BY CARL BODLEY

ATS—F — & INTERCOMNECTED BODIES, PRESCRIBED (RHEONOMIC} RELATIVE HINGE
ACTIVE CONTROLLER, NOMLINEAR T IME DOMAIN RESPONSE

L)

THE NO. OF ELASTIC MODES/7BODY ARRAY (IRGFLX) FOLLOWS
C1) L 2) (C3) ( 4) (C5) U &Y
1 1 o ] o ] ] ]

THE NO. OF P/Q HINGE POINTS/800Y ARRAY (NHPOL) FOLLOWS
(1) L2 ¢ 3) (&) L S) L&)
1 1 ] 1 1 1 1 |

THE NO. OF SENSOR POINTS/BODY ARRAY (NSPOI) FOLLOWS
(L) £ 2) 0 3) (&) ( 5) (&)
1 1 3 1 4] 4] 4] o

THE MOM. WHEEL/BODY TABLE (NMOW) FOLLOWS
1) €2Y (3) La) t 5) L é)

CARPUN
o e Pt pot g pub
CUNMWW
Y- - PN
(- -N-N- NN
- X-X-X-X-¥ ]
- F-R-N-N-N-]
- N-X-¥-N-3-]

THE STATE VECTOR LENGTH ARRAY (LENU] FOLLONS

C1) C2) (3) €& £S) (6 CT) € 8) (9 (10) (11) (12) €13) (14)
1 1 9 T 6 6 6 ] ] o 0 0o 0 0 17 9

THE STATE VECTOR LOCATION ARRAY (LOCU) FOLLOWS

C1 L 2) € 3) &) (5 L 6) ¢ 7Y L B) (9 (100 (11) (12} (13) (14)
. X 1 b § 10 T 23 29 35 41 4) 41 &) 4L M) 41 58

THE SPECIFIED SENSOR POINT/S00Y CORRELATION ARRAY (IFTSMW) FOLLOWS
(1 L2yt 3) (&)
1 1 1 1 1 2

PAGE NO.

CURRENT TIME = 20.39.48
THE CPU TIMER = 5.9333E-01



|

RUN NO. DEMO 5 DATE 02727775 PAGE NO. 4
‘ AUN BY CARL BODLEY
ATS-F — & INTERCONNECYED BODIESs PRESCRIBED (RHEONOMIC) RELATIVE HINGE CURRENT TIME = 20.39.48
ACTIVE CONTROLLER, NONLINEAR TIME OOMALIN RESPONSE THE CPU TIMER = 7.,0000t-01

THE FOLLOWING DATA IS SPECIFIED MOM. WHEEL INFORMATION (IF ANY] AND CONTROLLER INFORMATION

THE SPECIFIED MOM. WHEEL CONTROL ARRAY (IMO) FOLLOWS
Ct1 C2Y L 3) (&)
1 1§ 1 2 3 4
2 1 ) 8 2 3 3
3 1 1 1 1 1

THE SPECIFIED MOM. WHEEL RATES AND INERTIAS (AMO) FOLLOW
(1} {2) (3] t &)

1 1§ 1.276D0+02 1.2780402 1.278D+02 0.0

2 1 4.5000-02 6.5000-02 6.5000-02 9.6700+01

THE SPECIFIED CONTROLLER INITIAL CONDITIONS AND CHARACTERISTICS FOLLOW
(THE FIRST NDELTA ARE INITIAL CONTROLLER STATE VARIABLES, THERE ARE 38 ADDITIONAL CONTROL PARAMEYERS)

t 1) { 2) {3 ( &) (s) t &) tmn { 8) (9 (10)
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4. 2890404
1 11 2.8800+02 0.0 0.0 0.0 2.0970+05 2.076D+05 6.T4TD+03 0.0 0.0 7.804D+04
1 21 0.0 0.0 T.884D+04 0.0 T.872D+02 T.8720+402 0.0 T.8720+02 7T.872D+02 0.0
h an 0.0 0.0 9.4110+401 9.438De01L 5.712D+01 0.0 0.0 2.,127TD+02 0.0 0.0
1 41 2.127+02 0.0 1.002D+01 1.002D+01 0.0 1.0020+01 1.002D+01

CI8L=Y



RUN NO. DENO S DATE 02/27/75 PAGE NO. 5
RUN B8Y CARL BODLEY

ATS~F ~— & INTERCONNECTED BODIES, PRESCRIBED (RHEONORIC) RELATIVE MINGE CURRENT TIME = 20.39.49
ACTIVE CONTROLLER, NOMLINEAR TIME DOMAIN RESPONSE THE CPU TIMER = 9,.8333€-01

z81-v

SUMMARY OF INPUT OATA FOR BODY 1 WHICH IS RIGID.

THE 6%X6 INERTIA MATRIX 1§ —
=t (1) «2) (3 ( &) 3 ( 6)

1 1 3.714D403 5.0960400 -3.273D¢01 0.0 0.0 0.0
2 1 5.096D+00 3.55T7D+03 ~2.9100400 0.0 0.0 0.0
3 ) § =3.2730+01 —2.9100400 4.T76De02 0.0 0.0 0.0
4 i 0.0 0.0 0.0 6.8270+0F 0.0 0.0
-] 1 6.0 0.0 0.0 0.0 6.827D+01 0.0
6 1 0.0 0.0 0.0 0.0 0.0 6.8270+01

FOR BODY 1 THE P-Q HINGE NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
1S FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (Ly2,3), AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
HINGE TRIAD WRT THE BODY TR1AD

tt2)

1 1 2 1
2 1 3 1

3 1 4 1

. 1 5 i

s 1 6 1 A

tn «2) « 3) ( 4) € s) ( 6)

1 1 0.0 3.1420400 0.0 3.0200-02 1.4450-02 ~1.2660+01
2 1 0.0 0.0 3.1420400 3.0200-02 3.431D+00 —1.3500+01
3 1 0.0 0.0 0.0 3.0200-02 ~3.402D400 ~1.3%0D+01
IS 1 0.0 0.0 0.0 1.2970000 1.4450-02 4.314D+00
s 1 0.0 0.0 3.1420400 ~1.236D400 1.4450-02 4.314D+00

FOR BODY 1 THE SENSOR POINT NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES(142,3)s AND POSIVION VECTOR COMPONENTS (445,6) THAT PUSETION THE
SENSOR TRIAD WRT THE BODY TRIAD

1 «2)
1 1 1 1
2 ) ¥ 2 1
3 1 3 1
(1) «2) ( 3) { &) (5] { &)
1 1 0.0 0.0 0.0 0.0 0.0 0.0
2 1 0.0 0.0 0.0 0.0 0.0 0.0
3 1 0.0 0.0 0.0 0.0 0.0 0.0

( C C



RUN

(
\“\

NO. DEmMO 5 : DATE 02/21/75 " PAGE NO.

RUN BY CARL BODLEY
ATS~-F ~ 6 INTERCONMECTED BODIES, PRESCRIBED (RHEONOMIC] RELATIVE HINGE CURRENT TIME = 20.39.49
ACTIVE CONTROLLER, NONUINEAR TIME DOMAIN RESPONSE THE CPU TIMER = 1.2433E+00

SUMMARY OF INPUT DATA FOR BODY 2 WHICH IS RIGID.

THE 6X6 INERTIA MATRIX 1S ——-

£8T~=¥

t 1} t 2) t3) { &) t s {6
1  § 1.0050+02 0.0 0.0 0.0 0.0 0.0
2 1 0.0 1.0080+02 0.0 0.0 0.0 0.0
3 1 0.0 0.0 1.934D+02 0.0 0.0 0.0
& ) 0.0 0.0 0.0 3.558D+00 0.0 0.0
5 1 0.0 c.0 0.0 0.0 3.556D+00 0.0
6 1 0.0 0.0 0.0 0.0 0.0 3.,556D+00

FOR BODY 2 THE P-Q HINGE NMO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,2+31y AND POSITION VECTOR COMPONENTS (45,6} THAT POSITION THE
HINGE TRIAD WRT THE BODY TR1AD

(1 21
1 1 2 1
{1 (21 () { %) (5 t 6)
1 1 0.0 3.1420+00 0.0 0.0 0.0 -1.3520+00

"FOR BODY 2 THE SENSOR POINT NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH

IS FOLLOWED BY AN ARRAY CONTAINING :BILER ANGLES(1,2+3)y AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
SENSOR TRIAD WRT THE BOOY TRIAD

«t t2)
1 1 L3 3
(11 t 2} t 31} { &) t5) ( &)
1 1 0.0 0.0 0.0 0.0 0.0 0L

&




RUN NO. DERMO 5 DATE 02/27/7% PAGE NO.
RUN BY CARL BODLEY

’l: ATS=F —— & INTERCONNECTED BODIES, PRESCRIBED (RHEONOWIC) RELATIVE MHINGE CURRENT TIME = 20.39.50

@ ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE THE CPU TIWER = 1.3900F +00
SUMNARY OF INPUT DATA FOR BOODY 3 WHICH IS RIGID.

THE 6X6 INERTIA MATRIX IS ~——

t ( 2) t 3 t &) « 35 ( &)

3 1 1.690D0+02 4.7690+00 ~1.4300-01 0.0 0.0 0.0

2 1 4.7690+00 4.0090+01 1.9590400 0.0 0.0 0.0

3 1 ~2.4300-01 1.9590400 1.451D+02 0.0 0.0 0.0

4  § 0.0 0.0 0.0 5.1550+00 0.0 0.0

5 1 0.0 0.0 0.0 0.0 5.1550+00 0.0

[ 1 0.0 0.0 040 0.0 0.0 5-1550‘00

FOR BODY 3 YME P—Q HINGE NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,2,3), AND POSITION VECTOR COMPOMENTS (4,5,6) THAT POSITION THE
HINGE TRIAD WRT THE BODY TRIAD
t 1) (2)
1 1 3 1
tn t2) (3 (&) t 5) ( 6)
1 1 0.0 0.0 3.1420400 3.7000-01 -1.581D+01 ~7.0080-02



RUN NO. DEMO 3

DATE 02/727/75

RUN BY CARL BODLEY

ATS—F -— & INTERCONNECTED BODIES, PRESCRIBED (RHEONOMIC) RELATIVE HINGE

ACTIVE CONTROLLERy NONLINEAR TIME DOMAIN RESPONSE

SUMMARY OF INPUT DATA FOR 800Y & WHICH IS RIGID.

THE 6x6 INERTIA MATRIX IS ~=-
{1 L 2)

| § 1 1.6900402 4.T769D+00

2 1 4,T769D+00 4.0090+01 -1.9590+G0
3 1 1.4300-01 -1.9590+00

& 1 0.0 0.0

5 1 0.0 0.0

& 1 0.0 0.0

(&)
0.0
0.0
0.0
5. 1550400
0.0
0.0

t 5)
0.0
0.0
0.0
0.0
5.1550+00
0.0

( 6)
o.o
0.0
0.0
0.0
0.0
$.1550+00

PAGE NO.

CURRENT TIME = 20,39.50
THE CPU TIMER = 1.4967E+00

FOR BODY 4 THE P—Q HINGE NO. AND THE EULER ROTATION TYPE APPEAR JN TME FOLLOWING INTEGER ARRAY WHICH
1S FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1s2+3)e AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION ™E

HINGE TRIAD WRT THE BODY TRIAD
t 1)t 2)
1 1 & 1
t 1) ( 2)
1 ) § 0.0 0.0

13154

(4}

{ 5)

t &)

-3.7000-01 1.581D+401 -~7.0080-02



RUN NO. DENMO 3 DATE 02/27/75 PAGE NO.
RUN 8Y CARL BOOLEY

T ATS—F ~— 6 INTERCONNECTED BDOLES, PRESCRIBED (RHEONOMIC) RELATIVE HINGE CURRENT TIME = 20.39.50

§ ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE THE CPU TIMER = 1.6067E+00
SUMMARY OF INPUT DATA FOR BODY 5 WHICH IS RIG1D.

THE 6X6 INERTIA MATRIX IS -—

(1) (2) t 3 t &) t 5] t &)

1 1 T.976D-01 0.0 0.0 0.0 0.0 0.0

2 1 0.0 T.9T60—-01 0.0 0.0 0.0 0.0

3 1 0.0 0.0 T.9760-01 0.0 . 0.0 - 0.0

4 1 0.0 0.0 0.0 1.7080+00 0.0 0.0

5 1 0.0 0.0 0.0 0.0 1.7080+00 0.0

] 1 0.0 0.0 0.0 0.0 0.0 1.T080+00

FOR BODY S THE P-Q MINGE NO. AND THE EULER RQTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,293)s AND POSITION VECTOR COMPONENTS (4,5,6) THAY POSITION THE
HINGE TRIAD WRT THE BODY TR1AD
t1yC2)

t 2) t 3) { ) 5 t &)
1 1 0.0 0.0 0.0 0.0 0.0 - =1.0000-03

iy



RUN

( | L

NO. DEMO 5 OATE 02/2/T75 PAGE NO. 10
RUN BY CARL BOOLEY

ATS—F — & INTERCONNECTED BODIES, PRESCRIBED (RHEONOMIC) RELATIVE HINGE CURRENT TIME = 20.39.50
ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE THE CPU TIMER = 1.7100£+00

SUMMARY OF INPUT DATA FOR BODY & WHICH IS RIGID.

THE 6X6 ENERTIA MATRIX 1S -

THE

{ 1) ( 2) t 3] ( 4) { 5) (6]l
1 | § 7.9760—-01 0.0 0.0 0.0 0.0 0.0
2 1 0.0 T7.9760-01 0.0 0.0 0.0 0.0
3 1 0.0 0.0 T.970-01 0.0 0.0 0.0
& 1 0.0 0.0 0.0 1.T080+00 0.0 0.0
5 1 0.0 0.0 0.0 0.0 1.708D+00 0.0
6 1 0.0 0.0 0.0 0.0 0.0 1.T7080+00

FOR BODY: 6 THE P-Q HINGE NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
1S FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1+2¢3)s AND POSITION VECTOR COMPONENTS (4+5,6) THAT POSITION THE
HINGE TRIAD WRT THE 800Y TRIAD

t 1 (2)
1 1 6 1
t 1) (21 t3) &) t s) (6}
1 1 0.0 0.0 3.1420400 0.0 0.0 -1.0000-03

FOLLOWING INTEGER ARRAY (INDEP) PRESCRIBES INDEPENDENT VARIABLES (1)s AND DEPENDENT VARIABLES (0}

€10 € 2) €3 (&) C5) €6 CTHB) L9 {10) 11) (12) (13) (14) (15) (16) (17) (18) (19) (20)
1 1 . 0 0o 0 [+ 0 0o 1 1 1 o 1 L 1 1 o l 0 0 ] 1
1 21 o 1 o o 0 1 o 1 o 1 1 1 1 /] o 1 1 (] 1 o
1 41 1 1 1 1 1 1 1 1 1 1 1 1 1 ) § 1 1 1 1 1 1
b N 61 1 ) ¥ 1 1 1 1

L81~Y



RUN NO. OEMO 5

98T~V

- e b g gt

A

- e e g

CVMPUNW g

CVMIPUNe

ATS—F — 6 INTERCONNECTED BODIES, PRESCRIBED (RHEONOWIC) RELATIVE HINGE

DATE 02/27/75

RUN BY CARL BODLEY

ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPOMNSE

AT SIMULATION TIME, T = 0.0
THE STATE VECTOR Y «

1
11
21
£ ¢
41
51
61

(1)
0.0
0.0
0.0
o.o
1.463D-03
0.0
o-o

AT SIMULATION TIME, T = 0.0
STATE VECTOR TIME DERIVATIVE YDT =

1
11
21
31
41
51
61

1)
6.5880-07
7.8810-07
9.1500-06
0.0

000

0.0
5.014D0+00

PAGE NO.

CURRENT TIME = 20.39.5%

THE CPU TIMER = 4.1233E+00

' EEEEEEEEEEEERE N E N IEEN RN

11

t 2] «3) (&) t 5) (&) t 7 « 8 t 9 (10)

0.0 0.0 0.0 0.0 0.0 1.278D+02 1.2780+02 1.2780+02 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.9620~02 1.094D-03 ~3.0200-02 -1.4450~02 2.435D0+01 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

'FEEEEEERENE I I I B B I I I I I

t2) t 3 t &) {5 t &) t"n { 8) t 9) (10}
1.440D0-06 1.29%0-05 8.251D0-~07 -1.4070-06 &.8530-09 —9.8290-02 —9.8290-02 ~9.8310-02 3.292D0-07
0.0 ~1.6520-05 &,.8800-06 -2.7100-08 0.0 6.58080-07 1.440D-06 -3.567D-06 —6.5300-06
1.3170~05 6.588D—07 1.4400-06 —1.460D~06 2.4610-06 7.2900-06 -1.3230-05 6.5880—07 ~1.467D-08
6.849D-06 1.254D~05 —1.8510-06 6.5880—-07 ~1.4670-08 0.0 6.849D~06 ~2.026D-05 1.796D-06
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 3.4130-02 4.997D+00 1.3950-02
1.8630-02 5.008D0+00 0.0 0.0 0.0

AT SIMULATION TIME,
(EULER ANGLES, POSITION COORDEINATES) ARE

BETAS

ot g g Pt e

t 1)
1.4630-03
1.9620-03
1.0940-03
-3.0200-02
"10‘650-02
2.435D+01

(2]
0.0
0.0
0.0
o-o
0.0
0.0

T = 0,0

t 3)
0.0
0.0
0.0
0.0
0.0
0.0

AT SIMULATION TIME, T = 0.0
BETA TIME DERIVATIVES ARE

1 g g s

(1
0.0
0.0
0.0
0.0
0.0
0.0

(2)
0.0
0.0
0.0
0.0
0.0
0.0

3
0.0
0.0
0.0
0.0
o.o
0.0

AT SIMULATION TIME, T = 0.0
THE DELTAS (CONTROL SYSTEM VARIABLES) ARE

2 ¢ &k ¥ I NS E SK

t &)
0.0
0.0
0.0
0.0
o.o
0.0

® &« % "N K EE &S

( &)
0.0
0.0
0.0
0.0
0.0
0.0

% % & & &% % & SS9 %O

t 5)
0.0
o.o
0.0
0.0
0.0
0.0

{5
0.0
0.0
o.o
0.0
0.0
o‘o

S % & & &% % ¢ &% &k W EE S

( 6)
0.0
o.o
0.0
0.0
o.o
0.0

[ I N IR R Bk BE R B DR B B L B B N BN AR

t &)
0.0
0.0
0.0
0.0
0.0
0.0

% % ® 2 2 ¥ S PP EEFE S XX

t 1 £ 2) t 3) { &) t 5) {t 6) [ ] ( 8) {9
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AT STMULATION TIME, T = 0.0 " EEEEEEEEE T EE T I I I I I I N NI R
THE DELTA TIME DERIVATIVES ARE
(1) ( 2) {3 { &) { 51 ( &6). [ ] ( 8] «9)
1 1 3.4130-02 £.99T70400 1.3950-02 5.0140+00 1.8630-02 5.0080+400 0.0 0.0 0.0

C

(

(
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FOR
FQR
FOR

1
Irs

178

FOR

FOR

ITS

FOR

1
I7s

FOR
FOR

FOR

I

L

M Mﬂ\

{
ATS]MAT]MY]HE,':0.0 “.-“‘..‘..“‘.“"‘...‘...‘..‘
Bo0Y 1 THE VELOCITIES ARE
(1) t2) t 3) ( 4) t %) t &) «7N ( al t9)
1 0.0 0.0 0.0 0.0 0.0 0.0 1.2760+402 1.278D+02 1.278D+02
800Y 1 THE CORRESPONDING MOMENTA ARE
{1 t 2] ( 3} { &) t 5) t 6} [ g ] t 8) t 9
i 8.3060400 8.306D+00 8.306D0+00 0.0 0.0 0.0 8.306D+00 8.3060+00 8.306D+00
800y 1 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
t 11 ( 2) «t3) (&) (5] t 6}
1 8.3130+00 8.303D+00 8.302D0+00 0.0 0.0 0.0
CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 1.591953520+03 0.0

AT SIMULATION TIME, T = 0.0

“t"t't“'!""‘.“‘.‘.

® & % ¢ & EE

BODY 2 THE VELOCITIES ARE
(1) t 2) t 3) ( &) ( 5) { &) tn
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BODY 2 THE CORRESPONDING MOMENTA ARE
{ 1) ( 2) { 3) { &) « 5) (6) [ ]
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sooYy 2 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM Is
t 1) { 2} { 3) { &) t S5) { &)
1 0.0 0.0 0.0 0.0 0.0 0.0
CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 0.0 0.0
AT SIMULATION TIME, T = 0.0 * 6 S L XN E A EE'E EXEE S X XEEEEEE KT XS
BODY 3 THE VELOCITIES ARE ’
(1 (2) [ ] { &) { 51 { &)
1 0.0 0.0 0.0 0.0 0.0 0.0
aooY 3 THE CORRESPONDING MOMENTA ARE
t 1) ( 2) (2 t &) {« 5) ( 6)
1 0.0 0.0 0.0 0.0 0.0 0.0
sopY 3 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
(1) t 2) t 3) { &) {t S} { 6)
1 0.0 0.0 0.0 0.0 0.0 0.0
CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 0.0 0.0
AT “SIMULATION TIME, T = 0.0 E s - L E LRI E AT A A EEXE I EEEESEEEREFE
80DY & THE VELOCITIES ARE
tn { 2) { 3) t &) «5) t &)
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY & THE CORRESPONDING MOMENTA ARE
t1y {2) { 3) ( &) t 5) t &)
1 0.0 0.0 0.0 0.0 0.0 0.0
80DY 4 ITS CONTRIBUTIGN TO TOTAL ANGULAR AND LINEAR #MOWENTUM 1s
(1) t 2) « 3) { &) ts) t 6)
1 0.0 0.0 0.0 0.0 0.0 0.0
CONTRIBUTION TO TOTAL KINETIC AND POYENTIAL ENERGIES 1S 0.0 0.0
AT SIMULATION TIME, T = 0.0 * e s EE S A EEES BEER S S EET EE S S ER SN
BOOY 5 THE VELOCITIES ARE
ll)  2) { 3) {t &) t 5} { &)
1 O. 0.0 0.0 0.0 0.0 0.0
BOOY S TNE CORRESPONDING MOMENTA ARE
t 1) { 2) t3) ( 4) (51 ( 6}
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY 5 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS

{ 1) t 2} ¢ 3) ( &) t 5) ( 6}



061~V

1 1 0.0 0.0 0.0 0.0 0.0 0.0
ITS CONTRIBUTION TO TOTAL KINETIC AND POVENTIAL ENERGIES IS 0.0 0.0
AT SIMULATION TIME, T = 0.0 '"TEEEREEEERENEINR NI I NN BN R N NI
FOR 80DY & THE VELOCITIES ARE
{1 (2} 3 ( &) t 5) &)
1 1 0.0 0.0 0.0 0.0 0.0 a0
FOR B8aDY & THE CORRESPONDING MOMENTA ARE
t 1) t2) t 3 { &) ( 35) {6}
1 1 0. 0.0 0.0 0.0 0.0 0.0
FOR B80DY 6 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MORENTUM IS
t 1) ( 2) { 3} t &) t 5} t &)
1 1 0.0 0.0 0.0 0.0 0.0 0.0
ITS CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 0.0 ' 0.0
AT SIMULATION TIME, T = 0.0 « S S E B 8 E RS BP0 AT S I E SO X RS R ST E L &S XS

THE INTERCONNECTION CONSTRAINT FORCES (LAMBDAS) ARE
(1 t2) t 3) ( &) ts) ( 6) tn ( 8) « 9) (10}
1 $.8750-05 2.4646D-05 9.636D-08 ~1.189D-03 ~7.6630~05 3.3660-05 ~4.7170-0%5 6.7910-05 1.1930-03 B8.983D-05

11 1.2690-05 3.7580-0% -6.8180—05 5.0400-07 1.1700-05 2.1410-05 ~3.1610-06 -5.4010-07 -~1.1700~05 23.4600-05
21 3.0690-06

gt

AT SIMULATION TIME, T = 0.0 T EEFTEEER RIS I I N I N I N
THE TOTAL ANGULAR MOMENTUM VECTOR IS
tn t2) t 3)
1 1 8.313D+00 8.303D+00 8.3020+00
THE TOTAL LINEAR MOMENTUM VECTOR IS
¢ 1) «2) {3)

1 | 8 0.0 0.0 0.0
THE TOTAL ANGULAR MOMENTUM = 1.438589440+01 .
THE TOATAL LINEAR MOMENTUM = 0.0
THE TOTAL KINETIC ENERGY = 1.59195352D+03
THE TOTAL POTENTIAL ENERGY = 0.0
THE TOTAL ENERGY (T + V) = 1.59195352D+03
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RUN NQ. DEMO & OATE 02/727/75 PAGE NO.
RUN BY CARL BOOLEY
ATS—F — & INTERCONNECTED BODIES, PRESCRIBED (RHEONOMIC) RELATIVE HINGE CURRENT TIME = 21.08.39
ACTIVE CONTROLLER, NONLINEAR TIME DOMAIN RESPONSE THE CPU TIMER = 8.,1012E«02
AT SIMULATION TIME, T = 3,0000D400% & % & ¢ ¢ 2 % X 2 % % & & £ & & 3 & ¢ % & %% &3 & && @
THE STATE VECTOR Y =
t 1 t 2) { 3) { &) (5) t 6) [ g | t 8) ( 9) (10}
1 1 ~8.8900-05 -7.06420—04 -3.0220-03 1.3170~03 1.2880~03 -~2.2330-02 1.288D+402 1.287D+02 1.268D+02 1.3960D-02
1 11 —6.0790-04 3.3590-03 9.4540-03 ~1.8780-02 ~2.231D-02 6.117D-04 2.144D0-02 2.1720-03 2.9080-03 -2.4650-02
1 21 1643002 3.275D-01 -2.162D0-02 -2.9480-03 9.3350-0% 1.8230-03 ~1.7070-02 3.311D-01 -B8.9100-05 -8.4150-04
1 31 —3.3450-03 —1.6780-03 ~2.26T0-03 -2.1420-02 ~8.9100—05 ~8.4150-04 -~3.3450-03 ~1.67T0-03 5.4090-03 -2.3200-02
1 41 2.2830-062 2.711D-03 -8.825D-03 ~2.444D-02 -1.007TD=01 2.596D+401 9.896D0-05 -3.4530-06 2.3500-03 9.9770-01
13 51 -6.7040-04 1.008D+00 —-T7.346D-04 ~5.0600-07 . 2.2820-04 5.0550-07 2.2820-04 1.2080-01 8.1580-01 -1.3820-01
1 61 —1683D¢00 2.9570—-01 1.697D4+00 ~2.1170-04& ~2.1530-02 -2.1530-02
AT SIMULATION TIME, T = 3,00000400% * % % £ % & * & ¢ § S % ¢ &€ & £ * & £ S X & 4 & & & ¢ & &
THE STATE VECTOR TIME DERIVAYIVE YDT =
(1 ( 2) (« 3) { 4) ( 51 t 62 t7 t 8) {92 (10)
1 1 -1.2870-03 2.0680-03 ~1.T7200-01 ~3.988D0~03 1.5780-02 ~6.T7210-03 3.830D-01 3.797T0-01 —4.063D-01 1.8130-01
1 11 8.3430-03 6.813D-02 ~1.6390~02 ~2.5130-01 ~6.803D-03 2.3950-02 -1.374D-03 1.4550-01 6.824D-02 ~5.1030-01
i 21 ~1.9420-02 1.991D-02 —~1.185D-03 ~l.444D-01 7.572D-02 5.698D-01 2.224D-02 7.6200-02 -1.287D0-03 2.2090-03
1 31 =2.2120-01 7.374D-03 ~2.01TD-01 ~9.422D-03 ~1.28T0—03 2.2090-03 -2.2120-01 7.4700-03 2.3400-01 —4.182D-03
1 41 ~9,5110-0% ~7.034D—-04 —-3.022D0~03 1.2680-03 1.7860-03 -2.2300-02 -1.4050-02 6.321D-05 -6.3810-03 -2.1530-02
1 51 5,.1390-03 ~2.1530-02 1.1090-03 ~1.373D~04 ~3.226D~04 1.3730-04 -3.2260-04 3.1370-02 -1.684D+00 ~7.983D-02
1 &1 ~3,3600-02 1.054D-01 5.5080-03 6.1170-04 0.0 0.0 '
AT SIMULATION TIME, ¥ = 3.00000400% % ¢ & ¢ % ¢ 3 ¢ $ & £ 5 2 £ & & % & &% 2 % 8 ¢ %% %% 5%x»
THE BETAS (EULER ANGLES, POSITION COORDINATES) ARE
t 1) { 2) { 3) t &) {5) ( 6)
I 1 2.2830-02 9.8960—-05 9.97r0-01 1.008D+00 0.0 0.0
2 1 2.T7110~03 ~3.453D-06 0.0 0.0 -5 .0600—-07 5.055D-07
3 1 ~8.825D0-03 2.3500-03 —6.704D—04 ~T.346D-04 2.2820-04 2.2820-04
4 1 ~2.444D-02 0.0 0.0 0.0 0.0 0.0
5 1 ~1.0070-01 0.0 0.0 0.0 0.0 0.0
[ 1 2.5960+401 0.0 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = 3.00000¢00% % & % 3 ¢ % & 2 ¢ 2 % * % $ £ ¢ 4% & &2 &% %% s 42
THE BETA TIMNE DERIVATIVES ARE

MW EWNM
bt e o pob

t1) ({2)

t 3)

( &)

~9.511D0-05 ~1.4050-02 -2.153D-02 -2.1530-02

~T70340-04 6.3210-05

~3.0220-03 -6.381D0-03
1.2680~03 0.0
1.7860-03 0.0

~2.230D-02 0.0

o.o
5.1390-03
0.0
0.0
0.0

0.0
1.1090-03
0.0
0.0
0.0

AT SIMULATION TIHE; T = 3.000004+00% & & & % & *

THE DELTAS (CONTROL SYSTEM VARIABLES)

1 1

161V

tn
1.208D-01

{2}

ARE
t3)

{ 4)

8.158D0-01 -1.3820-01 -1.6830+00

AT SIMULATION TIME, T = 3.0000D400% & & & &= & &

THE DELTA

1 1

TIME DERIVATIVES ARE
tn { 2}

{3

{ &)

3.X370-02 —~1.684D+00 -7.9830-02 -3.3600~02

«5) t &)
0.0 0.0
=1+3730~04 1.3730-04
~3.226D-04 —3.2260-04

0.0 0.0
0.0 0.0
0.0 0.0

PR B BE B N R IR IR BR N

{ 5} t &)

2.95TD0-01 1.697D+00 ~2.117D-04 -2.1530-02 -2.153D-02

* 9% 0 9 &% &k s s

( 5) ( 6)
1.0540-01 5.508D-03

L I IR

«t7)

£ € & & % & &N

(7

{ 8

{ 8)

6.1170-04 0.0

LR R IR BR BN R BE B BN BN

{9

®* % & & & %

0.0

23
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AT SIMULATION TIME, T = 3.0000D400% % & 3 6 0 & ¢ & $ 8 S S S S 8 S A S S S S & S S 2 0 o9 "o e

BODY 1 THE VELOCITIES ARE
ty { 2) t 3 ( &) t 5) ts) tmn t 8 ¢« 9
1 —8.890D~05 -7.0620-04 —3.0220~03 1.317D0—03 1.2880~03 —2.2330-02 1.2880+02 1.287D+02 1.268D+02
800Y 1 THE CORRESPONDING MOMENTA ARE
t 1) { 2) « 3) ( 4) ts) { &) tn ( 8) t o)
1 8.1380+00 5.867D+00 6.804D+00 B8.9940-02 8.796D-02 -1.524D+00 B8.3720+00 8.363D+00 8.2420+00
800Y 1 ITS CONTRIBUTION YO TOTAL ANGULAR AND LINEAR MOMENTUM IS
(1) t2) t3) { &) ( 5) { 6]
1 5.1950+400 7.8490+00 6.918D0400 8.657D~02 1.2190-01 ~1.5220+00
CONTRIBUTION TO TOTAL XINETIC AND POTENTIAL ENERGIES IS 1.599878490+03 0.0
AT SIMULATION TIME, T = 3.00000400% % % # & % & & & % 8 $ 6 6 5 & $ 8 0 S & & 5 & % % 8 & & & % &
BOODY 2 THE VELOCITIES ARE
Ly { 2) t 3) { &) t S) t 6) {7
1 1.3960-02 ~6.0790—064 3.3590-03 9.454D-03 -1.8780-02 ~2.2310-02 6.1170-04
BODY 2 THE CORRESPONDING MOMENTA ARE
t 1) ( 2) « 3) { &) (-3 } t &) t 7
1 1.4030+00 ~6.1270—02 7.08T0-01 3.3620-02 ~6.677D-02 -7.9320~-02 3.8390-01
800Y 2 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
(1 ( 2) {3 ( &) t 5 ( 6)
R | 2.3470400 3.837D-01 6.9900-01 3.2650-02 ~6.5320-02 -~8.0920-02
CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES 1S 1.27886584D~02 0.0

AT SIMULATION TIME, T = 3.00000400% * & & & & * & * = & & & = & & % &

8QoY 3 THE VELOCITIES ARE
tn ( 2} ( 3) { &) t5) {6}
1 2.144C~02 2.172D-03 2.908D0-03 -2.4650-02 1.6430-02 3.2750-01
BOOY 3 THE CORRESPONDING MOMENTA ARE
{1 (2} t 3) ( &) t s) { 6)
1 3.633D+00 1.9500-01 4.2310-01 -1.271D0-01 8.4710~02 1.6880+00
800Y 3 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
t 1) ( 2) { 3} t 4) t 5) { &)
1 1.5390+01 7.6260-01 1.010D+00 -1.1180-01 1.446D+00 8.778D-01

CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 3.185232340-01

AT SIMULATION TIME, T = 3.0000D4+00% % % % & 3 & & &£ % & £ 3 & & & & & &

BODY & THE VELOCIVIES ARE
t 1) { 2} t 3) t 4) { 5) { 6)
1 ~2.162D-02 -2.9480~03 9.335D-05 1.8230-03 -1.7070-02 3.3110-01
BODY & THE CORRESPONDING MOMENTA ARE
«1) ( 2) t 3) ( 4) «5) { &)
1 —3.667D+00 —-2.2150-01 1.623D~02 9.3970-03 -8.7980-02 1.T0TD+00
800Y 4 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS

1) (2) ( 3) { &) ( S) {e)
1 =1.4510401 —2.4180-01 -4.679D—01 -1.5600-03 -1.510D0+400 8.0150-01
CONTRIBUTION TO TOTAL KIMETIC AND POVENTIAL ENERGIES IS 3.23357963D-01

AT SIMULATION TIME, T = 3,00000400% & & % ¢ % £ ¢ % $ 8 S S ¢ & & 8 %
800Y 5 THE VELOCITIES ARE
(1) { 2} 1 3) { %) {t 5) ( &)
1 —8.9100~05 —B.415D0-04 ~3.345D-03 ~1.6780-03 ~2.247D-03 -2.1420-02
BoDY S THE CORRESPONDING MOMENTA ARE
(1) ({ 2) { 3) { &) {5S) { 6)
1 ~T+1060-05 —6.7120~04 -2.6680-03 -2.8660-03 -3.8380-03 ~3.6580-02
80Dy § KTS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
t 1) { 2) t 3) { 4) t 5] ( 6)

L EE R L B B 2R BE R BY BE BE N ]

0.0

® % * % 9 & &k % % % & % ¥

0.0

LR B B B NN BE BE BE BN IR BE NS

(



1
ITS

FOR

- g

£6T-V

1

9.7230—02 —4.4320-02 ~T7.094D-03 ~-2.9990-03 -2.977T0—03 -3.6650-02
CONTRIBUTION YO TOTAL KINETIC AND POTENTIAL ENERGIES 1S 4.031362240-04 0.0

1

ATS[NLATIONYINE.fl3.oowm‘t..0“‘..-...‘-O“““‘.‘.-tl.

8ooY & THE VELOCITIES ARE
(1) t2) ( 3) { &) : (s t &)
1 —~8.9100-05 —8.4150-04 —-3.3450—03 -1.6770-03 5.4090—03 -2.3200-02
BODY & THE CORRESPONDING MOMENTA ARE :
t 1 t 2) 3 (4 ( 5} t 6}
1 ~7.1060-05 —6.T110-04 —2.6680-03 ~2.8640-03 9.2390-03 -3.9630-02
QDY & ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
(1) t2) [ ) ] ( &) «S) t &)
1 ~3.0100-01 —1.374D-01 ~1.5880-02 —-2.8920—03 1.0170-02 —3.9400-02
CONTRIBUTION TO TOTAL KINETIC AND POVENTIAL ENERGIES IS 4.91008187T0-04 0.0

AT SINULATION TIME, T = 3.00000+00% ¢ 8 $ 8 & & £ & £ & S * % % % ¢ & & ¢35 83

INTERCONNECTION CONSTRAINT FORCES (LARBDAS) ARE

1
11
21

AT
TOTAL

1
TOTAL

1

TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

t 1) { 2)

6.0110-02 -8.924D-01 2.501D-02 -2.1220400 -5.8140+00 2.627D+00 -1.484D-02
2.933D400 ~2.5430-01 3.36AD-0L —6.8230-04 1.2690-02 ~3.445D-01 -1.6090-02

~T+1446D-03

t 3)

{ &) { 5) ( 6) tn

LI B IR IR N IR BN

t o) t o) - (10)
1.7020-01 ~7.133D+00 -5.876D+00
1.427-03 -1.2730-02 -3.9970-01

SIMULATION TIME, T = 3.00000+00% * * S £ 5 ¢ $ S A $'E E X A E X S & E X H X XX & 8 & ¢ * 8
ANGULAR MOMENTUM VECTOR 1S

(1) t2)

(3)

8.225D0+00 B8.5720400 8.137D+00
LINEAR MOMENTUM VECTOR IS

(1) { 2}

{ 3)

~T-TT50-07 ~1.1050-06 1.5530-04

ANGULAR MOMENTUM
LINEAR MOMENTUM
KINETIC ENERGY
POTENT IAL ENERGY
ENERGY (T + V)

1.439875830D+01
1.553371070—-04
1.60053406D+03
5.86963076D-02
1.60059276D+03

CPU TIME/STEP
3.5553E+00

CPU TIME/REAL TIME
2.8443E+02
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Figure A-5 Graphical Results, Demonstration Problem 5 (Sheet 1 of 8)
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DATE 02/23/75 o

RUN BY CARL BODLEY

RUN NO. DEMD 6

ATS—F -~ 6 INTERCONNEC TED BODIES, LINEAR FREQUENCY DOMAIN RESPONSE, CURRENY TIME = 12.24.12
CONSTANT SPEED (2ERO} MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES THE CPU TIMER = 0.0

THIS DEMONSTRATION PROBLEM SYNTHESTZES THE ATS—F SPACECRAFT AS A SYSTEM
OF SIX INTERCONNECTED RIGID BODIES. THERE ARE FOUR MOMENTUM WHEELS.

(ONE REPRESENTS REFLECTOR DYMAMICS FOR HIGHER ORDER STRUCTURAL RESPONSE),
WHILE THE OTHER THREE, NORMALLY USED FOR CONTROL TORQUES, ARE LOCKED.

THE RUN IS TO QUALIFY THE LINEARIZATION ALGORITHM AND TECHNIQUE, AS WELL AS

YO DEMONSTRATE THAT PROGRAM KINEMATICS/DYNAMICS ACCURATELY COUPLE N-BODIES
AND REPRODUCE SYSTEM VIBRATION PROPERTIES.

1444/



RUN NO. DEMO 6

DATE 02/23/75
RUN BY CARL BODLEY

PAGE NO.

CURRENT TIME = 12.25.13
THE CPU TIMER = 3,0000f-01

T ATS~F -— 6 INTERCONMECTED RODIES, LINEAR FREQUENCY DOWATIN RESPONSE,
= CONSTANT SPEED (ZERO) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES
SUMMARY OF DYNAMIC-SIMULATION-PROGRAM INPUT DATA * & ¢ ¢ & 3 & & 3 #
ACTUAL SIZES MAXIMUM SIZES INTEGRATION DATA GRAVITY GRADIENT DATA
NB = 6 NBMAX = 6 STARTT = 0.0 61 = 0.0 GAMAL = 0.0
NH - 6 MMMAX = & DELTAT = 1.250-02 62 = 0.0 GAMAZ = 0.0
NSPT = 4 NSPMAX & 15 ENDT = 3.0000+00 G3 = 0.0 GAMA3 = 0.0
NOFMO = 4 NMWMAR = 5 GMAG = 0.0 RCMAG = 0.0
NDELTA = 7 NWROD = 4 -
NU = 37 NMDBOD = 12
NBETA = 17 U = 22
NLAM = 190 Ky = 250
NEQ = &1 KU = 113
THE TOPOLOGY ARRAY (ITOPOL) FOR THIS CASE FOLLOWS
1) € 2) C2) (4) ¢ 5) ¢ 6)
1 1 1 2 3 4 s &
2 1 0 1 1 1 1 1
THE CONSTRAINT SPECIFICATIONS FOR THIS CASE FOLLOW
€1 02y €3) C4) 0 5)(C6)
1 1 1 1 1 1 1 1
2 1 0 o o 0 1 1
3 1 0 o 1 1 0 0
4 1 o o 0 0 0 0
5 1 0 1 1 1 1 1
6 1 ] 1 1 i 1 1
T 1 0 1 1 1 1 1
THE SPECIFIED INITIAL HINGE ANGLES AND DISPLACEMENTS (BETAH) FOLLOW
Y t2) « 3) t &) L 5) t &)
1 1 0.0 0.0 0.0 0.0 0.0 0.0
2 1 0.0 0.0 0.0 0.0 0.0 0.0
3 1 0.0 0.0 0.0 0.0 0.0 0.0
4 1 0.0 0.0 0.0 0.0 0.0 0.0
5 t 0.0 0.0 0.0 0.0 0.0 0.0
6 1 0.0 0.0 0.0 0.0 0.0 0.0
THE SPECIFIED INITIAL HINGE RATES (BETAHD) FOLLOW
tn t 2) t 3 { 4) (Y (&)
1 1 0.0 0.0 0.0 0.0 0.0 0.0
2 1 0.0 0.0 0.0 0.0 0.0 0.0
3 1 0.0 0.0 0.0 0.0 0.0 0.0
4 1 0.0 0.0 0.0 0.0 0.0 0.0
5 1 0.0 0.0 0.0 0.0 0.0 0.0
6 1 0.0 0.0 0.0 0.0 0.0 0.0

MISC. DATA

NOPRNY = 20
NOPLOY = 1
IFLNER = ]



THE

THE

THE

£12-v

NO. DEMO 6 DATE 02/23/75
RUN BY CARL BODLEY

ATS—F == & INTFRCONNECTED BODIES, LINEAR FREQUENCY DOMAIN RESPONSE,
CONSTANT SPEED (2ERO) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES

NO. OF ELASTIC MODES/BODY ARRAY (IRGFLX) FOLLOWS
C1 €23 €3 L4 €5 16
1 1 ] 0 o 0 0 0

NO. OF P/0 HINGE POINTS/BODY ARRAY (NHPOI) FOLLOWS
(11 02 (3 € 4) (S) (6)
1 1 5 | 4 1 1 1 1

NO. OF SENSOR POINTS/BODY ARRAY (NSPOI) FOLLOWS
1)t 2 U 3) €Ay (U 5Y (6D
1 1 3 1 (] 0 ] L]

MOM. WHEEL/BODY TABLE (NMOW) FOLLOWS
C1Y C2) (3) ¢art5) L6

CRP N
b b et pub el
CUWNMQW
OO Pw
[-X-N-N-N- 2]
000000
0O0O0Q00
000000

STATE VECTOR LENGTH ARRAY (LENU) FOLLOWS

(1) €2) (3) (& &5 Ce6) €T ¢ B) €9 {10) (11) (12) (131 {14)

1 1 3 R4 & [ [ & 0 (4] ] ] [4) 4]

STATE VECTOR LOCATION ARRAY (LOCU) FOLLOWS

1) €2) C3) C4) €S) (6) CTHY 8 L9 L20) (1)) (123 (13) (14)

1 1 1 7 14 20 26 32 3e 38 38 38 38 38

SPECIFIED SENSOR POINT/BODY CORRELATION ARRAY (IFTSMW) FOLLOWS
1) €2 € 3) (&)
1 1 1 b 1 2

PAGE NO.

CURRENT TIME = 12.24.13
THE CPU TIMER = 4.5000€-01




RUN NO. DEMO ¢

yig=v

THE FOLLOWING DA TA

DATE G2/723/75
RUN 8Y CARL BODLEY

AYS—F —- 6 INTERCONNECTID BODIES, LINFAR FREQUENCY DOMAIN RESPONSE,
CONSTANY SPEED (ZERO) MOMENTUM WHEELS, FORWARD LNOP (PLANT) POLES

7S SPECIFIED MOM. WHEEL INFORMATION (IF ANY] AND CONTROLLER INFORMATION

THE SPECIFIED MOM.

1

1
2 1
3

1

¢

THE SPECIFIED MOM.

1 1
2 1

D
0.0

WHEEL CONTROL ARRAY (IMO) FOLLOWS
1Y €2y €3 (&)

1 2 3 )
1 2 3 3
o (o] o 1

WHEEL RATES AND INERTIAS (AMO) FOLLOW
t 2) t 3 t &)
0.0 0.0 0.0

6.5000-02 6.5000-02 6.500N~02 9.6700+01

THE SPFCIFIED CONTROLLER INTTIAL CONDITIONS AND CHARACTERISTICS FOLLOW
(THE FYRST NDELTA ARE INITIAL CONTROLLER STATE VARIABLES, THERF ARE &0 ADDITIONAL CONTROL PARAMETERSY)

1
11
21
31
&1

b pud i b

tn 29 € 33 ( &) (5 t 6) (B
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 2.0970+05 2.076D+05 6£.7470+03
1.1770405 0.0 T.£84D+04 0.0 T.8720+02 7.8720+02 0.0
0.0 0.0 0.0 0.0 0.0 0.0 " 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

C

PAGE NC.

CURRENY TIME = 12.24.13
THE CPU TIMER = S5.466TE -0l

(8
4.289D+06
1.1770405
T.872D+02
0.0

t9)

0.0

0.0
T.872D+02
0.0

(10)
0.0
T .8840404
0.0
0.0
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RUN NO. DEMOD & DATE 02/23/75 PAGE NO. 5
RUN BY CARL BODLEY
ATS—F —— & INTERCONNECTED B8ODIES, LINEAR FREQUENCY DOMAIN RESPONSE, CURRENT TIME = 12.24.14
CONSTANT SPEED (ZERQ) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES THE CPU TIMER = T7.566TE-01

SUMMARY OF INFUT DATA FORP RODY 1 WHICH IS RIGID.

THE'6X6 INERTIA MATRIX IS ——

tn 2 ( 3) (&) ts) t 6)
1 1 3.7140403 5.096D+00 -3.2730+01 0.0 0.0 0.0
2 1 5.096D0+400 3,5570+403 -2.9100+400 0.0 0.0 0.0
3 1 ~3.2730401 ~2.9100+400 4.776D+02 0.0 0.0 0.0
& X 0.0 0.0 0.0 6.827D+01 0.0 0.0
5 1 0.0 0.0 0.0 0.0 6.8270+01 0.0
(] 1 0.0 0.0 0.0 0.0 0.0 6.8270+01

FOR BOOY 1 THE P-Q HINGE NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,2,3), AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
HINGE TRIAD WRY THE BODY TRIAD
1 t2)

VW e
bt el Pt ot
W PwWwnN
oty b P b

1) 2y t3) (&) «5 U8
1 1 0.0 3.142D+00 0.0 3.0200-02 1.,4450-02 -1.266D+01
2 1 0.0 0.0 3.142D+00 3,0200-02 3.4310+00 -1.350D+01
3 1 0.0 0.0 0.0 3.0200-02 -3.4020+00 -1.350D+01
& 1 0.0 0.0 0.0 1.29TD400 1.4450-02 4.314D+00
5 1 0.0 0.0 3.142D0+400 ~1.236D+00 1.445D-02 4.314D+00

FOR BODY 1 THE SENSOR POINT NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOMED BY AN ARRAY CONTAINING EULER ANGLES(1,2,3)y AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
SENSOR TRIAD WRY THE 80DY TRIAD

(1) 2)
1 1 1 1
2 1 2 1
3 1 3 1

(1 t2) ( 3) t 4) 1 s} (6)

1 1 0.0 0.0 0.0 0.0 1.445D0~02 ~1.2660+01
2 1 0.0 0.0 0.0 0.0 3.4310+00 -1.350D+01
3 1 0.0 0.0 0.0 0.0 -3 ,402D+00 -1 -350000!

1 3¢4m 4



RUN NO. DEMO & DATE 02/23/75 : PAGE NO.

X
~
[
o

RUN B8Y CARL BODLEY

ATS=F -~ & INTERCONNECTED BODIES, LINEAR FREQUENCY DOMAIN RESPONSE, CURRENT TIME =z 12.24.14
CONSTANT SPFFD (ZERO) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES THE CPU TIMER = 1.0100€+00

SUMMARY OF INPUT DATA FOR BODY 2 WHICH IS RIGID.

THE 6X6 INERTIA MATRIX IS —-

t 1) { 2) t ) t &) s {6
1 1 1.0050+02 0.0 0.0 0.0 0.0 0.0
2 1 0.0 1.008D0+02 0.0 0.0 0.0 - 0.0
3 1 0.0 0.0 1.934D+02 0.0 Q.0 0.0
& 1 0.0 0.0 0.0 3.556D+00 0.0 0.0
S 1 0.0 0.0 0.0 0.0 3.,5560+00 0.0
) 1 0.0 0.0 0.0 0.0 0.0 3.5560+00

FOR BODY 2 THE P-Q HINGE NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
1S FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (14243), AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
HINGE TRIAD WRT THE BODY TRIAD
- 1y ¢t 23
1 1 2 1 ‘
i n (2] ( 3 t &) (5 t &)
1 1 0.0 2.14204+400 0.0 0.0 0.0 -1.3520+00

FOR BOOY 2 THME SENSOR POINT NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,243}, AND POSITION VECTOR COMPONENTS (4,5,6) THAY POSITION THE
SENSOR TRTAD WRT THE A0Q0Y TRIAD

t 1) C2)
1 1 4 1
tn t 2) { 3) t &) ts) t &)
1 1 0.0 0.0 0.0 0.0 0.0 ~1.352D0+400
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RUN NO. DEMO 6 DATE 02/23/75 PAGE NO. 7
. RUN BY CARL BODLEY
ATS—F —— & INTERCONNECTED BODIES, LINEAR FREQUENCY DOMAIN RESFONSE, ‘ CURRENT TIME = 12.24.14
CONSTANT SPEED (ZERO) MOMENTUM WHEELS, FORNARD LOOP (PLANT) POLES THE CPU TIMER = 1.1500E+00

SUMMARY OF INPUT DATA FOR PODY 3 WHICH IS RIGID.

THE 6X6 INERTIA MATRIX IS ——

t 1) t 2) ¢ 31 t &) t s) O Y
1 1 1.690C+02 4.7690400 -1.430D0-01 0.0 0.0 0.0
2 1 4.7690+00 4.009D0+01 1.9590+00 0.0 0.0 0.0
3 1 ~1.430D-01 1.9590+00 1.4510+402 0.0 0.0 0.0
4 -1 0.0 0.0 0.0 5.1550+00 0.0 0.0
5 1 0.0 0.0 0.0 0.0 5.155D0+00 0.0
& 1 0.0 0.0 0.0 0.0 0.0 5.155D+400

FOR BODY 3 THE P-Q HINGE NO. AND THE EULER POTATION TYPE APPEAR IN THE FOLLOWING. INTEGER ARRAY WHICM
1S FOLLOWED EY AN ARRAY CONTAINING EULER ANGLES (142531, ANO POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
HINGE TRIAND WRY THE 8ODY TRIAD
(1 t2)

1 1 3 1
2) ( 3) { 4) t 5) t &)

{
1 1 0.0 0.0 3.142D+00 3.7000-01 ~1.581D+01 =7.008D—02

LIz=v



RUN NO. DEMO & DATE 02/723/7% PAGE NO. ]
RUN BY CARL BODLEY

ATS—F —- &6 INTEPCONNECTED BODIES, LINEAR FREQUENCY DOMAIN RESPONSE, CURRENT TINE = 12.24.14
CONSTANT SPEED (ZERD) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES THE CPU TINER = 1.2800€F 00

81Z-v

SUMMARY OF INPUT DATA FOR BODY 4 WHICH TS RIGID.

THE 6X6 INFRTIA MATRIX IS ——
{1 t 2) t 1) (%) {5 { &)

1 1 1.690D+02 4.T690+00 1.430D-01 0.0 0.0 0.0
2 1 4.T69C+00 4.0090+401 -1.959D+00 0.0 0.0 0.0
3 1 1.4300-01 -1.9590+400 1.451N+02 0.0 0.0 0.0
o 1 0.0 0.0 0.0 F2155D400 0.0 0.0
S 1 0.0 0.0 0.0 0.0 5.1550+00 0.0
[} 1 0.0 0.0 0.0 0.0 0.0 5.1550+00

FOR BODY 4 THE P-Q HINGE NO. AND THE EULFR ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (142+3)s AND POSITION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
HINGE TRIAD WRY THE BODY TRIAD
tn 2
1 1 4 1
} 3) (&) t 5) ( 6}

(2 {
1 1 0.0 0.0 0.0 -3.7000-01 1.5810+01 -~7.008D-02

( C (
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PAGE NO.

RUN NO. DEMO 6 DATE 02723775
RUN 6Y CARL BODLEY
ATS—F -~ 6 INTERCONNECTED BODIES, LINEAR FREQUENCY COMAIN RESPONSE, CURRENT TIME = 12.24.15
CONSTANT SPEFD (ZERQ)} MOMENTUM WHEELS » FORWARD LOOP (PLANTI POLES THE CPU TIMER = 1.3ATOOE+00

SUMMARY OF INPUT DATA FOR BODY 5 WHICH IS RIGID.

THE 6X6 INFRTIA MATRIX IS ---

t 1] t2) 3 ( &) t 5 ( 6)
1 1 7.9760-01 0.0 0.0 0.0 0.0 0.0
2 1 0.0 7.9760-01Y 0.0 0.0 0.0 0.0
3 1 0.0 0.0 7.9760-01 0.0 0.0 0.0
& 1 0.0 0.0 0.0 1.7080+00 0.0 0.0
5 1 0.0 0.0 0.0 0.0 1.708D0+00 0.0
6 1 0.0 0.0 0.0 0.0 0.0 1.708D+00

FOR 80ODY % THE P-Q HINGE NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
- IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,2+3) AND POSTIVION VECTOR COMPONENTS (4,5,6) THAT POSITION THE
HINGF TRIAD WRT THE B0ODY TRIAD
t1yt2)

1 1 S 1
(2] ( t5) 6
1 1 0.0 0.0 0.0 0.0 0.0 ~1.0000-03

612V



RUN NO. DEMO & DATE 02/23/75%

RUN BY CARL BODLEY

ATS=F ~— & INTERCONNECTED BODIFS, LINEAR FREQUENCY DOMAIN RESPONSE,
CONSTANT SPEED (ZERO) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES

otV

SUMMARY OF INPUT DATA FOR BODY & WHICH IS RIGID.

THE 6X6 INERTIA MATRIX IS ——

tn t2) {3 { &) t5) t &)
1 1 T.9760~01 0.0 0.0 0.0 0.0 0.0
2 1 0.0 T.9760-01 0.0 0.0 0.0 0.0
3 1 0.9 0.0 T.9760-01 0.0 0.0 0.0
& ? 0.0 0.0 0.0 1.7080+00 0.0 0.0
5 1 0.0 0.0 0.0 0.0 1.708D0+00 0.0
3 1 0.0 0.0 0.0 0.0 0.0 1.7080+00

FOR BOOY 6 THE P-—Q HINGE NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH

PAGF NO.

CURRENT TIME = 12,24.1%
THE CPU TIMER = 1.4T733E+00

IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,2,3), AND POSITION VECTOR COMPONENTS (4.,5,6) THAT POSITION THE

HINGE TRIAD WRT THE B80DY TRIAD

t1n o2
1 1 ) 1
tn t 2) t 3) ( &) - 5) ( &)
1 1 0.0 0.0 3.142D+400 0,0 0.0 -1.000D-03

1
1
¥

1
1
1

(4]
1
1

FOLLOWING INTEGER ARRAY (INDEP) PRESCRIRES INDEPENDENT VARIABLES (1), AND DEPENOENT VARIAELES (0)
C1) C2) €3) ¢ 4) (5Y C6d 7Y CBY (9) (100 €11) (12} €13) (14) (15 (16) {17) (18) (19) (20)
1 1 0 0 /] 0 L] 1 0 1 1 1 1 o 1 0 0 0 1
1 21 L] 0 1 0 1 0 1 1 1 1 0 0 1 1 [ 1 0
1 41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 61 1



Rw No.

OUTPUT MATRIX

1ze-v

o et

VIV PP W NN

[ N4

D@ ~N

° e

S L

dM

Lt i
I

DEMO &

ATS—F -~

CONSTANT
~A~- L4
t N
21 0.0
31 ~4.3120-02
21 0.0
n —9. 6150400
21 0.0
41 0.0
21 0.0
31 2.0160+02
21 0.0
31 1. 8460+01
21 0.0
41 0.0
21 0.0
31 —~4.386D+01
21 0.0
31 2.960D+01
21 0.0
31 T«2750-01
21 0.0
31 -7.809D+02
21 0.0
31 -6.5490-01
21 0.0
31 1.4780-02
31 0.0
21 . 0.0
31 ~6.9040+00
21 0.0
31 2.3920402

48 X 42 )

t 2}

0.0
5 .8450-04

0.0
9.7110-02

0.0
4.4350+02

0.0
-2 .036D+00

0.0
~1.6910-02

0.0
-8 .870D+02

0.0
-2.3020-01

0.0
2.9950-02

0.0
-2.6980-03

0.0
~2.2980-01

0.0
1.5650-03

0.0
-9 .8T0D+02

0.0

0.0
-8.7020-02

0.0
2.1350-03

t 3]

t 4)

0.0 0.0
-5.2920-06 -5.845D0-04
0.0 0.0
1.3240-03 -9.7110-02
0.0 0.0
0.0 0.0 .
-2.7750-02 2.036D+00
0.0 0.0
1.1380-01 1.6910-02
0.0 0.0
0.0 0.0
=5.5780-01 2.3030-01
0.0 0.0
2.4250-01 -2.995D0-02
0.0 0.0
3.5390-03 2.698D-03
0.0 0.6 .
5.4630-01 2.2980-01
0.0 0.0
-3.581D-03 -1.5650-03
0.0 0.0
3.539D-05 1.927h-03
-9.870D0+02 0.0
0.0 0.0
~1.6520-02 -8.999D-01
0.0 0.0
2.0030+00 -2.1350-03

DATE 02/23/75
PUN BY CARL BODLEY

€t 5)

2.885D0-02
-5.292D-06

$.9320-02
1.3240-03

7.784D-06
~1.244D+00
-2.775D0-02

-2.732D+03
1.138D0-01

-7 .784D-06
2.2400+00
-5.5780-01

-1.033D+02
2.4250-01

~T7.T7600+00
+£390-03

1.8150+00
5 .4630-01

T .TO4&D+00
-3.5810-03

~2 « T94D-04
3,%39D-05

0.0

1.3050-01
-1.6520-02

2.256D+02
2.0030+00

6 INTERCONNECTED BODIES, LINEAR FREQUENCY DCMAIN RESPONSE,
SPEED (ZERO) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES

PAGE NO.

CURRENT TIME = 12.26.05

THE CPU TIMER = 8.8657E+0O1
t 9} (10}
4.2600-02 -8.6110+01
0.0 0.0
9.9320400 2 .2690-01
0.0 0.0
0.0 0.0
~2.082D0+402 ~4,T75604+00
0.0 0.0
8.766D+00 : 2.3850+02
0.0 0.0
0.0 0.0
TT95D¢02 —6.7TTD+00
0.0 0.0
4.8T6D+01 2.T7390+02
0.0 0.0
1.1350-01 5.3270-01
0.0 0.0
442590401 -5.812D0+00
0.0 0.0
-2.0720-01 1.256D+03
0.0 0.0
~6,3200-03 ~6.6330-03
0.0 0.0
0.0 0.0
2.951D+00 3.097TD+00
0.0 0.0
0.0 0.0

t6) (g { 8)
6.963D-02 . 4.536D-05 ~8.604D+01
0.0 0.0 0.0

-1.9280+03 ~1.135D0-02 -1 .8290-01
0.0 0.0 0.0
0.0 6.9770401 0.0
~2.T46D+03 2.3780-01 3.834D+00
0.0 0.0 0.0
-1.237D0+00 -9.756D0-01 ~2.2880+02
0.0 0.0 6.0
0.0 —6.97T7D0+401 0.0
-1.525D+01 4.780D+00 6.671D+00
0.0 0.0 0.0
1.9120+00 ~2.075D+00 ~2.8056D402
0.0 0.0 0.0
~2.979D0-01 -3.0320~02 1.256D+03
0.0 0.0 0.0
-1.5350+01 ~4.682D+00 5.724D+00
0.0 0.0 0.0
1.6290-01 3.0690-02 4.7780-01
0.0 0.0 0.0
~4.860D-01 -3.0330-04 S5.7930-03
0.0 0.0 0.0
0.0 0.0 0.0
2.2690+02 1.416D-01 -2.705D+00
0.0 0.0 0.0
-5 4542002 —1.7T1T0+01 1.477D+02
0.0 0.0 0.0

12



RUN NO. DFMD &

DATE 02/23/75
RUN BY CARL BODLEY

ATS~F —— 6 INTEPCONNFCTED BODIES, LINFAR FREQUENCLY DOMAIN RESPONSE,
CONSTANT SPEED (ZFRC) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES

¥

~N

N

~

OQUTPUT MATRIX =~A=~ 4

tn

16 21 0.0
16 3 1.4790-02
17 31 0.0
s 21 0.0
18 31  -2.4200402
19 1 ~2.4870-04
19 11 0.0
20 ] 0.0
260 11 0.0
21 11 0.0
22 1 0.0
2 1n 0.0
23 1 -1.0730-03
23 n 0.0
24 1 1.0000+00
25 1 2.8730-03
25 11 0.0
26 1 0.0
26 11 0.0
27 1 0.0
27 1 0.0
28 1 6.295D0-02
26 11 0.0
29 1 0.0
29 11 0.0
30 1 6.356D-02
30 11 —6.3260-02
31 1 0.0
31 11 0.0

48 X 42 )
t«2)

o.o
~1.9270-03

0.0

0.0
2.8210-04

~1.862D-03
6.4290-08

7.966D02
~5.8910-05

0.0

~3.436D-01
~T.458D0-04

—8.0340-03
2. TT4D~07

0.0

2.1510-02
~T7.4290~-07

9.2030-01
5.8910-05

0.0
0.0

~5.5400-04
~1.1880-06

-8.9390-02
2.8580-06

2 463004
1.4130~06

8.9390-02
-2.858D0-06

CONTINUED
t 3 { &)

0.0 0.0
3.529D-05 9.870D+02
0.0 0.0

0.0 0.0
=2.024D0+00 -2.8210-04
c.0 1.37T70-03
0.0 —6.4290-0%
0.0 5.8910-02
0.0 0.0

0.0 2.5420-01
.0 T.458D~-01
0.0 5.9420-03
0.0 =2 TT4D~04
0.0 0.0
~3.5900~09 -1.591D0-02
0.0 7.4290-04
0.0 5.8910-02
0.0 -5.8910-02
-1.000C+00 0,0

0.0 0.0

0.0 4,0970-04
0.0 1.188D0-03
0.0 6.6110-02
0.0 -2.858D-03
0.0 -1.8210~04
0.0 -1.413D-03
0.0 ~6.6110-02
0.0 2.8580-03

ts) €6 (3§

-2.7930-04 —%.860D-01 -3.0330D-04
3.5390-05 0.0 0.0
—9.8700+02 0.0 0.0
2.2710402 3.166D-01 1.734D+01
—2.024D+00 0.0 0.0

0.0 0.0 -1.3130-03
~2.982D-02 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0
3.9470-01 0.0 0.0

0.0 0.0 0.0
5.7040-03 0.0 0.0

0.0 0.0 -5.6650-03
3.5940-01 0.0 0.0

0.0 0.0 0.0
7.3960-01 0.0 1.5170-02
-2.5270-02 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0
~2.6550-09 0.0 0.0
3.9470-01 0.0 0.0

0.0 0.0 -1.5980-02
-3.6290-02 0.0 0.0

0.0 0.0 -6.326D-02
-4.8000-01 0.0 0.0

0.0 0.0 1.5950-03
3.6230-02 0.0 0.0

0.0 0.0 0.0
~4.800D-01 0.0 0.0

PAGE NO,

CURRENT TIME = 12.26.06
THF CPU TIMER = 8.8913E +01

« 8 (9 (10)
5.794D-03 —6.320D-03 —6.6330-03
0.0 0.0 0.0
0.0 0.0 0.0
1.512D402 ~2.4210+02 —1.5100+02
0.0 0.0 0.0
5.6090-02 2.4870-04 0.0

-2.6280-02 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

-3.947D-01 0.0 0.0
0.0 0.0 0.0

-5.7040-02 0.0 0.0
2.4200-01 1.0730-03 0.0
3.985D-01 0.0 0.0
0.0 0.0 0.0

~6.4810-01 -2.8730-03 0.0

-6.6180-02 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
2.3270~09 0.0 0.0

-3 09‘70-01 0.0 0-0
6.827TD~02 ~6.2950-02 0.0

-3.1980-02 0.0 0.0
0.0 0.0 0.0
4.800D-01 0.0 0.0

-6.8170-02 -3.022D-04 0.0
3.1930-02 0.0 0.0
0.0 0.0 6.3260-02
4.8000-01 0.0 0.0
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RUN NO. DEMO &

DATE 02/23/7%

RUN B8Y CARL BODLEY

ATS—F —— 6 INTERCONNECTED BODIES, LINEAR FREQUENCY DOMAIN RESPONSE,
CONSTANT SPEED (2ZERO) MOMENTUM WHEELS,

OQUTPUT MATRIX -A- (
tn
32 1 0.0
32 11 0.0
33 11 0.0
L 1 0.0
3% 11 0.0
as 1 0.0
36 11 0.0
36 n 0.0
37 1 0.0
37 3 0.0
38 21 1.272C+01
38 k) | 0.0
39 21 4,569D+03
3% 31 0.0
40 11 0.0
40 3 0.0
41 11 0.0
41 3 0.0
41 41 ~2.0000+00
42 I 0.0
43 1 2.8730-03
43 11 0.0
oy 1 0.0
&b 1 0.0
45 1 0.0
45 11 0.0
46 11 0.0
&7 13 0.0

1 Y45 4

4B X &2 )
t 27

~T.9660-02
1.0000+00

0.0

T.9660-02
-5 +8910~05

0.0

0.0
0.0

0.0
0.0

0.0
0.0

o.o
0.0

0.0
0.0

0.0
0.0
0.0
0.0

2.1510-02
-T+429D-07

9.2020-01
5.8910-05

0.0
0.0

o.o

0.0

CONTINUED
3

0.0
0.0

1.0000+00

0.0
0.0

0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
o'o

0.0
0.0

0.0
0.0

0.0

0.0
0.0
0.0
0.0
o.o

0.0

FORWARD LOOP (PLANT) POLES

&)

0.0

ts)

- 5.8910-02 0.0
-5.8910-02 0.0

-3.9470~-01

-5.8910-02 0.0

$.8910-02 0.0

0.0

0.0
0.0

~3.970-01

0.0
0.0

0.0
o‘o

0.0
0.0

o.o
0.0

0.0
0.0

0.0
0.0

0.0

~3.5900-09 —1.5910-02 7.3960-01

T.4290-04 -2.5270-02

5.8910-02 0.0

-1.0000400 0.0

0.0
0.0

o.o

-5.891D-02 0.0

~2.6550-09
3.9470-01

0.0

0.0

CURRENT TIME = 12.26.06

PAGE NO.
THE CPU TIMER = 8.9180€E+01
«9N (10)
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 1.7410+01
0.0 0.0
0.0 2 .5490+03
0.0 0.0
0.0 0.0
0.0 0.0
]
0.0 0.0
~2.,0000400 0.0
1.272D+01 0.0
0.0 ~1.136D0-01
3.4190403 0.0
0.0 -2.750D+01
. 0.0 0.0
-2.8730-03 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
1.0000+00 0.0
0.0 1.0000+00

(&) (tn « 0l

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 3.9470-01
0.0 0.0 0.0
~1.0000+00 0.0 0.0

0.0 1.00004+00 3.9470-01
0.0 0.0 0.0
-1.6000-01 0.0 0.0

0.0 0.0 0.0
«~2.0500+01 -2.000D0400 0.0

0.0 0.0 0.0

0.0 0.0 -1.136D-01
0.0 0.0 0.0

0.0 0.0 ~3.675D+01
0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0
1.0000+00 0.0 0.0

0.0 1.5170-02 -6.4810-01
0.0 0.0 —6.6180~02
0.0 0.0 0.0

0.0 0.0 0.0

0.0 - 0.0 2.3270-09
0.0 0.0 ~3.970-01
0.0 0.0 0.0

0.0 0.0 0.0
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DATE 02/23/75

RUN NO. DEMOC &
RUN 8Y CARL PODLEY

ATS—F -~ & INTERCONNECTVED BODIES, LINEAR FREQUENCY DOMAIN RESPONSE,

?
8 CONSTAMT SPEED (ZERC) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES
OUTPUT MATRIX ~A- { 48 X 42 ) CONTINUED
tn t 2) « N t &) «s) {6)
8 21 1.000D400 0.0 0.0 0.0 0.0 0.0

END OF WRITE.

PAGE NO.

CURRENT TIME = 12.26.06
THE CPU TIMER = §,9620E+01
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RUN NO. DEMO &

OUTPUT MATRIX -T-— {

1744 4

o d

[L RV AV BN YL A NN

~ O

10
11
12
13
14
15
16
17
18

19

ATS—F ——
CONSTANT

11
31

11
3

11
3l

11
11
11
11
11
31

«tn t 21

1.000D«00 0.0

0.0 -6 «401D-02
6.4010-02 0.0

0.0 0.0
1.031D0-11 ~6.206D-11
7.6100~-12 3.,9470-01
0.0 0.0

0.0 1 .0000 +00
~3.885D-03 2.3380-02
~2.866D0-03 3,416D-02
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 c.0

0.0 0.0

0.0 0.0

0.0 0.0
1.000D+00 0.0

0.0 1.0000+00
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

42 X 42 )

N

.
o

© ©00 ©0900 ©
.
o000 ©0o00

)
=

0.0
0.0
0.0
1.000D+00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0000+00
0.0

0.0

0.0

OATE 02/723/75
RUN BY CARL BODLEY

t &) t5)

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
5.445D-11 1.3880-17
0.0 ~3.9%7D-01
0.0 0.0

0.0 0.0
-2.0510-02 B.764D-01
0.0 8.9490-02
0.0 0.0

0.0 0.0
1.000D+00 0.0

0.0 1.00004+00
0.0 0.0

0.0 0.0

0.0 0.0

0.0 - 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
1.0000+00 0.0

0.0 1.0000+00
0.0 0.0

6 INTERCONNECTED RODIES, LINEAR FREQUENCY DOMAIN RESPONSE,
SPEED (ZEROJ MOMENTUM WHEELS, FORWARD LOOP {PLANT) POLES

t &)
0.0
0.0
0.0
0.0
-1.031D-11
0.0
0.0
0.0
3.8850-03
0.0
0.0
0.0
0.0
0.0
1.0000+00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

CURRENT TIME = 12.26.12

tn (8

0.0 0.0

0.0 0.0

0.0 0.0

0.0 1.087D+00
0.0 0.0

0.0 0.0
~3.5900-09 8.391D-11
0;0 0.0

0.0 0.0

0.0 0.0
1.352D+00 -3.1610-02
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
1.0000400 0.0

0.0 1.0000+00
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

PAGE NO.
THE CPU TIMER = 9.2263E+01
t 9 (100
0.0 0.0
-6.4010-05 0.0
0.0 0.0
0.0 0.0
-7.6100-15 0.0
0.0 0.0
~1.0000+00 0.0
0.0 0.0
2.8660~06 0.0
0.0 0.0
-4.854D-09 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
1.0000400 0.0
0.0 1.000D+00
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
1.000D+00

0.0
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RUN NO. DEMO & DATE 02/23/7% ' PAGE NO. 17
RUN 8Y CARL BODLEY

>

o ATS—F ~— & INTERCOWNFCTELD BODIES, LINFAR FREQUENCY DOMAIN RESPONSE, CURRENT TIMF = 12.26.13

- CONSTANT SPEFD (ZORO) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES THE CPU TIMER = 9,24T3E+01
OUTPUY MATRIX -T- ( 42 x 42 CONT INUED

t1 t 2) t 3 (&) t5) (&) t"n (8 « 9 (10)

)
20 41 1. 0 0.0
/

21 41 0.0 1.0000 +00
2 11 v .0 0.0 0.0 0.0 1.0000+00 0.0 0.0 . 0.0 0.0
22 1N 0.0 0.0 0.0 0.0 0.0 0.0 1.0000400 0.0 0.0 0.0
24 11 0us 0.0 0.0 0.0 0.0 . 0.0 0.0 1.0000+00 0.0 0.0
2 11 c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0000400 0.0
2 11 o.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0000+00
21 2t . 1.0000+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 21 o.0 1.0000+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 21 o.0 0.0 1.0000+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 21 0.0 0.0 0.0 1.0000400 0.0 0.0 0.0 0.0 0.0 0.0
3M 2. o0 0.0 0.0 0.0 1.000D+00 0.0 0.0 0.0 0.0 0.0
32 21 o.0 0.0 0.0 0.0 0.0 1.0000+00 0.0 0.0 0.0 0.0
33 "1 0.0 0.0 0.0 0.0 0.0 0.0 1.0000+00 0.0 0.0 0.0
3 2 o.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0000400 0.0 0.0
3 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0000400 0.0
% 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0000+00
37 31 1.0000400 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a 31 o.0 1.0000400 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
W™ a3t o.0 0.0 1.0000400 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 21 0.0 0.0 0.0 1.0000400 0.0 0.0 0.0 0.0 0.0 0.0
a1 31 0.0 0.0 0.0 0.0 1.0000400 0.0 0.0 0.0 0.0 0.0
- ey

iy



RUN NO. DEMO 6 DATE 02/23/75
RUN BY CARL BODLEY

ATS—F —- & INTERCONNECTED BODIES, LINEAR FREQUENCY DOMAIN RESPONSE,
CONSTANT SPEED (ZERD) MOMENTUM WHEELS, FORWARO LOOP (PLANT) POLES

OUTPUT MATRIX -T- ( 42 X 42 CONTINUED
t1n «2) t 3) t &) 5 ( &)
“2 31 0.0 0.0 0.0 0.0 0.0 1.0000+00

END OF WRITE.

Lze-v

PAGE NO. 18

CURRENT TIME = 12.26.13
THE CPU TIMER = 9.2660E+01

tmn t 8} t 9) (101




DATE 02/23/75

RUN ND. DEMO &
RUN B8Y CARL BODLEY

g ATS~F —— 6 INTERCONNECTED BODIES, LINEAR FREQUENCY DOMAIN RESPONSE,
o CONSTANT SPEED (ZERC) MOMENTUM WHEELSs FORWARD LOOP (PLANT) POLES
OUTPUT MATRIX Y=* ( 1 X 42

tn t2) t 3 4 &) t 5) (6)

END OF WRITE.

¢ C

m

PAGE NO.

CURRENT TIME = 12.26.22

THE CPU TIMER = 9.7540E+01

t a (I}

(o

19



RUN NO. DEMO 6

ATS-F —- & INTEPCONNECTED BOQDIES,

CONSTANT SPFFD

OUTPUT MATRIX -A®- {
tNn
1 11 0.0
1 21 4. 536D-05
2 11 0.0
2 21 2.3780-01
3 11 0.0
3 21 ~6. 9TTD+01
3 31 0.0
4 11 0.0
& 21 4. T80D+00
5 11 0.0
-] 21 =2.0790+00
6 1 0.0
[ 21 =3.0330-02
T 11 0.0
r 21 ~% . 682D+00
a 11 0.0
a 21 3.0690-02
9 11 0.0
9 21 ~3.0330-04
10 21 0.0
11 11 0.0
1n 21 1.416D-01
12 11 0.0
12 21 -~1.717D+01
13 11 0.0
13 21 ~3.033D0-04
14 21 0.0
15 11 0.0
15 21 1.7340+01

67~V

(ZERO)} MOMENTUM WHEFLS,

42 X &2
(2)

0.0
-8 .60404+01

0.0
3.834D+00
0.0
0.0
0.0

0.0
6.6710+400

0.0
=2 .806D+02

0.0
1.2560+03

0.0
5.724D+00

0.0
&, 7780-01

0.0
5.7930-03

0.0

0.0
=2 .70504+00

0.0
1 .4T7TC+02

g.0
5.7940-03

0.0

0.0
1.5120+02

™

0.0
4.2600~02

0.0
~2.0820+02

0.0
0.0
0.0

0.0
T.T950+02

0.0
4.876D+01

0.0
1.1350-01

0.0
4 .259D0+01

o‘o
-2.0720-01

0.0
~6.,3200-03

0.0

0.0
2.9510+00

0.0
2.399D0402

0.0
~62320D0-03

0.0

o.o
—2 «4210402

(&)

0.0
~8.6110+01

0.0
~4 . T560+00

0.0
0.0
0.0

0.0
-6.T7T70+00

0.0
2.739D0+02

0.0
5.3270-01

0.0
-5.8120+00

0.0
1.2560+03

0.0
—6.633D0-03

0‘0

0.0
3.097TD+00

0.0
-1.47504+02

0.0
—6.633D-03

0.0

0.0
-1.5100+02

DATE 02/23/75
RUN 8Y CARL BODLEY

{5)

0.0 .
% .3120-02

0.0
2.,0160+02

0.0
0.0
0.0
0.0
-4 4386D+01

0.0

2 «9600401

0.0
T.2750-01

0.0
-7.809D+02

0.0
-~6.549D0-01

o.o
1.4780-02

0.0

0.0
=6 .9040400

0.0
2.3920+02

0.0
1.4790-02

0.0

0.0
~2.420D0+02

LINEAR FREQUENCY DOUMAIN RESPONSE,
FORWARD tOOP (PLANT)

POLES

{ &)

0.0
5.845D-04

0.0

~2.036D+00

0.0
0.0
0.0

0.0
-2.3030-01

0.0
2.995D-02

0.0
-2.6980-03

0-0
~2.298D-01

0.0
1.5650-03

0.0
-9.870D+02

0.0

0.0
-8.7020~02

0.0
2.1350-03

0.0
-1.9270-03

0.0

0.0
2.821D-04

tmn

0.0
~5.2920-06

0.0
-2:TT50-02

0.0
0.0
0.0

0.0
-5.5780-01

0.0
2.4250-01

0.0
3.5390-02

0.0
5 .463D-01

0.0
~3.581D-03

0.0
3.5390-05

~9.8700+02

0.0
-1.652D-02

0.0
2 .003D+00

0.0
3.5390-05

0.0

0.0
-2.0240+00

PAGE NO.

CURRENT TIME = 12.26.32
THE CPU TIMER = 1.0226E+02

t 8

0.0
-5, 845004

o.o
2.036D+00

o.o
0.0
0.0

0.0
2.3030-01

0.0
-2.9950-02

0.0
2.6980-03

0.0
2.2980-01

0.0
-1.5650-03

0.0
1.9270-03

0.0

0.0
-8.9990-01

0.0
-2.1350-03

0.0
9.870N+02

0.0

0.0
-2.821D-04

t 9"

2.88%0-02
-5.2920-06

~1.2440400
-2.7T750-02

~7.784D-06
0.0
~-8.8T0D+02

2.2400+400
-5.5780-01

-1.0330+02
2.4250-01

—=T.T60D+00
3.5390-03

1.8150+00
5.44630-01

T T040+00
-3,581D-03

=2 . T7T94C~04
3.539D-05

0.0

1.3050-01
-1.6520-02

2.256D+02
2.003D+00

=2+ T930-04
3.5390-05

-9.870D0+02

2.271D+02
~2.0240400

(10)

6 .9630-02
0.0

=2 .T46D+03
0.0

0.0
0.0
0.0

-1.5250+01
0.0

1 .9120+00
0.0

=2 «9790-01
0.0

-1.5350+01
0.0

1.6290-01
0.0

-4 .8600-01
0.0

0.0

2 .269D+02
0.0

-5 .5420-02
0.0

—4 .8600-01
0.0

0.0

3.1660-01
0.0

20



RUN NO. DEMO &

DATE 02723775
RUN BY CARL BODLEY

ATS—F —= &6 INTEPCONNECTED BODIES, LINEAR FREQUENCY DOMAIN RESPONSE,
CONSTANT SPEED (ZERD) MCMENTUM WHEEL S, FORWARD LOOP (PLANT) POLES

T
~
()
(=]

OUTPUT MATRIX -A®- t

tn

16 1 0.0
16 1 7.2380-01
15 31 0.0
17 1 —-1.0730-03
17 1! -7.917D-04
17 31 0.0
18 1 1.0000400
19 1 0.0
19 1n 1.084D-19
19 31 0.0
20 1 0.0
20 11 -3.4690-18
20 31 0.0
21 1 0.0
21 11 -2.019D-28
21 31 0.0
22 1 6.295D-02
22 1 1.1530-02
22 N 0.0
23 1 0.0
23 11 -8.5800-03
23 M 0.0
2% 1 6.356D-02
264 11 ~1.397D-03
26 M 0.0
25 1 0.0
25 n 8.580D0-03
25 31, 0.0
26 1 0.0
26 11 —6.4010-02
26 31 0.0
27 1 0.0 .
2r 1n 0.0

L2 X 42
{2

2.7620-01
5 .T04D-03
0.0

6.4%56D-03
3.594D-01
0.0

0.0

“B8.674D~19
-1.735D-18
Q.0

3.4690~-18
0.0
0.0

0.0
0.0
0.0

42452004
-3.6290~02
0.0

7.184D~-02
-4 .8000-01
0.0

~1.9790-04
3.6230-02
0.0

~7.184D-02
-4 .8000-01
0.0

6.4010~02
0.0
0.0

0.0
~3.9470-01

CONTINUED
{3 € 4}
0.0 0.0
0.0 0.0
0.0 -3+ 7340-01
0.0 -5 665003
0.0 0.0
0.0 ~8.7300-03
0.0 0.0
0.0 € .6T40~19
0.0 0.0
1.0000+00 0.0
0.0 0.0
0.0 0.0
0.0 1.0000+00
0.0 ~3.2310-27
0.0 0.0
5.687D-25 0.0
0.0 -1.598D0-03
0.0 0.0
0.0 ~6.0190-04
0.0 ~6.326D0-02
0.0 0.0
0.0 -9.7130~-02
0.0 1.5950-03
0.0 0.0
0.0 2.6T60-04
0.0 0.0
0.0 0.0
0.0 9.7130-02
0.0 0.0
0.0 0.0
0.0 -8.6550-02
0.0 0.0
0.0 0.0

t S5

0.0
5 .T04D-03
0.0

2.420D-01
3.985D-01
0.0

0-0

~1.3880-17
-1.3880-17
4.1360-25

0.0
0.0
0.0

0.0
~1.3880-17
1.0000+00

6.8270-02
-3.1960-02
0.0

0.0
4 .800D—01
0.0

-6.8170-02
3.193D-02
0.0

o.o
4 .8000-01
0.0

0.0
o.o
0.0

0.0
3.9470-01

t 6}

0.0
0.0
0.0

1,0730-03
0.0
0.0

o‘o

=5 .4210~20
0.0
0.0

0.0
0.0
0.0

o.o
0.0
0.0

~6.2950-02
0.0
0.0

o‘o
o.o
0.0

-3.0220-04
0.0
0.0

0.0
0.0
0.0

0.0
°.o
0.0

0.0
0.0

tn

0.0
0.0
0.0
0.0
0\00
0.0

0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
o.o

6.3260-02
0.0
0.0

0.0
o.o
0.0

o.o
0.0

PAGE NO.

CURRENY TIME = 12.26.32
THE CPU TVIMER = 1.0251€+02

0.0
0.0
0.0

olo
0.0
o.o

+*

0 000 ©QQO

000 000 00O

[)
o

~6.3260~02
0.0
0.0

0.0
0.0
0.0

o.o
0.0
0.0

0.0
0.0

t 9

~T7.2380-04
0.0
0.0

7.9170-07
0.0
o.o

o.o

-3.9700-23
o.o
o.o

2.3R80-21
0.0
0.0

o.o
o.o
0.0

~1.1530-06
0.0
0.0

8.5800-06
0.0
0.0

1.3970~06
0.0
o‘o

-8.5800-06
0.0
0.0

1.0000+00
0.0
0.0

0.0
0.0

(10)

0.0
0.0
0.0

0.0
0.0
o.o

0.0

0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
000

0.0
0.0
0.0

0.0
0.0
0.0

o'o
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0

1 .0000+00
0.0

21



RUN NO. DEMO 6
CONSTANT SPEED (ZERO)
OUTPUT MATRIX -A®~  { 42 X 42 )
tn t2)

28 1 0.0 -6.4010-02
28 11  6.4010-02 0.0
28 31 0.0 0.0
29 11 0.0 -3.9470-01
30 21 0.0 0.0
30 41  1.7410+01 0.0
31 21 0.0 0.0
31 31 ~2.0000400 0.0
n 41 2.5490+03 0.0
32 31 0.0 -1.1360-01
32 41 0.0 1.2720+01
33 11 0.0 0.0
33 21 -1.966D-02 -1.2350+01
33 31 0.0 0.0
3% 11 0.0 0.0
3% 21 —4.774D-03 2.1690-C1
35 11 0.0 0.0
35 21 -8.3390+01 -1.377D+00
3 31 0.0 0.0
3 31 0.0 ~3.675D+01
36 41 0.0 4.5690+03
37 31 0.0 0.0
38 31 0.0 0.0
39 1 0.0 0.0
40 1  ~2.4870-04 1.496D-03
40 11  -1.8350-04 -2.9820-02
4 31 0.0 0.0
41 1 0.0 ~6.401D-02
41 11  6.4010-02 0.0
41 31 0.0 0.0

1€V

DATE 027237715

RUN BY CARL BOOLEY

ATS—F —- & INTERCONNECTED BODIES, LINEAR FREQUENCY 60HAIN RESPONSE,

MOMENTUM WHEELS,

CONTINUED
3 t &)

0.0 0.0
-1.0000400 0.0

0.0 8.46550-02
0.0 1.0000+00
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 C.0
1.9310-01 1.2340+01
0.0 0.0

0.0 0.0
~2.2990+00 -2.539D0-01
0.0 0.0
1.9030+02 1.3750+00
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
1.000D0+00 0.0

0.0 0.0

0.0 -2 2023003
0.0 0.0

0.0 0.0

0.0 8.6550-02

FORWARD LOOP (PLANY) POLES

«s) { 6)

0.0 0.0

0.0 0.0

0.0 0.0
3.9470-01 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
34556001 -3.2270-04
0.0 0.0

0.0 0.0
34320400 -8.358D0-02
0.0 0.0
1.9000+02 7.314D-04
0.0 0.0

0.0 -2 .0000+00
0.0 0.0

0.0 0.0

0.0 0.0
5.6090-02 2.4870-04
~2.6280-02 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

PAGE NO.
CURRENT TIME = 12.26.33
THE CPU TIMER = 1.0276E+02
tn {8} t 9} (10)
0.0 0.0 ~6.4010-05 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 -1 .6000-01
0.0 0.0 0.0 ~Z «0500+01
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 —-1.9750+03 -2 .6090-02
2.294D~03 3.2270-04 2.294D-03 0.0
0.0 0.0 ~1.5920-06 0.0
0.0 0.0 ~2.6350-02 -1.9500+03
5.5700~04 8.358D-02 5.570D-04 0.0
0.0 0.0 -6.1100-01 ~1.4690-01
1.5900400 =7.314D=04 1.5900+00 0.0
0.0 0.0 ~4.435D402 0.0
0.0 0.0 0.0 0.0
-1.1360-01 0.0 0.0 1.2720+01
~2.750D+01 -2.0000+00 0.0 3.419D403
0.0 0.0 0.0 0.0
0.0 0.0 1.8350-07 0.0
0.0 -0 0.0 0.0
0.0 O. 0.0 0.0
0.0 0.0 -4.,4010-05 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

22



RUN NO. DEMO &

?
~
Lo
~

OUTPUT MATRIX —~A%-—

L 74 11
END OF WRITE.

{
o.o

L2 X 42 )
t 2)

3.947T0-01

CONTINUED
t 3)

0.0

&3

DATE 02/23/75
RUN BY CARL BODLEY

ts) ]

-3.9470-C1 0.0

ATS—F —— & INTERCONNECTED BODIES, LINFAR FREQUENCY DOMAIN RESPONSE,
CONSTANT SPEED (ZERO) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES

&)

(mn

0.0

PAGE NO.

CURRENT TIME = 12.26.33
THE CPU TIMER = 1.0301E+02

23



-
(1

N

RUN NO. DFMO &

3% A0 §

4
o

OB GOV S WN -

DATE 02/23/75
RUN BY CARL BODLEY

ATS—F -- 6 INTERCONNECTED BODIES, LINEAP FREQUENCY OOMAIN RESPONSE,
CONSTANT SPEED (2EROD) MOMENTUM WHEELS, FORWARD LOOP (PLANT) POLES

RT A

REAL PARTY

~0.200000+01
~0.200000+01
~0.200000+01
-0.160000+00
~0.11364D+00
-0.11364D+00

o’o

0.0

0.0

0.0

0.0

0.0

0.0

0.0

[=]
« 5 0 ¢

2 * 6 ¢ 0 0 8 8 ¢ 8 2 b @

[« Y-R-N-N~N-N-N-Nol«NoloNo iR No oo No ol

Q000000000000 QO0OEOO000000

C00QO0
IR
[- XN~

IMAGINARY PART

® 2 4 2 * @ % 8 % s 9 0 0 3 @

[=X-R-N-NoNoN-NoNo NN No NN N~ No o]
QOO0 O0O0OD200000Q0Q000

—0.4£415T0+02
0.4415TC+02
~0a44439D4+02
0.44439D402
=0.31416D+02
0.31416D+02
~0.31416D4+02
0.31416D+02
—-0.314220+02
0.31422D+02
-0.315180+02
0.31518D+02
~0.30403D+02
0.304030+02
—0.22754D+02
0.22754D+02
-0.11701D+02
0.117010+402
~0.95057D+01
0.950570+01
-0.899510+01
0.69951D0+01
—0.58385D+01
0.%8385D+01

RTA®

REAL PART

-0 .,200000+01
=0.200000+01
-0.20000D0+01
=0.16000D+00
=0.11364D+00
-0.11364D+00
0.0

0.0

e« o % % 3 &

000000 OOQ

00000 OOO0ODOOCOO0O
EEER)

0020000002000 0

QOO0 O0VEOO0O9O000Q
R
0000

Q00
RN
[- - NN N-]

o
)

0

IMAGINARY PART

0.0

QOO0 Q
EEER
[~ N N-N=N.)

-0.44157D+02
0.44157D+02
-0.444239D+02
0.44439D+02
—0.31416D+02
0.31416D+02
—0.31416D+02
0.314160+02
~0.314220+02
0.31422D+02
~0.,315180+02
0.31518D+02
-0.30403D+02
0.30403D+02
—0.22754D+02
0.227540402
-0.11701D+02
0.117010+02
-0.95057D0+01
0.9505T0+01
“~0.899510+0}
0.899510+01
~0.58385D+01
0.58385D0+01
0.0
0.0
0.0
0.0

PAGE NO.

CURRENT TIME = 12.26.3¢&

THE CPU TIMER

1.0550€ +02
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Demonstration Problem 7
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9eL-v

SVBROUTINE EATOM (TEXsISPNONTEX)
IMPLICIT REAL®8 (A=H#0~2)
OIMENSION TEX(Gsl)s ISPN(1)

COMMON /MAXMUM/
NBMAK o NHMAK s NSPMAX o NMMAX ¢« NMwB00 » NMOBOD s KMUSKY » KU
COMMON /SPECILF/ 0
BETAM (69 6) yBETAHD (69 6) s AMD(Zy S)sRH(IvI1IU)1RS(393+30), 16
DH{(3935) ¢US(393VU)sIMU(Is S)eNMOW(6s 6) 2 IFTSMW(LS) 17
NBINHsNSPToNOFMOSNDELTASITOPOL (29 6) s IRGFLXL 6) o IMDATA(T, 6)s 18
LOCU(14) sLENU(14) s NU'NHETA«NLAMINEQ 19
COMMUN /VECTOR/ 1]
Y(250) s YDT (250)
COMMON /TIMESS/
g STARTTGUELTAToToENDTs TMST

* S e *
ccccceco

]
LY
c

[»

DATA 11ST 7 v 7/
c
CCC ESTABLISH THE EXTERNAL FORCE/TORQUE (6=_ONG VECTOR) AND NUMBER
CCC THt CORRESPONDING SENSOR PUINTS, ALDO ESTABLISH THE NUMBER oF
CCC SIA=LONG YECTORS (NTEX),
C

IF (I1ST +EQ. 1) GO TO &

I4ST = 1

DU 10 I=lss

V0 10 JslsNSPMAKX

10 TEX(IsJ) = 0eD O

e CcCcCcgCcCcocacccaecccocc

5 NIEA = 0
NTEX # )
ISPNSl< # o
TEX®Sylc # 1U,0D0#DSINBBOU,0D0®T<
TEX%6elc 8 20,0D0®DSIN®600,0D0*T<
1F (T oGTa .910 0) TEX(Sel) = 0.00
- IF (T 46T, 010 03 TEX{6s1) = 0,00

RETURN
EnD ) v

C (

9Ty
9780
970l
9782
9183
9T7be
978
9786
978/
9788
9T8Y
9790
EXAD
9293
9294
97¥¢
9TY3
9T vée
97%5
9796
9Ty
y7ve
9799
98u0
9801
98u2
98U
98u4
98v>

98vo
yev/
98V0



Reproduced from
best available copy
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RUN NO.

-y

DEMO 7 ‘ DATE 02727775
RUN BY A. C. PARK X2461

NAS5-11996 DEMO PRUBLEM 7
W. CASE TWO BEAM PROBLEM

CEMONSTRATION OF DISCOS/NASTRAN INTERFACE

TWC BEAMS HCOKED TOGETHER ANC EXCITED BY A TIP FORCE
USING TWO 6LAM DATA GENERATED BY W. CASE USING NASTR AN
CARD INPUT TO DISCOS GENERATED USING MMC DEVELOPED
PROGRAM NASFOR

PAGE NO.

CURRENT TIME = 00.16.26

THE CPU TIMER

0.0

1



RUN NO. GEMOD 7 GATE Q27271775

PAGE NO.

CURRENT TIME = 00.1€..7
THE CFU TIMER = 2.4000E-Ql

FIR BY A. C. PARK XZ4é&}

»

5 NASS—1199€6 CEMO PROUELEM T

& W, CASL TWO BEAM PKOLLEM

SUMMAKY UF DYNARPIC=SIMULATION-FRCCRAM INPUT GATA % & % & % & $ & & 3%

ACTUAL S1IES MAXIMUM SIZES INTEGRATIUN DATA GRAVITY CRAGIENT [4Ta
NB = 2 NoMAX = 6 STARTT = 0.0 Gl = 0.0 AMAL
NH = 2 NHMAX = 6 CELTAT = «.COGD-04 62 = 0.0 GAMAZ
NSPT = 4 NSPMAX = 15 ENDT =  4.0000~02 6z = 0.0 GAmaz
NOFMU = o NMWMAX = 5 GMAG = C.0 RCMAG
NDELTA = 3 NMWEOD = 4

NU = 22 NMDBOD = 12

NBETA = o KMU = 22

NLAM = 12 KY = 250

NEQ = 32 KU = 113

{HE TAPCLOGY AKRAY (ITOPOL) FOR THIS CASE FOLLOWS

1) {2)
1 1 1 2
2 1 0 1

fHE CONSTRAINT SPECIFICATIONS FOR THIS CASE FOLLOW

{1t 2)
1 1 & 1
2 )3 1 1
3 1 } 1
4 | § 1 1
5 1 1 1
6 1 1 1
7 1 1 1

THE SFECIFIED INITIAL HINGE ANGLES AND DISPLACEMENTS (BiTAH) FOLLUW

tn { 2)
1 1 9.0 0.0
2 1 0.0 0.0
3 1 0.0 0.0
& 1 6.0 0.0
-1 1 0.0 0.0
6 1 0.0 0.0

THE SPECIFIED INITIAL MINGE RATES (BEYTAHC) FOLLOW

(1) {2)
1 1 0.0 0.0
r ) | 0.0 0.0
3 1 0.0 0.0
4% 1 0.0 0.0
5 1 0.0 0.0
& 1 0.0 ¢.0

C - (

[ N TE )

MISCa DATA

NOPRNT =z 20
NOPLOY = 1
IFLNER = u



RUN

THE

THE

THE

THE

THE

THE

THE

LT

ND. DEWC 7

NASS=119%9€6 TEMO PRGELEM 7
W. CASE TWO SEAM PFOBLEM

NO« OF ZLASTIC MODES/BODY AKRAY (IKGFLX) FOLLOWS
(1) C2)
1 1 5 s

NUo. JF P/2 AINGE PCINTS/ZECLY ARRAY (NHPCI) FOLLOWS
11t 2)
1 1 1 1

NGe OF SENLLUR PCINTS/EODY ARRAY (NSPOI) FCLLOWS
ti)y 2
1 1 z Z

MUM,. WHEEL/BOCY TASLE (NMOUW) FOLLOWS

¢ e
1 1 0 o]
2 1 C 0
3 1 0 [}
~ 1 0 0
£ 1 0 o}
& 1 0 o]

STATE VECTOF LENGTE APRAY (LENU) FOLLOWS
1) € 2) ¢ 3) L« U 5) &)
1 i .on 11 5 ] o G

STATE VECTO® [ CCATION ARRAY (LOCU) FOLLOUWS
1) € 2) € 3) (&) € 5) ()
1 1 1 12 23 2¢ 33 33

SPECIFIED SENST® PGINT/600Y COSRELATION AFRAY (TFTSMW) FCOLLOWS

1)y 2 C2) (%)
1 1 1 1 2 2

TATE 0Q2/27/73

PAGE NO. 3

CURRENT TIME = 00.16.27
THE CPU TIMER = 3.7333E-01



RUN NO. DEMO 7 DATE 02/21/15 PAGE NO. L
RUN BY A. C. PARK X2461

NASS5-11996 DEMO PROBLEM T CURKENT TIME = 00.16.27
M. CASE TWO BEAM PROBLEM THE CPU TIMER = 4.8333F-01

-V

THE FOLLOWING DATA IS SPECIFIED MOM. WHEFL INFORMATION (IF ANY) ANL CONTROLLER INFORMATION

THE SPECIFLED CONTKROLLER INIT1AL CONDITIONS AND CHARACTERISTICS FOLLOM
{THE FIRSY NDELTA ARE INITIAL CONTROLLER STATE VARIABLES, THERE ARE 100 ADDITICNAL CONTROL PARAMETERS)

t 1) t 2) { 3) { &) ( 5) t &} {7) ( &) t 9 (10}
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 11 0.0 0.0 0.0 6.0 . 0a0 0.0 0.0 0.0 0.0 0.0
1§ 21 0.0 0.C G.0 0.0 0.0 0.C C.U G.0 C.0 0.0
1 31 0.0 0.0 0.0 0.0 g.0 0.0 0.0 0.0 0.0 0.0
1 41 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 51 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
L 61 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 71 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
1 81 0.0 0.0 0.0 0.0 0.0 0.0 C.0 ¢.0 0.0 0«0
1 ?1 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 6.0 .0
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RUN NO., DEMO 7 DATE 02727/7% PAGE NO. &£5
RUN bY A. C. PARK X2461
NASS-11996 CEMO PRUBLEM 7 CURRENT T]IME = 00.18.15
Wae CASE TWO BEAM PPOBLEM THE CPU TIMER = 2.,32T7TE+0OL
AT SIMULATION TIME, Y = V.0 2 5 % A 2B RS TS ES ST EED A RN EE RS
THE STATE VECTOK Y =
{ 1) «2) { 31 { &) { 5) t 6) (7 t 8) (9 {10}
1 1 0.0 0.0 0.0 0.0 U0 0.0 0.0 0.0 0.0 0.0
1 11 .0 0-0 0.0 0.0 0.C 0.0 0.0 0.0 0.0 0.0
1 21 0.0 0.0 0.0 0.l 0.0 0.0 0.0 0.0 0.0 0.0
1 a1 0.0 0.0
AT STMULATION TIME, T = 0.0 * 3 & & % x X % k¥ E X XS K E XS E XX EET SN XX EEE X
THE STATE VELTUF TIME DERIVATIVE YDOT =
(1) «2) ( 3) { 4) t 5) t 6 {7 ( 8) {9 {10)
1 1 0.0 0.0 0.0 0.0 0.0 G.0 0.0 0.0 0.0 0.0
1 11 0.0 G0 6.0 0.0 0.0 G.0 0.0 0.0 0.0 0.0
1 21 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 a1 0.0 0.0
AT SIMULATION TIME, T = 0.0 * X % ¥ ¥ x & & & 8 ¥ B &t & £ & F &SI EE LT XS K EX
THZ 2tTAS (cULER ANGLES, POSITICN CUORDINATES) ARE
(1) ( 2)
1 1 0.0 0.0
K4 1 0.0 0.0
E 1 c.0 C.U
& 1 G0 0.0
LA 1 ¢.0 CaC
6 1 0.0 0.0
AT SIMULATION TIMLt, 7 = 0.0 * 32 % ¥ * %X X % & % & 3 ¥ K & & ¥ X & ¥k & & K Xk % %k % % & ¥
THE 2 :TA TIMI LERIVATIVES AkE
[} (2]
1 1 0.0 0.0
2 1 0.0 0.0
3 1 0.0 0.0
4 1 0.0 6.0
5 1 C.C [+ JV]
[ 1 0.0 0.0
AT SIMULATION TIME, T = (.0 * % ok B W E X kXY E E YW ETEE N KR RT ET L SR
R ] ™ 3 R
FOR 3GCY 1 ( I)E VELOC§T;§S ARL () ¢ o 5 AR . ¢ 8) 91 (10}
1 1 0.0 0.0 U0 0.C C.0 Ca 0.0 0.0 G0 Ul
1 11 0.0
FOR 3Dy 1 THE CCURRESPONDING MCMENTA ARt
1 ( 2) ( 3) { &)  s) { &) t« 71 { 8) { 9) (10)
1 1 0.0 [ s | Ge0 0.0 0.0 0.0 0.0 -0 0.0 0.0
1 11 0.0 ,
» FOR BCDY 1 1TS CONTRIEUTION TU TOTAL ANCULAK ANL L INEAR MOMENTUM IS
% tn t2) ( 3) { &) t5) t &)
5 1 1 0.0 0.0 0.0 0.0 0.0 €.0
ITS CONTRIEUTION TO TOTAL KINETIC ANG POTENTIAL EN&RCLlES 1S 0.0 0.0
FOR >0DY 1} THE LLASTIC DEFLECTIONS ARE
(1) t2) ( 3) t &) (5
1 ! 0.0 0.0 0.0 0.0 0.0



z-

AT SIMULATION TIME, T = 0.0 2 & & 2 & v & & ¥ 4 & 5 5 ¥ X Kk S E S S0 E DI S S S " AN
FOR EUGDY 2 THE VELOCITIES AKE

t 1 t 2) t 3) { &) t s} t 6) tn ( 8) t 9] t10)
1 1 0.0 ¢.0 0.0 ' 0.0 0.0 0.0 0.0 U0 0.0 0.0
A 11 0.0
FOR BODY 2 THE CORRESPONDING MOMENTA ARE
t 1) t2) t3) ( %) t <) { &) « 7 { 6] t 9) (16)
1 1 0.0 0.0 0.0 C.0 0.0 o.C C.0 0.0 0.0 (.0
1 1l 0.0
FOR &00Y 2 ITS CONTRIEUTION TU TOTAL ANGULAR ANL LINEAK MOMENTULM ]S
t 1 «21 t 3 ( &) (35 ( 6)
L 1 0.0 0.0 . 0.0 0.0 0.0 0.0
ITS CONTRIBUTION TU TOTAL KINETIC AND POTENTIAL ENEKGIES IS c.0 CaC
FOR 80DY 2 THE tLASTIC ODEFLECTIONS ARC
t 1) t 2) 21 { &) t 5)
i 1 0.0 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.0 Kk K 5 ¥ 4 % ¥ X X 3 KK KR KR X E T EE LK S K EE R
THE INTERCONNECTION CONSTRAINT FOURCES{LAMRUAS) AKE
t 1) { 2) « 3} t 4} {51} { &) ¢ 9) ( 8} t 9) (10)
1 1 0.0 0.0 O.v 0.0 0.0 0.0 0.0 0.2 0.0 0.0
1 11 0.0 C.0
AT SIMULATION TIME, T = 0.0 ¥ % % % ¥ % % % % & 3 XX XK K ¥ %2 X & kS KK KT Y K
THE TOTAL ANGULAR MOMENTUM VECTOR IS
(B 8 «2) ( 3)
1 1 0.0 0.0 0.0
THE TOTAL LINEAR MOMENTUM VICTOR IS
t 1) t 2) { 3)
1 1 0.0 0.0 0.0

THE TOTAL ANGULAR MOMENTUM
THE TOTAL LINEAK MOMENTUM
THE TOTAL KINETIC ENERGY
THE TOTAL POTENTIAL ENERGY
THE TOTAL ENERGY (T + V)

o nn
oCcoOCQ
* & & b @
OO0 0

( C
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RUN NC. ZEMD 7 DATE 02/271/75 PAGE NO,
: RUN LY Ao C. PARK X24¢1
NASS~J11996 LEMU PRUELEM 7 CURRENT TIMF = 00.29.63
W. CASE TwO BEAM PROBLEM THE CFU TIMER = 2,.0676E+02
AT SIMULATION TIME, T = 2. 00000-02% = & % & % 3 % % % & & % ® % & & * % % % & % & & & &« & * & ® &
THE STATE VFCIOR Y =
: 1) t 2y L3 (4 t 5) (&l 7 t 51 « 9 t1o)
1 1 0.0 0.0 0.0 0.0 0.0 0.0 6 113003 =5,11D-(02 —1.964D—02 -2.235D0-02
1 11 =1 1770-02 ~E.49TD—GH ~244320~03 2.3¢7D—(>* 1.0300—05 1.656D0-01 —4.3247—01 —2.21504+00 2.554D400 8.6240-01
1 1 ~4.71%0-01 1.9270-01 5.079D-05 1.212L—03 2A.73WW—-04 2.267D—05 4« .9750-05 1.2330-02 3.4T9YD—03 —5.9740-03
1 31 ~2e366D0—03 1.191D-03
AT SIMULATION TIME, T = 4. 0C0U0D-02% ® & * & = = ®* 2 ¢ & & X % % ¥ & & * & % % % % ¥ %X ¥ ¥ & ¥ &
THE STATE VECTOR TIME DERIVATIVE YDV =
t 1) € 2) t 2 ( «) t 5) t &) (7 ( &) {9 {10}
1 i R.BBID-1% —1.821D-14 4.492D-15 e 544016 ~£ ,0440~13 ~1.5940=12 =1460TL+01 ~T.34L3D4+00 3.4380L4+00 ~-3.4050401
1 11 ~?2.6210+¢01  1.1110-04 3.298D40U0 =2.935C+00 T.5960-03 Z,0700+02 ~1.324C+02 3I.9Z90+03 =2.860D+03 9.683D+02
1 21 3.TLADe02 ~3.B230402 —4.1730-03 -5.4110-07 -1.964D-02 -2.2350-02 -1.1770—02 -2.2150+00 2.5540400 8.624D-01
1 31 ~4¢T190—-01  1.9270-01
AT STMULATION TIME, T = 4,00000~02% % x ¢ & & % % % % % * * x & & % % % % & % * & % & * % & % & &%
THE bETAS (EULER ANGLES, POSITION CDORDINATES) AKE
t 1 {2
1 1 G.0 0.0
2 1 0.0 0.0
3 1 0.0 0.0
4 1 0.0 0.0
5 1 0.0 0.0
& 1 0.0 C.0
AT SIMULATION TIME, T = 4.0000Li~02% % % & & = ¥ * x % & % & % * % * & & * % & * & £ & % % £ % & &
THE BETA TIME DERIVATIVES ARE
«n (2)
1 1 0.0 0.0
2 1 C.0 0.0
3 L - 0.0 0.0
4 1 .0 0.0
S 1 0.0 0.0
6 1 0.0 G.0
AT SIMULATION TIME, T = 4. 00000-02% % % % & % % & &« & & & & & % £ € & & & & ¥ & & & & & % * & & &
FOR 8(DY 1 THE VELUCITIES ARE
{ 1) { 2) {3 ( «) { S) ( 6) (7} ( 8) {9 (10)
1 1 0.0 0.0 0.0 0.0 0.0 0.0 ~4.1T73003 ~5.4110-02 ~1.9640-02 ~7.,2350-02
1 11 ~1.177C-02
FOR BCDY 1 THE CORRESPONGING MUMENTA ARE
(1) ( 2) t 3) ( 4) ( 5) ( &} t7) ( §8) ( 9] (10)
1 1 T-T6IC~0E 5.255D40C ~R.475D0-C3 0,0 -1 519002 =8.179D0~02 ~4.1730-03 ~5.64110-02 ~1.9640-02 -2.2350-02
1 11 ~1.1TT0-02
FOR BODY L ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
1) { 2) «2) ( &) { 5} { &)
1 1 T.T610—U6 5.,2550+00 =5,4750—02 0.0 ~1<5190-03 —&,.1790~02

ITS CONTRIBUTION TO VOTAL KINETIC AND POTENTIAL ENERGIES 1S
1 THE ELASTIC DEFLECTIONS AKE

FOR 8ODY

1 1

t 1
9.079C-05

t2)
1.2120-03

{3
3.7370-04

( 4)
2.2¢70-05

[ }

1.984367000-03 1.794089270-02

4 .2T750-0%5

1l

1y

-

|



[4%4m )

THE

AT SIMULATION TIME, T = 4.0000D-02% & ® & = % & # 3 4 8 2 % % & & 5 ¢ S 3% &S S22 a2
BODY 2  THE VELUCITIES ARE
tu {21 t 3) { 4) t s { 6) (7 ( 8) t 9) (10}
L ~8.6970~08 -2.4320-05 2.3670—02 1.0200-0% . 1.B560~01 ~4.3240-01 —2.2150400 2.554D400 8.624D—01 —4.7190-01
11 1.9270-~01 ’
BUDY 2  THE CORRESPONODING MOMENTA AkE

t 1) {2) t 3 { %) t 5 { 6) () { 8) t9 €10)
1 “L6970~04 ~5.4T00-01 1.4090+01 6.085D-07 2.9850-02 1.1120-02 ~3.2600-03 -1.1050-02 2.5480-02 2.9080-02
11 1.2720~02
sooy 2 ITS CONTRIBUTION TO TOTAL ANGULAR ANO LINEAR MOMENTUM IS
t u (2) t 3) ( &) t 5} t 6)
1 ~2.6750~04 =1.167U+01 4.394L+0C1 1.736D—CG7 2.985D-02 1.1120-02
CONTR1BUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 1.675040280-02 3.559692120-02
600Y 2 THE ELASTIC GEFLECTIONS ARE
(1 ( 2) t3) { &) ( 5)
1 1.2330~02 3.4790-03 ~5.974D-03 ~2.366D~03 1.191C-03

AT SIMULATION TIMEy, T = 4,0000D-02% % & % % ¢ % % % & & & % & & € £ % & £ * & % £ & & & % & & & &
INTEKCONNECTION CONSTRALNT FORCES LLAMSDAS) ARE
t1) { 2) ( 3) ( &) (5) { 6) (7 (8} 9} (10}
1 —2.7170-03 2.5T700+03 1.0830+01 L1.7800-07% -2,2210400 —2.7990400 -9.493D0-~03 ~1.6260402 ~3.43¢D+01 1.796D-03
11 ~T<391D-01 —-2.1160+00

AY SIMULATION TIME, T = 4.00C00L=02% *# ¢ % ¢ * % £ ¢ % & & % & & & & & ¥ # 2 & ¥ & % % ¥ & ¥ & & &
TGTAL ANGULAR MUMENTUM VECTOR IS

t 1 { 2) t 2}

1 —~2.5970-04 —6.41TC+00 4.393L+01
TOYAL LINEAR MUMENTUM VECTOR IS

tn t 2) L3 }

1 L.73PL—0T 2.833D=02 2.9460~03
TOTAL ANGULAR MOMENTUM = 4,«29804260+401
TOTAL LINEAR MOMENTUM = 2.84B619840-02
TOTAL KINETIC SMNEKGY = 2407347698002
TOTAL POVENTIAL ENERGY = 5.,35378138D-02

TOTAL ENERGY (T + V) Tat2T7256360-0Z

CPU TIME/STEP CPU TIME/REAL TIME
1.8453%E+00 4.6123E403
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SUBHOUTINE KHINGE (G)

IMPLICIT WREAL®E (A=~H90-2)

OIMENSION Gt1l)

UIMENSION SK(3+6)4DK(346) sHNGT (346!

CUMMON /RAHBSRD/

. BH{6118911)yBS(0918415)+R0L(Ivds 6)4D0L (3 6)
COMMUN /CONPAR/
- CNTOTA (100}

CUMMON /MaXMUM/

hd NBMAA Y NHMAK ¢ NSPMAX » NMWMA X » NMWBOD s NMDBOD s KMU 9 KY 1 KU

COMMON /MOMENG/ '

TOTKEs TOTPE, TOTENGs AHTOT.ATOTL
CUMMON /SPECIF/
BETAN (69 6) +yBETAHD (6 6) 4AMD(€s S)sRH(Is 3w 3U)

NBoNHoNSPTaNOFMOSNDELTASTTOPOL (29 6) » IKGFLX(
LOCU(14) sLENU{14) sNUSNHETASNLAMINEQ
CUMMON /TUMTR/ Fl, F2

L3R I 2N J

EWUIVALENCE CCNTDTA(bI)-sktl))c (CNTOTA(a1) 90K(1))
TUTPE = 0400

DU 10 L=lsNH
DU 10 I=)ie3

P(113)+PMOM(36) sHTOT (31 sTOTL(I) +ENGKE( 6)sENGPE( 6)s

sRS({3ede30),

DH(3935)+0S(3930)sIMU(Is S)INMOW(Es 6) 9 IFTSMW(15)

6) s IHDATA(Ts 610

HNGT (Iol) = ~(SK(IsL}®BETAH(I+AsL) & DK(IsL)*HSTAHD(L¢3sL))

TUTPE = TUTPE ¢+ 0,50U®SK(1+L)SBETAH([¢3sL ) #s2
HNGT (191) = HNGT(191) =(FleF2)
HNGT (192) = HNGT(l92) = F2

LW = JRGFLX()) ¢ &

DU 1S5 I=1.3

F = HUNGT(Is1)

DU 16 J=lsLEQ

GlJ) = G(J) + FeGH(I*3sJy i)
CONT INUE

DV 20 L=ZoNH

NOBW = ITUPOL (1)
NOBP = ITUPQL (241
Ld & 28 = 2

L = 1 Q ¢}

N o

cc~cCcocC

16

18
19

255
25Y

415
41>
3866
3867
KLTT-]
415
413
415
41>

%1



192~V

Lud = 00U (NUMW) - ]
LuP = LOCU(MURP) = ]
LeQ = IAGHX(NUHQ) o A
LeP = [RUFLA(NJIBPRY + h
Uy €U T=ie3
Pz ANGT (Lol
FIVAN-L. JNE SR TH 2]
LUWY = LUV »
29 OlLUUY) 3 GILOWJ)Y + Form(Te3, sl 0)
DU 26 JzlsLFP
LuPo = LUF «
26 GlLOPY) = GHLOFU) « Fo®rn(]ledo elP)
20 CUNT INUE
c
e Tukny
£ny
SUERQUTINE CONTHL
IMPLICIT REAL®D (A=HIU~{)
C
CUMMUN Z/AHKSHU/
L4 HH{691891L) yAS (0 1d415)4R0L (A3 6) 40Ul (e 6)
CuMMUN ZCONPAR/
* CNTLIA(L100)
CUMMON ZLUSIZEZ NXsNYaNULTASNXSSoNgTHsnJNeNY2sdue
COMMUN /SPECLk/
hd BETAH(6e 0) ¢BETAHU (69 6) yAMN (2 D) WM (I I JU) sRS (Je I 30,
hd CDMI3035) JUS (393U s IMU(3e S)eNMUS ISy &) 0 FTSAW(LL)
- NBsNHeNSPT aNOFMOeNUELTAYJTTOPOL (€9 6) ¢ IRGFLAL 6} o IHDATAL(T,
d LOCULL14) s LENYL14) sNU»BETASNLAMSNEN
CUMMON /VECTUR/
hd Y(29V)+¥YDT (250)
CUMMON /TWMTR/ Fls Fe
CUMMON ZASSDA/ ASSle ASSPs X5S3e XS54
C
DIMENSION  TW(6) «TRD(6H) sRAD () s THALW (D)
C
EMUIVALENCE (CNIDTA(#1)sZA)s (CNTDTA(42)sZ8) s (UNTUTA(43)s2C)
1 (CNTOTA(%4)9ZU)s (CNTDTA(49)1+ZE)» (CNTLTALAB) 92F),
2 (CNTOTA(ST) oZu) s (CNTOTA(4E) 42ZH) ¢+ (CNTDTALLD) 0 ZL) s
3 (CNTDTA(DU) « 7M1 s (CNTOTA(D1) 9ZN) s (CNTOTA(52)92P)
c
DaTa 118t/ 0 /
Ir (I1ST +NE. U) GO 10 10
1isST = 1
ccceecceccece

61

2. 1
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16

18
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z9Z-v

cceceeccece

CCC 1ME FOLLOWING STATEMENTS MUST ALWAYS o€ IN CONTHLe.
NDLTA = NUELTA

NASS = 4
NoTQ = 2

IF (NDELTA .EQ. 0) KETUNN

cceecceccece cce

CCCC====NOTE==TH]S SUBROUTINE MUST FSTABLISH NOLTAYANASS AND NETQ

ccececececcecce
c

LUEL = LUCU(2eNBe2) = 1

c

C esesvopnse
1u CUNTINUE

KSS) = YOT(1))

ADSZ2 = YUT(13) « YDT (i)
ASS3 = Y(13)

RSSe = Y(13) + Y(14)

c
CCCC ESTABLISH THE
c
YUT(LDEL*1)
YUT (LDEL+2)
YUT(LDEL+M)
1
YOT (LDEL*»)
1

*+ 4+ A AN

2N e NvNel

Fi = Y(LUEL+JI)
F2 = Y(LUEL+4)

0o

RETURN
- ENO

70T (DELTAS)

Z84XSS1 ¢ ZAaXSS3 - IC*Y(LDEL+L)
{HeXSSe ¢ 7GOXSSEe « LL®Y(LDEL+2)
LHeZEOASS] + ZANZE#XSSJ

(LD=-2C*ZE) * Y (LDEL+L) - ZFeY(LDKEL+3)
LHeZNBASS2 ¢ [Ge/INeXSSe

(LM=ZL ®IN} * Y(LDEL+2Z) = ZPoY(LUEL %)

CUMPUTE TORWUES FOR USE IN XHINGF,

SUHHOQUTINE EATOR (TeXsISPNSNTEX)
IMPLICIT REAL®8 (A=-H»0-2)
DIMENSION TEX(6sl)s ISPN(])

COMMUN /MAXMUM/
. NHMAX ¢ NHMAX g NSPMAA s NMWMAX y NMWBOU s NMDBOUD s KMU s KY o XU
CumMMUN /SPECIF/

g BETAH (6
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CCC ESTadLISH ThE EXTEWNAL FOHCE/TOHQUE (b=LUNG VECTUR) aNu NUMHER
THE CORRESFONUING SENSUM HUINTS, ALdU ESTAHLLISH THE NUMBER OF

ccce
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C

1y

ly

CUMMUN /VFCTUR/

. Y{(Z22v) e YNT{250)

uala 18T 7 G /

S1A=LONG YECTUNS (MTEX),

L

* 2 %0

1 (I1ST <€Qe L) GO G &
1187 =1

Dv 10 I=lse

Uy 10 UslenSPMmAA
TeX(Jed) = 0D ¥

NIEA = 0

Rt TURN

£ND

SUbRUUTINE SHAFTTY (TaHeT)

IMPLICIT WEAL%0 (A=Hei=Z)
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B) e AMO(Cr H)sRA(Isde30) s> (IeIe3U)
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uATa 1ISY 7 0 /

Ir (11ST .€Qe 11 GO Tu 1p
1is1 = 1
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CUNT INUE
RETURN

A e lrLFLA 6)elnDATA(T,
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OATA I1ST/ o/

1F (I1ST «NE« 0) GO TO S
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CUNT INUVE
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END
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RﬁN NQ. OFfMO 8 OATE 04721775 PAGE NO.
RN RY D DEVERS

>  DYNAMO CHECKOUT OF TWO DEGREE OF FRFEDOM PLANT, CUPRENT TIMF = 07.24.33

r WO CONMTRO. CHANKELS, RATE AND POSTTTON FEED-RACK THE CPU TIMER = 0.0

(=}

SUMMARY DF DYNAMIC-SIMULATION-PROGRAM INPUT DATA & & # & & & & & & &

ACTUAL SIZES MAXINUM SIZES INTEGRATION DATA GRAVITY GRADIENT DATA MISC. DATA
N8 = 2 NBMAX = 6 STARTY = 0.0 61 = 0.0 GAMAl = 0.0 NCPRNT = O
NH = 2 NMMAX = 6 DELTAT = 1.000D-O1 G2 = 0.0 GAMA2 = 0.0 NOPLCT = O
NSPT = 1 NSPMAX = 15 ENDT = 1.0000-01 63 = 0.0 CAMA3 = 0,0 IFLNEP = 1
NOEMO = 0 NMWMAX = = GMAG = 0.0 RCMAG = 0.0
NDELTA = 4 NMWBOD = 4
wu = 12 NMDBOD = 12
NEETA = 2 K 4ty = 22
NLAM = 1° 28 = 250
NEQ = g zu = 113

THF TOPOLOGY A%Arv ! (TOPDLY FOR THYS CASE FOLLOWS
{1t 2)

H : z

3 b | 1

I}

THE CONSTR27THT SPECYI'CATIONS FOR THIS CASE FOLLOW
i £ 1Yyt o2)
H ¥ H 1
2 1 : 1
3 : 1 1
Y 1 1 1
% 1 il 0
A 1 M 1
7 1 3 1

THE SHECTETED YNTTIAL WHIAGE ANGLES ANDO DISPLACEMENTS (RETAH) FOLLOW
{1 { 2)

1 1 Q.0 0.0
2 1 0.0 2.0
3 1 0.0 V.0
& 1 0.0 Va0
5 1 0.0 (o0
6 3 0.0 0.0

THE SPECIFIED INITIAL HINGE RATES (BETAHD) FOLLOW
t 1) t 2

0.0 0.0

0.0 0.0

0.0 0.0 '
0.0 0.0

0.0 0.0

0.0 0.0

VPN~
- gt pd vt Vb et
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RUN ND. DEMO 8 GAYF 04721775 PAGE NO. 2
RUN BY O DEVERS
DYNAMO CHECKOUT NF TwO DELGRIE OF FREEDOM PLANT, ) CURRENT TIMF = 07.26.33
THO CONTROL CHANNELS, PATE AND POSITION FFED-PACK THE CPU TIMFR = 1,2667E-01

THE NC. OF ELASTIC MONES/SCDY ARRAY (IRGFLX) FOLLOWS
t1yt2)
1 1 0 0

THE NO, OF P/Q HINGE POINTS/HODY ARRLY (NHPO1)} FOLLOWS
(S0 B I 3
1 1 1 1

THE NU. OF SENSOR POINTS/BODY ARRAY (NSPOI) FOLLOWS
¢ 1)t 2}
1 1 1 (1]

THE MM, WHFEL/RODY TARLE (MMCW) FOLLOWS

t 1y € 2)
1 1 0 o
2 1 o (]
3 1 (4] [}
& 1 )] o)
5 1 o 1]
& 1 0 G

THE STATE VECTO® LENGTH ARRAY (LENU) FCLLOWS
€1 €2) €3 ¢t &Y CS5) (6)
1 1 ] & o (0] 2 4

THE STATE VECTUR LOCATION ARRAY (LOCU) FOLLOWS
€1 €2 €D 0 &)1 S) UG
1 1 1 T 13 13 13 15

THE SPECTFIED SENSOR POINT/BODY CORRELATION ARRAY (IFTSMW] FOLLCWS
tn
1 1 1

1ie~v



RUN NO. DEMO 8 OATE 04/2Y/75 PAGE NO.
RUN BY D DEVERS
E DYNAMO CHECKOUT OF TWO DEGREE OF FREEDOM PLANT, CIURRENY TIME = 07.34.23
3 TWO CONTROL CHANNELS, RATE AND POSITION FEED-BACK THE CPU TIMER = 2_.166TE-CL
THE FOLLOWING DATA IS SPECIFIED MOM, WHEEL INFORMATION (IF ANY} AND CONTROLLER INFCRMATIOW
THE SPECIFIED CONTROLLER INITIAL CONDITIONS AND CHARACTERISTICS FOLLOW
(THE FIRST NDELTA ARE INITIAL CONTROLLER STATE VARTABKLFS, THERE ARE 96 ADDITIONAL CONTROL PARAMETERS)
(R 3 ) t 27 « 3} t &) « 5) t &) tmn (3 t 9 (10)
1 1 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ¢.0 0.0
1 &1 4£.5000402 2.000D+00 4.5000+02 5.000D0402 3,.0000+00 5.0000402 4.5000402 2.000D+N0 4.5000+02 5.000D+02
1 53 3.0000+00 S.000D+02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 61 0.0 0.0 0.0 1.4624D+03 0.0 0.0 0.0 0.0 0.0 0.0
1 T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 81 0.0 0.0 0.0 9.0670-01 0.0 0.0 0.0 0.0 - 0.0 0.0
1 91 0.0 0.0 0.0 Q.0 0.0 0.0 6.0 0.0 0.0 0.0

C - C

3
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RUN NO\. [FM0 & DATE Q4 /721775 ‘ GACE NC.
RUN PY D DFVERS

IA

DYNAMC (WECKNDUY NF TWO DEGPEF (OF FREEDOM PLANT, CURFELT TIveE = 07,234,334
TWHO CONTROL THANME LS, RATL AND PNSITINN FFED~BACK THE (CPY TIMFP = 4, TCOUE-C]

SUMMAPY CF TNPUT LATA FOR BODY 1 WHICH TS RIGID.

THE 6X6 INERTIA MATRIX 15 -——

t1n t 2) « 3) t &) [S-D ) t &)
1 1 1.000D+006 0.0 0.0 0.N 0.0 0.0
2 1 0.0 1.000D4+00 .0 0.0 0.0 0.0
3 1 0.0 0.0 1.0006+400 0.0 0.0 0.0
& 1 0.0 0.0 0.0 2.7T000+00 0.0 0.0
5 1 0.0 0.0 0.0 0.0 2.700D+00 0.0
6 1 0.0 0.0 (.0 0.0 0.0 2.700D+00

FOR BOOY T THE P-Q MINGE NO. AND THE EULFR ROTATICN TYPE AFPEAR IN THf FOLLOWING INTECEP ACRAY WHICH
IS FOLLTWED BY AN ARRAY CONTAINING EULER ANGLFS (14243), AND POSITION VECTOR COMPONENTS (4.F,¢6) THAT PTSITION THE
HINGF TR1AN WRT THF PODY TRIAD
{1t 2)
1 1 2 1
) 2) « t &) t s (&)

t {
1 1 0.0 0.0 0.0 %.C00D0+00 0.0 0.0

FOR BODY Y THE SENSOR POINT NO. AND THE FULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGEP ARPAY WHICH
TS FOLLOWED BY AN ARRAY CONTAINING FULER ANGLES(1,2,3), AND PCSITICN VECTCR COMPONENTS (4,5,6) THAT FOSTITION THE
SENSOR TRIAD WRT THE BODY TRIAD

t1) 2
1 1 1 1 ‘
t 1 t 21 t 3 (&) X t5) { &)
1 1 0.0 0.0 0.0 0.0 0.0 0.0

€LT=V




RUN MO. DEMO B DATE 04/21/7% PAGE NO.
‘ RUN BY D DEVERS

CURRENT TIMF = 0T.34.24

OYNAMD CHECKOUT OF TWO DEGREE OF FREFOOM PLANY,
THE CPU TIMER = 6.1333£-01

TWO CONTROL CHAMNELS, RATE AND POSITION FEED-BACK

TN

SUMMARY OF INPUT DATA FOR BODY 2 WHICH IS RIGID.

THME 6X6 INERTIA MATRIX IS —-- '
€1y t 21 ( 3) € &) « 5)

{ 6}
1 1 1.0000+00 0.0 0.0 0.0 0.0 0.0
2 1 0.0 1.0000+00 0.0 0.0 T DO 0.0
3 1 0.0 0.0 1.0000+00 0.0 0.0 0.0
4 1 0.0 0.0 0.0 3.100D+00 0.0 0.0
-] 1 0.0 0.0 0.0 0.0 3.1000+400 0.0
6 1 0.0 0.0 0.0 0.0 0.0 3.1000400

FOR BODY 2 THE P-Q HINGE NO. AND THE EULER ROTATION TYPE AFPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,243}, AND POSITION VECTOR COMPONENTS (45,53 THAT POSITION THE
HINGE TRIAD WRY THE 800Y TRIAD
t1 t2)
1 ) B 2 1 .
3) { &y «5) (&)
~5.000D04+00 0.0 0.0

(2)
1 1 0.0 0.0

[~
[]
o

THE FOLLOWING INTEGER ARRAY (INDEP) PRESCRIBES INDEPENDENY VARIABLES (1), AND DEPENDENT VARTAFLES (O]

C I C2) € 3) € 4) € S) €6 & 70 ¢ 8) € 9) L10) (11) (121 (13) €14) (15) (1s) (17) (18)
1 1 o o 0 1 0 0 0 o o 1 0 0 1 1 1 1 1 1
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RUN NO. DEMD 8

K

(L

DATE Q4721775

RUN RY D DEVERS

DYNAMO CHECKDUT OF TWO DEGRfE: Of FREFCOM PLANT,

PAGE NO. &

CURRENT TIME = 0T.34.36

THWO CONTROL CHANNFLS, RATE AND PCSITION FFEDN-RACK THE CPU TIMER =
AT SIMULATION TIME, T = 0.0 E 2N IR B JNE B TR R BN TEE SR DN I BN T R B N B R N B NN N B B DR N R
THE STATE VECTOR Y =
t 1 (2) t2) ( 4) “s) { &) ("N {8 (91
1 1 0.0 0.0 n.0 c.0 0.0 0.0 0.0 0.0 0.0
i 11 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0
AT SIMULATION TIME, T = 0.0 2 A * % &3 X & E F S EFE R EEDEEN LS KN NN RN
THE STATE VECTOR TIME DIPIVATIVE ¥YNT =
i 1) t 2 t3) { &) i %) i &) {7y {8 {t 9)
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
? 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
- AT STMULATION TIMEs T = 0.0 2 43 % 282 8% %45 FE AR FEEIIE SN
THE BETAS (FULFR ANGLES, POSITION COORLINATES) ARE
tn t 2)
1 1 0.0 0.0
2 1 0.0 0.0
3 1 0.0 0.0
& b 4 0.0 0.0
5 1 0.0 0.0
& 1 0.0 0.0
AT STMULATION TIME, T = 0.0 FEEBE R IR IR I N N B IR T YN T T S B BN B T R L L B L I N ]
THE BETA TIMF DERIVATIVES ARE
t 1 ( 2)
1 1 0.0 0.0
2 1 0.0 _ 0.0
3 1 0.0 0.0
& 1 0.0 0.C
5 1 0.0 a0
& 1 0.0 0.0
AT SIMULATION TIME, T = 0.C S R 8 A KX 5 % &k kB * & kA & S E kK KD KA KK SRS
THE DELTAS (CONTROL SYSTEM VARTABRLES) ARE
§ (1 t2) t3) { &)
1 1 0.0 0.0 0.0 [JM 4]
AT SIMULATION TIME, T = 0.C P R R R R E N I I R I R T R R
THE OELTA TIMF DERIVATIVES ARE
(1) « 2 [ ] (&)
1 ? 0.0 0.0 G.0 0.0
AT SIMULATION TIMF, T = 0.0 PR IR I I NS B R B R S I B N PR R B N R B R N I
FGR BODY 1 THE VELOCITISS ARE
t1n t 2y t 3) ( &) «5) {t &)
l 1 0.0 0.0 0.0 0.0 0.0 0.0
FOR BODY 1 THE CORRESPONDING MOMENTA ARE
: tn t 2 {3 ( ¢y « 5 { 6}
1 1 0.0 6.0 0.0 0.0 g.0 0.0
1 ITS CONTPIRUTION T() TRTAL ANGUELAR AND LINEAR MOMENTLM TS

FOR eapy

1.2032€400

(10}
0.0

(10
0.0

\r"—'

| ‘Im




b,
1vs

FOR

FOR

FOR

ITS

THE

THE

THE
THE
THF
THE
THE

t 1 (3 t 3 (X t sy t e
1 %0 0.0 0.0 0.0 n.o 0.0
CONTRIBUTION (G TOTAL KIMETIC AMD POTENTTAL ENERGIES 1S

0.0 0.0
AT SIMULATION TIME, T = 0,0 ('K B BE BN BN BN BN BE BN BN B JE BE BN B B NS BN NE R NN R BE EE B BE BE N CEE B N
BOoDY 2 THE VELOCITIES ARF
11 t 2) 3 t &) (-3} 16}
1 0.0 0.0 0.0 0.0 0.0 0.0
800Y 2 THE CORRESPONOING MOMENTA ARE
t 1 «2) t 3} t 4) t 5) t o)
1 0.0 0.0 0.0 0.0 0.0 0.0
800y 2 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
«n « 2) t3) (S ] « 3 t 6)
1 0.0 0.0 0.0 0.0 0,0 0.0
CONTRIBUTION TO TOTAL KINETIC AND POTYENTTIAL ENERGIES IS 0.0 0.0
AT STMULATION TIME, T = 0.0 ® & & & % & ¢ & & & F X & x % % g &k &KX KX &S XK R XK
INTERCONNECTION CONSTRAINT FORCES {LAMBDAS) ARE .
{t 1) t2) t 3 { &) t 5y { 6} tmn e t 91
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.0 L I B BE B BN I BE Bk BE I Nk B B BE BE B B K NE I IS N I B R B N AR R
TOTAL ANGULAR MOMENTUM VECTOR IS
tn t2) { 3}
1 0.0 0.0 0.0
TOTAL LINEAR MOMENTUM VECTOR 1S
{1 t 2 ( 3)
1 0.0 0.0 0.0

TOTAL ANGULAR MOMENTUM
TOTAL LINEAR MOMENTUM
TOTAL KINETIC FNERGY
TOTAL POTENTIAL ENERGY
TOTAL: ENERGY (T + V)

manoun

00000
L]

[=X~J-N-N5]

{10}
0.0
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RUN NQO. DEMO 8 DATE 04/21/75 PAGE NO. ?
RUN BY D DEVEFS

DYNAMO CHECKOUT OF TWO DEGPSF OF FREEDOM PLANT, CURRENT TIME = 07.34.4P7
THO CONTROL CHANNFERLS, RATE AND POSITICN FFEU-BACK THE CPU TIMER = §,2833F+00
OUTPUT MATRIX -A- t la X 8}
t 1 {t 2) t 3) t 4} t 5} t &) «t7n (-0} t o) (10)
1 1 -3.3580-01 3.358D-01 0.0 5.275D+02 0.0 0.0 -3.704D-01 0.0
2 1 2.9250-01 —-2.9250-01 0.0 b S9UD+0? 0.0 0.0 0.0 ©=-3,226N=01
3 1 1.000D+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 1 -~1.0000+00 1.0000+00 9.0 0.0 6.0 0.0 0.0 0,0
5 1 2.0000+00 0.0 4£.,500D0+02 0.0 ~%,5000+02 0.0 0.0 0.0
[} 1 0.0 2.000D0+00 4.500D402 4.%000+02 0.0 —4.5000402 0.0 0.0
7 1 6&.000D+00 0.0 1.3500403 0.0 -8.5000402 G.0 -5.000D+02 0.0
8 1 0.0 6.0000+00 1.3500403 1.350N+03 0.0 -8.5000+02 0.D =5 . 00N0N+N>
9 )3 1.0000+00 0.0 0.0 0.0 0.0 0.C 0.0 0.0
10 1 0.0 1.0000+00 0.0 0.0 0.0 0.0 0.0 0.0
11 1 0.0 0.0 1.0000+00 0.0 0.0 0.0 0.0 0.0
12 1 0.0 0.0 1.000D0+00 1.0000+00 0.0 0.0 0.0 a.o
13 1 0.0 0.0 0.0 0.0 0.0 0.0 1.000D+00 0.0
14 Y 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.00004+00

END OF WRITE,

wouy pasnpoiday

LLe=v



RUN NU. DtMU 8 NATE 04721775

PAGE x0. 8
RGN BY O GEVIRS
>
~ DYNANO CHECKOUT OF TWO DEGREE OF FREEDOM PLANT, ‘ CUPRFNT TIMF = 07.34.53
& TWO CONTROL CHAMMELS, RATE AND POSITION FEED-BACK THE CPU TIMER = 6.0333E+00
OUTPUT MATRIX ~T~ t sx 8)
tn t2 13 ¢ &) t 51 t 6) tn ¢ 8) €9 t10)
1 1 0.0 0.0 1.0000400 0.0 0.0 0.0 0.0 0.0
2 1t 0.0 0.0 0.0 1.0000+00 0.0 0.0 0.0 0.0
3 1 0.0 0.0 0.0 0.0 1.0000400 0.0 0.0 0.0
4 1 0.0 0.0 0.0 0.0 -1.0000+00 1.000D+00 0.0 0.0
5 1 1.0000+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1 0.0 1.0000+00 0.0 0.0 0.0 0.0 0.0 0.0
7T 1 0.0 0.0 0.0 0.0 0.0 0.0 1.000040C 0.0
8 1 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 1.00004+00

END OF WRITE.

¢ C (



DYNAMO CHECKROUT OF TWwO DEGRFE OF FREEDOM PLANT,
TWO CONTROUL CHANNELS, RATE AND POSITION FEED-BACK

RUN NO. DEMO &
OUTPUT MATRIX -A®— {
{1

1 1 -3.3580-01
2 1 2.9250-01
3 1 1.0000+00
& 1 0.0
5 1 2.0000+00
& 1 0.0
7 1 6.000D+00
8 1 0.0

END OF WRITE.

6LT-V

2] t 2)

3.3580-01 —5.2750D+02

~2.925D-01 4.5940+02
0.0 0.0
1.0000+00 0.0

0.0 4 .500D0+02
2.0000+00 0.0

0.0 1.350N+03
6.0000400 0.0

{ &)

5.2750+02
45940402

0.0

0.0

0.0

4.5000+402

0.0

1.350D0+03

DATE 04/21/75
RIN BY O DEVERS

0.0
0.0
0.0
0.0

~4 5000 +02

0.0

5)

0.0
0.0
0.0
0.0
0.0

-8.5000+02 0.0

0.0

&)

-4 .%000+02 0.0

~8.500N+02

LY

.PAGE NO. 10

CURREMT TIME = 07.35.15
THE CPU TIMER =~ 1.11TOE+OlL

tn t &) t 9 (10)

-3.704D-0)1 0.0

0.0 -3,226N-01
0.0 0.0
0.0 €.0
0.0 0.0
0.0
~%.0000+02 0.0

«00NN+02

0.0 -5



RUN NO. DEMO 8

08Z-V

&
Q

BNV DUN

DATE 04&/21/75
RUN BY D DEVERS

DYNAMO CHECKOUT OF TwO DEGREE OF FREEDOM PLANT,
TWO CONTROUL CHANMELS, RATE AND POSITION FEED-BACK

RY

REAL PART

~0.499990+03
~C+499980D+03
~0.45001D+03
~0.450010+02
~0.31525D+00
—0.315250+00
~0.107280-02
-0.107280-02

IMAGINARY PART

0.0

0.0

0.0

0.0
—0.314200+02

0.314200+02
-0.587220+00

0.587220+00

RTA®

REAL PART

~0+49999C +03
~0 +499980+03
~0.450010+03
-0 .450010+03
~0.315250+00
—0.315250+00
-0.107280-02
-0 .107280-02

IMAG INARY PARY

«31420D+02
0.31420D+02
~-0.587220+00
0.58722D+00

CURRENY TIME

PAGE NO. 11

07.3%5.1%
1.1283E+01
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DATE 04/2Y/75 PAGE NO. 18

RUN NO. DEMO 8
PUN BY D DEVERS

DYNAMO CHECKOUT OF TWO DEGPFE OF FREFDOM PLANT, CURRENT TTME = 07,.35.37
THE CPU TIMFR = 1,4010F+01

TWO CONTROL CHANNELS, RATE AND POSITION FEEN-BACK

UM ‘ DEN
NO  REAL PART  IMAGINARY PARY REAL PART  IMAGINARY PART
1 -0.14625D+00 —0.21434D+02 —0.31416D+00 —0.31414D+02
2 -0.14625D+00 0.214340+02 —0.31416D+00 0.31414D+02
3 0.0 0.0 0.0 0.0
4 0.0 0.0

woyj paonpoiday

182~¥



RUK 4. ©CH0 & DATL 04721/75 PAGE NQO. 2G
RUN B8Y D DEVERS
OYNAMO CHECKDUT OF TWO DEGREF 0OF FREFOOM PLANT,

CURPENT TIMF = 07.35.37
T™MO COMTROL CHANNELS, RATE AND POSITION FEED-BACK THE CPU TIMFP = 1.4107€+01

[4: 140 4

OUTPUT MATRIX RRED 4 1 X 200 )

t 1 t2) 3 t &) t 5 { 6) tn { a) (S | 10)
1 1 0.0 1.C00D0+00 0.0 0.0 1.0000+400 1.0070+400 1.7T24D-01 6.823D-03 2.143D+01 1.0000-02
1 n 3.1420+01 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 0.0

EMD OF WRITE.

C (
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RIN NO. DEMD 8 NATE 04/721/T75

QUN BY D DEVERS

PAGE NO., 21

OYNAMD CHECKOUT OF TWO DEGREE OF FRFEDOM PLANT, CURRFNY TIME = 07.35.37

TWO COMTROL CHANNELS, RATE AND POSITION FEEO-BACK THE CPU YIMER = 1.4150F+01
FORWARD LOOP TF ) 4 X1D00T/RT}

FREQ/RAD/SEC FREQ/HERT? eFAL IMAG AMP NECIRELS R AD DEG
0.1000000+01 0.159155D0+00 0.1279470-06 ~0.1722130+00 0.1722130400 -15.279 4.7T126 270.0000
0.1100000+01 0.175070D0+00 0.154R820-06 ~0.1565190+00 0.1565190+00 ~-16.109 4.7124 270.0000
0.1250000+G1 O0.198944D+00 0.7001460-06 —0.137680D+00 0.13T76200+00 ~17.223 4.T7124 2T70.0001
0.1400000401 0.222817D+00 (.251266D-06 —0.1228710+00 0.122871D+00 -18.271 &4.T124 270.0001
0.160000D0+01 0.2546480+400 0.3285840-06 ~0.107437D+00 0.107437D+00 -19.377 4.7124 270.0001
0.180000D+01 0.2864T790+00 0.4164390-06 -0.954232D-01 0.9542320-01 -20.407 4.TY24 270.0002
0.2000000+01 0.318310D+00 0.514918D~-06 —0.6580410-01 0.858041D-01 —-21.330 4.7124 270.0003
0.2200000+401 0.350141D+00 0,6241160-06 -C.7792¢5D-01 0.7792650—01 -22.166 4.T126 270.0004
0.2500000+031 O0.397RBETD4+00 0.8082540-06 —0.6846090-01 0.684609D0-01 -23.291 4£.T124 270.0006
0.28000004+01 0.4454634D400 0.1017170-05 -0.6101030-01 0.6101030-01 ~24.292 4.,71264 270.0009
0.3200000401 0.509296D+00 0.133508D0-05 —0.5323080-01 0.532308D0-01 ~25.477 4.,7124 270.0014
0.3800000+03 0.604789D+00 0.189897TD—05 -0.445986D-01 0.445986D-01 -27.014 4.7T124 270.0024
0.450000D+01 0.716197D+00 0.269513D-05% —~0.373927D-01 0.373927D-01 —28.544 4.T125 27040041 .
0.5200000+0) O0.827606D+00 0.3649910-05 —0.3208420-01 0.2208420-01 ~29.874 4.TI25 2T0.0065
0.6200000+01 0.986761D+00 0.531414D0-05 -0.,2651480-01 0.2651480-01 -31.530 4.732&6 270.0115
0. TO0000D+01  0.1114080+401 0.6927360-05 —-0.2315320-01 0.2315220-01 -32.708 44,7127 270.0171 .
0.780000D+01 0.1241410+01 0.8822520-0% -0.204371D-01 0.2043710-01 =33.792 4.7128 270.0247
0.8900000+01 0.1415648D+401 0.1195%59D-04 —-0.1745160-01 0.174316N-01 -35.172 4.7131 270.0393
0.1000000+02 0.1591550+01 0.152096D-04 —0.150096D-01 0.150096D-01 -36.473 4.T7T134 2T70.0603
0.11000004+02 ©0.1750T00+01 0.200684D-04 —0.121596D~-01 0.131596D0-01 -37.615 4.T139 270.0873
0.125000D0402 0.19894D+01 0.2816000-04 ~0.108146D~01 0.108147T0-01 ~-29,320 4.T150 270.1492
0.1286020+02 0.2046770+01 0.3047280-04 —0.1030840-01 0.1030840-01 -29.736 4.7153 270.1693
0.150036D+02 0.232790D+01 0.482318D-04 -0.7593610-02 0.7593770-02 -42,.391 4.T18F 2T0.3639
0.16075304+02 0.255846D+01 0.6054400-04 —0.625R34D-02 0.6358630-02 ~43,933 4.7219 270.5455
0.171470D+402 0.2729030+01 0.7614250—04 ~0.515T770-02 0.5158330-02 -45,7%0 4.T2T1  270.8457
0.1800420402 O0.2B65480+01 0.9175010-04 —0.4200550-02 0.4201550-02 -47,.%32 L7262 2T71.2512
0.188617D+02 0.300193D+01 0.1110270-03 -0.322764D-02 0.3229550-02 ~49,817 L.T7468 271.9701
0.192903D+02 0.307015D+01 0.122386D-03 -0.272946D-02 0.273221D-02 ~%1.270 L.T572 272.5673
0.197190D+02 0.2138380+01 0.1351320-03 -0.222003D-02 0.222414D-02 ~-53.057 4.TT32 273.4832
0.201477D+02 0.3206610+01 0.1494850-03 —0.1696450-02 0.170303D0-02 ~55.276 4.8003 275.0356
0.205%764D+02 0.3274830+0]) 0.165T714D-03 ~0.1155510-02 0.116733D-02 -50.6%6 4.0548 278.1612
0.206835D0+02 0.3291890+01 0.1701010-03 -0.101715D0-02 0.103128D-02 ~59,.732 4.8781 279.4938
0.207907D+02 0.330894D+01 0.1746310-03 —-0.87T7425D-03 0.894624D-03 ~-60.967 4.9088 281.2563
0.208979D+02 0.3326000+01 0.1793100-03 —0.7362650~03 0.7577850-03 ~62 .409 4.9513 283.6873
0.2100500402 0.334306D+01 0.1841440-03 ~0.5936090-03 0.6215150-03 ~-64.131 5.0132 2B7.234%
0.2109080+02 0.3356T0D+0] 0.18R81280~03 -0.4783620-03 0.514076D-02 65, TR0 5.0871 291.46085
0.2117650402 0.337035D+01 0.1922200-03 ~0.362078D-03 0.4099380-03 ~6T o T46 5.2004 297.962¢
0.212194D+02  0.3377170+01 0.194307T0-03 —0.303536N-03 0.3604020-03 -~6R.BbH4L 5.2818 302.6250
0.212622D+02 0.3383990+01 0.1964220-03 —0.244722D-~03 0.3138000-03 -T0,06T7 5.288T7 308.7517
0.2130510+02 0.3290810+01 0.198566D-03 -0.185629D-03 0.2718210-02 -T1.214 5.5314 316.9285
0.2134800+02 0.339T64D+01 0.200739D0-03 ~0.12625%D-03 0.2371420-03 ~72.500 5.7217 327.8322
0+213909D+402 0 .3404460+01 0.2029420—03 -0.665929C~-04 0.2135890-03 ~-T73.408 5.9661 341.8334%
0.2140800+02 0.3407190+01 0.,2038320-03 ~0.426466D—04 0.2082450-02 -73.628 6.076° 348.102R
0.214230D+02 0.340958D+01 0.204 614003 —0.216549D-04 0.2057570-03 -T3.733 6.177T 353.9587

» 0.214284D402 0.241043D+012 0.2048950-02 -0.141492D-04 0.205383D-03 ~T3.T49 6.2142 356.0497

] 0.214316D+402 0.341094D+01 «2050630-03 —0.964346D-0% 0.2052900-03 -T2, 753 6542362 257.3075

w 0.214320D+02 03411010401 0.2050850~03 -0.904254D—-05 0.2052R50~03 =T2.752 6.239Y 357.4754
0.214324D402 0.341108D401 0.2051080-03 ~0.844166D-05 0.205262D-02 ~T3.75%3 6.2420 357.6432
0.2143290+02 0.3411150+01 0.20%1300-03 —0.784072D-05 0.205280D-03 -73.753 6.2450 357.8110
0.2143330+402 0.3411210+01 0.2051530-03 —~0.7239740-05 0.2052810-02 ~-T32.753 6.2479 357.9789



RUN NO .

Y8~V

oEmo 2

CGATE 04721775

RUN BY D

OYNAMO CHEZKOUT OF TWO OFGREE OF FREEDOM PLANT,
TWO COMTROL CHANMELS, RATE AND POSITION FFED-BACK

FORWARD LOOP TF 1

*0SB B Be N

FREQ/PAD/SEC

0.2143350+402
0.214327D+02
0.214339D+02
0.214341D+02
0.214346D+02
0.2143500+02
0.214354D+02
0.2143590+02
0.2143910+02
0.214444D+02
0.214595D407
0.2147670+02
0.2151980+02
0.215631D+02
0.216066D+02
0.216502D+02
0.2169400+02
0.217822D+02
0.218711D0+02
0.2198330+02
0.220966D+402
0.2221110+02
0.223268D+02
0.228018D+02
0.232975D0+02
0.238152D0+02
0.24356%D4+02
0.2551630+02
0.263867TD+02
0.276433D+02
0.282T150+02
0.2889980+02
0.295280D+02
0.3015630+02
0.3031330+02
0.304T70404+02
0.306275D+02
0.307845D0402
0.3091020+02
0.3103580+02
0.3109870+02
0.31161%0+02
0.3122430+02
0.3128710+02
0.3133000+402
0.313751D+02
0.3139710+02
0.3140490+02
0.3140960+02
0.314103D0+02
0.3141090+02

X100T/PT1

FREQ/HER T2

0.3411250+401
0.34112eD+01
0.347132D+01
0.341135D0+01
0.3411420+01
0.341149D+01
0.341156D+01
0.341162D+01
0.341214D4+01
0.3412990+01
0.3415380+01
0.3418120+401
0.3424980+01
0.343187D+0)
0.343879D+01
0.3445T74D+01
0.3452710+01
0+346675D+01
0.348090D+01
0.349875D+01
0.3516790+01
0.353501D+01%
0.355342D0+01
0.362902D+01
0.3707920+01
0.3790310+01
0.387646D+01
0.406105D0+01
0.419958D0+01
0.4399560+01
0.449955D+01
0.459954D+01
0.469953D4+01
0.47T99520+01
0.482452D+01
0.484951D+01
0.487451D+01
0.4899510+01
0.4919510+01
0.4939510+01
0.494950D+01
0.495950D+01
0.4969500+01
0.4979500+01
0.498950D+01
0.49935004+01
0.4997000+01
0.4998250+01
0.499900D+01
0.499910D0+01
0.4999200+01

REAL

0.2051640-03
0.205175D0-03
0,205187D-03
0.2051980-02
0.2052200-03
0.2052430-03
0.2052650-03
0.205288D~03
0.2054570-03
0.2057350-03
0.,2065320-03
0.207444D-03
0.209754D-03
0.2123050-03
0.2144990-03
0.216937T0-03
0219420003
02246526003
0.2298270-03
0.2267420-03
042439980-03
0.2516200-03
0.2596330-03
0.2961960-03
0.341797D-03
0.3997930--03
0.4T527TTD-03
0.7162050-03
0.1021460-02
0.190293D-~-02
0.279T723D0-02
0.4446590-02
0.7984500~02
0.177443D0-01
0.2208040-01
0.3046520~01
0.422214D~01
0.6150390-01
0.8869340-01
0.126948D+00
0.755176D+00
0.189641D+00
0.229247D+00
0.269565D+00
0.301726D+00
0.3098150+00
0.313927D+00
0.3146720+00
0.3149310+00
0.3149550+00
0.314977D+00

DEVERS

IMAG

-0 .693925D-05
~0+6¢38T4D-0S
~0.6338220-05
—-0.6037690-05
~0.5436%9D-0%
—0.483544D0-0%
=0.4234220-05
-0.3632970-05%
0.8782020-06
0.£403560-05
0.295195D0-04
0.5373370-04
0.1146540-03
0.176133D-03
0.2381800-03
0.300808D-03
0364027003
0.6922870-032
0.6230550-03
0.790198D-03
0.9616320-03
0.1137580-02
0.1318290-02
0.209421D-02
0.297102D-02
0.3976330-02
0.514881D-02
0.824T420-02
0.1137610-01
0.1817420-01
0.2345590-01
0.3119800-01
0.4367690-01
0.6691600-01
0.7607T500—C1
0.8745530—-01
0.101700D+00
0.1192770+00
0.1351260+00
0.148976D+00
0.151967D4 00
0.140688D+00
0.134734D+00
0.10522R0400
0.5792340-01
0.3480340-01
0.133484D-01
0.5524780-02
0.809897D-02
0.1805200-03

~0.4489810-03

C

CURRENT TIME
THE CPU TIMER

AMP

0.205281D~02
0.205223D-07
0.205285D0-03
0.2052R7D-03
0.2052920-02
0.2053000-02
0.205309N~p=
0.20%3200-02
0.2054590—-02
0.2059100-03
0.2086210-02
0.214200n-02
04239044003
0.275701D—02
0.320530D-03
0.370874D—~03
0.4250420-02
0.5410710-03
0.6640°1ID~03
0.R249000-03
0.9921050-03
0.116508D0-02
0.1343610-02
0.2115050-02
0.299062D0-02
0.3996370-02
0.51TOTON-02
0.827846D-02
0.1142180-01
0.1£2736D-01
0.2362210-01
0.315133n-01
04444007001
0.6922670-01
0.794413D-01
0.926097TD-01
0.11011460+00
0.134201D+00
0.16054%04+00
0.1957290+00
0.217154D+00
0.260981P+00
0.26%5909D +0C
0.289376D+0C
0.2072350+00
063117640 +00
0.314210D0+00
C.3147200+00
0.3149320+00
0.3149550+00
0.31497T0+00

DFCTPFLS

-T2 ,753
-73.752
~-TA.753
~73.7%3
~T73.753
~73,7%2
-73.7%2
-73.751
-73.7466
-73.77%6
-73.612
—73.180
-72.430
~-T1.101
~69.A83
—69.61%
-67.421
-65,335
-62,55%
~61.672
-60.069
~5F.673
~5T.435
—£3 404
-50.485
-lT OLT
—45,729
-41.641
~18.845
VR T
~22.534

~-30.030

-27.052
-23.1094
-21.999
-20.667
19,163
17,445
-15.P88
—14.167
-13,263
-17.3¢0
~-11.50%
-10.771
-10.251
-10.123
-10.0%6
~10.062
~10.026
-10.035
~10.034

07.35%
= 1.4¢

RAD

622494
6.250R
£.2522
&.2520
62567
6.2%%%
be2€62€
6.2655
0.0043
0.0408
0.1420
0.253%
05002
0.6930
0.8277
094460
1.6284
t.142¢
1.2174
1.2797
1.3222
1.2%31
13762
Ya4202
1.4%63
1.£T0¢&
1.4787
14842
1.4812
1.4665
1.4521
1.4202
1.3900
1.3116
1.2786
1.2256
1.1772
1.0047
1 .0004
0.865%1)
0.7750
0.6649
0.5213
02722
0.1897
0.1119
0.04625
0.0176
0.0024
0.0006
6.2018

PAGE NO.

30
27€+01

NEG

358.062R
3ER. 1460
358.2307
3%8.3146
35P.4P2%
358.6504
358.R183
35f.9861
0,2640
2.339¢0
8.13462
14.5220
28.6616
36,7066
47,9947
£4.2016
58.9202
65,4828
69,7525
73.3219
75.T7626
17.5277
TR .8584
£1.9498
83,4374
84,2586
84,7261
85,0369
84,8602
84.0226
83,1993
P1.8884
T9.6402
75,1486
T3.2607
70.7941
6T.4539
62.7227
57.3169
49,5648
44,4015
38,.09F2
30,4428
21,3257
10.86T1
6.4095%
2.4368
1.00%9
0.147T3
0.0328
359.9183

22

Ea R 2 1%



i )

RUN MO. DEMO 8 DATE 04721775

RUN BY D DEVERS

PAGE NO. 22

OYNAMO CHECKOUT OF TWO OEGPEE OF FREEDOM PLANT,
TWO CONTROL CHANNFLS, RATE AND POSITION FEED~BACK

CURRENT TIME = 07.35.39
THE CPU TIMFR = ] _.5117¢+01

SaT=v

FORWAPD LOOP TF 1 X100T/RT1

FREQ/RAD/SEC FREQ/HERTZ REAL IMAG AMP DECIRELS RAD - DEG

0.3141150402 0.499930D+01 0.3149950+00 ~0.1078590-02 0.3149970+00 ~10-034 6.2798 359.8038
0.314122D0+02 0.499940D+01 0.3150120+00 -0.1708290-02 0.315016D+00 -10.033 6.2778 359,6893
0.314125D+02 0-.4999450+01 0.3150190+00 -0.202317D-02 0.315026D+00 -10.033 6.2768 359.6320
0.314128D4+02 0.4999500+01 0.31502604+00 —0.2338070-02 0.315034D+00 -10.033 6.2758 2359,5748
0.3141310+02 0,499955D+01 0.3150320+400 —0.2452990—02 0.3150430400 -10.033 &.2748 359.5175
0.314134D402 0.4999600+01 0.3150370+00 -0.2967930-02 0.3150510+00 -10.032 6.2738 359.4602
0.3141400402 0.499970D+01 0.315046D4+00 —-0.359T7860-02 0.315066D+00 -10.03? 62718 359.3457
0.3141470402 0.4999800+01 0.31505204+00 -0.4227850-02 0.315081D+00 -10.022 6.2698 359.2312
0.3141530402 0.499990D+01 0.3150560400 -0.485788D0-02 0.3150930+00 -10.031 6.2678 359.1166
0.3141590+02 0.5000000+01 0.31505704+00 —0.548793D—-02 0.315105D+00 -10.031 6.2658 359.0021
0.3142060+02 0.5000750+01 0.3149860+00 -0.102127D-01 0.3151520+00 -10.030 6.2508 358.1430
0.3142850402 0.5002000401 0.3145540+00 -0.1807160-01 0.3150720+00 -10.022 6.2258 356.7119
0.3145050+02 0.5005510+01 0.311286D4+00 —0.397456D0-01 0.3138130+00 -10.067 6.1562 352.7237
0.3147570+02 0.500952D+01 0.304058D+00 —0.633092D0-01 0.3105790+00 —~10.157 6.0779 348.2382
0.3153890+02 0.501958D+01 0.2733150+00 ~0.1122790+00 0.2954T9D+00 -10.529 5.8934 337.6670
0.316024D+02 0.502968D+01 0.2333350+00 -0.143545D+00 0.273953D+00 ~11.246 5.7T317 328.4006
0.3166610402 0.503982D+01 0.1933810+00 ~0.158839D+00 0.250252D+00 -12.032 5.5955 320.6010
0.3173010+02 0.505000D0+01 0.1583110+00 -0.1629600+00 0e227197D400 -12.872 5.4833 314.1708
0.3179430+02 0.5060220+01 0.12946704+00 —0.1604320+00 0.206156D+00 -13.716 5.3914 308.9032
0.31923460+02 0.508079D+01 0.882607D-01 -0.146883D+00 0.171361D+400 -15.322 52535 301.0013
0.320539D+02 0.5101530+01 0.6249010-01 -0.1310090+00 0.1451490+00 ~16.764 5.1575 295.5007
0.322182D+02 0.5127690+01 0.4280260~01 —0.113301D+00 0.121117D+00 -18.336 5.0736 290.6954
0.323843D4+02 0.515412D+01 0.3082870-01 —0.9893160-01 0.1036240+00 -19.691 5.0145 287.3078
0.3255210+02 0.518083D+01 0.2312000-01 -0.8745230-01 0.9045690-01 ~20.871 4£.9T08 284.8086
0.32T7217D+402 0.5207810+01 0.1790920-01 -~0.7821900-01 0.8024310-01 ~21.912 4.9275 2R2.8963
0.3341790+02 0.531862D+01 0.803503D-02 —0.548276D-01 0.554132D0-01 -25.128 4.8579 278.3374
0.34144304+02 0.543424D+01 0.446TT20-02 -0.423004D-01 0.425357D0-01 ~2T.425 4.8176 276.0291
0.3490310+02 0.5555000+01 0.2807820-02 —0.345496D-01 0.3466350-0% -29.203 4.T935  2T4.646)
0.3569630+02 0.568125D+01 0.1908890-02 —~0.2927930—01 0.2934150-01 -30.650 L4.TY?S  273.7302
0.3739620+02 0.595179D+01 0.1023820-02 ~0.2254130-01 0.225645D0-01 ~32.931 4.TSTE  2T72.600%
0.392660D0+02 0.6249370+01 0.6216750-03 -0.1837220-01 0.1838270-01. -34.712 4.T462 2T71.9380
0.418837D402 0.6666000+01 0.3701830-03 ~0.1490960-01 0.169142D-01 -36.528 4.T3T2 271.42227
0.448T754D4+02 0.714214D+01 0.23T7374D-03 ~0.124867D-01 0.12 4890D0-01 ~38.069 4.7314 271.0890
0.4500000+402 0.7161970+01 0233575003 ~0.124067D-01 0.124089D-0% -38.125 A.T312 271.0785
0.5200000+02 0.8276060+01 0,1140350-03 -0.9308530-02 0.9309230-02 ~40.622 4£.7246 270.7018
0.6200000+02  0.9867610+01 0.58556260~04 -0.7075880-02 0.7076120-02 =~43.004 447207 2T0.4T42
0.T7000000+02 0.1114080+02 0.3979820-04 ~0.46003830-02 0.6003970-02 ~44 431 4.7190 270.3798
0. 7800000402 0.1241410+02 0.2912480-04 —0.523948D0-02 0.523956D-02 ~465 .614 4£.TIT79 27G.3185
0,85T71430402 0.136419D+02 0.2258990-04 —0.4679190-02 0.46T9240-02 46,596 4.TYT2 2T70.2766
0. 1000000+03 0.159155D+02 0.1531040-04 ~0.3920370-02 0.3920400-02 ~68.,133 4.7163 270.2237
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CCC SIA=LONG VECTORS (NTEX}), U 4luy

C v 4lbl

IF (I1ST «€Q« 1} GO TU S 0 “l\_’d

I11ST = ) U 4)ud

ULV 10 Islse (TR YT

VU 10 J=lynNSPuAX 0 4lu>

10 TEX(JsJ) = 04D O U 4lve

c VU oejut

S NIEX = 0 U 4lus

C U sluy

RETURN U 4120

£ NY U «lcl
SUBHOUTINE SHAFTT (TOSHFT) Uso

IMPLICIT KEAL®S (A~H90=Z) VU 4lcs

UIMENSION TSHFT (1) 0 wlce

[ 0 4led

COMMON /MAXMUM/ 0 elco

A NBMAA g NHMAX s NSPMAX s NMWMA X s NMWBUU ¢« NMDHOU s KMU 9 KY s KU U wlel

CUMMON /SPECIF/ 0 aleo

- BETAH (65 &) yRETAHU (6 6) s AMO (29 S5) eRN(IsIs VI sRS (39303004 16 4129

* DH(3935) ¢DS(3030)eIMO(3y S) yNMOW(Be 6) s IFTSMW(LS) 17 «fsv

- NBsNHINSFToNNFMOSNDELTASITOPOL (s 619 IRGFLX( 6) s THDATA(T, 61 I8 4)al

b LOCU(14) s LENU(L14) s NUISNBETA» NLAMNED 19 4132

CUMMUN /VECTUR/ O 4133

. Y(250),YDT (250) 2Y 4ub

C U 4l39

(

1

"
GIW



£oE+

!

[ Coe L L [T TN B
: B Eatl i

I EUIR T

uata 1181 7 v / U &4jdo
' VU elav
It (11ST +EQe 1) GO 10 10 0 &l30
I1ST = | U 4614y
VU S [=]eNMWMAR v elev
S TonFT(I) = 0.D U U elel
U &led
1V CUNTINUE
Rt TURN
END ) klée
" SUBHOUT Wk EQADD usl )
IMPLICIT HEAL®G (A=He0=2) ' U alel
COMMON /HHHSKD Y/ U 255
- BH(G9)B911) RS (6418415)R0L {303y 6)4NOL({Je o) & 25>
CUMMON Z7UNAUA / u 4le
L NAUA U 4le
CUMMUN 7 ta XMUM/ U 4l>d
. NEMAK g NHMAK s NSPMAX s NMWMAX s NMWEOU S NMDADU s KMU s KY s XU U 41>
COMMON /SPECILF/ U 4lS
b HETAR (69 6) sBETARD (6 6) oAMO{Lr ) 9RM (I 3e3U)9RS (34 3930), 16 al>
L4 DH(3035) sDS(3+3U) s [MU (s 5) eNMUWIEY 6) 9 IF TSMN(1S) 17 al>
. NBsNHsNSPTaNOFMUSNDELTA, TTOPOL (29 6) 4 INGFLX( 6) ¢ [HDATA(T4 61 lo 1D
- LOCU(14) dLENU(L14) yNUINHE TAINLAMINEQ 19 41>
CUMMON ZVECTUN/ 0 «l1>
d Y(29U) +YDT (250) 20 &05
CUMMON /X5SDA/ PSIs PSIDs THTAs THTAus E
uaTaA 11S1/7 0/
U 415
IF (I1ST «NEe 0) GO 10 S
1I5T = 1
E = Y3
NAUX = 6
LUEL » LUCU(CeN"Ge2) = |
S CUNTINUE

PSl = Y(31) ~ E
TMTA = Y{(32)
PSID = YUT(38)
THTAD = YUT(42)-

YuT (NEQel) = PSID
YUT (NEQ+<) = PH]

YUT (NEQed) = THTaD
YUT (NEQee) = THTA



90€-¥

Adoo s|qejieAe )3saq
wouy pasnpoiday

(

i

i

YOT(NEQeY) = Y(LDELe/}
YOT(NEQe6). = Y (LDEL+11)
RET. RN

ENU



coL-v

P ae—

OEMO Y U. DEVERD

AE=C IHANSFER PUNCTIUN STLLY

DONUHUL CHECK PrHUBLFM ~==UaTA MOD ON 3IMAN19TS
wmeeaS(HEMAT [ m—===

Yvyy YYY  YOKF  YYY Yvy
Y TORSIUN Y
Y ® Bl =SPRiNU~ * Pla A
Y MOTON sl Y
Y Y
YYYVYYYYVYYYYVYYYYVVYYVYYYYYYYVYYYYYYYYYYYYYY
Y
Y
Y
Y -
Y
Y
Y
Y

ccmma= SPRINUY (H2eDIede)

®  AZIMUTH
MOTUH

Adoo ajqejieae )saq
woJ) pasnpoiday




90e-v

go0VUoUUO00
S L] 1
1TPOL I 5
A 1 4
2 1 v
0000000000
IRLFLX i S
0000000000
IFTSH% i 1
1 i 1
0000000V0V
IHOATA 7 5
1 1 S
rd 1 4]
3 1 v
4 i v
S i v
® 1 v
7 1 v
0000000000
BETAH 6 5
1 1l 1.22173
2 3=1.,2¢173
000000VU00
BETAHD 6 S
000000UVOY
TMDATA 1 3
0000000VLU
IPOATA 1 K]
1 3 1
0000000000
CNTDTA 1 1lov
1 21 343/.8
1 25 0.0
1 29 49.75
1 33 251+,
1 37 3.11
1 41 9o,
1 45 62800,

¢

"y

- O

11
3 4
2 3

NO, FLEXIHLE

NO, Fo To S

et b O
—_——CCC e

Noe NHe NSPTs OFMOs NUELTA

LT T SPACLCRAFT
“as  (PLATFURM)
S
4
MONES/BOVY
MW POINTS
1
1
1
Q
1
1
1

INITIAL HETA (HINGE)

MISC DATA PECULAR TO At,

2.0
le,
S.o

0.12¢

2.50596

450,

62800,
6666,

11,577
06,0212

4S5,

1c.4992
1000,

2514,

“104,

2,
6666,

¢

MW

¢



Ty
b " f‘!

i

|

I

e

o

Loty

1 49 0,.lece 9, 3.11 S0
1 89 1,.,6355 «06
i T0 §5,0%ud63 «05 4463753 *U3 5,08Y7¢ «05
1 uS U,0c4873
i 9V Q,.05232%% UeUsrTo? 0,021530
0000V0VUVL
GGOTA 1 -
0oo0LOVVOUL
“ASS I8 “ aglny 1 (Pla)
1 l 0-050@2
0000UUUIOY
INERT i ]
1 1 Us99995 Qa934907 JenTele
1 & «,0Ven7 0.08713 uadllJe
0ooouLouuOL
4 1
[ PV
-,024 6,06Y 002
1 1
0,0
Uno
MASS 4 o os00Y 2 (ELEs MOTOR)
1 1 0,003619
000000ULOVY
INEnT 1 6
1 1 0,003899 04003238 Ue003d9Y
000000VVOY
2 .
0.0
0,0 0,0 040
3 1
0,0
0,0 5,920 040
“ASS 1 L4 B0DY 3 (YOKE)
1 1 0.024373
0000V0VUODU
INERT 1 (-]
1 1 1,02378 G.37952 0,891lcv
1 4 0,0Ul2S U, 00064 ~.0194}
000000VuLO
3 1
0,0
-, 024 0,529 ~+08])
L 1
040




80€ -V

-,024 0,529 12,1489
MASS i . gunNY & (AZTMUTH MOTQNR)
1 1 0.01596
0000000000
INERT L [
1 1 0.,0001 00,0001 0,0940
0000000v00
& 1
0.0
040 0,0 Va0
5 1
0,0
0,0 0,0 Va0
MABS 1 4 HODY S (PLATFQRM)
1 1 3.,6554
0000U0UU0U
INERT 1 6
1 1 8504011 B63,.8% . 935,37
0000000VOU
-] 1
0.0
0.0 0.0 -8, T4Y
FREW ¢
LRY 9 14 THRANSFER FUNCTION ID'Se.
1 ) S 2 2 =3 =3 4 =5 &> 6
2 1 i 2 2 Y 1 2 'Y 1 2 2
3 1 3 1 2 1 1 2 3 1 2 2
4 1 1 1 i 0 1 1 1 v U 0
] 11 i 1
7 11 [ 1
00000000V
IRY 3 1
3 3 -8 -8 -8 -8 -8 -8 -8 -8 -8 -8
000000000
6 (PLANT ONLY) TYPEL WElA OnT=AZ / AZ TOURQ
HONN
10, 1000, =60, al, UeD IR
G (PLANY ONLY) 1 BETA UOI=EL 7/ EL TORu
BONN
10, 1000« -0y, 4u, Ueu 10,
R (CONTHOL SYSTFM ONLY) TYPEL? T-EL/EL tRHUR
BONN
10, 1000 “60, &4V, V.0 10.

W (CONTHOL SYSTEM UNLY) TYPE2 T-AZ/AZ ERHOR

g~

-8

-NN~

-8



ROUL ~¥

Ll

\|‘(’
|
Il

i i!lur T “! Al ’\

LR

THE M

1 nH P i Il I “ H
HONN
lv, 1000, “ol, 4U, Vel 10,
GH (UFenN LOOY) TYPEI T=Ac/T=al :
(NN
U, 1000 =60, «y, Vel lu,
GhH (UPe~ LONP) TYeed TRLL/TELS
HONN
v, 10D, -6, 4, Vel lu,e
WG (UYL LOOP) TYPE& RETA NUT=aZ/A7 ERRUK
HONN
10, 1000 -00, 4V, Ual 10,
GH/ ({Len) CLUSED LuaP) TyPen vETA 00T~=EL/1=Aa7
HONN
1u, 1v00. =60, 4N, Veu 10,
GH/ {L+GH) CLUSED LUNP) VTYHES HETA =L/ T=EL
HONN
L0 1000 -00, i, Vel {v,.
CLOSEU LuUO¥) Fyveé EL ERPOR/EL WUISE
AONN
1y, 1000« -60, e, Uet e
UPEN LUUP wllw kL LOO® LLOSEU) TYPE 7 T«AZ 7 T=ald
HONNRQO! R
10, 1000, -60, “y, Uev lu.
TJmM I4 -
1 1 2 2 b 2
Z 1 %3 19 3 1
[V Y T RVEVEVRVRNRY)
wARL ] “
i 1 ~-l8u. -lnu, ~1H0. =100,
4 1 =1l.v «l.0 *lasd =10
3 1 =1l.v =l,0 -1,0 -le4d
“ 1 =0, “Jel -100u0, =190000a
° 1 vel Oel
[} 1 250. énv, 500, SUU,
000000VVULO
UPEN Ln0P wli= A2 LoAP aCHIve TYpE 7 T=kL 7 T=&L
HONN
lu, I -50. al, Ugt 10,
sSTOP



RUN NO.

1) 4% ]

Adoo 3jqejieae 3saq
wolj pasnpoiday

DEMQO < MAYF OL/26/75
fUN 8Y D. [FVERS

AE-C TRANSFE® FUNCTION STUDY

DONCHUE CHECK PROBLEM  —-DATA MOC ON 3AMARIOTS
— = SCHEMATIC ==
Yyy YYY YORE  Yvy vy
Y TCREION v
v * FL  =-SPRING- * F1A ¥
Y MOTOR B v
Y ' Ty

YYYYYYYYYYYYYYYYYYYYYYVYVYYYYYYYYYYYYYYYYYVYY

v

e SERINGE (R2,PZ,P4)
* AZIMUTH

MOTOF

bk SP2CECRAFY
*ae  (PLATFORM)

CUCeENT Y Ire
ThE CPY TTVFP

BRCE N,

€&.26.74
e



fUN

AC
Ne
Nk
RN
NO
N
NU
NP
L

NE

THE

T1e-¥

M. (FMC @ CATE C&/A/TS
RE'N RY r, rryepe
AE=C TRANSKEY EUNCTILN STUDY
DONOHUE ChECK PYXORLEW —==C2T2 MO DN IMpRLO7™E
SUMMARY (.F NYNEMIC-CTIMULATICN~PSCCE AM INPUT CATE % =
TLaL S1Z°E° MAX IM M CTZCS INTECEATION DATH
= 5 NEMAX = IS STARTY = 0.0 €1 = OC.
= 5 NEmax = ¢ DELTAT = .0 2 = G.
3 1 NEPMAX = 13 ENPY = €.C ¢z = .
MO = G NWWMAY = £ CMACG = C.
ELTe = 1M NMWE DD = .
= 20 NROeQr = 12
£TA = 12 <y = In
AV = 12 Ky = Q8¢
o = &2 Ky = 11
TOPOLOGY AFRAY (ITCPLL) F7% THIS CASE ECLLOWS

1)y €2y €2y (&) CF)

! 1 1 O S
2 1 c 1 2 oz =
CONSTRAINT SPECIFICATICNS SCR THIS CASE ECLLOW
C12 020 C3) (&) (5}
! 1 < 1 1 1 1
2 1 o 1 LU
R o ¢ ¢ ¢ !
« 1 o 1 1« o
€ 1 o 1 1 1 !
¢ 1 o 1 1 1 1
T o 1 11

SPECIFIED INITIAL YINGE A*CGLES AND CISPLACEMENTS

t 1) 23 {3 t 2}
1 1 1.222Q+50 0Ol 0.0 0.0
2 ! 0.0 CaC ~1.222C+00 0.0
3 1 c.C c.C 0.0 T.0
3 1 0.0 [N ¢ 0.0 G0
s 1 0.0 C.0 0.0 C.C
6 1 0.0 0.0 0.0 Ca0

. SPECIFIEC INITIAL HINGE ®ATES (RETARDC) FCOLLOW

(1) t2) (3) (IS |
1 1 0.0 0.C 0.0 0.0
2 1 Ge0 G.0 0.0 0.0
2 1 0.0 0.C 0.0 0.0
& 1 0.0 0.C 6.0 0.0
s 1 0. 0.0 0.0 0.0
6 1 0.0 0.0 0.0 C.0

c

ft

x % * * & &% % &

GRAVITY CRATIENT CATa

(SETAY) FOLLTW
{ )

CUFEENT TIMF = (L,39,07F
Twf C;v TIivcre -

cemal
GAMA2
GAMAZ
RCMAG

n ot uH

W

vieg,

LALLE PR S
LIt -2 ok
fngt'.'

Rl ) |

~ATA

won oy

3

jir

Ly
‘l




RUN NO. DEMO 9 DATE 0&6/26/TR PAGE MO 3
QUN BY N, DEVFES

AE—C TRANSFER FUNCTION STUDY CURRENT TIME = (& ,20,.35%
DONOHUE CHECK PROBLEM ~=~DATA MOD ON 3IMAR]IOTS THE CFU TIMFE = 7.4667F 01

ey

THE NO. OF FLASTIC MODES/BCDY ARRAY (IPGFLX) FOLLOWS
C1Y € 2) ¢ 3) (&) C5)
1 1 L] o C (o) (d

THE NO. OF P/Q HMINGE POINTS/EONDY ARRAY (NHPOI) FOLLOWS
1) 2y & 3 t4) ¢ %)
1 1 1 2 2 2 1

THE NO. OF SENSOR POINTS/ZE00Y ARPAY (NSPGI) FOLLOWS
C¥Y 02 (2 4 &) (5)
1 1 1 0 [ (] 0

THE MOM. WHEFL/BODY TARLE (NMOW) FOLLOWS
(1) €2 t =) (&) €5

LU
o0 b b bt Dt gt
QOO00QO
C0OQ0QO00
QDOVCOC
NQOONIQ
oODO0Q0CQ

THE STATE VECTOR LENGTH ARPAY [LENU] FOLLOWS
C1Y €2) ¢33 Ca) t5) L6) € 7)Y L 8Y € 9) (10) (11) (12)
1 1 6 6 & 6 & [ ¢ 0 ¢ ¢ 12 11

THE STATE VECTOR LOCATION AFPRAY ({LOCU) FOLLOWS

(1Y €2y € 2) [ 4) €5) €C6) €7 ¢ 51 €91 (1CG) €(11) (12)
1 1 1 k4 13 19 2% 3N 31 n 21 31 z &2

THE SPECIFIED SENSOR POINT/RHODY CORRELATION ARPAY (JFTEMW) FOLLOWS
(1
1 1 1

( ¢ | (



OFMO &

AE~C TPANSFFR FUNCTION STUDY
‘OONCOHUE CHECK FRORLFM

bt Pt ot pab ped Bt et ek P

1 % £

1
11
21
b |
41
51
61
2!
a1
91

ty)
0.0
0.0
1.42804+402
6o 6660402
0.0
3.1100+00
0.0
4. 438Q+05
0.0
4.871Q0-02

{ 2)
0.0
0.0
2 .000Q +00
2.5140+403
2«506C+00
5 .C00C+00
0.0
60900 +0"
0.0
Te1540-02

-==DATA MCD O\ 3IMARICT S

THE FOLLOWING DAT2 1S SPFCIFILD MOM. WHEEL INFNRMATION

DATFE 0&/26/78
fRUN BY D,

DEVEFS

(TF ANY) AND CONTPOLLER JINFORMATIDN

CUPDENT TIMF

N

THE SPECIFIEDQ CONTPOLLFR INITIAL CONDITIONS AND CHARACTERISTICS
(THE FIFST NOELTA ARE INITIAL CONTFOLLER STATE VARIARLES,
<

0.0
0.0

1.2500+C1
1.2200-01
2.200Q+01

-

0202
DOOCOO

FCLLOM
THERE ARE
(<) ¢ &)
0.0 G.0
0.0 0.0
2.5000-02
1.1580Q+01
£.200Q+C4
0.0 0.0
1.63604+06 0.0
0.0 0.0
?e4bTC-02 0.0
C.0 0.0

B9 ADDITIONAL CONTFOL PARAMETFES)

1.4000+01
1.000C+02
45000402

t 9
0.C
0.0
L.,OT5C+(}
0.0
1,2200~01

20220
. .o
o

2020

= 04.2€,2F
TIMFR = [.4667F-~01



RUN NO. DEMD 9 FATE QL4/2¢/75 FECE NCa
PUN'BY . CEVESS

AE—C TRANSFER FUNCTION STULOY CLRREMNT T IMF = (¢ "¢, 3¢
DONCGHUE CHECK PPORLEM —~——DATA MOD ON 2MAD197€ THE CPIE TINER = 1.06¢76+00
>
&
&= SUMMARY OFf INPUT DATA F(® AQDY 1 WHICH 1S °ICIN.
THE 6X6 INERTIA MATRIX IS ~—
t 1 t 2 (3] { «) t 5) ( 6)
1 1 1.0000+00 2.570Q-C3 -5.7120-02 0.0 (139 4] 0.0
2 1 2.5700-03 9.3210-C1 -1.1980-07 0.0 0.0 0.0
3 1 =5.7130-02 =1.19H80~(2 B8.7410-01 0.6 0.0 0.0
4 1 0.0 0.0 0.0 5.£620-02 0.0 0.0
s 1 0.0 0.0 0.0 0.0 f.A62(~(2 (.0
6 1 0.0 G0 Ga.0 0.0 0.0 5.862C-02

FOR e0DY 1 THE P—Q HINGE NO. AND THE EULSR POTATINN TYPE APPEAR IN THE FCLLOWING INTFGER ARFAY WHI(H
IS FOLLOWED BY AN ARRAY CONTAINING FULER ANGLES (147420, AND FOSITION VECTOR COMPONENTS (& 46 ) THAT POSITICKN THE
HINGE TRIAD WRT THE B0ODY TRIAD

1y t 2y
1 1 2 1
(1) € 2) { 3) t &) {51 { 6)
1 1 0.0 0.0 0.0 —2.400Q-02 (40690400 2.4600-02

FOR BODY 1 THE SENSCP FOINT NQ. AND THE FULFR RCTATICN TYFE AFPEAR TH THF FOLLOWING INTFCEP ADFAV WHICH

IS FOLLOWED BY AN APRAY CONTAINING EULER ANGLES(1,2,3), ANDO FOSITION VECTOR COMPONENTS (&,8,6) "HAT POCTYICN THE

SENSOR TRIAD WRT THE BODY TRIAD
1) &2

H 1 1 1

2)

( 4] 5 t &)
1 1 0.0 0.C

t
0.0 0.0 0.0

O -
.
o w



RUN NO.

(

‘ | |1 T I B
| | ‘:M ‘ﬂ!h Ff
i | e i 1

| | el i

i | b ]| IR U

I i1 !
T

DEMO 9 FATE OL/76/75 FAGF NN. &
RUN BY D. DEVERS

AE-C TRANSFER FUNCTION STUDY CUROFAT TIME = (4,70, 3

DONOHUE CHECK PROPLEM ~==DATZ MOD ON AMAT]97E THE CPUY TIMEP = 1.2700E+00

SUMMARY OF INPUT D2ATA FOR FODY 2 WHICH TS RIGID.

THE 6X6 INERTIA MATRIX IS —

STE-V

1 1
2 1
3 1
& 1
14 1
] 1
FOR BODY

~—

t 1) t2)
31.8990-03 0.0

190-032

FE-X-X X=-X-2
3
o
2O WO OO~
corom0d
owoom -

2 THE P—C MINGE NO. AND THE EULER ROTATION TYPE APPEAR N THE FOLLOWING INTEGFR APRAY WHICH

1S FOLLOWED BY AN ARRAY CONTATINING FULER ANGLES (142,3), AND POSITION VECTOR COMPONENTS (4,5,4) THAT FOSITION THE

HINGE TRIAD WRT THE EODY TRIAD

1
2

1
2

1
1

1
1

1 C2)

2

RN ,
tn € 2) « 2) €4 €5l t &)
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 -5.976G+00 0.0



RUN NO. DEMO 9

AE-C TRANSFER FUNCTION STUDY

9TE=Y

SUMMARY DFf 1INPUT GATA FOR PCOY

THE 6X6 INERTIA MATRIX 1€ ——e
1) t2) t

1 1 1.0540400 ~1.25%00-03 —6.6400~-03
2 1 ~1.250Q0-03 32.75%0-01 1.9410-02
3 1 —6.6400-03 1.9410-02 8.9120-01
& 1 0.0 0.0 0.0
5 1 0.0 0.0 0.C
] 1 0.0 0.0 0.0

DATE 04/26/175 PAGE hNO.
RUN Y D, DEVERS

CURPFEMNT TIMF = (04L,.29.37

DONOHUE CHECK PROPLEM ——=DATA MOD N 3MAR]IITS THE CPU TIMEPR = 1,44G0E+CO

2 WHICH IS RIGID.

{ &) [ } 4 &)
0.0 0.0 0.0
[+ D)) 0.0 0.0
0.0 0.0 0.0
2.43T0-02 0.C 0.0
C.0 24437002 0.0
0.0 0.0 ) 2437002

FOR BODY 3 THE P-0 HINGE NO. AND THE EULFR ROTATION TYPE APFEAR IN THE FOLLOWING INTVFCF? ACT2Y WHIMH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLFS (142,30, AND FOSITION VECTOR COMPONENTS (4,7,6) THAT PCCITION THE

HINGE TRIAD WRT THE PODY TRIAD

t1 2y

1 1 3 1

2 1 & 1
tn t2) (3
1 1 0.0 0.0 0.0
2 1 0.0 0.0 0.0

t &) t 5 t e
—2.4000-02 5,2900-01 -£.1000-0?
~2.&£000-02 5.290Q0-01 1.215Q+01



RUN NO. DEMO © CATE C4/26/75 PAGF NO. 8
‘ RUN FY D. DEVERS
AE~C TRANSFER FUNCTICHM STUDY . CUPPENT TIMEF = 4,20,37
DONOHUF CHECK PROPLEM  —=-DATA MOD COM IMARYGTE . THE (PU TIMEP = 1.5SGOE<00

SUMMARY OF INFUY CATA FCR BODY & WHICH 1S RIGID.

THE 6X6 INERTIA MATRIX IS ~--

LIEv

(11 t{2) [ ) t &) t 5 { &)
1 1 1.0000-04 0.0 0.0 0.0 c.0 0.0
2 1 0.0 1.0000-04 0.0 0.0 0.0 0.0
3 1 0.0 0.0 9.6600-02 0.0 0.0 0.C
& A 0.0 0.C 0.0 1.5960-02 0.0 0.C
5 1 0.0 0.C 0.0 0.0 1.5¢6Q0-02 0.0
6 1 0.0 0.0 C.0 0.C 0.0 1.59¢0-0?

FOk £ODY & THE P—Q HINGE KNO. AND THE EULFR ROTATICN TYPE AFPEAK TN THE FCLLOWING INTEGFF ARRAY WHICH
IS FOLLOWFD RY AN ARRAY (ONTAINIRG EULER ANGLES (1,2,2), AND FOSITION VECTOR COMPONEMTS (&4,%,6) THAT POSITICN THE
HINGE TRIAD WRT THE E00Y TRIAD
t1)y €2

1 1 4 1
2 1 5 1

(1 «2) 3 (&) (I 6)
1 1 0.C 0.C 0.0 0.0 0.0 0.0
2 1 0.0 0.0 0.0 0.0 0.0 0.0

Adod ajqepieae 3saq
woij pasnpoidoy




RUN ND. DEMC 9 . PATE O4/26/7F FeCE MO,
oUN BY P, NEVFES ’

AE-C TRANSFFR FLUNCTION STUDY CUFREMY TIVF = 0L,7¢.77
DONOHUS CHECK PRORLEM —=DATA MCD ON IMARL97S THE CPU" TIMEE = 1.7°¢7E+(0

gIeL~v

SUMMARY CF INPUT DATA FNP FOCY 5 WHICH IS PIGID.

THE &X6&6 INERTIA MATRIX IS ---

€1 t 2) « 3) { 4«1} « ") ( &)
1 1 8.5C0Q+G2 0.0 -2 .B0C0+00 (0.0 0.0 0.0
re 1 0.0 £.63EQ+02 0.0 0.0 0.0 0.0
3 1 ~2.8000+00 0.C ?,3540Q+402 0.0 0.0 0.0
& 1 G.0 0.0 0.0 Z.€5€C+00 0.0 0.0
& 1 0.0 0.0 0.0 0s0 26560400 0.0
6 1 0.0 0.0 0.0 Ca0 0.0 A E5E040C0

FOR BODY 6§ THE P-Q HINGE NO. AND THE EULFR ROTATTON TYPE APIEAR 1IN THE FCLLOWING INTFGES APRAY WHICH
1S FOLLOWED BY AN AFRAY CONTAINING EULER ANGLES (11,2433, AMD FOSITION VECTOR COMOONENTS (4eS,r) THAT SCOITICN ThE
HINGE TRIAD WRT THE PCDY TRIAD
' t 1 t2)
1 1 5 1
) 4) t5) (-3}

1 ( {
1 1 0.0 0.0 0.C Ca0 0.0 -8 .769C+C0

THE FOLLCWING INTEGER ARRAY (INDEP) PRESCRIBFC INDEPENCENT VARTAFLES (1), AMD DEBRENDENT VARPT2R{ET (%)

C1P 02 (2 L&) €50 C6) €7 € a) € &) (1C) (110 4120 (12) (14) (17 (1) (17) (1) (1e) ({2C)
1 1 0 1 0 ¢ ! o] ] 1 (¢} 1 0 1 [ O G 1 c [\ n o
1 21 1 1 1 0 o 0 1 1 1 0 1 H 1 1 1 H 1 1 ! 1
1 “1 1 1 1 1 1 1 1 1 1 1 1 1 1



L

{ll
\
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L
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FLAGE NN,

10

G, T100E +CO

RUN NN, DEMN 9 TATE (4/26/7F
euN PY O, DFVERS
AE-C TRANSFER FUNCTICM TULY . CUPRFNT TIMF = (L ,2¢..9
DONOHUE (HECK PROELEM ~—=UATA ¥QD M 3IMAR]OTE THE CPU TTMER =
AT SIMULATION TIME, T = (.0 £ 2 % & % 5 % 4 3 8 kK % A B R X E RN P B XN R E LR XS D
THE STATE VECTOR Y =
t1n t2) LY t 4 t 5 (&) t 7 t A) ()
1 1 6.0 0.C 0.0 0.0 0.0 ¢.0 0.0 C.0 0.0
) 11 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0
1 21 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0
1 21 1.2220+00 0.C 0.0 G.0 0.0 0.0 0.0 —1.2220+00 0.0
1 “1 0.0 0.0 0.0 0.0 0.0 0.G 0.c¢ 0.0 0.0
1 51 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.0 SIS BRI N IR RE N IR O R IR I IR A N B
THE STATE VECTOR TIME CFRIVATIVE YDT =
(1) Lt 2) €3 (<) t2) t &) tn t 5} t °)
1 1 0.0 0.C 0.0 O.C 0.0 0.0 0.0 0.¢ 0.C
1 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.C .0
1 21 0.0 0.0 0.0 n.0 0.0 0.0 0.0 0.0 .0
1 21 0.0 0.0 0.0 0.0 0.0 0.0 0.0G 0.0 0.0
1 &1 0.0 0.0 0.0 0.0 6.0 G.C 0.0 6.0 0.C
1 51 0.0 0.0 c.c
AT SIMULATICN TIME, Y = 0,0 ' N E R EEEEENIE I I AN B NI I A R N
THE BETAS (EULER ANGLES, PLS1TICN CCORUINATES) ARE
t 1 {2) {3} t4) 5
1 1 1.222Q+00 0.0 0.0 0.0 0.0
2 1 0.0 0.0 ~1.222Q0+00 0.0 G.C
k) 1 0.0 0.0 0.0 0.0 0.0
“ 1 0.0 0.0 0.0 0.0 n.o
5 1 0.0 0.0 0.C 0.0 .0
L 1 0.0 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = (.0 T I A SRS R B IR B I B N B R N BN B B B
THE BETA TIME DERIVATIVES APE
t1n t2) t3) ¢ &) ¢ s)
1 1 0.0 0.0 0.0 0.0 0.0
2 1 C.0 0.0 0.0 c.C Q.0
3 1 0.0 0.0 0.0 0.0 0.0
& 1 0.0 0.0 0.0 ¢.0 0.0
5 1 0.0 0.0 0.0 0.0 0.0
) 1 0.0 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.0 X A % 2 %% & % & KSR A E S EE X KR KX EE KX KN

_6TE-y

THE DELTAS (CONTROL SYSTEM VARIAPLES) ARE

1
1

1
n

AT SIMULATION TIME, T =

t1)
0.0
0.0

{ 2) (3 { &) t s t &)
0.0 0.0 0.0 0.0 0.0
0.0 CEE I 2E BE BE BN 3% W

THE DELTA TIME OERIVATIVES ARE

1

t 1}
0.0

t2)
0.0

t3) 6 « 8 (
0.0 0.0 0.0 0.0

[ g |
0.0

0.0

t 8
C.0

)

0.0

* ® % * K & % 2 % % * xS % 2 * XA R F & X

(9
C.0

(10)
0.0

(10}
0.0



0zZeE-v

FOR

FOR

FOR

ITS

FOR

FOR

FOR

IvS

FOR

FOR

FOR

ITS

FOR

FOR

FOR

ITs

FOR

FOR

AT STMULATION TIME, T = 0.0

BODY 1 THE VELOCITIES ARE
t 1 t2) t 3 { &) ts) ( 6)
1 0.0 0.0 0.0 0.0 ¢.0 0.0
sonyY 1 THE CORRESPONDING MOMENTA ARE
tn t2) t3) t %) t s) t 6)
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY 1 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAK MOCMENTUM IS
{1 t 2) { 3) { %) t = { &)
1 0.0 0.0 0.0 0.0 0.¢ 0.0
CONTRIFUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 0.0
AT SIMULATION TIME, T = 0.0
BOOY 2  THE VELOCITIES ARE
{1 t2) 2 { &) 5 i &)
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY 2  THE CORRESPONDING MOMENTA ARE
«n t2) € 3) { &) { =) t6)
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY 2  ITS CONTPIBUTION TO TOTAL ANGULAR AND LIMEAR MCMENTUM IS
{1 t2) t 3) t &) t (&)
1 0.0 0.0 0.0 0.0 0.0 0.0
CONTRIBUTION YO TOTAL KINETIC AND POTENTIAL ENERGIES IS 0.0
AT SIMULATION TIME, T = 0.0
BODY 3  THE VELDCITIES ARF
tn «2) t 3 (a) t 59 € &)
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY 3  THE CORRESPONDING MOMENTA ARE
tn «2) {3 t 4) €5 (&)
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY 3 ITS CONTRIBUTION TC TOTAL ANGULAR AND LINEAR MOMFNTUM IS
tn t 2) « 2) (%) t =) { &)
1 0.0 0.0 0.0 0.0 0.0 0.0
CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 0.0
AT SIMULATION TIME, T = 0.0
BOOY 4 THE VELOCITIES ARE
t 1) t2) t 3 { %) {51 t &)
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY &  THE CORPESPONCING MOMEMTA ARF
tn {21 €3 t &) { 5) (&)
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY 4  ITS CONTRIBUTIUN TO TOTAL ANGULAR AND LINFAR MOMENTUM IS
t 1) t2) (3 ( 2) € 5) (&)
1 0.0 0.0 0.0 0.0 0.0 0.0
CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIFS IS 0.0
AT SIMULATION TIME, T = 0.0
BODY 5  THE VELOCITIES ARE
N {2) t 3 t &) t s t &)
1 0.0 0.0 0.0 0.0 0.0 0.0
BODY 5  THE CORRESFUNDING MOMENTA ARE
(N t2) t 2 t &) t e (&)
1 0.0 0.0 0.0 0.C 0.C 0.0
A

o
CAM

E

LR B IR R A I I B R R L B R L N N N N N B N N B N N N R R

0.0

* % % % % x ¥ 3 % & % £ & F B FE ¥ B F N F KA K kN KA

0.0

X X 2 % % X X X % % ¥ % ® X ¥ ¥ % £ ¥ X ¥ K ¥ B & % % * % & ¥ X

0.0

* % % x % % &k % ¥ % F £ ¥ k W ® %k R % B K % ¥ X K % X X & % &

.0

2R % & ¥ % X %k F R ¥k % B %Y KR AR AR K KR F AN ®

(



1
TS

THE

THE

THE

THE
THE
THE
THE
THE

T2e-v

1 6.0 0.C

CONTRIAUTION TO TOVAL KINEYIC AND FOTENTIAL ENFPGIES

AT SIMULATION TiMmt,

(1) { 2)
1 0.0 0.0
11 0.0 0.0

AT SIMULAYION TIME, ¥ = 0.0
VECTOR IS

TOTAL ANGULAR MOMENTUM
«tn t
1 0.0 0.0

TOTAL LINEAR MOMENTUM VECTOR IS

(1) (2
1 0.0 0.0

TOTAL ANGULAT MOMENTLM
TOTAL LINFAR MOMENTUM
TOTAL KINETIC ENEKGY
TOTAL POTENTIAL FNERGY
TOTAL TNERGY (T + V)

¥

ot ononon

= 0.0
INTERCONNECTION CONSTRAINT FURCES (LAMBDAS)

0.0

C.0
0.0
0.0

X % A % % & % & & ¥ n

t.‘.t"*“*“*t‘t"ilt""it‘l“

t &) ( o)
c.0 0.0
n.0

A A 2 x &£ & A A Kk & K % Kk Kk AR W E X 9

I

I
Il
\

v

I
l



RUN NO. DFMO ¢

——-DATL MOC (N

t 3}

2«641Q-02
0.0
2.164Q04+03
0.C

24244004

0.0
=2 «£6104+02
0.0

=T« 6200+00
0.0
G.0

-9.3410~0F
0.0

~6,001Q+05
0.0

£.387Q-05
0.0

=] +6660+06
0.0

5.211Q0-04
0.0
1.6310+05%
0.0

0.0
6«4 XTQ+06
C.0

3.9990-07
0.0

~1.728Q+02
0.0

=T7.0390~06
0.0
—~2 2380401
0.0

T AE-C TRANSFEF FUNCTIOCW STUDY
§ DONOHUF CHECK PPOFLEM
OUTPUT MATRIX —A- (S I -
(1 (2

1 1 ~2+6610-02 ~3 .LBLO-0%
1 11 ~9.8P9Q-06 —4.9010-0¢
1 21 3.9060+02 -T7.8E£20+02
1 31 -2.4180-08 0.C

2 1 =2.2640-04 ~3.645C-03
2 11 2.900Q-0T -5.12680~03
2 21 4.,0880+05 2.3120+01
2 31 4.066Q-06 0.0

a 1 7.6200+00 0.0

3 11 0.0 0.0

3 21 0.0 0.G

4 1 9.3410-05F 1.7260~0%
4 1 —1.736C—02  2.42¢0-03
4 21 ~1.934Q405 -]1.3F4C+05
4 31 1.1980-05 G.0

s 1 -5.3P70-05 ~6.2180-04
s 11 —4.T770Q-03 -8.76420-C4
s 21 649680404 —2 £02G+05
5 N “4.3380-06 0.0

& 1 -5.8110-04 ~3.417Q-07
6 11 =5,0720-03 —4.R040-07
6 21 3.829Q401 ~4.0430+05
6 31 ~-2.575¢-10 0.0

7 1 0.0 0.0

T 21 0.0 0.0

7 31 ~1.0570+01 0.0

8 1 =3.999Q-07 -T7.8020-09
8 11 2.1490-04 ~1.0970-08
8 21 B.7440-01 1.713Q+Cs
8 31 0.0 0.0

9 1 7.0390-06 1.599Q-0¢&
9 11  ~T7.3580-09 2.24P0-04
9 21 ~1.T792Q+0& -5.8650-01
9 21 3.0500-05 0.0
10 1 5.9650-10 2.%5%27Q-0H

~5.,9650-10

Q(I
3IMARYOTE
t &)
A, 857006
0.0
0.0
0.0
~2.207C-04
0.0
0.0
c.0
0.0
0.0
0.0
~1.1609-03
0.0
0.0
0.0
~3.1790-07
0.0
0.0
0.0
2.0350-06
0.0
0.0
0.0
~1.2660-02
0.0
0.0
3.9€93-0¢
0.0
0.0
0.0
~1.635Q-07
0.0
0.0
0.0
0.0

DATE Q&/26/T5

N BY D. DEVEES
ey t &)
1.060C—05 ~1,8450-0%
0.C [ARY7}
0.0 0.C
-1.,7770-02
—6.0640-0¢8 £.T00G-06
0.0 0.0
0.0 0.0
5.1410-0%
0.0 0.0
0.0 J.0
~3.0R00+02
3 ~a.la00-03 L 16FC-03
0.0 0.0
0.0 0.0
-3.1200-01
~RaTA5G~05 5.9520-(2
0.0 Oe.C
0.0 0.0
~F 572001
«SCC=06 =L 2600-CC
0.0 G.0
0.0 Cc.0
~0.1140~(1
—~2.3150U~07 3.54°Q-02
0.0 GG
0.0
1,0990~0fF 1.47%C-04
0.0 C.0
0.0 0.0
2.8550-02
—6e493Q0-07  4.7600-27
0.0 0.0
0.0 0.0
~1+203C-0¢
0.0 0.0

t
(:m

t 7

T ot S (4F
0,0
Cel

-9 ,%11(-0F
G0
G.0

5.760C ~(2
G.C
C.C

~2.2770-01
0.0

6111006
G.0
0.0

=T7.6140-07
©0.0
.0

0.0

crepesT FIMEe o
TIMEC =

THE CFU"

t ey

TeTGLEC-CF
[ty
Nl

- L11n=0"
o.r
0.0

I VAT 72
Cel

—X 690601
6.0
0.0

a,ugn-nc
0.6
0.0

(A

L, G

[ |

C.ACel =0t
VLTENC ars
Culs

RLTECCT
1 LPECe0L

0.0

Ry
~F L NEITH0E

R LAl
—F . 1050eC3
e,r

T L9L0-C
TWRETIC07
.0

8,2200-07
TLRED0ACh
0.0

2D

TRTI0-0F
DG ERIC a0
Cc.0

—lLBLEA-GL
— EEEC O
G

-€,12fF0~CF

FaCl

-
-

¢

[
0.C
(.0

LI

TOERTIEAG2

1)

1
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il s

RUN N('. DEMO 9 NDATF 04/2&/75 FAGE NC. 12
FIUN ABY . DEVERS
AE-C TRANSFER FUNCTION <TuDY CUSEENT TIMF = (L.26,30
OONOHUF CHECK PROELEM —~0DATA MOD ON 3MARTIOTS THE CFU TIMEP = 2,60nGE (2
OUTPUT MATRIX -aA-~ t 41 x ac ) CONTINUFP
(1) «2 t 2 t 4y [I-3 ) t &) (B4 ] ( 8) ( 9) (10}

10 1t 0.0 3.5P10~GF 0.0 0.0 0.0 0.0 0.0 0.0 =2.9840-0> 0.0
10 21 =~2.8540400 —%,970G~0% -] .806Q0~02 0,0 0.C C.0 0.0 C.0 .0 0.0
10 31 1.0690-03 0.0 0.0 0.0 -1.1040~10
1 1 ~3.0210-07 ~5.8920~09 3.0210~07 2.1640~0Uh £ .9LEC~06 T.960C=08 —&.615C—G0F =2.057C-04  1.418C=CE (.0
11 11 1. 1980~04 —B.2P6C -0 (.0 0.0 a.o 0.¢ c.0 C.C 20020401 0.0
11 21 6.604Q0-01 9.5470+07 -1.305Q+02 0.0 0.0 0.0 0.0 0.0 0.0 0.0
It 31 0.0 0.0 0.0 0.6 ?.156C-02
12 1 502960086 B.5680~05 —5.2960=06 ~9. 65 TN-0F -2 . £53CG-(T 2,2C3G-0T =5 ,.0640-(7 Te€230~09 =2 ,0570-Ce Ca0
12 11 ~5.536Q-09 1.2070~04 0.0 0.¢ 0.0 .0 0.0 0.0 -31.810C+02 0.0
1z 21 ~9. 5200403 £.4120-01 -1.682Q+01 0.0 0.0 0.0 0.0 a0 C.0 Ca0
12 31 ~2.312G~07 0.0 0.0 0.0 -9,8040-C7
13 1 1.000Q+00 0.0 G.0 0.0 0.C ¢.C 0.0 c.0 CeC 0.0
14 1 0.0 7639002 0.0 ~1 817002 ~4,992Q-02 £ .,34P0~C2 0.0 =2,5300-04 —T,6260~02 0.0
15 1 0.0 2.7800-02 0.0 4076002 1.36TQ-0Ll =1.4640-0) 0.0 G bbSD—le =2 . TEDC-02 0.0
1¢ 1 =-3.076002 0.C 0.0 2.0620-02 S.6ETQ-02 9,4500-01 0.0 -6 265002 0.0 0.C
17 1 0.0 1.000(+C0O0 0.0 0.0 0.0 G.0 0.0 c.0 CeC CaC
18 1 1.4324Q0~02 -6 .9340-01 (.0 —Q.2€20-01 3,4310-CY -1.1036-03 0.0 Te?2020~0F  6,9240-01 (.0
19 1 ~1.0000400 (.0 1.0000+00 0.C 0.0 0.0 M0 0.0 0.0 c.0
20 1 0.0 0.0 ~1.C00Q+00 —2.298Q0—03 -6.315Q-(3 =T.520C-02 0.0 B206(-02 (un £.0
e { 1 0.0 -8.1300-02 0.0 6. 1750-0%  1.6970-0a ~1.81F0-04 0.0 1.2000-0F 1.9%60-C1 0.0
21 11 0.0 -1.1430-01 0.0 ¢.0 n.e 0.0 ¢.0 nan c.0 ¢.0
22 1 0.0 0.C C.0 2.2980-07  6£.3150-C3  T.528Q-C2 0.0 —1.9¢3C-C1  CL.C 0.0
22? 11 1.1430-01 0.0 C.0 0.0 0.0 0.0 0.0 0.0 0.0 C.0
23 1 0.0 0.C 0.0 5206002 1.,455C-ul ~1.556¢0-01 1.000Q+0N 1.02¢0-N2 0.0 G.0
24 1 0.0 0.0 C.0 0.0 0.0 C.0 -1.00¢Q+C0 0.0 n.o 1.0000Q+00
25 11 0.0 0.0 0.0 3.049G+0F 0,0 0.0 .0 0.0 0.0 (.0
2% 21 0.0 0.0 0.0 .0 -6.260Q+06 0.0 0.0 0.0 ngn G.0
26 11 0.0 0.0 0.0 6.0990+08 0.0 0.0 C.0 c.0 0.0 0.0

£ZE-y



DATE 0A/26/7%
RUN BY 0. OEVERS

~—=DATA MOD ON 3MAR197S

t & { 5) (&)

RUN NO. DFMO 9
T AF—C TRANSFER FUNCTICN STUDY
§ DONOHUE CHECK PROBLEM
OUTPUT MATRIX ~A- ¢ 41X 35) CONTINUED
«tn 12y ¢ 3
26 21 0.0 0.0 0.0
27 1 0.0 0.0 0.0
27T 21 0.0 0.0 0.0
28 21 0.0 0.C 0.0
29 21 0.0 0.0 0.0
30 21 0.0 0.0 0.0
31 21 6.0 0.0 0.0
31 31  -5.600Q0+402 0.0 0.0
32 11 0.0 0.0 2.636G407
32 31 0.0 —£.2800404 G.0
33 11 0.0 0.0 1.1£5Q+0¢
33 31 0.0 ~2.624Q406 -4,50C0402
34 31 0.0 0.0 1.0270+05
as 31 0.0 0.0 0.0
36 1 0.0 0.0 ~1.0000+00
37 11 0.0 0.0 1.000Q+00
38 1 0.0 0.0 C.0
39 11 a.c 0.0 .0
40 31 1.000Q+00 0.0 0.0
41 3} 0.0 0.0 0.0

END OF WRITF.

0.0 ~1.255Q+0% -1.C00Q+03
1.540040¢8 0,0 (.0

0.0 =2 ,1700404 ~2.512Q+07
0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 D0

0.0 0.0

0.0 0.0 0.0

0.0 0.0

C.0 0.0 0.C

0.0 0.0
—6.6660+02 0,0

1.1020402 -1.0280+02
—2.2C80-07 —6.215Q-03 -7.528C~02
C.0 G.0 0.0

0.0 ‘0.0 0.0

1. 0000+0C  0L.C 0.0

C.0 G.C

0.0 1.0000+00

o0 ©

C.
Ca.
0.

L. 6660405

C.0
C.0
=1.0QCC+N0

0.C

CURRENT TIME =
THE CPU TYIMFF =

(e}
0.6

(AP
0.0

“5.65660+C?

T EY1G0407

&,2000-07

PAGE NO.

04,729,720
2.5922F +02

t @) t1o}
0.0 0.C

N 0.0
0.0 0.0
c.n G.0
-2.514C+C2 0.C

7.5140403 —2.5140403

G0 &L, 000002
0.0 0.0
0 Cal
[alAl G.0
.0 GeN
[ ¢ 1.000C+00
oun c.C



W

RUN NO. DEMO 9 NEYE 04/26/7% PAGE NO, 14
‘ AUN FY D1, DEVECS
AE-C TRANSEER FUNCTTION STUmY CUPRENT TIME = (04, L0.14
DONGHUE CHECK FROFLEM  ~~-[ATA MOP OGN IMAF]OTS THE CFU! TT¥FR = 3.79C:F02
CUTPUT MATRLIX ~T- t 35 x %)
. tn M € =) W (=) &) € 7 tey t oy €10
] 1 1.006Q+00 G0 0.0 0.0 a.0 0.0 0.6 0.0 .0 0.0
2 1 0.0 1.0000+30 0.0 0.0 0.0 0.0 o.n 0.0 Lo 0.0
3 1 C.0 0.0 ~2.248Q=03 =6.3150-03 -7 €300-02 0.0 n.?ooo-oz 0.0 G0 CaC
3 21 0.C 0.0 0.0 0.0 0.0 0.0 0.G .G c.C -1.0000+00
4 1 0.0 0.0 1.0000400 G.G 0.6 0.C 0.0 0.0 0.0 0.0
s 1 0.0 0.C 6.0 1.0000+00 0.0 0.0 0.0 0.0 C.0 0.C
¢ 1 c.0 €.0 0.0 0.0 1.000G+00  QuC ¢.0 0.0 .0 0.0
7 1 0.0 VN 0.0 0.0 0.0 1.G0C0+006 0.0 0.0 c.e 0.C
8 1 0.C 0.0 0.6 0.0 0.0 0.0 1.0000400 0.0 0.0 6.¢
e 1 c.C 0.c 0.0 0.0 0.0 0.0 0.0 1.00C0+0C (.0 C.0
10 1 0.0 0.0 0.0 c.0 €. 1.C0C0+00 0.0 c.0 c.0 €0
10 3 0.0 1.6C00+0C 0.6 0.0 0.0
11 1 c.o G.C 0.0 C.0 0.0 0.0 6.0 0. 1.0060+00 0.0
12 1 o.c () G.0 (4 € .C . C.0 .t C.0 1.000C+00
13 21 . 1.000Q+00 (.0 C.0 .G 0.0
14 3t 0.0 .0 1.60C0+00 0.0 0n.c
1F 11 1.0006+00  0.C c.0 0.0 n.e 0.0 0.6 o.0 0.0 Celr
16 11 0.Q 1.0CCC+0C 0.0 0.0 0.0 0.0 0.0 U0 0.0 0.0
17 11 0.0 0.0 1.0000«00 0.0 .U C.C 0.C C.0 ra.f 0.0
18 11 0.0 C.0 0.0 1.000C+CQ 0.0 c.0 0.0 0.0 0.0 c.0
1o 1 0.0 0.0 ¢.0 0.0 1.0000+00 D0 'O 0.0 0.0 G.C
2c 1 0.0 t.c 0.0 0.0 a0 1.6000+0C  €ud .0 0.0 U
21 11 ¢.0 ¢ a( 0.0 0.0 Cc.0 Ga0 1.0C00+00  C.0 G0 0.C

SZE-V



RUN NO. DEMD 9

7A% 4

QUTPUT MATPIX
|

22 17
23 11
24 1
25 21
26 21
27 21
28 21
29 21
30 21
31 31
32 21
33 21
34 21
35 R

END OF WRITE.

AF~C TRANSFER FUNLTYIMN
DONOHUE CHECK PROFLFY

b & (
t 1)
0.0
0.0
0.0
1.0000+00
0.0
0.0

0.0

0.0
U.Q

0.0

15 x4 )

t2)

0.0
1.0000+00
0.0
0.0

0.0

Loy
-==CATA MO0 CN 3MAGTI9?E

CONT INUE™
t 3)
0.0
0.0
0.0
0.0
0.0
1.000Q+00
0.0
0.0
0.0
g.cC
0.0
C.0
0.0

0.C

CATE QL/26/77%
PUN FY N, NEVERS

{ <) (&) ( ¢)
0.0 0.0 0.0
c.0 0.0 0.0
0.0 0.6 0.0
0.0 c.Q .0
0;0 0.0 0.0
.0 0.0 C.0
1.0000+00 0.0 0.C
0.0 1.0000+00 0.0
C.0 6.0 1.0CNC+C0
1.0000+4C0 0.0
6.0 c.C Cof;

Cu s C.0 GCal
O.0 0.0 C.0
0.€ 1.C000+00

C

{7

r.once+ne
.0

OOC

Lere NOY, 15

CUCRENT TIME = frL L0 14

THE €O Trwed - 2 7GzTF 0D
€y =X (1o

1.0000+00 €0 c.c
oot 1.0000+C0 (40
0.0 € 1.000C+C0
0.0 r.c c.o0
) r.c .
6.6 e €.
fat e c.0
foc foe 0.0
(or rofs 0.0
Cut N0 0
1.00CFen0 0.0 0.0
G.C TLOGECH00 0.0



LZE~V

RUN NC. DEMC 9

AE—~C TRANSFFR FUNCTI(N <TULY
DONCHUE CHECK PRCBLEM

OUTPUT MATRIX VY¥* {

tn t 2 {

1 21 0.0

Q.0 0.0

END QF WRITE.

CATE 0O&L/26/75
QUN EY N, DEVERS

~=—=~DATA MCD OM 3MARIGTS

{4 t 51

1.2220+00 C€.0

&)

d

PAGE NC. 16

CUPPENT TIMF = (&4 ,.40.21
THF CPU TIMER = 2A,C420F +0?

n ¢ RY ) (10}

il




RUN NO. DEMQ @

8IE~y

OUTPUT MATRIX

NNNN O VMUVVMWU PMEPP DWWW NNNN e e

BO®R®

8090

AE—-C TRANSFER FUNCTION STUDY

DONOHUE CHECK PRORLEM

11
21
31

11
21
31

11
21
31

n
21
n

11
21
31

11
31

11
21
31

11
21
31

11
21
31

~A®—~ (
t 1

-2.6410-02
0.0
~2.6410-02
0.0
~2+24460-04
0.0

=2 ¢ 244004
0.0
9.3410-05
0.0
9.241Q0-05
0.0
-5.3870-05
0.0
=5.287Q-05
0.0
-5.811Q0-04
0.0
~5.811C-04
0.0

0.0

0.0

0.0
-3.999Q0-07
0.0
—3.999Q-07
0.0
7.0390-06
0.0
7.0390-06
0.0
~3.0210-07
0.0
~3.0210-07

B6Q-06

o
«0
-0
-0

OO QN

~3.448Q0-03

~6.2180-04
a.0
0.0
0.0

-3.417G-07

3

-5.6E50-05
0.0
0.0
0.0

~2.722Q-06
0.0
C.0
0.0

=1.1604-03
0.0
0.0
.0

=3.179Q-03
0.0
0.0
0.0

2.022Q-04
0.0
0.0
0.0

-1.2060-02

R

—~~DATA MOD ON 3MAR1YTS

t 4)

~1.5&6£29~04
0.0
0.0
-2.4180-0R

~T.421Q-06
0.0

0.0

4. 066006

-3.187¢-02
0.0
0.0
1.198Q-0¢%

5.56850-04

0.0

0.0
=-3.57F0-10

~3.3130-02
0.0
-1.0570+401

1.0080-0%
0.0
0.0
0.C

DATE 04/26/7%.
N BY D. DEVERS
=) t &)
-2.0070-03 7.6540-05
1.7510+06 0.0
c.0 0.0
~1.7770-03
~1.619Q0-05 ~9,411¢-0°
1.48£0404 0.0
0.0 0.0
£ .141Q-C5
2 175G=07 ~2.1220-02
—6.1920+063 0.0
0.0 0.0
-3.1200-01
5.9790~03 =5,.8230-02
3.5710+403 0.0
0.0 0.0
-8.5720-01
~4 204002 5.7c8Q=03
3.8520406 0.0
0.0 0.0
-%.1140-01
3.5490~02 =2.2770-01
0.0 0.¢
0.0
14250006 =—6.1110-06
2.6510401 0.0
c.o 0.0
2 E550-C2
1.0CEG~06 —T7.9140-07
4 6660402 0.0
0.0 0.6
-1.3020~06
 749570-0% —4 . 615006
2.002Q+C1 0.0
G.0 ¢.0
2 .1560-02

t 7

2.183Q-03
?.90604+02
0.0

1.786Q~08
Lo NERDADS
C.0

2.9570-07
1.92L04CC
0.0

8.7650-02
3.8290+01
0.0

—2.242Q-04
0.0

=2,£910-04
faT440-01
0.0

=& &T7C-0T7

© —1eT920404

Gaof

~-2.0570~04
£ L0400
0.0

CUPRENT TIMF =
THE CPU TIMFP =

t r)y

P LARGO-NE
=T .RP2N+02
0.0

Q,7760-07
2.212C+01
0.0

4152007
~1.786Q¢NE
0.0

1 LORN-C 3
~A.P02C+0"
o.n

F 270007
—de , (LACH(CE
0.0

C.0
C.C

1.0770-0¢
1, 71300
0.0

=) .FLRG-NL
-5 L E6E (=]
0.6

1.4186-09
CLELTCH D
0.0

[y |
L,OF

( 9)

—¢ PFOC-0
71640403
n.o

2.9005-07
=2.6610+03
0.0

~1.T72FC-C X
-6 LOCIC+0S
CGalr

P d € e
~VLELEPGL
c.n

~F LOT20=0C
16210408
0.0

C.C
~6LITC+CE

RS L SR g
-1.7280+02
0,0

~7J2TEC-00
~2.232C+N)
G.0

1.10°P0-(4
=Y.205Q4Gz2
.0

PAGE NQO.

<08
F&F +02

(10}

-4 ,901Q-C6
0.0
0.0

-€.1280-02
0.0
(¢}

2 «4260-C2
0.0
0.0

-1.097C-04
2.0
O

$ 208004
0,0
0.0

=0 25&0-C6
C.0
a0

17



1

RUN NO. NFMO 9

“
i
I
11
4‘“

AE~C TRANSFFR FINCTION STUDY

DONOHUF  CHLCK PROFLEM

OUTPUT MATFIX —-Aw- (
« 1N

10 1 € .2960-06
1c 1 0.0
10 21 5.2960-06
10 31 0.0
11 1 0.0
12 1 -2.0760-02
13 1 0.0
14 1 1.4340-02
15 1 -1.0000+00
15 21 -1.000C+00
16 1 0.0
16 21 1.0004+00
17 1 0.0
ie 1 0.0
10 1 0.0
20 21 0.G
21 1 -7.6200+00
21 1 0.0
21 21 =7.6200+00
21 31 0.0
22 1 1.000Q+00
23 1 5.965C-10
22 1 0.0
23 21 5.9650-1C
23 21 0.0
24 1 0.0

¥ 25 7 0.0

w

~n

w26 21 0.0

3% X

1.0000+00
4 o 234001

0.0
0.0

G.0
C.0

-8.1300~0z

T £3C0-02

AS )

}I‘W‘V”

DATE 04/26/T75
FUN BY D. LFVEFS

~==0ATA MON ON 3MAR1Q7S

CONTINUED
« 3 { &)

“B.640Q0~08 -2,319Q-C7
0.0 0.0

0.0 0.0

0.0 2120~07
4.97640-02 1.3670-01
2.0630-02 S.667C-02
0.0 0.G
~9.363(-01 3,4310-01
~2.2990~02 —£,23150-Q7
0.0 .0
~7.5230~37 -1.2040-2%
0.0 0.0
6175005  1.6570-04
2.2980-02 6.215%Q-03
5.2960-02 1.4550-01
1.006C+0C  C.C
~1.750C-02 -4, 809C-02
0.0 0.0

0.0 0.0

0.0 ~1.0580~10
0.C 0.0
1.2060-02 A120-02
0.0 Q.0

0.0 c.0

C.0 1.C5704C1
“1. 817002 ~4,SC20~N2
0.0 2,0L9040¢8
0.0 &.COo00WNE

t s)
6.TROQ=C7
-3.%100+02
0.0
-0.£04C~07
~1.4840-01
9.4550-01
0.0
-1.103Q-03

-T.520Q0~-02
0.0

~1.0260~34
0.0

~1.818Q-C4
T 526002
-1.55°C-01
C.0
~5 e T230~0Y
5.051C+u&
0.0
2,0890+02
0.0
=% .84¢0-02
-2.554Q-02
C.0
-1.104C-1C
£.3460-02

—6 e 2ROCH( 4

~1.25°0+0%

t &)
=5 .9540-07
0.0
0.0
0.0

0.0

o
. . L]
[aN o] Qo o

o Q OO0 oo
.
Q

-0
1.0000+00
C.0

=1e8A1C-0F

=1..0000e0 %

[Srd |

-4 266007
-9.580C+02
0.0
,665Q0-04
—h 2SO0
0.0

T 202004

£.200Q0-02
0.0

1.9280-24
0.0

1.200Q-0¢6
~1.0620-01
1-02°b~03
C.0
6.261C-01

1.6T790+00
C.0

0.0

2243004
~2.954Q+00

0.0

CUREENT TIME = 04,41.05%

THE CFU' TIMER =

(&)
~2.0%70-04
~4.6120-01

0.0
~42.7800-0>

C.0

0.0

4,9240-01

0.0
G.0

Q.0
G.0

1.956¢~0)
2.0
0.0
C.0
2 .6050-08
24560404
0.0
0.0
~612RC~0F

—te GTOO=0E
0.0

=7 639G=NT

FAGE NO. 18
406128402
(2} (10)

~F 526009 1,2020-04
~1.68%20+C1 0.0
Q.0 Q.0
.0 0.0
0.0 0.0
0 u0 ¢.0
G0 0.0
G.0 C.0
G0 0.0
0.0 0.0
0.C 0.0

C.0 -1,.142Q-01
1.1420-C1 0.G
0.0 0.0
0,0 0.0

L oA2K(-04 ~2 2107008
~£, 1760402 0.0
0.0 0.0
6.0 0.0

0.6 3.5P10Q-Nn¢
C2TCHCL 0.0
ft 0 Q.0
¢c.0 0.0
0.0 .0
r.0 c.c

L

Mm

g d



RUN NO. LEMC 9

AE-C TRAMSFER FIINCTION
DONOHUE CHECK PRORLEM

0L =¥

OUTPUT MATRIX -A®- €« 3% x 29
tn 2
27 21 0.0 0.0
28 21 0.0 0.0
29 21 0.0 [}
30 21 0.0 G.0
a1 zZ1 0.0 2.6%404+07
31 31 ~6.280C+04 0,0
32 21 0.0 1.1850+09
32 31 ~2.8240406 —H.5C0C+02
33 31 0.0 1.037Q+05
34 21 0.0 0.0
34 31 0.0 0.0
35 31 0.0 0.0

END OF WRITF.

.

(

sIuny
—<~DATA MOD ON 3MARIQTE

CONY INUED

t 3)

=6 .6660+02

0.0
L.0

1.1820402

. RUN EY D.

{ &
1.5400Q+08

CaCr

00Ge02

NATF (46/2¢/75
CEVERS

t " (&) t 7]

-3.1700+04 —2.5130+02 G.C
C.0 0.0 bttt bN40E
0.0 G.0 G0
0.0 0.0 0.0
0.0 C.0 0.0
0.0

C.0 C.C 0.3
0.0

0.0

0.0 0.0 .G
0.0

-1.0280+03

Fref SNCo

CUFRENT TIMr = (L ,L1.0¢
TrE CPU TTMFD = £ Q67 T7EC2

t *°) t @) 11c)
Gel G.0 C.0
—€ JLEEQANT T 0 0.l
TL.PIC00T AT 6140407 0.0
0.0 2.840403 —2.5140407
0.0 n.0 0.0
0.C 0.C f..0
0. c.0 £ 000002

10



RUN NC. LEMO ©

1ee-y

4
(=]

DR NPV P ON

AE~C TPANSFER FUNCTIM™ STUCY

DONOHUE CHECK PRORLEM

RY

REAL PARTY

~0.628000+05
-0.628000+05
—0.666590+04
=0.666690+04
—0.269460Q+04
~0.22479C+04
~0.126B50+04
-0.1098404+04
=0.30032Q+02
~0.22140Q+02
-0.TO0T20+02
~0.T00790+02
~0.44965Q+02
—0.46494504+02
—0.49751Q0+01
~0.382320+01
~0.38232Q+01
—0.328300+00
—~0.328300+00
—0.925160-G1
“~.925160-C1
~0.775850-01
-0.775850-01

0.0

0.0
.0

QOO0O0Q0O0O0QO00
D)
PO0OO0O0QO0O00CO

IMAGIMARY PART

N EEEERE
w0000 QQ

’500039")0000

65960+02
0.765S¢0+402
~0.550140+02
Ce®50140+C2
C.0
-0.225130+05%
0.22513Q+05
=025 9690404
0,25 9¢9Q4+06
-0.1£8PLQ+02
0.188840+03
—0.18826Q+02
«188260+02

QOOOOLQO
D

& ®

[
0000220220 QO2

QO.QOOO

NATE DL/76/1C
RUN FY N, DFVFRS

—-—-0ATp MOD (N 2V¥ARTOTE

RTA

oFaL PART

=C.629G0C+05
-0.£2900Q+CE
Q666590 +04
~0 666400404
=0 7694560+ 04
=0 ,226T90+04
“0 a12685C+04
—0.10984(+04
-0 ,200200+03
=0.22140Q402
~C o« TO0TOC+02
-Q.7T00790+02
~0 649450402
-0 6LDL504C2
=0 .,4°2T751Q+C1
~0.262320+01
~0.382320+401
~0.32RI0CCO
-0.32830C+00
~-0.925160-01
—0.92516C0-01
-0.775R50-01
-0.77585¢~01
0.0

IMAGINARY PARY

OO0V 00
e 2 8 8 ¢ & 8 s 8 @
[aloRoNall=Neolke NalleRa)

-0.76596C+02
0.7659¢0+02
-0.55016Q402
0.550140Q+0G2
[
-0.225130+0%
C.225130405
~0.259£9C+04
0.25969C+04
~0a10EELQ+02
0.188840+02
-0.188260+C3
0.18R26( +02

il

R

GACE NC. 20

CURRENT TIMF = (&4,L1,26
THE CFU TIMEE = ¢ ,72318+02



RUN NO.

[4% %

g

QBN VLW

DEMO 9

AE-C TRANSFER FUNCTION STUDY

DONOHUE CHECK PROBLEM

NUM

REAL PART

~0.500000+01
—0.4975004+02
~0.44949Q+02
~0.449490402
-0.30036Q+03
-0.10984Q+04
—0.666490+04
-0.628000+05
-0.940070+06
-0.940070404
-0.173210+01
~0.17321Q+01
~0.731930-01
~0.73193Q-01
~0.194820~02
-01.194820-02
0.0

0l 0

0.0

IMAGINARY PART

QOO0OVWVOO

014Q+02
014Q+02

OOOO&OOO
A

* 2 8 v 8 4

0.72905Q+06
~0.72905Q+06
0.22513Q+05
~0.22513Q+05
~-0.18825Q+03
0.18825Q+03
~0.18866Q+03
0.18868Q+03
0.0

[eNoNsRaloeRaNeloRo Nal
EEEEEREEEERE

OO0OO0ONQO2000Q

DATE 04/26/7%

SUN RY D,

~=~DATA MOO ON }HAR]975

DEN

REAL PART

~0.62800Q+05
-0.462800Q+05
~0.666600+04
=0 .666490+404
~0.25141Q0+404
—-0.25139Q+04
=0.10984Q+04
—0.100000+04
—0.560000+03
~0.200350+03
~0.446710402
~0.L466T710402
-0.382320+01
—0.287232Q+01
~0.119080+00
—.119080+00
=0.739350-01
~0.7219350-01
~0.20607C~-02
~0.20607Q-C2
0.0

0.0

0.0

0.0

0.0

DEVERS

TMAGINARY PARTY

OOOOO‘OOQOO
COOVOQOQO0

0
~0.55625Q+02
0.556350+02
=~0.22512Q+0%
0.225130+05
—0.259500+04
0.25950Q+04
~0,188240+03
C.18826GC+03
~0.188790+03
0.188790+03
0.0
0’0
0.0
0.0
0.0
0.0
0.0
C.0
0.0
0.0
0.0
C.0
0.0
0.0
0.0

CURRENT TIMF
THE CPU TIMER

PAGE NO.

04.58.08
1.0192E+03

137



i

i

FAGE NO. 138

DATE 04/26/7S

RUN NO. DEMO 9
RUN BY D, DEVERS

CUPRENT TIMF = 04.54.08

AE~-C TRANSFER FUNCTION STUDY
DONOHUE CHECK PROPLEM ——DATA MOD N 3MARYIOTS ' : THE CPU TIMFR = 1,0104F+02
OUTPUT MATRIX RRED < 1 X 200 )
(1 « 2) () | t 4} (5) t &) .ty (& € 9) tr0)

1 1 4,0000+00 %.0000+00 0.0 B.C000+00 5.000C+00 3.0000G+00 -2.6T60+04  2.0000-CY  2.01CC-02 2.329C-03
8 11 9.1040-04 6.3270-01 T.1060+01 1.2890-07 7T.2614405 7T.6930-0% 2.2510+04 - A.ARRO-04 1.RE2C+(2 1.0230-C5
1 21 1.8670+02 1.5920—05 1.5000-04 2.0780-04 3.9720-04 ©.1040-04 1.000(-02 1.7R60-C” 2,2200-03  6.2610-01
1 31 T7.1350401 1.6900-06 2.2510¢06 4.5890-0% 2.5950+03 3.9770-04 1.883Q+02 . 1.,0920-0%  1.8880+07 0.C

END OF WRITE.

LEE-V



RUN NO. CEMC ©

Adoo ajqepieae 3saq
wolj pasnpoiday

FLE-Y

AF~( TRAMSFFEO RUNCTION

NONCIHLE

ST ERS

SEEERR S

CHE LK PROKLS M

CTUCY
~~~LATA MOD 0%

DATE 04/2¢/75

RUN RY [,

Iraryors

OPEN LOOP WITH fL LONE CLOSED) TYPE 7 T-AZ / T-AZ

FREO/PAD/CFC

0.620000C+C2
0. 7000000402
D.TEO0000 +0 7
0.890000( +02
0.100006CQ+0 >
0.1100000+0°7
0.1129%10+02
D13177¢04+402
C.14116FC+0z
C.1506010403
0.15R131C+N3
0.1656610+03
D.149426L+03
0172161057
0.1769%606+003
0.1807210+07
0.18166:Q0+03
0.1826032(C+(2
0.1835450+403
Ge184486Q4+03
0.1R5229QC+0™
0.1859920+,3
0. 1B6RLEQ+y2
Q.1P6T7450+03
0.187T121G+02
DelBT4960+0532
0.18TBT5C+)3
0.1880250+02
0.1B81570+03
0.188204C+02
0.18822204+032
0.1882360+023
O.188240( +032
0.188243C+03
0. 18R247Q+02
0.1882490+03
0.1E8251Q+03
0.188253Q+03
0.188254Q4+03
0.18825%5Q+03
0.1882570+403
0.188259Q+03
0.188261C+03
0.188265Q+03
0.1882469C+02
0.188272¢+03
0.1882T760+0%
0.188304Q+03
0.1883520+03
0.18845%0+03
0.1885870+03

FREC/HPEKTZ

0.5267610+01
0.1114080+C2
0.1240410+02
(1e141¢4RQ+02
D.YIBOIEC o0
0.ITELTOOSC2
01707660+
0.209728Q402
0.224T02G+02
0.229689C+02
D,2516730402
0.263¢L5T70402
042696200402
Va2 756420402
0.281624(,+00
0.28T6260+02
0.2F91240+02
0.2906220+02
0.2921214+02
0.2936190+02
02948170402
0.296C15C+07
0.296615C+02
Ga29722404+02
0.297812Q+02
0.298412Q+07
0.299012C+0?
0.29¢25104C2
0.2994L1Q¢07
0,2995360+02
0.2995810Q+07
0.299587Q+C2
0299503002
0.295%99040?
0.2996050+02
0+.299608C+C2
0,2996110+02
0,2996140+02
0.299615Q+C2
0.299618Q+02
D,2996210+02
042996240402
02996270402
0.2996330+02
0.2996290+02
0+.299645Q+02
042996510402
0.29°696Q+(?
0.2997710Q+02
0.299936Q+02
0.2001460+0C2

SraL

(7 RIARR T XIS |
C.153882040])
C.1205120+0)
Q. 10F0T7LC+CY
0.927927Q+0N
C.8Y2° €50+00
C,792369Q+(C
D.EE72003C+D)
C.AYZOLTIC GO
0.572421Q+00)
C.ELF 21 T0+N0
C.519P910Q+00
C.50°CE 10400
042" T6Q+C0
0.L85204Q+0C
Vel T22€60400
C.&e700240+00
Db 6AS170+00
0.4626180+00
0.45F04904+00
0 4ELE280400
06475640 +00
0 olls 259304 0>
Cel224640+00
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SUBROUTINE KHINGE (G)

IMPLICIT HEAL®8 (A=HyO~Z)

OIMENSION G(1)

DIMENSION SK(3+6) 0K (346) sHNGT (346)

Cc
COMMON /8HBSRD/ 0 255
. BH(6918s11).B5(6s18415) ¢RCL (3939 6)s00L(3y 6) 2 25%%
COMMON /7CONPAR/
- CNTOTA(LOQ)
COMMON /MAXMUM/ 0 4315
4 NOMAK s NHMAX 9 NSPMAX s NMWMA X s NMWBOD s NMOBOU » KMU s KY s KU 0 &1
COMMON /MOMENG/ 0 3886
. P(L13) yPMOM(36) sHTOT(I) 4 TOTL (I) sENGKE( 6) +1ENGPE( 6) 11 3867
Ad TOTKEs TOTPEs TUTENGHs AHTOT,ATOTL 0 38by
COMMON /SPECIF/ 0 415
* BETAM(6s ©) yBETAHD (69 6) 4AMO (2 S1eRH(393+30)9RS (363930, 16 415
. DH(3935) 90S (393012 IMO(Iy 5)oNMOW(6s 6) s IFTSMW(1S) 17 41%
. NBsNHINSPT oNOFMUSNDELTA+TITOPOL(Z2e 6) 9 THGFLK( 6) s IADATA(Ty 6)y 1B 415
- LOCU(I#)!LENU(I‘)ONUONGETKONLANONEO 19 415
COMMON /TuMTR/ TQAZ» TQEL
EWUIVALENCE (CNTOTA(OL)»SK(1))s (CNTDTA(BL) 90K (1))
Cc
TUTPE = 0.,D0O
[
DO 10 L=1lsNH
DU 10 I=ls3
HNGT(Tol) = =(SK(IsL)®*BETAH(LI L) o DK(IsL)®BETAND(IsL))
10 TOTPE = TOTPE ¢ 0,50U®SK(I,L)®BETAN(IsL)wn2
HNGT (293) = HNGT (2+3) o TAEL
HNGT (335) = HNGT (I3s5) + TUAZ
c
c
LEQ = IRGFLX(]1) + 6
DO 1S =13
F = MNGT(Is1)
~ DU L6 U=l EQ
16 G(J) = G(J) + FeBH(IsJel)
15 CUNTINUE
C

DO 20 t=2snNM

NOBQ = 1TOPOL (1oL
NOBP = I1TQPQL (291
LU = 24 « 2

LP = Q + )
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EnD

J=lsLEQ
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JBleLEP
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JY B GLOPJY « FeuM([eJeP)
NUE
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SUBROUTINE COUNTHL

IMPL]

CIT KEAL®E (A~M90=2)

HEAL*B KLy Kby KTAs LAy xtsAs wTEk,y Lbo

COMMON /78HBSKU/

BH{0918911) sAS(Ee1By15)sROL (I
COMMUN 7ZCONPAR/

CNTDTA IOV

KBEs KD

6)sDOL (3 &)

COMMON ZLDSTZE/ NXsNYsNULTAINXSSoNtTUINJGeNYZeNDE

L 2R 2N 3 ]

COMMUN /SPECIF/

BETAH (62 ) ¢RETANU(6s 6 ¢AMO(Z2r D) ¢RH (I Ie30) s HS(IsIw3U),

OH(3935) yUS(393U) e IMU(Ie 5) ¢yNMOW(
NBoNHoNSPTINOFMOJNDELTASTTOPOL (2

G 6) e IFTSMW(1S)
6) o IRGFLX( 6) o IHOATA(T4 61

LOCU(14) s LENU(L14) sNUINBETASNLAMINEQ

COMMUN /VECTUR/
Y(250)4+YDT(250)

CUMMON /TuMTR/ TuAZs TQEL
COMMON /ASSDA/ PSTe PSIDs THTAs THTANS E

UVIMENSION TQ(6)«TQD(6) sRND (I} s THAUN(3)

EWUIVALENCE (CNTDTA(Cl) e KD )y

(V00 VIV g

1

(CNTOTA(22)e KL )+ (CNTDTA(Z2]I) ¢+xBA) »

(CNTDTA(C4) sKTA )9 (CNTUTA(25)s LA ) s (CNTDTA(Z26)s HAYS
(CNTOTA(ET)eThA )s (CNTDUTA(Z2B)9T2A ) e (CNTDTAL29) 4 TIAY
(CNTOTA(30) eT4A )y (CNTDTA(3I1)9THA )9 (CNTDTA(3IZ2),THAY s
(CNTDTA(II) o TTA Do (CNTDTA(34)9s0PSII s (CNTDTA(IS) 4GlAY
(CNTDTA(36)9G2A )» (CNTUTA(IT)I+G3A )

EGUIVALENCE (CNTDTA(®1)s KHE)s (CNTOTA(42)s KTE) ¢ (CNTDTA(43), LE1
(CNTDTA(44)s RE)e (CNTDTA(45)s TIE) s (CNTOTA(46)+T2E)

04a |

ncco

1o
17
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406t
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255
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(43 % )

rd : (CNTOTA(#T)s T3E)s (CNTOTA(4B)s T&E) » (CNTOTA(49) 4GTH) &
3 (CNTDTA(DV)r GLlE) e (CNTUTA(S1)e GZ2E) » (CNTDTA(S2) 463E)
c ,
DATA 11ST/7 0 /
IF. (I1ST «NFe 0) GO 10 10
11ST = 1
ccecececcee
cececceecec
CCC  Ink FOLLOWING STATEMENTS mMUST aLWAYS BE IN CUNTRLes
NULTA s NUELTA 0 4037
NASS = &
NETu = 2
If (NDELTA ,EQ. 0) RETURN U 402
cceececececee cce 0 400l
CCCC===NOTE~~THIS SUBROUTLINE MUST FSTAHLISH NDLTASNXSS AND N9TQ U 4092
[ of of of o of X o o oY o o} U 4ubd
c U 400e
LUEL = LOCU(2e*NbBe+2) = ) U 4075
c
£ = v¢31)
CSE = QCUS(E)
KE = 1,00 / (GLA @ CSE)
c
Al = K(
A3 = KE
[+
He = KL * T3a
A3 = KE * TaA
8% = G2A * TOHaA
B85 = G3IA * ToA
Ho = TTA
B7 & KTA / LA
Cc
Ci = T]aA
ce = T2A
C3a = g,pv
Ce = 1S4
CH» = TeA
Co = TTa
C? = RA 7 LA
¢ .
Cula = TLa ® GlA » KU @ GPSI]
CuThA = =KTa /7 LA & Kda
c

ACE = Glk -
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Hek = KTE / LE
c
CiE = Tle
Cct = T2¢
CIE = Tat
C4E = RE / |t
o
CWlE = Tit & XD ® GTH
CueE = =NTE 7/ LE & KHE
g (XX X2 XYY
10 CUNTINUE
P31 = Y(31) - E
InTA = Y(32)
Py>lu = YuT(34)
THTAD = YOT(42)
C
WlA = Cula & THTA
CCCC  €3TAHLISH ThHE U/DTLDELTAS)
c
YUT(LDEL* 1) = =Cl ® Y(LDEL+])
YUTC(LDEL* 2) = (B2~CL1®a2)
YUT(LDEL* 3) = (A3®BZC=CleAr2®p])

- +(B83=C2%A1)
YUT(LDEL* 4) = R& * Y(LDEL+D)
YUT(LOEL* 5) = B5 & Y(LDEL+4)
YUT(LDEL* 6) = H&6 * Y(LDELe*S)
YUT(LDEL* T) = BT # Y(LDtL+ &)

(o
TUT(LDEL* 8) =
YOT(LOEL* 9) = (B2E=-ClE®*acE)

L * ARE#CULE®PST
YUT(LUEL*10) = HB3E * Y(LNEL+9)
YUT(LDEL+*i1l) =

c
C COMPUTE TORWUES FOR USE IN KHINGF,.
C -
TWwAZ = Y(LOELST)
TUEL = Y(LDFL+1ll)
c
c

ndk = Gl * T3t
WIE = G2t % G3IE & Tat

KETURN

* Y(LDEL+2)

® Y(LUEL+B)

¢« QlA

* Y(LDEL+Ll) = c2eY(LDEL*2)

® Y(LUELSD)

= C4*Y(LDEL+#)
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- CTRY(LDEL+T)
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= CIaY(LLEL+3)¢n30nAd®Qlp
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U 4005
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SUBHOUTINE [ ATUK (TEXRs ISPNeNTEX)
IMPUICIT HEAL®SY (A=HeO=Z)
DIMENSION TEA(HsL) s ISPN(L)

CUMMUN 7/ MA AMUM/
NEMAKX ¢ NHMA X g NSPMA X s NMWMA X ¢ NMWBUU ¢ IMDHOU S KMU s RY 92 U

CUMMUN /SPECLF/
BETAH (s 0)sBETAHU (G 6) sAMN(Zr S sRr (I 3sIJV)IRS(I9I930),
DH(3035) eDS (303U s IMUCIs 5) yNMOW (s 6)9IFTSHW(LD)
NBsNHoNSPTeNOFMUSNDELTALTTOPOL (s 6) o IRGELX( 6) o INDATAL(T,
LOCU(14) s LENU(L4) sNUSNEETAS N AMNEQ

CUMMUN /VFCTOR/
Y(22U)«YDT (250)

DaTa 1181 7 v /

CCC ESTABLISH TrF EXTERNAL FORCE/TORUUF (6=LONG VECTOR) ANU NUMBER

cce
cce
C

10

(

\)
S

LR R X J L 4

HE. CORRESMONUD LG SENSOR PUINTS, A(SU ESTaBLISH Trnk NUMBER nF
TA=LONG VECTOKRS (NTEX).

IF (I1ST 4€0s. 1) GO 10 5
J1IST = ]

yu 10 I=lsp

VU 10 J=lsnNSPMAX
TEX(led) = 0sD O

NIEX = @

RETURN

END

SUHROUTINE SHAFTT (TSHFT)
IMPLICIT REAL®8 (A-H20~7)
UIMENSION TSHFT(1)

CUMMON /MAXMUM/
NBMAX « NHMAX s NSPMAX s NMWMA Y s NMWBOU ¢ NMDHOD s KMU s RY 9% U

CUMMUN /SPECILF/
BETAN(69 6) ¢BETAHD (64 6) 4 AMUD(ZY S) sRH (3932 3U)eRS(I93430),
OH(3935) ¢US (39309 IMU(Is H) ariMOWLEY 619 IFTSMN(LD)
NEsNHoNSPT s NOFMUSNDELTAS ITOPOL (s 6) o IRGFILX( 6) s IHDATA (T,
LOCU(14) s LENU(L14) s NUISNBETASNLAMNEQ

CUMMON /VECTUNR/
Y{29U)sYDT (250)

6y

6) e

v
¢

cecccecCcocococcCcLcoOoEccCccoccCceoecCcoccCcccC

—
-a

lb
1v

2v

spoil
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4003
a0oe
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Y1-1]
40/
40b3
4yov
<00
aQvi
49
LY R ]
'SV 3]
4075
40Yo
409/
40Y8
409y
410y
4lul
alue
41VJ3
4lve
41U
&luo
aluf
4lus
41vd
alcy
4121
20
4lcd
4126
6l1ed
Y4
aldl
4lco
aley
4l3v
elJ31
6l 3z
6133
(Y-
4135
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SSE-V

|

UDATA 11S1 / v / U elso
U &la/
IF (11ST «€Qe 1) GO 1y 0 VU 4l3e
LisT =} 0 413y
U 9 IxlenmuMaX U 4leu
TSHFT(I) = 0.0 ¢ U &lel
U eled
CUNT INUE
HE TURN
-END U 414
SUBROUTINE EWADY 051 i
IMPLICIT HEAL®*Y (A=MsQ=2) [7)

alel

COMMUN  /AHESNKD/ 0 29>

BH(618911) vBS(0+16415)¢ROL (I93s 6)4DOL(Is 6) 2 25>

CUMMUN ZONAUX / U 4le

NAUR U ale

CUMMON /MA XMUM/ 0 415

NEMAX s MHHAK o NSPMA K # NMWMA X s NMWBUOU s NMDBOO ¢ KMU s KY 0K U U 415
U

COMMUN /SPECIF/ 415
BETAM (69 6)+BETAHD (63 6) 4AMQ(2¢ SYeRH(393sIV) 9IRS (I J930), 16 4[>
DH(3935)905(393U) 1 IMU(3y 5) ¢yNMOW (6 6) 1 IFTSMW(1D)y 17 41>
NByNHANSPTyNOFMUINDELTASTTOPOL (€9 6) s IRGFLAL 6) s INDATA (7, 6)s 19 41>
LOCU(lk)oLENU(l“)oNUoNUETAcNLAM'NEQ 19 415

COMMON /VECTUR/ 0 41>
Y(250) 4 YOT (250) 2V 40>

CUMMON /ASSDA/ PSIs PSIDs THTAs THTAUs E
UVATA [1ST/ 07/

IF (11ST «NFe 0) GO 10 &
IiST = ]

£ = vY(31)

NAUX = &

LOEL = LOCU(2enBe2) = ]
CUNT INUE

P>l = Y(31) - E
THTA = Y(32)
PSID = YDT(38)
THTAD = YUT (42)

YUT (NEQ+1) = PSID
YOV (NEQ+2) = pS]
YUT(NEQ+3) = THTAD
YUT (NEQ+é®) = THTA
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YUT(NEQeD) = YI(LDEL+D)
YUT(NEW+¢b) s Y(LDELell)
HETURN

ENO

U 4L/
u 417
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TLE =Y

10

1e
15

* s

L 38 I 2N

SUBROUTINE KHINGE (G)

IMPLICIT REAL®Y (A=H»0-2)

ULIMENSION G(1L)

DIMENSION SK(3s6) 4DX(346) +HNGT(396)

CUMMUN /BHBSRD/ 0 255
AH(Os18911)+BS(6+18415)sROL(3r3r 6)DOLIIs ©) 2 25>

COMMON /CONPAR/
CNTLTA(100)

COMMON /MAXMUM/ 0 415
NBMAX o NHMAX y NSPMAX s NMWMA X s NMWBOD s NMOBOD s KMU o KY 1 KU 0 al>

COMMON /MOMENG/ 0 3396
P(113)4PMOM(36) sHTOT(3) 4 TOTL (3) +ENGKE( 6)sENGPE( &) 11 3887
TOTKEy TOTPEs TOTENGs AHTOT#ATOTL 0 3464

COMMON /SPECIF/ U &l>
BETAH (69 6) ¢BETAHD (69 6) sAMO (21 5) eRH(393+30)9sRS(394430), 16 415
DH(3+35) 4DS(3¢30)sIMO(3s S5)sNMOW O 6) s IFTSMW(LS) 17 415
NByNH s NSPT s NOFMO o NDELTAS TTOPOL (29 6) s INGFLX{ 6) s IMDATA (74 6)9 18 41D
LOCU(14) yLENU(14) ¢ NUINBETAsNLAMINEQ 19 1>

CUMMON /TuMTR/ Fl, F2
EWUIVALENCE (CNTDTA(E1)9sSK(ly)s (CNTOTA(81) DK (L))
TOTPE = 0,00

DU 10 L=loNM

DO 10 I=ls3

HNGT(IsL) = =(SK(IsL)*BETAM(I+3sL) ¢ DK(IsLI®HETAMD(I+3sL))
TUTPE = TOTPE ¢ 0,500%SK(IsL)#BETAH(I+34()e%2

HNGT(1el) = HNGT(ls1) ~(FlsF2)

HNGT (102) 2 HNGT(192) = F2

LEQ =2 JRUFLX(1) « 6

DU 15 I=le3

F oz ANGT (L1}

DU 16 J=lsLEQ

GlJ) = G(JY) & FRBH(I+*3rdol)
CONT INUE

DO 20 L=csNH

NOBWQ = ITOPOL(LleL)
NO"HP = ITUPOL (20)
LU = 2# =2

WP =1 Q ¢+



€LE=Y

24

26
20

CLUPY = LUF e U
= G(LOPU)

L3R 2 2%

4
3

LUu
LUP
LEQ
LeP

= L OLU (NUBW)
s | 0CU(NUBP)
=

[ROPLXINOEQ)
= JRGFLX(NOHP)

Ju 20 I=
F = dNGT (Lo}
UuU 25 JsloelFu

LV@y = Lud « J

GLuag)
Uu 26 J=leLFP

G(LLPY)
CUNT INUE

RE TURN

EnND

193

= G(LouWJ)

. & =

SUBROUTINE CONTRL
IMPLICIT HEAL®H (A=heU=2)

VIMENSION

NBsNHyNSPT s NOFMUSNDELTAS TTOPOL (2s 6) ¢ IRGFL XY 6) s JHOATALT, 6)

CUMMON /8HYSKL/
BH(6e1B8911) eAS(6918445) eRAL (3vds 6)400L (30 &)
COMMON /CONPAR/
CNTDTA(L00)
COMMON ZLUSIZ2E/ NXaNY sNDL TAINXSSoNsTUsNJQeNY29NUZ
COMMON /SPECIF/
HETAH (63 O} +RETAND(6s 6) 4 AMO (LY S) yRH{Ie3e3uU) RS (393930),
-~ DH({3935) sUS(3s3V)+IMO(3s S)oNMUW (6 6o IFTSMu(ln)

s Fogr(leds ol )

o FoaAr(Iedy oL P)

LOCU(14) s LENU(14) sNUSNHETASNLAMINEQ
CUMMON /ZVECTUR/
Y(250}sY0T (250)
CUMMON /TuMTR/ Fly Fe
CUMMON /A5SDA/ XSSle ASS2¢ XSS3s X554

TWU(O) ¢ TQD(6) trAD (I} s THAUW(3)

VIMENSION CPLY(10s@) e KPLY(2)e UI(Z)

EWUIVALENCE

UATA

IF

(1187

eNE»

NPLY? KRYy
DATA 1lST7 0 /

0)

(CNTDTA(41)9ZA) s
(CNTDTA(44) 2 2ZD) s
(CNTDTA(4T)sZ0) s
(CNTDTA(D0) 9 ZM) ¢

KCY/ 2+ 1Us

G0 To 1o

t{CNTOTA(A42)+Z8)
{CNTDTA (4514 2E)
(CNTOTA(4B) 9 ZH) »
(CNTDTA(S1)eZN) s

4/

(CNTOTA(43)e7CY s
(CNTUTA(46) 9/F) s
(CHTDTA(4D) 2 21L)
(CNTOTa(S52)+ZP)

Deg |

0

1o
17
14
19

au

4048
406’
25>
29>

40640
40uy
4050
4051l
4052
4054
45
405



R 7A%a)

1187 = |
1 (NPLY +EQ. U} Gu Tu 6
DU 5 K=leNPLY
K2™2¥K=]
S ChALL REAU (CPLY(1sK2) sKPLY (K) aN24KHYIKCY)
CALL #wRITe (CPLY3essaHCPLYVKAY)
6 CUNTINUE
ceceecceece
cceeeceecc
CCC  IHE FOLLOWING STATEMENTS MUST ALWAYS 8t IN CONTHL..
NULTA = NOELTA
NASS = &
NoTQ = 2
IF (NDELTA ,EQs 0) FETURN
cececeeeeccee ccc
CCCC-—=mNOTE==THIS SUBROUTINE MUST FSTABLISH NOLTAYNASS ANC NETAQ
cceceecececcee
C
LUEL = LOCU(Z2eNBe2) = ]
C
C owneeasene
1V CUNTINUE
vI(l) = Y(13)
ulte) = YI13) + Y(1l&)
x5Sl = YLT (1)
A5S2 = YLUT(13) + YOT(l4)
X583 = Y(13)
K5S4 = Y(13) + Y(14)

c
CCCC  ESTABLISH THE D/OT(DELTAS)

L = LDEL*!
DU 15 K=]lenNPLY
K2 = 29K=]
CALL TFPLY (CPLY(19KZ)sCPLY(1,K2+1)sUT(K)eXaKPLY (K)oL)
[F (K oEwe 1} FlL = X
- IF (K oEuW. 2) F2 = X
L= LeXPLY(K) = 1
15 CUNTINUE

COMPUTE TORWUES FOR USE IN KNINGF,

OO0

RETURN

( C

U 40597

4U0V
s0ol
4pbe
«0bs
[YH L)
4079

ccoccc

U GUBD
U «0bb

J 0oy



SLE-V

C

c

CCC tSTapLISH

ccc
ccc
C

Iy

* ¢ & [ ]

S

LK 2 N J *

*

£ND
SUBROUTINE EATOK
IMPLICIT REAL®H (A=MsO={)

ULMENSION TEXR(Gsl)s ISHN(L)

CUMMUON /MAXMUM/

(TEXs ISPNINTEX)

NOMAA s NHMAA s NSPMAK s NMWMAX s NMWHUU sNMDHOD s RMUsRY o KU

CUMMUN /SPeCIF/

BETAM ({69 ©) JRETAI{ULILY
DH(393%) +US(3e30) o IMU (3

B) s AMN(CY D) yRM(Ie393V) RS (393430,

S) oNMOW (6 6) s JFTSMW(LD)

NBINHONSPTaNOFMO e NDELTAS TTOPOL(Zy 6) v IRLFLA( 6)Y s IHDATA(T, 6) 9
LOCULL4) yLENU{1%) s NUSNBETAWNLAMeNED

CUMMON /VECTUR/
Y{(250) s YDT (250)

LATA I1ST 7 0V /

[A=LONG VECTURS (NTEX),

Ik (I1SY .EQ. L) GO 10 S
I1sT = 1

VU 10 I=lek

VU 10 JzheNSPMAA
TER(IsJ) = 0.0 0

NTER =2 O

RETURN

END

SUBROUTINE SHAFTT (THHFT)
[MPLICLT REAL#B (A=H:0~2)
DIMENSION TSHFTI (1)

COMMON /7MAKMUM/

IHE EXTERNAL FORCE/TORGQUE (o=LONG VECTUK) ANU NUMBER
Tt CORRESPONUING SENSUR PUINTS, apb0 ESTABLISH Trnt NUmBER OF

NEMAKL s NHMAX s NSPMAX » NMWMA X s NMWBOU s NMOBOU sAMUSRY s R U

CummON /SPECIF/

BETAH(he 0) JRETARMD (G 6) AMO(ZY

DH{Ie35) s1S(Ie3U) ¢ IMO(Ie S)yNMOWIGs 6) 2 IFTSMN (LY

NBoNHINSPTsNOFMUSNUELTASITORPOL (Zs 61 o IHGHLAL 6) s THDATA(T,

LOCUL14) ot BNU{]L%) anUsNIETAsNLAMINED

CumMmMON /VECT IR/
Y{(2oV) 4 YDT (250)

5) sRH{(Ie3e3U) sRS (393430,

LIR]

"]

—
ococCcocco

—
~

ld

-
(="

N
(=

—
-~ 0

18

N -
cccyw

ccoCcoccccCccEcroccaococCcacCcCccoeo

400l

40c3
400«
«0d>o
40ub

‘4047

40080
40dY
409U
40%1
40ve
«0%3
405

404>
«QY0
4097
40%a
409y
4190
4lvi
4live
4lvid
410
4l
4)lUo
elu’/
4luo
4lUs
412y
4121

50

4led
4wlle
4léd
4120
4}ef
4)ca
4l
elIv
4131
«lad
4134
405

4135




9LL-v

10

L I

*

UATA I1ST 7 0 /

IF (11SY J€EQ. &) GO TO lo
[iST = 1

UU 9 I=1anNMWMAR

ToMET () = 0.0 U

CUNT INVE

RE TURN

END

SudRQUTINE FWALD
IMPLICIT nEAL®H (A-He(0=l)

CUMMON /RHBSHD/
HH{bI1AY11) 4RSS (b lBs15) gROL (3940 6lsiut (3 6)
LUMMUN ZONAUR /
~NAUA
COMMON  7HAXMIM/
NHHAkoNHMﬂKcNSP"AK-NMWMAXcNMWUUU|NMDHﬂU'KMUvKYcKU
CummON /SPECILF/

BETAH(6s 6) 4RETANMD (6 b e AMO (2 SIeRH (I 39301 sRS (3939300,

DH(I935) «DS{393V) s IMU(30 G) s NMUW (b B) 3 1F TSaw(19)

NE s NHoNSP T yNOF Mi  NOELTAS TTORPOLIEY 6] 9 IRUFLAL o) e IHDATA(Ty 61

LOCU(I#);LENU(I“)oNU'NBETAqNLwHONEu
CUMMUN /VECTUR/
¥{25U)sYOT (250
CUMMON /ASSDA/ XSSls XSS29 KSG3s X535«
CUMMON /ZTumin/ Fl. F&
UATA 1157/ 0/

1F (11ST .NEs O) GQ TO S
14iST = 1

MAUXK = 6

LUEL = LOCU(2#ND+2) - 1
CONTINUE

A5S1 = YUI(1d)

X552 = YUT(1d) « YOT{1l4)
ASS3 = YLD

ASSe = Y(13) » Y(14)

YOT(NEQs 1)
YUT (NEQe2)
YUT(NEQ+ ]
YUT (NEQs*]

Xss1
xss2
XSS3
X954

cccCcCcCca

Y]

&}
“lL37
SELY
413
4lwi
Glel
Glec

lglww‘

(V=2 i

e g
~rocecCcono

1a
1y

20

olel!

2959
259
414
4le
41>
“l>
al>
4l9
41>
¢i>
412
%]
4D=

412
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POLYNOMINAL TRANSFER FUNCTLON INPJUT CHECRUUT
USES TdMu MASS PROBLEM FRUM DEMO K

0000000u0L

2 2 i 0 4
1TOPOL e 2
1 1 L 2
2 1 u 1
000000ULOU
IRLFLX i e
0000000U0Y
IFTSHMm 1 i
1 1 1
00000VUYOY
IHDATA 7 é
1 1 i 1
2 Iy 1 1
3 1 1 1
“ 1 1 1
S 1 ) Q
6 1 1 1
7 1 ! 1
000000VV0D
BETAH &
000000VVOV
BETAHD 6 e
000000UU0U
TMDATA 1 3
1 1l v, o1
000000VU0OU
1PDATA 1
1 3 1
00000V0UVOU
CNTDTA 1 1ou
1 41 450. P 450,
1 45 3, TR IR 450,
1 4y 450, 500, 3,

1 b4 14264,280
1 Be 0,9YB73
VoL UVVOV
GRAV i “«
0o0v00UVLO
MASSI 1 -
1 1 2.7
0o00UUVULY

ol

=1V

0.

500,



(YA §

|

H i
H

i |

L

LINFN

INERT1 i L]
4 i l. i, 1.
000000VVU0
e 1
Ve Ue 0.
b, Ve Us
1 1
[ Ve U
U. u. 0.
MASSZ 1 &
1 1 3,1
0000000V00
INERT2 1 5
1 1 l- ]- 1’
000000UUDU
2 1
UO UC OI
-5, Ve Ue
AeB 1 3 Z PULY 1 CORFFICIFNTS
1 1 225vvu, 225uno,
4 1 950. 23%40,
3 1 1.0 6.0
00000OUUOU
AsB 2 K] é POLY & CORFFICIFNTS
1 1 225000, 990
2 1 950 235v,
3 1 1.0 bat
00000UULLY
FREW
LRY 9 3u ) *
i i -1 -1 -1 -1 ~1 -1 -1 -1
1 9 ¢ 2 2 é 2 2 a ¢ =3 -3 =3 -3
1 21 -2 -5 -5 - -5 -5 - -5 -7 -7
e 1 i 1 1 1 ? ? ¢ 2
2 9 1 1 2 2 3 3 4 “ i 2 1 2
2 21 1 1 1 1 2 2 2 2 i Z
3 1 i 2 3 “ 1 2 3 “
3 9 i 2 i 2 1 2 1 ¢ 3 1 2 2
3 21 1 2 3 “ 1 2 3 . i e
4 { 1 1 i 1 1 1 1 1 ) 1 1
& 12 1 1 1 1 1 1 1 1 1 1
4 22 i 1 1 1 1 1 1 i 1
& ey i 1
7 2y é 1
00000UUVOY



[0):3% 4

IRY K] 3v
1 1 -5 -5 -y -5 -5 -5 =5 -5 -5 -5 -5 =5
1 I3 = =5 w5 Wy e w8 ah e af ey ey
1 29 -5 -5 -5 -5 -5 -5
0000000V
FORWAKY Lu0Pp Tt I Alunt/saly
BONN
1.9 1v0, -80, 2, Ueu 0.9
FORWARD LOOP TF I AZ2UOT/RT]
BONN
1.9 lou,. ~-80, 24, (Y] Ueb
FORWARO LUuOP TF 1 X1/RT}
HBONN
1.0 100, «lon, Dl Uau Ceb
FORWARU LOOP TF I X2/rT)
HBONN
1,0 100, ~-i00, 0.0 VG Ga5
FORWAKRD [LOQgP TF I AlUOT/wT2
BONN
1.9 100, -0, U, V.U Uab
FORWARU LuvOP TF 1 R2LUOT/RT2
BONN
1.0 100, -80, 29, UsU Ueb
FORWARL LUOP TF I X1/RT2
BONN
1.0 100. -100. 0.0 Vel 015
FORWAKL LOOP TF I X2/RT2
HBONN
1.0 100, ~100, el Uy UaS
RETURN LOOP TF 11 H1/X1DnT
BONN
1,0 100, -00, 4y, Va0 Oel
RETURN LOLP TF 11 He/XxinnT
BONN
le luu, 604 40, 0. 104
RETURN LOUP TF 1! H1/x2nnT
BONN
le 100, =60 40, J. lu.
RETURN LOOP TF Il w2/xeonTY
BONN
1,0 100. -60, 0.0 UaU Ua4d1
RETURN LOUP TF It B1/x1
BONN
1.0 lao, -60, 0.0 [] 2a0
REVURN LOQP TF Il B2/Xx1



11:1% 4

e
'

i
IR
TR

y .

HONN

. vy, =60, “0, Ve 10.
RETURN LOOP TF 11 B1/x2
BONN

le lvo, -604 «0, g, 10,
RETURN LOOP T¢ Il d2/x2
BONN
1,0 lo0, -60, 0.0 Vsl 240
LOOP GalIN TF  «IT1l B1/:TY
BONN
1.0 - 100, =100, 0.0 Usv Gad
LOOP GAlN TF  =IT11 HI/RT2
HONN
1.0 100, =i00. 0.0 Vev Ues
LOOP GAIN TF  =ITI 42/RT1
BONN
1,0 100, =100, 0.0 U,u 0>
LOOP GalNn LY § &1 B2/RT2
BONN
1.0 100, ~loo. 0.0 vau Ueb
CLOSED LOOP TF -V A1DOT/T}
BONN
l.o 100. -100. 0.0 Ual Oed
CLOSED LOOP TF -V R200T/RT1
SONN
1.0 100, -80, 2u, Vel Deb
CLOSED Logp TF -y K1/7rT]
HONN
1.0 100. =100. 0.0 Vel 045
CLOSED LouoP TF -V X2/rT1
BONN
1,0 luv, =109, 0.0 Oev 04>
CLOSED LOOP TF -V A100T/ZuT2
BONN
1.0 100, ~loc. 0.0 Vel Ve
CLOSED LOOP TF -y A2UOT/RT2
BONN
1,0 lo0,. -840, 20, Vet 0.5
CLOSED LOOP TF -V Xl/RrTe
BONN
1.0 100, ~100, Gef Vot 0.5
CLOSEL LoOP TF -V X2/7AT2
BONN
1.0 100, =100, U0 Uev (V-1

LOOP GAINs (FEEU BACK 82) =v1l alsarl




78€-Y

HONN
1.0
LOOP GAINe
BONNKOU 1
1.0
IJm

000UV0UVD
RLLTA

U F Wwie—

00000vUUD
sToP

100,

=100.

(FELU RACK K1)

(7S

~180.
1.0
~ll U
-0,
0.5
a0,

3
7

=100,

e Uasl
-v1l R2/RrT7¢

0«0 VeV

~l00.
140
=1,0
=U,)
0ol
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RUN NO. OEMO!1 DATE 04721775 PAGE NO. 1
RUNM BY D DEVERS
POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUY CURRENT TIME = 15.21.22
USES TWO MASS PROBLEM FRULM DEMO 8 THE (PU TIMER = 0.0

SUMMARY OF DYNAMIC~SIMULATION-PROGRAM INPUT DATA # & & & & = 3 » % %

ACTUAL SIZES MAXIMUR SIZES INTEGRATIOUN DATA GRAVITY GRADIENT DATA M1SC. DATA
NB = 2 NBMAX = o STARTT = 0.0 Gl = 0.0 GAMAL = Q.0 NOPRNT = O
NH = 2 NHMAX = 6 DELTAT = 1.0000-01 G2 = 0.0 GAMAZ = 0.0 NOPLOT = O
NSPY = 1 NSPMAX = 15 ENDT =  1.0000-01 G3 = 0.0 GAMA3 = 0.0 IFLNER = ]
NOFMO = (] MNMWMAX = 5 GRAG = 0.0 RCMAG = 0.0

NDELTA = & NMWBOD = 4

N = 12 NMDEOD = 12

NBETA = 2 L Y b 22

NLAM = 10 Xy = 250

NEQ = 18 KU s 113

THE TOPOLOGY ARRAY (ITOPOL) FOR THIS CASE FOLLUWS

tnt2)
1 1 1 2
2 1 0 1

TrE CONSTRAINT SPECIFICATIONS FOR THL1S CASE FOLLOW
t 1) t2)

NPV PI NN
bt s gt g ot Pt pet
RN - NN
bat put € pud gt pt P

THE SPECIFL1ED INITIAL HINGE ANGLES AND DISPLACEMENTS (BCTAH) FOLLOW

tn t2)
1 1 0.0 0.0
2 1 0.0 0.0
3 1 0.0 00
& 1 0.0 0.0
5 1 0.0 0.0
[ 1 0.0 0.0

THE SPECIFIED INITIAL HINGE RATES (BETAMD) FCLLOW

(1) ( 2}
1 1 0.0 0.0
2 1 0.0 0.0
3 1 0.0 0.0
& 1 0.0 0.0
5 1 0.0 0.0
& 1 0.0 0.0

£8e-v



RUN

98¢ -V

THE

THE

THE

THE

THE

NO. Otmo11 DATE 04/21/75
RUN BY D ODEVERS

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT
USES TWO MASS PROBLEM FKGM DEMO B

NO. OF ELASTIC MODES/ZEO0Y ARKAY (IRGFLX) FOLLOWS
« 1) ¢ 2)

1 1 4] (7]

NO. OF P/Q HINGE POINTS/B80DY ARRAY (NHPC1) FOLLOWS
t1 2y

1 1 1 1

NO. OF SENSOR POINTS/BODY ARRAY (NSPO1) FOLLOWS
t 1) 2)

1 1 1 4]

MOM. WHEEL/7B00Y TABLE (NMOW) FOLLOWS
t 1) t 2)

VP WN»
P Pt gt et bt et
OQOOoCCO
coooOo0QCOC

STATE VECTOR LENGTH ARRAY (LENU) FULLOWS
1) €2) £ 3) L4yt S5) (o)
1 1 & 6 o 0 2 &

STATE VECTOR LOCATION ARRAY (LOCU) FOLLUWS
C1) € 2) ¢ 3) C») C5) (6)
1 1 1 7 13 13 13 15

SPECIFIED SENSOR POINT/BODY CORRELATION ARRAY (IFTSMW) FOLLOWS
(1)
1 1 1

C - (

PAGE NG.

CURKENT TIME = 15.21.22
THE CPU TIMER = 1.666TE~ul

¢



19:1 % 4

RUN NO. DEMOL1L DATE 064/21/75

RUN BY D DEVERS

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUTY
USES TWO MASS PROBLEM FRUM DEMO 8

THE FOLLOWING DATA 1S SPECIFIED MOM. WHEEL INFORMATION (1F ANY)} AND CONTROLLER INFORMATION

THE SPECIFIED CONTROLLER INITIAL CONDITIONS AND CHARACTERISTICS FCLLOW
(THE FIRST NDELTA ARE INITIAL CONTROLLER STATE VARIABLES, THERE ARE 96 ADDITIONAL CONTROL PARAMETERS)

(1) ( 2) t 3) t &) (5)
1 1 0.0 0.0 0.0 0.0 0.0
1 11 0.0 0.0 0.0 0.0 0.0
1 21 0.0 0.0 0.0 u.0 0.0
1 n 0.0 0.0 0.0 0.0 0.6
1 41 4.500D0+02 2.00004¢00 4.500D402 5.0000+02 3.0000+00
1 51. 3.0000+00 5.000D+02 0.0 0.0 0.0
1 61 0.0 0.0 0.0 1.4240+03 0.0
1 T1 0.0 C.0 V.0 0.0 0.0
1 81 0.0 0.0 0.0 9.067D-01 0.0
1 21 0.0 0.0 0.0 0.0 0.0

t 6)
0.0
0.0
0.0
0.0
5.0000+02

00000
[-X-N-N-N-)

t 7
0.0
0.0
u.0
0.0
4.5000+02
o.o
0.0
0.0
0.0
0.0

R

i

il

PAGE NO. 3

CURRENT TIME = 15.21.22
THE CPU TIMER = 2Z2.8000&-01

(8} {9 (10)
0.0 0.0 0.0
0.0 0.0 0.0
V.0 0.0 0.0
0.0 0.0 0.0
2.0000+00 4.500D+02 5.000D%02
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 G0
0.0 0.0 0.0

e

i1k



RUN NO. DEMOL1 DATE 04/21/75 PAGE NO.

98E -V

RUN BY D DEVERS

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT CURRENY TIME = 15.21.25
USES TWO MASS PROBLEM FROM DEMO 8 THE CPU TIMER = 5.8333E-01

SUMMARY OF INPUT DATA FOR BODY 1 WHICH IS RIGID.

THE 6X6 INERTIA MATRIX IS -——

t 1) ( 2) t 3] { &) t5) (6}
1 1 1.0000+00 0.0 0.0 0.0 0.0 0.0
2 1 0.0 1.0000+00 0.0 00 0.0 0.0
3 1 00 0.0 1.0000+00 0.0 0.0 ~ 0.0
4 1 0.0 0.0 0.0 2.700D#00 0.0 0.0
S 1 0.0 0.0 0.0 0.0 2.7000+00 0.0
6 1 0.0 0.0 0.0 0.0 0.0 2.7000+00

FOR BODY 1 THE P-Q HINGE NO. AND THE EULER ROTATLION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (24Z93)y AND POSITION VECTOR COMPONENTS (43956) THAT POSITION THE
HINGE TRIAD WRT THE BODY TRIAD

(1) L 2}

1 1 2 1
t 1 t2) t 3) t «) t 5) { 6}
1 I 0.0 0.0 0.0 5.0000+00 0.0 ) 0.0

FOR BODY 1 THE SENSOR POINT NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
IS FOLLOWED BY AN ARRAY CONTAINING LULER ANGLES(1,2+3), AND POSITION VECTOR COMPONENTS (45546) THAT POSITIUN THt
SENSOR TRIAD WRT THE EODY TRIAD

t 1) ¢2)
1 1 1 1
t 1) t 2) ( 3) t «) (5 t 6)
1 1 0.0 0.0 0.0 0.0 0.0 0.0



RUN NO. DEMO11 DATE 04721775 PAGE NO. 5
RUN BY D DEVERS

CURRENT TIME = 15.21.26

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT
THE CPU TIMER = T.3333t-01

USES TWO MASS PROBLEM FROM DEMO 8

SUMMARY OF INPUT DATA FOR BUDY 2 WHICH IS RIGID.

THE 6X6 INERTIA MATRIX 1§ ——

(1) t 2) t 3) ( «) { 5} { 6)
1 1 1.0000+00 0.0 0.0 0.0 G0 0.0
2 1 0.0 1.0000+00 0.0 0.0 0.0 0.0
3 1 0.0 0.0 1.0000+00 0.0 0.0 0.0
4 1 0.0 0.0 0.0 3.1000+00 0.0 0.0
5 1 0-0 0.0 0.0 0.0 3.1000+00 0.0
[ 1 0.0 0.0 0.0 0.0 0.0 3.1000+00

FOR BODY - 2 THE P—Q HMINGE NO. AND THE EULER ROTATION TYPE APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH
1S FOLLOWED BY AN ARRAY CONTAINING EULER ANGLES (1,2+3)y AND POSITION VECTUR,COHPUNENTS t43556) THAT POSITION THE

HINGE TRJIAD WRY THE BODY TRIAD
t 1 (2)

1 1 2 )
1] € 2) t 3) t &} t{ 5) t 6}

{
1 1 D0 0.0 0.0 ~5.000D04+00 0.0 0.0

LBE-Y



RUN NO. DEMOTI DATt 04/21/75% PAGE NO.

RUN BY U DEVERS

E POLYNOMINAL TRANSFER FUNCTION INPUT CHECKCUT CURRENT TIME = 15.21.28
3 USES TWO MASS PKOBLEM FRUM DEMU 8 THE CPU TIMEKR = 1.366TE+0U
OUTPUT MATRIX CPLY { 3 X 4 )

t 1) ¢ 2) (3 ( o} t 5) { o} t 7) { E) (9 (1u)

1 1 2.250D0405 2.2500+405 2.250D+05 9.500D0+02
2 1 9.5000+02 2.3500+us 9.5000+02 &.350D+03
3 1 1.0000+00 6.000D+00 1.0000400 6.0000+00

END OF WRITE.

THE FOLLOWING INTEGER ARRAY (INDEP) PRESCRIGES INDEPENDENT VARIABLES (1), AND DEPENDENT VARIABLES (0)

C1) L 2) C3) Q&) 51 C6) € 7Y L 8) L9 (101 1) L12) {13) (14) (15) (16) (173 (1b)
1 1 0 1] (¢} 1 0 v 0 0 o 1 0 0 1 1 1 1 1 1



68¢-Y

RUN NO. DEMO11 DATE 04/21/75
! RUN BY D DEVERS

| I

PAGE NO. T

POLYNCMINAL TRANSFER FUNCTION INPUT CHECKROUT CURRENT TIME = 15.21.28
USES TwO MASS PROBLEM FROM DEMO 8 THE CPU TIMER = 1.4600E+00
AT SIMULATION TVIME, T = 0.0 S FE P2 3 R R R EE T EEREEEEE TR EE SRR SR
THE STATE VECTOR Y =
(1) t 2) t 3) { &) ( 51 t 6) . (7 { 81 { 9} (10)
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0
AT SIMULATION TIME, T = 0.0 LEE B IR B IR BEIE SE IR BE B BE BE DL BN BE N IR N BN BE N SR NE BE R N BE BE BE IS
THE STATE VECTOR TIME DERIVATIVE YDT =
(1) t 2) ( 3) { ») t 5) t &) (7T t 8) ( 9) €10}
1 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 11 0.0 0.0 0.0 0.0 U0 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.0 ' EEEEEEREEREER NI I NI I I B I I I NI N N
THE BETAS (EULER ANGLES, POSITIUN COORDINATES) ARE
t1) ( 2)
1 1 0.0 0.0
2 1 0.0 0.0
3 1 0.0 0.0
& 1 0.0 0.0
5 1 0.0 0.0
6 1 0.0 0.0
AT SIMULATION TIME, T = 0.0 ' EEEEEEEEEEEEREE I I I I I B I IR I
THE BETA TIME DERIVATIVES ARE
(1) t 2}
1 1 0.0 0.0
2 1 0.0 0.0
3 1 0.0 0.0
4 1 0.0 0.0
5 1 0.0 0.0
6 1 0.0 0.0
AT SIMULATION TIME, T = 0.0 * ¥ & * & & 6 % X8 XS 2 F I EE E S XX ESESE RS S
THE DELTAS (CONTROL SYSTEM VARIABLES) ARE
(1) ( 2) { 3) ( %)
1 1 0.0 0.0 0.0 0.0
AT SIMULATION TIME, T = 0.0 T EE EEFNFEFNEEEN E I I RS BN NN B N NN A
THE DELTA TIME DERIVATIVES ARE
t 1) t 2) £ 3 { &)
1 1 0.0 0.0 0.0 0.0
AT SIMULATION TIRE, T = 0.0 ' EEEEEEEEEEEREE I B I I IS B R I I I IR
FOR BODY 1 THE VELOCITIES ARE
t 1) { 2) (3 ( &) t5) t 6)
1 1 0.0 0.0 0.0 0.0 0.0 0.0
FOR 800Y 1 THE CORRESPUNDING MOMENTA ARE
t1n t 2) { 3) { &) ts) 1 &)
1  § 0.0 ’ 0.0 0.0 0.0 0.0 0.0

FOR 80DY 1 ITS CONTRIBUTION TU TOTAL ANGULAR AND LINEAR MOMENTUM 1S



06€-Y

1
ITs

FOR

FOR

FOR

178

THE

tn t 2) t 3) t &) t5) B 3 |
1 0.0 0.0 0.0 0.0 0.0 0.0
CONYRIBUTIOUN TO TOTAL XINETIC AND PUTENTIAL ENEFGIES IS 0.0 0.0

AT SIMULATION TIME, T = 0.0 %5 & 2 X X 2 X XS EE SN X EEEEE S ELSE S SRS

8opYy 2 THE VELDCITIES ARE
t 1} t2) t 3) (&) {51 { 6)
1 0.0 0.0 u.0 0.0 0.0 0.0
800Y 2 THE CORRESPUNDING MOMENTA ARE
{1 t2) t 3) { &) t 5) ) { 6)
1 0.0 0.0 0.0 U0 0.0 0.0
sapyY 2 1TS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
{ 1) t2) {3 t «) t5) { 6}
1 0.0 0.0 : 0.0 0.0 0.0 0.0

CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES 1S 0.0 0.0

AT SIMULATION TIME, T = 0.0 5 5 5 6 %% S8 &8 ST EEEEE SRR EEEE LA EED
INTERCOUNNECTION CONSTRAINT FORCES(LAMBDAS) ARE

1) (2 t 3) ( &) (5) t 6) (7 (&) t 9)

1 0.0 0.0 0.0 0.0 0.0 0.6 0.0 Va0 0.0

AT SIMULATION TIME, T = 0.0 % £ % & % % & 8% X EFE 2 T B E XA &K EE S K &N

TOTAL ANGULAR MUMENTUM VECTUK IS

t 1) t 2) t 3)
1 0.0 0.0 0.0
TOTAL LINEAR MOMENTUM VECTOR IS
t 1 t2) { 3)
1 0.0 0.0 0.0

TOTAL ANGULAR MOMENTUM
TOTAL LINEAR MOMENTUM
TOTAL KINETIC ENERGY
TOTAL POTENTIAL ENERGY
TOTAL ENERGY (T + V)

LI}
[~ <N e I ]
cCOooOoOo

(10}
0.0



16E~V

RUN NO. DEMO11L

DATE 04/21/75
RUN BY D DEVERS

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT
USES TWO MASS PRUBLEM FROM DEMO 8

OUTPUT MATRIX

DO VE W=

1
1
1
1
1
1
1
1
1
1
1
1
1
1

END OF WRITE.

~A— (
(1)

3.3580-01
2.925D-01
1.0000+00
1.0000+00
0.0
0.0
0.0
0.0
1.0000+00
0.0
0.0
0.0
0.0
0.0

( 2)

3.3580-01
~2.9250-01
0.0

1. GO0D+00
0.0

0.0

0.0

0.0

0.0
1.0000+00
0.0

0.0

C.0

0.0

t 3)

~2+2220400
—1.9350+00
0.0

0.0
-3.350D+03
~-1.1250+06
-3.3500+03
—1.3490L4+06
00

0.0
1.000D+00
1.0000+00
6 .0000+00
6.0000+00

{ &) t 5

5.2750402 -3.704D-01 -
~4.61640+402 0.0

0.0 0.0

0.0 G0

0.0 ~9.5000+02
0.0 -2 «250D+05
-3.3500+03 0.0
~1.3490+06 0.0

0.0 0.0

0.0 0.0

0.0 0.0
1.000D+00 0.0

0.0 1.0000+00
6.0000+00 0.0

t 6) tmn
0.0 0.0
0.0 ~3.2260-01
0.0 0.0
0.0 0.0
1.00004+00 0.0
0.0 0.0
0.0 —9.5000+02
0.0 ~2.2500+05
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 1.0000+00

CUR
THE

PAGE NQO.

RENT TIME = 15.21.41
CPU TIMER 6.0200E+00

8} ( 7 {10}




RUN NO. DEMDII

ToL-Y

QUTPUT MATRIX -T- {
t 1

0.0
0.0
0.0
0.0
0.0
1.0000+00
0.0
0.0

WP DN
bt ot gt Bt b s Pt Pt

END OF WRITE.

C

21

0.0
Oe.uL
0.0
0.0
0.0
[+ 1
0.0
1.0000+00

3

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT
USES TwWO MASS FROBLEM FRUM DEMU &

1.0000400 0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

OATE 04/21/75
RUN BY D OE VERS

0.0

1.0000+00 0.0

1.0000+00
-1.0000+00
~6.0000+00

0.0
G0
e-o
U0
0.0
0.0

0.0
0.0
0-0

t 6)

0.0
0.0
0.0
1.0000+00
0.0
0.0
-6 .0000+00
0.0

«mn

G0
0.0
0.0
0.0
1.0000+00
0.0
0.0
Q.0

PAGE NO.

CURRENT TIME = 15.2).4%4
THE CPU TIMER = 6.8407E+00

8} {9 (10)

C=OQ0O00O0Q
[
cOeOCOOQO

*

uv00+00



RUN NO. DEMO11 DATE 04721775
RUN BY-D DEVERS
POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT
USES TWO MASS PROBLEM FROM DEMO 8
OUTPUT MATRIX —A*-—- t 8 X 8 )
t 1 ( 2) t 3) { %) t 5) {
1 ) § —3.358D-01 3.358D-01 -5.275D0+02 5.2750+02 0.0 0.0
2 1 2.925D—01 =2.925D-0U1 4.594D+02 —4.594D+02 0.0 0.0
3 1 1.0000+00 0.0 0.0 0.0 0.0 0.0
4 1 0.0 1.0000+00 0.C 0.0 0.0 0.0
5 1 0.0 0.0 2.2500+05 0.0 0.0 0.0
L3 1 0.0 0.0 0.0 9.5000+02 0.0 0.0
7T 1 6.00004+00 0.0 2.3500403 0.0 1.0000+400 0.0
8 1 0.0 6.000D+00 0.0 2.3500+03 0.0

END OF WRITE.

£6E-Y

6}

1.0000+00 0.0

-

PAGE NG. 11

CURRENTY TIME = 15.22.00
THE CPU TIMER = l.lo40E+0L

(7N ( 8} { 9) €10}

=3.,7040-01 0.0

0.0 -3.226D-01

0.0 0.0

0.0 0.0
—2.250D0+05 0.0

0.0 ~2 4 2500+05
-9.5000+02 0.0

~9.5000+02



RUN NO. DEMOLL DATE 04/21/75 PAGE NO. 12

RUN BY D DEVERS

POLYNOMINAL TRANSFER FUNCTIUN INPUT CHECKWUT

CURRENT TIME = 15.22.00
USES TWO MASS PROBLEM FROM DEMO 8

THE CPU TIMER = 1.1850£+01

L1 %

RT A RYA®

NO REAL PART IMAG INARY PART REAL PARY IMAGINARY PART

1 -0 .499990+03 0.0 “0.499990+03 0.0

2 —0.499980+03 0.0 ~0.499980+03 0.0

3 -0.450010+03 0.0 ~0.450010+03 0.0

& —0.450010+03 0.0 ~0.450010+03 0.0 :
5 —0.31556D+00 -0.31418D+02 ~0.31556D+00 ~0.314180+0
6 =-0.315%60+00 0.314180+02 -0.31556D+00 0.31418D+02
7 ~0.143540-02 -0.41606D0+00 —0.14354D0-02 —0.416060+00
8 “0.143540-02 0.41606D+00 ~0.143540~02 0.41606D+00



RUN NO. DEMOL1 DATE 04721775
RUN BY D DEVERS

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT
USES TWO MASS PROBLEM FROM DEMO 8

DUTPUT MATRIX —AR- ( 4 X 4 )
t 1 t 2) t 3) { <) t 5)
1 1 0.0 0.0 -2.250D+05 0.0
2 1 0.0 0.0 0.0 —2.2500+05
3 1 1.0000+00 0.0 ~9.5000+02 0.0
4 1 0.0 1.000D+00 0.0 -9.5000+02

END OF MWRITE.

c6L-V

6)

{

7)

L

PAGE MO.

CURRENT YIME = 15.25.12
THE CPU TIMER = 6.850TE+Ol

t 8} t 9) {10}

L

109




RUN NO. DEMOI1 DATE U&s/21775 PAGE NO. 110
. RUN BY D DEVERS

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKQUT CURRENT TIME = 15.25.12

THE CPU TIMER = 6.8613E+01

>
1
§ USES WO MASS PRObLEM FROM DEMO &
CUTPUT MATRIX .BCOL t 1 X &)
tn t 20 t 3) t %) t 5 (&) (I t €) (T (10}
1 1 2.250D+05 0.0 2.3500+03 0.0

END OF WRITE.



RUN NO.

L6E-Y

NO

PWN

DEMO11 DATE 04/21/7%
RUN BY D DEVERS

POLYNOMINAL TRANSFER FUNCTIUN INPUT CHECKOUT

USES TWO MASS PROBLEM FROM DEMO 8

R AR RART
REAL PART IMAGINARY PART REAL PART 1IMAGINARY PART
—0.50000D+03 0.0 ~0.500000+03 0.0
-0.500000+03 0.0 -0.500060D+03 0.0
=0.450000+03 0.0 ~0.450000+03 0.0
—0.450000+03 0.0 =0.450000+03 0.0

PAGE NO. 111

CURRENT TIME = 15.25.16
THE CPU TIMER = 6.8983E+01




RUN NO. OEMO1

86€~V

QUTPUY MATRIX

1
1
1
1

SN -

END OF WRITE.

ANUN (
« 1)

-9 .5T4D+01
0.0
0-0
—4,2550-04

4 X 4

(21 ¢ 3)
0.0 0.0
0.0 ~2..250D+05
1.0000+00 -9.500D+02
0.0 0.0

DATE v&/s21/175
RUN RY D DEVERS

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUY
USES TWO MASS PROBLEM FROM DEMO &

{ %)

0.0
0.0
U0
1.0000+00

5)

6)

m

CURRENT TIME
THE CPU TIMER

PAGE NU.

15.25.19

= 6.9540€E+01

9)

{101

122



RUN NO. DEMOIL DATE 04721775
RUN BY D DEVERS

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT
USES TWO MASS PROBLEM FROM DEMO 8

NUM OEN
NO REAL PART IMAGINARY PART REAL PARf IMAGINARY PART
1 -0.500000+03 0.0 =0.50000D+03 0.0
2 ~0.45000D+03 0.0 -0.500000403 0.0
3 ~0.95T7450+02 0.0 ~0.450000+03 0.0
& =0.450000+03 0.0

66L-V

PAGE NO.

CURRENT TIME = 15.25.19
THE CPU TIMER = 6.9583E+01

113




RUN NO. DEMOL1

DATE 04/21/75
RUN BY D UEVERS

E POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT
3 USES TWO MASS PROBLEM FROM DEMO 8
OUTPUT MATRIX RRED t 1 X 260

(1 «2) t 3)

1 1 1.000D+00 0.0

END OF WRITE.

t 41 t 5)

2.000D0+00 0.0

0.0

3]

t 7

1.0000+00

PAGE NU. 115
CURRENT TIME = 15.25.20
THE (PU TIMER = 6.9677E+01
( 8) 9 (10}
1.U440-02 2.000D—u3 2.2220-03




T0%=V

RUN NO.

DEMO11

DATE 04/721/75
RUN BY D DEVERS

POLYNOMINAL TRANSFER FUNCTION INPUT CHECKOUT
USES TWO MASS PROBLEM FROM DEMO &

RETURN LOOP TF 11

FREQ/RAD/SEC

0.1000000+01
¢.1100000+01
0.1250000+01
0.1400000+01
0.1600000+01
0.1800000+01
0.200000D+01
0.2200000+01
0.2500000+01
0.280000D0+01
0.3200000+01
0.380000D+01
0.4500000+01
0.5200000+01
0.6200000+01
0.700000D+01
0.7800000+01
0.890000D0+01
0.1000000+02
0.1100000+02
0.1250000+02
0.140000D0+02
0.1600000+02
0.1800000+02
0.2000000+02
0.220000D+02
0.2500000+02
0.2800000+02
0.3200000+02
0.380000D+02
0.4500000+02
0.5200000+02
0.620000D+02
0.T00000D+02
0.7800000+02
0.8900000+02
0+100000D+03

Bl1/x1

FREQ/HERTZ

0.1591550+00
0.175070D+00
0.198%440+00
0.2228170+00
0254648D+00
0.2864790+00
0.318310D+00
0.3501410+00
0.3978870+00
0 . 4456 340+00
0.509296D0+00
0.6047890+00
0.T161970+00
0.8276060+00
0.986761D+00
0.111408D+01
0.1241410+01
0.14)6480+01
0.159155D+01
0.175070D+01
0.198944D+01
0.2228170+01
0.2546480+01
0.2864T79D+01
0.3183100+01
0.3501410+01
0.397887D+01
0.445634D+01
0+509296D+01
0.6047890+01
0.716197D+01
0.827606D+01
0.9867610+01
0.111408D0+02
0.1241410+02
0.1416480+02
0.1591550+02

REAL

0.1000030+01
0.1000040+01
0.1000050+01
0.100006D+01
0.100008D+01
0.1000100+01
0.1000120+01
0.1000150+01
0.1000190+01
0.100024D+01
0.1000310+01
0.1000640+01
0.1000620+01
0.1000830401
0.1001180+01
0.1001500+01
0.100187D+01
Cal00243D0+01
01003070401
0.100371D+01
041004790401
0.100601D+01
0.1007840+01
0.1009920+01
0.101224D+01
01014800401
0.1019080+01
0.102390D+01
0.1031150+01
0.104375D+01
0.1061010+01
0.1080940+01
0.111384D+01
0.114367D+01
0.117642D+01
0.122580D+01
0.1279640+01

IMAG

0.6222120—02
0.6844310~02
0.777758D0-02
0.871083D0-02
0.995514D-02
0.111994D0-01
0+1244360-01
0.1368780-01
0.1555400~01
0.1742000-0C1
0.199078D-01
0.2363880-01
0.2799070-01
0.323412D-01
0.385535D0-01
0.4352060-01
0.484849D0-01
0.5530590--01
0.6212030-01
0.6830880-01
0.7757870-~01
0.8683150-01
0.991384D-01
0.1114060+00
0.123631D+00
0.135806D+00
0.1539690+00
0,171996D+00
0.1957940400
0.2309070+00
0.270846D+00
0.3095030+00
0.3621650+00
0.401843D+00
0.4391050+00
0.486039D+00
0.527602D+00

PAGE NO.

CURRENT TIME = 15.25.20
THE CPU TIMER = 6.9T13E+0l

AMP

0.100005D+01
0.100006D+01
0.100008D+01
0.100010D+01
0.1000130+01
0.100016D+01
0.1000200+01
0.1000240+01
0.100031D+01
0.1000390+01
0.100051D+01
0.100072D+01
0.1001010+01
0.100135D+01
0.100192D+01
0.1002450+01
0.1003040+01
0.1003960+01
0.1004990+01
0.1006030+01
0.160778D+01
0.100975D+01
0.101271D+01
0.1016050+01
0.101976D+01
0.1023840+01
0.1030650+01
0.103825D+01
0.104957D+01
0.1068980+01
0.1095030+01
0.112438D+01
0.1171240+01
0.1212220+01
0.125570D+01
0.131364D+01
0.138414D+01

DECIBELS

0.000
0.001
0.001
0.001
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.006
0.009
0.012
0.017
0.021
0.026
0.034
0.043
0.052
0.067
0.084
0.110
0.138
0.170
0.205
0.262
0.326
0.420
0.57%
0.7T89
1.018
1.373
1.672
1.978
2 .403
2.824

RAD

0.0062
0.0068
0.0078
0.0087
0.0100
0.0112
0.0124
0.0137
0.0155
0.0174
0.0199
0.0236
0.0280
0.0323
0.0385
040434
0.0484
0.0551
0.0619
0.0680
0.0771
0.0861
0.0981
0.1099
0.1215
041330
0.1500
0.1664
0.1876
0.2177
0.2499
0.2789
0.3144
0.3379
0.3572
0.3775
0.3911

DEG

0.3565
0.3921
Q456
0.4991
0.5703
0.6410
0.7128
0.8909
0.9978
11401
1.3536
1.6023
1.8508
2.2053
2.488¢
27706
3.1579
3.5433
3.8933
444150
4a9331
5.6179
62950
6.9634
T.6224
8.5916
9.5356
10.7513
12.4T7406
143202
15.9779
18.0120
19.3595
20.4683
21.6288
22.4066
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APPENDIX B - DELINEATION OF INPUT AND OUTPUT FOR PROGRAM NASFOR

This appendix contains the following items:

1. data input - computer listing of data used to generate re-
results for the demonstration problem;

2. print output - recpresentative print output sufficient for

the user to validate the numerical results for the demon-
stration problem,
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PAGE NO. 1

CURRENT TIME = 14.39.31
THE CPU TIMFR = 0.0

RUN NO. NAS& DATE 11/25/74
RUN BY A. Ca PARK 22461
TWO FLEX RODIFS, EACH ONE 1S A BEAM
DEMCNSTRATION RUN OF NASFOR -
PROGRAM NASFOR
RUN NO. NAS4 DATE 11725774
RUN 8Y A. C. PARK
Twe FLEX ECDIES, EACH CNE IS A EEAM
CEMCNSTRATION FUN OF NASFCR
TEST INPUT DATA FCR NESFOR PROGRAM
USING INPUT FRCV NASTRAN CUTPUT2 TAPE ANL CARDS
70 CHECK RUN PROVIDED BY W. R. CASE OF GSFC
NTAPEL = 20 NTAPEZ = 30
NTAPE3 = 40 TAPEIO =L1234
1EPRTL = 1 IFPRTZ = 1 IFPRT3 = 1
IFPNCH = 1
RUN NO. NES& DATE 11/25/74

RUN BY A. C. PARK

TWC FLEX ECDIES, EACH CNE 15 A BEAM
GEMONSTRATION PUN OF NASFOR

LOGICAL UNIT 3C, TAPE L1234 ¢ HAS EEEN INITIALIZ2ED.

£-8

PAGE NO. 2
X2461
CURRENT TIME = 14.39.31
THE CPU TIMER = 2.3333E-02
PAGE NO. 3
X2461
CURRENT TIME = 14.39.32

THE CPU TIMER = 3.8333E-01




RUN NO. NAS4

P TWO FLEX EODIES. FACH GNE IS A EEAM
-~ DEMONLTRATION PUN COF NASFOR

BODY NUMBER = 1
NO. OF JOINTS
NO. OF MODES
NO. OF MODES

11
5 (ELASTIC)
0 (RICID BODY)

nopru

RUN NC. NAS4

TWO FLEX BOCIFS. EACH ONE 1S A BEAM
DEMONSTRATION RUN OF NASFOR

CUTPUT MATRIX CFOM1 t 11 X 3

«n {2) 3
1 1 1.0000+403 0.0 0.0
2 1 9.000D+02 C.C 0.0
3 1 8.000D+402 0.0 0.0
L 1 7.0000+02 0.0 0.0
3 1 6.0000+402 0.0 0.0
6 1 5.0000+02 0.0 0.0
7 1 4.,000D+02 0.0 0.0
& 1 2.0000+02 0.0 0.0
< 1 Z2.0000+02 C.0 0.0
1C 1 1.000C+02 0.0 0.0

END TF WRITE.

L&)

DATE 11/25/74

RUN €Y

2. Co PARK

DATE 11/25/74

RUN BY

As Co PARK

5) ¢

X2461

X2461

6)

7

PAGE NO.

CURRENT TIME = 14.39.33
THE CPU TIMER = 4.0667€-01

PAGE NO.
CURRENT TIME = 14.39.34

THE CPU TIMER = £.9333E-01

(D) t 9 (10}



C * S0 o

KUN NC. NASS DATE 11/25/74 . PAGE NO. [}
KUN RY A, C. PARK X746l

TWO FLEX EGDIESs FACKH ONE 1S A BEAM CURRENT TIME = 14.41.11
NEMONSTRATION RUN OF NASFOR THE CPU VIMER = 3.5000E400
QUTPUT MATFIX MU { 11X 10)
(1N ¢ 2) « N &) t s) te) « 1 t 8) ( 9) (10)
1 1 1.2950-63 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 1 2.591D-03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 1 2.801D-02 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 1 2.5910-03 C.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 1 2.5916-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
¢ 1 2.5910-02 C.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
? 1 2.5910-03 0.C 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
] 1 £.5910-03 6.0 0.0 0.0 0.0 0.0 0.0 6.0 6.0 0.0
5 1 2.5910-03 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 1 2.5910-03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
11 1 1.2950-05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
END OF WRITE.
#%% ENG OF FILE s#%
RUN NC. NAS& DATE 11/25/74 PAGE NO. g
* RUN BY A. C. PARK X2461
TWO FLEX EOGIES, EACK ONE 1S A BEAM CURRENT TIME = 14.41.17
DEMGNSTRATION °UN CF NASFCR THE CPU TIMER = %.106T€E+00
OUTPUT MATRIX HY ( 11X 5
1 3 ¢ 3 { 4) ¢ 5y (&) (7 « 8) « 9) (10)
1 1 -1.2380+C1 0.0 0.0 ~1.208D+01 1.157D+01
2 1 -1.067D+01 0.G 0.0 —6.186D400 2.02EC+00
3 1 —£.9720+0C 0o 0.0 —6 .204D-01 -£ 3000400
“ 1 -7.2050400 C.0 0.0 4.0£1D+00 —B.0320+00
s 1 —%5.6560+00 0.0 0.0 7.350D+00 ~5.4240+00
& 1 ~4.1950+00 €0 6.0 £.E01D+00 €.83SD-01
7 1 -2.8290+00 0.0 C.0 £.3770+0C £.70FL+00
£ 1 ~1.6850+0G 0.0 s 6.423D400 9.294D4GC0
e ] =7.8850-01 0.0 0.0 3.6660400 7.3200+00
10 1 =2.07¢D-01 0.0 0.¢ 1.12604C0 Z.7410400

END CF WPITE,



DATE 11/25/74
RUN BY A, C. PARK X24¢l

RUN NO. NAS& PAGE NO. 9

TWO FLEX PODIESe FACH ONE IS A BEAM CURRENT TIME = 14.41.20

ﬁ CEMONSTRATION RUN COF NASFCR THE CPU TIMER = £.6133F+00
OUTPUT MATRIX WZ { 11 X &)
(N «2) t 3 { %) s t &) tn t & t 9 (10)
1 1 0.0 1.2380+01 ~1.208D+01 0.0 0.0
2 1 0.0 1.0670+01 -6.186D400 0.0 0.0
a 1 0.0 8.972D+0C -6.2040L~01 0.0 0.0
4 1 0.0 7.3050+00 4.0B1D+400 (.0 0.0
5 1 0.0 5.6990+400 7.350D0+400 0.0 0.0
3 1 G.0 4.195D0+400 £.601D+00 0.0 0.0
7 1 0.0 2.8390+00 8.3770+00 0.0 c.0
3 1 0.0 1.685D400 6.423D+00 0.0 0.0
9 1 0.9 7.885D-01 3.666D+00 0.0 0.0
1¢ 1 0.0 2.070D0-01 1.126D0400 0.0 0.0
END OF WRITE.
KRUN NO. NAS& DATE 11/25/74 PAGE NC. 11
RUN BY A. C. PARK XZ&&1
TWO FLEX BODIES, EACH ONE IS A BEAM CURRENT TIME = 14.41.32
CEMONSTRATION RUN OF NASFOR THE CPU TIMER = 6.5067E+00
QUTPUT MATRIX SIGY { 11 X s )
t N « 2 2 (&) € 5 t &) « M t 8) «9N (10}
1 1 0.0 ~1.7080-01 5.9460-01 0.0 0.6
2 1 0.0 -1.765C-01 5.8040-G1 0.0 0.0
3 1 0.0 ~1.667D-01 5.232D~C1 0.0 0.0
4 1 0.0 -1.643D-01 4.0700-C1 0.0 0.0
5 1 0.0 -1.5620-01 2.4000-01 0.0 0.0
6 1 0.0 —1.438D0~C1 4.900D-02 0.0 0.0
7 1 0.0 ~1.264D-01 ~1.2790-01 0.0 0.0
4 1 0.0 ~1.0350-01 —2.505D-01 0.0 0.0
s 1 0.0 -7.4890-02 ~2.837D-01 0.0 0.0
10 1 0.0 ~4,041D-02 —2.0400-01 0.0 0.0

END DF WRITE.



PUN NO. NASC

DAYTE 11/25/74

RUN BY A, C. PARK
TWO FLEX FGDIES, FACH ONE IS A EFAM
CEMONSTRATION RUN CF NALFOF
OUIPUT MATRIY SI1(2 ] 11 X L |
tn t o «2) { &) £) t
1 1 -1.70g80-01 \ 6.6 -5.946D~0]1 9.EECD-01
2 1 -1.7050-01 o ¢.0 ~5,£040-01 E.8640—01
3 1 -1.€E70-01 ¢ 0.0 ~5.2320~C1 5.3410-01
« 1 -1l.6630-C1 0 0.0 ~4.070D-01 -2.622D-C3
€ v -1.5600-01 ) 0.C ~2.4000-01 -4.8540-01
¢ 1 ~1.42ED-01 ¢ e ~4.9G0D=02 ~6.7G4L-01
7 1 —1.2¢4-01 ¢ U.C 1.27°0-01 =4.721D-01
£ 1 -1.025D-01 o 0.0 2.505D0-01 -2.4170-02
c 1 -7.4£60-02 o 0.0 2.637D-01 3.8430-01
10 1 ~4.0410-02 0 0. 2.040D0-C1  4.5300-C1

END: GF WRITE,

*®x% END CF FILE ##x

RUN NM. NAS4

TWC FLEX BODIES,

IS A REAM

CEMONSTRATION PUK OF NASFOR

DATE 11/25/74
RUN BY A. C. PARK

oUTPLY MATRTIX STIF {
(1 ¢ [ ] ) {
1 1 4, 7280+C32 0.0 0.0 c.0
2 1 0.0 Ce0 0.0 0.0
3 1 0.0 1.£160+0F 0.0 0.0
& 1 0.0 0.0 1.£160+0F 0.0
A 1 0.0 0.C 0.0 1.3950+06

END CF WeITE,

#*% END CF FILF %s#

(-8

X24¢€1

&)

x2sel

6)

CURKENT TIMe
THF CPU TIMER

CURRENY TIME
THE CPU TIMER

PAGE NO.

16.41.34
6.9935E+00C

110}

PAGE NO.

14,461 .45
T.266TE+GO

€10}




RUN NO. NASG DATE 11/725/74 PAGE NC. b

RUN BY A. C. PARK X24t1

TWO FLEX EODYES, EACH ONE TS A BEAM CURRENT TIME = l4.41.44

T DEMONSTRATICN RUN CF NASFOR THE CPU TIMER = 7.4500E+00
QUTPUT MATRIX DAMP t 5% 5)

t 1 «2) {3 (S ¢ 5) Le) tn (€ {9 (10}

1 1 1.63£0-01 0.0 0.0 0.0 0.0

2 1 0.0 5.6360-01 0.0 0.0 0.0

2 1 0.0 0.0 2.1310+00 0.0 0.0

. 1 0.0 0.0 0.0 2.131D0+00 0.0

5 1 0.0 0.0 0.0 G.0 5.9060+00

FND OF WRITE.

wx% END (OF FILE *x%x%



RUN NC. NASe

TWC FLEX EODIES,
DEMONSTPATION PUN OF KNASFOR

6C0OY NUMRER = 2
NO'. OF JCINTS
NC. OF MOCES
NC. OF MDDES

11
£ (ELASTIC)

RUN NC'. NA&S4S

TwO FLEX BODIES, SACH ONE IS
LEMONSTPATION RUN OF NASFOR

BUTPUT MATRIX GEOM2 11 X 3

t 1 «2) (

1 1 1.C0C0+0Z (.0 0.0
z 1 9.0000402 0.0 0.0
3 1 £.0000+4062 0.0 G. 0
4 1 T.0000+02 0.0 0.0
5 1 £.000D0+02 0.0 c.C
¢ 1 5.0000+02 0.0 0.C
7 1 40000402 0.0 Q.0
e 1 3.0060D4CG2 (.0 6.0
Q 1 2.0000+02 (.C 0.0
1cC 1 1.0000+02 (<G 0.0

END OF WRITE.

6-¢

EACH ONE IS A BEAM

LATE 11725774 PAGE NO. 15

0 (RIGID BODY)

RUN BY A-. Ce. PARK ¥2461
CURRENT TIME = l4.41.44
THE CPU TIMER = T.5167E+CO
DATE 11725774 PAGE NC. 16
RUN BY A. C. PARK X246}
A BEAM CURRENT TIME = l4.41.44
THE CPU TIMER = T.6200E+00
3) t o) 3 ( 6} ¢t 7 (€l { 9) (10)




RUN “r. KA ‘ DATE 11/2%/74 PAGE NO. 17
RUN BY A, C. PAPK X7e&¢]

END CF WRITF,

® THC ELEX €CDIES, FACH ONE IS A EFAM CURRENT TIME = 14.61.%)
L CEMONSTERATION SUN OF NASECP : THE CPU TIMER = 1.015T€+0}
OUTFUT MATRIX MU t 11>y 10
tn «2) € 3) €@ € (S (N ¢ & t 9 (10}
1 : £.1P20-03 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 1 1.036C~02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 c.0
z 1 1.0260-02 0.0 0.0 0.0 0u.¢ 0.0 0.0 0.0 0.0 0.0
< 1 1.036D-02  0.C 0.C 0.0 c.0 0.0 0.0 0.0 0.0 0.0
« 1 1.0360-CI  0.G n.C 0.0 0.0 0.0 0.C 0.0 0.0 0.¢
& 1 1.0360-C2 €0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 G.0
7 1 1.0360-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
£ 1 1.03¢0-C2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
< 1 1.036L-02 ©.0 0.0 0.6 0.0 0.0 G.C 0.0 0.0 0.0
16 1 1.036D-02  €.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 1 5.1620~(3 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0
END OF WOITE,
*%% END OF FILE ®*x
RUN NC. MASS DATF 11/25/74 PAGE NO. 19
RUN EY 4. C. PARK X2461
TWC FLEX LCDTFS. EACH ONt IS A BEAM CURRENT TIME = 14.41.57
DEMONSTRATION RUN CF NASFOR THE CPU TIMER = 1.178T€+01
OUTPUT MATRIX HY t 11 x s
tn t2) « 2) (4 t =) (Y «n t 8 t 9 (10)
1 1 0.0 ~1.000C+C0 C.v —1.00060+00 1.00CD+0C
2 1 3.0 ~£.£210-01 0.0 -5.119C-01 1.753C-01
3 1 0.0 ~7.249D-01 0.0 -5.1330-02 -4.581C-01
« 1 0.¢ -£.9020-01 .G 2.3770-01 -6.9420-01
J 1 0.0 ~4.6050=-01 0.0 6.0620-01 —4.689L-01
€ ) 0.C -2.3E£9C-01 0.0 7.2630-01 5.9120-02
7 1 0.0 ~2.294D-G1 0.0 6.9320-01 5.796D-01
£ 1 0.0 -1.3620-01 0.0 5.3150-01 6.0340-01
° 1 0.0 ~€.3710-02 0.0 3.0330-01 6.32E0-01
10 1 €.0 “1.6730-02 6.0 9.315D0-02 .36°D-01



RRSoR A

.

RUN Nfl. NASG DATE 11/25/74
RUN Y A. Ca PARK
TWO FLEX BODIFS, EACH ONE IS A BEAM
DEMONSTRATICN RUN OF NASFOR
OUTPLUT MATRIX SIGY « 11 X €
t 1 t 2) t 3) (&) [
1 1 -1.3800-02 0.0 4.9200-02 0.0 0.0
2 1 -1.3770-02 0.0 «,8030-02 0.0 0.0
3 1 -1.363C0-02 0.0 4.3290-02 0.0 0.0
&4 1 -1.3270-02 0.0 3.3660-02 0.0 0.0
5 1 -1.2620-02 0.0 1.9€60-02 0.0 0.0
6 1 -1.1620-02 0.0 4.055D-03 0.0 0.0
7 1 -1.0210-02 0.0 -1.0590-02 0.0 0.0
& 1 —-£.3620-03 0.0 -2.0730-02 0.0 6.0
9 1 -6.0510-03 0.0 -2.3+460-02 0.0 0.0
10 1 ~3.2650-03 0.0 -1.6880-02 0.0 0.0
END OF WRITE.
RUN NC. NASG DATE 11/25/74
RUN EBY A,
TWO FLEX BOCIES, EACH ONE IS A BEAM
CEMONSTRATION RUN OF NASFOR
oUTPUT MATRIX SIGZ t 11 X 5
t D t2) t 3 ( 4} { 5
1 1 0.0 ~1.380D0-02 0.0 -4.9200~02 €.5480-02
2 1 0.0 -1.2T7T70-02 0.0 ~4.£030-02 T.6450-02
3 1 0.0 -1.363D-C2 0.0 —£.329D0-02 4.6170-02
& 1 0.0 -1.3276-02 0.0 ~3.368D0-02 -2 .4400—04
5 1 0.0 -1.2620-02 0.0 ~1.9860-02 -4.1960-02
] 1 0.0 ~1.1620-02 0.0 -4,0550—-03 -5.7950-02
7 1 G.0 -1.0210-062 0.0 1.0590-02 —4.0815-02
£ 1 0.0 -8.3020-G3 0.0 2.0730-G2 —2.0€890-02
9 1 0.0 ~t.0510-03 0.0 2.346D-02 3.322D-02
10 1 0.0 -3.2650~03 0.0 1.68ED-02 3.9150-02

END OF WRITE.

*x% END OF FILE %*

11-¢

Ce. PARK

ﬂw

PAGE NO. 22

Xcbbl
CURRENT TIME = 14.42.02
THE CPU TIMER = 1.3217€¢01
o) tn t 8) ( 9 t10)
PAGE NC. 23
xX2661 i
CURRENT TIME = 14.42.04
THE CPU TIMER = 1.3717E+Ol
6) tn t €) ( 91 (10}



RUN NN. MAS4 DATE 11/2%/74° PAGE NO. 24
RUN BY 2. C. PARK X146

¥ TWC FLEX BODIFS, FACH ONE 15 A EEAM CURRENT TIME = 14.42.05
e CEMONSTEATION RUN OF NASFOR THE CPU TIMER = 1.3967£+Q1
CUTPLT MATRTX STIE ( s x &)
(N t 2 t 3 (%) Y ey L t e 9 t10)

1 1 3.066L+01 0.0 0.0 0.0 0.0

ya 1 Ol 3.0060+G) [P 0.0 0.0

2 ' 2.0 0.6 1.243C+03 0.0 0.0

e 1 0.0 0.0 0.0 1.24304C3 0.0

< 1 0.0 0.0 0.0 0.0 1.0420+04
END CF WFITE.
*#% END CF FILE wex
RUN NC. NAS& DATE 11/25/74 PAGE NG. 25

RUN EY A. C. PARK X2461
TWO FLEY EODIES, EACH ONE 1S A BEAM CURRENT TIME = 14.42.06
DEMONSTPATION PUN OF NASFOR ‘ THE CPU TIMER = 1.4160E+01
CUTeUT MATRIX (AMP { L X 51
(D t2) Y t %) ¢ ) (€ « 7 t 8) { 9) (10)

1 1 £.0770-62 0.0 0.0 0.0 c.0

2 1 0.0 £.97T70-03 0.0 6.0 0.0

3 1 0.0 0.0 & .£340-02 0.0 0.0

" 1 0.0 0.0 0.0 5.8360-02 0.0

s 1 0.0 0.0 0.0 0.0 1.765D-01

END CF WRITE.

*#%% END OF FILE *%=

( C



RUN NO.

NASa DATE 11725774 PAGE NO. 26
PUN EY AL Ceo PARK X2661
TWE FLEX PCDIES, FACH ONE IS A EFAM CURRENT TIME = 16.42,08
DEMONSTEATION RUN OF NASFGE . THE CPU TIMER = 1.4¢64CE+01

c1-t

LISTINC OF MATRICES ON LCCICAL UNIT 30, TAPE L1234

NC. RUN NC. NAME NECWS NCOLS DATE NNZ PARTITION
1 NALS GEOML 11 3 11/725%/
2 NASSH MASS 11 1 8 1172%
3 NACS&L STAY 11 3 117257
o NAS& INER 11 [ 11/2%7
] NASG X 11 H 117257
& NAL& HY 11 & 1172%7
7 NAS4 HZ 11 H 117257
e NAS& SIGX 1 5 11725/
9 NASG S1GY 12 ¢ 117257

10 NAS& $TGZ 11 & 11/72¢/
11 NAS& ST1F 5 5 117257
12 NASS DAMP s 5 117257
13 NASSH GEOM2 11 3 117257
la NAS4 MASS 11 1 117257
15 NAS& STAY 1t 2 11/72%/
1¢ NASG INER 11 6 117257
17 NAS& EX 11 s 11/2%/
1F NASG RY 11 5 11725/
1°e NAS&4 HZ 11 5 11725/
20 NASS SICX 11 5 11725/
21 NAS& SIGY 11 s 117257
22 NASS SIGZ 11 5 117257
23 NAS& STIF 5 5 11/72%/
% NAS4 DAMP 5 S 117257
25 £ECTY

END OF LIST.

U
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