SHUTTLE CR-TICAL ITEMS. LIST - OREBITER

SUBSYSTEM :ACTUATION MECH-RADIATORS FMEA HQ 0:z-4G ~154 =2 REV:Q3/07/38

ASSEMBELY RADIATOR DERLOYMENT CRIT, FUNC:; 2
B/N RI tMC237=0037=0005 CRIT. HDW: 1
P/ VENDOR:15420-22 HOOVER ELECTRIC VEHICLE 102 103 104
CUANTITY :2 EFFECTIVITY: X X X
PHASE(S): PL LD QO X DO L3

REQUNDANCY SCREEN: A- B=- Cu
EREPARED BY: APPROVED BY. , APPROVED BY (NASA):
DES M. A. ALLEN DES e s5M A =18 15E
REL M. B. MOSROWITZ  REL [, e REL Rl il s -
QE W, J. SMITH QE ' -%4\ L
ITEM:

GEARBOY, POWZR TEANSMIZSION ASSEMBELY

FOLCTICH:
HECHANICAL POWER TRANSMISSION (GEARBGCX) WHICH NISTREIEBEUTES POWER FTROM
FOWER SCOURCE ANC PROVIDES ROTARY MOTION DRIVING TORJUE SHAFTS, ROTARY
ACTUATORS, BELLCRANKS AND LINKAGES TCO DEPLOY AND STOW THE RANTATOR.
GEAR RATIO IS 704.05 T2 1.

FTAITIORE MODE:
PHYSTICATL, BINDIMG/JAMMTING

CAOSE(S) :
STRUCTURAL FAILURE, BROEKEN TEETH, ADVERST TOLFRANCES /WEAR, CONTAMINATION/

FOREIGN OBJECT/DEBRIS, LOS5 ©F LUBRICANT, FAILURE/DEFECTION 0OF INTERNAL
PART, TEMPERATURE

EFFECTS ON:
(A)SUBSYSTEM (B) INTERPACES (C)MISSIOR {D) CREW/VERICLE

{A) MECHANISM FAILS TO STOW RADIATGRS OR DEPLOY RADIATCRS.

{B) POSSIELE INTERFERENCE WITH PAYLCAD BAY DOCR CLIEING, IF RALDIATOR
CANNQT BE STOWED.

(C} IF RADIATOR CANNGCT DT DEPLOYED, BREDUCED COCLING CAFACITY OF FREQN
COOLANT LOOF WILL RESULT, FOSSTELY RESTR-OTING HISSION,.

(D) NG EFFECT ON CREW/VEHICLE IF RADIATOR CANNCT BE DEPLOYED.. DCSSIBLE
Loss OF CREW/VEHICLE IF RADIATCR CANNOT BE STOWED, RZSULTING IN
INTERFERENCE WITH CLOSING OF PAYLOAD BAaY DOORS.
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SHIMTTLE CRITICAL ITEMS LIST = CREITER .

SUBSYSTEM :ACTUATION MECH-RADIATORS TFMEA MO 02-4G -1854 -2 REV:iQ2/07/E8

DISPOSITION & RATIONATLE:
(A)DESIGN (B)TEST (C)INSPECTION (D)FAILURE HISTORY (E]OPERATIONAL USE

A} DESIGH

{ éEARS AFRE DESIGHED WITH HISH MARGTINS. MAXIWUM CALCULATED TOOTH AENDING
STRESS APPRONTMATELY 20,000 PSI, ULTDMATE ALLOWABLE 180,0C0 PSI.  GEARECY
Is DESTIGNED TO FRECLIITDE ENTRY OF FOREIG MATERTALS THAT CAN JaM THI
GEARS. BEARINGS INCORECRATE MULTIFPLE ROTATING SURTFALES. TORQUE LIMITEZR
FREVENTS EXCESSIVE STALL TCRQUE. THE DRIVE ACTUOATOR IS CESLGHNED 1O
WITHSTAND FULL 27TALT, TORQUE AT FULL INVERTOR AC POWER WITEQUT DAMACE.
MaxImtid STALL TIMES FOR THE QEPLOYIMENT ACTUATOR ARE 100 SECCHLS FOR CHZ
MOTOR AND 50 SECQUDS FOR TWO. DESIGH OF THE ACTUATION SYETEM JERMITS
PAETIAL WORKAROUHND OF THIS FAILURE MOQDE BY EXTRAVEHICULAR ACTIVITY {EVA)
CREW IF PAYLOAD DOZS5 NOT LIMIT ACCESS AND IF RADIATORS ARE FULLY
DEFLQYED.

{B) TEST
QUALIFICATICN TEST: A SIMILAR ACTUATOR HAS BEEN CEZRTIFIED BY CR-23-287-
P037-0001G. QUALIFICATION TESTS INGCLUDE: ACCEPTANCE TEST TO VERIFY
CONFORMANCE WITH THE REQUIREMENTS NOTED BELOW FOR ACCEPTANGE TEST.-
EUMIDITY TEST - TEST IN ACCORUANCE WITH MIL-STD-2108, METHGD 507,
FROCEDURE IV; QUALIFICATION ACCEPTANCE VIBRATION TEST (GQAVT) - 2¢ TC
2,000 HZ RANGE WITH MAXTMUM OF 0.067 g2/HT FROM 80 TO 350 HZ FOR 2.5
MINUTES PER AXIS: ORBITAL FLIGHT TEST - 20 T2 2,000 HZ RANGE WITH
MAXTMUM OF 0.2 g2/HZ FROM 60 TQ 300 HT FOR 27 MINUTES PER AXIS AT LEVIL
WEFR ANTY WITH MAX OF 0.75 g2/H7 FROM &5 TO 200 HZ FPOR 51 MINUTES PER AXIS
AT LEVEL "A"; SHOCK TEST = TEST IN ACCORDANCE WITH MIL-3TD-210R, METHCD
515.1, PFROCEDURE I: THERMAL/VACUUM - THE ACTUATOR WAS THERMALLY CYCLED
FIVE T-MES FROM +70 DEG F TG +330 DEG F TQ +250 DEG F TO ~1457 DEG T TG
=100 DEG PP TO +70 DEG F IN A VACUTIM QF 1 ¥ 1¢ =85 TORR. DWELL AT EACH
TEMPERATURE EXTREME WAS §03 MINUTES MINIMUM AFTER STABILIZATION. AT EBACE
+25C¢ DEG F AND -130 DEG F, THE ACTUATOR WAS CYCLED & TIMES FOR DUAL MCTOR
QPERATIONS AND 4 TIMES FOR STHCLE MOTCOR OFPERATICNS: ELECTRTICAL COMTINUOLTY
- MOKITORED THROUGHOUT THE TEST. THERMAL TEST - THE ACTUATCR WAS
THERMATLY CYCLED PIVE TIMES FROM +70 DEG F TO +330 DES F TO +250 DEG F TO
-157 DEc P To -1060 DEG F T +70 DEG F. DWELL AT EACH TEMPERATURE EXTEREME
WAS £0 MINUTES MINIMUM APTER STARTILIZATION, APTER EACH +250 DEG F AND
=100 DEG F. THE ACTCATOR WAS CYCLED & TIMES FCR DUAL MOTCR OPERATIONS

AND 4 TIMES FOR SINGLE MOTOR OPERATICONS. ELECTRICAL CONTIWUITY MONITORED
THROUCHOUT THE TEST.
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. SHIFITLE CRITICAL ITEMS LIST - QRBITER
SUBSYSTEM :ACTUATION MECH=-RADTATORS TFMEA NO 03-40 =14 =2 REV:01/07,/85

QUAL TESTS ALSO INCLUDE: CYCLING AT HIGH TEMPERATURE +250 DEG F EXTREMNE
INCLUDED OPERATION AT THE MAXTIMUM HEAT DISSIPATING MODE; CYCLING AT THE
LOW TEMPEFATURE —100 DEG F EXTREME INCLUDED OFERATION AT TEE MIVIMUM HZZT
DISSIFATING MODE. OPERATING LIFE TEST = THE ACTUATOR WAS CYCLED 1,500
TIMES AT ROOM TEMPERATURE. MOTCOR NG. 1 AND NO. 2 WERE CYCLED 250 TIMES
EACH INDIVIDUALLY WITHIN 80 SEC/STROKE. IT WAS ALSO CYCLED 200 TIMES
WITH EQTH MOTORS DRIVING TOGETHER WITHIN 30 SECONDS/STROKE: MECHANICAL
STOF TEST - THE ACTUATOR WAS OPERATED AT FULL RATE AND NO LOAD INTG
MECHANICAL STOP FUR 100G TIMES IN EACH DIRECTTON: CERTIFICATION BY
ANALYSIS ~ THESE INCLUCED FUNGUS, OZONE, SALT SPRAY, SAND/LCUST,
TRANSPORTATION PACKAGING, ACCELERATION, LANDING SHOCK, EXFLOSIVE
ATMOSPHERE AND MARGIN OF SAFETY. THE ACTUATORS WERE SUBRSECTED Ta SYSTEM
QUALTFTCATION TESTS PER RADIATOR LATCHING MECHANTISM INSTALLATION VOT0-
594450 (REF. CR~29=584450~001lE) AND RADIATOR DEDLOYMENT MECHANTSM
INSTALLATION V070-584400 (REF. CR-20-504400=001D) .

ACCEDTANCE TESTS: ACCEDTANCE TESTS INCLUDE: EXAMINATICH OF PROCUCT -
WEIGHT, WORRMANSHIP, DIMENSION, CONSTRUCTION, CLEANLINZSS, PINTAH,
IDENTIFICATION MARKING, TRACEABILITY AND USE OF ACPROVED MATERIALS AND
PROCESSES; AGCEFTANCE VIBRATION TEST = 20 TQ 2,000 HZ WITH MAXIMUM OF
0.04 g2/H2 FROM 80 TO 350 EZ FOR 30 SECOND PER AXIS: ACCEDTANGCE THTEMAL
TEST ~ THERMALLY CYCLED FROM 70 DEG F TQ +310 DEG F Ta +2%0 DEG F TO —-47
DEG F TO =100 DEG F TO +310 DEG F TQ +250 DEG F TC +70 DEG F. TDWELL AT
EACH TEMPERATURE WAS AT LEAST 50 MINUTES AFTER THERMAL STABTLIZATTON. 4

. EACH +250 DEG F AND =100 DEG F THE ACTUATOR WAS CYCLED 6 TIMES FOR DUAL
MOTGR OPERATIONS AND 4 TIMES FOR SINGLE MOTOR OBRERATIONS! DOWER
CONSTUMFTION TEST - VERIFIED THE INPUT POWER DID NCT EXCEED 82 WATTS PED
MOTCR AND THE.INPUT CURRENT DID NOT EXCEED 0.36 AMP PER PHASE PIR MCTOR
WHEN OFERATING AT THE MAXTIMUM LOAD. THE INFUT POWER REGQUIREMENT OF 117
WATTS AND INPUT CURRENT OF 0.87 AMP WERE ATSC VERIFIED UNDER STARTTHC
CONDITIQNS, INSULATION RESISTANGCE TEST - THE INSULATION EESTSTANCE AT Sor
VDS WAS MEASURED BETWEERN MUTUALLY INSULATED CONDUCTORS AND EETWEEN
CONDUCTORS AND THE FRAME, €ASE GR GROUND; DIELZCTRIC STRENGTY TEST -~ 750
VRMS AT S0 EZ APFLIED BETWEEN EACH CONDUCTOR PTV AND THE CASE.

ACCEPTANCE TESTS ALSO INCLUDE: CYCLING = ACTUATOR WAS CYCLED BR TIMES
TOTAL WITH MOTORS NO. 1 AND NQ. 2 CYCLED 10 TTMES EacH INDIVIDUATLY
WITHIN 60 SECONDS/STROKE. IT WAS ALSQ CYCLED €0 TIME2 WITH BGTH MCTORS
DRIVING TOGETHER WITHIN 30 SECOND/ STROKE: FREEEDLAY TEST - FREEFPTAY AT
THE ACTUATOR QUIFUT SHAFT NOT TO EXCEED 2.0 DECREES WITH 1o INCH-LE LoAD
AFPLIED IN EACH DIRECTION; STALL/MAXTMITM TURQUE - THE ACTUATOR'S
STALL/MAXINMUM OOTPUT KEQT T EXCEED 100 INCH-LE OR BEE LESS THAN S0 INCH -
LB; IRREVERSIBILITY - THE ASTUATOR WAS CHESKED TO BE IRREVERSIBLE TC Lcar
OF 50 INCH-LB; MECHANICAL STOP TEST - ACTUATCR OPERATED AT FULL RATZ AND
WO LOAL INTO ITS MECHANICAL STUPS FOR 100 TIMES IN FACH CIRECTION:
ELECTRICAL/MECHANICAL LIMIT TEST -THE OUTPUT ARM OF THE ACTUATOR MCVED

THROUGH THE FULL CLOCKWISE To COUNTER-CLOCKWISE TO CLOCKWISE ELECTRICAL
LIMIT TRAVEL.

QUMESD: GRQUND TURNARCUND INQLUDES MOWITORING FUNCTICNAL TEST OF

RADIATORE, VERIFYING PROPER FUNCTICN OF GEARBOXES, AND VERIFYING NO

BINDING CR JAMMING. THESE TESTS ARE PERFORMED FIRST FLIGHT AND FOR EVERY
. : TLIGHT WHERE THE RADIATORS WILL HE DEPLOYED.

D2-46G.23



SEUTTLE CRITTICAL ITEMS LIST - ORBITER
SUBSYSTEM :ACTUATION MECH-RADIATORS FMFA NO D3-4G =154 =2 EEV:03/07/38
{C) INSPECTICH

RECEITING THSPECTION

CERQTIFICATION OF COMPLIANCE, TEST COUPANS, PHYSICAT AND CHEMICAT XTCCRDS
ARE MATNTATNED IN THE MASTER FILE. HISTORICAL FOLDERS, WHICE INCLUDE
INSPECTICN EECORDS, ARE MAINTAINED FoR EVERY DETATIL PART. RECEZVING
INSPECTION PERFORMS VISUAL AND DIMENSIONAL EXAMINATION OF ALL INCOMING
DARTS. QUALITY CONTROL MAINTAINS SURVEILLANCE OF RAW MATERIAL, LIMITED
LITT MATERIALS, CHEMICAL AWD METATIURGICAL TESTS AND REFPORTS. RECEIVING
INSFECHION VERIFIES MATERIAL AND PROCESS CERTITFICATIONG.

CONTAMTHATION CONIROL '

A CLASS 100,000 CLEAN ROOM FACILITY IS UEED FOR ASSEMBLY. ALL METAL
BARTS ARE VERIFIED BY INSFECTION TO BE CLEANED AND PROPERLY PACKAGED.
FIMAL INSPECTICH INCLUDES CHECKS FOR CONTAMINATION USING BORESCOTES, I
AND 10X MAGNIFICATION DEVICES, AND MEMERANE FILTRATION METHODD.

ASSEMRLY/THESTATTATTION

INSPECTION WERTFIES AND RECORDS DIMENSIONS OF ALL DETAIL FRRTS. SEARS
ARE HARDNESS CHECEED AND VERIFIED BY INSPECTION. SPRINGS ARD
MANUFACTURED AMND CHECRED EBY HCOVER SUPPLIERS. CERIIFICATION IS ol FILL.
INSPECTION VERIFIEZ THAT GEARBONES ARE FROPERLY LUBRICATEL.

HONDESTRUOCTIVE EVALUATIOH .

ALT, DETATI. BARTS MACHINED TU HOOVER DRAWINGS ARE MAGHETIC PARTTICIE
INSPECTED PER MIL-I-6563 QR FLUURESCENT PENETRANT INSPECTED PER MIL-I-
6844, DEPEMDIMG ON ALIOY, WERITIED EY INSPECTION.

CRITICAL PROCESSES
HEAT TREATING IS5 VERIFIED BY INSPECTICN.

TESTING
ACCEPTLNCE TESTING JF ACTUATUR VERIFIED BEY INSPECTION.

HANDLING/PACEAGTHG

POLYETHYLENE SHEETING, USED TC BAG AND SEAL PARTS AFTER CLEANING, I3

VERIFIED DY INSPECTION. HANDLING AND PACEAGING REQUIREMENTS VERTFIED IY
INSPECTION.

(D) FAILURE HISTORY

THERE HAVE BEEN NC ACCEFTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FATIURES ASSQCIATED WITH THiIS FAILDORE MCDE.

(E] OPERATIONAL USE
EVA WORFARCUND IS PUSSIBLE IF RADIATORS ARE FULLY DEFLOYED.
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