SSME FMEA/CIL

REDUNDANCY SCREEN
Componen! Graup: Fual Turbopuraps Prepared: D. Early
CIL tem: Bag0-03 Approved: T. Hgayen
Componem: High Fressure Fugl! Turhopump Appraval Date: 4121709
Part Number: RSTe0 Change #: 1
Failure Mods: Turbinag bearing support belows fallura. " Directive #: CCBD ME1-01-5208
Page: 1af 1
Crrtlza lity
Phasa Failura { Effec] Descripthon Hazard Pelarence
5MC Bellorws failure would allow rapid het-tas lazkege from the turbins Inlet to(he gisch arge. The resultlng power loss would resLet In extensiva 1
ai turtire damage hiom gver-lemperature and mfacl. Fossible borst ol pume nfst dos te pressore surge. Loss of wabucle. ME-O15 M,
ME-1ta G

Radundanry Soeeans” SINGLE POINT FAILLRE: Hig
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SSME FMEA/CIL

DESIGN
Comprnent Graup: Fue| Turbepumps Propared: D, Early
CiL llem: BZ00-93 Approved: T. Mguwyen
Componenl: High Prassure Fuel Turbopump Appraval Dale: H2i%a
Part Number: RSOUTS01 Change 4: 1
Failure Mode: Turblna bearing support be laws failins. Diractive #; CCBD ME 2 5108

Page: 1af 1

Dosgn § Document Rafarence

FARILURE CAUSE:  A: Parant metal or weld (ailyre.

THE TURBINE BEARING SUPFPDRT DOLLOWS (1] SEPARATES THE FUEL PREEURNER COMBUSTION GASES FROM THE TURBINE EXHALST CASES. THE TURBOPUMP IS INSTALLED 1IN
TE EMGINE WITH A PRELDAD OM THE BELLOWS TO SEAT THE STATIC SEAL AT THE PREBURMERBELLIVYE INTERFACE. THE AMDUNT OF FPRELOAD IS CONTROLLED BY DERAWING
RCUUIREMENTS. THE SELLOWS IS A MULTICONOLUTED TYPE BELLOWS, ROLL FORGED FROM 4 PLES OF IMCOLDY 903 SHEET METAL (2} IMCOUO'Y 803 15 AN IRDN BASE ALt Oy
WHICHWAS SELECTEDFOR ITS STREMGTH, RESISTANCE TO HYDRAGEN ENVIRONNMENT EMBRITTLEMENT, CORROSION REZISTANGE AND RES|STANCE TO STRESS CORROSION
CRACKING. GRAN DIREGTICH OF THE MATERIAL |5 REQUIRED TO BE IN THE DIRECTION CIEC UMFERENTIAL TC THE BELLOWS A%IS TO ACHIEVE MAXIMUM MATERIAL FROPERTIES
M THE DIRECTION OF THE HIGHEST LOADS,. THE MATERFAL IS SOLUTICN TREATED AND AGE-HARDENED. THE BEI OS 15 COOLED DURKG DPERATICN oM BOTH SIDES BY
DYDRUGEN GAS, TO MAINTAIN MATERIAL FROPFRTIES. THE TURBINE BELLIWWE MEETE THE HIGH AND LOw CYCLE FATIGUE LIFE CEI RECLAIREMENTS [3) THE MINDALM FACTORE
OF SAFETY FOR THE BELLOWS/BEARING SUPPORT MEET CEI ROUIREMENTS {#). THE TURBINE BELL DWW5 PARENT MATERML WAS CLEARED MOk FRACTURE MECHANICS/HDE
FLAVY GROWTH SINCE IT CONTAINS MO FRACTURE CRITICAL PARTS (6. THE FMEACH WELDS ARE CLEARED FOR FRACTURE MECHANISSINDE FLAW GROAVVTH BY THE WELD
ASSCSEMENT [€). TABLE B200 LISTS ALL FMEACIL WELDS AND ILENTIFIES THOSE WAL NS [K WHKCH THE CRITICAL INITIAL FLAVY SI2E 15 NOT DETECTABLE AND THOSE VUELDS IN
WHICH THE ROOT SIDE 1S NOT ACCESSIELE FOR INSPECTIIN. THOSE WELDS INYWHICH THE CRITICAL IMITIAL FL&W SIZE IS NOT DETECTABLE ARE ACCEPTABLE FOR FLIGHT BY
RIZK ABSESSMENT (5. THE TURBINE BEARING SUPPDRT HAS 8EEM FSICH VERIFICATION TESTED FOR LOW CYCLE FATIHSWE AMD FACTOR OF SAFETY ON BURST (7). REUSE OF
FARTE DLRING OVERHALL IS CONTROLLED BY THE RCQUIREMENTS OF THE OVERHALL SPECIFICAT K2 B}

(1) RE0OP 524, REMOTE0S, (2 RES-B560-10; (20 RLD0532, CPI20ROO0ME: {4) A55-6546.16 CPIZORMIOIB. (%) NASA TASK 117; (5 RSS-E766; {7 FIEE-JCIJ;J*E; (8) RLOOS23
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S5ME FMEA/CIL
INSPECTION AND TEST

Component Growp: Fuel Turbopumps Prepared: D. Early
CIL liam: B200-0 Approved: T. Mguyan
Compeonent: High Prassoms Fuel Turbspump Appmval Data: [ gl L]
Part Huinber: RE0OT 501 Change #: 1
Failure Modas: Turkine Baaring suppoert ballows fallura. Directhva ¥: CCHO MEI-UH-5208
Page: 1of 2
Failure Cauvses Significant C harac mistics Inspeslion(s) | Testts) Document Aefererncs
A, BEL LIS RSO07S05
MATER|AL INTEGRITY MATERIAL INTEGRITY 15 YERIFIED PER SPECIFICATION REOUIRERENTS. FBO170-188
RBO170-195
BELLOWWS 15 PENETRAMT INSPECTED PER SPECIFICATIDN REQUIREMENTS. RA1B10.044
THE BELLCWS IS IMSPECTED TO WERIFIED PLY GRAIN CIRECTIOM PER DRAYWING REGLNEEMENTS RSOO7TSQ5
HEAT TREAT HEAT TREAT IS5 VERIFIED PER SPECIFICATICH REGUIREMENTS. RA1G11-002
ASSEMBLY INTEGRITY THE BFILEANS |5 INSPECTED TS WERIFY ANGULARITY, SPRING RATE, AND SUREACE BSODTH05
IRREGULARITY FER DEANVIMG AND SPECIFICATION REQIIREMENTS, RLOOAYE
CLEANLINESS OF THE INTERPLY CLEAMN INESS IS INSFECTED T SFECIFICATION REQUIREMENTE A E10-0d4
COMOOHENRTS
WIELD INTEGRITY ALL WELDZ ARE INSPECTED TC DRAWING AND SPECIFICATION RECHLIREMENTS PER VELD RL10011
CLASS. INSPECTIONS INCLUDE. VISUAL DIMENSICHAL, PEMETRANT, RADIOGRARHIC, RA1BO7-O7F9
LLTRASONIC. AND FILLER MATER|AL, AS APPLICASLE. RADI15-116
RADT 15008
FATT 15001
RAD145-127
ACCEPTANCE TEST THE BEI LOWS QUALIFICATION AND ACCEPTANCE TESTING 1S PERFORMED PER SEECIFICATHSN
REQWNREMENTS. ACCEFTANCE TESTS ON EAGH UMIT INCLUDE:
~DIMENSIONAL INSPECTMOMN. RLI195
- SPRING RATE TEST RLDO199
-PROOF TEST FLOO1EY
-LEAK TEET. : RLOM 150
HFF TP . SEclalizioil;
ASSEMBLY INTECRITY THE PUMP SUBASSEMBLIES ARE INSPECTED DURING CWERHAUL PER SPECIFICATIGN RLOAOA2E
REOLIREMENTS. INSPECTIONS IMCLUDE: WISUAL DIAEN SIONAL PEMNETRANT, AND , RACT 15116

REPLACEMENT OF USAGE ITEMS AS APPLICABLE, FER QVERHALIL CLASSIFICATION. .
OFERATICHWPERFORMANCE 12 VERIFIED BY ENGINE HET-FIRE TESTING AND 2D E L M TESTSON  RLDOOSD-04

INSPECTIONS, 1 ] RLOQOSE-OE
LR RLDOGSG-07
RLO04S 1
A BELLOWS HEIGHT VERIFCATION |3 PERFORMED DURIHG PUMP INSTALLATICH, CMRSD v41BUD.087
DATA FROM PREVIOUS FLIGHT OR HGT-FIRE |5 REVIEWED FOR PROPER TUREOFUME MEFC PLM 1228

OPERATIQNPERFCRMANCE {LA4ST TEST)
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High Fressura Fiel Turoopamp
Parl Humber:

Failura Mode: Turbire bearing suppert ballows failure.

Prepared:
Approved:

Approval Date:

Change #:
Directive &

Paga:

D. Early

T. Hpuyen

4121195

1

CCHD ME3-M.5208

Aol 1

Failure Cateas Sigrilcent Charactemstics tspeclonls) / Taztis)

Dovupeart Refarsnce

Comprehenzive lale history dats is mamtalined i the Frebdes Rapoding database IPRAMSIPRACH |
Relarerce: NASA 'elter SA2 188 WA and Rocketdyne laiter BARCOG7ET,
hhal Applicebde.

r_'-airu.'e Hislcry:

Qperatiznal Lag:

Zl-g
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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



