Q ODI RESUME
Departme Investigation: EA 03-004
gfs'fmmmn; Prompted By: PEO2-0OBRS I
National Highway Date Opened: 04/10/2003 Date Closed: 08/3042004
Traffic Salety Principal Investigator: Chris Lash
Admintsirotion Subject: Wheel Stud Fracture

Mafactrer: Ford Motor Company
Products: MY 1997-2000 Windstar
Population: 811,429

Problem Description: The whee] mounting studs ¢an break resolting in potential wheel separation.

FAILURE REPORT SUMMARY
QDI Manufacturer Total

Compleints: 18 173 191
Crashes/Fires: 2 15 17
Injury Incidents: 0 5 5
# Injuties: 0 5 5
Fatality Incidents: 0 0 0
# Fatalities: 0 0 0
Other®; [t 1644 1644
*Descrption of Other; WHEEL STUD WARRANTY CLAIMS.
Action: this Enginesring Analysis has been closed.

Engiveer:  Christopher Lash M Date: 08/30/2004

Div. Ciet: Jeffrey £, Quandt Daste: 08/30/2004

Office Dir.: Kathieen C. DeMeter Dute: 08/30/2004

Suymmary: The sulbject vehicles mmge in age from 4 to 7 years in service, with averags mileages pstimated to range
from 30 to 100 thousand miles. At thege mileages, the subject wheels are likely o have been removed and reinstallad
myltiple firpes for various secvice procedures. ODI is conterned about the high wheal separation eates in the MY 1997-98
Windstar vehicles equipped with slurinum alloy wheela, However, analynia of fallure data indicates that most of the
iocidents in that population of vehicles occur after the vehicles had secutmulated 30 thousand miles of service. The factors
thet increase the risk that inadequate clamp loads may ba echisved during service-related wheel installation ars not unique
ta the subject vehicles. Testing conducted by Ford and VRTC indicate that the MY 1998 Windstar alumirum wheel
fastening system performs similer 1o the wheel fastening systems on peer minivans. No design or menufecturing defects
were identified in the whee] fastening systems of the subsject vehicles. Ford will send e muiling o owners of Windstar
vehicles with aluminum wheels that have high whee] separation rates that reviews the appropriete whee] faztening
procedures and states that the wheel nuts ghould be tightered to the nominal torque, 100 fi-lba (136 nm), and re-tightened
o the same torque after 500 miles. Ford’s letter alap ptates that it is a pood practice to be sure that before installing the
wheel the aluminum wheel momnting surface, wheel lug it erea, and the mounting flange are free from dirt, debris, and
Yoo rst to ensure the wheel is seated correctly and the wheel lug nuts ramain fully tiphtensd.

OD] will continus to memitor the incidence of wheel fagtener failures in the subject vehicle population. Accondingly, this
invastigation is closad. The closing of this investigation does not constitute & finding by NHTSA that a safety-related
defect does not axist. The agency witl take firther action if wammted by the circumstances. For additional infarmation,
gew the attached cloging repaort




ENGINEERING ANALYSIS CLOSING REPORT

SUBJECT: Wheel stad fracture.

EANo; FAD3004  Date Opemed: 10-Apr-2003  DafzClosed: W€ 30 204

BASIS: On November 18, 2002, the Office of Defects Investi gation opened a Preliminary
Evaluation (PE02-085) of wheel fastener failures in model year (MY) 1998 through 2000 Ford
Windstar minivans, PE02-085 was prompted by 26 complaints of wheel stud failure, including
15 wheel separations and 2 alleged crashes, and 12 insurance claims related to wheel stud failure,
including 1 crash. PEQ2-085 was upgraded to an Engincering Analysis (EA03-004) covering
MY 1997 through 2000 Windstar vehicles on April 10}, 2003, based on 123 complaints to QD]
and Ford,

THE ALLEGED DEFECT: Wheel stud fracture, with the potemtial for wheel separation.

COMPONENT DESCRIPTION: The subject wheel fastening system consiats of five

M12x1.5 mm bolts amranged in a 107.9 mm bolt circle (Figare 1). The nominal specified torque is
100 ft-Ibs., with an allowable range of 83 — 113 fi-lbs. Ford’s owner’s manual specifies re-torque
after 500 miles.

Figure 1. MY98 Windstar lefi-front wheel attachment.

FAILURE MECHANISM: Ford identified three likely causes for the allegsd defect in the
subject vehicles: (1) stud fracture during lug nut removal or installation due to excessive torque
application; (2) insufficient clamp load between the road wheel and brake rotor or drum and hyb
assembly, resulting from failure to tighten the lug nut to the specified 100 Ib-ft torque; and

(3} corrosion, dirt, or damage present on the road wheel at the nut interface, resultmg in a
reduction of ¢lemp load produced by the applied torque. Ford also indicated that cormosion
and/for dirt build-up on the wheel mounting surface and rotor or drum to hub mounting surfaces
can cause installation clamp loads to relax dunng service, possible resulting in stud failure in



EAD3-004
page 2

bending fatigue (Figures 2 and 3). ODI's testing and analysis indicate that the third canse
identified by Fond is the primary fiactor contributing to the reported incidents of stiud fracture and
wheel separation in the subject vehicles.

Figure 2. Windstar wheel stud bending fatigne Fignre 3, Magnified (50x) crose-section
fractire surface, of stud fractare surface firom Figure 2.

POPULATION: The subject vehicles are MY 1997 through 2000 Ford Windstar minivans.
Ford has sold over 800 thousand subject vehicles in the United States. Table 1 shows the vehicle
sales volumes by model year and wheel type.

Alomipum
MY wheely Steel wheels Turial
19%7 16,019 20,952 37011
1998 135,317 199,512 334,929
1990 158 495 47,036 205,531
2000 145,258 88,700 233,958
Total 455,089 356,340 511,429

Table 1. Subject vehicle population,

PROBLEM EXPERIENCE: Analysis of ODI and Ford complaint and field report data has
identified 191 repotts related to the alleged defect in the subject vehicles (Table 2). One hundred
cight of these reports allege that the failures resulted m wheel acparations, with 17 of these
alleping that a crash resulted.

| Category oDl Fard Tuotal
Comaplaints 13 1 . 191
‘Whee] separations 3 100 108
Crashes 2 15 17
| Injury incidents 1] 3 .
| Injurics [ 3 5
Fatal incidents 0 0 0
Famlitics 0 0 0

Table 2. Failyre summary.
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WARBANTY: Ford provided 1,644 warranty claims related to the alleged defect in the mabject
vehicle population, inclnding 25 that resulted in wheel separation incidents,

R PRODUCTION MODIFICATIONS: The general design
and manufacturs of the wheels, wheel studs and wheel muta did not change during production of
the subject vehicles. A change in the front brake rotors from a *“floating™ rotor to a “fired™ rotor
design was identified as 3 possible contributor to the higher failure rates in MY 1998 and earlier
vechicles.

Prior to MY 1999, Ford used a “floating” brake rotor design on the front wheels of the subject
vehicles (Figure 4), where the rotor i held in position by the clamp load between the wheel and
hub. Starting in MY 1999, Ford inplemented n “fixed” brake rotor degign, in which three
machine screws secure the rotor to the hub prior to the installation of the wheel (Figure 5).

e LYo *
Figure 4. Floating rotor, ptior to MY99. Figure 5. Fixed rotor design, MY99 and later.

FQRD TESTING: Ford submitied data during the investigation concernimg the clamp loads
produced at various fastener torgues for the subject wheels and for two peer minivans., Ford
provided the data for new fasteners at the initial installation (“rundown™) and up to 30 additional
rundowns, Ford alao sybmitted date concerning subject and peer fastener performance following
40 hours of exposure to salt spray. One peer had significantly higher clamp loads than the
subject fastener for the initial installation, but siwmilar ¢lamp loads for subsequert rundowns and
for the post-salt spray evaluation. The second peer had lower clamp loads than the subject
fasteners for all of the test cycles,

YRTLC TESTING: The Vchicle Research and Test Center {(VRTC) in Enst Liberty, Ohio
conducted testing to assess the torque-tension variability just above the mininum specified
torque, 83 fi-Tox, for; (1) subject alloy wheels; (2) subject sieel wheels; and (3) peer alloy
wheels. VRTC's testing also measured the changes in clamp load after completion of a specified
drive cyule,
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TUned wheels, as rocalved with no Uscd whesls, with
cleaniny/preparation
Whulytar | Windstir - | Caravan- | Windstwr- | Cammvan -
Stud Temsion - alloy' steel’ alloy alloy’ alloy
Mean, (Ib.) 3,016 3,149 3,279 10,209 4,597
Mininnwm Messured, (Ib.) 2,111 2351 1,855 9,733 3,665
3 Sigma Range, {+1b] 1,564 1,153 2,568 1,331 B4l

Table 3. Wheel Fastener Torque-Tension Variability Test Data, 34 fi-Ibs.

The testing indicated that, when fastened to the minimum specified torque, average stad tensions
of in-sexvice Fagteners were only slightly above the minimum required level given by Ford for
used parts (2,900 1ba.), with a relatively high amount of variability (Table 3). The minimum
measyred and predicted tengions were well below the specification snd the tensions exhibiied
gignificant further reductions after completion of the drive eyele. This pexformance was
observed in the subject alloy and sicel used wheels tested in the as-received condition and in the
peer alloy used wheel tested by VRTC. All of the wheels showed substantial improvements after
the stud and ot threads and wheel and nat interface surfaces were cleaned with a wire brush and
the threads lubnicated.

VRTC s testing indicated thet dirt, corrosion, or damage (e.8., materinl transfer, surface
discontinuities) to the wheel mu-seating surface (Figure 6) have a significant effect on the clamp
leads produced by wheel fastener installation torgques, In addition, the test results demonstrate
that std threads end wheel-rotor (Figure 7} and rotor-hub interface murfaces should be cleaned of
dirt and corrosion prior to wheel installgtion and that the wheels should be tightened to at least
the nominal torque level of 100 fi-1bs.

YR
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Figure 6. MY9% nlloy wheel conical nut Figure 7. MY99 alloy wheel rear surface
seatz (wheel-mit interface) {interface with brake rotor surface).

! Final calibration
? Using assumved calibration factar (for final resulta, sce VRTC teat repost).
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In general, the tightening of wheel mats to within the specified torque range (83-113 fi-1he) iz not
sufficient to ensure that the minimum clamyp load has been achicved. Ifthe wheel fastening
system is not properly cleaned and prepared prior to the whesl installation, nut torque may not
achieve the necessary stud tension and clamp load dus to frictional losses at the wheel nut
interface mnd the stud-m threads, Tt shonld also be noted that the Ford Owner’s Manual for the
subject vehicles calls for re-tonquing the wheel fasteners 500 miles afier each instailation {peer
minivans evaluated by VRTC did not have any re-torque reguirements/recommendations).

FORD’S POSITION: Ford believes that there is no evidence of a defect in the design or
manufacture of the wheel fastening system in the subject vehicles. Ford atiributes the incidence
of wheel stud failure in the subject vehicles to improper service or maintenance, as noted in the
February 3, 2003 letter responding to PE02-085:

Ford does not believe the reporied events dentlfy the presence of a safety defeet
trend In the design, manufacture, or assembly of the wheel attachment for the
subject vehicles. Rather, we believe that the reported loose attachments and sind
faflures are likely doe to 1) improper tightening of the fasieners to the specified
torque of 100 1b-ft during the vehicle servicing that typically has occurred by the
vehicle mileapes at which these incidents have been alleped or 2) other improper
service, such as sasembling the wheel to the vehicle with excessive dirt or corrosion
present, Wheel separstion due to stnd fracture should be preceded by adequate
warnings of noise or vibration doring vehicle operation or the visual ohservation
that & lwg nut |5 missing or a stnd ia broken during vehicle maintenance, such as
brake inspection or tire rotation, or durimg vehicle clenning or checking of tire
pressure. For these reasoms and other remsons more fully explained in the
attachment to this response, Ford believes that wheel stnd breakage on the smbhject
vehicles does not constiinie an nnreazonable risk to motor vehicle safety.

ODI ANALYSIS: ODI's analysis of the failure data showed that sted fractures and consequent
wheel separations occur more frequently in the subject vehicles equipped with aluminum alloy
wheels than in subject vehicles with steel wheels and in peer vehicles, regardless of wheel type.
The differemces are more pronounced for alloy wheel separation rates, which do not exceed 10
events per 100 thousand vehicles for the Windstar steel wheels or any of the peer alloy or steel
wheels,

Over 90 percent of the wheel separation incidents in the subject vehicles occurred on the front
mxle, where braking torques place the greatest demands on fastener clamyp loads. This indicates
that ingufficient clamp load is the most probable cause of such stud fractures in the subject
vehicle population.” The highest failure rates were obgerved in the MY 1997 and 1998 vehicles
equipped with alurminum alloy whesls and floating front brake rotors {Table 4).

* Note: that stud frachures during nut removal or ingtallation due to exceasive torque spplication are readily detectod
when they ocour and are not belicved to be a factor in wheel separation incidents.
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Alnminam/Alloy Whesls Steel Whesals
‘Wheel Separutions Wheel

Make/Mindel MY Population Ne. R/A00k | Population No. R/100K
Foml 1997 16019 V] 375 20922 1 4.8
Windstar 1998 135,11? 72 532 199,611 16 80
1999 155 495 29 183 47036 4 B

2000 145, 25K 1 a7 88,700 1 1.1

Total 454 089 108 237 356,269 12 63

Table 4. Wheel separations by model year and wheel type (all sources).

Approximately 76 percent of known wheel separations have oceurred ot greater than 15,000
miles in service (Table 5), when it is highly likely that the wheel had been removed and
reinstalled for some service repair prior to the fastener failure. This is particularly true for the
MY 1997 and 1998 vehicles, which have the highest failure rates and the greatest differences
from peers after 30 thousand miles of service. Im the MY 1997 aml 1998 vehicles, 88 percent of
the faihmes occwrred at greater than 15,000 miles and 69 percent occurred after 30,000 miles of
service. Up to 15,000 miles of service, the rate of separations in the MY 1998 vehicles with
aluminum wheels and floating front brake rotors is about 40 percent lower then that of the MY
1999 vehicles with aluminmm wheels and fixed frong biralce motors,  After 30,000 miles of service,
the rute in the MY 1998 vehicles with aluminum wheels is over 10 times that of the MY 1999
vehicles with aluminum wheels.

Wheel Type/MY Reports by Mileage Range | R/100k by Mileage Range |

Wheel MY Fop -15k 15-30k >3k 018 15-Mk >30k
Ahminom 1997 16,019 L 1 5 0.0 6.2 iz
1998 135,217 3 12 43 &7 29 318

1999 158,495 17 1] 4 10.7 3.8 2.5

2000 145,258 0 ] 1 0.0 0.0 0.7

Toisl 434 989 16 1% 3 27 4.2 116

Steel 1997 20,922 1 0 0 4.3 00 0.0
1598 | 199,611 1 1 13 .S 0.5 6.5

1999 47,036 0 1 2 0.0 2.1 43

2000 88,700 0 1 0 0.0 i1 0.0

Total s, 169 2 3 13 0% 0.8 4.3

Table 5. Windstar wheel separations by wheel type,
model year and mileage range (all sources).

Table & compares the wheel separation complaint rates of the subject vehicles with the rates
recorded during two prior investipations of wheel fastener faihures involving Ford vehicles. The
cotnparnison is given both per 100 thousand vehicles sold and per million vehicle vears of sexvice.
The letter adjusts for the differences in field exposure of the EA97-027 and $Q00-016 vehicles,
which had relatively short service lives during the investigations, and the subject vehicles, which
have been in service for 4-7 years. The exposure-adjusted analysis indicatos that the subject
vehicles are similar to the vehicles investigated in SQO0-016 and well under the failure rate
observed in EA97-027. If the MY 1998 Windstar vehicles with gluminum alloy wheels are
considered separately, the exposure adjusted report rate increases to §1.9 R'MVY,
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Wheal Separaiion Heporty
{consumer complainis & ficld rpts)

Inv. No. Yehicies Fopulatism No. Rk RMYY Ountooue
EAS7-027 | 1997 F-150, Expedition 939,000 81 8.6 135.0 OBV-195
83Q00-016 | 2000 Expedition, Navigator 280,000 25 89 278 Closed
EAQ3-004 | 1997-2000 Windstar 311,000 108 13.3 257 Closed

Tahle 6. ODI Wheel Fastener Investigations by Wheel Separation Report Rate
per Million Vehicle Years of Service (R/MVY). .

EA97-027 influenced Ford to recall approximately 1.5 million MY 1997-98 F-150, Expedition
and Navigator veluckes to comect a defect condition resulting in insufficient clamp load from the
fastening system in the wheels ingtalled by Ford at vehicle assembly. Ford attributed the
problem to interference from en o-ning located between the wheel and hnb and to excessive
fastencr torque-tension vanability due to finish. To comect the problem, Ford removed the o-
ting and veplaced the two-piece lug nuts in the recalled vehicles with parts using a different
finieh. According to Ford, the subject vehicles do not have an o-ring interference issue or an
issue with excessive torque-tension variahility due to fastener finish (the subject vehicles use a
one-piece lug nut).

The experience of the subject vehicles is considered similar to that observed in the MY 2000
Expedition and Navigator vehicles investigated in SQU0-016. ODI closed SQ0D0-016 in
December 2001, stating, “Due to the mileages the incideats occurred, it is most likely that
improper wheel nut torques wese applied during servicing” The vehicles investigated in SQ00-
016 were approximately 2 years old when the investigation was ¢losed. The subject vehicles
have been in service for at least twice as long.

REASON FOR CLOSING: The subject vehicles mnge in age from 4-7 years in service, with
average milcages estimated to range from 50 to 100 thousand miles, At these mileages, the
guhject wheels are likely to have been removed and reinstalled multiple times for vatious service
procedures. QDI is concerned about the high wheel separation retes in the MY 1997-98
Windstar vehicles equipped with aluminum alloy wheels, However, analysis of failure data
indicates that most of the incidents in that population of vehicles oceur after the vehicles had
accumulated 30 thousand miles of service.

The factors that increase the rigk that inadequate clamp loads may be achieved during service-
related wheel installation are not unique to the subject vehicles, Teating conducted by Fond and
VRTC indicate that the MY 1998 Windstar alumimum wheel fastening system performs similaxty
to the wheel fastening systems on peer minivans. No design or mamifacturing defect was
identified in the wheel fastening system of the subject vehicles.

Ford wll send a mailing to owners of MY 1997-98 Windstar vehicles with aluminum wheels
that reviews the appropriate wheel fastening procedures and states that the wheel nuts should be
tightened to the noninal torque, 100 fi-The (136 Nm), and re-tightened to the same torque after
500 miles. Fond's letter also states that it is “a good practice to be sure that before installing the
wheel the aluminum wheel mounting surface, wheel lug nut area, and the mounting flange are
free from dirt, debriy, amd loose rust to ensure the wheel is seated correctly and the wheel Tug
nuis remain fislly tightened.” ODI will comtinue to monitor the incidence of wheel fastener
failyres in the subject vehicle population. Accordingly, this investigation is closed. The closing
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of this investigation does not conatitute a finding by NHTSA that a safety-related defact does not
exist The agency will take further action if warranted by the circumstances.

At 45 _¢/sofof
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Director, f Defects Investigation Date




