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SICNIC ] ——— * ALL/GEN |
T . . SR A * ALL/GENI
G o e b * ALL/GEN I
(VA s oo it * ALL/GEN I
AP Bt e o * ALL/GEN I
Vi ol o e * ALL/GEN I
Vil . o we® ALL/GEN |
VI e e ALL/GEN |
I e W asee ALL/GEN |
A e v s Bt ALL/GEN |
e e il ALL/GEN |
XL v ey ALL/GEN |
XII10 o Ry ALL/GEN I
O I e ALL/GEN I
T=1 .. 2 ARt ALL/GEN |
1=2;. . L7 APt ALL/GEN |
I SRR A el ALL/GEN |
1=4 .. D Oaaw i ALL/GEN |
T1=5:. ... FERERL)rY ALL/GEN |
1 =67 TRy ALL/GEN |
N e AT e sy s ol ALL/GEN I
1=8¢ P e ALL/GEN I
1= TR T ALL/GEN I
1 =707 FRES b, ALL/GEN |
=11 o0 el e ALL/GEN I
=12, J M=t it ALL/GEN |
2=1 . D kit ALL/GEN |
2= RIS ALL/GEN |
2=3.. iy ALL/GEN |
e—4.. .. W eiais ALL/GEN |
2-5. . I FeA ALL/GEN |
2=6 . .. SR ALL/GEN |
2=7 . . RN, ALL/GEN |
2=8 .. RN ALL/GEN |
2=9... . BNARE bt ALL/GEN |
2=10 FESERAA ALL/GEN |
2=17 .. JISES LA ALL/GEN I
2=12  eaBdndai ALL/GEN |
2=13 LY AR dan ALL/GEN I
2-14 [ TLssiiin ALL/GEN I
215 1 HOCALEN ALL/GEN |
2-16 [ Vomiuian ALL/GEN I
2=A7 ISR ALL/GEN |
2=18 1 el i ALL/GEN |
2=19 1 ¥HUEA N ALL/GEN |
2=20/ . Lsen il ALL/GEN |
3~1... 1 HSehl i ALL/GEN |
3=2 ... LM AL ALL/GEN |
* - Omit from flight book

04/15/88
03/29/96
SOt o ALL/GEN |
S e ALL/GEN |
o e dedl ALL/GEN |
S=bi: lera s ALL/GEN |
=7 o e Gt ALL/GEN |
3-8 g nee gl ALL/GEN |
3-90.. Fiagem ok ALL/GEN |
S=10" 5 timen 2o ALL/GEN |
=11 s v ALL/GEN |
=12 o gs ALL/GEN |
S=13 G e ALL/GEN |
< ) I i ALL/GEN |
S ot ety ALL/GEN |
B=16 e ALL/GEN |
S=17 S ALL/GEN |
S ALL/GEN |
S O s ALL/GEN |
=200 T Ty ALL/GEN |
ol [ e e e ALL/GEN |
3=22 SEESTL ALL/GEN |
323 S ALL/GEN |
B=24 g s ALL/GEN |
8-25 s s ALL/GEN |
3-26" .y s ALL/GEN |
=27 s o ALL/GEN |
J=2B 8 ALL/GEN |
=200 B e ALL/GEN |
Q=30 e ALL/GEN I
I=3 1 e ALL/GEN I
S=320 ALL/GEN |
I3 e ALL/GEN |
S-0dq ALL/GEN |
CEr LT b e ALL/GEN |
9=36 ALL/GEN |
S=37 SN ALL/GEN |
3=88 L T ALL/GEN I
8=39 SRRty ALL/GEN |
S-40 aern s ALL/GEN |
S=41 oo ALL/GEN |
S=42i & ALL/GEN |
3-43 oot iy ALL/GEN |
S=dd ALL/GEN |
3-45 s ALL/GEN I
S ALL/GEN |
B=d7, LN TLEr ALL/GEN |
Sl i e e ALL/GEN |
8=49 ALL/GEN I
S=5{) ALL/GEN |
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= Py oy o ey ALL/GEN |
Bomif e ALL/GEN | HE ALL/GEN |
3"52 ........... ALL/gEN I 4-14 ---------- ALL/GEN l
S=D3 itk ﬁtHGEN | AR R ALL/GEN |
il atin GEN | PRGN ALL/GEN | $ )
S il ALLIGEN A7 A ALL/GEN |
S Dot GEN | 4-18 v e ALL/GEN |
S:57 S ﬁtﬂeEN | ML ALL/GEN |
S e GEN | 4-20 S ALL/GEN |
el e AT 4-21 ALL/GEN |
880 4 T E e ALL/GEN | R sosn]
SRR ALL/GEN | g e
=52 &l st ALL/GEN | s i e
SRR en ALL/GEN | =24 ..o ATGEN
RN ALL/GEN | g-p5 o1 RN Albelzy
B-65 <. liuaiits Q:ﬂggg : :-gg ........... sl
566 ettt =27 il
367 2 i ALL/GEN | 208 B0 M ALL!GEE II
8-58 , TN G ALL/GEN | 4-29 ........... ALL/G
3269 Lol 0 ALL/GEN | 4=307 0 Sl ALL/GEN |
327056 ete e ALL/GEN | 431 AN ALL/GEN |
B o N ALL/GEN | 4-82 Sl W ALUGEN |
n R ALL/GEN | 4788, o ALUGEN |
Ry PR ALL/GEN | 498 SRt ALL/GEN |
S=7d e T ALL/GEN | -5, ot ALL/GEN |
DATE i ALL/GEN | 4-36 . SR ALL/GEN |
B-TBic 0. LT ALL/GEN | 4-87 5 b ) ALL/GEN |
Ty A ALL/GEN | -8B a5 SO ALL/GEN |
So78.. v ALL/GEN | T R ALL/GEN |
S8 Uil IS ALL/GEN | 4405 ALL/GEN |
380V L. ALL/GEN | A4 ALL/GEN | .
387 WA NI Cor ALL/GEN | 440 i L SR ALL/GEN |
982 o St ALL/GEN | 4-437% L B AT ALL/GEN |
883 N ALL/GEN | 4-44 .0 . 3 ALL/GEN |
38N LRI ALL/GEN | 4-45 . o d T ALL/GEN |
3-85: 3¢l ALL/GEN | 4-48 ‘g ALL/GEN |
3-BB ;L ALL/GEN | 4-47 = AT ALL/GEN |
387 e ALL/GEN | - SO S ALL/GEN |
388 5T ALL/GEN | 44D o TR ALL/GEN |
3-89/ = e LIl ALL/GEN | A-50741A0< ALL/GEN |
3-890 a1 TSN ALL/GEN | 451 et ALL/GEN |
<2CT IR ALL/GEN | 4-5D % duii it ALL/GEN |
390 . L% e s ALL/GEN | 4-53 M sl ALL/GEN |
593 ST T ALL/GEN | 4:54 5% 1Y ALL/GEN |
e M A ALL/GEN | 521 & s e KB ALL/GEN |
44 N e ALL/GEN | 522 5 iz NPT, ALUGEN |
Bedf Ny o ALL/GEN | R S W ALL/GEN |
A-JH iy ALL/GEN | e T ALUGEN |
e LA R ALL/GEN | 525 % Jit L ALUGEN |
B=5 00. L o e ALL/GEN | B8 i o U ALL/GEN |
46, . Se ALL/GEN | 57, 10 Sl B ALUGEN |
4-7 L ianreniay ALL/GEN | 580 500 U ALL/GEN |
-8 R WP ALL/GEN | 5-9700 " e ALL/GEN |
A=B7. Eo ALL/GEN | B10k . 5. ALL/GEN |
A=10 . cSs n ay ALL/GEN | oy b PR ALL/GEN |
417 5.0 SIS ALL/GEN | Boqoni: S e ALL/GEN |
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DI B ALL/GEN I

el ALL/GEN |
S S ALL/GEN |
Sl b o AL ALL/GEN |
o= VT et seinnt ALL/GEN |
OB AR =0 4 ain ALL/GEN |
D~119; Bk 20 o ALL/GEN |
D20 RIRAC L s ALL/GEN |
SN AY S ALL/GEN |
OGN e ALL/GEN |
=D SR L ALL/GEN |
Sl ALL/GEN |
O=25lern2 . vime ALL/GEN I
O—2OMIT L . e ALL/GEN |
DO TS . . S ALL/GEN |
S-2BNIEs. | S ALL/GEN |
D=eg e T ALL/GEN |
D= 0085 s ALL/GENI
OOl s s N ALL/GEN I
S R e E ALL/GEN I
DI e s ALL/GEN |
D=3 VI ERRNE ALL/GEN |
S A S ALL/GEN |
S=368 el ALL/GEN |
(St o B e e ALL/GEN |
B2t o e ALL/GEN |
O=3ier o ena ALL/GEN |
6—Qoiienme . i ALL/GEN I
)L A E R ALL/GEN I
6-6ael . I ALL/GEN I
B=fa -t ALL/GEN |
6= LA ALL/GEN |
GOt St Sy ALL/GEN I
6T AVET s ALL/GENI
R e AT R o ALL/GEN I
=1 ALL/GEN |
6—13aedic: - axe. ALL/GEN |
B=T&uzeh v . 2 03 ALL/GEN I
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TN e e o e el S S S v 1-1
GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS) .......... 1-2
SM MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS) .. ... ... 1-6
PL MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS) ... ....... .. 97
GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (BFS) ... ... ... 1-8
MBS P A S AR BESI S o L oe e onn . PR o g ) 1-11

S S TEN ORI WARE G DS PLAYS . s e B 2-1
S TS T LT T3 i et e R AR DRSS T TT SR SN s bt 2-2
EREC TN BESTIEIHTT e shd aha s 0 de 6300 i 53 2 b ad e L L 15 2-6

P EC 2O TIMER R RS En g se o v buiaTE (N0 OB R Ak 1ot 2-9
R G RIS S AT S S e e e e Bt voricn. 6. 2-12
EIEE T AT T e e ook e onil St A gt 2-13

DEU STAND-ALONE SELF-TEST ... .o oooomoimiinsoesiain, 2-14
UL, 0 T e P b st s ot e b L LA 2-16
OPERATIONAL TESTPROGRAM ..o omomoooeoo 2-18

*NOT AVAILABLE IN OPS G1, OPS G3, OR OPS G6

GNCTCRIDISEOAYSIN 2o ssnssennse s oone s con o TOSIRIRRROERIAE 70 5 3-1

OESGI (ASCENT) NS sz nennnz oo e s s MORBENTRURI O 0T 3-3
DRSO OO0COGERANS - Baisr sdu -0y 50000 b0 b IGERRSS T01 3-4
P S 041 OOV B Y Y YA o n s cs o iioaes. . IR RITAT TR 7 3-7
DISP18 GNCSYSSUMM T .........oooooooi (SEE GNC, OPS G2, PAGE 3-22)
SFEC I NRESHRNIND . ... il ool (SEE GNC, OPS G2, PAGE 3-34)
SPEGS0 ORI SIT =22 i -2 otsaninsooinioiois s, K (SEE GNC, OPS G3, PAGE 3-55)
IS OUERRIDE . o ol o faes yovmipen Seeyn apmn s scas s S 3-12
SREGISIN CONTROLGHE £ 1 T e (SEE GNC, OPS G3, PAGE 3-60)

RS ORI i ASBROB YN R0 3-17
R e UN RGN L . DEEATIERE AT b 3-18
OPS 2021 XXXXX MNVRYYYYY . .oooonoonmn.. (SEE GNC, OPS G1, PAGE 3-7)
DISEE B GHE SYSISUMM L. . oo TSROSO R o 3-22
DISP 19 Spfa B R OIERG T T I s A Al T 3-24
RGN e T e R N T 3-26
SPEGOTRIMUANGI L AMETEVR OV g o 3-30
I AN R EAS CNTIL . 0 ot o i BB T 03 8 3-32
G AT RS, Tk R e N 7o Y T T I 3-34
SEEGAT LR TIT Lo MR SR SRR <= 1Y 2 I S 3-38
SHZCAR AL e A FY R R 3-40
CPEE ) O] IRE LT - b ks L R S 3-44

B e T T B . ie. OB 28R 3-47
OPS 3011 JOOOX MNVRYYYYY ... ... (SEE GNC, OPS G1, PAGE 3-7)
P E S ERTRYTAAL L. o BRRTT WERRIVI U 38 3-48
OPS 3041 DEN RO T ey TRy, 209 3-50
OPS 3041 Y S B A O e e gl 8. B8 . B B W SR T S 3-50
OPS 3041 BN R T i perv AR 3-51
OPS 3041 N, Y T X 3-51
GRS SOSIVERTSIE hRses: " " s e 3-52
OPS 3051 DRI MR Dt S Lomerrovo S MENDAR TR 19, . 13 8 3-54
DISPAIRUGNE SNSSUMM T o omnenns (SEE GNC, OPS G2, PAGE 3-22)
I e B A A e T es (SEE GNC, OPS G2, PAGE 3-30)
SPEC 22 'STRK/COASCNTL - ..o ocvoevinsnenenes (SEE GNC, OPS G2, PAGE 3-32)
S R R R e o ... (SEE GNC, OPS G2, PAGE 3-34)
SE NN HORIISTH e e g~ s S TR (JSGL O 3-55
SREG S OVERRIDE s w25 s A T .0l e e il (SEE GNC, OPS G1, PAGE 3-12)
SPECSANCDATEIONE IRl ¢ -6 s 4552 o ABUIC] PRSI JE T 3-60

ST IO AL I (e A R 3-63
DRSSO IRODCOCCTRATIEY. (1 cxceintacsciiiiiiinin (SEE GNC, OPS G1, PAGE 3-4)
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R et o IR SEE GNC, OPS G3, PAGE 3-52)
OPS 6021 VERT SITT (.. .cvuer. . SNANEN0E. . gsr:'E SR

OPS 6031 S ot S b SEE GNG. OPS G2, PAGE. 3.22)
D B S i onc ors e e )
S HORBET oo i (SEE GNC. OPS G3, PAGE 3-55) 0
SEG Sy (OVERRIDE IOt RIS i (SEE GNC, OPS G1, PAGE 3-12)
SPEOS3 GONTROLSL: Hbice: vikiiGed SubeBiit (SEE GNC, OPS G3, PAGE 3-60)
P N-QRBITVEHICLEUTILITY) ... oo 3-65
FOSDEDDISGID - .o vcsscic fittinasn b S Y EUANEIGNG VAL
DISP 18 A i (SEEGNC, OPS G2, PAGE 3-22)
DISP 19 D couishaisinainid SN (SEE GNC, OPS G2, PAGE 3-24)
SPEC23 HGS... . foa kit it SN (SEE GNC, OPS G2, PAGE 3-34)
BPECA0 SENSORTEST .:.:ci..:2t0e0esinstnten e nsomuuuune e Eos 3-68
SPEC 41 ‘RGAADTAMRGS ::.:c2.: 00 bissaisiiass s ohunks M UM R 3-69
SPEG 42 SWITGH/BURF :::::500.sioesssssiaied o i ARERiai LN & (e 379
SPEG43 CONTROLLERS : . :::i2c:ihietessdeiia IERNIMNTSEINIINII @ & 72
SPECA4 SWITGHES . :::::1s:: iraiuates it iinsquRns Wiilles S 74 37
SPEC45 NWSCHECK :.::: 41 2:, ., NSNS 3-75
3-77
OPS G9 (PREFLIGHT VEHICLE UTILITY) . ... ...
OPSSDI1 GPCMEMORY ... ive. Lalar et s it (SEE SYS S/W, PAGE 2-2)
SPEC 100 GTSDISPLAY ... .. ...... 00 Gria i (63 ERRE0 (Nl wimb et stachidii e 3-78
SPEC 101 SENSORSELF-TEST _...oiu. oot oo b s il e s 3-80
SPEC 102 RCY/RGAJADTATEST . /71 S A oS N i ou e S s 3-81
SPEC 104 GND IMUCNTLMON ... ... . . 07" T i o e i iy 3-83
SPEC 105 TCSCONTROL ©. .- o . i i iR e e e e o 3-85
DISP 106 MANUAL CONTROLS §- 2 11 F e i o i gt 8 3-87
SPEC 110 BUS/BTUSTATIS .. -0 T E e e ol o s i 3-88
SPEC 112 GRLJBTITIF BUR <71 *7 e vt i Ao SRpNes o ot il 3-89
SPEC 113 ACTOATOR CONTROL -5/ 38 S e (R el (i S e, s 3-91
SYSTEMS MANAGEMENT CRT DISPLAYS . ...................... 4-1
OPS 2011 ANTENNA .. ..o eidocs ot SO ia Ea i S O oo 4-2 . I
OPS 2021 PLBAY DOORS. . . s il sisilaliieiigine 0 000 (inice s 4-5
SPECE0. SMTABLEMAINT .............. it cinsncbice - RRNMINIL TIOS S 4-7
SPEGE2 ‘PCMMUPLCOMM. . ......... .. ...o. .o VX ESS SR OO FoieE 4-9
SPEC 84 SMGROUND CHECKOUT ... ........... . WSSGS@VE 506 87 % 4-12
DISP 65.. ENVIRONMENT. ¢ .7 iS00 (e it i i ) 4-14
DISP67. ELECTRIC .........occnsienninoonninns it os s IONSNSOMAT G5 DI 4-16
DISPB8 . .CRYOSYSTEM ...... ...coc.icuniinin s S NISURIING VS 4-17
DISP69. FUELCELLS ............0cccmemmsensnses ol IGLGMOUIOINT 16~ 8 s 4-18
DISP.76.. COMMREDR . . -i.5.o...0, cduriers GO0 b n i ot N il 4-19
DISP77 EVAMMUWESS. .. ... . i, HRHOMN §8158 4-21
DISP T8 SMEYSSUMMIL. ... oo il i st e o ni e W O 4-22
DISP 79 DT R 4-24
SPEC S5 MASS MEMORYIRIW. (700 i e i ite il faa 4-26
DISESS APURIYD,...c.. o0 oo e e et e 4-28
DISP87 SHYDTHERMALYL. ... 717007 " 00 o iy Wi JOb00: #iae & 4-30
OISR 88, . APLVENVIFONTHERM .-...... ..conersireie: AT FETAN 4-31
DISP.29. PRPLTTHERMAL .. Ee e i e it g 4-33
EPECHO. PCSEONTR0L, -0 7 100 il T i e i 4-34
BRECS¢. PORS CONTROL il 100 olSeiesa i = e e iy 4-37
DISP 95 OVERRIDE ... 150 i sl G607~ kg 4-41
DISP 96 FAULTS ... c.ocuiesiniscvm o cumns snsnsice T GOSN R 8 4-43
DlSP 97 PL REl'EN'nON ................................................
De 67 SDOCKINGISTARIAS .21 10 e o viomy i 5 4o
PRGBS CHVDPAILETERY. ., (" 11 1 e e Sn U 8 158 4-48
PRPIES BORSSTATUSH. . i NG e 4-49
RAY OAD (R CHIDISRIAYST 2 5 o7 e e 4-51
sPeC I} SLMEMORYDUMP ... . e .
peepvdl L RO M
S e %Eﬂ%n_v_ e oo e (SEE SM, PAGE 4-26)
B ECaOR DA (SEE GNC, OPS G9, PAGE 3-78)
........................ (SEE GNC, OPS G9, PAGE 3-88)
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OPS 0001
DISP 99

BES OPS G1
OPS 1011
OPS 1031
OPS 1041
DISP 18
DISP 19
SPEC 50
SPEC 51

BFS OPS G3
OPS 3011
OPS 3041
OPS 3041
OPS 3041
OPS 3041
OPS 3041
OPS 3051
OPS 3051

DISP 19
SPEC 50

BFS OP
OPS 6011
OPS 6021
OPS 6031

DISP 19
SPEC 50
SPEC 51

BFS SMOPS 0

DISP 79
DISP 168

PROGRAM NOTES

BFS MEMORY
FAULT

ASCENT) .......
XXXXXX TRAJ 1

NEAL Db Lottt aok b 5 r tmmnras o g 36 5.0
XXXXX MNVR YYYYY
GNC SYS SUMM 1

HORIZ SIT
OVERRIDE

ENTRY Tt e s
XXXXX MNVR YYYYY
ENTRY TRAJ 1

(SEE GNC, OPS G3, PAGE
(SEE GNC, OPS G3, PAGE
(SEE BFS, OPS G1, PAGE
(SEE GNC, OPS G2, PAGE
(SEE BFS, OPS G1, PAGE
(SEE BFS, OPS G1, PAGE
(SEE BFS, OPS G1, PAGE

VERT SIT 1

n

A S T e

AR R Sy
RTLSTRAJ 2
VERT SIT 1

(SEE GNC, OPS G3, PAGE
(SEE GNC, OPS G3, PAGE
(SEE BFS, OPS G1, PAGE
(SEE GNC, OPS G2, PAGE
(SEE BFS, OPS G1, PAGE
(SEE BFS, OPS G1, PAGE
(SEE BFS, OPS G1, PAGE

HORIZ SIT
OVERRIDE

CRYOPALLET

DPS (GENERAL)

INITIAL PROGRAM LOADS (GPC & DEU)

e VAl LY E UL R L R U O T P e s b e e el it - -

2. SMOPS 2/4 DEU IPL Failure Due to SM Common Buffer Busy

S D) U Lo ad ed by B S o i it & ot s

R e R T M N A G N N T e il e o o BTN O B €

PO

Potential FTS at New GPC Start Up
DEU Control Loss with BFC CRT Sel Switch to OFF
RS Splitand BES Standalone) i e
CRT Assignment GUIdelines . ...............cocniiueeenaeenceasoanncnns
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5-25
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5-10)
3-24)
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5-15)
5-18)

5-27
5-28
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3-54)
5-10)
3-24)
5-12)
5-15)
5-18)

5-29
5-30




OPS AND MAJOR MODE TRANSITIONS .....ounnsrnennnmnesonceiencen

1. OPS Transition Restrictions ....... B TR R o i I g:g
5. OPS Transition with SPEC Request in Progress ...............co.coooooeee £L
3. Annunciation of FTS During OPS Transition . .. ........ccoveenmmeennnnn..- 6-5
4. OPS Transition After MMU POWEIUP .........ccoovnecnmnnnnroreneonennes -

5. CRT Assignments During OPS Transition ............coocumereeenoneen.s 6-5
KEYBOARD/DISPLAY MANAGEMENT ... ... .ccomiineinainnnneeancncane.s 6-5
1. PASS/BFS Item Entry MONOMNG .. ......covienimimmmnmnnaniiaiaees 6-5
2. System SPEC Availability ............cccomiiinieieanniieeeiienieion.... 6-5
3. NBATUpdatesandStaleData ...............ccoiiiiiinimnrinnanainnnnn. 6-5
4. Consecutive I/O Resets ..... X E R LT 6-6
5. Moving Switchesto GPC Position ............ccoooouniiiiiiiiiiiniiinns. 6-6
6. Simultaneous System SPECInputs .............oiuniainiiiiiiiiiiiin .. 6-6
7. RESUME of SPEConFailedDEU ... ... ... ..ccicecioiiimiomnoicceosine.s 6-6
8 OResetwithFalledMIU ... ... ciiiiieesiinnoamtmaiiicnanbife ifeimetald 6-6

ASCENT/ABORT
ASCENT{GENERAL) .. i R e e 6-7
1. Erroneous Command Path Failure Annunciation . .......................... 6-7
2, RHC'Status NotDisplayed . ... ... cc.uiinesens ot el St o o il o 6-7
3. Incorrect SSME Limit Control Commandsissued .................coinne.. 6-7
4. Inappropriate Upmode to Auto After FastSep .......... ..ot 6-7
5. Unexpected RollManeuverin MM103 ...... .. ... ... .cciiiiiniinninnnnn. 6-7
RTLS{also see ABORT OMS DUN P ) . o v sraeid rate oot yaais e oicts 6-8
1.  CSS Alpha Recovery/NZ Hold TransitioninOPS6 .. .. .....ooviiineneannn. 6-8
2. RTLS Delayed Guidance CONVErgence ..................ceeeueenenennnnn. 6-8
ABORT-OMSDUMPS{GENERAL) _ ...  ...........555S% its Sles Seges gy o 6-8
1. OMS Propellant Dump Termination Via ARM/PRESS Switches .............. 6-8
2.  Possible 2nd OMS Pre-MECO Dump Lockout . ......................on.... 6-8
3.  Abort OMS Dumps Inhibited Upon BFS Engagement . ...................... 6-9
MMIORMMIOB . DI, o e L d o et ST 000 el llallbion i 400 W ONS &) 6-9
1. OMS Target Guidance Convergence ................... 6-9
2. OMS1 Attitude Errors Induced by MPSDUmp - .. ... 6-9
3. Engine Response to the ARM/PRESS Switch (In All MMS) e oa o o e 6-9
ON-ORBIT (OPS 2)

1. OPS 2 OMS Burn ADI Guidance Error R uirement

2. Universal Poining Pitch Angles at Yaw ~ 270 ...+, 11111 6-12
3. |mpr.°per COAS Operation .................................. 6212
4. MUHIP'B Commands Via a PSP ..................................... 6—12
5‘ ADI Fl'eeze at 900’2700 Yaw ........................................ 6

6- VHCS Failure ...................................................... "12
J-; Nowoh Pltsps sl Sl u i i B i BN SR 612

DEORBIT/ENTRY (OPS 3/6)
OPS /8 (GENERAIY S rs fantans ot v sads 6-14
1. COASOperationtnOPS3 ............. ... 6-14
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DEORBIT BURNS

........................................................... 6-14
1. Emoneous Attitude Displays for Yaw Near +/-90° ... ....................... 6-14
2.  Yaw Error Needle Sensitivity During DeorbitBums . ..................... ... 6-14
3. Pitch Emor Needle Sensitivity During RCSBums .......................... 6-14

ENIIRY: o o L R e Lmma s 6-14
1. HAC Radius Position Uninitializedin MM304 ... ...... ... ... ............ 6-14
2. BFS Horizontal Situation Display Predictors Incorrect . .............. ... ... 6-14
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PROGRAM NOTES AND WAIVERS CROSS REFERENCE
DRNQ. BESNO. DPS SECTION

15620 PROGRAM NOTES
25372 SYSSW

25396 PROGRAM NOTES
29284 SYS SW

30138 PROGRAM NOTES
30526 GNC

31435 PROGRAM NOTES
33643 PROGRAM NOTES
33749 PROGRAM NOTES
35151 GNC

35151 PROGRAM NOTES
35151 PROGRAM NOTES
35211 PROGRAM NOTES
35572 GNC

36015 GNC

36479 GNC

37123 GNC

37420 SYSSW

37427 PROGRAM NOTES
37503 PROGRAM NOTES
37504 SYSSW

37506 SYSSW

37506 PROGRAM NOTES
37512 PROGRAM NOTES
37516 SYSSW

37542 PROGRAM NOTES
37555 PROGRAM NOTES
37559 PROGRAM NOTES
37561 GNC
37562 PROGRAM NOTES
37564 GNC

37572 SM

37573 GNC

37573 PROGRAM NOTES
37577 GNC

37584 SM

37585 GNC

37585 PROGRAM NOTES
37591 GNC

37594 PROGRAM NOTES
37678 PROGRAM NOTES
37693 GNC

ol GNC

=03 GNC

40620 SYSSW

41008 GNC

42433 PROGRAM NOTE
42650 GNC :
44250 GNC

45703 GNC

45739 GNC

45749 GNC

PROGRAM NOTES

46513 PROG

ISPLAY/TAB

GPC MEMORY

DPS - KEYBD/DISP MGT
TIME/SPEC 2

DPS - GPC/CRT MANAGEMENT
SWITCH/SURF/SPEC 42

DPS - KEYBD/DISP MGT

DPS - IPL

DPS - OPS AND MAJOR MODE XTION

S TRK/COAS CTL/SPEC 22
ON-ORBIT (OPS 2)
DEORBIT/ENTRY - OPS 3/6
DPS - KEYBD/DISP MGT
FCS/DED DIS CO/8011
XXX MNVR YYY/2021
XXX MNVR YYY/2021
XXX MNVR YYY/2021
DPS UTILITY/SPEC 1
DPS - KEYBD/DISP MGT
DPS - KEYBD/DISP MGT
TIME/SPEC 2
GPC MEMORY/0001
DPS - KEYBD/DISP MGT
DPS - GPC/CRT MANAGEMENT
GPC MEMORY/0001
DPS - IPL
ASCENT/ABORT - MM104/105
DEORBIT/ENTRY - BURNS
XXX MNVR YYY/2021
DEORBIT/ENTRY - DEORBIT
BURNS
XXX MNVR YYY/2021
SM TABLE MAINT/SPEC 60
XXX MNVR YYY/2021
ASCENT/ABORT - MM104/105
HORIZ SIT/SPEC 50
PCMMU/PL COMM/SPEC 62
XXX MNVR YYY/2021
DEORBIT/ENTRY - DEORBIT
BURNS
XXX MNVR YYY/2021
ASCENT/ABORT - ASCENT (GEN)
ASCENT/ABORT - ASCENT
(GEN)
HORIZ SIT/SPEC 50
XXX MNVR YYY/2021
XXX MNVR YYY/2021
TIME/SPEC 2
GPC/BTU IF/SPEC 112
DPS - GPC/CRT MANAGEMENT
HORIZ SIT/SPEC 50
GCS/DED DIS CO/8011
HORIZ SIT/SPEC 50
XXX MNVR YYY/2021
XXX MNVR YYY/1041,3011
RCS/SPEC 23
FCS/DED DIS CO/8011
ON-ORBIT (OPS 2)
DPS - KEYBD/DISP MGT
VERT SIT 1/3051

DPS PAGE
DPS - OPS AND MAJOR MODE XTION

6-5
2-4
6-5
2-11
6-4
3-71
6-6
6-4
6-5
3-33
6-12
6-14
6-6
3-67
3-8
3-8
3-11
2-6
6-6
6-6
2-11
2-4
6-6
6-4
2-3
6-4
6-9
6-14
3-11

6-14
3-10

4-8
3-10,3-11
6-9

3-59
4-10

3-11

6-14
3-10
6-7
6-7

3-59
3-7
3-10
2-11
3-90
6-4
3-59
3-67
3-59
3-10
3-11
3-37
3-67
6-12
6-6
3-53

DPS/ALL/GEN |



DR NO. BFES NO. DPS SECTION

46515 B07339 PROGRAM NOTES
46617 PROGRAM NOTES
48348 GNC
50085 PROGRAM NOTES
52779 PROGRAM NOTES
53101 GNC
55003 SM
55217 GNC
55217 PROGRAM NOTES
55300 PROGRAM NOTES
55302 SM
55306 GNC
55306 PROGRAM NOTES
55314 GNC
58374 GNC
58926 GNC
58926 PROGRAM NOTES
100520 GNC
100788 PROGRAM NOTES
101386 GNC
101774 PROGRAM NOTES
101898 B28531 PROGRAM NOTES
104639 GNC
104639 PROGRAM NOTES
105356 PROGRAM NOTES
105429 B27583 PROGRAM NOTES
105441 PROGRAM NOTES
106180 B22567 PROGRAM NOTES
106915 PROGRAM NOTES
108524 B22592 PROGRAM NOTES
108559 B20611 GNC
B03926 SM
B03973 PROGRAM NOTES
B08246 SM
B08297 BFS
B08297 PROGRAM NOTES
B22509 BFS

SPEC/DISPLAY/TAB

DPS PAGE
ASCENT/ABORT - RTLS 6-8
DPS - GPC/CRT MANAGEMENT 6-4
XXX MNVR YYY/2021 3-11
DEORBIT/ENTRY - ENTRY 6-14
DPS - OPS XTION/MODE RECALL 6-5
UNIV PTG2011 3-20
PCMMU/PL COMM/SPEC 62 4-11
OVERRIDE/SPEC 51 3-15
ASCENT/ABORT - ABORT

OMS DUMPS 6-9
DPS - OPS AND MAJOR MODE XTION  6-5
PCMMU/PL COMM/SPEC 62 4-11
OVERRIDE/SPEC 51 3-15
ASCENT/ABORT - ABORT

OMS DUMPS 6-8
XXX MNVR YYY/2021 3-10
UNIV PTG/2011 3-20
UNIV PTG/2011 3-20
ON-ORBIT (OPS 2) 6-12
IMU ALIGN/SPEC 21 3-31
DPS - OPS AND MAJOR MODE XTION  6-5
OVERRIDE/SPEC 51 3-15
ASCENT/ABORT - MM104/105 6-9
DPS - GPC/CRT MANAGEMENT 6-4
SYS SUMM 1/DISP 18 3-23
ASCENT/ABORT - ASCENT (GEN) 6-7
ASCENT/ABORT - ASCENT (GEN) 6-7
ASCENT/ABORT - RTLS 6-8
ASCENT/ABORT - RTLS 6-8
ASCENT/ABORT - ASCENT (GEN) 6-7
DEORBIT/ENTRY - DEORBIT BURNS ~ 6-14
ABORT OMS DUMP (GEN) 6-9
XXX MNVR YYY/1041,3011 3-11
PL BAY DOORS/2021 4-6
DPS - KEYBD/DISP MGT 6-5
PL BAY DOORS/2021 4-6
BFS HORIZ SIT/SPEC 50 5-14
DEORBIT/ENTRY - ENTRY 6-14
BFS OVERRIDE/SPEC 51 5-15

Xiii DPS/ALL/GEN |
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QVERVIEW

GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS)
SM MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS)
PL MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS)
GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (BFS)
SM DISPLAY SUMMARY (BFS)

OVERVIEW

DPS/ALL/GEN |




OVERVIEW

GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS)

OPS ___ MAJOR MODE OPS DISPLAY SPEC FUNGTIONS AND DISPLAYS SYSTEM SUMVARY
l_ From MM201, MM801 -
0001/001 0001/002 0001/ /008
0001/ To MM201 GPC/BUS
9 GPC MEMORY MM301 | ppg uTILITY TIME STATUS
OPS 901 PRO ey =
= ) 9011/000 9011/001 9011/002 oot/ joog 9011/062
U PCMM
! 0t GPC MEMORY GPC MEMORY | DPS UTILITY TIME STATUS PL COMM
OPS 0 PRO| 9011/100 9011/101 9011/102 9011/104 9011/105
OPS 101 PRO To OPS 0 SENSOR RCS/RGA/ GND IMU TCS
GTS DISPLAY | SELF-TEST | ADTATEST CNTL/MON CNTL
g‘;s 9011/ /108 9011/110 9011/112 2011/113
= 101 1011/ BUS/BTU GPC/BTU ACTUATOR
[— TERAMINAL LAUNCH CONTROLS STATUS VF CONTROL
COUNT TRAJ
All SSME l =] =
>90% & SRB IGN S ARORTE 10x1/000 10X1/001
102 1021/ RB SEP
FIFIST% R XKD o e aoT GPC MEMORY | DPS UTILITY
TRAJ PRO & 101/ /008 10x1/023
SRB SEP Gq%auss o e
STATU SYS SUMM 1
4 08 2 10X1/050 10X1/051
1
; D000 HORIZSIT | OVERRIDE
AUTO -Z o NOTE
XLATION OPS 104 ToMMe01  |10X1/053 Calling the FAULT display by page number blanks all messages.
COMPLETE w PRO CONTROLS This display should be called by FAULT KEY only if it is desired
104 1041/ RILS ABORTor 3 To fo clear the table. The FAULT display is available in all OPS via
mggﬁfou M"Ej"‘,’;"éx@: OPS 602 PRO MM602 the FAULT SUMMARY key.
OPS 105 PRO l 0PS 301 @ XXXXXX is ASCENT, ATO, AOA, or RTLS.
% — PRO (@ XXXXXX is ASCENT, TAL, ATO, or RTLS.
ws2 Mm’%@v @ XXXXX is OMS 1, AOA 1, or ATO 1.
{05PR OPS 301 @ XXXXX is OMS 2, ADA, or ATO 2. YYYYY is TRANS if
OPS106PRO [ RO AOA, otherwise EXEC.
1061/ :
|N(s:ég?'sION oo @ ® XXXXX is OMS 2 or ATO 2.
AST
PRO Jy (® ABORT = TAL will force OPS 3 o automatic advance
OPS 201 PRO i To MM301 to MM304.
5 To MM201 5| @ ABORT = AOA will force AOA targets to be loaded. 3
DPS/ALL/GEN |



GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS) - Continued

OPS ___ MAJORMODE OPS DISPLAY SPEC FUNCTIONS AND DISPLAYS : SYSTEM SUMMARY
r From MMIOBé MM301,
orOPS 0 20X1/000 20x1/001 20X1/002 20X1/ /006
DPS GPC/BUS
GPC MEMORY |  UTILITY TIME STATUS
201 2011/ 20X1/20 20X1/021 20X1/022 20X1/023
ORBIT COAST - DAP MU S TRKICOAS
UNIV PTG OPS CONFIG ALIGN CNTL RCS
OPS 801|PRO 0Ps S 20X1/025 20X1/033 201/034
PRO RM ORBIT REL NAV ORBIT TGT
2 To To
oPR0 MM301
OPS 202 PRO
202
MNVR EXEC m‘émm xoxi/ 1018
MHVRIEXEC SYS SUMM 1
o:;,% 201 X0x1/ /019
A GNC
—p SYS SUMM 2
— =
8 801 g0/ 8011/000 8011/001 8011/002 8011/ /006
FCSDED DPS GPC/BUS
: DIS C/O GPC MEMORY uTiLITY TIME STATUS
OPS 201 8011/023 8011/040 8011/041 8011/042
OPS 301 PRO |L SENSOR RGA/ADTA/
RCS TEST RCS SWITCH/SURF
8011/043 8011/044 8011/045
To MM301
CONTROLLERS| SWITCHES | NWS CHECK
i — |

1-3 DPS/ALL/GEN |




GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS) - Continued

OPS____ MAJOR MODE OPS DISPLAY SPEG FUNCTIONS AND DISPLAYS SYSTEM SUMMARY
From MM104, MM105, MM108, MM201, (D2 i
’— 'MMB801, or OPS 0 7
301 3011/
PREDEORBIT DEORB |
COAST MNVR COAST 3011/022
OPS 302 PRO 0r OPS 201 PRO COAS CNTL
TAL AUTO ADVANCE, To -
MM201
DEQRBIT
EXECUTION MNVH EXEG
OPS 303 PRO or
TAL AUTO ADVANC And Burn not led
303 3031/ 30X1/000 30X1/001
PREENTRY DEORB
MONITOR MNVR COAST GPC MEMORY | DPSUTILITY
OPS 304 PRO o 301/ /008 30X1/021
TAL AUTO ADVANCE elelliile)
3041/ GPC/BUS STATUS | IMU ALIGN
ETAY ENTRY 30X1/023 30x1/050 LA
! RCS HORIZ SIT SYS SUMM 1
3041é~'mv
1
ERIRN 30X1/05 30X1/053
3041/ OVERRIDE CONTROLS
ENTRY
TRAJ3
3041/
ENTRY NOTE
TRAJ 4 (@ ABORT = TAL from MM104 will force an automatic
5a1] advance to MM304.
ENTRY (® ABORT = AOA from MM105 will force loading of AOA
TRAJ S targets in OPS 3. ’
TAEM | or OPS
INTERFACE ¢ 305 PRO
05 3051/
TAEM/LANDING VERTSIT 1
3051/
VERT SIT2
I* OPS 901 PRO
I To MM901 & |
1-4 DPS/ALL/GEN |




GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS) - Continued

OPS MAJOR MODE OPS DISPLAY SPEC FUNGTIONS AND DISPLAYS SYSTEM SUMMARY
From MM102 or MM103 2o =
=
601 6011/
RTLS RTLS
SECOND STAGE TRAJ
AUTO-Z |or 60X1/000 60X1/001
XLATION | OPS 602
COMPLETE | PRO GPC MEMORY | DPS UTILITY
5021/ 80X1/ /006 60X1/023 60X1/ /018
602 From _y) GPC/BUS G
GLIDERTLS1  MM104 \éfﬂ STATUS RCS SYS SUMM 1
VREL = 3200 fps or 60X1/050 680X1/051
8 OPS 803 HORIZSIT | OVERRIDE
PRO
80X1/053
603 6031/
GLIDE ATLS 2 VERT CONTROLS
HS30KH
6031/
VERT
SIT2
OPS 901
PRO
To MM801

1-5
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SM MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS)
OPS DISPLAY SPEC FUNCTIONS AND DISPLAYS SYSTEM SUMMARY

OPS MAJOR MODE

‘_ 0001/ " 0001/001 0001/002 0001/ /008
4— GPC/BUS
U GPC MEMORY DPS UTILITY TIME STATUS
OPS 202
14 (d02) OPS 201 (401) PRO —
F R
2011/(4011) OPS 000 PRO X0X1/000 X0X1/001 X0X1/002
st ANTENNA _|¢ GPC MEMORY [ DPS UTILITY TIME
OPS 202 (402) X0X1/ /008 X0X1/080 X0X1/062
PRO GPC/BUS SM TABLE PCMMU/PL Xt 50
T U STATUS MAINT COMM Lt
202 2021/(4021) X0X1/064 @ X0X1/ /086 X0x1/ /087 SUMM 1
PAYLOAD BAY OFS 201 (401 SM GROUKID =
DOOR OPERATIONS PLBAY DOORS | OFS$ 01 (401) CHECKOUT |ENVIRONMENT | ELECTRIC sﬁ(g\?s
XOX1/ /088 |XOX1/ /069 X0X1/ /076 Summ 2
2 (4) OPS 000 PRO CRYO SYSTEM| FUELCELLS | COMM/RCDR
X0x1/ /077 X0X1/085 X0X1/ /086
MASS MEMORY
EVA-MMU/FSS RW APUHYD
X0x1/ /087 X0X1/ /088 X0X1/ /089
APU/ENVIRON PRPLT
HYD/THERMAL | ~ THERMAL THERMAL
X0X1/090/ X0X1/094 X0X1/095
PDRS PDRS
PCS CONTROL | CONTROL OVERRIDE
X0x1/ 1096 X0X1/ /097 X0X1/ /167
; 9 NOTE DOCKING
@ A;lnposscble transitions between OPS O, SM OPS 2, and PDRS FAULTS |PL RETENTION STATUS
SM OPS 4 are legal, include the 201 ¢ — 401 and =]
202 & — 402 transitions which cannot be shown on this Xox1/ /168 Xox1/ 169 LB
simplified flow chart. CRYO PALLET | PDRS STATUS | Displays
e SM OPS 4 will be inhibited for flights with no OPS 4
payload requirements; attempting an OPS 401 PRO will =
resultin an 'ILLEGAL ENTRY' message.
(@ Although SPEC 64 s available in SM OPS 2 and SM OPS 4,
it is not normally used during on-orbit operations.
1-6 DPS/ALL/GEN |
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PL MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (PASS)
SPEC FUNGTIONS AND DISPLAYS

OPS MAJOR MODE OPS DISPLAY

SYSTEM SUMMARY

[_ 0001/ 0001/001 0001/002 0001/ /008
0 Al GPG/BUS
GPC MEMORY DPS UTILITY TIME STATUS
OPS 901 PRO
9011/ 9011/000 9011/001 9011/002 9011/ /006
MASS MEMORY GPC/BUS
9 RW GPC MEMORY [ DPS UTILITY TIME STATUS
OPS 000 PRO 9011/085 9011/100 9011/110 9011/111
|‘ MASS MEMORY BUS/BTU SL
RwW GTS DISPLAY STATUS MEMORY DUMP

1-7 DPS/ALL/GEN |




GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (BFS)

OPS MAJOR MODE OPS DISPLAY SPEC FUNCTIONS AND DISPLAYS SYSTEM SUMMARY
[— 0001/
o BFS MEMORY
L OPS 101 PRO
BFS KYBD)
F 101 10X1/000 10X1/050
TERMINAUCOUNT sgoa/Pc o gC psia or All SSME BFS MEMORY | HORIZ SIT
> % + 4.0 sec
RTLS ABORT 10X1/051 oN1E
& SRB SEP
e XXX TRAJ 1 or OVERRIDE GNE Svs
FIRST STAGE OPS 601 PRO
: (Bﬁ EBP@SS 10X1/055 10411 018
OPS 103 PRO or SAB SEP Ys
&sps oL PASS &SRB )’ To GESISTATES SUMM 2
YBD (@) MM601
103 1031/ RTLS ABORT
SECOND STAGE xxxxXémAJ 2 o
(()BF;:SS emPPn(S>
AUTO -Z ok, NOTE
XLATION or QQ Calling FAULT display by page number blanks all messages.
COMPLETE 2hS ‘°‘ PR e This display should be called by FAULT KEY only if it is desired
to clear table. FAULT display is available in all OPS via FAULT
RTLS ABORT SUMMARY key.
104 OP'SOP (sia‘?ros2 MJgoz
1041/ > These tables show pre—engage case. Post— i
OMS 1 1/ p gag engage case is
INSERTION B e e PASS;::BD@) identical except for ‘DK Listen’ transitions.
o;::ss |osppgg (BFS KYBD y (@ XXXXXX is ASCENT, ATO, or RTLS.
A o
(BKYgE)@ %@gmﬁgg MM301 @ PASS KYBD entries will transition BFS via ‘DK Listen.’
+ KYBD() 5 (@ XXXXXX is ASCENT, ATO, or TAL.
301
1051/
oy YXXXX M%n (BFS KYBD) @ XXXXX is OMS 1, ATO 1, AOA 1.
INSERTION vy (® Titles are OMS 2 MNVR EXEC, ATO 2 MNVR EXEC, or AOA
oBPFss msppgcs) MNVR TRANS.
or 1
> . Kvaoé) v ® XXXXXis OMS 2, ATO 2.
106 3 1%&)0( S MM301 (@ ABORT = TAL will force OPS 3 to automatic advance to MM304.
INSERTIO!
COAST CaeTe) |(BFSKYED) ToOPS 0 (® ABORT = AOA willforce AOA target to be loaded.
OPS 301 PRO (BFS KYBD)
L To MM301 A
1-8 DPS/ALL/GEN |




GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (BFS) — Continued

OPS MAJOR MODE OPS DISPLAY SPEC FUNCTIONS AND DISPLAYS SYSTEM SUMMARY
s From OPS 000, MM104, MM105 — =

oL Msws

301 3011/
PREDEORBIT DEORB MNVR
COAST COAST
oS % PRO (BFS or PASS 80X1/000 EOX1Le0
KYBD(3) BFS MEMORY | HORIZ SIT
302 3021/ iR EROIBES o 30X1/051
DEORBIT DEORB MNVR | PASSKYBD
EXECUTION EXEC OVERRIDE
oPs Daoa)Pno (BFS or PASS BT soxyy 018
303 3031/ OPS 301 PRO (BFS or GPS STATUS SUMM 1
PREENTRY DEORE MNVA PASS KYBD®S 301/ /019
MONITOR COAS GNC SYS
ops 304 PRO SUMM 2

(BFS or PASS KYBD ()

TAEM INTERFACE or OPS 305 PR NOTE
+  (BFSor Pass KYBD @) (@ ABORT = TAL from MM104 will force automatic
206 3051/ advance to MM304.
TAEM/LANDING VERT SIT 1 (@ ABORT = AOA from MM105 will force loading

of AOA targets in OPS 3.

t ition BFS via ‘DK
VERT SIT 2 ® mlssi KYBD entries will trans

&3 OPS 000 PRO & ROLLOUT =
FLAG (BFS KYBD) -
To OPS 000

3051/

DPS/ALL/GEN |




GNC MAJOR MODE TRANSITIONS AND DISPLAY SUMMARY (BFS) — Continued

oFS WMAJOR MODE OPS DISPLAY SPEC FUNCTIONS AND DISPLAYS SYSTEM SUMMARY
From MM102 or MM103 -
601 6011/
RTLS RTLS TRAJ
SECOND STAGE 2
AUTO -Z OPS 602 PRO
XLATION or
COMPLETE | (BFS or PASS KYBD (D)
602 6021/ 60X1/000 60X1/050 5
GLIDE RTLS 1 ST ox Jote
VERT SIT 1 BFS MEMORY HORIZ SIT SUMM 1
6
60X1/051
VREL < 3200 fps OPS 603 PRO 60X1/ /019
BFS or PASS GNC SYS
andno ET FAST SEP or [WBD ) OVERRIDE SUMM 2
b 60X1/055
GLngoF?TLs 2 g GFs STATUS
VERT SIT 1
H<30Kft
(D PASS KYBD entries will transition BFS via
6031/ H \ v
DK Listen.
VERT SIT 2
[ OPS 000 PRO and 1
ROLLOUT FLAG =
(BFS KYBD)
v
To OPS 000

DPS/ALL/GEN |
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SM DISPLAY SUMMARY (BFS)

OPs MAJOR MODE OPS DISPLAY

|

SPEC FUNCTIONS AND DISPLAYS SYSTEM SUMMARY
0 0001/ 0001/000 0001/063 0001/ /078
PL BAY SM SYS
THERMAL BFS MEMORY DOORS SUMM 1
0001/168 0001/ /079
SM SYS
CRYO PALLET SUMM 2

]

DPS/ALL/GEN |
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SYSTEM SOFTWARE CRT DISPLAYS

PAGE
. OPSO00TGEC MEMORY: Eensidit vl s e i O dusii 02 Nint Moy den D-2
BOECH DESTITHLITY A et s IS SEnb 8 F siiatte Y e Yol i inn 1d 1 2-6
G RIIME e L .. 2-9
B e D G IS AT e o e Lo e B E L 2-12
DISP oo SEFAULT Setmiony s wind ¥ cn ST DictWnnet B s gieibl S i . 2-13
DEUSTARD=ARONESEIECTEST A ) Dinlloniim e difi ey 1y 2-14
NGCHPLMENUREIES solle S Tierly 30 X7 5. B 38 0 Yapcie 2-16
OPERATIONAL TESTPROGRAM .. .. ............... R S 2-18

*Not available in OPS G1, OPS G3, or OPS G6

SYS S/W
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3) > (1)

3 4 5
) 123656789&12345\57890123{/567890]23456789012365578901
(2

1 ?<:3001/uou/ \fpc MENORY RIXI ggg;::;::;:ii\
2
FI1G READ/NRITE XEXEX

: TE:;::fccgz(xx) DATA 20X BIIT SET 22X SEQ ID 24

5 235G DI XIS XY C/ODIE 21X BTN RISET N ONs X WRITE 25

6 26 ENG UNITS XXX T2 )

7 STRING 1 7 DX ADD ID DESIRED ACTUAL

8 2 8 X 28 XXXXX 29 XXXX EXXXXXXXXXXX

9 3 C) o4 B0 XXX ALY XXX XX XXX XXX XX

10 2|\ X Bl XXX B 3ERXAXIXEX TXXXAAXXXKXX

1 PIUE L7 2 ] st 347 X XXX F 5T XX X R X X Yo

2 31610 X XXX 37 XX XX £XXXXXXXXXXX

3 CIR.T L2 381 X XXX 3T IXOXOX X XXX XXX X

4 2183 Y — (4)
g 5 3] 14 X MEMORY DUMP STORE MC=XX
R 6 4| ars s 40 STTART 1D $XXXX 45 CONFIG XX
0 : 41 o) oiRib's; X ER xi| SRATE e ic S A S
9 8 LAUNCHKH 1| 16 X 42 WDS/FRAME XXX STORE 47
0w 9 z| Moty x DUMP 43

20 MM 1] 18 X

1 2| X 474 DIOININ LTS TR GIPIC MM AREA

2 0OPS 0 ENA &9 X PL 52!

3 0/P's 30 UPLK50X B G R

4 OPS 3 INIT 51 ERR LOG RESET 4\8 SM 54 X

; x (xx)

1S 4 ')

/ 7 i\ \

(® ()] (5) (9)

(1)* GPC MEMORY display. This display is the format always associated with OPS 000 and
SPEC 000. The GPC MEMORY provides crew controls to: (2) review and/or modify the
Memory Configuration (MC) and string and bus assignment tables; (3) review and change
the value contained in any specified GPC MEMORY location; (4) provide the capability to
perform a main memory dump; (5) select the downlist GPC and control the non-prime
OPS 0 GPC downlisting; (6) perform a GPC freeze dry; (7) perform an error log reset;
(8) control and initialize OPS 3 overlay uplink to GPC in OPS 0; and (9) select Mass
Memory area for GPC Memory overlay.

(2)*  MEM/BUS CONFIG. The desired MC is input (item 1) and the corresponding MC/GPC and
MC/STRG assignments and calling OPS number are displayed. The calling OPS identifies
to the user the OPS that must be called to initiate loading of the input MC. The OPS
number is indicated by major function (G, S, or P) and numeral. The MC/GPC assignments
may be modified by inputting the desired GPC in the appropriate location (items 2 thru 6).
Deselection is done by inputting zero (0) in the appropriate location for each GPC. The
GPC/STRG assignments may be modified by inputting the desired GPC for each string via

items 7 thru 10. The bus assignments may be modified by inputting the desired GPC for
each bus via items 11 thru 19.

G3 Memory/Bus assignment will be determined via the OPS 1 Memory/Bus configuration
during the OPS 110 OPS 3 transition as long as item entries (2 thru 19) have not been
performed during OPS 1, which will alter the G3 nominal Memory/Bus configuration.

Memory configuration selection controls are initialized to blank the first time the OPS/SPEC
is called; from then on, the display reflects the crew inputs.

(3)* READ/WRITE. Quantities stored in memory are displayed as follows: The memory
addressgs of the parameters are input in the ADD ID column using items 28, 30, 32,... 38.
When this entry IS made, the specified parameter is displayed in the ACTUAL column in the
units specified by item 26 Engmc_aenng Units (ENG UNITS) or item 27 hexadecimal (HEX).

rAeSenﬂy entered ADD ID until the display is filled. Executing item 24 or entering individual

D IDs causes the correspondin DESIRED
SCOONing 10 ftern 26 o o ponding field(s) to blank. The parameters are scaled

2-2 DPS/ALL/GEN |




4

(5)

M

RY nt):
Definitions of the three-digit inputs for item 26 are on page 2-5.

For item 26 entries of 200 thru 210, the ACTUAL column displays a fixed EU format of
XXXXX.XXXXX. [ the converted value is 100,000 or greater, the high order digits are not

displayed. Insuch a case, use of the HEX feature (item 27) is recommended to prevent
confusion.

All changes to memory are done in an arm/fire manner. The parameters to be changed are

specified by displaying the required memory locations as described previously by entering

1(?\};3 Fil'ﬁw value in the DESIRED column using items 29, 31, 33,... 39 and executing item 25
E).

Desired entries are in HEX only. The major function selected as the destination for WRITE
inputs is identified by the major function (MAJ FUNC) switch on the inputting CRT and is
displayed. The display is initialized with item 20 (DATA) selected so that WRITE operations
apply to unprotected areas of memory. If item 21 (CODE) is executed, the word ‘CODE’
flashes and the next WRITE operation can alter protected areas of memory. After that
WRITE is completed, the mode switches back to DATA.

Individual bits in the unprotected memory area can be set or reset by using items 22 (BIT
SET) and 23 (BIT RESET) to establish the required mode, displaying the parameter to be
changed, entering a 4-character hexadecimal word (MASK) in the DESIRED column,
identifying the bits to be set or reset, and executing item 25 (WRITE). Up to six parameters
may be changed with one WRITE. Parameters to be changed must be displayed in HEX.

ltems 20 and 21, 22 and 23, and 26 and 27 are mutually exclusive and the active item is
designated by an ‘*’ displayed next to the item number. Selection/reselection of item 26 or
27 clears the ADD ID, DESIRED, and ACTUAL data fields.

NOTE: When the GPC MEMORY SPEC is called, the READ/WRITE and MEMORY DUMP
sections are initialized to DATA, HEX, and all other fields blank. If GPC MEMORY
is being viewed as an OPS display and on another DEU driven by the same GPC
or RS the GPC MEMORY SPEC is requested, both displays will be initialized to the
default item selections previously described. In configurations where the GPC
MEMORY SPEC is available as the OPS display, view it as the OPS display by
resuming any other SPEC or display on the DEU when reinitialization is not
desired. Request SPEC 0 when reinitialization is desired. (DR 37516)

MEMORY DUMP. ltems 40 (START ID) and 41 (NUMBER WDS) define the main memory
data to be dumped via the downlist. The absolute main memory address, in hexadecimal, of
the start of the dump is entered in item 40, and the number of sequential 16-bit words of
main memory to be dumped is entered via item 41. If the sum of the starting address and
the number of words exceeds the GPC address limit, an error message is generated.

ltem 42 (WDS/FRAME) defines the number of 16-bit words in the downlist frame to be used
for header and main or mass memory data. Entry of item 42 varies the length of the data
content of the downlist frame so that a subset of the total downlist frame can be used for the
64 kbps downlink frame. The item entry is in decimal.

ltem 43 (DUMP) selects the dump. Upon entry of this item, START ID (item 40) begins
incrementing, NUMBER WDS (item 41) will decrement and at dump completion, items 40,
41, and 42 will be blank. If no data have been entered for items 40, 41, and 42, and item 43
is entered, an error message is generated.

DOWNLIST GPC. ltem 44 (DOWNLIST GPC) allows manual selection of a GPC within the
common set (CS) for downlisting. The GPC currently commanding Pulse-Code Modulation
Master Unit (PCMMU) toggle buffer 1 (the prime downlist buffer) is displayed, so the ID of a
newly selected GPC will not appear until that GPC has taken control of the toggle buffer.
IDs other than 1 thru 5 will be rejected and ‘ILLEGAL ENTRY’ displayed.

ltem 49 (OPS 0 ENA) provides the capability to altemately enable and disable the downlist

of a non-prime OPS 0 GPC. This item is initialized with the downlist disabled. An‘*'is
displayed next to item 49 when this item is enabled.
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i i i into a target GPC
bers are provided to allow the crew to load a desired MC int

2 mﬁeﬂ ﬁlmmzttljr?; an execﬂtion of the associated application software operational sequence.
item 45 (CONFIG) selects the desired memory configuration, item 46 (GPC) selects the
target GPC, and item 47 (STORE) initiates the load. When STORE MC equals the input

CONFIG, the load is complete.

i ili ft error counter
ovides the capability to reset the /O error log, GPC error log, so oun
& [atﬁgllggl?rlPL error log; f;ban the sync history log; and reset the Computer Annunciation

Matrix (CAM).

: : ) L s
nables/disables the OPS 3 uplink and item 51 initializes the GPC after OPS 3
2 gg:nstjopﬁnked. ltem 50 entry when the memory configuration is not an overlay, and item 51
entry when item 50 is deselected will result in an ‘ILLEGAL ENTRY’ message.

2 thru 54 provide for the selection of Mass Memory area to be used by QPC Memory

o 252:1235. Mass lslemory areas 1, 2, or 3 are selected by PL, GNC, and SM Major
Functions, respective to the aforementioned item entries. The value of the selected Mass
Memory area will be maintained across the common set. Selected area number displayed
beside the item number will initially reflect the copy used during IPL angl will change after
item entry execution. Memory overlays will acquire data from the specified Mass Memory
areas. Mass Memory area selections other than 1, 2, or 3, will be rejected, and an
‘ILLEGAL ENTRY message will be displayed.

*PROGRAM NOTE

(1) Mass Memory Pre-position Failure. When a mass memory pre-position failure occurs,
SPEC 0 does not appear on the DEU where the OPS request was made. During TAL abort
(G1 to G3), if the OPS 0 page is not displayed within 12 seconds, a mass memory :
pre-position failure can be assumed. For other transitions, a 70-second wait is required.
An ‘YO ERROR MMU’ message may appear on the Fault Summary Page (FSP) and on the
CRT message lines when the failure occurs. (DR 25372)

(2) Stale NBAT Data. If the MC # displayed (item 1) is the currently active MC, the DEU
selections (items 12,13,14,15) will not reflect any CRT reassignments that have occurred
due to an MF change or GPC/CRT entry.

If the G3 NBAT is not updated in OPS G1, the active G1 bus assignment is carried over at
the OPS G1 to G3 transition as the G3 bus assignment. After the G1 to G3 transition, the
string/bus assignments displayed are stale data from the MC3 NBAT previously displayed in
OPS G1. Selecting item 1+3 on SPEC 0 after the transition to OPS G3 will update the
display with the curent G3 NBAT. (DR 37506)

(3 Engineering Units Conversion Processing. Processing of read/write information continues in
the software even if the GPC MEM SPEC is removed via a RESUME. If an improper
engineenng units conversion is requested, GPC errors may occur if the SPEC is RESUMEd
without first doing an ITEM 27 EXEC to clear the read/conversion function.

Q—M!E_M ltem Initialization. The ADD ID and DESIRED columns are blanked at OPS
transitions or a fresh mllt_:p of SPEC 0, but not if SPEC 0 is active on another DEU or is
underlying a DISP when itis called. A DEU equivalent G-MEM in the latter situation could

produce an erroneous write to GPC memory. Reinitialization via an item 20 should always
be performed prior to DEU equivalent G-MEM writes.
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GPC MEMORY (Cont):

ltem 26 Inputs:

Digit 1
. 1 - 16 bitffixed
2 - 32 bit/floating

Digits 2 and 3
00 - Units in Memory (no conversion)
01 - NM from FT
02 - NM from KFT
03 - FT from NM
04 - KFT from NM
05 - FT/SEC? from Gs
06 - DEG/SEC from MR/SEC
07 - DEG from ARC SEC
08 - FT/SEC? from micro Gs
09 - DEG from Radians
10 - KFT from FT

o5 DPS/ALL/GEN |




(1) 7)
; : ; 898123456?39%1
12345678001234567890/2345678901Y238567
pPSPUTILITY DDD/HH:HM:SS

lf o o 4 ,/ g DDD/HH:MM:SS

u’%"““-bMMU ASSIGN PORT ASSIGN
1 2 UL CNTL.—-___________-
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6 SN 3 XA 2 ENA 36X

7 PL 5X 6X 3 INH 37X

4

a 2 e PRIl 2 IPL SOURCE SW
(J)‘F-‘_'_'—“MHU STATUS MASK 38X [ (10)

1 10X XX

2 2UREX X VAR PARAM 1D LIST\
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6 MMU /MMU 10X Zi8 I ONPXEX RETRIEVE 49X

7 GPC/LDB 110X 2R XXX

8 30 XXX GROUND ops\
(5)__9'_“"--»:“1 RETRYV 3L X 6SE POLL ENA 50X  (12)
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1 33 XXXX SM C/0 ENA 52X
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3 13 XXXX XXEX BFC C/0 ENA 54X

4 CMD 14 AL THPIS9 TR 5 (SEX

5

6

(1)

@)

3)
@

k (H))

DPS UTILITY. This display is the format associated with SPEC 001, available in all OPS.
DPS UTILITY provides controls to: (2) assign a major function to Mass Memory Units (MMU
1 and MMU 2); (3) provide the status (‘RDY’ or ‘BSY’) for each MMU; (4) select the memory
source and bus for GPC reconfiguration; (5) and (6) enable checkpoint data retrieval from
the MMUs and provide Real Time Command inputs; (7) select primary or secondary ports
for strings 1 thru 4 and the PL MDMs; (8) select variable parameters for use in the downlist
format; (9) select uplink control; (10) mask IPL source select discretes; (11) enable load and
retrieve G3 archive program overlay; (12) maintain ground checkout operations.

MMU ASSIGN. Items 1 thru 8 are the controls to assign a prime MMU to each major
function. Only one MMU may be assigned to a major function. The display is initialized with
the GNC, PL, SM major functions, and OPS 0 functions assigned to MMU 1. “*'s are
displayed next to the item numbers to indicate the various assignments. These items should
not be executed if the CRT is assigned to a non-PL9 GPC and PL9 operations are in
progress in another GPC. The PL9 mass memory utility process may use a Mass Memory
other than that assigned in the Mass Memory Major Function table, but does not ICC the
new selection to other GPCs. User selection of MMU assignments on the DPS UTILITY

SPEC from another GPC can interfere with the r operation of PL9 MM Utility.
(DR 37420) il = s

MMU STATUS. The status of MMUs 1 and 2 is displayed as ‘RDY’ or ‘BSY.’

MMU SOURCE/BUS. Items 9, 10, and 11 select the memory source (i.e., MMU or another
GPC) and data path for non-Initial Program Load (IPL) memory recorgﬁguraﬁons.

A. (Ri:l’CfMMlgéitega
y available GPC using either available MMU bus as the path. If i :
not in a GPC, the logic defaults to use the MMU. e pal the desired load is
B. MMU/MMU (item 10)

The available MMU (MMU 1 or MMU 2) using i i i
b ) ng its data bus. When this control is
executed, the appropriate major function/OPS overlay is retrieved from the MMU and

12?;95 into the assigned GPC, regardless of its current contents (i.e., the load is
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C. GPC/LDB (item 11
Any available GPC using Launch Data Bus (LDB) as the path. If a GPC source for the
required overlay is not available, the request is rejected and an ‘ILLEGAL ENTRY’

message is generated. If item 11 is selected, there is no automatic reselection of
item 9.

Only one option may be active at any time; an ‘*’ denotes the latest selection. The display is
initialized with item 9 selected.

(5) CKPT RETRV ENA. Item 12 enables the retrieval of checkpoint data from Mass Memory.
This item is initialized INHIBITED. Enabling is a one-shot function in that checkpoint
retrieval is automatically inhibited at the completion of the retrieval function. ltem 12
changes the checkpoint retrieval status to the opposite of the current (enabled or inhibited)
state. An ‘*’ beside item 12 indicates that checkpoint retrieval is enabled.

(6) RTC. liems 13 and 14 provide the capability to use the Real Time Command (RTC)
function. Eight hexadecimal characters which represent the components of an RTC are
entered via item 13. Item 14 executes the data entered by the RTC item. The user is
required to ensure that the major function controliing the GPC Memory SPEC has the data
buses over which the RTC is requested to be transmitted.

(1)) PORT ASSIGN. Strings 1 thru 4 may be assigned to the primary port (Port 1) or the
secondary port (Port 2) of all Multiplexer/Demultiplexers (MDMs) on that string via items 15
thru 22. When the primary is selected, the lowest numbered FC bus of the pair is used to
drive the Flight-Critical Forward (FF) MDM, and the other is used to drive the Flight-Critical
Aft (FA) MDM. When the secondary is selected, the lowest numbered bus of the pair is
used to drive the FA MDM; the other is used to drive the FF MDM.

Similarly, the PL MDMs may be assigned ports via items 23 and 24. A primary assignment
provides access to MDM PL 1 - port 1, and MDM PL 2 - port 2, via PL buses 1 and 2,
respectively. A secondary assignment provides access to MDM PL 1 - port 2, and MDM
PL 2 - port 1, via PL buses 2 and 1, respectively.

Assignments are initialized to primary following IPL and remain in effect until a subsequent
manual input.

(8) VAR PARAM ID LIST. Variable parameters consist of a set of 10 memory locations (1 6-bit)
that may be selected for incorporation into the downlist. These parameters are initialized to
a nominal set of parameters that can be overwritten with new parameters via this SPEC or
special UPLINK LOAD. ltems 25 thru 34 are used for this function. The new parameters
are defined by entering the absolute main memory address in hexadecimal. Only memory
core locations from 0000 to FFFF can be selected. Changes are effective when input and
remain effective until changed.

9 UL CNTL. lems 35 thru 37 provide for the selection of manual or automatic enabling or
inhibiting of uplink. The display is initialized with item 36 (ENA) selected.

(10) IPL SOURCE SW. ltem 38 is used to allow for control over software use of the IPL source
select discretes for non-IPL use of the MMUs. The entry is used to mask or unmask the
discretes. The presence of an asterisk indicates that the discretes are masked. lf no
asterisk is displayed, the discretes are not being masked. When masked, the FCOS shall
ignore the status of the MMU1 IPL and MMU 2 IPL select discretes in determining the
availability of an MMU to support a request for MMU L/O other than an IPL. The mask shall
be initialized to the unmasked state during primary GPC initialization except that the
initialization of memory configuration 1 (GNC OPS 1) shall set the mask to the mask state.
After MC1 initialization, the discretes can be unmasked by execution of item 38. Each time
the display is called, or upon execution of an item 38 entry, the item 38 asterisk will reflect
the actual status of the FCOS mask for the discretes. This capability is available to all
GPCs that are in the common set.
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CHIVE FUNCTION. ltems 48 and 49 provide enablpﬁnhibit control of the G3 a
SSQ'Zn overlay to be loaded into GPC upper memory during the G9 to G1 OPS transition.
Item 49 (which is initialized disabled) controls the retrieval of the GPC memory overlay

during G3 transitions.

Toggling either item 48 or item 49 results in the selectiop of tr_ie allerpate control state. An
‘*'%%no%eﬁ which item is enabled. Selection of item 48 is valid only in OPS G9; whereas
selection of item 49 is valid in G1, G2, G8, and OPS 0.

Once item 48 is enabled, item 49 is automatically disabled until the G9 to G1 OPS transition
is complete. If the G3 load function is successful, item 48 will be disabled anditem49
enabled. This change from load function to retrieve function enabled is a positive indication
that all of the participating GPCs have obtained the G3 archive program overlay.

GROUND OPS. ltems 50 thru 55 are provided to facilitate launch site ground checkout of
orbiter vehicle functions. Item 50 (GSE POLL ENA) provides the capability to enable/disable
ground support equipment (GSE) polling. It is initialized disabled (no ‘*’) and is
automatically disabled at SRB ignition. Item 51 (SM GSE INH) provides the capability to
inhibit GSE Polling upon entry to any SM OPS; the item is initialized to allow GSE polling in
SM (no**). Iltem 52 (SM C/O ENA) provides the capability to enable/disable the Systems
Management checkout software function in SM OPS 2 or 4, while item 53 (GNC C/O ENA)
can be used to enable/disable the GNC checkout software. Both items are initialized
disabled (no‘+’).

ltems 51, 52, and 53 are valid only in G9 and OPS 0, while item 50 is valid in OPS G9, P9,
and Post IPL OPS 0. The selected status of each is maintained Common Set-wide.
Execution of these items in any OPS other than those specified shall result in an
‘ILLEGAL ENTRY’ message. Items 38 thru 49 are implied. Execution of items 38 thru 49
shall also result in an ‘ILLEGAL ENTRY’ message.
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)] 1
(ac) (48)
(1) TIME display. A system level specialist function (SPEC 2) available in all OPS sequences
except GNC OPS 1, 3, and 6. Includes: (2A) controls for MISSION TIME (MT) and the
(2C) CRT TIMER (CRT T) for all CRT displays; (3) controls to update the Master Timing Unit
(MTU - both Greenwich Mean Time (GMT) and Mission Elapsed Time (MET)); and (4A)
controls to monitor and manage the GPC TIME sources.
(2) (2A) MISSION TIME. tem 1 selects GMT to be displayed as the MT on all CRT displays.

ltem 2 selects MET to be displayed. An “* is displayed opposite the selected source, and a
blank indicates that a source (GMT or MET) is not selected for driving MT. Display is
initialized following a GPC IPL with GMT selected. (Note: By using the MET A UPDATE
controls (see (3) ) the capability exists to make MET read in elapsed time from lift-off (or
any other time reference), or to read in any clock time, such as Central Standard Time
gCST), Central Daylight Time (CDT), etc.). Two alert tone controls are provided for MT

see (2B) ).

(2B)* TONE. Items 3 thru 5 are used to enter a desired MT (hr:min:sec), at which an alert
tone sounds and the data field blanks. Items 6 thru 8 provide the capability to set an
additional MT, and work the same as items 3 thru 5. Items 20 thru 22 are used to enter a
desired CRT T time (hr:min:sec), at which an alert tone sounds and the data field blanks. If
a ‘-’ is loaded, the alert tone sounds prior to the CRT T reaching zero. lfa‘+ is loaded, the
alert tone sounds after passing zero. Values entered which are in the past relative to the
CRT TIMER will cause an immediate alert. The sign of the lowest item number entered
determines the sign of the set. ltem 23 is used to designate the desired alert tone
DURATION in seconds for all alerts. (Initial time duration is 1.0 seconds.) If item 23 is set
to zero, the tone is inhibited.

NOTE: An appropriate message (TIME TONE) appears on the Message Line to allow the
crew to positively differentiate between a tone caused by a detected fault and one
set with these controls.

(2C)* CRT TIMER. ltems 9 thru 11 are used to load a time (+hr:min:sec) in the CRT_T. The
sign of the lowest non-zero item number entered shall determine the sign of the entire set.
If a‘+' is loaded, the CRT T will count up. If a‘~’is loaded, the CRT T counts down to zero,
then up. Item 12, when executed, starts the CRT T, and blanks the fields of items 9, 10,
and 11. ltem 13 is used to stop the CRT T. (TIMER zeroes when stopped.) Items 14-16
are used to designate an MT (hr:min:sec) at which the CRT T will start counting from the
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ini ing is initi ini hru 11 and
loaded in items 9 thru 11. When counting 1S initiated, the fields in items 9 t
532'13 14 thru 16 blank. ltems 17 thru 19 are used to designate an MT, to which the CRTT
counts down. When zero is reached on the CRT T, the data ﬁelds_for'rtems 17.th_ru 19 are
blanked. Whenever the display is recalled, the last ‘count to’ MET is displayed in items 17
thru 19.

(3)*

4

. T timer initiated and counting at the time of an OPS transition will continue to
s goﬁr?t across the transition and i:%he new OPS, even if the TIME spec is not
available in that OPS. However, crew inputs for START AT mission time and alert
TONE DURATION will be nullified by overlay of a memory configuration that does
not contain this spec.

MTU. ltems 24 thru 27 are used to load into the MTU a desired time correction (At) to GMT.
ltems 28 thru 31 are used to load a desired time correction (At) to MET. The sign of the
lowest non-zero item number entered shall determine the sign of the entire set. Item 32
actually updates the MTU with the values (day:hr:min:sec.msec) loaded in items 24 thru 27
and/or items 28 thru 31.

NOTE: Due to hardware limitations, there is a time lapse of up to two minutes from the
time item 32 is selected until a GMT update actually takes effect. During this
period, OPS transitions, OPS mode recalls, /O terminate switch changes,
accumulator selects, and I/O RESETs should be avoided because they may induce
a GPC fail-to-sync.

The GMT/MET update item entries blanked following an execute of item 32. ltems 24 thru
27 and 28 thru 31 are mutually exclusive. Entry of any one of items 24 thru 27 or 28 thru 31
blanks any input present in items 28 thru 31 or 24 thru 27, respectively. The value of the
update is rejected if the request is for more than 15 msec, except when the GPC is in OPS 0
and is the only common set GPC. Updates greater than 15 msec cause time reinitialization.
ltem 33, MET RESET, resets the MET to 0 in both the MTU and the common set GPCs
resulting in equalization of GPC and MTU MET.

(4A) TGPC TIME. A readout is provided of the actual GMT (day:hr:min:sec.msec) being
maintained by each of the MTU accumulators (MTU ACCUM 1, 2, 3) and the intemal GMT
being maintained by the selected GPC. Results of the time management processor filter for

input source failures are displayed adjacent to each GMT readout, a ‘4’ to indicate a failure,
or an ‘M’ to indicate data loss.

glrlt::g Primary GPC time initialization, GMT and MET are limit checked against the following

days: 1-399 (0-399 for MET)

hours: 0-23
minutes: 0-59
seconds: 0-59

If either the GMT or MET fails these limit checks, the selected time source will downmode to

GPC time. Attempt to correct the problem by performing an initial GMT
te foll
a TIME SYNC (item 38) to initialize GMT ang g&eset MEI? .Y

(4B) TRY. ltems 34, 35, 36, and 37 are used to force all GPC
, 39, 36, g s to try to use MTU ACCUM
1,2, 3, or the selected GPC, respectively, as their time source. The actual time source

being used by each GPC is indicated by di i i i
C y displaying an id
1,2, or 3, respectively; or G1-G5 for GPC 1E|5?ﬂrogepecltiveer;xer o e

When reselecting an MTU accumulator for i
e :
the oo s L) el computer set which has defaulted to GPC time,

cific al i
selected. Ifthe other accumulatore mc pe ccumulator which has been successfully

now working properly, ignore their down arrows or
?:;lt;:lrly reset each arrow by momentarily selecting each acw?nulator via its TRY item

(4C)* TIME SYNC. Hem 38 is used to synchronize the time sources to the time source

currently selected by the | i :
the Flight Critieal (F)Cr:) ) ;\;:? eSPC ID in the common set having control of at least one of

Following the time sync procedures, the Time
Management Processor (TMP) selects MTU ACCUM 1 as ﬂ?{a time source. Performing a
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tirpe sync with GPCs split between accumulator and GPC time sources will cause a
fail-to-sync. In this situation, do an item 37 to get all GPCs on GPC time prior to
performing the time sync.

*PROGRAM NOTES

(2B) (2C) (3) Sign Convention for Item Entries. The sign of the lowest non-zero item entry value
determines the sign for the entire field. Since the S/W cannot interpret negative
zero, the user should enter the desired sign immediately preceding the first

non-zero entry (+ or —) or not use zero as the first digit in a series of entries to the
items. (DR 37504)

3) GMT Update on GPC Time. If a GMT update is issued from either a redundant set
GPC or a nonredundant set GPC while on GPC time, there is a possibility that the
redundant set GPC could perceive different time than the non-redundant set GPC.
This could lead to a common set fail-to-sync of the non-redundant set GPC.

MTU Effects on GMT Updates. When a Greenwich Mean Time (GMT) update
(item 32) is executed, there is an interval of up to 2 minutes before the update
takes effect as indicated by the GMT A blanking on the display. The length of the
delay is a function of the Master Timing Unit (MTU) hardware, which can be
updated only at a whole minute. During the interval, while waiting for the update to
take effect, some user actions such as keyboard inputs may cause unexpected
results (e.g., a FAIL-TO-SYNC).

For GMT updates > 15 msec:

No user actions or keyboard inputs should be attempted until the update takes
effect. This type of update will force reinitialization.

For GMT updates < or = 15 msec:
. Do not perform the following actions until the update takes effect:

Addition of a GPC to the CS

OPS transition request or mode recall

I/O reset

I/O terminate switch change

Accumulator select (DR 29284/DR 40620)

e @& o o o

(3) (4C) MTU Updates with FC Strings notin BS. If an MTU update or accumulator sync is
performed with Flight Critical Strings 1, 2, or 3 split between redundant set and
nonredundant set GPCs, it is possible to have two computers issuing an MTU
update. The effects on the MTU are unpredictable.
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(1) GPC/BUS STATUS display is a system level display (DISP 6) available in all OPS providing
the primary means for monitoring the GPC and data bus configuration and status.

(2) GPC. The configuration and status of a GPC are defined in the column below that GPC
number. A failed GPC is indicated by an ‘3.

NOTE: The ‘d’ is derived from GPC FAIL votes. An item 48 on SPEC 0 may result in the removal

of this down arrow for a failed GPC.

(3) MODE/OPS. The MODE switch status for each GPC (i.e., HALT or RUN) is displayed.
OPS indicates resident major functions and active OPS for each GPC. The major function
is indicated by G, S, or P for GNC SM, or PL, respectively. The second character is the
OPS number. When a GPC is in HALT or STBY, the last active OPS (non OPS 0) is
displayed.

(4 STRING. The I/O configuration/status for each bus (string 1 thru 4 (FF and FA), PL,
LAUNCH, and CRT) is displayed.

An ‘*' is displayed in the column of the GPC currently commanding a bus. FF and FA, and
PL 1 and 2 are commanded as a pair. A failed or masked bus is indicated by an b
NOTE:

The bus status data displayed on SPEC 6 may be misleading. The data displayed in
each column (per GPC) represents the most recent information received (via ICC) by
the GPC driving the display. Information for any GPC that has failed out of the common

set will be stale and may be invalid. This data is only valid for those GPCs ining i
the common set with the GPC driving the SPEC 6 display. ety
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3 XXX XXXXXXXXXX XXXX X U N T U B T TR
4
5 (xXx)
T, i,

Note: %777~ indicates parameters are driven and displayed on the BFS displays only.

(1) FAULT display. A system level display available in all OPS sequences. Includes upto 15
. (20 for BFS) summary messages of faults (alerts or Caution and Waming (C/W)) which have
occurred. The messages are ordered so that the latest fault is at the top of the page. The

display is called via a dedicated key (FAULT SUMM). If the display is called via SPEC 099
PRO, the messages are cleared.

(2 CRT ID. A three-character field identifying the Cathode Ray Tube (CRT) page on which the
fault is displayed. The first character represents the major function (G for Guidance,
Navigation, and Control (GNC), S for Systems Management (SM), P for Payload (PL)), and
the last two digits are the display number. However, the CRT Identification (ID) is not
included in messages that are not referenced to a CRT display page.

3) FAULT. Textidentifying the system experiencing the fault.

(4) C/W. Used only with C/W messages. The field displays an indicator (*) if a lower or an
upper limit was exceeded.

(5 GPC. Identification of the General Purpose Computer (GPC) which detected and identified
the fault. The BFS display has a single column for indicating the BFS GPC identification.

(6) TIME. The mission time (in day/hr:min:sec) at which the fault was annunciated.
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The display for the DEU Stand-Alone Self-Test is nonstandard, and this test is run independently of
other functions. The only contact with the GPC is polling, so that the test may be terminated. The
display does not include OPS, SPEC, or DISP page numbers. It does not include the standard title
line, the GPC indicator, the mission elapsed time, the event timer, the tutorial line, the fault line, or
the scratch-pad line. It cannot be overlain. This display is invoked via the IPL MENU display and is
available only during a GPC IPL.

(1)

(2

(3)

@)

)

(6)

DEU symbol elements.

(1A) The first line displays lower case Roman letters; the second line displays upper case
Roman letters; and the third line displays characters, all in normal size and intensity.

(1B) Numeral;. are displayed in normal size and intensity. Mathematical symbols are
displayed at bright intensity and normal size.

A square with sides 0.7383 inch in length, oriented horizontally and vertically and drawn with
normal intensity. Within the square is a dynamic display of rotating vectors.

pisplay of f_our concentric circles iq normal intensity. Three are drawn in solid lines and one
is drawn with dashed lines. A capital letter X, at normal intensity, is written so its center
coincides with the largest circle at the top (0°). Another such capital X is on the largest

circle at the right side (90°). Within the arrangement of circles i ic di
rotating and revolving letters. L s Dmenic Sieplay of

Two parallel lines run diagonally across the screen from the lower left corner to the upper

risghhcticomer. Both lines are of normal intensity; the upper line is dashed, and the lower line is

An area that should be blank unless the blanking feature is malfunctioning. If the letter

"':VE}EQ 's working, but the blanking is not, the foliowing legend appears in this area: ‘BLK

An array of tick marks for checking focus and i i i
g resolution. The tick marks are shol
line segments from the symbol generator character matrix. by

2-14
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DE
Q)

(8)

9

(10)

(1)

(12)

(13)

(14)

TAND-ALONE SELF-TE

Four-by-five array of upper and lowercase Greek letters, del (upside down capital delta),
Tacan symbol (an outline Y with all three arms of equal length and angle), diamond, and
plan and elevation outlines of the space shuttle.

An array of horizontal lines of varying brightness. There are ten horizontal lines spaced
vertically equidistant, and the right ends are vertically aligned and connected with a vertical
line. The five shortest of these ten lines are displayed at normal intensity and flashing. The
five longest of these ten lines are displayed with continuously varying intensity from zero to
maximum and continuously varying back to zero.

(9A) A small square (from the symbol generator character matrix) which travels
continuously back and forth in a horizontal line (between the center and the right edge of the
screen). The square is displayed in normal intensity and travels back and forth, a complete
cycle requiring approximately 18.62 seconds.

(9B) A similar vertically moving square. This square is displayed in normal intensity and
travels up and down, a complete cycle requiring approximately 4.63 seconds. Every fourth
cycle, this square coincides at the bottom of its travel with the horizontally moving square at
its rightmost position.

A spinning ‘bug’ consisting of 16 lines in a sunburst array, rotating about a center which
moves up and to the right. The pattern does not appear to be a rolling wheel, but rather an
emblem at the center of a rolling wheel, with about four times the diameter. Immediately
following the upward transit, the bug reverses direction and appears to roll and slide down
the hill at the same rate it moved up. Then it starts up again. The complete cycle takes
approximately 26.48 seconds.

Text block containing the legend ‘KBUA' followed initially by two ‘*’s and ‘KBUB' followed
inttially by two ‘*’s. These lines are for checking operation of the keyboard associated with
the display. If the display is on the center CRT, one line is used for each of the two
keyboards that may be connected to the CRT. The keys are coded from 00 thru 31, from
left to right and top to bottom. As any key is depressed, its number appears on the display
and remains until another key is depressed. This display of the codes goes on right along
with key sequences that activate the status test.

On the next line an encoding of the position of the major function switch is shown to the right
of the letters MF as ‘GNC’ or ‘SM." The position of the major function switch may be
changed for testing purposes.

Activation of the BITE test and an asterisk indication of when it is in progress. The BITE
test is activated by entering the key sequence: ITEM 1 EXEC.

To terminate the DEU stand-alone self-test display, the major function switch must be in the
same position it was in when the self-test was initiated while the RESUME key is entered. If
the major function switch is not set properly, the word ‘ERR’ appears beside the major
function indicator on the display and flashes. ‘ERR'’ remains flashing until a key is
depressed on the keyboard or until the position of the major function switch is changed; then
the error message disappears.

The word ‘STATUS’ appears, followed by a pattern of four groups of four hexadecimal digits
indicating the status of the BITE register. The digits are initially blank while the condition of
the DEU is being assessed by the program. The status is then displayed. The normal
display is: 8200 8000 8000 0000. If the DEU has just been rgloaded. for such reasons as
initial startup or a power transient, the last group of four digits, instead of being 0000, will be
2000.
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XXIPL MENU (1)
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:sé?\
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789012345673901//

(8)

(9)

L (12)

XX
; rrfpnss] " o 40 & o DDD/HH:MM:SS |
= 10X STP/PURGE CYC CNT XOX X % xEs
3 BFS1 2 X BFSS
e S S NG 3x P/A'S S5 ediliXie o ERIRID R/ IMISEE SCHO DAE X X X
. BES?2 4 X BFSE 12X ERROR/MSE CODE CNT XEXIXEX
6 PASS3 5 X PASS7? 1R X o T0 ToA IR ER R RE [ MESAC R O M XEX XX
s BES3 6 X BFS7 T Y NS (C S s eTR T I T N I TS AT XXX
8 PASS 4 7X PASSS 15X
g BFS4 8 X BFSS8 16X MCDS BITE
i MODE X X X x&—f
O =TT—>17 vev rormuAT LOAD X BSR1 X KA
> BSR2 XEXEREX
3 START '€PC SELFTIE SIRNISX SRS X XXX
O —FF—>srt0pr 6PC SELF TEST 19K
5 S.TAIRATAmDAEINES EVLERSTUE S T N
: X XXX XXX EXEXR X X X X
8
g 27 OPTION X
20) __»STOP STP ON ERROR 24X
W= CONTINUE STP ON ERR 25X | START 28x
“”j__ﬂ—P]NH]BIT CKPT LOAD 26X |sToOP 29x
3
4
5 (XxXx)
SR ¥
) 1 1 3 @) 4 5
1zzcss78901234557390!2&55578901234§¢739012345573901
1 GPCIPL MENU (2) X DDD/HH:MM:SS
2 DDD/HH:MM:S5S
3 17 DEU FORMAT LOAD X STP/PURGE CYC CNT XXXX 4
4 ERROR/MSE CODE XXX
(6)——4—»START 6PC SELF TEST 18X ERROR/MSG/CODE CNT XXXX
6 $IT0PL 6 PICAUISE FMTIE/S T o o) TOTAL ERR/MS6E CNT XEXIX
= START “DIEWN S ELFSTEST 200K N S6 SIS TOTILS LNT MRS TS STil i i
EfT—»STOP STP ON ERROR 24X
(12| CONTINUE STP ON ERR 25X MCDS BITE
W™ ™INHIBIT CKPT LOAD 26X MODE XXXX* |
i BSR1 XXXX
£ BSR2 X XXX
i SHSWH XXXX
m)__:,.-—-—-'::z]:::a XXXX XXXX XXXX XXXX
3 dt i :~: XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
d - KXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
; R:i;SIER ::: ::xxxxxx XXXXXXXX XXXXXXXX XXXXXXXX
: XXXXXX XXXXXXXX XXXXXXXX XXXXXXXX
g 't:*:;:g 3:: ::i:::x: XXXXXXXX XXXXXXXX XXXXXXXX
. Ning T sc:x AXXXXXXX XXXXXXXX XXXXXXXX
: EDWNRD=XXXXXXXX CLOCKI=XXXXX
6 k

(2)

— (8)

- (9)

(xfj)

2-16

DPS/ALL/GEN |




XXXXIPL MENU Display Description

The Initial Program Load (IPL) MENU display provides access to the GPC Self-Test Program (STP)
function and the Real Time Processor (RTP) function of the GPCIPL program during self-test

operation and the means to control and monitor memory purge operations for the DEU, MMU,
and/or GPC.

(1) The display consists of two pages. The title for page one is partially dynamic. During
execution of the GPCIPL program, the title will be GPCIPL MENU (1).  If the control should
be passed to the Backup System Loader (BSL), the title will read BSL2IPL MENU (1). Page
two is displayed only while GPCIPL is executing. It provides additional self-test information
and is accessed via the SYS SUMM key.

2 IPL elapsed time is maintained on the upper time readout and is started at GPCIPL
initialization. The lower time display is not initialized and is set to zero.

3) The GPC driving the display is indicated.

(4) Items 1 thru 16 allow selection of the software to be loaded into the GPC following STP
execution. Nominally, item 1 or 2 will be used.

(5 ltem 17 provides the capability of loading the DEU with a selected format load.

(6) GPC and DEU Self-Test initiation command capability is provided via items 18 thru 20.
DEU Self-Test is terminated by depressing the RESUME key or by positioning the DEU
initialization switch to LOAD, then releasing.

) ltems 24 and 25 provide self-test controls which are valid only when the STP (item 18) has
been initiated. Item 24 causes the self-test to halt at the first error. Item 25 allows the
self-test to continue despite errors, until 99 errors have been logged.

(8) Data provided during GPCIPL include: (1) the number of complete cycles through GPC
self-test or memory purge operations; (2) the latest emor code to be encountered; (3) the
number of times the error code has occurred; (4) the total number of emrors that have
occurred; and (5) the number of errors yet to be viewed.

(9 BITE status information is provided for the MCDS (DEU).

(10)  On page two (GPCIPL MENU (2)) the contents of the program status word, register sets
0 and 1, and the floating point register set are displayed for each error encountered. The
major cycle count, minor cycle count, minor cycle scheduler word, and clock 1 value, which
correspond to the currently displayed ERROR CODE, are also displayed.

(11) ltem 26 inhibits the loading of IMU checkpoint data from mass memory into the BFS GPC.

(12)  Memory purge control is provided by items 27, 28, and 29. ltem 27 selects the purge option
(1 thru 8) which is then started by item 28. ltem 29 may be used to stop any option in
progress except during the final phase of option 8. The title is ‘MEMORY PURGE’ when an
option is not selected and ‘DEU ERASE,’ ‘MMU 1/2 OVERWRITE/ERASE/CHECKSUM,’ or
‘GPC ERASE’ when option 1 thru 8 is selected.
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The Operational Test Program (OTP) provides the capability to test/troubleshoot the Display :
Electronic Unit (DEU) hardware and software. The testing does not require a GPC interface with the

DEU and is available whenever the DEU Control Program (DCP) is in control (i.e., anytime after a
successful DEU IPL). .

Control of the OTP is available through the following keystroke sequences:

ITEM A EXEC - Initializes the DEU. This command acts in the same manner as cycling the
DEU power switch.

ITEM B EXEC - Displays the hardware BITE STATUS word 1, hardware BITE STATUS

word 2, and software BITE STATUS word (see (1) ). Nominal values are 8200, 8000, and
0000, respectively.

ITEM C EXEC - Clears the BITE registers. Functional only when the DEU is not being
polled by a GPC.

ITEMD + X X X X EXEC - Displays the contents of any DEU memory location or DCP
buffer on the CRT (see (2) ). The address of the location desired must be entered as four
hexadecimal digits in the X X X X field. The first four—digit field on each line shows the

starting address for that line. The following eight fields give the contents of eight memory
locations starting with the given address.

ITEM E EXEC - Exits the OT
shown when OTP was initiat

ITEM F + X X EXEC - Displays one of up to 30 di i
the DEU Grisieat i y p 1o 30 display backgrounds or skeletons stored in

2 at Buffer. A two-digit integer input is required in the X X field (see
Critical Format Table on followin : i ormat wi
st Al g page). The stored display background format will be

P and restores the CRT to whatever display page was being

(1) DEU BITE STATUS WORDS - Displa associ i
four—digit field is hardware BITE e W TEME EXEC vere BITE STATUS” .

I STATUS word 1: i
word 2; third field is Softwars BITE STATU‘g wor‘:j.seoond field is hardware BITE STATUS

2 : e
@ S%_MEMORY DISPLAY - Display associated with ITEM D + X X X X EXEC keyboard
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XX Critical Format
1 FAULT
2 HORIZ SIT
3 VERT SIT
4 XXXXX MNVR YYYYY
5 ASCENT TRAJ/RTLS TRAJ
6 GNC SYS SUMM 1
7 ENTRY TRAJ
8 GPC MEMORY
9-11 SPARE
12 S TRK/COAS CNTL
13 IMU ALIGN
14 OVERRIDE
15 CONT ABORT
16 RCS
17-30 SPARE

2-19
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N RT DISPLAY
PAGE
. EE (1 (ASCENT] ks et cprio et Yot reredtaroios VESMILTTND) LM QWD) MOV OO 3-3
OPS 1011 X0 TRAY i v ses s 5 srsrimrarratmmarsierssr v S TAQE ST BOT O 3-4
OPS 1041 D000 MNVR NYYYYN o 05 w0 cormereraarm s oo I VLIS JALMAREY " 307°% ot o
DISPAB, + (GNC SYSSUMMIL. o' s st s tsiorsiosrantissars s (SEE GNC, OPS G2, PAGE 3-22)
O T ) Ve e e R S v (SEE GNC, OPS G2, PAGE 3-34)
EPE C DM IORLZ ST vy sian kv s rie s A (SEE GNC, OPS G3, PAGE 3-55)
T SO oL S e S L R SN 3-12
SPEC S5 CONTROLS e e (SEE GNC, OPS G3, PAGE 3-60)
o)l (o ST L MR P e @At e A0 R L 3-17
CPSROIRUNIVETC Dl SO e et e T 3-18
OPS 2021 XOOO0X MNVRYYYYY oo (SEE GNC, OPS G1, PAGE 3-7)
BISE B CNCSYS BOMM e T Rl o L s o 3-22
DISP 19 o4 MBI SR O AT T 3-24
SPECSONDAP, CONEIG T SaEa i Al W s s il 3-26
GPEG ST ML AR T P e A N S 3-30
SPECSSRS TRIGCOAS CATLEE ISR S S s By G 3-32
SEEG23RRES S Y aelich & Riigps S s b D e B i il e 3-34
SEEC OEMEMIOREITE - e B i Sl S S L gl 3-38
ERE SRR ANAY. e R e 3-40
SPEG 34 ORBIT IGTA NS Sl e e i e i e 3-44
GRS GENENTENY e s e Al il S v s Il Sl - 3-47
OPS 3011 YOOOX MNVRYYYYY oo, (SEE GNC, OPS G1, PAGE 3-7)
OPS: 3041 ENTRYTRAI M D AGa. o el s (b o e Ll o ks 3-48
OPS 3041 SRNEGH N TN R R e R 3-50
OPS 3041 LA R SRS s i B R 3-50 e
OPS 3041 4 R TR P BRI T e Bl S S 3-51 ]
. OPS 3041 BEGLATIReNS T L CREVER T N W 3-51
OPS 3051 VERT SIT 1. 11 | F Pealaiciiiliity "= " oo oos i n i 3-52
OPS 3051 Y e, LT el SRR S S MR S 3-54
DISP18 GNGCSYSSUMMT . .orvooie i (SEE GNC, OPS G2, PAGE 3-22)
SPECOT UM ALIGN 35 8 il Sl R g (SEE GNC, OPS G2, PAGE 3-30)
SPEC 22 STRISCOASCNTL . it 1 A it (SEE GNC, OPS G2, PAGE 3-32)
SPEC D8 HHESMEALE S, i e LA (SEE GNC, OPS G2, PAGE 3-34)
SPEC S0P HORIZISIE 2 L Hen S i i it S0t e 3-55
SPEC 81 {OVERRIDE i il as it (SEE GNC, OPS G1, PAGE 3-12)
SPEC R HCONTHOIS S e it el ol s Br 3-60
OPS'GEH{ABORTS) e srov tiumi KM L Wl bbb (L Bee e sl bl 3-63
OPS B0T1 YOOCODCTRAL . o oot oo sorea s vy e e (SEE GNC, OPS G1, PAGE 3-4)
OPS B0 VERTSITA . . o keaiies Er (SEE GNC, OPS G3, PAGE 3-52)
OPS 6031 S AL N (SEE GNC, OPS G3, PAGE 3-54)
DISR1E  GNCSYSSUMMA ..« v s’ (SEE GNC, OPS G2, PAGE 3-22)
SPEESSHREY . T TR s e iy T (SEE GNC, OPS G2, PAGE 3-34)
SPEC B0 HOREZSITL b -l i 1 ais e e (SEE GNC, OPS G3, PAGE 3-55)
SPEC S GUEARIDE S 0 ol S o (SEE GNC, OPS G1, PAGE 3-12)
SFEC B "GONTROLS . ¥ D iine e (SEE GNC, OPS G3, PAGE 3-60)
PSS G8 (ON-ORBIT VEHICLE UTILITNY - ot s et i b i 3-65
R RORECRTED DISIC/E R e s i STt e e 3-66
DISP18 GNCSYSSUMM1 ................000" (SEE GNC, OPS G2, PAGE 3-22)
DISP 19 R R (SEE GNC, OPS G2, PAGE 3-24)
SEECHEaRee I B (SEE GNC, OPS G2, PAGE 3-34)
SR D S SENS IR e T e e e 3-68
[ SPEC/4] HGAADTAREERS S SO B o e e 3-69
3 SR e R e e S st 3-70
e T e Y e B Y T M T R e v 3-72
R e A AW CHE R i e 3-74
OREC S N R e e e o T 3-75
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GNC

3-77

OPS G (PREFLIGHT VEHICLE UTILITY] ... -ccoeesmsseenes ot sanant s o
256 9011 GPCMEMORY ....cvvnneeconnnsenncnsssnnnses (SEE SYS S/W, PAGE 2-2)
SPEC 100 GTS DISPLAY . -2220200s e eonsnssnsssmantnstass e ssnssctbon st 3-78
SPEG 101 SENSORSELF-TEST 11100 n0wesnessessnssmtannsessasssssosssatiszs 3-80
SPEG 102 ROS/RGAJADTA TEST ©.- -1 nvvuneennnnssseeeeesnmunnsaanessaeasens 3-81
SPEG 104 GND IMU CNTL/MON .-+ unenuemnsnssssesnnssnsnnnsnensmsocasses 3-83
SPEC 105 TCS CONTROL ... oo evnassdnsons uthmatatics S0eoue SN SIEENE CERE . 3-85
DISP 108 MANUALCONTROLS «- .- oaus <0 n s astee Rt SN St B 3-87
SPEC 110 BUS/BTU STATUS ......000uneensansssnsssnastonsssss senomnn s 3-88
SPEG 112 GPC/BTUNF ... sou.n0snsskansniiannsanBeReubrn ool o SR OEE. o 3-89
SPEG 113 ACTUATOR GONTROL .. 525+ » b8 oo son e = oo SeP SO et St 3-91
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OPS G1
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(2]

3]
(4]

(5)

[3] [4]

Note: [ ]denotes trajectory dependent data.

The XXXXXX TRAJ title of this display is dynamic. It is LAUNCH TRAJ in MM101. In
MM102 and MM103, it is ASCENT TRAJ unless abort is initiated. At TAL, ATO, or RTLS
initiations, it indicates the abort mode selected. In MM&601, the title is RTLS TRAJ. This
display provides the crew with trajectory information following the SSME START command
and normally stays up until crew selection of a transition to OMS 1 insertion major mode.
During the powered flight portion of RTLS phase, the display stays up until ET separation.

This display allows the crew to monitor the automated contingency abort mode processing
for two and three main engine out failure scenarios. This display also provides the crew with
manual control to invoke the two engine out contingency abort. The snapshot inertial
velocity at the time of first SSME failure confirmation is displayed. In addition, this display

allows the crew to manually initiate or terminate single en

or inhibit contingency yaw steering.

gine roll control as well as enable

The central plot is an altitude vs. horizontal component of relative velocity profile from a last
time abort. C

urrent vehicle state is indicated by a moving triangle with the predicted state
for 30 and 60 sec in the future indicated by circles.

This segment of the altitude vs. velocity line is for an engine out at lift—off RTLS abort,

This line represents the nominal ascent
this line but loft somewhat above it as th
along the plot as RTLS and GO.

Theg= 2 and G = 10 lines are the altitude vs.
line, g will be greater than 2 and 10 PSF, resp

Separation constraints,

profile. An abort after staging would originate on
e abort progressed. Abort regions are indicated

velocity lines; if the vehicle state is below the
ectively. §=2and g =10 PSF are ET
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XXXXXX TRAJ (Cont):

@
(8)

@)

(10)
(11)

(12)

(13)

PRPLT is a digital readout of present propellant remaining in the external tank in percent.

ZIIZIEIEIOhis the predicted time of MECO, in minutes and seconds, from lift—off. This field will
NK whenever a contingency abort is initiated except for a contingenc Abort Mode 5
(RTLS RED - single engine RTLS completion). k2l %

‘SEP INH' is displayed in MM102 if the SRB AUTO separation is inhibited and is blanked

pp.cr;l }t:agzitioning to MM103. ‘SEP INH' is also displayed in MM103 if ET AUTO separation
is inhibited.

‘PC < 50' is displayed if the SRB Chamber Pressure drops below 50 psi.

The scale on the left is AH, which is navigation H minus a reference H (which is a function of

Afi;!). le'esent AH is indicated by a moving, oversize, overbright triangle which flashes if
off-scale.

GUID indicates the status of the guidance solution prior to a powered pitcharound. Prior to
RTLS selection (MM&01), this field is blanked. Once RTLS is selected, GUID INIT will be
displayed until initialization is complete. As the vehicle progresses to the powered
pitcharound point, GUID displays the percent deviation of the predicted final mass from the
RTLS mass target. GUID INHB will be displayed if the powered pitcharound has been
delayed due to an attitude violation or if guidance is unconverged. Once the powered
pitcharound begins, GUID PPA will appear, and the field will be frozen.

‘CONT or ‘RTLS’ is displayed depending on the type of abort. The text will initially display
‘CONT on transition to MM101.

A color word is displayed describing the contingency abort mode region for the three engine
out (3 E/O) failure scenario. The text will initially display ‘BLUE’ on transition to MM101 and
update cyclically. There are two different ways of updating the 3 E/O color word depending
on whether or not the three engine out auto contingency logic is disabled pre—flight (via
I-load). If the auto logic is enabled, the displayed color word is based on trajectory
parameters such as dynamic pressure, angle of attack, and altitude rate to determine the
optimum ET sep maneuver for the given conditions. The color word will either be blank,
blue, green, orange, yellow, or red (Note: the 3 E/O red region can only be entered from a
3 E/O yellow contingency abort). A blank color word indicates that a three engine out
contingency abort is not required for the loss of all three main engines. If the auto logic is
enabled and MECO confirmed is set when the color region is not blank, the 3 E/O color word
will be displayed double overbright to indicate the automatic maneuver is actually being
performed. If the auto logic is disabled, the displayed color word is based on the pre—0Il-25
criteria and will be either blank, blue, green, yellow, or orange. In this case, the crew must
perform manual three engine out procedures for the loss of three main engines. There are
no plans to disable the three engine out auto contingency logic. This no—opt feature was
included in case a major problem was discovered after incorporation into the onboard flight
software.

A color word (blank, blue, yellow, orange, green, or red) is displayed describing the two
engine out (2 E/O) failure scenario. The text will initially display ‘BLUE’ on transition to
MM101.

Item 2 (ARM) allows the crew to arm the two engine out contingency abort. Item 2 is
initialized off (no '*’) and thereafter reflects crew input until an abort is initiated. Guidance
will automatically set item 2 if two SSMEs are confirmed failed and the 2 E/O abort mode
color word is red. When item 2 is selected, an **’ appears to the right of item 2, the 2 E/O
abort mode region color word is displayed double overbright, and both the 2 E/(?_and 3E/O
abort mode region color words become static. When item 2 is deselected, the *'is blanked,
and the 2 E/O abort mode region color word is displayed at normal intensity. ltem 2 is legal
only in MM102, MM103, and MM601. Execution of item 2 in any other major mode will
result in an ‘ILLEGAL ENTRY’ message. Attempting to execute item 2 when the CONT 2
E/O MODE is equal to zero will also result in an ‘ILLEGAL ENTRY' message.
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(16)

(17)
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i i bort as indicated by
ABORT) allows the crew to invoke the a_uto_mated contingency abc
:‘r\eerr12‘4E(/O aboPmode region color word which is dlsplaygc_l .do_uble overb_nght when armed
via item 2. An ‘*' indicates selection of item 4; item 4 is initialized blank in MM1 01.
Attempting to execute item 4 before item 2 has been selected will result in an ILLEGAL

ENTRY' message.

i ill automatically initiate a single engine RTLS completion contingency abort
nG"lgg: ?;?'IYVSI RED) if two |&}fSMEs are confirmed failed and the 2 E/O abort mode color word

is ‘RED.’

Once items 2 and 4 have been correctly execqted (either manual or a'ulo), any further
attempts to execute items 2, 4, or 5 will result in an ‘ILLEGAL ENTRY' message.

NOTE: Once item 2 is executed, the software is locked into the displayed abort region. Ifa
significant delay transpires between executing item 2 and item 4, the vehicle may
transition to another abort region, but the maneuver to be flown will have been
frozen in the previous region. The crew should execute items 2 and 4 in close

succession.

ltem 5 (YAW STEER) allows the crew to enable (ENA)/inhibit (INH) contingency yaw
steering. This item is initialized enabled in MM101. ltem 5 is legal in MM101, MM102,
MM103, and MM601 only; attempting to execute item 5 in any other major mode will result in
an ‘ILLEGAL ENTRY’ message. Also, attempting to execute item 5 once items 2 and 4
have been correctly executed (either manual or auto) will result in an ILLEGAL ENTRY’
message. Once a contingency abort is declared, the yaw steering option cannot be
changed.

Item 6 (SERC) provides the crew with the capability to manually initiate or terminate single
engine roll control. An “*' next to the item number indicates that the contingency SERC is
enabled. (OMS-RCS interconnect begins.) Item 6 is illegal until transition to MM102. ‘ON’
will be displayed double overbright to the right of SERC when the ENA RCS CNTL discrete
is set to on (OMS-RCS interconnect is complete and jets will begin firing as needed for roll
control): otherwise, the character string is blanked. When a second main engine failure is
confirmed, the crew will not be able to terminate single engine roll control due to Ascent
DAP and Abort Control Sequence requirements even though the item entry will be accepted
on the display. If a first engine has failed or has had a data path failure, and sensed

acceleration drops below a threshold value during second stage, SERC is automatically
commanded.

The inertial velocity after one main engine is confirmed failed is displayed in feet per second
below item 6 along with the character string ‘EQ VI'. These fields are initialized blank in
MM101 and remain blank until one of the three main engines fails. The character string and
velocity value will continue to be displayed until transition to MM104 and MM&02.

The word “DROOP” and the predicted single—engine droop altitude (in thousands of feet),
assuming current thrust, will be displayed in MM 103 and blanked at all other times. They
will flash if the prediction is below the minimum |-loaded droop altitude and/or be displayed
double overbright if the Droop Control Task software is commanding the vehicle’s pitch
aftitude; otherwise they will be displayed at normal intensity without flashing. Also note that
if double overbright is on, the low crossrange TAL target has automatically been invoked.
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2 240 AVAYIVD [ JE XXX 10X XXX XXX SURF DRIVE

3 SRIAVET. TS X e X ON 39X

4 XXl 2RI TRIEMETRS 203 OFF 40X

5 \ (xx)

6 L/

(12)
Note: 7777/ indicates parameters are driven and displayed on the BFS displays only.

(1) XXXXX MNVR YYYYY. This GNC display is used in OPS 1, 2, and 3 for insertion, on—orbit,
rendezvous, and deorbit maneuvers. It can be used to declare an AOA or ATO abort post

. MECO or to override automatic target selection in OPS 1 and to burn off forward RCS
propellant and provide aerosurface hydraulic fluid thermal conditioning in OPS 3. Display
titles are:

OPS 1 MM104 OPS 1 MM105 OPS 1 MM106

OMS 1 MNVR EXEC OMS 2 MNVR EXEC OMS 2 MNVR COAST
ATO 1 MNVR EXEC ATO 2 MNVR EXEC ATO 2 MNVR COAST
AOA 1 MNVR EXEC AOCA MNVR TRANS

OPS 2 MM202 OPS 3 MM301/MM303 OPS 3 MM302

ORBIT MNVR EXEC DEORB MNVR COAST DEORB MNVR EXEC

(2)* OMS/RCS SEL/TV ROLL. Items 1 thru 4 provide the engine selection capability for the bum
and the associated guidance computations — BOTH for both OMS, L for left OMS, R for right
OMS and RCS SEL for +X thrusters. These items are mutually exclusive and the selected
option is indicated by an ‘*'. When the display is first called up in MM104, BOTH is enabled.
Subsequent callups reflect the last option selected and this option is transferred across OPS
1,2, and 3. ltem 22, ‘LOAD," must be executed for guidance to recognize a selection. An
‘}' is displayed after L and R when predefined chamber pressure and delta velocity limits are
exceeded. When OMS RM is running (RM is reset by selecting OMS BOTH), it will remove
the ‘U’ during initialization. For BFS, the ‘' is only driven when OMS chamber pressure is
below the |-loaded value. An ‘!’ is blanked with reselection of the ‘L’ engine(s).

NOTE: If a bad engine ID is uplinked as part of a target load, the maneuver display will
default to RCS +X thrusters in OPS 3 and to an indeterminable selection in OPS 1.
A proper engine ID uplink or a crew item number entry will correct this problem.
(DR38163U)

. ltem 5, TV ROLL, the desired local roll angle at ignition, comes from a compool (I-load,
uplink, or crew input) and this item is used to update the displayed value (in OPS 2 only).
Upon reinitialization of the display, the latest value will be displayed in OPS 1, 2, and 3. This
item is not supported by BFS, but the I-loaded or uplinked value is displayed in OPS 1 and
3.
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: : : . tiayed

: e qimbal trim angles (in degrees) computed by the DAP are disp

b :r?cllhghl-a?rgeod Li?r?;nile?n 6 — pitch (P) for both OMS and items 7 and 8 - LY, RY for yaw left
and yaw right, respectively, Current DAP values are on the display when it is called up.
Modification of trim angles requires execution of item 22 (LOAD).

- 9 provides the capability to display and change the DAP total orb.ih‘er weig,h} (WT)
2 mo:::c’;g 1Ehis value is caIFc):?Jlated the first time the display is called and, if ‘LOAD' is not
flashing, is updated as current mass is updated. WT can be updated by ground uplink or
crew entry but ‘LOAD' must be executed for a change to be recognized.

* T. Targeting information for guidance is displayed and is changeable by item entries

o g:c?\gc-icéd in thigs secglion. The TIG in mission time (day/hr:min:sec) is always required and
must be within 5 minutes in the past and 12 hours in the future. The PEG 4 targeting is
done by specifying C1, C2, HT, 6T, (OPS 1and 3), and PRPLT (OPS 3 only) (items 14, 15,
16, 17, and 18) which define the flight path angle coefficients (ClinfpsandC2 a
dimensionless value), target radius (HT) in nm, target central angle (6T), in degrees, and
total propellant (PRPLT) in pounds to be used by the deorbit maneuver. The sign on PRPLT
defines which side of the orbital plane this quantity of fuel should be wasted. Also, an entry
of zero for item 18 when LOAD is not flashing allows the crew to terminate wasting during a
deorbit maneuver burn. Whenever PEG 4 targets are entered and LOAD (item 22)
executed. the current LVLH components of velocity~to—be—gained (AVs) shall be displayed
and updated in the PEG 7 data fields (items 19 thru 21) (Not supported by BFS).

An external AV targeting option (PEG 7) is provided by items 19 thru 21. These are the
target delta velocities (feet per second) in the LVLH frame at ignition. Targeting inputs can
be made by onboard targeting, ground uplink, or item entries. Whenever the display is
called, targeting information for a previously executed maneuver will be blanked. Upon input
of any PEG 7 target data, the PEG 4 target data fields are blanked. Any data being
displayed in the PEG 7 slots will then be replaced with the entered data, and/or the latest
previous PEG 7 target data (Not supported by BFS). All targeting inputs are sent to
guidance upon execution of LOAD (item 22). After the LOAD item has been executed, any
data changed which require the LOAD to be executed for recognition causes the word
‘LOAD’ to flash. The burn is not enabled until item 22 is executed again and ‘LOAD’ stops
flashing. Forthe OMS 1 maneuver only, the LOAD is done automatically. Execution of item
23 initiates the CRT event ‘TIMER' to count down to the TIG loaded in guidance (except for
OMS 1 where the timer starts automatically when MM104 is initiated). If TIG is more than 5

minutes in the past, execution of item 23 causes an error message and the item will be
ignored.

NOTE: An attempt to execute LOAD while targeting is still active from a previous command
will result in an ‘ILLEGAL ENTRY' message.

NOTE: If targeting is active in MM105 or 302 when a PRO to MM106 or 303 occurs, target
parameters will be displayed on the Coast MM display when they should be blank.
In addition, for the MM302 and 303 case, the |-LOAD entry interface attitude will be
overwritten by the targeting attitude and the ADI error needles will reflect this new
attitude. Manual entry of the entry interface attitude would resolve this last
problem. In general, avoid any major mode transition except 301 to 302 while
targeting is still computing burn numbers. (DR 36015)

NOTE: If a transition to 301 from 303 occurs just after a state vector update (whole or

delta) has been performed, target data entry rejection and CRT timer anomalies

may be observed for several seconds while a targeting module finishes execution.

V_Vhen tf_\e module completes, item number entry will return to normal and the CRT
timer will return to crew control. (DR 36479)

In MM202, the rendezvous guidance option chosen by the ORBIT TARGETING
spec is displayed in text. Discrete (1) is set and ‘LAMBERT’ is displayed for this
option. The discrete can be reset (0) by ground uplinking or by crew retargeting

to external AV (via this or the O i ‘ e
e ( RBIT TARGETING display) and ‘EXT AV’ will be
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BURN ATT/MNVR. ltems 24 thru 26 show the roll (R), pitch (P), and yaw (Y) angles (in
degrees) in inertial coordinates at ignition computed by guidance for MM104, 105, 202, 301
and 302 in response to execution of LOAD (item 22).” For MM303 an |-load—desired ’
attitude, a ground-uplinked attitude (may be changed in OPS 2, MM301, or 302), ora
crew—entered attitude is displayed. In MM301, 302 the crew may enter a desired BURN
ATTITUDE prior to executions of LOAD or override a guidance—computed one after
execution. In the override case, LOAD must be executed again to display the BURN
ATTITUDE. BURN ATT R, P, and Y are only enabled for data loading in MM301, 302, and
303. The bum attitude stops updating upon MM transition. Item 27 ‘MNVR' provides for
initiation of an automatic maneuver (PASS only) to the desired attitude if DAP AUTO is
selected. An **' is displayed next to item 27 while the DAP is maneuvering to the pre—burn
attitude, and while holding about the pre-burn attitude (OPS 1 and 3 only). If the current
attitude is within 8 deg of the desired attitude when item 27 is executed, no **’ will appear
even with DAP AUTO selected; however, the orbiter will move slowly to the desired attitude.
In MM202 the ADI error needles are referenced to BURN ATT when item 27 is executed.
Execution of item 27 terminates/inhibits the three universal pointing options available via
UNIV PTG display in OPS 2. This item is not supported by BFS.

REI/TXX. Orbiter range in nautical miles from 400k feet to the landing site is shown next to
REl in OPS 3. Time-to—next—apsis (for OPS 1 and 2) or Time—to—400k feet for OPS 3 is
provided, in minutes and seconds, nextto TXX. In OPS 1 and 2, time to apogee (TTA) or
time to perigee (TTP), whichever is closer, is displayed unless apogee and perigee differ by
less than 5 nm. In this case, the title becomes TTC (Time— to—Circularize) and the time field
is blanked. During OPS 3, TXX becomes TFF (Time—to—400k feet). In MM303, REIl and
TFF are recomputed whenever the state vector is updated by uplink or HSD entry. If
guidance does not converge following a LOAD, these fields will be zeroed (OPS 3).

GMBL. This selection shows the pitch (P) and yaw (Y) gimbal angles for left (L) and right
(R) OMS engines. The status is normally blank but will display a ‘4’ adjacent to a failed
actuator on the selected system or an ‘M’ for missing data (last valid gimbal data are
displayed). Items 28, 30 and 29, 31 allow selection of either primary (PRI) or secondary
(SEC) drive systems for the left or right engines, respectively. ltems 32 and 33 allow a
powerdown of the left or right drive systems. These items are mutually exclusive. An ‘'*'is
displayed by the item number of the system selected. When the display is first called up,
primary drive systems are selected unless a different selection was made automatically
during ascent. The last selections in OPS 1 are initialized in OPS 2, 3, and 6 when
transitioning from OPS 1. ltem 34, GMBL CK, allows an automatic TVC check of each
active drive system. Display is initialized with item 34 deselected.

BURN DATA. The upper right section of the display contains a dynamic character field
where ‘EXEC’ flashes from TIG —Z seconds (Z is |-loaded, typically 15 seconds) until KYBD
EXEC is performed (‘EXEC’ then disappears), the guidance prediction of the total change in
velocity (AVTOT) of the targeted maneuver in feet per second, the time to go (TGO) in
min:sec (predicted bum time before TIG, or remaining burn time after TIG), the velocity (feet
per second) to be gained in body coordinates (VGO X,Y,Z), and the predicted post bumn
(TGT) and current (CUR) apogee (HA) and perigee (HP) values in nautical miles. KYBD
‘EXEC’ must be performed after TIG —Z to enable the maneuver to start. In OPS 1 and 3, if
guidance does not converge following a LOAD, targeted apogee and targeted perigee will be
zeroed, and BURN ATT will be blanked. Also, if a transition is made out of maneuver
execute modes MM104, 105, 202, or 302 while a bum is enabled or in progress, the burn
will be canceled/terminated.

ABORT TGT. ltem 35 provides a method of selecting an AOA or ATO abort and the target
set. It allows an upmode or downmode of the abort desired. It is legal in MM104 and 105
only, with an ABORT TGT ID of 0 displayed initially in MM104 and entries of 1, 3-5 available
thereafter in 104 and 1-12 in MM105. Any deviation from these TGT IDs in MM104 or 105,
or item 35 execution outside these modes results in an'ILLEGAL ENTRY' message.
Automatically selected IDs from the dedicated abort switch or the OMS 2 target associated
with an OMS 1 target set, appear on this display (upon transition to MM105 f?r the OMS 2
target), but these targets may be overridden by entry of a new target set ID. ILLEGAL
ENTRY' message results if an ID entry is attempted while an OMS bum is enabled or in
progress. If AOA is selected in MM105, 'OPS 301" will flash to indicate when ta'rgeimg for
the AOA OMS 2 bun is complete. The crew can then execute ‘OPS 301 PRO.” Manual
changes to the targeting data entered in MM105 will be carried across the transition to
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MM301 without the crew having to perform an item 22 (LOAD).

i ili initi ia ARM and DUMP in that
_ ltems 36 thru 38 provide the capability to initiate, via : at
s:gg rj)?tsermﬁ)ate burnoff of forward RCS propellants in OPS 3‘ by elxecuung OFF.I ﬁm *is
displéyed by each item number as it is executed. Execution of ‘OFF removes the ‘*'s from
ARM and DUMP.

ility to initiate and terminate a flight control surface drive function
EL:)T;:WDdEJIVbEy H‘g:qesc;gp ?SNI;yand 40 (OFF). Thi_g fupctic_)n provides simulta.nlepus_ motion of
all aerosurfaces for hydraulic fluid thermal conditioning in OPS 3 only. An '*' is displayed
next to the selected item number. Display is mmahzed with item 40 sele_ct_ed and selection of
item 39 occurs in MM301. SURF DRIVE remains ON to MM304 when it is auto deselected.
Execution of these items in OPS 1 and 2 results in an ‘ILLEGAL ENTRY" message.

*PROGRAM NOTES

(2)

(3)

(3

Use of BOTH to Clear OMS Down Arrows. If an engine indicates a failure (down arrow)
during a burn, subsequent to the burn the arrow cannot be cleared by selecting the BOTH
item number. The down arrow will be automatically cleared by OMS RM at TIG-15 seconds
for a subsequent OMS burn regardless of engine selection. (DR 55314)

Stale OMS Trim Angle Data. During maneuver operations in MM 104 thru 106, 202, 301
thru 303, the OMS trim angles remain static during and after a burn until the next item entry
or display recall. Perform an item entry or display recall to update the OMS trim angles,
repeating for each DEU. (DR 39371)

Timer Countdown Terminated Unconditionally on MM301 Init. or MNVR Target ltem Update.
Any CRT timer countdown initiated by the crew or the software will be terminated upon entry
to MM301 or upon update of a MNVR target item by keyboard or uplink. The crew may
reinitiaté the countdown using items 22 (LOAD) and 23 (TIMER). (DR 37591)

Guidance Convergence Indications. Subsequent to execution of the LOAD item number, the
only positive indication of guidance being unable to converge on a solution will be the display
of zeroes for BURN ATT (blank or non—zero when converged) and TGT HA and HP
(non—zero when converged). (DR 37573)

ltem Entries During RCS BURN. During an RCS maneuver, entries from the KEYBOARD
will be accepted by the software. This is the case whether the maneuver was initially
planned +4X or whether both OMS engines have failed during the maneuver. If any target
set related entry except propellant-to be—depleted (i.e., trims, engine select, TIG, or targets)
is made during the maneuver, target solution values (i.e., TGO, VGOs, burn attitude, etc.)
are blanked and a flashing LOAD appears. The same applies for any such target entry prior
to burn enable. Do not make target item entries (except for propellant-to-be—depleted)
during an RCS maneuver. If an entry is inadvertently made, a new LOAD will be required to
reestablish the guidance solution. The TIG for the LOAD must be in the future. Also, the

THETA target must be adjusted if TIG is changed (in OPS 3 only) or an REIl miss will result.
(DR 37564)

Unsugmﬁgd AQA/ATO Requests in MM105 after OMS 2. If an AOA or ATO abort is
requested in MM105 following OMS—2 burn completion:

A. The AOA/ATO targ

; eting function is not scheduled i =
Heataials g led so MNVR target items are not auto

B. When a crew manually ente i i
eyt A0 y rs a desired MNVR target (item 101 7), followed by the

targeting i . L :
be done in MM301). geting Is correct; however, AOA targeting is incorrect (it should

C. For AOA, subsequent transition to M i '
MMI08.” (B o MM106 causes the MNVR title to be unreadable in
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No Flashing ‘LOAD’ for BES on Major Mode Transitions. After transitioning from MM104 to
MM105, MM104 to MM301, or MM106 to MM301, ‘LOAD’ will flash on the PASS Maneuver
Display but not on the BFS Maneuver Display. Additionally, ‘LOAD’ will not flash for the BFS
OPS 0 to OPS 3 transition, but will flash on the PASS Maneuver Display after the OPS 2 to
OPS 3 transition. The flashing ‘LOAD’ does not appear for the BFS since there are no valid

target data to be loaded. It will appear when an uplink or keyboard entry of target data is
performed.

For both the PASS and BFS, ‘LOAD’ must be flashing before item 18 (PRPLT) on the
Maneuver Display can be entered with a non—zero value. Because of the flashing ‘LOAD’
difference between PASS and BFS, a non-zero item 18 could be entered on a PASS
keyboard and displayed on the PASS Maneuver Display while being rejected by the BFS
without an ILLEGAL ENTRY message. (DR 108559/B20611, 457409)

No Burn Att for Yaw Near £90°. |f a PEG 4 or PEG 7 target solution results in a desired
preburn yaw attitude near £90°, the desired BURN ATT will not be displayed on the MNVR

display. This is a display problem only; guidance will still function normally and ADI error
needles are still valid. (DR 37585)

Attitude Maneuver to Unknown Attitude. If an auto maneuver is in progress in OPS 2 and
item 22 (LOAD) is entered, a new burn attitude will be computed and displayed; the vehicle,
however, will continue to maneuver to the old burn attitude. Mode the DAP to any manual
mode and back to auto to avoid confusion regarding the attitude to which the vehicle is
maneuvering. The crew could also reexecute item 27 with the DAP in auto (once the burn
attitude values are displayed) to begin the new maneuver. (DR 48348)

TEF/REI Blanking. The maneuver display parameters TFF and REI do not get computed for
perigee altitudes above 55 nm (an |-load) on any LOAD situation in OPS 3. These
parameters are blanked on the display when this occurs and therefore an REI/TIG adjust (as
called for in the ASCENT CHECKLIST) is not possible. These parameters may therefore
not be computed for AOAs with large MECO underspeeds. (DR 37573)

Actuator Deselection. If both the primary and secondary actuators are deselected, the P
and Y gimbal angles for that engine show a static display of the last valid gimbal data prior
to OFF execution (item 32/33). Transition to OPS 3 in this case may result in erroneous .
gimbal data being displayed. Manually reselecting either primary or secondary gimbals will
reinstate dynamic data. (DR 37123)

Gimbal Drive Check. The GMBL CK item can be executed during an OMS burn and will
cause the check to be performed, overriding OMS TVC flight control commands. (DR
37561)

Abnormal OMS Termination/Keyboard Lockout. Multiple failures during an OMS maneuver
may lead to control problems and a subsequent guidance divergence requiring manual OMS
cutoff. The proper crew response is to terminate OMS thrust with the ARM PRESS
SWITCH. The absence of OMS cutoff commands (in the software) causes KEYBOARD
lockout.

If TGO stops counting down, the auto system probably will not achieve cutoff and the proper
crew response is a manual OMS cutoff.

The chance of a KEYBOARD lockout in this situation should be recognized and, if it results,
the procedure for manual setting of the cutoff commands should be used.

In the case of a keyboard lockout, release is effected by an OPS XXX PRO to the next

OPS (MM104-105, 302-303). Note that MM105-106 terminates OMS burn capability in
OPS 1 since MM106—105 is not permitted.
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OVERRIDE. This display is used during OPS 1, 3, and 6 and provides the following
capabilities: selection of the desired switch mode for (2) ABORT, (11) ET SEP, (12) ET UMB
DR, and (9) ENTRY ROLL MODE switches; (3) enable/inhibit the OMS/RCS ICNCT
function, the OMS dump, and the (4) AFT and FWD RCS dumps; (5) select the elevon
schedule, body bending filter, and the entry atmospheric model in OPS 3 and control the
SSME drag chute repositioning sequence; selection/deselection of (6) an IMU LRU, (7)
hydraulic system (PRL), or (8) ADTA; (10) open/close vent doors during OPS 3 and 6; (13)
overrides any RCS MANF VLV microswitch dilemma which causes RM to set the MANF
VLV status to CLOSED; (14) status and control of wraparound FCS mode.

ABORT MODE. ltems 1 and 2 allow the crew to select a TAL abort in MM103 and MM104
or an ATO abort in MM102, MM103, and MM104. These items are mutually exclusive and
the selected mode is indicated by an ‘*.’ The abort sequence is initiated by execution of
item 3 and is indicated by an ‘*." Execution of item 3 must be preceded by selection of item
10or2. The display is initialized with all three items deselected (no ‘*’). Execution of item 4
changes the maximum SSME throttle level by guidance from 104 percent to 109 percent
(I-loads) and rescales the SBTC to the new level. Once executed, it is latched and an **' is
displayed next to the item. ltem 4 is legal only in MM102, 103, and 601.

PRPLT DUMP. Items 5 thru 9 allow

the crew to enable, inhibit, and control manual or
automatic abort dumps in OPS 1, 3,

_ and 6. ltem 5 (ICNCT) is used to enable (ENA)/inhibit
(INH) the OMS/RCS interconnect function. The interconnect is initialized enabled in OPS 1

and inhibited in OPS 3. If a manual dump is initiated, the status of the OMS/RGS
interconnect will be determined by item 5. If item 5 is enabled when an intact abort is
selected, item 5 will be setto an |-loaded value by the Abort Control Sequence. If item 5 is
inhibited when the abort is selected, item 5 will remain inhibited. Whenever the Abort
Control Sequence or OMS/RCS Interconnect Sequence terminates the OMS/RCS
interconnect, item 5 will be reset (INH). In MM 304/602, if the OME_ ONLY. FLAG is set
attempting to execute item 5 will result in an ‘ILLEGAL ENTRY’ message, and the item will
be 6?gected. tem 5 does not operate when the Single Engine Roll Control (SERC) flag is set
in OPS 1/6. The interconnect is automatically enabled by the Abort Control Sequence.
Execution of item 5 at this time will result in an ‘ILLEGAL ENTRY’ message.
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‘CPLT’ will be displayed to the right of ‘XXX ICNCT 5' when the OMS/RCS interconnect is
completed and will return to blank when the return to normal configuration is completed.

ltems 6 (ARM) and 7 (START) allow the crew to manually initiate a dump. Item 8 (STOP)
inhibits or terminates an automatic dump, or terminates a manual dump. An‘* indicates
selection. The display is initialized with items 6, 7, and 8 reset (no **'). Execution of item 6
arms the dump and blanks the STOP *. Item 7, which can only be executed when item 6 is
showing an **', starts the dump. Executing item 8 will blank the ARM and START asterisks
and stop the dump in progress. Any automatic dumps associated with an abort selection will
be inhibited if an ‘*' is present next to item 8.

When the crew manually initiates a contingency abort from the XXXXXX TRAJ display, the
PROPLT DUMP ARM and START discretes are set ON, and an **' is displayed next to
items 6 and 7.

Item 9 (QUAN/SIDE) allows the crew to enter an amount of propellant to be dumped,
measured in percent of quantity per side. Item 9 is initialized in OPS 1 to a software
calculated quantity based on a manual dump I-load: thereafter itemn 9 reflects crew input. If
an intact abort is selected, the OMS dump time will be set to an |I-loaded value by the Abort
Control Sequence, based on the abort selected, and item 9 will be computed and displayed
as a function of this I-load. In OPS 3, item 9 is initialized to the last value fromOPS 1, orto
an automatic dump value based on abort selection.

If a new value is entered into item 9 while any OMS dump is in progress, the dump will be
based on the new value. If the quantity entered via item 9 exceeds MAX QUAN ENTRY, the
entry will be rejected and an ‘ILLEGAL ENTRY’ message will be displayed.

Items 5 thru 9 are not legal in MM104, 105, and 1086; attempting to execute these items in
these major modes will result in an ‘ILLEGAL ENTRY' message.

OMS DUMP TTG (time—to—go) displays the amount of time remaining, in seconds, to dump
OMS propellant, whether or not a dump is in progress. In OPS 1, the OMS dump time is
initialized to the manual OMS dump time I-load value; any changes thereafter to OMS
DUMP TTG will be a function of quantity input by the crew via item 9, an I-loaded value
based on the intact abort selected, or the completion of an OMS/RCS interconnect. The
OMS DUMP TTG value reflects dump time using a scale factor based on a two OMS engine
flow rate. During an OMS/RCS interconnect with RCS jets commanded on, the OMS DUMP
TTG computation will be adjusted by a scale factor to reflect the additional RCS flow rates.
OMS DUMP TTG decrements as dumping occurs until it reaches zero at which time the
dump is terminated.

Items 13 and 15 are used in OPS 3 and 6 to enable (ENA)/inhibit (INH) the aft and forward
RCS dumps, respectively. The dumps are initialized enabled, and thereafter will reflect crew
inputs, except in OPS 3 when the TAL flag is not set, where dumps are initialized inhibited.
Items 14 and 16 are initialized with |-loaded dump times in seconds in OPS 1 and 3 (if the
TAL flag is set). In OPS 6 they carry over the last values from OPS 1. Depending on the
number of jets involved during a dump, these times will decrement accordingly. In OPS 3
with the TAL flag not set, the times are initialized to 0. MM304 RCS dumps may be enabled
by putting in a nonzero dump time via items 14 and 16, and enabling the dumps via items 13
and 15, respectively. The display fields of items 15 and 16 will be blanked during a
Contingency Dump, and will cause an ‘ILLEGAL ENTRY’ message if executed.

ENTRY FCS. Items 17 and 18 allow the crew to command the aerojet DAP to use an
AUTO or FIXED elevon schedule. The display is initialized with the AUTO schedule
selected. The FIXED schedule will be used for aero PTls. For flights with no scheduled
PTls, the aft schedule will be |-loaded into the FIXED slot for use during a no yaw jet entry.
Items 20 and 21 can be used to choose the nominal (NOM) or altemate (ALT) body bending
filter. The display is initialized with the NOM filter selected. However, .If‘QP_S 3 is entered
from OPS 1, the ALT (item 21) body bending filter will be selected. Ap * lndlca.tes selection
during operation in OPS 3 only. Items 17 and 18 are mutually exclusive as are items 20 .:Qg
21; selection of one automatically deselects the other. In OPS 1 or OPS 6, the '*'is bl;n

as the elevon schedule and the body bending filter are |-loaded independent of crew input.
These items are legal in OPS 3 only, and will result in an ‘ILLEGAL ENTRY' message if
executed in any other OPS.

3-13 DPS/ALL/GEN |




OVERRIDE (Cont):

(6)

)

(®)

(©)

(10)

inhibi he repositioning of
REPOS) allows the crew to enable (ENA)/inhibit (INH) the repos
ll}'\eemSTS»SIJ\A(ESS wl’ECh occurL automatically in MM304. The SSME REPOS is initialized blank
til OPS 3 when it is set to ENA,; thereafter, the status field will reflect crew |np‘uts. ltem 19
ilisnlegal i~ MM301, 302, 303 and 304 only and will result in an ‘ILLEGAL ENTRY’ message if .
executed in any other major mode.

4 allow the crew to select the atmospheric model used by entry navigation.
I11'ﬁ21csii§$Ig;(nillszinitialized with the nominal model selected, item 22 (NOM). Iltems 23 (N
POLE) and 24 (S POLE) select north polar and south polar models, respectively. These
itemns are mutually exclusive, with an **' displayed next to the currently active model. These
items are legal in OPS 3 only; execution in OPS 1 or 6 will have no effect.

Jumn is provided after each LRU ID number. The column is
thal:\k Qz? 2cr>arlrnr::ltirp§ra::tli§n? or disp!gys a "\’ for an RM—declared failure or IMU deselection
by RM or the crew, a ‘?' for an RM dilemma, or an ‘M’ for missing data. The STAT column
displays output from the Built-In Test Equipment (BITE) and is either blank (normally) or
displays ‘BITE’ for a detected LRU problem. The ATT column displays which Inertial
Measurement Unit (IMU) is selected for use and whether the IMU data are good or not. Bad
data are indicated by ‘RGA.’ Items 25 thru 27 allow reselection/deselection of the LRUs,
and are blank initially.

Priority Rate Limiting (PRL). For each of the three hydraulic systems, two item numbers are
provided to allow the crew to manually override/reselect automatic systems management
and to deselect/select a hydraulic system. A system which has been automatically
downmoded (declared unavailable to PRL) will display a ‘. The failed' system may be
forced back into PRL availability by executing its AUT item entry which blanks the ‘4" and *'
in the AUT column and establishes manual systems management. A repeat execution of
the AUT item entry restores the automatic systems management and puts an “*' in the AUT
column. The DES item entry allows the option of instructing the Hydraulic SOP to declare a
system failed and removes automatic systems management (i.e., drives the ‘I’ blanks any
‘“*' in the AUT column, and drives an *’ in the DES column). A repeat execution of the DES
item entry toggles the manual deselection (i.e., blanks the ‘!, and blanks the *' in the DES
column). The items are mutually exclusive and initialized in the AUTO mode. A status
column is provided for each system to display a blank for normal or upmoded manual .
system operation, a ‘?' for an RM dilemma (as declared by a miscompare of the remaining
two transducers in any one hydraulic system), or a ‘.’ for a failure or downmoded system. If
any of these items are executed in MM104, 105, 106, 301, 302, or 303, an ‘ILLEGAL
ENTRY’ message will occur. When a manual system override (AUT or DES) is executed in
OPS 1, a transition to OPS 3 will clear the manual selections made in OPS 1 and return to

auto systems management. Manual systems management will only resume if the manual
override is reexecuted in OPS 3.

ADTA. For each of the four ADTA LRUs, the ADTA—derived altitude in feet (H),
ADTA—derived angle of attack in degrees (o), and ADTA—derived Mach number (M) are
displayed. The parameter status column after the LRU IDs is blank (normally), displays a ‘J’
fo; an RM declared failure or crew deselection, a ‘?' for an RM dilemma, or an ‘M’ for
missing data. Iltems 34 thru 37 allow deselection/reselection of an LRU. ADTA data are
blanked during OPS 1. These items are legal in MM304, 305, 602, and 603. Execution of

these items in OPS 1, MM301, 302, 303, or 601 will result in an ‘ILLEGAL ENTRY’
message.

ROLL MODE. A status of where RM determines the position of the ENTRY ROLL MODE
switch to be is displayed as L GAIN, NO YJET, or AUTO. Should this switch fail, tem 42
allows sglectlon‘ of the AUTO position which will result in an ‘*’ being displayed and the
status will read AUTO." The item is initialized deselected, and thereafier reflects crew
Inputs. ltem 42 is legal only in MMs 304, 305, 602 and 603.

VENT DOOR CNTL. ltems 43 (OPEN i ili
ot e LT ( ) and 44 (CLOSE) provide manual capability to

; : compartment vent doors, and/or all vent doors depending on
tAht?err?)ap]t(i)r: grntode thes;e items are e;ecuted in. These items are mutually exclusive. .

. o execute a command while an operation is i i i

ILLEGAL ENTRY: message peration is in progress will result in an

An asterisk is displayed immediately adjacent to an item after it is either manual
ly executed

Z:j;:ac::rgmgciﬁd bitar? auto control sequence. An ‘OP’ or ‘CL’ character string is displayed .

will continue tg g Zr-'s"} after the executed sequence has completed. This character string

blanked. Durin AL ay?d until 2 subsequent item is commanded, at which time it will be

Blanterd g @ manual or auto sequence, the ‘OP’ or ‘CL’ character string field will be
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Item 43 (OPEN) is legal only in OPS 3 and MM602 and 603. Item 44 (CLOSE) is legal only
in MM301 through 304 and 602 and in MM305 and 603 after the ROLLOUT FLAG is set
true. Execution of these items in any other Major Mode will result in an ‘ILLEGAL ENTRY’
message; in addition, the attempted command will be rejected.

A manual CLOSE (item 44) executed in MM301 will cause all doors to be commanded
closed. Subsequently, left vent doors 1/2 and 8/9 will automatically be reopened. In MM302
and MM303, executing an item 43 or 44 will command all vent doors open or closed,
respectively. A manual OPEN (item 43) in MM304 will cause only the left vent doors 1/2 and
8/9 to open; in MM602, all doors will open. A manual CLOSE in MM304 (or MMB02) will
command all vent doors closed. All vent doors are commanded closed, regardless of their
configuration, at the transition to MM304 (or MM602). Finally, a manual OPEN (tem 43)
executed in MM305 will command all vent doors open.

(11)* ET SEP. ltems 38 and 39 allow the crew to select the ET SEP AUTO mode or to initiate
External Tank (ET) separation. An “*’is displayed when either item is selected, and both
items arde dgﬁelected initially. These items are legal only in Major Modes 102, 103, 104, 105,
106, and 601.

(12)  ET UMBDR. ltem 40 provides a backup to the dedicated switch for closing the ET umbilical
doors. This item is legal only in Major Modes 104, 105, and 106 and is deselected initially.

(13) RCS RBRM. ltem 41 allows the crew to override an RCS MANF VLV microswitch dilemma
which has forced the RCS RM to set the valve status to CLOSED. Execution of this item
causes RCS RM to set the valve status to OPEN on any valve in dilemma, and puts the
Reaction Control (RCS) jets (those without previous ON, OFF, or LK failures that have not
been failure overridden) back in the jet availability table.

(14) WRAP MODE. ltem 45 allows the crew to enable or inhibit the flight control system
wraparound mode. Execution is allowable only in OPS 3 and at any other time will result in
an ‘ILLEGAL ENTRY' message. The status field to the right of item 45 is blank until OPS 3
. transition, after which it toggles between ‘ENA’ or ‘INH’ based on crew selection. If a TAL
abort has been declared, it will be initialized to INH. When the wrap mode is active, ‘ACT’
will be displayed.

*PROGRAM NOTES

(3) Possible Contingency Dump Lockout if Second Dump Request Pre-MECO. In an abort
situation which causes an automatic Pre-MECO OMS dump (MM103), if an additional OMS

dump is requested during the OMS engine purge process, the dump does not occur, and
subsequent requests for contingency OMS dumping are not honored. The same
contingency dump lockout can also occur in MM103 when requesting another crew initiated
contingency dump during the purge process of a previous contingency dump. Therefore,
contingency dumping should only be requested prior to completion of the original OMS
dump or after OMS purge completion. (DR 55217)

OMS Propellant Dump Termination Via Arm/Press Switches. If the OMS ARM/PRESS
switches are tumed OFF during a contingency dump (MMs 102, 103, 601, 602), OMS RM

will fail vote the OMS engines. Attempts to reactivate the dump will also fail. Terminate a
dump sequence using item 8 rather than the ARM/PRESS switches. An MM104, MM201, or
MM301 PRO allows the OMS engines to fire again. (DR 55306)

4) RCS Dump Status May Change to Inhibit in MM304 or 602. In MM304 or 602, when dump
start initiation conditions are met, the user may see the forward and/or aft RCS DUMP
STATUS (items 13 and 15) change from ‘ENA’ to ‘INH.’ This occurs if the dump duration
(I-LOAD or crew entry) is a negative number.

The negative dump duration allows the dump to remain enabled but not started. The crew
may then start a dump during a TAL or an RTLS by entering only one item entry (entering a
, positive dump duration) instead of two (dump duration and dump enable). (DR 101386)

(11)  ET SEP Switch Default. In OPS 1, if the ET SEP switch defaults to ‘MANUAL," ET SEP

AUTO (item 38) is used to override the function back to AUTO. In OPS 6, defaultis to
‘AUTO,’ so item 38 is not needed.

3-15 DPS/ALL/GEN |




OPS G2 (ORBIT

OPS G2
(ORBIT)

e DPS/ALL/GEN |




OPS G2
(ORBIT)

i 2 J)g) 4 5
1234557893123A5578901231567890 23456789012345678901

XEX Ty noo/uu:nn:ss\
1( 2011/ / ,/ UNIV PTG

CUR MNVR COMPL XX:XX:XX DDD/HH:MM :S§5§

3 ] START TIME XXX/XX:XX:X1
)~d CUR FUT
(2
5T MNvR 0PTION SITART. NN VIR F148R8X X
6 5 R XXX.XZX TRK 19 X X
7 G DS o T ROT 20X X
8 7 ¥ XXX.XX CNCL 21 (10)
9
10 TRK/ROT OPTIONS ATT MON b
Sl e 212 N[O T S R X X an

2 EIRIRNTID T 2l X
3+ Rra EXX.XXX ERR DAP 2”\(12)

(Ul O BEE ET A

5 101 S AT [#]X X . XXX ROLL PITCH YAW s
’5/./"']2 LON [£XXX.XXX CUR XXX XPN KRN XXX.XX
)7 13 ALT [#IXXXXX.X REQD XXX XX Xt XE= PXX XXX.XX

8 ERR XXX XX X X XXX XX
(E)T"""-bla BODY VECT X RATTIE XX - OXUXE R Y X X X R X X

20
(,)_i____-pls P XXX.XX

2 16 Y XXX.XX
(a)—‘:‘—-“"'” OM XXX.XX

(xx)
5

6 k )
UNIV PTG. A GNC OPS display available in OPS 2 (OPS 2011). This display provides data and

controls for auto attitude options and monitoring attitudes, errors, and rates. See table for units and
limits.

(1) CUR MNVR COMPL. This field shows in hrs:mins:secs of MET the estimated completion
time of the current inertial maneuver (MNVR) or tracking (TRK) option, or the execution time
of the current rotation (ROT) option. This time is frozen when the attitude is within a given
tolerance of the DAP attitude deadband about the desired attitude, or when the DAP LVLH
mode is selected during a maneuver. The time remains unchanged if a maneuver is not in

progress and the CNCL, DAP MAN, or LVLH option is selected. Time is reset to zero when
CNCL is selected during a maneuver.

START TIME (items 1 thru 4) is designated in days/hrs:mins:secs (MET) for the selected
control option. Display is initialized with the time at zero.

2) MN\/R O‘PTIC.)N (i_tems's thru 7) provides selection of roll, pitch, and yaw components of the
desired final inertial attitude. Display is initialized with inputs at zero.

(3)* TGTID (item 8) provides selection of target identification for the TRK option.

IGTID LINE-OF-SIGHT TO:
1 Orbiting vehicle
2 Center of Earth
3 Earth relative target
4 Center of Sun
5 Celestial target
61010 Unassigned
11to 60 Navigation stars, OPS 2, 3, and 8
6110 110

Navigation stars, OPS 2 and 8
Display is initialized with 2 selected.
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(9)*

RA, DEC (items 9 and 10) show right ascension and declination for selected celestial targets
_(T(';‘T II_Ds of 4, 5, and 11 to 110). When TGT ID of 5 is selected, the RA and DEC data flash
indicating an option is available to change the data via keyboard. Flashing stops when new
data are entered, a control option (items 18 thru 20) is selected, orthe TGT ID is changed.
An attempt to change data when TGT ID is not 5 results in an ‘ILLEGAL ENTRY’ message.
Display is initialized with items 9 and 10 set at zero.

NOTE: Errors in the Universal Pointing solar ephemeris |-loads resultina 1/2—degree error
in the center of Sun target vector (ID = 4).

LAT, LON, ALT (items 11 thru 13) show the latitude, longitude, and altitude of an Earth
relative target. When TGT ID of 3 is selected, these parameters flash indicating an option is
available to change the data via keyboard. Flashing stops when new data are entered, a
control option is selected, or the TGT ID is changed. An attempt to change these
parameters when TGT ID is not 3 results in an ‘ILLEGAL ENTRY’ message. Display is
initialized with items 11 thru 13 set at zero.

BODY VECT (item 14) selects the body vector pointed along the line—of-sight for the TRK
option and along the axis of rotation for the ROT option.

Body Vector Identifier  Axis

+X

-X

-Z

-YST
Selectable

b wn =

Display is initialized with item 14 set at 1.

P, Y (items 15 and 16) show pitch/yaw components corresponding to the selection made in
item 14. When BODY VECT of 5 is selected, the pitch and yaw parameters flash indicating
an option is available to change the data via keyboard. Flashing stops when new data are
entered, a control option is selected, or item 14 is changed. An attempt to change these
parameters when BODY VECT is not 5 results in an ‘ILLEGAL ENTRY' message. Display is
initialized with items 15 and 16 set at zero.

OM (item 17) selects Omicron angle for the TRK control option. Entry of any defined TGT
ID (item 8) blanks the OM value. Subsequent selection of TRK control option maintains OM
blanking which indicates selection of two axis tracking. If an OM value is entered,
subsequent selection of the TRK option initiates three axis tracking. If an OM has been
entered previously, execution of item 14 (body vector identifier) causes the OM value to
flash, indicating an option is available to change the data via keyboard. Flashing stops when
a new value is entered or a control option is selected. Entry of an OM value outside the limit
range results in an ILLEGAL ENTRY’ message. Display is initialized with OM set at zero.

START MNVR, TRK, ROT (items 18 thru 20) provide selection of the maneuver, tracking, or
rotation control option, respectively. Initiation of a control option depends on the START
TIME entered in items 1 thru 4. If the START TIME is current or in the past and DAP is
AUTO, the control option is initiated upon selection, an ‘' appears momentarily in the FUT
(future) column next to the selected option, then moves to the CUR (current) column next to
the selected option, and any other option is deselected (no '*’). If the START TI!VIE is in the
future, the selected control option is initiated at that time and in the interim an ‘* appears in
the FUT (future) column next to the selected option. The selected option in progress (**' in
the CUR column) drives the REQD attitude, ERR, and the ADI error needles. Control option
initiation must be preceded by DAP AUTO. If a future start time is within 30 seconds of
current time and AUTO was not selected, a Class 3 alert and ‘SEL AUTO" message are
generated. Data may be entered for a single future control option during execution of lh?. .
current option. An ‘* appears in the FUT column next to the applicable option while the **
remains in the CUR column next to the current, active option. When the START TIME
entered for the future option equals current time, the ‘*' in the FUT column is blanked il:‘ld is
displayed in CUR column. If the previous control option is active, it is deselected (no ). If
a future option has been selected and then data related to that particular option are changed
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(10)

(1)

(12)

(13)

i future start time via keyboard inputs, the future option will be deselected (no )
gzgr\;ﬁltgglomatically maintain thg?:?lrrent o_ption. The crew mu_st r'epeat selection of tlje
desired future option. The three control options are terminated/inhibited by: (a) selecting
MNVR (item 27) on the ORBIT MNVR EXEC display; (b) selecting MAN or LVLH; (c) taking
a powered RHC out of detent; or (d) selecting the CNCL option. Providing that CNCL has

not been executed, a control option is reinitiated by: (a) exiting MM202; or (b) selecting
AUTO DAP.

CNCL (item 21) deselects both current and future control options and initiates inertial
attitude hold at the current attitude. No **' is displayed upon execution . Display is initialized
with item 21 selected. When in DAP AUTO and CNCL is selected, attitude errors are
displayed with respect to the current attitude when the CNCL option was executed. This
attitude reference is maintained in a subsequent selection of a MAN maneuver and return to
AUTO DAP. Reselection of the CNCL option zeroes these attitude errors. Errors are then
displayed with respect to the current attitude regardless of DAP configuration.

MON AXIS (item 22) selects the coordinate reference or attitude monitor axis for display of
attitude angles, errors, and rates. Executing ‘1" with item 22 gives a display of ‘1 + X.' The
attitude monitor quantities are then displayed relative to standard orbiter body axes.
Executing a ‘2’ with item 22 gives a display of 2 — X.” The attitude monitor quantities are
then displayed relative to the coordinate system rotated 180 deg about the Z axis with
respect to standard orbiter body axes. Display is initialized with ‘1 + X’ selected.

ERR TOT, ERR DAP (items 23 and 24) select total attitude error or digital autopilot attitude
error to be displayed by the ADI error needles and the attitude monitor parameters. ‘*'
indicates selection. Display is initialized with ERR TOT selected.

ATT MON displays current and required attitudes, errors as selected by item 23 or 24, and
attitude rates. The final required attitude and attitude errors will be displayed while in DAP
MAN if a current or future option is selected. Whenever DAP LVLH or CNCL is selected, the
required attitude is set equal to the current attitude and attitude errors are set to zero.
Display is initialized with required attitude equal to current attitude.

NOTE: Thedisplayed pitch angles will be incorrect for yaw angles near 270 degrees. Ifthe
displayed current or required attitude angles are needed in this case, the indicated
pitch up should be a pitch down of the same magnitude. (DR 58926)

*PROGRAM NOTES

(3) (9) Enable RNDZ NAV before Target [racking. Execution of the target tracking option (item 19)

®)

with TGT ID (item 8) = 1 when rendezvous navigation is not enabled will cause divide by
zero GPC errors. RNDZ NAV (item 1, REL NAV display) must be enabled each time GNC
OPS 2 is entered, before attempting to track another orbiting object. (DR 53101)

Disable Target Tracking before OPS Transition. Target tracking of another orbiting vehicle
should be stopped via item 21 before executing an OPS transition or mode recall, or the
target state vector may be lost. (DR 58374)
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ITEM ENTRY LIMITS TABLE

ITEM
NUMBERS CRT NAME UNITS LIMITS
. MNVR OPTION
5 R deg, M50 0.00 to 359.99
6 P deg, M50 0.00 to 359.99
7 Y deg, M50 270.00 to 359.99
and 0.00 to 90.00
TRK/ROT
8 TGTID 1105, 11to 110
(see text)
9 RA deg, M50 0.000 to 359.999
10 DEC deg, M50 —90.000 to +90.000
(+ =North, — = South)
1 LAT# deg —90.000 to +90.000
(+ = North, — = South)
12 LON* deg —180.000 to +180.000
(+ = East, — = West)
| 13 ALT* nm -3444.0 to0 20,000.0
14 BODY VECT 1 1o 5 (see text)
15 P deg 0.00 to 359.99
16 Y deg 270.00 to 359.99
and 0.00 to 20.00
. 17 oM deg 0.00 to 359.99
ATT MON
22 MON AXIS 1 to 2 (see text)

*LAT, LON, and ALT are referenced to the Fischer Ellipsoid.
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GNC SYS SUMM 1 is a GNC display (DISP 18) available in all GNC OPS via the SYS SUMM key.
Digital and/or status information which supports RCS manifolds, aerosurfaces, controllers, data
processing system (DPS), flight control subsystem channels (FCS CH), and navigation subsystems

is displayed. .

PARAMETER CHARACTERISTICS

DISPLAYED | STATUS INDICATORS
CRT NAME UNITS RANGE T B A
RCS MANF F(L,R) 1—4 JET FAIL text blank, ‘ON,’
‘LK, ‘OFF
ISOL VLV text ‘OP; ‘CL’ M| 2
F(L,R) 5 JET FAIL [1] text blank, ‘ON,’
‘LK, ‘OFF
ISOL VLV text ‘CL, ‘OP’ M| 2
[3] SURF: L(R) OB(IB) POS deg D36.5 to U21.5 T14
MOM percent —99 to +99 1y
AIL POS deg L5.0 to R5.0
RUD POS deg L27.1 to R27.1
SPD BRK POS percent 0to 100
BDY FLP POS percent 01to 100
[2] text See Remarks
CNTLR: RHC L(R)1-3 4 M| 2 J
A1-3 1 M| 2 4
THEe  L1=3 4 M| 2 !
A1-3 1 M| 2 l
SBTC L(R)1-3 3 M| 2 /i
DPS: GPC1-5
MDM FF 1-4 m i
FA 1-4 M 1
e = - i
) . 1-3
ACC 1-4 - | i I |
RGA 1-4 6 M2 i .
TAC 1-3 3 | [ i g
L MLS 1-3 3 MENE2 T
ADTA 1-4 B2 e {
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GNC SYS SUMM 1 (Cont):
REMARKS

[1] OPS 2 and 8 only.

[2] The data field below BDY FLP POS indicates
for an RM—detected chan

F pilot valve status: ‘blank for normal; ‘HOLD 2’
ge in body flap position when no command is present: ‘HOLD 1’
when ‘HOLD 2’ fails to correct the change in body flap position; ‘CYCLE’ indicates that

neither ‘HOLD 2’ nor ‘HOLD 1 fixed the problem; ‘FAIL’ indicates body flap direction is not
following the command.

[3]1 OPS 3 and 6 only.

[4] OPS 2, 3,6, and 8 only.
[5] OPS1,2, 3,6, and8.
[el OPS 1, 3, and 6 only.
PROGRAM NOTES

When an FCS channel switch is moved between the AUTO and OVERRIDE positions, a
momentary down arrow may appear on GNC SYS SUMM 1 for that channel. This oceurs

because the switch is of the break-before-make variety causing a momentary loss of power to
the ASA during switch movement.

Although RHC LRU fault annunciation is possible in OPS 1, the RHC LRU status fields are

blanked in OPS 1 preventing display of RHC failure, dilemma, or comm~fault status
(DR 104639)
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123456?89011234557890123456?390123&56?890l23ﬂ557890]

1 XXXX/XXX/019 GNC SYS SUMMH 2 XX X DDD/HH:MM:§S
r HF4 DDD/HH:MM:SS

§ OMS AFT QTY L R 0MS L R ".
2 D3 T4 DX A X s SN XIS TAREY B HEESRXEXOXixS MY Sxdy Xo's
5 Filli XX coXiS 1 gXXRaReS 0X1D XEXES Xeexixys
; 0 0 4 e .., L4273 FUNE Oxshmentex s
7 JETfISOL N2 Tl PIR XEXRXEXES s XaxaxeX S
8 RCS oxiol Fu [FAIL| YLV R EiGiamuP XXXS Xexix s
9 FwiD e XX S RIS P VLV XXs YOS
10 Tk & p|E ik ik s | XX S ENG IN P
1 QY xS | X XES 0XI1D XXXS XEXIXES
2 MANF R | S| s X XXS Fu XXXS XS
3 2 Bl xS | XX XS oK X XES VLR XeXExS ARG
4 3 pl xxxs| xxXSKXX | Ex %S 2 XXXS XUXEXS
5 . p|E xaxis | XX S OIRER XEXES E U] B (L

| 6 5 X X X XXS 0XID FU FAaITL] vLY

‘ - ATET S HE R X xS XX BOS HE PRXXXSKXXXS
8 L Tk PR X ks | Eaxixis ROk P X XU SA[EX X EXSS

‘ 9 imY RS | X EXEXES QT | XX B Xaxes

| 20 MANF ) T T e ] A b 3 e o0 | [ e ) e XEXis
1 20N Sxixixis | S EXEs e XXS 2| R S RS e xex XXS
2 3iTR| S xixixis | Wi ixis xtx X X X%S RPN s S X es xeX XON'S
3 4 Pl XXXxS| XxXXXSpKXX XIX4S & PlIxXXS| xXxxSKxXX XXS
2 5 X X X XXS 5 K X X XS
5 {xX)
4 \ #

Note: %%/ indicates parameters are driven and displayed on the BFS displays only.

GNC SYS SUMM 2 is a GNC display (DISP 19) available in PASS OPS 2 and 8 and in BFS OPS 1,
3,and 6, via the SYS SUMM key. A summary of RCS propellant, manifold, and jet status data and a .
summary of OMS quantities, pressures, valve positions, and fuel injector temps are provided.

PARAMETER CHARACTERISTICS
T DISPLAYED | STATUS INDICATORS
AME UNITS RANGE T BT T e )
OMS: AFTQTYL(R) OXID,FU [1]| percent | 01030.1 |M l
FUINJT LR degF | -75t0+300 | M T
RCS: F(LLRYHEP  OXID, FU psia 0to4000 |M |H |L d
TKP OXID,FU [2]| psia Oto400 |M{H|L|T]|{
QTY OXID, FU percent Oto 100 M {
MANF1-4P OXID,FU [3]| psia 0to1000 | M
JETFAIL[3][4] | text | blank ‘ON,
‘OFF, ‘LK’
ISOLVLV[3] [5]| text ‘ORCI ['M
OMS: TK P En)z(m LR psia 0105000 | M {
= LR psia 0to 400 M T4
e LR psia 0to 400 M T4
IKE 3 LR psia | 0105000 |M +
REG i psia 0to500 | M T4
- LR text ‘OP‘CL' | M
NGINP E&ch LR psia 0to400 |M
P LR psia 0to 400 M
1(2) LR percent | 0to100 | M
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GNC SYS SUMM 2 (Cont):

REMARKS

[11] AFT quantities of oxidizer and fuel are displayed in percent remaining; for missing data (M)
the last value of OMS quantity remaining will be displayed until the condition is cleared.
Down arrow (4) displayed in PASS only.

[2] The RCS TK P OXID, FU reflects the outlet pressure of each tank. The RCS TK P OXID,
FU indication on PASS SPEC 23 and on the TK P meter reflects ullage pressure.

[3] RCS MANF 5 (Vernier Jets) is not supported in BFS.

[4] The JET FAIL status indications for BFS are ‘ON,’ ‘OFF; or blank: leak is not supported.

[5]1

BFS will display ‘M’ or blank for RCS manifold isolation valve status post—engage. Not
supported pre—engage.
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XXX 1+ XXX Pl G St 4 4 PRI DAP EDIT
[~R0T RATE 10 X.XXXX 30 X.XXXX 50 X.XXXX 3 DAP AXXet(2)
ATT DB 181 EX.8X% 31 LXX.XX 51 XX.XX 4 DAP BXX
RATE DB 12 XXX 32 X.XX 52 X.XX 5 XXxXxe——=i(3)
ROT PLS e X.XX 33 XXX 53 X.xX
cCoOMP 14 XXX 34 ~ XXX 54 XXX
P OPTION 15 XXXX 35 XEATRER, 55 XXX
Y OPTION 16 X 36 AR 56 X XXX
TR AN PILSHEIE). L.XX 37 X.XX 57 E.4%
XXX ALT
RATE DB 18 X.XXX 38 X.XXX 58 X.XXX
JET OPT 19 XXXX 39 XOXEXOX 59 XXXX
§ JETS 20 X 40 X 60 X
ON TIME 21 XXX 41 o XeX 61 Xa.XX l_
DELAY 22 XX.XX 42 XX.XX 62 XX.XX| NOTCH FLTRe(5)
XXXX VERN ENA 62X
ROT RATE 23 X.XXXX 43 X.XXXX e e
ATT DB 24 XXX XX AN 5 4 XS UXEX X INERTIA S«F(6)
RATE DB 25 XXX 45 XXX 65 XXl ST R XX LK
ROT PLS 26 X.2XX 46 X-.XX2X 66 X XXxl 8 Iy X.XXX
ComPp 27 ~ XXX 47 ~ XXX 67 4 0 A L) B 8 B R 49 )
CNTL ACC 28 X 48 X 68 X

oo B W N e

% Y

The DAP CONFIG display provides the capability to review and change On—-Orbit DAP parameters.
A table of 30 DAP loads is stored in GPC memory for use by the orbit DAP. This table is split into
fifteen DAP A loads (A1 through A15) and fifteen DAP B loads (B1 through B15). One DAP A load
and one DAP B load are designated and stored as the selected DAP loads. Each DAP load consists
of nineteen parameters (rates, deadbands, pulse sizes, etc.) which produce the desired control
characteristics of the orbit DAP. The parameters of the selected DAP A and DAP B loads shall be
displayed on the DAP CONFIG display by items 10 through 28 and 30 through 48, respectively. The
crew can modify these selected DAP load parameters, or select a different DAP load from the DAP
table which is pre—flight configured via I-Loads. The crew uses the dedicated DAP A or B PBI to

specify
DAP.

M

which of the selected DAP loads (A or B) is active and is actually being used by the orbit

DAP A and DAP B (items 1 and 2) permit the two DAP loads to be selected from the DAP
table and displayed. An integer value of 1 through 15 can be entered for either item to

indicate the desired DAP load. A leading zero is optional but shall be displayed. Any entries
outside this range will result in an illegal entry.

‘}A{h_er) transitioning from OPS 0,_1. or 3 to OPS 2, the selected DAP A and B loads shall be
initialized to A1 and B1, respectively. Thereafter, the DAP load shall be determined by crew
entries. When a DAP load is selected from the DAP table in GPC memory:

a) the selected DAP load ID (integer 1-15) shall be displayed and
b) gugjgwed DAP load parameter values shall be displayed by items 10-28 or items

There is always a selected DAP A and DAP B| i
- e oad, even though items 1 and 2 may be
tr)éasn:ctl'tem 1 ﬁr 2_1; bl;nked_lf items 10 through 28, or 30 through 48 are modified?
pectively. Modffication of items 10 through 28 or 30 through 48 changes the selected

E_ll:zggrameters. but does not affect the DAP table parameter values stored in GPC

The DAP indi e e
o active"[‘)d,ol\%a}g; g-r DAP ID (DAP AXX or DAP BXX) is displayed double overbright if it is
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DAP CONFIG (Cont):
(2

(©)

4

DAP A EDIT and DAP B EDIT (items 3 and 4) are mutually exclusive items whi i
crew to review the DAP table without affecting the selecteyd DAPs and edit ;vIZ:%hA%elrgglt; i
parameters. An integer value of 1 through 15 can be entered for either item to designate the
desired DAP load to be displayed. A leading zero is optional, but shall be displayed. A
value of zero can be entered for either item to indicate cancellation of the editing. A value
other than 0 through 15 for items 3 or 4 shall result in an illegal entry.

At OPS 2 initialization, blanks shall be displayed for items 3 and 4 and the display fields
associated with items 50 through 68 are blanked. Only crew item entries can initiate the edit
process. When ltem 3 or 4 is executed with a value of 1 through 15:

a) the designated EDIT DAP ID (integer 1-15) shall be displayed,
b) the other EDIT DAP ID shall be blanked, and

c) the designated DAP parameter values shall be displayed by the edit parameter
set (items 50-68).

When items 3 or 4 are executed with a value of zero, both EDIT DAP ID's shall be blanked,
the display fields associated with items 50 through 68 shall be blanked. and the LOAD next
to item 5 shall be displayed at normal intensity and not flashing.

Once the crew has entered an EDIT DAP ID (item 3 or 4), they can change the DAP table
values by modifying items 50 through 68. These EDIT DAP changes to the DAP table are
not implemented until the LOAD (item 5) is executed. If the EDIT DAP ID is the same as
one of the selected DAP ID's, then when the EDIT DAP changes (items 50 through 68) are
implemented by executing item 5, the selected DAP parameters (items 10 through 28 or 30
through 48) will be set to the new EDIT DAP parameter values. If the selected DAP
parameters are modified using items 10 through 28 or 30 through 48, the EDIT DAP
parameters are not affected.

LOAD (item 5) is used to implement the EDIT DAP changes made to the DAP table via
items 50 through 68. When any of these items are modified, the LOAD shall be displayed
double overbright and flashing until item 5 is executed. The EDIT DAP changes are not
stored in the DAP table and do not affect the selected DAP parameters until item 5 is
executed. If both EDIT DAP A (item 3) and EDIT DAP B (item 4) are blank, execution of
LOAD shall result in an ‘ILLEGAL ENTRY' CRT message and rejection of the input.

LOAD (item 5) shall be displayed at normal intensity and not flashing at OPS 2 initialization,
after item 5 is executed, after item 3 or 4 is executed with a value of zero, and after item 3 or
4 is executed with a value of 1 through 15 but before any item 50 through 68 is executed.

The parameters defined by items 10 through 28 for the selected DAP A and items 30
through 48 for the selected DAP B and items 50 through 68 for EDIT DAP A or B allow for
the display and modification of the DAP load parameters as determined by the DAP item
entries (items 1 and 2) and the EDIT DAP item entries (item 3 or 4). The jet indicator, PRI
or VERN or ALT shall be displayed double overbright to indicate which jets are selected to
provide control of the vehicle. A brief description of each DAP parameter is given below.

ROT RATE (PRI and VERN). The rotation rates (also called discrete rates) for primary jets
(items 10, 30, 50) and vernier jets (items 23, 43, 63) determine the desired rotation rates to
be achieved for a DISC RATE manual command or auto maneuver. The ROT RATE values
are specified in degrees/second.

ATT DB (PRI and VERN). The attitude deadbands for primary jets (items 11, 31, 51) and
vernier jets (items 24, 44, 64) determine the width of the Orbit DAP phase plane. The same
deadband value shall be used for all attitude maneuver axes. The ATT DB values are
specified in degrees.

RATE DB (PRl and VERN). The rate deadbands for primary jet (items 12, 32, 52) and
vernier jets (item 25, 45, 65) determine the upper and lower boundaries of the DAP phase
plane. The same rate deadband value shall be used for all maneuver axes. The RATE DB
values are specified in degrees/second.

PLS (P . The rotational pulse size for primary jets (items 13, 33, 53) and
vernier jets (items 26, 46, 66) determine the rotational rate resu'ltlng from a single manual
rotational pulse command. The ROT PLS values are specified in degrees/second.
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DAP CONFIG (Cont):

COMP (PRI and VERN). The rotational compensations for primary jets (items 14, 34, 54)
and vernier jets (items 27, 47, 67) determine the allowable rotational rate for a given axis

resulting from a rate command about another axis. A zero value specifies no compensation
is desired. The COMP values are specified in degrees/second.

®)

(6)

P and Y OPTION (PRI). The pitch option (items 15, 35, 55) and yaw option (items 16, 36,
56) for primary jets only allow selection of one of three control modes for the pitch and yaw
axes: nose and tail jets, nose jets only, or tail jets only. As any of the item numbers are
executed, the display field cycles through the three mode choices (ALL, NOSE, and TAIL).

TRAN PLS (NORM). The translational pulse size (items 17, 37, 57) determines the desired
velocity delta resulting from a single manual translational pulse command. The TRAN PLS

is specified in feet/second. A zero value may not be entered.

RATE DB (ALT). The rate deadband alternate (items 18, 38, 58) determines the upper and
lower boundaries of the DAP phase plane and shall be used for all axes. RATE DB ALT is
specified in degrees/second.

JET OPT (ALT). The jet option alternate (items 19, 39, 59) allows for selection of one of two
control modes, nose and tail jets (ALL) or tail jets only (TAIL). Selection of nose only is not
available. When the items are executed, they shall toggle between the two control modes
(ALL and TAIL).

# JETS (ALT). The number of jets alternate (items 20, 40, 60) provides selection of the
maximum number of primary jets (1,2, or 3) allowed to be fired simultaneously while in
Alternate Primary Mode.

ON TIME (ALT) and DELAY (ALT). The on time alternate (items 21, 41, 61) and delay time
alternate (items 22, 42, 62) determine the maximum duration of each jet firing and the
minimum time delay between jet firings, respectively, while in the Alternate Primary Mode.
Both the ON TIME and DELAY shall be specified in seconds.

CNTL ACC. The control acceleration (items 28,48,68) is used to select one of ten sets of
I-load or uplinked mass properties that will be used to calculate the mass property
dependent acceleration data for the on—orbit DAP. The control acceleration is also used to
select a set of notch filter parameters. The nominal or default orbiter configuration is

represented by value 0, while values 1 thru 9 are used for alternate orbiter/payload
configurations.

Decimal data entries for items 10 through 28, 30 through 48, and 50 through 68 may be
entered to six (6) significant digits total.

The notch filter enable function (item 6) allows the crew to enable or disable the DAP notch
filter capability, subject to possible override by the DAP, when a non-zero control
acceleration is selected. An asterisk (*) is displayed when the notch filter capability is
enabled. Item 6 is initialized per the state of the ENABLE_NF flag from the Orbit DAP. The
inotch filter parameters control the number of filters active in the DAP state estimator and the
requencies they attenuate. The DAP initializes the notch filter capability to the enabled
strale_ :ea;h time a new, non-zero control acceleration is selected (via items 28 and 48),
Fz)ec:;l) 3 hthat the assoc:ateq notch filter parameters permit it (number of filters greater than
notcr{ﬁh e crewbc;‘gn 'Ehen disable/enable thg function as desired. The DAP disables the
ot er capability if the control acceleration is zero or if the number of filters associated
€ control acceleration value is zero. The crew cannot override this deselection.

The principal axis inertias are shown in the lower right corner. The X, Y, and Z axes inertias

(tems 7, 8, 9) are used to com i inerti ifi
' 8, pensate the TVC gains. The inertia values are i
megaslug-ft2. Items 7—9 are carried over OPS t?ansitions. e B
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(7 Implied Item Numbers.
display. If either of the i

rejected, and the ‘ILLEGAL ENTRY’ CRT message is displayed.

ITEM ENTRY LIMITS TABLE

Item numbers 29 and 49 are implied and are not legal for use on this
tem numbers is executed, an operator error results, the input is

NUMBERs | CRTNaME | AFF S T o UmTs LIMITS
1 DAP A ALL 1-15 (see text)
2 DAPB ALL 1—15 (see text)
DAP EDIT
3 DAP A ALL 0 - 15 (see text)
4 DAPB ALL 0-15 (see text)
INERTIA
7 IX ALL megaslug—ft2 0.750- 1.100
8 Y ALL megaslug-ft2 6.000 — 9.000
9 1Z ALL megaslug-ft2 6.000 — 9.000
PRI
10, 30, 50 ROT RATE PRI, ALT deg/sec 0.0500 - 2.0000
11, 31, 51 ATT DB PRI, ALT deg 0.10-40.00
232452 RATE DB PRI deg/sec 0.10-5.00
13, 33, 53 ROT PLS PRI, ALT deg/sec 0.04-1.00
14, 34,54 COMP PRI, ALT deg/sec 0.000-0.999
15, 35,55 P OPTION PRI (see text)
16, 36, 56 Y OPTION PRI (see text)
1758757 TRANS PLS PRI ft/sec 0.01-5.00
ALT :
18, 38, 58 RATE DB ALT deg/sec 0.050 — 5.000
19, 39, 59 JET DPT ALT (see text)
20, 40, 60 #JETS ALT 1 - 3 (see text)
21, 41,61 ON TIME ALT sec 0.08-9.99
22,42,62 DELAY ALT sec 0.00-99.99
VERN
23,43,63 ROT RATE VERN deg/sec 0.0020 - 1.0000
24,44 64 ATT DB VERN deg 0.010-40.000
25, 45,65 RATE DB VERN deg/sec .010-.500
26, 46, 66 ROT PLS VERN deg/sec .001-.500
27,47,67 COMP VERN deg/sec 0.000 - .999
28, 48, 68 CNTL ACC VERN, ALT 0 -5 (see text)
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IMU ALIGN. A GNC SPEC (21) available in OPS 2 and 3. The SPEC provides the
capability to monitor and control the on—orbit IMU hardware and software mode status and
alignment submode. This display is also used to mask IMU BITEs.

IMU. A status parameter is displayed beside each IMU number. An ‘M is displayed if its
data are missing. A ‘.’ is displayed whenever RM declares an IMU failed or an IMU is
deselected automatically by RM or manually by the crew via item 7, 8, or 9. A ‘?’ is
displayed by each IMU participating in the voting logic for an RM dilemma. The status
(STAT) of each IMU is output as ‘BITE’ (double overbright), ‘OFF; or blank. If the
temperature status discrete indicates all temperatures (TEMP) are within tolerance, ‘OK’ is
displayed; when the temperatures are out-of-tolerance low, ‘LO’ is output; and when
temperatures are out—of-tolerance high, ‘HI' is output (double overbright). The HI indication

takes precedence. For any IMU, STBY and OPER modes are mutually exclusive. An ‘#’is
displayed next to the currently active mode.

lterns 21 thru 23 provide controls to select the standby (STBY) mode of operation.

Itens 4 thru 6 allow selection of the operate (OPER) mode. Ensure that the asterisk

appears by the OPER item before selecting an IMU for use. The asterisk is indicative of
internal IMU Operate Sequence completion.

ltems 7 thru 9 provide controls to select or deselect the IMUs for the selection filter. An ‘*

beside the appropriate item number indi
failed by RM. P umber indicates that the IMU has been deselected or declared

ACC. The accelerometer
Acceleration is displayed i

ANG. Outputs (X, Y, Z) are displayed representing the body to M50 Euler angles in
gzgéetes&af computed for each IMU in the Z, Y, X Euler ord!;r. TheZand Y agngles can be
is equgl t: tehr;ngf ;I:(ej thtf and DE$ pointing angles of the spacecraft +X axis. The Z angle
Fosth e b il ree minus d angle is equal to the DEC. The delta angles (AX, AY,
PRl grees as the dlfference_ between the desired cluster-to—M50

and the present cluster-to-Ms0 orientation. The delta angles are updated for

display once per minute Therefore, it i i i i
.  Itis necessary to wait 1 minute or until the angles
observed to change to ensure that they reflect theryseiected star pair. i

outputs from all IMUs are transformed into M50 coordinates.
n feet per second squared.
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(5)*  ALIGN XXX. Items 10 thru 12 used to select or deselect the IMUs to be aligned. An ‘*'is
dr'lven next to the option (1, 2, or 3) currently selected. An attempt to change the IMU to be
aligned while alignment is in progress will result in an ‘ILLEGAL ENTRY’ message.

Item 13. STAR ALIGN option, used in conjunction with a star tracker or COAS, causes the
realignment of the selected IMUs (items 10 thru 12) to the desired orientation indicated by
the delta ANG display. ENA is driven after the word ALIGN when the star tracker module
r}as determined that sufficient star sighting data are available to perform an alignment. The
f!rst. time the display is called it will be initialized with this item selected and remains active
until the crew selects another mode. Note: Execution of this align option with less than two
sets of selected star sighting data available for the alignment will result in an ‘ILLEGAL
ENTRY' message and rejection of the input.

Item 14. The IMU/IMU align option is used to input an IMU number (1, 2, or 3) as a
reference IMU with which to align the other IMUs selected by items 10 thru 12. This item is

reset by the crew's selecting another align mode or automatically upon completion of
alignment.

ltem 15. MATRIX align option causes the alignment of the selected IMUs (tems 10 thru 12)
to its current cluster—to—M50 orientation. This item is reset by the crew’s selecting another
mode or automatically upon completion of alignment. Note: Execution of this align option
with less than two sets of selected star sighting data available for the alignment will result in
an ‘ILLEGAL ENTRY' message and rejection of the input.

If an alignment is in progress (items 13 thru 15) when the display is dropped, the align—
ment continues to completion. Upon completion of the alignment, the STAR ALIGN mode
will be automatically reselected. If an alignment mode other than STAR ALIGN was
selected but not initiated (item 16 was not executed) and the display is dropped, the last
selected mode will be retained upon recall of the display.

Item 16. EXEC is the functional control used to cause the alignment submodes to be
executed. An attempt to execute this item in any of MMs 302, 303, 304, or 305 after
selecting either STAR ALIGN (item 13) or MATRIX ALIGN (item 15) will result in an
‘ILLEGAL ENTRY’ message being displayed. An ‘*' appears next to item 16 when an
alignment mode is active and is reset (blank) when the alignment is complete.

Item 17. Execution of item 17 (TERM) terminates any selected alignment option and
reselects the STAR ALIGN option. Items 16 and 17 are mutually exclusive.

(6) IMU BITE MASK. Items 24 thru 26 allow the crew to mask any BITEs present on IMUs 1, 2,
and 3. An ‘*'is driven next to the item number selected. Execution of these items masks
only those BITEs already present; in order to mask any new BITEs, masking must be
terminated and then reactivated. The data displayed under BITE reflects the current BITE
status — not the mask status. |

) Item 18. NAV AV THRESH allows crew selection during OPS 2 of the IMU NAV accel—
eration threshold (in micro g's) above which navigation uses IMU delta Vs for state
propagation during FCS C/O, on orbit, and rendezvous operations. An |-loaded value is
initially displayed but thereafter reflects crew inputs. For transitions between OPS 2 and
OPS 8, the latest threshold value will be retained.

Item 19. Execution of item 19 (MM READ) causes IMU calibration data to be read from
mass memory for the IMUs selected by items 10 thru 12. An **' is displayed when READ is
in progress. ‘ILLEGAL ENTRY’ will result if item entries are attempted during MM READ.

*PROGRAM NOTES

(2) IMU Operate Mode Indication. It is possible for the IMU LRU to be in the operate mode (as
indicated by an OPER asterisk) but for the software to still be in an IMU STBY state. The
ACC and ANG data for that IMU will be indicating zeroes in this situation. The problem can
be corrected by executing the OPER item number for that IMU. (No DR)

(5) Unexpected ILLEGAL ENTRY when Selecting IMU Alignment. If the Bite Test 4 MDM

initialization read is bypassed at OPS 2 or 3 transition, the output discrete that indicates the
IMU is ‘In Operate’ is set to zero. Any IMU to IMU alignment entry (item 16) with an IMU
whose ‘In Operate’ output discrete is zero fails with an ILLEGAL ENTRY. If this occurs,
select item 4, 5, or 6 (OPERATE) to set the ‘In Operate’ output discrete for the reference
IMU and repeat the alignment. (DR 100520)
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S TRK/COAS CNTL. A GNC SPEC (SPEC 22) available in OPS 2 and 3. If SPEC 22 is
requested in MM302 thru 305, an ‘ILLEGAL ENTRY’ message will occur and any pages
overlaying the OPS display will be canceled. The SPEC provides a means of monitoring
and controlling star tracker operation and moding. It also provides the data and controls
necessary to perform COAS sightings and calibration.

S TRK CNTL. ltems 1 and 2 allow selection of the SELF-TEST mode for the Y and —Z
star trackers, respectively. Items 3 and 4 select the star track (STAR TRK) submode of
operation. Both the —Y and -Z trackers can track simultaneously. An ‘*' appears next to the
item number of the active S TRK CNTL mode and remains until another selection is made.
ltems 5 and & select the target track (TGT TRK) mode (-Y or —Z, respectively) for
rendezvous. Execution of items 7 and 8 forces the star tracker to break track (BREAK TRK)
with the current star and begin tracking the next star encountered in the search pattern.
Execution of items 9 and 10 (TERM/IDLE) terminates all star tracker processing except that

required to obtain BITE and to support display requirements. An *' is displayed next to the
item number when it has been selected.

S TRK. Items 11 and 12 (REQD ID) allow input of the ID of a desired star to be tracked. A
zero entry allows automatic star selections. (Valid star IDs are 11-60 in OPS 3, 11-110 in
OPS 2 and 8.) TRK ID outputs a code indicating which star or target is currently being
tracked. Inthe absence of a valid star or target ID, the ID field is zeroed. The star present
(S PRES) location outputs an “* whenever a star is being tracked by the star tracker. The

delta angle (AANG) in deg output is the angle between the expected star line—of-sight and
the actual measured line—of-sight.

ltems 13 and 14 allow input of a magnitude threshold (THOLD) for star tracking. Valid inputs

are 0,1, 2, or 3. The SHUTTER position for each star tracker is shown as ‘OP’ for o

pebd L t pen or

r(;l_u rfr?; cfjned. Execution of items 15 and 16 (MAN OP) either forces the shutter open or

numbers 5 er control to the automatic mode. An ‘*’ appears next to the appropriate item

e t:'veceln the shutter is being forced open. While the shutter is forced open there is no

Al j fgrole‘::t!on. If the Sun or the sunlit Earth enters the tracker FOV, there is a

i PASng 'O‘F Aamagmg tr]el tracker. The STATUS of the star tracker is output as ‘ST FAIL,
» 'FALSE TRK, ‘OUT FOV, *HI RATE," ‘NO TARGET, or blank. The line below

the status line is used to dis lay Bl i i
inGicate tHat e Nl o beinydgtlg S?Uble overbright) when any of the BITE discretes
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S TRK/COAS CNTL (Cont):

(4

(5)*

S TABLE. Data are displayed in three columns where the far left column (1) represents the
current or most recent data. Columns 2 and 3 represent progressively older data. Track ID
(TRK ID) is a code associated with each star in the table. A MIN shows how old each input
is in minutes. The angular difference (ANG DIF) output displays the measured separation
angle between the two stars. Angle error (ANG ERR) is the difference between the ANG
DIF computed from the star catalogue and the ANG DIF computed from the star tracker
measurements. Items 17, 18, and 19 (SEL) allow selection of the star pair used to compute
the alignment data. ‘*'s next to the item numbers indicate the star pair selected. The item

numbers act as flip—flops. Item 20 clears all data from the star table for both star tracker
and COAS sightings.

COAS. Item 21 (REQD ID) allows input of the star or target on which COAS marks are to
be made. The ADEG X and Y output parameters display the equivalent —Z COAS offsets of
a star or target being tracked by the —Z axis star tracker. (These X and Y offsets are aligned
with the orbiter X and Y body axis coordinates; that is, +X toward the nose and +Y toward
the starboard wing). Item 22 selects the COAS SIGHT MODE in which the ADI ATT REF
button performs the COAS mark function and is disabled from its ATT REF function. Iltem
23 (ACCEPT) accepts the COAS mark and allows processing of the ‘mark’ data (applies to
COAS STAR SIGHT MODE only). Item 24 selects the COAS calibration mode (CAL
MODE). Execution of item 25 deselects (DES) COAS operation and causes an ‘* to appear
next to the item number. Items 22, 24, and 25 are mutually exclusive. Items 26 and 27
allow selection of the mounting location (POS) of the COAS (either +X or —Z, respectively).
The calibration (ABIAS) in deg outputs the angular difference between the loaded COAS
line—of-sight and the measured calibration COAS line—of—sight in NAV BASE coordinates.
ltems 28 and 29 (UPDATE) are used to incorporate a new COAS bias.

*PROGRAM NOTES

()

COAS ACCEPT without Mark. Current software makes no check to ensure a COAS mark
has been taken as a condition for processing an ACCEPT item selection. Therefore,
erroneous data could go into the star table. This might only be apparent to the crew after a
second (valid) star is sighted and the ANG DIF shows a significant error from the expected
angular separation. If an ACCEPT command is inadvertently entered without a mark,
complete current processing by entering the second ACCEPT command, reinitialize by
entering a star table clear (item 20), and then perform the normal sight mode procedure.
(DR 35151)

COAS Operation from AFT Station in OPS 3. Marks from the aft station are not detected by
flight software in OPS 3 because switch processing does not occur in OPS 3 for the aft
station. COAS operations should only be performed at the forward station during OPS 3.
(DR 35151)
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RCS display. Available as a GNC SPEC (SPEC 23)inOPS 1, 2, 3,6, and 8, it provides the
capability to select the desired RCS module for display of RM and system data, monitor and
control the RCS RM, and control the RCS crossfeed and RCS/OMS interconnect
operations.

RCS FWD, L, R. Items 1, 2, and 3 are used to select the desired RCS pod for data display.
ltem 1 selects forward (FWD) RCS pod data to be shown; item 2 selects aft left (L) RCS pod
data; and item 3 selects aft right (R) RCS pod data. Item 1 is initially selected and thereafter
reflects crew selection. An ‘*' appears next to the selected item number.

PRI JET FAIL LIM. ltem 4 allows the crew to input the number of failures which can cause
jets to be removed from the table of available jets, by RM, for each pod. The limit applies to
primary jets only and is initially I-loaded and thereafter reflects crew inputs.

OMS PRESS ENA. Item 5 is used to initiate gauging of OMS propellant used by RCS and
automatic OMS ullage pressure maintenance for the left (L) OMS. Item 6 is used to perform
a similar function from the right (R) OMS. Item 7 terminates the gauging and ullage

pressure maintenance. ltem 7 is initially selected and thereafter reflects crew inputs. These
three items are illegal in OPS 1, 3, and 6.

OMS RCS QTY. Digital readouts of left and right OMS propellant used by the RCS system

21:; Elrg;ided in percent of total OMS quantity when the OMS-to—RCS interconnect is

JET. Table of RCS jet RM status and controls.

The JET ID is a three—character field which re! i i
acter presents RCS pod (F, L, R), jet manifold (1, 2,
3, 4,5), and JET exhaust direction — L (left), R (right), U (up), D (down), F (forward), A (aft).

(For example, JET F1D is FWD RCS, M i i
iat e DS EIRES, ANF 1, fires DOWN.) The JET column will appear

=3 DPS/ALL/GEN |




RCS (Cont):

PRIMARY JETS

. JET RCS POD ITEM
DIRECTION |FWD/LEFT/RIGHT [NUMBERS

FIL L4L R4R| 89

v QISR |10 11
2R 3L 3R| 1213

4R 1L 1R| 1415

FIU L4U R4U| 1617
<10 i T TR )
20 1U  1U| 2021

B = To) 0 T T 2223

3D 4D 4D | 2425
2D 2D 20| 2627
4D 3D 3D| 2829

FiIF L3A Ri1A 30,31

X SERSRTAIRS A 32,33
2F 34,35

VERNIER JETS
v ESESSLSL S R5R 36,37
SHENSE LT 38,39

FAIL RM status is shown in the FAIL column. An ‘ON,’ ‘OFF;" or ‘LK’ (leak), as appropriate,

. appears in the FAIL column if RM detects a failure. In the event of multiple failures in a
single jet, JET FAIL status will show the last detected failure. The DAP priority (1—4) for
each primary jet in the selected pod is displayed below PTY. Vernier jet PTY status is
blank. MANF 5 status is not supported in OPS 3.

Items 8, 10, 12, ... 38 (DES INH) may be used to prevent automatic deselection of a failed
‘OFF or ‘LK’ jet (RM does not auto deselect a failed ‘ON' jet.) When a DES INH item entry
has been executed from not inhibited to inhibited, an ‘*' will appear next to the item number,
RM will continue to annunciate failures, but will not automatically deselect the affected jet.
In addition, the priority (PTY) of the affected jet will be changed to the lowest priority for that
jet group. The priorities of other jets in the group which were lower than the affected jet will
be moved up by one. (Priority changes are reflected in the PTY column.) The second
execution of a particular DES INH item (i.e., ‘toggle RM’) blanks the associated **' and
clears jet fail status flags. If that particular jet is subsequently reselected, its RM auto
deselect capability is active for subsequent failures. Reexecuting the DES INH item (from
inhibited back to not inhibited) has no effect on the jet's priority.

Items 9, 11, 13, .. . 39 are used to select or deselect (DES) jets from use by the DAP. The
itemns work as flip—flops. If the jet is selected, executing the item deselects the jet; and if it is
deselected, executing the item selects the jet. The **'s indicate when a jet is deselected. A
jet can be automatically deselected by RM for ‘OFF, ‘LK’ failures or a manifold S_TAT = "CL.
and manually reselected via items 9, 11, . . . 39 entry if the manifold valve STAT is ‘'OP." If
reselected, the failure indication will continue to be displayed, the RM failure monitor will be
unable to annunciate any subsequent occurrence of the original failure for that jet, l_he_‘* will
be blanked and the jet will be returned to the availability table with no change in priority.
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RCS (Cont):

ellant systems data for both fuel (FU) and oxidizer (OXID) is on the right
gctiibcl:?l?mfechsigtpThe dalya shown on the display are: helium pressure (HE P), propellant
(PRPLT) tank pressure (TK P), temperature (T), quantity (QTY), manifold (MANF) pressures
(P), forward, left and right 1, 2, 3, 4, and isolation valve (MANF VLV 1, 2, 3, 4, 5) positions
(‘Oi" for open and ‘CL’ for closed), as determined by F!M. ltems 40 thru 44 allow the crew
to override the manifold isolation valve status. Execution of any of these item numbers
causes the software status of that manifold valve (as md:cated‘ in the STA'_I' column) to "
switch to the alternate state (OP to CL, or CL to OP). The manifold s}atus is not constralnegi
to remain in the overridden state and will reflect software reevaluation of the valve status if
the software detects a subsequent status change. Parameter characteristics and status
indicators for the data provided in this portion of the display are as follows:

DISPLAYED | STATUS INDICATORS
CRT NAME UNITS RANGE o T [ )

HE P

PRPLT TK P psia 01to 400

MANF P (1,2,3,4) psia 0 ?o 100(?
MANF VLVS 1-5 text ‘OP’ or ‘CL
XFEED P psia 0to 1000

psia 0 to 4000 +
T degF 0to 160 T

QTY [1]1| percent 0to 100

== 22 |=
R

(11

(8)

(®)

REMARKS

The nominal displayed range is not restricted to 0 thru 100 and could be somewhat lower
(negative) or higher.

JET RESET. ltem 45 allows the crew to manually reset all failed jets that have not been
automatically or manually deselected and also resets all fail counters to zero. Execution of
itern 45 clears the fail column for those jets which have not been automatically or manually
deselected, provided the associated manifold isolation valve is open.

)éEEED P. Selection of item 1 (FRCS) will result in the field being blanked in both OXID and
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RCS (Cont):

JET SELECTION TABLE

JET GROUP 1 213 4 5 6 7 8 9

10 1 12 | 13 | 14

DAP

TRANS, ORBIT, 1
2

AEROJET/GRTLS, 3 | F3F Fau L4L | R2R
4

F1F | F3L| F4R| F3U | F4D(R) | FaD(L) | R3A | L3A |LiL |R3R[L1U |R1U | 2D R3D
F2F | FIL| F2R| F1U | F2D(R) | FID(L) | R1A |L1A | L3L [R1R | LaU | RaU | 2D | R2D

L2U [ R2U | L4D | R4D
L2L | R4R

+P

1[2] | 1[2] 1 1

_F

+R

-R

+Y

1 1[6]

-Y

1 1(6]

+X

1131 | 118]

-X

+Y

-Y

+Z

1[4] 1[4] | 1[4]

-Z

(OPS 1) 2[5] 21[5] 3[5] | 315]

=7

Z0 " Ar»rr-~oZrDAZ0 - A>» AO0D

(OPS 2,3) 1 1 2 2

Table applies to single axis maneuvers in each of the three DAPs — TRANS, ORBIT, and
AEROJET/GRTLS. For each maneuver, the number of jets which will be commanded to fire within
each jet group is shown. Within each jet group, the |-loaded priority for selection is top to bottom.

NOTES: [1]
[2

[3]
[4]

[5]
[e]

No translation capability exists in the AEROJET/GRTLS DAPs.

In the TRANS DAP, for a +PITCH rotation, groups 5 and 6 are both removed from the
table if both jets in either group are deselected.

In the TRANS DAP, two jets are used in groups 7 and 8.

In the ORBIT DAP, a HIGH +Z translation utilizes three jets from each of groups 4, 11,
and 12.

A single jet deselection in any group will cause all groups to be downmoded by one
jet.

AEROJET DAP roll reversals use 2 jets minimum.

*PROGRAM NOTES

@ (5

Incorrect OMS/RCS Quantity Display. If OMS to RCS quantity gauging has been
enabled via item 5 or 6, and then the interconnect is switched to the other OMS pod
(L or R), the crew should select OFF (item 7) prior to selecting the new OMS pod
via item 5 or 6. If this is not done, the quantity display for the newly interconnected
OMS pod will initialize with the last quantity displayed for the previously
interconnected pod. (DR 46500)
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RM ORBIT display. A GNC specialist function (SPEC 25) available in OPS 2. Includes
means to monitor and control the selection filters for the Translational and Rotational Hand
Controllers (THC and RHC), and to inhibit/enable Switch Redundancy Management (SW
RM).

Commands from the left (L) and aft (A) THC transducers are displayed as a ‘+’ or ‘- (in

controller axes) under TX, TY, or TZ, depending on the direction of THC deflection. A blank
indicates no sensed command.

RE—IC left (L), right (R), and aft (A) commands are displayed in percent of full deflection. The
'+ and '~ outputs are displayed as ‘R’ and 'L, respectively, for RHC roll and yaw
commands, and ‘U’ and ‘D, respectively, for RHC pitch commands. The directions are
referenced to the controller axes. A ‘00’ indicates no sensed command.

Status indicat?r§ next to each command display are driven as a blank for normal, ‘M’ for
missing data, *?' for a dilemma condition, and a .’ for RM or manual deselection.

ltems 1 thru 15 are used to manually select and deselect the THC and RHC commands to
be used by their associated selection filters, Repeatedly executing an item alternately
results in selection and deselection. An **' next to the item number signifies deselection.
SEL/DES status is maintained across OPS transitions. (See Section 6, GNC).

ltem 16 is a toggle item entry that allows the crew to inhibit the GNC Switch RM. When
gl’::f)“‘ A&;;?“Ch outputs are no longer accepted by the Switch RM processor (selection
JE0. ionally, the Switch RM Processor output is “frozen” as a constant output until
g inhi'::i Z"?cme‘-‘ again (toggle inhibit off). Contacts which had been deselected prior to
il kc_: fon are not put back into the selection filter when this item number is executed.
astensk is displayed after the item number to indicate when the inhibit is in effect. The

first time the display is called. t i i i i
il c?e wyinpms. , the Switch RM will be enabled (i.e. no asterisk), and thereafter
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RM ORBIT (Cont):
*PROGRAM NOTES

(2 AFT THC Data Display. The physical orientation (rotated 90 degrees clockwise) of the AFT
. THC causes crew commands to be displayed as follows:

THCCMD | TX TY T2 |

PUSH +

PULL -

DOWN +

UP ~
STBD +
PORT -
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i RNDZ NAV ENA 1X SV UPDATE
4 KU ANT ENA 21X POS XX.XX AVG 6 ON 5X
5 MEAS ENA 3X VB XXX AV X =XX.XX
6 NAV AV Y LN XXX
7 sy fohE L mal XGHXOX RR X XXX AV Z TIXix - XX
8 RNG XXXX.XXX RNG XXXX.XXXS AVTOT b b S U 3 o ¢
9 R EAIXIR XN X R XX R XRES RESET COMPNT 6
10 e XXX.XX EALY +XXX.XS TOT 7
1 Y 3 XXX AL +XXX.XS SV TRANSFER
2 Y +XXX.X ©P X EXE XS FLTR MINUS PROP
3 NODE XX:XX:XX oR = XUXLREXLS POS Xy B
4 FILTER VEL XEXSTREX
5 S TIRIEE T RERTT1539X COAS 14X FLTR TO PROP 8 X
6 STIAT XXXy arXexixx OFFSET X XX.X PROP TO FLTR 9 X
7 XXaxex Yy ORB TO T6T 50X
8 SLONW RATE 15X T&T TO ORB 1R1EX
9 COVAR REINIT 16X MARK HIST EDIT OVRD
20 RESID RYA'T T 0RRPAIC PiT REJ AUT INH FOR
1 RNG XXX XX XXX XXs 170X 18X 19X
2 R +XX.XX XX XXX XXIS 20X 21X 22X
3 V/EL/Y £X.XX X.X XXX XXxs 23x 24X 25X
4 H/fAZ /X £ XES XX XS XXX XXS
5 (XXx)
¢ \o D

The REL NAV display is a GNC specialist function (SPEC 33) available in OPS 2 which provides
data and controls for rendezvous navigation operations, thrust monitoring, state vector management,
and Ku-band antenna enabling.

PARAMETER CHARACTERISTICS

STATUS INDICATOR
CRT NAME DRSS RISEC R e S
[1] SV UPDATE: POS Kft
VEL ft/sec EEIIII gﬂgﬁ
NAV: SV SEL text ‘PROP' or FLTR'
RNG izi kit Full Range
R 12 fa] | fusec Full Range
5 [2] deg 0 to 360
Y [2) (4] kft Full Range
Y 2] [4) ft/sec Full Range
NODE time hr/min/sec
RR: [5] text See Remarks
RNG kft Full Range M 4
R 3] ft/sec Full Range M L
EL 6 deg —90 to +90 M 1
AZ ] deg -180to +180 | M 1
P B | mrisec -99.910499.9 | M il
oR 7 mr/sec —99.9 to +99.9 M d
AVG G: AVX,Y,Z
st | Wz | FuiRanoe
SVTRANSFER:FLTR MINUS PROPPOS  [10] kit Full Range
L ft/sec Full Range
FILTER:
OFFSETSx‘;?T [111 text See Remarks
RESID: RNG 12 deg Full Range
R v | P
filfiléﬁ deg Full nange
RATIO 2] 13 deg SFulIR Range
MARK HIST: ACPT l1 3 ee Remarks
b i SR ;
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REL NAV (Cont):
REMARKS

[1]

[2]
(3]
[4]
[s]

(6]

[8r*

(o]

[10]

[11]

[12]

[13]

[14]

The POS and VEL data fields show the changes made to the position and velocity state
vectors by the rendezvous nav filter between the last and current computation cycle.

These parameters will be blanked if RNDZ NAV is not enabled.,
Sign convention is positive for opening rate, negative for closing rate.
Positive sense for Y and Y is along the negative angular momentum vector of the target.

The Radar $ystem_(RB) status field displays ‘COMM’ when the mode switch (S13)isinthe
COMM position or it displays ‘GPC, ‘GDSG, ‘ATRK. or ‘MSLW' reflecting the position of
the Ku-band rotary switch (S7). The S7 switch position indications are, however, overridden
by ‘STST when self-test is in progress.

The ®P and EL dat_a fields display pitch inertial angle rate and pitch position (elevation),
respectively. Positive sense for each is antenna motion toward the +X orbiter axis.

The @R and AZ data fields display roll inertial angle rate and roll position (azimuth),
respectively. Positive sense for each is antenna motion toward the —Y orbiter axis.

The AVX, AVY, and AVZ data fields show the accumulated total velocity gained along the
respective X, Y, and Z body component axes. These register increment/decrement
according to the sense of the velocity change.

The AVTOT field shows the total of all body axis velocity changes regardless of sense and
only increments.

FILTER MINUS PROP POS and VEL data indicate the difference between the propagated
and filtered state vectors. Once the NAYV filter has converged, these parameters can be
used to determine when to update the propagated state with the filtered state.

The STAT field is blank or displays ‘NO TARGET, ‘FALSE TRK, ‘OUT FOV, or ‘HI RATE' to
indicate the status of the Star Tracker (-Y or —Z) currently selected to the Target Track
mode on the S TRK/COAS CNTL display. The secondary status field displays ‘BITE' when
a failure has been detected for the selected Star Tracker.

OFFSET data represent the displacement of the target being tracked by the ~Z Star Tracker
in the —Z COAS FOV. This field is blank except when the —Z STAR TRK or TGT TRK mode
(item 4 or 6) on the S TRK COAS CNTL display is selected.

Residual (RESID) data are the calculated difference between the NAV estimate of the
relative position of the orbiter and target and the observed (sensor) measurement. RATIO
data are computed by rendezvous navigation software and used for editing bad data. The
RATIO data field will be blank if valid data are not presented to the filter. Sensor data are
used to update the state vector and covariance matrix if they pass the residual edit test, but
RESID and RATIO data are displayed whether or not this test is passed. These data are
blanked any time RNDZ NAV is inhibited.

MARK HIST data reflect the number of NAV marks which have been accepted
(ACPT)/rejected (REJ) by the NAV filter for each data type. Al is driven in the REJ column
when an |-loaded number of sequential marks is rejected and removed when the mark is
forced or an |-loaded number of sequential acceptable marks occurs. The ACPT/REJ
counters are reset to zero when a state vector (target or orbiter) is changed (or transferred
via item 9, 10, or 11), a covariance matrix is reinitialized (item 16), rendezvous navigation is
enabled (item 1), another sensor is selected (item 12, 13, or 14), or after a dual or single
engine OMS burn (an RCS translation will not exceed the threshold).
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REL NAV (Cont):
ITEM ENTRY CHARACTERISTICS

NA/KU ANT ENA/MEAS ENA — used to alternately enable/dis-

MERSUAIE ?gg rzelr\ll::zfous navigation software, enable/inhibit GNC Angle Pointing
data ICC between GNC and SM major functions and enable/inhibit naviga-
tion from incorporating external sensor measurements (RR, ST, COAS) in
MM202. An ‘* is displayed after each item when it is enabled and each
item/function is disabled/inhibited when the display is first called. Item 3 is
legal only in MM202 and when rendezvous navigation is enabled. Upon
return to MM201, this item is set to inhibit.

SV SEL - used to control the source of relative state data. ‘PROP’ is dis-

Yoot played for a navigated state vector that is not updated by the RNDZ NAV
filter. 'FLTR' is displayed when the state vector being used incorporates
RNDZ NAV filter data. This display is initialized to ‘PROP.’

ITEM5 AVG G ON - used to initiate/terminate powered flight navigation for thrust
monitoring (MM201 only). An ‘¥ is displayed next tothe item when. powered
flight navigation is enabled/on. It is ON in MM202 whenever the display is
called and is initialized ON each time MM201 is entered.

ITEMS 6 and 7 RESET COMPNT/TOT — used to reset to zero the AVX/Y/Z velocity gained
registers (item 6) or the AVTOT registers (item 7). All four registers are
zeroed when the display is initially called up, but current values of delta
velocity are reflected thereafter.

ITEMS 8 thru 11 SV TRANSFER — used to transfer and overwrite state vectors, FLTR TO
PROP, PROP TO FLTR, ORB TO TGT and TGT TO ORB, respectively. An
‘*" is displayed next to the item when it is executed and remains for one
NAV cycle while the transfer is in progress. These items are mutually
exclusive; execution of any of these items while a transfer is in progress is
illegal. In addition, these items are legal only when rendezvous navigation
(item 1) is enabled. Also, items 9, 10, and 11 cause a covariance matrix
reinitialization when executed.

ITEMS 12 thru 14 S TRK/RR/COAS - used to select the angle sensors for rendezvous naviga-
tion. Upon inttial display callup, S TRK is selected (‘*' at item 12). These
items are mutually exclusive, however, and subsequent selection of a differ-

ent item deselects the old item and moves the ‘*' from the old to the new
selection.

ITEM 15 SLOW RATE — used to switch the rate at which rendezvous navigation pro-
cesses marks (i.e., a flip-flop). An ‘* is displayed next to this item when
navigation is processing marks at the slower rate. This display is initialized
with the slow rate selected. If rendezvous navigation is not enabled, execu-
tion of this item is illegal. Current I-loads cause both rates to be the same.

ITEM 16 COVAR REINIT — used to reinitialize the covariance matrix. An ‘*' is dis-

pla_yed n.e;d‘ tq this item for one NAV cycle while the covariance matrix is
being reinitialized. If rendezvous navigation is not enabled, execution of this
item is ilegal. Covariance matrix is also reinitialized each time item 1
(RNDZ NAV) is enabled or item 9, 10, or 11 is executed.
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BEL NAV (Cont):

ITEMS 17 thru 25 EDIT OVRD - used to select the auto (AUT), inhibit (INH), or force (FOR)

option for range (RNG), range rate (R) and angle (V/ELYY) data utilization in
the NAV filter. Only one option at a time can be selected for each parame-
’ ter set (i.e., RNG, R, V/ELYY) and that option is indicated by an **’ under
AUT, INH, or FOR. The INH option is automatically selected for all three
parameter sets (‘**+' next to items 18, 21, and 24) when the display is initially
called up and reflects crew selection thereafter.

The AUT option allows automatic processing of data in the NAV filter. The
INH option inhibits data from being used by the filter to update the state vec-
tor or to increment the reject counter but allows these data to be used to
generate residual and ratio data for display. The FOR option causes the
edit test criterion to be relaxed, allowing data to be processed when the cur-
rent residual passes the new edit test. (For angles from COAS marks, the
FOR option incorporates the most recent COAS mark taken within the last 2
minute period). The FOR option stays in effect only for the next data point

after which control reverts (**' moves) to the previously executed option
(AUT or INH).

*PROGRAM NOTES

[8] Flight data has shown the AVX, AVY, and AVZ accumulated velocities are extremely noisy

and should not be used as an indication of orbiter AV. Use either R—dot or count the THC
pulses.
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Orbit Targeting (ORBIT TGT) is a GNC specialist function (SPEC 34) available in OPS 2. It is used

to predict and choose a two-impulse maneuver sequence prior to and during rendezvous or during

the execution of a standoff type maneuver. On initial callup, the MNVR, PRED MATCH, and

INPUTS displays show zeroes (except items 21 thru 24 which are initialized to I-loaded values) and .
thereafter these fields reflect crew inputs. v

PARAMETER CHARACTERISTI

CRT NAME DISPLAYED STATUS
LINTS RANGE INDICATORS
M2 T]|L
MNVR:XX [1] 110 40
X 2] blank or “*
TIG B time day/hr/min/sec
AVX [4] f/sec -999.910 +999.9
gg. AVZ [4] ft/sec -99.910 +99.9
@] ft/sec -999.9to +999.9
PRED MATCH (6] ft 010 9,999,999
INPUTS: TGTNO [1 1-40
T1ITIG e g t::; day/hr/min/sec
000.0 to 359.!
AX/DNRNG, AY, AZ/AH  [9] kit -999.99 :) 48999.999
a AX, AY, AZ 9] ft/sec -999.99 10 +999.99
[10] time day/hr/min/sec
AT [11 min =300 to +300
BAGE Tlﬁé‘ AY, AZ [12 kit -999.99 10 +999.99
[13] time day/hr/min/sec
ORBITER STATE:
ixgxx:xx:xx.xxx [14] time day/hr/min/sec
) Yy [15] kft -99999.999 to
VX, VY,VZ [16] kit/s m to
99.999999
3-44
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ORBIT TGT (Cont):

REMARKS

[1] Target set number on which the maneuver is based.

[2] **' indicates that the TIG is in the past.

[3] The impulsive ignition time of the maneuver in MET.

[4] LVLH external delta V components of each maneuver.

[5] Total delta V of the maneuver.

[6] Distance to which the on—orbit predictor was matched in targeting.

[7] Impulsive ignition time (MET) of first maneuver of a two—impulse set. If T1 TIG is in the
past, a COMPUTE T1 (item 28) will cause T1 TIG to be set to current time plus an |-load A
time and the targeting performed using the navigated state,

[8] Elevation angle measured from the orbiter, positive up, to the target. If EL =0 then an
elevation angle search is performed and the TIG determined; if EL = 0, input TIG is used.

[9] These data show the orbiter relative position and velocity at T1 TIG.

[10]  Impulsive ignition time (MET) of the second maneuver of the two—impulse set. If AT is not
zero, a COMPUTE T1 (item 28) will cause T2 TIG to be calculated and displayed in these
locations along with targeting outputs. If the T2 TIG is in the past when a COMPUTE T2
(item 29) is done, it will be reset to current time plus an |-load A time and the maneuver is
computed using the navigated state vector at the new T2 TIG time.

[11]  Transfer time between first maneuver time (T1 TIG) and second maneuver time (T2 TIG). If
AT is blank, it will be computed based on the T2 and T1 TIG times when a COMPUTE T1 is
executed. If AT is negative on execution of a COMPUTE T1, both AT and T2 TIG will be
computed based on an algorithm used in orthogonal braking and will be displayed.

[12]  Desired orbiter relative position at T2 TIG.

[138] Time from which subsequent maneuvers are calculated.

[14]  Current Greenwich Meridian Time (GMT).

[15] Current M50 orbiter position.

[16]  Current M50 orbiter velocity.

ITEM ENTRY CHARACTERISTICS

ITEM 25 Transfers the T2 TIG of the previous maneuver sequence to the T1 TIG slot

of the current maneuver sequence. While either T1 or T2 computations are
in progress, entry of any item on the display is illegal.

NOTE: This capability allows sequential execution of two—impulse
targeting sets where only the first maneuver is executed and it is
desired to target a new two—impulse set with the T1 maneuver
being at the previously defined T2 TIG.

ITEM 26 Loads data from the INPUTS data field (except item 1) into the associated

data slots for use by the targeting software. The word ‘LOAD" will begin
flashing next to item 26 when an item 2 thru 24 entry is made. "LOAD will
continue to be displayed, but flashing will cease when item 26 is executed.
Execution of item 26 also overwrites the previous (or I-load) target set val-
ues so that the new values will appear if that maneuver set is again
requested via item 1.

NOTE: Item 26 is illegal unless any of items 2 thru 24 have been changed.
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ITEM ENTRY CHARACTERISTICS (Cont):

ITEM 28

ITEM 29

Calculates the first maneuver solution of the specified two—impulse set.
The calculated results are displayed in the MNVR section of this display and
are also output to guidance for display on the ORBIT MNVR EXEC display.
Also, all of the items in the INPUTS section of the display will fill in. An **’
will be driven beside item 28 until the calculations are complete. As soon as
the T1 computation is complete, the GNC CRT timer will start counting
down on the next unexecuted maneuver TIG.

NOTE: Item 28 is illegal if RNDZ NAV is not enabled or if no target set has
been selected.

Calculates second maneuver of a two—impulse set. An ‘¥ is displayed until
computations are complete. The maneuver solution computed is that
required to null relative velocity at T2 TIG. If T2 TIG is in the past, it is set
to current time plus a predefined delta time and the maneuver is computed
using the navigated state vector. When the calculations are complete, the
required AVs are displayed in the MNVR section of this display and are
passed to guidance awaiting execution. Also, the GNC CRT timer will start
counting down to the next unexecuted maneuver TIG.

NOTE: While either T1 or T2 computations (item 28 or 29) are in progress,
entry of any item on the display is illegal.

Item 29 is illegal if RNDZ NAV is not enabled or if no target set has
been selected.
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[s] (8n) (78) (78) (13)
Note: [ ]denotes trajectory dependent data.

(1) ENTRY TRAJ 1. A Guidance, Navigation, and Control (GNC) Operational Sequence (OPS)
display of entry conditions with relative velocity from 24 kfps to 18 kips. Called via OPS .
transition from MM303 to 304 (crew keyboard entry ‘OPS 304 PRO'). Includes (2) Angle of
Attack (=) tape scale and symbols; (3) drag (D) tape scale and symbols; (4) trajectory
guidelines; (5) nominal altitude rates; (6) constant nominal drag acceleration lines; (7) the
orbiter’s current location and previous locations; (8) the orbiter reference location and
previous locations computed by guidance; (9) phugoid scale; (10), (12), (14), and (15)
parametric data; (11) and (13) control items, and (16) PT! status indicator.

(2) e<. Dynamic symbols representing commanded = (=) and actual == ) move along the e
tape scale (scale range is |-loaded). The symbols flash when they reach the off-scale
position, and the ‘[>’ flashes if actual and commanded o< differ by more than two degrees.

(3) D. Dynamic symbols representing commanded D (<), and actual D (< ) move along the D
tape scale (scale range 0 to 50 fps?)

[4] Nominal trajectory guidelines (solid lines).

[5] Nominal altitude rates correspond to

between the guidelines when th
value.

the altitude rates required to guide the shuttle trajectory
e actual drag acceleration is matched to the nominal drag

[6] Nominal constant drag acceleration lines (dashed lines) are labeled at the top with the drag
value the line represents.
) (7A) The dynamic orbiter symbol (<4 ) is located o

n the plot using relative velocity (~24
to 18 kfps) and RANGE (~4000 to 1000 nm). & : G

(7B) Trailers (V) are left by the orbit:
M Pl y €er every 28.8 seconds on the plot to show the trend of

®
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ENTRY TRAJ 1 (Cont):

®)

(9)
(10)

(11)
(12)

(13)
(149

(15)

(16)

(8A) The dynamic guidance symbol (T) is located on the plot using relative velocity and

range computed by entry guidance. When the guidance has converged to a good solution,
the &4 will be inside the C.

(8B) Trailers () are left on the plot by the O every 28.8 seconds to aid in monitoring of the
convergence of the primary guidance (15.36 sec for ENTRY TRAJ 3, 4, 5).

Phugoid scale. Displays roll error based on achieving a biased reference drag.

D REF and . Data are displayed for the biased reference drag (D REF) in fps2 and
dynamic pressure (q) in psf.

Item 1 provides a data entry to bias the reference drag (D REF).

NY, NY TRIM, AIL, RUD, H BIAS, H REF, ROLL REF, and ROLL CMD. Data are displayed
for lateral acceleration (NY) in g's, lateral acceleration trim (NY TRIM) in g's, aileron trim

(AIL) in deg, rudder trim (RUD) in deg, guidance—computed altitude reference term (H BIAS)
in fps, reference body roll angle (ROLL REF) in deg, and commanded body roll angle (ROLL

CMD) in deg. (‘AlL" and 'RUD’ values will not be displayed when BFS is in the preengaged
state.)

Execution of item 2 zeroes the H BIAS computed by guidance.

Item 3 enables contingency abort TAL low—energy entry guidance. This item is initially
inhibited and may only be enabled by crew item entry. Once enabled, subsequent entries of
item 3 will alternately inhibit and enable this function. Status is shown by the character
string ‘INH’ or ‘ENA’ next to item 3.

The character string ‘LO ENERGY’ is initialized to normal brightness. Once low—energy
guidance is enabled by item 3 and activated by entry software, the string is displayed
double—overbright. If the entry software subsequently deactivates low—energy guidance
(i.e., if the energy situation improves enough), ‘LO ENERGY"’ will return to normal brightness
and item 3 will return to its inhibited state.

AAZ is a digital readout of the heading error in degrees with respect to the HAC tangent
point and is displayed only in the PASS.

‘PTI' is displayed beneath ‘AAZ’ during a PT| maneuver. If the maneuver is inhibited (by
automatic criteria or manual control), it will flash until the maneuver starts. It is blanked
when the window is exited, the maneuver is complete, or an AOA or TAL abort is in
progress. ‘PTI' data are only available in the PASS.
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ENTRY TRAJ 2. A GNC OPS display of entry conditions with relative velocity from 19 to 14 kfps

(approximately) and range-to—go from 1500 to 500 nm (approximately). See ENTRY TRAJ 1 fora
description of the data on the display.

1 2 3 4 5
123456789012345678901234567890123456789012345678901

1( 3041/ ENTRY TRAJ 3 XIE% nnn]un:un:ss\
2 = D 7 DDD/HH:MM:SS
3 45T 50 | ! 1 450D 350D 250D
8 il A
5 - 1 BIAS [#)xX
6 b & D REF b 4 S £
7 40T 40 7 X XIXTRX
8 ¥ AN 7 S Y i
9 AL, XXX 74
10 1 /
LO ENRGY 7
1 35T 30 XXX /
2 H By 7
3 /
P %
4 — /
5 3005 20
6 25 /
> <+ NY XX
: i NY TRIM X.XXX
= sl AlL XX
- A B RUD A
1 :: / Z.ERO H BIAS 2
2 “J: / // H BIAS ~ 6 S
-+
: e : g y 7 R EsFuthust %Xk
R ROLL REF XUXixixis
sk -z10 -130 CMD XX XX
6

(!y

ENTRY TRAJ 3. A GNC OPS disp

(approximately) and range-to-go ilraoy of entry conditions with relative velocity from 14 to 10 kfps

ym 700 to 350 nm (approximately). See ENTRY TRAJ 1 fora

description of the data on the displa
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ENTRY TRAJ 4. A GNC OPS display of entry conditions during the high-energy portion of the

transition phase. It is forced up automatically when the ENTRY TRAJ 3 passes out of range in

OPS 3, or a PRO is performed from the ENTRY TRAJ 3 display in OPS 3. See ENTRY TRAJ 1 for
. a description of the data on display.

1 2 3 4 5
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3

4
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8 AIL A

9 10 10 RUD |
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”

3 5 g/// ROLLs REE XXXXS

4 -245 -2715 CHD XXXX

; =
o it

ENTRY TRAJ 5. A GNC OPS display of entry conditions during the low—energy portion of transition
phase. See ENTRY TRAJ 1 for a description of the data on the display.
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Note: [ ]denotes trajectory dependent data. .
2y indicates parameters are driven and displayed on the BFS display only.

(12) %)

VERT SIT 1. A GNC OPS display forced up automatically, or when the crew performs an
OPS 305 PRO or OPS 602 PRO in OPS sequences 3 and 6, respectively. Includes (2)
display of vehicle state and altitude dissipation rate; [3] g limit line; [4] max Lift—to-Drag
(D) limit line; [S] nominal profile line; (6) and (7) energy—tape scale; (8) and (9) digital data;
and [10] alpha/mach transition and lower limit lines.

The orbiter ( &4 ) altitude is plotted versus range—to—go to waypoint 2 (WP2) via waypoint
1 (WP1). Altitude is scaled from 100,000 to 30,000 ft (approximately). Range is scaled from

70 to 10 nm (approximately). The orbiter symbol is rotated to indicate the current altitude
dissipation rate.

The leftmost limit line (q limit) represents the minimum range the vehicle can fly without
exceeding the g limit using full SPD BK. This line assumes that no winds are present.

The rightmost limit line (max L/D limit) shows the max range profile, SPD BK closed. The

corresponding Equivalent Airspeed (KEAS) in knots is labeled under the line. This line
assumes that no winds are present.

The nominal altitude profile is labeled with associated KEAS at various ranges. This line
assumes that no winds are present.

The current shuttle energy state is displayed as ‘<!’
scale. If the shuttle energy state is above the S-Tu
Minimum Entry Point (MEP) requested energy level,
the symbol flashes to show that the guidance shoul
retargeting). The nominal energy state and the en
'ghe minimum desirable E/W level for an overhead

ownmode energy state symbol (<). If E/W i

(‘0'[T STIN) is generatesg and SV i
straight-in (STRT) approach (v
the runway is less than the mini

on the right side of the vertical tape

rn (STN) energy level, or below the

and the minimum range criterion is met,
d be S—turning (or requesting MEP

ergy limits are displayed as tick marks.
approach is indicated by the OTT

ow this level, a class 3 message

‘OVHD' flashes on SPEC 50, calling for a downmode to a

ia tem 6 on SPEC 50). The ‘' blanks when the range to
mum range at which the downmode calculation is performed.
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VERT SIT 1 (Cont):

(Y]

L)

(9

0]

(11)

(12)*
(13)

(14)

NOTE: For GRTLS, guidance does not begin to compute the current vehicle energy state,
the nominal energy state (tick mark), or the energy limit until alpha transition begins
(about 2 minutes into MM602). Prior to this time, these indicators will appear
off-scale low and the energy triangle will flash.

The current shuttle pitch attitude (8) is displayed as ‘>’ on the left side of the vertical tape

s?fale wlhen relative velocity is less than an I-loaded limit. This symbol will flash when
off—scale.

Actual speed brake (SPD BK) and commanded speed brake (CMD) positions are displayed
in percent. ‘CMD’ is blanked after TAEM for BFS.

The lateral acceleration (NY) in g's, lateral acceleration trim (NY TRIM) in g's, aileron (AIL)
trim in deg, and rudder (RUD) trim in deg are also displayed. Forthese parameters, positive
is indicated by R (right) and negative is indicated by L (left). (‘AlL’ and ‘RUD’ values are not
displayed when BFS is in the preengaged state.)

Alpha/mach transition and lower limit lines (used in MM602 only). The orbiter symbol
indicates the current alpha/mach state and flashes when alpha is outside I-loaded limits.

BFS—computed roll, pitch, and yaw errors are displayed prior to BFS engage for comparison
with PASS—driven ADI error needles. Each error value is preceded by one of the following
characters: ‘U,’‘D, ‘L, or ‘R.’ These indicate the fly—to direction of that error. If the roll
error is 100 degrees or greater, an overflow indicator of ‘R > >’ or 'L > >’ is displayed for a
right or left fly—to error, respectively.

When in an NZ command phase (MM602 NZ-hold, MM603, and MM305), the pitch error
field displays G error to the nearest tenth of a g. The G error (NZ error) is also a fly—to error
(‘U or 'D’) and may be used as a cross—check for the PASS ADI pitch error needle.

These errors and signs are not displayed after BFS engage.

‘NZ’ is displayed overbright during RTLS whenever guidance is in the constant NZ phase.

A pull out normal acceleration (NZ) value is calculated in GRTLS TAEM Guidance in MM602
and displayed in (g's) in MMs 602 and 603. This field is not supported or displayed by BFS
and is available in OPS 6 only.

In the PFS only, the character string ‘BAILOUT is displayed double overbright and flashing,
one space in to indicate that the TAEM Guidance Abort Bailout mode has been armed, but
not engaged. When both pitch and bank axes of the FCS have been moded to AUTO with
the bailout mode armed, the character string ‘BAILOUT is displayed double overbright and
not flashing, indicating that the bailout mode has been engaged. Otherwise, the character
string is blanked.

*PROGRAM NOTES

(12)

Alpha—Recovery/NZ-Hold Transition. A subphase transition from alpha-recovery to
NZ-hold in MM602 requires one of the following conditions:

either,

A. NZ>1.8G (l-load)

or

B. For intact abort only, g
ALPHA >45 degrees (l-oad) in a guidance cycle, and
ALPHA <45 degrees in a subsequent cycle.

Furthermore, the pitch error needle on the ADI displays:

1. The alpha error during the alpha—recovery subphase, and
2. The NE error during the NZ-hold subphase.

Normally, Case A takes place and transition to NZ—hold subphase occurs automatically.
Case B is normally forced by CSS takeover.

The crew should monitor VERT SIT 1 during MM602 and wait for display of an overbright NZ
which appears when guidance transitions to NZ-hold phase (either Case A or B). The pitch
axis of the ADI error needle will display NZ error in NZ-hold subphase. The crew may then
null the NZ error manually. (BO7339A/DR 46515)
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Note: [ ]denotes trajectory dependent data.
“zz2224 indicates parameters are driven and displayed on the BFS display only.

VERT SIT 2. A GNC OPS display forced up automatically in OPS sequences 3and 6. The
information shown on the display is described under VERT SIT 1. Altitude is scaled from

30,000 to 8,000 ft (approximately). Range—to—go to WP2 via WP1 is scaled from 25 to 5 nm
(approximately).

Left end points are connected to show all three profiles end up in the same EAS condition.
The text ‘A/L is displayed and flashed when the TAEM guidance termination flag is set.

BFS—computed roll, pitch, and yaw errors are displayed prior to BFS engage for comparison
with PASS—dnve:n ADI error needles. Each error value is preceded by one of the following
characters: ‘U, ‘D, ‘L, or ‘R.” These indicate the fly—to direction of that error. If the roll

error is 100 degrees or greater, an overflow indicator of ‘R > >  or ‘L > >’ is displayed for a
right or left fly—to error, respectively.

When_in an NZ command phase (MM602 NZ-hold, MM603, and MM305), the pitch error
f|lelfi dl-.sp'Iays G error to the nearest tenth of a g. The G error (NZ error) is also a fly—to error
(U’ or 'D') and may be used as a cross—check for the PASS ADI pitch error needle.

These errors and signs are not displayed after BFS engage.

A pull out normal acceleration (N2) value is calculated in GRTLS TAEM guidance in MM602

and displayed (in g's) in MMs 602 and 603. This field i i
and s avaiable i P ote ks - This field is not supported or displayed by BFS

In the PFS only, the character strin ‘BAILOUT is di i i
bl Ml ohi Abg T is displayed double overbright and flashing

| ort Bailout mode has been armed, but not engaged.
\n’\:ggg :r?':wt;gnfhh ar;d bank axes o! the FCS have been moded to AUTO with thegbsilout
s ﬁ Character string ‘BAILOUT is displayed double overbright and not flashing,
blanked.g at the bailout mode has been engaged. Otherwise, the character string is

The static heading ‘ACCEL is not displayed by BFS,

3-54

DPS/ALL/GEN |




1 (1) (18) (2)
12345573901zaa\ss;sgu12345/57/3901#3456739012345575901

(11)\£ Y HDRIZ"s/ XX X DDD/HH: nn:ﬂ
2 PTI ALTHM DDD/HH:MM:5S
’ 3 INDEX 9 XX.XX NAV DELTA R(7)
4 — AX 10
(45 | / [Brxxxxx
B i XXX X 9K X XXX 5.0k AY 11
7 S8 IXEXXEX i SHT AT B b XX, T [Hxxxxxx
8 PRI XXXXX 3x P e s
9 SEC XXXXX 4 X ;= [HERX X XX
10 TeA CHUXiXEX 5 AXSNT 3 i45)
(5)-1 | o+ [Exxxx
2ITATAEM T6T Al g
3 GERINESEY L IXSYUY X 6 T R Y X
(6)-4 HSI X Als 1.5
H?"'“*xEP 7 O [Hx x x x
(13)~6_| AIM X XXX 8 Xt X A 5.00=—  Lpap 16
T™s/8  xxxxx 39 18 AT [Exx. 0 o
8 NAV RESID [RATIOAUT|IINHFOR TAC1 XXX|[TACZ XXXTAC3 XxXx
m)’___-vTac RZEXX . XXIXX.xs[19x]20x|21x £XxXX.xxS{txxx.xxsltxxx.xxs
RNGZXX . XX[xXx.xs XXX XS] X XX S X X XX S
1 DIEISRE SIIREEDIE S ¢ IRi2i iDiErs hha 3oy
2 DRAG EXXXXXXX.XS[22x|23x|22
3 ADTA HExxxxXxxx.xslasx|z6x[27xhup 37 L g ABS 34x
: ADTA TO G&¢C 28xj29x30x 8 MR X ANEDE VAL 135 X
5 (xx)
i i J
(10) (12) (98)
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HORIZ SIT display after start of Heading Alignment Phase
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isplav. A GNC SPEC available in OPS sequences 1, 3, and 6_. Includes
& :{Z?Féligpsleg gtlscfrbXer position and heading relative to heading-alignment circles; ¥
(3) altimeter setting control; (4) TAL site, RTLS site, contingency abort site, runway, an
TACAN designation controls; (5) approach indicators and control; (6) entry point tndicaltqr
and control; (7) and (8) NAV update controls; (9) navigation filter displays and controls;
(10) air data to Guidance and Control (G&C); (11) Programmed Test Input Control and .
indicators, (12) HUD format selection; (13) Speedbrake control; (14) display of time to I
HAC initiation or crosstrack error; and (15) display of altitude error.

raphic portion of the display contains a fixed orbiter symbol, three dynamic—position

% ;rheedg:toFr)s. Hgading—AIignmerEt C¥irc!e (HAC), runway touchdown point (circle), and a linear
extension from the touchdown point to the circle—intersection point. The predictor symbols
represent the orbiter position predicted 20, 40, and 60 seconds in the future. The HACs and
runway symbol move relative to the orbiter symbol while the orbiter symbol is fixed on the
display. The data next to the orbiter symbol are the current value of normal acceleration in
g's (total load factor in MM304, NZ in MM305, 602, and 603). ‘The data and the orbiter
symbol flash when normal acceleration exceeds an |-loaded limit.

(3) ltem 9 is used to input the barometric altimeter (ALTM) setting corrected to Mean Sea Level
(MSL).

NOTE: The five underscores for this display field are offset one space to the left. Data
entry and processing are not affected.

(4) ltem 40 (text is 40 TAL SITE X X; appears above item 41) allows selection of the T_AL
landing site in OPS 1. The display is initialized with the primary (l-loaded ) TAL site
selected and thereafter reflects crew inputs (possible index of 1 to 25). If a TAL abort is
declared, item 40 will blank; the TAL site index will appear next to item 41; and the
associated primary and secondary runways and TACAN data will appear next to items 3, 4,
and 5. Item 40 is available in OPS 1 only. Execution in any other OPS or following an
RTLS, TAL, or contingency abort selection will result in an ‘ILLEGAL ENTRY’ message.
Entry of a TAL site that has not been designated as a TAL site will result in the message
‘TARGET ERR TAL' being generated.

Item 41 allows the selection of the landing site in OPS 1, 3, or 6 from a possible index of 1 to ’
25 landing areas. Each site consists of one primary (PRI) and one secondary (SEC)
runway, two TACANSs, and an MSBLS (where available).

In addition, MECO targets are associated with each of the designated RTLS and TAL abort
sites. The landing site index is displayed next to item 41 with the associated runway and
TACAN channel data displayed next to items 3, 4, and 5. The display is initialized in MM101
with the primary (IHoaded) RTLS site selected. In OPS 1/6, ‘RTLS’, ‘TAL, or ‘CONT’ is
displayed next to item 41 to indicate the availability of RTLS, TAL, and contingency abort
site selection. ‘RTLS’ is displayed throughout OPS 1 and 6 unless a TAL or contingency
abort is selected. If a TAL abort is declared in OPS 1, ‘TAL is displayed until either a
transition to OPS 3 or a contingency abort is selected. If a contingency abort is declared,
CONT is displayed throughout the remainder of OPS 1 and OPS 6. An alternate RTLS site
can be chosen (which also specifies the RTLS MECO targets) up until powered pitchdown in
MM®601. After powered pitchdown, the RTLS landing site can be changed, but the MECO
};a-rgels will not be updated. Entry of an erroneous RTLS site will result in the message

N &iGET ERR RTLS' being generated. If an erroneous RTLS site is selected prior to RTLS
i selection, the item entry will be rejected. If it is selected after RTLS abort selection,

€ error message is still generated; however, the nav data is accepted and guidance will

steer to that site (although the new MECO target line data will be rejected).

When a TAL abort is declared, the data associated with items 41, 3, 4, and 5 will

automatically change to reflect the TAL site selected via i i
ia item 40. Entry of a TAL site
changes both the TAL MECO targets and landing site; an alternate TAL site can be chosen

up until fine countdown (MECO -10 seconds). A i i i
Gan'be chenced Feseua s o ). After fine countdown, the TAL landing site

2 : ts will not change. Entry of an erroneous TAL
will result in the message ‘TARGET EHRQI'e ' bei g i

Al ;
accepted by the display and NAV. b t byL being generated; the erroneous target will be

Guidance. '
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When a contingency abort is declared, items 41, 3, 4. and 5 will remain the same. However

any of the 25 possible landing areas can be selected, and no TARGET ERR messages will

be generated. The MECO targets associated with the site selected via item 41, if any, will
. be ignored by Powered Contingency Guidance. '

In OPS 3, ‘LAND’ is displayed next to itermn 41. Any of the 25 possible landing areas can be
selected, and no TARGET ERR messages will be generated.

Items 3 and 4 allow selection of either the primary or secondary runway of a selected
landing site. The IDs of the primary and secondary runways are displayed next to items 3
and 4, respectively. Primary is automatically selected (indicated by an *') once a landing
site is specified. Items 3 and 4 are mutually exclusive

Item 5 provides the capability to select either of 2 TACANSs associated with a selected
landing site. When a landing site is selected, the primary TACAN is automatically selected,
and subsequent executions of item 5 alternately select the secondary and primary TACANs.
The channel ID of the selected TACAN is displayed next to item 5.

(5)* Iltem 6 designates the HAC to be used for targeting during entry or RTLS . ‘OVHD' or
‘STRT is displayed next to item 6 to indicate an overhead or straight—in approach. The
display is initialized in OPS 1, 3, and 6 with OVHD selected and it remains selected unless
downmoded by crew selection of the alternate HAC. When a new landing site (item 41) is
selected, the approach will be reinitialized to OVHD and if the energy level is too low but the
range to the runway and the required turn angle are within I-loaded limits, OVHD will flash
and a class 3 message will be generated. The flashing terminates when STRT is selected.
Indicators ‘L’ and ‘R’ are also displayed at G&N and HSI to identify whether the left or right
HAC is the target point. These indicators are initialized upon transitioning into MM304, 601
after MECO (G&N), or 602 (HSI) and will be blank prior to that time. ltem 6 is legal only in
MM101, 304, 305, 602, and 603.

(e) ltem 7 (XEP) allows the crew to alternately select the nominal entry point or the minimum
entry point for guidance targeting. Selection is indicated by NEP or MEP, respectively. The
. indicator is initially driven to NEP. Item 8 (AIM) allows the crew to alternately redesignate
the glide slope ground intercept point between nominal and closest to the runway (for high
head winds) until TAEM/Autoland Interface. Selection is indicated next to item 8 by NOM
and CLSE. The display is inttialized with NOM selected.

(7) NAV DELTA. Items 10 thru 15 are used to enter position (AX, AY, AZ) and velocity (AXDOT,
AYDOT, and AZDOT) deltas in runway coordinates. Iltem 16 is used to update the NAV
state with the deltas entered by items 10 thru 15. ltem 17, corresponding to the state vector
transfer item in the BFS, is illegal in the PASS. Execution of item 17 in the PASS or item 16
during an uplink state update will result in an ‘ILLEGAL ENTRY’ message.

(8) Item 18 provides the capability to update state vector downtrack errors by means of adding
or subtracting a delta time in seconds. The update is performed after a time is entered via
item 18 and is followed by the execution of item 16 (LOAD). The delta time display field is
zeroed when the display is first called and will be rezeroed upon completion of a delta time
update by Entry Navigation. Item 18 is legal in OPS 3 only; executing this item in any other
OPS will cause an ‘ILLEGAL ENTRY' message to be generated.

(9) (9A)* Navigation filter displays and controls for Tactical Air Command and Navigation
System (TACAN) azimuth (TAC AZ) and range (RNG), drag altitude (DRAG H), and Air
Data Transducer Assembly altitude (ADTA H) are provided. For each parameter, the output
from its selection filter minus the composite NAV state vector estimate of that data forms the
residual (RESID). For each parameter, the ratio (RATIO) of actual residual to the maximum
allowable residual is displayed in the RATIO column. Iltems 19, 22, and 25 are used to allow
navigation to select data to be used if it passes the edit test. If the RATIO is less than one,
the data pass the update edit test and are incorporated into the state vector. A status
column to the right of the RATIO contains a ‘!’ when the parameter has failed the update
edit test a specified percentage of times (I-loaded). The ‘.’ disappears when a certain

. percentage of the data passes the edit test. Items 20, 23, and 26 inhibit (INH) the

incorporation of measured data into the state vector. Items 21, 24, aqd 27 force (FOR) the
navigation filter to use the data if the data are being processed. An *' appears next to any
item (19 thru 27) that has been selected. The display is initialized with items 20, 22, and 26
selected. Items 19 thru 21, 22 thru 24, and 25 thru 27 are mutually exclusive. The residual
and ratio data fields are blanked for a parameter if its data are not being processed.
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(10)

(11)

(12)

(13)

(14)

* AN channel of the ground station that TAC 1, 2, and 3 are locked onto or
Sg)mpt-ir:ge tmgck onto is displayedg! TACAN azimuth and range are displayed for the
TACANSs in either absolute or delta values as selected by item 34 or 35. ltems 34 and_35
are mutually exclusive, and an **' will be driven next to the item selected. The display is
initialized with item 35 selected. A status column is prowdedlfor the‘a‘z[mut.h and range for
each TACAN. A blank in the column indicates normal operation. A l is dlspla‘y‘e_d if the
parameter is declared failed by RM. An ‘M’ is displayed if data are missing. A '?’ is
displayed if a dilemma is declared by RM. Items 31 thru 33 allow a failed TACAN to be
deselected/reselected. The word ‘TEST is displayed if the self-test is being conducted. If a
TACAN should lock—on while the other two units are in self-test, for the remainder of the
test all three TACANSs will show “?". This is a display confusion factor only; TACAN RM is
aware of which two are actually in dilemma and will not use the third unit until the self-test is
complete.

ltems 28 thru 30 provide control over the source of air data parameters input to GNC.

ltem 28 (AUT) provides auto transition from NAV-derived air data to default NAV to ADTA.
Item 29 (INH) inhibits the ADTA data and enables either default NAV or NAV—derived data.
Item 30 (FOR) forces the use of ADTA data. In ‘AUT,” MACH must be less than 2.5 to
process ADTA parameters, while in ‘FOR’ no such MACH number constraint exists. These
three items are mutually exclusive and an <*: is driven next to the selected item. The display
is initialized with item 29 selected.

ltem 1 (PTI) allows the crew to alternately enable (ENA) or inhibit (INH) programmed test
input maneuvers in MM101, 102, 304, and 305. However, there will be no PTls performed
during ascent. The display is initialized with PTls inhibited. PTls are also
inhibited/terminated manually by going to the CSS mode in the DAP or, in OPS 3, by taking
the RHC out of detent. PTI maneuvers are enabled/reenabled by reestablishing the auto
mode in the DAP and executing item 1. The maneuver to be performed is indicated next to
INDEX by ‘0" for OPS 1 and by 1to 25 in OPS 3. ‘PTI is displayed oversized and overbright
below the INDEX data field during a maneuver. ‘PTI flashes if in the PTl initiation window
and the maneuver is not active. It is blanked and the PTI window is incremented when the
maneuver is terminated or, if no maneuver is performed, when the window is exited. It will
be blanked in OPS 1 and throughout a TAL or AOA.

ltems 37 and 38 (HUD) provide format selection capability for the left and right HUDs,

respectively, in MM304, 305, 602, and 603. An attempt to select a format in any other major
mode will be rejected and will result in an ‘ILLEGAL ENTRY’ message. The HUDs initialize
in format 0 (blank) in MM304 or 602. At transition to MM305 or 603, the HUDs automatically
mode to format 1 (approach and land). Selection of format 2 will result in ILLEGAL ENTRY.

ltem 39 (S/B) provides the capability to select one of two modes of speedbrake control logic
during OPS 3 and 6. Upon transition to MM601 or MM301 if a TAL abort has not been
declared, the display will be initialized to the nominal mode, displaying the text ‘NOM' to the
!eTt_of the item number.. In MM301, if a TAL abort has been declared, the display is
initialized to the short field mode. Subsequent executions of item 39 alternate the choice
Ibelween NOM and SHORT modes. The short field mode is indicated by displaying the text
SHORT double overbright. Execution of item 39 is legal down to the transition to the
_Approac_h and Land:n_g (A/L) Guidance phase. An‘ILLEGAL ENTRY’ message will result if
item 39 is executed either after the A/L Guidance transition, or anytime during OPS 1.

The time to Heading Alignment Cone
603 on a horizontal scale during the
pointing triangle becomes visible 20
on the right (left) end of the scale for

(HAC) initiation is displayed in Major Modes 305 and
TAEM Acquisition or S—turn phase. A downward
se:x;tm(:!s ;:]rior to HAC initiation. This symbol appears

A ! a left (right) turn onto the HAC and remains there
flashing until 10 seconds to HAC intiation Th i

right (left) to ieft (1ight) for a 1o (righ - The symbol then stops flashing and moves from

: t) turn onto the HAC. W
0 second tickmark, the crew should expect the AD‘I3 roﬁc D A o oheathe

roll onto the HAC is being commanded Time initiation i i
: 2 . toH
roll rate pointer if the ADI RATE switch is in the MEpg:r;gIstilt?gs.n 0 SR D)
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Once the Heading Alignment phase has begun, the horizontal scale changes from time to
HAC initiation to a crosstrack scale. During the Heading Alignment phase, radial distance
from the HAC is displayed with a full scale deflection of 5,000 ft. During the Prefinal and
Approach and Land phases, the vehicle’s distance from the extended runway centerline
(Y position in runway coordinates) is displayed with a full scale deflection of 2 500 ft. A
shuttle symbol is used in both cases for this display to indicate that it represents the
vehicle’s actual location with respect to the HAC or runway centerline rather than a “fly—to”
indicator. The symbol will flash when at full scale deflection. Crosstrack error is also
displayed on the ADI yaw rate pointer with the same full scale deflection but in a “fly—to”
sense when the ADI RATE switch is in the MED position. In addition to radial distance and
Y position, the ADI yaw rate pointer displays heading error in a “fly=to” sense prior to the
HAC if the ADI RATE switch is in the MED position.

The horizontal scale, tickmarks, labels, and symbol blank at an altitude of 7,000 ft to indicate
that the ADI rate pointers no longer display position error information when the ADI RATE
switch is in the MED position (the ADI rate pointers stow at 7,000 ft and revert back to rates
after a 3 second delay).

(15)  Thealtitude error computed by guidance based on a spiral HAC is displayed in Major Modes
305 and 603 on a vertical scale with a full scale deflection of 5,000 ft prior to the Prefinal
phase or a full scale deflection of 1,000 ft during the Prefinal and Approach and Landing
phases. A left pointing arrow is used to indicate that altitude error is displayed in a “fly—to”
sense. The symbol will flash when at full scale detection. Altitude error is also displayed on

the ADI pitch rate pointer with the same full scale deflection when the ADI RATE switch is in
the MED position.

The vertical scale, tickmarks, labels, and symbol blank at an altitude of 7,000 ft to indicate
that the ADI rate pointers no longer display position error information when the ADI RATE
switch is in the MED position (the ADI rate pointers stow at 7,000 ft and revert back to rates
after a 3 second delay).

*PROGRAM NOTES

(5) OVHD to STRT Toggle in MM101. ltem 6 cannot be used to toggle back to OVHD once
STRT has been selected in MM101. The desired landing site can then be reselected (item
41) which will reset OVHD. (DR 42650)

(9A) Possible Display of Invalid Bearing Data. Due to the timing between RM, SOP, and display
software modules, it is possible for TACAN bearing data flagged as ‘invalid’ by the TACAN
SOP to be displayed if a TACAN is alternately achieving and breaking lock at about 1 Hz.
An intermittent ‘M’ on the display will usually occur in this situation. (DR 37577)

(9B) Repetitive TACAN Self-Tes!. If a dilemma exists between two TACAN units and self-test is
unable to resolve the dilemma, there is a possibility that the software could get into a loop
which would continue to command self-test every eight seconds. Deselecting one of the
units or moding the units to T/R will be required to clear up the problem. (DR 37693/45703)
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CONTROLS is a specialist function (SPEC 53) available in GNC OPS 1, 3, and 6. This
display provides the capability to control secondary actuator checks and deselectionf.

reselection of AAs, RGAs, and aerosurface position feedback transducer strings. This

display also allows the crew to monitor the status of the aerosurface and SSME actuator
secondary ports.

SEC ACT CK. Items 1 thru 4 select actuator channels 1 thru 4 for testing and item 5
(START) initiates testing of the aerosurfaces on the selected channel. An ‘¢ is displayed
next to items 1 thru 5 when selected. Execution of item 5 without a channel selected will
resultin an ILLEGAL ENTRY’ message. Execution of item 6 terminates testing and blanks
the **'s next to items 1 thru 5. If a second channel is selected during testing, the **'s next to
the previously selected channel and next to item 5 will be blanked and an “* will appear next
toitem 6. Item 7 (NEG STIM ENA) changes the polarity of the secondary actuator check.
An *' next to item 7 indicates negative polarity; a blank indicates positive polarity. Items 1

thru 7 are legal in MMs 301, 302, and 303 only. ltems 1 thru 5 and 7 are initialized blank (no
**'s); item 6 is initialized with an ‘*' next to the item.

The aerosurface port status (AERO PORT STAT) for each channel is shown as blank (no
bypfass). Ly (bypassed), or ‘M’ (missing data). Aerosurfaces which do not show ‘.’ during
testing can be checked by placing the appropriate FCS channel switch (on panel C3) in the
OFF position. All ports in the off channel should then show ‘.’ on the display. These ‘l's will
remain even if a new SEC ACT CK channel selection is made, until the switch is moved
from OFF. Items 8 (BYPASS) and 9 (RESET) are used to bypass and reset, respectively,

the aerosurface secondary actuator port specified by the ID entered below ACT/CH. Legal
IDs are those shown in the table in paragraph 8, FCS/ DED DIS C/O display (OPS 8011).
of an ID for either item causes the other to be
ACT/CH(s) will remain bypassed even if the FCS
‘OVERRIDE." Item 9 will reset any selected
8 and will also momentarily reset a selected
ure.

These IDs are initialized at zero and entry
zeroed. When item 8 is used, the selected
channel switch on PNL C3 for that channel is in
port(s) that may have been bypassed with item
port that may have been bypassed due 1o a fail
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(3) LRU AA/RGA/SURF FDBK. Items 10 thru 13, 14 thru 17, and 18 thru 21 provide for
deselection/ reselection of accelerometer assembly (AA), rate gyro assembly (RGA), and
aerosurface feedback (SURF FDBK) transducer strings as candidates for the selection filter.
An ' next to an item number (10-21) indicates that the corresponding LRU/string has been
deselected by the crew or, for AAs and RGAs (items 10 thru 17), deselection can be
triggered by RM fail detection. The deselect status of items 10 thru 21 is carried over when
transitioning from OPS 1 to OPS 3/6. In MM101 through MM106/601, items 18 thru 21
select/deselect body flap transducers only. Execution of any item, 10 thru 21, with an **’
present, reselects the corresponding LRU and blanks the **’ The status column for each
item (10 thru 21) displays an ‘M’ when a comm fault is declared. is blank (normal condition)

or, for items 18 thru 21 only, displays a ‘.’ when RM declares one or more transducers in the
string to be failed.

(4) SSME PORT STAT. The port status for each channel on the SSME TVC actuators is shown
as blank (no bypass), ‘1’ (bypassed), and ‘M’ (invalid data).
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DISPAB IGNE SYSSUMMT 6l Lisiiiin . oo ... (SEE GNC, OPS G2, PAGE 3-22)

BPECPINFCS T e s by | (SEE GNC, OPS G2, PAGE 3-34)

SPECISIRHORE S 1. el i ind b 50 (v s (SEE GNC, OPS G3, PAGE 3-55)

SPECISIBOVERRIDES. & oh i i nr L Lol (SEE GNC, OPS G1, PAGE 3-12)

SPEEB3E CONTROES P i iUl siil L gie s o (SEE GNC, OPS G3, PAGE 3-60)

OPS G6
(ABORTS)
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OPS G8
(ON-ORBIT VU)

. OPS G8 (ON-ORBIT VEHICLE UTILITY)
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OPS G8
(ON-ORBIT VU)
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FLAG 5X
0FF 6 X
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Cigi 3 107X SPD BRK XXX.X XEXERGXIS N STRSENC RS
CH 4 18X BDY FLP XX XEXEXTEX
STOP 19X
—
RIS S TETIM SEE AR (8)
ENA 20X 21 BYPASS XX
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FCS/DED DIS C/O. A Guidance, Navigation, and Control (GNC) Operational Sequence
(OPS) display available in OPS 8 (OPS 8011). It provides an interface to initiate and
monitor the Dedicated Display checkout (DED DIS), the Mode Light test (MODE LT), the
Aerosurface Drive test (SURF DR), and the Secondary Actuator Check (SEC ACT CK). If
this OPS is overlaid with a Specialist Function (SPEC), any tests that are active continue;
however, when the OPS is terminated by calling another OPS, all tests underway are
terminated in an orderly fashion.

DED DIS. Items 1 and 2 select forward station displays (FWD) and aft station displays
(AFT), respectively, and are mutually exclusive. The display is initialized with the FWD
selected. The selected station is indicated by an ‘*' next to the appropriate item number.
Thg capability exists to drive the Attitude Direction Indicator (ADI), Altitude/Vertical Velocity
Indicator (AVVI), Alpha/Mach Indicator (AMI), Horizontal Situation Indicator (HSI), and
Surface Position Indicator (SPI) with high and low values as well as present all error flags.
ltems 3 thru 6 allow the mode selection for HIGH, LOW, FLAG, and OFF, respectively. They
are mutually exclusive, and the active item is indicated by an ‘*’ next to the number.
MODE LT. This allows the General Purpose Com r (GPC) i T

ol Stick Steerig ( rpose Computer (GPC) interface with the AUTO,

G o Rsrig E‘?‘S)fe?fm' AlU'l‘(:ll:\ﬂAN, and FCS MODE LTs to be checked.
interface test allow tuming the lights ON (it i
them OFF (item 8). Items 7 and 8 ar g Lot

e mutually exclusive, and active item is indi
an “*' next to the item number. { s g Meessdby

SURF DR. A SURFDRis available to check the GPC capability to drive th
is av e aerosurfaces
and to warm the hydraulic fluid. The controls for the SURF DR allow the START (item 10)

e item number. The display is initialized with neither item
?:rlicaig An output command (CMD) and selected position (POS) feedback are displayed
Saker e;?‘:%s:gr::ecg (S_UF:,_'FA-d?;ngs f?r the elevons (ELEV) and rudder (RUD) are
i . . ogp Uald
(down) for the ELEw, Wlﬂ'lam s agg -?:; trailing edge deflection shown as ‘U’ (up) and ‘D

= ri 3
outputs and positions are in percent of full( ght) for the RUD; speed brake (SPD BRK)

c deflection: iti

is UP, DN (down), or blank; and the BDY FLP gg'g\‘ia? e Lo s
deﬂecmon._ The status indicator after POS for ELEV
:)r:fetenmned limits between CMD and
e

ue is displayed in percent of full
, RUD, and SPD BRK will be a {" if
POS are exceeded during the aerosurface drive
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The port status for channels 1, 2, 3, and 4 on all appropriate aerosurfaces is displayed as
blank (no bypass), ‘4’ (bypass), or ‘M’ (data missing).

(5) BODY FLP VLV. Controls and status of the body flap pilot valves (BODY FLP VLVs) are
presented for each valve. An ‘ENA’ (Enable) or ‘INH’ (Inhibit) is displayed corresponding to
the state of the enable signal. Each BDY FLP VLV may be selectively inhibited by executing
item 12, 13, or 14. An ‘*’ next to the item number indicates that the DES (deselect)
command is active. Execution of item 12, 13, or 14 when the *' is present enables the item
and removes the ‘*.” These controls are enabled when the display is initialized in OPS 8,
but the current state is maintained across other OPS transitions.

(6)* SEC ACT CK. Secondary actuator check (SEC ACT CK) tests the bypass feature of the
actuators by issuing a command on one channel of different magnitude than the other three.
This command is maintained for a time duration adequate to cause ports to bypass (at least
140 msec). Controls are provided for actuator channels CH1 thru CH4 (items 15 thru 18).
Execution of item 19 (STOP) terminates the test. ltems 15 thru 19 are mutually exclusive,
and items 15 thru 18 are mutually exclusive with item 10. An ‘*' appears next to the active
item number. Resetting the channels is accomplished by using the Flight Control System
(FCS) channel switches. The display is initialized with item 19 selected. Item 20 (POS
STIM) changes the polarity of the secondary actuator check which is performed when items
15 thru 8 are executed. An ‘*’ indicates positive polarity; a blank indicates negative. The
display is initialized positive each time it is called.

(1s] AVG G. Item 9 tums powered flight navigation (AVG G) on or off. ‘ON'’ results in an “*’ next
to the number. This display is initialized with AVG G ON and thereafter reflects crew inputs.

(8) SEC ACT. Entry of an aerosurface secondary actuator channel ID at item 21/22 causes a
command to be issued to bypass/reset that channel. Channel ID is defined as ‘XY’ where
‘X’ is the desired aerosurface and ‘Y” is the actuator channel (see table, below). Bypasses
and resets initiated in OPS 8 are the initialization data for any subsequent OPS cyclic I/O.
The display is initialized with items 21 and 22 as zeroes.

Actuator Channel Y’

1l 2 3 4

AEROSURFACE - ‘X’ ltem 21/22 Data Entry ID

LOB ELEVON 1 1 12 13 14
LIBELEVON 2 21 22 23 24
RIB ELEVON 3 31 32 33 34
ROB ELEVON 4 41 42 43 44
RUDDER 5 51 52 53 54
SPEEDBRAKEG6 61 62 63 64

*PROGRAM NOTES

(4) (6) Bun ADT Prior to SEC ACT CK. The SURF DR (ADT) test should be run prior to the SEC
CK because SURF DR leaves the surfaces far enough from the hardstops to ensure a valid
SEC ACT CK. (DR 35572)

ADT Fault Annunciation. An ‘AERO DRIVE'’ fault message and associated down arrow are
generated when the SEC ACT CK (channel 1) is run. This is expected and can be cleared
by MSG RESET on the MCDS keyboard. (DR 46503)

A rB Down Arr Actuator bypass down arows will not appear as expected if

more than 2 channels are bypassed before resetting. Bypassed channels should be reset
before bypassing the next channel. (DR 44250)
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SENSOR TEST. A GNC SPEC (SPEC 40) available in OPS 8. It provides a means of
initiating, monitoring, and terminating the self-tests of the Microwave Landing System
(MLS), Tactical Air Navigation (TACAN), Radar Altimeter (RA), and Accelerometer Assembly
(AA) sensors. It also provides control of the SFs for each of these sensors. Execution of a
DES item number changes the selection as a candidate for the SFs of the corresponding
sensor. An ‘*’ appears next to the item number if the corresponding sensor is deselected as
acandidate. The SF configuration from this display is carried over into OPS 3. A status
indicator beside each test parameter can show the following:

‘™M data missing

g test value too high
R test value too low
blank normal

MLS. MLS status (STAT) is output as ‘BITE,’ ‘OFF, or blank. ‘BITE’ will be displayed when
self-test is active, and the elevation-sign bit, range-sign bit, elevation-validity bit, or
range-validity bit indicates a failure. When MLS self-test is not active, only the elevation or
range-sign bits will drive the ‘BITE’ indication. If the ‘BITE’ indicator is set, it will be blanked
if the condition is corrected. MLS STAT is run at 2 Hz. Range (RNG) in nautical miles,
azimuth (AZ) in degrees, and elevation (EL) in degrees are displayed for each MLS.

TAC (TACAN). TACAN STAT will be output as ‘BITE,’ ‘OFF; or blank. I th i

1 'ACAN). T, ) : 3 e BITE indicat
is set, ‘BITE’ is displayed only while the test is in progress and blanked if the condiﬁorl1 isor
corrected. RNG in nautical miles and AZ in degrees are displayed for each TACAN.

RA. RA STAT will be output as ‘BITE ‘OFF,* or blank. If the BITE indicator is set, the

‘BITE’ is latched, and reset initiati : ; N
displayed for each RA. upon the initiation of seli-test STOP. Altitude (ALT) in feet is

AA. No STAT column is provided for AA. Lat {
! eral acceleration i
(Z) in feet per second per second are displayed for each AA. U

next to item 14. Execution of item 14 while self-test is
ms 13 and 14 are initialized blank.

parametric data, and displays an ‘=’
active (*’ at item 13) is illegal; ite
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RGA/ADTA/RCS. A GNC SPEC (SPEC 41) available in OPS 8. |t provides a means of
initiating, monitoring, and terminating the self-tests of the Rate Gyro Assembly (RGA) and
Air Data Transducer Assembly (ADTA) sensors, controls of the SF for each of these
sensors, and controls for performing the RCS DRIVER TEST (trickle current). Execution of
a DES item number changes the selection as a candidate for the SFs of the corresponding
sensor. An ‘*’ appears beside the item number if the corresponding sensor is deselected as
acandidate. The SF configuration from this display is carried over into OPS 3. A status
indicator next to each test parameter can show the following: an ‘M’ for missing data an ‘1’
for test value too low, an ‘T for test value too high, or blank. When an ‘M’ is displayed, the
last valid value of the parameter is displayed.

RGA. RGA STAT is output as ‘SMRD’ or blank. If the Spin Motor Rotation Detector
(SMRD) indicator is set, the SMRD display will be latched and reset if the emror condition is
comrected or upon execution of STOP (item 11). Roll (R), pitch (P), and yaw (Y) in degrees
per second are displayed for each RGA.

ADTA. ADTA STAT is output as ‘BITE’ or blank. If the BITE indicator is set, the ‘BITE’
display will be latched, and reset if the error condition is corrected or upon execution of
STOP (item 11). Static Pressure (PS), Center Alpha Pressure (P=C), Upper Alpha
Pressure (P=<U), Lower Alpha Pressure (P=L) in inches of mercury, as well as Total
Temperature (T) in degrees Celsius are displayed for each ADTA.

TEST. Items 9 and 10 initiate either the HIGH TEST or the LOW TEST for RGAs and
ADTAs. An ‘*’ appears next to the appropriate item number to indicate the selected test.
ltems 9 and 10 are initialized blank. Item 11 stops the self-test on all sensors. An **’
appears next to the item number to indicate that the tests have been stopped. Test results
are evaluated visually.

RCS DRIVERS. ltems 12, 13, and 14 allow selection of the Reaction Jet Drivers Forward,
Aft-group A, or Aft-group B (RJDF, RUDA-A, or RIDA-B), respectively. These items are
mutually exclusive. An ‘*' appears next to the item which has been selected. TESTis a
status indication that will be output as ‘FAIL’ for a malfunction or a comm fault, ‘RUN'’ for a
test-active, and ‘CPLT for a test-complete. The jet alpha-numeric ID (JET) is output during
an error in the test to identify the jet and is blanked after the execution of CONTINUE (item
16). TEST EXEC (item 15) begins the test. CONTINUE reinstates a suspended test. The
test is suspended upon each error detection. An ‘*’ appears next to the item which is active.
STOP (item 17) deselects RCS testing (i.e., deselects the jet driver group, blanks the
asterisks by item 12, 13, or 14 and item 15 or 16, and blanks ‘CPLT’). Item 17 is legal only
when RCS DRIVERS TEST is blank or ‘CPLT.
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SWITCH/SURF display. A GNC SPEC (SPEC 42) available only in OPS 8. It includes FCS
CH switch contact outputs and controls to select and deselect the switch contacts as
selection filter (SF) inputs; FCS MODE switch contact outputs and controls to select or
deselect the switch contacts; SURF position deflections for each transducer and controls to
select and deselect the transducers as inputs to the SFs. The DES configuration is
maintained across all OPS transitions for initialization of SF processing.

(2)* FCSCH. An‘* appears in the ORIDE column when any of the redundant contacts of the
four FCS CH switches is sensed to be in the ORIDE position. A status discrete (‘M for
missing data, blank for okay) may appear adjacent to the switch contact discrete. ltems 1
thru 12 are used to select or deselect the switch contact outputs as inputs to the SFs. An ‘¥’
next to the item number indicates deselection. Executing the item number again causes the
“*' to disappear and indicates selection.

3) FCS MODE. The outputs of the triply-redundant pitch (P), rolllyaw (R/Y), SPD BK, and
BpY FLP switch contacts for both the left (L) and right (R) FCS MODE switches are
displayed. An ‘*is shown under the switch position Auto (AUT), or CSS for P and R/Y, AUT

are used to select or deselect the switch contact outputs as inputs to the SFs in the same

manner described in (2) for items 1 thru 12. Deselecti
FCS MODE cg i 2) for epeliel ) ection causes a set of contacts for all

(4) SURF. The SURF position deflections sensed by each of four transducers for the LOB, LIB,

RIB, and ROB elevons; SPD BK and BDY FLP i i i
display, ELEV ard FUD g o are displayed in the lower section of the

deﬂeqtion; are displayed in percent (0

displayed in degrees. SPD BK and BDY FLP
-99). A status discrete is provided for each output as
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*PROGRAM NOTES
2 FCS Channel Switch Comm Fault Status. In OPS 8 (only), comm fautted FCS channel
. switch contacts are not removed from contact sel

ection filtering as they should be. If FF 1,
2, or 3 failures or ‘BCE STRG 1 (2,3) B’ bypasses occur, switch status should be closely
monitored via the SPEC and ground downlist to ensure that erroneous OVERRIDE
commands do not occur. (DR 30526)
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(1) CONTROLLERS display. A GNC SPEC (SPEC 43 i i i
3 5 avail
to monitor commands from the Translational Hand )Contrc;lagf(l?' P%Sgﬁ[;tér;gg’:tsow:r:n ¢
aﬂge;sgdpaalns e(ﬁgg SET%)I' ngﬂ F;_P slew switches, Rotational Hand Controllers (RHC), and
es, as well z
controlle output for the selection fites (S). as controls to select and deselect the
NOTE: The following ies to all th escribed i i
Status iscret 1 16 Pt of cach Aot R semtomee ey g paragraphs. A
a blank if data are present. Additionally, for THG TP s
Redundancy Management (Ff) s & i e and RHC, a | is displayed if
; : 2 ) a failure. RM cannot resolve fail
In certain 2-LRU operations (miscompare), and di o sl
this case. Items 1 thru 39 are used to mani SpSvE S tonboth Slomenie n
manually select and deselect Il
commands to be used by their associated SFs. An ‘*’ S controer
signifies deselection. ] . next to the item number
and deselection. Thne ggspeaieg%s:mr;gra{mgmﬂ;ﬁgtglyc;lo;csults b S9inction
the DES configuration i Gl . n 8. However,
i gﬁF%. ation is maintained for transition to OPS 3 for initialization of all
(2* THC. Commands from th
: e left (L. X
(in controller axes) under TX, T&.)o?"%%tg)ng:g gna%s‘ejl;?nr:l:{ig dgglﬂaﬁg s il
n ection
3  SPDBK. Co ; : :
(4) RUD R e Capimyed I perow (00 100) of SPD BK extension.
PED. RUD PED L and R ; ;
PED deflection, commands are displayed in percent (0 to 100) of L or R RUD
(5) BDY FLP. BDY FLP
- L and R switch (S
when that position i (SW) contact outputs are shown as “*’
(6)* RHC ARG by the switch contacts. erRerDN
- RHC L, R, and A command ; A
or ‘D’ Roll (R) ‘L’ or ‘R,” or Yaw (‘I’? fl‘::eo?'in,pt-a{qw n percent of full deflection for Pitch (P) ‘U’
controller axes. (See Section 6, GNG) ote: The U/D/L/R is referenced to the
@

RHC TRIM and PNL TRIM
. Land R RHC i
under R and P for RHC TRIM and PNL TRIM switch comman i
and R, P flich commands are displayed
columns corresponds to a right or left éoﬂzia\(ndfo.r F;JL Iﬁ[g-un?je?rﬂ;lé gnder = ¥
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CONTROLLERS (Cont):

column corresponds to an up or down command. A blank under any column indicates no
sensed trim command.

*PROGRAM NOTES

(2) AFT THC Data Display. The physical orientation

(rotated 90 degrees clockwise) of the AFT
THC causes crew commands to be displayed as

follows:

THCCMD | TX TY TZ

PUSH +

PULL -

DOWN +

UP -
STBD +
PORT -

(6) RHC Contact Deselection. When RM automatically deselects an RHC channel, it places a

down arrow by the axis that experienced the failure but not by the other two axes on that

channel. An asterisk will appear under the ‘DES’ column for that channel to indicate that all
axes on that channel have been deselected.
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SWITCHES display. A GNC SPEC (SPEC 44) available only in OPS 8 which provides the
capability to monitor and control the selection filtering of the ENTRY MODE switch.

ltems 1 thru 4 are used to altemately select or deselect ‘ENTRY ROLL MODE’ redundant
contact sets 1 thru 4 to be used as inputs to RM selection filtering. An ‘*’ is displayed at the
item number to indicate deselection (DES) or in the ‘LOW GAIN' or NO Y JET (‘NO YIJ)
columns to indicate that the closed position is sensed. An ‘M’ is displayed for each contact
whenever data for that contact are missing; otherwise, the status parameter is blank.

=74 DPS/ALL/GEN |




(@)

(1)

(2

3

1 (4) 2 (1) 3(5) (6) 4 5
123&5673901234d573901#3455789v12345“7390123455739n1

( XXXX/045 NWSTCHECK X X DDD/HH:MM:5$S
DDD/HH:MM:5$§
HYD

R s PRES"

SEL HIGH ENABLE CURRENT POSITION <+F(7)
NWS1 XS XS AEIET X Xee XoX2S AL XX X S
BSSYS B e XeXemuX X 'S
Con TeXa X XS
NWS2 XS XS ARTYIS XeX S XOXES

B XS

T S

ENABLE 1X
RIGHT TURN (+) 2X
CEF T TURN =) 3X
STOP 4x

mmhwmugmmva\’:ﬂpumusmmunma

\ee i

NWS CHECK. A GNC SPEC (SPEC 45) available only in OPS 8 with the improved NWS
avionics mod kit. This display provides the capability to control the Enable and Position
commands to the Nose Wheel Steering (NWS) system, perform checks on the nose wheel
feedback and steering position transducers, monitor the NWS system discretes and
electro-hydraulic servo valve electrical current, and annunciate (Class O) out-of-tolerance
conditions during the on-orbit FCS checkout.

STIMULL. Items 1 thru 3 are used to initiate checks on the selected NWS system mode.
ltem 1 (ENABLE) sets the NWS Enable commands A and B to true. Item 2 (RIGHT TURN)
sends a positive position steering command (I-LOAD) to the NWS control box, and item 3
(LEFT TURN) sends a negative steering position command (I-LOAD) to the NWS control
box. Iltem 4 (STOP) halts all stimuli to the NWS. An ‘*’ appears next to the item (1-4)
currently selected. However, because these items are mutually exclusive, only one may be
selected at a time. Execution of any item automatically deselects the item previously
selected, and an ‘*’ should appear by the new item. When the display is initialized, item 4 is
automatically selected, whereby the NWS position command is set to zero volts, and the
NWS Enable commands are set to false.

NOTE: Parameter status indicators (PSls) are displayed directly to the right of most of the
respective data fields described below. An ‘M’ is displayed if data for a field is
missing or has been comm faulted. A ‘!’ is displayed if data for a field is outside of
a predefined tolerance or is unexpected. The PSI field is blank if the data
parameter is within its predefined limits or if it is an expected value.

SYS SEL. An ‘* by NWS1 or NWS2 indicates the selected position of the NWS mode
switch on panel L2. If the switch is in the OFF position, both fields will be blank. An‘M'is
displayed in the adjacent PSI field if the data field path has been comm faulted by the flight
control operating system (FCOS); otherwise, the PSI field is blank. An anomalous condition
exists if an **’ appears by both SYS SEL fields, although the display will not annunciate an
out-of-tolerance condition for this case.
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i atus of the NWS steering engaged valve (hydraulic pressure

@ ls-'v:’ne:lf;l?sE lsngu};lg: b;(rg:tgtin the two HYD PRESS HIGH fields. Selection of the NWS
mode switch determines which contacts of this valve switch will be tested. During normal
NWS operation, hydraulic pressure downstream of the ENABLE valves causes the steering
engaged valve to actuate; the switch contacts on the valve then close, providing a high
(active) signal to the Nose Wheel Position SOP, a:]d'groundmg the NWS Failed Discrete and
Fail Light. However, because hydraulic pressure is isolated fl"(_)m the NWS actuator on orbit,
this valve should not activate during the OPS 8 check. An *'in either of the HYI? PRESS
HIGH data fields indicates that the valve is in its actuated position, or that it has incurred a
switch contact failure. An ‘M’ displayed directly to the right of either of these data fields
indicates that the respective data path has been comm faulted by the FCOS. For all other
conditions, these two PSls will be blank.

ENABLE. Item 1 (ENABLE) sets the NWS Enable commands A1(2) and B1(2) to true,

& depending on the(selected znode of NWS. (NWS1 and NWS2 modes are selected by the
NWS mode switch.) By executing this item, the GNC GPCs transmit the appropriate enable
commands (A1, B1 or A2, B2) to the NWS control box avionics and pilot valves, using the
same flight critical MDM channelization as used during rollout. Upon execution of item1, an
‘*’ should appear next to this item. Good enable command paths are verified if an ‘¥’ is
displayed in the appropriate NWS ENABLE fields. For each Enable discrete, an ‘M’ will be
displayed in the PSI field if the expected data are missing, or a ‘!’ will be displayed if the
function is failed. The PSI field will be blank for good data. The selected mode of NWS is
NO-GO unless both enables are good, since both enables are required to satisfy the NWS
pilot valve logic, and thereby enable hydraulics to the actuator.

(6) CURRENT. The electro-hydraulic servo-valve excitation current for the selected NWS
mode and stimulus is displayed in milliamperes (mA). If the NWS switch is selected to 1 or
2, and the display is initialized (item 4 selected) or item 1 is selected, the NWS position
commands are set to zero volts (null command). The NWS actuator feedback transducers
are nominally biased -0.44 volts (about +1° in the stowed and locked nose wheel position),
so that transducer null failures may be detected on orbit. Therefore, prior to sending a
RIGHT TURN (item 2) or LEFT TURN (item 3) command, the indicated electrical current is
the current associated with this transducer bias. An ‘M in the PSI field indicates that the
data path for the servo-valve current has been comm faulted. A ‘L’ will be displayed if the
current is outside of its predefined limits. The PSI will be blank if the current is good and the
data path has not been comm faulted.

(N POSITION. The steering position transducer (SPT) signals, conditioned by the steering
position amplifiers (SPAs)Z indicate the true stowed nose wheel position in degrees (zero
degrees). The SPTs are biased similarly to the feedback transducers. However, the nose
wheel is stowed and locked on orbit and does not change position even when a RIGHT
TURN (item 2) or LEFT TURN (item 3) command is executed. Therefore, the SPT/SPA
signals should remain constant throughout FCS checkout. In order to preclude a 0°
transducer reading at the stowed position from masking a null failure of one of these
transducers, the SPTs are biased -0.42 volts (about +1° at the stowed and locked nose
wheel position). A scale factor Is applied to the SPT/SPA signals to convert the readings

transducer off-set. The results are displayed in the positi i

=l position field, in degrees. If the absolute
v-al#te ?fmany position is >0.75°, a ‘\" will appear in the respective PSI ?igeld. directly to the
ngnt of the value. An ‘M in a PS field indicates that the data path for that value is missing

(e.g., I/O error, LRU failure, etc.). A blank PSl field i S
that the deta path is rot mising). eld indicates that the position is good, and
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General Test Support (GTS) display is a specialist function (SPEC 100) available in OPS 9 in GNC
or PL major functions. Includes (1) control of Housekeeping Data Acquisition (HDA) and (in G9 only)
PCMMU/PL data acquisition, (2) Computer Status Lights (CSL) and RM Logic testing, (3) downlist
format selection, (4) testing of dedicated displays, (5) use of critical master events controller (MEC)
commands, (6) elevon position limit, (7) GSE polling, (8) one-shot PASS/BFS transfer, (9) RJID

toggler,

(1)

@

3)

and (10) Spacelab Communication (SL COMM) control and monitoring.

ltems 1 and 2 enable and inhibit, respectively, housekeeping data acquisition. An “*’
indicates the item selected. Selecﬁpg item 1 blanks the ‘*'s beside item 40 in OPS G9 and
P9 and beside ngm 41 m_Ge (an ** is always displayed beside item 41 in P9). Selecting
item 2 puts an ‘*’ beside item 40 in G9 and P9, and beside item 41 in G9.

ltems 40 and 41 control collection of PCMMU and PL data, respectively, during HDA
processing in G:; only. Both are toggle items which, when selected, cat%se assgociated /O to
:afj% anddan to appear next to the selected item. The next selection of that item restarts
the' ..!an blanks the **’. Upon transition to G9 both items 40 and 41 are initialized with
eir **’s blanked, indicating that PCMMU and PL data are being acquired. If either item is

attempted in G3 with item 2 (HDA INH i i
el S ( ) active, orin PL OPS 9, an ILLEGAL ENTRY

items 3 thru 7 (UF1-5) select GPC 1 thru 5 (voti [

1 oting GPCs) UFAIL light row of the CAM.
gﬁ.mlﬁegzq%%elecuon causes the IFAIL (diagonal) light for the GPC selected in item 9 to tum
ol wnthrr:l 8 toggle, and selection(s) is (are) indicated by an ‘#’ (item 8 is mutually
e o G e e G b e

: 4 i rmines the column light. ltem 10 initi
:togc;:gaa; rc‘ijeée;nﬁned by éselecpons made in items 3 thru 9. Item 11 gu.exet.':ution dels‘:lt::gtis
turns CAM lights off. CAM lights remain on until item 11 is executed or

ed. Segenctl%n of item 10 or 11 is indicated by an “*". An ‘=’ by item
upon execution of any item 3 thru 1‘6. T e & Gl b

ltem 12 +X X EXEC selects downlist format ID XX for loading.
ltem 13 loads format XX.
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@

(5)
(6)

®

©)

(10)

Items 18 thru 24 control dedicated display testing. A set of selected values drives the ADlIs,
AMis, AVVIs, HSIs, and SPIs through the FORWARD (FWD) DDUs (item 18) and AFT
DDUs (item 19), respectively. High value, low value, and flag tests are initiated by selecting
items 20, 21, and 22, respectively. Item 24 selects the drive test values and item 23
terminates any test in progress. Iltems 18, 19, and 20 thru 23 are mutually exclusive.

ltems 25 and 26 enable and inhibit, respectively, TCS critical commands to the MEC.

ltems 27 and 28 select HORIZ or VERT elevon position low limits and drive rate limit for a
horizontally or vertically positioned vehicle. item 29 provides an additional set of elevon
position high/low limits and drive rate limit to be used with the Orbiter Weather Protection

System (OWPS). Items 27 thru 29 are mutually exclusive and the display is initialized with
item 29 selected.

ltem 14 enables GSE polling.

item 15 enables a transfer of initialization data from the PASS to the BFS. Must be
used with the BFS MEMORY display (BFS, OPS 0).

ltems 16 and 17 send RJD TOGGLER CMD A ON or OFF commands to all RCS jets

simultaneously (in GNC OPS 9 only). ltems are mutually exclusive and “*’ indicates
selected item.

items 30 and 35 (CH A ENA) initialize polling of the Spacelab Subsystem Computer (SSC)
and the Spacelab Experiment Computer (EXC), respectively, using Channel A. ltems 31
and 36 (CH B ENA) perform the same function, respectively, using Channel B. ltems 32
and 37 (DSBL) terminate polling for the SSC and EXC, respectively. Items 30 thru 32 are
mutually exclusive for the SSC and items 35 thru 37 are mutually exclusive for the EXC. An
“*' is displayed next to the currently selected item number for each computer. Items 33 and
38 allow an MDM retum command header word test to be performed on the SSC and EXC,
respectively. Test results are displayed as ‘FAIL’ or blank if good. ltems 34 and 39 (RTRN
MSG) allow an MDM retum message test to be performed on the SSC and EXC,
respectively. Test results are displayed as ‘FAIL’ or blank if good. The contents of the
COUPLER status word (STATE, ERR CD) are displayed to indicate if communication has
been achieved with the SSC/EXC computers. The text displayed for STATE is ‘BUSY,’
‘RSET (reset), ‘HALT,” ‘BITE,” or ‘CPLT” (complete). Error code (‘ERR CD’) outputs are
displayed in decimal.
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SENSOR SELF-TEST is a specialist function (SPEC 101) which is available in GNC OPS 9. This
display provides the means to enable self-testing of the Microwave Scan Beam Landing System

(MSBLS), the Tactical Air Navigation (TACAN), the Radar Altimeters (RA), and Accelerometer
Assemblies (AA).

Execution of items 1 thru 12 enables LRUs for testing. Any number of these sensors may be
enabled at once. An‘*' is displayed beside those items selected for testing. The Test Status (STAT)
is displayed for LRUs except AA as follows: blank for normal, ‘OFF for power off, and ‘BITE’ for
internal hardware failure. ‘BITE’ is blanked whenever the condition is cdleared. A status indicator
beslqe_each test parameter will show one of the following: blank for normal, ‘!’ for data exceeding
low limit, and ‘T for data exceeding high limit.

(1) ltems 1 thru 3 enable an MSBLS for self-test on range (RNG) in nautical miles, azimuth
(AZ) in degrees, and elevation (EL) in degrees.

(2) Ictlems 4 thru 6 enable a TACAN for self-test on RNG in nautical miles and azimuth (AZ) in
egrees.

(3) ltem 7 or 8 enables an RA for self-test in altitude (ALT) in feet.

@) ftems 9 thru 12 enable an AA for seli-test in lateral accelerati i
) on (Y) in feet per second per
second and normal acceleration (Z) in feet per second per seoon(dY.) o g

(5)  TEST CONTROL. ttem 13 (START) initi 5 22
are snabled, this ftem vl d( RT) initiates self-testing on the enabled sensors. I none

! i © a search, then complete. Selection of item 13 drives an
grs‘tgll';shl; WEIGh blanks when testing is completed. ltem 14 (AUTO SEQ) initiates self-testing
elve sensors whether enabled or not. tem 15 (TERM) terminates testing and

inhibits all twelve sensors from self-test, Executi : : s
il cution of item 13 or 14 with
or after test completion is illegal unless item 15is entered first.or o N Prcses

(6) Item 16 (INH ALL) inhibits all : - :
18.0rdd s selectzad e iliega].twewe sensors from self-test. Execution of item 16 when item
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RCS/RGA/ADTA TEST is a specialist function (SPEC 102) which is available in GNC OPS 9. This
display provides the means to enable testing of reaction jet drivers, rate gyro assemblies, and air
data transducer assemblies.

RCS DRIVERS

(1

(2

3

Items 1 thru 3 select a group of reaction jet drivers for testing. More than one group may be
selected at one time (when STAT shows blank or ‘CPLT).

ltem 4 initiates testing on the selected group or groups of reaction jet drivers. Testing is
done serially.

ltem 5 continues testing that has halted because of jet driver failure.

ltem 6 terminates testing, deselects all three groups of jet drivers, and blanks all asterisks
and other parameters associated with RCS DRIVERS. ltem 6 is legal only when an asterisk
shows beside any item 1 thru 4 and STAT shows ‘FAIL’ or ‘CPLT.’

STAT shows: ‘RUN’ for testing under way; ‘FAIL’ for failure of a jet driver under test, or a
comm fault; ‘CPLT" for completion of testing on selected groups; or biank.

JET shows:  the jet identification that has failed when STAT shows ‘FAIL.’ The first
character designates the general location of the failed jet as F (forward), L
(left), or R (right); the second character is a numeral giving the jet manifold
number; the third character describes the thrust direction as L (left), R
(right), U (up), D (down), F (forward), or A (aft).

STEP shows: the number following step indicates the point at which the test failed.

SENSORS

The test data for each sensor are listed. More than one sensor, items 7 thru 14, may be in
the enabled state at one time. The sensor test status (STAT) is displayed as follows:

blank - normmal
‘BITE'" - intemnal hardware failure (for ADTA only)
‘SMRD’ - spin-motor rotation detection error (for RGA only)
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4

(3

(6)

A status indicator beside each parameter will show one of the following: blank for normal,
<\’ for data exceeding low limit, and ‘T for data exceeding high limit.

Items 7 thru 10 enable a Rate Gyro Assembly (RGA) for self-testing on roll rate (R), pitch
rate (P), and yaw rate (Y). Rates are displayed in deg/sec.

ems 11 thru 14 enable an Air Data Transducer Assembly (ADTA) for self-testin Center
Alpha Pressure (P=C), Static Pressure (PS), Upper Alpha Pr&psure (P°_=U_), Lower Alpha
Pressure (P=L), and Total Temperature (TT). Pressures are displayed in inches-Hg and

temperatures in degC.

TEST CONTROL. ltem 15 initiates self-testing with high values on the enabled sensors
(tems 7 thru 14, marked with ‘*'s). ltem 16 initiates self-testing with low values on the
enabled sensors. If no sensors are enabled, this function will do a search, then complete.
ltem 17 initiates self-testing with both high and low values on all eight of these sensors.
Execution of item 15, 16, or 17 is illegal when testing is in progress or after a test has been
completed unless TERM (item 18) is entered first. Item 18 inhibits testing all eight of these
sensors (blanks all ‘*’s beside items 7 thru 14). ltem 18 is legal only after test results have
been displayed for all sensors selected for testing.

ltem 19 inhibits all of the sensors (items 7 thru 14) with regard to self-testing. Its selection
causes the *’ to appear beside 19 and to be removed from items 7 thru 14. ltem 19 is legal
only when item 15, 16, or 17 is not selected.
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GND IMU CNTL/MON is a specialist function (SPEC 104) available in GNC OPS 9. This display
supports IMU ground calibration, attitude determination, platform positioning, gyrocompassing,
inertial, and TERM/IDLE functions. In addition, this display provides for a Mass Memory Read or
Write of calibration parameters.

(1) Entry of values for items 1 thru 9 (in degrees) provides Euler angles defining the NAV-base
to cluster transformation for Inertial Measurement Units (IMUs) 1, 2, and 3 to support the
platform positioning function.

2 Display of outer (O), middle (M), inner (I), and inner roll (IR) gimbal angles (in degrees) for
each IMU; individual accelerometer delta velocity (AVX, AVY, AVZ)) in feet per second per
second in cluster coordinates for each IMU; and RSS delta velocity (AVRSS) in feet per
second per second for each IMU.

3 BITE status words in hexadecimal for each IMU.

(4) Power-on status for each IMU; blank indicates power off while an **’ indicates power on.
VO status for each IMU; blank for normal and ‘M’ for missing data.

(5)*  Execution of items 10, 11, and 12 places IMU 1, 2, and 3, respectively, in the standby
(STBY) mode. Execution of items 13, 14, and 15 places IMU 1, 2, and 3, respectively, in the
operate (OPER) mode. An *' is displayed beside any executed item.

(6) Execution of items 16, 17, and 18 selects IMUs for calibration/alignment and mass memory
read/write. An ‘*’ is displayed next to any executed item.

(M Execution of items 19 thru 26 initiates the calibration/alignment procedures. An ‘*'is
displayed beside any executed item, and any ‘*’ displayed beside any other of items 19-26
is blanked. Under item 24, ‘FAIL is displayed if the alignment-goodness test fails; ‘CPLT" is
displayed when the velocity and tilt test is completed. Execution of item 27 terminates
calibration/alignment procedures.
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Execution of ITEM 28 +1 (2,3) initiates a mass memory write of calibration parameters for
selected IMU(s). Item 29 initiates a mass memory read of calibration parameters for all
selected IMUs. ltems 28 and 29 are valid only when item 27 is selected. MM STATUS will
show ‘IP’ (in progress), ‘FAIL’ (checksum fail or VO fail), ‘CMPT’ (complete error free), or
blank. IMU calibration data will not be updated by the MM read it MM STATUS is ‘FAIL’

Execution of [TEM 30 +1(2 thru 9) causes predefined IMU SITE dependent data from a
look-up table to be utilized by the IMU software. ITEM 30 is only valid when the IMUs are in
TERM/IDLE (‘*’ beside item 27). The ACTUAL site selected is displayed below SITE SEL
(entries 1 thru 9 are associated with sites 39A, VAS, OPF, JSC, PMD, DNY, 39B, LC6, and
OMG, respectively). An ‘ILLEGAL ENTRY message will be generated if an attempt is made
to enter a value other than 1 thru 9 or execute item 30 when the IMUs are not in

TERM/IDLE.

*PROGRAM NOTES

(3

IMU Commands during BTU Testing. Execution of items 13 thru 15 during BTU level 2

testing (ref. SPEC 112, item 26) will result in an ‘ILLEGAL ENTRY’ message and all IMUs
will remain in the STBY mode.
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Test Control Supervisor (TCS CONTROL) display is a specialist function (SPEC 105) available in
GNC OPS 9. This display supports the calling, execution, and interactive control of predefined test
sequences which are mass memory resident.

(1)

(2

(3

@

(5)
(6)

SELECT ID. ITEM 1 +X X EXEC selects sequence XX for execution, where 1 < XX < 64.
NAME. The name comresponding to ID number XX is displayed here.

MM READ. Item 2 reads and executes the sequence identified in (1). An‘* is displayed
next to the item while the read is in progress. ‘CPLT’ is displayed when the sequence
begins executing.

STEP. The number of the main sequence step currently executing is displayed (next if
currently stopped).

STATUS. The following status indications are displayed when the indicated conditions are
met: ‘RUN’ if sequence is currently executing; ‘SPND’ if sequence is stopped for an Y
explicitly coded program (ECP) or TCS error or TCS stop operation; ‘END’ after item 5 is
executed or a TCS end operator is encountered.

ERROR CODE. The error code number is displayed if the sequence has stopped for an
error condition. This field is blanked at the start of a new ECP or upon keyboard entry of
item 5 (CANCEL) or item 6 (RESUME).

BITE. The hexadecimal representation of the BITE registers is displayed if the sequence
stops for an error condition.

TIME. The time of the error stop in hr:min:sec is displayed.
STOP. Item 3 causes execution to stop at the end of the current step.

STOP AT. ITEM 4 +X X X X X EXEC causes execution to stop at step XXXXX (main
sequence only).

CANCEL. ltem 5 terminates the sequence and clears it from the display and the buffer.

3-85 DPS/ALL/GEN |




T
®

9

(10)

(11)

(12)

NTROL
RESUME. Item 6 resumes a suspended sequence with the next step (at the step number
shown at STEP, if the stop is within the main sequence).

RSM AT. ITEM 7 +X X X X X ENTER resumes a suspended sequence with the main
sequence step numbered XXXXX.

CLEAR MSGS. ltem 8 clears out all the text messages on the display together with their
associated time tags.

TEXT. Execution of a text operator within the sequence (with CRT as the designation)
causes the text to be displayed. A maximum of 34 charactersiis allowed. Latest message is
on top; others roll down to make room; 15 maximum; any excess message drops off the

bottom.
TIME. The Greenwich Mean Time (GMT), in hr:min:sec, associated with each message is
displayed.

ECP ERROR. The decimal equivalent of the Explicitly-Coded Program (ECP) error code
will be displayed when a call program error is encountered. The error code is blanked upon

the start of a new ECP.
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12345678901234567890123456789012385678/80123456789051

(

1 XXX X XX L1806 MANUAL CONTROLS ) § nnn/uu:nu:ss\

2 DDD/HH:MM:SS

3 RHC R P Y

4 L 10 EXXEX) B X el L% 31 g% = XX

5 28 PEXEX R xEl X S 2R Y

6 3 E£XXX £XXX £XXX B XX

7 R 1° XXX XXX K T RE IR £00 X

8 20 EXXX XXX £XXX c 2 £XX

9 30 XXX SEX XX & X XX ef TR

10 A 15 XXX F£a0xs XX S TRt
(3)\1, 28 £X XX S XxExE iy xiy R 2 TR

2 3 EXXX EXXX £XXX P I TN X

3 T RISSINE 8 X

4 TRIM SW RE P Sy BDY FLP A 28 EiXiX X

5 PNL L 16 XE XX L 1S x IR EX XX

6 28 X5 x 9 2

7 R o x4 R 1 %X THC TR Ty T

8 2R X BX 20 X L 1 X X X

9 RIHICSL 1§ X X 2 X X X

20 28 XK X 3 X X X

1 R L T ¢ A 1 X X X

2 28 XN X 2 X X X

3 3 X X X

4

5 (xx)

N 7

) (5)
MANUAL CONTROLS is a display (DISP 106) which is available in GNC OPS 9. This display is
used to test the switch contacts and transducers associated with the trim switches, body-flap
switches, rotational hand controllers (RHC), translational hand controllers (THC), speedbrake thrust

controller (SBTC), and rudder pedal transducer assembly (RPTA). These controllers are
disengaged from their normal functions when this display is active.

(1) ROTATIONAL HAND CONTROLLERS. Roll (R), pitch (P), and yaw (Y) axes displayed in
percent deflection. Three channels each for left-hand, right-hand, and aft stations. (See
Section 6, GNC.)

(1)) SPEED BRAKE THRUST CONTROLLER and RUDDER PEDAL TRANSDUCER
ASSEMBLY. Three channels each for left-hand and right-hand stations displayed in
percent deflection.

3) TRIM SWITCHES. R, P, and Y axes. Two channels each for left-hand and right-hand
panel switches for left-hand and right-hand RHC switches. (No RHC yaw trim switches.)

(C)) BDY FLP. Two channels each for left and right stations.

(5)* TRANSLATIONAL HAND CONTROLLERS. X, Y, and Z axes. Three channels each for
forward and aft stations.

*PROGRAM NOTES

(5) AFT THC Data Display. The physical orientation (rotated 90 degrees clockwise) of the AFT
THC causes crew commands to be displayed as follows:

THCCMD | TX TY TZ

PUSH +

PULL -

DOWN +

urP -
STBD +
PORT -
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2 3 4 5
J234567596l2345678901236%7&123656739012345678901

”) XXXX/110/ BUS/BT%/STATUS Xx X nnn/uu:nn:sé‘\
2 BL T 0P B T O P DDD/HH:MM:SS
3 FELPE ik e BN e X X X X BhATE 0 P
a MODE X JiSE BN L X 145E & wX EXk g e e TP XY X
5 MC X 2P X ) S ¢ X LALlP X X Xs X EIU1A X X X X
6 MF XX 2SS X X X X 15§ X X X X 1B X X X X
7 X X 3P XL XL X KGR PIMITY PR O YR (Y 1C rxE X
8 cPU XX 2SSy Y 155 E SRR YO X X 100 XXX
9 4P X X X X U B ) X X X X 2A X X X X
1)) SEOG e 1455 & X 208 R X
T — PRI/SEC FALP X X X X T 2icH Sxilx: ! i
2 PORTS 145 2 ST R 2D T Xy
3 2P & X X X LRAYPAE X XY sy R
4 PRI 1X 2SN X xR 1hs i, i 3788 Sexiix Wix ey
5 SEE A APl i ZP R XX e, xxmr
6 3{cTE y Sy iy iy 2iS Sy R E Tl D X ey
7 AP0 Ax o oy Mot TN e T L N R Oy R S A e x e (W
8 FiA 4 s Wy Sty v B ey
9 MMU1 X X X X LDIUP X X X X (e X X X X
20 2 X\ X XX SE XE X XEX 10 YIRBLRE XX
1 DEU1 X X X X PF1P X X X X 2A X X X X
2 2 iy ey UG e 28 X UxEx X
3 S Z0s B YA 2l Xk X
a A% ey AR TR RGN S T 0l
= N (hix:)
6 1

BUS/BTU STATUS. A vehicle utility SPEC available in PL 9 and GNC 9. Provides real-time
statusing of the digital data BTUs interfacing with a simplex GPC only. If the SPEC is called ona

CHT assigned to a nonsimplex GPC, the CRT will momentarily display the SPEC and then retumn to
the base display.

(1) Selects primary or secondary ports on the BTUs interfacing with the GPC. Thi
affects only those BTUs with dual ports. 9 - This control

2) Mode has the possible values of ‘R’ for Run and ‘S’ for Standb i
I y. Memory Configuration
(MC) can display 6 or 9 for PL 9 and GNC 9. Major Function (MF) can have eiﬂ?er ‘G’ for
Suyda.nce, Navigation, and Control (GNC), or ‘P’ for Payload (PL). The Central Processing
nit (CPU) can display duty cycle values ranging from 00 thru 99 percent.

3) VO error count values range from 010 9. These /0 i
ra - error counters count incrementally from
O0to 9 a‘l_'[l_,d have the ability to overflow and count up from 0 to 9 again. ‘B’ = digital dat);l bus
errors; I’ = BCE initial timeout errors; ‘0’ = output errors; and ‘P’ = program errors.

3-88 DPS/ALL/GEN |




(8)

(1) 1234557896123455739%1234557393V§3455739312345575931
1 ?*i\::x:/lzzf GPC/BTU I/F // XX X DDD/HH:MM:5S$

2 Dnn/nu:nnzsq
3 BTU SELECTION TEST STATUS

4 FETSET XA ciMU 12X XXMM 0T BT THES T

5 ZE 2 SR WU 1) R Ty Ny (YT E M X X MoouLe xxe— [
6 IR 2 14X STEP, X XXXXX

7 (4 Chrse BB Ak St T XXXX ANALOGE OUTPUTS
8 E'ACT T 5X 2N e YR RS TR "R G (140 S e e oot

9 2 6 X EIUVL 167X XX LXX LX X A e S T ) JarEa, L XX
10 STy ek W eREXC XN 5 I

1 b 38 10X BPORTASELS 1300 X860 £ X X Xur Ttk - XX

2 PF1 9X DDU 20X 230 X Y Y O e x Xy

3 ZW 10X R MU 21X TE0Ee X XS XSS W Sy oy
4 CMD 22X 12t XX a3 mhuk XX

5 SR & 235X LAt MR s Ay e iy

6 AL DES

Ey)erid MDMS 11X ALL 24x DISCRETE OUTPUTS

8 CHANNEL 0 XXXXXX
9 LEVEL 1 25X CHANNEL 1 XXXXXX
20 TEST LRE NEES T2 26X CHANNEL 2 XXXXXX

1 MDM OUTPUT 27X L (6)
2 CONTROL TERMINATE 28 BTU CYCLIC BITE 30X
3 CONTINUE 29
4

sk (xx)
: Y,

(2)

The GPC/BTU I/F display is a GNC specialist function (SPEC 112) available in GNC OPS 9. This
display provides control and monitoring of GPC/BTU interface testing during ground checkout. All
tests are executable in a redundant GPC configuration except the PCMMU (item 12) which is limited
to a simplex GPC configuration.

(1)* BTUSELECTION. Items 1 thru 10 select a Multiplexer/Demultiplexer (MDM) for testing.
More than one of these may be selected at one time. Item 11 selects all ten of the above
MDMs for testing. ltems 12 thru 23 select a non-MDM Bus Terminal Unit (BTU) for testing.
If one of these is selected, no other BTU may be selected at the same time. An ‘*’is
displayed next to the selected item(s), 1 thru 23. Item 24 deselects all BTUs. Deselection is
indicated by an ‘*’ displayed next to item 24. ltems 1 thru 10 are mutually exclusive with
items 11 thru 24 and items 11 thru 24 are mutually exclusive with each other. An attempt to

select items 11 thru 24 while any test is in progress or suspended will be rejected and results
in an error message.

(2) PORT SEL. ltems 31 and 32 are used to select MDM ports for testing. This selectipn has
no effect on MDM ports used for other traffic. An ‘*’ beside the appropriate item indicates
the selected port.

(3)* LEVEL. ltem 25 initiates level one (interface verification) testing which is applicable to all
selectable BTUs. The item number of the BTU being tested is displayed next to ‘BTU
ITEM.” An ‘*is displayed next to the selected item, and ‘ACT is displayed under TEST
STATUS.’ ltem 26 initiates level two (intemal operations) testing on the selected MDM,
PCMMU, MCIU, EIU, MEC, CMD, and SRB BTUs.

NOTE: Execution of item 26 when an IMU has been commanded to operate will generate
an ‘ILLEGAL ENTRY’ message and exit the test.

ltem 27 initiates MDM output testing which is applicable to all selectable MDMs. ltem 28
terminates testing in progress, or suspends it in an orderly manner. ltem 29 continues a
suspended test or causes the MDM output test to go on to the next step.

NOTE: Execution of item 25, 26, or 27 while in the redundant set shall result in an l
‘ILLEGAL ENTRY’ message.
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GPC/BTU I/E (Cont):
i is initi ion i figured but
T STATUS. Blank until a test is initiated or after BTU s,elecho_n is recon
;Efgreiomer test is initiated; ‘ACT’ (Active), when a test is running or su_spended
because of an error; ‘CPLT’ (Complete) after the test is completed or terminated. .

ITEM. The item number corresponding to the BTU being tested for items 1-21. For
i?;l: 22 (CMD), a 31, 32, or 37 is displayed, corresponding to command dgooqer MDMs
LF01, LAO1, or LMO1 respectively. Foritem 23 (SRB), a 33, 34, 35, or 36 is displayed
corresponding to SRB MDMs LLO1, LL02, LRO1, and LRO2, respectively.

STEP. The number (decimal) of the current step in the current test.

RDW. The value of the Response Data Word (RDW) (in hexadecimal) in error if the test is
suspended for a miscompare.

BCE STAT RG. The value in the Bus Control Element (BCE) status rggister (hexadecimal)
when the test is suspended for a miscompare. Four hexadecimal digits represent each
16-bit half of the register.

(5 MODULE. The number (decimal) of the module within the MDM (BTU item number) being
output tested.

ANALOG OUTPUTS. The outputs (decimal) of the test module if it is analog; blank
otherwise.

DISCRETE OUTPUTS. The outputs (hexadecimal) of the tested module if it is a discrete
module; blank otherwise.

(6) Execution of item 30 initiates BTU cyclic Built-In Test Equipment (BITE) processing. An ‘*’
is displayed next to item 30 when the processing is active. Cyclic BITE processing
continues until item 30 is executed again or an Operational Sequence (OPS) transition
occurs, at which time processing stops and the ** is blanked. The display is initialized with

cyclic BITE processing disabled. .
*PROGRAM NOTES

(1) (3) Bun MCIU Level 2 Test before Level 1. The level 2 MCIU test will fail if run after level 1
because of the ‘FOF0’ pattemn set by the level 1 test. Also, with no arm selected on the D&C
panel and MCIU power in primary, the BTU readiness test will generate an ‘S’ bit /O error
on the first transaction after MCIU power on. Initiation of the level 2 test for the first time
should be terminated (item 28) after the /O emor and reinitiated a second time. Initiation of

level 1 testing should then cause the display to depict the bit setti i
and level 1 testing. (DR 41008) R ; Lt s A
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(2) (1) (3)
1 2 J 3 4 5 (5)
\_ 1235557890]2345573901 3456789 1234557890l2345678901

1 (ﬁk\xxxleIS/ ACTUAYOR conTRbL xx ¢ DDD/HH:MM:55 ,/
2 MONITOR FAIL DDD/HH:MM:5§
3 CHMD POS ACT A B LD ACTUARTOR GIMBAL NG
'I. 4 B el 2L E XX S B P TY S 5 S 8 RATE 29 XX XX DEE/SEC
5 S Vi S et gl U 4 i S I POS 30 BIXX.XX DEg
6 S At R SOX ST Iaiile: Jefl ‘" Tom s s s 31XXX  STOP 32X
7 EXXCE X F XX CEX VR E L S Wi snising STATUS XXXX
8 EXX.XX £XX.XX CO'E SX § s s s HYD pgR ECP ERR XxX
9 £XX.XX *£XX.XX ROE 6X S § § s T x X F_MON 33X
10 EXX.XX £XX.XX 1P 77X 5 S 5 % 2 xxxx“\-(ﬁ)
1 Sk XSO S XX X YA St B it e e 3 XXxx
2 X XTXEETXIXT. VX X IOo o p g by G T Al SRB/NW 34x
3 E XX SR X TR YRS 5 gt e ME 150 ye— )
4 R ARE XXX 3P 11X S Sos 8 1% 2y.ax  § M CHN
5 EXX-XX E£XX.XX  3IY 12X s 5 § s R/SB MAT 351\
6 SR XX KX apn Ty R/SB RFE/FRT 36x [\g
7 XXX XXX rips g x Al MODES MAT P 40MS 37X
8 EXXENXETIXTNCTRYAN (15X Yo VST ek NOP CA RFE 38X
9 TXX.XX £XX.XX RYS 16X 1 MDM 23X NOP CA FRT 39X
20 EAX XX E XXX PLPAUTX W2 YEERY 2%x NOP OMS 40X
1 EXX- XX E XXX LPISY 1igix 43 CRATN 25k SIRERSIAS TN a1 x
2 TXX.XX £XX.XX LYA 19X 4 GRAV 26x EL POS LIM 42X
3 X XX X LY/ S 2 00X 5 KUl L 2 7% S/B POS LIM 43x
4 X X SN KB PN P26 TURN 786X R RATE .5 Pen sax
5 A b))
G e
(@)

output; the replacement of position limit values for SRB, elevon, and speedbrake actuators; the
limiting of the multiple actuator test (MAT) plateau segment duration and modification of the RFG

rate limit.
(1) ltems 1 thru 6 provide individual aerosurface actuator selection (indicated by an ‘*') as
follows:
ltem1: Speedbrake (SB) ltem4:  Right inboard elevon (RIE)
tem2: Rudder (RUD) ltem 5:  Left outboard elevon (LOE)

ltem3: Leftinboard elevon (LIE) ltem6:  Right outboard elevon (ROE)

ltems 7 thru 12 provide individual Space Shuttle Main Engine (SSME) actuator selection
(indicated by an ‘*') as follows:

ltem7:  SSME 1 pitch (1P) ltem 10: SSME 2 yaw (2Y)
tem8: SSME 1 yaw (1Y) ltem 11: SSME 3 pitch (3P)
ltem9: SSME 2 pitch (2P) ltem 12: SSME 3 yaw (3Y)

ltems 13 thru 20 provide individual Orbital Maneuvering Subsystem (OMS) actuator
selection (indicated by an “*') as follows: . i
ltem 13: Right OMS pitch active (RPA) Htem17: Left OMS pitch active (LPA)
ltem 14:  Right OMS pitch standby (RPS) ftem 18: Left OMS pitch standby (LPS)
ltem 15: Right OMS yaw active (RYA) Item 19: Left OMS yaw active (LYA)
ltem 16: Right OMS yaw standby (RYS) Item 20: Left OMS yaw standby (LYS)

ltem 21 allows selection of the body flap (BF) actuators (all three actuators are used). ltems
1 thru 21 are initialized deselected.
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(2

(3

4)

5

(6)

commanded and actual positions for each actuator (except body flap) are
msoprfar;g)d':‘i‘n gggrees to the left of the actuator item select. The position values actw;[y
reflect current values all the time while the command values (except for body flap) show ’
current values only after an Al Mode 1 has been executed in G8. The command position for
body flap will indicate the direction of the commanded deflection; i.e., UP, DN, or blank (no

drive).

FAIL. The status of the feedback I/O channels for the aerosurfao?_ and SSME actuators is
displayed to the right of the actuator item select. A down arrow 1’ is displayed for hardware
channe! failure, an ‘M’ for commfault (missing data), and blank for normal operations.

Al MODES. Items 22 thru 28 are used to select and start (indicated by an ‘*’) an actuator
initialization mode function as follows:

ltem 22: Al MODE zero (0 SAFE) initial position for all actuators, except SRB and
nosewheel.

ltem 23: Al MODE one (1 MDM) MDM preconditioning option for all actuators except
SRB and nosewheel.

ltem 24: Al MODE two (2 FERY) ferry positions for all applicable actuators.

ltem 25: Al MODE three (3 RAIN) rain positions for all applicable actuators.

ltem 26: Al MODE four (4 GRAV) gravity positions for all applicable actuators.

item 27: Al MODE five (5 NULL) null positions for all applicable actuators.

ltem 28: Al MODE six (6 TURN) turn around positions for all applicable actuators.

NOTE: Items 1 thru 28 are mutually exclusive. Execution of any of items 22 thru 28 will
blank the actuator direction of movement display and deselect any previously
selected actuator or Al mode, and blank ITEM 31 (START) status indicator (*).

ACTUATOR GIMBALING. ltems 29 thru 34 are used to control and monitor actuator
gimbaling. The rate of movement (RATE) in degrees per second and the final position

(FIN POS) of each actuator can be specified using items 29 and 30, respectively. Rate input
range is from +00.00 to +99.99, and final position input range is from -99.99

to +99.99. Entry of item 29 or 30 without an actuator selected for positioning will

resultin an ‘ILLEGAL ENTRY’ message. ltem 31 (START) is used to initiate positioning

of the selected actuator. An **' is displayed upon execution; the selected actuator’s
direction of movement is also displayed to the right of the asterisk once an actuator and a
final position have been selected. The direction of the amrow (up, down, left, or right
pointing) will reflect movement when viewing the orbiter from the rear. The speedbrake uses
a combination of arrows indicating opening (¢« —>) or closing (— <). Execution of item 32
(STQP)_ halts the movement of the selected actuator or selected Al mode and drives an ‘*’
beside n‘efn 32. If item 31 was the last item selected, the selected actuator will stop moving
and the ‘*’ after item 31 will be blanked. ttem 31 cannot be executed again until reexecution
of item 32, which blanks the “*’ next to item 32, and blanks the RATE and FIN POS data
fields. If an Al mode (items 22-28) was the last item selected, execution of the selected Al

mode will cease. Execution of items 22 thru 28 is inhibited until item 32 i i
removes the *' next to the selected Al mode and item 32. 2 . e

For actuator movement or Al mode the STATUS fi ill di

v : ield will display RUN (in progress or
executing), CPLT (complete, terminates normally). ST i

P rejepted e O naies hon y), OP (tgnmnates abnormally), or BUSY

it oo uring actuator movem i
monitor is displayed next to EGP ERR. Thes ent, Al mode execution, or by the body flap

% r field is blanked upon execution of any of items
ﬁef:aggl h:gggz). nelm 31 (START), or item 33 (BF MON). ltem 33 (BF MON) is used to

indiyca:les Sm:gée ect the body flap monitor function, depending on the previous state.
P s actua:g?idgﬁﬂms ?4 A(\»Iﬁ\l SRB/NW) is used to enable commanding of the SRB
B caioatate o n Al modes zero (0 SAFE) and one (1 MDM). An ‘=

HYD PR. Th i :
T e hydraulic supply pressure A for orbiter systems 1, 2, and 3 is displayed in
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(7 ME ISO V. The position of the main engine/thrust vector control isolation valves for orbiter
hydraulic systems 1, 2, and 3 is displayed. A ‘C’ displayed after a number indicates the
valve is closed; blank indicates the valve is open.

(8) FC LIM CHNG. Htems 35 thru 44 are used to alternately select/deselect certain check
functions and limit value replacements. An “*’ beside the item number indicates its
selection. ltem 35 (R/SB MAT) is used to bypass the rudder/speedbrake interference check
in the MAT function. Item 36 (R/SB RFG/FRT) is used to bypass the rudder/speedbrake
interference check in the RFG and Frequency Response Test (FRT) functions. item 37
(MAT P40 MS) is used to set the MAT plateau duration at 40 milliseconds. Iltem 38 (NOP
CA RFG) is used to bypass the collision avoidance and SSME 1/0OMS pods clearance
checks in the RFG function. Item 39 (NOP CA FRT) is used to bypass the collision
avoidance check in the FRT function.

ltem 40 (NOP OMS) is used to inhibit output of the OMS power discretes by the actuator
ECP functions and inhibit the resultant out-of-tolerance error codes from the Al functions
for OMS actuators. Item 40 is initialized to the inhibit state (*) during the OPS G9
initialization process. ltem 41 (SRB S/S LIM) is used to cause the SRB software stop limits
to replace the high and low position limits for the SRB actuators. ltem 42 (ELPOS LIM) is
used to replace the elevon high position limits. Item 43 (S/B POS LIM) is used to replace
the speedbrake low position limit. ltem 44 (R RATE .5 PCM) is used to set the RFG function

rate limit at 0.5 PCM counts. Execution of items 35-44 is illegal if any ECP, except BFM, is
active.

*PROGRAM NOTES

(5) ILLEGAL ENTRY’ Error Conditions. Execution of item 31 (START) without an actuator
selected (items 1 thru 21), rate entered (item 29, except for OMS and body flap), and final
position entered (item 30) is illegal. Execution of item 32 (STOP) without an active process
is illegal. All item entries except 32 (STOP) and 33 (BF MON) are illegal when non-Al
SPEC initiated actuator positioning is in progress.
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123455789&1234567890l234567890123456789012345678901

1/ YD ANTENNA XX X DDD/HH:MM:zSS N
DDD/HH:MM:S5S§

2 KU BAND

X
3 S16 STR *
i X.XXS T S BAND
5 RDR RNG
6 AUT O 1oX LL 90 UL 0 UR =90 LR S16 STR
7 MEINE 2 90| oo XXS
8 RDR THOLD
9 FXD 3 X ANT ELEC
10 VAR 4 X XXXS$
1 ANT 0
2 EL CTHD £XX.X ANT
3 ACT £XX.XS QUAD
¢ AZ CMD+XXX.X XEXESTREXEX XS
5 ACT|+XXX.XS5 HEMI
(3 =90 XXS
7 MODE=XXXXS
8 SCAN WARN XX
9 ENA 5X TDRS KU TDRSS STDN GPC
20 OVRD 6X XXX XXX XOaxax X X X ANT CHMD
1 PRI PRI AUT 15X ENA 17X
2 SiE.LF . T.ES T X N 10X W 13X NEX T 16X I NH 18X
3 L./ 0 SRIESET E e E 1aX OVRD 19X
4 KRB XX
5
£

(xxy

The ANTENNA display is an operations sequence (OPS X011) available in SM OPS 2 and 4 which
allows control of GPC sequences for the S-band and Ku-band antenna systems.

PARAMETER CHARACTERISTI

STATUS INDICATORS
CRT NAME NTs | DISPLAYED
H RANGE ME[UE AN
KUBAND: SIGSTR 1| voits 0105 M
ANTEL GiD deg | -99.910+99.9
deg -99.910499.9 | M
ANT AZ GND deg | 93991049099
-999.910+999.9 | M
SCAN WARN o ‘ON’ or blank
TDRS 21| text | 'EAST or'WEST
SBAND: SIGSTR 1| vois 0t0+5 M
ANT ELEC text | 12 ‘OFF 'blank | M
ANT QUAD B | text SeeRemarks | M {1
HEMI 41| text “UP’ or 'LO’ M il
s ) & | gty
. e .
STDN 61| text See Remarks
Pictorial Section 71| tex See Remarks

BREMARKS

[1] Parameters are a measure of received signal strength.

2]

forward (FWD) or aft (AFT).
[4] L

4-2

Adjacent to EAST/WEST designation, TGT is displayed when a GNC target is tracked.

[3] First data field denotes selection of upper ri

lower left (LL) Quad antenna: Seoond e ght (UR), upper left (UL), lower right (LR), or

field denotes selected Switch Beam position -

denotes a miscompare between GPC command and actual antenna selection.
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ANTENNA (Cont):
[5] Mode displayed is TDRS, S-LO (low power), S-HI (high power), and SGLS.

’ [el A three-character designation of STDN/SGLS site used in automatic antenna pointing
10S - Mahe (Seychelles) MAD - Madrid NHS - New Hampshire
VAN - Vandenberg (STDN) BDA - Bermuda MIL - Merritt Island
HTS - Kaena Point (Hawaii) GTS - Guam VTS - Vandenberg (SGLS)
DGS - Diego Garcia CTS - Colorado Springs CAN - Canberra (Australia)
DFR - Dryden GDX - Goldstone OTS - Oakhanger (England)

DKR - Dakar (West Africa)
Note: SGLS site location identifiers end with an ‘S’.

4] Look angles to target (TDRS, STDN, etc.) relative to orbiter coordinates. West TDRS
denoted by ‘W’; east TDRS by ‘E’; STDN site by ‘S.” Orbiter’s -Z axis at 0.0 on plot; +X axis
at 90.0 on plot. For Ku-band system only, background lines denote line-of-sight blockage
by the orbiter. Actual Ku-band antenna ‘A’ position denoted by a ‘T’

ITEM ENTRY CHARACTERISTICS

ITEMS 1 and 2 RDR RNG - used to control the range estimate output (AUTO or MIN) to
the Ku-band Rendezvous Radar/COMM A system. An *'is displayed next
to the selected item and initialization is in AUTO.

ITEMS 3 and 4 RDR THOLD - used to select FXD for heavy dlutter environment or VAR for
normmal state low clutter. An ‘* is displayed next to the selected item and
initialization is in VAR.

ITEMS 5and 6 SCAN WARN - used to select ENA mode which enables Ku-band transmit

power only when the antenna beam is outside the vehicle obscuration zone

. or OVRD mode which enables Ku-band power regardless of antenna beam
direction. An ‘* is displayed at selected item and initialization is in ENA.

ITEM 7 SELF-TEST - used to select or terminate the radar self-test function. An
“*’ appears next to item 7 when the self-test is selected. After the 3-minute
test is completed, item 7 must be reexecuted to deselect the self-test func-
tion and blank the test results (displayed on the Range meter on panel A2).

ITEM 8 I/O RESET KU - used to initiate communication between SM GPC and Ku-
band. An ‘¥ is displayed next to the item when the interface is enabled, an
‘M’ when disabled.

ITEMS 10 and 11 TDRS KU PRI W/E - item 10 allows the SM Antenna Management (AM)
sequence of the Ku-band COMM A antenna to select TDRS W for primary
pointing if it is in view. If item 10 is selected and TDRS W is not in view but
TDRS E is in view, the TDRS E will be utilized for pointing. Item 11 allows
the SM (AM) sequence to select TDRS E for primary pointing if itis in view.
If item 11 is selected and TDRS E is not in view but TDRS W is in view, then
TDRS W will be utilized for pointing. An‘*' is displayed next to the selected
item and initialization is in TDRS KU PRI W.

ITEMS 13 and 14 TDRS S PRI W/E - these items perform the same functions for the AM se-
quence of the S-band antenna as items 10 and 11 do for the Ku-band
COMM A antenna AM sequence. An ‘¥ is displayed next to the selected
item and initialization is in TDRS S PRIW.

ITEMS 15 and 16 STDN AUT/NEXT - item 15 (AUT) causes the S-band AM sequence to
select as the current site the first enabled STDON/SGLS site in the site loca-
. tion table that is in view of the orbiter. (The sites are tested in the order in

which they are stored in the site location table.) Once a current site is
selected, it remains until no longer in view or until item 16 (NEXT) is se-
lected. Each time item 16 is executed, the next enabled site in the lom'tqon
table (which is in view of the orbiter) will become the current site. An'*is
displayed next to the selected function and initialization is in AUT.
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ANTENN

[TEM ENTRY CHARACTERISTICS (Cont)

ITEMS 17 and 18

ITEM 19

PROGRAM NOTE

GPC ANT CMD ENA/INH - used to enable (ENA) or inhibit (INH) the GPC
AM sequence for the S-band antenna. An ‘*’ is displayed next to the
selected function. ENA is selected when initialized.

TDRS MODE OVRD - used to force the S-band antenna management soft-
ware to the TDRS MODE and remain there. An ‘*' is displayed next to the
item when it has been enabled via an item execute or uplink. Reexecution
of the item will toggle to inhibit override function. The display is initialized
with item 19 inhibited.

S-band Antenna Selection. When using the ANTENNA S-BAND PM rotary switch (panel C3),
allow at least 2 seconds at each intermediate position.
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1 2 3 4
1234567590123456789012345678901234567890123456759%1

1 /’ﬁ X021/063/ PL BAY DOORS XX SY nnn/uu:nn:S?‘\
2 FEX DDOD/HH:MM:Ss
3 AC PONWER 0N 1X

4 OFF 2 X PBD SW=-XXXXS

5 AUTO MODE SEL 3X MICRO-SW STAT

6 LATS DOORS

7 MAN OP/CU AUTO ccoo CRRRO

8 CENTER LATCHES |SEL S EQ ABAB ABC

9 5- 8 4 X X X45 X XEXEX X

10 9-12 5 X Yex S X X XX

1 1- 4 6 X XiX'S X XOXEXEX

2 13-16 X XEX(S X XX XK

3 STBD

4 FHD LATCHES 8 X XXS X XXXX XXXXX

5 AFT LATCHES 9 X X XS X XXXX XX XEXOX

6 DOOR 10X XXXS X

7 PORT

8 FND LATCHES [11X XXSs X XXXX XXXXX

9 AFT LATCHES |12X XXxSs X XXXX XXXXX

20 DOOR 13X XxXxXx5$§ X

1

2 OPEN 15X

3 PBD SMW BYPASS 1lax STOP 16X

4 CIC0STERSIL 75X

5 (xXx)
o1\ ¥

Note: %777/~ indicates parameters are driven and displayed on the BFS displays only.

The PL BAY DOORS display is an SM operational sequence (OPS X021) available in SM OPS 2
and 4 and BFS OPS 0 as SPEC 63, which allows the crew to monitor and control payload doors and
associated latches opening/closing. Termination of this OPS mode or SPEC (in BFS) with panel
R13 switch or item 16 not in the STOP mode will result in an ILLEGAL ENTRY message.

PARAMETER CHARACTERISTICS

DISPLAYED STATUS INDICATORS
CRT NAME UNITS RANGE MTETLTT IS
PBD SW [11 text See Remarks | M
OP/CL: LATCHES 2] [3] text See Remarks | M ?
(8 Parameters)
DOOR [2] [4] text See Remarks | M
(2 Parameters) ?
AUTO SEQ 5] text blank or V'
MICRO-SW STAT [6] text Oor1
REMARKS

[1 Text reflects position of lever-lock switch on R13 as ‘OP, ‘STOP,’ or ‘CL,’ and, for switch
contact failures, ‘FAIL.

[2] ‘OP’ indications proceed top-to-bottom in open auto-sequence; ‘CL’ goes bottom-to-top in
close auto-sequence.

[3] In a transition period, the field is blank. For a 100 percent successful sensing, ‘OP’ or ‘CL' is
displayed. For dilemmas, ‘?' is displayed.

e : 5 y STBD
[4] In a transition period, the field is blank. For a 100 percent successful sensing on both
and PORT doors, ‘OP’ or ‘CL is displayed. For dilemmas, ‘?’ is displayed. For both doors
having two of three microswitches indicating ready-to-latch, ‘RDY’ is displayed.
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PL BAY DOOR

[5] ‘| denotes a door or latch failed to reach commanded position in required time; the
sequence stops at this point. AUTO sequence only.

[6] A ‘1’ denotes a positive condition (e.g., closed, open, ready). A ‘0’ denotes an indeterminate
condition (e.g., not-closed, not-open, not-ready).

[TEM ENTRY CHARACTERISTICS

ITEMS 1 and 2 AC POWER ON/OFF - mutually exclusive, apply/remove AC power to/from
motor control assemblies. ‘*’ indicates current status.

NOTE: The AUTO sequence includes an ‘out-of-sequence’ configuration
check. If an improper configuration is sensed, the AUTO sequence
will automatically remove AC power from the MCAs, mode the ‘*’
to OFF (item 2), and issue a class 3 alert.

[TEM3 AUTO MODE SEL - enable/disable automatic sequencing of the doors.
Enable is an illegal entry unless doors are in stop mode (by either panel R13
switch or item 16).

ITEMS 4 thru 13 MAN SEL - enable manual door operations. Enable is an illegal entry
unless doors are in stop mode (by either panel R13 switch or item 16) or if
the automatic mode is selected (item 3).

ITEM 14 PBD SW BYPASS - used to bypass/enable the switch on panel R13. When
bypass is initiated, items 15, 16, and 17 become operative with item 16
(STOP) selected.

ITEMS 15, 16, and 17 OPEN/STOP/CLOSE - mutually exclusive, used to control door opening,

closing, or to stop the doors. lllegal entries unless item 14 is in bypass
mode.

PROGRAM NOTES

Payload Bay Door Auto Open Sequence (PASS). The PLBD auto sequences continuously
monitor the state of all door and latch microswitches and should automatically halt whenever any
one of the door configuration checks fails. The PASS AUTO OPEN sequence fails to recognize
the combination DOOR NOT CLOSED plus READY TO LATCH as a condition for sequence
stop. The PASS AUTO CLOSE sequence and both BFS sequences function properly.

Payload Bay Door Talkback. When the BFS is taken to RUN, the Payload Bay Door position

indicator on panel R13 is initialized to barberpole, regardiess of the tru
show the true state, call BFS SM SPEC 63, (B08245) S TR AN orgreEAT

BES Payload Bay Door Operation. PLBD operations cause uni
displays in BFS. The BFS operates as follo'\::vs: ey R O end

1. RESUME, MF switch display, and SPEC requests o i i
> ' ) perate per the normal interaction of
structures requirements when a PLBD OPEN or CLOSE sequence is not in progress.

2. RESUME, MF switch, display, and SPEC r: i i
: ) A equests operate per normal interaction of
structures requirements as long as there is more than one CRT with the PLBD SPEC active.

If only one CRT has the PLBD SPEC active, aresume of the PLBD SPEC is illegal if either:

a PLBD SW BYPASS (item 14) e
the STOP position, o(r ) is not selected and the PLBD CONTROL switch is not in

b. PLBD SW BYPASS (item 14) is selected and the STOP item (item 16) is not selected.

4. Achange of MFis al i -
SoalenEe o mt:ﬁnr:ed while a PLBD OPEN or CLOSE sequence is in progress and the

5. APLBD OPEN ; e
PLBD SPEG. CLOSE sequence will continue if a SPEC or display is called on top of the

6. ASPEC may overlay the PLBD SPEC i Cl
C , but if an OPEN OSE isi
i 4 ¢ or uence is in
CRTis il . S e seq L ; progress

SPEC. (B03926)
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1 2 3 4
123456?8901234567890123656?8901234567890123456?89%1

1 ( XXXX/060/ SM TABLE MAINT XX X DDD/HH:MM:SS
2 SM COM BUFF XXX DDD/HH:MM:S5S
' 3 PARAM XXX XXX
) L T 0IR X P XX X XX
5 VALUE= [#JXXXXXXXXS
6 LIMITS
7 AN ECRT BACKUP Ca&w
8 LOW HI LOW HI
9 ZXMXEXXXXXX 3 [MXXXXX. XX IXBIXXXXXXXE 12 [XXXXEKKxxx
10 4X[ﬂXXXXXlXX 5 [EIXXXXX.XX
1 6 X[HIX XX XX XXX 7 [EXxxxXxXx.xX
2 SR FIA T ES RS XY IE3NE R TER $X X
3 ENA 9Xx ENA 14X
4 INH 10X INH 15X
5
6 I CONSTANT
7 2GR TAD R XX XOXX Xy
8 17 VALUE= [HXXXXXXXXXXXXXX
9
20 CHECKPT XCX XS/ XE = Xaxse X X FDA
1 TINTST I AT E 118 ENA 19X
2 SITATIUISE XX X X INH 20X
3
4
5 (XX)
6 & )
The SM TABLE MAINT display is an SM specialist function (SPEC 60) available in SM OPS 2 and 4
which allows control of the SM software.
. PARAMETER CHARACTERISTI
DISPLAYED |STATUS INDICATORS
CRT NAME UNITS RANGE TR TLIT 1L
SM COM BUFF [1] text ‘RDY’ or ‘BSY’
XXXXXX (uplink) [11 text blank or
‘UPLINK’
PARAM VALUE eng. units fulrange |M|H|[L|T
CHECKPT XXX/XX:XX:XX [2] | mission time D/M:M:S
REMARK:

[1 ‘BSY’ and ‘UPLINK’ displayed flashing. When flashing, keyboard entries will be rejected.
‘BSY’ denotes that another crewmember is using a function which addresses the SM
Common Buffer. ‘UPLINK’ denotes that the ground is uplinking a Table Maintenance Block
Update.

[2] CHECKPT time is that of last valid checkpoint.
ITEM ENTRY CHARACTERISTICS

ITEM 1 PARAM ID - 7-digit, decimal entry. Upon successful entry, PARAM ID and
VALUE fields are filled, as are applicable fields for LIMITS (items 2 thru 15).
If PARAM ID is illegal, all associated data fields are blanked.
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Use the following table to convert function MSID to parameter ID; e.g., PO§K1 027 = 6031027.

l?‘M%'}S' Numeric (First character of MSID must be converted to numeric.
v 0 Fourth character of MSID is dropped.)
A 1
B 2
E <
F 4
G 5
B 6
i} 7
) 8
L 9
ITEMS 2 thru 7 LIMITS ALERT LOW/HI - used to change low and/or high FDA limits. The
active limit set is denoted by an “** next to the ‘LOW’ limit. Multiple sets are
applicable only to limits that are preconditioned. (See PROGRAM NOTES.)
Input of £99999.99 as the LOW/HI limits will effectively disable the FDA for
that parameter.
[TEM8 LIMITS ALERT FILTER - used to change the number of consecutive out-
of-limits samples required to get an FDA alert.
ITEMS 9 and 10 LIMITS ALERT ENA/INH - mutually exclusive; used to enable/inhibit the

FDA alert. An “*’ denotes enable/inhibit status. The ‘T, L, H, L indicators
are retained with selection of item 10 (or item 15).

ITEMS 11 thru 15 BACKUP C&W - item entries similar to items 2 thru 10, except used for

Backup C&W.

ITEM 16 CONSTANT ID - 7-digit, decimal entry. Upon successful entry,
CONSTANT ID and VALUE fields are filled. If entry is illegal, both data
fields are blanked.

ITEM 17 CONSTANT VALUE - used to change a calculation constant. Input of inte-

ger type constants that exceed the range of -32768 to +32767 will result in
an ‘ILLEGAL ENTRY’ message.

ITEM 18 CHECKPT lN[TlA_TE - used to initiate an SM checkpoint of TM constants
and FDA status (limit and filter values, inhibit/enable state). The CHECKPT

%‘L t'\'LF.US field blanks upon initiation, and ultimately displays ‘GOOD’ or

ITEMS 19 and 20 FDA ENA/INH - mutually exclusive; used to enable/inhibit all FDA alerts.

an‘:;genotes status. The ‘H, L indicators are retained with selection of

PROGRAM NOTES

SPEC/TMBU Interlock. Table Maintenance Block Upd ia upli

2 | ate (TMBU) via uplink and SPEC 60 are
mterlrocked sugh that (a) TMBU loads are rejected if SPEG 60 is a)ctive a?rluj (b)ifa TMBU is in
Progress and SPEC 60 is called, all items will be ‘ILLEGAL ENTRIES.’ (DR 37572)

imits for Di i i imi
-l M i The out-of-limit i

ﬂ%‘g‘l‘g‘:{gg‘ ig?a?n ;?e;: » O +2 entered in item 2. The +2 state mulsnols ?:tgiAe tfg rb: (tj)?;:!:;d
il ] or a discrete parameter with only one limit set, an ‘ILLEGAL ENTRY’
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1 2 3 4
123456?8901234567890123456?89012345678901ZB&SG?BQISJI

ez

f" XXXX/062/ PCHMMU/PL COMM XTI Dnn/nu:nn:§?‘\
SM COM BUFF XXX DDD/HH:MH:§§
PCMMU PDI

BITE WNORD XXXx I8/ ORSR EiS EXTaws X0
FMT BITE WORD XXXX
SEL FXD 1XS GRS EILNDIECID My

PEM XS 10 USIE LS FINT X x
PAGIM S TD) N ETART Xexix IHOYAN DRI XS X X
LB XX 1828 STEN T NI PIUIT X
3 S ENNNTID XXX LOAD 13
L0 AT AR Xt DECOM INPUT FHMT
1 X XXS
1/0 RESET 2 X XX$
PCHM 5 X X 3 X XUXiS
4 X XXS
5-FPM XXX
PSP PL INTRG DECOM ENA ENA
1/0 RESET 1 CHANNEL “xxxs PIDTAT A RS 1 g x
PSP1 s o CHANNEL XXXS 2R Y T 7ix
L T XA S PAH AR SHE SN (T oY CH SRS ¥ i oy F M v e p I S s Teii F
SYNC BEISTEXEX S EYRIR ¥ xS DONNLIST
FRAME XXXS§ XEMETATERPIWR S X FEhx X ST T gl e ST T Ty Wy
LOAD KEXEXSX IS XEx Y PALMSHIdE SIS IT R T WXl

(xx)

The PCMMU/PL COMM display is an SM spegcialist function (SPEC 62), available in SM OPS 2 and
4 and GNC OPS 9, which allows control and monitoring of the Pulse-Code Modulation Master Unit

(PCMMU), Payload Data Interleaver
Payload Interrogator (PL INTRG) pa
request will be rejected and a class 5 error message will be generated.

(PDI), and Payload Signal Processor (PSP), and displays
rameters. If this SPEC is called during a TFL/DFL uplink, the

PARAMETE RACT |
DISPLAYED | STATUS INDICATORS
CRT NAME UNITS RANGE MTHTLTTT?
SM COM BUFF [11 text ‘RDY’ or ‘BSY’
PCMMU: BITE WORD [2] | hexadecimal hex
FMT SEL FXD, PGM text blank or ‘M’ M
PGM ID 64 text 1t0 127
128 text 128 to 254
PDI: BITE WORD [3] | hexadecimal hex M
SEL DECOM [4] text 1to5
SEL FMT, DECOM 1-4 [5] text 0to 31
5-FPM [5] text 110 999
SEL INPUT [6] text Oto6
DECOM INPUT FMT [7] | hexadecimal hex T
PSP: SYNCBIT text yes, no, blank
FRAME text yes, no, blank
LOAD 8] text See Remarks
PLINTRG: CHANNEL 9] text 1, 2, blank
PHASE LOCK 9] text yes, no, blank
PHASE ERR 9] kHz -85t0 +85
XMIT PWR 9] watts 0-16, blank
PL SIG STR 91 volts 0-5, blank
DOWNLIST: SEL FMT ID text 24,26
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L COMM

REMARKS

[1]

[2]

[31

[4]
(51

[e]

[8]

[

‘BSY’ is displayed flashing to denote that the SM Common Buffer isin use. Keyboard
entries will be rejected when ‘BSY’ is displayed.

i alues are FFFC, FFFD, FFFE, or FFFF. ABITE anomaly_will not annunciate a
gzwlr:?els:a;e. User must refer to a PCMMU BSR table or description to interpret these

data.

User must refer to MAL to interpret these data. When an I/O error has occurred on the BSR
read element, an ‘M’ is displayed overbright.

Entries 1 thru 4 are decommutator channels; entry 5 is Fetch Pointer Memory (FPM).

Entries 0 thru 31 are legal with decommutator channels 1 thru 4 only, and entries 1 thru 999
are associated with FPM only.

Entry 0 designates no input, entries 1 thru 5 select one to five payloads, and entry 6
designates operative PSP.

This field displays the current payload inputs assigned to each decom and the last loaded
format of the decoms and FPM. If SMis re-1PLed after loading, the format display will show
all zeroes even though the PDI decoms are operating properly. If adecom fails and loaded
format data are lost, ‘1" is displayed next to the associated decom format (FMT) data field.
If an I/O error occurs while reading the MM or PDI during the load process, loading will be
terminated. Additionally, I/O or checksum errors incurred while reading the PDI will cause
the last successfully loaded DFL or FPM format ID to be blanked on the display and set to
zero.

First status field displays ‘RJCT for rejection of a PSP command, ‘INCP’ for an incomplete
command load, or blank for nominal PSP operations. Second status field uses double
overbright text to identify which PSP command issuer is the source of the rejected/
incomplete load: “TEC’ (Time Executed Command), ‘PCS’ (Payload Control Supervisor),
‘ITEM’ (Cargo Control Spec ltem Entry), ‘U/L’ (Uplink), ‘GNC’ (Guidance, Navigation &
Control), ‘MULT’ (more than one source), or blank for nominal operation.

This data field shows the last commanded CHANNEL selection, the PHASE LOCK and error
(ERR) status, interrogator transmit power (XMIT PWR), and received payload signal

strength (PL SIG STR) in SM OPS 2 and 4 only. These displays are blank for unpowered
interrogators and in OPS G9.

EMENTRY CHA |

ITEMS

ITEM3

ITEM 4 LOAD - used to im

ITEM5

1and2 FORMAT FXD/PGM - mutually exclusive, used to select either the fixed

(FXD) or programmable (PGM) downlink formatter. Certain classes of BITE
anomalies show an ‘M’ status.

SEL ID - used to designate a programmable format. Format not imple-
mented unless item 4 initiated successfully.

NOTE: TFL item entries are ignored when entered while a load is in
progress and a class 5 error (‘ILLEGAL ENTRY’) message will

result. ltems should be reentered when load is complete and the
SM common buffer is ready.

) plement item 3 designation. Text readout is ‘RUN’ while
load in progress and ultimately ‘CPLT lgr ‘FAIL. I

NOTE: If an OPS transition is initiated while an item 3, 4 format load is in

progress, the load will fail, I this P .
items 3, 4. (DR 37584) occurs, reinitiate the load via

/O RESET PCM - used 1o enable communication with the PCMMU. An ‘*

displayed when no BCE b TR .
This item s illegal in GNchpgsSs 9e'>usts. M’ displayed during BCE bypass.
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PCMMU/PL COMM (Cont):
ITEM ENTRY CHARACTERISTICS (Cont):

, NOTE: An‘M is also displayed after item 5 when the PDI is powered

. down. Execution of item 5 will only cause momentary blanking of
the ‘M’ in this case. The FAULT display may be checked if the user
suspects that some other PMU transaction has been bypassed.
(DR 55003)

ITEMS 6 and 7 PSP 1/O RESET - used to select PSP 1 or 2 for communication with pay-
load interrogator/attached payloads. items are mutually exclusive.

NOTE: An attempt to reselect PSPs while a load is in progress or while
polling is active with either PSP results in an ‘ILLEGAL ENTRY’
message. The current PSP should be powered down and become
bypagsselg (‘M’ comes up) before powering up and selecting the
new PSP.

ITEM 8 PDI I/O RESET - used in SM to restore a bypassed PDI switch matrix read
element. Overbright ‘M’ displayed when read element is bypassed: an ‘*’
otherwise displayed.

Used in G9 to restore a bypassed PD| switch read matrix element or BITE
status register read element. Overbright ‘M’ displayed if either element
bypassed; an ‘*’ otherwise displayed.

ITEMS 9, 10, 12 SEL DECOM/FMT/INPUT - used to select decommutator channel or FPM,
and format and input, respectively. Execution of item 10 or 12 without a
legal item 9 entry causes an ‘ILLEGAL ENTRY’ message.

ITEMS 11 and 13 LOAD - used to initiate selections made in items 10 and 12, respectively.
Text readout is ‘RUN’ while loading is in progress and ultimately ‘CPLT” or

‘ ‘FAIL

ITEMS 14 thru 17 DECOM ENA - used to altemately enable/disable FDA for the loaded input
source to DECOMSs 1 thru 4. An ‘*' is displayed next to the item when FDA
is enabled; this field is blanked otherwise. These items are in the disabled
state when SM software is first called and the current state is maintained
across each OPS transition in which the SM major function is not overlayed.
These items are not legal in OPS G9.

ITEM 18 TFL GPC SEL - used to select the GPC which is to perform both the write
to the PCMMU and the 64 and 128 KBPS read for telemetry format loads in
OPS GS only. (This field is blank in other OPS.) The GPC selected must be
a member of the redundant set or the GPC for a simplex configuration.

ITEM 19 SEL FMT ID - used only in orbit S2 to select the desired SM downlist for-
mat (FMT 24 and 26). The format number appears in the data field to the
right of the item when the format is loaded. The item entry is initialized to 24
upon entry to S2. It is blanked along with its associated data field in S4, G9,
and S2 SM Ground Checkout. If a format other than 24 or 26 is requested
in S2, or if an item 19 is requested in any of the formats in which it is
blanked, an ‘ILLEGAL ENTRY" message results.

PROGRAM NOTES

Erroneous Format Load Indications. PCMMU and PDI formats loaded on a G9 GPC (prelaunch)
are not reflected on an SM-driven SPEC 62. Power-cycling the PCMMU or PDI erases the
stored formats, but not the SPEC 62 indications. SPEC 62 displayed formats are blanked after
an SM GPC is re-IPLed on orbit even though the loads are not changed. (no DR)

’ SM2 PDI Fault Message Interpretation. When the PDI is powered in SM2, but a payload data
4 stream is not being DECOMed, PDI fault annunciation may occur without a PDI failure.
Annunciations caused by payloads which are not in configuration for PDI data processing
(deployed payloads, those for which lock has been lost, etc.) do not necessarily indicate PDI
failure. (DR 55302)
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1230567895123556?890123456Z'890123456789012345578901

1 XXXxx/064/ SM GROUND CHECKOUT XX X zzzﬁ:::::ﬁ
; - (5)
XOXOXER
i XIIXXKXIXXIZNA INH PROCESS INH/ENA
ST [t 2 XM X INH
€ PL ANNUN 4x X S P 0P, 1isS X
7 SM ANNUN 5X X
8
B g —————pounLIST
10 61iS El L N IY XX
1 LOAD 7X
2
@5 —————srns To0OLS
4 SOFT STOP/REACH
5 TURNAROUND 8 X
6 REINSTALL 9 X
7 SINGULARITY 10X
8 JOINT
9 RATE LIMIT k¢
20 12 30N S e X
1 1B AT TIEN LIM L X
2 14 "ARN SELECT XXX
3 DIES R G AT VAT TE E R TIX
4 \
5
6 \ /

(6)
The SM GROUND CHECKOUT display is a Systems Management (SM) specialist function (SPEC
64) available in SM OPS 2 and 4 which allows the ground checkout user to modify certain SM
processes to enhance vehicle tumaround and test processing. All inputs to this spec are rejected
when the SM ground checkout discrete is disabled (item 52 on the DPS UTILITY display with no ‘*’).

(1) This field will display ‘INPUTS INHIBITED’ when the SM ground checkout discrete is
disabled. It will be blank at all other times.

(2) Items 2 and 3 are provided to enable or inhibit FDA processing. ltems 4 and 5 are toggle

entries to enable/inhibit the annunciation of payload or orbiter messages from the FDA
function. An “* indicates the current selection.

(3) DOWNLIST. Items 6 and 7 allow for the selection and loading of downlist formats. This is
valid in OPS S2 only. If the format ID is not valid, or if requested in OPS S4, the data field

will blank and an ‘ILLEGAL ENTRY’ message displayed. item 6 will display the selected
format ID, and item 7 will display an ‘*’ upon execution.

4  RMSTOOLS. hems 8 thru 10

Item 11 allows selection of the
Six joints. Reexecuting this item rest
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SM GROUND CHECKOUT (Cont):

(5) PROCESS INH/ENA. Item 15 is used to inhibit/enable th
following functions:

. 1. Antenna Management
2 Fuel Cell Purge
Bl Hydraulic Fluid Temp Control
4, Standby H20 Coolant Loop Control

e special process outputs of the

An “* indicates these outputs are inhibited.

(6) OPS ACTIVATE. Item 1 is used to resume scheduling of SM processes for the SM OPS.
Execution of this item (indicated by an “*’) will complete activation of the SM OPS.
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1
45678901234567

2 3
8901234567890

]
1234567890

5
12345678901

123
1 X TR IR R OB ENVIRONMENT SR DDD/HH:HH:S§‘\
2 DOD/HH:MM:SS
3 CABIN AV BAY 1 2 3
8 2P AT + . XXS CAETNRE X XEXSHTEEMNE XERIXEES R Y IS Sy Y XS
5 PPO2 ATRLE P XX . xSl rasNA A PRI XOXES X B XX (S B XKL
6 A X XXS FAR AP xexxs|EESiEEISEERIo
7 B X .XXS RHXaoUT T XX Xis HnimYERASSX ) 1aS SENPAR IEISHS XXXS
8 C X.XX5 CABIN T SXixxss BRI X X5 (DANIP I Tl XX S
9 D iRUCIOI2AE XUXL XIS A xS RN o | 7 ST A S s
10 1 2 D_XXXS B XXXS
1 02 FLOW Xizukes Bie X2 xis | NIARS iERER20
2 REG P AEAA S X XiXS QTY 1 XXXS PARSESS IS XXXS
3 N2 FLONW Yi o Sy s DMP LN T XXXS
P REG P ¥Xixs Ll Nio z TR s
5 02/N2 CNTL VLV XXS XXS B OXXXS
6 H20 TK N2 P WO RS NEALCERVAT SR NI Q) ZEeT XX X AS
7 N2 QTY Xixex s xS TG CIH T 15 ARG
8 EMER 02 QTY XXXS FILTERAP s RS
9 RES P XXaXeXsS PPCO2 XX.X58
20 TEMP XX xis
1 AR L I AP | BED A PRESS s B s
2 IMU F AN R risiy s i vic SRy B PRESS X XSy Sl Ry
3 HIUNID S EPE XSS AP XEX XS XS
a VAC PRESS XEXiS
g
6 \g, (XEJ)

The _ENVIRONMENT_dispIay is an SM display (DISP 66) available in SM OPS 2 and 4 which
provides data on cabin atmosphere, cabin pressure control system, IMU fans, avionics bay thermal
status, water system characteristics, and regenerative CO2 removal system (RCRS).

PARAMETER CHARACTERISTICS

CRTNAME S DlgiLN?;YEED STATUS INDICATORS
Y ] [ e e
CABIN: dP /dT Ui
psi/min +0.45t0-055 | M | H | L
gggzo ?.B.C [1] psia Oto5 g L B o] (A
PPCO2_ mm Hg 01030 M| H T
CABIN E psia 01020 MIHTIL]|T]Y
iy _psid -2010 +20 METHE L ]l
on’?rr'r in H20 Oto8 MIH]JL]|T]!
RXOUT: degF +4510 +145 M H L
degF +3210 4122 M|H]|L]|T
02 FLOW m/hr
by 0105 MIH]L][T
REG P psia 010300 M| H e
N2 FL!
RE%V\'; bmvhr 0to5 M]H]JL]|?T
psia 010300 M| H L T 4
02/;2 CNTL VLV text ‘02’ or ‘N2’ M
H20 TK i
— N2 P psig 01020 M|HI|L 1
YT [4] b 0 1o 460 M| H L 4
Qry
I b 01075 M|H]|L 1
- psia 01to 1500 M]IH|L|T
AN A B,C
ap 2 off/on blank or *»* M 1
— in H20 0107.0 MIH]JL]|T]!
s SEP 31| offion blank or M 1
AY TEMP
FAN AP _degF +4510 4145 M|H[L]|T
in H20 Oto5 M| H L I 1
H20: SUPPLY QTY A, B.C D nt
PRESS perce 0o 100 MIHIL|T]|!
DMP LN T psia 01050 MIH|L]T]!
NOZTAB degF 2510 130 M| H [ [ Pl
degF 0 to 400 M|H]L]|T
4-14
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ENVIRONMENT (Cont):

PARAMETER CHARACTERISTICS (Cont)

CRT NAME UNITS DIgiLNJgEED STATUS INDICATORS
M H L T i
WASTE: QTY1 percent 010100 (Vi BT T
PRESS psig 01030 I ETTE ETE o |
DMPLNT degF 25t0 130 MELLRTEE L
NOZTARB degF 0 to 400 M H L T
VAC VT NOZ T degF -75 10 +300 M|H]|L
FILTER AP in H20 Oto3 M H L T 4
PPCO2 mm Hg 01030 ML HOEsE | T
TEMP degF 3210133 M|H]|L
BED A PRESS psia 01020 M|HI|L
B PRESS psia 01020 M|IH]|L
AP in H20 0to5 M|HI|L
VAC PRESS mm Hg 0to5 MiHgeE] T A
CO2CNTLR 1,2 I51 off/on blank or ‘** M
REMARKS

[1] PPO2 ‘C’ has no ‘T’ or ‘!’ indicators.

[2] Status shows an ‘!’ if appropriate IMU fan is ‘on’ and speed drops below fixed value. I no

fans are ‘on,’ all three fans show an ‘..’ ‘Blank’ indicates the IMU is ‘OFF’; an ‘*’ indicates
that the IMU fan has been selected.

[3] Status shows an ‘!’ if appropriate humidity separator is ‘on’ and speed drops below fixed

value. ‘Blank’ indicates the humidity separator is ‘OFF’; an ‘*’ indicates that the humidity
separator has been selected.

[4] At OPS 2 transition, the N2 Quantity computation is configured either by the crew (SPEC
60) or by the ground (TMBU) to reflect the specific N2 tank configuration flown. If the
configuration is performed by the crew, reference ECLS SSR 14.

[5] Parameter is a multidiscrete indication that requires AC power and DC power ‘ON’ discrete.
An ‘¢ indicates that the system is powered, but not operating. An ‘.’ will appear for only &
seconds from time of failure. Controller FAIL light on panel MO51F will remain latched
during shutdown.
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1
12345678901

3 4 5
23455789312345678901230567890123556?8901

1 /’ﬁ]xx:/xxx/ns? ELECTRIC XX nnn/un:nn:si‘\
2 DDD/HH:MM:5S
3 DC 1/A 2/B 3/C AC 1 2 3
4 YOLT FC G e AE) XS XS XX XSS v $A XX X'S XXXS XEXXES
5 MN G G ) XX . XS XXk S B XXXS XXXx$S XXXS
6 PCA FND oSO ) XX.XS Xk XS dC XXXS XXXS XXXS$
7 AF T oy, RIS iy ok iy rol| AT PR A T s XGRS xS
8 ESS XK k=S XX XS XSXu X iS $B XOX o XAS XAXE T XAS 2 4 et b
9 A B r A [ i i G Gty el St G (S e (IS
10 BINT L L XX X e SEEEK e s i X X RS e d 1 R0 V1D XXs XXs X x4s
1 2 XX . XS XK X SEX X XIS o/u v XXS XXS X XS
2 XXX o XSO IS XX RIS X
3
4 AMPS FC X X XS XXXs XXXS PAYLOAD DC AMPS
- FWD XXXS$S XX 1S XXXS AFT B K XRK A S
6 MID XXXS XXXS XXXS c XXX.XS
7 AFT £XXXS EXAS XXX
8
9
20 TOTAL AMPS XXXXS
1 K W Xox Xoe X0S
2
3
4
A (5
6

The ELECTRIC display is an SM display (DISP 67) available in SM OPS 2 and 4 which provides

data on electrical power distribution and control.
PARAMETER CHARACTERISTICS

CET NAME UNITS DISPLAYED | STATUS INDICATORS
RANGE MIHTITLT]TTTYI
DC: VOLT: FC volts 010 40 T [T T i o
MN volts 0o 40 MIH]|LT]!
PCA FWD volts 0to 40 M| H L
= AFT volthz 0to 40 M| H L
vo 0 to 40 M|H 4
cr\m_g 1| voits 0 to 40 M|H t e
2 volts 0to 40 M|IH]|L 4
. volts 010 40 M|IH]|L 4
1lars amps 0 to 500 MIH]L]T]|!
B amps 0to 250 M| H L
AFT amps 0to 100 M| H L
- [21| amps 0to 175 M|H]|L
OTAL mPS amps 0to 1500 MIH]|L
— kW 0 to 60 M| H IS
i gﬁ,gg.gcc volts 01to 140 MIH]L]T
ovik B, amps 0to 20 MIH]|L
oy text ‘blank’ or ‘Ol | M d
3] text ‘blank’ or'OU’ | M
PAYLOAD DC AMPS: AFT B amps 0to 75 MIH][L
C amps 0to 75 M|IHI]L
BREMARKS
[11 Each i
b e%arum::zr‘ lsa]precededﬁollowed by an RPC trip status indicator. These indicators are
OFF (Sians omefwis ;;t;a |t;o;:lumn headers (A-B-C-A); they read **' if the associated RPC is
both the left and right A; M:IEREZIB%';A A(Z)Blll‘;(mcld= Sl e
v = u gt .
o :mc BC3/CA3 = OFF produces an * for S o RS b e
straaerr!‘s_clur:ntar range Is -325 1o +175 to accommodate GSE power; iti i
in fight. er; only positive values will be
[3] Parameter reflects status

message (S67 AC VOLTS), an

be displayed.

of over/under-voltage sensi
operan‘a properly, C/W alert
T or ‘L’ by one or

sing of AC Bus Voltage Sensor. If
AC VOLTAGE’ would also have a CRT
more ‘AC V' parameters, and ‘OU’ would
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1 2 3 4
12345678901234567899123456789[11?.30.56?890123456789?11

1 f” XXXX/XXX/068 CRYEOR RS YISFTFEM XX X DDD/HH:MM:5S

2 DDD/HH:HH:S;\\
q" 3 TK

4 02 1 2 3 4 5

5 P XXXXSIXXXXS[XXXXSXXXXS[XXXXS

6 T K e P XXXXS[XXXXSIXXXXS[XXXXSIXXXXS

7 QTY XRXIS TR XX X S{XaxeXa sl XX Sl % XS

8 T EXXXSIEX XX S|EXXXS|EX X XS[EXXXS

9 HTR T X XXS|EXXXS[£XXXS|2XXXS|EXXXS

10 2|EX X X S|EX X X S|£X X X S|£X X XS|£X X XS

1 HTR 1A S S S| S S

2 CUR 18 N S S| 4/5 s S

3 SNSR 2A S S S H S

5 2B S S S 4/5 s S

5 MANE P IXXXXSIXXXXS

6 ViV XXS XXS

7 H2

8 P XXXS] XXX XXXS| XXXS§] xXxxs

9 TRE S P XEXAXES IR XXX SHECXEX Sl XXX Sl XX XS

20 QTY XIXOSIR X XX S| Xixexis|s i X shxx xs

1 T EXXXS[EXXXS|EXXXS[£XXXS|£XXXS

2 HETRET EXXXS|EX X XS|EX X XS|£X X XS|£XXXS

3 MANF P XXXS] XXX5§

4 vLiy XXSs XXS

5 (xXx)

AL i

The CRYO SYSTEMdisplay is an SM display (DISP 68), available in SM OPS 2 and 4 which
provides detailed status information on the cryogenic (CRYO) subsystems.

. PARAMETER CHARACTERISTI
DISPLAYED | STATUS INDICATORS
O2TK: P [11]| psia 51501015 [ M| H | L | T[4
TKP 1| psia 0to1200 |M|H|L|T |4
QTY percent 0to 104 M|H|L
T degF | -425t0+475 | M | H | L
HTRT 1,2 degF | 425t0o+425 |[M [ H | L | T [+
HTR CUR SNSR 1A1B,
2A, 2B 21| onArp | ‘blankorl’ | M 4
MANF P psia 0t01200 [M|H | L 1
VLV text ‘CLlor'OP’ | M -
H2 TK: P [11 psia 14510305 |M|JH L |T]|+4
TKP 11| psia 01to 400 MIH|L]|T]Y
QrTyY percent 0to105 M|H|L
T degF | -425t0+475 | M | H | L
HTRT degF | -425t0+475 |M | H [ L 4
MANF P psia 0 to 400 M|H|L iv
VLV text ‘CLlor'OP’ | M T
REMARKS

[1] ‘P’ is the tank pressure used by the tank heater controller. This pressure also appears on
the SM SYS SUMM 2 display as ‘O2(H2) PRESS.’ On OV-102, tanks 4 and 5 share a
common pressure sensor. The common tank 4 and 5 heater control pressure is displayed
as TK4 P. TK 5 P will be displayed OSL. ‘TK P’ is measured at approximately the same
point as ‘P’ but is not used by the heater control unit. ‘TK P’ pressures are also displayed on

panel O2.
. [2]

‘L' reflects that tank heater current was excessive, and that the appropriate heater has been
inhibited. If five cryo tanks are present on an OV-102 mission, then HTR CUR SNSRs 1A
and 2A will indicate status for tank 4 and HTR CUR SNSRs 1B and 2B will indicate status
for tank 5.
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3 4 5
12]456789(}12]4567896!234567890123456789012345678901

1 XXX%XX /XXX /069 FUEL CELLS XX X DDD/HH:ZNN:S5S
zf DDD/HH:MM:SS
3 FC

4 1 2 3

5 YVOLTS X %o X SIXIX R XIS XeX XIS H20 RLF LINE T XXX S
b AMPS XX XS XXXS XXXS NO2Z T A XXXxs
7 XXXS
8 FLOWN 02 b e i [ G G 1 6 G G HTR SN XOXOXiS
9 H2 X XS X X X o XS PURGE LN 02 T XX XS
10 REAC 02 X X5 XXS$s XXS$S HZ2 12l XXXS
1 H2 XXS XXS XXS e XXXS
2 Hz200 LINE ©PH Xixis
3 STACK T EXXXS|EXXXS|EXXXS

4 EXIT T XXXS§ XXXS XXXS

5 cooL T XX Oxas XX XS0 X XXS FC

6 P XXX S XoXeXaSbKeXoXyS 1 2 3

7 PUMP XXS X X S X X8 PH XXs XX'S XXS
8 H2 PUMP X.XS Xoo XS GX 0 XS Ay §$S1 XXXS§ XXXS] XXXS§
9 READY XX XS XXXS XX XS §§2 XXXS XXXS XXXS
20 SS3 XXXS XEXXES XXXS
1 H20 A AMPS +XXXS|£XXXS|EXXXS
2 PRI LN T XXXS XUXTX S X XS

3 VLY T XXXS§ LIXEXHS XXX

4 ALT LN T XXXS KXo SHENX YN S

J (xx)
LA "

The FUEL CEL_LS display is an SM display (DISP 69) available in SM OPS 2 and 4 which provides
detailed status information on the fuel cell subsystem.

PARAMETER CHARACTERISTICS

STATUS INDICATORS
CRT NAME uNiTs | DISPLAYED
RANGE MIHILITIT!
FC: VOLTS volts 01to 40 MIHJL]T]!
AMPS amps 0to 500 MIH|L]T]{
FLOW O2 Ibm/hr 0to 15 M|H|L]|T
L% H2 Ibm/hr 0to 2.5 MI|H|L]|T
co2 text ‘CLor'OP’ | M 1
STACKng text ‘CLor'OP’ | M {
AR degF -75t0+300 |[M|H|L|T] !
EATHS 1 degF 0to 250 MI{H]|L]T]!
T degF 0to 250 M|H]|L
Bl psia Oto 100 MIH]JL]T]|!
Rl text ‘AP’ or ‘blank’ | M i
Lo volts 0to5 M|H|L]|T
oy e text |‘OFF or‘RDY’ | M 1
i TN i degF 0to 250 MIH|jL|T]!
e degF 0to 250 MIH|L|T]I
H20 RLFLINET gooE e I e ) e I
RO degF 0to 250 MIH|L|]T]|!
HT & Sur degF 0to 450 MIH|L|T]!
PURGE LN o T text |AB,AB OFF | M 1
Ho, T1, T2 ear |0 24D el My L]
’ » (o]
;‘ﬁo LINE PH [11] text | ‘blank or ‘PH % &5 1
AVSS123 1] text ‘blank’ or ‘PH’ | M i
AAMPS ™" mvdc 0to 500 M|IH]|L]|T
[21| amps -500t0500 | M T]4
REMARKS
11  ‘PHandL . :
2] . Fuel Cel Deltg ?Afr{ when fuel cell pH is outside of normal range.

are cal
FC2, and FC1 frompsFCS. Thculated z

and 3, respectively.

e differe

4-18

Y subtracting the current of FC2 from FC1, FC3 from
Nnce, positive or negative, is displayed as AAMPS 1, 2,
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1 2 3 4
l234567890!2345678901234557890123456'7890123#5673931

1( XXXX/XXX/076 COMM/RCDR XX DDD/HH:HH:S;\

2 S-BAND PHM DDD/HH:MM:SS
. 3 XPND X XiX'S KU-BAND

4 MODE XXXXS PA TEMP TR S

5 FREQ XXS GMBL TEMP KRS

6 PREAMP XXXS BisEiX X X'S

7 PNR AMPL GYRO TEMP =RXXXS

8 OPER XXXS PWR O0UT XX

9 STBY XXXs ERENS Y N C XXXS

10 PWR OUT 1 XXXS MODE XXX xs

1 2 XXXS TV CAM OVRTEMP XXXS

2 TEMP 1 XXEX"S 6CIL CONFIG XXXS

3 2 XX XS RECORDERS

4 NSP DIPS T NOP'S 2 sRil

5 BIT/FR SYNC 1 XXXS XXXS MODE XXXXS XXXXS$S XXXXS§

6 2R XXX S X X IXSS TRK XXS XXSs XXS

7 FAIL SAFE XIXXCS DIR YRS XXz X4S LAXS

8 DATA XMIT XXS$ 5TAPE XXXS TOXINSS LXXS

9 RCV XXS TAPE X XXX XEXX X XX XX

20 UL DATA XE%'S TEMP XXELS XXXS XX XS

1 CODING XMIT YRS BITE XoXiS XS XiXes

2 RCV XXXS RCDR INPUT XXXXS

3 BII'TE LXXXXS COMSEC BITE Tk XXX

4 2XXXXS 2ENXY X KS

5 (xx)

s \ J

The COMM/RCDR display is an SM display (DISP 76) available in SM OPS 2 and 4 which provides
data on the configuration and condition of the communications system.

. PARAMETER CHARACTERISTICS
DISPLAYED STATUS INDICATORS
CRT NAME UNITS RANGE. [ THTT T
S-BAND PM: XPND text ‘OFF1or2 | M
XPND MODE [1] [2] text See Remarks | M
FREQ text ‘LO or ‘HP M
PREAMP text OFF o2 | M
PWR AMPL OPER 131 text See Remars | M
STBY [3] text See Remarks M
PWR OUT 1,2 watts 0o 150 M|H]|L Il
TEMP 1,2 degF 32 10 266 MIH]|L]|T
NSP: BIT/FRSYNC 1,2 text YESor'NO' | M
FAIL SAFE [4] text ENA or'INH | M
DATA XMIT [51 text "LO or 'HP M
RCV [5] text ‘LO or ‘HI M
UL DATA [5] text 'S or KU M
CODING XMIT text OFFor'ON' | M
RCV text OFF or ON' | M
BITE1,2 text ‘GOOD’ or ‘FAIL | M
KU-BAND: PA TEMP degF o+ [M|JH[L]T]!
GMBL TEMP A,B degF 75t0+300 |M|H|L]|T
GYRO TEMP degF 75104300 |[M|H|L|T
PWR OUT watts 0to 30 M|H|L
FR SYNC text YES or' NO' | M
MODE text ‘RDR’ or ‘COMM | M
TV CAM OVRTEMP [6] text YES or'NO' | M l
GCIL CONFIG Yy text ‘PNL' or 'CMD’ | M l
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COMM/RCDR (Cont):
PARAMETER CHARACTERISTICS (Cont)

DISPLAYED | STATUS INDICATORS
CRAT NAME UNITS RANGE MRl T e
:  MODE [8] text See Remarks | M
RECORDERS MO o o Lisctly M
ot bt || Ok o0k i
TAPE pet used to
?APE text ‘STOP' or ‘RUN'
TEMP [10] | degF 0 to 140 M 17| |
BITE [11] text Florblank | M
RCDR INPUT [12] text ‘DATA or DVO' | M
COMSEC BITE 1,2 text ‘GOOD" or FAIL | M

[l

[2
[3]

[4]
(51
(61

(8]

[e]
[10]
1]

[12]  Input can be data only or data plus voice.

REMARKS

Text reads ‘S-HI,’ ‘S-LO,’ ‘SGLS,’ or TDRS' indicating the current configuration of the
operating transponder.

A blank data field implies that both LRUs are unpowered.

‘OFF in both ‘OPER' and ‘STBY fields means both power amplifiers are unpowered. Text

for STBY reads ‘OFF,’ “1,' ‘2," or “1/2.” Text for OPER reads ‘OFF’ ‘1, or ‘2" A blank

indicates a malfunction-induced undefinable state.

Indicates current status of the Ku-band to S-band automatic uplink switchover logic.

A blank data field implies that both network signal processors are unpowered.

Determination of which CCTV is over-temp is via CCTV monitors.

‘CMD’ indicates that the GCIL is configured to control the S-band, Ku-band, and TV power

functions; ‘PNL’ indicates that the functions have been defaulted to panel control. Initial

GCIL power-up, multiple GCIL power supply failures, or multiple electrical bus transients

cause ‘PNL’ to be displayed (overbright) with a ‘..’

'(I’ex(:0 r:jads Z‘:‘ BIY’ (sta;\dt;yB), ERF?Q: (record, input A), ‘RCDB’ (record, input B), ‘RCDP’
record, parallel inputs), ‘PB’ (playback , serial output), ‘PB-P’ (pla ack, parallel outputs),
‘LOOP’ (loop mode), and ‘STOP.’ L e )
A blank data field implies that a recorder is unpowered.

Indicates tapehead temperature.
Normal status is blank, indicating h ‘FLis di SOI=
e i) k, ng healthy recorder(s). ‘FL’ is displayed for an out-of

A blank implies no input is selected.
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1234567390123&55789012345678901234567890123455?893l

1 (" XXXX/XXX/077 EVA-MMU/FSS X DDD/HH:HH:;?\
2 DDD/HH:MM:$S
.' 3 MMLU/FSS
4 TEMPS PORT STBD
5 TH0ie 6 (INERSVItVIN RS i) B £ pixncis B0 T icix i ls
6 RE  XEXSXHS XX XS
7 MMU L 2XxXXS £XXXS |
8 RIEE XX Xt Bty xis |
9 €6N2 TANK BARREL L £XXXS £XXXS |
10 RISE Y XIS SR by s
1 CINGTAI'S E LIEICTR A'SISAY X XOxES S ixis
2
3
4
5
6
7
8
9
20
1
2
3
4
5 (xXX)
e \ J

The EVA-MMU/FSS display is an SM display (DISP 77) available in SM OPS 2 and 4. It is used for

thermal monitoring of the Manned Maneuvering Unit (MMU) and its associated Flight Support

Station (FSS) prior to operational use and during reservicing of the GN2 propulsion system. The
. crew may also view the display as a result of an FDA alert/CRT message.

PARAMETER CHARACTERISTICS

DISPLAYED |STATUS INDICATORS
CRT NAME UNITS RANGE T BT
TEMPS: TOGGLE VLV FSS L,R degF | -75t0+175 [M|[H | L [T | !
MMU L,R degF | -75t0+175 [M|H | L | T | {
GN2 TANK BARREL L degF | -75t0+300 |[M|H|L | T | !
R degF | -75t0+175 |M|H | L | T |{
CNTL ELECT ASSY degF 75104175 (M |H|L | T |

4-21 DPS/ALL/GEN |




5

12345678951234567895123456?8931234567893123556?8901
1 XXXX/XXX/078 SIS IYIS RS T NN RO DDD/HH:MM:SE‘\
2 DDD/HH:MM:55 .
3 SMOKE 1/A4 2/B
4 CABIN XX.XS DC VOLTS 1/A 2/8 3/C
5 L/R FD XX L XS CXEXEXES FC XK e vRS XX 2 S ST X XS]
6 AV BAlAEL XX XIS EXIXERNES MAIN XOXBXS WX X X EST R XXX S
7 2R X . XS XEXERUS ESS X XS XX XS XX S
8 3 X o XS XEXEXAS A B C A
] CABIN CNTL 1ASEXEX AN A, EX S RN, X SIS X SEX
10 PRESS X X XIS 2 AR XS XXX XS XXX XS
1 dP/dT-EQ +.XXSEX.XXXS§ 31 XEXOXTFLXIS XX XIS XXX L X SEX
2 02 CONC XEXEXiS AC
3 PPO2 XX SRS VOLT ¢A XXXS XXXS XXXS
4 FAN AP XS Xexs ¢ B XXEAES XXXS XXXSs
5 H XSG TR XXXS ¢ C XXXS XXXS XXXS
6 02 FLOW XSS XX eSS AMPS ¢A O UXUS IR XU X U S B NG R XS
7 N2 FLOM TIXEXIS YIRS ¢ B X% T XIS, XX XS TREX Y xS
8 IMU FAN AUXES UBIXISEINCEXES ¢ C XEXES XIS XX X ST X XX S
9 AV FC1 FC2 FiCi3 FUEL CELL
20 $§51 XXXS XXXS5 XXX5§ AMPS XXXS XXXS XXXS
1 57821 IXIXIXISINNC X USRI ixEx iy REARC VLV XXS X X4 XLXS
2 LIOHE B £ 0 ST Grid 830 0 1 TS SETIAIC KERRT, XX XS] IXEXIXES X XOKS
3 TOTAL AMPS XXXXS EXIT T XXXS XEXEXES XXXS
4 KW XXS coolL P XOXIX'S XiXex's XXXS
5 PUMP XXS$S XXS XXS
5\ (xu/

The SM SYS SUMM 1 display is an SM display (DISP 78) available in SM OPS 2 and 4 and in BFS

OPS 0 which provides summary data on emergency,
distribution and generation parameters.

PARAMETER CHARACTERISTICS

atmospheric (cabin), and electrical power

CRT NAME UNITS | DISPLAYED RANGE STAHSTNG CATORS
MIH]L]TT] !
SMOKE: CABIN [11| mgmms 0to 15 MIH]|LI|T
UR FD [11| mgmm? 0to 15 M|IH]L]|T
AV BAY 1,2,3 [11| mgmm® Oto 15 MIH]L]|T
CABIN: EI‘R’IEDSTS psia 01020 MIH]|L|TI] !
L [2]| psi/min +0.45 to -0.55 M|H]|L
= COI\?C [3] | - psi/min ~2.000 to +2.000 M|HI|L 1
L3 [4] pet 0to 100 M|H T
Hioca _psia 0to5 MIH|IL]|T]
ol in H20 0to8 MIH|L|T] !
ol degF +4510 +145 MIH]L]|T
o2 FLow lbm/hr 0to5 MIH|IL]|T
— bm/hr 0to5 M|H]|L
G NAB,C 51] text blank or ** M 4
12,8 mvdc 0 to 500 MIH|L]|T
TOTAL: QMPS amps 01to 1500 M
DC VOLTS: = - 22 50 -
: m i volts 0to 40 MIH|L][T][!
ESS :glg g g g MIH]|L]|T] !
— CNTL1,2,3 61| volts 0to 40 m ﬂ t i
B o e
FUELCELL: AMPS amps : :52;0 :: : t T
2o 71| text ‘CL' or ‘OP" M i
EXITT degF ~75 to +300 MIH]|L]|T] L
coor ¢ R EEE
-] H]L
UMP text ‘AP’ or blank M 1
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REMARKS

[11 The hardwired smoke emergency alert can also be initiated by smoke rate-of-increase (not
. shown on CRT). There is no software triggered emergency alert for smoke rate of increase.

[21 The dP/dT hardware status field shows an ‘H' for an off-scale pressure leak (greater than
-.5 psi/min).

[3] EQ dP/dT is the equivalent dP/dT at 14.7 for the current Cabin Pressure and dP/dT. The
EQ dP/dT field format range is £2.000. If either Cabin Press or dP/dT is missing, the last
computed values of EQ dP/dT and ‘M’ displayed.

[4] The O2 CONC calculation automatically disregards PPO2 A, B, or C inputs which are
missing ‘M.” The crew can manually remove a PPO2 input from the calculation by disabling
the corresponding PPO2 ENABLE constant on SM SPEC 60. If all three PPO2 inputs are
disabled, ‘NOK’ (not OK) is displayed. If all enabled PPO2 inputs are missing or if Cabin
Press is missing, the last computed values of 02 CONC and ‘M’ are displayed. 02 CONC
values greater than 100 percent can be displayed.

[51 Status shows an ‘!’ if appropriate IMU FAN is ‘on’ and speed drops below fixed value, or the
IMU FAN speed sensor is unpowered or failed. ‘Blank’ indicates that the IMU FAN is ‘off’ or

the ‘on’ discrete is failed. The “*,” powered by phase A of the respective AC bus, indicates
which IMU FAN has been selected.

[€] Each parameter is preceded/followed by an RPC trip status indicator. These indicators are
located under the alpha column headers (A-B-C-A); they read *' if the associated RPC is
ON (blank otherwise). Examples: AB1/CA1 RPC = ON produces an ‘*' for CNTL 1 under
the leftmost A; BC1/CA1 RPC = ON produces an ‘¥’ under the rightmost A.

M Either H2 or O2 valve closed causes an ‘..’
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2 3 4 5
123056?89&1234567890123456?890123456?890123115678901

1 /7 XXXX/XXX/07 M SIYS SIUINIME TR nno/HH:MH=S§‘\
2 DDD/HH:MM:5§5S
3

4 CRYOD TXK 1 2 3 4 5 MANF1 MANF2
5 H2 PRESS Xe4iReS Xxixis XXXS$ XXXS$ XXXS XXXS XXXS
6 02 PRESS XXXXS§S XXXXS XXXXS§ XXXXS XXXXS XXXXS XXXXS
7 HTR T1 X AXS EXXXE SEXX XS HE XX 2ISHE XN S

8 T2 +XXXS £XXXS £XXXS £XXXS £XXXS

9

10 APU 1 2 3 HYD 1 2 3

1 TIEMP S BT XX XOUS X XX SUEX XX S| EPER FISES X XS Y XS X XX XSS
2 BAUTEGT N X XX XS XXX STEXRIXRCSHER S VIREET XXXS XXXS XXXS
3 0oIL IN XXXS XXXS XXXS P XXXS XXXS XXXS
4 ouUT XXXS$ XXXS XUREXTS QTY XXXS XXXS XX XS
5 SPEED % XXXS XXXS§ XXXS W/B
6 FUEILRniTEY X-X8nds XEY XS X XIXTS |NHE2I0 RO T YA X XS XXXS XXXiS
7 PMP LK P XXSs X% X XS YIPREVILEV X X2X4S XXXS$ XX S
8 DL DT RE X XS XXXS XXXS
9 THERM CNTL 1 2
20 AV BAY H20 PUMP P XXXS XS
1 TEMP XXXAS XOXEXES XXXS| FREON FLOW TEXCXOSE XEXIX XS
2 FAN AP XoXX85 XoXXxsS X.XXS|HeaysAtpasoilsTassT XXXS$ XNIXS
3
4
: (xx)
6 \¥_ ‘/

The SM SYS SUMM 2 display is an SM display (DISP 79) available in SM OPS 2 and 4 which
provides summary data on cryogenics, auxiliary power units, hydraulics, water boilers, thermal

control, and avionics cooling.

PARAMETER CHARACTERISTICS

STATUS INDICATORS
CRT NAME UNITS DISPLAYED
RANGE MIHJL[+]{
CRYO TANK: H2 PRESS [11| psia 145 10 305 MIH]L]|TI|!
02 PRESS [11| psia 515101015 | M | H | L | T |
HTR _Tr; geg; 425104475 |M | H L | T ]!
42
MANF1,2: H2 PRESS pilga o?c:m-,s m ﬁ t ¢ i
02 PRESS psia 0 to 1200 M|H]|L 4
APU: TEMP EELEJTE degF 0 to 1500 M|H]|L
a INGT degF 0 to 1500 M|IH]|L]T
L degF 0 to 500 M{H|L]|T
SHEEDS degF 010 400 M|H]|L]|T
FUEL QT percent 0to 167 M| H L
PMP LKP percent 0to 100 M H L
e 21| psia 01050 M|H]|L
- psia 00 200 MIH]|L]|T]|L
BAY: 'II:'EPqAPAP _degF 451to 145 MIH]L]|T
s in H20 0to5 MIHJL]|T]|L
" RSVR T psia 0 to 4000 MIHI|L d
X degF -75t04300 |M | H | L {
B psia 0t0 250 MIH]|L i
TS percent 0to 100 MIH]|L A
g o a_v percent 0t0 100 M|H]|L 1
text ‘BYP or'WEB' | M
or ‘blank’
THERM CNTL H20 PUMP P :
psia 010 150
E@Eggs#c;w bm/hr 730 to 2700 m : l[ ! i
degF 2510 130 MIH]L d
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REMARKS

)

(2]

These pressures also appear at ‘P’ (O2/H2) on the CRYQ SYSTEM (DISP 68) display and
are used by the tank heater controller. On OV102, tanks 4 and 5 share a common pressure

sensor. The common tank 4 and 5 heater control pressure is displayed as TK 4 P. TK5 P
will display OSL.

Measured at fuel pump drain line and is representative of leak rate.
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(20) (28) (la)z 3 / n . 5 1

12345“39&143¢5573}\01234557890123456739012345573 0

MASS \MEMORY R/N XX X DDD/HH:MM:S§S§
1/\9011/085/ v \ / DDD/HH:MM:5S§
(18) 2 SM COM BUFF XXX
3 ®DESIRED ACTUAL DESIRED ACTUAL
3 T XY XX 2410 S XXX O X XXX SELECT @
5 25 XK XEXAROX 22 XXX XXXXx MMU 1 40X
6 G XXX 23 XXX XX XX MMU 2 41X L5
7 LR XX Rux XX 2 ALY Y Yy X XExex 42 S /N SYSTEM X L (6)
8 5 ip XXX X XXX 251 SXUXOXEX XEXGXEX 43 PHASE XX x4 |
9 B XXX XOXXX 2 Ty XX XX 44 LOAD BLK ;55(___(”
10 T XX XEXoxx P 7 XX e XXXX 45 O0'FFSET XXXXX L (8)
1 B XXX XXXX 280 XXX X XXX 46 NUMBER XX L (9)
2 DY XX XEXPXOX 2.9 XXX XX XX 47 PATCH 1D ;zxg_(m)
3 10 XX XX XXXX 300 X XXX ROXXEX VIOLATE XXX 1)
4 MR X X XXX i XXX RPLXEX READ LOAD BLK 4 8 x4 |
5 1i2) XXX X XXXX 352 | Xxaxdx XXX MERGE 49“\_“2)
6 143" XXX XX XX 33 XXXX XXX WRITE LOAD BLK suxv\_m)
7 LR EXEXXAX XXX 378 XX XX XXX COMPARE SE1EX:
8 150 XXX g BXIXEXEX 35 XXXX XXXX STATUS xxxx\ (14)
9 16 XXXX X XXX 36 XXXX XXXX ERROR CODE x\ (15)
20 L7 XXX X XXX 37 X XXX XXXX REGISTER A xxxx\-(ls)
1 18 XXX XEXiX X 3.8 XX Xix: XXXX B XXX - (17)
2 1508 XXX XXXX 3.9 XXXX XEXEXY MM VERSION xx.xx‘\
3 20 XX XRXXeX CHIEICTK S IUEMINY X XX DUMP VIA DL 525\-(13)
4 [ (19)
: (xx)
g
(3)

The MASS MEMORY R/W display is the mode display in PL OPS 9 (OPS 9011) and a specialist

function in SM OPS 2 and 4 (SPEC 85). ltincludes

(MERGE/WRITE) data on both Mass Memory Units (MMUs).

the controls to display (READ) and modify
In addition, it provides controls to

dump either MMU and to compare one to the other.
(1A)  (1B) Items 1 thru 39 are used to enter the desired contents (DESIRED) for an MMU load
block, starting at the OFFSET defined by item 45. Entries are made in hexadecimal,
(2A) (2B) The actual values (ACTUAL) are displayed representing the contents of the load block
selected in hexadecimal,
(3) CHECKSUM represents the checksum (in hexadecimal) that came with the reading of the
load block and is updated to the new checksum when item 49 is selected.
(4) ‘Iﬁir"ns 40 and 41 select MMU 1 or 2 from which to obtain the load block and perform the
es.
(5 ltem 42 (S/w SYSTEM) is used to enter the desired software S/W) s ID whi
load block will reference as follows: ( ik e
ltem 42 value Load Block
0 (Initialized) Display Text & Graphics
1 PASS 1
2 PASS 2
3 PASS 3
4 BFS
5 DEU
6 SSME
7/ TCS SEQUENCE
8 Not Supported
9 Not Supported
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(6)

@

®

(9)

(10)

(1)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)
(20)

EM

ltem 43 (PHASE) and item 44 (LOAD BLK) define the phase and load block, respectively, in
d_ec1ma1. A phase entry of zero causes the Revision Patch Log (RPL) to be retrieved for the
display. Fields for items 1 thru 39, 45 thru 47 blank when item 43 or 44 is entered.

ggm 45I (OFFSET) defines the offset (in decimal) into the load block for which items 1 thru
apply.

ltem 46 (NUMBER) defines the number (in decimal) of contiguous changes that are made at
the current offset (max 39). A corresponding number of desired items must be made prior to
the acceptance of a merge request (item 49).

ltem 47 (PATCH ID) is the PATCH ID which must be logged on RPL as part of the merge
and write request. Input is in hexadecimal.

Violate - A remote text which indicates the following:

‘YES' indicates that a patch ID of zeroes has been used in the write of a patch or that an
unsucce;cé:ful patch write was pending when an OPS transition or SPEC termination is
processed.

‘NO’ indicates that no violations are present.

ltem 48 (READ LOAD BLK) causes the designated load block to be read from the user-
selected MMU into the load block construction buffer. An ‘*’ is displayed adjacent to the
item when entered and is blanked when ‘STATUS' is blanked.

item 49 (MERGE) overlays the desired data into the load block construction buffer, making
the DESIRED and ACTUAL columns equal. An ‘¥ is displayed adjacent to the item when
entered and is blanked when ‘STATUS' is blanked.

ltem 50 (WRITE LOAD BLK) causes the GPC to write data from the load block construction
buffer to the selected MMU. The PATCH ID (item 47) is written to the same MMU as part of
the write sequence. An ‘¥ is displayed adjacent to the item entered and is blanked when
‘STATUS' is blanked. The first item 50 causes data to be written to the MMU and system ID
selected for the initial read-merge operation. Reselection of the MMU, system ID, and
patch ID followed by another item 50 cause the same data to be written to an altemate area
on the same or altemate MMU.

ltem 51 (COMPARE) causes the GPC to perform a word-by-word comparison of the
specified load block between MMU 1 and MMU 2. An error condition is displayed in
accordance with error definitions provided for ‘STATUS.’ An ‘*’ is displayed when a compare
function is in progress and is cleared upon completion of the compare process. ltem 51 may
be reentered if I/O errors are encountered.

STATUS is an indication of the state of a process. ‘IP’ indicates in progress. ‘CPLT’
indicates that a READ (item 48), MERGE (item 49), WRITE (item 50), COMPARE (item 51),
or DUMP (item 52) process has been completed without error. ‘ERR’ indicates an error has
occurred during a process.

ERROR CODE is a decimal code indicating what type of error has occurred during a
process.

REGISTER A and REGISTER B contain the selected MMUs latest status registers A and B
from systems software COMPOOL. Displayed in hexadecimal.

MM VERSION indicates the MM version as stored in the RPL and is updated each time the
RPL is read.

ltem 52 (DUMP VIA DL) causes a dump of the selected load block via downlist.

SM COM BUFF. ‘BSY’ is displayed flashing when the SM COM BUFF is in use. ‘RDY’ is
displayed nonflashing otherwise.
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The APU/HYD display is an SM display (DISP 86) available in SM OPS 2 and 4 which provides data

3 4 5
12345678961234567895123656789012365578901234567890!

A

XXXX/XXX/086 APU/HYD R, DUD/HH:MM:SE‘\
(rﬁ DDD/HH:MM:5S
APU 1 2 3 HYD 1 2 3
B/U E6T XXXXSXXXXSXXXXS B/U PR SISy ER SR i X XS
EGT XXXXSXXXXSXXXXS RSVR T XXXS§ XXXS XXXS
SPEED X xS xS EExiixys PR XIS XS XEXEXES
E UAE L 0iT isseixxex TS5 Bxixixis Apaixinis QRTeY e XX SO s I x xS
TiK o Pt ARIXXS XX XS X X S ATOC (U N TR R X X XS R X P S XX X XS
DIUITE P L XIXIXIS XXX S xRS
T K aVilsve A Xixish | Wix STRXIXTS
AT o s SRl ISTEIXIXS
B Xix's  TxixisEANXIS
Bi T XIS Xixix sEexixixisiSSW{/iR 1 2 3
0IL T X s RS s
OIS T8 Xaxs T XIS xiSENEINERL (R XOXE X XEX XEXEX
D/ LT By i s Ryl 's S ST B2 Ty S BTy AR i S IR S X 1S XExExTs
68X PR X s i X s WX X SN2 PRNXEYSXOXES SEyEx SxSylet Sy iy Sy ixis
N2 P XXXS XXXS XXXS T XXXS XXXS XXXS
BlRG. T Sxixixis XixxseexixhrsiuniEc P X XOXSS B EY S b ey Exxds
66 BED T /XAXS XxxisWxitils SigiylpiylNy Sy oty xixis XTXixeS
PUMP/ VLYV VENT T #XXXS #£XXXS #XXXS
PIND LT RIS XK XTI s FRTEATNIK L S ey ST SREx fy e WLy v vl
VAW S i s x s i g i T #XXXS #XXXS #£XXXS

(xx)
J

on the Auxiliary Power Unit (APU) and Hydraulic (HYD) subsystems.
ARA R |
STATUS INDICATORS
CRT NAME UNITS DISPLAYED
RANGE MIHIL]T]!
APU: EgJTEGT degF 0to 1500 M|JH]L]|?T
SPEE degF 0to 1500 M H L
FUEL%% percent 0to 167 M|]HI]L
e percent g to 100 M|IHI|L 5 i
psia to 500 M H L
?KUTV& g psia 010 500 MIH]|L
A 1 degF 0 to 250 M| H JERS T
oaTT ’ text ‘OP’ or ‘CL’ M
OUTT degF 0to 500 M| H Lgh pash:
4 degF 010 400 MIH]L|T]|!
e psia 0 to 200 MIH]JLI]T]!
N2 P psia 01030 M]HI|L {
BRG T psia 010300 MJHI|L
GGBED T degF 0 to 500 M|IH]L]|T
PUMPVLY degF 0 to 500 M|H]|L 1
AL degF 010250 MIlujo]nr
degF 0 1o 250 M|H]|]L]|]T
HYD: BUP .
RSVRT psia 010 4000 M|H]|L T
oTY M|HI|L 4
ACCUM P mmhm :|to -:o(:?u MIH]L]T]!
o M| H L 1
W/B: CNTL!
H 1 fext ‘A’ B, ‘AB,
H20 QTY or OFF
N2 $ pgr.:_;m :10 100 M|H]|L I
10 3500 MI|HI|L 1
REG P degF 3210221 M|H]|L
BYP VLV Pé: = Yg 1075 MIH]L]|?T
BYPorws | M
VENTT or ‘blank’
TANK T [21| degF 12210 185 M|H|L]|T
BLRT degF 3210221 MIH]JL]T]L
[2]| degF 3210212 M T
4-28
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APUHYD (Cont):
REMARKS

[11 ‘A/B’ displayed for CNTLR/HTR position indicates that both ‘A’ and ‘B' CNTLR/HTR status
indicators are on, which in turn indicates a possible MDM or CNTLR/HTR switch failure.
CNTLR ‘A QTY and temperatures are displayed.

[2] Parameters blank when APU/HYD BLR CNTL PWR/HTR switch is OFF and are
momentarily blank when switched to ‘B.’
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THERMAL XX x nnn;uu:nn;sﬁ
l( g Lt e DDD/HH:MM:SS
2 CIRC PUMP CONTROL
: e ; 2 3 LINE TEMPS|] 1 2 3
5 CrISRC PMP P XXXS XXXS] XXXS|IELEVON LOthxxS:l:xxxS =X XXS
6 PMP BDY Tlzxxxs|txxxs|txxxs LIB{#XxXXS|+xxxs[2xxxs
7 RS VR Ttxxxs{txxxs|txxxs RIB|£XXXS[+xxxs[2xxxs
8 ACCUM PlEX X XS{£XXXS|2xxXS ROB[£X X XS|£X X X S| X X5
9 HX IN Ttxxxs|exxxs|txxxslro/se POU/£X X XS[#xxXxS|2xx x5
10 ouT TMExxxstxxxs|txxxs FUS[£XXXS|#X X XxS|2x XX
1 BDYFLP POU[:XXXS[2xxxs[2xxxs
2 SN VLY PR s1 s 2 FUS|2X X XS[£XxXxS[2x xx§
3 ELEY L 08 XS % 1Xsis zxSiil BRAKE uni EXXXS|E XX
4 187 2X5 0 axisie e FUS XX XS[2X X XS
5 ROIB  3XS 1XS 2X5 [R BRAKE WHL|axxxs|axxxs[sxxxs
6 0/B: 2lxisi T AlXEShaT Bhs FUS|#X X X S|2x x x §[+x x x s
7 RUD/SPDBK 1XS 2x5 3xsS |Ng UPLK[+xxxs
8 MEUS 1f+xxxs
9 TIRE PRESS MFUS 2|3xxxs
20 M6 LEFT RIGHT MG L UPLK[£XX XS
1 TIBAMXEXEX:SE xixencds Y xiaic iy iy v IR | et UPLK|txxxs
2 0B XXXS XXXS XXXS XXXS FUS|#X X XS
3 NG XXXS XXXS XXXS XXXxS§
4
5 (xv
.

5
2 3 &
123455739512345575901234557890123455759012345573901

The HYD THERMAL display is an SM display (DISP 87) available in SM OPS 2 and 4 which
provides data on the hydraulic Systems and tire pressure monitoring.

PARAMETER CHARACTERISTICS

T us | DISPLAYED STATUS INDICATORS
RANG MIH]|L[TTZ
HYD: CIRC PMP P - psia 0 to 800 MIHI]JL|T] !
PMP BDY T degF 75104300 | M | H | L
RSVRT degF 75104300 I M | H [ C |1 ]y
ACCUM P psia 0 to 4000 MI|H|L 4
HXINT degF =75 10 +300 M H L
ouTT degF -75104300 | M | H | [ {
SW VLV [1] text “** or blank
TIRE PRESS
MG gB t.;l counts 0 to 500 MIH]IL]|T]|L
na 2L counts 0o 500 MIHIL]|T]|L
counts 010 500 MIH|IL]T]L
CIRC PUMP CONTROL LINE TEMPS
ELEVON E%B degF 75104300 IM | H | L]|1]L
= degF -75 10 4300 M| H B i
ROB degF =7510 +300 M H I 4
ROsB pOD degF =75 to +300 M| H L [ .
0L degF 75104300 M | H L |11
BDYFLP b degF 75104300 { M | H | C |11
=l degF -7510 4300 M| H L |1 4
LBRAKE S degF “75104300 IM | H | L | 1 J
4 degF -7510 +300 MIH|IL]|T].
RBRAKE e degF “75104300 | M | H | "]
e degF 75104300 I M | H L |1 L
Na i degF “75104300 I M | H | L 14
MFUS 1.2 degF =75104300 | M | H | L 4
MG L B F =75104300 | M | H | C | 1 !
MGR Dbk degF ~75 to +300 M| H Lol 4
FUS degF 75104300 I M | H | C |1 |3
F 75104300 [M | H | C |1 ]2
REMARKS
[1] An ‘*' by the appri
; Opriate flight
active for the ot mEdElcontrol surface actuator indicates which hydraulic system is

4-30 DPS/ALL/GEN |




1 2 3 4
123456789012345678901234567890123456789012345678931

1 XXXXIXXX/DSE APU/ENVIRON THERM XXx X DDD/HH:MM:5S§
2 ( FREON LOOP 1 £ DDD/HH:MM:5S5S
. 3 ACCUM QTY XXXS XXXS H20 LooOP 1 2
4 FREON FLOWN XXXXS XXXXS PUMP OUT P 2 S 0 0 G XXXXS
5 PL HX FLOWN XXXXS . XXXXS OUT T XXXXS XXXx5§
6 AFT CcpP FLON XXXS XXXS AP XXX XS XXXXs
7 RAD IN T XXXS XXXS ICH FLOW XXXXS XXXXS
8 RAD OQUT T XXXS XXXs (TR XXXXS XXXXS
9 EVAP oOuUT T XXXS XXXSs CAB HIX TSNS T XXX S XXX X008
10 EVAP TEMP DUCT NO2Z ACCUM QTY XXXXS XXxXxs
1 HI LOAD INBD XXXS APU FUEL T 1 2 3
2 OUTBD XXXS XXXS TK SURF 2 XXXS XSS £ XX XS
3 TOPPING FeN DIREXaY Y S TK HTR £ XSXXES TR ST XS
4 AFT XXXSs TEST LN 1 X XoxXes :txxxs:xxxs
5 L XXXS XXXS TEST LN 2 £XXXS 2 XXXS £ XXXS
6 R XXXxSs XXXS FEED LN TXXXS TXXXS XX XS
7 EVAP FDLN ¥ A B PUMP IN EXXXS XXXS £ XXXS
8 FWD XXXS XXXS DRN LN 1 £XXXx5 EXXXS £ XXXS
9 MID 1 XXXS XA XS DRN LN 29 2 XXIX'S U xxix's = XX XS
20 MID 2 XXXS XXXS ouT +XXXS SEXEXSXCS S XY oNAS
1 AFT XXXS XXXS$S BYP LN TXXXKS T XXXS XA S
2 TOPPING XeXOXSSHREXEXiXi S 66 SPLY LNEXXXS £XXX§ XX XS
3 ACCUM XxXXS XXXS
L HI LOAD XXXS XXXS H20 LN INJEXXXS £XXXS + XXX S
5 (XXx)
ey -,

The APU/ENVIRON THERM display is an SM display (DISP 88) available in SM OPS 2 and 4 which

provides data on auxiliary power units and the active thermal control system.

. PARAMETER CHARACTERISTICS

DISPLAYED | STATUS INDICATORS

CRT NAME UNITS RANGE MTHTL T T2

FREON LOOP: ACCUM QTY percent 0to 100 M|H]|L d

FREON FLOW bm/hr | 730102700 | M | H | L L

PL HX FLOW brv/hr 199101300 | M | H | L 4

AFT CP FLOW brvhr 0 to 500 M|H]|L d
RADINT degF 01to 160 M|H]|L

RAD OUT T degF 2510130 |M | H | L 4

EVAPOUTT degF 25t0130 |M|H|L|T]|!

EVAP TEMP: HILOAD INBD degF 0 to 400 Y EGEIF ] fa

OUTBD degF 0 to 400 MIH|L]|T]{

TOPPING FWD degF 0 to 400 MU HEERE L

AFT degF 0 to 400 MU RS R

L degF 0 to 250 MIH|L]|T]J

R degF 010250 METH T EE et il

EVAP FDLNT FWD degF 0to 160 MIH|L|T]I

MID 1 degF 0to 160 MIH|L|T]|!

MID 2 degF 0 to 160 MIH[L|T]|!

AFT degF 0 to 160 Ml H LT

TOPPING degF 01to 160 ML H e AT L

ACCUM degF 0to 160 M|H|L]|T]I

HILOAD degF 0 to 250 MIHEE A
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APU/ENVIRON THERM (Cont):

PARAMETER CHARACTERISTICS (Cont)

DISPLAYED | STATUS INDICATORS

CRT NAME UNTS |“BANGE TR TCTT TS
: PUMPOUTP ia 0to 150 MIH|L]|T]{
HEo LR L ouTT ::gF 3210 122 M|IH]|L]|T]| !
AP psid 0 to 60 M|IH|L]|T]|{
ICH FLOW bmv/hr Oto17100 |M[H | L | T | {
OuTT degF 20to0 70 M|IHI|L P
CABHXINT degF 3210122 MIH]|L]|T]
ACCUM QTY percent 0to 100 MIH]JL]|T]{
APUFUELT: TK SURF degF 0to 160 MIH]|L d
TK HTR degF 0to 160 MIH]JL]T]|!
TESTLN 1,2 degF 0 to 250 MIH]JL|T]!
FEED LN degF 0to0 250 MIH]|L]|T]{
PUMP IN degF 0 to 250 MU HNIFES T L
DRNLN 1,2 degF 0 to 250 MIH|L]|T] !
ouT degF 0 to 250 M|IH]|L]|T]|{
BYP LN degF 0 to 400 M|H]JL|T]!

GG SPLY LN degF 0 to 450 M|IH]|L]|T
H20 LN INJ degF -75t04300 |[M |H | L |T]| !
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1 2 3 4
1234567890123'5567890123456789012345678901234567893l

1 (" XXXX/XXX/089 PRPLT THERMAL XX X DDD/HH:MM:SS\
2 POD L R DDD/HH:MM:55S

3 0OMS TK 0X XXXS$ XXXS

4 FAUS GRS REiX Xis OMS CRSFD L R c

5 ENGE I/F 0X XXXS XXXS| XFbD OEXSRXXEXES TR XS xS
6 FU XXXS XXXS$ GMIBILR ALIN S XeXas iy xS

7 0X VLY XXXS XXXS| DRN 0X XXXS XXXxS

8 FAUSS RIENGT SaXeXixasS e Xixaxds

9

10 WEB KEEL L HXEXXES I XEXRXES FuU 0x

1 2 XXXS XXXS| BLD AFT FUS XXXS XXX§

2 Y QU BRI X I SIREX O XOX S PICRRBIASYR I XIX5S X X%'s

3 VPR ROGXPXIS TEX XeXAS 0X QD XXXS

4 OFXTES DIRAN 3 PINSTS IR XeXixisy B Xix s

5 20 X XXS  XXXS FIN'D RCS FU 0Xx

6 ENG CLOAVAEIRBEX XiXiSho X Xixis LINE T1 XXXS XXXS

7 SIEIRIVARPINILES X X IS X X3S TUZEEXEXEX 'S XiXaXas

8 BRSEERUSIEARAVAE X PAINILE B XiXisE X' x#xis

9 TEST HE/OX 1 XXXS XXXsS ASESTE SR CES L R

20 2 XXXS§S XXXS|] MmANF 1 0X XXXS Xxxs

1 DRN PNL LRSXEXIXES X X ExES

2 ZIREX X AXE SR XX ES

3 VERN PNL INTXIXEXSST XXX S

4 SR EXEXRXLS o XX ts S

5 (xx)
g J

The PRPLT THERMAL display is an SM display (DISP 89) available in SM OPS 2 and 4 which
provides data on the thermal characteristics of the OMS and RCS propellant subsystems.

PARAMETER CHARACTERISTICS
- DISPLAYED | STATUS INDICATORS

CRT NAME UNITS RANGE VTR T LT 712
POD: OMS TK OX degF 0 to 160 M lRHE L lahs] el
FU degF 0to 160 M|JH|L]|T]{
ENG I/F OX degF 0to 160 MIH|L|T]{
FU degF 0 to 160 MIH|L]|T]{
OX VLV degF 0to 160 MIH|L]T] !
FU INJ degF -75t04300 [M | H | L |T | !
WEB KEEL 1 degF Oto160 M| H|L|T]|{
2 degF -75t0+175 [M | H | L | T [ {
Yoo OB degF Oto160 |M|H|L|T]|{
UP degF 0to 160 MIH|L]|T]{
OX DRN PNL 1 degF 0to 160 MIH]|L]T]{
2 degF 0to 160 M|H|L]|T i
ENG COVER degF 010 160 M|H]|L]|T 1
SERV PNL degF 0o 160 M|H|L ; 1
GSE SERV PNL degF 0to 250 M|H]|L i
TEST HE/OX 1 degF | -75t0+175 [M | H | L | T i

2 degF | -75t04175 [M | H | L | T
OMS CRSFD: XFD OX degF 0 to 160 MIH|L]ITI|
GMBL LN degF 01to 160 MIH|L]|T]{
DRN OX degF 010 160 MlH]|L]|T]| !
BLD AFT FUS degF -75t0+175 {M |H L |T | {
PL BAY degF -75t0+175 [M | H [ L | T | {
OX QD degF o250 |M|H|L]|T]| !
FWDRCS: LINE Ti degF 0o 160 MEEER STy
bi T2 dSSF 0to 160 M|H]L]|T]{
AFT RCS: MANF 10X degF 0to 160 Y T e
DRN PNL 1 degF 0to 160 M|H]L][T]
2 degF -75t0 +175 u n IE ; i

VERN PNL 1 degF 0 to 160

2 dgF Oto250 M |H|L|T]|{
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5
2 3 4
123456789%!2345678901234567890123456789012345673901

XX X DDD/HH:MM:5S
7 0 PCS CONTROL \
1 XEROX X 0RO uuu/uH:HH:S‘S/ :z;
(12 3
3 = ) S ET LA XIXRXEXiX SIEMY ¥ S T AW NAME EMT
A X X XX XX XXX R X X Rk XXX
(2) - 5
Sl 20 5 E QR XX xR XXl XX X AR XX xxx/xx.xx.::
r 4 28048
(3’6 | 3 ENTE XYL R XK XA XXXX XXXX XXXXXX xii‘(:x-xx-xx
7 y R ol DRES TAETP XXX YO aCE Y XX A XX EX IR AN /] - =
8
()|
W ENA 8 HOLD 9 x
(6) <L TERM 10 RESUME 11
——
2> TERM ALL 12
3] e B R T EX T LS,
M= SEQ  USTERP TEXT —1(5)
(5)S XXX XXXy et XX XXX X X
el sEq UPDATE X XXX XXy S X XX XXX
7 1Fas ST E PR XX XX XX XXX Xy X S Ex X Y
8 15 DEE A XX = XX XX XX X Bx b XX R XA XX Y XXX
9 XX XX S XX XSO XEXEA X Xex ey
(2) =]
207> CURRENT XXX XIRERAX X XX ey S Y X XK Y
] ERROR XExExarix XEXOXEX XX X X XX XXX X XXX TR
2 AR OREL RO ORI T PO L
3 XEX X XX X X X XX EX X XXX
¢ XX XX By S X B X B e
5
6

- .

The PCS CONTROL display is a specialist function (SPEC 90) available in SM OPS 2 and 4. It
supports the transfer of Payload Control Supervisor (PCS) sequence sets from mass memory and
provides for control and monitoring of up to 4 PCS sequences at one time. | .

1) The numeric ID and name of the PCS sequence SET currently in main (GPC) memory is
shown next to item 1. If a different set ID is entered via item 1, the current set name blanks
when mass memory read starts and the new set name appears when it is in memory and
available for use. This set will remain memory resident until a different set is requested or
until a memory reconfiguration occurs. If the mass memory read is unsuccesstul, the set
name will remain blank. An item 1 selection will be rejected and an ‘ILLEGAL ENTRY’
message will appear if the selected set is not in mass memory, if the entry is made while a
sequence load is in progress, or when any PCS sequence has been selected but has not

completed execution. If only one set is defined for a mission, it will be brought into GPC
memory with the SM overlay and item 1 is nonfunctional. :

(2) ltem 2 allows selection of a sequence for subsequent keyboard control. Initially, a sequence
value of 1 thru 99 is used and it becomes one of up to 4 sequences that can b!g selzgted at
one time. Each sequence remains in the stack of 4 until it has completed execution or is
canceled. Hf the value entered is not equal to any sequence ID for the set that is currently in
memory or if 4 sequences are already selected, the entry will be rejected and an ‘ILLEGAL |
ENTRY’ message will be generated. For each valid sequence ID selection, the GPC
assigns a CNTL identifier which is based on the selected sequence ID and the selection
%wnt_er status. If sequence 25 is selected (item 2 +25) twice, for instance, the CNTL

er_ltﬂig:l will be 2591_ for the first selection, 2502 for the second. Once a CNTL identifier is
?o&rsgr:m C;Iall four digits must be ertered in item 2 to select a specific ‘copy’ of the sequence
sequenmqr editing (i.e., item 2 +2501 )- The selection counter is initialized at 01 for all
ey il m‘Ssa ;et, S?ISTE range of 01 to 99, and is reset to 01 after reaching 99. A valid
) 'eh e CNTL identifier, NAME, and default time (GMT) to be written in the table
Upper nght portion of the display. The current step number for the selected sequence

DPS/ALL/GEN |




PCS CONTROL (Cont):

(3)

(4)

®)

Items 3 thru 7 provide the capability to modify default values of GMT start time (items 3 thru
6) and optional HOLD STEP (item 7) for any sequence which has been selected for
control but is not enabled. Each item number is entered along with the new value for the
parameter. The changes apply only to the specific copy of the sequence selected for
control at the time. Default values apply for subsequent selections item 2. ltems 3 thru 7
selections will be rejected and cause an ‘ILLEGAL ENTRY’ message(s) to be generated if
no sequence is selected, if the sequence selected is already enabled, if the value entered for
the hold step does not match any steps in the sequence, or if the HOLD STEP value does
not correspond with the predefined legal hold step in the sequence, or if the values entered

for the GMT exceed the following ranges: Days 00-400, Hours 00-24, Minutes 00-60, and
Seconds 00-60.

ltems 8 thru 11 are used to alter the activity status of the sequence selected for control. The
current status is indicated below STAT as: ‘blank’ (unenabled), ‘ENA’ (inactive), ‘ACT’
(active), ‘EXCP’ (exception), ‘HOLD’ (hold), TERM (terminate), ‘ERR’ (error), or ‘SSPD’
(suspended). Any attempt to select items 8-11 while a TERM ALL (item 12) request is
executing will be rejected and an ‘ILLEGAL ENTRY’ message will be generated.

If the controlled sequence is unenabled, an item 8 (ENA) entry will make it eligible for
execution and cause the activity status (STAT), and the selected start time (GMT) to appear
in the upper right portion of the display. When the last step of the sequence is executed (or
the sequence is canceled), the data in the upper right section of the display for that
sequence will be blanked. If the controlled sequence is in any state other than unenabled,
an ‘ILLEGAL ENTRY’ message will be generated and the sequence will be unaffected by an
item 8 entry.

If the controlled sequence is in the active or exception state, an item 9 (HOLD) entry will
place it in the hold state at the next legal hold step. If the sequence is already in hold, the
hold request will take effect after an item 11 (RESUME) entry. An ‘*’ next to item 9 indicates
that a hold request is pending. The “*’ is blanked when the sequence goes to the hold or
error state or upon item 10 (TERM), item 12 (TERM ALL), or OPS transition request. If the
controlled sequence is not in the active, exception, or hold state when an item 9 request is
made, the entry will be rejected and an ‘ILLEGAL ENTRY’ message will be generated.

An item 10 (TERM) entry will initiate cancel processing if the controlled sequence is in the
active, exception, or hold state. If in the unenabled, inactive, or suspended state, all display
items for the sequence will be cleared and the sequence will be deselected. If in the
terminate state, the entry will be rejected.

If the controlled sequence is in the hold state, an item 11 (RESUME) entry will place it in the
active state and begin execution with the step identified as the CURRENT step. lf the
controlled sequence is in any other state, the entry will be rejected and an ‘ILLEGAL
ENTRY’ message will be generated.

A controlled sequence in the active, exception, or terminate state will be placed in the error
state (‘ERR’ is driven in STAT column) when an emor condition is encountered provided that
safing steps have been defined. The sequence remains in the error state until the last step
is executed or a second error is encountered, at which time it is placed in the suspend state
(‘SSPD’ is driven in STAT column). A controlled sequence without a safing step defined, but
in the active, exception, or terminate state, will be placed in the suspend state when the first
error occurs. A sequence in the inactive state will be placed in suspend if a different
selection of the same sequence is in any state except unenabled, inactive, or suspend when
transfer from inactive to active is attempted. It will remain in the suspend state until a
sequence cancel request is processed or an OPS fransition occurs.

Any sequence that is selected and not enabled is eligible for updating as long as the two
left-most characters of the selected sequence do not match those of another sequence
which is enabled. Note: Sequence updates affect main memory and therefore apply to all
subsequent selections of the sequence unless/until a ‘clean’ version is forced/selected from
the MMU. i a SEQ UPDATE STEP number (item 14) is received and the currently selected
sequence is ineligible for updating, or the entered value does not match the st.ep number of
a DELAY operator in the selected sequence, the entry will be rejected and an 'ILLEGAL
ENTRY’ message will be generated. Receipt of a valid STEP entry will make the
appropriate DELAY operator available for editing via subsequent item entry.

4-35 DPS/ALL/GEN |




PCS CONTROL (Cont):

If the update step onta I X
The DELAY time is edited using items 15 and 16 which represent minutes

(6)

)

is a DELAY, the delay time contained in the operator will appear next to

DELAY (item 15).

and seconds, respective
ENTRY’ message will be generat
not a DELAY OPR, or if the entered dat

ltem 12 (TERM ALL) entries initiate cancel processing for all selected sequences and clear
all display items for the terminated sequences.

The lower right portion of the display shows TEXT messages from the 10 most recently
processed TEXT OPRs. The step number of the OPR and the CNTL ID of the sequence

containing the OPR is included with each message. The TEXT message stack is blanked
upon OPS initialization and via item 13 (CLEAR TEXT).

ly. ltems 15 and 16 entries will be rejected and an ‘ILLEGAL
ed if no update step is selected, if the step being updated is
a for each item is outside the range 00-59.
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1 2 3 4
1236557390l2345678901234567390123456789012345678931

1 (" XXXX/094/ PDRS CONTROL XX X DDD/HH:MM:$§
2 DDDIHH:NH:SS\
3 RIMES © SHE |- = xixaxi, RMS PWR XXX ENA INH
4 PORT 16X SOFT SToOP 7oX 8 X
5 STBD 2 X I/0 ON 5X AUTO BRAKE L 0 L ¢
6 3P LD XX OFF 6X PIOSSEENN CRECHICRNR] X ] 2X
7 47 YE'N'DYNE FFSE POHS CNTL 282 gl x
8 AUTO MODES

9 1 2 3 4 L A SR R
10 1R XX 1 XX 1Es XX 156 XeX LAST PAT X X X
1

2 O'P'RI"CMD MODES [/ POR REF

3 END POS END ATT 204s Pl BTANSISTiET4D X%

4 18 X Blxxxx 20188 P EEIX XX

5 19 Y BIXXxXx 22l B XX CMD CK 25 XXXX

6 20 Z BIXXXX 23 R EIXXX

7 PADRT DT STPPIA Y alg = Uiy

8 RMS STO/DPLY

9 SEHEL DS Xipene s Xemx ORB LD CHMD REF

20 NORM FLY-CAMR FLY-PL

1 RMS LAT/REL/RDY 31X 32X 33X

2 A THREROXT BXNX S X

3 METSED SRR XTI Y & 26 WR RANGE X

4 EAMED L X0 X SYSEaGREYE (v KUTOSERAKEC K 27X

5 (X X)
. o

The PDRS CONTROL display is an SM specialist function (SPEC 94) available in SM OPS 2 and 4
which is used to input RMS and payload initialization data; initiate communication between SM GPC
and RMS MCIU; input and monitor RMS auto sequence data: enable and inhibit certain GPC
controlled system checks and safety features; monitor the state of RMS rollout and retention latches:
and monitor the end effector operation feedback parameters.

ARAMETER CHARACTERISTICS
DISPLAYED |STATUS INDICATORS
CRT NAME UNITS RANGE TR TLT T 13

RMS SEL 1 text See Remarks
RMS PWR 2] text See Remarks
PL ID 3] text 0-5
END EFF 4 text 1.2
AUTO MODES (1-4) [5 text 1-20
START PT 6 text 1-199
LAST PT rd text 1-200
END POS 8 inches
END ATT 9] | degrees | See Remarks
PL INIT ID [10 text
CMD CK [11 text See Remarks
WR RANGE [12 text 1-6
RMS STO/DPLY [13]

SHLD 1,0
RMS LAT/REL/RDY [14]

AFT 1,0

MID 1,0

FWD 1,0
POR DISPLAY [15] text See Remarks
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REMARKS

(1l

[2]
[3]
[4]
(5]

€]

(8]
[
[10]

[11]

[12]

[13]
[14]

[1s]

‘PORT, ‘STBD,’ or 'OFF to indicate the RMS selected for use. Field is blank when in
SUSPEND mode (i.e., I/0 OFF).

‘PRI, ‘OFF, ‘B/U’ indicates position of the RMS POWER switch.
Payload identifications are 0 (unloaded arm) through 5 (specific points of resolution).
End effectors are identified as 1 and 2.

Up to 20 automatic sequences may be stored in main memory. Numerical fields indicate
auto sequence assigned to AUTO 1(2,3,4) position of MODE select switch.

Identifies start point of the auto sequence item 13(14,15,16) selected via AUTO 1(2,3,4)
position of MODE select switch. When AUTO 1—4 entered, start point is initialized to first
point in that sequence. Any other point (1-199) in that sequence may be selected via item
17.

Identifies last point achieved by auto sequence selected via AUTO 1(2,3,4) position of
MODE select switch. Updates as point of resolution achieves sequence pause point,
intercept sequence flyby point, or reaches sequence final point.

Inputs of desired operator commanded auto sequence end point position in inches with
respect to RMS orbiter body axis coordinates.

Inputs of desired operator commanded auto sequence end point Euler attitude in degrees
with respect to RMS orbiter rotational axis coordinates. Pitch of 0-359 degrees; yaw of
0-90 degrees and 270-359 degrees; and roll of 0-359 degrees.

Payload INIT ID inputs of O (unloaded arm) through 5 (specific points of resolution).

If the end point is within RMS reach capability, ‘GOOD’ is displayed when item 25 is

executed. If not, ‘FAIL' is displayed. Field is initialized blank and is reblanked when any of
items 18-24 are executed.

NOTE: A ‘GOOD’ indication does not verify a safe trajectory.

Inputs of 1 to & correspond to wrist roll angles:

WR ANGLE (in degrees)
—450 to -360
—-360 to -180
-180 to 0

0 to +180
+180 to +360
+360 to +450

=
mwhmm-t,c
=1

Discretes indicating RMS shoulder mechanism position (stowed or deployed).

Discretes indicating the arm aft, mid, fwd retention latches I
o ik T e ches are in the latched (LAT), released

Indicates point of resolution (POR,) for current coordin i i
: ate system: either the orbiter bo
axis system (ORB), or a system defined by items 18 thru 2% (REL). = Sy I

ITEM ENTRY CHARACTERISTICS

ITEMS ey
1and 2 EZII:E::;OET or STBD arm to be initialized. Display is initialized with PORT
e (*' shows selection). Selection can not be changed once item 32
(FLY-CAMR,) or item 33 (FLY-PL) is selected. I
ITEM 3

Selects the PL ID defining the point of resolution of the payload to be han-

f’r:ﬁfa I?g;ge am ;ﬂiﬁg by"rtbem 1or2. PLID will be zero when display is
33 (FLY-PL) Is Seloute ] not be changed once item 32 (FLY-CAMR) or item |
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ITEM ENTRY CHARACTERISTICS (CONT)

ITEM 4

ITEMS 5 and 6

ITEMS 7 and 8

ITEMS 9 and 10

ITEMS 11 and 12

ITEMS 13 thru 16

ITEM 17

ITEMS 18, 19, 20

ITEMS 21, 22, 23,

ITEM 24

ITEM 25

ITEM 26

ITEM 27

Selects the ID of the end effector to be used. Display initialized with 1
selected.

Turn ON/OFF the input/output (1/0) between GPC and MCIU. Display
initialized with item 6 (OFF) selected (**' shows selection).

Enable/inhibit the soft stop. Display initialized with item 7 (ENA) selected
(*' shows selection).

Enable/inhibit the auto brake function of the consistency check. Display
initialized with item 9 (ENA) selected (‘*' shows selection).

Enable/inhibit the position encoder check. Display initialized with item 11
(ENA) selected (‘*' shows selection).

Provide assignment of a preprogrammed auto sequence to switch positions
AUTO 1(2,3,4) of the MODE select switch. Display initialized with items 13,
14, 15, 16 blanked.

START PT designates the prestored point in the selected auto sequence,
which is to be used as the starting point. LAST PT shows the last intercept
point that has been achieved by the point of resolution during the auto
sequence (this may be a pause point, flyby point, or the final sequence
point). Both the START PT and LAST PT values are initialized blank.

Provide selection of the point of resolution final position for the operator
commanded auto sequences. Also specify the referenced X, Y, and Z posi-
tions when item 30 (POR REF SEL) is in REL. Selection can not be
changed once item 32 (FLY-CAMR) or item 33 (FLY-PL) is selected. END
POS X, Y, Z are blank when display is initialized and when arm is selected.

Provide selection of the point of resolution Euler rotational attitude for the
operator commanded auto sequences. Also specify referenced pitch, yaw
and roll when item 30 (POR REF SEL) is in ‘REL’, and the orientation of the
command frame when items 32 (FLY—-CAMR) or 33 (FLY-PL) are active.
Selection can not be changed once item 32 (FLY-CAMR) or item 33
(FLY—-PL) is selected. END ATT P, Y, R are blank when display is initialized
and when arm is selected.

Used with items 18 thru 23 to provide selection of the point of resolution for
the operator commanded auto sequences. Display initialized with ‘0’ se-
lected. For valid entry into operator commanded auto mode, item 24 must
match item 3. Selection can not be changed once item 32 (FLY-CAMR) or I
item 33 (FLY-PL) is selected.

Provides a check of the end point specified by items 18 thru 24 to verify it is
within RMS reach capability. Item 25 is initialized blank and is blanked

when an arm is selected or when any one of items 18-23 is changed.

ltem 25 can not be performed once item 32 (FLY-CAMR) or item 33 l
(FLY=PL) is selected.

Provides capability to update the wrist roll range. Item 26 initialized at 4.

If a WR RANGE of 1 or 6 is entered while the WR encoder ANGLE is
greater than or equal to 90 degrees and less than 270, the item entry will be
rejected with an ‘ILLEGAL ENTRY’ error message.

Used to verify that the auto brake circuitry will apply the brake, independent
of the consistency check. An ‘*' indicates selection. To reset the auto
brakes, the brake switch on panel ABU must be cycled ON, then OFF. The
brake switch should be OFF while performing this check.
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TEM ENTRY CHARACTERISTICS (CON D)

ITEMS 28, 29

ITEM 30

ITEMS 31, 32, 33

Provide capability to enable or inhibit the Position Orientation Hold Select
(POHS) controller. The POHS reduces steady—state_uncommqndqd motion
for nondriven axes. These items are mutually exclusive; an ‘¥ is driven next
to the item currently selected. When SPEC 94 is first called, the POHS

controller will be ON (‘ENA 28 *').

Provides capability to display the Point of Resolution (POR) in the orbiter
body axis system for positions, and in the orbiter rotation axis system for
attitudes, or relative to a position and attitude which is specified in items 18
thru 23. Executing item 30 will toggle the POR between the orbiter coordi-
nate system (ORB) and the relative coordinate system (REL). When SPEC
94 is first called, the POR will be in ORB.

Operation:

Used to select one of three types of hand controller responses. ltem 31
(NORM) selects the normal mode of operation. If item 32 (FLY-CAMR) is
selected, the directions of RMS controller commands will be associated with
the “fly-camera” axis system defined by the information contained in items
18 thru 23. Ifitem 33 (FLY-PL) is selected, the direction of RHC and THC
commands will be the opposite of the “fly-camera” axis system. A ‘*’ indi-
cates an item has been selected.

Conditions:

e [ltems 31, 32 and 33 are mutually exclusive

* In order to select either item 32 or 33:
1. ltem 25 (CMD CK) must be “GOOD”
2. ltem 3 (PL ID) must be the same as item 24 (PL INIT ID)
3. The orbiter loaded mode must be selected (SPEC 95)

If these conditions are not met, attempts to select item 32 or 33 will
result in an ‘ILLEGAL ENTRY’ message.

* Once item 32 or 33 is selected, no change may be made to items 1 or 2
(PORT/STBD RMS), item 3 (PL ID), items 18 thru 20 (END POS), items
21 thru 23 (END ATT), or item 24 (PL INIT ID); nor may item 25 (CMD
CK) be performed. Attempts to execute any of these items while item
32 or 33 is selected will result in an ‘ILLEGAL ENTRY’ message.

Initialization:

While not in manual augment i :
33 shall be blank. ug ed orbiter loaded mode, items 31, 32 and

*  Upon entering manual augment ; 2
(NORM) will be selected, g ed orbiter loaded mode, item 31
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(10)
(5)

1 2 3
12345678901ZJXSG789012345578901/3456?893123&5678931

—

( XXXX/095/XXX \ PDRS OVERRIDE XX X DDD/HH:MM:SS
2 XXXXXXXXXXXXXXX/X : : \
. (——1—>M0DE SW OVRD 1X iy (6)
4 MODE SEL IND | JNT SW OVRD 17X | RATE SW OVRD 26 x4
5 ORB UNL 22X X JOINT SEL VERNIER 27X
6 SINGLE 3oy SH YAN 18X COARSE 28X
7 EINIDI) ERFIFON 84 X0 Tx SH PITCH 19x o)
8 ORE LD sty EL PITCH 2o0x | AuTo swovrp 29x4
9 PL IR WRPITCH  21x PROCEED 30
10 0PR CHD 7X X WR YAN 22x sSTOP 31
1 AUTO 1 BEX TR MR ROLL 23x ®
2 AUTO 2 9x X EE TEMP 2ax | He ax1s cHe 32
3 ATUETH 0= BT Fy CRIT TEHP 25x THC 33:{
4 AUTO 34 171X X - RHC 34X
5 TRERSHT Toix MCIU OVERRIDE
6 ENTER 13 SAFING CAN 35X
(@] ABE OVRD A 36X
ST LOADED RATE 14X ABE OVRD B 37x
(31— STOWED 0FPS 15X ABE OVRD C 38X
20)] »sIN/DIR SW
(817 REASSIGN 16X
2
i ~(9)
5 (Xx)
o J

The PDRS OVERRIDE display is a specialist function (SPEC 95) available in SM OPS 2 and 4
which provides the following capabilities: override a number of RMS switch inputs in the event a

major switch fails; toggle the loaded rate limit flag; and configure the RMS software for correct
. operation in the MPM stowed position.

1) MODE SW OVRD. Item 1 provides the capability to override the RMS Mode Select switch
and the Mode Enter pushbutton, both of which are located on panel A8U. The display is
initialized with item 1 deselected (no ‘*'). ltems 2 thru 12 (mode select) and item 13 (mode
enter) cannot be executed while item 1 is deselected. An ‘#' will still be displayed by the
appropriate mode select item to reflect the actual hardware switch position. Likewise, the
data in the IND columns will mimic the mode selected indicator lights on panel A8U.

Once item 1 is selected, the hardware inputs are ignored. Items 2 thru 12 which are
mutually exclusive are used to select the desired mode. Item 13 is used to enter the
selected mode. An ‘ILLEGAL ENTRY' message will result if tem 13 is executed with none
of items 2 thru 12 selected.

(2 LOADED RATE. Execution of item 14 toggles the value of the loaded rate limit flag. Itis
initialized off (no ‘*').

(3) STOWED OPS. The crew can enable or disable the RMS stowed operations via ITEM 15.
The display is initialized with item 15 deselected (no ‘*'). When item 15 is executed, the
RMS software uses a different set of arm position constants (for the attach points and
swingout angle) to calculate the appropriate arm position parameters.

(4) SIN/DIR SW REASSIGN. Item 16 reassigns the Single/Direct Drive switch function to the
Auto Sequence Stop/Proceed switch; both of these switches are located on panel ABU. The
display is initialized with item 16 deselected (no ‘*'). Attempting to execute item 16 while
AUTO SW OVERRIDE (item 29) has been selected will result in an ‘ILLEGAL ENTRY’

message.
(5) JNT SW OVRD. Item 17 can be used to override the RMS Joint Select switch on panel
. A8BU. The display is initialized with item 17 deselected (no ‘*'). Items 18 thru 25 (joint

select) are inhibited if item 17 is deselected. An ‘*' will still be driven next to the appropriale
joint select item to reflect the actual switch position. Attempting to execute any of items
18-25 with item 17 deselected will result in an ‘ILLEGAL ENTRY’ message.
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(6)

@

(8)

9)

(10)

1 - : : ; din
item 17 is selected, hardware inputs from the RMS Joint Select switch are ignore
gcgfcgfe i?;ms 18 thru 25. These items which are mutually exclusive are used to select the

desired joint.

SW OVRD. Item 26 provides the capability to override the RMS RATE Select switch
llj:;-tid on panel A8U. Thepdisplay is initialized with item 26 des‘elgect_ed (no **'). Items 27
and 28 are inhibited as long as item 26 remains deselected. An **' will still appear next to
either the VERNIER item or COARSE item depending on the actual position of the hardware
switch. An ‘ILLEGAL ENTRY' message will result if item 27 or 28 is executed without item

26 being selected first.

Selecting item 26 will override the hardware inputs from the switch; item 27 (VERNIER) and
item 28 (COARSE), which are mutually exclusive, will be used to select the rate.

AUTO SW OVRD. Item 29 can be used to override the RMS Autosequence Stop Proceed
switch on panel ABU. The display is initialized with item 29 deselected (no *’). With item 29
deselected, both items 30 and 31 are inhibited; an *' will still appear next to the appropriate
item depending on the actual switch position. Attempting to execute items 30 and 31
without first selecting item 29 will result in an ‘ILLEGAL ENTRY’ message.

With item 29 selected, the switch hardware inputs will be ignored and replaced by the auto
select items.

HC AXIS CHG. ltem 32 changes the sense of the translational or rotational hand controller.
The display is initialized with items 32 thru 34 deselected (no ‘*'). As long as item 32
remains deselected, both items 33 and 34 are inhibited. Execution of item 33 (THC)
reassigns the THC inputs such that X becomes Y, Y becomes Z, and Z becomes X.
Execution of item 34 changes the RHC inputs so that pitch becomes yaw, yaw becomes roll,
and roll becomes pitch. Reexecution of these items restores the original sense.

MCIU OVERRIDE. Items 35 thru 38 provide the capability to override various
MClU—detected failures that result in loss of GPC—supported RMS modes due to autobrake
application. Each item toggles its associated Arm Based Electronics (ABE) unit override
between ON and OFF. When an override is ON, a **' will appear next to its item number;
when that override is OFF, the ‘*' is blanked. Each override is initialized in the OFF state
when SM software is uploaded from Mass Memory.

This field reads ‘INPUTS INHIBITED' double—overbright when RMS software is not
executing; it is blank at all other times.
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1 2 3 4
1234557890123455?8901234567890123456789012345678931

1( XXXX/XXX/096 PDRS FAULTS XX X DDD/HH:MM:5S$
2 DDD/HH:HH:S)
5 ABE:~- OLD / NEM SYsmSP EP-NP. WY _ MWR

4 P CA B IR BN X X X X X X MCIU:

5 MDA BITE / MDA O0/C X X X X X X MIATDIC X

6 SSPA CHMTR f SPA CMTR X X X X X; X MCPC X

7 TACH i YO CoHR P (] X X X X X X ICF X

8 /] TACH TcCoO X X X X X X

9 1 A0 X X X X X X ABE :

10 / MDA DMND X X X X X X COMM X

1 / A/D CONY X be X X be X

2 /] BRAKE X X X X X X CHECK CRT:
3 / POS ENC X X X X X X DIC.AMCIU X
4 / DIR DRV b X X X X X EXT FS X
5 B i b RUES LAY S0 X X X X X EE FLAG X
6 EEEU X
7 SY SP EP MNP WY MR ESEa G MGDNS: X
8 CONTR FRROR X X X X X X HC X
9 LXCRT =% POS X X X X X X MCIU HC X
20 REACH LIMIT X X X X X X TMP CKT X
1

2 KCRT - SPA: Siy $P EP WP WY WER

3 BLTE TEST XXXX XXXX XXXX XX XX XEXX X XXXX

4

5 (x X)
s \_ 1

The PDRS FAULTS display (DISP 96) is available in SM OPS 2 and 4. |t provides data on RMS
failures detected by both old and new SPA hardware. Joint-related failures can be annunciated for
any of the amm’s six possible degrees of freedom: should yaw & pitch (SY & SP), elbow pitch {ER)S
and wrist pitch, yaw & roll (WP, WY & WR).

PARAMETER CHARACTERISTICS

DISPLAYED |STATUS INDICATORS
CRT NAME UNITS RANGE ] [T F7e88
ABE: - OLD JPCBITE 11 l
MDA BITE A
SPA CMTR l
TACH i
NEW MDA O/C [21 i
SPA CMTR l
TACH PLL i
CPU l
MDA DMND 4
A/D CONV d
BRAKE L
POS ENC A
DIR DRV {
B/U RELAY l
MCIU: MADC [3] {
MCPC 2
ICF {
ABE: COMM [41 4
CHECK CRT: DCMCIU [5] A
EXT FS 1
EE FLAG 1
EEEU
EE CMDS {
HC 1
MCIU HC 4
TMP CKT i
CONTR ERROR [6 1
REACHLIMIT 8 See Remarks
3 ee Rem
CKCRT - SPA: BITE TEST [9} See Remarks
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PDRS FAULTS (Cont):

REMARKS

]

[2]

[31

[4]

[5]

[€]

(8]

[e]

ABE: - OLD parameters indicate failures detected on the following components of the old
Arm Based Elgctronics Unit: Joint Power Conditioner (JPC); Motor Drive Amplifier (MDA);
Servo Power Amplifier Commutator (SPA CMTR), and Tachometer (TACH).

ABE: - NEW parameters indicate the following failures in the new Arm Based Electronics
Unit: Motor Drive Amplifier overcurrent (MDA O/C); invalid Servo Power Amplifier
Commutator (SPA COMM) pattern; Tachometer Phase Lock Loop (TACH PLL) out-of-lock
condition; Tachometer Total Compensator Output (TACH TCO) current sensor failure or
miscompare between prime & redundant tacho data; Central Processing Unit (CPU)
watchdog timer test or hardware failure; Motor Drive Amplifier Demand (MDA DMND)
voltage BITE fail; Analog-to-Digital Converter (A/D CONV) BITE fail; Brake (BRAKE)
current BITE fail; Position Encoder (POS ENC) BITE fail; Direct Drive (DIR DRV) BITE fail,
and Backup Relay (B/U RELAY) BITE fail.

MCIU parameters indicate the BITE status of the Manipulator Controller Interface Unit
components: the Multiplexer Analog to Digital Converter (MADC); Manipulator Controller
Power Conditioner (MCPC) and Interface Control Function (ICF).

ABE: COMM indicates the status of data bus communications between the ABE and the
MCIU.

llumination of the CHECK CRT light on panel A8 and a corresponding ‘!’ indicate one of the
following: a failure in communication between panel A8A1 and the MCIU (DC/MCIU); a
loss of the external frame sync (EXT FS) pulse to the ABE; an invalid microswitch
combination (EE FLAG); an End Effector Electronics Unit (EEEU) failure; an
out-of-tolerance end effector command (EE CMDS) from the MCIU: a failure in the Hand
Controller (HC); a mismatch between the dual multiplexed hand controlled signal in the
MCIU (MCIU HC), or a failure within the thermistor circuit (TMP CKT).

CONTR ERROR (Control Error) indicates that a joint runaway error has occurred or that
Joint position encoder data and tacho data do not agree.

ggcf':}eé. POS (Check Circuit Position) indicates that one of the joint position encoders

REACH LIMIT is a waming indication that a joint is near its all imi
CUpUL A 8 or Bk | allowable angular limit. Text

CKCRT - SPA (Check CRT Servo Power Amplifier) BITE TEST indicates the type of SPA

hardware failure being announced by the SPA is* ! FS, - g
‘OIC, PLL. ‘CPU DD orablanﬁy BITE. Text output is ‘LOSS’, ‘FS’, ‘CMTR’,
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[( XXXX/XXX/097 PESRETENTION XX X DDOD/HH:MM:5S

2 DDD/HH:MH:S)
3

4

5 LATCH| LATCH| LATCH| LATCH| LATCH

6 1 2 3 4 5

7 AB/AB| AB/AB| AB/AB| AB/AB| AB/AB

8 PEE SEER]

9 RDOY=FEOCR=LCAT|LXX XX XX XX XX

10 LPRS TR B | XXVt | B /e X i o | o e X e x 70X

1

? BLESEL 2

3 RDY-FOR-LAT| XX XX XX XX XX

4 LAT/JREL| XX/XX]| XX/XxX RS X G X RXI X X

5

§ PALR R SHEN T3

7 RDY-FOR-LAT| XX XX X X XX XX

8 LAT/REL| XX/ xX| xx/xx| xx/xx| xx/xx| xx/xx

9

20

1

2

3

4

5 (xXx)
N | J

The PL RETENTION display is an SM display (DISP 97) available in OPS 2 and 4 which provides
the microswitch status for the 15 payload retention latches. Five latches are displayed for each of
the possible payload select rotary switch positions. When one position is selected, the microswitch
status for the other two positions will be blanked. If none of the payload select positions is selected,
the microswitch status for all 15 latches will be displayed. When a payload is latched, or when it is
close enough to be latched, the ‘RDY—-FOR-LAT fields display ‘1's and the ‘REL fields display ‘0's.
When unlatched, the ‘LAT fields display ‘0's and the ‘REL’ fields display ‘1’s.
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123456789&12345678901234567890123#567890123456?8901

1 / xxlX,’XXX/]S? DOCKING STATUS XX X zzz}}::::ii
§ RNG ALIGN XXX CNTL PNL PWR X/X/X RING DR BUS X /X
4 CONTACT v | R pie vt P RS S [HI0ROAK SR RGMBADES X/ X
5 CAPTURE XX APDS PNWR XX ax DAMPER BUS X /X
6 DAMPING XXX CNTL CMD PWR XXX FIXER BUS X3 /X
7 APDS CIRC PROT XXX

8 RING POS XXXX/XXX/XXX HOOK PYRO LOGIC PHR X/X/X
g DRV CMD RXOX PYRO CIRC PROT XXX X
10 FiT XUER'S XXX 1 2 3

1 PE AL RIDIS 1 z 3 A SHERAT kXX R S

2 RING U A Axex XRERE X R ITCHAYPI (FART ST redbd rahert SO

3 BASE Xixins BaxaXasnexex il B AV D IR XU X XX

a RDY TO HOOK XXX HOOK DR T XE XX XX

5 HOOK1 DRV CHMD XK RING DR T XX

6 POS XEXRX: VESTIBULE

7 IND R DE P VALV L XKD LXK

8 HOOK2 DRV CHMD XXX THSTOAUNRIVALAVE, 4 XD XX

g POS XXX DEP VLV 2 XX /XX

20 IND XXX, TéSTOIUS YtV N2 XXX X

1 UNDOCK CMPLT XEXEX TEMP 1/2 XUXUXD /XXX,
2 CAP LAT CMD T A BT TR C; PR

3 IND XExirixe EXT AIRLOCK P X XERXEYES
4 MAN REL X X ATRLOCK=VEST AP XEXOSOXSXAS!
5 k‘ (xx)
: J

The DOCKING STATUS display (DISP 167) is available in SM OPS 2. It provides data on
Shuttle/Mir docking hardware. For now this hardware can fly only on OV-104 and —105, but the
display flies on all vehicles to keep the software load generic. For flights on which the docking
hardware is not installed, all data fields will display an ‘M'.

PARAMETER CHARACTERISTICS

STATUS
CRT NAME UNIFS 0| 2ISPLAYER INDICATORS
MIHIL]|T] L
RNG ALIGN ‘ON’ or ‘OFF | M
CONTACT ‘OFF or'ON' | M
gﬁ:ﬂ'lF'JL'JSGE ‘OFF or'ON' | M
‘OFF or'ON' | M
CNTL PNL PWR [1] see Remarks | M
HTR/DCU PWR 1] see Remarks | M
APDS PWR 1] see Remarks | M
CNTL CMD PWR ‘OFF or'ON’ | M
APDS CIRC PROT ‘ON' or ‘OFF | M
RING DR BUS “1/2' M
HOOK DR BUS 1/2° M
DAMPER BUS “1/2' M
FIXER BUS “1/2 M
RING E)%% i [2] see Remarks | M
‘OFF or 'ON’ | M
RING FIXERS ‘OFF or'ON’ | M
PETAL POS ek
FB‘:\NSCI;E percent 0to 100 M
RDY TO HOOK Gy ‘Ogé‘o 1qu' m
HOOK 1 DRV CMD ‘OFF g: ‘ON' | M
POS percent 0to 100 M
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DOCKING STATUS (Cont):
PARAMETER CHARACTERISTICS

STATUS
CRT NAME UNITS D'g‘;‘@gf’ INDICATORS
SR L L 1 o
HOOK 1 IND ‘OP/CL
HOOK 2 DRV CMD ‘OFF or 'ON’
POS percent 0to 100
IND ‘OP/CL
UNDOCK CMPLT ‘ON'’ or ‘OFF
CAP LAT CMD ‘OFF or 'ON’
IND ‘OP/CL
MAN REL ‘OP' or ‘CL’
HOOK PYRO LOGIC PWR [1] see Remarks
PYRO CIRC PROT ‘ON’ or 'OFF
BASET degF —13810 205
CAPLAT T degF -13810 205
BALLDRT degF ~13810 205
HOOKDR T degF -138 10 205
RINGDRT degF -13810 205
VESTIBULE
DEP VLV 1 ‘OP/CL
ISOVLV 1 ‘OP/CL
DEP VLV 2 ‘OP/CL
ISOVLV 2 ‘OP/CL
TEMP 1/2 degF —741t0 174
EXT AIRLOCK T degF 25 to 130
EXT AIRLOCK P psia 0.00t020 |M|H|L|T]|
AIRLOCK-VEST AP psia —20.00t020 [M|H|L|T|[{

REMARKS

[1] CNTL PNL PWR, HTR/DCU PWR, APDS PWR and HOOK PYRO LOGIC POWER each
have three data fields, represented above as X/X/X'. These three fields will display ‘A/B/C’

if all three busses are supplying power to the systems indicated. If a bus is not supplying
power, its associated field will be blanked.

[2] RING POS data fields read, from left to right, ‘INIT" or blank, ‘FWD' or blank, and ‘FNL’ or

blank.
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1 2
123&5678901234567390123456789012365678

4 5
9012365678901

1 / XXXX/XXX/168 IR R ST XX ﬁgz;:::::;:S\
; TK

s 02 6 7 8

5 P xxxxsl xxxxs| xxxxs| xxxxs| PALLET T

6 TK: (P xxxxs Xxxxxs| xxxx§ XXXXS§ STBD A % XXXS
7 QTY XXXS XORIRES XXX XXXS STBD B * XXXS
8 T +xXXs| =xxxs 2xxX5 XXX PORT A £ XXXS
9 HTR T 1 [£xxxs| £xxxs| £xXxXxS[ £XXXS§ PORT B = XXXS
10 2 |+xxxs| =xxxs| £xxXx§ £XXXS

1 HTR 1A S S s S| RIALIL E TRRVAO | STRS

2 CUR 18 S S S S PPC1 MNA XX.XS
3 SNSR 2A S S S S PPC2 MNB XX.XS
4 2B S S S S

5 H2

6 P XXXS XEXTX0S XXXS XXXS

7 TK P XS X XS XXXS XXXS

8 QT Y XXXS XXXS XEXFXES XEXIXES

9 T XX XS] ExXXXS] £XXXS] EXXXS

20 HTR T XXX B IS ] = ECXEX S| EEE XXX S

1

2

3

4

5 (xx)
N i/

The CRYO PALLET display is an SM display (DISP 168) available in SM OPS 2 and 4 which
provides detailed status information on the EDO PALLET cryogenic (CRYO) subsystems.

PARAMETER CHARACTERISTICS

DISPLAYED |STATUS INDICATORS
CRT NAM
AME Ehll= RANGE [MJHIL[T]J
027TK: P [1] psia 515101015 |[M |H|L | T | {
TKP 1] psia 0to1200 |M|H|L | T | L
QTY percent 0to 104 M|H|L
i degF —425t0+475 | M | H | L
HTRT1,2 degF —425t0+425 |[M [H | L | T
HTR CURSNSR 1A,1B,2A, 28[2] |  on/trip ‘blank'or 'l | M l
H2 TK: P [1] psia 14510305 |M|H|L|T]|{
TKP 11 psia 0 to 400 MIH[L]|T]
QTy percent 0to 105 MIH]|L
T degF —425t0+475 | M | H | L
HTRT degF —425t0+475 [M | H | L | T
PALLETT degF
g =75t0+175 |[M |H | L | T | !
PALLET VOLTS volts 010 40 M|H]|L 1
REMARKS
1]

‘Pis the tank pressure used by the tank heater controller. “TK P’ is measured at

approximately the same point as ‘P’ but is not used by the heater control unit.

2] ‘L reflects that tank he,

inhibited.

ater current was excessive, and that the appropriate heater has been
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1 2 3 4 5
123ﬂ56789012345578901236557390123456789012345678901

1 (” XXX P61 PDRS STATUS R DDD/HH;nnzf?\
2 DOD/HH:MH:SS
3 IS SR e

4 BIOTRSNRIE ERSIE L X XX

5

6 X/p Y /Y Z/R

7 POHS POS REF £XXXXXS £ XXX Xrs H XK S

8 POHS ATT REF XL X XS XXX .XS F X IXEXS

9

10 POSITION X XIXIXS LR XYiS 2 S G

1 ATTITUDE RS G T T3S Y s

2

3 TRANS RATES ACT E XSRS LR s X XS

4 CMD ER XY T s RSN

5

6 ROT RATES ACT AR EXETYES S e G

7 CMD XX .XX XX .. XX X% XX

8

g JOINT ANGLES END FFFECTOR

20 Sy S P EP RIGID CLOSE CAPTURE
1 Fix s Y XOXO XIS T X X X S X X X

2 WP WY ¥R DERIG OPEN EXTEND
3 FOX X IXES RS i or Ex xS X X X

4

5 )
NG J

The PDRS STATUS display is an SM display (DISP 169) available in SM OPS 2 and 4 which
provides data on point of resolution commanded and actual rates, position, and attitudes.

PARAMETER CHARACTERISTICS

DISPLAYED | STATUS INDICATORS
CRT NAME UNITS RANGE VT [T i B
BRMS SEL [1] text See Remarks
POR REF SEL [3] text See Remarks
POHS POS REF inches M
POHS ATT REF deg M
POSITIONS ACT inches M
ATTITUDES ACT deg M
TRANS RATES ACT ft/sec M
CMD ft/sec
ROT RATES ACT deg/sec M
CMD deg/sec
JNT ANGLES [2] deg M
END EFFECTOR RIGID Eliort D)
DERIG ‘1"or ‘0’
CLOSE ‘1"or ‘0’
OPEN “1or'0
CAPTURE om0l
EXTEND ‘1" or ‘0

REMARKS

[1] ‘PORT, ‘STBD,’ or ‘OFF to indicate the RMS selected for use. Field is blank when in
suspend mode (i.e., /O OFF).

[2] The angular configuration of the six RMS joints are defined as shoulder yaw (SY), shoulder
pitch (SP), elbow pitch (EP), wrist pitch (WP), wrist yaw (WY), and wrist roll (WR).

[3] ‘ORB' if orbiter body axis system selected; ‘REL’ if a relative (crew—defined) axis system
selected; see SPEC 94, item 30.
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PL CRT DISPLAYS
PAGE

4-52

(SEE SM, PAGE 4-26)
(SEE GNC, OPS G9, PAGE 3-78)
(SEE GNC, OPS G9, PAGE 3-88)
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; SM COM BUFF XXX DOD/HH:MM:
3
(ZET\iL COMP SEL
5 5'S X
6 EXP 2X
7 S'L [C0iUPLEERR
el ——>551 s 33
B 4x
10 5 START ADD LXXX
(4).—.——;"6 LENGTH XXXXX
DUMP 7 XXXX
Oy It
(6){- NORDS ACQ XXXXX
/5./FA!L RHW XXXX
()7 AN XX
7 LAST ADD XxXxx
8
9

-
2 3 4
(ay 1234567396123456?390123-1557390123455739012345678901

/;. X X MEMORY DUMP XX X DDD/HH:MM:5§5S
Sl / \
X X iR Bl o

k (XX))

SL MEMORY DUMP is a specialist function (SPEC 111) available in PL OPS 9. This display

provides control and monitoring for Spacelab Subsystem (SS) or Experiment (EXP) Computer
memory dump during prelaunch checkout.

(1)

(2

(3)

4

(5

PL

PS/ALL/GEN | |

SM COM BUFF. ‘BSY’ is displayed next to SM COM BUFF to indicate that the SM
COMMON BUFFER is in use: ‘RDY’ is displayed when it is ready/available.

SL COMP SEL. ltems 1 and 2 select which computer is to be dumped, SS or EXP,
respectively. These items are mutually exclusive; an ** indicates the selected item. Display
is initialized with SS selected. Execution of these items is legal only when Spacelab
Memory is not being loaded into GPC or being dumped from GPC.

SL COUPLER. ltems 3 and 4 select the MDM Coupler (A and B, respectively) to be used to
communicate with the selected Spacelab computer. These items are mutually exclusive; an
* indicates the selected item. Display is initialized with Coupler A selected. Execution of

these items is legal only when Spacelab Memory is not being loaded into GPC or being
dumped from GPC.

START ADD. Item 5 provides the capability to specify the starting address (0000 to FFFF in
HEX) of the Spacel

FFFE s o beab_ :gtgpt:s‘; se&ectedsfor dump. Entry of values outside the 0000 -
REEE > Wi rej a ciass 5 error message generated. The displa is
initialized with START ADD equal to 0. ik i
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SL MEMORY DUMP (Cont):

(6)

@

DUMP. Item 7 is used to initiate a dump from the selected Spacelab computer through the
selected MDM coupler. A successful dump request will set the SM COMMON BUFFER IN
USE flag ‘ON,’ set to all zeroes the Spacelab computer memory data words acquired
(WORDS ACQ), FAIL RHW, AW, and last address (LAST ADD), and will start loading
Spacelab Memory into the GPC for dump. Dump status is displayed after item 7 - blank
when the display is first called (indicating that no dump has yet been requested), ‘LOAD’
when Spacelab Memory is being loaded into GPC, ‘DUMP’ when Spacelab Memory is being
dumped from the GPC, ‘CPLT’ when the dump is complete, or ‘FAIL if the Spacelab
computer to GPC transfer for the dump was terminated due to an error. An item 7 dump
request will be rejected and a class 5 error message generated if the SM COMMON
BUFFER is busy or if the sum of START ADD plus LENGTH exceeds 65536.

When an error causes termination of data transfer from the Spacelab computer to GPC, the
data fields below DUMP 7 ‘FAIL provide the following information related to that termination:
the total number of words acquired (WORDS ACQ) through the last successful read, the
contents of the Response Header Word (RHW) and Address Word (AW) for the failed
response and the last valid data word address (LAST ADD).
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BACKUP FLIGHT SYSTEM (BFS) DISPLAY

. BES SYSTEM SOETWARE . e e e e e e e L
OPS 0001 BFS MEMORY
DISP 99 FAULT

DISP 18 GNC SYS SUMM 1
DISP 19
SPEC 50 HORIZ SIT

OPS 3011 XXXXX MNVR YYYYY

OPS 3041 ENTRY TRAJ 1

OPS 3041

OPS 3041

OPS 3041

OPS 3041 :

OPS 3051 VERT SIT 1 (SEE GNC, OPS G3, PAGE

OPS 3051 2 (SEE GNC, OPS G3, PAGE

(SEE BFS, OPS G1, PAGE

DISP 19 2 (SEE GNC, OPS G2, PAGE

SPEC50 HORIZ SIT (SEE BFS, OPS G1. PAGE

SPEC 51 OVERRIDE (SEE BFS, OPS G1. PAGE
. (SEE BFS, OPS G1, PAGE

BES OPS G6 (ABORTS)

OPS 6011 RTLS TRAJ 2

OPS 6021 VERT SIT 1 (SEE GNC, OPS G3, PAGE

OPS 6031 2 (SEE GNC, OPS G3, PAGE 3
(SEE BFS, OPS G1, PAGE

DISP 19 (SEE GNC, OPS G2, PAGE 3

SPEC50 HORIZ SIT (SEE BFS, OPS G1. PAGE

SPEC 51 OVERRIDE (SEE BFS, OPS G1, PAGE
(SEE BFS, OPS G1, PAGE

BES SMORRIQ o sl v,
OPS 0001 THERMAL
SPEC 63 PL BAY DOORS
DISP78 SM SYS SUMM 1
DISP 79
DISP 168 CRYO PALLET
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2% 3 4 5
12345678961234567}\951234567890123d567890123456?89ﬂ1

¢ T Y KEXINT non/uu:nu:ss\
- READ/WRITE
(DE : nni 1X Sl SE e SEQ . IDHS .
EU) 5 .0/ DIESRE2 X BIT RST 4% WRITE 6
@ 6 2 ENBE UNITS XXX HEX 8X
7 ADD ID DESIRED ACTUAL
8 9 XXXXX 10 XXXX ST O L
9 101 XX EXEREX 182 B XXX L KO XX SR XXX
10 13 XXXXX 14 XX XX 1IXXXXXXXXXX
1 15 XXX 1 60 X EXOX + XXX XXX X XEX X
2 107 R 108 X X e XX XX XXX ®
3 19 XXX 2 DI IX XX + XXX X XXX IR /
(3)-&
= —
6 MEMORY DUMP LAUNCH BUS 1 26X TFL ENA
7 2 1 SETEARETET D KEXXXX oMo 7l 2 9 & (6)
8 22 NUMBER WDS XXXXXX OFF 28X
9 23 WDS/FRAME XX
(7){ DUMP 24 PIASISI/iBIF STEX FIERENEINASE2ESx =} (4)
1
Z\irs TIME UPDATES UPDATE 38 MISSION TIME
3 30 GMT A XXX/XX:XX:XX.XXX 6MT 39X
4 34 MET A XXX/XX:XX:XX.XXX MET 40X
5 (Oxx8)
6\ )

(8)
BFS MEMORY display. This display is the format always associated with OPS 000 and
SPEC 000. The BFS Memory provides crew controls to: (2) review and change the value
contained in any specified GPC memory location; (3) provide the capability to perform a
main memory dump; (4) transfer initialization data from PASS to BFS; (5) assign the launch .
data buses; (6) enable the auto TFL function; (7) update BFS GMT and MET, and; (8) toggle
BFS Mission Time display field between MET and GMT.

-
—t
—

(2* READ/WRITE. Quantities stored in memory are displayed as follows: The memory
addresses of the parameters are input in the ADD ID column using items 9, 11, 13, ... 19.
When this entry is made, the specified parameter is displayed in the ACTUAL column in the
units specified by item 8 (HEX) or item 7 (ENG UNITS). Execution of item 5 (SEQ ID)
d:splgys sequential memory locations starting with the most recently entered ADD ID until
the display is filled. Execution of item 5 or entering individual ADD IDs causes the
gorraponchng DESIRED field(s) to blank. The parameters are scaled according to item 7 or

For item 7 entries of 200 thru 210, the ACTUAL column displays a fixed EU format of
XIOXXXXXXX. I the converted value is 100,000 or greater, the high-order digits are not

displayed. In such a case, use of the HEX feature (item 8) i
pren s g (item 8) is recommended to prevent

All changes to memory are done in an arm/fire manner. The parameters to be changed are

specified by displaying the required memory locations in the ‘ADD ID’ column, entering the
new value in the DESIRED column using items 10, 12, 14 ... 20, and executing item ot

( )' a

flashes and the next WRITE operation can alter protected
areas of memory. After that WRITE is completed, the modepssvitches back to :ﬁm
Individual bits in the unprotected memo ing i

C ry area can be set or reset by using items 3 (BIT
3}5!') zr:jd 4 (tBlT RST) to establish the required mode, displaying thg parﬁeier to b(e
o :nr:!‘;ty h'getr:\ :fgg taﬂ;d;:tra:)crt?:;x:ﬁzdmal word (Mask) in the DESIRED column
t . executing item 6 (WRITE). Up to si .

may be changed with one WRITE. Parameters to be chang(;\:d mus)t be':jisplgfgt?riﬂeé%s
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BFS MEMORY (Cont):

3

@

(5

(6

o))

ltems 1 and 2, 3 and 4, and 7 and 8, are mutually exclusive and the active item is
designated by an “* displayed next to the item number.

NOTE: When the BFS MEMORY SPEC is called, the READ/WRITE and MEMORY DUMP
sections are initialized to DATA, HEX, and all other fields are blank. If the BFS
MEMORY is being viewed on an OPS display and on another DEU driven by the
same GPC or RS the BFS MEMORY SPEC is requested, both displays will be
initialized to the default item selections (DATA and HEX).

MEMORY DUMP. Items 21 (START ID) and 22 (NUMBER WDS) define the main memory
data to be dumped via the downlist. The absolute main memory address in hexadecimal of
the dump is entered in item 21 and the number of sequential 16-bit words of main memory
to be dumped is entered viaitem 22. The entire main memory may be dumped by execution
of these two item numbers along with the WDS/FRAME (item 23). If the addition of the
starting address and the number of words total beyond the GPC address limit, an error
message is generated.

Item 23 (WDS/FRAME) is provided to define the number of 16-bit words in the downlist
frame to be used for header and main memory data. Entry of this item controls the length of
the data content of the downlist frame so that a subset of the total downlist frame can be
used for the 64 kbps downlink frame. The number of words per frame data entry is limited
to two values, 16 or 32; an entry of any other value will be rejected and result in an operator
error message.

ltem 24 (DUMP) selects the dump. Upon entry of this item, items 21 and 22 show the
current values as the dump proceeds to completion, and then are blanked. If no data have
been entered for items 21 or 22, and item 24 is entered, an error message is generated and
the input is rejected.

PASS/BFS XFER ENA. Execution of item 25 enables reception of initialization data from
PASS by BFS and causes an ‘*’ to be displayed. The ‘*’ is cleared when the transfer is
complete. This transfer is valid only in OPS 0. Must be used with the GTS DISPLAY (PFS,
OPS G9, SPEC 100).

BUS CONFIG. Execution of item 26 or 27 assigns the BFS GPC to LDB 1 or 2,
respectively, and initiates polling. ltem 28 terminates polling.

litem 29 is a toggle control which enables/disables the auto TFL function. If enabled, it will
load and verify the PCMMU whenever a PCMMU switchover occurs. The display is
initialized with this item enabled.

BFS TIME UPDATES. ltems 30 through 38 provide the capability to update the BFS GPC
GMT and MET.

ltems 30 through 33 allow the input of a delta time in days, hours, minutes, seconds and
milliseconds to the GMT of the BFS GPC. Upon execution of item 38 (time UPDATE), the
values loaded in items 30 through 33 are used to update the BFS GPC GMT. The resulting
GMT must be greater than or equal to day 1 and less than day 400. If item 38 is executed,
and the resulting GMT is not within these limits, an ‘ILLEGAL ENTRY" message shall be
displayed, the GMT shall not be updated, all delta time entries shall be reset to zero and
blanked on the display, and the GMT sign shall be blanked on the display. An update of the
BFS GMT shall be legal in OPS 0 only. Therefore, if the BFS is not in OPS 0, an entry of
items 30-33 shall result in an ‘ILLEGAL ENTRY” message being displayed and the input
rejected.

ltems 34 through 37 allow the input of a delta time in days, hours, minutes, seconds and
milliseconds to the MET of the BFS GPC. Upon execution of item 38 (time UPDATE), the
values loaded in items 34 through 37 are used to update the BFS GPC MET. The resulting
MET must be greater than or equal to day 0 and less than day 400. If item 38 is executed,
and the resulting MET is not within these limits, an ‘ILLEGAL ENTRY" message shall be
displayed, the MET shall not be updated, all delta time entries shall be reset to zero and
blanked on the display, and the MET sign shall be blanked on the display. An update of the
BFS MET shall be legal in MM301 only. Therefore, if the BFS is not in MM301, an entry of
items 34-37 shall result in an ‘ILLEGAL ENTRY’ message being displayed and the input
rejected.
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BFS MEMORY (Cont):

(8)

em number entered in a set (with a non-zero va}ue) shall determim:;

ian of the entire set (i.e., items 30-33 or 34-37). lfavalue of zero is entered for any 0
?r:ee ::Er:so 30-37, that itergt shall be blanked on the display and its sign shall not contribute to
the determination of the sign of the entire set.

30-37 shall be initialized to zero and shall be initially blank on the display. The
giﬁmNET delta sign fields shall also be initially blank. These items shqll be re-initialized
and blanked upon any major Mode transition, including the GMT/MET sign fields.

ltem 38 shall be legal in OPS 0 or MM301 only, and is only legal when at least one of items
30-37 has a non-zero value. Therefore, if the BFSis notin O_PS 0 or MM301, or if all of
items 30-37 have zero values, an entry of item 38 shall result in an ‘ILLEGAL ENTRY’

message being displayed and the input rejected.

Upon a valid entry of item 38, the GMT/MET delta time entries shall be converted to
seconds prior to being sent to MTU Redundancy Management (MTURM), where the actual

update will occur.

MISSION TIME. ltems 39 and 40 are used to select either GMT (item 39) or MET (item 40)
as the source for mission time for all BFS driven displays. An asterisk (*) shall be displayed
next to the selected source, and a blank shall indicate that a source, GMT or MET, is not
selected for driving mission time. Source selection carries forward across OPS transitions
until manually changed. Items 39 and 40 shall be legalin OPS 0, 1, 3, and 6. The source
selection shall be initialized to MET and an asterisk shall be initially displayed next to item
40.

The sign of the lowest it

*PROGRAM NOTES

(2

DESIRED Field Not Blanking. Old data in the DESIRED column of the READ/WRITE
section will not blank when new addresses are entered into the ADD ID columns. Always
r&sele:i::j a mode (item 1 thru 4, or 7, or 8) to clear the DESIRED column prior to entering
new aaaresses.
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NOTE: [ ]denotes trajectory-dependent data.

(1) XOXXX TRAJ 1. A GNC operational sequence (OPS) display available in OPS 1 (BFS. :
only). The title of this display is dynamic. Itis LAUNCH TRAJ 1 for MM101. In MM102 it is
ASCENT TRAJ 1, except in an abort mode where it reflects the abort mode (RTLS TRAJ 1
or ATO TRAJ 1). It is used to monitor guidance performance until SRB staging.

[2] The central plot is an altitude vs. velocity relative to launch site profile from the mission
trajectory. Tick marks on the curved line correspond to inertial ADI angles of 70, 60, 50, and
40deg. The current vehicle state from navigation is shown by a moving triangle. The
predicted state for 20 seconds in the future is indicated by a circle.

(3) PC <50 (SRB chamber pressure less than 50 psi) appears on the display whenever that
discrete is sent to the staging sequence.

(4) T is a digital readout of throttle command to the engines in percent. Range is 65to 109
percent.

(5) ‘SEP INH’ is displayed flashing if the SRB SEP inhibit discrete is set by the SRB SEP
sequencer.

(6) BFS-computed roll, pitch and yaw errors are displayed prior to BFS engage for comparison

with PASS—dfive:r‘n ADI error needles. Each error value is preceded by one of the following
characters: ‘U,’D,’ ‘L, or ‘R." These indicate the fly-to direction of that emror. If the roll
ermror is 100 degrees or greater, an overflow indicator of ‘R > >’ or ‘L > >’ is displayed for a

2%;“3;;'97‘ fiy~to error, respectively. These errors and signs are not displayed after BFS

@ The scale on the left is Equivalent Airs
oversize triangle indicating the current
indicates safe staging KEAS. Th
mission-dependent value.

peed in knots (KEAS), with a moving overbright,
KEAS. A tick mark at a mission-dependent value
€ moving indicator will flash if KEAS exceeds a
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NOTE: [ ]denotes trajectory-dependent data.

XOOXXX TRAJ 2 is a GNC operational sequence (OPS) display available in OPS 1 MM103
(BFS only). The title of this display is dynamic and will be ASCENT TRAJ 2 unless an abort
is initiated. At TAL or ATO initiation, it will indicate the abort mode (TAL TRAJ 2 or ATO
TRAJ 2). This display is used to monitor the guidance performance during the
second-stage boost.

The scale across the top is an inertial velocity (IV) scale within mission dependent, I-Loaded
limits (1,000 fps apart) with a nominal cutoff (CO) tick mark. CO also represents zero AV to
go for a TAL ABORT and will be the TAL MECO indicator. Present IV is from navigation and
TAL AV to go are indicated by a moving triangle.

The central plot is inertial velocity vs. altitude. Abort regions are indicated along the plot as
shown (e.g., RTLS, GO, etc.). The current vehicle state from navigation is shown by a
moving triangle. Predicted states for 30 and 60 seconds in the future are shown by circles.

T is the throttle command in percent.

TMECO is predicted time of MECO (from lift-off) from guidance. ‘SEP INH’ is displayed
flashing if the ET SEP inhibit discrete is set by the ET SEP sequencer.

g'’s is total load factor in g’s. The indicator will flash if 3 g’s are exceeded.
H is a digital readout of the present radius rate from navigation in fps.

AH is the radius rate from navigation minus the nominal radius rate for the present velocity.
Present AH is indicated by a moving, left-pointing triangle which flashes if off-scale.

BFS-computed roll, pitch, and yaw errors are displayed prior to BFS engage for comparison
with PASS-driven ADI error needles. Each error value is preceded by one of the following
characters: ‘U,”‘D,’‘L,’ or ‘R.’ These indicate the fly-to direction of that error. If the roll
error is 100 degrees or greater, an overflow indicator of ‘R > >’ or 'L > >'is displayed for a
right or left fly-to error, respectively. These errors and signs are not displayed after BFS

engage.
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GNC SYS SUMM 1 is a BFS GNC display (DISP 18) available in OPS 1, 3, and 6 via the SYS

SUMM key. Digital data and/or status information which support aerosurfaces, Main Propulsion

System (MPS), Data Processing System (DPS), flight control subsystem channels (FCS CH), and

navigation sensor subsystems are displayed. .

PARAMETER CHARACTERISTICS

DISPLAYED |STATUS INDICATORS
CRT NAME UNITS RANGE T T R
[1] SURF: L(R)OB(IB) POS deg U36.5t0 D21.5 e
MOM percent -99 to +99 T
AlL deg L5.0 to R5.0
RUD deg L27.1 to R27.1
SPD BRK percent 0to 100
BDY FLP percent 0to 100
[2] MPS: HE TKP psia 0 to 5000 M 4
REG P (A,B) [8]| psia 0to 1000 M il
dP/dT psi/3 sec 0to 50 1T
ULLP tgg E:g} psia 121052 M T !
psig 01030 M | e
ggg 8% PL,C,R [9]| psia 0 to 5000 M {
Go2 Pu TG R [91| deg 2501041000 | M L
NEU HE P TK [31| psia 0 to 5000 M !
REG 8] psia 0to0 1000 M Ml \
TS ACUM psia 0to 1000 M 1
P LH2 psia 0to 100 M T
LO2 psia 0 to 300 M T
DPS MDM FF 1-4 [4] M 1
FA1-4 [4] M 1
PL1-2 1 '
FCS CH 14 (5] M T |
[6] NAV: MU 1-3 M
TAC 1-3 [1] i
ADTA 1—4 1 i
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GNC SYS SUMM 1 (Cont):

REMARKS

[1] OPS 3, MM602, and 603 only.

[2] OPS 1 and 6.

[3] Limit sensing and fault annunciation are terminated at MECO command.

[4] ‘M’ status indicates preengage failure of BFS to track PFS.

[5] Only the first actuator failure on a given channel will be annunciated. Subsequent failures of
different actuators on the same channel will not be annunciated unless the first failure has
been reset. (UB08324)

[6] ‘1’ represents failure, missing data, or IMU deselection by item entry on BFS OVERRIDE
display.

[7] OPS 1 and MM601.

[8] OPS 1, 3, and 6.

el Limit sensing and fault annunciation begin at MM102 and end at MECO.

[10] Low limit sensing and fault annunciation begin at MM102 and end at MECO.
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(1) HORIZ SIT display. A GNC SPEC available in BFS OPS sequence 1, 3, and 6. Includes
(2) display of orbiter position and heading relative to heading alignment circle; (3) altimeter
setting control; (4) TAL site, landing site, runway, and TACAN designation controls; (5)
approach indicators and control; (6) entry point indicator and control: (7) NAV update .
controls; (8) PFS to BFS state vector transfer controls; (9) delta time state vector update

controls; (10) navigation filter displays and controls; and (11) GPS performance data; (12) air
data to GNC control, and (13) GPS position data.

(2* The graphic portion of the display contains a fixed orbiter symbol, three dynamic position
predictors, heading alignment circle (HAC), runway touchdown point (circle), and a linear
extension from the touchdown point to the circle intersection point. The predictor symbols
represent the orbiter position predicted 20, 40, and 60 seconds in the future. The heading
:J;?nngﬁgt %rec?’eom Ergund_waly Sm move relative Ito the orbiter symbol while the orbiter

isplay. ing site vari inni
ahpioach alerdig | NSE). y. g site variable data are blanked at beginning of

(3) ?ﬁrgl_? is used to input the barometric altimeter (ALTM) setting corrected to mean sea level

@) ltem 40 (text is 40 TAL SITE X X: i i
40 (text A A; appears above item 41) allows selection of the TAL
landing site in OPS 1. The display is iniﬁa.[ize:d with the primary (I-loaded) TAL site selected
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HORIZ SIT (Cont):

(5)

(6)

(8

(9)

ltem 41 allows the selection of the landing site in OPS 1,3, or 6 from a possible index of 1 to
25 landing areas. Each site consists of 1 primary (PRI) and 1 secondary (SEC) runway, 2
TACANS, and an MSBLS (where available). ‘RTLS’ is displayed throughout OPS 1 and 6
unless a TAL abort has been declared in which case TAL is displayed. In OPS 3, ‘LAND’ is
displayed. The display is initialized in MM101 with the primary (l-loaded) RTLS site
selected. An altemate site can be chosen (which also specifies the MECO targets) up until
fine countdown (MECO minus 10 sec) in OPS 1 and until powered pitchdown in OPS 6.
After powered pitchdown, the RTLS landing site can be changed but the MECO targets will
not update. Prior to RTLS or TAL abort selection, entry of any TAL site or an erroneous
RTLS site will result in the message ‘TARGET ERR RTLS’ being generated. If a TAL abort
has been declared, entry of an RTLS site will result in the message ‘TARGET ERR TAL’
being generated.

ftems 3 and 4 allow selection of either the primary or secondary runway of a selected
landing site. The IDs of the primary and secondary runways are displayed next to items 3
and 4, respectively. Primary is automatically selected (indicated by an **’) once a landing
site is specified. Items 3 and 4 are mutually exclusive.

ltem 5 provides the capability to select either of 2 TACANSs associated with a selected
landing site. When a landing site is selected, the primary TACAN is automatically selected,
and subsequent executions of item 5 altemately select the secondary and primary TACANSs.
The channel ID of the selected TACAN is displayed next to item 5.

ltem 6 designates the HAC to be used for targeting during entry or RTLS. ‘OVHD’ or ‘STRT’
is displayed next to item 6 to indicate an overhead or straight-in approach. The display is
initialized in MM101 with OVHD selected and it remains selected unless downmoded by
crew selection of the altemate HAC in MM304, 305, 602, or 603. If a new landing site (item
41) is selected, the approach will be reinitialized to OVHD. If the energy level is too low, but
the range to the runway and the required turn angle are within I-loaded limits, OVHD will
flash and a Class 3 message will be generated. The flashing terminates once a straight-in
approach is selected. Indicators ‘L’ and ‘R’ are also displayed at G&N and HSI to identify
whether the left or right HAC is the target point. These indicators are initialized upon
transitioning into MM304, 601 after MECO (G&N), or 602 (HSI) and will be blank prior to that
time. Item 6 is only legal in MM101, 304, 305, 602, and 603 and can only be used once in
101.

ltem 7 (XEP) allows the crew to altemately select the nominal entry point or the minimum
entry point for guidance targeting. Selection is indicated by ‘NEP’ or ‘MEP”’, respectively.
The indicator is initially driven to NEP. Iltem 8 (AIM) allows the crew to altemately
redesignate the glide slope ground intercept point between nominal and closest to the
runway (for high head winds) until TAEM/Autoland interface. Selection is indicated next to
item 8 by ‘NOM’ and ‘CLSE.’ The display is initialized with ‘NOM’ selected.

NAV UPDATE. Items 10 thru 15 are used to enter desired deltas to each of six NAV STATE
components, AX, AY, AZ, AXDOT, AYDOT, and AZDOT (in runway coordinates). ltem 16 is
used to update the NAV STATE with the deltas entered by items 10 thru 15. It also provides
the capability to perform a PFS to BFS state vector update using item 17. Upon NAV
UPDATE completion, these items are zeroed.

ltem 17 (PASS/BFS SV XFER) allows the crew to command the BFS to read the PFS state
information and display deltas between the PFS and BFS state vectors in items 10-15.
These deltas are in U, V, W coordinates; i.e., an attitude error (AZ in runway coordinates)
will show up in AX slot. Execution of item 16 updates the BFS state vector with the
PFS-BFS deltas.

ltem 18 (AT) provides the capability to update state vector downtrack errors by means of
adding or subtracting a delta time in seconds. The update is performed after a time is
entered via item 18 and is followed by the execution of item 16 (LOAD). The delta time
display field is zeroed when the display is first called and will be rezeroed upon completion of
a delta time update by Entry Navigation. ltem 18 is legal in OPS 3 only; executing this item
in any other OPS will cause an ‘ILLEGAL ENTRY’ message to be generated.
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HORIZ SIT (Cont):

(10)

(11)

(12)

(13)

igati r displays and controls for TACAN azimuth (TAC AZ) and range
%:3362) mﬂﬁt;u(%mg Hs;,sand air data transducer _assembly glhtude (ADTA H) are
providéd. For each parameter, the output from its selection filter minus the composite NAV
state vector estimate of that data forms the (&sii_:iual (HE_SID). The ratio (RATIO) of actua]o
residual to the maximum allowable residual is displayed in t!le RATIO coIpmn. If the RATI
is less than one, the data pass the update edit test and are i l:porated into the state
vector. A status column to the right of the RATIO contains an ‘ when thel : ameter has
failed the update edit test a specified percentage of times (I-loaded). The ‘4’ disappears
when the parameter passes the test a percentage of the time (I-loaded). Items 19, 22, and
o5 are used to allow navigation to select data to be used if they pass the edit test. Items 20,
23, and 26 inhibit (INH) the incorporation of measured data into the state vector. ltems 21,
24, and 27 override the edit and force (FOR) the navigation filter to use the data if the data
are being processed. An ‘*’ appears next to any item (19 thru 27) that has been selected.
The display is initialized with items 20, 22, and 26 selected. ltems 19 thru 21, 22 thru 24,
and 25 thru 27 are mutually exclusive. The residual and ratio data fields are blanked for a
parameter if its data are not being processed.

(10B) The TACAN channel of the ground station that TAC 1, 2, and 3 are locked onto or
attempting to lock onto is displayed. The sign of the channel is determined by the X/Y mode
select bit, X mode being positive. TACAN azimuth and range are displayed for the TACANs
in absolute values only. A status column is provided for the azimuth and range for each
TACAN. A blank in the column indicates normal operation and a ‘3’ is displayed to indicate
loss of lock or a commfault, a manual deselection using item 31, 32, or 33, a self-testis in
progress, or a power loss. If any of these conditions is reversed, the <}’ is blanked.

This line displays GPS data. Currently these data are not used for navigation; they are
displayed only to evaluate GPS performance. RESID is the difference in feet between the
GPS and navigational software position vectors. RATIO is the ratio of RESID to the
maximum allowable position residual (determined pre-flight). If RATIO is greater than or
equal to one, the GPS data is considered to have failed its edit test, and a “\ will be
displayed beside the RATIO parameter.

NOTE: The GPS velocity residual is also ratio-tested (though not displayed due to lack of
CRT space), and if it is greater than or equal to one it will also drive a ‘4’ next to
RATIO. So itis possible to have a ‘4’ next to RATIO even though the displayed
RATIO (range) is within limits, i.e., less than 1.

If no GPS data are available, both the GPS RESID and RATIO data fields will be blanked.

ltems 42, 43, and 44 provide future capability for AUTO use of GPS data in navigation, and
to INHIBIT or FORCE use of GPS data, respectively. Until a program decision is made to
use GPS data for navigation, item 43 will always have a ‘*’ beside it, and any attempt to
select items 42 or 44 will result in an ‘ILLEGAL ENTRY’ message.

ltems 28 thru 30 provide control over the source of air data parameters input to GNC. Item
28 (AUT) provides auto transition from NAV-derived air data to ADTA. ltem 29 (INH)
inhibits the ADTA data. ltem 30 (FOR) forces the use of ADTA data. These three items are

mutually exclusive and an “*' is driven next to th i i is initiali
WIS salaciar e selected item. The display is initialized

GPS-derived azimuth and range to the selected TACAN station. Curmrently these data are

not used for navigation; they are displayed only to evaluate GPS perform A
displayed next to either variable if the 'so.:)ftwa.r;y determines it is ineglid. e 4

*PROGRAM NOTES

e

BFS Horizontal Situation Di Predictors In i i
3 rr During BFS MM304, if a roll angle of
g%iggrea or more is perfom)ed‘beiow 200K feet, the horizontal situation display’s 209 40
second predictors will indicate a tum in the opposite direction. The crew should

ignore th i :
'(%H BDSSQF‘;?D predictors when the roll angle is greater than or equal to 90 degrees.
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ABORT MODE ENTRY FCS
"’ TAL 1 X ELEVON FILTER ATHMOSPHERE
ATO 2 X AUTO T NOM 20X NOM 282X
ABORT < FIXED 18X KIST 2 oY MR P O ER 2 10X
(3) MAX THROT 4X SSME REPOS 19 XXX SO RPO.IIE 28X L (6)
\\\\\‘PROPLT DUMP IMU DES ATT‘”d——j:r—pﬂjizr—j:::::::'“m
ZEREXEREIY LRU DES DES DES
RSB L E [ HETE S g A 2 26X 1 31X 35X 39X
OMS DUMP 3 21X 2 32x 36X 40X
ARM 6 X 3 33X 3% a1x
START T 4 3gx 42x !
STOP 8 X

9 QUAN/SIDE XXX
(@) OMS DUMP TTGE XXX i

R ETRNSE VENT DOOR CNTT |
AE TR S 13 XXX AUTO 28X 0PEN 430 XK
184 TIME SRR SEP 29X cLose  asxxx | o
FWD RCS 15 XXX ET UMB DR
16 TIME RIXE ELOGE . S

U\U'!&thHNmm/-dmmawN»—-Smm/LAo-mnuN'-
o

\G s/

(1) OVERRIDE. A GNC SPEC (SPEC 51) available in BFS OPS 1, 3, and 6. Provides the

following capabilities: selection of the desired switch mode for (2) ABORT, (8) ET SEP, and
(9) ET UMB DR switches; (3) enable/inhibit the OMS/RCS ICNCT function, the OMS dump,

. and the (4) AFT and FWD RCS dumps; (5) select the elevon schedule, body bending filter,
and the entry atmospheric model in OPS 3 and control the SSME drag chute repositioning
sequence; (6) selection/deselection of an IMU LRU; (7) open/close vent doors during OPS 3
and 6; (10) selection/deselection of the accelerometer (AA), orbiter Rate Gyro Assembly
(RGA), and aerosurface (SURF) feedback.

(2) ABORT MODE (items 1 thru 3) provides a backup for selecting a TAL abort in MM103 and
MM104 or ATO abort in MM102, MM103, and MM104 and then initiating the abort.
Selections indicated by an “*.” These options are available in MM102 and 103. Execution of
these items during any other mode results in an ‘ILLEGAL ENTRY’ message as does
execution of item 3 before item 1 or 2. Display is initialized with these items deselected
(no **). MAX THROT (item 4) changes the maximum SSME throttle level. Execution of
item 4 changes the maximum SSME throttle level commanded by guidance from 104
percent to 109 percent (I-loads). Once executed, it is latched and an **' is displayed next to
the item.

3) PRPLT DUMP. ltems 5 thru 9 allow the crew to enable, inhibit, and control manual or
automatic abort dumps in OPS 1, 3, and 6. ltem 5 (ICNCT) is used to enable (ENA)/ inhibit
(INH) the OMS/RCS interconnect function. The interconnect is initialized enabled in OPS 1
and inhibited in OPS 3. If a manual dump is initiated, the status of the OMS/RCS r
interconnect will be determined by item 5. |f item 5 is enabled when an intact abortis
selected, item 5 will be set to an I-loaded value by the Abort Control Sequence. If item 5 is
inhibited when the abort is selected, item 5 will remain inhibited. Whenever the Abort
Control Sequence or OMS/RCS Interconnect Sequence terminates the OMS/RCS
interconnect, item 5 will be reset (INH).

‘CPLT’ will be displayed to the right of ‘XXX ICNCT 5’ when the OMS/RCS interconnect is
completed and will return to blank when the retum to normal configuration is completed.

. ltems 6 (ARM) and 7 (START) allow the crew to manually initiate a dump. ltem 8 (STOP)
inhibits or terminates an automatic dump, or terminates a manual dump. An ‘*' indicates
selection. The display is initialized with items 6 thru 8 reset (no ‘*’). Execution
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i dump and blanks the STOP *. ltem T whit;h can only be executed when
i(::a::fsmig sar:T:vii%ean ‘*,Pstans the dump. Executing item 8 will blank the ARM and START
asterisks and stop the dump in progress. Any automatic dumps associated with an abort
selection will be inhibited if an ‘*' is present next to item 8.

IDE) allows the crew to enter an amount of propellant to be dumped,
ginssisgdl{ﬁr;jesrcem) quantity per side. Item 9is initial_ized in OPS 1 to a software calculated
quantity based on a manual dump |-load:; thereafter, item 9 reflects crew input. If an intact
abort is selected, the OMS dump time will be set to an I-loaded value by the Abort Control
Sequence, based on the abort selected, and item 9 will be computed and displayed as a
function of this I-load. In OPS 3, item 9 is initialized to the last value from OPS 1, orto an
automatic dump value based on abort selection.

If a new value is entered into item 9 while any OMS dump is in progress, the dump will be
based on the new value. If the quantity entered via item 9 exceeds the MAX QUAN ENTRY,
the entry will be rejected and an ‘ILLEGAL ENTRY’ message will be displayed.

ltems 5, 8, and 9 are legal entries in all major modes in OPS 1, 3, and 6 except MM104
through 106. Items 6 and 7 are legal entries in MM103, 304, and 601 only.

OMS DUMP TTG (time-to-go) displays the amount of time remaining, in seconds, to dump
OMS propellant, whether or not a dump is in progress. In OPS 1, the OMS dump time is
initialized to the manual OMS dump time I-load value; any changes thereafter to OMS
DUMP TTG will be a function of quantity input by the crew via item 9, an |-loaded value
based on the intact abort selected, or the completion of an OMS/RCS interconnect. The
OMS DUMP TTG value reflects dump time using a scale factor based on a two OMS engine
flow rate. During an OMS/RCS interconnect with RCS jets commanded on, the OMS DUMP
TTG computation will be adjusted by a scale factor to reflect the additional RCS flow rates.
OMS DUMP TTG decrements as dumping occurs until it reaches zero at which time the
dump is terminated.

ltems 13 and 15 are used in MM304, 602, and 603 to ENA/INH the aft and forward RCS
dumps, respectively. The dumps are initialized enabled and thereafter will reflect crew
inputs, except in OPS 3 when the TAL flag is not set; then they are initialized inhibited.
ltems 14 and 16 are initialized with I-loaded dump times in seconds in OPS 1, and if the
TAL flag is set, in OPS 3. In OPS 6 they carry over the last values from OPS 1. Depending
on the number of jets involved during a dump, these times will decrement accordingly. In
OPS 3 with the TAL flag not set, the times are initialized to 0. MM304 RCS dumps may be

enabled by putting in a nonzero dump time via items 14 and 16, and enabling the dumps via
items 13 and 15, respectively.

ENTRY FCS. ltems 17 and 18 allow the crew to command the descent DAP to use a
AUTO or FIXED elevon schedule. The display is initialized with the AUTO schedule
selected. The FIXED schedule will be used for aero PTls. For flights with no scheduled

PTU's, the aft schedule will be I-loaded into the FIXED slot for use during a no yaw jet en
Items 20 and 21 can be used to choose the nomi 2 i bry.
filter. The display is intialized ominal (NOM) or altemate (ALT) body bending

f with the nominal filter (item 20) selected. However, if OPS 3

;? emgu;,-d from OPS 1, the ALT body bending filter will be selected. If OPS 3 is entered

ltom 7S 0, the NOM filter is selected. An ‘*' indicates selection during operation in OPS 3.
ems 17 and 18 are mutually exclusive, as are items 20 and 21 ; selection of one

automatically deselects the other. In OPS 1 or OPS 6, the **' is blanked as the el
schedule and body bending filter are I-loaded o Sy Bt s on
legal in OPS 3 only, and wil result 1 o ed independent of crew input. These items are

other OPS. ‘ILLEGAL ENTRY’ message if executed in any

tem 19 (SSME REPOS) allows the crew to enable (ENA)/inhibi itioni
: _ ! )/inhibit (INH) the repositioning of
the SSMEs which occurs automatically in MM304. The SSME H(EPO)S is inih!:l,ized blngnk

until OPS 3 when it is set to ENA; thereafter th - ;
is legal in MM301, 302, 303, and 304 er, the status field w:ll reflect crew inputs. ltem 19
executed in any other major mode. only and will result in an ‘ILLEGAL ENTRY’ message if

::v"}éa%n%hagg é; :llqw_ﬁ]t_a Crew to select the atmospheric model used by entry
23 (N POL.E) N2 y 1S initialized with the nominal model selected, item 22 (NOM). items
) ;f; mm&gﬂ”%‘;ﬁ) select north polar and south polar models, respectively.

Yy usive, with an ‘*’ displayed next to the currently active model.
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These items are legal in OPS 3 only; execution in OPS 1 or 6 will have no effect.

IMU DES (items 25 thru 27) provide select/deselect for the three IMUs. Display is initialized
with the status blank indicating selection of all three. Execution of the item number causes
deselection, indicated by an ‘*.’ A subsequent reexecution of the item causes a reselect and
the **’ is blanked. IMU deselection status is also shown on the GNC SYS SUMM 1 display.
The IMU attitude (ATT) shall display which IMU (1, 2 or 3) is selected for use as an attitude
source. It shall be blank prior to AS11A event (i.e. Attitude Processor is inactive).

VENT DOOR CNTL. Items 43 (OPEN) and 44 (CLOSE) provide manual capability to
command the forward and aft compartment vent doors, and/or all vent doors, depending on
the Major Mode these items are executed in. These items are mutually exclusive.
Attempting to execute a command while an operation is in progress will result in an
‘ILLEGAL ENTRY’ message.

An asterisk is displayed immediately adjacent to an item after it is either manually executed
or commanded by an auto control sequence. An ‘OP’ or ‘CL’ character string is displayed
adjacent to the asterisk after the executed sequence has completed. This character string
will continue to be displayed until a subsequent item is commanded, at which time it will be
blankg. During a manual or auto sequence, the ‘OP’ or ‘CL’ character string field will be
blanked.

ltem 43 (OPEN) is legal only in OPS3, and in MM602 and MM603. Item 44 (CLOSE) is
legal only in MM301 through MM304, and MM602, and MM305 and MM603 after the
ROLLOUT FLAG is set true. Execution of these items in any other Major Mode will result in
an ‘ILLEGAL ENTRY’ message; in addition, the command will be rejected. Execution of
these items pre-BFS ENGAGE will resuilt in a ‘BFS ILLEGAL PRE-ENG' message; the
command will also be rejected.

A manual CLOSE (item 44) executed in MM301 will cause all doors to be commanded
closed. Subsequently, left vent doors 1/2 and 8/9 will automatically be reopened. In MM302
and MM303, executing an item 43 or 44 will command all vent doors open or closed,
respectively. A manual OPEN (item 43) in MM304 will cause only the left vent doors 1/2 and
8/9 to open; in MM602, all doors will open. A manual CLOSE in MM304 (or MM602) will
command all vent doors closed. All vent doors are commanded closed, regardiess of their
configuration, at the transition to MM304 (or MM602). Finally, a manual OPEN (item 43)
executed in MM305 will command all vent doors open.

Upon transition to MM304 or 602, all vent doors are automatically commanded closed with
the asterisk moving to the CLOSE position if it was not already there due to previous
operations. Also in MM304, only left vents 1/2 and left vents 8/9 will OPEN in response to
an item 43 (OPEN) command with the asterisk moving to the OPEN position.

At MACH 2.4, the vent door software will automatically open the vent doors and the asterisk
will move to the OPEN position.

ET SEP (items 28 and 29) provide a backup for initiating the AUTO MODE and ET
separation in MM102 through 106 and 601. Execution during any other mode or pre-BFS
ENGAGE results in an ‘ILLEGAL ENTRY’ message. Display is initialized with the items
deselected (no ‘*’).

ET UMB DR (item 30) provides a backup for closing the ET umbilical doors in MM104, 105,
and 106. Execution during any other mode or pre-BFS ENGAGE results in an ‘ILLEGAL
ENTRY’ message. Display is initialized with this item deselected (no *’).

LRU AA/RGA/SURF. Items 31 thru 34, 35 thru 38, and 39 thru 42 provide for
deselection/reselection of accelerometer assembly (AA), rate gyro assembly (RGA), and
aerosurface feedback (SURF) transducer strings as candidates for the selection filter.

This display is initialized in OPS 1 and on transition from OPS 0 to OPS 3 with all of the
LRUs selected (no ‘*'). Execution of any of these items will deselect the corresponding
LRU; an ‘*' is displayed next to those LRUs which have been deselected. Execution of any
of these items with an ‘*’ present reselects the corresponding LRU and blanks the **." The
status of items 31 thru 42 are maintained across the transition from OPS 1 to OPS 3/6.

At least one LRU has to be selected for each area (AA,RGA, and SURF); attempting to
deselect the last selected LRU will result in an ‘ILLEGAL ENTRY’ message.
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(6 (1)
GPS STATUS is available in BFS GNC OPS 1, 3, and 6. It provides insight into GPS

systems operation and health, as well as GPS-estimated position. These data are for
evaluation purposes only; they are not currently used for vehicle GNC.

(1) The STAT field displays the status of the GPS unit (currently only one is installed). If the
GPS is operating normally, the field is blanked; otherwise, one of the following status codes
will be displayed double overbright:

STATUS | MEANING

M Communication Fault

BIT Built-In-Test in progress

RPT Receiver/Processor Failure

BAT Receiver/Processor Battery Low

2 ftem 1 (DES) is used to select/deselect (toggle) the GPS receiver. The status field next to

1" is initialized blank; a *** appears when the unit is deselected, and disappears when the
unit is reselected.

(3) The MODE field displays the GPS receiver’s current operating mode:

MODE MEANING

blank GPS not in operating mode
INIT GPS in initialization mode
TEST GPS in Self-Test mode
NAV GPS in Navigation mode

GPS automatically enters the initialization mode - i
navigation mode after initializatior. 1 ey after power—on, and automatically enters
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FOM is the GPS receiver’s Figure of Merit, or estimate of position error. The integer
appearing in this field is related to the error as follows:

m
@]
=

Estimated receiver error e
e <= 25 meters
25m < e <= 50m
50m < e <= 75m
75m < e <= 100m
100m < e <= 200m
200m < e <= 500m
500m < e <= 1000m
1000m < e <= 5000m
5000m < e

Woo~NOOOhWN -

If the FOM exceeds a threshold value (determined preflight) a b will appear next to the data
field. This field will be blankif the GPS is not in an operating mode (i.e., anything other than
INIT, self-test or NAV).

ALT displays GPS-derived orbiter altitude in feet. LAT displays latitude in degrees, followed
by an N or S for North or South latitude. LON displays longitude in degrees followed by an

E or W for East or West. All three of these parameters will be blanked if GPS is not in NAV
mode.

The leftmost parameter under CHANNEL is CHANNEL STATE, a single-digit number
between 0 and 7. These numbers correspond to internal GPS status information and are
not intended for use by flight crew. This parameter field will be blank for all channels if GPS
is not in an operating mode.

The rightmost parameter under CHANNEL is SATELLITE NUMBER, which displays the

unique two-digit identifying number of the GPS satellite being tracked by that channel. This
parameter field will be blank for all channels if GPS is not in an operating mode.
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Note: [ ]denotes trajectory dependent data.

(1) ENTRY TRAJ 1. A Guidance, Navigation, and Control (GNC) Operational Sequence (OPS)
display of entry conditions with relative velocity from 24 kips to 18 kips. Called via OPS
transition from MM303 to 304 (crew keyboard entry ‘OPS 304 PRO’). Includes (2) Angle of
Attack (=) tape scale and symbols; (3) drag (D) tape scale and symbols; (4) trajectory
guidelines; (5) nominal altitude rates; (6) constant nominal drag acceleration lines; (7) the
orbiter’s current location and previous locations; (8) the orbiter reference location and

previous locations computed by guidance; (9) phugoid scale; (10), (12), and (14); and; (1)
and (13) control items.

OPS G3
(ENTRY)

2 °. Dynamic symbols representing commanded = (—) and actual «< (C>) move along the
o tape scale (sw}e range is I-loaded). The symbols flash when they reach the off-scale
position, and the ‘>’ flashes if actual and commanded < differ by more than two degrees.

(3) D. Dynamic symbols representing commanded D (<), and actual D (<) move along the D
tape scale (scale range 0 to 50 fps?). . & g

[4] Nominal trajectory guidelines (solid lines).

[5] Nominal altitude rates correspond to the altitude rates required to guide the shuttle trajectory

e:lt‘::e" the guidelines when the actual drag acceleration is matched to the nominal drag

[6] Nominal constant drag acceleration lines

value the line represents. (dashed lines) are labeled at the top with the drag

(M (7A) The dynamic orbiter symbol isl : : !
10 18 kips) and RANGE (~4000 té1do.0)o lﬁm%?ated on the plot using relative velocity (~24

B i =
g = )ac::;‘lfr‘gégg ;’1 @ left by the orbiter every 28.8 seconds on the plot to show the trend of
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(10)

(11)
(12)

(13)
(14)

(8A) The dynamic guidance symbol (D) is located on the plot using relative velocity and
range computed by entry guidance. When the guidance has converged to a good solution,
the <4 will be inside the 0.

(8B) Trailers () are left by the D every 28.8 seconds on the plot to aid in monitoring of the
convergence of the primary guidance (15.36 sec for ENTRY TRAJ 3, 4, 5).

Phugoid scale. Displays roll error based on achieving a biased reference drag.

D REF and G. Data are displayed for the biased reference drag (D REF) in fps2, and
dynamic pressure (q) in psf.

Item 1 provides a data entry to bias the reference drag (D REF).

NY, NY TRIM, AlL, RUD, H BIAS, H REF, ROLL REF, and ROLL CMD. Data are displayed
for lateral acceleration (NY) in g's, lateral acceleration trim (NY TRIM) in g's, aileron trim
(AIL) in deg, rudder trim (RUD) in deg, guidance-computed altitude reference term (H BIAS)
in fps, reference body roll angle (ROLL REF) in deg, and commanded body roll angle (ROLL

CMD) in deg. (‘AlL’ and ‘RUD’ values will not be displayed when BFS is in the preengaged
state.)

Execution of item 2 zeroes the H BIAS computed by guidance.

BFS-computed roll, pitch and yaw errors are displayed prior to BFS engage for comparison
with PASS-driven ADI error needles. Each error value is preceded by one of the following
characters: ‘U, ‘D,’‘L,’ or ‘R.’ These indicate the fly-to direction of that error. If the roll
error is 100 degrees or greater, an overflow indicator of ‘R > >’ or ‘L > >’ is displayed for a
right or left fly-to error, respectively. These errors and signs are not displayed after BFS
engage.
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: W ey BFS DDD/HH:MM:5S
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7 451 40 7F XXX.X
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9 1L = PyuXiX X
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4 =
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o \_ J

ENTRY TRAJ 2. A GNC OPS display of entry conditions with relative velocity from 19 to 14 kips
(approximately) and range-to-go from 1500 to 500 nm (approximately). See ENTRY TRAJ 1 fora
description of the data on the display.

1 2 3 4 5
123456789032345678901234567590123456759012345678901

1( 3041/ ENTRY TRAJ 3 XRX A BDD/HH:H!‘I:S“
2 = D 7 BFS DDD/HH:MM:5S5S
3 45 50 T T —1 450 350 255D

4

5 1 BIARS [HxX

6 D REF XX.3x

7 40 3 XXX.Xx

8 R XXX

9 P XXX

| Y XxX

NY X. XXX
NY TRIM X.XXX
AlL XX.X
RUD XX . X
ZERO H BIAS 2
H BIAS XXX

REF XXX
ROLL REF XXXxs
=130 CMD XX XX
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1 ( 3041/ ENTRY TRAJ 4 XY uou;nu:nn:ss\
2 = D 7 BFS DDD/HH:MM:SS§
3 45 50 T T | 400 300
O : o
5 1 BIAS [+]XX /
6 DERIETE XX L X
7 40 40 3 ) €1 0 L {
8 REEXSXEX
9 PREXEXIY
10 XY
1 35 30
2
3
4 <
5 30 20 -210
6 X.XXX
7 MY T RILAMS Xt XX
8 AIL ? 50 eyt
9 ﬁ 10 RUD XXX
20 ZERO H BIAS 2
1 ~ H BIAS XXX
2 £t REF £X XX
3 20 U/ // ~ ROLL REF XXXXS
4 =L 21515 -250 CMD XXX
5 ()
ENTRY TRAJ 4. A GNC OPS display of entry conditions during the high-energy portion of the
transition phase. It is forced up automatically when the ENTRY TRAJ 3 passes out of range in OPS
3, or a PRO is performed from the ENTRY TRAJ 3 display in OPS 3. See ENTRY TRAJ 1 for a
. description of the data on the display.
1 2 3 4 5
123456789012345678901234567890123456789012345678901
1 ( 3041/ ENTRY TRAJ 5 X non/nn:nn:ss\
2 <« D Ve BFS DDD/HH:MM:SS
3 30 50 T T 300 200D
4 £ 4
5 1 BIAS [2XX
6 DRRIE(ER XXX
7 25 40 3 XXEXY
8 Z" REXYiX
9 P XXX
10 _2 YRy xix
1 20 30
2
3
4
5 15 20 =275
6 NY oL X XX
7 NY TRIM X.XXX
8 ATL XEXSEY
9 10 10 RUD RiXEaX
20 ZERO N BINS 2
1 H BIAS XXX
2 REF XXX
3 5 u// ROLL REF XXXXS
a ~245 -275 CHD XXXX
5 (Xxx)
& E A\ e,

ENTRY TRAJ 5. A GNC OPS display of entry conditions during the low-energy portion of transition

phase. See ENTRY TRAJ 1 for a description of the data on the display.
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Note: [ ] denotes trajectory-dependent data.

The RTLS TRAJ 2 display is driven during an RTLS abort in MM601. It provides information
to the crew on trajectory, loads, attitude, and critical guidance, trajectory, and attitude
parameters.

The mission-dependent central plot is an altitude vs. horizontal component of relative
velocity. Current vehicle state is indicated by a moving triangle. Predicted states for 30 and
60 seconds in the future are shown by circles. The outside line represents the nominal
ascent profile. The inside line is for an engine out at lift-off. A vertical line intersects the
curved lines where horizontal relative velocity is zero.

The g's scale is the total load factor in g’s. The triangle indicator flashes if the load factor is
3 g’s or greater.

The scale on the left indicates pitch angle of attack (=) and altitude change rate (AH).

Predicted time of MECO (T MECO) from guidance is displayed, as are yaw angle of attack
(B), pitch angle of attack (=), altitude rate (H), percent propellant remaining in the ET
(PRPLT), and ‘SEP INH’ when the ET SEP inhibit discrete is set.

BFS-computed roll, pitch and yaw errors are displayed prior to BFS engage for comparison
with PASS—dEwe’r‘\ Apl error needles. Each error value is preceded by one of the following
characters: ‘U,’‘D,’‘L,’ or ‘R.’ These indicate the fly-to direction of that error. If the roll
error is 100 degrees or greater, an overflow of ‘R > >’ or ‘L > > is displayed for a right or left
fly-to error, respectively. These errors and signs are not displayed after BFS engage.

The commanded SSME throttle setting (T) is indicated in percent.

Upper line is g= 2 (altitude vs. velocity line which, if the vehicle state is on or below this line,
Qis>2). Lowerlineis g = 10. If vehicle state is below this line, g is > 10 PSF.

Scale across the top is delta range (AR = glide range potential mi

ing site i : ay nt range to the
landing site in nm). Powered pitchdown (PD ek ot ME pr&s_e
engine pitchdown (PD3) is al F iy (PD) nominally occurs at MECO - 20 sec. Three

ltem 1 (PPA) selection forces the BFS into the i i
J " ; i powered pitcharound (PPA) phase during a

gj‘lﬁ _a:?"v an asterisk (*) displayed at item 1 indicates that the BFé has)sptgrted PPAITg

Inaicat

es the status of the gui i i 1 ;
RTLS selection (MM601), thi e guidance solution prior to a powered pitcharound. Prior to
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123456?89&12345578951234567890123456789012345678901

1 0001/ / THERMAL XXT X7 DDDI/HH 2NN S S
(’_ BFS DDD/HH:NM:S§S§

; HYD SYS TEMP BDYFLP RD/SB L 0B CSSSIUB REOES R 0B .
4 PRIME SXOXIXIS A XXXES XX SRR 0 XX ISR XX OXAS IR PR X AR
5 S THBLYA +XXXS #£XXXS £XXXS5 £XXXS 2XXXS 2XXXS$
6 BRAKE PRESS

7 HYD SYS 173 XXXXS XXXX§ XXXXS XKXXS
8 2.3 XX XIS EEX X ORERES DX XX TXES I XA XIS
9 HTR TEMP L/A R/B FREON LOOP 1 2

10 PRPLT ACCUM QTY XXXS XXXS

1 POD 5.5 5/85 S 58] 5§ 5I5IS:S S8 RIAIDE0EUAT ST RO ST XEXEXS

2 OMS CRSFD|SSSSSS H20 SUP PLoeXeXiXeS.

3 EVAP TRIFRIERNPIRIESSES

4 H 1 LOAD| SSS MG LYESEST! RIGHT

5 TOP DUCT| SS I B XX XS XXXs XXXS§ XKXS
6 NOZ| S ) 0B XXXS5 XXX5 XXXS5 XXXS
7 FDLN SSSS $SSS NG XXXS XXXS XXXS XXXS
8 1 2 3

9 HYD BLR/HTR S S S

20 APU

1 66/FU PMP HTR| SSSSS SISISIS'S SISESISES
2 TK/FU LN HTR] $SSS§SSSS SESESESESESES SSIS SISESYS
3 PUMP/VYLYV S5 S5 §S§
4

5
s \Q (xx)/

The THERMAL display is a BFS display (OPS 0001) which provides the crew data on the hydraulic
system, heater status, Freon/water loop parameters, tire pressure status, and brake pressure

readings. .

PARAMETER CHARACTERISTCS
=
CRT NAME UNITS 4] MRISELAYED 3 AT'L:S 'NLD 1C'T°Rf
HYD SYS TEMP (24 Parameters) [11 degF =75 to +300 M|HI|L 1
iTRAKE PRESS psia 0 to 3000 MIH|L]|T
R TEMP: PRPLT POD 2
OMS CRSFD 2 m II:|| t ; i
EVAP HI LOAD 2 MIH|L]|T]!
TOP DUCT 2 MIH|L]|T]!
- NOZ 2 MIH|L|T]|Y
— DLN 2 MiH|L]|T]|!
BLR/HTR 12] T ST ] e
APU: GG/FUPMP HTR 2 M| H T14
TK/FU LN HTR 2 M ¥
PUMP/VLV 3 M n '[ $ %
FREON LOOP:
0 Qgg%nf‘ _?‘Trv percent 0o 100 MIH]|L {
S degF 2510 130 MIH]IL]|T]|!L
psia 0to 50 MIH L [ R
o TIRE PRE
e S8 (12 Parameters) counts 010 500 MIH]L]|T]!
% REMARKS
E [1 No CRT message or tone with ‘L.’
> «
[2] gi ﬁl’?g s:sei)lse:ey_ﬁel:l1 denotes normal operation. ‘I and ‘.’ indicate heater or thermostat .
a7 oncl i areer o sencr A o SM e,
s i r tailures unrelated itles are
aligned to panel switches needed to select different heat?rlg'gei:s?omml. (T s e
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THERMAL (Cont):
e HTR TEMP:PRPLT POD -

OMS CRSFD -

EVAP HI LOAD
TOP DUCT

NOZ =
FDLN -

e HYD BLR/HTR -
o APU: GG/FU PMP HTR -

panel A14; RCS/OMS HEATERS, LEFT/
RIGHT POD

panel A14; RCS/OMS HEATERS, CRSFD
LINES

panel L1; HI LOAD DUCT HTR

panel L1; TOPPING EVAPORATOR
HEATER, DUCT

panel L1; TOPPING EVAPORATOR
HEATER, L-NOZZLE-R

panel L2; FLASH EVAP FEEDLINE
HEATER

panel R2; BOILER CNTR/HTR

panel A12; APU HEATER, GAS GEN/

FUEL PUMP
TK/FU LN HTR - panel A12; APU HEATER, TANK/FUEL
LINE
3] A blank display field denotes normal operation. An ‘1" indicates an overheated APU fuel
pump and/or valve module. Level detection limits are shown on SM displays. ‘M, ‘H,’ and
‘L’ denote data transfer or sensor failures. The FU PMP and GGVM HTSK T status
indicator is to remind the crew that the affected APU cannot be restarted until it cools down
below the limit. Both the FU PMP and GGVM HTSK have class 0 FDAs (no crew
annunciation other than ‘" arrow).
PATM P:L THERMAL DISPLAY
HTR TEMP X/X (XX = LA
or R/B)
PRPLT
1-7 Al4 PQD SSSSSSS
8-13 Al4 OMS CRSFD SSSSSS
EVAP
14-16 L1 HI LOAD SSS
17-18 L1 TOP DUCT SS
19 L1 NOZ S
20-23 L2 FDLN SSSS
¥ (X=1,2, or3)
24 R2 HYD BLRHTR S
APU
25-29 Al12 GG/FU PMP HTR SSSSS
30-36 Al12 TKFU LN HTR SSSSSSS
37-38 PUMP / VLV SS
PARAMETER
1. POD DRN PNL 1 LL(Z? 21. EVAP FDLN MID 1 AgB;
2 VERN PNL 1 22.
3 OX DRN PNL 1 L Ri 23.
4. 24. W/BX BLR
5 ENG SERV PNL ) 25. APU X GG BED
6. FDLN OX AFT L(R 26. INJ
S ¥ H)M F gg. gg%%g{v LN
g: Pl e ol>J< 29, PUMP BYP LN
10. DRN OX L 30. FEED LN
11. R 31. PUMP IN
12. BLD AFT FU 32. TEST LN
13. OX 33. SERVICE LN
14, EVAP HI LOAD INBD DUCT 34. PUMP DRN LN 1
15. OUTBD DUCT 35. s
17 NeE . F%%LLJTMI’NSDY
i | .
}; TeRPiNa AFVI-!rD 38. GGVM HTSK
19. NOZ L{R)
20. FDLN FWD A(B)
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1 -2 3
J2355578901236567890123#56789012

4 5
3456789012345678901

1 XXX XXX 0478 SN ST SRS UM N XRCWX DDD/HH:HH:Sg‘\
2 BFS DDD/HH:MM:SS
3 SMOKE 1/RA 2/B

4 CABIN XX .XS DIGER VO LTS 1/A ZH/4B 3/¢C
5 L/R FOD KIX 2K Sy §RGEN XIS FC XEEAXESE XS XIS E X XS
6 AN BA Y dae Xtk S: g X X iXiS MAIN Y SRS RS S ST RX S
7 2 s SR XIS CNTIL, ABT XXk XiSe XXE XS XX L XS
8 3 XX ST SR XEIRS BIC & X XS i XiXae X ST XeXiziX:S
9 CABIN GO XS S NIXI XU SEEXONITENTS
10 PRESS XOXSRIXIS ESS XiXow KIS XiXie X3S, XX KLS
1 dP/dT +LXXS AC

2 BU/EQ 2.XXS £.XXS§ VOLT @A XOX XSS XEXEXS Xixixis
3 PPO2 XXX SR X EXEXES ® B X XAXHS XXXS XEXES
4 FAN AP RILMXTS ®C XXXS XX XS XXXS
5 Hix D U TERT RENEXS AMPS @A X< XS XX XISE XX XS
6 02 FLOW XE XS Yoc i XiS S IBINIXEXOE XSTRUNEXTE XSS XX XUS
7 N2 FLOW XS X8z Ix7S UL PN SIS XX S X DRXES
8 IMU FAN AP i XxiS] S EUE IE SICIE UL PAHENN KRS XX§ XS
9 VAR FACE Fiti2 FitEs AMPS XXXS XEXEXES X XES
20 R £ A A SO0 S S REAC VLV XEXES XXS§ XXS
1 5 g SR Y OISR X O IS X EXI S STACK T 4 XXXS % XXXS £ XXXS
2 gis 3 e i R XIS IR OX S ECXIRT T XXXS XXXS XXXS$S
3 TOTAL AMPS XXXXS§ coolL P XEXTRES XXXS XXXS
4 KW XXS PUMP XXSs XTXES XXS
5

6 \; (xxy

The SM SYS SUMM 1 display is an SM display (DISP 78) available in SM OPS2 and 4 and in BFS
OPS 0, which provides summary data on emergency, atmospheric (cabin), and electrical power
distribution and generation parameters.

PARAMETER CHARACTERISTICS

STATUS INDICATORS
CRT NAME unrs | PISPLAYED
RANGE MIH|L|T] !
SMOKE: CABIN 11| mamM: T
LRFD H mgm/M?3 o115 i e Tl B
123 11| mgmm3 0to 15 M{H|LC]|T
CABIN: PRESS i
o i s P o
Bl 21| psia -910+99 |M|H|L +
b 3] psu;nn -9t0+99 [M|H|L t
FAN AP in'H20 g}gg mlb|cC ; L
HX OUT T degF +45 A
o2 FLow m?hgh : to+145 |M |H | L | T
N2 FLOW ATy Oto5 MIH|L]|T
0to5 MIH|L]|T
IMU FAN AP i
in H20 00t0+70 |[M|H LT
AVSS123
- mvdc 0 to 500 MIHI|LI|T
AMPS
KW %3? 03313F M
DC VOLTS:FC g <
oSk [ e E T
NTL AB
CEe T DlaEE
AC: VOLT A, OB, oC - Sl =
AMPS OA, &8, 26 volts O0to140 IMIH|L|T] I
amps 01020 M|H|L
FUEL CELL: AMPS
REAC VLV T | s B R MIHTCITTT
L ext CLor'OP' | M {
s gegF -7510+300 |M|H L] T | L
cooLp e e [ [ R
PUM (o] H L
Ump text ‘AP'orblank | M l
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MM 1 nt):

BREMARKS

1

[2]

[3]

[41

The hardwired smoke emergency alert can also be initiated by smoke rate-of-increase (not
shown on CRT). There is no software triggered emergency alert for smoke rate of increase.

The dP/dT hardware status field shows an ‘H’ for an off-scale pressure leak (greater than

-.5 psi/min). The BU dP/dT numerics blank out and the status shows an ‘L’ for the same
condition.

Loss of power to the CABIN PRESSURE transducer will result in the CABIN PRESSURE
going off-scale-low (0 psia) and the BU dP/dT will act similarly to an ofi-scale pressure
leak, going to ‘-.99’ psi/min then blanking out and leaving an ‘L.’ After a short time, the BU
dP/dT will recede back to within limits and proceed to zero. This occurs since no delta
pressure exists once CABIN PRESSURE has gone off-scale-low for a period of time. A
similar phenomenon will occur if the CABIN PRESSURE transducer is repowered, in which
case the BU dP/dT will then operate in an opposite, but similar, fashion.

EQ dP/dT is the equivalent dP/dT at 14.7 for the current Cabin Pressure and dP/dT. EQ
dP/dT parameter data is initiated at MM101 transition and displayed pre/post BFS engage.
If either Cabin Press or dP/dT are missing, the last computed value of EQ dP/dT and ‘M’ are
displayed. The EQ dP/dT field format range is £.99. [f this range is exceeded, the last
computed value of EQ dP/dT and either an ‘H’ or ‘L’ are displayed.

Either H2 or O2 valve closed causes an ‘..’
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123456?egéi2345678902234567390123456?890123455?890l

T A A T ) SM SYS SUMM 2 XX X DDD/HH:HH:S“
lr J BFS DDD/HH:MM:SS
. CRYO TK 1 2 3 4 5 MANF1 MANF2
: H2  SPRIESS'S X XX's XXXS XXXS XXXS XXXS XXXS XXX S
5 02" BIRIESSES Yo xs it g s T X RS A SX XS N XXX EX S EX XA SR XX XS
6 HiT (& T £ XXXS TXXXS TXXXS TXXXS EXXXS
7 T2 EXAXS TAXXNS TAXXS TXXAXS EXXNXS
8 APU 1 2 3 HYD 1 2 3
g TIEMP IE6 T XIXEX XI5 IXEX XIS IEXIREX XS PRI ERSES XEXIXEXCS T XEX ST XX S
10 B/U EGT XXXXS XXXX$ XXXXS| ACUM P XXXXS5 XXXX5 XXXXS
1 0lIlL IN XXXS XXXS XEXEXHS ! ISRESSVARISET: XXXSs XXXS XXXS
2 ouT XXXS XXXS XXXS
3 66 BED XEXEXS XXXS XXXS QT Y XIXEXHS XXXS XXXxs
4 INJ XXX XS XXX XIS XX XXUS
5 SPEED % XXXS XXXS XXXS W/B
6 FUEL QTY XEXaxS XXXS % X X SIUH2 ORQIT S S XXX S XXXS XXXS
7 PiNiRS CLEKT P XXS XXS Xo XS | HBEY PASSVE[CR VS EXEAS XXXS XXXs
8 OAYLET DA P EXEXENS XXxs XXXS
9 FU TK VLV
20 ASLTTE IXIXIXSS XXXS XXXS THERM CNTL 1 2
1 BT AXIXIKS XEXOX(S XXXS| H20 PUMP P XXXS XXXS
2 AV BAY 1 2 3 FREON FLOW XEXOXUNS WXSXIXEX S
3 TEMP XXXS XXXS XOX XS SESVARTPSROTURTAST XXXS XXXS
s FAN AP Xie ARG SERX XS SSX ERX AN S
5
5\ (xxy

The SM SYS SUMM 2 display is an SM display (DISP 79), available in BFS SM OPS 0, which

provides the crew summary level data on cryogenics, auxiliary power units, hydraulics, water boilers,

thermal control, and avionics cooling.

PARAMETER CHARACTERISTICS

STATUS INDICATORS
CRT NAME unrs | DISPLAYED
RANGE MIHIL|T] !
CRYO TANK: H2 PRESS 1] psia 145 to 305 MIH|L]T] L
02 PRESS [1]1| psia 51501015 [M | H | L|T ]| !
HTR E gegE —425 to +475 m ;I t ¥
MANF12: H2 PRESS 2o Towace | m || C +
O2 PRESS psia Oto1200 |M|H|L 4
APU: TEMP EGT d
egF 0to1500 |M|H]|LI[T
B/UEGT degF Oto1500 |M | H|L|T
OILIN geg']: g to 500 m H|L $ i
eq to 400 H|L
%GJ BED degF 0 to 500 MIHI|L 4
X degF 0to1500 |M | H | L 1L
PMP LK P 21| psia 0to 50 MIH|L]|T
OILQUT P psia 0to 200 MIHIL|T] L
FUTKVLVARBT degF 010250 MIH|L|T]|
AV BAY: Igmp degF 4510145 M | H[L [T
orPRESS in H20 Oto5 MIH]IL]|T]| !
AR psia 0 to 4000 MIHTL 1
RSVR T psia 0 to 4000 MIH|L|T] 1
oTY degF -75t0o+300 |M | H |L|T ]| L
W TE oy percent 0to 100 L L TE ) |
BYP percent 010 100 M
Vv text BYP or'WRB' | M I ¢
THERM CNTL:I;I%O PUMP P peia :: :ms: ViEEIED i
EVEF?BE'{_QrW Ibm/hr 570102600 | M | H | A
degF 2510 130 M|H G 1
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REMARKS

[1] These pressures also appear at ‘P’ (O2/H2) on the CRYO SYSTEM (DISP 68) display and
are used by the tank heater controller. On OV-1 02, tanks 4 and 5 share a common
pressure sensor. The common tank 4 and 5 heater control pressure is displayed as TK 4 P.
TK 5 P will display OSL.

[2] Measured at fuel pump drain line and is representative of leak rate.
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:23456?893‘123456?890123456789C:23:557890123:56789C]
;( XXXX/XXX/168 CRYOD PALLET TG DJDII—H:M":S“
2 BFS DDD/HH:MM:S5S

PIASLSL ESTIORT:K 6 7 8 9
HZ2 PRESS XXXS XXXS XXXS XXXs
TK P XXXSs XXXS ) S 6 €15 XXXS
02 PRESS XXXXS XXXXS XXXXS > 50 G 0.3 4]
TK P XXXXS XXXXS5 XXXXS XXXXS
T1 = SR TXTR SR IA PR ES Bk SR XX S W XX XS
T2 2 VXS W X X XS R XXX ST O S

A\ e,

The CRYO PALLET display is an SM display (DISP 168), available in BFS SM OPS 0, which
provides the crew summary level data on the EDO cryo pallet.

PARAMETER CHARACTERISTICS

DISPLAYED | STATUS INDICATORS

CRT NAME RANGE —r

CRYO TANK: H2 PRESS 14510 305
H2 TK P 0 to 400
02 PRESS 515101015
O2TKP 0 to 1200

HTRT1 —425t0 +475
T2 -4251t0 +475

REMARKS

[1] ‘Plis the tank pressure used by the tank heater controller. “TK P’ is measured at
approximately the same point as ‘P’ but is not used by the heater control unit.
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PROGRAM NOTES

The notes in this section apply to the PASS only unless otherwise indicated. Information in paren-
theses following each note indicates the applicable Software Discrepancy Report (DR XXXXX),
BFS Discrepancy (BXXXXX), or Software Change Request (CR XXXXX). If no reference is given,
the note describes an ‘as is’ peculiarity of the Data Processing System.

DPS (GENERAL)
INITIAL PROGRAM LOADS (GPC & DEU)

e Invalid DEU IPL Requests
2. SMOPS 2/4 DEU IPL Failure Due to SM Common Buffer Busy
3. DEU Loaded by BFS

GPC/CRT MANAGEMENT

1. Potential FTS at New GPC Start Up

2. DEU Control Loss with BFC CRT Sel Switch to OFF
3. RS Split and BFS Standalone

4. CRT Assignment Guidelines

OPS AND MAJOR MODE TRANSITIONS

OPS Transition Restrictions

OPS Transition with SPEC Request in Progress
Annunciation of FTS During OPS Transition
OPS Transition After MMU Powerup

CRT Assignments During OPS Transition

KEYBOARD/DISPLAY MANAGEMENT

PASS/BFS ltem Entry Monitoring
System SPEC Availability

NBAT Updates and Stale Data
Consecutive /O Resets

Moving Switches to GPC Position
Simultaneous System SPEC Inputs
RESUME of SPEC on Failed DEU
I/0 Reset with Failed MTU

ASCENT/ABORT
ASCENT (GENERAL)

1
2
3.
4.
5.
6.
7.
8.

Erroneous Command Path Failure Annunciation
RHC Status Not Displayed

Incorrect SSME Limit Control Commands Issued
Inappropriate Upmode to Auto After Fast Sep
Unexpected Roll Maneuver in MM103

RTLS (also see ABORT OMS DUMPS)

1. CSS Alpha Recovery/NZ Hold Transition in OPS 6
2.  RTLS Delayed Guidance Convergence

ABORT OMS DUMPS (GENERAL)
. 1.  OMS Propellant Dump Termination Via ARM/PRESS Switches

2. Possible 2nd OMS Pre-MECO Dump Lockout
3. Abort OMS Dumps Inhibited Upon BFS Engagement
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PROGRAM
NOTES

MMTOA/MMI0S ... ooiennnneeeanaacesannansssasssseseseteseesonensncannccsans
idance COMVETGRNCE .« ik il reb -citic st e Sarst SN L 6-9

1. OMS Target Guidance CONVErgence ....................oceee.

2. OMS 1 Attitude Errors Induced by MPSDump .................oooinnni. 6-9
3. Engine Response to the ARM/PRESS Switch (In All MMs) i oan . it 6-9

ON-ORBIT (OPS 2
1. OPS 2 OMS Burn ADI Guidance Error Requirement ....................... 6-12
2.  Universal Pointing Pitch AnglesatYaw =270 .............cccooiiiiiinnnn.. 6-12
3. Improper COAS Operation & o ool i o e s 6-12
4. Multiple Commands Vg @ PSP U e 6-12
5. ADIFreeze at90°%/270° YaW ... - it o imimnn cen bty SECE AR 6-12
6. VRCSFailire ..., ..o oot m e TS e S o 6-12
7. NOICh FIROIS ...cniocnimision oo sioiniie s oirbaie oy e s e 6-12
DEORBIT/ENTRY (OPS 3/6)
OPS 3/6 (GENERAL) 15 o ojoe s bt e M e e o s e S SRS R S e 6-14
1. . GOAS Operation In OPSI3 . N SNCO 6-14
DEORBITBURNS, ... ... .0t L atin o o e i S R R i 6-14
1. Erroneous Attitude Displays for Yaw Near +/-90° ... .. . ......... .. ... ... 6-14
2. Yaw Error Needle Sensitivity During Deorbit Bums . ... ..................... 6-14
3.  Pitch Eror Needle Sensitivity During RCSBums ...............ooooooo. ... 6-14
ENTRY . ....oiioonies il n Do S s il P S 6-14
1. HAC Radius Position Uninitialized in MM304 ............. ... ... ... .. 6-14
2. BFSHorizontal Situation Display Predictors Incorrect ...................... 6-14
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DPS (GEN)

DPS (GENERAL)

INITIAL PROGRAM LOAD PC & DE

1.

i i is valid only in SM, PL9 or post-
Invalid DEU IPL Reguests. A DEU IPL request using PASS is valic ] _
lg\li ng 0 a:'ld SM OPS 2/4. Requests made at any other time will result in ynwedlctgble .
problems with that DEU. If a“CM BUF BSY CRTX" fault message is annunciated, wait until
the SM common buffer is no longer in use before attempting another DEU IPL request. If an
invalid IPL request is made, deassign the DEU and perform a DEU re-IPL to recover the

DEU. (DR 33643)

SM OPS 2/4 DEU IPL Failure Due to SM Common Buffer Busy. The SM common budfer is

ili ring a DEU IPL and also by other processes running concurrently; the buffer may
gg"iiet?s:uw:gn aDEUIPLis requestyed in SM 2/4. If the buffer is in use, a ‘CM BUF B_SY_
CRTX’ fault message will be annunciated by the SM GPC and the DEU IPL attempt will fail.
The ‘X’ in the ‘CRTX’ portion of the fault message represents the number of the CRT/DEU
being IPLed. Operations which contend for the SM common buffer are: TFL loads, SM
checkpoint/restore, orbiter mass memory read/write SPEC operations, and crew text upllr_lks
(TUMMS). Should a ‘CM BUF BSY CRTX' message be annunciated, wait for the contending
operation to complete before retrying the DEU IPL. (No DR)

DEU Loaded by BFS. A DEU that has been IPLed by the BFS does not have the critical
format background displays loaded into the DEU to be usable to the PASS. The DEU must
be re-IPLed by the PASS. (DR 37542)

GPC/CRT MANAGEMENT

i

Potential FTS at New GPC Start Up. During ICC initialization of a new GPC into a common
set, the following DPS related actions could cause the resulting ICC data to be overlaid by
the initialization ICC data. This could lead to an FTS at common set formation or later at
redundant set formation.

Reassign GSE polling (ground initiated)

Downlist GPC switch

FC/PL string moding

DEU major function switch change

GPC/CRT key, BFC CRT select switch, BFS CRT display switch
OPS transitions

OPS mode recall

Redundant set to OPS 0

Moding another GPC from STBY to RUN or RUN to STBY

mFempapEp

The above actions should not be performed during the time span approximately 10 seconds
before moding a GPC to RUN until 10 seconds after placing the mode switch to RUN or until
the output tb goes gray. (DRs 42433, 4661 7,30138a)

_ ol ith BF i EE. For a BFC CRT SEL switch change
which requires the PASS to resume control of a DEU, that DEU will not be picked up bygt‘he
I;FE\SS if the_prev:ous PASS commander is unable to assume command. On another PASS

U, reassign the dropped DEU to an active PASS GPC to regain DEU control. (DR 37512)

k - A2on 2 PASS redundant set split normally causes BFS to-
Ea;gkrthe lower pair. However, if prior to the split BFS experienced an I/O ;n'or due to aBFS
) ;oer_\:eruprob!em on a forward bus associated with the lower pair, BFS will track the
|o'§4 e pai : B?:%n execution of BFS V/O reset, BFS will attempt to reinitialize tracking on the
standalpa] .f t will then downmode the string with the faulty forward bus (MIA) and go
one for lack of two strings to track. During a PASS 2 on 2 set split, if BFS is tracking

the higher pair do i inging i
(OR 1% : 89?/32 852?; attempt an /O reset to the BFS until PASS restringing is complete.

BT Assignment Guidelin

‘RESUME’ CRT to release Viai
Funcion) wil nos b a"mﬁercl’vtg;i? c§om_o:>‘ne of the two allowable SPECs (per Major
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b. Use a PASS CS keyboard (not a BFS or F-T-S keyboard). Note that BFS will DK li
to GPC/CRT keyboard entries. it s i

¢ Tomove a CRT from F-T-S GPC to a CS GPC, deassign the CRT with the F-T-S
keyboard, then reassign on a PASS CS keyboard.

d. Always ensure that the new GPC is available (running in CS) and that the new CRTs MF
switch matches the new GPCs MF (PL if OPS 0 GPC) prior to ‘GPC/CRT XX EXEC.’

e. A request for more than three CRTs to be assigned to the Common Set will result in the
fault message ‘> 3 DEU' in all OPS. Note: There is no restriction on the number of
CRTs that can be assigned to the BFS.

f. The BFS CRT switch can only be used to assign a CRT to the BFS (preengage) if the
IPL source switch on panel 06 is in the ‘OFF position.

g. If anew NBAT reassigns a CRT which is assigned to the BFS via the BFC CRT switch,
the new assignment will not be made until the BFC CRT switch is tumned off. At that
time, the previous PASS commander will momentarily take that CRT until the new NBAT
assignment is invoked. (If this switch is left ‘ON,’ the PASS cannot see the new NBAT
assignment.) (No DR)

PS AND M MODE TRANSITION

1.

OPS Transition Restrictions. To ensure a successful OPS transition, numerous DPS related
actions should be avoided throughout the duration of the OPS transition. Perform no switch
or keyboard action at all during OPS transitions. (DR 15620)

OPS Transition with SPEC Request in Progress. If a currently active SPEC is requested on
another DEU simultaneously with an OPS transition request, it is possible that the OPS tran-
sition will fail. Therefore, if an OPS transition is desired following a request to bring up a
SPEC on a second DEU, wait several seconds for the underlying SPEC control segment to
get cancelled before keying in the OPS XXX PRO. (DR 52779)

Annunciation of FTS During OPS Transition. Computer Annunciation Matrix (CAM) lights
and software fail votes are cleared as part of any OPS transition involving memory reconfi-
guration in a redundant set. If an FTS occurs, both message and CAM light annunciation
will be generated but the CAM lights (and the associated down arrow for GPC STATUS on
GNC SYS SUMM 1 and GPC/BUS STATUS displays) will subsequently be cleared after the
overlay (successful or unsuccessful). (DRs 55300, 100788)

OPS Transition After MMU Powerup. Failure to allow the MMU to complete its initialization
may result in retention of the old OPS configuration and an ‘OFF/BUSY MMU’ message (if
the other MMU is unavailable). Delay at least 34 seconds before trying an OPS transition
after MMU powerup. (DR 33749)

CHT Assignments During OPS Transition. Prior to OPS XXX PRO, use the GPC/CRT key
to add/delete any desired CRTs (the NBAT can only redistribute currently commanded
CRTs). Ensure the new NBAT is not requesting more than three PASS CRTs. (No DR)

KEYBOARD/DISPLAY MANAGEMENT

1.

3.

E n nitoring. PASS and BFS keyboard item handling cannot be guar-
anteed to be identical. BFS may accept item entries illegal in PASS or may reject item
entries legal in PASS. (Note: BFS does not annunciate ‘ILLEGAL ENTRY’ when it rejects
an item entered via DK listen.) The crew should monitor the BFS display to determine the
BFS response to each DK listen item entry. (DR B03973)

System SPEC Availability. System SPECs are available under only one major function ata
time. If a system SPEC is being viewed and the major function switch on that DEU is
changed without first doing a RESUME, then the SPEC cannot be requested again under the
new major function switch setting. Therefore, perform a RESUME before changing the
major function switch on DEU. (DR 25396)

DEU assignment changes made via the MF switch, GPC/

NBAT Updates and Stale Data.
CRT entry, BFC/CRT DISPLAY switch, or BFC/CRT SEL switch do not update the NBAT

(items 12-15 on SPEC 0). Be aware that the NBAT will reflect stale data. During an OPS
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iti G1 to G3, the active G1 NBAT shall be used by the software to determine the
g%ngiogssﬁ?gmnmem table, but only if the G3 N_BAT has not been changed during OPS1. i
the G3 NBAT is not updated in OPS 1, the active G1 bus assignment at the time of a G1 to
G3 transition is carried over to G3 as the active bus assignment, and the G3 NBAT is
updated accordingly. If, however, the G3 NBAT is updated in OPS 1 (items 2 thru 19), the .
new G3 NBAT will be invoked at the time of a G1 to G3 transition. The G3 NBAT was called
up but not changed in OPS 1. For the current G3 bus assignments, reselect ITEM 1+3 on

SPEC 0. (CR 89592, DR 37506)
4. Consecutive /O Resets. An I/O reset takes a minimum of 8 seconds to complete. If subse-

uent /O resets are requested before the first one is complete, an illegal entry error mes-
gage will be issued. Therefore, consecutive I/O resets should be at least 10 seconds apart.

(DR 31435)
5. Moving Switches to GPC Position. Multiposition cockpit switches in the GPC position store

hardware commands in FSW output buffers and issue these commands via MDMs. The
independent ‘hardwire’ manual switch positions mode hardware without the FSW hav!ng visi-
bility into the mode change. Switching back to the GPC position after a manual moding
reconfigures the hardware back to the last FSW commanded position because the FSW
commands are not changed to reflect the ‘hardware’ command. Before retuming any switch
to the GPC position, evaluate the desirability of producing a moding change to that hardware
device. If moding is undesirable, verify with the ground the software output command status
to that device. (DR 46513)

6. Simultaneous System SPEC Inputs. Most item entry data on system SPECs (GPC
MEMORY, TIME, and DPS UTILITY) are ICCed between common set computers. If simul-
taneous item entries are made on system SPECs in different major functions, interference in
the ICC messages between GPCs may result. If this occurs, the item entries from one
SPEC will be ICCed properly but those from the other SPEC will be filtered out and lost.
?[\):gid ;,Lrg_t;;taneous inputs from different common set GPCs of system SPEC item data.

3

7.  BESUME of SPEC on Failed DEU. If a SPEC is active on a DEU that fails, the capability to .

RESUME that SPEC by normal means is lost. The SPEC may be called on another DEU,
however the failed DEU SPEC is charged to the active MF as one of the two SPECs that are
allowed to be active at one time. The SPEC may be cancelled by doing an OPS transition or
by the uplink of a DEU equivalent RESUME to the failed DEU if the CRT has not been deas-
signed since the failure. (DR 37503)

8. VO RESET with Failed MTU. After entering an /O RESET in the PASS with a failed MTU, a
message may appear on a BFS CRT indicating that the BFS has downmoded a string(s). To
reinstate that string(s) for the BFS, do a BFS /O RESET after the PASS I/O RESET proces-
sing is complete (approximately 10 seconds). (DR 35211)
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ASCENT/ABORT

ASCENT (GENERAL)
1.

3.

5.

Erroneous Command Path Failure Annunciation (PASS & BFES). The GPC time base oscilla-
tor and the MEC time base oscillator are not synchronized. When the GPCs send acom-
mand to the controller, an acknowledgement which is present in the MEC engine vehicle
data table (VDT) for only one 40 msec cycle is read by the GPCs. Because of the asynchro-
nous operation it is possible that an occasional VDT frame will be omitted. If the missed
frame is one which contained the command acknowledgement, a failure is annunciated on
the display message line, and the SSME amber light is illuminated even though the engine
received the command. The message line annunciation may not occur if a subsequent com-
mand is processed within 1.92 seconds. The amber light will be extinguished on the next
good cycle of command accepted data. If acommand path failure occurs, the crew will see
a CRT message and an SSME status amber light. If the amber light extinguishes, then the
crew could assume that the command path failure was erroneous due to this DR condition.
If the failure is an engine throttling command, engine chamber pressure can be monitored for
failure confirmation. (DRs 37594, 106180/B22567)

RHC Status Not Displayed. Although RHC LRU fault annunciation is possible in OPS 1, the
RHC LRU status fields on the GNC SYS SUMM 1 display are blanked in OPS 1 preventing
display of RHC failure, dilemma, or commfault status. (DR 104639)

Incorrect SSME Limit Control Commands Issued. When an engine failure occurs, the soft-
ware inhibits the limit shutdown control capability on the remaining two engines automatical-
ly. Iif the SSME LIMIT SHUT DN switch is changed from the INHIBIT to the AUTO position
after an engine has shutdown or had a DATA PATH FAIL, incorrect limit control commands
will be issued and limits will be enabled. If the switch is taken to INHIBIT and if it is desired
to have limits inhibited, do not retum the switch to AUTO once it has been moved to the in-
hibited position. (DR 37678)

Inappropriate Upmode to Auto After Fast Sep. With the implementation of the Single-
Engine Auto Contingency Abort capability, the flight control system will mode to AUTO after
a FAST SEP. A downmode to manual can only occur after the ZERO_THRUST event and
when the RHC is out-of-detent. When the RHC is returned to detent, the FCS will mode to
AUTO. This discrepancy adversely affects the three-engine-out RTLS contingency abort
yellow procedure.

Unexpected Roll Maneuver in MM103. If an engine failure occurs in MM102 on missions
that are inertially targeted or have a high inclination with significant yaw steering, the PASS
TAL Droop Logic may be activated in MM103. The Droop Logic modifies the PEG thrust
attitude in pitch to keep the vehicle from drooping below the minimum safe altitude. This
causes the PASS to command a roll of up to 12 degrees from heads down prior to aborting
RTLS. Since the BFS does not have this capability, there will be a difference between the
ADI attitude error needles and the attitude error on the BFS Ascent TRAJ display. i
‘DROQP’ is overbright on the TRAJ display, be aware of the possible attitude error differ-
ence. Once RTLS is declared, both PASS and BFS will command a heads-down attitude.
Thus, the vehicle will roll back to wings level at a rate of 1 o 2 degrees/second. If BFSis
engaged prior to declaring RTLS, the vehicle will also roll back to wings level. (DR 105356)
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CSS Alpha Recovery/NZ Hold Transitionin OPS 6. In MM602, the transition from alpha-

Nz-hold subphase occurs when either Nz > 1.8G (I-LOAD) or when alpha > 45°
;?gv;u%?nce cycle andbil)ess than45°ina subseqt_xent cycle. lf the sgoond condition occurs
prematurely for BFS or PASS in CSS, erroneous pitch errors will be displayed on the ADI.
Guidance will command an alpha > 50° to attempt to achieve the target Nz. When CSS dur-
ing alpha recovery and guidance prematurely modes to the Nz-hold phase, the crew should
ignore pitch errors and fly alpha = 50° until Nz = 1.8G. Guidance can then be used to fly the
Nz-hold phase. (DR 46515/B07339A)

RTLS Delayed Guidance Convergence. During second stage, the crew monitors the status
of guidance convergence by the condition of the ADI error needles and the PASS and BFS
time to MECO (TMECO). When guidance is unconverged for 5 consecutive cycles (10 se-
conds), the ADI error needles will stow. When guidance is cqnyprged_for 5 consecutive
cycles (10 seconds), the error needles will unstow. At RTLS initialization, the ADI error
needles are initialized unstowed and will be visible to the crew. Problems with guidance usu-
ally result in an unreasonable or dynamic TMECO, while a good guidance solution will be
stable and agree well in PASS and BFS.

During RTLS second stage, the RTLS PPA solution is indicated by the GUID parameter on
the RTLS TRAJ display. The GUID parameter will indicate ‘INIT” during RTLS guidance ini-
tialization, ‘INHB’ if a PPA solution is not converged and a countdown value when a good
solution is computed. At PPA, the GUID parameter will indicate ‘PPA’. Note that the PPA
solution is a function of guidance convergence. When guidance is unconverged the PPA
solution will indicate ‘INHB’. However, it is common to have guidance converged without a
PPA solution.

If an SSME fails early in first stage, delays in guidance convergence and a PPA solution may
be seen when RTLS is selected in second stage. The ground and crew may notice any of
the following scenarios:

A Guidﬁgge goes unconverged at RTLS selection. This may last approximately 30
seconds.

b. Guidance goes unconverged after initial RTLS guidance convergence. This may last
approximately 14 seconds.

A delay in a PPA solution at RTLS selection. This may last approximately 45 seconds.

d. Guidanq,e convergence and a good PPA solution occur at different times in the PASS and
BFS. Differences of approximately 30 seconds may be seen.

The crew should be aware of these possible delays in guidance convergence and cross-
check PASS and BFS guidance with the RTLS Unconverged Guidancergl'able. i significant
differences from this table occur, then the crew should check with the MCC or take over
manually in a no-comm Situation. It is important to remember that the RTLS fuel dissipation
attitude is a function of velocity and altitude rate at engine out or SRB SEP. It should be
good regardless of the status of the RTLS guidance parameters.

Even though PASS and BFS may get solutions at different tim i
i may ¢ es, the final solution should be
the same. An exception to this is if the PASS or BFS have not been notified of the engine

out. Delays in engine out recognition by the GPC can significantly i i
performance. (DR 105441 . B27583/105429, 465204+) 2 e e

ABORT OMS DUMP. ENERAL
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dump sequence should be termines L vate the dump will also fail. The (contingency)
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: umping are not honored. The same contingen dump lock occu
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6-8 DPS/ALL/GEN |




cess of a previous contingency dump. Therefore, contingency dumping should only be
;’gq;g‘sjted prior to completion of the original OMS dump or after OMS purge completion.
217)

MS D Inhibi n BFS En ment. During any abort, if PASS fails prior to
commanding the OMS engines ON, BFS goes standalone and is engaged after its sets its
OMS ignition event, then the automatic OMS dump will be inhibited. If this scenario occurs,
the crew should start the OMS dump manually via the BFS override display.

(DR 108524/B22592)

MM104/MM105

1.

OMS Target Guidance Convergence. In OPS 1 and 3, the only positive indication of guid-
ance convergence after performing a target LOAD (ITEM 22 EXEC) is a nonzero target HA/
HP. The time for guidance convergence is generally proportional to how far in the future TIG
is. When a target LOAD is performed in the PASS, the guidance computation cannot be
interrupted until convergence except by doing an OPS transition. (Note that this would not
help in OPS 1 because, once moded out of OPS 1 » retumn to OPS 1 is not possible.) This
means that, if the targets are wrong, loading them could tie up the PASS for an indefinite

period of time. Ensure that OMS targets are correct before loading to preclude being locked
out of the PASS. (DR 37573)

OMS 1 Attitude Errors Induced by MPS Dump. The MPS dump started at OMS 1 ignition
results in bum attitude errors because of the change in the total body thrust vector. Guid-
ance commands the vehicle attitude based on sensed acceleration and operated correctly.
Expect up to 6° of transient error at ignition and about one degree of pitch and yaw error
after stabilization during and auto (DAP) OMS 1 burn. For a manual (CSS) OMS 1 bumn,
centering the needles throughout the burn will result in small bumn residuals and minimal fuel
wasting. (DR 101774)

Engine Response to the ARM/PRESS Switch (In All MMs). The OMS engine ARM/PRESS

switch in the OFF position commands OMS cutoff. However, if this switch is moved from
OFF to ARM or ARM/PRESS before OMS FDI detects a failure, the engine attempts to
retum to steady state thrust conditions, possibly causing engine damage. If the switch is
inadvertantly moved to the OFF position during an OMS bum, no attempt should be made to
recycle the switch immediately back to ARM or ARM/PRESS. Ifitis recycled to ARM or
ARM/PRESS, the switch should be taken to OFF immediately to minimize the chance of
engine damage. (DR 37555)
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ON-ORBIT (OPS 2)
OPS 2 OMS Bum ADI Guidance Error Requirement. In OPS 2, the ADI attitude error

t referenced to the PEG guidance solution unless an AUTO MNVR is
zﬁzda;irtlge MM202 MANEUVER display. Before executing a MM202 OM$/RCS burn,
perform an AUTO MNVR (item 27) to reference the ADI error needles to the guidance com-

puted thrust solution. (DR 46512)

Universal Pointing Pitch Angles at Yaw = 270. Fo; yaw-angles of 270 +/- 0.3° on the UNI-
VERSAL POINTING display, the current and required pitch angles are very nearly the nega-

tive of the correct angles. These are display parameters only. Reverse the sign of the indi-
gted pitch parametegrs on the UNIVERSAL POINTING display for yaw angles of

270 +/- 0.3°. (DR 58926)

Improper COAS Operation. Current software makes no check to ensure a COAS mark has
been taken as a condition for processing an ACCEPT item selection. Therefore, erroneous
data could go into the star table. This might only be apparent to the crew after a second
(valid) star is sighted and the ANG DIF shows a significant error from the expected angular
separation. If an ACCEPT command is inadvertently entered without a mark, complete cur-
rent processing by entering the second ACCEPT command, reinitialize by entering a star
table clear (item 20), and then perform the normal sight mode procedure. (DR 35151)

Multiple Commands Via a PSP. Item entries for commands to a payload via a PSP should
be entered one at a time. When multiple commands are entered simultaneously, all com-
mands except the first one will be rejected. (No DR)

ADI Freeze at 90°/270° Yaw. Any time the ADI YAW angle command is within 1.7° of 90° or
270°, the PITCH and ROLL axes of the ADI are frozen because of the indeterminate nature
of PITCH and ROLL at high YAW angles. For example, if an ADI is in the INRTL mode with
YAW near zero, but the vehicle attitude is such that in the LVLH mode YAW would be 90°,
the ball will freeze in the last PITCH and ROLL INRTL attitude if the ADI select switch is
takento LVLH. The YAW will, however, read the correct attitude. Yawing the vehicle more
than 1.7° away from 90° LVLH will unfreeze the ADI in this situation as will retuming to the
INRTL mode. (No DR)

VRCS Failure. if one or more of the four down-firing vermier RCS jets fail with the ORBIT
DAP in VERN mode, the jet fire outputs to all vernier jet drivers are inhibited. However, the
DAP continues to compute required jet commands. The VERN PBI stays on and the RCS
command lights on F6 continue to reflect DAP or RHC command activity. (No DR)

Notch Filters. If available for a flight, Notch Filters will automatically enable after the GNC

major function passes through OPS 0. Examples of this occurring are OPS transitions, re-
dundant set expansions/contractions, and manual PRO to OPS 0 (DR 107999).
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OPS 3/6 (GENERAL)

1k

COAS Operation in OPS 3. In OPS 3, COAS switch processing does not occur for the aft
station, so that marks from the aft station are not detected by the flight software. In OPS 3,
perform COAS operations from the forward station. (DR 35151)

DEORBIT BURNS

1o
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24

DEORBIT/
ENTRY

Erron Atti Displays for Yaw Near +/- 90°. If a bum solution results in a yaw attitude

near +/-90 degrees, the burn attitudes (R,P,Y) on the PASS Maneuver display are blanked
and remain blanked during cyclic guidance. Additionally, if the burn attitudes are displayed
and yaw enters the +/-90 degree region, the crew will see stale bum attitudes during cyclic
guidance. The burn solution and the ADI error needle readings are still good, and guidance
will function as normal. In this scenario, the crew should use standard procedures to maneu-
ver to attitude via the auto maneuver capability or by nulling the AD| error needles. Once the
burn attitude is achieved, the ADI REF option can be used for attitude reference during the
burn. (DR 37585)

NOTE: The pitch and roll axes of the ADI will freeze up if the ADI yaw angle is within 1.7° of
90°. This is due to the indeterminate nature of pitch and roll at high yaw angles. For exam-
ple, if an ADl is in the INRTL mode with YAW near zero, but the vehicle attitude is such that
in the LVLH mode YAW would be 90°, the ball will freeze in the last PITCH and ROLL INRTL
attitude if the ADI select switch is taken to LVLH. The YAW will, however, read the correct
attitude. Yawing the vehicle more than 1.7° away from 90° LVLH will unfreeze the ADI in this
situation as will retuming to the INRTL mode. (DR 106915)

Yaw Error Needle Sensitivity During Deorbit Burns. During OPS 3 deorbit burns with fuel
wasting, the ADI yaw error needle will appear sensitive, especially when Time-To-Go (TTG)
is small. Typically, the yaw error needle will diverge or jump suddenly near a TGO of 6 se-
conds. In this scenario, the crew should not attempt to follow the yaw error needle near cut-
off. (DR 37559)

Pitch Error Needle Sensitivity During RCS Bums. During +X RCS maneuvers (OPS 1,2, or
3) the ADI pitch error needle becomes very sensitive as Time-To-Go (TGO) gets small.
Error needle jumps of several degrees can occur as TGO approaches 6 seconds. In this
scenario, the crew should not attempt to follow the pitch error needle near cutoff, since a
divergent situation can be created. (DR 37562)

HAC Radius Position Uninitialized in MM304. The HAC is displayed with its center being
located on the extended runway centerline on SPEC 50 during MM304. This is due to the

HAC radius not being calculated until TAEM, after which the displayed HAC position is cor-
rect. (DR 50085)

BFS Horizontal Situation Display Predictors Incorrect. During BFS MM304, if a roll angle of

90° or more IS performed below 200K feet, the horizontal situation display’s 20, 40, and 60
second predictors will indicate a turn in the opposite direction. The crew should ignore the
HSD predictors when the roll angle is greater than or equal to 90°. (DR B08297)
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FLIGHT DATA FILE
Distribution
DPS GEN 1

** GC

AP3/BRANCH DISTRIBUTION (3)
CA44/BERTRAND, 0.4J.
DAB/4N3006/CONSULTANT GROUP
DABZ/ACTION CENTER

DF22/DPS FDF REP (5)
DF24/INCO FDF REP (3)
DF44/ROBOTICS SECTION (4)
DFS4/CREW SYSTEMS

DF62/GNC SECTION HEAD
DF7/POCKET C/L BOOK MGR
DF73/EGIL LIBRARY
DF82/EECOM LIBRARY (2)
DM/OM OFFICE LIBRARY
DM43/HEAD (5)

DO2/SALINAS, L.

D035/B00K MANAGER DPS (5)
DO35/FDF LIBRARY
DO35/SECTION HEAD
DO4/SHUTTLE FLT PLANNING (3)
DO6/LIBRARY (6)
DT23/DPS/NAV SECT (4)
DT27/SHUTTLE COMM SECTION (2)
DT48/TRAINING SYS SECTION (4)
DT66/CONTROL PROP (4)
DT67/RMS L1BRARY

EG/LIBRARY

EG2/STRAHAN, A.

EG23/SMITH, N.C.
EV3/LEONARD, A.L.
EV44-ASD/ASD-44-LIB
FA22/MER-30 LIBRARY
FA22/WAGSTER, L.R.
NS23/DICKERSON, 0.T.
NS4/LIBRARY (2)
NS4L/GOFFNEY, B.

PS33/STI LIBRARY (3)
R12A/BDG16/WHITE, T. (2)
SP34/MC KAY, T.

ZR1/USAF TECHNICAL LIBRARY

** JSC OFFSITE **

LORAL (OBS) HOUSTON

3700 BAY AREA BLVD

SUITE 600

P 0 BOX 58487

HOUSTON, TX 77258
6402A/PROJECT OFFICE (2)

LOCKHEED -MART IN-HOUSTON
C70/KEENER, J.F.

RSOC-HOUSTON
R12A/SMITH, W.E.
R12B-16/SAIL/GN&C
R16E/NAVIGATION LIBRARY
R19A/BORES, J.
R20B/MERKLE, T.S.

TRW- HOUSTON
H5-303/LEE, R.

CALSPAN/JOHNSON OPERATIONS

P 0 BOX 580668

HOUSTON, TX 77258-0668
F6E25/COOPER, C. (2)

HONEYWELL - HOUSTON

2525 BAY AREA BLVD

SUITE 200

HOUSTON, TX 77058
GEDERBERG, T.

ROCKWELL -HOUSTON
WG4 /KALUZA, T.R.
2C01/ASUNCION, C.
2CO1/HIPPS, D.L.
2C01/WOODALL, J.W.
2C03-17/BRYAN, L.W.

** PRIORITY MAIL **

NASA KSC
IBM HH3/WOODSIDE, W.
KSC/KSC TECH LIBRARY-D
LSO-214/NUTTER, W.T.
LS0-217/POTTEIGER, W.
LS0-247/HOOPER, J. (2)
TP-PED-3/VITT OFFICE
TP-PED-3A/CREW QUARTERS
TV-GDS-23/CHANDLER, S.
ZKO7/CHERMANSKI, D.

NASA MSFC
CN31D/TECH DOC REPOSITORY (2)
E002/MELTON, T. (2)
E022/BRANCH CHIEF
E022/PFDF MGR (2)

ROCKWELL INTERNATIONAL DOWNEY
SPACE SYSTEMS DIVISION
12214 LAKEWOOD BOULEVARD
DOWNEY, CA 90241
AC28/HARPER, L.
AD60/CRESPIN, C.S.
AD75/STS DATA MGMT
AE70/GALLARDO, J.A.
AEB5/BRYON, K.
FA19/FERGUS, E.M.
FA25/CMELAK, R.J.
FA35/GULSBY, J.A.
FA43/SMITH, C.W. (2)
FA99/LARSON, J.J.
FB13/FRANK, G.
FB14/1T0, J.K.
FB22/KENNEDY, J.
FB75/CASON, K.W.
FC94/GOOSSENS, M.H.

** U.S. MAIL **

MCDONNELL DOUGLAS-HUNTSVILLE

689 DISCOVERY DRIVE

HUNTSVILLE, AL 35806
21A1/SPACELAB LIBRARY
23D5/BERGESON, A.L.
32C2/SPACEHAB L1BRARY

DRAPER LABORATORIES

555 TECHNOLOGY SQUARE

CAMBRIDGE, MA 02139-3539
81/SARGENT, D.

GB TECH

2200 SPACE PARK DRIVE

SUITE 400

HOUSTON, TX 77058
ATTN:/GB TECH LIBRARY

HERNANDEZ ENGINEERING-CO

SUITE 1120

600 CHERRY STREET

DENVER, CO 80126
H10H-115/ATKINS, V.

INTERMETRICS, INC.
1750 112TH AVE NE
SUITE D-151
BELLEVUE, WA 98004
NIKKEL, G. (2)

LOCKHEED MARTIN, WEBSTER, TX

FORGE RIVER ROAD

SUITE 100

WEBSTER, TX 77598
ATTN:/MIC LIBRARY (3)
ATTN:/POST LIBRARY (2)
ATTN:/POST LIBRARY-CREN TRNR

SPAR AEROSPACE
9445 AIRPORT ROAD
BRAMPTON, ONTARIO
CANADA L6S4J3
HOODLAND, C. (2)

TELEDYNE BROWN ENGINEERING

CUMMINGS RESEARCH PARK

300 SPARKMAN DRIVE, NN

P. 0. BOX 70007

HUNTSVILLE, AL 35807-7007
MS 172/GILCHRIST, M.

UNISYS-HOUSTON

600 GEMINI

HOUSTON, TX 77058
MC MILLER, R.

Total 148
(03/29/96 - TLISTER)




