SSME FMEA/CIL
REDUNDANCY SCREEN

Companent Group: Fuel Turbepummps ’ Prapared: D. Early
CIL Mo B200-05 Approver: T. Mguyen
Component: High Prassura Fual Turbo pumg Approcal Date: Ara1isg
Part Mumber: REDOTS01 Change & 2
Failure Mode: Rator Lip seal lsakage. Diracliva #: CCBD ME3-01-5208
Page: 1ol 1
nticalily
Phase Failura ¢ Efec] Descripion Hazand Reference
3 Lezkage caveas loss b tutine power wnich rduces luhapur-p speed low and discharge pressure  Decreaged Now i sansed by iR
4 cantrodler which inceases fuel prebuine ogidizar flow Excass turbire dischamge [Emperatune will calse fedlpe shotdown. Mission serub ME-D15. M
if celscled by redime. Lpss cf vehife duz to HRT TR tu'kina faiture may resull # nol detected
Redurdaaey Soreens. TURBOPUMP 5 S5TEM - SEME0R BYSTEM; UNLKE REQUNDARSY
A; Pass - Redundant hardware items ars capahie of checkoot during normal geaund turmaround.
B: Pass - Lass af a sedundanl harfware itema is defectable duning fighl.
2 Pass - Logs of redundant handware ibems eould nod result irem a single credible evanl
M Leakage causes loss in lurbing power which reduces turbbpump speed, Now and discharge pressute. Dacreazmd low B sensed by 1R
41 controker which increases fusd prebimar axidizer iow  Freegs (uibine discharge lampeacature will cavee redling shutdown, Mission abert |§ ME-D15. M

iz-H

detecied by redliing. Loss of vehicke dug 10 HPF TP bl fadure may result if nol detected.
Redandangy Screens: TURBOFUMF 5Y3TEM - SENS0R STSTEM. UNLIKE REDUNDANGCY

A Fass - Redundant hardware Merms are cacable of chackoul dunng matmal grodad tumersund.
B Pass - Lozs of a redundant hardware dems (5 doleclabla during flighl.
C: Fazx - Loss of redundant hardwars ke could nol result from 2 single cradible swanl,



gc-g

DESIGN
Componant Group; Fugl Turbopumps Preparnd: D, Early
CiL Item: B20D-05 Appoved: ¥. Nguyan
Camponent; High Pressure Fusl Turbopomp Apprewal Data: 4121/99
Part Number: RE00OTE0 Changs & 2
Faliure Mpda: Raiat tip seal leakage, DHrective A CCBD MEX-01-5208

Paye; 1af1

B=51gn i Documenl Relerence

FAILURE CAUSE: A; Seal fracihure, distortlen or rubbing.

TURBIME MOUNT RING (2). EACH SEGMENT MATES WITH AN ANTI-ROTATION FIM IN THE GROCVE. THIRTEEN RETAINIMG LUGS ON THE MAIN HCHUISING (4] RETAMN THE
COWNSTREAM LIP OF THE EACH SEGMENT THE DOWHSTREAM LIF 1S SLOTTED AND THE CUTSIDE DILWMFTER OF THE TIP SEAL IS CHANNELED TO RECUCE THE GPERATIONAL
LOADS AT THE RETAINING JOINTS. [HE SEGMENTS ARF INSTALLED WATH 4 T4 MGENTIAL GAP WIICH PRECLUDES INTERFERENCE BETAFEHN THE SESMENTS DURING CPERATICN,
THE SEGMENTS ARE ECCERTRICALLY MACINNED TO ALLERY FOR RDTOR OEFLECTION FROM THE TUREIME TRANSVERSE DELTA B GENERATED BY THE HOT-GAS MAHIFOLD. THE
SEALS ARE GROUND AT ASSEMBLY T PROVIDE THE REQUIRED CLEARANCE VATl THE BLADE TIPS FOR EACH RUILD (31, LIGHT RUBBING OCCURS OWLY AT THE 12 O'CLOGCK
PCSITION OURING THE START TRANSIENT, THIS CONTAGT ODES NOT AFFECT THE STRUCTURAL INTEGRITY OF THE BLADES QR TIF SEALS,

THE SCOOND-STAGE TIP SEALS () MANUFACTURING |5 THE SAME AS THE FIRST-STAGE TIP SEALS EXCEPT A NIGKEL RING 15 BRAZED TO THE RENE 41 T PROVIDE A SOFTER
MATERIAL 1N THE EVEMT OF BLADE CONTACT A FLOW DAM CN THE UPSTREAM SIDE SHIELDS THE BRAZE J0OINT FROM DIRECT HOT-GAS IMPINGEMENT, THE SEAL RING
CONSISTS OF & SEGWENTS THE SEGMENTS ARE RETAINED ON THE UPSTREAM AND DOVINETREAM SIDES B ENGAGEMENT WITH GROOVES IN THE MAIN HOUSING 14) Tl
SECOND-STAGE NOZZLE PISTON RING (7] RESTRICTS AXIAL MOTION IN THESE GRODVES, EALH SEGMENT N CORPORATES AN ANTI-ROTATION FIN ON THE QUTSIDE DLAMETER
WHICH ENGAGES WITH A SLOT IN THE MAIN HOUSING.

THE SEGMENTS ARE INSTAILED WATH A TANGENTIAL GAP, WHICH FRECLUDES INTERFERENGE BETYWEEN THE SEGIEN TS DURING OPERATIOM. EACH SEGMENT IS GROUND AT
ASSEMDLY TO PROVIDE THE REQUIRED GLEARANGE W1 TH THE BLADE TIPS FOR EACH BUILD (5) LIGHT RUBBING DLOURS OMLY AT THE 12 O'CLOCK POSITION DURING THE START
TRANSIENT  THIS CONTACT DOES NOT AFFECT THE ETRUCTLURAL INTEGRITY OF THE BLADES OR TP SEAL 5

THE HIGH AND LOWI CYCLE FATIGUE LIFE FON THE FIRST AND SECOND-STAGE TIP SEALS MEET CEI REQUIREMENTS (81 THE MININUM FACTORS OF SAFETY FOR THESE PARTS
MEET CEI REQUIREMENTS () THE FIRST AND SECOND-STAGE TIP SEALS PARENT MATERIALS WERE CLEARED FOR FRACTURE MECHANICSNDE FLAW GROWTH SINCE THEY
CONTAMN NO FRACTURE CRITICAL PARTS (10). THE CONTROLLER SOFTWARE (S COMFIGURED TO DETECT AND RESPOND FROFERLY TG THE FAILURES IDENTFIED AND COMYAAMNG
SAFE ENGINE STATE (11). REUSE DF PARTS DURING OVERHALL I8 CONTRDLLED BY THE REQUIREMENTS GF THE QUVERHAUL SPECIFICATION {123,

(b RINITEST, REDN?SH: {2) RES-H580-40 (3] RSOG7EME: (4] REDOTSTF, REDOTSED, (5) RLOGIGF: (Fy RSOO7PHG2, RAOFS01-0E5; (71 RE0OPGTZ: & H!_.CIDECIZ,CPBE‘EHDZIME: (¥} RSE-
B34E-16. TPIZCRO0DSE; (10) MASA TASK 117, (11 CPA0GRO002 PT 1 3 2.9:5 3 {12 RLODS28
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Component Group:
CIL Itamn:

Component.
Part Humbear:
Failure Mods:

Fugl Turbopumps

E100-05

High Pressure Fuel Turbopemp
5007 5

Ralor bip seal leakape.

SSME FMEA/CIL
INSPECTION AND TEST

Propamd;
Approved:
Approval Data;
Change ®:
Oirective &

Papn:

D. Eardy

T. Nyuyen

L s il

2

CCBD MEJ-(1-5208

1ef2

Lailure Causas

Significanl Characleristica

Inspeci-cnz) ! Testist

Documemt Relarenca

TIF S3EAL FIRST-3TAGE
TIF 5CAL SECOND-STASE

WA TERIBL INIEGRITY

HEAT TREAT
BRA2E INTEGRITY

ASSEMELY INTEGRITY

CLEAMLINESS OF
COMPOMENTS

HEFTP
ASEEMELY INTEGRITY

MATERIAL INTEGRITY |5 VERIFIED PER DRAWING RFOUIRFIAENTE.

SEALE ARE PEMETRAMT IMSPECTED PCR SPESIFICATION REQUIREMENTS

HEAT TREAT IS YERIFILE PER SFECIFICATICN REQUIREMENTS.

SECOMP-STAGE THP SEAL BERAZING IS VERIFIED FER SPECIFICATION REQUIREMENTS.

THE BRAZE FILLET I3 YERIFIED PEF, DRAWING REJUIREMENTS

THE BRAZE JHNT ULTRASONIC INSPECTION 15 WERIFIED PER SPECIFICATION REQUIREMENTS

FIRST-2TACE TIP SEAL ECCENTRICITY 15 WERIFIED PER DRAVVING SHD SPEGIFICATICN
REQUIREMENTS.,

TIP SEAL GRINDING |5 vERIFIED PER SPECIFICATION REQUIREMENTS,
TURBIME BELAOE HEIGHT |15 INSFECTED PER DRAVAMG REQUIREMENTS.

TIF SEAL CLEAHAMNLUE 15 VER:FIED AT ASSEMELY PER SPECIFICATION REQUIREMENTS.
COMPONENT S ARE VERIFIED CLEANED TO FUEL 2ERVICE PER EPEGIFICATION REQUIREMENTS.

THE FLMIF SUIRASSEMELIES ARE INSPECTED DURING OWERHALIL PER SPECIFICATION
RECQUIRENMENTS. INSPECTIONS INCLUDE: WISLAL, THMEMSIONAL, PENETRANT, AND
REPLACEMEMNT F L'SAGE FTEMS A% AFPLICARLE, PER DIWVERHAL CLASSIFICATION.

COFFRATIONPERFCRMANCE IS VERIFIED BY ENGINE HOT-FIRE TESTING AMD ZMD E X M TESTS ON
INGFECTIONS.

TOROUE CHECKS ARE FERFORMED PRIOR TO EACH FLIGHT.
THE FIRST-STAGE TIP SEALS ARE BORESCGCOPE INSPECTED FRIDA TO EACH FLIGHT. !
THE SECOMB-STAGE TIP SEALS ARE BORESCOPE INSPECTED AT EACH TURBOPUMP REMOWAL

DATA FROM THE PREWVIDUS FLIGHT OR HOT FIRE |S REVIEWED FOR PROPER TURBOPLIMP
OPERATIONPERFORMANCE, (LAST TESTI

REZ007E91
RS a2

RO 15-116
RAE 11020
RAMGF-Q10
RSMTas2

RAM t5.125

R3MITE01
RG0S

RLOC251

RI2198
R5007520

RLOO3S
RL10001

R=007501

RLOOSEE
RAC1IIS 16

RLOOAGE-04
HLM0S6-06
RLMGSS-37
L4451

CRRSD WA1B50.020
CMRSD WB LG 075

R OG5 0 Oed
CAMRED VY BILM.020

MSFC PLN 1223
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vy L, FUEL | redg pumps Prepared: 0. Early
CIL 1z 9:200-05 Approved: T. Hguyan
Companent: High Press ure Fuel Turbopunp Approval Data: ATE T8
Part Mumber: R&IOTS Charipa 8: 2
Failure Made: Rotor Up saat leakage, CAreclive A: CCBD MEY-01-520%
Fanm: Tof 2
Failme Causes SIgeIseant Charactarstics Inspacticnis) f Teal(s) Document Referenca

Failure Hislory: Comprehensive [alure b stary data is maintaired in the Praklem Repaiting databasa {PHAM&’PRAGA}
Relererca: MASA letler SAZ1/88/208 and Rocketdyne Iodlar A9RGCO5761

Operational Use: Mot Applicable.
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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



P8l -4

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



