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SSME FMEA/CIL

REDUNDANCY SCREEN
Camponent Group: Fuel Turbopumpa Preparcd: D. Early
CIL Mem: B20017 Appraved: T. Howyan
' Component: Higjh Pressure Foel Turbopump Apgroval Data: $121/00
Fart Numbar: REQQ7 501 Ghangs #: 1
Failure Mode; Lo== of coalant flow o turbine discs, Direchive #: CiBD MEI-11-5206
Pape: 1of t
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Harad Refarenas

Phase Faiture £ Effect Deseription
b U Leas al cootanl to one side of disc can 2low distc delection and platform seal ribbing  Excessive coolanl Ins2 can alow tudwne first-alage
4 ar second: stage diss te cverizel and bursl. Loss of vehigla,

Redwndancy Screans: SINGLE POIMT FAILURE- WA,
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SSME FMEA/CIL

DESIGN
Component Grouwp: Fusl Turbopumps Prapared; 1. Early
CIL [leny: B200.4T Approved: T. Hpuyest
Componenl; High Pressute Fue| Turbopump Approval Date: 4121798
Part Humber: RSDO?ED Changa #: 1
. Fallure Mode; Laze of canlant flaw Lo turblne discs. Diracilva #: CCBD ME3-01-5208

Page: 1of 3

Desiqn ! Documenl Reference

FAILLURE CAUSE: A: Lif-off seal binding! clog ura.

THE LIFT-OFF SEAL (145 A SPRING LOADED, PRESSURE ACTIVATED FACE RIDING, CARBON MOSER SEAL THE SEAL HOUSING AND FISTON RING ARE MANUFACTURED UTILIZING
4286 CRES BAR (2. A-285 CRES WAS SELECTED FOR IT$ COMPRESSIVE STRENGTH, RESISTANGE TO HIGH PRESSURE HYDROGEN DEGRADATION, AND CRYQBENIC MEAHANIZAL
PROPERTIES. THE MATERIAL 1S SOLUTICIN TREATED AND AGE-HARDENED. THE SEAL PREVENTS HYDROGEN LEARAGE INTO THE TURBINE DURING PRESTART AND PROPELLANT
CUM P, THE TURAOFUMF |5 ASSEMBLED WITH A PRELOAD DN THE SEAL NOSE WHICH MATES WITH THE OUTSIDE DIAMETER LIP OF THE THIRD-STAGE SLEEVE (3), THE SEAL NOSE
IS MANUFACTURED LUTILIZING PSN CARBOM, WHICH WAS SELECTED FOR TS SURFACE WVELOCITY WEAR GHARACTERISTICS {23, THE FISTON RING 1S OESIGNED T PROVIDE A
INTERFERENGE FIT WITH THE GUTSIDE DISMETER OF THE GARBON RING. HT424 EPOXY RESIN IS UTILIZED TO BOND THE CARBON RING IN THE PISTON. THE MATING LIP OF THE
FUIRD-STAGE SLEEVE IS HARD CHRCME PLATED AND FOLISHED TO PROVIDE A SMODTH AND WEAR RESISTANT SEALING SURFAGE, BOTH THE SLEFVE MATING SURFAGE AND
THE LIFT-DFF SEAL HOSE ARE REQUIRED TO BE FLAT WITHIN I HELIUM LIGHTBANDS. THE SEAL PRELOA 1S SUPPLIED BY 55 MAIN SPRINGS MANUFACTURED UTILIZING %02 GRES
WIRE (2). THIS MATERIALWAS SCLECTED FOR TS MODULUS OF ELASTIGITY AND DUCTLLITY AT CRYOGENIC TEMPERATURES, AND ITS PROPERTIES ARE NOT DEGRADED IN &
HYOROSEN ENVIRONMENT ().

DURING ETART, A PRESELURE LINBALANCE DEVELORS ACRGSS THE SEAL T OFFSET THE SPRAING LOAD AND RETRACT THE SEAL ALLOAWING HY DROGEN COOLANT TO ENTER. THE
TURBINE. THE SEAL REMAING OPEN UNTIL THE PRESSURE DECAYS DURING EMGINE SHUTOOWN, THE SEAL RETRACTION |2 ACCOMMN DATED BY AN INTERNAL CAWTY, WHICH IS
VEWTED TO AMBIENT PRESSURE THROUGH AN EXTERMAL DRAIM LINE. THE CAVITY DRAIN LINE 15 ELECAQ-DISCHARSGE MACHINED THROUGH THE SEA| HOUSING, ELIMMATING
THE MEED FC:R PLUG WELDS, AND MATES WITH A PASEAGE AT THE MAIN HOUSING (2) INTERFACE, THE SEAL AT THIZ LOCATIOM 13 PROVIDED BY A PRESSURE-ASSISTED
"DOUGHNUT" STATIC SEAL (5), WHICH SEATS B A GROOVE ON THE SEAL HOUSING FLANGE. THE 2EAL 15 MANUFACTURED LITILIZING SILVER-PLATED A-265 GRES BAR (3], A-28E
CRES WAS SELECTED FOR IT3 COMPRESSIVE STRENGTH, RESIS TAMCE TO HIGH.PRESSURE HYDROGEN DECRADATION, AkD ITS MECHAMICAL PROPERTIES AT CRYQGENIC
TEMPCRATURES THE MATERIAL t5 SOLUTION TREATED AMD AGE-HARDEMED. THE SILVER PLATING PERMITS COMNFORMANCE OF THE SEAL TO MINGR IRREGULARITIES IM THE
KA TING SURFACES. A WIRE RETAINER () MAMUFACTURED UTILIZING 302 CRES, HOLDS THE "DOUGHMUT® SEAL IN THE RECESS OF THE UFT-OFF SEAL, TO FREYENT
PIELOCGEMENT FURING HANOLING AND INSTALLATIOR. THE BOLT PATTERM OF THE LIFT-OFF SEAL AND MAIN HOUSING ARE HON-SYMMETRICAL TO ASSURE PROPER ALKGHMENT
GF THE DRAIMLIMNE PAEEAGES. DESIGM ANALYSIS SHOWS THAT WITH THE WORET COMBINATICN OF TCLERAS CES, ADEQUATE SEAL COMPRESSIDON WOULD RE KaMTAINED
OVER THE FLILL RANGE OF PCSSIBLE DEFLECTIONG. CRAIN LINE PRESSURE AND TEMPERATLIRE ARE MOMITORED QM ALL BREEN BLING VUHICH WOULD INDICATE &MY HOT-GAS
LEAKAGE PAST THIS SEAL. THE STATIC SEAL 15 A NOH-SERIALIZED PART wHICH |5 NOT TIME HISTORY TRALKELD, BUT HAS INFIMITE ALLCANGBLE LIFE (T)

THE INTERMNAL CAVITY [£ FORMED 8Y STEPFED DIAMETERS ON THE SEAL PISTON AND MATING GIAMETERS ON THE SEAL HOUSING. THE TWH SPRING-LOBDED INTERMAL SEALS
PROWIDE SEALING BETWEEN THE HIGHFRESSURE HYNRCHZEN AND THE GAVITY DURING OPERATION. THE BEALS ARE MANUFACTURED UTILIZING YESPEL 5P-211, WHICH Was
SELECTED FOR ITS SEALING AND LUBRICATIMG CHARACTERISTICS (2). THE SEALS ARE BOTTOMED AGAINST THE HOLSING UTIL ZING WEDGE RINGS MANUFACTURED LTRIZING
a0 CRES BAR. THE WENGE RING PRELOAD |5 SUPPLIED BY 36 SPRINGS MANUFACTURED UTILIZING 302 CRES WIRE. THE PUMP-EMD EFRINGS ARE BOTTOMED AGRINST A 302
CRES PLATE, WHICH I3 SECURED BY A KATING GRODYE I THE HOUSIMG. THE TURBINE-END SEAL SPRINCE ARE BOTTOMED ARAINEST A-286 CAES PLATE, WHICH 15 SECURED TG
THE HOUSING UTILIZING TWELVE 300 SERIES CRES SCREWS. A-2BG AND THE 300 SERIES CRES &LLOYS VWERE BELECTED FOR THE SAME CHARACTERISTICS DISCUSSED AROVE.
THE SCREWSE ARE STAKED AT THE SEAL ASSEMELY TO PREVENT ROTATION. ASSEMBELY PAOCEDURES FOR LOCKING DEVICES ENSURE DEFECT-FREE INSTALLATHON (8).
MOVEMENT OF THE SEAL PISTOM IS QUIDED BY A BUSIHING WHICH FILOTS IN A GROOVE IN THE 5£AL HOUSING. THE BUSHING 15 HANUFACTURED UTILIZING VESFEL 5P-211
WIHICH WaAS SELECTED FOR ITS LUBRICATING CHARACTERISTICS (21 THE PISTON DIAMETERS WHICH MATE WITH TIIE VESPEL SEALS AND THE BLISHING ARE CHROME PLATED TO
FROVIOE A 5MOOTH SHIPING SURFACE. THE CAVITY DRAIN LINE IS SIZEQ TO ACCOMMODATE THE PREDICTED L FAKLLE WHICH WOULE RESULT FROMONE SECDHNDARY SEAL
WIS SING.

THE LIFT-0FF SEAL HOUZIMG 1S SECURED TQ THE MAIH HOLISING BY 12 BOLTS (8 AND CUPWASHERS (100 WHIGH AL S0 ATTACH THE THREINE HUE LABYRINTH SEAL 14 AND THE
SECONDFSTAGE AFT PLATFORM SE&) (12) THE LIFT.OFF SEAL HOUSING QUTSIDE DIAMETER AND MAIH HOUSING INSIGE DIAMETER ARE CLOSELY TOLERANCED TO ASSURE
ACCURATE PILATING OF THE SEAL STACK ANQ MINIMIZE THE EFFECT OF HOUSING DEFLECTIONS ON THE SESL INTERMAL CLEARANCES. GROOVES IN THE MAIN HDUSING ARD
TURRINE HUE LABYRINTH SEAL PILOT THE STATIC SEALS (130 AT THESE LOCATIONS. ANALYSIS REVEALS THAT THE LIFT-OFF SEAL CESIGN ALOMNG WITH OPERATING CLEARANCES
FRECLUDES A COMPLETE LIFT-CFF SEAL GLOSURE (14),

THE LIFT-OFF SEAL FUNCTIONAL DPERATICH WAS DEMONSTRATED BY DESIGN YERIFICATION TESTS {18},
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Compenent Group: Fual Turbapumas Proparad: D. Early

CIL [tem: B20017 Approved: T. Nguyen

Lomponent: High Prazsure Fusd Turbg pump Approvat Date: Af239a

Part Humber: RE007 5 Change ¥ 1

Failure Mode: Los= ol coolant flow to furbing discs. DIrgctivie §: CCED MEA-01-5206
Faoa: 20! 1

Dezign ! Document el rence

(1) ROD19E3T; (4 RES-B580-1G; {1] ASDITEIN, RS0I7344; (4) RSO0FSTT, RECITSGE; (5) RESI116; (6) ROOIS234 (7] ALNQS:Z, CPI20RN0D3R; (B} RLOGAS1; {0) RSOOTESS, (109
REO0752Y, (11}RZ0OTSSY, (12) RS00PSSE; {12) AD2E1-3015. RE1E21: (14}t SSME-QRDS; {15) RES-a04-11

FAILURE CALSE: E: Coslart flow passege bockege.

HYOROGEN COCUANT |5 SUPPLIED TO THE TURBINE BY FLOAW PAST THE LOW-FRESSURE ORIFICE RING (1) OF THE BALANCE FISTGH CAVITY AND PAST THE LIFT-0EF SEAL {7 A
FORTION OF THE COCH ANT ENTERS 8 HOLES ON THE HUE OF THE SECOND-ETAGE TUREINE DISK (3] MET UPSTREAM OF THE HUB LABYRINTH SEAL (5). THE FLOW CONTINUES
UOWVN THE CENTRAL CAVITY OF THE SECOND-STAGE ISK. & FORTION OF THIS CODLANT FLOWS THROUGH THE 16 HOLES IM THE ORIFICE RING (5 BETYWEEM THE TWREINE
DISKS. THIS FLOAW IS SPLIT AND GUIDED BY THE TUREIHE INTERSTASE SE£AL (6 TG COOL THE IXRUNSTREAM SIDE OF THE FIRST-STAGE DISK (V) AND THE UPSTREAM SIDE OF
THE SEGCHHD-STAGE DISK THE REMAINDER GF THE FLOW CONTINUES THROWGH THE FIRST-STAGE DISK AND COOLE THE TURBINE END SEAR|NGS 8. THIS FLCW IS THEN SPUIT
AMD GUIDED BY THE TURBIME BEARING SEAL (D), TO COCL THE UPSTREAM SIDE OF THE FIRST-STAGE QISK AND THE TURSINE BEARING SUPFORT [103. THE FLOW ENTERS THE
BEARING SUPFORT BDOY THROUGH 4 HOLES AND THEN ENTERS AM INTERMNAL SHEET $4ETAL MANIFOLE THROUGH 12 HOLES THE COOLAMT THEN 1S DISTRIELUTED TOZHOLES IN
EACH CF THE INLET STRUTS AND 15 COLLECTED IN & MANIFQLD AND DISCHARGED THROUGH 13 ORIFIGES TG COQL THE BELLOWS [11],

THE REMAINDER OF THE FLOW FREM THE LIFT-OFF SEAL FLOWS THROUGH THE LABEYRINTH STEPS CF THE TURBINE HUB LASBYRINTH SEAL. PART OF THIS FLOW 1S DIVERTER
THROUGH 4 HOLES M THE SEAL DOWNSTREAM OF THE FIRST STEF, THE FLOW IS COLLECTED [N A MANIFOLE AT THE LIFT-OFF SEAL HUB LABYRINTH SE&L INTERFACE BEFORE
CONTINUING THROLGH 12 HOLES 1N THE LIFT-OFF SEAL AND MAIN HOUSING (12 TOEMNTER THE COOUANT LINER. THE COOLANT COMTINUES THROUGH 3 HOLES IN EACH OF THE
MAIN HOAUSING STRUTS AND ENTERS A MANIFOLD AT THE DEWWHSTREAM END OF THE TURBIME INHER RING. MINETY-51X COCLANT PASSAGES [N THE HINER RING CAREY THE
FLOPATO A MANWOLD AT THE TURBINE MOLUINT RING (13 INTERFACE. MINETY-SIX COOLANT PASEAGES IN THE WMQUNT RING AND THE TURBINE BEARING SUPPORT GUIDE THE
FLOW TO A MANIFOLD, WHERE IT DISCHARZES OUT 12 ORIFICES AND JINS THE TURAINE BEARING SUPPORT COOLANT FLOW TG COOL THE BELLOWYS. THE COMBINED £ DOLANT
FLOAW THEN CONTINUES DUT A GAP AT THE PREBUIRNER AND TURBINE BELLOWIS SHIELD {14} INTERFACE WHERE IT ENTERS THE TURBIME EXHALIST.

THE REMAINCER DF THE COOLANT FLOWY THROUGH THE TURBINE HUB LABYRIMTH SEAL IS UTILIZED TO SOOL THE DOWNSTREAM Si0E OF THE SECOMO-STAGE DISK,

THE rUMAFR OF PARAL LEL PASSAGES FOR THE COOLANT FLOW, THE S1ZE OF THE PASSAGES,-P.MJ THE QUANTITY OF THE FLOW MAKES THE TURHINE COCLANT CIRGHIT
INSENSITIVE TG MINOR FLOW BLOCKAGE. THE PROFELLANT FILTER AT THE EXTERNAL TAMK PRECLUDES CONTAMINANTS LARCE ENOUGH TO BLOCK THE PASSAGES [15). POST
FLIGHT.TEST DRY#G PURCES PREVENTS BLOCRAGE FAOM ICE FORMATION RESLLTING FROM THE ACE LMLLATION OF MOMSTURE BETWEEN HOT-FIRES {18).

{1y RS0O7ESS; [2) ROC19230; |3; RSMOTEI0: (4} RECDISSA: (5| RSOOTISY; (6) RSDOTESZ, (7) REDOTSIT, (A) ASO07%02 (M RS007547, (10) RSMOTS24; (11) RSOO7S05: {12) REOGTATT,
FSO0TSER; 113) R3007558; [14) RSUOFS3E: (150 100 1IN 5000 {16) RLADOS0-04, GRRSD W4 1080 05D, OMASD Va1 CB0 080 |PHASE ). OARSD WA 1CBO.0A1 (FHASE I, CMRASD 41 CED.OET
(BLCCH LMY, CMRED W1CBOCRE (BLOCH WIA) \

FALLRE CAUSE:  C: Fallure od burbing hub laby rinth asal.

THE TURBINE HUB LABYRINTH SEAL (1} 15 MANUFACTURED LITILIZING AN INGONEL 718 FORGING (2], THIS MATERIAL WWAS SELECTED FOR ITS 5TR ENGTH, RESISTANCE TO
CORROSICN AND STRESS CORROSION CRACKING. CRYQGENIC DUCTILITY, AND INSENSITIMTY TO HYDROSGEN ENVIRONMENT EMERITTLENMENT IN ITS GPERATING ENVIRONMENT.
THE MATER|AL I3 3OLLUTION TREATED AND AGE-HARDENED. THE SEAL HAS THREE STEPS, WITH EACH HAVENG & SERIES OF TEETH. THE STEPS ALIGN WITH A SIMILAR 8ET CF
STEPS DN THE HUB OF THE SECOND-STAGE DISK (3). THE SEAL IS CONTIGURED AT THE INNER DIAMETER T QISTRIBUTE COOLANT FLOW TO THE FURBINE BEARIMNGE (@) AND
TURBINE DISKCOOLANT LINER GIRCUTS, THE SEAL RESISTANCE DRIVES PART OF THE COOLANT FLOW FROM THE LIFT-0FF SEAL THROUGH & HALES IM THE SECCOND-STAGE
IWGK THIS FLOW 15 USEDR TO COOL THE TURBINE END BEARINGS ARD THE TURBINE CISKS. PART OF THE FLOW PASSING THROUGH THE LABYRINTH STERS |5 OMNERTED
THROIMGH 4 HOLES [N THE HUB SEA! RETWEEN THE FIRST AND SECOND LABYRINTH STEFS. THE FLOW |S ROUTED INTC THE HOUSMG COOLANT LIMER CIRCUITS THROWGH
CHANHELS IN THE HUB LABYRINTH SEAL AHD HOLES [N THE LIFT-OFF SEAL {6) FLANGE AND TURBDPURME HOUSING (7). THE REMAINDER OF THE FLOAN ENTERS THE CAVITY
RETWEEN THE SEAL AND [HEK. A LIP OM THE END OF THE HUB LABYRINTHE DIRECTS THE COOLAKT AT THE HEADS QF THE DISC BOLTS (3] AMD ACRGES THE FACE OF THE DISK
THE QUTSIRE DIAMETER OF THE HUB LABYRINTH SEAL PILOTS THE SECDOND.STAGE AFT PLATFORM SE&L 18} A GROCWE [N THE HUB LABYRINTH SEAL FLANGE SERVES TO PILDT
A STATIC SEAL (10} BETWEEN THE HUB LAEYRINTH AND LIFT-OFF $E-LS, THE HUB LARYRINTH SEAL IS SECURED TG THE TURBOPUMP THROUGH THE LIFT-OFF SEAL HOSING BY
12 BOLTS {11) AWD CUPWASHERS (12). STRETCH HOLTS ARE UTILIZED T ASSURE THE REQUIRED CLAMPING LOAD AT ASESEMBLY IS AFPLIED.

{1; RS0OTSSY, {7) RSS-A580-10: i3] RSOATS10; i4) RSO0T502; (5) RSOO7SIO0. RSGITAIY: (B) RAC1O23D; (7) ASDLTE?T, ASODEGS; {4) RS0CTSED: (3) RSO0TSEI. (1D) RE1621. {11)
RSDO7S05, {12 RS0D7523
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] , e I T Prepamd: . Early
CIL Itnm: B2H-AT Approved:

. T. Hguyen
Conpranent: High Pressure Fiual Tarkopump Appraval Dala: diz1ipn
Part Humber: R3007501 Changa #: 1
Faillure Moda: Lok £f coalant flow Lo tirblne dises, Diractive §: CCBD MEY-31-5206
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Design § Dircumert Refefence

FAILURE CAUSE:  O: Fallure of vortex contrel paddle or ite tarque pin on and of ehaR.

PHE STUD (1) 15 MANUFACTIRFD UTILIZING INCONEL 718 BAR, AN INCONEL 718 BAFFLE (1) 1S THREADED TO THE TUREINE END AND LOCKED WITH AN INCONEL 718 PIN (3.
INCONEL 718 WWAS SELEGTED FOR ITS STRENGTH AND CUCTILITY AT CRYOGENIC TEMPERATURES ANDITS RESISTANT TA CORRCSION AND STRESS £ ORRUSION CRACKING N
THE CRYOGENIC ENVIRONMERT IT |5 INSENSITIVE TO HYDROGEN ENVIRONMENT EMBRITTLEMENT (2). THE MATERIAL 5 SOLLIION TREATED AND AGE HARDEMEL, THE ANTI-
VORTEX BAFFLE ASSURES ORDERLY FLOW OF THE CODLANT TO THE TUREIME END AEARINGS AND DISKS.

(1] RSO07T514, ROD19256; {2 RSE-R590.10
FAILLRE CALISE: E: Fallrre of interslapa =aal.

THE SECOND-ETAGE FORWARD PLATFOAM SEAL - TUREINE INTERSTAGE SEAL ASSEMBLY 1] 15 MANUFACTURED UTILIZING HAYNES 193 FORGINGS {2]. THE SEAL MIMIMIZES
PARASITIC HOT-GAS LEAKAGE THAT COULD DILUTE SOQLAWT EFFECTIVENESS OR REDUCE TURBIKE EFEICIENG Y HAYHES 188 WWAS SELECTED FOR ITS TEMPERATUSRE
STRENGTH PROPERTIES, AND RESISTANCE TO DEGRADATION AND OX DATION N A& HIGH-FRESSURE HYDROGEHM RICH STEAM ATMOSFHERE. THE MATERIAL IS ANM EALED TO
IMPROVE LEECHAMICAL PROPERTIES. THE INTERSTAGE SEAL DIRECTS THE COOLANT FROM THE CURVICS CAY(TY ACRUSES THE BISC FACES, THE SECOND-STAGE COOLANT
CIRCUIT 1IAS A ZERIES OF LABYRINTH TEETH TO INGREASE THE RESISTAMUE RELATIVE TO THE FIRS TS TAGE SIDE. THE INTERSTAGE SEAL % CONNECTED T THE SECQND-
STAGE FDRWARD FLATFORM SEAL THROUGH A-286 CRES RADIAL FINS, WHICH ALLOW FREECOM OF RELATIVE MOTION OUE TQ THE THERMAL ENVIRONMENT. A-28E CRES WhE
SELECTED MOR ITS RESISTANCE TO HYDEDGEN DEGRADA | 1IN ANDH ITS MECHANICAL PAOPENTIES, THE PAATERIAL £ SOLUTION-TREATED AMD AGE-HARDENELD. THE FRESSURE
LOAD ACRCES THE INTERSTAGE SEAL IS MIMIMMZED BY VENT PASSASES CONNECTING THE UPSTREAM AND DXOWNSTREARN SIDES,

1} RSCOTEEZ; (3 RGE BEEO10
FAILURE CAUSE: ALL CAUSES

THE HIGH AND LOW EVCLE FATIGUE LIFE FOR THE LIFT-OFF SEAL TUREIME HUA LABYRIMTH SEAL, VORTEX CONTROL PACDLE AND PIN, AND TiIE TURBIME INTERSTAGE SEAL
MEET CEIREQIIRFMENTS (1. THE MINIMUM FACTORS OF SAFETY FOR THESE PARTS MEET CE RECUIREMENTS (2). THE HARDWWARE FARENT MATERIALS WERE CLEARED FOR
FRACTURE MECHAMICSMNDE FLAW GROWTH SINCE THEY CONTAIN WO FRACTURE CRITICAL PARTS, EXCERT FOR THE SECOND-BTAGE DISK WHICH WAS CLEARED EY CRITICAL
tRITIAL FLAMY SIZE DETECTABILITY [1). THE FMEACIL WELDS ARE CLEARED FOR FRACTURE MECHANICE/NDE FLEW GROVWIH BY THE WELD ASSESSMENT {4). TABLE B200 LISTS
ALL FMEACIL WELDS ANDIDENTIFIES THOSE WELDS [N WHICH THE CRITICAL INITIAL FLAYW SI2E 1S ROT DETECTABLE AND THOSE WELDS IM WHICH THE ROOT S10E 15 NCT
ACCESSISLE FOR INSPECTION THOSE WELDS IN WHICH THE SRITICAL INITLAL FLAYY SIZE IS NOT OF TEGTRBELE ARE ACCERTABLE FOR FLIGHT BY RISK ASSESSHERT 4). REUSE
OF PARTS CURING CVERHALL 1S CONTROLLED BY THE RECUIREMENTS OF THE OVERHALIL SPECIFICATION (5.

(1) ALDOS3E CPIMRDM3E: (2) RSS-08546.15. CPI20RA0DIE; {3y NASA TASK 117, (4 AS5-B755; (5} FLDOS2E
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IMSPECTION AND TEST
Fual Turbopumps Prapared:
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Faildre Causes

Sign-feanl Charadenisice Imapecthonis) ¢ Tesl|5)

Oocumen Refargnee

LIFT-OFF SEAL ASSEMBLY

MATERIAL IMTEGRITY MATERIAL INTEGRITY S WERIFIED PER DRAWING AND SPECIEICATION REQUIREMENTS.

ECM RECAST REWMOVED PER ORAWING AND SPECIFICATION REQUIREMENTS.
EPOXY INTEGRITY, CURE, AND BOMD THICKNESS ARE VERIFIED PER NRAWING RECIUIREMENTS.

SPRING INTCGRITY GPRIMNG CHARACTERISTICS ARE VERIFIED PER DRAWING REQUIREMENT S
THE TENSILE STRENGTH IS VERIFIED FER DRAVYING REQUIREMENTS.
SPRING CLOSED ENDS ARE GROUND SOUARE AMND DESURRED PER DRAVING RECLIREMENTS.

ALL WELDS AAE INSFECTED TO DRAWING AND SFECIFICATION REQUIREMENTS PER WELD CLASS,
INSPECTIONS INCLUDE: VISUAL DIMENSKINAL, PENETRANT. RADIDGRAFHIZ, ULTRASONK:. &MO
FIELER MATERIAL, AS APPLICABLE.

WELD INTEGRITY

SURFAGE FINISH THE ZEAL CHROME FLATING IS WERIFIED PER SPECIFICATION REQUIREMENTS.

SEAL NOSE FLATMEEE IS WFRIFIED PER DRAWING RECILIREMENTS

CLEAMLIMESS OF COMPONENTE ARE VERIFIED CLEANED TCQ FUEL SERVICE PER SPECIFICATION REGUIREMENTS.

COMPOMENTS

ASSEMEBLY INTEGRITY THE FOLLOWING ACCEPTANCE TCATS ARE PERFORMED PER DRAYWING AND SPECIFICATION
RECIUIAREMENTS

- AMBIENT AMC CAYQGENIC LOAD OEFLECTION.
-NOEE IFAK CHECK.

- SECONDARY SEAL LEAK CHECK

~ SEAL ACTUATION AMD RESEAT GHELK, l.
AJSEMBLY OF THE LIFT OFF SEAL I3 VERIFIED PER SPECIFICATICIN REQUIREMEMTS. ' i
SCREWY STAKING 13 VERIFIED PER CRAWING AND SPECIFICATION REQUIREMENTE.

LIFT-OFF SEAL ACTUATIDN 1S VERIFIED DIRING IN-HOUSING BALANCE FER SPECIFICATION
REQUIREMENTS.

HFFTP

ASSEMBLY INTEGRITY SEAL 15 LEAK CHECKED AT TURBCFUMP ASSEMALY.

ROD19230

ROC19230
REIC130-115
RBHA0-04n

R00230
RA1103-001

ROC15234
RA110B-005

RO019230

RL10011

RAQED7-054
RAO115-116
PAO 11 5-O06
RAT115-001
RAOME-127

RAIG0S-002
RLODSE

ROO19230
RL 10001

ROO0T 3230
RLOJSOE
ALOOEIE
ALOASOS

ALUAO?

RO 9230
RATEI 8005

ALO0GES2

R3007S07
RLOD351
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CIE Wean:
Component:

Part Humber:
Failure Mode;

Fuel iurbapumpg
B200-17

High Pressurs Fusl Turbapump
REOOTS01
Lp3s of coalant Aow ta turkine thscs.

Prepared:
Appraved:

Appraval Data:

Change ¥;
Dlrecthve #:

Fage:

D. Early

T. Hguyan

HH

1

CCBD0 MEI-01-5205

ol £

Failire Causes

Shgrifant Charactsnstics

Inspactienis] ! Tastis)

Bacument Refeance

ASSINELY INTEGRITY

[IPFTF

CLEAHL INF&R3S OF
COUMPCHENTS

SEAL
OISk

MATERIAL INTEGRITY

HEAT TREAT

EIRFACE FINISH

ASEEMALY INTECGRITY

HFFTP

ASSEMBLY INTEGRITY

BAFFLE, HP FLEL
TURBCPUNF
FiM

MATERIAL INTEGRITY

SEAL LEAK CHECKS ARE PERFORMED PRIOR 70 EACH FLIGHT,

TORQUE CHECKS ARC PERFORMED FRIOR TO EACH FLIGHT,

COMPONENTS ARE VERIFIED GLEANED PER SFECIFICATION REQUIREMENTS.

POST FLIGHT DRYING PURGES ARE PERFORMED PER SPECIFICA ] 10N REQUIRFMENTS.

MATERIAL INTEGRITY 15 VERIFIED FER DRAVWHNG AMD SPECIFICATION RECGUIREMENTS

THE SEAL AND DISK ARE FEMETRANT INSPECTED PER FRECIFICATION REQLUIRELMENTS.
HEAT TREAT 15 VERIFIED PER SPECIFICATION REQUIREMENTS

THE SEALING SURFAGE 15 VERIFIED FER. DRAWING AN SFECIFICATIOM REQUIREIMENTS,
THE SEAL AND DISK DIAMETERS ARE VERIFIED PER DRAVANG RECUIREMENTS.

THE ROTATING ASSEMELY BALANCE |2 VERIFIED PER SPECIFICATION REQUIREMENTS.

TOROUE CHECKS ARE PERFORMED PRIOR TG EACH FLIGHT, A
TRAVEL CHECHKS ARE PERFORMED FRIDR TO EACH FLIGHT,

MATERIAL INTEGRITY |S VFRIFIED PER DRAWING AMD SPECIFICATICN REQUIREMENTS.

THE BAFFLE IS PENETRANT INSPECTED FER 5PECIFICATION REZANREMENMTS.

OMRED VA1BCD 010
COMRSD V41630020
DRSO W1 B00. 8D

OMESD VIESD 020

R500F50t
AL 100

OMRED We: SROCED
CHARED WA 1 CB0.08,
(PHASE Iy

COMRED VY CBO.oa1
(FHASE 1)

UNRSD W1CEO DAz
(ALOCHK, K11A)
OMRASD WV1CED.083
{BLOCK HiA]

REQ0IESS
RE0ors10

RE007510
REO170.153

RADT 15116

RAOET 1 -D20
REBO1FO-TE2

ASHFE1D
RFOJ04-02F

REOD7T553
28007510

RLOO3S2
R5007 501
QMRS V41820 020

RM152E5
ASDrS14

R3I0T514
REJ1T0-153

RAD115-116



6Ll -8

e B TR NP L .
CIL Mem:
Component;

Part Mumber:
Fallure Mode:

La S VI BT HLRTRITRL [ TEY
B200-1T

High Fressure Fual Turbopump
FS00rsm
Loss of coalant Mow b lurbing discs.

Frepared:
Approved:
Approval Data:
Chanpe -
Diraciive A;

Page:

0, Early

T. Nguyen

421138

1

GGHD MEX-01-5206

Taf 4

Failure Causas

Sdgnfcant Characteriatics

Ins peclionis) § Teslg]

Dociment Pale rance

AKLLCAUSES

HEAT TREAT

ASSEMELY IMTEGRITY

SEAL, INTERSTAGE HPFTR

CH3k
MATERIAL IMTEGR T ¥

WELD INTEGRITY

ASSEMBLY INTEGRITY

HPETP

AGSEMEBELY INTEGRITY

HFFT

CLEAMLINESS (3F
COMFOMNENTS

ASSEMBLY INTEGRITY

HEAT TREAT 15 VERIFIED FER SPECIFIGATION REQUIREMFNTS.
BAFFLE TOROUE |2 VERIFIED PER DRAVING REQUIRENMENTS.
FPIN STARHMG 15 VERIFIED PER DEAWING RECUIREMENTS.

MATERIAL INTEGRITY |5 VERIFIED PER DRAWING RECANIREMENTS,

FORGING 15 PEMETRANT AND ULTRASCNIZ INSFECTED PER SPECIFICATION REQUIREMENTS.

ALLWELDS ARE INSPECTED TO DRAWING AND SPECIFICATICY AEMNREMENTS PER WELD CLASS.
INEPECTIDNS INCLUDE: WwISUAL, DIMENSHINAL, PENETRANT. RADIOGRAPHIC LLTRASONKE, AND

FILLER MATERLAL, A5 APPLICABLE

THE SEAL CLEARANGCE WITH THE V5K AMD ELADES 15 VERIFIED AT ASSEMELY PER
SPECIFICATION REQUIREMENTS.

FEAL DIAMETERS ARE YERKIED PER DRAWING REQUIREMENTS.
THE ROTATING ASSEMBLY PALANCE IS VERIFIED PER SPECIFICATIOHN REGUIREMENTS,

TORGUE CHECKS ARE PERFORMED PRIOR TO EACH FLIGHT.
TRAVEL CHECKS ARE FERFORPMED PRIOR TO EACH FLIGHT.

RADE] 1020
R300v514

REO07E92
REIOIS10

AAdt1s-116
AAQT1S-2

IR IR

RAGBO7-094
RACQ115-116
AAR115-006
RA1115.0M
RAM115-127

RLODZS1

REQD7S02

RLOD3ISZ

R 3007501

DMRED VHEBS0.020

COMPONENTS ARE VERIFIED CLEANED PER SPECIFICATION AEQUIREMENTS,

QPERATION/PERFORMANCE 15 VERIFIED BY ENGINE HOT-FIRE TESTING AND 2ND E & W TESTS ON

INSFECTIGNS. !

THE PLIMP SUBASSEMBLIES ARE INSPESTED DURING OVERHALL PER SPECIFICATION
RECUIREMENTS. INSPECTIONS INCLUDE \ISLIAL, DIRENSIONAL, FEMETEANT, AND
REPLACEMENT OF USAGE TEMS AS APPLICABLE. FER OVERHSUL CLASSIFICAT ION.

087A FROM FREVIOUS FLIGHT OR HOT FIRE 15 REVIEWED FOR PROFER TURBOPUME
CPERATIOMPERFORMAMNEE. {LAST TEST)

!

R5007501
RL12001

RLACOS0-04
RLOMOSE-4
RLOGOS6-07
RLAC4EL

RLO0528
RAD11E-116

WEFC PLHN 1228
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Coinpanent Group: Fuel Turbopurtpes Prepared: D. Early

CIE tom: B2001T Approved: T. Hoyen
Companent: High Fressure Fual 1urbopump Approval Dale; 421799
Prart Munbear: R20A7SM Changa #: 1
Failure Mode; Loes ol coafant ow ta lurbing diseg. CHractwe & CCED MEZ-01-52D6
Fapo: 4af 4
Failure Ceusea Signiicant Cha-acteristics Inspecdion|s) ¢ Teat(s) Documeant Reforence

Failarg History: Comprehensive filure nislory data is mamntained in the Problern Reparing dalgbase (PRAMS/PRACA)
Reference  MASA keller 3A21/88¢10E anc Rocketdyne [stter SARCOOMG1.
Uperatiansl Use Mol Applicab'e.
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Componant Group:

Itern Mamma:
llem Number:; =1
Part Humber: RIHTE01

Fuel Turbopnm ps
High Fressure Fuel Tyrbopamp

SSME FMEAICIL
FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Pragerad:
Approved:
Appravval Dam:
Change g:
DOlrective &;
Page;

D. Early

T. Kguyan

202

2

CCBO ME3-11-52G8

1of 2

Basze Line Ralionale

VYenanca

Crange Rationale

Varignl Dash Murmber

1. HIOD-15 REOOFA0E CAUSE A
B220-24; REI07005; CALISE A

THF IMMFER AND OUTER BE&LRIMG
RACES ARE EDOY CURRFMT
INSPECTED PER BLIO M2,

2 B2I0-13 RSOGTSZ7, ASMTSIZ,
CAJSE AL B. B2OG-JE;

RE0CTE32 CALUSE B. OIFFUSER
HIDNDFN SURFACES ARE
FEMETRANT INSPECTED PER
RLO0343,

3 BrDOG14 CAUSE A, RSO0TAGE
B200-21 CAUSE B, R3007563
R200-26 CALSE A, RE007SER
WELD JOUNTS RS007TER: TABLE
E20Q HRFIP FMEA/CIL WELD
JOINTS RECU 68 HOLSING
CURRENT COMFIGURATION |5
FHE GMETI PICCE "-112° CAp,
USIMNG FOUR [y WELDS AND
FI¥JR [4) WFI I MUMABZARS

4 BAOD-0Z; CAUISE A, RSCD7524
CAUSE B, RS00753; CAUSE C,
R5 007 R74

BEARING RACES RECEIVED
FROM SLPFLIER SPLIT BALL
HEARING INCORPORATED
FRECEIVED MO GENFRAL EDOY
CURRENT INSPECTICN

SCME DIFFUSERS fMdAY NGT
RECENVE THE POST FROOF TEST
HIDDEN SURFACE ()3
PENETRAMT MSPECTION

SOME HOUSINGS [POSSIBLY
TWUl) fAY HAVE BEEN
FABRICATED "1 TH THE TWD |2
FIECE 113" CAPS (THIS HAS AN
EXTRA WELD: %13 AMD THREE
FXTRAWELD MUMBERS 13, 68 &
63

E£0ME TURBIMNE BEARING
SUPFORTS {R50D7524) ARE
FABRICATED LSRG A
VUELOMENT OF HAYFS 188
ZHEET METAL INSTEAD QF THE
EOM FORGIMNG.

GENERAL EDDY CURRENT INSPECTION OF RACES REPLACES TYPE W2 1M
FEMETRANT INSPECTIOM N DETECTING SURFACGE FLAWSE

USE AS I3 AATIOMALE:

1. RACES SUPPLIED BY SPLIT BALL BEARING INCORPORATED RECEIVED 10X
WISUAL AND TYPE IWC PENETHANT INSPECTION IMSTEAD OF GEMERAL EQDY
CURRENT INSFECTION. FLAW DETECTABLITY RELIABILITY LEVELS RETWEEM
PENETRANT ANMD GENERAL EDDY CURRENT INSPECTIONS &RE G050 AND
0.057 RESFECTIVELTY.

LEE AS 15 RATIOMNALE

1 IMPLEMEMTATION OF HIDDEM SURFACE INSPECTION REQUIREMENT 12
NOT A RESULT OF AN OBSERVED HARDWARE ANACMELY BUT A5 & RESULT
OF ROCKETEYRE'S STAMD DLAUN,

SEE DAR 2745 FOR
VARIANT PART
SERIAL HUMBERS.

5EE DAR 2751 FQR
VARIANT PART
BERIAL NUMBERS

TO REDUCE CONFUSION ON THE DRAMING AND ON THE MAMUFAD TURING SEE MCH 2524,

FLOOR

hIGH CYCGLE FATIGUE INDUGED [NLET SHEET METAL CRACKS 00 DCCUR
FROM THE CPERATIOMAL EMVIROMMENT EXFERIENCED DURING ENGINE
DPERATION. THE CRACKING IS CONTRDL | ED PER THE REQUIREMENTE .OF
THE SHEET METAL INSPECTION SPECIFICATION (RLIOGSE) YVWHICH LIMITS THE
CRACHING LEMGTH, SPACING, AND SHARE, TO PRECLUDE SHEET METAL
FIECES FROM DISLODOING. THE CRITERIA IS BASED 0N CRACK GROWTH
FATES AND ENGINE TEST EXPERIEMCE. ANY CRACHS, WHICH EXCEED THE |
SPECIFICATION LIMITS, ARE WELD REPAIRED IRFOH)T-007). THE TURBINE
BEARIMNG SUPPQRT WITH WELDED S1EET METAL IS LIFE LIMITED BY MAJORH
WIAIVER DT 2773,

SAME -113 DASH
NLEER.

RE0GTE24-201 AMD

SLBS.
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LS AP LTS Sarg Fuel Turh LY P Prepa red: . E.-qu:.r
Item Hameg: High Precsure Fuel Turnapomp Appraved: T. Nguyen
fem Yumber: EZ00 Apprayel Data: 4129699
Fart Mimher: RE007501 Chanpe a: s
Diraciive &: CLBD ME3-01-5206
Fage: 2of 2
Baso Lime Ratinnale Varianoe Change Ralionale Yariant Dash Bumber
5 B:lO-15 CAUSE A B200-17 SOME LIFT-OFF SEAL HOUSIMG LEWY CYGLE FATIGUE CRAGKING HAS EEEM OBSERVEN [N THE PLIA WELD, RO S2:0-07 AND
CALISE A BELN-1A CALIRF A, DA LINES SRE FAERICATED CRACK INITIWTION AND FPROPAGATHON DCCURS AT SHUTDOWNCOOLDOWN SUBS.
B2051% CAUSE A, B200-22; USING INTERSECTING LINE Al L UNITS RECEIVE A STANDARD POST FLIGHT INSPECTIONS BY LEAK
CAUNSEARCE BRILLED HOLES THE HGELE CHEZK. LEAK CHECK POST FLIGHT VILL DETECT A CRAGK PRIDR TO

THAI INTERZECTS THE CUTSIDE
DIAMETER OF THE HOUSING
FLAMGE HAS & PLLMG
IMSTALLED. THE PLUS 1S THEM
WELDED AT THE HDUSIHNG
OUTSIOE DIAMETER TO FORM A
TIGHT GAS SEAL

RFFLIGHT. POST LEAKAGE AT THE DRAIM LINE ¥ LIMITED TO 10 SCIM. ALL
FLIGHT LIHITS WWALL SONWTINUE TC RECEIVE A LEAK CHECK POST FLIGHT FOR
THE ORAIN LINE PLUG WELD UNITL THE ENTIRE FLEET 12 RETROFIT "WITH THE
EDR DRAIN LINE CONFIGURATION
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SSME FMEA/CIL
WELD JOINTS

Companent Group: Fuoel Turbopumpa Propared: D. Early
CIL Itam: B200 Appraved: T. Nguyean
Companenl: High Pressure Fog| Turbopump Appraval Date; 421,90
#aH Humber: RS00T 501 Change 3: 2
Directive & CCA0 MED-01-5206
Fage; 1of 3
Cr ticat Inilial

Raat  Flawe Size Mot
Side Mot Deleclable

Cemaponent Basie Part Nomber Weld Mumaer Wekd Type  Class Atcess HOF  LCF Lommenls

SlIELD RAGT2171 1.24, 28-82  GTAW I X

SHIELD RoO121n . GTAW n

LIFT-GFF SEAL RON15230 1,2 GTaw I X

SHIELD ROOTO7ER 25 0B GTAW H

SHIELD ROa147e8 27 50 GTAMY n ES

SHIELD RAD{TES E1, 52 GTaw 1

EHIFID ROGI97 88 55 55 GTAW 1l

BELLOWNS RELLF 505 1-4 GTANY 1 X

BELL Oz REAQT505 5,5 Efnnr | x

INLET R3007512 4 GTAW I X

INLET REMTEZ 36 GTawr !

INLET REMOTI12 012,13 GTAW |

IMLET REMITE12 i EBVY i

IMLET REOOFS12 14 15 STAa |

INLET REI0TE12 1B GTAaMY I x

BFARING SUFFORT RS a4 14 EBWY I

BEARIMG SUFPORT R5007524 18 EBv I X

BEARIMNG SUFPORT R30074524 29, 20 GTARY I X X

BEAR NG SUPPCRT R3007524 1B GTAWY I X

BEARMG 5PPORT REDOTEDL 115 121 oLy I

BEARING 5LIFPORT RSLOTE24 |28 GTAW I X

EFARING SLFPFORT REQOTE2 228-c11 GTAW ] x

HOUSIMG R SODTsGA 7823, GTAWN I X X x :
228 330 p
FOH

HIHISING RE007 565 4 GTAw I

HSUSING RE00Q7 568 48 EB I X X X

HOUSING K30075SER 43 GTaw I b

HGUSING R&E00753R 5" araw ] X X

HULEIMNG RECNY56E 52 GTAN [} K

RO JSIMG HSCo7RE4 1 EEY 1
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Lampanent Group: Fuel Turbopumps Fraparad; D. Early
CIL ain: B.ZEII:I Approved; T. Mouyen
Componen|; High Fressuna Fual Turbopump Approvat Data: 4021798
Part Number: REDITSM Change #: 2
Blrechve #: CCED ME-01-5205
Paga: 2of 1]
Criticar nitlal
Ragt  Flaw Size Mot
Bide Mar  Detectable

Carnpon end Basic Pl Mumbear Wekd Mumber Weld Type  Clasg dccess HCF  LGF Camments
HOUSIMG RE0G6 T46A 55 alc L ] }-{
ROUSING RE0NTEE 36 OTAW ] R
HOLIS NG RI007ESY OF, 324 325 GTAW It
HOLUIGING RIOO75E8 & ETALY M X x X
HOUSHHG RSO0Q75E8 50 EBWY I
HOUSING RS0LOFEaE 14,229, 297 GTAW 1 X X x
HNOUSING RSCOT6S 76,77 GTaWY I X
HOUSIHG RS040 7564 T.EO GTAW I X
HOUSIN G REA07553 20-101 GTawW 1l x
HCLUSING RENCTSER 10z GTAWS 1 X
HOLISING REM TEEA 123 GTAW n x
HOUSING REMTELS 140 GTAW " X
HOLIRING RS0O7ESR 133, 154 CTa N E
HOUIS G REHITS5E 174a-185 GTAW Il X
HEOLSING R2207554 181 192 GTAWY ] X x

195 106

£245, 455

45E
HOLSING RENI7TSES 153, 244, GTAW I ES

15/-402

24-J07
HOUISING RESBOPEEH 03, 17, GTAW 1 X X

214, 234,

235
ADUEING REDOTS5E 21z, i3 GTAMY I
HOUZING RZI0756A s 215 GTAMY n X
HOUSING RS0LT5ER 222, 139 GTAMY ! x .
HOUSIMNG RSCI7HGA 224, 225 GTAW | 4 X 1
FOUSING RE007 563 226, 227 CTaN I ]
HOUSING RE007 5656 231, 137 GTaln I X X
HOHPSING RE0DNTEER 231 GTAaN li bt
HOUZIMG REDOTIES 237 234 GTAN |
HOUZING RECOT558 AG-2408 GTAVY Ml
HOLSING AEI0TI5E Jeh-344 GTAV ] |
HOUSING REA0TSHE3 37e-3497 GTANY ] X
HOUS MG R S0CTSEE KL GTAW | x x X

i
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Comnporen] Gidup: Fugl Turbopumps Prepare d: D, Early
CIL tern: B200 Approved: T. Nouyen
Compenenl; High Fressure Fuel Turtepump Approval Data: 4r21/89
Pad Numbar RE007501 Changs & 2
Crructive 0; CCHO MEI11-530%
Page; aol 3
GCritlcal dnilial

Fopt  Flaw Size Mot
Sige Npt  Uelectable

Component Basic Part Mumber ¥ield Mumber Weld Type  Clazs Access HODF o LCF Comrwats
HOUSIMG F3007 568 407.434 GTAW 1l x

HCUSING RS007 REH 405449 GTRN I X

HOLSING RSDOTESE 4548 HOPT) GTAW Ir

HOLSING RECQOTEGE 450 (OPT)y  EBPw Il F

HOUSING RELOTSGE 454 GTAN fl B

HOUSING RSCOTEEE 37 IOPT) GTAWY fl

ROTOR BEAL ASA07534 1 EBwY I

SEA. AGAN7HI2 5 EBwY 1] X



