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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 responsbility for the contentsor use
thereof.

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

The crash investigation process is an inexact science which requires that physicd evidence such as skid
marks, vehicular damage measurements, and occupant contact points are coupled with the investigetor'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 vehiclg(s) or ther safety systems.
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ADVANCED OCCUPANT PROTECTION SYSTEM STUDY (AOPSS)
VERIDIAN CASE NO. CA00-042
VEHICLE - 2000 FORD TAURUSLX
LOCATION - STATE OF PENNSYLVANIA
CRASH DATE - AUGUST, 2000

BACKGROUND

This investigation focused on the performance of the Advanced Occupant Protection System (AOPS)
of a2000 Ford Taurus LX 4-door sedan. The Ford Taurus was equipped with frontal air bags for the
driver and front right passenger positions which deployed as aresult of aright angle collison with a
1999 Ford F-150 extended cab pickup truck. The driver of the Ford Taurus was operating the vehicle
northbound when she failed to observe the stop sign or westbound Ford pickup truck as she
proceeded straight through a 4-leg intersection. As both vehicles entered the intersection, the front right
area of the Ford Taurusimpacted the left front side surface of the Ford pickup truck resulting in
moderate damage to each vehicle. A secondary (Sdedap) impact resulted in deployment of the Ford
Taurus right front Ssde impact air bag. The restrained 70 year old femae driver of the Ford Taurus
initiated aforward and dightly laterd trgjectory in response to the 1 o' clock impact force and loaded
the manua restraint and deployed driver air bag. She sustained a smal laceration to the posterior
aspect of the left forearm from contact to an unknown component. She was transported to alocal
hospita for treatment and released.

The crash natification was provided to NHTSA on Thursday, October 5, 2000. Although the crash
occurred in the state of Pennsylvania, the vehicle was purchased by a Buffalo, New Y ork sdvage yard
and trangported to the Buffao location. Due to the Advanced Occupant Protection System and
deployment of the frontal air bag system, the crash was assigned as a limited on-Ste investigetive effort
October 6. The vehicle ingpection was completed Tuesday, October 10, 2000.

SUMMARY

Crash Site
This two vehicle crash occurred during the morning hours of August, 2000. At the time of the crash, it
was daylight with no adverse conditions as the roads were dry. The crash occurred at a straight and
level 4-leg rurd intersection (see Figure 11 - page 7) which had a posted speed limit of 40 knmvh (25
mph). Traffic control conssted of stop signs for north/southbound traffic. The asphdt roadway was
bordered by barrier curbs and residentia driveways.

Pre-Crash
The 70 year old female driver of the 2000 Ford Taurus LX
was operating the vehicle northbound at a (driver reported)
speed of 56 kmvh (35 mph) when she failed to observe the
stop sign or westbound Ford pickup truck as she proceeded
graight through arura 4-leg intersection (Figure 1). She
reported no avoidance maneuvers in anticipation of the

impending crash.

Figure 1. Police photograph showing
northwest view of inter section.



The 41 year old mae driver of the 1999 Ford F-150 pickup truck was operating the vehicle
westbound at a (police reported) speed of 40 km/h (25 mph) when he entered the intersection across
the path of the Ford Taurus. The police reported no tire marks at the scene indicative of driver
avoidance maneuvers. The front right position was occupied by arestrained 13 year old male.

Crash
As both vehicles entered the 4-leg intersection, the front right area of the Ford Taurus impacted the lft
front sde surface of the Ford pickup truck resulting in moderate damage to each vehicle. The missing
vehicle agorithm of the WinSMASH reconstruction program computed velocity changes of 19.2 km/h
(12.9 mph) for the subject vehicle and 14.8 kmv/h (9.2 mph) for the Ford pickup. The respective
longitudina components were -16.6 km/h (-10.3 mph) and -7.4 km/h (-4.6 mph). The Ford Taurus
event data recorder (EDR) recorded alongitudina Delta-V of -18.5 km/h (-11.5 mph) at the 78
millisecond time frame (see Figures 12 & 13 - page 7). The speed change exceeded the threshold
required for deployment, therefore, the Ford Taurus frontd air bag system (and the left front buckle
pretensioner) deployed.

At this point, both vehicles began their respective post-impact trgectories towards the northwest sector
of the intersection as the right rear Sde surface of the Ford Taurus struck (“Sidedapped”) the | eft rear
dde surface of the Ford pickup truck which resulted in moderate damage to each vehicle. The missng
vehicle agorithm of the WinSMASH reconstruction program computed velocity changes of 13.8 kmv/h
(8.6 mph) for the subject vehicle and 10.6 knmvh (6.6 mph) for the Ford pickup. The respective
latitudina components were of -13.8 kmvh (-8.6 mph) and 10.6 km/h (6.6 mph). This secondary
impact resulted in deployment of the Ford Taurus' right front side impact air bag. Both vehicles
sugtained contact to find rest in the northwest sector of the intersection facing west (Figures2 & 3).
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Figure 2. Police photo west showing vehicle Figure 3. Police photo east showing
final rest positions. vehiclefinal rest positions.
Post-Crash

The driver of the 2001 Ford Taurus LX exited the vehicle through the left door with some assistance
from rescue personnel. The exit status of the Ford pickup truck occupants were unknown. Treatment
was rendered at the scene by fire department personnd and emergency medica technicians (EMTS).
The driver of the Ford Taurus was subsequently transported by ambulance to aloca hospitd for
treatment and released. The driver and front right passenger of the Ford pickup truck reported to
police complaints of pain to the neck and head (respectively) but were not transported from the scene
for treetment. Both vehicles were towed from the crash Ste due to disabling damage.



VEHICLE DATA

The 2000 Ford Taurus LX was manufactured in April, 2000 and identified by the vehicle identification
number (VIN): IFAFP5223Y A (production number deleted). The driver-owned vehicle was a 4-door
sedan equipped with front-whed drive and a 3.0 liter, V-6 engine. At the time of the crash, the
odometer had recorded 2,816 km (1,750 miles). The seating was configured with front bucket and rear
bench seats. Adjustable pedals were not present in the vehicle. The driver reported no previous crashes
or maintenance on the Ford' sfrontal air bag system. No cell phone was present in the vehicle.

VEHICLE DAMAGE

Exterior
The 2000 Ford Taurus LX sustained moderate frontal
damage as aresult of the impact with the 1999 Ford F-150
pickup truck (Figure 4). The direct contact damage began
at the front right bumper corner and extended 93.0 cm
(36.6 in) inboard. The impact deformed the full frontal
width resulting in acombined direct and induced damage
length (Field L) of 131.0 cm (51.6 in). Six crush :
measurements were documented &t the level of the Figure4. Front right damageto the 2000 Ford
reinforcement bar (bumper fascia separation): C1= 1.0 TaurusLX.
cm (0.4in), C2=9.0cm (3.5in), C3=13.0cm (5.1 in),
C4=19.0cm (7.5in), C5=21.0 cm (8.3 in), C6=11.0 cm (4.3 in). The Callison Deformation
Classfication (CDC) for thisinitid impact to the Ford was 81-FZEW-1 with a principa direction of
force of (+) 30 degrees (principd direction of force incremented to reflect end structure shift to the left).
The hood was deformed up and rearward from engagement againgt the side surface of the Ford pickup
truck. An indentation was noted to the front reinforcement bar attributed to the left front bumper corner
of the Ford pickup truck. The grille and left headlight assembly fractured and separated from the vehicle
during the crash sequence. The fenders were displaced to the left due to 12.0 cm (4.7 in) of end
gructure shift. This damage pattern restricted the left front whed/tire (not deflated) and produced
additiona induced damage aong the left front door area. The windshield was fractured aong the lower
right A-pillar from exterior impact forces only. Reduction in the left Sde wheelbase measured 12.0 cm
(4.7 in) asthe right wheelbase was elongated 3.5 cm (1.4 in). Direct contact damage was also
documented dong the right fender area attributed to sustained contact during vehicle spinout (and
accurately separated from impact #2 damage).

Direct contact damage was dso documented along the right side surface attributed to the secondary
(sdedap) impact (Figure5). The direct contact damage
began 54.0 cm (21.3 in) forward of the right rear bumper
corner and extended 310.0 cm (122.0 in) forward. The
combined direct and induced damage length (Field L) began
20.0 cm (7.9 in) forward of the right rear bumper corner
and extended 244.0 cm (96.1 in) forward. Six crush
measurements were documented a the leve of the mid-
door: C1=0cm, C2=13.0cm(5.1in), C3=6.0cm (24
in), C4=4.0cm (1.6 in), C5=2.0 cm (0.8 in), C6= 0 cm.
The CDC for this secondary impact to the Ford Taurus was Figure5. Secondary impact damageto the
03-RZAW-2 with aprincipa direction of force of (+) 90 right rear sidesurface.
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degrees. Pocketing was noted &ft of the right rear axle with surface scratching extended forward to the
right A-pillar. A rubber transfer was documented to the right rear door attributed to the left rear
whesl/tire on the Ford pickup truck. Induced damage disintegrated the (tempered) back light glazing.

Interior
Interior damage to the Ford Taurus identified through the vehicle inspection was minima and was
attributed to occupant contact. The accelerator pedad was displaced dightly to the right. Small smudge
marks were noted on the left front roof and side rail area. No component intrusions, rim deformation,
column compression or |eft knee bolster contacts were found.

MANUAL RESTRAINT SYSTEMS

Theinterior of the Ford Taurus consisted of afive passenger seeting configuration with front bucket and
rear bench seets. The driver 3-point manual 1ap and shoulder belt system consisted of a continuous
loop belt webbing with a diding latichplate and a dua mode retractor (load limiter inertia lock/belt
sengtive with torson bar). No loading evidence was identified on the driver restraint. The front right 3-
point manua lap and shoulder belt system congisted of a continuous loop belt webbing with adiding
latchplate and a retractor equipped with an inertid and switchable lock mechanism. The rear seeting
positions were equipped with 3-point manua lap and shoulder belt systems which conssted of a
continuous loop belt webbing with a diding latchplate that retracted into an inertia sengtive and
switchable locking retractor.

ADVANCED OCCUPANT PROTECTION SYSTEM
The Ford Taurus was equipped with redesigned frontal air
bags for the driver and front right passenger positions. The
ar bags had deployed as aresult of the crash (Figure 6).
The driver ar bag was identified by the following part
number: TXM000860908 with abar coded lot number of:
P5206000-00D. The air bag was housed in the center of
the steering whedl with a horizontally oriented flap tear seam
(H-configuration). The flgps were nearly symmetricd in
shape as the upper flap measured 16.5 cm (6.5 in) in width
and 6.5 cm (2.6 in) in height while the lower flap measured
16.5 cm (6.5 in) in width and 4.6 cm (1.8 in) in height. No
contact evidence was identified on the exterior surface of the module cover flaps. The diameter of the
driver air bag measured 53.0 cm (20.9 in) in its deflated state (Figure 7). The bag was tethered by two
internal straps and vented by two ports located at the 11 o' clock and 1 o' clock sectors on the rear
aspect of the air bag. Makeup transfers were documented at the upper right quadrant of the air bag
face dong with lipgtick transfers to the lower right quadrant. Multiple vinyl transfers were dso identified
at the upper right quadrant on the rear aspect of the air bag from expansion within the module. The
vehicle was aso equipped with adriver’s seet track positioning sensor. This driver was seated within a
10.2 cm (4.0 in) zone of full forward, therefore, the frontd air bag system’ sfirst stage only deployed.

Figure 6. 2000 Ford TaurusL X deployed
frontal air bags.

The front right passenger air bag was identified by the following part number: * TS02081IN1172* with a
bar coded ot number of: *P5202880-00A*. The front right passenger air bag deployed from the right
top instrument panel areawith a single cover flap design hinged at the forward aspect. No contact
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evidence was identified on the air bag or exterior surface of the module cover flap. The cover flap was
rectangular in shape and measured 27.7 cm (10.9 in) in width and 9.0 cm (3.5in) in height. Multiple
black vinyl transfers were noted across the face of the air bag from expangon within the module. The
passenger air bag measured 57.2 cm (22.5 in) in width and 50.4 cm (19.8 in) in height in its deflated
state (Figure 8). The bag was vented by two ports located at the 10 o’ clock and 2 o' clock sectors on
the side aspect of the air bag. No interna tether straps were present.

Figure 8. 2000 Ford TaurusL X deployed
passenger air bag.

Figure7. 2000 Ford TaurusL X
deployed driver air bag.

The Ford was a so equipped with side impact air bags for the front seated positions. The air bag
modules were housed in the outboard side aspect of the front seat backs. The right front Side impact air
bag deployed as aresult of the secondary impact with the Ford pickup truck. The air bag module was
identified by the following part number: FAA*KSR0003249142*. The “L” shaped air bag membrane
measured 34.5 cm (13.6 in) in width and 69.0 cm (27.2 in) in height in its deflated state (Figure 9).
The bag was tethered by one verticd gitch pattern dong the mid-portion of the membrane (no vent
ports present). No contact evidence was identified on the air bag.

The driver's restraint system aso included a buckle pretensioner mounted longitudinaly aongside the
Seet cushion (Figure 10). The activation of this pretensoner resulted in 6.0 cm (2.4 in) of piston
movement. The piston pulls a cable which lowers the height of the buckle assembly, reducing dack in
both the |ap and shoulder belt webbing. The front right seated position was not occupied, therefore, the
buckle pretensioner did not fire,

Figure 9. 2000 Ford TaurusL X Figure 10. Driver regtraint activated
deployed right front sideimpact air buckle pretensioner.
bag.



DRIVER DEMOGRAPHICS

Age/'Sex: 70 year old femae
Height: 155 cm (61 in)
Weight: 64 kg (140 1b)
Seat Track Postion: 55 cm (2.2in) &t of the full forward postion (only deployed first
stage at this position)
Manua Restraint Use: 3-point lap and shoulder belt system
Usage Source: Vehicle ingpection, driver interview, police report
Eyeware: Prescription glasses
Type of Medica
Treatment: Transported to aloca hospita and released
Driver Injuries
Injury Severity (Al S 90) Injury Mechanism
Smadl laceration pogterior |eft forearm Minor (790602.1,2) Unknown source

Driver Kinematics
The 70 year old female driver of the 2000 Ford Taurus LX was restrained by the available 3-point
manua 1ap and shoulder belt system, seated in an upright posture with the seet track adjusted to the
mid-to-forward position. Her hands were placed at the 10 o' clock and 3 0’ clock positions on the
Seering whed rim. Belt usage was confirmed by the lack of sgnificant injury and activation of the
pretensioner system.

At impact, the driver initiated aforward and dightly laterd trgectory in response to the 1 o’ clock
impact force and loaded the manud restraint and deployed driver air bag. Contact to the deployed air
bag was confirmed by the makeup transfers documented to the face of the air bag membrane. Although
the driver complained to police of pain to the chest and stomach, she disclosed to the SCI investigator
only asmall laceration to the posterior aspect of the left forearm from contact to an unknown
component. She subsequently initiated alaterd trgjectory in responseto the 3 o' clock impact force
and probably loaded the center armrest with no resulting injury reported. The driver was transported by
ambulance to aloca hospita for trestment and released. The Advanced Occupant Protection System
provided additiond protection againgt further contact to the steering wheedl hub/rim, and potentia
seriousinjury.
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Figure 11. Police Report Scene Diagram.
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Figure 12. 2000 Ford TaurusL X EDR report.
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Figure 13. 2000 Ford TaurusL X EDR report.



