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Component Group: Combuslian Davices Prepared: A Kay
CIL lkemn: A200-07 Appraved: T. Hguyen
Fard Wumber R5009122 Approvak Date: SR
Component: Waln In|ector Changa & F
FMEA tlemy AR Direciive #: CLOOD MCE1-01-522%8
Failure Mode: External rupturs. N
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Croazal ly )

Plese
S

Failure + Effect Descrpd on

_C¥ and hat-cas leakage Inbe Dee @l srpanbment will cavse overpressuszatlcn #nd firg, Less el vehlo s,

Fedardgney Screens SINGLE POINT FAILURE: BeA

Harart Rr'Frencas
|
AR
IMC-E-18, [,
IME-24M



e~V

DE... N
Companenl Group: Combustion Devices Prepansd; A Kav
CIL tem: AZNO-OT Appraved: T. Nguyen
Part Humbar: REAQT{22 Approval Date: oy
Camponent: Main In[ector Change #: ' 2 )
FMEA Itemn- A200 Blrective &: .
Fallure Mode: External rupture. b CEBDMEL.OF-c2at
Paga- 1af 1
Design / Document Refarerce
FAILURE CAUSE:  A: Yeld ar parent materal Lailure, G

THF OXIDIZER INLET HISH PRES SURE GAMITIES ANC INLET DUCT ARE SONSTRUCTED OF INCONEL T8, THE WE'GHT SAVINGS FI0VIDED BY THE FICH STRENG—! 1 OF INC.ONES
I5 THE PRIMARY REASON FOR ITS SELECTION INGONEL 712 IS DUCTILE AT CRYCGENIC IEMPERATURES (1) THE ENTIRE SUBASSEMBLY RECEIVES & HEAT TREAT TO BRVE |T
FULL STRENGTH (2) A FATIGUE ANALYSIS WAS PERFORMED ON THE MAI INJECTER. THE AMALYEIS RESLULTED N CEI REQLIREMENTS BEING MET FOR HIGH GYG_E FATGUE
AND LW CYCLE FATIGUE (2). MAIN INJECTORS WITH CAST INLE | TEES ARE LIFE LIMITED BY MAJTOR WANVER (1) FACTORS OF SAFETY FOR PRIMARY STREAS Shoey -
ACLESTABLE WARGING MEETIKG CEIREGUIREMENTS (4] INCONEL 715 IS OXYGEN COMPATIBLE UNDER THESE GONDITIONS {5). ALL WATER'AL IS PROC-URED T0 SPECTEICATIAN
REQUHEMENTS ). |FE GUNFIGURAT'ON OF THE DXID ZER CAVITIES WAS SELECTRD TD MOVE THE LOAD CONCENTRATION AVWAY FAOM THE WELD JOINT AND INTS PAGENT
"MATESIAL THE CXIDMZER IN_ET PAREHT MATERIAL WaS CLEARED FCR "RACTLRE MECHANIGE /MOE FLAWS GROWTH SINCE IT CONTAMNS NO FRACTURE CRITiCAL FARTS 771, THE
FMEA/CIL WELDS ARE CLEARED FOR FRACTURE MECHANICS/NDE FLAW GROWTH BY THE WELD ASSESSMENT (8). TAELE AZ00 LISTS ALL FMEAMIL VALDS ANS IDEF, 1IFICS ~HOSE
WELDS M WHICH THE CRITIZAL INFTIAL FLAVY 212 15 NOT DETECTABLE AND THOSE WELDS IN WHICH THE ROOT SIDE IS NOT AUCESSIBLE FOR INGPECTON  THOSE WELDS '
WHICH THE GRITICAL INITIAL FLAW SIZE 'S NOT CETECTABLE ARE ACCRPTABLE FOR FLIGHT BY RISK ASSESSMENT (£), THE ERAZE IOINTS ARC DONE IN 4 TEM5=RATURE
CONTROLLED FURNASE (1 1118 RECUCES THE POTENTIAL FOR LIEAID METAL EMBR|TTLEMENT OR BRAZE DEFECTS. PREVIOUS PROBLEM AREAS AT THE [HALST CONE i~k
LIOLO METAL EWERITTLEMENT HAVE INSFRCTIONS T0 PRECLUDE THE PROBLEM DURING FABRICATION. STRAIM GALGE AND ACCELERGMETER DATA HAVE BEEN OB T8 HED
DURING TESTING IM THE AREA OF THE CXIDIZER INLET SHELLS AND INLET TEE T DETERMIME THE ENVIRCMILN | AND STRAINS IN'THIS ARFA, SRITICAL WELDS ARE FLUSH
GROUMD TO MEET CEI REQUIREMEMTE O10) FWALUATION OF THE DXIDIZER MANIFOLD FRO ENGINE 20410 REVYER EO N DEFCCTS OR ARNONMaL QLS CONDITIONS |'5'|._
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(1) RES-BE72-8: (2] RSO0G1TE; (1) RUGIEIT, CPIPOROCCIY, (4) RSS-9546, CRA2CROMIIE: (5 ASS-ASTI0 (E) RAGIT01 53, REOIT0-152 BRSO .. me
IU. 20 80-1042 {10y ECP 967 RSOCHHZS, (117 DAR 2224 ' L ' TS FIRASATASK 1T @RS8O

FAILLIRE CAUSE; @ Aplitwer failure.,

SPLITTER VAME CRACKING |5 ASSOCIATED WATH FLOW INJUGED VIBRATION. HOT FIRE 1ES1IMG IS SONMBUGTED T6) IDFMTIFY ENGINES VWHICH EXHIZIT THIS PHENOMEN

THESE LMITS ARE SUBJECT TOSPLITTER VAKE MODIFICATHIN AND RE-PRESSURE TEST (2). THE PRESEN F DESIGN OF THE SPLITTER YANE WAS SELEG TEL 10 EUp.ﬂrﬁv:rgn{-H é
dkHz FLLWD STRUCTURAL COUPLING MECHSNISM WHICH, 14 SOME GASES, HAD #REVIDUSLY RESULTED IM UMACCFPTABLY HIGH LEVELS OF WIBRATIGH AND EWENTLIAL SPLITTER
VANE CRACKING. EXTENSIVE AMALYSIS HAS REEM PERFCRMED ON THE MODIFIED SPLITTER SHOWING INFINITE LIFE AND ADEQUATE FAGTORS OF SAETY (2] o

(1 RLOCOS0-04, (2 ETP 932, R0 e
FAILUIRE CAUSE:  all CAUSES
THE MAIN MIECTOR MAS COMFLETED DWE TESTING i1
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Component

FMEA Nem:
Failura Mode:
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A00-a7
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4200
External rupture.

SSME FMEA/CIL
INSPECTION AND TEST
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Approved:
Appraval Dala:
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Failure Causes
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Significani Characlaristize
MLET rLANGE
JMLET ELBOW
IMLET CAF
IMLET CapP
INJECTOR ASSEMELY
XI7ZER SHELLS
TORLUS STRUCTURL
basC
TEE
A5 LHE
IGHITER ASSERELY

MATERIAL INTESRITY

HEAT TREAT
WELDIMTEGRI=Y

Inspections) f Tesliad

RMATERIAL INTEGRITY IS WFRIFIFD PER SPECIFICATION RCUHREMENTS,

ASHEUBING 12 INSPECTED ULTRAS GHICALLY AMD THE 0.0 15 FERETRANT '"MSFECTED PER
SPECIFICATION REQLUREMENTS

IMLET TEE, SHELLS, AND OR'FICES ARE FENETRANT IWSPECTED PER SPECIFICATION
REQUIREMENTS.

HFAT TREAT |2 VERIFIETD PER SFECIFICATION REQUIREMZHTS

ALL WELDE ASE INSPECTED TO DIEAWING AND SPECIFICATION REQUIREMENTS FER WELD
CLASS. INSPECTIDNSINCLLUDE: VISUAL DMENSIONAL, PENETRANT, FADIDGRAFHIC,
LLTRASQNIZ, AND

FILLER MATERIAL AS AFFLICABIE,

THE OXIBIZER TOAUE WELD S ARE "WEPELTEDR FRIOR TO AND AFTER E.B, WELDRING TQ ASSURE
CORRECT £ B, WELD TRACKING AND PEMETRATION (INCLUDIMG BORING. ETCH, PEME [RAM |, ML
PLUG WELDIHCY.

THE WELD 55 AND 55 §RAZE JOINTS ARE IMSFPECTED WEUALLY, RADIOGRAFPHICALLY, ARD
BORESCOPED PER DRAWING RECQUIREMENTS RADIOGRAPHIS 'HEFECTION PROVIDES 50%
CGVERAGE. (WE DEFECTS ARE DETECTABLE WITH Rt COVERAGE DUE TO FLAVY FIZE ASING
GREATER THAN 10%.

REE031 WELD 115 VISUALLY INSFECTED FQR BRAZE FLOW ANO LEAY, CIIECKED AFTER
FLURNACE BRAZING.

WELR 18 GEOMETRY RADIUS BETWEEH WELD SEAD AND IMLET TEEI 1S VERIFIED PER DIRIAM MG
RECLIREMENTS.

C DXIDIZER IMLET S-ELLS AND THE TORUS AREAS ARE INSPECTED FOR CORAECT CONTOUR

&FTER WELDING.

NecimeT: Belerarr=
RENDS148
Hd14y
HEnoodE3
REN09154
RIaog 22
3009235
R3S009145
R5009124
RS04
R5a0d 3
320961
FEMF-153
REX70-174
RFRJ{7R-* £a
RAY{ 7" 15
FBRO{f0-213
FEM70-213

RAIIS-115

RAJGTT-07]

FL10311

RAIR -9
RAJ1 13 " 15
BAM13.005
RAN 15-127
RA11154001

BRI 12R 1

R0 25
RADO7-003
RAD1 13-005

RA1GGF-0C3
R&0001 25

ECP 967
PRSI 26
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Component I Camhbugtlon Devess | e e

CIL g A200-4QF Approvad: T. Hpuwe

Part Number: RS009722 Approvtal Date: /99

Component: Waln Injecior Change ¥ 2

FRER [bem: A250 Directive ¢: CEED ME3-04-52134

Failure Mode: Exteraal rupture.

Fage: 2o1 2
Falure CalLtee Slanificast Ckaracta-lstics Irzpeet anle) ) Takhs! Lrocamc at Refzre e
A CAUSES ASIEWMBLY IMTEGRITY THE OX!'DIZER MANFFOLD 15 PROOF PRESSURE TESTED. LEAX CHECKED, AND FENETRAMNT R50D0 55

INSPECTED PRICR TO THRUST COME IMSTALLATIOMN PER ORALVIFG AND SPECIFICATION RLMI1Z?
REQINRERENTS, AL 3-1"F

AS| 15 FROCF PRESSURE AND LEAK TESTED PER SFECIFICATION AND DRAVAKS REQUIREMEMTS
AZ|WELDS ARE FENETRANT MIFECTED AFTER FROMIF TEST FER SPECIFICATION

REQUIREMENTE.
THE PO FIRE TESTING ANO 2HIO S & M INZEECTIQONS WVERIFY INIESTOR INTEGRITY. RLID053-04
RLIOOGE-0F
RLI0O0SE G
THE HELIUM SIGNATURE LEAK TESTING WERIFIES NOEXTERNAL LEAK OR RUPTLURE ORMRED S0Om0 954
THE INJECTOR 15 VISUALLY IMEPECTEP EXTERMALLY PRIOR TD EACH LAMCH. (LAST DOMRED Y4 IRLD0Z2
INEFESTICH
_E_ . TEE FSCI0334 S
KATERIAL INESFITY MATERIAL INTEGRITT |5 WERIFIED FER, SFECIFICATION REQUIRENMENTS RBC1T-15h5

FOAMR TEMSILE BARS ARE FURMEGC WITH EACH CASTING TO ASSURE CORRECT MATFRIAI TyOE RSCOT334
AHD STREMGTH.

TEE AND SPLITTER ARE PENETRANT INSFECTED PER SFECIFICATION RECHIREMENTS. Eaa118-118
EPECIAN CANTING X .RAYSR ARFE PERFORMED PER STAMDARD AMND CRITICAL SRADE REmI0-95
FEQUIREMENTS A5 DETAILED TN THE DRAVING RSO0 3234
TEEWTH SFLITTER ISHEAT TREATED WITH INJECTOR ASSEMBLY PER SPECIFICATION RanG 1 1-Can
REQUIREMENTS.

ABESENCE CF RIGH SPLITTZR waNZ GECMETRY "3 WERIFIED PER CURREMT ORAVING REQU'RENMENTS [A5m)3zz

VIBRATIONAL CCrADIMZ ECP 559R 1
GIWMBAL ACCLLCROMITERS AND 3TRAIN QAUSES DETECT HIGH VIBRATICRAL LOMDING DLUFIMG RLOCCS0-04
HOT FIRE ACCEFTAMCE TESTING AMD SCREEM LINACCEFTASLE LNITS QUT. RLOG451

ENGINE GIMEAL ACTELERCMETER DATA FROM THE PRIOMR FLYSHT IS REVIEYWED TO DETECT HIGH  MSFE PLN 17328
VIERAT!IOMAL LCADS .

Failure Histary Coanpicl-enzhee 13 lure histary data ‘s maintai-ed in the Prablem Feacrtir 3 dalabase [PRAMSIFRACE)
Referance: MASA leier SA21BA/08 and Fockeldyre sher BERSCATE
Cpemtionzl Llsz: Nzl bpplzakle.

R3S-8%a0-11
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aoME ¢ Ails b
WELD ... JINTS
Component Group; Combustion Devces Prepated: A Kay
GIL tem: Apprmoved: T. Meuyen
L omponent: Approval Date: 9./9,99
Part Mumber: Change ®: 1
Diracthve 4: CCBO WME3-DY-5230 -
Page: 1ef1 '
Crincat Ininal
papd  Flew Size Not
Sida Mot Deteclable
L ompises Bag'c Farl Numhar Viald Mumker Weld Type  Chaes Access HGF LCE Comments
MAIM IMJZCT DR ASI FR&C 006" 3 GTAN | b4 )
MAIM TMLECT DR ASI RACDO00 3 GTAN I X x
MAIN IHJECTCR RSA0L126 1 EBW f
MAIN NIBL 2R RSICLTEE fi, 752,573 QAW | X x X
MAIN IMJECTGR ASA02475 B EBW/ | X
MAIM IMJEGTOR RENIES1 26 El EB¥/ | X
MAIN INJECTOR RS 26 i EBw/ Il X A X
AN IHIECTER RICN%1Z6 12,22 QTR 1 X
SAAAM HUER TR RE925 14,15 STAW | x X =
MAIH 'HAECTCR Q&oa9 24 14,17 e Al | x
MAIW MIEZTOR RE008* 26 21 GTAW | X
AN PHAECTOS BEO01 26 " GTAW il X
MAIM M IECTON FEHHI 28 22 CTAMW i X
RAM IHISCTO= RS0 26 2325 54 GTAN | X
AN M IECTOe RS00N1 28 44,45 OTAW | X *<
FAR [N JECTOR RSO0 28 50,51 EEW 1a X X b
MAI INJECTOR RSO0 28 a9 EEW 1l X
rAH INJECETOR R300912% G061 STAN I X X
IMLET SHELL RADOE2AE T LFT EBY |
INLET SHELL R3CIES 1 RHT EBWY | S X
IN.FT 3HELL RSCO5ZYT B0 FLES FRWY I b
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SSME FMEASUIL

FIELD CONFIGURATION VARIANCES FROM CiL RATIONALE

TUBE TOHBEI FEM TLHRES

LSE AS |2 RATIOMNALE:

1
r

3.

BRAZE JOINTS ARE DONE WITHOUT INDUCEE LOANS
MO RESIDUAL STRESSES IM TUBRS.
SECTIONED HARLDVIARE SHIAWS NO PROBI FIAS

5. AIC0-07 SPLITTER VANE SPUITTER VAHE GEOMETRY
GEDVETRY IS VERIFIED FER AOES HOT MEET CURRENT
CURRENT CHLAWY NG DRAW'NG REQUIRERENTS.

RECIUIREM=NTS. (ECP 938R1)

RE-DESHIN GF THE SPLITTER WANE ALTERED THE SFRUCTURAL RESFOMSS
O THE WAMES T FLOW, ELIAINATING FLOW INOUCED CRAGKINS,

USE AS IS RATIONALE:

*. EMNGIMNES NOT MEETIMNG CURREMT SPLITTER WAHE DRAWING
REQUIREMENTE ARE SCREEMED AT (SREEM RLUH T IDEMTIFY TROGE
EXH'BITING THE 4 liHz RESPCMEE. THESE ENGIMES ARE REMWORYED T
LLURRENT DRAWING REQUIREMENTS. RE-PRESSIIRE TEETED AMD RE-
[DEMTIFIED.

Cogmponenl Group: Combuglion Devices Prapetad; A Kay
Mem Nama: Main Injeclor Approvad: 1. Nguyen
Itarn Mumbar: AZCD Approesal Dake: B/oron
Parl Number: ARO03 {22 Change ¥ 1
Dlrective & CEBD MEI-D-5235
Paga: 1ol 1
tha Line Rationa'e Warmnze Change Rationale wariart Dazh Number *
©ARLR-aT | DK an $L..E uF RO BORESGAPE INSSECTICN. VISUAL VERIFICATIGON GAVE AGDITIOMAL COM| IIMEKCE THAT RRAZING HAS T41, 7RI TEY
OoaTE |5 E-RATED AND HOT CREATED LIGLID METAL EMBRI TTLEMENT. 7E1 731,800,
BORESCOPED (ECF 697} LUS=AG 15 RATIONALE:
1 Al! SLEEVES ARE X.RAYED, WHICH SPECIFHIALLY INSFECTS FOR LIcUID
METAL EMBRITILERENT CRACKING;
2 JAINT SUSCEPTIRILITY 15 LOW (NOD STRAIN 20 TUBE DURING WL DING,
BINIE I".'ILIET FLOMAY ORLY TOWITNESS HOLE).
2 A.:nﬂ 05 WAL THI"‘WE“ QF  PREVIOUS COMFIGLRATION FAL TIIII:KEF'. Wﬁ.LLS GAVE ADDITIONAL LCJH POST SUFPORT M T‘-IE HIGH Froa A0 -
SCCONDARY FACEPLATE & THINMER whaLL. ARFAS,
FETAINESRS 'MCREASED G LSk AS 1S RATIONALE;
QUTER THFREE RCWS. (ECP #24) 1. HICH FLOW AREA POSTS 'WERE PLUAGRD AND RCDDED FOR ADDITICNAL
SUFPORT;
2. LIFE LIMT ON THE MAIN TMJECTOR LOX PDSTS PREVENTS DAMASE
LEVELS FROM EXCEEDING Al I CUVABLE LILITS. [BAR 1373)
3. A200-0€ EDDY CORAEMT MO EOCY CURRENT INSPECTION EDDY CURRENT INSPECTION PROVIDE ADDITIGMAL COMFIDENCE 1N IRTERNAL -4 1-, -5 -7?1.. -
INSPECTIOM N ALL LOX FOST OF INERT L2 WELDS, WELD INTEGRITY, L1 DT - T
IMERTLA \WELDE, /ECF 847 USE AL IS RATIONALE: BB
1 INERTH WWELDS ARE CONTROLLED BY SPECIFICATION:
2 MO FAILURE HISTORY WITH HAYMES 188 POSTS:;
3 SURFACE FINLIH IS CONTROLLED T REDUCE STRESES CONCENTRATICMNS;
4. ROW 3 POSTE ARE OYE PENETRANT INSFECTED QN 0.0
4 AZ00-07 ELMINATION OF ARAZER BREVIOUS SLIMINATION OF BRAZE JOINT ELIMINATES THE POSSISILITY O° LIGUID FETAL 741 71, 781,
ERALFE JOINTG OF ASI INLET COMFIGURATION EMBRITILEMENT.

SO, -1, - 145 .
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