- EA02-025

- TEXAS INSTRUMENTS, INC.’S

91003

- REQUESTNO.7
BOX 9

' PARTA-R

PARTO

e e o




-
-

N

TI177PS Test Synnplis

' mmmma{mwammmm7m

investigation. The intent of this document in to highlight test findings which drove the
itvestigation to-jis otoreat ate. Throughout the investigation, sevecsl tests wees -
condusted with the ssme objective. When each abjactive was maet, sfforts were refocused
t0 obixin & new Isvel of undecrtanding snd to astablish & pew set of chjectives, As much,
teats have besn categorized into (5) Jevels, repressnting the level of knowledgs obtainad

‘from the group of taets conducted. Mhﬂhwmmlmm&

the ohiwctive:

Level 1 m.mm-wmmmﬂmmm

Level 2: Croste s Juborwtory swithi ignitiom using oaly conditicns found in the switch
cperaiing envircroems,

Level 3: Undeestand the Isboretory ignition mechandsm, -

Leoval 4: Compars factors cantributing to laborstory Ignition.

Lave! 5: Fvahmto recomeaendations.

Redor to Bijaka Progsure Swritch Tog Log.
Level 1 Objective: wu.mmnmhmm&-w

s Testl

Objoctive: Determing if switch igniticn oan occur undee the following
Ixboratery conditlons:

mmmwmmmmmw
mnouids of %% Hal.

14 volta spplted to one terminal, second terming] electrically floating,
(No electrical load across switch teccainals),

Switch hexport electrically groundod,

Results: {8) saxxiples were testod total:
(D) with 4% Ha0 in brake fuld.
{2) with &% Ha0 in brake fluld.
.(2) with 10% Ha0 o brake Buld.
(2) with 73% Hx( in brake Auld.

No ignition occuwred. No significant tenperature rise chasrved in all ssmples.
cmmmmnsmmsmm:muﬂ peaier than
(250)

T-NHTSA 014838 |

TE YIS Tt Byrngele




v Testld
Objactive: Determine if switch ignition can oceur under the Ballowing lwborstary
conditions:

Switch contact floodad with braks fludd.

14 volte appited to one terminal, secnnd termine] connected o a 14 Q
roxistor which s thed to ground. (1 Amp Joad scross switch tarminals).
smﬂmwm

Remilty: (2) samnples were tested. No iguition ocourred. Hulisutﬁnﬂ:
tempersture rise abssrved for & perlod over (230) hours,

Conclusion: A (1) Amp load theough switch terminels cannot ignite beaks fluid in
the contact cavity of switches,

o Tepd

e LR

Objective: Determine if switch Ignition can occur under the following
inboratory conditions:

Heater element inmalled in contact exvity of the swiich,

Power appliad to the heater element until plastlc basa melin

: Spark generated in cominet cavity of switch.

) nmmmhhmm(wmmdwmhh
. . contact cavity (dry devica).

il Bewilts: mayuvh-mwmmmmww Ignifion
: otowrred in all devices,
mmmwmmwmm. A hole
bumed through the base of the switch (closs & the heating clement). The npplied
spark Ignited the fipney in the contwct cavity of the switch and snguifed the base
material of the switch.

_ Liry device: The internal omporsture of & dry swich reached over LOPP, The
, swich buse flopped over. The applied spark Lgnited the fimnea in the contact
. cavity of the switch and enguifed the base material of the rwitch. _

Conclusion: A switch ignition can ocour under the following labormsory -
Haater slament: installed in the switch contact cavity.
3 wiita of power dissipated in hosting clament.
Spak generatad in the contact cavity of the switch.

Brake fuld did not coaibule to the ignition poces.

TI-NHTSA 014385
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Leval 2: ﬂh}uﬂw Mﬂlmmmmmwm
wﬂmmmumm

o Tetéa

Objective: mumWﬁmwm
can ciuse m incroase i loctrical zosistance (xnd thus & soures of heat) in the
switch, which may lead to an ignition.

Results: (1) out of (15) samples tosted Inoreased reslatance to 5 0s. A sohution of
5 wit. % NaCl in Hy0 can oorrods the electrical componsnt of the switch and
cause an lncreass in clectricel resipance. Rapestad injections of the solutfon of
3wt % NaCl in Hy0 Into the contact evity of a switch, with the swixch
sontinucusly powered at 14 Valts, can canse an ignition,

Conclusbon: nmmmmmmmw '
conditiona: '

hnlﬁnnofﬂiﬂaﬂlhlﬂlilinjmdhm contact eavity of & rwiteh,
Cantizuons 14 Volt power sppliad to the switch,

Hexport is grounded,
Cusvent 1 limited a4t 15 Amps,
s« Testbc

Objective: Determine if brake fiuld whth motal shavings 11 sonductive snough 1o
create an Ignitioa.

Resuls: (3) dovices with varlows slzs motsl pariloles were tested. No signlficant
owrert incrense detected.

Conoliusion: Metal shavings did not significantly incroase conductivity hrake
fatd. thﬂmdmwlﬂhhwhﬂhmmMm

o« Tem?

Objentive: Determine if switch meeta cycla life specification.

Rosults: Tests conductad during the first quarter of 1999 show that switches
euoead cycls Hie

specification.
In the first quartar of 1599, s total of {42) 77PSL2-1 map rwitches were inpulse
tested to over 1,000,000 cycles with ooty (1) leak beloew 1,000,000 cycles, which

T TPFA That Bymcguls
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mﬂummm A Weibull analysis showed 99.9% ulllhilitrlt
sm.quunemmamm

Conclusions: Switches meet cycle life specification. Firat qumrior, 1999 teats
confirm impuire test findings made during the pariod between 1991 and 1992,
Durtug that peciod, (6) impuilee t2ats on 144 devices of 578 and 77PH
construction, had no lesks when taxted to 500,000 oyoeles. A Welbull unadys=is of
first quartez, 1999 teats, showed 99.9% retiability at 500,000 cycles at 95%
confldenoe lovel,

 Tostlla

Objectdve: ‘Determine the long term corroxive affects of brake fluld on tha
shectrical components of switches which are sontinuously poweesd at 14 Voliz.

Results: Test was sispencied after 550 hours of testing. (6) mmples oere tasted
with continuous 14 Volte power. The contact cavity of (4) switehes comtakned
naw bealow fluid and (2} switches contained old brake fluld.  Switches with old
beaks fluld drew vecy Little hoxport ourrent and showed & dacmase in haxpart
cureant over tims o less than 1/10 mAmp. Samples with new brake fluld ghewed
=0 incrwase 1n hexport cucrat ko over 20 mAmps toward the end of the 550 hours
of tating. Analyses of (1) smple with new brake fiuid and (1) sxmple with old
braka fuld revealed electrolythe corrosion of the cominct arm of hoth switches, .
anmwhhmhﬂﬂmuﬂmhhmﬂnmwmﬂm
then the semple with new brake fuid.

Conclusion: Brake fluid in the coitact cavity of switches, which are st 14 Volis
continoons powar for over 500 hours, can cause slectrolytic comovion of the
switch contact axm. It is unknown If this corrosion, under continucns pows

" conditions, can eventuglly lead o sufficlant current dexw to deive an jgnition.

» Tem17

Objective: Qumﬂ&thalu;mumndwm&'mbnh fiuld on the
elsotrical componeants of switches under the following lnborutory conditions:

muwnfmmmﬂmm
. Switohes st continoous 14 Volts power,

Switclwes subjected to vibration for (1) hoar per day.

Switchea subjectad to 100°C for (1) houy per dsy.

Results: Test suspended after (312) hours. (50) samplas tested. The sverage
hoxport current drevr after (312) hours is 1.9 mAmps with & standard deviption of
1,8 mAmps. Thars has beaty no incrsase In hexpart curreat. Thesa pemilts are
consistent with rerity previovsly found in Tost 15

TENHTSA 014594
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Cunelumn. New beake fluid in the contact cavity of switchoes, has not cansed an
increase in hexport cionent after (312) hourm M contiinous 14 Volts power.

Lovel 3: Objective: Undorstand the labaratory ignition process, detarmine the careat
path and establish a repoatabls Ignition mathod, -

s Test &b

wmmuwmwmmmmmm
und establish a repentably ignition method.

Results: Multiplo attempty st laboratery ignition, via injection of a solutian of
£ wt. % NaCl Lo K20 into the contact cavity of switches, has requlted inm

ropeatability rate of epproximataly 50%. Plntufhupmmmthu :
show an increase in curremt untl] the poit of ignitien. . '

Cancluslon: A repeatshle laboratory method for switch 1gnition waa
estzblished, Mm“ﬂmmhmﬂhﬁm
swiich terminals to hexport body.

When o solution of 5 wt. % NaCl In Hy0 is repeatedly Injacted into the contact
cavity of powered switches, elsctrolytic corrosion of the switch terminal
veaults in en inoesase i termival resistance. When nifficlent power ls draam

- throagh the corrasive rexistance, switch cletuonts hewt up wisd begin 1o glow red
hot. A hole bums through the switch bsie xnd ignition oocurs. There is arcing
ﬂslmwbhﬂ:mqhnmﬂm ﬁumdmmwhuhmmﬁupnkm

Level 4! Oblective: Coapere and contrest varisbies infinenelng ignltion uxing the
etablished laboestoey ignition method.

o« Tostldn
Objective: Compere varjoun fhiids in the getablished ignition method.

Resutts: The following flulds wera tested.

{1} NeCl in Hy0.

(1} tap wnter

{1) rain water

(1) ussd brake fluld

(I]undbuhﬂuldndﬂﬁm.ul-l,n

(1) new brake flold

(1) new brake flnid with § wt. % Hy0

The switch filled with 5§ wi. % NaCl in Hz0 resulted in an ignition when wverage
haxpart current swoseded 2.5 Amps, Switches that weee fifled with tap wator and
raln water drew |egs than 10 mAmpy over & (3) hour test and showed little sigos of

, .
1 7778 Toxt Syl
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corroslon. Switches Slied with a matrix of new and used beake fluids, with water
and writhout vatee, ali drew leas than 3 mAmpe hexport current draw and showed
n signa of corroslon aver the (24) hour test.

Conchulon: ﬂrnhﬂﬂ&hnﬂumdmﬂwmuqhmmthadmﬂyﬂn
corrosion and nacesssry currant draw to creste an igeitlon. Because of its’
significarnly highar condustivity, an fanio rich fluld such e NACLin Fo s

mmmmlﬁ

 Testls |
Dbjective: Compare the ignition characteristica of vasious plestics an switch base
Resulis: Whan 5 wt. % NaCl in Hy0 waa injected frto awiiches with diffecen

tusa matarials, the following results were obtained: Cellanex 4300 ignited 3 out
of 5 attempis. Noryl Ignited 2 ot of § ettempis. Zyﬂlplﬁlnmﬂimm -

Conclusions; Allpiuﬂunmdmmﬂeudn]m mhluhdllbonmrr
ignition method.

v Test15h

Objective: Dﬂuﬂuumwﬂumwhmmmmu“
-mmumﬂlﬂﬂmmmandumm
atigles in the 45° orienitation.

Results: Bwitnhipiﬂmmmlnbuthﬂ:wrﬂuﬂuﬂﬂ'uﬂmﬂﬂmuﬂng
the eatabtished inhomatory ignithon method.

Conclugion; Switch ignion does not appesr to be scasitive to vertical orientation
verses 45* orfarmmtion nor #o rotetional angle In the 45° odentation.

Luvel § Objectiver
Tast 16 _
s Objoctive: Teat propossd reluy clrcait.

Resulty: {1) rwitch wea injected with & solutlon of 5 wt. %6 Nasl in Hal) sl
placed in the proposed cuzrent limiting circuit for (48) hows. The ¢wtent draw
remainad constezt &t 130 mAmps throughout the teat, Mwunnudw
observed and the contact anm retialnad mostly intact.
'(1}memmmmmmmmmmmm
method, An itnpending turn in & condition where & cormosive resistanse has built

f
. T Ten Bmopils
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up 1 the switch and an ignitton is Immineat. The switch was then placed in the
proposed relay circuit for(18)} hours whers it drew 160 mAmps, showed no visible
activity snd did not result In an igniton,

Becansa the propased ralay cirult acts az & rexiator which limits cureent to the
switch, the maximom poveer to the switch 1s Hmited to .75 Watts. A registiva wire
waa wrapped around (he bage of (1) awitch and 0.75 Watts of power was
dissipated in the wire. The wire becims witm to the touch but had ne effect on
the switsh.

Concluston: 0.75 Wats, the maxinman power in the proposad circult design, is
insufficlent to cause mibstantial electrolytic comresion or significant switch
terminal heating, which In neceasery to crsade o ignition. In previous tests, using
a resistor ax the hexting slement (seo Test G, spproximately 5 Wit of power was
necessary to creme an ignition, Thers is not enough power in the troposed cincuit
to create ignition.

TENHTSA 014594
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. merks would Incliowks that makal was shoriing ta the aip.

Ford '62 Town Gar Thermal Event

 Paf Ford's request 10 try to recraate ipnition of & firs In & T1 brake pressurs waiich

wa bave compiated tha follawing anslyale:

A minimum of the following componants are needsd io cause a fre:
. Enengy Source
Fusl
Oxygan
Bpark
T prevaliing theory by Ford hae been that if a fire wie 10 start within the braks
pressure switch, the mmw:ﬂ@hﬁmuh“ﬂﬂhﬂ-
wwitah {directy 0 betiery) and messive curent flowing through the
switoh dus 1o an slscirioal short,. There we three ways an alsotvion) short can
poour snd resuilt In high ourrent through the weitoh: _
1. Bya oondustive Suld shorting the slecirionl swilch
B ihe imemal oup, which ks conneciad o tha
Z. By the coniact srm detaching from $w ferminal and sherting
minal 1o the 2ame cup mantioned shove.
3. By a short outelds of th swiich that results in high cument
through the ewitch teemingls.

IniGal tasting was focused on numbsr 1 abova. By loading the switoh with b
fiuld, brake fluld end wisler, and braks Suld, waler and metul flings, we huve
bean abie to pat high enough oonduciivity wititin the fluld 10 get mare than
Sma of gurment to fiew. Tl'hu-mﬂh nat high snaugh o osuse eny hasding
the pressure switoh.

Numbaer two above sesms uniiicaly beosuse analysia of tha Raddiok ewitch,
which was [0 & fire, showad no.sning matia on the cup. The prasenos of

M}ﬂmmmlﬂmwmﬁdhlmu
croate & spiwk. About three valts and Ofve AMp weihh put somes ihe haater

fuid and then siariad 10 malt e plaxilo connacior. As ¥he plasths connecior
matted amoks cama out of the switoh. Tha hypot teater was tumed on but no fire
startad. Eventusity tha plastic meitad t the point thet i broks open
room air to tha insids of tha connecior. 1t waa at this point that the fire
burning fha connectsr. This test was repested on w swiich withoust beake




the connecior with sasentially the came resutts. The conclusions from this
expsrimamnt ara:
1. With snough heat wad a spark for ignitian the plestic wit ignite.
2. Brake fluld In the connector slown down the procesa keaping the
»ywtem oool. :
3. Thers la not enough oxygen in te sealed wwitoh to ignite the plastiz.

Besad on the results of this test, our theory of what could cause & braks preastrs
swich 1o ignits s as follows:

1. The contsot arm beaomes oorroded (probably thwaugh water entaring
the connicicr oavity) increasing ke reslstence and sowing k to

beoomes g haster.
2. Thees is an electical shorl outside the switch that drives high cumsnt

through the switch.
3. The high cument Svaugh tha conteoct anm causes the switch 1o heet up

maliing the piastic.
4, Bvantusity the piastis cpend sllowing cxygen into the awitch,
8 mhdmmm altwr acrom the saitch contacts o within the cotmoded

We are currently ranning tests whers we are trying to reproducs the fire using the
oontact am as the haater.

Slanss call Bteve Beridigheune with any questione.

TI-NHT3A 014886
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Ford '92 Town Car Thednal Byams :
Per Ford's raquest to fry to recrsate ignition of 2 firs in & T1 brake pressurs swiich
wa have compieied the iollowing analysis:

A minimum of the following componeeis ame nesced 10 cause a fire:
Enorgy Boyrcs

Fusi
Oxygen
Spark

Tha prevaling thecry by Ford has been that ¥ a fire wes io start within the brake
pressure switch, the snerngy source would be from tha voilage sppiied 10 the
wwitch {direotly cornactad o batiery) end sxoeesive ourrent flowing through tha
switoh due 1o an slectricsl short. Thers sre thres ways an atectrosl shont can
oceur and result In high aumant tiwough the wwilch:

1. By a highly conduciive Suid shoriing the sieciricsl walich
terminaie to the imemal qup, which Iy comecied 1o the vehicie

chassly.

2. wnmmmmm-unw-ﬂmh
tnminal 1o the sama oup mentioned sbove.

3. By & short outskle of the swiich that results in high current
through the switch termineta,

Inttial tagting wins fooused on number { above. wmhmmm
fluid, brsie fluid and weter, and brake fuld, waler end metsl #ings, we have not
bean aisle bo gat high snough conduotivy within the fluld % gat more than abeut
Sma. of current to fliow. This curent Is not High snough i caise any heating of

tha pressumn swith,

Nombaer two abova seeme untikely beoauss snatysls of tha Reddick switoh,
which was In a fire, showad no sroing mans on the aug,  The pressnce of snoing
marks would ndicsde that matsl wea shorllng o the cup. _

Ve thareiom Toouned our fecent iaeting on the third aption. Intial wating

intluded puiting sbout one amp of cument Swough the mitch srminals. Thia
resuting in very [Rile heating dus © the low resigiancs of the gordact sm and
swilch tarminais. Wa theh added 5 hesler wirs Into the switch (about 0.2 ohms
m-ﬁm“wlm“wa'dﬁhlhmmh

oreats & spark. About thres valls and che wm put scross the heater (this
condiion vark! as the tympersiizm The haeter bolied off the brake

m-mmwumumw A the plaslic cotmecky
malted amoke camae out of the ywich. Tha hypol tesler was fumad on bt no fire
starled. £ the plasti: melied to the point that It broka open sxposing
rmom akr o the of tha connecior. K was ai this point that the fire started,
burning the cormacior. This tast was repasied on & swilch without brake fasld in



T pp——

the connedior with sessntially tha ssme results. The conahusions from this

axparfrment are:
1. With snough heet snd & sperk for the plastic wit ignite.
2. Braka fiuld In the connactor slows the process keaping the

system cool.
3. Thare is not enough oxygen in tha sasiad mwitoh to ionite tha plastio.

Basad an tha resuits of this teet, our thaory of what coukl cause & breka pressure
swiich to ignite s as foliows:

1. The ooriect em bacomes cormoded wislar antering
the conneotar oavity) incressing its resletancs and ng it to
beeome & heeter .

Therw s an alectrioal short outside the mwitoh that drives high curant

2
3 Tw corent Shrough the aominot srn causes the switch to heat up
maiting the plestic.
4. Evantually the plastic opatis sllowing oxypan Into the swilch,
B, Amcing ctoure sither aoroks the switeh contadls or within the corroded
oartact anm. )
Wa nre custently running iaats where we are trying to eproducs the firs using the
consiect army oy the heater,

Please call Bteve Bernghause with any questions.

TENHTSA 014808
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_ 77 PS Heated Device Testing

1. Purposs

To determine if auto ignition can occur from the build up of excessive
heat in the device . Leading to and igniting a fire to the device itaelf aa well
a8 the conditions end temperatures to cauao results of this nature .

- 1. Procedure

© Seversl attempts wepe mads at ceproducing auto ignition of the 77 PS5
device . A heater wire coil was installed into the hase of the device in the
ares that the contacts and arm assembly normally occupy . The wire was
attached to the werminals and comnectad firmly to the terminals by removing
the contact arm and grinding ewsay the rivet and driiling in the stetionary
contact and crimping with a small wirs eutter . The heater wire used along
with the coils had a total reaistance of .5 ohms .
Amllhnlawdﬂuedhmuﬂmemlnﬂ cavity to facilitats nse of » type k
thermo couple wire .

ﬁwtemmgmintodnfpowmmm:uﬂwlﬂuminbh
output DC power supply to the leads of the mating connector . Temperatura
» Voltage to the coll and current draw were monitered during teeting . Device
wes placed in a fire proof enclosure (heat treating oven) and allowed to
gtabilize to room temperature of 70 degrees £, '

- Three devices were tasted one with brake fluid and 6% water and two
dovice's dry . Devices were glven provisions for a extornal source if ignition
by drilling 2 .040 hole on 2’45 degres angle through base and inserted a .042
toerington pin to be inserted allowing e small gap for a spark to jump , This
spark wes accomplished by the use of a hy-pot taster that is used to test the

dielectric breakdown of electrical devices . The use of this cansed a axc to

be created when dovice base failed and allowad the entrance of oxygen to
the switch cavity and amoke from the plastic hed to be present to induce
flame . _ '

TI-NHT8A 014602



I . Results / Discussions

Teat 1- Wet Device (readings at appx.1 min, intervals)

Volts  Heater Current Internel Temperaturs (F)
21 1.0 100
50 2.0 175
80 2.9 220
90 2,0 246
98 3.2 349
1.6 2,0 300
97 3.1 340
1.1 3.6 460
1.2 38 462
1.1 3.8 - 488
TI-NHTSA 014603




13 40 . - 53l

1.1 3.6 ' 571
1.4 41 . 647
14 40 | 660

Cut gassing of fluica began et 220 F & noticeabte hizsing sound
wan pregent at this point . Smoke was vielble and basa was venting from
side at a terupecature of 246 F . And smoke was being vernted till failure of
beae at 660 F at this point power to heater was shut down and spark from
hy-piot applied . Ignition of gasses occurred at this point and fire was

Teat 2 (dry dovice with spark)
' : Testl '
Volts  Heater Cuvent Internal Tempersture (F)
1.0 3.1  sol |
09 30 | 743
‘Connection failed end reconnectsd
106 - 302 596
1.06 3.09 626
112 3.15 650
113 3.08 - 681

T-NHTSA 014804
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L13
1,13
1.13
1.20

136
1.36

3.26
3.18

3.6

3.52
3.95

4.00

07 -

722
758
804§
875

The dry device did not emit smoke or ouiges wntil 6246 F and at this
time it was a light smoke emanating from terminal ares . At 692 F g amall
bum thru area was creaied in the base and venting smoke thia continned to
806 F whers bese feiled and fell over . Power was left on at this point and
spark appliad to fumes where they ignited and extinguished quickly . The

upper portion did not ignite despite IESHFtnmpnrltme._
|  Tost3 (rapld temap, thie)

Volts
1.0
12
1.2
13
1.3
13

1.3

lé
4,0
8
3.7
3.7
3.7

3.7

300

3680

643

650

- 8OO

930

067

Heater Currant  [nternal Temperature (F)

TI-NHTSA D14808



~ Smoke omitted at 300 F this was s fisst happaning event as the
internal temperature rise wes so rapld . Devics vented at slde of bass at 643
F and base did not fail till 1436 F was achieved at this point spark was
applied and fumes ignited . Heater instantly burped out and fire wag
extinguished . Reading for this test were in approximataly 20 second
intervals . :

IV . Conclusions .

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

Terminal / Heater Attachment

Wirs Hextar .
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Examine field retums:
Switch w/ hamess { befors disengagerent);

Electrical properties, cornoctor mmmt. connector and harness
d'mbn wire l‘.DlTﬂllﬂn. W‘lﬂhll’, contaminants, comaminant SOUTCHs,
s

—_— }J.rf-..‘_ .;._-,,ﬁ-qur": f_'(:' n ; Ay &

Switch w/o harness ; |
Emmwmmmmmmm .
terminal cavity damage, terminal corrosion or damage.

Switch cavity terminal cotrosion, mnuminlutl, euntuninm ingroas ﬁto(n}.
wear / dutage,

Prmuwmmmmfdmmmhuu.
: Elmcl.lpmm ]

| Switch w hursess  before diseagagement)

.: | ' @np"';'dinltn?f'mlmim

Wire { to Hex Port rexistance
" Wire 2 to Hex Port rosistance

#i - @ 180 paid _

[ Wire | to Wirs 1 resistance

| Wire 1 to Hex Port resistance
' . ' o Wire 2 to Hex Pont resistance

Hamess w/o switch

i | Wire 1 to Wire | resistance

4 Wire 1 to Hox Port res{stance
o Wire 2 io Hex Port rexistance
Current Lowkage Terminat 1 to 2

TI-NHTSA 014508




Switch wio harnesy

@ 0 psid
. Terminal | to Terminal 2 resistance -
Terminal [ to Hex Port resistance
Terminal 2 to Hex Port resistance

Voltage drop @ 730 milliamps

Current Leakage Terminal | to Hex Port

Cusrent Leakage Termina! 2 to Hex Port
Current Leaksge Terminal 1 1o 2
Hax Port to Cep resistance

@wnpud
Tﬁmimllw'remmllhuimnne
Temingl 1 to Hex Port resistance
Terminal 2 o Hex Pozt resistance

Voltage drop @ 750 milliampe

Curreat Leakage Torminal | to Hex Port-

Curreat Laakage Terminal 2 to Hax Port

L5
E.
E

THNHTSA 0148039



i

e

—

— e == ——
It T R

s e el T P

L1 E

— 1

o Flagm p;u'ﬂﬁl * 2 ben mabarals Zilasuy . :_},.-,I "_4)

ATy haj smberial Sasy v Fapte sad ﬂi'-'l-q

w

briMak » paal ‘li‘.‘i"l&j

‘.} AT M mekarial iy e K2 AL
LTETFTYY S B S SIS B L LITR [ T =

:) .‘pl.‘gg, -_ fEm !,.I,'? = Fie _‘luunul.'

1wl LHT"

e '.iuk.'l'-'a LY T E'hnl'.*"l sEe. b , hefte ralabsd by .4

AT, T, 0 1, ey
A s, ] PTRLITE

¥} Turmeal par.bren  w S0 C metsnre bwaly ffpiaer haei) \-.-.",Iu;

L T '.ih -.: ‘I"tl [ 21

Seppiakiont S ¥pes n Lhen wer )

Migwmas b U TUREE YV

£ =.! Terkimn :
Rereak hﬁnz. As prabigms

¢y

H) :-hr“u Tan “F

el

2 candusk il oy ﬂnhﬁ Dleld Wik GRS wbee lt'.li'l-la

Tn roy 9§ u

@ Wadey 4 fmnd r-n".ulhi.l.".n, .'p Waai Len ha SI'.II-I\II
C own Ty -nhll&,'-“l:lJ ["';hii-

@ Makg STuid worwrs s switsh W/ Ly gant Fallnie on lgae arm

Patn

‘) B “.-'l-:".l. Terd
tod Raw® fuithie M3 bet Mlﬁ'“ vl lon
So0% Adibive remr weaks smunk v
l ul.ll‘

o ueliaek
bt o




'_-ﬁ_g:uagaw Pos-

““*-dl- f.a-{d'-\-é-

. TFJ'*‘ML ‘*‘I-\-—g L‘ fab L 5runﬂf

T - rurld 3 'v-nppw ww’*j ﬁ.éﬂ&{”ﬁ.gmb

T hest . . P , |
f;"‘""‘:"f’;ﬂf’ bhuir® Lo Vv torraded % ¢ ConbneF S fore mnf

TN ( THV m_uhg.. - 5 ::Oh-lmﬁ,..mj
nadii S-S 72
. % %—m‘\uz:bh“ :hs-fn:;.\ sl

- .
= ".‘_""‘im‘* R S O
'-W@ Ui 008 h_,,ﬂs .

= P:’F Utﬁl.fd‘r_.\

"‘I:E s.;q,;:r;““eyu*m um /bmmm—

A FJE J3gs 7

roo- R p— 1 —

B e - . TINHTSA 014812




Jum S]] CoamisoT 7  TINHTSA 014813




e

v

ATl
7w stso /M*fﬁ;’ m:;% A%
- goripiipd 7 AYre 1y 1
A T o
%A 72 ~B-94s 7,’-3.«/&: s ‘

sdWYINS "y
YT ga%qmwﬁ
7 LoV

Tt

' Tty ERpts 187 X
Jrner Yo 3
— A ﬁ;#ﬂfug adRn VI TICO e
NM




' fJWﬁ{(r /&—d‘t"f) MAE'M#T‘- .
! /—'{'giq} /ﬁ}-//ﬁ75’$

Conpatnd 1N T CAE
C‘/:;;;J | DI ?;rw P
- : ', sy 2e0] 78D 3
I | L{ *;‘:; E,’:ff — D) e M- r'*”—
e W LI AR g - ;
G Jie Pt 1S b = ff;:ir
O L rj (ﬁﬁﬁx-/“-j‘y o ﬂl‘) e
% J e /5
! $ 75
|
| | S— N skl i .
1 /{4’.?-';& 5’1\-’&_“ {
| smse mo| & JET . [
.mfﬂ < _ /f/?!n‘ur 4’7-‘/'#’! - mﬁfﬂ;ﬁ‘ﬁ{
! AN B e A R A Hyippree Pokatr”
((}hl‘jié) ' :

Lrin o8¢ {7 wusel?? ITA!

2L8F10 YSLHN-LL

= | Warre AT
—




- Creay é“t/e-‘hﬂjﬁ'm o
pres 102
ﬁ/S'(J é?ﬂ‘m"&f<

Mw.?f-‘;j’ -~

p———

.n
--HHTSA 014818




L & k
e,V

ek op elote T

# ) Smke Flrud 2 ?'b.r?""-"
| # SEHOSEE  f caet)

¥ BV Mt Ko for
AW Wikt B LIl B v

RS A MC/EE wf b LS wtar
| ﬁ.ﬁﬂfﬁ@ --r-lnf W sFd.n
D Cawe lasian *

THhe !-4 " e e _ e 7 bou 2- ! 4 4{ ":
o B Ep eloas It Gl send i
Reculbs i  qlactols: oF S s P e §

‘“’*- ' c“# ﬂf f
wys n#':r A’ufvﬂ'gf | &-/h e o

£ J b hrd 4 cousle meme S Hnni s
o : " iy, pi ’l,- '
2els * gﬁ %ol Sl

g ?}

el ne.

&/ XTe?Yy



—  9i9PL0 VRIHN-IL

!
i
@



70 YELHN-L

\



| Gowl e Steetl

B ST T

K 4sc 7o St t e en

| 7?}’&6'{ ;d?n-.
f';.-' (Wﬂ"a! !'.f,h e o
¥ - é‘ﬁf conls? y 9 ﬁ;f.:
f
! w  Audlyyzr oF
: :f"' "?:‘:ﬁ.f}m oy 5“?"!:
LA

%

res!
T ,_
e U I
E R ———
Eﬂ"ﬁ.é‘
’gﬂa may 797K
op Sl T

' o
71‘5"?? (J”F Ko cme it *'t:'{":fu*‘
Lk 'F"—_ Fzm- ;l".!"f w(f “” cw- I+

¢




"'Lim-r.'f-&-'l'(.
| P
" Totd "
— . W T Aoy (9%} » S9P§ moral Crmper
Be(Ton Y law Io&"-‘t Yo 1492 - Adombil ¢ oimper ad
Tlo j .
Mesestn :
m‘x gg. | "-'P:I»"'f'ﬂﬁ"f:i!ﬂ. N T
ot #0 | - g?ﬁ?
_.‘.' . -_D&!lf Iﬁf/tﬂ-‘-tfﬂ." p(a-l‘? (ﬂ-l-u-,o)
! e SP- omp lnithd
e 6@ o inf SIN

- E#wkv.;-r& -."MFN%* 5;, -"}.!.-?
- "GO? - ﬁfcfrrp?

f-

- RN W R S rrem s,

-l M. o -

Q Lo AT iy ALl ere C-r.i-F Press. s on | ALy e | g
Mu-m .

o Sen Ty

' .
~gfuf oo dog -serd

VB, - Moo, %ﬁ;m“ v 0 s | ;Sﬂﬁq"ﬂm des)
e SO O My U:Qh':
g v‘& WN@E’**’ unﬂ:;-r';d\ "%&:"‘L*Fﬂ'
“ M o ot Al lgbk-tiw"‘\d-&b Nta asviel,
OO fokde,

Bt Lﬁ%mhﬁ‘{ﬂ-& LoS] = At g P
Nev Qets b ATy Age '~ T €

TI-NHTSA 014821




SZOVL0 YELHN-IL







WELL AS KAPTON [C/O AXIX FROM FORD). no resulla

UNOERETAND BRAKE SWITCH AND KAFTON WIRAROUT WITH ANOTHER FORD PLATFORM 3TEVE DID
WE COLLECT ANY SAMPL2S FROM SIMLAR AGE VEHICLES? no

T WESHONLE ALSO DISGUSS THE POTENTIAL BIAKE PEDAL PONTION SOLUTION' TO HELR FORD
UNDERBTAND THEIR RISKES IN THAT PATH ™
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77PS Proposed Wiring Schematic
14 Yolts DC
+m -
\_/
. Fardrelay — /*"Mmm&
/N FOAB-14B192-AA O o T7PS Colch actemind
{~T0k: Resistor) - oo i '
_ _Mf s/ | Entire Switch at Ground Potcstial
.~ Whea Closed. Only Stetioary

) Terminal A1 Higher Potestisl When
Tl % |

Ford Connector !
Hmmnyumd*"’
T7PS Switch
Moveble Arm i3 Alwwys -
st Ground Polentinl
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PO

: T7PS Cellanex 4300 Base
Vertical Orientation in 15 Amp Circuit {
5% Salt Water Ingress




8L87L0 VELHN-LL

77PS Noryl Base
45° Orientation in 15 Amp Circuit %
5% Salt Water Ingress )




200 mAmp Current Limit Circuit

Test Setup
14 Valts DC

Ford Relay
PN FOAR-14BI92-AA ™\ e (
(~T00 Resistor)
Ti

| Worst com: scenatio is when the

gwitch is ackated, which puts T2

at il voltage.

To facilitale westing, T1 i floating

which keeps T1 and T2 at full voltage

hot Lanitscysrent deaw b0 2 Amps.
{MMHWMMMM}

%
|
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OVILO VB LN,

3 77PS
45° Orientation in 15 Amp Circait
5% Salt Water Ingress

Cellanex 4300 Base |

Cellanex 3316 Base
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Brake ffuid presant in the contact cavity (wet device) and nat present in
the contact cavity (dry devica).
Resulin:

Test | Resulty; No ignition coourred. No significant tampeeature rise observed.

Current draw ranged from 0.5 mAmpa to 5 mAmps over e perlod greater
ﬂm{ﬂﬂ]hmm -

Test 2 Results; No ignition occumed. No significant temperatire rise obaerved
fnupaﬂndmﬂm(zsu]huun.

Test & Results:Ignition occurved in both wet and dry devices.
Wit davics: Tha internal tenperature of u wet davics reached 660°F. A
hole hurned thmotgh the bass of the switch (closs to the heating elemear).
The externally applied spark ignited the fumes which anguifed dhe switch.
Dy device: The internat temperature of 1 wet switch reached over 1000°F.

fumes which engulfed the switch.

Conehusion:

A switch ignition can cccur under the following laboratory conditlons;

-5 Watty of elacirical power is dissipated es heat into the switch for (13) mitmates.
(Source of heat to melt plastic)

-A supply of Oxygen ix avaitable. (Hole bums though wwitch base).
-An extemnal spark is applied. (Hy-Pot tester ignites fames of switch).

Brake fluld does ot contribute to the igrition process g,ﬁ*}
: P
.Lwdz. | _ ﬁ:,qr"’;l
Objectives - b
Overill Objective: Deteulne if an {gnition can oceur using cnly switch vodL.

‘ ;"‘\ components wiwd elements found in the switch eavironment,

hDWb‘g Tost 5 Objective: Determine If corrosive dogradation of switch elecicical

In¢ : * copnpoments can causs an incredse in sloctrical resistance (and thus » source of
st heat) In the ewitch which may lead to s igriticn. '

Ly Tosts 7, 8,10 and 136 Olyjsctive: Detevtuing if swiiches maet spacifioation,
evaluam application and determine if switch seals leak brake fluid tuto the contact

S J fEs )
LAY |

- Ed"‘(".:—vg""?:,‘l we'

(ot
A ':ruH_‘j.

;sh;b 97 “‘"HTSAII'IHQ-




Test 5a Resule: A 5% NaCl in H20 solution can comods switch slecitical
components and cauge an increase in alectrical resigtance. Repeated Irjoctions of
the NaCl in Hj0 eolution, with the switch powered, can cause a xwitch ignition,

Testa 7, 8,10 and 13b Results: Life cycle rellability DOE Diaphragm wear
Conclusion:

A zwitch ignition can ocour under the following conditions:

5% NaCl in Hy0 sohstion in injectad, repeatedly, into cantact exvity of & switch
14 Volts is upplisd to tre wwitsh,

Hexport i groundad.

Cuirvent 1g limited wt 13 Amps,

Level 1:

Chjectiva: '
Test 6b Objective: Undecstand the ignition process, determine the current path
mduuhli.ﬂumpmhlelpidonmuthod.

Rwuolis:
Test 6b Results: Multiple attempts at i;nhnn.muunhmnfniﬁﬂ:ﬂlmﬂ;ﬂ
into the coniact cavity of switches, hay resulted in a repaatability rate of
approximately 50%. Plots of hexport current votaes time show an increase in
ouerent until the point of ignition,

Concluslon:

A repeatable method of switch ignidoa has been established. Based oo hexport 7

Citft egasreagnts, the custet path s fom swtohteminals 6 hpore body. kro

When & NaCl in Hz0 solution is repsatedly infected imtg gont: 3

powered switches, electrolytic cormosion and the bl

eloctric path from awiteh termiinals to ewitch hexport bod i
ildrmnﬁrnushﬂiab:ﬂgo.mwlulmthMdhqhhdow

redhnt. A hole bung theough the switch base and igntion ocours. There 1a

necessary for ignidon.

Level 4:

Objective:
Owvecall Objective: Cmmmwﬁ-mﬂmwﬂmmm
establishad ignition mathed.

Tast 13a Objective: Compuare various fluids in the established |gnition method.

Ti-=NHTSA 014851




Test 15 Objective: Compare the burn charactoristics of various plastics 83 switch
base material.

Test 15b Objective: Compare: 1) the probability of wwitch ignition in the
vertical poxition verses a 45° crientation and 2) the prabability of switch ignition
2s a function of rotatlonal angle in the 45° cricotation.

Regtrlin:

Teat [ Requlta: A awitch filled with 5% NaCl in Hz0 resulted in an ignttion
when avernge bexport curment excesded 2.5 Amps. Switchey thet were 8lled with
tap water and min water drew lesy than 10 mAmps over & (3) hour test and
showed little signa of comrosion. Swilches fllled with & metrix of new end usad
brake fluids, with water end without water, all drew leas than 3 mAmps hexport
currentt dravw and showed no signs of comosicn

Teat 15 Results: Collanex 4300 ignited 3 nrutﬂfilltﬂmpu Noryl ignited 2 out of
5 attempts. Zytel ignited lout of 5 attampts.

Test 15b Results: Switch ignitions bave cocurred in different rotational angles,

Conclusion: Brake fluid i not ionic enough to cause the electrolytic corrosion and
bufldup of deposits necexsary to create wn ignition. An ienic rich fuid such es
NaCl in Ha0 is neceasery to create an gnition.
Zym| aubjectively performs bast in burn tests when compared with Cellanex 4300,
Callanex 3318 and Noryl.
Switch {gnitlon does not appear to be sensitive to vertical orlenmtion verses 45°
orientation nor to rotational angle in the 45° oriemation.

Level 5 g
Ohjective: - [ feos f 7
Test 16 Objective: To tost propoted relay clrculr. a"jI TeS 5
(3 .
Resulte: (48) hours in worst case sconncy. gF J'yz,' 4
(18) ours with imponding bum rwitch. w g7
Max power applied to heating element. ol
Conclusisn: Cannot create sn ignition in laboratory
TI-NHTEA 014652
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Tuntﬁan:qu A 5% NaCl in H;0 solution can corrode switch electrical
end cause an incresas in slectricel rexistance. Repeated injections of
ﬂuNnC: inH:ﬂmlutlnn,wlthﬂwmtchpnwad,unmu & pwitch ignition.

Testa 7, 8,10 85d 13b Resubts: Life cyole rellability DOE Diaphragm wear

A switeh ignitlot ean occur undar tha following condidons:

5% NaCl in Hy0 solution is injeotad, » into contact cavity of & mwitch,

o e
Level: %**‘WJ R = P’m

ok,

o e -‘-'fr".«,':ﬁs-—i‘-!‘gat‘ g P LT |

Teat 6b ine the current
ﬁm.mﬂﬂﬁm&. : Pt '

Rosulis:
Test b Results: Multiple attompts at ignition, via injection of » 5% NaCl in Hy0
into the contaot cavity of switches, hea resulied in a repentability rate of
50%. Plots of hexport current verses time show an Inoreass in
‘current until the point of ignition.

Conclusion:
’ A repeatable methodi of switoh ignition hes been established. Based on hexport
caurrent mearurements, the current path ls from switch terminale to hexport body.
mlMIMMMhMMmmmnf R He g

(wi'g:“m‘::{. pnwuhmw Wwb'ﬂ“ﬂllﬂw

red hot. A hole bama the switch base snd ignition ocoura. Therels

,.._.ﬁj. pecesary for ignitlon,

e ets Hley

Lavel 4:

Objectives
Overadl Objective: Gmpmmdmnnnmdlbluinﬂm ignition using the
egtablished Lgnition method.

Teat 134 Objestive: Compare various fluids in the eetabilished ignition method.
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Teat [5 Objective: Compare the bum characterlnics of various plastics as switch

Teat 15b Objective: Compare: 1) the probability of switch ignition in the
vertical position vorses a 45° arientation rod 2) the probability of switch ignition
11 2 function of rotational angle in the 45° orientation.

Resulix:

Test 13 Regulin: A awitch filled with 3% NaCl in H;0 resubed in an ignition
when sverage bexport ourrent excoeded 2.5 Axips, Switchen that were Gllad with
tap waker and raln water drew losa than 10 mAmpa over a {3) hour test and
showed little signs of comomion. Switchas fllled with & matrix of new and uasd
brake fluids, with water and withont water, all drew less than 3 mAmps hexport
nmtdnwm:hhuwudnu:im‘ufmﬂoﬁm. '

Test 13 Rosults: ﬁ“md!mw}mnfim N .
5 atteempty. Zyial ignited Lot of § attempes.  Fril -J'.-':) auﬂ& minazi;l Sp Litava

Teat 15b Resufta; Switch ignitions have ocourred in diffarent rotetional angles.
Coneleslon: Eukeﬂtddhmthnhmu;hmmﬁuhmlyﬂumiunmd |
':rm'[dupoqumntlmtnmmipiﬂm .ﬁ.n ‘ﬁ?v h-‘j
NaCl in Hz0 is necessary to create an Ignitionty ¢o
wmmhﬁuiﬂmmuwhmmpm (ambessr

udhl\' g smmmmmwmmmmmmmw
Haiis 1% orjentation nof 1o rotational angie in the 45" orientation.

Lovel 5 | |
Objuctives -
: :rmluommmummm "q“’f"""é A3
' hours in worst SOBIArY
{mhuf::nmmﬁmf Diray hed prate
Mﬂgpnmnpplhﬁhhnﬂn;m ooy (Pt

Conglusion: Cmntmulpﬁunm

,\ ?'_”_r "glM G_n‘nl - !mJLu

Tk g el e o chae gt
QA;( L fjﬁm ]




Test 7 Objective: Dadermine if switches meet eycle life specification.

Teat 15a Objective: Determine if long tirme switch expozure to brake fluid <an
lead to an ignition .

Results:

Test 6a Results: A 5% NaCl in Hz0 solution can sormode switch elsctrical
componemts and cause an increase in clecirical resinance, Repeated injections of
tha NaCl in H;0 sohution, with the switch powered, can cause  switch ignition

Test 6c Results: Braka fluid with metal shavings doea not conduct signi ficant
Test 7 Remults: Life cycle testing showed that switches axcesdad cyele |
specification. {".:f_,’.l'-.,-‘_ JJ /ﬂ////

"Test 15a Results: Teat is ongoing, Resulty to date show no increass in En
conductivity of both new and used beake fluld, After moce than 350 houra of

testing, cuarrent deaw on each device is leas than 20 mAmps. f/_. ,;'?
Concluslon: ] G 7 _.57

A wwitch igaition can oocur under the followiag coaditions: Sve 4T

5% Nt in H:0 solution is injected into contast cavity of & switch, e X

14 Volts is applisd to tho switch <

Hexport is grounded. ' .,-1" , -

Current is limited at 15 Amps.

Brake fluid with metal shavings is not conductive enough to ceeate an ignijtion.
Switches meet enginaering cycle life specification.
mmmmummmuﬂmmaﬁum
switches. Afier more than (350) hours of testing, curvent draw remainy orders of .

magnitude balow the levels needad to crents ignition es simuluted in labomtory
experiments.

Ravel 3:
Objective:

Test 6b Objective: Understand the ignition process, determine the current path
and extablish a repeatable ignition mathod.

Ti-NHTBA 0148588




Resnlis:

Teat 6b Resalts; Multiple attempts at ignition, via igection of & 5% NaCl in H;0
into the conmet cavity of switches, has resulted in a repestability rate of
epproximately 5094, Plots of hexpott current verses time lhmunmcrmm
mtuntﬂtlﬂpnmtnﬂln:[ﬂnu.

Concluaiop:

A ropostable labopaiory method for switch ignition has been established. Baszd .
on hexport current mesnrements, mmmummmm |
hexport body. |
Whanlﬂﬂmﬂzﬂiuluhmuupaludlymmdm&mmuﬂtyuf

povwared swiiches, sleciralytie corrosion of the switeh tarminals remulte inan
Increnss in terminel reslstance. When sufficient power is drawa through the

corrosive resistence, switch elements haat up and to glow ted hot. A hole

burna through the switch base and ignition ooours. in rcing visible
wﬂtwihuhwmdmmmwm”m' the spark nocessary for

Level &
Objeotive:

Ovenall Objective: Cnmpmmdnontmtmbluiuﬂuminllgulﬂmmingth
ostablishod [aboretory ignitlon method,

Test 13a Objective:: Cotnpare vasious fluidy in the established ignition method.
Test 15 Objective: Compare the bumn chamcteristics of various plastics as xwitch
base material, '

Test 15h Objactiva: Compare: 1} the probability of switch ignition in the
vuﬂcﬂpnﬂﬂuumﬂi’aﬂmmdzjﬁlpwhhiw&nﬂnhwm
u-mamﬁmmhmwm _

lhluim

" Test I3 Results: A switch filled with 5% NaCl in H0 resuled In an ignition
whoen average hexport curment axoceded 2.5 Amps. Switches that wers filled with
tap water and rain water drew less than 10 mAmps over & (3) hour test and
showed littla signs of comoglon. Switches filled with & matrix of new and used

hhﬂﬂd;ﬂﬁm:ﬂw‘iﬁmnwﬂ.aﬂduwhuﬂ:m!mﬁmplhm
current drew and showed no signs of corrosion.
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Test 15 Results: When 5% NaCl in H:0 was icjected inte switches with diffirent
base matecials, the followlng resuits were obtained: Ceitanex 4300 ignited 3 out
of S attempts, Naryl ignited 2 out of § attempts. Zytel ignised {out of $ attempts,

Teat 15b Results: Swiich Imltlomhaw oceurced in different rotational mngles.
Concluslon:

Brakce fluid is not conductive enough to cause tha electrolytic cormosion and.
NECASIAIY 10 croame &n ignition. Because of its xignificantly higher conductivity,
mn ionkc rich fluld such as NaCl in H0 is necessary 1o causs an ignition

Switch ignition does not appear to be sensitive to vertlos] orfentation vermes 45°
arlentation nor to rotationsl angle in the 45° arientation.

Level §
Objectiv: |

Teat 16 Objective: To test proposed relay clrcudt.
Raqults: |

A switch was injected with Y%Nacl in Hy) solution and plsced in & proposed
current limiting etrouilt for (48} hoors, The current Graw remained canstant at
180 mAmps throughout the test. Thare was mo sotivity observed and the contact
arm remained intact,
A rwitch was beought to an impending burn condition uxing tha extablizhed bixn
method. An impending bum iy & condition whare a corrosive resistance hay built
up in the switch and an ignition is imminent. The rwitch was pisced in the
proposed relay clrenlt for18) bours whars 1t drew 160 mamps, showed o visible -
- metivity und did not reealt in 2 burn. Because the proposed relay ciroult acts ssa
resistor which limits curesnt to tho swiich, the maximuum power to the switch 1a
lintited to .75 Watts. A resistive wire was wrapped acound the base of the switch
and 0.75 Waits of power waa dumped into the wire. The wire became warm to
the touch hut had no effect on the switch.

Concheslom

0.75 Waits, tha maximmm powsc in tha proposed clrouit design, is not snough
power to cause slacimolytie corrasion or sighificant switoh terminal hesting, which
hmﬁrim In previous tosts, using a resistor as the heating
element, approximataly 5§ Watts of power was nacessary to croate and Ignition.
There Ia not enough pawer in the proposed circuit to create ignition. .
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TI 77PS Test Synopsis

This docunwnt is n synopsis of teats conducted by Texas Instruments during the 77PS
investigation. The intent of this documest 1s 1o highlight test findings which drove the
investigation to its cucrent state. Throughout the investigation, severs] tests were
conducted with the same abjective. When sach objective was met, sfforts wara refocused
to obiain a new level of undermanding and to establizh a naw set of objectives, As such,
tests have bean catagorized into (5) levels, reprasenting the level of knowladgs sbixined
frmnm;l;ﬂmlpnfmmmd. Each level iy listad below with a short deseription of
0 ve:

Level 1: Crouts & switch ignition without any restrictions on methods.

Level 2: Croate a switch igmition using cnly itema found in the switch opemting
envircnment.

Level 3: Undetstand the ignition mechanizm,

Lavel 4: Compare factors contritnzting to ignitfon.

Lavel 5: Evaluate racommandatlons.

Refer to Brake Pressurs Switch Test Log.
Levells
Ohjectves

- Qverall objective: Determine if & switeh ignition can ocour In the lshoratory and
what conditions are required to creats an ignition.

Test 1 Oljoctive: Detormins if switch Ignition oan ocsiur tmder the following
Switch: contact floodad with brake Huid mixed with varylng amouats of % Hz0.
14 volts agplied to cue teeminl, aocond tecrninal olecirically flosting. (No
eloctrical lood soross wikch terminals).

mmwymm

mm:'nmmumwﬂmmmm_ the following
Switch contact Ainoded with brake fiuld mixnd with varying amousts of % Ha0.
14 volty applied to coe teeminal, second teeminal cormected to & 14 £2 resisor tied
0 ground. (1 Amp load across switch terminals).
Test & Objective: Determine if switch ignition can ocour under the following
conditicns: : '

- Hestor cloment installed in camtact cavity of ithe switch,
Power applied to the heating slement umtil plastie base fallure.

1 THNHTSA 014839



External spark applisd fo fumes from bur
Brake fltld present in the contact cavity (wet device) end not gresent in the
conhtect cavity (dry device).

Renitlin:

Test | Resuity: No ignition occurred. No significant temparature rise chucrved.
memummmsmm;mmm

Test 2 Results: No ignition ocourred. No significant temperature rise observed
for & pedod greater than (250) hours.

Teat & Results;Ignition ocourved {n both wet and dry devices.

Wat davice: The internel temperatue of a wet davica reachad 560°F. A hole
burned through the base of the switch (close to the heating elzment). The
externally xpplisd spark ignited the furnes which engulfied the switch.

Dry device: The internal temperature of & wet switch reached over LOOO®F, The
switch base flopped over. The extarnally applied spark ignited the fumea which

engulfed the swinch.
Concloslon: _
A switch ignition can occur undar the folfowing laboratory conditions:
-5 Watts of eleotrical power [n disgipated as heat into the switch for (15) minutes
using a hoating wire. (Source of heat to melt plastic)
=A supply of Oxygen is svailable. (Hole buma through switch bass).
=An extormml apark ia applied. (Hy-Pot tester ignites Ammes of switch).
_ Bruke fluid doea not contribute to the igoition process
. .
Objectivet

Ovenall Objoctiva: Detarmina if an igniticn can accur using coly switch
compontnts and alemunts fiund in the switsh savironment.

Teat §a Objective: Determine it somosive degradation of switch electrical
mmmmmmmm{m&ﬁuamu{
. heat) In the switch which mwy leed to an ignition.

Test 6c Objective: Determine if bralos ﬂuﬂwﬁmmhmndueliw
enough to croate an ignidan.

2 TI-NHTSA 14880
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TI 77PS Test Synopsis

This document is a xynopsia of tasts conducted by Texas [nntrumenats during thas 77PS
investigation. The intent of this document i to highlight test findings which drove the
Invastigation to ita current state. Throughout the investigation, severl testa were
conducted with the same objective. When oach objective was met, afforts wers wfocused
10 obtain & new leval of understanding and to establish & new 5=t of objectives. Aa such,
teats have been categnrized into (5) levels, representing the level of knowledge obtained
from the group of tests conducted. Each level is listed below with a short desariptian of
the objestive: Kndtee Yo resl Lag - - -

Level 1: Create a switch ignition without any restrictions on methads.
Level 2: Create a switch ignition wsing only itema finmd in the switch opemting
sovironment. :

_ Lavel 3: Understand tha ignition mechanism.

Level 4: Compare factors contributing to ignition.
Level 5: Evaluate recommendations,

Leve] 1:
_ %\p‘o
Objfective: o
Overall objective: Dmﬂneltamv:hi;nitiun-ﬂumwndwhu conditions
&% DRCEISATY b credts An ignition.

Tmlmwwmim“ o oce uader the following
-Bwitch contact floaded with brake fluid mixed with varying amounty of %
H0. .
14 valta applied to one terminal, second teeminal electrically floating. (No
electrical load across swiich terminals).
Switch hexport electrically grounded.

Thhlohjuﬁv: Determine i switsh ignition can ocour under the following
Switch contact flooded with brake flaid mixed with varying amounts of %
H;0.
14 volts epplied to oow teeminal, secorkd terminal connectad (o 8 14 £
reaistor thed o ground. (1 Amp load ssrom switch taninals).

Switch hexpart eleotrically grounded.

Test 6 Objective: Detennine 1f switch igmition can oocar under the following
cotdltions: X
Heater slemant installed in contact cavity of the swlich,
Power applied to the heating olement until plastic buse failure.
Extarnal spark applied t fumes from bt ’

.{ - TI-NHTSA 014881




Breke fuid present in the contact cavity (wet devies) and not present in
the contact cavity {dry device).
Reaults:

Test 1 Rnuit: No igniton occurred. No significant temperature rize obseyved.

Current draw ranged from 0.5 mAmps 10 5 mAinps over & period greater
ﬂmﬁiﬂ]hmn:.

Tezt 2 Results: No ignition oceurred. Nudplﬁuntmmnuuhmnd
furapmmﬂunﬂw}lmun

Tﬂﬁhnhlmmmmm“wdrydeﬂm
¥t device: The internal temperature of & wet device reached G6G°F. A
hole bamed through the base of the awitch (close to the heating element).
The exteenally spplind apark ignited the fumes which engulfed the switch.
Dry dgvine: The internal tamperste of & wet switch resched over 1000°F.
The switch buse flopped over. The extarnally spplied spark ignited the
fumes which sngulfed the ewitch.

Conelusion:

A switch ignition can occur under the following laborstory conditions:

-5 Watts of slactrical power is dinsipated a3 hext immammhmus}mmm{ug:ﬁ o, bt
(Source of heat to melt plastic) ;ﬂ.)
=& supply of Oxygen is available, {Hole burs theough switch base). .-
-An exteenal spark is applied. (Hy-Pot lester ignites fumes of switch), -
Brake fluld doeq not coatribute to the ignition process

Lovel 2:

Objective:

Ovenall Objective: Determins if an igniton can ocour using only switch
oomponents and elements found in the switch environment -

Teat 64 Objective: Determina if corrosive degmdation of ywitch alectrical
oapOnents can cause an increase mulnuluulm(udﬂu:muf
heat} in the switch which may lead to an ignition.

Test 6c Objective: Deteeming 1 brake ﬂul&wlthmatllsluvhipilﬁmdunﬂm
enough to create wi ignition. ! 'L'!‘-

Test 7 Objective: Detesmice if switches

'--..0 - H'N_HT“ 014882




[

Test 150 Objective: Dmﬂmlﬂnu;ﬂm:wiuhupnmmbuhﬂ]ﬂdm '
lead to an Ignition. _

Rewalts:
Teat 6a Rosults: A 5% NaCl in H;0 sohtion can comode switch electrical
camponents and cause an ingreasa in sloctrical reistance. Repesied injections of
the NeCl in Hz0 solution, with the rwitch powered, can cause a switch Igiiton.

Teut 6 Results: Brako fluid with motal shavings does not conduct significant
Test 7 Raqulty: Lifa cycle L’“’m' '
tegting showsd that Epec First=

Test 15 Rewults: Tost is pngoing. Results to ingrease in- - J
canductivity of both new and used beaks fluid, k;{l-m celteAd Lo e
Coneluslon: A\ dpre 3 lae Ao

A switch iplﬂnnmmmduﬂubmpnﬂm' '.

5% NaCl in H;0 solution s injectad imto cavity of a mwitoh. -

14 Vilts ia applied to the switch,

Hexport Is grounded.

Current in limited at 15 Ampa.

MMMMWMNMWMMW

Ewhnhumnmduh,‘mﬂm

Lmd W srlmu. 0 totest

foed & Sy p Wl raenl

Lo o AT bk "*.“. el e
Objective: avky

Tﬂtﬁbﬂhjleﬂvm ummwmmmmmm
 and estahiish a repetabia ignition mathod.
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Reaults;

Test 6b Reaults: Multiple sttempta at ignition, via injeetion of a 3% NaCl in H;0
inta the contact cavity of switches, hes resulted in a repoatabilicy rate of
approximately 50%. Plots of hexport current verses time show an increase In

current untll the point of lgnition.
Canel !
“'I.“' o
A repaatab of switch igmition ban baen eqtablishad. Based on hexport -
. current the current path 12 from rwitch teominala to hexport body.

When & NaCl in H;0 solation is repestedly injeoted {mq contact cavity of .
powered awitches, electrolytie corrosion of the switch terminals results in an
increase in torminal revivtance, When uificieat power is drawn theough the ¢
cotTosive resistance, switch elements heat up and begin 0 glow red hot. A boie
burns through the switch base snd ignitlon occurs. There is arcing visible
throughout the carroxion process which may provide the spark neceasary for

Lovel 4: l&‘ﬂ""hl“

Oblective: :
Ovm_llu ive: Compeare and contrest variables influencing ignition using the -

Teat 13a Objective; Compare various fiuids bn the established ignition method,

Teat 15 Objectlve: Compare the bum characteristios of various plastics as switch

Teat 15b Ohjective: Compaze: 1) tho probabllity of swiich ignitioninthe
Wmﬂumm.ﬂﬁmﬁmmnhmhbﬂmﬁmm
22 a function of rotations] sngla in the 45° orlantation.

Resnlis:

Toat 13 Results: A switch filled with 5% NaCl in Hyl) resulted in xn ignitlon
when sverage hexport current exceadod 2.5 Amps. Switches that wers filled with
tap water and rain water drew leas than 10 mAmps over & (3) hour tost and
showed little signa of cotrosion. Switchea filled with & matrix of new wnd used .
brake flulde, with water and without water, all drew less than 3 mAmps hexport
current draw and showed no signs of corrosion.

Tmlsmu.mmmtnhmﬂwmmmmmm '
base mutecials, the following resulta were obtalnad: Cellsnex 4300 ignited 3 out
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of § attempts, Noryl ignited 2 out of 5 sttempts. Zytel ignited lout of § attempts ,
l I i i I - A Ill l II Il' I E I] - I
Laated—

Test 15b Results: Switch ignitions have occaurred in differsat rotational angles.

Conclusion:
taodidirds
PBrake fluid is notgeslc enough to canse the alectrolytic comoxion and necessary .
10 create an Ignition. Becanss of its' mignificently higher conductivity, an ionic
rich fluid such ss NoC1 in Haf) {3 necessary to cause an igniton. -
Zstal-had-riomerbunrprobablythanothasmssslolo-testad-=Healscrtonle-mare

po ,wm . riad .“h otpTe e tagts -4_5-
orientation nor to rotational mngle in the 45° arieatation. -

Level 5 .
Objective:

Test 16 Objective: To test propased relay circde.
Results:

A awitch was injecsed with 3%Nact in Hz0 solutfon and placed In a proposed
current Umiting circuit for (48) hours. The current drew rematned conustamt st

180 mAmps throughotrt the test. Thare was no activity observed and the comtact -
arm remalned intact.

A switeh was brought to an impeading bum condition nsing the established bum -
method. An impending i is & condition where & corrosive rasinanca has built
wp I the switch and an ignition is inunisent The switch was placed [n the '
peoposed relny clroudt for(18) howrs whers it drew 160 mAmps, showed no visible
activity and did not result in w bum. Because the propossd relay clroult actsacs -
resistor which Bmits current to the switch, the maximum power to the switch la
Ii:niudtuéﬁ?f? &mﬂnwhwrpdmmdﬁebmaf&nﬂhh
and 0.73 Watts of power was dumped mo became wrm to

the touch tuat bad no effest on the m o'y whly )

{

.

Cnuluhnw? ! -4
0.75 Watts, the maxiryum power in the proposed circuit design, ia not énough
power t0 cause forignition. In peevious tests,
sing & resistor a1 the heating elocent, spproximataly 5 Waita of power was

necessary to create and ignition. There is not enough power In the proposed
circutt to create ignition.

T-NHTSA 014885




Rk eren:
Teat -

foy $hel

TI 77PS Test Synopsis i

Thia document is 3 synopsis of tests conducted by Texas Instruments during the 77PS
investigation. The intent of this document is O highlight test finding= which drove the
investigation to ifs current state. Throughout the investigation, several tests were
conducted with the snme objective. When sach objective was met, efforts were refocused
to obtmin a new level of understanding and to establish & new set of objectives. As such,-

%mmmﬁmmmmm;m Tevel of knovisdge obtalned
the group of tests conducted. Enhlawhllllmlbqlwmthuhnddmipﬁmnf

_ the objectives- PR S b el U wof sree
, y Ao
Level 1: Create a switch ignitlon without any resiriclions on methods. nw a/"ﬁ
Lovel 2: Create a switch 1gnition wing only itoms found in the switch operating tox 4
environment, : £a e -
! S'uxt_- o

Level 3; Understand the ignition machanism,

Level 4: Compuemmmihuﬂumlgnitm
Leval 5: Evaluate recommendations.

Level 1:

ﬂh]utlvu
Overall objective: Determins if a xwitch ignition will occur and what canditions

\ nm}rtﬂm;‘l’mhgf FnsoeF mﬂ‘p/w ;‘r.fff w8 Ve
m:wmﬂ:mwmwmmmmﬂum - Ere Ay

Swmhmntﬂuodadwithlmh fluld mixed with varylng mnumlnf%
Hi0.

14 voltn applied to one terminal, second tevminal slectrically Sonting. (No
elactrical Ioad soroes switch tarminals).

Switch hexport elestrically grounded,

Test 2 Objective: Deterning {f switch ignition can oceur under the fullowing
Switch comiact flondad with brake fluid mixed with varying smounts of %
Ha0.
14 volts spplied to one tarminal, second tenminal connectad toa 14
resistor tisd to ground, {1 Amp load across switch terminale).
Switch hexport slectrically grounded

Test 6 Objective: Determine if switch ignition can occur undar the following
conditions:
Heater elemant installed in conmet cavity of the switch.
Power epplied io the heating elatwant untl] plastie base failure,
External spark spplied %0 fumes from burn.

TI-NHTSA 0148848




Brake fluid present in the contact cavity (wet device) and not present in
: the contect cavity (dry device).
Resmits:

Teat 1 Regults: No ignition occurred. No significant tesnperature rise obgerved
Cmdrlwmmﬁdﬁumﬂ.smlmﬁmhmpa over 4 period greater
than (250) hours.

Test 2 Regults: No ignition occurred. No significant termperaturs rise observed-
for & perlod greater than {250) boura

Teat 6 Resulty:Ignition aceurred in both wet and dry devices,
Wet devige: The internal ternperature of a wet device reached 660°F. A
hole burned through the bass of the switch (close to the heating slement).
The externally applied spurk ignited the fumes which engulfed the switch.
Dry device: The Inteens] tempemture of s wet switch reached owver 1000°F.

The switch base flopped over. The extzmally appfied spark ignited the
fumes which-engulfed the switch.

Conclosion:
A gwitch ignition can pecur under the following laboratoty conditions:

-5 Watty of electrical power is disgipated as heat into the switch for {15) minutes,
(Source of hewt 1o melt plastic)

~-A mupply of Oxygen is available, (Hole bums through switch base).

-An sxternal sperk is applied. (Hy-Pot tester ignites fumes of switch).

Brake flwid doss not coptribuze to the ignition process
Level 2:

ﬂhjccﬂ'n
Ovemlt Objective: Desesatine if an lpmonmmmuﬂnimlynihh
componeats and elements found in the switch environment.

Teat 65 Objective: Detecnnine if corrosive degradation of switch eisoiosl
components can cause an incroase in electrical roslztance (and thuy & source of
%E hut}inﬂumitchwhlchmayludtnmimlﬂm

T:ll'? §,10 md 13b Qhjective: Determine if switches meet
)mwmamﬂmﬂmmﬂmmmmm

Ao Ay
i -{.ab
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Proprietmry Information: Attorney-Clant Privilege Dnvolosd
:h‘lmu.

77PSL2-1
5% Salt Water Ingress Experiment

Abatract

This sxperiment has decnonstrated that ingrees of a 5% NaCl / 95% ap watar solution
inso the elactrical connactor cavity of TTPS2-1 switches can inftiate » thenmal event. To
simulsie scceleratad rates of ingrows, the sult water solution was injected into 2 77TP52-1
xwitch at 10 mimite irtervals (approximate). The switch was powered at 14.5 volt for
the durstion of the test. At approximately 2 howrs and 45 mimutes imto the test, the switch
igmited into flamen. The entite teat was docwnented on video taps.

Data:

Raw dta from the dats scquisition from this test, is pressnted in Appendix B,
Tabls 2, below, diaplays observationn and notes made during the teat.

Tubled.
(minutes)

1 Teat stacted, power applind.
B Salt water solution Injected Into contact cavity.
20 water solution Injected (nko contect cavity.
30 Wikl wator solwiion injoctod LtQ OORMSE CEVITY.

TR Halt Wity soluon Iy ected [to CoUtadt cavity.
43 fg contact Arm failure).
50 m:ﬁﬁdhﬁmmw
& Salt watee solution Hyected mi contact cavity.
80 activity (no
5 _ replaced,
56 | Duta Acquisition dats 3sved ang roast.
B¢ ) Salt wakter sOlution Ijectad Into OOMtant cavity.
110 3alt water solution imjectod inta cORtACE cavity.




Informafion: Ateemey-Clmt Privilegs Invoked
PE99/11.
Vi

165 | Switch ignition oocumed.
166 Flamer comigaobet

wmwcamm}uﬁmmmmm They show
smoke smanating from the test specimen as well e red hot, glowing intaenal componesits.

Flgure 11, below, displays current and voltage messuremenix for the durstion of the test.
Sharp zpikes in the duta may be attributed to points where the coonector was removed.

Figure 11,
3% Suit Water Ingress Experiment

——Vokege - T1  —Voltage- 12 — Kage
—put Gl — Cluich Cuoment Haxpor Cuere

Cannisior Mmoved io fachitsts relliing of contact axvily.
18 4 (b w0t o polnta s Indlosted by emawe) 118
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Propristacy buformation: Attorney-CRet Privilega Invoked
Jn.m:

Figure 12, below, diaplays hexpart current verses time. A (100} point moving avange
trendline was added to fliter cut data scatter and npiloss recorded during refillings. The

treadline shows that the hexport current remained relatively steady &t approximately %
Ampa (average) for the fimt 100 minutey of the test. Over the fallowing 60 mimtas of

the teat, the hexport cumrant staadily incressed until it reached spproximately 2 44 Ampe
{avernge) st which palnt ignition oocurmed and the test was stopped.
. ) | "
Hexport Current va. Time
§% Salt Water ingress Sxperiment
[ Hexpor G w10 por, MOV, AV, (HEDO Cumey |
15.0 '
: ignition ocosimad.
125 : 5

E. . .
[
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PRY/12
15

Figurs 13, below, shows the thermocauple measursmonts made for the duration of the
~ test. Relativaly low tempecatures were reconded up to the point of ignition where, over
250 * F was rocorded before fames wero sxtinguished.

Flgure 13,

£% Sait Water ingresa Expariment
Tamperature ve. Tima

[To o~ G Tors—— Betom Temw)

- N\
e skl

2000 4000 . 6000 8900 1000
Time [Daovsta}

WMDI through D10 are phatoa of the switch at the end of testing. D8 and D9
show the internal comroxion build up in the pwitch.

" Chemical analysin of switch corrasion snd degree of arding ware not available at the ime
of publishing.

This experlment has domonmruied that repeated salt wiler ingrass into the contact cxvity
of & 7TPSL2-1 switch, while the swiich is powered, can cause an igaition, Evidence
indicates that koo corvosion of ywitch componsnts builds up in the comtact exvity of the
switch. mmmmmmummmmmw
-terminals 1o the grounded hexport body. Ax icuie comosion oontinues to build, hexgport
curront incresses, (see hexport cucrent data of figure 12), snd internal component
tampecatires Increase. This fact is ilivsteated by the red hot glow tn the rwvitch s
captured on video as well as pbotographe (see Appendices C-5 and C-6). Eventually, &
critical point iv resched whery, igmition occurs. In this case 4 hexport current of 2.5
Amps (zverage) was necessary 0 catse and ignition. It should be notad that a hole

' TI-NHTSA 014887




Propriciary Infarmution: Astamey-Clisut Privilage Involced
RS2
¥4
burned through the mwitch hase prior to ignition. This bole provided a source of oxygen
necessary for ignition.
i ¥ (8) ounces of aotution were usad to refill the contact cavity of tha switciL

Some of tha solution immeditely escaped from the hale that developed in the switch
bage,

- Conglushan

This sxperiment has dotnongtrased that ingress of an fon rich fuid into the connector
cavity of 77PSL2-1 awitchey can osase & thermal event. Repeated injections of a 5%
NaCl / 93% tap water solution into contact cavity of & 77PS1.2-1 switch meulted in an
ignition {2) hours wod (45) minutes into the test. The fluid injections simulsted
accelerated ates of ingress into the rwitch contact cavity. Evidence suggests that ionic
carrogion buildup 1n the connactor cavity areates & path frem powered terminals to the
hexport hody. When the hexport current exceaded 2.5 Ampa {(average) o tharmal avent
ocoureed. (Ciber facton may also ba necessary to create an ignition).

THNHTSA 014688




TI Propeietary Information: Attarney-Chent Privilege [nvoked

PS9/12 REV A
31229 . :
77PS Ionic Rich Fluld Ingress
Experiment Report
Section E: | Abatract
Purpogse
Procedurs

A)  Sampie Prepamtion
B)  Switch Mount Sstup
B)  Wiring Sstup

C}  Sampla Digazsaenbly
D}  Bample Annlysis

Summary of Results
Conxclusion

Sectlon : 5% Salt Water Ingreas Experiment
Absiract
Ciata
Results
Discuarion
Conclusion

Sectton ITl:  Ralp Water Ingress Experimant
Absiract

Section IV:  Used Brake Fluid Ingrasy Experiment

Discussion
Conclusion

Bection ¥:  Lised Brake Fiuld With 5% Water Ingresa Experiment
Abstract :
Data
Resuite
Discussion
Concluzion

Section VI: New Brake Fluid Ingress Experiment
Abstract
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T1 Bropeletary Information: Attomey-Clisnt Privilege lavoked
P559/12 REV A
12299

Sectlon VII1 New Brake Fluid With 5% Water [ngress Experimect
Data
Reqults
Discussion
Conclusion

Section TX: Tap Water Ingreas Experiment
Duia
Regulis
Discusion
Conclusion
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5% wwter 0% watter
Sompla  daie Keyclss  tme Ssmpla dals kcycles tims
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Haxter Tasts
Y recreation
0% Hy0 I beake Ruld
% Hy0 in brmka fuld coosion 89 & fundlion of % H20 i bralke Suld,
HZ0 ity b Thald ickeniily deysoslis,
0% H0 In brake Susd depesis a5 @ funciion of % H20 in brake ok,
Hl-!,nhlnhllltl
= Puid enalysis
d burwloe Nuld,
Masiar U =415 (ugiml), Fe = 5.8 (ugfmi}, Cr=0.08 fughml), 1.1 %H,0
m Cu= 502 (aghnt), Fe= 5.5 (agémil), Crm 1.9 (g, 1.1 %HA,
oW brake fluid. > -dmmn-mmn Cr = <01 (aghml. 0.3 %H,0,
sah in H20 ng elemanit k not sGroes
ch isemingls but fram
o prowund.
Fiuld ngraas
T OLT DS
5% NaCl n g UIinlLL-qu-munumrl ey,
ap wats hexport ourment d=posils.
PR TR
usnd brake fuld Bow heogeor! cumenst Cu daposiz ~No comosion. Black 300l deposil compoelion
usod brake Sukd v 7% HoONow hexport current deposits. ~No cowosion. Black sool depoc compoation
new tyoke Ruld Jow heport curent deposils. Mo cogosion. Bleck sovi deposkt compasition
new brako Muid w/ 5% H.Obow haxport curment depoaliz_ ~MNo comosion. Mmmm
Ty — — HI'IIHFIH
) 2-1 owitches Co Cormiomt,
Biack = Comploie Red = incomplets

B = Mot in Procoss




—

oonteat savem by dissolved in 45 minuiee I 15 A fesl).

nol snsugh o nuclests an dilacevdiniy babwein 15 Amp conosion and 200mimp comosion
bt vokn sbriller but st 200mAmpa, the s i inlect sfier (48] hours wioress

Potascium and Sullor preswL
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18
L1

24
24
24
it
‘24

5Ts

312 -

Szwpls
5% Nacl imn HIQ
Tabla Jalt: Noryl BSamw

14 Hr Impeand Buzn
200 niwp Currsnt

Mamphis

Rain Watar

Tap Watsr

Usad BF

Nuw BF

Haw BP 5% H2O
Used BIF 3% R20
Naw MF

Naw BF

axa Fa, £z, In

H..' ﬂ[ 'C'Ih.
Ma, €l; Cu,
Na, €1, Cu,

Ha, Cl, Su,

[+ +]

c, &

¥
-
o 9 0o o 0O O

[ 1]
-
c o 40 O O

n
O © 0 O O 0 B o

cl, o,
Cl, C,

£Lazprating the results of miorcanalysls catriss the risk that a spack of nep-
charictatigtic gsontamination might be nisintarprated o being inharcant to the ample. Note
tha leas, I sm leath Eo not report any of our fipdinge; I hawe compromised by listing them

balow:

Ag, €l and K wera datacted ocaca on

5; apd 5n wara detectsd once on the tup of the Used BY w 53 HID sample.
cl war detacted on the blade of the

¢l wan detwcted on the hlade of the Used BF snaple. _
3 vaa detested on oow arsa and €l in ancther on tha blade of Main Watsr saocpla.

ClL apd P were deatactad on opm aFse af the blade on the 311 bour New BF zampla

Thars Wasn't tims while Tord wes hars to brsak tha ocontacts/tmeminals out of the Nesphis

Haw BT mnmpla,

the cup of the 8% HaCl sazpla.

sample. Tharafors, wa couldn’t gat good spectra that we oould hawe confidence were
sacurate. Honstheless, thare sppencs to be soma glass {from pyrolyzsd plastial presant
and also, parhaps some phosphorous and maybe barium.

* Analysiz of the sludge itself

lﬂﬂtiﬂl; In.

s 1, lﬂdhﬁ!ﬂﬁdmmmn!ﬂ.!ln!lpﬂh:“lml.

from the 313 and 376 hour sanples showed Cu, ©, O, MY, and

M..g.w s

e eul

————
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T7PS Long Durstion Brake Fluid Test
380 Hours at Continnoms Power

069PLO VELHN-IL




L8B¥I0 VSLHNIL

TIPS 5% Na(l in Water Test
(Z) Howrs at Continuoas Power
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A5 TIPBL3-3
AR TTPELE
Al  T7PSL3-2
. [WIN B8)
; AT-1  TIPELM2
: A8 77TPBL3-2
: A9 TIPSLA-%

-TEST REPORTS

212D

aM2me -

aM7me
wane1
B




77P8L21
TTP8L2.3
TTPSL3-1
77PELe-2
T7PEL3-R
TTPSLA
T7PSLE-2
7TP3LE-1

- Terminel Fosttioning - The poation of the tarminale |s centrolied by meny cifferent methods:

1) Tiva deslgn of the neat that the bass |s paced inta on the AMi tabia enures the bass it in
tha propar position 3o the tarminale can ondy be iserted Into the base In the proper orlentation.

B0-160
200-30)
90-200
90-180
200-300
90-160
20-100
90-160

Differsnoss in Ford Part Numbers

Iﬂmln. m
20min.  Natura
20min.  Grey
Amn  Red
20min.  Natural
somin.  Natural

23min.  Dark Gray

g T LTy 1Y

Eaai
Calanax Mstal to Matal
Calanex Meal to Metsl

Matal to Metal
Metal to Mot
Matnl to Metal

O-ring
Srwdbber

Quring

EEREEREEE

2) The daaign of the sict In the bass only aliows tha teminal to be Insartad In ne direddon.

3) The deaign of tha tarminal s such that ¥ k is not propery naarted it wil not be propery eilad
and wil not pase the SPC controts.

4) SPC oonirols. Wo pariamm SPGC on the terminal height, armint position, And the terrminal push-out

atrength.

5) Tha termminet position 1s also checked at the final function test If the terminals s not poaltionsd

comactly they wil not make contact with the pago-pins and will not pasa the millivol deap tasl.
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Grovp Aas 443713 ey
~273) 490 T_m

harn
DOE 2 broyes:
GROUP: (-1 ]
DESCRIPTION: TTPALZ-A w/ 0% water in brake fluld
APPLIED (YN

|
|
|
T- M
BROUP: a2
DESCRIPTION: F7PSLE-1 wi 0% water In Brake fiuld

GROUP: G

DESCRIPTION: TIPBLA-1 wi 0% water in braks Huld
TR LEAKAGE MODE

K APPLIED {YIN
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URLD LOAD

L EAARE MOD
N

APPUED

GROLP; G4 '
DEECRIFTION; TTPELA-A wi/ &% water In breke fiiid
L L
APPLIED YN
4
-
d 2
[T H
GROU#: [r].]
DESCRIPTION: TTPEL3-1T wi 5% water it braks flud

GROUP.
DESCRIPTION:

o8
TIPSLA-1 wi 5% water In brake flulg

T-NHTSA 014704




brake_fluid_snalysls_for DOE2.xke
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77PE Vacuum Dependency Matrix

11 Part Number !_m Miout Yfalow dhectve nu'.'ll LA helght

TIPAL2Y 0 000  snap 277131 080 - 082
T7P4L23 no hulrrln snap
T ] 0 o

44 1 [ K] et 1 O - .
TP ] "0.00] :ulll ZTa88-1__ |.083-.088
TIPBLO-4 né irvendory quist
TR WOIVA! quisl 008 -
TIPMS2 ng kvveniory quiet 271192 85 < 088
TTPBLG R qulet m 208 -

-7 )@( (e 127
foe”
118 AM12M10/99
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aLiri0 YSLHN-LL

DOE1 77PS812-1 AND 77PSL4-1

Eample PP HIO ppm H20 ppmn H20 Avg SdDev %RSD W%HZO
Clemn 4 3300 086 - 031
Calipar 11280 11320 11054 na e 1.18 1.1
Maylasr 11568 11008 11288 1130f  284.01 294 113

 Cyfider #1 7704 TH3 7480 2 7585 10846 1.98 (%]
Cyflader#2 270402 28503 25785 26797 29047 100 48
Relwenca” 4055 0.0
uhmwﬁuﬂ.ﬁlhﬂﬂ!ibﬁu

Fluid samples taken al i end of iha st

should b same g clesn sample
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