ENGINEERING ANALYSIS CLOSING REPORT

SUBJECT: Malfunction of Electric Powered Door Locks
In Modsl Year 2001 Kia Optima Vehicles

EA No.: 04.030 Date Opesed: (M-NOV-04 Date Clozed: NOV 7 X8
BASIS:

Preliminary Evaluation (PE) (4-050 was opened on July 7, 2004, to investigate the issues
associated with mine consumer comgplaints received by the Office of Defects Hnvestigation (ODI),
which alleged that malfanctions of the electric-powerad door locks in the subject vehicles had
entrapped an occupant ingide the vehicles, or had otherwise impeded normal occupant egress firom
the vehicles. Specifically, the consumers complained of incidents in which the door locks had
failed to disengage on cornmand, or that they had immediately relocked without externat input.

The PE discloged that the vehicle mamfacturer, Kia Motors Corporation (Kig/KMC) had received
288 similar reports through consumer complaints and field reports for the population of 24,754
sehject vehicles, Kia also reported that approximately 5,700 warranty claims had been filed that
specifically related to driver side door latch and lock actuator assemblies. In addition, Kiareportad
that warranty claims had also been filed by dealers for apparent malfanctions of other components
of the door latch/lock system including, for example, the electrical wiring harnesa/relay, the
keyless remote rangmitter and receiver, and the Electrical Time and Alarm Control System
{ETACS) which interfaces with the electro-mechenical door lock system.

THE ALLEGED DEFECT:
The alleged defect in this investigation refers to the failure, malfunction, or performence of the

electric powered door lock system installed in MY 2001 Kia Optima vehicles that may result in
self-engagement or failure of the locks to disemgage on command

DESCRIPTION OF THE Kl1A OPTIMA DOOR LATCH/L.OCK SYSTEM:

The MY 200! Kia Optima is a four-door sedan, equipped with an original equipment
¢lectro-mechanical door laich and locking systern, Each passenger door is equipped with an
individnal latch and manual lock control button. Each door lock can also be engaged or
disengaged by an electro-mechenical actuator, and the driver door is equipped to serve as 5
“master” control capable of locking and untecking all of the passenger doors. The system can also
be operated via a remote key fob transmitter and a receiver located insida the vehicle,



The following are significant design characteristics and features of the subject door locks reported
by Kia and as they relate to this invesiigation.

The Optima doors have hoth mannal and electrical locking functions that can be nsed to
actuate the door locks. The doors alse have an auto-locking function that sends a
lockAmlock signal from either front door to all other doors,

Ihelmkmalfumuoncmbeamdymechaumlpmblemmﬂ:ednwr a door, and in such
a case all other doors will not be affected, snd can be opened.

If 2 mechanical malfunction oceurs in & door latch that initiates the etto-locking function
through the sensor signals to the door lock actuator, all doors will be locked. If the
auto-locking signal continues to be send, however, all other doors cam be opened (excluding
the one with the clecino-mechanical problem).

If an electrical malfunction occurs in one of the key elements of the door lock cireuitry, the
Jock actuator will keep all four doow temporurily locked. However, after a time delay of -
approximately 15 seconds, power to the actwator is automatically terminated (via the
ETACS) and all doors can them be imlocked memmually.

The mechanical components of subject door latch/locking system are illustrated in Figures 1 and
la. Principally, these are the interior and exterior door handles and the actuatmg rods that control
the positions of the door Iatch mechenism, and permit opeming and/or closing of the door,
Similarly, the gystem also includes the interior lock knob that allows the deor to be manually
locked and unlocked throngh movement of the lock actuator rod.

Mechanical Compotients of Optima Door Locking System
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Figure 1. Mechanical Components of the Optima Doar Lock Syatem



Figure 1.4 Optima Door Handle Assembly (Source: kM0

The components of door lock assembly are illustrated in Figure 2. Primeary elements of this
subagsemnbly are the interior lock/mnlock knob and ita actuator rod, which connects to a bellcrank
agsembly with an output actuator rod that manually controls the “lock™ and “unlock™ positions of
the door latch.,

Figure 2. Optima Door Lock Assembly Souree 1340)



Other components and sub-assemblies are glzo integral parts of the door latch/lock system. The
installation of the lock acinator assembly is shown in Figure 3. The fock actuator agsembly is the
interface between the machamical and electrical elements of the door lock system. The position of
the latch pawl is iranslated through a linkage rod to the electrical lock actuator, which senses
through a contact point whether the door iz locked or unlocked.

Figure 3. Installation of Lock Actustor Assembly (source: kM)



Figure 4 illusirates the internal views of the different positions of the actnator switch contact point
when it is in the “lock™ position, and when on the operatienal borderling between “lock™ and
Ii.unlnnk.'l!

Locatiom of Actnator swiich’s contact point  Locaton of Actuator switch
(LOCK position) (located an operational borderdine between
L.OCK & UNLOCK)

Figure 4. Internal ¥iews of Lock Actustor (Source KMC)

Figure 5 shows close-up details of the door latch assembly. Figure 6 illustrates the close-up details
of an internal view of the letch assembly, noting the latch pawl lever and the rubber paw] stopper.
In the latter illustration, the top of the pawl stoppet is missing, allowing the pawl lever to be
mispositioned and, therefore the lock actuator switch contact point will also be mispositionsd
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Figure 6. Close-up Intemal View of Optima Latch Assembly
(shown with damaged rubber pawl stopper) {Souree: KMC)




In Figure 7, the door latch pawl is out of its proper position due {o deterioration of the rubber pawl
stopper. The cotitrol lever can not move the pawl lever and the doer lock plate cannot move into its
proper pogition, This cavses the door lock actuator switch to be positioned in the operational
bonderline between “lock™ and “unlock.” In thig unstsble conditton, the actuator switch cen send a
“lock” gignal to the ETACS, which then sends 2 “lock™ signal to all four doors.  According to
Kia’s analysis, this sequence of events describes the type of malfunction that is the subject of this

investigation.
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Figure 7. Details of Door Latch Components and Lock Actuator (Swow Kbacy

CORRESPONDENCE:

By letter dated February 20, 2005, Kia submitted information in response to ODI's letter dated
December 12, 2004, Additionally, Kia submitted supplemental documents to ODI by letter dated
Jung 28, 2005, All of this correspondence, as well a3 the non-confidential information submitted
under PE04-050, are contained in the public files for these regpective phages of the investigation.



Kia submitted no confidantial information during the EA. However, confidentiality was requested
during PEQ4-050 for certain information regarding the procedures used in Kia tesis to evaluate
several Televant potential failure or malfenction scenarios.
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POPULATION:

A total of 24,754 of the subject Kia Optims vehicles were sold in the United States.
WARRANTY:

Information regarding wamranty claims filed by Kia dealers as provided during PEO4-050 and
updated during the subject EA, are shown in the chart below. The door locks of the subject
vehicles are covered by a bagic five year or 60,000 mile werranty smd no extended warranty
covetage 13 avatleble. Kia reported the following total numbers of wamanty claims for various
subassemblics for the driver-side door latch/lock assembly,



Date Reported by Kla

09/03/04 02/11/08 Total
(PE04-050) (EAQ4-030)
Component/Azssembly
Latch Assembly (driver side) 3,838 602 4,440
Actuater/Door lock 1,842 289 2,131
ETACS 564 81 645
Transmitter, Temote 347 81 1,028
Receiver, remote 276 15 291
Wiring Hamess 233 37 370
Micro-Relay 2 54 3 37
SERVICE BULLETINS:

Kia reporis that no service bulleting concerning the alleged defect were issued to its dealers.

PARTS SALES:

Kia reports that no special service or repair parts kits refated to the alleged defect were developed
or sold to dealers.

DESIGN, MATERIAL, AND/OR PRODUCTION MODIFICATIONS:

Kia reports that no design, material or production changes were made in any of the components
that might be related to the warranty claims, field reports, or consurner complaints identified in
comncction with this investipation. Specifically, Kia identified no “functional changes" to any of
the components of the systern including the latch assembly, actuator door lock, ETACS, recelver,
transmitter, wiring harness, or relay.

Kia states, however, that the supplier of the door latch assembly identified a change in the
compogition of the rubber compound used to fabricate the pawl stop. This “supplicr-bazed”
change was made on May 6, 2002, and did not impact the performance of the subject originat
equipment door locks. No other supplier-based changes were reported in Kia's responses to QDI
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Information Requests, but other information was submitted as discussed in “Additional
Information,” below .

TESTING:  Vchicle Research and Test Center (VRTC)
East Liberty, OH

Date of Test Request: 30-MAR-05

Description: The purpose of ODI's test activity was to conduct an independent examination of the
subject door latch/lock assemhly, to evaluate the potential canses for seli-locking conditions, aned

to asecss whether the alleged malfunctions can simuliancously affect all of the passenger doors of
the subject vehicles.

Given Kia’s analysis which concluded that the door lateh/lock malfunctions being considered are
the result of mis-positioning of the lock actuator that may result in instability of the contact point
of the actuator switch, QDI had a secondary concern that the switch might be susceptible to
eending an unintendsd “umlock” signal to the door’s actuator. This potential malfunction was seen
by ODI as a potential safety izsue related to passenger security within the vehicle. Therefore,
ODI’s tests and examinations were also intended to determine whether such conditions or events
were experieneged during the procedurea,

VRTC acquired a subject vehicle with an odometer reading of 69,000 miles. In the as-received
condition, all of the deor locks operated properly. The vehicle was prepared for evalyation by
removing the interior panel of the driver door, and the rubber pawl stopper was removed
completely to simulate a lock failure. Varions geenarios with the driver door lacked/Aunlocleed
were perfonrned and observations made of the performance and effects on the vehicle door lock
gystem. Sipnificant VRTC observations include the following:

* When the inside manuai knob of the driver deor is moved to the “umlock” position, the lock
will self-actuete. In some instances the self-locking action is immediate and in other cases
the self-locking action oceurs after a short delay. When this oceurs:

. the power door lock button does not unlock the dnver door,

the driver door cannot be opened from inside the vehicle.

the outside door handle does not open the driver door, as the lock is engaged

the key unlocks the door from the outside, then all four locks may self-engage

ﬂmﬁ:mtpwdmrnanbamlmkedhyusmgthemmuﬂmﬂmkhmb

providing a means of vehicle egress

N N

ADDITTIONAL INFORMATION:

A technical meeting was convened on June 9, 2005 in Washington, DC, during which Kia
presented firther information regarding the design and fimetion of the subject latch/lock
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mechanigm, In addition, Kia discussed the results of its teats of the Istch/lock assembly to support
its conclusions that the alleged defect does not pose an unreasonable risk to motor vehicle safety.

Kia reviewed the design and performance of the: subject door latch/lock mechaniam, and stated fhat
itg tests and analyses of the alleged defect support the following conclusions:

¢ amechanical or electrical malfanction does not entrap the occupant meide the vehicle
+ an occupent is able to exit the vehicle by use of any of the three non-affected doors, and

» anon-affectet] fromt door can be opened by operating the door switch and/or door lock
knobh.

Ans s part of its analysis of the alleged defect, Kia interviewed at least 30 consumers and stated that
these results provide additional evidence that occupants were able to exit their vehicles, even when
thetr previous complaints/reports stated they had been “trapped™ due to the alleged defact, From
these inderviews, Kia identified the following examples of various methods used by consumers to
exit the wehicle.

s “playing with" the locked driver’s door umtil it opened

s using the time delay between unlocking the door and the auto-lock function

¢ using the switch or knob and pulling on the door handle to open the door

» lowering the driver’s window and opening the doer from the outside using a key
¢ exiting through the front passenger door

v gxiting through a rear passenger door

* using the lominescent tunk release to exit through the trumk after pulling down the rear
seats

In supplementary information submitted to QDI following the meeting of June 9, 2005, Kia
submitted its evaluation of using the key in the outaide lock of the driver’s door 23 a mode of
occupant egress. Kia reported that its studies show that this exit mods is available if the rubber
pawl siopper is damaged as a result of wear or deterioration, However, if the pawl stopper is
misging entirely, the force generated by tuming the key cennot overcome the high level of
interference between the control lever and the pawl lever, and the door camnot be opened, Tnstead,
the daor can be apened only if the key is turned while simultaneously pulling the latch handle, Kia
also notes that the condition of a complstely missing pawl stopper has not been ancountered in a
consumer vehicle, and that this condition represents a hypothetical case for evaluation only.

Kia also provided an updated discussion of relevant design snd material changes, end stated that it
had concluded 2 second change in the paw] stopper matesial had been identified. Specifically, Kia
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“_..determined thet there was a material [i.e. significant] changes [sic] in {the warranty claim rate
for the door laich assembly as of the end of the 2001 MY; i.e., starting with the begimming of the
2002 MY.” This determination was reportedly made on the basis of a notable decrease in the
warranty rates for all reasons for the driver’s door latch installed in vehicles produced after June
2001. Kia reported a warranty rate of 15.22 percent for Optima vehicles produced through June
2001, the spproximate end of MY 2001 vehicles production, For the remainder of calendar year
2001, the comparable rate wag 3.39 parcent, representing MY 2002 production. Thus, Kia reportec
ite conclusion that there was an additional *,.. change in the composition of the rubber (pawl)
stoppers beginning at about the end of June 2001.”

OD1] notes that the rubber paw] siopper materiel changes cited above are reported 3
“supplicr-based,” and that no additional documnentation regarding these changes is available. Also
noted is the fact that both these changes were introduced after the end of the MY 2001 Optima
production and therefore, do not apply to eny of the subject vehicles as originally produced. The
apparent changes to which Kia refers, affect only those MY 2001 vehicles repaired after the pawl
stopper material changes were incorporated into use as gervice/replacement parts, a3 well as new
MY 2002 and later production.

FAILURE/MALFUNCTION MODES:

Kia states that the root cause of malfunction of the subject door lock is deterioration due to titne

and use of the rubber paw] stopper in the latch, as the stopper fails to maintain proper strength and
flexibility of tha rubber material from which it is fabricate:d. This mechanical failure is cited as the
Toot cause of malfinction of the subject lock mechanism. When the paw] stopper deteriorates or
sustains a certain amount of pexmanent corapression, it may fail to propexly position the door latch
pawl lever and the location of the contact point in the lock actuator lock switch becomes unstable,

As described by Kia, deterioration of the rabber paw] stopper allows the door latch pawl lever to
imterfare with the control lever, mispositioning the actuator switch in the functionsa] borderline
between “lock™ md “unlock.” In this unstable position the actuator switch can send 4 “lock™
message to the actuator, locking all passenger doors with the anto-lock finction. A subeeqnent
attempt to onlock the system will then unlock the doors, but it can also return the actuator switch to
an unstable pogition, due to the deteziorated condition of the pawl stopper. If the actuator switch
then reads that the lever is in the “lock™ position, after approximately one second the switch will
send that sipnal to the acinator, and the ETACS will then re-lock all four doors.

CONTRIBUTING FACTORS:

No additional factors beyond Kia's identification of the root cause of the subject door latch/lock
were found to be relevent to this investipation. There @t o issues of vehicle owner actions such
as service, vehicle ahuse, negligence, or driver actions, that affect manifestation of the alleged
defect.
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Kia states that the issues of concem in this investigation are quality issues, and that they are not
safety izsues that identify an unreasonable risk to motor vehicle safety.

Kia stades that some of the specific potential malfunetions identified have no safety element, these
being a mechanical failure of the door latch, an electronic failure of A remote transytter or
receiver, a failore of & major electronic element of a door locking component, or a malfunction of
the ETACS. Kia believes that in each of these types of problems, impediment to occupant cgress
from the vehicle is temporary and/or treansitory.

Kia further statea that the mecheatcenl/clectrical door locking scenario, precipitated by
deterioration of the mbber pawl atopper, is a complex series of events that culminate in activation
of the auto-lock fimction through the ETACS to all four passenger doors.

Kia argues that incidents of self-actuation of the subject door Jock mechaniam do not ertrap
vehicle occupants, but that they are able to ¢gress the vehicle via avenues other than the dover
door. Kia’s testing reportedly established that an alternative door not affected by the self-locking
malfimction can be opened by operating the inside door handie and the inside manual lock knoh.

Kis observes and notes thet driver descriptions of “entrapment” are frequently “loose™
descriptions of the actual events. In thia respect, Kia states that ocoupants are not actually trapped
inside their vehicles but instead, are unable to egress in the normal manner,

Kia concludes that the information and evidence accumulated and reviewed in response to this
investigaiion, including its tesis, analyses, and evaluations of consumer inputs through complaints,
ficld reports, and intervicws, damonstrate that the malfunctions of the subject door locks do not
identify an unreasonable risk to motor vehicle safety.

ODI ANATL YSIS:

One of the major issues durmg this investigation was the apparent discrepancy between the nature
of consumer complainis and the position taken by Kia that malfunctions of the subject door locks
would not actually entrap an occupant in the vehicle. Thiz concern was emphasized by the
complexity of the electro-mechanical door lock system, the need to understand how the system
was designed to fimection, and the consequences of failure of the systern to fimction 25 designed.

ODI conducted a series of consumer interviews, for the purpose of gathering further specific
information regarding the natare of the incidents reported as well as the actual methods used by
consumers to exit the vohicles. ODI was succassful in inferviewing 13 vehicle owners from a list
of 52 consumers io whom calls were placed. In most cases, the incidents involved reports of all
doaors gelf-locking, and the following methads were reported as means by which consimers were
able to exit their vehicles:

= “played with” lock/unlock batton uatil it unlocked successfully
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s used key from outside driver door
+ pulling on the inside latch handle and the ingide wnlock knob
s pulling on the outside latch handle arwl the ingide unlock kmob

» climbed out through apen window

Nope of the consumers mterviewed by ODI were able to confirm that all four doors remained
locked after a period of time and none were able to confirm that the auto-unlock function (time
delayed automatic unlock gignal from the ETACS) did or did not finction properly. ODI
concludes that in most cases, normal vehicle egress may have been temporarily impeded but
consumers were usually able to unlock a door by one of the previously identified alternative
methods,

The consumer cornplaints and field reports received by ODI and submitted to Kia were evaluated
for evidence of any type of associated trend. The numbers of incident reports ware plotted against
incident dates, and the results are shown in Figure 8. The graphic shows that the door lock
malfimetions did not begin to occur in significant numbets until after the end of productien of the
gubject vehicles. The numbers of incidents continued in significant mumbers, reaching a peak
during the third quarter of calendar year 2003. There is no consistent rate of increass in the
mumber of incident reports through the end of calendar year 2004, and there was no spike in the
mmber of consumer complaints following the opening of ODI’s investigation.

2001 Kla Cptima Door Laogk
Complelmis/Roports by Dale

Figure 8, Self-Locking Incidents by Date of Report
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The numbers of warranty claims were alsc plotted versus the date of claim to evaluate the
existence of any detectable trend. Similar to the incident reports from consumer and field reports,
the warranty claims peaked in the third quarter of calendar year 2003. A praphic of these dat is
ghown in Figure 9.

2001 Kia Optima Door Lock
Warranty Claims by Date
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Figure 9. Warranty Claims by Date of Claim

ODM’s analysis of the issues in thiz investigation ave predicated on a general acceptance of Kia’s
identification of pawl stopper deterioration as the primary cause of the door lock system
malfunctions being considered.

The change i the rubber pawl stop material made in May 2002, described by Kia as
“supplier-based,” was apparently made without Kia’s prior knowledge or approval. Kia exercised
no apparent control over this engineering change that may have improved the functional
performance of the door lock system. Similarly, Kia did not document an earlier change in the
pawl stopper material that may have been made in Jeme 2001. Kia stateg that this change prohably
accounts for improved performance of the door lock system, as reflected by a decrease in the
warranty rates. QDI notes thet such changes are usually controlled and documented, and issued
with paris distribution controls that may include purging of existing stocks, and tracking of the
improved components through replacement part inventories and vehicle installations.

Kiz documents no internal inquiry into this issne prior to the opening of PEG4-050. The evidence
indicates that tests conducted by Kia and other evaluations of the potential for self locking of all
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occupatid doors were apparently conducted in response to ODI™s inguiry, This is noted even
though the subject door [ock system had a cecord of very high failure/wrarranty rates extending
back to calendar year 2002.

Kig’s evalugtion of the implications of simulating deterioration of the rabber pawl stopper by
removing it completely is not challenged by OIM. It iz understood that the kinematics of g
complicated system of mechanical linkages may be altered by a smali change in a single physical
dimension within that system of links, and that the overall mechamical efficiency of the system
may be compromised by such a change. Further, it is not seen 28 a necessary issue of contention
when considered in the context of all other informmation disclosed during this investigation.

REASON FOR CLOSING:

Notwithstanding the concerns articulated in this report, the evidence frils to disclose a malfunction
with a clear and consistent pattern of compromise to motor vehicle safety. QDI believes that
malfunction of the subject door lock systern may impede the normal egress of a vehicle occupant
but that it does not entrap that cccupant. ODI also believes that the high warranty claim rate for the
subject door lock system clearly documents the door lock system as deficient tn an overall sense,
Coincidentally, the high incidence of malfancticns has pot been accompemied by a definitive
history of demonstrated safety-related implications.

Eased on the sbove, the further expenditure of agency resources on this investigation does not
appear lo be warranted. The closing of this investigation does not constitute a finding by NHTSA
that a safety-related defect doos not exist. The agency may taks further action if warranted by the
circumstances.
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