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Preface

This training manual is intended for self-study by Space
Shuttle crewmembers, flight controllers, and instructors
on the main propulsion system (MPS). It is part of a series
of lessons in the Orbiter support systems training course.
You should refer to that training flow to ensure that you
take the lessons in the suggested order.

This book is a generic training document; all numerical
data, displays, and checklist references are intended only
as examples and do not necessarily reflect any particular
flight. Specific data can be found in the current Flight
Data File (FDF).

Questions are provided at the end of most sections to help
you review the material and evaluate your comprehen-
sion. Answers are also provided on the following pages.
Appendix A is the MPS summary sheet included as a quick
reference aid.

A lesson critique sheet is also included at the end of this
manua!. Inputs on the lesson critique sheet would be
appreciated.

If you have any additional questions or comments on this
training manual, please direct them to:

John T. Sims :
Flight Training Branch
JSC, bldg 4, room 211
Mail code DG6

Phone (713) 483-2904
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Section 1: Introduction

The main propulsion system (MPS), assisted by
the two solid rocket boosters (SRBs), provides
the initial thrust required from lift-off to orbit
insertion. At lift-off, the three main engines
are burning in parallel with the SRBs. This is
first-stage ascent. After about 2 minutes, the
SRBs burn out, separate from the vehicle, and
are recovered for use on a later flight.
Second-stage ascent, using only the main
engines, continues until a predetermined
velocity is achieved. At that time main engine

Powered
flight

SRB
separation

cutoff (MECO) is initiated, and the external
tank (ET) is jettisoned, enters the Earth’s
atmosphere, breaks up, and impactsin a
remote ocean area. Itis notrecovered. See
figure 1-1.

Insertion

After MECO, the orbital maneuvering system
(OMS) isignited to provide the final thrust
needed for orbit insertion. During the burn
(called the OMS-1 burn), the unused MPS
propellants trapped in the Orbiter are auto-
matically dumped overboard. On direct
insertion flights that do not require an OMS-1
burn, the crew starts the dump manually.
After the burn, the crew will vacuum inert the
MPS by opening valves that allow any remain-
ing propellants to be vented into space.

) _. Circularization —>

TD345

Figure 1-1.- Nominal ascent profile.
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Each of the three main engines is approxi-
mately 14 feet long and has a nozzle about 8
feetin diameter. See figure 1-3. The engines
use liquid hydrogen (LH2) for fuel and liquid
oxygen (LO2) as an oxidizer. They can be
throttled over a range of 65 to 109 percent of

14 ft

TD345*003

Figure 1-3.—- Space Shuttle main engine.

TD345

their rated power level in one percent incre-
ments. Each engine can also be gimballed

1 10.5%in pitch and *8.5°in yaw for steering
the vehicle. The engines, shown in figure 1-4,
are generally referred to as the center (engine
1), left (engine 2), and right (engine 3).

=
_‘ Center engine (1)

A

Left engine (2) Right engine (3)

—\J

Aft view of Orbiter

TD345*003C

Figure 1-4.— Main engine numbering system.
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The helium systemn consists of supply tanks,
distribution lines, regulators, and valves that
accomplish several different functions. Itis
used for in-flight purges within the engines
and provides pressure for actuating engine
valves during emergency pneumatic
shutdowns. It also supplies helium pressure to
actuate the pneumatically operated valves
within the propellant management system.
During entry,the remaining helium is used for
the entry purge and repressurization. Unlike
the OMS and reaction control system (RCS),
MPS helium is not used to pressurize
propellant tanks.

TD345

The MPS has critical interfaces with the
Orbiter hydraulic system, electrical power
system (EPS), master events controller (MEC),
and data processing system (DPS). See
figure 1-6.

The hydraulic system supplies hydraulic
pressure to operate the main engine valves
and gimbal actuators.

The EPS furnishes ac power to operate the
main engine controllers and dc power to
operate the valves and transducers in the
propellant management and helium systems.

The master events controller initiates firings
of pyrotechnic devices for separating the SRBs
from the ET and the ET from the Orbiter.

The DPS controls most of the MPS functions
with flight software contained in five general
purpose computers (GPCs). Up to four of the
computers contain redundant sets of primary
software, and the fifth contains the backup
flight system (BFS). The primary computers
control the vehicle unless the BFS is manually
engaged.

Pressure
Hydraulic —>>
system Return
Electrical Power
power =3
system
Main
propulsion
system
Master Commands
events 3
controller
Data Commands
processing Data
system =€

TD345:106*009

Figure 1-6.- Critical interfaces with the MPS.
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OPS 1 ASCENT

OMS 2

ET separation

SRB separation

Launch

OPS 2 ORBIT
(OPS 8 FCS CHECKOUT)

[ MM201,202,801 |

OPS 3 ENTRY

[MM301] [mm302]

e

Deorbit E

Entry

% Landing

TD345*002

Figure 1-8.- Typical mission profile showing major modes.
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Section 2: System Description

In this section, the following components of
the MPS will be described:

e Space Shuttle main engine

e Main engine controller

¢ Propellant management system
e Helium system

e External tank

e Thrust vector control.

TD345
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Low Pressure Fuel Turbopump

The low pressure fuel turbopump (LPFT)
boosts the fuel pressure from its low storage
level to the level required at the inlet to the
high pressure fuel turbopump (HPFT).

High Pressure Fuel Turbopump

The HPFT boosts the fuel pressure to the
engine operating level and supplies hydrogen
to the engine fuel and cooling circuits.

Low Pressure Oxidizer
Turbopump

The low pressure oxidizer turbopump (LPOT)
boosts the oxidizer pressure from its low
storage level to the level required at the inlet
to the high pressure oxidizer turbopump
(HPOT).

High Pressure Oxidizer
Turbopump

The HPOT consists of two pumps on a common
shaft. The main pump boosts the LO2
pressure and supplies oxidizer to the main
combustion chamber, the heat exchanger, the
LPOT turbine, and the preburner oxidizer
pump. The preburner oxidizer pump boosts
the pressure to a higher value which supports
the injection of L02 into the fuel and oxidizer
preburners.

TD345

Fuel and Oxidizer Preburners

This is where the first stage of the combustion
cycle takes place. LH2 and LO2 from the high
pressure turbopumps are burned in the fuel
preburner (FPB) and oxidizer preburner (OPB)
to create a hydrogen-rich gas. The output
from the FPB drives the HPFT turbine while
the output from the OPB drives the HPOT
turbine. Then the hydrogen-rich gas from
both turbines exhausts into the hot gas
manifold (HGM).

Hot Gas Manifold

The HGM is the structural backbone of the
engine. It supports the two preburners, the
high pressure turbopumps, and the main
combustion chamber (MCC). Hot gas
generated by the preburners, after driving the
high pressure turbopumps, passes through the
HGM on its way to the MCC.

Main Combustion Chamber

Hydrogen-rich gas from the HGM enters the
main injector where it is mixed with
additional fuel and oxidizer. The mixture is
then injected into the MCC for the second,
and final, stage of combustion.

Nozzle

The fuel-cooled nozzle is bolted to the MCC
and provides a high (77.5:1) thrust chamber
expansion ratio.

Oxidizer Heat Exchanger

The oxidizer heat exchanger converts LO2 to
gaseous oxygen (GO2) for LO2 tank pressur-
ization and pogo suppression. (Pogo is a
cyclical surge and drop in thrust due to feed-
line pressure oscillation causing a pogo stick-
likeride.) The heat exchanger receivesits LO2
from the HPOT main pump.

Valves

There are five propellant valves in each
engine. The fuel preburner oxidizer valve
(FPOV) and the oxidizer preburner oxidizer
valve (OPOV) control the HPFT and HPOT
turbine speeds and thus control engine thrust.
The main fuel valve (MFV) and main oxidizer
valve (MOV) control LH2 and LO2 flow
through the engine. The chamber coolant
valve (CCV) regulates the amount of LH2
allowed to bypass the cooling ducts, thus
controlling engine temperature. The five
valves are hydraulically actuated and
commanded by the main engine controller.
They can also be closed pneumatically using
the engine helium supply which provides a
backup system for engine shutdown.
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Main Engine Oxidizer Flow

The LO2 first passes through the LPOT. See
figure 2-3. The LPOT operates at approx-
imately 5200 rom and boosts the oxidizer
pressure from 100 to 422 psia. The LPOT
discharges directly into the HPOT main pump.
The HPOT operates at about 28 000 rpm and
the main pump boosts the LO2 pressure from
422104300 psia. Discharge from the HPOT
main pump separates into four distinct paths.

The first path returns to drive the LPOT
turbine. The second path goes through the
oxidizer heat exchanger where the LO2 is
converted to GO2 for ET pressurization and
pogo suppression. The third path is routed
through the MOV and into the MCC.

The fourth, and final, path is directed to the
HPOT preburner pump where the LO2
pressure is boosted to 7420 psia and sent to
the preburners. There, it is mixed with fuel
and burned. The resultant hot gas drives the
HPFT and HPOT turbines before passing
through the hot gas manifold on its way to
the MCC for final combustion.

TD345
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From

LO2 prevalve

« 100 psia

LPOT
h 422 psia
HPOT
main pump
— 4300 psia
Oxidizer HPOT LpOT
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combustion
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Figure 2-3.— Main engine oxidizer flow.
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Each controller receives commands from the
GPCs through an engine interface unit (ElU).
The EIU is a specialized multiplexer/demulti-
plexer (MDM) that interfaces the GPCs with
the engine controller. Each EIU is dedicated to
one SSME and communicates only with that
engine controller. The three ElUs have no
interface with each other.

Power to the ElUs comes through panel 017.
See figure 2-5. If an EIU loses power, its
corresponding engine cannot receive any
throttle, shut down, or dump commands, and
will not be able to communicate with the
GPGs. As aresult, the controller will maintain
tha last valid command until it is shut down
manually via the ac power switches on panel

R2.

TD345
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Figure 2-5.- EIU power switches on panel 017.



‘mojy puewwo> auibua urep —'9-z ainby

‘Bunona passed 1ey) puewwod 1se|ayl uley
-ulew pue puewwod D49 ayl 1dafal |jimiajjon
-U0d 3yl ‘(jle} SpUBWLIWIOD 93441 ||e JO OMI) §|1e)

£ 414V "9020S¥EQL
e ———————
1
V) g 1n0 1S¥14 | v | v
(1Y) (13v %“O €av) ¢ e %01
8 1 NI 1sdld ll_ll
naa 1 £ jg— =z
(19Y) e — : | 904
- 8HO ] Fll 2 | 1
7 (£9V) . ey
v (E9V)
1 a e— 1 fa— 1
] mw YH3 1 vid YIiKW 194 £
- Ry SN T T T prreye
e -y
1
V)l 100 LSH1d jeg- r e v
(20V) (2oV %—wo 1¥V) ¢ e %04
8 1 N1 1S¥i4d ‘I_.I.
naa 1 € .ITMMII £
Te (2aV) : le
¥3INIO gHO - |
1 2 j@— =z
(13v)
! v (19V) ! 994
1 g— 1 |- 1
noa g 1
i ° VHD 1 |vio viu [*50q
| R mgmaengcgy SN i S | WALNTD
-y
1
2] 100 LSHId je- b p ¥
(€3V) [§¢) 4 %_.*oo 23v) c L Py
8 i NI lsuld II_.II
noa 1 I e T
(£9V) 24 2 e 594
8o i |- Al e B
- : (20V) " Y
N v (2av)
1 el | L 1
i oa VHO t | vio vik [ 507 ¢
B le e e e =T 199
&
WSS d43771041LNOD ni3 Jd9

BuloA puewWwod i "UoIPdUNY Y ysijdwodde
01 PUBWIWOD UMO S} 3NSSI |]IM 13[|0J1U0D
ay1 ‘(jednuapi ase “a°'1) Builoa ssed spuewiwod

Svedl

99441 9Y1 JO OM] 1SB3| 18 §| "SpUBWWO)
jednuapi o) buuediuod Agq 310A ||Im (v

NDd Ajjewuou) [0131U0d Ul N BYL "$I1U0IIII|D
g NDQ pue y NDJ luepunpads ayi 01 spuew
-WO0d pajlepljeA ayl SPUas PUe SJ0J4Jd UOISSIW
-suel} 1oy ulebe spuewWod 3y $HIAYD J|A 3y L
"‘Aleadadsal ‘g pue 'z’ wID wody sindut sy
3AIdaL1 D) pue ‘g 'y sjauueyd 3IA (JIA) souon
-32|9 32BLIAUI 3DIYIA S31 Ul S|pUURYD 21ep
/puewIWOod 934y} ybnouyy N3 ay3 wouj spuew
-Wwod 3uIbua 594U} SBAIBI3I 1B||0JIU0D BY |

*13(1041U0d auibua ay3 01 SpuULWILWIOD

1Nd1N0 33141 01 534D BYI WOJS SPURLIWIOD
1ndul inoy $adnpal N3 Y1 Moy SISIy| "pPapud
-pesp S| PURLIWOS 18410 3Y3 1541} SBALLIE 18]
puewwod 3yl s1ndino YaIym € | 01 1uas aue
¥ pue g sy YyBnouayl awod 1eyl spuewiod
‘Al@A1dadsal 'z pue | sy|D) 01 1uas ase

Z pue | syjia ybnouyl awod 1eyl spuewiwod
"J3|}0JIUO0D BY1 01 SPURLLIWOD PIlepIjen

3y1 1ndino ydiym (Sy|D) $31|qiasse ade lalui
491|011U0d 3y} 01 U0 Wayy sassed 31 'si0ud
UOISSIWISURIY 1O} SPUBWIWOD 3y} Buipayd
1914y SYIIN 1N0y 1 YBNOUYL SIdD (SSVd)
wiashs auemyyos soiucine Asewid Jnoy ayl
woJ} spuewwod aulbua inoy saA1adal N3 sy

'9-z 24nB1y 33§ 'NI3 Yyoea ui (v ) J31depe
92e4191U1 J8X3|d11jNW 2UO 0} PAIIBUUOI 51 SNQ
e1ep D4 yoeg "A|aAdadsas ‘g pue 'z ‘9 ‘g sasng
21Ep PUBWIWOD { pue ‘€ ‘7 ‘| $OdD ‘AjjRWION
'snq e1ep (D4) 1e>nud-1ybiyy paubisse

$11 JAAO spueLwwod auibus urew sanssi

195 1uepunpaJ ayl ui bunesado Hdo yoe3

MO|4 puewwo) auibu3 uie



Main Engine Data Flow

Sensors in the engine feed critical data to both
controller DCUs. The outputs from DCU A and
DCU B are sent to VIE channels A and B for
transmission to the EIU. VIE channel Cis not
used for data. The VIE outputs data over two
lines called the primary and secondary data
paths. The output from the DCU in control
(normally DCU A) is sent over both the primary
and secondary data paths. See figure 2-7.

There are two data paths versus three
command paths between the engine
controller and the EIU. The primary data
(from VIE channel A) enters the EIU through
CIA 1, secondary data (from VIE channel B)
enters through CIA 2. The data are stored in
the EIU until the GPCs issue a data request.

The GPCs request both primary and secondary
data but, if there are no failures, only primary
dataislooked at. Primary data is output from
the EIU through MIA 1, and secondary data is
output through MIA 4. Primary data consists
of the first 32 words of the SSME vehicle data
table (VDT). Secondary data consists of the
first six words of the VDT.
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Figure 2-7.—- Main engine data flow.
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Figure 2-9.— MPS propellant schematic from the Ascent Pocket Checklist.
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Fill/Drain Valves Manifold Relief Lines valves (which occurs automatically after ,

MECO) allows the relief valve to operate. The
There are two LO2 and two LH2 fill/drain The two relief lines, one for LH2 and one for relief lines protect the feedline manifolds by
valves, an outboard and an inboard, LO2, connect the feedline manifolds at one allowing excessive pressure to be vented
connected in series. They are used to load the end to an overboard port at the other end. overboard. The reliefisolation valves, shown
ET before launch and vacuum inert the Each line contains a relief isolation valve and a in figure 2-11, can also be controlled from
feedline manifolds in space. Also, the LH2 relief valve in series. Opening the isolation panel R4.

fill/drains are used to expel any unused fuel
during the post-MECO MPS propellant dump.
(LO2 is dumped through the engines.) You
can control the fill/drain valves manually from
panel R4. See figure 2-11.

FEEDLN :
RLF 150U FEED!
RLF 150U

LH2 PRPLT
FiLL/DRN

L02 PRPLT

TYPICAL TYPICAL
H2_FLOW mm FLOW
M

CNTL

TD3450211. ART, 5

Figure 2-11.-LO2 and LH2 fill/drain and feedline relief isolation
valves are controlled from panel R4.
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Figure 2-12.- Backup LH2 dump switch on panel R2.
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Ullage Pressure System

Ullage refers to the space in each tank not
occupied by the propellants. The ullage
pressure system consists of the sensors, lines,
and valves used to collect gaseous propellants

There are two ET pressurization manifolds in
the Orbiter, one for GH2 and one for GO2.
Each manifold connects its respective
propellant tank at one end to the three

other end.

(GH2 and GO2) from the three main engines

and supply them to the ET to maintain
propellant tank pressure during engine

operation. Refer to figure 2-14.
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engine ullage pressure outlet lines at the

There are six engine ullage pressure outlet
linesin the Orbiter, three for GH2 and three
for GO2. Each GH2 line connects the LPFT
turbine outlet on one SSME to the GH2 ET

pressurization manifold. Each GO2 line
connects the oxidizer heat exchanger outlet
on one SSME tothe LO2 ET pressurization
manifold.

Each of the six engine ullage pressure outlet
lines contains two orifices connected in
parallel, and one flow control valve connected
in series with one of the orifices. The
combination of orifices and flow control
valves is used to control the ullage pressure in
the two ET propellant tanks.
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Figure 2-14.— External tank ullage pressure system.
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Figure 2-

16.

TD3450216.

LH2 and LO2 ullage pressures are displayed
on the BFS GNCSYS SUMM 1.
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Valve Types

The PMS uses two basic types of valves:
pneumatically actuated and electrically
actuated. Refer to figure 2-18. Pneumatic
valves are used where large loads are
encountered, such as in the control of liquid
propellant flows. Electrical valves are used for
lighter loads, such as in the control of gaseous
propellant flows.

The pneumatically activated valves are divided
into two subtypes: those that require pneu-
matic pressure to open and close the valve
(type 1) and those that are spring-loaded to
one position and require pneumatic pressure
to move to the other position (type 2).

PMS VALVE TYPES

. £ ¢ 2-21

The electrically-actuated solenoid valves are
spring-loaded to one position and move to
the other position when electrical power is
applied.

Pneumatic

Type 1

Type 2

Electric

Feedline disconnect valves
Fill/drain valves
Prevalves

Feedline relief isolation valves (NO)
Backup LH2 dump valves (NC)
Topping valve (NC)

Ullage pressure flow control valves (NO)
GH2 press line vent (NC)
Manifold pressure valves (NC)

NO: Normally open - The spring force drives the valve open.
NC: Normally closed - The spring force drives the valve closed.

Figure 2-18.- Valve types in the propellant management system.
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Supply Tanks

There are three large (17.3 cubic-foot) and
seven small (4.7 cubic-foot) helium tanks.
Each large tank is plumbed to two of the small
tanks to form three clusters. Each cluster
(shown in the pocket checklist schematic as
one tank) provides helium to one of the main
engines. The remaining small tank is the
pneumatic helium supply.

4060

REG P A 76
B 760

The crew can monitor engine helium tank
pressures on the MPS HELIUM meters on panel
F7 or onthe BFS GNCSYS SUMM 1 display.
Pneumatic helium tank pressure can be
monitored only on panel F7. See figure 2-20.

@\

X100 )
_/

& \@

Figure 2-20.- MPS helium tank and regulator pressures are displayed on the

BFS GNCSYS SUMM 1 and the MPS HELIUM meters on panel F7.
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Figure 2-21.— The MPS helium isolation valves are controlled from panel R2.
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Figure 2-22.—- Crew controls for the L ENG He XOVR and helium interconnect valves are on panel R2.
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Figure 2-23.— External tank.
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Figure 2-25.— Main engine gimbal actuators.
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Figure 2-26.— ATVC power is controlled from panel 017.
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Controls and Displays

The following is a summary of the controls
and displays used to operate the MPS.

Figure 2-28 shows the locations of the panels
containing MPS controls on the forward flight
deck.

Switches, meters, or lights on center panel C3;
forward panels F2, F4, F6, and F7; overhead
panels 014 and 017; left panel L4; and right
panels R2 and R4 are illustrated in figures 2-29
through 2-37.

Most of the switches are discussed elsewhere
in conjunction with their related systems or
crew procedures. Figures2-38 through 2-42
are examples of the displays used in operating
the MPS.

Following each figure is an explanation of the
function of the control or display.

TD345

€ . . (" 233

p

FORWARD FLIGHT DECK
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Figure 2-28.— Location of panels containing MPS controls.
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_ » € 2-35

CONTROL OR DISPLAY FUNCTION
MAIN ENGINE LIMIT SHUTDOWN
SWITCH
ENABLE Enables the redline limit shutdown logic for the three main engines. Any engine that exceeds a redline
limit will be shut down automatically by its main engine controller.
& AUTO Enables the redline limit shutdown logic for the three main engines. If an engine shuts down early, or
: any engine experiences a data path failure, the limits are inhibited on the remaining two engines.
INHIBIT ‘nhibits the redline limit shutdown logic for the three main engines.
| MAIN ENGINE SHUTDOWN PUSH- When depressed, a shutdown command is issued to its respective engine. The controlier will perform a
BUTTONS (3) hydraulic shutdown unless the engine isin hydraulic lockup. In this case, the controller will perform a

pneumatic shutdown.

If the GPCs do not recognize a shutdown engine due to a data path failure, depressing the applicable
pushbutton will tell guidance to account for the failed engine and close the prevalves of that engine.

Depressing all three buttons simultaneously will manually set the MECO CONFIRMED flag. This feature
is used after MECO when two or more data path failures occur prior to MECO. _

SRB SEPARATION SWITCH

MAN/AUTO Provides power to the SRB SEPARATION pushbutton. During ascent, this allows the crew to override
any software separation inhibits (body rates or dynamic pressure) by depressing the pushbutton. An
AUTO separation will still occur with the switch in this position if all separation constraints are met.
During entry, it allows the crew to set the weight on wheels (WOW) and weight on nose gear (WONG)

& discretes.
AUTO Removes power from the SRB SEPARATION pushbutton placing the separation software in an AUTO-
= only mode.
SRB SEPARATION PUSHBUTTON Enabled, if the SRB SEPARATION switch isin MAN/AUTO. When depressed, it allows the crew to

override any software separation inhibits so the separation sequence can continue. The manual
separation input cannot be processed until 125 seconds after SRB ignition. Thisis after Pc <50, thrust
decay, and actuator nuil. During entry, the pushbutton sets the WOW and WONG discretes.

Figure 2-29.- Continued.
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2-37

CONTROL OR DISPLAY

FUNCTION

SPD BK/THROT PUSHBUTTON
INDICATOR (pbi)

DEPRESS

AUTO LIGHT (white)

MAN LIGHT (white)

Changes the throttle function from MANUAL to AUTO. (Also used to control the speedbrake during
gliding flight.)

Indicates the throttle (or speedbrake) isin the AUTO mode.

Indicates the throttle (or speedbrake) is in the MANUAL mode.

BODY FLAP pbi

Primary use is for control/status of the body flap. Relating to the MPS, the body flap light is illuminated
at the transition to MM 101 and is extinguished when the MPS dump is complete.

TD345

Figure 2-30.-Panels F2 and F4.
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2-39

CONTROL OR DISPLAY

FUNCTION

MPS PRESS Pc METERS (3)

Display left, center, and right main engine combustion chamber pressure in percent (0% to 115%).

MPS PRESS ENG MANF METERS

LO2

LH2

Displays LO2 manifold pressure in the line between the ET and the main engines (0 to 300 psia).

Displays LH2 manifold pressure in the line between the ET and the main engines (0 to 100 psia).

MPS PRESS HELIUM METERS (4)

Displays pneumatic, left, center, and right MPS helium supply tank pressures when TANK is selected
with the MPS PRESS HELIUM switch (0 to 5000 psia). Displays pneumatic regulator pressure and left,
center, and right A regulator pressures when REG is selected with the MPS PRESS HELIUM switch (0 to
1000 psia). Tank pressure is read with the numbers above the lines (X100) on the meter. Regulator
pressure is read using the numbers in the boxes below the lines (X100).

MPS PRESS HELIUM SWITCH

TANK

REG

Displays helium tank pressures on the MPS PRESS HELIUM meters.

Displays regulator pressures on the MPS PRESS HELIUM meters.

MAIN ENGINE STATUS LIGHTS (3)

RED

YELLOW

The top half of the light illuminates red if its associated engine shuts down or if aredline limitis
exceeded when the limit shutdown software is inhibited. All three lights illuminate at MECO and
extinguish at ET separation.

The bottom half of the light illuminates yellow for a data path failure, command path failure, hydraulic
lockup, or electrical lockup.

Figure 2-31.- Concluded.
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2-41

CONTROL OR DISPLAY

FUNCTION

INSTRUMENT POWER SWITCH

FLT/MPS

OFF

FLT

Applies power to the flight-critical dedicated displays, on panels F6 and F7, and the MPS PRESS meters
on panel F7.

Removes power from the displays and meters listed in the other two positions.

Applies power to the flight-critical dedicated displays on panels F6 and F7.

D345

Figure 2-32.- Concluded.
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2-43

CONTROL OR DISPLAY

FUNCTION

INST UCTR CIRCUIT BREAKER (cb)

Provides power to the left and center flight-critical dedicated displays (panels F6 and F7) and MPS PRESS

meters (panel F7).

TD345

Figure 2-33.- Concluded.
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CONTROL OR DISPLAY FUNCTION

MPS PRPLT DUMP SEQUENCE

SWITCH
START Manually starts the MPS propellant dump sequence post-MECO. The remainder of the sequence,
including dump termination, is automatic.
- GPC Allows the GPCs to start the MPS propellant dump at OMS-1 ignition.
STOP Inhibits the GPCs from starting the dump if it has not occurred yet.

MPS PRPLT DUMP BACKUP
LH2 VLV SWITCH

OPEN Opens the backup LH2 dump valves - also known as RTLS dump valves.

GPC Allows the GPCs to control the backup LH2 dump valves.
CLOSE Closes the backup LH2 dump valves.

MPS ENGINE POWER SWITCHES (6)

LEFT AC2
ON Applies ac power to the left engine controller DCU A.
OFF Removes ac power from the left engine controller DCU A.
" LEFT AC3 Same as LEFT AC2 except it provides power to the left controller DCU B.
R CENTER AC1 Same as LEFT AC2 except it provides power to the center controller DCU A.
CENTER AC2 Same as LEFT AC2 except it provides power to the center controller DCU B.
RIGHT AC3 Same as LEFT AC2 except it provides power to the right controller DCU A.
RIGHT AC1 Same as LEFT AC2 except it provides power to the right controller DCU B.

Figure 2-34.- Continued.

TD345
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CONTROL OR DISPLAY

FUNCTION

MPS PNEUMATIC HELIUM
ISOLATION SWITCH

OPEN

GPC

CLOSE

Opens the two pneumatic helium isolation valves.
Allows the GPCs to control the valves.

Closes the two pneumatic helium isolation valves.

MPS He INTERCONNECT LEFT
SWITCH

IN OPEN

GPC

OUT OPEN

MPS He INTERCONNECT CENTER
SWITCH

MPS He INTERCONNECT RIGHT
SWITCH

Opens the inletinterconnect valve allowing helium from the pneumatic tank and interconnect
manifold to supply the left engine system. Inhibits power to the outlet interconnect valve to ensure it
remains closed.

Allows the GPCs to control the interconnect valves.

Opens the outlet interconnect valve allowing helium from the left engine system to supply the
interconnect manifold and pneumatic system. Inhibits power to the inlet interconnect valve to ensure it
remains closed. _

Same as the INTERCONNECT LEFT except for the center helium system.

Same as the INTERCONNECT LEFT except for the right helium system.

MPS LH2 ULLAGE PRESS SWITCH

AUTO

OPEN

Enables automatic control of the three GH2 flow control valves which open and close to maintain
proper ullage pressure in the LH2 tank.

Opens the three GH2 flow control valves allowing maximum flow from the engines to the LH2 tank,
thus increasing ullage pressure.

TD345

Figure 2-34.- Concluded.
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2-43

CONTROL OR DISPLAY

FUNCTION

CENTER ENGINE AC1 BA, @B, @Ccb
(3)

CENTER ENGINE AC2 @A, @B, @Ccb
3)

w RIGHT ENGINE AC3 OA, @B, @C ¢cb (3)
RIGHT ENGINE AC1 DA, OB, BC cb (3)
LEFT ENGINE AC2 @A, @B, @Ccb (3)

LEFT ENGINE AC3 QA, 2B, BCch (3)

Supplies ac power to the center engine controller DCU A.
Supplies ac power to the center engine controlier DCU B.

Supplies ac power to the right engine controller DCU A.
Supplies ac power to the right engine controller DCU B.
Supplies ac power to the leftengine controller DCU A.

Supplies ac power to the left engine controller DCU B.

TD345

Figure 2-35.- Concluded.
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2-51

CONTROL OR DISPLAY

FUNCTION

MPS ENGINE CONTROLLER HEATER
SWITCHES (3)

LEFT

AUTO

OFF
CENTER

RIGHT

Applies power to a thermostatically-controlled heater allowing automatic temperature control of the
left engine controller.

Removes power from the heater.
Same as LEFT except for the center engine controller.

Same as LEFT except for the right engine controller.

MPS MANIFOLD PRESSURE LO2
SWITCH

OPEN

GPC

CLOSE

MP5 MANIFOLD PRESSURE LH2
SWITCH

Opens the LO2 manifold pressure valves allowing helium to flow into the LO2 feedline manifold.
Allows the GPCs to control the LO2 manifold pressure valves.
Closes the LO2 manifold pressure valves isolating the LO2 feedline manifold from the helium supply.

Same as the MPS MANIFOLD PRESSURE LO2 switch except for the LH2 feedline manifold.

TD34s

Figure 2-36.- Continued.
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CONTROL OR DISPLAY

FUNCTION

MPS PREVALVE SWITCHES (6)
LO2 LEFT
OPEN
GPC
CLOSE
LO2 CENTER
LO2 RIGHT
LH2 LEFT
LH2 CENTER

LH2 RIGHT

Opens the LO2 prevalve to the left main engine.

Allows the GPCs to control the valve.

Closes the LO2 prevalve to the left main engine.

Same as LO2 LEFT except for the center engine.

Same as LO2 LEFT except for the right engine.

Same as LO2 LEFT except LH2 prevalve for the left engine.
Same as LO2 LEFT except LH2 prevalve for the center engine.

Same as LO2 LEFT except LH2 prevalve for the right engine.

MPS FEEDLINE RELIEF ISOLATION
LO2 SWITCH

OPEN

GPC

CLOSE

MPS FEEDLINE RELIEF ISOLATION
LH2 SWITCH

Opens the LO2 feedline relief isolation valve allowing pressure in the LO2 manifold to vent overboard.
Allows the GPCs to control the valve.
Closes the LO2 feedline relief isolation valve.

Same as MPS FEEDLINE RELIEF ISOLATION LO2 switch except for the LH2 manifold.

TD345

Figure 2-36.- Concluded.
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2-55

*
! CONTROL OR DISPLAY

|
i

FUNCTION

h ATVC 1 SWITCH
|

ON Applies power to the ATVC 1 electronics that process the position commands to the channel 1 main
engine and SRB hydraulic actuator servovalves. Also applies power to the hydraulic actuator isolation
valve drivers.

OFF Removes power from the ATVC 1 electronics.

ATVC 2 SWITCH Same as ATVC 1 switch except ATVC 2 and channel 2.
ATVC 3 SWITCH Same as ATVC 1 switch except ATVC 3 and channel 3.
ATVC 4 SWITCH Same as ATVC 1 switch except ATVC4 and channel 4.
EIU L-CSWITCH

ON Applies power to the left and center ElUs enabling command and data transfer between the GPCs and
left and center engine controllers.

OFF Removes power from the left and center EIUs.

EIU C-R SWITCH Same as EIU L-C switch except for the center and right EIUs and engine controllers.
EIU R-L SWITCH Same as ElU L-C switch except for the right and left EIUs and engine controllers.
NOTE: Switches are redundant to each other. Only one needs to be on to supply power toits two
associated ElUs, and two switches must be off to remove power from any EIU.
MECT SWITCH
ON Applies power to MEC 1 enabling the MEC launch, staging, and ET separation functions.
OFF Removes power from MEC 1.
MEC 2 SWITCH Same as MEC 1 except MEC 2.

72345

Figure 2-37.- Concluded.
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2-57

CONTROL OR DISPLAY FUNCTION
@ Pc<50 Pc<50is &mu_mvia when the SRB chamber pressures drop below 50 psi prior to separation.
@ 7T Tindicates the throttle command, in percent, generated by the BFS.
® SEPINH SEP INH is displayed if SRB AUTO separation is inhibited.

TD345

Figure 2-39.- BFS ASCENT TRAJ 1 display.
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2-59

CONTROL OR DISPLAY FUNCTION
@ INERTIAL VELOCITY SCALE The scale across the top is an inertial velocity scale within mission-dependent, I-loaded limits (1000 fps
apart). Currentvelocity isindicated by a moving triangle. A tick mark indicates where MECO should
occur (CO). Thisscale is active for a nominal ascent or transatlantic abort landing (TAL) abort.
@ T T indicates the throttle command, in percent, generated by the BFS.
® TMECO TMECO is the predicted time of MECO, in minutes and seconds, from lift-off.
@ SEPINH SEP INH isdisplayed if ET AUTO separation isinhibited.

TD345

Figure 2-40.- Concluded.
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CONTROL OR DISPLAY FUNCTION

@ MPSHETKP Displays the left, center, and right helium tank pressures. A | and caution and warning (C&W) alarm
are generated if pressure drops to 1150 psi.

@ MPSHEREGPA Displays the left, center, and right helium regulator A pressures. A | and system management (SM)
alert are generated if pressure drops to 679 psi. An 1 and SM alert are generated if pressure increases
to 806 psi. A C&W alarm sounds if pressure drops to 680 psi or increases to 810 psi.

- B Same as REG A except there is no C&W alarm associated with the B regulators.

®  MPS HE dP/dT Displays flow rates, in psi per 3 seconds, from the left, center, and right helium tanks. Nominal flow rate
is ~12 psi per 3 seconds but, since the display reads only in multiples of 10, the nominal readingis 10. An
1 and SM alert are generated if dP/dT exceeds 20.

@ MPSULLPLHZ Displays ullage pressure from the three active sensors in the LH2 tank. A | and SM alert are generated
if pressure drops to 31.6 psi. An 1 and SM alert are generated if pressure increases to 46 psi.

LO2 Displays ullage pressure from the three active sensors in the LO2 tank. A | and SM alert are generated
if pressure dropsto 0. An T and SM alert are generated if pressure increases to 29 psi.

® MPSMANFP LH2 Displays pressure in the LH2 feedline manifold. An 1 and C&W alarm are generated if pressure
increases to 60 psi.

LO2 Displays pressure in the LO2 feedline manifold. An 1 and C&W alarm are generated if pressure
increases to 249 psi.

Figure 2-41.—- Concluded.
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Questions

1. What are the functions of the SSME low
pressure fuel and oxidizer turbopumps?

2 Identify three parts of the main engine
where combustion takes place.

Identify the five hydraulically actuated
valvesin a main engine.

True or false. In addition toits role as
oxidizer, LO2 is also used to cool the
main engines.

2-63

How many command and data paths are
there between each main engine
controller and its associated EIU?

True or false. The ullage pressure system
uses MPS helium to pressurize the
propellant tanksinthe ET.

Briefly describe the interface between
the center main engine and the Orbiter
hydraulic systems.
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Section 3: System Operations

In this section, nominal MPS operaticns from
crew ingress through landing are discussed.
Our primary objective is to learn the MPS-
related Flight Data File (FDF) procedures and
understand their rationale. The procedures
discussed in this section can be found in the
Ascent and Post Insertion Checklists. Other
functions that require little or no crew input,
such as the MPS propellant dump, are also
described. All events are presentedin
sequential order and are separated into four
mission phases: prelaunch, powered flight,
post-MECO, and entry.
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-16:00 MPS He RECONFIGURATION

(-26:00)
R2 MPS He ISOL A,B (six) - OP
PNEU He ISOL - 0P

A
FhEw 1soL Y 3
isoL VLVS A 4

=
R, | LS Y N
PNEU r_HH_ ﬁ

TC
MPZ E ENG He XOVR
PRPLT | — .

|~ VN

,z.,Um VIVS
VLVS: J /OBENEL

\SHUTDOWN)
DISCNCTS 4 y /
PREVLYS 4707 -og7 4POT
FiLL DRM SEAL PURGE SEAL PLROE SEAL PURGE
0oy

DA e a
TORAR0305 AR 0

Figure 3-1.—- The MPS He RECONFIGURATION is part of the prelaunch procedures in the Ascent Checklist.
The helium system and MPS switches on panel R2 are shown in their launch configuration.
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VOEmeQ —n__@—._.n The main engines are commanded to The SRBs burn out after about 2 minutes of
‘ 100 percent for engine start and, shortly after flight. Appearance of an overbright “Pc < 50”
. . . lift-off, to the thrust level required for that (chamber pressure of the SRBs in psi) on the
T . ! . . .
oﬂﬂﬂmﬁownzamé role, during ascent, is one flight (normally 104 percent). Asdynamic TRAJ display indicates to the crew that the SRB
g pressure rises, the engines are throttled back separation sequence has begun. Actual
The crew’s workload during ascent has been to reduce aerodynamic loading. Thisis called separation occurs after allowing about
& kept to a minimum. This _m@mwnmn_m:< true for the thrust bucket because of the way the 5 seconds for thrust tail-off.
L the MPS. which 30«.3m__< requires no crew . thrust plot appears on a graph. See figure 3-4.
input ac~13m powered flight. The MPS Although the bucket duration and thrust level
- functions that can be monitored include vary with each mission, a typical bucket runs
. throttle commands. propellant and helium from about 30 to 65 seconds mission elapsed 100
» Prop time (MET), during which all three SSMEs 7
pressures and quantities; and, to some extent, 80
main engine status throttle back to reduce thrust. The SRB .
’ propellant is also shaped to reduce thrustin 60
Percent of thrust commanded (T) is displayed this region. b.; approximately 65 seconds R 404
; MET, the engines are throttled up to the u
on the BFS ASCENT TRAJ display, and actua! mission required thrust level and remain there s SINGLE STAGE BUCKET
thrust levels are read on the three Pc meters until 3 ﬁ_._wozzs T 20
on panel F7. See figure 3-3. 9 9
I I T I I I I
© 10 20 30 40 50 60 70
. TIME (SEC)
e PO
S c g
e/ e \®
100 -
* 80 -
T
g 60
e
& s TWO STAGE BUCKET
7 204
& o ¥ T T T T |
10 20 30 40 50 60 70
TIME ( SEC)

TD3450304. ARTs 2

TD3450303. ARTy 4

Figure 3-3.— Main engine Pc meters on panel F7 and thrust Figure 3-4.- Typical examples of single
commanded display on the BFS ASCENT TRAJ 1. : stage and two stage thrust buckets.
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MPS helium pressures are displayed on the
BFS GNC SYS SUMM 1 display and the MPS
PRESS HELIUM meters on panel F7. See
figure 3-5.

MPS helium serves two purposes during
powered flight. First, it provides a continuous
purge of the HPOT seal preventing LO2 in the
pump from mixing with hydrogen-rich gasin
the turbine. Second, it provides a backup
SSME shutdown capability when a normal
hydraulic shutdown is unavailable.

When vehicle acceleraticn approaches 3g,
approximately 1 minute before MECO, the
engines throttle back to maintain acceleration
at 3g or less. The purpose of 3g throttling is to
prevent excessive physical stress on the vehicle
and crew. Then, 6 seconds prior to MECO, the
engines are throttied back to 65 percentin
preparation for shutdown.

At approximately 8:30 MET, when the vehicle
reaches the required velocity, the GPCs issue
shutdown commands to the three main
engines. A nominal MECO is effected by the
hydraulic closing of the main fuel valve, main
oxidizer valve, fuel preburner oxidizer valve,
oxidizer preburner oxidizer valve, and
chamber coolant valve. Next, the six prevalves
are closed to trap propellantsin the
turbopumps as they wind down, and the
feedline reliefisolation valves are opened
allowing their respective relief valves to
operate. The relief valves vent any excess
pressure that builds up in the manifolds due
to heat soakback from the engines.

TD345

In the cockpit, the crew observes MECO
through the illumination of three red main
engine status lights and three Pc meters
driven to 0 percent. See figure 3-6.

— P —— — ENG MANF ——
L C R L0z LH2

i ®/ @@ |

PS1A

ORBITAL DAP

FR
Til

I]lllllllllllllllll

=) o o

o

e\ & /® S\B/®

—— MAIN ENGINE STATUS—

(XDS1)

(34VI3ATAT)

(XDS2)

PANEL F7 PANEL C3

TD3450306. ARTy 2

Figure 3-6.—- At MECO, the red main engine status lights illuminate and the
Pc meters drop to 0 percent. The DAP lights illuminate a few seconds later
when the MECO confirmed flag is set.
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At MECO plus 18 seconds, the three main
engine status lights extinguish to indicate ET
SEP.

The MPS propellant dump is performed after
ET SEP to expel the unused LO2 and LH2
remaining in the Orbiter. The dumpiis
required for center of gravity (c.g.) and
weight considerations, to preclude spurious
venting while onorbit, to prevent corrosion in
the propellant lines, and to prevent trapped
LH2 from combining with the atmosphere and
creating an explosive mixture during entry.

Immediately after ET SEP, the MPS helium
system automatically reconfigures to provide
helium pressure for the dump. See figure 3-8.
The three OUT interconnects open, feeding all
the tanks to the common manifold, and the
PNEU L ENG He XOVER valve opens to provide
a redundant flow of requlated helium. The
system is now ready for the simultaneous
dump of LO2 and LH2 at OMS-1 ignition.
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Figure 3-8.- MPS helium reconfiguration prior to the propellant dump.
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Figure 3-10.- LO2 dump sequence.
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( ¢ : 3-13
“ N A
TIME EVENT
0:00 “DUMP START”
LH2 MANF P VLV - OP
LH2 OB FILL/DRAIN - OP
LH2 IB FILL/DRAIN - OP
0:06 LH2 IB FILL DRAIN - CL
LH2 TOPPING VLV - OP
, LH2 PREVALVES - OP
1.28 LH2 MANFP VLV -CL
2:00 LH2 TOPPING VLV - CL
LH2 OB FILL/DRAIN - CL
“DUMP STOP”
]
LoW
<k - e i : A
RO 1PS VENT i FROM MPS
. He
N B/U LH2 DUMP VLVS Loz e F |m\m E.mlocmm §|<m w2
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BLEED BLE
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Figure 3-11.—- LH2 dump sequence.
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P MPS POWERDOWN

R2 MPS ENG PWR (six) - OFF
He ISOL (six) - GPC
/He I'CNECT (three) - GPC

NOTE

Expect multiple MAs for
MPS He P as regs bleed down

@®
= He ISOLATION A-——emy
LEFT TR RIGH

PNEU
He
1soL
RLF
VLV
70
MPS .|~
PRALT | —
| S— ~ He INTERCONNECT ——
[
T0
P JLVS VLVS VLVS
S PNEU PNEU PNEU V
SHUTDOWN SHUTDOWN SHUTDOWN
DISCNCTS
‘ HPOT HPOT HPOT
™ R o SEAL PURGE SEAL PURGE SEAL PURGE
= TOPP ING
PANEL R2
Pl cioict vn 703450312, ARTy 2

Figure 3-12.- The MPS powerdown is accomplished as part of the post-OMS-1 bSmeSmm in the Ascent Checklist.
When complete, the helium system and panel R2 switches are configured as shown.
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MPS VACUUM INERTING ACT TIG-5 P VACUUM INERTING TERMINATE
R2 /MPS PNEU He ISOL --0pP
R4 MPS H2 PRESS LINE VENT - QP R4 MPS FILL/DRAIN
(Start watch) LH2,L02 OUTBD (two) - CL
FILL/DRAIN LH2 OUTBD - OP Wait 10 sec .... - Muw
INBD - OP NBD (two -
L02 0UTBD - oP LHZ,L02 1 A v
TED - op R2 MPS PNEU He ISOL - GPC

After 1 minute:
MPS H2 PRESS LINE VENT - GND

Hy PRESS
LINE VENT

Pl /apd

PANEL R4

D] -oPen vaLve
Pd-cLosep vave 103450310,

Figure 3-13.—- MPS vacuum inerting is started after the MPS powerdown and terminated 5 minutes prior to the OMS-2 burn.

TD345



"}51{¥29YD UOILIISU| }SOd Y} U!
uoneinblyu0331 £ 10 [dUed —'p| -§ 34nbiy

440 - Z
uy) €236 2 yiem ‘440 - 1 33 O
340 - (33341) nI13 @

340

(4004) JA1Y  B:L10

€114V "F1C0SPEQL

s

Svedl

‘uoinisod Mmo1s J1ay3 Ul sauibus

urew syl 1e8sa4 03 ulebe uo pauuny ase SHALY
3y} 'A13ud 01 401Id "UOISSIW BY} JO JBpUIeWdl
9Y1 104 o utewad |[IM SDIIN pue sn|3 oyl

"S33IA3P DIUYI310JAd

Aue 01 pURWWOD 34} B 5B 1dB 10UURD

sjeubis umopinys snoiinds 1Byl $3INSUD

$D3N uaamiag Aejap puodas-z ayl ‘SOOI
OM] 3y} pue ‘sN|3 2314l 3y} 'sjpuueyd HALY
iNoy ay1 wouy samod sanowal (330|9 HI4NOD
NOILVLS 14V 2yl Ul punoy) uoneinbijuodral
L101dued ayl pi-g 2inbBiy 335 151y uon
-19%U[ 1504 8y} Ul pUNO} i su011e1ado 1iqlo 10}
SdIA 841 84n235 03 paJinbal ainpadoud 1se| ay ]

.



Entry

During entry, the main propulsion system
accomplishes three automatic functions:
propellant line inerting, propellant line
repressurization, and an H2 purge.

LH2 inerting, through the fill/drain valves and
prevalves, is initiated at the transition to

MM 304. LO2 inerting is delayed until

Mach 20 when the aerosurfaces have enough
control authority to override the thrust
generated by escaping LO2. The OPS 3
inerting is designed primarily for a TAL where
substantial propellant residues are likely due
to an abbreviated MPS dump. The helium
system is also configured in preparation for
the purge and repressurization at this time.
See figure 3-15.

When Ve = 4500 fps, the LH2 and LO2
outboard fill/drain valves and the LO2
prevalves are closed to terminate inerting.
Also, MPS helium is used to pressurize the
propellant lines and accomplish an H2 purge.
The LH2 and LO2 propellant lines are
pressurized to prevent atmospheric
contamination, eliminating the need for a
lengthy cleanup prior to the next flight. The
two OMS pods, the LH2 ET umbilical cavity,
and the aft compartment are purged of any
potentially explosive H2 that may have
accumulated during the flight. The purge
continues through landing.
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MPS He

[
| S |
||
| S~
| -
| S|
[

PNEU
1SOL

T

@
Va|
VN

TO
MPS u ENG He XOVR
PRPLT — N A
| - |28
|— L ENG ¥
ymm VLVS VLVS VLVS
VLVS: PNEU PNEU A PNEU. v
SHUTDOWN SHUTDOWN SHUTCOWN
S
wmmmm_mw HPOT HPOT ...heot
FILL DRN SEAL PURGE SEAL PURGE SEAL PURGE
TOPPING

Dq-oren vaLve

Pd-croseo vaLve
TD3450315. ARTY 5

Figure 3-15.—In MM 304, the helium system is automatically
reconfigured for the entry purge and repressurization.
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Questions

What visual cue in the cockpit notifies
the crew that ET SEP has occurred?

2. Whatoverboard ports are the LH2 and
LO2 dumped through during the post-
MECO MPS propellant dump?

TD345

What is the purpose of the MPS vacuum
inerting that is performed between the
OMS-1 and OMS-2 burns?

Why is it important to terminate the MPS
vacuum inerting prior to the OMS-2
burn?

5.

Why are the MPS propellantlines
pressurized during entry?

3-21
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Section 4: System Malfunctions

4-1

Most MPS malfunction procedures can be

MPS DATA
SSME 1imit t ti-
ﬁoga onthree cue n.mam used by ﬁrm PLT ey o imits, automa
during ascent. See .rmcﬂm 4-1. The first card, ML oonr Assubia o6 THb
labeled MPS, contains procedures for most MPS CMD, HYD or ELEC (Stuck Throttles)

1. [f in bucket: ME LIMIT SHUT DN - INH

i i 2. If tuck throttl d > 23K
engine and propellant related malfunctions. Mﬂmmvcmm.m@ﬂaﬂ% %5

A second card covers MPS helium leaks, and W MPS (MD & no MCC comm:
. ) Man eng shutdn (AC/PB)
the third addresses problems with ET

f MPS HYD or ELEC:
X ) «m lst Stage Perf NOM or
separation. All malfunction procedures are

i RTLS/TAL: No action reqd
1f Ist Stage Perf LOW or no

i 1 M hutdn (AC/PB)
duplicated in the Ascent/Entry Systems 3. If twg siomm: Man eng shutdn (AC/PB)
Procedures (MS2 book). Shut down one eng (AC/PB) per

rioritie
Pt T2y w0 (3) eLec
. . f two HYD:
There are no MPS malfunction procedures in ERSLIE SHUTDN ENG (AC/PE)
the Ascent Pocket Checklist, but it does gl | &

-
o
£
o
o
o

: Man shutdn (AC/PB)

contain schematics for the MPS propellant and If Luo, TMD: Han shy

helium systems. The Orbit Pocket Checklist
. , . . MULTI MPS CMD/DATA
contains no schematics, but there is a single (No MECO Confirm) A,

malfunction procedure for the MPS C&W BN ShOTON B =
alarm. (MPS C&W is also the sole MPS mrﬁmwmn_vr - push (simo) N%EE
procedure in the long form Malfunction AC BUS SNSR (three) - OFF
Procedures book.) There are no MPS MN ENG SHUTON pb - push r

If second failure:
ME LIMIT SHUTON - INH eufcuopars]

STRG3 2 4

procedures in the Entry Pocket Checklist.

MPS

LH2 ET ULL PRESS
/MCC
Post SRB SEP/Pre MECO
If 3 of 3 < 31.6:
1. MPS LH2 ULL PRESS - OP

when 3 of 3 > 34.5 - AUTO.
If 2 of 3 > 348& third < 31.6:

2. MPS LH2 ULL PRESS - OP
when third > 34.5 - AUTO

POST MECO
LH2 MANF PRESS HIGH
If MANF P LH2 > 60:
MPS PRPLT dump seg-start ASAP
LO2 MANT PRESS HIGH
If MANF P LO2 > 249:
MPS PRPLT dump seg-start ASAP

AESP-11a/A/A

STRG 1 3

A4
a

MPS malfunctions are annunciated through a
combination of warning lights and tones,
cathode-ray tube (CRT) fault messages, and
meters. The remainder of this section will
discuss the causes of each malfunction, the
indications annunciated to the crew, and the
appropriate FDF procedures and their
rationale.

MPS He TK LK

Pre ET SEP
If He REG P 4 or +:
1. Affected He ISOL-CL
Otherwise:
2. He ISOL A - CL
If no decr in av\aq.
3. He ISOL > op

CL
No decr in av\aqn
4, He ISOL B - OP
If 7K P < 1100:
5. Affected He
I'CNECT - IN OP

At ET SEP:
6. He I'CNECT - GPC >>

MPS He TK LK
Post ET SEP (Not RTLS)
If TK P < 1100:
1. Affected
He ISOL (two) - CL
If second TK P < 1100
(not TAL):
2. PNEU He ISOL - CL
ALL VEH/A/BAS

'ET SEP MAN' [G51| ET SEP
Post MECO:

ET SEP AUTO - ITEM 38 EXEC
To override ET 'SEP INH':

ET SEP SEP - ITEM 39 EXEC

Figure 4-1.— The three MPS malfunction cue cards.
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SSME 1imits automati-
cally inhibited
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Figure 4-3.—- MPS DATA cue card procedure.

4-3



Spedl

"(aurbua i3)uad) moyy yred puewwod suibus urew je>idA) —p-p aunbi4

Z LYY "vOov0osSreal

i ]
1 I
! (20V ¥0 10V) i 1N0 1SYId [@—— | |ag b
(Z23V) — <t
X q IHD X £ NI 1SYHI 4 ‘_ 804
@—— 00 [ " ¢l .
T+ X (20Y) _ ; 104
d431N30 " gHO “ ¢ _
< (10V) | " < ‘ﬂ ¢
! v | aov) i s »
" nada YH) ‘.+| e 1
! vio VIW 504
1
U o
WSS d3 1104 1LNOD ni3 Jd9O
"13]|041U0d 3y31 01 N3 @Y1 Aq 1ndino spuewwiod
92441 01 N}3 2Y1 01 1US SPUBLIWOD INO} dY1
$93npai N(3 8yl ‘Aem siyy uj "papua-peap s
‘abessaw ‘uol}isod papuewwiod s}l dA3IYde 0} 13430 3y3 pue ssed 03 PAMO]|e SI SALLIE 03 351}

1¥D (4'D) T AAH SdWN ue pue ‘buipiosyy
Buiinp 1319w >4 ay1 ul abueyd ou b1 sMels
auibua Jaquwe ue ‘'suol pue ybij Laje NS

ue aJe dnydoj d1jneipAy e jo suonedipul ay|

‘ainjie} waisAs dineupAy a1 jdwod e

101|951 8A|BA BY) Ul BuN|le) diempley e 01 anp
aq ued syl "J9||0JIU0I Y} WOI} PUBWWOD

e 01 puodsal 01 |18} SBA|BA Y3 JO SJ0W JO dUO
uayM sind>0 dnxpo| dinelpAy vy “Ajaandadsal
‘€ pue ‘g ‘| swaishs d1neiphy Aq pasamod aue
sanleA auibua 1ybii pue 'ya| ‘181udd YL "ADD
pue ‘AOdO ‘AOdd 'AOW 'AJIN 3yl 3Je sanjea
3A1} BY] G- 8unbyy 8ag “aulbua ayl uIylIMm
saA|eA parenide AjjedinelpAy aat Buneinpow
Ag paysijdwodde si buijprolyy suibua uren

N

9yl '€ VI 011Uds aie § pue ¢ sy ybnoiyy
awod 1eyl spuewwo) “Ajaandadsal ‘g pue

| SVID 011uas ale g pue | sy|A ybnouyi swod
1ey1 SpUBWIWO) “SY|Al 1n0} ay1 ybnouyy ni3
Y3 21U SPURPWIWOD HdD "p-p 94nbD1} 01 i3}y

s|ies sanjea auibua parenide Ajjedineiphy any
ay1 40 Aue uaym sinzd>o dnypo| dijneiphy v

‘abessaw 1Y)

(¥ D) 1 AWD SdN ue pue ‘Buiosyl butinp
1313W >4 ay1 ul abueyd ou 'wybij snieis auibus
Jaquie ue ‘auol pue 1ybi| udje S ue apnjdul
ainjie} yied puewwod e JO SUoIedIpuUl 3Y |

*19}|0J1U0d 3Y3 Aq spuewwod 3y} }0 uoialal
10 13j0J1u03 3ulbud uleW BY) 01 SPUBWIWOD
DdD }0 $sO| 3y3 Si aunjies yred puewwod y

"$101J3 UOIsSIWsSURI) 0}
aNp SpUBWWOD 3y} $123(84 19]|0JIUOD BYL UdYM
10 13]|0J1U0D Y3 |ydeal 01 |IB} SPUBWIWOD 331y}

3yl JO OM] Uaym s3|nsas ainjie} yied puew
-wod y “Ajaapadsal ') pue ‘g ‘v sjauueyd
JIA ybnouiyy Jajjo11u0d 3yl Aq paniadal ale

€ pue 'z '} sv|D wol) 1ndino spueWIWod 3y mm_u.u.o._ Yyl ¥ns

‘dny20]| |ed11d3]8 ue 10 ‘dNYd0| dijnespAy

e ‘ainjie} yred puewwod e Ag pasned ag ued
3]110JU1 ¥ON1S ¥ "3[1104Y1 3DN1S B Se 01 Pa1Ia)al
s 91110441 JaBuo| ou [[IM 1841 JINSS UY



< -

An electrical lockup occurs when the
controller loses all Pc or fuel flow rate data
from the engine.

There are four main combustion Pc sensors

and four fuel flow rate sensors in each engine.

In each case, the sensors are divided into two
pairs, one pair for controlier DCU A and the
other for DCU B. (Oxidizer flow rateis
calculated using engine Pc and fuel flow
rates.) If both pairs of engine Pc and/or fuel
flow rate sensors are lost, the controller can
no longer correctly determine engine
performance or mixture ratio; so it locks up to
maintain the last commanded position.

The indications of an electrical lockup are an
SM alert light and tone, an amber engine
status light, no change in the Pc meter during
throttling, and an MPS ELEC L (C, R) CRT
message.
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Figure 4-5.- A hydraulic lockup is caused by a valve or hydraulic system failure.
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If the stuck throttle is a command path failure,
the engine will not respond to a GPC MECO
command and must be shut down manually.
According to step 2 of the cue card procedure,
the crew will shut down an engine with a
command path failure, using the ac power
switches and shutdown pushbutton (AC/PB),
when the vehicle velocity is greater than 23K.
This allows a shutdown as close to a nominal
MECO as possible while still providing a pad
against fuel starvation. It also allows
guidance enough time to compensate for the
lost engine prior to MECO. The shutdown
velocity will vary if the crew aborts TAL (22.5K
for Dakar) and, for an RTLS, the engine will he
shut down at MECO to avoid control
problems.

The only way to shut down an engine with a
command path failure is with the ac power
switches on panel R2. When both switches are
turned off, all power is removed from the
main engine controller causing a pneumatic
shutdown of the engine and creating a data
path failure because the GPCs can no longer
see any data from the controller. Since the
GPCs cannot see the engine as failed, the crew
must then depress the corresponding
shutdown pushbutton on panel C3 to inform
them that the engine is down.

If the stuck throttle is a hydraulic or electrical
lockup, the requirements are different.

Unlike a command path failure, an engine
thatis locked up hydraulically or electrically
will accept a MECO command from the GPCs.
Accordingly, the procedure says that if an MPS
HYD or ELEC is displayed and performance is
nominal (or RTLS/TAL), no action is required.
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When two engines have stuck throttles, one
engine must be shut down at 23K to aid 3g
throttling.

When the two stuck throttles are different
types, shut down one engine according to the
priority table on the cue card. Refer to

figure 4-8. If one of the stuck throttlesis a
command path failure and the otheris a
hydraulic or electrical lockup, shut down the
command path with the ac power switches
and shutdown pushbutton. Thisisalogical
choice since the command path failure
requires a manual shutdown anyway.

wo stuck throttles and >
Shut down one eng (AC/PB) nm1
priorities

(1) nzc

If one of the stuck throttlesis a hydraulic
lockup and the other is electrical, the priority
Is given to the engine with the hydraulic
failure. There are two reasons for this. First,

mzm\:é

(2) HYD (3) ELEC

an engine in hydraulic lockup may not run as C/14R/3

efficiently as an engine locked up electrically _u\m+n\~
(recall that an electrical lockup is caused by _.\miNh

sensor failures). Second, if the electrically If two CMD
locked up engine is shut down manually, you 2nd CMD

are left with a single-engine LO2 dump since
the engine in hydraulic lockup cannot dump
and neither can an engine that is shut down
with the ac power switches.

|_SHUTDN mmzm (AC/PB)
L

R
Man shutdn (AC/PB)
at 24.5K

Figure 4-8.- Cue card procedure for two stuck throttles and hydraulic

TD345

system distribution to the main engine valves and TVC,




‘paJinbal uaym bejy pawiipuod 033N

@ 21135 (€) 40 ‘sanjenasd ay) 850> pue adue
-pinb apow ued A3yl 0S UMOP s! ainjiey yied

e1ep € Y1iMm auibua ue 1eyl sOd9 3yl Wiojul

= (7) 'umop auibua ue inys (1) 01 pasn aie
su01ING aYL INAIN (44) piemio) 1ybijy pue sng
|0J1UOD JUBIDYHIP B YBNOoIYL PaJIM S11581U0D

yoe3 ‘-t 24nB1} 835 "YIIMS 108IU0I-OM]

e siuo1Ngqysnd umopinys auibua ulew yde3

‘u011NQYsNd UMOPINYS 3Y1 YIM UMOPINYS
jenuew e apnpaid ||Im dinjie) snq jOJIU0D

10 1jnejwwod WA 3|buis e 1ng ‘auibus

Ue UMOP 1NYS SABM e |[IM S3Y2LIMS 1amod de
ay1 Buisn ‘umopinys jo Aluieniad ayl st uosesl
pUOYaS Y| '9SEd 3iNn|ie} dYl O} 3sN 01 poylaw
U21YM 01 SB UOISNyUOD spioae dwi Aans ainp
-3>0.d awes ay1 Buisn “A1d1dwis jeanpadoud
s11541) @Y 'sayd1IMms 1amod de ay1 yiim auibus
UB UMOP 1NYS 01 SIaQUWIBaWMBa I $10811p shemie
pJed and GdAl 9Ul Aym suoseas oMl ae 33y |

-auibua ey} jo Aljigeded

dwnp ay1 sanasald ‘Janamoy ‘) |aued

- uo uo1INQysnd ay1 eiA umopinys dinesphy
v "150| s au1bua 1eyy ybnoayy Ayrjigeded dwnp

707 SdIN 241 'pauado aq 10UUBD BA|BA 1BZIDIXO

e utew ay1 aduls 1ybijy 8yl jo Japuiewas ayy
1034 pauadoai aq 1ouued Aayl 'saAjea auibus

|eUIa1Ul AAL} BY1 850|D 01 PasN SI WNi3Yy 35U0

1ng -auibua ue umop 1Nys 01 Aem uleriad 1sow

3yl s1 'sayd1ims Jamod de ayi Buisn 'umopinys
snewnaud 8y ¢umopinys dijnelpAy pue

>iewnaud B UBBAISQ 20U IP 3UL SI1BYMN

‘umop1nys dtnelphy

e ul}nsal |Im £ |dued uo uonnqysnd
uUMOP1INYs 3yl buissaidap sealaym 'umopinys
dipewnaud e asned ||1M SaYd1IMS Jamod >e ayl
Buisn umop 11 Buninys ‘auibua dn paddo| Ajjed>
-1J122]8 8Y1 40} INg "'UMOPINYS >newnaude
aA19331 shemie [[1m dnxpoj dinesphAy ut auibus
ue 3SNEY3C UMOP 1NYS SI 1 Moy Jariew Ajjeal
10U $20p 11 ‘auibua dn paxdo| AjjesneapAy syt
104 "£) |aued uo uonNgysnd umopinys syl
Ajuo BuISN UMOP 1NYS 3G ued dnN¥do| [B111d3|
10 1 nelpAy e yiim sauibus ing ‘ainjie} yred
puBWWOD B Y1IM 2uibus ue umop 1nys o} Aem
KJUO 2y 24e 5aY21IMs 18Mmod de 3yl '1Iaquswiay

‘UMOp st auibus
ay1 1841 @>uepinb wiojul 01 uonngysnd
umop1nys auibus ulew ay) ssaidap snw

M3I> 21 'uoseal siyl Jo4 aunjie; yied erep

e ul Buinsal ‘sOdD ay1 01 auibud ayl wouy
e1ep JO UOISSIWSURI] 34} SPUS OS|e J3[|0J1U0D
ay1 01sso| Joamod ay11ng ‘auibus sy jo
umopinys direwnaud e ui Buinsal 4a||01U0d
auiBua ulew ay) woJj Jamod saAoWaI uoide
syl "auibus ue umop INys 01 Aem ujeniad
1S0W 8Y1 §1 S3Yd1IMS Jamod de 3y j4o butuiny

-g> |aued uo uonngysnd umopinys auibua
urew Buipuodsaliod ay} ssaidap uayy pue zy
jaued uo sayd11ms 13Mod JB OM] 843 JJO UM

01 MaJ> 3y} s323.1p ainpado.id pied and ydea

‘Ajjenuew umop auibus ue Buiinys uaym

Syedl

“UMOp
1NYs 01 3U1BUS YDIYM 3UIWIIBP 01 X11eW 3}
9SN--UOI1BIIUNWIWOD OU pue sdndoj [e>14133[2
OM] 10 @NJ1 SP|OY 2INPad0.d awies ay |

"pasn si X1jew ainjie}->1nespAy-omi ayi 1eyl
3WINSSe |[1A JDIA 'UOIIENTIS UOIBIIUNWWOD
-OU B Ul “1541} UAMOP 1NYS 3Q ||IM duIbua yd1ym
01 se adualaiaid ou st 913yl ybnoyly "uonea
-ieysjue|jadoud 01 8NP UAMOPINYS PIOAE O

S HZ 18 UMOP U0 puodas ay1 pue buijiosyl
B pie 01 HEZ 18 UMOP auIbud 1541} 941 1NUS
“Ajjenuew UMOP INYs 8¢ 1snW sauibua yioq
‘saunjies yied pueliwiod 0M] JO 85ed 3yl U|

‘umop 1nys 01 auibua ayi si syl sauibud
35041 JO 2UO UO DAL JO $50| & pue sauibua omy
U0 $2[1104Y1 2N1S 3sNed [|IMm swaishs d1jnelpAy

om1 Aue }0 ss0| 'al0y31ayl ‘siolenide

AL s11 1amod 01 swalshs d1nespAy omy pue
saAjeA |eulaiul s3i Jamod 01 waishs dineiphy
auo sasn auibua yoe3z -ajdwis s ainpadoid siyy
pulyaq ajeuonel ayl uoingysnd umopinys
pue sayd1iMms Jemod > 3Y1 Y1IM HEZ 1e au1bua
191U3 8Y1 UAMOP 1NYs '€ wa1sAs D1 nedpAy
/auibua 1ybii syl pue | waishs dijnelphy
/ouibua 191u8d 8y aJe sdnxd>0| oMl 9yl

11 'ajdwexa Jo4 "UMOPp Inys 01 auibua yd1ym
3UIWIBI3P 01 PJBD 3ND 3Y1 UO XLIIBW 3Y3 3N
‘'sdny>0| d1nelpAy aie $21110441 ¥IN1S Yy104q 4|

oLy



When both contacts on a shutdown push-

button are good, all functions are available. If FF MDMs
one contactis good and the MDM associated

with the other contact is commfaulted, the

crew can no longer command a shutdown but F1 FF
can mode guidance and close the prevalves on F 2
a dead engine with a data path failure; that

buttonis also available for setting the MECO

confirmed flag. FF2 FF3 ¥ V

FF3  FF4

In the case where one contact is good and the C

other has a contro! bus failure, the main
engine shutdown pushbutton is useless. ) 4 ) 4 \_\ A L
Depressing the button will only generate an

ME SHDN SW C (L, R) message to indicate a L R
“switch disagree” condition. However, if poor A A : A A

vehicle control mandates that guidance be AB1 AB2
informed of a dead engine hidden behind a
data path failure, the button can be “fooled.”
Creating a commfault on the bad contact by BC2 CA2 CA3 BC3
shutting off the appropriate FF MDM will

mask the control bus failure. Now, with one Control buses
contact good and the other commfaulted, the

crew can mode guidance and close the

prevalves on a dead engine with a data path

failure.

TD345*004

Figure 4-9.- Shutdown pushbutton wiring scheme.
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M 4-13

MPS DATA

MULTI MPS CMD/DATA
(No MECO Confirm)
Post MECO:

MN ENG SHUTDN mv

(three) - push (simo

Figure 4-10.- No MECO Confirm cue card procedure.

To3458
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Tne controller will shut down an engine that
exceeds aredline limit only if the limit
snutdown software is enabled. The crew can
control the shutdown software with the LIMIT
SHUT DN switch on panel C3. See figure 4-12.
The switch has three positions: ENABLE,
AUTO, and INHIBIT. The ENABLE position
allows any engine which violates a redline

-
-

liinit to be shut down automatically. The
AUTO position allows only the first engine
that violates a redline limit to be shut down;
the remaining two engines will be inhibited
from aredline shutdown. The INHIBIT
position inhibits all redline shutdowns. The
vehicle is normally flown with the LIMIT SHUT
DN switch in the AUTO position.

The indications of an engine failure, due to a
limit being exceeded, are a visual and audible
master alarm, a red engine status light, the
engine Pc meter being driven to zero, and an
SSME FAIL L (C, R) CRT message. Ifin the
second stage of flight, you should also feel a
“kick in the pants” and note a drop in acceler-
ation.
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Figure 4-12.- Main engine limit shutdown switch on panel C3.



‘umopinys auibua puodas e pjnoys paiigiyul
aqg Ajje>onnewolne o1 auibua Builuiewal ise| syl
uo suwi| 8yl Buimoyje syl ‘a|qeusd 01 sauibua

Buiuiewsas ayl uo d160| ay1 s19$3J sIYyl "OLNV
uayl pue 378VN3 01 YdHMS 11wt 8yl buniel

Aq pajgeuaal aq |jim syiwi) @yl Ajjenuew
S11WI| 3]qRUI3J 01 M31D 3Y] JOJ |[BD ||IMm punosb
ay1 ‘panaiyde st Alijigeded Ty auibua ajbuts
uaym ‘1s1e7 "Paliqiyul e sauibua Bulutews.
3Y1 UO SHWI1| 3U|PaJ Y1 ‘OLNV Ul SI Yd1MS
11Wi| 8yl pue sjie} auibua 181} 3YI UBYM

"SUAMOPINYS auIBud dlewoINE 30w OU 3q

[11M 24341 1841 s3Nnsua | |GIHNI O3 YI3IMS UMOP
-1nys 11w suibus urew ayy bunie] "s1esado
01 anunuod aulbus Buiurewsal 3yl 1eyl [EINID
3J0W USAI SI 11 ‘|1e} pInoys auibua puodas e §|

‘umop st auibua sy

1241 5DdD 3yl Ajnou ||1m g |aued uo uonng
-ysnd umopinys auibus ulew arendoidde

ay1 Buissaudaq ‘sauibus bunesado o Jaqunu
ay1 uo paseq buissadoud siayy abueyd |0J3U0d
1yb1|} pue a>uepinb ad>uls sunjie} auibus ue jo
pal}11ouU 3G $DdO 2u1 1ey1 wuenodwi A1aa sty

"umop st auibua ayi 1eyl bBuimouwy
wouj $OdO ay3 1uanaud [|im sinjie} yied elep
ay1 'ased Jaylia uj "13}|osuod aulbus ulew e

01 550| Jamod a1ajdwod e ul 3sed 3yl aq p|NOM
se ‘ainjie} uled eiep e Y1im Juapidouiod inddo
osje ued aunjie} auibua uy "aunjie} yled ejep
e paduauadxa Ajsnoiaaid sey 1eyl auibus ue
uo 1N0 01 aunjie} auibua ue Joy 3|qissod s1 1

1y |oued

U0 $JOSUDS SNQ Je 93443 3yl 440 Buiuiny Ag siyl
saysijdwodde |1d ayl "pausaaid ag ued sng
>e poob e umop el pinNod 18yl suoiduNijew
JOSUas sNq ‘paruanald aq louued ainjiey

snq e 3|IYAA 'S21N|Ie) SNQ e JO UOneUIquod
1734102 31 031 2np |ie} osje ued sauibua
Buluiewal 8yl 1ey1 995 ued NOA 'UoISSNISIP
aAcqe ayl wol4 ‘sauibus bululews.

ay1 1a10ud 01 a|qissod BuryrAians op 1snw
noA '150| st auibua auo asaym uoneniis e uj

"UMOP 1NYs 01 auIbua

Pa1e120SSe Y1 3SNED [|IM $35Nq OM1 AUE 1O SSO|
ay1 pue sauibua omy uo A>uepunpal 13|0JIU0d
O SSO| B U11|NS8J [|IM SNQ 3UO Aue JO $50| 3y L
"ADQ Yoead Jo} 2UO 'saSNQ DB 33141 U1 JO OML
Aq paiamod si 1a|jo4u0d auibua ulew yoe3

‘€1-p 24nbij 235 "UMOpP

s1 auiBua 3y} 1BY1 S3dD Y3 wiojul ‘palinbai
j1'pue (s)auibua HBururewsas ay3 129304d 0}
siainjiey auibua urew e 01 asuodsal maid 3yl

Ssredl

"paA1dd3i aJe ainjie} yied elep e jo suoledipul
awnAue YDA Yylim pPayd Ajpreipawiull 0}
UOSE3 BUO SISIY] "9JBABUN 348 SDdD 8yl pue
pajie} sey auibua ue ‘poys u| "sniels auibua
331 01 5DdD 2U1 SPUI|Q YDIYM S1{NS3J ainjley
yied eiep e ‘sjie} J9||0JIUOD B UBYM 'OS|Y

"UNJ 01 ANUIIUOD 10U |[1Im dutbus pajjosuodun
ue eyl ainsua 01 ainiea) A1ajesesisiyl
‘umopinys dnewnaud aeipawwi ue ybnoayl
sa0b auibua ay1 '1amod a50| 19||0J1U0d B U|
SNDQ Y10g UBUAA "PalIGIyul aJe 1wl 1 Ushs
UMOP1NYSs sUIbua ue Ul 1jNsal ||IM 13]]0J1U0D
auibua utew ay1 01 auinjie} ;amod 313|dW0d v

'au1bus ay1 yrim waqoid snoias

ou Ajjenide si 243yl Usym (pajgeus aJle siiui| 4
umopinys auibua Buipnul) aulpas papaadxd
Ue JO SUOIIEdIPUI 3Y] |8 9AID ued Josuas pajie}
e 'os|y '$19(j0J1u0d punoub Ag Auinids snon
-U11U0d pue 850> Japun Ajuo 1ng 'papaadxe
SI1iWi| aul|pal e uaym uana Ajajes paresado ag
{1115 uBd AUIBUS UB UBYM SISO BWIOS Je 3IdY |
"UMOPp auibua 1Byl INYS 01 USYM 3UIWI319p 0}
‘salyjiqeded woqe 1eiut Buipnpul ‘'uoeniis
3y1 a1en|eAa ||Im punoub ayl ‘ased siy1 uj
"UMOP 1NUS 10U [j1m duibus ayl 1ng a1euiwnyji
A aybiy sniels auibua pas ayl 'paiiqiyul

2IB SLIWI| UDYM PBIPDIIXI 1 1IWI| BUI|P3I B |



MPS DATA
SSME 1imits automati- MPS
cally inhibited u :
vHCC LH2 ET ULL PRESS

MPS CMD, HYD J mm.ammm.aw 2ek Th %mm %um i ;
or uck Throttles) : (

1. If in bucket: ME LIMIT SHUT DN - INH wwu,w mwwwmmm%,mm 5

37 if one mﬁanw;wwxow" and > 23Kk o UL

2aR = <o)

LENG s

ENG FAIL Tt (acs) e (ACT)
~AC BUS SNSR (three) - OFF I : I
If MPS Data:

~__MN ENG SHUTDN pb - push
- If second failure:
ME LIMIT SHUTDN - INH

L STGI 2 4

.,v_.,m%.n.e 3 4

Figure 4-13.- ENGINE FAIL cue card procedure and ac bus distribution to the main engine controllers.
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LH2 ET ULL PRESS
vMCC
Post SRB SEP/Pre MECO
If 3 of 3 < 31.6:
1. MPS LH2 ULL PRESS - QP
when 3 of 3 > 34.5 - AUTO

2. MPS LH2 ULL PRESS - 0P
when third > 34.5 - AUTO

Figure 4-14.-LH2 ET ULL PRESS

cue card procedure.

[f 2 of 3 > 34 & third < 31.6:
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