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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 invedtigation 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 kinematicsin order to determine the
pre-crash, crash, and post-crash movements of involved vehicles and occupants.

Because each crashis a unique sequence of events, generdized conclusions cannot be made concerning
the crashworthiness of the involved vehicle(s) or ther safety systems.
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ON-SITE AIR BAG RELATED CHILD PASSENGER FATALITY INVESTIGATION
VERIDIAN CASE NO: CA98-058
VEHICLE: 1996 GEO METRO
LOCATION: NORTH CAROLINA
CRASH DATE: OCTOBER 1998

BACKGROUND

Thison-gteinvestigation focused on thefata injury mechanismsthat resulted in the degth of an unrestrained
4 year old mae passenger seated in the front right position of a 1996 Geo Metro. The Geo was equipped
witha Supplemental Restraint System consisting of driver and front right passenger air bags that deployed
asareault of an in-line front-to-rear impact sequence with a 1987 Ford Aerostar. The unrestrained child
passenger trand ated forward, with respect to the vehicle, in responseto the driver’ s pre-crash braking and
was positioned in the path of front right passenger air bag a impact. The expanding front right air bag
hyper-extended the child's neck resulting in an atlanto-occipita fracture didocation. The child was
unrepongve at the scene and pronounced dead 65 minutes post-crash. Thefemaedriver of the Geo had
apolice reported complaint of pain. The eight occupants of the Ford Aerostar were uninjured.

The crash was identified through a media search by the Speciad Crash Invedtigations team a Veridian
Enginearing. Upon subsequent crash natification, the Crash Investigations Division of the Nationa Highway
Traffic Safety Adminidration (NHTSA) assigned an crash on-Ste investigation to the Veridian SCI team.
The vehicle was located through the investigating police agency and loca cooperation was established.

SUMMARY
Crash-Site
Thistwo-vehicle crash occurred during the evening hours of October 1998. At thetime of the crash, it was
dark, with overhead street lights, and the weather was not afactor. The asphdt road surfacewasdry. The
crash occurred in the inboard northbound lane of a
four lane north/south road located in an urban
resdentia setting, Figure 1. The road was straight
and had a pogtive 2 percent grade in the northbound
direction. The respective travel directions were
separated by double yelow center lines. The
northbound pair of lanes was separated by broken
white lines. The road was bordered by 15 cm (6 in)
curbs, adjacent sidewalks, and private resdences. A
two lane road intersected the subject road
goproximately 37 m (120 ft) north of the point of
impact forming a three-leg intersection. The speed

limit in the area of the crash was 72 kmvh (45 mph). Figure 1: Trajectory view of the Geo 30 m (100 ft) south
of the point of impact.




Pre-crash
The 1996 Geo Metro, 2 door hatchback, was traveling north on the inboard lane driven by a 30 year old
restrained femae. The front right seat was occupied by the 4 year old son of the driver. The child was
seated in afull forward track position and was not restrained by the vehicle' s 3 point manud belt system.
The 1987 Ford Aerostar was northbound in the inboard traffic lane directly ahead of the Geo. The Ford
was driven by a 24 year old mae and occupied by seven additiona passengers.

The Ford driver dowed the Aerostar in response to anon-contact vehicle ahead of him. This non-contact
vehicle had stopped to turn left onto an intersecting street that was located north of the point of impact.
The driver of the Geo did not initially detect the Ford's reduced speed but upon recognition of the
impending crash, steered the vehicle to the right and locked the vehicle's brakes. The Geo skidded
forward, in atracking mode, to impact with the Ford. Inspection of the crash scene documented two pre-
crash skid marks attributed to the front tires of the Geo. The left and right skid marks measured 7.0 m
(23.0ft) and 5.5 m (18.0 ft), respectively. Figure 12, page 10, isa schematic of crash.

Crash
The crash occurred with the front plane of the Geo impacting and underriding the back plane of the Ford
inanin-line 12/6 o’ clock impact configuration. The point of impact was evidenced by two gouge marks
attributed to the undercarriage of the Geo. The force of the above-threshold impact caused the
Supplemental Restraint System in the Geo to deploy. The deta V of the Geo caculated by the
WINSMASH modd was 22.0 km/h (13.7 mph). The longitudina deltaVV component was -22.0 kmv/h
(-13.7 mph). The caculated impact speed of the Geo was
46.8 km/h (29.1 mph). The WINSMASH caculated ddtaV
and impact speeds of Ford were 11.0 km/h (6.8 mph) and
10.9 kmvh (6.8 mph), respectively.

The northbound momentum of the Geo displaced the Ford
forward (north) 15.5 m (50.9 ft) from the point of impact. The
Ford cameto rest on theinboard northbound lanefacing north.
The Geo cameto rest on the northbound lane 14.2 m (46.6 ft)
north of the POI. These fina rest locations were documented
during the police investigation and subsequent SCI on-Site
investigation. Figure2 isan on-scene police photograph of the
vehidesa find red.

Figure 2: On-scene police photograph of the
vehicles at final rest.

Post-crash
The driver of the Geo removed the injured child from the vehicle through the driver’s door. She carried
him to the roadside, laid him down, and ran into a nearby resdence to cal 911. The police and EMS
personnel responded to the crash and arrived on-scene pproximatdy eight minutes after notification. The
medica records available from the county medica examiner indicated the child was found pulsdess and
unrespongve a the scene. He was immediately transported via ambulance to a loca trauma center.
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Resuscitive measures were gpplied en route and the child’ s pupil swere noted to be fixed and dilated upon
ariva at the emergency department. A pulse was recovered for a short time at the hospital but was
subsequently lost. The X-rays of the child's cervicad spine identified a large atlanto-occipitd fracture
didocation. The child was pronounced deceased 65 minutes post-crash.

The driver of the Geo was trangported to the trauma center by the police in order to be with her son. The
police report indicated she had no visble injury and she had an unspecified complaint of pain. The eight
occupants of the Ford Aerostar were not injured and did not require medica attention.

1996 GEO METRO

The 1996 Geo Metro LSl was identified by the Vehicle Identification Number (2C1IMR2292T6
production sequence deleted). The 2 door hatchback was front-whedl drive. Its power train consisted
of al.3liter, I-3 enginelinked to a 3-gpeed automatic transmission. The manud restraint system consisted
of 3-point lgp and shoulder bets in the four outboard postions and a rear center lap belt. The
Supplementa Restraint System (SRS) consisted of driver and front right passenger air bagsthat deployed
asaresult of the crash. The vehicle was manufactured in February 1996. The odometer read 55,955 km
(34,770 miles) a the time of the ingpection.

Exterior Damage

Figures3and 4 arethefront and left laterd viewsof the Geo' sexterior damage. Thevehicle sfront plane
sugtained 92.7 cm (36.5 in) of direct contact damage that began 29.2 cm (11.5 in) right of center and
extending to the left corner. The width of the combined direct and induced damage extended across the
vehicle s entire 127 cm (50 in) fronta end width. The exterior damage to the vehicle involved the front
bumper, grille, hood, left headlamp assembly and left front fender. The bumper reinforcement bar was
fractured and had separated from the left mounting bracket. The reinforcement bar fracture point was
located 3.8 cm (1.5 in) left of center. The crush profile dong the bumper reinforcement was as follows:
C1=10.3cm(4.1in), C2=12.2cm (3.8in), C3=15.4cm (6.1 in), C4=12.2 cm (3.8in), C5=8.4cm (2.3
in), C6=2.8 cm (1.1 in). There was no measurable change in the wheelbase dimensions. The doors
remained operationad and dl glazingswereintact. The Collison Deformation Classfication (CDC) was 12-
FDEW-2.

Figure 3: Front view of the Geo. Figure 4: Left latera view of the Geo.



The Geo'stotd delta V cdculated by the Damage agorithm of the WINSMASH mode was 22 kmvh
(13.7 mph). The longitudind and laterd components were -22.0 km/h (-13.7 mph) and 0 km/h,
repectively. The WINSMA SH trgectory agorithm cal culated an impact speed of 46.9 km/h (29.1 mph).
These andyses were conssgtent with the damage the vehicle and dynamics of the crash.

1987 FORD AEROSTAR

The 1987 Ford Aerostar XL was identified by the Vehicle Identification Number (IFMCA11U1HZ
production sequence deleted). The minivan was configured with the seven passenger optional seating
package. Its power train congsted of a 3.0 liter V6 engine linked to a 3-gpeed automatic transmission.
The date of manufacture was October 1986 and the odometer read 315,000 km (195,737 miles) at the

ingpection.

Exterior Damage

Figures5 and 6 are the Aerostar. The vehicle' s back plane sustained 117 cm (46 in) of direct contact
damage which began 33 cm (13 in) left of center and extended to the right corner. The width of the
combined direct and induced damage extended across the vehicl€' s entire 168 cm (66 in) entire width.
The exterior damage was limited to the rear bumper with some minor paint transfers and abrasonsto the
rear lift gate. Theimpact force caused the rear bumper to rotate downward (clockwise) when viewed from
the left, Figure 6. The crush profile measured along the bumper was asfollows. C1=0, C2=0, C3=1.3
cm (0.51in), C4=2.4 cm (0.9 in), C5=3.2 cm (1.2 in), C6=4.1 cm (1.6 in). There was no changein the
whedbase dimensions. All the doors remained operational and there was no glazing damage. The CDC
of the Aerostar was 06-BDEW-1. The Aerostar sustained a WINSMASH computed deltaV of 11.0
km/h (6.8 mph) and had a calculated speed at impact of 10.9 km/h (6.8 mph). These caculated vaues
were congstent with the extent of the vehicle' s damage and the crash dynamics.

Figure5: Aerostar |eft rear three-quarter view. Figure 6: Left side view of the Aerostar.



1996 GEO METRO

Interior Damage
The Geo' sinterior damage was attributed to the deployment of the Supplementa Restraint System (SRS)
and occupant contacts. There was no occupant compartment intrusion or interior damage associated to
the exterior forces of the crash.

The driver seat track was adjusted to arear track position measuring 6.8 cm (2.7 in) forward of full reer.
The total seat track travel measured 22.9 cm (9.0 in). The driver seat back angle measured 43 degrees
from verticd. The horizontal measurement from the driver air bag module to the seat back was 80.0 cm
(31.5in). There was no deformation of the four spoke steering whedl rim.  Examination of the steering
column shear capsules determine there was no shear capsule displacement. The driver’s knee bolster
exhibited two minor contacts related to the driver’ s lower extremities. The outboard aspect of the plastic
bolster was stressed (whitened plastic) over a2.5 cm (1.0 in) square area adjacent to the left door from
contact with the left knee. A 5cm (2in) long scuff resultant to aright lower extremity contact was located
on the bolster 20 cm (8 in) left of vehicle center. The left aspect of the windshield was fractured from
contact by thedriver' sleft hand. Thefracturestewaslocated 21.6 cm (8.5 in) below the header and 48.3
cm (19in) left of vehicle center.

The passenger seat track was adjusted to afull forward position. The passenger seat back angle measured
21 degrees (aft of vertical). The horizontd distance from the rearward edge of the passenger air bag
module to the seat back measured 66.0 cm (26 in). Contact evidence to the front right interior
components resulted primarily from expangon contacts with the expanding passenger air bag during its
atered deployment. The dtered deployment of the
passenger air bag was aresult of the forward position
of the front right child passenger. These contects
consisted of heavy abrasionto theinterior trim pand of
the right door, grab handle window crank and door
release, Figure 7. Thesurface of theingtrument pandl
immediatdy surrounding the passenger air bag module
exhibited numerous minor scuffs and aorasions from
the bag expansgon. A tissue transfer to the right
unvisor, near its leading edge, was dttributed to
contact by the child passenger following the expanson
of the passenger Sdeair bag. Bodily fluid resduewas ]
located along the right aspect of the front passenger  Figure 7: Expansion contacts to right door interior panel.
seat cushion and sl area and indicated the probable

find rest location of the child.

Manual Restraint System
The Geo' smanud restraint system conssted of 3-point Iap and shoulder belt systemsfor the four outboard
positions. The front restraints had a continuous loop webbing, diding latch plate, dua mode locking
retractors and fixed D-rings. The rear center position was alap belt.
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The driver’ sbelt was stowed at ingpection and operationd. Thelatch plate evidenced historicd use marks.
Ingpection of the webbing and the surfaces of the hardware (D-ring and latch plate) was unremarkablefor
usage marks, however, the severity of the crash may not have been great enough to generate belt evidence
during the driver ride down. Based on the lack of driver injuries and the lack of shear capsule
displacement, and lack of significant occupant contacts to the interior or driver ar bag, the driver was
probably restrained at the time of the crash.

The front passenger belt was stowed initsretractor and was operationa at thetime of theinspection. The
latch plate exhibited marks of historica use. Ingpection of the webbing and hardware surfaces did not
identify any at-crash use indicators. The energy management loop at the outboard anchor was not
released. The nature of the child's injuries were all air bag related. There were no seat belt related
abrasons or contusions consistent with belt use. It was probable the child was unrestrained at the time of
the crash.

Supplemental Restraint System

The driver air bag, Figure 8, was desgned in the
typica manner and located in the center hub of the
deering whed rim. The driver ar bag module I-
configuration cover flgps were symmetrica and
measured 15 cm x 6.9 cm (6 in x 2.7 in), width by
heght. The vinyl flgps were not damaged and
exhibited no contact evidence. Thedeployed driver air
bag measured 61 cm (24 in) in its deflated Sate and
wastethered by four interna straps sewn to the face of
the bag. It was vented by two 3.8 cm (1.5 in)
diameter ports on the back side of the bag in the 10/2
o'clock postions. The face of the bag exhibited no
contact evidence. Thedriver bag wasidentified by the
falowing: PE5114100-01 TBS6039B1736.

The front right passenger air bag was a top mount
design located in the right ingrument pand. Therigid
vinyl cover flap measured 36 cm x 18 cm (14 inx 7
in). There was no contact evidence to the flap. The
face of front right passenger air bag measured 47.0cm
(18.5 in) square and it extended rearward 48 cm (19
in) from the module, Figure 9. The bag was not
tethered and was not externdly vented. No
manufacturer’ sidentifierswerefound on the passenger

bag.

Figure 9: Rearward excursion of the PAB.



Ingpection of the deployed front right passenger air bag reveded evidence of direct contact to the child
passenger. Two heavy tissue transfers, Figures 10 and 11, were noted on the top horizontal surface of
the bag. Thesetransfersmeasured 6.4cmx 21.6cm (25inx 85in)and 3.8cmx29.2cm(1.5inx 11.5
in), width by length, and werelocated on the right inboard and center aspects of the bag, respectively. The
center transfer extended onto the face of the bag 29.2 cm (11.5in). Thetissue transfers were cond stent
with the large facia and neck abrasions noted by the medical examiner. A bluefabric transfer was|ocated
adjacent to the tissue transfer of the bag' s face and was associated to the child's clothing. The bag was
initidly folded in an accordion pattern. 1t was noted the heaviest tissue and fabric transfers occurred at the
pleats of thefolds. Thelocation and nature of thetransfersindicated the child was contacted by theair bag
very exly in its expansion sequence.

Figure 10: View of the tissue transfers to the top surface

Figure 11: Close-up view of the tissue transfers.
of the PAB.

OCCUPANT DEMOGRAPHICS

Driver Front Right Child Passenger
Age/Sex: 30 year old/Femde 4 year oldMde
Heaght: Unknown 110.5cm (43.51n)
Weight: Unknown 20 kg (45 1b) estimated
Redraint Use: 3 point Igp and shoulder Unrestrained
Usage Source: SCI ingpection/Occupant Kinematics | SCI ingpection/Occupant Kinematics
Medicd Outcome: | Not injured Fatal




DRIVER INJURY

_ Injury Severity : i
Injury (A1S 98 Update) njury Mechanism
None/Unspecified complaint of pain Not AlS codeable S;fgygtgﬁ\zﬂ?gtw ©

DRIVER KINEMATICS

The restrained driver was seated in a presumed norma posture with her seat adjusted to a rear track
position. Immediately prior to the crash, the driver reacted to the impending impact by steering clockwise
(right) and locking the vehicle s brakes. She probably braced againgt the steering whed rimwith her ams

for the impact.

At impact, the inertid retractor of the manua belt system locked and the frontal air bags deployed. The
driver responded to the 12 o' clock direction of the impact force by initiating aforward trgjectory. Her left
hand logt itsgrip of the steering wheel rim and, projecting forward, contacted and fractured the right aspect
of thewindshield. The driver’storso contacted and |oaded the webbing of the 3-point manud restraint.
The driver’ shead and chest then contacted the deployed driver ar bag, as she rode down theforce of the
crash. The use of the 3-point manud restraint maintained the driver “in-podtion” to benefit from

supplementd protection offered by the driver air bag. She then rebounded back into her seet.

FRONT RIGHT CHILD PASSENGER INJURIES

Injury

Injury Severity
(A1S 98 Update)

Injury Mechanism

Large areas of facid abrasonover
the right Sde of the face, forehead,

nose, lips, chin

Minor

(200202.1,0) | BXPanding front right passenger air beg

Large areas of dorasion over the

davicular area

right sde neck and the anterior (39(';;:;]; rl 1)

neck with an apparent deep (390202' 1’5) Expanding front right passenger air bag
hematomawithin the anterior o

region (390402.1,5)

Fant contusion over theright retro- Minor

(790202.1,1) | EXPanding front right passenger air bag




Large atlanto-occipitd fracture Minor _ ] _
dislocation (650216.2,6) | EXPending front right passenger air beg

Note: the above injuries were identified in the * Report of Investigation by Medical Examiner” . This
examination was only externd in nature. An invasive autopsy was hot conducted.

FRONT RIGHT CHILD PASSENGER KINEMATICS

The unrestrained 4 year old mae child passenger was seated in presumed norma posture with the front
right seet adjusted to a full forward track pogtion. The child passenger initiated a forward and dightly
leftward trgjectory in response to the driver’ s pre-crash steering and braking actions. Hewas positioned
in-close proximity to the passenger air bag at the time of the impact.

At impact, thefrontd air bag system deployed. The expanding front right passenger air bag contacted the
child’s face and neck early in deployment sequence. The forward position of the child dtered the norma
deployment path of the bag. The dtered deployment was evidenced by the scuffs and abrasions to the
instrument pand surrounding the passenger module and the expangon scuffs to the right door pandl.

Direct contact to the expanding air bag was evidenced by the large areas of tissue transfer to the bag
membrane and the associated abrasionsto the child face and neck. The child’ shead wasturned to theleft
exposng the right 9de of his face at the time of the contact. The expansion of the air bag applied an
upward and rearward force to the child’ s head, hyper-extending the neck. This hyper-extension resulted
inafracture/didocation of the atlanto-occipitd joint. The continued bag expangon lifted the child from the
seat as evidenced by the tissue transfer to the right sunvisor. The child then rebounded back into the
passenger seet and cameto rest dong itsright aspect evidenced by the bodily fluid trandfersto theright sill
and right aspect of the cushion.

The child was removed from the vehicle by the driver (his mother) and laid on the ground. The child was
unrespongve upon arrival of the emergency responders. He was pronounced dead 65 minutes post-crash
at atrauma center locd to the crash.
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