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ORSITER MAIN PROPULSION SUBSYSTEM

THE SHUTTLE MAIN PROPULSION SYSTEM CONSISTS OF THREE ELEMENTS:
(1) THE SPACE SHUTTLE MAIN ENGINES, (2) THE ORBITER MAIN
PROPULSION SUBSYSTEM; AND (3) THE EXTERNAL TANK,

THREE SPACE SHUTTLE MAIN ENGINES (SSME) BURN PROPELLANTS SUPPLIED BY
THE ORBITER MAIN PROPULSION SUBSYSTEM (MPS) FROM THE EXTERNAL TANK
(ET) FOR APPROXIMATELY NINE MINUTES, FROM JUST PRIOR TO LIFT-OFF UNTIL
MAIN ENGINE CUTOFF (MECO), FOR THE FIRST TWO MINUTES, THE SOLID ROCKET
BOOSTER (SRB) MOTORS OPERATE IN PARALLEL WITH THE MPS ENGINES, THE
SRB'S ARE THEN JETTISONED, THE SSME'S AND SRB'S PROVIDE THE THRUST
REQUIRED TO ACHIEVE A PREDETERMINED SUBORBITAL VELOCITY, AFTER MECO,
THE ET IS SEPARATED FROM THE ORBITER AND ALLOWED TO IMPACT IN THE
OCEAN, THE ET IS NOT REUSABLE, THE FINAL VELOCITY INCREMENT REQUIRED
TO ACHIEVE THE DESIRED ORBIT IS PROVIDED BY THE ORBITER MANEUVERING
SUBSYSTEM (OMS).

EACH OF THE THREE SPACE SHUTTLE MAIN ENGINES (SSME) OPERATES WITH A
FIXED NOZZLE AREA RATIO OF 77.5:1 AT A MIXTURE RATIO (LO2/LH2) OF

_6:1 AND A CHAMBER PRESSURE OF 3000 PSIA TO PRODUCE A RATED SEA-LEVEL
THRUST OF 375,000 POUNDS AND A VACUUM THRUST OF 470,000 POUNDS. THE
ENGINES CAN BE THROTTLED OVER A THRUST RANGE OF 65 TO 109 PERCENT OF
THE RATED THRUST LEVEL, ALLOWING ORBITER ACCELERATION TO BE LIMITED
TO 3 g's. THE ENGINES ARE CAPABLE OF BEING GIMBALED +10.5 DEGREES

éN P%TEHAggD +2.5 DEGREES IN YAW FOR FLIGHT CONTROL DURING THE ORBITER
00ST PHASE.

THE ET SUPPLIES, THROUGH THE ORBITER MPS, 1,550,000 POUNDS OF USABLE
ASCENT PROPELLANTS REQUIRED FOR SSME OPERATION, FIVE MPS FLUID LINES
INTERFACE WITH THE ET THROUGH DISCONNECTS LOCATED AT THE BOTTOM OF THE
ORBITER AFT FUSELAGE, THREE HYDROGEN DISCONNECTS ARE MOUNTED ON A
CARRIER PLATE ON THE BOTTOM LEFT OF THE ORBITER, AND TWO OXYGEN DIS-
CONNECTS ARE MOUNTED ON THE BOTTOM RIGHT. GROUND SERVICING OF ALL MPS
FLUIDS IS PROVIDED THROUGH UMBILICALS ON BOTH SIDES OF THE AFT FUSELAGE;
HYDROGEN IS SERVICED FROM THE LEFT SIDE AND OXYGEN FROM THE RIGHT SIDE.

1-1
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LH2 FEEDLINE RELIEF

FEEDLINE

- RELIEF

"SHUTOFF
VALVE
PV8

-LH2 FEED MANIFOLD
RELIEF VALVE
" RV6

LH2 RTLS ABORT
PRESSURIZATION SYSTEM

-

111-4



6C996ASS08

TR
IATVA NOLAVINDYIIIY Tm
N 238/HAT S°L W XVNH z
defZY4- 0L 3,05€ :dHIL INILVYIJO uzm.m < INSS < uhmm
VISd g% :°SS3ud. J00%d | ? ] T :
IR S R e N B O B .
. ] ] ] ¥aLieyo
X doE2n- taWlL i
93S/HBY €€ 1 3LVY MOd \ SIATVA TR T B -
SIATVA IWHIHON |, awnd |
NOILVINIYIIIY T | MIINY ‘
. IAd ~. \\33.;2:
- Sind wiAd - 'R
. . |
. |
3NIT NIVYe/Ld ~_:/ & . ot wd |
£dd o dd * 193NN02SI0 |
tdd ML T |
ELAd IAWWA (] ]
HSINI 143 SdHNd NOILVINIYI I3 S ' TIT |
‘ wu : |
: INITI0334 1304 YILIGHO “
. . PRSP, _ i
. ) ANVL
' 1
< . - IATIVA 1I3NNOISIO zo.ns._::u._ " : "
. . VISd Bn-Lt !°SSIud
(*NIY) 3N NOLLVINDUIIIY 2D 4,6°510- gL XV |
335/@1 5 0L &% vy A0V |
“ ._.h::_.a_b .
I
JTLVWIHIS NOLLVINYIIIY CHI
{ } ¥ A..,. .

4

III-5

oo

.. — e



13 0L 04 NIY _
NN 2 ONI—_ ASSV INIT IIA 3dhL ooy NI

o ‘ . THIA 3dAL
. ASSY 3NIT A 3dAL )

s

ASSY INIT AI-3dAL

SINDT
398VHIS10 .E./:A\ .

m ASSY 3INIT 1 3dAL

)

t.

LI 9N}

LU 9LLVHIHIS WALSAS
ATENISSY INTT WILSAS NOILYINDUIIZY ZHT

o . .0

111-6



/ g

LH2 RECIRCULATION SYSTEM

RECIRC PUMP
. VALVE 3 PLACES

—

4 Y ... REPLENISH
L ) vaLve

A ‘_YE' L= Fil3
i ~ 1V
: ro0

') ‘\... . ‘

RECIRCULATION
PUMPS PP1, PP2, PP3
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LH2 PREPRESSURIZATION AND PRESSURIZATION SYSTEM

PREPRESSURIZATION
OISCONNECT PD10

AND CHECK VALVE
cviz

v

CHECK VALVE

cvas3 ;
(3 PLACES) ¢ .

PRESSURIZATION
DISCONNECT
RDS

SEE PAGE I1I1-10 -
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LH2 T-0 UMBILICAL PANEL
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The following
System masses

Case

Nominal

Maximum

MPS HELIUM MASSES

lists the nominal, maximum and minimum éxpected Helium
at T.-10 seconds (GSE helium £ill terminate).

¢

Pressure &
Sub=-System Tempcratureo Voluze Mass .
Location (pS1a)  (R) (£t7) (1bs)
SSME Supplies
Mid-body 4,150 580 66.24 157.42
fr-fuselage 4,150 500 j6,25 37.70
SSME Subtotal 80,49 195.12
Padu. Supply 4,300 500 4.?5 13.06
‘Total Helium System 85.24 208.18
SSME Supplies
Mid-body 4,350 S00 66.24 183.95
Aft-fuselage 4,350 470 14.25 42,465
SSME Subcotal 80.49 226.40
Paeu. Supply 4,450 470 6,75 16.43"
Total Helium System 85.24 2460.83
SSME Supplies
Mid-body 4,000 600 66.26 147.98
Aft-fuselage 4,000 555 14,25 34,32
SSME Subtotal 80.44 182.30
Pneu. Supply 4,000 58S 4,75 11.44
Total Helium System 85.24 193.74

T, * 2.8 secorids before SRB ignition




STS=2 BURN TIMES

[

The following Orbiter SSME boost burn times were used in this pre~
diction. T, is nominally 2.8 seconds prior to SKRB ignition.

Fiight Profile §SME Burn Times (From To)
Nominal : (3)513.3 sec. each
{Orbiter enters planned
orbit)
*AOA ’ , (1) 260.5 see. (2) 626.L sec. each

* (Abort Onceé Around)

®ATO (1) 268.1 see. (2) 643.9 sec. each
(Abort to Orbit) :

RTLS (1) 2.8 (2) 792.6 sec. each
(Return to Landing Site)

#These flight profiles are part of the Press to Meco (PTM) boost optioms.

IV=4
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LOX FEED SYSTEM

ORBITER Vé1X1529% OPEN
DISCONNECT VAIXISIOX CLOSED A
{ VA1X1829X CLOSED 8

1322, Y,70, 2,310
views

Y yetx1SESX X
Ve1X1S86%

Y. S 4
X
viewa ' ‘
{vnmuc pRT>
. £%6 1§ var1T1131C X 1428
- NG NO 2 PREVALVE

V4IXI1Z34X OPEN
VAIX1Z358 CL.OSED

ENG NO 3 PREVALVE
VAIX13M4X OPEN
V41XI1IIE CLOSRD

ik
I " ENG NO § PREVALVE
_ VAIX1934X OPEN
¥41X11288 CLOSED
V4A1X1S87X
V41X 155X

VAIPPISSA X143

| YaIP1Z30C X 1448
L,VAITIZNC Notaas | £NG 2
VAIPTIISA X14D

WIPIZNC X 1448
VAITIIIIC X 1448 | ENG 3
VAIPEIPSA X 1444

1483 ENC 2 INTERPACE
Xg3483 ENG 3 INTERPACE

X 440 ’
ENG 1 INTERSACE

¥41P1130C  P1 ENG 1 INLET PUMP PRESS, O TO 300 PSIA (INSULATED)
VA1TII131C  T1 ©NG 1 INLET PUMP TEMP, -305 TO -255 DEG F
V41X1134X  X16 ENG MO. 1 LOX PREVALYE OPEN, ON-OFF EVENT
Y41X1135E  X19 ENG NO. 1 LOX'PREVALVE CLOSED, OFF-ON EVENT
Y41P1230C P2 ENG 2 INLET PUMP PRESS, O TO 300 PSIA (INSULATED)
¥41T1231C T2 ENG 2 INLET PUMP TEMP, -305 TO -255 DEG F
Y41X1234X.  X17 ENG ND 2 LOX PREVALVE OPEN, ON-OFF EVENT
VAIX1235E  X20 ENG MO 2 LOX PREVALVE CLOSED, OFF-ON EVENT
V41P1330C  P3 ENG 3 INLET PUMP PRESS, O TO 300 PSIA (INSULATED)
VAITI331C T3 ENG 3 INLET PUMP TEMP, -305 TO -255 DEG F

© ¥41X1334X  X18 ENG NO 3 LOX PREVALVE OPEN, ON-OFF EVENT -
Y41X1335E€  X21 ENG MO 3 LOX PREVALYE CLOSED, OFF-ON EVENT
VA1T1528A T4 FEED MANF DISC TEMP, -305 TO -255 DEG F
V41X1529X  MPS LOX FEED DISC YLV OPEN, OFF-ON EVENT
v41X1530X  MPS LOp FEED DISC WLV CLOSED A, OFF-ON EVENT :
Y41P1533C - P4 FEED MANIFOLD PRESS, O TO 300 PSIA (INSULATED)
V41X1534X  MPS LOy FEED DISC WLV CLOSED B, OFF-ON EVENT
V41X1555X X1 LOW LEVEL LIQ SNSR #1, WET DRY EVENT
V41X1556X X1 LOW LEVEL LIQ SNSR #2, WET DRY EVENT
VA1X1557X X3 LOW LEVEL L1Q SNSR #3, WET DRY EVENT
V41X1558X X4 LOW LEVEL L1Q SNSR #4, WET DRY EVENT'
V41P9195A,* P207 ME-1 LPOTP INLET PRESS (POGD), -20 TO +20 PS1
V41P9295A,* P208 ME-2 LPOTP INLET PRESS (POGO), -20 TO +20 PSI
;:gszssA " P209 ME-3 LPTOP INLET PRESS {POGO), -20 TO +20 PSI
. 9400A

P213 FEED MANIFOLD PRESS {POGOD), -20 TO +20 PSI

. n- 1 ’

—— . cmee == —————
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3

LOX FEEDLINE
- MELIEF $/0 VALVE

" OUTPOARD FiLl &
WVaIX 15418 OPEN

DRAIN VALVE

VE1X 18438 CLOSED VEIRISIIE OFEN
VAIZ1814R CLOTED

S0A )
- PREVALVE = :um.\&?\}} . .
JrLaces V41X1508 X CLOSED

V41X 18108 OPEN

' . ' ENGINE WO, 4
oot Srb - . NTERPACE

v41X1509x  MPS-L0X INBD FItt VLY CLOSED, OFF-OR EVENT
V41X1510E  MPS-LOX INBD FILL VLV OPEN, OFF-ON EVENT
VA1X1513E  MPS-LOX OUTBD FILL VLV OPER, OFF-ON EVENT
V41X1514X  MPS-LOX QUTBD FILL WLV CLOSED, OFF-ON EVENT
V&1X1581F  MPS-LOX FEEDLINE RELIEF SOV OPEN, OFF-ON EVENT
V41X1542F  MPS-LOX FEEDLINE RELIEF SOV CLOSED, OFF-DN EVENT
V41PS408X  MPS-LOX FILL LINE PRESS, O TO 200 PSIA (INSULATED)
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LOX BLEED AND POGO RECIRCULATION

V41TSI09A ENG NO. 1
LOg BLEED CHECK VALVE ——
. - .‘ . . -—
LO4 SLEED DISCONNECT
4 [vnhﬂﬂt
\ ENG NO. 3
\ .
A<\
VAIPSIOSA
< . VE1TS309A
& LO3 BLEED CNECK VALVE
% ) 4 W
° e [} \ . W s
vaTSo0IA Var "'F\ 4 LogsLEED N —_
’ ‘\’ ¥ CHECK VALVE \ yg&.\
G \ 1)
A ta)/ % GHERBOAD yarrezmea \’ \
/ \ SLEED VALVE T aa08A —
. ; V21X 508X CLOSED A
(/7 POGO ACCUMULATOR V41X 1S81X CLOSED®

/ RECIAC VALVES V41X1857E OPEN ENG NO. 2
WLV 1 VAIXI811X OPEN : :
- V41X18188 CLOSED ‘
. WAV 2 VAIXIS2IX OPEN

VAIXIEE CLOSED

17~ DISCONNECT
‘ VALVE
\-———"‘
A Lt A
I

2,1330

v41X1580% .  X74 MPS LO2 OVERBOARD B/V CLOSED A, CLOSE EVENT
y41X1581X  X75 MPS LO2 OVERBOARD B/Y CLOSED B, CLOSE EVENT
V41x1587¢ X73 MPS LO, OVERBOARD B/V OPEN, OPEN EVENT
v41x1811X X69 MPS LO2 ACCUM RECIRC WLV 1 OPEN, OFF-ON EVENT
v41X1818E X70 MPS 105 ACCUM RECIRC WY ] CLOSED, CLOSE EVENT
v41x1821X X71 MPS LO2 ACCUM RECIRC WLV 2 OPEN, OFF-ON EVENT
v41X1828E X72 MPS LO7 ACCUM RECIRC WLV 2 CLOSED, CLOSE EVENT
V41T9001A 7219 ACCUM RECIRC MANF TEMP, -325 TO +300 DEG F
v41P9108X P235 £-1 LOp BLEEDLINE PRESS, 0 TO.300 PSIA (INSULATED)
- V41T9109A 7201 E-1 LO7 BLEEDLINE TEMP, -325 TO +300 DEG F
v41P9208A P236 E-2 LOy BLEEDLINE PRESS, 0 TO 300 PSIA (INSULATED)
V41T9209A  T207 €-2 LO; BLEEDLINE TEMP, -325 TO +300 DEG F
v41P9308A p237 £-3 L0 BLEEDLINE PRESS, O TO 300 PSIA ( INSULATEL)
V41T9309A T208 E-3 L0 BLEEDLINE TEMP, -325 TO +300 DEG F

vi-3



LOX PRESSURIZATION

. ‘ . e i
R ~ .
P \ . s
()
_ 1 TAITIOARA -
y .. Iugm

==} Aux PrESS
°{°"‘ LOX TANK )
ce R
Yo
N . o
. L \-/
b . :
A 11-11]
\ v T X P
VA1P12804 il Ve roe
varrissiad V)
cV10
TD LOX DISCONNECT VALVE Juuud
V1P 08A hag
vovnsse\n:% L
= = =
7. [E. [
}"- jLvsa g..- L {-- gwu
1R ) il
- U-_J iy !
cvis cve cvie
vomray  venze vastiszia g
ENGINE ¢ ENGINE 2 ENGINE 3
T41PO04EA P301 GOX ORIFICE INLET PRESS, 0 TO 1000 PSIA
T41T9048A T301 GOX ORIFICE INLET TEMP, =160 TO 4790 DEG F .
V41Ti171A T9 MPS-ENG NO 1 GOX PRESS OUTLET TEMP, <150 TO +650 DEG F
VA1T1Z271A T10 MPS-ENG NO 2 GOX .PRESS OUTLET TEMP, =150 TO +650 DEG F
V41T1371A T11 MPS-ENG NO 3 GOX PRESS OUTLET TEMP, <150 TO +£%0 DEG F
Y41P1564A P22 MPS-LOX SYSTEM DIFFERENTIAL PRESS, 40 TO 70 PSID
Y41P1800A P20 MPS-LOX DISCONNECT PRESS, O 70 1000 PSIA
Y41PSa05A P204 MPS LO2 REPRESS MANF PRESS, 0 TO 100 PSIA
V41T79428A

T211 MPS GOX PRES DISC TEMP, -150 TO +650 DEG F
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~ DISCONNECT . ﬂ
. / 7/ . MANIFOLD
e » z - ENGINE NO. 3
Sl AN : P INTERFACE
T a \ J '

ORBITER FUEL FILL AND DRAINLINE -

6

7~ 43= SEEDLING

PREVALVE =
3PLACES 1EF 2/0 VALVE
anunt ot .
7 Va1 X31447X CLOEED ‘
' - gamnn PILL G o
Tl - S0 A/
Vé1X1€10X CLOSED = ENGINE NG,
INTERBACE
e PILL & DRAIN LINE B
ENGINE NG. 2 = ()
INTERPACE
Va1PeaaTA =
Emono BILLE |
DRAIN VALVE
VA1X1388E DPEN
v41X1309X €L OSED
vV41X1388E MPS-LHy OUTBD FILL WLV OPEN, OFF-ON EVENT
v41X1389% MPS-LHz OUTBD FILL WLV CLDSED OFF-ON EVENT
V41X1409¢ HPS»LHZ INBD FILL VLV OPEN, CFF-DN EVENT
vV41X1410X MPS~LH2 INBD FILL WLV CLOSED OFF-ON EVENT
V41X1441E MPS-LHs FEEDLINE RELIEF SOV OPEN OFF<ON EVENT
V41X14428  MPS-LHo FEEDLINE RELIEF SOV CLOSED OFF-ON EVENT
V41PS407A MPS LHz FILL LINE PRESS. 0 TO 100 PSIA { INSULATED)

Vi-6



LH2 RECIRCULATION SYSTEM

LM3 ENG NO. 1 umum .
. ; ~ V41TII00A

/' el —— ENG 1 INTERPACE . .

- .

ALCIACULATION PUWPS
VA1R1118A
VAIR1218A
VAIR131SA

RECIAC VALVE 1
V41X1109F OPEN
V4I1X11108 CLOSED

e

LMg PILL AND DRAIN LINE
RECIAC VALVE 3 ;
V41X13098 OPEN
V41X13108 CLOSED

L3 TOPPING VALVE

V41X1483€ OPEN
-""\\ V41X1458X CLOSED

}s.-oc NO. 2 LMg FEEDLINE
&

N 0\ -
RECIAC VALVE 2 N~

LMz FEED MANIROLD P\  V41X1208¢ OPEN

~, V41X1310t CLOSED

RETUAN LINE
TO PURL TANK

ALCINC .DISCONNECT VALVE

. VAIX1419F OPEN
i J = V41X1420€ CLOSED
17" FELD Ling

MPS-ENG NO 1 LMz RECIRC

V41X1109E VLV OPEN, OFF-ON EVENT

V41X1110E MPS-ENG NO 1 LHp RECIRC VLV CLOSED, OFF-ON EVENT

V41R1115A MPS-ENG NO 1 LH2 RECIRC PUMP SPEED, O TO 20K RPM

- V41Xx1209€ MPS-ENG NO 2 LHp RECIRC VLV OPEN, OFF-ON EVENT

¥41X1210€ MPS-ENG NO 2 LHp RECIRC VLV CLOSED, OFF-ON EVENT

.V41R1215A  MPS-ENG NO 2 LH RECIRC PUMP SPEED, 0 TO 20K RPM

V41X1309E MPS-ENG NO 3 LH2 RECIRC VLV OPEN, OFF-ON EVENT

V41X1310E MPS-ENG NO 3 LH; RECIRC VLV CLOSED, OFF-ON EVENT

V41R1315A MPS-ENG NO 3 LHo RECIRC PUMP SPEED, O TO 20K RPM

V41X1419E MPS-LH2 RECIRC DISC VLY OPEN, OFF-ON EVENT

V41X1420¢ MPS-LH; RECIRC DISC WLV CLOSED, OFF-ON EVENT

V41Xx1453E MPS-LH> TOPPING VLY OPEN, OFF-ON EVENT

V41X1456X MPS-LHZ TOPPING VLY CLOSED, OFF-ON EVENT

¥41P9000A LHp RECIRCN RTN MANF PRESS, O TO 100 PSIA (INSULATED)
V41P9104A MPS MZ-1 LHp RECIRC RETURN TEMP, -430 TO -405 DEG F (INSULATED)
V41P9204A MPS MZ-2 LMy RECIRC RETURN TEMP, -430 TO -405 DEG F (INSULATED)
V41P9304A MPS ME-3 LH, RECIRC RETURN TEMP, -430 TO -405 DG F (INSULATED)
V41P9409%A MPS LHp REPLENISH/RECIRC TEMP, -430 TO -405 DEG F (INSULATED)
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* LH2 PREPRESSURIZATION & PRESSURIZATION SYSTEM

18
TRIPSOTIH
‘X'vnnwu b T : ™o .
VAT DA HE
_ —e .
. ! A% H‘ﬁ J::srnzs
. 731277 - .
' ) ‘Crevie
AUX LVE2
PRESSURE
' cV 13
VAIPIaSSAAN
TOLH2 ¢
OISCONNECT
VALVE
V41P3408
TOPAS S
@ &
g_- fLvae - (LVE?
i l ‘J
]
asnd
V4IPI180A gvnmm V41F13808
cvai A, cvn cve
j VeiTI8IA VEITIZS A V4iT1381A
ENGINE § ENGINE 2 ENGINE 3
T41P9002A °~ P302 GH2 ORIFICE INLET PRESS, OATO 1000 PS1A
TAITQDOGA 7302 GH» ORIFICE INLET TEMP, -160 TO +340 D:G F
V41P1160A P9 MPS-%NG NO 1 G:a OUTLET PRESS, 0 TO 5000 PSIA
V4iT1161A T13 MPS-ENG NO 1 GHp PRESS OUTLET TEMP, =325 TO +500 DEG F
VA1F1260A P10 MPS=-ENG NO 2 GHp OUTLET PRESS, 0 TO 5000 PSIA .
V41T1261A T14 MPS-ENG NO 2 GH2 PRESS OUTLET TEMP, =325 TO +500 DEG F
-Y81P1360A P11 MPS-ENG NO 3 GH2 OQUTLET PRESS, O TO 5000 PSIA
VEITI36IA T15 MPS-ENG NO 3 Gﬂz PRESS OUTLET TEMP, -325 TO 4500 DEG F
V41P1464A P23 MPS-LHp SYSTEM DIFFERENTIAL PRESS, 0 TD 43 ps1D
V41P1490A P21 MPS-GH2 DISCONNECT PRESSURE, O TO 1000 PSIA
VA1POAD6A pz05 HPS-LHZ REPRESS MANF PRESS, 0 TO 100 PSIA
VA1T8429A 11212 MPS-GHp PRESS DI1SC TEMP, -325 TO +300 DEG F
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LHZ HI -POINT BLEED LINE

DISCONNECT -
17 INCH

VALVE
VA1X1468E OPEN
V41X14638 CLOSED

3 M
o
| .,/:L FUEL FILL AND |

DRAIN LINE

DISCONNECT ORS/GROUND
HIGH POINT BLEED

VA1X1468E LM HI POINT BLEED OPEN IND, OFF-ON EVENT
¥41X1469E LMz HI POINT BLEED CLOSED IND, OFF-ON EVENT
VA1T9435A  T220 LMy HI POINT BLEED TEMP, -430 TO -405 DEG F
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V41P1150C

V41T1151A
v41T11524
V41P1154C
V41X1158E
V41X1159€
V41X1164E
V41X1170€
V41P1250C
V41T1251A
V41T1252A
V41P1254C
V41x1258E
Y41X1259€
Y41X1264E
V41X1270E
V41P1350C
V41T1351A
¥41T1352A
V41P1354C
V41X1358€
¥41X1359€
V41X1364E
V41X1370E
V41P1600A
V41T1601A
V41P1605A
V41X1614E
V41X1632€
V41X1634E
Y41X1645€E
V41X1646€
V41T9141A
V41P9142A
V41791444
V41T9145A
V41T9146A
Y4179221A
V41792224
¥4179223A
¥4179225A
V41T9241A
V41P9242A
V4179341A
V41P93424
v4179346A
V41P9404A

MPS HELIUM SUBSYSTEM

P12 MPS-ENG NO 1 HELIUM SUPPLY PRESS, 0 TO 5000 PSIA
T18 MPS E-1 AFT FUSLG HE SUPPLY TEMP, -325 TO 300 DEG F
MPS E-1 MID FUSLG HE SUPPLY TEMP, -325 TO 300 DEG F

P16 MPS ME-1 HELIUM INTERFACE PRESSURE 0 TO 1000 PSIA
MPS-E1l HE ISLN VLV 1 OPEN PWR ON, OFF -ON EVENT

MPS-E1 HE ISLN YLV 2 OPEN.PWR ON, OFF-ON EVENT

MPS E1 HE INTCON IN/OPEN PWR ON, OFF-ON EVENT

MPS E1 HE INTCON OUT/OPEN PWR ON OFF-ON EVENT

P13 MPS-ENG NO. 2 HELIUM SUPPLY PRESS 0 TO 5000 PSIA
T19 MPS E-2 AFT FUSLG KE SUPPLY TEMP, -325 TO 300 DEG F
MPS E-2 MID FUSLG HE SUPPLY TEMP, -325 TO 300 DEG F

P17 MPS ME-2 HELIUM INTERFACE PRESSURE 0 TO 1000 PSIA
MPS-E2 HE ISLN VLV 1 OPEN PWR ON, OFF-ON EVENT

MPS-E2 HE ISLN VLY 2 OPEN PWR ON, OFF-ON EVENT

MPS E2 HE INTCON IN/OPEN PWR ON, OFF-ON EVENT

MPS E2 HE INTCON OUT/QPEN PWR DN OFF-ON EVENT

P14 MPS-ENG NO. 3 HELIUM SUPPLY PRESS 0 TO 5000 PSIA -
T20 MPS E-3 AFT FUSLG HE SUPPLY TEMP, =325 TO 300 DEG F
MPS E-3 MID FUSLG HE SUPPLY TEMP, -325 T0 300 DEG F

P18 MPS ME-3 HELIUM INTERFACE PRESSURE 0 TO 1000 PSIA
MP$-E3 HE ISLN VLV 1 OPEN PWR ON, OFF -ON EVENT

MPS-E3 HE ISLN VLV 2 OPEN PWR ON, OFF-ON EVENT

MPS E3 HE INTCON IN/OPEN PWR ON, OFF-ON EVENT

MPS E3 HE INTCON OUT/OPEN PWR ON OFF-ON EVENT

P15 MPS-PNEUMATIC WLV HE SUPPLY PRESS 0 TO 5000 PSIA
T17 MPS-PNEUMATIC VLY HE BOTTLE TEMP, -325 TO 300 DEG F
P19 MPS PNEU YLY HE RGLTR OUTLET PRESS 0 TO 1000 PSIA
MPS-PNEU CRGSSOVER 2 OPEN PWR ON, OFF-ON EVENT

MPS-HE SPLY BLWON 1 OPEN PWR ON, OFF-ON EVENT

MPS<HE SPLY BLWON 2 OPEN PWR ON, OFF-ON EVENT

MPS-PNEU HE ISLN VLV I OPEN PWR ON, OFF-ON EVENT
MPS-PNEU HE ISLN VLV 2 OPEN PWR ON, OFF-ON EVENT

MPS ME-1 HELIUM INTERFACE TEMP, -75 0 175 DEG F

MPS ME-1 HE REGULATOR OUTLET PRESS 0 TO 1000 PSIA

MPS E1 M-FUS 26-IN HE TX TEMP, SIDE. -75 7O 300 DEG F

MPS E1 M-FUS 41-IN HE TX TEMP, TOP, -75 TO 300 DEG F

MPS E1 M-FUS 41-IN HE TK TEMP, BOT, -75 TO 300 DEG F
MPS ME-2 PORT AFT HE TK SURF T 1, -75 7O 300 DEG F
MPS ME-2 PORT AFT HE TX SURF T 2, =75 TO 300 DEG F
MPS ME-2 PORT AFT HE TK SURF T 3, -75 TO 300 DEG F
MPS ME-2 PORT AFT HE TK BOSS T 1, -75 TO 300 DEG F
MPS ME-2 HELIUM INTERFACE TEMP, -75 70 175 DEG F
MPS ME-2 HE REGULATOR OUTLET PRESS 0 70 1000 PSIA
MPS ME-3 HELIUM INTERFACE TEMP, -75 0 175 DEG F

- MPS ME-3 HE REGULATOR OUTLET PRESS, 0 7O 1000 PSIA

MPS E-3 M-FUS HE TX TEMP, BOT, -75 TO 300 DEG F
MPS PNEU ACCUM PRESSURE, O TO 1000 PSIA
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OMPSD REQUIREMENTS FOR THE OPENING
AND CLOSING OF MPS VALVES (AMBIENT TEMR).

Responge Tize

Valve Open Close
*LH2 & L02 prevalves 1.5 sec. max. .95 + 0.2-0.45 sec
LH2 & LO02 feedline relief 1.5 sec. max. 3.0 sec max

solenoid valves

*LH2 & LO2 inboz=d and .
’ outboazrd fil. and 7.0 ¢+ 2-4 sec 7.0 ¢+ 2=4 sec
drain valves

*L02 & LH2 feed dise: valve 1 to 6.1 sec ‘ 3 sec max

LH2 topping valve 1.0 sec. max. 1.0 sec max

LH2 recirculation pump 1.0 sec. max : 1.0 sec max
valves

LH2 RTLS inboazd aﬁd'outboatd 1.0 sec. max , 1.0 séc max
dump valve .

LH2 hi point bleed valve 1.0 géc. max. 1.0 se¢ max

*LH2 recirculation , 5.1 sec. max. 2.3 sec max
disconneécs valve .

102 POGO accumulator +75 sec. max. .5 sec max
recireculation valives
162 _

L02 ovérboasd bleed valve 478 seé. max. 8 sec max

#Bi-gtable valves-
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REDUNDANT ESET LAUNCH. SEOVENCE

Fiscicn Sequence
Tize ime (Secs)
T, - 25 Secs 0
To = 16 Secs 9
Tp = 10 Secs 15
To = 2.5 Secs 15.5
To - 6.5 Secs 18.5
T, - 6 Secs 19
0 .

T, = 5 Secs : 20
T, - 4 Secs : 21
T, = 3.8 Secs 21:2
To = 3.680 Secs 21.340
To = 3.560 Sees 21.460
To + 0.64 Secs 25.64
To +=-3.28 Secs . ==26.28

#laxiomum allowable
**Starts at Pe > 90%7 for all engines

D Tize fot
Event (Sece)

9.5

300

2.5

YA

2.65%%
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1.

1.

1

1.
r

3.

1.

S

2.

1.
i.
1,
i,

1.
2.

Event

On Board Redundant Set
Launch Sequence Enabled

Close 107 and LH; Outboasxd
Fill/Draia Valves

Terzinate Helium Fill

Open L0, Accumulater
Rec;tculation Talves (2)

Ope1 LRy Prevalves (3)
Vetify 10, and LH, Cutboard

-?111/D’5¢ﬂ Valves Closed

Verily 10y Accusulator
Recirculation Valves Open (2)

Turn off LE., Recirculation
Puzps (3)

€lose LBE; Recirculation
Valves (3)

Clese LR, Righ Point BZ-gd
Valve

Close L0, Overboard Bleed
Valve -

Verify L#i; Prevalves (3)
Opén

Verify L0, Overboard Bleed
Valve Closed

Start Engine 3

Start Engine 2

Start Engine 1

Verify all Engine's Po > ¢i7
Fire SRM's

On Next Pass, Fire Umbilical
Release



NOMINAL
MISSION TIME
(MINS:SECS)

To 00:00%
To + 7 00:00.3
Tg + 00:32

Te ¢ 100

To + 2:06

To + 8:36 .

To + 8:42

To + 8:50.1

To + 9202

*The ecountdown eclock is reset to O at SRM ignition.

SSME OPERATIONS SEQUENCE

SEQUENCE TIME
§SECS)

1.16%%
6.06

8.06

20.00

1.
1.
1.
1.
1.
1.

1.
2-

1.
1.
2.
1.

1.
2.

EVENT
SR Igniticm
Liftoff
Throttle to 652
Ramp tagines to 100%
SRB Separation
Throttle to 652

MECO

Open "Intdem in" for E1, E2,

Close 102 Prevalves (3)

Close LH2 Prevalves (3)
Closée LH2 Recireulation
Disconnect Valve n#w

/
Remove LOZ and LB2 Prevalve
Close Commands

E3

Close "Intr'ean™ in for E1, E2, E3

Terminate Sequence

Clock at SRM

ignition is Ty + A2 3.28 seconds in launch sequencae.

*%]. Tims after GPC receives message that engine is in shutdown phase.
2. This time is 4.9 seconds for an engine that is shut dowm prior to MECO.

#42], If an engine is shut down prior to MECO, this action occcurs 5.9 secends
after that engine is shut dowm.

VIIiIi-3
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EXTERWAL TANK SEPARATION SEQUENCE

NOMINAL
MISSION TIME SEQUENCE TIME
(MINE:SECS) (SECS) EVERT
To+8:47.9 , 0 1. + Opes 102 and LH2 Feedline
_ felief Shutoff Velves
2. Vetify atl Prevaives
Cozmanded Closed
To+8:48.9 i i. Close LOZ and LH2 Feedline
' Disconnect Valves ’
Tg+8:51.9 & 1. Fire ET/Usbilical Unlatch
(1st Pass)
2. ET/Umbilical Retract
(2nd Pass) ‘
. 3. Opea RTLS Inbd/Outb’d Du=p Valves
(20d Pass)
To+B:57 .6 9.5 1. Ara SIR SEP PIC
2. Verify feedlipe disc. vlvs. closed
To+6:58.9 i1 1. External Tank Sepa:atzcn
| Te+9:31.9 34 1. Close RTLS Inbd/Outbosrd Dump Valves

3. End of Sequence

"VIlI=4
[

® e

B e



WMV Wl 19 g0 QUTL SN VN /,/////

JVWNG Qi QBTNSSBBa V, \ \ \\

oIC

(434) 0230 Wods IWIL

po otz 928 988

oa. 9gy €3 o1l o

P2 [ . o A |

S

!

q

ll..nl.qi.t..-.l..la

‘038 £ —y
NIJOT CTITATUATIS 31T )

N3dO_ JATVA a74 610 I ]

22#4&0 INITVA INiddOL T1iT7/7)

N3dO 3ATWA O/4 B/1 *wy [Z777777

238 Q.IlTnllll o

. —
238 ¥L e Ao

N30 CADLT YH3I N

20 GSIAfIY _JINVYW_TIHT_ ]
23¢ 90i: o]

fe—2as01 +}e

ESSSSY777777.R3d0 S 3ATVATHd 10 77/)

. L

93¢ SO1—si

{

e E L ED BE LR N

23S £ ——fesf

. (e3s 021+ 033M =) QWD 91 1-sHO A

N3d0 S JInTUA HIAOSSONI riand

NRIG , LND ruuzz.uuuh..z...l_

23C 02 + 093H A

NIJO § 9AI VA omuaa O ND )

AININDAS dHNU SdW

23s %1+ 0S3 A

VIII-S



MPS MANIPOLD PRESSURIZATION/OMS POD,

AYT FUSELAGE PURGE = REENTRY

EET* Time te LAndxng,

Hess¥in  HesMin
8243 2:17
10:00 1500 1.
10:30 0¢30 i.
10:53 0:07 1,
11:00 0 i.
®EET¢

i. -

Event
]
Crew performed function of systew
setup for pressurization:

MPS He ISOL L (two) - GFC
I'CRECT L = IN OP
CTR, R = IN CL
MPS PNEU L ENG He XOVR - OP
He 1SOL - GPC
MPS MANF PRESS (two) - OP
FILL/DRAIN LBy INBD - OP

OMS deorbit burn
Entry interface (400,000 £t.alt.)

‘Heliim supply blowdown valves (2),
left engine helium isolation valve 3,
and pnevmatic heliuw isolation valves %
(2) opened by software at GRV = 45030 -
ft/sec (A 110,000 ft.alt.).

and LE, manifold pressurized
3 1] pnrge (ET Ombilical Cavity,
ous Pod, Aft Fuselage) started by
these ‘actions.

Touchdown

ENTRY ELAPSED TIME: A timeiine etested for entry telsated events.,
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