PAGE: 1 PRINT DATE: 06/21/97

FAILURE MODES EFFECTS ANALYSIS {FMEA} — CIL HARDWARE
) NUMBER: MS-6MB-2301-3 -X

SUBSY3TEM NAME: ELECTRICAL POWER GENERATION - CRYO, GENERIC

REVISION: 19 D4M1e/98
PART DATA
PART NAME PART NUMBER
VENDOFE NAME VENDOR NUMBER
LRY : H2/02 CONTROL BOXES VOT70-764470
SRU I CURRENT LEVEL DETECTOR MC431-0137-0001

EXTENDED DESCRIPTICN OF PART UNDER ANALYSIS:
CURRENT LEVEL DETECTOR - "SHORT TG $TRUSTURE" PROTECTION CIRCUIT FOR
LO2 TANKS 1 THRU 9 HEATERS

REFERENCE DESIGNATORS: 40V76A141CLDA
40V7BA141CLD2
40V7EAT41CLDE
40vV76A141CL04
4OV FBAT42CT.01
40VFEA 420102
40V76A142CLD3
4OV7EA142C1L D4
40VTSA143CLM
40v76A143CLD02
40V76A143CL03
4DVTGAT4ICLDS
40V75A144CLD1
40VTEA14401LD2
40V78AT44CLD3
40VTEA144C D4
40V76A21 7LD
40V7BA217CLDZ
40V76A217CLD3
40VTSAZTTCLDY
S0V7BA218A1CLD1
40¥7BAZ18A1CLDZ
40V T6A218A1CLD3
40V7BAZ18A1CLDS
40VTEA21BA2CLD 1
AVTEAZ 1 8AZCLDZ
4OVTBAZ18A20LE3
40V7BA218A2CLD4
40V76A21843CLD1
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PAGE: 2 FRINT DATE: 06/21/97

FAILURE MODES EFFECTS ANALYSIS (FMEA) =CiL HARDWARE
NUMBER: ME-SMB-2301.5-X

40V7BAZ18A3CLD2
40V TBA21BAICLD3
40VTBAZ18A2C D4
40VTBA218A4CLD
¢0VTESAZ1BA4CIDZ
ADVTEAZ1BA4CLDS
40VTEAZ18A4CLDY

QUANTITY OF LIKEITEMS:
FOUR PER H2/02 CONTROL BOX

FUNCTION:

PROVIDES FOR DETECTION OF DIFFERENTIAL CURRENT CONDITIONS IN THE LO2
TANK HEATER CIRCLUIT, AND PROVIDES A TRIP SIGNAL TO THE LATGHING HYBRID
DRIVER CONTROLLER TO INITIATE SHUTDOWN OF THE AFFECTED LO2 TANK
HEATERS. _ :
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3 PRINT DATE: 09/05/52

FAILURE MODEE EFFECTS ANALYSIS (FMEA) —- CRITICAL FAILURE MODE
. . . NUMBER: MS-6HB-2301=G-01

: REVISIONS . o 08/06/92
" BUBEYETEM: TELECTRICAL POWER GENERATION = CRYD, GENERIC
LRU H2/02 CONTROL BOWES ) CRITICALITY OF THIE
ITEM NMAME: CURRENT LEVEL DETECTORS FAILURE MCDE:1R3

- . ——— e e e - ('

TAILURE MODE:
LOSE OoF OUTPUT

MIBEION PERRE:

o LIFT-OFF .
OG ON=-ORBIT
Do DE-CREIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: igz COLUMBYIA
103 DISCOVERY
104 ATLANTIE
105 ENDEAVOUR

LT3 I T ]

PIECE FART FATILURE, CONTAMINATICN, VIBRATION, MECHANTCAL SHOCK, THERMAL
ETRESS, FPROCESSING ANOMALY

CRITICALITY 1/1 DURING INTACT ABORT ONLY? NO
‘ll' REDUNDANCY BCREEN A) PASS

B} FAIL
¢) PASS
FREB/FAIL RATIONALE:
A)
B

REDUNDANCY SCREEN #B"™ FAILS BECAUSE THE QUTEOT OF THEE CURRENT LEVEL DETECTOR

IS NOT MONITORED IN FLIGHT EXCEPT WHEN THE DAILY CURRENT LEVEL DETECTOR TEST
12 FERTORMED.

C}
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4 PRINT DATE: 09,/09/92 .

FAILURE MODES EFFECTS ANALYEIA (FHEA) -—- CRITICAL FAILURE MODE
NUEBER: ME-6MB-2301-G-0}

{A) BUBSYETEM:
DEGRADATION OF REDUNDANCZY IN DETECTING A DIFFERENTIAL HEATER CURRENT.

(B} INTERFALING EUBSYETEM{E);
DEGRADATION OF REDUNDANT PROTECTION AGAINST Loz TANK EEATER ELEMENT SHORTING
TO STRUCTURE.

(C} MISEION:
NG EFFECT =~ FIRST FAILURE

(D) CREW, VERICLE, AND ELEMENT(E):
NG EFFECT - FIRST FAILURE

12} FUNCTIGNAL CRITICALITY EFFECTS!:

PCS3IBLE LOSS OF CREW/VEHICLE DUE TO THE FOLLOWING SCENARIO: 1) LOSS of
QUIPUT QF CURRENT LEVEL DETECTOR (CLD), 2) SECOND SERTES REDUNDANT CLD FAILS,

4) L2 TANK HEATER SHORTS THROUGH ONE OF ITS LAYERS OF TINSULATION, AND 4}

SAME LO2 TANK HEATER SHORTS TO STRUCTURE THROUGH ITS SECOND TLAYER OF
INSULATION, POSSIBLY INDUCING LOCALIZED HOT SPOTS, RESULTING IN POSSTRLE LO2 .
TANK RUPIURE/EXPLOSICN.
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5 ' - PRINT DATE: 09/09/92

FAILURE MODES EFFECTE ANALYSIE (FMEA) -- CRITICAL FAILURE MODE
' ' RUMEER: ME-6MB-2301-G-01

= DIEPUSITION RATIONALE =

- - ——————— - W e — —— — - i B e e

{h) DESIGN
FUNCTIONHAL DESCRIPTION

THE CURRENT LEVEL DETECTOR (CLD) IS A CURRENT TRANSDUCER THAT MEASURES THE
RESULTANT DC CURRENT OF ONE OR MORET LINKES AND FROVIDES A LOW LEVEL {LOGIC
"0") OUTPUT VOLTAGE WHEN THE INPUT FASS-THRU CURRENT THROUGE THE TOROIL
ASSEMBLY IS BELOW THE TRIP POINT AND A HIGH LEVEL (LOGIC "1") WHEN THE PASS-
TERU CURRENT IS ABOVE THE TRIP POINT. IF AN ELECTRICAL FAULT TO STRUCTURE
OCCURS IN A HEATER CIRCUIT AND THE TRIP POINT IS EXCEEDED, THE AFFECTED CLI
PATR WILL PROVIDE A LOGIC ™1i" SIGNAL TO THE CIRCUITS CONTROLLING THE HEATERS
TO REMOVE THE CURRENT FEEDING THE FAULT.

PHYSICAL DESCRIPTION

TWO PATRS OF CLD'S ARE INSTALLED WITHIN EACH CRYO HEATER CONTROL ASSEMBLY {OR
H2/02 CONTRDL BOX) WHERE EACH PATR OF CLD'S SENSES DIFFERENTTAL CURRENT
FLOWING IN THE PRSD 102 TANX BTATER CIRCUITS "a™ QR "B". THERE ARF ONLY
THREE ELECTRICAL INTERFACE CONNECTIONS PTR CLD. EACH UNIT IS5 MANUFACTURED
USING PRINTED CIRCUIT BOARD WIRING, ALL FROPERLY DEIRATED SOLID ST?™%
CUALIFIED PARTS, ALUMINUM NICKEL~PLATED EPOXY-COATED ENCLOSURE, EXFLOS '
PROOF DESIGN WHERE THE SURFACE TEMPERATURE OF THE GASE AND INTERbaL
COMPCHNENTS SHMALL NOT EXCEED 352 DEGREE ¥, ELECTROMAGNETIC INTERFERENCE AND
COMPATIEILITY REQUIREMENTS FDR CLASS ID EQUIPMENT, WEIGHT GOF 11.5 ©Z
{MAXIMUM), AND THE ENTIRE UNIT IS FILLED WITH A SILICONE-RUBBER POTTING
COMPOUND FOR MDISTURE PREVENTION AND SHOCK AND VIBRATION ABSCRPTION.

THE CERTIFIED PART NUMBER IS MC431~-0137-0001.
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5 PRINT DATE: 05/09/52 .

FAILURE -“QODES EFFECTE ANALYEIS {FMEL) == ORITICAL FAILURE MODE
: NUMBER: MSE5=EMB=23{1-G3=41

(B} TEBRYT

OUALIFICATION/CERTIFICATION

CERTIFICATION TERTING AND ANALYSIS ARE COMPLETED AND APPROVED. QUALIFICATION
TESTE INCLUDED THE FOLLOWING:

e e T e e o e e o e e e e e e ey ey e e s e s, =" — =
CRUSES :
a Piere part failure 4 Mechaniesal ghsaek :
b Contaminatien e Processing ancmaly :
c Vikration f Thermal streas

CAUEE CONTROL
TEET ——— o A e e
iaibre:ad:eae:t

e S = e e e e e e e S O S e e e e o o I I

ACCEPTANCE X X

CORROEION (5 PERCENT SALT FPOG, 48 HOURS)

HUMIDITY

THERMAL VACUDM (20 TC 130 DEG F AT MOUNT,
10-6 TORR, 5 CYCLES, 120 HRS)

TEMPERATURE, AMEIENT = NCNQFERATIONAL
(=65 DEG F MIN, 165 DEG F MAX)

RANDOM VIBRATION (0.04g92/HZ TO
0.159g2/HZ, 48 MIN PER AXIS)

DESIGN SHOCK (20g IN EACH OF 3 AXIS)

ELECTROMAGNETIC COMFATIBILITY

EXPLOSIVE ATMOSPHERE -

CPERATIONAL LIFE (5,000 ON/OFF
CYCLES, 40,000 HRS)

DIELECTRIC WITHSTANDING VOLTAGE
(DWV, AT 1000 VRMS, &0 H2)

INSULATION RESISTANCE (2 MECOHMS,
5DD VDC)

FUNCTIONAL AND PERFORMANCE

EXAMINATION
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7 FRINT DATE: 08/05/82

_ FRILURE MODES EFFECTE ANALYSIE (FMEA) == CRITICAL FAILURE MODE
. - " . NUMBEHR: M5=EME=Z30]=G=01

ACCEPTANCE AND BCOREBENTING

ALL FRODUCTION UNITE ARE EUBJECTED T A 100% ACCEPTANCE TESTING WHICH INCLUDE
THE FOLLOWING:

e e o e Y T ) e e e e e e ey

CRAUEEE :
a Fiece part failure d Maechanical ghock :
b cContamination @ Processing anomaly :
¢ Vibration f Thermal strass :

CAUEE CONTROL
TEET -

& I b &

d: 8 : I

R e e e T T R Sy
VISUAL AND MECEARNICAYL EXAMINATION
FUNCTIONAL AND PERFCRMANCE

{ABEREVIATED)
THERMAL (ATT)
DIELECTRIC WITHSTAWDING VOLTAGE
IRSULATION RESISTANCE
FURCTIONAL AND FERFORMANCE
POWEER CONSUMPTION
SEREE CURRENT
SHORT-CIRCUIT PROTECTION
OUTPUT 1EQGLATION
OUTFUT LEVEL
TRIFP LEVEL
RESPONEE
VISUAL AND MECHANICAL EXAMINATION
: (FINAL)
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'THE CPERATICN OF THE CURRENT LEVEL DETECTOR IS VERIFIED IN FLIGHT DURING LOZ
TANK HEATER CIURRENT LEVEL SENSOR TESTS,

(TANES 1-5) PERFORM GROURD TURNAROUND TEST WHEN VALID VERIFICATION IS
UROPTAINABLE IN FLIGHT.

{TANKS 6-5) TESTS PERFORMED PRIOR T0 FIRST EDD FLIGHT, WHEN VALID
VERIFICATION 15 UNWOBTAINAELE IN FLIGHT, OR AFTER LRU REPLACEMENT.
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8 FRINT DATE: 09/09/92

FAILURE MQDES EFFECTE ANALYS]IE (FMEA) -~ CRITICAL FAILURE MODE
NUMEER: MS=46MBE=2301-G»D1

{C} INSPECTION

RECETIVING INSPECTION (FAILURF CADSE a,b,a)

EECEIVING INSPECTION VERIFIES ALL INCOMING FARTS AND MATERIALS, INCLUDING
FERFORMRNCE OF YISUAL AND DIMENSIONAL EXAMINATIONS, IN ACCCRDANCE WITH
EEQUIPEMENTS. CERTIFICATION RECORDS AND TEST REPORTE ARE MAINTAINED
CERTIFYING MATERIALS AND PHYSICAL PROPERTIES.

CONTAMINATION CONTROL (FAILURE “ADSE b}

2% CONTROLIED WOQRK AREA IS UTILIZED FOR ASSEMBLY AND TEST. QUALITY CONTRDL
(QC) VERIFIES PROFER MAINTEKANCE OF CLEANLINESS CONTROL.

AESEMBLY/INSTALLATION (FAILURE CAUSE a,b,e)

DETAILED INSPECTION PERFORMED ON ALL PARTS PRIOR TO NEXT ASSEMBLY. SOLDERTNG
AND ELECTRICAL TERMINATIONS VERIFIED BY INSPECTION. CORROSION FROTECTION
FROVISIONS VERIFIED BY INSPECTION.

CRITICAL PROCESSES (PAILDCRE CGAUBE a,b,q)

ALL CRITICAL PROCESSES AND CERTIFICATIONS, INCLUDING SOLDERING, ARE MONITORED
AND VERIFIED BY INSPECTION. :

TESTING (FAILURE CAUSE a,b,a,f)
ACCEPTANCE TESTS, INCLUDING FHYSICAL, THERMAL, INSULATION RESISTANCE,
DIELECTRIC STRENGTH, FUNCTIONAL AND PERFORMANCE ARE OBSERVED AND VERTFIED BY
oo, .

HANDLING/PACEAGING (FATLURE CAUSE a,k,c,d)

PART FRESERVATION, PACRAGING AKD PROTECTION IS VERIFIED BY INSPECTION TO
APPLICARTE REQUIREMENTS.

M5-86M8B - 264




't

S

5 o FRINT DATE: 09/09/52

FATLURE MODES EFFECTS BRMALYSIS (FMEA} —-- CRITICAL FEILURE HODE
NUMEER: MS5-&MB-23D1-G-D1

| {D) FAILURE EISTCRY

‘FAILURE MODE: LOES OF ODTRDT

CAR ACATEY

WHILE PERFORMING THE OV=0%9 BGRESS SWITCH LIST, THE CRYQ HEATER LO2 TAN!
SENSOR CIRCUIT EREAKER WOULD NOT REMATH IN THE CLOSED OR SET POSITION.
ANALYSIS IEOLATED THE FROELEM T A NEAR SHORT CIRCUIT BETWEEN TERMINHATS 1 ANL
3 OF A CLD CRUSED BY A FILTER CAPACITOR IKSTALLED BACKWARDE: AN ASSOCIATEL
RESISTOR HAD OVERHEATED AND BURNED A HOLE IN THE FRINTED CIRCUIT BOARD. THIS
CONDITION WAS ATTRIBUTED TO AN ISOLATED WORKMANSHIP ESCAFE AND HAS BEEN
CALLED TO THE ATTENTIOK OF THE MANUFACTURING AND INSPECTION PERSCNNEL.

TAILURE MODE: INADVERTENT CUTIUT

CAR ABBDAZY

DURING FUNOTIONAL TEST OF THE NEXT LEVEL OF ASSFMRLY (CRYD HEATETE CONTROL
ASSEMELY - H2/02 CONTROL BOX), ALL FDUR CLD‘S PROVIDED AN QUIPUT OF 25 VDC
WEEN NO CURRENT WAS FLOWING THROUGH TEE LIKES OF THE SENSING COIL; THE OUTPUT
SHOULD HAVE BEFEN ZFRO. ADDITIORAL EVALUATION DISCLOSED THAT THIS QUTFUT
VOLTAGE, AFTER ONE TO TWQ SECONDS FRUOM INITIAL POMER APPLICATION, DECREASED
APFROXIMATELY TWO VOLTS. ANALYSIS OF THE CLD'5S REVEALED ELECTRICALLY OPEN
OR DEGRADED RESISTORS AND OFEN DIODES WHICH IRDICATED THAT A TRANSIENT
POTENTIAL BETWEEN THE COMMON SIGNAL RETURN AND THE CHASSIS GROUND COULD HA™™
CREATED THE DAMAGE. THIS ELECTRICAL OVERSTRESS OCCURRED DURING THE EE
AIRCRAFT CRYO SYSTEM CONFIGURATICN TESTS. PROBLEMS OCCURRED IN THE CONTRLL
PRESSURE CONDITIONER (CPC} WITHIN TRE CRYO HEATER CONTROL ASSEMELY DURING THE
THERMAL-VACUUM TEST. POWER CLITCHES WERE EXPERTENCED AND THE CPC WAS
EIECTRICALLY OVERSTRESSED. ALL AVATIABLE EVIDENCE INDICATES THAT THE CLD'S

WERE SUBJTECTED TO AN UNKNDWN TRANSIENT DURING THE BEECE CRYOQ SYSTEM THERMAL-
VACUUM TEST.

STNCE THE BEECH TEST WAS A ONE TIME TEST, NO CORRECTIVE ACTIOR WAS CONSIDERED
NECESSARY SINCE IT WAS A SYSTEM FAILURE RATHER THAN A FAILURE OF THE CLD.

- ALY, FLIGHT HARDWARE HAS OR WILL HAVE PASSED A FORMAL hCCEPTAHEE TEST PRIOR

T¢ DELIVERY TOR CRBITER USAGE.
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0 FRINT DATE: 09/05/%52 .

FAILURE MODEE EFFECTE AMALYSIE (FHEA) =~ CRITICAL FAILURE MODE
: NUKBER: M5=§MP=2101-G=01

CAR ADAZSO

WHILE FERTORMING FUNCTIONAL TEST IN DOWNEY ON THE CRYD HKEEATER CONTROL
ASSEMBLY, THE CLD GAVE A STEADY CUTSUT AT PIN NO. 2 WEEN IT SHOULD ONLY CIVE
A MOMENTARY QUTPUT. FAILURE ANALYSIS BY “HE SUPPLIER, AMERICAN AERUSFACE
CONTROLS (AARC) DISCLOSED A DEFECTIVE SOLDER JOINT AT THE COLLECTOR OF THE Qs
TRANSISTOR. THE JOINT WAS REFLOWED AND THE CLD OFERATED AS REQUIRED. IT WAS
BELIEVED THAT THE DEFECTIVE SOLDER JOINT WAS CAUSED BY AN QOPERATCE IMPROFPERLY
FORMING THE LEAD IN CONJUNCTION WITH EXCESSIVE HEAT BEING APPLIED. THIS IS
THE FIRST QCCURRENCE QF THIS TY¥PE OF FRILURE AND IT IS BELIEVED TO BF AN
ISOLATED IKCIDENT AND NOT A GENZRIC PROBLEM. THE CLD'S INSTALLED ON THE
CREITERS HAVE OR WILL HAVE SUCCESSFTULLY FASSED THEIR ACCEPTANCE TESTS AT THE
NEXT HIGHER ASSEMBLY LEVEL ALONG WITH THE SUBSYSTEM AND COMBINED SYSTEMS
CHECKOUT TESTE,

(E) OPERATIOMAL USE

WHEN THE CLD FAILS ITS DAILY fTEST s THZ AFFECTED TANK HEATERS WILL BE
DISABLED.
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