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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
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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

L L Ll L L B L Ry ey N o ke e e e ke e e L e

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. '

02-4H - 1
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FAILURE MODES EFFECTS ANALYSIS {FMEA) -- CRITICAL FAILURE MGOE
MUMBER: 02-4H-R100-01

REVISEON 2 12/17/91 R
SUBSYSTEM: KU-EAKD QEPLOY MECHANISM
LR :ACTUATOR, KU-BAND DEPLOY CRITICALITY OF THIS
ITEM NAME; ACTUATOR, KU-BAND DEPLOY FAILURE MODE:1R2
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# FAILURE MODE:
PHYSICAL BINDING/JAMMING OF GEARBOUX

MISSION PHASE:
00 ON-ORBIT
00 DE-QRBIT

m VEHICLE/PAYLOAD/XIT EFFECTIVITY: 102 COLUMBIA
103  OISCOVERY
104  ATLANTIS
105 ENDEAVOLR

CAUSE:
ADVERSE TOLERANCES/WEAR, EDHTHHIHATIDH{FEHEIEH OBJECT/QEERIS, FALLURE/
QEFLECTION OF INTERNAL PART, LOSS OF LUBRICANT, TEMPERATURE

m CRITICALITY 1/1 DURING INTACT, ABORT QNLY? NO
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REDUNDANCY SCREEN A) PASS
B) PASS
C) PASS

-P?SS{FAIL RATIONALE :
mA
FUNCTIONAL OPERATION CAN BE VERIFIED DURING GRGUHQ TURNARQUND ,

a B}
BEPLOY/STOW POSITIONS ARE WISUALLY DETECTABLE ON QRBIT.

¢)
JETTLSON 5 UHLIKE REDUMDANCY FOR STOW FUHCTIONM.
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(A) SUBSYSTEM:
FIRST FAILURE RESULTS IN TNABILITY TO DRIVE KU-BAND ANTENNA STOWED OR
DEPLOYED.
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FAILURE MODES EFFECTS ANALYSIS (FMEA] -~ CRITICAL FAILURE MOOE
NUMBER; 02-4H-R100-01

(B) INTERFACING SUBSYSTEM(S):

FATLURE WILL CAUSE MOTOR STALL AND RESULT IN AN INABILITY TO EITHER USE
KL-EAND SYSTEM OR CLOSE PAYLOAD BAY DOORS. PROGEQURALLY, DRIVE COMMAND
WILL BE REMOVED BEFORE MOTOR BURNOUT CAN OCCUR.

(C) MISSTON: '
FAILURE WILL RESULT IN A POUSSIBLE LQSS OF MISSION DUE TD INABILITY TO
USE KU-BAND SYSTEM.

(0} CREW, VEHLCLE, AND ELEMENT(S):

FALLURE WILL REQUIRE JETTISON OF KU-BAND TU ALLOW PAYLDAD BaY DOOR
CLOSURE. LOSS OF ALL REDUNDANCY RESULTS IN POSSIBLE LOSS OF
CREW/YEHICLE QUE TO AN IMABILITY TQ CLOSE PAYLOAD BAY DOORS.

(E) FUNCTIONAL CRITICALITY EFFECTS:
T iseosITION RATIONALE -

_______________________________ i sk ol o A N N U U N S - -

a (A} DESIGH:
DESIGN TNCLUDES CONTROLLED OIMENSIONS WITH OYWAMIC, TEMPERATURE AND
PRESSURE ALLOWANCES TO PREVENT ADVERSE TOLERANCE ACCUMULATION EFFECTS.
DESIGNED FOR MAXIMUM STIFFNESS: MATERIALS USED ARE WEAR RESISTANT TO
MINIMIZE METAL AND SEAL WEAR AND TO PREVENT PARTICLE GENERATION. SEALS
PREVENT FOREIGN CONTAMINATION AND LUBRICANT LOSS. DUAL ROTATING
SURFACES ON BEARINGS PROVIOE ROTATIONAL CAPABILITY AFTER BINDING OF ONE
SURFACE. RECYCLE CAPABILITY PROVIDES WORKAROUND FOR JAMMED MECHANISM.
ULTIMATE FACTOR OF SAFETY §.4 MINIMUM,

m (B) TEST:
ACCEPTANCE TESTS: THE FOLLOWING TESTS ARE PERFORMED FOR ALL FLIGHT
ARTICLES AND ARE PERFORMED FOR EACH QUALIFICATION TEST ARTICLE.
VIBRATION - RANGE 20 T0 2,000 HZ MAXIMUM LEVEL OF Q.04 92/HI FROM 80 TO
350 HZ ALL AXES. THERMAL « STABILIZED RANGE FROM -100 DEG £ TO +300 DEG
F. FUNCTIOMAL TESTS CONDUCTED AT -100 DEG F, +70 QIEG £ AND +16Q0 QEG F.
LOADS /TORCUE - YERIFY ROTATIONAL POSITION 15 MAINTAINED AT 10,000 INHCH-
LB MINIMUM, IMN EiTHER DIRECTION. ELECTRICAL - VERLFY (WITHIN DESIGN
LIMITS) CONTINULIY, OIELECTRIC STRENGTH, INSULATION RESISTANCE, AND
POMER CONSUMPTION.

QUALIFICATION TES¥S: THE FOLLOWING IS A SUMMARY OF TESTS CONDUCTED ON
THE M(287-0026-0003 ACTUATOR PER CR 44-287-0026-0002 TO INCLUDE BOTH
NATURAL AND INDUCED ENVIRONMENTAL EFFECTS TO THE GEARBOX ASSEMBLY.
FUNCTIONAL TESTS WERE CONDUCTED DURING AND FOLLOMING EACH PHASE OF
TESTING TO DETERMINE EFFECTS. EWVIRONMENTS AND REQUIREMENTS ACCEPTED
BY ANALYSIS INCLUDE FLNGUS, OZONE, SALT SPRAY, ACCELERATTON, 3SQLAR
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- FAILURE MODES EFFECTS AMALYSIS (FMEA) —- CRITIGAL FAILURE MODE
NUMBER: {2-4H-R1D0~01

RADIATION (THERMAL AND NUCLEAR), METEDRDIDS, SAND AND DUST, STORAGE,
FACTOR OF SAFETY, RELIABILITY, MAINTAINABILITY, MATERIALS AND
PROCESSES, ELECTRICAL DESIGN AND SAFETY, YIBRATIOM QUALIFICATION
ACCEPTANCE VIBRATION TEST (QAVT) RANGE OF 20 TQ 2,000 HZ WiTH MAXIMUM
LEVEL OF Q.067 g2/HI AT B0 TO 350 HI ALL AXES. FLIGHT VIBRATION LEVEL
20 TO 2,000 HI WITH MAXIMUM LEVEL OF 0.017 g2/WZ AT 100 TQ 250 MZ ALL
AYES. SHOCK - BENCH HANDLING PER MIL-3TD-810C, METHCD 516.2, PROCECURE
Y. THERMAL - STABILIZED RANGE FROM -100 UEG F TQ +300 DEG F.
FUNCTIONAL TESTS CONDUCTED AT -100 DEG F, +70 DEG F, AND +160 OES F.
THERMAL VACUUM AT 10 -6 TORR, HUMIDITY, EXPLOSIVE ATMOSPHERE PER
MIL-3T0-A10C, METHOD 511.1, PROCEDURE [. LOAD TESTS - COMBINED AXIS
LOAQING TO 100% LIMIT LOAD. LIFE CYCLE TESTS 1,750 CYCLES IN AODITICN
To CYCLES CONODUCTED DURING VARIOUS QUALIFICATION TESTING AT VARIOUS
LOAD AND MOTOR CONDITIONS. STALL/MAXIMUM TORQUE - 25,000 INCH-LB CR
LESS AT -100 DEG F ANC +160 DEG F,

NOTE: QUALIFICATION TESTS TO Bt CONDUCTED ON THE ¥74Q0-544110-002
ACTUATOR PER CR44-544110-002 INCLUDE ALL OF THE PRECEDING TESTS EXCEFT
THAT THE FOLLOWING ENVIRONMENTS WILL BE CERTIFIED BY ANALYSIS OR
SIMILARITY: HUMIDITY, EXPLASIVE ATMOSPHERE, THERMAL VACULM, LOAD TEST -
COMEINED AXIS LOADING TO 100% LIMIT LOAD. A TOTAL OF 1461 OPERATICHAL
CYCLES WILL BE PERFORMED. .

OMRSD: DEPLOY MOTORS' PERFORMANCE IS5 VERIFIABLE FROM MONITORING OF
TRAYEL TIME DURING NORMAL IN-FLIGHT OPERATIONS. GROUND TESTING WOULD
BE ACCOMPLISHED WHEN A YALID VERIFICATION IS UNOBTAINABLE DURING FLIGHT,
OR FOLLOWING LRU REPLACEMENT. AL30, SINGLE MOTOR OPERATION IS VERIFIED
EVERY FLOW: DEPLOY MOTOR 1/5TOW MOTOR 2 IS5 VERIFIED ON QDD FLOWS; AND
DEPLOY MOTOR 2/5TOW MOTOR 1 IS5 ¥ERIFIED OW EVEN FLOWS.

(C) INSPECTION:

RECEIVING INSPECTION

MATER[AL AND PROCESS CERTIFICATIONS ARE VERIFIED BY INSPECTION. HEAT
LOT STRENGTH OF TEST CQUPONS IS VERIFIED BY INSPECTION.

CONTAMINATION CONTROL

INSPECTION YERIFIES ASSEMBLY IN CLASS 100 FLOW BENCH QR CLASS 10,000
(OR BETTER) CLEAN AREA. [INSPECTION VERIFIES CLEANLINESS PER DRAWING
AND SPECIFICATION REQUIREMENTS.

ASSEMBLY/INSTALLATION

GRITICAL DIMENSTONS ARE VER[FIED BY INSPECTION. SURFACE ROUGHNESS OF
GEAR TEETH IS VERIFIED BY [NSPECTION, LUBRICATION PER REQUIREMENTS IS
VERIFIED By INSPECTION. TOTAL COMPOSITE TOLERANCE (TCT) AND TOOTH-TQ-
TOOTH COMPOSITE TOLERANCE (TTCT) ARE VERIFIED BY INSPECTION.

CRITICAL PROCESSES

07=a4H - 4
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FAILURE MDOES EFFECTS AMALYSIS (FMEA)} -- CRITICAL FAILURE MQDE
NUMEER: 02-4H-R100-01

HEAT TREATING IS YERIFIED BY INSPECTION., HARONESS TESTING OF GEARS I3
VERIFLED BY IMSPECTION. PASSIVATION IS VERIFIED BY INSPELTION.

NONDESTRUCTIVE EVALUAT LON
MAGNETIC PARTICLE INSPECTION OF GEARS AND GEAREOX HOUSING IS VERIFIED,

TESTING
ATP IS5 VERIFIED PER PROCEDURE.

HANDLING/PACKAGING
HAMNDLING AND PACKAGING PER DRAWING AND SPECIFICATION REQUIREMENTS ARE
VERIFIED BY INSPECTION.

{D) FAILURE HISTORY:
THERE HAVE BEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELO OR FLIGHT
FAILURES ASSOCIATED WITH THIS FAILURE MODE.

m (E)} OPERATIONAL USE:
WORKAROUNO FOR A JAM T5 TO RECYCLE MECHANISM. FAILURE TO OVERCOME JAM
WILL REQUIRE JETTISON OF KU-BAND TO ALLOW PAYLOAD BAY DOOR CLOSURE AND
PREVENT LOSS OF CREW/VEHICLE DURING ENTRY.
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RELIABILITY ENGINEERING: [, M. MAYNE
DESIGN ENGIMEERING 5. L. SHARP
QUALITY MANAGER 0. J. BUTTNER
NASA RELIABILITY .
NASA SUBSYSTEM MANAGER
NASA QUALITY ASSURANCE
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