CRITICAL ITEMS LIBT PROJECT: SRNS SYSTEM: MECHANJCAL ARM SUBSYSIEM
e ASS'y NONERCLATIRE: ROTUR RODULE ASS'Y wrﬂﬁwwlr——: SHEET: 1
TREX r‘mmnu:r FATTURE ETTECT |~ ROUR 7 FINT.
REF. REV. oravlng aée. AND o 1”1 RATIONALE FOR ACCEPTANCE
DESICHATION CAUSE END ITEM CRITICALITY
4090 1 moTOR MODE : 10SS OF ABILYTY DESIGN FEATURES
- MODULE DRIVE OROKEN DRIVE TooNVEOR ] ...l

SRIFT AND GEAR OR S10P A JOINT,

PINTON GEAR. DRIVE SNAFT. JOINT WILL OWLY ALL SRMS GEARS ARE DESICNATED IN ACCORDANCE WITH AGMA

1y-8 BE RESIRAINED STANGARDS 10 GIVE A MINIMUN OF INFINITE LIFE. THE DEFIMITION

M CMSE(S): BY REMAINING OF INFIMITE LIFE IS THE CONDITION WHERE 10**7 MESH CYCLES OR

StH14001281 I (1) FATICUE FRICTION OF MORE AT THE APPLIED LOAD WILL NOT RESULT [N TOOTH FAILUME.

FANLURE. GEARBONES. ARM ,
MAT TAKE AM FOR THIS (THESE) GEAR (S) THE CALCULATED LIFE WAS NOT BASED o
UNENPECTED CONTROLLED OY CONSIDERATIONS OF STRESS, BUT IMSTEAD VERE S)ZED
IRAJECTORY, TO SATISIY SPECIAL CONSIRAINIS. CONSEQUENTLY, THE MESH IS WELL
COMSISTENCY VITWIM THE DEFIMITION OF INFIMITE LEFE AND THAE FAILURE MODE
CHECK WILL SIATED IN THE FMEA IS REMOTE.
INITIATE AUTO -
BRAKES, THE MINTMUM MARGIN OF SAFETY OF THIS SHAFT IS §1.35 wHicH
WOVEVER, INCLUDES ALL STRESS COMCEMTRATION FACTORS AMD FHE 11M311 1O
FAILED JOINT ULTIMATE. FACTON OF 1.40. A FATIGUE ANALYSIS SHOUS THAT THE
WILL NOT STOP. STEM HAS INFINITE LIFE WHEN SUBJECTED 10 MAXTMUM LOAD
LOSS OF ALL CONIDTIONS. (VHE MARGIN OF SAFETY ON THE ENDURANCE LIMIT IS
MODES. 9.7). THE FACTORS SHOMN ABOVE INDICATE THAT SIRUCTURAL FATLURE
OF THE SHAFT WILL NOT OCOUR. (REF/STR/3143.

WORST CASE
UNENPECTED
MOTION. TREE
JOINT,
UNAIRMICIATED .
CREV ACTION
REQUIRED.
REDUWDANT PATHS
REMAINING
N/A
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CRITICAL ITEMS8 LIST

[ FER
REF.

PROJECT: SAMS SYSTEM: MECHANICAL ARM SUBSYSVEM
FATCUNE WODE | FATTUNE EFFECT | WO 7 FINC-
eev. | oraving afs. AND oN 1”7 AATIONALE FOR ACCEPTANCE
DESIGNATION CAUSE END ITEN CRITICALIYY
1 nOTOR MOOE :. LOSS OF ABILITY ACCEPTANCE TESIS
MODLLE DRIVE SROKEN DRIVE TODRIVEOR |1 ... . .. L)
SHIFT AND GEAR OR STOP A JOINT, THE JOINTS MOTOR MODULE ASSEMELY CONSIST OF THE BRAKE
PINION GEAR, DRIVE SNAFT, JOINT WiLL OwLY ISSENUI.'I‘, MOTOR ASSEMBLY, TACHOMETER COMM. SCANNER AND SCU
orY-4 BE RESTRAINED ALL OF WHICH ARE ENPOSED TO AN ICCEPIlICE TEST BY THE VENOOR
({L CAUSE(S): BY AEMAINING PRIOR TO ACCEPTANCE BY SPAR. THE MOTOR MODULE ASSEMBLY 15
Stiiont2n1 ' {1) FATIGUE FRICYEON OF SUBJECTED 10 THE FOLLOMING ACCEPTANCE ENVIRONMENT :
FAILURE . GCEARBORES. ARM
RAY TAKE AN O VISRATION: LEVEL AND DURATION - REFERENCE TABLE B
UNEXPECTED
IRAJECTORY, O THERMAL VACUUM: +085 DEGREES C 10 -25 DEGREES C (1.5
CONSISTENCY CYCLES) 1 X 10**S TOAR
CHECK WL
INITIATE AUITO THE MOTOR MODILE IS INSTALLED IN THE JOINTS ASSEMBLY AND AGAIN
BRAKES, 1S ENPOSED 1O ANOIHER ACCEPTANCE TEST, WHICH INCLUDES
NOVEVER, VIBRATION AND THERMAL VACUUM OF THE Sbﬁ APPROXIMATE LEVEL AND
FAILED JOINT DURATION. '
WILL NOT STOP, -
%Esﬂf ALL QUALIFICATION TESTS
A TYPICAL WOTOR MODULE ASSEMBLY WAS TOTALLY OUALIFLED BY SPAR
VORST CASE FOR THE LISTED SELOU EMVIRONMENTS. FURTHER, THE BRAKE ¢
LAEEEEE TR ASSEMBLY, MOTOR ASSEMBLY, TACHOME IER AND COMM. SCANNER ARE
UNENPECTED S!.l-lEC".ﬁ 1O SOME DEGREE OF QUALIFICATION TESTING o Iﬁi
ll)lll'ﬂ. FREE VENOOR. THE MOTOR MODULE TESTS:
JOINY.
UNANNUNC TATED . O VISRATION: LEVEL AND DURATION - REFERENCE TADLE B
CREW ACTION
REQUIRED, O THERMAL VACUUM: +9& DEGREE C 10 -36 DEGREE € (B CYCLES)
i1 X 10**8 TORR
REDUNDANT PATHS
AEMAINING 0 SHOCK: 20G/11 MS - 3 ANES (6 DIRECTIONS)
N/ WUMIDITY: TESTED IN SHOULDER JOINT HUMIDITY JEST
EMC: MIL-STD-46T AS MODIFIED BY SL-E-0002 (TESTS cso1,
€S02, €S04, CEDY, REOZ(MsB), AS03, RSO4)
FLIGHT CMECKOUT
PORS OPS CHECKLIST ¢ALL VERICLES) JSC 14087
1
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REF. REV, onauing ale. AND
DESIGHATION CAUSE

4090 1 NOTOR MODE :
WODILE DRIVE SROKEN DRIVE
SHIFT AND GEAR OR
PINGON GEAR. DRIVE SHAFT.
oy-8
r | CAUSE(S):
5114001201 {1) FATIGUE

FAILUME.

[~ FRTLURE WOOE |~ FATCUWE EFFECT |

PROJECY: EIHE
ASS'Y : | 4

SYSTEM: MECHANICAL ARM SUBSTSTEM
ass*y p/: STIATETINE SHEET:

STOP A JOINT.
JOINT WiLL ONLY
GE RESTRAINED
OY REMAINING
FRICTION OF
GEARBOKES. ARM
MAY TAKE AN
UNENPECTED
TRAJECTORY.
CONSISTENCY
CHECK WILL
IMETIATE AUTO
BRAKES.
NOVEVER,
FAILED JOINT
WILL NOT SIOP.
LOSS OF ALL
MOoDE

40!

URANNUNC [ATED .
CAEM ACTION
REGUIRED.

REDUNDANT PATHS
REMAINING

oN 1.1 RATIONALE FOR ACCEPTANCE
w0 BIEN CRITICALITY
LOSS OF ABILITY QA/INSPECHIONS.
WoRIVEOR | --eeeeeilaaln.

RECEIVING INSPECTION VERIFIES THAT THE WARDUARE RECEIVED IS AS
IOENTIFIED IN THE PROCUREMEMT DOCUMEMTS. THAT MO DAMAGE HAS
OCCURRED DURING SHIPMENT , AND THAT APPROPRIATE DATA HAS BEEW
RECEIVED UHICH PROVIDES ADEQUATE TRACEABILITY INFORMATION ANO
IDENTIFIES ACCEPTABLE PARTS.

PARTS ARE INSPECTED THROUGHOUT MANUFACTURE AND ASSEMBLY AS
APPROPRIATE 10 THE MANUFACTURING STAGE COMPLETED. THESE
{NSPECTIONS TNCLUDE,

CARPEMTER 435 STEEL USED FOR THE MANUFACTURE OF (E.G.
GEARS) RECEIVES ADDITIOWAL LABORATORY INSPECTIONS WHICH
INCLUDE CHEMICAt AMALYSIS, INCLUSION RATING, HARDNESS ANO
lElSI:EDIESTIIB TO VERIFY THE PROPERTIES OF THE MATERIAL
SUPPLIED .

SHAFTS ARE DIMEMSIONAL TWSPECTED TO DRAWING REQUIREMENTS
THROUGHOUT THE WANUFACTURING STAGES. FOLLOWING HEAT TREATMENT
THE SHAFTS ARE SUBJECTED YO WAGNETIC PARTICLE INSPECTION FOR
CRACKS.

GEAR ENSPECTION, BEFORE GCEAR LUBRICATION AND RUN-IN A
COMPOSITE ERAOR GEAR CHECKER 1S USED TO VERIFY THAT INVOLUTE
FOMN. PITCH CIRCLE CONCEMTRICITY AND PITCH DIAMETER ARE 10
oravinG REQUINEMENTS, THIS INSPECEION ALSO INCLUDES TEXTURE
EVALUATION. AFTER LUBRICATION, GEARS ARE VISUALLY INSPECTED TO
CONF IRM APPROPRIATE LUBRICANT APPLICATION AND GEARS ARE VHEN
AUM- IN, CLEANED AND VISUALLY INSPECTED.

FOLLOMING HEAT TREATMENT, STEEL PARIS (E.G. GEARS) ME
SUBJECTED 10 A MAGNETIC BARTICLE INSPECTION FOR CRACKS OR IN
THE CASE OF ALUMINUMN PARIS (E.G. WOUSINGS) ARE DYE PEMETRANT
INSPECIED USING GROUP ¥ PENETRANTS. MELDING OF GEARS OR
NOUSINGS IS SUBJECTED 1O OYE PENETRANT (GROUP V) AND
RADIOGRAPHIC INSPECTION ON COMPLETION OF STRESS RELIEF 10
CHECK FOR CRACKS. OUALIFICATION WELDING TEST SAMPLES FOR
STRUCIURAL WELDS ARE SUBJECTED TO DESTRUCTEVE TESTING WHERE
POSSIBLE (TENSILE AND BENDING) AS VELL AS METALLAGRAPHIC
AMALYSIS TO ENSURE DEFECT FREE WELDS.

INSPECTION VERIFIES THAT XITTED PARIS ARE CORRECT PRIOR 10
ASSEMBLY ANDO TRACEABILITY INFORMATION RECORDED.

PRE-ACCEPTANMCE TEST INSPECTION, WHICH INCLUDES AN AUDIT Of
LOVER TSER INSPECTION COMPLETtON, AS BUILT CONEIGURATION
VERIFICATION 1D AS DESIGHN EIC., {MANOATORY INSPECTION POINT).

A TEST READINESS REVIEM (IRR) WHICH INCLUDES VERIFICATION OF
TEST PERSONNEL . TEST DOCUMENTIS, TEST EQUIPMENT CAL IBRASION/
VALIOATION STATUS AND HARDUARE COMFIGURATION IS CONVENED BY
QUAL I TY ASSURANCE 1IN CONSMCTION WITH ENGINEERING,
RELIABSLITY, COMFIGURATION CONTROL, SUPPLIER AS APPLICABLE,
AND THE GOVENMENT REPRESENTATIVE BRIOR TO THE SYAKT OF ANY
FORMAL IESIIIIGi (ACCEPTANCE OR QUALIFICATION).

ACCEPTANCE TESTING (ATP) IMCLUDES, AMBIENT, VIBRATIOM
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BROKEN DRIVE
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DRIVE SHAFT.
CAUSE(S):

(1) FATIGUE
FAILURE.

LOSS OF ABILITY
10 ORIVE OR
STOP A JOINT.
JOINT WILL ONLY
BE RESTRAINED
BY REMAINING
fRICTION OF
GEARBONES. ARM
MAY TAKE AN
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TRAJECTORY,
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CHECK WILL
INITIATE AUTO
BRAKES.
WOUEVER,
FAILED JOINT
VILL NOT STOP.
LOSS OF ALL
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JOINT.
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REQUIRED
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REMAINING
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SYSTEM: RCIMIICI* ARM SUBSYSTEM
ASS'Y P/N: SHEET:

— 4

-

RATIONMALE FOR ACCEPTAMCE

INTEGRATION OF UNIT TO JOINT SRU - INSPECTIONS INCLUDE
GROUND ING CHECKS, COMNNECTORS FOR DENT OR PUSHBACK
COMYACTS, WISUAL, CLEANLINESS, INIERCONNECT MWIRING AND
POMER UP TEST TO THE APPROPRIATE JOSNT INSPECTION 1EST
PROCEDAME (1IP) ETC,

JOINT LEVEL PRE-ACCEPYANCE TEST INSPECTION, INCLUDES AN
ADIT OF LOVER FTER INSPECTION COMPLETION, AS BUILY
COMFIGURATION VERIFICATION TO AS DESIGN Efc.

JOINT LEVEL ACCEPIANCE TESTING (ATP) INCLUDES AMBINET,
VIBRATION AND THERMAL-VAC TESTING.
CSPAR/GOVERNMEMT REP. - WMANDATORY INSPECTION POINT).

SRS SYSTEMS IMTEGRATION, THE INTEGRATION OF MECHANEICAL ARM
SUBASSEMBLIES AND THE FLIGNY CASIN EQUIPMENT TO FORM THE SRMS.
INSPECTIONS ARE PERFORMED AT EACH PHASE OF INTEGRATION WMICH
INCLUDES GROUNDING CHECKS, THRU WIRING CHECKS, WIRING AOUTING,
INTERFACE CONMECTORS FOR BERT OR PUSH BACK CONTACTS EIC,

SRMS SYSTEMS JESTING - STRONGBACK AND FLAT FLOOR AMBIENT

g:fﬁﬂllti TEST. (SPAR/GOVERMMENT REP. - MANDATORY INSPECTION
|
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MODE &

BROXEN DRIVE
GEAR OR
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€1) FATIGUE
FAILURE.

EWD ITEM
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S10P A JOINT,
JOINT WILL OWLY
OE RESTAAINED
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NOUEVER,
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MILL %OT STOP.
LOSS OF ALL
MODE

WORST CASE
UNEKPECTED
MOTION. FREE
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UNANNUNCIATED,
CREM ACTION
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REDUNDANT PATHS
REMAINING

rmm;rrrtn—'

SYSTEM: MECHAMICAL ARM_SUBSYSTEM
N:STROEYZE —

ASS'Y P/N: SHEET:

5

[ WO 7 FURT.
"
CRITICALITY

RATIONALE FOR ACCEPTANCE

THERE KAVE GEEN NO FAILUMES ASSOCIATED MITH THIS FAILURE
MODE OW THE SRMS PROGRAM.
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€¥) FATIGUE
FATLURE.

LOSS OF ABILITY
TO DAIVE Of
STOP A JOINT,
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REDUNDANT PATHS
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OPERATIONAL EFFECES

ONE JOINT FATLS FREE. THE FAILED JOINT IS ONLY AESTRAINED BY
GEANBOX FRICTTON, ARM MAY BACKDRIVE 1F DRANES ARE OFF AND ANY
OF THE OTHER JOINTS ARE DRIVEN. ARK DOES #OT RESPOND 10
COPMMANDS. FOR MAND CONTROLLER COMMANDS CREW IMNERENTLY
COMPENSATES FOR ANY UWDESINED ARN TRAJECTORY. MO DRIVE MNOOES
AVAILABLE fOR FAILED JOINT.

CREY ACTION

USE SIKGLE MODE TO POSITION OTHER JOIMIS FOR STOV OR JETIISON.

CAEW TRAINING

THE CREV MILL BE TRAINED TO ALVAYS OBSERVE
WHETHER THE ARM IS RESPOMDING PROPERLY 10 COMMANDS. I1F IT
ISH'T APPLY BRAKES.

MISSION CONSTRAINT

CREW SHOULD BE TRAINED 1O OPERATE UNDER VERNIER RATES WITHIN
10 1 OF SIRUCTURE, AUTO TRAJECTORIES MUST BE DESIGNED 10 COME
NO CLOSER I9AN 5 FT FROM STRUCTURE. THE OPERATOR MUST BE ABLE
10 DETECT THAT THE ARM 'S RESPONDING PROPERLY 1O COMMANDS viA
VINDOM ANO/OR CCTV VIEWS DURING ALL ARM OPERATIONS,

ARN SHOULD MOI BE MANEUVERED 70 POSITION WHERE JEITISON CAWNOT
UE SAFETY PERFORMED.

SCREEN FAILURES

N/A
OMASD OFFLINE

IN DIRECT DRIVE WITH ELBOW DEMATED
VERIFY JOINT MOIiON

OMRSD OMLINE INSTALLATION

IN SINGLE MODE DRIVE ALL JOINIS
VERTFY TACROMETER S1GNATURE

TR JRa T mrse - -




