£ti - ¥

® ® @
SSME " SA/CIL
REDUNDAMN. ¥ SCREEN

Comparcit Growp: Combustion Devleas Praparad: A EL-AFmad
CIL Heme AYIG-C3 Approvad: T. Mguyen
Part Humber: ns0ha1LE Approeal Dale: 95394
Comporent: Main Combustian GFamber change ¥ ]
FMEA [tepn: Al Dirgctiye & CCBD WMET-Q1-523F
Failura Mode: ‘nlerna! rupture al Hha MCC nozzle inlerface.
Fage: 1ol 1
Crilicality
Shase Falere ¢ ERect Descegpllan Hnzard Referaros
Shic Fuel lag%age 7* tha jntarnal Irtaface s dumpad intoihe main exkrausl gases. Lass of el o the LPFT™ results m HPFTF cavitaian, LOX- 1
4.1 rich oouratlen, ard engine faivre. Loss of wahice. MEHEE,
ME-BE"
Redindangy Soeens SMIGLE POINT FAILURE: NfA MC-B5H,G
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SSME EMEA/CIL

DESIGN

Companent Greoump: Comhbusillon Devices Frepared: A, El-&Lmad
CIL irerm: A330-31 Appmoved: T. Hguwen
Pad Humber: RSODat0G Appmoval Cate: w810
Companent: Walr Combustion Chamber Change #: 1
FMEA e A330 Directia & reED MEX-D1.5222
Failure Made: Inte-nal ruptare al the MCC nozzle inlerfaca.

Page: 1cf 1

Dl ! Document Fefrirnos R

FAILURE SAUSE: A: Delamination afthe nicvel prating at the aft end al the MCC,

tHE L'NER |5 COMSTRUCTED OF NAHLOY-Z, i GOPPER BASE ALLOY OEYELOPED SPECFIGALLY FOR HIGH HEAT FLUK AFELISATIONS. MARLOY-2 WAS CHOSEN FOR ™5 TRERMAL
CONOLCT VI T AHD 18 SOOLED Y COGLAMT CuANNELS MACHINED CN THE BACK DF THE COMBUSTIONWALLS (1), THE MARLOY-Z IS CLOSED DU WITH A CCPPE2 GARRIER AND
A MICKEL OUTER JATKET. THE ELEC TRODEPOSITED PROCESS IS CONTROLLED BY SPECIFICATIONS FOR PROPER ADHESION (). ELECTRODEPOS! feD NIGKEL WWAS CHOSEN FOR
CLOSECUT OF THE LIMER BESAUSE OF 175 STRENSTH AHD SEITABILITY IN FROVIDING A TRANSITION BETWEEH THE LINER AWD JACKET (3], THE BOMDLINF LENGTH S DESIGNCD
70 PROVIGE ADECUATE STRUCTLRAL MARGIM AT THE AFT END CF THE LINER. FRIMACGY STRESS FAGTORS OF SAFETY MEET CE| REQUIREMENTS (4. THE NaELOY-Z 15 5L DSFD
OUT WATH &K ELECTRODEPQSITED COPPER BARRIER WHCH PROVIDFS HYCROGEN EMBR!TTLEMENT FROTECTION AND A NIGKEL OUTER JACKET FOR STRUCTURAL STRENGTH
{1]. THS BONDLIME AETWEEM THE MARLOY.-Z COPREZR AN MICKEL 18 DESI0KFD TO PRFVENT DELAMINATION DUE TO STRIKZTURAL 1 QADING. THE FHNME OF THE COOLUM
CHANNELS SRE RADIVSEG TO BEDUSE LOADING AT THE BOMDLINE (51, THE HARLGY-Z AND ELECTRODEPOSITED MICKEL THIGKNESS IS INGREASED AT THE AFT END T FROVIDS
FASICITY AND RECUCE STRESS VALUES 8. "HE ELECTRODEPOSITON PROSESS 1S CONTROLLED MY SPECIFICATION FOR BONDING AND INTESRITY (2} TUE ESKE SOMCLINE
FAILLIRE MARLIN HAS BEEM DEMONSTRATED BY HOY-FIRE TESTING {T). FIVE EMGINES HAVE DEMCHSTRATED HOT-F{RE TIME WITH § DISBONDS WITH HO FEFECT T2 ENGINE
FERFORMANEE OR STRUCTURAL INTERRITY. OME OF THESE ENGINES VIAS HOT-FIRED 3 ADDITIONAL TIM=S AFTER A CISBOND WAS MECOVERED WITHOUT ANY EVIDENCE OF
LISHCHD PROGAGATION BASED ON THE FLAW GEDMETRY OF THREE ENGINES WHIGH LEAKED DURING HOT-FIRE TESTING, A CALCULATED 1.32 LE&(3EG WW2RST CASE LEARAGE
AT CETCRRMINED, TEST HISTORY HAS PROVEM THAT WAINSTAGE OFERATION 1S ACCERTABLE WITH BOMOLINE LEAKAGE OF THIS MAGHITUDE. PERFORMANCE AMALYEIS
INCICATES THAT 72.2 LAMISTO MUES BOMLE INE LEAKAGE |5 REOQUIRED TO EXCEED THE HPOT TURBIMNE DISCHARGE TEMFERATURE REDLIME. LEAKASE ©F THIS MAGHNITUDE

WO LD GORMESPONE TO A 25 INGH LONS FAILURE {OR 33.6% OF THE TOTAL BONDLINE LENGTH) (71, BOWEYER, ACCELERATED DEGRADATION OF THE MCT HOT GAS WIMLY 13
FYPECTED PRIOR TOREACHING THIS AOUNT OF FLEL LEAKAGE. BASED ON RECENT TESTING ON EDZ213, N COCALANT LSS OF 7 LENUSEC IS EXPECTED T BE SUFFICIENT 12
DAMAGE THIL MO THISE COPPESPEHDE TO A 7.96 \WCH BCMD LIME FAILLURE [OR 1C.7% OF THE TOTAL BOMDLIME LENSTH). BOMNDLKE TAILURES OF THIS _LEMGTH AR HOT
EXPESTED RECAUSE OF FRDOF PRESSURE TEST SCREEMING FOR GROSS BOND GEFICIENCIES AND TIHE HOT-FIRE BCHNCLINE FARLURE HISTORY, HICH CYCLE AMU LW CYCLE
Favice LFE £F THE LINER REE™ CEI REQUIRENFMTS (8 THE LINERE PARENT MATERLALS WERE CLEARED FOR FRACTURE MECHARIZSRIDE FLAVY SROWITH SIMNCE T CONTAING
MO FRACTURE CRITICAL PARTS (1. THE L'NER HAS SEFN DESNEN WSRIACATION TESTED FOR LINER LIFE 8HD STRUICTURAL LOADINE REQUIRENVEN | § (100, LISSASSEMBLY
FESILL™S 1F TNGIKE M0 BEVELLED MO THTICATIONS OF DELAWINATION. ’

(V) R33-8574 8 ;) RAIZORDIE (T KPTR.71 176 302, (4) RSS 4645 CRIIDROOCIA; (5] ASO09147; (2) RE00O:DS; (71 00 93 NOZ-AM08! FRA-3E-C11: B} £SLO0SIZ, SOE2CR0OMG, §9)
MASA TASK 117 {17) R35-202-23 R53-303-34 o ' v
EAILUSE CAUSE:  B: Weld failures at the tumartkxind manifold of tha liner.

THE TURNARCLKD MANIFOLE INSORPORATES FOLUR WELDS ON THE CLOSURE RING. T™WO CIRCUMFERENTIAL WELDS t19,12) AMD T SHORT CONMNFCTING WELDS (43,141 THAT
JOIM THE BASE RING HALVES THE WELD PREPARATIONG ARE SPECIFED ON THE DRAVINGS {13 (), (31 THE INLET TEMPERATURES OF THE MAMNIFOLL FROTEST THE L
SUBASEEMELIES AND WELLS FROM HYDRDGEN ERFERITTLEMENT (a1, THE WELD FREPARATION AND PROCESS IS CONTRD! L FN PER SPECIFICATION PARAMETERS (5. “ICKEI 51
FILLER 1§ USED FGR WELDS 11 AND 12 DECAUSE OF TS SOMPATIBILITY INFTH ARMCO 21-5-B CRES AND THE MICKEL BASE. WELD JOINTS 13 AND 14 ARE MADE FROM [NGONEL
€25 THE PRIMARY FACTORS OF SAFETY MEET CE| REQUIREMENTS (89 THE PARFNT MATERIAI AMLACENT T0 THE BOCT PREP 1S FADIUSED TO RECHICE THE EQADING ON "HE
CLOSEOUT RING (13 7). THE FACE SIDE OF THE WELDS AND RING |5 MACHINED FLUSH TD REQUCE SURFACE STRESS RISERS (2) H'GH SYGLE AMD LOW GYCLE FATIGUE LIFE OF
THE WILDS MEET CEV REQUIREMENTS t8). THE FMEACIEL WELDS ARE GLEARED FCR FRACTURE MECHANICSINGE FLAW GROWTH BY THE WELD ASSESSMENT {3, TABLE 4330
LISTS ALL FMEA/CIL WELGS AD IDENTIFIES THOSE WELDS I WHICH THE GRITICAL INITIAL FLAWY SIZE IS NGF DETECTABELE AND THOSE WELDS IN WHICH THE ROOT SICE 15 NOT
ACCESSIBLE FOR INSPECTICN. THOSE WELES IMWHICH THE SRITICAL INITISL FLAW SIZE |5 MOT DETECTABLE ARE ACZEPTABLE FOR FLISHT BY RISK ASSRESSMOHT (3 THE
“HAMBER HAS BEN DESIGN VERIFICATION TESTEN FOR LINER LIEE AND STRUCTURAL REOUIREMENTS (10), '

£} RSCO9176; (2 RSDOGLOS {3) RSOOFICE: [4y RS5-3574-8; (5) RLIDATT; (6] RSS-A%46, CPI2IR0LIIB, [F) PSOGSIY (8 RLDGS??. CPI2ORCO0IB (8] RSS-ETSA, iy RSS-205-28
255-303-13, R53-303-74 ' '
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S omp orke Nl Group:
CIL Hem:

Part Humber:
Companaenl

FMEA [lem:
Eallure Moda

Comtuslian Devices
AZInny
RSP0 0%

Main Combostion Chamber

AZIG
Iqterm 3l rupture atihe MCC rozzle interfate.

SSME FM Sl

INSPECTION &..0 TEST
Prepared:
Apprved:
Approval Date:
Change #:
Dfrectiva &:
Paye:

Fail..re {iasas

Signlk-an: g acensies

LI“ER
MATERIAL ‘NTEGRITY
HEAT TREAT

CLECTRAODEPOSITED
PLATING BOND

AME ETREMSTI - EDCa

AND FLM:

Ispeclipnis) f Tagwa)

THE HAR_DY-Z MATERIAL 15 vERTICD PER SEECIFICATION REGUWREMENTS
HEAT TREAT I3 VERIFIED IPER SFECIFIDATILIN REUUIRERENTS.

THE ELECTROGERPOSIT OF COPFER T NARLGY IS INGPECTED FOR DEFECTS AND DEPCG| TN
FER SPECIFICATION REQUISERNENT 3.

& HOT WaTER IMMERSION TEST CHECKS FOR COPPER BOMD

THE SPECIMENS PLATED &7 THE SANE TIME A5 THE LIMER ARE IRSFEZTED FOR MCTALLURGY,
MECHAKIZAL BONE, AND TEWSILE STRENGTH

& PRCOF PRESEURE TEST IS FERFORMED ON THE LIMER.

THE AFT EMO OF MCC |5 *NSFCLTED LLTRASCONICALLY FOR BOND AFTER PROG™ PRESSURE
TESTIMG.

EOMNDL[ME 15 FEHETRANT INEPECTED AFTER. FROOF TEST #ER SPECIFICATICN REQUIREMENTE.

WELD IMTEGRITY

L'NYERIFIAELE RDOT

WELDE RS0231LH WELLS

14,2, 13,8 4

ASSEMSLY INTEGRIST

FLIGHT FLC TESTING

ALLWELDS AHE INFPTUTEL DU DEAWING ANL SPECITIZATION REQLUIEEMEMTS FEX WELD
CLASS. IMEFECTIOMSINCLUDE: WIEUAL, OIMEHEIOKAL PEHNETRANT, RASIOSRAPHIC,
LLFRASTOMEC, AND FILLER MATERIAL, AS APPLICABLE.

LMNYERIFMBLE ROCT WELDE ARE INSPECTED PER DRAMIMNG AND SFECIFICATION REQUIRTMENTS
A5 APPLICABLE

WVIELDYS B1, 12,13, & 14 FROOF TESTEDR FER SPECIFICATION REQUIRERMENTS
WELDS ARE LEAK CHEZKED PEAR SPECIFICATION REQUIRERMENTS.

THE SPLIT RikG CLSSEDUT AT WELDS 11-14 15 ULTRASONIZALLY INSPECTED FORWWALL
THICKMERS AFTER FINAL PAACHIMIMG

MOCIE PRODE PRESSURE TESTEL PER SPECIFIZATION REWNRERENTS.
THE HOT FIZE TESTIMG &H40 240 E & W IKNSPEST-OMS WERITY MCC INTEGRITT,

THE MACZ BOKD LIKE 1S ULTIAS0OMICALLY INSPECTED AFTES EACH FLIGHT,

ATHRUFT CHAMBER NOZZLE LEAK TEST INCLUDIMNG THE M CG NICKEWCOPFER BORO LINE 13
PERFORMED FRIOR TO EACH FLIGHT.

A ElAhmad

T. Ngwwen

Ao

1
CCYDMEA-01-523%

1o0f 2

Cucrrmert el cnse
RS0 106

RBQ17-17F5
RA1511-(Kr
FLA1SIR 01

RLOCZZS
RLOCAS3

PADT15-115

RL1GI1

RADED YL
RADTIG-"15
RADT 15005
RAD115-127
FA11 13001

(AL IEN
FLOGA 1
FEZC0910%

RLOOS0

HELOCHISE-Ce
RLOONGE-I5
ALOCASE 5

ONESN VA R
OWESO VAT 330150
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Lampnonent Wroibg: L LT TET VL] R ey

P, VR
CIt Ham: Adz0-03 Apprrovod: T.Hguyen
Part Mumbc-: R5C009T0S Approval Data: g/niog
Cotipmanil: Main Coambustion Chamber Change & i
FI'EA [tem: A330 Directhea #: CLBD WE3-01-5238
Fajlura Mada: Inlérnal ructure at the MCC nozde imtarface,
Page: ol 2
Fallure Camsea Si0nW cant Ghar aztenistica Imspestlanie) ! Testis) Mac rnem Refarsres

Fail_re His'ary Cerpretarshee fa lure hisicry data k na'nlaired inbe Problern Repoising database (PRAMSPRAGA)
Relarence: NALA elber SA2° FB20E and Rocheidvre keller BBRCHOTE]
Oparational Llsa: No! Applicakle.
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WELD . JINTS
Campeonent Groip: Combustion Devices Frapared: A, El-Ahmad
CiL llem: AJM Approved: T. Mguyen
Campanent: RSO0I105 Appraval Date: ElLN ]
Fart Wumgher: Maln Combisticn Chamhber Chamae #: 1
AxX] Directive # CCHD MEIM.-5229 -
Mage: 1of 2 )
Crilizal Initinl
Rroot Pl Slze Mol
Hlee ot Detectabie

Canpaiand Basl: Part Huirfer wald Mursber Weld Typa Class Acomes HOF LCF CoomTets
mAN COMOUSTION CHAMEER R320E103 3 EBWV la X -
RAAN COMBUSTION CHAMBER RSICA| IE g7 EBWY I X ~
WAIN COMBUSTION CHANMDER RSQ010% 2559 EBVS E] ® k)
MAIH COMEUSTION CHAMBER RS0O91G3 1 GTAVY ' X ) X
MAIN COMELUE FFON CHAMBER REMILS 1321314 GTAW 1} X X L
WM COMELUSTION CHAMBER REM9: 05 15 GTAW Il X x
SN COMBLSTION CHAMSER [RENXHO5 1E Cisny I2 X X X
AN CORELS TICH CHAMBER RENCA105 1B ETn | X
MAIN SOMBUSTION CHAWMBER, RS0CE 103 i2 Fa I X
mMelN COMBUSTION CHAWMEER RSI08105 i3 PAMY I X
MW COMBUSETION CHAMEBER RASIC2105 4755 EBVY 1
AN CORBUSTION CHAWMEER REC0H105 15 E&VY !
M&IN COMBUSTION CHAVBER RECI810S J48.a70 Edvw ! X x
MAIN COMOUSTION CHBREER R53J91CS 4744 62,70 GTAW ] X
Al COMBUSTICN GHARBER RE0179tC5 Lin T Bl | x
MM COMIUSTION CHARMBER RE1031CE ik 5 raYy i x
AN COMBUSTION GHARBER R5003105 it ErAaN ] - X
LINER R5003138 1 Glawe ] X X X
MCC IMLET MANIFCILD RS009100 148,'2 GTAWS ! X X
MCC IMLET MARMIFL D LRt LER ] GTAWS | X x
MW C INLET MaMNIFOLD REME: 01 E-B EBWS IE X
MEZ INLET MAM'FOLD RE008 14349 10 BT aW | X X

UG IHLET MANMIFCLD RS0O0D109 1t13 GTAW | L
MCC INLET MANIFGLD REOCE109 1 ATAWY 1 o
MCCINLET MANIFOLD R3CI:104 15 GTAVY 1 X x
RCC INLE™ AANIFOLD REN391CE 14 GTAVY 1 x
MTCINLET ManiFoLD RES003905 17 GTAN |
MIC CLTLET MamIFCLD REQOR* 0 1 GETAMY I X X
MZC CLTLET RaM|FQLD RSO0 2 GTAM ! x *
MCS JUTLET pAKIFOLO REOIE110 34 STAWN |
MCC OUTLET MAKMIFCOLD REQ09110 ' 5 STAW | x x X
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Component Group:  Combustion Devices g e )
CIL tem: Aa20 Approvad: T. Hguyer
Compmnefit: RS 003105 Approval Dabe: IWE/30
Part Humber: Mzin Combustion Chamber Chanoe #: 1
A3 DHreclive A: CCED MEI-01-5238
Pege: 2af 2
Critizal Initial
Flaw Siza fot
Detectabla
Coamporent Bashe Part Mumnher Weld Nunker VWald Type HCF  LGF Comments
RGO QUTLET MANIFOLD REqcaiil GTAWN I X
MCCOUTLET KANIFOLD FE00a1 16 STAWY ! X
FCC I TLET MANIFOLD RE00911L GTAWY )
RUCC O TLE P MANIFOLD FRSMHETE ATAY I X
PACCOUTLET MANIFOLD REMFt 1t SThWY I
MACC OUTLET ELBOW RS adaT GTant | X
M OUTIFT ELECY REMF44T GTAW |
PACC OUTLET ELBOWY Fap0adar 3 GTAN |
MCT QUTLET ELECOY REM3457 1 GTAVY |
WO QUTLET ELBORWY REMIS4ET 4 G1Ay | X
WMOC QUTLET ELBOAY REMIM4T 5 GTaN 1
WO QUTLET ELBOW REm3437 ER GTAW 1 x x
MCZ OUTLET ELEOW RE05457 B.:2 GTAY I x x
MO CUTLET ELEOW Fag282 3 GTAN | X X COMPLETELD WELD ASSESSWEMT RECUIREL
M INLET NECK RE003435 1.2 GTAYY | X x
MCZ INLET NECK R30G3455 34 GTAYY | X x
RES
Y i —
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FIELD CONFIGURATION VARIANCES FROM CJL RATIONALE

TETSFAGCCR 430

L'ZE AS IS RATIONALE

SLL LMITS RE-PENETRAMT IMSPECTEDN AMDRE-XRAYED USIHNG SPECIAL
HIGH SERSITIVITY TECHMICUES.

Componerl Groun Combustian Devices Prapargd: A ELAl1mad
liam Mame: Maln Combusilan Chamber Approved: T. Mguyen
llam Mumber: A0 Appraval Bate: araiog
Part Hurnber: REDENO5 Change k: 1
Directive #: CCHD MEZ-D1-52328
Page: 1af 1
HBase Lave Ralcnzle arianze Changs Fationale wadart fash Mumber
voAS30.ad CLUT L T RAAKIFOID DLTLET MANIFCLE P =00 HYSHER PRFSELRE ENHANCER COMFINENCF N FROOF FRESSURE TEST 2531, -3241, 4, - )
PROOF PRESSURLE TCRTED TS [ESTED ~0 6B BOG Plc. EFFECTIWITY. 437 440 431



