SSME FMEAJCIL

REDUNDANCY SCREEN
Component Group: Fuel Turbspumps Prepared: b. Early
CH Ram: B20p-02 Approved: T. Houyen
Companant: High Fraesure Fuel Turbopump Apprenasl Date: 4:14M7
Parl Humber; RS0OTE01 Change #; 1
Fallura Plada: Erergy losa at turbine inlat, Dirscihea #: CCRO MEAM-5208
FPage: 1af 1
Criticality
Phase Failra i Efecl Desrcription Hazard Refzrence
5 Logs In Lurkine power redisces tbopump speed, Now aed discherge pressure. Decreased flow iz sansed by contmoller which increases P
41 luel preburner axidizer fow, Excess tulbene discharge lemperalune will cause redline shutdmen, Misslon serub if detected by redling. MED15 M
Loss of vehicke due to HPFTE Farbing feilure may result if not detected.
Aedundancy Screens. TURBOPUMP S5TSTEM - SENSCR SYSTEM: UNLIKE REDUNWODANHCY
& Fasg - Redundant hardwane items ame capable af chackaul during nermal ground fuena-ound.,
B Pazs - Lozs of & edundant hardwars items is delectabk during Night,
C- Fass - Loss of redundanl hardweare ems could nel resull frem 3 single cradible event,
M Lassin lurine power reduces tWrtomemp speed, Bbaw and diacharge pressurs. Oecreasad faw if sanead by cartroler which increases 1R
41 fuel preburner axidezer vy, Excesa turbne discharge temperature will cause rediing shuldown. Mession abart if delecled by radling. Loss MEDIE 1A

of vahlcda due o HEF TR turbine filoee rmay resot il nnl debssted
Redundancy Sereens TURBOPLRAF SYSTEM . SENSOR SYSTEM: UNLIKE REDUNDAMNCY
A Prags - Redondan hardvians keie are capable of checkout during normal graund tumangund,

B: Pass - Loss of 8 redundanl hardwane iems is detectable durng fight.
C: Pass - Logs of mdundent hardware items coufd not resedt from a single credibke evenl,




SSME FMEA/CIL

DESIGN
Lomponent Sraup: Fus! Turbopumps Prepared; D. Early
CiL ltern: B200-02 Approved: T.MNauyen
Companenl: High Fressure Fuel Turbopump Approval Bate:  a721009
Part Mumber: AS0H0TE01 Change #: 1
Failure Mode: Ernergy loss at burbine iniet, Diregtha #- CCRO MES-N1-5208

Faga: 1of 4

Desigs ) Documenl Peference

FAILURE CALSE: A Tharmal or mechanleal distortion of inlet sheet matat or thermal shiald.
B: Fatigue cracking of inlet shaet metal or welde reauting In laze of pleces.
C: Thermal shisld damage causing How biockage.

OMC OF THE FLINCTIONS OF THE TURBINE BEARING SUPPORT [1) AND THERMAL SHIELD (23 1S TO DIRECT HIGH TEMPERATURE PREBURNER COMBUSTION GASES MTD THE INTET
UF THE FIRST-STAGE TURBINE NOZZLE. THE THERMAL SHIELD AND WASHERS (3) ARE SUPPORTED BY ANG FASTENED (4) TO THE "KAISER CAR” {8). THE THERMAL SHIELD
PROTELTS THE LAP FROM GIRECT EXPOSURE 1O THE HIGH VELOCITY. HIGH TEMPERATURE PRESURNER COMBUSTION GASES, TWO WASHERS (3} ARE UTILIZET TO REINFORCE
THE SHIELD AT THE POINT OF THE CLAMPING FORCE FROM THE NUT (4). SEVERAL SMALLER WASHERS ¢3) ARE UTILIZED TO SPACE TUE SHIELD TO PRECLUDE INTERFEREMNCE
PRTH THE IMLE 1 MANIFQLD (17} THE SHIELD FSIGN INCORPORATES 4 HOT-GAS VENT HOLES. WHICH REDLCES THE PRESSURE LIFFERENTIAL DURING MAMNSTAGE AND
PROVIDES & RAPID PRCSSURE CECAY TO PREGLUDE A REVERSE PRESSURIZATION DURING TRANSIENTS THE SHIELD AND WASHERS ARE MANUFACTURED UTILIZING HAYNES
188 153, WHICH HAS THF REQLIRED TENSILE STRENGTH AT ELEVATED TEMPERATURES, LOW CYCLE FATIGUE LIFE, AND RESISTANCE TO DEGRADATION AND CRIDATION IN A HIIH-
PRESSURE, HYDROGEN RIGH STEAM ATIMOSPHERE, THE MATERIAL IS ANNEALED TO IMPROVE MECHAMICAL PROPERTIES. TURGINE BEARING SUFPORT STRUCTURAL SURFACES,
WHICH WOULD BE EXPOSED TO THE HIGH VELOCITY, HIGH TEMPERATLURE PREBURNER 3AS, ARE PROTECTED BY AN ELECRO-DISEHBRGE MACHINED (EDNY LINER THAT FORMS
THE TURBINE [NLET MANIFOLD (17, THE MANIFOLD DUCTS THE HIGH VELOCITY, HIGH TEMPERATURE FREBLURNER GAS INTG THE 151 STAGE OF THE TURHINE, THE LINFR IS
FABRICATED FRORM A SINGLE FORGING, FIRST USING BOTH CONVENTIONAL AND EDM MATERIAL REMOVAL FROCESS. CHEMMILLING IS USEN TO REMCOWE EDM RECAST LAYER.
THE PART I5 MELIA FINISHED T ENHANCE THE HIGH CYCLE FATIGUE LIFE AND HEAT TRANSFER CHARACTERISTICS. THE LINER IS THEN SPLIT INTO WO DETAILE THAT ARE
THEN ELAN-SHELLED SARDUND TIE SUPPCRT STRUCTURAL SURFACES, GLOSE-OUT WELDS ARE USED TO REJCIN THE TWO DETAILS, THE EDM INLET CESIGH REPRESENTS A
SIGNIFICANT IMPROVEMENT OVER EARLIER CONFIQURATIONS DUE TO THE INCREASED CROSS SEGTIOMAL THICKNESS OF THE LINER, CREASED FILLET RADI| OF THE STRUT
GANS AND A RERUCTION IN THE NUMEER OF WELDS FROM 57 TO 15 1QTAL FOR THE SUB-ASSEMBLY. THIS LINER 1S MANUFASTURED UTHIZING HAYMES 188 FOR THE SAME
RPASCINS IT 15 USED FOR THE THERMAL SHIELD. THE ANNULUS BETWEEN THE BEARING SUPFPORT AND THE INLET MANFOLD IS VENTEN TO TUREINE |MLET PRESSURE T

METAL FIECES FROM DISLODGING. THE CRITERIA 15 BASED O CRACK SROWTH BATES AND EMEINE TEST EXPERIENCE, & SIGMFICANT REDUCTION M LINER CRACKING HA%
HEEN REALIZED DVER THE FREMIDUS DESIGNS. THE THERMAL SHIELD 35 LIFE LIMITED BY MAJOR YAIER {15k THE TURBIME BEARING SUPPORT IS LIFE LIMITED BY MAJOR
WAIVEH [16]. DONTINUED USE WITH DISCREFANCIES IN THE INLET MAMIFOLD RESULTING FEOIA OPERATHIAN I3 EVALUATED AND CONTROLLED FER THE RECLIREMENTS OF THE
MAINTENANCE CONTROL DOCUMENT (10) THE BEARING CAP MEETS THE CEI HIGH AND LOW CYCLE FATIBUE LIFE {8y AMD MINIMUM FASTORS OF SAFETY CEI REQUIREMENTS
(3]. THE SHIELD, WASHER AND SURPORT PARENT MATERIALS WERE CLEARED FOR FRAGTLUIRE MECHANICSMNUE FLAW GROWT H SINCE THEY CONTAIM NO FRACTLRE CRITICAL
PARTS (11). THE FMEAfCIL WELDS ARF CLEARED FOF FRACTURE MECHANICS/NDE FLAW CROWTH BY THE WELD ASSESEMENT (12). TABLE B20O LISTS ALL EMEACIL YWELDS AND
IDENTIFIES THOSE WELDS IN WHICH THE CRITICAL INITLAL FLAW SI2E |5 NOT CETECTAELE AND TH DISE WEL DS INWHICH THE RODT RIDE IS NOT ACCESSIALE FOR INEPECTION.
THRISE WEL DS 1N YWHICH THE CRITICAL INIFIAL FLAVY SIZE |5 NOT DETECTAALE ARE ACCEDTADBLE FOR FLIGHT BY RISK ASSESSMENT (12). THE CONTROLLER SDFTVWARE IS
COMFIGURED TO DETECT AMD RESPOND PROPERLY TQ THE FAILURES |DENTIFIED AND CONRAND A SAFE EMGINE STATE (13). REUSE OF PARTE DURING OVERHALL IS
CONIRULLED BY THE RECLAREMENTS 0F THE OVERHALL SPECIFICATION {11,

(1) RE007324: [2) RS00754D [3) RSO07ETE, MSOS4D, (#) ROUISI4E RSO0T566 ROQIS244; (5) RSOUPSIE, (6] MSS-85A0-10: {7) RLOOGEE; (B} RLONSIZ, CPIDRODSIE, (5 RES A54E-16,
CPIZ0R0003E, (10) RS5-A784; (11 NASA TASK 117; {121RSS-8756' (12) CP406R0002 PT 132 25.3; (14) RLUDS2E; [15) DAR 2198, {16) DAR 2967, {17) RU3ISE20
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Componant Group:
GIL Itarm:
Companant:

Part Number:
Failura Made:

Fuel Turaopumps

B2a4a-o2

High Pressirra Fuel Turbapomp
ASDOTS0

Engrgy loss 21 turblng inlat.

SSME FMEA/CIL
INSPECTION AND TEST

Praparad:
Approved:
Approval Daje:
Change ¥
Cirectve §:

Page:

0, Early

T. Nguyen

4121188

1

CCED ME2-04-520%

1al 2

Failure Causesx

Significart ¢~ aracierishos

Inspacticns] f Teatls)

Oacumeni Reference

A B LC

SHIELD
YWASHER
SUPPORT

INLET MANIF LD

MATERIAL IMTEGRITY

HELT TREAT

WELD iINTEGRTY

AITEMBLY INTEGRITY

HPETP

ASSEMBLY IMTEGRITY

MATERIAL INTEGRITY IS VERIFIED PER ORAWWNG REQUIREMENTS.

INLET MANIFOLD CETAIL PARTS ARE FENETRANT INSPECTED PER SPECIFIGATICN
REQUIREMENTS.

BEARIMG SUPPORT HEAT TREAT |2 VERIMED PER SPECIFICATION RECUIREMENTS

ALL WELDS ARE INSPECTER TO DRAWING AND SPEGCIFICATION RECWNREMENTS FER WELD
CLASS, INSPECTIOMS INCLUDE. WVISUAL, DIMENSIOMAL, PENETRANT, RADKIGRAPHIS,
ULTRASDOMIC, AND FILLER MATERIAL, &S APPLICABLE.

THE THERMAL SHIELD SHIMMING 15 VERIFIED PEF DRAWING REQUIREMENTS

THE PUMF SLUBASSEMBLIES ARE INSFECTED DURING CVERHALL PER SPECIFICATION
REDLIIREMI%N[S I_NSPEG'I’]UNS IMCLUGE; VISUAL, DIMENSIONAL, PENETRANT, AND

REM0T549
RS IETE
R3007524
RO35E20

Ra011E-116

RamG1 1020

RLTOO1f

RAGE0T-Dm
RaJ115.915
A0 15-008
RAT115-QH
R&O115-127

REQCTEM

RLODE23
RAOQT15-116
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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



