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The crash investigation process is an inexact science which requiresthat physica
evidence such as skid marks, vehicular damage measurements, and occupant
contact points be 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 crash isaunique sequence of events, generdized conclusions cannot
be made concerning the crashworthiness performance of the involved vehicle(s)
or their sefety systems.
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BACKGROUND IN97-058

This on-gite investigation was brought to NHTSA's attention in December, 1997, by GES sampling
activities. Thiscrashinvolved a1998 Pontiac Grand Am SE (case vehicle) and a1984 Chevrolet Camaro
Sport Coupe (vehicle #2). The crash occurred in December, 1997, at 7:15 p.m., in Texas, and was
investigated by the applicable municipa police department. This crash is of specia interest because the
case vehicle was equipped with redesigned air bags, and the case vehicle' s driver [33-year-old, Black
(unknown if Hispanic) mae] sustained no known injuriesfrom hisdeploying driver ar bag. Inaddition, the
front right passenger [11-year-old, (unknown race or ethnic origin) mae] sustained possble (“C”) injuries
from his deploying front right air bag. This contractor’ sinvestigative consultant ingpected the case vehicle
on December 23, 1997, and vehicle #2 on March 2, 1998. Numerous attempts to contact the case
vehicle sdriver proved unsuccessful. Thisreport is based on the Police Crash Report, sceneand vehicle
ingpections, occupant kinematic principles, and this contractor's evaluation of the evidence.

CRASH CIRCUMSTANCES

The crash location involved a north-south, multi-use, state trafficway (i.e., divided trafficway with
aralway between the roadways), with an east-west roadway intersectingina“ Teg’ configuration fromthe
east; see CRASH DIAGRAM below. Both the north and southbound roadways had three lanes (i.e., two
through lanes and one left-hand turn lane, in each
direction), separated by two sets of at-grade railroad
tracks. The case vehicle had been traveling south in
the southbound, left-hand, turn lane and turned left
across the two sets of ralroad tracks and was
attempting to travel east on the intersecting roadway
(Figure 1). Vehicle #2 was traveling north in the
indde, northbound, through lane of the same
trafficway, and intended to continue in its northerly
travel path (Figure 2). Itisunknown if either the case
vehid€e's driver or vehicle #2's driver made any
avoidance maneuvers prior to the crash. The crash

Figure 1. Casevehicle’'ssouthward travel path in
left-hand turn lane approaching “Tee”
intersection; Note: case vehicle turned left like

occurred within the “Teg’-intersection, in the insgde exemplar vehicle (arrow) and crossed two sets of

northbound through lane. railroad tracks, just prior to impact (case photo

#02)

Both the north and southbound roadways of the
state trafficway were straight and level a the area of
impact. The pavement was concrete for both
roadways, and the width of the left-hand turn lane on
the southbound roadway was 3.1 meters (10.2 feet),
while the width of theinsde northbound lanewas 3.35
meters (11.0 feet). Both the north and southbound |~ o
roadways were bordered by barrier curbsontheeast | = e R >
and west sides of their respective roadways. The Figure2: Vehicle#2's northward travel path in in-

. - ) . side northbound through lane approaching
width of the median-like area containing the two sets “Tee” intersection (case photo #09)




Crash Circumstances (Continued) IN97-058

of railroad tracks was gpproximately 11.9 meters (39.0 feet). Pavement markingsat the mouth of both the
north and southbound roadways consisted of a Sngle broken white centerline separating the two through
lanes and a solid white lane line separating the left-hand turn lane from the through lanes. The separation
of the turn lanes was augmented by the presence of raised pavement markers. The turn lanes so had
painted white left-turn arrows and painted white
rallroad crossing symbols. The estimated coefficient of
frictionwas 0.80 for both roadways. There were four
on-colors, pre-timed, verticaly-mountedtraffic control
ggnds controlling each roadway a the “Teg’
intersection. At thetime of the crash thelight condition
was dark, but illuminated by overhead street lamps a
the area of impact, the atmospheric condition was
clear/cloudy, and the road pavement wasdry. Traffic
density isunknown, and the Site of the crash was urban
commercid.

Figure 3: Case vehicle's right side damage with
contour gauge present viewed from left of front
(case photo #14)

F-i'gure 4. Casevehicle'sri ght side damagéfr(; ini-
tial impact withvehicle#2; Note: redtape (arrow)

F : i

indicates length of direct damage (case photo s T

#16) J 2ge ( P Figure 5. Close-up of case vehicle's front right
damage (case photo #17)

The right fender and right front door of the case
vehicle (Figures 3 through 5 and Figure 6 below) were impacted by the front of vehicle #2 (Figures 7
and 8 below), causing the case vehicles driver and front right passenger supplementd restraints (air bags)
to deploy. The case vehicle began an gpproximate 200 degree counterclockwise rotation during separation
fromthefirg impact with vehicle#2 to find rest, with the heading direction changing from the eest-southeast
to nearly due west. Vehicle #2 began an approximate 100 degree clockwise rotation during separation
from the case vehicle, with its heading direction changing from the north to eest-southeast. After thefirgt
impact occurred and during each vehicl€ s respective rotation, a second, sidedap impact occurred. The
right back corner of the case vehide(Figure 9 below) impacted the forward haf of vehicle #2's | eft front
door (Figures 10 and 11 below).
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Figure7: Vehicle#2'sfrontal damage with contour
gauge present from initial impact with case
vehicle (case photo #47)

Figure 8: Close-up of vehile #2's frontal.da.mage
with contour gauge present (case photo #48)

BN

Figure®: Casevehicrle’ sright side dLmage viewed
along right reference line from back; Note: red
tape (arrow) marks length of direct damage and
disintegrated right front glazing (case photo #21)

CASE VEHICLE

The case vehicle was afront whedl drive, 1998 \ : _
Pontiac Grand Am SE fivepassenger four-door |Figure9: Case vehicle's back right damage with
. ’ g’ . contour gauge present from sideslap impact with
ﬁTLwégHtGSSSSiTZg;;é_;ﬂu;gslfd%veletg] vehicle #2's | eft side (case photo #23)
automatic transmisson. The case vehicle was
equipped with four-whed, anti-lock brakes. The case vehicle' s whedbase was 263 centimeters (103.4
inches), and the odometer reading at ingpection was 7,825 kilometers (4,862 miles).

Based on the vehicle ingpection, the CDC for the case vehicle s initid impact was determined to
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Case Vehicle (Continued)

be: 02-RYAW-2 (+50) [maximum crush was 13
centimeters (5.1 inches)].  The WinSMASH
recongtruction program, damage only agorithm, was
used on the case vehicles highest saverity impact. The
Totd, Longitudind, and Laterd Ddta Vs ae,
respectively:  39.2 kmp.h. (244 mp.h), -25.2
km.p.h. (-15.7 m.p.h.), and -30.0 km.p.h. (-18.6
m.p.h.). The CDC for the second, sdedap collison
wasdeterminedtobe: 05-RBEE-1 (+160) [maximum
crush was 1 centimeter (04 inches)]. The
WInSMASH recongruction program, damage only
agorithm, was aso used on the case vehicle's second
highest severity impact. The Totd, Longitudind, and
Laterdl Ddlta V results are, respectively: 4.7 km.p.h.
(2.9 m.p.h.), +4.5 km.p.h. (+2.8 m.p.h.), and -1.6
km.p.h. (-1.0 m.p.h.). The case vehicle was towed
due to disabling damage.

The case vehicle s driver air bagwaslocated in
the steering whed hub. The module cover consisted of
“I”-configuration cover flgps made of thick vinyl with
overdl dimensons of 9 centimeters (3.5 inches) at the
upper horizontal seamsand 10 centimeters (3.9 inches)

IN97-058

Iéigl]'rf 10: Véhicle#Z‘s driver door damaged from.h
sideslap impact with case vehicle (case photo
#51)

Figure 11: Close-up of damage to vehicle 2's
driver door from sideslap impact with case
vehicle (case photo #53)

veticdly. An ingpection of the air bag modul€e's cover flaps and air bag revedled that the cover flaps
opened at the designated tear points, and there was no evidence of damage during the deployment to the
ar bag or the cover flaps (Figur e 12); dthough, the top half of the steering whed rim was bent forward
5 centimeters (2.0 inches).

Figure 12: Case vehicle's steering wheel-mounted
driver air bag module showing “1” configuration
cover flapswithout evidence of damage or occu-
pant contact (case photo #33)

Figure 13: Casevehicle sdeployed driver air bag;
Note: yellow tape identifies possible contact
points (case photo #29)




Case Vehicle (Continued)

The driver’s air bag was designed without any
tethers. The driver’s air bag had two vent ports,
approximately 3 centimeters (1.2 inches) in diameter,
located at the 3 and 9 o'clock postions. The
deployed driver’ sair bag wasround with adiameter of
52 centimeters (20.5 inches). Ingpection of the driver
ar bag fabric reveded two scuffs (Figur e 13 above),
one above the bag's horizontd midline and the other
below the horizonta midline.

The front right passenger’ s air bag was located
in the top of the insrument pand. Therewasasingle,
asymmetrical, modular cover flgp. The cover flap was
made of a thick vinyl over a thick cardboard type
frame. The flgp's dimensons were: 37 centimeters
(14.6 inches) dong the horizonta seams, forward and
at therear (i.e., toward thewindshield), 21 centimeters
(8.3 inches) dong the right verticd seam, and 26
centimeters (10.2 inches) dong the left vertica seam.
The profile of the case vehicl€ singrument panel/dash
resulted in a 6 centimeter (2.4 inch) setback of the
leading edge of the cover flgp relativeto the protruding
right insrument pand. An ingpection of the front right
ar bag modul€'s cover flgps and air bag reveded that
the cover flaps opened at the designated tear points,
and there was no evidence of damage during the
deployment to the air bag or the cover flaps (Figure
14).

Thefront right passenger’ sair bag was designed
with two tethers, with each tether strap 5 centimeters
(20 inches) wide. Thefront right air bag had no vent
ports. The deployed passenger ar bag was
rectangular with a heght of agpproximately 46
centimeters (18.1 inches) and awidth of approximately
48 centimeters (18.9 inches). Ingpection of the front
right passenger air bag fabric (Figure 15) revealed a
smdl trandfer at the bottom center and contact marks
at the bottom right corner. The only other evidence of
occupant contact on the interior surfaces involved the
windshield-mounted rearview mirror, which was
knocked out of position, and the center console which
may have been contacted by the driver.

IN97-058

Figure 14: Case vehicle's front right passenger
seat-ing area showing front right air bag
modul€' s cover flap without evidence of damage
or occupant contact; Note: floor-mounted,
automatic transmission sel ector lever (case photo
#35)

Figure 15: Case vehicle’'sdeployed front right air
bag; Note: vyellow tape identifies possible
contact points (case photo #38)




CASE VEHICLE OCCUPANTS IN97-058

Based on the available evidence and occupant kinematic principles, the case vehicle s driver [33-
year-old, Black (unknown if Higpanic) mae], immediately prior to the crash, was dightly reclined with his
back against the seat back, hisleft foot on the floor, his right foot on the acceerator, and both hands on
the steering whed during his attempted left turn maneuver. The vehicle ingpection indicates that his seat
track waslocated initsrearmost position, the seat back was dightly reclined, and thetilt Steering whed was
located between its middle and upmost positions.

The height and posture of the case vehicl€ sfront right passenger [son; 11-year-old, (unknown race
or ethnic origin) mae], including the postions of his feet and hands, are unknown. The case vehicle
ingpection indicates that his seat back was dightly reclined, and the seet track was located between its
middle and forward-most positions.

The case vehicleésdriver (unknown height and weght) and front right passenger (unknown height and
weight) wererestrained by their available, active, three-point, |ap-and-shoulder, safety belt systems. There
was no evidence reported by this contractor’ sinvestigative consultant that the case vehicle sdriver or front
right passenger loaded their respective seat belt webbing, “D”-ring, or latch plate. It is dso unknown
where, or if, the torso portion of the front right safety belt system came in contact with the front right
passenger’ s right shoulder area.

The height and posture of the case vehicle s back middle passenger [6-year-old, (unknown race or
ethnic origin) mae], including the positions of his feet and hands, are unknown. His seat back and seat
track were not adjustable.

The back middle passenger (unknown height and weight) was restrained by his available, active,
two-point, lap belt. Additiondly, there was no evidence reported by this contractor’s investigative
consultant that the back middle passenger loaded his seet belt webbing or latch plate.

Based on the available evidence, the case vehicle's driver made no known pre-crash avoidance
maneuvers. Asaresult and independent of the use of their available safety belts, the driver’ sand front right
passenger’ s pre-impact body postions shifted dightly to their right haunches during the case vehicle sl eft
turn maneuver from a southbound to an anticipated eastbound travel path. The case vehicl€' s primary
impact with vehicle #2 enabled the case vehicle€ sdriver and front right passenger to continue forward and
rightward toward the +50 degree Direction of Principal Force, asthe case vehicledecelerated. Inaddition,
the driver’ sbody rotated dightly counterclockwise and moved dightly upward, resulting (most likely) inhis
right hand striking and displacing theinterior rearview mirror. Theinitia impact also caused the case vehicle
to rotate counterclockwise, causing the driver to move further to theright. Because hewasusing hislap-
and-shoulder, safety belt system, his forward motion was restricted, and he encountered the deployed air
bag in aright-of-center dignment, most likely with hisface and chest. The acute angle of the casevehicle's
right Sdeimpact most likely delayed the system sensorsfrom reading alongitudina decd eration of sufficient
magnitude to reach the air bag system’ s deployment threshold. As aresult, when the driver’ s air bag did
deploy, the driver’ s body caused the air bag to expand towards the instrument panel, bending the upper
portion of the steering whed’ srim (Figure 16). Thedriver wasthen thrust backwards and alittleright by



Case Vehicle Occupants (Continued) IN97-058

the air bag, such that the driver’ sright hip struck the left Sde of the console and the transmission shift lever.
The second (Sided ap) impact served to dow the case
vehid€e's counterclockwise rotation and mogt likely
caused the driver to move rightward and rearward
toward the +160 degree Direction of Principle Force.
The ddedap impact was relaively negligible, and its
effect upon the occupants kinematics may have been
only minimal. The counterclockwise rotation by the
case vehicle from the firgt impact to find rest would
have kept al occupants leaning to their right. Fndly,
the driver rebounded back leftward, into his seet, as
the case vehicle came to rest.

e

] ] o Figure 16:M vehicle’'s driver seating area
TI’E a/ald)le evi dmce |ndlca6 that the front Showing deformation to upper portion of
right passenger’s upper torso jackknifed over the lap steering wheel rim (case photo #39)

belt portion sufficiently to contact the lower center and

right portions of the front right passenger’s deployed air bag. As mentioned previoudy, there was a
second, sSidedap impact, and its effect on the front right passenger would be smilar to its effect onthe case
vehicle sdriver.

During the crash, the back middle passenger’ s body jackknifed over hislap belt, moving toward the
+50 degree Direction of Principle Force. There is no evidence to indicate that he made contact with any
interior components. The above mentioned second, didedap impact would have caused the back middle
passenger to move toward theright “ C” -pillar and back right seat back before correcting back toward his
origina seating pogtion as the case vehicle moved to find rest.

OCCUPANT INJURIES

The available evidence indicates that the driver of the case vehicle was uninjured and, thus, he was
not transported to alocal hospital because of medical reasons. The front right occupant was transported
by ambulance to the hospital. According to the Police Crash Report, he sustained apossible (“C”) injury.
The injuries sustained by the case vehicle€ s front right passenger are unknown. It isentirdy possible that
the case vehicl€ s driver may have accompanied his son when they trangported him from the sceneto a
hospitd. According to the Police Crash Report, the back middle passenger was aso transported by
ambulance to amedicd facility. He sustained possible (“C”) injuries from this crash sequence; however,
once again, the exact nature of hisinjuriesis unknown.

VEHICLE#2

Vehicle #2 was arear whed drive, 1984 Chevrolet Camaro Sport Coupe, four-passenger, two-
door coupe (VIN: 1G1AP8712EL ------ ) equipped with a 2.8L, 2bbl., V-6 engine and a three-speed
automatic transmisson. Anti-lock brakeswere not an option for thismodel. Vehicle#2' swhed basewas
257 centimeters (101.0 inches), and the odometer reading at inspection was not recorded.
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Vehicle #2 (Continued) IN97-058

Based on the vehicle inspection, the CDC for vehicle #2'sinitid impact was determined to be: 12-
FDEW-2 (-10) [maximum crush was 60 centimeters (23.6 inches)]. The WinSMASH recongtruction
program, damage only algorithm, was used on vehicle#2'shighest saverity impact. The Totd, Longitudind,
and Lateral DeltaVsare, respectively: 38.2 km.p.h. (23.7m.p.h.), -37.7 km.p.h. (-23.4 m.p.h.), and +6.6
km.p.h. (+4.1 m.p.h.). The CDC for the second, sidedap collision was determined to be: 11-L PMW-1
(-40) [maximum crush was 2 centimeters (0.8 inches)]. The WinSMA SH recongtruction program, damage
only agorithm, was used on the case vehicle's second highest severity impact. TheTotd, Longitudind, and
Latera DetaVsare, respectively: 4.6 km.p.h. (29 m.p.h.), -3.5 km.p.h. (-2.2 m.p.h.), and +3.0 km.p.h.
(+1.9 m.p.h.). Vehicle #2 was towed due to disabling damage.

Vehicle #2's driver [16-year-old, Black (unknown if Hispanic) mae; unknown height and weight]
was reportedly restrained by his available, active, three-point, lap-and-shoulder, safety belt system.
Vehide #2'sfront right passenger [23-year-old (unknown race or ethnic origin) male; unknown height and
weight] was not wearing the available, active, three-point, lap-and-shoulder, safety belt system. Vehicle
#2 wasnot equipped with air bagsor anti-lock brakes. According to the Police Crash Report, vehicle#2's
driver was uninjured in this crash and, thus, he was not trangported to a medica facility; the front right
passenger reportedly sustained possible (“C”) injuries and was transported by ambulance to a medica
fadlity.
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