DAIMLERCHRYSLER

" May 11, 2004 DalmberChrysler Corporation
' Stephan J. Speth
i noe & Safety AfTaira
Ms. Kathieen DeMaeter, Dirsctor Yerkda Gometa
Enforcement
Office of Defects Investigation
National Highway Traffic Safety Administration
400 Seventh Street, S.W.
Washington, D.C. 20580

Dear Ma. DeMetar:
Reafarence; NWVS — 213pjk; EA03-023

This follows up on the prewious submisslon of information by DaimierChryaler
Corporation (“DCC?) on March 12%, 2004 and numercus conversations with various
members of NHTSA's Office of Dafects Investigation thereafter. Enclosed you will find
DCC's final responsa to NHTSA's Englneering Analysis 03-023 dated January 22",
2004 regarding the upper ball joint assembly in 1898-2003 model year Dodge Durango
vehicles and in 1987-2004 Dodge Dakota pickup trucks (“subject vehicles”)."

In responss to NHTSA’s PE and EA, DCC performed a tharough Invastigation irto
allaged upper ball joint separations in the subject vehicles. Afewr analysis and review of
the data retrieved from the investigation, DCC has concluded that there is not a safety-
relatad defect present in the upper ball [olnts of the subject vehicles. The data retrieved
from the investigation revealed several factors (supportad in this and priar submissians)
that led DCG to thia conclusion:

= First, the ball joint assemblies on the subject vehicles are “compresaion” type
Joints. Unillea “tension” ball jaints, a compression ball joint assembly has the
weight of the vehicla constantly prassing the ball joint assembly together. This
design characteristic makes separation very improbabie during ths normal
pperation of the vehicle. in fact, separation has only heen obaerved at lower
apesds during extrerne suspenaion travel (a.g., making a aharp turn and
proceeding up an Inclined driveway). Testing has shown that thess types of
driving mansuvers davelop tha highest measured tensile paak foads at the ball
|oint, and only for very short durations. in all other steady state driving events,
the load &t the ball joint is virtually 2erc, ensuring that ssparation is not possible.
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Q18. For sach model and drive typs, provkie computer model mages of
the front suspenaion components at full jounce and full rebound. Include
in each drawing the loads (x- y-, and z-direction forces and the resultant
forces magnitudes and directions} of the upper amd lower ball joints. Also,
include the angles of articulation of sach control arm and ball joint
{measured from tha ball joint stem to control arm mda} from static curb
welght condition to the full jounce ard full rsbound positions.

A16. Copies of al doouments have been summarized as requestsd and
submitiad In Supplemantal Enclosure 18 - Confidential {CD-Rom) 10 Ms.
Jacqusiine Glassman, Office of the Chief Counsel, under separate cover with a
request for confident/al treatment of information.

Suppiemental Enclosure 18 contains results from a computsr model simuletion of
the peak forces acting in the x, V. and z soms for the Dakota 4X4, Durango 4X4,
and Dakota/Durango 4X2, each af the three ariiculation positions described in
Question 18. Load magnitude and direction was generatad using the ADAMS
vehicte dynamics software analysis program and velldated with vehicle test data.
Tha load data generated from analysis and in-vehicle teating incorporates
tebound bumpers, which will reault in maxdmum articulation angles leas than the
metal to metal condition presanted with the March 12, 2004 initial EA03-023
reaponse.

Q17. For aach model and drive type of subject vehicle, describe, and
provide coplas of all documents relating 10, all vehicle tasting (Including
computsr simulstions) to assass the forces acting on the subject ball
Joints. Provide DeimlerChrysier's assoasment of the forces acting on the
subject ball joints and the associated control arm buahings in the x-, y-,
and z-directions during: (a) atatic conditions; (b) steady state driving; (c)
comwering {both sides); (d) braking {normal and hard); and (e) translent
driving conditions (e.g., force ve. fime plots of forces assoolated with
driving over a vertical parturbation in the road at a designated speed — jor
instance, forca ve. time plots for sach load direction showing transitions
from steady stats to full jounce to full rebound to steady atate while driving
at 30 mph).

A17. DaimlerChryalar Corporation (DCC) conducted a comprahensive teet
program to measur the requestad infarmation, and the documents have bean
summarized and are being submitted in Supplemeantal Enclosure 17 -
Confidential {CD-Rom) to Ms. Jacqueline Glassman, Office of tha Chief Counsel,
undsr asparats cover with a request for confidential treatmeant of information.

Included are two reports summarizing test data collected from a Dakota 4X2
vehicks and a Durango 4X4 vehicle. Tha teating generatad the actual forces
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acting on the uppar ball joint a¥sembly and the surrounding components. Data
was collectad at DCC's Chelssa Proving Grounds (CPG) as well as a public road
courss Including typical driving maneuvers. Attha CPG there wars two series of
data collection, including a specific list of DCC defined special events which
reprasant typical customer use and are described in detall within Supplemental
Enclogune 17. The CPG durability tsat cyclag represant 85" percentile customer
-use and contaln events which are abusive enough that most customer vehicles
would never experisnce them during narmal usage-

During data acquisition with the Duranga 4X4, selactad channaia of tha vehicle
loft alda instrumentation experlenced data comuption lasues. Right side data as
wall an left side data that was not corrupted on the same vehicle is included.
Aased on & reviaw of the CPG and public road courses, Durango 4X4 data
similarities to that obtained from the Dakota 4X2 acquisition, and tha pressnce of
the right side Durango 4X4 load data, DCC ks confident that ali ball joint peak
load conditions were socurately captured. Due to redurxiancies In the data, DCC
haa no plans to re-run the left side Durango 4X4 data acquisition.

There is no comalation, and therefore no conclusion, that can be made regarding
bushing loads versus peak ball joint loade sesn during the osting cycles.

DCC's assesament relative i the loads measured will bs provided In the answer
to Question 30.

018. Provide DalmierChryaler's assassment of which of the abovea {In
Request No. 17), or other, operating conditions contribute most to: (a)
waar of the subject components; and (i) separation of wom joints.

A18. In DCC’s comprehansive vehiclo test program, thers wers no scanaros or
operating conditions that created or daveloped unususl loading or articulation
which would confribute to prematurs wear in an uncompromised joint. The only
potential contributing factor to pramatune wear in an upper ball joint assambly
could be a compromised sealing surface combinad with long term exposure to a
corrusive environment and fallure of the vehicle oparator to reapond to the
multiple wamings provided.

DCC's vehicls tast data confirms that the upper ball joint assembly la a stabillzer
link by deslgn, and carries only small loads the majarity of the time, theraby
reducing the opportunity for potantial grinding wear of the joint. The maximim
vertlcal tenslle load measurad on an NCM upper ball joint assembly was |ass
than 1250 pounds for a vary short amount of tims {much loss than Q.50 saconds)
in a CPG avant that induced severs bodyfframe twist not represantative of typical
customer usage.
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Comparing the instantanecus load maasaured during vehicle teating to DCC's
impact wear test procadure provides a relative metric for asseasing wear of tha
|oint. The impact wear tast procedure ie part of DCC's standard component
validation testing information that was provided in the March 12™, 2004 initial EA
neeponse and provides a teat cycle that measures the Incraase in wear via
vertical and play following 250,000 cycies at 1700 pounds with an allowable end
play Increase of no mors than 0.5mm (0.020). Considering the load/cycle profile
of the impact wear test pcedure, and the instantansous characlerialica of the
maximum vertical loade measunad during vehicte testing, it becomes clear that
any potentlal degradation of the ball joint asssmbly would be a lengthy procees
dependant upon a number of factors.

DCC's assesament relative to the condiiona necessary for separation to be
poasible will ba provided in the answer to Question 30.

Q19. Describe, and provide coples of all documents relating to, all testing
conducted by, or for, DaimlerChrysier to assesa the ssparation or pull-out
forces for naw and ussd hal Jaint assambliss used im the subjsct vehicles.
Provide copies of all test plans and pracadures used and video
demonwirating how sach test was performad. Include in your reapomas to
thie reuest a detalled comparison of the axial and side-load forces
requirsd to saparate ball jointe supplied by TRW and NCM In both new and
fiald retumn parts. For the latier, state the YIN, milsage, saymptoms reported
by the ownaer, end-play (f measurad), ball diameter, and any other
measuremants or ohsarvations that characterize the degree of wear for
each part. Provide pull-outiseparation force va. ball joint wear curves for
the TRW and NCM parte and DaimierChrysier’s asssssment of the relative

co of the parts from the two suppliers and the relationship of
sach to the forcas that the paris may see In sarvice in each of the subject
mociels and drive fypes.

A19. Copies of all documents have bash summarized as raquastsd and
submittad In Supplemental Enclosure 19 - Confidential (CD-Rom) to Ms.
Jacqueline Glassman, Office of the Chief Counsel, undar saparate cover with a
request for confidential treatmsat of information.

A sampling of 258 warranty fiald return parte categorized by levals of wear
indicates:

- 228 {89%) of the retumed parts exhibited measured end play below
DCC's recommendad maximum allowable end play of 0.080%,

- 2B {11%) of the retumed parts exhibited maasured end play that
exteaded 0.080°.
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Samples from these 258 field ratum parts wers used to compile the data
responalve to this question.

The reports included in Supplemental Enclosure 19 provide a detailad description
of the test procadure and & comparison of the axdal and side-laad forcaa required
io separate new and flled retumed TRW and NCM ball joints. There are three
reporis provided which provide saparation forca varsus ball joint wear curvas for
new TRW and NGM components, field returnad TRW components, and flald
retumed NCM components. Also included is a detalled overview of the field
retumed parts that ware tested, with information on the VIN, milsage, sympioms
reported by the ownsr, end-pley measurements, and other deta relevant fo the
retumed component. In sach case the ball and sockst surface condition was
evaluated, however, ball diameter was not measurad following pull tests as the
resulting distortion would nat accurstely Indicate the condition of the bal! por to
the test.

ﬁ. detallad dascription of the methodology used to measune end play ia provided
with the test reports In Supplemantal Enclosure 19.

Gomponents wene aubjected to a tensile ioad In the axial direction, as weil as a
tenaile load at 25.4 dagrees of articulation, which represents tha angle of
articulation where the peak verticai loads were seen during vehicle tasting. This
angle of articulation also reprasents the maximum angla of articulation by dasign,
which protects for metal to metal contact between the control arm and the vehicle
frame. Physical Inapection of parts that have been retumed to DCC from the
fleki for analyals showed that the 25.4 degrees of articulation was not exceaded.

Thers was no conciualon that could be drawn regarding any differances between
tha vahicle models or drive types.

While the provided data doss show differancea In peak pull out farces for the
TRW and NCM parts, these differances are Inconsequential ralative to the
magnitude of the peak load measuremants found during vehicle testing.

DCC's assassment reletive to the conditions necassary for separation to be
possible will ba provided In the answer to Question 30.

Q20. Using the information furnished In reaponse to Requast Nos. 17 and
19, provide DaimisrChrysier's sesessmant of the wear conditions and load
conditions (and the assaciated driving mansuvess) that are necessary to
cause a ball joint separation 1o occur. State what svidenae, if any, Is
availabla to correlata this assesament to actual incldents of ball joint
separation that have been Investigatad by DalmierChryaler.
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AZ0. DCC's assessment ralativa to the conditions necessary for separation to be
poseible will be provided In the answer to Question 30.

Q22. Deacribe, and provide coples of ali documents relating to, the
DalmisrChrysler flsid survey that was refsrenced during the December 8,
2003 moating with NHTSA.

A22. From a sample of over 200 Durango and Dakota vahiclas identified in
Southeastemn Michigan representing all subject model ysars, 78 were salectad
for 8 comprehenaive review of the condition of thw front suspenaion upper ball
|oints. The 78 vehicles selected represented a crcas secilon of model years,
milaages, and customer usage duty cycles. Updated copies of all documents
related to the aurvey approach as well as the observed and measured findings
have baen surnmarized as raqueated and submitiad in Supplamental Enclosure
22 - Confidentisd (CD-Rom) to Ma. Jacqueline Glasaman, Offica of the Chief
Counsel, under separate cover with a requaat for confidentlal treatmant of
Informatian.

It remaina appanent from a large sample of survey data that even on vehiclea
identified with compromised sealing In elther the boot or the crimpad ball |oint
surface that any degradation of the ball to socket inberface occurs avar an
mxtended period of time. This appears to ba true of both TRW and NCM
designed upper ball joint assemblies. On 2000 madel year survey vehicles
aquippad with NCM upper ball joints ranging in mileage from 29,000 to 120,000
(averaga 55,900 miea), only one (1) of 14 vehicles survayed had a measured
and play (gt 0.073°) beyond the recommended 0.080" replacement specification.
Since a small number (one) of warmnty retum parts measured to have end play
approaching 0.400" have been identifiad without expariencing separation from
the sockat, i be deduced that degradation in end play due to a compromised
saal, evacuailon of grease, bearing waar and ultimately grinding cormosion takea
a significant amount of tima and mileage. As supported with the complzint data,
this period of time and/or mileage is mare than sufficlant for custormers to
recognize the lesus through audible noise, tire wear, or normal inspection during
vehicle maintenance.

Q23. Describa In detall, and provide coplss of all documents relating to, all
other teeting and analyses that have been conducted by, or for,
DalmlorChrysier on fiald return samples of sublact components. Provide
ah slsctronic llsting of all such parts collected by DainlerChrysler. Includa
the following information in the llst: (a) VIN; (b} repair date; {c) aymptoma
reportod by the consumer; {d) end-play (if meaaurad); (o) dealer technician
notes/ohsarvations; (f) DaimisrChryaler's characterization of tha ssvarity of
the wear in the part (use the caagoriss low, moderate, or severs and atate
the conditions used by DaimlerChrysier to define anch category); () ball

e
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dlameter; (h) ball hardness; (I} sooket hardness; and (j) a column for sach
of the analysss that have been completed or are planned by
DalmisrChryslsr, with the results for complsted tests shown for each part.
Provide photographs of esch part, Including high-resolution pictures of the
balls that have besn removed from retumed parts with metric scalas ahown
Iin the Images.

A23. Requested information has been summarized and submithed in
Supplemental Encloaure 23 - Confldential (CG-Rom) to Ma. Jecqueline
Glassman, Offica of the Chief Counsel, under separate cover with a request for
confidentlal treatment of information. Supplamental information collectad from
field retumad samplee Ia provided In this enclosure where available. Some
information requestad above In (a) through () Is not commonly collected ar
measurad, and is not provided.

A sampling of 256 warranty flold ratum parts categorized by levels of wear
indicates:

- 228 (A9%) of the retumed parts exhiblied measurad and play below

. DCC's recommendsd maximum aliowable and play of 0.060",

- 28 (1195) of the retumed parts exhibited measured end play that
axceeded 0.080°.

Te provide more objeciive data relating to the waming that a driver would incur
during normal operation of a subject vehicle with an extremely worn upper ball
Joint assembly, DCC performad a serles of 30 ascond drive evaluatlons
comparing tha audibie levels in tha cabin of a Durango 4X4 vehicle with ball
Joints exhibiting lees than 0.005" of end play, and the sama vehicle with one
upper ball joint aesembly exhibiting appraximately 0,200 of measured and piay.
Detalls regarding the paved surface and test cycle are provided in Supplemental
Enclosure 23. These results show that, at the driver's aar position, the worn ball
jaint ks more than twice as loud as the non-wom ball joint during various sventa in

tha cycle,

Q24. Doscribe, and provids copies of atl documents relating to, all
metaliurgical testing and analyses of new and flaid retum ball joint
assambies supplied by TRW and by NCM that have been dons by
DaimlerChrysler or of which DaimierChrysler ia otherwies sware, Include
all machanical and chemical analyses of ball, socket, and wear debria, such
as microscopy, matallography, macroscoplc and microscopic hardness
testing, microstructure analysis, and chemical analyssa of wear surfacea or
wear debris. Describe by manufacturing process, hardnass, and thickneas
wil case hardening andior or surface coatings in the balls and
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sockels/capaules of new parts suppiled by TRW and NCM and provida
coples of relevant specifications and documents.

A24. Copies of all documents have besn summarized as requestaed and
submiitad In Supplemantal Enclosurs 24 - Confldential (CD-Rom) to Ms.
Jacqueline Glassman, Office of the Chief Counsel, under separate cover with a
request for confidential treatment of information.

DCC has parformed further metallurgical testing anslysas of hoth new and field
return ball joint assemblies supplied by TRW and NCM, and the reaulis provided
oifer no conclusions or findings of any aignificance that may be relevant to this
investigation. Nonatheloss, the reports are provided.

Q26. Provide DaimlerChrysler's assessments of the approzimate milsage
sanges and symptoms assoclated with the following stages of upper ball
Joint wear progreasgion: (a} inliation of water imtrusion; (b) evacuation of
Joint lubrication; (¢} dvierioration/disintegration of the plastic bearing; {d}
oneat of corrosive/grinding wear the ball and sockst; (s) 28 parcant
reduction of joint pull-out forces; {f] 50 percent reduction in joint pull-out
forces; and {j) severe loas of joint retention capabliity {e.g-, ball can be
separatad from socket with lass than 200 poundia forca of axiad or alde
load). For parts “o” through “g,” atate the approximate ball dlameters
assoclated with the respactive joint load capecities. For part “d* through
“g,” atate DaimierChrysiar's sasssamant of the waar ratea through each
stage, Including whsther the wear rates are approximainly constant or if
thay may accalaraie at soms point In the process. 3iuis the bases for sach
such asssssment.

A28, DCC's assesament nelative to the mileage ranges and symptoms
associated with various stages of wear defined above will be provided in the
answer to Guestion 0.

Q30. Fuenish DaimisrChrysier's currant aasassmant of tha allsgad dafact
in the aubjsct vehicles, Including:
a. The causil or contributory factor{s) of corroslve/grinding wear
ralated fallures of subject componsnts;
b. Tha fallure mechanism{s} of corrosiveigrinding wsar reisted falkwres
of subject componsits;
¢. The wear condition of upper ball joinis that have bean invohsad in
known Incldents of upper ball joint sspargtion that have been
Investigated to date — thia should be Hmisd to parts that have baen
inapactad, tested, or otherwiss analyzed by, or for, DagimlerChrysier;
d. The driving mansuvera associated with known Incidents of upper
ball joint separation that have been Investigated to date - include
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DalmierChiyalsr's asasssmant of the estimated forces from sech auch
maneuvars oh the subject componants;

o. The reason(s) for differances in rates of asparation betwesn subject
componants supplled by TRW and NCM;

{. Tha reason{s) for the disproportionaisly high rate of separation
Incidents currently alleged In the MY 2000 aubject vehicles;

g- Tha reason{s) for differencasa In the rates of subjsct componeant
saparation, if any, when comparad by modsl and drive type;

h. Tha risk o motor vehicla safsty that it posea;

l. What warnings, If any, the operator and the other parsons both
insicle and auteide the vehicle would have that the alleged defect was
occurring or subject component was malfunctioning: and

j- Tha reports Inciudad with this Inquiry.

A3D. ARer analveie and review of the data from this inveatigation, DCC has
concluded that there is not a safety-related defect present in the upper balt joints
of the subjact vshicles.

{s) Regarding the causal and contributory factors 1o comrosion and grinding,
analysis of retumead parts ndicates that the wear is related (o a compromising of
the ball joint seal leading to intrusion of wabter, evacuation of the greasa, bearing
wear and, aftar a significant amount of ime, comosion leading to grinding wear of
the joint. Further sxplanation ia providad in (h) through (j} below.

(b} The long term sffects of comoaion cause degradation of tha joint intagrity due
to the reduction of metal at the interface batween the ball and socket. Separstion
of an upper ball joint aassmbly is only foreasaable If the conditions described In
subpart (a) above are pemmitted to exist for an axtsnded pariod of time and the
associated waminga are ignored. This must be combined with sxtrame
suspension travel, which neceasarily occurs at low vehicle speeds. As supportad
by the data supplied, this scenario would provide adequabte waming, and result in
@ low risk of accidant or Injury.

Data provided from the pull teating program indicate that the tensile perfformance
of a new NCM upper ball joint assambly provides a safely factor which is at least
nina {9) times the psak measured tensile Ioad an upper bali joint agsambly might
aver sas, aven during sxireme usage. The duration of this loading is also
relevant, as tha dynamic load sean durdng vehicls maneuvers is extremely shart
in duration and typically cccurs for much iess than 0.50 seconds. Ewvan in an
exiremely worn NCM baR joint assambly, one with measured end play of just
under 0.400" and which represents less than 0.5% of tha parte ratumed to DCGC
from the feld for analysis, the safely factor for the vertical tensile capability of the
joint is greater than four (4) times that of the peak load mesasured in the vehicle.
The tensile performance of the componants which exceed DCC's recommended
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allowabls end play specification of 0.060%, which represants less than 9% of the
paris retumed to DCC, exhibit a tenella sirength which I3 at a minimum over six
(6) timas the safety factor of the peak vertical loads genarated during vehicla
tasting. Based on DCC's objactive testing of audible noise on a Durango 4X4
with a wom upper ball joint, these assembiies retuned from the fisid represant a
range of wear that indicataa the likely preaance of sudible and tactile waming, as
well as tire wear, over an axtended periad of time alerting the operator of the
issue,

(c} Nearly all documanted separations reviewed to date reveal a asverely
comroded ball stud and housing, which based on an analysis of the circumstantial
data surrounding thess incldances, takes a minimum of 30 months to manifest.
This supports the assertion that thene is significant notice prior 4o a separation
and if the operator had followed the recommendad maintananca pracadures
conalned in the owner's manual, this condition would have basn detected well in
advance of separation of the joint.

Anelysia of the 25 documented separstions mesting the definition of the alleged
defect indicates:

- 21 of tha 25 vahiclas ware originally sold or lsasad in corrosion bek
states,

- The avarage milsage to alieged separation was 55,000 milea while the
average tima from vehicle delivery to alleged sepamation was 40
inontha,

- Even in the case of the lowest mileage/time to akeged saparation,
there wers multiple opportunities for inepection during routine
maintenanca pmcadunes that would have allowed for detection of the
candition.

- Based on DCGC's part field retlurns analysis and the extenasive teat data
provicked i this response, any ball joint assembly exhibiting severe
degradation within a time period of leas than 30 months must have
avpariancad an abnomal and unpredictable avant, such as a sevarely
tom boot. Evan o, all of the waming slemeants would =till ba present.

DCC's data clearly Indicates that the majority of customers are having their ball
joints inspected and repaired if necessary before a saparation may sver occur.
In fact, DCC's fiskd rsturn dada ndicates that most upper ball joint assemblias ans
baing replaced unnecessarily. The extramely low rata of confimad separaticns,
at 1.289 conditions par 100,000 vehicles, appears to be due to the fact thata
small percentage of peopls are ignaring the audible and tactile wamings and
assocliated tire wear pregent with an extremely worn ball oint assembly.
Althaugh DCC's warranty parts retum canter was unable to acquire any field
retum parts thet exceeded 0.400" of end play, a conservative exirapolation of tha
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provided test data will clearly Indicate that even the most axirame driving
maneuvers woukl have to be combined with a ball joint worn bayond 0.750" (over
12 times the racommandad maxirnum snd play) for the possibility of a separation
to occur. Even at 0.400" of end play, the NCM ball joint assembly maintains
approximately 51% of its original tensile strangth. During the extsndad period of
time it would take to achiove this extreme level of degradation, there would be
ampie audible and tactils waming and associated tire wear indicating to the
operator of the vehicle that inapection may ba required.

(d) In the rare situstion where a separation might occur in an extremaly wom
upper ball joint ssssmbly, DCC's test data cormalates very well with the
inforrmation that has been provided with the documented compiaints of
saparation:

- Such eventa oceur anly at low spaeds combined with high anglea of
suspsansion articulation.

- Thesa events occur ondy In the cese of axtremely wom joints; wom
beyond the level of any parts that have been retumed to DCC for
analysis, and .only after a significant period of tine wear and audible and
tactie input to the oparator of the vehicla.

- There wera no injurles.

DCC did net measure any upper ball joint loads during comprehensiva vehicle
teating that exceedad 1250 pounda of tensile vertical load. The relationship
bstween this maximum load asen during extreme everts and the maximum
tenaile capability of a significantly worn ball joint exhibiting just undar 0.400" of
and play (which represents a wear level of ovar six (8) times DCC's
recommendad laval) Indicates that the peak vertical load sasn throughout the
most abusive vehicle teste ia only approximately 25% of the tenslle strength of
this grossly worn bafl Joint assembly. This asssmbly represents the most
significantly wom part rstumed to DCC. It remaing clear that any uppar bell joint
assambiy approaching thia level of wear is capabla of withetanding vertical loads
that are at least four (4) times that which it may ever see, evan in the most
sevare customar usage. Additionally, at that level of wear, audible and tactile
wamings and associxted tire wear, ane prasent to the driver during even the most
roufine of driving averts.

In the casa of turning into or out of a driveway through &n incline, which is
arguably more raprasantative of typical customer events in general, testing
shows the peak vertical load in the upper ball joint assembly to be keaa than 1000
pounds, which suggeets that the necessary level of wear supporting the
posasibility of ssparation would have to be extrame. It is nearly impossible to
imagine that this would not be detected by the operator thwough one of the many
wiy3 ainvady described in great datail,
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During steady atate driving, crossover plots provided in the attached enclosures
ghow a sustained peak dynamic vertical load which ks approximately 4% of the
load required to separats the most wom upper bal joint assembly received by
DCC (at just under 0.400" of measured snd play). Thia further supports that it is
not poselble for aven the most wom ball joint assembly to axperience saparation

during steady-state driving.

(8) Thers is not a atatistically significant difference in the rate of alleged
asparation betwean the subject componanis aupphed by TRW and NCM,
becatusa the rata of separation for both is so low. However, basad on the teating
and analyais contained within this response and Information previously pravided
to NHTSA, it is apparent the differances In the ball-to-housing opening gecmetry
may contribute to a slight diffarence in the ratea of aleged flald separation.

Based on extensive in-vahicle data scquisition and subsequent tensile teating on
TRV and NCM parts retumed to DCC for analysis, thers was no casa whare the
peak measured upper ball joint tensile load in the vehicla remotely approached
loading required for separation. The results from this pull testing indicate that the
acanarios svaluated during the vehicle teat program did not reach 25% of the
tensiles load requirad ¥ pull the most axtremely wom NCM upper ball joint
assembly (ust under 0.400" measurad end play) to tenalle ssparation.

In addition, DCG's vehicie survey data indicates that even on vahicles klentified
with compromised sealing in shher the boot or the crimped ball joint aurface that
any degradation of the ball o socket interface occurs cver an extendad period of
tims. This appeara to be true of both TRW and NCM designed upper bal joint
assamblies. On 2000 model year survey vehicles squipped with NCM upper ball
joints ranging in milsaga from 28,000 to 120,000 {averags 66,900 miles), only
one (1) of 14 vehiclesa surveyed had a messured snd play (at 0.073") bsyond the
recommendsd 0.060" replacement specification. Sinca @ amal number (oniy
one) of warranly return parts measured to have end play as high as 0.400" have
been Identified without axperiencing saparation from the socket, it can ba
deducad that degradation in end play due to a compromised senl, gvacuation of
grease, bearing wear and ultimately grinding cormoaion takes a significant amount
of time and mileage. As supported with the complaint data, thie pariod of tme
andior milsage |s mone than sufficlant for customers to racognize the ssue
through audible noise, tire wear, or normal inspection during vohicla
mainkenance.

{h Atthough the rate of allsgad upper bafl joint separations Is sfightly higher in
modsl ysar 2000 than the other model years, there is insufficient dats ta indicata
that a complaint rate of 4.20 conditions per 100,000 vehicies i2 disproportionately
high. In fact, NHTSA recently clcaed a ball joint investigation (RQO3-002) it a
campeting manufacturer's vehicles with a complaint rate of over 13 conditions
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per 100,000 vehicies. Facts aurromdlng'mnt case fiso establish that it was a

. *angion” ball joint geometry, which will provide less audible and tactie warning

for a shorter period of time in the event of corrosive degradation than the
“comprassive” type ball joints that are tha subject of this investipation.

(g) Component sepamation data shows no trend based on drive type or vehicle
model. Teating shows the messured oads and articulation anglesa to be
camparable regardiess of vehicle modsl or drive type.

{h-} DCC has concluded thet there ls not a safety-relatad defact presant In the
upper ball joints of the subject vehiciea and therefore no risk to motor wehicle
safety for the fallowing reasons!

- First, the ball joint sssamblles on the aubject vehiclas are
“compression” type joints. Unilke “tension” ball jonts, & COmMpressian
ball joint assambly has the weight of the vehicls constantly presaing
the ball joint assembly together. This dasign charactaristic makea
saparation very improbable during the normal operation of the vehicla.
In fact, separation has only been cbeerved at lower apeeds during
sxireme suspenalon traval {e.g., making a sharp tum and procesding
up an inclined drivaway). Testing has shown that theae types of
deiving maneuvers develop the highest meaaured tensie peak loads at
the ball joint, and only for very short durations. in all other steady stake
driving evants, the load at the ball joint Is virually zero, ensuring that
saparation is not posaible.

- Next, thera wame fow complainta that alleged actual upper ball joirt
and those complaints did not reveal a trand or pattem.
Even distinguishing tha NCM upper ball joint equipped vehics
population from the whole, the compiaint rate was only 2.0 conditiona
per 100,000 vahicies.

- Third, thers is substential and aufficiant waming to vahicle cwnears that
the upper ball joints may nead replacement well befare an upper ball
Joint ssparation occurs. The investigation revealed that naarly all of
tha operators responded to thesa warning signs. it was only the few
operatora that (1) ignoned the lengthy and obvious warnings such as
audible noise and tire waar, (2) did not want to pay for ball joints
gervice arlior (3) elocied not to follow the suggested maintenance and
inspaction service proceduras contained in the owners manual that
axperisnced a riak of separation of the upper ball joint assembly.

- Fourth, itis apparent from a large sample of survey data that even on
vehicles identifiad with compromised ssaling in sither the baot or the
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crimped surface that any dagradation of the ball to socket interface
occurs over an extanded parlod of time. Thia appears to ba trus of
bath TRW and NCM deslgnad upper ball joint assamblies. On 2000
medel year vehicles equipped with NCM upper ball joints ranging in
millsage from 28,000 to 120,000 {average €8,900 milas}, only ona (1)
of 14 surveyed vehicles had a messurad and play (at 0.0737) beyond
the recommendad 0.080" replacemant specification. Since warranty
return party measured to have end play as high as just under 0.400°
hava heen identifled without axperiencing ball saparation from the
aocket, i can be deduced that degradation in end play dusto a
compromisad seal, svacuation of grease, bearing wear and ultimeataly
grinding cormosion takes & significent amount of time and mileage. Aa
supported with the complaint data, this pariod of time andfor mileage s
more than aufficlent for custormers to ecognize the issue.

- Fifth, data shows that peak upper ball joint tensBe lcads as measured
in vehicle during severs duty cycle events are still less than 25% of the
measured tensils separation strength of a severaly womn ball joint with
juat under 0.400° end play. This end play exceeds the recommendad
replacement spacification of 0.080" by a factor of greater than six {8).

- Sidh, thera were dramatic spikes in ball joint complaints among
vohicde owners Immediately following national media atories related to
the investigation that do not accurately reflect actual ball joirt issues in
the aubject vehicles. Aa evidence, many of the complaints following
the madia coverage waws drivers by a Rberal application of the term
"ball joint” as & causal description for many vehicle relatad complaints,
including ssues not sven redating to tha front suspanaion.

- Lastly, there were no injuries cavsed by a ball joint separation in he
subject population of vehicles that has, in some instances, basn on the
road for over seven years. in fact, the overwhelming majority (98.3%)
of customar complaints receivad ragarding these subject ball joints did
not communicate any safety concem whatsoever., The issues raised
by customners primasily related to the coat of kall joint service.

Further review of the small number of complaints recaived by DCC that allsged
actual upper ball joint asparation did not rewsal a trend or pattern. Sewveral of tha
neparts Indicata that thens had hean subsequent waming that the driver had
ignored for a significarm amount of iime before the alleged ssparation gocumed.
Additionally, the taxt from savaral of tha raports provides information which is not
conaiatent with OCC's test neaults and vehicle and component survey reaults, in
that tha time and mileage to aleged separation is not consistent with DCC's
finding= regarding long term wear. From DCC's analysis of the confirmed reports
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of alleged separationa provided in the initial EA responae, the earfizst time from
wvehicla delivery to the reported separation was 30 months in a cormosive
environment, while ths minimum mileage to alleged saparation was just over
28,000 miles In & corrosive srvironment. [t s DCC's position, which |a supportad
by the vehicla survey and the fisid part return data (both provided to NHTSA as a
part of the EA submission) thet only a very small number of components could

-@ver achiave this grossly negligent [evel of wear, In a period of 30 months or
28,000 vehicle milas, one would expect that most reasanably responeible owners
would have had the vehicle serviced at least thres (3) times, which would have
provided ample opportunity to have the wehicls Inapected and the condition
detacted.

In summary, for the reasons stated above and based on the data contained in
this and prior submissions, it is DCC's assessimant that theve s not a safety-
related defect in the ball joints of the subject wehicles or an unfeasonable sk to
mator vehicle safety.




Next, thare were few complaints that alleged actual upper bafl joint ssparation
and those complaints did not nmveal a trand or pattamn. Even distinguishing the
NCM upper ball joirt equipped vehicle population from the whote, the complaint
rate was only 2.0 conditions par 100,000 vehicles.

Thind, there la substantial and sufficlent waming to vehicle cwners that the upper
ball joints may nead replacamant well bafare an upper ball joint asparation
accurs. The invaestigation ravealed that neady all of the opearators responded to
thasa waming signs. It was only the few operators that (1) ignored the lengthy
and obvious wamings such as audible nolse and tire wear, (2) did not want to
pay for ball joints service and/or (3} alacked not to follow the suggested
maintenance and inspection sarvice procadures contained In the owner's manual
that sxperianced a riak of separetion of the upper ball joint assembly.

Fourth, it l= apparent from a large sample of survey data that even on vehicles
identified with compromisad sealing in alther tha boot or the crimped surface that
any degradafion of the ball 1o socket intarface occurs over an extended period of
tima. This sppears to be true of both TRW and NCM designed upper bal joint
assemblies. On 2000 moded year vehicies equipped with NCM upper bal joints
ranging In mileage from 28,000 i 120,000 (average 66,800 miles), only ons (1)
of 14 surveyed vahicles had a maasurad and play (at 0.073") bayand tha
recommended 0.080" replacement specification. Since warranty retum parts
measured to have end play as high as just umder 0.40{0" have been identied
without experiencing ball ssparation from the socket, it can be deducad that
degradation in end play dus to a compromised s=al, evacuation of graase,
baaring wear and ulimately grinding comosion takss a significant amount of time
and mileags. As supported with the complaint deta, this period of time and/or
mieage is mare than sufficient for customers o recognize the lssue.

Fifth, dats ahows that paak upper ball joint tansile loads as measured in vehicle
during ssvare duty cycle events are stil less than 25% of the measured tensile
geparation atrength of a severely worn ball joint with just under 0.400° end play.
This end play axcaads the recommended replacement specification of 0.050" by
a factor of greater than six (8).

Sheth, there wers dramatic apikes in ball joint complaints among vshicie cwnars
Immadiately following national media stories related to the investigation that do
not accurately reflect actual ball joint lssues In the subject vehiclas. As evidence,
many of the complaints foliowing the madia coverags wers drivan by a fiberal
application of the term “ball joint” as a causal dascription for many vehicle related
complants, including issues not evan relating to the front suspensaion.

Lasty, there were nn injuriss causad by a ball joint saparation in tha subject
population of vehicles that has, in some instances, been on the road for over
asven years. In fact, the overwhalming majority (88.3%) of customer complaints




received regarding these subjact ball joints did not communicate any safety
concam whatsoever. The lssues raised by customers primarily related to the

. cost of ball Joint service, or following cpening of the investigation were primarily
madia driven.

In summary, for the reasons stated above and basad on the data contained In this and
; prior submissions, [t ks DCC's asssssment that there s not a safaly-related defect in the
; ball joints of the gubject vehicles or an unreasonable risk to motor vehicle safety.

N

Etmphan J. Speth
Director
Vehicle Compliance and Safety Affairs
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