FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. FMEA NUMBER.: ECC-01 ORIGINATOR.: JSC PFROIECT: GFE Orbiter
PART NAME: L-BLCX E&l‘lﬁtj’ LRU PART NUMBER: SED30124778-303 EEUMTT[TY: 4 per LRLI
PART NUUMBER: 328-20067 LE PART NAME: Electranic Cuff Checklisr SYSTEM: EMU

Azsembly
DRAWING: Boging 528-20067-1 SUBSYSTEM: ECC EFFECTIVITY: Alt
' {rhiiers
CRITICALITY:

CRITICAL ITEM? YES X NO

CRITICALITY CATEGORY: 111
' REDUNDANCY SCREENS:
A -PASS

B - PASS
C-PASS

FIINCTION: Provides power 10 the Flactronic Cuff Checklist (ECC)

TFAILURE MODE: Internsl short resulung in rapid ramperature rise, venting/explosion '
. CAUSE: Excessive vibraton or shock; Defective separalor membrane {manufaciuring d:fc;:t]
FAILURE DETECTION: Loss of power, tumed-off display screen .
REMAINING PATHS: None
- EFFECT/MISSION PHASE: EVA
CORRECTIVE ACTION: None

-FAILURE EFFECTS-
END ITEM: Touch Screen becormes inaperable
INTERFACE: None .
MISSION: Possible loss of mission
CREW/VEHICLE: Possible injury to or loss of crewmember if venting/explosion occurs
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER: ECC4! ORIGINATOR: J5C PROIECT: GrE ortier_ (]
PART NAME: Li-BCX Barery LRU PART MUMBER: SED30124778-303  QUANTITY: 4 per LRU
PART NUMBER: 528-20067 LRU PART NAME: Electronic Cuff Cheeklist  SYSTEM: EMU
Aszembly
DRAWING: Baocing 528-20067-1 SUBSYSTEM: ECC EFFECTIVITY: all
Cirhiter

HAZARD INFORMATION:
HAZARD: YES X NO

HAZARD ORGANIZATION CODE: N/A
HAZARD NUMBER: N/A

TIME TO EFFECT: Immediare
TIME TO DEFECT: Immediate
TIME TO CORRE(T: None

REMARKS:
RATIONALE FOR ACCEPTABILITY

(A) DESIGN:
Design fearurss to minimize failure mode:

a. The Li-BCX cell uses Lithinm as the anode and thiony] chloride (§0C12) with 16% bromine chlonde
{BrCl) as the catholyte reacting on an inerr carbon cathode to produce an -:r%m circuit voltage of 3.9
volts. The normal operanng emperature range far the Li-BCX cell is 40°F 1o +160°F.

. b. A fiberglass separator material between the positive and negative electrodes is designed o provide ion
conduction while insulating against imemal shorts.

¢. The cell contents are contained in an approximarely 0.5 mm thick 304 stainless stze! case with a welded
meral lid

d. As of Dacamber 1991, the "C" cell has bean designed to resist leaking and venting at temperatumes up o
145°C (300°F} {Report NAS 9-1183%3 and EPS-91-034, "PRC-112, Survival Radie and EP3
Certification Report.™).

7 %,wé ' ATkl
PREPARED : 1. Gouti REVISTION: DATE: July 1, 1995 .
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

. FMEA NUMBER: ECC-01 ORIGINATOR; JSC PROJECT: GFE Orbiter
FART NAME: LI-DCX Dattery LRU PART NUMBER: SED39124778-303  QUANTITY: 4 per LRU
PART NUMBER; 523-20067 LA PART NAME: Elecoonic Culf Checllist SYSTEM: EMU
Azszembly
DRAWING: Bosing 528-20067-1 SUBSYSTEM: ECC EFFECTIVITY: All
: Orbiter

HAZARD INFORMATION:
HAZARD: YES X NO

HAZARD ORGANIZATION CODE: N/A
HAZARD NUMBER: N/A

TIME TOQ EFFECT: Immediate
TIME TO DEFECT: Immediate
TIME TO CORRECT: None

. - REMARKS:;
RATIONALE FOR ACCEPTABILITY

(B) TEST:
Test or analysis 1o datect failue mode:

5. Vendor cefl acceptance and lot cerificaton tests (JSC-EP5-83-025). A certified lot is defined as a setof
cells wiich has been consecutively made within four consecutive calendar days using a single batch of
electrolyie mix. Additionally, the cells are made from one bawh of anode, cathede, and separator
meterial. To certify a lot, a sample {approximately 209%) of a lotis subjected to the following tests

performed by the vendor:

1. Capacity Discharge - one sample (9%) of ¢ells are discharged through a 75 ohm load at 70°F uniil
reaching a curoff voltage of 2 volts. Pass/fail criterion average capacity must be greater than 5.3
ampere-hours. Fuse Check - 4 ampere fuse must blow within 135 seconds at 3 amperes.
Overdischange Tolerance - 3 weeks after the discharge test 2/3 of the cells capacity are
overdischarged at (.5 ampers for 16 hours ar 160°F. Pasg/fail criterion - no venting or rupture of cell
material with by-pass diodes attached. An additional overdischargs rest is run at 70°F at 3 amperes
with diodes for 2 hours in reversal, with the same pass/fail crireria.

2. High Temperature Exposure - a second sample (3%, fresh and an equal rumber discharged, 15
placed in an oven ar 200°F for 2 hours. Pass/fail criterion - na venting or leakage.

3. Short Circuit Tolerance - a third sample (4%) 1s ¢lectncally shorted throvgh a load equal w or less
500 millichros, Pass/fail eriterion - no venong or leakage.
® . : 590
PREP : T. Gout REYISIDN: DATE: Tuly T, 1955
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST ‘

FMEA NUMBER: ECC-01 ORIGINATOR: JSC PROJECT: GFE Qrbiter
PART NAME: Li-BCX Banery LRU FART NUMBER: SED 391 247 78303 QUANTITY: 4 per LRU
PART NUMBER: 528-20057 LRU PART NAME: Electronic Coff Chacklist SYSTEM: EMU
Azcembly
DRAWING: Bosing 528-20067-1 SUB3SYSTEM: ECC EFFECTIVITY: All
Orbiter

HAZARD INFORMATION:
HAZARD: YES X NO
HAZARD ORGANIZATION CODE: N/A
HAZARD NUMBER: N/A

TIME TO EFFECT: Immediare
TIME TO DEFECT: Immediate
TIME TO CORRECT: MNone

REMARKS:

RATIONALE FOR ACCEPTABILITY
{B) TEST (cont):

4, A sample of two C cells per ot is also tested to 300°F for L3 minues, one fresh cell and one totally
discharged cell is used. The samples cells must not leak or vent duning this period.

5. A sample of four cells per lor {2 fresh and 2 discharged) are subjected to random vibeation for 15
minutes per axis prior to being discharged for capacity inforroation. The random vibration testing 1s
identical to that for NASA acceptance  item 7 below.

" 6. Visual open-circuit voltege (OCV) and load voltage tests are performed on 100% of the cells.

7. A sample Enm each lot of the cells are iastad to the following specirum by the véqd&r who subjecrs
them to acéepiance vibraton test for 15 minutes in each of three mumally perpendicular axes.
acconding to the following spectrum, before being discharged for capacity information:

Frequency Level (Hz)
20w 80 + 3 db/octave

80 to 350 0.1 #%Hz
350 1o 2000 - 3 dbfoctave

The OCY is monitored during resting and a load test is performed after vibrarion 1esting is complete.

- . :
i =l T .
R :+ T. Goud REVISIUMN: DATE: July 1, 1995
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. FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST

FMEA NUMBER.: ECC-{H ORIGINATOR: 15C PROIECT: <FE Orbiter
PART NAME: TL-BLR ﬁﬂry LR PART NUMBER: §E]53§TIE? TR EEU&N’I‘I’I‘Y: 4 par LRU
PART NUMBER:- 52820067 _ LRI PART NAME: Electonic Cuff Checklist SYSTEM: EMU
Assembly )
DRAWING: Boeing 528-20067-1 SUBSYSTEM: ECC EFFECTIVITY: All
) Orhiter

HAZARD INFORMATION:
HAZARD: YES X NO
,HAZARD_GRGANIZATIDN CODE: N/A
HAZARD NUMBER: N/A

TIME TO EFFECT: Immediate
TIME TOQ DEFECT: Immediate
TIME TO CORRECT: Nonec

. REMARKS:
RATIONALE FOR ACCEPTABILITY
{B) TEST {(gcomt):
b, Boeing FEPC Acceptance Test (PS28/ATP-03002)
1. A visual inspecdon and OCY are performed on all delivered ¢ells prior o being placed in the freezer

storage (bonded storage) for later issue for incorporation into flight applications. Load voltage iesung
13 performed on ¢¢lls prior to assembly into barteries for flight applicarion.

(C) INSPECTION:

MANUFACTURENG: During vendor ¢cell manufacturingfaccepiance test (ISC-EP5-83-025), 100% of the
cells are manufacmired under on-sire defense conmact admimisanon services (DCMC) delegation.

a. Elecirode plates and separator material are ¢hacked for burrs and nyisalignment.
b. Ohrmic resistance across the dry cell terminal is checked.
¢. Eachcell is identified by a serial number.

d. After filling the ¢ell with elactrotyte, sach cell is x-rayed in rwo directions to examine the assembled
. internal configuradon.

o s - —
A : T. Gouo REVISION: IET%: iuly E 1995
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FAILURE MODE EFFECTS ANALYSIS/CRITICAL ITEMS LIST i

FMEA NUMBER: ECC-0T ORIGINATOR: I5C PROJECT: GFE Orhiter

PART NAME: L-BCX Banery LEII PART NUMBER.: SE301 2477 B-303 QUANTITY: 4 par LEIT
PAET NUMEEE.: 523-20067 LEU PART NAME: Eiectmonic Coff Checklist SYSTEM: EMUS
‘Azsembly
DRAWING: Boeing 528-20067-1 SUBSYSTEM: ECC EFFECTIVITY: all
Cbiter

HAZARD INFORMATION:
HAZARD: YES X NO

HAZARD ORGANIZATION CODE: N/A
HAZARD NUMBER: N/A

TIME TO EFFECT: Immediate
TIME TO DEFECT: Immediare
TIME TD CORRECT: None

REMARKS:

RATIONALE FOR ACCEPTABILITY
(C) INSPECTION (conc):
g. The cells are put in an oven ar 160°F for 2 hours followed by:
1. OCV test - must be greater than 3.85 volts
2. Load test - must be greater than 3.5 volix
3. Size and weight check to verify no swelling or venting occurred

@) FAILURE HISTORY:

To date, no internal shorting or hazardous event failures have been reported, upon delivery of ap%ﬂmately
2.5 million of all sizes of spirally wound cells in the field as of Deceraber 1992, approximately 1000 Li-
BCX cells have flown in the Shurtle without a hazardeus ¢vent oCcuImng.

7. %&'«—fﬁ . 2/6/95
FPAR BY: T. Goun REYISION: DATE: July 1, 1942
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FMEA NUMBER: EQC-0) CRIGINATOR: JSC ' PROJECT: GFE Crbiter

. "PART NAME: Li-BCX Batiery LRU PART NUMBER: SED30124778-303  QUANTITY. 4 per LRU
PART NUMEER: 528.20067 LRU PART NAME: Elecoonic Cuff Checklist SYSTEM: EMU
Assembly
DEAWING: Boring 528-20067-1 SUBSYSTEM: ECC EFFECTIVITY: All
' Oirhiter

HAZARD INFORMATION:
HAZARD: YES X NO

HAZARD ORGANIZATION CODE: N/A
HAZARD NUMBER: N/A

TIME TQ EFFECT: Immediate
TIME TO DEFECT: Imunediale
TIME TO CORRECT: Nans

REMARKS:
RATIONALE FOR ACCEPTABILITY
. (E) OPERATIONAL USE:
4. Operational Effect of Failure: Possible loss of crewmember
b. Crew Action: Nene idennified

£. Crew Tmuining: The crew will be wained to perform a pre-use visual and Sub]ectwa U:'mpf:n:lllll'ﬂ checkout
of the battery cells when possible.

d. Missien Constraints: None idenufied
e. In-flight Checkout: A pre-use visual and subjective temperatre checkout of the battery cells will be

performed when possible.
7.7 Gewhy Y72
"PREFARED BY: T. Coun REVISIDN; DATE: July 1, 1995
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