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FAILURE MODES EFFECTS ANALYSIS {FMEA) — CIL HARDWARE
NUMBER: 05-5-B11-1 .X

SUBSYSTEM NAME: DATAPROGCESSING SYSTEM (OFS)

REVISION: 8 Ud/26/96
FART DATA
PART NAME FART MUMBER
VENDOR NAME VENDOR NUMEBER
LRU s GEMREL PURFOSE CMPTR, AF1IME MCE15-0025-0202, 0203
LOCKHEED G9EB000-22

EXTENDED DESCRIFTICN OF PART UNDER ANALYSIS:

REFERENCE DESIGNATORS:  B1VT2A16
B2VT2ALT
B3VTIALE
2vT2A19
BIVT2A20

QUANTITY OF LIKE ITEMS: 5
FIVE

FLINGTION:

THE GENERAL PURFOSE COMPUTERS (GPC'S) SUPERVISE, COMMAND, CONTROL AND
COORDINATE ALL FLIGHT GUIDANCE FUNCTIONS, VEHICLE ATTITUDES AND FLIGHT
GEOMETRY. THE GPC ALEQ PROCESSES MATHEMATICAL AND LOGICAL FUNCTIONS.
THE GPC READS IN COMPUTER DATA FROM THE ORBITER SUBSYSTEMS. THE DATA IS
PROCESSED AND MADE AVAILABLE FOR DISPLAY, TRANSMISSION, OR COMMAND
EXECUTION BY ORBITER SUBSYSTEMS. THE GPGC CONTROLS TWO-WAY TRANSFER OF
INFORMATION TO AND FROM THE OTHER UNITS OF THE SPACE SHUTTLE. INTERNAL
BUILT IN TEET EQUIPMENT (BITE) AND COOPERATIVE SYNC BETWEEN THE REDLINDANT
SET GIVE FAULT DETECTION AND ISQOLATION (FDI) OF COMPUTERS DURING CRITICAL
MISBION PHASES. FOUR GPC'S ARE NOMINALLY ASSIGNED TO THE PRIMARY AVIONIGS
SOFTWARE SYSTEMS (PASS). THE §TH GPC 15 ASSIGNED TO THE BACKUP FLIGHT
SYSTEM (BFE}
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PAGE 2 PRINT DATE. 06/02/35

FAILURE MGDES EFFECTS AMALYSIE FMEA -- CIL FAILURE MQLOE
NUMEBER: {5-5-B11-1-02

' REVISION#: & 02i02/58
SUBSYSTEM NAME: DATA PROCESSING SYSTEM {(DPS)
LRU: GEWRL FURFOSE CMPTR, AP1ME CRITICALITY OF THIE
ITEM NANE: GENRL PURPOSE CMPTR, AP101S FAILURE MODE: 1/1

FAILURE MODE:;
ERRONECUS CUTPUT

MISSION PHASE: LD LFT-GFF
o0 ON-ORBIT
0o DE-ORBIT

YEHICLE/PAYLOADMKIT EFFECTIVITY: 102 COLUMB!A
103 DISCOVERY
10+ ATLANTIS
105  ENDEAVOUR

CAUEE:

TEMPERATURE, CONTAMINATION, PIECE-PART FAILURE, CHEMICAL REACTION,
RADIATION, VIBRATION. MANY ELECTROMIC PARTE IN THE REGIETERS, ARITHMETIC
LOGIC UNIT. MICRD PROGEAM UMIT, MAIN MEMORY, GPC CLOCKS, AND OPEMNISHORTED
SELECT LIME ARE SINGLE FAILURE POINTS FOR EACH LINE REFLACEABLE UNIT (LR

CRITICALITY 111 DURING INTACT ABORT QNLY? NO

REDUNDANCY SCREEN A} NIA

B} N/A

C} N/A
PASS/FAIL RATIONALE:
A)
B}
)

- FAILURE EFFECTS -

(A) SUBSYSTEM:

POSSIBLE OS5 OF GPC. POSSIBLE LOSS OF REDUINGANT SET OUE TO NON- LINIVERSAL
1O ERRORS. IF GPC 15 ASSIGNED AS BFS, FOSSIBLE LOEE OF BFS FUNCTION.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CIL FAILURE MODDE
' NUMBER: D5-5-B11-1-02

{B) INTERFACING SUBSYSTEM(S):
FOSSIBLE LOEE OF JETS ASSIGMED TO FAILED GPC,

(C) MISSIDN:

PASS: PER FLIGHT RULES LOSS OF ONE GPC NO EFFECT. LOSS OF TWD GPC'S
RESULTS IN MINIMUM DURATION FLIGHT. LOSS OF THREE GPC'S RESULTS IN ENTRY TO
NEXT PRIMARY LANDING SITE {PLS). :

{n CREW, VEHICLE, AND ELEMENT{S]:
FASS OR BFS: POSSIBLE LOSS OF VEHICLE/CREW.

(E} FUNCTIONAL CRITICALITY EFFECTS:
CRITICALITY 1/1 BECAUSE OF THE FOLLOWING REASOMNS:

FOR ON-ORBIT:
EPC ERRONECLUS QUTPUT COMMANDS TO ENABLED MAIMN REACTION COMNTROL SYSTEM
{RCS) DURING FROXKIMITY OFERATIONS CAN RESULT IN LOSS OF CREW/VEHICLE.

FOR ASCENTIENTRY, (FRE-MED:3)

ABFS FAILURE, CAUSING LOSS OF PASS (E.G.. DUAL BUS COMMANDERS), FGLLCWED BY
INABILITY OF BFS TO ASSUME CONTROL OF VEHICLE CaN RESULT IN LOSS OF
CREWNVEHICLE. OME POSSIBELE SCENARIC 1S INTERFERENCE ON OF, EUSES FREVENTS
PasSsS-DEU (DISFLAY ELECTROMICE UNIT) COMMUNICATIONS.

FOR ASCENT/ENTRY: {MEDS CONFIGURATION)

A BFS FAILURE, CAUSING LOSS OF PASI {E.G.. DUAL BUS COMMANDERS), FOLLOWED BY
INABILITY OF BF2 TO ASSUME CONTROL OF VEHICLE CAN RESULT IN LOS5 OF
CREW/VEHICLE. ONE POSSIBLE SCENARIO 13 INTERFERENCE CN DK BUSES PREVENTE
PASS-IDP (INTEGRATED DISPLAY FROCESSOR) COMMUNICATIONS,

CRITICALITY 1R2 BECAUSE OF THE FOLLOWING REASONS:

FOR ASCENT/ENTRY:

THIS FAILURE COLIPLED WITH AN UMDETECTED FLIGHT CONTROL SYSTEM (FCS)
FAILURE (E.G., 'N THE AEROSURFACE AMPLIFIER (ASA} OF ASCENT THRUST VECTOR
CONTROLLER (ATVC)L. COULD RESULT 1N THE TWO HEALTHY PATHS BEING WOTED OUT.
THIS COULD RESULT IN A WOTING DILEMMA IM THE FCS {E.G., "FORCE FIGHT" IN THE
SERYO ACTUATORS. REFERENCE FMEA 05-1-FCE042-1 AND 03-1-FCE542-1),

FOR ASCENT:
{1} IDENTICAL ERRONEOUS OUTPUT FROM TWO GPC'S (GPC1, 3 OR 4) CAN

RESULT IN QFENING BOTH SERIES CONNECTED RTLS LHZ DUMF VALYES,

05-5 - 114




PAGE: 4 CRIMT DATE: D&/02/95

FAILURE MODES EFFECTS ANALYSIS {[FMEA) -- CIL FAILURE MODE
NUMBER: 03-5-B11-1- 02

DUMPEING LHZ OVER ORBITER WING. F LESS THAN 100,000 FEET, SOULD

RESULT IN EXPLOSION. SIMILAR ERRONECUS OUTPUTS CAN OPEN TWO SERIES LHZ
MANIFOLD REPRESSURIZATION VALVES WHICH CAN INJECT SASEQUS HE AND M2
INTO THE LH2 MANIFOLD RESULTING IN POSSIELE SPACE SHUTTLE MaIN ENGINE
(SEME) COMEBLIETION INSTABILITY.

(2) MASTER EVENT CONTROLLER (MEC} VOTER DILEMMAS {2 VERSUS 23 MAY
OCCUR THAT CAN RESULT [N INABILITY TO PERFORM MEC SERPARATION
FUNCTIONS (E.55., EXTERMAL TANK (ET) AND SOLID ROCKET BOOSTER (ERE)
SERPARATICN}.

MLULTIFLEXER DEMULTIPLEXER (MDM) (FLIGHT &FT) FA1, 2, 3 OR GPC1, 2,

UR 3 ERRONECQUS CUTPUT WHICH RESULTS IN BODY FLAP ENABLE AND UP
COMIMAMDS ON THE SAME CHANNEL, COUPLED WITH LOSS OF OUTPUT ON
ANDTHER CHANNEL (GPC. MDM, ACTUATCR, MOTOR OR AUXILIARY POWER UNIT
{AFU), WILL CAUSE THE BODY FLAR TO DRIVE 1N THE UP DIRECTION,
GCONTACTING &N ENGINE BELL. THIS CAN RESULT IN LOSS OF

YEHICLE/CREWY.

(3

r

(4) TWO GPC FAILURES THAT CALISE IMPROPER COMMANDS TO A SUFEICIENT
HUMBER OF JETS CAN RESULT IN ORBITER EXTERNAL TANK {ET) CONTACT OR
AN OQRBITER QUT-OF-CONTROL CONDITION AT SEPARATION.

(5} UNVOTED EFFECTORS, NO EFFECT DN 1ST FAILURE. 2MND RELATED FALURE
COULD CAUSE EXTERNAL TANK (ET) SEPARATION DOORS TO CLOSE
PREMATURELY RESULTING IN BENT LINKAGE WHICH PREVENTS SUBSEQUENT
DOOR CLOSING.

FOR ON-ORBIT

GPC FAILURE COUPLED WITH REMOTE MAMIPULATOR SYSTEMS (RMS) OFERATIONS AT
THE EXTREMES OF THE ENVELOPE CAN CAUSE SERIOUS VEHICLE DAMAGE AND
POTENTIAL LOSS OF VEHICLE/CREW.

FOR BFE:

AFTER LOSS OF PASS DUE TO GENERIC FAILURE(S), BFS ENGAGE IS REQUIRED. ANY
SUBSEQUENT FAILURE IN THE BFS LEADS TO INABILITY TO CONTROL THE VEHICLE AND
RESULTS IN LOSE OF CREW/VEHICLE.

-DISPOSITION RATIONALE-

(4) DESIGN:
PARTE ARE DERATED 25 PERCENT TO ORBITER PROJECT PARTS LIST (QOPPL)
REQUIREMENTS. BASIC DESIGN IS PROVEN BY UTILIZING CIRGUITS FROM PREVIOUS
GENERATIONS COMPUTERS. SUSCEPTIBILITY TO PROBLEMS OF GFG POLLUTION
ANOMALIES HAVE BEEN MINIMIZED BY INCORPORATION OF SOFTWARE SAFEGUARDS TO
THE MAXIMUM EXTENT POSZIELE. THE AP101S GPC MICROCODE REDUCES EXPOSLRE
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FAILURE MODES EFFECTS ANALYSIS (FMEA} -- CiL FAILURE MODE
NUMBER: §5-5-Bt1-1-02

TO NON UNIVERSAL INPUT QUTPUT {0} ERRORS DUE TQ ERROMECUS BUS ACTIVITY.
FOR EXPOSURE TO RADIATION, ERROR CORRECTING CODE WILL CORRECT 1 BIT
CHANGE PER CMOS MEMORY WORD, BUT 2 BIT CHANGES PER ONE CMOS MEMORY
WORD CANNOT BE CORRECTED. DESIGN ALBD INCORPORATES RELIABILITY,
MAINTAIMABILITY, ENYVIRONMENTAL, TRAMSPORTASILITY AND THERMAL REQUIREMENTZ
AND OTHER DESIGN AMD CONSTRUCTION CONTROLS PER SPECIFICATION MOBT5-0025.

{B) TEST:

ACCEPTANCE TESTING, WHICH INCLUDES AP101S (GPC) FACTORY ACCEPTAMCE TEST
[(FAT) AND CUSTOMER ACCEPTANCE TEST {CAT) PERFORMANCE TEST PROUCEGURE
(TPES-387-700), AP101S CAT-THERMAL TEST PROLEDURE (TP85-387-600), AF1015 CAT-
VIBRATION TEST PROCEDURE (TP85-387-500), PERFORMANCE, POWEFR VARIATION TEST
AND EXAMINATION OF FRODUCT ARE PERFORMED ON EACH UNIT.

QUALIFICATION TESTING, INCLUDING POWER, ELECTROMAGHNETIC COMPATIEILITY
{EMC), THERMAL CYCLE, VIBRATION, THERMAL VACLUUM. LIFE, CABIN ATMOS- PHESE.
RADIATION, SHIPRING CONTAINER, LIGHTMING AND SHOCK HAS BEEN PERFORMED:.

INTEGRATED AND SUBSYSTEM VERIFICATION PERFORMED AT JSC AND KSC. ALL
COMPUTERS ARE BURNED-IN FOR 18 CYCLES MINIMUR (8 HOUR'CYCLE) OF +120 TO -
§5F. THEN 22 CYCLES OF +108 TO -5 DEGREES F, PLUS 3 AXES ACCEFTANGE VIBRAT QN
TEST (AVT) TD .04G2/HZ LEVEL. PRIOR TO THE BURN-IN TEST. A 35 NONOFERATIOMAL
TEMPERATURE CYCLE (-55 DEGREES C TO +B0 DEGREES C) SCREEN |& PERFORMED ON
MOST PACE ASSEMBLIES. FUNCTIONAL TESTS ARE MONITORED TO VERIFY SOFTWARE
SONTROL 1S WITHIN SPECIFIED LIMITS. INTEGRATED AND SUBSYSTEM VERIFILATION 13
JERFORMED AT JSC AND KSC. NASA FERFORMS A MIMIMUM OF 1,000 HOURS QF
SYSTEM ORERATION ON EACH GPC PRIOR TO COMMITMENT TO FLIGHT.

SROUNMD TURKAROUND TEST: ALL TURNARCUND CHECKOUT TESTING 12
ACCOMPLISHED IN ACCORDANCE 'WITH OMRED.

(C} INSPECTION:

RECEIVING INSPECTION

CERTIFICATES OF COMPLIAMGE ARE IN RECEWVING INSPECTION FILES. RECEWING
INSFECTION PERFURMS PHYSICAL AND GHEMICAL ANALYEIS OF MATERIALS

CONTAMINATION CONTROL

AR PLENUMS ARE WISUALLY INSFECTED AND VACUUM CLEANED DURING FIMNAL
INSPECTION AND FILTERS ARE INSTALLED TO KEEP OUT DEBRIS. KSC TURNARULUND
CHECKS INCLLDE INSPECTION/CLEANING OF FILTERS AND AIR PLENURMS.

ASSEMBLY/INSTALLATION
TORQUE VERIFICATION TOOLS ARE USED BY INSPECTION. MULTILAYER BOARDS ARE

CHEGKED FOR PROPER SOLDER RPEMETRATION, SHORTS AND OFENS, AND MICRO-
SECTION AMALYSIS. 13X MAGNIFICATION AND FLUORESCENT RING ILLUMINATORS ARE
USED FOR INSPECTION OF SOLDER JOINTS, 30X MAGNIFICATION 1S LSED FOR
SUSPECTED GRACKS AND FRACTURES, CONFORMAL COATING 1S CHECKED FOR
CONTAMINATION, MIFIMUM COVERAGE AND UNIFORMITY USING BLACKLIGHT.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: 05-5-Bt1-1-02

INSPECTION OF WIRE HARNESS IS FERFORMED DURING IN-PROCESS AND FINAL
INSPECTION.

NONDESTRUCTIVE EVALUATION

ALL BRAZED HOUSINGS ARE VISUALLY INSPECTED INCLUDING RADIQGRAPHIC AND
SILVER NITRATE TESTING. X-RAYS ARE TAKEN OF THE BACK PANEL TQ ASSURE
PROPER SOLDER PENETRATION.

CRITICAL PROCESSES
INSPECTION VERIFIES CRIMPING OFERATIONS AND CERTIFICATION. SOLDERING
REQUIREMENTS PER NHB52(0.4{3A) ARE VERIFIED BY INSPECTION.

TESTING

ACCEPTANCE TESTING 1S OBSERVED AND VERIFIED BY BOEING, DCAS, AND LOCKHELD
QUALITY CONTROL INCLUDING ACCEPTANGE VIBRATION TEST AND ACCERTANCE
THERMAL TEST.

HANDLING/PACKAGING
INSPECTION VERIFIES SPECIAL HANDLING OF ASSEMBLIES CONTAINING ELECTRICALLY
STATIC SENSITIVE DEVICES. PACKAGING AND PROTECTION VERIFIED BY INSPECTION.

{D) FAILURE HISTORY: :
CURRENT DATA ON TEST FAILURES, FLIGHT FAILU RES, UNEXPLAINED ANOMALIES, AND
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CAN BE
FOUND N THE PRACA DATABASE

{E) OPERATIONAL USE:
PRIOR TO THE START OF AN ERRONEOUS OUTPUT ON THE GPC, FLIGHT CRITICAL
STRINGS (PAIRS OF DATA BUSES) ARE DISTRIBUTED AMONG THE OPERATING GUIDANGE
NAVIGATION AND CONTROL (GN&C) REDUNDANT SET IN AGCORDANCE WITH FLIGHT
RULE GUIDELINES IN AN ATTEMPT TQ LIMIT EXPOSURE TO A NEXT FAILURE, FOLLOWING
THE START OF ERRONEGUS GPC QUTPUT, THE FLIGHT CRITICAL STRINGS ARE
REDISTRIBUTED ACCORDING TQ FLIGHT RULE GUIDELINES IN AN ATTEMPT TO LIMIT
EXPOBURE TO THE NEXT FAILURE. NO SPECIAL CREW TRAINING IS REQUIRED.

- APPROVALS -
SS&PAE MANAGER P. STENGER-NGUYEN
SSAPAE (T.A
DESIGN ENGINEERING . F, MCMULLEN
MEDS SYSTEM : M. B. WARNER
MEDS HARDWARE TR SITAPARA
JSC MOD YL Bacad
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