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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRITICAL HARDOWARE
NUMBER: 02-4H-R100-X

SUBSYSTEM NAME: KU-BAND DEPLQY MECHANISM
REYISION : 2 12/17/91

- A e

PART NAME PART NUMBER

VENDOR NAME VENDOR WUMBER
| LRU : ACTUATOR, KU-BAND DEPLDY - MC287-0026-0003
. BALL AEROSPACE
m LRU : ACTUATOR, KU-BAND DEPLOY - ¥740-§44110-002
s ROCKWE LL
"""""""""""""" PART DATA T
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m EXTEMDED QESCRIPTION OF PART UNDER ANALYSIS:

o QUANTITY DF LIKE ITEMS: 1

. FLNCTION:

REDUNDANT MOTQRS IN THE ACTUATOR DRIVE THROUGH A DIFFERENTIAL AND
GEARBOX TO DRIVE THE KU-BANO ANTENNA DEPLOYMENT MECHANISM. THERE ARE
NO TORQUE LIMITERS IN THE KU-BAND DRIVE TRAIN. THE TWO MOTORS
INCORPORATE [NTEGRAL BRAKE MECHANISMS AND ARE CONTROLLED BY POSITION
SWITCHES LOCATEC WITHIN THE DEPLOYWENT MECHANISM. TWO OF THREE AC
PHASES WILL RELEASE THE BRAKE AND ORIVE THE MOTOR. THE BRAKE PREVENTS
BACKORIVING IN THE EVENT OF ASSOCLATED MOTOR FAILURE.

NOTE: THE V740-534110-002 ACTUATOR MANUFACTURED AND QUALIFICATION

TESTED BY ROCKWELL IS A SIMILAR DESIGH AMD [S INTERCHANGEASLE WITH THE

EEEEE-UUZE-DDHE ACTUATOR MANUFACTURED AND QUALIFICATION TESTED BY BALL
0SPACE. '
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FAILURE MODES EFFECTS AMALYSIS (FMEA) —- CRITICAL FA[LURE MODE
NUMBER: 02-4H-R100-04

REVISIONE 2 12/717/91 R
SUBSYSTEM: KU-BAKD DEPLOY MECHANISM
LRU :ACTUATOR, KU-BAND DEPLOY CRITICALITY OF THI%
[TEM WAME:; ACTUATOR, KU-BAND DEPLOQY FATLURE MODE:1R2
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m FAILURE MODE:
MOTOR BRAKE FAILS TO ENGAGE

MISSION PHASE:
00 ON-ORBIT
Do OE-ORBIT

= YEHICLE/PAYLOAD/XIT EFFECTIVETY: 102 COLUMBIA
103 DISCOVERY
104  ATLANTIS
105  ENDEAVOUR

s CAUSE:
ADVERSE TOLERANCES/WEAR, COMTAMIMATIOM/FOREIGN OBCECT/DEBRIS, DEFECTIVE

PART/MATERIAL QR MANUFACTURING DEFECT, FAILURE/DEFLECTION OF INTERNAL
PART

w CRITICALITY 1/1 DURING INTACT ABURT OHLY? HO
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REDUNDANLY SCREEN A) PASS
B} FAIL
C} PASS

P?ESJFAIL RATICONALE:

mA
MOTOR BRAKE FAILURE WOULD BE DETECTABLE DURING SINGLE MOTOR FUNCTIONAL
CHECK IN TURNARCUND.

.}
FAILS REDUNDANCY SCREEM "B" SINCE THERE IS NO VISUAL OR INSTRUMENTED
WAY OF DETECTIMG A BRAKE FAILURE IN FLIGHT.

m )
MDTGR/BRAKE ASSEMBLIES ARE INDEPENDENT SEALED UNITS,
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(A) SUBSYSTEM:

FIRST FAILURE - NO EFFECT. SUBSEQUENT FAILURE OF ASSOCIATED MOTOR WILL
ALLOW REGUNDANT MOTOR TOQ BACKDRIVE THROUGH THE FAILED BRAKE AND KU-BAND
POSITIONING CAPABILITY WOULD BE LOST,

(8) INTERFACING SUBSYSTEM(S}:
FIRST FATLURE - NO EFFECT. SUBSEQUENT FATLURE OF ASSOCIATED MOTOR WILL
RESULT IN LOSS OF ABILITY TO DRIVE KU-BAND.

(C) MISSTON:
FIRST FAILURE - N0 EFFECT. SUBSEQUENT FAILURE WILL RESULT IN A PQSSIELE
LO55 OF MISSION DUE TO [NABILITY TO USE KU-BAND.

{0) CREW, VEHICLE, AND ELEMENT(S):

FIRST FALLURE - NG EFFECT. SUBSEQUENT FAILURE WILL REQUIRE JETTISON OF
KU-BAND TO ALLOW PAYLOAD 8AY DOOR CLOSURE, LOSS OF ALL REDUNDANCY
RESULTS [N POSSIBLE LOSS OF CREW/YEHICLE OUE TO AN IMABILITY TO CLOSE
PAYLOAD BAY QOQRS.

(E) FUNCTIGMAL CRITICALITY EFFECTS:

(A) DESIGN:
THE MOTOR BRAKE 1S A COMBINED THREE-PHASE MOTOR AND SPRING-LOADED BRAKE
WITH THE MOTOR AND BRAKE WINDINGS CONNECTED IN SERIES TO PROVIDE FAIL
SAFE BRAKING IF POWER [S LOST ON ANY WINDING. [T IS FREE OF ANY SINGLE
POINT FAILURE THAT WOULD PREVENT THE BRAKE FROM SUPPLYING THE REQUIRED.
HOLOING TORQUE. THE MATERIALS USED PROVIDE MINIMUM WEAR AND MAXIMLM
STABILITY. HOUSING IS SEALED TO PREVENT CONTAMINATION.

m (B) TEST:
ACCEPTAMCE TESTS: THE FOLLOMING TESTS ARE PERFQRMEDC FOR ALL FLIGHT
ARTICLES AND ARE- PERFORMED FOR EACH QUALIFICATION TEST ARTICLE.
VIBRATION-RANGE 20 TO 2,000 HZ MAXIMUM LEVEL OF 0.04 q2/HI FROM 80 TO
350 HZ ALL AXES. THERMAL - STAQILIZED RANGE FROM -200 DEG F TO +350
DEG F. FUNCTIOWEL TESTS CONDUCTED AT -100 DEG F, +70 OEG F AND +350
DEG F. TORQUE - MINIMUM TORQUE 17,50 INCH-OUNCES. MAXIMUM TORQUE 32.0
INCH-0OUNCES. MINIMUM TWO-PHASE STALL TORQUE 12.80 INCH-OUNCES.
MINIMUM KIGH SPEED TORQUE AT -100 OE& F 4.0 INCH-DUMCES, +70 DEG F 1.28
INCH-OUNCES, ANO +350 DEG F 0.48 INCR-OUNCES, BRAKE STATIC HOLDING
TORQUE 25.560 INCH-OUNCES MINIMUM VERIFIED DURINE BRAKE OFERATION TEST.
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FAILURE WODES EFFECTS AMALYSIS (FMEA) - CRITICAL FAILURE MOOE
NUMBER: 02-4H-R100-04

ELECTRICAL - VERIFY (WITHIN DESIGN LIMITS) CONTTNUITY, DIELECTRIC
STRENGTH, INSULATION RESISTANCE, AND POWER CONSUMPTION.

QUALTFTCATION TESTS: THE FOLLOWING IS A SUMMARY OF TESTS CONDUCTED

ON THE MCZ87-0026-0003 ACTUATOR PER £R 44-2B7-0026-0002 TO INCLUDE BOTH
NATURAL AND INDUCED ENVIRONMENTAL EFFECTS TO THE MOTOR/BRAKE ASSEMELY.
FUNCTIONAL TESTS WERE CONDUCTED OURING AND FOLLOWINE EACH PHASE OF
TESTING TO DETERMINE EFFECTS, ENVIRONMENTS AND REQUIREMENTS ACCEPTED
BY ANALYSIS INCLUDE FUMGUS, OZONE, SALT SPRAY, ACCELERATION, SOLAR
RADIATION {THEFMAL AND MWUCLEAR}, METEQROIDS, SAMD AND DUST, STORAGE,
FACTOR QF SAFETY, RELIABILITY, MAINTAIMABILITY, MATERIALS AHD
PROCESSES, ELECTRICAL DESIGN AND SAFETY, FLIGHT VIBRATION LEVEL 20 TO
2,000 HI WITH MAXIMUM LEVEL OF 0.27 g2/HZ AT 80 TO 350 HZ ALL AXES.
BRAKE HOLD DURING VIBRATION AT 0.10 g2/MZI, SHOCK - BASIC DJESIGN PER
MIL-5TD-810C, METHOD 516.2, PROCEDURE I. THERMAL - STABILIZED RANGE
FROM -100 DEG F TQ +350 UEG F. FUNCTIONAL TESTS COMDUCTED AT -100 DES
F, +70 DEG F, AND +350 DEG F. THERMAL VACLUUM AT 10 -6 TORR, HUMIDITY,
EXPLOSIVE ATMOSPMERE PER MIL-STO-810C, METHQD 511.1, PROCEDURE I.

STALL TEST-STALL TORQUE AT +350 OEG F AND 10 -6 VACUUM. LIFE CYCLE
TESTS - 1,750 CYCLES IN ADOITION TQ CYCLES CONDUCTED QURING VARIDUS
QUALIFICATION TESTING.

NOTE: QUALIFICATION TESTS TO BE CONCUCTED ON THE V740-544110-002
ACTUATOR PER CR44-544110-002 INCLUDE ALL QF THE PRECEGING TESTS EXCEPT
THAT THE FOLLOWING ENVIRONMENTS WILL BE CERTIFIED BY AMALYSIS OR
SIMILARITY: MUMIDITY, EXPLOSIVE ATMOSPMERE, THERMAL VACUUM, LOAD TEST -
COMBINED AXIS LDADING. TO 1COX LIMIT LOAD. A TOTAL OF 1461 OPERATIONAL
CYCLES WILL BE PERFORMED. :

OMRS0: DEPLOY MOTORS' PERFORMANCE IS VERIFIED DURING NORMAL IN-FLIGHT
OPERATIONS. GROUND TESTING WOULD BE ACCOMPLISHED WHEN A VALID
VERIFICATION [5 UMCATAINAGLE DURING FLIGHT, OR FOLLOWING LRU
REPLACEMENT, ALSO, SINGLE MOTOR OPERATION IS VERIFIED EVERY FLOW:
DEFLOY MOTOR L1/STOW MCTOR 2 IS VERIFIED ON ODQ FLOWS: AND DEPLOY MOTGR
2/5TOW MOTOR 1 IS VERIFIED ON EVEN FLOWS.

(C) INSPECTION:

RECEIVING IMSPECTION

MATERIAL AND PROCESS CERTIFICATIONS VERIFIED BY INSPECTION.
INSPECT[ON VERIFIES THAT A SAMPLE FROM EACH LDT OF MATERIAL (S
SPECTROSCOPICALLY ANALYZED TO VERIFY MATERIAL UHEMISTRY.

CONTAMINATION CONTROL

ALL PARTS ARE CLEAMED BEFORE ENTERIMG STOCK ROOM AND RECLEAMED BREFORE
ENTERING CLEAN ROOM, VERIFIED BY INSPECTIOM. INSPECTION VERIFLES THAT
PARTS ARE CLEANED TO LEVEL “VISIBLY CLEAN™ OF MAOILO-301 FRIDR TO
ASSEMBLY. MOTOR/BRAKE ASSEMBLY IS ASSCMBLED IN A CLASS 10,000 CLEAN
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FAILURE MODES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MODE
NUMBER: 02-4H-R100-04

ROOM, VERIFIED BY INSPECTION.

ASSEMELY/INSTALLAT LON

ALL PARTS ARE QIMENSIONALLY INSPECTED, YERIFIED BY INSPECTION.
ASSEMBLY OPERATIONS ARE WERIFIED BY INSPECTION. RTY APPLICATION TO
KEEF WQISTURE OUT GF THE MOTGR IS VERIFIED BY INSPECTION,

CRITICAL PROCESSES '

HEAT TREATING AND SOLOER[NG ARE WERIFIED BY [NSPECTION. PASSIVATION OF
STAIKLESS STEEL PARTS IS VERIFIED Br INSPECTIQN. EXAMINATION OF SOLDER
JOINTS BEFGRE THEY ARE CLOSED UP AND SEALED IN WINDINGS 1S A MANDATORY
%Eg;ECTIGH POINT. HEAT TREATING OF SHAFTS IS VERIFIED BY HARDMESS

TESTING
ATP {INCLUDING TESTING AT EXTREME TEMPERATURES, AT VARIOUS LOADS AND AT
VARIOUS POSITIONS} IS VERIFIED PER PROCEDURE, WINDING RESISTANCE TEST
§SS:EE%EéED BY INSPECTION. HIGH POTENTIAL TEST IS VERIFIED BY

M M.

HANDLING /PACKAGING
HANDLING AND PACKAGING PER CRAWING AND SPECIFICATION -
VERIFIED BY INSPECTION. . CATION REQUIREMENTS ARE

{0} FAILURE HISTORY:
THERE HAVE BEEN NQ ACCEPTANMCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FAILURES ASSCCIATED WITH THIS FAILURE MODE,

{E) OPERATIONAL USE:
FLIGHT RULES INSTRUCT STOWAGE OF THE KU-BAND DUE TO SINGLE MOTOR ORIVE
OPERATION, UNLESS OTMERWISE IDENTIFIED IN THE FLIGHT SPECIFIC ANNEYX.

SUBSEQUENT FAILURE WILL REQUIRE JETTISOM OF KU-BAND TO ALLOW PAYLOAD
BAY DOUR CLOSURE AND PREVENT LOSS OF CREHI?EHIELE DURING EWTRY.
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RELTABILITY ENGINEERIMG: 0. M, MAYNE
DESIGN ENGINEERING 5. L. SHARP
QUALITY MANAGER 0. J. BUTTNER
HASA RELIABILITY _
NASA SUSSYSTEM MANAGER
NASA QUALITY ASSURANCE
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