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Steven Barkighnuss
Damign Bnglneering Matnger
Texna [nsumentd INzorporapd

Aulsboro, MA 02703
February 8, 1999
Fred, '

Az we discusged over the phono Friday, per your request we looked st the poseibilitles
of adkling a fise In line with the pressure switch, bowever, we think & more appropeisto
solution might be to use a relay circuit (schematic attached). Our underatending of the
applicaticn in thet the brake pressare switch 15 a failsafe component fo shit off the crolse
gontrol if the standard brake light switch fails. The hrake switch therefore only needs to
be powered when the cridse control is on. By placlag a notmally open relay in the
cireuit and enly cloging the relay when the eruise control iy activated, the switch will only
be poweared when it needs to be, when the crulse control |a enahled. If you are coenect that
the high current drew [s the source of ignition a relay would be a better zolution than an in
lime: fume becmone the relay prevents the high curment situation from happening rather than
rencting oncs it does occur.  If you have sy questiona, please give e a cail st 508-236-
3378,

Regards,
Steven Bexinghanse

3713 5367
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. Quesgtionnaine "rav" lovel to be addad to anch casa. As

1862-1936 TOWN CAR CRUISE CONTROL BRAKE SWITCH INSPECTIONS

2265 T INSPECTIONS . XLE 3-18-00

Nobsa:

N sufiix In & cass number indicates that the case was supplied fo Ford by NHTSA.
All reports are double copied and photos ar tripls copled and sont a3 follows:
1 copy of naport and photos 1o Famen
1 copy of mport and 2 coples of photos 10 Jos Neme
Euthyhﬂnﬂmmpuma{wﬂnmmww
Al parts o by carefully packaged & sent to Ford Central Testing Lab, Deparment T418 with the following:
Shest with VIN, date inspected, name, phone & fax of EAA SA who inspecied the vahicle
and " any questions, pleasa cortact Joe Neme at {313) 390-8133 = i you are having
difficulty contacting the EAA inapector immediately contact Alan Haas at EAA, phona (248) 842-3232 X 146, fax (248) 642-4558.
Send via fastest means available (ovemight strongly prefomed)
To be addressed to "Department T118 - EAA Projoct # FO0ZA"
When requaated, EAAudlptwidcad:llﬂnmlmphunfmaMMrphm Contact Alan Haas at the numbers Bated above.
mummmmwmmmmhuummm.
Hmnumuﬂmmnmwmm the inspaction data and time.
If an insurance company or others assigned by them is delaying the nspection of an NHTSA caze, EAA (Alan Haas) will immediately
cantact Ray Nevi to help resolve the issue. Similar delays with nan-NHTSA assigned casas will be immediately directad
ta Jos Neme for assistance In resolving delay issues.
Fareen Ansarl wl call Alan Haas regarding each case and will akso send the questionnaive (with her comments added) to the

assigned EAA inapactor”s fax and also send a copy to Alan Haas by fax. Alan Haas will provide the name of the EAA
inspacior whe has bean assigned to each case

Priodity of casen is as foflows: (1) NHTSA, {(2)other mest racent (3) other older cases
mummhhmtwmmwmnmmum, Bill Abramczyk, Ray Nevi, feorter@ford.com, tmasters@iford.com,
and fansarii@ford.com. The sttachad EXCEL file will be formatied at an EXGEL level which will anabia all addressess

quesiionnaire revisions ane made this will ald in understanding which

questiona wane askad in any given case, Alan Hass to maintain an alactronic o of theee "rev” lavels.

mmmwnnumwmwuwmmnmmmﬂmmwhmm
Ford. -EAA will retain no copias of thege matials atber that point in time.
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1202-1935 TOWN CAR CRUISE CONTROL BRAKE SWITCH INSPECTIONS
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M sullix in & cose sesmbver incicalne s s ORes Wik Sappiind to Fond by NHTSA
Al Hpoda ok copisd and phaics: s Sl copisd wnd cenl as folws:
1 copy of syt wnal phaios I Passsn
1 cupy of mpedl nd 2 capiss of pholgs 16 Joo Nama
Suwl by Inslnsl reases pobsibis fovamight Smngly dosined)
AN parta 1o be cariully packaged & sant th Ford Central Tastieg Lab, Dopartment T1 18 with e folowing:
Shuss wiin VM, el nspacind, rasme, phood i o of EAA SR who inspecied the venise
. and " ady cumsfions, plame coninct Jos Meme Bt G113 2001133, Hyou ars ving
Sculy contisSing the EAN Inapacicr INvikdursly contact Alan Hads st EAA, phone 241} 642-0232 X148, f [248) §42-9555,
Hmo via vinal s roninbie Svinight songly prslevsd)

) To be acdemanse! i "Thpudraanl T448 - BAA Project # FOGIA* _

i Wian scpssied, A will provide addilionsl ¢oples of separts sk photos. Costect Als) Hass 3t s nambs s sbove.

EAA will sohadule Inspactions and aoilfy aey IFord repssssniative B Iag adivid bo simes
ok ficuslon il i cevipioted wilin ons haur after satsblENing I icspesction chale 2nd fime.

lmmmmmwmmwmwﬂmnhmdhnd-nmmmmnmﬂwm
cantact Ray M bl mecolm o b, Sirriler clelnys st rese S9HTGA sewipmie] coses Wil ba imadisiedy ciracisd
i Jou Wewe for aamisteey by resciving daley by,

Farpan Armarl Wit ot Al Hung rogarting sach case sl will 2lec 38nd the sstion palee (£ he¢ comments adde) 10 tha
aigewcd EAA, Inapacior™y M seird kst AR & 00y b Alen Maas by b Almn Hass will piinds iha e of Sha EAA
Mepacieor who has Aans asigned io sach nass

Pricelly of coses s foilces- (1) NHTSA, (Rollur st recam, (1} ot oldir cos.

Daity shubus rpcet o be aaai by Alns Haaa by o-mal 1 Jop Netne, Bl Abvarscxyk, Rusy Nard, ipacenQford.com, Imasensgion,con.
] el 00 Oy, Thes mitachedl EXCCEL 16 i be doumatind of o EXCEL leval witichs il anahis il Al

Cummiicrmaien "™ lowsl s o axicient 10 Gch comn. As quastinarsis Svisioes am mas s slll ald In ncessbucding whick
eqmnalicas wass sl In aay ghein cowe. Alan Huas &) rusiibein s sleoinoi: Sy of Tass Ser™ levels.

Meaporii iwd plvole naguiives 30 b be maleialnat by EAA INEPecions: Lt sudh e as Fasi sousls ees e 10 be mt I
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lnhr*. 1969
. Froderick J. Porter, Supemnvisor

| want to review our recent support of the Fard core team to sssure we do not
have any méisunderatandings regarding our prossure swiich perfarmance, our
oontinied contribution fo the 'core’ team, and ow commitment {o B quick

been supporting the Ford Core Diagnostic Team with technical facte, data, and
Analyais regarding our brake pressure switch product applied In the Ford cruise
cohtro] deactivation circut,

or TT pressure switch enginesr was in reskience at Ford for thrse wesla tn
ith swich refated jesuas in the system diagnostio procass. Sanior 71
leadership participation haa als besn involvad in vistually every Ford Core Team
meeting delivering facts, data, and technical support yenr-to-date '99,

alac invastigated swilch capability. and using agreed upon acoslamted
almulation ¥ testing techniques, demonatrated the abilty of the model year '92
& '93,| Town Car spead control deactivation switchee to consistantly sxcesd
“Cycle |life apscification™ of 500,000 pressura cycles. TI Wesibull reports of
prosaurw mwilches tested in 1958 conservatively demonstrate B5% relisbiily to 1
millon ciyclas (with confidence intervale greaier than 50%).

onally "succass testing records” of some 8856 ES unite that wera iested
» 1991 - 1992 (11/91 - 12492) showed zero lesicage at 500,000 cycles.

on to dete: 1902 pariod switches met specification. 1999 awitch meets
o specification

Wa daveloped and defivared a laboratcry madet of acceierated plastio base
ignition of the switch resulting from fluid in the switth cavily coupled with
appl of constant power as designed it the spaed control circult, Theores
from mocal suggest that flulde in tha swilch cavity in the presence of

3713 5365




uninterrupted power coukd lead to a corosion product formation which might
creats a plastic bage ignitlon path,

Mr. Fred Porter

May 25, 1969

Page 2

Coneluglon to data: Constant spesd conirf power allows long term comroslon

" In Iight of this laboratory moded and the need for crulse systam powsr only during
vahicla opsration, we suggest the sysiem architacture of “key-on/cff based
powed be conseidered.

Wa have been open and forthright In our communications and delivery of
information and we beiieve we have been instrumantal In halping Ford address
. the underhood fire concam issus, '

In this regard, we think it is appropriate at this poirt that our active participation
in the disgnostic joumeay of the vintage 1982 product move towards a timely
conclualon. Toward this and, wa will continue to eupport the "core™ team review
of 1882 product history with targated completion In July 1999,

We are preparing to fulfil your requast for hosting a site vER, supporting
campaign fisld retum device mnalysis, and paricipsting in rabust system
brainstorming seesions moving foward conclusion in July, as wall an reviewing
the optimlzation of cur preduct Ine process cantrels.

Our prime focus at this tima & in rapkdly supplying Ford with 226,000 unite in
suppoit of the flald actlone.

Regards,

Andrew C. McGuirk

QRA Manager
Taxns Instruments

sttachments: 1802 Tasting History

Tt 77FS Test synopels
TI 77PS Investigation Flow Diagram

T L . . 3713 base



Brake Preasurs Switch Onestlons:

Can ERAKE FREMURE SWITCH funotlcn ba rewoved from powesr feed sirenid
and placed in ground cetwra olromit of the serva colukch?

At & minimum the fcilawing would be raquiraed:

SPEED CONTROL SERVD

Aedesign the apped -ontrgl alschronie

1. Few board layou:

2. Haw MROM

3. NHow moftwaze strategy for deactivation switeh function
4, Adfitional imocletead ground clrcult

Manpfacturing plant ejuipmant affeotod
1. Process squlpment for new hoard layout
2. Tent sguipmsant Zor neo deact pwiktch stratagy

Estimate 12 menths minimom ko devaleop and prove—ocut,

NIRIHG QARMESS (8}
Addditlonnl wirlng circnit for gromund wlreuit through dmact awitch.
Moxs than one harneas maybe ba effactad. EESE would need to reply.

SEDVICE TEST EQDIPMINT:
Fleld/zarvice squipment would not working properly for the deactivatiom
swiltch function.

FHER COMBIDERATIONS:
Hith switchiocg the pawer circuwit, a wiring harnesa short to gromd would
xake the speed ccntrol systeam Lnoparative.

With awitching the jround circult, a wiring harfeas short to groand
would overrids the function of the deactivatlon awltch.

Basgd on & minimem of 12 months to demign and prove out required changws
to the sarver this is not compatibla with & nesr tarm isplemsotetion.

Can HRAKE FAESSURE SWITCH fonotiso Ba soved to tha groumd cirosuit of the
spaad catrol serve without sy changas?

B0y Every tlow the deactivatlon switch i3 cyzlsd, the apeed gontrol
ayatem woillel reset itsalf. The vebicls sat spasd pasary «ould ba lost.
RESDME function would not work. Driver would have to prasss “ON™ and
“IET® to re-andage tho spead sontrol aystem instead of Just pressisg tha
TRLFIME" or “3IET".

Fin npme Grmt_1| Pugh 1 of 1 ‘Dl Frviemal:  DIV2NH0
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Stiwe, Delow is a meeio frotn Chorlie Doughis tn Fied Parier that was sz eorly answer bo the vacioua braks
[/ part curnbee quostion. ...! v now added pinatle type as o difTerence betwwen 5w irches s wall a
rade pasition tab tion prominent a5 it might be a confounder in the connector seal theory..... Andy
Mruirk 31899

Pred,

I bolierve that yoor |t Includes same s=rvice part sumbers, older rev levels, s well & pre-prodoction o
prototype pant cimbers. Dol including Ford Aostnlls, there am cight different production parts,
Dlffarmncey from part to part are fiirly minar snd fnchude; sciustion calibration, raless pressucs, gt
siyle, position Wb to lncaht constactorn, color {2ud possibly plastle matzrial) of connemor base, thread style,
s stiap nolss mepcisted with the pressum dise. The Kllowing mudrix, heips sommarize thle jefovetion:
Emtlinmbsr  Atimsiion Bticars Bastipor tab  Hxpert Thnad dord
FZVCOFRJ4 AB =160 (1)  20min Brownipos2 1512 324

finep
FOLCOF92A AA 20030012}  40min Bhck/pal 512 1B-24M Snap
FZAC 9F914 AA S0-100 {1} 0 min Nesrdd/pm2 1512 1A-24M Jalet
FRRA OF92 AA 90-180 (1) 20 min Crey/poa L 1512 Vi-24M Quaist
FATA SR CA 200-300 {5} d0 min Rl fpon ] 1512 1R-24M Baap
" S4DA 24 AA 90-160 {6} 20min Natersh/penl) o-ring M1 00 O Qulet
F3DC 9P924 AA 90-180 [7) 20 min Meturad/poaZ  Snubber 12-2iM Qubst
SdJA OF924 AR S0-150 {B} 20min Orey/pon | a-ring MM Culot

¥ehicle — Pird Nosbér Curktlniios

(1) Crewn Vio, Grand Marquis, Mark, Town Car

(2} Econolies, Clsb Wagon

(1) Ceawn Ve, Grand Marauls. Mark, Town Car

) Whear

% Buenico, F-Series, Ranger, Explorer, Navigator, Expedition, Ecoootine, Chob Wagon
{7 BHO Teins

(8} Copri
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_ . MNAVIE Dats for Pastiher lasus Cume Tt Vahicies with VINE o get NAVIS was 29
Tolle 14 25 13 ) 3 -} »

Last® Vehide EngOff LUnk Tracton Control! Pollce Traller Tow Limo Pack  Bpsed Control
319372 Town Cor 1
804875 Town Car 1
8adritd Topm Cur 1
758128 Town Car 1
THINXY Town Car f
" TOBEMO Town Car 1
T4OHT0 Town Car 1
221854 Town Car 1
T24ES Town Car 1
S10044 Town Car 1
B307A2 Town (ar 1
723288 Town Car 1 1
BTAT4 Town Car 1 1 1
TOSSTE Towm Car 1 q
73T Town Car 1
BELDTE Town Car *
85042 Towm Car 1
I Tosn Car
BAEGMT Towen Car
85353 Town Car
23 oV ]
114 Y
10181 oV
158104 CV
12574 GV
158418 CV
1 o O
I 2581 oY
|

1
1

- =l w wh

-
—
L leale B B I N YOS R W A A I R i A W i i Ry

-l
[
C

Al OY

141384 OV

S2A0N M

T2 OM

Tase Gk

919200 Gl
OBR00 Gl 1

740027 OMF - . 1

- nmsom L
' TATTAR2 GM . - T
- SONCT4 O ' N

LI B Y e e e
-l

ik -ala
b omh ol ok b oml omh ok b

34 VINE

Origiasioe Ll HersaARHAND Poge 191  Duke Mk 7 AT 108
Maip 1 : ) [ Se—r——y
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P24 Hydrausic Applcallons

Coki | Ky | Port ] Thrascs Sioteric Location -mnﬂnl Component

[ Fad [pca 1|50 | S6N | ep | Fopoaryio O] -

[ Oy [paw 1 th?_‘_‘m'_ [ 185,0 | Frop Vaive
40 | Btack, pos 1] Ji51 I ZAM | Snap |
40 | Red Jpasi]| J5 B-24M ] Enap | Polyphenplane Ozige| 321 oo Master Cylinder
20 | Brown[pos 2| J572 | A-2AM [Snap | Cetanex 4300 31 45 0 Prop Vakve
20 |Naturallpow 2| J517 | S/m-gaM | Gukst 3 45, 0 Frop Vate

—  Smap 1 uLg_ Brake Lme
40 Redd 1] .112 1 ¥8-24M | Snap | Polyphunytans Ovidal 324 1) Meaxstar Cylinder
40| Binck [pos 1] 3512 | W6.24M | Snep | - T
40 | Red |posi] J512 | am-3aM | Codde _
o e e Tt e ot o mm
40 | Red ] Snap | Polyphenylene Onice| 0| Masins
20 ] et = —
20| Brown 12_| 3%-24M [Snap| Celarex £300 E11 A5 T Prop Valve
20 Nl pos 2] J512 | oi5-2ahk | Que 311 45,0 Prap_Yalva
20 | Brown | pow 2 Calnnee 4700 3L 100, & Prap Vatvs
20| Martural| poa'2 _ 113 180, 0 1 Prop Vaive
40 Red | poa1 Falyphenytane Oxide
a0 aha toade| 391 D, 0 [Master Cylindar
20 ¥
20 Celgnaz 4300 | 311 3

—— e R WAL
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Vehicle MY
Vahicle Location

Obssarver

" VIN

Description of Switch Location

Wire Seal Matarial Sponge
Connector Seal Material Sponge
Picture of Overall Layout [J
2 - 3 Naar Pictures |

Cbsarvationa:
Contamination around Switch

Contamination from Switch

Silicon

Sillcon

Proximity to other plastic and rubber

Miscallansous

2713 5404



S0re CHLE

Scenario

Contamination enters switch cavity
through perforated kapton seal or
conhactor seal.

Switch components and cup corrode
with aid of electric ficld and
contamination. _
Current path forms between battery and
ground.

Current increascs as material builds

until heat is generated to melt plastic.

When plastic melts enongh to open the
switch cavity to external air, the plastic
ignites consuming the switch housing
and connector.
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TI Test

1. 5% salt water injected into switch cavity.

2. 12 volis applied across switch contacts until salt
water boils off. {Draws 10 amps. This is not a normal mndntmn}

3. Repeat steps 1 and 2 two more times.

4. After third time, switch spring generates enough
heat to melt and ignite switch housing.
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Contributing Factors

> e

5
15 A

1. Connector Seal

2. Kapton Life

3. Continuous Power
4. Switch Orientation
5. Current Capability
6. Grounded Hex-Port
7. Plastic Parameters
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TI 77PS Test Synopsis

This document is & synopsis of tests conducted by Texns Instruments during the 77P8
iovestigation. The intent of this document is to highlight test findingy which drove the
investigation to its current siate. Throughout the investigation, scveral tests were
conducted with the same objective. When exch objective waa met, effocts wore refocused
1o obtain A new level of understanding and to eatablish & new set of objectives. As auch,
testa have been cxteporized into (5) levals, representing the level of kmowlsdge abtafned
froum the group of tests conducted. Each leve] in linted below with & short description of
the objective:

Level 1: Croats a laboratory switch fgnition without any restrictions on methodu,

Lavel 2: Create s laboratory switch ignition using only conditiona fonnd in the switch
operating environment.

Level 3: Undeestend the labotatory ignition mechanism.

Laovel 4: Compere factors contributing o labortory ignition
Levnl §: Evaloals recommendations.

Refer t Ditake Pregaure Swiich Teg Log.
Lavel | Objeetive: Determine if a ywitch igniticn can be created in the labaratory.
+ Testl

Ohyective: Determine if switch ignitian can ocowr under the following
laboredory conditions: .

Switch contact cavity flooded with brake: fhuid miveed with verying
amourks of % H0.

14 volts applied to one torminel, 3scond terminal clectrically flosting,
(Mo clectrical load wevom switch terminaly).

Switch hexport electrically grounded.

Results: () anmples wens tested total:
(2) with 4% HLO in brake fiudd.
(2) with 6% H,0 int brake Suid.
(2) with 10% H,0 in brake fhwid.
(2} with 75% H0 in brake fluld.

Ne ignition occurred. No significant temperature rise obacrved in all ssmples.
Current draw ranged from 0.5 mAmps to 5 mAmps over a period greater than

{2507 hours.

T1 717 Tt Symopsis W19
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s Test2

Objertive: Determine if switch ignition can oceur under the following laboretory
conditinnm:

Switch contavt flooded with hrake Awid

14 volis uppiied to ope terminegl, sccand terminal connectsd to a 14 £
rexiator which i3 ted o ground. {1 Amp load across switch terminsds).
Switch hexport electrically prounded.

Rosuite: (2) samples were tested. No ignition occired. No significant
temperature rige observed for a pericd over (250) boura

Conclusien: A (1) Amp load $hrongh ywitch terminals did not ignlte brake fluid
in the contact cavily of switches.

s Testé

Objectives Determilne W switch ignition can occur wader the following
Inboratory condilions:

Heiter element installed o contaet cavily of the switch.

Power applied to the beater element uniE plastic base malts.

Spetk peneraned in comtact oavity of switch,

Brake fuid present in the sonteet cavity (wet dﬂwc}undabamtmﬂl:
contact cavity {dey device),

Resulty: (2) dry devices werg tewted and (1) wet device was tested, Ignition
oceummed in sl devices.

Wat devica: The internal temperature of a wet devica renched 860uF. A hole
burned thawagh the hoge of the switch (close to the heating element). The applied
spark ignited the fumes in the contact cavity of the switch and engnl fid the base
material of the swinch.

Pry davice: The internal tempersture of a dey switch resched over 1000.F. The
switch base flopped over. The applied spark ignited the fumes in the comtact
cavity of the switch und engoifed the base matecial of the awitch, -

Conclugion: A switch ignition can ocour under the following laboratoty
conditions:

Heater temvent nstalled In the swihtch contact cavity.
5 watis of power disstipated In heating slament.

T1 108 Teat Symopals $60109
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Spark ueneraied in the contact cavity of the switch.

Brake fluid did not contributs to the ignition process,

Level 2: Objective: Dotermine if a laboratory ignition can occur using only switch
companents and alementa found In the switch envisoamient,

o Testba

Objeetive: Determing if corrostve degradation of switch electrical components
can cqause an increase in eloctrical resistance (and this 3 soures of heat) i the
switch, which may leod to an ignition.

Results: (1) out of (} 5) seemples weted increased resistance to 5§ L5 A sohation of
3 wt. % NaC! in H,0 can comrads the elecirical componenia of the switch and
cRusg én pcrease in clectrical reslmance, Repeated lupections of the sohtion of

5 wt. % NaCl in H) Info the contact cavily of a switch, with the swiich
continocusly pewened at 14 Volth, can cagse g ignition.

Conchugon: A switch ignition can ocour under the following leboratery
conditions: .
A sofution ol 5% NaCl in H;0 is injected into coatact cavity of a ewltch.
Coatinuoua |4 Valt power applicd to the awitch.
Hewport is groundad.
Cuoerent is limited af 15 Ampa.
‘a Testfc

Objectlve: Deteemine If brake findd with nvetal shavings is conductive enough 1o
crealy an ignition.

Rewilte: (3) devices with vatious size metal particles were teated. Mo wigaificant
curmeet Incrence dotected.

Conchssion: Meial shavings did not ngmﬁmtlym conductivity beais
fluid. Curent Jevels megsured were wall halow levels necemsary 1o create an
ignitlon. .

s Toet7

Objective: Determine if awikeh meeta cyols Lifs specificmion

T2 7778 Tant Synops 060109
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Results; Teas conducted during the first quarter of 1999 show that awitches
exceed eycle lil specification.

In the first quartcr of 1999, a total o' (42) 77PSL2-] snap switches vrere impulse
tested to aver 1.000.000 cyeleg with unly (1) leak bedow 1.000,000 eyeles, which
oveurred at 728,000 cvcles. A Weibull analysis abowed 99.9% reliability at
504,000 cycles i 956 confldencs level.

Concluxinns: Switclves meet cycle lite specification. Fimst quarter, 1999 tegts
confirm inopulse rest lindings made during the pericd between 1991 and 19932,
During thet period. (6} impulse tests on 144 devices of 5715 and 77F%
construction. had no l¢aks when tested to 500,000 cyoles. A Welball annlysis of
first quarter, 1999 Le«ts, shorwed 99.9% rediability at 500,000 cycley at 95%
confidence level.

+ Test 138

Obfectlve: Determing the long term corrosive effects of bmke flidd on the
electrical components of switches which are continuowsly powered at 14 Volts,

Results: Test was suspetded after 550 hours of testing. (6) samples were tegted
with continuous 14 Yults powee. The contect orvity of {4} switches contained
new brake fluid and « 2) awitches contined obd bmke fluid. Switchea with old
brake flaid drew ver |ittle hexpost current and showed a decreass In hexport
current over lime bo less than 1/10 mAmp. Sarnples with new brakes fhaid showed
an jncresse in fiexport current to over 20 mAmps toward the end of the 550 hous
of testing. Analyses of (1) sample with oew brajos fuid and (1) sxmple with old
brake fubd revealed +lecirolytic comosion of the cootact arm of bath poribches.
There was & much fower level of eorrosion lin the sample with usad braks fhuld
than the ssmpie wilh new brake fluid.

Conclugion: Brake luid in ths contoct cavity of switches, which are at 14 Vel
contimumes power for over 500 hours, can cause afectrolytic corroaicon of the
switch contset arm and an increase in hexport corrent.

v Teat 17

Objective: Quantify the long teom currosive effects of new brke thaid on the
electrical components of switches under the following |aboratory comditions:

Cortact cavily of switch flooded with new brake fliid.
Switches at continnons 14 Volts pawer.

Switches subjected to vibration for (1) hour per day.
Switchcs subjected to 100-C for {I) hour per day.

T1 7798 Tiwst Sywopsll 060 LW
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Results; Tesl suspcrded after {312) houry. (50) samples teated. The average
hexport current <raw after (312) bours is 1.9 mAmps with a standard deviation of
1.8 mAmps. Thuse resylts are consisient with results previousty found in Test

I 5a at the 300 hor poine

Concluslen: New broke fluld In the contact cavity of switches, has not caused an
increase in hexpurt current after {312) hours at continmous |4 Violts power.

Level }: Ohjeetive: [ 'ndectand the laboraiory ignition procsss, determine the carreat
nath and establish o repeatabls iguitiun method. '

s Toat Gk

{Objective: Uhrlerstind the ignition process, determine the current path
und establish a nepeatable ignition method.

Results: Muluph: alempts at laborsiory ignition, vla injeclion of a solution of
3wl % NaCl in i .4 :nto the contact cavity of switches, bnx resulted in 2
repeatability siw ul :pproximately 30%. Plots of hexpott cument verses time
show an increuse in current ntil the polat of ignition.

Conglugion: A repeuinble laboratory methed for pwitch ignition was

established. Based un hexport cuarent messurements, the current path is from
. swikch terminals w hexport body.

When a solution of 5 wt. % NeCl in 1,0 is repeatedly injected into tha contact

cavity of powenil swilches, alectrolyvtic corrosion of the awitch terminal

results In an increase in terminal pesistonce, When sufficient power fs fmwn

threugh the cormogive ceststance, awiaich elements beat up and begpin to glow red

hot. A hole burns thivugh the switch base and ignition occurs. There i8 ancing

vigible throuphout the coreosion provess wiich may provide the spark necessary

lor ignition.

Laval 4: Objective: Compure and cootrast variables influencing ignition weing the
established laboratery ignition method.
a Test13a
Objactlve: Comparc vuripus flwida in the esiablished ignition mathod.
ARewulia: The following foids wers tested, |

{1) Nalll in H,0.
(1) tap water

T TIF Temt Mypopaly OSDLAD
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{ 1 rain water

{ 1) used beak e {uid

(1) waed brak. cid «ith 5wt % H.it

(1) new brak. ol

tl) new brak. fiued = ith 5 wi. % H,

The gwitch fifluct with 3 we % NaCl in H;0 resulted in on ignition when averags
hexport currera exeecded 2.5 Amps. Switches that were filled with tap water and
ruin water drew ks than 10 mAmps over 8 (3) hour test and showed Jitle mgns of
¢orrogion. Swilches lilled with & motrix of pew and used broke fuida, with water
und without waler, ull drew less thon 3 mAmps hexport ciurent drawy and showed
11 sigme of corrusion wver the (24) hour test,

Lonchusion: [3n:ke 1:uid is not conductive enough to cause the electmolytic
cotrosion ani nevassary carrent draw to cteate an ignition within a 3 hour Lab test,
idecanse of itx” <ivmi:ieaotly higher conductivity, an lonic rich fluld such ag NaCl
in f1,0 can eawse an senition in 8 3 hour lab test exposure..

+ Testl5

tdbjective; Campare the ignition charocteristica of varioys plastica a= switch hase
mnterial,

Resulta: When 3 wi_ % NaClin H.0 wos injected into switches with different
_ hase materials. the f:llawing results were obtained: Cellanex 4300 ignited 3 ont
. ol 5 attemipls. Ny ignited 2 out of 5 attempts, Zytel ignited 1 owt of 5 attempts.

Conclusions: . \ll plustics tested can iygnite using the established laboraory
ignition rethol. )

¢ Teat 15h

Objective: Determine if switch ignilion ¢an oceur in the vertical position and 45

ortentation. etermine if switch ignition ean occur 2nd st di tferent rotational
argles in the J3n aricntation.

Regulte: Switch ignitions ean occur in both the vertical and 45+ orientation using
the eutablished Laboratery ignition method.

Conclusion: Swilch ignition does not appear %o be senaitive to vertical orientation
verses 43 orientztion nor to rotationa| angle in the 45 orlentation

Lavel 5 Objective:

TLTIPL Tt Symopels 060159
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Test 16
v Objective: Test proposed relay circuit.

lesults: (1) swilch 'wag injected with a soluticn of 5 wt, % Nacl in H0) and
placed in the proposed currend [imiting circuit for (48) hours. The current dmw
remainad consiond ot |30 mAmps throughowt the teat. Thers was no sctivity
vbserved and the conioct am remained mogtly intact.

{ 1) gwitch wus braughe to an impending burn condition using the established bum
method.  An imrending burn is a condition where a comosive resisance has buiit
up in the switch and un ignition is imminent, The switch was then placed in the
proposed reloy cirguil For(18) bours whers it drew E60 mAmps, showed no visible
activity and Jid nut result in an ignition.

Hecause the pripased relay circait cots as a resistor which Jimits current to the
switch, the maximum pawer to the switch is timited 0 .75 Whatts, A resistive wire
was wrapped around the base of (1) switch end 0.75 Watts of power was
dizsipated in the wire. The wire became warm to the touch but had no effect on
the switch,

Conclusion: 0.77 Wills, the maximomn power in the proposed cinenit design, ia
mnsufflclent 1 viuse ~obstantial elecirolytic cornoaion or siunificant switch
termimal beating. wiich is necessary to create an ignifion, In previous tests, 1Eing
1 resistor 85 the Peating element {sec Test &), approximately 5 Watts of power wag
(ECESSALY L0 CruiLe 3 ignition
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Braks Procsim Switch Tast Log, Updaliad 472599

Locaion Tl Pamwonn FnsURS Uipdie
1 T 3 ) Thrasw I 1 0.5k, b BmA TRge
14Vde io ane tasrminal, ezpor gron nded Fluld hag discolred,

Corc: (5%, 4%, 6%, 10%, 75% o P-_ Temparaiwe Rize. Tas! Suspendcd.
. Armiyale. susnawiod

Sl comoanicainma in “mn’ Brabi Flald {250+ hows. Consmnt Wwinpomiums.

1 Amp twrcugh salich o IrapmrsLYe 1156 wih Bime
Tapt Euspended.
{owe?" Brake Fiuld In Switch, 24 VDU 10 otw > 300 hours i et mox cumenl 7mA N
tormnird. Hewport Geownded Mo w with e, Tesl onpoklg
fnow’ Bvisles Fiild in Swich, 24 VOC to one T8 hours Ingy Test max cumant Simé,

tmrmined. Heoport Groasnded, Arnbet =t 100 G JMo igrificert ieapraturs rica with B, Tes] sespandad,

Bulld hamiar elmends oo Swiich, 2 tatad Smoks obesrvor, giiion obeorved on part whamar |
|Head T falkusa. Include spa rkdng. T rsumm
|WRh Fitad & Oy Taal aomplote
|Fune "new' Dreka Nuid wit metal Sl Biraos Mui in dhavily Shiers desun Mgl buiday
}E% braka Suld sclution — |Gmake cbearvad wGTB F, Bass rels and talis off 81 550 F
I ]
mmz;m‘ g ann Iﬁl‘nﬂ#isdﬂmmmm
sl 14\!“-:11 sither mabrianry o

|mnd hampont Emm1§m:nmmsm€ ;

& chen dovicar igniled) under condiions aimfiar 10 et &.
Rarun ot 0 \ncarsand [ Salich e 5 Witer sohdion Wio swich
Jropantubity sl carant peth, [ heomont.
L plots and video.

Toallogh Paga 1 of 3




BEYS ELE

Brake Pressurs Swilch Test Log. Updated 4/20/50

e i.

TI u-14m|: JWOES.xG pises at 1360, i |Panam‘fmwa-,lzmquu mm‘ﬁ&num

P B g oA Ve e 1 A TR T T O i T L RS o T i RN ia

Wm HMI‘M hﬂﬁirlﬁh,hl'trlds thﬂlﬂhﬂl.ﬁl mFﬂdm

Tl m“mmammmm i1 Roport being willen investipation sontifuss.
12 xnaap + 12 quénl wwitches w/ 0 % whalar in BF  [Suspenced o 1,3 mition cyuas with na leake gosered.

12 snap + 12 QUi Swilches wi 5 % waler In GF | Snap sampiet suspendad 2l 15 Mikon cyoles wih, 2 ek
nbaard ot 1,30, Cuiel SAMpkE Sttt it SO0k Oy,

1 e N ETTY I'ndlmng anGnTBlss.
_w-ﬂwww&%m’wwww:@w s U T Y oM o] A R et
Cn-Vehicle Chartwibalion | 11 Al Monkor Prassure and Tempenaurs Taxt & AVT. ...a6¢ Fond charts_..>600k in car?

Prassuns & Temparahs it Bwiich Loostion for ADG snd ndn-5AB3
|Pmi.h'rmc- braking events ) L
rmbpally 1im T Lniveedl Dl Sagied t iy PRl [ .
Lined fui ol trassler cylindar. | wibind brinies Sui il dha caliper (UGCA) UNC: Ca =410 Fauig Cr= 00 1.1 %HAL
Jmnd e brks Bl INEW) fr maial and wsiar — [UCA: Gu = W02 fughmid,  Fo = 5.5 fuphwly, G = 1.5 [ugiw, 1.1 %H20
| Cu w0 fupil), Fe=0.92 dughni), £r= <01 fugimi, D3 BHD,
5 ioiion g ps A Bl A LT R TS Lt e, A, TN IR (s o
Ao 12 | Cantrsl Labe | Delonming ¥ arciepark forma in swic:h Equipvmam sat-up In poogmss af Cantel Lae.
using chitch loads and high spesd video. T] Experimanied with ao ‘dprilican sparks choorved
o Usa oy mwitchos o5 well us wiiches wilh o
T wiiows Orake R1id WaRET TGS, N
[ O P BT .- : .o ¢ tE et S e ST ) Rl ey

13 cmm|mmmmnﬁ
|and chasmical sspecis of suaned maliches

Iﬁ'!!hﬂlh!gﬂn‘ memmmmaﬂ NG CINTORON
i

sl on boskea Tusd
i e Inﬁwmﬁmmmm}mwm

Tenllogh Page 2 of 3




3P C1LE

Brakn Pressure Swikch Test Log, Updsiad 42459
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Braks Pragmae Swich Test Log. Updaind 42889

[ORY R
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Bralon Preastwi Suwitch Teat Log, pdakad A2RI09
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Bralos Pressung Switch Test Log, WHM
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Brake Promsum Swdich Teet Log, Updated 8186
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Tcas Iorument investigations

1. ot gup with plastke or olher ton-conductive cuatiag (ke snodiring)
Lengthens comosive path 1 ground
Tomiatas from broken spring swhch contcting wround

2. Make cup of noa-conductive material
Lengthena corroaive pth i ground
Insulnres feom broken spring swiich santecring growest

3. Add plasiic disphmpm behwern cupdramber pin wnd the aprng conbactswil . ... -
Additicnsd lryer of lolation between mechan leal components and sl 2 ..

4. Flace plastic insulator Jiak on ihe cup with hale only for the tranafer pin
Recucey surface nrea exprnd between banery and ground

5. Raplace kapino membranes witl pure keflon membmnes
[ncreasad Mexiblity of membrane

§. Replace kapton zeml with zlidiny pisten seal
Eliminates L kapran

7. Changn mp.l’mrrvu.ur topology
Spread Flexurs over great.r aren of dhe kapton
Raduce interfaces where cxtreme Rexure occor

"B Rephece switch with pressure ranadzcer and semi-condoctor swiich
Eliminalw kipton 3esl

*

..~ilponents

9. Dedign thermeat lLek in power stpphy side of switch thet operes &t efevassu oo e (i time or eyeling

Turma off pawer before hent becomes great enough W cause ignktlen

10, Rwvorss polerity of switch conlncs
Refioves powsr from sphing conrect I IE moves out of posiion

1§ Jamakate'plantic codt apring except conthel A
Raduces comoalve exposurs
Raoduces sosductive material to mekilg convect with ground

1} Gold plaie spring nootent

13, FIIT akr gap o iviceh aosing whth pottig maserial to seal conaneter openniin,
Scul off cormecier path nf’ conaminition

14, Changos avitch housing ssteriul For improved lgnirion pemmctery
Eadocas shility far Pane v spread sfier initial beat sounes is removed

13, Add another layer o the kapinz seal
Pomibie incrossed life of =l efor parforarions pogor

14, AS growd Gkt inlerrupter clroult o swhch cireult
Turos off poswer {F ground path to cese is deteciod

3713 5436



Ford lavestigations

Add grovnd fault imerropter circuit 1o switch cieeuit
Tuns off power if groutd path 19 case is detected

Tm the zensor with ponnector dovwn
Condam irazion will wend to collexi eway fom banery to groand gup

Add dovicw to provide nogative cov Ticien! resistance with temparanre riye

Move rwitch to ground Jeg of the <lutch eoil
Monsecres battecy fhom Fwirch

Packugs swilth on brake pedal bracket
Takas swhch out of underheod sivironment
Remuves termicals from proxim by o ground

Add m-lins fuze in awitch cireu ik
Removes powor froat switch when corrent limit is excosded

Relocate power souros io RUN chrait
Pripvices power only when vehicle 5 runniog

Insuinte Pyitch bady o proporiioning valve
Iocressod growid path

it
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1992 and 1?93 Town Car underhood fires

28 unknown
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162 Town Carx
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* {Blas: Staregad] by:
R Rty ool
{Aad Starmped) Thnk
Sevadoly Musmbar -z"l o5 .

Ford Motor Comgany 330 Town Cervar Orive
Juromatva Sty Ofice Dt Do, delichigan 48125
Envirgrmertal and Safely Enginesring

January 26, 1989

Mr. Al Griffin

Tarritorial Manager

Unified Inveacigationa & Scisnces, Inc,
223 E. Greanbriar Lana

Pallas, TX 75293

Subjece: 1982 Linceln Town Car and Componants Remove
VIN: 1 .
DWner:

Daar Mr, Griffin:

I would like to take this opportunity to thank you
for allowing us to inspect the Town Car vehlcles.

Par your regquast, w@ are returning to
Mr. Richard Taylor che angine somparcment components which were

removed from the subject vehicle in che same condicion they
ware in at the time of cha removal.

Vary truly yours,

T4

R. A. Mevi, Manager
Car Safesty Invascigatciona

wal. dacid)p

gc: My, R. Taylor

3713 5485
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$15ia% Savped) By
UmEEd AZTAM Rocoerd Cony ’2004-
i #¢ Slemasd) Thry:

Inmngaunn: e Sciences, inc. |
*Hchadula Mumsar, 'z_’? 03

o R

VIA FACSIMILE

Inowary 21, 1995

Mr. Rey Navi
Car Safety Imvestigations Manager
Automotive Safety & Engineering Standerds Office

Ford Motor Company

. 330 Town Center Dirive
Dearborn, Michigan 45116

R 1992 Lincaln Town Cer end removad
VIN: lLuLmnswsNﬂmm
ovne
Dear Mr. Mewi:

Om January 14, 1999, an examination of the captioned fire-damaged vehicle mmm-hmdltn
storage facility in Houstoa, Taxas. During tha Inrpection, Bill Abramezyk, who was representiag
Ford Motor Company, removed & companent from the engine comparemeant and teok eustody of
the component,

. Under no circumatances should any destructive testlng be conductied an any of the avidence
Temoved, lthhw:dwﬂuﬂnwldmmwdfmmthuﬂhhhhimmﬂdyWM
u3 for preservation pucposes, Please properly package and ship the componeet to:

Unified Investigations & Sciences, Inc.
Attn: Richard Tayior

223 B, Gresnbriar Lane

Dulluy, TX 75203

lfﬂlrhmmimﬁmufﬂ:uﬁdmisas'qd,muﬁumk:thnproductmihhhmui-mﬂm
it mutmally convenient for =il interssted parties

Thank you for your prompdt attentlon to this matter,

Sinceraly,

A Supron:

Al Griffin .
Territorial Manager ' .~

. 223 E. Greenbriar Lano @ Dallas, Toxmy 75203 & 214-046-8989 mFux 214-996-8586

3713 5487
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CANR: NFORMATION {TYPE OR PRINT)

MAMT el ADDITESS

1n ive sieras ol 1 suihadsstion, NNTSA WL NOT

544199

b id

nmmupmmm 'I'BD
ot iirenn 0 the withials waeTectinee

DAY TiME TELUEPHONE NO. [ARKA COOM

BB OF OWHEN . UTE P 2 - FE
VEMCLE NFORRATION e .
FYEHICLE MENTINCATIAN MO, - VEMICLE MAKE . VEHICLE MODEL MOCHL YRAR'
Lyl | LINcone TOWN CAR 1392
O of ™ 0 W :
|EwneaT packeTan . DRALA'S WAL, GITY & STATH ENGINE HIE
pupckasm 1094, | poygy acxEoN I/M mijﬁg%
617 [ D010 (] yaw B umen na ovusogma B [ Rl puecti
[ YTy —— r ORVETRAM | oDV ST
07 e £ v gmuul:lm'r v n-nrr frima " —
3 o PAMERIRIL AR Do |3 e SOA T U TAN
WIFONATIG . 3 srowramr O veoet ] wmpn —
. rmmmmmmmmuﬂm
[~ ) MART Nekl LECATION FALED FANT)
MO, CF PARURES CATEE} OF FARUASSS) __DOCPORED 4 ALRA | MANIACTLARA IRTAA PPOLILY
e * AT BT 000 [ [ Bw |[Dvwm Fw
APPLICABLE ACCEMSIT ICORMATION -
MLIDENT i 1 MUSBER FEFEDNT INAFIO] FUMBEN OF FATALTIEL FOLEN PEPORTIO
O Ow v Llw TRWE. E*E'___QM
NAPRRTIVE DESERE T O ok DB, ACCIIENTS, PIURYIER
Tha owner d haz Tincoln under the carpart at her Tesideres om Saturdey, October 3, 1998, amd

did rot yneroe B ants. On Sumday, Ocigber 4, 1998, vur dient neticed a beight Mght coming from the
urpect ayes ot spproximtaly 11:00 oo, Our disnk looked in the carpart mnd saw fixpmes coming from.-
umular tha hood of tha Lincoln on S detver’s side, Tha dient callad e Five Thepariment mimabes late:
and then haard at explosion, Before the fir was sxtingriched, the Lincol wan destvayed, a 1954 Ford
Exploru also paked in tha cacport way destrayed and ove $290,000.00 in domages Wi sostrined by

' ouz client’s home and, e losa of parsanal effects,

L o ool b el e T T chutorminied iy B TSI

mm-nu-w

Poitia Lw . ““#m-“.m Wi BRETRA
Tinky o st b f0 il juasiii ol 15 natfyuioy Vst Iy ol Ml wit) M o
Hisiveay Trallic Seluly it Sfiieiitaptt, Vi e, 3 & .y ey b waed
mmm-r-:u'rﬂlmﬁm: r mmﬂlﬂ“
HE-Pary 390 v, 51
MR 17 '99 14: 39 . |l

’ FIE, B2
3718 5483
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M 1.,  FIREINVESTIGATION REPORT
“CONFTDENTIAL”
DATE: 1/11/99
CASE NUMBER: 95-04
RUN NUMBER: 696
TIME OF FIRE: 20:12 -
INVEETIGATION DATE: #1/114%

INVESTIGATION TIME: 21:27
FIRE CAUSE: AccidentslSngine compariment

. DAY OF WEEK: Mow.
rLocarioN I ::. Firs, F1.
DESCRIPTION) Yehicle fire with two sxpessray
VIN: ILNLMEIWENY 709528
rac
DOLLAR VALUE: 13,000.00 7 206.00 / $00.00
DDLLAR LOSS: 12,00.00 _
INSURANCE COMPANY: Stxiz Farm  Karich MayHiold
POLICY NUMBEN: £02-§010.59
PROPERTY INSURED VALIE:
CONTENTS INSTRED VALUE: )
MOBRTCACE COMPANY:
ACCOUNT NUMRER:

. MAR 17 'S99 14:12 _ PAGE ., B2

3713 5439
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l MALS Y IRV EE R SLGFeRY . 561 4852 2323 .02
, - r -
. | O e
OWNER NAME: o
I
' SEX: |
DOB: :
roslll Co
ADDRESS: wt St} Lucie, 1.
ADDITIONAL OWNERA SEE NARRATIVE: a/a
{
- OCCUPANT NAME: Vehicla parked :
RACE: |
DOE: :
rOW: ; )
ADDRESS: ’
ADDITIONAL OCCUPANTS SEE mm%'nm: i
. INSURBD/FATALITIES NAME: n/n |
RACK: :
SEX: ’
DOR: '
POB:
ADDITIONAL FATALITTES/INYURED SEX, NARRATIVE: n/a
’ L}
ARRESTED NAME: wha ;
RACE: i
sEx: :
POB: :
ADDRESS: ;
1
ADRITIONAL ARBESTS SEE NARRATIVE: /s
. MR 17 '95 14112 j PRGE. 03

713 5490
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' NARRATION EUMMARY:

Mownday, Janmary 11, 1999 at 28:37 hra. 1 wat requesicd to investigate the erighn and cavse
of 5 vehicle flre that oecaryed st 26:12 hra. iy tbe parking Jot o N
Port 5t. Lucla, Plarida, Upon my arrival 1t 21:27 b, T mot with fire suppression
pevsensie] who ndvissd that the vehicle was parked in the parking lot by

the swner, priorio her startiog work al 3 p.m. thid day. It was thes brougicl to my
attention that twe vehicles parked next 3 the fire incldant custained fire expoazre damage,

SCENE DESCRIFTION:

The vehicle s fowr door, white 1997 Lineoin Twwa Car was sheerved parkad with tho front
fackog to the enst in the parking lot o 7he vchicle beared a Florida
Boenss tag I +cd the vin ¥ ILNEMB2WNYEEEE Fire damage was apparent.
. Fire patterns indicate the fve traveled from tihe front of the vehicls ¢ the rear of the
vahicle. Parked divectly 1o tha worth of fhe suapeet vahicte was a blue, twe denr 1999
Dlﬂ'pmhl_ which nuixined minor five damegn iv the resr quarier
panel and tire. Thin vehicla was parked with e frant facing t the west. Parked direetly
e ibvo soath of ihe mmpest veligle was & red, fowr door 1948 Ford Taures, I
which sustalned minor eat and nuoke damage. Flrobographs wers tiken =t this thos,

SCENE EXAMINATION:

Au exterior review of the veldele, siarting with the rear of the vehicle, movingina
vieciories manner, revesied heavy firs damage o the freit meving to e bhir nf the
vabicle. The frost tires and kopd wore cmramad by the fire. mmmm
destroyed Yy the Sre. The vear tires were lnffated and onremariable. Exienior fire
paiteras indicwts firs sxhensbon from thie snging compsriment. An Intevior review indicated
the Sire had pregressed thyengh the corwl asserbly (fire wal) and hyowgh the front
windabield. Althomgh the daak board snd insiroment clnsier wirs dawsgid by e fiee it

im
. PR 17 '99 14i12 FreE

ar13a 54
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1 i

interior iaving downward and eck.

The invatigarion then factied on (he enpin:e compatitacst. Birs patteros shaeryed wiihis
the engine compariment indicats tha fiva progressed throngh hﬁdﬂuu\lﬂrﬂmth 3
- the driver side 1o the pussenger side, A closer examination of the sren between ibedire -
wall, nper fonder and the engine (drivary side) rovesisd extensiva fire demage 20 ihe
mechanical componnnts of the vehitle. No unaxpecied odars wirs yresent.

!
1
|
I
|
. ‘ wap atfll recagnuizable, Fire damage to the remaingder was iu the wpper portion of the
|

- CONCLUSION:

Ruvad on the fire scone examinstion snd the inforoaten ahiniwed ihe ares of origin waa
located el the drivers side of the enghw comypartmient. The ignition sowres conld not be
detsrmined. Por farther information refer ko the report af Sats favestipator Greg Gilkey.
This file wifl be esnaldered chased, however, should eiremmatance wavramt supplement
rlpuruwﬂlh:ldﬂilllullhnh

o (i

Anthany F.
Fire Investigntor

'*\

. |
. MR 17 199 14112 PRCE. B3

3713 5492



