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SHUTTLE MAIN PROPULSION: SYSTEM

0 nazmﬁa-f,mﬁ, .;wm@zm;.w.x"bxw_AWx,z>_z PROPULSION SYSTEM, 3. THE  EXTERNAL TANK
coopsRnps T Lided” L
(SSMEsrr, oo

;1fasﬁwg RATIO = 77.5:1

* HLTHIXTURE RATIO - 6:1 &zs$>§*
-ngégmﬁﬁﬁmgsvzw =
- qzxcmqm 375,000 POUNDS AT SEA LEVEL

- 470,000 POUNDS IN VACUUM

- THROTTLABLE FROM 65-109 PERCENT

- GIMBAL CAPABILITY + 10,50 PITCH, + 8,50 YAW
- FUEL - LHy

- OXIDIZER - L0y

o ET
- L0y - 19,728 FT3/1,337,563 POUNDS OF PROPELLANT
- LMy - 53,354 FT3/224,493 POUNDS OF PROPELLANT ,
- ALL SERVICING DONE THROUGH ORBITER —
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Fsce T 7907,

o ‘_J Rockwell
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0 GENERAL

o LHy (PARA)

o DENSITY 4,419 LB/FT3 |
o SPECIFIC VOLUME .2263 FT3/LB
o BOILING POINT - 423,1880F,

o LOX

o DENSITY 71,212 LB/FT3
o SPECIFIC VOLUME ,014043 FT3/LB
0 BOILING POINT - 297,3460

0 HELIUM GAS

o DENSITY ,011 LB/FT3
o FREEZING 1o~2ﬁ amwom

0 z_qzomwz s

S ».&z ST L.
o DENSITY 075 LB/FT3

T

0 Emmm% POINT - 320, 40F,
120, SPECIE1G VOLUME -13.8 ET3/|8 -
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0 ROCKWELL-LSS RESPONSIBILITIES TOWARD ET AND SSME

o ET
ROCKWELL PROVIDES THE ET PROPELLANT DISCONNECT ASSEMBLIES TO MMC.

. 17" DISCONNECTS
. 4" DISCONNECTS
» 2" DISCONNECTS
. PURGE BARRIERS
. FOAM INSULATION

0 ROCKWELL PROVIDES ET LIQUID LEVEL POINT SENSORS

0 ROCKWELL PROVIDES ELECTRONICS ON THE ORBITER FOR CONTROL OF.,.

. POINT SENSORS
. ET VENT VALVE _z_:gzozm
. ET ULLAGE: TEMPERATURE. ;e@__nma
. ET ULLAGE Emmw%m ;%Eﬁma e o
. ET 28-VOLT DC POWER  ~:. .-
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ZAWWanmm BETHEEN” mwzm“>== ORBITER.
SSHE INSTALLATION IN ORBITERIS CONTROLLED BY ROCKWELL DRAWING. °
SSHE ENGINE MOUNTED HEAT SHIELD IS DESIGNED BY MPS -
DOME HEAT SHIELD IS ROCKWELL STRUCTURES/INSTALLED BY LSOC/MPS
HYDRAULICS/ELECTRICAL INTERFACES

GNC GIMBAL CONTROL

SSHE TESTING INTERFACES DIRECTLY WITH MPS/HYD/GNC/DPS/INS FUNCTIONS
FASCOS INTERFACE

SSME INSTALLATION & LRU GSE DESIGNED BY ROCKWELL-DOMNEY
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0 ROCKWELL HAS AN INTEGRATION CONTRACT FOR ANALYSIS AND COORDINATION OF ALL
MPS (ET/SSME/ORBITER) FUNCTIONS

‘_ Rockwell
International



SSME SYSTEM SCHEMATIC
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COMPONENT FUEL DRAIN

SSME 2
2015

ENGINE /DRAINLINE ORI ENTATION

AFT, LOOKING FORWARD

A
. O COMPONENT OXIDIZER DRAIN
3 HMYDRAULIC DRAIN
0 HPOTP OXIDIZER SEAL DRAIN
© HPOTP TURBINE PRIMARY SEAL DRAIN
O  HPOTP TURBINE SECONDARY SEAL DRAIN
+z
JaY
A |
&)
o il
L 0
o0
SSME 3
2012
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0 T-34 MPS AND SSME FINAL PREPS

0
0
0
0
0
0
0
0
0
0
/0

o POST CLOSEOUT VALVE CYCLING/POSITIONING
o SSME SENSOR C/0 AHD CAL

o SSME PNEU C/0

0 SSME CONTROLLER FLIGHT LOAD

o SSME GNy PURGE C/0 |

o NFV HEATER SETUP

T-6:30 HR SSME PSH 1, 2 & 3 AND GN2 HEATED PUPGE INITIATION
T-6:00 HR START LHp AND LOy ET PROPELLANT LOAD

T-4:38 MIN TERMINATE LOX REPLENISH

T-1:57 MIN TERMINATE LH, REPLENISH

T-0:06.6 SEC SSME START
T-0:00 LIFTOFF |
T+32 SEC  THROTTLE T0 6537
T+1 MIN RAMP TO 1042 ;
T+2:06 MIN "SRE SEPARATION -
T+8:36 MIN THROTTLE TO 65 %

T+8:42 MIN MECO W.w
‘ ’ Rockwell
1 F International

ELS AT B I

"

L ACTUAL THRUST LEVELS ARE A FUNCTION,,. . ...
[+ OF WISSION REQUIREMENTS
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%8@5%5322%%0:&Eéqosfgfém_. M;
DUMP +130 SEC END OF DUNP SEQ | |
ON ORBIT VACUUM INERTING
RE-ENTRY MANIFOLD PRESSURIZATION AT GRV = 4500 FT/SEC

o OMS POD PURGE AND LHp DISCONNECT PURGE

" PRESSURIZATION TERMINATED AT START +888 SECCNDS (ON GROUND)

SSME’S POSITIONED TO "RAIN DRAIN"-ONLY IF WEATHER DICTATES (DFRF)

SSME’S POSITIONED TO -20 PITCH PRIOR TO APU SHUTDOWN FOR INSTALLATION OF
ACTUATOR LOCKS (KSC/VLS)

‘_J Rockwell
¥ international
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SSME PRE-START AND ENGINE READY REQUIREMENTS

FLIGHT 3B SOFTWARE

;. PARAMETER LIMIT
REDLINE REDUNDARCY (BOTH REQ'D)
HPOT D1sqh9rge Temp, °R 700 Max
HPFT Discharge Temp, °R 700 Max
HPUT Sec Seal Cavity Pressure, PSIA 0 Min
100 Max
HPOP IMSLAPurge Pressure, PSIA 0 Min
650 Max
HPOP Pr1mary Seal Dra1n Pressure, PSIA 0 Min
40 Max
PROPELLANT CONDITIONS (ONE OF TWO REQ'D)
LPpP Discharge Pressure, PSIA 600 Max
N o . 95 Min
LPFP Discharge Pressure, PSIA 61 Max
47 Min
LPFP Discharge Temp, ° 42 Max
35 Min
ﬁBP Discharge»Temp, %R 186.5 Max
- Min
PNEUMATIC AND HYDRAULIC SYSTEMS (ONE OF TWO REQ'D)
Egﬁher Oxid or Fuel Preburner Purge Pressure, PSIA 50 m?x
- - Min
MOV Hydraulic Temp, °R - Max
o 490 Min
MFV Hydraulic Temp, °R - Max
490 Min
Emergency S/D Pressure, PSIA 50 n?x
: - Min
CONTROLLER FAILURES (SELF-TEST) A11 OK
DCU
Input/Output Electronics--- - - -+- - T -
ACTUATOR POSITIONS (BOTH REQ'D) A11 0K
OPOVA A |
FPOVA Position Within 6% of Command
MOVA > + .
MFVA Ch A Position Within 3% of Channel B Position
CCVA y

FAILURE

RESPONSE

MCF
MCF
MCF

- MCF

MCF

MCF

MCF
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SSME PRE-START AND ENGINE READY REQUIREMENTS - CONT-D .
FLIGHT 3B SOFTWARE

~ FAILURE

_ PARAMETER LIMIT ' RESPONSE
PURGE & AWCILLARY MONITOR (ONE OF TWO REQ'D) P

Fuel System Purge, PSIA 200 Min I

POGO Precharge Pr, PSIA 1425 Max

MFV Hyd Outlet Temp, R 460 Min

MOV Hyd Outlet Temp, R 450 Min R
PURGE & AMCILLARY MONITOR (ALL REQ'D) I

HPOP IMSL Purge, PSIA (2 Measurements) . 170 Min  MCE O

POGO RIV Position, % (1 Measurement) 20 Max 1

Fuel/Oxid Bleed Positions, % (1 Measurement/Valve) . 80 Min 1

HEX Anti-Flood Valve, % (2 Measurements) 10 Max I
CONTROL PARAMETERS (BOTH REQ'D) ) : 1

MCC Pc - Channel Compare, PSIA 200 Max RO

Fuel Flow Channel Compare, GPM 1800 Max-

NOTES: MCF = MAJOR COMPONENT FAILED
I = INHIBIT

MCF REQUIRES PROBLEM CORRECTION TO CONTINUE WHILE
"INHIBIT" CAN BE BYPASSED WITH A "RESUME" COMMAND



'LIFTOFF LOGIC
GPC CONTROLLED

p] TIME DELAY

ENGINE mq>zq“

3.6 SEC

T 1 1=

4.6

&

ENG 1 AT
90% THRUST

ENG 2 AT
90% THRUST

ENG 3 AT
90% THRUST

_
|

———— INDICATES SIGNAL ON
—0 INDICATES ABSENCE

OF SIGNAL -

yo4

7

MAIN ENGINE CUTOFF

(TERMINATE COUNTDOWN)

COMMAND SR8

HOLDDOWN RELEASE

COMMAND T-0 UMBILICAL
RELEASE

COMMAND MAIN ENGINES
TVC TO LIFTOFF POSITION

—/

S wa
atal

OTHER (NON MPS)
SRB START
CONSTRAINTS

A

SRB IGNITION COMMAND

&WG Rockwell Intemational
. Snace Nivialon

8-13
5755V59077
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g ST T GROUND LAUNCH SEQUENCER FUNCTIONS (MPS/SSME) | B )4

R O

i
H ; m.—.MIJ . . Jm.nau 1037
s W. W wv : . : . % H 2 : ‘ ) /
1 € in o W ~ ™ 0
b Md - o 2 = I YN T iy < :
0 i ] | | \ ) | | | ] o
— 4 § Ks s i H $ . m “ " !

n<ﬁ< SSME d 2, 30PERATING MODE 8011 (PS NO. 3) |
n<m< SSME 1, 2, 3 HPFTT DISCH TEMP. (CH A, B)2 360°R (1 OF 2 EA SSME)

n<w< SSME 1, 2, 30POV SUPPLY LINE TEMP NO. 1, NO. 22 —160°F (1 OF 2 EA SSME

ELSE HOLD @ -9’ (M009)

] -

i CMD LS BYPASS OF LO, AND LH, OUTBOARD F/D VALVES o__ommo _
m 4

w .ﬁ ELSE HOLD @ —31” (MSEQ)

m O<ﬂ< SSME 1,2, 3MFV DNSTREAM m.h_z TEMP 2 lmeOm {10F 2 EA SSME) ; TiL —1° ! _

: o & VFY ET LO2 FLIGHT MASS i ,f ELSE INHIBIT LQ2 REPLENISH TEAM : m
] ., : N v

| ‘CMD ETLO2 REPLENISHTERM |« | |

. 3 g

] Y . !

CMD SSME 1,2, 3 z:..# Im)qmm 155 OFF
VFY MPS AFT FUSLG 2mr-cg SUPPLY TEMP 10, 95°F (10OF 3)

VFY MPS MID FUSLG HELIUM SUPPLY TEMP 60, 145°F (3 OF 3) ELSE HOLD @ —4° (MPS4)
1 VFY SSME 1, 2, 3 HYDRAULIC PRESS 22700 PSIA

| .
P CMD SSME 1, 2, 3PURGE SEQ NO. 4 ON . — _

ELSE HOLD @.-31" (MSEQ) TiL (MLH2)
CVFY SSME 1, 2, 3 PHASE IN EFFECT B010 (S/P) R
) C L .
CVFY MPS (SSME 1, 2,3) REG A, B OUTLET PRESS 715, 300 PSIA

CVFY SSME 1, 2, 3 OPERATING MODE B100 (PS NO. 4) M

CVEY MPS PNEU REG OUTLET PRESS 715, 800 PSIA :  ELSE HOLD @ —31" (MSEQ)
CVFY MPS PNEU/SSME HELIUM SUPPLY PRESS 4000, 4500 PSIA (3 OF 4)
® VFY HELIUM BUBBLING TERM  ELSE HOLD @ —31* (MSEQ) ,
+ CMD GOX VENT ARM RETRACT
CMD ET LO, PRE-PRESS ON _
) H CMD SSME 1, 2, 3 GN,, PURGE OFF
| CVFY ET LO, ULLAGE PRESS 19.3, 225 PSIG__ ELSE HOLD @-31" (MSEQ)
. . (INSERT 4th DUCER & RECHECK TIL =317}
B g . ! _ .
. " @ VFY ET LH, FLIGHT MASS ELSE HOLD @ —1:57" (MLH,}
CMD ET LH, REPLENISH TERM ON
P |  etsenoLpe 31~ msea) ® VFY ET LH, REPLENISH TERM
. 'ELSE HOLD @ 31" (MSEQ) ® CVFY ET LH, ULLAGE PRESS 40.9, 4.1 PSIA
4 . INSER ' DUFER & RECHECK TIL —31") | ™
- A IR TR R A\

- a—

MY -477



GROUND LAUNCH SEQUENCER|

~ICTIONS (MPS/SSME)

%

\

e m

mn
b

Page20f 3

GLicor|® .

- ~1:00"

L —10""

J

b

R

"~ VFY MPS LH, INBD F/D VALVE QFOme/

Y E
EEE

o M nee B h e g a4 S e 4 i el 5% S

—1 50"

]

]

-
|
1

VFY ET LH, ECO SENSORS WET
VFY ET LO, ECO SENSORS WET

VFY ET/ORB LO, DISCONNECT OPEN ON, n_.Ommhb. B OFF
VFY ET/ORB LH, DISCONNECT OPEN ON, CLOSE'A, B OFF

AN
¥ A
VFY MPS LO, INBO F/D VALVE n_JOmmnw *

VFY MPS LH, TOPPING VALVE CLOSED \ " "
VFY MPS LH, FEEDLINE RELIEF SOV CLOSED
VFY MPS LO, FEEDLINE RELIEF SOV CLOSED
VFY MPS LH, RTLS D/V (INBD, OTBD) CLOSED
VFY MPS LH, FEED DISCONNECT TEMP < —416°F

-

h cMD LO, AND LH, OUTBOARD F/D VALVES CLOSED
VFY ET LH, PREPRESS CYCLE FAIL OFF

VFY GOX VENT ARM RETRACTED

g
R
P

™

é
o
#
s
e
1
X

ELSE HOLD @ -31” (MSEQ)

CVFY SSME 1, 2 3 OPERATING MODE B110 (ENGINE mm>0<-
VFY LO, AND LH, OUTBOARD F/D VALVES CLOSED

+ CMD MPS HELIUM BOTTLE FILL TERMINATION
CMD LPS GO FOR SSME START
. CMD MPS LH, RECIRC PUMPS OFF

CMOD MPS LH, HIGH POINT BLEED VALVE CLOSE
CMD MPS LH, RECIRC SOV'S CLOSE

R CMD EPD SSME H,—BURN SYS (A, B)ON

)

ELSE HOLD @ -31” (MSEQ)

e e

St
RS A R |

S L SAMELT e & VIO

e R e A I

A £ e 0 et
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| mmUCZO>Z,_. SET ' AUNCH SEQUENCE (MPS/SSME) )

STs-9 . . © Page3of3

- =20
—t -28"
-19'.

- ~12.5"
. -on

S »

n< IMD 3
l... z
77T 9 |
[ j i
I I _

® CVFY SSME 1, 2, 3PAD DATA PATH FAILURE (START@OPS 1) : ‘ e...\ :

@ CVFYSSME 1, 2,3 82420_- FAILURE (EL., HL, OR MCF)
>

@ CVFY SSME 1, 2, unIDZZmP m)_rc_ﬂm (@LPS GO FOR RSLS START)

ﬂ CcMOD PONFI*OCHDO>30 F/D VALVES CLOSED

® CMDLOy ‘ACCUM Imﬂ:an <>r<mm OPEN
@ CVFY FON\_..IN OCAQO).aO F/D VALVES CLOSED OR BYPASSES ON
BYPASSED

CVFY BOTH LO.,, ACCUM RECIRC VALVES OPEN OR BYPASS ON AFTER
2 , SSME’S IN

VFY SSME 1, 2, 3 READY MODE A ‘ READY
—] BYPASSED IF MODE

CMD MPS LH, PREVALVES OPEN (3) : , SSME'S NOT (FLAG A) 3

m, E FLAG oz. READY MODE .

CMD START ENABLE FLA _ HOLD BYPASSED
CMD LO, OVERBOARD BLEED VALVE CLOSED : AFTER
SSME'S

@ CVFY LO, OVERBOARD BLEED VALVE CLOSED (A OR B) BYPASSED (CR59470A) . mguzq
® CVFY LH,PREVALVES OPEN

® CVFY SSME 1, 2, 3 READY MODE
-® CVFY LPS GO FOR SSME START FLAG

-6 © @ @

@ ISSUE SSME START CMD FLAG N
@ CMD SSME 3, 2, 1 START @ 120 MS INTERVALS

® START SSME THRUST OK TIMER (4.6 SEC.)

® START SRB IGN TIME DELAY {6.6 SEC.) . .

® VFY NO wm_sm IN AUTO SHUTDOWN (START CONFIRM)
oA

N ® VFY ALL SSME'S 2 90% THRUST
VFY NO SSME FASCOS LIMIT EXCEEDED (3 SUCCESSIVE CYCLES)
CMD SRB IGNITION '

4 R L . .:EL.:.-.w
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p R e -
S -

o T S— (D, e
. | MPS ET SEFARATION SEQUENCE
: Q ENGINE SHUTDONN , o

re

: J S,y T L2 PREVALVE CLOSE CHD
" O RECIRC DISC VALVE CLOSE CMD N
. AU
- 7 L02 FEED DISC VALVE CLOSE CHD
. | | 7 LH2 FEED DISC VALVE CLOSE CHD
. | 10. 14
S A 7 CARRIER PLATE UNLATCH CHD
. . ERTN[ 17,14 *
. . | er smucoeL - 7 BAVAR
| SEP. CHD RILS * 0 Nom E
* IF AN ORBITER/ET 17-INCH PROPELLANT DISCONNECT. VALVE FAILED 0 4 .
| I. PEN, SEPARATION WILL .
. BE MANUALLY INITIATED AT MECU + G MIHUTES - FLIGHT RULE 5-50
m. | M‘,, | " | ] L A R - )
- 0 1 2 37w 5 6 7 8 9 ln B W LB 17 -
o A 1 2 FRo MECO ~- SEC o o

S L S

ey P cmmy v ce c e e e

V L2 _sm§_.<m nam o N ey

LB B

:
Frsiarycame s we
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EERE

~ HPS DUNP SEQUENCE - NOMINAL (STS-5 & SUBS)

V' MECO CONFIRM +10.14 SEC

AR < LH2 RTLS DUMP <>_.<mm OPEN FOR 30 SEC (ET SEP SEQ.)
2 ... g ESD +16 SEC :
E ' SSME BLEED VALVES OPEN : = -
u v./. ‘—. A\
m . ' =m 8,:%9 INTERCON & PNEU YOVER VALVES OPEN
IR e VoS-l 16 o . S ¥
L _ . . 87 SEC L. 20 sec —J _
s - LO2 MANIF REPRESS ON B | _ _ o
] L02 PREVALVES OPEN | ,,_ '
_ " SSME MOV'S OPEN *
o ~ i+ 3 SEC . [
. I 88 SEC — ! 32 SEC  ——q
. . . . '-
. LH2 MANIF .REPRESS ON ’ .
: . LH2 0/8 F/D VLV OPEN
. -~ ~— LH2 1/8. F/B VLV OPEN
| | LH2 TOPPING VALVE OPEN | \
| —~sic LHZ PREVALVES OPEN { .
| Isec b A = . 4 .
| | -3 - * 7 _ . N
' 4 mma . — P-O
i . _ ] ; &
w . o e R :. dNQ. MM“ . . . . A . . . . ,Nbc wma - .A-w
g \ TIME FROM MECO £
| ) . , .\W Space Transportation System’ Rockwell . . i,
A Develapment & Production Division .:K-:mno:m_ o , \“




oy N . Q

MPS_DEORBIT _AMND RE ENTRY PROCEDLRES,

) MPS DEORBIT PREP .

CREW ACTIONS & —2.5 W

(1) PLACE €2 HE 1SOL A SWITCH FROM CL TO 6PC |

m\ut_nm EZHE ISQL.-8 > SWITCH FROM CL TO GPC -~ -~ = e |
(3}PLACE PNEU HEVISQL > SWITCH FroM ¢t ToG6PC -
| D pPrace €2 | Mrcon “swirc From e 1o oP (LV 61) |
| PLACE EI X3 INICON'. SWITCH FROM GPC To IN CL (LVGOdW G

| ©PLace ez ve'xover  swiTch From GPC IO oP (\N\O, o

I PLACE LH2 MANF FRESS  SWITCH FROM GPG oP(WNALY »u.vu

| \8)PLACE LO2 MWF PRESS swiTc FroM G6PC 10 oP (W 40 Y Al) .

| ) PLACE 112 I/ Elp v SwiTer FROM GPC 10 oP(WN 34,39 .+:Zu,

_

_
.

V_VRL =4500 /5, SOFTWARE ESméstisk miE riwy

PNEU ME I1SOL oP
E2 HE I1scL B oP

E2_INTCON in/OP
E1 ¢ E3 Wrcov our/oP
E2 HE XOVER OP

LO2 MANF PRESS OP
LH2 MANF PRESS Cp : -

LHz Il Flp op | . -
L LH2 TOPRING CpP
LH2 HI-PT BLEED OP ;

I

e P——— 6503 = )

o v | HEBLOWDCWN vivs  OP . S |

_ it S—— “ = M50s b= | LD 0t D
~TEOHR T .~ 500, ~o(Touck praite) | Sy



0 MPS SUBSYSTEMS

PROPELLANT FEED (LHy/L0,)
PROPELLANT FILL AND DRAIN (LHp/L09)
PROPELLANT CONDITIONING (LOp, LHp)
POGO CONTROL (LO2)

PROPELLANT MANAGEMENT (LHp)
PRESSURIZATION COHTROL ~(GH2/605)
PNEUMATIC SUPPLY AND CONTROL (GHE)
GNo PURGE |
INSTRUMENTATION

© ¢ o o o o o o o

‘_J Rockwell
L) international
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GND .

Lo,

.H.._o.. €0 DISCONNECT

h LWy TK NELIUW

|

lroinr

)|

SENSORS
(PROP
LOAD)
thy | [M2 RECIRC
POINT
SENSORS
{enc c/0)

&

ATLS OUMP VALVES

THERMAL

runue

RELIEF

|

= 3 . : .
MAIN PROPULSION SUBSYSTEM SCHEMATIC
‘e (FLUIM
% 11et . £ ORBITER
VENT VALVE S = )
L0, T«
POGO ACCUM VALVES HeLiun
oo I | DISCONNECT | PAE PAESS, w §Ys
0; GH .
J g 1\ o e OVERBOARD BLEED VALVE
OINT _ L0, OVERBOARD BLEED I/I’rv
"Hum. L4 LB NALEDY . uﬁ 1008000061000 00 1VRIEI Q00100 PROOERE 00000060001 10600004 JDeres
B | e | ST T ;
LOAD) ouct —b4
Iy J-— >~
{2 L i c/0 Ar (
,, SENSOR GAGE
s VENT VEuT VALve z AN 7 /A S/ A 7222 77027 o
e
..mnezznn- [ : —p REPRESS,
18

A”v .

ﬁ RECIRCES
PUMP

\
\

~L0; BLEED

<>:=_H: i
|

1\ D

r L
RECIR
ALVE
7 tne

Db e b S S g

m

CRBARM

\

S,

svay

f fganas

Hysive VALVE

ST P IAS PSS

RETIEE SHUTOFF yayye

PRESSURANT SHUTOIF <>:;-:w
FLOW CONTRO v
N o =B =0 mr
RLLILS PRESS

&) FLANE ARRESTOR

CHECK VALVES

) TOPPING
VALVE

PO OOL P PP PP P rrr \\\\\\\\\\.\\\ 0 A2l

PAE PRESS.

LH2 HIGH POINT
SLEED DISCONNECT

Q@ rron
PNEUMATIC
suPPLY

. FiLlL
| VALVE H FiLL
®"h DISCONNECT
FILL
VALVE

L0, FiLL
Ua_ CONNECY

QV Rockwell internationa)

Qnracra MNiuinine

5-3
1265567913



L0, PROPELLANT FEED

i

CONSISTS OF 17“ DISCONNECT, 17" FEEDLINE, 17" MANIFOLD, 12" PREVALVES,
12" SSME FEEDLINES, 1 INCH RELIEF VALVE

Z 28 \NWHDIQM&\
0V-102 AN OV-089 FEEDLINES ARE V.  Zieops —> ([o00iT or Bl s
OV-103 anp OV-104 FEEDLINES ARE FOAM INSULATED T ,
ALL 17" MAWIFOLDS ARE FOAM INSULATED M Jeoo il g
. s %vDEJXﬁSA
FUNCTION IS TO PROVIDE FLOW PATH FROM ET LOX TANK TO SSME 760000 rr,,
AFTER MECO PREVALVES ARE CLOSED 7z

PRIOR TO ET SEPARATION, THE 17" DISCONNECT IS CLOSED

P—

‘ P Rockwell

~)international ()
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TANK .

PRESTART TENP:

E D L T P BV RO

L0, 17 IN. DISCONNECT

2

-294.5 + 2.5°F
102 +§ PSIA

TENP: =290 ¢ A°F .
RuN PRESS.: 110 + 90 PSIA
FLOV RATE (NOWINAL):

PRESS.:

- wene L e aieee o egrw e eas g e Mk
L

L02 FEEDLINE
RELIEF

2658 LB/SEC) —

e

——

(] avs FEED MAnIFOLD
RELIEF VALVE

HE inrecT Ty ! D<'Pv? FEEDLINE RELIEF SHUTOFF VALVE
a ' - -
o o L0z FAST FILL -
PRESS.: 70 70 )15 PSIG
ETIORBITER 1 _ ) MM%";MMz T0 -290°F
50583 TR~ LB AN
. /500 SEHLngins
12 IN. PREVALVES VI PV2 POI2 FILL/ORAIN
WQFN - aza.qn.u GSE - -
VALVE
| i 1 , .
'\Qlo"’lll""’ —f e wen - w— | | - —~ ] | -—
SSNE \\\\\\\\.‘ . 1 i 1
TENP: -294 hd 3.5°F SSNE SSHE ‘ SSME
PRESS.: 107 + & PSIA ) 2 ‘ .
FLOW RATE: 806 LB/SEC/ENG

JA\

-

-

905596640
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. L02 FEEDLINES AND FILL AND DRAIN

. ..me:nn...
NC276-0005-0002 L >/ sTank _
-:S....n:/ﬁw | - FILL/DRAIN DUCT B-1N. DIA
" FAIRCHILD
MCc204-0397-0001 ARROWHEAD
FILL/DRAIN VALVE -ﬂuu—osﬂflegﬂ
. . . 12-1N. LINE
FAIRCHILD
. HC284-0397-0001 :
FILL/DRAIN §_.<m/r
HEGATECH .
8. o -_—ﬂ“’-.lac'm / ".’ﬂ:-Pe .
ARROWHEAD MC284-0396-0001 {3 REQD)
MC271-0074-0005 PREVALVE  _
ARROWHEAD ARROWHEAD
HC271-0074-0001 MC271-0074-000)

12-IN. LINE

Y

FAVRCHILD
HCc284-0396

AT-IN. :..n/

PARKER

HANNIFIN .
HC2084-0389-00010
DISCONNECT

ARROVHEAD -
_ . HC271-0074-000h 0 29 sC1a_
. ‘ 12-4H. LINE
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MPS L0y PROPELLANT CONDITIONING

CONSISTS OF 1 INCH AND 1.5 INCH TUBING, CHECK VALVES AND SHUTOFF VALVES

PURPOSE IS TO ROUTE LO FROM THE FEED SYSTEM THROUGH THE SSME AND OUT
OF THE ORBITER TO PRECONDITION THE SSME LO2 SYSTEM FOR START

FLOW FROM ALL 3 SSME IS 105 GAL/MIN

L0 BLEED VALVE 1S CLOSED AT T-8 SECONDS TO PREVENT LOSS OF LO,
OVERBOARD DURING ASCENT

‘ y Rockwell
~ jinternational

4
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.
- Sew
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)
L02 . . o A
TANK .
zms.:n_. ,
- i ) )
o . [ . : )
-
(] sy 2]
w
PV20 .
- . e . . ° .
_ . PV19 .
1 4 . A OVERBOARD
\ pv2l ; BLEED VALVE
POGO ACCUM : PDI3OVERB'D BLEED DISC. )
RECIRCULATION L02 BLEED :
VALVES CHECK VALVES i _\“"ﬂw.“-nwu Yo 800k -
[3]] s3] B cvis FLOW RATE: 720-810 LB/MIN
ORBITER poan 1 A E ORBITER | GSE
e = e T~
SSHE "SSHE . SSHE . '
- 2 B 3 IM .
m u m u m u L0 BLEED VALVES
®

20S5V96641
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LCp/LHy FILL AND DRAIN

CONSISTS OF AN 8" FILL/DRAIN LINE, TWC 8" FILL/DPAIN VALVES AND A
8" T-0 DISCONNECT |

LOX FILL/DRAIN LINE IS BARE OH 102/099 AND FOAM COVERED ON 103/104

PURPOSE IS TO ROUTE LO/LHy FROM GROUND SUPPLY INTO THE FEED SYSTEM
AND INTO THE ET

LOX INBOARD FILL VALVE IS CLOSED AT T-45 SECONDS (GLS)
LHy INBOARD FILL VALVE CLOSES AT REDUCED FAST FILL (85%)

LHy FILL/DRAIN LINE IS V.J. AND LHp TOPPING VALVE TEES OFF THE LINE

‘m, N Rockwell w
o international w



LG, POGO CONTROL

0 UTILIZES SAME PIPING AS FOR L0y PROPELLANT CONDITIONING (BLEED)

0 MPS POGO VALVES OPEN AT T-9.5 SECONDS TO ROUTE CVERFLOW L02

FROM THE SSME POGO ACCUMULATOR TO THE LO2 FEED SYSTEM DURING
ASCENT .

‘ ' Rockwell
International

© 29



POLU SUPPRESSIUN SYSIEM | 30 .

&OFC L INGH L0, FEED FILL VA |
- 2 | ; LVES .
DISCONNECT \\SN FEED MANIFOLD \/ :
_ = L0, FILL
| . LINE
ACCUM | PREVALVE _
RECIRC FLOW | : \ muu:m, :
| —n 2
X — M | N.O./" BLEED VLV |
e ¢ ol ¢ . j —=]|L0, BLEED
2 } ) LINE
| ————
/ ACCUM n H & oy B o .
Ner/orsITeR  RECIRC i il [ (i 1
INTERFACE VLVS wmm.._zm»
;
_ _ » _ | INTERFACE—
. ORBITER/SSME _ _ _ |
"' INTERFACE
: : | /SSME 0,
TS _V&\_ES VALVE
o 11 X [X <MLL
POGO 4 | SSHE -
ACCUMULATOR - Ih ACCUM RECIRC
(AN Y L ISOLATION VALVE
- HPOTP .
> . . “ Q.WU Rockwell International $755V59088 \ W\

) ‘Space Division
Loy . £ . £

Yoo N N
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LMy PROPELLANT FEED

CONSISTS OF 17” c_mnogzmnq 17" FEEDLINE, 17" MANIFOLD, 12" PREVALVE,
12" SSME FEEDLINES.

ALL LINES ARE VJ

PURPOSE IS TO ROUTE THE LH2 FROM THE ET TO THE SSME DURING SSME
OPERATIONS

THE LHy PREVALVES ARE OPENED AT T-9.5 SECONDS
PREVALVES CLOSE AFTER MECO-

17" DISCONNECT CLOSES PRIOR TO ET SEPARATION

‘ Rockwell
international



o
LH, FILL AND DRAIN

PRESTART CONDITIONING AND PROPELLANT FEED

)

_ﬂx,.v%_w:mx A1-pOINT smg/ - ORBITER —=}—GROUND
% y \\zmv_.mzumz E |
%
RECIRC PUMPS - il
RECIRC / ,
| zm._.czz// ’ FILL & DRAIN
ORBITER & _
el )
SSHE S . :
\w . @.ﬂ_ __J Rockwell lnternational Smmﬁ.,m,.,‘ﬂw

Space Division
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e
LH2 FEED, FILL AND DRAIN, HIGH POINT BLEED, RTSL DUMP AND FILL LINE RELIEF
. PRESTART TENP: 37 + 0.50 P -(-A23“F) )
, PRESS.: 45 + T PsIk
OPERATIONAL TEMP: -424 10 -A20 °F )
PRESS.: 30 TO 50 PSIA . . LM, BLEEDLINE-
FLOW RATE: 222 Te A89 LB/SEC .
: es-.-n-. G ppy7 -
. B AL L s
L2 : POIN 3 P §.5
Ly ET } oRaITER HIGH POINT BLEED VALVE PV22 __ o 3710 MR
o : . LH, FEEDLINE RELIEF i (-423 70 -h15°F)
roz|f} u::ﬂ”mn VALVE “ apthM>m“pv mu>_= DISC.
il PV
3 121N, FEEDLINE ~o . | | | nAx pREss.: S0 PsiG
H s I | vewp: 37-38°R (-423
] ATLS A V0 -h22°F)
N I <>p4“u _— | | FLOW RATEs 6600 La/HIN
. N " " +\80, -600
. . Aeve § 1L .\A LH2 DRAIN
. |X]rv PVS | HAX PRESS.: 17 PSIG
i j | pvi2 } _ A-.~urqe
"INB*D F/0D . -M7°F) -
— VALVE . FLOW RATE; 1080 LB/HIN
: 12 IN, . A HAX
ORBITER —1 ! VIl
TeNE llllllﬂH_uTl el . OUTBOARD
. _r_ AV6 FILL & DRAIN VALVE
FLOW RATE: 148 LB/SEC/ENG SSME SSHE SSME :
TEWP:  38.5 + 1.5 (-k21.5°F) | 2 3
PRESS.: 45 + 2 PSIA ‘ ‘

AREEVA

- ._ 1 3055V96638

o LYY RCTIPEN



© Li2FEEDLINES AND FILL AND DRAIN :

MEGATECH
ME261-0045-0003 SEAL

SUNDSTRAND
'HC281-0030-0001 RECIRCULATION
PUMP

MEGATECH -
HE261-0045-0004% SEAL

FAIRCHILD
HC284-0397-0002
FILL/DRAIN VALVE

MEGATECH

. £ - .
%\\ mW.M_»..—uma..m v MM””_.gauoocom

..nza-sa.e&n |
DISCONNECT

ARROWIHEAD
1C271-0073-0002

FEED LINE ASSY
EED LINE ASS AMETEK STRAZA

FILL & DRAIN LINE

’ ARROVIIEAD
HC271-0073-000k
FEED LINE ASSY

‘ HEGATECH
HE261-00h5-0004
SEAL

. FAIRCHILD
HC284-0396-0002 .
PREVALVE (3 :Ss

’s,es_;e\

" HC271-0073-0005
MANIFOLD FEED

LINE PARKER .E..:z..
'HEGATECH FAIRCHILD
NE26 1-0045-0001 HC284-0397-0001
SEAL HEGATECH FILL/DRAIN VALVE N
ARROWHEAD ME261-0045-0016 .
nCc271-0073-0001 SEAL (6 REQD)
FEED LINE ASSY : . |
. MC271-0073-0003 -

HEGATECH
ME261-0045-0001 SEAL

PY A3

-
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- ®odd

- ) L2 PREVALVES - = o

| \ LINE :
. RTLS JNB'D VALVE PV17 — .

: . ._.ﬂuﬂ‘l... .

{ -

IO T W Aweeng I SRS N ST e ey et i oy g i

LH2 FEEDLINE /%

. 3 RECD >
\. INB*D F/D. /?\) :
: Wiz 44

/

/. LH2 FILL AND DRAIN
. . LIKE .

1 OUTB’D F/D
-z —-‘—— <z-<m °

. PDI7 11 POINT BLEED

PV - »A— z
. 3 DISCONNECT

PVe

POLL FILL/DRAIN
DISCONNECT

e

. A:.s s

- . . . . ..n\-..]..m. . )
Lz 17° DISENNECT Poz. —=——» el Pv22 Il POINT BLEED VALVE
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LHy PROPELLANT CONDITIONING

CONSISTS OF 2" AND 4" VJ PIPING, RECIRCULATION PUMPS, 4" ET DISCONNECT
AND ISOLATION VALVES AS WELL AS ,75" INSULATED HIGH POINT BLEED TUBING
AND A 1,5" SHUTOFF VALVE |

PURPOSE IS TO PUMP LHp THROUGH THE SSME TO PRECONDITION THE SSME LHp
SYSTEM PRIOR TO IGNITION AND TO RETURN THE WARM Hp TO THE ET

LHy RECIRCULATION IS BEGUN 25 MINUTES AFTER STARTING LHj FAST FILL
AND TERMINATED AT T-10 SECONDS

q:m HIGH POINT BLEED LINE BLEEDS TRAPPED GAS OVERBOARD FROM THE 17”
FEEDLINE PRIOR TO SSME START, BLEED IS TERMINATED AT T-10 SECONDS.

THE 4 DISCONNECT IS CLOSED PRIOR TO ET SEPARATICN

‘_.J Rockwell ‘
po, international L v
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Lit2 RECIRCULATION SCHEMATIC

- % L) POEY . e . o
e x!.l.%\ N TS IR 1T P U 1 e b ey - o o T Y0 SRRy VAT s AT e, ¢ cewres vt M Ao oy
.1 — . % S
% X
X < -
I ¢
.

|
&1l onaiven u
.
PD3
” FLOW RATE: " T0 5 LB/SEC
MAX TENP: -A15.3°F
| ] PmEss.t 1708 FSIA T RECIACBATION LiNE (AtN.)
™ - - RECIRCULATION DISCONNECT VALVE . o L
TANK ’
B ) ©
|
| ORBITER FUEL FEEDLINE
‘ | \ L
HPa LLALE — RECIRCULATION PUHPS EPLENISH
| _ £ VRVE PY13
T RYITR PPl | -
| Disconnecy ‘ ee PPy /.. |
.n. ” PD2 ~ : a : , . H2 FILL/ORAIN LINE
" [
w

12 18,

—u ]2 IN,

| . PYIL PYIS . W
. PREVALVES _%_4/ PVIg :
_ * . :l:ll\\\t

RECIRC

ORBITER

. G P e e - w— o e— — Ill'nlll .
. SSME ° . — —
. SSHE
. N

o LH RECIRCULATION
. LINE

PUMP
|_VALVES yd

LH2 RECIRCULATION

71 NOHINAL VALVES

FLOW RATE: 0.33 LBM/SEC
TEWPs -423°F

PROOF 'PRESS.: 48 PSIA
OPERATING TEMP: 350°F TO -423°F
HAX H: 7.5 LBH/SEC

D D FUEL BLEED

VALVE

80SSv96619
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LHy PROPELLANT MANAGEMENT

THE PROPELLANT MANAGEMENT SYSTEM UTILIZES MUCH OF THE SAME PIPING
AS THAT USED FOR PROPELLANT CONDITIONING

PURPOSE IS TO PROVIDE LHp TO THE ET AT REPLENISH RATES

THE TOPFIiG (REPLENISH) VALVE IS OPENED COINCIDENT WITH LH, START
OF FAST FILL. AT START OF ET TOPPING THE LHo INBOARD FILL AND
DRAIN VALVE IS CLOSED

THE TOPPING VALVE IS CLOSED AT T-1:57 MIN DURING TERMINATE
REPLENISH

" Rockwell - :
) International L
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LH2 RECIRCULATION SYSTEM LINE ASSEMBLY
SYSTEM SCHEMATIC* -

~————ENG 1 RTN

TYPE J LINE ASSY |
. PUMP DISCHARGE

-TYPE- IV LINE ASSY LINES

~TYPE 11 LINE ASSY

REPLENISH o
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THE VI _ | -
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GH2/602 PRESSURIZATION CONTROL SYSTEM

0 CONSISTS OF ,625, 1.0 AND 2,0 INCH TUBING, FLOW CONTROL VALVES, CHECK VALVES,
2,0 INCH ET DISCONNECT AND 1,0 INCH PREPRESSURIZATION T-0 u_mnozzmnq AS WELL
AS THE ULLAGE PRESSURE CONTROL SYSTEM

0 PURPOSE

0

PRELAUNCH - PROVIDES HELIUM PREPRESSURIZATION TO LIFTOFF LEVELS
(19-22 PSIG LOX, 42-44 PSIA Ho) THROUGH T-O PANELS TO ASSURE
SUFFICIENT PROPELLANT HEAD FOR SSME START, THIS BEGINS AT -
T-2 MIN 55 SEC (LOX) AND T-1 MIN 57 SEC (LHo) AND TERMINATES
WITH THE LIFTOFF SIGNAL

POST SSME START - COWSISTS OF A CLOSE LOOP SYSTEM PROVIDING

GASEQUS 02 OR Hp FROM THE SSME TO MAINTAIN ET TANK ULLAGE

PRESSURE  THROUGHOUT SSME OPERATION., THE TANK PRESSURE IS

MONTTORED BY ET MOUNTED ULLAGE PRESSURE TRANSDUCERS WHICH ARE
READ BY THE ORBITER’S ULLAGE PRESSURE SIGNAL CONDITIONERS WHICH,

IN TURN, CONTROL THE ORBITER FCV OPERATION TO CONTROL vxmmm=x~N>q~oz
RATE

EACH OF THE 3 ACTIVE ET ULLAGE PRESSURE TRANSDUCERS CONTROLS ONE OF
q:m THREE FCVs, THERE IS ONE SWITCHABLE SPARE TRANSDUCER

i

) International

N’ Rockwell
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FLOM RATE:

B L L. AR R ¥ o)

0, PREPRESSURIZATION AND PRESSURIZATION

B L U kit o !.:\m\,.,a,ew :

TR S UM AU LA s e L ST T T gy A S i e -

m,

P09 DURING PREPRESS.
MAX PRESS.: 850 PSIG

TENP:

FLOW RATE:

20 70 120°F

“,
(A
/ \v\

\

33 + 3 LB/MIN HELIUM

TEnP: -160 TO S00°F PREPRESS  ¢v16 GSE
PRESS.: 100 TO 600 PSIA CHECK VALVE PREPRESS.
COMTROL
——
FLOW g v
CONTROL .
L VALE
o\
LVs3 , LVSA LV5S
— PRESSURIZATION
|~ CHECK VALVE
| | \ ORBITER
SSME SSHE SSME !
| S =] SSHE k=] | ssme
ET =

~== ORBITER

D-

A

FLOW RATE:

TEHP: 390 + 50°F
PRESS.: 3600 +-150 PSIA

LINC PROOF PRESS.: 9000 PSIG

1.55 LOH/SEC ENGINE
40.67, -0.4k LBH/SEC ENGINE

’ 90S5Y96617
Y .



o e,
] 0o PREPRESSURIZATION AND PRESSURIZATION -

GSE
PREPRESS
: o = CONTROL
I _ __ ORB~{=GSE |
N mn..“..n.m.....u..m.,.n..".:m mlq.l.u. e -t ————- LPS
| —
S s === |
~ A== —== - -
"..rl._w_m_wmﬁI! —— _
o
m Mﬂ cz*wﬁmx
i . | . [y 1] I
ET ORBITER U R OUr 8O Ur RO |
SSME
J ¢,  Rockwell intemational _—
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| ﬁ\. A ‘
_.=~ PREPRESSURIZATION, PRESSURIZATION AND mzw PURGE
) | -.utu 133°F
. DURING PREPRESS. { FLOW RATE: 120 LBAR . .
RAR PRESS.: 6o0O J.«/
PRESSURIZATION © omiTem~tegse | gse .
Ewn%m...aﬁ o PREPRESS
Vs LM, REPRESS. LINE . . CONTROL
ET —-— 1| PREPRESSURIZATION
coe GH2 ;ma FLOW 8..:.2 VALVE DISCONNECT | -
' \ — FLOW RATE: :mm 4 5.5 LO/HIN
, TEMP: 115 YO 165°F
PRESS.:
Lvs6 Lvs? Lv58 )
L LHAL -
— P04 GN2 PURGE
C F . DISCONNECT .
ﬂ:“ _ | 4 : - .
"PURGE _~ cvar cvaz fl cv23 SN | orsiten
0.50 N~ .- |H-——-(HEH. ——— i o Lo, .
| / [ - ww:m
SSHE — SSHE SSHE
2 ‘ , .
' 3 [FLQW RATE: 7. LBH/SEC ENGINE

. ET s} ORBITER m M m M - + 0.2, -0.5 LBM/SEC ENGINE
. _ TENP: 70 + 130°F |
PRESS.: 3IWB5 + 200 PSIA
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MPS PHEUMATIC SYSTEM

FUNCTION: STORES AND DISTRIBUTES GASEQUS HELIUM TO ACCOMPLISH THE FOLLOWING

0

0

©C © O O O O

ACTUATION OF MPS PNEUMATIC ACTIVATED VALVES
IN-FLIGHT PURGE OF SSME's

PREFLIGHT SSME FUEL SYSTEM PURGES

SSME EMERGENCY SHUTDOWN . (NORMAL IS HYDRAULIC)
MPS PURGE FOR PROPELLANT DUMP

RE-ENTRY PRESSURIZATION OF MPS PROPELLANT LINES
OMS POD PURGE

CONSISTS OF 10 HELIUM TANKS

o 4 EA 4,7 CUBIC FOOT IN AFT

o 3 EA 4,7 CUBIC FOOT I MIDBODY
o 3 EA 17,3 CUBIC FOOT IN MIDBODY

TOTAL LOAD AT 4400 PSI IS APPROXIMATELY 25000 STD CUBIC FEET

Y TANKS SUPPORT THE 3 SSME

1 TANK FOR MPS PNEUMATIC USE

ALL TANKS CAN BE INTERCONNECTED AND ISOLATED BY GROUPS IN CASE OF
FAILURE OR FOR POST SHUTDOWN USE

Q_’ Rockwell

F_.r ) international
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MPS PNEUMATIC SYSTEM (CONT’D)

0 EACH SSME vzm=3>q_n SYSTEM (3 TANKS) IS TIED TO TWO PNEUMATIC CONTROL
PANELS MOUNTED ON THE AFT FLOOR

o EACH PANEL CONSISTS OF FILTERS, ISOLATION VALVE, INTERCONNECT
VALVES, REGULATOR, RELIEF VALVE, CHECK VALVE AND INSTRUMENTA-
TION

o MPS PNEUMATIC PANEL (ONE EACH) IS SIMILAR TO SSME PANELS

O PNEUMATIC SYSTEM CONTROL IS BY LPS, COCKPIT SWITCH, OR GPC

‘ ' Rockwell
Intemationat
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MAIN PROPULSION SYSTEM
_ HELIUM SUBSYSTEM SCHEMATIC
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—D D
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NS MELIUM SYSTEM :
SSME JIELIUM SUPPLY PATED FLOW VS, TIME o
STS-1 VALUES
' —»| j»—.s sic
1,500 -
. 1200 _
POGO ACCUM CHARGE .
. PREBURNER
1,000 - PURGE
. - h20 .
—» l&—,5 SEC 66,7 ‘ Gnh. . . :
.. ! .
_ OG0 .
— «— 2.0 SEC CMARGE
S00 | : -
380 0. ~—6 sic  —>}e—— 10 sEC - ..-i'_
FUEL SYS PURGE _n..BL.. N...PP/_\/.BFNII 256.7 . . .
_ L .+ HIOTP INTERMEDIATE SEAL. TURGE A /
0 . . —N\ —- —vs R L P
T _-10 T,-3.8 T, T +2.60 _ SsME: $/0+6 . T 's/ps16 m.\?:_
[ 3 LB SINTDOWN
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MAIN PROPULSION GNo PURGE SYSTEM

0 PROVIDES HEATED GNp FOR ENGINE PURGING TO THE SSME’S WHILE ON THE GROUND

0 PURGES USED FOR
o MLP-PAD
. REMOVING WATER VAPOR AND GASES THAT WOULD CONDENSE OUT
WHEN THE SSME LOp SYSTEM IS BROUGHT TO CRYG TEMPERATURES

o OPF |

. TO REMOVE ANY COHTAMINATION (ESPECIALLY WATER) FROM
THE SSME'S THAT HERE INGESTED DURING RE-ENTRY OR
AFTER A FERRY FLIGHT

| ‘_’ Rockwell
w i international

G



MAIN PUMP

APU

SHUTOFF

VALVE /x

ISOLATION

<>_.<m_ / W&

ORB

SSHE /

GNo PURGE AFD HYDRAULIC SUPPLY

RESERVOIR

9

RESERVOIR RESERVOIR
MAIN PUMP MAIN PUMP
APU APU O
SHUTOFF swrorf || .
e~ 5 ~p
ISOLATION ISOLATION
VALVE /_X_ VALVE //r_wa
] \ o 1. . ORB «——> GND
. ACCUMULATOR N ACCUMULATOR ™ ACCUMULATOR n a
& pulce
P 2 e —
"GN, PURGE

"\ HYDRAULIC RETURN
HYDRAULIC SUPPLY

ENG 1 (TYP)

ENG 2

ENG 3

‘ng Rockwell international
. Space Division

 8-46
5755V59619

\
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MPS INSTRUMENTATION

50

0 OPERATIONAL FLIGHT INSTRUMENTATION

o DISCRETES - VALVE POSITIONS, POHER ON, RPC, POINT
SENSORS

o ANALOG - SYSTEM PRESSURES
SPEED TRANSDUCERS
TEMPERATURES

| ‘ P Rockwell
() ~ nternational

4



. PROPELLANT GAUGING SYSTEM

2 FEEDTHROUGH
CONNECTORS
(TYP - 4 PLACES)

...c» ECO SENSORS

. . o,
7 SENSORS | TEm _ R—IxHT] wé:mz
DISCONNECTS \ | S

LH,
LH
2 Y S5l DISCONNECTS
3 SENSORS FEED LINE
L, (REF) POINT _ _ LAUNCH
}F—  sensor MULTIPLEXER PROCESSING
m ELECTRONICS | -~ SYSTEM
0Q00 : ‘ ) ) ‘
T0 6PC
o— | 7 FOR ECO (REF)
4 SENSORS ET =———ORBITER ORBITER =——GROUND
\ _ D . 8-42
Y " .
QMP Rockwvel Intemational 5785V59087A

) gg‘tg
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MPS LO2
PREPRESS
(PD9)

ECS AFT

FUSELAGE

]
__"
.— ,n\‘.,\ ’ m
PAYLOAD [ | ' _\v _
BAY & MID __| Ay
FUSELAGE | \ 'HE // _
PURGE \ SRR\
PAYLOAD LO \ N
FILL & ».w
DRAIN 1!
'R i
ECS FWD .._“ %9
[]
FuseLAGE | | “ a2
L OMS I ;
POD PUR of ¢ .
" t
sh
_._
L T o\
_xﬁs:Jvnsiuwmr, 12 .m | AN _rru.
~:.\: T . d__
PRSD 02  PAYLOAD PAYLOAD
GAS SUPPLY  GROUND COOLANT GROUND COOLANT

"

RETURN SUPPLY
()

. I 2
| L
ST S I
ol T *
PAYLOAD HE/GND m_pp.., !
. -. ]
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:\ ».& A“ ! '
i A_w o 7\
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\ _ \ . S
GSE FCLSS
WPS LH2 m 1 PRIMARILY T
POINT BLEED {PD17 OOLANT SUPPLY .
/ . ) P N SR I . b o S SRR SR Sl B AR b l-Seibog SRl Sl < I G -2 m:g L
= -
w o p £ . ECLSS
.t .- .1; 1 i " |__PRIMARILY
a.:v @6 a_»@ v . ,M p L W.L.. .M,_.@e |~ COOLANT
353 - 57 J6) ”M:”“m, .
N aln alny f e N
& G» @ _ PURGE (PD14) —
. N R B3~ () =
J56 J59  J63 w;zm m;zm P —~ORB/ET DISC PURGE oS
P . | _MID FUSELAGE LEAK 2
AN N ® DETECTION = S
] v.u.\ . «Q /; ﬂ —
MPS . \a' . PAYLOAD BAY LEAK mc
- LH2 FILL ot nw:%”r T DETECTION =
- o) ! & DRAIN |_PAYLOAD LH2 M
= ) v TANK VENT -1
~J \\ t\\ O .\._ 7 N =
ol ‘ AFT FUSELAGE - S o
PRSD H2 D m =
D Ly LEAK DETECTION =
MPS LH2 HE
Q_@ «C ﬁ PREPRESS
65 J67 (P09
PAYLOAD COLD TS 1o
HE FILL mm ¥ Q | ECLSS SECONDARY
% COOLANT RETURN
Js1 7
ECLSS SECONDARY
COOLANT SUPPLY
. -
. ) L) )
£ | &£ (1



LUZ URB/ET UMBILICAL | -
ORBITER HALF

ke Adaatats

. FWD

SIDE STRUT

A L T
OUTBD

/
RETRACTOR
CLEVIS (3) S

A TIE BOLT
' — HOLE (3)

17-INCH LO2
FEED DISCONNECT
VALVE (PD1)

T RN BIRGMET R G YA e R o
L}
°
[ )

; SEPARATION

: GUIDE PIN

o (2)

§

i DRIVE

Z CLEVIS

g 2-INCH LO2

? PRESSURIZATION

; DISCONNECT (PD4)

: .

! ACTUATOR
ROLLER BLCCK

: ASSEMBLY

| ELECTRICAL

i I o MONOBALL

! SIDE STRUT L, UMBILICAL

_CLEVIS .



B TR Rt e

Cr A e

LTS T e

-

TR AR RN NP, '?%"»:qprm{/r':‘*"ﬁ

DRIVE

4-INCH LH2 ,
RECIRCULATION
~ DISCONNECT (PD3)

: /e j : gé 7 4
[o
| |

CLEVIS

LH2 ORB/ET UMBILICH
ORBITER ALF

E SIDE STRUT
CLEVIS

FWD

L) 0uTBD

RETRACTOR _

CLEVIS a;;¢%¢’°

17-INCH LH2

FEED DISCONNECT

VALVE (PD2)
7

. TIE BOLT
HOLE (3)

SEPARATION -
GUIDE PIN (2)

ACTUATOR
ROLLER BLOCK
ASSEMBLY

2-INCH LH2
PRESSURIZATION
DISCONNECT (PD5)

ELECTRICAL
MONOBALL
ASSEMBLY

95
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(MC271-0073)

TYPES I, 11, III,

o FUNCTION: LH, PROPELLANT FEED SYSTEM

THE LINES DIRECT THE FLOW OF FUEL (LIQUID HYDROGEN) FROM THE

o DESIGN PARAMETERS AND FEATURES:

OPERATING mzummrwn. MAXIMUM:
PROOF PRESSURE3
BURST PRESSURE3
LINE SIZE:

PRESSURE CARRIER:
WEIGHT (MAXIMUM):
INSULATION:

MAXIMUM VACUUM JACKET PRESSURE:

TYPE I

55 PSIG
66 PSIG

83 PSIG

17-INCH 1D
337 LBS.

VACUUM JACKET

IV AND V

TYPE 11, I1I, IV

COMPONENT: LH2 FEEDLINES

VACUUM JACKET

1000 MICRONS Hg (TYP ALL LINES)

105 PSIG
126 PSIG

158 PSIG

12-INCH ID

269 LBS.

ET/ORB DISCONNECT TO THE RESPECTIVE ENGINES.

TYPE V

-55 PSIG
66 PSIG

83 PSIG

8 to 17-INCH
296 LBS.

VACUUM JACKET

Spacs «mn..-va..u..o;-m:zoa. &*

Rockweil
international
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COMPONENT: LH2 FEEDLINES
| (MC271-0073)

ayees 1, 11, 111, IV &V

PREVALVE (TVYP - II, I1I, IV) TYPE I LINE

— GIMBAL {(TYP - II, III, IV)

TYPE V LINE
(MANIFOLD) . ~§SME TURBOPUMP |

FLANGE {(TYP - II, 1II, IB)

=~ BSTRA (TYP - II, III, IV)

BSTRA FLEXJOINT
3 PLACES - TYPE 1

RECIRCULATION PUMP

FLANGE N TYPE IV LINE
— FILL & DRAIN
VALVE FLANGE
TYPE IIXI LINE
ET/ORB DISC : .
FLANGE '
, ™
& \W Space Veanspoilation Systen ‘ Rockwell . . M e
- Development & Produciion Division -~ mermational =

B

N



COMPONENT: LH2 FEEDLINES
- (MC271-0073)

TYPICAL BSTRA
(ALSO APPLICABLE TO LO; FEEDLINES)

VACUUM JACKET BELLOWS /‘I| PRESSURE CARKIER BELLOWS
VACUUM JACKET

—.ummmcww CARRIER

/l TRI-POD ASSY .

i : (STRUT - TIE ROD)
i AN/ER R - 2 PLACES

ENTRAPPED BALL " N~
\l FLOW LINER

]

Rackwell’
Space Transportalion System n—’ Ldacaatinnal



COMPONENT: LH2 FEEDLINES
(MC271-0073)

TYPICAL GIMBAL JOINT
(ALSO APPLICABLE TO L0, FEEDLINES)

VACUUM JACKET BELLOWS.

VACUUM JACKET

SSME TURBOPUMP FLANGE Iul./L

PRESSURE CARRIER

PRESSURE CARRIER BELLOWS

&0

. N D)%
FORK S iy |
e RING
; .
, w . Space Tsansporiation Sysiem ﬁ I/ “unnmw»aﬂﬂ.—n—u-ﬁ_

Development & Praduction Division
finaca Svstems Group



(TYP - I1, III, IV)

COMPONENT: LO2 FEEDLINES
(MC271-0074)

GIMBAL
TYPES I, I1, ITI, IV& V

BSTRA (TYP - II, III, IV)-

P Wy

(MANTFOLD)

TYPE IT LINE

FILL & DRAIN VALVE FLANGE-
. BSTRA

3 PLACES,
TYPE I

TYPE T LINE

SSME TURBOPUMP
FLANGE (TYP - II, III, IV)

ET/ORB DISC FLANGE

Space 22.-.5.......5 System “» -achrs:w:
n ’ duction Di International




COMPONENT: LO2 FEEDLINES
) (MC271-0074)

TYPES I, II, III, IV AND V

o FUNCTION: LO, PROPELLANT FEED SYSTEM

THE LINES DIRECT THE FLOW OF OXIDIZER (LIQUID OXYGEN) FROM THE ET/ORB DISCONNECT

DESIGN PARAMETERS AND FEATURES

TYPE I TYPE II, 111, IV

OPERATING PRESSURE, MAXIMUM: 260 PSIG 275 PSIG
PROOF PRESSURE: 312 PSIC | 330 PSIG
BURST PRESSURE: 390 PSIG _ 413 PSIG
LINE SIZE:

PRESSURE CARRIER _ 17-INcH 12-INCH
WEIGHT (MAXIMUM): 450 LBS. 311 LBS.
INSULATION: VACUUM JACKET VACUUM JACKET

MAXTMUM VACUUM JACKET PRESSURE: 1000 MICRONS Hg (TYP FOR TYPE I, II, III AND IV)

b#

TO THE RESPECTIVE ENGINES.

TYPE V

260 PSIG
312 PSIG

390 PSIG

6 to 17 INCHES
219 LBS.

FOAM

, u
Space Transpoation Sysiem % a ,W.nrimmm
Devaiopmeni & Praducilon Division - dteinational

€ ira Cuclama leansan




COMPONENT: LH2 RECIRCULATION & zm_u_.mz_m_._z_mz._.

LINES
(MC271-0075)

TYPICAL VACUUM JACKET/PRESSURE CARRIER SECTION

VACUUM JACKET
~ VACUUM ANNULUS

JACKET BELLOWS

GIMBAL ASSY,

GREEN WIELD

INNFR LINE
( PRESSURE Qs_::;

a-. ace -?—..n?z...:c: Syslem % :ca-:!c:
Dovelup suction ::..:... Intemational

23



COMPONENT: EVACUATION VALVE (VACUUM JACKETED
LINES)

UTILIZED ON ALL VACUUM JACKETED LINES

PLUG

—PLUG & DISC ASSY,
WITH PRIMARY SEAL

- PROTECTIVE CAP AND
SECONDARY SEAL

-

|

/] Y‘Y‘ \/‘\/‘ N\
L

/~ HOUSING

-/j

NN A\! DISC ASSY N
Ny N VACUUM
NN JACKET

VESPEL SEAL

DETAIL ~ PLUG & DISC
ASSEMBLY
(REPLACEABLE PART) .

‘_’ ::n.:zs..
(0 intesnational ’ . ; v 36

Space Teansportation System
4

V Develop 1 & Production Devision
Space Syslems Grougp




o

COMPONENT: GETTER CONTAINER (LH2 mmo_=0=r>._._oz
& REPLENISHMENT LINES)

HOLDER ASSEMBLY

HOUSING

VACUUM JACKET

r PdO PACKET

5

Space Vransposlation Syslem \ _J Rockwell

Developmuni & Production Division International

34



Lé

OO_s_qumZ._.”_w:zm._.U_m0>mmm_sm—.< A<>0cc_<_
JACKETED LINES) | |

' ﬁml DISC

_ DISC & CUTTER :
—_—1{ RETAINER :

w“ 1 CUTTER PLUG \

S— /H.»Sm , \.
' Mmlwlll.ll. : g
VESPEL SEAL 9 F

DETAIL - DISC & CUTTER

|

| : ' 4 . VACUUM
. JACKET
HOUSING m\/ .

A | (]
[ v . . i
BASIC CONFIGURATION

UTILIZED ON ALL VACUUM JACKETED
LINES, EXCEPT AS NOTED :

VACUUM
JACKET

Pd0 GETTER
CONTAINER

L}
MPS FEEDLINE (ONLY)

CONFICURATION

Rochkwell £ : | 12

\ \W Space Transposlation System \
Davalopment 8 Production Divislon D =~ 4 V q.-oo:-s:c:ﬁa



COMPONENT: DISCONNECT 1-INCH HELIUM AND
GASEOUS NITROGEN
(MC276-0003)

Swivel ..I_

N

,_ /_,.o_._sp Seal

Swivel Secal

- - L4
> .
S
. s
3
Y
~
. N\ N .,
- - 2 A Y
&’
™ L Y i o G
X W) - . : ..._
g '
¢ . .
8N < '8
) N Y
. .
'
Nousing

TYPE 1

Spuce Transpwialion Sysicm ‘» Rockwell L5

Duvalovment & Pioduchion bivision Intemnational



L8

OO_s_uOZmz._. DISCONNECT 1-INCH HELIUM AND
GASEOUS NITROGEN
(MC276-0003)

il .
oW - Sleeve Scal

Poppet Seal r— Interface Seal

Swivel Seal

Housing

TYPE 11

. / _
m - n ngie__ _. .Pm»
) oonisiptimmmmire @) Bttt | .

Lpace Sysiems Group



A

e @
COMPONENT: DISCONNECT, 8 INCH _u__._. AND DRAIN,
LO2/LH2
(MC276-0005)

LA 5N i

a— \\ mms._.cz
DRAIN FILL

DIRECTION —%— ———

: REPLACEABLE
INSERT . MATING SEAL
FLAPPER
|
Devsiamant s e i - htormaional 50



COMPONENT: PUMP ASSEMBLY, HYDROGEN,
RECIRCULATION

(MC281-0030)

-~

A . : PUMP INLET
s .\%\ (Typ 3)
« 2T ;
i ..%./;Qo Ao
Y, e//./.o,.. oWw. A .
&N > W..,. M/A\\
-\
it )
° -l.-
g 3

~ PUMP DISCHARGE
(TYP 3)

LRU SUBASSEMBLY

10

| O
- " Space Transporlation System ‘ - Mﬂ@??iﬁ.—_
Develupment 8 Production Division N nternational

-~ .~ .

56



. »,\2 N 11/ : %x
® m m . m, . \\

COMPONENT: PUMP ASSEMBLY, HYDROGEN,
. RECIRCULATION

(MC281-0030)

PUMP DISCHARGE

FLANGE (TYP 3) . w _|.__!uT

]
LRU ACCESS : -l
COVER (TYP 3) '

_ Rockwell
Space Viansporlation Sysiem ‘F Internat 0

Development & Production Dwision
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COMPONENT: VALVE, PRESSURANT FLOW CONTROL,
HYDROGEN AND OXYGEN
(MC280-0017)

I VAN aw A y AR AN Aknal 7
AN
FLOW )
AN NN
\\\ /s, N .f/ NN ,//, N
Lo A N N\ . / "
—_— - et RN AN
- J /..a 2 S
- 7, 4 a\\ NN N N\, SN,
) \\ s S / " \
s ~ 4 b \ .// IV I/V/ N
Ly N
ﬂlﬂ 0 e
—
’ LA VAR AN yd
N ) VALVE SHOWN ENERGIZED, CLOSED
. ; W Space Vransporlation System ﬁ Rockwell \ 53
L Development & Pruduction Division intemational )

Spice Syslema Group



COMPONENT: VALVE, SHUTOFF, LO2 POGO

(MC284-039%)
" - TYPE 2

ELECTRICAL CONNECTOR —»—

= s SHAFT SEAL - RETAINER
iy V
sITcH— . e o&l.mz:a_ ACTUATION ARM SETA TR :
¥ o mnddi BUSHING SPRING .
| _ L7 piniov GeAr ’
GEAR RACK " SHAFT ASSY, ) /
_ BUSHING DETAIL B
N A DETAIL
m/ 'lt
. RACO SEAL BODY
RETAINER——>0% SToe
NP SPACER % e
BALL SEAL o :
+— SEAT ASSY.
ss_ﬁwmmz_zm
SPE
| BALL
SHIM
N= \\//_9952 SEAL SEAL RETAINER- |
= il 1. — STATIC SEAL BELLEVILLE
I N
. T e D ®XENN

Space Teansporlation Sysiem ‘ ' Rockwelt 78
Develupment & Production Division ) International A
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COMPONENT: PREVALVE, SHUTOFF, PROPELLANT

DETENT ASSY

(MC284-0396) .
+Y

VISOR

2 PLACES .
/ )
ey A
BEARING
' ASSY
1 g .,wJ
b
oL
)]
|
—
BEARING ASSY. _
SHAFT
PREVALVE ASSY. |
=Y ACTUATOR ik
PORY allllnvvﬁmv
) ace Teanspotlalion System A—’ Rockwell ‘
\W Do .wq.. ,."-p..... s .‘....“... .m“..,...... . Itermaitonat ! M 2%

) r
Spage Systems Gioup



@ @ | © s

COMPONENT: VALVE, _u__._., AND DRAIN, PROPELLANT
(MC284-0397)
BLADE ASSY

VALVE ASSY
: \ MAIN SEAL BRIDGE
BEARING \

SHAFT

o b -
4 -
“h= b 4 [y < W.>
= PAL L,
K S Y ; T will -
F] -0 LY p- > = - = g e e e e = g o e e e e e s . - . emeree o — e e
) » [} ¥ [N Dt e
[ L.g | i 1} »
—-— ' .
O S N > N \ LRl Bttt
R o T I = Sommmm—m - - Peley
s e vwe NS = —— d
= ] ‘.o I
A A PR
ﬂ - \»\- 4 A\AY .....

SEAL . DRAIN  FILL BEARING

MAIN SHAFT
ACTUATOR ASSY

- il ’
. Rockwell
n o..s..ﬂ.........e. ..u......n. .wu.....eﬂ \ J International . 96




nb
COMPONENT: MPS SUBSYSTEM SEALS g

ME261-0003 K-SEAL TYPE I & II

* SECONDARY SEALING
SURFACE

FITTING

! A/ ..
m -
PRIMARY SEALING .

SURFACE |
]

MS33649 85....\\ >

Space Transportation Syslem ‘ ’ Bockwel
Development 8 Pioduclion Division wwn national

Space Syslums Gioup

L
S

134



LINE ASSY

PRIMARY SEALING-
SURFACE

£

COMPONENT: MPS SUBSYSTEM SEALS

ME261-0045 TYPE I & 11

LEAK CHECK INTERCONNECT

[ —

-

SECONDARY SEALING
SURFACE

LINE ASSY

.ﬁ.’ \ o
-TEFLON COATING, BOTH SIDES,

THIS AREA FOR TYPE I SEALS
> 2-IN, NOM ID

TEFLON COATING, BOTH STDES,
THIS AREA FOR TYPE I SEALS
<< 2-IN NOM ID

SILVER PLATING, ALL
SURFACES FOR TYPE IT SEAL

.
Space Nranspostation System ‘ } ECOT—CQ-—
Duvelopment & Production Division . internationat

MATING LINE ASSY
OR COMPONENT

135



DESIGN PARAMETERS:
- TYPE:

CRACKING PRESSURE
RESEAT PRESSURE

OPERATING PRESSURE
"~ (PSIG)

OPERATING
TEMPERATURE (°F)

FLUID
TEMPERATURE (°F)

FLOW RATE (HELIUM,
LBS/SEC)

PRESSURE DROP
AT RATE FLOW

COMPONENT: VALVE, CHECK, HELIUM

1
5 PSID MAX.

2 PSID MIN.

650

-423 T0 +250

-160 T0 +130

.005

11 PSID MAX.

(MC284-0472)

I 1

5 PSID MAX, 5 PSID MAX.

2 PSID MIN, 2 PSID MIN.
4500 . 850

-160 TO +250  -320 TO +250

=160 T0 +130  -160 TO +140
.05 .08

10 PSID MAX, 10 PSID MAX.

Iy

5 PSID MAX.

2 PSID MIN.

850

-423 T0 +250

-160 TO +140

0.202

44 PSID MAX.

1V _(MODIFIED)

.06 PSID MAX.

.01 PSID MIN,

850
-160 T0 +250
-160 TO +140
,202

15 PSID MAX.

L]
5 PSID MAX,

2 PSID MIN,

750
=100 70 +350
+20 TO +120
1.5

167 PSID MAX,

Space lsanspuslation Sysluon
Duvelopment & Piaduction Divisiun

~ L VS

‘~. Rockweoll
Interational

143



COMPONENT: VALVE, CHECK, HELIUM

(MC284-01472)
- A
\
: _ N DIA e p—]
4 . TYPICAL
g | 2 PLACES
.— — G REF . Rars . ﬂi S s I
(MEX) | i nev
i\ | 4 - _ m .

“u.“_m.q.“ns. (HEx) o FLOW DIRECTION

noml . G REF—] _.o. )
FLOV DIRECTION \.. DIA

[ A~
/ —_] -- TVPE
T
/ —G REF - N 43
! 3
(HEX)
TYPE IV NOTE: VALVE TYPES SPECIFIED
_SHALL FUNCTION VHEN ORIENTED
IN ANY POSITION VITHIN VEHICLE.
H DIA .
VALVE ENVELOPE : .
TYPE contaoL NO. |16t A ° OUTLET INLET ENAX| F DIA G AEF | woin |1 Tmickness
! | ne2su-oa72 Tg |1.850 nAX --  |nP273-0002-1004 |MS33649-0h 7|0 7T 1,290 HAX] 755 MAX -
. 1.760 HIN -- .260 MIN| .735 HIN
" . | ne28k-0472 Tg |3.715 MAX ]1.030 HAX | BRAZE STUB BRAZE STup - | .89 | .378 mAx} .. .880 MAX .0k2
3.615 ninji.010 Hin 375 WiIN .864 Min
4.: HE284-04)2 Ty | 2.859 MAX -- HP273-0002-1008 n533649-08 .oz - - .323 HAX | 1,005 MAX .-
2.769 MIN -- .29) MIN| .985 NIN
w s [ neans-ohp2 Tg | 4.372 MAX [1.340 HAX | BRAZE STUB HP273-0002-1002 [ 1.52 | -75% MAXT 427 max|i.505 nax| . .02f
: H 4.202 HIN|1.280 MIN | -750 MINL 397 MIN]).4BS HIN
v “|nez7k-ok72 Tg | 5.680 nax 1. 620 WELD STUB VELD STu® 2.00 |v.00% max] T2 120 MAx .028°
5.580 HIN -- 1.000 HIN
v NE284-0472 Ts | 4.347 HAX[1.393 HAX | BRAZE STUB HP273-0002-1012]1.875] 754 MAX] 427 mAx]1.890 MAX .028
4.307 MINJ1.33) HIN <750 HINT 397 Win

Space lranspottation System ‘ ' Rockwell
Duvetopinent 8 Produchion thvision International 146
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COMPONENT: VALVE, CHECK, ENGINE ISOLATION

HOUS ING

TUBE END

(ME284-0479) '

(LHy TYPE)
FLOW DIRECTION .
. N\
mmmﬂmwmc INSERT M...U |
i . \ : S

e o= ° -
@n » Q| ]

. l“u! B33 - o=
P4
§
- SPRING 2 REQUIRED i —1

ns!.. Tsansposialion Syslem % ‘, Mﬂriag . : v
De 18 Production Division - ma::_:o.:._ . - /150A

1



€ C
% COMPONENT: FILTER, HELIUM
(ME286-0056)
= 5.25
INLET » /_
A / ,...u
A [l
K {
3.83 . / |
ZER
g
%077
Y /A

OUTLET

e
N

g1

18

_.
uvsno-.m.:ﬁc..::e:w«u_ci “ i —aonriﬂ-_
Devetopmeni & Production Divial International

—
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MAIN PROPULSION LINE REPLACEABLE =z_qm

Mfumw

THE MPS LINE REPLACEABLE UNITS (LRU) ARE

0

© © 0O O O © 0O 0O o o ©o o o o o

ALL L02/LH2 12" FEED LINES
L02/LHZ 17" FEED LINES

LH2 RECIRC MANIFOLD

ALL LH2 RECIRC LINES

LH2 TOPPING LINE

LO2/LH2 FILL AND DRAIN LINES
LH2 HIGH POINT BLEED LINE
L02/LH2 FILL AND DRAIN DISC
L02 BLEED DISC

LH2 HIGH POINT BLEED DISC
L02/LH2 17" DISC ASSY

L02/LH2 FILL AND DRAIN VALVES
L02/LH2 PREVALVES

LH2 RECIRC VALVES

LH2" TOPPING VALVES

L02 BLEED VALVE

‘ Rockwell
International



MAIN PROPULSION LINE REPLACEABLE UNITS (CONT’D)

© O O O O ©O O O 0O ©o O 0o o o o

L02 POGO RECIRC VALVES

LH2 HIGH POINT BLEED SHUTOFF VALVE
LH2 RTLS DUMP VALVES

L02/LH2 RELIEF SHUTOFF VALVES

L02 DUAL CHECK VALVES

L02/LH2 RELIEF VALVES

LH2 RECIRC PUMPS

LH2 FLAME ARRESTER

L02 ECO SENSORS

L02/LH2 TEMPERATURE SENSORS
L02/LH2 PRESSURE SENSORS

L02/LH2 DELTA P SENSORS

L02/LH2 DELTA P SIGNAL CONDITIONER
POINT SENSOR SIGNAL CONDITIONER
L02/LH2 INTERFACE SEALS

. 17 INCH

. 8 INCH
U4 TWCH

Al

Nl

‘_ Rockwell
» N international
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OPE

o V1009 - PERFORMS ELECTRICAL AND MECHANICAL CHECKOUT (LEAK CHECKS) OF MPS

o V1011 - PERFORMS ELECTRICAL AND MECHANICAL CHECKOUT OF SSME

o V1001 - PERFORMS INITIAL SSME ELECTRICAL CHECKOUT

o V1063 - D&C CMD REDUNDANCY

o V9018 - VJ MAINTENANCE |

o V1201 - MPS/SSME HELIUM SIGNATURE TEST

o V1032 - PREPARES MPS FOR ROLLOUT

VAB

0 S5009 - FOAMS ET INTERFACES

o S0008 - DIRECTS ET AND T-O LEAK CHECKS AND PERFORMS RECIRC PUMP
DRY SPIN

o V1149 - PERFORMS ET AND T-O INTERFACE LEAK CHECKS

PAD

o V0009 - PAD VALIDATION - HARDKIRE CONTROL

o $0017 - DRY CDDT

o V1202 - HELIUM SIGNATURE TEST

o S1005/51006 - ET PROPELLANT TANK PRETANKING PURGE AND SAMPLE

o V9018 - MPS/SSME PREPS FOR PROPELLANT LOAD

o S1003/S1004 - LOX AND LHp PROPELLANT LOADING

‘ Rockwell
International



MAIN PROPULSION TESTING (CONT'D)

o $1018 - POST-DRAIN LHp TANK PURGE
o S0007 - LAUNCH COUNTDOWN

0 DERF
0 V1038 - MPS/SSME POST-LANDING OPERATIONS AT DFRF

\ v
s

_J Rockwell
¥ International
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MAIN PROPULSION CONTROL INTERFACES |

3 SOFT
- A§xm v
COCKPIT _

DISPLAYS & l¢&——>»] orcs |
CONTROLS |
ﬂ ENGINE = 4 ——— —= %
: , 'INTERFACE
@ UNITS ..@ “
[~ CRITICAL . DECODER | | |
_ MDMs | CONTROLLER | |
|
) | | )
_ r L N N ¥
| LOAD : LOAD . SSMEs
|_||V CONTROL CONTROL ol > PCM . .
| ASSEMBL IES MM = —®1 master
_ o a 1 h..
[ ORBITER N .ll.."
L__ ﬂ”mam.%sz —— V] Launc o
T ) /RBITER | | | PRocESsING [

o ~ PROPULSION _
. VALVES (GROUND) | | ) %
e A - GROUND

8-9
. ﬁwa Rockwell international 5755V59080
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MAIN PROPULSION GSE

THE MPS GSE IS IN THE OPF AND MLP,

0 OPF |
o 0-1 PANEL
o 0-2 PANEL
0 HEATER GN2 PURGE PANEL
o DC POWER

0 MLP

HE REDUCTION AND BOTTLE FILL PANEL
HEATER GN2 PURGE PANEL

DC POWER

TSM

400 HERTZ RECIRC PUMP POWER SUPPLY

O © © O O

0 MISC, GSE

‘_J Rockwell
' ¥ international

e,
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OPF MAIN PROPULSION GSE

0 0-1 PANEL (S72-0695-2)

o LO SYSTEM CHECKOUT
- L02 PREPRESS
- 102 PRESS MANIFOLD
- L02 BLEED
- 102 FILL AND DRAIN

o GN2 LEAK CHECK SUPPLY

0 0-2 PANEL (S72-0695-8)

o HE BOTTLE FILL
- FILL TO 2000 PSI
- FILL TO 4400 PSI

o LH2 SYSTEM CHECKOUT
- LH2 PREPRESS
- LH2 FEED/FILL & DRAIN
- LH2 PREPRESS VENT

o GHe UTILITY SUPPLY
o GN2 UTILITY SUPPLY

\ ' Rockwell
International



OPF MAIN PROPULSION GSE (CONT’D)

0 HEATED GN2 PURGE PANEL (S72-0679-€ & -7)
o SUPPLY HEATED GN2 TO THE 3 SSME’S TO DRY OUT THE ENGINE
AFTER RE-ENTRY OR A FERRY MISSIOH
o MPS GN2 SYSTEM LEAK CHECK

0 DC POWER
o SUPPLIES 28 VDC TO THE MPS OPF PANELS
- FOR VALVE ACTUATION
- FOR VALVE POSITION FEEDBACK
- FOR PRESSURE/TEMPERATURE TRANSDUCER
- EXCITATION

‘_J Rockwell
L j international
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MLP MAIN PROPULSION GSE

0 HE REDUCTION AND BOTTLE FILL PANEL (S70-0685-1)
o NAINTAINS MPS HE BOTTLES AT 2000 PSI
o SUPPLIES MMC WITH 2000 PSI FOR ET PURGES AND ET PREPRESSURIZATION
o BRINGS MPS HE BOTTLES TO FLIGHT PRESSURE (4400 PSI) DURING THE COUNT-
DOWN STARTING AT T-2 HR |

0 HEATED GN2 PURGE PANEL (S70-1107-1)
o SUPPLIES HEATED GN2 TO THE ENGINE TO PURGE THE SSME’S PRIOR TO CRYO
PROPELLANTS REACHING THEM TO T-2:55 HIN .

0 DC POWER
o SUPPLIES 28 VDC TO MPS MLP PANELS
o FOR VALVE ACTUATION
o FOR VALVE POSITION FEEDBACK
o FOR PRESSURE/TEMPERATURE TRANSDUCER EXCITATION

Rockwell
international
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MLP MAIN PROPULSION GSE (CONT-D)

0 TSM
o INTERFACES ORBITER WITH GROUND PROPELLANT SYSTEMS
o LO2 TSM |
o L02 PROPELLANT FILL AND DRAIN
o L02 ET HE PREPRESS
o LO2 BLEED

o LH2 TSM
0 LH2 PROPELLANT FILL AND DRAIN
o LH2 ET HE PREPRESS
o LH2 HIGH POINT BLEED
o HE BOTTLE FILL
o SSME GN2 PURGE

o PROVIDES PROTECTION TO ALL LINES AND THE CARRIER PLATES DURING
LAUNCH

‘ ’ Rockwell
International
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MISCELLANEOUS, MAIN PROPULSION GSE

CAP & PLUG SET  (A70-0640)
o TEST AND CHECKOUT ~ (-3)
o FERRY SET ()

LRU HARDWARE
o TO FACILITATE LRU REMOVAL/INSTALLATION

VACUUM JACKETED LINE PURGE/VACUUM UNIT  (S7-37)
o CHECK VJ LINE VACUUM 3
o BACK FILL WITH CO2 AND RE-EVACUATE AS NEEDED

OTHER MPS GSE FOR CHECKOUT

o FLOW METERS

o MASS SPECTROMETER - EXTERNAL LEAK CHECK
o PROTECTIVE COVERS

o ELECTRICAL INTERFACE UNITS

‘ Rockwell
International



‘MPS PAREL LOCATIONS — FLIGHT STATION
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MPS CONTROLS - PANEL F6
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| MPS CONTROLS & DISPLAYS
. | | PANEL F7 .
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MPS MZTERS POKER

e

MPS PRESS
.Ill..? — NG z>__,_.q - — M.m_._c.s ’
L L0z
S o/ @) [0/0] [® © Q ° \®
0 INSTRUMENT @ % %) RSiA ) PSiA
| POMER § POWER nsJ [116 20 __“9
ﬁ.-llb_ o—IUi N o 1007 Fio . a0
“ saree ! 20330 ) ’] 8
- [} - [ ] 60 3
- ! Byt o_w .DJ . (]
- o an a0 o» o» 0
Vi £°057""3 1§ | ye 3y " 10
“ L/CTR “ ] | 20320 .
8 | | oo -o'e o
1 7.5 4 | ' | ‘
B '
' G&C DEDICATEC .
HEP T DISPLAYS




ST04INOD SdM

NVd S04

24 13

« @ e ces @me mcer GEmEe- e




{MPS_CONTROLS - PANEL R4 !
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MPS PANEL LOCATIONS — OVERHEAD
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SSME CONTROL SYSTEM

—I DATA

4 wzmaz.»do
ACTUATORS ooz._.wor LER CONTROL G
ASSEMBLY

PROP
VALVES

HYDRAULIC
. VEHICLE

PNEUMATIC

Con.

lh llllllllllll -

ELECTRICAL I\_

MZM%QHZQ&

*

*

mMZmme

ENGINE

O o

SHUTDOWN Ill—

RK IGNITERS

L__a;
(1wl }e—

BLEED
VALVES

PURGES

POGO SUPPRESSION -
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SSME CONTROLLER PROGRAMS

RESIDENT OPERATIONAL PROGRAM**
SAMPLE PROBLEM MODULE PROGRAM**

FLIGHT OPERATIONAL MODULE PROGRAM**

FLIGHT READINESS TEST (FRT) GROUND CHECKOUT PROGRAM
ACTUATOR COMPONENT TEST GROUND CHECKOUT PROGRAM
PNEUMATIC COMPONENT TEST GROUND CHECKOUT PROGRAM
SENSOR CHECKOUT AND CALIBRATION GROUND CHECKOUT PROGRAM
REDUNDANCY VERIFICATION TEST GROUND CHECKOUT PROGRAM
ADAPTATION DATA TAPES | |

TEST FILE TAPES GROUND CHECKOUT AND HOT-FIRE

PATCH TAPES TO ABOVE PROGRANS

SPECIAL MEMORY LOADER

** IN RESIDENT UPON DELIVERY

- EE350-16

‘,_ N Rockwell
¥ Internationai
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0 CHECKOUT

p—

" CONTROL SYSTEM FUNCTIONS

o UTILIZE OVERLAY MODULES FOR COMPONENT CHECKOUT

0

© O O O

SENSOR CALIBRATION AND CHECKOUT
PNEUMATIC CHECKOUT

ACTUATOR CHECKOUT

REDUNDANCY VERIFICATION, I, II
SAMPLE PROBLEM

o FRT FOR MISSION SIMULATION

0 START PREPARATION
o SEQUENCE ENGINE PURGES UPON COMMAND
o TIMING CONTROLLED BY VEHICLE
o ASSURE PROPER PROPELLANT CONDITIONS FOR ENGINE READY

EE350-5A

‘ ' Rockwell
International
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S

CONTROL SYSTEM FUNCTIONS

0 START PREPARATION (CONT'D)
o PURGE SEQUENCE 1

0
0

VEHICLE/FACILITY CONTROLLED GN2 PURGE
HPOT INTERMEDIATE SEAL PURGE

o PURGE SEQUENCE 2

0

o PURGE SEQUENCE 3

0
0

ADD FUEL SYSTEM PURGE

HELIUM PURGES OFF
BLEED VALVES OPEN

o PURGE SEQUENCE 4

0

o o O o

0

FUEL SYSTEM PURGE

OPEN CCV

VENT EMERGENCY SHUTDOWN SYSTEM

PROPELLANT CONDITIONING

ENERGIZE ALL ACTUATOR FAIL SAFE COILS

VALID THRUST LEVEL COMMAND RECEIVED FROM GPC

o ENGINE READY

EE350-6A

Rockwell
Internaticnal
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a1

L4
TABLE XVIIX
ENGINE STATUS WORD (ESW)

WORD FORMAT — Z/47% 0RD I , £+///7XO0CSFE  (parens worD)
5

xel, 2,3
1 2 3 4 ) 72 & ] 10 11 12 i3 14 iS 16

DETINES ENGINE

SELT-TZET 8TRTUS

DEFINES OPERATING
MODE WITEIN FEASE

DEFINES PEASE IN EFFECT
LIMNIT CONTROL INEIBIT/ENAELE
FRT STATUS
CEANNEL STATUS
COMMARD STATUS
MEMORY LOAD STATUS

NOTE: Wword Lencth Eguals 16 Bits (Excluding Parity Bit). Bit 1 is tie
MSB in the DCU.

GROUP CODE

-
[ e

MEMORY LOAD STATUS: (BIT 1)

EYIXISOIE), £4//X 25C 78, £oi/x3507E/

-~ . .
1 SOFTWARE-LOAD MODE. Commands interpreted per forrmat of
Table X1 .

KR 4 L8

0 NON,,..SO‘F;WAR.‘E LOAD MODE. Commands interpreted per
format of Table xVI

"+ . COMMAND STATUS: (BITS 2-3) £ 4//T/5088/ EYITR5CE8),£4/T25088/

BIT CODE COMMAND STATUS
00 NO COMMAND SINCE LAST STATUS/RECORDER CHANNEL
TRANSMISSION
01 COMMAND REJECTED, NOT VALIDATED BY BCE OR VOTING
10 COMMAND REJECTED, INCOMPATIBLE WITH CURRENT
OPERATING MODE OR NOT IN TABLE OF COMMANDS
11 COMMAND ACCEPTED

Paot REV \A

358 |

%5287 REVI/78

- e e USSR S —



; v . . .re ENIDNITE DV TN
Lroneywel
) E MINNTABOLIS, ON e 82D eD
D $1.PLTEASBURG, PL racw 89138
EPECIFICATION KO, D 2364E-(2

TABLE XVIII (Continued)

ENGINE STATUS WORD (ESW) (Continued)

CHANNEL STATUS: (BITS 4-6) £4/J/5078/ £1y 7250 26/, £ /TE5093/

BIT CODE CHANNEL STATUS
000 _ ALL CEANNELS OK
001 MESSAGE ERROR, CEANNEL 1
010 MESSAGE ERROR, CEANKEL 2
011 MESSAGE ERKROR, CEANNELS 1 & 2
100 MESSAGE ERROR, CEXNNEL 3
101 MESSAGE ERROR, CHANNELS 1 & 3
110 MESSAGE ERROR, CEANNELS 2 & 3
111 MESSAGE ERROR, CEANKELS 1, 2, & 3

BIT CODE FRT STATUS
0 NORMAL OFERATION
1l % -~ FRT

LIMIT CONTROL INKEIBIT/ENABLE: (BIT E) &4/ ) /&5//b/, E4//X2571/3) ELIX551/8¢

BIT CODE LIMIT CONTROL
. 0 INBIBIT
° i ENABLE

" .
THASE: (BITS 9-31)W E4/NIISILE), EXT2S5128/, £411 735728/
. 8

BIT CODE~ “ = " PHASE
: . v 4
oo © /= s ' (NOT USED)
001 27 CHECROUT
~010 o START PREPARATION
011 ’ : START
. 100  MAINSTAGE
. 101 SHUTDOWN
=110 POST SHUTDOWN
111 ‘ " (SPARE) “

Fact WEV ~
1zaa i |7

t25-287 REVI/ TS
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2IT CODE
250
001

0l0

011

ic0

101
110

111

STLF-TEST STATUS: {E17S

BIT CODE  weu/

p—
| MINNLAPDLIL, WX
ST.PETLrLIELPG, YL
-

".':'

L N L
- - Ve .

PIZw Rt

SFe LRt

326 sest

LETION hO.

. 25€4E-01

TARELE XVIII (Continued)

"~ ENGINE STATUS WORD (ESW) (Continued)

CEECROUT

STANDBY

SPARE

SPARE

COMPONENT
CEECFROUT
SPARE

SPARE

—
SPARE «

Lo

00
0l
10
11

b s

START

PURGE SEQ.
NO. 1

PURGE
NO, 2

SEQ.

PURGE SEB.

Nol 3

PUKGE
NO. ¢

SEC.

SPARE

ENGINE
READY

SPARE J

E/T. V-2
PEASE JE73
| _ POST
PREPARATION | START | marnstace | suurpown SEUTDOWN
NOT USED
START  [NORMAL THROTTLING | STANDEY
INITIATION| CONTROL | TO MpL
TERUST | THRUST TEROTTLING) OXIDIZER
BUILDUP |LIMITING | TO 2ERO | DUMP
gTERUST
ELECTRICAA ELECTRICA _PRO?ELLAN& SPARE
LOCKUP LOZKUP VELVTS
CLOSED ﬂ
HYDRAULIC | BYDRAULIC| FAILSArE | ssaxe |
LOCRUP LOCRUP PREGMATIC] |
SPARE . | SPARE SPARE SPARE
| spare SPARE SPARE SPARE
SPARE SPARE SPARE TERMI-
< NATE
J | szeusnce

PP
Pl ol

ENGIN

E_STATUS

FASCOS LIMI
ENGINE OK
MAJOR COMPO

T EXCEEDED
NENT FAILED

ENGINE LIMIT EXCEEDED

Part 1

MODE BY PEASE (BITS 12-14) £«///5/38/, Eoy 725738/,
m

E =16) £y ) TI/SI14E/E/1- 25148/, &£ SIT35 48/

A

[Uoo

5-287 REV3I/?8
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TYPICAL ENGINE START SEQUENCE TO RPL
START OPEN-LOOP
CONTROL CLOSED-LOOP THRUST CONTROL >
PHASE CLOSED-LOOP M/R CONTROL R
100 3= : N e
| 7/
\\l MFV 7 \\
7/ FPOV
80 _ [
H - CCV .\
ﬁ.... / i S
MOV — ~ T
60 1 AN / /
14 S S, Y Y.
VALVE | rF3====_ \ ooy
POSITIONS i S
(% OPEN) i/ |
.y
40—
i
il ...\ _
...vs i . ACTUAL THRUST LEVEL
20—
H ] -
-.o ') ‘\\
A4 .
1.5 2.0 2.5 3.0 3.5 40 4.5 5.0
TIME FROM START SIGNAL (SECONDS) | T3y~

?ﬂ.k.
0 0.5 1.0



e

CONTROL SYSTEM FUNCTIONS

0 POWERED OPERATION

0 START

0

© O O O ©Oo o o

START ENABLE FOLLOWED BY START COMMAND
INITIAL SEQUENCE IS OPEN LOOP

PROPORTIONAL CONTROL OF Pc AT 0.74 SEC
INTEGRAL CONTROL OF Pc ADDED AT 2.4 SEC
SCHEDULED CONTROL OF CCV AT 3,2 SEC

CLOSED LOOP MIXTURE RATIO CONTROL AT 3.5 SEC
SCHEDULE CONTROL OF MOV AND MFV AT 5.0 SEC
MAINSTAGE AT 5.0 SEC

EE350-7A

‘ Rockwell
, international
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CONTROL SYSTEM FUNCTIONS

0 POWERED OPERATION (CONT’D)
0 MAINSTAGE
o TWO CLOSED LOOP CONTROL VALVES
o OPOV FOR Pc CONTROL
o CROSS-FEED COMPENSATION TO MIXTURE RATIO LOOP
o FPOV FOR MIXTURE RATIO CONTROL
o MEASURED VOLUMETRIC FLOW

o DENSITY CORRECTED FOR PRESSURE AND TEMPERATURE
0 THREE SCHEDULED VALVES

o MOV, MFV, AND CCV
0 SCHEDULE AS FUNCTION OF Pc COMMAND

EE350-8

‘_ Q Rockwell | :
"7 Internationa! L)

3
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CONTROL SYSTEM FUNCTIONS

0 POWERED OPERATION (CONT'D)
0 SHUTDOWN
o INITIATION
o SHUTDOWN ENABLE FOLLOWED BY SHUTDOWN COMMAND
o ENGINE INITIATED
o TYPES
o HYDRAULIC
o THROTTLING TO MPL
‘0 OPEN LOOP SEQUENCE BELOW MPL
o PNEUMATIC
o SEQUENCED PNEUMATIC CLOSING OF VALVES

- | "EE350-9A

‘ ’ Rockwell
International



12¢

MPS
PROPELLANT LOADING

‘F’ Rockwell international
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L02/LH2. PROPELLANT LOADING

O LOADING OPERATIONS ARE DEFINED BY
o LOX LOADING CRITERIA 79K05735
o LH2 LOADING CRITERIA 79K05896
O LOADING IS AUTOMATICALLY PERFORMED BY GOAL SOFTWARE

0 SOFTWARE DESIGN (APPROXIMATELY 400 PROGRAMS PER SYSTEM)

o ACTUAL LOAD PERFORMED BY FACILITY PROPELLANTS PERSONNEL
0 SCHEDULERS

o INITIALIZE SYSTEM AND PROVIDE CHOICE OF OPERATIONS
o DISPLAY DRIVER PROGRAMS
o SEQUENCES

o STANDBY

AUTO FILL

AUTO REPLENISH

AUTO DRAIN

STOP FLOW/REVERT
COMPONENT FUNCTIONAL
o MISC

o COMPONENT PROGRAMS
o TASK PROGRAMS

©O ©o o oo

‘ ' Rockwell
international

123



L02/LH2 PROPELLANT LOADING (CONT'D)

o CONTROL LOGIC
o INTERRUPT PROGRAMS

0 MPS PROPELLANT LOADING SUPPORT PERFORMED BY
o VAE38 SSME CONTROL AND MONITOR
0 SAEO2 MPS LO2 CONTROL AND MONITOR
0 SAE12 MPS LH2 CONTROL AND MONITOR
o VAE18 MPS GHe COWTROL AND MONITOR

, \.J Rockwell
J - & International

N
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( TRAX 09/13/77 10.926 N
*¥SECONDARY TRAX WILL BE OPERATIGONAL cZAHr 2200 HOURS
?SKADD SDEO2 LS

ADDITIONAL REVISION ADDED. NEW REVISION NUMBER = 000004
XX XX HE PRESS XXXXX FILL
XXX X | GN PRESS XXXX CHIL
X XXX | GN TEMP XXXX SLOH

T - PURGE SE® X FAST
: | | TOPP
L] 1 ||| | REPL
XXXX H
102 0O . o PYU7[
+.15 0 [XXXX
100 00 c XX¥X .
-. 15 0 |.
98 00
DFI-5 0O
DFI-4 O
DFI-3 0
wwm-m m i Py20
5 o/ xxxx} n u_
2 00 PVZ1
XXXX
AN XXXX.
XXX X 000 Ome . To— XX
XXX X PD1 PU3 XX

XXXX  XXXX f _
Q

- : XX
o o o XX
XXXX XXXX XXXX XX

XX XX XX
XX XX XX
XX XX XX
XX XX XX
XX XX XX
XX XX XX

XXKX XXXX
XXXX

XX
XX

XXXX
XXX

XXX
XXX ©®  ©

’

N

(.

e *¢



B .TRAX 09/13/77 11.245 :
 ¥%SECONDARY TRAX WILL BE OPERATIONAL UNTIL nnoo HOURS
?SKREP SDE12Z JH 3

12

SUCCESSFUL REPLACE. NEW REVISION NUMBER = 000004
XXAX ENG2Z XXXX HE PRESS XXXXX  FILL XX XX XX
XXXX : GN PRESS XXXXX  CHIL XX XX XX
XXXX GN TEMP  XXXX SLOW XX XX XX
PURGE SE® X FAST XX XX XX
TOPP XX XX XX
-t REPL XX XX XX
xxxx | h XXXX
ﬂon o - weg, Mo pilur N b ,:‘....,
$+.3 0 PD3 PVL3 XXXX
100 00 HGDM O Bl XXXX XXXX
-3 0 | PUL2 [PVl
98~ 00| [xxxx XXXX ,;‘54a>:\.g:::,fe:
DFIS 0 — XXXX :
DFI% O g
DFI3 Opmd |XXXX PV22 H
DFI2 0 [XXXX|XXXX .ucm
DFI{ O ew G — ,
XXXXX| xxxxx TXXXXX | T, 4 XXXX
IPuy Gevs O Beve 7 XXXX
PULY PULE PUIE i
IPV17 XXXX XXX X XXXX .
e oo ! XXXXJXXXX  XXXX§XXXX ~XXXX Tu.xxxx
DISFLAYED | ] U '
e _chpmxxxx 0 XXXX g XXXX &
PeoeLAm . XXXX XXXX | XXXX
S 1V XXXXX XXKXK| L Xxxxx|
. Oan | o U | .
; _ CORXXX XXXX XX XX
NOOKE. ELL L H, Loaping DispPLaYy |

o)
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PROPELLANT LOADING OPERATIONAL PHILOSOPHY

0 TWO LPS CONSOLES ARE USED TO LOAD PROPELLANTS

o LOX - SHARED BY SSME

o LH2 - SHARED BY MPS/HELIUM LOAD

o THREE CRT/KEYBOARDS AT EACH CONSOLE

0 2 ASSIGNED TO PROPELLANT LOADING
o WILL BE USED TO RUN PROPELLANT LOAD PROGRAMS
-0 1 ASSIGNED TO MPS/SSME
o WILL BE USED TO MONITOR ORBITER ASPECTS OF LOADING, PERFORM
HELTUM LOAD, CONTROL ENGINE PURGES, ETC.

‘_’ Rockwell
international
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LH,; STORAGE AREA
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© SOLWD ROCKEY BOOSTER (SRS)

)32

HAMMERHEAD CRANE —

EXTERNAL TANK

FORWARD REACTION CONTAOL SYSTEM
ROOM (FRCS)

ET INTER TANK ACCESS ARM

HOIST EQUIPMENT ROOM

ROTARY BRIDGE ECS 3TUB TOWEN

ORBITER ECS ROOM

SLOPED PAD SURPACE

YAAVAVA\
" S—— Y~

=

Sbadﬂ’t-lbriﬂd;
ROOM (PTCR) .

A

LOX DISCONMEGT

—_— O LOX STORACK]
! FACILITY

UOBIE LAUNCHER PLATFORM

HP GAS TOWER —-—

LMy DISCONNECT TOWER
NORTH PIPING BRIDSE

TO Wy STORAGE FACILITY J
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LOX LOADING

0 INITIATE VENT ACTUATION LINE PURGES
0 - VERIFY MPS/SSME CONFIGURATION |

0

© O © o o © O 0O o ©o o o o o

LOX AND LH2 PREVALVES OPEN
LOX AND LH2 FEED DISCS OPEN
LOX ACCUM RECIRC VALVES CLOSED

LH2 RECIRC DISC OPEN

LH2 RECIRC PUMP VALVES CLOSED

LH2 TOPPING VALVE CLOSED

LH2 RTLS DUMP VALVES CLOSED

LH2 HIGH POINT BLEED VALVE CLOSED
LH2 BLEED VALVE OPEN

L02/LH2 INBOARD FILL VALVES OPEN
L02/LH2 OUTBOARD FILL VALVES CLOSED

He TANKS AT 2000 PSIG AND REG ISOL VALVES OPEN

SSME GN2 PURGE FLOWING AT 650 PSI/1309F, (T-6 HR 30 MIN)
SSME PSN 3 (T-6 HR 30 MIN) |
LOX/LH2 FEEDLINE RELIEF SHUTOFF VALVES CLOSED

‘,_J Rockwell
f international
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VERIFY MIDEODY/PAYLOAD BAY/AFT/ET _zqqu>zx 02 AND H2 CONCENTRATIONS

) "ﬂmw‘-.y .

LOX LOADING (CONT'D)

(02 <1G000 PPM, H2 <200 PPM)

VERIFY INSTRUMENTATION OPERATIONAL

VERIFY PURGES

0
0
0

-0

ET/0RB DISC PURGES

CARRIER PLATE PURGES

NOSE CONE HEATED PURGE
LOX/LH2 ANTI-ICING PURGES

L02 MANUAL PUMP/SUCTION LINE CHILLDOWN
L02 ORB/ET CHILLDOWN (T-6 HR PER S1003)

0

© O O o

TSM DRAIN, TSM VENT OPEN
MAIN FILL, REPLENISH OPEN
1000 RPM FOR 2 MIN

INCREASE PUMP TO 2850 RPM
PUMP CHILLDOWN VALVE CLOSED

‘ ’ Rockwell
International
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LOX PROPELLANT LOADING (CONT’D)

AFTER 2 MIN, CLOSE TSM DRAIN, MAIN FILL
REPLENISH VALVE TO 70%
MONITOR FOR ORBITER INLET 34 PSIG OR SKID OUTLET 56 PSIG
CLOSE REPLENISH VALVE
DRAIN BACK THROUGH TSM DRAIN VALVE AND SSME BLEED UNTIL ORB
INLET 10 PSIG OR 12 MINUTES
0 -OPEN REPLENISH VALVE, MAIN FILL, TSM DRAIN AND FLOW FOR
3 MINUTES
o CLOSE TSM DRAIN AND MAIN FILL
o WHEN ORBITER INLET 10 PSIG CLOSE TSM VENT

© O O o o

0 LO2 SLOW FILL TO 2 PCT

‘_ , Rockwell :
4 |nternationa

e
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LO2 LOADING (CONT'D)

LOX FAST FILL TO 98 PCT

o AT 2 PCT, OPEN MAIN FILL

o INCREASE PUMP TO 3450 RPM .

o TURN OFF SSME GW2 HTR 30 MIN AFTER START FAST FILL
o MONITOR 98 PCT

LOX TOPPING TO 100 PCT

o CHANGE PUMP SPEED TO 3100 RPM

o CLOSE MAIN FILL, OPEN REPLENISH VALVE
o PERFORM MPS PV19 CYCLE TEST

o MONITOR 100 PCT

LOX REPLENISH
o REDUCE PUMP SPEED TO 2850 RPM
o THROTTLE REPLENISH VALVE

‘ ' Rockwell
International
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LOX LOADING (CONT‘D)

O TERMINAL COUNT (T-4 MIN 55 SEC - VARIABLE)

©O O © O O o o o

CLOSE REPLENISH VALVE

CLOSE PV10 (INBD FILL VALVE)

OPEN TSP VENT, TSM DRAIN

TURN OFF He BUBBLING |
START LO2 ET PREPRESS (T-2 MIN 35 SEC)
CLOSE PV9 (GUTBD FILL) (T-45 SEC)

OPEN PV20/21 (LOX RECIRC VALVES) (T-12 SEC)
CLOSE PV19 (LOX BLEED) (T-95 SEC)

‘ B Rockwell

}Internationat

4

14¢



Uity FIED,..0 DRAIH ¢ .
PRESTART CONDITIONING AND PROPELLANT FEED
CHILLDOWN, SLOW FILL, AND FAST FILL MODE

GROUND <{=ET [
GH,
BOILOFF

ET—~}—ORBITEK o ORBITER =-—GROUND
. HI-POINT BLEED
. \ ,—FEEDLINE
- r4 REPLENISH
= g S
\ . 5
FEEDLIHE [ I s gl e 2
1 K | 4 FACILITY
%E;n TN
wmzmézz/ ‘. wm  DRAIN Gy FROM
ORBITER ﬁ\,.:m . Vo N— w <4 FACILITY
. y B % h
1 E :

| SSME
A

578SV59078A

@\.ﬁmw Rockwell intemational 5-5



LHyp FCOL AND DRAIN .
PRESTART CONDITIONING AND PROPELLANT FEED | 14
" TOPPING AND REPLENISH MODE

GROUND <+—ET
GH,
BOILOFF
ET—}—ORBITER . ORBITER—+=GROUND
. HI-POINT BLEED .
. — A A_ummcr__.w%:zg b
= . i
ST % . |
PREVALVE ——— .«%ﬂ L LM, FROM
FEEDLINE 111 | RraIRC PuMps N =01] _;mE:
RECIRC FILL &
— , - [« FaciLrmy
# un 2
_ oV ;
SSME ) . \ ,
() | \A _W Rockwell internationat SN QE“M»
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LH2 PROPELLANT LOADING

0 PRECHILLDOWN

0

PURGES

o ET/IT PURGE
UMB CARRIER

TSM TUNWEL

ET VENT DISC
TSM EMERG PURGE

© O o o

0 FACILITY/ORBITER CHILLDOWN

0
0]

CLOSE STORAGE TANK VENT

OPEN TSM DRAIN, TRANSFER LINE DRAIN FOR 1 MIN TO VENT BLANKET PRESS,
THEN CLOSE |

OPEN PV1l, 12 LH2 FILL VALVES

OPEN ET LH2 VENT FOR 1 MIN 45 SEC

OPEN MAIN FILL, CHILLDOWN, TRANSFER LINE VALVE
o 4 MINUTE CHILLDOWN

0 SLOW FILL TO 2 PCT (percent = PCT)
0 CLOSE TRAWSFER LINE VALVE

‘ Rockwell
internationatl
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LH2 PROPELLANT LOADING (CONT’D)

ENABLE MAIN VAPORIZER |

PRESSURIZE STORAGE TANK TO 66 PSIG

CLOSE CHILLDOWN VALVE

PRESSURIZE ET TO 43.7 PSIA

OPEN CHILLDOWN VALVE

TURN ON LH2 PREPRESS ANTI-ICE PURGE

WHEN ECO SENSORS ARE WET, OPEN PV22 (HIGH PT BLEED)
FLOW 5 MINUTES AFTER ECO SENSORS WET

FAST FILL TO 98 PCT

0

© O O o

OPEN TRANSFER LINE VALVE

OPEN PV13 (TOPPING VALVE)

START LH2 RECIRCULATION 25 MINUTES AFTER START FAST FILL
TURN ON MFV HEATERS .

33 MINUTES AFTER START FAST FILL, REDUCE STORAGE TANK PRESSURE
T0 50-55 PSIG- (APPROX, 72 PCT)

i
L

‘X_J Rockwell
. ¥ internationai
Y
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LH2 PROPELLANT LOADING (CONT’D)

0 40 MINUTES AFTER START FAST FILL (85%) LOWER FLOW RATE
o OPEN REPL VALVE
o MAIN FILL TO REDUCED POSITION
o CLOSE PV12 (INBOARD FILL VALVE)

TOPPING (98 PCT)
o VENT ET LH2 TAMK TO 1.2 PSIG
o CLOSE MAIN FILL VALVE

REPLEWISH
o THROTTLE REPLENISH VALVE TO MAINTAIN 100 PCT
o PERFORM LH2/L02 LIQUID LEVEL SENSOR TEST

TERMINAL COUNT |

o 1 MIN 57 SEC CLOSE REPLENISH VALVE
o CLOSE PV13 TOPPING VALVE

o OPEN TSM DRAIN

o CLOSE ET VENT VALVE

o INITIATE DRAIN ASSIST PURGE

‘ Rockwell
International

14~
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LH2 PROPELLANT LOADING (CONT'D)

CLOSE PVI1 (OUTBD FILL VALVE) T-45 SEC
TERMINATE RECIRC PUMPS T-125 SEC
CLOSE HIGH POINT BLEED VALVE T-10 SEC
OPEN PREVALVES T-9 SEC

\_J Rockwell
. ¢ international
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STOP/FL " REVERT

O  PROPELLANT LOADING MAY BE TERMINATED AT ANY TIME

O AUTOMATICALLY -- IF SOFTWARE DETECTS MALFUNCTION

O MANUALLY -- AT OPERATOR’S DISCRETION

O TWO DISTINCT SEQUENCES -- STOP FLOW OR REVERT

O LOX AND LHp ARE COMPLETELY SEPARATE

O LOX REVERT DOES NOT IMPACT LH,
VICE-VERSA

0 STOP FLOW

O  PREPROGRAMMED, LPS CONTROLLED ACTION

O TERMINATES FLOW ONLY

O DOES NOT ISOLATE ORBITER FROM GSE

O PLANNED TO ALLOW EASY RE-INITIATION OF FILL
O  REVERT

O PREPROGRAMMED, LPS CONTROLLED ACTION

o  TERMINATES FLOW AND ISOLATES ORBITER

‘F’ Rockwell intemational
Space Division )
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STOP/FLOW REVERT 197

O LOX REVERT SECURES LOX PUMPS ALSO
O MORE DIFFICULT AND TIME CONSUMING TO RE-INITIATE
O ONE OTHER “LAST RESORT” -- HARDWARE SAFING
O DESIGNED TO BE USED IN EVENT OF LPS FAILURE
O SINGLE SWITCH CAPABILITY FROM PANEL ON CONSOLE
O TOTALLY DISCONNECTS ALL LPS COMMAND CAPABILITY TO SYSTEM
O DRIVES SYSTEM TO PREDETERMINED "SAFE” CONFIGURATION
O EXACT DETAILS OF SEQUENCES CONTAINED IN CRITERIA DOCUMENTS

‘F Rockwell International 2

Spaca Divigion
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MPS-SSME OPERATIONS AT DFRF

0 S0026 POST LANDING CONVOY OPERATIONS - DFRF
o PREOPS
0 S70-1289-1 PANEL SETUP AND He DISCONNECT/FILTER ASSY
o LOAD ON CONVOY VEHICLE

o ASSEMBLE 6070-005925-001 (LOX) & 6070-005925-002 (LH2)
0 ASSEMBLE SSME PROTECTIVE CLOSURES (3) THROAT PLUGS
o SIZE ACCAR (L02) & ELECTROLITE (LH2) PLASTICS FOR MPS T-0/ET DISCS

o OPERATIONS
o DETERMINE MANIFOLD PRESSURES
o IF RELIEVING OR INCREASING
o PRESSURIZE STORAGE TANKS
0 INSTALL VENTING HDWE
o PULSE PURGE
0 SECURE He SYSTEM

o COVER DISCONNECTS WITH ACLAR/LECTROLITE

o INSTALL SSME CLOSURES
o OXIDIZER DRAIN LINE
-~ 0 MCC
o DRAIN PLUGS

‘_J Rockwell
7 7 International
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OMI NN, = 80026"
DATET 08e06e84 REV, -« G

NON-HAZARDOUS

ORBITER PURGE

/“/";l.l |
TRMUSPORTER 112
' AT0-OBNX .~

_NOT SHOWN
LOX T=0 UMBILICAL
ACCESS VEMICLE

~.

- l COOLING GSE

Py

S*7't___ ORBITER GROUND
COOLANT TRANSPORTER
A70-0850

LH2 T=0 UMBILICAL v
ACCESS VEHICLES A70-0891 .

ORB{TER GROUND

CREW SUPPORT .
VEHICLE - X
(RI CREW #1)
.- ASTRONAUT ' %
~—ORBITER CREW TRANSPORT VAN P70-0807
HATCH ACCESS VENICLE
A70-0518 - CONVOY COMMAND VEN)CLE
ORBITER TRACTOR m_,-h /(zoo" UP WIND=MIN)
TOW VEWICLE O3 P70-0810
P72-1001 ,,’ Tv-2
s | S
. NOTE: FIRE/CRASH RESCUE VEHICLES WILL HOLD " ;
700° FROM ORBITER UNLESS OTHERWISE
SPECIFIED
FIGURE 6 = CONVOY NON=SCAPE UPFRATIONS (FUR RFFERENCE DNLY) !

s/
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V1038 MPS/SSME LANDING OPERATIONS (CONT’D)

4
S

o MPS DISCONNECT PORT COVERING (IF NOT DONE ON x:zz>< PER $0026)

o INSTALL MPS FERRY CAPS/PLUGS
o CLEAN DISCONNECTS
o [INSTALL CAPS/PLUGS TO

0

O O 0O 0O 0000 O O0OO0OO0oOOoO O O

PD11 LH2 8"

PD14 GN2 1"

PD10 LH2 GHe PREPRESS 1"

PD17 LH2 HI PT BLEED 1-5"

PD405 LH2 T-0 ORB/ET DISC PURGE LINE
LH2 RELIEF PORT AT VERTICAL STABILIZE
LH2 RTLS DUMP 1,0"

PD12 L02 8" |

PD13 LO2 BLEED 1,5"

PD9 L02 GHe PREPRESS 1"

PD406 T-0 ORB/ET DISC PURGE LINE

PD3 4" LH2 ET DISC

PD5 GH2 PRESSURIZATION 2"

PD4 602 PRESSURIZATION 2"

PD2 LH2 17"

PD1 LO2 17"

‘h, Rockwelt

international
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V1038 MPS/SSME LANDING OPERATIONS

o PREOPS
o S70-1247-1 GHe/GN2 SETUPS
o TVC LOCK CLEANING/ASSY
o KITTING OF PARTS REQUIRED (MPS AND SSME)

o INSTRUCTIONS O PREPARING SEPARATE MPS AND SSME w=< BOOKS

o OPERATIONS

0

© O O O

3vm\mmzm ENGINEERING WALKDOVN

o DAMAGED INSULATION

o DAMAGED VJ LINES

o DAMAGED ELECTRICAL CONNECTIONS

o DAMAGED FLEX HOSES, BELLOWS, GIMBALS

o DAMAGED TUBING/PIPING
PRESSURIZE MPS HELIUM TANKS TO 2000 PSI (S70-1247-1)
PRESSURIZE MPS LOX & LH2 MAINFOLDS USING ON-BOARD HELIUM
SSME HPFTP BEARING PURGE WITHIN 24 HOURS
SSME FERRY FLIGHT SET INSTALLATION

o SSME LEAK CHECKS

o MPS DECAY CHECKS
SSME TVC FERRY LOCK INSTALLATION

o SSME POSITIONED TO FERRY POSITION PER V9005

‘ ' Rockwell
International

b
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V1038 MPS/SSME LANDING OPERATIONS (CONT’D)

o COCKPIT SWITCH POSITIONING FOR FERRY (PRIOR TO SCA MATE)

0

©C O O O

0

o © o o

ALL PNEU ISOL VALVES CLOSED

He INTERCONNECTS - GPC

MANIFOLD PRESSURIZATION - GPC
FILL & DRAIN VALVES - GND
PREVALVES - GPC

FEEDLINE RELIEF _mor VALVES - OPEN

INSTALL SSME BELLOWS COVERS

MPS LH2 & L02 MANIFOLD PURGE & INERT (CONTINGENCY ONLY)

MPS LH2 & L02 MANIFOLD SAMPLING (CONTINGENCY ONLY)

FINAL COCKPIT SWITCH SETUP FOR FERRY PER V5022 TO PROVIDE MPS

MANIFOLD PRESSURIZATION DURING FERRY

0
0
0]

PNEU HELIUM ISOL - OPEN
HELIUM INTERCONNECTS - OUT OPEN
L02 & LH2 MANIFOLD PRESS - OPEN

\,J Rockwell w.; :
4 International .
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SHUTTLE/CENTAUR OVERVIE¥
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International
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3 PREPARED BY TITLE DATE J
S, I, BLACK SHUTTLE/CENTAUR PROJECT OVERVIEW APRIL 1984
CINTAGR/BTG (NOLING ARB Gy PURGE (ORI TER REQUIRENENTS)
PHEL IMINARY DESIGN REWIEWS {(PORs)
| TECHWICAL OVERVIEW
® CENTAUR CONFIGURATIONS
AP 30.4 FEET . .
AVAILABLE FOB 7
SPACECAAFT
EQUIPMENT
MODULE
ﬁz._. ADAPTER
< AVAR RBLE FOR B |
SPACECRAFT
) . AFT ABAPTER
. ™ SEPARATION RINE
™~ DEPLOYMENT
ADAPTER
CENTAUR INTEGRATED
. SUPPORY SYSTEM




wp -~ g - g e R B ST pe———— + m\/i P i v r
i N hideod e o k4
" &

‘ PREPARED BY

| s, T, BLACK
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HUTTLE/CENTAUR PROJECT OVERVIEW
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CISS/CENTAUR/PAYLOAD COMBINATION IS
CARRIED IN THE SHUTTLE CARGO BAY

ROTATION
SYSTEM

CENTAUR
INTEGRATED
SUPPORT SYSTEM
(CISS)
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CENTAUR/RTG COOLING AND GNp PURGE CRITICAL DESIGN REVIEWS (CDRs)
MID FUSELAGE

© LINE ROUTING & INTERFACE REQUIREMENTS

FLAME ARRESTOR AFT FUSELAGE

L0, 7-0

Xg 1307 BULKHEAD UMBILICAL

CENTAUR FUEL

CENTAUR GH, SYSTEM PURGE
INFLIGHY VENT
LINE
| MID FUSELAGE CENTAUR LOp
T-4 UMBILICAL FILL & DRAIN - AFT FUSELAGE
: LHp T-0
CENTAUR Gl UMBILICAL
(GR VENT
- HELIUM
‘ SERVICE
CENTAUR LO, LINE
INFLIGHT DUMP
LINE
: L0, 7 MID FUSELAGE
INTERFACE 7-0 UMBILICAL
PANEL REF
LH, CISS
INTERFACE
. PANEL REF ﬂk-_mu_-_ LH
FILL & DRAIN
, LINE
‘ ' Rockwell
International 64SSV132198A 7

¢ \W ovet ~
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CENTAUR/RTG COOLING AND GNp PURGE CRITICAL DESIGN REVIEWS (CDRs)
MID FUSELAGE

® FLUID INTERFACE REQUIREMENTS

CENTAUR
T AR | P7777) VACUUM JACKETED
H ——— Y-t nw " | EXXXY FOAM INSULATED
| cIss I
“ “ CISS/0RBITER INTERFACE
|
|
| |
! |
FUEL SYSTEM ! I :
PURGE VENT ! | 9. — ORBITER
| (
& ¥
' b OXIDIZER SYSTEM
Lhz FILL i " PURGE VENT
b
GROUND GH2 VENT i @ |
_ ¢ - LO INFLIGHT DUMP
LHy INFLIGHT DUMP — @ & G0z VENT
| T — (
.. ORBITER MIDBOD
I e 1307 BULKHEAD
CENTAUR CISS ORBITER AFT BODY
HELIUM CHARGE .
( 2 VE L02
PORT SIDE “ FILL/DAAIN
AFT BODY T-0 PANEL——— .
STARBOARD SIDE 7~
AFT BODY T-0 PANEL
‘ Rockwell
international 64S5V1440248B
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CENTAUR/RTG COOLING AND GN2 PURGE CRITICAL DESIGN REVIEWS (CDRs)

MAIN PROPULSION SUBSYSTEM (MPS)
ORBITER/CENTAUR FLUID SERVICING LINES

® ORBITER/CENTAUR SERVICING LINE SCHEMATIC
PAYLOAD BAY

LINER .
Litp TANK “n\\\\\\\o.m IN. FOAM INSULATION mwnwm>c BAY
GROUND VENT
2,0 DIA CENTAUR
DUAL CHECK VALVE INTEGRATED |
FUEL SYSTEMS r SUPPORT '
PURGE =} 1.0 DIA SYSTEM
LHy TANK (CISS)
FILL & DRAIN 1.5 DIA HEATER
?
L, TANK [ = : mj L0, TANK
INFLIGHT | INFLIGHT
- 5.5 DIA . e, L DUMP
DUMP . i
| | 5.5 DIA
0.5 2.0 1.5
—..u. DIA DIA DIA |
i B “ - " i xc ﬂ QQN
BULKHEAD
‘\x\\\\\x\o.mm IN. FOAM INSULATION
QUICK DISCONNECT .
NI CHECKUnECT _—1.0 IN. FOAM INSULATION o
He FILL 2 TANK
=0 FIiL & DRAIN

FLAME ARRESTER

e

o g

LHy TANK INFLIGHT VENT

VERTICAL TAIL ROOT AREA

o~

Rockwell 6455v134967» 52
\International £
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