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SSME FMEA/CIL

REDUNDANCY SCREEN
Companant Group: Fuel Turbwa pumps Prapared: D. Eaxly
CIL eem: Bion-12 Approvad: T. Nguyen
Camponent: High Pressure Fuel Turbapump Approval Dame: 4121754
Fart Numhar: RE0OF=0Y Cheange #: 1
Failure Mpde: Excassive pump intarstage seal laakage. Drective §: CCED ME3-01.5208
Page: 1af 1
Crilic bty
Phase Failure ! ERest Descripion Hazard Relerenze
b Leakage results a reduzad fbopump oatput Dncreased fow ig sansed by e corlrolier which increases the fuel prebumar exidizer 1R
4.1 flow  Excessiva tubire discharge femperalure will cause a redine shutdewn, Missian scrub if delectad by radine. Less of vetizle due to ME-DIS,M
HPFTF turtine faitume may resull if not deleclad.
Redurdaney Sereens TURBOPUMP 5YSTEM - SENSOR SYSTEM: UNLIKE RECLMDANCY
A FPaze - Redundant hardwara dema are capable qof checkaul durfeg narmal growad turnaround,
B Pass -Loss of 3 mdundant hardware lems i3 daleciabl during flighl
©: Pass - Lazs of redundanl hardware iteng cold nol result from a single credible event.
ht Leahaga nazulls in reduced tarsopump eutput. Decreased Mo is sanzed by the cortroler which increases Ihe uel poburner avidizes 1R
£.1 firiv. Excessiva tiwrbine dischargs mmperalure wilt 2ause 8 redling ehutdomn Mission shart if delecled by redine. Lass of vanck: due to ME-O1S 1

HPFTP lurkine falure may resull # not delectsd.

Redundancy Sgreens TURBOPUMP SYSTEM - SENSOR SYSTEN: UNLIKE RECUMDAMEY

#: Pass - Redundant hardware ilems ara capable of checkoul during normal graund lurhardand.

B: Paee - Lags of a redundant hardware ilems is deleclable dyrig Hight.
€: Fass - Loss of radundani hardwane kems could net resull from 2 single credibhs wwaal
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SSME FMEA/CIL

DESIGN
ompanent Group: Fuel Turhopurmpe Freparad: D. Early
CIL thern: B200-12 Ap proved: T. Hguyar
Component: High Freseure Fugl Turbapump Appreval Dale: H2ma
Farl Number; ASG0TS01 Chenge ¥: 1
Fallure Mode: Exceesive pump intarstege zoal | xaka ge, Dlreclive #: CCBO MEX-01-5 206

Paga: {af 1

Desmn ! Doeument Relarencs

FAILLURE CALUSE: A:Fracty re, distortion of Rilerstage seal,
5. Eacessive idss of bol preload.

THERE ARE TWO FUMF FNTERSTAGE SEALS (1) FOSITIONED BETWEEM THE IMPELLERS TO CONTROL LEAKAGE BETWEEN STAGES AND TO PROVIDE ROTCR DAMFING. THEY ARE
MAHLIFACTURED UTILIZING ALLMINUM ALLOY 6031-TA51 BAR. THIS ALLOY WAS SELEGTED FOR ITS RESISTANCE TD HYDROGEM ENVIRONMENT EMDRITTLEMENT CORROS|IOHN,
AND STRESS CORROSION CRACKING (2) THE MATERIAL IS SOLUTION TREATES AND AGE-[HARDENED. A HARD AMODIZE COATING IS 4PPLIED TO THE SEAL HISIDE CIAMETER AR
GOVERED WATH DRY-FILM LUBRICATIZN TO ENHANCE ITS FUIEBING CHARACTERISTICS. THE REMAINDER OF THE SURFACES ARE CHROMIS OR SULFURIC ACID AN UONZED TO
FURTHER INCREASE CCRROBION RESISTANCE. THE FUNCTIOMAL LENGTH OF THE SEAL INSIDE DIAMETER 13 KNURLED FOR ROTORDY MARKC STABILITY AMD TAFERED TD
COMPENSATE FOR DEFLECTIONS AN PROVIDE A CONSTANT RADIAL CLEARAMCE WATH THE IMPELLER SLEEVES {3) IN OPERATION. THE SEALS ARE ATTACHED TO FLANGES 0N
THE DIFFUISERS (4} [E) BY 13 EACH A-285 CRES BOLTS (6) THREADED INTS THE SEAL AND LOCKED VITH A-238 CRES CUPWASHERS (T). A.285 CRES WAS SELECTED FORITS
RESISTANCE TO HESHPRESSURE HYDRINGEN DEGRADATION, MECHANIC AL FRCPERITIES, RETENTION OF TOUG INESS ANDF BUCTILITY AT CRYCGENID TEMPERATIRES, AND
RESISTANCE TC CORRDEIOH AND STRESS CORRCGEION CRACKING i2). THE MATERIAL |5 SOLUTION TREATED AND AGE-HARDENED. THE CLPWASHERS ARE STA KEDQ AT
ASSENMELY TO PREVENT BINT ROTATION. ASSEMELY PROCEDURES FOR LOCKING DEVICES ENSURE DEFECT-FREE [INSTALLATION (5], THE BOLTS ARE SILVER-PLATED AMD DR Y-

{11 RS007631, (2) RSS-BSA0-10: (3) REQO?5E3, RRAOTS0M; () RS0OTHZT; £4) RADOTE3Z, (B RS0A/7EZ; 171 RS0ATT04: 18) RLODISI: 9] RE5-264E-16, CPA20RO0O3IE; (<0 RLOGSIZ.
GRI20R00DAE; [11) NASA TASK 117, (12) CPAMERCO0Z PT 1 22851 [t3) AL 528
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SSME FMEAICIL
INSPECTION AND TEST

Comnponent Group: Fual Turbopumps Prapared: . Early
CIL e Bio-12 Approved: T. Nguyan
Component: High Pregsure Fual Turbepump Approval Date: H21/89
Farl Number: RE0QTS01 Change #: 1
Fallura Maode: Excess|ve pump inlarstage ceal kakage. Olractve ¥: CCBO ME 1-04-5206
Page: 1of 2
Falure Caysss Significant Character'stics Ins pacthns) © Tests) Dicumend Referanca
& SEAL, INTERSTAGE-HP RE0073N
FUEL TURBQPUMP
MATERIAL INTEGRITY MATERIAL INTEGRITY I3 VERIFIED PER ORAYANG REQUIREMENTS.
THE SEAL IS PENETRANT INSPECTED PER SFECIFICATION REQUIREMENTS. RAMI15-114
HEGT TREAT HEAT TREAT I3 VERIFIED PER DRAWING RECLAREKENTS. R3007531
SURFACE FINISH KNURLING 15 VERIFIED FER DRAVWING REQUIREMENTS.
THE CHROMIC DR SULFURK: ACIO ANCMZE OR HARC ANDDIZE SURFACE FIMISH 12 VERIEIED FER RA GOS0
SPECIFICATICN REQUIREMENTS.
THE DRY FiLi4 LUBE |3 VYERIFIED PER SPECIFICATION REQUIREMEMTS FEO140-000
ASSEMALY INTEGRITY THE DIAME TERS CF THE SEAL AND SLEEVE ARE YERIFIED PER DRAVING REQLIREMENTS. REOGTE3
REanT s
THE ROTATIMNG ASSEMALY BALAHCE 15 VERIFIED PEP SPECIFICATIN AEQUIREKMENTS. FLODES2
B SCREW REODTFH2
CUPINASHER RO32zx0
GEAL, INTERSTAGE RE00IEI
fda] ERIAL INTEGRITY FMATERIAL INTEGRITY IS WERIFIED FER DRAVWING REQUIREMENTE. Rea0gr 7oz
REAHI 7O
REQOTEH
EURFALCE FINISH DRY FILM LUBE |15 vERIFIER PEF, DRAWING REGUIREMENTS. REDOIrez
ASSEMBLY INTEGRITY THE CUFYWASHER DEFORMATION IS WERIFIED PER DRAWING REQUIREMENTS. &M 501
SCREW TORGUE 1S WVERIFIED PER DRAWING REQUIREMENTS.
all CAUSES HFFTF REMAOTEN
CLEAMLINESS OF COMPOMENTS ARE VERIFED CLEANED PER SPECIFIZATION REQUIREMENTS, RL1GCO1
COMPONENTS . ;
ASSEMEBLY INTEGRITY OFERATIONPERFORMANCE IS WVERIFIED BY ENGIMNE HOT-FIRE TESTING AND ZHD E & M TESTS OM  ALOODSC-04
INSPECTHINS. ' ' RLOGOSE-DE
RLOA0SE-07F
ALOO4E1
THE PUMP SUBASSERMOLIES 4RE INSPECTED DUR NG DWVERHALL FER SFECIFICATION RLOO52R
REQLNREMENTS INSPECTIONS INCLUDE: VISUAL, DIMENSIONAL, PENE TRAMT, AND RAQ115-115

REPLACEMENT OF USAGE ITEMS AS APPLICABELE. PER OVERHAUL CLASSIFICATION.
SHAFT TRAVEL IS PERFCEMED PRICR T EACH FLIGHT.

TARMAIIE AUEALS A hr MO e sk dr e S sl e rhm o s e . s

CMRSD V41850 020
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[T PO RTINS FLEl L UrROpenps pfbpared: O. Early
LI M E200-12 Approvnd: T. Nginvan
Companani: High Pressure Fue| Turbepump Approval Date; Arzima
Parl Murmber: REQ0OT 501 Change #: 1
Fallure Maode: Excessive pump Interstape seal le akage. Diraciive #; CCBD MEJ-Di-45208
Faga: 2eafF 2
Fallure Causes sgnificanl Characlenslng Inspection{z) / TezI{x) Dacurmenl Referanes
ALL CAUSES AESEMALY INTESRITY LATA FROM PREVIOUS FLIGHT OR HOT FIRE 15 REVIEWED FOR PROPER TURBOPUME MSFC PLH 1228
OPEFATIONTFERFORMAMCE. [LAST TEST)
Failurz H:story Comprahenzive failure hislary data is maitlained in the Proklem Feporting dalaba se [PRAMSPRACA)
Feference: MASA letler SA21/33/208 ard Rocketdyna laltar BARCIOTEY.
Operational ze; Mot AppHeakls,
1
i
il
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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



