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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 responsbility for the contentsor 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 physica 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 crash is a unique segquence of events, generaized conclusions cannot be made concerning
the crashworthiness of the involved vehicle(s) or ther safety systems.
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CALSPAN ON-SITE AIR BAG CHILD FATALITY INVESTIGATION
VEHICLE: 1995 VOLKSWAGEN JETTA

CALSPAN CASE NO. CA98-027
LOCATION: MISSISSIPPI
CRASH DATE: APRIL, 1998

BACKGROUND

Thison-gteinvestigation focused on afront-to-rear crash that resulted in the desth of a10 year old female,
seated unrestrained in the right front of a 1995 Volkswagen Jetta. The Jetta was equipped with a
Supplementa Redtraint System (SRS) that consisted of driver and front passenger air bagsthat deployed
asareault of thecrash. Asaresult of her involvement with the deploying front passenger air bag, the child
passenger sustained afracture of the cervicd spine at C1/C2 with complete transection of the spinal cord.
The Field Operations Branch of the Nationa Highway Traffic Safety Adminigtration was informed of the
crash on April 22, 1998 and assigned an on-Site investigation to the Specid Crash Investigations Team a
Caspan on the same day. Cooperation wasimmediately established with the investigating officer and the
on-site investigation was initiated on April 23. The Volkswagen Jetta was impounded pending SCI
ingoection.

SUMMARY

This three vehicle, front-to-rear crash occurred in the afternoon hours of April, 1998. At the time of the
crash, it was daylight and the weather was not a factor. The traffic was reported as heavy. The crash
occurred on athree lane north/south roadway in an urban area. The traffic lanes were configured as a
snglelanein each trave direction, with a center turn lane. There was a post office and a medicd clinic
located on the east Sde of the road. The speed limit in the area of the crash was 72 km/h (45 mph).
Figuresland 2 are photographsof thefina rest positions of the vehiclestaken during the on-scene police
investigation and SCI investigation respectively.

Figure 2: View of thefind rest
positions.

Figure 1: On-scene photograph.

The 1995 Volkswvagen Jetta GL S was northbound in aline of heavy stop-and-go traffic, driven by a 16
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year old femae. Theright front passenger wasthe driver's 10 year old sster. Both occupantsin the Jetta
were unrestrained.  The Jetta was traveling behind an unmarked police car and a Dodge Caravan. The
unmarked police car was a 1995 Ford Crown Victoria. Immediately prior to the crash, the Caravan
braked and cameto astop behind stopped traffic ahead. The off-duty police officer noted the brakelights
illuminate on the Caravan and braked to a controlled stop in thetravel lane. The 16 year old driver of the
Jetta braked suddenly but failed to react in sufficient time to avoid the crash. The front of the vehicle
pitched down in reaction to the sudden brake gpplication and the front bumper of the Jettaimpacted and
then underrode the rear bumper of the Ford in a 12/6 o' clock impact configuration. The force of the
impact deployed the SRS of the Jetta. The police investigation did not identify any skid marks associated
with this crash.

Figure 3 is the left front view of the Volkswagen Jetta.  The frontd area of the Jetta sustained no
measurable deformation at the bumper devation, indicative of the underride. The direct contact damage
to the bumper fasciaconssted of aseries of scrapes and scratches distributed over a124 cm (49 in) width
of the fascia s frontd and top surfaces. The scrapes began 46 cm (18 in) left of center and extended to
the left bumper corner. Thefront surface of the fasciawas penetrated by thetail pipe of the Ford’ sexhaust
system 23 cm (9 in) right of center. There was no damage to the
bumper’ smounting structures. The deformation at theeevetion of the
Jetta' s upper radiator support was 112 cm (44 in) in width. The
upper support direct contact began 33 cm (13 in) right of center and
extended to the left front corner. The crush profile of the upper
radiator support was as follows (less assumed free space): C1=12.7
cm (5.0in), C2=5.1 cm (2.0 in), C3=5.1 cm (2.0 in), C4=5.1 cm
(2.01in), C5=5.1 cm (2.0 in), C6=0. The hood deformed rearward
inthetypica V pattern and theleft front fender wasbuckled. Theleft  Figure 3: Left front view of the

front fender dso shifted rearward (dightly) restricting the opening of  Volkswagen Jeta

the left front door. Therewasno measurable changein thewhedbase

dimensions. There was no damage to the windshield nor to any windows glazings. The Collison
Deformation Classification (CDC) of the Jettawas 12-FDEW-1. The deltaV of the Jetta calculated by
the Roldmiss modd of the SMASH program was 18.7 knvh (11.6 mph).

The CDC of the 1995 Ford Crown Victoriawas 06-BDEW-1. Thedirect contact damageto thevehicle
consisted of abrasonsonthevertica surface of the rear bumper fascia
(Figure 4). Thedirect contact measured 124 cm (49 in) inwidth, that
began 38 cm (15 in) left of center and extended to the right rear
bumper corner. Therewasno residual bumper deformation. Therear
bumper of the Ford was mounted to the vehicle' s frame by energy
absorbing devices (EAD’s). Both EAD’s showed signs of having
compressed during the impact but had returned to their origind length
through full redtitution.  The maximum dlowable stroke was 3.6 cm

(1.4in). Theleft and right struts had compressed 1.1 cm (0.4in) and  Figure 4: Reer view of the Ford
Crown Victoria
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3.6cm(1.4in) respectively. Thetail pipeand rear exhaust pipe were deformed forward dueto the contact
with the Jetta’ s front bumper fascia.

The 10 year old femae passenger of the Jetta had a reported height/weight of 142 cm (56 in) and 34 kg
(75 1b). Shewas seated unrestrained with anormal posture. Theright front seat was adjusted inamidto
forward track postion. Upon application of the Jettal s brakes, the child passenger initiated a forward
trgjectory with respect to the vehicle. She probably attempted to brace herself with her right hand. This
actionwasidentified by askin oil smear located on theright center aspect of thewindshield. Atimpact and
subsequent underride, the child passenger responded to the 12 o' clock direction of the impact forces and
pitching of the vehicle by moving further forward and became postioned in close proximity to the front
passenger mid-mount air bag module. The deployment of the SRS occurred late in the collision sequence,
subsequent to the underride, during maximum vehicular engagement between the Jettal s upper radiator
support and the Ford' s rear bumper. The front passenger air bag deployed contacting and abrading the
anterior agpect of the child’'sneck. The ar bag membrane then expanded around the neck and under the
chin causing multiple abrasions and contusions through the region. The continued expansion of theair bag
hyper-extended the head resulting in afracture of the cervica spineat C1/C2 with spind cord transection,
(A1S 6). The child then rebounded rearward into the right front seat and dumped to the I€ft, into the
driver'slap.

The crash occurred in front of amedicd dinic and post office. The child was removed from the left Sde
of the vehicle by witnesses responding to the crash from the post office. Medica personnd responded
immediaiely from the clinic and applied a cervicd collar to the child. The child was noted to be in
immediate respiratory arrest and resuscitation was initiated. She was transported to the emergency room
of alevel 1 trauma center where she was pronounced deceased. The severity of the injury indicated that
death was immediate. An autopsy was performed the day following the crash at 1700 hours.

The 16 year old driver of the Jetta reportedly had a height/weight of 168 cm (66 in) and 57 kg (125 Ib).
She was seated unrestrained in a norma posture with the seat adjusted to a mid-track position.
Reportedly, she sustained AIS 1 leve injuriesthat included: abrasonsto the anterior aspects of her writs,
an unspecified hairline fracture above the left wrist and abrasions about the face, dl as aresult of contact
with the deploying driver air bag.

The Volkswagen Jettacameto rest gpproximately at the point of impact. Theforce of theimpact displaced
the Ford Crown Victoria forward approximately 1 m (3 ft) where it impacted the rear of the stopped
Dodge Caravan. This secondary impact was very minor and resulted in no damage. The Dodge Caravan
and Ford Crown Victoriawere removed from the scene by their respectivedrivers. TheVolkswagen Jetta
was towed from the scene and impounded pending the investigation.

AIRBAG VEHICLE

The 1995 Volkswagen Jetta GL S 4-door sedan wasidentified by aVehicle Identification Number (VIN)
of 3VWSC81H4SM (production sequence deleted). The vehicle was equipped with a Supplemental
Redtraint System (SRS) that consisted of driver and front passenger air bags that deployed as aresult of
the crash. The power train consisted of a 2.0 liter, I-4 engine linked to a 4-speed automatic transmission.
The odometer read 55,526 km (34,503 miles) at the time of inspection.
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AIR BAG VEHICLE (CONT’D)

The vehicl€'s front seating positions were cloth covered bucket seats with reclining back rests. The
invedtigating officer verified that the seet track positions had not been disturbed from the at-crash positions.
The track position of the left front seat measured 10.9 cm (4.3 in) rear of the most forward position. The
total seat track travel measured 23.6 cm (9.3 in). The seat back was reclined 35 degrees and the anti-
submarine angle of the seat cushion was 20 degrees. The track position of the right front seat measured
8.9cm (3.5in) rear of themost forward position, with atotd travel of 23.6 cm (9.3 1n). The seat back was
reclined 30 degrees and the anti-submarine angle of the seat cushion was 20 degrees. The horizontal
measurement from the center of theright front seet back to theinflator of thefront passenger air bag module
was 89 cm (35in).

INTERIOR DAMAGE

Interior damageto the'V olkswagen Jetta. consisted of localized areas of scuff marksasaresult of occupant
interaction. Therewas no interior damage caused by the externd forces of the crash. Thewindshield was
not fractured and the window glazings were undamaged.

A single scuff was noted on the padded driver’s knee bolster as a result of contact from the driver’s left
knee. The contact was located on the bolster panel 54.1 cm (21.3 in) left of center and 33 cm (13 in)
above thefloor. A contact scuff was noted on the center aspect of the instrument pandl, forward and right
of the steering column. The scuff mark was located 19.1 cm (7.5 in) left of center and 19.1 cm (7.5 in)
below the top of the instrument panel. The scuff was atributed to contact from the driver’s right hand.
These contacts did not result in injury.

A 19.1 cmx 25.0 cm (7.5in x 10.0 in) area of smeared skin oil was noted on the right center aspect of
the windshidd (Figure5). The areawas located 27.9 cmto 47.0 cm (11.0 into 18.5in) right of center
and extended 17.3 cm to 42.7 cm (6.8 in to 16.8 in) below the windshield header. This contact was
attributed to at-impact bracing by the right hand of the child occupant. Figure 6 isaview of theright front
interior contacts. The lower flap of the front passenger air bag module exhibited a (1.0 in x 0.5 in) scuff
attributed to contact with the right upper extremity of the child occupant. This scuff waslocated 26.2 cm
(20.3in) right of theinboard edge of theflgp and 54.6 cm (21.5 in) abovethefloor. The padded right sde
knee bolster exhibited two scuffs attributed to contact from the child passenger’s lower extremities. The
two scuffs were located 17.8 cm (7.0 in) right of center and 36.8 cm (14.5 in) above the floor and
38.9cm (15.3in) right of center and 45.7 cm (18 in) above the floor respectively.

Figure 5: Location of thewindshidd Figur e 6: Right front interior
contact. contacts.



MANUAL RESTRAINT SYSTEM

The Volkswagen Jetta was equipped with 3-point |ap and shoulder belt systemsin the 4 outboard seated
positions. The center rear position was equipped with alap belt. Thefront seat belt systems consisted of
a continuous loop Igp and shoulder belt webbing with a diding laich plate. An inertia activated locking
retractor was located in the base of each B-pillar. The restraint’s upper anchorages (D-rings) were
adjustable. The left front D-ring was adjusted to the full down postion. The right front D-ring was
adjusted 2 cm (0.8 in) below the full up position. Both front restraints were found in the stowed postion
at ingpection. The respective retractors were not locked. The SCI investigation and the police
investigation determined the occupants in the Jetta were unrestrained. The driver admitted the Jetta’'s
occupants were unrestrained as well.

SUPPLEMENTAL RESTRAINT SYSTEM
The V olkswagen was equi pped with a Supplemental Restraint System (SRS) that consisted of air bagsfor
the driver and right front passenger. The SRSwas manufactured by TRW Inc. Thedriver air bag module
was located in the typica manner in the center hub of the tilt steering column.  The steering column was
adjusted to the full down position. There was no steering whed rim deformation or movement of the
geering column’s shear capsules. The H-configuration air bag module flaps opened as designed a the
designated tear points during the deployment sequence. The height of the upper flap measured 8.4 cm (3.3
in). The width of the upper flap measured 16.5 cm (6.5 in) at the
center seam and tapered to 12.7 cm (5 in) at the hinge. The date
12/8/94 waswritten on theinterior surface of the upper flap. Thewidth
of the lower flap measured 16.5 cm (6.5 in) and tapered to 16.0 cm
(6.31n) over itsheight of 6.4 cm (2.5 n).

The driver air bag measured 71 cm (28 in) in its deflated State, Figure
7. Theair bag wastethered by four 6.4 cm (2.5in) wideinterna straps
sawn to the face of the bag. The air bag was vented by two 3.8 cm
(1.5 in) diameter vent ports located in the 10/2 o' clock sectors on the
back sde of thebag. Thefollowing manufacturer’ slabe werefixed to
the inflator in the 6 0’ clock sector:

Figure 7: Driver ar bag.

TRW Repa 0004 2067R
83454HR103

TRW Repa 0004 3081C
8947THT?224

Theonly contact evidenceonthedriver air bag consisted of aflesh tone make-up transfer on the face of
thebag. Thetransfer measured 3.3cmx 1.3cm (1.3inx 0.5in) and waslocated 3.3 cm (1.3 in) right of
the center of the air bag.



SUPPLEMENTAL RESTRAINT SYSTEM (CONT'D)
The passenger air bag was configured asamid-mount design located in the right instrument panel. TheH-
configuration air bag module cover flaps were constructed of vinyl backed by a high density foam that
measured approximately 2 cm (0.8 in) in thickness. A vulcanized liner for each flap separated the interior
surface of therespective cover flap fromthear bag membrane. Therectangular cover flapsmeasured 36.8
cm (14.5in) at the center seam. The height of the upper and lower flaps measured 7.6 cm (3.0 in) and
10.2 cm (4.0 in) respectively. There was no contact evidence on the upper flap. (Refer to the Interior
Damage section above for the location of the upper extremity contact on the lower cover flap.) Two
manufacturer’ s label were fixed to the front passenger module. The nomenclature follows below:
ALWTPA
ALWTPAO2JAF1L
35/94

AIRBAG-TYP 9002
TRW Repa 00041710/0004 9543
BAM - PT, - 0439

The front passenger air bag was untethered and unvented (no externd vent port). The face of the air bag
membrane measured 46 cm x 46 cm (18 in x 18 in) in its deflated state and extended 46 cm (18in) from
theinflator. The maximum rearward projection of the center agpect of the air bag facewas 61 cm (24 in).
A largetissue trandfer was identified on the face of the bag. The transfer measured gpproximate 6.4 cm
x 36.8cm (25in x 14.5in), Figures8and 9. The trandfer began 35.6 cm (14.0 in) rearward of the
inflator (10 cm (4 in) forward of the bag face) and 23 cm (9 in) right of the inboard side panel, on the top
surface of the air bag membrane. The transfer extended 26.7 cm (10.5 in) onto the face of thebag. The
end of the transfer was located 11.4 cm (4.5 in) right of the inboard Sde pandl. The tissue transfer was
asociated with the ar bag membrane contact with the child occupant’s neck and chin during the
deployment sequence. On the bottom surface of the air bag membrane scattered faint black transferswere
noted. These transfer were most likely caused by the friction heating between the membrane and the
vulcanized liner during the dtered air bag deployment.

Figure 8: View of the tissue transfer Figure 9: Close-up view of the
on the front passenger ar bag. tissuetransfer.



DRIVER INJURIES
Injury

Abrasons - anterior aspects of
right and left wrigts

Facia abrasons

Unspecified harline fracture -
left forearm

Injury Severity

Minor (790202.1,1)
Minor (790202.1,2)

Minor (290202.1,0)

Minor (751800.2,2)

Injury Mechanism

Deploying driver ar bag

Deploying driver air bag

Deploying driver ar bag

NOTE: thisinjury information was verbally supplied by the investigating officer.

DRIVER KINEMATICS

The 16 year old femaedriver of the V olkswagen Jetta had areported height /weight of 168 cm (66 in) and
57 kg (125 1b). She was seated with anormd posture and was not restrained by the vehicle smanua 1ap
and shoulder belt system. Her seet track was adjusted in amid track position 10.9 cm (4.3 in) rear of full
forward. Immediately preceding the crash, the driver suddenly applied the brakesin response to stopped
traffic ahead. At impact, the vehicle' s SRS deployed and the driver initiated a forward trgjectory in
response to the 12 o’ clock direction of the impact forces. The deploying driver air bag contacted the
anterior agpect of the driver’ swrists and displaced them from the steering whed rim. This contact caused
the wrist abrasionsand the hairlinefracture of theleft forearm. Thedriver’ sface and upper chest contacted
the deployed driver air bag resulting in minor facial arasons. Thedriver then rebounded back into the left

front seat where she cameto rest.

CHILD OCCUPANT INJURIES
Injury
Cervicd fracture C1 and C2

with proxima spina cord
transection

30 cc sub-dura hemorrhage

Bilaterd lung contusions
perihilar areas (up to 1.5 cm
individudly)

Diffuse sub-arachnoid

hemorrhage in cerebdlar
hemisphere

Diffuse sub-arachnoid
hemorrhage inright & left
cerebra hemispheres

Injury Severity

Maximum (640276.6,6)

Critical (140446.5,6)
Severe (441410.4,3)

Serious (140466.3,6)

Serious (140684.3,1)

Serious (140684.3,2)
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Injury Mechanism
Deploying front passenger air bag

Deploying front passenger air bag
Deploying front passenger air bag

Deploying front passenger air bag

Deploying front passenger air bag



CHILD OCCUPANT INJURIES (CONT’D)
Injury Injury Severity Injury Mechanism

Contusions of thetrue & fdse Moderate (341899.2,5)  Deploying front passenger air bag
voca cords (up to 0.8 cm)

Fractures of right 1* riband left ~ Moderate (450220.2,3)  Deploying front passenger air bag
1% rib

Lacerations of theright and left Minor (320602.1,1) Deploying front passenger air bag
jugular veins Minor (320602.1,2)

Multiple contusonsto the Minor (290402.1,8) Deploying front passenger air bag
upper and lower lips

Contusions - base of the tongue Minor (243099.1,8) Deploying front passenger air bag

7 cm superficid linear abrasion Minor (290202.1,1) Deploying front passenger air bag
right latera chin to right anterior
cheek

Abrasionsinferior chin Minor (290202.1,8) Deploying front passenger air bag

20 cm anterior neck abrasion;
15 cm linear pattern anterior Minor (390202.1,5) Deploying front passenger air bag
neck abrasion

3 cm contusion right anterior Minor (190402.1,1) Rebound contact/seat back
temple of scap

5 cm contusion right anterior

thigh;

2 cm contugon right digtd shin;

4 cm contusion right superior

shin; Minor (890402.1,3) Right side knee bolster contact

4 cm contusion left mid anterior

thigh;

3 cm contusion left mid shin
NOTE: injury information is obtained from the autopsy report.

CHILD OCCUPANT KINEMATICS
The 10 year old child passenger had a reported height/weight of 142 cm (56 in) and 34 kg (75 1b). She
was seated unrestrained in the right front seat of the vehicle with areported norma posture. The CHILD



OCCUPANT KINEMATICS (CONT’D)

seat was adjusted in amid to forward track position, measured as 8.9 cm (3.5in) rear of the full forward.
Uponthe sudden application of the brakes, thechildinitiated aforward trgjectory in responseto thesudden
decdl eration and the downward pitching of the vehicle.. The child probably attempted to brace herself by
out-stretching her right armvhand evidenced by the windshidd/skin ail transfer. The front bumper of the
Jetta impacted and then underrode the rear bumper of the Ford.

The deployment of the Jettal s SRS occurred due to the impact between the Ford' s rear bumper and the
Jetta’ supper radiator support. Relativeto the occupant, this delayed the air bag deployment to apoint late
in the collison sequence dlowing the child to become positioned in the path of the air bag deployment,
directly in front of the mid-mount module. The air bag deployed and contacted and abraded the anterior
aspect of the child neck. Theair bag expanded around the child’s neck and up onto the chin causing the
large abraded region, that extended from ear to ear. The continued expansion of the air bag hyper-
extended the head causing a cervica fracture at C1/C2 with spind cord transection. A broken chain and
pendant was found in right rear seat. Thejewery was displaced from the child by the air bag deployment.
Animprint of the chain was evident onthe left agpect of the neck. The position of theimprint issgnificant
in that it is an indicator of the upward direction of theair bag’ sexpansion. The child then rebounded back
into the seat due to the air bag contact and dumped to the left, onto the driver’s lap.



