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DISCLAIMER

This document is disseminated under the sponsorship of the Department of Transportetion in the interest
of information exchange. The United States Government assumes no responsbility for the contentsor use
thereof.

The opinions, findings, and conclusions expressed in this publication are those of the authors and not
necessarily those of the Nationd Highway Traffic Safety Administration.

The crash investigation process is an inexact science which requires that physicd evidence such as skid
marks, vehicular damage measurements, and occupant contact points are coupled with the investigetor's
expert knowledge and experience of vehicle dynamics and occupant kinematicsin order to determinethe
pre-crash, crash, and post-crash movements of involved vehicles and occupants.

Because each crash is a unique sequence of events, generalized conclusions cannot be made concerning
the crashworthiness performance of the involved vehicleg(s) or ther safety systems.
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VERIDIAN ON-SITE ALLEGED INADVERTENT AIR BAG DEPLOYMENT/CLOTHING
FIRE INVESTIGATION
VERIDIAN CASE NO. CA97-010
VEHICLE: 1995 HYUNDAI ACCENT
LOCATION: VIRGINIA
CRASH DATE: MARCH, 1997

Background

This on-gte investigation focused the deployment of the fronta driver
and passenger air bagsin a1995 Hyunda Accent and the subsequent
fire to the driver's clothing. The driver dleged that the air bags
deployed inadvertently as he was deceerating on an gpproach to an
intersection. Thefrontd areaof the Hyunda (Figure 1) subsequently
impacted the rear of a stopped Volkswagen Golf (Figure 2) which |} BE R §ii.
was displaced forward into the rear of a stopped 1995 Lexus. In || S s -
addition to the driver's dlegation of the inadvertent deployment, he '

dleged that the exhaust gases from the deploying ar bagsignited his  Figure 1. Frontal damageto
dothing, which consumed his jacket and pullover shirt. The driver's  the 1995 Hyundai Accent
jeans and T-shirt were aso scorched by thefireincident. Thedriver's

injuries included a sprain of the left wrigt from contact with the left sunvisor (fling injury) and minor burns
to the dorsa aspect of his left hand that resulted post-crash as he removed his burning clothing. His
eyebrows and facid hair (dight beard) were reportedly snged by theflames. Therewereno burnsto his
abdomind or thoracic aress.

This crash occurred in March, 1997 during afternoon hoursin Virginia
This specid interest crash was reported to the NHTSA by the
invedtigating police officer on March 11. Aninitia inspection of the
Hyunda was performed by a representative of NHTSA's Crash
Invedtigation Divison and as aresult of this ingpection, the crash was
assgnedto Veridian's Specid Crash Investigation Team onMarch 12.
An extensve in-person interview was conducted with the driver of the
Hyunda on Tuesday, March 18, with an inspection of the vehicleon =
March 19. NHTSA' s Office of Defects Investigation conducted a  F19ure2. Rear damageto
subsequent inspection of thevehidle, theair bag system, and consulted  the struck Volkswagen Golf
Hyundai to retrieve the dataretained in the air bag system's diagnostic

control module. The outcome of the ODI investigation is not included in this report.

Vehicle Data
Theinvolved 1995 Hyundai Accent wasatwo-door hatchback that was manufactured on 6/12/95 and was
identified by vehicle identification number KMHVD14N9SU (production number deleted). The Accent



was equipped with afrontal driver and passenger air bag system that was manufactured by Allied Sgna
with asingle point senang/control module. This Sngle point control module was mounted in the forward
console area of the passenger compartment. There was no damage or interior intrusion in the area of this
component. In addition to the air bag system, the Hyundai was equipped with 3-point Igp and shoulder
beltsin thefour outboard seated positions with adjustable upper anchoragesfor thefront seat belt systems.
A manua 5-gpeed transmisson with a floor mounted transmisson sdector lever was coupled to the
transverse mounted four cylinder, 1.5 liter engine. At thetime of the SCI inspection, the odometer reading
was 67,529 km (41,962 miles).

Vehicle History

The driver of the Hyunda was the owner of the vehicle, however, the vehicle was registered in his aunt's
name who acted asthe co-signer on the loan that wasrequired for vehicle purchase. Thedriver stated that
he purchased the vehicle new from alocal Hyundal dedership in September, 1995. He was the primary
driver and wasresponsiblefor dl repair ordersthat wereinitiated for thevehicle. He stated the he returned
the Hyundai to the dedlership on two previous occasions for repair of the air bag system. Both of these
problems resulted from hisdetection of theinstrument panel mounted air bag indicator |lamp which remained
illuminated following a gart cycle of the vehicle. Thefirgt ar bag system repair was initiated on 1/25/96
with avehicle odometer reading of 19,336 km (12,015 miles). Thisrepair involved the replacement of the
ar bag control/sensing module. The second repair order occurred on 4/18/96 at 30,926 km (19,217
miles). Again, theair bag control/sensing modulewasreplaced. Additiona repairs performed at the dealer
level included two oil changes, an adjustment of the washer nozzle, and arecent suspenson repar. This
suspensionrepair occurred on 2/14-2/21/97 for damage incurred from contact with acurb dueto acontrol
loss on anicy road surface. There was no air bag deployment associated with thisincident. The driver
stated that as aresult of thisrepair process, the dedership issued a certificate to him for a complimentary

oil change.

Driver Data

The driver of the Hyundai was a 21 year old male with a stated height of 180.3 cm (71.0") and weight of
81.6 kg (180.0 Ibs). On the day of the crash, he was wearing new pre-washed denim blue jeans, an
oversized cotton tank-type T-shirt under along deeved, cotton pull-over shirt, and acorduroy hip length
jacket. The jacket fabric was a wide-band corduroy and was black in color. He stated that the outer
fabric was 100 percent cotton with alining of a synthetic type fabric. The jacket was manufactured by
"Brinks' and wasa"retro 70's’ stylewithout sde pockets. Thedriver stated that asexited hiswork place,
the jacket was zipped to hismid chest area. Thedriver was employed as asaesrepresentative for alarge
discount clothing retailer. He had completed hisassigned work schedulefor that day which began at 0800
hours. Thedriver further stated that hewas not subjected to solventsor flammableliquidsat hiswork place
or home environment and did not use tobacco products.

Summary
Crash Sequence
Pre-Crash
The driver stated that he departed his work place at 1500 hours and planned to travel to the dedership
immediately following work to redeem the oil change certificate Snce the Hyunda was overdue for an ail
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change. He stated that he entered the Hyundai at hiswork place and arted the vehicle. Thedriver Sated
that the SRS air bag indicator lamp initidly illuminated during the check cycle then went off, however, the
lamp immediately illuminated and remained on. Thedriver observed the SRSIamp and decided that since
he was en route to the dedlership for the ail change, he would proceed directly to the facility and report the
dleged mdfunction of the SRS system. He further stated that he turned the radio to the off-position and
opened the driver's side window approximately 50 percent and proceeded en route to the dedlership.

The driver was traveling in a westerly direction on the divided roadway and stated that he had traveled
goproximately 2 km (1.5 miles) which involved less thanfive minutes of travel time. As he gpproached a
sgndized intersection, the driver observed aline of standing traffic on the inboard westbound trave lane.
He began to decd erate by down-shifting the manua transmission. Hewas seated in anormd posture with
his right hand on the floor mounted transmission shift lever and hisleft hand on the steering whed rim et the
11 o'clock postion. The driver sated that hisleft foot was on the clutch pedd with hisright foot over the
brake pedd. During this deceleration mode, the driver stated that he heard aloud bang. He responded
to the noise by flinching back from his driving position and raisng both hands. He immediately detected
alarge cloud of white smoke within the vehicle and heard two digtinct "tick” sounds which he said were
amilar to adicking apen dip agang the pen barrel. Hereached for the steering whedl and depressed the
clutch and brake pedd in an attempt to control the vehicle as he remained aware of the stopped traffic.
The driver stated that the brake peda was hard to depress following his alegation of the inadvertent
deployment. Although unconfirmed, this could have resulted from a gal of theengineand loss of vacuum
to the power-assisted brakes. The deploying driver's Side air bag expanded against the anterior aspect of
the driver's left forearm which separated his hand grip from the 11 o’ clock position on the steering whed
rnm. Hisleft arm flalled upward as his wrist impacted the left sunvisor. This contacted sequence scuffed
the vinyl covering of the sunvisor and sprained his left wrist.

Crash

The frontal area of the Hyundai Accent impacted the rear of the
stopped 1986 Volkswagen Golf resulting in a 12 o'clock/6 o'clock
impact configuration. The direct contact damage on the Hyundai
began on the bumper face 23.2 cm (9.1") right of center and extended
88.3 cm (34.75") to the left front corner. Maximum crush a bumper
level was 4.1 cm (1.625") located at the left corner (Figure 3).
Following initid contact, the bumper of the Hyundai underrode the
bumper face of the V olkswagen which dlowed the grille and hood face
to engage againgt the bumper of the Volkswagen. Maximum crush at
the left comer of the hood face of Hyundai was 7.9 cm (3.1"). The
struck Volkswvagen sustained an estimated 7.6 cm (3.0") of rear
bumper crush that was located approximately 10.2 cm (4.0") left of
center. These vaues were esimated from the on-scene police
photographs that were obtained from the investigating officer. The —_
Collison Deformation Classifications (CDC) were 12-FDEW-1 for  Figure 3. Overhead view of
the Hyunda and 06-BZEW-1 for the Golf. Velocity changes of 13.4  thefrontal deformation
km/h (8.3 mph) for the Hyundai and 13.3 km/h (8.3 mph) for the
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struck Volksvagen were computed by the damage algorithm of the WinSMASH program. The
longitudind components were -13.4 km/h (-8.3) and 13.3 km/h (8.3 mph) for the Hyundai and Golf
respectively. The Volkswvagen was digplaced forward by the impact where it subsequently impacted the
rear of astopped 1995 Lexus resulting in minor damage.

Post-Crash
Immediately following the crash, the driver noted the driver's air bag had deployed. This was his first
detection of the deployed air bag. He stated that he remained in the vehicle for severa secondsto collect
his thoughts on the events that had just occurred. He then unbuckled hismanua 3-point lap and shoulder
bet system and exited the vehicleto check the satus of the driver of the VVolkswagen. Thedriver estimated
that this entire sequence following impact involved 5-10 seconds.  As he approached the struck
Volkswagen, he noted that its driver had opened the left front door and that two occupants of the struck
Lexus had exited their vehicleand werewaking toward the VVolkswagen. TheHyundal driver further noted
that as he was gpproximately 1 m (4) fromtheleft front door of the Volkswagen, the driver of the Lexus
dated to him that his jacket was on fire. The driver of the Hyunda unzipped his jacket and threw it onto
the earth median adjacent to the find rest position of the Volkswagen (Figures 4 and 5). Both drivers
attempted to stomp out the fire onthe jacket, however, they were not successful. During this attempt, the
driver of the Lexus stated to the Hyundai driver that his shirt was on fire. The Lexus driver reached with
one hand and grabbed the pull-over shirt at the left shoulder areaand pulled the shirt off the driver without
extending it over hishead. He threw the shirt onto the median adjacent to the jacket. The Hyundai driver
sustained minor burns to the dorsal aspect of his left hand that resulted post-crash as he removed his
burning dothing.

Figure4. Remainsof the Figure5. Close-up view of

burned jacket and shirt worn the remains of the burned
by the driver of the Hyundai jacket

A Virginia State Trooper was traveling past the crash scene and noted the burning clothing. He stopped
his patrol vehicle and retrieved the fire extinguisher from the trunk of the vehicle and sprayed the clothing.
Thedriver of the Hyundai noted that asthe Trooper arrived on-scene, thejacket and shirt were completely
burned with minima flame extending from the smoldering dothing items. This Trooper noatified the loca
police agency which digpatched an officer tothe scene. In addition, aninvestigator fromthe FireMarshd's
Office responded to the scene of the crash since afire was reported to have occurred. The driver of the
Hyunda was subsequently transported to a local hospita by ambulance where he was treated for his



injuries and released. The hospita applied asplint wrapped with an ace bandage around the left hand and
forearm to stabilize the sprain.

The driver of the Hyundai stated that the jacket was burning in the areaof the
lower right quadrant over the abdominal area. He further stated that as he
removed the jacket, his shirt gppeared to be more engulfed in fire, with flames
extending acrosstheright abdomind areadiagonaly upward onto the left chest
area. He noted that hisright eyebrow was snged by the flames, however, the
investigating police officer who observed him at the hospital noted Sngeing to
both eyebrows and to his beard. In addition to theloss of hisjacket and shirt,
the driver's blue denim jeans sustained superficid charring in the area of the
right pocket. Histank-type, T shirt dso had superficid charring over theright 2
abdomind area (Figure 6). The T-shirt probably protected the driver from || &k
sudaning burnsto hisabdomina and thoracic areas. Asaresult of the aleged
inadvertent ar bag deployment, the driver of the Hyunda Stated that he
experienced an irritation of the throat and aringing sensation in hisears. Both
of these symptoms dissi pated within one hour of the crash. Hed so complained
of cervica pain that was attributed to the impact force of the crash.

Figure6. T-shirt
worn by thedriver of
the Hyundai with
faint charring of the
right sde

The Fire Marshal recovered the burned clothing items from the scene and

retained them as evidence. The clothing was not placed in protective containers, therefore they were
exposed to the air and possible contaminants. An informa meeting was scheduled on March 19 with
representatives of NHTSA's Office of Defects Investigation (ODI), the Veridian SCI Team, the
invedtigating police officer, and the Fire Marshd's Investigators. Prior to this meeting, the clothing remains
were placed in sealed containers for transfer to ODI representatives.

SCI Vehicle Inspection
Air Bag System/Vehicle Interior

: i1 i
L el &

Figure7. Deployed
driver air bag

straps and was vented with two 2.5 cm (1.0") ports located at the 10 Figure8. Deployed front
and 2 o'clock positions. There was a trace amount of deployment

The Hyunda was inspected by the Veridian SCI Tearn on March 19 at the
police impound lot. The vehicle had been previoudy inspected by a NHTSA
representative, the Fire Marshd's Office, and the investigating police officers.
At the time of our inspection, subtle evidence in the vehicl€ sinterior had been
eroded duetoinclement wegather conditions.

The driver and passenger air bag system
deployed from the respective module
assemblies in a norma mode (Figures 7
and 8). The driver air bag deployed from
symmetrica cover flaps within the four-
spoke steering wheel assembly. Thedriver || &
ar bag was tethered by two internd tether =

e

right passenger air bag
system
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residue surrounding theright (2 o'clock) vent port. Therewereno depositsontheinterior surfacesforward
of the vent port locations.

The passenger air bag deployed from a top mount air bag module assembly located in the right upper
ingrument panel. The single top hinged cover flap was 35.3 cm (13.9") in width and 19.7 cm (7.75") in
height. The passenger air bag was tether by two wide band internal tethers that were sewn to the face of
the bag. The bagwas vented directly into the passenger compartment by two 5.7 cm (2.25") located on
the side pandls of the bag at the 3 and 9 o'clock positions. The inboard vent port was centered 32.4 cm
(12.75") rearward of the mid instrument panel. There was no damage to the air bag fabric or externd
burns. The interior of the passenger air bag was viewed through the inboard vent port (Figure 9).
Numerous smdl fragments of a blackened substance (Smilar to carbon) were visble withinthebag. The
mgjority of these fragments had settled on the bottom surface of the bag asit deflated. 1n addition to these
fragments, the remants of a label were noted within the bag. Several large fragments which were
goproximately 13.0 mm (0.5") in diameter had settled to the bottom of the bag. Numerous smaller
fragments of the label were dso vishble within the bag (Figures 10 and 11). These fragments appeared
to have been subjected to heat and were brittle and curled. Samplesof the fragmentswere recovered and
transferred to the ODI representatives. Further ingpection of the air bag assembly focused on the inflator
manifold. Thisaloy manifold was a cylindrica tube that contained four ports which provided transfer of
the gasfrom the generator to theair bag. The portswere positioned near the bottom of the manifold which
was surrounded by afabric heat shield. A carbon-like substance surrounded the most inboard manifold
port primarily on the thickness of the manifold and immediately outboard of the port. The two adjacent
ports appeared free of deposits while the outboard ports had faint carbon-like transfers. The interna
surface of the bag and heet shield in the area of the manifold was covered with alight carbon-like film that
eadly transferred onto the fingers of the field investigator during the ingpection process.

"EE e 3 L &

Figure9. Léft (inboard) Figure 10. Close-up view of  Figure1l. Labe fragments
vent port of thefront right  theleft vent port of front and particulate on inside of
passenger air bag right passenger air bag air bag

A large whitish substance was noted on theright door panel, adjacent to theright vent port of the passenger
ar bag. Thistrandfer had eroded sgnificantly prior to our inspection of thevehicle. It wasinitidly observed
by the investigating police officer and the NHTSA representative who inspected the vehicle on March 12.

I naddition to the vehicleingpection and interview with the Hyundai driver, arepresentative of Allied Signa
was contacted via telephone to discussthe air bag system of the Hyunda. Allied Signd manufactured the
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driver and passenger Sdeair bag modules and the single point sensing/diagnostic module. The preliminary
focus of this investigation has involved the passenger air bag which was suspected as a source of the
clothing fire. The Allied Signd representative sated that the passenger inflator was a hybrid system that
consisted of argon gas stored on a degp drawn high strength, low aloy steel container and an Arcite
(extruded potassium perchlorate in a PV C binder with gpproximatdy 5 percent lithium carbonate added
to bind the chlorine) inflator that was detonated by a squib. The combustion process produced nitrogen
gas which heated and expanded the argon gas. These gases were then transferred and inflated the
passenger Sdeair bag. The by- product of this combustion process and particulate release into the bag
was potassum chloride. The representative stated that the discharge residue on the right door pandl was
probably potassum chloride. He further noted thet this type of inflator operates at alower temperature
than sodium azide inflators, therefore it was unlikely that the fire was attributed to the passenger air bag.

The Allied Sgnd representative did Sate that the possibility of an inadvertent deployment did exist. Two
faults would had to have occurred which would involve a short to the power and a short to the ground.
The on-board air bag system diagnostic moduleretainsall active faults and would provide datato support
an impact induced deployment versus an inadvertent deployment. Down loading of the data can be
obtained by atrained technician using a multi-purpose universa tester (MUT). This task was scheduled
to be accomplished on asecondary ingpection of thevehicleby NHTSA, ODI, Hyundai, and Allied Signd
representatives. The outcome of this ingpection was not provided to the SCI team for inclusion into this

report.

Other Possible Fire Related Sources

It should be noted that other sources of the fire have been investigated. These have included potentid
smoking by thedriver, hisexposure to flammable materids, and work place risksthat could have harbored
asgpak, etc. Thedriver of the vehicle is a non-smoker and he has denied the use of tobacco products
withinthevehicle (and at al times). Theash tray of the Hyundai was clean of any ash residue and gppeared
to have been used exclusvely to store business cards and personnd papers. Thevehiclescigarettelighter
was positioned in the mid pand unit of the vehicle. The lighter was in a new condition and gppeared to
have never been used. There was no apparent exposure to heeat on the dements of the lighter unit. The
driver offered to take adrug test at the scene of the crash to disprove the possibility of drug usage. The
vehide was extremely clean and free of any tobacco-type materid. Asprevioudy noted, the driver works
in aclothing store and is not exposed to flammable materids or sparks. He was not in close contact with
the drivers of the other vehicles at the scene of the crash, prior to the detection of the clothing fire. This
eliminates the possihility of contact with a discarded smoking materia from one of these drivers.

ODI has retained possession of the clothing remains for possibletesting of foreign matter. 1n addition, the
follow-up ingpection of the vehicle and testing of the fragments recovered from the insde of the passenger
dgdeair bag, in combination with the down-loading of the system data, and possible disassembly of the
passenger Sde air bag are probable tasks that will be directed under ODI supervision. It should be noted
that the driver of the Hyundai was fully cooperative with the Veridian SCI investigation and that he
appeared to be an extremely credible witness.



Driver Demographics

Age/Sex: 21 year old mde
Heaght: 180.3cm (71.0")
Weight: 81.6 kg (180.0 Ibs)
Manua Restraint
System Usage: 3-point lap and shoulder belt
Usage Source: Interview
Eyeware: None
Mode of Trangport
From Scene: Ambulance to alocd hospita
Type of Medicd
Treatment: Treated and released
Driver Injuries
Injury Injury Severity Injury Source

(A1'S90/Update 98)

Sprain of the left wrigt

Minor (751420.1,2)

Air Bag rdated fling injury
agang the left sunvisor

Bligtered burn of the dorsa

Minor (792002.1,2)

Not crash related, occurred as

agpect of the left hand the driver attempted to
extinguihyremove burning
dothing

Cevicd pan N/A Impact force

* Source of injury - Driver interview (attorney refused to allow release of medical records)




