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FAILURE MODES EFFECTS ANALYSIS {FMEA) — CIL HARDWARE
MUMBER: 03-1-0515 -X

EUBSYSTEM NAME: MAIMN PROPULSION

REVISION: 1 030958
PART DATA
PART NAME FART MUMEER
VEMNDOR NAME VENDOR NUMBER
LRV : EIGNAL CONDOITICNER MC475-01438-0005

FACIFIC SCIENTIFIC HYL K-WEST DIV,

EATENDEDR DEZCRIFTION OF PART UNDER ANALYEIS:
SIGNAL CONDITIONER, ULLAGE PRESSURE, GL2/GH2

REFEREMNCE DESHSNATORS:

QUANTITY OF LIKE ITEMS: 1
ONE ASSY

FUNCTIGN:

EACH ULLAGE PRESSURE SIGNAL CONDITIONER (LOCATED IN AFT AVIONICE BAY 4, 5,
OR B) POWERS/MONITORE QNE PAIR OF GOZ AND GH2 ET ULLAGE PRESSURE
TRANSDUCERS AND CONTROLS ONE GH2 FLOW CONTROL VALVE (FCV). THE SIGMAL
CONDITIONERS TO THE 02 FLOW CONTROL VALVES HAVE BEEMN ISCONNECTED
FOR THE FIXED ORIFICE CONFIGURATION, THE SIGNAL CONDITIONER GEMERATES
FCV CLOSBE COMMANDS TO MAINTAIN ET ULLAGE PRESSURE WHTHIN 4 REQUIRED
RANGE. AJDITIONALLY, THE SIGNAL CONDITIONERS RFROVIDE D TO 5 VDT AMNALDG
SIGNALS FOR GROUND CONTROL OF ET ULLLAGE PRESSURE DURING FROPELLANT
LOADING, TELEMETRY, AND CQUKPIT ULLAGE PRESSURE DISPLAY/CAUTION AND
WARNING,

A COCKPIT SWITCH ALLOWS THE CREW TO OVERRIDE GH2 FCV CLOSE COMMANDS

FROM THE SIGNAL CONDITIONERS, CAUSING ALL GHZ FCWS TO OPERATE AT HIGH
FLOW.

03-1- 2205
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FAILURE MODES EFFECTS ANALYSIS FMEA — CIL FAILURE MODE
NUMBER: 03-1-0515- 0t

REVISIODN#: 1 0908/ 56
SUBSYSTEM NAME: MAIN PROFLLEICN
LELE ZiGMNel CONDOITIONER CRITICALITY OF THIS
ITEM NAME: S!GNAL CONDITIONER FAILURE MCDE: 1R2

FAILURE MODE:
LOSS OF CLOSE CCMMAND TO CHZ FLGW CONTROL VALVE. (FOV CPEN - HIGH FLOW)

MISSION FPHASE: L3  LIFT-OFF

VEHICLE'PAYLOAD/KIT EFFECTIVITY: 102 CO_UMELA
103 DISCOVERY
Toe  ATLANYVIS
105 ENDEAVOUR

CAUSE:
ELECTRICAL CIRZUIT FAILLRE

CRITICALITY 111 DURING INTACT ABEQRT QNLY? YES
RTLS RETURN TG LEUNCR S TS
TAL TRANS-ATLANTIC LANDING

REQUNDANEY SCREEN ALFPLES

B} FPASE
G PASS
FASS/FAIL RATIONALE:
A)
B

FASSES B SCREEN BECAUSE COMMAND STATUS CAN BE DETERMINED BY FCV CLOSE
SOLENOID POWER INSTRUMENTATICM

<)

- FAILURE EFFECTS -

(A) SUBSYSTEM:
LOSS OF COMMAND SIGNAL TO ONE GHZ FCV CAUSING IT TO GPEMNREMAIN OFEN.

03-1-2287
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FAILURE MODES EFFECTS ANALYS!S (FMEA] -- CIL FAILURE MODE
NUMBER: 03.1-0515- 03

{B} INTERFACING SUBSYSTEM(S):
FOR NOMINAL MISSICGNE NC ESFCCT. REDUNDANT SH2 FOWS WOULD COMPERNEATS
T MAINTAIN ULLAGE PRESSURE.

FOR RTLS AND TAL ABORTS, AN ENGINE OUT RESULTS IN THE LOSS OF ONE FOV
FRESSUR.ZATION LEG A SUBSEQUENT FCV FAILING ©PEN ON EITHER OF THE
REMAINING CFERATING ENG.NE SY3TEMS RESULTS IN VENTING OF GH2 AT LOW
ALTITULE. POSSIELE VIOLATION OF TANK MAXIMUM STRUCTURAL CAPABILITY
REQUIREMENTS. POSSIELE FIRE/EXPLOSION HAZARD EXTERNAL T2 THE VEHICLE.
FOR GFZ SYSTEM, FCV CLOSE COMMANDS ARE VERIFIED ON BY LCC FROM FRE
PRESIVRIZATICN TO T-31 SECONDS

{C) MISSION: -

POSEIELE LALNCH SCRJUE CUE T LZC VIOLATION

FOR RTLE AND Ta_ ABORTS, POSEIELE LOSS OF CREW/NEHICLE.

(D} CREW, VEHICLE, AND ELEMENT(S):
SAME AS (T)

{E} FUNCTIONAL CRITICALITY EFFECTS:

1R/2 2 ZUCCESE PATRS. TIME FRAME - ENGINE OFERATION

1 SIGNAL CONDITICMER FAILURE RESULTING IN LSSS OF CLOSE COMMAND TO
OME GHZ FCVW CALISING IT TO OFEN/REVAIN OPEM.
2 QNE OF THE FOLLOWING FAILURES ON & PARA_LE. GHZ PRESSURIZATION LEG

- ET ULLAGE FRZSSURE TRANSDUCER FAILURE

- LGES QF A SECOND SIGNAL COMNDITICNER

- LOSS OF FCOW CLOEE COMMAND HYBRID DRIVER
» FOVWFAILE IN THE HiGH FLOW POSITION

RESULTS IN EXCESSIVE GH2 ULLAGE PRESSURE CAUSING ET VENT VALVE TO RELIEVE
EXCESEEPRESEZLRE PCTENTIAL FIREEXPLOSION HAZARD EXTERIOR TS THE WEHISLE.
FOSSIBLE VIDLATION OF THE ET MAXIMUM STRUCTURAL CAPABILITY RECUIREMENTS.

FOSSIBELE OS5 JF CREWNWEHICLE

-DISFOSITION RATIOMALE-

[A] DESIGN:

03-1 - 2298
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FAILURE MODES EFFECTS ANALYSIS (FMEA] — CIL FAILURE MCDE
NUMBER: 03-1-05715- 04

THE ULLAGE PRESSURE SIGHNAL CONTITIONER HAS TWO PHYSICALLY AND
ELECTRICALLY IZQOLATED MIODULES MOUNTED ON A BOE1-TE ALUMINUM FRAME. CNE
FOR GO2 AND OME FOR GH2. BEACH MOOULE CONTAING & POWER SUPPLY, SIGKAL
CONDITIONER, CHECKOUT CIRCUIT, AND FCW COMMAND CIRCUIT 1IN A 8061-TE BLACK
ANODIZED ALUNMINUM HOUSING. DYNAMIC DAMPENING OF THE INTERMALLY MOLINTED
COMPQONENTS 13 ACHIEVEDR BY ENCAPSULATION IN GLASS RESIN EFOXY. THE
COMPONENTS ARE MOUNTED ON SEMI-RIGID NICKEL RIBBONS ANDG ARE HELD IN
PLACE BY THE ENCAPSULANT THE NICKEL RIBBONS ARE CONNECTED TO AN
ELECTRICAL IWTERFACE COMMECTIR EACH MODULE 1S THEMN EXTERNALLY SEALED
AFTER CHECEOUT WITH EPCXY SEALANT TS PROVIDE AN ENVIRONMENTAL SEAL.

EACH WODUWLE COMTAING AMELECTRICAL INTERFACE COMMNESTOR, WHICH IS
HERMET CALLY SEALED ~AMD SOLDEXED. THE COMNECTOR IS BUILT 7O THE MSFC 400
SFECIF CATIONS FOR SPACE WEHICLES ALL ELECTRONIC COMEONENTE WERE
SELECTED 5 THAT THEIR USAGE MEETS THE SHUTTLE DERATING REDJUIRSWENTS.

CHECKZAIT COMMANDS FROM THE GRZUND MM ARE DISTRIBUTED THROUGH
CETICAL IZOLATISM SIRCLITS IN EACH MGOULE.

FCV CLOSE COMMANDS ARE CONTROLLED ON THE BASIS OF EXCITATION TC
TRAMEDUCER FEECBACZK VOLTAGE RATIO, REDUCING THE EFFECTS OF EXCITATION
VOLTAGE ERIFTE.

EXCITATION POWER TO THE ZT ULLAGE PRESSURE TRANSDUCER IS LIMITED TO 10 M&
B CURREZNT LIN:TiMNG CIRCJITRY TO MAINTAIN & SAFE CONFIGURATION N CASE OF
. AN EXTERNAL SHORT CIRCUIT

SYSTEM

SESARATE CABLE HARNESSES ARE USEZ ON THFE ORBITER FoR EACH SIGENAL
CONDITIONER (EATH POWERED BY A SEPARATE ORSITER MAIN BLZ;, THE CUTFUTS
A&RE FED TC SELARATE MOMS AND VALVE LOAD DRIVERS TO MAIMNTAIN S:3NAL
ISCLATION, TWO CASLE HARNESSES ARE UEED ON THE EXTERNAL TANK (ET) FOR
COMWEZTION TG THE ET TRANSDUCERS, ET AND CREITZR CABLES TO THE
TRANSIUCESS ASE SHIELDED WITH & SINGLE GROUND COMMESTION AT THE SIGHAL
CONDITIONER TS MINIWIZE RF N2ISE PROBLEMS THE ET MAINTAING AN EXTRA OUTES
SHIELD FOR LIGHTHING PROTECT OMN WITH MULTIPLE POINT SROUKNDS ET
TRANSDUZER FAILURE MQIES ARE DOCUMENTED BY THE €T PROJECT.

(B) TEST:
ATE
EXAMINATION OF PRODUCT

INSULATISN RESISTANCE
SOWOLTS 0T

DIELECTRIC STRENSTH

. 250 VRME (B0 HZ)

a1 _aoae Nt
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FIANT DATE 081456

FAILURE MOBES EFFECTS ANALYSIS (FMEA] - CIL FAILURE MODE
NUMEER: 03-1-051%. 01

THERMAL CYTLE
+20DEGFTO 40 DEGF TO 4140 DES FTO +TIDES F
B3 MINUTES AT EACH TEMPERATURE

RANDOM VIBRATION
30 SECOMDS FOR EACH GF 3'AXES

EXTERNAL LEAKATSE
NOT GREATER THAN 1X16-4 SCCS OF HELIUM

PERFORMANCE TESTE
CERTIFICATION (3 UMNITE)

VIERATION
482 MINUTES FOR EACK OF 3 AXES.

EXTERMNAL LEA®AGE
MNOT GREATER THAN 1X10-4 STCS OF HELIUM

SHOCZK
PER MIL-ETD-E10
BEMZIH HANDLING
DESIGN

LIGHTMING
PER MFG00&-0352.

EMC
PER MFO0C4-002 AND MIL-STD-462

THERMAL CYCLE
TOCYCLES +70TO+105TO -5 T =165 TO +TROEG F
G0 M/NUTES AT EACH TEMPERATURE

THERMAL VACUUM
B HOURS AT 1X10-B TORR
TEMPERSTURE 1680 D0EGF

PERFCRMANCE TESTS

OPERATIMNG LIFE
1000 HOURE SF CYCLING
CYCLE PERICD: 8 HOCURS (POWER N FCR 3 HOJURS. OFF EOR 3 HOURS)
DURING THE POWER ON PHASE THE CMN/OFF COMMAND 15 CYCLED EVERY 5
SECONDE

FOST TEST INSPECTICN
GRIUND TURMARSUMND TEST

ANY TURNARQUND CHECKOU™ TESTING IS ACCOMPLISHED IN ACCORDANCE WITH
CMRED. .

M d Latalinl-Nals
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FAILURE MODES EFFECTS ANAL¥SIS (FMEA) - CIL FAILURE MODE
NUMBER: 03-1-0515- 41

{CYINSPECTION:

RECE|IVING INSPECTION

INCOMING PARTS ARE VERIFIEC FOR MATERIAL, PHYSICAL CHARACTERISTICS, AND
PROCESS CERTIFIZATIONS REZEIVING RECORDS ARE MAINTAINED FOR
VERIFICATION. '

CONTAMIMATION CONTROL
FROPER CLEANLINESS IN ACCORDANCE WITH ASSEMBLY AND TEST REGUIREMENTS 15
INSPECTED AMD YERIFIED.

ASSEMEBLY/ANSTALLATION

ALL SOLDER AND WELD JOINTS COATED WITH 2850/CATS EPCXY ARE INSSECTED,
INSPECTION VERIFIES ALL MODULTS FILLED WITH XR-5088 EMCAFSULANT AND CURE
TIME &F 2 HOURS AT 180 DEG F. TIGHTENED SCREVS AND TORQLUE ARE SHECKED TO
PRECLUDE STRIFFED SCREWS AND ENSURE FROPER MOUNT NG ALL EXTERICR
SURFACES OF HOUSING AND COVER MACHINED TS 82 RME ARE CHECKED. GAS
BETWEEN COVER AND CASE SEALED WITH 2850/CATY aND SURSE TIVE ARE
RONITARED, MANDATORY INSFECTION POINTS ARE INSLUDED IN ASSEMELY
FROCESS.

CRITICAL FROCESSES

CONFORMAL COATING ON PWB ARE VERIFIED BY INSPECTION. ADHESIVE BONDING OF
TYPE GE GLASS EPOXY BOARD TO PUW3 SURFACE 1S CHECKELD. WIRE WELDING AND
LEAD SQLDERING OF COMPONENTS ARE INSPECTED IN ACCORDANCE WITH
APPLICABLE REQUIREMENTS. ASSEMELY POTTING IZ VERIFIED.

NONDESTRUCTIVE EVALUATIGN
NOT APPLICABLE

TESTING
ATP, INCLUDING PERFORMANCE TEST, IS WERFIED BY INSPE~TION

RANDLINGFACKASING
FACHAGING FOR SHIFMENT IS VERIFIED BY INSPECTION.

{0} FAILURE HISTORY":
THAERE HAVE BEEN NO FLIGHT OR FIELD FAILJRES OF TriS CONFIGURATION SIGNAL
CONDITIONER FOR LOSS OF CLOSE COMMAND IN THE HISTORY OF THE PROGRAM,

CURRENT DATA ON TEST FAILURES FLIGHT FAILURES. LINEXP_AINED ANOMALIES. AND
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CAN BE
FOLND IN THE PRACA DATA BASE. THE FAILURE HISTORY DATA PROVIDED BELOW IS
MO LONGER BEING KEPT UP-TO-2ATE.

EARLY PRODUCTION LINITS
DURING ATP (-40 DEG F. 22 VGLT INPUT ANALCG QUTZUT ERROR TEST). THE MODULE

OREW EXCESSIVE CURRENT (REFERENCE CAR ACDS45: THE INTERM TTENT FAILURE
WAS VERIFIED AT LOW TEMPERATURE AND WAS ATTRIBUTED TO A SHORT END



c—— = —wm xm - e -l

PAGE: 7 FRINT DATE: 08/14/58

FAILURE MODES EFFECTI ANALYSIE (FMEA} — CIL FAILLURE MODE
NUMBER: 03-1-0518- 09

EFFECT (LOSS OF OR ERRONECQUS FCV CLOSE COMMAND, ERRONEOLS PRESSURE
INDICATION) DEPENDS ON LOCATION OF THE SHORT. WIRING COULD HAVE BEEN
DISPLACED DURING ENCAPSULATION: TEMPERATURE VARIATIONS COULD THEN HAVE
CALISED STRESS ON THE WIRING RESULTING IN AN INTERMITTENT SHOAT,
CORRECTIVE ACTION WAS TO PERFORM A POST-ENCAPSULATION CONFIDENCE TEST
WITH THERMAL CYCLING FRIOR TO ATR.

SEVERAL 5IGNAL CONDITIONER CLOSE COMMAND OLTPUT TRANSISTORS WERE
DAMAGED BY INADVERTENT EXTERMAL SHORT CIRCUITING DURING TEST, RESLLTING
IN LOSS OF THE FCV CLOSE COMMAND. THE D005 CONFHSURATION SPECIFICALLY
INCRRFPORATES SHORT CIRCUIT PROTECTION (ADDITIONAL RESISTORS) ON THE VALVE
COMMAND CIRCLIT TC PREVENT SUCH OCCURRENCES (REFERENCE CARS 8F015,
ACBI44, A3032 A4BOS). -

QURING ATP, THE SIGNAL CONDITIONER FAILED THE FREQUENCY RESFONSE TEST BY
DRAWING EXCESSIVE CURRENT {REFERENCE CAR A5038). DURING REMOVAL OF THE
UNIT FROM THE CASE AND SHIELD, A WELD CONNECTION SN ONE MCDULE LOCATED
ADJACENT TO THE MCODULE DIVIDER SHIELD WAS FOUND TO BE MAKING
INTERMITTENT CONTACT WITH THE DIVIDER SHIELD., THE MCOULE INTERCONNECTING
RIBEON HAD WORN THROUGH THE CIVIDER SHIELD INSULATION DUE TO INSUFFICIEMNT
CLEARAMCE BETWEEN THE DIVIDER SHIELD AND MODULES END EFFECT OF THIS
CONDITION [INADVERTENT FCV CLOSE COMMAND, ERRONEOUS PRESEURE
INDICATION) DEPENGS ON LOCATIOHN OF THE SHORT. CORRECTIVE ACTION WAS T
CONTROL THE LENGTH OF THE RIBEONS. FOR ASSEMBLED HARDWARE, THE ATPR
THERMAL CYCLE AND VIBRATION TESTS WERE COMSIDERED SUFFICIENT SCREENING
TQ INSURE DETECTION OF THE FOTENTIAL PROSLEM.

SEVERAL SIGNAL CONDITIONER FAHLURES (VARICUS MQDES) AT KEC WERE
ATTRIQUTED TO MOHSTURE RETAINELD IN THE GLASS RESIN EPDXY ENCAPSULATION
MATERIAL CAUSING MULTIPLE SHORT CIRCUITS WITHIN THE WELDED MOQDULES
{REFERENCE CAR AC4420). ALL UNITS WERE REFURBISHED TO THE -0005
CONFIGURATION TO IMPROWVE SEALING AND PRECLUDE INTERNAL MOISTURE.
ADDITIONAL EFOXY SEALANT WAS ADDED BETWEEN THE COVER AND HOUSING. THE
UNIT IS VACLIUM BAKED AFTER THE ENCAFSLILANT IS ADDED TO INSURE ABSENCE OF
INTERNAL MQISTURE PRIOR TQ SEALING OF THE FILL HOLE WITH EPOXY. THE UNIT IS
THEN LEAK CHECKED, AND EPDXY IS APPLIED TO SEAL ELECTRICAL CONNECTOR
SOLDER JQINT PORCSITY IF REQUIRED,

{E) OPERATIONAL USE:

MO CREW ACTION CAN BE TAKEN.,

- APPROVALS -
PAE MANAGER ;K. L. PRESTON
PRODUCT ASSURANCE ENGR : T. K. KIMURA
SYS DESIGN ENGINEERING  : J. A, BALLARDO
HOW DESIGN ENGINEERING M. WOLFSON

NASA S5MA

A mAmsS MA



B LIS TR R [t o’

PAGE:. 8 . FRINT DATE: 06/ 14/83

FAILURE MODESR EFFECTS ANALYSIS [FMEA] —~ CIL FAILURE MODE
HUMAER: J1-1-0B18- 014

NASA SUBSYSTEM MANAGER
NASA MOD :




