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DISCLAIMER

This document is disseminated under the sponsorship of the Department of Trangportation 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 Adminigtration.

The crash investigation processis 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, generadized conclusions cannot be made concerning
the crashworthiness performance of the involved vehicle(s) or their safety systems.
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CALSPAN REMOTE CHILD PASSENGER/AIR BAG FATALITY INVESTIGATION
CALSPAN CASE NO. CA97-016
VEHICLE: 1996 HYUNDAI ACCENT
LOCATION: PUERTO RICO
CRASH DATE: APRIL, 1997

BACKGROUND

This remote investigation focused on the injury mechanisms of a fatal
ar bag deployment crash that involved a 1996 Hyundal Accent. The
Hyundai was equipped with frontd air bags for the driver and front
right passenger positions. The vehicle was occupied by the 20 year
old femaedriver and a 18 month old child front right passenger. The
fronta areaof the Hyundai struck the back of a stopped 1986 Toyota
Tercd a a sgndized four-leg intersection (Figure 1). The minor
severity impact deployed the Hyundai’s frontal air bag system. The
unrestrained child passenger sustained soft tissue abrasions of the Figure 1. Involved Hyundai
anterior neck and chin with a fracture of C1/C2 and complete cord  @nd Toyota Tercel.
transection from contact with the mid mount passenger air bag cover

flap and the expanding air bag membrane. The child was trangported to a loca hospital, however she
expired en route. The femae driver of the Hyundai was not injured.

Theinitid notification of the crash was provided to NHTSA Headquartersby the NHTSA Regiond Office
(Region 2 in Puerto Rico) on April 7, 1997. The case was subsequently assigned to the Cal span Specia
Crash Investigation Teamon April 8, 1997, asaremoteinvestigation. Datafor this case was provided by
the Medica Examiner.

SUMMARY

Crash Site
The crash occurred on adivided east/west arteria roadway at afour legintersection. Thearteria roadway
conssted of five eastbound travel lanes, inclusive of adesignated left turn lane, and four westbound lanes.
Traffic flow through the intersection was controlled by an on-colorstraffic Sgna sysem. Theinvestigating
officer noted that the asphalt road surface waswet dueto light rain. Conditions were dark which required
headlights for proper visibility. The speed limit was not reported.

Vehicle Data
The 1996 Hyundai Accent was a 3-door hatchback, powered by a 1.5 liter transverse mounted four
cylinder engine linked to an automatic transmisson. The seating was configured with front bucket seats
with forward folding and reclining seat back supports and arear bench seat with afolding back rest. The
front bucket seat had adjustablehead restraints. TheHyunda’ svehicleidentification number and odometer
reading were not reported by the investigating officer. The driver was not the owner of the vehicle,
therefore the history of the vehicle and air bag system was unknown.
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Pre-Crash
Thedriver of theHyundai wasinitidly traveling in awesterly direction on the arterid roadway. Sheinitiated
a U-turn at a designated crossover to proceed in an easterly direction. The driver approached the
sgndized four-leg intersection on the inboard through lane (lane#4). The signal phase for east/westbound
traffic flow wasred. The driver of the Hyunda stated to the investigating officer that she was inattentive
as she approached the intersection and failed to detect the stopped Toyota Tercel. The Terce was
stopped in the westbound lane #4 for the red signd phase.

Thedriver of the Hyundai apparently detected the stopped Toyotaimmediately prior to impact and braked
the vehiclein an attempt to avoid the crash. This braking was determined by the level of contact between
the bumpers of the vehicles at impact.

Crash
Thefronta areaof the Hyundai Accent impacted therear of the Toyota
Tercd in adightly off-set configuration involving the left two-thirds of
the frontd plane of the Hyundai (Figure 2) againgt theright two-thirds
of the Tercel. The pre-crash braking action by the driver of the
Hyundai compressed the front suspension of the vehicle. Thisalowed
the front bumper fascia of the Hyundai to impact the Terce’s Class |
traller hitch and the exhaust tailpipe. Both of these components
extended below the level of the Tercel’s bumper. The trailer hitch
deformed the Hyundai’ s bumper fascialeft of center below theinboard
aspect of the left headlight assembly. The talpipe of the Terce
produced a semi-circular gouge to the plate that was affixed to the front license plate mounts (front license
plate was not required). The impact crushed the energy absorbing front bumper of the Hyundai which
alowed the hood face to engage against the bumper of the Tercel. Minor damage resulted to the involved
vehides. Resultant directions of force were 12 o'clock for the Hyundai and 06 o' clock for the struck
Toyota. The Hyunda underwent a longitudind deceeration that was sufficient to deploy the vehicdle's
fronta air bag system. Ve ocity changeswere estimated a 13-16 km/h (8-10 mph) for both vehicles. The

Figure 2. Frontal damageto
the Hyundai Accent.

Post-Crash
The child passenger of the Hyundai came to rest in an unknown attitude within the vehicle. She was
subsequently removed from the Hyundai and transported to aloca hospita where she expired en route.
An autopsy was performed which identified the injuries for this investigation.

VEHICLE DAMAGE

Hyundai - Exterior
The Hyunda sustained minor frontal damage as a result of itsimpact with the rear of the Toyota Tercd.
The front bumper of the Hyunda partidly underrode the rear bumper of the Tercd. Residud crush was
minima as the energy absorbing bumper system gppeared to have rebounded following theimpact. The
direct contact damage began approximately 25 cm (10") right of center and extended to the left bumper
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Hyundai - Exterior continued
corner. Superficid transferswere evident acrossthe left two-thirds of thefronta plane. Thetailpipeof the
Tercel penetrated the front deder platethat was fastened to the center license plate mounting system. The
traller hitch of the Terce deformed the Hyundai’ s front bumper fascia directly below the inboard aspect
of theleft headlamp assembly (Figure 3). The hood face of the Hyundal engaged againgt the rear bumper
of the Tercel which buckled the forward aspect of thehood. 1n addition, theleft turn Sgnal assembly was

displaced from its fender mount. The Collison Deformation Classification (CDC) for thisimpact was 12-
FYEW-1.

Figure 3. Contact damageto
the front bumper fascia.

Figure 4. Rear impact
damage to the Toyota.

Toyota - Exterior
The Toyota Tercel sustained minor damageto therear of the vehicle. Although the available photographs
failed to document a crush depth, minimal displacement of the bumper probably occurred. The tongue of
the center mounted trailer hitch was deformed in adownward direction (Figur e 4) from contact with the

Hyunda. The tailpipe, however, did not appear to be displaced. The CDC for this damage pattern was
06-BZLW-1.

AUTOMATIC RESTRAINT SYSTEM
Hyundai

The Hyunda was equipped with frontal air bags for the driver and
front right passenger positions. The system did deploy as aresult of
the front-to-rear impact sequence with the Toyota Terce. The
system conssted of a conventiondly mounted driver ar bag module
assembly that was contained within the 4-spoke steering whed rim
and amid mount passenger air bag module.

The driver ar bag deployed from an H-configuration module
assembly. Base on previousinvestigations, the upper cover flap was
12.1.cm (4.75") inwidth & thetear seam and 7.6 cm (3.0") inheight.  Figure 5. Deployed driver

The lower cover flap maintained the same widith, however, theheight @ bag and adjusted seat

was 5.7 cm (2.25"). The driver bag was approximately 66.0 cm  track position.

(26.0") in diameter in its deflated state and was vented by two 2.5 cm (1.0") diameter portslocated &t the
10 and 2 o' clock posgitions. The bag wastethered by two wide band interna straps. The deployed driver
ar bagisshownin Figureb. -3-




The passenger air bag inthe Hyundal Accent was mounted in amid mount
configurationintheright insrument panel. Thesingle cover flap washinged
at the top surface and opened at the designated side and bottom tear
seams. Again, based on previous investigations, the vinyl cover flgp was
15.2 cm (6.0") in height and 35.3 cm (13.9") in width. The on-scene
police photographs documented a faint horizontd transfer to the leading
edge of the cover flap that gppeared to be tissue. The transfer extended
across the right two-thirds of the leading edge (Figure 6). This trandfer right air bag with tissue
resulted from contact againgt the chinand right arm of thechild passenger. ¢ gnofer on the leading
Additional faint vertically oriented scuffs were present of themid aspect of - eqge of the cover flap.
the cover flap at the apex of the contour. These scuff marks were
related to the extended arms of the child passenger.

Figure 6. Deployed front

The bag was tethered by two wide band tether straps sewn to the
face of thebag. The maximum rearward excurson of the bag was
50.2 cm (19.75") whilethemaximum excursion at thetether locations
was 44.4 cm (17.5"). Both of these dimensions were documented
from the mid instrument pand. The front passenger ar bag was
vented by two 5.7 cm (2.25") diameter ports located at the 3and 9
o' clock positions.

The passenger air bag module of the Hyundal involved in this crash
was removed from the vehicle and photographed by the medical
examiner's staff (Figure 7). No distinct occupant contects (i.e., Figure 7. Removed front

tissue transfers) were visible on the bag membrane. Two verticdly passenger air bag.

oriented transfers (probable vinyl) were noted to the face of the bag centered at the horizontal mid point
and over the top tether gtitching. These transfers probably resulted from bag expanson againg theinsde
surface of the module cover flap as the child passenger restricted the deployment path of the flap. The
ME sdtaff used ayardgtick asapoint of reference which indicated the height of the bag was approximately
50.8 cm (20.0"). In aprevious investigation, the overal dimensions of the passenger bag were 54.0 cm
(21.25") verticdly and 45.7 cm (18.0") in width. There was no damage (i.e., tears) to the deployed

passenger air bag membrane.

MANUAL RESTRAINT SYSTEMS (Hyundai)

The 1996 Hyundai Accent was equipped with manual 3-point 1ap and shoulder belts at the four outboard
seated pogtions. Thefront belt systemscongsted of continuous|oop webbingswith adiding latchplatethat
retracted onto a dual mode locking retractor located in the lower B-pillars. The upper anchorages (D-
rings) were adjustable, however, the position of the D-rings were unknown. It was aso unknown if the
driver was restrained by the manud belt sysem. The investigating officer noted that the child passenger
was not restrained and this was in violation of Puerto Rico traffic laws.
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DRIVER DEMOGRAPHICS (Hyundai)

Age/'Sex: 20 year old femae
Heght: Unknown
Weight: Unknown
Manua Redtraint
Usage: Unknown
Usage Source: Unknown
Mode of Transport
From Scene: Private vehicle
Type of Medica
Treatment: None
DRIVER INJURIES
Injury Injury Severity (A1S90) Injury Mechanism
Not injured N/A N/A

DRIVER KINEMATICS

The driver of the 1996 Hyundai Accent was sested in a presumed normd driving posture with the seat
adjusted to amid track pogtion. It was unknown if she was restrained by the manud belt sysem. At
impact with the Toyota, the driver was braking in an attempt to avoid impact. This action compressed the
front sugpengon of the Hyunda which alowed the bumper fasciato impact the trailer hitch and tail pipe of
the Tercd. The impact triggered the deployment of the frontal air bag system. The driver probably
contacted the deployed air bag which prevented possible contact with the steering assembly. Asareaullt,
the driver was not reported as injured.

CHILD PASSENGER DEMOGRAPHICS

Age/Sex:

Seated Position:
Heaght:

Weight:

Manud Redrant
Use

Usage Source:
Mode of Trangport
From Scene:

Type of Medicd
Treatment:

18 month old femde
Front right of the Hyundai
86.4 cm (34.0")

12.2 kg (27.01b)

None, child should have been restrained in a forward facing child safety
sedt in the rear seet of the Hyundal
Injury patterns, police investigation

Ambulance

Expired en route to hospita



CHILD PASSENGER INJURIES

Injury Injury Severity (A1S90) Injury Mechanism

I nternal

Transection of the spind cord Maximum (640276.6,6) Front right ar bag module

with fracture of C1/C2 and cover flgp and the expanding

complete displacement and ar bag membrane

separdion of the cranium from

the spine

Intraparenchyma hemorrhage at | Severe (441410.4,3) Expanding air bag membrane

the upper lobes of both lungs

Diffuse subarachnoid Serious (140466.3,6) Front right air bag module

hemorrhage, more prominent at cover flap and the expanding

the base of the brain ar bag membrane

Hemorrhage at the posterior Moderate (440802.2,4) Front right air bag module

aspect of the esophagus cover flap and the expanding
ar bag membrane

Hemorrhagic infiltrate at the left | Moderate (541610.2,2) Expanding air bag membrane

rend capsule

Extendve hemorrhages of the Minor (390402.1,5) Front right ar bag module

anterior neck muscles cover flgp and the expanding
ar bag membrane

Complete tear of the right Moderate (740400.2,1) Front right air bag module

gernocleidomastoid muscle cover flap and the expanding

fromitsinsertion at the davidle ar bag membrane

Bilaterd lacerations of the
tongue (consigtent with bite
marks)

Minor (243402.1,8)

Sdf-inflicted from air bag cover
flap and membrane contact

External-Soft Tissue

8x9 cm abrasion of the chin
extending onto the anterior
neck

Minor (290202.1,8;
390202.1,5)

Front right air bag module
cover flgp and the expanding
ar bag membrane

Multiple pinpoint gbrasions of Minor (290202.1,2) Expanson of the front right air
the left Sde of the mouth bag membrane
Two 1 cm contusions of the Minor (290402.1,8) Expangon of the front right air
lower lip bag membrane

1 cm abrasion of the mid
forehead

Minor (290202.1,7)

Internal object (possible)




Injury Injury Severity (AlS 90) Injury Mechanism
2 cm abrasion with contusion of Minor (490202.1,2; Expangon of the front right air
the left chest near the nipple 490402.1,2) bag membrane
5 cm abrasion over the ventral Minor (790202.1,1) Expangon of the front right air
agpect of the right elbow with a bag membrane
2-4 cm abrasion of the internal
aspect of the elbow
Abrasion of the lateral aspect Minor (790202.1,2) Front right air bag module
of the left ring finger cover flap

*All injuries were documented in the autopsy report.

CHILD PASSENGER KINEMATICS
The 18 month old child passenger was positioned in the front right of
the Hyundai Accent. It was unknown if the child was in a seated
position pre-crash or in another position, either on the seat or standing
in front of the front passenger air bag module assembly. Baseonthe
on-scene police photographs, the front right seat was positioned in a
mid track position with the seat back support set to a dight recline
position(Figure8). Thechild passenger was not wearing the manua
3-point lap and shoulder belt system. It should be noted that thischild - :
passenger should have been restrained in a forward facing child  Figure 8. Adjusted seat
restraint in the rear seat of the vehicle. track postion and the
deployed passenger air bag.

Although not supported by physical evidence a the crash site (i.e,

skid marks), the driver of the Hyundal was braking in an attempt to avoid the crash. Thiswas determined
by contact evidence to the Hyundai’ s bumper fascia from engagement againgt the trailer hitch and tailpipe
of thestruck ToyotaTercel. Thisbrakingwould have compressed the Hyunda’ sfront suspensionto alow
the fascia to engage with the low mounted components.  In addition to the pre-crash braking, the low
severity crash could have resulted in an dongated pulse which would have triggered the fronta ar bag
system late in the crash sequence. These factors would have digplaced the child forward againgt the front
right passenger air bag module at the time of deployment.

The child passenger was positioned against the front right air bag module cover with her right arm extended
over her face. Theleft hand was aso in araised position as the air bag system deployed.  The leading
edge of the mid mount front right air bag module cover contacted the chin and anterior neck area of the
child passenger resulting in extendve abrasion of theses areas. The ventra area of the child’ sright elbow
was abraded from contact by the cover flap and the expanding air bag. The left corner area of the cover
flap probably contacted the outboard aspect the child's left ring finger which resulted in two separate
abrasons of the latera aspect of the finger.



The chin and anterior neck contact by the cover flap and the expanding air bag membrane displaced the
child passenger’ s head in anupward and rearward direction. This hyperextension resulted in afracture of
C1/C2 with transection of the spind cord and complete displacement and separation of the cranium from
the spine (AIS-6). In addition to the C-spineinjury, the child passenger sustained extensive hemorrhages
of the anterior neck muscles at the level of C1-C4, hemorrhage at the posterior aspect of the esophagus,
diffuse subarachnoid hemorrhage, and a complete tear of the right sternocleidomastoid muscle from its
insertion & the dlavicle.

The continued expansion of the air bag membrane contacted the face and anterior chest of the child
passenger. This contact sequence produced additiona injury which included aorasionswith contusonsto
the left agpect of the mouth, a2 cm abrasion of the left chest, intraparenchyma hemorrhages of the upper
lobes of both lungs, and hemorrhagicinfiltrate at theleft rend capsule. The child dso sustained sdlf-inflicted
lacerations of the tongue which probably occurred as aresult of theinitid contact from the cover flap and
expanding air bag againgt the anterior neck and chin.

The on-scene police photographs documented a substance scattered in the right passenger compartment
of the vehicle. Thismateria appeared to be light in composition, such astorn paper. It did indicate that
the child passenger may have been holding an object prior to the crash and that the object was fragmented
by the deploying air bag. The child passenger did sustain a 1 cm abrasion to the mid forehead which did
not appear to be air bag related. This abrasion possibly resulted from contact with an object externa to

theair bag.

The child passenger came to rest in an unknown attitude within the vehicle. She was transported by
ambulance to alocal hospita where she expired en route due to the spina cord transection.



