TRANSPORTATION SCIENCES
Crash Data Resear ch Center

Veridian Engineering
Buffalo, New York 14225

VERIDIAN ON-SITE FRONTAL AIR BAG
ASYMMETRICAL DEPLOYMENT INVESTIGATION
VERIDIAN CASE NO. CA99-006
VEHICLE: 1997 BUICK SKYLARK
LOCATION: NEW JERSEY
CRASH DATE: MARCH 1999

Contract No.
DTNH22-94-D-07058

Prepared For:

U.S. Department of Transportation
Nationd Highway Traffic Safety Adminigration
Washington, D.C. 20590



DISCLAIMER

This document is disseminated under the sponsorship of the Department of Transportation in the interest
of information exchange. The United States Government assumes no responsibility for the contents or use
thereof.

The opinions, findings, and conclusions expressed in this publication are those of the authors and not
necessarily those of the Nationd Highway Traffic Safety Adminigtration.

The crash investigation 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 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.



TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
CA99-009
4. Titleand Subtitle 5. Report Date:
Veridian On-Site Frontal Air Bag Asymmetrical Deployment Investigation November 2002
Vehicle: 1997 Buick Skylark ] -
Location: New Jersey 6. Performing Organization Code
7. Author(s) 8. Performing Organization
Crash Data Research Center Report No.
9. Performing Organization Name and Address 10. Work Unit No.
Transportation Sciences C01115.0223.(0000-0009)
Crash Data Research Center
Veridian Enginering 11. Contract or Grant No.
P.O. Box 400 DTNH22-94-D-07058
Buffalo, New York 14225
12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
U.S. Department of Transportation Technical Report
National Highway Traffic Safety Administration Crash Date: March 1999
Washington, D.C. 20590 ]
14. Sponsoring Agency Code

15. Supplementary Notes
On-site investigation of a severe offset, head-on crash with a guardrail end that involved a 1997 Buick Skylark. The
frontal air bag system deployed asymmetrically, deploying the passenger air bag. The belted driver expired due to chest
injuries.

16. Abstract

This crash involved a 1997 Buick Skylark that was equipped with front air bags for the driver and right passenger positions.
The crash occurred during daylight hours in the month of March 1999. The 76 year old male driver was traveling eastbound
on an interstate route with his 76 year old wife who was seated in the front right passenger seat when the vehicle departed the
left side of the roadway and struck the upstream end of a strong post W-beam guardrail system that located in the depressed
grass median. The crash resulted in an asymmetrical deployment of the frontal air bag system where the front left driver air
bag failed to deploy. The driver was pronounced deceased at the scene by the regional medical examiner.

17. Key Words 18. Distribution Statement
On-siteinvestigation General Public
Asymmetrical frontal air bag deployment
Driver fatality

19. Security Classif. (of thisreport) 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 13




TABLE OF CONTENTS

BACKGROUND ... e e e e e e 1
SUMMARY
Crasn S . . . o 1
Crash Sequence
PreCrasn . 2
= o P 2
POSt-Crasn . .o 4
VeENiCeData ... .o 4
Vehicle Damage - Exterior 1997 Buick Skylark . . ......... ... i 4
Interior- 1997 Buick Skylark .. ... ... 5
Frontal Air Bag SySem INjUINES . . ... ..ot 6
Front LEft AIr Bag . .. ..ot e e 7
Front RIGht AIr Bag .. ..o e e e 8
Sendngand DiagnosticModule ... ... .. 9
DrivEr DEMOGIONICS . . oottt 9
DIIVE INUIES . . . e e e e e e 9
DHVEr KINEMAICS . . . . ottt e e e e e e e e e 11
Front Right Passenger DemographiCS .. ... oottt e 11
Front Right Passenger INJUNES . . .. .. oot ettt et 12
Front Right Passenger KInematics . .. .. ..ot e e 13



VERIDIAN ON-SITE FRONTAL AIR BAG
ASYMMETRICAL DEPLOYMENT INVESTIGATION
VERIDIAN CASE NO. CA99-06
VEHICLE: 1997 BUICK SKYLARK
LOCATION: STATE OF NEW JERSEY
CRASH DATE: MARCH 1999

BACKGROUND

This crash involved a 1997 Buick Skylark that was equipped with front air bags for the driver and right
passenger positions. The crash occurred during daylight hours in the month of March 1999. The 76 year
old male driver was traveling eastbound on an interstate route with his 76 year old wife who was seated
in the front right passenger seat when the vehicle departed the left Sde of the roadway and struck the
upstream end of a strong post W-beam guardrail system that |ocated in the depressed grass median. The
crashresulted in an asymmetrica deployment of thefronta air bag systlem wherethe front |eft driver air bag
faled to deploy. The driver was pronounced deceased at the scene by the regional medica examiner.

The Crash Investigation Divison (CID) of the Nationd Highway Traffic Safety Adminigration (NHTSA)
was notified by the Veridian Specia Crash Investigation (SCI) Team after the Team had been made aware
of the crash by alitigation consultant on April 21, 1999. The SCI Team was then directed by the CID at
the request of the NHTSA's Office of Defects investigation (ODI) to conduct an on-scene investigation.
The on-dte investigation was scheduled for April 27, a mutud date agreed upon by the representing
attorney and representatives from General Motors Corporation. All parties were present at the time of
vehicle ingpection.

SUMMARY

Crash Site
Prior to the crash, the 1997 Buick Skylark was traveling
eastbound presumably in the Ieft lane of afour lane divided
(two lanes in each direction), negative 1.7 percent dope,
draight, dry asphalt, interstate roadway with a posted speed
limit of 105 km/h (65 mph). The wesather was clear with
good vishility reported by the investigating officer the tow
truck operator. The solid yelow |eft roadway edge line and
the broken white lane lineswerein good condition (r efer to
Figurel).

Figure 1- Approach tragjectory of the Buick at
30 m from the point of impact (POI)



Crash Sequence
Pre-Crash

Scene evidence and damage to the front of vehicle indicated that the vehicle departed the roadway at a
shalow angle, traveled pardld to the roadway and struck the guardrail end. The deformation pattern to
the frontd plane of the vehicle was d<o indicative of a longitudina impact configuration. The left front

bumper corner was displaced rearward 42.5 cm (16.75") whiletheleft axlewas displaced 49.3cm (19.4")

rearward with no laterd digplacement (refer to Figure2). Thereweretwo 10.5m (34) ralling tire prints
leading to the guardrail end. The l€ft tire print was directly in line with the barrier end and pardld to the
roadway edge(r efer to Figure 3). Thedriver possbly fell adeep or experienced amedicad condition that
resulted in loss of control of the vehicle prior to the roadway departure. In andyzing the scene evidence
and vehicle damage, it appeared that the vehicle drifted off the roadway and struck the guardrail end

without the driver initiating avoidance actions.

Figure 2- Damage resulting from the impact Figure 3- Trajectory of the Buick prior to the
with the guardrail end POI with the guardrail end

The damaged guardrail system had been replaced at the time of thison-gteinspection. The attorney was
present during this activity and indicated that the replacement guardrall system was very different from the
system that was involved in the crash. The replacement system was a strong wooden post construction
withabreakaway cableterminal (BCT) end treatment. The replacement BCT waslocated 3.75m (12.3)
north of the left roadway edge line. The attorney described the origina system as consisting of metd posts
mounted in concrete bases. He said the guardrail wasdeformedina*“V” shape pattern with the post and
base adjacent to the “V” deformation displaced approximately 15 cm (6.0") from the impact.

Crash

The front |eft area of the Buick Skylark impact the barrier end resulting in a12 o’ clock direction of force
impact. The assgned Collison Deformation Classification (CDC) code for the Buick was 12-FL EE-5.
The extent zone of “5" wasbased on length of contact which extended 124.4 cm (49.0") dong thelft front
fender area.  Although this crash was beyond the scope of the WinSMASH dgorithm due to energy
management properties of guardrails, abarrier equivalent computation was performed to provide arange
vaue for theddtaV. Thetotd deltaV value computed by the damage routine was 29.6 km/h (18.4 mph)
withalongitudinal component of -29.6 knvh (-18.4 mph) which was sufficient to deploy the Buick’ sfrontal
ar bag sysem. The front left driver ar bag faled to deploy while the front right passenger air bag
functioned appropriately. Ingpection of the air bag module indicated that the air bag and inflator unit were
intact and the visible wiring was atached. There were no visble abnormdities noted.
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As the Buick crushed to maximum engagement, the vehicle rotated approximately 70 degrees in a
counterclockwise direction and traveled gpproximately 3.5 m (11.5) in a southeasterly direction before
coming to rest straddling the inboard shoulder, facing in an easterly direction. Figure 4 is a schematic of
the crash scene.
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Post-Crash

Rescue personnd arrived on-scene and extricated the driver from the vehicle. The tow truck operator
stated that the steering whed rim was againg the driver's chest a find rest, pinning him againg the seet
back. Rescue personnel removed the roof, cut the left front sill (rocker pand), and used a hydraulic
Spreader at the base of the A-pillar to push it toward its original position so ease the extrication process.
The 76 year old female front right passenger was restrained by the manua 3- point lap and shoulder belt.
She was removed from the vehicle by rescue personnel and transported to atrauma center where shewas
admitted for fracture of the ribs, facia swelling, and abrasons and laceration of the face. She was
trandferred to a senior citizens hospice center 9x days later. Rescue personnd were on-scene
gpproximately two hours. The Buick was subsequently towed from the scene of the crash.

Vehicle Data
The vehicle was purchased by the driver asaused vehiclethe previousyear. Theregidration tag listed an
odometer reading of 41,721 km (25,925 miles) which was presumed to have been the mileage at thetime
of purchase. The Buick was manufactured in January 1997 and was identified by vehicle identification
number 1GANJI52T8V C (production number deleted). At the time of the crash and subsequent SCI
ingpection, the Buick had an odometer reading of 74,105 km (46,048 miles). Therewasarecall campaign
gicker on the upper radiator support which contained the following information:
GM Campaign
97018
Completed
35-572 Dealer Code
The specifics of the recall campaign were not known.

Vehicle Damage
Exterior - 1997 Buick Skylark

The 1997 Buick Skylark sustained severe exterior damage
that involved the front bumper, the hood, the left front
fender, radiator, left front whed and axle, Ieft A-pillar, left
front door, left front door glazing and windshield (refer to
Figure 5). Maximum crush was 42.5 cm(16.75") located
at the left front bumper corner. The direct contact damage
began at the front left bumper corner and extended 22.9 cm
(9.0") inboard. The combined induced and direct contact
damege (Field L) was 124.5cm (49.0") whichinvolved the = —— —
full frontal wicth. The contact continued along the left front ggll*;ri 5- Leftfront corner view of the Buick
fender resulting in an overdl contact extent of 124.5 cm
(49.0"). Theleft sde whed base was displaced rearward
49.2 cm (19.4"). The crush profileislisted in the following teble: C, = 124.5 cm (49.0"), C, = 12.1 cm
(4.75"),C;=6.4cm(25"), C,=35cm(14"),Cs=0cm, Cs=0cm.

The WinSMA SH damage reconstruction a gorithm was used to compute barrier equivaent deltaV vaues.
The output from the damage routine indicated that the vehicle experienced atotd deltaV of 29.6 km/h
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(18.4 mph) as shown in the following table. This value appeared to be understated from the visudly
estimated deltaV of 40-48 knmv/h (25-30 mph). The deltaV experienced by the vehicle was sufficient to
deploy the supplementa restraint system. The WinSMASH output is summarized in the following table:

Total deltaV 29.6 km/h (18.4 mph)
Longitudinal deltaV -29.6 km/h (-18.4 mph)
Lateral deltaV 0

Energy dissipated 49,991 joules (36,878 ft-1b)
Barrier equivalent speed 29.6 km/h (18.4 mph)

Interior -1997 Buick Skylark
Interior vehicle damage to the 1997 Buick Skylark was attributed to occupant contact, the partia
deployment of the frontal air bag system, and compartment intruson. The steering column, |eft instrument
pand, left A-pillar, and thelft toe pan were the most Sgnificant intruding components. Dueto thelocation
of the exterior damage (i.e., crush outboard of the left framerail), the energy developed during the crash
sequence was concentrated at the left front axle resulting in a severe rearward digplacement of the axle.

A direct consequence of the left front axle displacement was the resulting rearward movement of the
geering column. Thetow truck operator who was on-scene during extrication activities observed that the
geering whed was againgt the driver's chest pinning him againgt the seat back. The steering whed rimwas
deformed forward a measured distance of 15.2 cm (6.0") along the top portion and 6.4 cm (2.5") dong
the bottom edge that was attributed to contact with the driver’s chest area. Both shear capsules were
separated from the shear module with displacement values of 3.8 cm (1.5") at theleft and 4.4 cm (1.75")
a theright capsule.

The degree of steering column intruson could not be
determined due to the relocated position of the column by
rescue. Theleftlower A-pillar, however, had alongitudind
intruded value of 40.6 cm (16.0"). Theleft instrument panel
intrusonmeasured 21.6 cm (8.5"), however, thisvaluewas
considered to be an dtered minimum vaue due to the 20
cm (8'0) forward spreading by rescue personnel (r efer to
Figure6).

Boththeturn sgnd stalk and thetilt whed adjustment lever  Figure 6- View of the left lower A-pillar and
were bent and fractured. Thiswas attributed to contact by  '€ft sill showing the area cut and spread by
the driver's left hand. There was a 15.2 cm (6.0") wide rescte

deformation contact pattern on the right Sde of the driver's

knee bolster which was attributed to contact by the driver's right knee during the crash sequence. This
contact was located 7.6 cm (3.0") left of the vehicle centerline.



Theleft sunvisor exhibiteda8.9cmx 5.1 cm (3.5" x 2.0") belge smudge mark which waslocated 29.2 cm
(11.5") I€ft of the vehicle centerline. This was attributed to a possible driver head contact.

The driver's 3-point |gp and shoulder belt exhibited witness
marks(refer to Figure 7) that could support usage during
the crash. There was a smdl disruption of the lgp belt
weave which measured 6.4 mm (0.25"). This smadl area
was located over the seat cushion area and could have
resulted from contact by someartifact inthedriver'sclothing
(e.g., Zipper, bt buckle, etc). There was a subtle striated
abrasion pattern noted a ong the surface of the shoulder belt
where it entered the vinyl cutout dong the upper B-pillar.
The determination of belt usage was confounded by the Figure7- View of the small disruption of the
degree of steering whed rim deformation and the totd '8P belt webbing

separation of the shear capsules. The degree of

deformationand column movement generally represents aloading pattern by an unrestrained driver. Given
the extreme rearward movement of the instrument pand and steering column from the impact, it appeared
likely that the driver may have started to move forward and began to load the shoulder belt when the
steering whed contacted his chest. The bt restraint were not cut by rescue personnd during extrication
activities.

The front left seat appeared to be in amid to rear adjusted position. The seat back was reclined 19
degrees &ft of verticd. The steering column wasrotated upward and pulled forward by rescue personnel.
The resdua dimension between the seat back and the steering wheel hub measured 45.7 cm (18.0") at
aheght of 53.3 cm (21.0") above the junction with the seat cushion.

The center instrument panel exhibited a scuff mark that measured 3.8 cm (1.5") verticdly. It waslocated
10.2 cm (4.0") right of the vehicle centerline and was attributed to contact by the expanding front right

passenger ar bag.

The windshied was removed from the vehicle by rescue personnel. Although it exhibited obvious stress
fractures, it was devoid of any occupant contact evidence.

The right front occupant was reportedly wearing the lap and shoulder belt at the time of the crash. There
was no evidence of occupant loading noted on the restraint system.

Frontal Air Bag System
The Supplementa Restraint System (SRS) in the 1997 Buick Skylark Custom was designed with frontal
ar bagsfor thedriver and right passenger positionswhich deployed inan asymmetrica deployment pattern.
The front right passenger air bag deployed as designed while the front |eft driver air bag failed to deploy
and remained encapsulated in the air bag module compartment (refer to Figures 8 and 9). The impact
with the guardrail end was sufficient to deploy the SRS.



Figure 8- View showing the undeployed front Figure 9- View of thefront left driver air bag
left driver air bag module. after it was mechanically removed from the air
bag module

The Generd Motors representatives removed the SDM from under the right front passenger seat and
downloaded the EEPROM data using an externa power supply. Although the SDM was surrounded by
water on the floor prior to itsremova, it did not appear to have been damaged and readily uploaded the
stored data.

The Tech 1 printout of the data stream was secured for thisinvestigation.  Although the encrypted binary
code data was to be interpreted by the manufacturer, the data was never forwarded to the Veridian SCI
team. The information shown under the Tech 1 Data List indicated that the driver seatbelt was buckled.

Front Left Air Bag
The front left air bag module was removed from the steering whedl mounting assembly and inspected for
wiring continuity. While attempting to remove the air bag module, it was discovered that there were two
anti-theft air bag locking bolts holding the unit in place. The head of the locking bolt was designed with a
depressed irregular key lock type pattern. The outer edge (perimeter) of the bolt head wastapered which
prevented the use of clamping tools for bolt removal.

The tow yard operator was not familiar with this bolt type and invited the owner of anearby collison shop
to lend his expertise and possbly some toolsin assigting in the removad of these bolts. This met with little
success as the collison shop owner was dso not familiar with this bolt head design. Representatives from
the Generd Motors did not recognize this type of ar bag locking bolt and consequently did not have any
toolsin their tool kit to assst in the remova process. It was unknown whether this bolt type represented
an OEM ingallation, a recal campaign, or a previous replacement unit as the result of a previous

deployment.

After 30 minutes of effort, a mechanic was able to remove one of the mounting bolts from the front Ieft air
bag module which wasthen tilted on end to ingpect thewiring. Thetypica yelow dectrica connector and
yelow wire appeared to be properly attached to the back of theinflator unit. Additiondly, theyelow wire
appeared to be properly routed through the steering wheel hub and connected to the steering whedl
mounted clock spring. The wire was tensioned to check for wire connectivity with no abnormdity noted.
Visudly, there did not gppear to be any obvious problem with the unit.



The front left ar bag module cover was mechanically (cut) opened dong the“1” configured module cover
flaps. The overdl ar bag module surface measured 10.2 cm (4.0") verticaly and 12.7 cm (5.0")
horizontally. The nontethered air bag was folded in a norma pattern and did not appear to have any
imperfectionof thefabric. It had two vent portsinthe 2 o’ clock/10 o’ clock positionswhich measured 2.5
cm (1.0") in diameter. The following identification number was noted on the air bag:
P16756616
TXM963231686

An identification number attached to the rear surface of the inflator unit islisted beow:
AB964015Q4ZZEA

Front Right Air Bag
The front right air bag module was atop mount design whichincorporated a single flap that opened in an
upward motion. The laterd edge closest to the windshield was designed with two tethers which measured
10.2 cm (4.0") wide and 6.4 cm (2.5") inlength. There was one double tether on each side of the module
cover. Theoutboard tether measured 7.6 cm(3.0") widewhiletheinboard tether measured 11.4cm (4.5")
wide. The vertical excursion of the cover was measured at 17.8 cm (7.0").

The air bag module cover measured 38.1 cm (15.0") laterally dong the leading edge and 39.4 cm (15.25")
adongthewindshidd edge. Theright sSide of the module cover measured 17.8 cm (7.0") longitudinally while
the inboard Side measured 27.3 cm (10.75"). Theleft Sde of the module waslocated 14.0 cm (5.5") right
of the vehicle centerline.  The vinyl flap did not reved any evidence of occupant contact during the
deployment sequence.

The front right air bag was designed with two top tethers which were attached approximately 17.8 cm
(7.0") below the top face of the expanded air bag at the outside edges as noted by alatera stitched seam
line. The longitudinad excurson of the air bag measured 45.7 cm (18.0") while the vertical excursion
measured 73.7 cm (29.0"). The lateral width of the frontal surface of the air bag measured 50.8 cm
(20.0"). Therewere no vishle vent portsin the air bag fabric. The seat back support was located 91.4
cm (36.0") rearward from the air bag module cover measured at a height of 53.3 cm (21.0") above the
junction of the seet cushion.

The inboard latera surface of the front right air bag exhibited two small linear red transfers that were
associated with lipstick marks (r efer to Figures10and 11). Themarksmeasured 2.5cm (1.0") inlength
andwere7.0cm (2.75") gpart. Themarkswerelocated 17.8 cm (7.0") from the fronta vertica seam line
and 22.9 cm (9.0") below the tether stitched seam line.



Figure 10- Overall view of theinboard lateral
surface of the front right passenger air bag
showing thered lip stick transfer marks

Figure 11- Close-up view of thered lipstick
transfers on the inboard lateral surface of the
front right passenger air bag

Sensing and Diagnostic Module (SDM)

The SDM was located under the front right passenger’s seat. An externa remote discriminating sensor
which was located on the upper radiator support, 12.7 cm (5.0") right of the vehicle centerline. The
identification number on the leading surface of the protective shield covering was 16203-119
AD3119ZE25893. The sensor housing was not damaged in the crash. The SDM was removed from the
vehide by the General Motorsrepresentative for download purposes. Although the hexadecima datawas
successfully downloaded, the interpretation of the data was not forwarded to the Veridian SCI team for

incluson in this report.

Driver Demographics

Age/Sex: 76 year old mde

Heaght: 177.8 cm (70.0")

Weight: 82.6 kg (182.0 Ib)

Manua Redtraint

Usage: 3-point lap and shoulder belt
Usage Source: Vehicle ingpection

Seat Track Pogtion:  Mid-to-rear track position
Medicd Treatment:  Expired & scene

Driver Injuries

right Sde of the forehead,
measuring 1.6 cm in diameter

Injury Injury Severity Injury Source
(A1S90/Update
0.6 cm laceration of theright Sde | 290602.1,4 Unknown
of the nose
Smdl irregular contusion on the 290402.1,7 Unknown




Injury Injury Severity Injury Source
(A1S90/Update

Large amount of hemorrhageinto | Not codeable Unknown
the soft tissue of the neck
Multiple greenish purple contusons | 490402.1,0 Steering whed rim and hub

of the anterior chest wal and right
upper arm, largest measuring 7 x 5
cm

Numerous rib fractures on both the | 450266.5,3 Steering whed rim and hub
right and the Ift Sde (flall chest)

Supplemental discussion: rib fracturesincluded the second through the fourth ribs and the Sixth through
the 9" ribson the | eft Side; thefirgt through the eighth on theright Side. Therewas 300 cc of bloody fluid
intheright pleurd cavity and 500 cc in the left pleurd cavity.

Tear of the pericardid sac with 441602.2,4 Steering whed rim and hub
100 cc of blood in the pericardia

cavity

1 cm lacerdion of theinferior vena | 421802.3,4 Steering whed rim and hub
cava

Multiple linear abrasons and 790202.1,2 Steering whed rim

contusions of the ventral surface of | 790402.1,2
the left arm, largest measuring 8

cminlength

Fracture of the mid portion of the | 851814.3,2 Induced fracture from knee
|eft femur bolster loading/intruson
Two lacerations of the left lower 890600.1,2 Lower left instrument pane
leg, larger measuring 1.4 cmin

diameter

Supplemental discussion: The coronary arteries and the aorta show moderate atherosclerosis. There
were enlarged and partidly matted retroperitonea lymph nodes which were firm and gray, the largest
lymph node measured 2.5 cm in diameter, the tumor tissue surrounded the distal aorta and the iliac
arteries

Extengve retroperitonesal Not codeable Steering whed rim and hub
hemorrhage

* Source of injury data - Autopsy Report




Driver Kinematics

Thedriver was seated inamid-to-rear track position with the seat back adjusted approximately 19 degrees
at of verticd. Hewasrestrained by themanua 3-point |ap and shoulder belt system. Atimpact, hemoved
forward and began to load the shoulder belt webbing when theintruding steering whed contacted his chest
area. Theforward displacement of the top and bottom portion of the steering whedl rim indicated that the
driver's body wrapped over and under the rim. The steering column and whed continued to move
rearward as the result of impact forces and pinned the driver againgt the seat back support. This contact
resulted in flail chest with hemothorax, a tear of the pericardia sac, and a laceration of the inferior vena
cava

The driver's knees contacted the knee bolster as noted by the 15.2 cm (6.0") wide deformation contact
pattern on the right side of the driver's knee bolster. The loading force was transmitted through the knee
resulting in the mid shaft fracture of the left femur.

Rescue personnel found the driver pinned against the seat back by the steering whedl. Rescue personnel
removed the roof and used spreaders at the base of the A-pillar to free the driver. Rescue tools were
utilized to pull the steering whedl away from the driver before he was removed from the vehicle. Refer to
the Injury Table for aliging of the injuriesidentified in the autopsy report, the respective Al1S-90/Update
98 injury code, and corrdating injury source.

The driver was pronounced deceased at the scene by the medica examiner approximately two hours after
the crash. His body was transported to the medica examiner's office where an autopsy was performed
the following day.

Front Right Passenger Demographics

Age/Sex: 76 year old femae

Height: 165.1 cm (65.0")

Weight: 57.6 kg (127.0 Ib)

Seat Track Pogtion:  Mid track

Manua Redraint

Usage: 3-point lgp and shoulder belt

Usage Source: Vehicle ingpection, injury data

Mode of Trangport

From Scene: Ambulance to aregiond trauma center
Type of Medica

Trestment: Admitted for seven days then transferred to a hospice/rehabilitation center
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Front Right Passenger I njuries

Injury Injury Severity Injury Source
(Al1'S90/Update 98)
* Cerebra concussion with Moderate (161000.2,0) Front right air bag
closed head injury GCS=15
* Complex avulson lacerdtion | Moderate (290604.2,7) Fractured eyeglasses from the
forehead (>15 cm, exposing deploying front right air beg
bone)
* Subgaled hematoma over Minor (290402.1,7) Front right air bag
anterior frontal bone
* Hematomalleft chest Minor (490402.1,2) Shoulder belt webbing
* Contusion left lung base Serious (441406.3,2) Shoulder belt webbing
* Fracture left laterd ribs 5-7 Moderate (450220.2,2) Shoulder belt webbing
* Blunt trauma abdomen Unknown (515099.7,0) Lap bt loading

(possible fracture bilaterd illiac
crests)

* Contuson right hand

Minor (790402.1,1)

Possble fling injury into the right
upper A-pillar

* Abrasion right hand

Minor (790202.1,1)

Possble fling injury into the right
upper A-pillar

* Contuson dorsd |eft hand

Minor (790402.1,2)

Possble fling injury into the mid
ingrument pandl

* Abrasion dorsal left hand

Minor (790202.1,2)

Possblefling injury into the mid
indrument pandl

+ Contusions bilaterd forearms

Minor (790402.1,3)

Front right air bag

~ Abrasions hilateral knees

Minor (890202.1,3)

Glove box door

~ Abrasion under left breast Minor (490202.1,2) Shoulder belt

~ 1.3 cm laceration left Minor (290602.1,2) Displaced eye glasses from air
eyebrow bag contact

~ 1.3 cm laceration right cheek | Minor (290602.1,1) Unknown

~ Contusion left neck Minor (390402.1,2) Unknown
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Injury Injury Severity Injury Source
(AI'S90/Update 98)

~ Laceration left hand Minor (790602.1,2) Possble fling injury into the mid
ingrument pandl
~ Ecchymosis I eft eydid Minor (297402.1,2) Displaced eye glasses from air
bag contact
Source of injury data: * Discharge Summary
+EMS
~Emergency Room

Front Right Passenger Kinematics

The front right passenger was seated in a presumed upright posture with the seet track adjusted to amid
track pogtion. She was restrained by the manua 3-point Iap and shoulder belt system, however, there
were no crash related belt usageindicators detected on the belt webbing. Atimpact, the passenger initiated
aforward trgectory in response to the 12 o' clock direction of force impact. Sheloaded the manud belt
webbing which resulted in a hematoma of the left chest, an abrasonunder theleft breast, fractures of the
left 5-7 ribs, and a left lung contusion. Her abdomind loading of the lgp bt resulted in unspecified blunt
abdominal trauma. Due to the mid track seated position, the passenger’ s knees contacted the glove box
door which abraded both knees.

The passenger gpparently attempted to brace againgt the upper insgrument panel. Her out-tretched arms
were contacted by the expanding air bag membrane which resulted bilateral forearm contusons and fling
injuriesto both hands from possible contact againgt the upper right A-pillar and the mid instrument panel.

The tethered air bag membrane expanded againgt the passenger’ s face and fractured her eyeglasses. The
inboard side surface of the air bag contacted the occupants facid area as noted by the presence of two
linear red lipstick transferslocated 17.8 cm (7.0") from the fronta vertical seam line and 22.9 cm (9.0")
below the tether stitched seam line. As aresult of this contact and eyeglass damage, the passenger
sustained a complex V-shaped avulsion laceration of the forehead, alaceration and ecchymosis of the left
eyelid, a cerebrd contusion, with asubgded hematoma over the frontal bone.

The passenger was removed from the vehicle by rescue personnel and transported via ambulance to a
regiond trauma center were she was admitted for seven days for treatment of her injuries. She was
subsequently transferred to a senior citizens hospice facility for Sx days where she was monitored by
medicd Saff.



