ENGINEERING ANALYSIS CLOSING REPORT

T@: Speed Control Desctivation Switch Fires.
No: EA(2-025 Date Opened: ﬂﬁﬁep—iﬂﬂl Date Closed: 30-Jun-2004

BASIS: On May 13, 1999, Ford notified OTM of a safety defect that could result in engine
- pa:tnmtﬁmsmappmmmatclyzﬂﬂﬂﬂmndelyw(h{ﬂ 1992 through 1993 Lincoln Town

gt to Tesult in & fire.™ Recanse the subject switches receive uninterrupted battery voltage, the
g can ocour when the vehicle has been parked with the key in the “OFF” position. Vehicles
pired under the recall received new speed control deactivation switches.

September 20, 2001, ODI opened a Recall Query (RQ01-002) fo investigate allegations of 15
enging compartment fires in MY 1992 through 1994 Town Car, Crown Victoria, and Grand
: nisvehicleslhata]lmportadlymuumdwhileﬂmvehiclewasparkodmdthﬂnigniﬁm

ﬂnSnpimlherﬁ 2002, RQ01-002 was upgraded to an Engineering Analysis, EA.UI-U‘.ES
appmmmatel}rl 9 million MY 1592 through 1997 Town Car, Crown Victoria, and

md Marquis vehicles.! The upgrade was based on 47 reports of engine compartment fires in
chicles that were not included in Ford's recall.

ALLEGED DEFECT: Failure of the speed control deactivation awitch that results in switch
overheating or fire (Figure 1).

Figure 1 Sp-nnd ContmlDeactmhnnSw:tchFlm.MY 1993 annCar

population in the EA opening resume inclodes the vohicles covered under Ford*s recall and some vehicles built
wi the subject speed contro] deactivation switches,
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' : The subject componemis are hydraulic pressure

jtches that function as medundant safety switches to intermupt power to the speed control servo
img brake :111y[1~]i::ati::u:|.z The normally closed switch opens at brake syatem pressures produeed
imately 5-10 bz of pedal forcs, breaking the circuit to the gpeed control sarvo and
speed control to disengage. The deactivation switch is mounted on the brake-

ioning valve, which is located on the rear bulkhead on the left (driver's) side of the engine
pariment beneath the brake master cylinder (Figure 2). Texas Instruments (TT) manufactured
thq switches.

EZE 2

hutpid air). Teflon, which is ynaffected by water, provides a boundary layer to protect the

apton substrate from hydrolytic attack by moisture in the brake fluid. Hydmlytic degradation of
the[Kapton i3 a fimction of: (1) the concentration of water in the brake fluid; (2) the amount of
thmp the Kapton i5 exposed to water-contaminated brake fluid; and (3) temperature.

Bn1keﬂuidpmsmncactsagaimtthnswitchmnv-nﬂerthmugh the Kapton diaphragm to actuate
the|awitch snap disk during brake application (Figure 9). Actuation of the snap disk allows the
gpriing arm of the switch movable contact to lilt off the stationary contact, breaking the speed

2 The brake light switch, which semaes bake pedzl position, is the primary deactivation devics,
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1 circuit to the servo clutch. 'When brake presaure fluid drops, the snap disk is released,
ing the contacts back together through the transfer pin to reset the swiich and allow speed

| function to resame.

up to 0.75 amps to the speed control chutch when speed control iz engaged and 0.005
when not engaged. A 15-amp fuse provides over-currernt protection for the speed control

ThE switch receives unintemrupted voltage from the battery. The switch contacts nnrmallsr

cirguit.’
CQolot Switch
Snap Swhich {Crovn Victorie,
Bwitch & Hase Polymer Information {Town Car) Grand Marquls)
Ford service part mumber F2¥Y-9F204-AA FIAZ-9F924-A
T1 part mmber TIPSL2-1 TTPSL3-1
Swikch “open™ presaure mnge, pai 20-160 0280
Trade name/grade Celenex 4300 Nory] GTXE3Q
Generic fimily PBRT FPE/PA blend
Heat deflaction temperature at 0.45 Mpa , °C (°F) 220 (428) 254 {489)
Melt tetiperntre, °C (°F) 225 (437) 280-305 {536-581)
Base color Brown Natural
UL flarmezbility rating HR HB
Tahle 1. Subject switch identification and plastic base material,
Twio vergions of the switch were used in the subject vehicles. The Town Car vehicles usc the so-
called “snap” switch and the Crowm Victoria and Grand Marquis vehicles use the so-called
“quiet” switch, Table 1 compares some of the characteristics of the two switches. Similar
gwitches were uged by Ford in a number of other platforms with electrically actuated speed
cotjtrol.

ANT. URE MECHANISM: There are two significant stages in the faihme mechsnism

sspciated with the alleged defect. The first stage invelves the development of a leak path from
hydranlic side of the switch {o the electrical side of the switch. The second stage involves the
nsion of the switch contacts and the development of a resistive short to ground that penerates

ghest stresses accur on the Kapton sealy due to contact with the washer and conmverter,
ing to DuPont, the most likely canscs of sarly life failures are the cumulative effects of

1 12 i the Town Car vehicles and Fuse 7 in fhe Crowa Victoria and Grand Marquis vehiclos,
4 by DuPont in its Septemher 3, 2003 letter o ODL
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sayice cycling stresses and high localized stresses introduced during the manufactuting proceas
in gectain switches, leading to earty futigne, or hydrolytically induced degradation of the Kapton
merhanics pl'DpEl'tl&ﬂ.

DuPont indicated that hydrolytic degradation of the Kapton could be caused (1) by water-
contaminated brake fluid penetrating a cracked Teflon layer (Figure 10); (2) by water penetrating
a siressed — and thus more peomeable — Teflon layer; or (3) by some combination of (1) and (2).

hia cordition is thought to originate on the Teflon layer that is in contact with the brake fluid
and lead to failure of the hexport seal. A Kapton substrate that has been degraded from such
exgosure can become brittle and crack. Figure 11 ghows a radial Kapton erack that appears to
haye resulted from stress concenirations imposed by assembly processes. If the process is
epeated in the middle seal and the washer seal a leak path ig created from the hydraulic gide of
thejswitch to the elecirical sids. DuPomt indicatexd that it was these early fatigue type failures that
wele observed in switches removed from the recalled population.

Water-conteminated brake fluid in the electrical cavidy results in corrosion of the switch

elegtrical contacts. Brake fluid and cormosion products (i.e., loose metal fragments) in the
elestrical cavity may then cause a registive short to ground to develop from the stationary contact,

- carpying battery voltage, to the hexport body. From Ohm's Law, the leakage current (1) is

Jetrmined by the relationship I = V/R, where V is system voltage (12 to 14.5 volts) and R is the

resjatance of the short to grommd. The short to ground penerates heat in the switch cavi

praportional to the product of the square of the leakage cutrent and the resistance (P =I°R).

Arding may also cccur between the contacts and from the powered contact to the hexport body
igure 12}. The heat may melt the plastic switch base (Figure 13) and the arcing may provide the

SOUCE Dflg[lltlﬂl]. )

i condition is sometimes detected by evidence of brake fluid leakage (e.g., brake fuid on the
pavement, brake fluid observed dripping from the switch, low pedal). Continued contact
corpesion results in increased contact resistance, which will eventually cause the speed control to
begome inoperative {this effect can also result from water intrusion through the connegtor seal or
from mechanical failure of switch components, sach as a sticking transfer pin). Incperative
speed control is the most commenly reported symptom of switch failure,

he leakage current that results from the resistive short condition can also provide symptoms of
witch failure. These include: (1) difficulty shifting the vehicle out of PARK; (2) inoperative
breke lamps; (3) brake waming light illumination on the dash; and (4) dead battery. The first
rge symptoma result from eonditions where the leakage current is great enough to cause the 15-
amp circuit profection fuse to open. If the fuse opens, the subject awitch and stop lamp switch
arejisolated from batiery voliage and the speed control, stop lamps, end brake-transmission shift
intdriock become inoperative. The operator will not be able to shift out of PARK. A switch fire
amnot ocowr after the fuse has opened, unless the fuse is replaced without diagnosing the
7 lanandreplacingthemwh

Tegting conducted by Ford and TI determined that leakege currents of leas than 15 ampa could
in switch meiting and ignition. During Ford's investigation prior to 99V-124, tosting of a
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swijtch with a conductive liquid repeatedly injected into the electrical cavity produced increasing
kage currents of 1 to 2 amps at 14 volts, with transients of 10 amps. Ford's report indicated
hat “these lab conditions were capable of melting or igniting the switch plastic bases in a 3 hour
copiirolled environment.™

CONTRIBUTING FACTORS: The factors contributing to the alleped defect can be divided
intp three general categories: (1) design factors; (2) manufacturing/assembly factors; and (3} use

pors. It is in the second category where the subject vehicles and the recalted vehicles are
believed to differ.

Depign factors. There are switch and vehicle design factors that can contribute to the alleged
defect condition in the subject vehicles. The switch faciors basically involve the diaphragm

pacity and factors that influence disphragm stress. Parameters that may affect diaphragm
thugability include: (1} diaphragm design, incleding material sclection, coating system and
nnber of seals; (2) baseling load on the seals resulting from switch assembly (12, crimping);
(3¥cyclic load on the seals due to pressure cycling; (4) the peometry of the mating mufaces to
which the seals conform, which determine the strain state and stress concentrations of the geal in
therelaxed and stressed (i.c., “switched™) conditions; and (3) the nature of the surfaces of
coponents contacting the seals.

Vehicle design factors include those affecting switch durability and aspects of the electrical
systern that may influence the nisk of fire should an imtemal short develop. Vehicle factors
afftcting switch durahility mclude the ambient and brake flwid temperatures that the switch, and
particularly the diaphragm material, will experience during service (i.e., switch/disphragm

operating and hot soak thermal histories) and the switch cycling pressures. Electrical systemn
degign factors include the cirenit proiection design and the delivery of vninterrupted battery
voltage to the switch. The latter may have a dual influence ag it may promote contact corrosion
in @ switch cavity comtaining conduciive liquid and it provides the source of energy that causes
ovirheating and ignition of the awitch base to potentially eccur in the key OFF condition.

Manufacturing factors. TTidentified the following manufacturing factors that may influence

durability of the subject switches: *(1) the cnmping process; (2) tha process for inserting the 3-
=r Kapton/Teflon diaphragm; (3) damage to the Kapton diaphragm during the mannfacturing

process; and (4) the process for loading the gasket in the correct location and avoiding any

il mmﬂmmmﬂm." TlﬂﬁmpmwasmiMEiEIWI,atmﬂﬂmof

praduction of the subject “snap” switches, when some switches produced on the antomatic-load

crilnping machine did not pass Ford's durability specification, TI has indicated that the problems

wele resolved before switches from this machine were shipped for use in subject madels and that

no pther changes in the crimping process occumred thet could explain the higher failurs

experience in the recalled vehicles.

b second and thard factors could damage the diaphragm and lead to premature failures.

Aceording to TI there is no information indicating that these problemns occurred during the
mapufacture of the subject switches, The fourth factor, involving the installation of the hexport
could resuit in damage to the gasket, which could result in leakage from the hydraulic
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ide of the awitrh to the electrical side. An Augnst 1992 TI document describes a problem with
gaaketpoaiﬁonjng. Fmdhascitedﬂﬁsdonumentasapnmiblerﬂmnfmth:@hmgnin

.- tchfuilumumlatedtugaskdpnﬂiﬁuningmlﬂ:elytowcurvm'yenrlyinﬁe]ifeufthevehiule

assembly may, in certein circumstances, affect the Kapton diaphragm condition. TI stated that,

During the mamifacturing process for Capri vehicles in Australia, 8 vacuum was created using 4
gtemn that was sufficiently powerful to pull the Kapton out of place and impair ita utility for the
i switches.” According to Ford, the switch internal cup height was reduced by four percent
scember 1992 to address concerns with potential open corcnit conditions developmg under
acam. TI does not believe that the change was implemented in preduction of subject switches.

Use/service factors. Use factors include the number and magnitude of pressure cycles imposed
the diaphragms; the climate (e.g., ambient temperature and humidity); the type,
ination, and temperature of the brake fluid; speed control usage (relates to availability of
symptoms}; and impraper repairs.

regard to the number and magnitude of pressure cycles, Ford hag submitted information for

Crown Victotia indicating that severe usage custormers (90"’ Percentile Drivers) apply the

e approximately 1.8 million times in 150,000 miles of service with an estinnated durability
S of4.31x10°. Ford mummmmmeamagemmmmmplythebmkesammmmﬁv

740 thousand times in 150,000 miles of service with an estimsted durability index of 1.79x1

ing to Ford, the impulse test (500,000 cycles @ 1450 psi) in the durability specification

a durability index of 7.25 x10°, approximately 68 percent greater than the 90 Percentils

ver after 150,000 miles. TIbelieves that the number of switch cycles is a more significant

in diaphragm durability then the magnitude of the pressure cycles,

g

Enyirgnmental factors are believed to affect the rate that the mechamcal properties of the
iaphragm material change due to thermal and chemical aging (ambient temperature) and the
ﬁli‘tofwam contamination that aged brake fluids may have absorbed at a given service
(humidity),

improper diagnosis and repair of SCDS failures kas been a factor in some fire incidents, In

thepe vehicles a repair technician or consumer replaced the 15-amp circnit fuse, in some cases

ith a larger fuse, or replaced the fure with a circuit breaker after the firse had opened. These
failed to diagnose the SCDS as the souree of the high-current condition, thus allowing the

cireuit condition to contimue and cause an underhood fire.

5 sum of the products of total bmke applications and rear brake line pressunss at mild, moderste, and severs
hﬁ'ngm
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H ThasubjectvuhclmmMY 1993 through 1997 Ford Town Car, Crown

ia and Grand Marquiz vehicles equipped with electronic speed conirol that werne built after
th prodmhonrangem]ledbyFordmﬂﬁV-li# Ford has sold over 1.4 million subject

in the United States. Teble 2 shows the vehicle sales volumes and complaint data by

and model year.

Model

Crown Grand
MY Town LCar Vicieria Marguis Total
1953 72,987 &7.696 50,783 191 466
1994 113,022 94,403 24,887 302,312
1995 107,727 94,084 94,183 295 909
1996 90,764 102,431 95,031 2EE. 16
1997 104,977 116,212 127,977 349,166
Tatal 489,477 474 826 d8d 866 | 1,427,169

Table 2. Subject vehicle population.
URE DATA: OD] used the following criteria to determine whether an incident would be

as a speed control deactivation switch fire for the purposes of this investigation: (1) the
originated in the area where the speed control deactivation switch is located (lefi-rear comer
engine compartment, beneath the master cylinder); and (2) there was evidence of spead

1 deactivation switch failure prior to the fire (e.g., inoperable speed control, speed control -
ivation switch fise open — sometimes repeatedly, difficulty shifting out of PARK, evidence
fluid leakage from the swilch) or (3) evidence of speed contro] switch failure discovered
during post-fire forensic examination. Using these criteria, ODI identified a total of 35 fire

inc that appeared to be related to SCDS failure in the subject vehicle population (Table 3).

Category ODI Ford Tedal

Complaints 5 30 35

Fires 3 30 35

Injury incidents 0 1] 1]

Injuries 0 0 o

Faial incidents 1] 1] 1]

Famlitics (] 1] 1)

Table 3. Failure surmmary.

Table 6 provides a breakdown of the fires by model and model year. Because switch dursbility
manufacturing process issues were the primary factors under consideration with respect to

the|alleged defect, EA02-025 focused on MY 1993 through 1995 vehicles, the oldest vehicles
the vehicles built nearest the production range of the recalled wehiclea. For this reason,

Fond's failure data for the MY 1996 and 1997 vehiclea is limited to that coflected in RQO01-002.

ODI has received only one complaint related to the alleged defect in MY 1995 through 1997

subject vehicles.
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S £S: Table 4 summarizes the design amnd manu feciuring process
Anges ﬁumthcmdnuumofﬂm subject switches through the end of MY 1997, when Ford

ed using the switches in the subject models.

Date Chanpe  Ragson

Oct-91 | TI begins productdon of speed conirol deactivation Parts prodaced ueing “sniomated crimp™
switches fer MY 1992 Town Car vehicles using marnfactunng process leaked during the
prototype (“manual crimp™) mannfactyring process, | durability portion of validation weeting.

Jan-92 | TI begins production of speed control deactivation Parts produced from “automated crimp™
switchea using “sutomated crimp® mamidactoring procesa peas validation testing efter overbaul
procean. of suta-lnad criop machine,

Ape92 | T1heging peocction of "oeiet” spead control Reduce switch cycling noise in Crown
deactivation awitch for MY 1992 Crown Victoria Victoria and Grand Marquis vehiclkes.

-92 | TI carrects problemn with “grossly misplaced™ Bliminate potential for pasket damage and

Arg gaakety, early-life loakape failures,

Dec-92 | Intermal cup dimension changed 0.004 imchea from To address concarnes with pateatial open
0.091 in. to 0.087 in. nominal. circuit condition under vacoum.

003 | Change soppllers from TT o HiStat-Stonesidge and TI shops supplying switch to Ford.
redesign switch.

TABLE 4, Design/manufacturing process changes,

here has not been a specific demgn or process change identified that explains the difference in

R : During RQ01-002 and EA02-025, Ford provided information on about 745
claims relating to speed control desctivation switch repairs in the subject vehicles,

2e years or 36,000 miles. The coverage for Town Cars vehicles is four years or 50,0M miles.
le 8 shows the warrenty claims and claim rates for the speed conirol deactivation ewitches by
el and model year, s well as the counts and rates for claims with specific symptoms

nasociated with the alleged defect. '

g watranty period. The filure mechanism takes time to develop as can be seen in the recall
pulation, which did not experience problems with switch fires until the vehicles reached 4-6
ars ard 60-100 thousand miles of service, In the subject vehicles, the ¢laim frequencics were

ger standard coverage for the Town Car vehicles, The MY 1995 vehicles had the highest
im frequencies for both populations.
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m Town Car
B Crown VlotoriafGrand Mardqulx | |

10.0% -

0.0°% -

ﬁgfiﬁfwff@e&f*yg .f.@' @"4‘*

M isage rangs (x1000)

Figure 3. Distribution of SCDS warranty claim data by model and mileage.

claim rates are low, with only the MY 1995 Crown Victoria and Grand Marquis vehicles

ing 4 rate as high ag a tenth of a percent. Many of the claims involved vehicles well beyond
standard coverage age or mileage, indicating either extended coverage or goodwill repairs.
imately 1.3 percent of all claims involved some sort of thermal event, Siz percent of the
g indicated a switch failuwre resulting in an open fuse and/or difficulty shifting out of FARKL
ehve percent of the claims indicated evidence of brake fluid leakage. '

PART S : Ford provided information about sales of approximately 45 thousand apeed
c 1 deactivation switches for service use in the subject vehicles, through July 2003.

m Snap switch
2,600 | M Cuiat awdich

2,004

1,50

1.000

1091 1602 1963 1854 1985 1PGE 1PGT 1990 1809 2000 2001 2002 2003

Figure 4. Service part sales of subject switches
by switch end sales year (through July 2003).
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4 shows the annual sales of the “anap” amd “quiet™ switches. Ford also sold the recall kit,
conzisted of a “snap™ switch and a switch electrical connector, as a service part in non-
vehicles. In 1999 and 2000, sales of the recall kit were higher than sales of the “snap™ and
iet” switches in subject vehicles. Figure 5 shows the annual combined sales of the switches
kits by model. Annual sales peaked at over 15,000 ynits in 1999, when Ford mnitiated recall
99W-124. Since 1999 sales bave been relatively conetant at about 7,000 ymits per year.

12,000

W Towm Car
10,000 1 wmCmowm Yictorka/Gand Mamuls

8,000

8,000

4,000

2,000

1
1B0H 1062 1993 1994 1555 1568 1567 1958 1999 2000 2001 2002 2003

Figure 5. Combined service part sales of switches and kit
by model and eales year (through July 2003).

Ferd also provided information and analysis from its Unified Databage, a part sales tracking
8 used by Ford to facilitate parts availability. Ford’s UDB data provides a sampling of
warranty vehicle repair information from selected dealers thronghout the United States.

0%
mTown Gar

B Crown Vicioria/Grand Manquie

150%

10.0°%

% -

ij#ffiﬂﬂ”ffgﬁy%*; #gk '*-i"‘#

Ml rangs {x1000)

Figure §. Distribution of SCDS part sales UDB data by madel and mileage.
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Fig 6 shows the mileage distribution of Ford's UDB data for the subject switches in MY 1993
1995 Town Car, Crown Victoria, and Grand Marquis vehicles. The Town Car has about
'smnepm‘cmtagcufaalesutheCrnwn‘iiclnﬂaandﬁmndhlmuisvehiclesﬁnm?ﬂ,ﬂﬂﬂtn
14L000 miles. The Crown Victorie and Grand Marquis have a greater pemcentage of sales than
Towm Car at less than 70,000 miles and the Town Car has a greater percemtage at greater than
101],ﬂﬂ{}mi1m. A breakdown of UDB data by failure mode/symptom is provided in Table 9.

%D_I_I_!QEAL INFORMATION:

Ford durability speciBication. Ford’s durahility specification requires that the switches not leak
after 500,000 impulse cycles at 2 Hz with the following conditions: 107°C (224°F) ambient
tephperaturs, 135°C (275°F) brake fluid temperature, 0 to 1450 psi eycling pressure, and 100
percent DOT 3 (no moisture content). These valuea are well above the maximurm temperature,
161°C (213°F), and pressure, 1200-1300 pei, which the switches experience in service in the
subject vehicles. According to Ford, the durability specification is about 68 pexcent more
detnanding than a 90” Percentile Driver over 150 thousand miles,

|

litch durability testing. TT tested the subject switches to failure using the Ford durability
ﬁl‘;ﬂmﬁm and various conditions of Kapton (laminated or monolithic), brake fluid moisture

went, and cycling frequency. Note that the latter has the effect of extending the exposure time
at the extreme test temperatures for a given number of cycles, The tests were conducted at the
quciﬁad ambient temperature, brake fluid temperature, and cycling pressure,

5 : Text Results — Cycles and Honrs te Fallure

; Brake Flold | Freq Minimnm A Maximwom
[Kaptzm | (DOTI/H0) | (Hz) Cycles Houry Cyeles Hours Cycles Houry
1aminated 10040 300 | 075000 ] 1493] Li141036( 15851 1212806 | 16858
Tmmimted 100/ 0.50 268000 | 1489 332000 | 184.4 365000 | 202.8
Tlaminated 95/5 0.25 61,000 67.8 Unknown 109000 | 1211
Monolithic 100/0 6.50 £3,000 20.4 78333 435 95,000 5.8

Tabla 5. TI durability test results,

Tal';:leﬁ sumrnarizes the results of some of the TT testing. The greatest number of ¢cycles to
failure were achieved using the Ford specification at 2 Hz. Decreasing cycle frequency from
Eﬂzmﬂ.SHzrﬂdmedthewmgemmherofuyclmtofailmcby?lpercent,whilehm:rusing
theigverage time to failure by 16 percent. Adding 5 percent water to the brake fluid and further
deciraasing cycle frequency to 0.25 Hz resulted in significant reductions in both the cycles and
time to failyre, These resulis suggcest that chemical aging mechanisms (e.g., heat, hydrolynis)
may be more significant than mechanical aging (i.c., fatigue) in the Ford durability specification,

Fotd retwrn part analysis. In response to EAC2-025, Ford provided information concerning
anglyses of 12 speed control deactivation switches from subject vehicles that were returned from
theifield in 2002 through 2003. While the switch history and reason for replacement were not
wvdfilable for most of the switches, they were apparently selected from parts exhibiting anomalous
conditions in the field (e.g., inoperative speed control or overheating). Four of the switches had
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led!kpaﬂuEomthﬂhydmuﬁcsidnufﬂwmmhtutheelecticalsidelhmughmcksinthe .
Kapton scals, Three of these switches exhibited signs of overheating, including onc that was
involved in a fire. The other eight switches had developed contact corrosion that was attributed
tu!waterintnmimthmughﬂmnnnnmtoraml. The Kapton disphrapms were intact in thege
switchcn

Fokdsqur During a meeting with ODI on February 12, 2004, Ford prescited prelimingry
information regarding ita anatysiz of speed control dehctlvatmn mtchasthatwm recently
collected from subject vehicles in various parts of the country. These switches were removed
froim subject vehicles at Ford dealerships throughout the United Statés without regard to switch
hlﬁtoryursymptoms The switches were analyzed to assces the condition of the Kapton seals and
the eleetrical contacts,

An April 20, 2004 report from Ford"s Central Laborsitory summmerizes the findings of the
coinplete survey that invelved 42 switches, including 15 from dealers in Georgia and Florida —
states with higher than average failure rates for the subject switches. The switch histories ranged
froin 9.0 to 11.5 years old and from 35,629 to 379,891 miles. The averages were 9.9 years old
and 104,789 miles. Thnnldestsmtchwasmanuﬂctmedmﬂcmbﬂ 1992, during the vehicle
production range of 99V-124.

Ford’s detailed analyses of the first 13 switches found most had tears in the Teflon layer on the
hexport mide of the hexport seal (the only Teflon layer initially expoged to brake fluid). One of
the hexport seals had a crack in the Kapton, but none had Teflon tears on the side opposite the
hexport. There were no cracks or tears observed in the Teflon or Kapton in the middle and
washer seals,

Regarding the full set of 42 zeals analyzed by Ford’s lah, one of the switches (from a 1995 Grand
Marquis in Georgia with unknown mileage) showed leakage of brake fluid from the hydranlic
side to the electrical gide of the switch. Examination of the switch found that tears and -
delamination in the Teflon overlays and cracks in the Kapton substrates formed the leak path, A
second switch (from a 1995 Grand Marquis in Florida with 379,891 miles) showed evidence of
water intrugion, but no evidence of brake fluid leakage through the seals,

IRD’ ON: Ford believes that there is no evidence of a defect trend in the speed
control deactivation switch in the subject vehicles and that the scope of recall 99V-124
adéquately addressed the potential for switch failures resulting in engine compartent fire in
Town Car, Crown Victoria, and Grand Marquis vehicles. Ford stated that the alleged underhood
fire incidents in the suhject vehicles have “striking similarities” to incidents reported in vehicles
that were not equipped with the awitch and that many of the incidents have been erroncously
attributed to switch failme:

‘A defect trend in the apeed control degetivation switch has not been identified. Ford
compared the slleged incidents to those events incinded in the recall. Ford’s
comparison reveals a distinet difference in the performance of the switch in the
‘subject vehicles to those included im the recall [Figure 7]. Ford’s investigation of the
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: ll]eged underhood fire incidents in the snhject vehicles revealed sirlking similarities
' between these alleged incidents and those reported durimg the recall luvestigation
“where the vehicles were not even equipped with the suspect swihich.

‘'While reporis alleging feilure of the switch leading (o heat, smoke, melting or
-fire exist, there ix Hlitle, if any, credible information to support the allegations. In
fact, Im many of these reports, there is subsinntial credible evidence to the

contrary.

Ford attributed many of the allegations to publicity surrounding the recall and subsequent
CDI investigations:

_It appcars that the publcity surrounding the original recall, the R(Q) investigation
-and the insgtant engineering analysis has created a publie pereeption that any fire (or
other thermal event} ocenrring in or near the subject vehicle or any similar vehicle,
ke, those produced before incorporation of the swiich, mnst be the result of a speed
conirol deactivation switch problem irrespective of the factuat circumsianees and
information to snpport such an allegation.

Ford concluded that there is no safety-related defect trend related to the speed control
deactivation switch in the subject vehicles and thiat the scope and remedy of Recall 99V-124
[Ford 99515] were appropriate. Ford also concluded that there is no correlation between
complaint and part sales data concerning speed control deactivation switch failures and a safety
defect trend related to underhood fire:

Based upoa the subsiantially lower report rate of the subject vehicles compared to
those produced during the Safety Recall 99515 perlod and the results of onr analvsis
of a large volume of information in the preparation of this response, Ford concludes
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that there 15 mo safety defect trend related to the speed control deactivation ywitch in
the subject vehicles and that the remedy and scope of Safety Recall 99515 were
appropriate. Additionally, based wpon the inverse trend of incressing speed control
function ¢complaints and decreasing nnderhood fire allegations across the 99315 aud
subject vehicles, Ford also concludes that there is no correlation between reports of
loss of speed conirol and a safety defect trend related to wnderhood five.

TI POSITION: Texas lnstruments does not believe that there is a safety-related defect
associated with the subject switches, either in the subject vehicles or in the recalled vehicles.

TI does not belleve that there Is n safety defect associnied with the subject switches.
The switch iz not subject to smy federal motor vehicle safety standard and thus i
not out of compliance with any such standsrd. The switch design and operation de
not glve rise to any safety hazard or to an unressonable risk to motor vehlele safety.

TI further stated that switch falure cannot result in fire if the current 1s limited to the levels
required 1o operats the system:

Laboratory testing results previously produced by Ford to NHTSA and incladed in
TI’s prodaction also indicate that the level of electrical current applied to the switch
dwring craise control aperatinm (typically 0.5 amps) did not resnit in safliclent
heatinpg to canse melting or ignition of the switch even in the presence of conductive
fluid in the electrical cavity of the switch. The test results indicate that if the system
curreat is limited to this level, the only result of finid in the electrical cavity is that
the switch could become inoperable, disabling the operation of the vehicle’s cruise
control fanction. TI does not believe that this comstitntes a safety defect.

TI indticated that, as of September 10, 20063, it was aware of 14 claims that the subject switch
caused a fire in a non-recalled subject vehicle, TI denied liability in each of the claims.

DODI ANALYSIS: To assess the alleged defect in the sabject vehicles QDI analyzed the
underhood fire incidents reported to ODI and Ford; SCDS repair information from Ford's
warranty and UDB data bases; and non-fire insurance data for the subject vehicles, recalled
vehicles, and select peer vehicles from 1993 through 2003,

Fire dxta. After analyzing atl of the known fires reported to Ford and QDI, there were 260
incidents identified where the SCDS could not be completely eliminmied as a possible canse. A
breakdown of these incidents by model, model year, and key position is provided in Table 7.
Tghle 10 shows the numbera and ratea of these incidents hy madel, region, and key position.

Ford and TI disputed that the speed control deactivation switch was the canse in virtually all of
the incidents. The amount and quality of the evidence varied considerably in the incidents
reviewed by ODI. Therefore, to better assess which fires had evidence of SCDS involvement,
QDI carefully analyzed all of the availahle information and called consumers to gather additional
information when necessary. As previously noted, ODI established the following criteria to
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determine whethet an incident would be counted az a speed contiol deactivation swltch fire for
the purposes of this investigation: (1) the fire originated in the area where the speed comntrol
deactivation switch is located (left-rear corer of the engme compartment, beneath the master
cylinder); and (2) there waa evidence of speed cantrol deaetivation switch failure prior to the firg
(e.g., inoperable speed control, speed control deactivation switch firse open — sometimes
repeatedly, difficulty shifting out of PARK, evidence of brake fluid lealaige from the switch) or
{3) evidence of spead control sawitch fadlure waa discovered during post-fire forense
¢xamination,

Using these criteria, ODI identified a total of 35 fire incidents that appeared to be related to
SCDS failure in the subject vehicle population. The cumulative failuore frequency trends of the
SCDS fires and the total fires where SCDS could not be completely climinated are shown in
Figures 14-16. The trends indicate an increase in fire experience after 7-8 years in sexvice in the
MY 1993 and 1994 vehicles and that SCDS fire experience begins after shout 6-7 years in
service. .

Warranty and UDB data. Both wammanty and post-warranty part sales sampling data submitted
by Ford provide information concerning the failure mode/symptoms associated with service

repairs. These data are ghown in Tables 8 and 9. Table 11 provides a comparison of SCDS fire,
warranty and UDB data in two geographic regions with zimilar subject vehicle populations. The
data in sach of thess categories are greater in the southern Gulf Coast states than in the northern
Great Lakes states. Thmed:ﬁamueshmmnemnrepmmumadmﬂlnmrﬂasmgwhmlﬂagﬂmd

mileage, especially for the Town Car vehicles (Figure 8).°

Ill.‘.‘
L

o

280 ______,_.._

100 g

Mg FARQE o000

Figure 8. Rate indices by region, category, and mileage range; MY 1993-95 Town Car
{rate index = Yecabegory/opogmlation, valne of 1.0 indicates nonmalfavernge).

f These analyses sre based on infirmation provided by Ford sbout stetes where vehicles were delivered for sals.
Subsequent vehicle migration patterns could influence this analysis to sone sxhang,



EAD2-025
page 16

Insurance datz. To assess the general fire experience in the subject velicles in comparison with
other large-sized passenger cars of similar age, OD] requested policy count and fire loss claim
information from a major insurance company for the subject vehicles and several peer vehicles
by tnodel year and year of claim. The data was requested for MY 1992 through 1997 and claim
years 1993 through 2003. ODI's analysis of the insurance data found that the MY 1992 Town
Car vehicles recalled in 99V-124 experienced suhstantial increases in fire rates in 1997 and 1998,
when the fire claim rate peaked at over 4 claims per thousand insured vehicles. The MY 1992
Crown Victoria and Grand Marquis vehicles had a less pronounced increase in 1998, but
remained within the range of peer vehicles analyzed by ODI.

Fignawes 17 through 22 show the insurance fire claim rate trends of the subject vehicles and select
peers for each mode] year. The MY 1993 data includes both recalled and non-recalled vehicles.
Figure 23 shows the combined trends for MY 1934-07 subject vehicles by vears of exposure.
This analysis shows a moderate increase over tme in the subject vehicles, particularly in the
Town Car vehicles after 7 years in service. The insurance data is of limited use in evaluating a
specific defect condition, since it is not limited to a specific location or cause. In addition, the
insurance data could not be analyzed by key position or geographic trends.

OBSERVATIONS:

1. Ford initiated 99V-124 after a sharp increase in underhood fires in certain MY 1992 through
carly-1993 Town Car, Crown Victoria, and Grand Marquis vehicles where the incident
mileage for the majority of vehicles ranged from 60 to 100 thousand miles and the time-in-
service ranged from 4 to & years (see EAS9-006).

2, 'While most of the subject vehicles are several years older than the population recalled by
Ford in 99V-124, the rate of fires in the subject vehicle population is gignificantly lower than
in the recalled vehicles bagsed on ODI compleints, Ford complainis, and insurance non-crash

fire claim date.

3. At the time of 99V-124, the recalled vehicles ranged in age from 6 to 7 years old and the
subject vehicles from 2 to 6 yeara old. The subject vehicles currently range in age from 7 to
11 years old.

4. The incidert mileages range from 50 ta 180 thousand miles and the time-in-service ranges
from 5 to 10 years, with all but 6 out of 35 ocourring after more than 7 years in service.

3. Approximately 97 percent of the 35 SCDS fixe incidents with known key position occurred
with the vehicle parked and the ignition “OFF.”

6. Insurance data indicate a moderately increasing trend in non-crash fires in the subject Town
Car vehiclen afier 7 years of service.

7. Part sales data indicate a constamt anmual volume of about 7 thousand switches per year.
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REASON FOR CLOSING: Based on the low rate of fire incidents where failure of the SCDS
is involved and the age of the vehicles — 7 to 11 years — a safety-related defect trend has not been

identified and further use of agency resources docs not appear to be warranted. The closing of
thig investigation does not constitate a finding by NHTSA that no safety-related defect exists.
The agency reserves the right to take further action if warranted by the circumstances.

Lheofot-
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Dircctor, Office of Defects Investigation Date
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ODI Ford™ Total
Model MY Frodoction Na. RS0k No. R0k No. R/100k
Town Car 1993 71,987 1 14 11 15.1 12 16.4
1994 113,022 1 09 2 1.8 3 2.7
1995 107,727 0 0.0 2 1.9 2 19
1996 00,764 0 0.0 1 1.1 1 1.1
1907 104,977 ] 0.0 0 2.0 [+] 0.0
Total 4R 4T7 t 0.4 16 33 18 n
Crown Victorin/ 1993 118,479 0 0.0 3 2.5 3 2.5
Goasd Marquis | 1994 159,290 3 21 g 4.8 12 6.3
1995 188,272 0 0.0 1 0.5 1 0.5
1994 197 462 0 0.0 1 0.5 1 0.5
1997 244,189 D 0.0 0 0.0 0 0.0
Total 337,692 3 03 14 1.5 17 1.8
Total 1993 191,456 1 Q.5 14 7.3 15 7.8
1904 303,212 4 1.3 11 36 14 45
1995 295,900 D 0.0 3 1.0 3 1.0
1596 288,326 0 0.0 2 0.7 2 0.7
1997 349,166 0 0.0 D 0.0 0 0.0
Tatal 1,427,169 5 2.4 30 2.1 as 25

TABLE 6. 11.5. sales, complaints, and complaint rates by model and model year,

Key OFF Koy ON UNK Total

Model MY | Production | No. | R/1D0K | Ne. | RASSK | No. | /ibdk | No. | RAMK
Town Car 1993 729587 M 46.6 3 41| 22 30.1 59 RO.8
1994 113,022 n 19.5 5 44 | 25 21 52 46.0

1995 107,727 4] a7 3 28| 12 1E.1 19 176

Tatal 293,736 50 0.4 i1 13| = 201 | 130 443

Crowa 1593 118,479 b 16,9 3 1.7 17 143 19 329
Victoria/ 1954 189,290 28 14.8 3 32 | 31 16,4 65 343
Grand 1965 188,272 a 42 1 05| 17 90 26 13.8
Marquis Tetal 496,041 26 11.3 9 18] & 131 | 136 262
Total 1993 191 466 54 282 5 26| 39 204 [T 512
1994 303,212 50 168.5 11 36 | 56 i85 | 117 38.7

1995, 295,999 12 4.1 4 1A 29 9.8 45 15.2

Total 789,777 | 116 14.7 0 25 | 124 157 | 260 32.9

TABLE 7. Fire rates by model, model yvear, and key position
{Tota] fires: inchades all undethowd fires wheea SCDS could not completely ba slitvirated as potential canse),

? Ford dats inchades consumer complaints, field reporis, e legal claims (lawsuits and subrogeticn cluins).
* Ford"s duta for MY 1992 through 1993 includes records theoogh Septembier 2003, The Ford data fie MY 1996 and
1957 was 1est updated in Coober 2001,
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Open Fuse/
Fire/Smoke/Melt Stock In Park Braks Floid Leak Total

Model MY MNo. %% Prod N % Prod N % Prod Na. %% Prod
Town Car 1993 1 0.001 1 0.001 4 0,005 55 0.075
1994 2 0,002 1 0,001 2 0.002 63 0.056

1995 0 0.000 7 0.006 8 0.007 106 0.093

1996 0 £.000 4 0,004 3 0.003 14. 0,015

1997 0 0000 4 0,004 2 0.002 13 0.012

Total 3 0.041 17 2.003 19 0.084 251 0.051

Crown 1993 2 002 3 0.003 8 0.007 §8 0.074
Victoria/ 1004 3 0.002 7 0.004 12 0.006 124 0.066
| Grand 1995 2 0.001 7 0.004 50 0.027 252 0.134
Mbarquis 1994 0 0.000 1 0.001 0 0.000 8 0.004
1997 0 0.000 10 0.004 4 0,002 22 0.00%

Total 7 0.801 28 0.003 74 D008 494 0853

Total 1993 a 0.002 4 0.002 12 0.006 143 0.075
1994 5 0.002 8 0.003 14 0,005 187 0.062

1995 2z 0.001 14 0.005 58 0.020 358 0.121

1996 0 0,000 5 | o002 3 0,001 22 0.008

1997 0 0,000 14 0.004 [ 0.002 a3 0,010

Total 10 0,001 45 5.003 9 2.007 745 0,052

TABLE 8. SCDS warranty ¢laim analysis by model, model year, and failure mode/symptom,

Fire/Snsoke/ Open Fuse/

Melt/Burn Stock n Park HBrake Fluld Lesk Total
Meidel MY Ne. % UDB Nu, % UDR No. % UDB Ne. % Prod
Town Car 1993 7 7.6 28 " 30,4 3 5.4 92 0.13
1994 4 14 24 2.7 2 1.7 116 010
1995 5 16 11 2.0 11 - 8.0 137 0.13
Total 15 1.6 63 18.3 18 5.2 345 0.12
Crown 1993 & 6.7 23 25.8 5 5.5 8 0,08
Victoria/ 1994 13 10.7 22 18.2 9 74 121 0,06
Girand 1995 2 1.1 4 2.1 8 4.2 190 0.10
Marquis Total 21 53 49 123 22 55 400 0.08
Total 1093 13 T2 51 2R3 10 55 151 016
1994 17 72 46 19.4 11 4.6 237 0.08
1995 7 21 15 4.6 19 5.8 327 011
Total 37 3.0 112 15.8 40 5.4 T4S e.00

TABLE 9. SCDS part salcs UDB analysis by model, model year, snd failure mode/symptom.
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OFF - ON r IUNK Total
Model MY Production | No. | R/I0k | No. | RA0M | No. | RAMK | No. | RNk
Town Car Gulf coast 77,016 az 41.5 3 39 0 2a.0 55 T1.4
Great Lakes 67,085 11 16.4 a 45| 18 681 32 47.7
Croem Vic/ Gulf coast 143,038 33 23.1 2 14 4 16,8 a9 412
Grand Marq | Great Lakea 119271 7 59 3 35 10 g4 20 16,8
Tatal Gulf coast 230054 | 65 29.5 5 23| 44 200 | 114 518
Great Lakes 186,366 18 9.7 6 32| 28 150 | 52 27.9

TABLE 10. Fire rules by model, region, and key pogition
(Total firea: inchides all anderhood fires where SCDE could not completely be eliminatad ag potantial caues).
SCDS

SCDS Fire Warranty SCDS UDR Total
Model MY Production | No. | RA100k | No. | R/100k | No, | RAME | No. | R0k
Town Car Gulf coast 77,016 9 117 98] 1272 195 2s45]| 303 | 3934
Great Lokes 67,005 2 30| & 715 34 s07] 84| 1252
Crovm ¥ie/ | Gulf cosat 143,038 11 7.7] 217] 151.7] 198 | 1384 | 426 | 2978
Grand Marq | Great Lakes 119,271 3 5] 9% 5] 55 461 154 | 1291
Totnal Gulf coast 220,054 20 g1] 15| 13a]ad| 10| o] 3313
Great Lakes 186,366 5 27| 144 73] %9 4728 | 238 | 1277

TABLE 11. SCDS Fire, UDB & Warranty rates by medel and region.
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Figure 9. Speed Control Deactivation Switch,
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Figure 11. Crack throngh Kapton substrate with “Tear Drop” failure pattem.
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Figure 12, SCDS electrical cavity after contact corrosion and arcing (99V-124 Town Car).

Figure 13. SCDS with melted base.
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Figure 15. MY 1994 cumulative five rates,
all underbood fires” and SCDS fires (ODI & Ford data).

#1411 underhood” includes all mdethood fires where SCD'S conld not completely be eliminsted as potential cause.
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Figure 16. MY 1995 Cumulative Fire Rates,
all underhood fires” and SCDS fires (ODI & Ford dats).
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Figure 17. Insurance Claim Rates for Non-Crash Fire by Model and Claim Year, MY 1992
(includes recalled Town Car, Crown Victeria and Grand Marquis vehicles).

0.46%

0.40%

0.35% -

0.304% -

0.25%

0.20%

0.16%

0.10%

0.05% 1

0.00% -

=i~ Town Car

4 =Gz VictoriafQrand Manquis |
- Paor A '

—=- PaarB
—+— Poer &

== Poar D
—o— Poer E

1832 1883 18854 1995 16896 1987 1858

1988 2000 2001 2002

Figure 18, Insurance Claim Rates for Nom-Crash Fire by Model and Claim Year, MY 1993
(includes recalled Tewn Car, Crown Victoria, and Grand Marquis vehicles).
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Figure 15. Insurance Claim Rates for Noa-Crash Fire by Model and Claim Year, MY 1994,
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Figure 20. Insurance Claim Rades for Non-Crash Fire by Model and Claim Year, MY 1995,
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Figure 21. Insurance Claim Rates for Non-Crash Firca by Model and Claim Year, MY 1996,
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Figure 22. Isurance Claim Rates for Non-Crash Fires by Model and Claim Year, MY 1997,
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