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Subiact: Ford Core team update

Fred, per our digcussione and Rob Sharpe's visit enclosad ia our updates...
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May 28, 1608

Mr. Frederick J. Porter, Supervisor
E/E Systeme Engineering

Buliding 5, Mail Drop 5011

20000 Rotunda Drive, Rm 3E0O4
Dearbomn M 48121-2053

Daar Frad:

{ want to review our recent support of the Ford core team to assure we do not
have any misundarstandings regarding our pressure switch performance, our
continued contrbution to the ‘core’ team, and our commitment to a quick
conclusion.

For six months the Texas Instruments Automotive Sensors & Controls Team has
bean supporting the Ford Core Diagnostic Team with tachnical facts, data, and
analysis regarding our brake pressura switch product applied in the Ford cruisa
mniml deactivation clreuit.

A asnior T1 prassure awifch enginser was in nesidenca at Ford for thnaa weeks fo
aasist with swiich relatad issues In the system diagnostic process. Senlor Tl
leadership participation hae alao haen hvotvad in virtually every Ford Com Team
meeting delivering facts, data, and technical support year{o-date '89.

We aleo investigabed switch capablity, and using agresd upon accslerated
gimulation lifa testing techniques, demonsirated tha ablfity of the mode! yaar ‘92
& '83, Town Car spead control deactivation switches to consistently exceed
"cycle lifa spatification” of 500,000 prassure cycies. Tl Walbull raporis of
pressure switches testad in 1009 conservativaly demonstrate 95% rellablity to 1
milllon cyclee (with confidencs intervale greatar than 50%).

Additionally "success testing mcorda® of some 685 ES unite that wers tested
during the 1991 - 1982 (11/81 - 12/02) showed zerc laskags et 500,000 cycise.

Conclusion to date; 18992 period awiiches mat spacification. 1998 awiich meats
ar axcesds spacification

We have developed and delivered a laboratory mods! of accelerated pleatic base
ignition of the switch resulfing from fluid in the swilch cavity coupled with
application of conetant power as designad in the apsad control clrcull,. Theories
from the model suggest that flude in the switch cavity in the presence of
uninterrupted power could lsad to a comoaion product formation which might
credte a plastic base ignition path.
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Mr. Fred Porter
May 26, 1859
Paga 2

Conclusion to dete: Constant spsed control power aliows long tesm coffosion

in light of this laboratory modal and the need for cruise syatsm power only during
vehicle operation, wa suggest the system architecture of “key-onicf™ based
powar be coneldenad,

We have besn open end forthright In our communicafions and delivary of
Information and we belisve wa have been instfumantal in helping Ford address
the undarhood fire cohcam issua.

In this regand, we think it ia appropriate at this point that our active participation
In the diagnostic joumey of the vintage 1892 product move fowards a timaly
conclusion. Toward this and, wa will continue to support the “core™ team review
of 1882 product history with targeted complation in July 18889,

We are preparing fo fulflif your recuest for hnotlng a site vislt, supporting

" campalgn field return device analysls, and parficipating In robuet systsm

brainstorming sasslons moving toward conclusion in July, as well a8 reviewing
the optimization of our product lina process controls,

Qur prime focus at this time = In rapidly supplying Fard with 225,000 unita [n
suppart of the field actions.

Regards,

Andraw C. McGuirk
GARA Manager
Taxms Inatrurnents

attachments: 1992 Testing History
TI 77PS Test ayno
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T1 77PS Test Synopsis

This docurnent is a synopsis of tests conducted by Texas Instruments during the 7705
investigation, Tha intent of this document is to highlight test findings which drove the
investigation to its current state. Throughout the investigation, several tests were
conducted with the seme objective. When cach objective was met, efforts were refocused
to obtain a new level of understanding and to establish & new set of objectives. As such,
tests heve been categorized into (5) levels, representing the level of knowledge obtained
from the group of tests comducted. Each level is listed below with & short description of
the ohjective:

Level 1: Create a laboratory switch ignition without any restrictions on methods.
Level 2: Creats a laboratory switch ignition nsing only conditions found in the switch
Level 3: Undérstand the laboratory ignition mechaniam,

Level 4: Compare factors contriburing ta labneatory ignition.

Level 3: Evaluate recommendations.

Refer to Brake Pressure Switch Test Log.
Level 1 Objective: Determine if a switch ignition can be created in the laboratory.
» Tostl

Objective: Determine if switch ignition can occur under the following

Switch contaet cavity flooded with brake fluid mixed with varying
amounts of % Hx0.

14 voltx apnlied to ope tecnvinal, second terminal clectrically floating,
(No electrical load across switch terminals),

Switch hexport elsctrically grounded.

Results: (B) samples were tested totaj:
(2) with 4% Hz0 in brake fhuid.
(2) with 6% Hi0 in breke fluid.
{2) with 1096 Hy0 in brake fiuid,
(2) with 75% Fa0 In brake fluid.

No ignition occurred. No significant temperatyre vise obgerved in all samples.

mmmmuswmsmmammm
{250) hours.

TI-NHTSA 017024
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o Tem2

Objective: Determine if switch ignition can oceur under the following laboratory
conditions:

Switch contact floodad with brake flid.

14 voltz applied to one teyminal, second terminal connected to 2 14 €
resistor which is tied to ground. (1 Amp load across switch terminals).
Switch hexport electrically grounded.

Results: (2) samples were tested. No ignition occurred. No significant
temperafure rise observed for a period over (250) hours.

Conolusion: A (1) Amp loed through switch terminals did not ignite brake fluid
in the contact cavity of switches,

o Tegth

Objective: Determine if switch ignition can occur under the following
labaratory conditions:

Heater clement inetalled in contact cavity of the switch,

Power applied to the heater element until plastic baze melts,

Spark generated in contact cavity of switch.

Brake fluid present in the contact cavity {wat davice) and absent in the
contact cavity (dry dsvice).

Results: (2) dry devicea were tested and (1) wet device was tegted. Ignition
occurred in all devicas

Wet device: Tha internal temperature of a wet device reached 660°F. A hole
burned through the base of the switch (zlose to the heating element). The applied
spark ignited the fumes in the contact cavity of the switch and engulfed the base
material of the switch. '
Dry device: The intarnal tempersture of a dry switch reached over 1000°F. The
switch baze flopped over. The epplied spark ignited the fumes in the contact
cavity of the switch and engulfed the base material of the switch,

Comnelusion: A swilch ignition can oceur under the following laboratory
Sitioma:

Heater element ingtealled in the switch contact cavity.
3 watts of power dissipated in heating element. -
Spark generated in the contact cavity of the switch.
Brake fluid did not contritrute to the ignition process.
TI-NHTSA 017025
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Level 2: Objoctive: Determine if a laboratory ipnition can oceur using only switch
componemts and elements found in the switch environment,

s Testfa

Objective: Determine if corrosive degradation of switch electrical components
" cat cande An increage in electrical resistance (and thne a source of heat) in the
switch, which may lead to an ignition.

Results: (1) out of (15) samples tested mcreased teaistance to 5 {2s. A solution of
5 wt. % NaCl in H;0 can corrods the electrical cornponents of the swatch end
cauae gn increase in electrical rexistancs. Repeated injections of the sohrtion of
5 wt. % NaCl in Ha0 into the contact cavity of a switch, with the switch
continnonaly powered at 14 Volts, can canss an ignitlon.

Concluxion: A switch ignition can occur under the following laboratory
conditions:

A solution of 5% NaCl in Hz0 is injected into contact cavity of a switch.
Continuous 14 Volt power appliad to the switch.

Hexport is grounded.

Current is limited at 15 Ampa.

» Testhe

Objective: Determine 1f traks fluld with metal shevings is oonductive emongh to
create an ignition,

Rosults: (3) devices with various size metal parficlos were tested. No siguificant
~ currettt increase detoched.

Conclusion: Meatal shavings did not significantly increage conduetivity brake

fiuid. Current levels mensured ware well below levels necessary to crests an

jgnition.

s Test?

Objective: Determine if ewitch mects ¢ycle life specification.

Results: Tests conducted diring the firet quarter of 1999 show that switches

excend oyele life specification.

In the first quarter of 1999, a total of (42) 77PSL2-1 map switches were impulss

tested to over 1,000,000 oycleg with only (1) leak below 1,000,000 cycles, which
T-NHTSA 0170328
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oceurred at 728,000 cycles. A Weibull analysis showed 99.9% reliability at
500,000 cycles at 95% confidence lavel.

Conclusions: Switches meet cyole life specification. First quarter, 1999 tests
confirm imbpulse test findings made during the period between 1991 and 1992,
Dhrring that period, (6) impulse tests on 144 devices of 57PS and 77PS
construction, had no leaks when tested to 500,000 cycles. A Weibull analysis of
firgt quarter, 1999 tests, showed 99.9%4 reliability at 500,000 cyclet at 95%
confidence level,

= Testl3a

Objective: Determine the long term comosive effects of brake fluid on the
electrical components of switches which ere continuously powered at 14 Volts,

Results; Test was suspanded after 550 hours of teating, (6) samyples were testad
with contimious 14 Voits power. The cottact cavity of (4) switches contained
new brake fluld and (2) switches contained old brake fluld. Switches with old
brake flnid drew very litte hexport current and showed a decreage in hexport
ocurrent over time to less then 1/10 mAmp. Semples with new brake fluid showed
an increass in hexport cumrent to over 20 mAmps toward the end of the 550 hours
of testing. Analyses of (1) sample with new breke fluid and (1) sample with old
beaka fluid revealed elaciralytic cotrogion of the contact arm of both swilches.
There was 8 much lower level of corrosion in the ssmple with used brake fhuid
than the sample with new hrake fluid.

Conclusion: Brake fluid in the contact cavity of switches, which are at 14 Volts
contimuons power for over 500 hours, can canse electrolytio comosion of the
switch contact arm and ;m increase in hexport carntent.

s Test 17
Objective: Quantify the long tenn corroxive sffects of new braks flinid on the
electrical components of switches under the following laboretory conditions:

Contact cavity of switch fleoded with new breke fluid.
Switches at continucus 14 Volts power.

Switches sobjsctad to vibretion for (1) hour per day.
Switches subjectad to 100°C fior (1) o per day.

Results: Test suspended after (312) boury. (50) samples tested. The averago
hexport ourrent drew after (312) hours is 1.9 mAmpa with & standard deviation of

1.8 mAmpa. These regults are consistent with results previously fovad in Test
15a at the 300 hour point. L

TENHTSA 017027
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Conclusion: New hrake fluid in the contact cavity of switches, has not caused an
increase in hexport current after (312) hows et continuoua 14 Volts pawer.

Lavel 3: Objective: Understand the laboratory ignition process, determine the current
path and eatablish a ropeatable ignition method.

» Test &b

Objective: Understand the ignition procass, determine the current path
and egtablish a repeatable ignition method.

Results: Multiple attempts at laboratory ignition, via itgection of a solution of
5 wt. % NaCl in Hy0 into the comtact cavity of switches, has resulted in a
repeatability rats of approximately 50%4. Plota of hexport current verses time
show an increase in current wniil the point of ignition,

Conclusion: A repeatable laboratory method for switch ignition was
establiched. Basad on hexport current measurements, the current path is from
switch terminnals to hexport body.

‘When & solution of § wt. % NaCl in Hy0 s repeatedly injectad intoe the contact
cavity of powered switches, electrolytic corrosion of the switch terminal
results in an increase in terminal resistance. When sufficient power is drawn
through the comosive registance, switch elsments heat up and begin to glow red
hot. A hole buma through the switch base md ignition occurs. There 1= arcing
vigjble throughoirt the corrosion procesa which may provide the spark necessary
for ignition.

Level 4: Objective: Compare and contrast variables influencing ignition using the

s Testl3in
Objective: Compare various fiuids in the established ignition method.

Regults: The following fluids were tested.
{1) NaCl in H30.

(1) tap water

(1) rain water

(1) used brake fluid

(1) used beake fluid with 5 wt. % H0

(1) new brake fhaid ,

(1) new brake fiuid with 5 wt, % Hz0 '
The awitch filled with § wt. % NaCl in Hz0 resulted in an ignition when everage
hexpott current exceeded 2.5 Ampa, Switches that were fillad with tap water and
rain water drew leas than 10 mAmps over a (3) hour test and xhowed little sigas of

TI-NHTSA 017028
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corrosion. Switches filled with a maetrix of new and used brake fluids, with water
and without water, all drew less then 3 mAmpe hexport current draw and showed
1o signs of corrosion over the (24) hour test.

Conolusion: Brake fluid is not conductive encugh to cause the electrolytic
corrogion and neccssary current draw 1o create an ignition withim a 3 hour lab test.
Because of its’ significantly higher conductivity, @m ionic rich fluid such as MaCl
in H0 can cAUSa an ignition in a 3 hour 1ab fest expostre..

« Test I35
Objective: Compare the ignition characteristics of various plastics e switch bass
material

Results: When 5 wi. % NaCl in H0 wes injected into awitchea with different
base materialg, the following results ware obtained: Cellansx 4300 ignited 3 out
of 5 ettemipta. Notyl ignited 2 out of 5 atterapts, Zytel ignited | out of 5 attempts.

Conchasions: All plastics tested can ignite using the established laboratory

NP hod

* Teatl5b

Objective: Determing if switch ignition can occur in the vertical position and 45°
oricatetion. Determine if switch ignition can otcur and at different rotational
angles in the 45° orientation.

Results: Switch ignitions can occur in both the vertical and 45° orjentation using

Conclusion: Switch ignition does not appear to be sensitive to vartical orientation
verses 457 oriemtation nor to rotational angle in the 45° orientetion,

Level 5§ Objective:
Teat 16
u Objective: Test proposed relay clrcuit.

Remlty: (1) switch was injected with a solution of § wt. % Nacl in Hz0 end

placed in the proposad carvent limiting circuit for (48) bours. The curvent draw
remained constant at 180 mAmps throughout the teat. There was no activity
observed and the contact ann remained mostly intect.

(1) switch was brought to an impepding bum condition using the established bum
method. An impending tmrrn is B condition where a corrosive reqistance hag trilt

TI-NHTSA 017028
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up in the switch and an ignition is imminemt. The switch was ther: placed in the
proposed relay circuft for(18) hours where it drew 160 mAmpa, showed no visibie
activity and did not reqult in an igmition.

Becanse the proposed relay cireuit acts a3 e resistor which limits current to the
switch, the meximm power to the switch is Hmited to .75 Watts. A resistive wire
was wrapped around the base of (1) switch and 0.75 Waits of power waa
dissipated in the wire. The wire became warn to the touch but had no cffect on

the switch.

Conclusion: .75 Watts, the maximum power in the propased cirenit degign, is
insufficient to cause substantial electrolytic corrosion or significemt switch
terminal heating, which is necessery to create an ignition. In previous tests, using
a resistor a8 the heating element (see Test 6), approximately 5§ Watts of power was
necessary to create an ignition.

TI-NHTSA 017030
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Breke Pressure Swilch Test Log, Updated T/12:/88

"~ Tos Paramelen "Resulis Undate
Lab Semulalion 1 T WS CONCONEHiONa in 'ew’ Droke FUK #he 0.EmA I GmA
{of Poiankial ignifion 14V b one Iaminal, [
[in Bwitch Conc: 4%, 6%, 10%, T5% Fiss. Test
intamal Analysls sunpansied.
2 T Brake Fhuid hours. Consient
TAmphmughswichiorminals o rizs wilth fime
14Vdc Yo one erminel, haspon grounded Tout Busporded.
) AVT __|new Broks Fuid in Suich, 24 VDG to one > 300 hours ko beed, Mave cuarent TmA
farminal. Haport Grounded No significant changa with ime. Test suspended
4 AYT | new’ Braka Fhild in Selich, 24 VDC 10 008 16 RourE ko Vot M cument BimA
minel._ Feapon. Groursed. Ambient st 100 C__|No sigrniicent tanapanturs riee with tine. 1est suspended.
81 AT Bake Fividd In Switch, 18 Amps Tempariure fiaa of 20 C abows oo temp
. mwitch teminals Dela T nachad etats wt 20 C. Tast simpended.
[ AVE___ Inow' Brake Fiuld in Switch mppwox. 50 Ampe lr;Emu:Emﬁ.mmmm'
fhrough Switch Terminsis auspanded. -
[ T |Buld heater sigmanks inko Swikch 3 bbwined_ Smioks cbservad, Igniion DDESIVSd DN part WA
| Hmi 8l e, Inchuds sparking. |Sea alnchment
J{1) w solsion of Srake Flud and 8wt % HO0  [Test '
Bk fuld In cavity siowe down hesibulidup
Emcka cheerved ot 576 |, Base malts end falls off et 600 F
& T |Cresio haster by D out of 15 devices Neassd rasistance ko B ohms.
|Sait veater solution, 14V balwean spring
|mnd haxparl I inok about 100 hours 10 reach the 6 ohm slage.

5 ohm denvica ignilind urder condtions gimilar ¥ test 6.
= 80 i1 toat 10 uTderstaed | Switch ignition with ropested 5% wekr solution ko switch
— jepoatabiily and curent path. [Currant path ks throuph hespont.

— Bee ploty and video. _
T — Additional teal Includs fap waker, okl BF, new BE and otier.
— Be T [Purs ew Brake fubd with matal shavings Hmmmmm W bruke Suld
2
]
=
[F ]
=
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Brake Pressure Swiich Test Log, Updated 71298

7 T 00 alt 1360 Firnl loak ohaerved &t 726.000
Preamrs Swich ES See stiached YWolbull Chan
Wear [ T 1400 ot 135C. wilhdrawn 200k , characiarzad for waar
v Lab Cosnelalion [ Lobe | Faid from dasier lots, in soa Ford
Of Exporiments (1) ] i1 walar conctinsiions: i e’ Braka Flald Raperl being writien & ion confinues.
Facom 12 mnap + 12 quiet swilcies W 0 % water In BF erIHMEmmmm
Displwagm Wear 12 snap + 12 quinl wwliches w' 5 % wiale? In BF_ 1Snep samples suspendad st 1.3 milion cyclas with 2 isaks
s tosd [absarved at 1.3W. Chdet sampies suspended at SO0k cycles ko
IEROES anomalis.
Vohicle Chasactrtrafion | 11 AVT Moniior Pressurs mnd Ti &t AVT..._see Ford charls. .. ~500k In ca?
Presuie A T it Swlich Localion jor ABS anil non-ABS _
in Town Car e
il 1in umad brake Sud st e master anl .
Hoid al masior cyfindar. usad broks fuld o tha UNIC: _ Gu = 410 Fo=58 Gr= 0.08 (ugiml}, 1.1 ¥t |
| | new brados fukd (NEVY) for motal and weler  [UCA: Gu fugivil), Cr=1.B{ugiml), 1.4 %H20. |}
, G = <.01 {ughmi), 0.3 NH20.
A Sy 12 | Coniml Labe |Dabeine in switch ssl-tp In at
' cluich lomoe: sad ilhor. Exparimaniad wilh no ‘significant” sparks obaonsd [|
dry swilehen. 5 wal ey malichas wilh i 1
braioe fuid wealer mbos.
of 13_| Contral Labs |Chevactsvire elocirical machsnical Dake log and net
nuiriewnd from feld mnd chwmical aspacis of mhamed swilches Ariyels of awiiches in propross.
& other s0lrChl
Fhuid ingreas Tests 12a Tl Raspeal ipnilion sirusslinn with s il complode.
: {6% NaCl sample resulted In an
— |5% NexCl in tap weler Al brake fluld samples drew jeas Than 3 mamps.  No comrosion
= T wrsler N visibia on braks fiukd samplos.
— ¥ G how tests: |Fnin warier and tap weisr samples drew <10 mAMs and showed |
[ fap waler |some signes of comeslon.
Jused brajom Sl JChernicet aniveis In process.
o :
e
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Brake Presaure Switch Test Log, Updatad 7/12/33

oy _
[{1) hour soak a1 10 deg C par dey

| |used brake fiuid w? 5% H.0 |
I jnew brake flud {
resw brake fuld w 5% H;0
Of Exparimoants (2} 13b sl Covscaniralions In ‘new’ Braks wl mpantied. Anslysls in prockss to mesass iast
of teat 10 10 snap + 20 cuiat 0% vt in BF
10 anap + 2D quist W § % veater In BF |
of 14 n of et In hoxrs Cnlic acid shows
Cnealic: Acid warious % coolic acid in braks S alacts that walar has on .
of Plaulic 15 properies and of diflarent ] .
with of plagsic rasin with Celanste am 205 and 205 trisly |
ZYTEL taalad 155
duration beake fukd 158 {4) samipien wilh new braks fiuid
[ 2] savmpias with veed brake fuld mmmmuﬂhqnnm
LRt Can rxrttmes W' Bme under cont.
i of Swiich 150 0 swlich odanisilon ot \ orlontation.
 F—— T ——— T elrwrinbid padbch igaition can aciur in warticel or 45 degres
‘ol rotelional In 45 dog. danislion not sansilive o swich rotelional
Rloy Circusil ioat 128 in Ford il for hix. [ MNa 0Nk TRl Tentucad.
mwiich 1o in (15) Amp Inrulliciont in gt 1o oredle or move toward igrsition in ieh
then in ralery croull for (£6) fws.  |Heater slenn? usss weem i e towch 1
X ik haader on swiich.
duration besks fuld 17 fillad with now brake et . (313) hours ,
Inat number 2 [{4) hvour of vibesticn hexpoct curment is 1.9 mAmp {sideviation = 1.8 mAmps) |
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77PSLE-1: mpuies Data Rosuls 1197 - 1292

prelimisery draft summmary of TT record siwrch Tindlegm of My 14-17 1999

sy by Steve Beringhmue & Andy MeGoirk Muy 19t 1999
TIRN: T7PHEL-
Ford BYN: FIVCOP24-AR

Teated &t *room texxp’ par manafactriag ES requirenent
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26-Nav-91 10
10

10
10
5
10
10
10
1+
10
i0
10
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14
10
10
3
10
s
10

et
[~ ]

11-Mar-52
12-Mar-52

E
§8665600EEEREEREERRAREEERERENARARRREEESEESE

SEE 5585588585588 885E85
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T7PBL2-1: Impulss Data Resgls 1141 - 12892

18-Mur-52 4,000 10 -
23-hpel 2000 5 .
2Maysl 2,000 5 .
SMay$2 2,000 5 .
G-May92 2,000 3 -
148ep93 2,000 s -
2-Sep92 4000 10 .
W0-Sep-92 4,000 10 .
TLoot=52 4,000 10 -

D82 4,000 10 -

1600392 4,000 10 -
£1-Oct-92 2,000 5 .
20-Oct-52 4,000 10 -
29-0x1-92 4,000 10 -
25-Ox1-92 4,000 10 -
30-0ct-92 4,000 pli} .
A=-Nov-12 4.000 10 -
10-Nov-92 4,000 10 -
10-Nov-22 4,000  [1] -
11-Now-52 4,000 10 -
17-Now-92 2000 5 -
2W-Nov-42 4,000 10 -
&-Dec-92 2,000 h -

G-Dec-92 2,000 -] -

14-Dec-92 2,000 5 -
16-Dec-93 4,000 10 -
16-Deac-#1 4,000 10 -
16Dec92 4000 10 -
21-Dac-52 2.000 5 -
4,000 10 -

265,600 (7]

i
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From: fporter(@iford.com

Sent Friday, May 2K, 1999 2:26 PM
To: McGuirk, Andy

Sahjerct X400 Inter-Personal Notification

Your meszmage to! fporterfgw. ford.com
wad recelwved at: 28 May 1599 15:26:268 -0400

This notification was generated autcmaticmlly

Tha following extra informatisn was given:
Ford Cora teamw update

TI-NHTSA 017036
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From: : Baymann, Russ frbaumann@lemail. me.ti.com]
Sent: Priday, May 28, 1999 6:15 AM

Te: McGuirk, Andy; Beringheuse, Steven
Subject: FW: GM recall - fires when car is tumed off
FYI RUSS

From: Rayniolds, Staven[SMTP:z-raynoldzlétl. com)
Sant! Thursday, May 27, 1599 G:23 FM

To: Baumann, Ruaa

Bubinct GM recall - fires when car ia turnad off

GM racalls 35,000 Cadillacs

Automaker says '98 apd '99 Cedillac
Sevillas hava an alsctrical short

May 27, 15293 5:42 p.m, ET

DETROIT [(Reuters} - Gansral Motors Corp. maid
Thursday it is recalling sbout 35,000 1598 apd 1958
Cadillac Sevilles beacause of an electrical short that
could causa an engins compartment fire.

A fire could coonr with the engine off and the car
kay removed, GM sald. The avtomaker hee sonflrmed
aevon reporta of firasm as a result. None have cauassd
injurien. .

"We want our customera to know that we conslder
thiz a merious condltion," John Smith, Cadillac guneral
manager, aald in a statemsnt. "Me have started the
process of contacting custoxars Ao that they can have
thaly vehicles servicad az scon as poaslble at thalr
Cadillac cdeplar. Wa alsa want them te kniow that
Cadillac im taking extra measures to minimize any
inconvenience, including providing courtesy cara until
the repalr scan be made.”

Mogt of tha sars baing racallad are mcdal ysar 1995
Sevilles, with only 13% cars, mache in the last month of
model year 1958, affactad by the problem, GM aaild.

Tha 1998 coars rarry vehicla identification numhayas
graater than WO534376.

Becauae fire can spread, @M atrongly rucuumnndnd
that the Saevilles not ba parked in an snelossad sras auch
as a garaga until they are brought into the daslership.
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May 26, 1009

Mr. Freddewick J. Porter, Suparvisor

E/E Sysiming Enginesring
Bullding 5, Mail Drop 5011

20000 Rotunca Drive, Rm 8004
Oserbom M1 46121-2082
Dear Fred:

| want o review our recant support of ihe Ford ocore tsam in staurs we do ot
h“mrmmnwdhuwpmmmWMmm.u
cortriped contribition to the 'oorw’ team, dand our commitment © a quick
canciusion,

For six morths the Texis irnsinimants Automotive Sensors & Conirols Team has
kmen supporting the Ford Core Diagriostic Tasam with technical facts, data, and
anslysis regarding our brake pressins switch product applfed in the Ford crulss
conirol desctivation cimoult,

A seniot T| prassurs switoh angmier wis in residence xt Ford for three weeks to
mysist with switch relsied issues In ihe system disgnostic process. Ssnior T

lsadership particiostion hae alac been invoived in vintually every Ford Core Team
meating delivering facts, deta, and technical suppart yesrto-data 'B9.

We alsd nvestigated switch capabillty, and using agresd upon acceiorated
simulation [l testing techniquss, demonsirated the ablity of the modet yesr '92
& 93, Toun Car spaed control desclivation swilches to consistently axossd
“cycls (fe specilioston™ of 500,000 preamre oycias. T Welbull reports of
prassuns swilches tastad in "1 B9 consarvatively dernonatiate 55% raligblity to 1
million cydies (with confidenca internvais graster than 50%9%).

Acidiionslly "success testing records” of some 885 E3 unis that were tested
during the 1584 - 1982 {1181 - 1282) showed zero isakage at 500,000 cycles.

Conalusion o dade: 1092 pericd switohas mat speciliication. 1990 swlich mesta
or excesds specification

Wa have daveloped and dellvered & laboratory modal of accslensied plastio base
wmhmmmthmm coupled with
npaad control it. Theories
cavlty in the presance of
Lnirtemupted power could lead o & porrosion product formation which might

:;%
i’l
E
it
il
%?
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Mr. Freed Portar
May 26, 1589
Page 2

Conclugion to deta: Constent spaed control power sicws [ong tarm corroeion

In1 tight of this leboratary modsl and the naed for crults aystom power only during
Y F,.J. vahlcls operstion, we suggest the Bystem architecture of "key-orvol® basad
b\'f"l powar be oongidensd,

u..ii"‘t Wa have besn open and forthright In aur communications snd delivery of
information and we bellsve we have bsen instruments! in halping Ford sddress
tha underhood firs conoam Esue

Jlnﬂﬁﬂﬂﬂﬂ. wa think [ la mpproprists at this point that our active participation
in the disgnoastia jounay of the vinlega 1982 product move towerds a timely

&

#24"% We are preparing to Ml your request for hosting a she visk, supporting
et wwmmmm and participating In robust sysiem
I brafnstonning sessions moving toward conclusion in July, as well e reviewing

the optimixation of our product ine pocess canirols,

Our prima focus ot thia time s in repidly supplying Ford with 225,000 unkts in

support of the fleld actions.
Ragares. ¥ Fud has issue with dhe oot 3
Pareymuphs in raqards ko lesing
g:ﬁw or defining a tonclusion e the
Tuxas Instrumenia dimg nasbic Jlﬂfl'l'.a This came3
k il
s002 T ~F.-...., Ehe fac Mh:d-. we s&ilf
Tt 77PE Test mynopais de Aak hate = LRI - LR
TI T7PS invastigation Flow Diagram

£ Eaid! ol Culd serviea £2 riwiee
dwiteh cirtail (Wi Yy wag

rqt.:tt.& dus €o direbilid L
concerns wikh "-"‘q )
D et wenk ta inbeeduze

ansthee potuabial problen,
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Fram: MeGuirk, Andy [a-meguitk{d@email.me.t.com]
Seng: Friday, May 28, 1999 12:30 PM

To: Warner, Pam

Snbjeck: Core teamn update testing

<<Fredfort finallZ.doas>
AUTCHMOTIVE SEHSORS AND COHTROLI QAR MAHAGER
Ja FOREST AT MS3 23-05
ATILERCRO, MM 02701
TEL : ([S0A) Z236-3080
FAK : (500) 236-3745
MOBILE: (508) 208-6113
FAGE: (B0D) 48T-3700 PIN GO4-2044
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May 25, 1968

Mr, Frederick J. Parter, Suparvisor
E/E Systema Enginesring

Building 5. Mail Drop 5011

20000 Retunda Drive, Rm 3E004
Dearbomn Ml 48121-2053

Dear Fred:

| wanl to review our racent support of tha Ford core term fo assure we do not
have any misunderstandings rugardlm our pregsaure switch performancs, our
comtinuad confribution to the m feam, and our commitment to & quick
conciuaion,

For six months the Texas instruments Automotive Sensors & Controts Team has
heen supporting the Ford Core Diagnosatic Team with technical facts, data, and
analysia regarding our brake pressure switch product appllad in the Ford crulge
control deactivation circuit

A sanlor T1 prezsure switch engineer was in residanca at Ford for threa weeks 0
geziet with ewlich relsted iesues In the system diagnostic process. Senier Ti
landership participation has also baan involved in virtually svery Ford Core Team
meating delivaring facts, data, and tachnical aupport yesr-to-dats '89.

We aleo investigated switch capability, and usinp egreed upon accalarsied
simulation ¥e tagiing techniquea, demonatratad the abliity of the model year ‘62
& ‘83, Town Car spesd control desctivetion switches in consizently exceed
"tycle Iife specification™ of 500,000 pressure cyclas. T1 Wabull reporta of
prassure switchas tested In 1988 conservativaly demonstrate 55% rellsbiity to 1
milllon cycles (with confidence intervala greater than 50%).

Additionally "succeas testing meomds” of goma 885 ES units that wems tastad
turing the 1961 - 1982 (11431 - 12/82) ahawad zero leaksge at 500,000 cycles.

Canciusion to date: 18862 pariod switches mat specification. 1880 switch meala
or axceads spacification

Wae have devalopad and deflvared o laboratory model of accalarated plastic base
ignition of the awitch resulting from fluld In the switch cavily coupled with
application of conslant power as designad in the apesad control circuit.  Theories
from tha maodel suggest thet flulds In tha switch cavity In the presance of
unintsrmupted power could lead 10 a comoaion product formation which might
create a plastc bass igniton path.

TI-NHTSA 017045



Mr. Frad Porter
May 25, 1988
Pape 2

Conclusmion to date: Constant spesd control powar allows [Bng term comosion

In Aght of this Isboratory model and the nead for cruiss system power only during
vehlcls operatlon, we suggesi the system architecture of “key-onjof™ based
power ba considered.

Wa have bean opem wnd forthright in cur communications end delivery of
informetion and we balleva we heve baen instrumental in helping Ford address
the underhood flre concern iesue.

in this regard, we think & i3 appropriate at this point thet owr active participation
in the diagnostic joumey of the vintage 1892 product move towards B timaly
concluslon. Toward this and, we will continue to support the "cora™ team review
of 1982 product history with targeted complation in July 1889,

We ame praparing to fulfill your request for hosting a At visit, supporting
campalgn fleid ratum device andlysis, and paricipating n robust sysiem
htainskanming  sassiona maoving toward concluglon in July, as well as reviewing
tha eptimizaetion of our product fina process controls.

Cuir pAime focus at this time i in rapldly supplying Ford with 225,000 unfta In
support of tha field actions.

Regards,

Andrew C. MeGuirk
QRA Manager
Texas Insinunanis

attachmenta: 1992 Testing History
T1 7775 Test synopais

T 77PS Inveatigation Flow Diagram
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From: MeCuirk, Andy [s-meguitkigemail.me.tl.com)
Sent: Friday, May 28, 1999 1:35 PM
To: Warper, Fam
Subject: FW: my second dmft 77PSL2_1.xls
b TRT

AUTOMOTIVE BENJORS AND CONTROLS QRA MANRGER
Ji FOREST ST M/3 23-05

ATTLEBORD, MA 02703

TEZL @ {503} 236-3080

FAX z {504} 236-3745

MORTILE: (508 Z208-6119

PAGE: (800} 4872700 PIN sO4-2044

o g - 2

From: MeGulrk, Andy

Sent: Wadneaday, May 19, 1993 12:54 P
To: Sharpms, Robart

Cc;: Barlnghauss, Stevan

Subjact: EW: my second draft 77PSL2_1l.xla

AUTOMOTIVE BENSORS AND CONTROLS QRA EAKAGER
34 EDREST 5T M/8 23-0%

ATTLEBORD, MA (2703

TEL : (508] 236-3080

FAX : (508] 236-3745

WOPILE: (50%) 200-6l13

PAGE: (AQQ) 467=-3T00 PIN 60d4-2044

From: HoGuirk, Andy

Eant! Wadnesday, May 15, 199% LZ:40 PM
Tox Shaxpa, Robert

[ H Daumann, BRuas

Bub st & my flrat dvaft T7PHLI_1.xla

AUTOMOTIVE SENEOBRE AND CONTROLA QRA MARAGER
34 PCREST 3T M/S 23-05

ATTLEBORD, MR 02701

TEL 1 (308) 236-3080

FAX : (508) Z3&-1745

MOBILE: (308) ZCH-611%

PAGE! (800) 457-31700 PINM e0d=2044

=<TYPELZ_L.xle>>
Ragardsa,

andy

YI-NHTSA 017047
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May 26, 1899

Mr. Frederick J. Porter, Supervisor
E/E Sysiema Enginsaring

Budiding 5, Mail Dvop 5011

20000 Roturda Drive, Rm JECD4
Dearbom MI 48121-2053

Dear Frad:

| want to revlew our recent support of the Ford core team to assure we do not
have any misunderstandings regarding owr prassure switch performance, our
continuad contribution ta the 'core’ team, and our commibment fo a quick
conclusian,

For aix montha tha Texas natrumants Automaotlve Sensora & Contrals Team has
been aupporting the Ford Core Dlagnostic Team with iechnical facts, data, and
analysis regerding cur brake pressura switch product applled in the Ford crulse
control deactivation circuit

A senior Tl presaure switch enginedr was n résidencs at Ford for three waeks to
assist with switch related issues In the syshm diagnostic procass. Semior T)
lemderghip participation has siso baen involved in virualy every Ford Core Team
mesting delivering facts, data, and technical support year-to-date *99.

We alwo investigiied switch capabillty, and using agrasd upon accalerated
simulgtion IHa teating techniques, demaonstrated the ablity of the modesl year *92 -
& '83, Town Car spead control deactivation switches o consistently axcesd
cyclllthlpldﬂﬂtinn of 500,000 praasurs cydes. T1 Weibull reporis of
prassure switches tested In 1898 conzarvatively demonstrate 95% reliabilty to 4
million cycles (with confidencs Irtervels grostar then 50%).

Additionally “success tasting records of soms 865 EB units thet were lasied
during the 1884 - 1892 (11/91 - 12/2) showad zero leakage al 500,000 cycias.

Conelusion \o dete: 1992 period switchas mst spacificetion. 18858 maitch maels
or axcasts specification

Wa have developed and deliverad a laboratary madel of accalerated plastic base
ignition of the awitch resulfing from fluil in the switch cavity couplad with
application of constant powsr as designed in Lhe speed control circuit.  Theories
from the model suggest that fiulds In the swich cavity In the presence of
mhﬂmhdmmﬂdhﬂdhnmhnpmm“himmlnht

croate & plastic base Ignition path.

TI-NHTSA 017048




Mr. Fred Portar
May 26, 18989

Page 2

Conclusian to date: Congtant spead control power allows ong term corasion

In light of thie laboratory model and the nead for cruise sysiem powar anly during
vehide operation, wa sugpest the systam arumur:.tm of I-.w-u'l.'n'l'r' bassd
powar be considerad,

We have basn opaen and forthright in owr communications and delivery of
information and we balleve wa have baen Instrumsantal In hedping Ford addresa
the underhood fire concaem issue.

In ths regard, we think it is appropriate at this point that cur active parficipation
in the diagnostic joumay of tha vintsge 1882 product move towards a timely
conclusion. Toward thie end, we will continua to support the "cors” team raview
of 1982 product history with targeted completion In July 1989,

We ara preparing to fulflll your request for hoating a site visit, supporting
campaign field return davice analysls, and participsting n robust aystem
breinsiorming  sessions maving toward conclusion in July, as well as reviawing
the ootimization of our product line process controls,

Qur prime focue at \his tima la In rapidly supplying Ford with 225.000 units in
suppart of tha field acticns.

Regards,

Andrew C. McGulrk
QRA Manager
Taxas Instruments

atachments: 1992 Teating History
TI 77P8 Test synopsla
T\ 77P5 Investigation Flow Dlagmm
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Epstein, Sally )

From. MeGuirk, Andy [2-moguirkgemail me. tl.com)
Sunt: Fridey, May 23, 1099 2:22 PM
Ta: ‘Frederick J, Portar
Cc: Beringhauss, Staven: Sharpe, Rabarn
Subject: Ford Come tearn updals
W) ol pl %]
Fal Fwriary sion LR TR0 e by FRE Y

Fred, par cur discusailons apd Aok Sharpa’a visitc snclosed i3 our updates...

4<FradPartCore.doc>> c<pynopsil.deg»r  <<TESTLOGS .xlz>»
<¢77P3L2 1.xls>>

AUTOMOTIVE SENSORS AND CONTROLS QRA MANAGER
34 FORERT 3T N/3 23-03

ATTLEBORD, MA 2701

TEL : (%08) 236-3040

FAX : {308) 236=3T43

MOBILE: |504) 20A=-511%

PAGE: |BQ0)} 467=3T00 PIN SO04-2044
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May 28, 1929

Mr. Frederick J. Porter, Supervisor
E/E Systems Enginssaring

Buileing 5, Mail Drop 5011

20000 Retunda Drive, Rm 3E004
Dearborn Ml 48121-2053

Dear Fred:

| want ta review our recent suppart of the Ford cora team 10 assura we do not
have any misunderstandinga regarding our prassurg switch performance, our
continued contribution to the ‘core’ tsam, and owr commiiment to & quick
conclusien.

For six months the Texas instrumentd Automotive Sensors & Controls Team has
been supporting the Ford Core Dimgnostic Taam with technical facts, dais, and
analysis regarding aur brake prassure switch product appliad in tha Ford cruise
control deactvation circuit.

A wanicor Tl presauns switch snginoer was in residence at Ford for thrae weaks to
assist with awitch relsied issues in the system diagnostic process. Senior T1
lsadership participation has also been irvotved in virtually svary Ford Core Team
mesting dalivaring facts, data, and technical suppaort year-o-date "9,

We alsa nvastigated switch capability, and using agreed upon eccelerated
simulation life testing technigues, demonstratad the ability of the madal year '92
& 83, Town Car speed control deactivation switches fo consistently exceed
"cycia lifa specification” of 500.000 preasure cycles. Tl Waibull reports of
pressure switches tested in 1999 conservatively demonstrate 85% raliahility 1o 1
million cyclas (with corfidance intervals graster than S0%).

Additionally "success testing records™ of some 885 ES units that were tasted
during the 1981 - 1992 {1191 - 12/92) showed zero laaskage st 500,000 cycles.

Conclusian (o date: 1992 period swilches met specification. 1983 swilch meats
or exceads speciflcation

Wa have developed and dellverad a iabaratory madel of sccelerated plestic base
ignition of the switch resuling from fluld In the switch cavity coupled with
application of constant powar as designed in the speed control Gircuit. Thaories
from thea modal supgest that fluide in the awitch cavity in the presence of
uninterruptad power could lead to & corresian product formation which might
create a plastic bass igniton path.

TI-NHTSA 017052



Mr. Frad Porter
May 28, 1999
Page 2

Conclusion o date: Constant speed coniral powsr allows jong term comasion

In light of this laboratory model and the need for cruise system power only during
vehicl@ operation, we suggest the systern architectura of "key-on/off' based
perwer ba considangd.

We have been open and forthright in our cemmunications and delivery of
infarmation and we ballave wa have been instrumental in helping Fore address
the underrood fira concem jaaue.

In this regard, we think it is appropriate at this point that our active participation
In the diagnostic journey of the vintage 1882 product move towards a timely
conclusion. Toward this and, we will confinua to support the “com” tsam raview
af 1882 product histary with targetsd compistion in July 1989,

Wa sre prapanng to fulfill your request for hosting a site visit, supporting
campaign fleld retun device analysis, snd participating in robust system
branstorming sessions moving toward conclusion in July, as well as reviewing
the aptimization of our product line procasa conrals,

Our prima focus at this tima @ in rapidy supplying Ford with 225000 units in
support of the fiekd actions.

Regards,

Andraw C. McGuirk
QRA Manager
Taxas instruments

attachments: 1992 Teating History
T 77PS Teat synopsis
TI 77PS investigation Flow Diagram
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TI 77PS Test Synopsis

This documaent is a synopsis of tests conducted by Texas Instruments diing the 77PS
investigation. The iotent of this document is to highlight test findings which drave the
investigation 1o irg current state. Throughout the investigation, saveral tests were
conductad with tha same objestive. When each objective was met, afforts ware refocused
to cbtain a new level of undarstanding and to establish a new set of cbjectives. As such,
togty have been calegonized nto (3) levels, représenting the level of knowladge abtained
from the group of tests conducted. Each level is listed below with a short description of
the objective;

Level 1; Create a laboratory switch ignition without amy restrictions on methods.

Lavel 2: Create 2 labaratary switch ignition using only conditions found in the switch
operating environment, .

Lavel 3. Understand the laboratory ignition mechanism.

Level 4: Compare factars contributing to laboratory ignition.

Level 5: Evaluate recommendations.

Refer to Brake Pressure Switch Test Log.
Level 1 Objective: Determine if o switch ignition can be created in the laboratory.
o Testl
Objective: Determins if switch ignition ¢an ocour under the Billowing
laboratory conditions:
Switch contact cavity flooded with brake fluid mixed with varying
amounts of % Hz0.
14 voits applied to one terminal, second terminal electrically floating.

(No electrical load across switch torminals).
Switch hexport electrically grounded.
Reguhs: (8) aamplex ware texted total:
{2) with 4% Hz0 in brake Buid.
{2) with 6% Hz0 in brake Auid.
(2) with 10% Hy0 in brake fluid.
(2) with 75% Hi0 in brake fluid.

No ignition ocourred. No significant temperatyre rise observad in all samples.
Current draww ranged from 0.5 mAmps 10 5 mAmps over a period greater than
(230} hours.

TINHTSA 017054
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o Tast2

Objactive: Determnine if switch ignition can occur under the following laboratery
canditions:

Switch cantact flooded with brake fuid.

L4 valts applied ta one tarminal, second terminal connscted to a 14 03
resigtor which ix tied to ground. {1 Amp load scrass switch terminals).
Switch hexport electrically grounded.

Reaults: (1) mmples were tegted. Mo ignition accurned. No significant
temperature rise observed for a period over (2503 howrs.

Conclusion: A (1) Amp load through switch terminals did not ignite bruke fluid
in the contact cavity of switches.

s Testh

Objective: Determina if switch ignition can ocour under the follewing
laboratory conditions:

Hextar voment installed in contact cavity of the switch.

Power applied to the heater element until plastic base melts.

Spark generated in contact cavity of switch

Brake fluid present in te contact cavity (wet device) and absent in the
cantact cavity (dry device).

Reqults: (2) dry devices were tested and (1) wet device was tested. Ignition
occurred in all devices,

Wat device: The internal temperature of & wet device reached 560°F. A hole
burned through the base of the switch (close to the heating elemant). The applied
spark ignited the fumes in the contact cavity of the switch and engulfed tha hasa
material of the wwitch

Dry davice: The internal temperaturs of w dry switch reachod over 1000°F. The
switch base flopped over. The applled spaxk igmited the fumes in the contact
cavity of the switch and engulfed the base material of the awitch.

Conclusion: A switch ignitlon can occur under the following inboratory
conditions:
Heater alomynt installad in the switch contant cavity.
5 wants of power dissipated in hesting element.
Spark generated in the contact cavity of the switch.
Brake fluid did not sontribute to the ignition proceas.
TI-NHTSA 017085
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Level 2: Objective: Determine if & laboratory ignition can ccetir using only switch
components and elements Eound in the switch environment.

s Tast5a

Objective: Determing if corrosive degradation of swiich electrical components
CaN causs an increase in electrical resistance (and thus a source of heat) in the
switch, which may lead to an ignition.

Results: (1) out of (15) samples tested incrensed resistance to 5 Qs. A sofutian of
5 wi. % NaC] in H;0 can corrode the electrical componsmnts of the switch and
cause an increase in electrical resistance. Repeated injections of the solution of

5 wt. % NaCl in Hy0 imto the contact cavity of 2 switch, with the switch
continuouaiy powered at 14 Volts, can cause sn ignition.

Conclusion: A switch ignition can occur under the following laborstory
conditions.

A solution of $% NaCl in Hz0 is injected imo contact cavity of a switch.
Continuous 14 Vol power applied to the switch.

Hexport ia grounded.
Current is limited at 15 Amps.

e Testtc

Objective: Determine if brake fluid with metal shavings is conductive saough to
creats an ignition,

Bawults: (3) devices with various size metnl partictes wece tosted. No significam
current increase detected.

Conclusion: Metal shavings did not significantly increase conductivity brake
Fluid. Current levels measured were well balow levels necesgary to create an
« Temt?7

Objectiva: Determine if switch meets cycle life specification

Results: Tests conducted during the first quarter of 1999 show thal ywitches
exceed cycle lifs spacificaticn.

In the Girst quarter of 1999, a wtal of (42} 77PSL2-1 snap rwitches were impulse
tested o aver 1,000,000 cycles with only (1) Jeak below 1,000,000 cycles, which

T TIPS Tam Sywepein 061059
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occurred at 729,000 cycles. A Weibull analysis showed 99.9% reliability at
500,000 cycles at 5% confidence level

Conciusions: Swiiches meet cycle life specification. First quarter, 1999 tests
confirm impulse teat findings macde during the period betwesn 1991 and 1992,
During that period, (8) impulse tests on 144 devices of S7BS and 77PS
construckion, had no leaky when tasted to 500,000 cycles. A Weibuil analysis of
first quarter, 1999 testy, showed 99 9% reliability at 500,000 cyclss at 95%
confidence level.

» Test 152

Qbjactive; Determine the [ong term comrosive effects of brake Fuid on the
alectrical components of switches which are continuously povered at 14 Volts.

Regults: Test was suspended after 350 hours of testing. (6) sampies were tasted
with continuous 14 Yolts powsr. The contact cavity of (4) switches contained
new brake fluid wnd (2) switches contained old braks fluid. Switches with old
brake fluid drew very littla hexport current and showed a dacrease in bexport
cwrTent over time to less than 1/10 mAmp. Samples with new brake fluid showed
an incrsase in hexport current to over 20 mAmps toward the end of the 550 hours
of testing. Analyves of (1) sample with new brake fuid and (1) sample with old
breke fuid revesled electrolytic cormosion of the contact srm of both switches.
There was & mmch lower leval of comosion in the sample with ueed brake fluid
than the sample with new braks fluid.

Conclusion: Hrake fuid in the contact cavity of switches, which are at 14 Volts
continucus powar for ovar 300 bours, cin ¢ause slectrolytic corrosion of the
switch contact arm and an increass in hexport current.

s Test17

Objactive: Quantify the long term corrosive affects of new braks fluid on the
electrical companemts of switches under the following labomtory conditions:

Contwct cavity of switch Sooded with new braks fluid.
Switches at continuous 14 YVolta power.
Switches subjectad to vibradon for (1) hour per day.
Switchex subjected to 100°C for (1) hour per day.
Regults: Tost suspended afer {312} hours. (50) samplea tested. The average
hexport current draw after (312) hours is 1.9 mAmpns with a standard devietion of

1.8 mAmps. Thess requits arg cormistent with results previously found in Test
15a at the 300 bour point.

T1 7773 Tout ymapais 063099
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Conclusion: New brake fluid in tha contact cavity of switches, has not caused an
increase in hexport current after (312) hours at contioucus 14 Volts power.

Level 3: Objective: Understand the laboratory Ignition process, datermine the cyrrent
path and establish a repeatable ignition method.

»  Test &b

Objective: Understand the ignition process, determine the current path
and establish a repeatable ignition method.

Resulta: Multiple sttempts at laboratory ignition, via injection of & solution of
5 wt. % NuCl in HyD into the contact cavity of switches, bas resulted in 2
repeatability mte of approximately $0%. Plots of haxport current vecses time
shaw an increase in current uatil the paimt of ignition,

Conclusion: A repeatable laboratory method for switch ignition waa
establishad. Based on hexport current measuraments, the current path is from
switch terminals to haxport body.
When a solution of § wt. % NaCl m Ha0 is repeatadly injected inta the contmet
cavity of powersd switches, sdectrolytic eormosion of the switch terminal
results in an increase in terminal resistance. 'Whan suffjciant power is drawn
through the corrosive resistance, switch elements hext up and hegin to glow red
hot A hole burns through the switch base and ignitlon occurs. There is arcing
g:thhﬂunushumﬂumiunmwhinhmpmﬁmm park necessnry
" for iemiti

Lavel 4: Objective: Compars and contrast variables influencing ignition using the
established Inboratory ignition method.

s Tmtlla
Objective: Compare various Buidy in the egtablished ignition method.

Results: The following fuids were tested,

(1) NaCl in Ha0.

(1) tap water

(1) ruin water

(1} used brake fluid

(1) used braks fluld with § wt. % H;0

(1} new hrake fluid

(1) new hrake fluid with & wy. % Hy0

The swikch filled with 5 wt % NaCl in Hy0 resulted in an ignition when averags
hexport current excended 2.5 Amps. Switches that were filled with tap water and
uin water drew less than 10 mAmps over 2 (3) bour test and showed littls sighs of

T1 777 Task Sywayeis DS99
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corrosion. Switches filled with a marrix of new and used brake fluids, with water
and without water, all drew less than 3 mAmps hexport current draw and shuwud
0o signs of corrasion over the (24) hour test.

Conglusion. Brake fluid is not conductive unuu;ll to cauae the slecteolyric
carrosion and necessary current draw to creats an 1;nmnu withtin 1 3 hour Lab test.
Because of its' significamly higher conductivity, an ionic rich. fluid such as NaCl
in H20 can cause an ignition in & 3 hour lab test expasurs..

o Tegtll

Objective: Compare the ignition characteristics of various plastica as awitch base
rhaterial.

Results: When § wt. % NaCl in Hx0 was injected inta switches with different
bass materiaiz, the follawing results wers ohtained: Cellanex 4300 ignited 3 out
of 5 atternpts. Noryl ignited 2 owt of 5 artempts. Zytel ignited 1 out of 5 artempts.

Conclusions: All plastics tegted can ignite using the established laboratory
ignition method,

s Teat l5b

Objective: Determine if mwitch ignition can occur in the vertical position and 45°
ovientation. Determinag if switch ignition.can ocour and at diffierant rotational
angles in the 45° arjemation.

Results: Switch ignitions can oocur in both the vertical and 45° orlentation using
the eatablished Inboratory ignition methad.

Concluslon: Switch ignition does pot sppear to be sensitive to vertical orientaton
varses 45 orlentation nor o rotational angle in the 45° orientation

Level 3 Objective:
Teut 16
s Objective: Test proposad relay circuit.

Results: {1) switch was injected with 2 solution of 5 we. % Nacl in Hz0 and
placed in the propased current [imiting circuit for (48) bours. The current draw
remained constant st 180 mAwps throughout the tegt  Thers Was 1o activity
obsarved and the contact anm remained mostly iotact.

(1) switch was brought to an impending burn condition using the established bum
method. An impending burn is » condition where & corrozive resistanca has built

-3
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up io the switch and an ignition is imminent. The switzh was then placed in the
proposed relny circuit for{18) hours where it drew 160 mAmps, showed no visible
activity and did not rexult in an ignitian.

Because the propesed relay circuit acts as a resistor which limits surnent o the
switch, the maximum power to the switch is limited to .75 Watts. A resistive wire
was wrapped around the base of (1) switch and 0.75 Watts of power was
dissipated in the wire. The wire bacame warm to the touch but had nn affect on

tha switch.

Canclusion: 0.75 Watts, the muximum power in the proposed circuit design, is
insufficient to causs substantial electrolytic corrasian or significant switch
terminal heating, which is necessary to create an ignition. In previous tests, using
A registor s the heating element (see Test 6), approximately 5 Watts of pawer was
pecessaTy {0 cTemte A0 ignition.
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Brake Pressurn Switch Test Log, Updated 6/30/0%

& Category Test] Location Teai Carmmaters — IEF Feosais Updata
StTwation 1 T1 - |Vary waier concaniralions In hew farake Fuid hous, Carrent draow in {ha B SmA to SmA range
[of Potential ignitn 14Vie b one temninal, heport grounded |Fluid has discokored
i Switch Water Conc: 4%, &%, 10%, 75% |No Signikcant Temperature Rite. Test Suspandad
inborTull Avtally=it susperxied.
2] 11 [New BrakeFhsd 250+ hours, Constant tamparalua
1 Amp through swilch tarminnls Mo aignd amperatuns nse with tima
TG0 0 Owl taTrInal, baspart grovmded Tost Suspanded.
a AVT _ |naw Braie Fluid in Guch 24 VDC ta ona > 300 i (Mo dast, MBX corment 7mA
ivwinal. Hemort Grounded JNo signilicant change with tima. Test cuspandad
4 AT e’ Braka Flud in Suilch 24 VDC io one 10 hours Into teet max culrend Sank
ninal. Haport Grounded, Amblent st 100 C imqnmwﬂmﬁuu@_ﬁmemm.
B AT Heake Flld 16 Temperature rise of 20 C above toom tamg
miich lgrrninals Dslin T nenchad standy shris at 2 C. Tesi suspendaed,
Sa AVT __|wew’ Bimks Pl i Baiich appeox 80 Angs [Tempetatura 03 10 appeon 770 F_No smoke. NG ignition
ihmough Bwitch Terminaia . Tl passpendad
[] Tl haalay slamiants Inko Gaitch. aw.mm,mmmmm
Ml 1l inclalg Sas sitachmant

(1) doiion of Brakie Fiuid and Swi. BT [Test complets
Brake Suirt in cvily Slows down heat Bulkd-up
Immumﬁpmmﬂuﬁnmr

Ba 0 heatar by coMMding apring anm |mumsmw-ummsm.
- srtar soluion. 14V balwean spring Cihars sithar vary low rasistanca of megachms

and hapoit L o0k aboul 100 haurs b reach bha S deh Slads.
Tioe 5 nlwin devica igritedt Lger copeitions. simiar to e B,

@ T |Re-nun ignition iest 1o undartand Im,g-n_ with repaated 5% watar sotution inlo switch
| rapestabitity and curent path. Cusiort parth i hvaugh hiopatt.
[Ses plots and vigso. _
- fout Inchudes tap water, old BF new BF and othar.
T |Purs neaw' braka Buid with melal shavinga do not contridde signiicanty ko brake Ruid

+B0L)10 ¥YE8LHNLL
g
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Buake Pregsure Switch Test Log, Updoted B/30/88

. . G R i S
ifa Cycia Rolmbiiy 7 u-uuung,gprum-puuummsc JFivst nak pheanved al T8 000 cycies.
Emm ES Tesl Completed. Gee altached Weibull Charl
T NSO A AN TN P
- e s 1400 o 1356, fﬁmﬂndmmmmmmuw

R A -1 g = LEGRT AT et WL e

| Couaieni Laing | Fuki s dloakar lots, Ju “|Pans i Central Labs, 56 Ford spreadsiest
-3:;_'5_:3?';;-:;15-?-.-‘_7;'-:5 e, |- w R TR T T EL R
O Exparimanis (1) 10 T walker concantratiohs In "new” Braka Fhud Tast R oriiten investigallon conlinuss
Evallaing Fackes 12 snap + 12 qriel switches wi 0 % weler In BF __ |Suspended sl 1.3 millan Gyclet with no ieake obGerved.

i [T T — 12 anap + 12 quist swilches Wi 5 % waler in BF  |[Snap samples suspended st 1.3 milion cyches with 2 leaks

mpuiss last obsarvad al 1.3M. Quiel samples suspanded 3 500k cycles to

| MMW
‘ - e - e ) HE: T . #h T, . ":I-\_“"'-'_.J"'._-. T EE . ":"'" . o - L

‘nn—u-uﬁmm 1 AT |ww-urm_'_; — TﬂlAﬁ.ﬁu?ﬁdMﬂMnm

= .

el complals.
MLMMM:M*: LIGA) hm Cu =415 fugiml,  Fe = SO g, Cr = 000 fugiel, 1.t 300
4 et armicn el {MIEW) for muttel and walar s Cuw SO Fa=58 pugiml), Cr=1.9(ugil), 1.4 8HN.
NEWN. Cu= mmn-mmn :mmnam

TP .

i.-::_-;-;,4f_:<5|_ Lt ni: { O 2 - - N st wPr- :'5‘-=.:*"' wEOLL .

chatch loads and viden Tt Exparieniad with no ‘grilicark’ sgarks dbsarvod

Test complale

5% Nall xampls resuliad in an ignikan.

Al braka lid samples drew less than 3 mAmps. Mo corosian
i on brais Buid

! S04 wou gaia Reain weldr pad lap waber camples diew <10 MAMps 3ad showed
Jrap wstar |scene signas of conresion.

Testlog% Page 2 of 3
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Brake Presswia Swilch Test Log, Lipdalad E0/50

[used hemka fuid [Chamical antysix in procass.
|uzsect raike Frid w/ 5% H.0

Jnow Drake fid

oo Draket uld W/ 5% H0

e e e T mhmhmuM

M+ﬁw-ﬁuﬁdiw—unﬂ=

10 namp + 20 quist Dalicies W 5 3 walw' i BF

gl ':.*-."- i Fa

Ja properies of Kapton . |Tast a progress (100) bours .M

£90.00 VELHN-LL

various % achl iy Enralon Thald. limhﬁ:hiu-ﬂhlnn
; e T it o ey I (M
e maobdabilly of cifisrant lﬂm
of ik i, ittt mnmw a5 and 25 tright
Il 115 iy
% *, EE R TR w%m&fﬁwﬁ
with o Baragics Pl and {mmw
wilth. vead brace B bralen B cumrant ol in <110 .
BF unulmmuﬁmuﬂumﬂ
e o : kg ny
of Buwilich 0 swiich owlentation. ﬂm whmumm
ant veriionl verses 45 degres. [ sommetedt wwilch Igniion can aocur in varkical of 45 degres sngls
st pokmiicnl L] avkanialion N sl sarvilihen 1o yudich solational Al
Ml 132 in Ford clrouit for e [Test Mo Casnoslon rake nacsed.
wad malich fo [ in {15/ i) [roreris by il S0 Gremht ¢ e touserd igeition in lsh
han phacy in reley circult for { 18 b Sriasber elarnant was warm to ¥he \owch.
. orull i induplelt carh ienslioly
4 D 2
chralion beaks fad o) with i birain Tl Toul . [32) hours
T 1) bour of vibralion Avarage hagoort currant is 1.9 mioy (sideviation = 1.8 mAmps}
1} hour souk st 1 q_pnrﬁr
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TIRSLI1:  Impulse Data Resuls 1147 - 12782

pruliminary drafl summary of TI record search findings of May 14-17 1999

sy by Steve Beringhauge & Andy McGalrk May [th 1999
TIPN: TTPILY-L
Fard P/N: FIVC-3F92d-AB

Testad at 'room temp' per Manufacturing ES requirements
Qey

Lew  Imgewe  Qty
B  §= 2 Ieted Lask

25-Mov-21 4,000 j{H -
16-Mow91 4,000 14 -
5-Dac-31 4,000 14 -
S-Laac-21 4,000 10 -
S=Dac-31 4,000 10 -
SaDhn=9 1 2.000 L -
11-DecB1 4,000 10 -
11-Dac-91 4.000 a - -
13-Dec-#1 & 000 10
Vd-Dac-91 4000 g -
16=-Dac-51 4,000 10
1&=-Dac-#1 3,000 10 -
2-Fan-92 4,000 10 -
§=Ian-91 4,000 1 -
T-lan-41 2,000 L -
1-Ian-92 000 L9 -
¥Jan-92 4,000 10 .
14=lan+32 4,000 10 -
[4=-Inm-92 + 000 10 -
15-Fan-%2 4,000 10 .
1R=Ian-92 1,000 L] -
11§92 4,000 10 -
1-Faly-92 630 5 -
4. Falr-92 4,000 1] -
.12 4,000 1] -
&-Feb-52 4,000 10 -
(0-Fab-52 4,000 1] -
| 1-Fel-p2 4 000 1] -
12-Feb-91 4,000 LT -
13-Fa-2 4,000 L -
1d-Fab=93 #,000 10 -
lil-Fe-¥1 &0 10 -
Ji=Payb-92 4,000 ] -
15-Pab2 4,000 1o -
14-Fab-22 4,000 10 -
15-Feb-92 4,000 10 -
26-Foi-51 +.000 1] -
1A-Falr01 4,000 10 -
1L-Feb-92 4,000 10 -
el 4,000 10 -
&-Mar-92 4000 1] -
LO-Dlur-53 4,000 1] -
1 1-hiar-51 4,000 10 -
12-Mar-93 4,000 10 -

TIPSLI_ 1.3



77PEL2-1: Impuise Data Results 1101 - 12/92

L3-Mar-02 4,000 Lo -
1--Apr92 2,000 5 .
i-dday-52 2,000 5 -
S-May-92 2,000 | -
f-hiuy-51 2,000 5 -
14-Sep-22 2,000 x .
22.5ep-92 4,000 10 -
30-50p-92 1,000 10 -

T-Oct-92 4,000 10 .

TOet=92 4,000 1% -
16=0Ot-92 4,000 10 -
Z2§-0ct-92 2.000 5 -
20-Oct-92 4,000 10 -
190ct-92 4,008 10 -
29-0ct-92 4,000 1o -
10.0ct-92 4,000 10 -
Now-03 4,000 1% -
10-Mgwe-02 4,000 10 -
10-Nov-52 4,000 lo -
1 1=Maw=02 4,000 10 -
L 7=tdowr=82 2.000 5 -
HuNoy-2 4000 1] -
4-Dec-92 2,000 5 -
Dec-92 2.000 3 -
|4-Dec-97 2,000 L1 .
18-Daec-52 4,000 10 -
18-Dec-92 4,000 10 -
16-Dwc-92 & 000 10 -
21-Dex32 4,000 1] -

Eotahl naity 59 7] -

TIPSLE_1.xis

TI-NHTSA 017068

Page 2



From: MeGuirk, Andy [+-meguirki@email.me.ti.cam)
Seut: Friday, May 28, 1592 ):15 PM
To . Baumarn, Russ
Subject: FW: Ford Core tzam updeta
v v %) ol
PP G0N GG B O NETLOoL L TR

AUTOMOTIVE BEMEORE ARD COMTROLS JRA MANAGER
34 FOREST 3T Ms3 23-05

ATTLEBORD, MA (2703

TEL : (5081 23&-3080

FAX i1 {EQB} 236-3745

MOBILE: (508} ZO8-511%

PROE: (400} A67-3700 PIN 504-2044

Fromi McGulrk, Andy

Bents Friday, May 39, 1939 3:=31 MM
To: 'Fradarick J. Parcer’

Car Buringhause, Staven; Fharps, Robare . .
Subjact: Ford Cora taam updats

Fred, psr our diacuasicna and Rob Sharpe's visit snolosed i our updataes...

weipmd PortCore. dodar coaynopsil.decer <<TESTLOGI. xlaas
<< 1TPSL2_1. xla=>

ANTOMOTIVE SENSORS AND COHNTROLI QRA MANMNGER
A4 FOREAT aT B/9 23-0Q5

ATTLEADRO, MR 02703

TEL : (304} 236-I080

FAX 1 (508} 236-374%

MOHILE: (508 209-5119

FARGE: (BOQ) 467=-3700 PIN &04-2044
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TI 77PS Test Synopals

This document is a syniopis of testa conducted by Texns Ingtrurnents during the 77P%
investigation. The intent of this document is to kighlight test indings which drove the
investigation to its coyrent stats. Throughei the invastigation, several tegts were
condueted with the same objective. When each objective was met. efforis were refocizmed
to obtain & new [avel of understanding and to axtablish 8 new sat of objectives. As such,
tests bava been categorized into (%) levels, representing the level of imowledge obtained
frorn the geoup of teats conductsd, Each leval is 1iaed below with a short descripon of
tha vhjective:

Leval 1: Creatz n labotatary switch ignition withowt any restrictions on methods,

anll Creata a laboratory rwitch ignition using only conditions fnand in the seitch,
opersting environment.

I.wlli Unidarsmnd the laboratory ignition maechumism,

Level 4: Compare factors conwibuting to laboratory ignition.

Lavel 5: Evalusty ecommendations. "

Refer to Hrake Preseure Switch Tos Log.
Lavel 1 Objectiva: Datermine if n switch ignition can be cronted in tha Inborstory.
= Testl

ﬁhjuti‘u: Determing ifrwitch ignition can occur indar the follawing

Swritch commet cavity Aooded with brake fhuid mixed with varyiag

mmonnts of % Hx.

14 volts applied tu one sermical, sscond terminal elecirically Bosting.
" (Mo cloctrical load acrosa awitch tepminaly).

Swisch bexcport electrically grounded.

Resultx: (8) samples were tesed total:
{2) with 4% ;0 in brake fluid.
{2) with 6% H;0 in brsice fluid.
(2) with 10% H;0 in brake flaid.
(2) with 75% Hi0 in braloe floid.

Nuquihnnum:md. No significant tempersture rise cbgerved in all samples.
wﬂmﬁﬁmﬂ.i mAmpa to § mAmpa over a pertod gresir than

T1 77PE Tast Symnguin 0711 299
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s Tem2

Chjective: Daterivine if switch ignition can occur under the ollowing labamtory
condidons;

Switch contect Sooded with brake fuid,

14 valis applied o oot termingl, second Bmminal connecred 1o 140
resistor which ia tied to ground. {1 Amp load scross swikch teminals).
Fwitch hexport clectrically grounded.

Results: (2) samplea ware tested. No ignitlon occwred. No significant
temperature risc abserved for & period aver (250) hours.

Conchusion: A (1) Arap load theough switch terminads did not ignite brake fluid
in the cantact cavity of switehes.

s Testé

© Objsctive: Determine if switch ignition can ocour umdar tha following
laboratory conditions:

Heater clement innlled In contaet cavity of the switch,

Power applied bo the hexter element tntl]l plestic base oalts.

Spark genernted in contact cavity of switch.

Brake fluid present in the contact cavity (wet device) and sbaent 1n the
contact cavicy (dry devies),

Results: (23 dry devices were textod and (1) et device was tessed. [gnition
occwred in nll devices.

Wet devige: The intemal teenpersture of » wet device reached 660°F. A hole
bumed theough the base of the switch {close o the hesting slesvent). The npplied
spark ignited tha finnes in the contmct cavity of the switch and engalfed the e
material of the switch.

Dy devica: The intecnal tenpeorature of & dry switch reached over 1000°F. The
awlich base flopped over. The applicd spurk ignitad the fames in the contact
cavity of the awitch and enguifed the buse matarial of the swikh,

Conclusien: A switch ignition can socur under the fallowing Inboratory
corufitions:

Fenter slement ingtalled in the switch comact cavity,

5 vty of power dlssipated in beating slement.

Spark genarated in the contact cavity of the yerltch

Brakn fluid did not contribuwte & the ignition procass,

TL 7T Taxx Syvagea 011
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Lol 2: ﬂh]lllhrl Determina if 8 Inborawry ignitiom can ocour wing only switch
componeats and elecments frand in the switch environment.

v Test ba

Objective: Determine if corrogive degradation of switch edectrical
can causa af increase in clectrical reslatance (and thus o source of heat) in the
switch, which may lsad ta an ignition

Ragules: (1) out of {15) samples tested increaned rexistance to 5 Q8. A selution of
5 wt. % NaCl in H;0 can acrrods the electrical componenta of the switch and
celsé an increase in electrical meistanca. Repeated injections of the solution of
5 wt. % NaCl in Hy0 into the contact cavity of & switch, with the switch

continunusdy powsred 2t 14 Valts, can causs sn igaition.

Conclosion: A switch ignitlon can nacur under the Followisyg Inbomtory -
litioas:

A soludon of 5% NaCl 1a HaO is injectad into contact cavity of & swheh,
Contnuous 14 Volt power spplied bo the awitch. -

Hexpor:  grounded.

Current 1 limited at |5 Ampe.

v Tem e

Objective: Desermine if brake fhuld with retal shavings is conduetive enough to
create an lgidon

Rosults: (3} devices with various slze metal particles were tested. No significnn
current incranss detecesd.

fluid. Curreat levels monmured were well bolow hevels nacesary to creats i
ignition.

* Tem7

Objyctiva: Detarmine if switch mests cycle life specification.

Rewalts: Tests conducted durmg tha Brat quarter of 1999 show that switches
exceed cycle ILf specification.

In the flext quarter of 1999, & total of (42) T7PSLE-1 soap switches wers impulse
teatad 1o over 1,000,000 cycles with galy (1) leak below 1,000,000 cycles, which

T ¥TP3 Tom Tyuopale 07}
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ocewrred ut 728,000 cycles. A Weibull analysis showed 99.9% reliability at
500,000 cyclen at 99% confidence [=vel.

Conclusions: Switches meet cyele lifk specification. First quartar, 1999 tests
confirm impulsa test findings made during the period betewan (991 and 1992,
During that period. {6} Impulss tests on 144 devices of S7PS and TTPS
consruction, had no lesios when texted 1o 500,000 cyeles. A Welbull analysis of
first quarter, 1999 tests, showad 99.9% reliability st 300,000 cycles st 95%
confidence level

s Textl%s

Ohjjective: Determine the Jong term corrosive effects of brake Fuid on the
electrical components of switchea which are contlomougly powered at 14 Voits,

Regolty: Tem wag suspsnded after 550 bours of testing. (6) samplas ware tested
with continnom 14 Volis powse. The contaet savity of (4) switches eontained .
new brake fluid and (2) yoritchwe contsined obd brake fluid, Switches withold -~
brake fuid drew very liala hexpory carrent knd showed 2 decrenss in bexport
currwit over e to less than 1710 mAmp. Samples with new brake flukd showed -
an incresse in hescport curreat to over 20 mAmpw toward the end of the 550 boury -
of westing, Analyaes of (1) sample with new brake Quid snd (1} swmple with ofd
braks hid cevealed eloctrelytic corrosion of the contact arm of hoth switches,

There waa 1 much kower Jevel of cocrosion in the sample with used beake fluid

than the sample with new bralce flaid.

Conchalon: Brake fluid in the comtaet cavity of swilchon, which mre at 14 Volta
continnous power for over 300 boar, con caume slectrotytic cotrosion of the
switch contact ama and an inceease in hexport currant. .

s Test!?

Objective: Quuntify the long term cormalve cffects of new brake fhuid on the
elacrrical comiponeats of switches under the following lnboratocy canditioas:

Contact gavity of switch flooded with new brake fuld,
Swinches st coutlmis 14 Vol power.

Swiwhes subjected to vibration For (1) hour par day.
Sveisches subjected to 100°C fior (1) hour per day.

Euulu: Teut suspercled sfter (312} hours, {50) samples tested. The avemge
hmmmﬁwih{]l!ihwnllﬂmm.mmuf

LA mAmps. Thesa results ara consistery with results previously found in Test
15a at the 300 bogr point.

T1 77F1 Tan Bynpals 071 159
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Comcluion: New brake Auid in the contact cavity of switches. has not caused an
increaze in hexport current aftar (112) bours at continuous | # Volts power.

Lavel 3: Objective: Understand the laboratory ignition process, detarmine the current
path and eatablish a repestable ignition method

»  Test Gb

Objective: Undarstend the ignition peoceas, determine the currenu path
and establish a repeamble ignition metbod.

Reyule: Multiple attemypes at lsbomtory igntion, vie injection of a solution of
§ wi. % NaCl in Hy0 into the contact cavity of switches, haa rearuitad in s
repeutability rate of spproximataly 50%. Plots of hexport current veraes time
show an incresse in curreat will (e polnt of ignition

Cooclusion: A repestable laboradory method for switch ignition was

csinhlished Based on hexport cusTent meanurensents, the cumeat path i fiom ~
switch tesminaly o hexport body,

‘When s selution of ¥ wt. % NeCl in Hz0 is mpeatedly injectad imo the contact -
cavicy of powered switches, electrolytic cormeion of the ywitch rerminal b
cesults in an increase in tocminal roaistance. When sufficiemt power is drawn

through the comresive resistausss, switch alements heat up aod begin to ghow red

bot. A bole bus theough the switch bave and ignithon occurs. Theee i3 arcing
visible threughout the corrosion process which may provide the spark necessary

for igmidon '

Level 4: Objective: Compare md contrast variables influencing ignition using the
ostablished Taboratocy ignitian method.

¢ Testlda
Objective: Compant various Sheids in the extablished ignition mthod

Remlty: The Exliowing fluids wers tasted.

£1) Nl in Ex.

(1) tap water

(1) rein waker

Ly used brake fuid

(1) unet tealcr fivid with § wi % H;0

{1} owwr bruien fluid

{1} pew brakn fluid with 3 wi % Hx0

The switch filled with 5 we. % NaCl in Hy) resukted in sn ignitlon when sverage
hencport Cuzrent excoeded 1.5 Amps. Switches that were flled with tap water and
min waier deew Lesn than 20 mAmps over u (3) hour test and shovead little siane of

TLTTPS Tan Symapels 011299
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corosion. Swinches filled with & matrix of pew and used brake HAuids, with water
and withaut water, all drew leas than 3 Mmutmpmnmd:muﬂm
o signa af comosion aver the {24) hour test,

Conclusion: Brake fluid is oot conductive encugh to cousa the electrol yric
vorrosio and necessary current draw to creata an igaitdon within a 3 howr leb est.
Because of its” significaptly higher conductlvity, an jonic rich fAuid such as NaCl
in H;30 can ¢auss an ignitian ina J hour Lab tant exposu..

& Teml%

Objective: Compare the ignition charasteristics of various plastics as switch base
materal.

Remults: When 5 wi. % NeCl in Hy) vwas injocted inio werdtches with different
bans marerinls, the following results wore oltained: Cellanex 4300 Ignited 3 out
of 5 streaipts. Noryl ignited 2 out of § acempte. Zytel ignited { ouwt of 5 amempes.

Conclusidny: Al plasticy tested can ignite naing tbe estabilabed jaboratory
ignition method.

e Test15b
Objective: Determine if switch ignitlon can oocur in the vertical poyition and 43°

orenation. Determine if ywitch ignition oan oeeur and st differsat rotaronal
angles in the 45° crientation.

Retuity: Swiltch ignitions ¢an ocewr in both the veytical snd 45° oremtadon using.
tha established Ishorstary ignition matind,

Conclosion: Switch igmition does not appesr to by sexmitive to vectical orentation
verses 45° orientation nor to rtational aoghe in the 43° orlentxtion.

Level 3 Objuritve;
Test 16

+ Objective: Tert proposed ealay cirouit.

Results: (1) swisch was injected with a solution of 3 wi. % Macl in Hy0 snd
placed in the propossd current limiting ciredit fior (48) boure. The carrens deaw
remiioed commtaat st 180 minns troughowt the tast. There was no aativity
obsarved urd the contact arm reaimed mastly imtuot.

{1} swiich wits beaught o wm Impending buen coadithon using dow extablkibed bum
method.  An impending burn is & condition wheve 8 corrosive resstancs hen built

4 :
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up in the swriteh and an igrition {s imminent. The switch was then placed in the
propased relny circuit For(19) boura where it drew Iﬁlllrna.mpa 1bowed no visible
activity snd did not result in an ignition,
mmmmydmtmulmmmummmﬂm

. gwitch, the mundmum power to the switch ia limited 10 .75 Watts, A resigtive wire
was weapped around the base of (1) switch and 0.75 Watts of power waa
dissipated in tha wire. The wire became waom to tha touch but had oo effect on
thvis gwvitech

Conclusion: (.75 Watts, the maximum power in the proposed ciredit deaign, is
insuffieient to cause sabstantial alerctrolytic eorrogion o significant swich
terminal henting, which is necessary 10 create an igaition.  In previony tests, using
a resiatar a9 the heating ciensent (see Test 6), approxlmutaly 5 Warte of power wis
DecazsATy 10 credie an igniton.

T1 773 Tl Symoyly GI1299
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Horrlli Irand

From: McGulrk, Andy

Sant: Fricay, Way 28, 1088 4215 PM
Ta: Baurmann, Russ

Subjwct: FW: Ford Com team update

RITORGTIVE IENEGAE ASG ONTROLE CEA WARMIER
14 FOREET ET M/H 11-0N

ATPLERAD . Mm BATAY

TEL » [BONI 210-1444

FRE « [ROE] 214-1T48

PORILE: ‘3ON 20d-#110

FAGE: (#0401 4d7-1704 PIN 164-3040

From: MeGulrk, Andy

Sant: Erigmy, Moy 28, 1999 322 PM

Tos ‘Frederick J. Portar

Go: Sernghauss, Steven; Eherpe., Robert
Subject: Foni Cory sam updais

Frad, par cor dincusaions pnd Rab Shama's viek anclosed s cur updates...

AR A S S

FregrorCon.don 2nopE1 doc TEBTLOGR N TIFaLE 1.4

AUTCMOTIVE NEWEOEE AND CCAFTROLE (GA MAMADNR
4 MREET BT MK 23-04%

ATTLERRO, MA DATD3

TEL . 130 11E-10E)

FAK ;i (300 116-1740

AOBMILE, (RON) 10B-A113

PR [HDRF 487-1T00 PFIN §04-ZH44
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May 26, 19898

Mr. Frederick J. Portar, Suparvisor
E/E Systems Engineering

Buiding 5, Ma# Drop 5011

20000 Ratunda Drive, Rm 3E004
'Degrborn M1 48121-2053

Daar Frad; .

| want to review our recant $uppoet of the Ford core team 1o assure we do not
have any misunderstandings regarding our pressurs switch performancs, our
continued contribution to the 'core’ team, and owr commitment 10 & guick
conclusion.

For six months tha Texas Instruments Automotive Sensors & Controls Team has
been supporting the Ford Cors Diagnostic Team with technicsl facts, data, and &
analysls regarding our brake pressurs switch product applied in the Ford cruisa |
contral daactivation circuit.

A senlor T pressure switch engingsar was in resiklence et Ford for thrae weeks to
amalgt with switch related issuss In the syatem diagnostic procass. Senlor Ti
lesdarahip participation has also been involved In virually evary Ford Core Team
meoting delivening facts, data, and technical support year-to-date "89.

Wea also investigated switch capabilty, and using agreed upon accelersted
simuiation Ilfa testing techniques, demaonstratad the sabliity of the modsl year ‘92
& '93, Town Car spesd comtrol deactivation switches to consistantly sxcasd
"cycle life spacificaton™ of 500,000 pressure cyeles. TI Waibull raperta of
prassura switchas tested in 1000 conservatively demoneirate 5% roliability to 1
milion cycies (with confldence intervals groater than 50%).

Addiionally "success testing racords® of some 665 ES unifts that were testad
during the 1891 - 1882 {11/81 - 12/82) showed zero lsakage at 500,000 cycles.

Conclusion to date: 18982 period switches met apacification. 1388 mwitch meets
or axceads specification

Wa hava developad and dallvered a laboratory model of acceleratad plazilc basa
ignitlon of the switch resulting from fluki in the switch cavity coupled with
application of constant power as designed in the speed control circuit. Thaories
from the model suggest that flulde in the switch cavity in the prasence of
uninterrupted power could tead fo a comosion product formation which might
create a plastic bage ignition path.

Ti-NHTSA 017083




Mr. Fred Porter
May 26, 194%
Paga 2

Conclugion to date: Constant speed control power allows long tarm cormosion

In light of thls laboratory model and the need for cruise aystam powsr only during
vehicle operation, we suggeal the system architeciure af “key-onfoff” bazed
powsr be conakdered.

Wa have been open and forthright in our commwuanications and dallvery of
information and we balieve we have bassn instrumentsl In helping Ford addraaa
the underhood fire concem lesus.

In this regard, we think it is appropriate at this point that our active participation
in the diagnostic joumey of the vintage 1892 product move towarda 8 timely
conclualon. Toward this end, we will canttnua to support the "core” team review
of 1992 product history with targeted completion In July 1898. i

We are praparing to fulfil vour raquest for hosting a site visit, supporting
campaign fedd retum device analysis, amd participating in robust system
brainstorming aassinna moving toward conclusion In July, as well a3 reviswing

the optimization of aur product line procéas coantnods.

Qur prime focua at this ime i» in rapidly supplying Ford with 225,000 units Ih
suppart of the field actions.

Regards,

Andrew . McGuirk
QRA Managesr
Taxas Instrumenta

attachments: 1982 Testing History
T T7PY Test synopsis
Tl T7P% Investigation Flow Diagram
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TI 77PS Test Synopsis

Thie document is & synopsis of tests conducted by Texas [natruments during the 77PS
investigation. The intent of this document iy to highlight test findings which drove the
investigation to its current state. Throughout the investigation, several tests were

conducted with the same objective. When sach objecrive was met, sffixts were refocused

to obtain & new level of understanding and to mtablish s new set of objectives. Assuch,

tests have been categorized into (5) levels, representing the level of knowledge cbuained

from the growp of tests conducted. Each ievel is listed below with a short deseription of

the objeetive: -

Lavel 1: Create a laboratory switzh ignition without any restrictions on methods.

Level 2: Crests & lnboratory switch ignition wsing only conditiony found in the switch
operating envirenment.

Level 3: Undematand the laboratory ignition mechanism,

Level 4: Compare factars cantributing to labomtory ignition.

Level 5: Evaluate mcommmendations.

Refer to Brake Preagure Switch Test Log. '
Level 1 Objeclive: Determine if a switch ignition can be created in the laboratocy.

o Teml

Qbjective: Determine if switch ignition can occur under the following
leboratory conditions:

Switch contact cavity flooded with brake Auid mixed with varying
amounts of % Hj0.

14 vaity epplied o one teyminal, second terminal elactrically floating.
(Mo electrical load across ywitch tarminals).

Switeh havport slectrically grounded.

Results: (B} satnples were testad total:
(2) with 4% H:z0 in brake fuid,
(2) with §% Hz0 in brake fluid.
{2) widh 10% H30 in brake fluid.
(23 with 75% HaD in brake fluid.

No ignition sccurred. No significant temperature rise observed in all sarmples,

Cwirent draw ranged from 0.5 mAmps to 5 mAmps aver & period greater than
(230) houtz.

TI-NHTSA 0170885
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m  Tagt2

Dbjective: Determine if switch ignition can accur under the following laboratory
conditions:

Switch contact flooded with brake fluid.

14 volts epplied to one tertminal, second terminal conneeted to a 14 03
reajstor which is tied to groundd. {l Amp loed across spwitch terminals).
Switch hexport electricatly grounded.

Results: {2) mampies were tested, No ighition occurred. No significant
temperature rise ebacrved for a period over (250) hours.

Conclugion: A (1) Amp laad through switch terminats did oot ignite brake fluid
in the contact cavity of switehea,

" Teat6
Objective: Determine if switch ignition can occur under the following ‘
lzboratory conditions: '

Heater element installed it contact caviry of the switch.

Power applied to the hestér ¢lement until plastie bacs mealts.

Spark genetated in contact cavity of swikch.

Brake fluid present in the contact cavity (wet device) and abaent in the
contact cavity {dry device).

Results: {2) dry devices were tested and (1) wed device was tested. Ignition
ocgurred in atl devices,

Wet devies: The internal iemperature of & wet device reached 660°F. A hole
burned through the base of the awitch (close to the heating clement). The applied
spark ignited the fumes in the contact cavity of the switch and sngul fed the hose
materinl af the awitch.

Dry device: The internal temperaturs of a dry switch raached over L000°F. The
awitch base flopped over. The applicd spard ipnited the fumes in the contact
cavity of the switch and engulfed the base material of the switch,

Conclurion: A switch ignition can occur under the following labormtory
conditions:

Heater ciement instailed in the ewitch contact eavity.
3 watts of power disaipated in heating element,
Spark generated in the contact cavity of the swiich,

Brake {luid did not contribute 10 the ignition process.
TI-NHTSA 017086
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Level I: Objeetive: Determine if a laboratory igniticn can ocsur using only switch
componenis and elements found in the awitch environment.

» Testéa

Objective: Datermine if cormonive degradation of switch electricai components
can cause an increase in electricnl resistance (and thus a source of heat) in the
switch, which may lead to an ignition.

Results: (1) out of (15) samples tested increased resistance to § 3. A solution of
5 wt % NaCl in Hy0 can cornode the electrical components of the switch and
cause an increase in electrical resistance. Repeated injectinng of the salution of

5 wt. % NaCl in H:0 into the contact cavity of a switch, with the switch
continuously powered at 14 Volts, can canae an ignition.

Conelugion: A switch ignition can oceur under the following laboratory
conditions: k

A solution of 5% NaCl in H;0 is injected into contact cavity of a switch.
Continucus 14 Vol power applied to the switch.

Hexport i3 grounded.

Current is limited at 15 Ampa.

+ Tesée

Objoctive: Detertnine if brake fluid with metal shavinga is conductive enough 1o
create an ignition.

Results: {3) devices with various size metal panticles were tested. No significant
current increase deteceed,

Conclugion: Metal shavings did not gigmificantly increase conductivity hrake
fluid. Current levely measured were well below levels necessary to create an

» Tem?7

Olyective; Determine if switch meets cycle life specification.

Results: Tests conducted during the first quarter of 1999 show that switches
exeeed cycle life specification.

[ the first quarter of 1999, a total of (42) 77PSL2-1 znep switches were impulse
tested to over 1,000,000 cycles with only (1) leak below 1,000,000 cycles, which

THNHTSA 017087
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aceurred at 728,000 cycles. A Weibull analysis showed 99.9% reliabilicy at
504,000 cycles at 95% confidence Jevel.

Conclusions: Switches meet cycle life specification. First quarter, 1999 tests
confimn impnzlse test Andings made during the perind betwas=n 199t and 1992,
During st periad, {6) impulse taxts on 144 davices of 57P8 and 77PS
construction, had no leaks when tested to 500,000 cycles. A Weibull analysis of
first quarter, 1999 tests, showed 99.9% reliability at $00,000 eveles at 95%
confidence leval.

« Testlla -

Objective: Determine the long term cormslve effects of brake fluid on the
elxtrical components of switches which are contimoualy powered at 14 Volts.

Resulrs: Test wax supended after 550 hours of testing. (6) samplea were tested

with contimious 14 Volts power. The contact cavity of (4) switches contained

now brakee fluid and (2) switches contained old brake fluid. Switches with old

brake fluid drew very little hexport current and showad & dacreass in haxport b
current aver tme to less then 1/10 mAmp, Samples with new brake fluid showed
an incycase in hexport current tn over 20 mAmpa toward the end of the 550 hours
of testing. Anajyses of {1) ssmple with pew brake Buid and (1) sempie with old
brake fluid revesled electrolytic corrogion of the conmet arm of both switches,
There was 3 much lower level of corrasion in the sample with used brake fluid
than the sample with new brake fluid

Conclusion: Brake fluid in the contact cavity of switches, which are at 14 Volts
continuous power for over 300 hours, can cause elactrolytic corrosion of the
switeh centact arm and an increase in hexport current,

o Test |7

Qbjective: Quantify the long term corrosive effectx of new beake fluid oo the
slectrical components of switches under the following laboratory conditions:

Conuzct eavity of switch Rooded with new brake fluid,
Switches at continuous 14 Volta power.

Switches subjected to vibration for (1) hour per dary.
Switches subjacted ta 100°C for (1) hour per duy.

Results: Test suspended after (312) hours. (50) samples tested. The average
hexpart cutrert deaw after (312) hoars is 1.9 mAmps with a standard deviation of

1.E mAmps. These resulis are congistent with results previously found in Test
15a at the 30 hour poimt.

TI-NHTSA 017083
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Conclugion: New brake fluid in the contact cavity of switches, bas not caused an
increaze in hexport current after {312) hours at contoucua 14 Yoits power,

Lovel 3: Objeetive: Understand the laboratery ignition process, determine the current
path and eatablish a repeatable ignition methed,

s TestCb

Ohjective: Understand the ignition prcess, detsrming the cumreat path
and establish a repeatable ignition method.

Resnhts: Multiple attempts at laboratory ignition, via injection of a solution of
£ w1, % NaCl in H;0 into the contact cavity of switches, hay resulted ina
repeatability rate of approximately 50%. Plots of hexport curreat veraes time
show an intrease in current wntsl the point of ignition.

Conclusion: A repeniable laboratory methad for swiich ignition was

established. Bassd on hexport curment measarements, the current path is from

switeh terminals to hexport body. '

When & sohution of § wa. % NaCl in HZ) is repeatedly injected into the contact .
cavity of powered switches, electrolytic cormaion of the awitch terminal

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

through the corrogive resistance, Switch slemends heat up and bogin (o ghow red

hot, A hole bima through the switch base and ignition occurs, There is arcing
visible throughout the cormsion procesy which may provide the spark necessary

for ignition.

Level 4: Objective: Compare and contrast variables influencing ignition uxing the
sstabliched lahoratory ignition method.

e Toegt 11a
Objective: Compare various fluids in the cetablished ignition method-

Results: The following fluida wers toated.

(1) NaCl in H,0.

(1) p water

(1) rain water

(1) used brake Duid

(1) used brake fluid with § wa. % H;0

(1) new brake fluid

(1) new brake fluid with 5 wt. % H,0

The awitch filled with 3 wt. % NaCl in Hy0 resulted in an ignition when average
hexport current axceeded 2.5 Amps. Switchas that wars filled with tap water and
rain water drew less than 10 mAmps over g (3) hour test and showed Little signs of

THNHTSA 017088
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corrosion, Switches filled with w matrix of new and wsex brake fluics, with water
and without water, pl] drew lem than 3 mAmps hexport current draw and showed
no signs of corrosion over the (24) hour test,

Conclusion: Brake fluid is not conductive snpough to canse the electrolytic
comosion and necessary current draw 1o greate an ignition within 8 3 hour Lab test.
Because of its* significantly higher conductivity, an ionic rich fluid such as NaCl
in Hs0 can cause an ignition in 4 3 hour 1ab test exposure.,

s Tast 15

Qbjective: Compare he ignition characteriatios of various plasties a4 awitch beae
material.

Remults: When 5 wi. % NaCl in Hal wes injecsed into switches with differomut
base materialy, the following results were obtained: Cellanex 4300 ignited 3 aut
of 5 awempts. Noryl ignited 2 out of § atemptz. Zytel ignited 1 out of 5 2ttempts.

Conchuions: All plastics tesied can ignite using the established laboratocy }
ignition method. .
= Tamt 15b

Objective: Determine if awitch ignition can occur in the vertical pogition and 4%°
orlentation. Determine if gwitch ignitlon can oceur and at diffsrent rotational

angles in the 45° grientation.

Rosulta: Switeh ignitions can occur in bath the vertical and 45° orientation using

the esteblished laboratory igmition methbod.

Conclusion: Switch ignition does not gppear to be sensitive to vertical orientation
versez 45° orlentation nor to rotatienal angle in the 45° orientation.

Level 5 Objective:
Tost 16

s  Objective; Test proposed relay circuit.

Resuls: (1) switch was injecisd with 8 solution af 5 wt. % Nacl in H;0 and
placed in the proposed current limiting ¢ironit for (48) hours, The current draw
remained conatant at | 30 mAmps throughout the test. Thers was tio activity
observed and the contsct arm remained mostly intact.

(1) switch was brought 10 an impending burn condition using the eetablished bum
method. An impending bum is w condition where a corrosive reaisance has built

TI-NHTSA 017080
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up in the switch and an ignition is imminent. The switch was then placed in the
proposed relay circuit for(18) hours whert it drew 160 mAmps, showed no visible
activity and did net reault in an ignition.

Because the proposed relay circuit acts as & resistor which limits current [o the
switch, the maximum power t the switch is limited to .75 Watts. A resistive wire
was wrapped arpund the base of (1) switch znd 0.75 Watts of power was
dissipated in the wire. The wire became warm to the touch but had no effect on
the switch.

Conclusion: 0.75 Watts, the maximum power in the proposed cireuit design, is
inmufBcient to canke substantial slectrolytic corrosion or significant ewitch
terminal heating, which ia neceagary to creats an ignition. [n previous tests, using
B resistor As the heating ¢lement {Soe Teat 6), approximataly 5 Watta of power was
necesfary (o credte an ignition. -

TINHTEA 017094
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Brake Pressura Swilch Teed Log, Updated 06/24/1999
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Brake PmﬂmTﬁtLDﬂ Lindalad 06/24t1a09
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Brako Pressure Swilch Test Log. Lipdatad 06/24/1999
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77P8L2-1: Impults Deiw Rewuils 11781 - 1282

preliminary draly summary of TT record search findings of May 14:17 1999

summnary by Steve Beringhause & Andy McGuirk May 19th 1999

TI PN TIPSL2-1
Ford P/N: F2VC-9F924-A8
Tasod ¢t ‘'oom emp' per manufacuring 5 requinements
Qey
Lot [mpulea oty
Daix Slze Teated Leak
25-Mowv-3] 4,000 10 .
25-Nov-91 4,000 10 -
05-Dac-21 4,000 0 . .
03=Dacs31 4,000 b ]1] -
09-Dec-21 4,000 10 -
09 Dac-91 2,000 3 .
11-Dec-#1 4,000 10 -
11-Dac-51 4.000 10 -
13-DacB1 4.000 1d -
14-Dac-%1 4,000 10 -
18=Dwc-91 o000 10 -
16-Dec-M1 4,000 10 - i
0d=Jan-93 4,600 1% - -
05-Jan-93 4,000 10 - i
OT=Jan-53 2,000 3 -
04-lan-932 4 000 10 -
04-Jan-42 4,000 10 -
|14-Jan-92 4,000 10 -
14-Jan-92 4,000 10 -
15-Jan-#1 4,000 10 -
28-Jan-932 2,000 5 -
31-Jan-83 4.000 19 -
02-Fab-03 1430 3 -
04-Feb-92 4,000 10 -
05-Feb-91 4,000 1] -
O5-Feb-81 4,000 1o -
10-Feb-92 4,000 14 -
11-Fab-931 4,000 19 .
12-Fab-92 4,000 1o -
12-Fob-92 4,000 10 .
I4-Faby-03 4,000 10 .
14-Fab-92 4,000 10 -
14-Fab-52 4,000 1] -
15%Feb-52 4,000 10 -
24-Falr92 & 000 10 -
i-Fab-91 4,000 10 -
25-Feh-92 4,000 10 -
28-Fab-%1 4,000 10
28-Feb-92 4,000 L] -
2-Feb-92 #.000 14} -
Ofi=Mar-92 4,000 1] -
10=Mug-22 4 D00 1] -
11-Melar-52 4,000 HE -
12-Mur-52 4,000 10 - )
TI-NHTSA 017085
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77PEL2-1: Impuye Dala Results 11/81 - 12/92

1 5-Mar-92 4,000 10
23-Ape-92 2,000 L]
03-May92 2,000 5
05-Muy-92 1,000 5
05-May-92 2,000 L1
14-Sep92 2,000 5
z:'mz ‘1”“’ 'Iﬂ -
30-Sep92 4,000 10 -
07-Oct92 4,000 10 -
17cr92 4,000 i1} -
16-Oc-92 000 L) -
21 -0c=-92 i 000 3 -
2000192 4000 ] - i
20m92 4,000 10 -
219-Oet-92 4,000 1a -
J0uOt-92 4,000 1] .
H=Nov-92 4,000 1 -
10-Now-92 4. 000 10 -
10-Mov-52 4,000 10
11-Now-92 4,000 [+
17-NowRd 2,000 5 - .
20-Now02 4. 1000 [+ - i
O4=Dopc-52 2,000 5 - ’
15-Dinc-32 a.000 3 . 1
l-Drec-92 4000 3 -
15-Dec-92 4,000 m -
| 6-Dec-51 4,000 10 -
15-Dee-51 4,000 i -
21-Dac-52 2.000 5 -
21-Dec-91 #.000 (1] -
Totals units 158,450 558 -] ,

TI-NHTSA 017098
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Epstein, Sally

Ffrom: MieGuirk, Andrﬂrnnuﬂﬂqllnuiln:ﬂcunu
Btz Tuildlr June 91, 1094 536 AM
To: Pachonis, Jahn; Dugue, Bryin; Prody, Gtaghen; Watl, Jim
ce! Baumann, Ruks
Subject: FW. Fond Cone fedimt updite
A AN
FEmaFonTany i L L TEATLOORE T

for your background info s we hoat Stave reimars wads

AUTOCMOTIVE AFH3CRI AND CONTROLE ORA MAMAGER
34 FOREST ST M/3 23-0%

ATTLEROAD, WA 02703

TEL 1 1508) 23&~3020

FAY : 308 236-3743

MCBILE: [%08) Z08-6ll%

PAGE: (9Q0) 467-3700 BIN S04-204d

Frems Mooulirk, Andy

Jent: Friday, May EI 1998 %2 PM

To: 'Frodacick J. !u:tn'

Cas Bsringhauas, 3dtsven; Sharps, Robert
Subject! Ford Coara taam update

Frad, par aur discussicns and Rob Sharpe's viait snolossd ls sur updatas. ..

<<FradFoctCore.docs> <caynopail.dac»»  <LLTESTLOGE .X1a»»
<<TTPEL2 Ll.wler> -

AUTCMOTIVE 3ENBORE RND CONTROLS ORA MANAGER
14 TOREST 3T W/8 13-05

MTTLEEQRD, MA. 02703

TEL z {308) 236~3080

FAX : {308]) 2383743

MORILE: (508) 208-8119

BASEY (8007 44T7T=-37T00 PIN S04-2044
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May 26, 1899

Mr. Frederick ). Parter, Supervisar
E/E Syatems Enginesring

Building 5, Mail Drop 5011

20000 Rotunda Drive, Rm 3EQ004
Denrborn MI 48121-2053

Daar Frad:

[ wart to review our rgcent support of the Ford core team to assure wa do not
have any misunderstandings regarding our prassure switch parformance, our
continued contribution to the ‘core’ team. and our commitment lo & quick
conclusion.

For 5ix monthys the Texas instruments Autormotive Sensors 4 Control: Team has
been supporting the Ford Core Disgnostlc Team with technical facts, date, and
anatysis regerding our brake pressurs switch product applied in the Ford cruise
canirol deactivation clrcult.

A sanior Tl pressure switch angineer was in reaidence st Fond for three weeks to
assist with wwitch related issuss T the system diagnostic process. Senior TI
lsadurship participation has also been involved in virtually svery Fard Care Team
mealng dalivering facts, duts, snd technical suppart year-to-cats ‘99,

Wa also investigated switch capebity, and using agreed upon acceiersted
simulatton life testing technigues, demoneirated the abllity of the modasl year '92
& '83, Town Car spead conirol desctivation switches to consistently excead
"cycla life speciication” of 500,000 presmuae cycles. T1 Weibul reporis of
pressure switchas tested in 1998 consarvetvely demonstrate 35% rekaebllity to 1
million cycies {with confidence intervels greater then 50%).

Addiionaily "sucosss testing records’ of some B85 ES unis that were tested
during the 1881 - 1982 {11/81 - 12/82) showed 2ero [askage &t 500,000 cycles.

Conchuslon to date: 1992 period switchiss mat spacificstion. 1985 switch meests
or noeads specification

Wa have developad and daliverad a labarstory model of scoslerated plastic bass
igrition of the switch resulting from fluid in the switch cavily coupled with
application of conatant power 88 desipnad in tha speed confrol clreuit.  Theories
from the model suggesi that flulds in the wwiich cavily in the presence of
uninterrupted power could Teed t0 a corrosion product formation which might
cramle & plastic bass igrwtion path.

TILNHTSA 017098



Mr: Fred Forler
May 26, 1998
Page 2

Conclusion to date. Constant speed control power gilcrwa long tecm corosion

In light of this laboratory modal and the need for crulee systerm power only during
vehicla oparation, we suggest ihe system architecture of “key-onfoff* based
power be conslderad,

Ws heve besn opsn and forthright in our communications snd delivery of
information and we belleva we have been instrumantal in heiping Ford addrass
the underhood fire concerm issue.

In this regard, wa think it |s appropriate ot this point that our aclive paricipation
in the diagnostic journey of the vintage 1952 product move towards & timely
conclusion. Toward this end, we will continos 1o suppornt the "cons” team reviow

of 1982 product history with targeted campistion in July 1998,

We are preparing Lo fulfil your requast for hosting & site visit, supporiing
campaign fisid ratum device aneiyels, and participating in robust ayetem
brainstorming sessions maving toward conclusion in July, as well as reviewing
the cptimization of our product fine process contrets.

Our prima focus st this tima is in repldly supplying Ford with 225,000 units in
aupport of the fisid actions.

Regards,

Andrew C. McGuirk
QRA Maruger
Texgs Instrumants

_ atschmenis: 15902 Testing History

T1 T7P8 Tast synopsis
T TTPE vestigation Flow Diegrem
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TI1 77PS Test Synopsis

This document ia & synopsis of tests conducted by Texss Instruments during the 77P8
investigation. Ths intent of this document is to highlight e findinga which drove the
investigation to ity current state. Throughaut the investigadon, several testy were
conducted with the same objective. Whan cach objective was met, efforts were refocused
to obtain & new level of understanding and 10 establish a new set of objectives. Aa such,
tests have been categorized into (5) levels, representing the bevel of knowledgs obtained
from tbe group of tests conducted. Each level is listed below with w short deseription of
the chjective;

Level 1: Create & laboratory switch ignition withour any restrictions on methods.

Level 2: Create a laboratory switch ignition using only conditions found in tha switch
opeTiting environment.

Level 3: Understand the laborstory ignition mechanism,

Level 4. Compure factons contributing to lahoratory ignition.

Leval §: Evahuats recommendations.

Rofer to Brake Pressne Switch Tegt Log
Level 1 Objective: Detarmine if & switch ignition ¢an be created in the Isboratory.
s Teq!l

Objective: Determine if switch ignition can ocour under the following
Inboratory coaditions:

Switch contact cavity flooded with brake fluid mixed with varying
amounts of %4 Hx0.

14 volts applied to ona terminal, sacond terminel electrically floating.
(No elactrical load across switch terminaly).

Switch hexport electrically grounded.

Results: (8) sumples wexe tosted tetal:
(2) with 4% H0 in brake fluid,
(2) with 6% Hz0 in brake Huid.
(2) with 10% Hy( in brake fuid,
(2) with 75% Ha0 in boaice fuid.
No ignition occurred. No significant temparature rise observed in all sampies.

Curresy draw renged from 0.5 mAmps 10 5 mAmps over a petiod groster than
{250) hours. :

TI-NHTSA 017100
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o Test2

Objective. Deterrnine if switch ignition can ageur under the following laboratory
canditiony:

Switch contact flooded with brake fluid.

14 volta applied to one terminal, second terminal connected to a 14 £}
resistor which is tied to ground. (1 Amp load across switch terminals).
Switch hexpart efectrically grounded.

Results. (2) samples were tested. No ignition ocourred. Ne significant
temperature rise shservad for a period aver (250) hours.

Conelusion; A (I} Angp load through switch terminals did not ignite brake fluid
in the contact cavity of switches.

u Testh

Objective: Determnina if switch ignition can occur under tha following
labomatery conditions:
Heater slement installed in comtact cavity of the switch.
Power applied to the heater elament until plastic base melts.
Spark generated in contact cavity of switch.
Braka fluid present in the contics cavity (wet devics) and absent in the
contact oavity (dry device).

Results: (2) dry devices wore tested and (1) wet device was tesied. Ignition
occurced in all devices.

Wet device: The intemal tempersture of a wet davice reschad 660°F. A hole
burnad through the base of the switch (close to the heating siament). The appiied
spark ignited the fumes in the coatsct cavity of the switch and eaguifed the base
material of the switch.

Dry device: The interny] temperure of a dry switch reached over 1000°F.  The
rwitch base flopped over. The applied spark ignited the Aumes in the contact
cuvity of the switch and engulfed the base maberisl of the seritch.

Conchusion: A switch ignition can occur under the following nborstury
conditions:

Hemter element installed in the switch contact cavity.
5 watts of power dizssipated in heating slement.
Spark generated in the comact cavity of the switch.
Braka fluld did not contributa to the ignition process.
“_ﬂm“nﬂﬁi

TT 7771 Tanl Synopels 14/1253



Leval 2: Objective: Determine if a laboratory ignition can oceur using only switch
companents and eiements found in the cwdteh environment.

+ ToetGa

Objective: Determine if cormosive degradation of switch slectrical components
Cart cBuse ant increase in electrical resistance {and thes & source of heat) in the
switch, which may lead to an ignition.

Rasults: (1) out of (15) samples tesred Incranssd resistance to 5 029, A solution of
5 wt. % NaCl in Hy0 can corrode tha electrical components of the switch and
Gause 80 increass in electrical registance. Repeated injections of the solution of
5 wi. % NeClin H;0 into the contact cavity of a switch, with the switch
continuously powered st |4 Volts, can cause an ignition.

Conclusion: A switch Ignition can occur under the follgwing laboratory
conditions:

A solution of 5% Nall in Hy0 is injected into contact cavity of &, switch.
Contimaous 14 Valt power applied to the switch.

Hencport ia grovunded.
Cmmillimitadntlihm.

s Testbc
Qbjoctive; Determine if braloe fluid with metal shevings is conductive enough to
create an igaition.

Results: (3) devicos with various size metal particles were tested. No significant
current increass detacted.

Conclusion: Mistal shavinge did not significantly increase conshictivity braks
fluid. Current levels maasured were wull below levels neotasicy to créate an
ignition.

+ Temt?

Objective; Determine if switch meats cyele [ife specification

Results: Tests conducted during the first quarter of 1999 show that switches
excoed cycle life specificaxicn.

In the first quarter of 1599, o total of (42) T7PSL2-1 smap switches wers impuise
tested to over 1,000,000 cycles with oaly (1) leak below 1,000,000 cycles, which

TI-NHT8A 017103
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ocowrred ot 728,000 cycles. A Weibul! analysiy showed 99 9% reliability at
500,000 cycles mt 95% confidence Jovel.

Conclusiony: Switches meet cycle life specification. First quarter, 1999 ess
confirm impulse test findings mads during the period between 1991 and 1992,
During that period, {6) impulse tests on 144 devices of 57PS and 7788
canstruction, had no lenks when tested ta 500,000 cycles. A Weibull analysis of
first quarter, 1999 tests, showed 99.9% raliability at $00,000 cycles at 95%
confidence level.

a Test [5a

Objective: Determine the long term corrosive sffects of brake Auid on the
electrical components of switches which are comtinuously powered &t 14 Volts.

Results: Test was nuspended after 350 hours of testing. (6) samplas wers tested
with continucus 14 Volts power. The comtact cavity of {(4) switches containad
new brake fluid and (2) switches containad old brake fluid.  Switches with old
brake fuid drew very little hexport currert and showed & decrease in hexpornt
current over time to kess than 1/10 mAmp. Ssmplea with aew brake fuid showed
an increxse in hexport current to over 20 mAmps towsrd the emd of the 550 hours
of testlng. Apalyses of (1) sample with new brake fluid and (1) sample with old
brake fluid revealed slectrolytic cotrogion of the contact arth of bath ywitches.
Thers was & puch lowsr lrval of comoion in the wmple with used bealce fhuid

Conclusion: Brake fluid in the contect cavity of switches, which are at [4 Volts
continuous power for aver 500 hours, can cause alecirolytic cormosion of the
switch contact armn and an increase in hexport current.

a Testl7

Objective: M&cbuhnmmmﬂmmﬁwmh
electrical components of switches under the following laboraory conditions:

Contacs cavity of switch flooded with new trake fluid.

Switchas at contimzous 14 Voits power.

Soritches subjected to vibeation fior (1) our per day.

Switches subjected to 100°C for (1) hour per day.
Resulty: Test maspended after (312) hours (50) samplas tested. The average
mmmmmz)muumm:mmﬂ

1.3 mAmps. These results are consistent with results previovaly found in Test
152 xt the 300 hour point.

TI.NHTSA 017103
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Canclusion: New brake fluid in the contact cavity of switches, has not caused an
increass in hexport surtesik after (312) haurs at enntimuous 14 Valta pawer.

Level 3: Objective: Understand the Isboratory ignition process, detarmine the current
path and establish a repantable ignition method.

s Tem Sb

Objective: Understand the ignitlon procnss, detesmine the current path
and establish a repestable ignition method.

Rasylts: Multiple attempts at laboratory ignition, via injection of 4 solution of
3 wit. % NaCl in Hy3 into the contact cavity of switches, s resulted ina
repeatability rate of approximately 50%. Plots of bexport curret verves time
show an increase in current until the point of ignition.

Conclumion: A repestable Iabotatory methnd for ywitch ignition was
entghlished. Based on hexpart cument measurements, the current path iy from
switch tarminals to haxport body.
Whet a solution of § wt. % NeCl in Hy0 in repeatadly injected into the contact
cavity of powered switches, electrolytic cormosion of tha ywitch terminal
resalts in sn increase in terminal resistance. When sufficient power iy drawn
through the cortosive resistance, switch elements heat up and begin to glow red
hot. A hole bams through the switch hese and ignition occurs. There iy arcing
ﬂhﬂhmmmmdmmwﬁehmmmwkmm
ignition.

Levsl 41 Objecitve: Compare and coruras veriables influencing ignition using the
established ixboratory ignition method.

s Testlda
Objactive: Cormspare various flulds in the sstablished ignition method.

Paaits: Tha fallowing Auids were tested.

{1) NaCl in H;0.

(1) tap water

(1) raxt waber

(1) used brake Suid

(1) used brake fuid with 5 wt. % Hz0

(1) new beake fluid

(1) nww brake fluid with 3 we % H:0

The switch filled with § wt. % NaCl in Hy0 resulted in an ignition when sverage
hexport curent axcesded 2.3 Amps. Switches that ware Alled with tap water and
raln water drew less than 10 mAmps over & {3) hour test and showed little signy of

YI-NHTSA 01710
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corrosion.  Switches filled with § matrix of new and uged brake fluids, with water
and without water, ul drew lesy than 3 mAmps hexport current draw and showed
oo figod of corrosion over the (24) hour teat.

Conelusion: Brake fluid is not conductive enough to cause the electrolytic
cemesion and necesanry current draw to creste an ignition within u 3 hour lab test.
Because of ita’ significantly higher conductivity, an ionic rich fluid much as Nacl
in H30 can cause an ignition in a 3 hour lab test exposure.

* Test 15

Objsctive: Compare the ignition characteistics of various plasiics as switch base
material.

Resiilts: Whan § wt. % NaClin H;0 was injected imo switches with different
base materials, the following results wers obtsined: Ceollanex 4300 igmited 3 out
of § atterpts. Noryl ignibed 2 out of § attempts. Zytel ignited 1 out of § atteompts.

Conclusions: All plastics tested can ignite using the established lnboratocy
ignition method.

s Tost 150

Objective: Datermice if switeh ignition can ocour in the vertical position and 45°
ocientation. Detarmina if switch ignitidn can occur and &t different rotational
angles in the 45° orlemation.

Remilts. Switch iguitiony can occur in both the vertical and 43° arientation using
tha established labaratory ignition method.

Conclusion; Switch ignition does not appesr to be smsitive to vertieal orientation
versas 45° oriantstion nor to rotational angle in the 45° arleatation

Level § Ohjecaive:
Tot 16

Objective: Test propossd relay circuit.

Rewults; (1) switch was injected with a solution of 3 wr. %4 Nacl in Fa0 and
Mnhpmpudmmmﬂr(ﬂ)m The current draw
romained constant ut 180 mAmps throughout the test. Thers was oo sctivity
observed and the contact wrm remained mostly intact.

(1) sovitch was brougit to an impending burn condition using the cstablished bum
method. An impending burn i 4 condition, where & cormosive realstance has built

6 TINHTSA 1740
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up in the switch and an ignition is imminent. The switch was then placed in the
proposad relwy circutt for(18) hours whege it drew 160 mAmps, showed no visble
activity and did nat result in an ignition.

Bacause the proposed ralay cirguit acts as a resistor which limits current to the
switch, the maximum power to the switch is limited to .75 Watts. A resigtive wire
wis wrapped around the base of (1) switch and 0.75 Watts of power was
dissipated in the wire. The wire hacama warm to the touch but hed no effect on
the switch.

Conclusion: 0.75 Watts, the maximum powsr in the propased circuit design, is
insufficient 1o cause substartial electrolytic corrasion or siguificant switch
terminal heating, which is necessary to create an ignition.  In previous tests, using
a resistor as the heating element (30¢ Tex 6), approxitmntely 5 Watts of power was
DECBSSArY 10 CTeate 4n ignition.

TI-NHTSA 017108
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Brake Presouwe Swilch Test Log, Updaled 022/59

asi] Locabon F |-lm_ _ ) mﬂ
Lab ] 1 _ﬁ waler concaniralians in "'new’ Bralke Flald howurs Gurmasl draw i the 0.5mA b mage
of Potantial Iﬂ\'d:hnl ; Flusin] s, tponior .
in Sustoh Conc 4%, 0%, 10%. T9% HIWTWMT#M
ininraal Anplysis suspentid.
2 [ puka Flbd 250+ hours. Conulant tamparetire.
1 Amp Through switch lammaks o signilicant hpeisture fise with time
14%dc % ane harminal, hewport groundiad Tont Suspended
3 ANT Bralis Fluld in Switch. 24 VDU to ome > ) hours o tasl_ oy cotrant 7k
. Hemport Grounded | No sigeiicant changs wih Eme. Taal sumpended
4 ANY | weel Bimica Fliid In Guiich, 24 VDG lo- oné T8 hours inho M) s cTernt SmA
[ ‘Asnblartt &t 100 ¢ rnguralinw fibe wilh Gme. Tl Snendel
[ AVT Bras Fliid in Switch, 18 Ampy rie O 20  whove marm,
maiich jarsinals T roached shoady cials al 20 L. Test suspanded.
[ ANT___ | new’ Birmiee Fuid In Swilch spprax. 50 Amps oes o 2T F. No smoke. No ignilica
Bwiich Tarminals el suspandad.
8 T

101110 VEAHNLL

'Hihll.lil Walar, oki B haw BF and ather
do nol coslrihats £ 10 brake Buld




Brake Bresmus Svitch Test Log, Updaiad 82200

el e
s 7 Tl D-1400 pai ot 1350 Fant ok otchivie] & 00
Prossumn Swalth Tasd Bon stheched YWeibull Clad.
o 1 LT
Waad [] 1400 ot 136C. Paris wilivdirres Pk chracterizod for wear
aid vé Lab Comalalis ] Lube trom doales i Cantral Labrs, taa Ford '
: 1) ] 10 wilar coacentrations i ‘v’ Bwake Fhid__[Test weitien ion continues.
Fachos 12 - 12 wdichas wi 0 " wle' I BF at 1.3 milinn with no faaks obhsenspd.
Vit 12 saap + 12 walinhas W' 5 3 vl i BF a 13 ilion with 2 leaks
taat o 1304, Cuslel samples suspendid s S00K ciries W
B iy enaimiiat.
e
Vahicle Characuriraiiva | 11 ANT Prassuss and - aak & AVT. ...san chpats. . In car?
Prociure & il Boslioh Lusaiion for ABS snd won-ARS
in Tommn Car ik
Ruid analysm 118 rnles Suld ut el nansher Cumplate. _ .
Iﬂlﬂ_rﬂg. LC), usdad bigplis el ot the UG Busdi5jupell, Fs=58 , Cr=00R 1.1 W30
ny braios fuid for whd wakl  JUCA- Cu =552 Fa= 60 Cr= 1.9 g, 1.1 RH20.
. Cu= <O Fa= b2 = X1
M Caniral Labw | Duarsniee foamne i swiich N n ui Cantral Labs.
] chioh londe snd video. Expernantad wiih v ‘sigificant” sparks abserved
iy saliches me ik Baliches:
rmka Sl wmlne rbaen
13 | Cawind Labs naacheniosl il wal
nairioved foim fald chamical of lumad swiiche n
[ )
ingress Tesln 1% mn sivulaficn with Sl fulds. Test _
|5% NaCl i bn &0 § i
- Mall i th wabar | AR bralks Buid e brss Than 3 MNa comosion
3 [raan vanlew - hvisibla on brake fuld .
T i R woskar and b wlant S drew <10 aned showstl
El _ong wabe 8 wigaes of corrasion.
=
il
E Tesiiogh Page 2 of




Brake Pressura Swilch Tesl Log. Updatad 82206

{used braks fuld ical snlysis In procans.
inknd hralon Mid w 5% H.O
trake fid
trwle Rald W' 5% H0
waler comeaniralions i ‘i’ Brake Fluk
18 anep + 30 quisl swlichas wi 0 % waler is BF |
T80 snap + 265 curel malichen Wi 5 % waber 18 B
of [ Dupont in of ] [T . Ol acid shows
Owenlic Aoxd vt % sl Scinl in brwice fheic simiias alincts thet welnr kas an i
of 15 LL — thom mad | ol nacpandal
wilh Ingroved of ranin with aAdves wlansas and Hlond yelind 3G and 2/5 Wals
IYTEL w15 '
ducalion brafor 15a i] samples wills naw e Buld [ [
S s sl B brmive Suld curnd drogped off to <1790 mamp.
Wex BF L1t o IRENSALAS wa' M unchir st
of Sudich 166 L1 -ﬂm i wwiich orieadation. I Indepandnt of switch orsntaion.
il votabitnd n ofienilion. nol Stk 10 guvilch retabionad
Clrcult L] n fest 13n In F-ond ssky cicull for (AR} by, complale. No Cotrosion rate Tasduoed.
gl il iy in indmilicient in clroull o aabe or mcwy bowsred igndbiorn in b
n s alornent was wanm o tha touch.
max. ool into hambar on malich.
dmralion benks Suid n wailh sumas hurpks nat 12} holn cormglabad
Lost number 2 hmcport currant is 1.8 mAmg tedeviation = 1.5 mAmpe}
- (1) hot 900k wl TOU g (- pov duy
F
x
Tg[l i
=
ik
=
-l
2

Tacianl Pans 3 of %




7IPBLI-1: impuise Owta Rasutts 14704 - 12792

praliminary deall semmary of TT record search Modings of May 14-17 199%
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TTPSLA-1: impuiss Dp Sesgie 1191 - 12/82

1B-Mar.92 4,000 10 .
D-Apr92 1000 L] -
a3 1,000 3 -
SMuy-92 1,000 3 .
eMayS2 2000 5 .
1486092 2,000 5 .
2Sep92 4000 10 -
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16-Oct-92 4,000 10 -
A-0ct52 2,000 s -
00ct92 4,000 10 .
9092 4000 10 -
9092 4,000 10 -
00097 4,000 10 .
HNov-92 4000 1o -
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H-Nov92 4,000 10 -
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20-Now92 4,000 10 -

D2 2,000 5 -

9-Dec-02 2,000 1 -
l-Dec-92 2,000 5 -
L6-Dec-33 4,000 1) -
15-Dac-02 4,000 10 -
1§-Dac-02 4,000 0 -
il-Dac-9T 2,000 s -
I1-Dec-S2 4,000 10 -
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C"ﬂl Fat

From: Andres, Amy [aandrea@amail me.ti.com]

Sent: Tuesday, June 01, 1999 12:46 PM

To: Siuzdak. Allan; Chum, Stephen; Griffin, Hank; Hopkins, AL . Kill, Betv: Su, Rose
Ce: McGuirk, Andy

Sabject: FW: line audit by fard

I an forwarding this far your informatlon. It appears that Ford will ba
viEiring tomorrow and the agenda follews. I do not sas 3 Time far a Lab
touz, but please ba praparad.

Thank yaou!
Eeac Asgards,
Any Andreid
dancdrasfti.com
ZIGLlE pgulEs2

Troms MoGulrk, Andy

Sant: Tussday, Juns 01, 1999 1:280 PM

Tos Pechonla, John: Proia, Staphen: Amaral, PFaul) Watk, Jim:
Baringhausa, Stwven; Dague, Bryany Sharps, Aobert

co: Bauvmann, Auaa; Rowiand, Thomas; Hayned, John: Aodrad, Amy) Douglas,
Charley

Subjeck: 8E: line audit by ford

te complete final preparaticna for our Ford audit, ple join 5 “ln bldg 12-1b
At 7 am wadm to revisw our praps and maks anoy last minves adigarmencs

palow was che agenda i dent to fred for final cwaclution.....oaa
AUTOMOTIYE SENSCRY AND CONTROLS QRA MANAMIKR

14 TMOREST 3T M/9 23-G3

ATTLERDRD, MA 02703

TEL : (5D5] Z34=3080

TAX : (308} 226=-374%

MOBILE; (S08) 20A-8119

PAGE: (BOA) 487-3700 PIN S04-2044

From: McGuirk, Andy

sant; Tussday, Juns 01, 1999 12:41 PH

To: 'Fradurick J. Portar'; "Steve Rsimmrs’'

el Sharpa, Robart; Baringhausws, Stevan) ?rola, Stephan
Jubjact: Fard viait draft agqenda for June Ind visie

fred and Stwvw, I'd likm to propoas the Eollawing agends for tomorrow's TI-NHTSA 017112



TLSAT By Fteva:

The flight ahkould place Stevs inCa our Zanfarence toom cara of Rob 3!
beatwman 3:1% and 3:39,,. wich a "Firmai™ stars a= 3:3], I s us
agccmplishing che cransition of 23re team Eocus from praduct co pEGoEad,
having an JpdAte on cocrodion Stabud, and reviswlng procass controls fram
92 with discussion abour Alfferencas and ~hangea to "99. acaE reaview
this "CRAET™ and talk about Efinalizirng samm thia afterncon...

ARRIVE TI BLDG 12-1A CONF AQgel AND INTRODOCTIONE/SCOFFEE
9:15 = %:30

FINALIZE CBJECTIVES OF THE DAY ANDY M
9130 - 9:1dQ

FORD ISSUE OVERVIEW AMOC CIALOGUE STEVE R AND AMDY MW
9:40 - 9150

TI BAAKE SWITCH/CORROSION REVIEN - UPDATE STEVE B
9:50 - 13:15

BARKE SWITCH ASSEMALY PROCEIS OVIRVIEN STEVE F
10:15-10145

TIME-LINE DISCO3SION....MANUAL V2 ADTC CRIMF STEVE P
l0:4% =11:1%

CAIME PROCESS CONTROLS...CLE, UOWNTROLS STEVE P
11:13=11:30

LIRE TOUR - LIRE DIZCUSSIONS STEVE F
1L110- 12:30

WORKING LIMCH
ALL 12:30 -1:00

CISCUESIONS, MORE LINE TOUR, NWEXT STEPS ALL
Li0D -~ 2:40

FORD CONE TEAM CONFEREHCE CALL. ... WRAR-DP ALL
2:00 - 2:10

REEMAT FOR AIRPORT STEVE B &
aoa 5§ 2:30

TI-NHTSA 047113




From: MoeGuirk, Andy

Sanc: Friday, May 2%, 2399 3:38 AM

To: Fechonis, John; Proia, Stephen) Amaral, Paul: Wate, Jimy
Seringhauas, Sceven; Jagus, Bcyan; Sharps, Robert: McGuirk, Andy

-3} Baumann, Russy Bowland, Thomas; Hayneés, Jahn; Andesa, Amy)
Douglag, Charlad

Subject: RE: l.pe audit by ford

Ieportanca: High

wl lave agresd to host a vipit by stuve relmers on wads
june 2nd for & 930-200 visit to tha aperacloos. calr ahazpe will attend.

ford understands gur isausd trying to accooodats the vislk
with our currant conflict of launches and vacationa sgg,

(wa will al30 continus to plan on 4 larger viait L7=-13
1une. |

Wi Will atact wedd with tha sxtsnded tean, intro and days
ap]aceives, .. . andy

quick Esrd lLiadud aVdrview dfid dialodum by stav ¢
i!-lllilllllllll-i-lllll--i..nd?

maybes look at brakm fluid corrocalon status
saxplay. . .photos. . ..Ehe corrgalon mtory.....stees b

line overview and Kay procass
pArAEaters................ AtATE P

lat stave r tall us the stary of ford
CONCRENE CAUENS. . .. Bheow the 14 4 272 (L'l ery oo inunnln teve T

wa yhould plan on the clms lins discussion{sp/bg/bd! and =he
crimp controla (bg/sp) am wall ma yisld data.

show photos Qf ‘manual' w3 auto crimpars and discusy
AlEfaEancCll- .- v rmnaaaARAVE P

show crimpar controla......tools geometcy conmtrols
ForvavasnnarssrrsnnrsnanansasssALATE D

deaiqn lab tour to 3ee the testing process and che fupport
systems..... rraaamn heyan d

digzpgaions of what the likely parassters are of
ifEtéradt. ... .cause and affact Jlagram,... ateva p
: prapara to gu into pfowa and d faead and contrel 114
Plan....:.: .. ccauns.jim w & paul & and Deyan d and bob g “‘H“mu1?




wEap up and make plans for the 17th visit
parcicipate in ford Zpm Sors Ce4m Meebing

cepart to airport at 230 pm

pla ceviaw and commant via phone to ma

i Juggest wa inclucs a line overviaw and hawe counssled
aavaral kay techa and leac cpsrators £or poasible dislogus wikh soeve during
tha svantysll Iine tour {lats hald a ssesion with Ehem tusaday !)

a

AUTOMOTIVE SENSORS AMD CONTROLA ORA HMAHAGER
34 TORCIT BT M/3 23=-05

ATTLEBORC, MA 02703

TEL : (50B) 21&-3080

FAX : [508) 136-374%

HOBILE: (504) 208-611%

BAGE: (800 467-3700 EIM 604-2044

) TI-NHTSA 017115




Epstein, Sally

From: v ¢ Nefuirk, Andy [a-meguindarmall me. b com]

Stz Tuesday, Juma 07, 1955 12:20 P

Te: Pachanis, John; Prola, Stephan; Amacal, Paul; Wait, Jm; Beringhauss, Sisven; Dagus,
Bryan: Shame, Robart

ce: Bawnsnn, Ryss; Rowtind, Thormas; Heymes, Join; Andma, Amy: Couglos, Chades

Bubject: RE: lina sudkt bry ford

to completa flaal praparitlons for our Ford audit, pla join ma im bldg L2=1b at 7 am unde
to raviaw our preps and meke any last minutes adiuvscmenta

bmlow waw the sgmndz 1 mank ¢o frad far final cesolutlon........
AUTOMITIVE DJENSORE AND CONTROLS QRA MANAGER

34 FCRERT 8T M/9 23-0%

ATTLERCRD, MR 02703

TEL 1 (308) 236-3040

FRX 1 {3041 210-3T745

MOMILE: (3Q8) 208-&119

BRGE: (900) 467-31700 PIN &04-2044

From: MeGuirk, Andy

Jenty Tuaaday, June 0L, 1953 12:d4] PM

Ta: 'Feadeclck J. Portes's ‘dtevm Aajimers'

[»-H Sharps, Rohmrt) Baringheause, Staven; Brola, Stephan
Jubjucc: Ford vislt drafc agenda far June 2nd viait

Fred and Steave, I'd liks to proposs the following agends for tomorzow's visit by Steve;

The Elight should placa Stwwa ioto cur confwcence coom {care of Rob &) beotwean 5115 and
§:30... with a "formal®™ start at 9130, I ves ug aceawplisbhing Bha Cransibicn of coEe
team focus from product to proosss, having an update on corroalon status, and reviswing
process controla from '8 with discussios ahout aiffersncas and changas to '9%. lats
ceaviaw this YDRAFT™ and talk abeut finalizing same this afterpasn...

ARRIVE TI BLDG l2-1A CONF HODM AND Ilﬂ'mﬂlﬂilfﬂﬂﬂlt 9:13 -
9:30
FIMALIZE CBJECTIVES OF TEE DAY ARDY W
9330 - 940
1
TI.NHTBA 017116




FORD I33UE OVERVIEW AND DIALOGIHE STEVE R AND ANDY M il =
3;30

TI ARAKE SWITCE/CORRUILION REVIEW - UPDATE STEVE B
9:50 - 10113

HRAXE SWITCH AAEEMBLY PROCESE CVERVIEW 3TEVE P . LO: 15
18:45

'i‘IH!-LIHE DISCUSSION, .. MANUAL 3 AUTO CRIMF STEVE P
i0: 43 -L1l:15

GRIMP PROCES] CONTROLS...CsE; CONTROLA STEVE P
L1115-11:30

LINE TOUR - LINE DIACIISEIONE STEVE F
1i:30- 12:30

WORKING LONGCH ALL
12:30 -1l:00

DISCUSSIONS, MORE LINE TOUR, NEXT STERH ALL
is00 - 200

FORD CORE TERM CONFERENCE CALL. ... WRAME-UP ALL
2r08 - 2:30

DEPART FOR AIREORT ATEVE R & RGE 3
2i10

Fram: Mctuirk, Andy
Bant: rriday, May 24, 1999 9:30 AM
To:  Pechonis, John) Frela, Staphen) Amaral, Paul; Watt, Jim: Baringhauss, Steven;

Daguw, Bryan) Sharpse, Robarty MeSulrk, Andy
fer Baumann, Auas; Rowlaed, Thewas) Eaynes, John) Asdees, Amy: Dauglaas, Chartlens
Jukjects: RZ: lina audit by fopd
Inparbancs) Aligh

TLNHTSA 017117



wp have ageawd ta hest 4 viiit by steva raimsrs on weds  juna 2nd for a 330-204
vinit to cha opmcations. ech aharpw will atcend.

ford undergcapcds oue lesus? Erping €0 accomwsdats the vialt with odE Currsnt
conflict of launchas and vacacilona ete,

{wa will 2134 continua ko plan on & larger vialt 17-18 Juna.)

wa will sCart weds with tha extended taam, intro and days objectives..,.apdy
quick ford iasus overview and didlogue Gy stev [ .sicimeneanns P ren e s ATNEY

oayby Lock ab brake Eluid corcoslon atatus aamples,..photoa....the cprrosion
ALQEY. - ... EtAVE b

line cvarvial and kay procais DAXEMGEEES, . . +a:-can sraaeALAVE P

let stwia & tall us the story of ford cancerne/caumes....shew the 14 d 77 [1i'l1
t:? }tllllllllllll.:.“ :

wa should plan an the tima line discussiconisp/hg/bd) and the crimp centrola
“hﬂflj] as wall as yiwld claba,

show ghotos of 'manual' va aute srisperd and dizcuss
GlEEACANCET . a v sarssrenan o AEOVE P

show crimper contzold....-.togls gacmatey controla
Tervavarsrsanrssnsnararsrnraaa-Atave p

design lab tour te zes tha tasting procems and the suppart
ayatems............0ryan d

discussicna of what the 1ikaly warametezs are of inteesat.....cauae and affect
diagzam.... atevm p

prapars ta go loca plm and d Emea and cofitrol pl.nlillllll!llll!llljin Wk FI.H].
4 and bryan d and bob g

wreap up and maka plans for the 17¢h vimit
pacticipats in fopd Zpm cors tmam measting

depart to alrpert at 23] mw

Pl7 peview and cormmpt via phane to ma

i suggeast wa include a linw gwacvisw and hawve counawied asveial iay tacha and
laad aparators for poasible dialogue with stave during the sveAtuall line tour |late hald
a saswicn wich tham Lussday 11

TLNHTSA 017118
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AUTCWOTTVE AEHSORS ANMD CONTROLA QRA MAHAGER

14 FOREST 3T MW/3 23-0%
ATTLEBRORD, MM 02703

TEL : 138) Z36-108{]

FAX : (508) 236-1745

MOBILE: (508} 2]08-6115

BAGE: (840] 487-3700 PIN &D4-2044

TI-NHTSA 017119




Currey. Pat '

From: McGuirk, Andy [e-meguirk{@email me.t.com]
Seat: Tuesday, June 01, 1999 2:45 PM

To: "Steve Reimers"; 'Frederick J. Porter'

Subject: FW: Ford visit draft agenda for Fune 2nd visit
Importance: High

o ————

Trom: MoCGulrck, Andy

Sant! Toaaday, June 01, 1999 12:41 PM

To: 'Fredarick J. Forter'; 'Stave Relmers'

Co Sharpe, Robert; Beringhauass, Stevan; Proia, Stephen .
Bubjact: Ford visit draft agenda for June 2nd wismik

Frag snd Steve, I'd like to proposs tha following agenda for tomorrow's
wigit by Stewve:

The flight should place Steve inta our confersnce room {care of RAoch 5)
betwean 9:15 and 9:30..., with a "formal® atart at 5:30. I 5ee us
accormplishing the transition of core team focus from product tg process,
having an update on corrosalan atatus, and revlawing process controla from
‘92 with discussicn about diffaerences and changes to '9%. leta review
this "DRAFT" and talk about fipalizing samm thia afternoon...

ARAIVE TI BLDG 12z-1R CONF ROOM AND INTRODUCTIONS/COFFEE

9:15 - 5:30

FIMAT.TZE OBRJRCTIVES OF THE DAY ENDY M
9:30 - %:40

FORD ISSUE OVERVIEW AND DIALOQGEUE STEVE R AMD ANDY M
3:40 - 5:50

TI BRAKE SWITCH/CORROSION REVIEW - UPDATE STEVE B

5:80 - 10:15

BRAKE SWITCH ASSEMBLY PROCESS OVERVIEW aYEVE I

10:15-10:145

TIME-LINE DISCUSSION....MANUAT V5 AUTO CRIME STEVE P

10:45 =11:13

CRIME FROCESS CONTRCLS...C&E, CONTROLS L5TEVE P
11:15-11:30

LINE TOUR - LIMNE DIECUSSIONE STEVE P

11:30- 12:30
WORKING TLUNMCH

ALL 12:30 -1:00
DISCUSSIONS, MORE LINE TOUR, NEXT 3TEFS ALL
1:08 - 2:00
FORD CORE TEAM CONFERENCE CALL....WRAP-OP RLL
2:00 - 2:30
1 TI-NHTSA 017120



DEPRRT FOR AIRPORT
ROB 5 2:3Q

AUTCMOTIVE SENSCORS AHD CONTEOLS CRA MANMGER
34 FDREBT 2T M/5 23-05

ATTLEBCRO, MA 02703

TEL : (508) 236-3080Q

Fax : {308} Z36-3745

MOBILE: (508) 208-F1189

PAGE: (800} 467-3700 PTN b0d-2044

=TEVE B &

TINHTSA 017421



I‘.'nr_rgl Pat '

From: McGuirk, Andy fa-mcguirk:Zematl.me.ti.com]
Sent; Tussday. June 01, 1999 [ 141 AM

Tt Frederick J. Porter'; "Steve Reimers'

Ce: Sharpe, Robert: Beringhause, Steven; Proia, Stephen
Subject: Ford visit draft ngenda for Tupe Ind visit

Fred and Steve,; I'd lLike to propose che following aganca far TOMOrrow'a
vigit by Skays:

Tha Elight =hould place Steve inco our confearance room (care of Aoh 5)
batwean 9:15 and 9:30... with a “formal®™ atart ac 9:30. I sew us
accomplishing tha traneition of core team focus from product =o praceas,
having an opdate ON Corrodion Status, ARd cevidwihg Procasy controls from
"93 with discussion sbout diffsrences and chamges to '99, laty rceviaw
Ehia "ORAFT™ and talk about Einaliring same this afternoan. ..

;RT;?I EIagLﬂE li=1A CONF ROQM AND INTRCDUCTIONS/COFFEE

FIMALIZE QEJECTIVES OF THE DAY AHDY M
9:30 - 3140

FORD I530E OVERVIEW AND DIALOGUE STEVE R AND RNOY M
§:40 - 9:30

TI BRAKE SWITCH/CORROSION REVIEW -~ [PDATE STEVE B
9:50 = 10;1%

BRAKE SWITCH ASSEMBLY FROCE3S COVERYIEW STEVE F
101 15-18:45

TIME-LIHE DISCUSIION....HMANURL ¥3 AUTO CRIMP aTEVE F
10:d5 ~11:!15 '

CRIMF PROCESE COMTROLE...CeE, CONTROLS STEVE F
11:15=11:130

LINE TOUR = LINE DISCOSSIONS ATEVE P
11:30- 1z:30

WORKING LUNCH
ALL ot

[

T =1:00

DISCOS3SIONE, MORE LIHE TOUR, HEXT STEFPS ALL
100 - 2:0D

FORD CORE TLAM COWFEREWCE CALL... . WRAP-UF
£:00 - 2:30

DEFART FOR ALRPORT STEYE @ 3
ROB & £:34

T-NHTBA 017122




AUTOMOTIVE SENSORS AND CONTROLS QRA MANRGER
34 FOREST ST K/§ 23=0%

ATTLEEORD, MA 02703

TEL : (%08) 236=30E0

FAX : [508! 236=3745

MCOBILL: (508) 2086119

PAGE: (200) 467-3700 PIM 604-2044




CIH‘ Pat e —————————————t—

From: MeGuirk. Andy [a-meguirki@email.me.ti.com|

Sent: Tueaday, Jupe 01, 1999 3:16 PM

To: Praia, Stephen; Pechonis, John

Ce: Baumegnn, Rusa; Martin, Scott; Beringhanse, Steven: Sharpe, Robert
Sobject: final: Ford visit agenda for June 2nd visit

[mportance: High

fred and | discuased and he agreed Lo thiS........266 More didlopgue at lins
whers cparasticons taks piaza as his sxpesctation.

Iﬁl: e~mail waa down!

AUTOMOTIVE SEMSORS AMD COWTROLE QRA MANAGER
34 FOREST 37 Ms3 23-03

ATTLERORD, MA 02703

TEL : (5QR! Z3E-3060

FAX i (308) 226-3745

MOBILE: {50@8) 208-6l19

FAGE: (HDO| 467-3700 PIN E04-2044

ks B ol

From: McGuirck, Andy

Sant: Tuascay, Tuns 01, 1993 1:45 M

To! 'Stave Reimers': 'Frederick J. Porcar’

Bubject: FWi Ford vislit draft agenda for June Znd wiait
Importanca: High

From: MeGuirk, Andy

Sankt: Tuasday, June D1, 1995 1i:41 FM

To: 'Fredarick J. Porter'; 'Steve Railnars’

ot Sharpe, Robert! Baringhauta, Zcaven; frola, Stephen
Sunject: Ford wialt draft agenda for June 2nd visic

Frag and Steve, I'd Lika to proposa :the follswing agenda for tomorrow's
vigit by Steva:

The Elight should place Steve into our conferenta room [cares of Reb 5)
Eetwean S:13 and 9:30. .. with a "formal™ starT at 9:30, I zmm 12
accomplishing the transition of core téam focus from product to process,
having an ppdata 5n Zgrepalsn status, aod peviswing progess controls from
'92 with discusslon about differsnces and changas ta "9, iety review
this "DRAET® and talk sbout flpalizing same this aftearnaan...

ARRIVE TI BLOG lE-1R CONF ROOM AND INTROCUCTISNS/COFFEE
2113 = 3:20

FINALIZE OBJECTIVES OF THE TAY ANDY M
1 T-NHTSA 017124
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2130 o= 31439

FORD ISSUE SVERVIEW AND DIAREDGE ATEVE A AND AMLY M
9:40 - 9:30 .

TI BRANKE IWITCH/CORROSION REVIEW - UPCATE STEVE B

9:5%0 - 10:15%

BRAKE SWITCH ASSEMBLY DROCESS OVERVIEW STEYE P

10:15=-10:45

TIME-LINE DISCUSSION....MRNUAL ¥S AUTO “RIMP ITEVYE P

1Q0:45 ~11:1§
fhalf time AC crimper an linal

CRIMP PROCESS CONTROLS...CLE, CONTROLS STEYE P

11:15-11:3Q .
vi5 mins on line controls discuasicn

LINE TOOR - LINE DISCUSSIONS STEVE ¢
11;30= 12:30

WORKING LLUNCH

ALL 12:30 -1:00

DISCRESIONS, MORE LIME TOUR, WEXT STEFS ALL

1:00 - 2:00

FORD CORE TEAM CONFERENCE CALL....WRAP-UP ALL

2r00 - 2:30

CEFART FOR ALAPORT STEVE R &
ROB 5 2:30

a

AUTOMOTIVE SENSORE AND CONTROLE QRAA MAMADER
14 FOREST 3T M43 23-05

ATTLEBORD, MA Q2703

TEL @ [508) 23€-13080

FAX : [308) 236-3745

MOBILE: (508) 208-6119%

FAGE: [HOO) 467=-3700 FIN 604-2044
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Currsy, Pat '

From: McGuirk, Andy (a-meguirk/@email.me ti.com]
Seat: Tuesday, June 01, 1999 3:18 PM

To: Wamer, Fam

Subject: FW: final: Ford visit agenda for June 2nd visit
Importapce: High

pla make foil and copy for ford for 7 am LoMOrLrow morning fin 8td TI agenda
format, not my foulwd up mass)

ARRIVE TI BLOG 12-1A CONF RODM AND INTRODUCTIONE /COFFEE

9;15 - 9:30

FIMALIZE DBJECTIVES OF THE DAY ANDY M

§:30 - S:40

FORD ISEUE OVERYIEW AND DIALOGUE STEVE B IND ANDY M

9:40 - 9:30 :
(14 0O ovarvigw)

TI BRAKE SWITCH/CCRROSICM REVIEW - UPDATE STEVE B

9:50 - 1(0:15

BRAKE SWITCH ASSEMBLY PROCESS WERVIEW STEVE B

10:15-10;:45

TIME-LINE DISCUSSION....MANUAL ¥5 AUTO CRIMF STEVE P

10+4% -11i:15
{half time at crimper on linel

CRIMP PROCESS COWNTROLS. ..CeRE. CONTROLS STEYE P
11:15-11:30

{15 mins on line controls discusaiond
LIKE TOUR - LINE DISCUISSICHEB STEVE P
11:30- 12:30

WORKIMG LUNCH
ALL L2:;30 =1:00

JISCUSSIONS, MORE LINE TOUR, HEXT STERS ALL
A0 = 2edo

FoORD ZORE TEAM TONTEREMCE CALL. .. WRAP-UP mll
2:00 - 2133

ZEFART SOR AIRPORT STEVE R =
ROE S 2130

‘ TINHTSA 017126




AUTOMCTIVE SENSORS AND CONTROLS QRA MAMASER
34 FOREST ST M/5 23-03

ATTLEBORC, MA 02703

TEL @ ¢308) 2)&-3080

FAX ¢ (S0E) 23&=-3745

MOBILE: (5048} 20B=-5118

BAGE: (80Q0) 4E7-3700 PIN GD4-2044

TINHTSA 017127




Cm Pat

From: McGuirk, Andy [a-mepuirk@email.me.ti_com|
Ssnt Tuesday, June 01, 199% 3:18 PM

To: Warner, Pam .

Subjeci: FW: final: Ford visit agenda for June 2nd visit
importance: Hiph

pla make foll and copy for ford for 7 am tomorrow morndng (in std TI agenda
format, not my fouled up moss)

ARRIVE TI BLRG 12-1A CONF ROOM AND INTRODUCTIONES /COFEER

9:15 - §:30
FINALIZE OBJECTIVES OF THE DAY ANDT M
2:30 - 9:40
FORD ISS0E OVERVIEW AMD DIALDGUE ] STEVE R &ND ARDY M
940 - 5:50
{14 0 ovarview!

TI BRAKE SWITCH/CORROSION REVIEW - UPDATE HTEVE B
9:50 - 10:15
BRAXE SWITCH ABSEMBLY PROCESS OVERVIEW STEVE P
10:15=-10:45
TIME-LINE DISCUSSION....MANUAL VS AQTO CRIME STEVE P
10:=45 -11:1%

(half time at crimpar on line)
CRIMF PROCESS CONTROLS...CLE, CONTROLS STEVE P

11:15~11:3Q

(15 min3 on line controla discusasion)
LINE TOUR - LINE DISCUESICOME ETEVE P
11:30- 12:30

WORKING LUNCH

ALL 12:30 -1:00

DISCUSSIONS, MORE LIKE TOUR, REXT STEPS ALL

1:00 — 2:00

FORD CORE TEAM CONFERENCE CALL....WRBAP-UP ALL

2:00 - 2:30

DEFART FOR RIBRPORT STEVE R &
ROBR B 2:34

: TI-NHTSA 017128



ADTOMOTIVE SENSORS AND CONTROLE (QRA MRMAGER
3¢ FOREST ST M/5 23~05

ATTLEBORO, MR 02703

TEL : (508} 236-2C80

FAX : (508} 236-3745

MOBILE: {508) Z08-~5119

PAGE: (800} 467-3700 PIN £04-2044
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