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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
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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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LB Gow 1

PAGE: & PRINT DATE: 12/17/91

FAILURE MODES EFFECTS AMALYSIS (FMEA) —- CRITICAL FAILURE MOOE
. | HUMBER: 02-4H-R100-02

REVISIONS 2 12/17/8]1 R
SUBSYSTEM: KU-BAND DEPLOY MECHANISM
LRU :ACTUATOR, KU-BAND DEPRLOY : CRITICALITY OF THIS
ETEM NAME: ACTUATOR, KU-BAND DEPLOY FAILURE MODE:1R2
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w FAILURE MODE:
GEARAOX FAILS FREE

MISSTON PHASE:
00 ON-QRBIT

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

*d +d 44

CAUSE:
EXCESSIVE LOAD, FAILURE/DEFLECTION UF INTERNAL PART, FATIGUE, VIERATION
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REDUNDARCY SCREEN A) PASS
B) PASS
€) PASS

PASS/FALL RATIONALE:

aA)
FUNCTIQNAL CPERATION CAN BE VERIFIED OURING GROUND TURNARQUND.

w B)
DEPLOY/STOW POSITIONS ARE VISUALLY DETECTABLE ON ORBIT.

a )
JETTISON [5 UNLIKE REDUMOANCY FOR STOW FUNCTION.
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(A} SUBSYSTEM;
FAILURE WILL RESYLT [N A LOSS OF ABILITY TO DRIVE THE KU-BAND STOWED OR

DEPLOYED.
(B) INTERFACING SUBSYSTEM{S):

FATLURE WILL CAUSE CONTIHUOYS MOTOR RUN AND RESULT IN AN INARILITY TO
EITHER USE KU-BAND SYSTEM QR CLOSE PAYLCAD 9AY DOOR. PROCEDURALLY,
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FATILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MODE
NUMBER: 02-4H-R]100-02

NRIVE COMMAND WILL BE REMOVED BEFORE MOTOR BURNQUT CAN QCCUR.

(C) MISSION:
FAILURE WILL RESULT IN A POSSIBLE LOSS OF MISSION DUE TO [NABILITY TO
USE KL-BAND SYSTEM.

(D) CREW, VEHICLE, AND ELEMENT(S): =

FLILURE WILL REQUIRE JETTISON OF KU-BAND TO ALLOW PAYLQAD BAY DOOR
CLOSURE. LOSS OF ALL REOUMDANCY RESULTS IN PQSSIBLE LOSS OF
CREW/VEHICLE DUE TO AN INABILITY TO CLOSE PAYLQAD BAY DOORS.

{E} FUNCTIONAL CRITICALITY EFFECTS:
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[A} DESIGM:

THE GEARBOX IS5 DESIGNED FOR MAXIMUM STIFFMESS AND INCORPORATES HIGH
STRENGTH ALLOYS SUCH AS CUSTOM 455, MPISN, AND A-Z286 CRES. WULTIMATE
FACTGR OF SAFETY 1.4 MINIMUM.

@ (B) TEST:
EEEEFTAHCE TESTS: THE FOLLOWING TESTS ARE PERFORMED FOR ALL FLIGHT
ARTICLES AHD ARE PERFORMED FOR EACH QUALIFICATION TEST ARTICLE.
VIBRATION - RANGE 20 TG 2,000 HZ MAXIMUM LEVEL OF D.04 gi/HZ FROM BQ TO
350 HZ ALL AXES. THERMAL - STAB[LIZED RANGE FROM -100 DEG F TO +300 DEG
F. FUMCTIONAL TESTS CONDUCTED AT -100 DEG F, +70 DEG ¥ AND +150 DEG F.
LOADS /TORQUE - VERLFY ROTATIONAL POSITIUN IS MAINTAIMEQ AT 10,000 IRCH-
LB MINIMUM, IN ELTHER D[RECTION, ELECTRICAL-VERIFY (WITHIN DESIGN
LIMITS} CONTINULTY, DIELECTRIC STRENGTH, INSULATIONM RESISTANCE, AND
POWER CONSUMPTION.

QUALIFICATION TESTS: THE FOLLOWING IS A SUMMARY OF TESTS CONQUCTED ON
THE MC287-00258-0003 ACTUATOR PER CR 44-287-0026-0002 TO [NCLUDE BOTH
MATURAL AND INDUCED EMVIRONMENTAL EFFECTS TO THE GEARSCX ASSEMELY.
FUNCTIOMAL TESTS WERE CONDUCTED DURING AND FOLLOWING EACH PHASE OF
TESTING TO DETERMINE EFFECTS. ENVIROMMENTS AND REQUIREMENTS ACCEPTED
BY ANALYSIS INCLUDE FUNGUS, OZONE, SALT SPRAY, ACCELERATION, SOLAR
RADIATION {THERMAL AND NUCLEAR), METEOROIDS, SAND ANO DUST, STORAGE,
FACTOR OF SAFETY, RELIABILITY, MAINTAINABILITY, MATERIALS AND
PROCESSES, ELECTRICAL DESIGM AND SAFETY. VIBRATION - QUALIFICATION
ACCEPTANCE YIBRAFION TEST {QAVT) RANGE OF 20 TO 2,000 HI WITH MAXIMUM
LEVEL OF 0.087 g2/H2 AT 80 TQ 350 WZ ALL AXES. FLIGHT VIEBRATION
LEVEL-20 TO 2.000 HZ WITH MAXIMUM LEVEL OF 0.017 g2/HI AT 100 TD 250 H{
ALL AXES. SHOCK - BENCH HANDLING PER MIL-STD-810C, METHOD %$15.2,
PROCEDURE ¥, THERMAL - STABILIZED RANGE FROM -100 DEG F TO +300 DEG F.
FUNCTIONAL TESTS COMDUCTED AT -100 DEG F, +70 DEG F, AND +150 DEG F.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRITICAL FAILURE WODE
? NUMBER: 62-4H-R100-02

THERMAL VACUUM AT 10 -§ TORR, HUMIDITY, EXPLOSIVE ATMOSPHERE PER
M{L-STD-B10C, METHOO §11.1, PROCEDURE I. LGaD TESTS COMEINED AXIS
LOAOING TO 100% LIMIT LOAD. LIFE CYCLE TESTS 1,750 CYLLES IN ADOITION
T4 CYCLES CONDUCTED DURING VARIQUS QUALIFICATION TESTING AT VARIOUS
LOAD AND MOTOR CONDITIONS. STALL/MAXIMUM TORQUE-25,000 INCH-LB QR LESS
AT -100 DEG F AND +160 DEG F,

KOTE: QUALLFICATION TESTS TQ HE CONDUCTED ON THE ¥740-544110-002
ACTUATOR PER CR44-544110-002 INCLUDE ALL OF THE PRECEDING TESTS EXCEPT
THAT THE FOLLOWING ENVIROMMENTS WILL BE CERTIFIED 8Y ANALYSIS OR
SIMILARITY: HUMIDITY, EXPLOSIVE ATMOSPHERE, THERMAL VACUUM, LOAD TEST -
COMBINED AXIS LOADING TO 100% LIMIT LOAD. A TOTAL OF 14l OPERATIONAL
CYCLES WILL BE PERFORMED.

OMRSD: DEPLOY MOTORS' PERFORMANCE IS VERIFIEQD DURING NORMAL [N-FLIGHT
OPERATIONS., GROUND TESTING WOULD BE ACCOMPLISHED WHEN A yaLlo
VEAIFICATION IS UNDRTAINABLE DURING FLIGHT, OR FOLLOWING LRU
REPLACEMENT. ALSO, SINGLE MOTOR OPERATION IS VERIFIED EVERY FLDW!
QEPLOY MOTOR 1/STOW MOTOR 2 IS VERIFIED ON 00D FLOWS; AND DEPLOY MQTOR
2/STOW MOTOR 1 IS VERIFIED ON EVEN FLOWS.

@ {C) INSPECTION:
RECEIVING INSPECTION |
MATERIAL AND PROCESS CERTIFICATIONS ARE VERIFIED BY INSPECTION. HEAT
LOT STRENGTK OF TEST COUPONS IS VERIFIED BY INSPECTION.

CONTAMINATION CONTROL

INSPECTION VERIFIES ASSEMBLY IN CLASS 100 FLOW BENCH OR CLASS 10,000
(OR BETTER)} CLEAN AREA. INSPECTIQN VERIFIES CLEANLINESS PER DRAWING
ANO SPECIFICATION REQUIREMENTS.

ASSEMBELY fINSTALLAT 10N

CRITICAL OIMENSIONS ARE VERIFIED BY [NSPECTION., SURFACE ROUGHNESS OF
BEAR TEETH IS VERIFIED BY INSPECTION. LUBRICATION PER REQUIREMENTS 13
VERIFIED BY INSPECTION, TOTAL COMPOSITE TOLERANCE {TCT) AND TOOTH-TD-
TOOTH COMPOSITE TOLERANCE (TTCT} ARE VERIFIED @Y INSPECTION.

CRITICAL PROCESSES
4EAT TREATING 1S VERIFIED SY INSPECTION. HAROMESS TESTING OF GEARS 15
VERIFIED BY INSPECTION. PASSIVATION IS VERIFLIED BY INSPECTION.

NONDESTRUCTIVE EVALUATION :
MAGNETIC PARTICLE INSPECTION OF GEARS AND GEARBOX HOUSING IS VERIFIED.

TESTING
ATP 1S VERIFIED PER PROCEDURE.
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FAILURE MODES EFFECTS AMALYSIS (FMEA} -- CRITICAL FAILURE MODE >
WUMBER: D2-4H-R1DO-G2

HANOLING/PACKAGING

HANDLING AND PACKAGING PER DRAWING AND SPECIFICATION REGUIREMENTS ARE
VERIFIED BY INSPECTIQN,

(D) FAILURE HISTORY:

THERE HAVE BEEN NQ ACCEPTANCE TEST, QUALIFICATION TEST FIELD QR FLIGHT
FATLURES ASSOC[ATED WITH THIS FAILURE MGDE.

w (E) OPERATIONAL USE:
FAILURE WILL REQUIRE JETTISON OF KU-BAND ANTENNA TO ALLOW PAYLOAD BAY
DOOR CLOSURE AMD PREVENT LDSS OF CREW/VEHICLE DURING ENTRY.

- APPROVALS -
RELIABILITY ENGINEERING: 0. M. MAYNE
OESIGN ENGINEERING S. L. SHARP ,f,fm
QUALITY MANAGER 0. J. BUTTNER

NASA RELIABILITY ‘ WFW‘" e
NASA SUBSYSTEM MANAGER m* _ f' 1%/7

NASA QUALITY ASSURANCE
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