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Dazign { Document Referance

FAILURE CAUSE: A Internal structural faifure of: Bak seal, Shaf seal, Shatt, Bellows, Cam lollower, Inlet slaeve, Cuthed slopva, Shaft bearing ratalner, Cam kearing, Shaft bearing,
Fastenoes and cupwashers,

FPOW INTERHAL STRUCTURAL PARTS ARE THE SHAFT (1), BELLOWS (2), GAM FOLLOWER (3), INLET SLEEVE {4), OLTLET SLEEVE (5), SHAFT BEARING RETAINERS (5], CAM BEARINGS
{7, SHAFT BEARINGS (), THRUST BEARING 5), BALL SEAL (10), SHAFT SEALS [11), INLET BLEEVE FASTEMERS (121, AND CUPWASHERS {13), AND THE OUTLET SLEBVE EASTENERS
14) AND CUPWASHERS {15). HEAT TREATED INCONEL 714 1S USED FOR THE SHAFT, BELLOWYS, CAM FOLLOWER, THE INLET AND OUTLET SLEEVES (1}, (20, (3, (), i5). INCONEL 718
WAS SELECTED FOR. TS CRYCGENIC STRENGTH AND DUSTILITY AND FOR 1TS YWELDABILITY (16). THE INLET AND QUTLET SLEEVES ARE INSTALLED WITH 6 HEAT TREATED A.786
SCREWS. THE CUPWASHERS ON THE INLET SLEEVE ARE STAXED INTO THE SCREWHEAD AND THE SLEEVE FLANGE TO PREVENT LOSS OF SCREW TORQUE. THE DUTLET FLANGE
SCREWS ARE LOGKED BY A FLAT ON THE GUP ARD BY $TAKING THE CUR INTD THE SCREWHEAD. THE GAM BEARINGS, SHAFT BEARINGS, AN THRUST BEARINGS HAVE MEAT
TREATED 44025 CRES ROLLERS AND RACES (7), (8], (17). THE MATERIAL IS USED FOR ITS HARDNESS AND WEAR, RESISTANCE {15) THE SHAFT BEARINGS AND THRUST BEARINGS
HAVE BE-CL) RETAINERS WHICH SEPERATE THE ROLI ERS AN PREVENT RGLLER SKEWING. BE-CU WWAS CHOSEN FOR ITS WEAR RESISTANCE. THE EHAFT BEARING RETAINER
RING IS 304 CRES (B, THE MATERIAL 15 USED IN THIS APPLICATION FOR IT5 DUCTILITY (16). THE BALL SEAL MATERIAL IS KEL-F (10}, KEL-F IS USED FOR ITS CRYCGENIC
STRENGTH, DUCTILITY, AND WEAR RESISTANCE (18}, THE BALL SEAL G.D. 1S A CLOSE FIT WITH THE BELLOWS, WHEN FPOV INLET PRESSUSE 1S APPLIED, THE SEAL DEFLECT(ON
IS LIMITED AND THE HODP LOAD IS PICKED UP BY THE BELLOWS. THIS LIMITS THE HOOP STRESS IN THE SEAL AND PREVENTS STRUCTURAL FAILURE (18). THE BALL SEALS ARE
LIMITED TC 27 STARTS (26). THE SHAFT SEAL MATERIAL |15 GRAPHITE-FILLED POLYIMIDE (11) THE MATERIAL WAS SELECTED FOR IT5 STRENGTH, CREEP RESISTANCE, AND WEAR
RESISTANCE {15). THE (MLET AND OUTLET FASTENERS AND CUPWASHERS ARE PREVENTED FROM ENTERING THE LOX FLOW AREAS BY THE ATTACHING DUCT FLANGES. THE
INLET CUFWASHERS ARE MADE FRGM ANEALED 302 CRES. THE OUTLET CUPWASHERS ARE MADE FROM ANEALED 321 CRES. A0TH MATERIALS ARE USED FOR THEIR DUCTILITY
CORAOSION RESISTANCE AND STRENGTH. ALL OF THE INTERNAL STRUCTURAL PARTS MEET THE STANDARD LOX COMPATIBILITY REQUIREMENTS WITH THE EXCEPTION OF THE
SHAFT AND BALL EEALS. THE SHAFT AND BALL SEALS HAVE BEEN VERIFIED TQ BE LOX COMPATIBLE [N THEIR DPERATING ENVIRONMENT AND APFROVED FOR USE (18). HIGH
CYGLE AND LOW CYCLE FATIBUE LIFE DF THE FPOV COMPONENTS MEET CEI REQUIREMENTS (20). THE MINIMUM FACTORS OF SAFETY FOR THE FPOY MEET CEI REQUIREMENTS
{213 THE FPOYV COMPONENTS WERE CLEARED FOR FRACTURE MECHANICS/NDE FLAW GROWTH, SINCE THEY ARE NOT FRACTURE SRITICAL PARTS (22). TABLE D130 LISTS ALL
THE FRMEATGIL WELES AMD IDENTIFIES THOSE WELDS IN YWRICH THE GRITICAL IMITIAL FLAW SIZE IS BOT QGETEGTABLE, ANT THOSE WELDS INWHICH THE ROOT SIOE IS MOT
ACCESSIBLE FOR INSPECTION. THESE WELDS HAVE BEEN ASSESSED AS ACCEPTABLE FOR FLIGHT BY RISK ASSESSMENT (23). THE FPOY SUCCESSFULLY PASSER THE DESIGN
VERIFICATION TESTING REQUIREMENTS 24), INCLUDING WVIBRATION AND ENDURANCE TESTS {25). .

(1) R5008262; (2) RSODB230; (%) RSODB310: (a) RS008311; (5) RSDIC36Z: (6) RSO0230; (7) RES100S: {B) RES1027 (5) RE&I03Z; (1D) RSOOB30S: (1) RES1147: (12 ROO1%48. (13)
RO153-200% ROMG3-2008; (14} RS010365; [15) RSI10360; 116) RSS-B582; (+7) RES1096; (18} RSOGB257; (19) RL100M7; (20) ALGOGA2, CPI20RNO003IB; {21) RES-ESAB, CPI20R0M03R; (22)
MASA TASK 117, (23} RES 8756, (24) DVS-SSME-516; (25) RES-515-248, RSS-515-17; (26) DAR 2761
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SEaAL

GEALE

DIITLET SLEEYE
FOLLCAVER ASSEMBLY
IMLET SLEEVE

SHAFT BEARING RETAINER
BELLCWS ASSEMBLY
SHAFT ASSEMBLY
BEARING ASSEMELY
BEARING AZSEMBLY
BEARING ASSEMBLY
BEARMG ASSEMBLY
CONICAL WASHER
CONICAL WASHER
CUPWASHER

SCREW

FASTENER

MATERIAL INTEGRITY

MATERIAL INTEGRITY S WERIFIED FER DRAVVING RECIUIREMENTS, INCLUIDIMEG LOX,
COMPATIBILITY.

THE BALL SEAL MATERIAL IS EXAMINED FOR WOIDS, FISESLURES, BUBBLES, AND STRESS CRACKS.
TENSILE SPECIMENS ARE TAKEM FROW EACH TUBE OF MATERIAL AND TESTED AT CRYQGEN|C

TEMPERATURES TO ASSURE 4DEQUATE STRENGTH AT THE OFERATING TEMPERATURES,

EAGH LOT OR BATCH OF SHAFT SEAL MATERIALS 15 INSPECTED FOR COLOR, SPECIFIS GRAVLTY,

FLEXURA! STRENGTH, AND TEMEALE STREMGTH.

RSCORS0G
RES1147
R501 035
RS0063 10
RSCL0AZ11
RSODAZ0S
RSG0R230
RSOLA252
RES1085
RES100G
RES10ZT
RES103?2
RD1531-20403
RO531.3008
REMAIED
REDINIES
RN11543

ASM3330e
RES1147
BEO10153a
REDAIID
RE00A11
RSDORICE
REOOAZD
REMIAZEZ
AES 1084
RES 1006
RES 1027
RES1012
R 53-3003
RDNE2-2009
REOTIIED
R5N1035G
ADO1194A
RL1G01T

REQT3}-M4

RE130-091



Propellant Yalves

TESTING {3REEN RLM}

VALVE ACTUATIOM 1S VERIFIED DURING PRE-LAUMCH CHECKDUT,

THE BAML SEAL IS | EAK TESTED PRICR TO EACH LAUHCH. |LASY TEST)

wormpatent TUsup: Prepared: P, Laweim
CIL Hem: 3005 Approved: T. Nguyer,
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Fallura Cauzes Signilicant Characeratics Inspectian(s) ! Teslis) Dvcumwanl Refasenca
& MATERIAL NTEGRITY HEAT TREAT OF FOLLOWER IS VERIFIED PER SPECIFICATION REQUIREMENTS. RANET 1,020
THE INLET SLEEYE |5 FEHETRAMT INSPECTED AFTER MACHINING. RAB115- 45
ORYFILM LUBE OF THE INLET SLEEVE |3 VERIFIED FER DEAVHG REQLIREMEMNTS. R500A314
THE BELLCWE HEAT TREAT IS WERIFIED PER SPECIFICATION REALUIPEMERNTS, AAtE1 14002
DRY-FILM LUBRICAMT QOF THE BELLIAAS IS INSPECTED PER DRAWING RECUIREMENTS, REU08330
BELLOWS S5PRING RATE/LOAD AND ELASTIC RETURN 4RE TESTED FER BRAWING RECWIREMENTS.
OHE OF EVERY 25 DELIVERABLE BELLOWS IS SECTIONED AFTER. ACCEPTANCE TESTIMG AMND FS006230
INSFECGTED RLCp27a
RLH 122
THE BELLOWS ASSEMBLY |5 FROOF PRESSURE TESTED AND LEAK, CHECKER,
SHAFT HEAT TREAT I3 VERIFIED PER, SPECIFICATION REQLIREMENTS. RA&O511-020
SHAFT DETAILF ARE PENETRANT INSPECTED. RADI15-11E
DRY-FILM LUBE OF THE SHAFT BEARING RETAINERS IS5 VERIFIED PER DESWANG REQUIREMENTS. RES14:7
BEARING HEAT TREATMENT 1S VERIFIED PER DRAVING REQUIREMENTS. RES1095
() RE51027
t RES1032
&Q BELLDWWS ASSEMBLY RE008230
SHAFT ASSEMALY R&0QE262
SHAFT ANMD BELLCWeS ALLWELDS ARE INSPECTED TO DRAWING AND SPECIFICATION REQUIREMENTS FER WELD RLfOD1
WELD INTEGRITY CLASS. INSPECTIONS INCLUDE: VISUAL, DIMENSIONAL, PENETRANT, RADIOGRAPHIC, RADGCT-094
LLTRASONIC, AND FILLER MATERIAL, AS APPLICABLE. RAD 15115
A2 15-0008
RRO115-127
RA1115-001
ASSEMBLY INTEGRITY TORQUE AND STAKING OF IMLET AND DUTLET FASTEMERSE ARE INSPECTED. RLM4T2
THE ASSEMBLED YALVE |5 OPERATIONFUNCTION TESTED DOURING MANUFACTURING.
HOT.FIRE ACCEPTAMCE VALVE OPERATICN IS VERIFIED THROUGH HOT-FIRE ACCEPTAHCE TESTIMG. RLOB451

CRSD v41050 010
OMRED w41A50.C00
DfARED SI0FAC211

QRS0 V41BL1] 120
DRMRSD S00FAT.214




LOmMponent roup:  Fropaliant valves Prepared: F. Lowimore
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Faliure Histary: Coerm rehengive fisilun histary dala is malnlained In e Problem Repodting database (PRAMS/FRACA)
Referance: MASA lather SA21/88/300 and Rockeldyna leiter BERCOSTE T,
Oporaticnad Lse. Mot Applreable.
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Compa nemt Basic Part Mumber Weld Numbar Wexf Type  Clags Access HCF LCF Commants
BELLOWS RECD230 34 GTAM 1l X .'-'C
BELLOWIS REQ22D T GTAVY |
SHAFT R3008252 1.2 ERY 1l X X
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