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Results of star tracker constraint violation analyses performed with
the digital computer program Shuttle Attitude and Pointing Time Line
Processor (SAPT) are presented in this note. These analysis results
are typical of those utilized to provide the information required

to update Baseline Reference Mission Attitude and Pointing Time Lines.
Descriptions of SAPT modifications implemented to perform these anal-

yses are also presented.

INTROBUCTION

The purpose of this note is to present results of star tracker con-
straint violation analyses and to document and discuss the associéted
modifications to Program SAPT designed to detect star tracker con-
straint violations. This note, therefore, describes and documents

a tool which may be utilized to analyze attitude and pointing time
lines,; now and in the future, for possible star tracker constraint
viclations. This capability has been‘utilized to perform initial
analyses which are reflected in the time lines presented in Refer-
ences (1) and (2). This capability and other simulation requirements
designad to support attitude profile analyses are discussed briefly

in Reference (3).

DISCUSSION
The orbiter vehicle has three star trackers. Each is sensitive to
bright light and cannot be operated within certain regions of the

sun or sunlit earth. Attempting-to operate any one of the star
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trackers with its centerline Field of View (FOV) within 30 dearees
of the sun or within 20 degrees of the sunlit earth horizon would
violate operational constraints imposed on this instrument.” Vio-
lations may occur while performing Inertial Measurement Unit (IMU)
platform alinements or while tracking targets during normal Shuttle
activities. This condition in certain cases can be avoided by se-
Tecting alternate orbiter attitudes, and a method to detect these
violations can be useful in establishing a pre-mission attitude and

pointing profile.

Consideration was given to developing a separate program to deter-
mine the constraint violations, but it was determined that Program
SAPT would be the most convenient tool with which to perform the
violation analyses. There are three main reasons why this is the
case. First, Program SAPT generates the attitude and pointing time
line profiles and contains all of the attitude related information
required to establish the necessary éttitude transformation rela-
tionships. Second, the program can be easily modified,_and third,
the program employs routines required for certain computations as-

sociated with the star tracker constraint violation model.

RESULTS
Figure 1 depicts the earth pointing constraint detection model im-
plemented in Program SAPT. It assumes the earth is a sphere. Since

the earth is assumed to be’spherica1, the ahgle, o, between the vehicle

to eérth-tangent Tine and vehicle to earth-center 1ine will be constant if

ORIGINAL PAGR
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i

the vehicle's altitude remains constant, i.e., if the vehicle's or-

bit is circular. The earth pointing constraint is violated when

W

the angle between the star tracker FOV centerline and the vehicle to

;
earth centerline, ©, decreases below the value of a.+ 20°. This L

NG

is equivalent to the star tracker centerline FOV entering the earth
pointing constraint region and, therefore, violating the earth
pointing constraint. The sun constraint detection model is imple-
mented in a similar manner. The sun is regarded as a point source,
and sun pointing constraints are violated when the star tracker

centerline FOV enters within 30 degrees of the sun to vehicle line.

Program SAPT was modified to incorporate this model.

L
NN o I I T VT I

FIGURE 1: MODEL USED IN DETERMINING STAR TRACKER IERRE T
- CONSTRAINT VIOLATION AMALYSIS LOGIC * , e

~* A11 symbols used in model are defined in Appendix A.
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The angle betwsen the earth pointing vector in the body coordinate
system (as defined in Reference (4)) and the line of sight to the
horizen of the earth is computed using equation (1), where ERNM and

SID1 are defined in Appendix A.

B ERMM ,
o = arctan S BRI I e e e s e . (1)

For purposes of testing earth pointing constraint violations, o« is
computed irrespective of lighting conditibns of the earth, a consid-
eration that will be given to a later,'mcre sophisticated model.

The angle for the testing of sun pointing constraint violations was
set to a constant 30°, hence no o« computations are required. Ex-
pressions to compute theta (9), the angle between the earth pointing
or sun pointing vectors in the body coordinates, are given by equa-

tion (2) for earth pointing and equation (3) for sun pointing.

@ = arccos ?I;‘ EE ............. e .o (2)
|ST| |EP| ' ‘

O = arccos filfi-éi— ......... i .. (3)
bsT) JSPl | ~

A1l symbols used in computing © and a, including ST, EP and SP, are
defined in Appendix A, and the basic figufe for determining the math

mode] USedfin program modifications is illustrated in Figure (1).

The star tracker,pointing vector, ST, for star trackers 1, 2, and
3 are computed byftaking the tfanépose of the dey to Star Tracker

coordinate transformation matrices obtained from Reference (5) for
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each Star Tracker, and post multiplying each by the unit vector

along the Z coordinate axis ([.g} ) . The earth pointing and sun

1
pointing vectors used in equations(2) and (3) are computed by SAPT

subroutine TARVEC in the earth centered, Aries Mean of 1950, inertial
coordinate system described in Reference -(4). he veciors are then
transformed into the body coordinate system by a call from SAPT to
subroutina BPCR (Body Pointing Conversion Routine). Once computed,
the dot products of the star tracker pointiﬁg vectors and Earth 6r
Sun pointing unit vectors for all pertinent pointing vectors are
computed by subroutine UNVEC. Completing all preliminary computations,
equations (2) and (3) are employed to compute © for each star tracker.
Coding of Program SAPT is presented in Appendix B with all modifi-
cations indicated by the word ”NEN“k on the right hand side of the
page. |

The operation of this logic will be briefly described. A value of

20 dagrees is added to the computad o for earth pointing in accordanée
with the constraints specified in Reference (5). Every 0 corres-
ponding‘to the‘combinations of star trackers and earth and sun ﬁoiht-
ing vectors is then computed. Each © is compared against « (4 20
degrees) for the earth and o (= 30 dEQrees)‘for the sun, testing

for @ <o (a + 20° for the earth). If'such tests are successful,
i.e.leu( o, 2 special code ésvdefined in Reference (6) is output |
through deifications to;SAPT output Jogic, indicating which con-
fstraint:ha& been Vjo}ated34+5Eafth Pointing or Sun Pointing Con-

fstraihts —-;and which Star Trackers are in violation ofuthat
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particular constraint. If the event being processed is not a plat-
form alinement, ccmputations and tests are not considered, and most

computation logic is skipped.

Modifications for star tracker constraint violations analysis were
used in the checkout of platferm alinements being considered for
certain inertial hold attitudes defined in the Preliminary Baseline
Reference Hissicn (BR1) 2, Sortie Option 1 Attitude and Pointing
Time Lines. Results indicated that nearly 90% of the alinements
ware perforrmed with constraint violations, as illustrated in Ref-

" erence (6). Sortie Options 2 and 3 of BRM 2 as well as BRM 1 showed
similar results. Sortie Option 2 of BRM 2 is illustrated in Appen-

dix C which shows that 8 out of 9 platform alinements violate star

tracker pointing constrainis when holding the prior inertial attitude.

Since extensive violations occurred in the inertial attitude just
prior to a platform alinement, a maneuver to the LVLH attitude at
0,0,0 was then assumed, Jjust prior to each Platform Alinement, and
checkout attitude ahdipointing time lines were generated. Results
showed no violations occurring for any Sortie Option bf Mission 2,
but due to the relatively low altitude for Mission l,yplatfprm aline-

ments perfonﬁéd in the inerfia1 hold mode at an initial LVLH atti-

'tude of 0,0,0 always vio1ated the earth pointing constraint for star

tracker 3. (Appendix (D))

“In updating BRM ] and 2 time lines, the same violations were assumed

JENAL PAS S g
O pooR, QUALITY
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“to hold since new trajectories indicated no change in altitude.

Checkout results indicated this to bes the case. For updates to
BRM 1, therefore, a slight Roll of +5° was employed to assume an
LVLH attitude at 0,0,5, with checkout results indicating that the
selected attitude wés‘suffié{eﬁihfé‘prevent further violation of

constraints. A study of results using Star Tracker constraint vio-

ZYation detection logic revealed that updated Preliminary BRM 1 and

2 could be generated with platform alinements in LVLH attitudes
at 0,0,5 and 0,0,0 respectively without violating any Star Tracker
constraints. Results of updated time 1ine generation for BRI 1 and 2

are i1lustrated in References (1) and (2).

CONCLUSION
The analysis results presented in Appendices C and D of this note
are typical of those performed on pre]iminéry Baseline Reference

Mission Attitude and Pointing Time Lines to insure that nc star

tracker near earth or near sun pointing constraints were violated

during I platform alinements.

The documented description of Star Trecker constraint violation mod-

ifications to program SAPT and descriptions of results using these

‘modifiCations, as presented in this note,initial]y provides an ade-

quate source of information. Program SAPT can be used to efficiently

~detect Star Tracker constraint violations and employ possible methods

to insure avoidance of these vio]ations,‘ It is planned to upgrade

‘the mocel used to detect star tracker constraint violations to

of 9
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include an e11ipsoidél'earth”méééi;'earth cccultation,earth light-
ing, and vehicle attitude dispersions. Capabilities such as these,
to analyse attitude profiles, will continue to be developed, and |
analyses utilizing these capabiiities will be performed to refine
attitude and pointing profiles based on known attitude and point-

ing related constraints.
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(5)
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(7)
(8)

(9)

(10)

ALT

ERNH

RALT

SIDI

EP
SP
ST

@, =|ARCCOS/ ST . EP

APPENDIX A: LIST OF SYMBOLS USED IN STAR TRACKER

CONSTRAINT VIOLATIGN LOGIC

Reference Vehicle

Yehicle Altityde in Nautical Miles Referenced from Surface

of the Earth - Computed in Subroutine MADIR and Returned
to Program SAPT

Earth Padius Expresed in Hautical Miles - Placed into SAPT
by use of the DATA Statsment

Total Distance from the Center to the Earth to the Reference
Vehicle in Nautical Miles -
AALT = ALT + ERNM

Distance from Raference Vehicle to Tangent of Line of Sight
to Horizon and the Earth in Nautical Hiles -

SIDY = V{AALT)® - (ERIM)*

Earth Pointing Vector Expressed in Body Coordinates
Sun Pointing Vector Expressed in Body Coordinates

Star Tracker Pointing Vectors for Star Trackers 1, 2, and 3,
Expressed in Body Coordinates

Angle Between Earth Pointing Yector and Line of Sight to the
Horizon of the Earth Expressed-in Degrees -
o = [ARCTAN (ERHM/SIDT)] X 57.29577951

Angle Between Earth Pointing Vector or Sun Pointing Vector
and Star Tracker Pointing Vectors for each Star Tracker,
Expressed in Body Coordinates -

P\ 57.29577951
GG

6, = [ARCCOS{ ST - 5P \|x 57.29577951
R \GIRED
’ 4
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CODING OF PROGRAM SAPT WITHOUT SUBROUTINES

sees PROGKAM SAPT esecs

THE SHUTTLE ATIITUDE AMD POINTING TIMELINE PROCESSOR (SaAPT) IS5 THE

BASIC ATTITUDE ANU POINTING TIMELINE GENERAT]ON PROGRAM FOR
SHUTTLEs SAPT CAN GENERATE ATTITUDE AND POINTING TIHELINE TACLES
FGR DOCUMENTATION AND AT THE SAME TiME ALSD GENERATE ATTITUDE
TAPES FUR SUBSYSTEHM EVALUATIONSe THE BaS{C INPUT 15 IN THE FURM

OF ATTITUDE AND POINTING DESCRIPTOR CARDS DEFINING THE NAME OF

THE EVENTy THE EVENT VIME, AND DESCRIPTORS DEFINING THE ATTITURE
AND POINTING REWUIREMENTS FOk THE EVENTes THE PROGRAH REWULRES

A TRAJECTORY TAPE SOUNTED ON UNIT Fo AN EPHEMERIS TAPE MOUKNTED ON
UNIT Ko AND A PCF TAPE INCLUDING SAPT, IF AN ATTITUDE TAPE 1S ALSO

0 BE GENERATED, A SAVE TAPE MUST BE HOUNTED ON THE TAPE UnIT

DEFINED BY ITAPEs THE FIRST [NPUT CARD AFTER THE XQT CaRD #UST BE
A BASE CARD GIVIWNG THE BASE DATE TO MEASURE GsEsTe FRUM AND THE
TAPE UNIT AND PRINT INTERVAL 1F A ATTITUDE TAPE IS TO BE GENERATED
THERE 1S ALSO AN INPUT FLAG WHICH DEFINES & TAPE UNET TO wRITE A
DESCRIPTOR TIMELINEs AFTER THE BASE CARD, THE ATTITUDE ANU FOINT=
ING DESCHIPTOR CARDS FOLLO®, THERE MAY BE UP To 4 CARDS RENUIRED
To DEFINE EACH EVENTe THE FIRST CARD IN EACH EVENT SET IS5 THE
EVENT ‘NAME CARDs UP TO 4 LINES UF EVENT ODESCRIPYIUN CaN BE DEFINED
WITH 18 CHARACTERS TO EACH LINE. THE HEKXKTY CARD 15 THE ATYITUOL
REWUIREMENTS CARD GIVING THE EVENT TIME AND ATTITUDE ONLY REWUEIR=
MENTSs I'F THERE ARE NO POINTING REWUIREMENTS, THIS IS THE LASY
CAKD OF THE SETe IF THERE ARE POINTING REWUIREMENTS, 1 OR 2 MORE

- by g

P
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Tie
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CARDS ARE REQUIRED DEPENDING ON THE NUMHER OF POINTING REWUIRE-
MENTSe EVENT SETS. SHOULD BE STACKED IN" CHRONOLQGICAL ORDER, THE
LASY CARD OF THE DECK 1S LABELED *END CARD® STYARTING IN CC 1o
THE INRUT PARAMETER DEFINITIONS FOR THE BASE CARU ARE GIVEN BELOW,
THE INPUT DEE[NITIONS FOR THE EVENT SETS ARE GIVEN IN SUBROUTINE
YCARDIN®
BASE CARD DEFINITIONS =
NEASYR,NBASMT yNBASDVINBASHRINBASHIN¢BASSEC .
= GASE GeMsTe THAT GefeTs IS MEASURED FROM (NOMINALLY THE
LAUNTH GaMeTs
ITAPE = UNIT OnN ®HICH THE COMMUN FORMAT ATT]YUDE TAPE [S TO BE
: WRITTENs. IF 2EKOy NO TAPE [S REQUIRED,
GHYINT = TIME {WCREMENT BETWEEN PRINT POLINTS DESIRED FOR THE
COMMON FORMAT TAPEs (MINUTES)
JUREAD = UNET ON WHICH THE INPUT ATT|TUDE DESCRIPTOR FILE Wltl BE
MOUNTEDs IF ZERO, ALL INPUT #1LL BE MNANUAL.
LUNRT » UNIT ON WHICH THE REVISED ATTITUUE DESCRIPTOR FILE is 1O
BE WRITTEHNe [F ZERO, NO- TAPE [S YO BE #RITTEN,
CIHRST e MINST,SECST )
- GET TD START ATTITUDE TIMELINE 4F A DESCRIPIOR FILE HAS
BEEN PROVIDEDs JF NOT INPUT. THE START LF THE DESCRIPTOR
FILE, QR THE FIRSY MaNuaL INPUT, WHICHEVER IS EARLIER,
WitL Bt USED.
IRREND , MINEND ¢ SECEND
e GET TO END ATTITUDE TIMELINE IF A DESCRIPYOR FILE HAS
BEEN FROVIDEDs IF NOT INPUY, THE END OF THE DESTHIPTOR
FILE, UR THE 'LAST MANUAL INPUT, WHICHEVER 15 LATLER,
wlLL BE USEDs ,

INTEGER ATTSYSeaALIOGN

REAL IANGLoIANG22LANGI241ANG22

DOUBLE PRECISION BASEJD+BASTIHyTGET 4 GMTGNTP

DOUBLE PRECISION GHTNXT,TSHCAL ) TNEXT,TINTAP

DOUBLE PRECISION XIMUDT W YTIMUDP 4 ZJHUDP JRKMUP (3] ,VKMDP 3] 4LV (3)
DoUBLE PRECISION GeT

DOUBLE PRECISION RSUNDPLIS

REAL LIFTKG1SPSEC

REAL KX KYKZyNUZyMINTIH

DIMENSION OUMMAT(LIS5)4RUI ) Vi) RSUN{3)VSUN(I) ,RHOON(3),VHOONII)
DIMENSION TARGEY(J)-TDVEC(3).ATJ;V‘sua).ATTl(3.3).SUNVEC(JDo
o PB{3I),COEVECII)LATTECIL34) ) )

DIMENSION RKMU3 T oVEMED) RKHULI) yRSUNULI)

DEMENSTON ATTSRA43+3)

DIMENSTON SPARE (1Y) sRSUNKHMIEZ)

DIMENSION STI2(3)¢5T3031,50S0(3) 4 HONCLI)

DIMENSION SMAGLI3) ¢SMAG2(3) ySHAGI (I ) +sSHAGYLIY

COHNON/BASDYT/ BASEJD4BAST M, NBASYR | NBASHT JNUASDY NBASHR ,NBASHN,
e BASSEC

COMMON/ATPLOMZ GHTPsATTIPL34:3)

COMMON/TERRCH/ JERRK

COMMON /7 VEHLE / Kx.KY-KZ.NUZ-BETA:ﬁASUN.UECSUN.RAHOON.DECHON
COMMON/ZSHMCALLYZ TSMCALSRSUNIVSUN,RMOORVHOON
COMMUN/CARDS/Z1HR sMNoSECS ) ATTSYS, FMUNUM, IVHSyANG 1 ANG21ANGI

L] lHuLD.XRA1E.YRAYE.ZRATE.lPYFLG.ALlGN.lNSTanlANGl.lANGZ'
) |TVPEl.luEFl.vARl,VARZ.VAﬂa.lfARGl.VARH.xDlNz.lAnﬁlz,lAN622.
o [TYPE24IDEF2,WARL2)VARZ22,VAR3I2,ITARGZ VARNZ

COMMON/TVCOH/ ITARG yALPHAT sBETAT yWVECIS) JALPHACYBETAC AT,

o TLON,TLATITYPE,IDEF
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100131 - 83  COMMON/ZEVNCOM/NEVENT NA
0013 , H/NEVENT(12) sNAHTAR APPENDIX 8

00132 84s COMMON / REVST ¢ REV : . .
00132 -~ B5e - ¢ REV = REV NUMHER OF VEHICLE FROM START OF MISS|ON Page 3 of 10
00133 . | Bas COMMUN /TRJUCNV ZAsEsDINCIARGPER ) ASCNOD JAM, 0MEAN.¥RUFAN.PER;OD

00134 7 87 CDATA RIDZ87¢2957795/4SECPHR/360040/

oCi3? ~ 8as DATA DUMMAT / 15 ® De0 /sMINTIM / -1.0 ’

00142 8ge CATA ITAPE 7/ 15 / -

0Di4% Y0 DaTA NBLANKZS6H /nMAXLIN/Sb/.NUHLlN/Sb_]

00150 e : DATA NTARD / &H /

p0150 932e C EGRAVC = GRAVITATIQONAL CONSTANT OF THE EARTH | KMee3 / SECse2 )

potse 93 ODATA EGRAVC / 398440119999 7

Qo152 94e d Dv = SENSED VELOCITY CHANGE OVER TIME INTERVAL BETWEEN PHESENT

op1s2 95e C . AND PREVIOQUS RECORD :

80154 s DATA DV /7 0s0DD»0s000+040D0 7 ’

0o156 97 ' DATA SPARE /7 14 ® G0 ¢/

00160 9w DATA NUMENT/LYV

00160 99 ¢ ! ‘ eNEW .

OD160 100s Coe=a=STORE VALUES FOR STAR TRACKER POINTING VECTORS : SNEW

00140 I1Gie C IN BODY COURDINATES,  ANGLE ALPHA FOR SUN POINTING sNL®

00150 102 C CONSTRAIMTS,EARTH RADIUS IN NAUTICAL MILES, ’ SHEW

D060 103 C AND CODES FOR VIUOLAYION QUTPUTe=mem= oHEW

001s0 10us C : ' CHEW

o142 105 CDATA ST12/7000+0e0r=100/25T3/2425881904,-¢96592583+040/ ‘ SHEM

DO14S5 106 DATA SALPHA/3B.0/ ‘ ' SHEMN

bo1s7 107 - DATA ERHM/Z3443.931/ SHEW

00171 10ge DATA TAZIHAZ IB/IHB/21C/4HC/ 1D/ HD/ VIEZIHEZ 1R/ IR /5167 1HGY enNEAN

pol7t - {Dye ' s IH/IHH/ y INANEZ 4HPLATFO/ oNEW

00203 110s PRIFLG & 040

00204 1ile ‘ LIFTKG = 0.0 FAN
00205 112e CYNPR = (oD f%lﬁg
00206 i3 DRAGKG ® Go0 o &
vc207 114 WGTKG 3 0.0 O«E
on210 lige ' THRKG & D40 O
0e211 11be ISPSEC & 0.0 = g:
noz212 ti7e - CALL “INTMSGLD,D,0) SNEW O,
00zl2 118e C BASE CAKD VALUES AND FORMAT FOLLOW sem} - =
gp212 119e C : ? >
o023 12¢e , READAS 9100 NBASYR,NBASHT NGASDY ,NBASHR (NBASMN BASSEC, = g;
60213 124 o ITAPE,GMTINT , JUREAD , TURRT y THRST MJNST SECSTyIHREND HINEND , SECEND =
00213 122 ey 1ASTP. 7
0p23é 12)3» 910 FORMAT I X gl 4e8tiXal2) 01X oFSe20 K320 1K FbeD9201Ky}2),

00236 12y4e , . 20 X0 Tl X el 201 XsF502)012X,101)

00236 1254 C

00237 124 WRITEL&4900)

00241 127¢ 900 FORMAT(IHI)

po242° 128¢ ; CALL DATEC

oo243 129e¢ GETST ® IHRST ¢ MINST/60e0 o SECST/3600.0

FAR 13ge. " GETEND = IHREND # MINEND/60e0 ¢ SECEND/360040

00245 L3je IF{GETEND oLEs GETST) GETEND w.200+0

00247 132 CalL INPROCIIUREAD (GETST GETEND NUMENT)

00250 133e 100 CUNTINUE

00250 1346 € THE CALL TO GETDES OBYAINS THE FIRST EVENY SET R

00250 1350 o C

oo251 134 i " CALL GETDES{JUREAD,ISTIOP)

025y 137 C s

00252 - 138e CALL. CROFILUL)

00253 1390 - IFUISTOP «GTe 0) GO TO 35D

00255 140 IFCIERR +GT, G) STOP
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[ bo30Y

00306

00307
g0310

0031l -

o312
00313

0o3is

0o3lL?

06320

pO321
06323
00326
o33l
060332
£0335
00336
00337
00337
pO33?
50337
00337

00337
00337

BLERR

003%}.

00342

BLELRS

Q044
00345

00346

0351
00352

00354

00355
00357
003860

90361}

00382
pp363
00364

14ye

1420

1430
1440
j45e
Y}
1470
l4ge
149
150s
1Sy

}S52¢
1530

154
155
§S6e

1578 -
S 15ue

159e

léae
lbge
162¢
163
Loye

1650
16be
1670
l6ae
69
1700
i{71e
172

173

1740
1750
174%
177

17894
179s.
180s;
18)e.
la2e
183

1849
1850
1840
187e

T §8pe
1ase

1700

194

1928
193¢
1940
195
196
1979
198

120 CONTINUE
JPCARD =
TGEY ® THR + MN/&D ¢ SECS/3600
GMY 8 JGET & BASTIM
150 CONTINUYE .
CALL TIMECIGMY , JUAYN, ITHRN ,MINN,SECN)
TIMTAP = GMT = BASTIMN
CALL TIMEC (TIMTAP DTy IHT Yy IMTHST)
IHY = [DYe24 & IHY
TTAPE = SHGLU{TIMTAP)
IFLLHRN oGTe 21 sANDe (IDAYN = JOCALL) oEWQs 1) IDCALL = 1DCALL=])
1F CUIDAYN = {DCALL) oGEs O eANDs (TDAYN = TDCALL) «LV¥s2) 60 YO 200
1pCALL & 'TDAYN
FFEEHRN oL Te 210 10CALL = 1DAYN = |

Ls

B CALL INITALGIDCALL,ISTOP)

[FCISTOP 4GTW .00 STOP
200 CONTINUE ’
IFLALIGH 4NEe 11:GO TO 220
CALL. CROFILI2) | -
Call AYTDEF(GMT,ATTP)
GUTR = GHT ., .
“CalL CRDFILEL)
22g CONTINUE - s
15 (ATTSYS LEG. NBLANK} TBLANK = 1}
TFECATTSYS oEGe NBLANK) CALL CROFILER) -
CaLLEATIDEFIGHT ,ATTECT)
CALL (CRDFILILY
IFtATTSYS «NE. NBLANK) GO TO 225
DD 223 115143 :
o URTTEU L J) Tm ATTECTLL Y
223 CONTINUE
CALL-EULERIATTI IVMS ANGL yANG24ANGIATTECT)
©225 CONTVINUE
CaLL HADIR{GMT SCLONSGDLAT ALT)

C . A
Coama=COMPUTE ANGLE ALPHA{ANGLE BETWEEN VERICLE TO COE VEZTOR .AND

STAR TRACKER POINTING VECTOR) FOR EARTH POINTING CONSTRAINTS,

AND ADD 20 DEGREES TO ALPHA TO COMPUTE FINAL ALPHA FOR -
STAR TRACKER EARTH POINTING CONSTRAJNT VIOLATIGNS CHECKQUYwmmmean

[a W aNak sl

AALTRERNM+ALT
TRIAIS{AALT®e2)=(ERNMO®2)
SiD1=SQRTCTRIALY g e
EALPHA=ATANZ(ERNM{SIDL) ‘ . :
EALPHA=EALPHA®RITD
EALPHAZEALPHA+2G+0
WRITE 63371 EALRHA
137 FORMAY(1X,F10+5)

IFVIPTFLG VEQe G) GO TO 250

CoCAbLL FILTIVCHONY ’ !
IF(ATTSYSSEQeNBLANKE CALL CROFILI2]
CALL TARVEC(GHMT ,NENVEL,TARGEY YTOVEC)
CALL BPCR(I ATTECI,TARGET P8}

CALL YWNPTCH(2,YAWTAR,PTCTAR PB)

250 CONTINUE

IYYPE w1
ngEF = 8 e PR

ONEW
ONEW
oNEWw
oNEW
oNE#
sNEwW
eNEW
oNEW
oNEW

oiNEw
SNEW
e NEW
oNEW
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00365

LRI
00346
00366
Qo366

00387
qosr2

00373
60375
0edze
00377

00400

noYok

- po40l

00401

. Qo401
~poito2

60405
ap406
00410
Dol

poM b

go4l2
00413
god L4

go¥ls -

0e417?
00421

. po423

Q0425
Q0426

-~ oo427

Qo430
00431

pOH32
po43d

00435

60437

00437

- gDHUD

go44l

o447

00451
00452
00453
00454

00455

00456

‘00457

go4sl
poYe2

‘BONES

po470
Qo471
00473

202

20305
204e |
- 205

204

207%e;

208e
209e
2jQe
21 e
2120
213
214e
215
2169
2178
2ige
219
220
221
2220

223-;&

qua
225

'225-‘

2274
2280
229

: 230.

231
2120

S 233
- 23ye

235
230

237s
238 -

2390

,vzqo. .

24y

242
&893

24y

2456

244

2478

248
2498
250
25y
252

2538

2549
255

2540

,lvv.,,.
- 20Q* )

20pe 7 ¢

c
¢

C

C

19

13

 CALL TARVEC(GMT NEWVEL ¢SUNVEC ) TDVEC)
CALL BPCRULyATTECT ,SUNVECYPB)—— = —

«SAVE SUN POINTING VECTOR IN BODY COORDINATES=wmwme—

Dolis],3

SgSolly=PB (1)

CONTINUE . ;
CALL YAPTCH(2,YAWSUN,PTCSUN,PB) T ———
I1TYPE. & |}

lpEF = |-

CALL TARVECIGHT ¢NENVEL3COEVECHTDVEC)

CALL BPCR{1 ATTECT,COEVEC,PB) ’

G CmmemeSAVE EARTH goxNTLNq,vECYOR,xu BODY cOQﬂDlBATES FOR LATER USEm==e~

Dpldd=y,3

HOMO§)aPBLY)

CONTINUE ) .

CALL YWPYCH{2,YAWCOE PTCCOEPB)

CALL ACPU1v24208y1¢3 430 IMUNUM) THUNUMIGHT o GMT4ATTEC]TOVEC)

e 0”6‘0-0.00010-0lYRﬁTEJIRATmeRATEQAIYLVDYOFFpZOFrllﬂFF)

260

280

ZLVLH = ZOFFeNTD ; ;
YLVLH & YUFFORTD - o

XLVLH = XOFFeRTD « :

IFLZLVLH oLTe =GeD05) ZLVLH = 356040 + 2LVLH
LFCYLVLH obTs «DoU06) YLVLH = 36040 + YLVLH

FFUALVLH oLTe «0e05) XLVLH ® 36040 + XLVLH

IFUTHOLD oNEW 1) GO YO 26D -
CabL ZLVDOT(7 o XLVLHsYLVLH ZLVLHXRATE JYRATE ,ZRATE)

XRATE ‘= XRATE® (SECPHR/ZRTO) T ‘ x
YRATE = YRATEs (SECPHR/RTD)
IRATE = ZRATE®({SECPHR/RTD)
CONTINUE :

IFLIHUNUM <EQe §) IMUNUM=|
MHed P

IFLIASTPoERe L) M=2 .

CALL ACPU11252:4+3,3 HsTMUNUM, IMUNUMIGHT JGHTJATTECT,TOVEC,
. oHG;Q.D.D.Ofﬁ;D-YRATE.ZRAYE.XRATE.ATTI.VOFF,ZDFF.XOFF)
ZIMU » ZO0FFeRTD :

YIMU = YOFFeRTD
XIMU:- = XOFF®RTD S
TFUZIMU «LTs =0.05) ZIMU = 360.0 ¢ 211y
TFCYIMU oLTe =0e05) YIMU = 36040 % YIMY
IF{XIMU oLTe =0405) XIMU = 360,0 ¢+ XIHU
YAWTAR = YAWTAReRTD

PTCTAR = PTCTAR®RTD

YANSUN = YAWSUHORTD

PTCSUN = PTCSUNSRTD S

YAWCOE = YAWCOESRTD '

PYCCOE » PTCCOEeRTD :

1F(SCLON oGTe.180¢0) SCLON = SCLON « 36040
NUMCOM = ) T
DO 280 1=2,4 - e

D0 280 J31,3

o sllelled ¢« B

LEANEVENTU1J) oNEe NBLANK) NUMCOM s |
CONT INUE ‘ [

-

oNEW
SNEWN
SHEW
eNEW
sNEW
oiNEW

oNEW
ONEW
oNEW
ONEW
sHEW
sHEW
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Qo476 2578 - CALL TRAJC] (GHT,R,V,JERR)

- 00477 258¢ I¥ (JERR 2GTe D) STOP : ; .
00501 - 259e RMAG ® VECHG(R) -
00502 260 | 1F (ITAPE «EQe Q) GO TG 288 ::ggﬂgl())(fsm
00504 . 261 RECFLG = j.0
00504 - 262 U C RECFLG- LAST RECORD IN FILE FLAGe IF LESS THAN 040 THIS IMPLLIES
L. pD%04 . 2838 c ; LAST RECORD IN FILE = ) o '
80504 24640 C PRTFLG= FLAG INDICATING TYPE OF PRINT POINT ,
00505 265w, 77 7 T CALL GMTCAL (GMT NBASYR)YEAR,GMONTH,GDAYsGHR1GMINSGSEC )
£ p0sS0S 2648 o c SUBRUUTINE GMTCAL WILL COMPUTE “GREENWICH MEAN TIME [N YEAR:
© . .B050% 2678 ¢ MONTH DAY »HOUR MINUTES) AND SECONDS FROM THE BEGINNING OF THE
000508 - 268 1 - C BaSE YEAR (NBASYRI, - ' ~
60506 269 GET ® GMT i~ BASTIM B
. 00506 . 270 c JGET = TIME IN HOURS FROM LAUNCH e
Togps07 . T 2vye 0T Do 2B) Um0 .
00512 - 2726 RKMUJ) = R(J) o 6378418
posS12 - 273 ¢ RKM = VEHICLE RADIUS VECTOR ECI) IN KM
00513 274 VEKMEJ) = V{J}l o (637816 /7 360D«0 ) .
00513 275e c VKM = VEHICLE VELOCITY VECTOR (EC]) IN KM/SEC
00514 274e RSUNDP (J) = DALE(RSUN(JI) % 6378416000
DLERR 2770 RSUNKM(J) = SNGLIRSUNDPIJ) )
0e5i5 278e C RSUNKM = SUN VECTOR N KM LECT)
G251 2798 281 CONTINUE
00520 28ge Do 285 1%1,3
00523 28 » L REKMOPi1) = DBLE TREKMOL) )
posS23 2B2e C - . RKMPDP =« VEHMICLE RADIUS VECTOR (DOUBLE PRECISION )
oos524 283 ©OUPVKMPP(L) = DBLE (VKM(E) )
Qo524 284w C VKMDP =  VEHICLE VELOC]TY VECTOR (DOUBLE PRECISION) é; o
00525 26ge " 285 CONTINUE ; - j ' &
pos527 284 XIMUDP = DBLE (XxIMU) / 57.295779500 VN
00530 287e YIMUOP = DBLE (YIMU) / 574295779500 é?ﬁ?
0D%31 | 2Bge ZIMUDP e DELE. (2TMU) / 574295779500 _ : &
00531 [ . 289e T C © YTHUDPLZIMUDP X IHUDP= PITCH, YAW, AND ROLL GIMBAL ANGLES (RADJANS) B S EE
00831 29pe € ; @1TH RESPECT YO INPUT REFSHMMAT e c:'§;
00532 2910 RMAGKN = “VECHG | RKM) : P : gs N
00532 2929 C RMAGKM = VEHICLE GEOCENTRIC RADIUS (KM) D)
00533 . 293 L CALL UNVEC ' TRKM,RKMU) e : : é§?¢§
00533 294 ;¢ . RKMU = VEHICLE UNITY RADIUS ~ VECTOR (ECh) a;
00534 295e U CUDECGCN.® ASIN  (RKHU(3)) ’
00534 7 - 29&e ¢ DECGCN. = VEHICLE GEOCENTHRIC DECLINATION (RADIANS)
* po53% 2976 RASGCN ® ATANZ (RKMU{2) RKMUCL) b - .
pDS35 - 298e C RASGCN = VEHICLE GEOCENTRIC RIGHY ASCENSION (RADIANS)
00536 2998 VHAGKM ‘= VECMG(VKHM) ‘
‘. 50536 . 300e 4 VMAGKM = VEHICLE JNERTIAL VELOCITY VECTOR MAGNITUCE (KM/SEC)
G o1 & A 1 B S ST UVALTRM = ALT e (6378416 / 3443,9308855) o :
© poS37. . 302e € VALTKH = VEHJCLE ALTJTUDE ABOVE OBLATE EARTH (KM}
00540 . 303 VEHGDL & GDLAT / RYD -
00S40  30Ue € _ VEHGDL = VEHICLE GECDETIC LATIYUDE (RADJIANS)
oo54t 305e 0 VEHLONI® SCLON 7/ RTD
poS41  304e C _VEHLON = VEHICLE LONGITUDE (KADIANS}
Do542 3078 7 7T UCALL FPAZ {GMT,GAMIPS11 VELREL ,GAMRELPSIREL,GRAS ) :
po542 308w C GAM] = INERTIAL FLIGHT PATH ANGLE {(RADJANS) .
00542 309 C PS1] « INERTIAL AZIMUTH (RADJANS) ‘
LELYS 3ige c VELREL = RELATIVE VELOCITY VECYOR MAGNITUDE KM/SEC)
Qo542 7 3lte ¢ GAMREL -~ RELATIVE FLIGHT PATH ANGLE (RADIANS)
. pOS42 3126 4 PSIREL = RELATIVE AZIMUTH {RADJANS)
" pgoS42 . 313e T C GRAS = RIGHT ASCENSION OF -GREENWICH (RADIANS)

005431 3l4e AKH = A ® [ 140 / 32804833}



00543 - 315e - C - AKM w SEMIMAJOR AXIS (KM)

00543 Ilee € E = ECCENTRICITY
0G544 - 3l7e B RADINC = DINC /. RTD : ’ ' A
00544 Jige ¢ RADINC ~ INCLINATION TO ORBITAL PLANE (RADIANS) APPENDIX B
00545 3lge ASCNR = ASCNOD / RTD j Page 7 of 10
00545 320e C ASCNR « RIGHT ASCENSION OF ASCENDING NODE (RAD[ANS)
00546 321 " ARGPR = ARGPER / RTD ‘ i
00544 3226 C "~ ARGPR = ARGUMENT OF PERIGEE (RAD]ANS)
LT J23e c . TRUEAN = TRUE ANOMALY (RADIANS)
G0546 324 ¢ PER10D = ORBJTal PERIOD (SECONDS) :
‘poskeé 325 C SHADOW = 1.0 VEHICLE IN DIRECT SUNLIGHT
00546 32 0 C ; =140 VEHICLE IN DARKNESS
80547 327 . I'SHADOW = 1,0
00550 32ge . CALL UNVEC (RSUN,RSUNU) !
00551 3294 © 7 U COSANG = DOT {RKHU,RSUNU) ,
00552 33ge JF € ABS(COSANG) +GEs 1e0) COSANG = SIGN. (1¢0,COSANG)
06554 3dge : IF { ACOS(COSANG) #GE+ { 18040 = ASIN(leD/ RMAG)) ) SHADO# = =},0
0ao55% ! 332e : C ATTECL = DIRECYION COSINES OF THE_ X,Ys AND 2 BODY AKES wlTH
00554 S333e 4 ‘ "RESPECT .TD :THE EC! COORDINATE SYSTEM
QOSSﬁ 3340 CALL ACP- |'|nZo’iZ.“lSQJQ‘an“‘I,UNUMplﬂUNUH.GHY;G’NT'.ATTEC‘.TDVEC.
00556 - 33ge - ® OMG10+¢010e0+0aT1060s0¢0,000,ATTSRIALSRIBTISRIGMSR )
Q556 33w c ALSR = PITCH FROM SOLAR REFERENCE SYSTEH (ZYX EULER)
pEsS54 337e° c " BYSR = YAW FROM SULAR REFERENCE SYSTEW (2YX EULER)
‘pn556. . a3as < GMSR = ROLL FROM SOLAR REFERENCE SYSTEM (LYK EULER)
00557 339w - YLVLHR & -YLVLH 7 RTD , oo
po557 - 340e C YUVLHR = VEHICLE PITCH ANGLE FROM LOCAL VERTICAL [N RADJANS, .
00557 34te ¢ (ZYX EULER) YAw=PITCH SEWUENCE (@) )
00560 " 3426  ZLVLHR = ZLVLH / RTD S
L 0DS60° 343w (S ILVLHR = VEHICLE . YAN ~ ANGLE FROM LOCAL VERTICAL IN RADIANS’ Q,és,
| 08560 - 34u4e C. , ©(ZYX EULER) Yaw=PITCH SEQUENCE = 595?
; 00561 S 345 : XLVLHR = XLVLH / R1D : @
00561 340 O XLVLHR = VEHICLE: ROLL ANGLE FROM LOCAL VERTICAL IN RADJANS; é?
00561 347 ¢ 0 {ZYX EULER) YAW=PITCH SEQUENCE . O S
00562 3. PTSUNR = PTCSUN / RTD ‘ CV;&?
00562 3gge - c PTSUNR = LOOK ANGLE THETA-FROM VEHICLE TO.SUN (YAW=PITCH SEQUENCE) é543
00563 isge YWSUNR = YAWSUN / RTD : 5 &
00543 3sye ¢ Y®SUNR ‘=: LODK ANGLE PH] FROM VEMICLE TO SUN{YAN=PITCH SEQUENCE) iy
00564 3520 PYCOER = PTCCOE / RYD 152)
possdY 353 ¢ PYCOER = LOOK ANGLE THETA FROM VEHICLE TO CENTER OF EARTH.
00545 ‘354 YWCOER = YAWCOE /. RTD _ B
00545 358 € YHRCOER = LOOK ANGLE PHI FROM VEHICLE TO CENTER OF EARTH.
posSss 354 C: SPARE = MATRIX FOR SPARE wORDS TO BE RESEKRVED FOR FUTURE USE
00565 - 357 C . o :
00565 ispe C THE ATTITUDE TAPE RECORDS ARE WRITTEN BELOW
00565 359 4 = : R R - .
00586 “36pe NRITE (1TAPE) il RECFLGWPRTFLGyYEARYGMONTHGDAY,
00566 dbje SGHR ,GMINGSECIGET o (RKMOP ULV a1 %1430 ¢ (VKHMOP U)o Im) s 31 oDV (i) al=1430s
00546 3b2e ® YIMUDP,ZIMUDP 4 XIMUDP yRMAGRH ;DECGCN yRASGCN s VMAGKMGAMEWPSTT,y ‘
00566 - 3636 e YALTKM,VEHGDL VEHLON yVELEZL | GAMREL ,PSIREL ) GRAS\REV,AKM,E RADINC,
00566 Jbye e ASCNR,ARGPR, TRUEAN,PERIOD,DYNPR,DRAGKGLIFTKG,WGTKG, THRKG, ISPSEC,
G056 3656 ® EGRAVC)SHADOW ) (ATTECT I od) 9=l 430 s (ATTECIIZ22d)9d®1,43),
0nSbb 3640 1 o (ATTECI(34J) oJdabe3) o YLVLHR W ZLVLHR 1 XALVLHR 4 ALSR BTSRyGHSRIPTSUNR,
LY 3670 | t * YASUNRPTCOER,YWCOER ) (RSUNKM(]) i®143)2(SPARE(IIs1=1414)
00713 Jbde 288 CONTINUE
Qo713 Jb9e € S
ooz 370 IF (JPCARD +EQ. 1) 60 YO 290
00716 37y NUMCOM =

00717 3728 290 CONTINUE




" 00720 373 ‘ C LFLENUMLIN + NUMCOM) wLEs MAXLIN) GO To 300 .

00722 3740 NRITE{6,950) - 0
T porad 375¢ . " 950 FORMAT(IH1 43K, "SHUTTLE ATT{TUDE AND POINTING TIME LINEYZY/ APPENDI
go724 376w ® 9OXK,'LOOK ANGLES LOOK ANGLES LOOK ANGLES®/! . ' Pa ellea
no72Y 317 . ®. 34X, *VEHICLE POSITION LVLH ATTITUDE®,7X,%ECT ATTITUDEY 6K, 9 of 10
gorad 378 F® $TO SUN',6Xs*13 EARTH' 18Xy %70 TARGET'/SX.'&ET'. :
op72% 379 T 2B tALT X, SLAT o AXYLONY W 4R P YAW  PITCH  ROLL YAW PITCH %y
oo7z4 . 38Q* Ce YROLL YAW PITCH .© YAW 'PITCH TARG Yaw' PITCH'/
gor24 Jaye. ¢ JXyTHRS MR SECS® o7Ks'EVENTY y9Xy'N Ml DEG'34X,'DEG DEG DEG',
Qo724 - 3828 e 3A4'DEG .. DEG DEG DEG DEG oea LEG DEG 10%,
po724 383e * 3Xy'DEG  DEG*/} o T
00725 f38ye - NUMLIN = 70
00726 jBse 300 CONTINUE S
po726 3Bee € THE ATTITUDE. AND PDXNTING TABLE 1S WRITTEN BELOW,
po72b 3876 C
00726 3Bpe C - eNEW
Qo726 389 Cew=e=COMPUTE ANGLE THETA BETﬂEtN STAR TRACKER POINYING VECTORS roa eNEW -
00726 390° < STAR TRACKERS 1,2 AND 3 eNEW
o gor2s - 37ie c AND SUN AND EARTH POINTING VECTORS, CHECK FOR EACH THETA eHEW
R on726 3920 . LESS THAN ALPHA=30 DEGRLES FOR SUN, AND THETA LESS : ‘ eNEW
E go7286 393e C THAN-EARTH ALPHA + 20 DEGe FOR EARTH, AND OUYPUT : , eHER
i por28 394 C ANMY VIOLATION ENCOUNTERED ACCORDING TD SPECIAL CODE eNEW
i o726 395 N« IF EVENT 1S NOT PLATFORH ALINEMENTs THEN COMPUTATIORS eNEW
i 00726 394 € ARE NOT NECESSARYs AND LUGIC 15 SKIPPED====== , eNEW
! o726 397e C o - : i ‘ I . enfw
= 0n727- 98¢ U IF(NEVENT L eNEWINAME) GO TO 3179 ; SHEW
i 00731 7399 e CaLlL UNVEC{ST}12.SMAGI) : . e HEW
Gl p0732 + 40pe CalL UNVECISTI,SMAG2) : . ) sHNE®
I 80733 “4ope - © CabL UNVECISOS0.SHAGI) . ‘ . eNEW o0
Ll [ RE] 402e - CALL UNVECILHOMO,SHAGH) ) eREW = g
00735 ‘403e . DOoTP1=DUT{SHAG] 4SHAG3) sNEW - Eg
007236 404 e DOoTP2=DOT{SMAGR2,5HMAG]) eHEW o E
00737 H405e DOTPI=QUTISHAGE SMAGH) ' eiEW o
00740 404 DUTPYZDOTLSHAGZ ,SHAGH) : oNEW = E:
00741 4074 ATHET I =ACOS(DOTPL) e - e NEW O
Qo742 yoge - ATHETI=ATHET1#RTD ' eNEW o
06743 409 ATHET22ACOSI0OTP2) : : : shER g: >
00744  Hlpe ATHETZATHETZORTD | o S oNEW &8
0074Y% Nl pe . ATHET3=ACOS(DOTPIY : i SNEW-
00746 .1 H4l2e C ATHET3=ATHETI®RTD . : _ ONEW 53 o
00747 Y13 ATHET42ACOS(DOTPH) S i : e HEW ,
00750 414e ATHETH=ATHETHeRTO : oHEW
0075} 415e ) 1231Q eNEW
o 90752 Hlse : lftATHLTl.L1.SAL9HA.AND.A1N£14 LY.EALPHA) GO To 23 oNEW
: ST 7L R 5 i D IFOATHET 1 sLToSALPHA) 12214 v : : oNEW
00756 Hlae lr(ATHETH.LY.tALPHAJ 1i=18 eNEN
00760 . Hl9e 60 TO 24 ] ‘ : eNEW .
00751 “H2Qe 23 1Z%IH ’. i - ONEW
0ov62 . HZye GU.TO 28 oHE®
00763, 422 24 IF(ATHETIWLT, EALPHAoANDcAYHETZ-LT-SALPHA) G0 TO zs eNEW
00745 h23e T LFCATHETI G LTeEALPHAY 1Z51C : — - e : SHEW
00767 . 424 IFCATHET2 L ToSALPHAY 12210 ; eNEW
0077} 425 G070 24 T eNEW
go772 W24 25 11%16 eNEW
5 00773 42. 26 lrtATHETJ.LT-&AL?HA-AND.ATHETH LTe EALPHM GO Yo 27 ‘ snEW
00775  ~420e 6o 10O zﬂ eNEW
0G776 . H29e C27 v1slED oNEW
- 00777 4300 28 CoNT[NUL oNEW




01000 ~ 43je - Go 1O 9168 - . . oNEW

p1001 432" 3179 fz=1Q_ o ‘ eNEW
01002 4338 9368 CONTINUE : : : . eHEW
01003 7 434e o 1f (JPCARD +EGQe 0).GO YO 305 : ‘ APPENDIX 8
01005 4358 LFUABS(ZLVLH) +LTs0s0495) ZLVLH® 4O ' eHEW Page 9 of 10
01007  Hl4e SR UABSTYLVLH) LT D045 YLVLH WD ' : SHEW
p1oLd 4378 [FLABS(XLYLH) aLT+040495) XLYLH®O : oNEW ¢
01013 S 43Be FFOABSTZTIHUY 4LT 400 0495) Z1MU=,40 . oNEW
01015 " 437s ’ TFUABSIYINUF LT e0rD495) YIHU®40 eNEW
o1o1? 4409 IPLABSEXINUI LT e0s0495) XIHU=sD ‘ SHEW
0102y 44y IFLZLYVLHeGT359494995) ZLVLH=, O eNEH
01023 4420 . IFLZIMUOTe359.9496) ZIiMUseD - oNEW
01025 . H4Y43e i IFUIPTFLG. oEQs 01 WRITE(6,960) IHTIMT ST INEVENT(J) sdnt 3],y
01025 4448 - ¢ ALTGOLATySCLONy-ZLVLH i YLVLH JXKLVLHEZIMU Y MU X THUS YAWSUNY g
01025 44yge 1 C T sHEN
01025 4448 || Cewame=OUTPUT FORMATS.ARE ALTERED TO AECEPT SPECIAL ; . O NEY
01025 Y47e . C STAR TRACKER CONSTRAJNT VIOLATIGN CODE-~==== SNEW
01025 44ge . C eNEs
01025 4uge . sPTCSUNY YAuCOE PTCCOES 1L eNE W
01085 450° 960 FORMATUNAGI30IXa 1200 XoF e iviRa31A604201K0F5ellslKaFbely , sem
01055 yGye U 2R3 IXFSel ) e 201 Xe 28 IXaFSel N Eal XAl eNEW
01056 452 : IFLIPTFLG oNEw 31 WRITE(S,970) THToIMT ST INEVENTL U WJd51,430, son]
01056’ 453 o ALTIGDLAT¢SCLONYZLYLH YLVLH ¢XLVLH s ZIHUSY FHUPXIHU YAHSUN, .
Q10546 454 ePTCSUN,YAWCOE PTCCOE ) JZINANTAR YANTAR,PTCTAR ; oNEW
gLl yshe ; 970 FORMATEIK i30 X 12, 0K Fle Lol Xe31A611201K FSel) 1XsFbaly ' eeel
oLill o 4Dse O UIX 3TN FEat) )220k X2 0 EXIFSel ) udXsAlolXsA3»201KyF501)) SHEW
D1132 457 Go. 10 206 se-|
ori3 Ysge ? 305 CONTINUE
PrILY [ HS9e IFV{ABS{ZLVLH)oLTo040495) 2LVLH=40 g eNEW
orile 4sge IFLABS(YLVLH) oLT 0404951 YLVLH®GD ‘ eNEW
01120 56| ’ IFIABSEXLVLHY oL To0.0495) XLVLH=D SHEW
01122 4e2m JFUABS (ZIMU) oL Ta000499) Z1HYU=e0 eNEW
oria4 Hb3e 1FCABS(YTHU) LT eQv0495) YIMUx,0 sNEW
ol1t126 464 ; IF(ABSIXIHU)aLT 0004951 XIMUs¢D SHEW
Q1130 . 465% : 1FIZLVLHeGTe359.94995) ZLVLH=,0 ' S OHEW ey
otide Hepw | , IFL2IMUGTa3569,9495) Z1HUseq oNEW = B
JERL ybye IV CIPTFLG oEQe O] WRITE (64960) THTyIHT ST NCARDINCARD 4NCARD, - Eg
01134 qepgw OALT GDLAT SCLON, ZLVLH YLVLE o XLVLH Z MU, YTHU X EHU S YAWSUN o 53
01134 Hé6ge sPYCSUN,YAWCUEPTCCOE, 12 sNEW Q
Qried 470e IF (IPTFLG oNEs i0) WRITE $6,970) IHT,IHT, ST NCARDINCARD,NCARD - asal =y} g:
01163 47y SALT yGOL AT SCLONZLYVLH  YLVLH yXLVLHZIHU Y AU ZXINUYAUSUN, ‘ o0
0116) 472 ®PTCHUNYAWCOE yPTCCOE ) JZyNAMTARVYANTARyPTCTAR SNEW o o
01215 473 306 CUNTIHUE conl b g;
01218 474e JFINUMCON 4EQe 1) GO TO 350 By
01220 4758 DO 320 Js2,NUMCOH :g
01223 4760 1J siJ=1)s3 &
01224 477 WRITE(6,980) NEVENTUJJ*1 )y NEVENTEIJe2) yNEVENT L1 I3}
0123} 47pe 980 FORMAT(13X43(2601
01232 479 320 CONTINUE.
. 01232 4ege (4
01234 48| 358 CONTINUE . :
01235 482 GETHRT = [HR « MN/760s0 * SECS/3600+0 .
01235 4B 3e C THE DESCRIPTOR TAPE IS WRITTEN BELOW.
01235 4By (4 :
01236 485 IF(TUNRT o GTs DI WRITE{IUNRT) GETWRY ATTSYS, IMUNUH, VNS, ’
01236 HBpe - o ANGl ANGZ ,ANG3,JHOLD yXRATE yYRATE ZRATEIPTFLG,ALIGN, INSTIOD,
01236 4B7e @ JANGI,TANG2,ITYPE] o IDEF1 VARI \WARZ,VARI, ITARG VARG 1IDINZ,

01236 4Bge ‘ ) L] lANGlZnlANGZZ.lTYPEZ.lDﬁFZ VARIZ+VAR224VARIZ . ITARGZ VARNZ,




489

01236 o (NEVENTIU)sJ=1,12) 9 NAMTAR
01236 490 < — :
01307 49ye NUMLIN & NUMLIN + NUMCOM
01310 492e IF (GHTINT oGTe Teg=4) 60 TQ 400
01312 493, IF (IBLANK oNEe« §) CALL CRDFIL{3)
013ty 4940 18LANK =
01315 495 IFCIERR o+EQy 0) GO TO 100
Q1317 . 49se IFUIUNRY wGTe 0) ENDFILE JUWNRT
o132} 497 syop R . :
D1322 49g8e 400 CONTINVE i ‘
01323 49q9e . GMY % GMY ¢ GHTINT/60,000 .
01324 500« - IfF (JPCARD +EWs Q) GO TO 450
D1326 501 CCALL CROFiIL(LY
01327 502e IF (ATTSYS wNEe NBLANK ) CALL CRDFILII) ’
p132? 503 ¢ THE CALL TO GETDES OBTAINS THE NEXT EVENT SEY
01327 504 c o : : T
D133l " - 505 Call GETDES(JUREAD,1STOP)
01331 50be c
01332 5 507 IF (ITAPE «GTe G 9+ANDy IERR oLTe D) RECFLG & = |40
01334 508+ IFIRECFLG 4LYs Qs )WRITEIITAPE) RECFLGPRTFLGIYEARVGMONTH, GDAY,
01334 509 @GHR yGHIN GSECGET ) {RKMOP (T Im|43) s IVKMDP (T ) ol 1 3)4(DVELI},18043),
Dr3a3H4 S1Qe o YIMUDP yZIHUDP yXIMUDP yRMAGKH CECGCN RASGCN ¢ VHAGKH yGAM] ,PST T,
Q1334 51)e ¢ VALTKN;VEHGDL , VEHLON ) VELREL ;GAMREL JPSIREL yGRAS yREV 4 AKNM,EVRADINCS
p1334 512e o ASCHR,ARGPR,TRUEANJPERIOD JDYNPR,DRAGKG (L IFTKG  WGTKG , THRKGy [SPSEC,
01134 "513e o EGRAVC ySHADOW s (ATTECT (1 odd o do 13 s FATTECINZ2yI) 0 dm1,43),
Q1334 . Blye o (ATTECII33J)ad=ls3) s YLVLHR yZLVLHR XLVLHRVALSH,BTSR 4 GMSR4PTSUNR,
01334 Sine o YWSUNRIPTCUER, YvWCOER ) (RSUNKMET) o [®133) ¢ ISPARE(L)yInfy1¥)
Bi462:  Slge 1F (RECFLG oLTs De)ENDFILE 17APE o
Dr4ed - - 517e 17 (JERR «NEe O ) STOP
01466 51ge CALL "CRDFFL(Y) =
D147 519 JPCARD = 1 B
01470 520 TMEXT « IHR ¢ HN/6D '+ SECS/3600
01471 52Qe GHTNXT = TNEKT + BASTIM
01472 . %22 450 CONTINUE S
Q1473 523 IF & (GMTNXT=GMT) oLEs LeE=S ) CALL CRGFILCL)
01475 524e IF U (GHTuXT=GMT) oLEs TeE=5 ) 6O YO 120
o477 525e ATTSYS = WNBLANK R
01500 5244 ALleh = g
01501 527 I¥ {IERR +EGy 0) GO TO i50
01503 520 sSTop
01504 529% END ' P

END OF COMPILATIONS NO ODIAGNOSTICS.

SAPT SYMBOLIC S - 27 JUN 74 15133338 0 02621512
SAPT CODE RELOCATABLE ; 27 JUN 74 15533338 I Di746122
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APPENDIX C: RESULTS OF STAR TRACKER CONSTRAINT VIOLATION
ANALYSIS FOR SCORTIE OPTIOM 2 OF BRM 2 WITH
PLATFORM ALINERNEHTS PERFCRMED IN THE INERTIAL
HOLD MOCE AT THE IHERTIAL ATTITUDE JUST PRIOR
TO THE ALIMEMENT *

IncludeJ are pr1niouts for Alpha (a) + 20° for earth pownt1ng constraint
violations, printed after each event; and angles Theta (@) for Star Tracker
1 and 2 and the Sun, Star Tracker 3 and the Sun, Star Trackers 1 and 2 and
the Earth, and Star Tracker 3 and the Earth, printed in a line of four num-
bers prior to each platform alinement. .
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! i e e o PRELIMINARY BRM MISSION 2 - OPTION 2 ¢ o - APPENDIX €
: SHUTTLE ATTITUDE AND POINTING TIME LINE Page 1 of 8
- - WITH STAR TRACKER CONSTRAINTS INDICATED oo i i s et comm ot ommv i o o T -
‘ L LOOK ANGLES LUOK ApGLES LOUK ARGLES
. VEHICLE- POSTTION LyLH ATT{TUuE ECl AYTUDE Yo suy TU EARTH 10 TARGET
GET . ALT LAY Lon YAy P1TCH - Roulkl Yaw PITCH  RolL Yyaw PITCH Yaw pITCH  TAKG Yas PITCH
HRS MN SECS = oo B VERT o e o e Nl pEGo— - DEG - DEG DEG - ukb - DEG - VEG - DG DEG phG UEL VEG 10 brG DEG
----- ~5nﬂvﬁ*~*wﬂ"HNVR~+0~+NhXJJ%EM“*2ﬁ516~‘5315——‘9318—~~9Gou 0 o 2T oo Prrme J oY | @ B3 byl Sl - Ity 8 Y 8 - 27000 -- -
HOLD &TT FoR LxP :
o S SETUPAND cHECKOUT - -
89,39802 . -
SR 0 WD TURS FEY 2B ed Y 2w e BP B e 232007 25799 3409 11948 3bbe5 3y5eh  26%.9 - 380
- 69,39802 , '
SRR - SN PRSI | CFDRE- AL it 23 B0 S g 2 T e 39,8 }-r23peGom25 009 I P} Ga B 35b ¢S5 34be5. 26229 3Be0 oo o oo -
8743655 . -
%3 0 .0 BEGIN IHERTIAL 23342 =365 - 2106 ~90,0-- a0 oG 257¢3. - 349 H3e5 .. 342 3y45e? 0 2700
HOLD FOR SLELP :
B(;.L'Ol"' - . . . N Prpp— . . - - . .t FUSN —_— - N N
55 0 @ BEGIN SLEEP PERIOD 23542 =24,0 12292 90,2 359+7 103e% 2573 JHe 4345 3.3 3ybe8 89¢7 399
s oen -t 8'755057[]"" et 3 Gk i e ol . s 2 =i - e e W e e e a4 .
63 1 .0 FHD SLEEF pERIOD 2327 2242 3448 69,3 358.6 Ihye9 257e3 3HeY 435 3e5 3ybe0 Uhe9 6949
59445935 LR et P Dl : , : %;S
&4 24 o0 TDRS 41V 23341 ~beH =75 90,3 35842 12407 2573  JHe9 Hje5 3¢5 d4oel 6748 3447 - —t
B7.4939235 , . , S i e e A S o)
o4 24 JU TDRS 1714 L2331 b oh “745 90,3 3582 1247 257+3  34e¥ Y435 3+5 dybel} L7:iB 347 OE
e B 552 e i - . e e e e e e eyt e e i e e I A . . - w g
FEe9HL 3N 102476901 27 jH7AY 1160230949 o
64 afy - «0 PLATFORN ALINE 232881267 §o5 . 89,6 358+3 1479 25723 349 Haeb 345 3yosl Hoel 579 ¢ =] y
87432095 é: 2
64 457 o0 MNVR TO LVLH-ATT - 237.2 0 52,0 5442 L0 e0 1BQeD - 33596 39697 36e0 c68e7 4605 e0 Y040 o)
FOR NV=l Cpk ‘ 5 &
e 39.50.‘71'0..1_‘., o e i P R . - .- s g 5 .
ab 15 .0 BEGIN ITNERTIAL . 230.3  ~7.4 1695 =0 «0 1BGeO 91e7 540 103s6 25843 0¥ e0 900
BY.43381 ) . .
4% BB O HHVR TO LM ATT 23R8 =§2,9 =353 WO o 0 180s0 228¢% 3u7e8 blien  FuFed Jnued 0 900
: For tHv-1-Cab :
e B g F R T T A e e e s s ST . SO ORI USRS R ERP P U
ba 2h WO REGIN THEKRTIAL 2368 53,9 73+8 -,0 0 lbgel 35008 8%6 35¢3 26361 3ubed s0 900
_ HOLD - o T
B9.430237
47 0. JOOMHMYR TO LVLH ATY o 2333 =42,0 Sy TPe M 0 - el 180l 14366 2793 1399, 26beb 1300 0 900
FOR NV=1. 0pS
- BYe323 14 e it i e e sk by e e e+ e er by g+ st et et oy e eebr e e s o e i e g e o . e
&7 50 o0 BEGIN FHERTIAL 23761 SCe - 10 =0 W0 l8ge0 332¢3 3432 3pe7 27004 Jybeb «0 900
HOLD . Wi e e " . - . . . .
89.,52163 ; R .
69 10 o0 HEVR YO LVLH ATT .. .23263 1542 Leblel . .. ..e0 o0 18(GeD - 285e¢Q 30900 6he2 2607 ;52;2 ¢0 9000
. FOR NV=2 EaKIH OP5 .
T L 0 U | N S i S vt eem e e b b o - .
89 3% o0 BEGIN IHERTIAL 2361 48,0 475 L0 =e0 180e0D 3I5Ye4 2007 377 2609 3503 «0 Y0e0
HULD ’ N o D . D e . .
89434317
71 45 &0 HHVYR TO .LVLH ATTY 236+6 . =53,5 13640 - s} me0) - lbge0. 1576t 9ab 1440 é.. 4209 . jIedl. .- v0 90+0
' FOR Mv=1 AnD
VDI S—— S 2 s4.0pS e e o
89,.39530 : .
72 45 U BEGIN THERTIAL 23544 . 36,9 - - 157 =0 «0. lbps0 Gab. 3202 . 4205 25903 3525 o0 9000




- - . e pea . el P Sy ryrilyliviin rrg ey . oy S e APP‘EN'DIX“C' A ’-
B T Page 2 of 8
) HoLo ~ o
e B S GO - . - - 3
73 38 SO UNVR TO LVLH ATT 2328 =20,1 =158+4 o0 o0 1800 2149 3iyel L2zge? 20628 2e5 *0  90+0
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75 .0 JOOHRVRITO LVEH ATT 23707 =494 " (4164 DT T e 0 LBQSU I 7606 IHLeS5 JY299 0 2775 (0eb «0 90.0
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69.37355 o e e e e e e T . . ‘
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EPPERDIX D: RESULTS OF STAR TRACKER CONSTRAINT VIOLATIONS
ANALYSIS FOR PRELIMIMARY BASELINE REFERENCE
MISSION T USING PLATFORM ALINEMENTS IN THE
IMERTIAL HOLD MODE AT AN INITIAL LVLH ATTITUDE
OF 0, 0,0* '

Included are printouts of Alpha (a) + 20° for Earth pointing constraint
violations, printed after each event; and Angles Theta (©) for Star Trackers
1 and 2 and the Sun, Star Tracker 3 and the Sun, Star Trackers 1 and 2 and
the Earth, and Star Tracker 3 and the Earth, printed in a set of four num-
bers prior to each Platform Alinement. .
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