TRANSPORTATION SCIENCES
CRASH RESEARCH SECTION

Calspan Corporation
Buffalo, New York 14225

NASS/SCI COMBINED DRIVER AIR BAG FATALITY INVESTIGATION
CALSPAN CASE NO. 1998-04-004B
VEHICLE - 1993 BUICK CENTURY CUSTOM WAGON
LOCATION - NEW JERSEY

CRASH DATE - JANUARY, 1998

Contract No. DTNH22-94-07058

Prepared for:

U.S. Department of Transportation
National Highway Traffic Safety Administration
Washington, DC 20590



DISCLAIMER

This document is disseminated under the sponsorship of the Department of Trangportation 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 physica evidence such as skid
marks, vehicular damage measurements, and occupant contact points be coupled with the investigator's
expert knowledge and experience of vehicle dynamics and occupant kinematicsin order to determine the
pre-crash, crash, and post-crash movements of involved vehicles and occupants.

Because each crash is a unique segquence of events, generaized conclusions cannot be made concerning
the crashworthiness of the involved vehicle(s) or ther safety systems.
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NASS/'SCI COMBINED DRIVER AIR BAG FATALITY INVESTIGATION
CALSPAN CASE NO: 1998-04-004B
VEHICLE: 1993 BUICK CENTURY CUSTOM WAGON
LOCATION: NEW JERSEY
CRASH DATE: JANUARY, 1998

BACKGROUND:

This remote investigation focused on the fatal injury mechaniams of an unrestrained 71 year old femde
driver, involved in asingle vehicle crash. The subject was driving a 1993 Buick Century Custom Wagon.
The Buick mounted acurb and traveled off the right Side of theroad, striking afire hydrant and rotating into
autility pole. The vehicle was equipped with a Supplementa Restraint System (SRS) that consisted of a
driver air bag that deployed as areault of the impact with the fire hydrant. The Nationd Highway Traffic
Safety Adminigiration (NHTSA) was informed of the crash by a NASS research team on February 3,
1998. NHTSA assigned aremote investigation of this crash to the Specid Crash Investigations Team at
Cadgpan the same day. The crash was subsequently sdected for investigation by the NASS system.

SUMMARY
This sngle vehide crash occurred in the afternoon hours of January, 1998. At thetime of the crash, it was
daylignt and the roads were dry; the wegther was not a factor. The crash occurred at the end of a left
curve for westbound traffic in a straight and level section of a two lane east/west county road (refer to
Figure 1). At the approximate end of the curve, atwo lane road intersects from the north. Therewas a
shoulder and barrier curb bordering the north edge of the roadway.
The speed limit in the area of the crash was 72 knvh (45 mph).

The driver of the Buick wasa 71 year old femade with a reported
height and weight of 157 cm (62 in) and 64 kg (140 1b). Shewas
seated unrestrained in aforward to mid seet track position due to
her sature. The Buick was being operated westbound at an
approximate speed of 72 kmv/h (45 mph), as reported by atrailing
witness. Immediately prior to the crash, the driver faled to
negotiate the left curve and the Buick departed theright side of the
roadway. As the vehicle entered the mouth of the intersecting
road, the driver recognized her error and applied the brakes,
evidenced by a4.2 m (13.7 ft) skid mark of theright front tire. The sudden brake application locked the
right front tire and the vehicle skidded into and then impacted and mounted the barrier curb. Theinspection
of the scene located two impacts to the curb from the vehicle s respective front tires. The Buick’s right
front rim was deformed and thetire deflated in the curb impact. Theimpact probably disoriented thedriver
and the 12 o' clock direction of the impact force caused the unrestrained driver to exhibit a forward
trgjectory. The driver disengaged the brakes.

Figure 1: Pre-crash trajectory view.



The vehicle then traveled pardld to the road approximately 27.0 m (88.5 ft) and struck a fire hydrant
located 2.5 m (8.2 ft) north of the curb edge with the left front corner of the vehicle. The 12 o' clock
direction of the impact force displaced thedriver further forward and in contact with driver air bag module
located in the center of the steering whed. The driver loaded and compressed the steering column and the
fire hydrant impact caused the driver air bag to deploy. The position of her chest and head over the top
of the air bag module impeded the norma path of the deploying air bag. The NASSinspection identified
specific areas of interaction between the driver, the module cover flaps and the air bag membrane. The
deployment of theair bag caused massive chest trauma. Approximately 1.5 seconds el gpsed from thetime
the Buick struck the curb to the fire hydrant impact. In that interva, the disoriented driver did not have
sufficient time to perceive and react to the impending crash.

The Collison Deformation Classification(CDC) of the hydrant impact as determined by the NASS
ingpection was 12-FLEN-01. The direct contact damage began 2.0 cm (0.8 in) inboard of left front
bumper corner and extended right 22.0 cm (8.7 in). The maximum engagement of the front bumper with
the hydrant occurred at C2, located 31.6 cm (12.4 in) inboard of the |eft front corner (refer to Figure 2).
The crush profile measured during the ingpection was:
C1=10.0cm (3.9in), C2=17.0cm (6.7 in), C3=7.0 cm
(2.81n), C4=2.0cm(0.8in), C5=0, C6=0. Theleft sde
wheel base was foreshortened 7.0 cm (2.8 in) and the left
front fender buckled rearward. The A-pillars were cut
and thewindshield removed during the rescue operations.
The total delta V' of the Buick computed by the barrier
model of the SMASH program was 14.5 km/h (9.0 mph).
The ddta V was of aufficient magnitude to cause the
deployment of the Supplemental Restraint System. Note,
the delta V reported was enhanced by the SCI team from P ;
the EDCS reported delta V vaue of 16.9 km/h (10.0 Figure 2: Left front view of the Buick Certury

Theimpact sheared thefire hydrant casing. However, the
vehid€e's suspension snagged the hydrant’s internd
piping and the Buick’s momentum caused it to rotate
counterclockwise about the hydrant. The Buick
rotated approximately 45 degrees, disengaged from
the hydrant and continued awestbound trgjectory and
in the process initiated a right side leading rall. The
Buick then impacted a utility polelocated 5.0 m (16.4
ft) north of the curb edge and 5.6 m (18.4 ft) west of
the fire hydrant. The right rear quarterpand of the
vehicle struck the utility poleresultinginaCDC of 00-
RBAN-03 (refer to Figure 3). (Note, the SCI team
revised the CDC extent zone to 03, from the EDCS

Figure 3: Right side view of the Buick.
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reported CDC of 00-RBAN-02.) The nature of the damageindicated the vehicle had rolled gpproximately
30 degrees at the time of the impact. The vehicle then rebounded and completed the one-quarter turn
coming to rest on itsright sSide and in contact with a utility pole, Figure 4.

Figure 4: View of find res.

The driver responded to the right side impact and rollover by moving toward the right side of the vehicle,
where she was found. She was pronounced dead at the crash scene, 23 minutes post-crash. The cause
of degth, indicated in the police report, was ruled massive chest trauma. An autopsy was performed. The
results of the autopsy indicated the driver sustained multiple bilaterd rib fractures with bilatera
hemothoraces (AIS 5), alacerated thoracic aorta (AlS 5) and other minor injuries.

AIR BAG VEHICLE

The 1993 Buick Century Wagon was identified by the VIN of 1G4AH85NOP (production sequence
deleted). Thevehicle spower train condgsted of a3.3 liter, V6 MF engine linked to a 3-gpeed automeatic
transmisson. (The2.2liter, 4-cylinder enginereported inthe EDCSwasrevised based ontheVIN.) The
odometer reading was 111,673 km (69,392 miles) at the time of ingpection.

The vehicle was equipped with a Supplemental Restraint System that consisted of adriver air bag and 3-
point automatic seet beltsin the front outboard seat positions. The front belts were door mounted with a
fixed D-ring mounted to the upper rear aspect of thewindow frame. Thelap and shoulder beltsconsisted
of two separate webbings with two retractors mounted in the base of each door. The webbings attached
at thefixed latch plate. Theleft front restraint wasfound in the retracted position at ingpection. Therewere
no signs on thewebbing or the hardware surfaces that the restraint wasin-use during the crash. The police
report coded the driver as unrestrained. An interview with the family of the deceased indicated, the driver
was found on the right front seat, dumped to the right. The driver’sfind rest location, kinematic paitern
and the interior damage to the Buick al support the conclusion that the driver was unrestrained.

Passenger compartment integrity was maintained in the crash, with the exception of the right rear second
window glazing and backlight which disntegrated in the impact with the utility pole. The doors remained
closed through the collison sequence. Vehicle inspection reveded the | eft rear and right rear doors were
jammed shut dueto deformation. Theintrusion into therear cargo area, due to the pole impact, measured
at the lower edge of the right rear second window frame was 15 cm (6 in).
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The front seatsin the Buick were configured in asplit bench with reclining backs. The left front seat was
positioned between forward and mid track. The seat back was dightly reclined and the adjustable head
rest wasin the full down position. Therewere no sest performancefailures. Thehorizonta distancefrom
the center of the steering whed hub to the seat back was 54 cm (21 in). The center arm rest was down
and exhibited sgns of occupant contact. 1t was deformed to theright. The driver sde (left) knee bolsters
were rigid and exhibited no signs of occupant contact.

Thetilt steering column was adjusted between the center and full down positions. It wasanon-telescoping
column. There was no steering whed rim deformation. However, the steering column exhibited signs of
sgnificant interaction between the driver and the steering whed hub. The steering column was compressed
completely forward off the shear capsules (gpproximately 5 to 8 cm (2 to 3 in)), with the tilt and
tranamission leversin contact with ingrument pand (Figures 5 and 6).

Figure 5: Left view of the Figure 6: Right view of the
deering column. seering column.

SUPPLEMENTAL RESTRAINT SYSTEM

The driver air bag module was designed in the typical manner and
housed in the center of the steering whed and the air bag had
deployed as designed from the H-configuration module. The
module cover flapswere symmetrica and measured 20.0cmx 5.0
cm (7.9 in x 2.0 in) width by height. The deflated air bag
messured 50 cm (20 in) in diameter. The bag was tethered and
had two vent ports on the back side on the bag located in the 3
and 9 o'clock sectors. It should be noted that in Figure 7, the
steering whed was rotated clockwise approximately 90 degrees, Figure 7: Driver air beg,
such that the 9 o' clock sector of the rim was vertical.

Thereweretwo distinct areas of interaction between the occupant and the SRSidentified during the NASS
ingoection. The cover flaps opened at the designated tear seams, however the flaps exhibited heavy blue
fabric transfers and were covered with faint bluefibers. The transferswere located on the center and right
aspects of both the upper and lower flaps. These fibers transferred from the driver’ s blue swester to the
cover flgps during the deployment sequence.  The interview with the driver’s family confirmed that the
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driver was wearing a blue sweater. On the air bag's peripheral seam, in the 3 o'clock sector, a black
trandfer 25 cm (10 in) in length was identified. This transfer was caused by friction heating between the
indde surface of the cover flgpsand themembrane of theair bag inthe early stages of the deployment. The
existence of theseinteractionsindicate the driver’ s chest was on top of the air bag module at the beginning
of the deployment sequence. The driver’s forward position and forward trgjectory impeded the normal
egress of the ar bag from the module.

i, . " Figure 9: Black transfer in the 3 o' dock
FigureS: Bluefzbric sector of the air bag' s peripherd seam.
transfers on the upper cover

flap.



DRIVER INJURIES

Injury Severity (A1S90) Injury Mechanism
Thoracic Aortic Laceration Critica Deploying driver ar bag
(420216.5,4) ying
Multiple rib fractures with Criticd . . .
hemothoraces (450222.5,3) Deploying driver air bag
Moderate . . .
Fractured Sternum (450804.2,4) Deploying driver ar bag
_ . Moderate . . .
Pericardid Laceration (441602.2,4) Deploying driver ar bag
Anterior neck abrason Minor Deploying driver ar bag
(390202.1,5) ing
: - . Minor Deploying driver air bag/ cover
Anterior mid-chest abrasion (490202.1,4) flap
. . Minor Inertid contact - right Sde
Right shouider contusion (790202.1,1) interior
Multiple facial abrasions Minor Deploying driver air bag
(290202.1,2,8) oying

DRIVER KINEMATICS

The female driver of the vehicle was 71 years old with areported height/weight of 157 cm (62 in) and 64
kg (140 1b). She was seated with a presumably norma posture, unrestrained by the vehicle' s autometic
restraint system. The left front seat was adjusted to aforward to mid track position, consstent with her
dature. At impact withthe barrier curb, the driver was displaced forward in response to the 12 o’ clock
direction of force. It is probable that the driver became disoriented. Her forward trgjectory positioned
the driver in close proximity to the driver air bag module located in the center of the steering whed. Upon
impact with the fire hydrant, the 12 o’ clock direction of the impact forces caused the driver to contact the
ar bag module and load the steering column with her chest.  This kinematic pattern placed the driver's
upper chest and head over the top of the air bag module at the time of deployment.

Asthe deployment initiated, the cover flaps rotated open againgt the driver’ s chest evidenced by the blue
fabric transfers to the cover flaps from her clothing. The mid aspect of her chest was abraded in the
contact. Theair bag began to expand and unfold out of the module, however the driver’'s position over
the top of the module impeded its egress. This impedance caused the friction heating between the cover

-6-



flaps and air bag membrane evidenced by the black transfers on the bag's periphery. The air bag
expanded into the driver’s chest causng massive chest trauma and the aortic laceration. The air bag's
continued expans on abraded the anterior aspect of the driver’ sneck. Thedriver then beganto accelerate
rearward.

As the driver rebounded, the vehicle began to rotate countercl ockwise about the hydrant and the vehicle's
rear axle began to devate and rollover to theright. Relative to the vehicle, this dynamic pattern displaced
the rebounding driver toward the left Sde of the left front seat and the left B-pillar. The vehicle rotated
approximately 45 degrees, disengaged with the hydrant and continued its westbound trgjectory. In the
process, it wasralling toitsright. Theright rear quarterpand of the vehicle then contacted the utility pole.
The 3 0’ clock direction of theimpact force and quarter turn roll displaced the driver into the center am
rest and to right side of the vehicle were shewasfound. The right shoulder contusion probably occurred
when the driver was displaced to the right Side of the vehicle.



