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DISCLAIMER

This document is disseminated under the sponsorship of the Department of Transportation in the interest
of information exchange. The United States Government assumes no responsibility 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 are 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 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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REDESIGNED AIR BAG SPECIAL STUDY (RABSS)
SCI TECHNICAL SUMMARY REPORT
NASS RABSS CASE NO. 1998-12-806E
RABSSVEHICLE - 1999 CHEVROLET CORVETTE
CRASH DATE - OCTOBER, 1998

BACKGROUND

Thisinvedtigation focused on asingle vehicle crash involving a 1999 Chevrolet Corvette convertible,
The Chevrolet Corvette was equipped with redesigned fronta air bags that deployed as aresult of a
frontal collison with alarge diameter tree. The driver was operating the Corvette eastbound on arura
two lane roadway and negotiating a left curve when the vehicle began a counterclockwise rotation and
subsequently departed the left (north) pavement edge. Asthe Corvette exited the north pavement edge,
the front right area Struck alarge diameter tree resulting in moderately severe damage. The vehicle
rotated clockwise and impacted a bush before coming to rest facing southeast. The 54 year old mae
driver of the Chevrolet Corvette was unrestrained (3-point manua lap and shoulder belt system
available) and seated in an upright posture. At impact, he initiated a forward trgectory in response to
the 1 o' clock impact force and loaded the deployed redesigned driver air bag resulting in multiple soft
tissueinjuriesto the facid area. Hislower extremities contacted the knee bolster which resulted in
bilateral femur fractures. Loading of the brake pedd resulted in fractures of the left tibiaffibula. He
continued the kinematic response pattern into the center instrument pand and windshield arearesulting
in fractures of the right radius/ulna and additiona soft tissue injuries to the forehead/scap. The 48 year
old femae front right passenger was aso unrestrained and initiated a forward trgjectory in response to
the 1 o’ clock impact force. She loaded the redesigned passenger air bag which resulted in a contusion
to the posterior aspect of the left hand. She dso sustained a fracture of the left tibia from contact to the
glove compartment door. Both occupants were transported by ambulance to alocd trauma center and
admitted for five days.

This crash was initidly sdected for investigation by the Nationa Automotive Sampling System (NASS)
as case number 98-12-806E for the Redesigned Air Bag Specid Study. The Crash Investigation
Divison of the Nationa Highway Traffic Safety Administration (NHTSA) assigned the Specid Crash
Investigation (SCI) team at Veridian/Calspan the task of case review and find report preparation.

SUMMARY

Crash Site
This single vehicle crash occurred during the late evening hours of October, 1998. At the time of the
crash, it was dark (street not lighted) with intermittent rain conditions as the roads were wet. The crash
occurred off the north pavement edge of alevel two lane east/west asphalt roadway (see Figure 8 -
page 8) which curved |eft for eastbound traffic. No traffic control was present at the scene which had a
posted speed limit of 40 km/h (25 mph). The roadside environment festured various trees and
shrubbery, resdentia driveways and mailboxes.



Pre-Crash
The 54 year old male driver of the 1999 Chevrolet Corvette was operating the vehicle eastbound and
negotiating aleft curve (Figure 1) on wet pavement (direction of travel/collison dynamics identified
incorrectly in the NASS casefile). The intermittent rain resulted in hazardous conditions as puddles and
leaves were collecting about the residentiad roadway. As the vehicle reached the gpex of the curve, it
encountered a puddle and hydroplaned initiating a dight counterclockwise rotation. Upon recognition of
the impending harmful event, the driver steered left and braked in avoidance, subsequently exiting the
left (north) pavement edge.

Figure 1. Overview of crash site Figure 2. East view of struck tree.
looking west (struck treetothe
right in image).

Crash
Asthe Chevrolet Corvette exited the north pavement edge of the rurd two lane roadway, the front right
area struck alarge diameter tree (Figur e 2) resulting in moderately severe damage. Initid contact
involved the extreme front right corner areawhich displaced the bumper and leading edge of the right
fender. The continued forward motion of the vehicle resulted in engagement of the right front whed/tire
agang the tree. Thiswas the first sgnificant structural contact, therefore, the air bag system probably
deployed at thistime, late in the crash sequence. The impact induced deceleration was sufficient to
deploy the Chevrolet's redesigned fronta air bag system. The damage agorithm of the WinSMASH
program computed a (barrier equivaent) velocity change of 35.6 knvh (22.1 mph). The specific
longitudinal component was -33.5 knvh (-20.8 mph). The Collison Deformation Classification (CDC)
for thisinitial impact to the Chevrolet Corvette was 01-FREE-3. At this point, the Corvette rotated
clockwise approximately 40 degrees as the front |eft areaimpacted a bush (adjacent to the tree)
resulting in superficia damage. The CDC for this second and fina impact to the Corvette was 11-
FYEW-1. The Chevrolet Corvette came to rest off the north pavement edge facing southeast.

Post-Crash
Both occupants were removed from the vehicle by rescue personnd with perceived seriousinjuries.
Treatment was rendered at the scene by fire department personnd and emergency medicd technicians
(EMT). Both occupants were transported by ambulance to alocal trauma center and admitted for five
days. The vehicle was towed from the scene due to disabling damage.



RABSS VEHICLE

The 1999 Chevrolet Corvette convertible was identified by the Vehicle Identification Number (VIN):
1G1Y'Y 32G6X5 (production sequence deleted). The vehicle was a 2-door convertible equipped with
rear whedl drive and a 5.7 liter, V-8 engine. The vehicle's odometer reading was unknown &t the time
of the crash. The police report did not identify the owner of the vehicle. The seeting was configured
with front bucket seats. The surrogate reported no previous crashes or maintenance on the air bag
system (origind equipment). It was unknown if acell phone was present or in-use a the time of the
callison.

VEHICLE DAMAGE

Exterior Damage
The 1999 Chevrolet Corvette sustained moderately severe frontal damage as aresult of the impact with
the tree (Figures 3 & 4). The direct contact damage began at the front right bumper corner and
extended 36.0 cm (14.2 in) inboard. The impact deformed the full frontal width resulting in a combined
direct and induced damage length (Field L) of 95.0 cm (37.4 in). Six crush measurements were
documented at the level of the bumper: C1=13.0 cm (5.1 in), C2=18.0 cm (7.1 in), C3=26.0 cm
(10.2in), C4=35.0cm (13.8 in), C5=41.0 cm(16.1 in), C6= 54.0 cm (21.3 in). The contact damage
extended rearward down the right side surface which deformed the fender and deflated/restricted the
right front whedl/tire. Latera displacement of the hood was noted from engagement againgt the tree.
Superficid scratches were documented dong the remainder of the bumper fascia from the bush impact.
Reduction in the right side wheelbase measured 37.0 cm (14.6 in). Reduction in the left Sde whedbase
measured 4.0 cm (1.6 in). The windshidld fractured a the right A-pillar from exterior impact forces and
center mid-windshield area from (interior) occupant contact.

Figure 3. Frontal damagetothe Figure4. Right sideview.
1999 Chevrolet Corvette,

Interior Damage
Interior damage to the Corvette identified through the NASS vehicle
inspection was moderate and was attributed to occupant contact
(Figure5). A scuff mark was noted to the left knee bolster (padded
type) dong with an indentation to the glove compartment door. The
upper portion of the steering whed rim was deformed 6.0 cm (2.4
in). A spider-web type fracture was documented to the center
windshield area with rear view mirror separation (unknown if

Figure5. Interior view.
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damaged). Indentations were found aong the center instrument trim panels with the ventsand radio out
of place. The right front glazing was found adjacent to the vehicle (intact) with hair srands attached. A
door fallure wasidentified at the right latch/stryker assembly. Longitudind intrusonsinto the front right
passenger space included 17.0 cm (6.7 in) of toepan intruson and 11.0 cm (4.3 in) of windshield
header intrusion.

REDESIGNED AIR BAG SYSTEM

The 1999 Chevrolet Corvette was equipped with redesigned fronta air bags for the driver and front
right passenger positions. The air bags had deployed as aresult of the crash. The driver air bag was
housed in the center of the steering whed with averticaly oriented flap tear seam (I-configuration). The
flaps were symmetrica in shape and measured 8.0 cm (3.1 in) in width and 13.0 cm (5.1 in) in height.
Although no contact evidence was identified on the exterior surface of the module cover flgps, blood
gpattering was documented to the (front/back) lower section of the air bag. The NASS researcher
measured the diameter of the driver air bag at 56.0 cm (22.0 in) in its deflated state (Figure 6). The
bag was tethered by two interna straps and vented by two ports located at the 11 o’ clock and 1

0 clock sectors on the rear aspect of the air bag.

The front right passenger air bag deployed from the right top instrument panel area with asingle cover
flap design hinged at the forward aspect. The cover flap was rectangular in shape and measured 27.0
¢m (10.6 in) in width and 18.0 cm (7.1 in) in height. Although no contact evidence was identified on the
exterior surface of the module cover flap, blood spattering was documented to the lower right quadrant
of the air bag. The NASS researcher measured the passenger air bag at 38.0 cm (15.0 in) in width and
50.0 cm (19.7 in) in height in its deflated Sate (Figure 7). No interna tether straps or vent ports were
present. No cutoff switch was reported for the front right redesigned passenger air bag.

Figure7. 1999 Chevrolet
Corvetteredesigned
passenger air bag.

Figure6. 1999 Chevrolet
Corvetteredesigned driver
air bag.



Age/Sex:

Height:

Weight:

Seat Track Position:

Manual Regtraint Use:

Usage Source:

Eyeware:

Type of Medica
Treatment:

Driver Injuries
Injury
Fracture right radius

DRIVER DEMOGRAPHICS

54 year old mde

180 cm (71in)

95 kg (210 1b)

Full rearward position

None

NASS vehicle ingpection, medicd report, police report
Prescription glasses

Transported to alocal hospital and admitted (5 days)

(mid-shaft: mildly comminuted and displaced)

Fracture right ulna

Fracture right femur
(intertrochanteric)

Fracture right femur
(subtrochanteric)

Severity (Al S 90) I njury Mechanism
Serious (752804.3,1) Center instrument panel
Serious (753204.3,1) Center instrument panel
Serious (851810.3,1) Knee bolster

(indirect contact injury)

Serious (851818.3,1) Knee bolster
(indirect contact injury)

Fracture |eft femur (condylar) Serious (851804.3,2) Knee bolster

(indirect contact injury)

Fracture |eft fibula (bimalleolar) Moderate (851612.2,2) Brake pedal

Fracture |eft tibia (shaft)

(indirect contact injury)

Moderate (853420.2,2) Brake pedal
(indirect contact injury)

Contusion scap Minor (190402.1,5) Rear view mirror
L aceration mid-upper forehead Minor (290602.1,7) Windshied
(4.0 cm - with glass embedded)
Contusion forehead Minor (290402.1,7) Windshied
Abrasion right upper forehead Minor (290202.1,7) Windshied
(multiple - linear)
Contusion right eydid Minor (297402.1,1) Front left air bag



Abrasion right cornea Minor (240602.1,1) Front left air bag

Abrasion left cheek Minor (290202.1,2) Front left air bag

Abrasion chin Minor (290202.1,8) Front left air bag

Contusion right forearm Minor (790402.1,1) Center instrument panel
(posterior)

Abrasion bilateral lower legs Minor (890202.1,3) Knee bolster

(anterior - proximal to knees)

Contusion left lower leg Minor (890402.1,2) Knee bolster
(anterior - proximal to knee)

Driver Kinematics
The unrestrained 54 year old male driver of the 1999 Chevrolet Corvette was presumed to be seated in
an upright posture with the seat back dightly reclined and the seat track adjusted to the full rearward
position. Lack of belt usage was confirmed by the type of injuries sustained and contact points within
the vehicle. At impact with the tree, heinitiated a forward trgjectory in response to the 1 o’ clock impact
force and loaded the deployed redesigned driver air bag which resulted in multiple soft tissue injuries to
thefacia area. Hislower extremities contacted the knee bolster resulting in bilateral abrasonsto the
knees/shins, afracture of the left femur (condylar ssgment) and fractures of the right femur
(intertrochanteric and subtrochanteric areas). This mechanism was evidenced by the type and location
of the injuries sustained in conjunction with the scuff marks documented to the knee bolster. The
driver’s placement of the left foot on the brake peda during pre-crash avoidance maneuvers resulted in
afracture of the tibiaffibula

At this point, the driver bottomed out the top portion of the air bag (confirmed by the 6.0 cm of upper
rim deformation), traveled up and over the steering whedl rim and continued the kinematic response
pattern into the center instrument panel and windshidld area. The right forearm struck the center
insrument pand resulting in a contusion and fractures of the radius/ulng, evidenced by the indentations
and displacement of the center instrument pand components. His head contacted the rear view mirror
which resulted in a contusion as evidenced by the location of the injury and separation of the mirror
from the windshied. He contacted the windshield resulting in additiond soft tissue injury to the forehead
and scalp, evidenced by the spider web type fracture to the windshield and subsequent removal of glass
fragments during the driver’ streatment at aloca trauma center. No injury was atributed to the
subsequent bush impact. The driver was trangported by ambulance to aloca trauma center and
admitted for five days. The medica report stated his blood acohal level was .107. Please note that
many injury sources wer e identified incorrectly in the NASS case file, however, the correct
sources were listed in this report.



FRONT RIGHT PASSENGER DEMOGRAPHICS

Age/Sex: 48 year old femde
Height: 165 cm (65 in)
Weight: 57 kg (125 |b)

Seat Track Pogition:  Full rearward pogition
Manud Redraint Use None

Usage Source: NASS vehicle ingpection
Eyeware: Unknown
Type of Medical
Trestment: Transported to alocal hospital and admitted (5 days)
Front Right Passenger Injuries
Injury Severity (AIS 90) Injury Mechanism
Fracture l€eft tibia - plateau Serious (853408.3,2) Glove compartment door
(comminuted)
Contusion left lower leg Minor (890402.1,2) Glove compartment door

(anterior-proximal to knee)

Contusion posterior |eft hand Minor (790402.1,2) Front right air bag

Front Right Passenger Kinematics
The unrestrained 48 year old female front right passenger of the 1999 Chevrolet Corvette was
presumed to be seated in an upright posture with the seat back dightly reclined and the seet track
adjusted to the full rearward position. Lack of belt usage was confirmed by the type of injuries
sustained relative to the occupants height and pre-crash seet track position. At impact with the tree, she
initiated a forward trgjectory in response to the 1 o’ clock impact force and |oaded the deployed
redesigned passenger air bag resulting in a10.2 cm (4.0 in) contusion to the posterior aspect of the left
hand (injury source identified as the center instrument pane in the case file). This mechaniam was
evidenced by the location of the injury in conjunction with the kinematic pattern and rearward extent of
the fully deployed air bag. Her lower extremities |oaded the glove compartment door which resulted in
acontusion to the left knee and (comminuted) fracture of the left tibia, evidenced by the indentations
noted to this component. No injury was attributed to the subsequent bush impact. The front right
passenger was transported by ambulance to aloca trauma center and admitted for five days.
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Figure 8. NASS Scene Diagram (direction of travel identified incorrectly).




