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SSME FMEA/CIL
REDUNDANCY SCREEN

Component Group: Fuel Turbe purmps Prepared: 0. Early
CIL Mem: B:200-23 Approve; T. Nguypen
Component: High Fressure Fuel Turbopump Apprival Date: 4r3mg
Fert Number: REDTE(0T Chanpe #; 1
Farlure Mode: L oess of batencging capabliity. Cirectire f: CCHD MEA-D1-5205
Paga: 1af 1
Crincalily
Phaze Failura f Efect Desoipticr Harard Ralareaps
MG Rubbicg of turbine plattorm seals, andtur rubking of third-atage Impeller back shicud agarst (0w pressive orifize resulke in radueed 1
4 turbcnumn oedarmansa, damage tor.bhing fars, @nd reduced coolant flaw to urbine, Falore of wrbopurp comparents [eads 1o eatemal ME-D1SH,
datage. Pessible pump nkel burst due te pressore swga. Loss of vehicke. ME-D1A &

Redundancy Soreens: SINGLE FOINT FAILLRE: A
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SSME FMEAICIL

DESIGN
Camponeni Graup: Fuel Turbopumps Prepared: D. Early
CIL Marm: BI0d-21 Approved: T. Hyuyen
Componend; High Fressure Fuel Turbapump Appraval Dale: 4121789
Part Numbher: RSO0V 01 Changs #: 1
Faiture Mode: Loss of balancing rapahitlty Dlrective #: CCBD ME3-01-5204
Page: 1af 1

Dasign / Document Referz nca

FAILURE CAISE: & High pressure orilica fail .

THE HIGH-PRESSURE ORIFICE RING (1] 15 MANUFACTURFD LITILIZING AN INCOLOY 803 FORGING {2) INCOLOY E0S IS AM IRGN BASE ALLOY WHICH WAS SELECTED FOR ITS
STRENGTH AND IMMUNITY TO HYDROGEM ENVIRONMENT EMERITTLEMENT, THE MATERISL 1S SOLUTION TREA|EL AND AGE-HARDENED. THE Hi5H-PRESSURE ORIFICE WORKS [N
COMJUNCTION WRTH T1HE LOW-PRESSURE ORIFICE (3) TO BALANCE THE ROTOR THRUST, BY CONTROLLING THE AMOUNT OF FLUID FLOW INTO THE BALANGE PISTON GAVITY. THE
HIGH PRESSURE ORIFICE RING THREADS INVO THE MAIN HOUSING (4) AT THE OUISIDE BIARETER OF THE BACKPI ATE OF THE THIRD-STAGE IMPELLER (5} EACH HIGH-
FREESURE ORIFICE RING |S MATCHED MACHINED TG THE HOUSING EY CRILLING AR ALIGSHNMENT HOLE THROUSH THE DRFFISE RHHNG AMND INTO THE I-UJUEH:&]G WATH THE RING

BU1 IGMEL. AT ASSEMELY THE ORIFICE RING IS5 THREADED IM THE HOUSING UNTIL THE TWO HOLES ALIGN WITHIN A SPECIFIED RANGE TO ASSURE THE BOTTAMING. MOLYKGTE
& LUBRICANT IS APPLIED TO THE THREALS TO REDUCE FRIGTIONAL FORCES (). THE ORIFICE RING IS THEN PINNED IN FLAGE (7). THE DRIFICE 15 DESIGNED TO TIGHTEN [ THE
FIRECTICON OF IMPFS LFR ROTATION, TOPRECLUDE FLUID FORCES FROM LOQSENING THE RING. THE ORIFICE RING DOES NOT MAKE GONTACTWITH THE THIRD-5TAGE IMPELLER
DLRING ANY FHASE OF OPERATION. THE THRUST SEARING {8} 15 SHIMMED AT ASSEMBLY SUCH THAI IHE THRUST BALL (%) WILL ENGAGE THE SHAFT INSERT (10) DURING THE
START AND SHUTOOMN TRANSIENTS TO PRECLUGE CONTACT BEING MADE BETWEEN THE IMPELLER AND HIGH. PRESSURE ORIFICE RING. BALANGE CAVITY PRESSURE IS
MEASURED GN ALL GROUND TESTS TO MONITOR BALANGE FISTON DPERATION.

(1) HSOD7S7T HNOD7ESS (2) RSS-580-10. (3} RSOI7SSE 14} RS007677, RSOOTARS; (5) RSO0PES3 I6) RLODISI; (7) MGS'5662, (8! RSO0PE05, ROOTOZ13; 9 RESHEI. (10 RODIS21E:
1111 RLEMEC 04 ' ’ '
[N

FAILURE CALUSE: B Low pressurs orifics failure.

THE LOW-PRESSURE DRIFICE RING (1) |5 MANUFASTURED UTILIZING A HIGH LEADED TIN BRUNZE SAND CASTING (23 THiS MATERIAL WAS SELECTED FOR ITS LOAN WEAR RATE
UNCER CONGITIONS OF NO LUBRICATION AT CRYOGEHIC TEMPERATURES. HYBROGEN ENVIROMMENT EMBRITTLEMENT S MGT A CONGERN IN THE GRIFIGE RINGS GPERATING
ENVIRONMENT THE LOW-PRESSURE ORIFICE WORKS N CONJUNGTION WITH THE HIGH-PRESSURE ORIFICF (3}, TO BALANCE THE RGTOR THRUST BY CONTROLLING THE AMOUNT
QF FLLID FLOW QLT OF THE BALANGE PISTON CAVITY. THE CRIFICE RING S SHIMED (4) AT ASSEMALY TO SET THE SHAFT TRAVEL THE GRIFICE RING AND THE SHIM ARE
BOTTOMEL IN 1HE HOUSING (5) BY TWELVE SCREWS (6) AND GUPWASHERS (7). THE CUPWASHERE ARE STAKED AT ASSEMELY TO PREVENT BOLT ROTATION, ASSEMELY
PROCEDURES FOR LOCKING DEVICES ENSURE DEFLGTHREE INSTALLATION (8), THE PART IS DESIGNED TO FUNCTION AS A SACRIFICAL WEAR RING, DLIRING START.UP AND
MAINSTAGE THERE IS NO CONTACT WITH THE TH:RD-STAGF |WPELLER, HOWEVER. RUBSING OCCURS OURING SHUTDOWN  THE WEAR ON THE DRIFICE RING |3 MONTORED BY
SIAI T TRAVEL D1IECKS AFTER EACH TEST/FLIGHT (9],

i1r RECOTIEE, 127 RSSH5E0-14, (3 RS0OPSTF-003 RSO0/GS3; (4) REI07SG0, (%) ASCIPSHTT, HSODFSER (8) REDOTSIN |7) RSO07523 {8 ALOOIS1, {9) PLOGOSO-04 CWRSD
WATRED 020

FAILLURE CALUSE: ALL CAUSES

THE HIGH AND LOMI CYCLE FATISUE EIFE FOR THE HiGH-PRESSLRE DJRIFICE RING AND THE LOW-FRESSURE GRIFIGE HING MEET CEl REGUIREMENTS (1) THE MIMMUM FACTORS
OF SAFFTY FOR THESF PARTE MEET CEF AEQUIREMENTS (23 THE HIGH SND LOW-PRESSURE ORIFICE RING PARENT MATCRISLS WERE CLEARED FGR FRAC TURE MECHANIC SNDE
FLAW GROWTH SINCE THEY CONTAIN NO FRACTURE CRTIGAL FARTS [3) REUSE GF PARIS DURING OVERHAUL IS CONTROLLED BY THE REQUIREMENTS OF THE OVERHALL
SPECITICATION (£, : '

i

1! ALADSIZ, CP320R0ANZE; |2} RES-A545 16, CPIZIR0OCEE; (3} MASA TASK 117, (1) RLOCS2D o
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SSME FMEA/CIL
INSPECTION AND TEST

Cemponent Group: Fuel Turbopumps Pregared: D, Earky
CIL ftem; Bz2010.11 Anproved: T. Nguyen
y Sunponent: High Fressure Fuel Turbopump Approval Date; 4721199
Part Number: REMOT5H Change & 1
Falure Mode; Luts of Dalancing capability. Cfrethea 2: CCHD ME3-DY.53056
Page: 1ol 2
Falure Causas Signifizanl Characteriztics Inspection{s]} f Testis Docurant Refersnce
A8 INSERT RIOOTEY3
RIWG RS0OT5ES
MATERIAL INTESRITY MATERIAL INTEGRITY 1S wERIFIED BY SPECIFMGATION RECUIREMENTS RBO1TO-185
RBCA 704034
THE WSERT FORGIHG I3 PENETRANT INSPECTED PER SPECIFICATION RECUIREMENTS, PAT115-11E
THE INSERT 15 FENETRANT INSPECTED PER SPECIFICATION REQUIPEMENTS.
HEAT TREAT HEAT TREAT IS VERIFIED FER DRAWING REGLUIREMENTS REAITELA
SURFACE FIMNISH INSERT AXD RIMGS SURFACE FINIEH &RE VERIFIED PER DRAVING REQUIREMENTS REM7EDA
R3007559
CLEAMLINESS OF COMPONENTS ARE YERIFIED CLEANED PER SPFCIFICATION REQUIREMENTS. FRL1400t
COMFOMEMTS
ASEEMBLY INTEGRITY IMSERT AMD HOUSING MATCH SET IS VERIFIED FER DRAWING REQUIREMENTS R3OSk r
RS007503
INECRT TOROQLE IS VERIFIED PER ORAWING AMD SPECIFICATICH REQUIREMENTS. RSO07RAR
RL00351
1
INSERT PIN STAKING IS VERIFIED PER DRAVING AHND SPECIFICATION REQUIREMENTS. 'I
RING SHIMMING |5 VFRIFIED PER. DRAWING AND SPECIFIZATION RESUIREMENTS R3007 501
RLGCIST

&l L CANSES HP=TE

RS0O7SC
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e et e e TR R IERTIET 1,1 FPrapared: 0. Eariy
C.Lilem: BI0a-23 Approved,

i T. Npuyen

Camponeme: High Prassure Fuel Turbopump Approval Date; 4/21134

Fart Mumber; ASH)T 501 Changa #: 1

Faliure Mode: Lass of balancing capahitity, Dlrsctiva o; CCHD ME3-01-520F

Page: ?2of 2
lMature Causes Siaml cenl Characlersics I~gpoctionfs) f Testis) Docurment Refareres
' ' ALL CAUSES ARSEMBLY INTE3RITY THE PUMP SUBASSEMELIES ARE INSFECTED DURING OVERHALIL PER EFECIFICATION FLW 525
REEQUIREMENTS. INSPECTIOHS INCLUDE: VISLAL, CIMEMSIONAL, PEMETRANT, AND RACIIS118

REPLACEMENT OF USAGE ITEMS A5 APFLICABLE, PER MVERHALL CLASSIFICATION
DFERATIONPERFORMANCE IS VERIFIED BY ENGINE HOT FIRE TESTING AND ZNDE & W TESTS QM RLOMGSN-04

IMSPECTIONS, FLODO5S-08
RLCIOEG-OF
RED0451
SHAFT TRAVEL IS PERFORMED FRICR TO EACH FLIGHT. OMRED VB 1BSD.020)
QATA FROM FREVIOUS FLIGHT OR HO3) FIRE IS REVIEWED FOR FROFER TURBORLIAR MSFCPLN 1223

CPERATIOMPERFORMAMNCE (LAST TEST)

Fzi'ure: Higtory: Camprak ansive feilge history dala is paginlaned in the Prohle Repoiing database |FRANS/PRACA)
Feference: MASA latter 54 21/85:308 and Rocseldyne betler BERGODTS .
Cperaicnal Usa:  Nat Applicahle
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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



