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Main svert of the day was & lsarm meading to prep for the Bxeculive Technical Review on 2/ 11 Jou Nawi of Lage

wnmm p led the mesting. There were a latof Inciuding Fred .Tummﬂrlnum
LePoite AVT Dasigr: Anslysis, Steve irorn CRL, Ford legal lols, wiring, cannector

mﬂmhmmm :

T1 ln not inviad ta the Tech Ray. { whew?l)
Tech Ravwill ba a high level, broad overview of Town Car Uinderbocd Fires
Numbers Jos hee thus far;

148 Underhocd Firas, Therme Anomalies, Tharmal Events

30 with angina off, 9 with & on, o Indrmation on the rest :
" 3 pcssibis reletad to the Praasure Swich { BPS |, 17 potentiel ather roct causes, no Information on
» et '
Othar roat osuses from abova line : ﬂm , EEC wirs hamess, Reley pack,
Atmltpol'rtNHTlAanhﬁm F!Wplﬂunly Dm-:n-rfnﬂw
Lengthy discuasion on revisw. Genarl consansus that mﬂunfrunhuhnhlﬂmu_
b broad basisd, winde iﬁhnﬂmlﬂhh‘m“dh

mwm“mnnhtmmmmmmMu-mmmmmwu

meadage diectsand

Someon I from I .

| 'Tﬁﬂwﬂ'whqwm hd%mﬁdhlt Iuglrrwhbdﬂ'rl
Dmﬂﬂmlnﬂhhdndrulmhl,lhummm | wmmmmm

would go through Ford Bervios Parts for service parts, [0 that accurate Gharlie?

Ooad T1 harva fire axarta on site wiho can determine arigin of fires, a8 in axparts wihe wiwk on strusiural

fires. | reglied in the negattve, but weid | would follow up, Any Inputs? Intent wes 1 sswer repessdly askoed
muﬁn.hmmmmmmlmﬂﬂ = I, Irside « out, whast burmed first, braice fuid, or

Jou's meating was followed by a vigorous brainstorming sasaiom with Fred, Tom, Nomi, Swve & Lea. This was all tachnical
sl | acthvaly participaied.
[ rerviewnd T1 PSR4 on waibgll Hik of quiss wwiich showing frst Jeulow st 00K+ cycley, Gave copy I Neem.
Brysn, nesd dats quicily 00 paxs-oir snap switeh.
lmﬂmuunwnmu Geend Marquis, Crows Vie platforms had peey valve insusied
witchg annd thet in vehicle with ABRS option, the valve s Joomted downstresm of the ABY module.
Thare wu conslderwbie discuniion oo presscy #t 7uch & lotstdon with Lan seying that the swish probebly ves full
presvors reverwnil. Wi agreed that I would contect Teves for' taore bilb,
Wa discussed formation of slectralytic oull with Braite Fiold in the bass cuvity, sad bow » low red/stasos path to ground
mu:“mh:;ﬂmﬁmwmmmuummuw.mnmmdmnmm
heat
Disousssd CRL analysls of Memphis purt, ol gpave oopty of Al repoct to Nom Bryan, par Novan, Al retkined "spooniuls®
. of the sorrosion resldw. Do you koow if Al has done any cormpositiona] scalvais { IL ) a3 opposad 0 slemanil only?
Kapt gacting back to souwrce of fire. Ford has not yet been able to Sreste & fire io & ewitch. Team decidad that pulling i Dow
Chamical was key to undarstand U we can cresss & firs with given constraints. _
1 will sbart expaaiing the rasistivity test huve tn banysevature 2/11.
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ignition when power 18 applied 1o the switch

Procadere

The contaat cavity of 2 pritoh waa fllled with 2 5% el water solation. -
A power source was conneciad 90 serminal 1 of the switch

Muter | mansared the current swpplisd to tanminal | of thw awited.
Mater 2 mapsuryd the ourreet irsveling o grommd Brongh the hexport body
Mevee § megsared the crrent fhom terminal 2 of the switch through G Ford chusoh sssaibly (industive

load) .
Tims (minwte) | Mot | T Matw 3 Teapeorutgra (°F}
a B 2 & Eﬁ’é
) 3 ] 1
‘E 4 1.0 30.7
8 1.2 0.7 K] 76
[ ] 1.3 0.3 F] 234
] 0.9 04 5 115.8
] 09 04 5 1134
4 — 10,7 0.3 K] 846
[ L6 i0, 4 182
T L4 0.9 r 137
20 0 0.6 4 2.4
22 3 0.9 K] 100.8
24" 14 13 0 136
— -
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Broke Pressure Swilch Tast Log, Updaled 0640H0G0
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Jexmleant. % Ca = <0 Qugiwl). Fe = 0.92 faghal). Or = <01 fuil]. 0.3 %H2S,

ﬂhﬁ.ﬂ_-ﬂ-wﬂﬂ

jvasicus braio Suld waler mbma.

Peciial, M = el
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By Fressurs Switch Teet Log, Updatad 08/10¢1900
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TI 77PS Test Synopsis

Thiie document is & wynopsis of tests conducted by Texas Insruments doring the 77PS
Investigation. The imemt of this document is to highlight test findings which drove the
investigation to its current siste. Throughout the investigation, several tests were
conducted with the same objective. 'When each objective was met, efforts were refocused
to obtain & new loval of understanding and to establish 2 new et of objectives. As such,
tests have been categorized into (5} levals, represmting the level of knowledge obtained
from dh group of tests conducted. Each level ia listed balow with s short description of
tha objestive:

Level I: Create a Iaboratery switch ignition without any reetrictions on methoda.

Level 2: Create a laboratory switch ignidon using only conditions found in the switch
operating environment, -

Level 3: Understand the laboratory ignition mechanizm.

Levei 4. Compare factore contributing to Iaboratory ignition.

Level 5: Bvaluate recommendations.

Refer to Brake Pregsurc Switch Test Log. | ,
Level I Ohjactive: Determine if a switch ignhion can be croated in the laborstory.

¢« Tewtl

Objective: Determine if switch ignition can socur under the following
{nboratory conditions:

Switch conct cavity Aooded with brake fluid mixed with varying
smounts of % H;0.

14 volts applied to one terminal, second terminal sloctically floating.
{No electrical load acroas wwitch terminals),

Switch hexport electrically grounded.

Rowmults: (8} sxmples wero tested tatal:
(2} with 4% H0 in brake fluid,
(2} with §% Hz0 in braka fiuid.
(2) with 109 Hz0 in brake fluid.
{2) with 75% H;0 in brake fluid.

No ignition oceurred, No significant tempersture rise obseeves] in all szmples.
{%I:E}mdnwmﬂﬁmn.smm: mAmPE ovar & period greater than

TI-NHTSA 014332
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¢ Testd

Ohbjective: Determine if switch ignition can o¢cur under the following laboratory
canditions:

Switch sontact flooded with brake fluid.

_ 14 volts applied ta one terminal, second terminal connected to a 14 £1
registor which is tisd to ground. (1 Amp load accoas wwitch termninals).
Switch hexport alectrically grounded.

Regults: (2) semples were tezted. No ignition occurred. Nnngniﬂcun
temparature rise obsarved for & period over (250) hours,

Conclusion: A (1) Amp losd through swikch mi:-llnumutipﬂtnhﬂku fhuid in
the contact cavity of switches.

o Texéb

Objective: Determine if switch ignition can occur under the following b
laboratory conditions: .
Heater olement Ingtalled in contact cavity of the switch.
Power applied to the heater element until plestic base medts,
Spark generatad in contact cavity of switch,
Brake fluid present in the comtact cavity (wet device) and absent iz the
contact cavity (dry devics).

Reaulta: (2) dry devices were tested and (1) wet devics was tested. Ignition

| occurred in all devices.

Wer davice: Tha internal temperatare of 2 wet devica resched 660°F. A hole

i bumed through the bass of the switch (close to the heating element). Tha applisd

' spark ignited the fumes in the oontect savity of the switch and engulfed the base
material of the switch,
Drv devics: The futeroal temnperature of a dry switch reached over 1000°F. The
switch hasa flopped aver. The applied spark igrited the fumes in tha contact
cavity of the switch and sngulfied the base material of the switch.

i Conchuion: A switch [gnition cen ocour under the foliowing lahoratory
] conditions: :

Heater element installed in the switch contact cavity.

5 watta of power dimsipated in heating slemant.

Spark genorated in the contact cavity of the switch.

Brake fluid did not contribrute to the ignition process.

THNHTSA 014333
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2: Objective: Determine if 8 laboratary ignitdon can oceur using only switch
components ad elements found in the switch environment.

o Testbn

Objective: Determine if corrosive degradation of switch electrical componenis

can gause an increase in electrical resintance (and thus a source of heat) in the
switch, which mey lead to &n ignition.

Results: (1) out of (15) samples texted incressed resiztance to 5 (e, A solution of
& wt. % NaCl in H;0 can commode the slsctrical components of the switch and
Cautee i inroase in cegtrionl raistance. Repeated injections of the solution af
3 wit, % NaCl in Hy{) ipto the contect cavily of u switch, with the switch
contingously powered #t 14 Voits, can cause an ignition.

Corelusion: A switch ighition can occtr under the Iollowing laboratory .
conditions: _ i

A solution of 5% NeCl in Hy0 ia infected into contact cavity of & switch.
Continuous i4 Voit power applied to the switch.

Hexport is grounded.
Current s limited at 13 Ampa,

s Tesfic

Objective: Determine if brake fluld with metal shavings is conductive snough to
cremte an ignition.

Results: (3) devices with various size metal particles were tested. No significan:
Surrent increage datactad.

Conclusion: Meta] shavings did not signi ficantly increase conductivity brake
flu.i_d: Cravent iovels megsured were wel] below levals nacessary to crsate it
ignition,

s Temt?

Objective: Determine if switch meats cycle lifa spacification.

Results: Teats conducted during the first quarter of 1999 show that switches
excaed cycle life specification,

In the first quarter of 1999, u total of (42) 77PSL2-1 map swilches were impulse
tegted to over 1,000,000 cyclas with anly (1) leak below 1,000,000 cycles, which

TI-NHTSA 014234
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occurred at 728,000 cycles. A Weibull mdynuhnwdﬂ?mnﬁnhhty a
500,000 cycles 2t 5% confidmes loval.

Conclusions: Switchea meet cyclo life specification. Firmt quarter, 1599 tests
confirm impuise test Andings made during the period batween 1991 and 1952,
During that period, (5) impulae tests on 144 devices of 57P5 and 77P5S
wonstruction, bad no leaks when tested to 500,000 cycles. A Weibull apalysis of
firt quarter, 1995 pepta, muﬂmmuuwusm.mumhusm
confidencs level.

s TemiSe

Objeclive: Determine the long e corrosive effects of brake fluid onthe
clestrical conponents of switches which are contimuousky powered ax 14 Vahs,

Resulta: Test was suspended after 550 hours of tegting. (5} sampies were rested
with continuous 14 Volts power. The contuct cavity of (4) switches contained
new brake fluid and {2) switches contained old brake fluid. Switchea with ok
brake fluid drew very little heport current and showed a decresse in hexporn
current over time to 1e28 than 1/10 mAmp. Samples with new brake fluid showed
an incremse in hexport current to over 20 mAntps towerd the end of the 550 hours
of tesling. Analyses of (1) sample with new brake fluld and (1) eample with old
brake fluid vevealad slectraiyiis cormsion of the contact am of bath switehes.

‘Thete was a much lower level of corvowion in the sample with used brake fluid

tham the sarmpie with new brake fluid.

Conclugion: Brake fluid im the contect cavity of switches, which are at 14 Volts
continuous power far over 500 hours, can cause electrolytic cormosion of the

 switch cantact amt. I+ ia unknown if thin corroglon, upder continuoug power

gom:_litlum. can evertually lead to sufficient current draw to drive an ignition,
» Tagtl?

Ohjective: Quantifyy the long tovm corrosive effects of new brake flvid on the
electrical componanty of swirches under the following laboramsory comditions:

Contact cavity of switch floodsd with new brake floid
Switches at contirnous 14 Volts power.

Switches zubjected {0 vibration for (1) hour per day.
Switches subjected to mo"cﬁ:rtuhwrwdur

Resulia: Tuutmpqnded.nﬂu (312) hours. (30) sanples tested, The aversge
hexport current dtaw dfter (312) hours Is 1.9 mAmps with a stendard deviation of
1.8 mAmps. There hes haen no icreass In hexport current. These resutis are
consimtent with results previpusly found in Test 15a.

TI-NHTEA 014335
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'Conciusion: New brake fluid in the contact cavity of switches, has not causad am

{ncrosse In hexpon current after (312) hours a1 contimious i4 Volts power.

Lml!: ﬂhjnﬁn. Undunmaﬂuubdmlpiﬁonprm dﬂmnuthuuumt
paih and establish a repaatable ignition method. )

» Test&h

Objactive: Understand the ignition procoss, determine the curment path
and establish & repaxteble ignition mathod.

Results: Multiple attempts st lsborstory ignition, via injection of & solution of
§ wi. % N2Cl in Hz0 into the contact cavity of switches, has resulted in &
repoatability ratz of approximately 50%. Plots of hewport current verses time
ﬂlmemmmﬂlm;ﬂhnufm

Conclusion: A repeatable isboratory methad for switoh ignition was

established, Based an hexport ¢urrenit messurements, the current path: {s from .
switch taeminals to bexpert body. \
m;nhmﬂfsmuﬂmmﬂzunwmmmm ’
cavity of powered switches, alaetrolytic corrosion of the switch terminal i
results In an increass in teyminal resistance, When sufficlent power i drawn .
Gwough the comrosive rexistance, swiich-slements heat up and bagin to glow red

hot. A hole burns through the swich bese and ignition ocours. There in arcing
ﬁdﬂaﬁwﬂmhmﬁmmmﬂummmm“w
hrlﬁﬂt:m

Level 4: Objective: &nmmdmmwﬁﬁhhﬂumﬁnsiﬂmmm

establishet laborstary ignition method.
s Teut13a
Objective: Compare various fluids in the established ignition method.

Ramlts: The following fuids were teated.

{1) NeCl in H;0.

{1) tap water

{1) rain water

(1) used brake fluld :

{1) uned brake fluid with § wt. % Hy0

{1) now brake fuid

{1} new brake fluid with 5 wt, % H;0

The switch filled with 5 wt. % NaCl in By0 resulted in an ignition when avernge
hexport corrent exceedsd 2.5 Amps. Switchas that were flled with tap witer and
rmin witer drew Jass than 10 mAmps over a (3) hour test and showed Ettle signs of

TI-NHYSA 014388
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' comoxian: Switcher Alied with & matrix of new and ussd srake flxids, with water
and withewt water, Il drew lesa than 3 mAmps hexport crrrent draw and showed
no signs of corroalon over the (24) hour tost.

Conclusion: Brake fluid 1s not conductive enough to cause the electrolytic
corrodion and necessary current draw to cresta sn ignitlon, Becarss of its'
mﬂmwmmmw.mwmﬂmdmhuﬂﬂmmu
neceasary to ciiuss n ignition. _

s Toatls

Ohjective: Corapars the ignition charactsristics of various plasties 2 swiich base
material.

Rewuits: When 5 wi. % NaCl in Hy0 was injected into switches with differant
base mateeiale, the following results were obtainad: Callanex 4300 ignited 3 out
of § attempts. "Nory! ignited 2 out of 5 stbempds. Zytel ignited lout of 5 sttempts.

Conchusions: Aﬂﬂuﬂumﬂwhﬂummmmw l
ignition method.

¢ Testlib

Objactive: Determine if switch ignition can ocour in the vertical position and 45°
orientation. Dsterming if swisch ignition cae oocur and at different rotetional
angles in the 45° arientstion.

Rewults: Bwitch ignitions can oecur in both the vertical and 45° crientation using
the extablished laboratory ignition method.
Conchusion: Switch ignition doss not sppear to be sengitive to vertical orientetion
veries 45° orfentation nor to rotational angle in the 45° oriemiation.

Level 5 Objsctiva;
Tent 16
. {lu‘ndu'r-tpupondnhydmm.
Rasuits: (1) switch was injectod with a solution of' 5 wit. % Nacl in H;0 md
placed in the proposed curtwt limiting civeuit for (48) hours, The cumrent draw
remainad constant az 130 mAmps throughoet the tewt. There wes no actlvity
obasrved and the contat Aym remainsd mastly intact.

(1) wwitch was brougiit &0 an impending bumn condition using the established burn
rethod. An impending burn is a condition where & comosive resistence haa built

]
T177RE Toat Synopyha ([ fPoR
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up in the switch and an ignitlon is imminent. The switch was then placed in the
propased relay cireuit for()8) hours where it drew 160 mAmpa, showed no viaible
activity and did not result in an ignition.

Because the proposed relay circuit acts as a resiator which linits current to the
switch, the maximum power to the switch is limited to .75 Watts, A remistive wire
~ wis wrapped around the base of {I) switch and 0.75 Watta of power waa
dizsipated in the wire. The wirs bscame warm ta the tach but had no effect on
the awitch,

Conolusiom: 0.75 Watts, the mantimum power i the proposad circuit design, is
insufficient to cause substantial eloctrolytic corrosion or significant awitch
teripingl hoating, which 1s necsssary to create an ignition. In previous tewts, using
8 regigtor a3 the hearing elsment (302 Test 6), spproximately 5 Watts of power wan
necessary to create an ignitlon. There is not enough power in the proposed clreuit
10 creats ignition,

TL-NHTSA 014338
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