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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 responsihility 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 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 crashis a unique sequence of events, generdized conclusions cannot be made concerning
the crashworthiness performance of the involved vehiclg(s) or ther safety systems.
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Final Case Report
Veridian Engineering Case No. CA99-44
Front Right Air Bag Related Child Fatality
State of Pennsylvania
December, 1997

BACKGROUND

VeridianEngineering (formerly Calspan Operationsof Veridian) wasnotified of atwo vehiclecrash
involving a 1997 Hyundal Accent GS and a 1996 Honda Civic LX by the Crash Investigation Divison
(CID) of the Nationd Highway Traffic Safety Adminigtration (NHTSA) inthe month of September, 1999.
The crash natification originated with the NHTSA’s Office of Defects Investigations (ODI) as the result
of ODI’'srequest for crash information from Hyundai. The Veridian Engineering investigetion team was
requested to conduct a remote investigation to determine the relationship between the Hyunda’ s air bag
deployment sequence and thefatd injuries sustained by the two year old male seated in the front right seet.
Basad on this investigation and our experience, the low severity of this crash in relaion to the high injury
outcome to the front right occupant indicated the air bag deployment energy was transmitted to the
occupant.

SUMMARY

Thistwo vehicle crash involved a 1997 Hyunda Accent GS and a 1996 Honda Civic LX which
occurred inthe State of Pennsylvaniaduring themid afternoon hoursin themonth of December, 1997. The
Honda was traveling eastbound on atwo laneloca roadway whenit attempted to makeanillegd right turn
a afour leg intersection acrossthe path of the Hyunda which wasd so traveling eastbound on an adjacent
pardle exit ramp (Figure 3). Theintersection was controlled by traffic control lights which were green
prior to the crash. Signs pogted at the intersection redtricted travel to straight through travel with turns
prohibited (Figure 1).



Figure 1: Police diagram of the crash

The 31 year old male driver of the Hyundai observed the presence of the Honda just prior to the
crash and gpplied full brakes. The driver indicated that the Honda was moving very dowly as it made a
right turn (Figure 2). Thefront of the Hyunda struck the right side plane of Honda resulting in light to
moderate damage to both vehicles. The dud front air bags in the Hyundal deployed during the crash
sequence.

Figure 2: Hyundai trajectory view just prior to Figure 3: Look back view of the Hyundai
impact. trajectory.

An unrestrained 2 year old mae front right occupant in the Hyundai was taken to a trauma unit
which was located in the vicinity of the crash where he was pronounced deceased 24 minutes after the
policereported time of the crash. The autopsy listed the cause of desth as mulltiple blunt forcetrauma. The
child suffered complete separation of the spind column and complete transection of the spind cord at the
firg cervica vertebra (AlS-6) which appeared to be consstent with an air bag deployment related injury
mechanism. The driver was not injured.

The 51 year old driver of the Honda and his two passengers were en route to the hospital
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(coincidentdly the same hospitd that the 2 year old child waslater taken) from another city in Pennsylvania.
The driver indicated that he was familiar with the area and was unaware of the “No Turn” regulatory
overhead Sgns. He indicated to police that he was traveling at an estimated speed of 8 kmv/h (5 mph) a
the time of the crash. There were no police reported injuriesin this vehicle,

VEHICLE DATA
1997 Hyundai Accent GS

The 1997 Hyundai Accent GS was equipped with a dud front Supplemental Restraint System
(SRS) which deployed as the result of the impact withthe 1996 Honda Civic LX. Exterior damageto the
vehide involved the front bumper, grille, hood, left headlight assembly, and Ieft front fender (Figure 4).
The police listed rear displacement of the hood as10.2cm (4.0") and 7.6 cm (3.0") at theleft front fender
(Figure 5). Animprint of the Honda s right rear whed cover was noted on the bumper cover located
below the left heedlight assembly. The front right door glazing was shattered with glazing fragments noted
aong the right insrument panel.

Figure 4: Front view of the Hyundai. Figure5: Left lateral view of the Hyundai’s
damaged front plane.

1996 Honda Civic L X

The 1996 Honda Civic LX was equipped with adud front SRSwhich did not deploy astheresult
of theimpact with the 1997 Hyundai Accent GS. Exterior damage to the Honda involved the right rear
door surface, right rear whed and axle, theright rear fender, theright C-pillar, theright rear bumper corner,
and the trunk (Figure 6). The crushtotheright rear door waslisted by policeas 10.2 cm (4.0") and 15.2
cm (6.0") for the right rear fender (Figure 7). The Sde glazing remained intact.



Figure 6: Right side view of the damaged Honda Figure 7: Rear view along the right side of the
Civic. Honda.

Collison Deformation Classification (CDC)

The Collison Deformation Classfication (CDC) for theHyundal was 11-FDEW-1 whilethe CDC
for the Hondawas 02-RZEW-2. The damage patterns on both vehicles indicated that the Honda was
traveling at adow rate of speed at the time of the crash.

SPEED RECONSTRUCTION

The damageroutine of the WinSM A SH speed reconstruction was used to compute ddtaV vaues.
Usng estimated crush values that were derived from police reported deformation values and visua
estimates from police photographs, the totd ddta 'V for the Hyundai was 14.4 kmvh (8.9 mph) and 11.7
km/h (7.3 mph) for the Honda. Thefollowing tableslist estimated crush dataand WinSMASH computed
results:

Crush Data
1997 Hyundai Accent C,=76cm | C,=25cm
(3.0 (1.0
1996 Honda Civic C,=0 C,=102cm | C;=152cm | C,=0
(4.0 (6.0"
WIinSMASH Speed 1997 Hyundai Accent 1996 Honda Civic
Reconstruction Algorithm
Totd ddtaV 14.4 km/h (8.9 mph) 11.7 knmvh (7.3 mph)
Longitudind ddtaV -13.5 km/h (8.4 mph) -4.0 km/h (-2.5 mph)
Lateral detaV 4.9 kmv/h (3.1 mph) -11.0 km/h (6.8 mph)
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WIinSMASH Speed 1997 Hyundai Accent 1996 Honda Civic
Recongtruction Algorithm

Energy dissipated 10,914 joules (8,054 ft-Ib) | 15,476 joules (11,421 ft-Ib)

Barrier equivalent speed 14.4 km/h (8.9 mph) 11.7 km/h (7.3 mph)

The ddtaV results gppeared to be dightly lower for the Hondathan avisualy estimated vaue of
16-19 kmv/h (10-12 mph).

SUPPLEMENTAL RESTRAINT SYSTEM (SRYS)

The Hyunda’s dud front supplementd restraint
system deployed during the crash (Figure 8). The front
left air bag module cover opened in the typica “H”
configuration. The air bag appeared to be untethered
with vent portsin the 11/1 o' clock pogtions. It was not
possble to determine if the driver came in contact with
the air bag &t thetime of deployment asthe photographic
evidence was not conclusve. The driver, however, was
not injured in the crash.

The front right ar bag was a mid mount design Figure 8: Right interior view of the Hyundai’s
where the hinge point of the air bag module cover was deployed frontal air bags.
located dong the top surface of the front right instrument
pand. The ar bag cover did not exhibit occupant contact evidence, dthough the qudity of the police
photographs was insufficient to categorically rule out occupant contact. It was not known whether the air
bag was vented or tethered. There were no discernable occupant contact evidence artifacts noted on the

ar bag in the police photograph.

INJURY DATA

The two year old mae front right occupant, who was 96.5 cm (38.0") tall and weighed 15.4 kg
(34.01bs.), was not restrained at the time of the crash. The driver reacted to the presence of the Honda
by applying full brakes. Asaresult, the child moved forward toward the instrument panel and wasin close
proximity to the front right air bag module cover at the time of the crash. During the SRS actuation
sequence, the front right air bag contacted the child’s neck, face, and thoracic area resulting in trauma of
the brain, spinal column, lungs, and spleen. The available vehicle interior documentation data was
insuffident to categoricdly atribute these injuries to the air bag actuation sequence, but given the injury
pattern, it was probable that the air bag was the injury source. The child suffered trauma of the right
shoulder and arm which was attributed to contact with the Sde glazing. He dso suffered rib fracturesfrom
contact with the seat back support.



The crash occurred in the immediate vicinity of a trauma hospital. The boy was taken to the
emergency room either by carry or by stretcher (policereported method of transport as*other”). Thechild
was subsequently pronounced deceased 24 minutes after the police reported time of the crash. Thedriver
of the Hyundai was not injured nor were the three occupants in the Honda. The following table lists the
injuries as reported in the autopsy report with related A1S-90 injury codes and injury source.

INJURY -2 YEAR OLD MALE AIS90 INJURY
SOURCE

1. Léeft parieta hemorrhage, 3.5 cmx 2 cm 140608.4,2 Front right air bag
(probable)

2.  Ceebdlar swelling with cigerns dmost 140666.5,6 Front right air bag
totally obliterated, brain stem swollen (probable)

3. Smadl focd subarachnoid hemorrhage over 140466.3,6 Front right air bag
the cerebdlum (probable)

4. Complete separation of the spind column 640270.6,6 Front right air bag
and complete separation of the spinal cord at (probable)

the firg cervicd vertebra

Supplemental discussion: There was minimal amount of soft tissue hemorrhage
surrounding the anterior and posterior aspects of the cervical vertebrae.

5. Multipleintersecting splenic lacerations 544222.2,2 Front right air bag
measuring from 1.3cm x 1.3 cm (0.5" x (probable)
05" t03.8cmx 1.3cm (1.5 x0.5")

6. Posterior media aspects of ribs 3 through 6 450230.3,1 | Seat back support
on the right were fractured with 250 ccs if (probable)
liquid blood in the right pleurd cavity and 75
ccs of liquid blood in the left pleurd cavity

7. Multiple pulmonary contusions, both lungs 441410.4,3 Front right air bag
had scattered pulmonary contusions (probable)
measuring from 0.6 cm x 0.6 cm (0.25" x
0.25") to 1.3cmx1.3cm (0.5x 0.5"). Each
contusion were characterized by dark purple

softening and discoloration.
8.  Separation of the right acromion-clavicular 750230.2,1 Front right Sde
joint with minima oft tissue hemorrhage glazing (possble)
9. Pdpablefracture of the right humerus 752602.2,1 Front right Sde
glazing (possible)




INJURY -2 YEAR OLD MALE AlS-90 INJURY
SOURCE

10. Discontinuous dorasion of the left agpect of 290202.1,8 Front right air bag
the lower lip extending from thelip to the (possible)
right part of the chin measuring 3.8 cm x 0.6
cm (1.5" x 0.25"). Ovd dorasion dong the
laterd aspect of the right lower lip which
measured 1.9 cm x 0.9 cm (0.75" x 0.375")

11. 64cmx5.0cm (25" x 2.0") ova yelow 390202.1,1 Front right air bag
abrason on the right sde of the neck (possible)

Occupant Kinematics

The 31 year old maedriver of theHyundai and his2 year old son weretraveing along an exit ramp
when they gpproached a multiple leg intersection which was controlled by traffic contral lights and “No
Tum” regulatory Sgns. The driver of the Hyundai observed the driver of the Honda make a right turn
across histravel path from aparald road and reacted by applying full brakes. The police measured 7.6
m (25.0) of skid marks which they attributed to the Hyundai.

The 2 year old was Sitting in the right front seat and was not restrained by therestraint belt. During
pre-impact braking, the child more than likely moved forward and wasin close proximity to the front right
air bag module cover a the time of impact. During the SRS actuation sequence, the air bag deployed as
designed and contacted the child’s head and neck. The expanding air bag applied a vertica force under
the child's chin area which resulted in tensgon/hyperextenson type injuries (i.e, complete
separation/transection of the spina column and spind cord, swelling of the cerebellar with cisterns dmost
totally obliterated, and brain stem swelling).

Astheair bag continued to expand, it gpplied aforce againgt his chest and abdomina arearesulting
in multiple contusions of both lungs and lacerations of the spleen. The child was subsequently propelled
in an outboard angular direction where his right shoulder and arm contacted the front right solid temper
window glazing which subsequently disintegrated. Asaresult, the child suffered in aseparation of theright
acromion-clavicular joint and afracture of the right humerus.

The child continued in arearward direction and was morethan likely redirected away from thefront
right door surface asthe result of hisinteractionwith the glazing and contacted the outboard aspect of the
front right seet back support with the posterior aspect of his upper torso. He suffered fractures of the
posterior media aspects of ribs 3 through 6 on theright Sde asthe result of thiscontact. It wasnot known
where the child cameto find rest.



