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Thi s docunent is dissem nated under the sponsorship of the
Departnment of Transportation in the interest of infornmation
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The opinions, findings, and concl usions expressed in this
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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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Case Number: DS03027

TABLE OF CONTENTS

Background . . ...
Decription ...
Invedtigation Type .. ....ooiiii e
CrashLOoCation . ........c.couiiiiiiiinnnnnn.
CrashDate ..........coiiiii i,

VehideDamage . ...,
ExtaiorDamage ...
InteriorDamage . . .. ..o
Manud RedrantSysems . .. .....................
Frontd AirBagSystem .......... ... .. ... .. ....

Occupant Demographics ...,

Occupant INJUMES . . . .ot

Occupant Kinematics . ...,

Attachment 1. CAculaions . .............aaann..

Attachment 2. NHTSA Recall No. 99V 063 recdl notification . . . .



DS03027

BACKGROUND:

Description: This Sde Air Bag case wasinitidly identified by aNHTSA review of
GES palice reports. DS was notified on July 2, 2003. Thiswas an
on-ste investigation. All field work was completed on July 10, 2003.

Investigation Type: Side air bag

Crash Location: Colorado

Crash Date: June, 2003

Notification Date: July 2, 2003

Field Work Completed: July 10, 2003

SUMMARY

Crash Site

This single vehicle crash occurred in June, 2003
at 0100 hoursin a mountainous area of
Colorado. The crash occurred off-road. The
north/south asphdt roadway gpproaching the
roadway departure istwo-way, curved to the
left, and has a positive 2.5% grade. The curve
had aradius of 55.4 m (182.0 ft) and acritica
speed of 67.4 km/h (41.9 mph)*. The roadway
was wet. It was dark at the time of the crash and
there were no dreetlights available. To the right
of the roadway is adirt shoulder followed by a Figure 1. Approach to area of road departure/off
grass/dirt embankment with a 37% downgrade.  road impact (south)

The speed limit is 64 km/h (40 mph).

Pre-Crash

The case vehicleisa 1999 BMW 328i four-door sedan driven by arestrained 22-year-old male (83
kg/185 Ibs). He was wearing the available type 2 1ap and shoulder belt with an Emergency Locking
Retractor (ELR). The shoulder belt upper anchorage was adjusted to the mid position. The case
vehicle was equipped with adud stage driver’sair bag, adua stage front right passenger’sar bag, a
driver’s door mounted side air bag, afront right passenger’ s door mounted side air bag, Inflatable
Tubular Structure (ITS) head protection, and buckle mounted seatbelt pretensioners for both front
seats.

1See Attachment 1
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The front right seat was occupied by arestrained 21-
year-old femae (152 c/60 in, 48 kg/105 Ibs). She
was wearing the available type 2 lap and shoulder belt
with a switchable retractor in the ELR mode. The
shoulder belt upper anchorage was adjusted to the full
down position. Both occupants were segted in lesther
covered bucket seats. The seats were both adjusted
to between the middle and rear most track position.
Both occupants were intoxicated. The case vehicle
was traveling southbound at a police reported speed
of 105 knmvh (65 mph).

Figure 2. Impact area/final rest

Crash

Asthe vehicle entered the curve, the driver lost
control. The case vehicle beganto yaw ina
counterclockwise direction and did off the roadway
onto a grass shoulder. The vehicle continued on for
14.2 m (46.5 ft) and traveled down an embankment.
The case vehicle had rotated 30-40 degrees by this
time. The case vehicle struck alarge boulder with its
front right end (0O1FREES).

Thetotdl velocity change calculated by the barrier

agorithm of the WinSmash collision modd was 33.0 Figure 3. Front right, case vehicle
km/h (20.5 mph)2. The longituding and laterd ddtaV
components were -25.3 km/h (-15.7 mph) and -21.2 km/h (-13.2 mph), respectively.

The driver and front right passenger air bags deployed and the front seet belt pretensonersfired at this
point. The front right passenger door mounted Side air bag and right Side I TS aso deployed.

After the impact with the boulder, the case vehicle rotated counterclockwise and contacted a small
tree/bush with its right sde (0BRPAW?2).

Post-Crash

The case vehicle was towed from the scene and was placed on a police hold. The vehicle was declared
atota loss by the insurance company.

The driver sustained multiple minor injuries, including: abrasionsto his left upper chest, left forearm, left
knee, right elbow, and left ankle. He was able to exit the vehicle on hisown. He was transported to a

2Cdculated using pocket extent for C4 measuremen.
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local hospita by a passerby who had been flagged down by the driver. He arrived at the hospita
shortly after the crash and initialy refused any treatment. At 0240 hours he indicated that he did want
to be seen because of pain to his elbow and left shoulder. He was seen at 0305 hours—allittle over two
hours post-crash. He had a Glasgow Coma Scae (GCS) of 15. He tested positive for acohol
(BAC=0.077). Hewas examined and then released at 0430 hours.

The front right occupant sustained a grade 1 open, comminuted and segmentd right humerus fracture, a
non-displaced fracture of the dista right first proxima phaanx, and a concusson with loss of
consciousness. She also sustained a variety of contusions and aborasions. She was transported to the
hospitd in the same vehicle asthe driver. She arrived a the hospital with a GCS of 15, however she
suffered from perseveration® and had no recollection of the crash. She tested positive for acohol
(BAC=0.17). Shewasfirgt seen a 0105 hours. She was admitted and underwent surgery to repair
the humerus fracture. She was hospitalized for two days.

3Perseveration is the persistent repetition of the same verba or motor response to varied
gimuli; continuance of activity after cessation of the causative simulus.
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SCENE DIAGRAM
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Figure 4. Scene diagram
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COLLISION MEASUREMENT TABLE

Crash Data Vehice#1
Surface Type Asphalt -
Roadway
Surface Condition Dry
Grade (pre-impact) +2.5%
Grade (impact) -37%
Speed Limit 64 kmvh (40mph)
Reference Point: ReferenceLine:
paddle marker north of curve atificid line set dong north/south axis
Data Point Distance and Direction from | Distance and Direction from
RL RP

ft m d ft m d
ERF 0.7 0.2 W 38.0 11.6 S
BRF 0 0 W 59.0 18 S
ELR 6.5 2 W 52.0 15.8 S
ERR 9.3 2.8 W 35.0 10.7 S
BLR 1.0 0.3 E 71.0 21.6 S
BRR 1.0 0.3 E 71.0 216 S
Rock 16.0 4.9 W 19.0 5.8 S
Impacted tree/bushes 20 6.1 w 21.0 6.4 S
Chord - 30.4m (100.0 ft)
Middle ordinate - 2.1 m (7.0 ft)




VEHICLE DATA - 1999 BMW 328i four-door sedan

DS03027

The 1999 BMW 328i was a four-door sedan equipped an automatic transmission, rear whed! drive,
front and rear disc brakes, and an anti-lock brake system.

VIN:
Odometer:

Engine

Reported Defects:

Cargo:

WBAAMS337XKGXXXXX

Unknown

6 cylinder, 2.8 L (170 CID)
NHTSA Recall No. 99V 063*

None

The BMW 328i was equipped with Bridgestone Potenza S-03 P225/45R17 tires. The specific tire

datais asfollows:

Tire
LF
LR
RF
RR

Tread
50mm (0.19in)
2.0 mm (0.09in)
4.0 mm (0.13in)
2.0 mm (0.09in)

Pressure
207 kPa (30 ps)
262 kPa (38 ps)

flat
248 kPa (36 ps)

Recommended pressure
248 kPa (36 ps)
248 kPa (36 ps)
248 kPa (36 ps)
248 kPa (36 ps)

The front seating positions in the 1999 BMW 328i were configured with leather covered bucket seats
with adjustable head restraints. Both front seets were dightly reclined prior to the crash and did retain
their pre-impact postions. The rear seating positions were configured with a bench seat with adjustable
head restraints for the outboard seat positions.

“See Attachment 2. Thiswas arecal to reprogram the computer control module to make the
system less sengitive and reduce inadvertent Sde air bag deployments. The control module for this
vehicle had undergone the required reprogramming.



VEHICLE DAMAGE

Exterior Damage - 1999 BMW 328i

DS03027

Damage Description: Magor front end damage beginning at right corner.
CDC: Impact 1: 01FREE6
Impact 2: 03RPAW?2
DdtaV: Totd 33.0 km/h (20.5 mph)
Longitudina -25.3 km/h (-15.7 mph)
Latitudina -21.2 km/h (-13.2 mph)
Energy 83,301 joules
(61,440 ft-1bs)

The case vehicle sustained direct contact damage
from the first impact that began at the front right
bumper corner and extended 36.0 cm (14.2 in)
aong the front. Theresidua crush measured on the
bumper reinforcement bar was as follows: C1=0
cm (0in), C2=0cm (0in), C3=0cm (0in),
C4=44.0 cm (17.3in). The maximum crush was
into the pocket beyond the end of the bumper
corner and measured 118 cm (46.4 in). Theright
side wheel base was shortened by 69.0 cm (27.2
in). There was minor contact damage to the right
passenger area from contact with a tree/bushes.
There was intrusion into the passenger
compartment from the initid impact through the
right instrument panel, right toe pan, and right A
pillar.

By T,

Figure 5. Right side of vehicle (impact 2)
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Interior Damage - 1999 BMW 328i

Interior damage to the 1999 BMW 328i was moderate and attributed to occupant contact and
passenger compartment intruson. The windshield was fractured from impact forces. There was
longitudind intrusion into the front right seeting area from the toe pan, right instrument panel, and A
pillar. The glove compartment door was didodged. The right door was deformed outward due to
occupant contact and the impact dong the frame. There were make up contactsto theright SsdeITS
and the B pillar.

MANUAL RESTRAINT SYSTEMS - 1999 BMW 328i

The 1999 BMW 3281 was configured with manud 3-point |gp and shoulder belts with diding latch
plates for both front positions and rear outboard positions. The front seet restraints were configured
with adjustable anchorages; the left was in the mid position, theright in the full up pogition. A 2-point
lap belt with alocking latch plate was present for the rear center position. All the outboard seats were
equipped with switchable retractors that were in the emergency locking mode. Buckle mounted
pretensioners were available for the front seet positions and did actuate during the crash.



FRONTAL AIR BAG SYSTEM - 1999 BMW 328i

DS03027

The case vehicle was equipped with adud stage
driver'sair bag, adua stage front right passenger
ar bag, adriver’s door mounted side air bag, a
front right passenger sSde air bag, and the Inflatable
Tubular Structure (ITS) head protection for both
front seets. Both front seat manud restraints were
aso configured with buckle pretensoners. The
front air bagsinclude a“smart” dud-threshold
deployment system. The system will automaticaly
asess the severity of an impact and choose
between two inflation rates for the front air bags.
The front right seet cushion contains a sensor mat
that detects seat occupancy. The sensor recognizes
if the seat is occupied or not. If the seat is not
occupied, the air bag won't go off in the event of a
collison. ThelTSisentirdy conceded above the
front doors and within the A-pillar and roof cladding
or upholstery. The ITSisahallow, flexible,
essentidly airtight tube. At one end, thistubeis
anchored ingde the vehicle s A-pillar, near the
bottom of the pillar. At the other end, it is anchored

Fig. 56- 17 Joentinying Alr B9 Compononts (i3 & 3 S5ies)
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wilh Aol ¢-.e r Protgction Syghorm [RFP3) located at tha rear o tha
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in the roof just above the rear door. Upon side
impact, the inflator, mounted on one end of the

Figure 7. Air bag component locations

tube, inflates the tube with aninert gas. A reatively
artight inner tube of slicon materid managesthe
inflation; awoven nylon outertube manages the
tube' s shape. The diameter increase forced by
inflation causes the length to decrease. In turn, the
tube no longer fitsinsde the areawhereit is stored;
it pulls out of the headliner and forms a soft, Sraight
tube and dretched in a graight line from the lower
windshield pillar to the roof. According to BMW
literature on the ITS, the tube is designed to stay
inflated for gpproximately Sx seconds after

deploying. The ITSisdescribed in BMW’s
literature as the Head Protection System (HPS).

Figure 8. Driver’s air bag
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The driver’ sar bag module had a roughly triangular
configuration and was located in the center hub of the
seering whed rim and had asingle cover flgp. There
was no contact evidence on the cover flap. The
diameter of the air bag measured 45.0 cm (17.7in) in
its deflated state. There was asingle vent port located
at the 12 o' clock position. There were no tethers.
There were four vertica and three horizonta folds on
the air bag face. There were no indications of any
occupant contacts.

Figure 9. Front right passenger air bag

The front right passenger air bag was a top mount
design located in the right aspect of the instrument
pand. The rectangular module cover measured 44.0
cm (17.3in) wide by 19.0 cm (7.5 in) high. It was
held in place by two 13.0 cm (5.1 in) long nylon
straps on the back side and two 15.0 cm (5.9in)
long nylon straps on the front sde. The deflated
rectangular air bag measured 52.0 cm (20.5 in) wide
by 60.0 cm (23.6 in) high. There were two vent ports
and two tethers. The ports were at the 3 and 9

0 clock positions.

The gde air bag was door mounted. The trapezoid -
shaped cover measured 23.0cm (9.0in) wideby 11 Figure 10. Right ITS (contact evidence to
cm (4.3 in) high. The air bag measured 43.0 cm structure and B pillar)

(16.9 in) wide at the top, 25.0 cm (9.8 in) wide at

the bottom, and 19.0 cm (7.5 in) high. There was no contact evidence on the cover flap or air bag.

The ITSwasroof rail mounted. The ITSwas 94.0 cm (37.0in) in length. It was connected to the
vehicle by a16.0 cm (6.3 in) tether on the front and a21.0 cm (8.3 in) in the rear. There was make-up
contact evidence found 49.0 cm (19.3 in) from the front end.

10



OCCUPANT DEMOGRAPHICS - 1999 BMW 328

Age/Sex:
Seated Podtion:
Seat Type:

Height:
Weight:
Occupation:

Pre-existing Medica Condition:

Alcohal/Drug Involvement:

Driving Experience:
Body Posture:
Hand Postion:

Foot Podition:

Occupant 1
22/Made
Front left

Leather covered bucket seat.
Seat adjusted to between the
middle and rear most track

position.
Unknown

84 kg (185 Ibs)
Car salesman

None noted

BAC=0.077 @ 0420 hours.
Bresthdyzer.

Unknown
Upright, pitching to right

Seering to the left. Right
hand likely above l€ft.

Right foot on brake, left on
floorboard

DS03027

Occupant 2
21/Femde
Front right

Leather covered bucket seat. Seat
adjusted to between the middle and
rear most track position.

152 cm (60 in)
48 kg (105 Ibs)
Student

Two surgeries for Tetralogy of
Fdlot®, induding one as aninfant as
well as alater vave replacement.

BAC=0.170 @ 0105 hours.
Blood test.

NA
Upright, pitching to right

Unknown

Both feet presumed to be on floor.

STetrdogy of Falot isatype of heart problem which consists of four different heart defects. The
first defect is cdled a ventricular septal defect (VSD). Thisis a hole between the two bottom chambers
(ventricles) of the heart. The second defect is called Pulmonary Stenosis. Thisisanarrowing at or just
below the pulmonary vave. The third part of Tetradogy of Fallot involves the aorta being positioned
over the ventricular septa defect instead of in the left ventricdle. Findly, the right ventricle in infants born
with Tetraogy of Fdlot is more muscular than normdl.

11



Redtraint Usage:

Air bag:

Using available type 2 1ap and
shoulder belt with an
Emergency Locking Retractor
(ELR). The shoulder belt
upper anchorage was
adjusted to the mid position.
Buckle mounted pretensioners
available, fired.

Steering whed mounted air
bag available, deployed. ITS
avallable, did not deploy.
Side ar bag available, did not
deploy.

DS03027

Using the available type 2 1ap and
shoulder belt with a switchable
retractor in the ELR mode. The
shoulder belt upper anchorage was
adjusted to the full down position.
Buckle mounted pretensioners
available, fired.

Top indrument pane mounted front
right passenger air bag available,
deployed. ITS available, deployed.
Seat mounted Sde air bag
avallable, deployed.

12



OCCUPANT INJURIES -1999 BMW 328i

Driver:

RF Occupant:

INJURY

L eft upper chest abrasion
Left forearm aorasion

Left knee abrasion

Left ankle abrasion
Right elbow abrasion

Grade 1 open, comminuted
and segmentd right humerus
fracture

Non-displaced fracture of the
digd right first proximd
phalanx

Anterior frontal parietd scap
hematoma, |eft forehead

Concussion, loss of conscious
(time unknown)

Smdl leceration in the ordl
mucosa of lower lip

Contusion, right media
madleolus

OIC CODE
490202.1,2
790202.1,2
890202.1,2

890202.1,2
790202.1,1

752604.3,1

853602.1,1

290402.1,7

160406.2,0

290602.1,8

890402.1,1

DS03027

ICD-9 SOURCE

911.0 Shoulder belt

913.0 Air bag

916.0 L eft lower
instrument
panel

916.0 Clutch peda

913.0 Unknown

812.31 Door side
panedl

816.02 Unknown

920.0 Air bag

850.5 ITS

87343 ITS

924.21 Door sde
panedl

13



OCCUPANT KINEMATICS- 1999 BMW 328i

The 22-year-old male driver of the case vehicle
was segted in aforward facing fashion. Hewas
seated in aleather covered bucket seet; the seat
had been adjusted to the mid track pogition. He
was using the available type 2 lgp and shoulder belt
with an emergency locking retractor (ELR).
Loading evidence was found on the seet belt. The
shoulder belt upper anchorage was adjusted to the
mid position. Hisright foot was on the brake, the
left was on the floor board. He was actively
deering the vehicle to the left. Hisright hand was
likely abovetheleft. Thevehidewasina
counterclockwise yaw and both occupants were
pitched somewhat to the right due to rotation and
the 37% embankment down grade. At impact, the
driver'sair bag deployed and the seat belt
pretensioner fired. The driver pitched forward and
to the right in response to the 40 degree direction of
force-oading the locked lap and shoulder belt and
causing an abrasion to the upper |eft chest. Hisleft
knee engaged the lower indrument panel—causing a
minor abrasion. The driver engaged the deployed
ar bag with hisface and torso but did not sustain
any injuries. The air bag did, however, contact his
|eft forearm—causing an abrason. Hisleft foot was
initidly on the floor but moved sharply to theright a
impact and struck the clutch pedd. He sustained
minor ankle abrason from this contact. The vehicle
rotated counterclockwise after the initial impact and
engaged abush/tree. This contact did not have a
ggnificant effect on this occupant. He was ableto
exit the vehicle on hisown. He was trangported to
aloca hospitd. He arrived shortly after the crash
and initidly refused any trestment, but was later
treated and released.

The 21-year-old female front right occupant was
seated in aforward facing fashion. She was seated
in aleather covered bucket seat; the seat had been
adjusted to the mid track position. Shewas using
the available type 2 Iap and shoulder belt with a

DS03027

Figure 11. Driver’s seated position

Figure 12. Loading evidence on front left seat
belt

Figure 13. Make-up contacts to ITS and B pillar

switchable retractor that wasin ELR mode. The shoulder belt upper anchorage was adjusted to the full
down position. Both feet were presumed to be on the floor. The driver was actively steering the

14



vehideto theleft. Thevehidewasina
counterclockwise yaw and this occupant was likely
pitched somewhat to the right due to rotation and the
37% embankment down grade. Theright front
window was in the down position a the time of the
crash. At impact, the front right passenger air bag
deployed and the seat belt pretensioner fired. Itis
this contractor’ s opinion that the right side door
mounted side air bag and theright Sde ITSaso
deployed during the initid impact due to the laterd
impact forces. Thisoccupant pitched forward and
to the right in response to the 40 degree direction of
force-oading the locked lap and shoulder belt. The
case vehicle rotated sharply counterclockwise during
thisimpact. This occupant’s right upper arm
contacted the door panel—esulting in acomminuted
humerus fracture. Her torso engaged the door
mounted Sde air bag, but there were no indications
of contact or injury. Her head pitched to the right
and engaged the deployed I TS-causing the
concussion and minor soft tissueinjuries. Asvehicle
rotation continued, and the vehicle continued its
pitch to the right, it gppears that this occupant by-
passed the top of the ITS and engaged the B pillar
with the right side of her face. This contact appears
to more of avertical contact—traveling up the B
pillar. Her mouth injury may have come from this
contect. After the crash she was able to exit the
vehicle on her own. She was transported to alocal
hospital. She was admitted and underwent surgery
to repair the humerus fracture. She was hospitaized
for two days.

DS03027

pillar

Figure 15. Close up of contact to middle of B

15
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—
Figure 16. Close up of contact to top of B pillar

16



Attachment 1. Calculations

DS03027

CASE NUMBER: DS03027

Comments: Radius of curve

Cc2 M
R = [
8xM 2

100.002  7.00
R= +
8x7.00 2

10000.00 7.00

56.00 2
R=178.57 +3.50
R =182.07

AR = (R % Cntr of Mass Adjustment)
AR =182.07 + 0.00

** RADIUS FORMULA * *

R = The Radius in Feet.

C =The Chord in Feet.

M = The Middle Ordinate in Feet.
8 = A Constant.

2 = A Constant.

AR = The Adjusted Radius in Feet.
R = The Radius in Feet.

AR =182.07

INPUTS: RESULTS:
The Chord in Feet is: 100.00 The Radius in Feetis: 182.07
The Middle Ordinate in Feet is: 7.00 The Adjusted Radius in Feet is: 182.07

AR Pro, Ver. 7.06: © Since 1994, Maine Computer Group.
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DS03027

CASE NUMBER: DS03027

Comments: Critical curve speed

** CRITICAL SPEED W/ COEFF. OF FRICTION AND RADIUS **

S=3.86x%x YRx(ute)

S=3.86x +182.07 x (0.65 - 0.00)

S=3.86x +182.07 x 0.65
S=3.86x 4118.34

S=3.86x10.87

S =The Speed in MPH.
3.86 = A Constant.
R = The Radius in Feet.

W = The Coeff. of Friction, Level Surface.

e = The Superelevation.

S=41.95

INPUTS: RESULTS:
The Level Surface Coeff. of Friction i§0.65 The Speed in MPH is: 41.95
The Radius in Feet is: 182.07 The Velocity in FPS is: 61.49

The Percentage of Superelevation is

0.00

AR Pro, Ver. 7.06: © Since 1994, Maine Computer Group.

18
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Attachment 2. NHTSA Recall No. 99V 063 recall notification

Models:.

BMW 323i Year: 1999

BMW 328i Year: 1999

Number Involved: 32,500

Dates of Manufacture: June 1998 - March 1999

Defect: These vehicles are built with asde air bag system consisting of door-mounted thorax air bags
(rear door air bags are optiond), a head protection system (HPS) for front occupants, a centra
electronic sensor and diagnostic system, left and right satdllite impact sensors, and associated wiring.
This system is unduly sendtive to certain non-crash impacts, such as contacting large potholes or curbs
at substantia speed. This could cause the Sde air bag and HPS to deploy without an actud Sde crash.

Remedy: Dedlers will reprogram the central computer control module that regulates the performance of
al of the vehiclés occupant protection systems. Owner notification was to begin during April 1999,
Owners who do not receive the free remedy within a reasonable time should contact BMW at
1-800-831-1117.

[NHTSA Recal No. 99V063]
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