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Component Group:
CIL [tem:

Fart Number:
Component:

FMES& [tem:

Failure Moda:

SSME FMEA/CIL

REDUNDANCY SCREEN

Electrical Harmeseas Preparad:
HA116-01, H{18-01, H120-01, H122.01 Approvad:
ROOTEAE, ROD18418, ROOTES20, ROG{422 Approval Date:
Extended Lite - Lightning Braided - Main Chamber Pressure 1WHE, 1WHE, 1w, 1vwa2 Change #:
K116, H118, H120, H122 - Diractive &
Open or ghert edroult n bamess. Loss of connachor,
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Fuilure { Eff=et Descriplion

Griticalfy
Hazar! Refamnge

432

Failore of multiple ha nesses causing eraneous autput signale from beth sensor pairs within limits results In [oss of argdne start inhibit
protection. Loss of vehicls during starl due to oxidizer ducd nuplufe may rasult if MCC faily to igndts and failure |s not detected,

Redundancy Screens: HARNESS SYSTEM - ENGINE SYSTEM: UNLIKE REDUNDANCY
A: Pass - Redundant hardwane itams are capable of cheskat during nomal greund tumaround.

B: Fafl - Loas of & redundant hardware ilems s nat detectabla during flight o
C: Pass - Loss of redundant hardwars Hame sould not resu® frorm @ single crediola evant.

TR
ME-C35

Harnass filure causing emoneaus outpul glanats from bath ssnsar pairs within [gaitien confmmed limiks results in loss of ipnitian canfim
protection. Loss of vehlels due to oxidizer duct rupture may result i MGG f2ils ke fenitte gnd iz not detected.

Redundancy Ssreers: HARWESS SYSTEM - ENGINE SYSTEM: LMLIKE REDLMNDAMNCY

A: Pass - Redundant hardware i‘ems are capahble of checkeayt during narmal groond trmaroord,
B: Fail - Lees of a redurdent hardvwars fiems |s npt detestabls uring fllgrt.
: Fass - Loss of sedundant hardware tems could agk resu from = singe credibles syent.

iR
WE-C35

48

Fadlrra of pne or mare hamesses cauaing emanacus output signals frarm are or bath sensor pairs within redline mits results in Ioge of
tedline protection. Loss ef vahicle dus ta HPGTPAIFS failure may rezult I Jew main cembustion thamber prassure occurs and is not
delected.

Rrdundancy Sereens: HARNESS SYSTEM - ENGINE FrSTEM: UNLIKE REDUNCANCY
A Pazz - Redundeani hardware items are Sapable of checkout during normat grownd tums reend.

B: Fail - Loss of a redundant hardware fems is not dobactable durlng Mght.
3. Pass - Losa of radupdant hardware jterns coukd nob resurlt faom a tingle credibls event.

rA

1R
ME-C15 1y,
ME-[H 5 M

Multiple harness fa'lire causing bath sensor pais to be outside of qualification lmits rasulls in Pc Ret, used In VDT, electrical iochup
rasponse. Mission 29er ray tesult when alectical lackep pocurs during Max @ throtting, ' ' "

'
L3

Redundancy Sereens: HARNESS SYSTEM: LIKE REDUNDANCY g

A: Pass - Redundant hardwara iterts ane cagable of checkout during namal graund lurnaround,
B: Pase - Loss of a eedundant hadwase itzms is delectabla during fllght.
© Pass - Loss of redundant hardware ifams caud not rasuk from a single credibte event.

iR
ME-GdM
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Compone wp:  Elsctrizal Hames=as . Fraparcd: F.Ho
CIL ftem: H116-01, H11B-01, H120-01, H122-01 Approved: T. Nguyw
Part Numbai: RO018418, ROD1E418, ROO16420, RO018422 Approval Date: B+3700
Component: Extended LFe - Lightning Brafded - Main Chamber Frassure 1WI1E, 1W18, W20, 1W22 Change #: i
FMEA ltem: H118, H118, H120, HT22 Dfrectiva #: CCBD ME3-01-5287
Fallura Mode: Open or short elreult in harmess, Loss of connactor. .
Page: 2of 2
Criticality
Phasa Failure { Eftact Description Hazard Reference
hd Failure uf one or mome harmassss ALS MY @roneoua sign al{s) from one ar both senser pairs within quatification fimits will resul in &f- 1R
4.3 neminal thruat and mistere @i operalion. Miseion abart may regult if off-nomina | propellant cenzumption leads 1o a SLE engine shutdown ME.C4M
ar premature propedlant depleton.
Redurdancy Screens: HARMESS SYSTEM - ENGINE SYSTEM: UMLIKE REDLINDANCY
A Pass - Redundant hardwars items ara capablw of checkout during nommal ground tum around,
B:Fall - Loss of a redundant hardware ilerms is not defectable durfng Aight.
i Pass - Loss of radundant hardware itame sawle nol rasult from a singhe cradiale evenl
M Multiple hamess failures causing Bolh sensst pairs to be sutzide ufqualiﬁcatlon Mmts will isquallfy both senser pairs daleting radlne 1R
4.4 meniterng af this paramater Lozs of vehicle dua to HPOTRIOPS failtire may resuft # low mein combuation chanber Prassyre oocurs and ME-C18 M,
Is not detected. . : ME-D135,M
Redundancy Screens: HARKESS SYSTEM - ENGINE SYSTEM: UNLIKE RECINDANCY
A Pags - Redundant hardware ltems are eapable of checkout duritg normal ground temarauand.
B, Pass - Lees of & redundant hardware teme i detectable during flight,
: Paga - Less of redundant hardwere lterns cguld not result from a single cradible ayant.
I Harness failures causing both sensor channal pairs or remaining qualified sansar pair below the rdline limlt wil resuli fn an errenegus 1R
£5 angine shutdown, Missian abgrt. - ME-Gah
Fedundzray Screens: HARNESS §YSTEM: LIKE REDUNDANCY
#: Pass - Redundan! hardwara tema gre capable of chackour curing normat Jiouwnd tumanernd.
B; Pass - Loss of & redundant hardware items Is delecizhle during Hight,
€ Pass - Loss of redundant hardware items coukd ngl result from g single credibfe evenl.
it Failura of sne ar more hamesses calrsing erchequs signal{s) fiom gre or both sensor pairs within redling lim'ts results in loss of rediine 1R
46 Arptection. Loss of vehicly due to HROTPIOPR fallure may result if low main cambustion chamber pressure gosurs and & rot detertad, ME-ZH5 i,
' ME15 a4

Redundsnczy Screens: HARNESE SYSTEM - ENZINE SYSTEM: UNLIKE REDUNDANCY

A Poss - Redundart hardwans iterms ame capabls of checkout during nommal graund burnara uru:l; I
8: Fail - Loss of a redundant hardware ilems is not detactabla during flight,
C: Pass - Loss of redundant hargwara items could not result from & single credible pwvant,
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SSME FMEA/CIL

; DESIGN
Component Group: Elactrical Hamogsas Progared: P.Ha
ClL nem: HT16-01, H118-09, HT20-04, H122-01 . ’ Approwved: T. Nguyan
Part Nurmber: RO018414, ROM 9418, RON 18420, ROC1B4Z2 Approval Date:  &r3/0n
Gomponent: Extended Life - Lightnlng Bratded - Main Chamber Pressura 1WHE, 1WIEB, TW2D, {1\W23 Changas &; 1

FMEA Itern: H118, H178, H13, 4122 Directlve ¥: CCED ME3-01.5287
Failura Mocs: Upsh or short dreult in harmess. Loss of connector, .

Page: 1of 2
Design / Dogument Reference ' .

FAILURE CAUSE: A: Conductor or Inaulatlon damage caused by vibraton, fexure, routing, of clamping.

MATERIAL SELECTION OF THE WIRES, INSULATORS, CONNEGTURS, AND ASSEMBLY TECHMIQUES ARE CONTROLLED BY SPECIFICATION (1) TO GUARD AGAINST THE FAILURE OF
THE HARNESS |N THE ENVIRONMENTS T 15 EXPOSED TO. THESE CONTROLS ARE ESTABLISHED BY GOVERMMENT SPECIFICATIONS FOR CONNECTORS (2) AND WIRE SELECTIDN
(3], AMD ARE KEYED TO THE FUNCTION AND USAGE OF THE HARDWARE, TO PRECLUDE SINGLE POINT ELECTRIGAL FAILURES, REDUNDANT FUMNCTIONS ARE IMPLEMENTED |H
SEPARATE MARMESSES, ROUTED THROUGH CIFFERENT PATHWAYS. TG PREVENT DETERIORATION OF THE CONDULTOR OF, INSULATOR, WIRES ARE OF SUCH CROSS SECTION
AG TO PROVIDE AMPLE AND SAFE CLIRRENT CARRYIMNG CAPACITY, THE MAXIMUM DESIGN CURRENT IN ANY WIRE IS LIMITED 80 THAT "WIRE TOTAL TEMPERATURE" WILL NEVER

ELMINATING EXCESSIVE BEND RADI THAT MAY CALSE WiRE DAMAGE. TEFLON FILM WRAP AND TEFLON TAPE COVER THE WIRE BUNDV.ES TO PROTECT THE IRSULATION FRON
ABRASIVE DAMASE A WIRE MESH SHEATH PROTECTS THE ENTIRE WRAP FROM SHARP IMPACTS, HANDLING DAMAGE, AND PROVIDES EM| PROTECTION {4}, A HEAT SHRINKAELE
FOLYOLEFIN SEMI-RIGID OVERMOLD 15 USED TO PRUVIDE HARNESS SUPPORT (4). BRAID WIPE TYRE, SIZE, AND COVERAGE ARE CONTROLLED BY SPECIFICATION (5), CARLE
RUUTING 13 CONTROLLED BY THE ASSEMELY DRAWINGE (B] THAT ESTABLISH THE RETAINING CLAMES AND RESTRAINIMG TIES. THE SECURING CLAMPS (T} INCGRPORATE
RUBAER GROMMETS THAT PREVENT PINCHING QR CUTTING OF THE INSTALLED MARNESS.

(1] RLIDO1A; (23 d0M 38294, 40MASSET; 73) 40K 50577 (4} RLOGA5E: (50 BA1E12-004; (6} RSDO7HT: 7y RE1 272018

FAILURE CAUSE: B: LooSe, wom, ar damagsd pln or pins.
C: Bamuged cantact or crmp.
E: Connector shelt Filure.
G Lecking featura falture textended |Ife only).

CONNECTOR SELECTION OF THE ASSEMELIES IS CONTROLLED BY SPECIFICATION REQUIREMENTS (1}. THE RECHIREMENTS INCORFORATE CONTROLS (2} THAT ARE KEYED T
SUARD AGAINST THE ENVIRCHNMENTS THEY ARE EXPORED TO, THE CONNECTORS MEET CEI REQUIREMENTS FOR HIGH CYCLE FATIGUE, LOW GYCLE FATIGUE, AND MIMIMLIR

REMOWABLE AND REFLACEABLE. BAYONET LOCKING RINGS ARE PROVIDED TO PREVENT PRIMARY COMNECTORS FROM DEMATING. EXTENDED LIFE HARNESS BECOMDARY
CONNECTORS (3) ARE A THREADED COUPLING WITH A RACHET TYPE LOCKING FEATURE. THE SELF-LOGKING FEATLIRE IS A MULTIPLE BALL RACHET DESIGH, THIS RACHET
COMFIGURATION PROVIDES A GREATER CQ UNTER-CLOCKYISE RACHETING FORCE CREATING A SELF-LOCKING DESIEN, THIS DESIGH ELIMINATES THE NEED FOR COMNESTOR
TOROLE LOCK (B]. THF SELF-LOCKING CONNECTORE ANE MANUFACTURED FROM STAINLESS STEEL {5 BTAINLESS STEEL PROVIDES AMPLE STRENGTH AND CORROSION
RESISTANCE.

(1] PL10014: {2) RESIZ3E, RE1730. RET61; (2) RLOOS3Z, RE5-B348, CP320RA00ZB, {4) 4DM36294, 40M3D569; (5} RE1731, RE1TE1: (8} ECP 707

FAILURE CAUSE; D Corrosion or moistore.

THE ELECTRIGAL COMPONENTS (F THE WIRE HARNESS ARE FROTECTED FROW CORROSION BY INHERENT MATERLL DESICH AMD PROTECTIVE EXTERMNAL COVERING OF THE
CABLE. THE WIRE INSULATION |5 COMPOSED OF TEFLON (1) TEFLONHAS RESISTANCE TO FLUIDS AND ATIMOSPHERIC VAPCRS. THE CONNEDTOR CONTACTS ARE PLATED wATH
GOLD OVER NICKEL UNDERPLATE {21, GOLD IS RESISTANT TO WATER CORROSION AND HUMIDITY. EXCERT FOR POTTED CONNECTORS, THE CONNEGTOR BACKSHELL 15
PROTECTED BY S'LICON RUBBER (3} TO PROTECT THE COM NECTOR FROM THE MAXIMUM SPECIFIED OPERATIONAL ENVIRONMENTS. PIM INSERT INTERFACIAL SEALS {4) ARE
FROVIDED T REDUCE CORROSION. GONNECTORS ARE MAINTAINED i THEIR SEALED BAGS UNTIL READY FOR ABSEMBLY. CONNESTORS ARE PROTECTED TO PREVENT
DAMEGE QR CONTAMINATION REZULTING FROM CONTADT WITH EACH DTHER CR ADJACENT CRJECTS {3]. e '

(3 ARMEOSTY, (2 MEFS-5PEC-250: (3) RL109414; (4) RC1Z35, RC1721, RGI761; (57 RLAJE3S
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Compene wap:  Elactrleal Harneszas: ) ) Prepared; P Ho

CIL Hem: HT16-01, H118-01, H120-01, H122-04 Appraved: T. Hguye..
Pzrt Numibear: RU018418, ROg1m41a, RI0T8420, ROCTS422 © Approvef Qate: . S/300
Comporant: Extended LIfe - Lightning Eraided - Maln Chamber Prassure W4, W18, 1w, 1vv22 Clsanpa 2; i
FMEA lberin: H118, HT18, H120, B122 Directive #; CCBD ME3.01.52a7
Failure Mode: Open or short gireult in harness. Loss of connector,

Page: 2of 2

Design / Dacument Aeferanse

FAILURE CALISE: ALL CAUSES

THE CONTROLLER SOFTWARE IS CONFIGURED TO DETECT AND RESPOND PROPERLY TO THE FAILURES IDENTIFIED, IMPLEMENT THE NECESSARY REDUNDANT CONTROLLER
CHANNEL SWITCHING AND COMMAND A SAFE ENGINE STATE WHEN REDUNDANGY 1S LOST (1). FUNGTIONS ARE CONTROLLED ON REDUMDANT HARNESSES. THE HARNESS BASIC
DESIGN 15 TESTED PER HARNESS DESIGN VERIFICATION TESTING (21, INCLUDING VIBRATION TESTING (3), BAFETY FACTOR CRITERIA TESTING [4), DURING SENSOR VIERATION
TESTING {5) WHERE THE FLIGHT DESIGNED HARNESS IS CONNECTED TO THE SENSOR UNDER TEST, AND DURING ENGINE DS TESTING (). EXTENDED LIFE HARNESS DESIGN
EHAMGES WERE CERTIFIED BY HOT-FIRE TESTING, LABORATORY TESTING, ANALYSIE, AND SIMILARITY (7). USE OF CHROMEL AND ALUMEL WIRES WAS VERIFIED DURING HOT-
FIRE CERTIFICATION TESTING (8},

(11 CPADGRODOE; (2] DVS-SSME-202; {3) R5S5-2026; (4) RS5.202-20; (5} [PS-SEME-203; (B} DVE-S5ME-104: {7} VRS2, (8) VR5514
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SSME FMEA/CIL,
INSPECTION AND TEST

Component Grourp; Elactrical Hamassos Preparad: P.Ha
CIL itam: H116-t1, H118-01, Hi26-01, H122-01 v Approyvad: T. Hguyen
Fart Mumbrer; RO018416, RO018418, ROOMBS20, ROQYAL22 Approval Date: &30
Component: Extended Life - Lightning Braided - Maln Chamber Pressure 1WE, 1B, TWan, 1wa2 Chanpe & 1
FMEA Item: H116, H118, H120, H122 Diroctive #: CCED ME3-51.5247
Failure Mode: Open or short elrzult in harness. Loss of connector,
Fage; 10of 2
Failure Cacges Significant C harzcterstids Inzpaction(s) f Tesks) Document Referencs
A 116 EXTEMDED LIFE ROD1B41E
HARMESS RM18415
1018 EXTENDED LIEE RO 8420
HARMESS ROC&4 22
1W20 EXTENDED LIFE
HARMNESS
122 EXTENDED LIFE
HARMESS
ASSEMBLY INTEGRITY THE FOLLOWING TESTS AND INSPECTIONS ARE FERFORMED BLIRING MAHUFACTURING AND
ASEEMBLY ACCEPTANGCE: RL0555
- LIGHTHING BRAIC IS INSPECTED FOIR ACCEPTADILITY. A0MS0STT
-ALL WIRES ARE SUBJECTED TO SPARK AND DIELECTRIC TESTING. RLOGEIS
-ALL CONTACTS IN THE COMNECTORS ARE SUBJECTED TO A RETENTION TEST. RLOOGAS
- A REJISTANCE TEST BETWEENM THE BRAID AND MATING CONNECTOR FLANGE 15 PERFORMED RLIO128
ON THE LICHTHING BRAIDVCHONNECTOR AND VERIFIED TO BE WITHIN SPECIFICATION. RLAG12A
= EACH WIRE RUN IS VERIFIED FOR END-TOEND CONTINUITY. RLOD 28
- INSULATION RESISTANCE BEETWEEN EACH CONDUCTOR AND EVERY OTHER CONDUCTOR 12 RCATE
VERIFIED TO BE WITHIN SPECIFICATION. RCATEA
- A DIELEGTRIC WITHSTANDNNG VL TAGE TEST BETWEEN EACH CONDUGTOR AND EVERY COTHER
CONDUCTOR, SHELL OR SHIELD VERIFIES THE LEAKAGE CURRENT T BE WITHIN SPECIFICATION.
-ALLEELHLDGMNGEUHHECﬁDRMECHAMSMAREFUNCﬂGNMLTESTE&
INSTALLATION IMNTEGRITY INSTALLATION OF THE HARNESSES IS VERIFIEL: PER SPECIFICATIING DEFIMNING THE:
~ INSPECTICN OF HARNMESEES PRE- AND POST-INSTALLATION. RLOQD3%
- ROUTIHG REQUIREMENTS WHICH INCLUDE: REXIT007
INETALLATION PATH, CLAMP LOCATIONS, AND SI?ES, RS0a7007
SEPARATION DISTANCE REQUIREMENTS FROM OBJECTS WHICH COULD CAUSE CABLE OR RLOCES
COMNNECTOR DAMAGE. RLO0D2S
MINIMUM BEND RADH . R3S
- INSPECTION OF SONNECTORS FRICR TO MATING. THIS JMCLUDES BACKSHELL, PINS,
CONMNECTOR GASKETS AND CONNECTCR PERIPHERIAL O-RING.
- TARQUE REQUIREMENTS FOR THREADED CONNECGTORS.,
B.CE 3 COMNKECTOR RES1235
CONMECTOR . RE1731
CONMECTOR St ) 1 RE1731
HARMNEES/DONMNECTOR HARNEZS/CONMNECTOR ASSEMBLY FROCESSES ARE VERIF|IED PER SPECIFICATIONS WHICH
ASSEMALY INTEGRITY INCLUIDE: 4
- GRIMPING OF ELECTRICAL CONNECTOR CONTACTS, RATE13-005
- USE OF FLEXIBLE INSULATION SLEEVING. RAG{30-1048
- IMSTALLATION OF OVERMOLD AND PROTECTIVE SLEEVE. RAQBLS-D1 8
- 3ELECTION AND USAGE OF PROTECTIVE CLOSURES RAD116-54
COMPLETED ASSEMBLY 1S INSPECTED MR CONTACT FIN RETENTION &KD PROTECTIVE BRAID RLODEAR

DAMAGE.



OFZ - H

Reference: MASA lotler SAZ1,88/308 and Rocka ldyne |etter 3ARCDATET.
Craaticngl Use:

Coempane wp:  Elactrical Hamesses Prepared: P.Ha
CIL, tam: H118-01, H118-04, H120-01, H1 221 Approvad: T. Nguya,
Fart Number: ROD18415, RO01B4 B, ROD1BAIN, ROOTE422 Approval Dater  EA4MQD
Component: Extanded Life - Lighining Bralded - Main Chamber Prassurms TWTE, 1WHE, 1W2D, {\Wwa2 Ghange K: 1
FMEA Iterm+ H11E, H11B, H12D, H122 . Ciractheg 7: CCBD ME3-01-5287
Falfure Made: Cper or short circult In armegs, Lose of sonnectar,
i : Fage: 2of 2
Falture Caursas Skgnificant Charasteristics Inspeacthon(s) ! Tasks} Pocument Reference
O CONNMECTOR RES1235
CONMECTOR RE1T31
CONNECTOR _ RE1T81
CLEANLIMESS OF CLEANLINESS REQLIREMENTS ARE VERIFIED PER SPECIFICATION DURING MANUFACTURING OF RL00955
COMPOMENTS THE HARNESS ASSEMBLY. -~
METAL TYPE DUST AND MQISTURE PROCFE CAPS ARE VERIFIED INSTALLED ON THE CONNECTOR RLDORGSR
WHEN NOT IN USE,
SURFACE FIMIEM THE PLATING ON THE CONNECTOR CONTACTS ARE INEPECTED PER SPECIFICATION RCA235
RECQLIREMENTS, RT3t
RC1781
ASSEMBLY INTEGRITY PRIOR TO CONNECTOR MATING, THE CONNECTOR [5 INSPECTED FOR ANY CORROSION OR RLOGC3g
DAMAGE WHICH WOULD ALLOW MOISTURE TO ENTER THE CONMECTOR.
ALL CALISES W18 EXTEMDED LIFE RO018414
MARMESS ROO18412
WHE EXTEMNDEDLIFE ROX 8420
HARMNESS RIi12422
W EXTEMDED LIES
HARMESS
1WWIZ EXTEMDED LIFE
HARNESS _
ASSEMBLY INTEGRITY AL CONTROLLER DATA FROM THE PREVIOUS FLIGHT IS REVIEWED. ANY ANCMALDUS MSFC PLM 1228
CONDITION NOTED REQUIRES FURTHER TESTING OR HARDWARE REPLACEMENT PRIOR TO THE
NEXT FLIGHT.
RE-TEST REQGUIREMEMTS AFTER HARNESS REPLACEMENT OF: CONNECTOR DEMATE VERIFY OMIB0 W1 ZA0.00
THAT THE PROPER COMNTROLLER ELECTRICAL CHECKOUTS ARE PERFORMED TO RE-VALIDATE
THE HARMESS ASSEMBLY.
HARMESEES ARE INSPECTED FOR DAMASE, PROPER ROLTING, AND PROPER TORQUE LOCK CMRED V1B 030
APPLICATION DURING POST FLIGHT EXTERNAL INSPECTION.
HARNESS OFERATION IS VERIFIED EVERY MISSION FLOW AND AFTER AMY REPAIR OR
REPLACEMENT 8Y THE FLLLOWING CONTROLLER ELECTRICAL CHECKCUTS: (LAST TESTY
- SENSCOR CHECKOUT CMRSD V490G 010
- FLIGHT READINESS TEST. OMRID V41 AS0.030
- PNEUMATIC CHECKOUT, | ; OMRSD v4 {AS0.020
. 1
Failure Histary: Comprehensive failira histary dala s maintained in the Faobler Feparting datahasa (PRANSIPRACAY sAT

FAILUIRE MOCE CAN 8E DETECTED IN REALTIME BY THE FLIGHT CONTROL TEAM WHO WILL EVAL UATE EFFECTS UPOM VEHICLE PERFORMANGCE AND ABORT

CAPABILITY. BASED ONTHIS EVALLATION THE APPROPRIATE ABORT MODE OR SYSTEM CONFIGURATION WILL BE SELECTED. FAILURE DETECTICN CUES AND
ASSOCIATED S5ME PERFORMANGE DATA HAVE BEEN COORDIMATED RETWEEN THE ENGINEERIMNG AND FLIGHT OPERATIONS CRGAMIZATIONS WITH THE

BEEPOMSES DOCUMENTED IM MISSION FLISHT RULES,



