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SSME FMEA/CIL
REDUNDANCY SCREEN

Meax 2 throttling.

Redundancy Sereens: HARMESS SYSTEM: LIKE REDUNDANCY

A: Pass - Radundant hardwara s gre capable of checkout during narmmal graund trmaround.

B: Pass - Loss of a redundant hardware tems is detectable during fllght,
C: Pacs - Loss of redundar:t hardware tems coukd nof result from a single credible evant.

Companent Group:  Electrical Harneszas Fraparsd: F.Ho
ZIL Mam: Hi1384, H115-01 Approved: T. Hguyen
Part Humber: ROO1E413, ROG1B44E Approval Date: 1200
Compenant: Extanded Life - Conventional - Spark Igniter Control 1W13, 1WHE Change 8: 1
FMEA Itam: H113, Hi15 Dfrective #: CLBD ME3-&1-5247
Failure Atode: Op&n or short circuit In harnees. Losg of conmector.
Page; Toftd
Critlcality
Phase Failure / Effect Descriphon Hazard Referanca
s Failure of both harnazses Gausing loss of both kgniter channels results in Inse of MG igniflon. Low MOC prazeqns results in faitume to iR
4.3 salizly ignition confired Imits and conirodiar nitisted engine sholdown. Misshn scrub. Loss of vehlcke due to oxldizer duct rupterme may ME-C25
result If MGG fa'lere Lo ignite is not detectad.
Fedendancy Screens: HARNESS SYSTEM - ENGINE SYSTEM: UNLIKE REDUNDANCY
A Paze - Redundant hardwata terns are capable of checkout efuring nemaal ground temaround,
B:Fall - Loss of a redundan hardware iteme is nat detectable during Aight.
C: Pass - Loss of redundant hardware tams could not result friom 3 slngie credible evert.
I Failure ef both harnesses causing loss of buth igniter channels meults in the FPE gases falling to Ignie, cavsing fus! pump speed to be 1R
4.5 belaw recling value and conrolies Iniliated angine shtdown. Cxidlzer rich cparatich, Misslon satub, Losa of vehitle due to HEETP fallure ME-B65
may result H fual prabuemer faflurs b ignite |s nol delsgted,
Redundancy Screens: HARMESS SYSTEM - ENGIME SYSTEM: LUMLIKE REOUNDARNCY
4. Pass - Redundant hardware fems are capable of checkout du ring narmal groumnd urrassund,
B: Fai' - Losg of @ redundant hardware itaris = not deteclabla during fAight. .
" Pass - Loss ef redundant hardware items could aot resull from a single credibla aven:.
il Shert ‘n both hamesses Gausing Ioes of 26 YOG on beth eontraller eRanne; A and chanme! 8 results In de-energlzing the actualor Rilsafe 1R,
432 rerveswilch eolfs. Cantroller initiates Myvdraulic lockup and & MCF Indlcation. Missian abort ey rasult when hydraulic lockup secum dur ng ME-Sara
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SSME EAICIL

DESIGN

Component Group: Elactrical Harmieszas Prepared: P Ho
CIL fkarmn: H113-01, Hi45-01 Approved: T. Hguyen
Part Humber: ROD18413, R adds Approval Date: SI3M00
Comporant: Extendad Lifa - Convenlienal - Spark Igniter Control 113, TW15 Changa #; 1
FMEA [tem: H113, Hi18 Directive #: Z2CBO MEX-01-5287
Failure Mode: Cpen or short circult in harness, Logs of connsctar.
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Daskn ! Document Refarance

FAILURE CAUSE.  A: Conductar or Insulation damaga caused by vibration, flaxurs, routing, o ¢lamping.

MATERIAL SELECTICH OF THE WIRES, INSULATORS, CONNECTORS, AND ABSEMBELY TECHNIGQUES ARE CONTROLLED BEY SPECIFICATION {1) TO GUARD AGAINST THE FAILURE OF
THE HARMESE IN THE ENVIROMMENTS IT 13 EXPOSED TQ. THESE COMTROLS ARE ESTABLISHED BY GOWERMMENT SPECIEICATIONS FOR COMNECTORS (2} AND WIRE SELECTION
(3}, AND ARE KEYED TO THE FUNCTION AND USAGE OF THE HARDWARE. TO PRECLUDE SINGLE POINT ELECTRICAL FALURES, REOUNDANT FUNCTIONS ARE IMPLEMENTED IN
SEPARATE HARNESSES, ROUTED THROLUGH DIFFERENT FATHWAYS, TO PREVENT DETERIORATION OF THE CONDUCTOR OR INSULATOR, WIRES ARE OF SUCH GROSS SECTION
AS TO PROVIDE AMPLE AND SAFE CURRENT CARFYING CAPACITY. THE MAXIMUM DESIGN SURRENT IN ANY WIRE 1S L IM|TED SO THAT "WIRE TOTAL TEMPERATURE" WILL NEVER
EXCEED THE RATED WIRE TEMPERATURE {1). CASLE ROUTING I8 CONTROLLED BY THE ASEEMBLY DRAYWINGS {(#) THAT ESTABLISH THE RETAINING CLAMPS AND RESTRAIMIMG
TIES. THE SECURING CLAMPS (5) INCORPORATE RUBBER GROMMETS THAT FREVEMT FINCHING OR CUTTING OF THE INSTALLED HARNERS.

[Ty RL1QAT4; (21 A0M 38204, JOMIBEED; () SOMSHSTT, SOME0STA; {4) RSOUFOOT; () RE197-2M 8

FAILLIRE CAUSE: B: Loase, wom, or damaged pln of gins.
C: Damaged contast of cAmp.
E: Cannectar shall Falfurm.
G: Locking feature Failure {extended llfe anly).

CONNECTOR SELECTION OF THE ASSEMBLIES 1S CONTROLLED BY SPECIFICATION REQUIREMENTS {1). THE REQUIREMENTS INCORPORATE CONTROLS (2) THAT ARE KEYED TO
GUARD AGAINST THE ENVIRONMENTS THEY ARE EXPOSED TO. THE CONNECTORS MEET CE! REQUIREMENTS FOR HIGH CYCLE FATIGUE, LOW CYCLE FATICUE, AND MININLIM
FACTORS OF SAFETY (3). THE CONNECTORS ARE SEEECTED IN ACCORDANCE WITH MSFC STANDARDS FOR USE ON ROUKET PROPELLED VEHICLES {£). BENT OR WORN FNS ARE
REMOVABLE ANL REPLACEABLE. BATONET LDCKING RINGS ARE PROVIDED TO PREVENT PRIMARY CONNECTORS FROM DEMATING (2). EXTENDED LIFE HARNESS SECONDART
CUNNECTQRS {5) ARE A THREADED COMPILING WITH A RACHET TYPC LOCKING FEATURE. THE SELF-LOCKING FEATURE IS A MULTIFLE BALL RACHET DESIGN. THIE RACHET
CONFIGLIRATION PROVIDES A GREATER COUNTER-CLOCKWISE RACHETING FORCE CREATING A SELF-LOCKING DESIGN, THIS DESIGH ELIMINATES THE NEED FOR CONNECTOR
TORQUE LOCK 15). THE SELF.LOCKING GOMNECTORS ARE MANUFACTURED FROM STAINLESS STEEL (7). STAINLESS STEEL PROVIDES AMPLE STRENGTH AND CORROSICN
RESISTAMCE. : ;

{13 RL1CD14.12) RES1235, RE1734. RE 761: {3) RLO0SAZ, RES-8546, CRAAROD0E, (4) 40M3B254, A0MA0565: {51 RE1721, RE1744; (6) ECP 707; (F) RG1731, RCH761

FAILURE CAUSE: D: Carrosfon or moistura.

THE ELECTRICAL COMPONENTS OF THE WIRE HARNESS ARE PROTECTED FROM CORROSION BY INHERENT MATERIAL DESIGN AND PROTECTIVE EXTERMAL COVERING OF THE
CABLE. THE WASE INSULATIGN 15 COMPOSED OF TEFLOM (1). TEFLON HAS RESISTANCE TO FLUIDS AND ATMOSPHERIZ VAPORS, THE COMNECTOR GONTALCTS ARE PLATED WITH
GOLD OVER NICKEL UNDERPLATE (2. GCLD IS RESIETANT TO WATER CORROSION AND HURMIGHTY. EXCERT FOR POTTED CONNECTORS, THE CONNECTOR BACKSHELL 1S
FROTECTED BY SILICOM RUBBER (3) TO PROTECT THE COMNECTOR FROM THE MAX MU SPECIEIED CPERATICHAL ENVIRONMENTE. FIN INSERT INTERFACIAL SEALS 41 ARE
FPROVIDED TO REPLICE CORROSION. CONNEGTIRS ARE MAINTAINED [N THEIR SEALED BAGS UNTIL READY FOR ASSEMRIY. CONMECTORS ARE FROTECTED TO PREVENT
EAMAGE OR CONTAMINATION RESULTING FROM CONTAST WITH EACH OTHER OR ADJACENT OBJECTS {3).

{1} ADMSIST7 (2; MSFC-SPEC-260, i3) RL1GJ1 4; (4) RC1235; RCA T3, RG761; (5) RLOG1 13 i :

FAILURE CAUSE:  ALL CAUSES .t |

THE CONTROLLER SOFTWARE IS COMFIGURED T0 DETECT AND RESPOND PROPERLY TQ THE FAILURES IDENTIFIZD, IMPLEMENT THE NECESSARY REDUNDANT CONTROLLER
CHANKEL SWITCHING. AND COMMAND A SAFE ENGINE STATE WHEN REDUNDANCY IS LOST (1. IGNITERS ARE CONTROLLED ON REDUNDANT HARNESSES. THE BASIC HARNESS
GESIGN IS TESTED PER HARNESS DESIGN VERIFICATION TESTING (3), INCLUDING VIBRATION TESTING (3), SAFETY FACTOR CRITERIA TESTING (4), DURING IGHITER VIBRATION

TESTING {51 WHZRE THE FLIGHT DESIGNED HARNESS IS CONNEGTED TO THE IGNITER UNDER TEST, AND DURING ENGINE VS TESTING (8). EXTENDED LIFE HARNESS DESIGN
CHANGES WERE CERTIFIED BY HOT-FIRE TESTING, LABORATORY TESTING, ANALYSIS AND SIMILARITY (7).

{1} CP406HLOCE; {2) DVS-SSME-202. (3) RES-202-8, {4, RES-202-20; (5] DVS-55ME-206; {5) DVS-55ME-101: {7} VRS 344
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SSME FMEA/CIL
INSPECTION AND TEST

Component Group: Etectrical Hameezes Preparad; P. Ho
CIL ltaen: H113-01, H11501 Approved: T. Hguyen
Part Humher; ROO18413, ROD1B415 Approval Date: Sr3ron
Campornent: Extetided Life - Conventional - Spark Igniter Control 1812, 11415 Change #: 1
FMEA Itam: H113, K115 Directive f: CCED ME2-09.5237
Failure Mode: Qpen or short circuit fn hamess. Loss of connectar.
Page: 1of 2
Faflure Cauzes Significant C haracteristics Ingpection|s)  Test{=) Dacumenl Reference
A 113 EXTEMDED LIFE ROC18413
HARMESS ROOTA415
115 EXTENDED LIFE
HARMNESS
ASSEMBLY INTEGRITY THE FOLLOWING TESTS ARE PERFORMED BURING MAHUTACTURING AND ASEENMBLY
ACCEPTANCE: . ' AMNE0S7T
- ALL WIRES ARE SUBJECTED TO SPARK AND DIELECTRIC TESTING. RLODT 2
= ALL CONTACTS IN THE CONNECTORS ARE SUBJECTED TO A RETENTION TEST. RLGDMZR
- EACH WIRE RLUN 15 VERIFIED FOR ENC-TCO-END CONTINUITY. REGH 28
- INSLLATION RESISTANCE BETWEEN EACH CONDUCTOR AND EVERY OTHER CONDUGTOR IS RLOZ8
VERLIFIED TO BE WITHIN SPECIFICATION. RE173
- A& DIELECTRIC WITHSTAMRING VOLTAGE TEST BETWEEN EACH CONDUCTOR AND EVERY OTHER RE1761
COMDUCTOR, SHELL OR SHIELD VERIFIER THE LEAKAGE CURRENT TO BE WITHIN SPECIFICATION
= ALL SELF-LOCKING CONNECTOR MECHANISM ARE FUNGTIONALLY TESTED
INSTALLATION INTEGRITY INSTALLATION OF THE HARNESSES IS VERIFIED FER SPECIEICATIONS DEFINING THE;
- NSPECTION OF HARNESSES PRE- AND POST-INSTALLATION. RO S
- ROUTING REQUIREMENTS WHICH INCLLDE; RE00Ta07
INSTALLATION PATH, CLAMP LOCATIONS, AND SIZES, RE5D¥TO07
SEPARATION DISTANCE REQUIREMECHTS FROM OBJESTS WHICH GOULD GALIGE GAELE OR R 0003
CONMECTOR DAMAGE. RLOGCAT
MINIMUM BEND RADI , RLOGO3S
-INEPECTION OF COMHECTORS PRIOR TO MATING. THIS INCLUDES BACKSHELL, PINS,
CONNECTOR GASKET AND CONNECTOR PERIFHERAL O-RING,
- TORQUE REQLIREMENTS FOR THREADED SOMNECTORS.
B.CEG CONMECTOR RES1235
COMNECTOR RE1721
CONNECTOR RE17T81
ASIEMELY INTEGRITY HARMEZS/CONMECTOR ASSEMPLY PROCESSES ARE YERIFIED PER SPEGIFICATIONS WHICH
INCLUBE: : RA1613-005
- CRIMPING OF ELECTRICAL CONMECTOR CONTADTS. RB0H AL-00%
- USE OF FLEXIBLE INSULATION SLEEVING. RLOOON13
- IHETALLATION OF HEAT SHRINKABLE PROTECTEVE SLEEVE. R0t 16054
- BEELECTION AND USAGE DF PROTESTIVE CLOSURES. : !
COMPLETED ASSEMELY IS INSPECTED FOR COMTACT PAH BEETENTICN. . RLOO113
C CONNECTOR RES1235
COHNMECSTOR RE1731
COMNECTOR RE1 781
CLEAMLIMNESS OF CLEAMLINESS REQUIREMENTS ARE VERIFIED PER SPECIFICATION DURING MARUFACTURING OF RLAD113

COMPONENTS

THE HARNESS ASSEMELY.
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DM pag wup:
CIL o

Part Numbar:
Component:

FMEA Item:

Fallure Mode:

Elactrical Harmaszas
H1134H, H115-D1
RO018443, ROOI24YS

Extendad Life - Conventional - Spark [gniter Control 1W4 3 1WHE

H113, H115

Cpen or shart circult [n hamess. Lose of connoctar,

Praparad:
Apgrovad:
Approval Date:
Change ¥:
Directive #:

Faoe:

P.Ha

T. Hguys..

GF3n

1

GCED ME3-]1-5237
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Failure Causes

Slgnificant Charecteristics

Inzpeciionds) ! Teet{q)

Documen) Re'erence

B CLEAMNLINESS OF METAL TYFE DUST AND MOISTURE PROCF CAPS ARE VERIFIED INSTALLED ON THE CONMECTOR.  RLOD112
COMPOMENTS WHEN NOT M USE.
AURFACE FINISH THE PLATING ON THE CONNEGTOR PINS (S INSPECTED PER SFECIFICATION REQUIREMENTE. RE&i1235
RE1T31
RE{ 751
ASSEMBLY INTEGRITY PRICR TO CONNECTOR MATING, THE CONNECTOR IS INSPECTED FOR ANY CCRROSICON QR RLOOO1S
DAMAGE WHICH WOUILD ALLOW MQISTURE TO ENTER THE CONN ECTOR.
ALL CALISCS W13 EXTENDED LIFE RONIB41E
HARKNESS ROQ13415
115 EXTENDED LIEE
HARMNESS
ASSEMELY INTEGRITY ALL CONTROLLER DATA FROM THE PREVIOUS FLIGHT 15 REVIEWED. ANY ANCMALDUS MSEC PLN 1228
CONDHTION NOTED REQUIRES FURTHER TESTING OR HARDWARE REPLACEMENT FRIOR TQ THE
. MEXT FLIGHT.
RE-TEST REQUIREMENTS AFTER HARMESS REPLACEMENT DR CONNEGTOR DEMATE YERIEY OMRSD va1Z00.010
THAT THE PROPER CONTROLLER ELECTRICAL CHECKOUTS ARE PERFORMED TORE-VALIDATE
THE HARNESS ASSERBLY,
HARMESSES ARE INSPECTED FOR DAMAGE, PROPER ROUTING, AND PROPER TORCUE LOCK COMRE0 V41 0BUD 030
APPUCATION DURING POST FLIGHT EXTERMAL INSPECTION,
HARMESS OPERATION IS VERIFIED EVERY MISSION FLOW AND AFTER AMY REFAIR OR
"REPLACEMENT BY THE FOLLOWING CONTROLLER ELECTRICAL CHECKOUTS: {LAST TEST
- ISNITER CHECKOUT, - CMRED W41400,010
- FLIGHT EEADINESE TEST. CMRSD VATAS0.030
Fai'ure Hiztory; Comprehansive failere histary data iz mainlained in tka Problem Reporting database (PRAMSIFRACA)

Reference: NASA lettar SAZ1/38/308 and Rocketdyna latter BARCOATE],

Taerat onal Use. Mot Applicable.
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