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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ CIL HARDWARE
NUMEER: MS-155-BM014-X
(DOESN'T APPLY TO PMA2S
PASSIVE MECHANISM)

SUESYSTEM NAME: MECHANICAL - EDS

AEVISION: 1 DEC, 1996
PART NAME PAAT NUMBER
VENDOR NAME VENDOR NUMBER
LRU : DIFFERENTIAL ASSEMBLY 33U.8321.004-09 ("SOFTT)
ASC-ENERGIA . 331).6321.004-05 {PMA1)
SAU 1 ACTUATOR, EXTEND/RETRACT AU E121.035-00 ("SOFT)
RSC-ENERQIA 331.6121.035-05-001 (PMA1)
PART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
EXTEND/RETRACT ACTUATOR

REFERENCE DESIGNATORS:

QUANTITY OF LIKE ITEMS: 1
-ONE

FUNCTION:

PROVIDES THE ENERGY NECESSARY TO EXTEND AND RETRACT THE ORBITEA/PMAT
DOCKING RING. CONTAINED IN THE ACTUATOR IS A FRICTIONAL BRAKE WHICH IS
ONLY UTILIZED DURING A “HARD* DOCKING SINCE THE LOW LEVEL SLIP CLUTCH WL
LOCK QOUT THIS DEVICE DURING A “SOFT” DOCKING. CURRENTLY, ONLY THE FIRST IS5
MISSION (MISSION 24 } WILL UTILIZE A HARD DOCKING. THE FRICTIONAL BRAKE IS
LOCGATED ON THE SHAFT OF THE EXTENDVRETRACT ACTUATOR AND LIMITS DOCKING
LOADS AND DISSIPATES ENERGY. DURING MATING WHEN LOADS ON THE ASTUATOR
ARMATURE ARE HIGH, THE BRAKE ABSORAS THE AXIAL KINETIC ENERGY ASBOCIATED
WITH THE RELATIVE CLOSING VELOCITY BY SLIPPING. BRAKE SLIFPAGE ALSD
CCCURS DURING RING RETRACTION WHEN THE RING HAS BCTTOMELD OUT.

SERVICE IN BETWEEN FLIGHT AND MAIKTENANCE CONTROL;
SERVICEABILITY CONTOL, DOCKING WITH CALIBRATING DOCKING MECHANISM.

MAINTAINABILITY
HEFAIR METHOD - REFLAGEMENT.

REFERENCE DOCUMENTS: 33U.6121.035-08 FSOFTY
33U.6121.035-05-001 {PMA1)
83U.6321.004-03 {"SOFT")
A31).6321.004-05 (PMAT)
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FAILURE MODES EFFECTS ANALYSIS (FMEA} - CIL FAILURE MODE
NUMBER: M8-15%-BM014-02
{DOESHT APPLY TO PMA2/3
PASSIVE MECHANISM)

: HEVISION¥ 1 DEC, 1896
SUSSYSTEM NAME: MECHAMICAL - ERS -
LRY: DIFFERENTIAL ASSEMBLY CRITICALITY OF THIS
ITEM NAME: ACTUATOR, EXTEND/RETRACT FAILURE MODE: 22

FAILURE MODE:
FAILS TO TRANSFER TORQUE LOADS

MISSION PHASE:
e ON-ORBIT

VEHICLE/PAYLODAD/KIT EFFECTIVITY: 103 DISCOVERY
104 ATLANTIZ
105 ENDEAVOUR

CAUSE:

ACTUATOR FAILURE - GEAR/SHAFT/KEY FAILURE BETWEEN NO-BACK 8 DIFFERENTIAL

gUE TO MECHANICALTHERMAL SHOCK, MANUFACTUREMATEHIAL DEFECT, OR STRESS
OHRACSION

LOW SLIP FORCE ON FRICTIONAL BRAKE - SHAFT/MULTIPLE AING FAILURES DUE TO
MECHANICAL THERMAL SHOCK OR MANUEACTUREMATERIAL DEFECT, EXCESSIVE
LOADS, MULTIPLE BROKEN SPRINGS, LOOSE SHAFT NUT, DIL CONTAMINATION
ERITICALITY TH DUHIHG INTACT ABORT ONLY? MD

CRITICALITY 1RZ DURING INTACT ABORAT ONLY (AVIONICS ONLY)? NA

REDUNDANCY SCREEN A} N/A
B) N/A
©) /A

PASSFAIL RATIONALE:
Al
NSA

E)

NfA

&) : Tt
YA

METHOD OF FAULT DETECTION:

VISUAL OBSEAVATION - RING FAILS TO EXTEND QR RETRACT, INSTRUMENTATION -
APPRAOPRIATE INDICATORS ON THE DOCKING CONTROL PANEL WILL INDICATE POSITION
OF RING AT TIME OF FAILURE. WITH ACTUATOR DISCONHECSTED FROM THE KINEMATIC
CHAIN THE ORBITER/PMAT DOCKING RING CAN BE MANUALLY RETRACTED BY PUSHING

ON THE RING.
AEMARKSHECOMMENDATIONS:
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FAILURE MODES EFFECTS ANALYSIS (FMEA) —~ CIL FAILURE MODE
NHUMBER: M8-135-Bi014- 02
(DOESNT APPLY TO PMAZA
PASSIVE MECHAMNISM)

STRUCTURAL FAILURE OF EXTENDVRETRACT ACTUATOR ARMATURE/SHAFT 1S
CONSIDERED VERY REMUTE. ALL ACTUATOR COMPONENTS HAVE A SAFETY FACTOR »
1.4

- FAILURE EFFECTS -

-

(A) SUBSYSTEM:

EXTENDRAETRACT ACTUATOR IS DISCONNECTED FROM THE REMAINING ELEMENTS (N
THE KINEMATIC CHAIN. INABILITY OF DOGKING MECHANISM TO SUSTAIN A LOAD
RESULTING IN A COLLAPSE OF THE DOCKING RING DURING CAPTURE. DOCKING LOADS
ARE EXCESSIVE GIVEN THIS FAILURE. DAMAGE TO EXTEND/RETRACT ACTUATOR AS
THE RESULT OF THESE EXCESSIVE LOADS COULD RESULT IN LOSS OF CAPABILITY TO
EXTEND OR RETRACT THE RING TO COMPLETE DOCKING.

(B) INTERFACING SUBSYSTEM(E):

EXCESSIVE LOADS INCURRED DURING DOCKING AS THE RESULT OF THE EXTEND/
RETRACT AGTUATOR FAILING TO TRANSFER TORGQUE LOADS COULD PROPAGATE TO
EXTERNAL AIRLOCK AND DRBITER/PMA1 STAUCTURE.

{C)] MISSION:
DOCKING BETWEEN ORBITERPMA1 AND IS5 IS IMPOSSIELE IF RING CANNOT BE
EXTENDED OR RETRACTED. EXTENSIVE DAMAGE TO EITHEA DOCKING MECHANISM AS
THE RESULT OF THIS FAILURE COULD FURTHER IMPEDE THE DOCKING PROCESS.
WORST CASE, LOSS OF ORBITER(PMA1}1SS MISSION OBJECTIVES,

(L) CREW, VEHICLE, AND ELEMENT(S):

THE INABILITY OF THE DOCKING RING TO SUSTAIN LOADS AS THE RESULT OF THIS
FAILURE COULD ALLOW THE RING TO COLLAPSE DURING CAPFTURE, FOTENTIALLY
CAUSING EXTENSIVE DAMAGE TO ORBITER/PMA1 AND IS5 DOCKING MECHANISMS.

(E) FUNCTIONAL CRITICALITY EFFECTS:
MA

DESIGN CRITICALITY (PRIOR TO OPERATIONAL DOWNGRADE, DESCRIBED IN F): N/A

{F) RATIONALE FOR CRITICALITY CATEQORY DOWNGRADE:
N/4 (THERE ARE NO WORKARDUNDS TO CIRCUMVENT THIS FAILURE.)

= TIME FRAME -

TIME FROM FAILURE TO CRITICAL EFFECT: HOURS TO DAYS
TIME FROM FAILUARE OCCURRENCE TO DETECTION: MINUTES TO HOURS
TIME FROM DETECTION TO COMPLETED CORRECTIVE ACTION: N/A

I5 TIME REQUIRED TO IMPLEMENT CORRECTIVE ACTION LESS THAN TIME TQ EFFECT?
MN/A,

RATIONALE FOR TIME TO CORRELTING ACTION ¥5 TIME TO EFFECT:

M8-185 - 164




PAGE: 283 PRINT DATE: 01/24/97

FAILURE MODES EFFECTS ANALYSIS {FMEA) — CIL FAILURE MQDE
NUMBER: M3-15S-HM04- 02
{DOESNT APPLY TO PMAZ/3
PASSIVE MECHANISM)

THERE IS NO CORRAECTIVE ACTION TO CIRGUMVENT THIS FAILURE. A FALLURE QF THE
EXTEND/RETRACT ACTUATOR TO TRANSFER TORQUE LOADS MAY NOT BE DETECTABLE
UNTIL AFTER CARPTURE, AT WHIGH TIME THE RESULTING HIGH LOADS COULD DAMAGE
BOTH ORBITER/FMA 1 AND ISS DOCKING MECHANISMS TO THE POINT OF PRECLUDING
DOCKING. ,

HAZARDS REPORT NUMBER(S): ORBI 4028

HAZARD(S) DESCRIPTION:
DAMAGE TO BOTH ORBITER/FPMAT AND ISS DOCKING MECHANISMS.

sDISPOSITION RATIONALE-

{A) DESIGN: '
- STAUCTURAL FAILURE OF EXTEND/RETRACT ACTUATOR ARMATURE/SHAFT 1S
CONSIDERED VERY REMOTE. FRICTIONA| BRAKE IS MADE UP OF TWENTY SOLID RINGS.

HOUSING WHICH IS MOUNTED TO THE SHAFT THAT DRIVES THE KINEMATIC CHAIN AND

TEN ARE ATTACHED TO THE ARMATURE OF THE ACTUATORA. THESE RINGS ARE

POSITIONED SIDE BY SIDE WITH EVERY OTHER RING ATTACHED TC THE SAME POINT

(KINEMATIC SHAFT AND ACTUATOR ARMATURE). SIX SPRINGS FORCE THESE RUNGS

TOGETHER TO PROVIDE MAXIMUM ERICTION BETWEEN THEM. A SINGLE NUT IS SAFETY

‘;I'IFIEE AT THE END OF THE ARMATURE TO HOLD ALL SIx COMPRESSED SPAINGS INTO
LACE. '

LOAD ANALYSIS HAS SHOWN THAT THE MAXIMUM AXIAL TENSION LOAD INCURRED AS
THE RESULT OF THE EXTENDVRETRACT ACTUATOR FAILING TO TRANSFER TORQUE
LOADS (BROKEN CLUTSH/BRAKE) DURING CAPTURE IS 3558 KGF ALONG THE Z-AX1S
WHICH 18 NOT HIGH ENOUGH TO CAUSE A CAPTURE LATCH TO DISENGAGE. (ANALYSIS
HAS SHOWN THAT AN AXIAL LOAD OF 36988 KGF IS REQUIRED TC DISENGAGE A CAPTURE
LATCH.) STRESS ANALYSIS HAS INDICATED THAT THE CAPTURE LATCH WILL NOT BE
EAMAGED IN SUCH A WAY AS TO TO PREVENT [T FROM BEING ACTUATED OPEN DUE TO
THIS 3558 KGF TENSION AXIAL LOAD, THIS AXIAL LOAD WILL NOT EXCEED EXTERANAL
AIRLOCK /ORBITER STRUCTURAL LIMITS.

{B) TEST:

THE FRICTIONAL BRAKE IS PART OF THE EXTEND/RETRAGT ACTUATOR DRIVE CHAIN.
SINCE THIS FAILURE MODE WOULD CREATE A BREAK IN THAT DRIVE CHAIN,
VERIFICATION OF PROPER FRICTIONAL BRAKE AND ACTUATOR OPERATION {IN RESPECT
TO THIS FAILURE MODE} IS PROVIDED BY THE FOLLOWING ACCEPTANCE AND QUAL
TESTING OF THE ACTUATOR. (REFER TO "APPENDIX B* FOR DETAILS )
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FAILURE MODES EFFECTS ANALYSIS {FMEA} = CIL FAILURE MODE
NUMBER: M#-1S5-BMO14- 02
(DOESNT APPLY TO PMAZM
PASSIVE MECHANISM}

COCKIN CHAMISM EPTAN :

- GUIDE RING FUNCTIONAL FERFORMANCE TEST .
AXIAL STIFFNESS IN INITIAL POSITION LOADS TEST
RETRACTION FORCE LOAD TEST

. AESTRAINING FORCE LOAD TEST

TRANSLATION CAPABILITY TEST - Y & Zp AXES

- ROTATIONAL CAPABILITY LOADS TEST - Y & 77 AXES
ROTATIONAL CAPABILITY LOADS TEST - X; AXIS
VIBRATION TEST

THERMAL VACUUM TEST

KING ME SM ICAYION :
1. TRANSPORTABILITY STHENGTH TEST
2. VIBRATION TEST
3. SHOCK-BASIC DESIGN TEST
4. THERMAL VACULIM TEST
= SIX-DEGREE-OF-FREEDOM TEST
6
7
8.
8.

T YL PRy

. SERVICE LIFE TEST

- EXTEND/RETRACT MECHANISM LIMIT LOAD TEST
EXTEND/RETRACT MECHANISE ULTIMATE LOAD TEST
DISASSEMBLY INSPECTION

OMRSD - TURNAROUND CHECKOUT TESTING 1S ACCOMPLISHED IN ACCORDANCE WITH
OMRSD,

(C) INSPECTION:

RECEIVING INSPECTION

EXTEND/RETRACTION ACTUATOR AND FRICTIONAL BRAKE ARE SUBJECTED TD A 100%
RECEIVING INSPECTION PRIOR TO INSTALLATION.

CONTAMINATION CONTROL

CORROSION PROTECTION PAOVISIONS AND CONTAMINATION CONTROL VERIFIED BY
INSPECTICN. CHECK OF ROOM CLEANLINESS; PARTS WASHING AND OTHER
OPERATIONS WHICH PROVIDES CLEANLINESS ARE VERIFIED BY INSPECTION.

CRITICAL PROCESSES
ANQCIZING, HEAT TREATING, SOLDERING, CHEMICAL PLATING, AND CURING VERIFIED

BY INSFECTION -
ASSEMBLYANSTALLATION

TORQUE, ADJUSTMENTS AND TOLERANGES AGGDHDIﬁG TO TECHNICAL REQUIREMENTS
OF THE DRAWINGS ARE VERIFED BY INSPECTION.

TESTING
ATPAOTP/OMRED TESTING VERIFIED BY INSPECTION.

HANDLING/PACHAGING _
HANDLING/PACKAGING PROCEDURES AND REQUIREMENT FOR SHIPMENT VERIFIED BY

INSPECTION.

(D) FAILURE HISTORY;
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILUAE MADE
NUMEER: M3-1SS-BMO14- 02
(DOESN'T APPLY TO PMA2M

PASSIVE MECHANISM)

DATA GN TEST FAILUAES, UNEXPLAINED ANOMALIES, ANC OTHER FAILURES
EXPERIENCED DURING GROUND PROCESSING OF ODS DOGKING MECHANISMS CAN BE

FOUND IN PRACA DATA BASE,

(E} OPERATIDONAL USE:
NOMNE. CREW WOULD OPEN CAPTURE LATCHES AND FIRE QRBITER ACS JETS TO

ENABLE SEPARATION.

= APPADVALK -
PRODUCT ASSURANCE ENGR. : M. NIKOLAYEVA
DESIGN ENGINEER . E.BOBROV
NASA 55MA :
NASA SUBSYSTEM MANAGER
JSC MOD
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