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From: Frola, Btephen [s-proleggemall.mo,
Sant . : T Thurisiay, 20, 1994 1:40 PM
To: Baringhauss, 1 Dagus, Brywn; Modlulk, Andy
Ca: Pachonis, John -
Subjedt: P L2-1 Yields
x )

b, b .
Tahin_MMEEa Atava,

Hura ia the 192 yisld dats you requested. PRleasa ravisw atvl get hack to me
with any questions. I havs 1 masting l.t 3100 PM and ahould bs back around
4100,

Thapka.

ETava

Feom? Balthazar, Clalra
dent: Thursday, May 20, 1955 2:1& BPM
Tar  Ptois, Staphan

" Bubjseti L2-1 Yialds

Hara ara rtha numbars for 13531, I 24w oo avidancs of any major lask
probleas. If you look st the lot raporta, you will ase some fallurss in the
leak catagazy. If thia numher is divisible by 4 (1f 1 lLesks the tester
sborts tha teat and salls thewm all bed} it uwsurlly rmane thet a set of
nesty wunt through empty or thars was a bad sesl betwesn the device and the
machinre. The davices would then be rsrun separktely ona by ena with othar
deviees to identify the lemker if thars was ocom. RKind of o process <f
slimination, The leak quaptity on che lot report should be nlnul..'l..'l.f
adiustad by the opsrator.

That is what should ba happening but I u-l.n."t guarantes it and it is pl.'ﬂblhl.:.r
not Hﬂ.ttm anyshesa cpn the spsos.

<<T1MALZ-1 Yielde_133%.xlarr
Buwrenry sheat is at the bagiming.
Claire
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Date Testod  Good %
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Aprli2 = 18407 18 TR
May-52 12018 11138 02.7%
Jur8l 2443 N #.T%
July-i2 11838 11872 98.8%

. Adpust-82 . 10638 18283 28.5%
Seplamberd2 11883 11582 0N.0%
Qetoberil 3838 3827 Ny
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Decambard2 _ 16836 15481 07.1%
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| Frola, 3tsphen

From: Buithazar, Clars

: Sent: Thurscisy, May 20, 1968 2:18 M
© Tot Prols, Staphen

‘ Bubject: L2-1 Yisids

' are 2re tha numbers for 1662, | saw no evidence of sy major ek prothme. i you look it e kgt reporks, you wit
g ata some falures Inthe lesk cetegory. H this number ia diviethie by 4 (¥ 1 laska the tester sbiris the ies! and calls
: tham ol bed) It usaaly mesna éat & st of neaty we through amply or there wes B bad ses! betwasn the devios
and e mechine, The devioss would T be nerun separabsly ona by one with oiher devioss b kenily the leaker
1{ . E‘:ﬂwum m#-mdﬂmﬁn m_ummhmmmuhmﬂrmm
: OpArator
1 nminmmudh-mm-immImmmlnihmmmmmnm.

¥

- TYRLGe : :

Viekts_106.4n - * VieLo oATA 13 BASED on LAY Boamls
su- ahoet s mt e . i _!.-.-r FEPETS FEouwe, M4 -92 [ NPT
e ¥ ) CHPIrS HAME hoT B aAASW [ P
. THINE  Boniis LTI St ETTES T

e o,
T
L]
Page 1
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SFELLO YSLHN-LL

Qm Fﬂ-wwmﬁmﬁumm

INSTRUMENTS TI P/N T7PSL Sarles

|Actumin e -
Davice iaate cut of spec on Hhe kow side.  Disc / Component selacsion.

Taut

Acragy | Pefieition I ' - N L
AGH |
AGLD

| ACLD tAcwwsionlow | U U
_ ) "|nuuui'n-pu:-=m|u1 Creep is caiculnied fom the me s
changes shectical contireaty % the tina in which the systom
microphone delwols an audbio snep.

| AR e I Fa_&;;_m;hlﬁﬂ._ﬁllﬂ_ rn weaim :

L e s mma .

{1} deiica teaks e asiar shorts the tasl and calls all (4) dodona bad.

mm“dcw_mhﬁi““m"{—-—u e e memnaa. am e

“{EAK Ussk ~~ (Al nants mast ba kil on e tester in onder i complela a test sequenca. ¥ Ralosl o determine

& Adust ot report

-

Tin

B

" L4 N N
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¢ ere—LTST—T .
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T1 T7PS Test Synoplls Draft 5/20/99

This document is 8 synopsis of tests conducted by Texas Instruments dusing the 'mrs
invesigation. The intent of this document is to Inghli]ht tasd findings which drove the
Inveddgation 1o its cucrens state. Throughout the investigation. several tests were
conducted with the same objective. When each objective waa met. efforts were refocused
to obtaln & new level of undersanding and to astablich a new set of objectives. As such.
tents bave been categorized into (5) levels, reprasenting the leve] of knowledge obtained
from the group of tests conducted. Each level is listed below with a short description of
the objective:

Level 1: Creste & laborstory switch ignition wlihout any restrictions on methods.

Level 2: Crmallhonlm-ywkh ignition waiog only conditians found in the switch
openiting envisonment, -

Level 3; Understand the lnboratory ignkion mechanism.

Level 4: Compare factors contribating to laboratory ignition.
Level 5: Evahuate recormmendations.

Refer to Brake Pressure Switch Test Log. - ¢
LIHIIBMHI Determine If & switch ilnhhncluhcmﬂadhthe kboratory.
. Tatl

Objective: Determine If switch ignition ean occur under the following
laboratory conditions:

Swich cootact cavity flooded with brake fluid mixed with varying
arnounts of % He0.

14 volts spplied to one terminal. second terminal sloctrically floating.
(No eloctrical ioad across switch terminals).

Swhch hoxport electrically grounded.

Resula: (8) sampies were tegted total:
(2) with 4% H0 in brake fluid.
{2) with 6% Hz0 in brake fluid.
(2) with 10% H;0 in braks fluid
{2) with 75% H,0 in brake fluid.

No ignition ocourred. No significant temperature rise observed mlllnmplu

Cuzrent draw ranged &umﬂ.ﬁmﬁmpumﬁmﬂmmrnpmudmﬂm
(2507 hours.

T-NHTSA 013882
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« Taml

Objective: Determine if switch ignition con cccur under the following Isboratory
conditions: '

Switch contact fiooded with brake Auid.

14 volis applied to one terminal. aecond terminal connested 1o a4 14
registor which is tied (o ground. . {1 Amp load across swiltch terminals}.
Swiktch hexport electrically grounded.

Resuhs: (2) samples wape tested. No jgnition ocourred. No gignificant
temperature rise observed for a period over {250% hours,

Conclusion: A (1) Anmp Jond through switch terminzie cannot ignite beeke fluid in
the contact cavity of switches.

s Teit §

Objective: Deteriuine If switch Ignition can accur under the followlng .
laboratory conditions: _ b

Hemter alament installad In contact cavicy of the switch,

Power applied to the heater elemen vntil plastic base melts,

Spark gensrated in coniact eavity of switeh,

Braks fluid present in the contact cavity iwet device) and abeent in the
contact cavity Ldry device). '

Results: {2) dry devices were tested and {[) wet device was tested, Ignition
occurred in all devices.

Wet device: The interma] tatperture of & wet device reached S60°F. A hole
burned through the buse of the switch (cloxe to the heating element). The applied
spark ignited the fames In the contact cavity of the switch and engulfed the base
material of the switch,

Dryiievice: The internsl termperature of @ dry switch reachad over JCO0PF. The
switch bese flopped aver. The applied spark igniled the fumes in the contact
cavity of the switch and eagulfed the base maierial of tbe switch.

Conclusion: A switch ignition can oceur under the following laboratory
condit lons:

Heater element {nstalled in the switch contact cavity.

5 watts of power diasipated in hesting element.

Spark generated In the contact cavity of the switch,

Brake fluid did pot contribuie to the ignition process.

TENHTSA 013803
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AP

Laval 2: Objsctive: Dﬂ:m.'m lf o leporatory Ignition can occur using only switch

components and elements found in the swilch environment.

*» Test Ga

Objective: Determine if corrosive degradation of switch glectrical COMPOneNts
£8n CAUEE an increase in alectrical resistance (and ll'.llll a source of heat) in Lhe
switch. which may lead to an ignition,

Resules: (1) our of (15) samples tested increased resistance o 3 £35. A sohnion of
5 wt. % NaCl in Ha0 can corrode the edectrical components of the switch and
cause an increase in slectrical resistanca. Repealed injectlons of the solution of
Swt. % NaCl in Hx0 into the contact cavity of a switch. with the switch
continuously powered at 14 Yolts. can ceuss nn ignicion.

Concluslon: A switch l;nltiun can ocour under the following laboratory
conditions:

A solution of ¥% NaCl in Hy0 is injected i:n:unmtnvity of s swirch.
Contippots 14 Volt power applisd to the switch.
Hexport is grounded ' :
Current is limited at 19 Ampa.
* Tewt 6c

Objncm-: Detormine i brake fluld with metal shavings is mn:lu:u?e enough m

" create mn {gnition
Results: (3) devices with varlous sizs metal particies were tasted. No significant

currant incresga detected.
Conchusion: Métal sbavings did not significantly incresse conductivity brake

* fluid. Current lovels measurmd were wnll'nchwkﬂls I'IIHIII.I]I' 10 créate an

{gnition,

» Tem?7

Objective: Deiermine if switch meets cysle life specificatlon.

Resuks: Tests conducted during the first quaner of 1999 show that switches
exceed cycle life specification.

In the first quarter of 1999, & totel of (42) 77PSL2-1 snep switches were impulse
teated to over 1,000,000 cycles with only (1) leak bejow |.000.000 cycles. which

TI-NHTOA 013604
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accurred &t 728,000 cycles. A Weibull anglysis showed 99.9% reliability at
500.000 cycles at 95% confidencs mvel,

Conclusions: Switchea meer cyclo life specification. First quarter. 1999 tests
confirm impuilsa test findingd made ducing the period berween 1921 end 1992
During that period, (8) impeiise testp on 144 devicas of 57PS and 77PS
construction, had no Jeaks when tested to 300,000 cyeles. A Weibull analyais of

first quarter, 1999 lagis, showed 29.9% reliabllity at 300.000 cycies m 95%
confidence level : ' -

s Teut 153

Ohjective: Determine the long term cormsive effects of brake fiuld on the
-electrical companenis of switches which are continucusly powered st 14 Vohs,

Reaults: Test wan suspended after 350 hours of westing. (8) samples were lested
with cominuous 14 Yolta power, The contact cavity of {4) switches contained
new brake fluid end (2) switches contained old beake fuid.  Switchea with okl
beake fluid drew very ilttle hexport current ond showed a decresse in hexport
current over time to bess than 1710 mAmp. Samples with new beake fluid showed
an incresss in hexport current to over 20 mAmps woward the end of the 330 bours
of testing. Analyses of (1) rample with new brake fiuid and r1) sample with old

" brake fluid revedied electrolytic cotrosion of the contact arm of both maitches.

There was @ much Jower lavel of cormosion in the sumple with osed braks fAuld
than the sample with petv beake Muoid.

Conclusion: Broke fuld in the contact cavity of switches, which ore at 14 Volts
continuous pawer for over 300 hours, can eawse clecirolyic corrasion of the
-wwitch contact amm. It is unknown if this corrosion. under contincous power

~ conditiona. can eventually load to sufflcient current draw to drive an ignition.

» Test IV

Objective; Quantify the long ierm corrosive elfecis of new beske fluid on the

_ electrical componests of awilches under the followiag lwboratory conditions:

Contact cavity of switch Nlooded with new brake Auil.
Switches  continuoun 14 Vol power.

Switches subjected 1o vibration for (11 bour per day.
Switches rubjected to 100°C for {1) haur per day.

Results: Test suspended after (312) hours. {50! saraples tested. The average
hexport current draw after (3121 howrs is 1.9 mAmps with s stendwrd devinton of
|.& mAmps. Thare [as hean no increane in hexpon current. These rasults are
comsistent with rexulin previowsly found im Test 150,

" T1 TIPS Tout Synopuiu ik G20
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Conclogion: New bruke Guil in the cuntagt cavity of swilches. hus not egwsed m;
incronse in hexport current ofier (213) hours o continuowy 14 Valls power.

Level.3: Objective: Unﬂemnd the Inborstory ignition process, deermine the cwrent

path and esteblish a repentable ignition method.
o Teat b

Cbjoctive: Understand the ignition process. delermine the current path
and catablish 2 repestable ignition method,

Results: Multiple attempts at Inboratory ignition, via injection of s solution of
5 wit. % NaCl in H;0 into the contact cavity of swiiches, hag rasubied In »
repeatability rate of spproximately 50%. Plois of hexport current verses time
ghow an increass in eurrant uptil the point of ignition.

Conclusion: A repeatabls lsboratory method for switch ignition was

established. Based on hexport currant messurements, the current path @ from

awitch terminals to hexport body.

When a solution of 3 wt. % NaCl in Hx{ Ia repestedly injacted into the contacy

cavity of powered switches, electrolytic corrosion of the switch terminal

results in A increass in terminal resistance. When sufficient power is drawn

through tha corrosive resistance, switch elemnents heat up and begin to glow rad

hot. A hols bumna through the switch base and ignition occurs. There is arcing

gihh throughiont the cormosion pmcers which may provide the spark necessary
ignition.

Lovel 4: Objactive: Compare and copiragt variables mﬂuumm:iglﬂﬂnnmhjthe

apablishad leborstory ignltion method.
¢ Teat |lia
Objective: Coropare various Buids in the established ignition method,

Results: The following fluids were tested.

{1) NaCl in H:0.

{1) tap water

(1) rain water

{1) nsad braks fluid

(1) eaed braks fluid with 5 wt. % Hx0

(1) new brake fluid

(1) pew brake fluid with 5 wt. % H0

Theswitch fitked withS wt. % NaCl in Hy0 resuked in an ignition when average
hexpon current excesded 2.5 Amps, Switches that were filled with tap water and
Tain water drew less than 10 mAznps over a () hour test and showed little aigns of

TI-NHTSA 013868
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corosion. Svwikches filled with » matrix of new and wsed brake fiuids. with water
and without water, oll drew Jess than 3 mAmpa hexport curront draw and showed
no aign of corrosion over the {24) hour test.

Conckision; Brake Buld Is 1ot conductive enough to cause the clectrolytic
corosion and necessary current draw (o create an ignition. Because of its'
significantly higher conductivity, an ionic rich fuid such as NeCl in Ha0 is

neceasary o ceuse an ignition.

'. Test 13

Objective: Commpete the ignition charecteristics of various plastics as switch base
material.

Resuits: When 5 wt. % NaCl in Hy( was injected into switches with different
base materials, the following results were obtained: Cellanex 4300 ignited 3 oul

of 5 attempts. Noryl ignited 2 out of 5 sttempis. Zyvel ignited bout of 5 attempts.
Conclusions: All plastics tested can igaite using the extablixhed laboratory | i
ignition method. 3
o Test 13b

Objective: Determice If switch ignition can occur jn the vertical position and 43°

orientation. Detarimine If switch ignition can ocenr and at different rotsclonal
angles in the 45° oriantstion.

Results: Switch ignitions can ocour in both ihe venicul and 45° oriendation using
the established laboratary ignition method. :

Conclusion; Swilch ignition doss not sppexs to be kensitive Lo verticnl orientation
vertes 45° orientation nor to rotations] angle in the 43° orientation,

Lavel 3 Objective
Test 16

» Ohbjective: Test proposed refry circuit.

Results: (1) switch was ipjected with & solution of 5 wi. % Nac! in H;0 and
placed in the proposed current limiting circuit for (48) hours. The current draw
remained conatant at 180 mArops throughout the tert. There was no activity
obwerved ant the comact arm remained mostly miact.

{1) switch was brought to an irapending burn condition using the extablished burn
method. An impending burn is n conditlon where a cofrosive resistance has buiit

6 TI-NHTSA 013687
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_up in the pwitch and an ignition is imminent. The swich was than placed in the

relay circuit forf 1 8) hours where it drew |50 mAmps, !Inw:ldnuvlllbh
activity and did not resalt in an ignition.
anﬂupmpmodnhynhwhmu;mmhﬂmlucmmﬂn

* awitch, the maxtmum power Lo the wwitch is limited to .75 Watls, A resistive wire
* was wiapped around the bess of (1) switch and 0.7 Wans of powsr was

dissipated in the wiee. 'I'hewir:hunmwummﬂu lumhlulndmdhﬂnn
the switch.

Conclusion: 0.73 Walts, the maximum power in the proposed circult dasign., i
imsufficient (o cause substantint clectrolytic corrosion or significant switch
terminal heating. which is neceasary to create s ignition.  [n previous tests, wing
a resigtor an the heeting element (see Teat &), approximately 3 Watts of power was
necexsacy to creats 1n ignition. Mhmtmhmmﬂ:mﬁmn
10 ereste ignition.
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From: Gidea, Robart mll.rretl. oom]

sant! ’ Thiuraday, May 20, 1996 4:38 Fi .

Ta: Prola, Btephen; Pachanla, John; Mamtin, Soott; Dagus, Brysn; Muligan, Sean; Basilers,
Robert; Watt, Nm

Bubject: ‘Gaps in sansor buliding process

Taam,

- Aftar raviswing the sansor bullding proosss IOr gaps that ocould
causs leaks tha following is n list of what T cama up with, I also caviewsd
this with Bok Basilers wha want through tha program in dapth tea insure that
the mashine wam programmed the way wa apatined it was. T slso had the AMI
oparator duplicatw the failures &o insuze the program was working propezly.

i) Gasket chwck statico. This staticn ia not fall safe. It is cesigmed to
cheack for n gasket mnd ite poaition using Ffour raZlactive senscra. Thare
are savaral problems with this design. Firat, the cpstator cam not tell if
tha sensorsx are working whils the machine is running. They can only
determine this whilwe duing B°C chegks which ars pacformed roughly svery four
beura. Therafsre thers L{s the potential to produce approximately ik to Bk
sandors without all the senscre working. Secobdiy, ths is ne detestien to

swa 1f tha atabicn actually :troked down and cheokwd the hest for a gasket.

I¥ the station gets qammed vp it will call svary pest good.

 2) ¥apton Chack Atations. Thess stations als#o are not fail safe. Thess

gtations are designed te work usiog w contlpuity probs to inauce the proper
number of kaptons are in the oest, xnd thet thay ara in the propar

. orisntatisn, The Firat check station checks that thara ia twa pisces of

kapton. Tour page pins coma down and check for the ocofpwrs of tha kapton
and as long me the pins do not go-to grounc they call the oest good. cmoa
sgaln tha problem 14 that the station oonld be stuck up and thatrs la ns Wy
for tha peehine to know it. Also, the pogo plos could ba bent, broken, or
nlesing rod tha aystem wouldn't kmew 1t, The oply baack oheak that wa have
is that 4}l tha poge pins ars wired in sarias and Lf one of the wires is
broken it will hrenk the asrios and seand a fauli aiqnal to the pansl. The
check for the third staticon works in the ssact sape way, but it also has ona
Spature that makas 1t swvan less relishle. Bscalss wa naks davicas with twe
kaptone we Fixture tha check station for the third kepten ao thw station can
ba storad up cut of the way whila we ara running the twe kapton devioms. If
ths opsrator dosa not put tha statien dowm nod parierm the SBC they could
concalvably run for hours without the thisd check station engaged. Alsa,
uo with the gaskat statlon, we do not check to awe 1f the chagk staticns
noctunlly ztroka dawn and abhsak tha-nest.

"3 The crimp table. We call out exect pressurss with tolerances on our

precess appcificatisna for the 5 degres crimp , 20 degras aziwp , and
overprassire, but the gauges we area using are not calibrated. Alss, s do
aut have & FM proosdurs in place for the coeinp disa, wa lsave 1t up to tha
opacatars mad the tool room. What we depend oo are our SpC checks, which
are vary capabla. We uss a poka=-yoks to check tha dismater of the sansor
and a dial indicator te chack the height. Tha CpX for the astaor helght in

2.8,
Regards,
Beb Gildaa
Fhanay - {304) 236-2023
Faxe {500) 236-3%86
‘soadly rgildealti,.com
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W Texas Brake Pressure Switch
INSTRUMENTS mmmmmm
NA Hydraulic Switch History

Time Period: ‘87 ‘80 91 |‘98

‘83
Application: :“'I ot

Fuld:  [Pouer Steari Fild

CONFIDENTIAL

* Tihas soms 16 yeers and 130 millon wits sccumulated n
spplications using multiple Nulds Sxparience in hydraulic

s T has soms 12 years of brake system spplicatio - wlth
.
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B tas Brake Pressure Switch -
INSTRUMENTS Potential Thermal Event Theory Profile 5/20/99
NA Hydraulic Switch History
Time Period:| ‘B3 ‘87 ‘90 ‘91 ‘08 ‘99
Application: Stesring | Stsering Steering  |Sivering M [Steering
Suspension Suspension | Suspension Suspension Suamm

Fluid: — .
| =
Franemission Fiuld .

- ﬂhmmwmandﬂnmlllmuﬂhmmmmﬂlnhmm

§ q:pllcﬂmuulngmllﬁ:hﬂulds .

e - nhumlzymummmmmmmm
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- Brake Pressure Switch e |
‘;311515 potential Thermal Event Theory Profile 5/20/99 -
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INSTRUMENTS Potential Thermal Event Theory Profile 5/20/99

Brake Pressure Switch

SL5C10 VRLHN-L

Brake Switch Overview

- Mounted under hood... 14 inches under master cylinder

- Mounted on proportional valve at frame of vehicle

- Switch oriented appmxnmately 25 degrees off vertical

(connector up)

- Switch controls speed control.. .normally closed, opens at |

130 psi

- Contimiously powered by battery 15 amp connection

MGk iy ion/Fomt




Brake Rressure Switch . -

&mmﬂs Potential Thermal Event Theory Profile 5/20/99
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PRESSURE SWITCH “FLOW DIAGRAM”
(92, ‘93, TOWN CAR)

Texas Instruments Hilite
Industries
Switch
Molded |
Base I~ A”i'—'.;i“ — Switch to
— proportional
Valve
I Connectors ]
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B Brake Pressure Switch
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InsTruMENTS Potential Thermal Event Thaqry Profile 5/20/99

Ford recalls 279,000 cars becanse of risk of cruil se-control l:l.tci_ |

0571971999
Aasociated Press Newswires
Copyright 1999. The Associated Proas. All Rights Resarved.

DEARBOEN, Mich. [(AP) - Ford Motor Co. hag recalled 279,000 fl._lll—lill'
cars becausa of a cruise-conotrol switch that could short-circuit and
cause a Lirm. .

The recall affects the 1993 and 93 Lincoln Town Car, Nercury Grand
Marquis and Ford Crown Victoria. About 10,500 of the recallad carg are
in Canads.

Thera have been 147 reports of fires and two injuriass attribuoted to the

defect, Ford spokeswoman Earen Shaughnessy said Tuasday.

The antomaker said 1t is scill cbtaining replacesent switchaes. Until the
switch can he fized, customars shomld teke their carg to thair deslsr
and have the cruise control disablad, rFrord anid.

AW apre s aat ol Altachrmal
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Ford - Electrosi spudwnmmm.rmmm '
INSTRUMENTS " T PIN TIPSL Series | -
NA Hydraulic Switch History
Time Period: ‘87 ‘90 ‘91 ‘98 | ‘99
Application: | gipering  |Stsering | Steering  |Staerdng [Steering
Suspension | Suspension | Suspension | Suspension | Suspension
Transmission Transmission Transmiss
Crulse Crulse
Chrich
Fluid: " | Power Steering Fluld
1 Brake Flold _

» TI has some 1Em&md1Mnilmm;umwmrhmlnhydnuHc
applications using muttiple fhilds

. Tlhassmnaﬂymofmmapﬂ:ﬂnnmmmm
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* Brake Pressure Switch . '

NA Hydraulic Switch History
Time Period:| ‘83 ‘87 | 90 01 98 99

Suspension | Suspession | Suspension

Suspension | Suspension

Tnmnlnlq |

Crulse Cruiss
_ Clutch
Hﬁﬂ:
Beake Fhid |
Txansssiesion Fluld
i » Tihas somes 16 ysars and 130 miion units accumulsted sxporience In hydraulic |
applicstions using multiple flulde

a - nmwizmdmmwwmuﬁm
2 fuids: _
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W Taas ‘Brake Pressure Switch
InssraneEnts Potential Thermal Event Theory Profile 5/20/99

NA Hydraulic Switch History
‘o1 ‘08 ‘99 -

Time Period:| ‘83 ‘87 ‘90 _
Power Powes Power Power Power Power
Application: Sieering Sweering Steering Sisering M Btearing

Suspension
Crulse | Cruise
Clutch
—l

Fluld: {Power Sieering Fiskt

o TI hes some 16 years and 130 milion units accumulated axperience in ydraulic

spplications using muliple flukis _
« Tl has some 12 years of brake system applicetion experience working with braks

fulds
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» Brake Pressure Switch
mm MMMMMW -

“NA Hydraulic Switch History -

Tima Period: .' ‘a7
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spplications using muliple flulde
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Brake Preasure Switch
INSTROMENTS Polential Thermat Event Theory Profile 5/20/09
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B Bxas Brake Pressure Switch
InsTUMENTS Potential Thermal Event Theory Profile 5/20/99
BN [EPACT [CONMBERCOMCHNS
[misval [om
2mS JADD OVERIMENATERIAL AVALABE ITY
2WKS  [MONE - [MRTERAL AVALAEL Y
MK POE  [MWMATERIN AvALAR EY
JWKE 100 $7 | FOBES ECARCHY B E
JaMRS  DNE  |RAWNATERINL AVALABLEY
Lm bOE
JWKS  NOME
W  OE Wit { NCREASEDB_ BY 10%
e INONE  IADDOVERIMERMTERAL AVARADLITY/ FER S
190 [INONE JMRTERLAVALARLTY
Pwe  [NaE  IADDOVERIMEMATEFAL AVALAR ITYRER S
_' i vE O T -
Mt e 200008 LoNMSewS [1WkS WS  INE [RAWMATERAL AVALABLEY
5152 JmmeuRE] 2pm000 | NG [RWE WS NOE IPAWMATERAL OANGEONERFTESS CAPACIY
MO0 [CRAMMAY 200000 |PATECHEFME [5082S [MONE . -
M4 OVl 238000 LB WS [0S DPWE {(OE  JGMNATECORS WILL NCREASEDR  BY Wk
M1 CRAPRNG] 2emone (varteeElsens  fiowes 1wk [MONE TRewMRTERM AVALARLTY
a1 [RED TR me#u!gn s Jiw PONE
L B 07 g SONOMM |y ey wenks, e vacao, W gt
Clilal T/ Spwessubailnaidlanl F T ——




T i

T
- a
- .

TI-NHTSA 013868

s
re==y |-
==}
(—d;




469€1L0 VELHN-LL




Qm Brake | ressure Switch
InsTmismEnTs Polential Thermal Event Theory Profile 5/20/99
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W Txas Bralml’mm |
- INSTRUMENTS MMEMMWEM

Brake Switch Overview
- Mounted under hood.... 14 inches under master cylinder
- Mounted on proportional valve at frame of vehicle

- Switch oriented approx]mately 25 degrees off vertical
(connector up)

- Smtchomn'olsspeedcomml nmmallyclosed opens at
130 psi

- Continuously powered by battery 15 amp cmmecuon
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PRESSURE SWITCH “FLOW DIAGRAM"
- - (192,93, TOWN CAR)
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05/19/19%%
Coprright 1859. The Associated Press. All Rights Rsserved.

DREAURORN, Mich. (AP) - Furd Motor Co. has racalled 379,800 full-size
cars becuusa of a cxuise-contzol switch that ocould short-oircuit and
canse a fire.

The recall affects the 1592 and *93 Lincolm Towm Car, Mercury @rand
mmmmﬂm.wn.unummmm
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M Tixas Brake Pressure Switch
INnsTRUMENTS Potential Thermal Event Theory Profile 5/20/99

NA Hydraulic Switch History

Time Porlod: | ‘83 ‘87 ‘90 ‘91 ‘08 ‘99

Abolication: Power Power Power Power Power Power
pplication: |geaning  |Steering  |Steering  [Steering  [Stesring  Steering

Suspension | Suspension | Suspansion | Suspension | Suspension

Fluid:

» Tl has some 16 years and 130 million untts accumulated experience im hydraulic
appiications using rultiple fluids

+ H has some 12 years of brake system application experience working with brake
flulds

OO Sraarel silon
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Contributing Factors

l: 1. Connector Seal

- 1}

7

2. Kapton Life
3. Continuous Power

" 4. Switch Orientation

5. Current Capability

6. Grounded Hex-Port

7. Plastic Parameters




B Tas " Brake Pressure Switch -
INsTRUMENTS Potential Thermal Event Theory Profile 4/14/99

$04840 YSLHN-L

AGENDA
. CONTR!BUTING FACTORS AND ROBUST DESIGN DIALO(JUL

*OVERVIEW T]ME LINE
« SYSTEM OVERVIEW
« SWITCH AND CONNECTOR

« IS/1S NOT TABLE

« CAUSE AND EFFECT DIAGRAMS
« THEORIES
« BRAKE FLUID IGNITION
« PLASTIC IGNITION
« TEST RESULTS . |
« CONTRIBUTING FACTORS AND ROBUST DESIGN DIALOGUI:
» ROBUST DESIGN ALTERNATIVES
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D Tixas Brake Pressure Switch
 INSTRUMENTS _FotenﬁalﬂmmmlEventThgoryProﬂemm

1. Connector Scal to P/S

g_
:
%

~ 2. Power continuously available
A. Operator nntiﬁcatiuns

3. Switch orientation/location
4. Current limit / fuse
5. Hexport isolation

- 6. Plastic ignition robustness
A. Nearby fuels |

7. Kaplon seal of P/S

8. Environmental seal of P/S | - At
| L L _ | . .




Brake Pwssure Suntc

s potontia Thermal Bvert TEEN = "
OVERVIEW OF
CONCERN TIME LINE |
)5 ) O (2 (5 .
::':E; S“Ppll" e (luid i‘aulam cor corFoson mrm
investipation diahgue alFurd ignite Lgnm:s
| g
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TEXAS | Brake Prassure Switch
INSTRUMENTS Potential Thermal Event Theory Profile 4/14/199

904CH0 VBLHN-LL

Brake Switch Overview
- Mounted under hood. .. 14 inches under master cylinder
- Mounted on pfoportional valve at frame of vehicle

- Switch oriented approximately 25 degrees off vertical
(connector up)

- Switch controls speed control...normal ly closed, opens at
130 psi

- Continuously powered by battery 15 amp connection

Ao ol A waiahe







Texas Brake Pressure Switch - .
INSTRUMENTS PmTlmmalEvaheormeﬁhmm y I
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B fexas ' Brake Pressure Switch
INSTRUMENTS Potential Thermal Event Theory Profile 4/14/99

SEE EXCEL SPREADSHEET

U W el "R aeetinm
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¥ Tixas Brake Pressure Switch
InsTRUMENTS Potential Thermal Event Theory Profile 4/14/99

REFINED BRAKE FLUID IGNITION TTIEORY
POSSIBLE CAUSE T1IEORIES

“FEB ‘99 FOCLIS™
“OL1" brake '
| Nuid atiacks Prs _5';"‘.2' 'ﬁl"'mf ®
ldlaqiirngm & cau € ‘
l vaporsideposits
BBrake sysicm Swilch cavity Electric power iach i
wears oul swiitch | ] fllswith . [  drives bruke "“ Sl i 'ﬁmmr @
& causcs Ieak brake fluid fluid comosion
Watcr in “OLIY \ Brake fluid comodes| _
heake fluid switch and ignites March
allacks diaphragm plastic Focus
ater thra conne
attacks PS5
diaphmgm and
causes leak Alackmment
T Mt neA A Pranen

Fh2CLD




@ TExAs Brake Pressure Swm:h
INSTRIUMENTS Potenhal Thermal Event Theory Profile 4/14/89

E '
3
>

- Tland Ford not successful in creating ignition with “new”
brake fuids

St imal, "= yucucel seen
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¥ txas - Brake Pressure Sﬁtch

InsTRUMENTS Potential Thermal Event Theory Profile 4/14/99

Foms O { oonprmenic

_;rwtnu
Fpecification

Wear Omt

I"ﬂ:_rﬁ-uﬂq-

A wmﬁw

Manwfaciwring Exviranuscnl .
abie ) Cnmsgeamseng
Mtisplaced Kapten
(ver Peosre Eipantoe
Blisslag: Kapiow ﬁuﬂ‘l‘m
Comtasinating Pt —— Flectie-Uhemicn] S apor
Kpdurl Laners {hewicaV Wt
FoxpairSom:
Pancbared Kaplos Gask
Exccoive Cyckes
Leak
ARR Feod Back
_ (Kxoemive Cycles)
Walor aadf o cratfaasinenl < '
~ nesks " o Kaypron seal
Prop Vaber Hminn
Lhcewachemical Wremoure Spiked {yclex)
Reachng
1 et Sipecified
Apphcaiam
lighwr Cyedel il
Reqmire miemic
- Appplitadion _ .
Inzmrs Desigm
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3 Tixas Brake Pressure Switch
INSTRUMENTS Potential Thennal Event Theory Proffie 4114199

T Cienwrrntend by RN Sofia aibili v BT - e, WevbisM cormy - BEE- BES-04 10
FIFSLZE-1 COMBINED DATA

59.00 | ' : .
. VW eaibwall
Datz 1
9000 - -
P=2 A=RRX-5
, Fuf | S=33
CRAFM: 85 .00%
. 2 Sidad-B
S0.00 C-Type 2
E ;
-
iy
[ ]
. .
10.00 *
é
&
5. 00 d
-
f
. User's Name
i -, Texas insirumeans
: L ) . AITION
1.00 i _ 9:31:45 AM
100000 .00 1.00E+8 1. +
) CYCLES ooEry
IF S.H3, 1y 1ediian, 4091 R
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Brake Pressure Switch

Iﬁmem Potential Thermal Event Theory Profile 4/14/99

- “Town Car” switch meels accelerated/simulaied life cycle specification
_ shown by “success™ and “end-of-tife” testing , |

1 A L i el
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‘b Tlam

Brake Pressure Switch

Iusmmms Potential Thermal Event Thenry Profile 4/14/99

PROCESS FLOW DIAGRAM
“CORROSION" POTENTIAL CAUSE FLOW ANALYSIS

AL LLE Lt T

_ . ' Comosion ﬂmd C .
Corrosion fluid Al Comosion fluid in switch cavity g ton ﬂ".'d Power creales -
thru conncclor inlo switch touches prooved | | m m cavity corrosion “cell”

- seals cavity meia) parts touches five metal | 1 1o ground
' (Mexport) I '
- Plastic base p Corrosion cell
’ I‘!aslu: basc | ,,“m,. ;‘d all Plastic base mells “hot ath creates high
igmites {candle) '- . at “hot spot™ spot” ot high resistance path
47  oxygenin [*] resisiance point pad
| over plastic
- Plastic material
Plaslic base .- . g
- | igniles conneclor M lgnl “ﬁi area
| o . Ablahment




.g Texas Brake Pressure Switch =
INnsTRUMENTS Potential Thennal Event Theory Profile 4/14/99

1. Water snd “lonic®
contasinztion (e.g Mel) or
_ claster] aniers the swiich cavily

3. High crent Sow o case through
water and iowlc contaminatios

2 12V Batiery source o drive
4. Conlnct urmi terminal

L bt mrk e rhyreawialng

corragion and provide snergy
resistance {acia lika haxier
. wies).
6. Physlic connector melts. Dnes it

opews, sxypin oniers The swiich

cavity. Armm lermainalieorvosion

bocomes “RED HOT™ ignitiey

£ _F :

g 1 . g -ﬂﬂﬂ"‘m-.j
% -
-y
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‘b TEXAS

Brake Pressure Switch
INSTRUMENTS Potential Thermal Event Theory Profile 4/14/99

5% Salt Water Ingress Experiment

Test 1

TF Repout P5A09/12
LR B

M ek MM R

Cavity Occopicd  Cosductive Fiuid in
by Fluid  {'avity Completes
. the Clircsdi

Test 12 Figore T ond Figune 2,




‘b T  Brake Pressure Switch
InsTRUMENTS Potential Thermal Event Theory Profile 4/14/99

% Salt Water ingrers E:pﬂrinurl.
Temperziure va. Time

| — Top Temp —— Chich Tewmp Botom Temp

250.00

150 0

Temparaturs {°C)

000 I . —— m— L
000 100000 200060 00000 400000 2 S000GQ0 2GO0000 2TOOODO BOOOODO  SOOOOG

Time [Seconds)

1 N gk e sl v
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¥ Texas Brake Pressure Swltch
INSTRUMENTS Potential Thermal Event Theory Profile 4/14/99

Vollge - T1 —’ﬂﬁp- 72 —— Groond Volame —— lnpet Cormenl — Chilch et l-hm:llcmull

0000 - - ——— - : - 2680000
18 000 : ' 100000 |
% 000 . ' 160000
'umr 14 00m
= 12 000 7000 =
% =
: :
- 10000 w0000 =
g §
2 som A0 O
& 000 & OO0y '
4000 4 0000
2000 2 Do
—_— .
4000 . — oonm
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B Jexas Brake Pressure Switch _
INsTRUMENTS Potential Thermal Event Theory Profile 4/14/99

| TIPS |
45* Oricatation in 5 Amp Circuit
5% Salt Water Ingress

Cellanex 4308 Base Cellancx 3316 Base

L L
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B Texas Brake Pressure Switch
msmuulanrs Potenhal Thermal Event Theory Proﬁle 414199

“Corrosion” potential cause time line

Theory Time Line
wl:lnm_mnched _ _ B dead
er inlmduced _ I " nfm!
into switch | | charge
. . - ' Transmission stuck
Commosion process | in park
¥ _
lonic ersiched Brake "!:'::
wiler introduced per
indo switch A and horn inoperalive
»
No cruise control
Corrosion process
Under hood |
. . fire evend Aftnchanent
o . Various plastics . . _
e e e e am: r-‘-""""--.__ '
| - Vehicle Time : ' }
I T ke — L e -
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,b TExXAs Brake Pressure Switch -
INSTRUMENTS Potential Thermal Event Theory Profile 4/14/99

“Corrosion” potential cause time line

Theory Time Line
lonic enriched '
waler introduced ::? dead
info swilch of charge
i
C . Transmission sinck
- Corrosion process in park
¥ .
lonic enriched Bl'alu: Ilg.hls
waler inlroduced and m ve .
ino switch Inoperative
+ |
No cruise control
Cotrosion process ] ‘
| \ Under hood
fire event
o Vchicle Time
e




Y Brake Pressure Switch A
. InsTRUMENTS Potential Thermal Event Theory Profite 4/14/99 :
| PROCISS FLOW DIAGRAM
“CORROSION™ POTIENTIAL CAUSE FLOW ANALYSIS

B . Corrosion fluid Sorrasion fui
Corrosion Muid Comrosion fluid in switch cavity in switch ““.'d Power creales
thrucommeclor |- infoswilch | touches grooved | » Loudd ! i m;::{nl .. ol cormosion “celi”
scals cavity metal parts ve path to ground
(Hexport) = .
| Transmission Car hattery Brake lamps working?
stuck in park 7 7 Im il . Fuse blows ? stops f
- L —— L ]
: - Corrasion cell
Plasic base |, |, Plastic basc I Plastic base melts| OV | | e high
igmites (candiey | | orors Ml allowad (e otspor | | Tetspot®athigh (ST nce path
OXygen in , resistance point - aver phastic
T S - - '
S Mastic matcrial KAFIONG™ M‘]
B | s connoctar 7] e e -
g ' hood arca
—_ — - . — Ablactmcal
-] T Ak fatim kP e
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¥ T xas Brake Pressure Switch
INSTRUMENTS Potential Thermal Event Theory Profile 4114/99

 PRESSURE SWITCH “FLOW DIAGRAM"

(92, ‘93, ‘94 TOWN CAR)
Texas Instruments . Hilite Ford
i o SR Industries
Molded _ - - Vehicle -
l Base | T Assembly& | — | rogan | — Assembly
_ _ Test proportional _
Value

LR T L R
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‘g TExas Brake Pressure Switch

INsTRUMENTS Potential Thermal Event Theory Profile 4/14/99

ECONOLINE VS. TOWN CAR P/S

Rwikch System

Favirumenl

Cireadl
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Brake Pressure Switch

| ;Eml.lumm Potantial Thermal Event Theory Profile 414199

77PS Noryl Base
459 QOrientation in 5 Amp Circuit
5% Salt Water Ingress

1 ALk il




2 Teias Brake Pressure Switch
nsmuuﬁnfs Potential Thermal Event Theory Profile 4/14/99

71PS Cellanex 4300 Base
Vertical Orientation in 15 Amp Circuit
5% Salt Water Ingress

1 Ao, PP s
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¥ 1 ' Brake Pressure Switch
INSTRUMENTS Potential Thermal Event Theory Profile 4/14/99

——s T T ———————

TIPS Fropsacd Wiring Schematic
4 Volis 1X

L~ Faardl Clmich Ao by
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"bTF

INSTHI.IHENT‘S Potenllal Thermal Event Theory Profile 4114!99
1.

2.

8.

Brake Pressure Switch

(,unnm.tnr Scal to P/S

Power cnntinuuusly available
A. Operator notifications

. Switch orientation/location

Current limit :f fuse
Hexport isolation

Plastic ignition robusiness
A. Nearby fuels

. Knpmn scal of P/S

Environmental seal ul' P/S A e 1

£ Ak liﬂi'-lh'-.l-.
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I T xas Brake Pressure Switch
INsTRUMENTS Potential Thermal Event Theory Profile 4/14/99

200 m Amp Current Limit Circuit
Test Sefup

(4.5 Volis IMC

Worst case acenarky i when

the swilch bs actuated, which puts
T2 wit sl voltage. .
" To fackitale testing, Tl 5
Nowting which kaeps T1 and

T2 at full witage but Gmils
caucrent drew o 2 Amps

(Thiz lext i hawsher than
wargl caze scenaring.
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TIPS Rwitch ‘@"
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byl Conducive Fiwid n
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the {cull
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B Texas Brake Pressure Switch
INSTRINMENTS Pmmnl Thermal Event Theory Profile 3/24/99

- AGENDA -~
« CONTRIBUTING FACTORS AND ROBUST DESIGN DIALOGUE

*OVERVIEW TIME LINE
« SYSTEM OVERVIEW
» SWITCH AND CONNECTOR
* IS /1S NOT TABLE
 CAUSE AND EFFECT DIAGRAMS
- THEORIES |
* BRAKE FLUID IGNITION
» PLASTIC IGNITION

* TEST RESULTS
* CONTRIBUTING FACTORS AND ROBUST DESIGN DIALOGUE

« ROBUST DESIGN ALTERNATIVES
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QM Brake Pressura Switch

INsTRUMENTS Potential Thermal Event Theary Profile 3/24/99

1. Connector Seal to P/S |

2.

3.

Power continuously available

Switch orientation

. Current limit / fuse

. Hexport isolation

Plastic ignition robustness

. Kapton seal of P/S

i Envimnmenta_l seal of P/S

T~ Ml il I

it b 1




W Texas Brake Pressure Swltch
INSTRUMENTS Pnlenlial Thermal Event Theory Profile m

Num q..m,
wnitiatcs Iluld failslp  Comosion NHTSA
investigation lalngue momentum 5 le ignilc ignitcs nesponds  esulls

pastic
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”'Ibms | Brake Pressure Switch
Iusrmems Potnlﬂlal'l'lnrnnlEmtThaory Profile 3/24/9%

Brake Switch Overview

- - Mounted under hood... 14 inches under master cylinder

- Mounted on proportional valfe at frame of vehicle

- Switch oriented approximately 25 degrees ofF vertical
- (connector up)

- Switch controls speed control...normally closed, opens at
130 psi |

- Continuously powered by battery 15 amp connection
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