TRANSPORTATION SCIENCES
CRASH DATA RESEARCH CENTER

Veridian Engineering
Buffao, NY 14225

VERIDIAN REMOTE KNEE BOLSTER AIR BAG DEPLOYMENT INVESTIGATION
SCI TECHNICAL SUMMARY REPORT
NASS/SCI COMBO CASE NO. 00-41-152C
VEHICLE - 2000 KIA SPORTAGE
LOCATION - STATE OF FLORIDA

CRASH DATE - SEPTEMBER 2000

Contract No. DTNH22-94-D-07058

Prepared for:

U.S. Department of Transportation
Nationd Highway Traffic Safety Adminigtration
Washington, D.C. 20590



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 responsibility for the contents or 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 physical evidence such as skid
marks, vehicular damage measurements, and occupant contact points are coupled with the investigator'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, generdized conclusions cannot be made concerning
the crashworthiness performance of the involved vehicle(s) or their safety systems.
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BACKGROUND

This remote investigation focused on atwo-vehicleintersection crash
that involved a2000 Kia Sportage (Figure 1) that was equipped with
redesigned frontd air bagsfor thedriver and front right positions, and
a knee bolster air bag for the driver postion. The Sportage was
involved in an intersection crash with a 1998 Ford E-Series van that
intiated a left turn across the Sportage's path. The Sportage was
occupied by a 32-year-old male driver and a 23-year-old female
front right passenger. Both occupantswere restrained by the 3-point
meanua |ap and shoulder belt system. Atimpact, the redesigned frontal
ar bag system deployed and the knee bolster air bagdeployed. The
occupants initiated forward trgectories and 1oaded the manud restraints and the deployed air bags. The
driver sustained seat belt-related chest abrasions and contusions. He also sustained facia aorasions from
the driver’ sair bag. The driver's knees struck the knee bolster which was positioned in front of the knee
bolster air bag which resulted in bilaterd knee dbrasions. He sustained left arm lacerations and aorasions
from the interior hardware. The front right passenger sustained seat belt-related chest and abdomen
contusons. She also sustained bilatera upper and lower extremity lacerations from flying glass. Both
occupants were transported by ambulance to a regiona trauma center where they were treated and
released.

Figure 1. 2000 Kia Sportage

This crash was sdected for investigation by the Nationd Automotive Sampling System (NASS) as CDS
case number 00-41-152C. The crash occurred in September 2000. Initid notification of this crash was
made to the Veridian Specid Crash Investigations team following aNASS CDS casereview. The NASS
PSU performed the vehicle ingpectionand sceneinspection. The Nationa Highway Transportation Safety
Adminigration (NHTSA) assigned a case review and report preparation to the Veridian Specia Crash
Investigation (SCI) team on December 6, 2000.



SUMMARY
Crash Site

Thistwo vehicle crash occurred at the intersection of a4-lane north/south arterid roadway and atwo-lane
east/west resdentid roadway during the nighttime hours of September 2000. At the time of the crash, it
was dark and the roadway wasilluminated by overhead lighting. Therewere no adverse weather conditions
as the asphalt road surface was dry. The north/south roadway was straight and level and consisted of two
travel lanesin each direction and a center left-turn lane. The east/west roadway was straight and level and
consisted of one travel lane in each direction separated by a double-yellow centerline. The north/south
roadway was bordered by whitefog lines on the outboard sides and by asphalt parking areasand concrete
sdewaks on the west side. Traffic control at the intersection consisted of stop signs for east/west traffic.
The posted speed limit for the north/south roadway was 56 km/h (35 mph). The roadside environment
condgsted of commercid buildings. The scene schematic isattached asFigure 10 at the end of this report.

Pre-Crash

Thedriver of the KiaSportage was operating the vehicle southbound on
the outboard travel lane on approach to thefour-leg intersection (Figure
2). Thefront right passenger stated in an interview that the gpproximate
pre-impact travel speed was 56 kmv/h (35 mph). The 1998 Ford Van
wastraveling northbound in theinboard |ane on gpproach to the four-leg
intersection. Thevantraveled into the center |eft-turn lanewith theintent
to turn left onto the east/west roadway (Figure 3). The driver of the
Ford van initiated alleft turn across the path of the Kia Sportage. The  Figure 2. Southbound
driver of the van stated that he estimated his pre-impact travel speedto  approach for the Kia
have been 56 km/h (35 mph). There were no skid marks in either  Sportage

vehicle's trgectory indicative of pre-crash braking. The front right
passenger of the Kia Sportage stated that the driver of the Sportage did
not attempt any avoidance maneuver prior to the crash.

Crash
As the Kia Sportage entered the intersection, the front area impacted
the right front area of the Ford van. Impact resulted in moderate
damage to the Sportage. The resultant direction of force wasin the 11
o'clock sector for the Sportege. The damage agorithm of the  Figyre 3. Northbound
WinSMASH program was used to cdculate the DeltarV of the  gnnroach for the Ford van
Sportage based on the crush profilethat was documented by the NASS
researcher. Since a vehicle ingpection of the Ford van could not be
obtained, the Missing Vehicle routine was used to compute a total velocity change of 29 knvh (18 mph)
for the Sportage. The longitudinal and latitudina aspects were -27 krmv/h (-17 mph) and 10 krmvh (6 mph),
respectively. The impact induced deceleration was sufficient to deploy the redesigned frontd air bag
systems in both vehicles, and the knee bolster air bag in the Sportage. The Sportage was redirected to the
right in anear tracking mode, and cameto rest in the southwest corner of the intersection facing southwest.




Theforce of the impact and southward momentum of the Sportage caused the Ford van to be redirected
inasouthwest direction acrossthe southwest quadrant of theintersection. It rotated atotal of 180 degrees
in a counterclockwise (CCW) direction to fina rest in the outboard southbound lane facing southeast
goproximately 15 m (50" south of the point of impact. A post-impact tire mark from the Ford van was
noted in the photographs by the NASS researcher.

Post-Crash
The occupants of the Kia Sportage were removed from the vehicle by rescue personnel. Both occupants
of the Ford van exited the vehicle under their own power. The driver was transported to aregiond trauma
center by private vehicle and the front right passenger of the Sportage was transported by ambulance to
aregiond trauma center. They were both treated and released. The driver and passenger of the Ford van
were trangported to aregiona trauma center and admitted overnight. Both vehicles were towed from the
scene.

VEHICLE DATA - 2000 Kia Sportage

The 2000 Kia Sportage was identified by the Vehicle Identification Number (VIN): KNDJB7235Y5
(production sequence omitted). The vehiclewasa4-door compact sport utility vehicle equipped witha2.2
liter, 4-cylinder engine, and rear whed drive. At the time of the NASS vehicle ingpection, the odometer
read 214 km (133 miles). The seating was configured with front bucket seets with adjustable head
restraints. The driver’ s seet wasfound to be upright and at the rear-mogt track position. Thefront right seat
was found to be dightly reclined and between the mid and full-rear seat track positions. The second row
consisted of a gplit bench seat with folding backs with integral head restraints for the outboard positions.
Bothfront seat postionswere equipped with 3-point manual lap and shoulder belts. Thedriver’ sadjustable
D-ring was in the full-up postion and the front right adjustable D-ring was in the mid-position. The
outboard positions in the second row were equipped with 3-point manua lap and shoulder belts. The
second row middle position was equipped with a lap belt. The Sportage was aso equipped with a tilt
geering column that was in the full-up position at the time of the NASS vehicle inspection.

VEHICLE DAMAGE
Exterior Damage - 2000 Kia Sportage

The 2000 Kia Sportage sustained moderate damage as aresult of the
impact with the van (Figur e 4). The direct damage began at the front
left bumper corner and extended 98 cm (39") acrossthefronta plane.
Direct damage was dso noted on the leading edge of the hood &t the
left corner. The combined direct and induced damage measured 131
cm (52") across the entire frontal plane. The maximum crush was
located at C1 and measured 27 cm (11"). The bumper beam was
crushed rearward on theleft Sde, and fractured at the front |eft corner.
The bumper fascia and grille were separated from the vehicle. The
radiator core and upper radiator support were crushed rearward. The
front left fender was crushed rearward and displaced to theright. The

Figure 4. Frontal damageto
the Kia Sportage
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hood was significantly buckled on theleft Side, and displaced verticdly on theright sde. Theleft front whed
was deflated and restricted and the right rear wheel was deflated. Based on the post-crash measurements
from the NASS researcher, the left whedlbase was shortened 13 cm (5") and the right wheelbase was
shortened 7 cm(3"). The Collision Deformation Classification (CDC) for thisevent was 11-FDEW-2. Six
crush measurements were taken by the NASS researcher at the leve of the bumper beam and above the
bumper and the average profile was asfollows. C1=27 cm (11"), C2=14cm (6"), C3=16cm (6"), C4
=11cm(4"),C5=0,C6=0.

Interior Damage - 2000 Kia Sportage
Interior damage to the 2000 Kia Sportage was moderate and
attributed to occupant contact. The NA SSresearcher documented 17
cm (7") of integrity loss at the top aspect of the left front door. The
windshield was fractured from impact forces and occupant contact
and the left front door glazing was disintegrated from impact forces.
The remaining glazing did not sustain damage. The rearview mirror
was separated from the windshield glazing. The plastic cover around
the steering column was fractured. The padded knee bolster was
deformed from occupant contact, and lower left instrument panel was
scuffed and cracked. The foot controls were bent. The center
ingrument pane and below was cracked and abraded from occupant
contact. The glove box door opened asaresult of the crash and was abraded from occupant contact. The
left door interior surface was deformed and abraded from occupant contact. The NASS researcher did
not document any intrusons.

Figure5. View of interior
damageto the Kia Sportage

REDESIGNED FRONTAL AIR BAG SYSTEM - 2000 Kia Sportage
The 2000 Kia Sportage was equipped with redesigned air bagsfor the
driver and front right passenger postions that deployed as a result of
the impact with the Ford van. The driver’s air bag was housed in the
center of the steering whed with asymmetricd module cover flaps
(Figure 6). Both the top and bottom flaps measured 16 cm (6") in
width. The height of the top and bottom flaps were 7 cm (3") and 6¢cm
(2"), respectively. The driver's air bag measured 54 cm (21") in
diameter in its deflated State. The air bag was not tethered and was
vented by two ports located at the 10 and 2 o' clock positions. Blood
was noted on the front aspect of the air bag and onthetop rear aspect  Figure 6. Driver’s
of the air bag. A black transfer, most likely avinyl trandfer fromthe  redesigned air bag
module cover flap, was identified by the NASS researcher on theright

Sde aspect of the air bag.




The redesigned front right passenger’ sair bag deployed from the mid-
ingrument pand areawith asingle cover flap design hinged & the top
aspect (Figure 7). The module cover flap was rectangular in shape
and measured 12 cm (5") in height and 24 cm (9") in width. The
redesigned front right passenger’s air bag measured 70 cm (28") in
height and 58 cm (23") in width in its deflated Sate. The ar bag was
not tethered. The NASS researcher identified blood and a single
unknown circular black transfer on the fronta surface of the front right
passenger’s air bag. Probable vinyl transfers were noted on the top

rear aspect of the air bag.

Figure7. Front right
passenger’sredesigned air
bag

KNEE BOLSTER AIR BAG SYSTEM - 2000 Kia Sportage
The Sportage was dso equipped with a knee bolster air bag for the
driver’ spostion (Figure 8). The knee bolster air bag deployed from
behind the bolster panel asaresult of thefronta collison. The plastic
knee bolster was rectangular in shape. The top edge of the bolster
was contoured to fit around the bottom aspect of the steering column.
The height of the bolster measured 28 cm (11") and the overdl width
measured 30 cm (12"). Two holes on each sidewhich measured 2 cm
(1") indiameter werelocated 7 cm (3") verticdly from the top aspect
of the bolster and spaced verticaly 10 cm (4") apart. The knee
bolster air bag measured 30 cm (12") in height and 48 cm (19") in
width. The NASS researcher documented apunctureintherear right
quadrant of the air bag membrane (Figure 9). This puncture was a
result of the compression of the air bag between the driver’s knees
and the bolt on the mounting bracket for the air bag module.

Figure 8. Kia Sportage knee
bolster air bag

OCCUPANT DEMOGRAPHICS - 2000 Kia Sportage

Driver Figure 9. Puncture damage
Age/Sex: 32-year-old male to theright rear aspect of
Height 183 cm (72") the knee bolster air bag
Weight: 86 kg (190 Ib)

Seat Track Pogition: Full rear

Manud Redraint Use: 3-point lap and shoulder belt
Usage Source: Vehicle ingpection, injury data
Eyewear: None
Type of Medicd Trestment:  Transported by private vehicle to aregional trauma center and treated

and released



Driver Injuries

Injury Injury Severity (AlS 90) Injury Mechanisms
Multiple superficid lacerations | Minor (790602.1,2) Left Sdeinterior door surface
on left elbow
Contuson to the left aspect of | Minor (490402.1,2) Shoulder bet webbing
the chest
Bilatera knee dorasions Minor (890202.1,3) Knee bolster
Multiple abrasions on |eft Minor (790202.1,2) Left Sde interior door surface
elbow
Abrasion to the left aspect of Minor (490202.1,2) Shoulder bet webbing
the chest
Left eyelid dorasion Minor (297202.1,2) Driver'sar bag membrane
Left facia aorasion Minor (290202.1,2) Driver'sair bag membrane

*Injury source: Emergency Room records, NASS interview with front right passenger

Driver Kinematics

The 32-year-old mae driver of the 2000 Kia Sportage was presumed to be seated in an upright posture
withthe seet track adjusted to the full-rear position. The seat back was positioned in an upright orientation
prior to the crash and retained its pre-impact position. The driver was restrained by the manual 3-point lap
and shoulder belt sysem. The NASSinterview dataindicatesthat he had both hands on the steering whedl
prior to the crash. At impact, the redesigned fronta air bag system and the driver’s knee bolster air bag
deployed. A fracture on the lower |eft aspect of the windshield suggested a possible fling-type hand strike
attributed to the driver's air bag expanson againg the left arm. Although this contact was documented,
there were no soft tissueinjuriesto support this contact. Thedriver initiated aforward trgjectory and loaded
the manud restraint and the knee bolster. He sustained a contusion to the left aspect of the chest and an
abrasion to the | eft aspect of the chest from loading the shoulder belt webbing. He dso sustained bilatera
knee abrasions from loading the knee bolster and the knee bolster air bag. The driver |oaded the deployed
driver’ sar bag. The contact with the driver’ sair bag membraneresulted in aleft eyelid aborason and aleft
facid dorasion. The driver dso contacted the left interior door surface with his left arm/elbow which
resulted in multiple superficid lacerations and abrasions to the left ebow. The NASS researcher so
documented a head contact on the driver’s sun visor evidenced by hair. Considering the height of the
driver, it was uncertain if he struck the visor with his head. The driver was removed from the vehicle by
rescue personnd, and transported by private vehicle to a regiona trauma center. He was treated and
released.



Front Right Passenger

Age/Sex: 23-year-old femde
Height: 173 cm (68")
Weight: 66 kg (146 1b)
Seat Track Pogtion: Between mid track and full rear postions
Manud Redraint Use: 3-point lap and shoulder belt
Usage Source: Vehicle ingpection, injury data
Eyewear: None
Type of Medica Treatment:  Transported by ambulance to aregiond trauma center and trested and
released
Front Right Passenger Injuries
Injury Injury Severity (AlS 90) Injury Mechanisms
L eft chest contuson Minor (490402.1,2) Shoulder bet webbing
L eft abdomen contusion Minor (590402.1,2) Lap belt webbing
Multiple superficid lacerations | Minor (790602.1,3) Hying glass from left front door
bilaterd ams
Multiple superficid lacerations | Minor (890602.1,3) Flying glass from left front door
bilaterd legs

*Injury source: Emergency Room records, interviewee

Front Right Passenger Kinematics

The 23-year-old femal e front right passenger of the 2000 Kia Sportage was presumed to have been seated
in an upright posture with the seet track adjusted between the mid-track and full rear positions. The seat
back wasdightly reclined and retained its pre-impact position. Thefront right passenger wasrestrained by
the manual 3-point |gp and shoulder belt system. Atimpact, theredesigned frontd air bag system deployed
and the front right passenger initiated a forward trgjectory. She loaded the manua restraint and sustained
aleft chest contuson and aleft abdomen contusion from the shoulder and lgp portions of thewebbing. The
gpecific locetion of the left chest contuson was not identified in the NASS interview, however, the
interviewee noted that the contusions were seet belt related. She contacted the deployed redesigned front
right passenger’ sair bag which mitigated contact with theinstrument pane . Based on theinterview with the
front right passenger, flying glass from the left front door glazing resulted in multiple superficid laceraions
on both arms and both legs. She was removed from the vehicle by rescue personnel and transported by
ambulance to aregiond trauma center. She was treated and released.
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Figure 10. NASS scene schematic



