SSME FMEAJCIL
REDUNDANCY SCREEN

Companent Group: Propallant Valves Proparad: P. Lawrlimors
CIL ltern: D120.05 Approven: T. Ngnyen
Companent; Main Dxbdizer wahma Approval Dale: Brinrag
Farl Numbor: RSODORES Change #: 1
Fallura Mode: Flecs part strueturat fallurs, Drectiva #: CCED MEJN1-5274
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Compsrent G up: Frope [lant Valves Prepared; P, Lawrimare
I [tem: 0420-0% Approverd: T. Hguyen
Coril panent Maln Oxldizer YVaha Approval Data: B9y
Part Humbe:: R3004255 Change#:  {
Failurs Moda: Piwce part atructural fallura. Olractica # COBD MEZ.0H £395

Fage; 1o 1

Dasign ! Decument Fefeence

FAILURE CAUSE:  A:intamal siructural fallure of: Ball seal, Shafl seal, Shalt, Dellows, Cam follower, Infet siceve, Outlet sipeve, Shafl bearing retalner. Cam baaring, Shatt bearing
Fastenars and cupwashars, f

BIOV INTERMAL STRUCTURAL PARTS ARE THE SHAFT (1}, BELLOWS (2}, CAM FOLLOWER (3), (NLET SLEEVE {4), OUTLET BLEEVE (5], SHAFT BEARING RETAINERS (5], CAM BEARINGS
t7). SHAFT BEARINGS (3], THRUST BEARING {8), BALL SEAL (10), SHAFT SEALS (11), AND THE INLET AND OUTLET SLEEVE CUPWASHERS {13) AND FASTENERS (22}, THE
CUPWASHERS ARE MADE FROM AMEALED 302 CRES. 302 CRES WAS SELEGTED FOR ITS PUCTILITY AND STRENGTH (14). THE INLET ARD OUTLET SLEEVES ARE INSTALLES WITH
16 AND 8 HEAT TREATED 0.285 SCREWS (73). THE CUPWASHERS ON THE INLET SLEEVE ARE STAKED INTO THE SCREWHEAD AND THE SLEEVE FLANGE TO PREVENT LOSS OF
SCREW TORQUE. THE OUTLET FLANGE SCREWS ARE LOCKED BY A FLAT ON THE GUP AMD EY STAKING THE GUP INTO THE SCREWHEAD. HEAT TREATED INCONEL 718 IS LUSED
FOR THE SHAFT. BELLOWS, AND CAM FOLLOWER (1), (23, (3). INCONEL 718 WAS SELECTED FOR TS CRYOGENIC STRENGTH AND DUGTILITY AND FGR ITS WELDASILITY 114]. THE
INLET AND OUTLET SLEEVES ARE FABRICATED FROK ARMCO 21-6-2 {4) {5, THE MATERIAL WAS SELECTED FOR STRENGTH AND MACHINABILITY (14). THE CAM BEARINGS. SHAFT
BEARINGS, AND THRUST BEARINGS HAVE HEAT TREATED 440C CRES ROLLERS AND RACES (7). {B), {9). THE MATERIAL IS USED FOR ITS HARDNESS AND WEAR RESISTANCE (141,
THE SHAFT BEARINGS AND THRUST BEARINGS HAVE BE-CU RETAINERS WHICH SEPERATE THE ROLLERS AND PREVENT ROLLER SKEWING. BE-CUVIAS CIIOSEN EOR TS WEAR
RESISTAMGE. THE SHAFT BEARING RETAINER RING 15 202 CRES (5). THE MATERIAL L% USED IN THIS APPLICATION FOR TS DUCTILITY {14). THE BALL SEAL MATERIAL IS KEL.F
{10}, KEL-F IS USED FOR ITS CRYDGEMNIC STRENGTH, DUCTILITY. AND WEAR RESISTANGE (14), THE BALL SEAL 0.0 15 A CLOSE FIT WITH THE BELLOWS. WWHEN MOV [NLET
$RESSURE IS APPLIED, THE SEAL DEFLEGTION 15 LIMITED AND THE HOOF LDAD IS PICKED UP BY THE BEL LOWS. THIE LIMITS THE HOOP STRESS 1M THE SEAL AND PREVENTS
STRUCTURAL FAILURE (15). THE SHAFT SEAL MATERIAL 13 GRAPHITE-FILLED POLYIMIDE {11). THE MATERIAL WAS SELECTED FOR T8 STRENGTH, GREEP RESISTANCE, AMD 'WEAR
AESISTANCE (14). ALL OF THE INTERNAL STRUCTURAL PARTS MEET THE STANDARD LOX CCRMPATIBILITY REDUIREMENTS WITH THE EXCEPTION GF THE SHAIT AND BALL SEALS
THE SHAFT ANO BALL SEALS HAVE BEEN YERIFIED TO BE LO¥ COMPATIBLE IN THEIR OPERATIMG ENVIRONMENT AND APPROVED FOR USE (16). MIGH CYCLE AND LOW CYCLE
FATIGUE LIFE OF THE MOV COMPONENTS MEET GE1 REQUIREMENTS (17). THE MINIUM FACTORS OF SAFETY FOR THE MOV MEET GE| REQUIREMENTS (163, THE MOV
COMPONENTS WERE CLEARED FOR FRACTURE MECHANICSMNIE FL&W GROMTH, SINCE THEY ARE NOT FRACTLIRE GRITICAL PARTE (19}, TABLE D420 LISTE ALL THE FMEALIL
WELDS AND IDENTIFIES THOSE WELDS IN WHICH THE CRITICAL IMTIAL FLAW SIZE IS NOT DETECTABLE, AND THOSE WELDS IN WHICH THE ROGT SIDE IS NOT ACCESSISLE FOR
{NSPECTION. THESE WELDS HAVE BEEM ASSESSED AS ACCERTABLE FOR FLIGHT BY RISK ASSESSMENT (30}, THE MOV SUCCESSFULLY PASSED THE DESIGN VERIEICATION
TESTING REQUIREMENTS {21}, INCLUDHNG WBRATICHN AND ENOURANCE TESTS (22),

{1) AS00B271; (2} REDGAZ11: (3) RSODA16S. (4} RE00E186, (3} RSO0B0HT; (B) RS01B182: (i) REST1IE (8) RESI047, RESI092; (9) RES1095, (10) RGC0G 34, (11) RESHA0 (-2)
RO153-3000/ RD1E3-3008; (13) RO011048; {t4) R35-8575; (15 RS00G255, (16} RLIOOMT, (17} RLO0S1, CPI2ORO00IE; (18) RSS-B545, CPAZOROONIE: (19) MASA TASK 117; (20 RES-H755;
{21y DVS-SSME-515; (22) R5S5-515-244 R55-515-17
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INSPECTION AND TEST
Comparent Group: Propsllam Yalves Praparad; P, Lovmimare
CIL Item: D1 2005 Appraved; T. Nguyan
Componenk Madn Oxidizer Yalve Approval Dats: 63vog
Part Humber: REN0E255 Changs ¥: 1
Faflura Modks: Place part stroctural fallura. Diractiss #: CCBD MEI.01.513¢
Page: 1ol 3
Fellure Causes Sigrificant Characteistios Inspecticns] f Testiz) Oocument Refargnge
A BALL BEAL RZ003 154
SHAFT SEALS RES1143
QOUTLET SELEEVE RS0080G
FOLLOWER ASSEMBLY R3008418%
INLET SEEEVE ASCOATAR
SHAFT BEARING RETAINER RSGIE192
BELLOWS ASSEMBLY RE00R211
SHAFT ASSEMBLY RESAOR2T T
BESRING ASSEMBLY REZ1(52
BEARMG LSSEMBLY RE&1[05
BEARING ASSEBLY RES10g7
BEARING ASSEMBLY RES11+8
COMICAL WASHER RO153-3003
COMICAL WASHER R 52-3008
SCREW ) Rd11848
MATERIAL INTEGRITY MATERIAL INTEGRITY |S VERIFIED PER ORAWING RECLIREMENTS, INCLLIDING LOX, RAQOI 1R
COMPATIEILYY, RES1145
R3008091
RSInETES
RE008]AE
RE008182
RESI0E211
RSIHE2T
RES1082
RES1055
RESTQ97
RES1114
RDM52.3003
RAD1%3-3063
RIN11048
RL1D1T
EACH LOT OF ¥EL-F FOR THE RS008184 SEAL 13 SUBJECTED TO A MOLTEN SALT BATH FE0130-054
EXAMINATION, VISUAL EXAMINATION, CONTAMINATION INSPECT IOM, TENSILE STRENGTH AND
ELONGATION TESTS, INFARED ARALYSIS, AWD LOX COMPATIBILITY.
EACH LOT OR BATCH OF SHAFT SEAL MATERIALS 13 INSPECTED FOR COLOR, SPECIFIC GRAVITY. RRI130-0890
FLEXURAL STRENGTH, AND TENSILE STRERGTH.
THE CAM FOLLOWER |5 PENETRANT INSPECTED AFTER HEAT TREAT ANDG MACHINING. RADT1E-116
ORY-FILM LUBE OF CAM FOLLOWER IS VERIFIED PER DRAWING REQUIREM ENTS. R300R185
HEAT TREAT OF FOLLWER 1S VERIFIED PEA SFECIFICATION REQUIREMENTS RADGT 1-020



Lompener i Frepellant Yajves Prepared: b Lowrler
CIL tem: [H 20-05 Approved: T. Nguryen
Companenl: Mzin Gxldlzer Vales Approval Date: R L]
Parl Number: ASM0AZSE Change #: t
Fallurs Mode: Placp part efruciural fallura. Directve & CCBO ME3.1-5275
Page: acf 1
Faire Causas Jignificant Cha racterlstics Inspacten(s) ! Testian Crcumant Feferanss
A WATERME INTEGRITY THE BELLOWS HEAT TREAT IS VERIFIED FER SPECIFICATION REQLIREMENTS. RA1G11-002
RADGTt.C20
DRY-FILM LUARICANT OF THE EELLOWS IS INSFECTED PER DRAWING REQUIREMENTS, RIMA211
BELLOWYS SPRIMG FPATELOAD AND ELASTIC RETURN ARE TESTED PEA DRAWI|MG REQUIREMENTS
OHE QUT OF EVERY 25 DELIVERABLE BELLOWS |5 SECTIONED AFTER ACCEPTANCE TESTING AND  RS00A8211
INSPECTED. RLoo2T
THE BELLOWS ASSEMBLY IS FRCOF PRESSURE TESTED AND LEAK, CHEGKED:
EHAFT HEAT THEAT IS VERIFIED PER SPECIFICATION REDUIPEMENTS. RADST1-020
EHAFT DETAILS ARE PENETRANT IMSPECGTED. RAM 13116
ORY-FILM LUBE OF THE SHAFT BEARING RETAINERS 1S VERIFIED PER DRANWING REOUIREIMENTS, RER{042
RES10G7
BEARING HEAT TREATWEMT IS WERIFIED FER DRAVAMG REQUIREMENTS, RES1114
RES1092
RE&104G7
BELLOWS ASSEMBLY RS0
.D SHAFT ASSEMBLY REMOAZTI
8 SHAFT AND BELLOWS ALL WELDS ARE INSFECTED TO DRAYY MG AND SPECIFICATION REDUREMENTS PER WELD L1001
WELD INTEGRITY CLASS. INSPECTIONS INCLUDE: VHSUAL, DMENSICHAL, FENETRANT, RADICGRAPHIC, FLA (07 -Dees
LETRASGNIC, AND FILLER. MATERIAL, A5 APPLICABLE. RADI1E-116
FoA 0 1500
RbD 15127
Fh1 415000
ALSEMELY INTEGRITY THE INLET AND DUTLET ELEEVE FASTEMNER TORDUE ANT STAKING ARE INSFECTED FER RLAg435
SFECIFICATION.
THE ASS5EMBLED WALVE |5 OPERATIONFUNCTION TESTED DURING MAMUFACTURIHNG.
HOT-FIRE ACCEPTANCE YALYE QFERATION IS VERIFIED THROUGH HOT-FIRE ACCEPTANGE TESTING. RLOO4RT
TEETING {GAEEN RLUN)
VALVE ACTUATION IS VERIFIER DURING PRE-LAUNCH FRT AND ACTUATOR CHECKOUT. QRSO VAIASTIA0
QRS0 W31 a50 B30

ABALL GEAL LEAK TEET 13 PERFORMED PRMJR TOEACH LALNGH. ILAST TEST)

OMRSD Se0FAG2 1

OMRE0 W4 1800 120
QMRS SOCFAD.Z14



LOMPponent Wroup: Propallant Yalyas Prepared; P. Lowrimors
CIL Memn: D120-05 Approved: T. Nguyen
Component: Main Oxldizer Valve Approvel Dala: Glamoa
Fart Numbeer: RS003252 Changa #: ]
Failure Mo : Place part sbructuraf Fafture. Cirecthsa & CCBD MEA-pi-sh2g
Page: 3of 3
Falurs Cavses Sigmifizant Chara cletistics Inspeclionis) [ Tasts) D grmerd Relarence

Failura Histary: Comprehensive failure hislory dela ks meinlamed in Ihe Probiem Raporting database (PRAMSTFRACA}
Refarance: PNASA leller ZA21/88308 and Rackeldyme leher 33RCOOTE.
COperatlonal Use: Mol Applicable,
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WELD . JINTS
Campanent Groeup: Propellant Valves Prapared; F. Lowrimcrg
CIL kem: nh i) Apnrowar: T. Npguyen
Campanent; Mam Oxfdizer Yalve Approwval Data: G/3098
Part Numbar! RSO0E266 Change #: 1
Oirectina ¥: CCHD ME3.0-5228
Fage: 1of 1
Crit:cal Il al
Raal  Flaw Slze Mol
Sida Moy [etectable
Component Bashe Par Humbar Wald Mutmber Weld Type  {lags Aeseks HCF  LCF Coremenl s
BELLEAWNS REMAM A 34 ey fl X X %
BELLOWS RELO0SI 11 5B GTAaw I
SHAFT ESena2T1 1.2 EEWY [} X X



