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SSME EA/CIL
REDUNDANCY SCREEN

Gomponeit Group: Igniters and Sansars Propared: M. Glar

CIL Fremn: JEO-01, JAO2-0M Approved: T. Mguyan
Component: Fusl Flow Transducars |KF1LF, BFicF) Approval Oete: 33099

Part Mumber; REETO0S, REST0OS Changs &: 1

Falture Mode; - Mo orintermfttend olacklea! oul puk signal, Cirecve g CCHL MEA-I1-4994

Paga: 1ef 1

Crltleality
Phasa Fallura { Effecl Deacriptien Hazerd Rakrance

b Imermiitent output sigrals from ane or mone ernsore suflicient 1o cause sF-nominal mixlvre railo speration may resull In a tubine 1R
4.4 dischargs tarmperalure limtt excerdad, SLE indication and controller initiated angine shutdown, Missian Scrub. Loas of ve hiels dus I KE-CES A
turking or haat sschanger failure may rsult Fturkine overemparature candition ooours and |s ngt detected,

Redundancy Scrasne: SENSCR SYSTEM - ENCGINE SYSTEM: UMLIKE REDUNDANTY
A: Pags - Redundant hartware lama are capebles of checkaut during nomat ground turmpround.

B Fail - Lass of 3 radenudant bardwars itema 15 not deleclable durlng fllght.
C. Pazse - Loas of redundant hardwass tems could nol resull from & single credible svan],

M Ermcnacus pulpul slgnalis] [rom ane or bioth sensons) such Ihel the averaged valve is within e qualilicetlon IImAs resulis in af-rominal iR
4.1 mislure relo. hilssion abor may oocur it off-naminal propeliant consumption kads ta an SLE angine zhubdown or pramshura prapellant IE -GGam
dapiathan,

Redundancy Scregna: SENSOR SYSTEM: LIKE REDUNDANGY
A: Mags - Redundant bardware ilema are capable of checkout dudng nomral geg vnd temaraond .

B:Fail - Loss ol a redundant herdarara ibems is not deteciable dudng Hkght.
€: fass - Logs of redundant hardware ibems cou'd net rasult fram & single cradibie evert.

ha Cutput signal from afl aanzora outsld e qualilication limRs results In sensor disqualfication, 3 MGF indicatian, and electrical ook up R
4.1 rasponse  Mission aberd may result # leckap accurs durkg Mex Q thretileg. KE-GAlk

Radundaney Saaans SENS0R SYSTEM  LIKE REDUNDANG Y

4! Paga - Redundart hardware items ane capatile of checkaul during namal ground lurnanound.
E: Pass - Loss ol a mdwndart hardears lemsis delectabla during Mg s
C! Pass - Loss of redundant hardwars dlems coubd not resull from B sing'e creditie even

4 Intarmillent sulpul sige als framm ane or mers s2rzors sufllclen| do ceuse of-nominal mixtune ratio operation may resull in SLE Indicatizn 1R
4.4 end centroller midated shutdawn. Migsian abort, ME-SaM

Redundancy Scmans: SENSOR SYSTEM: LIKE REDLIMDGMCY B

A Pacs - Redundant hemcwara rlavs are aapable of checkout during mormat ground Wb arcund,
8 Fail- Loss of a redundant hardwara thems Is not detectabie during inght
Ot Page - Losk of redundant hardwrare bems could not resul! fram a single credible evant.
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SSME FMEA/ICIL

DESIGN
Component Growg:  lgnilters and Sansars Prapared: M. Olbrar
S harn: JEO1-01, JHAZ-01 Approved: T. Nguyan
Componant: Fuel Flow Transducars {KF1bF, KF{cF| Approval Dats; Iagma
Parl Numkber: RESTODE, RESTH0S : Chenpge #: 1
Fallura Maoda: Mo or Interm|Hent electrical output algnal. ’ Diractiva ¥ CCHO MEI-{1-4094
Pags: Tof 1

Meslgn ! Docurienl Ralarsnzs

FAILURE CAUSE: A Call winding apan, brakan leadwire of leadw re connegctions. Coll winding short, leadwira shert,

ELECTRONIC, ELECTRICAL, AND Et ECTROMECHANICAL PARTS FOR THE CIRCLITS IMVOLYED IN THIS FUNCTION HAVE BEEN SELECTED FROM THE CLASS § OR, EQUIVALENT

T hay D PARIS SELECTION (1), THE TRANSOLECER CONSISTS OF DUAL SENSING COILS WOUND ON MAGNETIC MATERIAL, A PARALLEL WIRE WINDING TECHNIQUE 18 UTILIZED
10 ENSURE MAXIMIM COL- TO.COIL COUPLING AHD EQUIALENT DUTPUTS. PROGESSES USED FOR BRAZING AND LEATWIRE CONNECTIONS ARE CONTROLLED 8+
SPRUFICATION 121, LEADWIRE CONNECTIONS ARE BRAZED IN A STRAIN FREE CONFIGURATION AND COVERED WITH AN INSULATING HEAT SMRINK TUEING. UPPER WIRING
POTTING PREVENTS WIRE MOVEMENT ANMD SUBSEQUENT WIRE FAILURE (3.

r1) 850402928 (2) RCTU0S: 1] RL1MOE
FAILURE CAUSE.  B: Shertlng pin-te-pk or gin-to-shell.

CONNEGTOR SELECTION Of THE ASSEMBLIES 1S CONTROLLEQ BY ROCKETOYHE SPECIFICATION REGLUIREMENTS {1}, THE GONNECTCR DESIGN INCORPORATES FEATURES SUSH
AS RUBBER SEALS, CORROSION REIISTANT PINS, LOCKING CONNEGTORS, AND CONTROLLED ELECTRIGAL CONMEC TIONS TO PREVENT MAL FUNCTION THE CONNECTORS ARE IN
ACCORDANEF WITH STANDARDS FOR USE ONROCKET PRUPELLED VEHIGLES (2). THE PINS ARE NIGKEL UNDERPLATED AND GOLD QYERPLATED TO PREVENT CORROSION AND
MINIMIZE CONTACT RESISTANCE. THE PLATIMG IS CONTROLEED FER SPECIFICATION (21, THE CONMECTORS HAVE GOMPLETED HARNESS DVS TESTING AND SENSOR DVS
TESTING (3).

(1) RCTOAS, (27 RC12A2; (3 DVE-SSME-202, OWS-E3ME. 205
FAILURE CAUSE: <&: Change of Inlemal raslstance cpuaed by mokature, carrosian, or conlamiratlon.

SENSORE ART HERMETICALLY SEALED TO PROTECT FROM CONTAMINATION. A BAGK FILL OF THE SENSOR CAVITY 13 DONE TO INCDRPORATE AN INERT PURGE, PREVEMNTING
CORROSKIN DR CONDENSATION I THE SENSCR (1), LEAK RATE REQUIREMENTS ARE CONTROLLED FER SPECHICATION TO PREVENT INDIUCTANGE OF FOREIGH SURETANCES
AND PREVENT LOSS OF THE INERT GAS BACKFILL. INTERMAL POTTING PROTECSTS FROM CORRDSION {1).

(1) RG0S
FAILURE CAUSE: ALL CAUSES

SENSOR 3V STEM DESIGN PROVIDES REDUNDANCY O THE ELECTRICAL COMPONENTS TO PRECLUDE ALL SINGLE FOINT FAILURES OF THE CONTROL FUNCTIONS. THE SENSDRS
ARE A VENDOR ITEM, DRANING SPECIFICATIDN AND MANUFAGTURING PROCESSES ARE CONTROLLED BY ROCKETDVHE (1), ALL BENSOR DESIGNS ARE SUBJEGTED TD A
CRITICAL DESIGN REVIEVS. ANY DESIGN CHANGES ARE RE-REVIEWED (1). THE RES7005-51 SENSORS HAVE COMPLETED DESIGN YERIFICATION TESTING 12}, INCLUBING
VIBRATION TESTING (3). THE-61 CONFIGURATION IS IDENTICAL TO THE -51 DESIGN WITH THE ADDITION OF A WORKMANSHIP SCREENING REQUIREMENT. THE RES7005-681 DESION
HAS BEEN QUALIFIED BY SIMILARITY (4. THE MINIMUM FACTORS OF SAFETY MEET CEJ REQUIREMENTS (5). THE SENSORS WERE ANS YZED FOR HIGH CYCLE FATIGUE AHD |0
GYCLE FATIGUE LIFE AND MEET GEI REQUIREMENTS (€}  THE CONTROLLER MONITOR SYSTEM IS COMPRISED OF REDUNDANT SENSOR ELEGTROMICS, REOUMDANT HARMESSES,
AND REDUNDANT CONTROLLER CHANNELS (7).

1] RCTO0O5, {2) OWS-ESME-209, RGS-BE80, (3} RES-203-11; (4) RS 5-E660. (5] RSS-6546, CRIZORONNIE; (B) ALONS32, CP32CRONOE; (7} CPACBRO0E 1,2.3:5
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Camponenl Ghoup:
VCIL lkam:

Component:

Fart Mumber:

Fallure Mode:

Igniters and 3ensars
JEOT 0, Je02-04

SSME FML~/CIL

INSPECTION AND TEST

Fuel Flow Transducers {KF1hF, KF1CF)

RESTODS, RESTO0S

Mo or Intermittant slecirleal rutput tlgnal

Prepsred:
&ppraved:

Aporovel Date:

Chanpe 4
Directive #;

Pape:

M. Qilver

T. Nguyen

JRHES

1

GLBD MEI-[1-9834

Yaf 2

Failre Cansas

Sigrifican Characienslics

ALL CALISES

FLOW TRANSDLMCER
INTFGRITY OF IRTERN AL

COMPONEMNTS

FLOW TRANSBUCER
CONMECTOR RECEFTACLE

CONMECTOR INTEGRITY

FLOAY TRANIDUCER
HERMETIC SEAL INTEGRITY

V/ELD INTEGRITY

ASBERBLY INTEGRITY

HOT FIRE ACCEFTANCE
TESTING (GREEN RUN)

OhTA REVIEW

PRE-FLIGHT CHECKOUT

FLOW TRANSDUCER
AZSEMBLY INTEGRITY

Inspechan(sh r Test(a)

Dacument Referencs

PROCESEES USED 1M THE TRANSDUCER MANUFAC TURE AND ASSEMBLY ARE VERIFIED PER

SPECIFIZATION AMO INCLUDE:

- ELECTRICAL CONKNECTIONS MAGE BY BRAZING.

- ENCAPSULATION OF COMPOMENTS.

PLATING DN THE COMNECTOR PINS 1S IMSPECTED PER SPECIFICATION REQUIRENENTS.

THE FOLLOWIRG TESTS ARE FERFORMED DURING MANUFACTURMS AND SEMSOR ACCERTANDE:

- INSHLATION AESISTAMCE BETWEEN PINE AND THE CASE (S WERIFIEQ TO BE WITHIN

SFECIFICATION.

- MELECTRIC WOl TAGE TESTS MEASURE THE CURRENT LEAKAGE BETWEEH PINS AND CASE AND

VERIFY THEM TO BE Wi IHIN SPECIFICATION.

CLEANLIMESS REQLUIREMENTS ARE VERIFIED PER SPECIFICATION DURING MANUEAC TURING OF
THE TRANIDIMGERS,

ALLWELDS ARF INSPECTED TG DRAWING AND SPECIFICATION REQUIREMENTS PER WOLD CLASS,
INFPECTIONS INCLUDE: VISUAL, DIMENSIONS:, FEMETRANT, RADIGGRAPHIC. ULTRASONT, AMD

FILLER MATERIAL. AS APPLMVCABLE

AFTER THE CASE 15 WELDED, HEL UM LEAK TESTS ARE PERFORMED T VERIEY HERMETIC SEAL

- TRAMSDOUCER COIL INPEDANCE IS VERIFIED T BE WITHIN SFECIFICATION,

RESTIL

RETFOG
RL 10008

RESMIDE
RES1212

RC1732

RCY NS
RO 05
RC 705

RES™MIDS
R0

ALL VEMDOR INSPECT|ONS AND TCET CHITERIA 15 UNDER ROCKETDYNE APPROVAL AND

CONTRADL,

TRANSDUICERS ARE SUBJECTED TO A WORAKIMANSHIF SCREENING AGCEFTANCE TEST INCLUDING
YISRATION AND THERMAL CYOLING

SENZOR OPERATICN IS VERIFIED THROUGH HOT FIRE ACCEFTAMCE TESTING.

ALL CONTROLLER DATA FROM THE PREVIQLES FLMIHT CIL HOT FIRE 15 REVIEWED. AKY

ANOMALDUS CONDITION NOTED REQUIRES FURTHER TESTING OR HARTWARE REPLACEMENT

PRIQR TO THE HEXT FLIGHT,

SEMNI0R OPERAT ION 15 VERIFIED EVERY MISSION FLOW BY SUCCESSE LIL COMPLETION OF THE
CONTRCOLLER SEMSOR CLECTRICAL CHECKOUT. (LAST TEST)

RESTOODS
RCF005

RLOO&G1

MSFC PLN 1228

OMRSD V41A00.010
OMRSD SO0FA0 212
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Comrponent Graugp Ignftera and Sensors Fropared: M. Cliver

CiL Item: J601-01, JEB2.01 : Approved: T. Nguyan
Cam peormant: Fuel Flow Transdicars |KFI1RF, KF1=F) Approval Dete: a8
Fart Humber: REST00S, RESTMOS Chanpe d: I
Fallurs Mode; N2 or imermitient electrizal oriput slgnal, Dlractve #: CCBET MEI01-2994
Page: 2of 2
Fellire Causes 3 grifizanl Characlatislcs Inspecdion{s) / Testle) Document Refarance
Fallurs Hislony: Comprehenshee failure history data is mamigined In the Broblam Repording databasze PRAMSIPRAC A}

Operslional Lisa:

Relzrence: HASA letler 2621788308 and Rockaldyne |etlar BERCASTET .

FAILURE MODE CAH BE DETECTED IN REALTIME BY THE FLIGHT CONTRO!, TEAM WHOD vulLL EVALUATE EFFECTS UPOH YE HICLE PERFORIIAKMCE AND ABORT
GAPABILITY. BASED ON THIS EVALUSTION THE APPROPRIATE ABORT MODE QR SYSTEM CONFIBURATION AILL BE SELECTED, FAILURE DETECTION CLIES AND
ASSOCIATED SSME PERFORMANCE DATA HAVE BEEN COORDINATED SETWEEM THE ENGINEERING AND FLIGHT OFERATIONS ORGAMIZATIONS WITH THE

RESPONSES DOCLUMENTED iN MISSION FLIGHT RULES,



