FAILURE MODES EFFECTS ANALYSIS (FMEA) - ¢IL HARDWARE
* NUMBER; M8-188-BM012-X
{APPLIES ONLY TO THE “SOFT"

MECHANISM)
SUBSYSTEM NAME: MECHANICAL - EDS
REVISION: 2 JUN,199%
FART NAME " PART NUMBER
VENDOR NAME VENDDR NUMBER
LA 1 ABBY, LOW LEVEL DIFFERENTIAL 33115321005
HSC-ENERGIA F3ULE321.005
SRU : LOCKING DEVICE J3U).6635.004
RSC-ENERGIA A3 6625.054
PART DATA

EXTENDED CESCRIPTION OF PART UNDER ANALYSIS:
LOW TORQUE AXIAL SLIP CLUTCH LOCKING DEVICE SENSOR

REFERENCE DESIGNATORS: 5Q7

QUANTITY OF LIKE ITEMS: 1
ONE

FUNCTION:

THE LOW TOROUE AXIAL SLIF CLUTCH LOCKING DEVICE LOCKS AND UNLOCKS THE
LOwW TORQUE AXIAL SLIP CLUTCH FROM THE RING KINEMATIC CHAIN. FOLLOWING
RING EXTENSION TO THE RING INTIAL POSITION, POWER IS APPLIED TO THE LOW
TORQUE LOCKING DEVICE ACTUATOR MOTORS TG UNLOCK THE LOW TORGUE SLIP
CLUTCH, ALLODWING RING COMPLIANCE FOR DOCKING CONTACT. URON AN
EXTENDING OR HETRACTING COMMAND TO THE DOCKING RiNG FOLLOWING DOCKING
CONTACT, POLARITY OF THE FOWER TO THE LOCKING ACTUATOR MOTORE IS
REVERSED TO LOGK THE LOW TORGUE SLIF CLUTCH. TORQUE FROM THE RING ORIVE
ACTUATORS IS TRANSFERRED TO THE RING DRIVE KINEMATIC, AND NOT TO THE LOW
TORQUE SLIP CLUTCH. THE LOCKING ACTUATOR IS AUTOMATICALLY CONTROLLED BY
THE D3CU WIiTH RING INITIAL POSITION SENSCRS AND SLIP CLUTCH LOCKING DEVYICE
SENSOR FEEDBALK,

A SENSOR ASSEMBLY COMTAIMING 51X COMTACTS |§ LOCATED WITHIN THE LOW
TORQUE SLIP CLUTOH LOCKING ACTUATOR. REDUNDANT LOCK {EMGARED) SENSIIR
CONTACTS PROVIDE INDICATION TO THE D3CU THAT THE SLUIP CLUTCH IS IN THE
"“HA&RD™ MODE. REDUNDANT UNLOCK [DISENGAGED) SEENSOR CONTACTS PROYIDE
INDICATION T THE DSCU THAT THE SLIP CLUTCH 13 IN THE “GOFT" MCDE. THE
REMAINING TWO CONTACTS ARE PROVIDED FOR MONITORING PURPOSES.
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SERVICE IN BETWEEN FLIGHT AND MAINTENANCE CONTROL: .
SERVICEABILITY CONTROL, DOCKING WITH CALIERATING DUCKING MECHAMNISM.

MAINTAINABILITY
REFAIR METHOD - NONE (REPAIRING N MANUFACTURING CONDITIONS ONLY).

REFERENCE DOGCUMENTS: 33U.6321.005
33U.66356.064

MR 402 4708



FAILURE MODES EFFECTE ANALYSIS (FMEA) - CIL FAILURE MOOE
NUMBER: M&8-155-BEMO12-06
{AFPLIES OMLY TO THE "SOFT"
MECHANISM)

AEVISION:® 1 JUN, 1588
SUBSYSTEM NAME: MECHANICAL - EDS

LRU: LOW LEVEL DIFFERENTIAL ASSEMBLY : CRITICALITY OF THIS
ITEM NAME: SENSCR, AXIAL SLIP CLUTCH LOCKING DEVICE  FAILURE MODE: 2/2

FUNCTIONAL CRITICALITY/
AEQUIRED FAULT TOLERANCE/ACHIEVED FAULT TOLERANCE: 3/0/0

FAILURE MODE:!
"LOCK® SENSOR CONTACTS FAILS CLOSEDR OR SHORTS TO GROUND

MISSEION PHASE:
o0 ON-ORBIT

YEHICLE/PAYLOAD/KIT EFFECTIVITY:
102 COLUMB!A,
103 DISCOVERY
104 ATLANTIE
105 ENDEAVOLUR

CAUSE:
CONTAMINATION, FIECE PART STRUCTURAL FAILUARE DUE TO MECHANICAL THERMAL
SHOCK, VIBRATION, OR MANUFAGT URER/MATERIAL CEFECT

CRITICALITY 11 DURING INTACT ABORT ONLY? NO

CRITICALITY 1R2 DURING INTACT ABDAT DHLY {AVIONICS QNLY)? ND

REOUNDANCY SCREEN AY N/t
B} NAA
) NFA

PASS/FAIL RATIONALE:
A)

B)
N/A

A A



FAILLIRE MOQDES EFFECTS ANALYSIS (FMEA} - CiL FAILURE MODE
NUMBER: M&-155-BMOT2-06
{DOESN'T APPLY TO PMAZS
PASSIVE MECHANISM)

)
N74

METHOD CF FAULT DETECTION:

FAILURE MODE IS DETECTABLE ONLY BY THE LOW TOROUE SUIP CLUTCH LOCKING
ACTUATOR FAILING TO TRANSFER TO ITS LOCKED POSITION POST-CONTACT AFTER A
DOCKING RING EXTENSION OR RETRACTION OPERATION HAS BEEN COMMANDED.

MASTER MEAS. LIST NUMBERS: VSIX0S4VE

REMARKS/RECOMMENCATIONS:

WORST CASE SCENARID OCCURS WHEN SENSCA FAILS CLOSED OR SHORTS TO
GROUND AFTER LOW TORGQUE SLIP CLUTCH LOCKING ACTUATOR TRANSFERS TD
UNLOCKED POSITION. THE ACTUATOR WILL BE PREVENTED FRCOM TRANSFERRING
BACK TCQ THE LOCK POSITION WHEN A RING EXTENSION/RETRACTION OPERATICN IS
COMMANGED, WHEREBY THE RING ACTUATOR TORQUE WILL BE TRANSMITTED TO THE
LOW TORQUE SLIP CLUTCH.

« FAILURE EFFECTS «

{4) SUBSYSTEM:

A FAILED CLOSED OR SHORTS TO GROUND CONDITION WILL INTERRUPT THE DSCU
CONTROL OF THE LOW TORQUE ELIP CLUTCH LOCKING ACTUATOR, RESULTING IN THE
INABILITY TC AUTOMATICALLY TRANSFER THE SLIP CLUTCH LOCKING ACTUATOR TO
THE “HARD™ OR LOCKED POSITION. IF THE LOCKING ACTUATOR IS MOT LOCKED, THE
RING ACTUATOR TCROQUE WILL BE TRAMSMITTED TO THE LGW TORQUE SLIF CLUTCH.

(B) INTEAFACING SUBSYETEM(E):
NO EFFECT ON INTERFACING SUBSYSTEMS.

() MISSION:
FOR A FAILED GLOSED OR SHORTS TQ GROUND CONDITION, THE LOW TORQUE
LOCKING ACTUATOR CANNOT BE TRANSFERRED TQ THE LOGKED POSITION, THE RING
ACTUATOR TOROUE WILL BE TRANSMITTED TG THE LOW TORQUE SLIF CLUTGH.
ALTHOUGH THE RING WILL BE ABLE TO MOVE, WORST CASE, THERE WOULD BE
INSUFFICIENT RING FORCE TO MATE THE ORBITER ACTIVE MECHANISM WITH THE 158
PASSIVE MECHANISM FOR HOOK CLOSING RESULTING IN LOSS OF DOCKING CAPABILITY
[LOSS OF MISSION).

{0} CREW, VEHICLE, AND ELEMENT{3}:
MO EFFECT ON CREW AND VEHICLE,

{1 FUNCTIONAL CRITICALITY EFFECTS:
MiA

RAG AT 4 A0 AM




FAILURE MDDES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MODE
NUMBER: ME-155-8M012-05
(DOESN'T APPLY TO PMAZ/3
PASSIVE MECHANISM)

DESIGN CRITICALITY {PRIOR TO DOWNGRADE, DESCRIBED IN [F)): 2/2

(F} RATIONALE FOR CRITICALITY DOWNGHADE:

THE STATION MAY NOT HAVE SUFFICIENT POWER PRODUCTION N ORDER TO
TOLERATE THE FREE DRIFT CONFIGURATION NECESSARY TC PERFORM THE [FM TD
DHRECTLY DAIVE THE SLIP GLUTGH TO THE "HARD" QR LOGKED PUOSITION. UNBOCKING
AND SEPARATION WOULD BE REQUIRED IN QRDER TC IMPLEMENT THE IFM. HOWEVER,
WORST CASE, THERE MAY BE INSUFFIENT CONSUMABLES REMAINING TO PERFORM A
BEECOND DOCKING ATTEMPT.

MB-1588 - 146 N2



FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CIL FAILURE MODE
NUMBER: M3$-1£28-BM012-08
(DRESN'T APPLY TO PMA2/
FASSIVE MECHANISM)

- TIME FRAME -

TIME FROM FAILURE TC CRITICAL EFFECT: HOURS
TIME FROM FAILURE OCCURRENCE TQ DETECTION: SECONDS
TIME FROM DETECTION TO COMPLETED CORRECTIVE ACTION: N/A

'3 TIME REQUIRED TQ IMPLEMENT CORAECTIVE ACTION LE3SS THAN TIME TO EFFECT?
Nt&

AATIONALE FOR TIME TQ CORRECTING ACTION VS TIME TO EFFECT:

WORST CASE, THERE IS NO CORRECTIVE ACTION TO RESTORE THE *HARD" OR LOGKED
LOW TORQUE SLIP CLUTCH LOGCKING ACTUATOR POSITION.

HAZARDS HEPORT NUMBER({S): NONE

HAZARDHS) DESCRIPTION:
A,

-ADDITIONAL DATA-

-DISPOSITION RATIONALE-

(A} DESIGN:
A,

(B) TEST:
NfA

(C) INSPECTION;
M/A

{D} FAILURE HISTCRY:
N,

(E} OPERATIONAL USE:
N/A

-DISFOSITION RATIONALE-

A} DESIGN:

'{'I'I-::E BENESOR ASSEMELY CONTAINS THREE CONTACTS FOR HARD & LOCKED POSITION.

TWO ARE USED TO CONTROL THE LOW TORQU = SLIP CLUTCH LOCKING ACTUATOH; A

THIRD COMTACT IS USED FOIR ON-BOARD MONITORING OF THE ACTUATOR "HARD" OR

LOCKED PQSITION, THE LOW TORCUE SLIP CLUTCH LOCKING ACTUATOR 1S

COMPLETELY ENCASED TO PREVENT INTROGUGING METALLIC CONTAMINATION AND TO .

RAQ_ ACQ _ 1A2 NA



FAILURE MQDES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MQDE
MUMBER: MB-133-BM012-05
{DOESN'T APPLY TO PMAZ2/3
, FASSIYE MECHANISM)

PROTECT SENSCR AGAINST ANY MZCHANICAL SHOCK THAT COULD CAUSE A FAILED
CLOSED CONDITION O ONE OF TWQO CONTACTS.

(B) TEST:

AEFER TG "APPEMDIX B" FOR DETAILS OF THE FOLLOWING ACCEFPTAMNCE AND
QUALIRICATION TESTS OF THE DOCKING MECHANISMS RELATIVE TO THIS FAILURE
MSDE.

DOCKING MECHANISM ACCEPTANCE TESTS:
. ELECTRICAL CIRCUIT VERIFICATION TEST

INSULATION ELECTRICAL RESISTANCE TEST
STRUCTURAL HCOOK PERFORMANCE TEST
VIBRATION TEST

THERMAL YACUUM TEST

DOCKING MECHAMISM QUALIFICATION TESTS:
. TRAMSPORTABILITY STRENGTH TEST

VIBRATION TEST

SHOCK-BASIC DESIGN TEST

THERMAL YACUUM TEST
SI1X-DEGREE-OF-FREEDM TEST

SERVICE LIFE TEST

STRUCTURAL HOOK SIMULTANEQUS LOADS TEST
ETRUCTURAL HOOK COMPONENT LOADS TEST
DISASSEMELY INSPECTION

= S

© @ N B ke o

OMRSD - TURNARQUND CHECKOUT TESTING (5 ACCOMPLISHED IN AGGCORDANGE WITH
QOMRSED.

{C} INSPECTION:
RECEIVING INSFECTION

COMPONENTS ARE SUBJECTED TO A 100% RECEVING INSPECTION PRIOR TO
INSTALLATION.

CONTAMINATION CONTROL

CORROSION FROTECTION PROVISIONS AND CONTAMINATION CONTROL VERIFIED BY
INSPECTION. CHECK OF ROOM CLEANLINESS: PARTS WASHING AND OTHER
OFERATIONS OF THE TECHNOLOGICAL PROCESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED BY INSPECTION.

CRITICAL PROCESSES
ANODIZING, HEAT TREATING, SOLDERING, CHEMICAL PLATING, AND CLURING VERIFIED
BY INSPECTION.

ASSEMBLY/ANSTALLATION
TORGUE, ADJUSTMENTS AND TOLERANCES ACCORDING TO TECHNICAL REQLUIREMENTS
OF THE DRAWINGS ARE YERIFIED BY {NSPECTIONM.

TESTING
ATP/QTROMRSD TESTING VERIFIED BY INSPECTIGN,

MA-1RR - 14F NS



FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
HUMBER: Mg-155-BM012-06
(DOESN'T APPLY TO PMA2/3
_PASSIVE MECHANISM)

HAMDLING/PACKAGING
HANDLING/PACKAGING PROCEDURES AND REQLIREMENT FOIR SHIPMENT VERIFIED BY
INSFECTION.

(D) FAILURE HISTORY:

DATA ON TEST FAILURES, UNEXFLAINED ANOMALIES, AND OTHER FAILURES
EXFERIENCED DURING GROUND PROCESSING OF ODS DOCKING MECHANISMS CAN BE
FOUND IN PRACA DATA BASE.

{E} OPERATIOMNAL USE:

THE CREW CAN PERFORM THE APDS DIRECT DRIVE IFM TC DRIVE THE LOW TORQUE
SLIP CLUTCH LOCKING ACTUATOR TO ITS LOCKED POSITION WHILE SOFT MATED TO
THE STATION IF THE STATION CAN TOLERATE THE NON-POWER PRODUCING ATTITUDES
WHILE IN FREE DRIFT. OTHERWISE, AN UNDOCKING AND SEPARATION WOULD BE
REQUIRED IN ORDER TO FERFORM THIS WORKARCUND,

ME-1RES - 1aF NIk




FAILURE MODES EFFECTS ANALYSIS (FMEA) .- CIL FAILURE MOCE

NUMBER: MB-155-BM012- 05
(DOESNT APPLY TO PMAZIS
PASSIVE MECHANISM)

- APPROVALS -

FRGOUCST ASSURANCE ENGR.

QZSIGN ENGINEER

MASA SSIMA

HASA SUBSYSITEM MAMAGER
JSC MQOD

USA QRBITER, SRQA

USA SAM

M, NIKJLAYEWVA
E. BCEROV

= I
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AT,
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