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1.0 INTRODUCTION

COMTRACT OBJECTIVES:

& [MPROYED POINTING CONTROL SYSTEM IMPLEMENTATION-
Convert the dynamic compensator from a continuous
domain representation to a discrete one

@ DETERMINE POINTING STABILITY SENSITIVITIES TO SENSOR
o ' AND ACTUATOR ERRORS- Add sensor and actuator error
models to TREETOPS. Develop an error budget for meeting
pointing stability requirements

& DETERMINE POINTING PERFORMANCE FOR ALTERNATE
MOUNTING BASES- Space Station for example



2.0 CONCLUSIONS

#® 25 Hz sample rate is recommended for the
P/0F dynamic compensator algorithm processing

@ Pointing accuracy varies linearly with error
source magnitude

. leed gyro drift is the largest contributor to

@ A root sum square(rss) LOS error of 1 arc sec
can be met provided the IPS fixed gyro drift
1s reduced by 34%

@ The P/OF doesn't perform well with the Space
Station as the mounting base and with the current
controller.



3.0 RECOMMENDATIONS

e lmprove [PS model fidelity - Model IPS as 3
single DOF hinges separated by two bodies.
Model dynamics of IPS operational controller.
Implement both models in TREETOPS.

e Controller Design - Specify IPS operational
controller software changes and any external
processing necessary to accommodate the
P/0OF payload. :

C ' e Performance Assessment - Specify transient,
steady state and robustness characteristics of
baseline(orbiter) pointing system. Include an
assessment of the P/OF performance utilizing
an alternate mounting base.



4.0 DISCUSSION

4.1 REFERENCE DIGITAL CONTROLLER STRUCTURE

®TASK: Convert the Linear Continuous Time Compensator
shown on page 6 to an equivalent Linear Discrete
Time Dynamic Compensator. Note that the dis-
crete-time dynamic compensator is represented
by a set of first-order difference equations in-
stead of a set of first-order differential equations,
as in the continuous-time dynamic compensator.
Also, in comparison with the continuous-time -
systems, discrete-time systems utilize summa-
tions instead of integrations.

.. OBJECTIVE: Reduced computer resources required
e for implementation

® PROCEDURE:

Step 1) Express compensator in the form

-

=A% +BU
Y=CX + DU (seepage?)

Step 2) Use the control system analysis tool
capabilities in the digital computer
program DIGIKON to obtain the transition
matrices F,G H,E that describe the discrete
equivalent of the continuous system
described in step 1.

Paar
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REFERENCE DIGITAL CONTROLLER SAMPLE RATE

® TASK: Select a sample rate for the digital controller

® OBJECTIVE: Negligible degradation in pointing performance
due to digital implementation

® PROCEDURE: Determine pointing performance sensitivity to
controller sample rate by performing the following
steps :

Step 1) Obtain the F,G H,E transition matrices that
describe the discrete controller for sample
rates of 25, 12.5,6.25, and 3.125 Hz
(DIGIKON-EXPO)

Step 2) Obtain time history of digital controllers
defined in step | fora |1 deg line of sight step
input command. (DIGIKON-TRANS) Refer to
pages |1 and 12. The DIGIKON-TRANS)
program was used instead of TREETOPS
for this time history study primarily to
reduce costs. Refertopages 11 and 12
The P/OF with the 3.125 Hz digital controller
was unstable.

Step 3) Select a sample rate from the plots obtained
in step 2. The 25 Hz controlier was selected
because its performance is nearly identical
with the continuous time controller. The IPS
processor also runs at 25Hz.
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Step 4) Replace the continuous controller modeled
in the TREETOPS "user controller” with the
25 Hz discrete time controller.

Step 5) Compare the 25 Hz discrete controller
pointing performance with the continuous
controller performance for a worse case
Shuttle attitude command disturbance.
Generate TREETOPS time histories for both
controllers. See pages 13 through 16. ‘
The pitch torque motor output on pages 14
and 16 reveals a very slightly divergent mode.
However, these results were obtained assuming
T perfect actuators. When torque motor non-
" linearities(quantization, friction, etc.) and
dynamics are added, this mode doesn't diverge.

R
i,
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@ 4.2 FRROR MODELS

® TASK - Define sensor and actuator error models to be used for
parameter sensitivity studies

e OBJECTIVE - Math modeis that can be implemented into TREETOPS
e COMMENTS -

1. The P/OF full state controller utilizes measurements from
3 sensors. The LOS sensor measures line of sight error
between a target vector and the vector which connects the
base of the boom to its tip. The Laser Interferometer
measures the relative displacement of the mask wrt the
N _ detector due to elastic deformation. The rate gyro

( | measures angular rates at the instrument mounting plate.
Control actuation is provided by torque motors. Refer to
page 18. ‘

2. A functional block diagram of the error sources considered
for each Sensor/Actuator error model is shown on page
19.

3. Pages 20 through 24 contain the details on the Sensor/
Actuator math models that are implemented in the
TREETOPS simulation. Nominal values for the error model
parameters are supplied along with the sources of these
values.
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LOS MODEL

n '. Quantization
n SCL out
Ts + | —l b
PARAMETER NOMINAL DESCRIPTION SOURCE
VALUE
g 2 (.025 arc sec) 2 Intensity of zero mean PINHOLE /CORONOGR APH POINTING
Gaussian White Noise T CONTROL SYSTEM INTEGRATION &
INOISE REDUCTION ANALYSIS,
“Michael Greene" Nasa contract ®
NAS8-34529 Sept 1981, page 27.
SCL 10 Scale factor Nominal deviation from 1. is arbi-
trarily chosen to be 18.
b 25 arc sec Bias IPS Simulation Parameters for
Performance Analyses. Dornier,
IPS-DS-TN-0184. Page 42.
Dy .14 arc sec Quantization error IPS Simulation Parameters for
Performance Analyses. Dornier,
IPS-DS-TN-0184. Page 42.
T 016 sec Time constant Selected from in-house Library

report.
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LASER INTERFEROMETER MODEL

n
X.
n SCL
Ts + |
b
PARAMETER NOMINAL
VALUE -
0’2 (5 x1076 m) 2
ScL 10
b 10.67x10 °m
A% 01x1076m
T 016 sec

intensity of zero mean
Gaussian White Noise Tl

Scale factor

Bias

Quantization error

Time constant

Quantization
X out
»
—f jo—
AR
DESCRIPTION SOURCE

PINHOLE /CORONOGR APH POINTING
CONTROL SYSTEM INTEGRATION &
NOISE REDUCTION ANALYSIS,
“Michael Greene ™ Nasa contract ®
NAS8-34529 Sept 1981, page 27.

Nominal deviation from 1. is arbi-
trarily chosen to be 1%.

“Progress in absolute distance inter-
ferometry”, C. W. Gillard, N.E. Buholz,
Optical Engineering, May /June 1983,
Page 351

"Progress in absolute distance inter-
ferometry™, C. W. Gillard, N.E. Buholz,
Optical Engineering, May /June 1983,
Page 351

PINHOLE /CORONOGR APH POINTING
CONTROL SYSTEM INTEGRATION &
NOISE REDUCT ION ANALYSIS,
“fMichael Greene " Nasa contract ®
NAS8-34529 Sept 1981, page 28.
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£
e - RATE GYRO MODEL
Quantization
Gyro Dynamics
2]
J SCL+ w? b L;’r 8,
2 2 ' Q >
S¢ +2fwWS *+ w + + | jo—
b Lo,
Shaping Filter '
2 Shaping Filter
n W, 2 Wy
SZ v 28w s+ w2 sZ+2 + wl
+2tws+ w, Ezw,S Wy
: NOMINAL
PARAMETER v ALUE DESCRIPTION SOURCE
( gl (0148 ir?cf:—" )2 cero mean white noise IPS Simulation Parameters for
g i Intensity Performance Analyses. Dornier,
IPS-DS-TN-0184, page 38.
SCL 10 Scale Factor IPS Simulation Model, Dornier
1 0 deviation from IPS-DS-TN-183, page 61.
nominal value is .000478
JAY] y 00167 g_r_sge_'%e_c Quantization error IPS Simulation Parameters for
Per formance Analyses. Dornier,
IPS-DS-TN-0184, page 39.
b 1 ér_:;ﬁ 1 0 value of fixed drift IBID, page 39
Gyro Dynamics : 1BID, page 39
W 12566 r/s Natural Frequency
& T Damping Ratio
Shaping Filters : IBID, page 38
w1 27-24r/s Natural Frequency
w2 27-23r/s Natural Frequency
“z 27-46r/s Natural Frequency
£ 707 Damping Ratio

Damping Ratio
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TORQUE MOTOR MODEL
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"PARAMETER

aT

SCL

Fcog
cog
Frip

rip

NOMINAL
VALUE
0618 nm

.043 nm

.00442 sec

48 Hz

647

96 cycles/REY
.1 am
48 cycles/REY

0275

.6 nm

2 nm
1736
9375

(025nm) 2

75 cycles/deg

.S deg
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TORQUE MOTOR MODEL PARAMETER DEFINITIONS

DESCRIPTION

Torque quantization

1 0 value of scale factor

error nSCL

Drive unit time constant

PEU break frequency

PEU damping ratio
Cogging frequency
Cogging gain

Ripple frequency
Ripple gain

Saturation torque
Dah! Model 1

Saturation torque
Dahl Model #2

Slope Parameter
Dah1Model *1

Slope Parameter
Dah1 Model 82

Intensity of roughness
torque ZMYG noise hw

Roughness torque
bandwidth

Gimbal misalignment

SOURCE

IPS Simulation Parameters for
Performance Analyses. Dornier,
IPS~-DS-TN-0184, page 33.

IBID, page 33

IBID, page 34
IBID, page 34

IBID, page 34
IBID, page 33

iBID, page 33

~ IBID, page 34

IBID, page 34

IBID, page 3¢

IBID, page 3¢

iBID, page 36

IBID, page 36

1BID, page 37

IBID, page 37

IBID, page 37
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4.3 PARAMETER SENSITIVITIES

o TASK: Determine the effect each error sourcé has on pointing
performance.

@ Objective: To be able to specify a sensor/actuator error budget
that will satisfy a | arc second steady state pointing
error requirement.

& PROCEDURE:

STEP 1) Introduce the particular error source into TREETOPS
that defines the particular parameter under study.

STEP 2) Place an initial condition on the LOS error(10 arc sec).

Once the system has settled out(25 sec), begin
recording the rms value of the LOS error.

STEP 3) Record the stabilized rms value of the LOS error.

STEP 4) Repeat steps 1-3 with the parameter set at X10 its
nominal value. '

STEP 5) Remove the previous error source modeled in TREETOPS
and then insert the next error source defining the new

parameter to be studied. Repeat steps 1through 5
until all parameter sensitivities have been obtained.

COMMENTS/RESULTS

e Page 27 summarizes the parameter sensitivities studied
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e Page 28 shows the contribution of each sensor/actuator
to the total LOS RSS pointing error.

e Pages 29 and 30 show the contribution of each individual
error source to the RSS instrument error.

e The LOS error showed a linear relationship to each individual
parameter variation.

e The gyro fixed drift is the largest contributer to the RSS
LOS pointing error.




SYSTEMATIC ERRORS:

LOS MODEL
e SCALE FACTOR
@® BIAS

LASER INTERFERDMETER

e SCALE FACTOR
e BlAS

RATE GYROD

. eSCALEFACTOR
Gx  eBlAS

TORAUE MOTOR

eSCALE FACTOR
e CROSS COUPLING DUE TO

GIMBAL MISALIGNMENTS

NON-SYSTEMATIC ERRORS:

e RANDOM ZMWG NOISE
e QUANTIZATION

¢ RANDOM ZMWG NOISE
e QUANTIZATION

e RANDOM COLORED NOISE
e QUANTIZATION

e RIPPLE TORQUE

e COGGING. TORQUE

» ROUGHNESS TORQUE

e QUANTIZATION

e BEARING, CABLE & HYSTERESIS TORQUE-=1
+ SATURATION TORQUE
e SLOPE PARAMETER

e BEARING, CABLE & HYSTERESIS TORQUE-*2
e SATURATION TORQUE
eSLOPE PARAMETER



LOS SENSOR

LASER INTERFEROMETER

o RATE GYRO
Q '

TORQUE MOTOR

TOTAL RSé POINTING ERROR
: - i L .

m R 4. 1.48 10.

L0OS ERRQR (arc sec)

CONTRIBUTION OF EACH SENSOR/ACTUATOR TOWARD TOTAL
L.OS. POINTING ERROR (1.48 arc sec)
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CONTRIBUTION OF VARIOUS L.0.S. SENSOR ERROR TERMS TO
(7 TOTAL POINTING ERROR(! 0 = 1.48 arc sec)

m SCALE FACTOR

BIAS

QUANTIZAT [ON

RANDOM NOISE

TOTAL RSS INSTRUMENT ERROR

s i dls gt
A i 1 A J H

0001 001 o A 1.

RMS LOS ERROR (arc sec)

( | CONTRIBUTION OF VARIOUS LASER INTERFEROMETER ERROR
TERMS TO TOTAL POINTING ERROR (1 0 = 1.48 arc sec)

m SCALE FACTOR

BIAS

QUANTIZATION

e
———

] RANDOM NOISE

.0001 001 01 A 1.
RMS LOS ERROR (arc sec)

TOTAL RSS INSTRUMENT NOISE
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CONTRIBUTION OF VARIOUS RATE GYRO ERROR TERMS TO
TOTAL POINTING ERROR(1 o = 1.48 arc sec)

[l scaie FacTor
BIAS
[] QUANT IZATION
NOISE
TOTALRSS
INSTRUMENT ERROR

0001 001 o 1 1.
RMS LOS ERROR (arc sec)

CONTRIBUTION OF VARIOUS TOROUE MOTOR ERROR
TERMS TO TOTAL POINTING ERROR {1 ¢ = 1.48 arc sec)

SCALE FACTOR ' E

QUANT IZATION

DAHL MODEL #{ (FRICTION)

. H
DAHL MODEL #2 (FRICTION)

| COGGING
RIPPLE

grew———

ROUGHNESS TORQUE .
CROSS COUPLING

07 TUTALHRSS INSTRUMENT ERROR

- .0001 001 .01 A 1.
RMS LOS ERROR (arc sec)
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4.4 ERROR BUDGET ALLOCATTION

e TASK: Specify nominal parameter values for all error sources

to insure that the RSS LOS pointing error is less then
1 arc sec.

e OBJECTIVE: To make reasonable judgements on instrument
fidelity required to meet P/OF mission goals.

# PROCEDURE: Given the RMS LOS pointing errors that correspond
to each error source nominal parameter value,

determine which parameters need to be reduced

in order to bring the RSS LOS error under | arc sec.
Refer to page 32.
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ERROR BUDGET ALLOCATION

ERROR SOURCE

L.0.S. Sensor

Scale Factor error
Bias :

Quantization
Random Noise

Laser Interferometer
Scale Factor

Bias
Quantization

Random nonise

Rate Gyro
" Scale Factor
Bias{nominal)

{reduced nominal)
Ouantization

Random Noise

Torque Motor -
Scale Factor
Quantization
Dahl Friction model 1
Dahl Friction model 2
Cogging '
Ripple
Roughness Torque
Cross Coupling

MHotes:

1) RSS‘LOS error for nominal parameter values
2) RSS LOS error with rate gyro fixed drift bias reduced to .66 arc sec/sec

NOMINAL YALUE RMS ERROR(arc sec)
ot () 0
25 arcsec (1d) .25
.14 arc sec .09
025 arc sec (10) 007
o1 (M 0
1067210~ 8m(1 054
01x107% m 0
5x10-6 m (10 ) 007
000478 (107) 0
1 {src sec)/sec 1.46
.66 (arc sec)/sec(lOJ) .96
00167 arc sec/sec 0
, 2
o148 (AESECY /1y, (107) R
043 (10) 00225
0618 nm 013
(Tg=.6nm, A= 1736) 019
(TO =2nm, 4+ =9.375) 003
.1 nm o
0275 nm 0
.025 nm (107 0
.S deg 0 :
RSS 149! 1.02
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4.5 ALTERNATE MOUNTING BASE COMPARISON

ol ASK: Evaluate P/OF pointing performance using the Space Station
as an alternate mounting base.

@ OBJECTIVE: Enhanced viability of the P/OF concept

# PROCEDURE

Step 1) Merge TREETOPS simulations of the P/OF and the
Dual Keel configured Space Station.

Step 2) Run TREETOPS simulation to obtain time histories
of the P/OF pointing performance for a worse case
attitude control system disturbance. The 4 jets
as shown on page 34 were fired for 1 sec with each
having a magnitude of 25 Ibs to generate a
pitching moment. Pages 35 through 41 show the
resulting Space Station euler rates, euler angles,
LGS errors and torque motor outputs and base
accelerations.
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EULER ANGLE - AXIS 2 ,HINGE 1 PITCH ANGLE (rad): -

EULER ANGLE - AXIS 1 ,HINGE 1 ROLL ANGLE (rad). - -
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KEYWORD, NAME(1)7?
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............. USER OUTPUT VECTOR 4 PITCH LOS ERROR (arc sec)
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KEYWORD, NAME( 1)7? - (38)

............. USER OUTPUT VECTOR 2 ROLL LOS ERROR (arc sec),
USER QUTPUT VECTOR 1 ROLL TORQUE MOTOR DUTPUT {nm) "
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5.0 BASELINE TREETOPS SIMULATION STRUCTURE

The TREETOPS simulation structure for the P/0OF is presented in
this section. Included are the interconnect diagrams (pages 43
through 46) which show how the various components of the
TREETOPS simulation communicate with each other. The
continuous controller which was used primarily to model the
sensor and torque motor dynamics are presented in block dia-

- gram form on pages 47 through 52. The user defined function
generator was used to define the random noise and random
constants used in the simulation. The user controller was modi-
fied to define the discrete implementation of the P/0OF full state
controller. Other additions to the user controller were made to
model sensor/actuator nonlinearities.




“TORQUE MOTOR INTERCONNECT D' \GRAM | ) ,

CONTINUOUS | (43) ‘
CONTROLLER STRUCTURE
USER CONTROLLER A1 X Torgue Motor
c 17 N7 /’ A2 ¥ Torque Motor
X Torgue Output U, IN36 o C.16 C 34 IN,77./
X LOS Error(arc sec) U2 ' USER CONTROLLER
X Dahl Torgue Rate 1 u.17 IN.57 o &7 C,7 IN52 | U,20 X Roughness noise
X Dahl Torque Rate 2 u18 IN38 4 C.18 C.6 |53 Mu21 % Quantization err
X Roughness Torque RAte U, 19 IN39 g f C,19 C.9 N5a ™ u22 x TO
X Cogging Torque U,20 IN4O____ I C,20 ciol N5 ™| U2z w102
X Ripple Torque U,21 N4l C2 c[ T INEE ™ u24a kY,
X Coupling Torque | u,22 IN,42 > C.22 C:l2 INS7 > U:25 X2
- | C,13[__TN58 %1 U,26 X DCU Output
¥ Torque Qutput u,3 IN,43 »| C.23 C,14 IN,59 »| U227 X Dahl Fric. Torque 1
¥ LOS Error(arc sec) Ud — C,15 IN,60 o U:28 X Dahl Fric. Torque 2
¥ Dahl Torque Rate 1 u,23 IN44 I C,24 C.16 INGT o U,29 X Roughness Torque
¥ Dahl Torque Rate 2 u,24 INGS ] C,25 C,35 IN,72 U,41 X Cogging Amp
Y Roughness Torque RAte U,25 N6} C,26 C,36 IN.73 o U,42 X Ripple Amp
¥ Cogging Torque u,26 IN,47 » C,27
Y Ripple Torgue u,27 IN48 ) C,28 C24] N62 1y30 vRoughness naise
¥ Coupling Torque U,26 IN49 I C,29 C25| N.65 Jly31 vQuantization err
C26(__ IN64 [ly32 vT0,
C,27 ::}22 o U.33 ¥ T02
C,28 ,
FUNCTION GENERATOR c20| _NET ¥ e m
. . ' C,30 NGB | u,36 v DCU Output
Unit ZMWG Noise 6,4 IN,S0 > cC,10 C31 N6 : 037 ¥ Dahl Fric. Torque |
Unit ZMWE Noise 6,8 IN.S1 C.14 C,32 IN.70 | U,38 ¥ Dahl Fric. Torque 2
B C,33 IN.71 | U,39 v Roughness Torque
C37] .74 1,43 v Cogging Amp
C38[__M.75 ol 44 vRipple Amp
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SENSOR INTERCONNECT DIAGRAIM

CONTINUQUS | [ STRUCTURE | DStR CONTROLLER _J .
X LOS Error $,996 IN,86_|Y, u,31
- ' CONTROLLER X Tip Def. §,995 IN,S"-’. u,49 . u,32
N3 y[C 1 X Rate Gyro M u,33
| '
FUNCTION s SR {108 Ervr u.z4
ip Def. )
GENERATOR IN 1 Eag Y Rate Gyro u,36
|N ,8 .I C ‘6 x “cc
¥ LOS Bias G,13 C.30 ¥ Aco
X Tip Bias G,14 ______m..an,,m 81a | C.31 c,1 IN,24 % LOS Error
X Rate Gyro Bias G,15 ———L—’Iﬁl 82 ’0'32 c,2 IN,25 X LOS Quant Error
c,3 N .26 ¥ Tip Deflection
¥ LOS Bias G,16 Nez. |c33 c,4 IN 27 X Tip Quant Error
Y Tip Bias 617 mea¥|cz4 CS IN.28 X Rate Gyro
Y Rate GyroBias g 18 a5l c 25 C & T35 X Rate Gyro Output
’ ) . ) 4 2
. . c,18 IN.30 ¥ LOS Error
unitzMwGNoise 64 | msogfcio  c9 N 31 Y LOS Quant. Error
Unit ZMWG Noise 6,8 L INDlg,lC,14 C,20 IN 32 Y Tip Deflection
C,21 IN,33 ¥ Tip Quantization
c,22 IN,34 ¥ Rate Gyro
C,23 IN,35 Y Rate Gyro Quant
Unit ZMWG Noise G,19 : IN,92
" " .. G,20 !*1,93
woow o 6,21 iN,94
w o ow " 6,22 IN,95
" " " G,23 W56
" " " G ‘.24 . IN ‘.97
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POST PROCESSOR INTERCONNECT DIAGRAM

CONTINUOUS

CONTROLLER
C,39 IN7S
C.40 IN,70

USER CONTROLLER

U,46 Roll LOS Error{arc sec) & U,29

U,.47 Pitch LOS Error(arc sec)$, U,30
Roll LOS Std Dev(arc sec) Gy, )14

Pitch LOS Std Dev{arc sec)d$2 U,16




VERNIER RCS ORBITER ATTITUDE CONTROL INTERCONNECT

(46)

FUNCTION USER
GENERATOR CONTROLLER STRUCTURE
-2 Step 6,10 ——"— 4| U, 11 u,5 INT1 o fA4
IN,12

+2Step G,11 ——" — U,12 u,6 ol A5
-2 Step G,12 — ] U113 u,7 ___'N_'3_,. A6

u,8 IN,14 | A7

_____________’,
u,9 IN15 _IAB
U,10 IN.16 A9

TRUTH MODEL
IMU & ATTITUDE
PROCESSOR
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“IREETOPS CONTINUOUS CONTROLLER - | 0S SENSOR (ROLL)

ou, 30 | RC.39
rd .- .
, 206264,
TR, 1 SU, 1 |
uc, 1
. + oU, 1 RC, 1
Sensor 1o {1} I
nput 016s +1 il O 4 >
uc,7 unit ZMWG [ —7
{1.212%10 -
| : : 1.212%10
UC,30 unit ZMWG constant
| RC,2
~=UC,15  unit step ou, 2
e 6.7674ax10 7| %

TREETOPS COMTINUOUS CONTROLLER - L ASER INTERFERFEROMETER(ROLL)

TR, 2 suU, 2 oo 3
uc,2 ’
: 1.0 ; M + oy, 3

sensqr | ——— R .
inpu 016s +1 &+

uc.g unit ZMWG -6

Sx10 "
10.67%10
UC,31 unit ZMWG constant
c,1s unit step - oy, 4 RC.4

-6
01x10




.
N
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TREETOPS CONTINUOUS CONTROLLER - RATE GYRO SENSOR(ROLL)

Sensor Su, 3
; TR, 3 RC S
3 input 2 ’
- ’ 15790 ! 0U, 5 .
Z e 1.
$° + 87968 +15790
-5
.3306x10
unit ZMwWG noise
TR TR, S
uc,s .4 TR, 6
——— s.ox15°’ 1584.92 + 20884, 83521

1. | | $%+ 204.3s +20884 s2+ 101,158 + 83521
UC,32 unit ZMWG constant
UC.1S  unit step 0u, 6 RC.6

8.006x10 ~°




| (49)
'TREETOPS CONTINUOUS CONTROLLER - TORQUE MOTOR(ROLL)

X coupling Torque

008726

uc,10 unit ZMWG noise 505
Ll .
00408
[oU,35
1
0U,36
0273 .
JC,15 ou, 8
0618
unit step
ou, 9
6
ou,10
2.
oU,11
1736.
ou,12
9.375
TR, 7 TR, 8
l 6 - 0u,13
nandd 1. 90958 :
- 2 )
Torque + g < +390.27S + 90958 11
Command 00442s +1 L 0‘:,1 4
T 0u,15
1.
UC,17 |TR, 9 M
A LI~
S ou,16
T 1.
f2 UC,18
I ENg 2
¥ ou,17
Roughness uc,19 E + 1.
Torque .
Cogging Torque uc,20 1
( ple Torque uc.21 1
l Tﬁp
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““TREETOPS CONTINUOUS CONTROLLER - LOS SENSOR (PITCH)

»-
206264.
TR, 12
uc,4 o 0U,18] RC,18
sensor S E—— " e
input 016s +1 :

U, 11 unit ZMwWG

=7
1.212%10

uc,32 unit ZMWG constant

RC,2
<:'_;-!_|c,15 unit step 0u, 19 ,
6.7874x10 -7 %

TREETOPS CONTINUOUS CONTROLLER - L ASER INTERFERFEROMETER(PITCH)

TR, 13 U, 6

UC,S 10 I ou, 20 RC,20
carene 1 — Y L1k E—
sensgr + 1.

npu 016s +1 4+

uc,i2 unit ZMWG -6

9%10 =
_ 10.67X10
uc,34 unit ZMWG constant

ou, 21 RC,21

Uuc,i1s unit step

-6
.01x10




TREETOPS CONTINUQOUS CONTROLLER - RATE GYRO SENSOR(PITCH)

Sensor

UC,6  input

R, 14

su, 7

15790

unit ZMwG noise

3% + 87.968 +15790

[7]
| )

TR, 16

TR, 15

uc,13 —

—"1.5.9x10
1

1384.92 s+ 20884

ou, 22

RC,22

t

-5
.3306x10

TR, 17 .

UC,35 unit ZMWG constant

52+ 204.35 +20884

83521

32+ 101.15s + 83521

UC,13  ynit step

ou, 23

RC,23

8.096x10

9
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TREETOPS CONTINUOUS CONTROLLER - TORQUE MOTOR (PITCH)

c

c,14 unit ZMWG noise ' oU 24 RC,24
o s
00408
TR RC,37
.1 >
058 RC,38
0275
Jc,15 0ou, 25 RC'QE
0618
unit step
U 26 RC,26
(3 —
2.
o ouzs] RC,28
k - 1736.
00 25 RC,29
9.375
TR, 18 TR, 19 RC,30
Uc.,23 u 0ou,30 *

. 1. 0958 1 >
Torque s 2 +390.275 + 90958 1l . RC 31
Command .00442¢s +1 L ou,31 P

1 '
T¢ 1
: ou,s2| RC,32
uc,24 [1r, 20 7 1. '
1
s 0U,33 RC,Z’;?
TR.21
T12 UC,25 N 1.
5 TR 22 ouz4] RC,34
Roughness Ut,26 ' I3 1.
Torque - S
Cogging Torgue uc.2v
(f-_ uc,28
-+ aple Torque
— T . .
mp
X coupling Torque Ut,29
Txou
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6.0 COMPUTER LISTINGS

The interactive file (URRPH2.INT), user controller source
file (POFCONT.FOR) and user defined function generator source
file(NOISE FOR) required to simulate the P/OF pointing per-
formance with corrupted sensor and actuator outputs are
supplied in this section. A different sequence of random
numbers will be produced for each TREETOPS run. The dynamics
of the sensor/actuator models dictate that the simulation
should be run with a step size of 004 sec. A 20 second run on
the Honeywell YAX uses approximately 45 CPU minutes.



1.000  SIM CONTROL # O Title header of user problem (< 40 char) = JRRPH2
2.000 SIM CONTROL # 0 Simulation stop time(sec),Job time(min);Corel(kwds):= 20,000 1.0000 1.0000
. 3.000 SIM CONTROL # O Data output delta, Initial, Final time (sec) = 0.20000 ' 0. 00000OE+00 20. 000
i 4,000 SIM CONTROL # 0 Integration(R=rkuta,S=sandia,U=user),Dt(sec),Fname= R 0.40000E-02
. 5.000 SIM CONTROL # 0 Linear{zetion option (N=none,L=linear), Time(sec) = N
. 6.000 SIM CONTROL # 0O Restart option (Nznone,R=restart), Restart fname = N 0. 00000OE+00
! 7.000 SPEEDUP #* 0 Small angle computation(All,Bypass,First,Nth) pass= FIRST
: 8.000 SPEEDUP # 0 Mass matrix computation(All,Bypass,First,Nth) pass= BYPASS
9,000 SPEEDUP # 0 Non-linear computation(All,Bypass,First,Nth) pass = BYPASS
10.000 CONTROLLER C 3 Type(C=contin,D=discrete,U=user), Dt(sec), Fname = CONTINUBUS
11.000 CONTROLLER C 3 Number of [nputs, Number of outputs = 35. 000 40, 000
g 12.000 CONTROLLER € 3 OUTPUT 1 typel(l=incont,T=trans,J=junct), ID#,Gain= J 1.0000 1.0000
i 13.000 CONTROLLER C 3 OUTPUT 2 Typel(l=incont,T=trans,J=junct),. |ID#,Gain= 1 15.000 0.67874E-06
o 14.000 CONTROLLER C 3 GUTPUT 3 Typel(l=incont,T=trans,J=junct), ID#,Gain= J 2.0000 1.0000
e 15.000 CONTROLLER ¢C 3 OUTPUT 4 Typel(l=incont,T=trans,J=junct), ID#,Bain= 1 15.000 0.10000E-07
i 16.000 CONTROLLER C 3 OUTPUT 5 Typel(l=incont, T=trans,J=junct), ID#,Bain= J 3.0000 1.,0000
] 17.000 CONTROLLER C 3 OUTPUT 6 Type(l=incont,T=trans,J=junct), |D#,Gain= I 15.000 0.80960E-08
\ 18.000 CONTROLLER C 3 OUTPUT 7 Typel(l=incont,T=trans,J=junct), ID#,Gain= | 10.000 0.40800E-02
19.000 COGNTROLLER C 3 OUTPUT 8 Type(lzincont,T=trans,J=junct), ID#,Gainz | 15. 000 0.61800E-01
20.000 CONTROLLER C 3 OUTPUT 9 Type(l=incont,T=trans,J=zjunct), I1D#,Gain= | 15.000 0.60000
21.000 CONTROLLER C 3 OUTPUT 10 Typeli=zincont,T=trans,J=junct), [D#,Gain= | 15.000 2.0000
22.000 CONTROLLER C 3 OUTPUT 11 Type(l=incont,T=trans,J=junct), ID#,Gain= I 15.000 1736.0
23.000 CONTROLLER C 3 OUTPUT 12 Type(l=zincont,T=trans,J=junct), ID#,Gain= | 15.000 9.3750
24.000 CONTROLLER ¢€ 3 OUTPUT 13 Typell=incont,T=trans,J=junct), ID#,6Gain= T 8.0000 1.0000
25.000 CONTROLLER C 3 OUTPUT 14 Type(l=incont,T=trans,J=junct), ID#,Gain= T 9.0000 1.0000
26.000 CONTROLLER C 3 OUTPUT 15 Typel(l=incont,T=trans,J=junct), ID#,Gain=z T 10.000 1.0000
27.000 CONTROLLER C 3 OUTPUT 16 Type(l=incont,T=trans,J=junct), ID#,Gain=z T 11.000 1.0000
28.000 CONTROLLER C 3 OUTPUT 17 Type(l=incont,T=trans,J=junct), ID#,Gain= J 4,0000 1.0000
A 29.000 CONTROLLER C 3 OUTPUT 18 Type(l=incont,T=trans,J=junct), ID#,6ainz J S5.0000 1.0000
i 30.000 CONTROLLER C 3 OUTPUT 19 Type(l=incont,T=trans,J=junct), ID#,Gain= I 15.000 0.67874E-06 (oNeo)
: 31.000 CONTROLLER ¢ 3 OUTPUT 20 Type(lzincont,T=trans,J=zjunct), ID#,Gain= J 6.0000 1.0000 - E
4 32.000 CONTROLLER C 3 OUTPUT 21 Type(l=incont,T=trans,J=junct), ID#,Gain= I 15.000 0. 10000E-07 L) (o)
g 33.000 CONTROLLER C 3 OUTPUT 22 Type(l=incont,T=trans,J=junct), ID#,6ain= J 7.0000 1.0000 (@) 5;
vl 34.000 CONTROLLER C 3 OUTPUT 23 Type(l=incont,T=trans,J=zjunct), ID#,Gain= | 15.000 0.80960E-08 (@] ﬁ;
] 35.000 CONTROLLER C 3 GUTPUT 24 Type(l=incont,T=trans,J=junct), ID#,Gain= | 14,000 0.40800E-02 X -
o 36.000 CONTROLLER C 3 OUTPUT 25 Typel(l=incont,T=trans,J=junct), ID#,Gainz | 15.000 0.61800E-01 -
oL 37.000 CONTROLLER C 3 OUTPUT 26 Type(l=incont,T=trans,J=junct), ID#,Gain= | 15.000 0.60000 fg g:
3 38.000 CONTROLLER C 3 OUTPUT 27 Typel(l=incont,T=trans,J=junct), ID#,Gain= | 15.000 2.0000 Ibiﬁ
: 39.000 CONTROLLER C - 3 OUTPUT 28 Typel(l=zincont,T=trans,J=junct), ID#,Gain= I 15.000 1736.0 = 0
‘ 40.000 CONTROLLER C 3 OUTPUT 29 Typel(l=incont,T=trans,J=junct), ID#,Gain= I 15.000 9.3750 e I
41.000 CONTROLLER C 3 OUTPUT 30 Type(l=incont,T=trans,J=junct), I1D#,Gainz T 19.000 1.0000 :?f?
42.000 CONTROLLER C 3 OUTPUT 31 Typell=incont,T=trans,J=junct), 1D%#,Bain=z T 20.000 1.0000
43,000 CONTROLLER C 3 OUTPUT 32 Typel(l=incont,T=trans,J=junct), ID#,Bain= T 21.000 1.0000
44 . 000 CONTROLLER C 3 OUTPUT 33 Typel(l=incont,T=trans,J=junct), ID#,Gain=z T 22.000 1.0000
45,000 CONTROLLER € 3 OUTPUT 34 Type(l=incont,T=trans,J=junct), [D#,Gain=z J 8.0000 1.0000
46.000 CONTROLLER C 3 OUTPUT 35 Typell=incont,T=trans,J=junct), |D#,Gain= 1 15.000 0.10000
47.000 CONTROLLER C 3 OUTPUT 36 Typel(l=zincont,T=trans,J=junct), ID#,Gain= | 15.000 0.27S00E-01
48.000 CONTROLLER C 3 GUTPUT 37 Typel(l=zincont,T=trans,J=junct), |D#,Gain= | 15.000 0.10000
49.000 CONTROLLER € 3 OUTPUT 38 Typell=incont,T=trans,J=junct), ID#,Gain= | 15.000 0.27500E-01
50.000 CONTROLLER C 3 OUTPUT 39 Type(l=zincont,T=trans,J=junct), ID#,Gain= | 1.0000 0.20626E+06
51.000 CONTROLLER C 3 OUTPUT 40 Typel(l=incont,T=trans,J=junct), ID#,Gain= | 4.0000 0.20626E+06
52.000 TRANS FUNCT C 1 Input type(l=incont,T=trans,J=junct), Ilnput [D# = I 1.0000 CONTINUBUS
53.000 TRANS FUNCT C 1 Order of numerator, Order of denominator = 0.00000E+00 1.0000
54.000 TRANS FUNCT C 1 Numerator coeff (ascending order 1-4 per line) = 1.0000
55.000 TRANS FUNCT C 1 Denominator coeff (ascending order 1-4 per line) = 1.0000 0.16000E-01
56.000 TRANS FUNCT C 2 Input type(l=incont,T=trans,J=junct), Input D% = I 2.0000 CONT I NUOUS
57.000 TRANS FUNCT C 2 Order of numerator, Order of denominator = 0.00000E+00 1.0000
58.000 TRANS FUNCT C 2 Numerator coeff (ascending order 1-4 per line) = 1.0000
59.000 TRANS FUNCT C 2 Denominator coeff (ascending order 1-4 per line) = 1.0000 0. 16000E-01
: 60.000 TRANS FUNCT C 3 Input type(l=incont,T=trans,J=junct), Ilnput ID# = ] 3.0000 CONT I NUOUS
.4 61.000 TRANS FUNCT C 3 Order of numerator, Order of dencminator = 0. 00000E+00 2.0000
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Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=incont,T=trans,J=junct), [nput [D#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input typel(l=incont,T=trans,J=junct), Input ID#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per ltine)
Input type(l=incont,T=trans,J=junct), Input ID#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input typel(l=zincont,T=trans,J=zjunct), - Input ID#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per 1line)
Denominator coeff (ascending order 1-4 per line)
Input typel(l=zincont,T=trans,J=zjunct), Input [D#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=incont,T=trans,J=junct), Input I1D#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=zincont,T=trans,J=junct), Input ID#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=zincont,T=trans,J=junct), Input 1D%
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=incont,T=strans,J=junct), Input ID#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=zincont,T=trans,J=junct), Input 1D#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per dine)
Denominator coeff (ascending order 1-4 per line)
Input type(l=incont,T=trans,J=junct), Input [D#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per 1ine)
Input type(l=incont,T=trans,J=junct), Input ID#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=incont,T=trans,J=junct), Input 1D#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=incont, T=trans,J=junct), Input ID#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=zincont,T=trans,J=junct), !nput D%
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per 1line)
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T

1

T

I

-t

T

I

15790.
15780.

0.00000E+00
0.58000E-06
1.0000

1.0000
20884,
20884,

0. 00000E+00
83521,
83521.

0. 00000E+00
1.0000
1.0000

0. 00000E+00
90958.
90958

0.00000E+00
1.0000
0. 00000E+00

0.00000E+CO
1.0000
0. 00000E+00

0. 00000E+00
75.000
0. 00000E+00

0. 00000E+00
1.0000
1.0000

0.00000E+00
1.0000
1.0000

0.000C0E+00
15790.
15790.

0. 00000E+00
0.59000E-06
1.0000

1.0000
20884 .
20884,

0.00000E+00
83521.
83521.

0.00000E+00
1.0000

87.960
9.0000
0.00000E+00

4,0000
2.0000
1384.9
204,30
$.0000
2.0000

101.15
16.000
1.0000

0.44200E-02
7.0000
2.0000

390.27
17.000
1.0000

1.0000
18.000
1.0000

1.0000
19.000
1.0000

1.0000
4.0000
1.0000

0.16000E-01
$.0000
1.0000

0.16000E-01
6.0000
2.0000

87.960
13.000
0. 00000E+00

15.000
2.0000
1384.¢
204.30
16.000
2.0000

101.15
23.000
1.0000

1.0000
CONTINUOUS

CONT I NUOUS

1.0000
CONTINUOUS

1.0000
CONTINUGUS

CONT I NUOUS

1.0000
CONT1NUOUS

CONTINUBUS
CONTINUBUS
CONTINUBUS
CONTINUBUS
CONT I NUGUS
1.0000
CONTINUBUS
CONTINUBUS

1.0000
CONTINUOUS

1.0000
CONTINUGBUS




160.
161

163,
164,
165.
166.
167,
168.
169.
170.
171,
172.
173.
174.
175.
176.
177.
178.
179.
180.
181
182.
183.

000

. 000
. 000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

. 000

000
000

TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS
TRANS

SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM

FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT
JUNCT

CONTROLLER
CONTROLLER
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Denominator coeff (ascending order 1-4 per line)
Input type(l=incont,T=trans,J=junct), I!nput ID#
Order of numerator, OGrder of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input type(l=incont, T=trans,Jzjunct), Input [D#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per tine)
Denominator coeff (ascending order 1-4 per line)
Input type(li=incont,T=trans,J=junct), Input ID#
Order of numerator, Order of denominator
Numerator coeff (ascending order 1-4 per line)
Denominator coeff (ascending order 1-4 per line)
Input typel(l=incont,T=trans,J=junct), Input [D#
Grder of numerator, Jrder of denominator
Numerator coeff (ascending order 1-4 per tine)
Denominator coeff (ascending order 1-4 per line)
355>>xxxx% END OF DATA x#k%x%x%<<<<<

Number of inputs to summing junction

E U | O I (T L I T N ¢ S O T I T IO I (I I 1]

INPUT 1 type(l=incont,T=trans,J=junct), ID#,Gain
INPUT 2 typel(l=incont,T=trans,J=junct), [D#,Gain=
INPUT 3 type(l=incont, T=trans,J=junct), ID%#,Gain=
Number of Inputs to summing junction =
INPUT © 1 type(l=incont, T=ztrans,J=junct), ID#, Gain=
INPUT 2 typel(l=incont,T=trans,J=junct), |ID# Gain=
INPUT 3 typel(l=incont, T=trans,J=junct), I1D#,Gain=
Number of inputs to summing junction . =
INPUT 1 typel(l=incont,T=trans,J=junct), ID#,Gain=
INPUT 2 typel(l=incont,T=trans,J=junct), [D# Gain=
INPUT 3 type(l=incont,T=trans,J=junct), 1D#, 6Gain=
Number of inputs to summing junction =
INPUT 1 type(l=incont, T=trans,J=junct), ID#,6Gain=
INPUT 2 type(l=incont,T=trans,J=junct), ID# 6 Gain=
INPUT 3 typel(l=incont,T=trans,J=junct), ID#, Gain=
INPUT 4 type(l=incont,T=trans,J=junct), |D#,Gain=
INPUT S type(l=incont, T=trans,J=junct), ID#,6Gain=
INPUT 6 type(l=incont, T=trans,J=junct), 1D#,Gainz=
INPUT 7 typel(l=incont, T=trans, J=junct), 1D#%,Gain=
Number of inputs to summing junction =
INPUT 1 type(l=incont, T=trans,J=junct), 1D#,Galn=
INPUT 2 typell=incont,T=trans,J=junct), [D#, Gain=
INPUT 3 type(l=incont,T=trans,J=junct), |D#,Gain=
Number of Inputs to summing Jjunction =
INPUT 1 typel(l=incont,T=trans,J=junct), |D#,Gain=
INPUT 2 typell=incont,T=trans,J=junct), [D#,Gain=
INPUT 3 type(l=incont,T=trans,J=junct), 1D#,6Galn=
Number of inputs to summing Junction =
INPUT 1 type(l=incont,T=trans,J=junct), ID#,Gain=
INPUT 2 type(l=incont,T=trans, J=junct), [D#,Gain=
INPUT 3 type(l=incont,T=trans,J=junct), I[D#,Galn=
Number of i{nputs to summing junction =
INPUT 1 type(l=incont,T=trans,J=junct), [D#,6Gain=z
INPUT 2 type(l=incont,T=trans,J=junct), ID#,Gain=
INPUT 3 type(l=incont, T=trans,J=junct), ID#,6Gain=
INPUT 4 typell=incont,T=trans,J=junct), ID#,Gain=
INPUT S type(l=incont,T=trans,J=junct), ID#,Gain=
INPUT 6 type(l=incont, T=trans,J=junct), ID#,6Gain=
INPUT 7 type(l=incont,T=trans,J=junct), ID#, 6 Gain=
>5>>>xxx%xx END OF DATA Xxkx%Xx%x<<<<<
Type(C=zcontin,D=discrete,U=user), Dt(sec), Fname

Number of inputs, Number of outputs

1.0000

T

0.00000E+00
80958,
90958,

0.00000E+00
1.0000
‘0. O0OODE+00

0.00000E+00
1.0000
0.00CO00E+00

0.00000E+00
75.000
0. 00000E+00

3.0000

———y

3.0000

——

3.0000

——i

7.0000

——— A

3.0000

———

3.0000

_——

3.0000

-

7.0000

—_———— o

USER

$9.000

0.44200E-02

18.000
2.0000

390.27
24.000
1.0000

1.0000
25. 000
1.0000

1.0000
26.000
1.0000

1.0000

CONT I NUOUS
1.0000
7.0000
30.000

CONT I NUOUS
2.0000
8.0000
31.000

CONTINUBUS
3.0000
6.0000
32.000

CONTINUBUS
8.0000
9.0000
10.000
11.000
20.000
21.000
22.000

CONTINUOUS
12,000
11.000
33.000

CONTINUGUS
13.000
12.000
34.000

CONTINUOUS
14.000
17.000
35.000

CONTINUOUS
19.000
20.000
21.000
22.000
27.000
28.000
2%.000

0.40000E-01

36.000

CONT I NUOUS

1.0000

CONTINUCUS

CONTINUOUS

CONTINUGUS

1.0000
0.12120E-06
0.12120E-05

1.0000
0.S50000E-05
0.108670E-04

1.0000
1.0000
0.33060E-0S

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.87260E-02

1.0000
0.12120E-06
0.12120E-05

1.0000
0.50000E-05
0.10670E-04

1.0000
1.0000
0.33060E-05

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0. 00000E+00

POFCONT




FUNCT
FUNCT
"FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT

© FUNCT

FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT
FUNCT

GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENMNER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
GENER
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type(step,ramp,pulse, sawtooth,sine, user)

user fname(use same name for additional usergener)
>555>xxxxx END OF DATA XXx%X%X<<<<<

typelstep, ramp,pulse, sawtooth,sine, user)

user fname(use same name for additional usergener)
>2>>>xxxxx END OF DATA %xxXxXx%k<<<<<

type(step, ramp,pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
>>>5>>xxxkx END OF DATA Xxxxx<<<<<

type(step, ramp, pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
3335>%%kx%xx END OF DATA XXX%%<<<L<<

type(step, ramp,pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
>35> >%xx%xx*x END OF DATA XXXXX<<<<<

typel(step, ramp,pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
>>>>>xxxxx END OF DATA XXXx%X%X<<<<<

typel{step, ramp,pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
>>>>>xxxx*%x END OF DATA XXX%X%x<<<<<

typel(step, ramp,pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
>>>>>xxxxx END OF DATA *xx%x%x<<<<<
type(step,ramp,pulse, sawtooth, sine, user)

step amplitude, start timetsec)

25555 kxx%xx END OF DATA xxxxx<<<<<
typel(step,ramp,pulse, sawtooth, sine, user)

step amplitude, start timel(sec)

53333 xxx%xx END OF DATA XXXX%<<<<<
typel(step,ramp,pulse, sawtooth,sine, user)

step amplitude, start time(sec)

>>>5>xxxxx END OF DATA XXXxx%x<<<<<

type(step, ramp,pulse, sawtooth, sine, user)

step amplitude, start time(sec)

>>>>>xxxxx END OF DATA XXXx%xx<<<<<

typel(step, ramp,pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
>>>>>xxxx%x END OF DATA XxXxxX%x<<<<<

type(step, ramp,pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
>5>>>xxxxx END OF DATA XXXxxx<<<<<

type(step, ramp, pulse, sawtooth, sine, user)

user fnamefuse same name for additional usergener)
>33>>%knxxkx END OF DATA XXX%x%x<<<<<

type(step, ramp,pulse, savtooth, sine, user)

user fname(use same name for additional usergener)
>>>>>xxx%xx END OF DATA XXXX%X<<<<<

type(step, ramp,pulse, sawtooth,sine, user)

user fname(use same name for additional usergener)
>>>>>xxxxx END OF DATA XXXxXXx<<<<<
type(step,ramp,pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
>>5>>>xkxxx END OF DATA %*x%x%xx<<<<<

type(step, ramp,pulse, sawtooth,sine,user) ,

user fname(use same name for additional usergener)
>>5>5>xxxxx END OF DATA %xxxx%<<<<<

typel(step, ramp, pulse, sawtooth, sine, user)

user fname(use same name for additional usergener)
>>3>>>%xxxxx END OF DATA XXXxXx%x<<<<<

type(step, ramp,pulse, sawtooth, sine, user)
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USER
NOISE

USER
NOISE

USER
NOISE

USER
NOISE

USER
NOISE

USER
NOISE

USER
NOISE

USER
NGISE

STEP
1.0000

STEP
-0.20000

STEP
0.20000

STEP
-0.20000

USER
NOISE

USER
NO1SE

USER
NOISE

USER
NOISE

USER
NOISE

USER
NOISE

USER
NOISE

USER
NOISE

USER

0.00000E+00

0., 00000E+00

0.000C0OE+00

0. 00000E+00
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245.000 FUNCT GENER # 21 user fname(use same name for additional usergener)= NOISE
. 246.000 FUNCT GENER # 21 >>>>>xxxxx END OF DATA Xx%x%x%x<<<<< =
T, 247.000 FUNCT GENER # 22 typel(step,ramp,pulse,sawtooth,sine,user) = USER
v, 248.000 FUNCT GENER # 22 user fname(use same name for additional usergener)= NOGISE
I 249.000 FUNCT GENER # 22 >>>>>xxxxx END OF DATA Xxxxx<<<<< =
250.000 FUNCT GENER # 23 typel(step,ramp,pulse, sawtooth,sine,user) . = USER
251.000 FUNCT GENER # 23 user fname(use same name for additional usergener)= NOISE
252.000 FUNCT GENER # 23 >>>>>xxxxx END OF DATA XXx%xx%x<<<<< =
253.000 FUNCT GENER # 24 type(step,ramp,pulse,sawtooth,sine,user) =  USER
254.000 FUNCT GENER # 24 user fname(use same name for additional usergener)= NOISE
255.000 FUNCT GENER # 24 3>>>>>xxxxx END OF DATA *xkxx<<<<< =
256.000 SENSOR #* 1 Type(Resolver, Tach,Gyro,Wdot, Accel,Vel,Pos), ID# = ACCEL 1.0000
257 .000 SENSOR * 1 IC# of body, index of node location = 1.0000 3.0000
258.000 SENSOR # 1 Input axis unit vector (body coord) X,Y,2Z = 1.0000 0.00000E+00 O.0O00O0OE+00
259.000 SENSOR # 1 >>>>>%xxxxx END OF DATA *xxx%x<<<<< =
260.000 SENSOR # 2 Type(Resolver, Tach,Gyro,Wdot,Accel,Vel,Pos), [ID# = ACCEL 2.0000
261,000 SENSOR # 2 1D# of body, index of node location = 1.0000 3.0000
262.000 SENSOR # 2 Input axis unit vector (body coord) X,Y,Z = 0.00000E+00 1.0000 0.00000E+00
263.000 SENSOR # 2 >>>>>xxxxx END OF DATA %Xxxxx<<<<< =
264 .000 SENSOR # 3 Type(Resolver, Tach,Gyro,Wdot,Accel,Vel,Pos), ID# = GYRO 3.0000
265.000 SENSOR # 3 ID# of body, Iindex of node location = 2.0000 3.0000
266.000 SENSOR # 3 Input axis unit vector (body coord) X,Y,Z = .1.0000 0. 00000E+00 0.00000CE+00
267 .000 SENSOR % 3 >>>>>xxxxx END OF DATA Xxx%kx<<<<< =
268. 000 SENSOR #* 4 Type(Resplver, Tach,Gyro,Wdot,Accel,Vel,Pos), ID# = GYRO 4.0000
269. 000 SENSGR #* 4 ID# of body, index of node tocation = 2.0000 3.0000
270.000 SENSOR # 4 Input axis unit vector (body coord) X,Y,2Z = 0. 00000E+00 1.0000 0.O00000E+00
271.000 SENSOR # 4 >>>>>xxxxx END OF DATA Xxxxx%x<<<<< =
272.000 SENSOR # S Type(Resolver, Tach,Gyro,Wdot,Accel,Vel,Pos), ID# = GYRO 5.0000
273.000 SENSOR # S 1D# of body, index of node location = 2.0000 3.0000
274.000 SENSOR # S lInput axis unit vector (body coord) X,Y,Z = 0.00000E+00 O, OOOOOE*OO 1.0000
275.000 SENSOR # S >>>>>xxxxx END OF DATA %Xxx%xx<<<<< =
276.000 SENSOR # 99 Type Resolver, Tach,Gyro,Wdot,Accel,Vel,Pos,Los, ID#= LGS 99.000
277 .000 SENSOR # 99 ID# of body, Index of node location = 3.0000 2.0000
278.000 SENSOR # 99 Pinhole target unit vector (inertlal coord) X,Y,Z = 0.0000CE+00 0.O0OOOOCE+00 1.0000
279.000 SENSOR # 99 >>>>3>xxxxx END OF DATA Xxxxx%x<<<<< =
280.000 ACTUATOR #* 1 Type (Jtjet,H=hydcyl,C=cmg, T=ztorque,B=brake), I1D# = T 1.0000
281.000 ACTUATOR # 1 ID# of hinge, index of rotation axlis = 2.0000 1.0000
282. ACTUATOR i 1 >>>>>xxxxx END OF DATA xxxxx<<<<< =
ACTUATOR # 2 Type (Jzjet,H=hydcyl,C=cmg, T=torque,B=brake), ID# = T 2.0000
ACTUATOR # 2 1D# of hinge, Index of rotation axis = 2.0000 2.0000
ACTUATOR #* 2 >>5>>>xxxxx END OF DATA Xxxx%x<<<<< =
ACTUATOR # 3 Type (J=jet,H=hydcyl,C=cmg, T=torque,B= brake), ID# = T 3.0000
ACTUATOR i 3 ID# of hinge, index of rotation axis = 2.0000 3.0000
ACTUATOR # 3 >55>>xxxxx END OF DATA Xxxxx%x<<<<< =
ACTUATOR #* 4 Type (J=zjet,Hzhydcyl, C=cmg, T=torque,Bz=brake), ID# = J 4,.0000
ACTUATOR # 4 1D# of body, Index of node location = 1.0000 4. 0000
ACTUATOR # 4 Output axis unit vector(body coord) X,Y,Z = 0,326S0E-01 -0.69625 0.71706
ACTUATOR #* 4 >>>>>xxxxx END OF DATA xxx%xx<<<<< =
ACTUATOR # 5 Type (Jzjet,H=hydcyl,C=cmg, T=torque,B=brake), ID#% = J 5.0000
ACTUATOR # S ID# of body, index of node location = 1.0000 5. 0000
ACTUATOR # 5 Output axis unit vector(body coord) X,Y,2 = 0.32650E-01 0.69625 0.71706
ACTUATOR # 5 >>>>>xxxxx END OF DATA *%xXx%x<<<<<. ) =
ACTUATOR # 6 Type (Jzjet,H=hydcyl, C=cmg, T=torque,B=brake), ID# = J 6.0000
ACTUATOR # 6 1D# of body, index of node location = 1.0000 6.0000
ACTUATOR # 6 Output axis unit vector(body coord) X,Y,2Z = 0.00000E+00 -0,99967 0.25820E-01
ACTUATOR # 6 >>>>>xxxxx END OF DATA Xxxxx<<<<< =
ACTUATOR # 7 Type (J=zjJet,H=hydcyl,C=cmg, T=torque,B=brake), 1D#% = J 7.0000
g ACTUATOR # 7 10# of body, index of node location = 1.0000 7.0000
i ACTUATOR i 7 Output axis unit vector(body coord) X,Y,2 = 0.00000E+00C 0.99967 0, 25820E-01
g ACTUATOR #* 7 >>>3oxxxxx END OF DATA XX%k%xX<<<<< =
) ACTUATOR # 8 Type (J=zjet,H=hydcyl,C=cmg, T=torque,B=brake), ID#% = J 8.0000
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ACTUATOR
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ID# of body, index of node location

Output axis unit vector(body coord) X,Y;Z
>>>>>xxxxx END OF DATA XXXxXX<<<<<

Type (J=jet,H=hydcyl,C=cmg, T=torque,B=brake), [D#
ID# of body, index of node location

Output axis unit vector(body coord) X,Y,Z
>>55>%xxxxx END OF DATA XXXx%x%<<<<<
Source(C=contin,D=disc,Uzuser, S=sen,G=gen), 1D#
Destination(C=contin,D=disc,U=zuser, Azactuator), | D#
>5>>>>xxxxx END OF DATA %xXx¥%x<<<<<
Source(C=contin,D=disc,U=user,S=sen,G=gen), 1D#
Destination(C=contin,D=disc, U=user,Azactuator), |D#
>>55>%xkxxx END OF DATA XXXX%X<<<<<
Source(C=contin,D=disc,U=user,S=sen,G=gen), ID#
Destination(C=contin,D=disc,U=user, A=zactuator), | D#
>35>3>xxxxx END OF DATA XX¥x%x<<<<<
Source(C=contin,D=disc,U=user,S=sen,G=gen), 1D#
Destination(C=contin,D=disc,Uzuser,Azactuator), | D#
333>>xxxxx END OF DATA *XXx%k%x<<<<<
Source(C=contin,D=disc,U=user,S=sen, G=gen), [D#
Destination(C=contin,D=disc,U=user, Azactuator), I D&
3>>5>xxxxx END OF DATA XXXX%X<<<<<
Source(C=contin,D=disc,U=user, S=sen,Gz=gen), [D#
Destination(C=contin,D=disc,U=user,A=zactuator), D%
5>>>>xxxxx END OF DATA XXxx%x<<<<<
Source(C=contin,D=disc,U=user,S=sen,G=gen), [D#
Destination(C=contin,D=disc,U=user,Azactuator), I D#
>>55>xxxxx END OF DATA %*x%xx%<<<<(
Source(C=contin,D=disc,Uzuser,S=sen,G=gen), [D#
Destination(Cz=contin,D=disc,U=user,Azactuator), | D#
>3>>>xxxxx END OF DATA XXXX%k<<<<<
Source(C=contin,D=disc,U=user,S=sen,G=gen), [D#
Destination(C=contin,D=disc,U=user,A=actuator), |D#
3355>xxx%xx END OF DATA xXxxxX<<<<<
Source(C=contin,D=disc,U=user, S=sen,G=gen), I1D%
Destination(C=contin, D=disc,U=user, Azactuator), |D#
>5>55>xx%xxx END OF DATA XXXXX<<<<<
Source(C=contin,D=disc, Uzuser, S=sen,G=gen), ID#
Destination({C=contin,D=disc,U=user,A=actuator), |D#
>>55>>xxxxx END OF DATA %x%%x%x%x<<<<<
Source(C=contin,D=disc,U=user,S=sen,G=gen), ID#
Destination(C=zcontin,D=disc,U=user, Azactuator), ID#
>>>>>xxx%xx END OF DATA XxXxxx%k<<<<<
Source(C=contin,D=disc,U=user,S=sen,BG=gen), ID#
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Destination(Cz=contin,D=disc,U=user,A=zactuator), | D#=
>355>%kxxkxx END OF DATA xxxxx%x<<<<< =
Source(C=contin,D=disc,U=zuser,S=sen,BG=gen), 1D# =
Destination(C=contin,D=disc,U=user,A=zactuator), | D#=

333>>xxxx%x END OF DATA XX%kx%X<<<<<
Source(C=contin,D=disc,U=user,S=sen,G=gen), D&
Destination(C=contin,D=disc,U=user,Azactuator), |D#
3>3>5>%xxxxx END OF DATA Xx%x%x%x<<<<<
Source(C=contin,D=d{sc,U=user,S=sen,G=gen), [D#
Destination(C=contin,D=disc,U=user,Azactuator), 1D%
>>33>xxxxx END OF DATA XXkx%x<<<<<
Source(C=contin,D=disc,U=zuser,S=sen,G=gen), ID#
Destination(C=contin,D=disc,U=zuser,Azactuator), |1D%
>>>>>xxkxx END OF DATA Xx%kxx<<<<<
Source(C=contin,D=disc, Uzuser, S=sen,G=gen), |D#
Destination(C=contin,D=disc,U=user,A=actuator), | D#
32555 xxxxx END OF DATA XXX%k%X<<<<<
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367.000 INT CONNECT 21 Source(C=contin,D=disc,U=user,S=sen,G=gen), D&

}
E‘
# = 6 6.0000 i
368.000 INT CONNECT # 21 Destination(C=contin,D=disc,U=suser,A=zactuator),[D#= C 12.000 v
369.000 INT CONNECT # 21 >>>>>xxxxx END OF DATA XXXx%<<<<< = y
370.000 INT CONNECT # 22 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = 6 7.0000 ?;
371.000 INT CONNECT # 22 Destination(C=contin,D=disc,U=user,Azactuator),|D#= C 13.000 e
372.000 INT CONNECT # 22 >>>>>xxxxx END OF DATA XXXkx<<<<< = L
373.000 INT CONNECT # 23 Source(C=z=contin,D=disc,U=user,S=zsen,G=gen), I1D# = G 9. 0000 F
374.000 INT CONNECT # 23 Destination(C=zcontin,D=disc,U=user,Azactuator),IC#= C 15. 000 i
375.000 INT CONNECT # 23 >>>>>xxxxx END OF DATA XX%xx%x<<<<< =
376.000 INT CONNECT # 24 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = C 1.0000
377.000 INT CONNECT # 24 Destination(C=contin,D=disc,U=zuser,A=zactuator),ID#= U $.0000
378.000 INT CONNECT # 24 >>>>>xxxxx END OF DATA XXxx%x<<<<< =
379.000 INT CONNECT # 25 Source(C=contin,D=disc,U=user,S=sen,G=gen), |D# = C 2.0000
380.000 INT CONNECT # 25 Destination(C=contin,D=disc,U=user,Azactuator),ID#= U 14.000
381.000 INT CONNECT # 25 >>>>>xxxxx END OF DATA XXx%x%x<<<<< . =
382.000 INT CONNECT # 26 Source(C=z=contin,D=disc,U=user,S=sen,G=gen), |D# = C 3.0000
383.000 INT CONNECT # 26 Destination(C=contin,D=disc,U=user,A=actuator), |D#= U 4,0000
384.000 [INT CONNECT # 26 >>>>>xxkxx END OF DATA ***xk<<<<< =
385.000 INT CONNECT # 27 Source(C=contin,D=disc,U=user,S=sen,G=gen), ID# = C 4.0000
366.000 INT CONNECT # 27 Destination(C=contin,D=disc,U=user,Azactuator}, |D#= U 15.000
387.000 INT CONNECT # 27 >>>>>xxxxx END OF DATA *Xxxxx<<<<< . =
388.000 INT CONNECT # 28 Source(C=contin,D=disc,U=user,S=sen,G=gen), D% = C 5.0000
389.000 INT CONNECT # 28 Destination(C=contin,D=disc,U=suser,Azactuator),D#= U 3.0000
390.000 INT CONNECT # 28 >>>>>xxxxx END OF DATA *XXxxx<<<<< =
391.000 [INT CONNECT # 29 Source(C=zcontin,D=disc,U=user,S=sen,G=gen), D% = C 6.0000
392.000 INT CONNECT # 29 Destination(C=contin,D=disc,U=user,A=zactuator), ID#= U 16.000
393.000 INT CONNECT # 29 >>>>>xxxxx END OF DATA XXXx%X<<<<< =
394.000 INT CONNECT # 30 Source(C=contin,D=disc,U=user,S=sen,G=gen), 1D# = C 18.000
395.000 INT CONNECT # 30 Destination(C=contin,D=disc,U=zuser,Azactuator),1D#= U 10.000
396.000 INT CONNECT # 30 >>>>>xxxxx END OF DATA XXXx%x<<<<< =
397.000 INT CONNECT # 31 Source(C=contin,D=disc,U=zuser,S=sen,B8=gen), 1D# = C 18.000
398.000 INT CONNECT # 31 Destination(C=contin,D=disc,U=user,Azactuator), ID#= U 17.000
399,000 INT CONNECT # 31 >>>>>xxxxx END OF DATA xx%xxx<<<<< =
400.000 [INT CONNECT # 32 Source(C=contin,D=disc,U=user,S=sen,G=gen), ID# = C 20.000
401.000 [INT CONNECT # 32 Destination(C=contin,D=disc,U=user,Azactuator),[D#= U 9.0000
402.000 INT CONNECT # 32 >>>>>xxxxx END OF DATA %xX%xx%x<<<<< =
403.000 INT CONNECT # 33 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = C 21.000
404.000 [INT CONNECT # 33 Destination(C=contin,D=disc,U=user,A=actuator), |D#= U 18.000
405,000 INT CONNECT # 33 >>>>>xxxxx END OF DATA XXXXxx<<<<< =
406.000 INT CONNECT # 34 Source(C=contin,D=disc,U=user,S=sen,G=gen), [1D# = C 22.000
407.000 INT CONNECT # 34 Destination(C=contin,D=disc,U=user,A=actuator),ID#= U 8.0000
408.000 INT CONNECT # 34 >>>>>xxxxx END OF DATA XXxXxx%x<<<<< =
409.000 INT CONNECT # 35 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = C 23.000
410.000 INT CONNECT # 35 Destination(C=contin,D=disc,U=zuser,A=actuator),ID#= U 19.000
411.000 [INT CONNECT # 35 >>>>>xxxxx END OF DATA *xXxxxx<<<<< =
412.000 [INT CONNECT # 36 Source(C=contin,D=disc,U=zuser,S=sen,G=gen), 1D# = U 1.0000
413.000 INT CONNECT # 36 Destination(C=contin,D=disc¢,U=user,A=actuator),ID#= C 16.000
414.000 INT CONNECT # 36 >>>>>xxxxx END OF DATA XXXXxx<<<<< =
415.000 INT CONNECT # 37 Source(C=z=contin,D=disc,U=user,S=sen,G=gen), I1D# = U 17.000
416.000 [INT CONNECT # 37 Destination(C=zcontin,D=disc,U=user,Azactuator), ID#= C 17.000
417.000 INT CONNECT # 37 >>>>>xxxxx END OF DATA Xx%xXx%x%x<<<<< =
418.000 INT CONNECT # 38 Source(C=contin,D=disc,U=user,S=sen,B=gen), ID# = U 18.000
419.000 [INT COGNNECT # 38 Destination(C=contin,D=disc,U=user,Azactuator),D#= C 18,000
420.000 [INT CONNECT # 38 >>>>>x%xxx%x END OF DATA XX%X%x%k<<<<< ’ =
421.000 INT CONNECT # 39 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = Yy 19,000
422,000 INT CONNECT # 39 Destination(C=zcontin,D=disc,U=zuser,A=actuator),D#= C 19.000
423.000 INT CONNECT # 39 >>>>>xxxxx END OF DATA xXxXx%x<<<<< =
424.000 INT CONNECT # 40 Source{(C=contin,D=dlisc,U=user,S=sen,B=gen), D% = U 20,000
425.000 INT CONNECT # 40 Destination(C=contin,D=disc,U=user,A=actuator),D#= C 20.000
426.000 INT CONNECT # 40 >>>>>xxx%xx END OF DATA XXx%X%x%x<<<<< =
" 427.000 INT CONNECT # 41 Source(C=contin,D=disc,U=user,S=sen,G=gen), ID% = U 21.000
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Destination{(C=contin,D=
>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxx%x END OF DATA

Source(C=contin,D=disc,
Destination(Cz=contin, D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin,D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destinattion(C=contin,6 D=

>>>>>xxxxx END OF DATA

Source(Czcontin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END GF DATA

Source(C=contin,D=disc,
Destination(C=contin,D=

>>5>>>xxkxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA

Source(C=zcontin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

3>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA
Source(C=contin,D=disc,
Destination(C=contin,D=
>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(Czcontin, D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA

Source(C=contin,D=disc,
Destination(C=contin, D=

>>>>>xxxxx END OF DATA

Source{(C=contin,D=disc,
Destination(C=contin, D=

disc,U=user, A= actuator) [ D=
EKEKKCLL L =
U=user,S=sen,B=gen), 1D# =
disc,U=zuser, A=zactuator), | D#=
XXKKKLLLLL =
U=user ,S=sen,G=gen), 1D# =
disc,U=zuser, Acactuator), | D#=
KXKKKCCCLL =
U=z=user,S=sen,G=gen), [D# =
disc,U=user, Azactuator), | D#=
AXKKKKLS <KL =
U=user,S=sen,B=gen), |[D%# =
disc,U=user,A=zactuator), | D#=
KXKKKRS<SLE =
U=user,S=sen,G=gen), [D# =
disc,U=user,A=zactuator), | D#=
KKKKKLCLLLL =
U=user, S=sen,G=gen), [D# =
disc,U=user, Azactuator), [D#=
KKKKKLLLLL =
U=user, S=sen,BG=gen), ID# =
disc,U=user,A=zactuator), | D#=
KKXKKLLCLCLL =
U=user,S=sen,G=gen), D% =
disc,U=user,A=zactuator), [D#=
XKXKKKCLCLCLCL =
U=user,S=sen,G=gen), ID# =
disc,U=user,Azactuator), | D#=
AXKXKKLSCLLCL =
U=user, S=gsen,G=gen), [D# =
disc,U=user,Azactuator), | D#=
EKKKKLCLLLKL =
U=user, S=sen,B=gen), 1D# =
disc, U=user, Azactuator), | D#=
KKKKKLCLCLLL =
U=user,S=sen,G=gen), [D# =
disc, U=user, Azactuator), | D#=
KXKKKRCLCLCLL =
U=user,S=sen,G=gen), D% =
disc, U=user,A=zactuator), [D#=
XXKKXKCLLLL =
U=user,S=sen,G=gen), [D# =
disc,U=user,A=zactuator), ID#=
XXXKKLSCLCLCL =
U=user,S=sen,G=gen), [D# =
disc,U=user,A=zactuator), ID#=
KKXXKLCCLK =
U=user, S=sen,G=gen), [1D# =
disc,U=user,Azactuator), | D#=
KXKKKLSCLCLCL =
U=user, S=sen,G=gen), 1D# =
disc,U=user,Azactuator), | D#=
KRXKKLCLCLCCL =
U=suser,S=sen,G=gen), ID# =
disc,U=zuser, Azactuator), [D#=
XXXXKCCLLCL =
U=user,S=sen,G=gen), ID# =
disc,U=zuser,A=zactuator), I D#=
AXKXKKSCCLL =
U=user, S=sen,G=gen), D% =
disc,U=user,Azactuator), [ D#=
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489.000 INT CONNECT # 61 >>>>>xxxxx END OF DATA XXXx%x%x<<<<< =
490.000 [INT CONNECT # 62 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = C 24.000
491.000 INT CONNECT # 62 Destination(C=contin,D=disc,U=user,A=zactuator), ID#= U 30.000
492 . 000 INT CONNECT # 62 >>>>>xxxxx END OF DATA Xx*x%xx<<<<< =
493.000 [INT CONNECT # 63 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = C 25. 000
. 494 .000 INT CONNECT # 63 Destination(C=contin,D=disc,U=user,A=zactuator),|D#= U 31.000
. 495,000 INT CONNECT # 63 >>>>>xxxxx END OF DATA *%kX%%k<<<<< =
! 496.000 INT CONNECT # 64 Source(C=contin,D=disc,U=user,S=sen,G=gen), 1D# = C 26, 000
.t 497,000 INT CONNECT # 64 Destination(C=contin,D=disc,U=user,A=actuator), ID#= U 32.000
498.000 INT CONNECT # 64 >>>>>xxxxx END OF DATA *XXXX<<<<< =
499.000 INT CONNECT # 65 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = C 27 .000
S00.000 INT CONNECT # 65 Destination(C=contin,D=disc,U=user,A=actuator), D#= U 33.000
000 INT CONNECT # 65 >>>>>xxxxx END OF DATA XXXXX<<<<< =
000 INT CONNECT # 66 Source(C=contin,D=z=disc,U=zuser,S=sen,G=gen), ID# = C 28.000
000 INT CONNECT # 66 Destination(C=contin,D=disc,U=user,A=zactuator),ID#= U 34.000
000 INT CONNECT # 66 >>>>>xxxxx END OF DATA XXXXX<<<<< =
.000 [INT CONNECT # 67 Source(C=contin,D=disc,U=zuser,S=sen,G=gen), ID# = C 29,000
.000 INT CONNECT # 67 Destination(C=contin,D=disc,U=user, 6 A=actuator),ID#= U 35.000
.000 INT CONNECT # 67 >>>>>xxxxx END OF DATA *Xx%x%x%x<<<<< =
000 [INT CONNECT # 68 Source(C=contin,D=z=disc,U=user,S=sen,G=gen), 1D# = C 30.000
.000 INT CONNECT # 68 Destination(C=contin,D=disc,U=user,A=zactuator), D#= U 36. 000
000 INT CONNECT # 68 >>>>>xxxxx END OF DATA *%x%%%x<<<<< =
000 INT CONNECT # 69 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = C 31.000
000 INT CONNECT # 69 Destination{(C=contin,D=disc,U=zuser,Azactuator), [D#= U 37.000
.000 INT CONNECT # 69 >>>>>xxxxx END OF DATA *Xxx%x<<<<< =
,000 INT CONNECT # 70 Source(C=contin,D=dlsc,U=user,S=sen,G=gen), I[ID# = C 32.000
.000 [INT CONNECT # 70 Destination(C=contin,D=disc,U=user,A=actuator), ID#= U 38,000
.000 INT CONNECT # 70 >>>>>xx%x%x END OF DATA XXxx%X%x<<<<< =
.000 INT CONNECT # 71 Source(C=contin,D=disc,U=user,S=sen,G=gen), 1D# = C 33.000
.000 INT CONNECT # 71 Destination(C=zcontin,D=disc,U=user,A=actuator), ID#= U 39.000
,000 INT CONNECT # 71 >>>>>xxxxx END OF DATA XXXX%X<<<<< =
.000 INT CONNECT # 72 Source(C=contin,D=disc,U=zuser,S=sen,G=gen), [D# = C 35. 000
.000 INT CONNECT # 72 Destination(C=contin,D=disc,U=user,A=zactuator),ID#= U 41.000
.000 INT CONNECT # 72 >>>>>xxxxx END OF DATA Xxxxx<<<<< ) =
.000 INT CONNECT # 73 Source(Czcontin,D=disc,U=user,S=sen,B=gen), ID# = C 36. 000
.000 INT CONNECT # 73 Destination(C=contin,D=dis¢,U=user,Azactuator), ID#= U 42.000
.000 INT CONNECT # 73 >>>>>xxxxx END OF DATA XXXXx%X<<<<< =
.000 INT CONNECT # 74 Source(C=contin,D=disc,U=zuser,S=sen,GB=gen), I[D# = C 37.000
.000 INT CONNECT # 74 Destination(C=contin,D=disc,U=user,A=actuator), ID#= U 43.000
,000 INT CONNECT # 74 >>>>>xxxxx END OF DATA XX%x%X%X<<<<<, =
. 000 INT CONNECT # 75 Source(C=contin,D=dlisc,U=user,S=sen,G=gen), [D# = C 38.000
.000 INT CONNECT # 75 Destination(C=contin,D=disc,U=user,A=zactuator),D#= U 44 . 000
,000 INT CONNECT # 75 >>>>>xxxxx END OF DATA XXXXxX<<<<< =
. 000 INT CONNECT # 76 Source(C=contin,D=disc,U=user,S=sen,G=gen), ID# = C 17.000
.000 INT CONNECT # 76 Destination(C=contin,D=zdisc,U=user,A=zactuator), [D#= A 1.0000
.000 INT CONNECT # 76 >>>>>xxxxx END OF DATA XXXx%x%x<<<<< =
.000 INT CONNECT # 77 Source{(C=contin,D=disc,U=user,S=sen,G=gen), ID# = C 34,000
.000 INT CONNECT # 77 Destination(C=contin,D=disc,U=user,A=actuator), ID#= A 2.0000
.000 INT CONNECT # 77 >>>>>xxxxx END OF DATA XxX%x%<<<<< =
.000 [INT CONNECT # 78 Source(C=contin,D=disc,U=user, S=sen,G=gen), 1D# = C 39,000
.000 INT CONNECT # 78 Destination(C=contin,D=disc,U=user,A=actuator),ID#= U 46. 000
.000 INT CONNECT # 78 >>>>>xxxx%x END OF DATA XXXxkx%x<<<<< =
000 INT CONNECT # 79 Source(Czcontin,D=disc,U=user,S=sen,G=gen), I[D# = C 40.000
.000 INT CONNECT # 79 Destination(C=contin,D=disc,U=user,A=actuator),ID#= U 47 .000
.000 INT CONNECT # 79 >>>>>xx%xxx END OF DATA %XXX%x%<<<<< =
.000 INT CONNECT # 80 Source(C=contin,D=disc,U=user,S=sen,G=gen), ID# = 6 13.000
.000 INT CONNECT # 80 Destination(C=contin,D=disc,U=user,A=actuator), ID#= C 30. 000
.000 INT CONNECT # 80 >>>>>xxxxx END OF DATA XXX%x%x<<<<< =
.000 INT CONNECT # 81 Source(C=contin,D=disc,U=user,S=sen,G=gen), I1D# = 6 14.000
548.000 [INT CONNECT # 81 Destination(C=contin,D=disc,U=user,Azactuator), iD#= C 31.000
549,000 INT CONNECT # 81 >>>>>xxxxx END OF DATA XXXXx%x<<<<< =
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INT CONNECT 82 Source(C=contin,D=disc,U=user,S=zsen,G=gen), [D#

3#* = G 15.000
INT CONNECT # 82 Destination(C=contin,D=zdisc,U=user,A=zactuator),ID#= C 32.000
INT CONNECT # 82 >>>>>xxxxx END OF DATA xXxXx%xk<<<<< =
INT CONNECT # 83 Source(C=contin,DB=disc,U=user,S=sen,G=gen), 1D# = G 16.000
INT CONNECT # 83 Destination(C=contin,D=disc,U=zuser,A=actuator), ID#= C 33.000
INT CONNECT # 83 >>>>>xx%xxx END OF DATA XXx%X%x%x<<<<< =
INT CONNECT # 84 Source(C=contin,D=disc,U=user,S=sen,G=gen), I[D# = 06 17.000
INT CONNECT # 84 Destination(C=contin,D=disc,U=user,A=zactuator),ID#= C 34.000
INT CONNECT # 84 >>>>>xx%xxx END OF DATA xxxxx%x<<<<< =
INT CONNECT # 85 Source(C=contin,D=disc,U=user,S=zsen,G=gen), [D# = G 18.000
INT CONNECT # 85 Destination(Czcontin,D=disc,U=user,A=actuator), ID#= C 35.000
INT CONNECT # 85 >>>>>xx%xxx END OF DATA xXkkx<<<<< =
INT CONNECT # 86 Source(C=contin,D=disc,U=user,S=zsen,G=gen), ID# = S 996. 00
IMNT CONNECT # 86 Destination(C=contin,D=disc,U=user,A=actuator), ID#= U 48,000
INT CONNECT # 86 >>>>>xxxxx END OF DATA Xxx%xxx<<<<< ) =
INT CONNECT # 87 Source(C=contin,D=disc,U=user,S=sen,G=gen), ID# = 8 995.00
INT CONNECT # 87 Destination(C=contin,D=disc,U=user,Azactuator), ID#= U 49,000
INT CONNECT # 87 >>>>>xxxxx END OF DATA Xxxxx%x<<<<< =
INT CONNECT # 88 Source(C=contin,D=zdisc,U=user,S=sen,G=gen), |D# = 8 3.0000
INT CONNECT # 88 Destination(C=contin,D=disc,U=user,A=zactuator),ID#= U 50.000
INT CONNECT # 88 >>>>>xxxxx END OF DATA Xxxx%x%x<<<<< =
INT CONNECT # 89 Source(C=contin,D=z=disc,U=user,S=sen,G=gen), |D# = 8 997,00
INT CONNECT # 82 Destination(C=contin,D=disc,U=zuser, Azactuator), ID#= U 51,000
INT CONNECT # 89 >>>>>xxxxx END OF DATA *xxx%x<<<<< =
INT CONNECT # 90 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = S 994, 00
INT CONNECT # 90 Destination(C=contin,D=disc,U=user,Azactuator), [D#= U 52.000
INT CONNECT # 90 >>>>>xxxx%x END OF DATA Xxxx%<<<<< =
INT CONNECT # 91 Source(C=contin,D=disc,U=user,S=sen,B=gen), D% = S 4.0000
INT CONNECT # 91 Destination{C=contin,D=disc,U=user,Azactuator), ID#= U $3.000
INT CONNECT # 91 >>>>>xxxx%x END OF DATA Xxxx%x<<<<< =
INT CONNECT # 92 Source(C=contin,D=disc,U=user,S=sen,G=gen), I1D# = G 19.000
INT CONNECT # 92 Destination(Czcontin,D=disc,U=user,A=zactuator), |D#= U S4.000
INT CONNECT # 92 >>>>>xx%xx%x END OF DATA XXxxxXx%x<<<<< =
INT CONNECT # 93 Source(C=contin,D=disc,U=user,S=sen,G=gen), D% = G 20.000
INT CONNECT # 93 Destination(C=z=contin,D=disc,U=user,Azactuator), ID$= U 55. 000
INT CONNECT # 93 >>>>>xxxxx END OF DATA xXx%xx%x<<<<< =
INT CONNECT # 94 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = @ 21.000
INT CONNECT # 94 Destination(C=zcontin,D=disc,U=user,Azactuator), ID#= U 56. 000
INT CONNECT # 94 >>>>>xxxxx END OF DATA XXx%x%x<<<<< . =
INT CONNECT # 95 Source(C=contin,D=disc,U=user,S=sen,G=gen), [D# = G 22.000
INT CONNECT # 95 Destination(C=contin,D=disc,U=user,A=zactuator), ID#= U 57.000
INT CONNECT # 95 >>>>>xxxxx END OF DATA XX%xx%X<<<<< =
INT CONNECT # 96 Source(C=contin,D=disc,U=user,S=sen,B=gen), D% = G 23.000
INT CONNECT # 96 Destination(C=zcontin,D=disc,U=user,A=zactuator), ID#= U 58.000
INT CONNECT # 96 >>>>>xxxxx END OF DATA XxXx%x%x<<<<< =
INT CONNECT # 97 Source(C=contin,D=disc,U=user,S=sen,G=gen), |[D# = 6 24 .000
INT CONNECT # 97 Destination(C=contin,D=disc,U=user,A=zactuator), iD#= U 59.000
INT CONNECT # 97 >>>>>xxxxx END OF DATA XXxxx%x<<<<< =
HINGE # 1 ID# of hinge, ID# of inbd body, ID# of outbd body = 1.0000 0. 000C0OE+00 1.0000
HINGE # 1 Node index of inboard body attach point : =
HINGE # 1 Rotation degrees of freedom = 3.0000
HINGE # 1 Base body(ID# 1)rotation option(F=free,G=gimbaled)= G .
HINGE # 1 Rotation axis unit vector L1 inboard body X,Y,2 = 1.0000 0.00000E+00 0O.00OOOE+00
HINGE #* 1 Rotation axis unit vector L1 outboard body X,Y,Z = 1.0000 0.00000E+00 O.O0COOE+00
HINGE % 1 Rotation axis unit vector L3 inboard body X,Y,Z = 0.00000E+00 0O.0O00OO0OE+00 1.0000
HINGE # 1 Rotation axis unit vector L3 outboard body X,Y,Z = 0.00000E+00 O.O0O0OOOE+00 1.0000
HINGE # 1 Rotation spring stiffness (N/R) k1,k2,k3 = 0.00000E+0O0 O.OOOOOE+00 O.00000E+00
HINGE # 1 Rotation spring damping (N/R/S) b1,b2,b3 = 0.00000E+00 O.O0OOOOE+00 O0.00000E+00
HINGE # 1 Initial rotation angle (DEG) thetal,theta2,thetald = 0.00000E+00 0.00000E+00 O,00000E+00
HINGE # 1 Null torque angle (DEG) thetat,theta2, thetald = 0.0C000E+00 0.000OOOE+00 O.,00000E+00
HINGE # 1 Translation degrees of freedom = 3.0000




0. 00000E+00

611.000 HINGE # 1 Translation axis unit vector of 1ST DOF X,Y,Z = 1.0000 0. 00000E+00
612.000 HINGE # 1 Translation axis unit vector of 2ND DOGF- X,Y,2 = 0, 0000QE+00 1.0000 0.00000E+00
- 613.000 HINGE # 1 Translation axis unit vector of 3RD DOF X,Y,2 = 0. 00000E+00 O.00COOE+0O0 1.0000
© 614.000 HINGE # 1 Translation spring stiffnes (N/M) k1,k2,k3 = 0.00000E+00 0O.OOOOOE+00 O.00000E+00
i 615.000 HINGE # 1 Translation spring damping (N/M/S) bl1,b2,b3 = 0.00000E+00 O.O00O0OOE+00 0.00000E+00
. 616.000 HINGE # 1 Initial transtation displacement (M) y1,y2,y3 = 0.00000E+00 O0.O0O0OOOOE+00 0.O000O0OE+QC
4 617.000 HINGE # 1 Null force position (M) vi,y2,y3 = 0.000COE+00 O.00000E+00 0,00000E+00
" 818.000 HINGE # 1 >>>>>xxxxx END OF DATA *xxx%x<<<<< ) =
.1 619.000 HINGE # 2 I1D# of hinge, [ID# of inbd body, [ID# of outbd body = 2.0000 1.0000 2.0000
;. 620.000 HINGE # 2 Node 1ndex of Inboard body attach point = 2.0000
i 621.000 HINGE # 2 Rotation degrees of freedom = 3.0000
17 622.000 HINGE #* 2 Base body(I1D# 1)rotation optlon(F=free,G=gimbaled)=
. 623.000 HINGE #* 2 Rotation axis unit vector L1 inboard body X,Y,2 = 1.0000 0.00000E+00 0,000CCE+00
;2 624,000 HINGE # 2 Rotation axis unit vector L1 outboard body X,Y,Z = 1.0000 0.00000E+00 0.00QOCOE+0Q0
© 625.000 HINGE # 2 Rotation axis unit vector L3 inboard body X,Y,Z = 0.00000E+00 O,0CQO00E+00 1.0000
¢ 626.000 HINGE # 2 Rotation axis unit vector L3 outboard body X,Y,Z2 = 0.00000E+00 ©O.0O00OOE+00 1.0000
¢ ©827.000 HINGE # 2 Rotation spring stiffness (N/R) k1,k2,k3 = 0.00000E+00 O©0,O0CO000E+00 O,O00000E+00
- 628.000 HINGE # 2 Rotation spring damping (N/R/S) bl,b2,b3 = 0.00000E+00 ©O.O0O0O0OOE+00 O.00000E+00
{ 629.000 HINGE # 2 Initial rotation angle (DEG) thetal, theta2,thetal3 = 0.00C000E+00 O.O0COOOOE+00 O.00000E+00
{ 630.000 HINGE # 2 Null torque angle (DEG) thetal, theta2, thetal3 = 0.00000E+00 O.O0OOOOOE+0O0 O.0000OE+00
) 631.000 HINGE # 2 Translation degrees of freedom = 0. 00000E+00
632.000 HINGE * 2 Translation axis unit vector of 1ST DOF X,Y,Z =
633.000 HINGE # 2 Translation axis unit vector of 2ND DOF X,Y,2 =
634.000 HINGE #* 2 Translation axis unit vector of 3RD DOF X,Y,2 =
635.000 HINGE # 2 Translation spring stiffnes (N/M) k1,k2,k3 =
636.000 HINGE * 2 Translation spring damping (N/M/S) bi1,b2,b3 =
637.000 HINGE 3 2 Initial translation displacement (M) y1,y2,y3 =
638.000 HINGE # 2 Null force position (M) v1,y2,y3 =
639.000 HINGE #* 2 >>>>>xxxxx END OF DATA Xxxx%xx<<<<< =
640.000 HINGE # 3 I1D# of hinge, ID# of Inbd body, 1D# of outbd body = 3.0000 2.0000 3.0000
641 .000 HINGE #* 3 Node itndex of inboard body attach point ' = 2.0000
642.000 HINGE # 3 Rotation degrees of freedom = 0.0000CE+00
643.000 HINGE #* 3 Base body(ID# 1)rotation option(F=free,Gzgimbaled)=
644 .000 HINGE 4#* 3 Rotation axis unit vector L1 inboard body X,Y,2 = 1.0000 0.00000CE+00 0O.0O00O0OE+Q0
645.000 HINGE # 3 Rotation axis unit vector L1 outboard body X,Y,Z = 1.,0000 0.00000E+00 0.00COOE+00
646.000 HINGE # 3 Rotation axis unit vector L3 inboard body X,Y,2 = 0.00000E+00 O.O00OCCE+00 1.0000
647.000 HINGE # 3 Rotation axis unit vector L3 outboard body X,Y,Z2 = 0.00000E+00 O.O0OO0OOOE+00 1.0000
648.000 HINGE #* 3 Rotation spring stiffness (N/R) k1,k2,k3 =
649.000 HINGE # 3 Rotation spring damping (N/R/S) bt,b2,b3 =
650,000 HINGE # 3 Initial rotation angle (DEG) thetal,theta2,thetald = O0.0000OCE+00 0.000OCE+00 0.00000E+00
651.000 HINGE # 3 Null torque angle (DEG) thetal, theta2, thetal3 =
652.000 HINGE # 3 Translation degrees of freedom . = 0. 00000E+00
653.000 HINGE # 3 Translation axis unit vector of 1ST DOF X,Y,2 =
654.000 HINGE #* 3 Translation axis unit vector of 2ND DOF X,Y,Z =
655.000 HINGE #* 3 Translation axis unit vector of 3RD DOF X,Y,2 =
656. 000 HINGE # 3 Transletion spring stiffnes (N/M) k1,k2,k3 =
657.000 HINGE #* 3 Translation spring damping (N/M/S) b1,b2,b3 =
~ 658.000 HINGE #* 3 Initial translation displacement (M) y1,y2,y¥3 =
: 659.000 HINGE # 3 Null force position (M) vl,y2,y3 =
.. 660,000 HINGE # 3 >>>>>xxxxx END OF DATA *Xxxx%x<<<<< =
ﬁ 661.000 BODY % 1 Type of body (R=rigid, F=flexible), ID# = R 1.0000
4 662.000 BODY # 1 Mass of body (kg) = 95395.
‘i 663.000 BODY # 1 Inertia (kg-m2) Ixx,lyy,lzz = 0,12610E+07 O0.96910E+07 O.10150E+08
1 664,000 BODY # 1 Inertia (kg-m2) Ixy,Ixz,lyz = -1337.0 -0.31250E+06 676.60
s 665,000 BODY # 1 modal data option (T=tape,D=disc), fname and tape# =
. 666,000 BODY # 1 Modal inertia opt (N=none,l=inertia M,N,P dyadics)=
nﬂ 667.000 BOGDY # 1 Modal coupling opt (N=none,C=coupling PHIXPHI vec)=
‘'t 668.000 BODY # 1 Number of flexible modes = 0. 00O00COE+00
' 669.000 BODY # 1 Attach point coordinates (m) x,y,z = 27.736 -0.25000E-02 9.4690
670.000 BODY # 1 NODE 1 mass center coordinates (m) x,y,z = 27.736 -0.25000E-02 9.4690
671.000 BODY # 1 NOGDE 2 coordinates (m) x,y,=z = 25.527 0. 00000E+00 10.566
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A
NGDE 3 coordinates (m) x,y,z
NODE 4 coordinates (m) x,y,z
NODE S coordinates (m) x,y,=z
NODE 6 coordinetes (m) x,y,z
NGDE 7 coordinates (m) x,y,z
NODE 8 coordinates (m) x,y,z
NGDE 9 coordinates (m) x%x,y,z

>5>55>>xxxxx END OF DATA Xxx%x%x<<<<<

>>>>>xxxxx END OF DATA xXXxx%x%x<<<<<

Type of body (R=rigid, F=flexible), |D#

Mass of body (kg)

Inertia (kg-m2) Ixx,lyy,lzz

Inertia (kg-m2? Ixy,Ixz,lyz

modal data option (T=tape,D=disc), fname and tape#
Modal inertia opt (N=none,l=inertia M,N,P dyadics)=
Modal coupling opt (N=none,C=coupling PHIXPH! vec)=
Number of flexible modes

Attach point coordinates (m) x,y,=z

NODE 1 mass center coordinates (m) x,y,2

NODE 2 coordinates (m) x,y,z

NODE 3 coordinates (m) x,y,z

>25>>xxxxx END OF DATA %xx%xx%<<<<<

>3>>>xxxxx END OF DATA *%xx%x%X<<<<<

Type of body (R=rigld, F=flexible), ID#

Mass of body (kg)

lnertia (kg-m2) Ixx,lyy,lzz

Inertia (kg-m2) Ixy,Ixz,lyz

modal data option (T=tape,D=disc), fname and tape#
Modal {nertia opt (N=none,l=inertia M,N,P dyadics)
Modal coupling opt (N=none,C=coupling PHIXPHI vec)
Number of flexible modes

Attach point coordinates (m) x,y,=z

NODE 1 mass center coordinates (m) x,y,z

NODE 2 coordinates (m) x,y,z ’

>33>>xxxxx END OF DATA XXXxXK<<<<<

>>>>>xxxxx END OF DATA xxxxx<<<<<

LI | I T T (S T T T O T § IO | I}

LU I T ¢ I L N ¢ I T O ¢ I | T I T - ¢ I O T I O B I 1}

25.%527
8.2400
8.2400
39.750
39.750
39.750
39.750

R
1875.0
12691,
0.00000E+00

.00000E+00
.00000E+00
.00000E+00
.00000E+00
. 00000E+00

00000

F
69.870
65391.
0.00000E+00

220

8.0000
0.00000E+00
0.00000CE+00
0.00000E+00

0. 00000E+00
1.5200
-1.5200
3.8100
-3.8100
3.0000

-3. 0000

2.0000

12354.
0.00000E+00

0.00000E+00Q
0.00000E+00
0.00000E+00
0.00000E+00

3.0000

65416.
0.000CCE+00
PINHOLE.FLX

0.00000E+00
0.00000E+00
0.00000E+00

10.260
8,8900
8.8900
11.660
11.660
11.570
11.570

1903.0
0. 00000E+00

0.00000E+00

0.57610
4,.3198
1.0000

81.000
0.000C0E+00

0.00000E+00
29.920
32.000




SUBROUTINE UCONTROL(TIME,U,R)

DIMENSION DESATT(3),U(1),R(1),JETON(6),Y(3),X1(10),X2(10)
*,XC(10),XVAR(3),XAVE(3),XSTD(3), IPP(3)

DATA IFIRST /0/

IF(IFIRST.EQ.1)60 TO 100
[o] INITIALIZE THE VERNIER RCS CONTROLLER
C AND THE FULL STATE GIMBAL CONTROLLER,
IPP(1)=1 !SET 1ST PASS FLAGS FOR POST PROCESSOR
IPP(2)=1 .
IPP(3)=1
ACGAIN=0
INIT=-1
CALL FCS(INIT,DESATT,JETON)
INIT=0
CALL FCS(INIT,DESATT,JETON)
- --— DT=.04
CALL FSCONTC(INIT,DT,X1,XC,Y, TEMP)
N c CALL FSCONT(INIT,DT,X2,XC,Y, TEMP)
1125522 :
INIT=1
IFIRST=1
100 CONTINUE
C  xxkxxxxxxx ROLL GIMBAL CONTROL LAW %% % X X % % % % % K K K % 5K 3K 5 K XK X X % % XK % %
CALL SENQGNT(U(14),U(15),U(16),U(5),U(4),U(3))
Y(1)=U(3)
Y(2)=-U(4)
Y(3)=U(S5)
CALL FSCONT(INIT,DT,X1,XC,Y, TEMP)
R(1)=TEMP-ACGAINxU(2)
R(2)=206264.0xU(5)
R(31)=(1.4.01xU(54))xU(48) ! INTRODUCE SCALE FACTOR ERRORS
R(32)=(1.+.01xU(55))xU(49)
R(33)=(1.+.000478%U(56))xU(S50)
CALL XTORQ(U, X1,R)

JCPRRE R

C  kxxxxxxxxxx PITCH GIMBAL CONTROL LAW %% %% % % X K X X X X X ¥ % K X X X % X X X X X

CALL SENQNT(U(17),U(18),U(19),U(10),U(9),U(8))

Y(1)=U(8)

Y(2)=U(9)

Y(3)sU(10)

CALL FSCONT(INIT,DT,X2,XC,Y, TEMP)

R(3)=TEMP+ACGAINxU(7)

R(4)=206264.0xU(10)
R(34)=(1.,+4.01xU(57))xU(51) ! INTRODUCE SCALE FACTOR ERRORS
R(35)=(1.+.01xU(58))xU(52)
R(36)=(1.+,.000478%xU(59))xU(53)
CALL YTORQ(U, X2,R)

[
4 C xxxxxxxxxx ORBITER VERNIER RCS CONTROL LAW %% %X K % X X X Kok % % K X X X X
4 1125=1125+1 .
e F(1125.LT7.2)60 TO 101
. 1125=0

DESATT(1)=-U(11)
DESATT(2)= U(12)
DESATT(3)=-U(13) .
CALL FCSC(INIT,DESATT, JETON)
R(S5)=JETON(1)x109.
. A R(8)=JETON(2)*109,
; R(7)=JETON(3)%106.8
L R(8)=JETON(4)%x106.8
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R(9)=JETON(S)*x64,68
R(10)=JETON(6)x64 .68
CONTINUE

CALL POST PROCESSOR

R(29)=U(46)
R(30)=U(47)

CALL POSTP(TIME,1,IPP(1),U(45),R(11),R(12)) !DRIVER STATISTICS
CALL POSTP(TIME,2,1PP(2),R(29),R(13),R(14)) !ROLL LOS ERROR STATS
CALL POGSTP(TIME,3,IPP(3),R(30),R(15),R(16)) !PITCH LOS ERROR STATS
RETURN
END

SUBROUTINE FCS(INIT,DESATT, JETON)
DIMENSION DWRCS(3),RJCMD(3),UDACC(3), JETON(6)
DIMENSION RATEST(3),ATTITUDE(3),AE(3),WE(3),DESATT(3)

IFCINIT) 100,200, 300
CONTINUE

C SET PARAMETER DEFAULT VALUES

CALL STATEST(INIT,DWRCS,ATTITUDE,RATEST, UDACC)
CALL OPHPL(INIT, AE,WE, UDACC, RJCMD)

CALL JET SELECT!/INIT,RJCMD, JETON, DWRCS)
RETURN '

* SET INITIAL VALUES FOR FLIGHT CONTROL MODULES

CONTINUE .

CALL STATEST(INIT,DWRCS,ATTITUDE, RATEST, UDACC)
CALL JET SELECT(INIT,RJCMD, JETON, DWRCS)

RETURN

*x TIME HISTORY COMPUTATIONS

CONTINUE

CALL STATEST(INIT,DWRCS,ATTITUDE, RATEST, UDACC)
Do 3 1AX=1,3

AE(TAX)=ATTITUDE(IAX) -DESATT(IAX)
WE(TAX)=RATEST(IAX)

CALL OPHPL(INIT, AE,WE, UDACC, RJCMD)

CALL JET SELECT(INIT,RJCMD, JETON, DWRCS)

RETURN
END
SUBROUTINE ATTPROC(INIT,DELATT)

DIMENSION DELATT(3),CT(3,3),C(3,3)
INCLUDE 'DBP.FOR’

INCLUDE 'DBB.FOR'
IFCINIT)100, 200, 300

CONTINUE
RETURN
CONTINUE
po 201 |

CONT I NUE




CALL MXM(CT,CTRANS(1,1,1),C,3,3,3,3)
DELATT(1)=(C(2,3)-C(3,2))%x28.6479
DELATT(2)=(C(1,3)-C(3,1))%x28,6479
DELATT(3)=(C(1,2)-C(2,1))%x28.6479
Do 301 1=1,3
pg 301 J=1,3

301 CT(I,J)=CTRANS(J,1,1)
RETURN
END
SUBROUTINE STATEST(INIT,OWRCS,ATTITUDE, OMEGA1,ALPHA2)
DIMENSION DWRCS(3),ATTITUDE(3),DELATT(3), THETAM(3),
xTHETA1(3), THETA2(3),DELY1(3),DELY2(3),
xOMEGA1 (3),0MEGA2(3), ALPHA2(3)

IFCINIT) 100, 200, 300
100 CONTINUE

C xxxxx SET DEFAULT VALUES xxxxx
TMEAS=.16
TDAP= .08
TDAP2=TDAP/2.
ATGAIN1=.064
ATGAIN2=1.0
RGAIN1=.0016/TMEAS
RGAIN2=.013/TMEAS
ACCGAIN=6.4E-5/ (TMEAS*xx2) :
CALL ATTPROC(CINIT,DELATT) '
RETURN
200 CONTINUE
Cc
C xxxxx SET

201 CONTINU

900 CONTINUE

C  xxxxx EXTRAPOLATE THE STATE OF ALL THREE FILTERRS x%xxx
DO 301 1=1,3
ATTITUDE(!)=ATTITUDE(1)+TDAPx (ALPHA2(!)*xTDAP2+OMEGA1 (1) +DWRCS(1))

c
THETA1 (1)=THETA1 (1) +TDAPx (ALPHA2( 1 ) xTDAP2+OMEGA1 (1) +DWRCS (1))
OMEGA1 (1)=0OMEGA1 (1) +TDAPXALPHA2(1)+DWRCS(I[)
c
THETA2(1)= THETA2(1)+TDAPX(ALPHA2(I)*TDAP2+GMEGA2(I)+DWRCS(I))
OMEGA2(1)=0MEGAZ2( 1) +TDAPXALPHA2(1)+DWRCS(1)
c
301 CONTINUE ‘
C xxxxxUPDATE THE STATES AT 6.25 HZ RATE *xxxx
1625=1625+1
IF(1625.EQ.1)G0 TO 2
1625=0

CALL ATTPROC(INIT,DELATT)




DO 302 1=1

.3

THETAM(I1 ) =THETAM( 1) +DELATT(1)

ATTITUDE(1

)=THETAM(I)

DELY1(1)=THETAM(1)-THETA1(1)

THETA1(1)=THETA1(1)+ATGAINI*DELY1(1)
OMEGA1 (1)=0OMEGA1(1)+ RGAIN1I1*DELY1 (]

)

DELY2(1)=THETAM(I) -THETA2(1)

THETA2(1)=THETA2(1) +ATGAIN2xDELY2(])
OGMEGA2(1)=0MEGAZ2(1)+RGAIN2 xDELY2(1)
ALPHA2(1)=ALPHA2(1)+ACCGAINXDELY2(1])

302 CONTINUE
2 CONTINUE
RETURN
END
SUBROUTINE

JET SELECT(INIT,RJCMD, JETON, DWRCS)

DIMENSION JFW(6),RJCMD(3), JETON(6)
DIMENSION HFAIL(S6),
xOJETON(6) ,DWRCS(3),0RJCMD(3), ANGINC(6, 3),
*VJCMD(3),ROTVAL(3)

INTEGER I,J,FAILC,JETC, JETON,OJETON,

xINIT,M,K,Q

,R,S

REAL FSFLAG, RJCMD, JFW, X, VFAILD,
*DWRCS , ORJCMD, VJCMD, ROTVAL,

* MREPEAT, THRESH2, THRESH3,
*ANGINC , 1JSL,KJSL,
*VAL1, VALX, VALY, VALZ

LOGICAL HFAIL, JFCF,VFAIL

DATAC(ANGINC(1,J),J=1,3),1

x-.4401E-03

x0.4401E-03

x-,7501E-03

x0.7500E-03

x-,7800E-03

x0.7800E-03
(o]

© 3 2 % % 3 33K K KK K K K KK K KK K K K K KK K K K K K K K KKK K K KK K K KK KK K 3K KKK 3K K K KK KK KK K K K K K K K K K

1,6)/
.6793E-03
.6793E-03
.5561E-03
.5561E~03
. 7697E-04
. 7699E - 04

0.7197E-03 ,
0.7197E-03

-.1553E-04
-.3407E-03
-.3405E-03

PO OO0 1w

- . v e e o

N - - e -

- . e e

c INPUTS: RJCMD(3) = ROTATION COMMAND (1,0,-1)(R,P,Y)

c OUTPUTS: JETON(6) = RCS JET COMMAND (1=0ON,0= OFF)

C 3k 3k K o K K K 3K K 3 K K K K K K KK K 3K K K K 3K KK K KK 3K K KK 3K KK K K KKK 3K 5K KKK KK K K K K K K X K K K ¢

IFCINIT) 1
1 CONTINUE
MREPEAT
THRESH2
THRESH3
Do 81 =1

8 GJETON(I) = O

,2,3

5

.50
.4
6

b 9! = 1,3

9 ORJCMD(1)
KJSL = 0
2 RETURN

o
c
[
o]

= 0

THIS PROGRAM IS THE ON=ORBIT DAP JET SELECT LOGIC
FOR THE VERIER JETS

KK A KK K K K KKK K KK KKK KK KKK KK KK K K K KK KK KKK K K KK K K K K K K K K K K K K KX




RJCMD(3) ROTATIONAL CMDS
CONSTANTS: ANGINC = ANGULAR RATES .
MREPEAT = NUMBER OF PASSES WITHOUT CMD CHANGE (5)
THRESH2 = THRESHOLD FOR 2ND VERNIER JET(.50)

THRES3 = THRESHOLD FOGR VERNIER JET 3(.4)

OUTPUTS: JETON(8) RCS JET COMMANDS

[+ XoNeNeXsNoNoNoNe NoNoNe!

DWRCS DELTA OMEGA RCS
K KKK K K KK K MK K K KK K K NN K KK XK KK MK XK K K K KKK K K K K XK K K K KK X K K K K K K K
3 CONTINUE
Do 5 1=1,6
5 JETON(I)=0
VALX = O
VALY = O
VALZ = O
Q=0
R =0
s=0 ‘
O % 2 3 K K K 3K 5 K KK KK X K K 5K KK XK K KK K K K K K XK K KK K K K XK KKK K K K K KK K K K K K XK XK K K X K XK K K K K K KK XK K
Cc CHECK IF VERNIER CMDS ARE DIFFERENT FROM LAST PASS
c OR MAX REPEAT 1S EXCEEDED
Cc
M=0
Do 40 I = 1,3
IFCCINT(RJICMD(1)) . NE.GRJCMD(1)).6R. (KJSL.EQ.MREPEAT)) M=1
40 CONTINUE

IF(M .NE.1) GO TO 300
€% 3 K K K 3 K 3K 3R 3K 3K OK K 3K 3K K 3K K 3K K K KKK 3K K303 33K K 3K 3K 3K 3K 3K 3K K K K K K X K K X
c CHECK IF ABS(VERNIER CMD) = 1.0
c
IF((ABS(RJCMD(1)) .EQ.1.0).0R. (ABS(RJCMD(2)) .EQ.1.0).0R.
*(ABS(RJCMD(3)).EQ.1.0)) 66 7O S50
80 7O 200
c
50 CONTINUE

O3k 33 3 3K 333K 3K KK KKK KK 0K 0K 33K 3K KK 0K 0K 3K K 0K K 3K 0K 3K 3K 3K K K 3K K K K oK K K 5K 3K 0K 3K 30K 5K KK K K K
c CONDUCT TESTS 1-3 PER FIG. 4.2.2.2.1-20

c TO SELECT VERNIER JET CMDS (JETON(1-6)
c
C TEST 1 FIND MAX OF ANG INC x VECTOR(VJCMD)

bg 701 = 1,6

VALY = O

Do 80 K = 1,3

VAL1 = VAL1 + RJCMD(K)XANGINC(I ,K) .
80 CONTINUE

IF(VAL1.GT.VALX) GO TG 7S5

GO TO 70
75 VALX = VAL1
Q =1

70 CONTINUE
© 3% 2K 30K KK 0K K K K KK KKK K K 3K K KK 3K 5K K 3 3K K K K K K KK K 3K K K 3K K 3 K 3K 3K 3K 3K 3K 3K 3K K K K K K K XK K
C TEST 2 FIND 2ND MAX OF ANGINCxVECTOGR(VJCMD)>THRESH2xVALX
. b 901 = 1,6
VALl = O
IF(1.EQ.Q) GB TG 90
DO 100 K = 1,3
VAL1 = VAL1 + RJICMD(K)x*ANGINC(1,6K)




N

’

i 100 CONTINUE
B IF((VAL1.GT. (THRESH2*VALX)) . AND. (VAL1.GT.VALY)) GO TG 95

. GO TO 90
A 95 VALY = VALI1
. R = I

- 90 CONTINUE
t XX K K MK KK XK K KK KKK KKK KK KKK XK KK K KKK KK K K K K K XK KK %K K KK K K KK KKK KKK X KKK
C TEST 3 FIND 3RD MAX OF ANGINCxVECTOR(VJCMD) > THRESH3*VALX
IF(R.EQ.0) GO TO 120

DO 120 1 = 1,6

VALl = O

IF((}1.NE.Q).AND. (I.NE.R)) GO TO 105
GO TG 120

105 DO 110 K = 1,3
VAL1 = VAL1 + RJCMD(K)xANGINC(I,K)
110 CONTINUE
IFC(VAL1.GT,. (THRESH3%VALX)) .AND. (VAL1.GT.VALZ)) GO TO 115

GO TO 120
115 VALZ = VALI
S =1

120 CONTINUE
005 3 3 3 X KK K 3K KK KK K KKK K K KKK XK XK K K K K K K K K K K K 3K K K K K K K K KK KK K K K K K KK K X
C SET JETON(39-44) PER RESULTS OF TESTS 1-3 (Q,R,S)
JETON(Q) =1
IF(R.NE.O) JETON(R) = 1
IF(S.NE.O) JETON(S) = 1
200 CONTINUE
C COMPUTE DELTA OMEGA RCS
Do 220 K = 1,3
DWRCS(K)=0.0
Do 220 I = 1,6
IF(JETONC(1) .EQ. 1)DWRCS(K)=DWRCS(K)+ANGINC(1,6K)
220 CONTINUE

KJSL = O
Do 260 | = 1,3
ORJCMD(1) = INT(RJCMD(1))
260 CONTINUE
DB 270 1 = 1,6
GJETON(I) = JETON(1)
270 CONTINUE
Ge To 310
300 KJSL = KJSL + 1
pe 310 | = 1,6
JETON(1) = GJETON(I)
310 CONTINUE
RETURN
END
c
SUBRGUTINE OPHPL(INIT, AE,WE, UDACC, RJCMD)
c
c ----- ON-ORBIT PHASE PLANE -----
c
DIMENSION AE(3),WE(3),DB1(3),RLIMIT(3),ACC(3),
* UDACC(3),WMIN(3),RJCMD(3) ,BYPASS(3) ,WFRATE(3),
x X1(3),Y1(3),X2(3),Y2(3)
c

IFCINIT)100, 200, 300
100 CONTINUE
C SET DEFAULT VALUES
Do 101 1=1,3




WFRATE(1)=0.8 :
DB1(1)=0.1 .
RLIMIT(I)=.02

101 CONTINUE
ACC(1)=.,01872
ACC(2)=,01096
ACC(3)=,01264
WMIN(1)=,001872
WMIN(2)=.001096
WMIN(3)=.001264
RETURN

200 CONTINUE
RETURN

300 CONTINUE

DEFINE LOCAL VARIABLES

o000

DO 301 1AX=1,3
X1(1AX) = SIGN(1.,WE(IAX))*AE([AX)
X2(1AX) = ABS(WE(I1AX))

Y1(1AX) = SIGN(1.0,UDACC(IAX))*AE(1AX)
Y2(1AX) = SIGN(1.0,UDACC(IAX))*WE(1AX)
¢ =1.0

IF(ABS(RJCMD(1AX)) .NE. 1.0) C= 1.25

DEFINE SWITCHING LINES

OO0

REV 1B DELETED ABS UDACC PER CR12710

UCP = ACC(IAX)-SIGN(1.,WE(IAX))*xUDACC(IAX)
S = 0.0
SY = 0.0
IF(UCP .EQ. 0.0) GO TO 105

S = -(X2(TAX)*X2(1AX))/(2.0xUCP)

SY = =(Y2(IAX)xY2(1AX))/(2.0xUCP)

105 CONTINUE

St
Sy
s2
say
S3
S4

S + DB1(1AX)

SY + DB1(1AX)

SxC - 1.2xDB1(1AX)

SYyxC =~ 1.2xDB1(1AX)

RLIMITCIAX)
O.8xRLIMIT(I1AX)

1) 0.6xRLIMIT(I1AX)

s7 (-1)*SIGN(1.,Y2(1AX))*x(-1,)%SY-DB1(1AX)

S8 = -RLIMIT(IAX)

S10 = (-1.)xCxSY + 1,2xDB1(1AX) :
IFCCYTOIAX) LT, (-.5)YxDBY(IAX)) . AND. (Y1 (IAX).GE. (-1.2)xDB1(1AX)
x)) :
x 811 = 0.0

IFC(YT(TAX) .GE. -0.5%xDB1(1AX)).AND. (Y1 (IAX).LE.S10) -
x) St11 = -SQORT(
x 2.0xABS(UDACC(IAX) )Y x (Y1 (TAX)+0.5%DB1 (1AX)))+WMIN(IAX)
IF(s11 .6T. 0.0) S11 = 0.0

IF(S11.LT. (~RLIMITC(IAX)+WMINCIAX)))S11s-RLIMITC(IAX)+WMIN(I1AX)
S14 = -SY + DB1(1AX)

nuwuuwau

PHASE PLANE CONTROL LOGIC

[sXeNoNeXel

REGION 1 CONTROL




' K4

c
IFC(X1(1AX).BT.S1) . 0R. (X2(1AX).GT.$3)) GO TO 10
c
c REGIGN 2 CONTROL
(o *xD]I STURBANCE HYSTERESIS REGIONxx
c : N
[FC(X1(TAX) .BE.S2).AND. (X1(1AX).LE.S1).AND. (X2(1AX).LE.S3))
x GO TO 15
c
c REGION 3 CONTROL
c
ITF((XTCIAX) . LT.S2).AND. (X2(1AX).LT.S5)) GO TO 25
c
c REGION 4 CONTROL
c
IFC(XT1(IAX) . LT.S2) .AND. (S4.LE.X2(I1AX)).AND. (X2(1AX).LE.S3))
x GO0 TO 35
c REGION 5 CONTROL

IFC(XT(TAX) . LT.S2).AND. (SS.LE. X2(1AX)) . AND. (X2(IAX).LT.S4))
*x GO TO 40
WRITE(6, 1000)
1000 FORMAT( 'PHASE PLANE ERROR - FALLS THRU REGIGN S5 LOGIC')
GO TO 80

PHASE PLANE ACTION

REGION 1 ACTION

O0O00000

10 CONTINUE
RJCMD(TAX) = -SIGN(1. ,WE(IAX))
G0 TO 80

REGION 2 ACTION
*xDISTURBANCE HYSTERESIS REGICN LOGIC

REGION 2 ACTION, CS REGION CONTROL

(e XeNoNoNeNeNe]

15 CONTINUE
IF(((S2Y.LE. Y1 (1AX)) . AND. (Y1 (1AX).LT.S7).AND. (Y2(IAX).GE.0.0).AND.
* (Y2(1AX) . LE.S3)).0R. ((S14.LT.Y1(IAX)) . AND. (Y1(I1AX).LE.S10)
* .AND. (S8 .LE.Y2(1AX)) .AND. (Y2(IAX).LT.S11))) GO Ta 20

DISTURBANCE HYSTERESIS REGION 1

OO0

IFC((S7.LE.YT1(1AX)).AND. (Y1 (1AX).LE.S1Y) AND. (Y2(IAX).GE.0.0).AND.
X (Y2(1AX) .LE.S3)).0R.((S7.LE. Y1 (1AX)) . AND. (Y1 (IAX).LE.S10).AND.
x (S11.LE.Y2(IAX)}.AND. (Y2(I1AX).LT.0.0))) GO TO 21

DISTURBANCE HYSTERESIS REGIGN 2
DEFAULT DISTURBANCE HYSTERESIS

GO TO 23

OO0 00000

CS REGION ACTION




o000

o0

(e XeNel

s .

20 CONTINUE
RJCMD(1AX) = SIGN(1.0,UDACC(IAX))*xWFRATE(I1AX)x
x((S11-Y2(1AX))/(RLIMIT(IAX)+S11))
GO TO 80

HYSTERESIS REGION 1 ACTION

21 CONTINUE )
IF(RJCMD(1AX).EQ.-SIGN(1.0,UDACC(IAX))) GO TO 80
22 CONTINUE
RJCMD(1AX) = (-1.)xSIGN(1.0,UDACC(IAX))*WFRATE(1AX)x
* ((Y2(TAX)-S11)/(RLIMIT(IAX)-S11))
GO TO 80

HYSTERESIS REGION 2 ACTION
DEFAULT ACTION

23 CONTINUE
IF(RJCMD(IAX) .EQ.SIGN(1.0,UDACC(1AX))) GO TG 80
RJCMD(IAX) = SIGN(1.0,UDACC(IAX))*WFRATE(IAX)x
x C(S11-Y2(TAX))/(RLIMIT(1AX)+S11))
GO TO 80

REGION 3 ACTION

25 CONTINUE
RJCMD(I1AX) = SIGN(1.,WE(IAX))
GO TO 80

REGIGN 4 ACTION

35 IF(RJCMD(IAX) . EQ.-SIGN(1.0,WE(IAX))) GO TO 80
RJCMD(1AX)=-SIGN(1.0,WE(IAX))*xWFRATE(1AX)x((0.8%RLIMIT(IAX)
x-X2(1AX))/(0.2xRLIMIT(I1AX)))
GO TO 80

40 IF(RJCMD(IAX).EQ.SIGN(1.0,WE(IAX))) GO TO 80
RJCMD(TAX)=SIGN(1.0,WE(TAX))xWFRATE(1AX)x
*( (0. 8xRLIMIT(IAX) =X2(1AX))/(0.2xRLIMIT(I1AX)))
GO TO 80

80 CONTINUE

81 CONTINUE

301 CONTINUE
RETURN

END
SUBROUTINE FSCONTC(INIT,DT,X,XC,Y,R)
DIMENSION X(6),XC(8),Y(3),FX(6),81Y(6),62XC(6)
DIMENSION F(6,6),81(6,3),682(6,6),H(6),E2(86)
IFC(INIT.GT.0)GO TO 100

ZERO STATE VECTOR X AND INPUT VECTOR XC
Do 1 1=1,6

X(1)=0.0

XC(1)=0.0

CONTINUE

F MATRIX ELEMENTS




o0

F(1,1)=-8.1617E-01
F(1,2)=-2.6777E-02
F(1,3)=-3,1898E-04
F(1,4)=-3.4064E-01
F(1,5)=1.6334E-01
F(1,6)=-2.5544E-03
F(2,1)=6.6044E+01
F(2,2)=1.9686E+00
F(2,.3)=1.1961E-02
F(2,4)=1.1834E+01
F(2,5)=-6.4053E+00
F(2,6)=1.0555E-01
F(3,1)=1.5244E+01
F(3,2)=2.3370E-01
F(3,3)=9.7281E-01
F(3,4)=2.7773E+00
F(3,5)=-1.1760E+00
F(3,6)=-1,3462E+00
F(4;1)=5.9056E-03
F(4,2)=2.0417E-04
F(4,3)=-7.7905E-06
F(4,4)=9.6718E-01
F(4,5)=1.0468E-02
F(4,6)=-2.9981E-04
F(S5,1)=1,2091E+00
F(5,2)=4.7770E-02
F(5,3)=7.5288E-04
F(5,4)=2.8363E-01
F(5,5)=1.0475E-01
F(5,6)=2.4144E-02
F(6,1)=2.4434E-01
F(6,2)=-3.1204E-03
F(6,3)=3.9704E-02
F(6,4)=3.8774E-03
F(6,5)=-1.5652E~-01
F(6,6)=9.7712E-01

B1 MATRIX ELEMENTS

G1(1,1)=5.6002E-01
G1(1,2)=-1.6941E-01
G1(1,3)=-1,.2162E-02
61(2,1)=-2.0118E+01
B1(2,2)=6.6046E+00
G1(2,3)=1.0684E+00
G1(3,1)=-4.4982E+00
61(3,2)=1.2237E+00
61(3,3)=2.4193E-01
G1(4,1)=3.1338E-02
G1(4,2)=-1.1486E-02
G1(4,3)=3.2229E-02
G1(5,1)=-1.1244E-01
81(5,2)=9.0007E-01
G1(5,3)=2,5235E-02
G1(6,1)=-2.1472E-01
G1(6,2)=1,.5654E-01
G1(6,3)=4.4559E-03

G2 MATRIX ELEMENTS




BG2(1,1)=1.2474E+00
G2(1,2)=3.2301E-02
G2(1,3)=2.1575E-04
G2(1,4)=3.5280E-01
G2(1,5)=6.7913E-03
G2(1,6)=3.4448E-04
G2(2,1)=-4,.5616E+O1

62(2,2)=-1,1812E+00
62(2,3)=-7.8898E-03
62(2,4)=-1.2903E+01

G2(2,5)=-2.4838E-01
62(2,6)=-1,2597E-02
G2(8,1)=-1.0674E+01
~62(3,2)=-2.7641E-01
. @G2(3,3)=-1TB463E-03
62(3,4)=-3.0194E+00
G2(3,5)=-5.8118E-02
G2(3,6)=-2.9480E-03
62(4,1)=2.0926E-03
B82(4,2)=5.4196E-05
62(4,3)=23.6194E-07
62(4,4)=5.9182E-04
62(4,5)=1,1392E-05
82(4,6)=25.7794E-07
G2(5,1)=-1.0920E+00
682(5,2)=-2,8277E-02
62(5,3)=-1.8887E-04
G2(5,4)=-3.0886E-01
02(5,5)=-5. 9455E-03
G2(5,6)=-3.0157E-04
G2(6,1)=-2.9460E-02
G2(6,2)=-7.6294E-04
G2(6,3)=-5.0968E-06
G2(6,4)=-8,3372E-03
G2(6,5)=-1.6041E-04
G2(6,6)=-8, 1382E-06

H MATRIX ELEMENTS

OO0

H(1)=-7.2887E+05
H(2)=-1,887SE+04
H(3)=-1.2607E+02
H(4)=-2.0615E+05
H(5)=-3.9682E+03
H(6)=-2.0129E+02

E2 MATRIX ELEMENTS

o000

! E2(1)=7.2887E+05
i E2(2)=1.8875E+04
E2(3)=1.2607E+02.
E2(4)=2.0615E+05
E2(5)=3.9682E+03
E2(6)=2.0129E+02

100 CONTINUE

c UPDATE STATE EQUATION X(K+1)=FxX(K)+B1xY (K)+G2xXC(K)
CALL MXM(F,X,FX,8,6,1,6) VExX(K)

CALL MXM(G1,Y,G1Y,6,3,1,3) 'G1xY (K)
CALL MXM(G2,XC,G2XC,6,6,1,6) !162xXC(K)




Cc
c
C
c
[
[
[
c
c
c
o]
c
c

[+ XoNeXoNoNeNoNoNoNeoNoNo R NoXe!

"po 10 1=1,6

XCI)=FX(1)+G1Y (1) +G2XC(1)

COMPUTE CONTROLLER OQUTPUT R(K)=HxX(K)+E2xXC(K)

CALL MXM(H,X,HX,1,6,1,86) THxX(K)
CALL MXM(E2,XC,E2XC,1,6,1,6) tE2%XC(K)
R=HX+E2XC

RETURN

END

SUBROUTINE POSTP(TIME, J, 1, XIN, XMEAN, XRMS)

THIS SUBROUTINE IS A POST PROCESSOR FOR DETERMINING THE
MEAN AND MEAN SQUARE ERROR STATISTICS FOR A GIVEN RANDOM
VARIABLE.

INPUTS: 1)1 - FIRST PASS FLAG
2)XIN - RANDGM VARIABLE
3)J - RV IDENTIFIER NUMBER
4)TIME - TIME

OUTPUTS: 1)XMEAN - RANDOM VARIABLE MEAN
2)XRMS - RANDOM VARIABLE RMS

DIMENSION 1(1),SUM(10),SUMI1(10),K(10)
IF(1(J).EQ.0)GO TO 10

K(J)=0

1(J)=0

SUM(J)=0.

SUM1(J)=0.

IF(TIME.LT.0.)GG TO 20

K(J)=K(J)+1

SUM(J)=SUM(J)+XIN

XMEAN=SUM(J) /K (J) ! COMPUTE MEAN
SUM1 {J)=SUM1 {J) +XINXxXIN

XRMS=SQRT(SUMI1 (J)/K(J)) !COMPUTE STD DEV
CONT I NUE

RETURN

END

SUBROUTINE SENQNT(DQX, DQY, DQZ, QX,QY,Q2)

THIS SUBROUTINE CALCULATES THE OUTPUT OF THE LOS,
LASER INTERFEROMETER AND RATE GYRO QUANTIZAERS.

INPUTS: 1)DAX-MAX QUANTIZING ERROR-LOS SENSOR
2)DQY-MAX QUANTIZING ERROR-LASER INTERFEROMETER
3)DQZ-MAX QUANTIZING ERROGR-RATE GYRO
4)QX-QUANTIZED LOS SENSOR OUTPUT
5)QY-QUANTIZED LASER INTERFEROMETER OUTPUT
6)QZ-QUANTIZED RATE GYRO OUTPUT

CQUTPUTS: 1)AX-QUANTIZED LOS SENSOR QUTPUT
2)QY-QUANTIZED LASER INTERFEROMETER OGUTPUT
3)QZ-QUANTIZED RATE GYROG OUTPUT

IF(DQX.NE.O.)QX=2. xDAX*NINT(QX/ (2. xDQX))
IF(DQY.NE.O0.)QY=2. xDQYxNINT(QY/ (2. xDQY))
IF(DQZ.NE.O.)QZ=2, *xDQZxNINT(Q2/(2.xDQZ))
RETURN

END

SUBROUTINE XTORQ(U, X1,R)




THIS SUBROUTINE CALCULATES TORQUE MOTOR DISTURBANCES AND
A QUANTIZED TORQUE COMMAND.

INPUTS: 1)CCOG-COGGING GAIN
2)CRIP-RIPPLE GAIN
3)TDCU-DCU TORQUE OUTPUT
4)DTC-MAX TORQUE MOTOR QUANTIZATION ERROR
S)TCQA-ANALOG TORQUE COMMAND
6)TF1-FRICTION TORQUE (DAHL MODEL 1)
7)T01-SATURATION TORQUE (DAHL MODEL 1)
8)GAMMA1 -SLOPE PARAMETER(DAHL MODEL 1)
9)TF2-FRICTION TORQUE(DAHL MODEL 2)
10)TO2-SATURATIGN TORQUE (DAHL MODEL 2)
11)GAMMA2-SLOPE PARAMETER(DAHL MODEL 2)
12)DTHE22-SHAFT RATE
13) TR-ROUGHNESS TORQUE
14)STR-ROUGHNESS TORQUE WHITE NOISE

GUTPUTS: 1) TCQ-QUANTIZED TORQUE COMMAND
2)DTF1-FRICTION TORQUE RATE(DAHL MODEL 1)
3)DTF2-FRICTION TORQUE RATE(DAHL MODEL 2)
4)DTR-ROUGHNESS TORQUE RATE
5)TCOG-COGGING TORQUE
6) TRIP-RIPPLE TORQUE

e XeNeNeNe N2 e Ne R XeEeReNeXs N o Ne NeRoRoNoNo N o RoNe Ne N o)

DIMENSION U(1),X1(1),R(1)
ccoG=U(41)
CRIP=U(42)
TDCU=U(28)
pDTC=U(21)
; TCQ=R(1)
1 TF1=U(27)
Sl TO1=U(22)
» GAMMA1=U(24)
, TF2=U(28)
To2:=U(23)
GAMMA2=U(25)
DTHE22=X1(1)
TR=U(29)
STR=U(20) .
THE22=X1(4)

QUANTIZED TORQUE COMMAND
IF(DTC.NE.O.)TCQ=2. xDTCxNINT(TCQ/ (2. xDTC))

DAHL MODELS FRICTION RATE DISTURBANCE

OO0 000

DTF1=0.

IF(ABS(TF1).LE.TO1)DTF1=DTHE22xGAMMAT* (TF1*xSIGN(1.,DTHE22) -TO1)x*x2
DTF2=0,

IF(ABS(TF2).LE. TO2)DTF2=DTHE22xGAMMA2x (TF2xSIGN(1.,DTHE22) -T02) xx2

ROUGHNESS TORQUE RATE DISTURBANCE

DTR=(STR-TR) xDTHE22

COGGING TORQUE DISTURBANCE

OO0 000

TCOG=2. xCCOGxSIN(26. xTHE22)




Q00

[sXeXoNeNeNoNeNsNoRs N NoNoReNoNoNoNo N No Moo No NoRo N el

o0 OO0

RIPPLE TORQUE DISTURBANCE

TRIP=TDCUxCRIP*SIN(48. xTHE22)
R(1)=TCQ

R(17)=DTF1

R(18)=DTF2

R(19)=DTR

R(20)=TCOG

R(21)=TRIP

RETURN

END

SUBROUTINE YTORQ(U, X2,R)

THIS SUBROUTINE CALCULATES TORQUE MOTOR DISTURBANCES AND

A QUANTIZED TORQUE COMMAND.

INPUTS: 1)CCOG-COGGING GAIN
2)CRIP-RIPPLE GAIN
3)TDCU-DCU TORQUE GUTPUT
4)DTC-MAX TORQUE MOTOR QUANTIZATION ERROR
5)TCQ-ANALOG TORQUE COMMAND
6)TF1-FRICTION TORQUE(DAHL MOGDEL 1)
7)TO1-SATURATIOGN TORQUE(DAHL MODEL 1)
8)GAMMA1 ~-SI.OPE PARAMETER(DAHL MODEL 1)
9)TF2-FRICTION TORQUE(DAHL MOGDEL 2)
10)TO02-SATURATION TORQUE(DAHL MODEL 2)
11)GAMMA2-SLOPE PARAMETER(DAHL MODEL 2)
12)DTHE22-SHAFT RATE
13) TR-ROUGHNESS TORQUE
14)STR-ROUGHNESS TORQUE WHITE NOISE

OQUTPUTS: 1) TCQ-QUANTIZED TORQUE COMMAND
2)DTF1-FRICTION TORQUE RATE(DAHL MODEL 1)
3)DTF2-FRICTION TORQUE RATE(DAHL MODEL 2)
4)DTR-ROUGHNESS TORQUE RATE
5)TCOG-COGGING TORQUE
6)TRIP-RIPPLE TORQUE

DIMENSION U(1),X2(1),R(1)
cCcoG=U(43)
CRIP=U(44)
TDCU=U(36)
DTC=U(31)
TCQ=R(3)
TF1=0U(37)
TO1=U(32)
BGAMMA1=U(34)
TF2=U(38)
T02=U(33)
GAMMA2=U(35)
DTHE22=X2(1)
TR=U(39)
STR=U(30)
THE22=X2(4)

QUANTIZED TORQUE COMMAND
IF(DTC.NE.O.)TCQ=2. xDTCxNINT(TCQ/ (2. xDTC))

DAHL MGDELS FRICTION RATE DISTURBANCE




i

Cc
DTF1=0. -
IF(ABS(TF1).LE.TO1)DTF1=DTHE22XGAMMATx (TF1xSIBN(1.,DTHE22) -TO1)x*2
DTF2=0.
IF(ABS(TF2) .LE.TO2)DTF2=DTHE22XBGAMMAZ2Xx (TF2xSIGN(1. ,DTHE22) -T02) xx2
c
Cc ROUGHNESS TORQUE RATE DISTURBANCE
c
DTR=(STR-TR) *DTHE22
Cc
c COGGING TORQUE DISTURBANCE
o]
TCOG=2.xCCOGXxSIN(96, xTHE22)
Cc .
c RIPPLE TORQUE DISTURBANCE
Cc
TRIP=TDCUXCRIPx*SIN(48. xTHE22)
R(3)=TCQ
R(23)=DTF1
R(24)=DTF2
R(25)=DTR
R(26)=TCOG
R(27)=TRIP
RETURN

END




000

OO0 -

20

30

SUBROUTINE DIST(TIME,FDIST)

INCLUDE 'DBP.FOR'

DIMENSION FDIST(PNUFG), SUM(PNUFG)
INTEGERx4 ISEED(PNUFG), ISECS, | TSEED
NN=8

JF(TIME.NE.O.)GO TG 10

NN=20

Y=SECNDS(0.)

ISECS=1FIX(Y)

I TSEED=ISECS/2+1

INITIALIZE RANDOM # GENERATOR SEEDS TO LARGE ODD INTEGER VALUE

06 10 J=1,NN
ISEED(J)=1TSEED+2x%J
CONTINUE

GAUSSIAN WHITE NOISE SEQUENCE GENERATION -DISTUBANCES 1,2,3,...,NUFG

DO 30 J=1,NN

SUM(J)=0.

Do 20 1=1,6
SUM(J)=SUM(J)+RAN(ISEED(J))
FDIST(J)=SQRT(2.)*(SUM(J)-3.)
CONTINUE

RETURN

END




7.0 VAX/TREETOPS USER NOTES

e To modify the interactive file JRRPH2.INT, type

RUNHITIPG (0

and follow the procedures outlined in the TREETOPS user
manual

e To run the TREETOPS program, submit a batch job by typing

SUBMIT JRRPH2JCL (CD

e To post process the output data first type

@PPLOT @

then type

RUN PPLOT (©2

Answer the questions as outlined in the TREETOPS user
manual.

©O ——= carraige return






