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FAILURE MO DEE EFFECTS ANALYSIS (FMEA} = CIL HARDWARE
HUMBER:MS-155-Mu22 -X

SUESYSTEM NAME: MECHANICAL - CREW EQUIPMENT
REVISIOM: O 0EZESE
PART DATA ’

PAFT RAME PART HUMBER
VENDOR HAME YENDOR NUMBER

LA TOOL STOWAGE ASSEMBLY VB45-000150-001

SAU HINGE ASSEMELY VELS-D009 2O-00

58U HINGE ASSEMBLY VEJQ-WQQQ'D—WT

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
TOOL STOWAGE ASSEMBLY (TSA) DOOA HINGE ASSEMBLY

CUANTITY OF LIKE ITEME: 2
TWO - ONZ PER DODR, TWD DOODHMS PER T54A

FUNCTION:

THZ TS4 CONTAINS TWD DOORS. ONS I..AHG: OaSOR AND ONE BMALL DOOA,
ATTACHED TO EACH DOGE IS A HINGE ASSEMBLY THAT ALLOWS EASY OPINING aND
SLE8ING OF THE DoDA.

REFEAENCE DOCUMENTS: V849000610
Ved 8000718

VE45-000280
V549-000850
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FAILURE MOQDES EFFECTE ANALYS!S FMEA = CIL FAILURE MDDE
NUMEBER: Ms-133-4022-01

REVISIONS: 2 oLTERT
SUBSYSTEM NAME: MECHANICAL - CREW ECUIPMENT
LRU: TOOL STOWAGE ASSEMBLY CRITICALITY OF THIS
ITEM NAME: DOOR HINGE ASSEMBLY FAILURE MDDE: 1R2

FAILURE MODE:
JAMMED, INGREASED RESISTANGE

MISSION PHASE: oo ON-DORBIT
103 DISCOVERY

VEHICLERAYLDADVKIT EFFECTIVITY:
104 ATLANTIS
105 ENDEAVOLUR

CALUSE: :
CONTAMINATION, STRUCTURAL FAILURE DUE TO THERMAL OR MECHAMICAL SHOCK,
MANUFALTURERMATERLIAL DEFECT, LACK OF LUBRICATION

CRITICALTTY 171 DURING INTACT ABORT ONLY? NO

REDUNDANCY SCREEN A) PASS

B] PASS
£) PASS

PASS/FAIL RATIONALE: |

A)

e}

C}

METHCD OF FAULT DETECTION:
PHTYSICAL OBSSRVATION [RIRING DOOR DPENINGLLOSING.

=%
——

REMARKS/RECOMMENDATIONS!
EACH DOOR OF THE TSA CONTAINS A SINGLE HINGE ASSEMBLY REQUIRED FOR
DRAWING DPENING/CLOSING. WITH EITHER DCOOR FULLY OPEN, THE DOOR

EXTENSION WILL NOT INTERFERE WITH PROPER CLOSING OF THE PAYLOAD BAY
DOORS. THE LARGE COOR, LOCATED ON THE CENTER COMPARTMENT, COMNTAING ALL

THE MIESION SRECIFIC TOOLS WHILE THE SMALL DOOR. LOCATED ON THE FORWARD
COMPARTMENT. CONTAINS ALL THE CONTINGENCY TOOLS.
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= FAILURE EFFECTS -

{A) SUBSYSTEM: -
FREVENTS MOVEMENT OF THE DOOR IN EITHER THE OPENING OR CLOSING POSTION.
AN INCREASE MOMENT OF REEISTANGCE COULD BE OVERCONE BY THE FORCE OF

OFENIMNGTLOSING.

(B) INTERFACING SUBSYSTEMS):
WORST CASE (DURING OPENING) « INABILITY TO OPEN A DOOR WOULD PREVENT USE
QF THE TOSLS CONTAINED IN THEA.FFEGTED COMPARTMENT.

{C) MISSION:
IF FAILURE OCCURS: .
DURING OFENING OF LARGER DOOR - UNABLE TD DPEN DOOR TO CENTER
COMPARTMENT. INABILITY TO LITILIZE MISSION SPECIFIC TOOLS SONTAINED IN THIS
COMPARTMENT MAY AFFZCT MISSION SOMPLETION - CRITICALITY 22 CONDITION,
DURING CLOSING OF EITHER DODR - INABILITY TO CLOSE A DOOR HAS NO EFFECT ON
MISSION SUCCESS SINCE MISSION DEIECTIVES ARE MET WITH COMPARTMENT

DOORS OPEN.

(O} CREW, VEMICLE, AND ELEMENT(B):
IF FAILURE CCCURS:

DURING DRENING DF SMALL DOOR - UNABLE TO OFEN DOGR TO FORWARD
CAMPARTMENT. LOSS OF CARPABILITY TO UTILIZE CONTINGENCY TOOLS CONTAINTD
WITHIN THIS COMPARTMENT COULD RESULT IN LOSS OF CREW AND VEHICLE IF

CONTINGENSY EVA IS REQUIRED.
DURING CLOSING OF EITHER DOOR - AFFECTED DOOR WOULD HAVE TO REMAIN DFEN
DURING DE-OREIT AND LANDING, NO EFFECT BINCE TCOLS WOULD BE REMOVED

FROM THE AFFESTED COMPARTHENT.

{€} FUNETIONAL CRITICALITY EFFECTS:

FIRST FAILURE (DOOR HINGE ASSEMBLY JAMMED IN CLOSED PQSITION) - LOSS OF
CAPABILITY TO UTILIZE TOOLS CONTAINED WITHIN AFFECTED DOOR COMPARTMENT,
INABILITY TO COMPLETE MISSION ORJECTIVES ASSOCIATED WITH THESE 155 TOOLS. -

CRITICALITT 272 CONDITION
SECONS FAILURE [FAILURE HECESSITATES AN EVA TO CORRECT.ACRIT 1 CONDITION)

. POSSIBLE LOSS OF CREW AND VEHICLE DUZ TOD THE INASILITY TO COMOUCT AN
EMERGENCY Eva BECAUSE EVA TDOLS ARE NOT AVAILABLE FUR USE, - ERMCALTY

TR2 CONDITION

ESIGN CRITICALITY {PRIOR TO DOWNGRADE, DESCRIBED IN (F)): 1R2 -
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{F) RATIONALE FOR CRITICALITY DOWNGRADE:
THERE IS NO CORRECTIVE ACTION 70O CIRCUMVENT A HINGE ASSY THAT JAMS

BURING POQR OPENING. CRITICALITY REMAINS AT 1R2

= TIME FRAME -

TIME FROM FAILURE TO CRITICAL EFFECT: DAYS
" TIME FROM FAILURE OCCURRENCE TO DETECTION: IMMCEDIATE

TIME FROM DETECTION 79 COMPLETED CORRECTING ACTION: N/A
IS TIME REQUIRED TO IMPLEMENT CORRECTING ACTION LE3S THAN TIME TQ EFFECT?

MO

RATIONALE FOR TIME TO CORRECTING ACTION VE TIME TO EFFECT:
THERE IS NQ CORRECTIVE ACTION [F THE SLIDE ASSEMBLY COMPLETELY JAMS AND

THE DRAWER CANNOT BE OPENS0 OR CLOSED.
HAZARD REPORT NUMBER(S): FF-0d

HAZARD(S] DESCRIPTION:
INARILITY TO SAFELY PERFORM EVA

ISP USITION RATIONALE-

(A} DESIGN:

THE THA CONTAINS TWO DOORS, A LARGE DOOR (CENTER COMPARTMENT) AND A
SMALL DOGA (FORWARD COMPARTMENT). EACH DOOR CONTAINS A SINGLE HINGE
ASSIMILY, THZ TWO HINGE ASSTMBLIES ARE MOUNTED SIDE BY SIDE BEETWEEN THE
TWD DOORS. THE HINGE ON THE FORWARD COMPARTMENT DOOR WILL ALLOW THE
DOOR TD SWiNGS DOWN TO OPEN AND THE HINGE ON THE CENTER COMPARTMENT
DOOR WILL ALLDW THE DOOR Tio SWING UP TO OPEN. DOORS ARE MADE OF TO75
ALUMINUM PLATE AND HINGES ARE MADE OF ALUMINUM ALLOY 2024-T3511, ONE HALF

OF THE FORWARD COMPARTMENT DOOR HINGE ASSEMBLY IS BOLTED TD THE TSA:
USING 10 FASTENERS AND THE SECOND HALF IS SOLTED TO THE DOOR ITSELF USING

15 FASTENERS, ON THE CENTER COMPARTMENT DOQR, DNE HALF OF THE HINGE
ASSEMBLY 15 BOLTED TO THE TSA LUSING 11 FASTENERS AND THE OTHER HALF I3

ESLTED TO THE DOCR ITSELF USING 21 FASTENERS.

ETRUCTLUEAL LOADS ANAL YIS {8 PERFORMED ON THE TSA WHICH INCLUDES THE
HINGE ASSEMALIES - ANALYS!IS HAS SHOWN THAT ALL COMPONENTS HAVE OF
FACTOR OF SAFETY OF AT LEAST 1.4. REFER TO TSA STRESS ANALYS!IS REPORT

£55095D0466, DATED SEFT 1996, FOR DETAILS.

MB-155 - BO3
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FAILURE MODES EFFECTS ANALYSLS (FMES] — CIL FAILURE MODE
NUMBER: M3.155-M022-81

yTEST: .
i DR HINGE CERTIETCA =+ CERTIFICATION OF THE DOOR HINGE ASSEMBLIES WILL
BE PERFORMED BY TEST AND ANALYSIS. ANALYS!S DATA WAS PREVIDLISLY

ADDRESSED IN THE *DESIGN™ SECTION AND TEST DATA IS EMOWN BEELOW:

A TESTING AT NASA (TSA) - DYNAMIT, THERMAL, AND LIFE EYCLE TESTING OF

THE TSA AND ITS COMPONENTS IS PERFORMED BY NASA AS FOLLOWS,
AM) G - A RANDOM VISBRATION TEST IS PERFORMED ON FOUR (4)
N AND

1. .
TS5A FLIGHT ARTICLES FOR TWO ENVIRONMENTS; FLIGHT VIBRATIO
ACCEPTANGE VIBRATION AS FOLLOWS. FLIGHT VIARATION LEVELS ARE SHOWN IN

THE TASLE BELOW:

20 TO 50 H2: + 5 DEOETAVE
0 TO 400 HZ 0.01 G g
400 TO 2000 M2 -d DROETAVE
GRMS: 20
AS DEFINED IN THE NEXT SECTIONS

DURATION:

TEST TOLERANCES: GRMS = ¢15%. - 5%
GZ=+4DE. -1 D8

ACLEFTANCE VIBRATION LEVELS ARE SHOWN IN THE TABLE BELOW:

207D BOHZ: + I DEBOETAVE
83 TO asn HZ: 0.04 G
350 TO 2000 H2- =3 DE/CTTAVE
GRMS: E1
1.0 MINUTE [N EACH OF X, Y, AND 2 AXES

DURATISN:
TEST TOLERANGES: GRMS £ +15%, - 5%
CHZ=+4dDB -1 08

TEAND 1 RANDDM VISRATION TEET - WITH THA FILLED WITH LIMIT DESIGN
WZIGHT, RANDOM VIBRATION TEST FERFORMED AT E DE ®BLOW FLIGHT LEVEL
ENVIRONMENT FOR A DURATION OF 1.0 MINUTE, IN ALL 3 AXES (%, Y00, THEN
T5A CONTENTS REMOQVED AND TSA EXFOSED TO ACCEPTANCE VIERATION
ENVIRDNMENT FOR 1.0 MINUTE IN ALL 3 AXES,

TSa NO 2 RANDOM VISRATION TEST - WITH TSA FILLED WITH LIMIT DESIGN
WEIGHT, RANDOM VIERATION TEST PERFORMED AT FLIGHT LEVEL N

ENVIRONMENT FOR A DURATION OF 16.7 MINVTES, IN ALL 3 AXES,
TION - WITH TEA EMPTY, RANDOM

TEA ND 3 RPAMDOM VIBRATION TEST - WITH EMPT ] y
VIERATION TEET PERFORMED AT ACCEPTANCE VIERATION ENVIRONMENT FOR
1.0 MINUTE IN ALL 3 AXEZE,

TSANO 4 = WITH T54 EMPTY, RANDOM VIERATION
TEST PERFORMED AT ACCEFTANCE VIBRATION ENVIRONMENT FOR 1.0 MINUTE

N ALL 3 AXEE _ -

2. IMERMA!L CERTIFICATION TESTING « TSATS WERE BUBJECTED TO THE .
FOLLOWING THERMAL PROFILE. FIRST. A PRETEST OBJECTIVE FUNCTIONAL TEST
{OPERING/SLOSING DRAWERS AND DOORS USING A FORCE GALUGE) WaAS
PERFORMED AT AMBIENT CONDITIONS. THE CHAMBER TEMPERATURE WAS

" RAMPED TD -70°F «L8'F AT A RATE OF 4*FIN AND THE TEMPERATURE REMAINED
CONSTANT AT -70% FOR ABOLUT § MINUTES AND A SUBJECTIVE FUNCTIONAL TEST
(OPENINGICLOSING DRAWERS AND DOORS USING THE HAND INSTEAD OF A FORCE

GAUGE) WAS FERFORMED. THE CHAMBER TEMPERATURE WAS THEN RAMPED
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DOV TS -125°F +-5F AT 4 RATE OF $*F/MIN. THE T8A'S WERE SDAKED FOR 30
MINLUTZE AND THE COLD o5z OEJECTIVE FUNCTIONAL TEST WAS PERFORMED.
THEN, THE CHAMESR TEMPERATIRE WAS RAMPED UF TO 205°F #5-5'F. YHE TOAS
W/SAE SOAKED AT THIS TEMPERATURE FOR 30 MINUTES AND THE HOT CASE
OPERATIVE FUNCTIONAL TEST WAS PERFORMES, LAST, THE SHAMEER
TEMPERATURE WAS RETURNED TO AMBIENT SONOMTIONS AND A FULL POST
OBJESTIVE FIUHCTIONAL TEST WAS PERFORMED.

3. LIFE AYELE TESTING - FRIOR TO PERFORMING THE UFE CYCLE TEST OF THE
DOOR AND HINGES THE FOLLOWING FUNCTIONAL TEST 15 PERFORMED: (A) WITH
THE T54 RESTING HORIZONTALLY, THE DOORS ARE VERIFIED TO OPEN SMODTHLY,
WITHOUT INTERFERENGCE, AND THAT WHEN THE DOORS ARE CLOSED. THEY REST
EVENLY ON THME DODR SUPPORTS; (B) LATCHES AND RECEIVERSE FOR THE DOORS
ARE VERIFIED TG BE IN ALIGNMENT WHEN THE DOORS ARE CLOSED. (C) EACH
LATEH 15 OPERATED TO VERIFY ALIGNMENT; AND {D) THE FORCE REQUIRED TO
OPEN SACH DOSR )8 VERIFIED TO BE WITRIN A 1 TO 518 RANGE, EACH DOOR 15
BYSLED FROM TS FULLY CLOSED POSITION TG ITS FULLY OPEN POSITION. AND
THEN BACK TO TS FULLY CLOSED POSITION. THIS CYTLE IS REFEATED A TOTAL
OF 430 TIMES. FOLLOWING TrilS LIFE CYCLE TEST, VERIFICATION STEFS A. 8, £,

AND D AS PREVIQUSLY ADDRSSS30. ARE REFPEATED.

B. ATP AT BOEING MINGE ASSEMELYLATCHES) - ACCEPTANCE
TZSTING AT BOEING WILL VERIFY PROPER FUNCTIONING OF THE DOORS AND

THEIR SOMPONENTS (HINGE ASSEMBLIESAATCHES) AS FOLLOWS: -
1. LATCH TESTING - FRIOR TD THE FUNCTIONAL TEST, ALL LATCHES ARE VERIFIZED

u-
TS BE IN TREIR LATCHED POSITION. THEN EAZH LATCH IS TESTED. IN ANY
SSQUSNTE, AS FOLLOWS: (A) TME LATCH PAWL 15 ROTATED AND THE FOLLOWING

IS VERIFIED: THE HANDLE TURNS SMOOTHLY AND THERE 15 NO INTERFERENCE
ESTWEZN THE LATCH AND LATCH HOUSING OR THE LATCH RECEIVER,; (B) THE
LATCM MANDLE 15 PQSITIONED AGAINST THE HOUSING AND THE FOLLOWING iS

VERIFIZS: THE HANDLE |5 FiIRMLY IN PLAZE BY THE SPRING AND THE
LATEHMANDLE 15 UNABLE TO MOVE: {C) THE FORCZE REQUIRED TO PULL UP THE
LATOH HANMLE TO THE VEATICAL POSTION, TAXEN FADM THE CENTER DF
CSAVITY OF THE HANDLE, 15 VERIFIED TO BE N THE RANGE OF 5§ TO 10 LE; @) THE
FOR~E EEOURED TO PUSH THE LATCH HANCILE [N THE LOCKED PQSITION FROM
THE CENTER OF GRAVITY IS VERIFIED TO BE i THE RANGE OF 5 TO 10 |L8; ()
ASTSR THS LATCH MANDLE IS LIFTED TO TS VERTICAL POSTION, THE TORQUS
BEOUIRED TS TURN THE LATCH TO THE UNLOCKED PRSIMON AND THEN BACK TS

THE LOCKED POSITION 15 LESS THAN OR EQUAL 7O 20IN-LB. -
Z. M TESTING - DURING DPERATION OF THE DOORS {OFENING AND CLDSING)

LOQA TTSTING wF
THE FOLLDWING 1S VERIFIED: (A} EACH DOOR OPENS EMOOTHLY WITHOUT
INTEREERENCE, WHEM THE DOORSE ARE CLOSED THAT THEY REST EVENLY ON THE
LEaR SUTPORTS: 8] ALL LATCHES AND RECENVERS FOR THE DOORS ARE IN
ALIGNMENT WHERN THE DRORS ARE CLOSED: AND {C) THE FORCE REQUIRED TO
CESK EATH DOOR IS 1M THE 0.5 (8 TO § LB RANGE, NOT INCLUDING THE WEIGHT COF

TeE DOOR.
MISSION MANIEEST VERIFIGATION - PRIQR TO EACH FLIGHT, THE ORBITER IS
CONFIGURED TO SUPPORT A MISSION AS DEFINED IN THE MISSION MANIFEST, AT THIS
TIME. [F THE MISSION IS TO SUPPORT (S5, THE T54 WILL BE INSTALLED ON THE
EXTERNAL AIRLOCK TRUSS ASSEMELY AND THE FOLLOWING WILL BE VERIFIED: THE
poors AN B OPENED/CLOSED AND DOOR LATCHMES ARS IN THEIR CLOSED AND

LOCKED POSIVION.
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{C} INSPECTION:
FECSEMNVING INSPECTION

ALL RESEIVING SLIDE ASSEMALIES ARE VERIFIED BY INSPECTION.

CONTAMINATION CONTROL

CORROSION PROTECTION PROVISIONS ARE VERIFIED BY INSFECTION. CLEANLINESS
LEVEL G& PER MADTTC-201. ’

ASSEMEBLYANETALLATION

INSTALLATION OF MINGE ASSEMELIES PER TSA TOP LEYEL DRAVWING VE4S-000100.

CRITICAL PRDOCESSES
ANGDIZING OF ALUMINLUM HINGES INSPECTED PER MIL-4-8825, TYPE IL

NON-DESTRUCTIVE EVALUATION
ELOURESEENT PENETRANT INSPECTION PER MIL-STD-4886, TYPE I, METHOD C,
SENSITIVITY LEVEL 3.

TESTING
CEATIFICATION TEST/MISSION MANIFEST CHECKLIST VERIFIED BY INSPECTION,

HANOLING/PATKAGING
HANDLING, PACKAGING, STORAGE, AND SHIPPING PROCEDURES VERIFIED 8Y
INSPECTION,

(D) FAILURE HISTORY:
CURZENT DATA ON TEST FAILURES, FLIGHT FAILLIRES, UNEXPLAINED ANCMALIES, AND
DTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CAN BE
FOUND IN VHE FRACA DATA BAGE.

{E) OPERATIONAL USE:
DURING DOOR OPENING - THERES 1S NO SORRECTIVE ACTION IF A DOOR HINGE

ASSEMSLY COMPLETELY JAMS, HOWEVER, AN INCREASE IN RESISTANCE CAN BE
OVERSOME BY THE FORCE OF OPENING THE AFFECTED DOOR.

DURING DOOR CLOSING - AN INCREASE IN RESISTANCE CAN BE OVERCOME BY THE
FORCE DF CLOSING THE AFFECTED DOOR. IN THE CASE WHERE THE HINGE
ASSEMELY EOMPLETELY JAMS CREW COULD REMOVE THE TOOLS, IN AFFECTED

COMPARTMENT, AND STOVW THEM WITHIN THE CREW CABIN AREA

- APPROVALS -
S5 & PAZ EMGINEER - M. W, GUENTHER
55 £ PAE MANAGER 1 LA ALLISON
DES|GN EMGINEER . R C GRDO
NASA SS/AA :
NASA SUBSYSTEM MANAGER
JSC MOD !
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