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Subl: T7P% Danign explanation
Folka,

Hare la & summacy of how and why the 77F8 i1 designed ms it 1a. Ploass Jive
™ ARY COMMMELS Yoy MLGht hawve.

AXLZ,

Read this and usw thy informaticn am you oaw fit, but da not digtzibuts L%
until we all agzes zn tha wazding. .
Regerda.

Bryan
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Attoroey Cllent frivileged Informaticn

. Braka Fluid Inerusian

2510/%9

TI's TTF2 wwikch family ham been speacifically desijned o opecate in an
dncomsElye Braking syscam, The prassure cavity oFf cha awiteh had Duan
cagigned = ssal Brake fluid wnd transmit force 4nd movwownt to the seansing
gottion af the awliteh ovar thae Lifs of the sppllcation.

Backgrouret: =
The preasurx cavi compasad of the bexport, gaskat, and Rapton
diaphragme (Tall ar "saal” on attachwmnt 1.1. The purpoas of Che
quuket L¥ %o pzevide b fluid tight seal betuesn the heaport and dlaphraqos.
The purpons of the Kaptan dispheages is to provide a flszible fluld right
asal bcetwesn the pressure cavity and tha inteinal ceapenants of the zwitch,
Furthexmors, the diaphragms sarw icteodsd %o traoefer pressure ta the
converter, and follow the maivesast of the cCOnverter &5 pCessura in the

FEmaaurs cavity in varlied.

Theca sra two Jdifferant ways :hat bBrake fluld oay sntar Ehe sontact cavicy
of TI'a benke awitchas From the prasaurs <avity., Bzake fluid ceuld
potentially leak past an ispalcsd gesket seal, o leak chrough & dacwged
Kapeon ciapheagm.

The Gasket:
In acder £o craste & fluld tight alastomsrzic asal, thurs SodT ba prepar
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compIesaign of che slastomer, 3.:-filcienc backing of =he seal matarial T2
PIsVARt mavemanc whasl pressura L3 applisd, and Einslly “he aladcosmer acs< o
compatible with che wosking 4luid.

Fluid compacibllicy typlcally eitabliabed by the uze of published zables.
Thaa® tables list Fl1id grours and geaneral matarial types. Lab teating :a
always donms with the¥apecific fluid hat the custopar has aApecified Eor -ha
agpiicaticn slsng Wifh the specific compound formulated by the sslected
gaskat gupplisr. Ecylans Prapylens Ior braks applicakicna la cesmon
precticw chroughout the industey, and T! has besn ysing this material 1o
Praks applizativns since 1344, '

The gaskat corpressian tagget was obtainad from publish industry scandards
(am Parker 9-ring Handpgokl. [n Thid particulaz deaign 4 nominal gasket
compreonion af 24%was sslacztad. The depth of cha hexpert gland shewn on
actachmant #7 concrols this attribute. This glerd dimension is cuc inco cha
haxpart at the time af panufacturing. As & result, this dipensien in
combination with Ehe gadket disensioos datsrmivss the final gaskat
comprasaion whan che sssamhly is crimp together.

Laatly, che movemant/poslticn of the gasket when pressuce-is appliad zuat be
controllad. This demign accomplliahres this by aslacting the qutar diapetsr
cf the gaaket =2 b9 slightly ssaller than the inowr diamstesr of “me guskec
gland of che stesl plated hexport. Therefors, the Raxpect gland pravants
tha gaaket From meving cutwarda when high pradsuze 13 applied to the swikch-

The DFMEA cubtlines tha types oFf tasks chat wape salactad and run ta oonfirm
that all of theass pacatetezs ace salactad cofpactly. The Zmsulting design
whd axposad to tast condlbisns that weea intendsd to duplicats astusl
application conditions, and io same camss go bDeyond Eba latended limice to
fallura. Yas tha DFMEA Documnt ouphar 503734 and customer apescificaticon
ES-FZVC-97924~AA . dpuclfically, burst tsakting, irpulas tescing, and
tharmal cysle tescy wara pacformad bo conflem chat the gasket parformed as
intanded. The opacifics datails of Ehess Easts and the Iesultiy can be Fasn
in & nuzber the follawing FY test raporcs:

Test Raport # TI Switeh Part nurhar Yaar Tonted
1. PafR1/40 T7PMILE-] . 1991
2. ra/sersas TIPILE=1 : 1951
a, 2792048 TTPAL3=1 1992
4. PASIESAG TTrALE-3 1592
5, PA/52/02 TTPSL3-1 1892
‘. PA/93/11 TTESLE-1 1993
1. paS93/40U T17P8Ll-1 1993

In order T& protect TIL's customars frow ganket-pasufactucicg lssuss there
afa asvacal praventative actions in plaos. Thesa acticns includey balr -
oets, protective smocks, and clsaniog proceduzes for the squlpsant

Ax & cesule, Tl's & ratuyn zates, lice fullout rates, and and cf line
AcSMptancs teEt: ty ghaXaE-sarufacturing anomiliss are belaw
measurakle limits than 1 ppii. Gerkec-marufacturisy ancenalles zan be
peodusmi from aut guakmts, cantamination of tha gasket, oi asaling

surfacen, aod aa & resulk, ey csuse leaks early in life. . :

Kapean DiapErsgmei

A prassurs awitch dispbragm must seal the prassucs cavity, transmdt
pressurss foZoes To the coaverter, and follow the comvertsr metlsen withaut
slgnificantly affacting the switch enlibratisn points. In addition, Che
sispheacs makarial sust resistant chamical attack of the brake Eluid.

Basically, n singla pisca of Xapton consists of a 0.003-inch thick polyimide
film lamipabad on both sides with a 0.001-inch thick FEP Teflen film. The
polymide f£ilm has the abllity to stretch without hreaking (struins on the
arder of 70% hefors ruptuza), and the Teflon filw is computible with a wide
tange of chaolcals. As a result of this layszmd constriuctlion, Kapton wae
seliected for ies mechani=al and chemical propectiss. Morsovar, TI has bean

1
THNHTSA 012213



using thia material in pressure awitch applicatiend since 1391,

Te ¢onflem the corract material wan salscted fog thie applicatian wa cwfar
en the OFMEA. Specifically, this docummnc ideatifiss buret Teatoing, ispulaw
cesting, and tharmalgeycls ceating. Thaes tasta canfirmed Eha Kapton's
ability bz muet ths gified rwqulraments 'dae PV papozte licted aboval.
5ince campazaturs, 4 cal wxposurs, and atress lavals a)l affect the lif%s
expsctancy of tha Kaffton diaphtagws, additional testing is commionly done. A
syprzal impulse test would lncluda pressura cyclas te 1450 pEi, sdnetant
camperatars of 133 O, and a oycle rate of 130 gyelesa/minuce. Cepanding an
the factaza liszted above, the lifa expactancy of a TI Leake peesiuce switch
im Arsund I million veles., Sas Life Testing to Failurca [PI/FOR/S14).

In azddition, continued confarmances tasting haa heyn sngeing for many yeara
at TI. The purpesn =f shia tasting ism =% confimm that tha componanca,
eatarinls, and processes hava ramained atabla cvar cime. Sam attached IB
(T ] 8

Khile che similar panufacturing anomelies listad above can affact tha Kapcon
diaphzagms {asa PFMEAR Documantc ¥ 303831}, additicnal facters can causs
laakage viz The Xapron diapbragm. Haterial/chamical coopatibility and
atrass/atrain comcantraticons can aldd Shudw the Xaptésn dlaphragma to leak.
3ae DFMER Document numher 303798, In order to verify tha corract design
pACADMESES Waga ssalactad, the switoh wms Aubjected to 4 numbar of kasta
dasigned to slmulate accalarated Life tsating of the application. 3Jae P4
“raports callad cut abowvae. Lifa tasting par the custconmE ipecification
[E8-FEVC-9F524-AA) ham shown accaptable performancs.

ypically, Kspton Zatigus occurs well ovar 0.3 millisn full-scale presiuce
gyzlax. Whan Kspton rupture does wcour, there are visual aigns of
da=laminarien, cracking, and ambattlement. Tha Eapton didphragms break down
firat in the armas of highest avzads and of SSrpin. The ILESC XATLlORn C& Show
break down is The clircumfersntial arge surrounding the convact#r button. Sew
Endurance Tast (raport § P5/90/531. Aguin, diaphraqm llfe depdnds on stzess
lavals [pressura magnituda applisd}, tsopezature, and chemical aEpoaure.

Tha above munticned teats were conducted in TI'a Lile Taxt lab with
ealatively cortrzolled conditionw. Water will accelerats tha aging of tha
baaw polymids. Chemical sctach can oo from two directionnm

1} By snturing thw Sontast caviky via tha connactor,

i} By baing Ln solution in che bBruke fluld snd snteripg the switch via
the prassurs port.

¥hen watezr sntazs the connecter it wWill "aqu”™ tha Kapton diaphragqos and make
tham Appasr a8 though thay bava radched the apd of life. This condition
lwaves visusl cluss. Clamsic aigoa <f chesdcal astack of tha Kaptan Lznoluda
de~-lamination of the Twflon from ths basa polymids base, asb=iEclemant, and
crackiog af tha h-'tly-:. Sse Enducance Test (capact PASINSSD) .

End af DocumanE. ‘jl

Loaan—e— -
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Subject: RE: 7T Disphragm wﬁmm-umﬁu’ﬁm I'#Iil.lll ”
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Tha balow 7728 Dlaphragm Wear Out Causa & I!!ut qu:u ia fyi, asmmants.
.1

1

<<Ford 7794l1.ppit>>

Til Watt, CRA, magid) w02; mall statien 12-13) page (3CA)336-1010, ao.
(085S ' o
ph 1308) 238-1719,
fax (506)236-3154

Fzom: MoGulick, Andy

Santt Wednasday, FPabruary 10, 1999 335 ™

Tar Eaumann, Rusa RUON) Dlm.r Brysn

Cay Beringhause, Stevan; 'Rakman, Azks 113" Watt, Jim
. Bubject: RE1 77ES Daalgn axplanation

_Attornay Client Friviluged Information

. overall, an-cutstanding decument cdraft. 4 made & nunber of
changas and 4R &n caliback to diacuxs my thw:hh.

_ i think it might be of value to discuss weibull suocess Eactor
proisctions from the 'aillions" of 'e8' East resulta we mist have? we
sheuld aleo apuak €& tha thuaderbird spplicaticas 7 saybs refer to tha
sconoline iasue. of '93 wich ocnnector ilasums 7 S :

v Teedd . polie -SUNBMLY SEAtaRMnt aa Eo tha -ud:l.nu of this
documant......

a , .
AUTCMOTIVE BEM3ORS AND OONTROLA QRA MANGER
34 FOREST AT MWS3 23-0%

ATTLERORD, WA 02703

TEL : (508} 236=-30M)

FAX : {508) 2386-3745%

RAGE: {RO0) A87=-3700 PIN GO4-2044

From Dagud, Bryan
Santi Wadnesday, Februacy 10, 15999 1:14 EM.

Tan Baypanny, Rusa RUSR
i+ H Becinghausa, Stavan; Rabman, Azir :Ih HeGuizk, Andy
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- Folka,

Heza L5 & summpry of how and why the TIPS La designed as it
is. Pleass give me any cooments yeu might have,

Axiz,
Road Ebia and ume the informabion as you ses fit, but d¢ not
distribute it unmtil wa All sgraw on the wordiag.

: - Ragards,
¥ _ Bryan

o ke ol ok e e o o e o e i e e e e e e el e e e e vl ol o e il e e e e e i e o e o b e ke e i e o el e e o e o o ol e e i e i el

-F Attoarney Clisnt Privileged Informaticn

Brake Fluld Inkrusian

2710799

TI's 7783 awitch famlily has pess spacifically <esigned to
opescats in an sutomative braking systes. Tha pEsssura aavity of the switch
bay baan designed ta swal brake fluid and tramemie forse apd moveemrt te the
senslng portion cf the switch ovar the life of the 300,000 cyclae
spacification which in tugn trasiatas into am aickeical switching resction
ussd in cthe automobile systam aa a redundant safety ﬂlltld eruise conteol
shutof? switch..

Background)

Tha preassurs cavity is composed ol the hexport, gaskat, and
Kapton diaphragms (Called ouf a¥ "seal"™ on sttachmant 1.). Tha purpoms of

- the gasket is to provids a fluid cight seal betwesn the hexport apd

disphragme, The purposs of the Kapton diaphragms is to provide a flaxibla
fluid tight senl betwwen the preasurs cavity and the intsgnal componants af
tha switch., Furthermors, tha diaphrages ace intended to transtfer pressuca
tz tha zonvertar, and fallow the movemsnt of the convesiar & predsuzs in

| tha preslurs avity ls varisd.

R e LRCCT

? There ate twy different ways that brake fluid may enter the

: contact cavity of TI's Brake switches from tha pressurs cavity. Braks f£luld
could potantially leax paat an impeirsd gasket ssal, or lsak thesugh a
cdamaged or 'worn out' Kapton diaphragm.

i | Tha Gaskat:

i ‘In ordar to craata a4 fluid tcight alastomeric ssal, thers
oust be proper compressicn of the slastomer, sufficient backing of the asal
macerial co presvent movemsat whan prassure 1s applisd, and finally the

L : elastomsr must ke compatible with the working fluid and asxpected Cheimal

i zangas of the sovironment and applization.

L

Fluid compatibility is typlcally Iltlhl.!.lhli:l by thm usa of
published tablew. Thess tables list fluld groupa lnd zal matazlal
types. Lab tassing is done with the spasi 1u i.'l. at the custoRer has

_ mpecifisd for the application along with the nplci.ﬂn oompound formulated by
the aalacted gasket supplisxr. Ecylene Propylene for bowke applicaticpa ia

" sopteon practios thtmhnut the induscry for ssal gaakst materials , and '!I
han bewn usitng this waterial in beake applicaticns since 1588,

The guaket comprewasion target waa obtsined from pubjish
industry standards {ase Parker O=ring Handbook). In this particylar deaign
1 naminal gaskeat comprassion of 24%was sulected. The depth of the hexport
gland ahown on artachmant §2 controls this attribute., This glend dimension
is cut into the haxport at the time of sanufactuzing, As a result, this
dimension in gembination with tha gasket dimsnsions datermires Eha final
guaket comprassion when the azsembly is crimp togethac,

ol

Lastly, the movement/positlon of the geskat when pressilcs ia
applisd rust bs controlled and restrained. This desiqn accomplishes thim by

TI-NHTSA 012286
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ag\yoring the suter dismeter of che gasket to be slightly smaller than the
ingarc dismater of che gasker gland af cha steel plated heaxport. Therwforas,
the hexport gland pzevanta the gazhet from moving cutwards whan nigh
pransuire i3 appliag to .che switch, . - '

Tha DPFMEA oytliras the Eypas of Easts that wece selected and
cun tn confirm that all of thess pazanwiacs azs salscted corgectly. The
ewiulting desiqn wWay exposad to test coaditlions that wers intended te
duplicate actual spplicaticn conditions, and in wogm oases go-bayoud the
intended limits to fallura,  Sea. tha DIMEA Cocument nuxbar 303794 and
customer spdcification ZS-F2VC-SFE24-AA . Spacifically, burst tsacing,
impulss testing, aod tharmal cycle testa wecw pacfocmwed Lo confiem that the
guskat peczfazmed as intended. The specifizs datalle of thess tests and the
easults can be Jaen iln & supber tha follawing PV tast repores: '
Tuat Raport - TI Switch Pact numbec Year

Tasted o

1. P8/81/48 T199L2-3
1391 S

. PA/9I/AD TIpaL2-1
1591

3. PA/92/AY TTP¥L3~1
1992

. 4 P3/92/00 T7ESLS~1

1992 T
' 5. B3/ad/ud TIr8L3-2
1992 ' _

6. PA/93/1I1  TTeSL6-1
1983 :

7. MA/9TIA TTRaLA-1
1993 '

slso, theze ace IP=2 tsats of 6/93, 10/98, 1796 axd 8 /98
that are rendily at hand and show fluid oapability realstancas

In crdar to procect T1's customar supply chain from
gasket-manufacturing issues there are savaral prevantprive ascktions in pleca.
Thesa acticnas ipcluds: hair naca, preotective smocks, and clesning procecuzes
for the aQuipoent _

Az a result of the proasss snd product centiels, TI'a
cuntomar rsturn rates includiog line fallout rates sod snd of line
acoaptance teasts indicate gasket-manufactubing ancowllies ars bDadow
owasuzrable limita iona leak ceturn in 3 yeazs frow Bpater oylindar laak

‘tamting or lass then 1 ppal. Gasket—mamyfacturing snemmlisd can be produced

from out of spec gaskets, contapdnation of the gasket, or ssaling surfaces,
snd as & cesult, may gavas laaks sarly Lo Life but in our supert cpinien net
iz late life without amrly lesk sigrns.

Kapten Dlaphragae: _ . .

A prasaury -switch digphraga et sesl the prsasure cavity,
trapsnit pressuras forass to the convertar, and follow the convertat meticn
without significantly affecting the switch calibiation pelots. In sdditien,
the diaphragn materisl must ba rasistant to chamical attask of tha braka
fluid. : :

Basically, & singls plece of Xapten in this desiqn conaists
of & 0,003=inch thick polyimide film laminated on both sides with a
0.001-ipah thick FEP Taflon f£ilm. The polymide film has-the ablliity to
stretch without breaking {stzeins on the ordar of 70V bafers ruptura), and
the Taflen film is compatible with a wida range of chemicale. As & Eesult
af this layarsd censtructicn, Kaptoh wia selactad for its mechanical and
chemdenl propeztied. Mareover, TI bas bewn usipng this oaterial in a widse
variety of pressuze wwitcoh applications since 1381. R B

Ta conflrzm the asorract matarial was swlactad Zor this
3 THNHTBA 012286



apmlicarion we Cefer to.Che DEFMEA. Specifically, this document ldentifies
bursc tesring; itpulie tescing, and thacmal cycla bascing. Thess Cesza
cenfizmed =he Kaprten's capability to meast the specified réqulcesents (ses BV
reports listed above). Alnca Camparatuze, chefical axpasurzd, and stceas
lavals all affect tha life axpectancy of tha Kaptec diapheages,  additlonal
tenting Ly . commonly doms. A typlical impulas tast would include prassure
cyclea to 1450 pal, constant tecparaturs of 133 C, and & cycle rate of 120
cyelan/minuta. Depsnding on the factors listed above, the life szipsctancy
af & TL braks pressuce awicch 1g areund L million cycles which iz well above
the 500,000 oycles apesifled in tha Popd (E4-FIVC-$T924-Ah) den Lifa
Testing to Fajlure (PA799/14),

L S

In addician, zontinued conformance testing has besan ongeing
for many yeaes at TI. Tha purpesa af this tasting ia to cenfizm that the
cofponants, satarials, and processsd have ramained stable over time and that
the design intest is consistently being achisved. Sae attached 1P raporta.

- =i

Wnile ths similar manufacturing anomaliss lisced above can
affact tha Kapton disphraghs {(ses PPMEA Docusent § 503431), additional
factozs oia causa leakage via tha Hapeon dlaphzagm. Matarisl/chemical
compatibility and atress/strain concentratliond can Alse cayas the Kaptan
diaphragma to laak, Jey DPMEA Document nusher 503786, In order to verify
; the dctrect dealgn paramAtars wars salected, the switch was aubjectad ko a
; o nimbay of tasts designed to simulate accelscated life tsating of the
applicatian, 3Jea P4 reports called cut sbove. . Life teating per the
customar spaclfication (ES=-F2VC-9PS24-AR} hax shown acceptable performance.

. Typically, Kaptan fatigus cotucs wall ever 0.3 millien
full-sacala prassurs oydles 1o our history of simulatsd and acoelerated life
tasting. When Faptan rupture doas occul, thars are visual signs of
da-lamination, oraoking, and exbritlesant. The Xapton diaphragme braask down
fizet in the arwas of highast streae and or straim. Iu our expert opinion,
the firat region te show break down is the circumferantlel wzea surrounding
the convarter button. Jew Endurance Tast (zepert ¥ P8/98/53). Aguin,
diaphragm lifs depands on stresd levels (pressuze magnisude applied),
tempazatuce, and chamical azposure. :

_ The above menticned tests were conducted in TI's Life Test
lab with relstively contrelled conditlons. Water will scealsrats the aging
o¥ the basa polymide. Chemical attach can come frol Cwo diractiona)
17 By sntacing the contact cavity vwia the slectrical

coRnectar, .
2) gy being in selution in the brake fluid and entering

tha switeh vie ctha pressurs. pozt,

_ ‘When watar snterw the connactor it will “age"™ the Xapton
diaphragms and makxe thew appanr &8 though Chey have canched che and of life,
Thiz conditicn leaves vieual clues. Classic sigqna of ahemical attack of the
Kapton includa de-Jaminstion of the Teflen from tha base pelymide base,
uh::l.iﬁ:].umt, and eracking of the baze polymar. See Endurance Test {rwport
BPE/90/33) ., v

End of Documant.
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Yroprietary [iformation

TIeR overview
2710599

TI's TIRE mm Exnily bas been apacifically dSasigned to operate In A5 auEomccive
braking sysitem,. T prasgurs cavicy of ths mitelh has basn designed o swal braks fluld
and trangmit-presijuie apd movessat to the swnalng poction of tlll swltch over the lils wa
cdafioed. in rud E ﬂm—!ﬂn-.\n. .

l.lﬂh!'lﬂl.ﬂlll
The poensucs =avity is compossd of the hwnn-';:lhh And thres Kapten TH
diaphrages (oulled ouwt ag "esal® on abtactmant 1.). pucpons of the gasket im to
nnvu--nuunmt-mmm £t and che diaphragie. ‘The pucpess of the
l::ﬂ:nﬂldhmuum s fluld Eight sesl batesen the praasurs cavity
the internal componsmts of the switoh. Murctheshoxe, the diaphragms axw inktended co

" eransfer prwdmure t3 the sonvertez, and follew the oovemsc: of the convwrter o) pnuu.n

in the pressurs cavity 'lhl.'l.h .'I.!.n.i pressuze] is varisd,

Twa TN wayy 'L'-hlt bzake Eluled may sntar the con.agk sewity of TI's beaka switchas
from the pressuce cavity ace 1. brake § wuu pnhllthur J.n.l past an iopelced

TINHTSA 012209




A

gasket sasl, ar 2. laak throogh a damiged or 'worn cut' Kapten THM dlaphzagu.

The Gazket: .,

In ordar to oceate & Cluld cight alastomeric meal, thezw must he prapar eaq:uum
of the elastomar, sufficient bucking of cthe saal matarial Eo prevent movessnt ohan
prasgurs is applied, and finally the elastomsc sust be coopatible with the werking fluid.

Fluid compatibllity i» bypically sstablished by tha use of published tables. Thade
tables list fluid groups and ganaral macarial typas. Lab tfaeting is slwveys donw wikh tha
spaciiic fluid that the costomec bas specified for the applicacion alang with the mpeoifio
compauned formilated by the talectsd gadkst supplisr. Ethylens Propylanas .for braks
applications is commen practices thiosughout tha lodustey, far seal ganket nll:ul.ll.l, and TL
kag bsan using this waterlal in braks applicatiacss sipsw Llll .

The gaskat cosproession targer was obtaioed fram puh:l.l.-h .i.nd.ur.:-r standardy (san
Paciar O=ring Hardbookl. In this pefticdlic design a romisnl gaskec comprsasion af J4iwan
sdlected,. The depth of the hwiport gland shown oo attachmene 82 controls thia ateributs.
This gland dinmnsion is cut into the haxpsrt st tbe time of mapofacturing. As & fesult,
thia dimegsion in cexbipatlien with Ehe geskat dioensions determioss |=lu| final ganket
compraisico whan tha I.n-h.l.:r in ::l.-»-:l Eogather.

Lantly, the movessnt/positicn of the gasket whes Praspuim is applisd musk be
contrplled apd resGzaiosd. This design accamplisbes thin by smlecting the outer diamatar
of cha guaket s ba slightly mmaller than the inner dimsetar =f the gaskat gland af khe
atwal pluated banpoert. Therawfors, the hmxport glacd praveats the quakst from moving
outwirds when high presscre La spplisd to the suitch.

- The DFMEA outlinas tha typas of tastas that wers salactesd smd ran te osnfirm thak ail
of thess piramstars ara salucted corractly. Ths resyliing desige was axpoasd to Ceat
conditions that wexe intanded to duplicace actual spplicaticn coaditions, amd in somwm
capi go bayond tha intesded limits to fulluyrs. 3ae the DFMEA Docuoent numbar 3037TH and
custopar specification Bi=FIVC-ITRAi-AN . Spsvifiomlly, buist besting, impulas testing,
apd tharmal cycla tests wern parformed to confiom thet the gusket perfocemd a8 lntendeid.
Tha spanlfioy detmils ef thass cests snd tha resulbEs oan ba samn in the FV teat repost

numbyrs liveed balows |ocopies can be previded on regosst) .

Test Repoct §  TI Switch Pact number Yeur Tasted.

1. PE/9L/43 T1RALd=3 1991
2. FE/HLIAD TTHAL2-1 1991
1. 1S/02/49 TIMILI=1 1992
i, B/R/m THaLE-T 1942
B, M/92/02 TTMIL3=1 T L]
6. F3/33/11 Trad-1 1593
7. ME/ANSAN TINEEd=1 113

Sasket-manufaccuring anomaliss cam ba prodused from out of spec Gaakets,
coctamination of the gueket, or OANKETssaling surfacss, aod ms & cesult, may cwoss lanks
aarly in lifs.  In apdar te peatact TT'a cusbomar supply chain from gaeskst=-manufacturing
lssuss theze siw several preveotative sckionas in plasce. Thess soblons inolodes halr ek,
protestive mwoks, and clwaning procsdures for the -qn.l.plnt. TI's custamay LatULn Caten
indicatwd by paat rwtuen and soslysis cecocds ace less then I ppet lona leaker return in 2
PERES fﬂl mavter cylioder laak testlng). -

Eaphon TH Disphragei .
A prasmure sidtuh dispbragm oust sewl the prassurs anvity, Ecanamit aura foraas

" te the ssavertar, apd follow the convarcer wmotion without sigunificantly affectisg the

switeh calibratico points, In addition, Che diaphiags matserial most ll. Essistank
Toohemical akeaak BY the brake fluid. .

In:.:l.l.'l.r. a single plece =f Haptem '.'.Ii in thin deaign ml.ln of & 9.003Lipeh thick
polyimide film lwrinated on both aides with a D. d9Ll-inch thizh FEP Taflon film. Tha
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pedyiids Ellm has the abllity bo stretch witheut brasking (straing on che srdar of 704
bafore rupturem), and the Taflon filo iz coapatible with & wids' cenqgw of chemicals. As a
ramlt of this laysrmd constrmction, ¥apton TH was selectad fet ics mechanleal and
chemical properties. MWorsover, TI bas basn uslng this macerisl in pressuce awitch
spplications since 1931, In this applicavicn thime sticked Mapton TH lays:s wete used as
tha disphrege nanl, : o

Te qonfism the correct saterial wni welacted for chir application we refer =9 the
DFMEN, Sparifionlly; this docymsnt identifiss burat Cestikg, ispulss testing, ind tharmal
cycla tamcing. ' Thass Eescs confirmed the Kapbton's W abilicy to meet ths specifisd
réfuizements [PV ceportd listed aboval. Jince tespepacure, chamical sxposurs, dod -sCcass

- lutmls all affect the life sxpsctanay of the Rapton TN diapnragoa, additicnal tasting ia

coponly dens. A Eyplcel impulse Eest would include preassurs cyclew ko L430 pui, oonstant
taxparature S 138 C, and a ayale zawe of 120 cyclea/aiouns. Oepanding on tha faceacs .
listed sbove, the lifa wupeotency of & TI Druke prazsues ewitch is around 1 million cycled
which is well abave the ECD,000 cyales spacified in the Ford specification [Ea-FIVC-9T79d4-
ARI: (3um Life Tasting to Failura (PE/9RS14FI : ] .

In sddition, contizusd conCermance Cayting has bees ongolng £3r Duby ysazs at 7TI.
The puspors of Ghin bsating is &0 confirm that the componanty,- paterials, and procasass
hava remained stuble cver Cisw and chat the design intent is 2essistsntly baing schisved.
Sea attnched IF ceperte. : :

Maruiacturing 4 PV ancmaliss such as pinohed Kapion TH can affect the Kaptan M
diaphraqn seal parforssnce (sea PINEM Desassnt # 503031). Results of tha snalysed of the
RERSEUES awicch from Tennessas showved cyutvied oacks on tha diaphragm that mmy have besn
aiupad by 4 pinabhed Xaptoa ™. Hateris)l/obémionl coopacibility aod strsss/etzain
coligententions can alag. cause the Kapton TH diapbragow to laxk, 32ue DPMEA DOoUEERt Auspar

303798, Im oniszr wo varlfy the oorzeck daslgn parmpetacs wagpe salscted, the wwitch was -

subisated to a number of Ceatd deslgoed to simclate sccalapatasd life testing of che
applicatisn. Bam M :-:-rn ealled suk showve, Lifa ceating par the customer
wpacificetion [(ES-rive-Sr¥Zi-Mal sas ghown agomptahle perfozmapcs.

Typically, Eem TH fabique acours wall ower 4.9 million full-semla pemamice cycles
o out histocy of o tod and accalscated 1ife twsting, When Kapton TM Catigua down
azcur, thers are visusl signs of de-lamination, craghing, ard embrittessnt. The Kapton TH
disphragms brask dowm fipst in the acess of highest stress apd or stzain. Typically, tha
fifpe cegion ko ahow break down id the alrcumferwntial azss surzounding the -ocouvesces
buatton. Jwe Eodurance Test |report § FE/98/33). Aguin, disphrugm life depsnds on strass
Lavals' ipressure sagnitude applisd), tespatature, ad chemical exposurs.

The abovs senthued testa wars conductwd ip TI's Lifs Tast lab with selatively
capteglled copxiitions. Witer ham bean shown to accalerats eha aging of the bass polymids.
Watex guan ba intoeduesd 1o e known wayes ) g ) '

11 ¥ sabaplng the omteot cavity via the slactriza} Sonpsator
2} -8y being in wolvilon in the beshe fiuid asd emtering the switeh via bhe pressurs

poTE.

" Wham watar eatars the congector it will "squ” . the 'l’lpl'.ﬁn; M diapheazus apd make Eham
appaar As though they hawve reached the end of lifs. This sondirion lesves visual cluas.

‘Cluasia signs of chamical sttask of the Eapten. ™ ipniods de~laminaticn of tha Taflen from

thi buse polymids bass, embreittlsmant, sod ceacking of the base polyws. Sea Eodukanse
Test (capolt M/H/5Y). ’ ' :

Authofed by Byyws Dague. Call Andy Medoirk (308) 216-3080 or Bryan Dagus (504! 224-
M with questions. )

Bruka Fluid Intrusiom Appetdix

1. rmim BWitcshk Crosa Bactiso
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2.
3.
i.
5.
fi.
T.
'_l
5.

.Haxpart Brine (TI ¥ 36300
Gashat PFrint (TId 74353)
DENEA for Gadket and Xapeon Seal

Life Tosat =2 Failure Tast Rapact (Welbull -Analyais)

Customae Spacificatins (E3-FVC-9r92d Al
PIMEN

IPF Tant Raporks

Enducanse Tast Report
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..'nr_li Pat ' . '.

From: Btrmclnmr.. Steven [sberinghauseZemail.me.ti.com)
Sentz Thursdey, February 11, 1999 9:10 AM

T Sullivan, Martha

Subjest: FW: T7PS Overview

;;;;:----alqul, !ryin.

Sent: Thorsday, Pebzuazy 11, 1995 B: 48 BM
To: Baumann, Ausawll; Beringheuse, Etwven; Raboan, Azic) Meduirk, Andrew
Sukd mek: T798 Dvarview

Guys,

Hera 13 the finlal draft. Azlz to dellver to the customer??
Fledss sdvise if I need to 2y 1t 29 xodahe.

I an having copias of tha appandix mecdes today.

Regards,
Bry

LR L IR AP I S AR IR R LR YL LNl IR R LRI Il P ST E XL T S LNy R L R g Lo R gr g yapr
LARL AR L LR AR N LY LRt LLR LS R]] ’ '

Propristary Information

1788 Ovarview
2/10/59

TI's YTF5 switch fanily hes bean specifically dasiqnad to oparats in an
autopotive Draking Aystem: The poessurs cavity of the awitch haa bawd
designed to seal brake fluid prassurs and transmit prassurs and apvemant to
th; sunatgg portion af thae switch oyer the 1ifs am daflned 1n Tord L3
=FEVC-9F2d <Ak, :

Background:

The presjurs carity ls composed of the hexport, qaskat, and thres Eapton T
diapiiragms {called out 4 "seal”™ on sttschoent 1.). The purpase of the
gaakat i3 to p:n‘idi & Pluld tight swal Detwean the Yhexport and the
diaphragns . purposs of the FKapton TH dlaphragms is to provide a
flaxible £1uid tight weal betwesn the pressurs cavicy and the internal
componanta of the switch., Furthermors, the diaphragma sre ingendsd to
tranefar pressare to the convertar, and follaw the movemant of the convertar
as pressurs ln the pressura cavity (brake Lins pressure) 13 satled.

Twe kNcwn ways that braks [luld may snter the contect cavity af TI's braka
awicches from the pressurd cavity age 1. Drake fiuld could Ieak past an
impaired gasket Sedl, or Lli. brake fluid could leak through & damaged or
*worn out' Kapton TH diaphragm.

The. Gasket:

In order to creatce a fluid tight slastomearic seal, there muat be propec
compeegdlon of the slastomar, sufficiwnt backing of Che slatomwy Eo pravant
mOvement wWhan predsute s applied, and finally cha slastoper must ba
compatible with tha working fluid. :
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rluid :ampa;;n;;i*y 28 zyplically warablished by cShe use of published =ac.ay.
Thems tables Liss Iluid Jroups and ganeral material types. Lab Lasting L§
always done with the apecific fluid that the Sustomer Bas spacifisgd £or ihe
applicaticn along with the spacific compound formulated by ehe selacted
gqasket supplief. Ethylens Fropylane ia used in the 7795 anc is ftandard
throughout the industry for assl gasket marerials, TI hag basn uaing this
mataridl in breke applications sinca L#6.

The Jasket cosprasaion target wad obtained from published industry standards
{ame Parker D-ring Hardhook). In this pavreicular design a nominal gusket
compression of 2i%wam selacted. The depth of the nexport Jland shown on
attachmant #2 coatrols this actrribute. This gland dimenyion 13 cut into the
hexpart at the time of manufacturing. As a result, this dioenaien in
combination with the gasket disansiona datarmines thl firal qalkit
comprasslon when the aasembly ia crioped together.

Lastly, the movemsnt/pozition of the Jasket when preftsurs 1 Aappliasd must ba
contralled and reatrained. Thin deaign sccomplisbey this by seleacting the
cuter diamater of the gaskat to bs slightly smaller than Ehs innwr Ziametar
of the gasket gland of the atesl piated hexpert. Thereforw, the haxport
qling pt-:-nﬁl the gasket from woring outwards when high prapsura 15 applied
to the awitch,

Tha DFMER sytlines the eypas of Easte chat wars sslected and rum o confimm
that all of these paramaters are salscted correstly. The resulting design
WAy sxDoasd To teat condlitisos that were intendsd to dyplicats actual
appllcation conditions, and in yome cpses Qo bayond the Llntended Limits ro
failuyre. Sew ths CPHEA Oocungnt number 303794 and customar speclificacion
ES-F2VC-3T24-pA . Specifically, burst testing, iopulse testing, and
tharmal tyole testy wars parformad to confirm that the gasket peazformed am
intended. The specific detalls of these tasts and the results can be sesn
in the PY test report numbers listed balow: {copiss can ba pravicded on

et .

Teat Report # T1 Switch Fart nuxhar Year Teated
1. B2/91/498 TTFSL=-23 1931
£. FE/F2L/49 TTPSL2=-1 19%1
3. F3/92/49 TIPSLA-1 19%:
q, TRSRE/N0 T1P3LE=2 1593
5, PR/92/782 TIPESLA=1 1993
g8, PA/33/11 TIEsLE-1 19
7. FESBII4U4 TIFSL4=1 1983

Gasket-manufacturing anomalies can be produced from cut of spac gamkata,
contanination of the gaakat or ssaling surfaces, acd am 2 cesults, may ciusm
l=aks wariy in lifds In ofder to protect TI': cuatimer supply chain frox
gaskat-manufactoring iwsued cthars are asvacsl prevencative acticos Lin place.

" Thesa actions include: halc nats, proteactive smoski, and clssniing procsdurus

for the squippeant. TI'S Custchmur retuzim ratea indicated by past saturn and
analysis racords are lasw then L ppo (one lasksr zsturn in 3 yasrs fzon
naster oylinder leak tasting).

Kapton TM Diaphragma:

. b pPrassure switch disphzagn sust illl the prassurs cavlty, transmit presiucs

foreas Bo tha converter, and follow the convertar potlsn sithout
significantly affectiny the switch calibretlen pointa. In addicion, the
diapghragn matezial must be zesaistant to chemical attack by the brake fluid.

Bawically, a slngle plece of Xaptaon ™ in this design consista of a
0.003-ingch tnick pelylnide film lamingted on bath aldes with a 0.00l-inch
thick FEP Teflon flln. The polymicds film hatlthl ability to atretch without
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Fraskzny asgreina 3n the crosr 5f TOV oefsre cupturel, and the Tefloa dils
14 zonpatiDle WITR A4 Wiie range of chemicals. Az a resule af chis layeres
TanscEudsian, Kapean T wad Aelected L£2f iTSs dwechanlcal and chemtcal
propearies. Mozeower, TI has bewsn oring this material in preassure switeh
applications zince 1991. In this application three stacked Kaptan TH liyarca
wars used as tha diaphragr sasl.

To confirm the corrfwct material was 2alacted for this application wa refer
to the DEFMEA. Spaclfically, chis document identlifies buzrst teating., impulye
teating, and tharmal cycle testing. Thaze Sasts confirmed the Kapton's TH
ability to mest Che specified requirements (FY raporta listed abawe). Since
tamperature, shsmical sxpoaurs, and Stresa levely all affect che Life
expactancy of the Kapran TM diaphragms, additisnal tssclng is commenly done.
A typlcal lmpulys tast would include prassues cycled to L4%0 pai., constane
tapparature of 135 C, and » cycle zate of 120 cyclea/minuts., Owpending on
the factors lListed abave, tha Lifs axpectancy of a TI braks pressucs swlteh
©an vary, but typically is around ! million cyclea which is well above tha
00,000 cyclea spucified in the Ford specification (ES-FRVS-9F%24-AAl. (Sae
Life Testing o Falloes (FE79B/1401 _

In addicien, continued conformincd testing his been ongelng for many yesara
at TI. Tha purposs of this tasting is to confirm thar tha Sonpenants,
matyrialy, and processea have resmalined stable over time and that the design
intant is sonsisteantly being achlsved. Ses attached I[P rapores which .
confiva L00% succesaful passing &f all testy defined in the spesification.

Manufeeturing & FV snonalise such as plnched Kapton TM can affscr the Kapton
TH cisphrage sesl performance [ses FEPER Documant # 30363l1).
Matarial/clwmical ceppatibillty and stresa/straln concantrations can also
cause the Kapton TM diaphragms to fatigue. G&Ges CFHEA CDocument number
503796. In order to verify the correct detiqn paraowtars wers selsctaed, tha
awitch was aubiected to 4 nuxber of tests deslgned to wimulats mcoelerated
Lifw vasring of the application. Seae PS5 reporta callad cut abovwe. Life
taasting per the customer Apwcification [ES-FIVC-S9FS24-AR] has ahowm

accaptable pacformancs.

Typically, Kaptan TH fatlgue osccurs wall ovar 0.5 milllon full-scalw
presaurs cycles in our history of simulated and accelesrsted life besting.
¥hun Bapton TM fatigue doess occur, thers are viscal signe of de-laminaticon,
ceacking, and ambrittensnt. The Kapten T diaphrages break dowm fizst in
the arwas of higheat strass and or atrain. Typically., tha firat region to
shew break dewn is the clreumfarsantial area surzcunding the convecter
butten, See Encdurance Test (seport # BS/92/331. Again, diaphrage life
depancs on stIesy levela (presaure magnitude applisd), temparature, and
chamlical exposure. The above aenticned tests wara conducted in TI'a Life
Test lab with relatlvely controlled conditionm.

Water has baan shown to sccelsrats the aging of the bass poalymicds. Nater
can be introduced in Cwe Xnown wayis:

1} By sntaring tha conkast cavity via the slectrical connector
23 By being in solution Lo the braks flulid and sncering the switch via

the preasuce port.

Nhen water anters the connector it will "ags”™ the Xapton TM diaphragqma and
rake them appésr ad though they have reached tha snd of lifa. Thia

‘congdition lmaves visual cluey. Clasaic signe of cheploal attack of the

Kaptan TM laelude de-lamination of the Teflon from the basw polymide base,
spbrittlement, and zracking of the bass polymer. See Endurance Test [rspost
PE/98/51).

Aurhored by Bryan Cague. Call Andy Moguirk or Bryan Dague with cquestions,
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TIPS Quarcvidw. AFpEniLX

1. Pressura 3witch Sross Sestlon

2. Hexporc Print (TI » 38900

3. Gaskst Print [TIF T4253) _

4. DFMEA fior Gadket and Hapton Seal

§., Lifw Text to Failure Test Report

{Heibull Analysis}
' G, Customar Spaciflcation
(EI-TRVC-9F324_AA)
: T. EFMER -
8. 1% Twst Reporca
9. Endurancea Teat Repork
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Epetain, Satty ' _ | f

From: Mnﬂuil't Mdﬁmqmmmﬂ mﬂm[
Sant: hursday, Febiruary 49, 1680 12:08 M

Ta: : M. AZIT: Baumann, Russ

Subjact: : TIPA Overview

ATtosmay-slianc plilﬂ.llﬁ'ld communt ot lon

AADE, .. WE WARE to Jo.an record. agaln that wa have glven Eurtherc consideratisn acd s=:l
belisve that the use of & normally open calay upstyssm would ba & qood way to rasolvg =
aanceEn, wa want to sas us taken ocut of the ilwayxs pmnd S1ECULT 42 wa think ""I.ll:
would ba & gond bamio design practics

AUTCHOTIVE 3ENICORS ARD CONTROLI QRA MANGER . .
34 FOREAT 5T M/5 13-10% '
ATTLERORO, MA O0Z70] . . i
TEL : (%08] 236-3080 . .
FAX 1 (40m) 236-3T4%

PAGE: (BOQ) A57-3700 PIN-E04-3044

Fromi - Rahman, Azix

Santi Thueaday, Fabruarcy 11, 199% 31Z:31 I'Ill

Tal MeGulrk, Andy : )
Sublest! RE: TT#3 gvacviaw . ' I|

If you ars talking about the nermally opeo rélay upstream =f the swikeh, a.qeadv
rqviswad chat with Frad on Day 1. Ia the de-electric circult you ace Salking abous ‘.ﬂw

LATE rql.p Appraach, aor somathimg osaw? - _ I

From: Hﬂuuk, Andy i
Sants Thuraday, Tebrusry 11, 1999 L1:09 AN .
Tal Aahmpn. Azlk

Subjeckl AEi TIPS Cvecview

Importance: High .

about dalivazy of l naw latter mbaut tha switeh d--ul.“tr!.u .

lLata talk

cl.:t:u.i.t pEapoEal we
AUTOMOTTIVE SEMBORE ANT COHTROLA QRA MAHGER

24 FOREAT

TEL 1 1208} 234-30M)
TAX 1 (508) -236=-37T48
E‘AE!.: (400} 487=3700 JIN 804-204d

o —

Feom: - Raloan, A.:.t: .
Sant1 Thureday, Tebgaary L1, 1939 11101 BM '
Tat Baumann, Ruse; Betinghause, Staven; Megulzk, Andy) Daque, Bryan

fulbjacts RE1 7773 Qumgview - :

Tham,

Thanks for the info below. I have ceviswsd tast cepoxt 98714 with them and
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#All zeviww :his infs at cha next opporzuns Tlie. .I will et Yoy Know 12 I nesd a 'h.;::l;
capy.

Fzom: I:.lg-u-.. Heydn

Sang: Thuraday, Fsbruary 11.. 1999 8148 AN

Tor Baumpnn, Ausaell) Bacinghausa, Stlm; Raban, Afiz) MoGuizk, Andze
su.hjnr,: TTES Cvarview

uys,
.Hn:n 13 the finisl d.uﬁ. AIl: o delltver tao tha “ustapgr??
Fleaazw advize Lf I need to fax ir ta scmona,

I am having coplep o9f thm .m:;d!.: 'mh tadlf.

Anga s,
ncy

EI RS L LIRS P NLE L EEEEE R LI EL R L AL R T 1 L b Ry L S A e oy PR S P php A e
LT P T LY T LY T )

" Froprietary Informatien

T793 Ovacviaw
/10799

TL'a 7TH2 n-.l.:ch Sanily hax been speclfically cesigred to cparate in an
automotive braking systym, The prasyure cavity of thae switch has Basn desigqned ta zaal
braks fluid pressucs and cranaplt pEassuss anid poversnt 50 the sepeing poztion of tha
switch over tha lifs az dafined in Ford EJ =FIVC=-STSld=pa..

Sackgeound:

The peensuce cavity iz soopossd of the heipore, gazket, and thrae Kapcan )
diaphregms (called out as "esal®™ on attachmant 1.!. The purpods of the gasket im to
peovide a fluid tight ssal berwsen the hasport sod the disphzragns. The pucposs of the
Kaprsa TM diaphragod id to pravide & flaxible fluid cight ssal betusan the prassuce cavil
ardd Ehe LDTeinal coipponanta of the swlitzh. Furtherobrs, she diaphrages ags incanded o
teansCaxy praspuare 5 e oconvertel, and follaw tha oeoweident af l:ht ¢unv-:i:-: Al pHesEULE
il the pCadmdrw cavity ibenks Lizw p:lnunl im varisd.

Twao koown ways that besks fluld oy sagcer the contact caviey of TL'a bewks
awitches fram the presyuce cevity ace 1, brake fluid. could leak past ap impaized gqaghat

isal, or i1, hululr d eeuld .'I.ll_.k throsugh a damaged or "wozn aut' Eapton TM claphrage.

- The leat '
in r =0 ccsate 8 fluld tight ll.l.ltm:in megl, thers must ba propec
compessnion of the elavtomsr, suffizisnt backing of the alntomar to prevent movement whe

. PEeasuca i1 applimd, l.nd !:uu].:l.y the slaatowmc muss h- corgatibole with the werklng fluld

Fiuld compatibillty Ls typically sstsblished by the uss.of publishad
tablas. Thuss tablas ‘list fluid groups and genaral sacerial Types. Lab testing ix alws

‘done with the spacific fluid that the cuatomar bas spacifisd for the sppiication along

with tha specific compound farpulited by the selwcted gasket wupplier. Ethylens Propyle
iz uamd in the 7784 and 1s stapdatd. throughaut tha, industzy for ul.l. gaaket owtmpials.
|-'I.I.l baen using this material in brake applications sincm 184N,

© The 1nlul: COmpERRRLON SRTGEE wip ohtained Frewm published inedustrzy
atandarcds {(sse Parkez O-zihg Handbook), In thisg prrticalax deslgn & neadnal gamket

cooptanaion of Zitwas selwated. " Tha dapth of the hasport gland ahown on attachmant 2
controla this attelbute. This gland d.l.llnli.b;l is cut into tha hespore 4t the cioa of
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manufacturing. A3 4 rasylt, this dimension in ~amBinATian WLEh The jieket 1 mansiang
decarpines ha final g'llkll: Somprassian Whan the lslnh..y Ll srimped -:ga:..,._,

Lastly, The movedent/peeitisn of cha gasket when p:qn_- Ll ADTLL%E muas
be contralled and regtrained. This cdedign acssomplishas. this by saleczing zhe ouzaer

- diamkCeg of che ghakge =0 pe Alightly smallar than cha iniwc diameter of the jaske- ylama

of the yzasl platag Bexpart. Therefors, Ehe hexport gland prevency ke gasuwr %:3m moving
qutwardg whan '-u.qh pRhhaaure la lppliod ta the awltch,

Tha om outlines tha Lypas nE teata that wers sslercad and zun I3 zonioom
,hu all of Ehase pagpmacCecs Ara salacted Correctiy. The resulting design was #¥pcead 3
syt sonditisns =hae ware intendsd to .duplicata lctu.-.'l, applizatian sondizions, wrd L2 A3Re
casal go pwyond the inteanded limits to failuce. - Sas Che DEMEA Docimgnt nybbar 553754 ang
customar spacification ES-T2VC-3FS524-Ak . Specifically, buzsr testipng, ifpulse Sesting,
and thermal cycle teate wwre pocformed ko copbirm that the GRsket parformad am intended,
The specifiic details of thasw cewcs and cha Zesults 2an be aeez in the 2V T8t report
numbery llsted belaw: {coples cCan be provided on :lqunr.:l .

Tast Raporck ¥ TI Bwitgh Fart nusbar Yoar Tesewd

L. pasolrin 1795122 1991 e

2. M/IL/49 I7TrIL2-1 158l .

1. pa/93s18 TTRSL3-1 1992

i, pa/92/eg TTrsLA-2 1592 T

%, MSSRES02 1798L3-1 1982 i
6. M8/83/11 11eEL8-1 1981 . .
LI/ TTRSLA-L 1593 Lo 1

Gadkat~ranufactusing apoealies can b pmdum from. aut of apt: gaskeace,
mn:.m.i.nl.l:ion of the gaiXet or aealing surfaces, 4o as & result, may causs Leakd marciy in
1ife. In order to protect TI'a cuntondrc supply cEaln from gedket-manufacturing issuan

‘thary ace ssvezal prsventative sctiocd in placw. Thess acticns inclucer hair aets,

protactive amecks, and cleaning procsduzas for tha lquipﬂn_t. ‘TI'a cumtomar rTaiith cobas
indlzgced by past ceaturn and anmlysis records ars leds Ebei I ppat {ocae laakar cwturn o 8

yaags Crom smater cylindag laak tanting).

Xaptan TM Diaphragea:

A prasscca awitch diaphracgys nust saal tha pnnu:i cavity, tzansmit
pressuce focces T the convectar, and follow tha converter mation without ll.qn.i.!i-'lnl:l.?
affacting the switeh calibration poinote. Io sdditidn, the duphnqu material mues b-
resiscant to chemlcal ntlck by the hraks fluid.

' famisally, a n.nq].- pluca of x.lpt:m TH in thin design cuml.nu af & 0.003-
insh. t.hicl: polyinide film laminsted on koth aides with » ¢.001-inch thick TEP Tellen film.
The pu.'l.yui.d- 1m the abllity to atrecch withsut besaking lstrains on the oceder of 703
bafare rupture), and Taflon £ilm Ly <ompatible with & wiche range of chemicala., A &
tosult of this laysrd] construdatien, Kagton TH. wae salected Zor its machaniesl and
shemical propertiesk cegver, TI has kesn uaing this saterial ic p:n-u:- awisch
applications sinee 1%8l. Inm this application threa stacsksd Kapton TH layszs wabe udisd-as
che diaphzagm ssal. : ) :

' " Tag confirf thar corract matarlal was malected C4r tShid applicatich we refer
ta the OFMEA. fpecifically, this document-identified busat testing, lmpulse tamting, and
tharmal cycla testing., Thass Eaits confirmed the Xapron's TH abilicy to meet tha
specified zequizscents (IV ceporfts listed abova). Jincs tempucatura, chazical expasurs,
and stxess levals all affsct the life axpectancy of tha Kapton TH diaphragme, additisnal
testing im odmmonly dena. A typlcel lmpulss tast would imolude pesgilie cycleas S 1430
PEL, cConstant temparatups <f 133 &, and & gysla rate of 130 eycles/minute- Dapanding on .
che facrors listsd dbove, thae life sxpectancy <f a T1 brake pressure switch cist vaiy, but
-.-.w.i.ul.l.ly L arsund 1 mdllion =yeles whish iy well sbove the 00,000 aycles spécifled in
=ha' rnnl l'plni.!iﬂl.l:.i.dﬂ {ES-F2yT- 91924 =AAl | t-su Life Taating I:u Fatlure {PA/34714) -
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: Ia additigh, continued zonfoemanes "43Eing.has bear SRILNT T22 many Yaerl
at TI. Thw purposs af this testing is Eo confizm chat tha. COMpSRAnTR, Materialy, and
precesdud have temairad stabls ower tike ang that cha cleslgn intent 40 .33nsiys r-.:.-; TaLn
achleved, =Zme attachad IF ceporcs which zonfism’ .uu- lunul::!ul Paasing af all zassy

defipee in ‘ehe spaclficatisn.

Manufesuring & PV ancmaliss such an. pinched Xaptar TH can affecc =a
Elpl:an TH diaphZagm perfosmanse [ase PUMER Document # 3038711. Mizertal/chem:za'
compatlhilicy and stfsse/scpain concentrpations can also cause the Hapton T diaphsagrms ts
faxigus, Zas DFMER Daocumsnt numbar 3023796, In srdas 0 varify the correct design
FREACWESLS wars sslacced, the switeh was Jubiiscted %o & nunbez of Teste canigned ta
slmulate accelsrated life. tasting of the application. Sas P9 reporce zalled -ur above.
Lifw Ewg%ing par She customer lplnilinltiun :!&-liﬁcwiriii-hhm haa shawn acceptab.e
pecformance.

Typicilly, ¥apton TH facigque cicurs wall ovar 0.% millisn full-mcals

’ pEassvEe cycles in our historcy of aimulaced and acoalecatyd 1ife cegcing. Yhen Xapton TN
fatigua deas ofiur, bhece are visual siged oF de-lamipatlen, ceacking, and. epbrit-sment.

The Xapron T -gliaphrugms hreak cdown first in che areas of hlghest stcess and o strasn.

" Typically, the first region to shew Breah down ia the ciccumfecantial dzea lu::aumdlnq rhy
- convercar bButgen, See Evdurance Teat (Zeport B EAS98/93).  Ageln. disaphzagm il®e depands
of atcuaa Lavels {p:I:lu:- magnitudes wpplisd), tamparaturs, and chamicsl n¥pasure, The
" abgve mentioned testa wece conducted 1o TI'w Lils Tlll.' lab with relarively contralled

candiciens.

Watar has besn shown to accalarsts tha lqlnq of the base polymicde, Hatar
AR h- incroduced Ln. twa inoem murn

1i By sntaring the cmunt cavity via the cluulell cannactyz '
2] By being in golution in the bzake fluld and antering the switsh fia cha
presdure pare, : . : :

Nhac water antars the connector it will "sge™ the Kapton TH disphragies and
maks tham sppear a3 though thay have cesched the smd af Lifm. Thin condicion lLasvas
vipual clume.’ Clasmsiz algne of chemizal atksck of the Kapton TH includs de-laminasian of
tha Taflon foom the Base poiymide bass, sobrpittlement, snd ccacking of che bDasn poiymmz,
Ses Endurance Test (raport P3/94/331.

Authazed by Erymn Dague. Call Andy Méguliik ar Bryar Dagua with gusstcians,

oL 784 Quazview Appandix

,iu;u Switah Cross Saction

L.

i, et BPEint (TI & 383001

3. Bwaitat Prict {TIN 74383)

. fior Gaiket and KEpron 3aal

. ' - %, Life Tast to Fallure Test Faport Ihl.hu..'l.l Milrliﬂ
. Cuptomar Specificacion: (E3=FR2VC-3K924 Hu .
el 7. PTHEAR .
4. IF Test Raportzs .
9. Eodurance Test Repoct
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Prom: TG L%mImd i migric. gt .oom

Sant: Thureddy, February 11, 1999 247 PM
Ta: Rahmen, Aziz

Subject: FW: TeL # 15708, Fluld identificallon

-MBG Mj= 985122 FR=DRAGU TO=IIZ SENT=(2/11/99 02:39 PM TYPE~N
R¥=(ET BT=] nw-uu;n Co=00357 BY~RAGU AT=02/L1/99 02:35 FM

To1 Rakman ' <Rybomn
Aziz BIZ -4
From: "Dagie, Bryan" <hdagueBuoeil .ne. i . com

Subjs ¥ TAL # 150709, Fluid identifieatisn

From: Hepkine, AL

Saptr Thursday, Pabruercy 11, 1959 1:58 pM

Tay Dagua, Bryan

Coy Beupmnr, Rusasll

Subject: , F®:1 TSL # 150709, Fluid identification

This ism the wark that Bath had dens to show that the Fluld from the awltch
from the Lincoln Town car firs was almost certainly bBrake fluid.

Aegnrda,

Trcomi Eill, Beth
Sant: Friday, Januarzy 08, 1955 3:1.': BN
To: Dague, Bryan

(- H Hopkina, Al
Aubincta TSL # L1%0708, Fluld idantification
Ghiactiva: '

Isclate and identify the floid saxplas found in customer zeturned device.

Reaulty:

Flrat, I rinnad the cap, sxoluding the transfer p.i.n. hole, with chloroform.

1 filtersd the mixturs .to resove the sclida, saod then evaporated tha
splvant, The remaining residus wan .1.:lm1:.|.:-:l.l_d aa brake fluid by FT-IR
spactzoscopy. The watoh factor was B9% cobpared to & reafacencs Aample of
Nissan hrake fluid in ny databass. Viausl comparisen of the Nissan fluld €e
tha sampla auggaats the fluid from the satple contains less water. This oy
be dus te slightly differsnt formulations produced by olffsrent
manufacturars.

Next, I scannad the sanples of fluld, provided by Al, £rom the trapsfar pin
bhots and the converter of this devies. The two zamplas from the tSransfar
pin bhola are identical to the fluld pinssd from the omp with chloraferm,
The filuld from the converbter alwo appsacs toc ba brake fluid, but sppenra to
contaln slightly mors smter than the othar samples.

I will forward the spectral data to you by internal mail. Please let ne
know 1f I can discard the remaiping fluld samples, o Lif you would like me
to forward thase ta you alaa,

1
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Regurds,

Bath
Ext. 3069

HE 10-16

Fax 1€70
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: . 77TPS Long Duration Brake Fluid Test
- _ 550 Hours at Continuous Power
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77PS Long Duration Brake Fluld Test
300 Hours at Coantinuous Power
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77PS 5% NaCl in Water Test
(2) Hours st Continuous Power
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‘Ford 77 ps Fluid Temperature Testing

Technician: [£Z.  Datay 2-/2-99 Time: /08 am
Tomperature Readings
E@uﬁmg t;'l y R 5': 44 5
.- ¥4 * g
'Rnp_, Py 99 9. log fog
Current Readings
1 2 3 4 5
- - - - . 2 BT ma

Vol fase 14,05

-NOTES : (please include any information and observations).......

Ambijent Temparsture ' Oven Temperature
79" - #3
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Tesiz Carreatly in Fregrem ¥ iﬁ. -‘f :
21249 - 4 .-"’
. YA I
Igwition Re-crestion . e H,,
(Objativi — 19 rocroate the coadition that causod wa sngine fire In the spglioation. ;HJ A

1. 10 switches are fillad with & mix. of Traka Auid, waler. sd datergent. 3 Swhches are fifled
with the Eallowlng conootraticzs: 0%, 4%, 6%, 10%, und 73%. 14 vola i being appiled o |
mﬁmﬂﬂjﬂﬂhh@ﬂhm Cument Sow varisa from sbous 0.9 mA to & high of

mA.

2. On2 of the above switches approximacely | unp Ln belng conducisd through i isrming!s In- foey
mlunmluﬂhhaﬂ% 7
3 Sull Acpfor ¥
Rosulty ki
Corut Gows and sswporturos mre stable.

Wiakoll Teslingy (c-’}
Olzactiw — hiﬂnﬂuimﬁlhnlm ﬂhmuﬂ_

‘/ nm«mmlrwmummﬂnm

L/Muhdlm :
- No failures &t LYK cycles.

Waar Correlatian:

Chyjactivy - To davelop n spictream of dimsesions st visasl cuss that cun by wse 1y sutimary ths % of |ifs
laft on wrwitches vetacund o the feld.

wmmmmum;mumw 2 swiwlws &1 ouch imwrval.
Th-uiﬁ-wlhﬂ_ﬂﬂﬂ.-:ﬁlmmﬂlhm

! npuudmdlliﬂ

3. !'h;lﬂdl

4. Arm

+ mm inmcincs

Raaitits w dihie
130K cyolie. Hniﬂlh“u“nm

k Dok st
T .
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m. in, m _ :

From: E‘::: Bryan [odeguegemaik me.1i.com|
Sant: | Fetruary 12, 1999 7:25 AM
To: Man, Anz
Subject: wmsuunmmmuumuuamnmm-umm 5:00pm
Sanaitlyity: Confidsntial
o]
Fam
T e radae] pl

From: Wakbz, Jim

Amnt1 Thursday, February 11, 1595 4:3% PH

T "Baumann, PFuss BUBE') Dagus, Bryan) MoGuirk, -Andy: Bezinghauas, Ateven
Aubijeck; RE: T17P5 Dinphoage Wanr Out Cause 4 Effect Dlagzam - Updated afo S:iipm
Smnaitiviey Confidencial

scFord 7R3 (diaphragm) ,ppes>

: ]
Jim Watt, QBA, magid: Jwdd) mall acation 12-33: paga [30B)235~-10Ll0, ne. (0896 |
ph {3081 236=17119 . N
fax (308]236-313)

From: Wakt, Jim )

Sunkt: Thuzaday, Febcuaey 11, 199% L0110 &M

To: aumann, Auss AR Dague, Ncyap) MeGulrk, Aedy) Bearinghause, Stevaen) datc,
Jim

Subjeen: SE: T7PS Disphzagm Waar Qut Causs & Effwct Ciagoam - Rasand

saasizivity:  Confidenclal

“<¢Fila1 Facd T7ESl.pptr»

M Wast, GFA, megid: jw02) mail scation 13-33; pagw [508)236-1010, ns. !0ESE}
ph [508) 238=-171%
fax {508)238-1

rrom) e, Jim

sSant: Thursdny, Fehruazy L1, 1999 S35 AM

Ta: Baurann, Russ RUSS; Cmgus, Brvan; Moguirk, Andy) Baringhause, Steven -
JubiactL AEs 7798 Dlapheage Wear Cut Causs & EXffsct Diageam

Inportance: Eigh

Jenaitivity: cenfidantial

Tha balow T7H Diaphragm Waar gut Caise & Effact Diagram 1s £yi, commanEs, ...r

<<Fllai Tord TTRSL.pper>
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. .
Iim Watt, GRA, megid: Jwd2; ommil atacion Li-33; page '529:236-.:1:, na. 1Z54
ph 508} 436=171l9, '
fan (304)226-31%1

Promi qGulyk,

mnti wdnupday, Tebeuary IO, 1359 31:0% BM

Tas Baumsnn, Auss AUSE; Dague, Brcywn

cel Baringhause, Stevels "Rahman, Aziz IIL'; Watct, Jip

Subjacti RE: T7TH Derign explanatiop

l::nﬁn-y Cliant Brjvileged lnfoymation

evaEall, -an outatandiog document deaft. i mads & numhar of shangas and &
on callback to discuss oy thoughka.

i think it aight be of value to digcuse waibull suscess factor proimcticna
fram tha "zilllana' of "aa” tast resulta we muat have?  We dhopld alae dpeald &5 cha
thungerbice applicaciaons ¥ mayos rafer to tha sconsline lssum of '93 with connestor
Lawuna ?

! W need 3o suseary statesment as to the aodieg of thiy documenk......
‘ a
| AUTONCTIVE SENBORS AND CONTROLA ORA MANGER
: ) 34 FroREST ST N/% 23-0% |
ATTLEMORG, MA Q2703 i
TEL : (3081 23¢=3000 I-
' TAX : (508 236=3743
: EMGE: [#200)] 4&7-3700 PIN E04-3044
I
i ’ Fram: Dague, Bryan
ganti Wedoesday, Tabruary 16, 1999 1124 P
- Tal Bausane, Rugm RUIA .
[={-1] Baringsauge, Btavanr Rabmmn, Axiz ZIX; HoGuirk, Andy
Jubimetl T17E3 Darign sxplanacisn
X Falkm,
1 . Haze i & s zy af how acc ey tha TTES 40 dEsigned &5 1t ik, Ploiss
) yive e any :mnn yau ndght hawva.
f
; Azlz,
{ Fasd this and use the information am you sad fik, But do ot diskribure it
1 usntil w& mll agres ongtbe WOPdiDg.
: Raga !
-}

T IT TR IS ST R TS LIS R LR LSS A RS A R R R R L R Al b DALl LAl Ll Ll LRl L

J Actucney Cllent Peivileged foformatiom

:j::ln:':lulﬂ Intrusion

1I's 77F9 switgh Family has besn specifically cesigned to operate in an
aytamative Braking system. Tha pressurs gaviky of tha switch has besn designed co seal
braka fluid and transmit forca and soveowst to thRa sansing poctlon of Chw mwiesh cuvar tba
lifa of tha 300,007 oycle apacification whizh Ln tuen tramlates inte an slgtelesl
: ) wrieshing :u:l:l.nn used in tha automshils aysces 4f & redundant safaty related crules
' centzral shuteff awitch..
' T . Backgraund:

The pesdaurza =avity Ls compomsd cf che hexpart, gasket, mnd Maptcn
diaphcagwe (Called out es "seal™ oo attachment 1.}. The pucposas of the Jedket is £2

2
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provide a 2luwe tight seal batwesn che hespozt 4nd diaphragns. Tha Parpope 3f Tha XapTsa
dlaphcagra ia t6 provide a flanibla fluld tight ssal betwesn the pressure =zavisy and ::a
insesnal sompanants ¢f the awitch. Furthermore, the diaphragms mre iatencad ts szana®ar
prasiuza to the Sonvertar, and Zollow tha movemanc of the cOnvercar am prassurs =m 40
PrasEuEs cavity La imd,

Thera are two- diffeEent ways THAT Brake f£luid may enbter the concasz zavety
«f£ TI'a brake swiech from the pressurs cavigy. Brake fluid ceuld potentially lesx pas:c
an impalred JaskeT taal, or ledk through a dapaged &: ‘worn gut' “Kapton diaphragm.

Tha Fasket!

“n apdep té craate a fluid right slastcoperic seal, thers Dust be preoper
pmpredsion £ the elastomee, aufficient backing of the seal matecial to pesvent wovemens
when prasaure id applied, and finally the alastomar tuwat be compatible wikth Cha working
fluid and wxpectad thermal canges of the anviconmant and application.

Fluld compatlbillty is kyplically smtablished by the usa &f poblished
tables. These taplss list fluld groups and generidl matarisl types. Lab cescing 12 Hone
with tha aspseific £luid that the customar has specifisd Eor che application aleng with the
mpacific compound Cormulated by the selscted Gasket supplisr. Etylana Fiopylena far Braks
applicatbiona ia coomom practice throughout the industey for asal gaaket materials , and 71
has basn using this matacisl in braks applicatlons slnce 1984.

The Jasket comprassicn tacget wus obtaipned fres publich (ndustry stardards
(ame Parker O=cing Handbook}, In this pazticular design o nominel gaaket compreasion of
2Miwas selectad. Tha depth of the haxport gland shown on attaskmant §2 cortcolw this
attributa. Thia gland dimenaicn ila cut igto the haxpact 8% tha ties of manufaccurlng. Aa
i cesult, this dimenslon in ¢owbination with the gasket dimeEsisns deatermines the final
Yankat cooprassion when the sssembly is crixp togethar. H

Lastly, the movemsnc/poditicn of the gasket whan pressurce ia l.ppll.-A s
Ee contzellead and eestralned. This design accowplishea this by salacting tha sucez
diemates of cthe gasket to be alighely amaller than the inoer dissster of the gasket gland
of the atwel placsd haxpore. Thevefats, the hazport gland pewvanta the gasket fxom zaving
cutdprds whac high prassuzs iF mpplied to tha switch.’

The DIMEA eutlines the types of tasts Ehut wearw selacted apd run to zenfiem
that all of thesa parcametars ace palectad corractly. Tha Maulting dedlgd was exposad to
tast corditions thac wese intended to duplicabe sctual applicacion comditicna, and in seame
casad go bayond che intended limiks Eo Failurs., Sas the DFMER Docundty® nisber 333754 apd
fuatovar spualfloatisn E3-F2VC-SE5324-AR . Spwuifically, burakt testing, iopulss casting,
dcd chermal cysle caded wire pacformed to confirm that the ganket performed ax intanded.
The spocifiice detnlils of thess taate and the results can ba seen in 2 ninber the following

PV Cadt paportal

Tant Aeport #  TI Swibch Part fumbar Tear Taoted
1. FE/91/48 1MPEL2-3 1591
2. ML/ TIrEL2-1 1951
3. MA/ga‘lAg TIPELI=1 1991
i, va/gz/o0 TIRSLA=2 1992
L | /03 T1RELI=] 1992
5. FEAR3/1L TTraLé=1 1993
T, PAFERSAA TIeALA-1 1953

] .. #lso, cherd are TP-2 tasts <of /9%, L0/9%, L/04 and @ F96 that are zaadily
at hand and shoaw fluld capability radlstences

In ordar %o protact TI's custole: aupply chaio from gasket-sanulisctoziog
Lusuas thaze ara severil preventeatblive sotlioms in plaga. Thess actichs laglude: haly anks,
procective siocka, and cleaning procsduces f2r the squipmant

Ax a repult of tha process and product sancrels, TI's custoowmr rcatucn
tatmm ipcludipg linwm fallout rates and end of line mneenptance teats lodicate gamket-
macufacturing angoalles ars below omadurable limits {ops leak recurn in 3 ysars from
mastar cylinzHer leak tasting 5@ lass then 1 ppml. Gaskst-pasufacturing mnomalies can ce
produced fram out of spac gaskats, cootaminatios of the gqasket, or Eenling surfsces, and
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as 4 ceauli, may causw Leaks sarly in lifw but Lo oug EDECT JPLOLLR mat in laze Sofe
withsut early leak algna.

Xapton Disphragms:

A pregiucd wwitch cdiaphragm must seal cha pressurs CAVIEY, Eratimis
pressucan fopces Lo E- senVurtezr, and follow the converter motliom without sigasfizansiy
aflecting the ewitch }calibration pointa. In addicion, She diaphIoqe msCerzal muss oe
reslatant to chemicaf attack of che brake fluid,

Sasically, & 3ingle pidce of Kaptem in this dasign consiste of & .573-inck
thick pelyidide film Laminated on both sides with a D.00l-inch chick TEF Taflon film, we=g
polymide film %as the abilicy to atratch without breaking {steeisia on che osder of 79@
bafore rupture:, and the Taflon film Lie compatible with & Wwide zange of chemizalsa. As a
result of thiz layersd canatyuction, Kapten waa salactad fsr LlT4 Pchanizal aed ssemizal
properctises. Morsovaz, TI has baan Uding Chis matmrial in a4 wide varisecy of pressure
awiteh applications since 1981, .o

To confirm tha corrsat matapisl wasd delected for this application we rofer
to the DFMEM. Spacifically, this document igdentifies burar testing, impulas cearing, and
tharmal sycle teating. Thesa tasts confirmed the Xapton's capability to mesc the
wpacified requizsmentcs [Aes PY ceports liated sbova). Sinza tewperatucs, chamizal
expamuced, and stcass lavals all affact el life expectangy of the Nagten diaphragms, .
addicicnal tascing ia comonly done. A typical impulas teit weuld include pressura =ysls
to L4500 pal, comptant bteoperature of 115 C, and a cycls pate af LI0 gycles/minuce.
Dapending on the Taccesrs liscad ahowva, Ehe life sxipwctancy of a T biaks preasurs awicsh
is arcund 1 million cyclesm whizh ia wall akowve the 200,000 cycles apocifisd in the Tard
[E3=-FaVE=-8F52d -AR) Saw Life Teskting ta Teilure [P3/F587L14).

In additien, sontinued senformacce tasting ham baan angaing E3c ur“ YEATY
At TI. The pugpeaw of this teating 12 to confim that the copponants, matatiale, jud
Procansas have cediined stabla over timm and Ehat the deslgo lotent s consisTently bwing
ashisved. Sen actached [F caporca.

While the slollex msnufactuzing ancoulisd LisTed above can mffect the
Kapton disphragey (zew PPMER Documant ¥ 503031, acditionnl Cactsrs Can. causs laakags via
the Kapton diaphzagm. MWaterlal/chemlical ccxpatibility apd stowse/straln conosntracions
Ao aliz causs the Kapton disphragms tQ laak. 348 DPMER Document number 303758, In ocdec
to vaclfy the corrsot design paramsters ware salacted, che awitsh was oubjected ta a
numer of tasts desigrad =5 sisulate accsleraced lifa tescipg of the applicaticon. Jus P2
reports Sallad ouk above. Lifa tascting par the custaoar apeoclfication [ES-FIVC-FF324-
Ml haw aBown acoeptabla parforminsd.

Typleally, Kapten Eatigue ogeurs well cver 0.5 milllen full-scale prassuzs
cycinn in our history ¢f simulared and accalaraced life testiog. When Xapton cupturce doss
coeuy, there ace viidual eigod &£ de-Laminatlion, cxacking, and scwbhritlumsnt. Tha Kapton
disphregms break dewn Eipst 1o che acsas of highast stress and of scralo. In our axpert
eplonien, the first esglon to show break down la tha cizcumfesencial arsa sursounding chas
convartar button. JawgEnducancs Tekt (zeport B PA/98/33). Again, cddlaphragm lifs depdccs
én atrasd levels |pcaauce migiitude spplied), temperatuse, and chemicsl sxposurs,

. The mantioned tests wars conchucted in TI's Lifa Test lab with
calativaly =ontralled sanditisns. Waker will accalaraba the aging of the bass polymida.

Chenleal attack can come from two dicectiona:
T U W entering the soptact aavity vin the alastgleal sannaetaz,
21 By being in salution in the brake fluld wnd aptacing the switch via the

pressurca pork.

- When wmter antacs the conmmeror it will "mge” che Espron disphragme apd
waka chet appear as though thuy have esached the snd of 1ife. This condition leaved
visusl cluss. Classic signe of chealcal attack of thes Xapton inslude de-laminatian af tha
teflon fedim the bass polyside basa, smbrittlesent, and ceacking af the bass polyoar. 3
Endurance Test (repart PA/94/33).

End of Docusiant.
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Ford Eléctrowic Speed Costrol Desctlvation Pressuce Switch
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~ 2= (1-77
L. Canraen

Ford 77ps Fluid Temperature Testing

Thare will be 10 sxmples tosted on & common menifold , the mmifnid is n common grovnd for the
elactrical portion of the Wt . Devices will be drilled through top of connector packet to allow sccaes to
oantact arca . Tha oontact cavity shall be lled with 4 solntion of breke fluid snd txp waber . A1) devices will
have 14,00 volis DC applied direct Eom & powsr supply with no resistive load in Hae to one terminad
allowing fluid to beconss the resistive load , _

Two of th devices shall have § 12 ohen resishor from sscond tecminal to ground arating & clestrisal
load through seminsts sod contects . Tearheeahurs will be moattored and recorded in ona of ssch devics of
oach soloton imd with tw devices thit hive slectrical loads coonectsd & serminals fi oading the contsots

. A tempershew rscorder misst be used 1o loep constast readings of devioe/fiuid temparshe and have G
Mhhmudndhﬂdpmkm

Soltiot soncentraticon wo by voluie not weigh .

Sobutlon 1 - 0% added water used for devicos #lund #2
Solation 2 - 4% addad water used for devices 23 sod M
Solution 3 « 6% added water wsed S devioss #5 and # 6

Solution 4 « 10% added water 1med for devices #7 and # (SAE Standand)
Sohstion 5 - 75%: ndded water nand e devices #9 wnd #10

Laace Cambra
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Ford 77 ps Fluid Temperature Testing

Technician : | Date : . Time :
| - Tomperature Readings |

NOTES : (please include any information and observaticns)... ..,

Ambient Temperature Oven Temperature

- TI-NHT8A 012319
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Voltage Reslstance Tost

Teat ; Umguudmummmﬂlnwmﬂm nmﬂliilnﬂlnl\i’ﬂhl

and rocard reading .

' MMMMﬂH ud:upputrmaﬂnouuh:
mwwmwummmﬂmu

mamlmdwlhul

Rupeatﬂlianumﬂ:rutimundmdmﬂu |

lem"

1) OPEN CIRCUIT

2) OPENCIRCUIT

3) OPEN CIRCUIT
4 1390mms

400 VOLTS

450 VOLTS

MVBLTS ,

INBTANT

Canclusion : mmmmhmbﬁaﬁuﬂmlmmﬂm
between rlng and contact tenminal . After threo voltage cyolos contacty seamed to weld
togather vausing & closed circuit . Poat test inapectien could not determine place that

actual conttact was eptablizhed .
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hw:Tadﬂhmﬂmnfﬂmd{m}wﬂlmmmmuquumﬁumm
thermal oyeling. - .

Tﬁl&mmﬂmﬁplﬂhﬂmﬂqﬁnwﬁlmﬂmmukh
~40c . Bach cycle will have a 4 hr sonk at temp and a ¥4 br . transition time between
tempasture excursions .

mmmmwﬂlhmﬁuﬂuﬂmamkdlmmm
lmto a cold water bath of 0c , A small percentage of aalt will be added to the water for
tracing purposes . Devices will be submerged o the top of the connector only and wires
will remiuin eccposed to the air . A 30 minnts tsmperature scak and 5 minute immersion
time will be carisidered I cycle . This will ba repoated for 10 cyclos and sfter ali 10
cycles the device will be submitied to & high voltage current leak tost from wire lsads to
ground . Aﬁulﬂhmﬂmw :

Reaults : Animmhpmedmmlukmu 1500 volts . No arcing ar leakage to
mmnbmwd
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L Oambenm

- 77 PS Heated Device Testing

‘L. Purpose

‘To determine if auto ignition can occur from the bulld up of excessive |
heat in the device . Leading to and ighiting a fire to the devico itself as well
as the conditions and temperatures to cause multaofthunm

H . Procedure

' Several attempits were made at reproducing auto ignition of the 77 PS
device . A heater wire coil was installed into the base of the device in the
area that the contacts and arm assembly normally occupy . The wire was
attached to the termninals and connected firmly to the terminaly by removing
the contact arm and grinding away the rivet and drilling in the stationary
contact and crimping with-a small wire cutter . 'Ihehud«wlmuudalong

-with the coils had a total resistance of .5 ohms .

Asmullholemdnlledh:tothntmunmiumrmﬁciﬂtateuuofatypek
thermo couple wire . .

The testing consisted of powering the hester coil with  variable

| output DC power supply to the leads of the mating connector . Temperature

» voltage to the coil and current draw were monitored during testing . Device
waa placed in & fire proof enclosure (heat treating oven) and allowed to .
stabilize to room temperature of 70 degrees f.

Thrudauuuﬁuamdmmﬂabmkeﬂmdmdﬁﬁmmm
device’s dry . Devices were given provisions for a external source if ignition

" by drilling a .040 hole on a 45 degree angle through base and inserted a 042

torrington pin to be inserted allowing a small gap for a spark to jump . This
spark was accomplished by the use of a hy-pot testar that is usad to test the
dielectric breakdown of electrical devices . The use of this caused a arc {o
ba created when device base failed and allowed the entrance of oxygen to
the switch cavity and amoke from the plastic had to be present to induce
flame
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IIT . Results / Dissussions

Test 1- Wet Device (readings at appxr.I min. iutervals)

Volts Heater Current Internal Temperature (F)
27 1.0 100
50 2.0 175
80 29 - 220
90 3.0 246
98 32 e
16 . 20 300
97 3.1 340
1.1 38 460
12 3.8 462
1.1 3.8 438
" TI-NHTSA 012323
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13
11
1.4

14

4.0
36
4t
40

331
571
647
660

OutmngofﬂmdabegmatZZGFammlehimugauund
mpmentatthispohn Smoke was visible and base was venting from.
gide at a temapersture of 246 F . And smoke was being vented till failure of
base at 660 F at this point power to heater was shut down and sperk from
by-pot applied . Ignition of gasses occurred at this point and fire was

extlnguished

Teat 2 (dry deviee with spark)

Volts
1.0
1.09

1.06
1.06
1.12

1.13

Test 2
Heater Current

3.1

30

301
743

Connection failed and reconnected

3.02
3.08
3.15

3.08 .

596
626
650

631

Internal Temperature (F)

TI-NHTSA 012324




13 - - 326 692

s 3.18 707
'.-1.1_3' 3.36 . | 1
120 3.52 N 758
136 195 806
136 400 g7

- The dry device did not emit smake or outges until 626 F and at this
time it wes a light smoke emanating from terminal area . At 692 F asmall
bmnﬂmmwuc:emdmthebaaeandvenﬁngmohﬂmmedto :
.806 F whare base failed and fell over . Power was left on at this point and
 spark applied to fiunes whers they ignited and extinguished quickly . The
' uppuporuondldnotigmiadaqﬁhu&lmhmpﬂm :

Teat 3 (rapld temsp. rise)
Volts Heater Current  Internal Temmtme ®

o 3.6 300
L2 40 360 -
12 3.8 643
3 a3 650

SERIN 37 a0
3 31 %0

13 - 37 967
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Smoke emitted at 300 F this was a fast happening event as the
internal temperatute rise was so rapid . Device vented at side of base at 643
F and base did not fail till 1436 F waa achieved at this point spark wag
extinguished . Reading for thia test were in approximately 20 s=cond

IV . Conclusions .

Davices will not ignite with heat alone , not allowing it to be a self
sustaining thermal event . There must be smoke present from the plastics
and a spark for the ignition of the device to be realized . The device must be
open to atmosphere for the introduction of Oxygen to sustain ignition .

Terminal / Heater Attachmeni

~ Wim Heater

Plastic Buas
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[ - Mﬁpm-mm | B

| m:mmmmummm Hmﬁﬁﬁmﬁdmth:nthw
mwmmmwmmmmmﬂmm
_.MWWMMWM&MWhmﬂmm

| Nmnfthnsmmhummm&ommﬂmhndbmonﬂm Hmmllmdid
moﬂmwﬂhnﬂﬁyﬂhﬂﬂﬂtmwm hﬂudﬂhhmdﬂwm
fire wall of vehicle. - .

o lhman.p,

M!dﬂindenmhdmmnmﬂofminﬂh Muaﬁntm&ﬁmmﬁe
device . 'Il:ismoi:m'wu Mmdlﬂl nfwhﬂhuthamginew“s
mmadonmt .

Mmﬂquﬂnammmﬁmmmﬁmwm

Nmofﬁednﬂmahmudmmm&mﬂﬁdmlhﬂlﬁupafdmﬁ
dirt on device .

Dnuofthemﬂuadumewmudwnalmmguwiﬂlm&whdn
ﬁ:lihwﬂnrdﬂm
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Ford 77PS Issue Recovered Parts Analysis
Exiemal switch condition

Ramove Connector
Taeming] Conditon

1 | Switoh Pockst

| mwnpm
Contact Assembly |

Sensor Assembly

Transfer Pin

Environmental Seal

Disassemble Sensor

Snap Diso

Washer

Hox port Intoraal
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Ford TTPs Recovered Faris Anslysis

Model

- Year

Date Recovered

Recovery Louﬂbn

Mileage

TI Test #

Technielan

Date Tested

Device Photograph

Kapton Photograph
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Ford 77 ps Fluld Temperature 'I"es'ting |

Tuhﬁ_leim_ : Date: Z=/ 3-. Tie: ¥+ 7 o
 Temporatars Readings

1 r 4 5

3
1 % 107 8% 0%

Cuarrent Readings

1 2 3 4 s
X 4 v y 17 ma

NOTES : (please inolude eny information and observations). .....

ymami—: ps

- Ambient Temperature o Mrmm;_

e 3  THVHTSA 012331,



From: . . Lincoin, Hiuun [miinccinBemal.ma t.oom]

Sant: kdondey, February 15, 1000 1:05 Pl
To! . Ralenen, Abiz
Qubjuct: Walbull Analysis information
ol
_ne
Ariz,

Bryan dsked o to forward this inforpation to yau.

Plaaxze find attached the Welbyll Analyais spraadahast from the TI wabk. - Thers ia = button
in the upper right hand portion of the spreasdsheat which will show the aupperting
doecunentation. ¥You will nesad to anable the macre to open. I balisve this haa the
information yeu ars looking for. If you nesd anything more, or canmat open if, pluass lat
oe know and I will fak 1t ta you. .

Ragurds
‘Maureawo

dintat 3.kl

: | TI-NHTSA 012332




Ford 77 ps Fluid Temperature Testing

Techniclan: Z£¢ Date: 7-/5-9%  Time: /30

Temperatars Readings
I 2 3 4 5
£3 i /a8 ¥4 JA
zajc 94 03 1ar bAL 17
, ‘Carrent Readicgs
1 3 3 4 5
X X ¥ v O ma

yolte 1420
NOTES : (please include any information and observations)....

Devur e ‘rs.%_fh_wsu_:.u.n__ma____
Had bitihe Vigid Aefv - Wefilicd and Erstadoie d 3egd
MMM.MW&.&M
F'.._,. 30w "og 5% and oo Reabag ushardfn tr a7k

5 ﬁ*m‘ h m#liﬁ‘

Ambient Temperaiure Oven Temperature
2 ¢r°
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From: Dagus, Brysn [bdsgue@ems.me.b.com)

Sent: Manday, Febryary 15, 1900 234 PN

Ta: Rehman, Atz

-oer Bartnghiuss, Bidven; Blumdnn, Rum; MeSulrk, Andy
Jubjact: : Monday upiate '

Teaats Currsatly in reogoess

Laxt updaced: 2/15/99

Tgnitian Rée—ormatiom

Chjactive = T4 LacIeats the capditions that caussad an sngine fire in cthe applicatica.
Daasription:

1. 10 awitches ars filled with s mix of braks Ffludd, nu:- aod detecgenc. 2
switchas nre filled with the following ccnacentcationw: O, 4%, 64, 1DW, apd 75%. I voles
iy baiog spplisd to 1 Carminal and cha haxport is grounded. curzant Elow varies fran
about 0.9% ph to = bigh of sbout 5.0 mA.

2. On 2 of tha shave switchas spproximataly 1 aspg is baing aopducted :I:.mqh the
catodnals in-obder to cksdte Beat irn the swltgh.

Results ta dmta:
Ra £illed the 71 device. Current flows ard teopecatunis aca stable, but beve dll::llud
during tha last couple of daye.

Wisbull Testing:
Cblective —- To deteomine if anap disca bave a charactaristic life aimilar to qulet dimes.

Dasceiption:
A population of 10 T7Paf2-1 (wnup disaa) is baing ayelwd to fablubwe.

Razults ko date:
Ne fellures &t SDOK cyclaes.

Wear Cocrwlation:
Objeactive = To davalop & spsctrum of dimangions and visual <use that can be use bo
evtimatie Cha % of lifs left on switches zeturned from the fisld.

Bezcriptiomni

Switches nra bwlng removed from the cycler st incoeownts of 200K cycles. 2 switches at
aach intarval. Thase switchas will be disassenkled and wear at the fallewing paints will
be chazacterlzed: .
1. Kapton degracation

Z. Hn

3. fln gquids

1. Anx bump

5. Convartas/withak intexfach

Fagults to dakst
SO00K cyolus. .
2 with 10K ayolws wacs removsd - nelting digseotion.
2 with 400K eycles wars remwmad ~ awelting dissectiesn.
2 with 609X cyclas ware ramoved — swalting dissectlén.

Future Flapnse

COKs

In Szdar to run muleiple malsturs levels the prassuce cycler needs tc be modified. farta
nended for the modification are belpg ordersd today, The gosl is to have this DOE CuNBLRg
by tha snd of che week. TFactor's being investigated on the first pass azs mairturs and
Eanp ve quiet. Futurd pasdad will innluds Easpacaturs and PESNRUEA. '

LJAgro-ignitisn twaEing:

Cbjective is to gat n fire started within the switch by installing & very mmil slectrical
haaeling alesmpot. With & smwll heatipg elesant buid: inko o swltch, ww will £111 tha
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connector cavity with brake fluid, and slowly increase tha curcent in tha hesting alement.
¥s will incesape thé cyrrspt wptell igoaicion, or unbll the Asdting slsosnt burns gut
lcantinwlty is loat!. o -

‘Other: . ' .
Focantial deaign changes will ba wddrass under & separsts covar. .

End of dﬂmnt_
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