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Critizallny
Thase Fenure ! EHect Cescription Haramd Referenca

F Helum presewran? s nol apolied ta eiveing pislen af main lugl vehve actuator IMFWA) KFY may drite causing propetiant keakage. MFY 1
4,1 leakage results m fira, opan #r detonalicn and cuerprassure cand'tion, Loss of velicle, ME-AaiF,
ME-42P

Redindancy Scraens: SINGIF POINT FAILLRE: Wi

o Fallure 1o supply pneumatic grassunant woudd negate emergeney engine ehdewn, Englne shutdown would have bo be accomplished by 1
4.1 tlosing vehicke prevalva. Loas of wehicle. ME-CIC,
ME-C14A,
Rodundangy Screens: SINGLE PQIMT FAILURE: Ris, ME-AtA,
ME-AZ4
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SSME . ZA/CIL

DESIGN
Companent Sraup: Fnermalle Conirals Preparad: F. Lerurimora
CIL Itarm: £20a-14 . Appraved: T. Mguyen
Componant: Eroumatic Conlrel Assembly Approval Dala: [T
Pard Numher: RL01B450 Change #: 1
Fallura fade: Fallure 1o supply Mellum prassurant. Directlve #: CCOBD ME3-99-5213

Fage: 1a0f 2

Ctesign f Oocumenl Raferanne

FAILURE CALUSE: I PCA companent Tallure: PCA inled hallum liller biagkad,
: PCA component fadlure: Emergarsy preumallc orifice blocked,
- Emergency shutdown salenoid vafvo faiture: Armakure jammed closed.
t Emergency shuttlawn sofenoid valve failure: Pushrod fammed rloged.
Emamanicy shuldewn satanold valve fallure: Vant part poppeltsaat feakage due to: Contamination.
: Emergency shultawn PAY fallure: Yend pont poppaiteast lhakape dug ba: Conlamlnatian.
: Emargency shutdawn PAY falture: Venl pon, PoRpalisaat lkakage dus to! Flow passape biocked.
i Emergency shutchown PAY Fallure: Vent port potspetisaat lozhge due to: Damaged guida {5 antatiination Jammed hetween guldes, platon, and hadyl.
: Emerpency shuldown PAY failura: Control cavity seal keakage due te: Conlamlmatlan,

CETAIL PARTS AND TEST PIXTURES ARE GLEANED (1) PRIOR TO ASSEMBLY (2). ASSEMBLY ANN TEST ARE PERFORMED IN A CLEAN ROGN {3). LUBRICENTS ARE NOT ALLOWEDN
FUR ASSEMELY OR TEST (2). COMPONENT LEVEL TEST FLUIDS ARE NITROGEN AND HELIK WHICH MEET THE HARDWWARE CLEANLINESS REAREMENTE (1}. THE COMPQNENT
PARTS AMOD SUBASSEMALY ARE FREE OF VISIBLE FOREIGN FARTICLES AT THE TIME OF ASSEIMBLY (2). AT THE ENGINE LEVEL, A 15-MICRON FILTER 1M THE PNEURATIC CONTRO™
ASSEMBLY 141 AND 16-MICRON FILTERS AT THE INLET ANE DUTLET OF THE SOLENOID VALVE (3] ENSURE THAT GONTAMINANTE L AR BEW THAM 15 MKSROMS WILL BE REMOVED.
THE PRESSLRE ACTUATED VALVE {5} ANC SOLENUID VALVE (5} IRCORPORATE TEFLON GUIDES WHICH PREVENT METAL-TO-METAL RUHBING AMD METAL PARTICLE CENERATION.
THESE DESIGHM FEATURES FREVENT GENERATION OF WETALLIC PARTICLES WHICH COULD JAN THE SOLENOIR ASSEMELY ARMATL RE, PUSHROD DR STEM ASSEMBLY. AHD THE
PAv PISTUN GR SHAFT, THE PISIUN-POPPET LID RATIC PREVENTS COCKING. THE PAY PISTON ASSEMELY AND SHAFT ARE HELD IN ALIGHMEN T AT EACH END (E). IM THE EVENT
THET METALLIC PARTICLES FROM ANGTHER SOURCE GET INTC THESE AREAS, THE FAHTICLES BECOME IMBEDDED M THE TEFLON SLEEVE. THIS PREVEMTS GALLING AND
JonARAING

FELITOoOOMm>

(11 EL0007; (2] RLOQ2T0, RLOOR47; (3; ROO719-500 {4} ROH 9450; (9] ROOIOTESE: (63 ASOOMOZT

FAILURE CAUSE:  E: Emergency shutdown solenald valee fallure: Broken spring.

THE SCOLENOIDN VALYE SPRING (13 15 MANUFAC TURED ERDMA ELGILOY WIRE, STAENGTH AND ELASTIC LIMIT TOGETHER WITH ELASTIC MODULUE ARE THE PFRIMARY REASOIS
FOR LISIHG ELGILOY. THE MATERIAL IS CORROSION RESISTANT AND EXHICITS ACEQUATE FESISTANCE TO BTRESS CORROSION CRACKING (ZYFOR THIS APPLICATION THE
SFRING |5 STRA4IN RELIEVED AMND INCORPORATES CLOSED AMD DEAURRED ENDS REDUCING STHESS CONCENTRATIONS THAT MAY CALSE an EAKASE.

{1) REQ0807s; (1 MSFC-BPEC-522, RSS-BSSE-6

FAILURE CAUSE: &: Emergency ahuldewn solenoid valve tallure: Yant port popipet!seat lozhage dus to: Damagadidefectiva se aling surlace.
|: Emergency shutdown PAY fallure: Vent port poppetieeat leakage dug to: Damagwdidelectve sealing surfaca.
M: Emergency shutdown PAY laflore: Comiral cavity aal laaka ga dus s Damagedidelectlve eeal,

TUNGETEN CARHBIDE 15 USED TO MANUFACTURE THE EMED SOLENCIO VALVE POPPET [1}. TUMNGSTENM CAREDE WAS SELECTED FOR ITS RESISTAMCE TO WEAR AND TS
VIRTUALLY POROEITY FREE STRUCTURE. TIIE MATERIAL IS GORROSION RESISTANT ANLL WHERE LISED, IS MOT SUBIECT TO STRESS CORROSION CRACKING (Z) THE SEAT (312
MANUFACTURED FRUM 440G CRES BAR. HARDNESS ANMD WEAR RESISTAMNCE ARE THE PERMARY REASQNS FOR USING 4400 CRES. THE MATERIAL ALSE EXHIBITS SUFFICIENT
CORROSICON RESISTANCE TO BE SUITABLE FOR THE APPLIGATION  THE PAY POPEET (4115 MADIE FROM 221 CRES. ADEQUATE STRENGTH AND DCGTILITY ARE THE FRIMARY
REASONS FCR SFLFCTING 321 CRES. THIS MATERIAL |8 GORRCSION RESISTANT AND EXHIBITS & RESISTANCE TO ETRESE CORROSKIN CRACKI NG 12}, THE SEAT (5] IS MADE
FROM 7075. TS5 ALLIMUM ALLOY. LIGHTWEIGHT, STREMGTH AHD A RESISTAMCE T STRESS CORRODSION CRACKING {2) ARE THE REASONS FOIR USING THIS MATERIAL. THE
FOPPET SEAL IS WADE FROM KEL-F(8), LOW COLD FLOW CHARACTERISTICS AND GOOD DUCTILITY ARF THE PRIMARY AEASOMS FOR USING KEL-F (7). THE CONTROL CAY'TY SELL
I7: 1S MALE FROM 1FE FEFLON, WHICH 1Wa5 SELECTED FOR TS \WESR RESISTANCE AND LOW GCEFFICIENT OF FRICTION 2

(1) RS00AGE: {2 MSFC.SPEC-522 RSS-B582.5: 3] ASOA141, (4} RECOAGIT, [5) RSOUS03G; (B) RSOOEOZR, (5} RES1365
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Beeign / Document Reference

FAILURE CAUSE: ALL CAUSES

THE PNEIMATIC CONTROL ASSEMBLY |5 CAPABLE OF PHEUMATICALLY 21 IUTTING OOV THE ENGIME IN THE EVENT OF TOTAL ELEC TRICAL FAILURE AND OF TERMINATING THE
SHUTOCMMN PURGES AND POGO ACGUMULATOR HELILM POST CHARGE (132 THE EMEREENCY SHUTDOWE SOLEMOND WALVE (3) 15 A NORMALLY OFEN, DUAL CCHL VALVE. 1N
HORMAL OPERATION THE VALVE IS ENCRGIZED (CLOSEDR). UPCH COMMANDING PNELUMATIC SHUT LoV, THE CONTROLLER DE-EMERGIZES (GPEMS| THE VALVE SUPRLYING
CLOSING FRESSURE TC THE MAIN VALVES, ANY ELECTRICAL FAILLRE IM THE SOLENDID WVALYE WOLULD CALISE THE VALYE TO DE-ENERGIZE (GFEM} AND ALLUWY THE
COMMANDED PREUNATIC SHUTDCAWN, HIGH CYGLE AND LOAW CYGLE FATIGLE LIFE, AS WELL AS THE MINTWL FACTORS DF SAFETY FOR THE POA, MEET GEI REQUIREMENTS (4.

THE PCA WAR £ EARED FOR FRACTURE MECHANIE 5/MOE FLAW SROWTH, SINCE

IT CONTAING HO FRACTURE CRITICAL PARTS (5). THE PNELIMATIC CONTROL ASSEMOLY HAS

TOMPLETED DESIGN VERIFICATIGN TESTING [8), INCLULHNG PRESSURE TESTING (T), PRESSURE CYOLING (&), AD VIBRATION TESTING (9. THE DESIGN HAS BEEM FURTHER

VERIFIEDBY VALVES SEING REMCVED FROM ENGINE 0107 AND DISASSEMBLED.
ACCUMULATED OWER 19,000 SECONDS &ND 54 STARTS.

THE VALVES SHOWED WO DESRADATION OF, WEAR DF DETAIL PARTS 10 THESE VALVES HAD

(1) DVYS-55ME-B10 (2) RO 3450, () RMNIDFRS; (4] RLOOKAZ, CP320R0MIP, RES-BSds; (6) MASATASK 117, (6) DVS-55ME-510; (7) BES5-510-46; () AS5-510-51; 18] R35-310-3C;

{109 EEME-33- 0230

E2-0



SSME FM cIL

INSPECTION AND TEST
Comporent Group: Fricumatic Coniroks Praparad: P. Lowrimere
Ci. ieme 01 Approvad; T. Mauyan
Compeonent; Fneumalle Central Assemhly Approval Dato: | gL
Part Nupmber: ROD{5450 Charnge ¥ 1
Faiture Moda: Faliure te supnby hellum pressurant, Droctiva §: CCERO MEX-[H-5211
Paga: Taf A
Failure Sauzas Swriilicant Clraraztaristgs Inspectians) ! Tezlis) Doeumerd Fafamenes
AR T DLFHJKL FHEUMATIC CONTROIL 1K1} PR T
ASECKDbLY RLHOT25
FHEUMATIC COMTROL RS00ADZ]
SOLENQID RE£1030
FPRESZURE ACTLIATEDR RES1107
MSSEMBLY
FILTER
FILTER
)
! CLEANLINESS OF THE PMEUMATIC COMTROL ASSEMBLY THE FRESZURE ACTUATED WALVES, ANMD THE SOLENOID RL1C20H
% COMPONENTS YVALWVES ARE CLEAN TO OXYSEMFIEL SERY|CE PER SPECIFICATION AND BRAYANG A 2450
REQUIREMENTS, RO 072S
RECOS0ZT
n
DURING MANUFACTURE ANR ACCERTAMGCE TEST OF THE 50 ENSID YALVE, THE FILTER BLWNA?R
INSTALLATION, WALVE CLEANIMG, AND CLEAN FLUSH PARTICLF COUMT IS INSPECTED PER
SPECIFICATION.
il -
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Falura Cauces

Significant Charactevizllos

Inspecibanis) f Tests)

Bocument Refamanre

A8 T 0 F H O K, L

6t -2

CLEANLINESS CF

COMPONENTS

FILTER INTEGRIT ¥

SPRIMG

MATERIAL INTLOGRITY

TURING MAMUFACTURE AMD AQCEPTANCE TEST OF THE SOLEMNCID WALVE, THE FIl TER

INSTALLATION, WALVE C1 EANING, AMD CLEAN FLUSH PARTICLE 0O UMT 13 INSPECTED PER
SRECIFICATICHN,

DURING ASSEMBLY OF THE PRESELRE ASTUATED VALVE, THE ACTUATION ANO DEAGTUATION
OPERATION AND SEALING SRE VERIFIED. OPERATICIN OF THE VALVE VERIFIES O
COMTAMINATION BLOCKAGE [N MOVING PARTS.

FILTERS ARE INSFECTEN TO MEST FLOAW AND FILTRATION REQUWREMENTS PER SPECIFICATHIN.

MATFRIAL INTEGRITY 15 VERIFIED PER DANAMG RETUIREMENTS.

AFTEM sd A DR TR M e a s s b o e e

RLOOZTHE

RLOOI4F

RC1C280
RC1147

RE009T4



Campore L.

Pnuumatiz Sanlrols

Prapared: F. Lowtlr
CIL Hem. G2no-11 Approwl; T. Npuyen
Componeni; Foeumatic Control Assem by S pproval Datg: Br2E0
Part Minm e RaOgte450 Lhange ik 1
Failure Mode: Faffure I supply helfum pressqgrant. Direstivn g CCB0 MES-01-5213
Fage: laf 4
Falure Cauzes Sign (icanl S rarastariztics Inspectianis) f Tests) Cocurnent Reference
E MATERLAL INTESRITY LOaD RANGE OF THE DEFRESSED SPRIMG 12 TEATED FCR DRAWING REQUIREMENTS. RSO0ED74
G SOLENDID POPPET RSCBIOE
SEAT Ll luR R
BLY POFPET RSOCEG2Y
CAP RSa08034
SEAL RES1.355
FAY BODY RERQAC 1
S5EaL REMACAE
MATERLIAL INTESRITY MATFRIAL INTEGRITY |3 WERIFIED PER ORAWING RECUIREMENTS.
HEAT TREAT 15 VERIFIED MER DRAVWIMG AND SPECH ICATION REQUIREMENTS. RSOnE14
RA&T111-002
!
1
L SEALING SURFACES SEALIMG SURFACES ARE INSPECTEDR PER DRAVING REQLARERMENTS, RS0CEN27
o RE0CA141
PS8 1 0
RE00A030
RS00Ac] 4
REMNATE
THE RISTOM BEAL LEAKASGE 15 VERIFIED TO BE WITHIN SFECIFICATION REQUIREMENTS. RLOO2IE
RLODAAT
DURIMG ASSEMBLY AND ACCERPTANCE TEST, THE YALWE ACTUATION AND CEALTUATION
OPERATION |5 VERIFIED.
ALL CAUSES FHEUMATIC CONTROL RMTa450
AZEEMBLY
F__ N
it
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Comparen] Group:
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Fat Qumbar:
Fellure fode:
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Faiure Cases

Zraniicani Characterslics

Inspechion(z) * Tesi{s)

Oacurtent Retarence

ALL CALISES

ASSEMBLY INTCGR(TY

HOT-FIRE ACCEPTAMCE
TESTIMG (SREEM RLIN)

PRE-FLIGHT CHECKOUT

THE FOLLOWING TESTS ARE PERFORMED DURING ASSEMELY /A MD FUNETIOMNAL TESTING OF THE
AMELIMATIC CONTROL ASSEMBLY:

- SEAT LEAKAGE 15 VERIFIED TC BE WITHIN SPECIFICATION FOR BOTH ENERGIZED AN [H=-
EMERGIZED CPERATION,

-ASSEMBLY OPERATION 1S VERIFIED BY TESTING EACH FURCTION OF THE PNEUMATIC CONTROL
ASSEMBLY.

- FILTER DPERATION 1S VERIFIED BEFORE AND AFTER INSTALLATION.

PHEUNATIC CONTROL ASSEMBL Y OFERATION I8 VERIFIED THROUGH HOT-FIRE ACCEPTANCE
TEETING

EMERGENCY PNEUMATIC SHUTDOWN OPERANON IS VERIFIED OURING E5ME ELECTRICAL
CHECKOUT PRIOR TO FLIGHT QR AFTER AMY REPLACEMENT OF RELATED COMPONERTS BY
PERFQRMING THE FOLLOWARNG OMRS0 REQLUIREMENTS.

- FLIGHT READINESS TEST INCLULHNG PREUMATIC SHLITOO VY.

- PLA FUEL S1DE INTERMAL LESK CHECE,

- PCA LOX SIDE INTERNAL LEAK TEST

- FLIGH| READINESS TESTS AND VALVE CYCLE VERIEICAT IOM. LAET TEST)

Fabure Histoy Comprehens.ve ltie history data |s maintgined in ke Problem Repering database (FRAMS/ERATA)
Referesee: MAZA telier SAZ1/ERI08 and Rocketdyne leiter 8ARCOS7ET.
Oredatloral Live: Mot Appicabia.
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