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EXECUTIVE SUMMARY

The National Highway Traffic Safety Adminigtration (NHTSA) has made an initid decison thet
adefect related to motor vehicle safety exists in certain P235/75R15 and P255/70R16 Firestone
Wilderness AT tires manufactured before May 1998 that are ingtalled on sport utility vehicles
(SUV). This Engineering Andyss Report provides the basis for that decision.

Bdt-leaving-bdlt tread separation failures of ATX and Wilderness AT tires manufactured by
BridgestoneFirestone, Inc. (Firestone), have led to numerous crashes, injuries, and fatdities. In
August 2000, Firestone determined that a safety-related defect existed in dl Firestone
P235/75R15 ATX tires and in Firestone Wilderness AT tires of that Sze manufactured &t its
Decatur, Illinois plant, and commenced arecall to replace those tires. Wilderness AT tireswere
the successor to ATX tires and are Smilar to them in many respects. NHTSA's Office of
Defects Investigation (ODI) has conducted an extensive investigation to determine whether any
other Wilderness tires contain such a defect, and whether they should be recdled as well.

The focus of ODI’ s investigation was on those nontrecaled tires that are smilar to the recaled
tires, i.e., Wilderness AT tires of the size P235/75R15 and P255/70R16 manufactured by
Firestone for supply to Ford Motor Company (Ford) as origina equipment, aswell as
replacement tires manufactured to the same specifications (“focustires’). Mogt of the focustires
were manufactured at Firestone' s Wilson, North Carolina and Joliette, Quebec plants, beginning
in1994. Inlate 1998, Firestone began producing P255/70R16 Wilderness AT tires at Decatur,
and in mid-1999, it began producing P235/75R15 Wilderness AT tires at anew plant in Aiken,
South Carolina. Also, fewer than 100,000 P235/75R15 Wilderness AT tires were produced at
Firestone’ s Oklahoma City, Oklahoma plant. The focus tires were predominantly used as
origina equipment on Ford Explorer SUVs and, to alesser extent, on Ford Ranger compact
pickup trucks, and as replacement tires for use on these and other SUV's and pickups.

ODI’sinvestigation included, with respect to both Firestone tires and peer tires, thorough
andyses of available data regarding the performance of tiresin the field; shearography andyss
to evauate crack initiation and growth patterns and their severity in tires obtained from areas of
the country where most of the failures have occurred; and observations, physica measurements,
and chemical andyses. ODI aso reviewed numerous documents and extensive test data
submitted by Firestone and others.

Bdt-leaving-belt tread separations, whether or not accompanied by aloss of air from thetire,
reduce the ability of adriver to control the vehicle, particularly when the failure occurs on arear
tire and at high speeds. Such aloss of control can lead to acrash. Thelikdlihood of a crash, and
of injuries or fatadities from such acrash, isfar greater when the tread separation occurson a
SUV than when it occurs on a pickup truck.

Tread separation dlams included in the Firestone clams database involving the recdled and
focus tires have been associated with numerous crashes that have led to 74 degths and over 350
injuries (as of March 2001). Tread separation complaints from al sourcesincluded in the ODI
consumer complaint database (including the Firestone claims data) that can be identified as



involving these tires have reportedly led to 192 deaths and over 500 injuries (as of September
2001).

The bdt-leaving-belt tread separations in the recaled and focus tires generally occur only after
severa years of operation. Thus, since the focustires have not been on the road as long as the
recaled ATX tires, the absolute number of failures of those tires, and the unadjusted failure rate
of those tires, are less than those of comparable ATX tires. Clamsin the Firestone claims
database involving the focus tires have been associated with 17 desths and 41 injuries, with
additiond crashes and casudlties reported in the ODI complaint database, including reports of Six
additiond fatalities. However, on a plant-by-plant bas's, the focus tires manufactured &t the
Wilson and Joliette plants have exhibited tread separation failure trends that are Smilar to those
experienced by therecdled ATX tiresa Smilar service intervals.

These falure trendsindicate thet it is likely that, if they are not removed from service, the focus
tires— at least those manufactured before May 1998 — will experience asmilar increase in tread
separaion failures over the next few years, leading to a substantial number of future crashes,
injuries, and deaths. The tread separation failure experience of the focustiresis far worse than
that of their peers, especidly that of the Goodyear Wrangler RT/Stires used as origina
equipment on many Ford Explorers.

The belt-leaving-belt tread separations that have occurred and are continuing to occur in the
recalled and focus tires begin as belt-edge separation at the edge of the second, or top, belt. This
isthe area of highest dtrain in asted belted radid tire and is aregion with rdatively poor
cord-to-rubber adhesion because bare stedl is exposed at the cut ends of the cords. Once
belt-edge separations have initiated, they can grow circumferentially and laterdly aong the edge
of the second belt and develop into cracks between the belts. If they grow large enough, they can
result in catastrophic tread detachment, particularly at high speeds, when the centrifuga forces
acting on the tire are greatest.

ODI conducted a non-destructive analysis of numerous randomly collected focus tires and peer
tires from southern states, where most of the fallures have occurred, usng shearography, which
can detect separationsindde atire. This shearography analyss demonstrated that the patterns
and levels of cracks and separations between the belts were far more severe in the focus tires
than in peer tires. Many of the focustires that were examined were in the later stages of failure
progression prior to complete separation of the upper belt. The shearography results for tires
manufactured & Wilson were smilar to those manufactured at Joliette.

A critica desgn feature used by tire manufacturers to suppress the initiation and growth of belt-
edge cracksisthe “belt wedge,” a gtrip of rubber located between the two belts near the belt
edges on each Sde of thetire. The belt wedge thickness, or gauge, inthe ATX tires and the
Wilderness AT tires produced prior to May 1998 is generdly narrower than the wedge gaugein
peer tires, and the wedge gauge in cured tires was often less than Firestone s target for this
dimenson. Thetireswith this wedge did not adequatdly resist theinitiation and propagation of
bdt-edge cracks between the sted belts. During March and April 1998, Firestone changed the
materid composition and increased the gauge of the wedge in its Wilderness AT tires (and some
other tire models).



Another important festure of radid tires related to the prevention of belt-leaving-belt separations
is the gauge of the rubber between the two stedl belts, or “inter-belt gauge.” Theinter-belt gauge
initidly specified by Firestone for the focus tiresis generdly narrower than the inter-belt gauges
in peer tiresand is narrower than Firestone' s origina specification for the ATX tiresin the early
1990s. Moreover, the actual measured gauge under the tread grooves in severa of the focustires
measured by ODI was far less than Firestone' s minimum design specification. Since an
inadequate inter-belt gauge reduces the tire' s resistance to crack growth and its belt adhesion
capatiilities, this narrow inter-belt gauge may be partialy responsible for the relatively low pedl
adhesion properties of the focus tires compared to peer tires. In August 1999, after becoming
concerned about the adequacy of the inter-belt gauge in the cured Wilderness AT tires, especidly
in the regions directly under the tread grooves, Firestone changed the inter-belt gauge
specification back to the origina dimension.

Another relevant feature is the design of the shoulder pocket of the focus tires, which can cause
higher stresses at the belt edge and lead to anarrowing, or “pinching,” of the wedge gauge a the
pocket. The focustires exhibit a series of weak spots around the tire' s circumference, leading to
the initiation and growth of cracks earlier than in competitor tires and in other Firestone tires
produced for light trucks and SUV's. In addition, many of the focus tires exhibited shoulder
pocket cracking smilar to that which Firestone identified as a significant contributor to the risk

of tread detachment in the recalled ATX tires.

Because the tread separations at issue in thisinvestigation occur only after severd years of
exposure, dmogt al of the failures on which ODI’ s andlysis of field experience was based
involved tires manufactured before the May 1998, when Firestone increased the dimensions and
improved the materid of the belt wedge. In theory, these modifications to the wedge would tend
to inhibit the initiation and propagation of the belt-edge cracks that lead to tread separations. If
these modifications actualy improved the resistance of the focus tires to belt-edge separations,
the historical failure trends described above may not predict the future performance of the newer
tires. However, because tread separation failures rarely occur in the focustires until at least three
years of usg, it isnot now possible to ascertain from field experience whether their actua
performance has improved sgnificantly.

The rate of tread separation failures on Ranger pickupsis lower that the rate of such failureson
Explorersfor avariety of reasons, including the fact that the Explorer generdly carries higher
loads and is a more demanding application, and the tires on the Explorer had a sgnificantly
lower recommended inflation pressure (especially on the reer whedls). Therisk of such a
Separation on Rangers remains a cause for possible concern. Nevertheless, because the
likelihood of a crash due to atread separation, and of desths and injuries resulting from such a
crash, is subgtantidly lower when the separation occurs on a pickup than on aSUV, NHTSA's
initial defect decision does not gpply to focustires ingtaled on pickup trucks.

Under the Nationd Traffic and Motor Vehicle Safety Act, in order to compel amanufacturer to
conduct arecdl, NHTSA has the burden of proving that a safety-related defect existsin the

manufacturer’ s products. The record of this investigation supports a determination that a safety-
related defect exigts in the focus tires manufactured by Firestone prior to its 1998 modifications



to the belt wedge that are ingtdled on SUVs. Although the agency has concerns about the
possibility of future tread separations in focus tires manufactured after the wedge change, the
available evidence at thistime does not clearly demonstrate that a safety-related defect exigsin
those focustires. NHTSA will, however, continue to closaly monitor the performance of these
tires.

Therefore, on the basis of the information developed during the ODI investigation, NHTSA has
made an initid decison that a safety-related defect existsin Firestone Wilderness AT
P235/75R15 and P255/70R16 tires manufactured to the Ford specifications prior to May 1998
that are ingtaled on SUVs. These tires were manufactured primarily at Wilson and Joliette and,
to alesser extent, a Oklahoma City. Theinitid decision does not gpply to the P255/70R16 tires
produced at Decatur or any of the Wilderness AT tires produced at Aiken, since these tires were
al manufactured after May 1998.



1 I ntroduction

The Nationd Highway Traffic Safety Adminigtration (NHTSA) has made an Initid Decison that
certain Wilderness AT tires manufactured by BridgestoneFirestone, Inc. (Firestone) for use as
origina equipment on vehicles manufactured by Ford Motor Company (Ford), and other smilar
tires with the same construction codes that were produced for replacement market sales, contain
adefect that reates to motor vehicle safety. The Initid Decision is based upon an extensive and
detailed investigation conducted by NHTSA''s Office of Defects Investigation (ODI). This
Report describes that investigation and presents the rationale for the Initia Decision.*

2  Background and History of thislnvestigation
21  TheOpening of ODI’sInvestigation in May 2000

On May 2, 2000, ODI opened an investigation of tire failuresinvolving Firestone Radia ATX,
ATX II, and Wilderness tires manufactured since 1991 (PEOO-020). When the investigation was
opened, ODI was aware of 90 reports aleging tread separation or sudden loss of inflation
pressure (blowourt), including 33 crashes, 27 injuries, and 4 fatdities. While mogt of those
reports and crashes involved Radial ATX 11 tires of the P235/75R15 sze that were designed to
be used as origina equipment on light trucks and sport utility vehicles (SUV) manufactured by
Ford, the scope of ODI’sinvestigation included dl ATX and Wildernesstires produced by
Firestone since January 1, 1991. Theterm “subject tires’ will be used to refer to thetires
covered by that investigetion.

2.2  Firestone' s August 2000 Recall

On August 9, 2000, Firestone announced that it would recal approximately 14.4 million
P235/75R15 Radid ATX, ATX Il, and Wilderness AT tires to remedy a safety-related defect.
Firestone formaly notified ODI of its recdl action (Recall Number 00T-005) in aletter dated
August 16, 2000. All of the ATX tires of that Size were subject to the recall, regardless of
production plant, while the Wilderness AT recall was limited to tires produced at Firestone's
Decatur, lllinois assembly plant. Firestone estimated that less than haf (6.5 million) of those
tires remained in sarvice in the United States when the recal was initiated.

Tread separation failures of the tires covered by thisrecall have been associated with numerous
crashes, fatdities, and injuries.

2.3 ODI’'sEngineering Analysis
On August 31, 2000, ODI upgraded itsinvestigation to an Engineering Analyss (EA00-023) to

determine whether any of the other subject tires contained a safety-related defect; i.e., whether
the scope of Firestone' s August 2000 recdl was adequate. ODI’ s investigation has involved

1 The information upon which this Initial Decision is based is contained in the public file for this
investigation, whichisavailablein NHTSA’s Technical Information Services office. Because of the
volume of information, it has been placed on CD-ROM.



andysis of field datafrom Firestone and other sources, collection of information from peer tire
manufacturers, hiring expertsto assist in analyss of the relevant issues, review of “root cause
analyses’ performed by Ford, Firestone, and an independent expert retained by Firestone,
analysis of test data generated by Firestone and Ford, and an extensive test program to assess the
condition of certain Firestone and peer tires collected from regions of the country where the
failure experience has been the most severe.

The focus of this Engineering Andysis has been on those Firestone tires that were not recdled

and are most smilar in design to therecdled tires. These are P235/75R15 and P255/70R16
Wilderness AT tiresthat Firestone designed for use on Ford products (primarily Ford Explorer,
Mercury Mountaineer, and Mazda Navgo SUV's (for convenience, this Report will refer to dl of
these SUVs as“Explorers’), Ford Ranger and Mazda B-series compact pickup trucks, and Ford
F-sariesfull-szed pickup trucks). The term “focustires” will be used to refer to the norn-

recdled P235/75R15 and P255/70R16 Wilderness AT tires manufactured by Firestone for supply
to Ford as origina equipment and tires with the same construction codes as those tires that were
produced for replacement market saes.

Figure 1 provides asummary of the clams, crashes, injuries, and fatdities in the Firestone
claims database as of March 2001 for the subject tires, recalled tires, and focustires. Figure 2
provides a summary of the complaints, crashes, injuries, and fatdities in the ODI complaint
database (from dl sources) that can be identified as dlegedly involving these categories of tires.
ODI’ s database is a comprehensive compilation of al reported incidents involving crashes,
including those found in Firestone' s claims database, but not a comprehensive compilation of
non-crash incidents. Unfortunately, many of the complaintsin the ODI database do not contain
sufficient information to identify the specific tire involved.?

24  TheAlleged Defect

The dleged defect involves a bdt-leaving-belt failure of atire (often referred to as “tread
separation”), resulting in complete or partid detachment of the tread and the outer belt (also
referred to as the top belt or the second belt) from the tire's carcass and inner belt (also referred
to asthe lower bt or first belt). Detachment of the tread and second belt from the carcass
ggnificantly dtersthe latera stiffness and other properties of thetire, with a consequent
reduction in vehicle stability, which can lead to crashes, injuries, and fatdities.

Under the Nationd Traffic and Motor Vehicle Safety Act of 1966 (Vehicle Safety Act, now
codified at 49 U.S.C. Chapter 301), if a manufacturer of amotor vehicle or item of replacement
equipment or NHTSA decides that a defect related to motor vehicle safety® existsin avehidle or

2 Despite extensive efforts by ODI to contact complainantsin order to obtain as much information as
possible, ODI has not been able to identify the type, size, production date, and/or production plant for
many of the tires whose failure gave rise to the complaints.

% Under the Vehicle Safety Act, ““defect’ includes any defectin performance, construction, acomponent,
or material of amotor vehicle or motor vehicle equipment.” 49 U.S.C. 30102(a)(2). “Motor vehicle

safety” is defined as “the performance of a motor vehicle or motor vehicle equipment in away that

protects the public against unreasonabl e risk of accidents occurring because of the design, construction, or
performance of amotor vehicle, and against unreasonablerisk of death or injury inan accident . . . .”



equipment item, the manufacturer mugt provide owners with notification of, and aremedy for,
the defect. 49 U.S.C. 30118-30120. For these purposes, dl tires, even those that were installed
on new vehicles, are deemed to be replacement equipment. 49 CFR 579.4.

United States v. General Motors Corp.(“Wheds"), 518 F.2d 430 (D.C. Cir. 1975), is the seminal
case on the definition of what conditutesa “defect.” The court ruled that avehicle or

component is defective if it is subject to “a sgnificant number of failuresin norma operation.”

The court characterized “a ggnificant number of fallures’ as a number that is*non-de minimus”
The court observed that “a determination of ‘defect’ does not require any predicate of afinding
identifying engineering, metdlurgica, or manufacturing fallures, but may be based exclusvely

on the performance record of the vehicle or component.” 1d. at 432.

The court explained that the question of whether a“sgnificant” number of failures has taken
place must be answered in terms of the facts and circumstances of each particular case, and that
relevant consderations include the failure rate of the component in question, failure rates of
comparable components, and the importance of the component to the safe operation of the
vehide. 1d. at 438, fn. 84.% It specificaly stated that “the number of failures need not be and
normaly will not be a substantia percentage of the total number of components produced.” Id.

25  Devedopment and Production History of the Subject Tires

The Radid ATX Il P235/75R15 tires, which Firestone recalled in August 2000, were devel oped
in the late-1980s as origina equipment tires for various Ford light truck and sport utility vehicle
gpplicationsincluding the Explorer, Bronco, F150, and Ranger. The ATX 11 tires were derived
from an earlier radid tire produced by Firestone known as the Radia ATX. (For convenience,
this Report will usetheterm “ATX” to refer to al subject Radid ATX and Radia ATX 11 tires)
Extra-1oad tires were used on the Bronco and F150 and standard-load tires were used on the
Explorer and Ranger.

All of the recdled and focus tires, and the vast mgjority of the subject tires, are passenger car
tires, even though they were designed for, and primarily used on, light trucks and SUV's.
Because of handling and ride considerations, most vehicle manufacturers equip their SUVs (and
some of their pickup trucks) with passenger car tires, which require lower inflation pressures and
provide aless harsh ride than light truck (L T) tires. Thesetires have the letter “P’ included in
the designation/size of the tire and are often referred to as “ P-metric” tires,

Firestone redesigned the P235/75R15 ATX tires supplied to Ford in 1994 to improve their ride
and rolling resstance characteristics. The redesigned tire weighed dightly less than the origind.
According to Firestone, the weight reduction resulted from changes in the bead area and did not
affect the belt-edge durability of the tire or its susceptibility to tread separation. ODI’sandysis

49 U.S.C. 30102(3)(8).

* The Wheels case involved a component that was expected to last for the life of avehicle. The court
recognized that other considerations could apply to cases involving equipment that is normally replaced during
thelife of avehicle.



of clams data does not indicate a sgnificant difference in falure ratesfor ATX tires produced
before and after the 1994 change at a given plant.

In the early 1990s, the ATX tires were manufactured at Firestone' s Joliette, Quebec and Wilson,
North Carolina plants. In 1994, Firestone' s Decatur, Illinois plant began providing an increasing
share of the ATX shipmentsto Ford. A relaively smal number of ATX tires were produced at
the Oklahoma City, Oklahoma and Lavergne, Tennessee plants for aftermarket sdes. Figure 3
shows the volumes of shipments of ATX tiresto Ford for use as origind equipment (OE) by
Firestone assembly plant. In 1996, the last year Firestone produced the ATX tireasan OE tire
for Ford, Decatur provided 84 percent of those tires.

Firestone began developing the Wilderness AT tire for Ford in 1993. These tires met improved
snow handling and irregular wear targets established by Ford and had a different tread design
than the ATX tires. While the Wilderness AT tires had a different subtread compound and steel
belt angle, 5rnany other components and features of those tires were unchanged from those of the
ATX tires.

In early 1994, Firestone began producing the Wilderness AT P255/70R16 tire a the Joliette
plant, and it began supplying the tire for certain versions of the modd year (MY') 1995 Explorer
in August of that year. Ford accepted the Wilderness AT P235/75R15 tirein May 1995, but it
did not begin to use it on Explorers until the start of MY 1997 production in August 1996.
Figures 4 and 5 show the OE shipment data to Ford for the Wilderness AT P235/75R15 and
P255/70R16 tires.®

Table 1 shows the Firestone assembly plants that produced the recalled and focus tires, with the
respective DOT codes for those plants and production volumes (both OE and replacement tires).

Ford built MY 1991 through 1994 Explorers & its Louisville, Kentucky assembly plant. When
the vehicle was modified in MY 1995, production was expanded to Ford's St. Louis, Missouri
plant. From 1995 to 1997 Ford used approximately 2.5 million Goodyear Wrangler RT/S
P235/75R15 tires as OE on about haf of the Explorers manufactured during that period. After
1997, Ford dropped Goodyear as a supplier and used only Firestone tires on the Explorer until
MY 2001.

2.6  Failuresof FocusTiresin Foreign Countries

In July 1997, Ford began receiving complaints of tread separations and crashes involving

MY 1996 and 1997 Explorers equipped with Wilderness AT P255/70R16 tires that were sold and
operated in Saudi Arabia and other Middle Eastern countries, where the ambient temperatures

are often very high.” Similar complaints were later received with respect to Explorers equipped

°> Some relevant design features and changes are discussed in Section 3.4 of this Report.

® A relatively small number of P235/75R15 Wilderness AT tires were manufactured at the Oklahoma City plant
for aftermarket sales.

" Firestone had received itsfirst claim involving a crash in the United States due to atread separation of a
subject tirein October 1993. An ATX tire manufactured at the Wilson plant failed at the left-rear wheel of



with Wilderness AT P235/75R15 tiresin Madaysaand Thalland and with Wilderness AT tires of
both szesin Venezuda When the number of tire failures and crashes (some involving injuries
and fatalities) escaated in 1999, Ford's Automotive Safety Office opened an investigation.
Shortly afterward, engineers from Firestone and Ford traveled to the Middle East to study the
problems with the P255/70R16 tires. Firestone concluded that the tire was ingppropriate for the
market, that most of the tread separations were caused by “low inflation pressures, improper
repairs, and long tread life” and that additional cases of tread separation were likely to occur.®
Ultimately, Ford initiated field actionsin the Middle East, Southeast Asia, and South Americato
address problems with Wilderness AT tread separation failures on Explorer vehiclesin those
markets. The scope and dates of these actions are described in Table 2.

While the countries involved did not have statutory provisons governing motor vehicle safety
recals, these field actions were smilar to safety recdls in the United States, in that Ford offered
to replace dl of the Wilderness AT tires on the involved vehicles with new tires from other tire
manufacturers at no charge. Ford did not notify ODI of these field actions until the summer of
2000, after the opening of PEOC-020.

2.7 Ford’s“ Southwest Survey’

In March 1999, concerns about the experience of the Wilderness AT P255/70R16 tire in the
Middle East led Ford to request information from Firestone about performance in the United
States. Firestone responded with adjustment data indicating that the return rate was, in its view,
“extremdy low.” Frestone aso contended that the “tire performs exceptionaly well in the U.S.
market.” Neverthdess, in July 1999 Ford opened an investigation of Wilderness AT
P255/70R16 tread separation failures in the United States. In September 1999, Ford and
Firestone began asurvey of P235/75R15 and P255/70R16 Wilderness AT tires collected from
dedersin four cities of the Southwestern United States.

Ford ultimately collected 243 tires from 63 vehicles. Firestone representatives visudly inspected
the tires, but only seven of the tires were cut apart to determine the amount of belt-edge
Separation.  Separations were detected in six of the cut tires, including one with a19 mm (0.75
inch) crack. Despite these findings, in an April 2000 memo, Firestone advised Ford that the
survey tires “reveded no deficiencies’ and that “the tires performed as expected.” Ford was
poised to close its investigation when ODI opened PE0O-020 in May 2000.°

an Explorer, resulting in a September 1993 crash. Thefirst such fatal crash reported to Firestone occurred
in April 1995, involving a Joliette-built ATX tireonaMY 1992 Explorer. The ATX tires were not used
overseas. Figure 6 showsthe history of fatal crashesfor all tire failuresinvolving the subject tires that
have been reported to ODI and for those fatal crashesinvolving allegations of tread separation.

8 See Ford's“ Summary of Firestone Tire Inspection Trip 6/8/99 to 6/17/99."

% See April 20, 2000 entry in Ford's Critical Concern Review Group, File 5K00.



2.8  Ford’'sMay 2001 Owner Notification Program

On May 22, 2001, Ford announced that it would conduct an Owner Natification program (ONP)
under which it will provide free replacements for al Wilderness AT tires, regardless of
congtruction code, on motor vehicles manufactured by Ford. Ford stated that it was taking that
action because of its concern about the performance of Wilderness AT tires asthey age and the
possibility of safety risksto Ford customers. Ford acknowledged that some of thetires did not
present a substantid risk of failure, but stated that it had decided to be inclusve to avoid any
confusion on the part of its cusomers.

The Ford ONP does not moot the ODI investigation or eliminate the need for NHTSA to
consder whether any of the focustires contain a safety-related defect. First, the ONP only
gppliesto tires on Ford vehicles (as wdl as certain Mercury and Mazda models). Although the
vast mgority of the focustires wereingtaled as origina equipment on those vehidles, and it is
likdy thet many, if not most, of the focustires provided by Firestone for sale in the replacement
market were dso indalled on Ford vehicles, many of those tires were purchased as replacement
equipment by owners of other vehicles not covered by the ONP. Thisis confirmed by the fact
that Firestone has recelved claims, and ODI has received complaints, of tread separation failures
and crashes involving the focus tires on non-Ford vehicles, including non-Ford SUVs.

Second, Ford’'s ONP is not the same as a defect determination. Owners of motor vehicles and
motor vehicle equipment are more likely to respond to a determination that a safety-related
defect exists than to amere offer by a manufacturer to provide arepair or replacement in the
absence of such adetermination. That iswhy NHTSA often opens defect investigations after
becoming aware that a manufacturer has initiated a“ service campaign” under which it is offering
aremedy for what appears to be a safety problem without acknowledging that a safety defect
exigs. Inthose stuations, NHTSA often persuades the manufacturer to conduct atrue safety
recall, including a supplementa notification to owners sating that a safety defect exigts.
Although it is difficult to quantify the effect of such anatification, it isdeer thet it islikely to
encourage more owners to obtain aremedy and therefore reduce the safety risk associated with
the defect. Thisis particularly true in Stuations such as this, where the “ service campaign” is not
being conducted by the manufacturer of the components in question (in this case Firestone), and
where that manufacturer is strenuoudy ingsting thet itstires are safe and that no further action is
needed or appropriate.

Findly, it has become clear throughout the course of this investigation that many members of the
public, as wel as many members of Congress, believe that it is critical for NHTSA, asan
objective Government agency with no financia stake in the controversy, to sate its conclusons
with respect to the issue of whether any of the non-recalled Firestone subject tires contain a
safety-related defect. NHTSA cannot be areferee in the ongoing dispute between Ford and
Firestone as to which of those companiesis regponsible for the crashes, injuries, and fatdities
that have occurred. Nor will any NHTSA decision resolve any legd disputes between Ford and
Firestone involving product liability actions in courts or indemnification for expenses. However,
NHTSA bdievesthat, even apart from the safety considerations discussed above, it is
appropriate for the agency to sate the findings that it made and the conclusions that it reached
during thisinvestigation and provide an explanation of those findings and conclusions.



3  Description of Radial Tiresand the Failure Modeat Issuein
ThisInvestigation

31 Steel-Belted Radial Tires

A cutaway view of aradid tireisshown in Figure 7. At theingde of thetireisan inner liner and
then the casing ply, or “carcass,” which is covered by two stedl belts. The stedl belts are covered
with athin coat of rubber, caled the skim coat. The “inter-belt gauge’ refersto the thickness of
the rubber between the sted cords of the two belts. A thin strip of rubber, referred to by
Firestone as the “belt wedge’ or “wedge,” is placed between the belts at both shoulders of the
tire to increase the inter-belt gauge at the belt-edge region, in order to mitigate the strains that
develop in that critica areaduring each revolution of thetire. In this Report, “wedge gauge’
refersto the thickness of the rubber between the steel cords at the edge of the second belt.l° The
importance of the wedge, wedge gauge, and inter-belt gauge with respect to the failure mode of
interest in thisinvestigation will be discussed in greater detall later in this Report.

Ancther relevant design feature is the shoulder pocket, which isthe cavity between the heavy
ribs, or lugs, along the shoulders of the tire (Figure 8). The shoulder pockets of the ATX and
Wilderness AT tires manufactured for Ford are larger than those in other Firestone and peer tires
used in smilar gpplications. A comparison with shoulder pocket designs of severd other
Firestone tires and peer tiresis shown in Appendix B.

3.2 Failure M ode

The bdlt-leaving-belt tread separations that have occurred in the recalled and focustires begin as
belt-edge separation at the edge of the second belt. Thisisthe area of highest strainin asted
belted radid tire, primarily due to the structura discontinuity created by the abrupt changein
modulus'! from steel to rubber. It is aso aregion with relatively poor cord-to-rubber adhesion
because bare steedl is exposed at the cut ends of the cords.'?

Bdt-edge separation is governed by two principa factors. (1) the resistance of the belt rubber to
crack initiation and propagation; and (2) the forces driving the crack forward through the belt
rubber (i.e., the strain state of the belt rubber at the crack tip). The crack growth characteristics
of the belt rubber evolve over time from the effects of aging. There are many factors controlling

19| nits wedge studies, Firestone measured the wedge gauge four cords in from the edge of the second
belt. Firestone has stated that it did so because of variance of the wedge dimension at the belt edge.
However, because the potential for such variation at this critical location is an important factor in the
development of belt-edge separations, ODI determined that it is more appropriate to measure the wedge
gauge at the belt edge. Thethickness at this point isreferred to as“Wedge A.”

1 The tensile elastic modulus, or Y oung’s Modulus, isloosely defined as the force needed to elongate a
material.

12 Because rubber does not adhere well to steel, the cords are brass-plated to promote cord/rubber
adhesion, but thereis no brass on the cut ends of the cords.



this evolution, including base operating temperature, oxygen content, compound type, usage
conditions, and manufacturing variance (e.g., compounding and cure systems). The primary
source of oxygen content in the bdt-edge areais from the diffusion of inflation air through the
carcass.

The drain Sate of the belt rubber is determined by various factors, including tire design (eg.,
mold shape), belt design (e.g., skim coat thickness and compound), manufacturing variance (e.g.,
belt placement and gauges), and usage conditions (e.g., load). The purpose of the wedgeisto
reduce the strain condition in the belt-edge area and suppress the initiation and growth of Starter
cracks.

Once belt-edge separations have initiated, they can grow circumferentidly and laterdly dong the
edge of the second belt and develop into cracks growing between the belts. Such cracks can
form areas of separation at one or more locations around the circumference of thetire. The rate
of crack propagation, and the size of separation at which catastrophic belt-leaving-bdt falure
can occur, are dependent on the evolved (i.e., aged) state of the belt rubber. Figure 9 shows an
example of alarge crack in aWilderness AT P235/75R15 tire produced at the Joliette plant in
May 1996.

The areas of separation develop in crescent, or semi-dliptica, shaped patterns at various
locations around one or both shoulders of thetire. If they grow large enough, they canresult in
catastrophic tread detachment, particularly at high speeds, when the centrifugal forces acting on
thetire are greatest. Figures 10 and 11 show the characteristic separation pattern that has
resulted in failures of the recalled and focustires. Figure 10 is a photograph of the carcass of a
P235/75R15 Wilderness AT tire manufactured at the Wilson assembly plant in September 1996.
The separation progressed from the shoulder (where the cracks initiated and grew) to the outer
tread groove on the opposite side of the tread. Figure 11 shows a close-up view of the separation
pattern on the underside of the tread from the sametire.

A more complete description of the progression of belt-edge separation and crack growth is
furnished in Appendix A, which includes a depiction of the failure process and some examples of
each stage of development.

3.3  General Design Approach to Minimizing Initiation and Growth of Inter-Belt Cracks

Fatigue crack initiation and propagetion in cord-rubber composites and the potential for belt-
edge separation are long-recognized and heavily-studied failure mechaniamsin radid tires. The
literature emphasizes the critica importance of the belt wedge in suppressing the initiation and
growth of cracksin the belt edge area and the importance of using rubber that has good
resistance to crack propagation in the belt skim coat and wedge compounds. ™

13 Firestone does not evaluate the crack growth characteristics of the belt skim coat and wedge
compounds during its devel opment of these compounds. It did so during its“root cause analysis;” the
results are described in the report by Firestone' s outside expert.



There are hundreds of patents, spanning severa decades, describing various methods for
improving the belt-edge durability of radia tires. One such patent, filed by Uniroyd in 1974,
indicates the genera state of knowledge around the time that radid tires entered widespread use:

It isknown that tires having atread reinforced by a belt or breaker composed of superposed,
mutually crossed, rubberized plies of parallel, essentially inextensible cords or cables, frequently
fail because separations occur in the shoulder zones of the tires where the edges of the belt plies
are severely flexed asthetire tread movesinto and out of contact with the road during each
revolution and becomes detached from the surrounding rubber. The centrifugal forces acting on
thetire and the heat build-up in the tire also contribute significantly to this problem. Such
separations are made even more likely by the fact that the cords or cablesin the belt plies, being
disposed obliquely to the median equatorial plane of the tire by virtue of the plies being cut
obliquely with respect to the longitudinal direction of the cords or cables therein, have a natural
tendency to spread apart or open in afan-wise direction at their cut ends. The edges of the belt
thus constitute zones or regions where the cut and free ends of the reinforcing elements, i.e., the
cords or cables, by friction and by cutting, cause breaks both at their juncture with the carcass
plies and the tread rubber of thetire.**

By the late 1980s, the fundamenta factors affecting belt-edge durability were well documented
in the technicdl literature. For example:

Central to the [fatigue failure] mechanism are the crack-growth characteristics of the material.

The correlation of the rate of crack growth of both penny-shaped cracks and interply cracksto the
crack-growth characteristics suggests that the crack-growth characteristics are a particularly
valuabl e screening criterion for compound devel opment.

Product life may also be lengthened by design of the laminate construction to reduce the strain-
energy releaserate. For example, the use of abelt edge filler element which increases theinterply
laminate distance at the edges may be useful in reducing the strain-energy density locally at the
cord ends, thus suppressing the initiation and retarding propagation of the penny-shaped cracks*®

This assessment is echoed in abook published in 1992 under the auspices of the Rubber Divison
of the American Chemica Society:

The practical advice implications of thiswork are: (1) use rubber resistant to crack propagation;
and (2) design the laminate to reduce the strain energy release rate. For example, an edgefillerin
thelaminate increases the interply distance at the edges and may reduce the local strain energy
density, thus retarding the formation of starter cracks.*®

These papers and others stress the fundamenta importance of the wedge gauge in suppressing or
a least retarding the formation of belt-edge cracks, in order to enhance the fatigue life of thetire.

14 M. Bertrand, “Pneumatic Tire,” U. S. Patent No. 4,062,393, December 13, 1977.

15 ¥. S. Huang and O. H. Yeoh, "Crack Initiation and Propagation in Model Cord-Rubber Composites,”
meeting of the Rubber Division, American Chemical Society, Cincinnati, Ohio, October 18-21, 1988.

16 M. D. Ellul, in "Engineering with Rubber - How to Design Rubber Components,” edited by A. Gent, Hanser
Publishers, Munich, 1992.



34 M odifications of the Recalled and Focus Tires

The recalled and focus tires that were manufactured prior to May 1998 have rdatively thin belt
wedge and inter-belt gauges compared to other tires used as origina equipment on sport utility
vehicles. Asnoted in the technicd literature above, the gauge of the belt wedge isimportant in
suppressing the initiation and early growth of belt-edge separations. An inadequate inter-belt
gauge reduces laminate crack growth resistance and belt adhesion capabilities (i.e., resstance to
belt-leaving-bdt type failures once a crack has devel oped and grown through the wedge areq).

Beginning in March 1998, Firestone changed the materia composition and increased the
uncured, or “green tire’ gauge®’ of the belt wedges used in the recalled and focus Wilderness AT
tires and over 100 other passenger car tires that were used in light truck (LT) applications.
(Firestone has told ODI that this change was not fully implemented in dl of its plants until

severd weeks thereafter. Based on its measurements of wedge gauge in tires produced during
that period, ODI is defining pre-wedge change tires as those made prior to May 1998; i.e., those
produced in Week 18 of 1998 and earlier.) Firestone has characterized this change as a product
of its“continuous improvement” process and has Sated that the increase in the gauge was
implemented to make the wedge gauge in its P-metric passenger car tires used in light truck
applications congstent with the wedge gauge in its LT-medric tires. Firestone has also stated that
the material compaosition was changed to increase the modulus of the wedge compound in order
to reduce the strain energy at the belt edge.

With respect to the inter-belt gauge, Firestone had reduced the origina nomina specification

(i.e., the specification for the uncured “ green” tires) for the ATX tires from 0.025 to 0.021 inches
in 1993 and 1994. This reduced gauge was aso used during theinitid years of the focus
Wilderness AT production. In August 1999, after Firestone became concerned about the
adequacy of theinter-bet gauge in the cured Wilderness AT tires, epecidly in the regions
directly under the tread grooves, it changed the specification back to the origind dimension.

In September 2000, Firestone implemented three additional design changes in its passenger car
tiresused in LT gpplications for the stated purpose of enhancing the belt-edge durability of those
products. The gauge of the inner liner (the inner surface of the tire) wasincreased by
approximately 15 percent to improve its permestion resistance (i.e,, its ability to prevent inflation
ar from reaching the belt rubber), with the god of reducing the amount of oxidetive aging in the
bet-edge area. Second, Firestone changed the compound used in the belt-edge insert with the
intent of reducing belt-edge operating temperatures. Third, Firestone chose to standardize the
belt cord configuration for dl large passenger car tires.

7 Firestone does not specify acured tire gauge for either the belt wedge or the inter-belt areas. Rather,
Firestone specifies those dimensions for the green tire components (i.e., the belts and wedge strips used in
assembling thetire prior to cure). However, the curing process can affect these gauges. Firestone
compared its measurements of wedge and inter-belt gauges during its root cause analysisto “design,”
“minimum,” and “target” values.
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4  Fidd Data Analysis
41  ATiresTread Life Should Exceed Its Fatigue Life

It isawel-accepted principle throughout the tire industry thet the fatigue life of atire should
exceed itstread life by some desigr/safety margin for reasonably foreseesble service
conditions*® When the fatigue life of atire does not exceed its treed life, a failure distribution
will develop. When plotted as a cumulative failure frequency, the failure digtribution will have
the basic shape shown in Figure 12, with the life of the tire divided into three phases: (1) useful
design life, where the risk of failure (other than failures due to road hazards or gross operator
abuse) is smal and independent of age; (2) failure phase, where the risk of failure increases with
age; and (3) end of life, where dl of thetires have ether falled or worn out.

When comparing the failure frequencies of two different tire populations, it isimportant to
undergtand the proportions of each population that fal into each phase of the failure digtribution,
as well asthe numbers of tires exposed to different severity factors, such as hot climates or more
severe gpplications. Firestone has asserted that the Wilderness AT focus tires have alower
failure frequency than the recdled tires. However, in doing so, has compared the recalled
Decatur ATX tiresto dl of the focustires, regardless of age. Thisis not an appropriate
comparison.

4.2  Analysesof Tires Field Failure Experience

In thisinvestigation, ODI has based its andyses of tires' field failure experience on the treed
separaion clams experience of thosetires. Firestone definesa“dam” asany input involving
dlegations of property damage in excess of the value of thetire or persond injury, or alawsuit.
Other tire manufacturers have smilar definitions. In deciding which cdlamsin Firetonesdams
database involved tread separations, ODI included dl claims where there was an dlegation of
tread separation or where Firestone had coded the failure as Service Condition Code 136 (belt-
leaving belt) or 235 (belt-edge separation).

ODI condders the Firestone claims database to be the best available source of field failure data
regarding the subject tires because of the completeness of itsinformétion (e.g., Snce the entire
DOT identification number is present, the plant and date of manufacture can be ascertained), and
because a catastrophic belt-leaving-bdt tire fallure often results in inputs to these sysems. Other
databases either often have less complete or rdiable information about specific tires and
incidents (e.g., the ODI’ s consumer complaints database) or are likely to include numerous
entries that are not relevant to the failure mode at issue here (e.g., Firestone' s adjustment
database).

The anticipated future failure experience of the focus tires can be predicted on the basis of past
faluretrends. For example, Figures 13 and 14 show theincreasing trend in cdlamsinvolving the

18 One expression of this principle appeared in a paper published by the Society of Automotive Engineers
in 1989, which stressed the fundamental connection between tire fatigue life and vehicle safety. Excerpts
from that paper are set out in Appendix C.
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focus P235/75R15 and P255/70R16 tires, respectively, over the last severd years. These Figures
indicate that these tires are experiencing age- dependent fatigue failures that will creste an
ecalating risk of crashes and injuriesif they are not removed from service.

Asoneway of addressing Firestone’ s assartions about the relative performance of ATX and
Wilderness AT tires, ODI compared the tread separation claims experience at Smilar service
exposures for the recalled Wilson and Joliette P235/75R15 ATX tires and the Wilderness AT
tires produced at each of those plants. Figure 15 shows the total number of tread separation
cams, damsaleging crashesinvolving injury or fatdity, and clam frequencies for the recalled
ATX tires 56 months after the first tire was produced at each plant in comparison with the
Wilderness AT tires after asmilar period. The ATX daainclude incidents leading to clams
that occurred prior to September 1, 1995; the P255/70R16 Wilderness AT dataincludes incidents
that occurred prior to July 1, 1999 for Joliette tires and July 1, 2000 for Wilson tires, and the
P235/75R15 Wilderness AT data includes incidents that occurred prior to April 1, 2001. This
Figure shows that the claims frequency and crash experience of the Wilderness AT tires from
Wilson and Joliette is equivaent to, and in some cases far worse than, that of the recalled ATX
tires from those plants after the same period of time.*®

It isimportant to recognize that virtualy al of the tread separation cdlaims in the Firestone daims
database involving the focus tires involve tires that were produced in April 1998 or earlier.?°
Thisis not surprising, since bet-leaving-bdt separations in these tires rarely occur until the tire
isthree years old (for Wilson tires) or four years old (for Joliette tires). However, this means that
it isnot now possible to utilize field failure data to determine whether Firestone' sincrease of the
wedge gauge and improvement of the wedge' s materia propertiesin 1998 will lead to a
reduction of tread separation failuresin the focustires as they age.

4.3  Cumulative Failure Frequency Analysis

Failure rates, expressed in claims per million tires produced (ppm), have been used by some
people to characterize the fidd performance of varioustires. However, as explained above, a
vaid comparison of the falure risk of different populations of tires must account for age and
operationa factors. Sincetires used as origind equipment on SUVs are likely to have rdatively
common operationa experience, controlling for age is sufficient to alow avalid comparison of
the failure experience of such tires.

19 Thus, the fact that the absol ute number of claims to date with respect to the focus tires manufactured at
Jolietteisrelatively low does not indicate the absence of a problem with thosetires, since failures of the
recalled ATX tiresfrom Joliette eventually led to over 300 claims, involving 15 crashes, 22 injuries, and 9
fatalities.

20 Firestone has received only one tread separation claim regarding the Wilderness AT P235/75R15 tires
made at its Aiken, SC plant and no such claims regarding the Wilderness AT P255/70R16 tires made at

the Decatur plant. Thesetires are still relatively new; the Aiken plant did not begin shipping these tiresto
Ford until August 1999, and the Decatur plant did not begin large scal e shipments of the P255/70R16 tires
to Ford until February 1999.
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The cumulative tread separation claims frequency trends for the tires recaled by Firestonein
August 2000 and the focus tires are shown by plant of production in Figure 16. These trends
show adistinct ordering by plant.?* These claims data show that the ATX and Wilderness AT
tires manufactured at Decatur began to fail after between one and two years of service, with the
ATX tiresreaching a claims frequency of about 1,000 ppm. The failure trends for the Wilson
tires began to develop after 2-3 years, with the clams frequency for the Wilson ATX tires
gpproaching 200 ppm. The failure trend took longest to develop in the Joliette tires (after 3-

4 years), with the dlaims frequency for the Joliette ATX tires approaching 100 ppm. 2

As depicted in Figure 16, on a plant-by-plant basis, the focus tires have failure trends that are
congstent with those experienced by the recaled ATX tires. For comparison, the amost
nonexigtent failure experience of the Goodyear Wrangler RT/S P235/75R15 tire used as OE on
approximately 500,000 Ford Explorersin MY 1995-1997 is also shown in Figure 16.

44  Cumulative Hazard Function Analyss

An andyss of cumulative falure frequencies, in which the rates are based on totd tire
production, tends to understate atire’ strue risk of fallure a any later service intervas, snceit
does not account for attrition of the tires due to tread wear-out and prior failures. A more
accurate assessment of this risk can be estimated using the cumulative hazard function, a
datisticad method that estimates the failure risk for units that have survived past a given service
lifeinterva. Figure 17 illudrates the differences in these two approaches by plotting the
cumulative failure frequency and the hazard function for the Wilson P235/75R15 ATX tires.
When the tires reach about 5 years of age, the curves begin to diverge sgnificantly, snce there
are fewer tiresin service that potentialy can fail.*3

Figure 18 showsthe st of cumulative hazard function curves for the recaled tires. The focus
tires from Wilson and Joliette (separated by size of tire) are added for comparison in Figure 19.
The same patterns noted in the cumulative failure frequency plots are again seen here, with the
Decatur tires garting to fail before the Wilson tires, followed by the Joliette tires, and with the
risk of fallureincreasng substantialy asthe tires from dl of the plants age.

Figures 16 and 19 both show that the focus tires from Wilson and Joliette have exhibited falure
trends that are smilar to those experienced by the recaled ATX tires from those plants at smilar
savice intervas. Asthe recdled tires continued in use, a sgnificant number of additiongl

failures, crashes, injuries, and fatalities occurred. These trends demondirate thet is likely thet, if
they are not removed from service, the focus tires from these plants — at least those manufactured

%L For each of thetires, the earliest failures and the highest failure rates occurred in the hottest states.

22 Although ODI is aware of several differencesin the manner in which tires were manufactured at the various
Firestone plants, including differencesin quality control, it has not identified specific reasons why thetires
from the various plants begin to experience tread separation failures at different times.

23 |n calculating the hazard function curves, ODI used atread wear attrition model provided by Firestone.

Firestone' s attrition model estimates that less than 40 percent of the focustireswill remain in service after
fiveyears of use.
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before Firestone modified the wedge in the Spring of 1998 2* — will experience asimilar increase
in tread separation failures over the next few years.

45  Pear Comparisons

To provide abasis for comparison with the tread separation claims experience of the focustires,
ODI collected production and claims data pertaining to competitor tires of Smilar age, size, and
application; i.e, tires used as origina equipment on sport utility vehides®

Table 3 shows a comparison of the data for the focus tires and peer tires predominantly used in
SUV applications that were produced from 1995 through 1997. This production range was
selected to be consistent with focus tire production (it actudly includes tires that are ayear or
more older than the subject P235/75R15 Wilderness AT tires) and to exclude tires thet have not
had enough service higtory to begin to exhibit the faillure mode at issue here.

The peer tire that is most suitable for comparison with the focus tires is the Goodyear

P235/75R15 Wrangler RT/S, designed and manufactured for use as OE on Ford Explorersin MY
1995-1997. During this period, Ford used gpproximatdy the same number of these Goodyear
tiresasit did Firestone P235/75R15 tires (about 2.4 million tires), yet there has only been 1 treed
separation clam involving an OE Goodyear tire on an Explorer compared to 486 such claims
involving OE Firestone tires used on Explorersin during that period.

To provide a further comparison, the cumulative tread separation clams rate experience of this
Goodyear tire is plotted on Figure 16 (cumulaive failure frequency) and Figure 19 (cumuletive
hazard function). Aswould be expected given the low number of claims, the plotted linesfor
thistire are very low and essentidly horizontd.

ODI aso plotted the cumulative hazard function for the peer tire with the highest dlaim rate”® on
Figure 19. This plot demongtrates that the probability of atread separation failure of even that
tireiswdl below that of any of the focus tires from Wilson and Joliette.

24 Asnoted above, essentially all of the claims on which the curves for the focus tires are based involved
tires manufactured before Firestone modified the wedge. Thus, if that change actually improved the
resistance of the focustires to belt-edge separations, these curves may not predict the future performance
of the newer tires.

25 The claims definitions, processing systems, and the failure modes that are included vary between tire
manufacturers, but the differences are not significant for purposes of comparing the performance of peer
SUV tiresto that of the Firestone ATX and Wilderness AT tires. If anything, the differences are favorable
to Firestone, since many of the claimsincluded by the peer manufacturers would not have been included
by Firestone. For instance, in its submissionsto ODI, Firestone excluded claimsin which the claimant did
not provide avalid ten-digit DOT number for the failed tire, while many of the peer tire claimsthat were
submitted to ODI had incomplete or missing DOT numbers.

26 Thiswas the Goodyear Wrangler RT/S P265/75R16 tire manufactured at Goodyear’s Union City, TN
plant. Thesetireswere used as OE on certain Chevrolet Tahoe and GMC Y ukon large SUVs.
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On several occasions, Firestone has made assertions or presented data comparisonsin which it
addresses all Wilderness AT tiresasagroup. However, Wilderness AT tires made to the
specifications of vehicle manufacturers other than Ford are significantly different from the focus
tires and thus are more appropriately considered as peers. The Wilderness AT tires made for
Generd Motors (GM) 2 and Toyota ?® are different from the focustiresin severa respects,
including: (1) different treed and shoulder pocket designs, (2) different tread and subtread
compounds, and (3) different mold contours. The Firestone claims database contains 2 tread
separation clams pertaining to the GM-spec P265/75R15 Wilderness AT tires and no such
clamsfor the Toyota- spec P225/75R15 Wilderness AT tires. In addition, testing by Ford has
shown that the tires manufactured for Toyota have lower operating temperatures than the focus
tires.

4.6 The Relationship of These Tire Failuresto Safety

A bdt-leaving-belt tread separation reduces the ability of adriver to control avehicle, whether or
not the separation is accompanied by aloss of ar. Thisis particularly true when the failure
occurs on atire mounted on arear whedl and when the failure occurs while the vehicle is
traveling at a high rate of speed, such as on an Interstate highway. According to the Firestone
clams database, as of March 2001, tread separations of the recalled and focus tires have been
associated with 260 crashes, 367 injuries, and 74 fatalities. See Table 3. Additional crashes,
injuries and fatalities due to such tread separations have been reported to ODI by other sources.

Clamsin the Firestone claims database involving the focus tires have been associated with
numerous crashes, 17 deaths, and 41 injuries; additiond crashes and casudties are reported in the
ODI complaint database, including reports of Six additiona fatalities. These numbersare
relaively low compared to the crashes and casudties involving the recdled tires, due to the

lower number of focus tires that were produced and their limited exposure. Nevertheless, the

fact that the plant-by-plant fallure trends for the focus tires are amilar to those of the recdled

ATX tires demondratesthat, if they are not removed from service, the focustires— at least those
manufactured before the wedge change — will experience asignificant increase in the number of
crashes, injuries, and deaths over the next few years?®

4.7 The Compar ative Safety Consequences of Tread Separationson SUVsvs. Pickups

A bdt-leaving-belt tread separation is far more likely to lead to a safety problem when it occurs
on aSUV than when it occurs on other types of vehicles. Asshown in Table 7, approximately
ten percent of the tread separation clamsin the Firestone claims database thet are related to
subject tires on SUVsinvolved crashes, while only 2.3 percent of such clams regarding tires on

27 P265/75R16 tires supplied for C/K full-sized pickups (Silverado and Sierra) and SUV's (Suburban,
Tahoe, and Y ukon) since 1998.

28 ppo5/75R15 tires supplied for the Tacoma pickup and the 4-Runner SUV since 1995.
%9 Firestone has never asserted that tread separations on Wilderness AT tires occur in adifferent manner than

on ATX tires. Thus, it isappropriate to conclude that as tread separations of focustiresincrease, the number of
crashes, injuries, and deaths will increase proportionately.
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pickups resulted in crashes*® Moreover, the crashes that occur due to atread separation on
SUVsaemore likely to lead to injuries and deaths, primarily because an SUV ismore likey

than a pickup to roll over in a crash, regardless of whether the crash involves a tread separation. !
Almosgt 75 percent of the SUV crashes in the Firestone claims database led to injuries and dmost
25 percent led to fatdities; lessthan haf of the pickup crashes led to injuries, and there was only
onefatd crash.

Another measure of the rlative safety risk isthat 2.2 percent of the clamsin the Firestone
clams database involving SUV's were associated with afata crash, while only 0.1 percent of the
cdamsinvolving pickups were associated with afataity. Review of the ODI complaint data
reveds smilar differences in safety consequences. See Table 8.

It should be noted, however, that the claims data does not support Firestone' s assertions that a
tread separation on an Explorer is more likely to lead to a crash than a tread separation on other
SUVs. Although the clams data is limited with respect to non-Explorer SUV's (Snce rddively
few of the recaled and focus tires were ingtaled on SUV's other than Explorers, and the failure
frequency of other Firestone tiresis relatively low), the rates of crashes per claim and rollover
per clam are dmost identical for Explorers and other SUVs.

5 Root Cause Analyses Prepared by or for Manufacturers
51 Firestone

On December 13 and 14, 2000, ODI met with Firestone in Akron, Ohio to review the results of
Fireston€ sroot cause andyss. Firestone' s andysis found that a combination of design,
manufacturing, vehicdle, and use factors contributed to the field failures of the tires that were
recalled in August 2000.

The following isasummary of Firestone' s conclusons, as expressed in a December 19, 2000
pressrelease;

= Shoulder pocket design - The shoulder pocket design of the P235/75R15 ATX tires could
lead to cracking at the shoulder pocket bottom. This could become the starting point of a
failure, which, when combined with the other factors, could result in a reduction of resstance
againg belt detachment.

= Low inflation pressure- Low inflation pressurein therecaled ATX, ATX Il and
Wilderness AT tire increased the running temperature of the tires and would contribute to a
decreased belt adhesion levdl.

30 Sinceall of the subject tires were designed for use on light trucks and SUVs, the claims database obtained
for thisinvestigation does not include claimsinvolving tires on passenger cars. However, ODI’ s experienceis

that tread separations on passenger cars are even less likely to lead to crashes or casualties.

31 Two-thirds of the SUV crashes in the Firestone claims database involved arollover, as compared to
23 percent of the pickup crashes.
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= Vehicleload - Vehicleload levels combined with low standard tire pressure [26 pg] initidly
specified for the primary vehicle for which the tires were designed [the Explorer] led to a
decreased margin of safety for tire performance.

= Decatur belt adhesion - ATX P235/75R15 tires and Wilderness AT tires of the same size
produced at Decatur exhibited different belt adheson characteristics, including lower initia
adhesion, than those same size and line tires produced at other [Firestone] plants.

Firestone concluded that multiple factors contributed to the root cause of the failures that
occurred in the recalled tires. Firestone found that many of the factors that it identified were aso
present in the focus tires, but it asserted that dl of these factors were necessary before atire
could be found defective, and it contended that some important elements were not present in the
focustires. However, contrary to Firestone' s contention, ODI found some of these factorsin
some of the focustiresit tested. For instance, ODI found evidence of shoulder pocket cracks in
many focustires. In some cases, as shown in Figure 20, the cracks had grown asfar inward as
the edge of the second belt.

5.2  Firestone sExpert

To obtain an independent analysis of the failuresin the P235/75R15 ATX and Wilderness AT
tires, Firestone commissioned astudy by Dr. Sanjay Govindjee, a professor in the Department of
Civil and Environmental Enginesring at the Univergty of Cdiforniaa Berkeey.

Dr. Govindjeg' s andyss focused on the two fundamentd factors affecting crack growth in radia
tires. (1) the capacity of the materia to resist the propagation of cracks; and (2) the demands or
forcesthat drive the crack forward.

Dr. Govindjee directed avariety of testing by Firestone to support hiswork, including: (1)
vehicletesting to determine the range of load conditions and operating temperatures that the tires
would experience in service usage on a Ford Explorer; (2) lab testing to assess the new and aged
crack growth characterigtics of the belt rubber compound used in the subject tires; and (3)
experiments to assess the influence of compound processing differences in Decatur tires on the
crack growth resistance of the belt rubber compound. He aso used State of the art computer
modeling tools to assess the strain energy release rates (i.e., crack tip driving forces) at various
loads, inflation pressures, speeds, and crack sizes.

The experiments were unable to conclusively establish arelationship between the different

compounding processes and lubricants used at the Decatur plant and the elevated fidd falure

experience of tires manufactured there. Dr. Govindjee described his work and identified his

findings and conclusionsin areport released by Firestone on February 2, 2001. Some of the

sgnificant findingsindude:

= Somewhere between 10 to 25 mm of crack growth, crack tip release rates begin to increase in
anortlinear fashion (i.e, reach “critica crack length”), resulting in accelerated crack growth
rates per tire revolution.

=  More cracks were detected in Wilson and Joliette tires than in Decatur tires.
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= Climate effects appear to outwelgh usage effects (e.g., inflation pressure) in the evolution of
physica properties measured in ultimate € ongation, 100% modulus, and pedl adhesion tests.

= Vehicleloads play a more important role than inflation pressure and speed in crack tip
driving forces.

On April 12, 2001, ODI met with Dr. Govindjee to review hisreport. Hiswork provided useful
context for ODI’ s shearography testing and subsequent cut-section analyses, discussed below.

Dr. Govindjeg' s computer model estimates that a 1 mm deep crack that has devel oped around the
full crcumference of afocustire will reach criticd crack length within about 40,000 miles. This
highlights the importance of suppressing crack initiation for aslong as possible.

53 Ford

On December 11-12, 2000, ODI met with Ford in Dearborn, Michigan to review the preliminary
root cause findings of Ford's Tire Team. Ford's anadlyss concluded that a complex interaction of
tire design, manufacturing, and field conditions was respongble for the falluresin the recaled

tires. According to Ford, the designs of the P235/75R15 ATX and Wilderness AT tires generate
high stresses and rates of strain at the belt edges, raising the operating temperature in this region.
The higher operating temperatures accelerate the aging of the rubber, leading to reduction in
faiguelife. The aging effects and high drain rates combine to produce early belt-edge

separation and faster crack propagation. Ford aso concluded that “unknown” manufacturing
processes at Decatur resulted in further reductions in resistance to crack growth and tread
detachment compared to the other Firestone plants.

Ford continued to analyze these issues and made another presentation to ODI on March 28,
2001. This presentation provided updated comparative analyses of field data, tire operating
temperatures, wedge dimensions, belt ped strength, and computer modeling. In addition, Ford
presented its analysis of the way in which avariety of vehicles respond to a belt-leaving-belt
tread separation on arear tire and a detailed review of the handling characteristics of the
Explorer and severa peer SUVsfollowing such atread separation.

As noted earlier in this Report, on May 22, 2001, Ford announced thet it would provide free
replacements for al Firestone Wilderness AT tireson its vehicles. Ford stated that it based its
decison on (1) trends it observed in claims and crashes involving those tires and a comparison
with smilar falure datafrom peer tire manufacturers, and (2) differencesin tire dimensions and
performance in severd testsit had conducted. Ford highlighted the differences in performance
between the Firestone Wilderness AT tires and Goodyear Wrangler RT/Stires that were used as
OE on the Ford Explorer.

Inits pressrelease, Ford noted that “. . . some of thetires. . . do not have a substantial failure
risk.” Nevertheless, Ford stated that it would provide free replacement for dl Wilderness AT
tires on Ford vehicles*“. . . to avoid any confusion among our customers and eiminate any doubt
about the qudlity of their tire”
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Ford's press rdlease d o identified what it believes to be the most significant factors contributing
to the potentid for belt-leaving-bet falluresin the Wilderness AT tires.

= Tireoperating temperature - the Firestone tires run hotter than the Goodyear tires that were
used on the Explorer.

= Wedge dimension - the Firestone tires have different 9ze wedges between plants, and the
wedges are generdly smaller than the Goodyear wedge.

= Ped strength - the ped strength of the Firestonetiresis consstently lower than thet of the
same Sze Goodyesr tires.

Ford aso conducted an extensive series of testing on indoor drums (“rig tests’) on both new and
aged Firestone and peer tires. The tests were conducted a varying loads, inflation pressures, and
ambient temperatures starting at 75 mph. The speed is then increased in 5 mph steps, holding for
30 minutes at each step, until the tire has failed or completed the highest speed step (110 mph).
When testing aged Firestone tires from the various assembly plants, Ford found a correlaion
between performance in the test and field fallure data. New Firestone Wilderness AT tiresfrom
the Wilson and Joliette plants did not pass Ford' s high-speed rig tests.

6  ODI'sTedting and Analysis of Test Results
6.1  Description of ODI’s Test Program

To help assess the prospective failure risk in the focus tires, ODI conducted a program of tire
testing and a comprehensive andysis of testing performed by Firestone and Ford. The primary
objective of the program was to assess the extent and severity of belt-edge separationsin a
randomly sdlected sample of focus tires from hot states, where most of the failures occurred.
Testing was dso done to compare the separation data with dimensiond, physical property, and
materia property data gathered by Ford and Firestone and, to the extent possible, to identify
design and manufacturing factors contributing to the faillures. For comparison, severd examples
of peer tires used as origind equipment on SUVs, primarily the Goodyear Wrangler RT/S
P235/75R15 tire used as origina equipment on Ford Explorersin MY 1995-1997, were
subjected to the same analyses.®?

Standards Testing Laboratory (STL) in Masslion, Ohio inspected the tires, measured the
remaining tread depth, and conducted nondestructive andysis using laser shearography.
Shearography isamethod used to detect and document the pattern and severity of interna
separdionsin atire. It involves a double-exposure photographic recording, with thetire
deformed under stress between exposures. Separations inside the tire are detected by the strain
concentrations they produce on its surface. STL subjected over 300 tiresto this process.

32 Other tirestested included: the Michelin XW4 and Uniroyal Laredo AWP P235/70R15 tires (used on the
General Motors Jimmy/Blazer); the Goodyear Wrangler SRA P245/70R16 (used on the Jeep Grand Cherokee);
the Goodyear Wrangler RT/S P225/75R15 (used on the Jeep Cherokee); the Goodyear Wrangler RT/S and the
Bridgestone Dueler HT P265/70R16 (used on the Toyota 4-Runner); and the Bridgestone Dueler HT
P255/65R16 (used on the Infinity QX4).
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Many of the Firestone and peer test program tires were subsequently sent to Smithers Scientific
Sarvices, Inc. (Smithers) in Akron, Ohio for additiona analysis. The objective of thisanalyss
was to correlate the shearography results with actud bdt-edge crack sizes and with the
dimensiona and physical property datathat had been collected by Ford and Firestone. Each of
these tires was cut into sections and subjected to thorough dimensiona and physical andyses.

Smithers performed additiona analyses on some of the test program tires. These included
studies of wedge and inter-belt gauge variances within individua tires, an assessment of early
crack growth patterns by completely removing the tread and the top belt (dso referred to as a
“tread pull”) of tiresin the early stages of belt-edge separation, and X-ray andyss.

A smadler sample of test program tires was sent to the Akron Rubber Development Laboratory
(ARDL) in Akron, Ohio for a detailed analysis of dimensiond, physica, and chemica

properties. ARDL aso analyzed a much broader set of data from over 1,000 tires that were
tested by Firestone, Ford, and ODI to andyze correlations between the field performance of tires
and changes in the materid properties of their belt rubber.

6.2  Shearography

Shearography testing was used to assess the pattern and severity of separation progression within
the focus tires and peer tires. The shearography results show that belt-edge separations develop
earlier and grow larger for agiven age and state of tread wear? in the focus tires than in the peer
tires and provide evidence of a continuing potentia for belt-leaving-bdt faluresin the focus

tires. These differences are more pronounced in the focus tires produced before Firestone
modified the wedge in 1998. These results are so consstent with differencesin field
experience between the Firestone tires and peer tires used as origina equipment on other SUV's.

Basad on the shearography results, ODI categorized each tire' s separation pattern and severity
into one of seven stages of failure mode progression described in Appendix A. Figure 21 shows
the results of this analys's when comparing the focus tires and peer tires. The focustiresare
sgnificantly different from their peers, particularly with respect to the number of tires exhibiting
severe stages of crack growth. Approximately 30 percent of the focus tires with at least 30
percent tread wear had patterns of separation in one of the four most severe categories, and about
four percent were in the two most severe stages of separation. Only one of the peer tires (a
Goodyear Wrangler RT/S P235/75R15) contained a separation in the fourth most severe
category, and none were in the three most severe stages.

Figure 22 compares the separation patterns and severities shown by shearography in P235/75R15
focus tires produced before and after Firestone' s wedge change. Only one post-changetire
reached the third leve of severity, and this occurred later in the tire' stread life than the stage at

33 The fatigue failure mechanism of interest is driven by the number of cycles (i.e., tire revolutions). Ideally,
mileage would be used as the best age parameter for tire cycles. Since mileage information was not available
for many of the test program tires, tread wear was used as the best indicator of tire servicecycles. Tireageis
also afactor, particularly in the hottest climates, because the rubber becomes less resistant to fatigue crack
growth with aging.
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which the pre-change tires reached that level. Figure 23 provides the same andysisfor the
P255/70R16 focustires. Only two of the post-change tires exceeded the second leve of
separation severity. None reached thefifth level or higher (a Joliette tire produced in October
1998 and a Decatur tire produced in April 1999 were categorized in the fourth level). These two
Figures show smilar patterns of separation development in Joliette and Wilson Wilderness AT
tiresin both tire Sizes.

FHgure 24 compares the focus tires produced after the wedge change with the peer tires. While
the post-change focus tires are more likely than the peersto have some level of separation and,
on average, they tend to reach the first and second levels at lesser amounts of tread wear, the
difference between the two sets of tiresisless obvious. 1t should be noted, however, that most of
the peer tires were older than the post-change focus tires, and a much larger percentage of the
peers were obtained from Arizona, where deterioration due to heat and aging is most severe.
Thus, the difference between these focus tires and the peersis at least as gresat as that suggested
by this Figure.

6.3 Wedgeand Inter-Belt Gauge Analysis

The gauge of the rubber between the belts can be a sgnificant factor affecting crack initiation,
crack propagation, and find catastrophic belt-leaving-belt separation. Test program tires were
sectioned to dlow measurement of the gauges at various postions acrossthe belts. ODI's
analysis of this data, and data from dimensiona studies conducted by Ford and Firestone, found
two sgnificant dimensiond differences between the focus tires and peer tires used in Smilar
gpplications. (1) the wedge gauge in the Firestone tires produced before the Spring 1998 wedge
changeisthinner than that of the peer tires; and (2) the inter-belt gauge in the Firestone tires
produced before the August 1999 change is thinner than that of the peer tires.

As previoudy noted in this Report, belt wedge gauge is an important factor in deaying the
formation of starter cracksin the critica region at the edge of the second belt. To help
understand the influence of wedge gauge on this process, ODI compared the wedge dimensions
of focus and peer tires by tire size, tire design (before and after the wedge change), and plant.

Figure 25 compares the range of wedge gauges measured in focus tires produced before the
wedge modification in the Spring of 1998 to that of peer tires, including the Goodyear tires used
asorigina equipment on the Explorer.®* Figure 26 compares the wedge gauges for focus tires
manufactured after the wedge gauge was increased in comparison with peer tires of amilar
sizes® These two Figures show that the wedge gauges in the focus tires were thinner than those
of the tested peers before the wedge change and within the range of those peers after the change.

34 For an explanation of how to interpret the statistical analysesin Figure 24 and similar Figures, see
Appendix D.

% Thered horizontal lines on these Figures (and on Figures 35 and 36) correspond to Firestone's “targets’ for

the wedge gauge in cured tires before and after the Spring 1998 wedge change. They are included for ease of
comparison, not because ODI considers them to be appropriate targets for this dimension.
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Inter-belt gauge is afactor in the ped adhesion characterigtics of atire (ameasure of atire's
resistance to catastrophic belt-leaving-belt failure) and can become afactor in propageation rates
for cracks that have grown through the wedge area. Figure 27 compares the inter-bet gaugesin
the areas under the outer tread groovesin the focus tires produced prior to Fireston€e's inter-belt
gauge change in August 1999 with those of peer tires®® This Figure shows that the inter-belt
gauges of the Firestone tires produced before that change are generdly thinner than those of the
tested peers.

Some of the focus tires andyzed by ODI had sgnificantly thinner inter-belt gauges than
Firestone's minimum design specification of 0.018 inches (0.46 mm), particularly in the areas
under the tread grooves. In some ingtances, the gauge in cured tires was so low that the wires
were dmogt touching, thus providing little if any resistance to crack propagation. For example,
Figures 28 and 29 show Wilson and Joliette tires manufactured in November 1997 with 0.05 mm
(0.002 inches) measured inter-belt gauge in the area under the outer tread grooves.

6.4 Shoulder Pocket Characteristics

The design of atire' s shoulder pocket can be a sgnificant factor in the development and
propagation of cracks. Pocket geometry can affect the stress/strain State at the edge of the
second belt, and ODI’s dimensiona andysis has shown that the pocket has an influence on the
wedge gauge. The design of the shoulder pocket of the focustiresis notably different from that
of peer tires and other Firestone tires used in similar applications (see Appendix B).

ODI’s andysis of shearography results for focus tires exhibiting early stages of separation found
acommon pattern. Localized initiation Sites had developed around the circumference of one or
both shoulders a regularly spaced intervas, and there was a correlation between the initiation
sites and the shoulder pockets on thetire.

On severd focus tires showing patterns of early crack initiation and growth, ODI asked Smithers
to ped the entire tread and second belt from the carcass to identify the locations and patterns of
separation dong the belt edges. Some of these peded treads show distinct patterns of separation
initiation and growth in the areas under the shoulder pockets. For example, Figures 30 and 31
show the shearography and tread pull separation areas from atire exhibiting the earliest sgns of
incipient separation. Figures 32 and 33 show smilar information from atire with more
progressive crack growth.

Measurement of tires that had little or no tread wear (S0 that crack initiation would not interfere
with the andyss) found patterns of belt wedge “pinching” under the pockets and the

development of Starter cracksin that area. Figure 34 shows an example of this conditionin a
P235/75R15 Wilderness AT tire manufactured at the Wilson plant in November 1997. Figure 35
compares the wedge gauges under the shoulder pocket areas of recalled and focus Firestone
Wilderness AT P235/75R15 and P255/70R16 tires made before the wedge change with peer tires
of amilar 9zes. Figure 36 shows the same comparison for the Firestone tires made after the

38 The red horizontal line on this Figure corresponds to Firestone’s minimum inter-belt gauge for cured tires
before the August 1999 change.
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1998 change. In summary, there generally is athinner wedge gauge in the pocket areas of the
tested tires. However, comparisons of Figure 25 to Figure 35 and Figure 26 to Figure 36 shows
that the lug-to-pocket variations are more pronounced in the focustires than in the peers and are
more pronounced in some Firestone tires size/plant combinations than in others3’ Both before
and after the wedge change, some of the measured gauges in the pocket areas were less than
Firestone' s targets for this dimension.

6.5 Comparison of Failed Tiresvs. Test Tires

An example of a crack growth pattern in afalled P235/75R15 Wilderness AT tireis shown in
Fgure 37. Generdly, on thefalled treads, multiple locdized semi-dliptica growth areas were
observed with the falure initiated at the largest area. According to Dr. Govindjee' s computer
model, accelerated crack growth (i.e,, critical crack lengths) can begin to develop when a
crecumferentialy developed inter-belt crack has grown 10-25 mm in the laterd direction (i.e,
across the tread).

Figure 38 shows the separation pattern on a P255/70R16 Wilderness AT tire, where belt-edge
separation had developed to an intermediate leve (thefifth level discussed in Appendix A),
spreading around the circumference of the tire and beginning to grow laterdly between the belts.
Figure 39 shows the shearography results for the sametire. As such separations grow in size,
their rate of propagation will increase at various locations around the circumference of thetire,
creating the semi-dliptica areas shown on the failed tire tread.

6.6 Material Properties

As previoudy noted in this Report, the properties of the belt wedge and skim rubber compounds
change asthetire ages. These changes reduce the compounds' resistance to fatigue crack growth
and catagtrophic faillure. One measure of the degradation of the belt rubber is the ped adhesion
test. Thistestis most directly related to the belt rubber’ s resistance to afinal, catastrophic belt-
leaving-bdlt failure.

Belt ped adhesion testing involves the preparation of a number of gpproximately 1-inch wide
test samples cut lateraly across the tread of the tire and then pulled in an Instron tensile test
machine to measure the force required to “pedl” the two belts apart.%® Ped adhesion testing of
Firestone tires has concentrated on tires from the Decatur, Wilson, Joliette, and, to alesser
extent, Aiken plants. The tests have consgtently shown that the Decatur tires perform differently
from tires from the other plants. However, ODI’s analysis of ped adhesion data shows that,
while Decatur tires start with much lower adhesion strength than the tires produced at the other
Firestone plants, the Wilson and Joliette tires eventualy converge to the level of the Decatur
tires.

37 ODI also observed variance in the wedge gauge between the two shoulders on many tires.

38 The samples are prepared with asmall edge cut through the skim rubber on each side to ensure that the
tear occurs through the rubber (i.e., the test isintended to measure the cohesive tear resistance of the
rubber). Thereisno evidence of abelt wire-to-rubber adhesion issue in the Firestone tires investigated by
ODlI.
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This convergence occurs more rapidly in the hottest climates, such as Arizona. Figure 40 shows
a scatter plot of average “ hot state” pedl adhesion data for recalled and focus tires from Decatur,
Wilson, and Joliette in comparison with the Goodyear tires that were used on the Explorer.3°
After 3o 4 years of age, the Wilson and Joliette tire pedl adhesion characteristics are not
sgnificantly different from those of the Decatur tires. The Goodyear tires consstently
maintained higher ped adhesion characteristics at a given age than the focus tires.

ARDL conducted a detailed analysis of materid property data gathered from recalled tires, focus
tires, and various peer tires used in the Firestone, Ford, and ODI test programs. ARDL anadyzed
changesin tensile properties*° pedl adhesion, and crosdink density** to assess the aging
characteristics of the recalled and focus Firestone tires. These data were dso compared, to the
extent possible, with some peer tires, primarily the Goodyear Wrangler RT/S used on the
Explorer.

The generd pattern of change indicates that crossink density evolution due to aerobic and
thermd aging is the dominant aging factor. Some of the data points indicate that more severe
aging mechanisms may have occurred in some of thetires. Based on this data and andlysis,
ARDL concluded that, while the Decatur tires exhibited different materia properties than the
tires from the other Firestone plants, “there is no reason to believe that the Wilson or Joliette tires
can be expected to perform any better than the Decatur tiresin severe environments.” Also, the
rubber in the focus tires exhibited deterioration due to aging that was more severe than that of the
Goodyear Wrangler RT/Stires.

6.7  Operating Temperature

A tire s operating temperature istypicaly greatest in the belt-edge region. 1t will risewith
increased load, speed, and ambient temperature and with decreased inflation pressure. A tire's
design will determine its sengtivity to these factors. In genera, higher operating temperatures
contribute to tire aging.

ODI did not conduct operating temperature tests. Rather, ODI reviewed and analyzed
temperature testing conducted by Ford and, later, Firestone. Although the results were not
identical, both companies’ tests show that the focus tires consistently have higher operating
temperatures than the Goodyear RT/S P235/75R15 tire used on the Explorer under awide variety
of operating conditions.

39" A combination of ODI and Ford test data was used for this analysis.

4% These properties include 100% Modulus (M 190, which is the modulus at 100% strain), elongation at
break (B, whichisthe strain at break), and tensile strength (T, which isthe stress at break). The
modulus increases with age, while the elongation at break and tensile strength decrease with age.

41 Crosslink density refers to the density of linkages connecting the polymer chains. The subject
compounds use a sulfur cure system and, therefore, sulfur linkages. These linkages are formed during the
curing process and will evolvein type (following a general trend from poly-sulfidic to mono- and di-
sulfidic linkages) and density asthetire ages. Increasesin modulus with aging are governed by increases
in the crosslink density in the polymer.
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Ford originaly obtained its temperature data using a surface imaging technique. Firestone
criticized that method and obtained its temperature data by inserting a needle pyrometer into the
bdt-edge area of the tire after it topped running. Ford responded by conducting another series
of tests using an imbedded thermocouple probe to obtain the temperature data. In ODI’ s view,
the latter Ford method is likely to produce the most accurate results when measuring belt-edge
temperature, since the temperatures are recorded when the tire is running, and there is greeter
control of thermocouple placement relative to the belt-edge area. Ford used data from this test
program to vaidate its data from the surface imaging technique.

Ford' s temperature testing shows that the focus tires have a greater senditivity to load, speed, and
inflation pressure than other tiresit tested, including the Goodyear Wrangler RT/S and the
Firestone Wilderness AT supplied as OE to Toyota. Figure 41 shows the temperatures for the
focus Firestone Wilderness AT and Goodyear P235/75R15 tires over arange of inflation
pressures at 75 mph and 1500 Ib. load. For example, the Goodyear tire is cooler at 80 kPa (12
ps) than the Firestone tireis at 250 kPa (36 ps). Sinceit is undisputed that heat can have a
deleterious effect on the capacity of the belt compounds to resst crack initiation and growth, this
suggests that, even if dl other things were equd, because they operate at relatively hot
temperatures at the belt edge, the focus tires would be more susceptible to bet-leaving-belt
separations than tires that run cooler.

7  Firestone Position and ODI’s Response

Firestone maintains that the focus tires, and indeed many of the tiresit recaled in August 2000,
are safe and that there is no need to expand that recall to protect the public from additional risk
of crashesand injury. Fireston€' s latest expression of its position, as set out in aJuly 19, 2001
pressrelease, is summarized in four basic contentions. Those contentions, and ODI’ s responses
to each of them, follow.

A tread separation isnot a defect - Firestone asserts that a tread separation is one of the
most common failure modes for any sted-belted radid tire, regardless of brand. It contends
that all radid tires can experience tread separations for a variety of reasons related to use,
such aslow inflation pressure, adow leak, an impact break, or asmilar incident.

Firestone' s contention that a tread separation is not a defect is inconsstent with its defect
determination of August 2000, and with severd other safety-related determinations that it made
before and after August 2000 (Table 4).*2 ODI recognizes that such factors as road hazards and
severe under-inflation can contribute to tread separations. However, such failures would occur
randomly throughout the tire population and would not yield the age- dependent failure
digtributions that are evident in the recaled tires and in the focusttires.

42 Other tire manufacturers have also made safety defect determinations and conducted safety recallsto
addresstread separation problems. There have been 38 such defect recalls conducted by other tire
manufacturers since 1985.
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Moreover, it cannot serioudy be disputed that the belt-leaving-bet separationsinvolved in this
investigation are “related to motor vehicle safety” within the meaning of the Vehicle Safety Act
(Section 4.6, above).

Wilderness AT tiresare comparable to competitor’stires - Firestone asserts that the tests
it has performed show that “ across the board, Firestone tires perform the same as, if not
better than, smilar competitor tires.”

ODI does not agree that the performance of the focus tiresin relevant tests is comparable to that
of competitors' tires. Theresults of ODI’s shearography testing and sectioning of tires
demondrated sgnificant differences between the crack growth initiation and severity seeninthe
focus Firestone tires and that seen in their peers, particularly with repect to focustires
manufactured before Firestone' s change to the belt wedge. ODI dso identified relevant
differences between the wedge and inter-belt gauges of the focustires and their peers aswell as
differencesin their shoulder pocket designs and the consequences of those design differences.
The focus tires dso compared unfavorably in ped strength and temperature testing with the
Goodyear Wrangler RT/S tires used on the Explorer.

Wilderness AT tires have extremely low claimsrates - Although Firestone argues that
clamsrates done are not an accurate measure of atire' s performance, it sates that the
camshigory of Wilderness AT tires“is dramatically better than that of the recdlled tires”

Firestone is smply wrong in asserting that the dlaims rates on the Wilderness AT tires* are
“extremely low.” Asshown in Table 5, the tread separation clams rates for the focus Wilderness
AT tiresfrom each of the Firestone plants exceed those for other peer tires used on SUVSs, in
some cases by extremey wide margins. But even more important, and more troubling, the
cumulative fallure trends indicate a progressively rising failurerisk in the focus tires.

Firestone' s effort to compare the claims experience of the Wilderness AT tires to that of the
recalled tires is both conceptudly flawed and gatisticdly invdid. Evenif it were true that the
focus tires performed “better” than the recdled tires, that would not necessarily end the inquiry,
snce Firestone has previoudy determined that the recalled tires were defective. More important,
Firestone isimproperly comparing tire populaions of ditinctly different ages. A vadid
comparison of the failure risk of two populations of tires must account for age exposure.

Figures 16 and 19 demondtrate that, on a plant-by-plant basis, the focus tires from the Wilson
and Joliette plants have had tread separation failure trends that are consistent with those
experienced by the recalled ATX tires at smilar service exposure intervals* Another way to

43 Asdiscussed above, Firestone's cal culations dilute the claims rate of the focustires by including all
Wilderness AT tires, including those supplied to other vehicle manufacturers. Thisis misleading, since
the other Wilderness AT tires are significantly different from the focustiresin a number of relevant
respects.

44 Thefailure trend for the recalled Wilderness AT P235/75R15 tires from Decatur was somewhat better than

thefailure trend for the Decatur ATX tires, but it was certainly not “dramatically better,” and it was far worse
than the failure trends for the recalled ATX tires from Wilson and Joliette.
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condder thisissueisto compare the clams experience of the focustires produced in 1996 with
the recalled ATX tires produced at Wilson and Joliette in that year.*> As shown in Figure 42, the
failure experience of both the P235/75R15 and P255/70R16 Wilderness AT focustiresis worse
than that of the recaled ATX tires.

A tireand vehicle are a complex, integrated system - Firestone ingststhat “to trul
understand the cause of these terrible accidents, the vehicle must dso be investigated.”*°
Firestone assarts that the Wilderness AT tires perform very differently on the Ford Explorer
than they do on the Ford Ranger, and notes that other Wilderness tires have performed
“virtudly flawlesdy” on other vehicles. It asserts that tread separations leading to rollovers
and other accidents involving Explorers continue, no matter what brand of tireis on the
vehicle. Firestone damsthat the Explorer presents “significant loss of control issues”
particularly after atread separation, which Firestone characterizes as*a generaly benign,
foreseeable event, in which the driver safely pulls over to the Sde of the road and changes the
tire”

ODI is consdering Firestone' s dlegations regarding the Explorer independently from its
investigation of the focustires. Nevertheless, severd points are worth noting regarding this
Firestone contention. ODI does not agree with Firestone' s assertions that tread separation
falures are “ generdly benign, foreseegble events” ODI is not aware of any vehicle
manufacturer that includes tread separation in its vehicle performance slandards (manufacturers
do typicdly test vehicle response to sudden air loss on one or two tires). Likewise, ODI isnot
aware of any tire manufacturer, including Firestone that has recommended such testing.

ODI agreesthat tires and vehicles interact. However, under the regulatory structure of the
Vehicle Safety Act and NHTSA’simplementing regulations, the legdl duty to conduct recallsto
address tire failures that lead to vehicle crashes is on the tire manufacturer, regardless of whether
the tires were installed as origind equipment a thetime of sde*’ In other words, even if

5 1996 isthe only year for which this comparison can be made, sinceit is the only year in which there
was significant production of both recalled tires and focus tires at those plants.

¢ InaMay 31, 2001 letter, Firestone requested that NHTSA “open an investigation into the safety of
certain models of Explorers.” Firestone claimed that certain Explorer vehicles“are defectively designed

in that they have an inadequate margin of control (due to insufficient understeer) to permit control by
average driversin the foreseeabl e events of tread separation during normal highway driving in most load
and turning circumstances.” In support of this assertion, Firestone submitted preliminary datafrom testing
conducted by Dr. Dennis Guenther, a vehicle dynamics consultant it hired. Dr. Guenther advised ODI that
he planned to do a substantial amount of additional testing of the Explorer and peer SUVs. Although
some additional test data has been submitted, that testing is still not complete. ODI iscurrently reviewing
theissuesraised by Firestone’ s letter.

" This apportionment of recall responsibility isuniqueto tires. With other items of original equipment,
the vehicle manufacturer is responsible for addressing any safety-rel ated defects, even if the problem was
caused by the supplier of the equipment. For example, if afuel tank leaks due to improper welds by the
manufacturer of the tank, the vehicle manufacturer has the legal duty to determine that a defect exists, to
notify owners of the affected vehicles, and to provide afree remedy for the problem. Any subsequent
efforts by the vehicle manufacturer to obtain indemnification from the supplier for the costs associated
with therecall are totally separate from the vehicle manufacturer’ s duties under the Vehicle Safety Act.
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Firestone' s assartions regarding the difficulty of controlling an Explorer after atread separation
were correct, it would not affect Firestone' s duty to recall defectivetires. Of course, Firestone
could seek reimbursement from Ford for the costs associated with such arecal, but that issue
would be decided in the courts, without any NHTSA involvement.

With respect to the rdative performance of Wilderness AT tires on Explorer SUVs and Ranger
compact pickups, Firestone has claimed that the tread separation clamsrate for ATX and
Wilderness AT tires on Explorersis eight times as high asthe rate on Rangers. In response, Ford
has provided dataindicating that most of the Rangers that were equipped with recalled or focus
tires were shipped to Northern states, where the conditions are less likely to lead to belt-leaving-
belt separations and where the overdl claims experience for dl of the subject tires has been
gonificantly lower. Neverthdess, even if Ford's assertions regarding the geographical

digtribution of these tires on the Ranger are correct, the frequency of tread separation clamsis
higher for tires on Explorers than on Rangers.

This difference, however, is not unexpected, for severa reasons. Firdt, the Explorer isamore
demanding application than the Ranger with respect to load and recommended inflation pressure.
The unloaded vehicle weight of the heaviest Ranger is 3,647 Ib, while the unloaded vehicle
weight of the heaviest Explorer is4,150 Ib. The Gross Vehicle Weight Rating (GVWR) for the
heaviest Ranger is 5,140 Ib, compared to the Explorer’s 5,660 Ib. Moreover, as an SUV with a
higher center of gravity, the cornering loads applied to the Explorer’ s tires on the outside of turns
may be greater than those gpplied to the Ranger’ stires.

With respect to inflation pressure, Table 6 shows Ford' s recommended inflation pressures for
each of the platforms that use the subject tires, as well asthe loads that the tires can carry at the
specified inflation pressures, as set forth in the 2001 Y earbook published by the Tire and Rim
Association.*® Most of the Explorers were equipped with P235/75R15 tires and Ford produced
these vehicles with a recommended inflation pressure of 26 pounds per square inch (ps) for both
the front and rear tires, apparently in order to meet its ride and handling objectives*® For
Explorers equipped with P255/70R16 tires, Ford’ s recommended inflation pressure was 30 ps in
both front and rear. Ford’s recommended inflation pressure for the P235/75R15 tires on the
Ranger was 30 pg in the front and 35 ps intherear. While NHTSA isaware that many vehicle
owners do not dways inflate their tires to the vehicle manufacturer’ s recommended levels, it is

8 pyrsuant to Federal Motor Vehicle Safety Standard (FMV SS) No. 120, manufacturers of vehicles other
than passenger cars must assure that the tiresinstalled on the vehicle have load ratings that are adequate to
support itsweight. Moreover, when the manufacturer uses passenger car tires on such avehicle, thetires'
load carrying capacity must be reduced by dividing by 1.10.

9 Firestone has contended that, in part due to this recommended inflation pressure of 26 psi, at |east some
Explorers had an insufficient reserve load, which allegedly reduced the safety margin of thetires. While
inflation pressureis certainly acritical factor in determining how much of aload atire can safely carry,

Ford has submitted data indicating that the reserve loads for the majority of Explorer models, even at 26
psi, are not significantly different from those of other SUV's. In addition, the Goodyear Wrangler RT/S
tiresinstalled on Explorers had the identical recommended inflation pressure, yet their claims experience
isnegligible. Moreover, Firestone was aware from the outset that these tires were being installed with that
recommended inflation pressure. If Firestone had any doubt about the ability of itstiresto perform
properly on the Explorer at that inflation pressure, it should have revised thetires' design accordingly.
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likdy that many of the focustires on Rangers have been operated at higher inflation pressures
than those on Explorers, particularly the rear tires, where there is ether afive or nine pound
difference in recommended pressure.

These differences in operating experience between Explorers and Rangers would be expected to
result in relatively dower initiation and growth of belt edge cracks on Rangers compared to
Explorers. The clams data confirm this. Thus, while the rate of tread separation clamsfor tires
on Explorers began to grow within two to four years (depending on the plant where they were
manufactured), the daimsinvolving ATX tires on Rangers did not begin to rise to a Sgnificant
level until 5to 6 years. Accordingly, it isto be expected that there would be few clams
involving Wilderness AT tireson Rangers. In fact, there have been three such clamsinvolving
recalled Wilderness AT tires from Decatur and none so far involving the focustires.

Thereis no reason to bdieve that the focus tires on Rangers would experience tread separations
a adifferent rate from that of the ATX tires on those vehicles. While that failure experienceis
lower than the failure experience of the ATX tires on Explorers, the rate of such faluresis higher
than that of amogt al of the tires for which comparative clams data was obtained by ODI and
thusisa cause for possible concern. See Table 5.°° However, as discussed in Section 4.7, tread
separations on pickups are far less likely to lead to crashes and casudties than such failures on
SUVs. SeeTables7 and 8.

8 Initial Findings

1. Bdt-leaving-belt tread separation failures of Firestone ATX and Wilderness AT tires
manufactured for use on Ford vehicles have led to numerous deaths and injuries.

2. Mog of thesefailures, deaths, and injuriesinvolved ATX tiresthat were recalled by
Frestonein August 2000. However, severd different anaytica methodol ogies demondtrate
that, on a plant-by-plant basis, the tread separation claims experience of the focus
Wilderness AT tiresissmilar to thet of therecalled ATX tires after the same period of time
in service,

3. Therecdled ATX and Wilderness AT tires manufactured at Decatur began to fall in
ggnificant numbers after between one and two yearsin service; this period was 2-3 years for
the recdled ATX and focus Wilderness AT tires manufactured at Wilson and 3-4 years for
the recaled ATX and focus Wilderness AT tires manufactured at Joliette.

4. Thetread separetion failure experience of the focustiresis far worse than that of their peers,
especidly the Goodyear Wrangler RT/S tires used as origind equipment on numerous Ford
Explorers.

®0" Asnoted above, ODI obtained production and claims data only with respect to competitor tires used on
SUVs. Asexplained in the Report, tires on SUVswould normally be expected to experience a higher rate of

tread separation failures than those on compact pickups. Thus, the “peer tires” listed in Table 5 may not be true
“peers’ for purposes of analyzing therelative performance of ATX and Wilderness AT tires on Rangers.
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10.

11.

12.

The belt wedge thickness, or gauge, inthe ATX tires and the Wilderness AT tires produced
prior to May 1998 is generdly narrower than the wedge gauge in the peer tires tested by
ODI, and the wedge gauge in cured tires was often less Firestone starget. Thetireswith this
wedge did not adequately resist the initiation and propagation of belt-edge cracks between
the sted belts.

Firestone increased the dimensions of the belt wedge in the focus tires and improved its
materid propertiesin March and April 1998. In generd, this increase brought the wedge
gauge of the focustireswithin the range of the tested peers.

The inter-bdt gauge initidly specified by Firestone for the focustiresis generdly narrower
than the gauges in peer tires, and the actua measured gauge under the tread groovesin
severd of the cured tires measured by ODI was far less than Firestone€' s minimum design
specification.

The design of the shoulder pocket in the focus tires can cause high stresses at the belt edge
and lead to a narrowing of the wedge gauge at the pocket. The focus tires exhibit a series of
weak spots around the tire' s circumference, leading to the initiation and growth of cracksin
these tires earlier than in competitor tires and in other Firestone tires produced for smilar
gpplications.

Some of the focus tires exhibited shoulder pocket cracking smilar to that which Firestone
identified as a sgnificant contributor to therisk of tread detachment in the recalled ATX
tires.

Materid properties testing indicated that the ped adhesion characterigtics of the focustires
reeched the low level exhibited by the Decatur tires after 3-4 years and were worse than the
adhesion characteristics of the Goodyear Wrangler RT/Stires. Also, the rubber in the focus
tires exhibited deterioration due to aging that was smilar to that of the Decatur tires and that
was more severe than that of the Goodyear Wrangler RT/Stires.

Asreflected by shearography performed on randomly collected focus tires and peer tires
from southern states, where most of the failures have occurred, the cracks and separations
between the belts were far more prevaent and severe in the focus tires than in peer tires.
Many of the focus tires were in the later stages of failure progression prior to complete
separdion of the upper belt. The shearography results for tires manufactured at Wilson were
essentialy the same as for those manufactured at Joliette.  Although ODI did not test any
tires manufactured at Oklahoma City, the design of thosetiresisidentica to those made a
Wilson and Joliette.

Bdt-leaving-bdt tread separations, whether or not accompanied by aloss of air from thetire,
reduce the ability of adriver to control the vehicle, particularly when the failure occurs on a
rear tire and at high speeds. Such aloss of control can lead to acrash. Thelikdihood of a
crash, and of injuries or fatalities from such a crash, isfar grester when the tread separation
occurs on a SUV than when it occurs on a pickup truck.
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13. Tread separation clamsincluded in the Firestone clams database involving the recdled and
focus tires have been associated with numerous crashes, which have led to 74 desths and
over 350 injuries. Tread separation complaints reported from al sourcesincluded in the ODI
consumer complaint database that have been identified as involving these tires have
reportedly led to 192 deaths and over 500 injuries.

14. Although there have been more failures and casudties associated with failures of the recalled
tires than the focusttires to date (17 deeths and 41 injuries involving focus tires in the
Firestone claims database), the fact that the plant-by-plant failure trends for the focustires
are very smilar to those of the recadled ATX tires demondrates that, if they are not removed
from service, the focustires— at least those manufactured before Firestone modified the
wedge -- will experience asmilar increase in tread separation failures over the next few
years, leading to numerous future crashes, injuries, and degaths.

15. Therate of tread separation failures on Ranger pickupsislower that the rate of such falures
on Explorersfor avariety of reasons, including the fact that the Explorer generdly carries
higher loads and is amore demanding application, and the tires on the Explorer had a
ggnificantly lower recommended inflation pressure (especidly on the rear whedls). Therisk
of such a separation on Rangers remains a cause for possible concern. Nevertheless, because
the likelihood of a crash due to atread separation, and of deeths and injuries resulting from
such acrash, is subgtantialy lower when the separation occurs on a pickup than on a SUV,
NHTSA'sinitial defect decision does not apply to focus tires installed on pickup trucks.

16. Almogt dl of the tread separation failures of the focus tires that led to claims occurred after
the tireswere in service for at least three years and involved tires manufactured before May
1998, when Firestone improved the wedge. In theory, Firestone’ s modifications to the wedge
would tend to inhibit the initiation and propagetion of the belt-edge cracks that can lead to
bdt-leaving-belt tread separations. If these modifications actualy improved the resstance of
the focustires to belt- edge separations, the historica failure trends described above may not
predict the future performance of the newer tires. However, because tread separation failures
rarely occur in the focustires until a least three years of use, it isnot now possible to
ascertain from field experience whether their actud performance has improved significantly.

17. Therecord of thisinvestigation supports a determination that the focus tires manufactured by
Firestone prior to its 1998 modifications to the belt wedge that are installed on SUV's contain
a safety-related defect. Although the agency has concerns about the possibility of future
tread separations in focus tires manufactured after the wedge change, the evidence at this
time does not clearly demondtrate that a safety-related defect exigts in the focustires
manufactured with the improved wedge.

Kenneth N. Weingtein Date
Associate Adminigtrator for Safety Assurance
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Tables

DOT Radial ATX WildernessAT | Wilderness AT

Plant Code P235/75R15 P235/75R15 P255/70R16
Aiken, SC 8X 0 2,452,999 514,872
Decatur, IL VD 2,452,7922 3,378,529% 576,111
Joliette, CAN VN 4,471,4742 1,634,711 2,380,993
Lavergne, TN w1 482,649° 0 0
Okla. City, OK HY 1,3462 74,071 0
Wilson, NC W2 3,498,100% 3,437,948 1,804,382

®recdled in 00T-005

Table 1 - Total production volumes of recalled and focustiresfor OE and trade
applicationsfor vehiclesusing recalled and focustires.

Firestonetire production data as of March 2001

Venezudla, Columbia,

Middle East Malaysia/T hailand & Ecuador
Date of action Jul 1999 Feb 2000 May 2000
Scope MY 1995-99 MY 1997 Explorer | MY 1996-99 Explorer

Explorer MY 1998-99 F150
Tire Mode Wilderness AT Wilderness AT Wilderness AT
Tire Sizes P255/70R16 P235/75R15 P235/75R15
P255/70R16

Vehicles 6,755 316 39,324
Crashes Reported 19 2 50
Injuries Reported 10 0 72
Fatalities Reported 14 0 31

Table 2 - Ford’stirereplacement campaignsin foreign countries




Tire Tire Claims Severity
Group Plant/M odel Size No. ppm | Crashes| Injuries | Deaths
Decatur ATX P235/75R15 | 1,348 | 549.6 130 194 36
Recalled | WIS ATX P235/75R15 | 585 | 167.2 41 55 3
Tires Decatur AT P235/75R15 | 305 | 90.3 38 52 9
Lavergne ATX P235/75R15 | 39 | 80.8 3 3 0
Joliette ATX P235/75R15 | 324 | 725 15 22 9
Focus | Wilson AT P235/75R15 | 77 | 54.2 16 19 8
Tires Wilson AT P255/70R16 | 34 | 47.4 7 8 5
Pre- Ok City AT P235/75R15 0 0 0 0 0
Wedge [ Joliete AT P255/70R16 | 13 | 20.9 4 5 0
Change | Joliete AT P235/75R15 8 | 104 4 6 1
Wilson AT P235/75R15 3 15 2 3 3
Wilson AT P255/70R16 2 1.8 0 0 0
5%5 Ok City AT P235/75R15 1| 165 0 0 0
Post. Jiette AT P255/70R16 2 1.1 0 0 0
Wedge | JieteAT P235/75R15 0 0 0 0 0
Change | Aken AT P235/75R15 1| 04 0 0 0
Aiken AT P255/70R16 0 0 0 0 0
Decatur AT P255/70R16 0 0 0 0 0

Table 3. Tread Separation Failure Experience and Severity, Recalled and Focus Tires.
Firestone Claims database as of March 2001

Recall Tire
No. Date M odel Volume Defect Consequence
01T-006 | 2/01 | FHrehawk 952,000 | Possible belt edge separation that could
GTA-02 result in loss of ar pressure.
01T-001 | 1/01 | WildernessLE 8,000 | Tread separation, possibly resultingin a
vehicle crash, persond injury, or degth.
00T-005 | 8/00 | Redid ATX, 14,400,000 | Tread separation, possibly resulting in a
Wilderness AT crash causing injury or death.
87T-006 | 5/87 | Firehawk GT 441 | Tread separation could lead to loss of air,
possibly resulting in loss of control
80T-011 | 7/80 | Sted Radid 5,120,000 | Tread separation could lead to loss of air,
500 possibly resulting in loss of control

Table 4 - Firestone tread separ ation safety recalls.




Prod. Claims
TireLing/Plant Tire Sze OE Vehicle Yrs | No.| ppm

FirestoneVD ATX 2 P235/75R15 | Explorer/Ranger/F150 '95-'97 | 959 | 700.5
Firestone VD AT 2° P235/75R15 | Explorer/Ranger '96-'97 | 273 | 2535
Firesone W2ATX @ P235/75R15 | Explorer/Ranger '95-'97 | 66| 93.2
Firestone W2 AT P255/70R16 | Explorer/Expedition '95-'97| 35| 63.8
Firestone W2 AT ° P235/75R15 | Explorer/Ranger '96-'97 | 71| 621
Firestone VN ATX 2 P235/75R15 | Explorer/Ranger/F150 '95-'97 | 18| 355
Firestone VN AT P255/70R16 | Explorer '95-'97 | 13| 28.1
Firesone VN AT P235/75R15 | Explorer/Ranger '95-'97 7| 10.7
Goodyear Wrangler RT/S® P265/75R16 | GM Y ukon/Tahoe '95-'97 9 102
Uniroya Tiger Paw ° P235/75R15 | GM Y ukon/Tahoe ‘97 7 34
Goodyear Wrangler RT/S?¢ | P265/75R16 | GM Y ukon/Tahoe '96-'97 4 2.3
Goodyear Wrangler AP ° P225/75R15 | Grand Cherokee '95-'96 3 19
Michelin XW4° P235/70R15 | GM Jmmy/Blazer '97 2 1.9
Goodyear Wrangler RT/S P235/75R15 | GM Jmmy/Blazer '96-'97 1 18
Goodyear Wrangler RT/S P265/70R16 | Toyota4-Runner '96-'97 1 1.3
Goodyear Wrangler RT/S” P235/75R15 | Explorer '95-'97 4 1.2
Goodyear Wrangler RT/S P205/75R15 | GM Tracker '95-'97 0 0.0
Goodyear Wrangler Rad. P215/75R15 | Jeep Cherokee & Wrangler '95-'97 0 0.0
Goodyear Invicta GL P215/75R15 | Jeep Cherokee & Gr Cherokee | '95-'96 0 0.0
Goodyear Eagle GA P225/70R15 | Jeep Cherokee & Gr Cherokee | '95-'97 0 0.0
Goodyear Eagle LS P225/70R16 | Jeep Cherokee & Gr Cherokee | '95-'97 0 0.0
Goodyear Wrangler Rad.” P225/75R15 | Jeep Cherokee & Gr Cherokee | '95-'97 0 0.0
Goodyear Wrangler RT/S P225/75R15 | Jeep Grand Cherokee '96-'97 0 0.0
Goodyear Wrangler AP P245/70R16 | Isuzu Trooper/Rodeo '95-'97 0 0.0
Goodyear Wrangler RT/SP P265/70R17 | Ford Bronco '96-'97 0 0.0

2 recalled tire VD = Decatur

® over 1 million tires produced during this period W2 = Wilson

¢ also used on pickup truck platform VN = Joliette

4 manufactured at Goodyear’s Union City plant
¢ manufactured at Goodyear’s Napanee plant

AT = Wilderness AT tire built to Ford

specifications

Table5— Claimsfrequenciesfor recalled, focus, and selected peer tires used as OE fitments
on SUVs (1995-1997 production years).




Inflation Pressure, Tire& Rim Association Rated

Vehicle ps) L oad (Ib)
Platform TireSze Front Rear Front Rear
Explorer P235/75R15 26 26 1,753 1,753
P255/70R16 30 30 2,100 2,100
Ranger P235/75R15 30 35 1,653 2,028
F150 P235/75R15 35 41 2,028 2,183
P255/70R16 29 32 2,072 2,172
Bronco P235/75R15 35 41 2,028 2,183
Expedition | P255/70R16 30 35 2,100 2,271

Table 6 - Load and load carrying capacity of tireson Ford light trucks and SUVs equipped
with subject tires at inflation pressuresrecommended by the vehicle manufacturer.



Crashes Safety Risk
Non-Fatal Fatal
_ _ Injury Fata | Crashes| Crashes Rollovers
VehicleGroup | Claims | Total | Rollover | Crashes | Crashes (per 100 claims) (per 100 crashes)
Explorer/Mount/ 67.7
Navgo 2287 | 220 149 167 53 9.6 2.3
Other Compact
SUV's 151 17 9 9 1 11.3 0.7 52.9
Large SUV’s 104 7 4 4 1 6.7 10 57.1
ALL SUV’s 2,542 | 244 162 180 55 9.6 2.2 66.4
Ranger/B Series 66 5 1 1 0 7.6 0.0 20.0
Other Small Size
P/U's 73 1 1 1 0 14 0.0 100.0
Full SzePIU’s 820 16 3 8 1 2.0 0.1 18.8
ALL P/U's 959 22 5 10 1 2.3 0.1 22.7

Table 7 - Consequences of Tread Separation of Subject TiresOn Various Types of

Vehicles.

Firestone claims database as of March 2001

Crashes Safety Risk
Non-Fatal Fatal
Injury Fatal Crashes | Crashes Rollovers
Vehicle Group | Reports| Total | ROllover | crashes | Crashes (per 100 Reports) (per 100 crashes)
Explorer/Mount/
Navgo 2,197 343 254 260 78 15.7 3.6 74.1
Other Compact
SUV’s 114 16 11 12 4 14.0 35 68.8
Large SUV'’s 161 10 5 5 2 6.2 1.2 50.0
ALL SUV’s 2,472 | 369 270 277 84 14.9 3.4 73.2
Ranger/B Series 231 16 9 5 1 6.9 04 56.3
Other Small Size
P/U’'s 44 3 2 3 0 6.8 0.0 66.7
Full SzePIU’s 405 12 3 3 1 3.0 0.2 25.0
ALL P/U’'s 680 31 14 11 2 4.6 0.3 45.2

Table 8 - Consequences of Tread Separations of Subject Tireson Various Types of

Vehicles*

ODI Database as of September 5, 2001
*This Table includes non-duplicative reportsto ODI from consumers and safetyforum.com and incidents derived
from the Fatal Analysis Reporting System (FARS). It does not include the Firestone claims database or complaint
datareceived from Ford or State Farm.
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Figure 2 — Summary of complaints, crashes, injuries, and fatalitiesin the
ODI complaint database.
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sufficient information was provided to allow ODI to categorize the tires appropriately
ODI complaint database as of August 2001
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Figure 4 - P235/75R15 Wilderness AT OE tire shipments by plant/year.
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Figure 8 — Shoulder pocketsin ATX and WildernessAT P235/75R15
Tiresmanufactured for Ford.
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Figure9—Crack found in a Joliette P235/75R15 WildernessAT tlre
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Figure 10 — Separ ation pattern on thetire carcass of a failed
Wilson P235/75R15 Wilderness AT tire,
manufactured in Sep 96 (W2 396).

Figure 11 — Separ ation pattern on thetread of the samefailed Wilderness AT tire.
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Figure 13— Wilson and Joliette Wilderness AT P235/75R15 tires,

claimg/crash trend, by date of incident.
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Figure 16 — Cumulative failure frequencies. Recalled and focus tires by

model, size, and plant vs. Goodyear Wrangler RT/S

Firestone claims database as of March 2001
Goodyear claims as of December 2000
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Figure 17 — Comparison of cumulative hazard function vs.
cumulative failure frequency, Wilson ATX P235/75R15 tires.
Firestone claims database as of March 2001
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Figure 18 — Cumulative hazard function, recalled tires, by modd and plant.
Firestone claims database as of March 2001
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Figure 19 — Cumulative hazard function, recalled tires, with focus

tires, and two peer tires.
Firestone claims database as of March 2001
Goodyear claims as of December 2000




Figure 20— Wilderness AT pocket crack growth to edge of No. 2 belt
Wilson P235/75R15 Wilderness AT tire,
manufactured in Oct 97 (W2 417).
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Figure 21 — ODI shearography analysis comparing Firestone focus tires and their
Goodyear and non-Goodyear peers by belt edge separ ation severity.
Separation categories are defined in Appendix A
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Figure 22 — ODI shearography analysis comparing P235/75R15 pre- and
post-wedge change focustires by belt edge separation severity.
Separation categories are defined in Appendix A
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Figure 23 — ODI shearography analysis comparing P255/70R16 pre- and
post-wedge change focustires by belt edge separation severity.
Separation categories are defined in Appendix A
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Figure 24 — ODI shearography analysis comparing all post- wedge change focustire
to their peersby belt edge separation severity.
Separation categories are defined in Appendix A
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Figure 25— Wedge gauge under shoulder lugs, Focustires (prior to 1998 design change) vs.
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Figure 26 — Wedge gauge under shoulder lugs, Focustires (after 1998 design change) vs.

peers.
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Figure 27 — Inter-belt gauge under outer tread grooves, Focustires
(beforethe August 1999 design change) vs. Peers.
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Figure 28 — Pinched inter-belt gauge under tread groove,
Wilson P235/75R15 Wilderness AT tire,
manufactured in Nov 97 (W2 467).

Figure 29 — Pinched inter-belt gauge under tread groove,
Joliette P235/75R15 Wilderness AT tire,
manufactured in Nov 97 (VN 457).
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Figure 30 — Shear ogr aphy showing localized incipient separations,
Wilson P235/75R15 Wilderness AT tire, manufactured in Oct 97(W2 427).

Figure 31— L ocalized separation pattern on tread pull of the sametire,
“P” = pocket area, “L” =lug area.
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Figure 32 — Shear ogr aphy showing mor e advanced belt-edge separ ations,
Wilson P255/70R16 Wilderness AT tire, manufactured in Apr 98 (W2 148).

Figure 33 — Belt-edge separation pattern showing growth in pocket areas
of thesametire; “P” = pocket area, “L” =lug area.
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Figure 34 —Wedge “ pinching” under shoulder pocket,
Wilson P255/70R16 Wilderness AT tire,
manufactured in Nov 97 (W2 487).
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Figure 35— Wedge gauge under shoulder pocket, Focustires (prior to 1998 design change)
VS peers.
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Figure 36 — Wedge gauge under shoulder pocket, Focustires (after the 1998 design change)
VS peers.



Figure 37 — Separation patternson failed Wilderness AT tread
Wilson P235/75R15 Wilderness AT tire, manufactured in Sep 96 (W2 396).

Figure 38 — Tread-pull from test program tirewith belt edge separation;
Wilson P255/70R16 Wilderness AT tire, manufactured Jun 97.
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Figure 39 — Shear ography of sametire.
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Figure 40— Hot state peel adhesion vs. age; Firestonetires (recalled and focustires,

ATX and Wilderness AT by plant) and Goodyear Wrangler RT/S.
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Figure 41 - Tire operating temper atur e, P235/75R 15 tires Firestone
Focusvs. Goodyear Wrangler RT/S (Ford probe testing).
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Figure 42 — Failure experience of ATX and Wilderness AT tires

Produced in 1996 at the Wilson and Joliette plants.
Firestone claims database as of March 2001




Appendix A: FailureMode



Using decreased wire
end count increases
time to coalescence.

NN

Snnketing exists at With movement With continued

end of all belts. of the belts the movement of the belts
Socketing occurs socketing areas the socketing areas
because the cut grow larger. _coalesce between

ends of the belt adjacent wlre ends
wire are not brass LT K
coated. Rubber will .

not adhere to bare

steel wire. (0 @ ®e _I' ® ® 2ndbelt

I.lf'.... 1st belt

| Fracture gro:ws under the #2 belt wi-re
from shear stresses between the belts.

Failure M echanism

The following pages show representative samples of shearography results
corresponding to the separation progression described in the figure above.
These patterns were used by ODI in the analyses shown in Figures 21 - 24.
It should be noted that there may be some overlap between categories and
that some tires exhibit more than one level of separation. Also, the pattern
of separation in the focustiresis dightly different from this figure because
of the pocket area effect.
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Clean —Level O

Tire G204
TireModée Wrangler RT/S
TireSize P235/75R15
TireDOT M6 046
TirePlant Lawton, OK
Tread Wear (%) 78
State TX
Shear ography Rating OK
Crack Length (mm) N/A
Wedge Gauge (mm) N/A
Avg. Pedl Strength (Ib/in) 37

Not dl radid tires develop belt edge separation during their
savice life, even when used in the mogt extreme climates (e.g.,
Arizona, Texas). Forty-four percent of the peer tires tested by
ODI with at least 30 percent tread wear had shearography
results Smilar to the one shown here.

DOT Number
isat +20°




SingleCord End — Level 1

Tire V113 | Looseness
TireModel Wilderness AT | develops at the
TireSize P235/75R15 | ends of cords
TireDOT W2 338 | where steel is
TirePlant Wilson, NC | exposed to
Tread Wear (%) 44 rubber. Focus
State Az | tiresexhibit
Shear ography Rating NR1 | pattern Of
Crack Length (mm) 55 | preferential
Wedge Gauge (mm) 136 | initiationin
Avg. Pedl Strength (Ib/in) 24 | pocket areas.
Shear ography

DOT Number
0SS isat +20°
Secior 8
Cut Section
Serial Side

Section at 208°
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Multiple Cord Ends— Level 2

Tire V102 | Separation
TireMode Wilderness AT | Spreadsto
TireSize P235/75R15 | adjacent cord
TireDOT w2238 | endswithin
TirePlant Wilson, NC | pocket areas.
Tread Wear (%) 65 | Separation
State AZ spreedsdong_
Shear ography Rating MR3 | cords (socketing)
Crack Length (mm) 14.2 a_nd as _
Wedge Gauge (mm) 133 | circumferential
Avg. Peel Strength (Ib/in) > | cracks.
Shear ography
SS =
0SS
SS
0SS

DOT Number
isat +20°

04“]-.4--.‘.‘.“«..1..“ 7

v % o

O S T S TR T L

Uagy wmy dAa Ay
A Ve T

Opposite Serial Side

Section at 90°
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I ncipient Separation (“ Socketing”) —Level 3

Tire D4131 | Socketing
TireModel Wilderness AT | spreadsaong
TireSize P235/75R15 | cords and edge
TireDOT W2 417 | separations
TirePlant Wilson, NC | continue to grow
Tread Wear (%) 56 | circumferentialy
State TX | from pocketsinto
Shear ogr aphy Rating 160LHMRS | neighboring lug
Crack Length (mm) 9.2 | &€as.
Wedge Gauge (mm) 114
Avg. Peel Strength (Ib/in) 29

Shear ography

DOT Number
i isat +20°
Soctar &
Cut Section
o
Serial Side
Section at 50°
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Coalescence— Level 4

Tire D3684 | Adjacent areas of
TireModel Wilderness AT | pocket separation
TireSize P235/75R15 | begin to coalesce
TireDOT W2 127 | across lug areas
TirePlant Wilson, NC | @s cord sockets
Tread Wear (%) 47 | jointo form crack
State AL | growing between
Shear ography Rating 70LHMRG | belts. Cra:ks
Crack Length (mm) 24.3 | grow fa_ster in
Wedge Gauge (mm) 148 | aeas with gr_eater
Avg. Pedl Strength (Ib/in) 29 | localized strain.

DOT Number
isat +20°

Opposite Serial Side

Section at 230°
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Lateral Crack Growth —Level 5

Tire D3486 | Separation has
TireModd Wilderness AT | coalesced around
TireSize P235/75R15 | circumference of
TireDOT VN 397 | shoulder(s).
TirePlant Joliette, CAN | Crack grows at
Tread Wear (%) 74 | constant rate per
Sate AL | cycle up to about
Shearography Rating 160LHMRS5 | 10-15 mm.
Crack Length (mm) 14.8
Wedge Gauge (mm) 1.16
Avg. Ped Strength (Ib/in) 27

Shear ography

Sacior B

Cut Section

A-7

DOT Number

Section at 60°




Progressive Lateral Crack Growth — Level 6

Tire V138
TireMode Wilderness AT
Tire Size P235/75R15
TireDOT W2 117
TirePlant Wilson, NC
Tread Wear (%) 75
State TX
Shear ography Rating 100LHMR8
Crack Length (mm) 19.5
Wedge Gauge (mm) 0.86
Avg. Pedl Strength (Ib/in) 21

Lateral crack
growth between
the belts reaches
sizeswhere strain
energy release
rateswill beginto
increase with
crack size.

2nd belt

Fracture _!—.——.—f!.’!-_.,. LA
000 O0DOGOOO

1st belt

0SS

SS |

0SS

SS

0SS

DOT Number
isat +20°

Serial Side

Section at 300°
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Accelerated Crack Growth (“Pockets’) — Level 7

Tire D3464 | Local pockets of

Tire Model Wilderness AT | accelerated crack

TireSize P235/75R15 | growth begin to

TireDOT VN 19 | develop. Pockets 2nd belt

TirePlant Joliette, CAN | grow more . . .
Tread Wear (%) 44 | rapidly as crack Fracture_h(—w ,s. s
State TX | Size inCreases.

Shear ogr aphy Rating 90LHR8+8LHR10 | Largest pocket . . . . . . . . .
Crack Length (mm) 263 | tendsto be 1st belt

Wedge Gauge (mm) 149 | precipitator of

Avg. Ped Strength (Ib/in) 20 | tread detachment.

SS"

OSS|

Shear ography

DOT Number
: isat +20°
 Sactor B
Cut Section
e ccesansbiona Serial Side
s BT AMS TS EA A D
——r Section at 40°
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Appendix B: Shoulder Pocket Designs



Figure 1- Ford-Spec P235/75R15 ATX Figure 2 - Ford-Spec P235/75R15
Wilderness AT

P265/75R15 Wilderness AT Il
Toyota Tacoma

P225/T5R15 Wilderness AT I
Toyota 4-Runner and Tacoma

ATII
ATII

Figure 6 - GM-spec P265/75R16 Wilder ness
AT
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Figure 2 - Ford-Spec P235/75R15
Wilderness AT

] Figure 8- P235/75R15 Goodyear Wrangler
Figure 7 - P225/75R15 Goodyear Wrangler RT/S

RT/S

e |8

Figure 9- P235/70R15 Michelin XW4
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Figure 12 - Goodyear Wrangler GS-A P235/75R15

Figure 13- General Grabber AP P235/75R15 Figure 14 - General Grabber AW P255/70R16

Figure 16 - Goodyear Wrangler AP P255/70R16

Figure 15- Michelin LTX P255/70R16
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Appendix C: A Tire'sTread Life Should Exceed Its Fatigue
Life



The fundamentd principle underlying NHTSA defect finding is that the fatigue life of the
tire should exceed the treed life, by some desigr/safety margin, for al reasonably
foreseegble service conditions where the tire is intended to be sold and used. Thisisthe
basic message from a paper by a Pirdli scientist, published by the Society of Automotive
Engineersin 1989%, which stresses the fundamental connection between tire faigue life

and vehide safety:

“Inview of the importance of the tyreto vehicle safety, it is specifically designed so
that it comesto the end of itslife-cycle because of tread wear and not because one of its
partsfails. In other words, thetyreis not a product which breaks and is thrown away, but
rather one which isthrown away because it wears out; for thisreason it must be highly

durable in terms of its structural integrity.

By FaF|BuF LIFE

.1
a1 wEaR JIFE i
gam | IFE il

DISTREPUT 10N

mILEaGE }
o000 106300 155000 0G0

FliE. 6 Cosporisor Defesen 0 Gueicol Fregueccy distribution
Far I.rIll wid =L Fg o5l IMaL & For Bdeman ol
Filir Lumd SStus ing 1/ Dh hydotel col cose whers
[Pe" @ MO Lre0d wddr

“Curve A represents the frequency distribution for the tyre' swear lifeinits various
uses. Curve B represents product life distribution for mechanical failure occurring in the
hypothetical case where thereisno tread wear.

“Tyreresistance to fatigue depends more on the selection of compounds and of
reinforcing materials and their geometric distribution in such away asto avoid stress
concentration, than on mould geometry.

“The development of anew tyre always involves rigorous testing of the mechanical
reliability of its components to achieve higher performance with respect to existing
products on the market.

“Thisisalso atwo-level process:
1. Forecasting which involves calculating the distribution of stress and strains

interpreted in the light of suitable resistance criteriato select the most
critical tyre areas. Such techniques have recently reached ahigh
development level, particularly using finite element methods.

2. Laboratory testing for mechanical fatigue of tyres on an indoor rig. By
modifying the load, pressure and speed conditionsas required, ad hoc tests
can be created causing premature failure in the relevant tyre areas (belt,
sidewalls, beads ...) and therefore providing insight into how design
intervention, carried out on structure and materials, can give the tyre higher

fatigue margins.”

3 G. Rimondi, Pirelli, “Basic Car Tyre Development Principles,” Society of Automotive Engineers, Paper
890103, 1989.
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Appendix D: Box-Whisker Plot Explanation



BOX-WHISKER PLOTS

Box-plots graphically show the central location and scatter/dispersion of the observations of a
sample(s). Single continuous descriptives shows a single horizonta box-plot for the sample.
Comparative descriptives shows vertical box-plots for each sample, side-by-side for comparison.
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The blue line series shows parametric statistics:

|[+—————— P arametric percentile range ——— |

L 1 1
e —— —

t—  Mean
[#——*| Confidence interval of mean

the blue diamond shows the mean and the requested confidence interval around the mean.
the blue notched lines show the requested parametric percentile range.

The notched box and whiskers show non-parametric statistics:

|+——Mearest obzervations within 1.5 I3Fs —|
| Man-parametric percentile range —— |

s T I St s

L Median
[+—+| Confidence interval of median
[+————*| Interquartile range, upperilower quartile

+  Mear outliers, between 1.5 and 3.0 10FR=s away
< Far outliers, over 3.0 10F= away

the notched box shows the median, lower and upper quartiles, and confidence interval around
the median.

the dotted-line connects the nearest observations within 1.5 IQRs (inter-quartile ranges) of the
lower and upper quartiles.

red crosses (+) and circles (0) indicate possible outliers - observations more than 1.5 IQRs
(near outliers) and 3.0 IQRs (far outliers) from the quartiles.

the blue vertical lines show the requested non-parametric percentile range.



