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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 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 be coupled with the investigator’s
expert knowledge and experience of vehicle dynamics and occupant kinematics in 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 of the involved vehicle(s) or their safety systems.
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CALSPAN ON-SITE AIR BAG CHILD FATALITY INVESTIGATION
CALSPAN CASE NO. CA97-42
LOCATION: NEW YORK
VEHICLE: 1995 TOYOTA AVALON
CRASH DATE: OCTOBER, 1997

BACKGROUND

This on-gte investigation focused on a child fataity resultant to a Sngle vehicle road Sde departure crash
which occurred in the late afternoon hours of October, 1997. The crash involved an air bag equipped
1995 Toyota Avadon XLS 4-door. sedan.  The Toyota was equipped with a Supplemental Restraint
System (SRYS) that consisted of driver and front passenger air bags. The Toyota s SRS deployed as a
result of the vehicle's impact into atree. The fataly injured child was a seven year old male, seated
unrestrained in the right front position. 1t was the medicad examiner’s impression that the child sustained
a high cervicd injury with probable cord transection, as a result of contact with the deploying front

passenger air bag. No autopsy was performed.

The local medicd examine’ s office contacted the Nationd Transportation Safety Board (NTSB) about
the crash. NTSB rdlayed the information to the Field Operations Branch of the Nationa Highway Traffic
Safety Adminigtration (NHTSA). The Specia Crash Investigation (SCI) Team at Cal span was assigned
an on-Steinvestigation of this crash by NHTSA on October 29,1997. The Caspan SCI Team began the
on-site investigation October 30, 1997. The vehicle was held at the police impound pending SCI
investigation.

SUMMARY

Ingpection of the crash scene reveded the crash occurred in a resdentia neighborhood, in front of the
child'shome. The east/west road measured 10.2 m (33.5 ft) in width and was constructed of asphdt (re-
paved within the last Sx months). The subject residence was
on the north sde of the road and the private driveway to the
homewas circular. The driveway entrances were Situated on
aright curve and were 32 m (105 ft) apart. Concrete curbs,
15 cm (6 in) in height, bordered the road edges. A negdtive
grade westbound began a the east drive and the grade
increased to -8% at the west drive. Further downstream from
the crash scene the gradeincreased to -11%. Theroadswere
damp/wet and leaf covered at the time of the crash. It had
recently stopped raining. The road was marked with an
advisory speed limit of 24 kmvh (15 mph) preceding thecurve.  Figure 1: Trajectory view of the crash
Figure 1 isaweserly view of the crash scene. scene.

The ToyotaAvd onwastraveing westbound and wasintending

to turn right into the west drive of the resdence. The vehicle was occupied by the 66 year old driver and
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the saven year old right front passenger (the driver's
grandson).  In addition, the vehicle€'s trunk was loaded
with an estimated 181 kg (400 |b) for adriving vacation. The
crash occurred when the driver lost directiona control, while
the vehicle was in the process of executing aright turninto the
driveway. The vehicle entered the northwest intersection
quadrant, formed by the driveway and roadway, and struck a
35 cm (14 in) diameter treelocated 2.1 m (6.9 ft) west of the
driveway and 1.0 m (3.2 ft) north of the curb. A scraich 81 Figure 2: View of final rest position of the
cm (32in) inlength was located on the road just prior to the  1yota Avalon.

vehicle' s departure and defined the vehicle strgectory. The

center frontal plane of the Toyota impacted the tree (Figure

2). Thevehicle cameto rest in contact with the tree, partidly in the northwest intersection quadrant, at a
thirty degree angle rlative to the road.

Upon impact, the inboard sidewall of theleft front tire (Figure
3) camein contact with the curb sdewadl. A distinct scuff 25
cm (10 in) in width was noted on the sidewdll of the curb.
Reportedly, the vehicle sengine continued to run and the front
tires continued to rotate after the impact. One of the
investigating officers reported that as the tire rotated, the tire
rapidly heated and began to separate. The disintegrating tire
damaged the inner fender of the left front whed house and a
wiring harness above the whed area. The officer indicated
that only the beads and portions of the tire's sdewalls
remained attached to the whedl rim. The baance of the tire
was shredded. Thistirewasremoved and asparetirewasin
place at the time of the vehicleingpection. A safety check of the vehicle was conducted. No mechanica
defects were found in the brake or steering systems. However, low ar pressure was measured in the
remaning tires. The rear tires each measured 152 kPa (22 psi) and the right front tire measured 138 kPa
(20 ps). The left front tire was probably under-inflated in a Smilar manner. It was the investigating
officer’ s opinion that the low tire pressure may have been a contributing factor in the crash.

Figur e 3: Post-crash condition of the
Toyota sleft front tire.

Figures4 and 5 are the left front and Ieft latera view of the Toyota Avaon taken during the inspection,
respectively. The Collison Deformation Classfication (CDC) of the Toyota Avalon was 12-FCEN-2.
The impact deformed the entire front bumper structure of the Toyotainto aV pattern when viewed from
overhead. Thewidth of the direct contact damagewas 35 cm (14 in). Therewasamaximum deformation
of 42.7 cm (16.8 in) measured a G;, located 6.4 cm (2.5 in) left of the vehicle's centerline. The
deformation extended rearward buckling the hood and the center of the upper radiator support. Thedelta
V of the Toyotawas determined to be gpproximately 32 km/h (20 mph) by abarrier cdculation using the
WINSMASH dgorithm.



Figure 4: Left front three-quarter view Figure5: Left lateral view of the
of the Toyota. Toyota.

The driver of the Toyotawas a66 year old mae of unknown height and weight. Hewasrestrained by the
avalable 3-point lap and shoulder belt. At impact, the driver exhibited a forward trgectory in response
to the 12 o' clock direction of force and loaded the belt system. The driver then contacted the deployed
air bag evidenced by the blood spatters and then loaded and fractured the steering whedl mechanism. A
blood stained eyeglass lens was found between the driver seat and door. The lens had been popped out
of its frame, indicating the driver was wearing prescription eyewear during the crash. The fractured
eyewear probably lacerated the driver’ s face causing the blood spatters.

The right front unrestrained passenger of the Toyota was a seven year old male with a reported height/
weight of 122 cm (48 in) and 22 kg (48 Ib). He was seated in a presumed norma posture with the seat
adjusted 5 cm (2 in) forward of the most rearward position. The seat back was reclined 25 degreesfrom
veticd. The child occupant responded to the pre-impact braking of the Toyota by initiating a forward
trgectory. Thiskinematic pattern positioned the child in aforward position at the time of impact. Upon
impact, the child moved further forward in response to the 12 o' clock direction of force and in to the path
of the deploying air bag. The air bag contacted and abraded the anterior aspect of the child’s neck and
its continued expansion hyper-extended the head/neck complex resulting in ahigh cervicd injury.

The police and ambulance responded to the crash scene. The occupants of the Toyotawere immediately
transported to a University hospital, reportedly arriving 40 minutes post-crash.  The ambulance records
indicated the child occupant had no vital signs at the scene and he had a Glasgow Coma score of 3. He
was pronounced deceased approximately 55 minutes post-crash. An autopsy was refused by the family
for religious reasons.

AIRBAG VEHICLE

The 1995 Toyota Avaon XLS 4-door sedan was identified by the Vehicle | dentification Number (VIN)
of: 4T1GB11E3SU (production sequence deleted). The vehiclewas equipped with a3.0liter, V-6 engine
linked to a 4 -gpeed automatic transmisson. Additiona safety equipment included an anti-lock braking
system. The odometer read 43,639 km (27,117 miles) at the time of the ingpection.



AIR BAG VEHICLE (CONT’D)

The front seats in the Toyota were bucket seats constructed of a high grade vinyl/leather. The head
resraintswere adjustable. Therewereno seat performancefailures The seatswere adjusted eectronicaly
by control switcheslocated on the outboard side of the seat cushion. Thedriver seat cushion was adjusted
to the most rearward position. The seat back wasreclined 35 degrees rearward of vertical. The position
of the seat back appeared to be reclined, relaive to a“norma” driving position. The position of the seat
(both position and seat back angle) probably were adjusted by the responding medical personnd during
rescue activities. Theright front seat waspositioned 5 cm (2 in) forward of the most rearward position and
the seat back wasreclined 25 degreesfromvertical. Inthislocation, the upper/mid portion of the seat back
was located 81 cm (32 in) rearward of the lower edge of the front passenger air bag module cover flap,
94 cm (37 in) rearward of the front passenger air bag inflator. This seat position probably wasitsat crash
position.

INTERIOR DAMAGE

The right side of the windshidld exhibited two specific fractures that
joined together due to the weakened condition of thelaminate (Figure
6). Thefractureswerelocated 24.1 cm (9.5in) and 62.2 cm (24 .5
in) right of center, gpproximatdy 14.0 cm (5.5in) abovetheinstrument
pand.. A 35.6 cm (14.0in) long vinyl transfer was located between
the fractures. The trandfer was 5 cm (2 in) in width and tapered to
11.3 cm (0.5in). This fracture pattern and tranfer matched to the
front passenger air bag module cover flap. Immediately below the
fractures was a crack in the top of the instrument pandl. The crack
was 17.8 cm (7.0 in) long, 6.4 cm (2.5 in) forward of the edge of the
ingrument pand and centered lateraly within the dimension of thefront
passenger air bag module cover flgp. On the edge of the instrument panel were two sets of smal fabric
abrasions 17.8 cm (7.0 in) apart that matched to the cover flap tethers.

Figure 6: View of theright
windshield fractures.

MANUAL RESTRAINT SYSTEM

The Toyotawas equipped with manua 3-point lap and shoulder belt systemsin dl five (5) seating positions
(2 front/3 rear). Therestraint systems consisted of acontinuousloop webbing with adiding latch plate and
dua mode (inertia locking and webbing sensitive) retractors. Theretractorsfor theforward restraintswere
located in the base of the B-pillars. The retractorsfor the rear restraints were located under the rear seat
cushion. The front restraints had adjustable D-rings and the rear D-rings were fixed. The left front latch
plate showed a wear pattern indicating routine usage. Also, the edges of the webbing appeared to be
dightly frayed from repeated use. Detailed ingpection of theleft front restraint indicated it wasin use a the
time of the crash. The D-ring was adjusted to the full up position. The belt was stowed at the time of
ingpection, however the plastic covering of thelatch plate was spattered with blood. Inaddition, therewere
two blood stained areas 1.9 cm (0.75 in) diameter, located approximately 12 cm (5in) and 30 cm (12in)
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MANUAL RESTRAINTS (CONT’D)

above the latched position of the restraint, in aposition covering the driver’ storso. A smal transfer mark
was a0 noted on the left D-ring . The lower trim pane covering the left B-pillar was partidly displaced
inthe crash. The right front restraint was stowed upon ingpection and showed no signs of usage in this
crash. The latch plate did not have a distinct wear pattern smilar to the driver’ sbelt and the edges of the
webbing were not frayed. The belt systemn gppeared to have had minima use during the vehicle slife. The
surface of the belt webbing was clean Theright D-ring was adjusted 6.3 mm (0.25 in) below the full up
position. There was no webbing transfer on the right front D-ring.

SUPPLEMENTAL RESTRAINT SYSTEM

The vehicle s steering assembly was in-tact and operational. The steering whed was adjustable and had
four tilt pogtions. Thewhed wasadjusted one position up from thelowest adjusment. The steering whed!
angle measured 20 degrees from verticd. The steering whed was a two spoke whed with the spokes
located at the 4/8 0’ clock positions. There appeared to be dight/minor separations between the spokes
and the inflator module. The steering whedl/column had been loaded by the driver during the impact
sequence. Thiswas evidenced by afractured mechanism between the steering whed and tilt mechanisms
of the upper column, located above the instrument panel. The steering whedl rim was not deformed.

The driver air bag deployed as designed from the center hub of the
seeringwhed (Figure 7). Thecover flapsof thedriver air bag module
were configured in the H-pattern. The upper and lower flaps were
symmetrical measuring 17.1 cm (6.8 in) at the center seam by 7.6 cm
(3.0in) verticaly. Thedriver air bag diameter measured 63.5cm (25.0
in) in its deflated state and was tethered by four internd strgps 6.4 cm
(2.5in) wide. The center tether gtitching measured 16.5 cm (6.5 in)
diameter. Two 2.9 cm (1.12 in) diameter vent ports were located on
the back side of the air bag a the 11/1 o’ clock positions. Thefaceof =
the driver bag was lightly blood spattered in the upper |eft quadrant of ~ F19Ure 7: Driver air bag.
the bag and with asingle spatter in the lower left quadrant. Therewere

no other interior contacts on the driver Sde of the vehicle.

The front passenger air bag deployed from amid-mount configuration. The rectangular module cover flap
measured 38.1 cm (15 in) lateral by 15.2 cm (6.0 in) vertica. The cover flgp was congtructed of vinyl
covered PVC and was tethered by two straps 6.4 cm (2.5 in) long. The lower edge of the flap was
abraded and the corners of the flap were impacted. This evidence correlated to contact with the
windshield. There was no evidence that the occupant was in contact with the front passenger air bag
module cover flap.

The front passenger air bag was wedge shaped and extended 76 cm (30 in) from theinflator, inits deflated
dstate (Figure 8). The top of the bag measured 28 cm (11 in) laerdly a the inflator and
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SUPPLEMENTAL RESTRAINT SYSTEM (CONT'D)
increased to 64 cm (25 in) laterdly at the extended bag face. The bag
face measured 61 cm (24 in) verticdly. Theair bag wasvented by two
3.5cm (1.38in) diameter vent ports located in the center of thebag's
Sde panels. The center of the bag was tethered by a 61 cm (24 in)
long strap.  The center tethering alowed the perimeter of the bag to
“billow” beyond the 61 cm (24 in) tethered dimenson. The only
evidence of occupant contact on the front passenger air bag was a5
cm (2 in) long blood transfer on the left (inboard) side of thebag. The
transfer was located 10 cm (4 in) down from the top of the bag and 10
cm (4 in) forward of the face.

Figure 8: Front passenger air bag.

CHILD PASSENGER INJURIES

Injury Severity (A1S90) Injury Mechanism
Gingivalaceration Minor (243204.1,8)  Deploying front passenger air bag
Gingiva contusion Minor (243202.1,8)  Deploying front passenger air bag
89cmx89cm(35inx 35in) Minor (390202.1,5)  Deploying front passenger air bag

anterior neck abrasion
Abrasion anterior |eft shoulder Minor (790202.1,2)  Deploying front passenger air bag
Punctate abrasions anterior chest Minor (490202.1,4)  Deploying front passenger air bag

Punctate abrasonsright latera Minor (590202.1,1)  Deploying front passenger air bag
abdomen

Linear dorasion pogterior |eft Minor (790202.1,2)  Rebound contact seat/seat back
upper am

Punctate abrasons anterior right Minor (790202.1,1)  Deploying front passenger air bag
deltoid and upper arm

Linear dbrason antero-laterd right Minor (790202.1,1)  Rebound contact seat/seat back
upper arm

Abrasion latera aspect of right Minor (790202.1,1)  Deploying front passenger air bag
elbow
Note: the above documented injuries are from an external examination only - no invasive
autopsy was perfor med.



CHILD PASSENGER KINEMATICS

The front passenger was reportedly 122 cm (48 in) and 22 kg (48 1b), height and weight respectively. He
was seated unrestrained in the right front seat, presumable in anorma posture. The right front seet was
adjusted 5cm (2in) forward of the most rearward position and the seat back wasreclined 25 degreesfrom
vertica. Inthisposition, the upper/mid portion of the sest back was located 81 cm (32 in) rearward of the
edge of the instrument panel, 94 cm (37 in) rearward of the front passenger air bag inflator. The Toyota
was traveling westward gpproaching the west entrance to the circular drive at approximately 32 km/h (20
mph). The driver began braking to reduce speed and initiated a right turn into the driveway. The child
occupant responded to the braking and turning maneuver by moving forward and dightly to theleft. Upon
impact, the child moved further forward in response to the 12 o' clock direction of the impact forces and
into the deployment path of the front passenger air bag. The deploying air bag struck the child in the upper
chest and neck evidenced by the anterior abrasons. The air bag continued to expand under and around
the child’ sneck causing the head/neck to be hyper-extended. The child then rebounded back into the seet
where he was found.

MEDICAL TREATMENT

The ambulance records indicated the child had no vita Sgnsat the scene. Upon initid assessment, he had
a Glasgow Coma score of 3. He arrived a a University hospital 40 minutes post-crash and was
pronounced deceased gpproximately 15 minutes after admission. An autopsy was refused by the family
onreligiousgrounds, therefore adetalled examination was unavailable. Themedical examiner reported that
X-rays weretaken during the post-mortem examination. However, the X-rayswereinconclusive astothe
type of cervica injury sustained by the child. It was the medical examiner’s impression that the child
sugtained a high cervica injury with probable cord transection considering the immediate demise of the
child. The examiner stated theair bag “ apparently killed theboy”. However, lacking the definitivefindings
fromthe autopsy, the cause of the death was certified as blunt force traumaof apassenger in motor vehicle
accident. He identified the manner of death as accidentd.



