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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL HARDWARE
NUMBER: ME-155-8M003-X
{(DOESN'T ABPLY TQ PMA23
PASSIVE MECHAMNISM)

SUBSYSTEM HAME: MECHANICAL - EDS

REVISIDN: 1 DEC, 1956
PART NAME PART NLIMBER
VENDOR NAME VENDOR NUMBER
LAY DOGKING MECHANISM ASSEMBLY 334.6316,002-09
("SOFT" MECH.)
RSC-ENERGIA 33U.5316.003-05-001-01
{PMA1 MECH.}
SRU ASSY, AIGHT BALLSCREW/MNUT 331).6421.009-02(“SOFT™)
RSC-ENERGIA A3).6421.000-01 (PAMAT)
SR ASSY, LEFT BALLSCREWMNLUT a3 6421 .010-02("50FT")
RSC.ENERGIA 33U.6421.010-07 (PMA1)
SR ASSY, RIGHT BALLSCREWMNUT 33U.6421,011-020S0OFT)
ASC-ENERGIA 33U.8421.011-0% {PMA1)
SAU ASSY, LEFT BALLSCREWNLUT 3310.8421,012-02("SQF T
ASC-ENERGIA 391),5421.012-01 [PMA1)
SAU ASSY, RIGHT BALLSCREWMNUT 330.6421.013-02S50F T}
RSC-ENERGIA 23LL.5421.013-01 [PMAT)
SAU ASSY, LEFT BALLSCHEWMNLUT 33U.6421.014.02(*SOFT)

RSC-ENERLGLA

83U 6421 014-01 (PMAI1)

PART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
LEFT/RIGHT BALLSCREW/MNUT ASSEMBELY

REFERENCE DESIGNATORS:

QUANTITY OF LIKE TTEMS: &
SIX {3 LEFT AND 3 RIGHT)

FUNGTION:

THE BALL SCREW ASSEMBELY IS A KINEMATIC ELEMENT WHICH TRANSFERS THE
MOTION FROM THE ACTUATOR TO THE RING [ON EXTENSION OR RETRACTIDN) AND
FROM THE RING TO ELEMENTS OF THE ATTENUATION SYSTEM DURING DOGKING. IT
CONSISTS OF [1) ROD SCREW OF 530 MM IN LENGTH (FOR THE "SOFT” MECH.)/475 MM
IN LENGTH (FOR THE PMA1 MECH,) WITH LEFT-HAND (LEF T BALLSCREW/NUT
ASSEMBLIES) AND RIGHT-HAND THREAD (RIGHT BALLSCREW/NUT ASSEMBLIES): (2)
BALLSCREW/NUT ASSEMBLIES WHICH PROVIDES THE TRANSFORMATION OF THE
AOTATIONAL MOTION OF THE NUT INTO THE LINEAR PROGRESSIVE MOTION OF THE
SCREW AND VICE VERSA: AND {3) THREE DIMENSIONAL HINGE WITH CROSS AXIS
GEARING TO TRANSFER THE ROTATION FROM THE SCREW NUT TC THE OUTPUT

SHAFT.

SERVIGE N BETWEEN FLIGHT AND MAINTENANCE CONTROL:
VISUAL INSFECTION, SERVICEABILITY CONTOL, DOCKING WITH CALIBRATING DOCKING

MECHAMISM.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = ClL. HARDWARE
NUMBER: M2-155-BMDO3-X
[DOESN'T APPLY TO PMA2/
PASSIVE MECH.}
MAINTAINABILITY :
REFPAIR METHQD - NONE (REPAIRING IN MANUFACTURING CONDITIONS ONLY).

AEFERENCE DOCUMENTS:
331.6421.009-02 (SOFTY
33U.6421.006-01 (PMAT)
330.6421.010-02 (“SOFT
330.6421,010-01 (PMAT}
330.6421.041-02 ("BOFT")
J3U.8421.013-01 {PMAT)
330L.,6421,012-02 ("SOFT)
331.,6421.012-01 {PMA1)
3301.6421.015-02 (“BOFT)
230842101301 (PMA1)
3310.6421.014-02 {"50FT)
331.6421.014-01 (PMA1)
33U.6318.003-09 ("SOFT)

IV EI6.003-05-001-01 (PMAT}
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FAILURE MODES EFFECTS ANALYSIS [FMEA] ~ GIL FAILURE MODE
NUMBER: MB-1SS-BMOQ3- 01
{DOESN'T APPLY TO PMAZIS
PASSIVE MECI"IRNISM}

REVISION® 1 DEC, 1596
SUBEYSTEM NAME: MECHANICAL - EDS
LRU: DOCKING MECHANISM ASSEMBLY CRITICALITY OF THIS
ITEM NAME: ASSEMBLY, BALLSCREW/NUT FAILURE MODE: 1A2

FAILURE MODE:
BROKEN (SHAFT/GEAR/TUBE BREAKAGE)

MISSION PHASE:
oo ON-OHRBIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 103 ASCOVERY
104 ATLANTIS
105 ENDEAVOLIR
CAUSE:
MATERIALMANUFACTURE DEFEGT, EXCESSIVE EXTERNAL LOADS, VIBRATION,
MECHANICAL SHOCK
CRITICALITY 11 DURING INTACT ABORT ONLY? NO

CRITICALITY 1R2 DURING INTACT ABORT ONLY (AVIONICS ONLY)? \/A

REDUNDANCY SCREEN A} PASS

B] PASS
C) PASS
PASS/FAIL RATIONALE:
A)
B)
c)

METHOD OF FAULT DETECTION:

INSTRUMENTATION - THE CORRAESPONDING DOCKING RING INDICATORS ON THE
DOCKING CONTROL PANEL WILL ILLUMINATE TO INDICATE RING FOSITION AND
ALIGNMENT, VISUAL QBSERVATION - INABILITY TO MOVE THE DOCKING RING;
FOTENTIAL MOMENT CREATED BETWEEN YEHICLES ABOUT ONE FOINT ON THE RING.

REMARKS/AECOMMENDATIONS:
A BROKEN BALLSCREW/NUT ASSEMBLY IS CONSIDERED VERY REMOTE.

- FAILURE EFFECTS -

{A) SUBSYSTEM:
INARILITY OF AFFECTED BALLSCREW/NUT ASSEMELY TO CARRY A LOAD. LOSE OF

CAPABILITY TO ALIGN, CAPTURE. AETRAGT, AND EXTEND THE DOCKING RING. LOADS
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
NUMBER: M3-12S-BEM003- 01
(DOESHT APPLY TO PMAZA
PASSIVE MECH.)

EXPERIENCED DURING CAPTURE COULD COLLAPSE THE DOCKING SING AT THE FOINT
ON THE RING WHERE FAILURE OF THE BALLSCREW DCCURRED.

(9) INTERFACING SUBSYSTEM(S): ' :
POTENTIAL DAMAGE TO ORBITER/PMA1 STRUCTURE IF OREITERASS COLLIDE DUE T
THIS FAILUAE AND WORKAROUND IS NOT WPLEMENTED. -

{C) MISSION: - .
WORST CASE, LOSS OF ALL FUNCTIDNS ASSOCIATED WITH THE DOCKING RING
(ALIGNMENT, CAPTURE, RETRACTION, EXTENSION) WILL PRECLUDE DOCKING
CAPABILITIES RESULTING IN LOSS OF ORBITERASS (PMA1ASE] MISSION OBJECTIVES.

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

FIRET FAIURE (BROKEN BALLSCREW/NUT ASSEMBLY) COLLAPSE OF THE DOCKING RING
AT ONE POINT ON THE RING DURING CAPTURE COULD CAUSE A MOMENT BETWEEN
ORBITEA/PMAT AND IS5,

(E) FURCTIONAL CRITICALITY EFFECTS:
/A

DESIGN CRITICALITY (PRIOR TO OPERATIONAL DOWNGRADE, DESCRIEED tN Fy: 11

{F) RATIONALE FOR CRITICALITY CATEGORY DOWNGRADE:

SECOND FAILURE - INABILITY TC OPEN CAPTURE LATCHES DR PERAFORM SEFARATION
[NOMINAL UNDOCKING IS NOT PLANNED TO PMAT ASSEMBLY} - INABILITY TO
CIRCUMVENT THE MOMENT CREATED BETWEEN DRBITER/PMA1 AND 1SS, POTENTLAL
COLLISION BETWEEN BOTH VEHICLES RESULTING IN POSSIBLE LOSS OF CREW AND
VEHICLE.

= TIME FRAME -

TIME FROM FAILURE TO CRITICAL EFFECT: MINUTES
TIME FROM FAILURE DCCURRENCE TO DETECTION: SECOMNDS
TIME FROM DETECTION TO COMPLETED CORRECTIVE ACTION: SECONDS

I5 TIME REQUIRED TO IMPLEMENT CORRECTIVE ACTION LESE THAN TIME TO EFFECT?
YES '

RATIONALE FOR TIME TO GOARECTING ACTION V5 TIME TD EFFECT:

CREW HAS AMPLE TIME TC OPEN CAPTURE LATCHES AND FIRE RCS JETS (APFPLIES
ONLY TO THE ORBMER) TO AVDID A POTENTIAL COLLISION BETWEEN DRBITER AND

1584,
HAZARDS REPORT NUMBER(S): ORB/ 402B

HAZARD(S) DESCRIPTION: .
UNCONTACLLEDANADVERTENT COLLISION BETWEEN CRBITER AND ISS.
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FAILURE MODES EFFECTS ANALYSIS (FMEA} ~ CIL FAILURE MODE
NUMBEA: MB-1SS5-EMOLCS- 01
{(DOEENT APPLY TO PMAZ/S
PASSIVE MECH.}

=DISPOSITION HATIONALE-

(A} DESIGN: '
A BROKEN BALLSCRAEW/NUT ASSEMBLY IS CONSIDERED VERY REMOTE BASED ON THE
FOLLOWING: THE USE OF THE EXPERIENCE OF PREVIOUS DEVELOPMENTS: STRENGTH
ANALYSIS OF STRUCTURAL ELEMENTS AND PARTS HAVING A SAFETY FACTOR NO LESE
THAN 1.4; THE CHOICE GF MATERIALS THAT SHOWED A GOOD PERFORMANCE IN
CPERATIONAL USE; THE CALCULATION OF TOLERANGES AND DIMENSIONAL CIRCUITS:
AND THE CHOICE OF SPECIAL BEARINGS SUITABLE FOR OPERATIONAL CONDITIONS.

{B) TEST: :
REFER TO "APPENDIX B" FOR DETAILS OF THE FOLLOWING ACCEPTANGE AND
QUALIFICATION TESTS OF THE DOCKING MECHANISMS RELATIVE 7D THIS FAILURE
MODE.

DOCKING MECHANISM ACCEFTANGE TESTS:

GUIDE RING FUNCTIONAL PERFORMANCE TEST
YVIBRATION TEST .
AXIAL STIFFNESS (N INITIAL POSMION LOADS TEST
RETRACTION FORCE LOADS TEST
RESTRAINING FORCE LOADS TEST
. ROTATIONAL CAPABILITY LOADS TEST - Yy & 27 AXES
- ROTATIONAL CAPABILITY LOADS TEST - Xr AXIS
. THERBRAL VACUUM TEST

DOCKING MECHANISM QUALIFICATION TESTS:
. TRANSPORTABILITY STRENGTH TEST

- VIBRATION TEST

SHOCK-BASIC DEBIGN TEST

THERMAL VACUUM TEST

SIX-DEGREE-OF.FREEDOM TEST

. SERVICE LIFE TEST -

EXTEND/AETRACT MECHANISM LIMIT LOAD TEST
EXTEND/AETRACT MECHANISM ULTIMATE LOAD TEST
. DISASSEMBLY INSPECTION

OMRSD - TURNAROUND CHECKOUT TESTING IS ACCOMPLISHED IN ACCORDANCE WITH
OMRSD.

g e

R T YL LY P

{C) INSPECTION:
RECEIVING INSPECTION
FAW MATERIAL IS VERIFIED BY INSFECTION TO ASSURE COMPLIANCE WITH THEIR

SPECIFICATIONS ON A CEATAIN *% OF THE BATCH AT THE INPUT CONTROL.

CONTAMINATION CONTROL

COARCEION PROTECTION PROVISIONE AND CONTAMINATION CONTAROL VERIFIED BY
INSPECTION. CHECK OF RODM CLEANLINESS; PARTS WASHING AND OTHER
OPERATIONS OF THE TECHNCLOGICAL PROCESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED BY INSPECTION.

CRITICAL PROCESSES

ANODIZING, HEAT TREATING, AND CHEMICAL FLATING VERIFIED BY INSPECTION.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
NUMBER: ME-155-BMOO3- 04

(DOESNT APPLY TO PMAZ/3
PASSIVE MECH.)

ASSEMBLY/ANSTALLATION

ADJUSTMENTS AND TUNING ACCORDING TO TECHNICAL REQUIREMENTS OF THE
DRAAWINGS ARE VERIFIED BY INSPECTION, QUALITY CONTROL OF COATINGS AND
FABRICATION OF BALLSCRAEW/NUT ASSEMBELY {INCLUDING GEAR/BEARING MATING) IS

VERIFIED BY INSFECTION.

TESTING
ATP/QTPOMRSD TESTING VERIFIED BY INSPECTION,

HANDLING/PACKAGING L
HANDLING/FACKAGING PROCEDURES AND REQUIREMENT.FOR SHIPMENT VERIFIED BY

INSFECTION.

{D) FAILURE HISTORY:

DATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FAILURES
EXPERIENCED DURING GROUND PRAOCESSING OF ODS DOCKING MECHANISMS CAN BE
FOUND IN FRACA DATA BASE,

(E} OPERATIONAL USE:
CREW COULD OPEN CAPTURE LATCHES AND FIRE APPROPRIATE ORBITER RCS JETS TO
PERFOAM SEPARATION IN THE EVENT A BROKEN BALLSCAEW/NUT ASSEMBLY RESULTS
IN A MOMENT BETWEEN ORBITER AND ISSA,

- APPROVALS -
PROCUCT ASSURANCE ENGH. : M, NIKOLAYEVA
DESIGN ENGINEER : E. BOBROV
HNASA S5/MA :
NASA SUBSYSTEM MANAGER
J5C MOD
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