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SSME FMEA/CIL

REDUNDANCY SCREEN

Component Gronp: Fusi Turbapumpe Prapared: D. Early
CIL ftem: B200-03 Approved; T. Kguymn
Component: High Pressure Fual Twrbapump Approval Date: 4121iag
Part Number: AS007501 Change £ 1
Faiture Mode. Fressure drop or flaw distortion L impelbar inisd, Directive 8: CCED iE3-01-5208
Faga: ial 1
Crcality
Fhaza Fallure f Ef2ci Dexcnplion Hazarg Referense
5 Excass inigl pressure drop on Acw gisdonion resu’ts i cavitatan causing reducad turbagurmn oudput. Decraased Aow is sansed by 124
¢1 coni-alet which incraases huel praburner pwidizer lew. Excessive furbna discharge teimperaturs w:l cause 8 redline shatdown. MEsicn ME-015 1y
serb i detecled by radlie. Loss of vehicle due g HPFTP turmire Rilure may resull f nat delecler,
Fedundancy Soreans: TURBOPUMP SYSTER - SENSOR SYSTEM: UNLIKE REDUNDANCY
A: Pags - Regundanl hartware et are capable of chackout during nermal graved fumaround.
B: Pass - Logs of @ redudand hardwarz items |5 dateciable during fight.
L Pass - Less of redundant hardware llams could not result from a singhe eredibie even)
M Ewcess irlet arassure drap or Now digtarien reculla in cavilalion eauzing reduced lurkopump oulpul. Decreasad fow is sensed by 1R
4.1 comirolie: which ingreases fuel preburner geidzer Now. Excessive lurbioe dlsdharge bemoeratune eill cauee 2 reding ehuteowwn, s &lan ME-D15 M

abar il detected by radline. Lass of wehicls dus o HPFTR turblne failars may reaull if nal detected
Redundeney Scoeens TURBOPUMP 5YSTEM - SENSOR SYSTEM- UNLIKE REDUNDANG Y
A: Pass - Redundanl hardwars iterna are capabie of cheghoul durng normal graund mrnanoud.

B: Pass - Loes of a redundant hardware tams is detestabke during Cight.
C. Pass - Loss of redundant kardware dems could nat resull irom a singla creditile event.
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SSME FMEA/CIL

DESIGN
Componatt Gralbp: Fuel Turbopumps Prepared: . Early
CIL ltermy; BL00.09 Appravd: T. Hguyen
Cormporment: High Pressure Fuel Turbopump Appraval Dala: 4121
Fart Numbor: R500YS0 Change #: 1
Failure Mode: Pressure drop or Ao dislortlan at impatier Intet, Direcllve 8- CCBD ME1d1-5205

Page; 1of 1

Oesgn ! Focument Reference

FAILURE CAUSE:  A: Fracture, distarlion of inlet gulde vane.

THE PUMP INLET (1) INCORPORATES 15 WANES TO GUIDE FLDW INTO THE FIRST-STAGE IMPELLER (2) WTH A MINIMUM OF FLOW OISTORTION. THE INLET 15 MANUFACTURED
WTILIZING THANILM EAL2 55 ELI) ALLOY FORCING AND SHEET (31 THIS ALLOY MEETS THE UESKGN REOLIREMENTS FOR DENSITY, STRENGTH, TOUGHNESS, AND FATIGUE
FROPERTIES AT CRYOGENIC IEMPERATURES 1T 1S RESISTANT TO CORROSIOM, STRESS CONROSION CRACKING, AND HYDRGGEN ENVIRONMENT EMERITTLEMENT AT
CRERATING TEMPERATURES. THE MATERIAL 15 ANNEALED AND STRESS RELEVED AFTER WELDING. ALL WANE FILLETS ARE RADIUSED TO ELIMINATE STRESS RISERS THE
INLET GLILE VANES MEET THE HIGH AND LOVY CYCLE FATIBUE LIFE CEI REQUIREMENTS (d). THE INLET PARENT MATERIAL WAS CLEARED FOR FRAP TURE MECHANICS/NDE FLAWY
CROMTH 8Y RISk ASSESSMENT (5). THE FMEA/CIL \WWELDS ARE ULEARED FOR FRACTURE MECHANICSHDE FLAW GROWTH BY THE WELD ASSESSMENT (6). TABLE B200 LISTS ALL
PMLALIL WELES AND IDENTIFIES THOSE WELDS IN WHICH THE CRITKSAL INITIAL FLAVY SIZE IS NOT DETECT ABLE AND THOSE WELDS IN WHKCH THE ROQT SIDE 1S NOT

AV ERSIALE FOR NSPECTIGN. THOSE WELDE N WHICH THE CRITICAL INITIAL FLAW SIZE IS NOT DETECTABLE ARE ACCEPTABLE FOR FLIGHT BY RISK ASSESSMENT 15]. THE
[ILEL MINIMUIM FACTORS OF SAPETY MEET CEI REGUIREMENTS (7). THE INLET HAS BEEN DESIGN VERIFICATICN TESTED FOR PRIMARY ETRESS Atdn LI CYCLE FATIGLUE LIFE
(), THE CONROLLER SOFTWARE IS CONFIGURED 0 CETECT AND RESPOND PROPERLY TO THE FAILURES IDEN TIF IED AND COMMAND A SAFE ENGINE STATE (). REUSE GF
PARTS DURING OVERHAUL IS CONTROLLED BY THE REQUIREMENTS OF THE OYERHAUL SPECIFICATION (10),

{11 RE007535. RSQUA1Z, (2) ROCI22E, (3) RSS-6500-10; () RLO033Z, CPIZURTOOIE. (5) NASA TASK 117: [§) RSS 678%; (7} FBS-BS4E, CPIZORCIOI; (B] RSS-104-40: 9]
CP4IER0I0Z FT 132 35.3; (19 ALMO52E
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Companent Groug: Fual Turbapumpa

SSME FMEASCIL
INSPECTION AND TEST

Preparad; 0. Early
CIL ftem: H 231 Approved: T. Ngtiyen
Camponeny: High Pressure Fuel Turbopump Approval Dake; w2115
Part Number REOOT S0 Change 3: 1
Failure Mopde; Pressure drop of flow distartion al impellar inkat. Tirectve #: CCHD MEZ-OT-5206
Page: 1of 2
Failure Causes 5.gnificant Characterstics Inspecimnts) [ Tesila) Documant Reference
A IMLET HFFTF RS0GTHLS
MATERIAL INTEGRITY MATERIAL INTCGRITY IS YERIFIED PER DRAWING AND SFECIFICATION REQUIREMENTS. R5007512
RBO1TR-152
THE FORGING |5 FENETRANT AND ULTRASOQRIC INSPEGTED FER SFEGIFICATIDN REQUIREMENTS.  RADI15-118
Ra0115012
THE IMLET 1S PEMETRANT INSPECTED FOR SURFAGE FLAWS FER SPECIFICATION REOUIREMENTS  RADT15118
RLOG14
HEAT TREAT THE HEAT TREAT/STRESS REULT 15 VERIFIED PER SPECIFICATION REQUIEEMENTS. RADT11 024
THE SHEET METAL HO1 FORMING AND HOT SIZING 15 VERIFIED PER SPECIFHATION R 50200 t
REQUIREMENTE,
WELDINTECGRITY ALLWELDS ARE INSPECTED T DRAWING AND SPECIFICATION REQLIREMENTS FER WELD FLA00T 1
CLASS. INSPECTIONS INCLUDE: \NSUAL. DIMEMSIONAL, PENETRANT, RADIC FRAPHIG, FOANGGT-0%
LILTRASOMNIG, AMND FILLER MATERIBL AS APPLICARLE RAO115-116
Fetul 1151106
R 145001
RAd115-127
CLEANLINESS OF COMPOMENT S ARE YWERIFIEDG CLEANED PER SPECIFICATION RECUIRERMENTS. RL 1001
COMPOMENTS
AESSEMBLY INTEGRITY A PROOF PRESSURE FEST IS PERFORMED PER SPECIFICATION REQUIREMEMTS, RLoad24
HPE TR RS02750
ASEEMOLY INTEGRITY THE PILNAF SUBASSEMEBLIES ARE INSPECTED DUHING QVYEAHAUL PER SFECIFICATION RLOOS2S
REQUIREMENTS. INSPECTIIHE INCLLNOE. WISLIAL CIMENSICHNAL . PERETRABMNT AND FA0115-116
REPLACEMENT OF USAGE ITEMS AS APPLICAELE, PER QWERHAUL CLASSIFICATION.
CRERATION/FPERFDRMANCE |5 VERIFIED BY ENGIME HOT FIRE TESTING AND GHDEAMTESTS OM  RLODDS(]-04
INSPECTICONS. RLODOAS 05
RLODOSE 07
RLOCE1
MSFC PLN 1278

1
DATA FROM PREVIDUS FLIGHT QR HOT FIRE |5 REVIEWED FOR PROFPER TURBOPUMP i
OPERATIONPERFORMAKCE (LAST TFST) v
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- YRR Y S T Prepared: . Early

CHL Meemz 8io0-03 Approved; T. Mguwan
Lonmponent: High Prezsurs Fuel Turbepump Appravel Date: 4121198
Pad Humber: RE007501 Ghanga 2: 1
Failere Morde: Pregsure drop ar flow distartion atimpeller Infal. Dirackive §: GGHD ME-H-5206
Page: 2of 2
Falure CaLzes Sigrificant Cha actenislics Inspactiaris) ! Te stisy Devaimeni Referenca

Fa lure Histcry Cemprehensive lailere higtory data i marmtained in the Problem Repoting dalabase (PRAMSPRAGA)
Feference: NASA leller SAZ1ERE0A and Reckeidyne latter BARCOD7ST.
Cperaional Use. Mo Agplicabla
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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



