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

The crash investigation process is an inexact science which requiresthat physica
evidence such as skid marks, vehicular damage measurements, and occupant
contact pointsbe coupled with theinvestigator'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 crashisauniquesequenceof events, generdized conclusionscannot
be made concerning the crashworthiness performance of the involved vehicle(s)
or their sefety systems.
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BACKGROUND NASS-2000-48-088C

This case was brought to the NHTSA'’ s attention by areview of the 2000 NASS/CDS data. The
crashinvolvesa 2000 Oldsmobile Alero (case vehicle) and a 1999 Oldsmobile Alero (other vehicle). The
crash occurred in Alabama, in May 2000 at 1.05 p.m., and was investigated by the applicable municipa
police agency. Thiscrashisof specid interest because the case vehicle was equipped with redesigned air
bags that deployed as aresult of the collison events and was aso equipped with an Event Data Recorder
(EDR) that was successfully downloaded. The case vehicle s restrained driver (32-year-old mae) and
restrained front right passenger (40-year-old male) both sustained minor injuries and did not seek medica
treatment. The NASS researcher inspected the scene and both vehicles, and interviewed both drivers, in
May 2000. Thisreport is based on the Police Crash Report, the coded NASS case, scene and vehicle
photographs, interview information, the datafrom the case vehicle sEDR, and this contractor’ sevauation
of the evidence.

CRASH CIRCUMSTANCES

The casevehiclewastraveling southintheinside
southbound through lane of a four-lane, one-way
roadway that was part of a divided urban trafficway,
approaching a four-leg intersection intending to pass
through the intersection and continue south. The other
vehide had been traveling north in the left-turn-only
lane of afour-lane, one-way roadway that was part of
the same urban trafficway, approaching the same
intersection and intending to turn left to travel west.
The trafficway was divided by a grass median with no
barrier, with amedian cut for the crossng Street. For
bothnorthbound and southbound traffic, therespective
roadways conssted of two through lanes, with the
surface widened to four lanes to accommodate turn
lanes in the area of the intersection. For both directions, the right-turn- and left-turn-only lanes were
separated from the through lanes by solid white lines and were marked with painted ONLY and arrows.
The through lanes were separated by dashed lanelines. There were no traffic controls for the north-south
trafficway. East-west traffic was controlled by STOP signsat the outside cornersandaNO U TURN sign
in the median cut (Figure 1). It wasdaylight, with no adverse westher conditions, and the bituminousroad
surface waswithout defects. Theroadway curved dightly to theright with anegetive grade for southbound
traffic. The other vehicle entered the median cut and then began the intended | ft turn, across the path of
the case vehicle. The case vehicle driver braked without lock-up and steered right. It isnot known if the
driver of the other vehicle attempted any avoidance actions.

Figure 1. Case vehicle’'s southbound approach
toward impact within the intersection

The crash occurred within the intersection. The front of the case vehicle impacted the right Side of
the other vehicle, causing the case vehicl€ sdriver and front right passenger air bagsto deploy. The other
vehicle sdriver and front right passenger air bags dso deployed. The case vehiclerotated clockwise, the
other vehiclerotated counterclockwise and the left Sde of the case vehicle struck theright side of the other
vehide in asecond “sidedap” impact. The case vehicle rotated gpproximately 180 degrees and cameto
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Crash Circumstances (continued) NASS-2000-48-088C

rest heading north in the outside southbound lane. The other vehicle rotated gpproximately 90 degrees
counterclockwise, did off the roadway in the southwest quadrant and cameto rest on the roadside heading
southwest. Both vehicles were towed due to disabling damage.

CASE VEHICLE

The case vehicle was afront whed drive 2000 Oldsmobile Alero GL S four-door, five-passenger
sedan (VIN: 1G3NF52EXY C------), equipped with aV-6, 3.4 liter engine and an automeatic transmission
with a console-mounted selector lever. Four-whed anti-lock brakes were standard for thismodd. The
case vehicle's wheelbase was 272 centimeters [107.0 inches], and the odometer reading was 19,022
kilometers 11,820 miles).

The case vehicle sustained direct contact
damage across dmogt the entire front from the initia
impact. The bumper cover was didodged and shifted
rightward, but not separated (the el astic rebound of the
vinyl bumper cover concedl's the actua crush to the
bumper); the hood was bent upward and rearward,
more S0 on the right; and the leading edge of the right
fender was bent downward and rearward; the leading
edge of the left fender was bent inward and rightward.
The right headlight assembly was broken gpart, but the
lenses were not shattered (Figures 2 and 3). The [ At -
right and left fenders sustained indirect damage and Figure2: Casevehicle'sfront damage.
were bent and misshapen. The second (Sidedap)
impact caused very minor damage on the left front door. All the doors remained closed and operationa
and there was no glazing damage. The NASS researcher found no evidence of any intrusion.

The CDC for the case vehicle's most severe
impact wasdetermined tobe11-FDEW-2 (340). The
WIinSMASH recongtruction program, damage-only
agorithm based on the measured crush profilefromthe
other vehicle and a CDC-only estimated crash profile
for the case vehicle, was used on the case vehicle's
most severe impact. The caculated estimates for
Totd, Longitudind and Latera Deta V are,
regpectively: 35 km.p.h. [22 m.p.h.],-33km.p.h.[-21
m.p.n.] and 12 km.p.h. [8 m.p.h.]. These results
closdly match the EDR information. This was a crash
of moderate severity for the case vehicle. The case
vehide was towed from the scene due to disabling
damage.

Figure3: Casevehicle's damagjé at front ri gt




AUTOMATIC RESTRAINT SYSTEM NASS-2000-48-008C

The case vehide was equipped with redesigned
ar bags that deployed at the driver and front right
passenger seat positions, and an Event Data Recorder
(EDR) that was successfully downloaded. Therewere
no other automatic restraint devicesinthe casevehicle.

The driver’ sair bag was mounted in the steering
whed hub (Figure 4). The air bag was round with
diameter 53 centimeters [20.9 inches|. The module
cover flaps were aranged in a symmetricd “I”
configuration, with each haf 13 centimeters [5.1
inches| horizontally and 7 centimeters [2.8 incheg|
vaticdly. The air bag had two vent ports a the 11
and 1 o'clock pogtions, and two tethers. The driver’s air bag showed black scuffing from the module
cover flaps on the front and back, and no other evidence of contact.

The front right passenger’ sair bag was mounted
in the top of theingdrument panel (Figure5). Thear
bag was rectangular, measuring 67 centimeters [26.4
inches] vertically and 53 centimeters [20.9 inches|
horizontally. The single module cover flap was a
rectangle with rounded corners measuring 33
centimeters  [13.0 inches] horizontaly and 16
centimeters [6.3 inches| verticdly. Theair bag had no
vent ports and no tethers. It showed black scuffing
from the cover flap on the left edge, and there was a
andl spot of blood above and to the right of the
center.

Figure5: Front right passenger’sair bag

EVENT DATA RECORDER

The case vehicle's EDR was downloaded (see Figures 8, 9 and 10, a end). The deployment
occurred on ignition cycle 1,391. The Supplemental Inflatable Restraint (SIR) warning lamp was off,
indicating no problemswith the air bag system, and the driver’ s safety belt wasrecorded asbuckled. The
EDR pre-crash data (Figur es8 and 10) indicatethat the casevehiclewastraveling 85 km.p.h. [53m.p.h]
five seconds before the device detected the impact (“agorithm enable’). Recall that the case vehicle was
traverang a gentle curve to the right with a negative dope. The pre-crash data show that the throttle was
at 4 per cent, that is, the driver’ sfoot was probably off of the accelerator. The driver apparently braked
lightly as the vehicle was rounding the curve, with the EDR pre-crash data showing the brake light switch
circuit “on” at four seconds prior to agorithm enable. The case vehicle s travel speed dowed dightly to
79 km.p.h. [49 m.p.h.] over the next two seconds (from -4 to -2 seconds, see Figures 8 and 10). At
gpproximately two seconds prior to algorithm enable, the driver apparently braked hard becausethetravel
speed dropped steeply to 51 km.p.h. [32 m.p.h.] in the interva between -2 and -1 seconds.
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Event Data Recorder (continued) NASS-2000-48-088C

The EDR deployment data (Figures 9 and 10) indicate longitudind DdtaV of -34.41 km.p.h. [-
21.38 m.p.h.] during the 120 milliseconds [0.12 seconds] after algorithm enable (the EDR did not record
deployment data beyond 120 milliseconds). The WinSMASH cdculated estimate for longitudina Delta

V was-33 km.p.h. [-21 m.p.h.], indicating close agreement between the recorded data and the calculated
esimate.

CASE VEHICLE DRIVER

The case vehicledriver (32-year-old male, white, non-Hispanic, 198 centimeters, 82 kilograms|[78
inches, 181 pounds]) was restrained by the available, manud, three-point, |ap-and-shoulder safety belt
system. The driver was reported by the police as sustaining no injuries. In the interview, the driver
reported that he sustained very minor injuries and did not seek any treatment.

The driver was seated dightly reclined with the seat track at the rear most position, the tilt steering
whed in the middle position and the upper anchorage adjustment of the safety belt at the full-up position.
Both hands were on the steering whed, hisright foot was on the brake and hisleft foot was on the floor.
He braked and steered right immediately prior to the impact and probably moved dightly forward and
leftward in response to these avoidance actions. Upon impact, he moved further forward and leftward,
toward the 11 o' clock direction of principa force. The deploying air bag contacted the inner surface of
his left wrigt, causng an dorason. Because he was using his safety belt system, his motion was restricted
and his face and chest encountered the fully deployed air bag. Because he was cushioned by the air bag,
he did not load the safety belt webbing with strong force. The case vehiclerotated clockwiseand sustained
avery minor Sdedap impact on theleft front door. Thedriver’ slegsflailed and he sustained abrasionson
both knees due to contacting the knee bolster. His seat retained its pre-crash adjustment at fina rest. He
exited the vehicle under his own power.

CASE VEHICLE DRIVER | NJURIES

: : - NASS In- : Source
Injury Injury Description jury Code Injury Source Confi- Source of
Number (including Aspect) & AIS 90 (Mechanism) dence Injury Data
1. |Abrasion, left inner wrist 790202.1 |Driver'sair bag  |Probable Interview
minor
2. |Abrasion, bilaterad knees 890202.1 |Knee bolster Probable Interview
minor




CASE VEHICLE FRONT RIGHT PASSENGER NASS-2000-48-088C

The case vehicle sfront right passenger (40-year-old mae, white, non-Hispanic, 183 centimeters,
77 kilograms [72 inches, 170 pounds]) was restrained by his available, manua, three-point, lap-and-
shoulder safety belt system. Thefront right passenger was reported by the police as sustaining no injuries.
In the interview, the driver reported that the front right passenger sustained very minor injuries and did not
seek any treatment.

The front right passenger was seated dightly reclined with his back againgt the seat back, the seet
track between the middle and rear most positions, his handsin hislap, hisfeet on the floor and the upper
anchorage adjustment of the safety belt in the middle postion. The driver braked and steered right
immediatdly prior to theimpact and the front right passenger probably moved dightly forward and leftward
inresponse to these avoidance actions. Upon impact, he moved further forward and leftward, toward the
11 o’'clock direction of principa force. Because he was using his safety belt system, his forward motion
was regtricted. He encountered the fully deployed air bag with his head and chest, sustaining an abrasion
on his right tempord scap. Because he was cushioned by the air bag, he did not load the safety belt
webbing with strong force. The case vehiclerotated clockwise and sustained avery minor Sdedap impact
on the left front door. At final rest, his seet retained its pre-crash adjustment. He exited the vehicle under
his own power.

CASE VEHICLE FRONT RIGHT PASSENGER INJURIES

. . - NASS In- ) Source
Injury Injury Description jury Code Injury Source Corfi- Source of
Number (including Aspect) & AIS 90 (Mechanism) dence Injury Data
1. |Abrasion, right tempord scalp 190202.1 |Passenger’sair Probable Interview
minor  |bag

OTHER VEHICLE

The other vehicle was a front whed drive 1999 Oldsmobile Alero GL, four-door, five-passenger
sedan (VIN: 1G3NL52T4X C------) equipped with an 1-4, 2.4 liter engine and an automatic transmisson
with a console-mounted selector lever. Four-whed anti-lock brakes were standard for this modd. The
other vehicle' s wheelbase was 272 centimeters [107.0 inches], and the odometer reading was 49,767
kilometers [30,925 miles).

The other vehicle sustained direct contact damage a ong theright sde, from thefront whed rearward
to the middle of the front door (Figure 6). The whed was tilted and suspension components were
probably broken; the lower A-pillar showed moderate crush; the middle of the front door pand was
crushed into a moderately deep “V” (Figure 7); the front door window glazing was shattered; the front
door window frame was bent outward; both the front and back doors were jammed shut; and the outside



Other Vehicle (continued)

NASS-2000-48-088C

rearview mirror was broken loose. The front door was forced open by rescue personnd, leaving pry

marks.

The CDC for the other vehicle simpact with the
case vehicle was determined to be01-RY EW-3 (40).
The WIinSMASH recongtruction program, damage
only agorithmwith the measured crush profilefromthe
other vehicle and a CDC-only estimated crush profile
for the case vehicle, was used on this vehicle simpact
with the case vehicle. The cdculated estimates for
Totd, Longitudind and Laterd Ddta V are
respectivay: 35 km.p.h.[22 m.p.h.], -27 km.p.h. [-17
m.p.h] and -23 km.p.h.[-14 m.p.h]. The other
vehide was towed from the scene due to disabling
damage.

Therewere three occupantsin the other vehicle.
The driver and front right passenger air bags deployed
as areault of the impact with the case vehicle. The
restrained driver (23-year-old male) was transported
via ambulance, trested for minor contusons and
released. The restrained front right passenger (22-
year-old femae) was transported via ambulance,
trested for minor contusions and strains, and rel eased.
The restrained back right passenger (6-year-old male)
was not injured and did not receive any treatment.
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Figure 7: Looking down at right side damage
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EVENT DATA RECORDER NASS-2000-48-088C
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Figure 8: Graph of case vehicle spre-crash conditions (data presented in Figure 10). Notethat
engine rpm’s jump to 6500 between -2 and -1 seconds; thisis thought to be an error in the
EDR or the download.
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Figure 9: Graph of case vehicle’ slongitudinal DeltaV following air bag deployment
(data presented in Figure 10)
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Figure 10: Casevehicle sdatafor graphsin Figure 8 and Figure 9




