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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ CIL HARDWARE
NUMEBEER:M31535-MOZ08-X

SUBSYSTEM NAME: MECHANICAL - CREW EQUIPMENT

REVISION: 1 10/23/98
PART DATA
PART MNAME PART NUMEER
YENDOR HAME VENDCR NUMBER
LRJ LIGHT WT TOOL STOWAGE ASEY (PURT) WB49.660300-001
LRL LIGHT W TOOL STOWAGE ASSY (STBO) Wa48-5a0300-002
=RU DOOR LATCH ASSEMELY . WEL0-Q00400-003

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
LGHT WEIGHT TOOL STOWAGE ASSEMBLY (LWTSA) DOOR LATCH

QUANTITY OF LIKE ITEMS: &
EISHT

FUNCTION:
THERE ARE TWO LWTSA'S, PCRT & STARECARD. EACH LWTSA GONTAINS ONLY ONE
COOR. THIS DOOR CONTAINE FOUR LATCHES THAT KEEF IT IN A CLTSED AMD

LCCKED POSITION. THESE LATOHES, WHICH CAM BE MANUA_LY RELEASED ON JRBIT,

ARE SINGLE FALRT TOLERANT. THAT IS, ONLY THREE OF THE FOUR LATCGHES ARE
FHEQWHRED TO KEEP THE CLOSED DOOR SECURED.

REFEREMCE DOCUMENTS: VE49-560300
VBAQ-GL0195
VB4S8-560200
VB4AB-000400
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FAILURE MODES EFFECTS ANALYSIS FMEA - CIL FAILURE MODE A &
NUMBER: M8-155-M020.01 ;;"‘?"

REVIGION#: 23 12722068
SUBSYSTEM NAME: MECHAMICAL - CREW EQUIPMENT
LRU: LIGHT WEIGHT TOOL STOWAGE ASSEMELY CRITICALITY OF THIS
ITEM NAME: DOOR LATCH ASSEMELY FAILURE MODE: {Re

FAILURE MQDE:
BREAKS UNDER FLIGHT LOAD (PREMATURE RELEASE)

ML3SION PHASE: LD LIFT-OFF
0o CE-ORBIT
LS LANDING/SAFING

YEHICLE/PAYLOADIKIT EFFECTIVITY: 102 COLUMBIA
103 DISCOVERY
104 ATLANTIS
105 ENMDEAVOUR

CAUSE:
YIBRATION, MECHANICAL SHOCK, MATERIAL DEFECT

CRITICALITY 111 DURING INTACT ABORT QONLYT? NO

RECUMNDANCY SCREEEM A) PASS
B} FAIL
C} FAIL

PASSIFAIL RATIONALE:

Al

B} '

FAILS STUREEN *B" SINCE A LATCH BREAKING UNDER FLIGHT LOAD CANNGOT BE
DETECTED AT TIME CF FAILURE.

C) :
FAILS SCREEN "C" SINCE EXCESSIVE LOADS COULD BREAK MOSE THAN ONE LATCH, A5

WELL AS DISLODGE TOOLS FROM THE LWTSA COMPARTMENT RESTRAINING
HARDWARE.

METHQD QF FAULT CETECTION:
MONE DURING LIFT OFF. A SINGLE LATCH BRERAKING UNDER FLIGHT LOAD CAMNCGT BE

DETECTED AT TIME OF FAILURE. VIAUAL OBSERVATION OF THE LWTSA DURING ON-
ORBIT EVA OFERATIONS, MAY DETECT A BROKEM LATCH.

M&-153 - 788.03
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FAILURE MODES EFFECTS AMALYSIS (FMEA) — CIL FAILLRE MOOE
NUMBER: M8-155-M026.01
AT b

REMARKERECOMMENDATIONS:

THE LWTIA DOOR CONTAIMS FOUR LATCHES, ANY THREZ OF WHICH WILL KEER T
CLOSED UNDER NMOMINAL FLIGHT LOAD CONDITIONS. IN ADDITION, TOOLS ARE
RESTRAINZD WITHIN THE COMPARTMENT AND TRAYS USING FOAM CUSHIONS.
HOWEVER, RESTRAIMING HARDWARE 13 MOT DESIGNED TC CARRY LAUNCH/LANDING
LOAJE. A3 SUCH, IF THE DCOR WERE TO OFEM DURING LAUNCH OR LANDING, IT 1S
ASSUMED THAT THE TOOLS WIEL COME LCOSE,

~ FAILURE EFFECTS -

{A) SUBSYSTEM;
IMABILTY T LATCH THE DOOR TO THE LWTSA AT ONE OF FOUR PLACES. NJ EFFEST
SINGE THE REMAINING THREE LATGHES WILL KEEF THE DOGR IN PLACE.

(B) INTEREACING SUBSYSTEM(S}:

N3 EFFECT FIRST FAILURE. HOWEVYER, SIMILAR FAILURE OF & SECOND LATCGH COULD
RESULT iN LOOSE TOOLS WITHIN THE PAYLOAD BAY AREA. THESE LOOSE TCOLS
COULD DAMAGE OTHER ORBITER HARDWARE LOCATED IN THE PAYLOAD BAY.

(C} MISSION:

NO ESFECT FIRST FAILURE. FAILURE TCO PROPERLY RESTRAIN TOOLS WITHIN THE
LWTSA FOLLOWING SECOND LATCH FAILURE COULD RESULT IN DAMAGE TO THE
RADIATORS, O0S HARDWARE, PAYLOAD HARDWARE, AND/OR OTHER ORBITER
FYSTEMS WITHIN THE PAYLOAD BAY THAT MAY PRECLUDE MISSION ORJECTIVES.

(D) CREW, VEHICLE, AND ELEMENT{S):
NC EFF2CT FIRST FAILURE. POSSIBLE LOSS OF CREW AND VEHICLE FOLLOWING

SECOND LATOH FAILURE IF UMSECURED TOOLS ARE FREE 7O MOVE AROUND WITHIN
PATYLOAD BAY. '

{E) FUNCTIONAL CRITICALITY EFFECTS:

FIRST FAILURE {ONE LATCH BREAKS UNDER LOAD) - NO EFFECT, REMAINING LATCHES
WILL KEEP DOOR CLOSED, .

SECOND FAILURE (SECOND LATCH BREAKS UNDER LOAD} - POTENTIAL FOR LWTSA
DOOR OPENING RESULTING IN LOOSE TOOLS. UNRESTRAINED TOOLS CAN MOVE
FRIZELY WITHIN PAYLOAD BAY. WORST CASE, PCSSIBLE LOSS OF CREW AND VEMICLE
IF GAMAGE TO ORBITER SUBSYSTEMS, WITHIN PAYLOAD BAY, CAUSED BY THE LCOSE
TOOLS BECAME CATASTROPRIC.

M8-1S§ - 785.04 S
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FAILURE MCDES EFFECTS AMALYSIS {FMEA) -~ CIL FAILURE MODE
NUMBER: ME-155-MO20-01
A L

DESIGN CRITICALITY {PRICR TO DOWNGRADE, DESCRIBED IN (F}}: 1R2

{F} RATIONALE FOR CRITICALITY DOWNGRADE: :
THERE IS NO WORKAROUND TO CIRCUMVENT LOOSE TOOLS IN THE PAYLOAD BAY

CURING LIFTOFF, DE-ORBIT, OR LANDING FOLLOWING SECOND LATCH FAILURE.
CRITICALITY REMALNS AT 1R2.

- TIME FRAME -

TIME FROM FAILURE 7O CRITICAL EFFECT: MINUTES
TIME FROM FAILURE OCCURRENCE TC DETECTION: MINUTES
TIME FROM DETECTION TO COMPLETED CORRECTING ACTION: MiA

I3 TIME REQUIRED TO IMPLEMENT CORREGTING AGTION LESS THAN TIME TQ EFFECT?
MWD

RATIONALE FOR TIME TO CORRECTING ACTION ¥S TIME TO EFFECT:
THERE 15 NO CORRECTIVE ACTION |5 THE TOOLS BECOME DISLODGED AND ARE

ALLOWED TO MOVE FREELY WITHIN THE PAYLOAD BAY DURING LIFT-OFF, DE-ORBIT. OR
LAMDING.

HAZARD REFORT NUMBER(S): AOHA12 (1S5 HAZARD ANALYSIS #

HAZARD(S) DESCRIFTION:
DAMAGE TO QRBITER 3Y3TEMS DUE TC LOOSE EQUIFMENT/DEERIS IN PAYLIOAD BAY.

DISFOSTIAON RATIONALL-

{A)} DEBIGN:

THE LATSA CONTAINS FOUR LATCHES, ONLY THREE OF WHICH ARE REQUIRED TO
KEEF THE DOOR CLOSED UNDER NCMINAL LOAD CONDITIONS, EACH LATCH CONTAINS
A HANDLE THAT WHEN STOWED (POSITIONED DOWN) KEERS THE LATCH IN A LOCKED
FOSITION. {A SFRING IS USED TGO KEEP THE HANDOLE IN THE DOWN POSITION.Y WHEN
THE HAMOLE 15 POSITIONED UP, THE LATCH IS FREE TO ROTATE (1/4 TURN) T THE
CFEN POSITION. THE LATCH HARDWARE, INCLUDING THE HANDLE AND RECEIVER, 13
FABRICATED FROM A-286 SETAINLESS STEEL. A WAVE SPRING WASHER HAS BEEN
ADDED BETWEEN THE LATCH FPAWL NUT AND THE DOOR SURFACE TQ PROVIDE THE

FRICTIONAL FORCE NECESSARY TO KEERP THE LATCH FROM ROTATING WHEMN THE
LATCH HANMDLE |3 IN THE "UF™ FOSITION,

THE METHOD USED TO HOLD THE TOOLS WITHIN EACH TRAY 1S CUT CUSHIONS WHICH
ARE BONDED TOGETHER T FORM A POCKET FOR EACH TOOL AND COVERED WITH
BETA CLOTH. HOWEVER, RESTRAINING HARDWARE 1S NOT DESIGNED TO CARRY
LAUNCH/LANDING LADS,

M8-155 - 788.05
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FAILURE MODES EFFEGTS ANALYSIS (FMEA) — CIL FAILURE MODE B,
NUMBER: M3-1ES-M020£U1 E;’iﬂé’

STRUCTURAL LOAD ANALYSIS, PERFORMED ON THE LWTSA, HAS SHOWN THAT ALL
COMPONENTS HAVE OF FACTOR OF SAFETY OF 7.4, MINIMUM, THERMAL ANALYEIS OF
THE DWTZA SHOWS THAT THE MIMIMURM ANE MAXIMUM TEMPERATURE EXEOSURES OF
THE LWTSA ARE -89°F AND 194°F, RESFSCTIVELY. THIS 15 WEEL WITHIN THE
STRUCTURAL/OFPERATIOMNAL RAMNGE OF THE LWTSA AND 1ITS COMPONENTS. THE
GROUNE, FERREY FLIGHT, AND ON-OREIT FRESSIURE DIFFERENTIAL PERFORMANGCE
REQUIREMZNTE FOR THE LWTSA ARE ZERTIFIED THROUSH AMALYSIS. THZ LWTSA,
FUNGUS, AUMIDITY, LIGHTNING, OZOMNE, SALT SPRAY, SAND AND DUST, SOLAR
RACIATION (THERMAL}, SHCCK, ACCELERATICN, AND AERDACOUSTIC MOISE
PERFORMANCE REQUIREMENTS ARE ALL VERIFIED BY AMALYSIS ANDIOR ASSESSMENT.
THE LWTSA SOLAR RADATION (NUCLEAR) AND METEDRCID PERFORMANGCE
REQUIREMENTS ARE VERIFIED THROUGH SIMILARITY TC THE TSA.

() TEST:
LATGE CERTIFICATION - CERTIFICATION OF THE LATCH ASSEMBLY IS PERFORMED 3Y
TEST, ANALYSIS, AND SIMILARITY. ANALYSIS AND SIMILARITY DATA 15 PREVICUSLY

ADRDRESSED IN TEE "DESIGN” SECTION AND BOTH CGUALIFICATION AND ACCEPTANCE
TEST DATA 1S SHCWHN BELOW,

A QJALIFICATION TESTING (LWTSA)
T DYRAMIC TESTING - A RANDOM VIBRATIGN TEST IS PERFORMED ON THE LWTSA
TZST ARTICLE, THE TEST ARTICLE 13 MOUNTED ON A VIBRATION FIXTURE IN THE
INVERTED POSITION {DO0R FACING DOWNWARD IN - 7 AXiS) FOR ¥IBRATION IN THE
X ¥, AND Z AXES. THE VIERATION =XTURE IS CONNECTED TO AN
ELECTROMECHANICAL SHAKER 3Y MZANS OF A HEAD EXPANDER FOR Z AXIS
VIBRATION. THE VIBRATION FIXTUREZ 15 CONNECTELD TO AN ELECTROMECHANICAL
SHAKER BY MEANS OF A SLIP PLATE FOR THE X AND Y AXES VIBRATION. THZ LWTSA
TEST ARTICLZ 1S FILLED WITH LIMIT DESIGN WEIGHT IN THE COMPARTMENT AND
VIBRATED OM ALL THREE AXZS AT THEE FOLLOW NG FLIGHT LEVELS.

Z0TO 53 HZ2: INCEEASING AT 5 DEfOZTAVE
SO0TO 400 HZ: CONBTANT AT 0.01 GF/HZ
400 TO 2000 HZ: CECREASING AT 4 DEMQCTAVE
GEMS: 20
OLURATION: 18.7 MINUTES PER AXIS
TEST TOLERANCES: SRMS = +15%, - 5%

b GHZ =+4D3. -20B

B, ACCEPTANCE TESTING [LWTSA} - FOLLOWING COMPLETICN OF THE
QUALKICATION VIBRATION TEST, THE LWTSA TEST ARTICLE 1S SUBJECTED TO THE
FOLLOWING ACCEPTANCE TEETE: VISUAL EXAMINATION AND LATCGH FUNCTIONAL
TEST. BOTH OF THESE ACCEPTANCE TESTSAMSPECTIONS ARE PERFORMED ON
EACH FLIGHT UNIT. EACH 15 FURTHER DESCRIBED BELOW,

1. MESUAL EXAMINATION - THE LWTSA 1S VISUALLY EXAMINED AND DETERMINED TO

CONFORM TO THE FOLEOWING: (A) WORKMANESHIP - COMPOSITE SURFACES,

LATCHES, HINGE, DOCR HOLD-OPEN MECHANISM, EVA HANDHOLDS, CORNER

FITTINGS, AND DRY FILM LUBRICATED BALL SCREWS SHALL BE INSPECTED FOR

DAMAGE; (B) CLEANLINESS - VISUALLY CLZAN,; (C) IDENTIFICATICN - ALCURACY OF
INFORMATION A3 COMPARSD TO THE ASSEMBLY DRAWING:; AND (O} TRACEAGILITY - .

MB-18S - 785,06 e J
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FAILURE MODES EFFECTS ANALYSIS (FMEA} - CIL FAILURE MODE
NUMBER; M8-1S5-M020-01
UMBER; M8-155-MD2G; %ﬁ,[}

THE LWT3A TRACZABILITY LEVEL IS GON. ACCORDINGLY, THE PART NUMBER AND
CCM SHALL BE RECORDED ON THE ACCEPTANCE DATA SHEET(S) PRICGR TO T=E
START OF ACCEPTANCE TESTING.

2. LATCH FUNCT'ONA| TEST - THE LATCHES MAY BE TESTED IN ANY SEQUENCE N
ACCORDANCE WITH THE FOLLOWING. THE DOOR MAY BE PUSHED DOWN OR
PULLELD UP TO ENSURE ALIGNMENT OF THE LATCH ANG RECEIVER: (&) IT IS
VERIFIED THAT ALL 4 OF THE LATCHES ARE IN THE LATCHED PCSITION, FULLY
ENGAGED IN THE RECEIVER, (B) IT IS VERIFIED THAT WHEN THE LATCH PAWL |5
ROTATED. THERE I8 NG INTERFERENCE BETWEEN THE LATCH AND THE LATCK
HOUSING OR THE LATCH RECEIVER, AND THAT THE HANDLE TURNS SMOOTHLY; ()
IT IS VERIFIED THAT WHEN THE LATCH HANDEE 1S IN THE LOCKED POSITION
AGAINST THE HOUSING, IT IS UNASLE TO MOVE, ANDH IS HELD FIRMLY IN PLACE BY
THE SPRING; (D) THE FORCE REQUIRED TO FULL UF THE LATCH HANDLE TO THE
VERTICAL POSITION, TAKEN FROM THE CENTER OF GRAVITY OF THE HANDLE 1S
MEASURED IS IN THE RANGE OF 5 TO 10 LBS: {E) THE TORQUE REQUIRED TC
ROTATE THE LATCH HANDLE TQO THE UNLOCKED POSITION 1S MEASURED TO 3E
LESS THAN 30 INCH-LES; (F) THE TORCQUE REQUIRED TO ROTATE THE LATCH
HANDLE TG THE VERTICAL LOCKED POSITION 15 MEASURED TO BE LESS THAN 30
INCH-LBS; AND {G} THE FORCE RECUIRED TO PUSH THE LATCH SANDLE IN THE
LOCKED POSITION, TAKEN FROM THZ CENTER OF GRAVITY OF THE HANC-E (S
MEASUREL TO BE IN THE RANGE OF 5 TC 10 LBS.

LIFE LYCLE TESTING ITSA OMLYY - LWTSA LATCHES ARE IDENTICAL TQ THE EXISTING
TSALATCHES WITH THE EXCEPTION OF A WAVE WASHER. AS SUCH, LIFE CYCLE
TESTING OF THE EXISTING DOOR/DRAWER LATOHES WOULD APPLY TO THE LWTSA
COOR LATCHES. LIFE CYCLE TESTING OF THE EXISTING TSA COORDRAWER LATCHES
iS5 DESCRIEED AT FOLLOWS:
PRIOR TO PERFORMING THE LIFE CYCLE TEST OF THE LATCHES AND CRAWERS, A
FINCTIONAL TEST IS PERFORMED ON A SINGLE LATCH AND THE FOLLOWING 15
VERIFIED: {A) THE FORCE REQUIRED TO PULL UP THE LATCH HANDLE TO THE
VERTICAL POSITION FROM THE HANDOLE CENTER OF GRAVITY IS IN THE 5 TO 10 LB
RANGE; 1B) THE FORCE REQUIRED TG FUSH THE LATCH HANDLE INTO THE LOCKED
FOSITION IS TN THZ & TO 10 L2 RANGE; AND (C) THE TORQUE REQUIRED T TURN
THEZ LATCH TO THE UNLOCKED PGSITION (ONCE THE LATCH 1S LISTED AND THE
HANDLE IS5 VERTICAL), AND THEN BACK TO THE LOCKED POSITION IS INTHE 2 TO
IGN-L2 RANGE. WITH THE LATCH IN THE LATCHED PCSITION (FULLY ENGRGED IN
THE RECEIVER), THE LATCH IS TURNED FROM THE LOCKED 2OSITION TG THE
JHLQCKED POSITION AND THEN BACK TO THE LOCKED POSITICN. DURING THIS
CYCLE, THE SMALL PRELOAD ON THE LATCH PAWL TO PRECLUDE VIBRATION OF THE
PAWL AGAINST THE RECEIVER |5 VERIFIED WHEN THE LATCH FAWL IS ROTATED
INTO THE RECEIVER. THIS CYCLE IS REPEATED A TOTAL OF 400 TIMES. FOLLOWING
THIS LIFE CYCLE TEST THE FUNCTIONAL TEST, AS PREVIQOUSLY DESCRIBED IN
STEPS A, B, AND G ASOVE, 15 REPEATED.

MIASION MANIFEST VERIFIGATION - PRIOR TO EACH FLEGHT, THE ORSITER 18
CONFIGURED TOQ SUPFORT A MISSION AS CEFINED IM THE MISSION MANIFEST. AT THIS
TIME, IF THE MISSION IS TO BUPPORT ISS, THE LWTSA WILL 8E INSTALLED ON THE
EXTERNAL AIRLOCK TRUSS ASSEMBLY AND THE FOLLOWING WILL BE VERIFIED: THE
LATSA CONTAINS THE CORRECT TOOLS FOR THAT MISSIAN: THE TOOLS ARE

INSTA_LED PROPERLY: AND ALL DOOR LATCHES ARE IN THEIR CLOSED AND LOCKED
POSITION,
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FAILURE MODES EFFECTS ANALYSIS (FMEA) « CIL FAILURE MODE A
NUMBER: MB-1SS-M020-04 %«mb
A

(C} INSPECTION:
RECEIVING INSPECTION
RAW MATERIAL VERIFIED BY INSPECTION,

COMTAMINATION CONTROL

CORROSION PROTECTION PROVIZIONS ARE VERIFIED BY INSPECTIOM. CLEANLINESS
LEVEL GC PER MADT10-301,

ASEEMBLY/IMSTALLATION

ALL PARTS FABRICATED AND INSPECTEDR AT THE DETAIL LEVEL AND AT THE ASSEMELY
LEVEL BONDED ASSEMELY OF THE BOX, .2, WATHOUT PARTITIONS, CLOSE-QUTS, AND
COVERS, INSPECTED AT MANCATORY INSPZCTION POINTS. INSTALLATION OF LATCHES
FER TSA ASSEMBLY TOP LEVEL DRAWING V848-680300.

NCOHNDESTRUCTIVE EVALUATION

PRIQR TO PAINTING, LATCHES INSPECTED AT DETAIL LEVEL USING DYE PENMETRANT
FZr MTOS01-503,

TESTING

CERTIFICATION TEST/PULL TEST/AMISSION MANIFEST CHECKLIST VERIFIED BY
INSPECTION.

HANDLING/FACKAGING

HANDLING, PACKAGING, STORAGE, AND SHIPFING PROCECURES VERIFIED BY
INSPECTION,

(L} FAILURE HISTORY:

LCURRENT DATA QN TEST FAILURES. FLIGHT FAILURES, UNMEXPLAINED ANOMALIES, AND
LOTHEER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CANBE
FCUMND IM THE PRACA DATA BASE.

[E) OPERATIONAL USE:

THERE IS NQ CORRECTIVE ACTION IF ONE OR MORE LATCHES BREAK UNDER LDAD
DURING LIFTOFF/DE-ORBIT/LANDING FHASE. TOOL RESTRAINING SYSTEM IS ADEQUATE
T KEEF THE TOOLS WITHIN THE LWTSA DURING ON-ORBIT OPERATIONS ONLY.

- APPROVALS -
55 & FAE ENGINEER o MUW. GUENTHER
S5 & PAE MANAGER 1 COAALLISON
CESIGH EMGINEER o S.L_SHARP
MASA S5MA :
BML SLUBSYSTEM MANAGER
JEC MOD ,
WS & orbrler SRMA
LS A S AM
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