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FAILURE MODES EFFECTS ANALYSIS FMEA — FAILURE MODE
) NUMBER: APPENDIX BITEM 2

REVISICN®: O 11/03/87
SUBSYSTEM NAME: _
LR _ CRITICALITY OF THIS
ITEM MAME: REMOTE POWER CONTROLLER (RFC) FAILURE MODE:

FAILURE MODE:
GENERIC DISFOSITION & RATIONALE FOR REMOTE POWER CONTROLLER:
MCES0-001 7-120CK, 220G, 3XCAXK, 0CO8

DISPOSITION RATICNALE-

{A) DESIGN:

THE RPC FUNCTIONS AS A REMOTE POWER SWITCHING DEVICE IN THE DIRECT
CURRENT (DC) ELECTRICAL POWER SYSTEM. ACTUATION, OR TURN-ON, IS
ACCOMPLISHED BY APPLYING A VOLTAGE GREATER. THAN 12 ¥ AT 10 MA TO THE
CONTROL TERMINAL ON THE DEVICE. INGLODEDIN THE RPC DESIGN 1S A PROVISION
TO SENSE AND CURRENT LIMIT AND SUBSEQUENTLY TURN-OFF IF A CURRENT
OVERLOAD IS DETEGTED THUS PREVENTING DAMAGE TO THE CONTROLLED
ELECTRICAL CIRCUIT.

THE RPC 15 AN ALL SOLID STATE HYBRID DESIGN THAT MINIMIZES SIZE AND INTERNAL
POWER CONSUMPTION, ALL INTERNAL COMPONENTS ARE CONFORMALLY COATED
WITH PARYLENE TO ELIMINATE THE POSSIBILITY OF INTERNAL SHORTING BY LOOSE
CONTAMINANTS. ADDITIOMALLY THE RPC 1S HERMETICALLY SEALED IN AN INERT GAS
BACKFILLED METAL ENCLOSURE THUS PREVENTING CONTAMINATION OF THE
ELECTRONICS FROM MOISTURE OR OTHER CONTAMINANTE THAT MAY BE PRESENT IN

- THE EXTERNAL ENVIRONMENT.

VARIOUS CURRENT RATINGS ARE AVAILABELE IN DRDER TO PROVIDE THE NECESSARY
CURRENT CVERLOAD PROTECTION FOR THE DC SYSTEM AND ARE AS FOLLOWS: 3, 5,
7.5, 10, 15 AND 20 AMFERES.

RESIGN EVOLUTION

THE -1X0¢%X CONFIGURATION USEDC DURING THE INITIAL ©V-102 BUILG CYCLE,
SUBSEQUENTLY EXHIBITED SEVERAL PROBLEME. LEADLESS INVERTED DEVICES {LIL'S)
BOND WIRES EXPERIENCED FRACTURING DURING EXTREME TEMPERATURE CYCLING
AS DESCRIBED AND EXPLAINED IN CAR AT3D7. EXCESSIVE CURRENT LEAKAGE WAS
ALSQ ENCOUMNTERED, WHICH WAS CAUSED BY FAULTY CUTPUT TRANSISTORS AND
FURTHER AGGRAVATED BY RFPC CASE RIR LEAKAGE, SEE CAR AB3BES. THIS LEAKAGE
FROBLEM WAS RESOLVED BY IMPOSING A SCREEN ON ALL INSTALLED CRITICAL RPC'S
AND THE CREATION OF A& -220C% RFPC TO ELIMINATE ALL OF THE ABOVE PROBLEMS.
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FAILURE MODES EFFECTS AMALYEIS (FMEA) — FAILURE MODE
NUMBER: APFENDIX BATEM 2

=200 CONFIGURATION WAS LISED N THE INTLAL BUILD OF QY095 POWER
CONTROL ASSEMBLIES. & PROBLEM WAS SUBSEQUENTLY DISCOVERED IN -230C(
FARTS MANUFACTURED AFYER 1981, WHERE THE SUPPLIER DELETED KIS IN-PROCESS
SCREEN, ALLOWING SOME RPC'S TO HAVE A HIGHER THAN NORMAL OUTPUT VOLTAGE
DROP, THIS CONDITION WAS CHECKEDR FOR IN UNITS IN THE FIELD BY CONDUCTING A
VOLTAGE DROP SCREENING TEETS WITHIM NEXT ASSEMBLIES ALONG WITH ALL LOOSE
RPC'S IN STOCK, SEE CAR ACS582. UNINSTALLED -200( RPC'S THAT PASSED THE
SCREEN TEST WERE RE-IDENTIFIED WITH A VDT 0-760200 P/N.

THE -3 SERIES RPC CORRECTED THE VYOLTAGE DROF FROELEM. THESE RPC'S
WERE UTILIZED IN THE INITIAL BUILD QF GV-104 POWER CONTROL ASSEMELIES. IT
SHOULD BE NOTED THAT DUE TD VEHICLE/ASEEMELY INTERCHAMNGEABILITY, ANY
VEHIGLES MAY HAVE -1XXX, -200(, OR -2CX RPC CONFIGURATIOND AZ THE RESULT OF
GGHTF!DL ASSEMELIES BEING RECYCLED FOR MODIFICATIONS, ETC.

DUETO FARTS OBSCLESCENCE, REDEEIEN TO THE 44X CONFIGURATION WAE
RECUIRER, PREVIOUS GENERATION RPC'S USED LEADLESS INVERTED REVICES (LIR'E)
iN CONTROL CIRCUITRY FOR CMOS FARTS AND OP-AMPS_ LID'S ARE NO LONGER
AVAILAELE. THE -4X0C{ DESIGN UTILIZES AN APPLICATION SPECIFIC INTEGRATED
CIRCUIT (ASIC) WHICH 18 CONSISTENT FOR ALL RATINGS (3, 5, 7.5. 10, 15, AND 20 AMPS).
ORIGINAL PART USED BERYLLIVUM OXIDE (BEC) AS THE HEAT SINK FOR POWER
TRANSISTORS, TO AVOID FUTURE PART OBSCLESTENCE AND BECAUSE OF
ENVIROMMENTAL RESTRICTIONS, -4X0(% DESIGN USES ALUMINUM NITRIDE (ALMN} AS
HEAT SINK, IT SHQULD BE NOTED THAT DUE TC VEHICLE/ASEEMBLY
INTERCHANGEABILITY, ANY VEHICLES MAY HAVE - 1200, - 2200, -3X00L, OR 400 RFC
CONFIGURATIONS AS THE RESULT OF CONTROL ASSEMABLIES BEING RECYCLED FOR
MODIFICATIONS, ETC.

APP-B - 12



LB Cov

ai.

FPAGE: 4

PRINT DATE: n2# 2/58

FAILURE MODES EFFECTS ANALYSIS (FMEA) — FAILURE MODE
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.

{B) TEST:
QUALIFICATION/CERTIFICATION

QUALIFICATION TESTING AND ANALYSIS ARE COMPLETED AND AFPROVED. TESTS

INCLUDED:

TEST

CALISE CONTROL

B} G DI|E

FUNCTIONAL

FPERFORMANCE (QUTPLIT CURRENT, QUALITY, TURN
"ONFOFF CHARACTERISTICE, TRIP
CHARACTERISTICS, AMD VOLTAGE DROF)

OVERLDAD RUN-IN {250 CYCLES WITH 400% OVER-
LOAD APPLIED FOR 2 SECONDS THEM REDUCED
TO RATED CURRENT, THEN 250 CYCLES WITH
400% OVERLOAD APFLIED UNTIL TRIP FOLLOWED
BY 500 TRIF CYCLES WITH A 175% OVERLOAD)

VIBRATION {0.15 GZHZ, 45 MINUTES IN ALL THREE
AXES) ' "

THERMAL VACUUM (20 TO 130° F AT 1 X108 TORR)

SHOCK (20 G IM EACH OF THREE AXES)
ENDURANGE (100,000 CYCLES) '

ELECTROMAGHETIS INTERFERENCE
{MFODO4-D02 CLASS |, D}

TERMINAL STRENGTH (25 LBS FULL, 5 FT-LBS
TORQUE)

LIGHTNING {+/-50 VDC PEAK VOLTAGE APPLY 1D
TRANSIENTS (5 POSITIVE, 5 NEGATIVE) THEN
APPLY 23 RANDOMLY SPACED TRANSIENTS ALL
WITHIN A ZSECOND PERICD)

SEAL (1 X108 CC/SER)

PR A T

-| DIELECTRIC STRENGTH {1000 VRMS)

INSULATION RESISTANCE (IR AT 500 VDG, 100

MEGOHMS MINIMUNT

M

X
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FAILURE MODES EFFECTS ANALYSIS (FMEA]) — FAILURE MODE
NUMBER: APPENDIX BJATEM 2

-

ACCEPTANCE AND SCREENING
ALL RPC'S ARE SUBJECT TO 100% ACCEPTANCE TESTING WHICH INCLUDES:

CAUSE CONTROL
TEST 2A|BE|C][DIETF
VIEUAL EXAMINATION X X
FUNCTIONAL . X X
FERFORMAMNCE {CANPUT CURRENT GQUALITY, TURN
“ON~FOFF CHARACTERISTICS, TRIP
CHARACTERISTICS AND VOLTAGE DROF} X X
VIBRATION {0.04 G2MH2) X X X
THERMAL (45 TO 130* F) X
SEAL (1 X 105 EGG{SEGJ . X x
DIELECTRIC STREMGTH {750 VRME) x x
INSULATION RESISTANCE (500 VDG, :
100 MEGOHME MINIMUNM ) : 4 »
(C) INSPECTION:

RECEIVING INSPECTION {FAILURE CAUSE A, B, E)

FIECE PARTS INSPECTED AND TESTED DURING RECEIVING PER SUNDSTRAND QCI AND
SAMPLED PER QUALITY CONTROL (QC) MANUAL.

CDNTEMINATIDN CONTROL (FAILURE CAUSE B)
FDFEMAL PLAN IMPLEMENTED AND VERIFIED BY QC. CLASS 100K CLEAN RGOM WITH

. FROPER MAINTENANCE AND PROCEDURES VERIFIED BY QC. HERMETIC

SEALING/BACKFILLING VERIFIED BY INSPECTION. PARYLENE COATING PROCESS
VERIFIED EY INSFECTION.

ASEEMBLY/INSTALLATION {FAILURE CAUSE A, B, B)

DETAILED INSPECTION PERFORMED ON ALL FARTS PRIOR TO NEXT ASSEMELY.
SOLDERING AND ELECTRICAL TERMINATIONS VERIFIED BY INSPECTION. CORROSION
FROTECTICN PROVISIONS VERIFIED BY INSPECTION.

CRITICAL PROCESSES (FAILURE CAUSE A, B, B

ALL CRITiCAL PROCESEES INCLUDING SOLDERING, BRAZING, ADHESIVE MOUNTING OF

HYERID ELECTRONIC ELEMENTS, PARYLENE COATING, AND WIRE BONDING, ARE
MONITORED AND VERIFIED BY INSPECTION.

APP-B - 14
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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ FAILURE MODE
NUMBER: APFENDIX B-ITEM 2

TESTING (FAILURE CAUSE A, B, E, F)

A DCAS QC REPRESENTATIVE IS PRESENT DURING THE ATF FINAL FERFORMANCE
TESTS. ALL TEST RECORD SHEETS ARE REVIEWED BY WESTINGHCASE QC PF.'IDFE TO
FiNAL ACCEFPTANGE GF THE UNITS.

HANDUINGPACKAGING (FAILURE CAUSE €, D)

CMOSMOS DEVICES ARE HANDLED PER QC PROCEDLIRE TO PRECLUDE
ELECTROSTATIC DISCHARGE DAMAGE. PARTS PACKAGED AND FROTECTELDR ARE
VERIFIED BY INSPECTION N ACCORDANCE WITH APPLICAELE REQUIREMENTS.

{C) FAILURE HISTORY:
MC450-0017-12% CONFIGURATION
EFAILURE MODE: LOSS OF OUTPUT, INADVERTENT OUTPUT / FAILS TQ TURN GFF

CAR A7307 (PRIME)
DURING ACCEFPTANCE THERMAL TEST THE RPC'S FAILED TO REEPDND AS REQUIRED:
SOME FAILED TO TURHN "ON", OTHERS FAILED TO TURN “0DFF, A TOTAL OF SEVENTEEN
FAILURES WERE EXPERIENCED, THIRTEEN OF THMESE WERE EXFERIENCED DURING
THE RPC ACCEFTANCE TEST WHILE THE REMAINING FOUIR WERE EXFPERIENGED AT
THE NEXT ASSEMBLY LEVEL DURING THE INITIAL FUNCTIONAL TEST. THESE FAILURES
WERE ISOLATED TO OPEN OR HIGH RESISTANCE GONNECTIONS AT THE STITCH WELD
WITHIN THE LEADLESS INVERTED DEVICES {L]DE;I THESE WERE ATTRIBUTED TO
MARGINAL BONDS AGERAVATED BY THE EXPANSION AND CONTRACTION STRESSES
©F THE LID ENCAPSULATING EPOXY CAUSED DURING THERMAL CYCLING.

THIS PROBLEM WAS CORRECTED BY REVISIONS IN THE BONDING AND EFOXY CURING
PROCEDURES WHICH WAS EFFECTIVE FOR ALL -0 RPC CONFIGURATIONS. RPC'S
DEUVERED WERE CONSIDERED SATISFACTORY FOR THEIR INTENDED USAGE AS THE
ACCEFTANCE THERMAL TEST ALONG WiTH SUBSEQUENT THERMAL EXFOSURE (125°C
FOR THIRTY MINUTES} SERVED AS AN EFFECTIVE SCREEN FOR THIS CONDITION. THE
REASCEN THAT FOUR WERE DETECTED FOLLOWING DELIVERY 1S THE FACT THAT THE
THERMAL EXPOSURE {125° ) WAS CONDUCTED WITH NO SUBSECQUENT FUNCTIONAL

TEST UNTIL THEY WERE INSTALLED IN THE NEXT ASSEMBLY.

CAR'S AESEZ, APB14, AB34DS AND AC172E-110

FOUR OTHER RPC FAILURES [TWO FAILED TO TURN "ON" AND TWO FAILED TG TURN
"OFFTWERE ISOLATED TO LID'S. FAILURES WERE CAUSED BY BOND WIRE ROLUTING
WHICH RESLLTED IN ISOLATICGN SREAKDOWN BETWEEN LEADS (BOND WIRES). THIS
PRCBLEM WAS ALSO CORRECTED WHEN THE BONDING AND EFCXY CURING
PROCEDURES WERE REVISEDR, AGAIN THE THERMAL CYCLING SERVES AS AN
EFFECTIVE SCREEN.

CAR AB396% (PRIME)

DURING ORBITER SYSTEM CHECKOUT TESTE, VARIOUS ETATUS MEASUREMENTS
WHERE OBSERVED TO BE “ON" WHILE THE ACTUAL LOAD OR LINE REPLACEABLE UNIT
{LRL) WAS NOT POWERED UP., THIS CONDITION WAS OBSERVED SIX TIMES AT THE
VEHICLE LEVEL AND THIRTY FIVE TIMES DURING SUBSEQUENT SCREENING TEST.
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FAILURE MCDES EFFECTS ANAL YSIS (FMEA) - FAILURE MGDE
NUMEER: APPENDIX BATEM 2

-

THESE FAILURES WERE ATTRIBUTED TC A PARTICULAR OUTPUT TRANSISTOR CHIP
WHICH WHEN EXFOSED TO MOISTURE EXHIBITED EXCESEIVE Icpn CURRENT
LEAKAGE. THE INVESTIGATION DISCLOSED THAT THE FAILED RPC'S ALSO EXHIBITED
LDSS OF LTS HERMETIC SEAL. THE SEAL FAILURES WERE {NDUCED BY THE MOUNTING
TABS STRESSING AND CRACKING THE SOLDER SEAL BETWEEN THE RPC COVER AND
BASE. ‘

THESE CONCITIONS WERE CORRECTED BY MORE GLDSELY CONTROLLING THE
PROCUREMENT QOF THE CUTPUT TRANSISTORS. FURTHER, TO REDUCE THE STRESS
ON THE SOLDER SEaL, THE RPG FABRICATION PROCEDURES WERE REVISED; HEADER
ON BASE ASSEMBLIES ARE PRE-TINNED, THE HEADER ASSEMBLIES ARE MOLUNTED ON
A 0.005 INCH PEDESTAL WITH MOUNTING TABS TORQUED DOWN DURING THE COVER-
TCO-HMEADER ASSEMBLY SOLDER SEAL PROCESS. THESE CHANGES WERE
INCORPORATED INTC THE -200{ RPC CONFIGLIRATION.

A BPECIAL CURRENT LEAKAGE SCREEN TEST WAS ESTABLISHED AND CONDUCTED ON
ALL RPC APPLICATIONS.

MC450-0017-2XXX CONFIGURATION

FAILURE MODE: EXCESSIVE VOLTAGE DROP {NOT CONSIDERED FOR FMEA AS THE
WORST CASE IS LOSS OF OUTPUT)

CAR ACS552 :

DURING MANUFACTURING VERIFICATION TEST THE RPC'2 WERE OBSERVED TQ
EXHISIT EXCESSIVE VOLTAGE DROP; VOLTAGE DROP FROM BUS VOLTAGE INPUT
TERMINAL TO THE LOAD OUTPUT TERMINAL-WAS APPROXIMATELY 1.4 VOLTS WHEN IT
SHOULD BE LESS THAN 0.5 VOLTS. THIS FAILURE WAS ASSOCIATED WITH THE RFC
VDLTAGE REGULATOR INTEGRATED CIRCUIT CHIP WHICH IN THE RPC APPLICATION
MAY "LOCK-UF" WHEN THE RPG {5 TURNED "ON" INTO VERY SMALL GR NG LOAD
CONDITIONS. INVESTIGATION REVEALED THAT THE RPG MANUFACTURER HAD
DISCONTINUED AN IN-PROCESS SCREENING TEST THAT DETECTED RPC'S WITH THIS
TENDENCY.

THME RPC DESIGN WAS MODIFIED TC INCORFORATE A RESISTOR TO ELIMINATE A RACE
CONDITION THEREEY PRECLUDING THE POSEIELE “LOCK-UP" CONDITION. THIS
MODIFICATION WAS INCORPORATED IN-LINE INTO THE -330C{ RFC CONFIGURATION.

'ROCKWELL ESTABUSHED AND INITIATED A ECREENING TEST FOR THE RPC'S

DELIVERED. - ONE HUNDRED AND NINETEEN RPC'S WERE FOUND TO EXHIBIT THE
EXCESSIVE VOLTAGE DROP CONDITION, THESE WERE RETURNED TO THE SUPPLER
AND UPGRADED TO THE -3XXX CONFIGURATION.

CURRENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAINED ANOMALIES, AND
OTHER FAILURES EXPERIENCED DURING GROUND PROCESEING ACTIVITY CAN BE

FOUND IN THE PRACA DATABASE. THERE ARE NO UNRESOLVED GENERIC 1SSUES,

(E) OPERATIONAL LUSE:
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- APPROVALS -
PAE MANAGER s K L PRESTON
PRODUCT ASSURANCE ENGR : N. HAFEZIZADEH
DESIGN ENGINEERING ;B KHAHL
MASA EPDAC SSMA :
NASA EPCAC SEMW
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