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TExas
INSTRUMENTS
Materlals & Conirols Group
. August 4, 1992

Mr. Hamy Gumm

E. |. Du Pont

Rte. 23 South

Du Pont Rd.

Circleville, OH 43113

Dear Mr. Gumm,

As agreed durdng our July 31 conversation, | am sending you the Kopton fiilns from four
typleal brake luld pressure switch falures. These 500 FN 131 fims ruptfure during cycle testing
at 136 C. The brake flukd tasted is an aftfer-markaet DOT 3 fluld, Gunk Heavy Duly Brake Fluld

(Radliiator Speciatty Co.). Unforfunately, | armn unable to supply films from the 170 C tesiing In
which the polyimids is affacked soveraly. -

Wa use three Kapton flims stocked together as the swiich diophragm. 've labelsd the side
that confacts the brake fuid diecly. The thvee fime are rotated with respect to one
another, | topead the layerns togsther 1o retaln the stacking and odentation.

Wahapeﬂw?wuwﬂhdpmmdammdwhafmﬂww-nfﬂmmmdudng our
cycle testing. | look forward to hearing from you, Thank you for your qgasistance,

Sincerely. _
S ——

E. Brennan

cc:  Dave Czam
Steve Offiler

TEOAE M TALIMGNTE WOCRRCFLATED « 34 FOPMEYT RTREDT = ATTLERGRO, LA 0ars mﬁﬂﬂ
AOBBEE-AN00 = TELEX Zigeat » SANE TEXINE



3/21.2000  Invetech. Kapton from switches, originally supplied to Harry
Gumm
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Texas
INSTRUMENTS

*3

Apl 8, 1993

Horrison V. Gumm

E. |. Du Pont de Nemours & Company
Box 89

Clrclevide, OH 43113

Harry,

We agreed at the beginning of our study (some time ago that was) that Texas Instruments
would share our resulis with you. Enclosad with this letter are tables and charfs presenting
our resutts on Kapton flims aged in power steerng flulde blended with 1% water. The resulis
are vary encouraging. Kapton appears to be mechanically stable in the power steering
fluld srwicronment.

Resulfs of the brake fluld aging experments shaould be coming to you shordly.

Thank you very much for aB the support you provided during thia effort. We could not have
conducted this testing for our cusfomer without your assistance.

Mecwe contact me if you have dny quastions.
Taks Cove,

rﬁ —
Jopn E. Brennan, Ph. D,

mber, Tachnical Staff
'exas instruments, Inc.

TENAD INETRUMENTE INCORPOFATED » 4 FOMECET BITLERT = ATTLESCMWD, hif 050
ASE.EBS-3AS0 + TELEX S1ONT = CABLE TRMME




b BATER L KARON. . RERKCTIOSt
Rissan PSF 1 200H MDD
Higsgn POV 1 300H D
Nisgan P 1 5QOFN131 Mo
Nlssan P. 1 BOOFH131 T
1 _300M_ o
Par 1 3008 I
Nissan PSF 1 500FN131 M .
ispan PHV 1 S00rN131 TD 502.5
Honda PAF 1 300H D
R : - 2008 C2)
Boncda BT 1 S00FM181 MD
Handn 1 500rM131 T
ESF 1 300 MD
P 1 3008 _ P
RSy 1 D00l D
Hondan PEF 1 OFN131 TD 300

sll aging at 128%¢

m‘ghﬂml

M1




Table 2
HOMDA 28F AQING

M
18
20-25 R1L=27 17-20 14=17
2332 26 26 18 18
23-20 20-31 15-22 17-23
500 28 20 20 14
21-31 17-25 20-20 12-17

stxangth valuss Zozmat:

average valow

lowsr valum—cpper walum
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HONDA POWER STEERING ALUTD AGING
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&
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||
[
g m |
Aged at 126 C
E -
- Waler adaed « 1% (vol)
o T { 14 T T T T 4
4] 50 100 180 0 260 300 360 500

Aging Time (v}

B MO XXH
= 7D 300H
4 MD S00FN1IS]
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strangth valuss format:

svarage wvalou
loawer valuw=upper valuos

DIWYNIITEA, Na, 1
oo1e3
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T 0N VRLHN/ARG

NISSAN FOWER STEERING FLUID AGING

35000 o
o i
30000 0 o
o
a 9
E 25000 9
: ;
0000 A A
1
o
§ 15000 a °
o .1
[+
.1
o |
=
5000 -+
0 : - : : 1
0 00 00 400 amn
Aging ime

& MD 200H
O TOD 300H

© MD 500RN131
A D 500131
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CIRCLEVILLE PLANT

PQ.Box a9
Circlevila, OH 43113
HPF - SP Resin
FACSIMILE TRANSMISSION COVER SHEET
ADDRESSER(S): '
NAME . COMPANTBUSINESS/GROUP FAX NUMBER

"J?Hq_é{was Tz . 5E-23 -Eer |

Mtk Mblees _ KApron) .

mmqrMMMM f/
DuPowi, Circlavilie HPF - SP Brsin Fax N - G14-674-0680, Verlfioation No. €LE€T4.0645
SPHCIAL INSTRUCTIONYINFORMATION TO RECIORN:.. . .

A——
-

vik CONFIDENTIALITY NOTE ***

anillar
mmm&mﬂ*m#m&&-ﬂﬁ:'“rm

The formiaibns ir intontod aly for Sha coa of v indivicisel or sy xuwed an iy sroscmivsien shast
P saien b reflams anrpunsy of et talasaplad
mnb—?-ﬂdﬂqm‘wm: “.fﬂ h-ﬂ y .

calacugy Ju arvers, plase monlt) st by ifuphona (K1éui2éxibid] immediataly s chet wa cxn arrenge for the ratarn wfidhe ariginal dencmems lo .
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Withs these oxceptions noted, DuPant FEP fluceocur-

bon films exhibit & vezy broad moge of chemionl

and therma! eervio=ability, ' (-
Dua to the many complax sepects of perfcimance

It gevere environmenis, final solection. should ba
wdmfmﬂmﬂwmupﬁmm

Chamlicz! Propertios

DuPant FEF fincrocarbon il is chempeally ey
axd solvenit regictant to virteelly all chamicaks
except molt=n alksH metals, finorine st clevated

tunperateres, and cartain cemplax halogsneted
compounds such s chicrine teifincride st elovatod

tempzamres and pressuros. actoal end-use couditions,
In cirumstanoes wheee and-use Duupemines a8 The chemicel substances Bsted in Tedle S pro
closs to the upper serviog lizit (400°F), 80%  reprecentarive of thoss with which DuPont FEP film
sodiom hydroxide, paoal hydddos, alutinmn bz been foemd to be norremctive,
chloride, ammonta, and cortain arnines (R-NE,)
ny attek the fiim in & manner simdise to molien
alkaH motnls, Spocial tewting ix reqoired when mch
extrama mdncing or axddiring oonditions oo
ovident.
' ' . Tabls B

Typical Chisrnicals with Whish Duiant FEP Him Is Nonrosotive*
Ablstin acid Cyclohaxanors Hydrofhsoric vold . - Phthallo nold
Al aoid Dibutyt phthafais Hydrogan percedie Pinana
Acedc anhydride Dibutyl sshatate Laad Fiparidena
Aogtans Disthy! carbonsie " Magrestum chiorides Palyacrylonttrlle
Apetophenone Disiinydl sthor Meroury Poisssim scetite
Aoyyilo anmpxdride Dimathyl Tormamida Matityl athyl ketone Potasslunn hrydrodde
Al ot Di-aotidyl adinats Mathecryllo acid Poiassium
Al muthaorylate Dimathyiformamicds Mathano! PONATRENELS B
Alumbsury chioride Dimativiitydrezina, Matiryl maethacrylate Pyricine (-
Anrrsionia, Bquid unsymmetrical Naphttmlens Soap and dutergents .
Amimonium chiardde DXcomng Naphiinole Bodium hydroxide
Aniibns Ethyl acetzte NHrie scld Sockim Iypachiorite
BerzonhrEs Etiv alcahol Nhrobanzena Sodivm peroxide
Banoyl chiorids Etiryl pthar 2-NMro-hutanol Sobvacry, allphatic
Barmryl slaphol Ethyi hezoats Niromethane sad wometic™
Borax Ethylana bromids - Nirrpgan tetrendde Swmous chlorids
Baria skl Ethyiens ghyenl 2-Nivo-2-metin Sultr
Bromina Ferric chicride propanal Sulfuric scid
n-Sutyl amine Faevic phosphute n-Dutaducyt Alcobol Vetrabrofmostiene
Butyl mathucrylat uorontirobernsony vagntahl Trivhicracetic
Calclurn chiortde Eormuldelvde Cxotte . Trichicretyisne
Corson disutide Formic nold Purchicrethyians Tricrasy! phoaphete
Cotzns Furana Perrtachiorg- Triethanciamine
Chiorins Geaciine Derzamide Vinyl mathecrylow
Chlarotorm Heoahiorathane Parfiucroxylena Water

Haxana Phanal Xylana
Grombasd Hytrazne Phovpharto acid Zioo ahlordda
! _ i

*Basnd on experiments conducesd up to the balling polnts of the igulds jlxted, PEF resina have normal servios tempareaerse

up to 208 GO Absarios of & spactfo shamibal dops not maan that i b raactive with FEF fim.

"Eame heloganured xolveima may exee modsrats svwaltng.

mm&ﬁn,[
agras



Physlcal Propartiss

Abgorption

Almost all plastics absorb small quantifies of cor-
tain materials with which they oomz n contact.
Submicrascopic voids between polymer molecnies
pmvide spece for the material abecrbad without
chemical reaction. This phepomencn in nsalily
marknd by a slight wel pht meveges and sometimes
by discoloration.

EnPom FEP finorocarbon fiine have wrmseelly low
absarpticm ocrmpared with other

'They absxh pmctically no comman aeids or baree
at tempesatnres ar B gh ae 200°C (302°F) and
excpocures of up to Goe yesr. Bven the absocption of
solvents in extremaly small, Waight inorsases aro
Eenenully s than 1% when at elevatest

tezmperatures for long agueons
5. Moistzre absorption is zypically lese than
.00 % ot embisrd temperature and presgure.

Parmeabillty '
mmmmmhmmt:n
Al
Figuee 13), In gencrsl, pertnestion increases with
METPERmS, Pruadis, and mmriads motect area md
decremses with mcrosred Sim thickness, Tl &
Hets ratey ot which viriome gases xte trenmnitied
throngh DePent FRF flacrooisbon £im, whils Table
7 Hsts zxbes of wepor for somne repeo-
seninifve subotznces. Nots that the presstre for asch
mateainl i ity vaparpeossars at the dioxted tem-
exature, '

T EFRy FEf -

Table B
Typlcal Ges Fermenbility Rateax of DuPont FEP
Fluorocerbon FAm, 25 tm (1 mif) Thiokness
(Teet Method: ASTM D-1434 at 25°0C [774))

Fermeabity Rate®
Gza o?f{m24 h-xtrn)
Carbon Dloxids 259 x 10
Hydrogen 2413100
Nitrogan 6.0 x 10°
Oxypen 11.8% 1

*F'o parrver to o100 [N%24 b-atn, Mty by 00845,

Figrus 13, Watar Vapar Transmision Rate of DuPent
FEP Fllm wt £0°C (104" par ASTM E-08

;:
i:
£
E

Noie: Yaluss s svsripas only and not for spealfiostion
To oormaet the pertastion veluse for

T00 10 o thaea for 1 ), Mustiply by 188

Table 7

Typloal Vepors Transmisslon Extes of BuPont FEP Fluorosarbon Fllm, 25 pm {1 mil] Thiokneos
o [Tast Method: Medifisd ASTM E-DS)
Fowparatirs Vapor Tranemission Rete
51 Untts Engish Units
Vapor "c i il {afm*d] {g /100 n*d)
Acwtic Achd 36 L B3 DAt
Acatnng 3E L 14.7 055
Bornmang - 95 1) 0.54
Carbbon Tatrachioride 35 i - 48 031
Ethyt Asstata a3 BE 1.7 078
Ethyl Aleshof 35 a5 10.7 0.09
Freon® F-12 23 Fi) 3720 24.0
Haxans a5 o6 8.7 .58
Hydrochiark Acld 25 77 <02 <001
Nitrle Acid {Rad Funing) 25 Fid 160.0 10.5
Socium Hydroxlda, 53% 25 P 0.2 <0.01
Sulfuric Agid, 36% 25 i 2x10+ 1% 10
Water 505 103 7.0 040

DOMNHTEA No. 1
Doy

MRS



Summary of Chemical Properties
32199

Thea following pages were supplied by Dupont and show chemical and
physical properties for Teflon and Keptom. In sumumary, water will degrode
the machanical properties of Kapton. but Teflon is uzatfected by water,
This is the reason why the Teflon-Kapton-Teflon system was sclected for
Texas Instruments switch dinphregm (3 mil thick Kapton layer coated with 1
mi] Teflon on both sides). Page | {marked with “A™) indicates that the
Teflon is non-reactive with water. Whils page 2 shows Teflon has a
relatively low vapor tinsmission rate (maried with “B™), Page 3 shows
how the mechanical properries of Kapton degrade with water and
empernure exposure tmarked with “CT. - ,

End of document.

TI-001466

DIVNETSA Na, 1
L TH




BUPONT = 18008704481 D2/25/99 4:00 ?:DSIN MO BT 6

—IE ¢ Lpi
Chamical Properties With these exoeptions noted, DuPoy B2 {luorccar-
TuPont FEP Fucrocarbon 5tm it chemically ooy ou £lma axkibut x very browd moge ¥ chamical
mdmmtnmhmﬂrmmgﬂd asc tharmal - (-
except molien metaln, Tnorine sl elavne Dia to the rany comples of precfortumen
rempeTaiuees, nad certain complex halogennted in paven epvircnments, selection should be
vorpponnds sush a3 chlorine doatelaviisd  hawd pu functioos] svatoediony or oxf ericson wnd ¢
tempocaturae Ao precsnce. sotzal snd-use condiiars.

Tn cisumatancag whare smd-nsa 2% The chemies! sbsimess Yoed [n Talie 5

ot o b g b I UL GO W0 et o i S DU AP B
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summary - Cliemicai Properties
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Me rollowing pages s ere suppnea vy Dupont 2nd show chéguesi and
physical propenties for Terlon und Kapion. [n summary, water will degrade
the mechanical properaes of Kapeon. but Terlon 18 unarfacted by witer.

This is the reason wiy the Taflon-Rapron-Tz00n svstem was ielested for
Texas [nstruments switch disgphragm 13 mil thick Ka.pmn tayer coamd with |
mil Teflon on both sides). Page | 1marked with ~A™ indicarss thar the
Tetlon is non-reactive with water, While page 2 shows Teflon has o
relatively [ow vapor transnussion rate (marked with “3™. Page ¥ shows
hew the mechanteai propemuies or Kaptod degrade with water and -
"EMDRTAMITE SXpOSUrD * markas rich T '
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Propristary Information

TP Overview
2100

TI's 77PS pwitch family has been spaciflaatly desigredd % opeam lo wn wrtomodve brakieg sysem. The
presyurs cavity of the switch hos been designed to seal beska fald pressure aocd trangmit pressurs and
movement o the sepaing portion of tha swixh v the 1ifo 21 defined in Ford ES -FZVC-9FY4-AL

The pressurs cavity In composad of tha haxport, gasket, and tres Eapion ™ dispheagma {mBad que as
“teal™ on wttachment 1,) Thepqmunﬂhe&:ﬂuummﬂdumugmulmmuhmnd
the displmpms. The purposs of the Xapton ™ disphragms | to pravide a floxible fuid tight sea betwess
tive presturs eavity and the internal components of the swiich. Partharmors, the displsayres ive ntendad 0
trusafer pressone i the conventar, and follow the movement off the converter 33 pressre in the prasnics

cavity (brake lins presscre) n variod

Two known ways that brake fuil may snter the coatact cuvity of TI's bruke switthes from #he pressare
oavity moi. hhﬂuﬁunddhakpumhpkﬂph_l.w H.hmhﬂuldmulukml
dm.dm"nwnuu Kapn™ diaglregm. .

The Gasliet:
o ardor 0 croats a Muld dght elastomeric seal, them must be proper compregilon of the elamonmer,

mafTicient backing of the elmomer by preved murvemeant whsm presfare i applied, md finelly the clasiome:
must be compatibia with the working fuid

Fluid ocomnpability is typically satablished by the uss of published mbles. Thees tables list Suid proups and
gonacel sateried (ypes. Lab tasticg is alwaya dooe with te specific Buld that the customer has spenifiod for
the spplication along with the specific ocmgound formulated by the salected guaket sopplier. Efrylena
Propylenc is used In the 7TFS and [n stanclared throughott the indweiry for seal gaslcot oeterials. TT haa besa
uning this muderis] in braks spplioitions dioce 1988,

Tho gaskel cormpression tarpst was obtpined from publshed indusiry wianderds (ase Parier O-ring
Handbook]. In thia particular design a nemined pesicst counpreasion of 249%was sclacied. Tha depéh of the
bexpast glad shown on attackmont %2 costrols tis stwibeio. This gland dimoion bs ot ioto the hexpont
ot th tiow of masafacturiog. As s reguly, this dimension in combination with the gaslow dimensicns
datermines tve fagl graket compression whes the sasembly ks crimped togather.

Lastly, the movemant/position of e pasket when prossure is applied must be controlied and restrained.
Thris: chasigw nocomspieahey this by aslecting the owler dicmwtesr of the grakat @ be slightly smatler fan .
iner diamwiey of tho gaakot ginad of the el plated boxport. Theredom, the hexpart plard pewvents the
gkt from moving outwards whan bigh press—e i applisd o the swich.

The DFMEA oxtfince the types of bty thet waen solacisd aod ris i comfirm that al] of tase parsnsine sm
soleczed correptly. ‘Tha resulting design was sxpossd to et conditions that ware ineanded & duplicate
asctnal spplication coaditions, and in soow cases 30 beyond the imended Timits 10 failure. Sen the DFMEA
Docurnant namber 503794 sl customer specification ERFIVC-0P94-AA . Specifically, burst testing,
{mpuisa msting, nnd thermal cycla teats wern parformead b coxficm that the gasiort parformed as kntancad.
The specific detalls of thesa taste and the mesults can be sesn in the Y bead mport umbesa Hated below:

{copies can b provided on request).
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Tout Repod, TiSwichPatnumber . Year Tepted

1. P8M91/48 T7rsla-3 . 1991
2 PSML/4p TIPSL2-1 1991
3. P3N TIPSL3 19%2
4. PRS0 TIPSLS-2 1952
3. PRl TTPSL3-1 1992
S PRSI TIPSLe-1 L1993
7. P934 TIPSLA-1 1993

Claabosd-manu facharing anconmlics can b producad rom ol of spex ppakels, contsminatlon of the gaxkes oo
saaling surfaces, aud os & rosult, may cpmes logks tarly in lifa. Ta oxder 10 protect T1's customer supply
thaln from gasket-manufacmring jasues thar are gavaral preverriativa actions b plsce. These actingg _
inchuds: halr nats, protective smocios, snd cleaning procedorss for the squipmest. TT's costommes retitm raisy
indicated by pant retwrn and analyss tecords arc lem thea 1 pom (cac lesker retumn i 9 yoa from mases

cylindar eak teiting).

Kaptea ™ Disphragst

A proamira swleh dephragm most sl the pressam cavity, tranadt pssore fces o the conveoer, aod
follow the coaverier motion without s ficantly alfecting e swateh caliboation poats. I addition, the
diaphragen materind must he rexlsant b chambenl gtz by the braks fhid

Easically, & tingla piece of Kxpton ™ in this design cossists of 2 0.003-inch thiok polyinido flim laminated -
oa both sides with & 0.001-fnch thick FEP Teflon filme The polymide Glm e the sblity o streteh withoot
brakisg {nralns on the arder of 709 belfoen ruptiws), and the Teflon film is compatibia wish s wide rangs
of chemicals. Ax n remlt of tiis bsyared comtruction, Espton ™ was sslscind for its mechamical snd
chernival propevties. Moreowar, TT hes been odng this retreeial in preonans switch spplications siace 1941,

In thin application tes stacked Xapion ™ Inyers wore used m the daphragm seal

T donfinm the sormot ooeial was selsotod for ths spplication wo redir (o the DFMEA. Spocifiolly, this
document kisatifios hurst ating. impulss westivg, wnd tharmal cycls tegting. Then tasty confiemad the
Em'l“ﬁﬂlvhmhmwmmﬂﬁmﬁih'm
cheies] expodite, med strem lovels all affa the life expoctiney of the Kipton ™ daplwragees, additiomal
tsuring ln encornenly done. A typleal bnpeaizs cest would Inelude presrurs cycies o 1430 pal, conainnt
emparstum of 135 C, and a oycis ove of 120 oyclesfmimie. Depeading on the tactors Heed above, the i
vapectancy of a TT bexka prepnas ywich can vary, bot ypically i arnmd 1 miflion cycles which i well
scrve the 300,000 cyclas specifial in the Faid specification (BS-F2VC-9P924-AA), (Scu Life Testing o

Fallure (PS/9E/14))

In addition, erutirned conformaace wating has boan opgning for many yeas 2t TL The parpose of this
wating is to conflerm that the componsats, materiak, snd procesces bave resained stabio over thime and that
fix design owet 1y consistently baing achieved. Sen stiachad IP mpacts which coaliem 1009 succeesfal -
pasing of all ety defined in the rpeciflcation.

Mangfacuring & PV sncmelion euch s plached Kapaon ™ cwn affect tho Kapwon ™ diaphyagm sal
periwrzancs (38 PFMEA Docurent # 503831). Matotalchomasal compadbility and siressfitruin
coneenratinng can alpo cunes the Kapton ™ dinphragme to fatigns. Sen DFMEA Docamont number
303796, In ocder to varlly the comect dexign paramelrs ware aslocted, the switch wee subjented o
eurnber of taste designad to sinsatate scowleratad s teating of the pplication. See PS reports callad out
wove. Lifa testing perthe customer specification (ES-F2VC9F924-AA) kas shown sccaptable

Typically, Kaptan ™ fatlgus occues well aver 0.5 milllon full-scale practure cycles in our hismory of
simulated nd accalemiad Ilfa tasting. When Kapton ™ fatigqua doas cccur, e e visuad slgos of de-

TI 0023858



laninadon, crasking, and eznbrisement. The Exptan ™ disphragme kreak down first bn the wress of hgheyt
srays and or ptraln. Typically, the first reglo 1m0 show break, down s the oircumbersatinl e samounding
the comverter lnuton. Ses Endurance Test (mpart # PS/S8/53). Again, dlapheagm Lifo dopendi on siress

[evels (prossurs magnltnds appliad), temperaturs, and chemical exposure. The sbove meatcned tests wane
conducted in TT's Life Test lab with relatively controlled condldony.

‘Water haa been shaws i0 accelersis the aging of the hess polymide. Water can ba infrodired in tu known
e

1) By aaring the contact cavity via theelectrical comnector
F§} mmmmummmmmhmmnmm

mmmhmumwhm"wunﬁmm-m
thay have resched the end of life. ‘This condiion loaves visusl clums. Clzasic signs of chamiza] atack of th

™ include de-lamination of the Tefloa from the bags palystde base, embrittiorsewt, and cracking of
s base pofymer. e Endirancs Tast (report PSAOLN3),

Authored by Bryan Degas. Call Audly Mogubk o Brysa Dagun with quostions.
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T7PS Overview Appendix

1. Pressure Switch Crom Section

2. Hexport Print (Y1 # 36900)

3. Gaskat Print (TI¥ 74153)

4. DFMEA for Gasket and Eapion Seal

5. LiMe Tast to Fallure Test Report (Walbull Anelysls)
6. OWEMMC-M

7. FFMEA

8. IF Test Reports
9. Endurancs Test Report
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Life Testing (to Fallure) of 77PS Style Device

Summary of Test Serien 559-15-24
Author: ‘DI Ha, Design Engimeering
Date: Apdl 8, 1998
Report No.:  PSSE/14
Forpose

Ihnpmpuﬁnfthl:mtmm:nﬂrhlifuwdlms syle hydraulic pressum
rwitch. The endurance tost was run oot to fallore and 2 Welbull analysls perforrmnd. Fallure was

conaidered to be a Jasking davica.

Sample Description

. The davices plnced on test was a TTPS braka pressure switch withy & quiet dise. The oea of o
quist diss rosults in Joss energy in the system dus K & smallor displacemeat of the disc during
actuation and relosss. The 77PSL3-4 devico was used for test. Calibration requirements for this
device sra s follows:

Actostion Presrure: 200-300 paig
Releass Preiwwre: 40 peig min.

Procedurs
24 gwitches were built oo the manafictoring line. MMMMMMM
impultss tsting. Results are incloded in thiz repat.

" Eodurania tosting was tur to the Following specification:

Tempeaaturs: 135C
Froquency: 2Hjz
Tota! Cyelas: 300,000
Electrica! Load:
0-475.000 cyclew: 13V - 1V, trace currant

475,001-50.0D0 cycles: 13 +/~ 1V, TH) +/- S0 mA
Presmires:

Freagure (Low): O-40peig

Presume (High): 1400-1300 paig

Aftar the completion of the 500,000 cyches, the swiches wers taken off tast and callbrated to

ensure they were functioning properly. They were then replaced on test and cycled to fullure.
The number of cycles at which each swistch falledleaked was noted. The test was stopped at

1,634,921 cycles, Six devices were an test when the test way suspended,

T 0023707
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Ramlts

All 24 gwichey passed the specificaton requirement of 500,000 cycles. Actustion drift after
cycling was marmal, averaging bags than 5%. All devices were within spacification sfter the post-
SO0K calibratioos. -

Faflure of the devices wws first seen xt 994K. Pallures weare scen up to 1,563,521 cycles, when
the tost was soppad.

Concloslon
Rofability of the switches (o 500K cycles Iz 100 parcent. However, ww camud gusrzmtse 1 Hifa

cycls raquimment of 1 million cycis, as thars wars lakoage fadbures pelor i the complation of |
million ¢ycles.
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@i Enginaering Lpeciiication =

L.

o T .

ENTIrR ASIDNALY - SPOED CONTERT, TUACITIAYE

Gavaral

Thin spesificacion covars tha cant sequiswmancs for che speed
centrol desac lvacy awiceh -37904- upsielesebiowewbescranbie-gnaed
SARAMShaEm. .  Oasign shanges 30 ©he Ivitoh aseschily or i
simpenecs sliall wnt be wade wicheuts oowpiismes to Fsetion ¥ of
ls spaeification snd wituin appreval [oom she relassing
Feoduwotion Enginssring OfEice.

. This eaglosaring spealficseion Lj a iwp'l.-nl: ta the taleased

IL.

demring an cla sbave part, sod all casguirosssacs barals susc ba
mag ip adiicion ca all ocher Taquizamencs of tha paxt deawing.
Hinlsws wisyusin nequigery foy demsascracing smipliisnes ca ﬁ-u
raquirssence e glven io sish Seseies. A
The saginssring fascs, saspla sises, spd casc Praquancies
sontained wichin this sogiseseing speclficacise reflece Tha
minlmee reyuicssancs satabhlishad to pewvids & rapgalar svalustise
of oanlarmsice E8 design Latenk. The soglasering Exdt pragYim
iz intemded as & supplesent to macmal macerial imspestiomy,
dimsanissal shagicing sad in-prossss ssacyals, sad sheld fn wo
vy sdverusly infloesss sty [mspestisn opaTercisnw. .

QL supplisca may implessct differeat tesc aingle slses and
Irsqpuanaian pewviding thame Bavs houn inalodsd in s
alesrrmce Gentzul Men sppoeved by sbe dusdipn veapenaibls
Preduat Engineacing Office ol sencuryed in Wy Q4.

:
* Iradaacisu Talfdsciss (PY) Tasts mac z- asmplekad saxlsfac~

tavily vich parts frum pradeg Lok twling (end processas
wiars punaihla) balfoys IXIR.sppewval uai mavhwrizssion fye
sipmenc of predusacien pagud sam ¥a sffsetmi. Faris suas be
ravalidaead cowplesaly, s par Bection V vhanavar amy chinigs
l-mmﬁ-ﬂnﬂhﬁdﬂ:nmm-:

' peEfocuampe,

* ToeFfoosdas Tasc Fhass 1 ll!-ll = TF1 tasts ars used ca
damnenacTice pRetels sapabllicy sl muyt bs smpleted uaing
inieial prmdoecien parss from prwdection toeling exid
predsguss prise oo Iirsc predustion sliipssae ml. =1
Eanld nra Su eviiims in alfess t-.l!. pressas uvapsbillicy is
ahitfioimw £ ra Bod.

* Tlo-Frocess Tesca Fhass 1 (IF-1) - -1 caae PEOETEN axv Wy
laplsasnewd snly afnsr pressas aspebiliey has basm aa-
talbllahad. Tests must be acmplated vich producticn pATE o
a woncioalag bazin, Sesplad Eor chess Costs musc ba sqlwatad
Of = Faicigm busis Db Tepresapd the sucics produnkion
pepulation as wuch as pessible. In clis svamc chat say of tha
TQULrssntE IR ThaSE CAMGE Lo naf meE, the casatisw plam
Apsalfind in Fard {101 Iscg, 3.3, "Fugimeering 3dpexifleacism

{83} Yoat Parfs Reculrssengs® zlwull be invoksd,

LE
aF
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SRCTION 211, _LANLE QF JEITE
FRODRCTICE BALINATME T IRECESS IF-1 3 x
“Searinkics) Searivcical Sracixtival
Tast. Nanm e m— - Teat Niaclanan Tart M Tant
Tamcclonal Fanpls  dcceptsaca | Saapla Accaptancs  Sampls Accaptancs
ltam, _Tmfp fics . . Gricaris, Slxsa. _fxitecis _Eiza - __Critsvig
111,

A/ & Calibnatisa T 0. . N 1an A1l Musx Pasa 180% Atl Hust Fass
3 Yeltugs Brep L - 1A, IO-.05 ik ox . = -
€ turrent Loskage 7 N Ak, MO-.MH &flag . = -
b Freaf Test T S MM 12Ae. TO-.3- L1t . » =

-lu..‘" h.: ‘ m*-?! m- m-l“ w: - - -
T Thrucjem & 790..72 e, M- % i/ He. r#a-.712
I tarmiwal frrengch 12 - M- ifls. MR-T2 &flax 411 Busc Pres
E Vscwum é Mo-_ 1 A, ML dni Ko, - .11

L Tepetstace Gyals i m-.n N, M3 i Mo, IFM-.71
H Fluid Resistance 1 - H/1lis 0. .0 /1N, - 0
Bnsbilicy Yests

L. '
E legules ] i . 50 1ima. FMG-.2% 371 Bo. I30-. 56
0 Beaidivy & -1 JMs. PWO-.NI '|‘ﬁllh. Ma-. 72
H falt Rpray s 319-.73 SMa. T80-.54 76 Hs. 150,72
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| @D Enginsaring Lpacifie.tan e

T11. IEOT ¥ancaoimys 1D QFCATRENENTY

V' A galibraston

L. Iusr fasulrssenpn

a. Juigch calibracien iz tw he chachsd ac zoes
campayscurs {L47C.15%C) nalsgp amblemt alf ax
, Wmivalane.

b, Calikvacion asttings shall bs spasifisd so cha pure
draving vith the satuings chasksd afsar I o msxf™
prasmuca oyulss with sahisns siE, or squivelenc.
Prossuce oyals vamge 5 to be datarmiomd by the
amfsgcuray ts inzery switsh calibrarion ansbllicy.
The mm-in sl $iffayentisl sax paings ara to ba
senmured whils esndisiving T30 £+ 50 sillisspeses
whiln 13.0 £ 1.0 velin B.C. {2 applind. Tha sug-in
puine ia ca ba vheeked with inmysasing pressurs.

a, Tha gif-cut paint La o be sheakud with deavessiwg
prnasuze, sl tha diffaxencisl sec peint La t& be
oalsulated wiing tha suc-In pressdrs aihts the @k~
aut prEasure. : :

1. isoencance RaauiTwaencs

a. WemoshCerwenas Lp defined as sny switch paine whish
£2lls sutsids tha Essstzzma band specifisd on tha
Faltags firan |

i. aggagcance souiramsncx

a. Yescanfsrmanes is dafined as s volrags dvnp in
ancass of 700 milliweles, '

| AN

3
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D Snginesring Spacifiaution .

TIl. IENT _PROCRTANFY ARR SECUTRPMINTS (come'd)

&:; Currshc luskage s za he shaglad wigh 100 welca, §
Uz aslcarmuciag curTen:s,

b. | Curysnc lasksgs is ca by shecksd:

(19 Devweaa tha switel lesds with the uenCstE ¢pan.
{2} Batwesa the lead pud thy swicoh heusing with -
. mEANcE slasad, .
{1} Jacwnen sither lesd aod svicsh housing wich che

CAOCAGEN Opal.

. Subject ssnpls switehas cg Susciem A C» astshlish
thaly (micial suicaine praasacsd.

squivalant as Bha pragsavs msdies. sk nrsaniee -

9. Froef T ia Eo be sendusted weing brake flald s -

EX Y-

shall b a0 spesifisd eo tha part drpwing. Taat 5’:}#‘.& .
praseays thall we isalatad Eres prasssres aworas asd
hald for wor lass chan 30 sssemds. /'

4. Reahsak cha switahey o Jaasion A.

1. Asoosacames Rswuirssency

ds ¥Nu svidamss of fludd leshags, cespags, or drey in
CoAE FESSIUTS ETHACET Thaw 430 XK. (42 PEI} 12
parmiited.

b, A shasge 1o tuc-iv and owt-out PreaFUTas JTASLAT
cham -1 5% frem tha [aitisl valus is wor garmicced,

€. Tha teec samples mssz be destroysd aftsr Lescing,

6 13 V BS-FIve-9r924-a0
“Aug oF AEVIIRD : HULRER
._FD 3947-&2 Hprial sAtioml my BOT 35 wlel
Tioo2374p

DIYNHTEA No, 2
L]



i — - — - —
&3> Enginesring Spachicuticn e
1Ll. IEIL EONCENERES AL EONTLOMNTE (conc'd)
£. Imsules
L. Iaac Eacuiracsots .
a. Teas vhn avicch for & tatgl »f 300,000 ayalaa.
Cyala preswuxs hafvasm {1lesr) Q<104 KPa {Q0-40 pel}
and Chigh) 10,000 3 JAS XXa (1430 & 30 pal).
A1) 0 =~ 479,00 eyalan: 13 2 1 valts,tTasa currenc o
ponlcex fuaocion. -~
11 &75.001 - 300,000 syalea: 13 & 1 welts D.C... ‘130
= 30 ma., par i &,
b. l-nh-ll:tltqumuh'ﬂig“‘ﬁudnhh“
temparaturs te ba LOT'C mia.
a, GCysls racs Le % b= 110-13 cyeles ger minots.
i, Swiceh wont open and slese sash syali.
1. Momcioce acuirsssnts
t.  afwar ispeles cexn shoek ©s soetions &, 3, €, & ©
usiog the preaanduze. ssishlished in sach ssation.
b. Nescenfenmanos ix daiinsd ss amy swimch nav seeting
cha sritavie in soenlaa A, B, 8, & B
o. Samples uaid Ear chis teas mt e dsacteyed slbar
41l cassing Ln eomplabed.
r. humss
1. T=ak Qssuirsmant
a, MEWE SETSRETH 15 €5 Be abeskad maing braka #leié or
sipalvalang as Eha praseurs sukiae,
k. FMreavurizs the avicsh o4 43,3 MiPs (7300 P11) winiouw
awd hald fox 1) seomady wimimum.
2, Asmescanca Sumirsnenty
s, Hmoonforwencs is defimad e any svidencs of flunid
leakags »t sompige [Tem Che switch or chreads.
Saspisa uied fow mhis sens mn be descywysd afinr
canting is tll'pi_.ll'.li.
T 1) V It-Fve-4pazaean
e S S MVSED MU
Tao237T17
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<P Endmhmu Specillecilon -

LBl FHRC LIHIRES ANU N ARl - - —-ﬁ-_-

G Wity
1. Tpag duouliksowote

&, Houmt tha swilcel in e cast purt in s bumidicy
chasber. Currently rélsssed mabing alasexrical
dsrmmotet want be Installad hafern skart of LasE,

b. Subjean the sviteh t& bin {10} esniinwaus humidicgy
dynlas »s Enlloun;

f‘l.] Ralsw campatetute O 65 +10/-21 *C svar 1.3 -
hours) ac $0-TEA alative homidity, -

(2) Meld ) houea ax 83 +10/-1 *C ax 20-%0% relakiva
anidicy.

(1) Laver campstucugs o= 23 +10/-1 @ gwer 2.9
haors; ar 00-93% ralative Bamidity,

1. Asoencapas Essuirssesta

a. VUidhin 19 sioutes alftar complacioa af tha cauth '
Npddity oyola check tha yuitsh €5 sestliens A, ), €,
. D, vaing the progsdets sscablished in sach sectien.

b. Nessonformsodas L4 Jafized as amy switch mot masting
cha aricmicia in ssatfomm A, K, €, ov D.

a, Home the ;1.:& n tha l:l::.:ﬂlﬂ in u%: mnl
chanbax. wuzrsanly Te wd ma alwoerice
cummsstar aodl wiring mpac be I.Illll-l;::.fﬂll [T
scaxt af task,

. DEupess che swiveh sammmbly co 72 hausry in.l.r.l'p.'lr
Frn.‘ll’-- 1r *

1. Aegaovamcs Eaguirasencs

&, Alcer exposurs, cheek the miltch ¢ ssecions A, 1,
c, b, uniag the presedurs ascabliched La each
kLo,

b, Hemenformance is defipned as any mwitih nak meacing
cha criceria in semcloma A, B, G, oar D. Samples
used for chis tsst mase ba duscvoved afesr all
tancing iz owspleced,

! 18 | ' WV I3 FIVC-97¥ 24~ AA
A N MNIAED HULMER
EFD 394?'12 (Poaraiey il Wy vy WOET o
TI 0023748
DID/NHTSA Np. 2




P Engineering Sisciticclion

L.

T

11, IRITTROCRIMES AR REEIRDGNLS (doacd)

L. Yibgagion

Iaac Raguizsaenc:

.

b,

Meunt the wwitch in vhe case part and ateach the
curreatly ralaansd msting sleccrioal cermeacar
bafors staxrt of EaBE.

.Suleahus ave tm ba vibhgatsd In sll J planas with

alsecriosl osaotimaity being sonltored duxing tha ™
anEirs tasz, S4s Fipers 1 for svitah orimmcatisn Ln
the J planan. Viktacion tSCH arfe £a ba songuaced
SC CDGE tsmperatura waing braks fluld, sebient air,
oF Gquivalsss as"the Prasnare madiue.

Incarnal prasswes shall ba smiovaissd ac & XFa 4.
whay e swicah (5 1o chs alssed pesitimm end 1,1

Afzar the angfirs vibracien saquemes shask che
wwriiahas ©8 sextisod &, B, C. ar D uning oW
peoasdnrs ascablizhed Lh assh ssacian,

Fosasafsrnanos Lx dafined ss any svidmmas of laakige
ot sny shangs in sleserical swwciomicy/discessimaicy
diaring the vibration syoles, e any rriceh mc
sasting the srivsxris in seaciens &, R, £, a2 D.

- damples wewld fer vhis cast must ba danzoysd sfter

all Esasing is samplated.

WV ES-FIVC-1F924-AA

-' FD 3“7"‘2 L T T gy ]

INWNHTEA Np, 2
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1.

Heuae the sawitch in the taic pare.
1) Apply & 19 £ 9 K smis) feroe cs ssah carmipal.

€23 Wich a pandulum spply 4 43 £ 1 N iapsat feres &0
cha swvitsh housing s cha centaatar anad,
parpandiculsr to the cancarline axis of tha -
mulkch. 30 Fipexe 2 Eor farae appllacation .

" poine sl dirseaxien, -

Accancancs Requlresants

b,

4

Chaak chs switsh oo ssoclans 4, 1, €, ami D uning
cha precsdurss sacablishad In aash saorisa.

Nensenfavezmas s dafised o any carmisal or hewaing
frvssruss, o swy swibeh ot seacing the writaris in
asscioos &, B €, o D.

Inat Ragulressncs

Haunt fha swicih im the cast poret. Vapuum ERIER ATw

s ba oendueted 4t Teon temparnturs using ambisee
alr aa cthw praasvza aadins,

subblenc cha swibsh u'; ayaias of vavum frem

sk tha sviech to seacions A, 8, €, and D using
o praasdurs satablished Lo sadh sautciom,

Hancenferwenss L4 defined as axy switoh moc s~uing
the aritsris fo sestions A, B, €, sme 0.

18

V B-FIrc-arvie.an

TOAT -0 |rrortns sssssmns mby 90T ba miiy
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@2 Enginesring Spacification
1II, TEIT_PROCEDURES AND SFDUTRIMENTY (cenc'd)
L. Xamgecaryrs Cyxis
1. Iaat Rsouirsnanks
4. Reunt svitchas in £sgt pares] twag £ be TUG waing
curvantly relaassd brabs fiwdd, -
b. Bepear the following pressdure 23 vimas.
4] hu"thldlﬁ-ﬂnudnq-nmu o a%
. leass ~M*E, -
{1) Cyuls O wwiltehen Ean cimaz st 19 .
sescmds /oyalss. Usm tydla soosises of &
preasurs varistism Fren O - 178 ¥Pa.C [O0-40 pal)
ks 10,000 + JAS K¥a.G (1450 & 30 FeY}.
Wags: $viceh wase ppon and alesa sagh oysls.
o
(3} Rales switeh dnd fluld tare £o 30°C J“E <
sinimm, 2 R -
(A) Bapsat Srep 2.
&s AL n—l.-:l‘.-u al . lu' b, shack yritched par naationa
A, B, C mdb,
2. AgasgRanos Epsuivessati
3, Sersesformasss.fs.deflned sx sny evidagea of svirch
fluid 1askngs, supage, o mok westing the oriteria
. of asstions &, B, €, xmd U. '[
M. Fluid Enstacents.,
1. Taxe Eewn(femqucy '
Ay Msumr the switeh is the Eest pert ‘sud wrisme as
installed in the wakisls.
b, Inacall ths morrsstly relessed macing sleskriaal
ssmeateyr (uith wire l.ni_l‘l e tha wwiks.
' f. Sequeocislly, lemess che swicsh ince sash of the
. spaaified flulds, a8 a cepacatare af I3 ¢ 2 92, for
. 3%l eecoul. Rewwwe che switah and drain sod scecs
- cha wicely for che spesifisd time at room
i Aaparacura, p¥ier oo impernimg imts the oaxe fluid.
i
1 14 i V mrc-ems.a
FRAME or ADEED MAEEN
1““' FD 3547-!2 PR e aipnan mapy AHET B AN -
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N os23T
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10040 Tagtne 0Ll . 4 & L hour 14 darys
Ethylene 1/} Uamarx - Zh £ 1 bew 25 3 1 hewy

Bunle Flald % % L hour 4.2 1 hewr

Trananissing/ 2% £ 1 hour 1k days

WW&HI Ml bewr
hy Yaluma
‘ 4 & 1 hewx

.
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SEP Enginesring Spacifiestion

Iv.

L

ST
STALISTICAL ANALYSIS NETHOOY

A l'-r H. IP:1 and 121 esnea, .:I.:I." Bl

R .m o miadmen raliahliizy Syoal ce M e 2
-iu-u £1 than FI0-.00 weand 4 Binisus Faliakilicy af
s ae ¥y semiidaws. -

3. All samplas suse pasz 13 Ehe l'llﬂ.lﬂ.l.ll CHIT AccapEiReA

sritaria staced for taass wich 1004 Erwewoey: or _I.n__
£y loca, whish seuld howe 2 varishls sisas.

A. W shangs in dagign, sacacisl, preseas ox
-uuh-nnu-h wll‘mﬂln

mm-tﬁnﬁummumuln rum
o ravalidesa cha aviteh. The Dellewisng nmsbda iz ©6 be umad
an & in dagarmining e typa of Csaca requived for

raval iss raguirssentd.

REBCAC CHANGE RRYALIDATTIN
. . Fresess or Material
S gl ar Tax Desnliar
1. Tarminals, CenEsaca, or 111, 5. ¢, K. @, B,1,
Camseatar J. L M. -
2, Cama or ileaping il Tesma
3. Olee s¢ Dluphrage . 111, A.P.E,F.I.KL
&. Titzing = Fald Commsarivs g, %, . LU, I, M.
B. anoual cewvalligcion iz s vequired on sarvyever switochas.

1
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@€ Enginsering Specification -

Vit

vitr.

d. Ragmopding and record recancicn shall sowfoym wieh Ford Q-
101.

3, fredusgisn Validation tass rssulls snd analynis ars ts ba
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