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VERIDIAN ON-SITE ADVANCED OCCUPANT
PROTECTION SYSTEM STUDY (AOPSS) AND SIDE IMPACT OCCUPANT
PROTECTION INVESTIGATION
VERIDIAN CASE NO. CA01-028
VEHICLES- 2000 FORD TAURUSLX

2001 BMW 325xi
LOCATION - STATE OF NEW YORK
CRASH DATE - MAY, 2001

BACKGROUND

This on-gte investigation focused on the performance of the Advanced Occupant Protection System
(AOPS) of a2000 Ford Taurus LX 4-door sedan and the side impact occupant protection system of a
2001 BMW 325xi 4-door sedan. A right angle impact resulted in deployment of the Ford Taurus
fronta air bag syslem and BMW’ s sde impact air bag system (head and thorax). The driver of the
BMW was operating the vehicle in an easterly direction and exiting a parking lot when she attempted to
turn left (north) across the path of the southbound Ford. Asthe BMW crossed the southbound lanes,
the left front Sde surface was impacted by the frontal area of the Ford resulting in minor damage to
both vehicles. The restrained 69 year old female driver of the 2000 Ford Taurus LX initiated aforward
trgectory in response to the 12 o' clock impact force and loaded the manud restraint resulting in asmall
contusion to the latera right chest. She a'so sustained a small thermd burn to the posterior right forearm
from venting driver air bag gases. The driver of the Ford Taurus refused trestment at the scene. The
restrained 17 year old femade driver of the 2001 BMW 325xi initiated alaterd trgjectory in response to
the 9 o’ clock impact force as the head and chest loaded the deployed side impact head and thorax air
bags. She sustained bilaterd contusions to the medid (insde) aspect of the knees from indirect contact
to the left front door panel. The driver of the BMW did not seek trestment for her injuries.

Thisinvestigation was identified by a Veridian Engineering SCI Investigator on Friday, May 18, 2001
and forwarded to NHTSA on Monday, May 21. Due to the involvement of a 2000 Ford Taurusand a
2001 BMW 3-series sedan, an on-gite investigative effort was assigned that day. The on-site
investigator completed field activities on Tuesday, May 22, 2001.

SUMMARY

Crash Site
This two vehicle crash occurred during the afternoon hours of May, 2001. At the time of the crash, it
was daylight with no adverse conditions as the roads were dry. The crash occurred in the southbound
lanes of a (sraight and level) north/south four-lane urban roadway which was divided by a center left
turn lane (see Figure 12 - page 9). The asphalt roadway was bordered by barrier curbs and
driveways which provide access to loca businesses. No traffic control was present at the scene which
had a posted speed limit of 72 km/h (45 mph).

Pre-Crash
The 17 year old femde driver of the 2001 BMW 325xi wasinitidly stationary and facing east when she
proceeded straight at a (driver reported) speed of 8 knvh (5 mph), in an attempt to turn left (north)
onto the main thoroughfare (Figur e 1). Traffic stopped in the southbound outboard lane apparently
obstructed the driver’ s full view of the environment as she was reportedly waived into motion by
another driver (looked but did not see).



The 69 year old female driver of the 2000 Ford Taurus LX was operating the vehicle southbound on
the inboard lane (Figure 2) at a (driver reported) speed of 56 km/h (35 mph) when she observed the
BMW cross her path of travel from the right. The driver reported no avoidance maneuversin
anticipation of the impending crash.

Figure 2. Southbound approach for the 2000 Ford
TaurusLX.

Crash
Asthe BMW crossed the southbound lanes of the multi-lane urban roadway, the left front Sde surface
was impacted by the fronta area of the Ford resulting in minor damage to both vehicles. Although the
BMW driver reported no avoidance maneuvers prior to impact, the combined damage patterns
suggested a dight vehicle angularity during approach acrass the southbound lanes. The damage
agorithm of the WinSMASH reconstruction program computed velocity changes of 13.8 knvh (8.6
mph) for the Ford and 14.2 knvh (8.8 mph) for the struck BMW. The longitudina component for the
Ford was -13.6 km/h (-8.5 mph). The latitudina component for the BMW was 14.0 knvh (8.7 mph).
Impact resulted in deployment of the Ford’ s Advanced Occupant Protection System and BMW’ s side
impact air bag system. The Ford' s Event Data Recorder (EDR) recorded alongitudinal element of -
20.1 kmv/h (-12.5 mph) as afirst stage deployment (see Figures 13 & 14 - page 10). The Ford
Taurus rotated counterclockwise approximately 5 degrees and came to rest in close proximity to the
point of impact in the inboard southbound lane facing south. The BMW 325xi rotated clockwise
approximately 15 degrees and came to rest in close proximity to the point of impact acrossthe
southbound lanes facing southeest.

Post-Crash
The driver of the Ford Taurus exited the vehicle through the left front door (initially jammed) with
some ass stance from a bystander. The driver of the of the BMW exited the vehicle through the right
front door under her own power. Treatment was rendered at the scene by fire department and rescue
personne, however, both drivers refused subsequent transport to aloca hospita. The BMW was
towed from the scene with disabling damage as the Ford Taurus was towed with non-disabling
damage.

VEHICLE DATA
The 2000 Ford Taurus LX was manufactured on 11/99 and identified by the vehicle identification
number (VIN): IFAFP52U9Y G (production number deleted). The driver was reported by police as
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the owner of the vehicle which was purchased locdly in March, 2000. The vehicle was a 4-door sedan
equipped with front-whedl drive and a 3.0 liter, V-6 engine. At the time of the crash, the odometer had
recorded 19,825 km (12,319 miles). The seating was configured with front bucket and rear bench
seats. The driver reported no previous crashes or maintenance on the Ford' s frontal air bag system. No
cdl phone or adjustable pedd s were present in the vehicle.

The 2001 BMW 325xi was manufactured on 11/00 and identified by the vehicle identification number
(VIN): WBAAV 33431EE (production number deleted). The driver’ s father was reported by police as
the owner of the vehicle. The vehicle was a4-door sedan equipped with ABS, dl whed driveand a
2.5 liter, 6 cylinder engine. The odometer reading was unknown at the time of the crash. The segting
was configured with front bucket and rear bench seats. The driver (and owner) reported no previous
crashes or maintenance on the BMW’ s Sde impact air bag system.

VEHICLE DAMAGE

Exterior - 2000 Ford TaurusLX
The 2000 Ford Taurus LX sustained minor frontal damage as aresult of the impact with the BMW
(Figure 3). The direct contact damage began at the front right bumper corner and extended 104.0 cm
(40.9 in) inboard. The impact deformed the full frontal width resulting in a combined direct and induced
damage length (Field L) of 144.0 cm (56.7 in). Six crush measurements were documented at the level
of the bumper, however, they were projected to the reinforcement bar as the bumper fascia recoiled
outward: C1=1.0cm (0.4 in), C2=2.0cm (0.8 in), C3=5.0cm (2.0in), C4=9.0cm (3.51n), C5=
6.0 cm (2.4 in), C6= 3.0 cm (1.2 in). The Callison Deformation Classification (CDC) for thisimpact to
the Ford was 12-FDEW-1 with a principa direction of force of (+)10 degrees. The hood was
displaced dightly up and rearward from engagement againgt the side surface of the BMW (headlights
and grille remained undamaged). Brown paint transfers were documented aong the direct contact
damage. Induced damage was noted to the forward aspect of the left front door seam from aforced
opening post-crash. Reduction in the left wheelbase measured 1.5 cm (0.6 in). The windshield and
tempered glazings remained undamaged.

Figure 3. Frontal damageto the 2000 Ford TaurusL X. Figure4. Left sde surface damageto the 2001 BMW
325xi.

Exterior - 2001 BMW 325xi
The 2001 BMW 325xi sustained minor |eft Sde damage as aresult of the impact with the Ford Taurus
(Figure 4). The direct contact damage began 3.0 cm (1.2 in) aft of the front left bumper corner and
extended 144.0 cm (56.7 in) rearward. The combined direct and induced damage length (Field L)
began 3.0 cm (1.2 in) aft of the front left bumper corner and extended 213.0 cm (83.9 in) rearward.
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Six crush measurements were documented at the level of the mid-door: C1= 0 cm, C2=4.0 cm (1.6
in), C3=11.0cm (4.3in), C4=11.0 cm (4.3in), C5= 1.0 cm (0.4 in), C6= 0 cm. A maximum crush
value of 12.0 cm (4.7 in) was identified 14.0 cm (5.5 in) aft of the C4 position. The Callison
Deformation Classfication (CDC) for thisimpact to the BMW was 09-LY EW-2 with a principa
direction of force of (-)80 degrees. White/blue paint transfers were documented aong the direct
contact damage with pocketing noted aft of the left front whed /tire. The pocketing tapered into surface
scratching forward to the bumper area, which alowed for use of the body contour crush documentation
method. Induced damage to the left front door produced outward buckling to the upper window frame
area (no passenger compartment integrity 10ss). Reduction in the right wheelbase measured 2.5 cm
(1.0 in) asthe left wheelbase was eongated 1.5 cm (0.6 in). The windshield and tempered glazings
remained undamaged.

Interior - 2000 Ford TaurusL X
There was no damage to the interior surfaces of the Ford Taurus from occupant contact or component
intrusons,

Interior - 2001 BMW 325xi
Interior damage to the BMW was minima and was attributed to component intrusions. Laterd
intrusons into the driver space involved 9.0 cm (3.5 in) of door pand intrusion, 6.5 cm (2.6 in) of kick
pand intruson, and 5.5 cm (2.2 in) of Sl intrusion.

MANUAL RESTRAINT SYSTEMS

2000 Ford TaurusL X
Theinterior of the Ford Taurus conssted of a Sx passenger seating configuration with front bucket
(with a“flip and fold” center console that converted to a center seat position) and rear bench seats. The
driver 3-point manual lap and shoulder belt system consisted of a continuous loop belt webbing with a
diding latchplate and dud mode retractors (inertia lock/bdt sengtive). Although dight dimpling was
noted to the shoulder portion of the driver restraint, no loading evidence was identified on the webbing
or D-ring in this low severity crash. The front right 3-point manud 1gp and shoulder belt system
conssted of a continuous loop belt webbing with adiding latchplate and a retractor equipped with an
inertia and switchable lock mechanism. The front center seat (“flip and fold” console) was equipped
with a 2-point manua lap belt and alocking latchplate. The rear seated positions were equipped with
3-point manud lgp and shoulder belt systems which consisted of a continuous loop belt webbing with a
diding latchplate that retracted into an inertid sengitive and switchable locking retractor.

2001 BMW 325xi
The interior of the BMW 325xi congsted of a five passenger seating configuration with front bucket
and rear bench seets. The driver 3-point manua lap and shoulder belt system consisted of a continuous
loop belt webbing with adiding latchplate and dua mode retractors (inertid lock/belt sengtive). No
loading evidence was identified on the webbing or D-ring in this low severity crash. The front right 3-
point manud lap and shoulder belt system consisted of a continuous loop belt webbing with adiding
latchplate and aretractor equipped with an inertia and switchable lock mechanism. The rear outboard
seated pogitions were equipped with 3-point manud lap and shoulder belt systems which conssted of a
continuous loop belt webbing with adiding laichplate that retracted into an inertid sengtive and
switchable locking retractor. The center rear position was equipped with a 2-point manual 1ap belt
system with alocking latchplate.



FORD ADVANCED OCCUPANT PROTECTION SYSTEM (AOPS)
The 2000 Ford Taurus LX was equipped with dua
dage frontd ar bags for the driver and front right
passenger positions. The air bags deployed as aresult
of the crash (Figure 5). The driver air bag was
identified by the following part number: P5206000-
00D with a bar coded ot number of:

TXM993070143. The air bag was housed in the
center of the steering whed with a horizontaly oriented
flap tear seam (H-configuration). The flaps were nearly
symmetrica in shape as the upper flap measured 17.3
cm (6.8 in) inwidth and 7.0 cm (2.8 in) in height while  Figure5. 2000 Ford TaurusL X deployed frontal air
the lower flgp measured 17.3 cm (6.8 in) inwidthand ~ bags

5.5 cm (2.2in) in height. No contact evidence was

identified on the air bag or exterior surface of the module cover flgps. The diameter of the driver air bag
measured 58.2 cm (22.9 in) in its deflated state (Figur e 6). The bag was tethered by two interna
straps and vented by two 3.3 cm (1.3 in) diameter ports located at the 10 0’ clock and 2 o’ clock
sectors on the rear aspect of the air bag. Rearward air bag excursion measured 29.0 cm (11.4 in) from
the steering whed hub.

The front right passenger air bag deployed from the right top instrument panel area with asingle cover
flap design hinged at the forward aspect. The cover flap was rectangular in shape and measured 27.5
¢m (10.8 in) in width and 12.5 cm (4.9 in) in height. Although no contact evidence was identified on the
exterior surface of the module cover flap, multiple black vinyl transfers were noted across the face of
the bag from expansion within the module. The passenger air bag measured 58.6 cm (23.1in) in width
and 45.0 cm (17.7 in) in height in its deflated state (Figure 7). The bag was vented by two 5.6 cm (2.2
in) diameter ports located at the 9 0’ clock and 3 o’ clock sectors on the side aspect of the bag. No
interna tether straps were present. Rearward air bag excursion measured 46.0 cm (18.1 in) from the
aft portion of the right instrument panel.

Figure 6. 2000 Ford Taurus L X deployed Figure7.2000 Ford TaurusL X deployed
driver air bag. passenger air bag.



The front outboard restraint systems aso included buckle pretensoners mounted longitudinaly
aongsde the seat cushions. The activation of the driver sSide pretensioner resulted in 60.0 mm (2.4 in)
of piston movement. The piston pulls a cable which lowers the height of the buckle assembly, reducing
dack in both the lgp and shoulder belt webbing. The front right seating position was not occupied,
therefore, the buckle pretensioner did not activate.

The Ford was a so equipped with side impact air bags for the front outboard seated positions. The air
bags did not deploy as aresult of the crash. The air bag modules were housed in the outboard side
aspect of the front seat backs.

BMW SUPPLEMENTAL RESTRAINT SYSTEMS

The 2001 BMW 325xi was equipped with redesigned frontal air bags for the driver and front right
passenger positions which did not deploy as aresult of the crash. The driver air bag was housed in the
center of the steering whed with a horizontally oriented flap tear seam (H-configuration). The front right
passenger air bag was housed in the right mid-instrument panel areawith asingle cover flgp design
hinged at the top aspect.

The 2001 BMW 325xi was equipped with door mounted side impact air bags for the front seated
positions. The left front Sde impact ar bag deployed as aresult of the crash (Figure 8). The air bag
modules were housed in the door panel above the armrest [32.0 cm (12.6 in) above floor leve] with a
sngle cover flap design hinged at the lower aspect. The flgp was rectangular in shape and measured
25.0 cm (9.8 in) in width and 10.0 cm (3.9 in) in height. No contact evidence was identified on the
exterior surface of the module cover flap, however, asmal smudge mark was documented dong the
centered portion of the air bag face. The air bag was rectangular in shape and measured 49.0 cm (19.3
in) in width and 21.4 cm (8.4 in) in height in its deflated state. The bag was tethered by a horizontal
gditch pattern which extended across the face of the membrane into a circular figure. No vent ports
were present. The Sideimpact air bag sensors were located in the front door cavities.

The BMW was a0 equipped with a head protection air bag for the front seated positions. The left Side
head protection air bag deployed as aresult of the crash (Figure 9). The head air bag was housed
between the interior roof headliner and structurd roof sde rail with a horizontal seam measuring 146.0
cm (57.5in) in length (separation of the headliner versus an actud flap). The air bag measured 7.0 cm
(2.81in) in diameter and 104.0 cm (40.9 in) in length inits deflated state. The air bag was tethered by
22.0 cm (8.7 in) externa straps connected to the left A-pillar and |ft rear roof sderall.

Figure8. 2001 BMW 325xi deployed I€ft front
sdeimpact air bag. Figure 9. 2001 BMW 325xi deployed head
protection air bag.
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The front outboard restraint systems also included buckle pretensioners mounted longitudinaly
adongside the seet cushions. The piston pulls a cable which lowers the height of the buckle assembly,
reducing dack in both the lap and shoulder belt webbing. The buckle pretensioners did not activate as a
result of the side impact crash.

DRIVER DEMOGRAPHICS - 2000 FORD TAURUS LX

Age/Sex: 69 year old femae
Height: 170 cm (67 in)
Weight: 77 kg (170 1b)

Seat Track Position:  Middle position
Manud Restraint Use:  3-point lap and shoulder belt system

Usage Source: Vehicle ingpection, police report, driver interview
Eyeware: Prescription glasses
Type of Medica

Trestment: Refused

Driver Injuries

Injury Severity (Al S 90) I njury Mechanism
Thermal burn pogterior aspect right Minor (792000.1,1) Venting driver ar bag
forearm (2.0 cm diameter) gases (non-contact injury)
Contusion laterd right chest Minor (490402.1,1) Shoulder belt webbing

Driver Kinematics
The 69 year old female driver of the 2000 Ford Taurus LX was
restrained by the available 3-point manua lap and shoulder belt system
and seated in an upright posture with her hands placed at the 9 o' clock
and 5 o' clock positions on the steering whed rim. The seet track was
adjusted to the middle position with the seat back angled 22 degrees off
verticd (Figure 10). The driver stated she was belted, further evidenced
by the deployment of the buckle pretensioner. It should also be noted that
the driver was wearing along deeve blouse and a heavy swester.

At impact, the driver initiated a forward trgjectory in response to the 12
0 clock impact force and |oaded the manua restraint resulting in asmall
contusion to the right mid-lateral chest area. Thisinjury mechanism was Figure 10. Interior view of the
evidenced by the location of the injury relative to the placement of the 2000 Ford TaurusLX.
shoulder harness diagondly across the chest. She dso sustained asmall

therma burn to the posterior aspect of the right forearm from venting driver air bag gases. Thisinjury
mechanism was evidenced by the driver’ s stated placement of the right hand at the 5 o' clock position
on the steering whed rim pre-crash, which exposed the posterior aspect of the forearm to the adjacent
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ar bag vent port during the deployment sequence. The driver reported that the burn mark went
completely through the sweeter and long deeve blouse (not charred), however, she referred to the
injury as more of a“ welt” or “ mosquito bite” . She aso complained of facid skin irritation post-
crash, which was treated (with atowe and sdine solution) by ambulance personnd. She refused further
treatment. The Advanced Occupant Protection System provided adequate protection against further
contact to the steering whed hub/rim, thus preventing seriousinjury.

DRIVER DEMOGRAPHICS - 2001 BMW 325xi

Age/Sex: 17 year old femde
Height: 160 cm (63 in)
Weight: 45 kg (100 Ib)

Seat Track Pogition:  Mid-to-forward position
Manua Restraint Use:  3-point |gp and shoulder belt system

Usage Source: Vehicle ingpection, police report, driver interview
Eyeware: None
Type of Medica

Treatment: None

Driver Injuries
Injury Severity (Al S 90) Injury Mechanism
Bilatera contusons media knees Minor (890402.1,3) L eft front door pand
(indirect contact injury)

Driver Kinematics
The 17 year old femde driver of the 2001 BMW 325xi was restrained
by the available 3-point manua lap and shoulder belt system, and seated
in an upright posture (out-of-position) leaned dightly forward with her
head turned |eft to observe on-coming traffic. Her hands were placed at
the 10 o' clock and 2 0’ clock positions on the steering whed rim. The
seet track was adjusted to a mid-to-forward position with the seat back
angled 15 degrees off vertical (Figure 11).

At impact, the driver initiated alaterd trgectory in response to the 9

o' clock impact force. Her head loaded the deployed head protection air
bag and the latera aspect of her torso loaded the deployed thorax side
impact ar bag. She sustained bilateral contusions to the medid (insde)
aspect of the knees which was probably an indirect result of lateral knee 5501 syvw 205xi.

contact to the left front door panel (knees “knocking” together). The

BMW driver did not seek trestment for her injuries. The deployed head

and thorax air bags provided adequate protection againgt direct contact to left sde components, thus
preventing potentid injury.
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Figure 13. 2000 Ford TaurusL X EDR report.

-10-



2000 Taurus/Sable EDR Report - Charts

e =
] AL a1 ik}

e

-

Lengitudinal Cumulative Dealta-V
5l sl | 1Ll
2\ (MM i

Mol Aocedorshon dale and plofs ane anly walkd far Sroial snpact aevent recordings

*oEor Coarnadnes Dulbe W PH

Longitudinal Crash Pulsa Data

Lkl Bl F il Addafid bor's (i i o's
L & 8 b M1 1B 30 3T b 26 38 30 3T 34 30 38 40 42 44 4 4o B0 5F 54 56 55 O0e D 64 £6 &85 TOOTI M T VB
O R P U P e T P LA LI o ol e i G PR TP AT e ol P Ll e At Tt e Tl A T e g
T T o L Lo S e s L el e I e P L £ )
k|

ok V(P

=

-l-c-cluul-:l.rwnl-g-u?d

e

i

ThTe= frra )

Lateral Cumulative Delta-y

[Fima ime) [ ] ] L] Gli]

ok

Eult-a-".' 'IHIF'HI

Mt Aoccderahon dols and plofs ane only vabd for Broeial smpac] event recordings

= = om Cesidalve Dalta Y WPH

Lateral Crash Pulsa Data

oF G Bl Filaied Soceb mlos

P Jif=

]

A

o o7 4 & H 18 88 18 M 28 38 M I6 30 37 34 3 B 4 B4 90 50 S A ER e BE B TD X2 T4 T
|'|. | 3 1 |
. R o Lt L P S L e, P e, R
L]
*"h
- h
11 ' o
-y

Reomleration (o ared Boks VW PE

\JI| ¥

\
T
b

Tiram jmeei

Figure 14. 2000 Ford TaurusL X EDR report.
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