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DISCLAIMERS

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 National Highway
Traffic Safety Administration.

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 kinematics in 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, generalized conclusions
cannot be made concerning the crashworthiness performance of the
involved vehicle(s) or their safety systems.
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BACKGROUND IN-06-026

This on-site investigation was brought to NHTSA's attention by this contractor through an
article in a local Indiana newspaper. This crash involved a 1996 Chevrolet Lumina LS (case
vehicle) and a 2001 Ford Excursion Limited (other vehicle), which were involved in an off-set
frontal crash on a county roadway. The crash occurred in August 2006, at 11:14 a.m., in Indiana
and was investigated by the applicable county sheriff department. This crash is of special interest
because the case vehicle's back right passenger [3-year-old, White (non-Hispanic) male] was
seated in a child safety seat and sustained fatal injuries. This contractor inspected both vehicles
on August 24, 2006 and downloaded the data from the onboard Event Data Recorders (EDR) in
both vehicles. The scene inspection was completed on September 19, 2006. The investigating
sheriff’s deputy was interviewed on November 2, 2006. The case vehicle’s driver was
interviewed on March 7, 2007. This report is based on the sheriff’s department crash report and
on-scene photographs, an interview with the investigating sheriff’s deputy, scene and vehicle
inspections, an interview with the case vehicle’s driver, back right passenger’s coroner record,
EDR data, occupant kinematic principles, and this contractor's evaluation of the evidence.

SUMMARY

The case vehicle had been traveling south on a county roadway and turned right onto a
another county roadway and was traveling westbound in a right curve. Meanwhile, the Ford was
traveling east in the eastbound lane. According to the sheriff’s department crash report, the case
vehicle's driver turned to her right to tend to her crying son who was seated in his forward-facing
child safety seat in the back right seat. As a result, the case vehicle crossed over into the
eastbound lane of the roadway. The front of the case vehicle impacted the front left of the Ford
causing the case vehicle's driver and front right passenger air bags to deploy. The Ford’s driver
and front right passenger air bags also deployed as a result of the crash. The case vehicle rotated
counterclockwise and came to rest with it’s right rear wheel off the north road edge. The Ford
moved forward a short distance after the crash and came to rest with its right side off the south
road edge.

The case vehicle’s CDC for the front impact with the Ford was determined to be: 12-
FYEW-4 (0 degrees). The case vehicle’s residual maximum crush was measured as 88
centimeters (34.6 inches) occurring at C;. The WinSMASH reconstruction program, damage only
algorithm, calculated the case vehicle's Total, Longitudinal, and Lateral Delta Vs respectively
as: 62.0 km.p.h. (38.5 m.p.h.), -62.0 km.p.h. (-38.5 m.p.h.), and 0.0 km.p.h. (0.0 m.p.h.).
The crash fit the reconstruction model and the results appeared reasonable. The case vehicle’s
EDR recorded a maximum longitudinal Delta V of -45 km.p.h.(-27.97 m.p.h.), which was
approximately the maximum value the EDR was capable of recording. The case vehicle was
towed due to damage.

The Ford’s CDC for the front impact with the case vehicle was determined to be: 12-
FDEW-2 (0 degrees). The Ford’s residual maximum crush was measured as 53 centimeters (20.9
inches) occurring at C,. The WinSMASH reconstruction program, damage only algorithm,
calculated the Ford’s Total, Longitudinal, and Lateral Delta Vs respectively as: 30.0 km.p.h.
(18.6 m.p.h.), -30.0 km.p.h. (-18.6 m.p.h.), and 0.0 km.p.h. (0.0 m.p.h.). The crash fit the



Summary (Continued) IN-06-026

reconstruction model and the results appeared reasonable. The Ford’s EDR data indicated the
Ford sustained a longitudinal Delta-V of approximately -30.6 km.p.h. (-19.0 m.p.h.). The Ford
was towed due to damage.

The case vehicle’s back right passenger was seated in a hi-back booster seat. The child
safety seat was manufactured by Cosco. The label that most likely indicated the child safety seat
model number, serial number, and date of manufacture was worn off the seat. The child safety
seat was designed with a five-point harness. The investigation determined that the back right
passenger was not properly restrained in the child safety seat at the time of the crash. He was
restrained only by the lap portion of case vehicle’s three-point, lap-and-shoulder safety belt
system. The child safety seat’s five-point harness was not used to restrain the child. He was
sitting on top of it at the time of the crash. The back right passenger sustained abdominal injuries
due to loading the lap portion of his safety belt as well as facial and head injuries from impacting
the back of the front right seat. He died as a result of his injuries.

The case vehicle’s driver was not restrained by her manual, three-point, lap-and-shoulder
safety belt. She was transported by ambulance to a hospital and treated and released.

CRASH CIRCUMSTANCES

Crash Environment: The trafficway on which both vehicles were traveling was a two-lane,
undivided, county roadway, generally traversing in an east-west direction. There were no edge
lines or lane lines on the roadway. The width of the roadway was 6 meters (19.7 feet), and the
roadway was bordered by narrow grass/earth shoulders. The speed limit was 63 km.p.h. (40
m.p.h.). There was no regulatory speed limit sign posted near the crash site. The case vehicle’s
approach roadway was curved to the right and the vertical alignment was uphill (7.7 % positive
grade). At the time of the crash the light condition was daylight, the atmospheric condition was
cloudy, and the roadway pavement was wet, traveled bituminous with an estimated coefficient of
friction of 0.65. There was no other traffic present, and the site of the crash was a wooded rural
area. See the Crash Diagram at end of this report.

Pre-Crash: The case vehicle had been traveling
south on a different roadway and turned right onto
the westbound roadway and was traveling
westbound in a right curve (Figure 1) in the
westbound lane. The driver was intending to
continue westbound through the right curve.
Meanwhile, the Ford was traveling east in the
eastbound lane of the roadway (Figure 2 below).
The Ford’s driver was intending to continue
eastbound through the curve. According to the
heriff’s departments crash report, the case ; B
vehicle's driver turned to her right to tend to her | Figure 1: Approach of case vehicle westbound,
crying son, who was seated in his forward-facing approximately 30 meters (98 feet) from impact
child safety seat in the back right seat. As a area
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Crash Circumstances (Continued) IN-06-026

result, the case vehicle crossed over into the eastbound lane of the roadway. The case vehicle’s
driver most likely made no avoidance maneuvers prior to the crash. The Ford’s driver steered
right and traveled at least partially off the roadway, and most likely applied the brakes in an
attempt to avoid the crash. The crash occurred in the eastbound lane in the curve (Figure 3).
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mpaéi viewed from Ford’s

N .Areléla of

gure 3:

Fiure : . eastbound
approximately 20 meters (66 feet) from impact approach, arrow shows impact gouges in the
area roadway

Flgre 5: Overview of damage to front of Ford from
impact with front of case vehicle

Figure 4: Overview of damage to front of case
vehicle from impact with front of Ford, tape
measure graduated in tenths of meter, each
increment on rods is 5 cm (2 in) Crash: The front of the case vehicle (Figure 4)

impacted the front left of the Ford (Figure 5),
causing the case vehicle's driver and front right passenger air bags to deploy. The Ford’s driver
and front right passenger air bags also deployed as a result of the crash.

Post-Crash: As a result of the impact, the case vehicle rotated counter clockwise approximately
60 degrees and came to rest with it’s right rear wheel off the north road edge (Figure 6 below).
The Ford moved forward a short distance after the crash and came to rest with it’s right side off
the south road edge (Figure 7 below).



CASE VEHICLE

The 1996 Chevrolet Lumina LS was a front
wheel drive, four-door sedan
(VIN: 2G1WN52M2T9------ ) equipped witha 3.1
L, V6 engine; four-speed automatic transmission
and four wheel anti-lock brakes. The front seating
row was equipped a with split bench seat with
separate seat backs, adjustable head restraints,
redesigned driver and front right passenger air
bags and manual, three-point, lap-and-shoulder
safety belts with adjustable upper anchors. The
front middle seat position was equipped with a
two-point lap belt. The back seating row was
equipped with a bench seat with integral head
restraints, a two-point lap belt in the middle seat
position and three-point lap-and-shoulder safety
belts in the outboard seating positions. The case
vehicle’s specification wheelbase was 273
centimeters (107.5 inches), and the odometer
reading at inspection was 247,155 kilometers
(153,579 miles).

CASE VEHICLE DAMAGE

Exterior Damage: The case vehicle’s impact with
the Ford involved the front plane. The front
bumper, bumper fascia, hood, grille, radiator, left
headlamp/turn signal assembly and front of the
left fender were directly damaged and crushed
rearward. Direct damage began at the left front
bumper corner and extended approximately 88
centimeters (34.6 inches) across the front bumper.

IN-06-026
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Figure 6: Sheriff’s department on-scene photo
showing case vehicle’s final rest position, Ford at
final rest on left in foreground, view is to west

Figure 7:  Sheriff's dep‘artment on-scene photo

showing Ford’s final rest position, view is to
southwest

The front bumper fascia was not present at the

vehicle inspection, so direct damage was determined based on damage to the bumper bar and
hood. Crush measurements were taken to the bumper bar, and the residual maximum crush was
measured as 88 centimeters (34.6 inches) occurring at C, (Figure 8 below). The table below

shows the case vehicle’s front crush profile.

Direct Damage Direct |Field L
Units | Event . Field L C C C C C C
Width Max 1 2 3 4 5 6
cDC | Crush D | £D
cm 88 88 9| 64 75 88 76| 56 16| -32 0
1
in 34.6| 34.6 39.0125.2]129.5|34.6129.9(22.0f 6.3|-12.6( 0.0




Case Vehicle Damage (Continued) IN-06-026

The left side wheelbase was reduced by 22
centimeters (8.7 inches) while the right side
wheelbase was extended 5 centimeters (2 inches).
Induced damage included the right headlamp/turn
signal assemblies, both fenders, left front wheel,
left “A”-pillar, left front door, windshield, and
roof. There was no other induced damage to the
remainder of the case vehicle’s exterior.

The case vehicle’s recommended tire size
was P205/70R15. The case vehicle was equipped
with tires sized P215/60R15. The case vehicle’s
tire data are shown in the table below.
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Figure 8: Top view of crush to front of case vehicle

. Measured | Recommend Tread .
Tire Pressure Pressure Deph Damage Restricted | Deflated

milli- 32" of
meters  an inch

kpa psi | kpa  psi

LF 0 0] 207 30 8§ 10 Sidewall cut Yes Yes
RF 228 33| 207 30 8 10 None No No
LR 221 32| 207 30 8 10 None No No
RR 234 34| 207 30 9 11 None No No

Vehicle Interior: Inspection of the case vehicle’s
interior (Figure 9 and Figure 10 below) revealed
evidence the driver heavily loaded the steering
wheel and knee bolster. The steering wheel rim
was significantly deformed forward (Figure 11
below) and the steering wheel had broken off the
steering column tilt hinge. The driver’s knee
bolster and instrument panel were also broken out.
Blood stains were found on the upper left quadrant
of the driver’s air bag. Finally, the left edge of .
the right front seat back was deformed forward ° _ /. TR
and the seat back twisted clockwise as a result of Figure 9':1: Overview of case ehicledriver’s seat
contact by the back right passenger. Intrusions position, broken steering column and left
occurred at the left toe pan, which was intruded instrument panel

longitudinally 21 centimeters (8.3 inches) and the

left A-pillar, which intruded longitudinally 7 centimeters (2.8 inches).




Case Vehicle Damage (Continued)

Damage Classification: Based on the vehicle
inspection, the case vehicle’s CDC for the front
impact with the Ford was determined to be: 12-
FYEW-4 (0 degrees). The WinSMASH
reconstruction program, damage only algorithm,
was used to reconstruct the case vehicle's Delta
Vs. The Total, Longitudinal, and Lateral Delta
Vs are, respectively: 62.0 km.p.h. (38.5m.p.h.),
-62.0 km.p.h. (-38.5 m.p.h.), and 0.0 km.p.h.
(0.0 m.p.h.). The case vehicle’s EDR recorded a
maximum longitudinal Delta V of -45 km.p.h.(-
27.97 m.p.h.), which was approximately the
maximum value the EDR was capable of
recording. The case vehicle was towed due to
damage.

AUTOMATIC RESTRAINT SYSTEM

The case vehicle’s driver air bag was
located in the steering wheel hub. An inspection
of the air bag module cover flaps (Figure 11) and
the air bag fabric revealed that the cover flaps
opened at the designated tear points and there was
no evidence of damage during the deployment to
the air bag or the cover flaps. The driver’s air
bag (Figure 12) was designed without any tethers
or vent ports. The deployed driver’s air bag was
round with a diameter of 63 centimeters (24.8
inches). An inspection of the driver’s air bag
revealed blood stains from the driver on the air
bag’s top left quadrant.

The front right passenger’s air bag was
located in the top of the instrument panel. An
inspection of the front right air bag module cover
flap revealed that it opened at the designated tear
points. The cover flap sustained minor cuts due to
contact with the windshield during the
deployment. Furthermore, the windshield was
significantly cracked as the air bag and cover flap
impacted the windshield during the deployment
and the case vehicle’s hood contacted and cracked
the windshield during the crash. Inspection of the

IN-06-026

Figure 10: Overview of case vehicle’s back right |
seat position and deformation of front right seat
back

Figure 12: Case vehicle driver’s air bag

front right air bag revealed a small hole at the top of the upper right quadrant as well as smaller



Automatic Restraint System (Continued) IN-06-026

holes in the center area of the upper left quadrant. This air bag damage resulted from contact with
the damaged windshield during the crash.

The front right passenger’s air bag was designed with two tethers, each approximately 10
centimeters (3.9 inches) in width. The front right passenger’s air bag had two vent ports, each
approximately 2 centimeters (0.9 inches) in diameter, located at the 10 and 2 o’clock positions.
The deployed front right air bag was rectangular with a height of approximately 65 centimeters
(25.6 inches) and a width of approximately 62 centimeters (24.4 inches). Inspection of the front
right passenger air bag was revealed no evidence of occupant contact.

CRASH DATA RECORDING

The case vehicle’s EDR was downloaded during the vehicle inspection via direct connection
to the Sensing and Diagnostic Module (SDM). The downloaded data indicated that a deployment
and a non-deployment event were recorded. The non-deployment event was not related to this
crash because it was recorded 236 ignition cycles prior to this crash. The EDR reports for the
deployment event are presented in Figures 18 and 19 at the end of this report. The deployment
event data indicated that the SIR warning lamp was recorded as off and the time from algorithm
enable (AE) to the deployment command criteria being met was 15 milliseconds. The driver’s
safety belt switch circuit was recorded as buckled;
however, inspection of the driver’s safety belt
assembly and the severe deformation of the
steering wheel indicated the driver was not
restrained in this crash. The driver’s belt switch
circuit is wired directly to the SDM, and if the
connection had been broken the circuit will be
recorded as buckled. The recorded velocity
change data indicated that the maximum recorded
longitudinal Delta V occurred at 80 milliseconds
following AE and was recorded as 45 km.p.h. (-
27.97 m.p.h), which was approximately the
maximum value the EDR was capable of
recording. No pre-crash data was available. This
model SDM does not record pre-crash data.

CHILD SAFETY SEAT

The case vehicle’s back right passenger was
seated in a hi-back booster seat (Figure 13). The
child safety seat was manufactured by Cosco. The
label that most likely indicated the child safety
seat model number, serial number, and date of
manufacture was worn off the seat. The child
safety seat was designed with a five-point harness, | i
which buckled between the toddler’s legs. There Fgure 13: Overview of front of child safety seat
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Child Safety Seat (Continued)

were two slots at shoulder level to thread the
harness straps through, depending on the child’s
height. The harness straps were threaded through
the top slots, and there was a harness retainer clip
attached to the left harness strap (Figure 13 aove).
Each harness strap had a latch plate. The buckle
was sewn to a crotch strap. The child safety seat
also had safety belt paths located on each side of
the seat at the back corners of the seat cushion to
accommodate a vehicle’s lap belt (Figures 13
above and Figure 14). In addition, there were
three slots on each side of the seat back to position
a vehicle’s shoulder belt (Figure 14). Lastly,
there was a vehicle’s belt path on the back of the
child safety seat to be used to secure the child
safety seat when it was being used with the five-
point harness.

The child safety seat consisted of a one-
piece plastic shell. The shell was fitted with a
cloth covered foam pad over the seat and back
support. There were only two manufacturer’s
labels remaining on the child safety seat. One
label was located on the left side of the seat back,
which indicated the routing path for the vehicle’s
safety belt. The other label, also located on the
left side of the child safety seat, was a warning
that stated not to use the child safety seat as a belt
positioning seat with a lap belt only.

Inspection of the child safety seat showed
areas under the lap belt paths where the plastic
frame supports had been stressed under load
during the crash (Figure 15 below). There were
also lap belt webbing abrasions in the plastic of
both belt paths. In addition, there were significant
abrasions on the case vehicle’s lap belt webbing
and latch plate belt guide. No evidence was
observed that indicated usage of the child safety
seat’s five-point harness. The evidence indicated
that the child was restrained only by the lap
portion of the case vehicle’s three-point, lap-and-

IN-06-026

Figure 14: Child safety seat, rd arrow shows belt
path, green arrows shows shoulder belt slots and
lap belt path for use as a belt positioning booster

s

'

Figure 15: Arrows show deformation of supports
under right lap belt path due to loading from lap
belt, similar load pattern was found on supports
under left belt path

shoulder safety belt. The investigating sheriff’s deputy indicated that the shoulder portion of the
safety belt was found behind the child safety seat. The on-scene sheriff’s department photographs
support the investigating deputy’s statement. They show the child safety seat in the back right seat

8



Child Safety Seat (Continued) IN-06-026

position following the removal of the child
(Figure 16). The photographs show the safety
belt unbuckled with the lap belt diagonally across
the child safety seat’s seat back and the shoulder
belt behind the child safety seat’s seat back. In
summary, the evidence indicates that the child was
not restrained by the child safety seat’s five point
harness. The child seat was being used as a belt
positioning booster seat and the child was
improperly restrained by only the lap portion of
the lap-and-shoulder belt. The shoulder portion of
the safety belt was positioned behind the child

3 child safety seat in case vehicle’s back right seat
safety seat at the time of the crash. position

CASE VEHICLE BACK RIGHT PASSENGER KINEMATICS

Immediately prior to the crash, the case vehicle's back right passenger [3-year-old, White
(non-Hispanic) male; unknown height and 15 kilograms (33 pounds)] was improperly restrained
in his child safety seat. He most likely had his back against the seat back and his feet dangling
over the front edge of the child safety seat and his hands were in his lap. The case vehicle’s seat
back and seat track were not adjustable.

Based on this contractor’s vehicle inspection, inspection of the child safety seat, on-scene
sheriff’s department photographs and an interview with the investigating sheriff’s deputy, the case
vehicle's back right passenger was restrained only by the lap portion of his manual, three-point,
lap-and-shoulder, safety belt system. The lap belt was routed across the lap belt path on each side
of the child safety seat. The shoulder belt was positioned behind the child safety seat at the time
of the crash. The back right passenger was not restrained by the child safety seat’s five-point
harness.

The case vehicle's driver made no known pre-crash avoidance maneuvers. As a result and
independent of the back right passenger’s use of his lap belt, his pre-impact body position did not
change just prior to impact. The case vehicle's impact with the Ford caused the case vehicle’s
back right passenger to continue forward along a path opposite the case vehicle’s 0 degree
direction of principal force as the case vehicle decelerated. The force of the impact caused the
child safety seat, which was restrained only by the lap belt, to pivot forward. The child’s
abdomen heavily loaded the lap belt causing probable internal abdominal injury and his face and
upper body impacted the back left portion of the front right seat back deforming the seat back and
causing a deep laceration to his chin and fractures with dislocation to his teeth. The child and his
child safety seat rebounded back into the seat position as the case vehicle rotated counterclockwise
and came to a rest. The back right passenger remained restrained by the lap belt in his child
safety seat. A significant blood stain was found on the middle of the back seat cushion indicating
the child came to rest slumped over to his left.



CASE VEHICLE BACK RIGHT PASSENGER INJURIES IN-06-026

The sheriff’s department crash report indicated that the back right passenger sustained a fatal
injury and was transported by ambulance to the hospital. The coroner’s record indicated that the
back right passenger died en route to the hospital The table below shows the back right

passenger’s injuries and injury mechanisms.

. . .. NASS In- . Source
Injury Injury Description . Injury Source . Source of
Number (including Aspect) 1ig7 (3T (Mechanism) Ry Injury Data
£ AP & AIS 90 dence Jury

1 [Blunt head trauma, direct blow to | unknown |Seat back, front Certain Coroner's
middle of forehead in line with |115999.7,0 [right passenger’s record
glabella'

2 |Fractured {breaking} teeth, not minor  |Seat back, front Certain | Coroner's
further specified 251404.1,8 [right passenger’s record

3 |Dislocation teeth; incisors, ca- minor [Seat back, front Certain Coroner's
nines, pre-molars and first mo- |251402.1,8 [right passenger’s record
lars driven upward into sinus
{maxillary} cavity

4 |Laceration, 5.1 cm (2 in) between| minor [Seat back, front Certain Coroner's
lip {lower} and chin creating an [290602.1,8 |right passenger’s record
opening to inside of mouth
exposing lower body area of
mandible.

5 [Blunt abdominal injury, slight unknown (Lap portion of Probable | Coroner's
distension suggestive on internal | 515999.7,0 [safety belt system record
bleeding, not further specified

6 |Abrasions, straight-line, across minor |Lap portion of Certain Coroner's
abdomen at waist 590202.1,8 [safety belt system record

7 |Contusions, straight-line, across minor |Lap portion of Certain Coroner's
abdomen at waist 590402.1,8 [safety belt system record

8 |Abrasions, various locations, not minor (Unknown contact |Unknown| Coroner's
further specified 990200.1,9 |mechanism record

9 |Contusions, various locations, not minor |Unknown contact |Unknown| Coroner's
further specified 990400.1,9 |mechanism record

1

The following term(s) {is | are} defined in DORLAND’S ILLUSTRATED MEDICAL DICTIONARY as follows:

glabella (gle-bel'e): 1. the smooth area on the frontal bone between the superciliary arches. 2. the most prominent point in the
median plane between the eyebrows; used as an anthropometric landmark.
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CASE VEHICLE DRIVER KINEMATICS IN-06-026

Immediately prior to the crash, the case vehicle’s driver [27-year-old, White (non-Hispanic)
female; 160 centimeters and 52 kilograms (63 inches, 115 pounds)] was most likely seated in an
upright position with at least one hand on the steering wheel, her left foot was most likely on the
floor and her right foot most likely on the accelerator. She was most likely looking over her
shoulder to the right into the back right seat position at her crying son. Her seat track was
adjusted to between its middle and forward-most position. Her seat back was adjusted to its
upright position and the tilt steering wheel was located in its middle position. At the time of the
vehicle inspection, the seat back was significantly reclined and the tilt steering wheel was
separated from the steering column.

Based on inspection, the case vehicle's driver was not restrained by her manual, three-point,
lap-and-shoulder, safety belt system. Inspection of the driver’s safety belt webbing, “D”-ring,
and latch plate revealed no evidence of loading. In addition, the driver heavily loaded and
deformed the steering wheel during the impact.

The case vehicle's driver made no known pre-crash avoidance maneuvers. As a result and
independent of the non-use of her lap-and-shoulder belt, her pre-impact body position most likely
did not change just prior to impact. The case vehicle's impact with the Ford caused the driver to
continue forward along a path opposite the case vehicle’s 0 degree direction of principal force as
the case vehicle decelerated. The driver’s face and chest impacted her deployed air bag. She rode
down the air bag and her chest loaded the steering wheel, significantly deforming the steering
wheel and most likely breaking it off the steering column tilt hinge. The driver’s knees also
heavily loaded the knee bolster causing a contusion and fracture to her left patella and lacerations
to her left leg. The driver rebounded back into her seat. It is not known if the driver remained
in her seat as the case vehicle rotated counterclockwise to final rest.

CASE VEHICLE DRIVER INJURIES

The sheriff’s department crash report indicated the driver sustained “B” (non-incapacitating-
evident) injury and was transported by ambulance to a hospital. The case vehicle’s driver
indicated that she was treated and released from the emergency room. The table below show’s
the injuries reported by the driver. This contractor was unable to obtain any official injury
documentation because the treating hospital refused to cooperate.

. . .. NASS In- . Source
Injury Injury Description . Injury Source . Source of
Number (including Aspect) sy Coste (Mechanism) Cwitit Injury Data
& AIS 90 dence
1 |Fracture {shattered} left patella, moderate |Knee bolster, Certain | Interviewee
not further specified 852400.2,2 |driver’s, left of (same person)
steering column
2 |Contusion {bruising} around left minor  |Knee bolster, Certain | Interviewee
patella {kneecap} 890402.1,2 |driver’s, left of (same person)
steering column
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Case Vehicle Driver Injuries (Continued) IN-06-026

. . . NASS In- . Source
Injury Injury Description . Injury Source . Source of
Number (including Aspect) sy Coste (Mechanism) Cwitit Injury Data
& AP & AIS 90 dence | MM
3 |Lacerations {cuts}, random, on minor  |Knee bolster, Certain | Interviewee
left leg, not further specified 890600.1,2 |driver’s, left of (same person)
steering column
OTHER VEHICLE

The 2001 Ford Excursion Limited was a four wheel drive, four-door sport utility vehicle
(VIN: 1FMNU43S01E------ ). The Ford was equipped with four wheel, anti-lock brakes and
redesigned driver and front right passenger air bags, which deployed as a result of the Ford’s front
impact with the case vehicle.

Exterior Damage: The Ford’s impact with the case vehicle involved the front plane. The front
bumper, hood, grille, radiator, left headlamp/turn signal assembly and the left fender were directly
damaged and crushed rearward. Direct damage
began at the left front bumper corner and extended
approximately 91 centimeters (35.8 inches) across
the front bumper. Crush measurements were
taken at the bumper. The residual maximum
crush was measured as 53 centimeters (20.9
inches) occurring at C, (Figure 17). The table
below shows the Ford’s front crush profile.

Figure 17: Top view of crush to front of Ford

Direct Damage
Units E Field L C Direct |Field L
vent ie

Width | Max PG G |G| G| G D D
CDC Crush = =

cm 91 53 166 53 29 43 16 0 0 -52 0

1
in 35.8| 20.9 6541209]11.4] 169 6.3 0.0 0.0]-20.5 0.0

The left side wheelbase was reduced by 25 centimeters (9.8 inches) while the right side
wheelbase was extended by 5 centimeters (2 inches). Induced damage included the hood, left
fender, left front door, and the windshield was cracked.

Damage Classification: Based on the vehicle inspection, the CDC for the Ford was determined
to be: 12-FDEW-2 (0 degrees). The WinSMASH reconstruction program, damage only
algorithm, was used to reconstruct the on the Ford’s Delta Vs for the front impact with the case
vehicle. The Total, Longitudinal, and Lateral Delta Vs are, respectively: 30.0 km.p.h. (18.6
m.p.h.), -30.0 km.p.h. (-18.6 m.p.h.), and 0.0 km.p.h. (0.0 m.p.h.). The crash fit the
reconstruction model and the results appeared reasonable. The Ford’s EDR data indicated the
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Other Vehicle (Continued) IN-06-026

Ford sustained a longitudinal Delta-V of approximately -30.6 km.p.h. (-19.0 m.p.h.). The Ford
was towed due to damage.

The Ford’s recommended tire size was P265/75R16. The Ford’s tire information was not
obtained.

Crash Data Recording: The Ford’s EDR was downloaded during the vehicle inspection via direct
connection to the Restraint Control Module (RCM). The downloaded data are presented at the
end of this report in Figures 20-25.

Fords’s Occupants: According to the sheriff’s department crash report, the Ford's driver [39-
year-old, (unknown race and ethnic origin) female]; was restrained by her manual, three-point,
lap-and-shoulder, safety belt system. According to the sheriff’s department crash report, the
driver refused medical treatment. A supplement to the sheriff’s department crash report indicated
there were also five children in the Ford at the time of the crash. No other information regarding
the children was provided in the report.
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EVENT DATA RECORDER DATA

IN-06-026

CDR File Information

Yehicle [dentification Murber

2E 10 S 20 FT G+

| v estigator

Case Murrber

| v estigation Date

Crash Date

Filenarme

IMOB02ELLUIM NS DR

Saved on

Thursday, August 24 2006 at 11:1239 Al

Callected with CDR wersion

Crash Data Retrieval Tool 2.800

Collecting prograrm v erification

. 9230B95E
Reported with CDR wersion Crash Data Retrieval Tool 2.800
Reporting program v erification 9776055

nurmber

Block number: 00
Interface wersion: 44
Diate: 11-08-05
Checksurt 7500
Crash 1 Deployment
Man-Deployment

Interface usedto collected data

Eventis) recovered

SDM Data Limitations

S0 Recorded Crash Events:

There are two types of SDM recorded crash events. The first is the MorrDeployment Event. A Mon-Deployment
Ewvernt is an event severe enoudh to"wake up” the sensing algorithim but not severe enoudh to deploy the air hagis).
The SDOM can stare up to one MoreDeployviment Event. This event can be overnritten by an event that has a greater
SDM recorded forward velocty change. This evernt will be cleared by the SDM after theignition has bheen cycled 125
times.

The second type of SDM recorded crash event isthe Deployrment Event. The S0M can store upto two different
Deployment Events. The firgt Deployment Brent will be stared inthe 31 Deploy ment Event file dhis would have heen
the event that deployed the air bad) and the second Deplorment Event will be stored inthe #2 Deployment Event file.
Deployment Events cannot be overaritten ar cleared fromthe SOM. Once the S0OM has two Deployment Events
recarded, the S0OM must he replaced.

The datain the Mon-Deployrment Event file will he locked after a Deplayrment Beent, if the Mon-Deployment Event
occurred within 7. .65 seconds befare the Deployment Event unless a Deployiment Level BEvent occurswithin & seconds
after the Deployvment Event, and then the Deployment Level Event will overarite the Mon-Deplayment Evert file.

SO Data Limitations

-50M Recorded ¥ehicle Forward Yelocity Chande reflects the change in forward velocity that the sensing sy stem
experienced during the recarded portion of the event. S0OM Recorded Yehicle Forward Welocity Thange is the change
in velocity during the recording time and is not the speed the vehicle was traveling before the event, and is also not
the Barrier Equivalent Welocity, This data should be examined in conjunction with other available physical evidence
fram the wehicle and scenewhen assessing occupant ar vehicle forward velocity change. The SDW records the first
300 milliseconds of Wehicle Forward Welocity Change after Algorithm Enable. The maximum v alue that can he
recorded for Wehicle Forward Welocity Change is 28 MPH.

-Drivers Belt Switch Circuit Status indicates the status of the driver's seat belt switch circuit.

-The Time hetween Mon-Deployment and Deplayvrment Beents is displayed insecaonds. If the time between the tvo
events is greater than five seconds, "MNIA" is displayed in place of the time.

-If power to the S0OM is logt during & crash event, all ar part of the crash record may not be recarded. Anindication of
a loss of power waould be ifthe ignition cycles atthe event iz recorded as zero. Data recorded after that may nat be
reliable, such as Time Between Mon-Deployment and Deployment Events and Driver Belt Switch Circuit Status.

SO Data Source:

AllS0OM recorded data is measured, calculated, and stored internally, except for the followin o
-The Driver's Belt Switch Circuit iswired directhy to the SDM .

Figure 18: Case vehicle’s CDR File Information and SDM Data Limitations
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Event Data Recorder Data (Continued) IN-06-026

System Status At Crash 1
SIR Warning Lamp Status QOFF
Driver's Belt Switch Circuit Status BUCKLED
[gnition Cycles At Deploy ment 21672
lanition Cycles At Investioation 2MA73
Time Fram Algarithim Enable to Deplaymernt Command Criteria Met (e 14
Time Between MorrDeployrment And Deplovment Events (gec) A,
IG1AHSIMETE Craill | Daploymant Cats e
L\\\I IMTH
"y
-nm p
anm
-nm
Time (milles conda ]
Time [illizeconds) 0 0 0 a0 50 ] 70 B0 m 100 110 T ] a0 150
Recorded “Elodty 76 | -390 |-G19 |-1086 |-1680 |-2203 |-207% |-247 | Zr@7 | 2787 |-mav | -me7 | -mor | -Zr57 | -20an
Change fiPH)
Time [illizeconds) ] T 120 a0 00 3] 70 730 0 0 60 i ] ] 300
Recorded “Elodty T | -I00 | -ETAT | -Er87 | 287 |-EraT |-Z0ET | -Z0AT | Zrdr | 2rar | -mav | -mer | -maor | -ZrG7 | -2ean
Change fiPH)
Figure 19: Case vehicle’s system status at deployment and longitudinal velocity change data
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Event Data Recorder Data (Continued) IN-06-026

CDR File Information
Wehicle ldentification Mumber TF M MU S0 E*7
| estigator
Case Murrber
| v estigation Date
Crash Date
Filename IMOG0Z2EEXCURSION. CDR
Saved an Thursday, August 24 2006 at 03:22:13 P
Caollected with CDR version Crash Data Retrieval Tool 2.800
Callecting program werification
nuFmbEr 9238B95E
Reported with CDOR wersion Crash Data Retriewal Tool 2.200
Reporting program verification
MUFMEE T 9238B495E
Block nurmber: 00
Interfacewversion: 44
Inteface usedto collected data Date: 11-08-05
Checksum:_ 7500
Eventis) recovered Deployimert

Module Information
The retriewal of this data has been authorized by the vehicle's owner, ar other legal autharity such as a subpoena ar
searchwarrant, as indicated by the CDR tool user on Thursday, August 24 2006 at 032213 P .

Important Limitations on Yetrone Crash Data Retrieval (CDR) Tool Capahbilities.

Disclaimer: This Restraint Contral M odule (RCMY records longitudinal deceleration data for the purpose of
understanding the input data the Restraint Control M odule used to deterrmine whether or not to deploy restraint
devices. This module does not record wehicle speed, throttle position, brake oreoff, and other data, which may be
recarded in sare 1999 modelvear and later General Mators modules. The deceleration data recarded by Ford's
module during a crash can subsequently be mathematically integrated into a longitudinal Delta-w. Defta- isthe
change in velocity during the recording titne and is NOT the speed the vehicle was traveling before the accident, and
is alzo not the Barrier Equivalent Welocity. The etronix CDOR T ool will read and interpret both acceleration in G's and
Delta inmph. BCM's in Ford vehicles that can be read by the Wetronix COR toal are listed in the Y etranix Help
Files.

Important

If there is ary question that the restraint system did not performas it was designed to perform, please read the system
only through the diagnostic link connectar. The Wetroni CDR kit provides an RCMW interface cableto plug directly into
the restraint cortrol module. Theetronix COR RChM Interface Cable connects onky power, ground, and metmory read
pinsto the relev ant vehicle restraint control module. The other RCM pins normrally connect to inputs, such as
sensors, and outputs, such as airbags, are not connected when you use the RCM Interface Cable to plug directly into
the module. Since thevehicle restraint contraol module is caonstantly monitoring airban sy gem readiness dowhen
powered), itwill detect that the sensors and airbags are not connected. The restraint control module may record a
nesy diagnostic trouble code into memory for each device that is not connected. These new diagnostic trouble codes
may record over previoush written diagnostic trouble codes present prior to the accident and spoil evidence
necessary to determing if the restraint sy sterm performed inthe accident as it was designed to perfanm. Mot onby could
this prevent F ord from being able to deterrrine if the systerm perfarmed as it was designed to perform, but, regardless
ofinnocent inadvertence, vou could raise issues of evidence spaliation in any litigation that may arise out of the
accident. If you cannot read the module via the diagnostic link connector, and if vou suspect improper system
perfarnmance, contact F ard Motor Company and request their assigance to read the modulewith a proper vehicle
sitrulator attached.

While data stored in RCh's is accurate, accident reconstructionists must be aware of the limitations of the data
recorded in F ord's control modules and should compare the recorded data with the ptwsical evidence at the accident
scene using professional accident reconstruction technigues (e vehicle crush characterigtic s, skid marks, etc)
befare making any assurmptions akbout the import and validity of the data recorded inthe module with respecttothe
crash event being analvzed. The following describes specific limitations that must be considered when analvzing
recorded data. Imwestigators should obtain permission of the vehicle owner or have sufficient legal authority prior to
reading any data.

1. There rmay be no deceleration data recorded inthe module.

Figure 20: Ford’s CDR File Information and Module Information
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Event Data Recorder Data (Continued) IN-06-026

Loss of power {cut wires, darmaged battery, crushed fuse box) to the module during ar immediately after the crash
may prevent the crash data from being recorded. A backup power supply within the module has sufficient power to
cortinue to analyze the deceleration data and deploy redraint devices if needed, but there is no backup power for
recarding.

If the deceleration input does not create avehicle longitudinal Deltay above 4 mph within 100 milliseconds, there may
not be ary data recorded.

2. Inunusual circumstances, deceleration data stored in the module may be from a crash other thanthe one you are
curmrently analvzing.

The madule will record data from some non-deploy events. If, after the module has recorded data from a non-deploy
event, and there is a subsequent event inwhich there is a loss of pover and no new recording is made for that
subsequent event, the deceleration data inthe module's memory may be from the prior event. If the new, subsequernt
event is adeploy event and recording has occurred, the deployiment times should be recorded. Ifthere are no
deployiment time s recorded, hut airbags or other restraint devices are observed to have deployed, the recorded data
that wou read are rmog likely from a prior event.

2nce anairbag or other restraint device has been commanded to deploy, the data recarded in connectionwith that
deployment are "locked”, and subsequert crashes cannaot be recorded.

If awehicle is being repaired, the RCM should be replaced after amy crash in which restraint devices deploy. Earby
printed shap manuals refer to re-using modules by clearing the"crash data menory full' code, but this is na lonoer
true and the latest or-line electronic shop manual directs that modules be replaced.

Crashes that irvobie muttiple impacts will recand onby one of the impacts. [fthere is a deployment, the deplovment
evert will he recorded and locked. If norestraint device is commanded to deplay, the recarded data are naot "locked”,
and subseguent impacts may record over any previous recorded data. Fourther analysis will be required to determine
which of the eventswas actually recorded.

3. The cormputed longitudinal Defta-Y iy understate the total De fta-Y

Ml ary real-world crashes canlast longer than the mermory has the capacity to record. Therefore, the actual Defta-y of
the event may be higher than the Delta calculated and displayed by the Wetronix COR System output. Review the
end of the longitudinal accelerationfdeceleration pulse - if it has not settled to zera G's by the end of the recarding, the
vehicle longitudinal Delta is most likely understated. Ifthere is a clear decaying trend lineyou may choose, atyour
owm rigk, to egimate the total Delta-Y by extrapolating the decay trend to zero and to calculate the additional Delta-yw
not captured.

Inder some circumstances where power is interrupted, during the recording of data, or the module re-sets during the
recording of data, a partial recording may accur. This will be shown as"no data’ in the data table andwill nat be
plotted onthe graph of acceleration. When some portion of the acceleration data is not recorded, the Detta during
that tirme cannot be calculated. A Delta- will be calculated for the points that are valid, bt the user must be aware
that the padial Delta-V calculated will further underestimate the actual event total Delta.

4. This module records only longitudinal acceleration’ deceleration of thewehicle. You mus compute lateral or
resultant total acceleration based onyour estimated Principal Direction of Force (POOF).

a. Werdical accelerationfdecelerations are not recorded. “ehicle spin about & point not centered onthe Restraints
Contral Module sensor may add ar subtract from bulk vehicle motion.

6. This module is nat intended to record accelerationfdeceleration in a side-impact evert.  If the side impact
generates a londitudinal deceleration carmponent sufficient to wake up the frontal deployment algorithim, there may be
a recording of longitudinal deceleration in a side impact event.

Ay Longitudinal Deta-y determined by using data read from the air hag maodule should be werified with physical
evidence fromthe crash {such aswehicle crush, skid marks) and assumed accident sequence. Muliple impacts,
angular callisions, side impacts, vehicle spin, etc should be considered in addition to the data read friomthe air bag
rmodule.

Figure 21: Fords Module Information continued
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Event Data Recorder Data (Continued) IN-06-026

System Status At Deployment

Digonostic codes active when event occured 0
Passenger Airbag Switch Position During Evert Activated
Time From Side Safing Decision to Left (Oriver) Side Bag Deployiment (mses) Mot Deplayed
Frontal and Pretensioner Fire tirme (s 21.5
Figure 22: Ford’s System Status at Deployment report
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Figure 23: Ford’s deployment longitudinal crash pulse
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Event Data Recorder Data (Continued)

IN-06-026

19

o~ Long. Acceleration Long. Curnulative
Crash Pulse Data Milliseconds g (Gs) Delta v (MPH)
BT -17.09 1081
e Long. Acceleration Laong. Curnulative a2 -43.18 -11.78
Milliseconds (Gs) Delta V (MPH) = 1439 1207
1 -8.25 020 5 3752 12890
2 SRR 045 55 -30.04 1373
3 -10.28 -0.88 56 3033 1440
4 14 056 57 3084 1508
5 18.50 -0.16 58 -21.59 -15.55
B 1583 051 50 411 1564
7 -31.87 121 Fl 11.31 1589
B -3.08 128 Bl -50.88 1701
g 051 1.6 52 -31.87 771
10 -17.98 -1FB B3 20262 18.20
11 10.79 1432 B 514 1809
12 154 -1.39 55 10.28 1786
13 -37.01 220 B 10,79 1810
14 -12.85 248 &7 .58 7.5
15 -1.54 257 BB 0.00 7.5
16 -15.83 287 ] .17 -18.09
17 -051 -2.88 70 -3.08 18,18
18 -257 -2.83 71 522 REED
19 -11.31 -3.18 72 514 -18.29
20 -6.68 -3.33 73 B.17 1609
21 -15.93 -3.68 74 720 -18.25
22 -17.48 -4.08 75 411 -18.%
23 -2.57 4.4 76 0.00 -18.%
] -8.22 -4.30 77 05T 18.33
25 8.22 4.12 fE] 720 1817
28 18.50 -3.71 7 1642 17.83
27 -9.14 -3.83 50 N 782
28 -8.74 -4.02 El 2.06 777
29 -11.31 427 2 0.00 777
30 4.63 -4.18 EE] 0.00 777
Ell 2.08 4.2 ] 0.00 777
a2 .77 .33 % -3.08 1784
33 -18.50 <474 o6 077 1806
A -34.85 551 EH 517 RERE
35 1131 -5.78 ] 308 812
36 051 -5.74 EE] 565 ~18.00
a7 -1542 -5.08 50 5.14 17.69
33 477 -6.30 o1 3.08 1782
EE] -28.81 -B.95 @ 6.68 797
40 -28.27 -1.57 EE] 720 812
41 -13.88 -7.B8 o 154 816
42 -2159 -8.39 5 051 18,15
43 -18.50 -8.78 95 463 18 25
4 771 -8.59 &7 —2.0R -16.79
48 1.08 -5.54 a5 463 1819
48 -14491 £.35 EE] 257 1813
4 4314 -4.36 100 N REW
48 360 -9.28 107 380 18.29
44 -27.78 -8.89 102 453 15.39
&0 2418 -10.42 103 2.06 1835
Figure 24: Ford’s crash pulse data Figure 25: Ford’s crash pulse data continued




CRASH DIAGRAM IN-06-026
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Daylight, Cloudy
Wet Bituminous
Speed Limit64 km.p.h. 40m.p.h.)
Grade as Indicated
Estimated Coefficient of Friction: 0.65

CV = 1996 Chevrolet Lumina
V2 = 2001 Ford Excursion
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