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Crimp ring removed.

Figwre 4 Bwhioh A,
Magniicaton: -2, 7

P

3713 1433
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Fgum 8.: Switch A Washer, comerier, clec, and spacer.



Aepart PN

FAgure B: Bwioh A

Magnificedion: -8.2X

4713 7838




Figura 2.; Switah A Washor and oonmrier.

Magniiamior: 8.5

3713 7837




@umlum Ruport S8

Figurn 10 Swiioh A

Magnificagan: -5 6%

Commtar.

3713 7838



3713 7839




Cumtral Laborstery

Figure 12: Swhch A

Diga + cxxwartar sids.

3713 7840




:&)ww Repart BOCES
Mgurs 13.: Switch A, Diso - oppoaita side, .

Mapniliceticn: X

el ——

713 741
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Cadiral Labormony
Figum 18! Swiioh O. Asreceived. . :

Magnifogtion: —2.5%

4713 7846




Magnificafforc -5.5%

A713 7847
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Figure 21 Sutich C.

Calmp ring remowved.



Faoe of cap - orfmp dng remowved.

Swiich C.

Pigurs 22

-f2x

3713 7850



Cantrsl Labormory . Repon SEeIe

Figurs 23 Buwitch €, Intorior of oup, haport, washiy, A ooiTeerie,

Mmgrificasion; ~3X

3713 7861




Report SS0eSs

3713 7862




@m‘m Report G806
Figure 25.: Swiich C, Heaport with remnamts of Kapton saals in phaod.

Magrifcation: 8,83

——

3713 7853
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@m‘m Ruport $600D4T
Hasport cavity.

Magrification; ~1.9X

3713 7855
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' Figue38: BwichC.  Gorwerterand o,

3713 7866




oomrior.

Figura 23: Swilch C. Kapion saal - stfiacairt io

3713 7857




Raport 9800228

Cenfral Labormtory

Fpus 32: Switoh C. Kapton seal - middis,

3713 7858




Fgurs 34 Switch C. Kuplon seel - Adteoent (o hexport - oppoaite aids,

3713 7859




Figurs 35: Switoh G. Kaplon seal - Agacent fo haxport - appoalie akhe..

3713 7850



Magniastion; -2.70

3713 7861
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Fiting wnd of gt

3713 7862
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Figue 30 Swhoh D.

3713 70064




Fags of oup.

Swich D,

Magnioaliorn -8.4X

4713 7866




Camibil Laboratory

Figurs 41.: Setich D. Stich cwuity.

Liagrifiaation: -7.6X

3713 Tab6
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Wimmhar - s alde.

3713 7870
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Eeniral Laboretory

Raport 5050025

Figues 47.; Swiiph D, Converier - weal sida.

Magrifioation; ~8.8X%

T

3713 7872




COBRED oy trat Lawrormiony Report E000d6
Apum48: Switch . Curnatar - copaeis sida,

3713 '




tuniral Luboratory  Pegort 90002
Figurs 48 Swioh D. Dino - nesl sita.

Magrifcation: ~8.2%

s —

3713 7874
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@mu Luborakry Repon e00238
Figua 51.: SwiichD. Spaos.

Magnliication; -8.8X

3713 7878




Canirtl Laisyralory

Fgure 52.; Swilich D.

Magrification; -B.2X

Imterior of oup.

3713 7877




= Switch #11 (E). As-recuhadl

Fgure 53

3713 7878
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Figure 64.: Ewich #11 {E}. Fiiting end of hagxut.

Magrification: ~BAX

3713 7879



(0RE ) rpmural Luboratory

Ajure 39,; Swioh #11 (B Crimp ing remcvod,

Magniioulion: -2.8X

P

3713 7680
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Fligure B4 Swiich M1 {E). Taminal caviy.

Wlngnifioation: -4

- 4713 7881




AT el Latvorstony

Fipra 57 Swlich H1 {E). Faoe ol oup,

Mugrilloation: -8.7K
B

3713 7882



3713 7823
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Figuew 39.: Swtioh 811 {E]. Huoport il

Magnicaiore -8LEK

————

3713 7084




Dol Lahormieey eport 8000228
Figurs £0; Bwiioh #11 (EL. Washar - menl alla.

Mageifioation; «f1.7X

3713 7885
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Tairirs] Lshorskary

1. Swiioh #11 {E). Washer - oppoaits sida,

)

#1

=E.TX

3713 7888




RepoH B

Figurs 82.; Snwitoh #11 {E). Oomearter - sl side,

AR Ny ~5,50(

p——

3713 7887




77 Figure 3. Swiech #11{8). DIsc - nomvarer side

Magnifiaation: 8. 4%




@mﬂm Fwport Bl
Figure 84, Gwitch #11 (E}. Disa- cppostia wida.

Magrilfialion: —6.4X

3713 7689




ln—ﬁm Feporl ROOIRS

Fyuro 85 Switch #11 (E). Bpaos:.

mgnifesdion: ~8.1X

—

373 71820
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Fiure 00 Switoh #41{E} Intarior of cup,

Magnification: -85

ara 7ao






Caniral Laboniory

Report GRS

Figura §&.: Swiich F. Taminal oendty.

Magraficaion: ~7.3%

3713 7833




3713 7834



3713 7895



Casital Laboraiony Rapat DOO0224

Fgue 71.: Swch F. Swirch cavity.

hingniication: ~7.5x

e e

3713 7898




@mm - Frport 3900
Figurs T2, Buitsh F. Kapton sepla in placsa.

Magnioatinn: -7.5X

——

3713 7897




Rapmt 800288

ar13 7898



Cantral Labopatory
Rapar BNIE
Figurs 74 Ewtidh F. Waahar - pond side.

Magn¥ication: -E.TX

3713 7200




Figurs T5.: Swich F.

Magrification: ~5.7%

W - opprakto k.

3713 7300
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@mm Ampost S0
Pigura 77 Swiich F. Convatar « oppasit alda,

39713 7802
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Coriral Luhoraiory

Figure 79.: BwichF. Dleo - opposls sidks.

Magniication: ~8.9%

3713 704




@mﬂm Mspart HOKERN
Epacar.

Magnifiontion: ~& 0X

3713 7906




@mw Aepait HOOXI0

Figura #1.: Swigh F, Irmiawricr of cagg.

MagriMoatinn: —&.1%

3713 7806



) R R

(BB pummitamarny  Roports 9900226
9000807
8801571

Figures 82 through 219

3713 7807
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Figurs 82: PR Hch as-roceived. Nots that cornecior is not fufly engaged.

- )

Make: Nomnal magniloasons ghven jor photomionog rapha

=0

9713 7908




Fgurs 84: PYJIIII 3howing txb nat sty engaged.

. . ”‘. ? : J

Figure B5: P Showing face of cug and swiich cavily alter arimp memoved.

Neds: Mominal magnifioations ghvan for pholomicingrwplii.

3113 7909




Figura 87: P Showing aomoaion or: sifase of cup Lnder oimp ring.

MNote: Mominel magrifinstions givedn ' ploitmiong ighs,

a713 /|10




Fipues 585: P Showing corroslon product i swich cavily.

Fogure 85 P Showing corrosion procuct in awitch cavily.

Now Nominal magniiceicns ghan for phatomiorog mphe.

~EX

33 11




a713 7912

PEEE 5howing camasion undar ervirenmenisl soel,
Nota: Mossinal magnTicalions givan for pholomisrographs.

Figune 50: EXIII Showing tamish on tsrrinads,

Figure &1

]
|
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~a.5X
Figure 52 P cwing Kapton ssal acfacent 1o hexport. Arvaw painia 1o tear i Taffon,

s

Figusa 85: S owing olose L of tear shown & Flgene 82,

Mois: Nominal ragnifications piven Fior phatamicrographa,
ar13 7913




Central Laborstory

AmpoH 9900807

Noa: Nomina: magnifioatione given lor phakamiongraphe.

713 71914



Raport 9000807

Flgura §7: PJ- Showing washer, converier, and irderiar of oup.

Mok Nominal magnificasions given for phalomicrogrphs.

3713 7918
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Fgure 52: PYJIIIR croacopic image showing engagamant of s,

Mois: Nominal magnifioallons given for phaiomiarogmpha

445

a3 Mme
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Figum 100: P Frrovescopio image shewing sngagement of awlich base and sest In vonnecior,

MNole: Nominal magnilkestons Qhvan for pholomionographs.

313 7917




I @ Cantral Laboratory Report 9900607

Fgure 102 A sioving switch as-necatvad.

Mot Momingl rugnifiaations ghven For phelemimegnashs.

3713 7918
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Figure 103: PXJ $howing ewiih se-recsived. Nots that connacior ks not iy sngagad.

~0.9X%
Flgure 104: PXT83312 Shoewing swilcdr aareceived,

Mot Neminel magnBaations ghyan for phoin nisographL
3713 1919




Cantral Laboratory

Report 8500807

T

Er 2o e

Fgure 105: PG owing tab not fully engaged.

Koly: Maminl magnFoaions givan for ghotomionog mphs.

3713 7920




F

Figurs 108: P Showing switoh as-recsivad. Nots that connector i fuly sngeged.

]

a71a 7921




Cantrel Laboratory Repoirt 9000007

Figura 108 N'!-s.mum faoe of cup.,

I !

Mole: Nominal magrificalions ghven fof pholomlasographe, 4718 7902
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—0.9%

A5-raosivat
A8-resivad.

o: I Svowig svich
P owing awitch

Flpume 11
Figpwrs 111

3713 7823

Mote: Norsinal magniicaliona glven ier phatamiong ephe




Fguro 112 MW Showing aviioh as-recelved,

Mobe: Nominal magnitieatione piven for phalowmiarorapha.

A713 7324




3713 7925

Meta: Maminal mageiliorions givan for pholsminnsgraphe

4: P howing switch: sa-racaived.
s P Showing switch as-masived.

Figuna 11
Flgure 11

@ _

—fmmmmmmmg=====mma-




Figue 117 PYI 5howing fece of cup after cimp ring waa ramoved

Nohx Mominol mognilcalisna givaen hor photomiorngraphs.

3713 7928
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Figurs 118: PYJJ showing fecs of aup.

Figure 115 P-Shm*uam of cup ponlacted by emirommenisd sesl,

Hola: Hominel magrifioalisna glvan for pholkeniomgraphi.

~ax

3713 7927
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Report 8800607

Figura 121 PYI Showing awitch cawly.

Nots: hominal magnificationa ghven for photomicrogmphs.

3713 7928




Agure 123 P 5rowing swiich an-rsomived.

|
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Hote: Nominal megrificaicns (v for photomiarogmpha.

3713 7930



Figure 126: MW Stowing b not sy engaged,

Note: Mominal megniffoaions g jor phoomisegophs,

3713 7931




Report 3800807

Nale: Normnal rmagniioalions ghan for phalomicrographs.

3713 7932




Cantrat Laboratary

RAeport 3900607

Fgure 130; P Srowing switch ap-recwived.

Mot Mominsl magnificeifona phwan for phodamicrmgragshe,

3713 7833




@ Contral Laboratory Repart 8900507

Finoa 152: NYEEEEEEEShowing tevriral caviy.




Central Laboratery Report 9800807
oD

Fowe 133 M 8howtng swioh cevity.

e —

~4EX
Fgure 194: NI Showing switch caviy.

Noe: Nominal magnifioalions ghetii for BholmiGrogmpna, 3713 7936




Rapart 8900807

NI Showing switch cavily.

Flgure 135;

e .

Figure 138: NI Showing lace of oup.

Mot MNarsinal magniifealions given for phatomionographe

3713 338




Repart 9900607

Fgure 138 N 350wing hexport cavity.

Nt Mominal magnloagtions ghuan B phoiomiarogsaphe.

3713 7937




Report 500607

. Figure 126: NI 5howing Kapion seais in piace.

Figure 140: NYJJ Showing Mapion seal that waa adacent fraxport.

Notx: Nominal manfoalions: ghan for photomianog ragihe

~4.7X

4713 7838




| @ Cantral Laburatory Report 9800807

Fgue 141 NI Showing damage iz Kapson aeal xhown i1 FigurD 140,

Fgure 142: NI Showing coposite skie of sae! shown in Figure 140,

I heser; Rirwniriad mugnilicarticnn ghn for pholamiorogmptha. 3?13?9&




Figura 143 NYJ 5rowing sear adiacent (o hexport,

Figurs 194 NJJIS-owing opposie side of middie sasi,

Moty Mominal mignifioations ghwen k' phoiomiomgrapha.

2713 71940




@ Central Laboratory Report 9500607

Figure 148: NS 0wy sewd adjacant converisr and washor,

Mol Nominal magnifioatians given for phatomioogrepha 5713 7044




Figwe 14

a

Figure 148 N Showing washer and convarior.

Noie: Morsingl megniiaxiions givan for pholomioographs.

A713 T2



Repart 9900607

Mol Mominal megniicat ons ghven far phehomicrog rghi,

3713 7943




Repart 9400607

Figure 151: P Shewing tesminal cavity.

Noke: Neminal magnfiostiona ghwn Ky phosiomiciogmpoha,

3713 7944
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Report 8800607

Figwa 153 P 3howing ose up of taoe of aup.

Moki: Nominal magnifioslions g b for photomiorograpin,

3713 79456




Report 9900807
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Mote: Maminal magniloaiions given ior photsmiirogmphs.

3713 7946




Central Lahorstory

Repart V00807

Mola: Morinel megndlcaicn s Ohven for phowmic momphs.

ar1a Toa7




@ Contral Laboratory  Report 9900607

- a3

Figura 158: PHJ showing Kapion seal= in plece.

~3.4i

, -&TX
Fgure 158; P- Shewing Kapton seal adisoent hexpart

Mala: Mominal magnificalions g ivan for photlerog raph. 3?13 7948




Report $500807

Fgurs 150: P Ehowing oppoaita side of saal shown in Figue 158.

Figwe 167: P Shewing micde Kapton saal,

Nody: Morninal magnifiestions ghven kor phatomionog riphs.




@ Cantrel Laboratory Report 9000607

Figure 182: P 3howing oppoalis aids of seal shown in Figure 181,

Figure 183; FYEEEEEE Showing Kapion saal aolecant oormeartar and wagher.




4713 7861

Report $900007

Mokt Momina! magnifiostcne given for phoiomiarographs.

P & owing conveitor and washer

Figure 184: _ﬁonﬂumﬂiﬁaﬂnﬂﬂmmhﬁwm!ﬂ

@ Cantral Laboratory
Figure 165




Report 9800807

Figline 158:
P 5howing washer, converta: and imeror of cup.

Moter Mcminal magniiaaians plron for photomizrsgraphe,

3713 7962




Figure 169: P Srowing fae of oup,

Nols: mwmm“gmwumm

37127963




Repart 9500607

Mobe: Mamirl magrficetiona ghaw: For photomiorngraphs.

3713 7954




Raport 5000607

l Weote: Naminal magnificalicns ghan for phokmicrographs. 4714 7956




Asport 3900807

Motu: Kominal magnBoxson given far Pholomi fgtaphs.

3713 7958



Report SS0050T

@ Central Laboratory

3713 7857

Mol Nominsl magnificllons Jiwan her pshalomicrographs.

Agure 175: P 5howing face of cup.




Repaort 9800807

Fgurs 177: PR, Showing Kaplon soals in place.

Mota: Nominal magnifoallons given lor phaiomiorogrphe.

3713 7358
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3713 7953

Nolm: Mominal magnifications givan For photomiarmg iaphe.

75: PYJl]: Showing converter and washer, dlaa, and interfor of cup.

Flgqura 1



Cantral Laboratory

Ncie: Nominal magnificaiony ghwen for photomiorsgrapis.

3713 7860
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Faport 90060 T

!
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Mot Momiral mgeiBaaiiana ghuan hor pholmiarsorepie.

-0.3x

3713 79861




Central Laboratory Raport G900507T

Figura 184: P Showing switoh rg-received.




Fpune 185 KIS owng switoh aa-receivad.

Fgura 188: W Srowing torminal cavily.

Mode: Nominal magnificsd ons ghsn for sheiomiompraghe

ama 7963




@ Contral Laboratory

Figure 187 LR Stowing awiich ss-neceiad,

Note: Novhinal rmagniicationa ghasn for photomicragraphs.

3713 7964




@ Central Laboratory

Report 880 TETT

Hote: Nominal mugAMariots gvan for pholeer ragraphs.

3713 7965




Report 3801571

Finre 187: TAEEE Shoving torminel cavity.

Heta: Mominal magnificstions given kor phatomiorog mphi.

3713 7966




Cantral Labaratory

Aeport 2801571

Hols: Hominal magriifalions plven ko phabsmikrog e

a713 7867




Repoart 9901671

I Ul

- Figum 185: G srowing awich ss-receivac.

Moky: Homins! magoificatione ghum lor phlomicrogmphas.

-4.3X

3713 7968




FAmport 991571

Figure 198 P Shoving terminal cavity.

Nobts: Mominal magniications ghven For pholomiorograghs.

a713 7969
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Fgura 108 NATEEERRShowing terminal covily.

Hota: Nominal magniflostions ghren ' sholciieoonapina.

3713 7970




Raport 9901571

Fgure 200: LA Showing sermingl cavity.

Moke: Nominal magniliceiicns ghan ior photomicrogmpha,

373 7M™N



Report 9301671

Figure 201: U Showing red soal.

Mol Heminal magnifstons given far prakomborng sy

3713 972




Aeport ##01671

PARE o T P
R R X R T TR S R

Foum 202 NI Showing swiich as-recoived,

MNois: Mominal magnifioations ghwen for phelamicrographie.

-4, 8¢

4713 7973




Figure 204: X1Y782018. Showing switch as-receivad.

Hote:. Nominel mgnlcrtiona giuen for pholamicrogeapie.

3713 7974




Report 9901 571

Figure 207: YR showing termmar cavity.

Mot Nominal magriiealions glwan lof photamionographs.

3713 7975



@ Centrel Labaratory Report 9901571

Figura 208 I owing switch as-recalved.

Mote: Nominal magraaations ghwan ks phstamirogrupha 4713 ?97&
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@ Central Laboratory Report 8801571

LT - e aEa LT
B B R i L L A
E . . o

Figes 211 I showig sminal cavity.

Moty Maminal magnifisxione ghaan for pholomismgrashs.

N3 77




FAgure 212 T 2howing swich as-recaived.

Figurs 213: [ Svowing termainat caviy.

Moia: Nominad siagaifications given for pholomia esgrphs,

3713 7978




Contral Laboratory

Asport 9601571

Note: Momdnal magriiisstiona plean for pholcmicrographa.

3713 7979




RAeport 8801571

Fwre 217: T srowing isminat cavay.

Moia: Nominasd magnificalions given kor phciomicrograghe

3713 7980
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REPORT: 9903244
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. Recaipt - Copy mummmnmmmaam
I Print Date: 01/06/2000 07-03:33 FM
Aaquaet Dasoription: BRAKE PRESSLURE SWITCH
Baousstar irformndtion:
lPrl'nmy Conlact: AEIMERS, STEVE - 13178 Phona: (313} 380-3288 PROFS IO SAEMERS  Fax: (313} 390-4145
Secondary Contaat PDHTEH. FRED - 13177 Phone: (313} 8462722 PROFS ICx FPORTER
Sard Asport Lo: MD #5011, CUBE ¥IEDDE, POWER SUPPLYEMOACHASSIS ELEC, AVT &
2] [§:48 AsotgLooation: 5100
Dept: T2
Work Tasic JOOAFP
Iw
Total Number of Contalners 10 Sampla Hardling: Redurn ater tost
Soumco: Nod apeckiod Suppllar Code: Mot apaatiied
L}
BRAKE FRESSURE BFa24 YA 00,00. 545 Tl
SWITCH
BRAKE FAEQSLIRE BFo24 M/A peoede TI
i oo
BRAKE FRESSURE a2 N'A D OO TI
BWITCH
BRAKE PRESSURE a4 MA J8.0608 TI
I BWITCH
BAAKE PREESURE BG4 LA 08.08.08 Tl
BWITCH
BAAKE PRESSLURE SFB4 17 08.08.08 T
BWITCH
BRAKE PRESSURE aFa24 MNA 04.08.08 T
EWITCH
.IEHAHE PRESSURE bFa24 MNSA og.0a08 TI
EFIAKE FHEELHE BF324 MN/A 08.06.06 TI
EFIAKE FHEEBUHE BRaR4 N/A paface Tl
EWATCH .
irvestigation Informstion:
Neture of mvasigation: Lang Tem
] e
Requestor Infa, Box; Do your reed o know yaur CL contact and dming? Yes

Mal typad report

EVALUATE PER ATTACHED EVALUATION PROGESS

Baparting Diveolionc
lDﬁuutmmrwuldllmrupuﬂ: 10/22/1999
Dwta custamar must have repert 10/271 968

Ithnrt Formatis):
Log-n infovmation:
iritial Pouting: Matalurgy & Mach
Acoapted lor Cantral Laboratary by: Wallaca, Anna Phona: G3-47064

Program Mame: KALISLab Engr Moduly
Imum "HTTPaddweb.pd? ol canvialls Program Yeelon: 30,1

3713 7983
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@ Cantral Laborstory Report 0303244

15000 Cearury Drive
Daarbom, M) A8 20-1297
FAX [313) 3231614 December 21, 1998
To: 8.J. Asimara - Chassle Elactronic Systems, AVTG (313) 38-03285
From; J.J. Lengyel {313) 50-47487 '
Bubject: Bwitch, Brake Proasure
Part Numbar: WF2VC-9F324-AB
Specifioation: [ WES-F2VC-OF224-AA }
Supplle; Taxas thetrumanks, Inc,
Received:  Ten braka swichee [an eleventh added o Octobar 20] wars racaived on Octobar 1, 1089,
Sample Idantifications: Switchae wars |dantified with RO Numbers.
o Bumphkd - Foo 01 [ TR [ 08 [T s A
RO Numberr | 3754174 | 09333801 | o0e0ess-51 | 10ees7-01 | 08818102 | 0PBAE3-S1
1 BREEE T B FA R TR~ B IR B I T ety —
0é 0G8s12-51 | O023832-B2 Kass3gs 02325701
Objective: Frovida switoh evaluations for mechanical preesurs, slectrical conductance, materiala
analywis and visual reviews, The presence of any [deniifiabla diecontinuities, leak patha or
other abnormalkties are to be noted and reviewad In deta,
Conclugion: Tha data waz gathamed for Information anly In accomdance with Reguester's evaluation plan.

MECHANICAL TESTING Brake switch performances are notad in the Data Matrix. Sea,
raport aftachmants.

METALLOGRAPHIC REVIEW The reviswed ssals showed evidence of abraalon as woll s
A bulld up of deposks. This wae notad whers saals contactad reapacttve ponvarters and
washers. Each ewitch gaal In the oollection displayed simber camage pattems.

Al of the sanla exhlbited dalaminaion of the Teflon cverlays to the Kepton subseirates.
Seak axhiblted tears In the Teflon and cracks In the Kapton which formad leak patha. The
cracks In the Kapton are asaociated with ddges or buckles that foermed within tha eeale,
See, Aeport Data Sachon and attachmeitsa.

Saveral of the washars hat a heavy huld up of coppar meteral in the bevel raglan, Tim
Znc plating le missing In the bevel as well, exposing the base =teal, and Intlating rust
formation.

CHEMICAL AMALYSIS Whera poashla, intemal fluids wera collacted In viale and eludge
raaldue materal was colleoted from sach switch. collactsd “fluids® and propanct solubles of
the "siudgs materiale™ are predominanty brake fluid [ghrol sther basad materal] and waler.
Bhxige sampled from switohes #04, 08 and 08 santaln setana) andlior organio aolds. Tha
other "sludge” sampias are pradominanty incrganio matarals with copper, aluminum, allicon
and zino balng the major components. See, Report Data Section far more detaflad analyais.

Page 1ol 7
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Toat Dertss:

MECHANICAL ANALYSIS Test Mathods, Requasier's Evaluation Piar fatrix

= Prosatrs, Leak and Obsurvation reviews of Braks Switch -
Brake swich parformance & chaervaions are nated in Data Matrix, Sse, Haport antachmant

METALLOGRAPHIC ANALYSIS Suiface Analysis (Visual Exarnination)

= Visual review of the Kapton slemants In the Brake Switch -
BSwitchaas were received as-disassembled from the previous Mechaninal reviewa Tha
Kapiton seals from eaoh switch was separated and starting with tha ssal naxt to tha
corvarier numbared as 1, 2, and 3.  Precading euch axamination, the exceas brake fiuid

waa blotted from sach saal ualing papar towaly, Sasls wers gludied through the ald of &
banch microacops capabis of vadable magnificetions ranging from ~7X to ~42X,

Each switch segl In the collection deplayad aimiar damage pattama;

+ Sosl sidee adiarant o the convartars & waeahars ahow svidenca of abraston as wall
ae a bulld up of deposits whars they contacted the convertara and waghers,

« The Kapton alamerts mehibit a radial ridga of buckls which exianda acresa the
'I:IDI.H;IMII.I; ghapad depression. Ridges Ena up among tha three seal lavals In aach

« Teflan overlaye sxhibit taars which am elthar associatad with the radlal rdge, or
acour n the delaminated araas.

+ Kapton substrates sothiblt eracke which neour along the radial fdges or oeeur arund
the ands of the ridges. The Kapton |8 discolored [dark] at the ¢racke. The aounce of
the discoloration & not known.

s Taars in the Teflon acrcompanied by cracks in the Kapton formed apparsnt leak
pathe through the asals.

s Visyal exsminetian of the washers and converters revealed na burme or othar surfaos
Impatiactiona.

Analysiz Notos:

Approtimate locations for damage to ewilch ssals ate shown In sketohas, Figures: BS
through 108. See, Report Attachmants: 74 through BO.

For typkal sxamples of damage Figures: 107 thjough 118. See, Repott Attachments 91
through 96.
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= SEM ravisw of Braka Switch washer sloment bavel arges -

Seanning Elsciron Mieroscapy (SEM), & Enargy Digparsive X-ray Spscirosoopy (EDS)
Each washar was ultrasonically rineed In methylene chioride to dagreass k. The washers
are 2ino plated stesf. One alde of the washer ia flat (bank akia), and the othar side has a
bavel In the inner dinmater (froat sida). The zina plating s intact on the flat porlon of tha
front slde of sach washar.

- WASHERS -

The relative ranking of amount of copper and ruet prasant In tha heval [highest ko lowest]
m #04, 07 08, 08, 02, 03, 11, 10, and 08.

WASHER #02 : Tha hack side Is missing some plating, and thene ana spols with st
and copper deposition. The font skie has a buld up of coppar i the baval reglon,
as well as rust Sea, Figuraa: 119/ 120

WASHER #33 . The hack slde is missing a small amount of plating, and thare are
Intermittent reglone with rust prasent. The front side hae a bulld up of copper In the
baval raglon, and an asparity of coppar bulld up and st exdending onto the flal
parton. Saa, Figures: 121 f 122

WASHER #04 : The back side [a missing soma pialing, with Intermittant reglone of
rust praasnt. The front elde has & large bulkd up of copper In the bevel reglon, soma
of which |a flaking away. See, Figures: 123/ 124

WASHER #0& : The back sde Is missing somes plating. and them ars apoia with rust
arxl copper depaoaltion. The front skie has a heavy bulld up of copper In the bevel
rapion, and an asparty of copper bulld up axterding onto the fat portlon. Sea,
Flguros: 125 /128

WASHER #07 : The baok sida la missing soms plating, pAmarily arcund the nnar
dlamstar, and thers |a ruet preaent. The front side hae a heawvy bulld up of copper In
the bevel reglon, extanding elghtly onta the flat porion In one aree. The zino plating
ia noé unilermly miasing In the bavel; thens le a orescent that I Intaat and unsavarad,
8sa, Flgure: 127

WASHER #08 : The back eide i3 missing some plating, only along the contact peint
on tha outer edge. Tha front afda has sama ruat presant In the baval, and along tha
rim of the beval. Ses, Flgures: 128 / 129

WASHER #02: A larpe amount of plating & misaing on the back side, and thers Is
rust and copper present. Tha front sicks has & heavy bulld up of copper and rust In
the havel, extanding at one point omio the flat surface. Swee, Flgures: 130/ 131

WASHER #10; Tha back side Is mieaing only a siight amount of plating, and there |2
some Hust pressnt [h these areas. The front side has some rust prasant In the beval,
bt vory lie/no copper prasent. The Znc that wes missing appaarsd tc be by
pitting. Sea, Figure: 132

WASHER #11 ; The hack aida ia misaing 2ome plating, and thers is rust pressnt.
The front side has a bulld up of copper and soma nat prasant in the bavel regian,
See, Figures: 133/134
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amlysis cortinusd:
CHEMIGAL ANALYSIS Tast Mothods/Site ideniifications of Analysia & Obasyvaiions

Flukle were analyzed as-teosived. Flulde ware obtalned from four {4} ewlich kocatione:
Locatfon - A - Batwesn extorior pleos {Shudge elde) & polylmide element
Locatisn - B - Between first & second polylmida elaments (counting from Sludgs akde)
Localon - & - Batwsen sacond & third pohimide séament (couniing from Siudge side)
Looation - D - Batwean the third polyimkis slemant & Hexport

Analysis Noles:

Each Sludge sample was rinsad with propanol. The solubla & Inaolubla partlonz wam
the anelyzed saparmtaly.

Swiichas #04, 10 & 11 appaarad & caniain feas fuid then tha other xairpies.

The prasence of maderal placas, what sppest ia ke fom & switch contact slgman!, woie
noled in Samplas #01, 02, 07, 10 and 11,

Waiar i3 aiwsys oombinsd with tha brake fuld in giyoo! sther bassed systems {aN but
DOT 5 braie fuld). Waler content was not run on the samples {dra o sample aizs).

Molscular Charectarzation FTIA, (kafative
- SWITCHES -

Spacirg of the fluld samples from the switohes are characterisiic of a glycol ather based
maubasial {braks fuld) and water.

Spactra of the fiuld samplea from swiichea %04 and D8 appearad o he =iightly different
than the other sampise, posalbly dus & & ditfenant brand of fluld being usad.

Spacim of fkid from ewiich #08 also cantalned an aster,

Spactra of fluld from wwitch #11 from Locetion -D- santained ofhet, posably nitreganous,
meterial fn additian ta the ghycol sther based meatadal and watar,

Muolgeular Characterization FTIR, Qualtative

- FLUID -

»  SWITCH #09: Spectra of the Nuid samplea for 8 vial from Switch ¥09 ara charactadatic
of & giyeal ethar basad material {brake flukd) and water.

» SWITCH #10: Spectra of the flukd samples for a vial from Switch #10 are characteistio
af a ghycol ather basad material (brake flukd) and weter,
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- SLUDAE -

SLUDGE #01: Specira of the propanol seluble portion of is charactaristlo of glyeol sthar
bagad matarial with avidenca of astar and othar mateetalz.

Spactra of the propandl Insclubla partioh of sludge #01 are not Infrared activa.

SLUDGBE #)2: Spectra of tha propanol soluble portion of sludpge ls charactenstic of
giyeol athar harad maarial with satan(s), poasibly containing phthakate astar,

Spactra of the propanal ingofuble portlon af alidge #02 are not inframd ectiva.

SLUDGE #02: SBpactra of the propanol soluble portlon of sludige is charecierietlc of
givcal athar based mataral with avidanca of aetar,

Spedtra of the propanol ineolubie portion is charactwistic of essentally Inomanko
material, probebly contalning slicates and/or sulfates, induding crysialline sllicon
ticadcia.

SLUDGE #04; Spectra of the propanal soluble partian |s charackeriatle of glyeal ether
hassd matarinl with astar(s), pagslbly cantening phthalata seter,

Spactra of tha propanol inenluble partion of 2ludgs (b are sharacleristic of setar{s) and/or
arganic acids, possibly contalning phthalate ester and other meterial.

SLUDGE #08: Specim of tha propanol solubla porllon of sludge ls charaoteriafic of
glycol sther based material with sstar(s), possibly conltaining phthalate ester.

Spadira of the propanol Insoluble porticn of sludge |s charactenistic of eater{s} and/or
arganic acics, possibly containing phihalate ester and othar material.

SLUDGE #07 Spectm of the prepanol sojuble partion |a charactardstic of glyeel sthar
based materal,

Spectra of the propanol insoluble partion af sludge i charactedatic of mixed carbonatsg
and other matarial

SLUDGE #08: Spactra of the propanal galubla padion of I8 characterstic of ghveol ethar
based material with aster{s), poasibly containing phthalete aater.

Spectra of the propanol Insoluble portion of shidge a characteristic of ester(s) andfor
crganio ackis, posaibly containing phthalaks aster and other matesial,

SLUDGE #05: Specim of the propanol solubla pertion [ charasterstic of plycol ether
basad metarial and estar.

Spactra of the propana] Inscluble portion of sludge le charadterstic of mixed carbonates
and othar materal.
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analysis confinued:

» SLUDGAE #10: Spectra of the propancl soluble porion Is characterstic of essantlally
giveol athar basad matadal.

Spoctra of the propanol Insoluble portion of aludge |s charactedstie of mixed sarbonates
and othar matarial.

= SLUDGE #11: Spectra of tha propanal soluble portien Is chamcteristic of glyeol ather
basad matedal with svidence of catar. Spacta of the propanol Insoluble portion aof
slidge 8 not infrared active,

Alumirrum 1

3

Barkim - - - - -
Broming -- 1 <] S
Calclum =] 4 <] = I
Chiarine “t - -- - -
Chromium <1 - <l - <1
Gobalt - < =1 - <1
Coppear 82 B8 a1 B85 78

ion <1 «i ;| 4 2 1 1 4 1 <1
Lagd P S I IS I - 2l -
Magnesium - =i 1 =1 1 1 « - - -
Mangansas «1 “ w1 el 21 - - < - -
MNiokeil =1 « <1 1 «1 =1 «1 1 al =1
Phosphorle ] =i <1 2 =1 1 =1 <1 <1 w]

Potassium wl «l 2 1 < - < i I |

Slllcon 2 11 I 17 38 1 33 « <] 2
Slhear - N - - - - - 2 & 8
Stronthum - - = - =1 - < - - -
Sulfur =1 i 1 1 S | 1 <] <1 1
Titanlum - - 2 1 L 1 - - -
Zino a 8 B 13 3 3 10 28 M a
Zlroanium - ma - <1 i - - --

1 Ansulty are normalized ta 100% baeed upon detected alemants. {The Inatrument canndt dotect elements Aghter than
fuorns). They do not includs pontTldkng feom elanmenta ot B Ao

Tha precialon and accuracy of thie technique has bean estimated to + 105 for 8 glandar alze apadimen,

2 Indicates norw tetectedZ
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Repart 8903244

Discussion:

Brake awitsh panformanoa 8 phyaloal cbaarvations as noted In the Data Maprix wars
aobservad by Ford Mator Chassls Electronice System’s Steve Ralmers, Hobart Panak from
Exponent Failure Analysia Assoclatss end Rob Sharpe for the Materials & Controls Group of

Texaa Inatruments.

Contributars:
Attachments:

Concur

M.Haga, P.Nalles, B.Plarzeck, T.Munis & A Zinkosky

Mechanical Analysia Parformance/Qbaarvations Data Matrix [ ONE |
Ax-recedved braka awitoh sample photegraphs [ TWELVE |
As-recelved brake ewilch X-rays radiographs [ FIFTEEN ]

Typlcal braka awitah diaassembly, photograph [ ONE |

Posi-Tasting dizassambly switch Images [NINE |

Disaszambly detall images [ THIRTYFOUR ]

Kapton Ssal damage sitas [ EIGHTEEN ]

Kapton Seal magnified Images [ SIX]

SEM Pholomicrographa [ EIGHT ]

Brake Swich Drawing [ ONE |

P. F. Klaas, Suparvisor
Metallurgy Section

A/ fwww.daarbomd.lord.com/met/oanirgl.him FILE: 39 Ropans 990324 R.doc
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Brake Switch Testing Checklist: Report 9903244
Attachmant: 0071 of 105
Sampleill] ™ - 02 03 04 05 1] ar i 5] 08 10 11
mﬂ 01 [Log Fisdd Infa inko Swt Log.als n m | | B | | | | | u
iorr Profic#forpa] FAC | Fac | Feve | Fevc | Fovc | Feve | Feve | FaTa | Feve | rFara | Fave |
Basa Wonpary{ oFeee | oFpea | oFees | oPeed | eFses | oFees | ormes | ofpes | oFses | oFmos | oFwes
it il B o e e o R ol B Frded |
Data Coda:
BO Mianhar § 3734174
D2 {Photogrph Swilch =
0 |Ussual external visuals 7 -
Thread Start postton (ses, insaf) 1:00
4 |Checlc Connaction angagmant 7 -
Xy, il approniate ]
witeh + 05 {Full connpcinr Engagment # -
‘Gﬂnnm 06{Checic wire gray ssals -
07 {inatell Tast Swich on Siand - . . .
Btz 0 |Spring to Siationary Teeminal, £ 167 {opan) {opan) | {opan) | [open) | 175K MA 50K {open) | ~1G0K
Exmem! 0a |Stationary Temminal (o Hesport, 257 m 4] {open) | {open) K NA, BOK {open) | -15-2D
tinpraemurirac | 10|Spring to Hexport, £ 10?7 | (open} {open) | (open) | (open) | 440K NA 50K 4 ~100K
11 |Swiich Closing Prassume, peig - - - - - - - - - -
E‘-‘ 12 [Laakaga, Proot Tost & 500pal Leaks | Mo Lok | Mo Leak | Mo Lesk | NoLauk | Mo Leak | o Lsak | No Leek | No Leak | Mo Leak | Leaks
13 [Reapant Steps 17 - 20 @ 160 palg - . - - - - - - - - .
14 [Gipring-te-Etatianany-Tomninal— - - - - - - - - . - -
14 | Etstiarry Famyialto-Haup o5t - - - - - - - - .
17 |Speing-to Homort—& - - - - - - - . . .
|Bwritcan 13 | Frrmowe aluenirum Srimp ring a [ | [ | | [ | | y | [ | ]
10| Exomine/Pholo revealnd surfacss, [ [ [ [ M = n [ n
20 Ramove Cup . m u m a a . u
21 |[Exmmine/Pholo revealed susfecos = u n u a ™ ™ ™
Tachnkues base, contacts, miak - - - - - - N
23} cup, hexport, Soale, ot : - P - -1 -1 -1 1 h—=
24 | Matmlogrephic aneyei, contacts - - - . N - e —— -
Gartosion or arcky evidence? - . - . . R I B |
Pouttions Positione rofative io start of thread @ 12:0 viowed from connector end {sea, insat).
Pra-crimp position 12200 | 1900 | 1100 | 1108 | 1200 | 1130 | 100 | 2Com | 1100 | 1:30 | 11:00
Low point pasiion 1 300 4453 8:00 none none 18:30 9:00 11:00 BO0 -] FTrk 7
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