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DISCLAIMER

This document is disseminated under the sponsorship of the Department of Transportation in the interest
of information exchange. The United States Government assumes no responsibility for the 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 be 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 of the involved vehicle(s) or their safety systems.
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ADVANCED OCCUPANT PROTECTION SYSTEM INVESTIGATION
VERIDIAN CASE NO: CA02-013

VEHICLE: 2002 AUDI ALLROAD QUATTRO
LOCATION: COLORADO
CRASH DATE: APRIL, 2002

BACKGROUND

This on-gte investigation focused on the performance of the Advanced Occupant Protection System
(AOPS) of a2002 Audi Allroad Quattro. The Audi Allroad wasinvolved in a 12/9 o’ clock impact with
a 1995 Dodge Neon. The Audi was equipped with an AOPS that consisted of seat belt retractor-
pretensioners, dua stage driver and front right passenger air bags, front seat side impact air bags and
inflatable sde curtains. The driver seat belt retractor-pretensioner fired and the front right passenger air
bag deployed as a result of the impact induced deceleration. The restrained mae driver of the Audi
sustained a left lower extremity contuson as aresult of contact to the knee bolster. He exited his vehicle
and was ambulatory at the scene. The driver and front passenger in the Dodge both sustained a pelvis
fracture as their primary injury and required hospitaization.

The Specid Crash Investigationsteam at V eridian Engineering was natified of thiscrash by theinvestigating
Denver policeofficer. Veridian SClI subsequently notified the Crash Investigations Division of the Nationa
Highway Traffic Safety Administration of the crash and was assigned an on-Steinvestigation as part of the
Advanced Occupant Protection System Study. The vehicleswerein the policeimpound and available for

ingoection.

SUMMARY
Crash Site

This two-vehicle crash occurred during the nighttime
hours of April, 2002. At the time of the crash, it was
dark and the roadway was illuminated by overhead
street lights. The weather was not a factor and the
asphalt road surface wasdry. The crash occurred on
the outboard lane of an undivided six lane east/west
road. There was an gpartment complex and private
driveway on the north sde of the road. The private
driveway provided the ingress and egress into the
complex’ sparking lot from the primary roadway. The

speed limit in the area of the crash was 72 kmv/h (45 o T _%
mph). Figure 1 isawestbound trgjectory view of the = ' S
crash scene. Figure 1: Westbound trajectory view.



Pre-crash

The 2002 Audi Allroad Quattro wasdriven by a37 year old restrained mae. Thedriver’ sestimated height
and weight were 183 cm (72 in) and 100 kg (220 Ib). He wasthe Audi’s sole occupant. The Audi was
westbound in the outboard lane of the road at a police reported speed of 113 km/h (70 mph). An off-duty
police officer, traveling behind and in pursuit of the Audi, provided the speed estimate to the police
invedtigation. The Dodge Neon was exiting south out of the apartment complex on the Audi’ sright, viaits
private driveway. The Dodge was occupied by a 21 year old unrestrained male driver and a 19 year old
unrestrained male front right passenger. 1t wastheintension of the driver to turn left and travel eastbound.
Thetrailing off-duty officer reported the Audi’s brake light came on immediately prior toimpact. A1 m
(3 ft) skid mark attributed to the Ieft front tire of the Audi and a gouge mark adjacent to the tire mark
identified the point of impact. It should be noted that thelong tire mark depicted in Figure 1 wasnot related
to this crash.

Crash

The crash occurred when the Dodge accelerated forward into the outboard lane of the primary road
directly into the path of the Audi. The front plane of the Audi impacted and penetrated the left side of the
Dodge, centered onits B-pillar. The westbound momentum of the Audi forced the Dodgeto didelateraly
to its right and rotate counterclockwise approximately 330 degrees astheit didto rest. The Dodge came
to rest straddling the center and inboard westbound lanes approximately 30 m (97 ft) west of the point of
impact. The Audi continued its westbound trgjectory in the outboard travel lane and cameto a controlled
stop approximately 53 m (174 ft) from the POI.

Upon impact, the Audi’ sdriver’ s seat belt retractor pretensioner fired and the front right passenger air bag
deployed. The tota velocity changes (deltaV's) caculated by the Damage dgorithm of the WINSMASH
model were 35.3 km/h (21.9 mph) and 52.8 km/h (32.8 mph) for the Audi and Dodge, respectively. The
impact speedsfor the Audi and Dodge ca culated by a Conservation of Momentum analysiswere 87 km/h
(54 mph) and 10 km/h (6 mph), respectively. Figure 2 isaschematic of the crash.
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Post-crash

The police, fire and EM S personnel responded to the crash scene. The Audi driver suffered aminor |eft
lower extremity contusion and exited the vehicle under his own power. He was ambulatory at the scene
and remained on-scene throughout the police investigation. He was then transported to aloca hospitd for
ablood test. The police investigation reveded the driver was dcohol impaired at the time of the crash.
The driver of the Dodge Neon was contacted by the intruding left door, overrode the front right passenger
and was gected out the right front door of the Neon as it came to rest. He was found on the pavemert,
adjacent to the right side of the Neon at find rest. Reportedly, the front right passenger remained within
the vehicle. Both occupants of the Dodge suffered police reported pelvisfractures and were hospitalized.

2002 AUDI ALLROAD QUATTRO

The 2002 Audi Allroad Quattro, Figure 3, wasidentified by the Vehicle Identification Number (VIN)
WA1Y P64B42N (production sequencede eted). The
Audi was equipped with a2.7 liter, V6 engine linked
to a 6-gpeed manud transmisson. The 4-whed disc
braking system was ABS equipped. The manua
restraint system congisted of 3-point lap and shoulder
belts with retractor pretenioners for the five seat
postions. The Supplementd Redtrant System
consisted of dua stagefronta air bags and sideimpact
air bags for the front occupants and inflatable side
curtains. The vehicle's date of manufacture was
January 2002 and wasleased by thedriver’ semployer
inMarch 2002. The electronic odometer could not be  Figure 3: Front view of the Audi A6.
read at the time of the inspection due to the lack of

electrical power.

Exterior I nspection
Figures4 and 5 are the left Sde and lft latera views of the Audi All Road. The direct contact damage
pattern to the frontal plane extended acrossthe entire 137 cm (54 in) end width of the vehicle. Theimpact
damage was managed by the vehicle' s bumper system and the forward portion of the sub-frame. The
dameage pattern was biased to theleft indicative of theright-to-left laterd direction of the Dodge. The hood
and left front fender were buckled. Surface aborasions on the Audi’ s hood, indicative of direct contact to
the Dodge, extended longitudinaly rearward 84 cm (33 in) from the front of the vehicle. The location of
these dorasions was an indicator of the Audi’s maximum penetration into the left Sde of the Dodge. The
frontal damage wrapped around theleft front corner and extended along thelleft front fender to theforward
aspect of the left front door. This contact pattern measured 89 cm (35 in) and was consstent with the
post-impact counterclockwise rotation and separation of the Dodge. Whitetransferswereidentified within
the contact pattern and were linked to the fiberglass repair of the left front fender of the Dodge. Al four
doors and the rear hatch remained operationd and there was no damage to the Sde glazings. The left
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wheelbase was foreshortened 4.8 cm (1.9 in). The right wheelbase was unchanged. The right front tire
was punctured and had aired out. The crush profile measured at the bumper devation wasasfollows. C1
=14.7cm(5.8in),C2=10.2cm(4.0in), C3=114cm(4.5in),C4=9.1cm(3.6in),C5=25cm (1.0
in), C6 = 0. The Callison Deformation Classification was 12-FDEW-1.

The totd veocity change (delta V) of the Audi was cadculated utilizing the Damage Algorithm of the
WINSMASH modd. During theimpact, thefront of the Audi impacted and penetrated the left Sde of the
Dodge. The damage profile of the Dodge was documented at the mid-door eevation and dong the lower
gll. Refer to the Exterior Damage section of the Dodge Neon on page seven for further information.
Utilizing an average of these profiles for the Dodge and the afore mentioned bumper crush profile for the
Audi, the caculated total detaV of the Audi was 43.8 kmvh (27.2 mph). Based on SCI field experience,
this caculaion over-estimated the Audi’ sddta V.

An analysis usng the il crush measurements of the Dodge and the Audi’ s bumper profile caculated the
deltaV of the Audi to be 35.2 kmvh (21.9 mph). Thelongitudina and latera componentswere-34.6 km/h
(-21.5 mph) and -6.1 km/h (-3.8 mph), respectively. This calculation was more representative of the
Audi’s crash severity.

Figure 4: Left side view of the Audi. Figure5: Left lateral view.

Interior I nspection
The vehicl€ sinterior damage was related to the deployment of the front right passenger air bag. Theright
aspect of the windshield was fractured by the module cover flap during the deployment sequence. There
was no damage or intrusion attributed to the exterior forces of the crash.

The Audi’ sinterior was trimmed with leather and conssted of five seat postions. Thefront row conssted
of powered bucket seats for the driver and front right passenger. The second row consisted of a 60/40
silt fold rear seat. The driver's seat was adjusted to a rear track position. The horizonta distance
between the center hub of the steering whedl and the driver’s seat measured 66 cm (26 in).



A probable Ieft lower extremity contact was identified on the driver' sknee bolster. A5cmx5cm (2in
x 2 in) scuff was located 20 cm (8 in) eft of the steering whed center line. No other occupant contacts
were identified during the interior vehicle ingpection. There was no steering whedl rim deformation and
there was no separation of the steering column’s shear capsules. The lack of driver interior contact
evidence supported the use of the manud restraint system.

Manual Restraint System
Each seat position was equipped with a manua 3-point lap and shoulder belt system with retractor-
pretensoners.  The retractors were designed with a force limiting
feature. Thedriver’ srestraint was sowed within theretractor and the
retractor was operationa upon initial inspection. Examination of the
latch plate reveded minima higtorica usage evidence, however, this
was consstent with the age of the vehicle. Examination of thefriction
surfaces of the latch plate hardware reveded a full width aorasion to
the plastic surface. A corresponding abrasionto thelap portion of the
webbing was identified by extending the webbing into a smulated
buckled condition, Figure 6. The abraded webbing measured 13cm
(5in) inlength and began 69 cm (27 in) above the outboard anchor,
Figure7. A 8cm (3in) abrason from D-ring contact wasidentified
onthe shoulder section of thewebbing, Figure 8. Thistransfer began
160 cm (63 in) above the outboard anchor. Although the retractor
was operational at ingpection, it was probable that the retractor-
pretensoner fired during the crash, considering the operating logic of
the AOPS system. Theretractor had subsequently relaxed over time.
It was not possible to disassemble the restraint system at the time of

the ingpection.

Figure 6: Driver’srestraint.

. ) ) Figure 8: View of the webbing abrasions.
Figure 7: Webbing abrasion at the

latch plate.



Advanced Occupant Protection System

The Audi’s AOPS conssted of manual restraints with retractor-pretensioners, dua stagefronta air bags,
seat back mounted side impact air bags for the front occupants, and inflatable side curtains. The system
was controlled by amodule located under the center aspect of the instrument panel. The front seet belt
buckles incorporated buckle switches. The position of the buckle switch (openv/closed) indicated to the
control module the status of the front seet belt use. The AOPS was designed to vary the fronta air bag
deployment threshold based on the use of the manud restraints. Thefronta air bag deployment threshold
of aparticular front seat positionwas eevated to adightly higher decd eration threshold when the seet belt
at that postionwasin use. The Audi air bag control module was not compatible with the available EDR
software and could not be downloaded. Information regarding the specific thresholds for the subject
vehicle were not known.

Inthis crash, the AOPS control module sensed arestrained driver and assumed there was an unrestrained
front right passenger (based on the buckle switch status). Thefact that the driver was restrained el evated
the driver air bag threshold; where as, the front right air bag was set to an unrestrained threshold. The
impact severity warranted that only the driver’ s seet belt pretensioner, and front right air bag fire. Post-
crash damage anadlysis indicated that the Audi’s delta V' was approximately 35 knvh (22 mph). The
magnitude of that delta V is above the driver air bag deployment threshold typicaly seen in smilar
intersection-type crashes. However, the dynamics of thisimpact suggest that the subject crash occurred
over a (relaively) long time duration. The extended time duration reduced the measured deceleration(s)
such that the evated driver air bag threshold was not exceeded.

The driver air bag was designed into the center hub of the steering whedl rim and was not deployed. The
front right passenger air bag wasatop mount design located in theright aspect of theinstrument pand. The
module cover flap measured 24.9 cm x 14.0 cm (9.8 in x 5.5 in), width by height. The forward rotation
of the flap during the deployment sequence contacted and fractured the right aspect of thewindshield. The
face of the passenger air bag was trapezoida in shgpe. 1t measured 41 cm (16 in) in width dong the top
surface and tapered to 25 cm (10 in) over a50 cm (20 in) height. The rearward excursion of the air bag
measured 46 cm (18 in). It was tethered by a 12 in wide strap sewn to the face of the bag. The tether
seam was located 18 cm (7 in) below the top surface. The bag was vented by a single 7.0 cm (2.8 in)
diameter port located on the top forward aspect of the bag adjacent to themodule. Therewasno evidence
of occupant contact to the passenger air bag.



1995 DODGE NEON

The 1995 Dodge Neon was identified by the Vehicle Identification Number (VIN): 1B3E547C7SD
(production sequence deleted). The 4-door sedan was equipped with a2.0 liter, 14 engine linked to afour
gpeed automeatic transmission. The manua restraint system consisted of 3-point lap and shoulder beltsin
the four outboard positions. The Supplementd Restraint System consisted of driver and front right

passenger air bags. The Dodge was not equipped with side impact air bags.

Exterior I nspection

Figure9isaleft sdeview of theDodge. Thevehicle
sugtained 190 cm (75in) of direct contact damagethat
began at the hinge pillar of the left front door and
extended to trailing edge of the left rear door. The
Audi’ sdirect contact was centered on theleft B-pillar.
Animprint of the Audi’ slicense plate wasidentified on
the Neon' ssheet metd at that location. The combined
lengthof the direct and induced damage measured 281
cm (110.5in). Theinduced damage began on the |eft
rear quarterpand 41.9 cm (16.5in) aft of theleft front
axle and extended forward onto the |eft front fender
17.8 cm (7.0 in) &t of the left front axle. The roof
buckled downward due to the B-pillar intruson. The left wheelbase wasreduced 16.3 cm (6.4 in) dueto
bending of the unibody structure. The right wheelbase was unchanged. Theright front door opened from
occupant loading. The right rear door was operationd.

Figure 9: Left side view of the Dodge.

The vehicle' s crush profile measured at the mid-door level (Field L =281 cm) wasasfollows C1=0, C2
=20cm(8in),C3=77cm(30in), C4=93cm (371in), C5=70cm (28in), C6 =0. It wasnoted during
the ingpection that the left front door hingefailed by overload. The structurd failure overstated the resdud
crush a the trim elevation. Therefore, the crush profile was dso documented dong the sl (Field L= 137
cm). The damage profile at that eevation was. C1 =58 cm (23in), C2=66.cm (26in),C3=61cm (24
in), C4=50cm (20in). Initidly, an average of the measured profileswas used to andyze the crash. The
averaged profile used in the andysswas asfollows. C1=0,C2=39cm (15in),C3=77cm(30in), C4
=77cm(30in), C5=60cm (24 in), C6 = 0. However as previoudy discussed, the use of the averaged
crush profile over-estimated the severity of the crash. A more representative deltaV was caculated using
the crush profile measured dong the sill. Using that profile, the Damage Algorithm of the WINSMASH
model determined thetota velocity change of the Dodge was 52.8 kmvh (32.8 mph). Thelongitudina and
lateral deltaVV components were -9.2 km/h (-5.7 mph) and -52.0 km/h (-32.2 mph), respectively. The
Collison Deformation Classfication (CDC) was 09-L PEW-6.

Interior I nspection

The left Sdeintrusion reduced the interior space within the vehicle by approximately 50 percent. Refer to
Figure 10. The left B-pillar overrode the driver's seast cushion and rotated the seat back
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counterclockwise. The post-impact location of the B-
pillar was at the center console. The latera distance
from the deformed pillar to the right B-pillar measured
67.8cm (26.7in). Theintruson of theforward aspect
of the left front door impacted and deformed the
geering whed rim. The ilt mechanism was fractured
and the deering whed shifted to the right. The
horizontd distance between the steering whed center
line and theright corner of theinstrument pand was 74
cm (29in). =

Figure 10: Rear view depicting the intrusion.

The front seats were adjusted to amid-track position.

The manua 3-point restraints for the front seated occupants were both stowed within their respective
retractors at the time of the ingpection. The left Sde deformation had captured the webbing within the
retractor; it was not accessible. The right front retractor also was locked with the webbing in the scowed
postion. Neither restraint was in use a the time of the crash. Both occupants of the Dodge were
unrestrained. An unoccupied child safety seet was restrained in the left rear position.

2002 AUDI ALLROAD QUATTRO
DRIVER DEMOGRAPHICS

Age/Sex: 37 year oldMde
Height: 183 cm (72in)

Weight: 100 kg (220 Ib)
Redtraint Use: 3-point lap and shoulder
Usage Source: SCI ingpection

Medica Treatment: None

DRIVER INJURY

Injury Injury Severity Injury Mechanism
(Al'S2000)
Left lower extremity contusion, NFS Minor (890402.1,2) Knee bolster contact

Note: the above injury was identified during a conversation with the Audi driver’ satorney. An interview
with the driver was refused.

DRIVER KINEMATICS
The 37 year old male driver of the Audi was seated in a rear track position with a presumed normal
posture. Hewasrestrained at thetime of the crash by the 3-point manua safety belt system. Upon impact,

-8-



the retractor locked and the retractor-pretensioner fired. Thefired pretensoner removed thedack within
the belt system and tightened the webbing about the driver.

The driver exhibited aforward trgectory in response to the 12 o’ clock direction of the impact force and
loaded the manud restraint. The restraint loading was evidenced by the documented webbing transfers.
His lower extremities probably contacted the knee bolster evidenced by identified possible minor scuff
marks. The contact to the bolster resulted in the left lower extremity contuson. The use of the 3-point
restraint maintained the driver within hisinterior Space, minimizing his contact to the interior and hisinjury
potentia. The driver then rebounded back into his seat and brought the Audi to acontrolled sop. Hethen
exited his vehicle under his own power.



