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Fhasa Failure { EMaet Descr plion Hazard Raference

L1 Fallure of PAY misircke aliows high flowrala eyl the ven! ped  H flowrale is suRlzienhy high ba cavse HEOTP intenmediale seat aurge 1R
1 nraasure to fal” belew Fmil, Control'or detects oub-el mil eondiion and mitizbes engine shutcown. Deplellon of helium supply for this ME-C15,

angine untit vehic'e termingles supply  Misaion scrrb. Less of vebdcle due o HPOTE fire miay razy il lass of halium to HPOTP |MSL ME-33/h

purge is nol detzcled.

Radundancy Screans: PRNELMATHG S¥YSTEM - SENSOR SYSTER: UNLIKE REDUNDANSY

A, Pags - Redusdanl hardwans itams am capable of chech oot during nervel growvnd furnara und.

A: Pags - Loss af 3 redondanl hardwara items s datecteble during Aighl.

C. Fail - Luss of redundan| hardware items could resull frorm 2 single credhin avant.
M Fa:lure of AN midstrohe dudng start allows high flowrate out the vemt pon, dapleling engine halivm sopply duning meinstaga  HPOTE IR
4.1 interer ediate seal purge lalls balow lmil  Controdar delecte put-of At cond ilion and i bes enging shutthown, Deplellon of helum supphy ME-C15,

tor thiz engine uniAl vehicle beiminses supply, Misskn abord ME-C1kn

Redundancy 3cretns: PRMEUMATIC SYSTEM - SENSOR SYSTEM: UNLIKE REMUMDOANCY

#. Fass - Aedundant hardwara ilems are capable of checkoet durlng nonmal gremnd tumaround.
E: Fazs . Loss ol & redundant hardware llems is debectab's during Might.
C: Fail - Loss of redundart hardware items eould regult from & alngle credibhe evan
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SSME FMEA/CIL

DESIGN
Component Group: Preumatle Conlrols Prapared: P. Lewrimore
CIL tem: c2o0-148 Appirovad: T. Hgyen
Companant: Przumal(e Controf Assembly Approval Data: Gf2ra
Rarl Mumber; RO1%a50 Changa #: 1
Failura Made: Falls 1o actuate fully {Fuel system purge PAY and Oxidlzer biead FAV}, DN ractiva & CCED MEA-01-5213

Poge: 1of 1

Diaslgn / Deewrent Feference

FAILURE CAUSE:  A: Fuel system purge PAY, Oxldizar hieed valva PAY Fallura: Pappet jammed midstroke.
G: Fuel system purge PAY, oxldizer hfeed valve PAY Failgra: Exeasslve Intoroal loakage dua ba; Gonlaminallen,
E: Fuel system purgs PAY, oxidizor bleed valve PAY failure: Excessive injernsl ieakage chre lo: Damaged puida (soatarminstlan |lammed trabween guldes, plston, and
hody].

DETAIL PARTS AND TEST FIXTURES ARE CLEANED (1) PRIOR TO ASSEMBLY (2). ASEEMBLY AND TEST ARE FERFORMED IN A CLEAN ROOH {i). LUBRICANTE ARE NOT ALL CWweED
FOR AGSEMBLY OR TEST [2). COMPOMENT LEVEL TEST FLUIDS ARE NITRQGEEN AND HELIL®A WHICH MEET THE HARDWARE GLEANLINESS REQUIREMENTS (11, THE COUAPCNENT
PARTS AND SUBASSEMELY ARE FREE OF WISIBLE FOREKIH PARTICLES AT THE TIME OF ASSEMBLY (2). AT THE EMGINE LEVEL, A 15.MCROM FLTER IN THE PREUMATIC COMTROGL
ASSEMBLY {4) AND 15-'IGRON FIL IERS AT THE IWLET AND CHUTLET OF THE SOLENCID VALYVE (5) EMSURE THAT CONTARKINANTS L ARGER THAN 15-MICRONS TviLL RE REMOYED.
TIIE FRESSURE ACTUATED WALVES (5], INCORPORATE TEFLOM GUIDES WHICH PREVENT METAL-TJ-METAL RUBRING AND METAL PARTICLE CENERATION, THESE OE5IGH
FEATURES FREVEN GENERATION OF METALLIC PARTICLES WHICH £ OULE JAM THE PAY PIETOM, BHAFT, OR SPAGER ASSEMALIES, THE LD RATIO ON THESE FIECES PREVENTS
COCKING. THE PAV PISTOM ASBEMBLY AND SHAFT ARE HELD M ALISHMEMNT AT EACH END {5). (N THE EVENT THAT METALLIC PARTICLES FROM ANOTHER SDURCE GET INTO
THEZE AREAS. THE PARTICI ES BECOME IMBEDOED IN THE TEFLOM SLEEVE. THIS PREVENTS GALLING BETWEEN THE BODY AND POPPET AMD PREVENTS JAMRAING

HYRLICOOT: 12 RLOCIAT (3] ROO711-B00; £0) ROJ19450: (5] RECAQD4: (B} RSOQE0Z

FAILURE CAUSE:  B: Fuel Systemn purge PAY, Oxidizar bteed walva PAY Faiturs: Brokan Epring.

THE PRESSURE ACTUAIED VALVE SPRINGS (1) ARE MANLIFACTURED FROM ELGILGY WARE. STRENGTH AND ELASTIC LIMIT, TOGETHER WITH ELASTIC MOOU! 115, ARE THE
PRIMARY REASCAS FOR USING ELGILGY. TIE MATERIAL I3 CORRGSION RESISTANT AND EXMIBITS RESISTANCE T0 STRESS CORROSION CRAGHIHG {2} FOR THIS APPLICATICH.
THE SPRINGS AHE STRAIN RELIEVED AND INCORPORATE CLOSED AND DERURRED ENDE, REDUCING STRESS CONGEMTRATIONS THAT MAY CAUSE BREAKA GE {1

11 R30080235. [2y R35-ARRI-A
FAILIIRE CAUSE: D¢ Fuel syslem purge PAY, oxldizer blaad valve PAY lailure: Excessiva nternpl leakage dug 10: Dameged/d efec live gaaling =urtace.

THE FUEL SYSTEM PURGE PAVY 1) AMD T E QWIDIZER BLCED YALVE PAY (1) POPPETS {2) ARE MADE FROM 321 CRES. STRENGTH AND DUGTILITY ARE THE M IMARY REAGONS
POR SELECTING 521 GRES. THIS MATERIAL IS CORROSION RESISTANT AND EXHIBITS A RESISTANGE TO STRESS CORROSIDN GRACKING 13]. THE PAY SEATS {4) ARE MADE FROM
7275-T73 ALUMINUM ALLOY (3). LIGHT-WEIGHT, STRENGTH, AND RESISTANCE TO STRESS CURROSION CRACKING AAE THE REASQNS FOR USING TS MATERIAL, THE POREET
SEALS ARE WADE FROM KEL.F (3). COLD FIOW CHARACTERISTICS AND DUCTILITY ARE THE PRIMARY REASCNS FOR USING KELF.

1) REO0AI2Y; (72 RENAGCZY () RESHSAZ.5; (4) ASA5%030
FAILLURE CALSE: ALL CAUSES

THE PNEUMATIC CONTROL ASSEMBLY HAS SUCCESSFULLY PASSED DESIGN VERIFICATION TESTING (1), WHICH INCLUDED PRESSURE TESTING [2). PRESSURE CYCLING (3), AN
VIBRATION TESLING (4). HIGH CYCLE ANDLOW CYCLE FATIGUE LIFE, AS VELL AS THE RYNIMUM FAGTORS OF SAFETY FOR THE PTA, MEET CE| RECHMREMENTS !5). THE PCA WWAS
CLEARED FOM FRACTURE NMECHANICSINDE FLAW GROWTH, SINGE IT GONAINS NO FRAGTURE CRITICAL PARTS (8] THE DESIGN HAS BEEN FURTHER VERIFIED BY VALVES BEING
REMOVED FROM FRGINE 0107 AND DISASSEMBLED. THE WALVES SHOWED NO DEGRADATICN DR WEAR OF DETAIL PARTS (7). THESE UALVES HAD ACCUMULATED DVER 15,000
SECOHDS ANL 53 STARTS. THE HPOTP INTERMED', [ E SEAL PURGE PRESSURE REDLINE WILL LIMIT CRITIC ALITY OF TAILURE TG ENGINE SHUTOOWN. THE GONTROLLER
MOHITUR S¥YSTEM IS COMPRISED OF REDUHDANT SENSOR ELECTRONIGS, REDUNDANT HARDNESSES, AND REDUNDANT CONTROLLER CHANNELS {8

1 OVE-55ME-S10; (2] RES-R10-98; (3) RES-510-51; (4] RES-510-50; (5) RLADS3Z, CPI2OROO0AR, RES.8546; (6] NASA TASK 117, (7) BEME-B30230) (B} CP40ER0MZ PT 132354
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INSPECTION AND TEST
PReumatic Cantrols
Siep-1a
Preumatic Contral Assembhbly
RAG 9450

Falla ta actuata fully (Fuel system purge PAY and Oxidlzer Heed PAY).
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T. Hguyen
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Fallure Canzes

Significanl Characterlslics inspeclion(s) ! Tesi{s)

Dacumant Reference

M, G B

18- 2

PREURMATIC CONTROL
ASSCWBL Y

FILTER

FRESSURE ACTUATED
VALVE - EMSD

CLEANLINCSS OF
CUOMPAOMENTS

FILTER INTEGRITY

SPRING
MATERIAL INTEGRITY

FOPPET
SEAT
SEAL

MATERLAL INTEGRITY

ROD1E450
RES 1107
REMADZY

THE PNELRAATIS CONTROL ABSEMELY, THE PRESSURE AGTUATED WALVES, AND THE SOLENSIN rLocod

WVALVES ARE CLEANED TO OXYSEMFUEL SERVICE PER SPECIMICATION AND CRAYYING
RECLIREMENTS.

DURING ASSEMBLY OF THE PRESSURE ACTUATED YALVE, THE ACTUATION BNG DEACTUATION

ROG 2450
R332

RLOG3T

OPERATION 15 YCRIFIED. OPERATION OF THE VALVE VERIFIES HO GONTAMING TION ELOCKAGE IM

MIOVING PARTS.

FILTERE ARE INSPECTED T MEET FLOW AND FILTRATION REQUIREMENTS PER SPECIFICATION, RC1090

MATERIAL INTEGRITY |5 VERIFIED PER DRAVIMG REQILIREMENTS.

AFTER MAGHINING, SPRING CHARACTERIETICS ARE INSPECTED PER ORAWING AMD
SPECIFCATION REGUREMENTS.

LOAD RANGE OF THE UEFRESSED SPRING |5 TESTED AER DRAWING REQLIREMEMTS,

SPRING HEAT TREAT WERIFIED PER SPCCHICATION REMEREMENTS,

MATERIAL INTESRITY IS VERIFICO PER DRAWING REQUIREMENT .
HEAT TREAT 15 VERIFIED PEF DRAWING REQUIRFMFRTS A% APFI ICARI £

RC1107

RIM0ACEE

RSMACES
RAOZ.M2

RS0a02s
RADE1-021

REMIan:7
REME110
RE0GE0:E

DO AArman



Companent Group,

Preumathe Cartrals

Frepared; F. LowrInnare
CIL e 20018 Approer: T. Huryen
Camponent: Frieamatic Gontrs| Assembly Aporoval Data: /i)
Fart Number: ROO1p450 Chanpa @ 1
Fallure Mode; Fails ta acluate fully |Fuel syslem purge FAY and Dskdlzar biead PAV], Cilractive #: CGRD MEI-D1.5711
Fage: 2of X

Failure Causes

Slgnifieant Charactetlstics

Inspeclionfs) + Tazl(s)

Document Relarenes

ALL CALSES

¢3-0

Failure History: Coprelienswe falure stary data is malrtaired 10 the Probkern Ra
Reference: HASA leller SA21.587308 and Fockatdyre letter S8R

SEALING SURFAGES

PHELFMATIC CONTROL

ASEEMBLY
ASSEMELY TESTING

HOT-FIRE ACCEPTANCE

TESTING
['GREEN RLIM)

PRE-FLIGHT CHECHKOLT

Oparal pnal Use: Mot Applizeble

SEALING SURFACES ARE INSFECTT R FER DRAWING REQUIRENMENTS .

FA& SEAL OFERATICNS ARE VERIFIED DURING ASSEMELY & MD FUM

THE FOLLOWYING TESTS ARE PERFORMED
PMELIMATIC CONTRIOL ASSEMBLY:

= SEAT LEAKAGE IS VERIFIED TO BE

ENERGIZED CPERATION,

- ASSEMBELY OPERATNOM IS VERIFIED

ASSEMBLY.

- ASEEMELY FUNCTION 15 VERIFIED BY INSPECTION CF THE RATE ANMO PRESSURE OURING FLOWY

“HECK.

PNEUMATIC CONTACL ASSEMELY DPE

TESTING,

INTERNAL PGA LEAKAGE ALL VALWE
VERIFIED EACH FLISHT FLOWY.

PHEUWATIC CPERATION |5 VERIFIED DURMMG 551
AFTER ANY REPLACEMENT OF RELATED COMPD

REQUIREMENTS:

- FLIGHT READINESE TEST INCLUDNG PNEUMATIC SHUTOOWN,
- FLIGHT READINESS TESTS AND VALVE C¥CLE VERIFIGATION.
- PRE-CRYG LOADING, [LAST TEST)

poriny detabase (PRAMSIFRACA)
COo7a

ETIONAL TESTING.

CURING ASSEMBLY ANO FUNCTIOMAL TES TiNG OF THE

VTHIN SPECIFICATION FOR ROTH ENERGIZED ANO DE-

BY TESTING EAGH FUNCTION OF THE PMELRAAT: COMTROL

RATION 15 VERIFIED THROUGH HOA-FIRE ACCERTANCE

5 DEACTIVATED EXCENT PLURGE SECUENGE PAYY IS

ME ELECTRICAL CHECKOUT PRIOR T FLUGHT aR
MNEMTS BY FERFORMING THE FOLLOWING CMRSD

RS00802T
REL0B030
RSg05028

RLOO3AY

RdI19450

RLM544
RLA054s

RLOCA<d

RLOG45

CMRSD WA tB30 0o
OWRSD W1 BO0.08:

DMRED V4 1AS 2 050
TRARED 300FA0 21
OMRED SL0Fa0.213



