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April 1%, CRUITECAL ITEmS 15T FAGE 1
1} EIL ITEN + FA00-AR-01 7+ PAFPARFD : SEME RELIMMILITY
¢} FHER COOE t F200-AB B} AFFROVED :
3t [COMPOMENT : FUEL FEOWRATE SENSOR TWTERFACE o1 %1 DAIE P O4-19-98
LY PART HLMBER : AE14AT] 103 REVISION/CHAHGE HERY 13 i)
) SYSTEM/SUBSYSTEM : COMIROLLER/FZ00-NN 113 EFFECTIVITY : -05
b FATLUAE NODE : FAILURE OF THE FUEL FLOWRATE SENSOR [MTERFACE 12 HAZAFD MEFEREMCE: : SEE LTSTIMGS AELDH
13y cCio ¥ : mfgﬁcl-amr;
| PHASE i FAILURE DESCRIPTIOMSEFFECT i CRITICALITY |
) FAILURE OF OHE OR MORE SENSOR INTERFACES CAUSIHG ERRCMEQUS SLGNALS FROM OME (R MDRE SENSORS SUFFICIEWT TO CAUSE | R |
L GFF - NOMINAL MIXFURE RATIO DPERATION MAY RESULT IN A TURGTHE DISCHARGE TEMPERATURE SLE INDICATION AND CONTROLLER |HAZARD BEF: ME-GBE A
IHITEATED SHLTDOWM. MWISSIOM S5CRME. LOSSE OF VEHICLE DUE TO TURBINE R KEAT EXCHARGEN FATLLEE MAY RESULT ]F TURBIME |
DVER TEMPERATURE COMDITLON ODCCURS AMD [5 WOT DETECTED, | i

REDUNDANCY SCREENS: £DNTROLLER SYSTEN - EWGINE SYSTEM: UHLEEE PEDLMDAKCY

A1 PASS.  REDUNDAMT HMADEMAE | TEMS ARE CAPMILE OF CHECKOUT DURING WORMAL GROUNE TURMAROLNG ,
B: FAIL. LO33 OF A REDUWDANT HAADWARE 1TEM 1S WOT DETECTAGLE DURTKG FLIGHT.
C: PASS.  LOSS DF REOUMDANT HARDWARE STEME COAD NOT RESUNT FADW & SIWLLE CREDIBLE EVEMT.

o ——

5M FAILURE OF CME CR MORE SENSCM INTERFACES SICH THAT 1HE ANERAGED WALLE 15 WITHIN QUALIFICATION LINITS RESULTS W 1]

OFF-ROMINAL MINTURE RATIO, CFF WCMIMAL PROPELLANT COMSUMPTION. NWISSICH ABORT MAY RETUL! IF ©FF -HOMIMAL PROPELLANT WATARD REF: ME-GLN
COMSIMPTION LEADS TO A SLE {UDICATION AMD CONTROLLER INITIATED SHUTDIWN OR PREMATURE PROCELLAMT DEPLETIOM. (SEE !
|OPERATIONAL USE)
I : I

|HEI}LHI)IH'E"|' SCHEEWS: CONTROLLER SYETEM - EMCIME SYSTEM: UNLIKE REDUNDANCY

ll.-. PASS. REDUMDANT HARIMWARE ITEWMS ARE CAPAELE OF CHECKDUT QURING KoAMAL SROUND TURWAROUIND. |
IB*. FAIL. LOSE OF A PEOUMDAKRT HARDMANE ITEM 1S NOT PEFECTABLE DUIRTWG FLIGHT. '
|o: mASS. LOSE OF REGLNDAAT HNADMARE |TEMS COLD MOT RESULT FEOM A SINGLE CREDIBLE EVEMT.

| M an.ILIJRE OF ALL SENSDR INTENFACES CAUSENG ERNDMECUS SIGRALS FROM ALL SENSDRS OUTSIDE QUALIFICATION LIAMITS RESULTS LN L
| 4-1 tEEHQD“R SISTUALTFICATION, A MCF IEDICATION, AND ELECTRICAL LOCKUP RESPOMSE. MISSION ABORT MAT RESULT 1f LOCKUR OCCURS HAZARD REF: HE-GiH
| JoMRING MAR O THROTTLING. (SEE DPERATIOMAL USE.) :
|
|REDULEANCY STREEMS: COMTRDLLER SWSTEM - EWGINE SYSTEM: UNLIKE REDUMOANCY l

|
|h: PASS. REDUNDANT HAFDWARE 11EMS ARE CAPARLE OF CHECKOUT DURING MORMAL GROUMD TUNMAROUNE.
B: FPASS. LOSS OF A REDUNDANHT HARDWARE ITEM 15 DETECTABLE DURIME FLIEGHT.

| |e: PASE.  LOSS OF NEDUMDAMT HARDUARE 1TEMS CODULD WOT RESULT FROM A SINGLE CREDIBLE EVENT.
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CAITICAL 1TEME LI%T FAGE 2

| ) FATLURE DESCHNIPTIOMSEFFECT
1H|.ILL|RE OF OME Of MORE SEWSOR IWTERFACES CAUSING ERROVEOUS SIGNALS FROM CHE OF WORE SENSDRS SUFFICIENT TOQ CAUSE
|IJFF-IIEI|IHAI. NINTURE RAT 1 OPERATLOH WAY RESULT IN & SLE IKDICATION AMD OOMYROLLER |N[TIATED SHUTDOWN,  MISS10M ADORT.

[HEDUNDAMCY SCREENS: CONTNOLLER SYSTEM - EMGINE STIEM: LMLIKE REDUKDIANCY

[n: PASE. REDUNDANT HARDWARE 1TEMS ARE CAPANLE OF CHECKDUT DLRING NORMAL GADUND 1LRHAROUND.
[B: FAIL. LOSS OF A REDUMDANT HAROMARE |TEM [S NOT DETECTABLE DURIKG FCLGHT.
i PASS.  LOSS OF RECDUNDANT HARDWARE [TEMS COULD NOT RESULY EROM A SINGLE CREDIGLE EVENT.

e ————————— S

CRITICALITY

HAZRRD REF:
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CRITTCAL YTFMS LIST

N R EEL A LA ALE e - smm-ce—rrEE N EaE R

I-'-l.l. CAUSES: IWPUT ELECTAOWICS: FAILUKE OF THE

f
|

|TIE FUEL FLOW BATES ARE REDUNOANT ELEMEMT SEWSOR PRIRS {13. A FAILURE MUST OCOM M EACH DOMIECLLER CHAMMEL (MUALTIFLE
|FAI!LIJH:EJ TO CAUSE LOSS OF FUNCTIOM (2}. THE CONTROLLEN (WITH SOFIMARE} 15 COMFIGURED TO DETECT AMD PESGOND PROPERLY TO
|IJ.II DF QUALIFICATION LIMIT FALLURES, IMPLEMENT THE APPAOPRINIE REDUMDAMCY MANAGEMENT RESPDMSE, AND COMMAND A SAFE
|EMEINE STATE WNEN COMTROLLER REGUMDANCY 15 LOST {23, NOWEYER, THE CONTROLLER (WETH SOFTWARES 15 HWOT CARABLE o
IDETECTING DR MESFOMDING TO A FAILURE WHICH RESULTS [N FHE LIMITS BEING NONITORED FATLING WITHIN EMGINE AEQDLENE LINITE
|GR WETHEN MORMAL EMGINE CPERATING COMBITICHS {21,

B - e RS I EEAEE ERL b v E R IR b - ——

FLOW PLALSE RAFE CONVERTER IMTERFACE {1)

ELECTRICAL, MECHAMICAL, AMD ELECTROMECNAMICAL PARTS FOR THE CIRCUITS [WVOLWED [N THIS FUMCTIDN WAWE BEEN SELECTED FROM
THE CLASS & OR EQUIVALENT APFROVED PARTS SELECTION LIST (1), GUMLITY ASSURANCE AME SCAEEMING REQUINEMENTS FOR HIGH
RELEABILITY MICNOCIROUITS (22, AWD THE SPECIFICATION CONTNOL DRANING FDR WICEOCIRCUITS, MOWDLITHIC EILICON, AND
TRARS|STOR- TRANS1STOR LOGIC CTTLY FAMILY OF DEVICES [3). PRIOR TO [NSTALLAFION DM THE CARD ASSENBLIES, COMPONEMTS ARE .
SUMIECTED TO 4 BURN- IN PERICD MHENE PARTS ARE EXEACISED AT TEMPERATUMES 1IN ENCESS OF NORMAL CONTROULER OPEART JNG
EMJIROMMENT, BUT LESS PHAM COMPONENT MAXIMUM SPECIFIED ORERATENG ENVINOWMERT, TO SCREEM FON INFAMT MORTALITY [41. IM
ADDETION TO THESE REQUIEEMENTS, ALL CONPOMEMIS ARE DERATED FRUN THE MANIMM RATIME AT OPERATIMG EXTREMES [5].
|CLEANLINESS ANO ALL PROCESSES SED DURING MANUFACTURE ARE CONTROLLED BY SPECIFICATIDN REDLINEMENTS (51,

THE [ONTROLLER DESICH MEETS ALL CEI FAIL-OPERRTE/FAILSAFE REOUIREMENTS FOR THES FATLURE MODE {11, RECUMDAMT COMTAOLLER
|CHANNEL FUACT[OMS ARE PRYSICALLY SEFARATED WIFHIN THE CONTROLLER WOUSING (2). CIRCUITS ARE OESIOMED [0 PREWENT
[BRIOGING (2], ALL ECE FARTS ANE RECUIRED TD MAVE CONFOAMAL COATENG, AMD INTERNAL WINING !5 [NSULATED TO FREVENT SWORT
[CIRCUITS FROM CONDLCTIVE CONTAMIMATION (3). ALL ELECTAICAL COKPONENTS ARE COMTAINED WIFHIM THE CASE STNUCTURE MHLCM 1%
PRESSUR IZECR WITH L POSITIME PAESSURE INERT CAS JACKELLL ¥O PREVEW) CONTAMINATION (23. WHERE APPLICABLE, ELECTROMAGMETLC
INTERFERERCE SHIELDING !5 FROVIDED AWO CIRCUIT INTERCOMMECTS USE MW1S1ED PAIR WIRING ¢2). ALL CIRDUIT CARDS ARE WEVED
10 THEIR RESPECTIVE COMMECTION LOCAVIONS TO FRECLUDE IWFRDFEN INSTALLATION (23. RAMP CLARPS ANE UTILIZED TO PRECLUDE
VIBRATION [NDUCED CARD FAILURES (2). DESLEN OF CIRCUIT CARDS &HO DETERWINATION DF COFPEN PATH TRALE SPACING, WEIGHT,
AND WIDTH 1S CONTROLLED BY SPECIFICATION (2). EACH UMIT {FRODLCTION AND BECYCLE) IS REQUINED TO PASS A FUNCTIONAL
RCCEPTARCE TEST UMDER EMVIRONMENTAL COMDITIONS BEYOND THOSE SEEW OUN MG NORMAL FIELD OPERATION WITHOUT DEERAOATION OF
HARUMARE LIFE EXPECTRMCY [2). A WORST CASE LIRCUIT AMALYS1S WAS FEAFDRNEO TO YENIFY ADMIMAL OPERATION AT SPECIF|CATION
[LIMITS 43, AN AMALYSIS WAS PERFORMED BY NOMEYWELL TO AS5URE MO SENGLE POLNT COMPOMENT FAILURES ARE INHERENT TO THE
|COMTROLLER DESIGH (5).

!

| DOCUMENT REF |

[$1> HDMEtWELL Biock 1%
| FMEA YOL 19 tE-FiD |

4}
21

DSHCARTTA]
CRAOGROMDE
3.1.3:%
3.2,1:6.2
3.2.3:2.3 |
3.2.3:% |
3.2.3:4
52,1
5.2.4

1) 5M03925,
B5ND3TRY

(2} B5HO2704

[t} aswod7es

| 141 BSMO3ATS

(5] DEHGAOTTAY

(1) CPIZ0R0GO3E

(2% DSHGRSTTAI

(3} ASHE9ZE |

[&) ES264TE-D1

{5) NOMEYRELL BLOTK 11
EMEA oL |




spril 19, 1996

CRITICAL ITEME LIEY PAGE &

[CIL ITEM: F200-AB-D1 |

DESIGH CUALJF [CAYION TESTING OF THE COMTROLLER ASSEMALY NAS HEEM FERFURMED [MCLUODING: FAMMLT IWSERTLONM TESTING {11,
ASSEHALY THERMAL CYCLIMG [2], CASE AND ASSEMBLY YIBRATION TESTIMG (3}, ELECTROMAGMETLC I#TERFERENCE AMD SUSCEPTIBILITY
TESTING €4), ACOUSTICAL WOISE YTESTIMG (5), CASE ULTIMATE FRESSURE TESTING (&), AND ASSEMALY BREAK OFEM INSPECT|OM (7).

|ciL 1rem; r2ep-Ae-p |

| POSSIBLE CAUSES

|ALL CAusES:

8L-4d

DES 1GH |

e e T E R P TSN TE S AR TETEEES IR AN W AR P TEE L AR m e m s == mr u A P TR E RN ET EE N NS EE EE L L e - m

IWSFECTION AND TEST

chmmr e
| SIGUIFLCANT CHARACTERISTICS | INSFECTION{S)/TEST(S) |

B R L S e e E L T S
RE1493 - CONTAOLLER

|ASEEMBLY |NTECAITY

MATERIAL INTEGRITY

CLEAMLINEES FEQUIREMENTS ARE YERIFIED FER SPECIFICATIDN DUNING MANUFACTLR ING OF THE
CONTRIMLER ASSEMALY.

EUVIROMMENT CONTRDLE CTEMPENATURE, HIWIDITY) ARE ENFORCED QURING ASSEMALY AMOD TESTING RER
SFECIFECATION RECUIREMENTS .

|H.IHI..IFM:TI.I!IHB PEA SFECIFICATION REGULAEMENTE. |
| ' |
|RATERIAL IMIEGRLTY IS VERIFIED PER SFECIFICATION REQLIIREREMTS. |
I I

BOCUMENT REF.
[T TRIRDID2E?
TRIOB0202
TRILOBESE
TR OBARSG
[2y TAIGOS0Z03
TA3eOGHTT
(33 TA3LOAB00L
TRIADA0S
TRI&OA0
TRIGOBTE PG
{4) TRISDBDZ0R
{5y TRIADB0210
(&) TRILOESDAY
(7] TRILES5022

INICUMENT EEF.

RE1:4%3

BC149S

BENGRITINY

TO PREVEWT COMPOMENT OAMAGE, 3TA1IC ELECTRICAL DESCHARGE POTEMTLAL LS COWNTROULLED DUNING  |GSHCEPTTAl

IC14RE

— e ——
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EEE R AN EER A m e e me e rarEmad -

|c:L ITEH: FZOG-AB-D1 |

| #O8SIBLE cAusEs
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FAR |
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[ SISHIFICANT CHARACTEMISTICS

R I

INTEBR 11T OF ELECIROMICS

|WELD IRFEGRITY

|[FRE-CLOSEQUT TESTING AND
INSPECTION

A A e e e e T EmE I mm —m g

e A R e e - e T I NN RN A e ke A EEARL oy

[MSPECTION MWD TEST

L i e it L L T

| TNSPECT IONCS 1/ TEST (%)

T T T T T T EEE AR - e IR LA e e A Rl FEEA IR Eem e m - T rEEEEd o o

[PROTECTIVE FIMISHES AMD MATERIAL SELECTION Ta FREVENT DETRIMENTAL EFFECTS FROM
ENVIROMAENTAL EXPOSUNE, STRESS CORNDSION, AHD ELECTROLYTIC OOWRDSION ARE VERIFIED PER
PPECIFICATION NEQUIREMENTS,

FLAMMABILETY RECL/IREMENTS ARE WERIFIED FER SPECITICATION NEOU]REMENTS,

THE FOLLOWING PROCESSES ARE VERIF1ED PER SPECIFICATION DURLME MAMUFACTURIAE OF [NE CARM
ASSEMALIES:

= COMSTELCTEDN OF FRINTED CIRCUIT EOARDS.

INSTALLATIOR OF TERMINALS,

- PLASTICE AND ELASTOMERS FOR ELECTROMIC ENCAPSULATION.

* SOLDERED ELECTRICAL COMNECT]OMS,

» POST-SOLDERING IMSPECTION FREE GF SPLATTER AND CXWTAMENATTON.
- ELECTRICAL BOMD WG

- COMPOWENT LEAD AND 1WTERCOMMECTION WATERIAL SELECTION.

- FREE OF CONTAMINAT|OM AFTER COMFORMAL COMTING.

[ALL WELGS ARE VERIFIED TO DRAWING AMD SPECIFICATION KEQUTNEMENTS.
[TRE FOLLDJING TESTS ARE PERFOAMED AT THE CARD/COMPOWENT LEVEL DURENG MANLFACTUR ING:

= PARTICAL IMPACT WOISE DETECTIOM [PIMD) YEST OM HYHNID HICROCTNCUITE AMD CAWITY TYRE
DEVILCES.

= ULTRASONIC SCAM TEST FOA DELAMINATION LERAMIE OM TAPAC! TORE (CKRDS AW m].

* BLMN-IN FERIOD FOR ELECTRICAL PARTS.

- THSAATION RESISTAMLE AND COMTIWUIIT TEST.

QIELECTRIC METHSTAMDING WOLTAGE.

FIRCTIONAL TEST.

X-NAT OF CONTROLLER INTERMAL CADLES mND MIAES.

v mama e v mmmaa- .-

| numzﬂr FEF. |

|Ac 1493
MSFC- SFEC-250

RC16T

I
RL100US

kL10007 |
N1 10008
RLIOD0A
RL 10009
[rc1493
BSM3EH
RC1493

m1ob11

DEHERITTA |
|
USHGASTTAT
[Tk Lry i
DSHEEPTTAI |
DSHOERTTA
DSHEARTTAL
bEHGAOTTA]
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Joiu 1TEM; F205-AR-01 | INSFECT IOM AND TEST
T T T R N N E L - EE S EEEEER Ao Ao e - R EEE IR A A EE Lo m e c e r R e e .. L T T 7 T P AR i emAmeccr e eCman
] POSSIBLE CAUSES | SEGNIFLCAMT CHARACTERISTICS | INSPECTIOWI S/ TEST (5 | DOCUNENY REF.
e s e e L E L T T N TP,
| | |THE FOLLOWING INSPELTIONS ARE FERFORMED ON THE COMPLETED ASSEMELY PRICH TO FIMAL CLOSURE;
|
- INTERMAL AMD EXTESMAL ELEAKLINESE. RC 1653
[ - CARD DIMENSIOMSE ARE WEAJFIED AT CARD ASSEMNBLY. DSMGEITTA
~ CHASEIS CAVITY IMSPECTION FOR CONTAMINATTON, RE140F
- ELECTRICAL IMTERFACE COMMECTORS. RE1LOY
I - CARD IMSTALLATIEN AMD COMFISURATION MUDIT. |oSHGERFTL
-~ CONFORMAL COATING OF EEE PARTE, ASMIIYZR
ACCEPTAMLE TEsts THE FOLLOWING TESTS ARE PERFORMED BY MONETWELL DURING ACCEPTAMCE TESTING:
|
I | * HERMETIL SEAL AWb PRESSURIZATION PORT LEAK TEST, RCTRed
- ~ FEIMCTIONAL TEST MCLUD 1NN rcia91
- DUTPUIT INTERFALCE, (1473 ]
[ - CHEGROULT, 1493
| - OPERATION, IC1593
| - COMTROLLER CHECKIANT. : K140
| = HIGN TEMPERATURE OFERATION. : RCYi03
- LOW TERPERATUNE OPERATICH, [LIMEy ]
- VIBRATION TESTIKG. RE1453
- FINAL FUNCTICNAL TEST. RE14D3
: f
HOT FIRE ACCEPTAMCE TEETING CONTRAOLLER CRERATION IS5 VEAIFIED THROUGH ENGINE HOT FINE ACTEPTANCE TESTING. RLOD%S
1 [CREER RUN]
HERMETIC SEAL [MTEERITY | INTERWAL PRESSURE IS MO [TORED DURIMG CONTROLLER OPERATION. : OMRSO V41N 040
|FLIGHT FLOM TESTINE THE FOLLOUING TESTS ARE FERFOAMED DURIMG FLIGHT FLOW VEHICLE PROCESSING AMD AFTER AMY
| MA[NTEMMICE DR REFLACEMENT:
I
- COMTROLLER CHECKOUT. : |oHRse ¥ 1ana.0%5 i
I - SENSOR CHECKOUT. JoWRSD ¥ 1Am0, 010 I
« FLIGHT READCMESS TEST. fOMRSD ¥4 9ASD, 03D-1 |
| - SELF-TEST. [cP4ndroans {I
] I
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April 1%, & CR|TICAL [TEMS LIS PAGE 7
10 trews Feooma-0b | T P
| sosstBLE causes | stwiricawr cwencremisies )T meecnmeonesis ] e e
______________________ Lt L T D
|PRE-FLIGHT CHECKOUT |THE FOLLCWTMG TESTS WRE PERFORMED DURING LAUNCH COUNTDOMA: ;
f I - PRE-CRYO LOADIWG CHECKOUT INCLUGING DOMTROLLER AWD SENSONS CMECKOUT. (HRSD SOOFAD. 215
| - SELF-1EST. CR&DSRDONR
CQUTROLLER OPERATION IS VERTFIED 8Y TNE GROUND LAIMCH SEQUENCER PRIDR 7O ENGEME START EY [LAUMCH COMMIT CRITERIA
ACCEPTAMCE OF CDHMANOS: PURCE SECUEWCE €, POVEE LEVEL, AMD START ENASLE. B5E-4-1125 |
COMTIMUOLS SELF- TEST BITE TEST 15 FERFORMED EVENY MAJOVR CYCLE 10 YERIFY HARDWARE INTEGRITY. (LAST TEST) JCPaDERINNA

T T T T N E R LR e e e T R R AR R ce TR R FIEAREA A m—mm—m e m

FATLURE HESTOMY: COMPREKENSINE FAILURE NISTORY DATA 15 MAIHTAINED TN THE PRDSLEM REFORTING DATARASE (PRAHS/PRACA).

REFERENEE: M&SA LETTER 5A21/88,/308 AWO ROCKETOYNE LETTER EORCUOTET.

OPERATIRNAL USE: FAILURE MODE CAM BE DETECTED TN REALTIME BY THE FLIGAT CONTEOL TEAM UHO WILL EVALUATE EFFECTE UROW VEHICLE

OH THIS EVALUATION THE APFROFRIATE ABORT MOGE OF STSTEM COMFIGURATION WILL BE $ELECTEQ.

HAYE BEEN COORDINATED BEPJEEW THE EMGINEERING ANO FLIGHT

e

PERFORMANCE AHD ABORT CAPARILITY. BASED

FAILLRE BETECTION CUES AMD AZSOCIATED SSHME PERFORMANCE DATA
CPERATIONS OMGAMIZATIONS WITH THE RESFONSES DOCUMENTED IM MISSIDH FLIGHT RULES.



