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Componenl Group:

CIL l1em:
Compenent:
Part Numbsar:
Fallure Mode:

Fuel Turbopumps
820019

High Pressura Fusl Turhapump

RE047 501

bellans,

S5ME FMEAJCIL

Phaze
3mMC
41

REDUNDANCY SCREEN
Frepared: D. Eerly
Approwved: T.MNowyen
Approval Date: #2109
Change &: i
Losa of coolant flow 1o main housing, turbing moundt ring, turbing bearkt g aupport, and turbine hearing suppor Directive & CCBO ME3-M-3205
Faga: 1ol 1
Critivakty
Failura ! EFect Gescriptlon Hazard Ralersnce
Possibhe Ballda of (u-bine bearing s0pE ort belkows resulls in feakage fram Wbkns inrel o dischargs  Possible struechoraf buckling of rzin ]
hausing supn2d sliuls, housicg oF Mol ring, resulting in luss ol concenlricly whi rolating parts. Either (=n cause furbing blade faiume. MEDIE M,
ME-D14,1

Lass of vaFicka,

Redurdancy Sersens SINGLE POINT FAILLURE: Wia
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SSME FMEA/CIL

DESIGN
Companani Group; Fuel Turbopumps Prepared; D. Eanly
CIL fam: B200-19 Approved: T. Matyan
Companent: High Praszure Fuel Turbopump Approval Date: 42153
Parl Numbar: HEO07501 Change # 1
Failure WMode: Lass of codlant flow be main heusing, (urbing meunt sing, turhing baaring supporl, and turhine bea ring support Clrective ¥ CCBD NEADY-5205
Enllows.
Fama: 1aof 3
Das-gn f Decument Reference

FAILURE CAUSE:  A; LIf-0F seal binding clasure,

THE LIFT-OFF SEAL (1115 A SPRING LUADED, PRESSURE ACTIVATED, FACE RIDING, CARBDN NOSED SEAL, THE SEAL HOUSING ANB PISTON RING ARE MANUFACTURED U 1ILIZING
A-283 CRES BAR (2} A-28% CRES WAS SELEGTED FOR TS CCMPRESSIVE STRENGTH, RESISTANGE TQ HIGH-PRESSURE HYDROGEN DEGRADATION, AMD CRYOGENIE MECHAMICAL
FROPERTIES. THE MATFRIAI 13 SOLUTION TREATED AN AGE-HARDENED. THE SEAL PREVENTS HYDROGEN LEAKAGE INTO THE TURBINE OURING PRES IART AND PROPELI ANT
DUNMP. THE TURBCPUMF |5 ASSEMBLED VATH A PRELOAD ON THE SEAL NOSE WHIGH MATES WITH THE CUTSIDE DIAMETER LIP OF THE THIRD-S TAGE SLEEYE (3). THE SEAL NOSE
IS MANUFACTURED UTILIZING PSM CAREON WHICH WAS SELECTED FOR ITS SURFACE VELOCITY WEAR CHARAGTERISTIGS (2). THE PISTON RING (5 DESIGNED T0 PROVIDE AN
INTERFERENCE FITWITH THE CUTSIDE WAMETER OF THE CARBQN RING. HT424 EPOXY RESIN IS LTILIZED TO BOND THE CARBON RING IN THE PISTGN, THE MATING LIP OF THE
THIRC-STAGE SLEEVE IS HARD CHROME PLATED AN POLISHCD TO PROVIDE A SMODTH AND WEAR RESISTANT SEALING SURFACE. BOTH THE SLEEVE MATING SURFACE AND
IHE LIFT-OFF SEAL NOSE ARE REQUIRED TO BE FLAT \WITHIN 3 HELIUM LISHTBANDS, THE SEAL PRELOAD IS SUPPLIED BY 55 MAIN SPRINGS MANUFACTURED UTILIZING 312 CRES
WARL (2). THIS MATERIAL a5 SEIECTED FOR IT3 MODULUS OF ELASTICHTY AND BUGTILITY AT CRYOGENIC TEMPERGTURES, AND TS PROPERTIES ARE NGT CECRADED [N A
HYDRAGEN ENVIRONMENT (2,

DUFING START, & PRESSURE UNBALANCE DEVELORS ACROSS THE SEAL TO OFFSET THE SPRING LOAD AND RETRACT THE SEAL ALLOWING HYDROGEN CODLANT TO ENTER THE
TJURBINE. THE SEAL REMATNS OPEN UNTIL THE PRESSURE DEGAYS DURING ENGINE SHUTDOVUN, THE SEAL RETRACTION IS ACCOMMODATED 5 AN INTERNAL GAVITY, WHIGH 18
WENTED T AMBIENT FRESSURE THROUGH AN EXTERNAL DRAINLINE. THE CAVITY DRAIN LINE £S ELECTRO-DISGHARGE MACHINED THROUGH THE SEAL HOLSING. ELIMINATIMG
THE NEED FOR PLUG WELDS. AND WATES WITH A PASSAGE AT THE MAIN HOUSING [4) INTERFACE. THE SEAL AT THIS LOCATION IS PROMIDED BY A PRESSURE-ASSISTED
'DOUGHNLT STATIG SEAL (5), WHICH SEATS IN A GRODVE ON THE SEAL HOUSING FLANGE. THE SEAL IS MANUFAGTURED UTILIZING SILVER-PLATED A-286 CRES BAR, 4088 CRES
WS SELECTED FOR ITS GOMPRESSIVE STRENGTH, RESISTANCE TO HIGH. PRESSURE HYDROGEN DEGRADATION, AND ITS MECHANICAL FROPERTIES 4T CRYOGENIC
TCMPCRATURES. THE MATERIAL IS SOLUTION-TREATED AND AGE-HARDENED THE SILVER:PLATING FERMITS CONFORMANGE OF THE SEAL TO MINGR IRRECULARITIES I THE
FARTING SURFACES. AWIRF RETAINER (6) MANUFACTURED UTILIZING 302 CRES HOLOS THE ‘DOLIGHNUT SEAL iN THE RECESS GF THE LIFT-OFF SEAL TO PREVENT
BISLODGEMENT DURING HANCLING AND INSTALLATION. THE BOLT PATTERN GF THE LIFT-DFF SEAL AND MAIN HOUSING ARE NON-SYMMETRICAL TO ASSURE PROPER ALIGNMENT
CF THE ORAIN LINE PASSAGES. DESIGN ANALYSIS SHOWS THAT WITH THE IWORST COMBINATION OF TOLERANCES, ADEQUATE SEAL GOMPRESSION WOLLD BE MANTAINED
OVER THE FLLL RANGE GF POSSIBLE GEFLECTIONS, DRAIN LINE PHESSURE AND TEMPERATIRE ARE MONITORED 0H ALL GREEN RUNS, WHICH WIDULD IMDICATE ANY HOT-GAS
LEAKAGE PAST THIS SEAL. THE STATIC SEAL IS A HON-SERIALIZED PART WHICH 1S NOT TWME HISTORY TRAGKED. BUT HAG INFINITE ALLOWABLE LIFE {7)

THE INTERMAL CAVITY IS FORMED BY STEPPED DIAME TERS OM THE SEAL PISTON AND MATING DIAMETERS DN THE SEAL HOUSING. THE TWG SPRING-LOADED INTERNAL SEMLS
PHROVIOE SEALING BETVIEEN THE HIGH-PRESSLRE HYDROGEN AND THE CAWITY DURING ORFERATION THE SEALS ARE MANUFAGCTURED UTILIZING VESPEL SP-21 1, WHIGH NS
SELECTED FOR ITS SEALING AMD LUBRICATING CHARAGTERISTICS {2t THE SEALS ARE BOTTOMED AGAINST THE HOUSING UTILIZING \WEDGE RINGS MANUFACTURED UTILIZING
203 CRES RAR THE WIEOGE RING PRELOAD |S SUPPLIED BY 36 SPRINGS MAHUFACT URED UTILIZING 302 SRES WIRE. THE PUMP-END SPRINGS ARE RDI [OMED AGAINST 4 302
CRES PLATE, WHICH i5 SECURED BY A MATING GROOVE IN THE HOUSING, THE TURBIME-END SEAL SPRINGS ARE BOTTOMED AGAINST A-285 CRES PLATE, WHIEH |5 SECLURED TO
THE HOUSING UTILIZING TWELVE 300 SERIES CRES SCREWS. A-295 AND THE 300 SERIES CRES ALLGTS WERE SELECTED FOR THE SAME CHARACTERISTICS DISCLUSSED ABCYE.
THE SCREWS ARE STAKED AT THE SEAL ASSEMEBLY TO PREVENT ROTATION. ASSEMBALY PROCEDURES FOR LOCKING DEVIGES ENSURE DEFECT-FREE INSTALLATION fal.
MOVEMENT GF THE SEAL PISTON IS GUIDED BY A BUSHING WHICH PILOTE IN A GROOVE IN THE SEAL HOUSING. THE BUSHING IS WANUFACTURED UTILIZING VESPEL $R.211,
WHICH V#AS SELECTED FCR ITS LUBRICATING CHARACTERISTICS {2). THE PISTON DIAMETERS WHICH MATE WITH THE VESPEL SEALS AND THE BUSHING ARE CHROME FLATED TO
PROVIDE A SMOOTH SLIDING SURFAGCE. r

THE LIFT-DFF SEAL HOUSING IS SECURED 7O THE MAIN HOUSING BY 12 BOLTS {9) AMD CURWASHERS {10), WHICH ALSO ATTACH THE TURBINE HUB LABYTRIMTH SEAL {11} ANE THE
SECOND-STAGE AFT PLATFORM SEAL (12). THE LIFT-OFF SEAL HOUSING OUTSIDE DIAMETER AND MAJN HOUSENG INSIDE DIAMETER ARE CLOSELY TOLERANCED T ASSURE
ACCURATE PILOTING OF THE SEAL 5TACK AND MINIMIZE THE EFFECT OF HOUSIMG DEFLECTICOMS OH THE SEAL INTERNAL CLEARANCES. GROCVES M THE MAIN HOUSING AND
TURBINE HUE LABYRINTH SEAL PILOT STATIC SEALS (13) AT THESE LOCATIONS. ANALYSIS REVEALS THE LIFT.OFF SEAL DESIGN ALONG VWITH OPERATING CLEARANGES
PRECLUDES & CORPLETE LIFT-OFF SEAL CLOSURE {14),

THE LIFT-OFF SEAL FUNCTHONAL CPERATICN WAS BEMONSTRATED BY DESIGN VERIFICATION TESTS {13)

(1) RSB0 (2} RES-0500-1% (3] RS0OTH0Y. ASIOTSS4; () FSOO7577, RSOO7SGE; (5} RESU116 (6) ROO1923d4; (¥} RLOOSIZ, CRAZOROGLAG, (B ALDOIIA; (5) RESCOTESS; (10)
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Camponent Group; Fug| Turpopunps Prapared: 0. Early
CIL Item: RAZG0-1Y Approved: T. Hguyan
Camponent: High Pressure Fugl Turb opumip Approval Data: 4158
Part Humber- R5OG7E01 Changa 3. 1
Fallure Mode; Loss of coplam Flow tn maln houging, {urbine mount fing, turhine beadng suppar, and Wrkina bearing suppart Oractive #: CCBD ME3-0t-523085
belbows,
Fage; Zof 3

Design | Oacurent Referance
REI0TERS; 11 RE00TEET, f12) ASQDE3 (1) RD251-3015, RE1621. (14] IL SSME-O606: (16} RSS-40d-111

FAILURE CAUSE: B Coolant flow passage filog kage.

HYORGSEN COCLANT IS SUPPLIED TO THE TURBINE BY FLOW PAST THE LOW-PRESSLRE ORIFICE {1) OF THE BALANCE PISTON CAVITY AND FAST THE LIFT-OFF SEAL [2). A
PORTICN OF THE COOLANT EMTERS B HOLES ON THE HUB OF THE SECOND-STAGE TURBINE DISK (3) JUST UPSTREAN OF THE HUB LABYRINTH SEAL (4). THE FLOW CONTINUES
GOVM 1HE LENTRAL CAYITY OF THE SECOND-STAGE DISK A PORTION OF THIS COOLANT FLOAWS THROUGH THE 18 HOLES IN THE ORIFIGE RING (5) BETWEEN THE TURBINE
OMEKS. THIS FLOW 15 SPLIT AND GUICED BY THE TURBINE INTERSTAGE SEAL /6 T2 COOL THE DIIWKSTREAN SIDE DF THE FIRST-STAGE DISK (7 ANC THE UPSTREAM SIDE OF
THF SECOND-STAGE DISK  THE REMAINDER OF THE FLOW CONTINLES THROUGH THE FIRST-STAGE DISK 4NG £OCLS THE TURBINE-END BEARINGS (B). THES FLOW IS THEN SPUIT
AND GUICED BY THE TURBINE BEARING SEAL (8), TO COOL THE UPSTREAN SIDE OF THE FIRST-STAGE I#SK AND THE TURBINE BEARING SUPPORT (18) THE FLOW ENTERS THE
BEARING SUPPORT BODY THROUGH 4 HOLES AMD THEM ENTERS AN INTERMAL SHEET METAL MANIFOLD THROUGH 13 HOLES. THE COOLANT THEN IS DISTRIBUTED T 3 HOLES (H
EACH 0 THE INLET STRUTS ANU IS COLLEGIED IN & MARIFOLD AND DISCHARGED THROUGH 13 ORIFICES TO COOL THE BELLOWS (11}, THE REMAINDER OF THE FLOW FROM THE
LI'T OFF SEAL FLOAMS THROUGH THE LABYRINTH STEPS GF THE TURBINE HUB LABYRINTH SEAL PART OF THIS FLOWV IS DIVERTED THRDUGH 4 HOLES 1N THE SEAL DOWNSTREAM
OF THE FIRST STEP. THE FLOW IS COLLECTFD IN A MANIFGLD AT THE LIFT-OFF SEAL HUB LABYRINTH BEAL INTEREACE BEFORE COMT NUING THROUGH 12 HOLES [ THE LIFT-GFF
SE&L AND MAIN HOUSING (12) TO ENTER THE COOLANT LINER THE COOLAMT CCNTINUES THROUGH 3 HDLES 1N EACH OF THE MAIN HOUSING STRUTS AND ENTERS & MANIFOLD
AT THF. DOWNSTREAM END OF THE TURBINE INNER RING. NINE TY-SI( COOLANT PASSAGES IN THE INNET RING CARRY THE FLCW TG A MANIFGLD AT THE TURBINE MGUNT RING
{13} INTERFACE HINETTY-SI% GODLANT PASSAGES IM FIHE MOUNT RING ANU THE TUREIME BEARING SUFPORT GUIDE THE FLOW TD A MAMFOLD. WHERE IT DISCHARAES GUT 12
ORIFICES AKD JOINS THE TURBINE BEARING SUPPSRT SOOLANT FLOW TO CO0L THE BELLOVYS, THE COMBINED CQOLAKNT FLOW THEH CONTIHUES GUT & GAF AT THE
PRESURANER AMD TURBINE BELLOWS SHIELD [14) INTERFACE WHEFE IT EMTERS THE TURRBINE EXHALST.

THE REMAINOER (F THE COOLANT FLOW THROLUIGH THE TLIRBINE HUS LASYRINTH SEAL 15 UTILIZED TO COCL THE OCMWHETREAM SIDE OF THE SEEDNDBTP-GE sk,

THE NLIMBER OF PARALL FL PASSAGES FOR THE COOLANT FLOWY, THE St2E OF THE PASSACGES, AND THE QUANTITY OF THE FLOW MAKES THE TURBINE COOLANT CIRCLHT
INSENSITIVE T MIMOR FLOW BLOGKAGE. THE PROPELLAMT FILTER AT THE EXTERNAL TANK. FRECLUDES CONTAMINANTS LARCGE ENOUGH TO BLOCK THE FASSAGES (15). POET
TESTFLIGHT CRYING PURGES FREVENTS BLOCKAGE FROM ICE FORMATION RESULTING FROM ACCUMULATICN OF MOISTURE BETWEEN HOT FIRES {181,

(1] REQOFGSD; (2] ROD1D2XD; (2] REOO?EI0; (4) RBOOTASY: {5} ASODTS0S; (8) ASLOTSSZ; (7] RSOGTSIT. (8] RSAIFS0Z: |3) REQOTSAT, (10} RSMIE2G; (11} REDOTROE, {12) RETSTT,
RS0O0TSEA {11 RSE0TIAE; (14) ASO07SIS. [15) ICOC 1301 5000: (16} REOAOE0-04, CRRSD Y4 1CEN 050, OAMRSO W4 1CEO. B80 (FHASE 1), CARSD Vi1 CRD.0B1 (PHASE I3, OMRSD
WA ICBC,083 (BELOCK L) OWRSD Wa 1CB0 083 (BLOCK A

FAILURE CAUSE:  C: Failure of turbdr hub tabyrinth seal,

THE TURBINE HUIB LABYRINTH SEAL (1) 1S MANUFAGTURED UTILIZING AN INGONEL T18 FORGING (2). THIS MATEALLL WaAS SELECTED FOR ITS STRENGTH RESISTANCE TO
CORROSION AND STRESS CORRASIAN CRACKING, CRYGGENIC DUCTILITY, AMD ITS INSENSITMTY TO HYDROGEN ENVIR DMEENT EWBRITTLEMENT IN ITS OPERATING
ENVIRONMENT. THE MATERIAL IS SOLUTION TREATED AND AGE-HARDENED, THE SEAL HAR THREE STEPS, WTH EACH HAVING A SERIES OF TEETH. THE STEPE ALIGNWITH A
SIMILAR SET OF STEPE ON THE HUB OF THE SECOND-STAGE DISK (3). THE SEAL 15 CONFIGURED AT THE INNER DIAKMETER TO DISTRIEUTE CODLANT FLOMW TS THE TLRRBINE
EEARINGYT {37 AND TURBINE DISK/CCOLANT LINER CIRCUITE  THE SEAL RESISTANCE DRIVES FART OF THE COMILANT FLOW FRCGA THE LIFT-OFF SEAL THRQIUGH 4 HOLES IM THE
SECOND-STASE DI2K. THIS FLOW IS USED TO SO0 THE TURBINE-END BEARINGS AND THE TURBINE DISKS (3). PART OF THE FLOW PASSING THROUGH THE EABYRINTH STEFS 13
INWERTED THROUGH 4 HOLES IN THE HUB SEAL BETWEEM THE FIRST AMD 5ECOND LABTRINTH STEPS. THE FLOW 1S ROAUITED INTO THE HOLUSING CODLAMT LINER CTROUITS
THROUGH CHANMELS IN THE HUB LABYRINTH SEAL AND HOLES IN THE LIFT-OFF SEAL |5) FLANGE AND TURBCIRLUME HOUSING {7}, THE REMAIN OF THE FLOW EMTERS THE
CAMITY BETWEEN THE SEAL AMD DISK. A LIF 0N THE END OF THE HUB LABYRINTHS DIREGTS THE COCLANT AT THE HEADS OF THE CISK BOLTS (8} AND ACROSSE THE FACE OF
THE DISE. THE QUTSIDE DIAMETER OF THE HUH LABYRINTH SEAL PILOTS THE SECOND-STAGE AFT PLATFCRM SEAL A GROCVE IN THE HUE LABYRINTH SEAL FLANGE SERYESD
TO PILOT A ETATIC SEAL (10} BETWEEN THE HUB LABYRINTH &ND LIFT-OFF SEALS. THE HUE LASYRINTH SEAL IS SECURED TO THE TURBOPLIAP THROIIGH THE LIFTOFF SEAL
HOUSING BY 12 BOLTS (113 AND CUPWASHERS (12). STRETCH BOLTS ARE UTILIZED TC ASSLRE THE REQUIRED CLAMPING LOAD AT ASSEMBLY I3 APPLIED.

(I} AZD07E6%; (1) RSS.E5R0-10: {3 RSOOTEI0 {4) REQOTSD2 () RSOOFS10 ASOOTST: [ ROO19270, {7y REOAYSTT, REMTEGE; (6] RESOQFSE]; 1% REUOTSEL; (104 RE1E21 {11
RIOCTSE5; (I RINOFELS



2el -8

Zompnaerl Group: Fuel Turbzpumps Prapared; b. Early

SIL e Ba00-19
A 0
Componenl: Righ Pressure Fuel Turhopump ﬁx:g::,dﬁah. L;?g?an
Part Number: RSOO750H _ Change #: 1
Failure Mada: Lass of captant Hlow 1o main heuging, tuebine mound ring, burbine eadng support, and turbine bearing 2uppert Dirgctiva #: CCBO MEI-01.5206
beaflows,
Pane: laf]

Cezlgn f Dacument Reference
FAILURE CAUSE: D: Extensive furbine befloas shield Fallure.

THE SH'ELD {1} FRQTECTS THE TURRINE BELLCTATY {2 FROM HIGH TEMPERATURE TURBINE EXHAUST GAS, IT FORME & CAVITY BETVWWEEN ITSELF AND THE TURBINE BELLOWYS
FERKITTING LODLANT FLOWY ALGNG THE QUTSIDE DIAMETER OF THE BELLOWS THE BELLOWS SHIELEY IS MANUFACTURED UTILIZING A HAYNES 188 FORGING. HAYMES 188 Vias
SEEECTED FOR ITS STREWGTH AT ELEVATED TEMPERATURES AND LOW CYCLE FATIGUE LIFE INHIBH FRESSURE HYDRQGEN 3. THE MATERIAL IS SMOT PEEMED ANG
AWNEALED. THE SHIELD IS PILOTED BY ERGAGEMEN] UF T3 UPSTREAM LIP BENEATH THE MAIN HOUSING HATBAND. 51 PEDESTALS AXIALLY BOTTOW THE SHIELD AGAINST THE
TURRINEC BCARING SUPPQRT. FOUR STAHDOMS OW THE DOWMNSTREAM LIP OF THE SHIELD PERRMITS THE COOLANT T DISCHARGE INTO THE TUREINE EXHALST.

{11 R3007500; (2] RS007505 RSODTS24; (3 RSS-A580-10
FAILURE GAUSE: ALL CAUSES

THE HIGH AND LOW GYCLE FATIGUE LIFE FOR THE LIFT-OFF SEAL. TURBINE HUB LABYRINTH SFAL, AND THE BELLOWS SHIELD MEET CEI REQUIREMENTS (1), THE MINIMUN
FACTGRS DF SAFETY FCR THESE PARTS MEET £EI REQUIREMENTS (2. THE HSRDWARE PARENT MATERIALS WERE CLEARED FOR FRACTURE MECHANICS/NDE FLAWY GROWTH
SINCE THEY CONTAIN NO FRACTURF CRITICAL PARTS, EXCEPT FOR THE SECOND-STAGE DISK WHICH WAS CLEARED BY CRITICAL INITIAL FLAW SIZE DETEGTABILITY {3, THE
FMEA/CIL WELDS ARE CLEARED FOR FRACTURE MECHANICS!NDE FLAYW GROWTH BY THE WELD ASSESSMENT (4). TABLE B2 LISTS ALL FMEAACIL WELDS AN IDENTIFIES TROSE
WELDS [N WHICH THE CRITICAE INITIAL FLAW SIZE |5 NOT DETECTABLE AND THOSE WELDS IN WHICH THE ROOT SIDE IS NOT ACCESSIELE FOR MSPECTION. THOSE WELDS IN
WHICH THE CRITICAL INITIAL FLAW SIZE 1S NOT DETEGTABLE ARE ACGEPTABLE FOR FLIGHT HY RISK ASSESSMENT (4). RELSE OF PARTS DURING OVERHAUL IS CONTROLLED BY
THE REQUIREMENTS OF THE DVERHALIL SPECIFICATICN (5.

[1; RLOCSAE, CPIZTRMOOZE; [dF RES-BMG-E; (3) NASA TASK 11T, (4) RS5-0756 15 RLDOGEE
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SEME FMEAICIL

INSPECTION AND TEST
Companent Graup: Fugl Turbapumps Prepared: 0. Early
CIL em; BiD0-14 Approved: T. Npuyen
Cemponent: High Piassurs Fuoel Turispuimp Approval Data: 4121708
FPart Mumber: RS007501 Changa #: 1
Failura Mopde: Loss of cooland Acw to maln hausing, lurbing mount ring, ferbino baarlng support, and lurbine bearing support Diraclive &; CCBD MES-01-5204%
bellgws,
Fags: Tof 3
Falure Cagses Signiflcant Charactasisl cs Irepection(s! f Texis) Dazument Referemnse
A LIFT-OFF SEAL ASSEMBLY ROD1L230
MATERIAL INTEGRIT v KATERIAL INTESRITY IS VERIFIED FER DRAWING AKD SPECIFICATION BESUIREMEHTS. RAT1223)
REO130-115
REDI30-090
ELM RECAST REMOWED FER DRAWING AND SFEGIFICATION REOUIREMENTS. RO019230
RA1103-001
ErQXY INTEGRITY, CURE, AKD BOND THICKNESS ARE VERIFIED PER DRAWING REQUIREMENTS RN 8230
RA| [0G-005
SPRING INTESRITY EPRIMG CHARACTCRISTICS ARE VERIFIED PER DRAWING RECIREMENTS. RM152350
THE TEMSILE STRENGTH IS WVERIFIED FER DRAWING RECLIREMENTS.
SPRING CLOSED ENDS ARE GROUND SQUARE AND DEBURRED PER DRAWING REQUREMENTS.
WELD INTEGRITY ALL WELDS ARE INSFECTED TO DRAVWING AND SPECIFICATION REQUIREMENTS FER WELD CLAZS  RL{G014
INSPECTIOMS IMCLUDE: “ISUAL DIMENSIONAL, PENETRANT. RADICGRAPHIC, ULTRASDMIC, AND  RA(QSLT-094
FILLER MATERIAL, AS AFPPLICABLE. RADI15-116
RAd11500E
AAT 115001
RAD115-127
SURFACE FIMISH THE SEAL CHROME PLATING I3 VERIFIED PER SPECIFICATION RECUIREMENTS RA GO 2
RLOI528
SEAL MOSE FLATHESS 1S YERIFIED PER DRAVVING BRECUHREMFNTS Ron{osio
CLEANLINESS OF COMPOMENTS ARE YERIFIED CLEAMED PER SPECIFICATION REGLIGEMENTS, RL10001
COMPOMENTS ’
ASIEMBLY INTEGRITY THE FOLLOWWNG ACCEFTANCE TESTS ARE PERFORMED FER DRAMING AND SPECIFICATION
REQLIFEMENTS
- BMEBIENT AMD CRYOQCENIC LOAD OEFLECTION. ROH9230
- NOSE LEAK CHECK, ] RLOOSOS
- SECDNOARY SEAL LEAK CHEGH ) RLODS05
- SEAL ACTUATION AND RESEAT CHEGK, ! RLOOSQGF
ASSEMELY OF THE LIFT-QFF SEAL 15 VERIFIED FER SPECIFICATION REQUIREMENT 5, L , RLOoaaT
SCREVY STAKING 13 VERIFIED FER DRAVANG AND SPECIFICATION REQUIREMENTS. FAD1g2I0
Rl {61 8005
SEAL ACTUATION IS YVERIFIED DURING IN-HOUSING BALANCE PER SPECIFICATION RLoD352
RELIUNREMENTS,
HFFIP R50075M

ASTEMBLY INTEGRTTY SEAL IS LEAK CHECKED AT THREDPURMF ASSEMBLY . RLCOEST
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PN FEE IHT PRI LN TH
CIL Item:
Comgrorenl;

Par Numbar:
Fallarg Mude:

il L ubupumps Prapared:
B210-19 Appeoved:
High Fressure Fusl Turbopump Appraval Date:
REMTEN Change %
Loss of contant Mow b main hausing, furblne meunt ring, turbine bearing £uppart, and turblna beering sup part Crectve §:
b llenars.

Papma:

D. Early

T. Nguyen

421193

i

CCHO MEAN 5206

2cf 2

Fakure Canzes

Sgiicant Chesacterisics

AFSEMELY INTEGRITY

1PETP

CLEAMLIMESS OF
COMPOMNENTS

SEAL
DISK

MATERLAL INTEGRITY

HFAT TREAT

SURFACE FINISH

BESEMELY INTEGRITY

HPFTR
ASSEMBLY INTEGHI ¥

SHIELD

MATERIAL IMTEGRITY

Inzpection (9 J Testiz)
SEAL LEAK GHEGK 15 PERFORMEL FRICR TO EACH FLIGMT.

TORDUE CHECKS ARE PERFDRMED FRIOR T EACH FLIGHT.

COMPONENTS ARE VERIFIED CLEANED PER SPECITICATIDN REQUIREMENRTS,

POST FLIGHT DRYING PURGES ARE PERFORMED PER SPECIFICATION RECLHREMENTS,

FATERIAL INTEGRITY |5 VERIFIED PER DRAVING AND SPECIFICATION REQUIREMENTS,

THE SEAL AND DISK ARE FENETRANT INSFECTED PER SPECIFICATION REQUIREMENTS,
HEAT TREAT |5 VERIF IED PER SPECIFICATICIN REQUIREMENTS,

THE SEALING SURFACE 15 VERIFIED PER DRAWING AND SPECIFICATICON REQUIREMENTS.
THE SEAL AND DISK DIAMETERS ARE VERIFIED PER ORAWI NG RECUIREMEMTS.

THE ROTATING ASEEMBLY BALANCE IS VERIFIED PER SRECIFIGATION REQLIREMENTS,

TORJUE CHECKS ARE PERFORMED PRICR T3 EACH FLMIHT, !
TRAVEL CHECRS ARE PERFORMEDR PRIOR TG EAGH FLIGHT. .

MATERIAL INTEGRITY 1S VERIFIED FER ORAWING RECLIRENENTS.
FORGING IS FEMETRANT AND ULTRASONIC INSPECTED PER SPECIFIZATION REQUIREMENTS.

SHIEL D15 PEMETRANT INSPECTED PER SPECIFICATION REQUIRCMENTS.

Dnciament Refarencs
MRS VA 1BAR.010
CLIRSD Va1BQ0.0: T
QMASED V418Q0.050

OMRSO V1BSD.020

R50075M
EL1o00

OMRSD v41CED 05D
DMRSD v41CED,CAC
|IFHASE I

OMRSE v41£80,081
(PHASE )

OMRSD V41CB0.082
(BLOCK 1A
DMRSD V41680 083
(BLOCH 1114
RSO07S53
AS097540

REOGTSI0
RBO1TC-153

RAQH1E-T16

RAOG11-020
REA1IO-182

REA0IE1D
RFOQ04-027

RE00TES3
REM7510

RLA035Z
RTZ007501
OMRSD VA1B50.000

FAR 15114
RAJ145-01 2

RA115-116



Gel-d

COmMponent Group:
CIL Ham:
Component:

Part Humber:
Failure Moda:

Fual Turbopumps

BXI0-19

High Fressura Fue! Turbopump
RS TS0

Logs ol conlant flow 1 tnain howsing, turbine mounl ring,

beligws.

lurking bearing support, and turbine bearing suppart

Freparaa:
Approved:;

Appraval Dats:

Change #:

DirecHve &

Pager:

D. Early

T. Nguyen

4r21HE

1

CCBD ME3-01-5206

Jaof 3

Failure Caveas

Al CALSES

Failure History:

Significant CFaractaristics
ASSEMELY IMTEGRITY

HPFTP
ASEFMALY INTEGRITY

HFEFTP

CLEAMLINESS CF
COMPOMENTS

ASZENEBLY INTEGRITY

SHOT PEEMIMG |5 wERIFIED PER DRAWING RCAUIREMENTS
FASSIVATIONIS VER'FIED PER SPECIFICATION REDUIREMENTS,

AN INTERNAL BORES COPE INSPECTION IS PERFORMED PRIOR T01 FACH FLIGHT,
CTED PER SPECIFICATIDN RECUIREMENTS,

SHIELD 15 PENETRAMT INSFE

COMPONENTS ARE YERIFIED CLEANED PER SPECIFICATICN RECLIREMENTS,

inspectiantsl f Tesus!

QPERATIONPERFORMANCE I35 WFRIFIED BY ENGINE HOTFIRE TESTING AND MO C & M TESTS OM

INSPECTIOHNS.

THE PUMP SUBASSEMBLIFS ARE INSPECTED DURING OUYERHALL PER SPECITICATION
REQUIREMENTS. INSPECTIONS INCLUDE: VISUAL, DIMENSICONAL, PENETRANT, AND REPLACEMENT

OF USAGE ITEMS AS AFFLICABLE, PER OVERHALL CLASSIFICATION,

DATA FROM PREVICUS FLIGHT OR HOT-FIRE |5 REVIEWED FOR FROPER TURBAPLUMD

CFERATIGMIPERFORMANCE. [LAST TEST}

Referanca: MAZS letter S421/38/306 and Rockeldyre [etler BERCODSTE T,

Creratioral Uss

Mot Acokcable

Camprehengive fallure history dala is mairlained o the Prablam Repoding database (PRAMSIPRACA)

Becurrent Relerence
RE00T5494

AAC110-013
REI07561

QMRSD WA 18U0 075
DRSO Wa1800 0ad

REN0I5M
RL1J001

ALOOGS0-04
RLOOCEE. 08
RLOGOSE-07
RLOn451

RLOO52B
RAJ115-115

MEFC PLN 1226
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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.



2]

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



