SSME FMEA/CIL
REDUNDANCY SCREEMN

Component Group: Propallant Valves Prepaned; P. Lowrimora
CIL llam: D110-M Appraved: T. Nauyen
Component: Maln Fugl Valva Approval Date:  €/30/m9
Part Mumber: RS009255 Changs #: 2
Fatlure Modea: Internal leaka ne. Diractive & CCBO ME1-M-5225
Fage: 1of 1
Critizakty
FPhaze Fefure f EAec] Descripticn Hazard Refarance
B Laakage results In fire open air delonation and ovepressure conditlan. Loss af vahlefe. ]
41 WE-A12
Redundancy Segreens; SIMGLE POINT FAILURE: MiA,
c Leakage results in past shutdowmn fire; open airdelonelion and cverpressurg conditicn whsn pramaluns shutd own atcurs on the launch ) 1
4.1 pad, Loy of Vehlcle, KIE-A1A

Redurdancy Screens: SIMGLE POINT FALLURE: MPA.




SSMEF  AIGIL

DE&:uN
Component Groug: Fropellan] Yatves Prepared: P. Lowrmoes
CIL Hem: D110-04 Approved: T. Nguyen
Component: Main Fuel Yalve Approval Date- gI1vEg
Fart Humhber; RSO0EZSE Change #: z
Fallure Mode: Intamal leakage. Drecilve g: CCBO ME3-n1-5224

Page: 10f 1

Design ! Dacument Faferancs

FAILURE CAUSE:  A: Damage or fallure of esal, bzl ar ballows.

THE BALL SEAL IS LIFTED-OFF THE BALL [3) DURING THE FIRET FEW DEGREES OF ROTATION TG MINIMIZE BALLSEAML RUBBIWG AND POTENTIAL WEAR QR DAMASE. 3EAL LFT-OFF
OCCURS BEFORE THE SEAL CROSSES THE HOWL_E THERFEEY AVOMING WEAR CAUSED BY UNEWVEN LOADMNG (1). THR SEAL [3 LOADED BY THE BELLCAWNS PRELOAD (2} FOR LOW
PRESSURE SEALING AMD BY SYSTEM FRESSURE FOR HIGH PRESSURE SEALNG. THIS MIMIMIZES THE SEAL LOAD AND WEAR, DURING DRY ACTUATICNS. THE BALL MACGHINED
SURFAGE FINISH 1S SELECTED T PREVENT SEAL WEAFR. THE SEAL LIFT-CFF FEATURE PREVENTS THE ACCUMUNATICN OF CONTAMINAMTS AT THE SEALIBALL INTERFACE 'WHIS |
COULD DAMAGE THE SEALBALL DURING YALYE ACTUATION £4). THE BALL SEAL 15 MADE OF KEL-F DUE TOITS STRENGTH AND ELONGATION PROPERTIES AT CRY DWGENIC
TEMPERATURE AND SOLO FLOW RESISTANCE AT AMBIENT TEMPERATURE (4). THE BALL SEAL 15 SUPPORTED OM THE INSIDE DIAMETER BY THE BALL AMD BELLOWS TO PREVENT
FAILURE CAUSED BY PROFPELLANT PRESSURE. THE SHAFT (BALL) IS [NCONEL 718, HEAT TREATED TC PADVIDE HIGGH STRENGTH AND RESISTAMCE TO WEAR AND DAMAGE. THE
BELLOWS |5 FABRICATED FROM INCONEL 718 BAR AND SHEET (4}, INCGREL 718 15 RES|STANT TOHYOROGEN ENVIRGHMENT ENBRITTLEMENT AT THE HEAR -430F OFERATNG
EMVIRONIAENT. THE BELLOWSE 18 FOUR PLY CONSTRUCTION. THE PLYS ARE DRAVWH SEAMLESE TUBIMNG OR WELCED SHEET STOCK WHICH IS ROLL BEDUCED 35 PERCENT AFTER
WELDING. AFTER FORMING, THE BELLOVWS |5 WELDED TO THE CAP 2ND FITTING, AND THE ASSEMELY 15 HEAT TRES TED (21, HIGH CYCLE AND LOW CYCLE EATIGUE LIFE OF THE
MFY BALL SEAL, BALL AND BELLOVYS MEET CEN REQLIREMENTS (51 THE MINIMUN FACTORE OF SAFETY FOR THE 8411 SEAL, BALL AMD BELLCYYS MEET CEl REQUMRENENTS 18]
THE IWMFY INTERMAL COMPONENTS PARENT MATERLOL WERE CLEARED FOR FRACTURE MECHANICS/MDE FLAN GROWTH, SINCE THEY ARE HOT FRACTURE CRITICAL PARTS 7,
TABLE D110 LISTS ALL THE FMEAMC IL WELDS AND IDENTIFIES THOSE WELDS IN WHICH THE CRITICAL INITIAL FLAW SIZE 'S HOT DETECTABLE, ANQ THGSE WELDS IM WHIGCH 1HE
ROOT SIDE |5 HAT AGOESSIALE FOR IMSFECTION, THOSE WELDS HAVE BEEM ASSESSED AS ACCEPTABLE FOR, PLIGHT BY RISK ASSESSMENT (8). THE VALVE SLICCESSFULLY
CORMPLETER NESIGN VERIFICATION TESTING (30, INCLUDING ENDURANCE aND YIERATION, AND THE TEST RESLILTS WEKE REFDIRTED {100,

{1) REOOB2S6: (2] FSOMA20E: () REO0AIFE. (4) RESH576 (5) RLODS3Z, CPAZORDOO2E, (B) RSS-B546 CRIIDRIMOAE; (7) NASA TASK 117, (8 RES-EFSE; (%) DWVS-SSMESIS (10)
R35-915-17, RE5-513-24
FAILURE CAUSE: B: Comamination.

THE FUEL SUPPLY T THE MFV IS FILTERED TO 40 :MICRON FAAXIMUM PARTICLE SIZE (13 THE BALL SEAL LIFTS.CFF FROM THE BALL AFTER THE FIRST FEW NEGREES OF
ROTATION, THIS HELPS WASH &MY CONTAMINANT QFF THE SEAL AND BALL (2) THEWALVE SUBASSEMOLIES AND THE ENGINE 5 STEM HARDVARE ARE REQUIRED T BHE SLEAN
PRIGR TO IMSTALLATIOM (3. THE WALVE IS5 ASSEMBLED IN A CONTAMIMATION CONTROLLED AREA (4). DURING PROPELLANT CONDITIONING, THE GHZ PURGE MAY CRUSE
MITROGEM IGE TO BE DEFOSITED ON THE BALL. A CONTINUCUS FUEL 3YSTEM PURGE FREVENTS HGIWG [3).

(1) KO 1IMIS000; (3] RSODBIAE; (1) RL10OG0T: {4) RQOTII1-800; (50 OAMRI0 S00FE0 320
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INSPECTION AND TEST
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Docurrsnt Reference

RSOOACI
R30082 7T
R&DOAICE

REAC-O0%

RAO113-115

RL10011

RAQS0T-64
RAM 15116
RAT115-0G
FANT-127
RPA1115-001

AATE] 1-0M2
RLDOZY2
RAQET 020

REM08208
RLOGETS

RLOOAT2

Ra0a0l4
REma2
Ra3zZe

AL1Q0M

RL12001
RE0CH256

ROAT 11500

Component Grolp:  Prapediant Valves Prepared:
CIL Item: G 10-01 Approved:
Component: Kaln Fual ¥Yakra Apprayval Dare:
Part Mumbar: R30QEZEE Change &:
Failure Mode: Imbarnal rakage. Diractlva #:
Page:
Fallum Causes Bignificant Cheraclenslizs Inspeclions] / Testis)
A SEAL
SHAFT ASSERBLY
BELLONS ASSEMBLY
MATERIAL INTEGRITY MWTERML INTEGRRITY |5 VERIFIED PER DRAMING REOUIREMENTS.
EACH LOT OF KFIL-F FOR THE REAE0A4 SEAL IS SUBIECTED TO A& MOLTEN SALT EATH
EXANINATION, VISUAL EXAMINATION, GONTAMINATHON IRSPECTICH, TEMSILE STRENGTH ANG
ELOMGATEIN TESTS, AND INFRARED AHALYELS.
THE SHAFT (BALLY ASSEMELY DETAILS ARE PEMETAANT INSPECTED AFTER MACHINING,
WELD INTEGRITY THE WELDS OM THE SHAFT {BALL} AMD BELLOAAS ASSEISBLY ARE INSPECTED TO DRAWIMG ARD
SPECIFICATION REGUIREMENTS FER WELD CLASS. INSPECTICHS INCLUDE: VISUAL,
DIMENSIONAL, FERNETRANT, RADIOGRAPHIC, LLTRASCHIC, AND FILLER MATERIAL, AS
APPLICARLE.
HEAT TREAT THE BELLGWS ASSEMBLY AND SHAFT HEAT TREATMENTS ARE VERIFIED FER SFEGIFICATION
REQUIREMENTS
BELLOWE INTEGRITY THE BELLGWS ARE DIMENSIONALLY INSPECTED, PROOF PRESSURE TESTED, LEAK, TESTED, AND
LOAD DEFLECTIQN TESTED PER DRAVWING AND SPECIFICATION REQUIREMENTS.
ONE OF EVERY 25 DELIVERABLE BELLOWS SLBASSEMBLIES [S SECTIONED AFTER ACCEFTANCE
TESTING AND INSFECTED.
CEALING SURFACES THE MACHINED SEALING SURFACES ARE INSFECTED FER THE DRAVIMG REQUIREMENTS.
B o VALVE AND UFETFIE.M-I'i o -l-.!_F:Sl'FtEAM COMPOMENTS ARE YERIFIED CLEARN T FUEL SERVICE OR BEETTER REQUIREMENTS.
COMPONENT CLEAMLINESS
WALVE COMPOMENTS ARE VERIFIED TO BE CLEAN PRIOR TD ASSEMALY.
THE WAL'WE ASSEMBLY IS VERIFIED TO BE ACCOMPLISHED 1M A CONTAMINATICH COWTROLLED
AREA,
ALL CAUSEE ASSEMBLY INTEGRITY THE WVALVE 1S FUNCTIONAL ANG ACCEPTANCE TESTED FER DRAWING AND SFECIFICATIONM
REDUIREMENTS,
THE BALL SEAL IS LEAK TEETED PRICR TO EACH FLIGHT FOLLEMWAMNG LAST ACTUATION. (LAET
TEST)

RE00E256
RLOD45Y

OMRSDVA1E00 010
OMRS0D SI0FAD 212



Ul anEr [AIEH Fropellapt Yalves Frepared: . Lowwim

ZIL Ilern: C 1001 Approved: T. Nouyen
Camponant: Maln Fual Yalva Anproval Data: Efanr9s
Part Mumbar: REOMAZSE Change #: 2
Failure Mode: Intarnal laakaga, Dirastive 2: CCRD ME3-01-52268
Fage: 2ol 2
Failura Causas Slgmificant Characterictics Inspacthonia) ) Taslis) Documant Rwferenes

Feilure Histary; Comprehenshes failurs histony data |s malnlainad n (ha Problem Reporling databass {PRANMS/IPRACA)
Referance- MASA fetter SA21/84908 apd Rackelklyne lefter ABRCHS761.
Dperatondl Use:  Not Applicoble.



SSMEF ~A/CIL
WELD . /INTS
Companent Group; Propellanl Valves Prepared: P. Lawrimore
CIL Item: o110 Approved: T. Hauyen
Camponent: Main Fuel Valve Approval Dale; Brag9s
Part Number: RSO0B258 Changet: 1
Direstive #; CCBD MEJ-G1.5226
Pape: 1af 1
Crilleal Inllial
Aoot  Flaw Size kot
ide Wt [Etactabla
Campansnt Baz|c Part Mumbar ¥ed Mumbar Weld Type  Claes Acemer HOF LCF Comments
BELLOWS REON2208 14 vy ] » *
BELLOWYS RSO0AZ0M 54 GTAW |
SHAFT RSOOB2T EBW ] x X
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1.2



