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1.0 SUMMARY

This xceport describes the modifications and additions made
to the Flexible Spacccraft Dynamics (FSD) Program under contract
NAS5~25678. The prinecipal addition to the program was the cap-
ability to simulate the Dynamics Explorcr~B Control System. The
formulation for this addition is given in Section 2.0 of this ro-
port. The details of thw modifications made to the FSD Program
are presented in Section 3. Modifications to existing subroutines
are briefly described and a detailed description of new subrou-
tines is given. In addition, the program variables in new labelled
COMMON blocks are described in detail. Section 4 gives a descrip-

tion of new and modified input and output for the FSD Program.
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2.0 MATIHMMATICAL FORMULATION J'OR CONTROL SYSTEM SIMULATION

oy gt

A block diagram of the system to be simulated is given in
Figure 2-1. This block diagram is represented as a set of first
orxder ordinary differential cquations, which are integrated in
parallel with the equations of motion for the rest of the space-
craft, using the same time step and integration algorithm. (The
subroutine ADMIMP).

For the most paxt, the control components are linear dyn-
amic systems. For such components, the stated transfer func-
tions have been converted to state variable equations using stan-
dard techuiques. This transformation, however, is not always
unigue. Hence, it is nccessary to state the exact form utilized
in each case.

In the cequations following, the subscripts 1, 2 etc. are
used primarily for convenience. However, the ordering of var-
iables is the same an in program code. Hence a fourth order

model with state variables xj...x, may appear in program coie as

4
Xg+e+Xg. The actual subscripts used in program code are given
in the section on program inputs. Also, in this section, the

symbols u and y denote (respectively) the input to and output

from the given transfer function. In the system simulation,

the blocks are coupled together. : o

[




s
13

— g B Aoyt el ¥ ]
NCEED) < ..\.wmr L
7 S35 | ]

ST TN L SoNyAQ 3QALLY 710d _
Fr&Sir 2200
-\ (Ms + 1D [

SINehi o....o/.,

o

° g

1

-2 “lh'&h\
< Qm\m}\ﬂd-\lﬂxﬁl > # T\.;U = _ 7 ! ) o’ Yy \_\vmxluv .
/ L PN Y .N.w.ﬂn\lnw\ 2 _ ST “ el 28 K .m
PR =-"T _ Ludhr 1y (s":4]) iy . mw
T T %57y U4 E :
i 250 3FHYQ ST 5 m
| NO2GIAN 3NDY . 3

OOR

- - .
~|‘I|Il .

OF p

* . ORIGIN

\ N / ’ l|m||||||||... .“..“ \ .‘..xu.“. - ..‘ L.
OMKLSIXH . . \ N\ .| \eQ0w DNIIIAS 45 £ o 3
. nastet : U P . ( RN an o KHUUODN& - . W_
o 4 71 2A3Y1 ONIQOTING _ SRS

N3lho0ad 2azeciyn L |

Hdalnaels \\w
@,&&(A |

N

FleURE 2=

» o

o
R

/»Aaok 7

QS

pasan ._-......,,a».ua-—

N ) . ,
* qrugaq - R . N . ]
.@ds sy . . . ; Ea—e ,w
Ciyerda # . . . 24 13/ T k 1 1
o Cen . T cgwadivesdond - | Sae
E ‘ L, OLRTER
| ,,.. \ ¢ A I I ..nl%xw.«ul..nm.ﬁw i PR L R D ATt
»\tlm)au/lvl‘\\wn‘tvva i 1 NN &@@Wﬁ-\/ % wﬁ\ mﬂw m & AHM,NML h..\\hmuhNU.UV\ ¥ - &.S = N .*ll..n||l.nm~w tun /Qﬂ
| : \_ " Jc g VEEIA . et 4 o007, % - . St IGO0 S ;
L] . Qx,m\ QNQO«\M Afy N . :\.\\}\\Q H3 ﬁ
andyas pondd @4 s w on 733N B SmnAns | 29079/0F40 P o
- — -
m% B - i -
"] e ER T
v es L e . s ....-”. IQQQK\QQU ANOQ“ \\Uﬁh\& s r o
- * : #s¢ ‘ ( .
.«M;.. = . Luw.ﬁ e WEE) ETYER] um&\ ) um\n\. BRI .. e
s.‘»—u.m - .
N L ST




T g g

—— —

Pitch or roll sensor (2nd order model)

The transfer function
Ks
- 2
(1+ST;)
is represented as
A Kz b
R = + L
dt | x, o -2 |lx, A
LS Ts
Y = X,
Pitch or xoll sensor (4th order model)

Ks .
(1+25TS +T,*s%
, S

The transfer function

is represented as

., | /
X\ o =z 0 o | [ x
.....L. - gs‘. ..!.{5 O X
d ] % =1 s 2:@” 5 +
At g o 0 ? ~;> Xz
- -2 S
X o 0 " URE |\
y.‘: 'x‘

Nutotion Damper Phagse Shift Circuit

K S

Civ s Tl

2 transfer function
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1s represconted as

\ { ‘

d S0 TR T + %"
0’t x - O __‘_ x | __KIW
f Ten J2 T

Y’=-aX. {the minus sign includes the sign inversion corres-
ponding to path A in Pigure 2-I)
The inversion of sign at various roll angles ancd the switch be-
tween primary and secondary damper may be simulated by changing

.

the input paramecters.

Tachometer
The transfer function KK
[+ ST
is represcented as
ol v = - —L"x v lﬁf U
ae " =T TR

y’: X\

\J

For the reference control system, the tachometer significantly
faster than the other dynamic elements. This causes the tach-
ometer equation to dominate the time step control in numerical
integration, which having little effect on system performance.
Replacing the above transfer function with the static operator
\’:f{%t{ permits a significant reduction in program execution

time. This altc  .tive model is optionally available in the

modified prograii.

T L i e R M P S Ml P o In ot




R

T~y

Pitch Compensation Amplificr

In unsaturated operation, the transfer function

K (1+5T)
(1+sT;)

is represcented as

d o - _ 1.y, K
ot X1 7 T?.Y+'73.U

_ o T
Y-- X,"'" K(L_T. L(

Z

Saturation occurs if / \/! >= \/MM

If this occurs, Y is replaced by V sign(y),

Lim
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3.0 _PROGRAM ADDITIONS AND MODIINLCATIONS

The additions and modifications to the FSD Program accom-
plished under this contract arc described bhelow.

3.1  Summary of Modifications by Task

Task 1 DYNAMICS EXPLORER~B CONTROL SYSTEM
A simulation capability for the Dynamics Explo: 3 Con=-
trol System has been added to the ¥SD Program.

1.1 Sensor Module

The sensor module converts the state vector from the FSD
simulation to the appropriate attitude angles (yaw, roll, and
pitch) for sensor output. The  pitch angle is compared to
command pitch attitude and the resulting angular roll and pitch
error are passed through cither second order or fourth order
lag circuits to the control system module. Provision has heen
made for adding bias erxrors and noise to the attitude angles ob-
tained from the F3D siate vector.

1.2 Control System Module

The control system module provides the driving torque to

a variable speed momentum wheel. The driving torque is deter-

mined from a simulation of the momentum wheel motor. The motor

input is the sum of a constant bias speed voltage and a voltage

derived from pitch and »oll attitude error signals. The roll

error signal is used for nutation damping. The pitch error sig-

nal is used to maintain a constant pitch reference direction.

+
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The roll) exrror signal is clipped and passced through a phase
shifting circuit and the output is added to the pitch error
signal. 'The resultant sum is passed through a compensation
amplificr with voltage limiting.

The print and plot subroutines of the FSD Program have
been modified to permit printing and plotting of control sys-
tem variables.

The control sys' .« transfer functions are integrated as
added state variable 1‘1 the FSD integrator ADMIMP,.

The DE-B conltrol system simulation has been checked out
with rigid body examples cuppliced by GSFC. .
Task 2 EXTERNAIL MOMENTS

Provision has been made te print and plot the sum of all
external momentsg acting on the system. This sum includes gra-
vity gradient, solar pressure, aerodynamic pressure, magnetic,
and all thruster related control torques.

Task 3 NOISE GENERATOR

A Gaussian noise gencrator has been included so that the
effect of noise on control system performance can be evaluated.
This generator is based on subroutine GAUSS taken from the IBM
System/360 scientific subroutine package.

Task 4 TIRUSTOR OPTION
The thruster option has been modified so that two thrust

pulses can be applied to the spacecraft during a rotation period

e i tpscn o i i B APt
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or time intexval. The parameters defining the pulse character-
istics arc independent.
Task 5 PFAST JFOURILDR TRANSFORM OPYTION

The rast Fourier Transform OplLion has been modificd so
that up to four frequencies and amplitudes cat be printed.
Tagk 6 PROGRAM DISCREPANCIES

6.1 Spin Axis Momont Option

The spin axis moment subroutines have been corrected.

6.2 Deployment Acceleration

The deployment acceleration has been reset to zero at the
end of cach deployment phasc.

6.3 Excespive IF Time

The overlay structure has been adjusted so that overlay

Ig time will Dbe acceptable,

-




3.2 DESCRTPUTON_OF SUBROUTINE MODIFTCATTONS

. S — -

The subroutine modifications are briefly described helow.
ADMIMP
Eliminate initiariration logie for integrator messages (moved
to subrouline BEUNDS) . Eliminate common block INTEGF. Call
subroutine RWHOUT after cvery integration step.
BAUNDS
Eliminate arguments in calling sequence. Establish default
(large) values for bounds not specified via input. Initialize
integrator message variables.
Logic chunges so that the number of frecuencics is specified by
the inpul woxd ICSD.
Ecnga
Echo printout was a@ged for control system parameters. The out-
put for the thruster option was changed to refleet two pulses
per spin period.
Call to DEEQUT was inscrted to provide for printed outpul of con-
trol system behavior.
Modify calls to subroutine NUM, BOUNDS to eliminate arguement.
Call subroutine CSIC, VDIC. Print program version number after

every call to READIN. Calls subroutine PDTAPR instead of DUAPRE.
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Arxrays DER, DEP now in labelled common ADSTAT. References
conmon bhlock ICHTRL. Eliminate common blocks CNBODY, VECTRS.
NUM

Eliminate argquments in call scquence. Calls NUMCSE if control
simulation is speeificd.

FSRBUPD)

Modification for counting of pulses under conditions ol two

pulses per spin period.

Reguired changes to allow two pulses pey spin period.
PULSUN
Required changes to allow two pulses per spin period.

RDA

iz

Setup calls added fox control system simulation input,

RIADTH

Setup calls and CEMMON/PIIRUST/changed for two pulses per spin
poriod.

1

Rev. : the dircction cosine matrix normalization. Provide trang-
fer of rigid »nedy angular rates from DEPEND array to OMEG vector
(in common bHlock RPOOLL).

Regquired changes to allow two pulses per spin period.

DTRUST

Required changes to allow two pulses per gpin pexriod.
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WHEELS

Added control ectguations for closed loop control of momentum
wheel speed.

WRIRLT

Plotting ¢ »ability added for body momentum vector components,

external rcaents, and control system state vector,
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3.3 DESCRIPTION O NEW SUBROUTINES

The new subroutines written for the DE-B control systeom

simulation are described in the folliwing section.
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SUBROUTINE NAME: CSIC

LANGUAGH: TI'ORTRAN IV

> o

CALLING SEQUENCE: CALL CSIC

PURPOSE: Enter initial conditions on control system state

variables into system state vector.

COMMONS USED: ADSTAT, CSTAT, JCNTRL, IMAINL

CALLID BY: MAIN

SUBROUI'INES CALLGD: NONE

-

GLOSSARY OF VARIADPLES: Sec common block descriptions.

e
5?
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SUBRROUTINE NAMI:  DEBANG

LANGUAGE: FORTRAL IV

CATLING_SEQUENCE: CALL DEBANG (YAW, ROLL, DITCI)

PURPORE: Calculates the attitude of the spacecraft with re-

speat to the local vertical frame. The sequence

used in going from the local vertical to the body
frame is in the order yvaw(3), roll(l) pitch(2).

LABELLED COMMONS USED: RPOOLL, VECTRS

CALLED BY: WIHEELS |

SUBROUTINES CALLED: DSORT

GLOSSARY, OF VARIABLES: OUTDPUTS
YAW ROTATION ABOQUT THE TIIRBE AXIS.
ROLI ROTATION ABOUT TIIR ONE AXIS.
PITCII ROTATION ARQUT TIIE TWO AXIS.

PR o i 3 R PR,




SUBROUTTNE NAMI: DEBGUT

LANGUAGE: FORTRAN IV

CALLING SEQUENCK: CALL DEB@UT

PURPOSE: Provides the printed output forx the control system

s -

using the subroutine SET.

LABRLIED COMMONS USED:; CSTAT

CALLED BY: GPRINT

SUBROUTINES . CALLED: SET

GLOSSARY OF VARTARLES: Sce common block description.

s . B o s e sk A BT 2
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SUBROUTINE NAME: DEREQ

LANGUAGIE: FORTRAN 1V

CALLING SEQUENCE: CALL DEREQ

PURPOSE: Executive routine for derivative computation

COMMONS USED: Sce former DEREQL

CALLED BY: DEREQL

]

SUBROUTINES CALLED:

Sece former DEREQL

GLOSSARY OF VARIABLES: Sce former DEREQ.

CTCATIONS: IEliminate arguments in calling sequence.

DERIQ

contains coding formerly in subroutine DEREQL.
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SUBROUTINI NAMB: DEREQL

LAKGUAGE: FCRTRAN IV

CALLING SEQUENCE: Call DEREQL (QDPEND, TIME, QDERIV)

PURPOSE: Intermediary botween subroutines ADMIMP and DEREQ

DEREQL takoes state variables passed as an argument and

places them in labelled common VARBLS. After calling

DEREQ, this program also collects the calculated de-

rivatives and returns

them via the argument list.

COMMONS USID: IMAINL, RPOOLL. , VARBLS

CALLED BY: ADMIMP

SUBROUTINES CALIID: DEREQ

CLOSSARY OF VARIABLEG: INPUTS
TIME
NUMEQS

QDEPEND

OUTPUTS

TIML
DEPEND

DERIV

QDERIV

Time in scconds Lfxom ADMIMP
Number of state variables
Values of state variables re-
ceived from ADMIMP

Time in scconds, passed to all
other programs

Values of state variables passed
to all othor programs

Values of state varible deriva-
tives roecelved fxom computation
Programs

Valuaes of state variable deriva-
tives roeturned Lo ADMIMP




SUBROUTINE NAME: NUMCSE

LBNGUAGE: FORTRAN IV

CALLING SEQUENCE: CALL NUMCSE

PURPOSE: Determine number of control cequations and defines mapp-

ing between system and control state vectors.

COMMONS USED: ICNTRL, IMAINLl, JCNTRL

CALLED BY: NUM

SUBROUTLNES CALLED: NONE

GLOSSARY OFF VARIABLES: Sco common block descriptions
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SUBROUTINI NAME; PDTAPR

LANGUAGE: FORTRAN IV

CALLING SLEQUENCE: Call PDTAPR

PURPOSE: Begin rcading cphemeris tape

COMMONS USED: CNBODY, IMAINS, TJAN1l, VECTRS

CALLED BY: MAIN

SUBROUTINES CALLED: DTAPRE, IBCOMif

GLOSSARY OF VARIABLES: Sce prior MAIN

RSN ¢ " Y PR ot . e o
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SUBROUTINE NAME: RWH@UT

LANGUAGE : FORTRAN 1V

CALLING SEQUENCE: Call RwhguT

PURPOSE: Obtain trajectory data for coxternal plot programs

Writes te unit 50 when called. cCalled from ADMIMP

after cvery time step.

COMMONS USED: CSTVAL, VARBLS

CALLED BY: ADMIMP

SUPROUTINES CALLED: IDBCOM#

GLOSSARY O VARIABLIS: TTST Time in seconds

DEPEND State variable values

DERIV State variable derivatives

3
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SUBROULINE NAMEI: VDIC

LANGUAGE: FORTRAN IV

CALLING SEQUINCE: Call VDIC

PURPOSE: To compute initinl conditions for viscous damper and

ingert into systom state vector.

COMMONS USED: ADSTAT, CONSTS, IMAINl, RPOOLL, RVISCS

CALLED BY: 'MAIN

SUBROUTIRES CALLED: NONE

GLOSSARY OF VARIABLES: Sce former MAIN program

ol ol .. rcoe N P e
e A 5 o
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SUBROQUTINE NAME: EXPN

LANGUAGE: 1I'ORTRAN IV

CALLING SLQUENCE: call BXPN (', TLAST, TI VLAST, VI SSN, TCOR,
ouT)

PURPOSE: To gencrate noise channel-oulputs for control system

simulation.

LABELLED COMMONS USLD: TICSADM

CALLLD BY: WHEELS

SUBROJIINES CALLED: GAUSS

GLOSSARY OI' VARIABLES :

T Current integratox time

TLAST Time at last call to EXEN

TI Time at last successful integration time
VILAST(I) Noigc channel output at time TLAST

VI (L) Noise channel output at time TI

SSN (L) Noige channel sigma

TCOR{T) Noige channel lag

ouT(I) Noisae channel output at time T
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3.4 _DESCRIPTION, 01 NIW AND, HODIFIEN TABELLKL COMMON

I a2

Phe new laboelled common blocks are described in the follow-
ing section. Thoe only modification of labelled common is the
COMMON//IHRNST/.  This common was changoed to roefleoet thoe speedfi-

cation of two pulses per spin period.

COMMON_RT.OCK NAME:
COMMON/THRUSY /4'V (3, 2), TLEC(3 2), TPrM(4,2),TPAR(4,2) ,REF(2)

The difinitions of these symbols are given in the input descrip-

tion of Scection 4.2

e i
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COMMON BLOCL NiMIl:  COMMOL/ADSTAT/DER (150) , DEP(150)

_SUBROUIMNLS:  MAIN, VDIC, CSIC

DURPOSE:  The DER and DEP arrays were formerly loeal to the MAIN
Program. They have been placed in common so that ini-
tial condition can be londed by VDIC, CSIC and future

programs of the same genoral type.

FORTRAN NAMIT  TYPE UNITS DESCRIPTION
DR (150) R*8 variahlae State variables
DEP(1L50) R*8 variable State wariable

derivative
) sl il i it i s . DS ey & -
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COMMON_BLUJK NAME:  COMMON/CSBNDS/CSUP (20), CSDN (20), GNIC(10)

USED T SUBROULINES: CS8IC, RDA78

—— ——.

PURPOSE: To transfor integration bounds and noisc model ini-

|

tial conditions.

g

| VARIABLES :
|
| FORTRAN NAME — TYPE UNITS DESCRIPTION
»
, CSuR (20) R*8 varies Upper integration bound
} for control system state
* vector
CSDN (20) R*8 varies Lower integration bound
for control system state ‘
vector
GNIC (10) R*8 varies Noise channel initial con-

ditions
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COMMOW BT "CK_NAME :

TL,

USED TN SUBROUIINILGS :

T3

CSIC, WIEELS

COMMON/CNOISL/VNS2(10), VNSI(10), VNSN (10},

PURPOSH:: Transfer noise channel data.

VARTABLES :
FORTRAN TYPE
VNS2(10) R*8
VNSL(10) R*8
VNSN(LO)  R#8
T R*8
T2 R*8

UNITS

varies

varies

varies

secC.

SeC.

DESCRIPTION

Noise channel outputs for
last call to EXPN.

Noise channel outputs for
last successful time step

for integrator.

Noise channel outputs for
carrent call to EXPN.

Time of laglt successful
integration

Time of last call.

e s
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COMMON BLOCK NAME: COMMON/CSTAT/X(20), XDOT(20), CPARM(43)

OR
COMMON/CSTAT/SVCS (20), SVDCS (20), CPARM(43)

USED IN SURROUTINES: RD478, WIBBLE, CSIC, WRTPLT, DEBZUT
l;:
éf

PURPOSE: Carries cortrol system state vector, its derivative

and contiol system parameters.

VARIABLES :
FORTRAN NAME TYPE UNITS DESCRIPTION
X R*8 see Control system state
inputs vector.
descriptions
XDOT R*8 ' Derivative of control
system state vector.
CPARM R*8 Control. system parameters.

P SO W G R P 3 . . e
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i
| ) COMMON BLOCK NAME: COMMON/ICNTRL/KNTRI (10)
i
F
USED IN SUNROQUTINES: MAIN, RD4A78, WILLLS, NUM, NUMSCE, WRTPLT
: PURPQOSE: Spccifics eontrol system options.

VARTABLES &
[ FORTRAN NAME TYPE UNEITS DIEGCRIPTION
KNTRL I*4 See input descriptions.

L e 4 .
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: . COMMON BLOCK _NAME:  COMMON/ICSADM/LSAVE, IRAND, NCHAN

USED_IN_SUBROUTINES: ADMIMP, CSIC, EXPN, WHEELS

DPURPOSE: To transfer noise generator control words

VARTABLES :

: FORTRAN NAME TYRE UNITS DESCRIPTION

{ LSAVE I*4 N.A. Integrator logic integer

} IRAND I*4d N.A. Random number intcegex
NCHAN L*4 N.A. Nunber of noisc channcls




COMMON BILOCK NAME: COMMON/JCNTRL/NCNTRL, MCNTRL, MADCNT (20)

USED_TN SUHROUIINMG: CSIC, WHEELS, NUMCSE

LAE]
o

PURROSY::

YARTABLES

FORTRAN NAME YRR
NCNTRL I*4
MCNTRL L*4
MADLCNT (20) I*4

UNIT

ABCRIPITON

Number of control equations

Index of state varviable
immediately preceeding
187 control state variable

Defines mapping between
system state vector and
control state vector

kAl

‘..
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COMMON BLOCK NAME: COMMON/SCSTAT/SSVCS (20)

ISED _IN SUPROUTINES: CSIC

o

PURPOSE: To save control system state vector initial conditions

for stacked cascs.

VARIABLES :
FORTRAN NAME TYDPE UNITS DESCRIPTION
SSVCS (20) R*8 varies Initial conditions for

control system state
vector
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COMMON BrOCK NAME: COMMON/VERS/VNO

USED_IN SUBROQUTINES: MAIN, DVERS, (BLOCK DATA)

»

URPOSE: Tdentifics current program version used to determine

modification level.

VARTABLES :
FORTIRAN NAMD ™YL UNITS DESCRIPTION
VNO R*8 8 character version

identification
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4.0 DESCRIPILON OF NEW AND MODIFIED INPUT/QUTPUT

The new and modlified input symbols and output capabilitlies

for the F&SD program arce detailed in the following scction.

4.1 DYNAMICS EXPLOROR-B SIMULATION INDPUT/OUTPUL

The input sywbols for the DE-B control system simulation

are described below:

INPUYT PRESET
SYMBOL TYPE VALUE

KNTRL (10) I*4 0

KNTRI,
ADDRISS

(1)

—
to
~

(3)

(4)-(8)
(9)

(10)

DESCRIPTION OI' USE

Vector of control integers
for DE~-B control system
simulation

DESCRIPTION

KNTRL (1)
RNTRT: (1)

0 No control system
1 Control system with
sccond order scnsors

ol

1l

KNTRL (1)=2 Control system with

fourth order sensors

KNTRL (2)=0 No nutation damper

KNTRL (2) =1 Primarv damper circult

KNTRL (2)=2 Offsct pointing doyrmr
circuit

[ !

il

v

KNTRL (3)=0 No
KNTRL (3)=) First order tachon. cexr

NOT USED

KNTRL (9)=I I is starting in-
teger for noise gen-
erator. I must be
odd and should have
6 or 7 digits

KNTRL (1L0)=0 No noisc channcls

KNTRI, (10)=3 Noisc gencrated for
sensors & bial volt-
age. Use only 0 or 3

o e
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INPUT
SYMBOT,

CPARM (43)

CPARM
ADDRLSS

(1)
(2)

(L4)
(15)
(16)

(17)

TYPE

R*8

MATII
SYMEOL

Ts
T

Ky

PRESET
VALUL

(1-30) 0.000
(31-40) 1.000
(41-43) 0.000
UNITS

sGcC,

sQcC.

SCC,

sec.
volts/rad.
voltsarolt

volts/volt

volts/rad/sca)

volts/Avad/scc)

ft.1lbs/volt

voltis

volts/volt

14
O
Q
.

volts
ft-1bhs

s/ see

it . LISl B AT N Sl S SO ot . ot e e s

DESCRIPTTION

Contrxrol system parametoers
for DiE~-B control system
simulation

DESCRIDPTLON

Sensor time constant

Lead term in pitch compen-
sation

Lag term in pitch compen-
sation

Tachometer time constant
sensor gain

bPitch amplificr gain
Power amplificr gain
Tachometer gain

Motoxr back EMI' constant
Morolt torque constant
Not used for input

Voltage Limit in compen-
sal " amplificy

Ga. in primary damper
cirvult

'Yime constant in primary
damper circuit

“Bias boltage

Coulonlh friction torque

Test relative wheel speed
Lo avolid covlomb friction
tougque discontinuity at
#ero speed




CPARM
ADDRESS

(1.8)

(19)

(20)

(21)

(22)

(23)

(24)

(25-30)

(31-33)

(34-35)

(36-38)

(39-40)
(41)
(42)

(43)

MATIT
SYMBOL

Cs
Kﬂz

fcuz

UNITS DESCRILIPTION
volts/volis FPourth order sensox
sec Gain in oft:roet pointing

damper clreuit

N.D. Time constunt in offsct
pointing damper circuit

N.D. Sign of damper circudt
output set 10 1.0 oxr -~L.0
volts Roll sensoxr output limit
ft.~lbs. Motor torque output upper
limit
ft.~lbs. Motoxr torque output lower
Limit
Not usecd

Noise model SIGMA for pitch,
roll and voltage bias re-
spectively

Not usecd

Noisce model LAG fox pitch,
roll and voltage bias re-

spectively |
Not used ;
rad. Pitch sensoxr bias
rad. Roll sensoxr bias
Not used

RS, -
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INpuUYT
SYMBOL

sVes (20)

gvVes
ADDRESS

vv—-_4_4 -
—
e
Py

-~
el
=

N

(15)
; (L6-18)
(19)

(20)

TYPL

R*§

PRESET
VALUE

0.000

UNITS

volts

volts

volts

volts

volts

volts

rad/sec

volts

volis

DESCRLPTION

Initial conditions for con-
trol system state vector
DESCRIPTION

Pitch sensor output

pPitch sensor dynamics

Nol. used

Roll scensor output

Roll sensor dynamics

Not usced

State variable for pitch
compensation amplificr

Not uscd
Tachometer output
Not used
Whe ol speed

Not used
Nutation dampoer

Nutation damper
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INpuT
SYMEOT,

GN1C (10)

csuP (20)

CSDN (20)

TYPE

R*8

R*8

R*8

PRESEY
VALUL

0,000

l . OD"‘2

l ] 0D"4

DLGCRIPTION

Initial conditions for noisc
nodoel chamels.

Gure(l)  ritch channel
Ghic(2)  Poll chanuel

GHIC(3) Bias veltuge channael
CIC (1--10) Not used

Upper bound on difference
between predicted and corr-
ccled control systom stote
vector. Tocation in C5UP
corresponds to the location
of the varxiable in the
state vecotor initial con-
dition array SvVCS

Lower bound on difforence
between predicted and coxry-
ccted control system state
vector. Location in CSDN
corrasponds to the location
of. the vuriable in the state
veetor initinl condition
array SVOCs

L_u’.u‘..l .
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In addition to the new input desceyribed above, the follow-

ing must ba given:

IWILBL 1 Forcesn call to momentum wheel subroutine
(WHELLS)

XMGHAN(2)  __ Inertia of momoentun whoeol (nlugfft?)

It is recommended that integration control bounds he given
for critical contiel variables to prevent integrntion time step
from exececding the time constunts of the closed-loop system. Fox
example, 1f fastest component in the control system has a time
constant of .l scc, it is unreasonible to expect accurate sim-
ulation results with a larger time step. Setting the inte~
gration bounds to some reasonable (emill) fraction of the nom-
inal value (eg 1072 to 10"4) will cnsurce that the integration

crrors arc of the eame order (eg 2 to 4 place accuracy). The

time stop corregponding to this level of accuracy will he det-

ermined internally.
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The output for the DBE-B control system simulation includes

both printed data and plots.

ourPUT
HEADING UNTTS

PTCI Out
ROLI; Out

COMP Out

TACH Out
WHI, SPD rad/secc

NUTD Out

The printed output is as follows:

DESCRIPTION
Pitclh channel sensor output
Roll channel sensor output

Ooutput of compensation
amplifier

Output of tachometey

*

Momentum wheel speed

Nutation damper phase shift
circuit output

The output available for plotting is the entire stats vector for

the control system. The locations and definitions of these var-

iables gre as follows:

KPLOTS
ADDRESS LTS

(216)
(217-219)
(220)
(221)
(222-224)
(225)

(226)

(227)

(228)

DESCRIPTION

Pitch sensor output
Pitch sensor dynamics
Not used

Roll sensor output
Roll sensor dynamics
Not used

Output of pitch compensa-
tion amplificr

Not used

Tachometer output

it v g
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ADDRESS UNITS
(229)

(230)

(231-233)

(234)

(235)

DESCRIPTION
Not used
Momontum wheel speed

Not used

Nutation damper phase shift

dynamics

output

4,2 MODIFLED TIRUSTER OPTION INPUT

TIHRUST LOANING OPTTON

FORTRAN MATII
SYMBOL SYMBOL
IPULSE N.A.
ISPLSH N.A.
ISPNP N.A.
IPLDPRP N.A.

DESCRIPTION
Control word to activ te

IPULSE=0 No thrusting

IPULSE=)] Apply thrust once

IPULSE 71 apply thrust IPULSE
times (only if ISPLSE
# 0.)

Control word to activate sun
crossing time to starxt the
thrusting

ISPLSE:=0 Sun crossing not used

ISPLSE=L Sun crossing used

Control word to prirt out the
orbit update messaye (only if
ISPLSE=l, IPULSH 1) i.e., if

ISPNP=5, the orbit update mess

age will be printed at every
“th pusle

Control word for number of
thrust pulses per spin record

LPLPREP=L One pulsce
IPLPRP=2 Two pulsces

Only ono or two pulses arce
allowed. (Presct =1)

Nutation damper phase shift

UNITS

N.D.

N’D.

—

N.l)‘
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FORTRAN
SYMROL

TVECTR (3, 2)

TLOCAT (3, 2)

TTIMES (4, 2)

TPARAM (4, 2)

MATH
SYMBOL

§))

()

D

DESCRIPTION

Unit vector defining the
direction oi the force
applicd to the body due
to thrusting. Thie vec-
tor is definced in the
body frame. (preset=
0.0, 0.0, 1.0)

Location in the bhody
frame of the point app-
Yication of the force
due to thrusting.
(preset=0.0)

Times to define thrust var-
iation measuraed from the
problem starting time

TTIMES (1,I) Start of pulsc

TTIMES (2,I) End of exponen-
tial risec

TTIMES (3,T) End of lincar
thrust

TTIMES (4,I) Bnd of pulsc
I=1l or 2

Paramcters Lo define thrust
variation

TPARAM(L,I) Coefficicent dur-
ing exponential rise

TPARAM (2,I) Exponential decay
constant durint dxponential
rise

TPARAM(3,I) Cocfficient for
linecar slopc

TPARAM (4, T) Exponential decay
conslant during oxponential
decay

feet

secC

b

sea

1b/scc *

~1
soC

o YA EA T  gre . e ot
- Rt IR o & & 40— T e Py Wt s ey, AR SRS TP




FORTRAN
SYMBOL

REFANG (

d.3  MODIFLED PEP INDPUT AND ADDIUTONAL PLOT CAPARTTITY
Iast Fourier Traoc:toem (FMIMP) Analysis

FORTRAN

SYMBOI

ICSD

NQTH .

MATH
SYMROT, DESCRIPTTON UNITS
2) A Angular delay from the Y dogr
. .

axis erossing the sun line
to the pulse

MATIT
SYMBOI, DESCRIMITON UNITS
N.A. Control word to activatoe tho N.D.

FIMU analyses subreutine.,
ICSD=0 No FI'P analysis

ICSD-N I analysasis activated
(prosots0)

The integer N regquests that N

froguencices be extracted from

the scolected RPLOTS data sots
The value of N should net oxceed the namber of Droquen-
cies that can reasonably be expectod to eoxist in the

data.  The range of permissible values for N are from 1

to 10.
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RPLOTS

ARRAY

ADDRESS
I

210

t 211

212

213

2l4

215

DESCRIPTITON

Pxternal moment
aboul L body axis

Bxternal movient
about 2 body axis

Extoernal moment
about 3 body axis

Componoent of ang-
ular momoentum on
1 body axis

Componant of ang-
ular mopentun on
2 body axisg

Componant of ang-
ular momentum of
3 body axis

Controld systoem

stalo vootoy
(Sve section 1.1)

FORTRAN

SYMBOL

MOMEAD 1

MOMBEN'T 2

MOMENT 3

HBODY 1

HBRODY 2

IOy 3

N.A.

UNTTS

f£L=1hn
f-lbs
L4 1bs

9]
slug-L1° . /noc

l’)

b} .
glug-LL Juce

2]

Xl
slug/Lit™ fuove

variles

NOT'I

TICALS L

INCATC 1

a1

TWhkRL 1

and
RNTRL ()
1 or

s,
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