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FOREWORD

This report, prepared by the Dynamics and Loads Section, Martin
Marietta Corporation, Denver Division, under Contract NAS3-30761,
presents the results of a study that developed a digital computer
program for dynamic analysis of a flexible spacecraft with ro-
tating components. The study was performed from April 1974 to
August 1975 and was administered by the National Aeronautics and
Space Administration, George C. Marshall Space Flight Center,
Huntsville, Alabama, under the direction of Dr. John Glaese.

The report is published in three volumes:
Volume I - Analytical Developments

Volume II = Program Guide and Examples
Volume IIT = Program Code
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ABSTRACT

This document details analytical procedures and digital computer
code for the dynamic analysis of a flexible spacecraft with rotating : |
components, Two major subject areas are considered: |

(1) nonlinear response in the time domain, and
(2) 1linear response in the frequency domain.

' The spacecraft is assumed to consist of an assembly of connected
rigid or flexible subassemblies, The total system is not restricted : ,
to a topological connection arrangement and may be acting under the : %
influence of passive or active control systems and external environments,

The analytics and associated digital code provide the user with the

capability to establish spacecraft system nonlinear total response : |
for specified initial conditions, linear perturbation response about |
a calculated or specified nominal motion, general frequency response

and graphical display, and spacecraft system stability analysis,

A
5
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The document is presented in three volumes.
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THE DYNAMO PROGRAM
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This volume is intended to provide the reader with sufficient
understanding of program system DYNAMO*and its capabilities so
as to permit a user to employ the program as a basic tool to
analyze the behavior of a wide range of dynamical problems.
Specific emphasis will be on a simulation for multiply-inter-
connected spinning elastic bodies responding under the combined
influences of external environments and either active or pas-
sive control.

COMMENTS

The simulation employs a state-space approach that was developed
in detail in Volume I. The state-space formulation provides an
attractive basis for simulation of nonlinear dynamical problems
in a general sense as well as permitting linearization of the
governing equations to provide an additional foundation with
which to evaluate frequency domain and linearized time domain
characteristics.

An attempt has been made to relieve the user from the require-
ment of having to communicate with the digital program via large
amounts of bulk data input. Although the program has many op-
tions available, the program data stream has been organized to
require only a minimal amount of basic input data for a particu-
lar simulation. The data requirements have been further consol-
idated in a manner that is quite definitive for the physical
system being simulated. In summary, the user can quite easily
relate to the particular elements of the program requirements
and thus minimize setup time required to prepare data input
for a given problem. In addition, a set of self-checking fea-
tures has been included in an attempt to identify and check
certain compatabilities that are necessary for a proper simu-
lation of a physically realizable system.

In an overall sense, the digital program can be employed by the
user to obtain

1. nonlinear time response,
2. interaction constraint forces,

Dynamic Analysis - Multiple Options
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3. total system resonance properties,
4. frequency domain response and stability information,
5, linearized time response.

The program outputs consist of printed and plotted results de~
picting

1. dynamic model construction,
2. time domain response,
3. frequency domain characteristics.

The printed outputs are of a fixed form while the user controls
the plotted information through the input data stream.

NOMENCLATURE

This discussion identifies the basic nomenclature used to syn-
thesize a typical assembly of interconnected bodies. The
theoretical development, program users' manual, and demon-
stration problems make extensive reference to various termin-
ologies that are clarified here. Figure I.B-1 provides a visual
display that illustrates many of the items being discussed and
will be repeatedly referred to in the ensuing discussions.

The overall system ''topology' is identified by the user via the
input integer array ITOPOL that contains the necessary informa-
tion describing which "hinges'" interface which bodies. Each
body contains a body reference point that is the origin of an
orthogonal cartesian body axis system. This point need not
coincide with the body center of mass.

Contiguous 'bodies' are interfaced through a "hinge''. We say
interfaced in lieu of connected to emphasize the fact that the
common "hinge' point between contiguous bodies may actually
permit relative translational motion of the 'two bodies at the
hinge. The degree of fixity at the hinge is identified by the
user via the input integer array IHDATA., A typical body may
contain "sensor' points that identify particular points where
additional information is required to complete the desired
simulation. A sensor point might sense on position or rate

for the control system inputs, but could also represent a point
on a body where certain other information is desired, such as a
momentum wheel location or a point of force/torque application.

ekt St
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TYPICAL MULTIBODY CONFIGURATION

Body Reference Point
Hinge Point
Sensor Point

Momentum Wheel

PO e

Note: Inertial Reference
1. All momentum wheels must K
also have a sensor point,

2, Body I must always he
positioned relative to J
the inertial reference.

3, Hinge 1 is always between I[
Body I and the inertial
reference.

TYPICAL 'TWO BODY/HINGE POINT ARRANGEMENT

Body m Reference
Axis System

Body n

Body n
Reference
Axis System

Note:

1. Motion of the ¢ frame oa Body n is measured relative to
the p frame on Body m,

2., The p and q frames are positioned with respect to Body
m and n reference axis systems,

3. Hinge j is identified via array ITOPOL,
4, Array IHDATA contains additional hinge information.

¥OLDOUT FRAlqN /

Hinge No. — 12345
Hody No.//. 134 32| Body n has frame q

Body NO.— g

Additional Remarks:

PROGRAM SIMULATION INTEGER ARRAYS

ITOPOL Topology, Size = 2 x NH

TT————a0 4 1 1 4| Body m has frame p

Example: Refer to Column 3 (Hinge 3) and
note Body 4 interfaces with Body
1 via Hinge 3.

No. of Elastic Modes/Body, Size %

Example: Body No. 4 has 2 elastic modes,
Body No, 2 has no elastic modes.
3
5

Sensor Pt.—»

Sensor Point Locations, Size = ]%
i
123456 ‘,

Example: Sensor Point is located on Bd
(as are Sensor Points <2> and @
THDATA Hinge Information, Size = 7 x !\1

12345 a—Hinge No. ,
ITYPE 317211 Note: ;
i

000160 1. ITIYPE = Euler Type

2. Elements in rows 2-7 1
hinge constraint type.
E

Do @
N =
o
o
(=]
=
~

6 |oooo01

M 01111 0: Free/forced 4
. 1: Fixed Constraint :
y 01011 (Zero relative velocit
M 01110 2: Rheonomic Constraint

(time dependent)

The number of Bets: ir. the state vector
equals the sum of "zzros" plus the sum
of the "twos' (excluding row 1) in the
array.

The number of Lambdas (constraints)
equals the number of “nonzeros"
(excluding row 1) in the array.

IO Momentum Wheel Informatio

- Mopentum Wheel No,

,1
;
|
i
|
|
1
3
i
i
4
*
;
:
:
i

<@ Sensor Point No.

-4~ Spin Axis (1, 2, or 3)
«g— 1 = Active; 0 = Constant
6y 85 03 | g Wheel Rates (Initial)

Jy J2 J3 | «ag— Wheel Inertia about Spin

e RN
L)
w slw

=
v | O
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ze = 1 x NB

Body 4
)

x NH

' identify
e .

ity)

n, Size =

3 x NOFMO and
2 x NOFMO

Speed

Axis

EULER ANGLE PERMUTATION CANDIDATES A ITYPE

CONNECTION KINEMATICS A~ TYPICAL HINGE

o

T
ITYPE = 123456789 101112 a "p" Point al
1st Hotation Axis 0f 8y | 11111222233 3 3 ~— — —
2nd Rotation |Axis of 8, | 2 233l331 L1122 46, i
. ;
3rd Rotation Axls of 83 [ 3112122323 3 1 L1H N -1 -1 i
. -y~ -1=* R R o R
| 885 y qu pRm ap ot % | 1T & |
x| T
Example: Using ITYPE = 6 . ~-R § - R =R h )
P, ng ™ m Smp P pm p qu an an ‘j
A;:a !
Note:
1. 4R 18 a rotation transformation from
3 the j to the i reference frame,
2. In general, iRj jR'k = ;R and
71 is a transformation relating Euler
rates to body axes projections of
the angular velocity vector,
4 " o is a modal slope matrix in the 1
9':;: Ea frame,
hi is a modal deflection matrix in the
8; about axis 2 62 about axis 3 83 about axis 2 i frame,
. . Sij is a skew symmetric matrix whose
23 C3| 0]-83 Co | 82]0 C1| 0 | -8 a; elements are the components of the
fe=10 [1]0 8,| ¢ 0 ol1lo A vector 1 to j in the ith frame.
23] (53] 0]cs 0 |01 s1]10 J¢ a3
also
. R STATE
Li=4Ry 4y —
CONSTRAINT FORCE/TORQUE VECTOR {y} =
A (Fx)2
by F f
2 ( y)2 _
Az (I"z)2 -,
CONSOLIDATION OF KINEMATICAL COEFFICIENTS VAy (F.) ‘
X3
(The "b" Coefficients) A F)
- 5 2’3 .
% \& Ao | Ty ;‘
% \% {1 =¢ ay (Tz)q ;
% - ';
» N r . ~N s (Fx) ;
1 (v} {8} Y ;
. ‘).5 (Fy)'#
2 {uly {8}, Aol (F),
P = 4 {6}3 r )\11‘ (Tz) 5
{0} 2 Arz] (T3)s
4 3 {8}y ——
Ara| (F)) :‘
5 {uy s J \ (F“) ® |
~ ~ | M) ED |
Note: '(F.), refers to Hinge i
1. Only a single entry is in partition for x4

Hinge 1 and it 1is a q type parti~
tion from the connection kinematical
array above,

All other row partitions have both a P
and a q constituent for each "hinge"
between contiguous bodies.




11 12
3 3
2 2
3 1

uh

U}y

A

%25 22

83 about axis 2

= 1 4
CONNECTION KINEMATICS - TYPICAL HINGE
a "p" Point a "g" Point
-~ o
48,
Aézl
. 1 ’ IR R g | oagl a1 f
433 v qR'p pRm qQppm P + an + an t’q 1
Axy '
N -R § - -R h [ R R R R h
bxa pm'mp | Pm} pm p quan"nq pagqn|pqqgn g {
bx3
Note: mx
1. 1_R is a rotation transformation from @
3 the j to the i reference frame, y
2. In general, iRj ij = iRk and w,
71=1 18 a transformation relating Euler a u
rates to body axes projections of {”jl‘ v
the angular velocity vector,
ai is a modal slope matrix in the i w
frame, €1
h, d1s a modal deflection matrix in the :
i £2
i frame,
Sij is a’ skew symmetric matrix whose .
elements are the components of the .
vector 1 to j in the ith frame. E
n
3
STATE VECTOR ARPANGEMENT
/.
{uh {vh
(U}z {fl}z
{uly {0},
CONSTRAINT FORCE/TORQUE VECTOR Iy} = |{uh | 5 {y}= |{Uh
| i€l {£h
\ ) (g} {E}s
! x'y {c}; {£}3
w | e, & [N
RS NP o1 o
\ ) B2 B2
A X3 B3 éa
ds (Fz)3 [N -
Ag | (Tody Bs Bs
A} =¢ ay (12),, J Bg ge
—}.“ ) 87 B7
8 %'y 8g éa
_)‘9 (Fy)lo Bg %9
Doy O, B1o B1o
A1 (T2)s B fn
’ Bz B12
Az (T3) R
——— : Bi3 B13
A13 (Fx)S By Biy
A | (Fp)g B1s B1s
816 B1s
.(Fx)i refers ‘to Hinge i Rsvd Bi7_
8 81
82 5,
§3 &
7

ORIGINAL PAGE 1§
OF POOR QUALITY

(=F4

5=

vwhere {U}j = o e =

~a———TFor this example, prescribed

as function of time, i.e., a
rheonomic constraint as
noted in IHDATA

’

Figure I.B-1 Simulation Nomenclature

I-3 and I-4
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The integer input array LIFTSMW identifies the body, where a
particular sensor point is located.

A body may also contain '"momentum wheels'. This special con-
sideration accommodates a disk or rotating mass with a single
relative rotational degree of freedom into the simulation with-
out introducing another body. The momentum wheel capability is
more efficient for the simulation of a single degree of freedom
rotating mass than is constraining 5 of 6 rigid body degrees of
freedom via constraint equations. All momentum wheels must
have an associated sensor point. A wheel may either be active
or constant speed; an active wheel has a variable spin rate and
receives an input torque (generally via some sensor output re-
lationship) and a shaft torque is applied to the wheel inducing
a wheel angular acceleration. The array IMO identifies whether
or not the wheel is active, and which axis is the spin axis.
The reference axis for the wheel is the same as the sensor
point axis system where the wheel is located. The array AMO
identifies the wheel spin rates (initial rate only for the ac-
tive wheel) and the wheel spin inertia about the spin axis.

The system state vector is arranged in a specific manner within
the program and it is necessary for the user to be very familiar
with this arrangement for a number of reasons. First, the user
must know where certain variables are located so that he can
couple the control law into the simulation, and secondly, the
user must know the order of the state variables in order to
interpret results, Figure I.B-1 presents the state variable
order consistent with the illustrative problem and other re-
lated information. The state variables shown do indeed repre-
sent a typical arrangement in that all of the various types of
variables resulting from the multiple options available within
the simulation are present. The order of the constraints \)

is also noted. Note that the user introduces the control varia-
bles into the state vector but these variables (8) will always
appear after the betas (B). Furthermore, the user may also in-
troduce auxiliary variables (plant sensor signals and. control
system outputs) for use in the linearized studies. These auxil-
iary variables should be placed (by the user) after the control
variables (8) and in the order: plant sensor signals (Xgg)
followed by the control system outputs (B).
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GULIDELINES X

There are a number of guidelines that must be adhered to in
setting up a particular simulation. Some were detailed pre-
viously and are concisely summarized here:

1.

there must be at least two bodies; a single body problem
is simulated by including a dummy body that is not con-
nected to the body to be analyzed;

body no. 1 iz always positioned relative to the inertial
reference;

bodies are numbered from 1 to NB in an arbitrary order;

every body (except body 1) must have at least one hinge;
body 1 must have at least two hinges;

5. hinges are numbered from 1 to NH in an arbitrary order but

6.

hinge no. 1 is, by definition, the hinge on body 1 between
body 1 and the inertial origin; hence, hinge no. 1 can only

appear on body 1;

there must be at least one sensor point for a given simula-
tion;

7. sensor points are numbered from 1 to NS in an arbitrary

8.

9.

manner;

a typical flexible body requires mass and modal data that
reflects a coordinate system that is consistent with the
body axis reference system for that body, e.g., a modal
coupling approach establishing modal properties for a given
body would have to use the same reference body axis system;

for frequency domain studies, there can only be as many con-
trol output variables identified to introduce into the state
equations as there are control system variables to begin
with. Similarly, there can be no more sensor signal varia-
bles identified than plant variables which appear in the
original independent state equations.

10. the user must make certain that the user supplied package

has dimensions consistent with NHMAX for the arrays

P Ty T -
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SK(NSK, NHMAX), DK(NDK, NHMAX), and HNGT(NHT, NHMAX)

where  NHMAX = dimensioned maximum number of hinges,

NSK

3 or 6 depending upon nature of hinge free-
dom,

NDK = 3 or 6 depending upon nature of hinge free-
dom,

I

NHT = 3 or 6 depending upon nature of hinge free-

dom,

and if rotation only, then NSK = NDK = NHT = 3, if rotation
and translation, then NSK = NDK = NHT = 6;

11. the inertial properties of all the momentum wheels in a
particular body must be included in that body's inertia
description (whether rigid ox flexible) since inertial
coupling is used.

-7
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DYNAMO SEGMENTATION

The digital code has been segmented into an executive overlay
which governs the succeeding program flow and five supporting
primary overlays, each with a separate and dedicated purpose.

The basic program flow is depicted in Figure IL.A-1.

DYNAMO

DYNSAA l DYNSBB DYNSEE
[ | | |
MsSMODC MSMODL DYNSCC DYNSDD

Figure IL.A-1.

DYNAMO Segmentation

II~-1
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Table II.A-1 summarizes the intended purpose of the fundamental
components in the program structure.

Table II.A-1 DYNAMO Overlay Description

Primary Overlays

Segment Name Purpose

DYNAMO Executive program control
DYNSAA Data input

DYNSBB Simulation of problem, lineari-

zation of state eq's, nonlinear
time response

DYNSEE Control routine for DYNSCC and/or
DYNSDD
DYNSCC Plot results from nonlinear or

linearized time response

DYNSDD Frequency domain analysis, linear-
ized time response, frequency domain
displays, (Bode, Nichols, Nyquist,
Root Locus)

Secondary Overlays (called from DYNSAA)

MSMODL Flexible body data inputs for
lumped mass representation

MSMODC Flexible body data inputs for
consistent mass representation

The executive overlay (DYNAMO) initiates the simulation by read-
ing job identification information and then passes control to
the first primary overlay (DYNSAA) which represents the basic
data input segment. This overlay may be viewed as the program
segment which builds the model from the input data. A series

of topology checks are made as the data is loaded within this
overlay to better assure proper modeling of the physical system.
This overlay utilizes two additional secondary overlays for pro-
cessing certain types of inertial and modal data.

ERTEmEs
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After overlay DYNSAA has structured the basic data for simula-
tion, control is returned to the executive overlay which in
turn passes control on to irhe second overlay DYNSBB. This
overlay performs the actual problem mechanization and develops
the nonlinear formulation which is the foundation for the en-
tire dynamic simulation program.

During a given simulation, the executive overlay always calls
the first three overlays (DYNSAA, DYNSBB and DYNSEE) but, de-
pending upon certain input control parameters, may or may not
call the time history plot overlay DYNSCC or the linearized sys-
tem analysis overlay DYNSDD. This option is controlled through
the call to DYNSEE,

Simulation of a particular problem has its basis within the
algorithms contained in the program subroutine YDPT which es-
tablishes the canonical first-order differential equations that
govern the dynamical motion. This routine in turn addresses
another subprogram TPRQUE which in turn activates the user
supplied modules that relate to the particular simulation being
considered. These modules are discussed in further detail in a
following section.

II-3
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B.

THE USER-PAKS

___-.._.._.-—..-...—.-___.-—_-.....-—_—_—-_..._____....-__-__-—....._.._--__-__-—_--_

The program has been written under the assumption. that certain
user-supplied modules are available to complete a given problem.
Tn this manner, the user has considerable latitude with regard
to how certain particulars related to a given simulation are to
be handled. Control law specification, external torque inputs, and
identification of plant sensor signals and control system out-
puts are examples of items handled by the user. With this con-
cept in mind, several subprograms have been placed under user
control but with certain restrictions and guidelines to which
the user must adher. Later comments will identify certain re-
quirements associated with these user supplied modules.

LOGIC FLOW

Tt is worthwhile to consider a flow chart segment of the pro-
gram (Figure IIL.A-1) and its chronology within the solution
process. The order which the user supplied modules are called
is indicated by the integers 1 through 7 (for subroutines) and

8 and 9 for functions.
SPECIFIC CONSIDERATIONS

The separate user supplied subprograms each have specific in-
tended purposes and have been coded to fulfill these goals.

The user can extend the scope of any of these modules with his
own code, but there are certain items that these routines must
perform. In any case, the potential user should be very famil-
iar with many of the details of the user supplied package, and
it is with this fact in mind that a separate discussion will
now be devoted to each of the user supplied modules, Reference
will be made to some of the programming logic contained in the
DYNAMO subroutine TPRQUE, and so this logic has been put into
flow chart form as Figure III.B-1.
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NON
linear ‘Yes

DYNAMO p— — ADT
]
DYWSBB YD@T ! TPRQUE
3
9 =1 ADDT

User-Supplied Subroutines

analysis
?

No

-l

DYNSDD

Linear
time
response
9

Figure III,A-1

I11-2

LTRESP f{r————smmet=| YD@TL

_{ Linearize
o system,

Perform

analyses.

transfer function

*
User-Supplied Functions

User-Supplied Subroutine

- 1 e ]
- > —{Emr ]

- 3
— 4 —{KHINGE ]
— 5 —{emisc ]
— 6

7 ]

User Pak Logic

LTPRQL
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TPRQUE

CALL CQNTRL

CALL EXT¢R

No

Add external
torques to {G}

CALL SHAFTT

CALL KHINGE

CALL GMISC

Add to {G} -
el {p} - [k] ({&g} - {Eo})
- [c] {&}

Add to {G} -

oy 1
| -[al {U} + 2(|_UJ[m,j]{U})

I

CALL EQADD

Creates external torques/forces

Note: {G} is force/torque
vector ~ RHS of equation
of motion

Adds momentum wheel shaft
torques to {G}

Adds hinge spring torques to {G}
and sums spring energy to
potential energy

Gets AE due to thermal
environment

Now have RHS of equatiomns
of motion

Creates additional equations
for similarity transformation
(used in linearization and
stability package)

Figure III,B-1 Subroutine TORQUE Flow Diagram
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CONTRL

This is the first of the user-supplied routines and is always
called by DYNSBB. The primary purpose of CPNTRL is to esta-
blish the time derivatives of the control system variables.
These variables may be required by some of the other user rou-
tines that are activated after CPNTRL has been addressed. [The
routine must also establish the number of plant sensor signals
(NXSS) and the number of control system outputs (NBTQ) which

are transmitted through common block (/LDSIZE/) to the remainder
of the program. For transfer function studies, the user is also
required to identify whether or not transfer function poly-
nominals are to be utilized. This is accomplished in a data
statement (in C@NTRL) with the variable NPLY which is the num-
ber of polynominal ratio pairs (numerator and denominator) to

be utilized. The first call to CONTRL will read in the poly-
nominal coefficients (for NPLY # 0).

Subroutine CONTRL contains & good deal of information pertain-

ing to the simulation by virtue of its common blocks. Section

C identifies the constiuents of the common blocks contained in

this and other modules. Additional common blocks can be esta-

blished by the program user to transfer information between the
separate user-pak modules.

EXTOR

This subroutine establishes the system external torques.
Typically, this module can be utilized to accommodate such
items as RCS (Reaction Control System) forces and torques,
aerodynamics, and/or solar wind. The user can also extend

this routine to include the addition of other state dependent
torques. In summary, EXTPR, can be used as a "eatch all' for
inclusion of any additional forces and torques acting on the
system. A single call to EXTPR from subroutine TPRQUE esta-
blishes an integer array (ISNP) whose elements identify which
sensor points are to be used for force/torque inputs. A vector
containing torque and force components (ordered: Tg, Ty, T,,
F., Fg, F,) is then established for each of the force/torque
sensor points and placed as a column into the array TEX. The
vector of discrete forces and torques (referred to the local
sensor-axis system) is returned to subroutine TPRQUE from
EXTPR. These forces and torques are then transformed and added
to the total system external force/torque array {G} . The user
can bypass EXI@R related calculations by setting the variable
NTEX egqual to zero.

et g e




3. SHAFTT

This routine establishes the shaft torque for each of the non-
constant speed momentum wheels. Zeros are inserted for the
torque contributions to the external torque vector for a con-
stant speed wheel,

! 4. KHINGE

This routine sets up hinge spring and dashpot torques/forces.

It also accounts for potential energy contributions due to hinge
: . spring deflections. The user must identify where spring rates

: and dashpot constants are to be found. This can easily be

: handled by a user specified equivalence statement within sub- |
: routine KHINGE to locate the leading stiffness and damping |
elements within the data block identified as CNTDTA. Note:

within subroutine KHINGE there are statements of the following

form

j DIMENSION SK(3, NHMAX), DK(3, NHMAX), HNGT(3, NHMAX)

DO 10 I=1,3

DO 15 I=1,3

%

DO 20 I=1,3 . E
f

. ]

where the integer 3 reflects the fact that consideration has
been restricted to admitting only rotational springs at each
hinge. If the user wants to also include springs/dashpots in
relative translation at the hinge points, the three (3) in the
statements above must be changed to a six (6), and appropriate
spring rates and/or dashpots included within the data input
array CNIDTA, Further, the equivalence statement locating the
first spring rate (SK(l)) and dashpot constant (DK(1)) reflect
an order that is consistent with the hinge order; that is the
i first three elements in CNTDTA starting with the location cor-
responding to the leading element of SK represents in order Kg,
Kgy, K9y for the first hinge. A similar relationship exists

T
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for the array DK.

Example: In KHINGE note that

EQUIVALENCE (CNTDTA (K) ,SK(1) ), (CNTDTA (L) ,DK(1))

and the array CNIDTA would by

CNIDTA = . . . Kgl K92 K03

. Ry, Kg, Koy

—
element (K) Hinge 1 Hinge NH
(springs) (springs)
element (L)
. Cel C92 093 . Cgl 092 093
Hinge 1 Hinge NH
(dashpots) (dashpots)

where the oxder of 01 2 is consistent with the Euler rotation
1

type (1-12) for the hinge "q" triad.

The remainder of KHINGE is concerned with the proper placement
of the spring/dashpot forces and torques onto the composite NB
bodies (generalization of forces and torques) and should remain

unchanged.

The user can modify the referenced torques and forces immediate-
ly after the (D@ 10 1=1,NH) loop if he desires, but care must
be taken to assure that the proper force or torque is correctly
applied to accomplish the desired result.

GMISC

This routine is reserved to implement torque/force contributions
from thermal gradient effects. The entire state vector, along
with component position and attitude information, is available
via transfer through labeled common arrays. Section C provides
more insight into the information contained in these common

blocks.

EQADD

This routine establishes additional equations for use in the
linearized time domain analyses. It must identify the number

‘;
:
i
1
i
a




of additional equations introduced via the variable NAUX (num-
ber of auxiliary qquations). These equations relate plant
sensor signals, X&g and control system output forces/torques,
Bl, to the system state and in the specified order. The addi-
tional variables must be placed in the state vector as the last
NAUX state variables and in the order, Xis , then BL and they
become an integral part of system transfer function evaluations.

LTORQL

k
This routine establishes the bikp portion of the right hand
side of

.. : k
zl Aijz + bikU

which is used for the linearized time response. This corres-
ponds to the external excitations for the transformed variables,
zl, leading to evaluation of the perturbation response.

ADT (Subfunction)

This function is used in conjunction with ADDT to implement
prescribed kinematical motion in the hinge coordinates. With
reference to Figure I.B-1, the array THDATA(L,J),I> 1, may have
9 as an entry indicating that the Jth hinge has velocity and
acceleration prescribed in that coordinate. The argument of
this subfunction is: ADT(IC,T), with 1C=6% (J-1)+(I-1) corres-
ponding to IHDATA(L,J)=2. The integer IC and the time T are
passed into ADT via argument by the calling subroutine so that
the velocity (&) may be established for the proper hinge coor-
dinate as a function of time.

For a given rheonomic constraint, we note that both @ and @
must be set by subfunction. Now, it is conceivable that the
user knows @ as the exact mathematical time derivative of a.
It would seem that the natural thing to do would be to create
ADT and ADDT subfunctions to return consistent o« and & respec-
tively. This is not the best thing to do, however, because of
numerical integration characteristics. The numerical integra-
tion of {U} reflects the use of &. The resulting {U} reflects
a numerically integrated & which cannot be consistent with a
value obtained any way other than numerical integration. The
consequences of this are seen as slight errors in motion res-
ponse, but also, there is a large spurious change in system

momenta.

1117
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The best way to effect rheonomic constraints is to use values

of @ obtained from numerically integrating «. This can be
easily done by using additional differential equatlons that

are accommodated in the state vector as additional 'control
variables' or {8} Thus, after all of the actual control varia-
ble rates are established (in subroutine C@YNTRL) one need only
code additional expressions to set § (additional) = ¢ (desired).
The statements within subfunction ADT merely return ADI=Y(K);
the state vector Y is available in labeled common /VECTOR/, and
K corresponds to the location in Y where the 8§ = @ control var-
iable resides. Of course, IC must be tested such that the
appropriate @ = § is returned.

ADDT (Subfunction)

This function is discussed with regard to its relationship to
ADT in Section (8) above. This function has arguments:

ADDT (IC,T), exactly the same as ADT, and returns values of o
for appropriate IC and T consistent with the e returned by ADT.
Note in Figure IIIL.A-1,the chronology is suc¢h that subroutine
CYNTRL is addressed prior to function ADDI. This is so that
CONTRL can establish a value of § (additional) = @ (desired)

to put in the state vector time derivative (YDT, also available
in labeled common/VECTOR/). Now, for the appropriate time T
and IC, it is only necessary to set ADDT=YDT (K), where again K
corresponds to the location in Y where the & = & auxiliary con-
trol wvariable resides.

DELINEATION OF COMMON BLOCK DATA

The program user will very often have a need to access certain
information that is calculated and stored within the program in
order to compute specific variables required for the user sup-
plied modules. Such information about the simulation is stored
in multi-dimensional array form within labeled common blocks.
These data provide a good supplement to the state variable con-
tent which has been previously discussed in that the user can
extract both total and relative positions and rates for any
component of the simulated dynamical system once he has a firm
understanding of where certain data reside within the program.
The following subsections will discuss selected common block
arrays to better familiarize the potential user with their con-
tent.

N
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1. Common block/BHBSRD/ contains three separate groups of in-
formation which the user may need to access. This information
is concisely summarized in double and/or triple subscripted
arrays as

BS (6, 6-+FNMDBOD, NSPMAX)

ROL(3,3,NBMAX)

DOL (3 ,NBMAX)

where the following items are noted -

NMDBOD = maximum dimensioned number of modes per body,
NBMAX = maximum dimensioned number of bodies,
NSPMAX = maximum dimensioned number of sensor points.

The array, BS(i,j,k), contains the kinematical coefficients fox
all of the "sensor" points. The rows (subscript i=1,2...6) of
the array refer to (in order: oy, oy, wz, U, V, w) the com-
ponents of absolute angular and translational velocity (sensor
referenced) at sensor point k. The columns of the array (sub-
script j) refer to the j=1,2,...6 + no. of elastic modes on
body containing sensor point k. Thus, in general, if we want
to know the projection (the ith velocity component) onto the
triad located at sensor point k, the following expression is
noted

- . . A
Veli = BS(l,Jl,...,JL,k> . .

The array, ROL(i,j,k) contains the rotation transformations
relating the body axis systems to the inertial reference. The
clements of the array are the direction cosines between the
body axes, @k, and the fixed inertial system, @O. Subscript
k denotes the body number.

The array DOL(i,k) contains the three vector components, (X,
Y, 2), from the inertial reference to the body axis system, 8y,
for each body.

9. Common block /SPECIF/ contains information which the user
may require. These arrays are

II1-9
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BETAH(6 , NHMAX)
BETAHD (6 , NHMAX)
RS(3,3, 2% (NSPMAX))
DS (3, 2% (NSPMAX))

where the following items are noted -

fl

NHMAX maximum dimensioned number of hinges,

maximum dimensioned number of sensor points.

NSPMAX

The arrays BETAH(i,j) and BETAHD(i,j) contain the hinge BETA's
and rates respectively (for hinge j). The order (i subscript)

is given as

iy |

where éi is the ith Euler angle rate consistent with ITYPE for
hinge j and Ay is the ith velocity component of point ¢ relative
to point p in the p frame for hinge j.

The array RS(i,j,k) contains the rotation transformations
(direction cosines) between the sensor point axis system and

the body axis system (body on which sensor is located). Two
sets of transformations are identified for a given sensor

point. The first repiesents misalignment of the two triads
without elastic deformation and the second includes the elastic
deformation. The ordering (subscript k) proceeds as follows:
the.ﬁ;h sensor rotation (without elastic deformation) is located
at k = 2%f-1. The total rotation transformation for the Zgh
sensor is located at k = 2*2. For a rigid body, these two

transformations are identical.

e e e ot e EY S L g ) S e rope ey T

o




R

X

The array DS(i,k) contains the three components of the vector
from the body axis system to the body sensor points (in the
body axis system). Here again, there are two sets of vectors
(rigid body and rigid body + elastic) for each sensor point.
The first is for rigid body and the second includes the elastic
deformation. The addressing algorithm is the same as for
RS(i,j,k).
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DYNAMO INPUT REQUIREMENIS

The dynamic simulation program utilizes some basic data input
subroutines in an attempt to standardize a large amount of the
bulk data input. Additional formatted inputs have been used
where it is more meaningful (and more efficient) to do so. As
will be noted in the following section, there is a large amount
of data input via subroutines READ and READIM., Therefore, it
is useful to familiarize the reader with these two routines
prior to describing overall program data input requirements.

BASIC DATA INPUT ROUTINES READ AND READIM

These two subprograms are structured to read matrix arrays in
floating point (real) notation (subroutine READ) or fixed point
(integer) notation (subroutine READIM). A thorough discussion
of the routines and their supporting subroutines is available
at MSFC.* The following discussion gives a cursory over-

view of their usage.

The routines are activated by a FORTRAN call of the form:
CALL READ (A, NR, NC, KR, KC) or

CALL READIM (IA, NR, NC, KR, KC)

where the arguments in the call statement are

A, (IA) = floating (fixed) matrix array of size NR by NC
NR = number of rows in array

NC = number of columns in array

KR = row dimension of array in calling program

KC = column dimension of array in calling program

A call to either of these input routines requires that the data
be in the following format:

% R, L. Wohlen. Synthesis of Dynamic Systems Using FORMA-Fortran

Matrix Analysis. Contract NAS8-25922, MCR-71-75. Martin
Marietta Corporation, Denver, Colorado, May 1971

Iv-1
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Subroutine READ

First card - matrix name, NR, NC with format (A6,I4,L5)
Middle cards - data with format (2I5, 4D17.8)

first I5 is row number

second I5 is column number of leading D17.8 field

next 4D17.8 are elements of the array

Last card - ten zeros in columns 1 through 10

Subroutine READIM

First card - matrix name, NR, NC with format (A6,L4,15)
Middle cards - data with format (2I5, 1415)

first I5 is row number
second I5 is column number of leading I5 field
next 14I5 are elements of the array

Last card - ten zeros in columns 1 through 10

INPUT DATA STREAM

This section presents the program system input data stream
together with the data input control logic. The approach taken
herein is to first introduce an overview of the data inputs and
program control logic in the form of a flow diagram (Figure
IV.B-1) and to then identify the details in much the same way
as the FORTRAN code accepts the data inputs. This method of
presentation has been chosen as it most closely relates to the
actual processing of the user inputs for a given simulation.

In addition, the user can follow the program control or switch-
ing logic to determine just what data are required to complete
a particular simulation. :
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DYNAMO

\

CALL START

CALL COMENT

CALL DYNSAA

Legend:

®

@OO®O®O

See
See
See
See
See

See

sheet

sheet 2

sheet
sheet
sheet

sheet

CALL DYNSBB

® ©® ©

Linear
analysis?

Time history

No

Y

CALL DYNSDD

Y

CALL DYNSCC

!

END

Figure IV.B~1

Program System DYNAMO Data Stream Flow (Sheet 1 of

®
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START

[Read IRUNNO, UNAM@][Run Identification, User's Name (A6, 4X, 3A6)]

Read TITLEL
Read TITLE2

RETURN

Figure IV.B-1

[Title Card (12A6)]
[Title Card (1246)]

Read IREMRK, IPGHD

No

Yes

RETURN

[User's Comments
(1346, 1X, Al)]

Program System DYNAMO Data Stream Flow (Sheet 2 of 9)

V-4

N T T N T R




RIS St A

S -

DYNSAA

ﬁead NB, NH, NSPT, NOFMO, NDELT&I [System Characterizing Parameters (1615)]

[ Read ITOPOL l[Topology Description (READIM)]

I

r Read IRGFLX I[Elastic Mode Parameters (READIM)]
|

|  Read IFTSMW | ([Sensor Point Locations (READIM)]
!

l Read IHDATA ][Hinge Constraint Data (READIM)]

[ Read BETAH | (Initial Body Orientations (READ)]

! Read BETAHD | [Initial Body Rates (READ)]

Momentum
wheels?

T

| Read TMDATA  |[Time History Integration Data (READ)]

|

Read IMO J [Momentum Wheel Data (READIM)]

No [ Read AMO ][Momentum Wheel Data (READ) ]

r Read IPDATA I[Out-put Controls, Linearization Flag (READIM)]

Read CNTDTA 1[Contr:ol Data (READ)]
]

Read WV ][Gravity Gradient Data (READ)]

gy

____.< for N = 1,2,--,NB1 |Legend:

) See sheet 4,
@ See sheet 5.
€)) See sheet 6.

I

CALL MRIGID(N) |@

Read NTYPE |[Inertia Data Flag (1615)]

NIYPE = 1 NTYPE = 2

@ | ®

[caLL MSMODL(M)] [cALL msMODC (M)
i |

RETURN |

Figure IV.B-1
Program System DYNAMO Data Stream Flow (Sheet 3 of 9
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MSMODL (N)

g

No. of Hinges, Body N

NSB = No. of Sensor Points, Body N

/ mvad Fhoaiod
BEDVTH JON JINV'IE AV ONIGEX

Read A | [Joint Masses (READ)]

Read A [Joint Inertias (READ)]

Read A |[Joint Static Moments, Geometry (READ)]

»<for K=1, 2, *+, 6

Read A |[Modal Displacements, Slopes (READ)]

Read A |[Modal Stiffness, Damping (READ)]

Read A | [Initial Modal Amplitudes (8D10.3)]

Read A | [Initial Modal Rates (8D10.3)]

»< for L=1, 2, *+, NHB

lex801g
aand1g

[Hinge Number, Euler Rotation Type, Joint

Read NOH, ITYPE, JOINT | o 0o (1615)]




8-A1 pue /~AI

6 JO ¢ 199Yg) MOTJ WeaIls BIBQ OWVNAQ W2

1sfs wealoxg
1-4°AT @an31g

(

4—_—NOI‘K= l’ Z, oo, o]

Read A | [Modal Displacements, Slopes (READ)]

———o< for K= 1, 2

Read A ([Modal Stiffness, Damping (READ)]

Read A | [Initial Modal Amplitudes (8D10.3)]

Read A | [Initial Modal Rates (8D10.3)]

—< for L =1, 2, -+, NHB

[Hinge Number, Euler Rotation Type, Joint
Read NOH, ITYPE, JOINT Number (16I5)]

Read WV | [Euler Angles (8D10.3)]

Any Sensor Points? No

(NSB>0)

—+<for L=1, 2, **, NSB

[Sensor Number, Euler Rotation Type, Joint
Read NOS, ITYPE, JOINT Number (16I5)]

Read WV | [Euler Angles (8D10.3)]

R T T VO




| MsMobc(N) |

‘ i

= No. of Hinges, RBody N

= No. of Sensor Points, Body N

Read IFRBM, IDIAK, IDIAD [Control Integers (16I5)]

ERVHEd oI
g

NSB

I Read JDOF 4] [Degree of Freedom Table (READIM) ]

Read JV ;I[Mbdal Sleection Vector (READIM)]
l .

|
[ Read A AAI[Mass Matrix (READ)]
|

Read A ][Mbdal Matrix (READ)]

Nondiagonal
Modal Stiffness
and Damping?

[ Read OM2 J [Square of Natural Frequencies (READ)]

[ Read JTYPCLi] [Reference Joint Number (16I15)]

[7 Read OM2 AJ [Reference Joint Geometry (8D10.3)]

Yes
Diagonal Modal

Stiffness?

[ Read A 41 [Stiffness Matrix (READ) ]




Diagonal
Modal Damping?

[« Read A l [Damping Matrix (READ)]

1s4g wea3oxag
1-g°AT 2In31J

L

| Read OM2 |[Initial Modal Amplitudes (8D10.3)]

Read OM2 [Modal Damping Ratios (READ) ]

I Read OM2 I{Initial Modal Rates (8D10.3)]

—»<_for L=1, 2, . ., NHB

[Read NOH, ITYPE, JOINT |

Number (16I5)]

| Read oM2 | [Euler Angles (8D10.3)]

‘———<fiorL= 1, 2, -+, NSB

Any sensor

Read NOS, ITYPE, JOINT

Number (16I5)]

I
Read OM2 |[Euler Angles (8D10.3)]

4

(6 30 9 3°9Yg) MOTL WEDIIS BIBQ OWVNAQ W3

<
0T-ATI pue 6-AL

e caadaaialea oL

‘ RETURN I

[Hinge Number, Euler Rotation Type, Joint

[Sensor Number, Euler Rotation Type, Joint
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DYNSBB

Yes

Yes

No

No

RETURN

_<for R=1,2,..., NPLY

Read CPLY

Polynominal Coefficient

Data (READ)

RETURN

DYNSEE

Figure IV,B~1

Initialize plot system

Linear Yes

Analysis?

CALL DYNSDD

_

| cacr pywsce |

Terminate plot system

1
RETURN

Program System DYNAMO Data Stream Flow (Sheet 7 of 9)
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R A

I DYNSCC I

| READ ICTITL | [Master Plot Title (10A8)]

rﬁrRead NSET l [Number of Subsets of Data to be Plotted (16I15)]

Any data
to plot?
(NSET > 0)

No

P

——»< for ISET = 1,2,...,NSET
Read JPL

Read JVPL

[Number of Plot Variables, This Subset (16I5)]

[Vector of Global Locations of Plot Variables
on Plot Tape, This Subset (16I5)]

-

[kead NCI, NCD, NGRIDl [Local Location of Independent Variable,
Dependent Variables, Number of Grids for
One Plot Time History (161I5)]

Reached end
of data for
this set?
(NCI = 0)

Yes

Read TITLI, TITLD, PTITLE | [Axis Titles, Plot Title [2(A8,2X),648]]

I RETURN l
Figure IV,B=-1

Program System DYNAMO Data Stream Flow (Sheet 8 of 9)
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DYNSDD

[Branch Indicator, Linearized Time or

Read INAM | ¢ . yency Response (20A4)]

Linearized
time
response?

Yes

RETURN

Frequency
response?

Read LRY | [Frequency Response Control Data (READIM) ]

Read IRY | [Exponents for Tolerances (READIM) ]

Ar\for IcYc = 1,2,...,NCYC

Note: NCYC = Number of transfer function cycles
was defined when LRY was read (NCYC > 0)

Yes Skip this

‘——————-<for IOP = 1,2,...,5

cycle?

Read TITLE| [Title for Transfer Function Identification (20A4)]

Read LPNAME | [Identification for Plot Display Modes (20A4)]

Valid plot
display

_ identification? 7~




=

7T-A1 pue €1-AI

(6 30 6 399Yg) MOTJ wWealls eIBQ QWVNAQ Wweisks weaSoxg

T=-4°AI @an3fyg

»< for ICYC = 1,2,...,NCYc|

Note: NCYC = Number of transfer function cyclas
was defined when LRY was read (NCYC > 0)

Yes Skip this

cycle?

Read TITLE| [Title for Transfer Function Identification (20A4)]

Read LPNAME | [Identification for Plot Display Modes (20A4)]

—-——><for I0P = 1,2,...,5

Valid plot
display
identification?

No

Plot display
identification
requesting
root locus
display?

Yes

Read IJM | [Root Locus Plot Control (READIM)]

No

Read W1 [Root Locus Control (READ)]

~

)

Read FMIN, FMAX, DBMIN, DBMAX, AMIN, AMAX | [Frequency Response Control Data (6F10.0) ]
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cQ,,,,.,.¢¢g¢¢§§¢§Q§§¢§§¢§§¢¢§l§§¢¢¢¢¢#;#q*906&*0&#i#o&;#»###&oouuﬁﬁoﬁna

C#
C* MAIN PROGRAM
c#

C*###%#%{#9#“#Q#Gl“#.#i*’####&“i#“##ﬁiﬁ##G#Q#Ql#0#####&##%“#64##“’#Q#ﬁ##

C

c NIT = INPUT TAPE NUMBER

c J

C---‘---------------- DENOTES NHERE DATA
CQ---------------’---- IS READ INTO pROGRAM
C

C

C-====999 CALL START

c

CrememmeeeCALL COMENT

C

c

CALL DYNSEE

IPDATA(3)
IPDATA(2)

LINEARIZATION FLAG
PLOT CONTROL FLAG

IFLNER
NOPLOT

na
ion

meemeeee=IF (IFLNER +EQ@e¢ 1) CALL DYNSDD

G0 T0 999

OO0 DOOOOOO0

END
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C*QG#G*G#%&Qﬁﬁ%####*##ﬁ##%#######%%%####ﬂ#ﬁ########*%##Q#&##G#*#Q*##&Q##

C#
C# SUBROUTINE START = INPUT IDENTIFICATIONS
c#
c*#ﬁ*ﬁﬁ#####*#*##ﬁ*#é#ﬁ“%##ﬁ###%#**###%****ﬁ#%*###*#########ﬁ%*##*ﬁ##*##
c
c
Cocmameea=READ (NITsFORMAT = A654X93A6) IRUNNOs (UNAME(D)sI=1+3)
[RUNNO = RUN IDENTIFICATION NUMBER (6 CHARACTERS)
UNAME = USERS NAME (18 CHARACTERS)

TRUNNO EQ 4HSTOP = TERMINATE THE RUN
IRUNNO NE 4HSTOP = CONTINUE THE RUN

OOO0OOOOOO

12A6) (TITLEL(I)sI=lslc)

Cm======e=READ (NIT+sFORMAT
12A6) (TITLE2(I)sI=lslc)

C==~cee=e=READ (NITsFORMAT

72 CHARACTER USER SUPPLIED TITLE
72 CHARACTER USER SUPPLIED TITLE

TITLEL
TITLESC

RETURN
END

O0OOOO0D
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C
C
C
C
C

CHodatanattonatiaptt oo dataunaRitapttalaaRRatRREtdaraRnoRRRRRRaORBRURY
C#

C* SUBROUTINE COMENT = INPUT USER SUPPLIED COMMENTS

(oL

C*%ﬁ%####{S#G“#####G##§#######Gﬁ#%####%*%#{t%##*ﬁﬁ#&#ﬂ#####“###ﬂ*#%&#%####
c

c

Coemeom=eeREAD (NITsFORMAT = 13A691XsAl) (IREMRK(I}sI=1413)s IPGHD

c

c IREMRK = 78 CHARACTER USER SUPPLIED COMMENT

c IPGHD = NEW PAGE FLAG

C

c IPGHD = 1HP == NEW PAGE BEFORE PRINTING

C THERE IS NO LIMIT TO THE NUMBER OF COMMENT CARDS BUT
c LAST COMMENT CARD MUST CONTAIN ZERO IN

c COLUMNS 1 THRU 10

C

c RETURN

c END

Iv-17
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CHRtntanaatatotdartottttaostaaaatdtEattadpdaaastdaottgeiaaananaRiosRonses
C#
C* SUBROUTINE DYNSAA = INPUT PRIMARY DATA

C#
C”Qﬁ#ﬁ‘ﬂ'#'}#“##”““ﬁ#"“&“Q###é*##”####Q##%#*##*ﬁ*#*#ﬁ*“ﬂ#%#*####&#*##%““#“ﬁ
c
¢
Cmcmemec—eREAD (NITsFORMAT = 5I5) NBs NHs NSPTs NOFMO, NDELTA

NB = NUMBER OF BODIES

NH = NUMBER OF HINGES

NSPT = NUMBER OF SENSOR POINTS

NOFMO = NUMBER OF MOMENTUM WHEELS

NDELTA = NUMBER OF ADDITIONAL DIFFERENTIAL EQS

REQUIRED =~ CONTAINS CONTROL SYSTEM
VARIABLES

QOO OOOOOO0

eeme—eee=CALL READIM (ITOPOLs 2s NHs 29 NHMAX)
MATRIX SIZE 2 BY NH TO DESCRIBE TOPOLOGY
FOR THE JTH HINGE -

ITOPOL (19y) BODY N
ITOPOL (24y) BODY M
BODY N CONNECTED TO BODY M AT HINGE J
ITOPOL(1,1) 1 BY DEFINITION (B80DY 1)
ITOPOL (241) 0 BY DEFINITION (INERTIAL REF)

mecmem—===CALL READIM (IRGFLXs 1s» NBy ls NBMAX)

VECTOR SIZE 1 BY NB TO DEFINE NUMBER OF ELASTIC MODES

FOR THE JTH BODY

IRGFLX (J

) - RIGID BODY
IRGFLX (J)

0
N = FLEXIBLE BODY WITH N MODES

cememeee=CALL READIM (IFTSMWs 19 NSPTs 1, NSPMAX)
VECTOR SIZE 1 BY NSPT TO DEFINE SENSOR POINT LOCATIONS
FOR THE JTH SENSOR POINT =~

IFTSMW(J) = BODY NUMBER FOR SENSOR POINT J

OO0 O0000OCOOOOOOO0OO00O0O0O0O0O0O0
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s AT

i

OO0 OOOOOO0OO0

0000000000000 OOOOO0OOO0

ITYPE
1
2

10
11
12

PERMUTATION ORDER

(1le293)

(l9201)

(ls301)

(1934¢2)

(2+4351)

(29392)

(2
(2
(3
(3
(39

(3,

(IHDATAs 79 NH

1+2)
1+3)
1+2)
193)
2+3)

291)

s Ts NHMAX)

#a# SUMMARY OF EULER ROTATION TYPES ###

MATRIX SIZE 7 BY NH TO DEFINE HINGE POINT
CONSTRAINT DATA

FOR THE JTH
IHDATA(194)

IHDATA (29 4)
IHDATA(3sJ)
IHDATA (49 J)
IHDATA (59 4)
IHDATA (69 )
IHDATA(T s J)

HINGE -

EULER ROTATION TYPE TO ORIENT Q=TRIAD

WRT TO P=TRIAD AT HINGE J (ITYPE)

HINGE
HINGE
HINGE
HINGE
HINGE
HINGE

CONSTRAINT
CONSTRAINT
CONSTRAINT
CONSTRAINT
CONSTRAINT
CONSTRAINT

TYPE = THETA 1 ROTATION
TYPE = THETA 2 ROTATION
TYPE - THETA 3 ROTATION
TYPE = X TRANSLATION
TYPE - Y TRANSLATION
TYPE = Z TRANSLATION

ROTATIONS REFER TO ORDER DEFINED BY ITYPE

TRANSLATIONS REFER TO P=TRIAD

IHDATA(2=T+J)
IHDATA (2~
IHDATA (2~

Ted)
TeJ)

(LI 1]

0 = NO CONSTRAINT
1 - FIXED CONSTRAINT
2 = RHEONOMIC CONSTRAINT IV-19

.
b e ek it s




s Xz Xz Rz Xz Rk Xz Re Ko X2 K2 X K2Rz X2 X2 K2 K K2 X2 X X2 X2 X2 X2 N2 Xz K Xz Xz X2 X N Ne Nz N o No No N NoNo RoNoNo o No NoNo Ne Ne No N N o/

NOTE == NUMBER OF BETA STATE VARIABLES COMPUTED FROM
IHDATA AS SUM OF NUMBER OF ZEROS + SUM OF
NUMBER OF TwOS IN ROWS 2 THRU 7

NUMBER OF CONSTRAINTS COMPUTED FROM
IRDATA AS SUM OF NUMBER OF ONES + SUM OF
NUMBER OF TWOS IN ROWS 2 THRU 7

~emw~meea=CALL READ (BETAH,

69 NHs 69 NHMAX)

MATRIX SIZE & BY NH TO DEFINE INITIAL VALUES
OF BETA WHICH ORIENT TWO BODIES ASSOCIATED
WITH EACH HINGE

FOR THE JTH HINGE =~

BETAH(19J)
BETAH(29+J)
BETAH(3sJ)
BETAH(44J)
BETAH(59J)
BETAH(69J)

THETA 1 ROTATION
THETA 2 ROTATION
THETA 3 ROTATION
X TRANSLATION
Y TRANSLATION
Z TRANSLATION

cmmemeeeeCALL READ (BETAHDs 6+ NHs &9 NHMAX)

Iv-20

MATRIX SIZE 6 BY NH TO DEFINE INITIAL VALUES
OF BETA DOT - TIME DERIVATIVE OF BETAH
DESCRIBED PREVIOUSLY

FOR THE JTH

BETAHD (1 4)
BETAHD (29 J)
BETAHD (39 4)
BETAHD (45 4)
BETAHD (SsJ)
BETAHD (69 4)

HINGE -~

THETA 1 ROTATION RATE
THETA 2 ROTATION RATE
THETA 3 ROTATION RATE
X TRANSLATION RATE
Y TRANSLATION RATE
Z TRANSLATION RATE

NOTE == IF THE CORRESPONDING CONSTRAINT TYPE
IS 1 OR 29 THE INITIAL BETAHD(1=69J)
INPUT HEREs WILL BE IGNORED AND SET TO
ZERO OR TO THE RHEONOMICALLY PRESCRIBED
VALUEs RESPECTIVELY




NOFMO = NUMBER OF MOMENTUM WHEELS

IF (NOFMO .EQe 0) GO TO 41

OO0 OO0OO0

cecew====CALL READIM (IMO, 3s NOFMO, 3, NMWMAX)

i c
: c MATRIX SIZE 3 BY NOFMO TO DEFINE BASIC
; C MOMENTUM WHEEL DATA
" c
c FOR THE JTH MOMENTUM WHEEL -
: C
; c IMO(1sJ) = SENSOR POINT NUMBER FOR THE WHEEL
. c IMO(2sJ) = SPIN AXIS NUMBER FOR THE WHEEL (1s2 OR 3)
' C IMO(39J) = 1 ACTIVE WHEEL
; c = 0 CONSTANT SPEED WHEEL
: C
: C
: Cemmm—me-=CALL READ (AMOs 29 NOFMOs 25 NMWMAX)
c
C MATRIX SIZE 2 8Y NOFMO TO DEFINE MUMENTUM
c WHEEL DATA
: c
: c FOR THE JTH MOMENTUM WHEEL =
! c
: C AMO(1sJ) = INITIAL WHEEL SPIN RATE
: c AMO(2+dJ) = SPIN INERTIA
. C
g C 41 CONTINUE
c
: C
; Cme=w=ee==CALL READ (TMDATAs 1s 3y 1l 3)
: c
; c VECTOR SIZE 1 BY 3 CONTAINING TIME HISTORY
b C INTEGRATION CONTROLS
g C .
i c TMDATA(1) = INITIAL TIME (STARTT)
i c TMDATA(2) = TIME INTERVAL (DELTAT)
. C TMDATA(3) = TERMINATION TIME (ENDT )
C
C

Iv-21
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weme=e=e=READIM (IPDATAs 1s 35 1s 3)

VECTOR SIZE 1 BY 3 CONTAINING INTEGER

CONTROL DATA

IPDATA(1) PRINT CONTROL FOR TIME RESPONSE = PRINT

EVERY IPDATA(1) MULTIPLES OF DELTAT

PLOT CONTROL FOR TIME RESPONSE =~ SAVE

EVERY IPDATA(2) MULTIPLES OF DELTAT

0 PERFORM NONLINEAR TIME RESPONSE

1 PERFORM LINEAR TIME OR FREQUENCY
RESPONSE

IPDATA(2)

IPDATA(3)

"t

OO0

cemecce===CALL READ (CNTDTAs 19 NCNPARs 1ls KCONT)

VECTOR SIZE 1 8Y NCNPAR FUR CONTROL SYSTEM VARIABLES
AND USER SUPPLIED VARIABLES

T PR

THIS IS A CATCH=ALL VECTOR FOR USER PAK DATA
INFORMATION IS PUT INTO COMMON /CONTRL/ AND IS
IDENTIFIED BY USER SUPPLIED EQUIVALENCE MAP

IN USER PAK

FIRST NDELTA ELEMENTS MUST CONTAIN INITIAL VALUES
FOR DELTA VARIABLES IN STATE VECTOR

ADDITIONAL SPACE IS AVAILABLE TO THE USER

OO OOOOOO OO0

cemcmeee=CALL READ (WVs 1y 49 19 5)
VECTOR SIZE 1 BY 4 FOR GRAVITY GRADIENT DATA

Wv(l)
wv(2)
WV (3)
WV(4)

H]

PROJECTION OF GRAVITY VECTOR ON Y INERTIAL AXIS
PROJECTION OF GRAVITY VECTOR ON Z INERTIAL AXIS
RADIUS VECTOR FROM GRAVITY SOURCE TO GENERAL
YICINITY OF BODY CLUSTER

i

PROJECTICN OF GRAVITY VECTOR ON X INERTIAL AXIS ;
1

3

EQ 0y WV(4) IS IGNORED
NE 0y WV (4) MUST BE 6T 1

i

NOTE == IF(WV{l)®#%#2 & WV (2)##2 « WV(3)#az) }
i

é

J

1

(GRAVITY VECTOR COMPONENTS IN
UNITS OF ACCELERATION)

OO0

i3 1V=-22




NB = NUMBER OF BODIES
D0 20 N=1sNB

IRGFLA(N) EQ 0 = RIGID BODY
IRGFLX(N) GT 0 - FLEXIBLE BODY

IF (IRGFLX (N} +EQe 0) GO TO 25

OOOﬂOOOOOOOOOnOO

f ¢ NTYPE = 1 = LUMPED MASS REPRESENTATION
: c NTYPE = 2 - CONSISTENT MASS REPRESENTATION
§ < IF (NTYPE EQe 1) CALL MSMODL(N) === SEE FOLLOWING
? g IF (NTYPE EWe 2) CALL MSMODC(N) === SEE FOLLOWING
; : 60 TO 20
i ¢ 25 CALL MRIGID(N) === SEE FOLLOWING

¢ 20 CONTINUE

¢ RETURN

c END

i
it
i

Y
{
1
t
i
b
|
{
|
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CQQQkﬁQ###G#*###&§§§##Q#%#Q##Gﬂ#éé###ﬁ##b######Q#Q##b####&#“##########bﬁ
c#
C* SUBROUTINE MRIGID - INPUT FOR RIGID BODY

Cc#

Chadpapani reyerye Y 222122 L 22 X2 X 2 reerrrryere e YT LYY TR 2 222X INE L2 L2 L4 L34
C

C

C-------u-CALL READ (V’ 1’ 4’ 1’ 6)

C

C VECTOR SIZE 1 BY 4

C

C V(l) = MASS OF EODY

C V(2) = X (BODY REF POINT TO BODY CGs BODY TRIAD)
C V(3) = Y (BODY REF POINT TO BODY CG, BODY TRIAD)
C V(4) = Z (BODY REF POINT TO BODY CGs BODY TRIAD)
C

C

C

cemameme=CALL READ (Vs ls 69 19 6)
VECTOR SIZE 1 BY 6

JXX

JYy

JZZ (BODY REFERENCED INERTIAS = BODY TRIAD)

JXY (INERTIAS ABOUT REF POINTs NOT BODY CG)
JXZ

JYZ
2 2 . _ . .-
NOTE =- Tz ™ /(y +2z7)dm, Jxy = /(xy)dm, etc

vol vol
NHB = NUMBER OF HINGES ON BODY N =~ EXCLUSIVE OF HINGE 1s BODY 1

<

-

W

4
nowoononu R

DO 10 I=1sNHB

cmmececee=READ (NIT9FORMAT = 2I5) NOH, ITYPE

NOH
ITYPE

HINGE NUMBER
EULER ROTATION TYPE TO ORIENT HINGE
TRIAD WRT BODY TRIAD

OO0 O0OOO0OO0
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OO0 0

comcwee==READ (NITIFORMAT = 3D1043) (V(J)2J=193)

EULER ANGLES TO ORIENT HINGE TRIAD - PERMUTATION
OKDER DEF INED BY ITYPE

v(l) = THETA 1 (FIRST ROTATION)
V(2) = THETA 2 (SECND ROTATION)
V(3) = THETA 3 (THIRD ROTATION)

cocamaee=READ (NITsFORMAT = 3D1043) (DH(J)9J=193)

VECTOR TO POSITION HINGE TRIAD WRT BODY TRIAD
DH(1) = X (BODY REF POINT TO HINGE POINTy BODY TRIAD)
DH(2) = Y (BODY REF PUINT TO HINGE POINT, BODY TRIAD)
DH(3) = Z (BODY REF POINT TO HINGE POINTs BODY TRIAD)
10 CONTINUE
NSB = NUMBER OF SENSOR POINTS ON BODY N
IF (NSB «EQe 0) RETURN
DO 20 I=1sNSB
mememe===READ (NITsFORMAT = 215) NOS, ITYPE
NOS = SENSOR POINT NUMBER
ITYPE = EULER ROTATION TYPE TO ORIENT SENSOR POINT
TRIAD WRT BODY TRIAD
mmemm====READ (NIT9FORMAT = 3D1043) (V(J)sJ=1+3)
EULER ANGLES TO ORIENT SENSOR POINT TRIAD = PERMUTATION
ORDER DEFINED BY ITYPE
V(1) = THETA 1 (FIRST ROTATION)
V(2) = THETA 2 (SECND ROTATION)
V(3) = THETA 3 (THIRD ROTATION)

Iv-25 E
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L

C
C
C
C
C
c
Crevemeee=READ (NITsFORMAT = 3010.3) (DS(J)9sJ=1s3)
c
C VECTOR TO POSITION SENSOR POINT TRIAD WRT BODY TRIAD
C
C DH(1) = X (BODY REF POINT TO SENSOR POINTs BODY TRIAD)
c DH(2) = Y (BODY REF PUINT TO SENSOR POINTs BODY TRIAD)
C DH(3) = Z (BODY REF POINT TO SENSOR POINT» BODY TRIAD)
c
C 20 CONTINUE
c
C RETURN
c END
IV-26
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C* SUBROUTINE MSMODL = INPUT FOR FLEXIBLE BODY» LUMPED MASS MATRIX

(o} ]

Cﬁ####ﬁGG#Q#%###G##*##G“##*ﬁ%####Q*##““##%Q####%##Gﬁ####&#&##ﬁ##########

c
c

Cewem==ee=CALL READ (As NJs 19 KJOINTs KMODE)

OOOOOOOOOHOOO

OO0 OOOOOOOOOO

OO0 OOOOOOO0

MATRIX SIZE NJ BY 1 WHERE NJ

ON BOLY N

FOR THE ITH JOINT =~

A(Isl) =

JOINT MASS

cmmcmee==CALL READ (As NJs 6y KJOINTs KMODE)

MATRIX SIZE NJ BY 6

FOR THE ITH JOINT =

AlIsl)
A(I2)
AlI+)
All+4&)
A(I+5}
A(ls6)

NOTE --

DO 5 K=1ls2

JOINT INERTIA, JXX
JOINT INERTIAs JYY
JOINT INERTIA, JZZ
JOINT INERTIAs JXY
JOINT INERTIA, JXZ
JOINT INERTIA, JYZ

_ 2 2
Jxx = f(y + z7)dm, ny = /(xy)dm, ete

vol

me=meme==CALL READ i{As NJy 34 KJOINTs KMODE)

MATRIX SIZE NJ BY 3

FOR THE ITH JOINT =

K=1 A(Isl)
A(Ie2)
A(I«+3)

K=2 A(lsl)
A(I»2)
A(IsI)

5 CONTINUE

JOINT STATIC MASS
JOINT STATIC MASS
JOINT STATIC MASS

X (BODY REF POINT
Y (BODY REF POINT
Z (BODY REF POINT

= NUMBER OF JOINTS

vol

MOMENT,y SX
MOMENT, SY
MOMENT s SZ

TO JOINT. BODY TRIAD)

TO JOINT, BODY TRIAD)
TO JOINT, BODY TRIAD)

V=27
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DO 10 K=1+6

ceemeea -=CALL READ (As NJy» NEs KJOINTs KMODE)

MODES RETAINED FOR BODY N

FOR THE ITH JOINT =

K=l A(IsJ) = X DISPLACEMENT AT JOINT» MODE J
K=2 A(IsJ) = Y DISPLACEMENT AT JOINTs MODE J
K=3 A(I»J) = Z DISPLACEMENT AT JOINT» MODE J
Kz4 A(IsJ) = THETA X ROTATION AT JOINTs MODE J
K= A(IsJd) = THETA Y ROTATION AT JOINT, MODE J
K=6 A(IesJ) = THETA Z ROTATION AT JOINTs MODE J

10 CONTINUE

DO 20 K=1l»s2

bbbl DL L CALL READ (As NEs NEs KJOINTs KMODE)
MATRIX SIZE NE BY NE

K=l A MODAL STIFFNESS

K=2 A

MODAL DAMPING

20 CONTINUE

cemeeeee=READ(NITsFORMAT = 8D1043) (A(J)9sJ=13NE)

VECTOR OF INITIAL MODAL DEFLECTION COORDINATES
cemvemeeeeREAD(NITsFORMAT = 8D10.3) (A(J)sJ=19NE)

VECTOR OF INITIAL MODAL VELOCITY COORDINATES

e Xz ks ke X ke e e ez i e ek e ke e X2 s e R X e k2K X Ka N2 e X Ne Ne Xo N e N e N o No N No No o R NoNe R N N o
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MATRIX SIZE NJ BY NE WHERE NE = NUMBER OF ELASTIC
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sleoNeNoNosNoNoNeNgNoNeNaNoNoRoNoNoRoNeNe s s N ks ko Na Ny

NOTE == FOLLOWING EULER ANGLES MEAS
IN UNDEFORMED CONFIGURATION

NHB = NUMBER OF HINGES ON BODY N = EXCLUSIVE OF HINGE 1, BODY 1}

DO 150 L=1sNH8

ceemeeae=READ (NITsFORMAT = 315) NOH, ITYPEs JOINT

NOH = HINGE NUMBER
ITYPE = EULER ROTATION TYPE TO ORIE
TRIAD WRT BODY TRIAD
JOINT = JOINT NUMBER CORRESPONDING
----- ====READ (NIT9FORMAT = 3D10,3) (WV(J)sJ=1y3)

URED

NT HINGE

TO HINGE POINT

EULER ANGLES TO ORIENT HINGE TRIAD = PERMUTATION

ORDER DEFINED BY ITYPE

WV(l) = THETA 1 (FIRST ROTATION)
WV(2) = THETA 2 (SECND ROTATION)
WV(3) = THETA 3 (THIRD ROTATION)

150 CONTINUE

NSB = NUMBER OF SENSOR POINTS ON BODY N
IF (NSB +EQe 0) RETURN
DO 160 L=1,NSB

mecmeeee=READ(NIToFORMAT = 315) NOS, ITYPEs JOINT

NOS = SENSOR POINT NUMBER

ITYPE = EULER ROTATION TYPE TO ORIENT SENSOR POINT
TRIAD WRT BODY TRIAD

JOINT = JOINT NUMBER CORRESPONDING YO SENSOR POINT

Iv-29
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OOO0OO0O

wmormceew=READ (NITsFORMAT = 3D10e3) (WV(J)sJ=193)

EULER ANGLES TO ORIENT SENSOR POINT TRIAD = PERMUTATION
ORDER DEFINED BY ITYPE

THETA 1 (FIRST ROTATION)
THETA 2 (SECND RQTATION)
THETA 3 (THIRD ROTATION)

wvi(l)
wviz2)
WV (3)

160 CONTINUE

RETURN
END

OOOHOOOOOOO0D
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C# SUBROUTINE MSMODC = INPUT FOR FLEXIBLE BODYs CONSISTENT MASS MATRIX
c#
C”0*##G##*G#G#“G#“####“Q#Q####&###*###*&#*######%####%##%##*%#####%####“
C

! c

' Creme=e=ee=READ (NITsFORMAT = 315) IFRBMs IDIAKs IDIAD

IFRBM RIGID BODY MODE CONTROL VARIABLE

0 WHEN RIGID BODY MODES CAN BE : :
OPERATED ON VIA ROW-COL : 1
INTERCHANGES TO OBTAIN A RIGID
BODY MODAL MATRIX OF THE FORM=

-3
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e
%
-3
%
%

1 0 0 0 Z =Y

X
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>
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-
[=4
(=4

&
-3
%
%

WHEN ABOVE IS NOT TRUEs SUCH
AS FOR AN ORTHONORMAL SET OF
RIGID BODY VECTORS. DATA WILL
BE READ IN LATER AND THE ABOVE
FORM WILL BE CREATED WITHIN
THIS SUBROUTINE

C)C)()C)()C)C)f)f’()()()C)f)f)()(’(3()C)C)C)C)C)C)()C)f)f)f)ﬁ
H
[

SRS
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, |
IF MODAL STIFFNESS MATRIX i
IS NOT DIAGONAL

IDIAK

n
o

IF MOOAL STIFFNESS MATRIX
IS DIAGONAL

]
o)

IDIAD

"
o

IF MODAL DAMPING MATRIX
IS NOT DIAGONAL

IF MODAL DAMPING MATRIX
IS DIAGONAL

SOOGS0 00000000000O00O00
n
—

--------- CALL READIM (JDOFs NXs N6s KJDOFs 6)

MATRIX SIZE NX BY 6 DEFINING JOINT DEGREES
OF FREEDOM FOR NX JOINTS ON BODY N

FOR THE ITH JOINT -

JDOF(Isl) = X DEG. OF FREEDOM FOR POINT I.
JOOF (1+2) = Y DEG. OF FREEDOM FOR POINT I.
JDOF(I93) = Z DEG., OF FREEDOM FOR POINT I.

JOOF (I94) =TX DEG. OF FREEDOM FOR POINT I.
JDOOF (1+5) =TY DEG. OF FREEDOM FOR POINT I.
JDOF (196) =TZ DEG. OF FREEDOM FOR POINT I.

POINT I IS CONSISTANT WITH THE .
MODAL MATRIX ROW Is BEFORE REORDING.

JDOF WILL BE INTERROSGATED AND THE
COORDINATES wILL BE ORDERED AS =--

HX(I) FOR JOINTS 1 THRU NX

HY(I) FOR JOINTS 1 THRU NX ,
HZ(I) FOR JOINTS 1 THRU NX ;
TX(I) FOR JOINTS 1 THRU NX |
TY(I) FOR JOINTS 1 THRU NX i
TZ(I) FOR JOINTS 1 THRU NX |

4
1
i
¥

%

3
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——mem——— ~CALL READIM (JVs 1y NMODTs 1y KAB)

VECTOR SIZE 1 BY NMODT = NUMBER OF RIGID BODY MODES +
NUMBER OF ELASTIC MODES

JV(J) = IND WHERE IND IS COLUMN NO. WHICH COL(J) OF ORIG
MODAL MATRIX WILL APPEAR IN
REVISED MODE MATRIX
IND GT 0 REPLACE COLUMN
IND EQ 0 DELETE COLUMN
IND LT O REPLACE COLUMNs CHANGE SIGNS

rem———- -==CALL READ (As NRAs NCAy KABs KAB)

MATRIX SIZE 6#NX BY 6#NX CONTAINS CONSISTENT
MASS REPRESENTATION

ROW~COLUMN COORDINATE ORDER MUST BE CONSISTENT
WITH THE DEGREE OF FREEDOM TABLEs JDOF

OO0 OOOOO0D

mmeeemeew=CALL READ (As NRAs NMODTs KABs KAB)
MATRIX SIZE 6#NX BY NMODT CONTAINS MODAL DEFINITION

THE COLUMNS (MODE ORDER) WILL BE REORDERED BY
THE INPUT VECTOR JV

IF (IDIAK .EQe 0 JANDe IDIAD (EQ. 0) GO TO 11
eceemme==CALL READ (OM2s 19 NMODTs 19 KAB)

VECTOR SIZE 1 BY NMODT CONTAINING SQUARES OF NATURAL
FREQUENCIES

OM2(J) = SQUARE OF JTH NATURAL FREQUENCY CORRESPONDING
TO JTH INPUT MODE SHAPE

11 CONTINUE

OO0 OOOOOOOO
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IF (IFRBM (EQe. 0) GO TO 5

comemwe==READ (NIToFORMAT = 1I5) JTYPCL

JTYPCL = REFERENCE JUOINT NUMBER WHOSE GEOMETRIC
POSITION COORDINATES WILL BE USED TO
ESTABLISH RIGID 80DY MODAL MATRIX

ee=ee=cce-READ(NITsFORMAT = 3D10.3) (OM2(J)sJ=1s3)

X COMPONENT OF VECTOR THAT LOCATES JTYPCL PT

oM2(1) =
OM2(2) = Y COMPONENT OF VECTOK THAT LOCATES JTYPCL PT
OM2(3) = Z COMPONENT OF VECTOR THAT LOCATES JTYPCL PT

VECTOR COMPONENTS REFERED 10 BODY TRIAD

5 CONTINUE

IF (IDIAK .EQe 1) GO TO 50

OO0 OOOOOO00

ceme=aee=CALL READ (As NRAs NCA» KABs KAB)
STIFFNESS MATRIX == SEE NOTE BELOW
S0 CONTINUE
IF (IDIAD LEQ. 1) GO TO 60

~eme-we-=CALL READ (As NRAs» NCAs KAB» KAB)
DAMPING MATRIX =~=- SEE NOTE BELOW
GO TO 6l

60 CONTINUE

c~ewceeeeeREAD(NITsFORMAT = 8D10.3) (OM2(J)sJ=19NE)

VECTOR SIZE 1 BY NE = NUMBER OF ELASTIC MODES
RETAIMED VIA INPUT UV SELECTION VECTOR

OM2(J) = MODAL DAMPING RATIO FOR JTH ELASTIC MODE

61 CONTINUE

OO0 OOOOOOOOO0
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NOTE FOR STIFFNESS AND DAMPING MATRICES

COORDINATE ORDER ASSUMED CONSISTENT WITH
THE REORDERED COORDINATE DESCRIPTION
AFTER THE DEGREE OF FREEDOM TABLE (JDOF)
HAS BEEN INTERROGATED AND THE FOLLOWING
ORDER ESTABLISHED

HX(I)’I=1’29000'N

HY(I)’I=1'290000N

HZ(I),I=1’2’I..’N

TX(I)’I=1’2’OOO'N

TY(I)eI=1229eseN

TZ(I)el=1929e0e9N

memeee==eREAD (NITsFORMAT = 8D10.3) (OM2(J)sJ=19NE)
VECTOR SIZE 1 B8Y NE CONTAINING INITIAL
MODAL DEFLECTION COORDINATES

VECTOR SIZE 1 BY NE CONTAINING INITIAL
MODAL VELOCITY COORDINATES

OC’C)O(#C)OC’()O(ﬁ()O(5()0(5()0(5()0(5()0(7()0(§f)0¢ﬁ()ﬂ(ﬁf)O(ﬁ()O(ﬁC)O(ﬁf)O
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NOTE == FOLLOWING EULER ANGLES MEASURED
IN UNDEFORMED CONFIGURATION

DO 110 L=1yNHB

meremeneaREAD(NITIFORMAT = 3I5) NOH, ITYPEs JOINT

NOH
ITYPE

HINGE NUMBER

EULE™ ROTATION TYPE TO ORIENT HINGE

TRIAD WRT BODY TRIAD

JOINT NUMBER CORRESPONDING TO HINGE POINT

JOINT

crowmceee=READ INITsFORMAT = 3D10.3) (OM2(J)sJu=1+3)

EULER ANGLES TO ORIENT HINGE TRIAD - PERMUTATION
ORDER DEFINED BY ITYPE

oM2 (1)
oM2(2)
oM2 (3)

THETA 1 (FIRST ROTATION)
THETA 2 (SECND ROTATION)
THETA 3 (THIRD ROTATION)

110 CONTINUE

NSB = NUMBER OF SENSOR POINTS ON BODY N
IF (NSB «EQs 0) RETURN

DO 120 L=1oNSB

ceme=eec-READ(NIT+FORMAT = 31I5) NOS, ITYPEs JOINT

NOS
ITYPE

SENSOR POINT NUMBER

EULER ROTATION TYPE TO ORIENT SENSOR POINT
TRIAD WRT BODY TRIAD

JOINT NUMBER CORRESPONDING TO SENSOR POINT

JOINT

slsloNoNoloNoNoRoNsNoNsNesNoNoNeNoReNoNoe e NoRoNasNoRoRo s o NoNoNoNe N oo NoRo RoN o NeNe Re e e Re Xe K 2!
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NHB = NUMBER OF HINGES ON BODY N = EXCLUSIVE OF HINGE 1, BODY 1




IR,

Ao

[

vy

L

ceecemeeeeREAD (NIToFORMAT = 3D10.3) (OM2(J) 9J=193)

EULER ANGLES TO ORIENT SENSOR POINT TRIAD = PERMUTATION
ORDER DEFINED BY ITYPE

OO0OO0OODOOONOOOOOOODOOOOO0

OM2(1) = THETA 1 (FIRST ROTATION) ,
OM2(2) = THETA 2 (SECND ROTATION) o
OM2(3) = THETA 3 (THIRD ROTATION) |

120 CONTINUE
RETURN |
END B
|

T T T T T T I
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Ce

C* SUBROUTINE DYNSHBE = INPUT USER PAK DATA (IF ANY)

Cc#»

C‘##*##Qﬂ#*##ﬁ##ﬂ“G*éﬁﬂﬂﬁﬁﬁﬁiﬁﬁﬁéﬁﬁﬁiG*#ﬁ“###&%%#G*####&#G#####§§§§§#§#§

OO0 OOOOOOOO0O

RETURN
END

2 X2 XeX2Xo X2 X2 X X2Xs Xz Xs X2 N s NsNe Xe R e R N o

IV-38

THE ONLY DATA READ HERE ARE THOSE ASSOCIATED
WITH POLYNOMIAL DEFINITION OF TRANSFER
FUNCTIONS

DATA (IF ANY) IS READ ON THE FIRST CALL TO
SUBROUTINE CONTRL WHERE THE INTEGER VARIABLE
NPLY IS DEFINED BY A USER SUPPLIED DATA
STATEMENT

NPLY = NUMBER OF SETS OF POLYNOMIAL TRANSFER
FUNCTION COEFFICIENTS TO READ

IF (NPLY .EQes 0) GO TO 10
DO 20 K=1sNPLY

K2 = 2#K-1

weweeee-eCALL READ (CPLY(13K2)9s KPLY(K)s 25 KRYy KCY)

20 CONTINUE

MATRIX SIZE KPLY(K) BY 2 OF POLYNOMIAL COEFFICIENTS

CPLY(Is1l) = DENOMINATOR COEFFICIENTS IN
ASCENDING ORDER
CPLY(I92) = NUMERATOR COEFFICIENTS IN

ASCENDING ORDER

NOTE == KPLY(K) IS DEFINED AT INPUT (SUBROUTINE READ)
AND IS ONE GREATER THAN THE ORDER OF THE
DENOMINATOR POLYNOMIAL

ORDER OF NUMERATOR POLYNOMIAL MUST NOT EXCEED
ORDER OF DEMONINATOR POLYNOMIAL

10 CONTINUE

N S
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C#

C* SUBROUTINE DYNSCC = INPUT FOR TIME HISTORY PLOT OUTPUT

c#
C#G*####*#6#*&#&###&######5##%6#G##ﬁ####*ﬁ#ﬁ##i§ﬂ‘ﬁ“#ﬁ%##ﬁﬁﬁ#*ﬁ#ﬂé######
c

C

Co=m==ec===READ (NITsFORMAT = 10A8) (ICTITL(I)sI=110)

80 CHARACTER MASTER PLOT TITLE WILL APPEAR
ON ALL FRAMES

wmrwmeee=READ(NITsFORMAT = I5) NSET

NSET = NO, OF PLOT SETS 70 BE
CYCLED THROUGH. EACH SET
IS LIMITED TO 16 SEPARATE
VARIABLES TO BE SELECTED
FROM THE SET OF VARIABLES
WRITTEN BE SUBROUTINE PLOTWR
OR LPLTWR.

DO 1000 ISET=1sNSET

YOO OOOOODOOOO0OOOOO0

cecacee=eREAD(NITsFORMAT = I5) JPL

JPL = NOs OF VARIABLES TO BE
SELECTED FROM THE NCPLOT
VARIABLES PREVIOUSLY WRITTEN
ON NTAPE3 FOR PLOTTING,

(JPL JLE. 16) FOR A SET

NCPLOT = 1+24#NEQ+NLAM +NU+JR+3+3+2#NB+5
(NONLINEAR ANALYSIS)
NCPLOT = 1+2#NEQ
(LINEAR ANALYSIS)
WHERE ==«=
NEQ = NO. OF EQUATIONS
INTEGRATED.
NLAM = NO, OF LAMBDA VARIABLES

NU = NO. OF U VARIABLES

JR

6#NB

NB = NO. OF BODIES. 1v-39

OO0 OOOOOO0
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52

NOTE === NB
Y
®
NEQ = # IRGFLX(J) * NU + NBETA + NDELTA
" .
Y
J=1
NB NOFMO
Ty T
® &
NU = % JRGFLX(J) + #  IMO(K) + 6%#NB
o #
e YY)
J=1 K=1

SUM OF NUMBER OF ZEROS + SUM OF

NBETA =
NUMBER OF TWOS IN ROWS 2 THRU 7
OF ARRAY IHDATA

NLAM = SUM OF NUMBER OF ONES + SUM OF

NUMBER OF TwOS IN ROWS 2 THRU 7
OF ARRAY IHDATA

1v-40
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NONL INEAR
ANALYSIS

L INEAR
ANALYSIS

ORDER OF VARIABLES AND
SIZE FOR A SINGLE RECORD
(FOR A SINGLE TIMEs T).

VARIABLE ID. SILZE
TIME 1
YDOT NEQ

Y NEQ
LAMBDA NLAM
u NU

HXe HYs HZ»s

PXs PYs P2 6%NB

TOTAL ANGULAR
MOMENTUM VECTOR
COMPONENTS (X9YeZ) o 3

TOTAL LINEAR
MOMENTUM VECTOR
COMPONENTS (XyYslZ). 3

BODY KINETIC
ENERGIES, NB

BODY POTENTIAL
ENERGIES, NB

TOTAL ANGULAR MOM.
TOTAL LINEAR MOM.»
TOTAL KeEs?
TOTAL Petoas

TOTAL ENERGY 5
TIME 1
Yoot NEQ
Y NEQ

INERTIAL

FRAME .
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20 CONVINUE

OO0 OOOO0

cnceme===READ (NIT+sFORMAT = SI5)

NCI

NCD =

NGRID

OO0 OOOOOOOO
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mememaeeeREAD (NITsFORMAT = 1615)

(JVPL (J) s J=19JPL)

JVPL (J) = INTEGER DENOTING GLOBAL

LOCATION OF JTH SELECTED
VARIABLE FROM THE NCPLOT
LONG ARRAY.

NCIs (NCD(I)sI=1s3)s NGRID

ELEMENT LOCATION (LOCAL WRT
JVPL ARRAY) FOR THE INDEPEN-
DENT PLOT VARIABLE.

ELEMENT LOCATION (LOCAL «RT
JVPL ARRAY) FOR UP TO 3
DEPENDENT VARIABLES TO PLOT
SIMULTANEQUSLY VERSES THE
NCI DEPENDENT VARIABLE.,

= NOe OF PLOT FRAMES TO USE
FOR PLOTTING THE NCI=NCD

GROUP. IEs THE NO, OF FRAMES

TO USE SIDE BY SIDE TO
EXHAUST THE RANGE OF THE
INDEPENDENT VARIABLE.

IF (NCI «EQe 0) GO TO 1000
THIS IS CUE TO PROCEDE TO NEXT SET
THIS OPEN ENDED LOOP PERMITS MANY SELECTIONS OF THE

JVPL DATA VARIABLES WITH REGARD TO INDEPENDENT AND
DEPENDENT VARIABLES IN ORDER TO FORM CROSS=PLOTS,




OOOOOO0

OO0 OOOO00

&

G0 TO 20
1000 CONTINUE

RETURN
END

AB92X9ABy2X96A8) TITLIs TITLDs
(PTITL(I)91I=146)

ALPHANUMERIC TITLING INFORMATION
TO INCLUDE ON PLOTTED OUTPUT.

TITLI = INDEPENDENT VARIABLE TITLE.
TITLD = DEPENDENT VARiABLE TITLE.

PTITL

OVERALL TITLE FOR PARTICULAR

IDENTIFICATION OF THIS FRAME.

IV=-43
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CQ##G#u##%##0##&&####9#06###&&*6#0&#QG#*#QQ##Q##OQ*Q#G####Qi####ﬂ.&é####
c#
C* SUBROUTINE DYNSDD = INPUT FOR LINEARIZED SYSTEM ANALYSES

(oh
C*{@##Qc-g“ﬁQQ###{{tQﬂ'9{#40’“0“#%&*##“##“#&#““#GGG#G#“#Q#&G%Q##G##QQQ##GQQG

--------- READ(NITsFORMAT = A4) LNAM

4HTIME FOR LINEARIZED
TIME RESPONSE

LNAM

4HFREQ FOR LINEARIZED
FREQUENCY DOMAIN STUDY

IF (LNAM +EQs 4HTIME) RETURN

IF (LNAM +EQe 4H ) RETURN

----- CALL READIM (LRY, 9y NCYCs 99 KR)

MATRIX SIZE 9 BY NCYC DEFINING FREQUENCY
ANALYSIS CONTROL DATA

NCYC = NO. OF SEPARATE TRANSFER
FUNCTION CYCLES T0 CONSIDER
FOR THIS SIMULATION

FOR THE JTH CYCLE -

LRY( leJ) = ITYPE === INTEGER CLASSIFYING THE
TRANSFER FUNCTION TYPE.

PLANT ONLY (G)
CONTROLLER (H)

OPEN LOOP (GH)

OPEN LOOP (HG)

CLOSED LOOP (GH/(1+GH))
CLOSED LOOP

PSEUDO OPEN LOOP»
PERMITS OPENING OF A
SINGLE RETURN LOOP.

ITYPE

~NONt S Wi -

wonnnahn

A MINUS SIGN ON ITYPE
EQUAL (3949590R 7) INDICATES
NEGATIVE CONTROLLER FEEDBACK,

nOOOOOOOO0‘000000OOOOOOO(’O‘OOOOOOOGOOOOGOOOO
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LRY( 2+J)

LRY( 39J)

LRY( 49J)

LRY ( SsJ)

ITFIN === TRANSFER FUNCTION INPUT
VARIABLE IDENTIFICATION.
THIS INTEGER IS A LOCAL
IDENTIFICATION INTEGERS
REFERENCING (DEPENDING
UPON ITYPE) EITHER A
SENSOR SIGNAL OR A
CONTROLLER QUTPUT VARIABLE
WHICH IS THE V(IN) OF
THE EXPRESSION ==

V(0UuT)

VIIN)

= TF

JTFOUT === TRANSFER FUNCTION OQUTPUT
YVARIABLE IDENTIFICATION.
THIS INTEGER IS A LOCAL
IDENTIFICATION INTEGERS
REFERENCING (DEPENDING
UPON ITYPE) EITHER A
SENSOR SIGNAL OR A
CONTROLLER OUTPUT VARIABLE
WHICH IS THE V(OUT) OF
THE EXPRESSION =~

vV(ouT)
- O W =P u W - = TF
V({IN)
KPLOT
KPLOT = 0 NO PLOTS
KPLOT = 1 PLOTS WILL BE MADE
IAFL.G

THIS INTEGER CONTROL PARAMETER
PERMITS THE USER TO SELECT

THE CHARACTERISTIC ROOTS FOR A
GIVEN TRANSFER FUNCTION FROM
EITHER THE CHARACTERISTIC MATRIX»
ARs OR ITS TRANSPOSE.

IAFLG = 1 PROGRAM WILL USE ROOTS
FROM AR TRANSPOSE.

DEFAULT VALUE 1S 0 AND
ROOTS FROM AR WILL BE USED.

IV-45
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NOTE - PROGRAM EXTRACTS ROOTS FOR BOTH
AR AND ITS TRANSPOSE. THIS SERVES
AS A SORT OF SELF CHECK ON THE
ROOT QUALITY, ALTHOUGH IT IS A ‘
RARE OCCURRANCEs ROOTS FROM AR |
TRANSPOSE CAN BE =CLEANER- THAN ;
THOSE OHBTAINED FROM AR«

LRY( 6e¢J) = NO., OF B VARIABLES TO FEED BACK == ITYPE = 7
MAX OF 3 B VARIABLES CAN BE FED BACK FOR
THE TYPE 7 PSEUDO OPEN LOOP
TRANSFER FUNCTION.
LRY( T7sJ) = LOCAL ID. OF FIRST B TO RETAIN,
LRY( 8sJ) = LOCAL ID. OF SECOND B TO RETAIN, i J
LRY( 99J) = LOCAL ID. OF THIRD B TO RETAIN. ‘

cecm=mee-CALL READIM (IRY, 3y NCYCs 39 KR)

MATRIX SIZE 3 BY NCYC DEFINING EXPONENT FOR
TOLERANCES TOL = (10,)®H#EXP

FOR THE JTH CYCLE -

IRY (19J) = ROOT TOLERANCE EXPONENT
IRY(29J) = GAIN TOLERANCE EXPONENT
IRY (3sd) = ROOT TOLERANCE EXPONENT USED TO

REMOVE SHIFT FREQUENCY (SUBROUTINE NUMS)

NOTE == IF ROOT OR GAIN LE TOLs THEN
SET ROOT OR GAIN EQ 0.0




DO S00 ICYC=1sNCYC

IF (ITYPE .EQe 0) GO TO 500 i
ce=meeee=sREAD (NITsFORMAT = 20A4) (TITLE(I)sI=1520)

1
|
80 CHARACTER TITLE FOR TRANSFER FUNCTION , |
IDENTIFICATION ‘ |

1

OO0 OOOO0

wcecmeee-READ(NITsFORMAT = S5A4) (LPNAME(T)+I=1+5) |

LPNAME (I) PERMITS UP TO 5 FOUR CHARACTER |
IDENTIFICATIONS WHICH SELECT THE | ~
PLOT DISPLAY MODE.

LPNAME(I) = 4H (ALL BLANK)INO OISPLAYS :
ARE IMPLEMENTED === GO TO 500 ' |
THE CHARACTERISTIC ROOTS |
FOR THE SYSTEM ARE FOUND.

LPNAME(I) = 4HBODE ONLY A BODE DISPLAY.

4HNICH ONLY A NICHOLS DISPLAY.

4HNYQU ONLY A NYQUIST DISPLAY,

4HNINY BOTH NICHOLS AND NYQUIST.

4HBONN GIVES BODEs NICHOLSs NYQUIST.

= 4HROOT GIVES A ROOT LOCUS DISPLAY,.

OO0 OOOOOOOOO
1}
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200 CONTINUE

FMIN
FMAX
DBMIN
DBMAX
AMIN
AMAX

GO TO 500

300 CONTINUE

IV-48

DO 500 I0P=1+5

memmmeaeeREAD (NITsFORMAT

nouwwN

IF (LPNAME(IOP) LEQ. 4H ) 60 TO 500
IF  (LPNAME(IOP) LEQ., 4HBODE

#,0Re LPNAME(IOP) LEQ. 4HNICH

#,0Rs LPNAME(IOP) ,EQ, 4HNYQU

#,0Rs LPNAME(IOP) LEQ, 4HNINY

#,0R. LPNAME(IOP) .EQ, 4HBONN) GO TO 200

IF  (LPNAME(IOP) ,EQ, 4HROOT) GO TO 300

#4# FREWUENCY RESPONSE SECTION #u#

= 6F1040) FMINs FMAXs DBMINy DBMAXs AMIN» AMAX

FREQUENCY SWEEP LOWER LIMIT

FREQUENCY SWEEP UPPER LIMIT

MINIMUM DB AMPLITUDE FOR BODEs NICHOLS PLOTS
MAXIMUM DB AMPLITUDE FOR BODEs NICHOLS PLOTS
MINIMUM AMPLITUDE FOR NYQUIST PLOTS

MAXIMUM AMPLITUDE FOR NYQUIST PLOTS




#a# ROOT LOCUS SECTION #a#

OOOCOOOOO0OO0

ceew—mmae=CALL READIM (IJMs 24 NRLCs 2 KR)

FOR STARTING ROOT LOCI,

C

C MATRIX SIZE 2 BY NRLC FOR ROOT LOCUS PLOT CONTROL
C

C NRLC = NUMBER OF ROOT LOCI TO PERFORM

C

C FOR THE JTH ROOT LOCI =

C

C IJM(1lsJ) = ISNIM = 1 STARTING POINT IS
c ~OPEN LOOP ZERO.

C ‘ = 2 STARTING POINT IS
C ) OPEN LOOP POLE,

c = 3 STARTING POINT IS
C CLOSED LOOP POLE.
C

c

C IUM(29J) = ELEMENT LOCATION IN ROOT ARRAY
C

C

C

C

me=e=====CALL READ (Wls 6y NRLCs» KRy KR)
MATRIX SIZE & BY NRLC FOR ROOT LOCUS CONTROL DATA
FOR THE JTH ROOT LOCI -

Wl(leJ) = THETAO(J) INITIAL SEARCH ANGLE,
NORMALLY =-180. (DEGREES)

Wl(29J) = SCL SCALE FACTORs NORMALLY
SCL = 1.0
W1(3sJd) = ALOC PHASE CONTROL PARAMETER.
ALOC = ¢l === 180, DEGe PHASE.
ALOC = =1l¢4 === 0 DEGe. PHASE.
Wl(4ed) = XMIN MIN REAL VALUE TO PLOT,
W1(5ed) = XMAX MAX REAL VALUE TO PLOT.
Wl(6e+J) = YMAX MAX IMAG VALUE TO PLOT AND

YMIN SET TO = YMAX,

500 CONTINUE

RETURN
END

ﬁOOOOOOOOOﬁﬂOOOOOGOOOOOOOOO
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DYNAMO OUTPUT DESCRIPTION

This section discusses the various program output information
and correlates the output data with both the input data and the
problem simulation. This information is presented in much the
same fashion as was the input data stream of the previous chap-
ter so as to better acquaint the reader with the actual formated
output as it is presented by the program.

It is pointed out that the output stream will not reflect cer-
tain outputs that occur from routines that identify troublesome
areas such as matrix singularities. Recall also that the basic
input routines READ and READIM can also print out input matrix
data as dictated by the user. These printouts will not be in-
cluded either. Reference is made to the theoretical volume
(Vol. I) and to the input data stream (Chapter IV) to correlate
certain outputs with both the theory and the user input require-
ments.
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c# DESCRIPTION OF PKROGRAM DYNAMU OUTPUT DATA

C#

i C*#**##%##**“&**#ﬁ*##*ﬁ*%#%**%*####*###%*##*b*%##é*%*#%###%*%é*#%##**%**
i C?#**%*##Q###*%&&#**#%##&é*#b#####ﬁ###*#é#**##*##***%#*###“**#*%%é#*##%%
C

A C
 Crememcee= COMMENTS (FORMAT 13A6)

C
C COMMENT CARDS KEAD INTO THE
C PROGRAM WITH SUBROUTINE COMENT
c ARE PRINTED HERE,
C
C
C N
N B S B R R R O R R S S B R R I OB R A R R B B F IR B R R BB BB R S R B RGBS
C#
C# SUBROUTINE DYNSAA OUTPUT
ol
O L T LY L L T A R g g g R R R R R R R R R I R R A R g g g
o c
; C
o c
- C :
L Cmeme=- -—= SUMMARY OF DYNAMIC-SIMULATION INPUT DATA # & & & & % = % @
- C
¢
i Cemmeme- == ACTUAL SIZES MAXIMUM SIZES INTEGRATION DATA GRAVITY GRADIENT DATA
; C - T D gy G O S an W WD G g WP e S U W um OB ke W WS W R D AP WS T AN W AR MR R A OR R D e TR A W S S W am W um aw - e
. .
; Comrmcnan- NB = NBMAX = STARTT = Gl = GaMl =
S C
‘' Cemmeme=-= NH = NHMAX = DELTAT = 62 = GAM2 =
o C '
f Comwmea -== NSPT = NSPMAX = ENDT = G3 = GAM3 =
! C
| Ce=e=e=ee=- NOFMO = NMWMAX = GMAG = RCMAG =
c
{ Cee=m=e-e- NDELTA = NMWBOD =
i C
% c | eeessccaea=s
(rmemcemw= NBETA = KMU =
w C
. Ceemcmccee NLAM = KY = NOPRNT =
(‘f C
. Cemme=a- -= NEQ = KU = NOPLOT =
C
c IFLNER =

T
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THE FOLLOWING LIST IDENTIFIES THE

OUTPUT VARIABLES SUMMARIZED ON THE
PREVIOUS PAGE.

NB

NH
NSPT
NDELTA
NU
NBETA
NLAM
NEQ
NBMA X
NHMAX
NSPMAX
NMWMAX

NMWBOD

NMDBQD

KMU

KY

KU

NO, OF
NO. OF
NO. OF
NO. OF
NO, OF
NO. OF
NO. OF
NO. OF
MAX IMUM
MAX TMUM
MAX TMUM
MAX TMUM

MAX IMUM

MAX IMUM

BODIES.

HINGES.

SENSOR POINTS,

&#ﬁ###%ﬁ*&#ﬁ%#%G#*##*é##*#*##é%&*#%&%##%##%*###%#ﬁ*##%#&##*#%#*Q##ﬁé#%#

CONTROL SYSTEM DELTAS.

urs,

BETA'S,

LAMBDA'*S (CONSTRAINTS) .

STATE EQUATIONS.

DIMENSIONED
DIMENSIONED
DIMENSIONED
DIMENSIONED

DIMENSIONED

DIMENSIONED

NO.
NG«
NO«
NO.

NU.

NO.

MAX IMUM DIMENSIONED NO.

6 + NMDBOD + NMwBOD.

OF
OF
OF
OF

OF

OF

OoF

BODIES.
HINGES.

SENSOR POINTS,
MOM., WHEELS.

MOM. WHEELS
PER BODY.

MODES PER BODY.

U*S PER BGDY»

MAXIMUM DIMENSIONED SIZE FOR STATE VECTOR.

MAXIMUM DIMENSIONED NOs OF U'SH

NBMAX#(

6 + NMDBOD)

+ NMWMAX,

I
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OUTPUT VARIABLE IDENTIFICATION SUMMARY

STARTT
DELTAT

ENDT

Gl

G2

G3
GMAG
GAM]
GAM2
GAM3
RCMAG
NOPRNT
NOPLOT

IFLNER

nun

(CONT'D)

#%%##%###&#&###**&%#*4*§#%§#%***i’ﬁ*#éﬁ*’#{i###é%%#%###&%###ﬁ#

START TIME FOR TIME RESPONSE.
INTEGRATION STEP SIZE.

END TIME FOR TIME RESPONSE.

X COMPONENT OF GRAVITY VECTOR. (INPUT)

Y COMPONENT OF GRAVITY VECTOR. (INPUT)

Z COMPONENT OF GRAVITY VECTOR. (INPUT)

SQRT(G1##2 + G2u#g + (3#«2) == ACC. OF GRAVITY,
DIRECTION COSINE (GRAVITY VECTOR AND X).

DIRECTION COSINE (GRAVITY VECTOR AND Y).

DIRECTION COSINE (GRAVITY VECTOR AND Z).

REFERENCE RADIUS FOR ACTING GRAVITY VECTOR. (INPUT)
MULTIPLE OF DELTAT TO PRINT TIME RESPONSE.

MULTIPLE OF DELTAT TO WRITE PLOT TAPE.

0 (NON LINEAR TIME RESPONSE)
1 (LINEAR ANALYSIS OR FREQ RESPONSE)




"THE FOLLOWING SERIES OF ARRAYS PERTAIN
TO THE MODEL SIMULATION AND ARE PRINTED
OUT AT THE BEGINNING OF EACH SIMULATION

A R TR TR R 0 L R Y g g R T T L R XXX TR R R Y R ey g Y

OO0

cewec=ee-=THE TOPOLOGY ARRAY (ITOPOL) FOR THIS CASE FOLLOWS

(1) (2) oo (NH)
(moecemaan 1 |
(o TR 2 |
C
c THIS IS THE INPUT INTEGER ARRAY ITOPOL
C (SEE PREVIOUS CHAPTER == INPUT DATA)
c
c .
Crm=ommmmua=THE CONSTRAINT SPECIFICATIONS FOR THIS CASE FOLLOW
C f
C (1) (2)  eee (NH) |
c .
c---——---- 1 1
Crmmmecace= 2 1 ’
Commmmmnes 3 1 THIS IS THE INPUT INTEGER ARRAY IHDATA |
(romcmaem - 4 1 (SEE PREVIOUS CHAPTER == INPUT DATA) g
Commucmecn 5 1 |
Cremmecane 6 1 j
Cummmmmmem 71
c |
¢ |
C=meemee==THE SPECIFIED INITIAL HINGE ANGLES |
C AND DISPLACEMENTS (BETAH) FOLLOW
C
o (1) (2) vee (NH)
C i
Crememeens 1 |
Commam=- - 2 1 ROWS 1=3 = HINGE ANGLES (CONSISTENT WITH ITYPE) .
R T . .
Crevmmmm—- . . ROWS 4=6 = HINGE DISPLACEMENTS=- Q RELATIVE TO P,
Comrercnna . 1]
(rurecanm- 6 1
o
C

<3
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Cememme===THE SPECIFIED INITAL HINGE RATES (BETAHD) FOLLOW
C

c (1) (2) ) (NH)

C

C-----‘--—— 1 ’ 1

Commmmmmmm & .

Crovoraaw- . o ROWS 4=6 = DISPLACEMENT RATES- Q RELATIVE TO Pe
Commmmmmm= . .

(rocmcame- 6 1

c

C

Cecemeeee=THE NO. OF ELASTIC MODES/BODY ARRAY (IRGFLX) FOLLOWS
C

c (1) (2) oes (NB)

C

Cre—mcnce= 1 1 THE JTH ENTRY IS THE NO, OF ELASTIC

C : MODES FOR BODY J.

C

C

Commmm- we=THE NO. OF P/Q HINGE POINTS/BODY ARRAY (NHPOI) FOLLOWS
c

C (1) (2) oo (NB) !

C

c HINGE POINTS ON EACH BCDY.

C

C

Crem======THE NO, OF SENSOR POINTS/BODY ARRAY (NSPOI) FOLLOWS
C

c (1 (2) eee (NB)

c

(rerernen- 1 1 ELEMENTS ARE THE NO. OF SENSOR

c POINTS ON EACH BODY.

C

c .

(reme=me===THE MOM, WHEEL/BODY TABLE (NMOW) FOLLOWS

C

c () (2) ees (NB)

c

Cmmmmmmme= 1 1 COL J = JTH BODY

Crovcamman= 2 1 ROW 1 = NO, OF MOM., WHEELS ON BODY J.
Cremwrcoc=n= . . ROW 2 = NO. OF VARIABLE SPEED WHEELS ON BODY Je
(romecann=- . o« ROW 3 = SUCCESSIVE ROWS ARE THE MOMENTUM WHEEL NUMBERS
Cremmmmma- . P ON BODY J (IN ASCENDING ORDER).
Commmmme—2sNMWBOD 1 o

c

C

C

R e T T P Ty "




SO0 O0000

.
B e B e P S ey R e e e

%

S THE STATE VECTOR LENGTH ARRAY (LENU) FOLLOWS
(1) (2)  eee (2¥NB + 2)
--------- 1 1

THE ELEMENTS ARE THE LENGTHS OF SEGMENTS
OF THE STATE VECTOR.

ORDER IS

U(1) sU(2) 9e0sU(NB) o XI(1)oeasXI(NB)9sBETASDELTA

--------- THE STATE VECTOR LOCATION ARRAY (LOCU) FULLOWS
(1) (2) oees (2¥NB ¢ 2)
------- - 1 1
LEADING ELEMENT LOCATIUN IN THE STATE VECTOR
FOR THE SEGMENTS DESCRIBED IN ARRAY (LENW).
mecemeee=THE SPECIFIED SENSOR POINT/BODY CORRELATIUN ARRAY (IFTSMW) FOLLOWS
(1)  (2)  eee (NSPT)
rem——————— 1 1 THE JTH ELEMENT 1S THE BODY NO. ON
WHICH SENSOR POINT J IS LOCATED.
@
V-7
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OO0

OO0 O

Cre=e=w—wuaTHE FOLLOWING DATA IS SPECIFIED MOM. WHEEL INFORMATION (IF ANY)

C AND CONTROLLER INFORMATION
c

C

Crecmcmee==THE SPECIFIED MOM. WHEEL CONTROL ARRAY (IMO) FOLLOWS
c .

C (1) (2) ees (NOFMO)

C

c COL J = JTH MOMENTUM WHEEL
Crommmmmee 3 1 ROW 3 = 1 ACTIVE

c = 0 CONSTANT SPEED

C

c

CeeecmmwaesTHE SPECIFIED MOM, WHEEL RATES AND INERTIAS (AMO) FOLLOW
C

c (1) (2) eee (NOFMO)

C

C COL J = JTH MOMENTUM WHEEL
Crevrnvcan= 1 1 ROW 1 = INITIAL WHEEL SPIN RATE
C

c .

Coe=mecweee-THE SPECIFIED CONTROLLER INITIAL CONDITIONS

AND CHARACTERISTICS FOLLOW
(THE FIRST NODELTA ARE INITIAL CONTROLLER STAT#
VARIABLESs THERE ARE K ADDITIONAL PARAMETERS)

THIS IS THE USER INPUT ARRAY CNIDTA.

THE ADDITIONAL K PARAMETERSs IF ANYs ARE
AYAILABLE TO THE USER FOR USER-FAK DATA.

THE FIRST NDELTA ENTRIES IN THIS ARRAY
ARE THE INITIAL CONDITIONS FOR THE
CONTROL VARIABLES.,

2122 LLL LA AL LR LAl LA YRRy R XL
R TTLL-LLLALE DAL LLAL L LA Rl Ll sl Y

T T T T T

P T
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c**a***§*4#§§#%%§*4*Q%%#é#*#**%4#**%****%#**##%*#a%***#***##%#%#*&&*##&*
C#

ce SURROUTINE MRIGIO == QUTPUT FOR RIGID BODY

cs
C§§§§***¢§§**#%#§*####%%##ﬁ#*#%ﬁ%#*###%%%#%#&#**##**ﬂ%#&&#&**#*é%#*%%%*%
C

c THE FOLLOWING IS YVPICAL FOR THE ITH BODY

C

Cremmmmmaw= SUMMARY OF INPUT DATA FOR BODY I WHICH IS RIGID.
C

Cremmeceer=THE 6X6 INERTIA MATRIX IS ==

C

C (1) (2) (3) (4) (5) (6)

o

Cremw=- - 1 1 IXX =-1XY -1XZ 0 -SZ SY

Crommmwe 2 1 =1YX 1YYy -1Y2 SZ .0 -SX

Cremmm- 3 1 =12X -12Y 122 =SY SK 0

Crmmamn 4 ! 0 SZ -SY M 0 0

Crmmmm- 5 1 =82 0 SX 0 M 0

Cremam= 6 1 SY -5X 0 0 0 M

c

C

Crmmmmacn= FOR BODY I 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 (ls293)9s AND POSITION
VECTOR COMPONENTS (495+6) THAT POSITION THE HINGE TRIAD
WRT THE BODY TRIAD

~e-== DATA HERE =====

IF BODY I HAS ANY SENSOR POINTS,
THE FOLLOWING WILL BE PRINTED

ceme=e=e=FOR BODY I THE SENSOR POINT NO, AND THE EULER ROTATION TYPE
APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH IS FOLLOWED
BY AN ARRAY CONTAINING EULER ANGLES (1e293)y AND POSITION
VECTOR COMPONENTS (4+596) THAT POSITION THE SENSOR TRIAD
WRT THE BODY TRIAD

<m=== DATA HERE ====-

OO0 OO0

C*&****%u#*#*ﬁﬁ**%***%#**##%%#*#%%*##%*%%#**&##%#%##*#**%#***#%%*##**#%
C#**%%&*%¢*#“**“**********##%%9**“**##***##%**#%**#ﬁ###&#*#%*%%####**&%
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T A A A
C#

c# SURROUTINE MSMODC = QUTPUT FOR FLEXIBLE BODYs CONSISTENT MASS MATRIX
c#

Ty g R T AR AL AL L e

c

TYPICAL OUTPUT FOR ITH BOOY
THIS SUBROUTINE PRINTS OUT SEVERAL MATRICES THAT ARE
RELATED TO THE FORM OF THE GOVERNING EQUATIONS,

THE READER WILL BE REFERRED TO vOL I AND THE INPUT
DATA STREAM FOR FURTHER CLARIFICATION,.

emeeme==SUMMARY OF INPUT DATA FOR BODY I WHICH IS
FLEXIBLE W/CUNSISTENT MASS MATRIX.

OO0 OOOOOOO0

----- e~==THE INPUT PARAMETERS=--- IFRBMy IFDIAKs IFDIAD ARE

SEE INPUT DATA FOR M5MODC

Crocmm—-— -=THE JDOF TABLE FOLLOWS==-
DEGREE UF FREEDOK AS INPUT

SEE INPUT DATA FOR MSMOULC

cmeee—e-=THE MODE SELECTION VECTOR FOLLOWS
MODE SELECTION VECTOR AS INPUT
SEE INPUT DATA FOR MSMODC
e —————— FOR BODY NOe. I THE POSITION VECTOR FROM THE BODY ORIGIN
: TO JOINT K IS
X = Y = Z =

WHERE K IS JOINT COORDINATES
USED TO DEVELOP RIGID BOLY MODES

SEE INPUT DATA FOR MSMODC

OO OOOGOO0

v-10




g e e e v o

C
C
C
C
C
C

e ee—-—— THE CONSISTENTs REPARTITIONED MASS MATRIX [S--

c

C THIS IS THE REPARTITIONCD MASS
C . MATRIX AND IS CONSISTENT WITH

C THE JDOF TABLE,

c

C

Crocwmane- THE REPARTITIONED MODAL MATRIX [S==~~-

C

C THIS IS THE REPARTITIONED MODAL
C MATRIX. THE ROWS ARE CONSISTENT
c WITH THE REPARTITIONED MASS MATRIX
C AND THE COLS ARE CONSISTENT WITH
C THE ELEMENTS OF THE MODE SELECTION
C VECTOR.

c

C

(em====e==THE ~UNDEFORMED- INERTIA MATRIX (MU) [5w~e

C

< THIS IS THE M0 MATRIX NOTED AS
c EQe. 1I-87 OF VOL I

c

C

Commamaaa-

c THERE THEN FOLLOWS MATRICES

C

C A COEFFICIENTS

c 8 COEFFICIENTS

c COFXY COEFFICIENTS

C COFXZ COEFFICIENTS

C COFYZ COEFFICIENTS

WHICH ARE THE ALPHAs Bs AND C COEFFICIENTS
GIVEN AS EW. II-88 OF VOL I

c

c

c

c

C
Crmreeme—-
c THERE THEN FOLLOWS MATRICES
C

c

C

C

C

c

Clle C22s C33»
k Cl2s Cl3s C23

WHICH ARE IDENTIFIED AS EQ. II-89 OF VoL I

v-11




--------- THE MODAL STIFFNESS IS ==

ewmm=  DATA HERE ~—===-

e THE MODAL DAMPING MATRIX IS == §

ee=== DATA HERE ===--

OO0

THERE FOLLOWS TWO ARRAYS CONTAINING THE

INITIAL MODAL DISPLACEMENTS AND
INITIAL MODAL VELOCITIES RESPECTIVELY,

OOOOOO0OO0

cmememe==FOR 30DY I THE P-Q HINGE NO.s THE EULER ROTATION TYPE 3
AND THE JOINT NO, CORRESPONDING TO THE P-4 HINGE |
APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH IS FOLLOWED BY AN
ARRAY CONTAINING EULER ANGLES THAT POSITION THE HINGE
TRIAD wWRT THE BODY TRIAD

=== DATA HERE =====

IF BODY I HAS ANY SENSOR POINTS,
THE FOLLOWING WILL BE PRINTED

———————— FOR BOpDY I THE SENSOR POINT NO.sy THE EULER ROTATION TYPE
AND THE JOINT NO. CORRESPONDING TO THE SENSOR POINT
APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH IS FOLLGWED
BY AN ARRKAY CONTAINING EULER ANGLES THAT PUSITION THE
SENSOR TRIAD WRT THE BODY TR1AD

=== DATA HERE ====-

OO0 OO0O0O0

CD##%%#%&#*&*#%###*G#*”**%#*#&###Q%*%#ﬁéé#%#**#*##4#%#%#*##&*ﬁ*#%#ﬁ%#%*
C##ﬁ-*%*#%ﬁ##&&#######Q#%ﬁ###ﬁé#%ﬁ#“%##*##**%#4#*#%#*##{&##&##aﬁ##a&#&##

14 ﬁ
e =




i

OO0

C&ﬁﬁ*##&&#**“%%##é*%#***#%%****##ﬁ*%*#*##****%é*****#%****#*#%&#**%%##**

C#

C# SURROUTINE MSMODL = OUTPUT FOR FLEXIBLE BODYs LUMPED MASS MATRIX
C#
C*##%#%#**&&%#*%#***##*ﬁ*%*ﬁ&#%*%##*%#%**%**#*&*%#*#&*Q****b*#&*##**#%##
C

C

c TYPICAL OUTPUT FOR THE ITH BODY

c

C

c THIS SUBROUTINE PRINTS OUT SEVERAL MATRICES THAT ARE

C RELATED TO THE FORM OF THE GOVERNING EQUATIONS,

c

c

C THE READER WILL BE REFERRED TO VOL I AND THE INPUT

C DATA STREAM FOR FURTHER CLARIFICATION,

C

c

Crewecreea=QUTPUT MATRICES INEROs STATOs MASSO» DOCOEFs AOCOEFs ECOEF
c

c ARE THE Jy =Ss My Ds Ay Es PARTITIONS

c RESPECTIVELY OF THE MATRIX MO OF EQ. 11-87
C OF voL 1

c

c

Crmrmmmmne QUTPUT MATRIX MUO IS MATRIX M0 OF EQ. II-87 Oﬁ voL I

C

c

Crememece= OUTPUT MATRICES ACOFs BCOFs CXYo CXZs CYLo

C

C ARE THE ALPHAs Bo AND C

C COEFFICIENTS IN THE MATRIX

C GIVEN AS EQ. II-&4 OF VOL I

c

C i

V-13




OO0 OOOO0

OO0 OO0OO0

Cltsrdas st i 40 3t 8t
Chpipiatitas

OUTPUT MATRICES Clls C22y C33»
Cl2y Cl3y C23

ARE THE CONSTITUENTS OF THE
MATRIX GIVEN AS EG. II-89 OF vOL I

QUTPUT MATRIX XEO

CONTAINS THE INITIAL MODAL
DEFLECTIONS. (AS INPUT)

OUTPUT MATRIX XEQD

CONTAINS THE INITIAL MODAL
VELOCITIES. (AS INPUT)

FOR BODY I THE P-Q HINGE NOe.s THE EULER ROTATION TYPE

AND THE JOINT NO. CORRESPONDING TO THE P-Q HINGE

APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH IS FOLLOWED BY AN
ARRAY CONTAINING EULER ANGLES THAT POSITION THE HINGE

TRIAD WRT THE BODY TRIAD

~=== DATA HERE =====

IF BODY I HAS ANY SENSOR POINTS,
THE FOLLOWING WILL BE PRINTED

FOR BODY I THE SENSOR POINT NO.s THE EULER ROTATION TYPE
AND THE JOINT NG, CORRESPONDING TO THE SENSOR POINT
APPEAR IN THE FOLLOWING INTEGER ARRAY WHICH IS FOLLOWED
BY AN ARRAY CONTAINING EULER ANGLES THAT POSITION THE
SENSOR TRIAD WRT THE BODY TRIAD

-=-= DATA HERE =====

%**%*&ﬁ#G#*%####&#&#%*#%####**######%*#%####ﬁ#ﬂ#&#*%**ﬁb##%G*
&##*#b}#ﬁﬂﬁ##%ﬁ&#ﬁ#*##b%*%#§§§§&§*§#i§###*§##§*#é#%bﬁ%é##%ﬁ#*
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OO0OO0OOOO0O0

OO0 OOO0

IF THE USER UTILIZES POLYNOMIAL INPUT FOR
CONTROL SYSTEM TRANSFER FUNCTIONS» THE FOLLOWING
MATRIX WILL BE PRINTED.

OUTPUT MATRIX CPLY (KPLY3$2%¥NPLY)

WHERE KPLY ROW DIMENSION SIZE OF CPLY IN SUBROUTINE CONTRL

NPLY NO. OF INPUT POLYNOMIAL RATIOS

AND FOR I = 0DD INTEGER =~

coL I = DENOMINATOR POLYNUMIAL COEFFICIENTS
IN ASCENDING ORODER 5
COL I+l = NUMERATOR POLYNOMIAL CUEFFICIENTS

IN ASCENDING ORDER

THE FOLLOWING INTEGER ARRAY (INDEP) PRESCRIBES INDEPENDENT
VARIABLES (1) AND DEPENDENT VARIABLES (0)

THE ELEMENTS OF THIS ARRAY IDENTIFY
WHICH VARIABLES SURVIVE IN THE FINDU
SEARCH TO DETERMINE AN INDEPENDENT
SET TO BE INTEGRATED.

THE SURVIVING VARIABLES WILL ALSO
REPRESENT THE FIRST NX ROWS OF
THE LINEARIZED MATRIXs As USED

BY SUBROUTINE DYNSOD.

NOTE = NX = NO. OF NON=ZERO ENTRIES IN ARRAY INDEP

c‘#*#ﬂ%##%%&%##%*ﬁ###*ﬁ**#%####%ﬁ##*#**ﬁ######%*%%**#é**ﬂ*%&&#*ﬁ#%ﬁ%*##
C“#*&####%ﬁ%GﬁQ&##“##G###&é&%#&i*%#*##%**#*##ﬁ**%%*#*%**##i*%%##*b###&#
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C§§§*§§**¢§§*¢#§§%§§§#**4#*#*%##%##*%#&#*##ﬂ#%%*##****#%*é**#ﬂ*#*#%#&é##
g: SURROUTINE DYNSBB OUTPUT
g:#%**#%&*##***##*#ﬁ##*§§*§**#*#*%*%*ﬁ%ﬂ#*%%##*%%ﬁ%*#4&&*%#*##*&6&####&%
THE PRINTOUT 1S TYPICAL FOR A GIVEN SIMULATION TIMEs T.
THE T=0 PRINT OUT IS ALWAYS GIVEN
(EVEN FOR A LINEARIZED ANALYSIS)
THE DATA ARE PRESENTED IN VECTOR FORM AND
PRDERED AS FOLLOWS=-~-
P THE STATE VECTOR Y =
comemee=wTHE STATE VECTOR TIME DERIVATIVE YDT =
--------- THE BETAS (EULER ANGLESs POSITION COORDINATES) ARE

--------- THE BETA TIME DERIVATIVES ARE

OGO O0O0O0O0OOO0

----- e===THE DELTAS (CONTROL SYSTEM VARIABLES) ARE

—eem—————— THE DELTA TIME DERIVATIVES ARE

V-16
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THE FOLLOWING INFORMATION IS TYPICAL FOR BODY I.

PR S e

Cormrmmmaa ~FOR BODY 1 THE VELOCITIES ARE

c

c ORDER IS OMGX

C OMGY BODY ANGULAR VELOCITY

C OMGZ

C

c u

c v BODY TRANSLATIONAL VELOCITY
c W

C

c XID(1)

c X1D(2)

C . BODY MODAL VELOCITIES

c .

C .

C XID (NE)

C

C THETAD (1)

C N MOMENTUM WHEEL ANGULAR VELOCITY
c . (RELATIVE TO SENSOK POINT TRIAD)
c . (ACTIVE WHEEL)

c

c

Cormer=- e-==FOR BODY I THE CORRESPONDING MOMENTA ARE

ORDER IS HX
HY BODY AXES REFe ANGULAR MOMENTUM .
HZ (INCLS CONTRIBUTION OF CONSY., SPEED WHEEL)

LX
LY BODY AXES REF. LINEAR MOMENTUM

LZ

P XI(1)
P X1(2)
. BODY AXES REF, MODAL MOMENTUM

P XI(NE)
H MW(l)

. BODY AXES REF. MOM WHEEL MOMENTUM
. (ACTIVE WHEEL)

OO0 0O0OO0ODOOOO0

V-17
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=======-=FOR

~~mem====FOR

OO0 OOOOOOO0

Comemm=oeaTHE
c
c
o p—— (¥
C
C
c
c
Commm=====THE
c
c
c
c
Com=m=m===THE
Commmm====THE
Commmeme==THE
Com==mm===THE
o — {3
C
C
c

cemceee==FOR BODY I ITS CONTRIBUTION TO TOTAL ANGULAR

ARD LINEAR MOMENTUM IS

ORDER IS HX

HY ANGULAR MOMENTUM

HZ

(REFERENCED TO INERTIAL ORIGIN?
LX

LY ULINEAR MOMENTUM

Lz

BODY I ITS CONTRIBUTION TO TOTAL KINETIC AND

BopY 1

POTENTIAL ENERGIES IS

THE ELASTIC UDEFLECTIONS ARE

INTERCONNECTION CONSTRAINT FORCES (LAMBDAS) ARE

ToTAL

TOTAL

TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

ANGUL AR MOMENTUM VECTOR IS

XeYeZ COMPONENTS IN INERTIAL REF. AXIS SYSTEM.

LINEAR MOMENTUM VECTOR IS

XoYsZ COMPONENTS IN INERTIAL REF. AXIS SYSTEM,

ANGULAR MOMENTUM
LINEAR MOMENTUM
KINETIC ENERGY
POTENTIAL ENERGY
ENERGY (TeV)

C*#*%#Q#&#**##*#%#“%##**&§##§§§*****%#§#**#**b**&#**&#%%#%##*#%#*4###&4
c#§§#*§§#%#G##**##*#%%**##6*§§#%*###*#%#*4*%***%%**?%##§#§§¢%¢§#4ﬁ*ﬁ**%
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T L e e e A R e L g
C#
Cc# SURROUTINE DYNSCC OUTPUT

c#
C%#**##%%%ﬁ&%#*##&*##%#*“*&*******#**%%%*#****%%%***%ﬁé%*###%#%#%#%ﬁ#%*#

SUMMARY OF PLOTTING INFORMATION

WHICH CONTROLLED THE TIME RESPONSE
PLOT LOGIC,

SEE INPUT DATA FOR DYNSCC FOR

|
]
!
THE OUTPUT SUMMARIZES THE INPUT DATA |
i
DETAILED DESCRIPTIONS. |

NOTE= THE OUTPUT VARIABLE NRPLOT |
IS THE NO. OF LOGICAL RECORDS
WRITTEN ON THE PLOT TAPE.

O(ﬁfﬁ()O(ﬁ()ﬂ(ﬁ(ﬁ()ﬂ(ﬁC)O(ﬁ(’?(ﬁf)ﬂ
[}
1
]
)
I
]
|
!

C*ﬁ*#%**ﬁ-****#**#***Q%**#%%****%%%%%**%%*******%#**#**##***%&4#4*###*##
C#%b&**&é###*##%ﬁ*#####**%**##***#%%*******%&*******#%%%*#&%%*%*####%##-
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C 3148 38 35 3 35 45 45 3 o6 38 S5 41 $F 31 35 30 10 30 43 83 31 31 30 4 3 46 3 38 26 3 30 4 SFAE 35 48 20 31 40 35 40 41 4 5 48 33 38 3448 25 35 43 3 45 48 35 45 81 36 o 28 38 36 38 35 4 47 45 2H 3P
C#

C* SURROUTINE DYNSDD OUTPUT = LINEARIZED SYSTEM ANALYSIS

C#
C&%*%*%ﬁ&*####%##%#*##&###&*%##*#&*#*%#%***%#*ﬁ%#**#*%##%#*#%######4####
C

C

Crmmmmaee=QUTPUT MATRIX =A~- (NJQsNX)

NJQ@ = TOTAL NOU, OF EQUATIONS
LINEARIZED (INCLUDING
AUXILIARY EQUATIONS FROM
SUBROUTINE EQADD)

NX NO OF INDEPENDENT STATE EQUATIONS

DETERMINED BY FINDU IN DYNSBB8.

THIS IS THE MATRIX OF PARTIAL DERIVATIVES
WHICH ARE THE LINEARIZED COMPONENTS OF THE
STATE VARIABLES AS DETERMINED BY
SUBROUTINE LINEAR,

THE ORDER OF THE VARIABLES FOR THE
ROWS IS
S1ZE
PLANT VARIABLES NY >
CONTROL VARIABLES NUELTA
CONTROLLER OUTPUTS NBTQ

SENSOR SIGNALS NXSS

THE COLUMN ORDER IS
PLANT VARIABLES NY

CONTROL VARIABLES NDELTA

sXeNoNesNeNeNsNeNaNeoNoNeoNoNeNaoNoNoNoNoNeNeNeNeRoNsloNoNoNaoNeololoNoNoNeoN e Ne)

vV-20




cecemmee=QUTPUT MATRIX =T-

cececeae=QUTPUT MATRIX Y&

VE

RE

cecceme==QUTPUT MATRIX A%

TH

LI
RE

SI

NOTE=

s XeleleNeNoNsNeoRoNsNe o RoNoNoNoNeoNoNeRoNeRos NoNolNoNeRo ol oo e NoNeNoNeRoNoNoNoNoNeoNoReRoNoloNoNe Nas NoNe NN e

(NXoNX)

THIS IS THE SIMILARITY
TRANSFORMATION MATRIX

THAT INTRODUCES THE (NBTQ + NXSS)

AUXILIARY VARIABLES INTOU THE
TRANSFORMED STATE EQUATIONS,

REF. MATRIX R IN EQe IXII~24 OF VvOL I

(1sNX)

THIS IS THE TRANSFORMED STATE

CTOR INITIAL CONDITIONS.

Fo VECTOR Z IN EQe III=-24 OF VOL I

(NXoNX)

IS IS THE TRANSFORMEDs LINEARIZED

NEARIZATION PACKAGE.

Fe EQe III-28 OF VOL I

ZES ARE:

VARIABLE ID.

PLANT VARIABLES
PLANT SENSOR SIGNALS
CONTROL SYSTEM VARIABLES

CONTROL OUTPUTS (B'S)

NY2 NY - NXSS

ND2 NDELT& ~ NBTQ

STATE VARIABLE COEFFICIENT MATRIX
THAT IS THE BASIS FOR THE ENTIRE

THE ROW/COL VARIABLE ORDERING AND

- -,

ND2

NBTQ

V=21
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GOO0OO0O0O0OO0

REAL PART [IMAGINARY PART REAL PART IMAGINARY PART

COMPLEX ROOTS OBTAINED FROM
A AND A® RESPECTIVELY.

THESE ARE THE POLES OF
THE CLOSED LOOP SYSTEM,

*4#*#»**##&%#ﬁiﬁﬁﬁiﬂuéiaﬁﬁﬁ*ﬁéﬁﬁﬂé%*#%#§§§*§#¢§¢§#§§§#&ﬁné#un#aap*a*uu

THE FOLLOWING OUTPUTS ARE CHARACTERISTIC OF
A SINGLE TRANSFER FUNCTION FREQUENCY RESPONSE.

OO0 0OCOOOOO0OO0

THIS IS THE REDUCED A%* MATRIX
FOR A PARTICULAR USER SPECIFIED
TRANSFER FUNCTION TYPE,

REF. INPUT DATA LIST AND
CHAPTER III OF VOL I

THE ROOTS OF AR ARE THE
TRANSFER FUNCTION POLES.

THIS IS THE VECTOR (COL) WITH WHICH
AR IS AUGMENTED TO DETERMINE THE
TRANSFER FUNCTION ZEROS.

()ﬁ(ﬁf)ﬂ(ﬁ()ﬂ(ﬁ()ﬁ(ﬁf)ﬂ(ﬁf’f)ﬁ
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C
C
C
c
c -
C
Commmmanas R AR RART
c
C REAL PART IMAGINARY PART REAL PART IMAGINARY PART
C
c
C THESE ARE THE COMPLEX ROOT ARRAYS
C AS EXTRACTED FROM MATRICES
C AR AND AR TRANSPOSE RESPECTIVELY.
c
C THE USER SELECTS VIA INPUT WHICH
C SET OF ROOTS TO USE FOR THE POLES.
c
C
L p—— NUM DEN
C
C REAL PART IMAGINARY PART REAL PART IMAGINARY PART
c . .
C . .
C . .
C
C NUMERATOR ROOTS DENOMINATOR ROQTS
C
C (TRANSFER FUNCTION ZEROS) (TRANSFER FUNCTION POLES)
c.
c . .
C . .
c . e
C
c
g

IR o UL L
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}
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nnnnnonnnnonononnnnonnonnonnonoononnnnoo

cecme====0UTPUT MATRIX RRED

TRANSFER FUNCTION ROOT ARRAY CONTAINING RROT
COUNTSy TIME CONSTANTS, DAMPINGs AND FREQUENCY
FOR ZEROS AND POLES.

ELE 1 = NO., OF NUMERATOR REAL ROCTS» NNR
ELE 2 = NO. OF WUMERATOR COMPLEX PAIRSs NNC
ELE 3 = NO. OF NUMERATOR FREE S°S» NNZ
ELE 4 = NO. OF DENOMINATOR REAL ROOTS» NDR

ELE 5 = NO. OF DENOMINATOR COMPLEX PAIRSsNDC

FLE 6 = NO. OF DENOMINATOR FREE S'S» NDZ
ELE 7 = BODE GAINs KB,
THE ROOTS FOLLOW IN THE ORDER
ELEMENT LOCATION DESCRIPTION
8 THRU NNR+7 NUMERATOR TIME CONSTANTS
NNR+8 THRU 2#NNC + 7 NUMERATOR DAMPING AND FREQUENCIES =~

ZETAls OMEGAls ZETA2s OMEGAZ2 ===
FREE S'S ARE NOT INCLUDED

REMAINING ELEMENTS ARE DEMONINATOR ROOTS IN SAME
ORDER AS NUMERATOR ROQTSs IEes

TAU(l)9..0TAU(NDR)9ZETA(1)qOMEGA(l)’o.’ZETA(NDC)9OMEGA(NDC)
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THE TRANSFER FUNCTION FREQUENCY RESPUNSE FOLLOWS

OOOO0O0OO0OO0OO0O0

ceremew-= FREQ/RAD/SEC FREQ/HERTZ REAL IMAG AMP DECIBELS RAD DEG
L] L [ ]

THE DAMPED RESONANCES (BASED ON A
POLE OR ZERO) ARE IDENTIFIED
py ®esss® [N BOTH THE LEFT AND RIGHT MARGINS.

#G**########*ﬁ&###%#i#*##*ﬁ#*#ﬁ##%###é###%

THE FOLLOWING OUTPUTS ARE TYPICAL OF A ROOT
LOCUS INVESTIGATION.

cemmme===0UTPUT MATRICES  PDEN
PNUM

THE DENOMINATOR AND NUMERATOR
TRANSFER FUNCTION POLYNUMINAL

C)O(ﬁ()()ﬂ(ﬂf)O(ﬁf)ntﬁ()ﬁ(ﬁf)ﬂ(ﬁ(’O(ﬁf)ﬁ

COEFFICIENTS === ASCENDING POWERS OF S,
C P(S) = NUMERATOR
C AND
C Q(s) = DEMONINATOR
C
C PREPROCESSED
C POLYNOMINAL COEFFICIENTS AS USED BY RLOCUS,
C
c .
Cmemew=m=e= STARTING POINT = USER IDENTIFIED STARTING POINT
C FOR THE LOCI.
C
Cem==mm=== SCAN LIMITS = LIMITS ON REAL AND IMAGINARY
C COMPONENTS FOR THE LOCI.
C
C
Cremmom= - GAIN ROOTS ERROR
C
c
C ROOT LOCUS 0OUTPUT
C
C
C

c*u#*«o*o##u##*u&*#*#o#4##»*4#«###»*#&**«ua#&&u&&&a#4#4*###auuuo§¢*¢*u¢
Cu**¢*»n»##*6##%******“***#4§*¢**&#oﬁ&#u*uﬁ###«###u%a#*#o«*««u&oau#«&a»
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A, THE SPACELA3 INSIDE-OUT GIMBAL CONCEPT - TIME RESPONSE
SIMULATION

experiment

softrtount
platform

‘//////,/”Y Orbiter
i
< y/4

Inertial
Reference

Figure VI-1, Schematic of Spacelab I0G Concept

The first demonstration problem (I10G-1) considers a three-
body, three-hinge configuration in the time domain. The first
body (the Shuttle orbiter) has a crew motion force acting on
the -Xs axis 15-meters from the bodies mass center. The sche-
matic is as shown in Figure VI-1. The orbiter is considered

to be rigid.

The second body is the soft mount platform which consists
of a rigid platform and rod, fastened to the orbiter with 6-DOF
springs and dampers. The translational spring rates are 10,000
n/m in each axis while the rotational spring rates are 625 nm.

VI-1
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VI-2

The translational and rotational dampers have values of 63.43
n-sec/m and 1015 n-m-sec, respectively.

The inside-out gimbal connects the experiment to the soft
mount platform. A (3-2-1) Euler angle permutation is used to
orient the experiment with respect to the inertial reference
frame; and, also, the instrument relative to the soft mount
platform. Thus, the direction cosines relating attitudes of
body fixed axzes (in the instrument) to inertial axes are given

by

- I | -
J[ cosa cosf | -~sine cosY | sina sinv
— +cose sinB siny | tcose sing cosY
JT - e - - e e e e e ——— — ——— — — — —
sine cospf | cosa cosY ! -cosea sinY
0( | +sina sing siny l +sina sinp cosY
e | e - - — —— -

ot mme  cnmm  w— —— . G wa—

-sin cosfB siny cosfB cosY
N J

with « the first rotation (about the l?( axis)

B8 the second rotation (about the-gl axis)

and y the third rotation (about the EI axis)
The direction cosines [RO#] given above are always availa-

ble in the program (labeled common /BHBSRD/ ) and it follows
that attitude errors (for body 3, the instrument) are given as

Aa = arctan ROL (2,1.3
ROL (1,1,3)

-arcsin < ROL (3,1,3)) -7/3

AB =
‘ _ ROL (3,2,3)
and AY = arctan (RDL (3,3,3)

In the case of A8 , a 60° look angle is subtracted from
the global position angle

A simple position/rate feedback control law is used (no
filtering and ideal gimbal torque assumed) thus, the gimbal

torques are given by

wl el

al
=

|

g N -
I G T T U




T (inner) = -KAa -K A&
g o 1
Tg(mlddle) = -R AR -KAR
e = o _ A.
Tg(OuLEI) KOAY Kl Y

with K = l.8653x106 n-m/rad,

Kl = 8.396x104 n-m-sec

and with attitude rates given by

- I 7]
AS _3 I.iiiy /cosp | cosY / cosf Wy
_____ = —-—-——=-
Y5 S N Do S S K
AY i 1 II sinY sinf /cosﬁ: cosy sinpg /cosp o,

(instrument)

The gimbal torques are applied to the instrument (backed up
by the soft mount platform and orbiter) so as to cause its
attitude and rate errors with respect to the inertial frame to
vanish. This is feasible providing that the orbiter/soft mount
combination is massive with respect to the instrument and there
is attitude control for the orbiter.

Orbiter attitudes, gimbal zngles and a variety of other
configuration states are monitosred and plotted as a function
of time. System response is caused by crew motion force which

is shown in Figure VI-2.

lOO‘ﬁ
Foo(n)
N ) (2.3) (3.1)
(.8) time (sec)'
=100 -

Figure VI-2, Crew Motion Force

VI-3




Vi-4

The inertial properties used for the three bodies are tabulated

in Table VI-1.

Table VI~1. Inertial Properties

Shuttle Mount Instrument
mass (Kg) 72,497 195 2380
Inertias (Kgmz) 6
Txx 1.001x10 50. 2263
Iyy 7.44x1006 50. 2263
Tzz 7.65x106 50. 2530

Assuming that the body fixed axis systems are nominally
aligned, the position vectors to several specific points are
given in Table VI-2 below, where the position vector is refer-

enced to the shuttle system.

Table VI-2. Geometric Properties

Point Xg (m) Vs (m) Zg (m)
Platform Mass Center 2.2 0. 0.375
10G 2.2 0. 0.750
Instrument Mass Center 2.2 0. 2.600
Application of Crew Motion Force -15.0 0. 0.
Control of Soft Mount Platform 2.2 0. 0.
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T STRUEATION—TIWE Yy T = ZsulOGrUTLy ¥ % 9 LARIC T A R R A A N B R R W W ¥ ¥ ¥ ¥ & & §F ¥
THE STATE VECTOR Y = .
17 (— ) g7 57 5 77 87 77 (WD)
1 o.003 Be182=008 CeLlD ~1e782=5LB QoL 5.345=-03C4 QecC 3.654~gp% geoOC 3+7346~p04
I 17 LT GealIoD=N 0T Lells Bk 11 e e Uu =Ze 7/ <«=TTH HsTEC e T LEGON GeUkT T 175%00%
1 2 LeDLSD ~{ed476=L25 LeICT 74969054 pel 44926004 QeGLT =l«12¢0=005 geCQLT =-3+169=-005
T ST 0T T+L97F00 ©eliK PUICN e ) 1-4z¢'50c TL.0LT XA Lo 7=007 GeCGU
AT SIMULATION TIMEs T = 2eJL0ZFHOL® o % 3 5 « * % & 3 o & 5 5 c & & 5 # & 5 & & ¢ ¢ s s 2 s » & &
THE=STATE VECTUR TIFE DERIVATIVE YOI -
( 1) { 21 ¢ 31 { 4} { 5) t 6) «,7) ( 8) { 91 (16)
I T T 0T 59 703=TCE veLLC 1 9/B"r0t ToTT =TT I=LLT Te T2 RN A A 1 L Zeonl =T+786=U0>
1 i1 celcl 2e138=245 CeiT2 1e372~0L7 #aeZng -4.821-065 0e3CO ~4,141=305 GeDGC 8+182-005
1 3} DeICT =T« 775=7T5 oL Se3957ZLH [N 2836001 e ChT ZeS{7=001 GCeCOE Z«287=073%
1 31 DelL =30663=22Y4  Lel0D GeC 4T 2el12r- 2ei T.83C DeLCT 1.4545=3G7 GeLNT
AT SO AT IOR—TIME T T = Zo0CO o OnL ™ 7 % % ¥ & % F % ¥ F ¥ R % ¢ ¥ g ¥ ¥ NE R L JEEC JASE Juar e Tl
ThE BETAS (EULER ANGLES, POSITION COCRDINATES) ARE
[SER ) {27 [y
1 1 LeGLT Celilin LelS
r4 T T« 1T9D-CCH Qe 76=0CH TelH7+C7TE
3 i C+LLD D220 Lelfl
1 ] STeH76=TTS =T 1eG=TT5 Croto
5 1 L2220 Cel N EelD
] T Te7ET=TTH = 165Y=110 CeLLw
AT SINULATION TIMEyY T = Z«QLEOLYIOLE % ® & » 5 » & * & % 8 % B & % B 8 B & 5 & B & 4 & & » B 2 & 0
THE-BRETATFIME—PERITVATIVESARE
(1) ( 2) { 3}
R 1 Je LT e W [y oy She
2 1 Be}B2=005 2e836=0C4 =30663-_24
2 T SR RV S8 INCR=R A oL
4 1 -1e775=2135 245470274  LeSLET
B 1 ST Te LT T LET N
6 I 5¢345=-2¢CH 2.589~-274 Lelil
[ bd ¥ L] (] & LJ - ¥ . bLd Ld w * hd hd * w ¥ hd L ] - w - w k3 . Ld » Ld £ J

R S ITTHULATTUR

imes =

Zel Ll

<TLY

THE DELTAS (CONTROL SYSTEM VARIABLES) ARE
1) 72 37 U &) 57 (&)
i 1 Cesce 16222428 Lotz GenZz 6e537=007 (.680
(2L St AT o T I ME s T = sl L TolL® ¥ ¥ ¥ 5 & ¢ & ¥ ¥ F T 3 F ¥ F % & F ¥ 5§ F F ¥ F 3 % @&

ST-IA

THE DELTA

TIME DERIVATIVES ARE
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) 1 1 QeGSO 2.12p=-001 GeGGU LR Y efi 2 1e545=~007 04050
-
&
_— ﬁ{s:nULF\Y;cf‘d‘Tif‘lzpTE‘QL‘LUL¢;'UL-"""-'"'"'I".I""I"""""
FOR BODY 1 THE VELOCITIES ARE
T 27 37 7 57 &7
1 1 8000 Be182-0{5 G300 =1.782=085 Qo008 S.345=004
FORBOUY ¥ TRE CORRESPONDING MOMENTA ARE
( 1) t 2) t 3) { 4) { 5) t 6)
1 T [ar e[ 143 &sC87FCTLZ  LoTCO =1e272%¢LC Bea0dC 3,875+0C1t
FOR BODY 1} ITS CONTRIBUTION TGO TOTAL ANGULAR AND LIKEAR MOMENTUM IS
1) ( Z) 3} &)  5) (Y]
1 1 GeC00 6e2874C02 LeLDO -1e287+250 e300 3.875+001
TTS CONTRIBUTION TO TOTAL KTRNETTL ANU POTENTTIAL ENCRGIEDS 19 352721089 5c G UUTUUULU
AT SIMULATION TIMEs T = 2eGUCGHOGL® # ® ¢ ¢ o & ¢ 5 ¢ 5 & ¢ 3 s & 0 5 o 5 5 8 2t s B s s s
FUR 80UY 4 TRE-VELOCTTIES ARE
1) { 2} ¢ 3) ( 4) { 51 { 6)
i 11 D VET 3« 509=50H GelTT Je730=pCH T»50% e 135=00CH
FOR BOLY 2 THE CORRESPONDING MOMENTA ARE
U1 { <7 37 T 57 {571 [G-1L
1 1 faX E ¥l 1827=002 Le50O0 7e286=cl2 Je30C 1.196=-0C1
FOUR—OODY r4 1TSS CONTRIBUTTIUN TU JTOTRAL ARGULAR ARNU LINEAR MONENTUNM [ =
( 1) ( 2) t 3) (4 { 5) ( &)
T [oICR £f e8] =2+ 1T 7/5=331 Tealy IeZ273=a3< Te Gl T« 176=001
17s CONTRIBUYIOH TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 5e36477057=0C5 G.C0CG0C00
hu:anil‘L.ATxuNTxncr|=£-JE-UL-"UQL""""""""""""‘""'"'
FOR BODY 3 THE VELOCITIES ARE
[ R { <7 {37 LG B )  5) { &)
i i CeGio0 =FeL6B=0L7  GelOC =2e772=0LY  0e302 Te492=004
FORBUDY 3 THE CORRESPONDING MOWMENTA ARE
(1) ( 2) « 3) ( 4) {t 5) ( 6)
T T 00D =2eTSZ2=T03  GeLUT -3 Al TV8 QN sL Vs T 1.783%000
FOR BOVLY 3 1TS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM IS
(1) { 21 {37 U 4q) { 51 &)
1 1 SeCED =3+53Q+0CE  CeBRS le2i4+nil Ceuls 1.463+30¢
TS CONTRTBUTIOR TU TOTAL KINETIC ARND POTENTTAU ENERGTES 15 7359396646 -0L T GeCUDCUGTY
AT5“1ULAT10p,T1mE,T:z.,,,ug._,__,;‘-oou-.ﬁﬁloqtco--cuucﬁ;n.tc..t.g
THEINTERCONNECTTOR - CONSTRARINT FURCESTCANBUAS T ARE
( 1) { 2) ( 3)
T T Sl W A2 1 o 1 S tT RN STTR0SCTR
AT STMULATICON TIMEs T = 2e25LCH00Ee ¢ & & 8 3 & ¢ 8 5 & & & & @ 2 ® & & 5 % 4 & % ® 5 & 8 & s
THETOTAC  ANGQUUARTMOMERNTUN VECTOR T3
[ ( 2} { 3)
T T TVO0AD SILSAYECZ TG nCh
THE TOTAL LINEAR MOMENTUM VECTUR IS
T 17 27 T 37
1 i 3¢514=004 302D Y4o4533+201
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RUN NO. 10G 1

GATE $82175

PAGE NO. 47

RUN BT

é SPACECAB = TNSIDE OU T GTHEAL CURTENT CURRENT TIME = GoH7>/
= SHUTTLE(ORBITOR)/SOFTHOUNTiloG/INSTRUMENT THE CPU TIMER = SEC
AT )‘r]dLAllUN T‘nt_. 1 t 4 ﬂ.\;\_bu"bt"' w - L] L] [ 3 w L hd . L L L4 W W L W w - L] L k] - L d L L] L J L ] L » L ] *
THE STATE VECTOR Y = -
17 27 37 T 57 67 T 77 87 97 107
| 1 se0g0 14164=006 G883 1e977=305 geodC 2.231=005 (Ce3C0 =2+840~00% 0002 ~44616=00%
] L] ceuu wIRET IR eyl T233T"3uo Traul TL6TE=YTS T +BCY TS /5 /AU C*CQC T+ 580*00U"
1 21 0000 =1+215-555 2000 lej18=033 gelCC 3.157=0C4 2000 24019=005 003 -14051~005
31 IR f 128 W L EAS I T Y G033 =T+623<00T  C.CUt b Iy =9%252=008 00T
AT SIMULATION TIMEs T = 4e00503+00CL" ® e s 8 8 & 8 % 8 s K S 8 S s s s B s s o o 8 & o &
THE STATL YECIUR {1InL DERTVATIVE Tvi =
«n ( E! { 3) { ﬁl ) { 5) ( 6)' t 7) i 8) N t 9 (19)
¥ ¥ o Ul =7 F3=C07 Teuau hadn IR AT St o N1 C3UCT =5 0TO=FULUD aseey I OSTUUS Ge il Te=ypwaun
1 1 recoa 1.919=0nL4 3300 «1e048=pL6 Deiol «9.825=0035 0003 2.166=004% Q<00C 1¢184=006
1 7 TeTTY Te778=Lu5 e LUGC Ze2357al> [«FeH Y =2 822004 We T =3 750007 TGS =3+887Y=00%
1 31 24000 - 2.854=0C4 TeDD0D Qep32 4¢351001 0.000 GeBLD 1¢734=007 ©«0QC
A TS HMUEA T HON—TIME— T = 4+ C0CLT oTL™ S B B s s e s e St ant RNt JENL R oW W ¥ ¥ ¥ ¥
THE BETAS (EULER ANGLES, POSITION COORDINATES) ARE :
17 [ ] 37
i 1 ned00 e300 [y rivied
r4 T T+ 68T=00T 3el07=028 Tewd/7+C0G
3 1 coCcS, 9-3&? Celf2T
q 1] Ot -4 Bkt REE] Ze gt 9=U5 Dol
s i Qo200 G200 Ge 00
] 1 i Te=se =1 EsST=0Cs  LEElv
AT SIMULATION TIME. T = 4o BGROYOCLe » S 2 8 g B T 5 & e ¢ 5 o & 8 8 ¢ 8 8 & & s 8 & 2> .
FHEBETA—FIMEDERTVATIHVESARE ?
(1) 2} t 3)
t 1 C+agD g+ otT CestO
2 1 1+184=006 =2.852-504 2485H4=004
3 T el Loy Ceuel .
4 i 1¢978=085 =3.750-CC4 GeLlO
) 1 je R 1130 T 2UD UeLCQ
[ 1 24230505 =3.869=324 CeG00
KT -STMoCRT W T T e T -q.‘}gc‘;ﬁdc&v‘-'..'-v------vv.-vv-vv--v.--“
THE DELTAS (CONTROL SYSTEM VARIABLES) ARE .
[ ) 2] L R 8] {8 &)
1 ! Belg2 =1¢623-201 3JeLLC CeLID -9¢252~508 2.030C
TSI MOtR T TUN Mt T = e LoLCY.CLY ¢ vy Y TE Ty - & ¢ § % % F—F T ¥ ¥V ¥ ¥ % ¥ ¢ § % [
THE DELTA TIME DERIVATIVES ARE
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1 1 2.002 4,351=001 G000 64005 1+734=C87 04000
TS EHB AT EON—THHET—T— e Hv B G0G+OTEe e s —s—s s —#—¢—s—s—s e meme ey e
FOR BODY 1  THE VELOCITIES ARE
1 <1 T 37 voR) U > { &
1 1 £.002  14184=006 Ge3CO 1.977-035 ©eCOC 2.231-005
FURTBUUTY 1 “IHE LUKKL!}PUNDINGTUH!’.N'A ARE R
(1 ¢ 2) ¢ 3 { 4) ( 5) ( &)
I T L EYiE T T BTEVEC0  GeC00 T-433%550  C+G0C T.617+068

FOR BODY 1} 1TS CONTRIBUTION 70 TOTAL ANGULAR AND LINEAR MOMENTUM IS

{1} (2] 3] C 4) C5)
i i 8+080 8.807+830 CeU0S le434+0GC QL3000

{ &1
[617+030

FS—CONTRIBYTTON TOTOTAC KTNETTC AND PUTENTTAL ENERGTES TS

35T TR 2SN E~nL 5 G+ C00neTTUU

AT SIMULATION TIME,» T = 4 OCODVYCOCs « ¢ & & & & &+ & & 3 3 »

ﬁ"qi&li"ll""‘l

FUR BUUY < TREVETCOCITIES ARE
( 1} ( 2) { 3} ( 4) « 5) ( &)
T ¥ PR =2 BHTEOUN T Ce V0 —wHsEIs>gdd CeO0UD =3 673-00CH
FOR BODY 2 THE CORRESPONDING MOMENTA ARE
T 27 3 47 (-3 8]
R ! 3500 =14420-0032 32000 «9e031=-g32 0025 ‘ =7.163-002
TORTOUVT [ TS CORTRIBUTION TU 1UTHAW ANGULAR AND LINEAR MOMENTUR T2
¢ L) ( 2) t 3} ( 4) ( 5} ( 6)
1 I (KA R I+095=30T UeGUG =9sgu5-puZ GeoUD =7 158=002 )
17TS CONTRIBUTION TO TOTAL KINETIC AND POTENTIAL ENERGIES IS 3.59456721-pc5 ©.00000000 =) %%
AT STMUTRT IO TIME T T JeCu0u T o0rtYy &7 S e s e  aun e Bt Jan LS SN JRE AR A A
FOR BODY 3 THE VELOCITIES ARE
T 17 27 3 5] 57 (-2 €5 vd
i } 0300 1+330-006 L(e280 34618=005 D300 ~6.757-204 % ne_
FURTBUUY 3 TRE-CORRESPONDING MOMENTA ARLC b
(13 t 2) (3 (%) t5) t 6}
1 1 T«0J0 T oI T=003 C«00u BeolB-Due U°Glu =T.608+00D Ea

FOR 80DY 3 ITS CONTRIBUTION TO TOTAL ANGULAR AND LINEAR MOMENTUM 15

1 27 37 (W3] 5]
1 i c«0g0 1+582+035 CeCO0 =14350+G068 D300

&)
~8,786=301

ITS CONTRIBUTTUN TU TOTAL KYNETTC ARD POTENTIAL ENERGIES 15

Lo ggaZ7IB3=00 T Qe0OCSOTGL

AT SIMULATION TIME, T = 4.0CLGTIRCS » *

"Q'.'...‘QQ..Q"“.""

THE IR TERCONNECTTON " CONSTRATNI FURCESTCARBORS I ARE
1) (2} { 31

1 1 KYWA Ak TV SR XY SR Yo EO5=T Tl

AT SIMULATICON TIhE, T = Y OLnGroQn® ¢ %« 8 o * 2 2 v &

s & & @ & & & ¢ ¥ = @

¢ 8 ¢ & & & 2 8 ¢

TRE-TOTAL ANGUUAR ROMERTUN VETTOR 15
1N t 2) t 3)

I 1 g+03T FeIIIFUIT  Ce0C0
THE TOTAL LINEAR MOMENTUM VECTOR IS

6T~IA

1) T 21 37
i 1 ~5¢897=003 ©£.00Q bebb67-£D1

P2




THE TOTAL ANGULAR MOMENTUM = 9.99908390+000

— THETOTAL LINEAR MOMENTUN — 6366693237001
THE TOTAL KINETIC ENERGY = 6418191120-004

- THE TOTAL POTENTIAL ENERGY = 2, 18187380~-001

CPUTIMEZREALTINE
2.0000+01

S THE TOTAL ENERGY (T + V) = 2.18807571-001
8
CPU—TIMNEZSTEP
4¢0000-01




,{

RUN NOs 106 1 DATE 82175 PAGE NO. 48
RUNB7Y

= NS
1=} TN

ORBITOR

SFACEL;\ DE C'JT Giruur“'h CC!‘"L'EPY &URNENT Yxi'lr_ - ussﬁﬁi
SHUTTLE ) /SOFTMOUNT/I0G/INSTRUMENT THE CPU TIMER = 104 SEC

SUMMARY OF PLOTTING INFORMATION

INSIDE OUT GIMBAL CONCEPT, NONLINEAR TIME RESPONSE TO CREW M

: |
NSEF -—p ————
NRPLOT = 20 NCPLOT = 135 :
KRFLUYT TN RCFLTO! = [ K- ;
ISET = 1 :
JVPL = T r4s) Z1 22 23 2% Z5 28 27 Z8 Z9 30 3T 32 33 34
NCI = 1 NCD = 2 3 4 NGRID = 1
TIVE EULCERS ORBITOR ANGULAR POSITION
NC1 = 1 NCD = 5 6 7 NGRID = 1
tINE POSTITI URBITOR X=Y=Z PUSTIiUN :
NC1 = 1 NCD = 8 9 10 NGRID = 1
11 ME ANGLE MOUNTZ7O0RBTTOR ANGULAR PUSTTIUN
NCI = 1 NCD = t1 12 13 NGRID = 1 :
TTHE PUSTT MOUNT7O0RBTTOR %=Y=< RELAITIVE POSTTION PR
NCI = 1 NCD = 14 15 16 NGRID = 1 j
TINME ANGLE TOG GIMBAL ANGLES
ISET = 2
JVPLT = 1 74 75 75 L /B 79 =]+ gy B8Z 131 132 133 139 135 -
}
. NCI = 1 NCD = 2 3 4 NGRIpD = 1 ?
TITRE TORQUE GINBAL TURQUES |
; |
H 1
NCT = 1 NCD = 5 6 7 NGRID = 1 ——
TIFE DELTAP KTTITUDE ERRURS ‘
< NC1 = 1 NCD = 8 9 10 NGRID = 1 . !
"E TTHE FORCE GIRBAL K=V=Z CLANBDAS ' |
H
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'B NCI = X NCD = 11 12 o NGRID = 1
TIVME MOMENT ANGULCAR/LINEAR MOMENTUWM
NC1 = 1 NCD = 13 14 15 NGRID = 1
TTFE ENERGY KINETTC, POTENTIAL AND TOTAL ENERGY
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B I SR

B. THE SPACELAB INSIDE-OUT GIMBAL CONCEPT - FREQUENCY RESPONSE
SIMULATION

The second demonstration problem (L0G-2) considers the
same three-body, three-hinge configuration as the first. The
geometry, inertial properties, spring/damper data and gimbal
torque laws are exactly the same. However, I0G-2 considers the
frequency domain rather than time.

The equations of motion are numerically linearized and a
similarity transformation performed such that new linearized
states are introduced (sensor motion and control torques). For
this equivalent mechanical system, a variety of transfer func-
tions are produced and evaluared.
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RUN MO, 106G 2 DATE ¢91275 PAGE NO. 1 i
e e CCRUNTEY T T s — - ;
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HLAM o= a Ky = 256
TTTweEe T TR 3% KU = &5 ) - ToToTTm T ’ T
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RUM NO, 108G 2 DATE g91275 PAGE NO.
B S e, AUN BY - . S
<
& “GFACELAE < INSTDE OUT GIMAAL CONCEPT  (FREGUENCY DOMAIN) T TUUTTCURRENT TIME » 084908
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. 19 1 Ge0EC ferLl Lol !-qquucc 03000 G000 0.000 2000 0000 0+000
2¢ ! [a ¥ Riluing G OLT '.‘-Q-fﬂr C.000C 10000“006 0.0C0 N.000 0.000 e Q00 0.000
AAAAAAAAA 21 } GeROC SRy A e1t] [ 1 C.cOop gs000 1.000+000 N.000 0e.000 6000 0000
22 1 0.0G0 G.C06 -le.pfo+ono  CegpC 0000 0.000 04000 0+000 1.000+000 04000
23 1 CeBOL =] «GRO+C00  Te0CG c.cop 0000 ce.300 0,060 1.000+000 0000 De000
. 24 1 =1s00G+C00  C€.G0O €500 cs0nC fsGo0 0.+0C0 1,000+000 0000 0000 D«000
25 1 :{.D-Sft ﬁaCOG C-E;G 'I-UGC‘BUU 0-000 0.000 U.dﬁg -705(!0-00‘ 00000 0-000
25 11 =65 FTH=CG1  CeTOQ0 t.ate  f.ocn 1.185+%000 0000 G-000 05000 R XY 1] 5] s 000
Z5 T R T-CCo =272GGFEE0. Ce007 = T=00U+360  0s000 37500 T 0000 U000 1~ OUU*000
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27 11 1.060+C0R  T.CC0 _fenlc CegeC  0e0Q0_ 0,000 0.000 0+000 0¢00C 0+000
B 78 1 pe00(- CeC0:0 CenCo C.000 ge000 0.000 =1,732+000 0000 ~1+0004000 0.00C
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DATE 91275

RUN MO, 106G 2 PAGE NOe 10
- o e RUN-RY o e I
P
T B ACELAE = INSTHE OUT GIMEAL CONCEPT (FREQUENCY DOMAINY ™ — 7777777 CURRENT™ TIME = 084924
o SHUTTLE{ORRITOR)/SOFTMOUNT/10G/ INSTRUMENT THE CPU TIMER = 33 SEC
TTOUTFUT MATRIX =A= G327 O CONTINUED O T T B
RS ) (3] [ CTEYTTTTTT TR Y, T TTTUTEY 7 87 T 107
29 1 Ge 0GP T.Cco [y dds Pt G GG0 0+000 [l =1 5000¥000 0000 0000
_ 29 11 be2H2=-U01 G.CCC S.4C5-50l  C.00C -3+121-001 ©.000 0.000 C.000 0000 0.000
¢ ] ne0GE ge0CO GenG3o Ce0GC 0e000 0060 =2.203+00C Deao0 0000 5.405=001
36 1 GeORC TT73556060  CerGe =Se4cS=00T 00006 G.00¢ 4000 oe000 TG 000 p+ 000
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RUN NO, 106G 2 DATE 691275 PAGE NO,. 1t

RUN BY
SPACELAB - INSIDE OUT GIWBAL CONCEPT ~ (FREQUENCY DUMATIN} CURRENT IIHE,' 084927
SHUTYLE (ORBITOR)/SOFTMOUNT/106/INSTRUMENT . THE CPU TIMER = 34 SEC
OUTFUT MATRIX =T= C 32 x 321 : .
{1} t 2) t 3) C 4) ( 51} T &) (M A 8 T9) 107
] 1 1.06C+600 0.6C0 T 9.C0C G.C00 0000 0.000 5.000 U000 U000 U000
2 1 0«0CC B«0C0 ¢.0C0 0.00C <5+¢587-002 0060 o000 0000 0+00T 07000
2___31 bebb7=002 0.C0OC
3 ] 0600 1.CO0+000G  Q.nCQ 0.0n0 ge«000 0006 0.000 0+000 04000 0000
4 1 GeGOO G060 legGo+go0  CeGOO 0000 000G 8.000 0.000 ~8.000 0.000
3 1 G+ 0GG C.ce0 CefiGD !.coc+008  0.SCD n.00C 0,000 0.060 0+000 0.000
6 ! 0.00C 2.C00 t+000 0.00C 1.009+000 04000 D.000 C.000 0+C00 0.000
7 1 0.c0C 0.0c0 GeGOY 0.000 0e.0CO 1.000+000 0,000 0+000 G000 g.000
8 1 0000 GeGGO Cepdo C.006  Ge000 0.000 1.,000+000 0+000 0000 o0.000
9 1 GeOGE C¢.000 ¢.0C0 t.co0 0300 0+000 0.000 l.000+000 0¢D0O 0+000
ic 1 G.000 €.ce0 £enGD 0.000 0000 0.000 8,000 0+000 1.000+000 0+000
11 | 0. 000 8.C00 GenCO C.00C CeDCD 0.9C0 0.000 0.000 0+000 =8¢660~-001 oo
11 11 5.006~001 C.C00 t.cCa G.cnt 0+G00 0.000 0,000 0e 000 0049 T+00D SEs
11 21 G000 6.C00 G060 Be0DC G000 1.602¢00C 0.000 0.000 0.000 0.000 * Es
12 21 D006 C.0OC tscC0 CeGoc 0+0GO 006G 1,0004000 G+000 ~_0e000 0.000 €§ 52
13 1 Ce00n C.C00 CeCO0 C.0006 G+000 0.000 6.000 0+000 GeCO0D 1.060+000 z E.‘:
14 ! c.000 Ge LU0 LecOa €+006 as000 =34750=0G1 0.000 0+000 1+G00+000 0+000 gf ;E
14 21 0.0C C.coc t.cto 0.00C -~1.,850+000 0,000 9,000 Bs000 o000 T-000 &;ég
T8 11 T«0GO+000 G000 tL 000 0,006 0+600 0.000 0.000 0<000 “07U00““”*”UTUUU“*——‘—*"“jiéEa
18 11 Qe.00C T CGE+60G w000 t.00C 0+060 “o.C00 6,000 O« 060 TTEeT00 0+000 -
77 11 0.060 C.CCO T.tCG+600 C.00C c.000 000G T.000 T+000 0000 U+000u
& 11 c.000 TG0 (Y r{gaeFeaTt U060 0.000 0,000 w000 000 0000
PR !1‘ G.0CC 1Y His) Py d 44 TVOCE TS 6C0*060 67000 0,000 LR 01 1)1 N T 11 ¢ 11 g 0+000
J.)E <[ Tl 0.N0C G«TGO |s) J 3 C+CGOC U+ 000 T-000+00G  U.000 O+ 000 o oo D+-000
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rUN NO, 100G 2

DATE B891275

PAGE NO. 12

- RUN BY - - - -
S|
L SFACELAB = INSTDE CUT GIVMEAL CONCEFY (FREQUENCY DOMATN) - — T T TCURRENT TIME ® 084927
_® SHUTTLE(CPRITOR) /SPFTMOUNT/J0G/INSTRUMENT THE CPU TIMER = 35 SEC
TUAUTPUT MATRIX =T 37 X 32 ) CONTINUFD T T - ‘* T T T
T 1) T 77 SIS e TTUYTTTTTTTUTBY T T78) 7Y 8y £SR3 IRERR et 3 | ¢ M
Z1 (B Ce000 C.T0C teCte T00C s8] [sE)¢¢1] T 000Y000  O%0C0 - oy000 o000
T T BenCK ) Al Cerle "~ CWBNGT TTTTHEEOD T me00w O UUownng T hegno+oe0 60000 Qe 000 e -
T2 1 Te00e Ly ity 3 I o o120 1T I P o F T AR ¢ X0 o1 1+ B + R 4] 0,000 0000 DeQ0n - - O+000
23 21 De00C -1 CQC*0PG  1e776=¢l0 Cecpn Oe0C0 0.00G N.060 =2.0i1%=028 1.000+000 =14776-010
24 11 N.OGE C.o0n Y -l.p000+0CC Qo000 0.000 0,000 3.000 0002 0.000
L B3 0.00¢ T.TaT SE.ato-gbl Q.60 TT0e3607 T C.00C o.n00" TBVET4S019 000D 53000~ —
7% 7 GeOLT TeLhic (Y o I ORI P ;T TR 1T 1] « BN L ] ¢ 0000 DsOn0T 1+000*0G0 0+ 000
7% It ¢ Goer GL.TCC r.ree XY o]y G+0nl 0600 0000 o poT Tvouu =000¥000
- 27 23 T 0uL+h00  Ce000 Tegle CiGa6G ~  Toe0Ch T T o.Tan Te000 0+ 000 gsopy” O TTOoWoogT T T
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28 21 0e.0se g.cCP gesbe=panl C.ons geGO0 p.000 2,000 t.0n0+000 0000 =Be660-001
29 2 peoQrn 1.0060+C0C CoCCH t.000 Q«0C0 0.0C0 0.900 D.0n0 0309 0.000
ld 21 f.0CLC t.con l.GG+00n  CeCOC geqQecl 0000 0,000 0000 0000 0+000
31 21 S peQGP 0,000 Y 21 4) tepnG+oeC ©eGO0 N.0600 0.000 0.0n0 0000 0.000
3; 31 0008 1 «CO+GCC
EN[G OF WRITE.
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RUN MO, 10G 2 ) DATE 091275

RUN BY

SPACELAB ~ INSYDE OUT GIMBAL CONCEPT  (FREGUENCY DOMATN)
SHUTTLE(ORRITOR) /SCFTMOUNT/10G/INSTRUMERT

QUTPUT MATRIX G Ys 4 1 X 32

tn T 2) 3 ' (Y] 51

1 31 G.0CC 1 G47+CCC

ENDG COF WRITE.

CURRENT TINME & 085929
THE CPU TIMER =
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RUE MO, 110G 2 DATE @9t1275
- - - RN Y e R
=
Sl T EPRCELAS = TNSTGE TCUT GIMpAL CONCEPT {FREQUENCY DOWATNY™ "7 s S CURRENT S TINE 084932
e SHUTTLF(ORBITQR)/SOFTMOUNT/XCG/INSTRUMENT THE CPU TIMER = 37 SEC
TTOUTPUT MATRIX =Aes- G : 32 X 32 ) - B - T T
e e 27 N SR (-3 B &) 7Y (- n) S 2 107
1 y =6+337=C05 C«C0C gecee R4 Yo 5. 337=065 D000 U000 ~geo0d 0000
1 11 c+CCC CoLCC c.efc  =be.24f-pg¥  Ge000 0.800 0,000 0000 DeGOC 0000
1 21 CeG0LT G.0ul ~3.122=064 Ce.COC 0e00D a.000 T S.uT6=022 7 0E00 3+.122-004 ‘06000 T 7T
o2 ] G o6t T SESEEYTOY  tecle -2.919-00% ToYCOET T ISBYUSE0F 0W000 89Z¥Z=006 209197004 TULOOD
2 11 0000 CeCLD c.etgs _ CeDBE 000 0200 G.060 Bs170=-005 0000 2+876=003
3 1 NeGEGC GeCOC ~1.8GG=c02 Gen00 ceGOO ge00C -1.,060=-002 0+000 0000 7.000-003
3 11 16212=CC2 GCeCCLO RerGc Ge.goc 7 osmoo “Ef;Oﬁ"o*’""“wo20‘0‘0“’"‘““07000“”' 1+379=-001 0000 T
3 2} Ge0Gr C.000 SeoGO Cs00GC =1+295=002 ~peB0R 0000 D.000 G000 0000
4 1 ce.pCH: «3.08G=002 {eClOD -1.4g0=0p2 (000 5.250-003 90.000 0500 Le400=-002 0e00C
4 11 00T C.CGC T 000 LT T Ge 000 0+000 0. 000 0000 0+ T0n 1+ 379=001
B - T | r1g4 G LU0 eL,eGn T Cefnt T =TVE0S=082 T GVOTT GO OWEODT G000 T =lw@i2=002-
5 11 _7epteo-Cp3 ClCCC Y ddy ge.cneC Ce0CT p.0G0 Cl.0Pd 0eG00 0.000 0+000
g 21 1.379=0gi €066 peeGc ~ Cepot 2 2435602 oS 0GG T 0WBE0 T T OeOgo T DeCOO 2+v053<003
5 31 2..0C8 1.379=-C05
S I 1 94072=001 2.067+0C1 CTo00D 943974000 0000 -4,431+4000 D.000 0+000 ~9¢3974000 0.000
[ 11 geooe -2+ 88F=007 Ge0GO - B.939+0n00 'O.QD'O' T TR, 000 T o. 000 =27 BEB=007 0+000" ae 259001
i é 21 DeGON G.CCO H4e470+000 2,454+003 Q00D _8.410+003 4,421+4004 O0e000 Se«451+004 0,000
7 1 DeLiCe c.oce ~9.644+00C Ol.000 =5+628=-0p1 0000 -8,090+000 0.000 0+000C 4,440+000
7 14 Be672+L0OG CeCCO B, u87+000 GeDOE 0000 60006 3,000 0+000 W50 Z¥F 0T U000
~ 77_".2”] 443454000 814364602 A'_[}'-}SG['VQ'E? 0.(%0»0_) |115|4093 OUOBO 2,737-024 2:575+004 1+501=009 1e218=001
8 1 pebpr  1.269+0C6 geeg  Cepeot 0+000 D000 09.900 -14259+4000 D+CO0 0.000
[ 3 Y1157 RN ) <1>) M ¥ ¥ = 3 - C.00f ~ T ova06 S EVegE T T T e a00 T T = Tv250%001 0000 Tgeogn T T
8 21 0060 G.CO0 2,274=013  C.000 000G 3,358+003 3,731+004 0Ge«000 =2¢274=013 0000
9 1 24471001 Be765+4CCC GoTC 3.9848+nc0 0+GOC «1.741+000 Q000 0e060 -3¢984+4000 04000
R B EVECG T =7 856=CGE  Ga0GD 2.435+600 04000~ Ge08G T 0.000 7 T<7%B&6=008 00000 =3y925¥00TT
? 21 oe0CC CBeLon 1.717+660  £.185+4802 G0.GCO 2.204+003 1.259+004 D.p000 13744004 0.000
_ »lt 1 fieCCL CelCC 44726=c02 CogoLC =3+138=0gn1 0.030C 2,588=002 D000 geCON =2.4602~-001
B L 9.564=t 07 GCeCCC 9.425=002 CoCOC g.0087 " gL.000 " TITAVACD o000 ~4s656=00T""0+000
10 21 2.69140CG 9.54a-C02 ~1:674=0t1 CefGC 943334000  GeDOG 2.090-026 149664002 1¢674=011 H4.070-002
. 11 1 XSl C.LCC 1egl2=-001 Cegnf 2¢121=501 D.DGC 5.704=002 0000 gs000 1+4092-001
1Y 3 TTTEYVEdI-0) T EL e 2e077-0Cl  C.0nC TGO 0.0C0 “fvan0 7T T 0G0l - ~1eG26%000 ULOODT T
.1 21 -1 ¢BAC+BRE  2+123-G01 =3069C=Gl1  OeCoC Ze831+001 [e0CG 5.732-026 643334002 30690-011 =2.591-002
12 K Nenln 1.C0G+C0C L«CCE C.0oC Ge0DC c.000 0,000 0.000 0. 000 D000
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RUM NOo 106G 2 DATE 091275 PAGE NOe 15
RUN BY
SPACELAB = INSIDE OUT GIMBAL CONCEPT ~ (FREQUENCY DOMATIN) CURRENT TIME &% 0B¥932
SHUTTLE(ORBITOR)/SOFTMOUNT/10G/ INSTRUMENT THE CPU TIMER = ag SEC
OUTPUT MATRIX =Ae= { 32 x 32 CONTINUED B
1N « 2) 3 &) {5} &) T 77 U 8y 97 o)
T3 1 0.60% TG00 g.0C0 €.C0% 56677002 0000 TG00 U000 0000 0000
2 21 p.000 6.600 el 0.c0C G+ GO0 c.000 0.000 0+000 0+000 604667-002
14 | 1+ GOR+00C TeCCN .00 t.50C Ce0Q0 0900 0.000 0«000 £e«000 0000
15 1 gecor €000 l.gCG+000 0.00C 00000 0.00D 0.000 0sp000 pec0Q 0000
¢ 1 G«CGCC GsC00 Unﬁn_vo !,00c+0GC 0.0C0 r.0C0 N.000 C.000 0000 0.000
17 1 0.0CC C.000 oGO C.c00 1.G600+200 G+000 0.000 0000 0+000 D«000
18 1 s Y1 d] «1,C00+000 OG.p0G 0.006 0000 0000 D.008 1.000+000 ©e00C 0«000
A Ge0CC 0.3e0 =l.gto+000 C.coC 0+000 0.006 ~7.560-301 D000 0+000 5.000-001
Ie 1 Bebbli=G01 GeOCC G000 0.CG0 Ge000 0.000 0,000 0+000 0000 U+000
19 2 Ge00D G600 2e0Co o.000 ~9¢250=0p1 0.000 0.000 0.000 0000 0+000
25 i W] «2:200+00C Go0OG -1,000+000 0¢000 3.750=001 0.000 0+000 10004000 04000
21 i Ce00N ge000 ce.cCo Ce.0p00 -1e14743g0 0000 G.n00 Ge«000 0000 =8e6460~001
21 il E.0CH~001 GeCCC 005 T.60C 0.CGOo 0+600 .000 Ts000 oe000 0000
21 21 Gr00E ge.C0C cscd0 0e.g00¢C 1¢662+300 0200 2,000 0.000 0e000 1¢467=-001
22 1 QenGHR G«CRG D000 Cenns gsap0 =4,032.028 =1,000+000 0000 os000 Beb74=Q19
22 11 ~44337-019 GO Ceg0O 0.0G6C DsG00 0006 0,000 0+000 o000 gysjile)
22 21 Ce00C G.C00 Ce6Co 3.503-046 1.000+3p00  9.571-046 C.000 0+.000 ge000 0.000
23 1 Ce0CG G.Cs0 d.0Ca ‘B.000 0+000 -2.800+4000 0,000 0.000 0000 0000 .
23 21 ce.0LN G.200 GeCBG (,00C+000 ©0.000 17324000 G.000 0000 ge008 0.000 Eézg}
24 1 =3+939-06D02 d+287=001 ge000 Te945=pol  0De00QYD =37358-002 0.000 0+T00 =Ivy95=00T U+000 02
24 11 D008 1,6G2-008 Geg0G  =3e8gl=gol 0+000 0.000 0.0n00 1.602-008 0000 «1.9174000
z4 21 pe0CO C.0C0 =1e541=001 ~1,357+g02 @e«C0OD =q.1546+002 ~2.006+003 0000 =3°0T4¥003" 0.000 =] E:
28 ceC00 G.660 <Y3194=562  Defan Zvio6=no) 0+000 s5.035=002 U+000 0000 5 062=00T (») Hé
25 ~1e¢B61=001 B4COC =1.834=0p1 0000 00090 0.300 0.0C0 0+000 9:059=0G1 0+000 i
25 2 “G.234+000 =2e.014-001 3+258=p1) Cec0B =5:526+301 0000 =T+ 782=025 =1+2087+003 ~3+268*0TT *7+718=00< > rep)
T4 Ge0CE 0.CCo oY ol Y 1 o [EYsfia ST 3EE=0T7 UL 000 0000 D000 0000 ey
26 21 0000 CeGOD =7.981-g09 ~5.748+05] 0.009 =24323+4002 =144754%003 0.000 =1¢2774003 0.000 ;%Eﬁ
. 27 1 Be0GE CeCLD Jenln C.0al D280 3,903=-C0l6 2,000 0.000 0«000 0.000
27 21 De0CE FeGu0 YT G.000 0+000 Z.000+000 ©.000 U000 el U+ 00D
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DATE 091275

RUN NO. 106G 2
T “RUN BY

- --SPRCECEE S INSTOE UUT GIMAAL CONCEPT  (FRFQUENCY 'DOMAIRY

PAGE NO. 16

e o~ CURRENT TIME = 84933~

THE CPU TIMER = 38 SEC

"26-IA

SHUTTLE(ORBITOR)/SOFTMOUNTIKOG/INSTRUMENT

POV PP RS

GUTPUT MATRIX =Ae=""  ( T3FXTT3Z27Y CONTINUED

- (T T 2) SR G B Ty B - M gy T T Ty U BT 3 IRt o £+ & S
7% 1 TeCOCL B.LCC Gef00 .80t 0+000 T.553=0TT T+ 699°012 0+0UT TvOUT s 6T4=01%
. 2e 1] =4.337-G1% C.C20 CelD C.n0C Qe00N | NeDAGC 0.000 0.300 £s000 pe000Q
28 29 [XYdda TTTTGWPCG T fenbn ~2.019=-028" Tegantenn -5, 622-028 OJOQ0 OO0 De0OD 0000 -
— o mTgg 1 AYORE T T T “mlen@n Cenod © U geuDT ;;93ngrs”“o;§uu~—“—f~01ano~> o200 Qe 800 —
29 21 De0CP G.C0L0 Te0OD l.po0+000  Ge009 147324000 92.000 0+000 CeGOD 0.000
kia 1 GeQCH CeGGO Gen0G .20 «1:088=002 2.000 1.279=004 Ge000 ged0C -84225-003
T I 11 §,749=053 CeCGO TT<T.250-003 DP.0CO “ gvge® T allEg T T fee@d T TToeT0D Qe000 CgeQon T T
3 21 9.358-0p2 -1e26G-003 2.238-13 0.c0C 1+522=3502 0000 e2.G45=031 1¢240-003 -24238=013 1+384=-003
3¢ EY) D.n0f q§,4G4~-005 T ) S T T T - e T T
31 1 C+GGT GL.CTC WX sh) RLEoR T T Be003 B+000 ryelsss O+oUT Bvooo A 74=0t?
B 3 11 =44337=019 CeC0E BerCo_ o.000 0+0C0 5.000 0.000 0000 G000 0.000
kY] 21 t.0C0 G000 Trepga gc.ooc 77 T1ehoo+00n ‘hiﬁdd““"““ﬁ:ddﬁ'”‘”“*ﬁ?ﬁﬁﬁ‘“*’"o-ﬁcﬁ 0° 003 -

N ¥ 31 T.oca+6os  J.C0nC

END OF WRITE.
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RUM NO, 10G 2 DATE 091275 PAGE NO. , 17
T RUN8Y
SPACELAR - INSIDE OUT GIMagAL CONCEPT (FREGUENCY DOWMATN) CURRENT TTME = 084934
SHUTTLE(ORBITOR)/SOFTMOUNT/I0G/ INSTRUMENT THE CPU TIMER = 39 SEC
RT RTAs
NO REAL PART IMAGINARY PART REAL PARY IMAGINARY PART
1 ~e321446+G03 +BECE0 T F 2 L T2 L) <0600 T - '“'
2 ~e27D404002 ~e21868+602 . ~+27040%002 -+218458+p@2
3 -.27040+002 +218684GC2 -e27040%D02 +21848+002 o
4 ~e23898+002 »0000P =423898+502 .copnt
5 -s1086C+002 ~e1926640C2 -+ 10860+002 =e19266+002
. 6 ~.10860+002 0192664502 L. me10B40+502 0192464002
7 ~e46645+501 -.83359+001 ~e44440+501 -+83359+001 T T
— 8 =« 4644p+001 +833594501 . =e46640+001 +83359+071 -~
9 ~s 465874001 ~-e8315440C1 ~s 465874001 -«831549+001 ==
10 ~s456587+001 +B315446031 -4 44587%001 +83159+001 g
1 ~e63430+000 ~e347824C0) -+ 434304000 -¢34782+001 = “E'
12 ~+63430+20D 23478245601 . _=e%3430%000 «34782+p01 _8 <
13 ~020270+000C ~e1991445G1 =e23270%000 -s1991%+001 =0 F
14 =:+20270+000 2199144001 =020270+000 «+199149+001 e~
15 =.10212~001 - 448404000 =s18212-001 ~.44848+000 g'ﬂ
16 =+10212-001 + 448404050 =-s16212=001 «44848+000
17 ~e10184-001 ~+439C4+000 - 1C1Bs~001 -.43904+000
18 __=.10184-gc! 439044020 _=+10186=301 .43904+000 Y
19 =s17428-002 «00C00 =s17628~002 +«00000 L a
20 =e13112~004 « 00000 -+13112-004 - 00000
21 « 00602 00000 «00000 «G00Ns
22 «Dagep «0000p + 02000 +NCHN%
23 «8onen «0000C +20000 «0903C
24 «00eoe «00egn e ... _s0CO0D «00020
25 000D «00000 «00000 «N0000
. 26 00000 . « 00098 «00000 + 000090
27 «Coeee .0000¢0 .00000 .00000
28 «Copop 00900 00300 00099
29 + 00000 .COGoe .00000 . 0000A
3p «0peeo «G000e « 00000 « 00000
It « 00000 «GO000 . 0C009 .00008 T
kY] «17759~002 00000  s17759=p02 +00000
5
1




RUN NO. 106G 2 DATE 091275 PAGE NO. 25
e G GRR T - I
P S
& SPACELAR = UNSTIDE AUT GINgAL CONCEPT C(FREQUENCY DOMATNY 7 T CURRENT TIME = 084947
+ SHUTTLE(ORRITOR) /SOFTMOUNT/I0G/INSTRUMENT THE CPU TIMER = 44 SEC
QUTPUT MATRIXK «AR= (" 3n x 30 T o e T -
T N ) ¢ 3 {w) (e T ey T TR TIY T TRy 9 S L))
1 1 —6e337-505 CaL0D GEY et cL.0nn Ce0060 £.337-006 0000 ODC0 G 000 O+ UGD
1 1! £ GUE G GG0 Tepfe  =b.244-gnf  geoQe G.lCC 0.0G0 ~__Degoo GeOQD 0.000
1 721 GeOGH G. 000 =3.122=gC4 Ce.000 Q0G0 p.000C S 416=022  0WGeD T3.122-004 000G T
T2 1 Ge0:CE SLLEDU=HaY TTRanfn T ~24919=004 0ecen T O94=E0Y  G.000 BeZ9Z=006 T 2«9I9-0U4 U.COO
2 11 Ce0Oan BeGisM [TARY Csao00 G000 0.0Ng 0+0C0 B+170-~005 0000 2.876-003
3 1 D000 De G2 ~le400=002 02000 Qo000 z.000 -1.,050=-002 0«G0O 0e 000G 7.000-003
3 11 1e212=502 0.000 aiatp 7 ce.0of T T TDeg00 T T DeGOC 0. 000 Tvoa0 T T1+379=001 0000
B 3 21 0.000 GC.0ub 2.rln C.ong  =1+295-Gp2  gl.00D .00 0600 ceGOC 0«000
4 1 BeGLA =3.08U=CGG2  GeLOC -ledpr=062 Ge30C 5.250=603 DRG0 0¢000 1e400-002 - 0000
4 11 Q. 000 C.000 CeC00 TGJnae a.Goa 0.00C C.000 g«5600 Tgeupn 1+379=-00T1
5 1 5e0ar t.oco Treptn’ T CengC | =Te6p5=Tpz  g.000 0 Ceno0TTT D000 7T BeGONTT TETVEIZS -
5 11 7.066-6C3  GeOGL fonpg  Ga0pf 000G DBe700 G.000 CeGO0 0e0OO 0.000
5 21 1.379=001 Cae0LC [ Y 13} Ge0n Z.243-002 Q0.000 0.000 @ego0 seoon | 24053003
& 1 9e072~001 Ze067+0GT  Lenlbh 9Ig7¥onG  OecCcO SYTHITHGGS . Na000 T+000 RTEIYTHO00 Us0UD
e & 11 D.COC ~2.R88~007 S.0C3  B.939+068  §sG@0 Ce00n 0 OenCO ~2.888=007 GeO0GG -9¢259+001
21 cegre c.C0c 4,47p+000 2.459+003  Ce000 6. 4910+003 U.6214004  CeGO0  Se451+004 0 000
7 1 GeQLE G.0LC SO LHY+GAD  GenfbB | T=Se628%pn1  Q.0Rg  -8.090+000°  0.000 Ce000 CTTYYHERR0T0
7 11 8.572+C0D  G.0C0 e.447+p00  Cenon ge000 n.2C0 G000 S.000 9+4502+001 0.000
7 21 4,345+000 8.436+000 ~1+801=00% 0000 l1e151+003 £.000 5.737=024 2+575+004  1+501-00% [«Z2I8=-001
TR 1 DeCCT TS EOTE0E  Laeng 7 0.pot T T peoceT 7 p.006 W00 7 =Te269+000 £e00D - B 151 (7
Y E 11 neCGO Lol (Y duds Cengfr 020G 0.000 000 ~1.250+00! G000 0000
R 21 feNLE C.0ue 2.274=013 G.0p0 0e0n0 3,358+003 3,.731+4004 C.000 =24274-0137 0000
9 1 7+471=-C01  B.765+C0n Le00G T '3.,9884pnC  0ecCOO TTS1L.741+006 N.0CO0 0e000 -3s9B4F000 0000
I I ¥ feLGP =7.866=00R €608 2,435+0R0 000G 0De00C  0.000 __=7¢846=G08 000G  =3.9254001
9 21 negon G800 f.217+4000 64185+002 0QeCGO 2.204+003 1,259+4004 0eGOO 1e374+004 0,000
e 1 Al pGr Co606n 77 4e726=g02 O.gnG | ~3e138-pg01 g.0ep 0 2,588-002  Deg00 0s000 TEZVE0ZS00T T
1 11 9.564=C02 TWCCN 9e425-002 Daepal 0000 _ 0.000 0.000 Depp0l  =4+654=001 0.000
¢ 21 26914000 T.540=002 =1e474=gt1 CeGdC 9¢333+000 OGO 2.1090-6026 1¢966+002 1s674=011 4.070-002
TNy YT T pagen | T teses 1epd2=gnl  C.pO0 Ze121=pa1 f.000  S.704=08% G000 0e000 Y 09Z=00T T
10 =1e833-001 GeT00 . 2.677-g01 C.Cof Ce8CG . . Del2D B.000 Fe200 -leg24+000 0.000
11 21 ~1eB35+40CC 24123~001 =3.46% =0t C.ae 2+831+00! [1X3siss) 6.732=-024 b:33327102 3e690=011 =2.591=002
12 1 OLJGLn T CCOFEB0  ferGe  Cerar 7 G.066 T T 3.900 tents BTgan” T oegon”” G+000
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RUK NO, 106 2 DATE 091275 PAGE NOes ~ 26
RUN BY o
SPACELAB =~ INSTDE GUT GIMBAL CONCEFT ~(FREQUENCY DOMATN) CURRENT TIVME & 084942
SHUYTLE(CRBITOR)/SOFTMOUNT/IOG/INSTRUMENT THE CPU TIMER = 44 SgcC )
OUTFUT MATRIX =AR= ( 30 x 30 )  CONTINUED
1) t 21 €3 T (-9 (ry) T 77 8 9 t1o7
3 1 Do GG C+000 G GO0 C.00t ~6e667=002 0.8C0 N.0C0 O.000 0000 O« 000
a__ 21 G060 G+GOUD N Y i Le0o0 6060 0.00¢ 0,000 g.000 0000 60667=002 o
14 ! 1.006C+6CC  Cl.COO cetLe Ge0o0 gs.000 0000 0000 0.000 040006 0.000
18 ! o.000 tJgno 1egCG*+on0  Co0e0 G000 0.000 0.000 0000 0000 0000
14 1 DeBOLG O.Con C+6Go leppo+geC  0e0GD 0+000 0.000 g+000 0000 0000
17 ! CeCCOH G+GOG Ger GO G.000 1.00G+000 0.000 0.000 0.000 04000 0+000
e ! D¢CGR -1.0030+000_ CeCCO t.0n0 0000 0,000 G000 1,000+000 0s00C 0.000
19 1 neocen Ce0UD =~leptptone  Ce.poC G+0C0 D«00C -7.500=001 0eQCO 0+ 008 54000~001 .
19 11 8.660=0GC1 Co0OC t.cln G.000 <G00 ©.006 g.000 0600 0+000" 0000
19 21 Ge0GN c.000 CerliG C.00n =9+25G=-0p01 0000 0.000 G«000 G« 000 0.000
2c 1 ne.oce ~2.2004CC0__ Ce0CC -l,ppc+000  Ge0CO 3.75p=001 04000 0.000 te0pgo*000 0D.000
21 1 p.0ee G+600 G+GLC C.0pC =1+147+0p0 0000 0+000 0+0C0 G+000 =84660-001
21 1 5.C0G-081 0.0C0 G.nCG t.006 0s0C00 G.0CC $.060 0+GG0 0+ 000 05000 :
2y 21 neoCe G.600 c.0ce t.cot 1:602+00n  0.0CC 0,000 0+000 0+000 1+467-001 (] %i
22 ) nscen G.00C CenBo Cecop 0.00C -4,039-028 =1.000+000 0.0CO ge000 8e674=019 g G2
22 11 =He337=019 G.00C €000 C.000 geGNC ~ 0.00C 0.000 0.G30 g.000 0.000 %E 1
22 21 n.coe c.con tegCo 3.503~p4é 1.000*000  9.571-046 0.000 Se000 0.000 0.000 Q E: |
T P 2d 1
23 1 DeDGC CeGOO G-QGU ‘COGGG oe00C =2,00C+00C 0N.000 0«000 0s000C 0«000 n '_;
23 21 G000 ¢.CD0 C.00C Y.pot+onC 3000 17324000 0.000 0+G00 6000 0000 o) 4
za T -3.939-002 W.281-Ca1  C+n0D T EaE=gRT 0+00C =3.358-00Z 0000 U000 =T+Y96=00T U+000 B g |
24 11 g.000 1.6p2-C0R  G.00C =3.p81=pcl 90,000 0.906 c.000 1.602-008 00000 =1.917+000 EE—
24 21 oenon c.Gon =T.941=ppl =1.35746C7 0+GCO ~4,155400Z -2.,006%003 0<000 =350T9%003 0+000 (7}
25 1 Ne Q0D CeGGG “9e194-p62 C.05C & TEE=0pT 0000 <5 a3S*p02  Oe000 geops —SvoE2~00t—
25 11 «i«B61=0p1 EC.0C0 =1.834=csl Ce.coOn 0eCCO ne.0CC D.000 0.000 9:059~001 0000 ‘
25 21 -G e 2364000 *2+014"G0) 1.558=g11 Ce+000C =5e526%001 G +000 “1+e282=025 =1+207¥003 =3*2587011 7+918=002 |
Zé 1 (Y] G000 tente T C.000 0+0¢60 STV38E<0T7 U600 0+000 0+000 0+000 j
26 21 ge000 0e.Co0 =74981-009 ~5.748+gnl  Qe0OC =24323+4002 =1.4754083 0+000 ~102774003 0000 |
T T T ' !
g 27 1 C.007 G.000 ce.cCi c.one G000 3,903=016 0.000 8+000 0000 0000
& 27 21 €000 G.coC C.0CG c.roC G+060 7.,000+000 0,000 0000 0000 U000 |
w
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i X AN " 3 Rl bee

_ PUR ,T’O' 106 2 DATE 091275

RN BY

T TEPACELAR - INSTDE COUT GiMpAL CONCEFT (FREQUENCY DOMAINY
SHUTTLE (ORRITOR) /SOFTMOUNT/TQG/INSTRUMENT

9G8~1IA

PAGE NOe 27

T TTUCURRENT CTIME = 0BR94Z
THE CPU TIMER = 44 SEC

QUTPUT MATRIX ~AR= 30X 3C ). CONTINUED i CoTTT e T e e e - T -
h 1y 1 7) T3y B SRS Y - R T R B (-3 (O3 I 107
28 1 n.0ce [ A £+ 060 Be€ar Ge00C 3.553~01C 1.694-012 0+000 TOVOoT BeETH=01Y
26 11 =64337-D19 CaCep ____CecCe _ CecOC  0:060 . 0.CGC 2,000 DeC00  D-008 0.000
2¢ 21 0egur G000 C+GCO =2.C19-G28 1«0GO*000 =5.622-028 7,060 .50 ovogn --geoDg T T
79 1 f.onr C.000 g.pcg Y Ce.gef | 0eBoC 3.931-016" R 11 D : T Y +1:1s Ce066 V000
2e 21 n.o0e G GU0 c.rCo ___ '.cocronl  Qedoe 1.,732+00C  0.000 0.000 ~ ce00n 0000
3 ) [en0C N ade c-cCn Cococ  -1e0BB=pp2  £.006 1.279-004 De30C 0+GOB «8e225=-003
ag 11 4,749«G03 G.0C0 =l.26c=-co3  Gegorn 0+G0C 0.0066  BenG0 0000 0000 g+000 "
36 21 9.35A=C02 -1.260-C03  2:738-013 OepeC_ _ 10522-0p2 0e000  =2:545-031 1:260°003 202387013 1.384-003

END OF WRITE.
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RUM KO. 110G 2 DATE @91275 PAGE NO. , 28
) RUN BY
T TSP ACELAR = INSTD UT GIMRAL rONCEPT (FREQUENCY DOWATNY CURRENT TIME ¥ O8%992 X )
SHUTTLE (ORBITOR)/SOFTMOUNT/10G/INSTRUMENT THE CPU TIMER = 44 SEC
DUTFUT MATRIX BCOL T r %X 30
(B ) 27 3} ' 9) (-9 &) (BRA 8y LA 107 |
1 1 G« 000 LR 4] LY d <] T 000 T«379=005 0O..000 C+UCOo B3 000 ovoO0t 0000 e
1 21 GeGCO Ce.CG0 GeGCO Geco0 De00D g.000 0.000 0.000 0000 4,404-005
END OF WRITE. ’
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reqe 2

TTEFACELAB - INSTDE GUT GTMEAL CONCEPT
SHUTTLE(ORRITOR) /SOFTMOUNT/TOG/INSTRUMENT

DATE 091275
o RUNBY T

{FREQUENCY DOMAIN)

TUTTTTUCURRENTTTIME = GBAIAST T

THE CPU TIMER

R AR L B RART
REAL PART IMAGINARY PAFRT REAL PART IMAGINARY PART
R Y Y LneGed - - 32146%g03 " Thoogoe T T T
_=e27B4C#0R2 =« 21REB+0C2 -27040%002 -e21868+pg2
- 2704040852 «21RLRILNG2 -, 2704G*G0O2 .218468+0C2
~.23R9B+002 JGOGOC  =e23898+G02 .00000
~.1D860+502 -a19266+GL2 ~.10860%002 192664052
L TelOROCYRCZ -.108k0%002  -.19264%602 B
~, 46640+001 ~ e 4EHUNY0D] -.83359+C0!
~efbgin+ort | _»83359+0C1 AL LRI ) _ sB3359+Cel . . _
-~ HHEBTHDE ] ~,831544001 - 4A587+001 -~ 831544061
- BOBRTHIL ] LA3IGHSTNT o -y 44587400 JR3158+001 )
~ o &3430+0CE ~-234782+0C1 ~eh34304+000 -e34782+0Gp1}
=~ 63430+00C 234782+CC1 - 5343M+000 ~ «34782+CO) N o
-+2027040C0 ~a 199144001 ~a2027C*006C -+199149+001 )
_ . ._»1991840801 e ~«2027C%000 __oalg9orleng)
~HHBLR+LED -e10212-001 -+ H4ALB+OREE
~10212=001 HURGLHLLE -e10212-001 Hun4B8+000
~s10186~CC1 -~ 439CHA0CD -+ 1C1R6=001 ~a43904+000
-al01RG6=1E 1 439544000 B ~-sjclag-col __.439rc4+000 i
~ 1 7694=062 L0CTLC -a17694~002 .QUone
_...ebovoOr  .0CGCC scECRO _etnegnt . _
. Goroe . 0CGGE . 00GOD L00ene T
+Gocog JOCLOC » 000 g ofelslals]
.ooeco Oehoc , 0000 .oopnd T
____=00DnCe L gefor . _eQ€Cen__.BCCeB N
L0000e CORGEH .aooor »0ogat
JGONGE ~ alaiof ] NN o «000Ge _ .00000
N ldalsls] 00000 .or0oce .0Go00
alelalolid Rsadg o groge .poert
NG . GOGO0 «QCCCG 2000 T
17494002 N __.folgﬁp_ N . l7694f00? _ “lt_}t_lgﬂg__ L _
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RUN NO, 106 2

DATE @91275

PAGE NO. 30

- RUN BY

CURRENT -TIHE =084 Y46

SEACELAE = INSTDE OUT STMBAT CONCEPT

(FREQUENCTY DOMATNY

SHUTTLE(ORE‘TOR)/SOFTMOUNT/IOG/XNSTRUHENT THE CPU TIMER = 47 SEC
DUTPUT MATRIX DRATIO 3 1 X 30 ) *
(KR T 2} 3) (BB {57 T78) 77 87 97 t10)
1 1 T 7335066 Y- 75T¥000 T+7T8%660 T+71F%0G0  1+71567CC0 S TFN0Y —ZeE7STO0Y e T IIRUOY =Te 605V 00U 2v 683 OO0
1 11 -l ¢ 268+000 17324000 1732+000 1¢732+000 1732+G00 !o732¢000 1.732%000 147324000 1+449+000 1020+000
1 21 =2+136%000 1+732%000 ~2+000+000 1+973%000 1+729%000 1o B463000 ~2+000=001 =T 57003 VY Z7T*00T =6+ 907=006

TTEND OF WRITE.
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RUNM NO, I0G 2 DATE 091275 PAGE NO. a1
v MO, 10G - e — PAGE NO. 4%
< — g FACELAR « TNSTDE QUT GTPEAL CONCEPFY (FREQUENCY DUMATN) e e e e CYURRENT CTTME = O84948TT T
- SHUTTLE(OPEITOR)/SOFTHOUNT/!O_leleTRUMENT . THE €PU TIMER = 48 SEC
o CooTTm - "
— . NuM . DEN .
NO REAL PART IMAGINARY PaRT REAL PART IMAGINARY PART
AL 98533 F -3 RN T o] 1) I - VALV kD « 11111 T coTmTmT .
2 -.23898+002 __ .G000E -e27040%002  =e?1B6Be002 e e
3 - 46640+001 2833594081 -e270404002 .218468+002 T
4 —oHb6HO+OT] ~o83359+8C) =423398+002 .gooaet ~
5 410314001 .79997+501 =.10Bs0+002 —.19246+002
b =eH103148C1 L me799974+C1) =+10860+002 o sl92e6k%pa2 : . -
7 -, 108604002 21926640872 - gbbd0+001 -.A3359+00!
e 8 ~o IGRED+EL2Z -219266+0GL2 - 4664p+001 . »B83387¢00) e e
9 ~232144+0D2 .0ooan - 46587+001 -.R3164+00! T
10 634304000 L34782+0C1 - 46587+001 .83154+001 B
i1 - e 634304+0CT - 347824001 =, 563430+000 - e347824+00G1 T
0z ~o19118=0¢1 «617G2+00G -v63430+000  .34782%00 o
13 L 19118-rnl — 617024000 -a20270%000 ~.19914+0p! ToToTT T
e 14 -.10212-05p1 < 44B6R4TLD ~ =e2n270%000 et g9t4+gp! R
15 < 1p212=nr1 - 44B868+G0D - 10212=801 -, 4484B8+000 T T
1é .00G00 .48232-071 ~e102122001 »44848+000
17 L Coneo = 48232=Cnl -, 161867001 -.43509+05%0 )
.18 .00RGE J000DC . ~,10186=001 _.43904+4000
19 .oonee NG -, 17694~002 “lgmeot T T T T
=z 00000 ___psGeeg i +00080 _.gpont B
2t ,50600 .0nogo «00000 .50000 - o o T
22 .GO06e 00620 . .00oes ,a20nG
23 00000 00050 «00062 .0Cpnd .
A .0ooee _____sD00RE" B ennOgs _emoon®. ~
25 .ogocn .000GC .Gooon .009nt T T
26 »000GCQ - + 00200 .pfOgC o s0COCO e
27 G006 .C0CO0n .0C060 .00ono
28 .boooe +O0CSR o 00000 .DCG0G
29 ¥s1101231] . 30GR0
. 1. B .17694=002 .neopag o _ i




DATE 091275

PAGE NO. , 32

RUN NO, J10G 2
T T RUN BY
SPACELAS - INSTDE OUT GIVBAL CONCEPT (FREQUENTY DUMATN) - CURRENT TIME w 084948
SHUTTLE(ORBITOR)/SOFTMOUNT/lOGf]NSTRUMENT THE CPU TIMER = 49 SEC
OUTPUT MATRIX RRED 7 1 y "~ - - - e
T TN 3] () ) (D] 57 By 77 t— 87 EEER S 107
T Y o OOEs0en 7+ T0u+nar L eto¥onn 250007000 e o000 §+0TD 00— v orS=no 4 v 88300 — 5524000
1 11 Be564-C0l Be991+000 4e911=001 2.212+001 10794-001 3.534+000 3,097=002 6s173=001 20275-002 4.488-001
1 21 ceCCR G, R23=CH2 5:452¥%002 =5.852¥D002 7775901 T397ELO0 . - Q - B8 3I=001 9 e552+000
1 31 4,888=601 945314000 1+794=001 3.536+Gp0 1+013-901 2.002+4000 2.275-002 4.488-001 24320002 4+392-001

END OF WRITE.
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_RUN MO. 1062 - -

8 iCELRE = INSTDE 0UT EI¥pAL CONCEPT

& SHUTTLE(ORBITOR)/SOFTMOUNT/IOr/INSTRUMENT
N

FREG/RAD/SEC

PITCH PATE ERROR / CREW MOTION FORCE

" FREQ/HERTZ

c1CBEPG-DR T
s1tlgcop-gel

Tai2spfoecct
‘.140c00-9°f_

«160000~
Cleoﬁbu*Lxl

»159I55=06C2
«175C70=002

TTTe198944=602

e222817-p02

v 254648-02
»2B6H479-C02

» 20CCCEL=-001
«220006G=GC1
250600001
«28p0DR=-0r!

«337624=-np)

237R310=-C02
»350141-002

T.397R87-r02

T.289392-0C1

448634102
dULLHB2=002
¢ 5373646002

_+385856=-001

«36174C=-0C1

LEE5149~-001

 Lu424442-G01

« 434089001
443735001

0575728 002
«14110=-002

T e 6H44R15~0n02

2676521 =002
TL 690 R73~002
« 74226002

«45338t~nn1
«463028=01

< 721579-002
«73¢%32=-002

s H65439-001

+467851=0n1

VB762E3-nal
472674001

<74p77G=007
07““6(}8'(’02

T 74R4Y46=0N02

+752284-002

474603001
«4746533~-

T 477497 nﬂl

0 478442~0101

'.479427-001

«480Q391~nNn1

«755355-002

_ .758425-C02

«759961=-002
«751494-002
“743831-002
«764566-002

+4R1356=001
+481742=-001

“HBZ2C79-n0T

P4R22r5-00)
«4R2272=00}
L4R2287-001

.48227?-“91
«4823n1=-c0l
OQBZJIl-ﬁp!

+482316-001

7661 p2-002
«7646716=-002
«767253=~nN2
«767545-002
«767560-007
e TE7576=002

767591 =nD2

e 7676C6-0N2
«767622-0G2

e767629-0ND2

DATE ﬂ91275

TRUN BY

(FREQUENCY DOMATN)

S EPRRENT T IME = 0849487
THE CPU TIMER =

PAGE

NO. 33

49 SEC

~REAL

IMAGTTTTT

T U LA

YRR P AL R B

~e192250-C11

-el0pd15-C11

~+1R7809-01}
-+183359-C11
~¢177930-G11

= RTATE=Ga8
~,344950~0p08

-.3p0443=-008

~e264422-0D8
-.225772-p0f
-,194583~0aB

e 381018=008
«344950~008

T Ar0443-g08"

«264422~008

.225723=0p08

+194583=008

LV T714A33-01t

~elbuB18=011
~e152355=011}
-¢13B466=011
-e133766-C11
-e107000-GC1]

2919635012

~.758199=~C12

~e621G24=-012
-2 474670612
~s401784=G12

-+325085-012

-.168820-0¢8
-, 147014=-008
-.ll?é??-ngB
~-e978217-00°7
~a906545-007
~.620345~099

.168820~-06G8
«147014-508

J1194692=-G08

.970218=-00%
296546009
+420346=-009

-, 497095-0n9

<-.3n3790 009
--299os9-sn9

-.2189!2 oo9

~.180327-009

-, 182455=007

T . 299090-00%

457095007
«383781=0G°7

_ «218913~007

T 180327-009

+142656=-009

Tee24456H=-C12

=2166215-012
~e 145841 ~017
-+ 125352~C12

Toalou749-032

-eBY4N296=113

= 1GGR39-009

~.698236-010
~e65G9389=016

-e521C05~010
“.433075-010

=-4,345592=-0510

T 433076-61C

s 10GR37=009
«498238~-010

TeC9591=010 "

«521C06-010

+345593=-010

2V 673715-513
-s5n4395-013

- 42745R=313

-+338337-013

TaW254C30-013

-e169538=-C13

=.275928-010

=+206534-010

~s171942= 010

=2127418=01C
< 1c2943-010
-.485751-011

. 275924=-010
«206534-010
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~190.484 447103  Z249+8BID T
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RUN NO,

106G

DATE 891275

PAGE NO. 34

RUN BY

SPACELABR = TNSTOE OUT GTMEAL CONCEPT  ~ (FREQUENTY DOMATNY

CURRENT FIME =084949

SHUTTLE(ORBITOR)/SOFTMOUNT/IOG/INSTRUMENT THE CPU TIMER = 49 SEC
PITCH RATE ERROR ¢ CREW MQYION FORCE
FREQ/RAD/SEC FREQ/HERTZ REAL TMAG KMP 7 DETIBELS ~RAD DEG
stastens +4B8232T=-00T +7678637=002 «0ooT00 . 00600 MYs}ejeiuisls] =173¢718 < 0000 SO000 swvEveYeS
«482325-901 +767645=002 2 424779=G16 «171106-013 0171106013 =275.335 15683 89.8578
«48233¢~-n01 «767652=n02 «B49571-16 e342214=-013 2342515013 =269.314 T1.5683 898578
~ W 4§82340-001 - #T767668=002  »169919=015 «6R4434=-013 «6B84437=013 =2634293 15683 89.8578
L 482350=001 TF7%7683=002  +254BB7-CIG  «1026466-012 1026675012 =259.771 " 1.5683  B8YeBE78
»48235%-n0! +767698=002 +339840-015 0 136850=012 ¢136890-012 =257+273 145683  89.8578
+482349=-001 «767714=002 «424838-015 171114=0)2 1711194=012 <-255.33% 568 B7+857/8
I # 482441001 07467829=-0D2 *106234=014 «427818-p12 427819=012 =247.375 15683 89.8578
«4R2542=0G1 76R021=002  «212550-C14 “855746=012 VBEET74Y-012 =24T1+353 " 1.5683 B9+8577
«48296C~-001 «76Rr559=002 «510673=-014 +2054583=011 «205454=011 =233.746 15683 8%+8576
«483287=001 +76G175=-002 s 862177=-014 s342564=p11 T342565=011 =229+305 15683 898575
+484258=-001 +77¢720-002 «17p0%65=0C13 ¢ 685839011 «6B5B41=01) =223+276 15683 B9.8572
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«4921464-001 «78233¢3-002 «B76541=G13 +345815=010 ¢345816=010 =209223 15683 898548
«49468P~-001 «787320-002 1INT41 =012 «433425=-010 +433928=010 =207.+262 T+5682 BYESHU
«497238-001 «791378-0C2 «133593-012 +521512=016 «521514=p10 =20p5¢655 1.5682 8948533
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RUN MO, 106 2 DATE [91275 PAGE NO. 35
rUN BY e e e
5 SPACELAR « INSIDE OUT GIteAL CONCEPT (FREQUEHCY DOMATN) CURRENT TIME = OR4949 SEUU———
- é SPUTTLE{ORRITQR) /SOFTMOUNT/TOG/ INSTRUMENT L THE CPU TIMER = 50 SEC e
PYTCH RATE ERRDOR 7/ CREY HQTINM FORCE
T FREA/RATSEC T FPREQ/HERTZ RFAL IMAG - AFP DECTRELS  RAD ~pEGTTT
2 200N0+p00 TABAlyySAm CYERTHEESCTC TH3STEESAGE TOISBIT=008 =187+21% 7 " T.5548 545080 ‘
250ann+onn «397R87=001 111802009 «533229-008 ¢523345-008 ~165.4960 1.5500 88.8075 -
2633543 n0n »i1el41-001 «137425-00°9 .5683240-nph L5R3422-008 =T44.680 1.5472 8B« 5503
S e307246+000 «HBAC9R=OC] «296684=009 «796313=008 2796866008 =161.972 15336 B7.8663
3291934000 +523926=n01 (HE5S94=009  49RC9IC-CCR \952051-008 ~160.427  1.5218 8741995
»351139+0C0 2558855001 _«78n29R«(D° «116R70=007 «117137-087 =158.626 1.5033 8641315
. 3686946+000 L 5RE798-001 e 131292-CCE T1426C6=-007 T143709-007 ~156+881 7 19790 847398
. e3R5253+050 e 614740-001 +245153=C08 «182948=0p7 c184616=007 ~1544675 1.4371 82.3378
+395CG31+007  «428712-001 (361281-008  .213312-087 2163492007 -153.297  1.4030 ~ B80.3872
. eup381T+0CD _+642683-001 +548258=-C0OR «255639-007 “241879-007 ~1514628 13521 774476
L 41258R+an0 «6566549=-001 c984709~00R  «317273=pp7  (332Z62-g07  -149.570 1e26937 TZJ7295
2 421367+0C0 «67R626=00Y  «197760-C07 .406177=007 451762007 =1446+902 121177 6440395
42354 7+000 T474119ennt 247938 -007 »H431217-007 LGO4851 =007 =1H6.118 T.059% Z0+70G2
- L 4257544000 677611001 +29925R=007 2454371 <07 ,544067=-007 ~-1454287 9884 5664303
J§27950+00n  26R11g4-CO! -3733?94007‘ w4711a5-0n7  «601169-GG7 -184.420 J7006 BT E0TY T
e W 430)45+000  +6R4597-001 «HE7HGR-CUT 473326~ ce’ e 665212-007 ~-143.541 . 7917 4503605 .
4310t +nng s6R7391=nN} «554725=007 Lussgnl=spas  +719512=007  -142.859 LEBLY T TAYYINTY T
_ + 4336544000 695186001 «46539BR=0G7 su11891=-007 .772781=007 =142.239 5618 32.1908
+434534+000 ©691583~001 T 7g2is3-co7 .377and=aqn? —5973E4=g0T <18 1.948 TTTiW9Ze 282213
o .s435H12400C  +692780-nCI «748300-0C7 .333p04%=007 «a19051~007 =141.734 .4187  23.9898 |
JUILZOCHONL  +694377-001 +7R9C21~C07 .279732-007 TG RATI41=-007 7 ~TH1.544 34T TTTIREZI0 T |
o eH371684n0C -69‘774-u?1 «822094-007 »218G35=0a7? .850516=007 =141.406 2593 148540
+438B46+000 T e 697171-00 .84619=-007 -1‘4966!'G07 S LEEBY1T=00T U e1i1.327 1753 IOV EYTT
s 4383074000 -é?*?zr—nnx .851178-007 .120994-007 WBE9734=007 ~1H414313 412 8.0903
VB38708+4000  «69AZ19=00) T8 WAZESCU7  .955171-008 LREDT4G~007  =I81.309 7 WTITI3 593757 5
o s438R14sp0l _»&9R39U=-DOT »855754-C07 .863547~008 .A60102=00n7 ~141,309 « 1004 Se7624 |
«33gAAN+000 «698499-001 V854220-0G7  .808493-0p@ T/ 840028-007 ~141.310 WOF4f " T EYIPHZ T ?
e _ #438BRR4ONL < 69R513-001  +B54276-007  .8C1124-008 «R6DOI6=007 =~141.310 .0933 55,3451 ‘
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VB38715+n00  «69A555=001 TJBegTIR=(0Q7  +779092-GCR TRE9974=aG7 ~I141.310 Tovn7 5eTY78 3
L «4389219+00GC «6905462=001 285464464 =007 «775415=-cn8 «8599467=007 ~141.310 0903 5.1733
teseiass YHIBI24+000  +69R5469-001 .B5L490=C07  «771739-G0B TVAR9959-go7  =Td1.310 0899 SITYB7 $e¥EEves
B . su3892B+aDRD  +69R576-001 «854515=0GG7 «748042-008 «RE9952-007 ~=1414311 20894 5.1242
4389324000  +69R583-n01 . B56Edn=0D7  +764385-008  «B599445007 T-141.311 <0890 TTBQYYE T T |
« 4389414000 +69R596=n01 «8546589-0C7 «757029-008 .859927=-007 =-1414311 .0881 5.0505 |
VHIBSE0+NN0  <69R610-G61 T,854636-007 .i49673—ooe TEE99TD=0a7  =Iars Il T TLUE7Y 5007
oo wH3895°+00C e69R624=001 «856682-007 742315008 L,R59893=-007 ~14i.311 0864 449523
- T HABGRT 000 e ATRAIBANCT WBE4T20-6C7 . 7234956-00F " AE9RTH=007 T =THT.311} JOE5E T TYRTOIZ e
i «439033+00C  ¢698743=C0! «857C25-007 +4679728-008 «859717=007 =141.313 0791 4,5348
439)43+CN0 «698918-0061 T 8673625007 | +587574=008 T RE9373-007  =T4T.316 L O6BY I+9205
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RUM MO, 106 2 DATE 091275 PAGE NO.' - 36
T ‘*‘ - RUN BY T
T TP RCELAR w INSTDE OUT RTPFAKL CONCEPT  (FREQUEMCY DOMATHNY ™ T CURRENT TTME "= 084949 — "
SHUTTLE(CREBITOR) /SOFTMOUNT/10G6/ INSTRUMENT THE CPU TIMER = 50 SEC
P1TCH RATE ERROR / CREVY MQTIOM FORCE
T FREQ/RAP/SEC FPEQ/HERTZ REAT TTTMAGT KMP DECTBELS  RAD — DEG
LAY Edvigdy TEISHOBEONT “BE7297=Gh7 PR AR LR T TES7880 OO =13 08y 232002
¢439803+000 0 699568=001 +858209=C07 «352RRB8=GGT? 2855216=-pp7 =141.358 0041} * 2364
o CUHEBBETARAE  e7uiA74=nnl WBHTHIISCEY  =v6B17AY=pLR T BUE229=0G7 STHT471 © 6420237735593879 - T
+441572+080C «7¢2785=-001 s816843-007 =e134985-007 eB27526=007 ~1414644 6.1193 350.6120
c442443+000 «70U2p2-00) L782106=0G7 =4 194583007 v RO5YAES007 T =THTLB7H  6.0393 INECUZEE
+443357+00D e 70R625=-001 e74NBIR=C(T =4245532-607 «780523-007 =142.152 59632 34166649
« 44403 1+000 s7ksT76=DC1 TTOHSTE<6G7 =.279748-007 2 758075=007 =THZ.F08 " 5.7052  JITeIANS
- 4449744000 < 7CRI9R=010) «657352=007 =.314074%-007 +72852%9-007 =)42,751 5.8375 334.4622
JUHGBTI+00C  #789626=001 T 6D0979E=CCT  =+339RE7=007 C&98TO9=007 =143e122 5.77497 3308679
o «446748+000 «711054=n01 +563383=0C7 =+358127=06G7 e667574=007 =143.510 57169 3275570
V447665+000 712482=601 TTUBT9T1E<6eT =.370039-G07 2537503007 =TH3J910  5.5839 3295178
«448024+000 «713C523=001 +502159=007 =.373281=-pGg7 «4625701=0G7 =144.073 5.6439 32342746
«448338+0C0 «713553=-001 «4A7706=CG7 =+375487=0q7 «615507=007 «THHZI5 58271 3ZZ+7070
. P 4U4B4BC+OCD a713731=001Y «4R2634=0G7 =.376144=007 06118992007 =1444266 5e6212 322.0686
«448518+060 +713838=n01 ~  +479813=007 =.3765r5-007 TE69T4Z=007 =T44sZ9T TS EI7E  IZTEBETH
«448527+000 «713852=001 ¢479212=007 =.376552=007 s 609455=007 =1444301 S¢4172 3218407
44853464000 +713867-C01 T J47BBTI=007 <.376557-007 Te09TEE=007 =TUqe3Ins 5 6187 T IZVeBTHT -
«448545+000 «713881=001 e478410=007 =.376643-007 .608881=007 =144.309 Seb6162 3217873
«44B55R+00D0 «713895=001 +478010=0C7 <=+3764B8-007 «608599=-007 =148.313 5+6T158 JZT+7807
i S4UBE5R+000  «713902-G01 +477810=0607 =e376710-0¢7 +408451=007 =144¢315 5.61556 32147473
sscesens CAUBEA3+0GC  +713910-001  <477610-007 =+376733<507 T508308=P07 “THYITE " 5 EI53 T IZTT734p T weeeeeee
ssenszae M#.44355340n0 2 713%915=-001 «477610-007 =e376733=007 +608308=p07 ~1444318 Seb153 3217340 eetssssse
»4GRE47+006  «713%17-001 V47T =007 =e376765%007 T +40B165-§07  ~14W.320 5.EISTTIZTNTZOV T
+ 4485724000 »713924=001 W477210=607 =.376777=607 «408021=007 ~144,322 56149 321.7074
SGABGRA1+N00 «713938-001 e G768 10-0C7 =e376B2V=0n7 «607735=007 ~134.,376 §.619§ JIZT.&8UB
N 4485094000 »713952=001 47641 1=007 =o376864-DC7 «607449=007 -144.330 5¢6139 32146543
sUiB59RFG00 «713%7=001 T ATEGTIC0ET =9 3769075007 7 J60TTEZSGUT TSTHY433IG T G.813I5T I2N6E277
N 448607 +000 »713981=00G1 + 475613007 =+376950~DG7 606876=p07 ~144.338 6.6130 23214012
CHHGETEALOE T s714088=-0p01 LRI 2E3PSGET 93772565067 < AQWTIFSQTT  FTHH36T TTS5E095IZTeH0IT
4487874000 «714247=001 «4677G1=007 =4377717=007 «6C1177=-007 =144.4920 5.6038 3210755
CUASInL+0N0  «714767=001  «4547142-GG7 =.3784R7=0g7 TEYTIIT=007 =1493560  5.S8BYT 320+ T76%
o 244944614000  «715340-n01 «439099-007 =.379256-007 +580210-087 =1444728  5.5708 31941824
’ o L4BE35Taant T W 7167770 W 4p3B246=~0pY e 3TEAOT=g07 4 5533IZ=p07 T=THS.T40 55299 314+ Bu0T
o e 451270+060C «71R219=-001 371169007 =.3752n5=007 e527774=007 =145.551 54924 314446901
T BT R0400RG T «719667-001 W341ED9=007 =e36999%-C07 «563579=007 <T45959 B UET7T9 TINIZTIST s
«453GU4+CNC «721121=n01 «314771=007 ~e363347=0n7 «480745«007 =146¢362 65,4262 310«9p011
454011 +000 .722580-001 TTTRZ90949-0G7 =.355728-0n7 sHEYZYZ=Q07 =146+ 759 Se397T 30723
455856 +000 «725518=001 «248498«007 <~+338615=007 +420013=007 <~1474535 5.3455 30642736
) T ASTTITee0l0 T TER479=001 -214D§5=6d7””-:3?0@9E‘ﬁb7*"“““13“533273ﬁ7”“:TW37?E?““55301W“3U377“‘T“'“’—“‘"“
460654 +0Q0 «732715~001 «179514=0G7 =.297774=007 «347701=-007 ~149.176& 5.2549 3010836
- T »4624236+000 «735989<0D1 T U 1BITTACHCT  =e276135=007  +3152B9<007  =150.028 < BL.2T5T T ZVCB58H
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RUH NO. 106G 2 DATE 091275 PAGE NO, 37
- — _ R UNBY e - e .
g SPACELAR - INSIDE OUT GIMpAL CONCEPT {(FREGQUEMNCY DOMATIN) ST T CURRENT CTIME = Q84950
é SHUTTLE{ORRITOR) /SQFTMNUNT/I0G/INSTRUMENT THE CPU TIMER = 50 SEC
B PITCH RATE ERROR / CREY MQTIOM FORCE
FREQ/RAN/SEC FREG/HERTZ  REAL T Y TAMP T T T DECTBELS RAD™ TTDEG T T
P G&HASZZ+NAN <739Bg3I-notl S T3P333~007  =.25597F=0n7 T IRT2AR=007 =T50+6835 5 TB33 " ZY5+IEI2
L .u67253+000 2 743656-001 «112696=G07 =.237442-007 .262829=g07 -1514607 5.1555 295.3902
cH77198%800 «759878=n01 “682530-008 -.17818%-507 T U90782-G07 T SI64389 540782 29049423
s4B754B4000  «775989=001 __+456061~008 -.1167]6-007 «144122-007 =156.825 S«0344 2BBe4478
2498473 +000  «793233-001 v326896=008 =e166415=0n7 W 1T1514~007 =159+053 5.8099  ZB7.04837 T
«55G9730+000 811261 =G0) «2456%19-008 ~.836053-0D8 «873710-008 =1514173 4.9989 28644160
+534C03+00C <8H49R9Z~no1 «+158009~C08 «.513176~n08 «536957=008 ~1&5.4901 S OYIT 28717137
e «5H42715+000 +843758=-n01 2139657008 ~,4729n60-0N8 «451217-008 =1664712 5.0271 288.0298
2 558550+000  +883389<«001 "Ji20l87-008 ~.3728335-p08 e 349641 ~008 =1469.128 5,0633 290.105T e
«5473R44+D0OG «903020~001 e 165943~008 =~.2436949-008 «265727=008 =1714511 51225 293,4963
$G79719+000  ~922651=901 ©49526p6=009 ~.170995~008 ¢ 198739008 =174.166  5.2207  2Y7.1220°
+592053+0010 +742282-001 +871006~009 =ein7386=n08 +138269=p008 =177.185 5.3939 309.0453
+595137+000 .947190~G01 «BG36946~009 =.926537-509. 2 1259B7~008 =177.993 8 4569 312-8569
«598220+000 +952597-001 «837446~01839 =4783349-009 c114671=0p8 ~178.811 5.5311 31691186
+601304+0083 «9570G5-00 ) T822183~009 =.4u44gR8=gg9 W 10448T-p0oB ~179.623 5461877 732159265
o - e 6043ABR+NNN 4951913001 +807841-009  ~.508447-pn9 «954529-069 ~18C.404 5.7214 327.8141
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™ PITCH RATE ERROR / CREW M0TIOMN FORCE
o FREQ/RAD/SEC TFREQ/HERTZ REAC TWAG AWP BECTIBELS ~RAD™ ~ DEG
C163211+002  +259759+001 STEAEY 0 =. U129 2-0a" T GUENBT=p08 = T&7+0T2 S+ I00s  2Y2vZ363
} . v 164EE3+0C2 126)6G98+001 +167%43-008  =.412494=ppe W445184=0C8 =1474029 5.0980 292+0936
s 1649034007 e 26248514001 r166060-008 =,412071-G08 vGUH27I=C0E ~1674047 T TB.D955 2T YEE
o «1657462+002 +263818+001 __';l.‘?q.(’,f’<3_f_‘:20‘8&__'4?i‘.‘v,'.é‘”_qf_ﬂ_ﬁ‘a; . +443357=008 «~1467.065 50929 2918020
«169269+00:2 e2404314001 +158931-0G8 =-.40988%=008 T 439623-p08 T =167 138 7 508237290 TFIT T
$172969+cE2 +275288+001 +152961-008 =.4n8050=pO8 «435777=-008 ~167.215 50710 29045489
1768124002 2B Hpé+00t «146740-008 =o4056115-C0R W H31812~008 <=1&7+2947 5 0571  ZBY.B&&1
. +1808314002 *287Rp1+001 +14p257-0C8 =.4C4069=co8 W427719=-008 =14674377  5.0465 28941424
1894424007 V3G 15ps+nE) TP 126448008 =~ 39957308 TUHTYI0Y=088 S167554 T 5.0189 TZB7SEE0I T
«1987914+0(02 «3146581+001) +111425-008 =.394392~p08 +409830-008 ~1467.748 449877 285.7762

021217540072

Y 3376874001

«907788-007 =.3265R7=008

T 3971046087 ~1s8.022

"4.,9430 T ZBI 2




RUN NO, 106 2 DATE 091275 PAGE NO. 74
RUN BY
SPACECAS = INSTDE NUT GIMEAL CONCEPT ~TFREQUENCY DUMATNY CURRENT—FIME= 085019
THE CPU TIMER = 71 SEC

SHUTTLE(ORB!TOR)/SDFTMOUNT/IOGIINSTRUMENT

QUTPUT MATRIX «AR=. T30 X 30
({ ( 2) t 3) (LR [ -3 &) T 77 87 (A 10D
1 i ~6+337=-095 dJ.000 D000 T.00N8 0000 %+ 337=-00% P s Ll 0+ 00U U+000 0+ 000
) 11 0009 2.090 0.890 =64244=004 G000 0.000 0.000 D000 oe000 0000
1 21! D+002 B.020 -+ =3.122=G04 0.0n0 0+000 3.C00 E.416=022 0000 33122004 0.000
4 1 0+000 SEJBEOH=GOY  DenI0 2979 =p0N T 000G {s094=0609 0.000 T 8v2y2<goé 2¢9TyT004 T 0s000
2 11 D« 009 G.000 2.000 0.000 0000 0.000 NeNOO 8.170=-005 0©0+000 2+8746=003
3 H Q000 0.500 ~1le400=002 Ce000 0000 0000 =-1,050-002 D+000 0+000 7+000-003
3 1! 1+212=-002 C.000 9.200 0.000 0+000 0.000 0,000 0+0n0 379007 U000
3 21 N«008 G.000 Be 0 0,000 v-1.295-noz 0000 0.000 0.000 0+000 0.000
i 0«00 -3-089;002 [T lils] ~1.4p0=cn2 0000 5;250-003 0,000 0+000 1+400-002 0000
11 000N 0.300 T«0G0 G.009 0+000 C.000 0. 000 T+ 000 0+000 I+ 379=007
) L D+000 G.309 GeAna [y ool =T+605=002 0000 0000 0+000 Oe 007 -l-n:z-aaz
5 11 7.000=0303 G.000 G030 G.009 g+ 000 0.000 0,000 0+«300 S«000 0.000
5 21 1.379=-001 C.0000 8.960 O.npo 2+.283=-002 n.000 A.000 q+000 0+ 000 Z2+v0S3I=003
[ T T5072-001 Z+057%001 Ge«AlD 92 3TTFpa0 0«U00 <4, 43T¥000 U000 ovou0 9397 H000 03000
& 11 Ce.0DN =2,R88~007 B[«500 8,939+000 0+000 0.500 0.000 -2+888-007 D000 -9¢259+001
) 21 gec0D C.000 4.470+%000 <Z.4549+p03 0000 8. 9T0+003  UG.521+004 U000 s YST¥FO0Y e 000 -_—
7 1 0.000 g.000 =9.694+000 0OC.000 =5e528=Gp1 0-000 =H,090*000  0*T00 0+00C $ 4O+ 000
7 11 Be572+060 Ge00GD Be4H7+0g00 CenO0 Q.Q00 0.000 0,000 0+000 95024001 pDe«00C o CZ
7 21 4.,3495+000 H.436+6060 =1.501=-009 0.000 1¢151+203 0.CC0 To737=029  Z+575+009  Te501-007 Te<lE=UUL =5 Eﬁ
- TR 0.05G T.269+C00  5.anD teool 0.0C0 0+-0060 o.ano“‘““‘?TTZZvinDU““niUUU'*‘“*'UTuUU* *g %é. -
R D.00n G.C00 2enGE O.n0n 0.000 0,000 0.000 -1.250+00! D000 0,000
8 21 0000 S.000 2.274=013 G.002 0+000 3, 358+003 3.731+0049 0eCo0 <2%274=0137 D.000 gﬁiﬁr‘“—‘
g i 7.471-001 Be765+00C U+80C X GEYSEAC G000 =T, 791+000 0.000 0000 =3 TBIYO00T USHUD 'qgirdﬁ
9 1t n.00¢ -7.R66-C08 C.D0p  2.435+00C 0.000 0,000 0.000 ~7.846-008 0000 =3.925+00! =
9 21 D.LGT G.000 1.217+006C ¢.185+002 0s00C 5T764+003  T.259+004 0sa00 ~  1+3749%¥D04 D.000
1
e 1 “G.006G d0.00C B 926002 0006 JBTTHEinbﬁ”WQ.ch*“ 2.5 R8=00G2Z2 0+«000 geUnu T T T =202 001 ia*“'
Iy 11 9.564=002 (000 7e425=002 “Q.QDS 000D c.000 0,000 0.000 wlfe656=001 0.000
1¢ 21 2+691+G00  7.540-C02 ~ls&74=011 0Ceco0 Te333+000 0000 T 000026  Tsve5¥00Z 1+679-01T dFe0/0-0T<
[ f.00n g.0c6 rep42-061 0600 2°TZr=go! 0.000 SI7CY=002 0000 gvoun Ivo92=00t
11 11 =1.833-C01  C.000 2.077=-9G! C.000 6.000 g.000 0,000 0.000 -1+024+000 00000
<« 11 21 <1.835+00C 2.123=0p0! =3.490=011 C.000 2968314001 0000 EIYISG2E 6 3IIFEOZ  ICEIOSOTT =2 EIT=002
-
H -
~ T2 1 0a.00C T.coc+00t C.CUG . 000 T«009 C.006 0,000 U+000 U+000 U-000




RUN NO. 106G 2 DATF potz7s PAGE NO, 75
RUN BY T T e e e
o
W SFACELAB « INSIDE OUT GIMpAL CONCEPT (FRFQUENCY DOMAIN)Y CURRENT TIME = QB5Q19 7=~ ~ -
R SHUTTLE(ORRITOR) /SOFTMOUNT/ICG/INSTRUMENT THE CPU TIMER = 71 SEC
QUYPUY MATRIX -AR~- t an’'x 3Ag ) CONTINUED - - e
R [ t 3 t &) { 5) t &) CTTYTTTIUUTRY {91~ 1oy
13 1 fenOC [ Ceonn Cefinr =bebb7-0r2 ce.00D Be000 CeTol 0«CT0C U+0CY
12 21 Qe0C G.C0p CetGT Cenor Qeoen fl.0CD . Beppo  0Ge000 0000 76.667-002
41 10074007 GornG  LenBo C.o0r GeDCOD C«000 8.000 Qep00 0000 0.000
15 1 fe00g Tal0N terCo+pre C.onl peceD c.nCC a.000 Qs000 ge008 0000
e i DLCon Cal0g Cenlit 'enG+anG ge.0CC n.000 0.000 G.000 0000 0000
7 n.nee Coficr Cenls C.con 1.000+300  ©,0G0 0.000 0.000 BeGOC 0.000
1e ! c.00n ~1 JGEOHCO0 Denha c.o00 0e0CO C.000 0.0n00 1.000+000 QeO00 g.0co
s 0«00 CefCn =lersZgecee C.opr g.cec n.0Cce -7.5n0=-001 0000 o000 S.00C-00!
15 11 Rebblelpl DerfLD ferle C.cnc T Toecon .06 G.000 G000 ge000 0.CC0 o
L1920 ReBAT BeHfC  LeCCO Gegar  =9.25p=pgt  £.000 0,050 O.c00 ~~ Oe000 0.000
2r 1 cenCe ~2.700+000  CenGi -l.npc+nct ©ecor 3.750~001 D.0R0 CegoC 1.000+000 0.000
_21 1 negCe gergp CerlC C.0nn =lsl4740nn @.00C D.000 0e.000 DeSo0 =B8e6460~001
<l L S5.00C=CC] CaTCD terlg Ca0ne T geCge T Q,0n0 0. 060 oLaan g.086 R s 312 I
2D 21 Le0C0 ¢.coe C.oia Ce0gn 1e602+G06  0.00C 0.000 0.une De0OC 1+467=-001
2 1 Ce00R G000 SenGD t.co0 geGoC =4+G39-028 ~1,000+000 0+000 0+000 8¢674=019
22 11 -44337=019 H.C00 €enCp .00 c.gop 0.C00 n.nn0 N.000 3000 U000
.2z 21 n.080 __CGepon oG 3.503=046  1.060C+G0n  9.571-046 04000 C+GOO0 800G o.COC
23 1 cso0c  Tl.cgo Cerlg  Cepnt - 0QeBeC =2.000+4CCG  0.0%0 D+G00 0eGon 0.000
23 21 Q.05 C.ocn LeCCO logoCGecnl 0.00C  1.732400G  N.0C0 gego0 T oedoe T 0+000
24 1 =3+939=0p2 TJ.281-C01 Ce0GG TTYTRESep T De0G0 =3.358-002 0000 05000 ST+996=00T U000
..zeH 11 cegon lebp2-008 t.nla  =3.mgl=gol  0.GCC Q.00c d.000 1«602-008 DeCOD »1.917+000
24 21 [T B.CO0 =1+941=pal =!,357+np2 geooe ~4a 1564002 =2.0AC4%003 UWGH0 7~ TE3HIUFTOI DLOUT
25 [ P 1] 0.CGo =9.194«002 O.G08 “‘*E?TGE:UET"“G?UFE"V”““52635=ﬁ52““UTEﬁH“*"" 0+000 SVOU62=001 -
25 11 ~1+841=0C01 Qo000 =1.a34=pa1l D.noC G.00C p.000 C.000 8000 9¢G59=001 0.000
2% 21 =5+234+0p0 =Z2eCl8=Cqt Je258=al1 GeppC ~5¢528%001 (000 =T+ 2R2=025 =~T+2Q7%003 =3+25B=UTT =7+YIE=002
7 I T.o00 Uene T oto CLgor— TTTOVEEE T STSIEES0T7 U000 T U0SUDTTTTT e 00D o000
26 2) c.C0% CeCOC =7+981=p09 '5'?49*09', 0 0G0 =~243234002 -1,475+003 Qe«Q00 =1¢2774003 0«000
27 1 f.non C.ren Q.00 C.o00 0+600 3,903-014 0.000 0s000 0e000 0.000
27 21 NL.0OR C.GLO0 Gentio G.onn 6.00C 2.000+000 0,000 U+G90 0000 U.000




RUMN MO,

106G

2

DATE 91275

PAGE NOs ' 76

RUN BY

(FREQUENCTY DOMATNY

S CURRENTTIME = 085020

SHUTTLE(ORRITOR)/SOFTMOUMT/ 106G/ INSTRUMENT THE CPU TIMER = 72 SEC
QUTFUT MRTRTX =AR= 36 ¥ 35 7 T E€ONTINUED T T e e
1 2 37 I R (] TTUTERY 77 t—87 B 107
ZE T GeOCC T.CGO TV ETE Y] s De00OT I.553=0T0 T+49%"0t2 03000 ovo0e 8y b 7=
?8' 11 -4-337:0[9 CCCO CenlD Ce.0CGG Q0«G00 . Ge060D 0.000 0«000 0000 0000
28 21 t.00r GeCCO fenQp =2 G128 1e000fGnn ~5.522-028  0.000 0000 —gepen T OEC00T T T
7 1 oY el G CCC CaElie T Deagt TOVOeT IVIITEOTE 0 000 0+000 0000 0w 00D
29 2% QenCE QoGO CeLLC l.ppc+60C  0e0CO0 147324000 04000 0e000 Ds000 04000
3 ! Ge0CrK c.cco £erto C.coc ~1+088=0p2 04000 1.279-004 0+000 D+00D -84225-003
kYo 11 4.7849=C03 G.COC “T.26¢=663 ©.cet ~  0eCOO g.000 F.000 T+O00 vso0T o000
ar 21 9e358=002 =1.260-C03  2.238=013 CecoC 1¢522=602 C.000 ~2,545=031 1¢240=003 =2¢238~013 1.384-003

END OF ¥RITE.

LL=TA ¢




RUM NO, JCG . 2 DATE €91275 PAGE NO. 77

S N — e e RN BY

s e e YREENT T IME = 085020 T T

SFACELAR = TNSIDE OUT GINgAL CONCEPTY (FREQUENCY BDGMATINY
THE CPU TIMER = 72 SEC

SHUTTLE(ORBITC\R)/SCFTMOUNT/IDG/II-JSTRUIﬂFNT

8L-1IA

TTOUTPUT MATRIX BCOL { 1 x 3¢

) S R T - R S N (A &) Coym ™ [ @ Y1)

« 1) t2) {3 (&) {

T 1 0.0CC C.C00 Gc.rte T ocesent Te379°G05 D000 0,000 O«000 0000 O+ 000
M 21 DeOGC 0.cue Cecte  C.cof  _ 0e0CC  c.0CC  G.0c0  O.poC  0-000 4+404-005

.. END OF WRITE. : i - .




RUN NO, I0G 2 DATE §91275 PAGE NO, 78
RUN BY
e S RCELAB = TRSTDE OUT GTMEAL CONCEPT ~“TFREQUENTY DOMATN] CURRENT T IMNE= 085022
SHUTTLE(ORBITOR) /SOFTMOUNT/10G/ INSTRUMENT THE CPU TIMER = 74 SEC
R AR RART
MO REAL PART IMAGINARY PaRT REAL PART IMAGINARY PART
1 = 32146+6G0Y Pl o] = 37T96%603 9 [:1. Yok s T
2 - 27040+DR02 -e2186845C2 ~e27040%002 ~s21848+002
3 -+27G40+002 e 218684GE2 Tae2704C*002 .21848+002 e
4 ~-.23898+002 .00000 -e23898+002 .08000
[ ~e10860+6G62 -e192664+062 -, 10860+002 . 19266+002
6 -+10860+002 192664602 ~e 16860¢GD2 -.19266+002
7 - 4b64C+001 -.,B33594CC1 =+ 46640%C01 -.833579+00! T
8 ~J46640+001 « 833594 = 466404001 +83359+001
e - 44587+00 1 =eB831544G01 =.46587+001 ~e83154+00! R
10 ~a445R7+0G1Y «B8315U4 L) ~e 445874001 «R3I154+00!
11 -.463430+000 —e34782+CC1 ~e63430*C0C -.347R2+001
12 ~e63430+000 e34782+C01 -e634304000 «34702+001
13 -+20270+6G0 =.19514+CG1 ~e2C270+G00 ~.19919%+po1l
14 ~-2202704000 199144001 ~e20270%000 «19914+00!
15 -s10212=-0Ct -« 44858+0C0C -v10212~001 =.44848¢GaC
16 -s10212=001 24UBLBLCO ~-e106212-001 4484684000
17 - 101R6=00! -.43504+05G0 =e101R86-001 - 439GA+0G0
18 -+101856-001 430K 0T0 ~.1G186~001 c43904+000
19 -. 17894=002 .00006 ~e17694=002 .ooon0 T
20 « 00600 NeIsludels] « 00006 0an00
21 . 00000 LGOCOD .0000n0 .GO00G
22 «00n0G «00CG( «0Cosn 00000
23 «CON0G . C000G .00Can NI
24 00000 » 00000 «0C006HN oOQOFG
25 .0C0C0 NGl g . 0C000 00050 T
26 . 00000 00006 «000GN __.0oEno
27 . 60000 LOCCO6 <00G00 LEG000 o
z8 .conoe . 00C0n » 00000 .co0no
29 .ogRoe 00000 . 00000 .0000n
_ 30 174694=-002 . 00C0C 0 17694-002 .600c0

6L~TA




RUN MO, 106G 2 DATF 691275 PAGE NO. 79
T RUN BY o . -
< . . . a— . - -
) SFACEUAR - INSTDE OUT GIMRAL CONCEPT (FREQUENCY POMATH) - CURRENT TIME = [B/BQZY - rw e
] SHUTYLE (ORRITOR) /SOFTMOUNT/ICG/INSTRUMENY THE CPU TIMER = 74 SEC
CQUTPUT MATRIX ANUM ¢ 3P X 30 ) T
T T R T N S § { 4) sy [ I T & EE - B 1 97 CoTTTleY T
i 1 <£+<337-005 A2.006 T R ¢ oor Ge0C 72 337=005  7.000 g s ]a) UsToD U+ 00T EU
e R 11 Be0Tr  Ge.Co0 ___Sembn -6.2,9‘,*-0701*_,7“@-2(;,({ Gs0PO  9.060 Deono 0000 0e.C00Q e E e
! 21 Qe000 c.o00 -3+122-004 Ca.po? GeoGe 0.N50 £,414=022 Gegod 34122=004 0.000 7 gE
T2 t BenON <. Gpd=00H  fendn =2.919=-cn% 0s000 Y.B94=Cu4  Dep00  BeZ92=086 2-9’1‘7‘00"”1570130""'”"””““
2 1t N.02n f.0n0 Cepla __ PCe.npo geQoe n.0on N.n00 8.170-005 @-000 2:876=-003 o
o 3 1 negon B.000 =t.43G=-002 C.0p0  Ce0CO n.00C =1.050-002 0000 0000 7.000~003 [ g
3 11 1212062 U.000 Cetlls t.one OeCCO n.000 0.000 veaa0 1¢379~001 7 0.000 o)
321 D040 C.000 G.00C  CenpD  =1s295=502 0000 8,000 0ep00 0200 0.000 ) =
4 1 p.c0oP -3.p80=N02 (Q.00C =teupp=gn? 0ecpd C+25G-C03 NeN0O Gs2n0 1-400-002 0+000 52'
4 11 f.000 Cen0g CenCC C.G0C [R5 o.0CO NeN00 0+000 T petnd” T+ 37%=-001 -
T TR i Ne0CD Ceann Geono D.ngr “S1e244=-0pp2 0.000 = %.008=005 TeGOD 0+GDC TTEYVESHTEQO3 T
B 11 £5¢512-003 O.0GO00 3.9897-p04 Paone ge0cC o8N Pengo  0e000 B+000 0.000
5 21 1e084=001 3.947~0Cg4 ~7.gll=otd  Denpe 12766-002 neB0C TLETI=032 =3 947004  7e0l1~014 OG0 T T 7 e
B 1 ST 2=001  2eC&7+(2Y €80 KRN ERATL: I T [ 1] SATIIT+ONT Ce.000 osonn SYRI9TYO00 0000
.6 11 Qe =2.R8R=0Q7 G000 Re93%+00 0sCOC n.O0N NeNNO -2¢888=007 0+003 =-94259+001
& 21 NeGON 0.000 4.,870400C 2.454400% gegap 0 TRLUIOFGOI A, 42TFOCH B0 "54851+004 0000 |
7 1 Gen0n teCen =9,4444000 Capfit TTEB.6Z28=9n1  A.OND T T =B.090%000  Te0ot n-0on TTHEHHOEYCT T
7 1! Be572+0LQ  Caftun 8«447+000 C.00C ascoC 0.206 0.000 0«00 9+5p2+001 D0.000 —
7 21 44385+000 R.U34+M00 =1e5G1=009 Ce00nD 1+151+003 0.CDC 2.737=024 7+575+009 (+507=00Y  0.000C
TR 1 ne0OP T 269+000  Beeln ~  Cegat D«0GH G000 T A.O00 T =TeZET+000 " 0.00d° 0 T OeuUm T '
. a 11 0.000 S.500 CerBy Ceogn _@epeD gef0e N.000 -1,250+00! 0e000 D+008 |
] 21 D000 T.Qun 2.7274»513 G.0CC o.000 3.358+0603  3.731+004 7 ¥.000 T =26 274=¢13 T 0L.T0C |
? 1 2+471-001 BW765+600H G200 T 3.,%g%¥paCG  Ce000 SYT7HTRG06 0. A00 Tl =3<Y8H¥000 U.-000 f
° 11 n.pae ~7.R66=D0R D538 Z.435400nC  0eBCD 0000 N.n00 ~7.846=006 0§¢00Q «34925+001
9 21 T.000 f.pp0 te2174cpn 641854002 peGGE 2.204+003  1,259+004 Ovped 1¢374%C0Y D000
" 19 1 [al¥ 2 [41e] D330 4726502 De0p0 | ~3e138-001 geBfig T Z.SRESQOZ U060 0eBHE =Z=60Z2=00T1 |
1o 1 9«B6U=D02  DeGUA Fe425-002 o00C 0.uNn a.000 0.000 O.go0 -4¢456=001 0000 |
10 21 246914000 T4540=1107 =~1e474=011 Ce00G $.333+00Nn Qe LN Zeno00-026  T+985+00Z 1+&79=01T 0+000 J
" I I TeOUCF [+EYs kil Tepdz-Ghl  OJfnn T T 2STZTSOST CAVOD T TTUST7OYSO02 OO TOO T 0eQon -0 2=got—
11 1t =1e833=001 Ce.0p0 2.g77-g01 COeron Qe N0 Ge00QC 0..000 egQno =1eG26+000 0000
11 21 «1.835+000 24123001 =3.6%0-p1t  O.000 T T24831%061 QG000 BeT3Z-026 TE.3FINGHR2 3e890=011TTOOUT T T _
12 1 G.007 GG I T T s T (Y 71 R ¢ PY 1511 D000 T A H0 UST00 TDeCOT T U000 jl
i . N T Iy J




RUN HNOe 106 2 DATE €912758 PAGE NO. ' 80
- - - T EUNTEY T —
- SPRCELAB ~ TNSIDE OUT GTFRAL CONCEPT (FREQUENTY DOMRTNY - CURRENTTIME = 085024
SHUTTLE(ORRITOR)/SOFTM”UNT/XOG/INSTRUMENT THE CPU TIMER = 74 SEC
T HUTTUT FEATRIX ANURA 3T X 39 7 CONTINUED T T - ST
i T 1) 27 TTo3YT YT TR T T T U tTEY T Gammnt e & SRS - 2 EE gy 10O
13 1 DU LRy HE e nGa TTGHOT SLe667 002 Ge00D U.{Jr_'u C+ 000 o000 0000
I 1 B I BT D B Ry I ——gepian T T 0eUnn T oso0n 0000 g Qv ou0 — - -gepag T 0v000 T
- 15 ] Ne0Na Gau0g reunaFaat DYhol T I LT 1 o1 2 O Q00 LAY slagn) 0000 3000 0+000
LI i 0.000 Te00 el oo+t G.0008 L. on0 (Al a8 G000 T OOy 0000
T7 1 0.000 TSR00 pLRfp T BeBRR T T IROOGYOOS AL T 11 s 121 AL L gs00n 0+ 000
s t 0.909 SLAguURnae GeohnT T n oA T T TOeseen . 8.000 7000 o O¥Fo00 T U000 0+000 -
Ie 1 N«000 T+500 =1 0ua+000  FenN0D g«uGu fe000 =7.500=001 o090 osouy S5 000~00T
19 11 Beb6n=003! D600 000 . D.np0 0+0G0 n.000 0,000 0.000 0000 0.000
19 21 0.009 J.200 Lenil o neAne Z9.260=aQt Q.0C0 f.000 Dea00 oe oo G-00T
20 1 a.009 2L EEneaan  sealdt =1 ,ppfspal —gengo 7 3. 750<C01 T h00 o= guty —1+agD*000 0000 -
<1 ) DU w330 BN T ne: =T T8 7+FUgn T pe.vuld jargainje) JFO00 A g asinft] Aot o~att
2 11 5.00n=-901 ©.000 000D O,nnn 0.000 n.CNQ 0.n00 0.000 D000 0.000
1 21 0. 000 Fe01a0 GaAan 7 OegewT T ERZF00N | 0.0G60 Y.0n0 oSuno T oeoon T T T Ueudyd
2 1 DL 00N e 00 P >1+ 1 S A+ o | LI Trgeant =y OIT=N28 = 1,N00¥000 ~ 0000 Cyeoau 8eb74=019?
22 11 «4e337=019 D00 e 0N G.000 os 000 . 0.CO03 N.000 0.000 0«000 0«000
22 21 n.0a0 Genon TealQ 3, ERI-pE6  1.0600+o0n  9.571=0C46 0.000 Wepo0 D000 0000
-y T D000 TeNOD geRne T MeAge T T TeTen T -‘z:cm'*rr.“d’m*”——-omf‘““ - gsooo T 0+000
23 21 2.002 2.n00 0560 l.onn+000 0000 1.732+000 C.0N0 g.000 0+ 000 p.000 =6
24 1 ~3.939=0p2 4.281-001 0000 leo46=pol 0000 -3.358-002 0.000 G+000 - =1+946=001 0.000 = E’
24 [ D090 T.602=61% 6.068 =3, Rsl=gn!l 0.000 §.000 B.n00 TS50 2=008  0+00d =191 7+000 ,""ﬁ
24 21 pER:hky G200 ~1.941-001 =1.357+002 0000 -4,1564002 =2,006+003 0000 ~3+0144003 0000 g 2
25 1 D009 2.+000 -9.194=-082 04000 6e106=Gnl 002D -5.n35-002 0-000 0000 S5«062=-001 ” E
25 1t ~1.861=001 G.000 ZT.R34-pnl Ovnoa 67000 0.000  0.000 U000 4+ 059=001T U+000 #6—'1:!
25 21 -5.236+00n =2.014=G0" 3.258=-011 Ce0Cn -5e524%ap1 0000 ~1e4282-025 ~1e207+003 -3e258=011 0000 C: :>
26 1 0,006 0.300 0.N00 C.009 0+000 -1.388-017 0.000 0.000 0.000 0.000 E t.q;
24 21 n.0nn Gean0 =7 6A1 =009 =Se74R+O0T 04000 =5,3723+002 =1.475+003 U+000 =1%277¥003 U.000 2 a
PR ! Ne0OR Te000 Tenna CTLnon D000 3.903=016 0,000 egon T 0e 00N 0000
oy 27 21 0000 U250 GenGe a.000 0.000 2.000+000 0.000 8.000 0.000 0.000
o 7 Tt
H .
" 24 1 N.33° D000 0100 N.00n 0000 21.553=010 1.494=012 Ce000 0¢000 Beb74=019
" "




PAGE NO. at

RUY MO. 106 2 DATE a9127%
- TTTRONBY T

<5

H SPACELAR = TNSIDE AUT GIMRAL CONCEPT  (FREQUENCY POMATNY CURRENT TIME = 085024

2 SHUTTLE (ORRITAR) /SOFTMOUNT/106/INSTRUMENT THE CPU TIMER = 74 SEC
TTTTOUTPUT MATRIX ANUM (" 3 X 30 ) CONTTNUED ~ - - - "“”
- T 1} 2 {739 T4y (Y (¥ 7 T8 S 1o

28 1 ~4e337=019 TJ.000 0000 000N n.CO0 000 [arRcisls) 0+ 000 U+ ONT
ORI 1. 2i 0.037 22957 _ =2.01%=02R  1.0GR*+300 -5.622-028 0.000 G+000 BeGON 0.000
7 29 1 0.0 Pl D.non 0000 3.931=016 C.nno S«200 0eGOB 0.000

29 21 0057 Senna - N }.nna+nnn p.0G0 To73N0UE 0. 000 O.000 77 T osgpe DeUn0

39 1 0007 Ce00 B.006n 0009 Zv471%¥602 n-00n =7.9A4+000 0-000 avooe TvE858FU02

o3 1 ~1e078+0302 T294 2.8624gn1 O.nga  3e000  0.000 2.000 feona 0eQon 0.000
33 21 =2.126+003 24862+391 =5.083-089 0O.500 =3 HBB¥RPZ pe000 B, F79=027 =2+862+%001 '5083-009  T-00G¥OCOD T T

"TEND OF WRITF.




RUN NO,

106 2

DATE 091275

PAGE NOs

82

R CELAR = [N¥TOE OUT GIMBAL CONCEFT

RN BY

(FREGUENTY DUMATN)
SHUTTLE(ORB!TOR)/SOFTHOUMT/IOG/!N5TRUMENT

44 oot e Y- a-c-irn &
CURRENT TIME = 00OULS

THE CPU TIMER =

7% SEC

T NuM DEN
NO REAL PART IMAGINARY PART REAL PaART IMAGINARY PART
} 1 =32196+003 » 0007 = 32T96¥D003 DUONT

2 «e27040+0202 =e21868+002 -427040+%002 -e2?218463+002
3 -.27040+002 218604082 -.27040+*002 .21848+00?
4 ~.23898+002 « 30903 -223898+002 .000G0
5 ~+108460+002 ~e19266+002 =.10860%D02 =e19266+002
6 - 13860+002 «19266+002 -, 10863002 «19266+002
7 ~.46640+0N1 ~.83359+001 =.36640+001 -.83359+001
8 -« 4664041001 «83359+003 e 46640%G01 «83359+00!
9 ~.46587+201 -.831544+001 =,u4h587%001} ~sB83159+00!
10 - 46587+001 «A3154+001 ~e 46587+D01 «B3154+001
1t -e£53430+900 -e34732+0G01 -, 63430%000 -.34782+00!
12 -.43430+09Y « 347824901 -e63430%000 «34782+001
13 -.20170+020 «19865+401 =% 27271+*000 =.199149+001
14 -420170+759 ~e1996%+991 ~e20270+000 .19914%+00!
15 -.10212=3a1 - 44868+000) ~.10212=001 ~.44848+000
16 ~-,10212=-9G1 «4486A8+300 -, iN212=001 «44848+000
17 -« 10200-001 =, 43935+540 -, 10186=001 -.43909+C00
18 ~.10200=-091 + 439354300 -, 10186=001 «43904+000
19 .03090 «209900 -e17654=002 .000N0

20 «33000 » 3DOD3G 03200 .00000

21 00090 « 000360 +09009 . 00000

22 » 038090 00990 «00000 ¥ LiTegals)

23 . 30090 . 302470 «.0N800n .0oNno

24 »03090 «097233 _«n3000 +N00N0

25 33099 .0039) «0J000 .00000 -
26 30000 2200484 « 37000 00000

27 .03990 «72784=303 « 01009 «0G0n0

28 «30090 -e7273%4=303 » 00900 .N00N0

29 +30000 » 91939 300069 .000n0

30 «17694=002 . 00000

 g8-IA




DATE 091275

RUN NO. 135 2
R S, s CRIN BT T

PAGE NO. 83

<
Tt T E SPACELAR = [NSTDE OUT HIARAL CONCEPT (FREQUENCY DOWATNY s e s o CURRENT O TIME = 085025
=~ SHJTTLE(ORBITn'i)/s')FTMnu*JT/lﬂs(l;\l_gls}.mENT THE CPU TIMER = 75 SEC
T ToUTOUYT MaTRIX RRED { Uk 1a7 ) T Tt T T
T T 1) { N to3y Y { B8) TTUEY T 77 ) N G o
1 1 0033 BB AR DI TR R 22097370 599040 TS DnEsaag ~ 7« 425008 7+ 775=-001 I+H787I01 459 T=001
e ! 11 2.212+901 4.0883=301  9.552+3990  4.388-g90! 9.531*a0on 1+794=0g1 3.5356+003 lep10=001 129974000 2+275-002
1 21 4+ A8A=301 24321=332 4+395=031 7302 F7278=004  G.h534002 ~G.s52+4002 7775001 F4ETEFPOT THGITT=00T T
I 3 2,212+771  4.883=931  9.552+990 4.38R8=gnl 9.531+000 1.794-001 3.536*000 1eg13-001 2.0352+000 2.275=002
1 41 4.488<701 2,323=037 4.392=031 9.299 feun0 n.000 n.0N0 0.000 0.000 0.000

END OF YRITE,.




AR

RUN NO, 0

//

PAGE NO. 84

5 2 DATE 091275
T RUN 8Y
SPACELAB = INSINDE OUT A{HA5AL CONCEPT (FRENUENCY NDOWATN) CURRENT TTME = 085025
SYUTTLE(ORBITOR)/SOFTMOUNTZ/IOG/ INSTRUMENT THE CPU TIMER = 75 SEC
SENSOR Z~ VELOCITY , CREW MOT1ON FORCE
T T FRER/RAD/SET FREQ/HERTY ]RAL TYMAG AMP DECTIRELS RED A
S 179MAa3=96T  + 15975 STYTITTZ=N07 n v
e 11:39372=-901 «175773~902 W 463177008 «.387134=-002 387134002 -48e243 4.7124 270.0000
+ 125399=201 «198%44-002 TIBER[I=A08 = .3U29RK7SGAZ T #392967=0027 TT=4Ye295 T §.7124 7 270%0000 T
» 1439703-201 «222817-002 «280h23=008 =,3n7458=002 'e207658-002 “5Ne239 447124 270.0000
«1408n3=-001 +254648=202  «2287936-308 ~.270348-902 »270368=002  TSETVI6T T HL.TTZ4 Z70WDO00T T
+1393723=-101 2284479-902 «1591567~008 =,2411043=092 .241043=002 ~524358 4,7124 2700000
« 27107 17=-301 «31A310-002 «1228460~-2nR =.217401=p0n2 «217801=0072 =E3,255 T, 71249 2700000
_ _ +2299923=-001 +352141=002 +26N927=009 =.197950=nN92 «177959-002 ~54+069 4.7124 270.0000
»25()0793-901 «397887=002 <6481 =-009 =.174492-302 ¢ 174992007 =55 184 T H.TTZY4 2700000 T
«283399=391 2445434002 »459531=9039 =,1559R1=002 .155981-0p02 “54e139 4.7124 2700000
+323693-301 +539294=-0132  +267342-00% <=.136433=002 T 136633=002 SE7.ZEY YT T ZTUL0000T T
«380099-0991 v 634789~902 «7530823=019 =«i15179=00n2 «11517%=p02 =-584773 447124 2700000
+450317=191 +715197=002 —.471151=010 =.973332-903 .973332~003 -59+235 B 7124 Z70+0000
o +520330=201 +827506=082 . ~+166227~-009 =-.8424692-003 «RH2692=003 =561+487 4.7124 2700000
+629708-091 +984761-002 ~.271829-90° ~.737062-093 707062=003  =63+011 B 71Z4 26949999
»730599~091 «111498-n01 =4341714-009 =+4263R8-903 0426388=003 ~644063 447124 2699999
+789390=071 «124141=n01 ~e4n6773=009 =.542227-003 .562229=0G3 SE8V002 T HJTIZH 2699999
«899399-001 2141448=-001 =e493747=009 =.492814=003 «492814=-p03 ~bbs 148 447124 2699999
« 1293273+009 0 159155~0031 =+584743=009 ~.438453=003 »4384653=003 =57+158 7125 2679999
e «119390+003 +175979=001  =«678345-00° <=.398806=-003 «398806-003 -57+985 4.7124 26949999
+125319+397 «198944-nnt =4833715=-009 =,3509R2-003 +350982~-093 59094 EPRAV-L I NN AAL: E—
+1402099+47327 2222817=901 -e1019746=008 =.313401=053 »313401-003 =70.078 4.7124 26949998
+160093+0900 «254648-001 = 132994=-008  =.274251=00a3 T37425T=003 =TT 237 WL TTZY ZEYNYYYT T
+1392973+030 «295479=301 =e1736246=00R =4243802=nn3 »243800=-003 -72¢259 407124 2699996
«290075+399 «312310=-001 -+277501~-008 =-,219441~-003 «219891=003 LY AYRWA] e 7129 289+999%
«220990+32372 «350141=001 «e3NN!78=(08 ~.199513=003 2199513=003 =74.001 4.7124 2699991
+250399+23970 »397R887=n01 TaVHEYZEISOgA = 1754n6~003 L175606=003 =75.109 YITTZ4 26999985
o . «2633544+900 s419141=001 ~+569962-008 <=.166720-003 «166720=003 =754540 447124 26949980
©30724k+099 494998001  -<129510-607 -+ 142978-063 CT4ZY7ESOU3 T TSTEVEYS WL TIZIZEYSYISTT
«329193+909 «5239256=001 ~+187184-007 ~.1335n3-Dpn3 «1133503-p03 =77.490 4.7122 269+9919
+351139+0010 Z56ARI55-N01  =+312B7A=007 =.175240-003 T125290-p03  =78.045  H.712T 25%+9857
«3568594A+0070 «584798=001 ~e511758=0p7 -.1192372=0p3 +119372=-003 -786442 4.7120 26%99754
«386253+920 614740=001 =W 940IET=007 =<114095=nn3 L114095-0C3 =78¢855 T Y JTITE T ZEFEYS27
DUV _=395931+379 623712091 ~21346371-0006 =+111472~p93 s111672=003 ~79.041 4,7§32 26909300
+4538117+207 V426832001 =eZ01h20=065 =.109399=0a3 L i0939Y=003  =79.220 47105  Z&YeBBYT
«41258R+007) 26545654=001 ~e351955=006 =.107294=p03 e 107294=003 ~79+388 4.7090 2698067
«421347+000 cbln626=001 =e713398=G06 ~+105175=0N3 . 105377=003 =79.54%5 L7056 Z89vET 2
o B «423541+307 «674119=001 ««B4BRTA=004 =.104918=0p3 «104921=-003 -79.583 4.704)] 26945255
«425756+003 677611901 ~e106784=005 =,10n4458=-003 L 10A4969=003 =79e621 Y TIOT T ZE SN T3
0 427950+007 +691134=301  ««132844=-005 =-.103981-003 .103989=003 -794640 426996 26902579

[P ST




RUN N0, §96 2

RUN BY

DATF n91275

PAGE NO. as

g SPACELAB - INSIDE AUT GI"BAL CONCEPT (FREQUENCY DOMATNY —CURRENT TIME = 085025
. é SHUTTLE(ORBITOR)/SOFTMOUWT/IOG/INsTRUMENT THE CPU TIMER = 74 SEC
s SENSOR Z- VELOCITY /s CREY MOTION FORCE
FRER/RAD/SEC FREQ/HERTZ TREAL T 77 TTiMae —er—ggp T T DECTBELST  RADT DEG
24351454338 T 6A4597=001 =+ 166520~-0G5 =.103456~ 063 s 103A70=003 =79« 704 Yeb696°q 2670837
: o L431991+700  «487391=001 ~+1946378-005 -,102973=003 «102991=-003 ~79.744 4,6933 26849074
4336569000 <69nl86SAnt  -+229766-0G5 T 1n2399-063 T 102425=003 T 2794792 44,6900  TZ68eT1IHE T
R «434534+023 +A91583=0n01 =+245304=065  =-.132070-003 92099=003 =-79.820 4.6883 26866176
L HIER12+000  «A92980=-301 TU3618339006  =.101709=003 D1743=003  =79.850 4, 6866 26BNEPEYT
«436290+003 < 694377=-901 -e274512-N05 =.101317=-0p3 +101355=003 ~79.883 4.,6852 26844423
4371 48+923 v 495774=301 ~e2R6963-005 =~.100898-003 . 120%39-003 79,919 48840 26843737
e .438046+0% «497171=001 -.293%84-005 =.100457-003 +180500-003 ~79.957 4,6831 26Be3243
+ 43839740707 <69773p=-n01 TIT298753<A0s  ~.1n0277-0n3  «130320- =503 T=79.972 4,682 "FEBEITOE T T
_ _+438704+000 +698219-001 -.295770-005 =~e+10C2118=-003 «100162=-003 -7%.98¢ 4.46828 268.3021
»438814+30% +693394=-101 V297914585 ~.iponst-sad (J100105=G03 Te79.991 4.6827 T2EBVITIT -
«4318830+9410 +698499=901 -¢297128=-505 =,1p8027-093 .100071=003 -79.994 46827 26842985
<438B888+9073 T 698513~101 =.297141=005 =«1005322-003 . 100066=003 =999 Y 6827 268+2984
o «~438897+300 +693527=-001 -+297154=005 13u017-003 «100062~983 ~794995 4,6827 268+2982
«438974+007 +698541=001 V297V s6=005 00!3131—9_6'7“"’ T 1A00S7=gn3  =79.995 T 4, 6827 2E8LZ9BT T
e _ﬂuww,}“2§2L§1§Q§MwM;§FﬁSSS:QQj ~e297178-0C5 _=e1pogn8- LLEN «100052=-003 =79+995 4.6827 2682979
»4389194000  +698562-001 2. 297134=005 ~.1000n6=003 L100050-003 7 T=79.996 e T 1T 224 I —
seesdace «436924+497 «692559=-111 «e29718°%=505 =.10n00n%-9g3 . 1N004R=003 =~79¢994 4e6827 26802978 wscescss
T 439377 +030 Th9RTaZ=N01  =+297277=C% =,9996n3=nn4 ~100005-003 —HH.000 46827 268423565
R - «439117+C0% «558876=001 =+297331-2305 -.999033-004 «999475=004 ~80 005 4.6826 26802952
s 439 1R3+0DD «698981=-n01 1 597330-085 -.998490-004  <999133-p0%  -80.008 T y4.6826 T 268 2THT
e e «439192+0N93 +6498995-00" _=+297328-005 -.998545=004 «999087-004 ~-80.008 4.6826 26Be2946
«43920p+n9% +699009=601 TT297326=0UE =.998599=004 | .999042-007F  -80.008 4. 6826 26842995 -
»439209+050 «699023=n01 ~e297323=005 =.998553=np4 « 998996004 -80009 4ebB24 2482945
- 439218+000 e 699037-0n01 -<297320-005 -~.998508-g04 «998950-0019 SHR009 T4 6828  26BeZ2994
o «439222+000 «699044=001 ~«297318-005 =.998485-904 «998927-004 -80.009 4.6826 2682944
sssmseee «439227+000 c699n51=001 "'--297316-:3*65'*-”.17'98462-904 T 99 BYgS-ned | ~80+010 4 6B 26T TZEBEZIHT wRTEREEw T
o +439231+0072 +679358=n01 _=+297314-005 -.998439=n04 .598882=-004 ~80010 446826 24802943
»439236+000 1699365-001 = 297311-0056 =.998416=-004 .998859-0CY SHOC01D 468 2& T 28B.2993
+439244+000 «4997379=n91 _ =297307-0G5 -.9968371-004 .998813~-p04 ~80.010 4.6826 26842942
«439253+290 «699093=001 ~e297302-005 =.998325-304 .978768=0G% =BH.0TY " HeEBZE 2682942
«439262+000 «699137=001 =e297294=005 =.998280=004 «998722~504 ~8Ge«011 4.6R26 268.2942
T 439271+0003 L699121-n01 "i12677§h=66€”"iiﬁésiiﬁtﬁﬁﬁ“*’“‘1@?3%77?bﬁ“’“”?302012 T4 6828 T2EBEZIAT
e 44393374391 +699226=-001 <4297231=505 =.997892=-pa4 .998334=-024 -BQ.014 4.6824 2682939
T.4394495h400)  +69°4g1 =00t - 29707R=005  ~.997322-064 T Q9FTEN=g0Y T =B0WD19  U4.6B26 T 2EEIZTFIBT T
«439754+090 +46929891 =001 -e294284=305 =«995729=0CH4 «9946170=004 -8Q«033 446826 2682956
P 443107 +527 . 7490452001 I Pey758S00s  ~e993921=-004 T G9G358~004 SEG049 4 veBZY Z&BS30IS
<MUMWN¢MM,MuMM__M‘M“ﬂ'4”‘72Jfaﬂq «721859=-01 ~e2R7940-005 =«9R9494=pn4 «989913=004 -8p3.088 4.6833 268.3331
S441RTAS9 +753271=-001 -.277501-095 =-.9R5277=0804 JGBSL6B=gOY T =B0.125  4.68427 268.IBETTT
e e  e442759+4099  «704689-201 =e264179=305 -=.9R133R =004 «9B1694=024 -80.160 4.6855 26844579
+44364349N0  #704112-901 . 248854cnps =.977714-8p4 4978031004 =80.193  4.6869 TZEBVEY20 T
444541 +000 «737542-n01 _=232340=605 -,974513=p04 «974690~004 -80e223 4.6885 268.6338




RUN NO, 106 2 DATE 091275 PAGE NO. 86

W

- i RUN BY
R SPACELAR = INSTDEOUT GTHEAL CONCEPT  ~ (FREQUENCTY DOMATNY CURRENT T IME = 685027
SHUTTLE (ORBITORY/SOFTMOUNT/ 106/ INSTRUMENT THE CPU TIMER = 76 SEC
SENSOR Z~- VELOCITY / CREW MOTION FORCE !ﬁ‘éa
v Q2
FREW/RAD/SET FREQ/HERTZ REAT TAG EWP DETIBELS RAD DEG §—E
CAFEILT+TTU ~71a9[8=001 =+ 1588 [5=005 =95u705=001 TYEEYTO=00% =g0v27T™H 45Tt 258 8242 _U_E
«448191+009 «713317=-301 —e167568=005 =.963957=004 «964103=004 -80+318 446950 269.00%1 c o
. 548450+0070, «713731=001 = 1634497=-00% =-.963343<G0"Y 96348 2=-009 SEN. 323 T4 6ISH 2690279 g;
«448518+009 «713838=001 -e1462395=005 =.963186=004 «963323-g04 =80«325 4.6955 2690340
448527 +0049 *713852=001 = 162255-005 <-.963165=004 .963302~00% =80e325 4 6955 267037
+4485346+000 +7113847=001 ~e142116=005 =.943144%~004 «943281~-004% =80¢325 4.6956 26902357 Eﬂ
«448545+300 +713881-101 = 161°74~005 =.963123=-007 «963257=0017 =B80.325 G76956 2670365
«448554+000 »71Y3895=001 =« 161R37=005 ~.943103=0n" +943238=004 -80¢325 46956 2690373
«H485583.000 <7139 2=90Y = 18178 7=0H06 <~.963092-00% < GA32728=00¢ SB0+325 46956 256950377
« 4485434900 «713913~n01 ~e1461697=005 =.9463082=004 +963217=-p04 ~80¢324 446956 269¢N381 essestos
«448563+200 «713919=-001 S 151697005 ~e.9630nR2=00% 2 963217=009 <B0+326 46958 TZEYSOIBT FEERETeTTTT
«H448567+005 «713917=991 -e161628=D05 =.94357!=g04 «943207~004 -80+326 4.6956 269¢p385
«448572+00.) 0713924=001 —e161558=-005 =~.943n41=-00%4 v9h3196=0017 =B0e 326 Y6956  267+0389
+445581+000 «713938=001 -01614919=005 =.963740~009 +963175=004 ~8pe326 446956 2690397
« 448589 +0C9) s T13952-001 ~e161280=005 --96301"7-00‘4 W 9R3ITHE=00H BN 328 e 956 2690405
s 448598+009 «713967=001 -a161141=005 =~+942999-g0" .963133=004 ~80¢324 446957 2690413
+448677+2073 TF13981=301  =+161002-005 =-.952978-p00% 5431 12=-007 =Bp+32s 4 6957269 v 02T
«448675+0070 2 714888-321 ~e159964~005 =.962823=004 «9b2956~004 -80¢328 4.6958 269.0481
«448787+003 «714247=001 ~+15824R8=005 =+962566=-00% 2962656=-009 =B0«330 ebI5F  267¢0501
«4499101+083 +714767=001 «s153530-005 =+961858=004 «961981~004 =80+337 4.6964 2690855
HA94s1eand +715340=001  =+i48301-005 -.9A1067-00Y S9E1182-009 T =80V3N4 TW.EITO T Z89eTTSY
«453364+300 v 714777=001 ~a135987=005 ~.959144-004 «959260=004 -80+36! 4.6982 2691877
«451273+000 «713219-001 =+124742-005 ~.957346=004 THETUIT=p0d TS BU3ITB T 46994 2672539
+452139+0929 «719467=-001 ee114519=005 =.95565692=004 «9656461=004 ~80e¢394 47004 2693134
+453894+090 $721121 =001 = 105254-005 ~.953835-004 .9539449-009 . =~80.910 3 7079 259+3878
454D 1+903 +«722580=001 -e?48714=006 =.952212-009 +952261=004 =80 425 4.7022 2694171
- 45562€2%900 . 726518-001 Z B7GHEG=006 =.948922=004 T 9q8957+004 BRI USS U703V TZETSE022
«457717+069 «728479=-001 ~e706500=006 =¢945662=004 e945688=004 «80.48S 447049 26905719
«463364+000 +732215=001 -<5AB290=006 =.941578=004 «941597=-0049 ~80e523 4706 Y 2698420
e4562454:009 +735989=~001 -s495133-006 =,937453-394 +937466-p04 -80¢561 4.7071 2696974
«484A224+5300 «739803=~001 =+ 420947=0G6 =.933271=30% «533280-007 <BU«500 L ERANA AL AN ALL]
«467253+1090 «743656=-001 -¢361218=306 =.929029=004 «929036=00"% “8Q+639 4.7085 26%947772
T 477199+ 097 TT59478=061 ~ =.211845=00é =-.911527=00% 91 15Z23=00% =B0+805 4, 7101 2698569
e 487548+05:0 «775989-1301 ~e 136200005 =.893372-004 «893373~004 *80.979 447109 2699126
. 453993+097 ST932395p01  =«93690R=007 ~-.874R820°00% T RYYB20=p0H BT T62 47T 267+9387
+5097313+4999 «B11261-001 -¢573042-007 =.856007-004 +856007-004 =814350 427116 2699549
e 534:303+0910 +849892=001 =2 JR2736=-0907 =+B17511=0Q7 r:ARAAREL DA =BT 7HE 47 TT9 259+ 9732
¢560703+007  «892387-001 -42350446=D07 =+779453-p04 «779453=004  =B2e164  4e7121 269.9827
«5980RY+NY «751379=-D001 AW TIYYTER=00T7T =L 73T 109=301 S73ITTONSgn™ wg2y T2 " 4 T2 26 ereds
26 42804+099 «131987+000 -e757069=008 =.4R2574=094 s 6R2874=004 -834317 4,7123 2699936
T TFa039n+a0) «I114g8+nnN0 "“-“.‘3Tq*5‘2‘i{-“ﬁ“d'ﬂ“"—’-".’"52117;78-06‘1 Y YL AAA R B4 083 §e 12326 9T

T I



.197642+g01

_RUN NO. 106 2 ~ DATE 991275 PAGE NO. 87
) RUN BY T T T T o
; TEORCELAB - INSTOE AUT GTMRAL CONCEPT (FREQUENCY DOMATN) - T T CURRENT TIME = 085027 =
& SHUTYLE{ORRITORY/SOFTMAUNT/I05/ INSTRUMENT THE CPU TIMER = 77 SEC
_ SENSOR 7~ VELOCITY /s CREW MOT1ON FORCE
FRERA/RRD/SEL FAEQ/HERTZ TREALC T TTUTIMAG T T T AT T T T AP DECTIBELS ~RAD DEG
«780892+923 e12474T+005 421 718=3079 -.560912-0&" W 5&NTTZ=00" =g85s027 Fe 7129 Z70+- 000
e «899030+003  +1415484300 ¢435789=908 =,491522-004 +491522-p34 -86+169 447125 270.0047
<12330a+00t «139155+000 V777294 <908 -, y24=p04 L4373Z9SpGY T B7STRR T HSTI28T 2700102 T
e +119393+42921  +175373+000 0119312-907  ~=,3974n6-004 «397406~034 ~88.015 447127 2700172 -
W 1185734091 «133715+0073 «14656050=007 =.3485n3=004 «348503=-p0% <8B8.671 4.7128 270.0258
1383354031 +223148+002 _ +351897-007 =-.315361-pg" +315361-094 =90.024 447135 27040639
«148216+231 023589449300 «5246338=-207 =.29399!-0p4 .293992=0049 ~90+5633 Fe7192 270410625
_”-l:5J98+qﬂl 2251523+000 .814245~007 =.275194-pod «275195=p4 =91+207 447154 2701699
«1566322+231 «2642914009 $119938-504  =,2616949=p09 261697-000  =91e644 4.7170 27072628
2173907+231 2747824000 +181984-006  ~,249397-0g4 «249403-004 ~92¢062 447197 27044180
+1773602+2301 +233073+000 «224189-006 =.243491-004 w2%3701=-n0% =92v263 4 72177 Z70.5318
+181812+901 22893634000 - +291279-006 =.2383n7=004 «238324=g004 “924457 447242 27064762
«195765+371 »295454+0040 «3495949=004 =.233297-00" «233323-091 =92«88Y §.7273 270.5520
R 21897174991 «321744+p070 +413590=006 =.2728728-pg" 2 228767=004 -92.812 4.7307 271.0484
+199705+001 »373517+000C J43875492004 =,.2274643-908 s237709=304 S92.B83 T4 JTIIS T ZTTe0977 T T T T
7-191693*'\‘)! +333789+300 -453326 -00A -.226679-39‘! e226674=304 -92¢892 447324 27141459
215256314061 «324642+000 4695545304 ~e225626-00% «225875=5cY =92+930 447332 2711972 -
«17364%2+001 +339235+009 «484432«0Gh ~,.2245655-204 «224707=004 92948 4.7340 2712358
+1944523+001 2359493%n00 +495866=304 =-.22389%-0n4 +2239549~=001 =T2.9%7 §T7345 2712582
$195253+041 «313751+000 +595625=-904 =.223161=004 «223218=-004 -934025 447350 2712979
195644 +731 .311389+00n TaS1nl56=004 =,222799-904 T2228B7=0049 ST 039 T Y.TISITTRTITITIY
e1946041+011 +312339+00D «514366=006 =+222440=p04 «222500-004 ~93,053 447355 2713246
« 19843454321 «312538+0090 Te818239-304 =-.222nAR6<pof . 272146=004 TTIGG67 T WeTABT TZITEIIET
+196831+001 +3132467+000 «521762=-004 =.221735=908 «221796=-004 ~93.08% 4+7359 2713479
2 197227+021 «313895+0300 e52UT21=006 - =e22138B=D004 «2214950~001 93,0948 G 7351 271+ 3587
+197395+701 +314148+000 «526081=006 =.221250-004 e221312=004 -93.100 4.7362 2713621
«197523+301 «314348+000 T 52794%-004 =.221130-00% L 221192=004  =93.105 Y 73827 27T« 3653
+197572+001  +314445+000 _ «527378-006 -.221087=p04 »223150-004 =93,106 447362 2713664
«197602+00 1 «3l14494+000 W5275746=904 -.2210k1-00% 2211 28=-g5" T§I.107  HJTIEZTTZITIIETT
.\97606+q01 +314530+4000 +527601=006 =.221958-n04 0221121=00%  =93.107  #.73%62 27143472
«197610+901 «314536+D00 .527627-006 =.22105%9-p04 .221117=30% =93,108 BoTI6Y 27T+3673
+1975614+a01  «3145)12+4200 +527553=306 ~.22105!~p0" .221114=0p4 ~-93.108 44,7363 27143674
J197618+an1 «314519+000 LE27580=006  ~.221047°a0%  +221110-00%  -93.108  4.73563 7 27153875
+197620+001  +314522+000 _ #527493=006 =.221046=0n% .22110%=004 -93,.,108 447363 2713875
Y YYY] «197622+001 «314525+000 W527705=004 -.221p49=0204 7 J221707-go¥ " -93.108 447363 27T V3ETIL T esdsesE
. 197624+051 +314528+900 «527718=906 =.221042=pp" .221105~-004 -93.108 4,7363 2713676
e 197626+161 «314531+003 <527731=006 =.221041-00% «221109=-0D7 =93 108 TR TIEY 27T 38735
o e19763n+anl  +314538e000 2527757=304 =.221n37-004 .221100-004 ~93.108 4.7363 2713877
197634+071 2 314544+000 T 52778 IeY06 =l 221030=and4 TTU2Z1097=009  TE93I08 4.73837 727193878
«1975438+251 «314550+00D +527899-904 =.221030= go* «221093=004 ~934108 447363 2713479
«314556+000 T 5378385904 T~.2721027=0n4 . 221090-069 " =53.109 Y 7IER T ZTIVIEED




’

RUN NO, 106 2 DATE 091275 PAGE NO, ' 88
SR S KU BY i - -
SPRCELAE = TNSTDE OUT GTMRAL CONCEPT (FREQUENTY DOMATNT - CURRENT T TME = 085028
SHUTTLE(ORAITOR)/SOFTMOUNT/ 106G/ INSTRUMENT THE CPU TIMER .= 77 SEC
SENSOR Z= VELOCITY / CREYW MOTION FORCE
T TTFREG/RAD/SEC T T FREQ/HERTZ REAT TVAG EWP pECTBELS —RAD DEG
s I9757T+001 AR REI Iy vS2RIZ7=04Us -.221091-36w S22 TOE Yo% -3 110 #7327t 3stt
21977214001 «314682+900 +528342-006 =~.22095%3=004 «221022-004 ~93,111 447363 271436497
) +197859+001 +3V4903+900 ,  +529T94=30%  =~.220837-00" TIIUTOZEOOY YT TIE T T4V T 363 2713727
R +198018+00t «315155+p02 «530109-n34 =.220702=D0% «220766=p04 “934121 4.7364 27143759
J198103+001 +315285+000 +530555=006 =.2204632-009 T SSOETE=A0Y EYI N I2Y T VI3 273 T7TS
sessbens «198121+001 +315288+0090 ¢530566=004 =a.220631-00% «220695~g04 ~-93e124 447364 271¢3775 essssscen
.178103+p001 +315291+000 +533N574=-006 =,220627=-007 «220653=001 =gIeTZH 497359 2713778
e «178195+021 +315295+000 +530587~006 =.220627=094 0220691 =00%4 -934129 447364 27137754
«198109+001 2115301+n0a = «530A0A-3p6 «.220627-D0% «220688=0019 SFIVT2Y UYL TICY IV ITTT
«198113+p001 +313307+000 +530629-~306 =.22062!=004 «220684=0304 ~934125 447364 27143778
1981174001 +3133(4%9D0  «530850-004 ~,.228417-004 J22068T=009 TTEYINT2E T §L7IEY T ZTTITTE
1981214001 +315322+009 «530571-096 =.220614%=004% «22D678=304 ~93e¢125 4,7364 27143779
«198151+00! *315367+4000 «5398328-D06 =~.2205R3=0p% e220652=0017 =93s12%8 o738 2713785
o «1982931+091 «315445+900 +531984=-006 =~.220546=004 «220610-004 -93.128 447365 271.3794
2 199349+p01 v315467%000  «531770-005 =.220427-008 22049 =gnd =F3.T32 Y 7365 2Z7T+3819
o «193498+001 «315920+900 «532493=0p6 =~=,220292=-p0" «220356=p04 ~-93137 4473646 27143847
.198897+201 +314555+000 T 534023-006 -.219959=-pod «220019=-004 =53.T51 T 4.73857 27T+ 3508
e199297+071 «317151+000 «535141=006 =.219417=-pn04 «219683=-004 “93.164 447367 27143958
2 1794699+001 « 3178314300 2535842006 =.2192872=g0% «212347=00% 93177 Fa7358 2713978
,,,,,,,, _ «2072133+00) «318%73+0090 e534122=006 =.218946=204 «219012=p04 -934191 447369 2714027
©289538+991 «319118+GDp0  «535974=a06 -.218611=007 T218677=00F TT=93e204 T 4 7IEY 27T AU
«231323+091 «325415+900 +534393=-006 =.217940=-not «218006=-p04 =-93e231 4.7369 271.4046
0292144+091 T321723%300 T 531T10=006  ~.217249-909 W 217333=poW  =93258 ""W'A738'HWM“'—% l;%
«2233131+301 +323373+000 2524678=-006 =,216421=n0" «216484=004 =93.291 4.7366 27143887 gl
e20422%+7201 «325340+009 «515%31=004 =~4215644%=00n4 w215626=0017 ~§3.326 §.7383 2713707 g Q2
. «295287+991 ©324724+990 «534691=9046 =.21449%=004 «214753~-004 ~93e361 4.7359 2713466 Ea
«2056356+001 «323425+700 <491873=30%6 ~.2138n8~g04 T213865=0049 =93¢ 397 4 ,735Y9 27T 2 E;
o w2177464+0201 +335413+007 «425785-036 =~.2100n7%-004 v210117~004 ~93551 4.7327 27181611
T T 2153284701 <342705+p08 <352939-n04 -.206028-n0" “306058=009 " =93+720  9.7295 27055800 D v
22011349001 «353329+900 v284A52=306 =4291736=-n04 +201756=p04 =93.903 4,7265 2708084 [ >
+225115+091 +353282+7080 »227325=096 =.197288=00% «197307T-001 =T4.097 ¥ 723¥ 2708818 B ey
I «235835+001! «375343+300 e« 144887-0306 ~.188183=004 «1RB8189=004 -94.508 447202 2704472 =
287827 v001 .394119+000 v 9746341-007  ~.179915~004 PRATBEEN LML LV E A P8 U4 R 4 LR B o2 E%
X e264135+001 «429384+9800 W 6168169-057 =~.147597=004 «167598=004 ~954515 4.7161 27042103 Eﬁ
T T.2R3002+301 L463412%30n 7 W425730-907 -.156248=0pH T IREZAT=30d =G5 TZ T CHSTISE T 270987
02872456 +301 +457198+900 +373827=307 =.153398=pg4 «153898=-g04 ~944255 4.7148 27041391
«33072156+091 «478%753+000 2v294300~-307 =~.146R21=00% s 146B21=009 =55.881 71349 Z70+1199
«3377385+991 «449855+00¢ «244390=307 =.143525-p04 «143525=0n4 964861 447142 2701055
B - T, 3146254381 7T W 53374 1+000 V238838 =-907 =, 14037%5-ngY TTEp3I7E<0uY 575059 ¥ 714 T 270V0975
e321455+001L «5114627+009 ¢217084=-907 ~.137344-004 «137346%=004 =97.243 4.7140 270+0905
CoTmTm T <378374%aa1 735124009 <1987352-307 ~.134479-p0d CTAYYTISg0Y T T FYT 2T UYL TI3Y 27008495

ol




T

RUN NO. 710G 2 DATE 991275 PAGE NGO, 89
. e e R T S S
*'$ SPACELAB = INSIDE AUT GIHMRAL CONCEPT (FkYQUENCY”BGM}INT“""”’”’“”’"“'"“"“"““*CURFEWT‘Trwzwxmoﬁsuzu
. 3 SHUTTLE(ORBITOR)/SOFTMOUNT/10G/INSTRIMENT THE CPU TIMER = 78 SEC
. SENSQOR 7= VELOCITY / CREWN MOTION FORCE
) - FRER/RAD/SEC FREQ/HERTZ 7 REALT T Wag " T TTAWP T BECTBRELS RAD DEG
e 33005 19+33T + 5252344000 . 194075=007 -.133777-06* T TI3777-oY =97+ 472 71382700831
. o s3M1724e301 +527955+000 «189938~-307 =.1332383=-394 »133083-904 ~97.518 4.7138 270.0817 =
T T IR 3344001 5374774000 IThsvﬁéihﬁﬁ'"JZT32395-nn“ T {¥2395-00% TTT=97¢543 §.71387 2700804
. e335144e00] ¢533398+060 +182987-927 ~.131715-004 .131715=004  =97.,607  4.7138 270.0792
3355124001 5355754300 T, 1790892307 = 131176=00% S 3TTeS0Y T T =e7.643 4.T1387 27040787
«337833+001 +537752+330 2174172=307 =.1306141=004 +.130641=-004 -97.678 4.7137 2700772
e3385464+301 <53R341+000 2 174739<=237 ~.130375=004 s130375=-007 =YTL69% T4 TY3ITT 2700768
el «339248+391 +539922+00¢C .173328-907 =.130111=004 »130111=-004 =97.714 447137 2700763
v339932+¢731  +541318+000 1719365007 = 129847=004 7 1298470047 =97.731 ©4,7137 T Z70VQT7SE T
. 03436160251 «542137+003 «170559~-037 =.12958%=~004 «129585=p04 -97.749 447137 270+0754 .
3¥1300%351 #5431954000 .16¢2b2;007"-.1293?3-004"'” \129323<p0% T =97.766  4.7137 T270.07H9
0341573+0731 +5434631+000 c 168466007  =.129217=-004 «129217=-004 -97.773 4,7137 270.0748
+3491813+001 2544312+000 v 1468196=23037 = 129129004 .129128=-0049 97,780 T TWTTYIT 2700796
+341898+051 +544148+090 _+148029-307 ~+129095=304 «129095=004 -97+782 4,7137 2700745
.341949+a51 +544229+000 T 167927-907 = 129076=0n4 T U390 76=an%  SY¥7VI83 T 4.7137 72700795 T
o s3419%6+nDl 45442404200 01679156=907  =a129373~ gol .129073~-004 -97.783 4,7137 270.0745
+341963+001 +544251+3972 J167902-3a7 =.129071-004 17907 1=00d T =97,783 4J7137 72700795 T —
«341970+301 «544262+003 e1567889=007 =+129068-0n4 «129068~004 -97.784 447137 2700745
«341977+301 543273+900 +1467876=007 =~.129065-004 +129065-004 SV TEY T TTEVTII7T 2Z70-0735
; «341983+301! 5442784000 ~_v.len“(,ia 5937 =.129944=pod «129064=004 ~97.784 4.,7137 270G745
essssnes .341984+001 «544234+000 147844-907  =.129063=-3n4 . 129063~004 594784 47737 2T70SO7HG eseeeaes
. ss0b80ase _+341984+01! +544284%+000 _ 2167B54=307 -1 29063=004 .129063=-004 ~-97«784 447137 270en745 eetsssss
+341987+301 ¢544289+000 V157856=007 =e.129041=n04  <129062=00%  =97.784 4. 7137 2700795 T T T
«34199n0+001 «544295+000 P147044=007 =e129560=509 «129060=004 -97.784 4.,7137 270.0745
«341997+a281 EdR3n6vane | «147834=997 =~.129058=004 TT39058=004 =9V 784 T 4 7TI7  270.07495 -
e C+34230n4+001 «5443164000 e147822-337 =.129255=-504 «129055=-004 ~97.785 ° 4.7137 2700745
342211311 “544327+23092 L 1BT95R=INT AL 129982-D09 TU129052=p09 T =97.785 4,73137 2705074 T T T i
o o _+342319+321° +544338+200 «147795-307 =~,3129050=204 «129050~-004 -97.785 4,7137 2700745 |
J362989+a01 T 544420+000 VETE95=307 =»129030<p04 T TT,159030~00% T =97.786  4.71377 270+0774
+ 34215549301 «544556+000 167529=307 =.128998-0g94 .128998=-004 «97.788 4,7137 270.0744 |
s342394+0721t <544738+000 VIETNEG=937  =.128997=9n4 T2890T=G07 =97+ 794 T T4.TTIT 2700792 |
N a342649+001 +543375+000 e 14646535=307 =.128873=an4 «128803=-p04 ~97.801 4,7137 270.0740 :
W 3MIISTIATY T «544972+4393 V155223=907 T=,128543=9p% T .128543<ga¥ T =97.819 4.7437 T2Z70VOTIESTTT T
e i +344548+3C1 5475694203 +163918-907 =.128233-004 .128283=304 «974837 4,7137 2700732
3447424901 +348673+200 «162626=9357  =.128329=a04 . 12B024=004 =97.854  4,7137 T2Z70%07Z7 7 T |
«345438+301 «549732+000 «161347=-097  =.127745%~094 127764=-004 ~97.872 447136 2700723 4
«3494137+291 + 5533944920 T 8a)78%037 =L 127534 =904 TTIYE0UTEON T SYYVERD 4. 7Y36T 270071V
) +347544+4931  +553134+009 v 1575790=-337 =.126935-30n4 e126985-g04 ~97.925 4.,7136 2700711
T4348953+001 43553924000 W 155107=327  -,126445=30% T 126465-004 7 =97.961 4.7138°FTOVHIOZT T o
. e 4357%752+051  +553240+200 +152389-307 =.125816~304 «125816=004 -98.005 4.7136 2700692
+352543+001 «551117+303 . 149134=307 =.125167=-0n4 .125167-00% = =9B8.050 4.,TV386 270088 T

s




T gt

RUN NO,

106 2

DATE 991275

PAGE NOo.

90

T g P RCELRE = T INSTOE T OUT GIMRALT CONCEPT TUFREQUENTY DOMATWNY T T

RUNBY

,m“,fdwu.W_utﬂﬂﬁfﬂfwfrﬂE”I*ﬁﬂsﬁz3

[ORSR——

SHUTTLE(ORBITOR) /SOFTMOUNY/ 106/ INSTRUMENT THE CPU TIMER = 78 SEC
SENSOR Z- VELOCITY / CREW MOT{ON FORCE
) FREQ/RAD/SEC FREQ/HERTZ REAL THAG AP DECTBELS ™ ~RAD DEG
« 304387 +001 «554025+0D02 «146238-007 -.1245Iu-ogﬁ s 129510007 *=98. 095 4TI 27050573
«3546233+001 25464962+0030 ¢ 143406=007 =,12386%-p04 «1238&9=004 -984141 4,7135 2700663
+353412+051  «579325+000 +1325651=007 131395584 T W TZi275%00% =98 325 W 7T35 727040826 T
. +371721+0¢1 +571613+0039 +122751=-087 =.118481=004 «1184681=-004 ~98.512 4.7134 270.0592
v379982+031 «4247460+000 s 113829=-507 =~.1150R9-001 116089009 =98.709  4.7134 2700560
»3884618+00!1 +618504+000 0 1052036=007 ~=,113498<-004 2 113498=004 ~984900 4.7133 270.0531
«437123+001 + 6479574000 +902T43-008 =.108317~00Y L 108319=000  -95.308 447132 Z70.0077
42747%9+001 +689355+000 +773471-008 =-.103144%~004 «103144=004 -99.731 47131 2700429
+455978+301 +725712+0600 «437252-008 -.946791=005 V9656791 =005  =T00¢293 7 4.7130  270+0377
o +488543+00! «777548+000 +523472-008 =-.9021R8=-305 .902188=3505 <«100.894  4.7130 270.0332
«51465384+201 +822173+p00 «449953=008 =.853123~005 +B53129-005 ~-10V+380°  #.7129 "270.0302
v551225+901 «8749734+000 e379173=033 =.799714-005 2799714=005 =101+941 447129 270.0271
«578577+031 +7248334+000 «334752<008 =+761577=005 «781577=005 =1GZ2+3686 Ge7128 270+025<2
“6706128+901 «964683+000 +298381-108 =.726915-005 +726915=005 =102.770 4.7128 27000235
T «619994+091 “935437+000 S 2H3N69=5u8 = 710741-005 TFT0742=005  =T02+968  ~HJ 7128 27090227
L . 246334679+001 « 190953001 0267404903 =.695273-095 «495273-005 =~103.157 4.7128 2700220
14474554301 2 133344+ag1 7 +253B94-003 =.680467-005 ToBg469=005 T=THIVIYY T TR,7128 27050213
16671231+001 +105238+p00] +241465-008 =+6566273-905 666273=005 ~103+527  4.7127 270.0207
e 664574+001 +1357846+001 2 238096=008 =.6b2817=-00% “6b2817=005 =103+572 9e7127 270+0208
B ~ e448118+001 +174334+001 223559)1=008 =.659397-005 2 4659397=005 ~=1035617 447127 2700204
«h71562+091 ViDa882%001 | «2327432-304 " -.456012=005 T84BT Z2=005 =T03.662 4, 7127 2700203
«675396+001 «137431+001 ¢229954=008 =.652662-305 «452662=005 =103.706 4.7127 2700202
677761 +001 J197869%p01 | 92277471-308  =.658006-205 Ti5D006=005  =1339742 4. 7127 72700200
0 633516+001 «198338+n01 0225579-008  ~+647372-095 «4647372-005 <-103.777 4.7127 2700199
+481894+001 +133527+091 .224506=008 <=«646063=005 «646063=005 ~103.795 47127 2700199
S +683272+00! +138746+90! +2234943=-908  =.4644759=005 v 644759005 ~103+812  4.7127 270.0198
+6844649+00! «138965+301 C222382-008 ~.44344V=0p5 TZ4386T=005 T=103v83p T WL.T1277 Z7OVDYIE T
. . e 6BA027+001 « 1391854031 0227340008 ~.442167=0n5 «4421467=-005 =~103.847 447127 2700197
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APPENDIX -~ USER PAKS AND DATA FOR EXAMPLE PROBLEMS

This appendix contains listings of the required user paks and data
for the examples documented in Chapter VI,
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SUBROUTINE LTORQL (VTORQ)

IMPLICIT DOUBLE PRECISION (A-H,0-2)

DIMENSION VTORQ(1)
COMMON /KDSIZE/

KRy KRTy KRX,

COMMON /VECTOR/
CUMMON /TIMESS/

‘ G ST, DTy Ty

10

DATA I1ST/0/

TLMT = 10.D0*DT

IF (11ST .NE. O0) GO TO 10
IF (T «GT. TLMT) I1ST =1
CALL ZERD (VTORQ,1,KVXs1l)
VTORQ(34) = 1.00
VTORQ(35) = 1.D0

RETURN

CONTINUE

CALL ZERD (VTORQ914KVXy1)
RETURN

END

KVly KV2y KVX

Y (250)y YD (250) 430

TMST

e e s
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SUBROUTINE KHINGE (G)

IMPLICIT DOUBLE PRECISION (A-H,0-2)
DIMENSION G(1)

DIMENSION SKI(693) +DK(693) yHNGT(643)

COMMON /BHBSRD/

* BH{6912y 9)4BS(6912,10)4,R0L(3,3, 5),D0L(3, 5)
COMMON /CONP AR/

* CNTDTA(1060)
COMMON /MAXMUM/

% NEBMAX yNHMAX yNSPMAX g NMWMAX 3 NMWBOD 9 NMDBOD yKMU4KY o KU

COMMON /MOMENG/
P{ 65)yPMOM(30) yHTOT(3)yTOTL(3)sENGKE( 5)4ENGPE( 5),
TOTKE, TOTPEy TUTENG, AHTOT,ATOTL

COMMON /SPECIF/

* ¥*

DH(3928)9DS(3+20) 9IMU(3y 5)yNMOW(Sy 5)yIFTSMW(10),

* 3 3 ¥#

LOCU(12),LENU(12) yNUJNBETANLAMNEQ
COMMON /TQMTR/ TQ1,TQ2,TQ3y PHIERR(3)
-
EQUIVALENCE (CNTDTA(61)9sSK(1))y, (CNYTDTA(B1),DK(1))

TGTPE = 0.D0

DO 10 L=14NH

DO 10 I=146

HNGT(IyL) = —(SK(I,L)*BETAH(I,L) + DK(I,L)®BETAHD(I,L))
10 TOUTPE = TOTPE + O.5D0%SK(IsL)*BETAH(I,L)**2

HNGT(1,3) = HNGT(1,3) - TQ1
HNGT(243) = HNGT(2,3) - TQ2
HNGT(343) = HNGT(3,3) - TQ3

TOTPE = TOTPE+.5DO®CNTDTA(55)*%(BETAH(143) **2
* 4+ (BETAH(293)-1.047197551D0)%%2 + BETAH(3,3)*%2)

LEQ = IRGFLX(1) + 6

DO 15 I=146

F = HNGT(I,1)

DO 16 J=1,LEQ
16 G(J) = G(J) + F*BH(I4Jyl)
15 CONTINUE

DO 20 L=2yNH

NCBQ ITOPOL(1,L)
NOBP ITOPGL(24L)
LQ = 2%L -~ 2

LP = LQ + 1

LOQ = LOCU(NOBQ) -1
LOP = LOCU(NOBP) -~ 1
LEQ = IRGFLX(NOBQ) + 6
LEP = IRGFLX(NOBP) + 6
DO 20 I=1,46 ‘

F = HNGT(I,L)
DO 25 J=1,LEQ
LOQJ = LOQ + J
25 G(LOQJ) = G(LOQU) + F*BH(IJ,LQ)
DO 26 J=1,LEP ’
LOPJ = LOP + J
26 GILOPJ) = G(LOPJ) + F¥BH(I,J4LP)
20 CONTINUE

BETAH(6y 5)4BETAHD(6y 5)3AMO(2, 5)9RH(343424)4yRS(343,20),

NB8yNHyNSPTyNGFMUSNDELTA2ITOPOL(2y 5)9IRGFLX( 5)4IHDATA(T7, 5),

(oMo (aRolo]

255

415
415

3886'5

3888
415

{
i
)

#




RETURN

END
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SUBROUTINE CONTRL 048 1
IMPLICIT DOUBLE PRECISION (A~H,0-Z)
e 0 4047
i COMMON /BHBSRD/ 0 255
* BH(6912y 9)oB8St(6912510)9sROLI343, 5)+D0OL(3, 5)
% COMMON /CONPAR/
] * CNTOTA(1060)
j COMMON /LDSIZEZ NXoNYyNDLTASNXSSyNBTQeNJQyNY2,ND2 0 4048
COMMON /SPECIF/ 0 4049
* BETAH(6, 5)oBETAHD(6, 5)9yAMC(Zy 5)sRH(343424),RS(3,3,20),
x DH{39268)9sDS(3420) 9 IMO(3y 5)yNMOWISy 519 IFTSMW(10),
x NByNHoNSPTyNOFMCyNDELTA ITOPCL(2y S5)2IRGFLX{ 5),IHDATA(7, 5),
) * LOCU(12),LENU(12) yNU,RBETA NLAM,NEQ
: COMMON /VECTOR/ 0 4054
| * Y(250),YDT(250) 20 405
' CGMMON /TQMTR/ TQ1,TQ2,TQ3, PHIERR(3)
DATA 11ST7 0 /
1IF (11T .NEe. O) GO TO 10
; I1ST = 1
cceeeeececce
cceeceeccecc
“CC THE FOLLOWING STATEMENTS MUST ALWAYS BE IN CONTRL..
| NDLTA = NDELTA 0 4057
| NXSS = 7 ‘
! NBTQ = 1
’ 1F (NDELTA <EQ. O) RETURN 0 4060
ccececececcccec cce 0 4061
CCCC-~——NUTE--THIS SUBROUTINE MUST ESTABLISH 'NDLTA,NXSS AND NBTQ 0 4062
ceeeecccececce 0 4063
c 0 4064
j LDEL = LOCU(2%NB+2) - 1 0 4075
! 10 CONTINUE
C
PHIERR(1) = DATANZ2(ROL(2y193),ROL(14143))
PHIERR(2) = -DASIN(ROL(3,1,3)) - 1.0471975D O
PHIERR(3) = DATAN2(ROL(392+3)sROL(343,3))
ALFA = PHIERR(1)
BETA = PHIERR(2) + 1.0471975D O
GAMA = PHIERR(3)
TQl = CNTDTA(55)*PHIERR(1) + CNTDTA(56)*(DSIN(GAMA)/DCOS(BETA)
* *Y(14) + DCOS(GAMA)/DCOS(BETA}*Y(15))
TQ2 = CNTUTA(55)%PHIERR(2) + CNTDTA(56)*{DCOS{GAMA) %Y (14)
% — DSIN(GAMA)I*Y(15))
TQ3 = CNTDTA(55)*PHIERR(3) + CNTDTA(56)%(Y(13) + DSIN(GAMA)X
* DSIN(BETA)/DCGS (BETA)%®Y(14) +
* DCOS(GAMA )*DSIN(BETA)/DCUS(BETA)*Y(15))
C )
i YDT(LDEL+1) = TQ1
| YOT(LDEL+2) = TQ2
~ YOT(LDEL+3) = T3
YDT(LDEL+4) = PHIERR(1)
YDT(LOEL+5) = PHIERR(2)
YDT(LDEL+6) = PHIERR(3)
RETURN o -0 4080
END 0 4081
»x
A-5
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SUBROUTINE EXTOR (TEX,ISPNyNTEX)
IMPLICIT DOUBLE PRECISION (A-H,0-2)
DIMENSION TEX(641)y ISPN(1)

COMMON ZMAXMUM/
NBMAX,NHMAX,NSPMAX,NMNMAX,NMNBOD.NMDBODvKMU9KY,KU
_COMMON /SPECIF/
BETAH{6, 5),BETAHD(6, 5),AMO(2, 5)yRH(393924) 4RS(393+20)
DH(3,28) ¢DS(3420) yIMO(3y 5) yNMOW(S5, 5) ¢ IFTSMW(10),

*

LIR 2B K

LOCU(12) sLENU(12) yNUyNBETA yNLAM,NEQ
COMMON /TIMESS/

STARTT 9DELTAT,ToENDT,TMST
COMMON /VECTOR/

* Y(250) s YDT(250)

*:

DATA I1ST /7 O /

c
CCC ESTABLISH THE EXTERNAL FORCE/TORQUE (6~-LONG VECTOR) AND NUMBER

CCC THE CORRESPONDING SENSOR POINTS. ALSO ESTABLISH THE NUMBER OF
CCC SIX-LONG VECTORS (NTEX).

c
' IF (I1ST .EQ. 1) GO 7O 5
I1ST = 1
DO 10 I=1,6
DO 10 J=14NSPMAX
10 TEX(I,J) = 0.D O
c .
5 NTEX = 1
ISPNI1) = 1
TEX(651) = 0.D0
IF (T .GT. 3.100) RETURN
IF (T oLT. .8D0) TEX(6,1) = 125.D0*7
IF (T .GT. 2.3D00) TEX(641) = ~100.D0 + 125.00%(T - 2.3D0)
C
RETURN
END
A=6

NBo,NHyNSPTyNOFMOyNDELTA,1TOPOL( 2y 5) s IRGFLX{ 5)sIHDATA(Ty 5)»

049

0 4084
0 4085
0 4086
0 4087
0 4088

0 4093
20 405
0 4095
0 4096
0 4097
0 4098
0 4099
0 4100
0 4101
0 4102
0 4103
0 4104
0 4105
0 4106
0 4107

0 4109
0 4120
0 4121




(o

o

10

#* % ¥ # *

*

SUBROUTINE SHAFTT (TSHFT) 050
IMPLICIT UOUBLE PRECISION (A-H,0-2)
DIMENSION TSHFT(1} 0 4124
0 4125
COMMON /MAXMUM/ 0 4126
NBMAX yNHMAX ¢yNSPMAX g NMWMAX s NMWBOD g NMOBOD ¢ KMU LK Y KU 0 4127
COMMON /SPECIF/ 0 4128
BETAH(6, 5),BETAHD(6,y 5)9yAMU(2y 5)yRH(343,24)4,RS(3,3,20),
DH(34928)9DS(3420) oIMO(3,y S) o NMOW(5s 5)9IFTSMW(10},
NByNH NSPTy,NOFMO,NDELTA,ITOPOL(2y 5)yIRGFLX( 5)yIHDATA(T7,y 5),
LOCU(12),LENU(12) 4NUJNBETANLAMNEQ
COMMON /VECTOR/ 0 4133
Y(250),YDT(250) 20 405
0 4135
DATA 1IiST 7 O / 0 4136
0 4137
1F (11ST .EQ. 1) GO 10 10 0 4138
I1ST = 1 0 4139
DO 5 I=1,NMWMAX 0 4140
TSHFT(I} = 0.D O 0 4141
0 4142
CONTINUE
RETURN
END 0 4144
*

LA




- F

SUBROUTINE EQADD
IMPLICIT DOUBLE PRECISION (A-H,0-2)

COMMON /BHBSRD/
* BH(64+12» 9)935‘6'12110"ROL(3'3, 5)yDOL{(3,y 5)
COMMON /DNAUX /
* NAUX
COMMON /MAXMUM/
NBMAX1NHMAX’NSPMAX’NMNMAX’NM“BOD’NMDBDD'KMU'KYQKU
COMMON /SPECIF/
BETAH(6, 5)sBETAHD(6, 5)yAMO(2, 5)yRH(393924) yRS(343,20),
DH(3,26)3DS(3,20) o IMO(3, 5) ¢yNMOW(5y 5)IFTSMW(10),
NB,NH’NSPT’NOFMU'NDELTAQITUPOL‘Zy 5) 3 IRGFLX{ 5)yIHDATA(7y 5)¢
LOCU(IZ)QLENU(IZ)9NU9NBE1A’NLAM9NEQ
COMMON /VECTOR/ 0
Y(250),¥YDT(250) 20
COMMON /TQMTR/Z TQ1,7TQ2,TQ3, PHIERR (3)
DATA 11871/ 0O/

o % ¥ *
QOO0 o

+*

IF (11ST .NE. 0) GO TO 5

11ST 1

NAUX B

LDEL LOCU(2%NB+2) - 1
5 CONTINUE

woHn

CALL MULT3 (55(69111)1Y1SPV'1'611'611’1’

255

414
414

415

415
415

415
405

415

051 1
|

YDT(NEQ+1)
YOT(NEQ+2)

"YOT(NEQ+3)

YDTUANEQ+4)
YDT(NEQ+5)
YDT(NEQ+6)
YOT(NEQ+7)
YDT(NEQ+8)

RETURN
END

N nu

Y(13)
Y(14)
Y(15)
PHIERR(1)
PHIERR(2)
PHIERR(3)
Sev
Y(LDEL+1)

0 417
0 417




I06 1

SPACELAB — INSIDE OUT GIMBAL CONCEPT

SHUTTLE(ORBITOR)/SUFTMOUNT/IOG/ INSTRUMENT

0000000000
3 3
ITOPOL 2
1 1
2 1
0000000000
IRGFLX 1
0000000000
IFTSMW 1
1 1
0000000000
IHDATA T
| 1
2 1
3 i
4 1
5 1
6 1
7 1
0000000000
BETAH 6
2 3
0000000000
BETAHD 6
0000060000
TMDATA 1
1 1
0000000000
IPDATA 1
1 1
0000000000
CNTDTA 1
1 55
1 67
1 70
1 87
1 90
0000000000
GRAVTY 1
0000000000
MASSO 1
1 1
0000000000
INERO 1
1 1
0000000000
2 1
O.
22
1 1
Oe
-15.

2 0
3
1 2
0 1
3
2
1 3
3
12 12
0 0
0 0
0 0
0 0
0 0
0 0
3
1.047197551
3
3
0.
3
5 1
100
1865300,
625.

. 10000.
63.43
1014.889

4
4
72497.
6
1001000.
0.
0.
0.

0.

= OOON

«020
83960.
625.
10000.
63443
1014.889
0.
7440000C.
0.
0.
0.
0.

625.
10000.
63.43
1014.889

0. 0.

7650000.

A-9
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MASSM 1 4

1 1 195. O. 0.
0000000000
INERM 1 6
1 1 50. 50. 50.
0000000000
2 1
Q. Oe Q.
Q. O ’0375
3 1
Qe 0. Ce
Oe. 0. «375
MASS1 1 4
1 1 2380. 0. 0.
0000000006
INERI 1 6
1 1 2263. 2263, 2530.
0000000000
3 1
O. LU O.
Oe O. "1.85
2 1 .
O. O. O.
O. Oe O
INSIDE OUT GIMBAL CONCEPT, NONLINEAR TIME RESPONSE TO CREW MOTION
Y4
16
1 20 21 22 23 24 25 26 27 28 29 30 31
1 2 3 4
TIME EULERS 1 ORBITOR ANGULAR PCSITION
1 5 6 7
TIME POSITION ORBITOR X-Y-Z POSITION
1 8 9 10
TIME ANGLE 2 MOUNT/ORBITOR ANGULAR POSITION
1 11 12 13
TIME POSIT 2 MOUNT/ORBITOR X-Y-Z RELATIVE POSITION
1 1s 15 16
TIME ANGLE 3 106 GIMBAL ANGLES
0000000000
15
1 14 75 76 77 78 79 80 81 82 131 132 133
1 2 3 4
TIME TORQUE GIMBAL TORQUES
1 5 6 7
TIME DELTAPHI ATTITUDE ERRORS
1 8 9 10
TIME FORCE GIMBAL X-Y-Z LAMBDAS
1 11 12
TIME MOMENTUM ANGULAR/LINEAR MOMENTUM
1 13 14 15
TIME ENERGY KINETIC, POTENTIAL AND TOTAL ENERGY
0000000000
STGP

A~10

O.

32 33

134 135

t

i
5
5
¥
i
i
i
i
1
i
I
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SUBROUTINE LTORQL (VTORQ)
IMPLICIT DOUBLE PRECISICN

DIMENSION VTORQ(1)
COMMON /KDSI12E/

(A-H,0~2)

KRy KRTy KRXy KV1s KV2y KVX

COMMON /VECTORY/

Y {250),
CUMMON /TIMESS/

STy 0T, T,

DATA I1ST/70/

TLMT = 10.D0%DT

IF (I1ST .NEe O) GO TO 10
IF (T «GT. TLMT) 11ST =1
CALL ZERO (VTORQy14KVXel)
VTORQ(34) = 1.D0
VTORQ(35) = 1.D0

RETURN

CONTINUE

CALL ZERO (VTCRQs1,KVXe1)
RETURN

END

YD (250)

ETy TMST

A-11

e g Wt S DO SN NO PN PO LI

<

oy .
T T Y T - s L




. .,,:;.,;’1; DT LD TR A T 2 et et

B et TN

T A%
sn, Hog

1

SUEROUTINE KHINGE (G)

IMPLICIT DOUBLE PRECISION (A-H,0-2)
DIMENSION G(1)
_DIMENSION SK(693)9DK(693)9HNGT(6+3)

COMMON /BHBSRD/ '
* BH(6912y 9)9BS(6912910)+ROL(343y 5),D0L(3, 5)
COMMON /CONPAR/
* CNTOTAL(1GO)
COMMON /MAXMUM/
* NBMAX.NHMAX.NSPMAXoNMNMAX'NMNBODgNMDBODqKMU,KYgKU
COMMON /MOMENG/
P{ bS)oPMOM(30),HTOT(B).TOTL(B),ENGKE( 5)yENGPE( 5),
TOTKE, TGTPE, TUTENGy AHTOT,ATOTL

COMMON /SPECIF/
BETAH(G 5) +BETAHD(E, 5)sAMO(2, 5)7RH(3,3124)vRS(3,3,20)9

DH(34258)9DS5(3920) »IMO(3, 5) JNMUWL S, S) ¢ IFTSMW(10),
NB,NH,NSPT,NUFMU'NDELTA'ITUPOL(Zo 5), IRGFLX{ 5),IHDATA(7, 5)y
LUCU(IZ):LENU(IZ)9NU'NBETA9NLAM’NEQ

CCOMMON /TQMTR/ TQl,TQ2,TQ3, PHIERK(3)

3 3
00 ©00O0

# H ¥ 3

EQUIVALENCE (CNTDTA(61)4SK(1)), (CNTDTA(81),DK(1))
TOTPE = 0.D0

DG 10 L=1,NH

DO 10 I=1s6
HNGT(I, L) = —(SK{I,L)*BETAR(I,L) + DK{I4sL)*BETAHD(I,L))

10 TUTPE = TOTPE + 0.5D0*SK(I1,L)*BETAH{L1,L)*%2
HNGT(1,3) = HNGT(1,3) = TQ1
HNGT(243) HNGT(2,43) = TQZ
HNGT(3+3) HNGT(3,3) ~ TQ3
TOTPE = TOTPE+ .5DO%CNTDTA(55) % (BETAH(1 3 ) %%2
* + (BETAH(2+3)-1.047197551D0)%**%2 + BETAH(3,3)%%2)

LEQ = IRGFLXt1) + 6

060 15 I=ls06

F = HNGT(I,s1)

DO 16 J=1,LEQ
16 G(J) = G(J) + F*BH(IJsl)
15 CONTINUE

DO 20 L=2yNH
NGBU ITOPOL(1,L)
NOBP ITOPOL(2,4L)
LG = 2*%L = 2
LP = LQ + 1

"N

LCQ = LOCU(NOBQ) -1
LOP = LOCU(NOBP) - 1
LEQ = IRGFLX(NOBQ) + 6
LEP = IRGFLXINOBP) + 6

DO 20 1=1+6
F = HNGT(I,L)
DO 25 J=1l,yLEC
LGGY = LOQ + J
25 G(LOQJ) = G(LOQY) + F*BH(1,4,LQ)
DO 26 J=1,LEP
LOPJ = LOP + J
26 GLLOPJ) = G(LOPJ) + F¥BH(IyJ,sLP)
20 CONTINUE

A-12

255

415
415
3886

3888
415
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RETURN

END

A~-13
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SUBROUTINE CONTRL
1MPLICIT DOUBLE PRECISION (A-H,0-2Z)

C
CUMMON /BHBSRD/
* BH(6+125 9)9BS(6912410)4ROLIZ343y 5),D0LI3, 5)
CUMMON /CONPAR/
* CNTDTA(1G0)
COMMON /ZLDSIZE/Z NXyNYyNDLTASNXSSyNBTQeNJQyNY2,ND2
COMMON /SPECI1F/
* BETAH(G, 5)yBETAHD(6y 5)9AMO(Zy 5)yRH(393424)4RS(343,20),
* DH(3,28)yDS(3420) yIMO(3y 5)yNMOW( Sy 5)9IFTSMW(10),
* NB o NH s NSPTyNOFMO,NDELTA,ITOPOL(2y 5) s IRGFLXI 5)+IHDATA(T,y 5),
* LOCU(12)9sLENU(12) yNUJNBETA JNLAMINEQ
COMMON /VECTGR/
* Y(250),YDT(250)
COMMON /TGMTR/ TQ1,TQ2,TQ3y PHIERKI(3)
c
C
CATA 11877 O /
1F (11ST .NE. O0) GO TO 10
11ST = 1
ccececcccce
ceeeecccccc

CCC THE FOLLOWING STATEMENTS MUST ALWAYS BE IN CONTRL..
NODLTA = NDELTA
NXSS = 7
NBTQ = 1
1F (NDELTA +EQ. 0) RETURN
cceecccecccc ccc

CCCC———-NUTE—THIS SUBROUTINE MUST ESTABLISH NDLTA,NXSS AND NBTQ
cececccceccec
C

LDEL = LOCU(2%NB+2) - 1
10 CONTINUE :

DATAN2(ROL(24193)9ROL(1+143))

PHIERR(Z) -DASIN(ROL(3,41,43)) = 1.0471975D O

PHIERR(3) DATAN2(ROL(39293)sROL{3,3,+3))

ALFA = PHIERR(1)

BETA PHIERR(2) + 1.0471975D O

GAMA PHIERR(2)

TQ1 = CNTDTA(55)*PHIERR(1) + CNTDTA(56)* (DSIN(GAMA) /DCOS(BETA)
* *Y(14) + DCOS(GAMA}/DCUS(BETA)*Y(15))

TQ2 = CNTDTA(55)%PHIERR(2) + CNTDTA(56)*(DCOS(GAMAI*Y(14)
* ~ DSIN(GAMA)Y*Y(15))

TQ3 = CNTDTA(55)*PHIERR(3) + CNTDTA(S6)*(Y(13) + DSIN(GAMA)*
* DSIN(BETA)/DCOS(BETA)*Y(1a) +

% DCOS (GAMA)XDSIN(BETA)/DCOS(BETA)%Y(15))

PHIERR(1)

itunn

Y(14)
Y(LDEL+1)

YDT(LDEL+1)
YDT(LDEL+2)
RETURN

END

nn

A-14

048 1

0 4047
0 255

0 404
0 4049

0 4054
20 405

0 4051

406C
4061
4062
4062
4064
4075

000000

T P TOE T S

I Y




c
c

CCC ESTABLISH THE EXTERNAL FORCE/TOURQUE (6-LONG VECTOR) AND NUMBER
CCC THE CORRESPONDING SENSOR POINTS. ALSO ESTABLISH THE NUMBER OF
SIX—LONG VECTORS (NTEX).

ccC
c

SUBROUTINE EXTOR (TEXsISPNSNTEX) 049
IMPLICIT DOUBLE PRECISION (A-H,0-Z)

DIMENSION TEX(641)y ISPN(1)

*

10

* 3 3 3¢

#*

DATA

IF (I1ST +.EQe. 1) GO TO 5

11S8T

DO 10 I=1,46
DO 10 J=14NSPMAX
TEX‘I,J’ = 0.0 0

NTEX

COMMON /MAXMUM/
NBMAX ¢NHMAX sNSPMA Xy NMWMAX ¢y NMWBOD s NMDBOD 9 KMU 4 KY o KU
COMMON /SPECIF/
BETAH(6, 5)yBETAHD(6, 5)yAMO(2y 5)¢yRH(393924)9RS(343420),
DH(3,28)4DS(3420)4IMO(3y 5)yNMOW(S, 5)yIFTSMW(10),
NByNHyNSP TyNOFMUSNDELTAITOPOL(2y 5) 9 IRGFLX( 5)IHDATA(Ty 5),
LOCU(12)4LENU(12),NU,NBETA,NLAM,NEQ
COMMON /TIMESS/
STARTTyDELTATSTHENDT,,TMST
COMMON /VECTOR/
Y(250),YDT(250) 2

(o RoleNoN

11sT 7 0 /

=1

00000000 COOO0O0O0

=1

ISPN(1) = 1

LDEL

= LOCU(2%NE+2)- 1

TEX(641) = Y(LDEL+2)

RETURN N -

END

00

A-15

4084
4085

4086
4087
4088

4093

405

4095 .
4096

4097
40986
4099

4100
4101
4102
4103 ¢
4104
4105
4106
4107

4109
4120
4121 .
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SUBROUTINE SHAFTT (TSHFT) 050
IMPLICIT DOUBLE PRECISION (A-H,0-Z)

DIMENSION TSHFT(1) 0 4124
c 0 4125 i
COMMON /MAXMUM/ 0 4126 4
* NBMAX ¢ NHMAX 9 NSPMAX o NMWMA X s NMWBOD  NMDBOD s KMUyKY o KU 0 4127 3
COMMON /SPECIF/ 0 4128 |
* BETAH(6¢ 5) +BETAHD(6y 5)4AMO(2, 5)sRH(393924) yRS(343,20), 3
* DH(3,28),D05(3920) ,IMO(3, 5)oNMOW{S5y S5)IFTSHMW(10), : . 1
* NB o NHyNSPT,NOFMO,NDELTA,ITOPOL( 2,y 5) s IRGFLX( S)IHDATA(Ty 5) j
* LOCU(12),LENU(12) yNUsNBETA sNLAM,NEQ ‘
COMMON /VECTOR/ 0 4133 i
* Y(250),YDT(250) . 20 405 |
c 0 4135 :
DATA I1ST /7 0 / 0 4136 a
c 0 4137 |
IF (I1ST .EQ. 1) GO TO 10 0 4138 i
I1ST =1 0 4139 : |
DO 5 I=1,NMWMAX 0 4140 |
5 TSHFT(I) = 0.D O 0 4141 |
c 0 4142
10 CONTINUE
RETURN
END 0 4144
*

e e T
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SUBROUTINE EQADD 051 1 i
IMPLICIT DOUBLE PRECISION (A-H,0-2) : ‘
COMMON /BHBSRD/ 255 1
* BH(6+125 9)9BS(6912410)yROL{343, 5)4D0L(3y 5)
COMMON /DNAUX /
t 3 NAUX
COMMON /MAXMUM/
; NBMAX s NHMAX ¢ NSPMAX ¢y NMWMAX ¢ NMWBOD s NMDBOD yKMUKY o KU
i COMMON /SPECIF/
: BETAH(6y 5)sBETAHD(6y 5)9AMO(2y 5)3RH(3+3924)yRS(393,20),
DH(3,28)sD5(3920) yIMO(3y 5)yNMOW(5, 5) yIFTSMW(10)},
NB yNH o NSPT ¢NOFMO,NDELTA,ITOPOL (2, 5)yIRGFLX( 5)IHDATA(T,y 5),
LOCU(12),LENU{12) 4NUJNBETAyNLAM,NEQ
COMMON /VECTOR/ 0 415
Y{250),YDT(250) 20 405 |
COMMON /TUMTR/ TQl,TQ2,TQ3, PHIERR(3) . |
{

414 o
414 \ ;
415 o
415
415

%*
00000 O

* % % %

*

DATA 1157/ O/
c 0 415
IF (I1ST .NE. O) GO TO 5
I1ST 1
NAUX 8
LDEL = LOCU(2%NB+2) - 1
5 CONTINUE

CALL MULT3 (BS(65191)4YsSPVsls6s1969141)
YOT(NEQ+1) = Y(13)

YDT(NEQ+2) = Y(14)

YDT(NEQ+3) = Y(15) s
YDT(NEQ+4) = PHIERR(1) ‘ o
YOT (NEQ+5) = PHIERR(2) | T
YDT(NEQ+6) = PHIERR(3) ,
YDT(NEQ+7) = SPV C
) YDT(NEQ+8) = Y(LDEL+2)

RETURN 0 417
END 0 417

e ok, K
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I06 2

SPACELAB = INSI1DE QUT

0000000000
3 3
1ToPOL 2
1 1
2 1
0000000000
IRGFLX 1
0000000000
IFTSMW 1
1 1
0000000000
IHDATA 7
1 1
2 1
3 1
4 1
5 1
6 i
7 1
0000000000
BETAH 6
2 3
00000000600
BETAHD 6
0000000000
TMDATA 1
1 1
0000000000
IPDATA 1
1 1
0000000000
CNTDTA 1
1 55
1 67
1 70
1 87
1 90
0000000000
GRAVTY 1
0000000000
MASSO 1
1 1
0000000000
INERO 1
1 1
0000000000
2 1
0.
242
1 1
Qe
-15.
A-18

0

2
1

- N [\ Cw N

¢« W COO0COCOONW
Qoo QooOoCTN

1

W

100
1665300,
625,
10000.
63 .43
1014.889
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