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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 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 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, generdized conclusions cannot be made concerning
the crashworthiness performance of the involved vehicle(s) or their safety systems.
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January 14, 1998
CALSPAN AIR BAG DEPLOYMENT INVESTIGATION
CALSPAN CASE NO. CA97-006

VEHICLE #1 - 1994 DODGE CARAVAN
VEHICLE #2 - 1989 GMC JIMMY

LOCATION - STATE OF MAINE

CRASH DATE - JANUARY, 1997

BACKGROUND

The Fed Operations Branch (FOB) of the Nationd Highway Traffic Safety Administration
(NHTSA) was derted to the crash by the NHTSA Region 1 Office. Caspan was notified of the crash by
the FOB and was directed to conduct the investigation as an on-dte effort. The investigation began the
same day of notification and a Cagpan Recongtructionist was on-dite the following week.

SUMMARY

Thiscrashinvolved a1994 Dodge Caravan mini-van equipped with dud front air bags (Vehicle#1)
and a 1989 GMC Jmmy four whed drive utility vehicle (Vehicle #2). The crash occurred during the
afternoon hours in the month of January, 1997 in the State of Maine on a straight section of an undivided,
two lane, negative 6.1 percent dope southbound, dushy asphdt roadway which had a posted speed limit
of 48 km (30 mph). The ambient conditions were daylight with no reported adverse westher conditions
present at the time of the crash.

Driver #1, a 27 year old female, was returning home with her two children after leaving abirthday
party a her friend’ shousewhich was approximately 3.2 km (2.0 miles) from her resdence. After traveling
goproximately 0.8 km (0.5 mile), Vehicle #1 cleared a hillcrest and proceeded down the hill in a
southbound direction when the driver observed Vehicle #2 stopped in the on-coming lane.

Driver #2, an 18 year old mae, was proceeding northbound and had planned to make aleft turn
a an offset four leg intersection en route to a friend’'s home when he recognized occupants in a non-
involved vehicle stopped at the east leg of the intersectionto hisright. Driver #2 dowed and momentarily
stopped while gesturing to this vehicle prior to initiating the left turn.

Driver #2 returned his attention back to the road and proceeded to make the left turn when he
observed the gpproach of Vehicle#1. He initidly applied the brakes, but decided to accelerate through
the intersection.

Driver #1 observed Vehicle #2 initiate the left turn and gpplied full brakes and attempted to steer
to the left in an effort to go around Vehicle #2. Theright fronta plane of Vehicle #1 struck the right front



dde plane of Vehicle #2 reaulting in a Collison Deformation Classification (CDC) of 11-FZEW-3 for
Vehide#1 and 02-RFEW-3for Vehicle#2. The damage and trgectory routines of the SMASH program
computed the deltaVV of 17 knvh (11 mph) for Vehicle #1 and 19 knvh (12 mph) for Vehicle #2. This
impact resulted in the deployment of Vehicle #1's dud front air bag system.

Vehicle#1 rotated in a clockwise direction and side dapped the right Sde of Vehicle #2 with the
left front fender. The related CDC was 09-LFEW-1 for Vehicle #1 and 03-RYEW-2 for Vehicle #2.
Vehide #1 rotated 139 degrees from itsimpact heading direction and cameto thefina rest position (FRP)
laterdly inthe southbound travel lanewith therear portion of the vehicle extending into the northbound lane.
Vehicle #2 rotated 89 degrees and came to the FRP on the adjacent snow packed lawn located on the
west side of the roadway .

Driver #1 was a 27 year old female who was 154.3 cm (60.75") tall and weighed 47.6 kg (105
Ibs.). The driver indicated she was wearing the lap portion of the manua three point Iap and shoulder
resrant belt at the time of the crash with the torso belt placed behind her back. Reportedly, the driver
routinely placed the torso belt behind the back due to discomfort of the belt against her neck.

During the first impact, Driver #1's upper torso moved forward and contacted the deployed driver
ddeair bag. Her torso continued forward resulting in the displacement of the steering column shear plate
with measured vaues of 6.4 mm (0.25") and 12.7 mm (0.5") a the left and right shear capsules,
respectively. Her right knee contacted the contoured portion of the knee bolster adjacent to the steering
column as observed by the 6.4 cm (2.5") wide fabric transfer mark. She was listed by police as
complaining of leg pain, but was not seen by a physcian.

Theright front occupant in Vehicle#1, athree old maewhowas 104.1 cm (41.0") tal and weighed
15.9kg (35.01bs.), wassitting inaCentury Breverra Prestige booster child safety seat which wasdesigned
with afive point restraint belt sysem. A two piece shoulder belt positioning adjustable comfort clip was
located above a two piece safety shield. The safety shield when latched into the buckle located on the
forward part of the safety seat formed the fifth point of the restraining harness. The seat was rated for
children who weigh between 14 kg - 27 kg (30 Ibs-60 Ibs.) and range in height from 89 cm (35") to the
physica stature where the top of the child's ears are below the booster seat headrest.

The vehicle sthree point manud lap and torso belt system was placed over the front of the booster
safety seat which secured it to the vehicle. The child was Sitting in the booster seet with the two shoulder
belts of the safety secured with only the two piece comfort clip. Driver #1 indicated that the two piece
safety shield was not latched into the buckle prior to the crash.

During V ehicle#1'spre-crash braking avoi dance maneuver, theright front occupant moved forward
agang the booster seet torso beltsresulting in the release of the comfort clip. The child continued forward
until his head was within close proximity of the leeding edge of the passenger Side air bag module flap at
the time of the supplementd restraint system (SRYS) actuation.



Asthe SRS began to deploy, theleading edge of the passenger side air bag modul e cover contacted
the child's forehead resulting in a linear type abrasion pattern over the right side of the forehead and a
fracture of the right parietd bone. A scuff mark was noted dong the leading edge of the module cover
whichmeasured 10.8cm (4.25") inlength with the presence of afew short strandsof blond hair (reportedly
the hew of the child's hair).

The boy’s face was subsequently contacted by the expanding air bag which resulted in heavy
abrasons of the right sde of the face and minor drasion of the left Sde of the face which was described
by the parents as a rug burn and a fabric weave pattern by rescue. This was congstent with the tissue
transfer observed on the passenger side air bag which covered a measured area of 11.4 cm x 22.9 cm
(4.5" x 9.0") and was located between the upper and lower air bag tether attachment points.

A red trandfer noted dong the right vertica seam of the air bag may have been consigtent with the
color of the boy’s jacket. The jacket was described as being dark blue with a broad red stripe on the
deeves. There were no medicaly diagnosed injuries of the boy’ s upper extremities.

The child was propelled rearward by the expanding air bag and contacted the booster seat back
support. He cameto final rest againgt the booster seat back support with his head angled toward theleft
sde of the vehicle and hisfeet angled dightly toward the right. The booster seat’ s torso belts were found
by the witnhess motorist to be away from the child’s shoulders.

Theright front seet in Vehicle #1 was adjusted in the full rear position which was confirmed by the
driver to be the normal seat placement. The booster seat back support measured 73.7 cm (29.0")
rearward from the leading edge of the passenger sde air bag module cover a aheight of 33.0 cm (13.07)
above the booster’ s seat cushion.

The passenger Sde air bag was constructed with two tetherswhich limited the excurson of theair
bag during expansion. The top tether was located 78.7 cm (31") from the inflator unit. The excursion of
the upper tether from the leading edge of the air bag module cover was caculated a 64.8 cm (25.5").

The right front occupant was initidly atended to by awitness motorist who was following behind
Vehide #1 prior to the crash. The motorist was aretired emergency medica technician (EMT) who upon
observing the child noted that the child was having a hard time breething with gurgling noise emitting from
the boy. The motorist gpplied pressure to the child's chin in an effort to keep his head up in order to
provide a clear arway until the arrival of rescue.

The responding EM Tsand policetook over from the motorist and placed the child on abackboard.
At that time, the child responded only to painful stimuli and began to posture. The rescueteam transmitted
thisinformation to a physician at aloca hospita and requested permission to proceed to a trauma center
inanother city. The physician directed rescueto swing by the loca hospital where the child was evaluated
ingde the ambulance. The physcian agreed with the request and the child was transported to the trauma
center which was located approximately forty-five minutes away.



Upon arriva at the trauma center, the child was evauated and determined to have sustained brain
trauma. He was placed on medication to induce a comain order to manage brain swelling. During the
coarse of treatment, an ICP monitor was placed and a ventriculostomy was later performed. The
medi cation was withdrawn on the thirteenth day and the child opened his eyes on the fifteenth day. The
medica team was unsure if his eyes were following anything and was given a Glasgow Coma Scale raing
of 8t09. Thechild progressed during the course of trestment and wastransferred to arehabilitation facility
forty-one days after the crash.

The following summarizes the injuries suffered by the child and the injury source:

C
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Closed head injury, Glasgow Coma Scale of 5 (passenger side air bag module
cover and air bag)

Facid bruisng (passenger side air bag)

Ecchymosis around eyes and nose (passenger side air bag)

Facid abrasons (passenger side air bag)

Left subdurd tentorium (passenger side air bag module cover and air bag)
Fracture of the right parietal bone with punctate hemorrhage of the posterior aspect
of thefronta |obewith some shearing (passenger side air bag module cover and air
bag)

Diffuse axond brain injury (passenger side air bag module cover and air bag)
Diffuse swdling of heleft hemigphere (passenger sideair bag module cover and air
bag)

Intrgparenchymal bleed (passenger side air bag module cover and air bag)

Mid brain injury with diffuse hemisphere swelling (passenger side air bag module
cover and air bag)

Subconjunctival hemorrhage of the eye (passenger side air bag)
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CRASH DEMOGRAPHIC DATA

Locetion: Two lane undivided roadway at afour leg intersection
City/State: State of Maine

AreaType: Rura/Resdentid

Accident Date/Time: January, 1997/mid afternoon

Investigating Police Agency:

State Police

Accident type: Two vehicle, turn across path, front to Sde crash
Air Bag Vehicle Passenger AIS5 (Critica)

Injury Severity:

AMBIENCE

Viewing Conditions: Daylight

Wegther: Clear

Road Surface: Sush

HIGHWAY

Type: Locd routefintersecting local route
Number of Lanes: 2

Width: 7.8 m (25.6 ft)

Surface: Asphdt

Median: None

Edge: Snow

Veticd Alignment:

Negative 6.1 percent dope southbound

Horizontal Alignment: Sraight
Estimated Coefficient of Friction: | 0.20F
Treffic Densty: Light

TRAFFIC CONTROLS




Sgnds None

Sgns None

Markings. Solid double yelow centerline
Speed Limit: 48 km/h (30 mph)

VEHICLE #1 DESCRIPTION

Description: 1994 Dodge Caravan, 4 door mini-van

V.I.N.: 2BAGH2538RR (Seria # omitted)

Color: Burgundy

Odometer: 42,505 km (26,412 miles)

Engine 3.0L V-6 MM

Trangmission: Autometic

Steering: FWD

Brakes: Power assisted front disc and rear drum brakes

Padding: Upper and mid ingrument pand , soft edge steering whed rimand
ar bag module covers, door panels, door arm rests, sunvisors,
head restraints, center arm rests

Active Regraints: Three-point continuous lap and shoulder belt webbing through a
common latch plate with inertia activated locking retractors,
adjustable D-rings in the front outboard seating positions, three-
point manua |gp and shoulder beltsin thetwo center row seating
positions, three-point manud lap and shoulder bdlts in the third
row outboard seeting positions, and a 2-point lap belt in center
rear

Passve Redraints: Driver side and passenger sde air bags which deployed asa
result of the first impact with Vehicle #2

Defects: None

Tow Status: Towed due to damage

VEHICLE #2 DESCRIPTION

Description: 1989 GMC Jmmy 4x4

V.I.N.: 1GK CT18Z8K 8 (Serid # omitted)




Color: Blue

Odometer: Unknown (electronic display odometer)

Engine 43L V6 F

Trangmisson: Four speed automatic transmisson with afloor mounted manud
four whed drive transfer case shifter

Steering: Power

Brakes: Power assisted front disc and rear drum brakes

Padding: Sunvisors, soft-edged steering whed rim, door panels, door
armrests, center console armrests, head restraints

Active Redtraints: Three point lap and shoulder beltsin the front outboard seeting
positions

Passive Redraints: None

Defects: None

Tow Status: Towed due to damage

VEHICLE DAMAGE

Vehicle#1 Exterior:

The right frontal plane of the 1994 Dodge Caravan (Vehicle #1) struck the right front sde plane
of the 1989 GMC Jmmy (Vehicle#2). Vehicle#1 sustained direct contact damageto theright frontal area
darting 6.4 cm (2.5") right of the vehicle centerline and extending 67.3 cm (26 .5") to the right bumper
corner. The front bumper sustained a maximum rearward displacement of 57.2 cm (22.5") located at the

right-most bumper bolt.

Theleft front fender sustained direct contact a ong thelft front fender during the clockwiserotation
and subsequent sidedap withtheright side of Vehicle#2. The contact began at theleft front fender corner
and extending 62.9 cm (24.75") rearward.

Front bumper and Ieft front fender crush values are ligted in the following tables:

Impact Sequence #1
Front Bumper Crush

Cl=0cm

C2=38cm (15" C3=10.2cm (4.0")

C4=152cm (6.0")

C5=235cm(9.25") | C6=559cm (22.0)




Impact Sequence#2 |[Cl=06cm(0.25") | C2=13cm (05" C3=0.6cm (0.25")
Left Front Fender

C4=06cm(0.25) |C5=06cm(025") | C6=06cm(0.25")

Components damaged in the crash included the front bumper assembly and grille, the radiator
support bracket, the hood, the left and right front fenders, the right frontal substructure, the right front
suspension, and the windshield.

Vehicle#1 CDC:

Impact #1 | 11-FZEW-3

Impact #2 | 09-LFEW-1

Vehicle#l Interior:

Interior damage to the Dodge Caravan was associated with air bag deployment and occupant
contacts. Theright front passenger's seat was adjusted to the full rearward position on a seet track which
had an adjustment range of 16.5 cm (6.5"). The incline of the seat cushion was 9 degrees. The distance
from the leading edge of the seat cushion to the floor was 34.3 cm (13.5").

A Century Breverra Prestige booster child safety seat was secured in the right front passenger seat
withthe manud lgp and shoulder bet. The child'sfather had moved the seat from the second seet row to
the right front seet position the previous day and secured it with the manua three point restraint belt across
the front aspect of the child safety seet. In this pogition, the horizontd distance from the child safety seat
back support to the leading edge of the air bag module cover flap was 73.7 cm (29.0") taken 33.0 cm
(13.0") abovethe child safety seat cushion. The adjustable D-ring for the right front manua three point lap
and torso redtraint belt was in the full up postion.

Theleading edge of the passenger sideair bag moduleflapwaslocated 2.5 cm (1.0") rearward from
the verticd edge theinstrument pand. The hinged edge of the air bag module cover waslocated 20.3 cm
(8.0") from the base of the windshield &t the right rear corner of the cover and 22.2 cm (8.75") a the left
rear corner. The module cover was dightly deformed adong the horizontd surface with a rearward
displacement of theleft rear corner. Theleading edge of the passenger side module cover exhibited a10.7
cm (4.2") scuff mark with a6.4 mm (0.25") diameter artifact which was attributed to contact by the right
front occupant’ s head during the SRS deployment cycle. A couple of short blond hair fiberswere located
aong the module cover edge right of the artifact.

There were black transfer marks on both the driver and passenger side air bags from contact with
the undersde of the module cover flaps during the Supplementa Restraint System (SRS) deployment
sequence. Thepassenger Sdeair bag exhibited ared transfer mark along the outboard vertica ssamwhich
measured 68.6 cm (27.0") inlength. Thiswasattributed to contact with thered deeveson the child’ snylon
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jacket. Therewasa11.4 cm x 22.9 cm (4.5" x 9.0") area on the front surface of the air bag which
exhibited scatter tissue trandfers and alight yellow stain dong the lower portion of the tissue trandfer field.
Thisartifact was attributed to contact with the child’ sfacid areaduring the depl oyment sequence. Located
to theright of thisareawasa 3.2 cm (1.25") diameter area which aso exhibited tissue transfers and was
atributed to facid contact during the air bag expansion event.

The windshidld glazing was in place, but was cracked from impact
forces. Two air bag trandfer marks were located on the upper right surface
of thewindshield (refer to Figure 1). Onetransfer mark was 3.2 cm (1.25")
long and waslocated 16.5 cm (6.5") right of center and 19.1 cm (7.5") below
thewindshidd header. A second verticaly orientated trandfer mark was 6.4 cm
(2.5") long and located 56.5 cm (22.25") right of the vehicle centerlineand 1.3
cm(0.5") below thewindshield header. Thewindshield had a40 degreerake
agle.

The leading edge of the center front courtesy light bracket exhibited a
10.2 cm (4.0") smudge mark (refer to Figure 2). This contact was not
attributed to the crash event.

Figure 1. Deployed
passenger air bag
and resulting damage

A 6.4cm (2.5") scuff fromtheright kneeof thedriver was noted onthe tothewindshield.

protruding area of the knee bolster which conformed to the curved surface of
the steering column. This contact waslocated 30.5 cm (12.0") lft of the vehicle centerline (refer toFigure
3).

Figure 2. Courtesy light Figure 3. Driver’sright knee Figure 4. Shear plate
smudge mark. contact to the bolster. displacement.

The steering column shear plate was displaced as aresult of driver loading during the crash (refer
to Figure4). The displacement at the left shear capsule measured 6.4 mm (0.25") and 12.7 mm (0.5")
at theright shear capsule.

At the time of ingpection the driver's bucket seat was positioned 5.1 cm (2.0") rearward of the full

forward position on a seat track adjustment range of 19.1 cm (7.5"). The adjustable tilt steering column
was 41 degrees above horizontal. The seat belt upper anchor D-ring was adjusted to the full up position.
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All of the doors of the Dodge Caravan remained closed and operationd after the crash except the
right front door which was restricted. The driver reportedly attempted to open the door from inside the
vehide following the crash, but was unsuccessful. An uninvolved motorist came forward and was ableto
open the door.

Repair Cost: Totd loss

Vehicle#2 Exterior

The 1989 GMC Jmmy 4X4 (Vehicle #2) sustained direct contact damage dong the right front
fender during the first impact sequence and continued onto the right front door surface during the
subsequent sdedap impact with Vehicle #1. Contact to the right front fender began 212.1 cm (83.5")
forward of theright rear axle and extended 86.4 cm (34.0") rearward. The maximum crush measured 21.6
cm (8.5")and was located at the C4 location. Contact damage for the second impact measured 97.8 cm
(38.5") which began 125.7 cm (49.5") forward of the right rear axle. The crush values are listed below:

Impact Sequence#1 | C1=124cm (49" |C2=133cm(52") |Cc3=21.3cm (84"
Right Front Fender | C4=216cm 85") | C5=140cm (55" | C6=12.1cm (4.75")

Impact Sequence#2 | Cl=0cm C2=57cm (22" C3=105cm (4.1")

Right Front Door C4=121cm(4.75")

Components damaged included: the front bumper; the hood; the right front fender; the right
headlight; the grille; the right front whed; the right front door surface, the windshield; and the roof.

CDC:

Impact #1 | 02-RFEW-3

Impact #2 | 03-RYEW-2

Vehicle#2 Interior

The GMC Jmmy sudtained intrusonof theright front floor areawhere the toe pan intruded 3.8 cm
(1.5") longitudindly and thefloor intruded 5.1 cm (2.0") verticdly. The center consolewas shifted lateraly
to theleft. The driver was wearing the manua three point lap and torso bt the time of the crash. There
were no visble crash reated occupant contact points noted in the vehicle interior.

Repair Cogt: Vehicle damage was appraised at $9,000 which was rated as atotal loss.
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SUPPLEMENTAL RESTRAINT SYSTEM (SRYS)

Vehicle #1

The 1994 Dodge Caravan (V ehicle#1) was equipped with aSupplementa Restraint System (SRS)
that condsted of dud driver and passenger Sde air bags which deployed as aresult of the crash with the

1989 GMC Jmmy. Thedriver Sde

air bag deployed as designed in an Black trandfer
. . ; : ( from modul No vent ports

H-configurationsymmetrical air bag 2540m S‘; (Dn[a;et venpe
module cover assembly that was , 114cm
contained within the four-spoke { ﬂ 17.1
deering whed. The flaps were s533cm| [76em L8 cm
hinged at the top and bottom with a 114cm Upper tether

- 76cm
horizontal center tear seam and A 11.4¢cm

. . . .2 Red transfer
vertical perimeter seams. Thedriver g _ _
side air bag was a nontethered 35 29/ g'rﬁ?%mmie;ma
bag. The68.6cm(27.0") diameter  cm 6

: : Lower tether
bag had two 2.9 cm (1.1") diameter { cm ¢ 7 & 35 c?nN “
vent ports located at 11 and 1 Scattered tissue
oclock on the rear surface of the 134 transfer
bag. The bag identification number |2 Light yellow stainin
was recorded as follows: < {?&%m"g‘f’{d q
47.0cm
PUT 11446-02E Passenger Side Air Bag
TAC154H11371

A black transfer from the module cover was located on the face of the bag at 2 o'clock. A 14.0
cm (5.5") long light gray transfer mark was located 14.0 cm (5.5") below center and 15.2 cm (6.0") from
the left edge.

The passenger Sde air bag module was a top mount design with a single flgp which was hinged
aong the latera edge adjacent to the windshield. The vinyl cover flap measured 31.8 cm (12.5")
horizontally and 14.0 cm (5.5") dong the right (outboard) edge and 14.6 cm (5.75") aong the inboard
edge. Theleading edge of the passenger sdeair bag moduleflap waslocated 2.5 cm (1.0") rearward from
the verticad edge the indrument panel. The module cover was dightly deformed aong the horizonta
surface with arearward displacement of theleft rear corner This deformation was secondary to occupant
contact during the air bag expanson activity. The leading edge of the passenger sde module cover
exhibited a 10.7 cm (4.2") scuff mark with a 6.4 mm (0.25") diameter artifact which was attributed to
contact by the right front occupant’ s head during the SRS deployment cycle.

The passenger air bag contained two tethers which were attached to the top and bottom portion
of theair bag a avertical distance of 78.7 cm (31.0") and 109.2 cm (43.0") from the inflator unit. There
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were no vent portsin the air bag fabric. There was a black transfer mark on the passenger Sde air bag
fromtheinteraction of theexpanding air bag with the underside of the module cover flap which waslocated
42.5 cm (16.7") below theinflator module. Theright Sdeof thear bag exhibited ared trandfer mark dong
the vertica seam line which measured 68.6 cm (27.0") in length. This was attributed to contact with the
right front occupant’s jacket which reportedly had a red streak on the deeves. There wasa 11.4 cm X
229 cm (4.5" x 9.0") area on the front surface of the air bag which exhibited scatter tissue transfers and
alight yelow stain dong the lower portion of thetissue trandfer field. Located to theright of thisareawas
a3.2cm (1.25") diameter areawhich aso exhibited tissue transfers. The tissue transfers were attributed
to contact with the child’' sfacid area during the air bag during expansion sequence.

CHILD SAFETY SEATS

The Dodge Caravan contained two child safety seats. A Century Breverra Prestige booster
(forward-facing) Modd 4885PIX was secured in the right front seat with the manua three point lap and
shoulder belt and occupied by athree year old mae. The date of manufacture was 3/01/96.

A second child safety seat was secured in the left seet of the middle row by the manua three point
lap and shoulder regtraint belt. The second safety seat was an Evenflo convertible child safety seet which
was forward facing and occupied by an eight month old female occupant.

The Century Breverra Prestige booster child safety seat was
designed with afive point restraint belt harness syslem. The seat was
rated for children who weigh between 15 kg - 27 kg (30 Ibs. - 601bs.)
and range in height from 89 cm (35") to the physicd stature wherethe
top of the child's ears are below the booster seat headrest. The seat
covering was atweed fabric which was predominately purplein color.
A warning label was adhered to the back of the seet with ingtructions
written in English and Spanish which described the two methods for
proper inddlation of the seet in avehicle. The first method required
the vehicle's restraint belt to be routed through the designated dots
located in the back of the seat to secure the booster to the vehicle.
Whenused inthis configuration, thefive point belt safety seat harnesswas required to properly restrain the
child to the booster seat. The second method required only the use of the vehicles Igp and torso bt to
restrain the child to the booster seat which in turn secured the booster seet to the vehicle. Following the
two methods of ingdlation was awarning (refer to Figure 5) which read:

Figureb5. Child safety seat
war ning labdl.

NEVER USE A VEHICLES"LAP ONLY" BELT IN FRONT OF CHILD. SERIOUS
INJURY OR DEATH MAY OCCUR.

The safety seat, however, was secured to the right front seat with the lap and torso belt being placed across

the front surface of the safety seat and behind the child. Rescue personnd indicated the safety seat
appeared to be secured with the vehicle lgp and torso bt asit did not move during rescue efforts.
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The father of the child indicated the seat was normaly secured in the second row seat, but was
moved forward to the right front seet the previous day. Heindicated the child would have had the lap belt
across his lap and the torso belt behind his back.

The EMTs were not aware of the child being restrained as they were not encumbered by the
presence of the vehicle slap and torso belt during rescue efforts. Therestraint belt was not cut which very
often occurs during extrication activities to avoid unnecessary movement of the injured. The witness
motorist who immediately came forward and provided first aid noted that the shoulder belts of the safety
Seet were away from the child’s shoulders. He did not see any restraint belts restraining the child.

The five point harness had two torso belts which passed through the back support of the safety seat
in the lower of the two vertical height adjustment dots, continued through the two part safety shidd, and
attached to the seet frame below the seat cushion. The safety shield consisted of two half sectionswhich
buckled sde-by-side into a common latching mechanism located in the base of the seat to form the fifth
attachment point of the harness.

A two piece plastic comfort clip was attached to the shoulder belts above the safety shield that
laterdly positioned the belts with repect to the centerline of the child so that the shoulder beltswould be
aigned with the child’ s shoulders during norma restraint usage. The comfort clip wasdesigned to release
under load conditions o that it would not interfere with design of the shoulder belts. The driver only
connected the comfort clip and did not latch the two part safety shield into the buckle prior to the crash.

The height of the booster seat back support from the top of the headrest to the top of the seat
cushion measured 63.5 cm (25.0"). Thewidth of the seat back support measured 41.9 cm (16.5"). The
seat cushion measured 29.2 cm (11.5") from front to the back, 12.7 cm (5.0") verticaly, and 43.2 cm
(17.0") wide.

The child safety seat exhibited a0.6 cm (0.25") areaof stressed fabric surrounding the seam stitches
located 48.3 cm (19.0") above the seat cushion and 4.4 cm (1.75") | eft of the booster seat centerlinewhich
was associated with rebound contact by the child’'s head during the crash. The adjacent left vehicletorso
bet “I” shaped guide exhibited an abrasion and red transfer deposit which waslocated 10.2 cm (4.0") right
of center on the top surface of the clip. The guide dimensiona surface measured 7.9 cm x 5.4 cm (3.1"
x 2.1").

The child safety seat used by the 8 month old femal e occupant seated in the left seat of the second
row was an Evenflo convertible child safety seat Modd 224144, manufactured on 12/11/1992 which was
forward facing. The seat wasreportedly secured by thelap portion of the three point manua lap and torso
belt which was routed through the designated secure points dong the back of the safety set at the time of
the crash. The child safety seat was released by a passerby shortly after the crash and removed from the
vehide with the child till restrained in the safety seet. The child was subsequently removed from the seet
and the seat placed back ingde the vehicle.
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The Evenflo child safety seat was equipped with two shoulder belts which were stitched together
and attached to atether secured to a swing down shield. A latch plate at the end of the tether secured the
these belts to the abuckle located in the seat cushion. A shoulder belt dack adjustment belt was located
aong thelower front surface of the seet. The shoulder beltswere adjusted to the lowest setting of thethree
vertica dotsin the seat back support. The child was not injured in the crash.

Vehicle Velocity Estimates:

Crash Impact Vehicle#1 Vehicle#2
Sequence #1
Impact Speed 35 knvh (21 mph) 17 kmv/h (11 mph)
Totd detaV 17 kmvh (11 mph) 19 kmvh (12 mph)
Longitudind -16 km/h (-10 mph) -12 km/h (-7 mph)
Latera 6 kmvh (4 mph) -14 km/h (-9 mph)
Energy Dissipated 56,509 joules (41,673 ft-1b) 15,414 joules (11,367 ft-Ib)

The impact speed and velocity changes for the first impact were computed using the damage and
trgjectory agorithms of the SMASH program. The second impact sequence was computed using the
damage routine of the SMASH program

COLLISION SEQUENCE
Pre-Crash:

The 27 year old femde driver of the 1994 Dodge Caravan mini-van (Vehicle #1) was returning
home during the mid afternoon hour from achildren’ shirthday party whichwasheld at afriend’ sresidence.
The trip distance was estimated at two miles from door to door. Driver #1 was familiar with the route as
shetraveedit very often. Therewerebaloonsand cakeinsdethevan which wereleft over fromthe party.

The 8 month old femae child was restrained in a forward facing child safety seat located in the

second row directly behind the driver. The safety seat was secured to the vehicle by the vehicle' s manua
three point lap and shoulder bet.

The three old mde child in the right front seat was sitting in a Century Breverra Prestige booster
safety seat which was designed for older (larger) children. The two shoulder belts were designed to be
secured by atwo piece shield to alatching buckle located in the leading area of the seat cushion between
the child' slegs. Driver #1 indicated she engaged the two piece plastic comfort clip located on the shoulder
belts and did not latch the two part shield into the buckle assembly for the trip home.
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The child safety seat was secured to the vehicle by the vehicle sthree point manua Iap and shoulder
belt. Thefather moved the seat from the second row to the front seet the previousday so that hisson could
ride up front with him to the dedership where the vehicle was taken for a regular maintenance checkup.
The exact method used to secured the safety seat was not clear asthe father of the child indicated thelap
belt would have been acrossthe lgp of the child and the torso belt behind his back at the time of the crash.

The safety seat was found to be stable by rescue personnel who indicated that in the course of
providing firg aid and removing the child from the vehicle, pressure was gpplied to the safety seet and
bumped fromtimetotime. The safety seat, however, remained fixed to the right front seet which indicated
to the rescue personnel that it was secured by the vehicle s restraint belt.

Driver #1 was proceeding southbound on an undivided two lane roadway when she crested a hill
and saw Vehicle #2 (1989 GMC Jmmy) stopped in the oppositetravel lane. Asshe approached, Driver
#2 initiated aleft turn across her travel path from her Ieft to right. She gpplied the brakesto alocked wheel
condition and attempted to steer to the left in order to avoid the impending crash.

During the pre-impact braking effort, the right front occupant moved forward and began to load the
child safety seat shoulder belts. The comfort clip which held the two belts together released and alowed
the child’ s torso to move forward toward the instrument panel and the right front air bag module cover.

Driver #2 was stopped at the offset four leg intersection and was attempting to make aleft turn into
aloca roadway en route to hisfriend’shome. Prior to the turn, Driver #2 was distracted by friends in
another vehicle stopped at the east leg of the intersection. As he proceeded to make the I€eft turn, he
noticed the approach of Vehicle#1. He responded by applying the brakes and immediately followed with
full application of the accelerator pedal. He indicated that his vehicle had a duggish response which he
believed contributed to the crash.

Crash:

The right frontal area of Vehicle #1 struck the right front fender of Vehicle #2. The impact soeed
was computed by the SMASH program at 35 knvh (21 mph) for Vehicle #1 and 17 krvh (11 mph) for
Vehicle#2. Thisresulted in acomputed deltaV of 17 km/h (11 mph) for Vehicle #1 and 19 km/h (12
mph) for Vehicle#2. Vehicle #1 rotated in a clockwise direction and sidedapped the right front door of
Vehide #2 with the I€eft front fender. Vehicle #1 came to the find rest position (FRP) on the roadway.
Vehicle #2 rotated in a counterclockwise direction, departed the west Side of the roadway, and came to
the find rest position (FRP) on the adjacent snow packed lawn.

During thefirg impact event, the SRS initiated the deployment sequence. Thethree year old child
had moved forward during pre-impact braking and contacted the leading edge of the passenger Sde air
bag module cover asit was opening resulting in afracture of theright parietal bone and abrasion of theright
forehead. Hishead and facia areawere subsequently contacted by the expanding air bag which resulted
in brain trauma, facid aorasons, and facia contusions.
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The child was propelled rearward by the passenger sde air bag and struck the booster seat back
support. He came to rest with his torso against the seat back support with his head canted to the inboard
side of the seat back support and his buttocks Stuated near the edge of the safety seat cushion. Thefirst
witnessto reach the child indicated the two shoulder beltsfrom the safety seat were outboard of the child's
shoulders.

Driver #1 was only wearing the lgp portion of the manua three point |ap and shoulder belt with the
shoulder belt placed behind her back. She moved forward and contacted the knee bolster with her right
knee which was noted by a scuff mark. She contacted the deployed driver air bag and displaced the
geering column 6.4 mm (0.25") and 12.7 mm (0.5") at the left and right shear capsules, respectively.

The 8 month old femae restrained in the left seet of the second row in Vehicle #1 was not injured
inthe crash. The seat remained secured to the vehicle seet at the FRP.

Driver #2 loaded the |gp and shoulder belt in response to impact forces. He sustained a bruise of
the right hip and pain of the abdomen which was atributed to the restraint belt.

Post Crash:

Final Rest: Vehicle#1 rotated clockwise 139 degrees and traveled 7.2 m (23.6") from the POI
to the FRP where it came to the FRP on the roadway with the rear plane of the vehicle over the roadway
centerline. Vehicle #2 rotated 89 degrees counterclockwise and traveled 6.8 m (22.3) from the impact
to thefind rest point.

Driver #1 redlized her sonin the right front seet wasinjured. She unbuckled her restraint belt and
attempted to ascertain his condition by placing herself between theright front instrument panel and thefront
of hisseat. At that time she attempted to open the right front door, but was unsuccessful. She exited the
vehicle through the driver’ s door and walked around to the right side of the van and was il unsuccesstul
in opening the door. A motorist traveling behind Vehicle #1 came forward and opened the door.

The motorigt, aformer EM, observed that the child was making gurgling noises. He devated the
child's head to open the airway and continued to maintain this position until rescue arrived. He was
assged by apalice officer who arrived shortly after the crash and entered the vehicle through the diding
right sde door and helped by stabilizing the child's head from behind.

When Driver #1 exited her vehicle and walked around thefront of her vehicle, sheyelled to Driver
#2, who had exited his vehicle through the driver’s sde door, to cal 911 for help. Driver #2 ranto a
nearby residence and summonsed help. By the time he returned from the residence, the police were on
the scene and escorted him to a patrol vehicle.

Police Activities - The loca police department arrived on-scene Sx minutes after being notified.
The police provided first aid, documented the final rest positions of both vehicles, obtained on-scene
photographs, interviewed participants and witnesses to the crash, and controlled the traffic. They
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impounded Vehicle #1 in an enclosed storage facility pending their further review of the crash and to
accommodate this investigation.

Rescue Activities-Therescueteam arrived within threeminutes of notification and took over from
the police officer and the motorist witness. They recalled that the child booster safety seet was very stable
throughout their rescue efforts and presumed that the seat was secured to the right front seat by the
vehidée sresraint belt. However, their concentration wasfocused on stabilizing the child and preparing him
for trangportation to amedica treatment. They did not recal removing any restraint belts from the child
prior to removing him from the vehicle.

The EMTs placed a board behind the child while he was ditting in the child safety seat. They
removed him through the right front door and placed him in the ambulance. They notified aloca hospita
that the child was serioudy injured and requested to trangport to a trauma center in another city. The
atending physician at the local hospital directed them to first trangport the child to the local emergency
room where the physician conducted a preliminary evauation while the child was gill in the ambulance.
The physician concurred withthe EM TS assessment of the child’ s condition and directed then to continued
to the trauma center where they arrived gpproximately forty-five minutes later. The child was admitted to
the pediatric specid care unit where he remained forty-one days before being transferred to arehabilitation
fadlity.

Scene Clearance - Vehide #1 and Vehicle #2 were towed by a loca towing service from the

scene. Vehicle #1 wasingpected in an enclosed secured repair facility pending thisinvestigation. Vehicle
#2 was inspected at the towing facility’ s tow yard.

HUMAN FACTORSOCCUPANT DATA

Vehicle#1
Driver #1 Right Front Passenger L eft Rear
Passenger
Age/Sex: 27 year old femde 3year old mae 8 month old femde
Height: 154.3 cm (60.75") 104.1 cm (41.0") 63.5cm (25.0")
Weight: 47.6 kg (105 Ibs) 15.9 kg (35.0 Ibs) 9.1 kg (20.01b)
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Driver #1 Right Front Passenger L eft Rear
Passenger
Manua Wearing the lap portion of Booster child safety sest | Forward facing child
Redraint the three point manud lap secured to the right front | safety seat secured
Sysem Usage: | and shoulder belt with the seat  with the manua Igp | with the lap portion
shoulder belt behind her and torso belt across the | of the three point
back front of the safety seet, the | manua lap and torso
shoulder bets of the child | belt which was
safety seat were placed | routed through the
over thechildwithonly the | rear of the safety
bt comfort clip engaged, | seat
the two part safety shidd
was not latched in the five
point harness buckle
Usage Source: | Driver interview, police Driver interview, witness | Driver interview,
accident report interviews, EMS | policeaccident
interviews, medicd, vehide | report
ingpection, police accident
report
Eyewear: No glasses None None
Jewdry: Wedding ring on third finger | None None
of left hand
Clothing: Not described Brown denim jeans, dark | Not described
blue light weght jacket
withred streak on deeves,
no hat, no gloves,
bluelydlow print swester,
socks and boots taken off
by child prior to the crash
Vehide Purchased vehicle new, very familiar with operation of vehicle
Familiarity
Route Vey familiar
Familiarity
Trip Flan: Returning home from children’s birthday party, 3.2 km (2.0 miles) from door to

door
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Driver #1 Right Front Passenger L eft Rear

Passenger
Type of Not treated Transported viaambulance | Not treated
Medica to a neaby hospitd,
Trestment: evauated, and transferred

to a trauma center where
he was admitted for 41
days before being
transferred to a
rehabilitation facility

Vehicle #2
Driver
Age/Sex: 18 year old male
Heght: 172.7 cm (68.0")
Weight: 93.0 kg (205.0 Ibs)
Manud Redrant Wearing the manua lgp and torso belt
System Usage:
Usage Source: Driver interview, vehicle ingpection

Vehide Familiarity: | New driver, sarted driving in August, 1996, family vehicle which he used
only after school and only on certain days

Route Familiarity: Vey familiar

Trip Flan: En route to afriend’s house

Type of Medica None required
Treatment:

INJURY DATA

The three old right front occupant in V ehicle #1 was transported from the scene to alocd hospita
via ambulance where awaiting physician directed the ambulance to atraumamedica facility which had a
pediatric Specia Care Unit (SCU). The child arrived at the trauma center unresponsive to painful stimuli
with a Glasgow Coma Scaerating of 5. A Camino |CP monitor was inserted on the first day with little
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success in gabilizing his pressure. A Ventriculostomy was subsequently performed on the second day
which improved his condition. The child improved over the course of treatment and was transferred to a
hospital specidizing in child rehabilitation 41 days after the crash. The following table summarizes his
injuries and the injury mechanism:

RIGHT FRONT PASSENGER INJURY SEVERITY INJURY SOURCE
INJURIES (A1S-90)

1. Closed head injury, unresponsive 160214.50 Passenger sde air bag module
falowing event, GCS score of 5, cover and passenger Sde air
non purposeful movement with bag
panful stimuli

2. Fadd bruisng 290402.10 Passenger side air bag

3-5. Ecchymosis around eyes, nose 297402.11 Passenger sde air bag

297402.12
297402.14

6. Facid abrasions, forehead, cheeks, 290202.10 Passenger sde air bag
nose

7. Smdl left subdurd tentorium, 140652.42 Passenger side air bag module
positive Babinski cover and passenger Sde ar

bag

8, 9. Fracture of the right parieta skull 150402.21 Passenger side air bag module
with punctate hemorrhage (at 140628.51 cover and passenger Sde ar
junctionof gray-white matter) at the bag
posterior portionof bilatera fronta
lobes (rdated to diffuse axond
injury), smal amount of right shear
injury

10. Diffuse swdling of the Ieft 140660.32 Passenger side air bag module
hemisphere cover and passenger Sde ar

bag

11. Subconjunctiva hemorrhage of 240416.12 Passenger side air bag
the left eye

12. Intraparenchymal bleed secondary 140638.41 Passenger side air bag module
to shear and some subdura bleed cover and passenger Sde air

bag
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RIGHT FRONT PASSENGER INJURY SEVERITY INJURY SOURCE
INJURIES (A1S-90)
13. Evidence of mid brain injury due 140299.58 Passenger side air bag module
to decderation and diffuse cover and passenger dde ar
hemisphere swelling bag

Supplemental Discussion: The patient arrived athe emergency room unresponsive and was eva uated
withaGlasgow Coma Scade (GCS) of 5. A Camino Intracranial Pressure Monitor was placed over the
right hemisphere which immediately produced apressure reading of 35 mm of mercury. On the second
day, there was more difficulty controlling the | CP so the patient was given thiopenta p.r.n., then placed
inapentobartial coma, and the Camino was switched to aV entricul ostomy which remained until the 20
day when it was removed. The GCSimproved to 6 on the 14" day following the crash, increased to
8-9 on the 15" day, and was rated 9-10 on the 16" day. The patient was transferred to a pediatric
hospital 41 days after the crash.

The abdomen was soft, nondistended, nontender with good bowel sounds. There were no abrasons
on the abdomen. No seat belt Sgns. No other Signs of externd injury. There was some question of
amd| bowe thickening dthough there wasinadequate amount of GastroGrafinto clarify this. Inaddition,
the mechanism of injury would not support a smal bowe wal hematoma and the lack of fluid in the
pelvis dso would not support this finding.

Driver #1 complained of pain of the knee, but was not initidly seen at the medical trestment facility.
Driver #2 was not treated at amedica treatment facility, but experienced pain of the abdomen when lifting
weights after the crash and a black and blue areaon hisright hip which was attributed to loading on the lap
restraint belt during the crash.

OCCUPANT KINEMATICS
Vehicle#1
Driver #1

Driver #1, a27 year old fema e, who was restrained by the lap portion of the three point manua lap,
was applying full brakes when the front of her vehicle struck the right front fender of Vehice #2. This
impact resulted in the deployment of the SRS.

Driver #1 moved forward and contacted the deployed air bag with her upper torso. Her torso
continued forward during the impact sequence and compressed the air bag resulting in the displacement
of the steering column shear plate ameasured distance of 6.4 mm (0.25") at theleft shear capsuleand 12.7
mm (0.5") at theright shear capsule. A scuff mark on the surface of the knee bolster in the contoured area
adjacent to the steering column was attributed to contact by her right knee. She rebounded back into the
seat and remained restrained &t the find rest position.
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Right Front Passenger

The three year old mae occupant was improperly restrained in a Century Breverra Prestige child
booster safety seat prior to the crash. The booster safety seat was secured to the vehicle by the vehicle
lap and shoulder belt system was placed over the front surface of the safety seat. The booster safety seat
was designed with a five point restraint belt harness which when used correctly required the two piece
shield to be latched to the buckle located forward on the seet cushion. A two piece plastic comfort clip
atached to the shoulder belts positioned the respective shoulder belts over the appropriate shoulder area
when the clip was engaged. Under loading conditions, the clip was designed to release and alow the
shoulder belts to uniformly restrain the occupant.

Upon return from a children’s birthday party, Driver #1 indicated that the child was riding in the
booster safety seat with only the comfort clip on the shoulder belts attached and the two piece shield not
engaged inthebuckle. During pre-impact braking, the child moved forward and |oaded the shoulder belts.
Asthedack inthe shoulder belts decreased and |oading against the comfort clip increased, the comfort clip
released. The child continued forward and was in close proximity to the passenger side ar bag module
cover a the time of the SRS deployment sequence.

The child contacted the leading edge of the passenger side air bag module cover with his forehead
asit wasopening. A tissue transfer was noted along the leading edge located 8.9 cm (3.5") from the left
corner and extending 10.8 cm (4.25") toward the right. The child sustained afracture of the right parietal
skull with punctate hemorrhage at the posterior portion of the bilatera frontal lobes and alinear abrason
of the forehead which were attributed to this contact mechaniam. This was immediately followed by the
interaction of the expanding air bag againgt the child's face and head resulting in facia dorasions, facid
contusions, and brain trauma

The child was propelled rearward by the expanding air bag where the posterior aspect of his head
contacted the booster seat back support and theleft booster seet torso belt guide. Thiswas apparent from
the focal stretched stitching located between two panel s of fabric on the booster seat back support and the
abrasion and transfer noted on the surface of the belt guide. He came to rest with his back againgt the
booster seat back support, his buttocks on the leading edge of the seat cushion, and his head canted
toward the center of the vehicle. The shoulder restraint belts of the booster seat were outboard of his
shouldersat find rest.

Vehicle #2
Driver #2

Driver #2 was attempting to avoid the crash by accelerating and steering left into an intersection
roadway. He was wearing the manua three point la p and torso belt at the time of the crash. During the
impact sequence, the driver moved forward and to theright. Therestraint belt system limited histrgjectory
to the immediate area of his seating position. An ingpection of the vehicle interior yielded no occupant
contact evidence. The steering column was not displaced at the shear capsules. A contusion of the hisright
hip was attributed to loading the lap restraint belt. He cameto rest till restrained in the left front seet.
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