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The crash investigation process is an inexact science which
requi res that physical evidence such as skid marks, vehicul ar
danmage neasurenents, and occupant contact points be coupled with
the investigator's expert know edge and experience of vehicle
dynam cs and occupant kinematics in order to determ ne the pre-
crash, crash, and post-crash novenents of involved vehicles and
occupants.

Because each crash is a unique sequence of events, generalized
concl usi ons cannot be made concerning the crashworthi ness
performance of the involved vehicle(s) or their safety systens.
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BACKGROUND:

Description: This Sde Air Curtain Case was identified by the loca Nationd
Automoative Sampling System (NASS) Primary Sampling Unit (PSU)
team, NASS PSU 79. The case was sampled asaNASS
Crashworthiness Data System (CDS) case. DS was assigned the case
on April 25, 2003. Thisisan SCI/CDS combination case.

Investigation Type: SideAir Curtain

Crash Location: Cdifornia

Crash Date: March, 2003

Notification Date: April 25, 2003

Field Work Completed: NA

SUMMARY

Crash Site

This three vehicle crash occurred in March, 2003 at
1130 hours. The crash took place on adivided Sx-
lane intergtate highway. The roadway was level and
sraight. It was constructed of concrete and was dry
at thetime of the crash. The speed limit is 105 km/h
(65 mph).

Pre-Crash

The case vehicleis a 2003 Volvo XC90 sport utility
vehicle driven by aredtrained 45-year-old femae
(157 cm/62 in, 54 kg/119 Ibs). According to severa
sources, thiswas areatively new vehicle and the
driver may not have been completdy familiar with its
handling characterigics. The front right seet was
occupied by arestrained 9-year-old mae (unknown
height and weight).

The first other vehicle is a 1998 Ford Mustang driven
by arestrained 56-year-old male. The second other
vehicleisa 1995 Chevrolet Camaro 3-door

Figure 2. Front right, case vehicle

hatchback driven by arestrained 45-year-old mae who was wearing amanua 3-point lap and

shoulder safety belt system.
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The Volvo was traveling northbound in the fifth lane from the right. The Camaro was behind the VVolvo.
The Mustang was in the fourth lane from the right.

Crash

For unknown reasons, the driver of the Mustang
steered to the left and entered the adjacent lane.

The front of the Mustang struck the | eft rear of the
Volvo (05BCMN1)—causing it to begin a clockwise
rotation. The VVolvo continued rotating until tripping
ontoitsleft sde.  The manufacturer indicates that
the vehicle will sense an impending rollover and
activate the sde curtains and seet belt pretensioners.
Both side curtains did deploy. 1t should be noted
that the curtain air bags are designed to remain
inflated for alonger time in order to protect the
occupants in the event of a multiple rollover
sequence. Theleft Sde curtain came into contact
with the ground after the Sde glass shattered. The
seat belt pretensoners at dl five seating positions actuated.  The Volvo rolled (0OTDDQOS3) atotd of
sx quarter turns before coming to rest on itsroof. The Mustang aso began a clockwise rotation before
being struck by the Camaro.

Figure 3. Right rear, case vehicle

The Volvo came to rest on its roof facing south and blocking the third and fourth travel lanes.
Post-Crash

The other vehicles were moved to the roadside to expedite traffic.  The Volvo and Mustang were
towed from the scene due to damage. The Camaro was driven from the scene to a gas station adjacent
to theintergate. At that point the Chevrolet was towed, and subsequently declared atotd loss.

According to information provided on the police accident report, the driver of the Volvo complained of
pain to her neck and upper back. She sustained minor lacerationsto her hands. She was transported
from the scene by afire department ambulance to alocd hospitd for emergency room trestment. The
front right occupant aso complained of pain to his neck and back. He sustained minor lacerations to
hisarms. He was transported from the scene by a fire department ambulance to aloca hospita for
emergency room treatment also.

There were no reported injuries to the driver of the Mustang.

The daughter of the driver of the Chevrolet Camaro indicated that her father had been uninjured and
was able to exit his car and leave the crash site on his own.
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SCENE DIAGRAM

Concrete median \

Case vehicle:
2003 Volvo XC90

£/

B

(

P
L
<
[
>
-
0
K=
=
O

1998 Ford Mustang

1995 Chevrolet Camaro

Other vehicle:

Figure 4. Scene diagram
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VEHICLE DATA - 2003 Volvo XC90 sport utility vehicle

The 2003 Volvo XC90 was a five-passenger sport utility vehicle. The vehicle was equipped with a
semi-automatic transmisson that Volvo refersto as their “ Geartronic” transmission. It essentialy
combines an automatic transmission with the gear-shifting feature of amanua transmisson without the
use of afoot-operated clutch. In the norma automatic transmission drive mode, the transmisson
behaves like any other automatic. The manud-shifting feature alows more control over the full range of
rpms the engine offers, Standard features for the vehicle include: anti-lock disc brakes, rollover stability
control, and boron sted B pillars and roof structure.  The XC90 has a center of gravity of 66.3 cm
(26.14 in.) and a static stability factor of 1.221,

VIN: YV 1ICM59HS3IXXXXXX
Odometer: Unknown, digitd.
Engine 5 cylinder, 2.5L
Reported Defects: None noted

Cargo: None

The 2003 Volvo X C90 was equipped with Michelin Synchome P235/65R17 tires. The specific tire
dataisasfollows:

Tire Tread Pressure Maximum recommended
pressure
LF 6 mm (0.23in) 262 kPa (38 ps) 352 kPa (51 ps)
LR 8 mm (0.31in) Tirefla 352 kPa (51 ps)
RF 8 mm (0.31in) 255 kPa (37 ps) 352 kPa (51 ps)
RR 8 mm (0.31in) 255 kPa (37 ps) 352 kPa (51 ps)

The front seating positions in the 2003 Volvo XC90 were configured with leather covered bucket seats
with integral head restraints. The driver seat track was found to be somewhere between the forward
most and middle setting, and no seat performance failures were noted. The seat back was adjusted to
70.7 degrees from horizontal and appears to have remained in the position during the collison events.
The front-right bucket seat was occupied by a 9-year-old mae. At the time of the inspection the seat
track was found to be in the middle track position and the seat back was adjusted to 74.5 degrees from
horizontd. It too gppeared to have retained its pre-impact position, and no failures were noted. The
rear seating positions were configured with aleather covered bench seat with three folding backs. The

Istatic Stability Factor (SSF)=average track width / (2 * CG height)
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outboard rear seats had fixed head restraints that could be folded down for storage. The middle seat
had an adjustable head restraint. The front and rear seats were equipped with VVolvo's whiplash
protection system. The rear seats were equipped with 1SOFIX Baby/Child Seat attachments. No
segt performance falures were noted. Behind the second row was the cargo area. No intrusions were
noted in thisarea
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VEHICLE DAMAGE

Exterior Damage - 2003 Volvo XC90

Damage Description: Moderate to mgor rollover damageto dl sides of vehicle.
Minor damage to rear bumper. Vehicle declared atotal
loss by insurance company.

CDC: Impact 1: 05SBCMN1
Impact 2: 00TDDO3

DdtaV: Total Unknown
Longitudind Unknown
Latitudina Unknown
Energy Unknown

An externa examination of the Volvo XC90 revedled
a5-door sport utility vehicle with moderate damage
to the top and side planes from rolling over (Event 3),
and minor damage to the rear plane from being
initidly struck by the Ford Mustang (Event 1). None
of the whedls were visibly restricted, but the right rear
axle was bent and canted undernesth the Volvo at a
noticesble angle. The left rear tire was flat. The top
plane sustained the maximum crush, which was J
measured a15.0 cm (5.9in). ThisresultedinaCDC |
of 00TDDQO3. Therear impact, Event 1, resulted in
aCDC of 05BCMN1 and was very minor. The Figure 5. Top damage to Volvo XC90

rollover impact resulted in integrity loss due to the fracturing and consequent disintegration of both the
left and right sde window glazing. The roof glazing aso disntegrated, and the windshield sustained a
hole that was large enough to alow a human head to exit the vehicle. The sunroof glazing had dso
disntegrated as the vehicle rolled over. None of the side doors opened, nor were they jammed shut.
The rear hatch did come open; afailure of the door support structure was noted during the ingpection.




Interior Damage - 2003 Volvo XC90

Interior damage to the VVolvo XC90 was moderate and
attributed to occupant contact and passenger
compartment intruson. The entire windshield was
fractured from impact forces. The Sde glassfor the
front right and front left doors disntegrated. The rear
hatch came open. A number of interior components
intruded as aresult of the rollover?. The greatest
intrusion, 9.0 cm (3.5 in), occurred as the right roof rail
was displaced verticdly inward. Theright A pillar
moved verticaly adisance of 7.0 cm (2.8in). The
right front windshield heeder moved verticaly 1.0 cm

2003-79-057E

(04 in). Theléeft front A pillar, the left front roof rail and the left front roof area were visbly observed
to have intruded vertically a smal amount-somewhere in the 3.0-8.0 cm (1.1-3.1 in) range. There
were bilatera knee contacts to the left lower knee bolster.  There was scuffing to the left interior door
and the glove compartment door. The upper half of the steering whed rim was bent gpproximately 3.0

cm (L1 in).

23CI change



MANUAL RESTRAINT SYSTEMS - 2003
Volvo XC90

The Volvo XC90 was configured with manua 3-
point lap and shoulder belts with diding latch plates
for both front positions and the rear outboard
positions. The middle rear seat was configured with
an integra lap and shoulder bdt with adiding latch
plate and a belt postioning device. Thedriver's
seet belt had an emergency locking retractor while
al the other seat belts were equipped with
switchable retractors. All the seat belts were dso
equipped with pretensoners and force limiters. The
pretensoners a al seat positions actuated during
the rollover. The driver’'s seat belt caused the cover
of the automatic adjustable shoulder belt positioner
to be didodged. The cover of the shoulder belt
positioner on the passenger Sde remained in place.
The belt pogitioning guide for the rear middle seat
was broken due to pretensoner movement. The
rear left seat belt anchorage was not attached to the
anchorage point & the time of theingpection. The
reasons for thisare unclear. Therewere no
indications that the two components were forced

apart.
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Figure 7. Driver's seat belt

Figure 8. Shoulder belt positioner on driver's
side
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Figure 9. Shoulder belt positioner for front right
passenger

Figure 10. Rear left seat belt. A=belt
anchorage, B=vehicle anchorage point



AIR BAG SYSTEM - 2003 Volvo XC90

The Volvo was equipped with driver and front
passenger dud-threshold air bags, inflatable side
curtains, and seat mounted side impact air bags for
driver and front passenger.

The driver' sair bag was steering wheel mounted and
did not deploy. The front right passenger air bag was
top ingtrument panel mounted and it o did not
deploy. The seat back mounted side air bags for
both front seet positions did not deploy.

During the rollover sequence, both sde curtains did
deploy. The deployed left Sde curtain air bag was
measured and found to be 150 cm (59.0in) in
length, and gpproximatdly 37.0 cm (14.6 in) in width.
It had two tethers. The tether which was attached to
the A pillar was found to be approximately 34.0 cm
(134 in) intota length. The other tether, which was
affixed to the area near the C pillar, was found to be
goproximately 33.0 cm (12.9in) in length. Both the
left and right Side curtain air bags were identical. The
curtain ar bags descend verticaly amost to the base
of the sde windows and extend longitudindly to
provided coverage for both front and rear seat
occupants.

Theleft Sde curtain came into contact with the
roadway/ground after the Side glass shattered.
There was no damage noted to the air bag fabric
from this ground contact.

2003-79-057E

Figure 13. Interior view, right side air curtain
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ROLLOVER PROTECTION - 2003 Volvo XC90

The Volvo XC90 was equipped with a Rall Stahility Control system (RSC). It isin operation from 9.6
km/h (6.0 mph) up to top speed while cornering, taking evasve maneuvers, braking, and accelerating.
According to Volvo literature, the RSC's gyroscopic sensor continuoudy monitors roll angle and rate,
asesaing therisk of rollover. If necessary, the system activates Dynamic Stability and Traction Control
(DSTC) to autometicaly stabilize the XC90. DSTC itsdlf collects data from a steering whed angle
sensor, laterd force sensor, yaw rate sensor and speed sensors, and then by comparing the information
cdculatesif the car ismoving in the intended direction or not. DSTC interacts by braking one or more
whed s and/or reducing engine torque to keep the car on track by transforming the impending oversteer
into under steer. If rollover is not preventable, RSC deploys curtain air bags on both sides covering
both rows of seats before impact ever occurs. The bags remain inflated long enough for the XC90 to
roll four times.

It does not gppear that the driver was able to make any substantive efforts a recovering the vehicle
after the initid contact with the rear from the Mustang. The vehicle gppears to have immediatdy gone
into a clockwise yaw and rolled onto its left side without the driver ever successfully countering the
rotation with steering input.

11



2003-79-057E

VEHICLE DATA - 1998 Ford Mustang

Description:

VIN:

Odometer:
Engine

Reported Defects:
Cargo:

Damage Description:

CDC:

DdtaV:

1998 Ford Mustang
Unknown

Unknown

Unknown

None reported on the PAR
Unknown

Scratches and dents to front left bumper, hood
buckled, cracked and dented front quarter panel
and fender. The vehicle was towed from the scene
with what has been described as moderate
damage.

Unknown. The police report drawing indicated
damage to the front-left area and to the right rear
quarter pandl.

Total Unknown
Longitudind Unknown
Latitudind Unknown
Energy Unknown
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VEHICLE DATA - 1995 Chevrolet Camaro

Description:

VIN:

Odometer:
Engine

Reported Defects:
Cargo:

Damage Description:

CDC:

DdtaV:

1995 Chevrolet Camaro 3-door hatchback
Unknown

Unknown

Unknown

None reported

A computer in the hatch areaand a monitor in the
rear seating area. Estimate weight of 16 kg (35
Ibs)

The police report indicated that the vehicle had
sustained moder ate damage, but was driven from
the scene by the driver. The interviewee Stated
that the vehicle was driven to a gas station near the
scene, and towed from that location. 1t was
subsequently declared atotd loss.

Unknown. The daughter of the driver indicated
that the vehide sustained damage to itsright
quarter panel from the Mustang, which then raked
down theright Sde of the car asthey remained in
contact prior to disengagement.

Total Unknown
Longitudind Unknown
Latitudind Unknown
Energy Unknown
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OCCUPANT DEMOGRAPHICS - 2003 Volvo XC90

Age/Sex:
Seated Pogtion:
Sedat Type:

Heaght:
Weight:
Occupation:

Pre-exising Medica
Condition:

Alcohal/Drug
[nvolvement:

Driving Experience:

Body Posture:
Hand Position:
Foot Position:
Redtraint Usage:

Air bag:

Occupant 1
45/Femde
Front |€eft

Leather covered bucket seat. Seat
adjusted to between forward most and
middle track position. Seat back

adjusted to 70.7 degrees from horizonta.

157 cm (62 in)
54 kg (119 Ibs)
Unknown

Unknown

None

Unknown-the driver of Camaro told his
daughter that this driver had just picked
up the Volvo from the dedership and did

not appear to be familiar with how the
vehicle handled.

Unknown
Unknown
Unknown

Lap and shoulder belt available, used.
The driver’s seatbelt pretensoners
actuated. The force limiters were not
loaded.

Driver’sar bag available, did not deploy.

Seat back mounted side air bag

available, did not deploy. Sideair curtain

available, did deploy.

2003-79-057E

Occupant 2
9Mde
Front right

Leather covered bucket seat. Seat
adjusted to middle track position.
Seat back adjusted to 74.5 degrees
from horizontdl.

Unknown
Unknown
NA

Unknown

NA

NA

Unknown
Unknown
Unknown

Lap and shoulder bt available,
used. The passenger’ s seatbelt
pretensioners actuated. Theforce
limiters were not loaded.

Front right passenger air bag
available, did not deploy. Seet

back mounted side air bag
available, did not deploy. Sideair
curtain available, did not deploy.
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OCCUPANT DEMOGRAPHICS - 1998 Ford Mustang

Age/Sex:
Seated Position:
Seat Type:
Height:

Waeght:
Occupation:

Pre-existing Medica Condition:

Alcohol/Drug Involvement:
Driving Experience:

Body Posture:

Hand Postion:

Foot Position:

Redtraint Usage:

56/Mde

Front left
Unknown
183cm (721in)
82 kg (180 Ibs)
Unknown
None noted
None per PAR
Presumed to be > 10 years
Unknown
Unknown
Unknown

Unknown. The police report
coding indicated the driver
had been wearing alap and
shoulder belt

2003-79-057E
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OCCUPANT DEMOGRAPHICS - 1995 Chevrolet Camaro

Age/Sex:
Seated Position:
Seat Type:
Height:

Waeght:
Occupation:

Pre-existing Medica Condition:

Alcohol/Drug Involvement:
Driving Experience:

Body Posture:

Hand Postion:

Foot Position:

Redtraint Usage:

45/mde

Front left
Unknown

178 cm (70 in)3
77 kg (170 Ib)
Unknown
None noted
None per PAR coding
Unknown
Unknown
Unknown
Unknown

Lap and shoulder belt
(manud) and ar bags (non-
deployment)

The vehicle has beenin one
other crash that the
interviewee knew about. She
isunsure if the air bags had
deployed in the past.

3Change dueto follow up interview

2003-79-057E
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OCCUPANT INJURIES -2003 Volvo XC90

INJURY

Driver: Minor laceration to left and
right hands

RF Occupant: Minor laceration to left and
right hands

OCCUPANT INJURIES - Mustang

INJURY
Driver: Not injured

OCCUPANT INJURIES - Camaro

INJURY

Driver: Not injured

OIC CODE

790600.1,3

790600.1,3

OIC CODE

OIC CODE

2003-79-057E

ICD-9 SOURCE
884.0 Hying glass
884.0 Hying glass
ICD-9 SOURCE
ICD-9 SOURCE

17
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OCCUPANT KINEMATICS - 2003 Volvo XC90

The 45-year-old femade driver of the case vehicle
was segted in anormd, upright fashion. The
leather covered bucket seat was adjusted to i
between the forward most and middle track ! e
position. The seat back was adjusted to 70.7
degrees from horizontd. The driver was wearing
the 3-point lap and shoulder belt. The 9-year-old
front right occupant was seeted in anormal, upright
fashion. The lesther covered bucket seet was
adjusted to the middle track position. The seat
back was adjusted to 74.5 degrees from
horizontd.

Asthe case vehicle was struck in the rear by the
Ford Mustang (Event 1), both the restrained driver
and restrained front-right occupant in the case
vehicle moved toward the force direction. The
impact resulted in only asmdl changein velocity.
The driver and passenger subsequently loading
their bucket seat backs as well astheir integral
heed restraints with very little force; no contact
points or seet failures were noted from thisfirst

impact.

Asareault of theinitid impact, the case vehicle made
arapid clockwise rotation. Upon so doing, the
vehicle began alaterd movement which resulted in
the vehide rolling to the left. Although the manud 3-
point lap and shoulder belt safety systems prevented
the driver from leaving her seating position, occupant
contects visble within the vehideillugrate that she
did strike the rigid knee bolsters with her lower
extremities. She may have also struck her left shoulder on the door area, as there was an area of
deformation noted in that region . The driver complained of hand lacerations, as well as neck and
upper back pain. The hand lacerations were most likely due to coming into contact with flying glass as
the sde window and roof glazing disntegrated during the rollover.

Figure 15. Driver knee contacts
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The 9 year-old mae also moved toward the lft as
the vehicle began to rollover. The manud 3-point
lap and shoulder belt prevented the boy from being
thrown from this seet, or from being gected from
the case vehicle. The boy complained of arm
lacerations, which were mogt likely the result of
disntegrating window glazing coming into contact
with him. He dso reportedly sustained neck and
back pain.

It isunclear how either of the occupantsin the case
vehicle were able to exit the sport utility vehicle,
which had come to rest on its roof in the middle of
the freeway.

Both occupants in Vehicle 1 were transported to a
local hospita, where they were treated and
released from the emergency room.

Nether driver of the other two involved vehicles
were injured.

2003-79-057E

Figure 16. Front right passenger seated position
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