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module
designed
for
airbag
deployment decision-making. Some of
these systems record and store the
accelerations that are experienced in
a collision. When coupled with vehicle
speed sensors, this equipment
provides an excellent opportunity to
contrast acceleration data collected by
the sensing and diagnostic module
(SDM). Delphi, Visteon, and other
component
manufacturers
have
designed event data recorders (EDR)
that are integrated with airbag-related
computers on many models of motor
vehicles made since 1994 by General
Motors, Ford, and other motor vehicle
manufacturers. The EDR data often
includes the motor vehicle’s preimpact velocity and impact change in
velocity. Underreporting has been
shown to occur as a function of
negative acceleration before algorithm
enable. Significant underreporting has
been suggested to occur as a result of
offset impacts with narrow loading.
This research paper covers three
motorcycle-vehicle instrumented crash
tests.

Abstract
Collinear collisions involving motor
vehicles often cause fatal or severe
injuries to motorcyclists. These types
of collisions are not uncommon, and
one of the authors has been involved
in the investigation of three such
events in the past year alone. The
investigation and reconstruction of this
type of collision can often be a
complicated task because of the
difficulties in determining the preimpact velocity of a motorcycle from
the damage to either the motorcycle
or the involved motor vehicle.
Because of the potentially great
disparity in momentum between the
motorcycle and the motor vehicle,
determining the change in velocity for
the motor vehicle has traditionally
been a difficult task in collision
reconstruction.
However,
modern
technology has created an opportunity
to simplify this problem. Many current
motor vehicles are equipped with
airbags
and
often
have
an
accelerometer and a computer

weighted
vehicles,
analysis
by
momentum becomes less accurate
because of difficulties in determining
departure angles. With good crush
measurements and reliable data
indicating how the vehicles translated
to their final rest positions, it is
possible to estimate reliable speed
ranges. However, when one of the
vehicles is substantially heavier, these
variables affect the accuracy of the
results. Hypothetically, a truck with a
weight of more than 5000 pounds
collides head-on with a motorcycle
weighing 500 pounds, including the
weight of the operator. Given the
collinear nature of this collision,
momentum would be conserved,
therefore
allowing
use
of
the
information about the pick-up truck to
solve for the unknown speed of the
motorcycle. A problem now arises
when trying to determine the truck’s
change in velocity using the damage
profile because of the extreme weight
differential between the two vehicles.
A change in velocity of five to ten
miles per hour for the truck will result
in a range of 50 to 100 mph for the
motorcycle.

Introduction
Historically collision reconstructionists
have relied on one of two methods to
evaluate the velocity change that
occurs during the impact phase of a
traffic collision.
The first method,
momentum,
requires
detailed
information about the vehicles and the
scene, including approach angles,
departure
angles,
post-impact
velocities and vehicle weights. The
second method, crush, requires the
damage patterns and force deflection
characteristics for both vehicles.
These methods have their strengths
and weaknesses depending upon the
amount of information and the type of
collision. For example, if the collision
being investigated occurred at right
angles, with both vehicles leaving skid
marks from before impact and to final
rest, then momentum would certainly
be a strong candidate for evaluating
the collision. However, in the event of
a head-on collision with similarly

Although determining velocity from
crush in pole and tree impacts can be
a difficult task, estimating velocity from
crush in motorcycles collisions is
probably much more difficult; given
the potential for pre-impact movement
on the part of the motorcycle and the
separation of the rider(s) from the
motorcycle,
often
at
maximum
engagement
with
the
vehicle.
Because of these difficulties, the EDR
presents an opportunity to assess the
motor vehicle’s change in velocity
independent of crush measurements.
With a known change in velocity from
the EDR, as well as measurements of
the principal direction of force (PDOF),
the motorcycle’s change in velocity
can be calculated using the collinear
momentum
equation.
Physical
evidence from the scene and the
vehicles is especially important for
determining
when
the
rider(s)
separated
(if
ever)
from
the
motorcycle. This evidence is important

for determining whether or not the
weight of the rider(s) should be
included in the momentum calculation.
An additional problem arises when
attempting to determine the vehicle’s
velocity based on the throw distance
of the rider. If the rider sustains a
partial or incomplete impact with the
vehicle, such as in a collision with the
front-end of a low-profile vehicle, then
the rider’s throw distance will most
likely represent only a percentage of
the vehicle’s velocity. This research
project has attempted to determine an
appropriate range of percentages.

Testing Procedures
A single location was used for the
three crash tests. The test location
was selected based on the good
quality of the roadway surface and the
relatively flat grade. The procedures
for documenting these crash tests
focused on acquiring high quality
information using a wide variety of
equipment.
The site for the crash tests was
located in San Diego, California, near
the Otay Mesa border crossing. The
site was Air Wing Road between Dead
Stick Road and Approach Road.
These tests occurred on November
st
1 , 2005, from 11:00 AM to 2:00 PM.
The weather conditions were dry and
clear (Brown Field Weather Station:
temperature 83 to 88° Fahrenheit, 12
to 15% humidity, 8 to 13 mile-per-hour
winds from the west, 10 miles of
visibility, and no precipitation). In the
100-foot section of roadway where the
actual tests occurred, the grade had
an average of +0.50%. The surface of
the asphalt cement concrete roadway
was comprised of sand-and-seal, and
was bordered by Portland concrete
gutters and sidewalks. The roadway
was 49.58 feet wide, the gutters were
1.75 feet wide, and the sidewalks
were 5.42 feet wide. The roadway had
a crown of about 1.50%.

Equipment
The vehicles used in these three
crash tests were a 2002 Chevrolet
Cavalier
two-door
coupe
(VIN

1G1JC124827105812, equipped with
a 2.2 liter four-cylinder engine and
four-wheel anti-lock brakes; 2650
pounds total weight with driver;
sensing and diagnostic module [SDM]
part number 22674098, service
number 22674099, front auxiliary
discriminating
sensor
16197309
AD7309HC23780)
and
a
1989
Kawasaki EX500 motorcycle (VIN
JKAEXVA13KA024340; 415 pounds
total weight). The right front seat was
removed to expose the SDM and to
facilitate installation of the two
accelerometers, which were placed inline with the SDM (Figure 1). For each
crash test, a 160-pound Ogle
anthropometric
dummy
(with
a
standing height of 5’10”) was placed
into a riding position on the seat of the
motorcycle, resulting in a total weight
of 575 pounds for the motorcycle-rider
combination.
All
weights
were
measured with Haenni Loadometer
20,000-pound scales. Given the
resolution of the scales used for
weighing the vehicles, the momentum
calculations may have an error of
about ±10%. About 1,372 digital
photographs were taken with four
different cameras. The documentation
of these tests involved the use of the
following
accelerometer,
radar,
survey, and camera equipment:
Instrumented
Sensor
Technology
(IST) EDR3C tri-axial accelerometer
with a range of about 100g, a
resolution of about 0.2g, a sampling
rate of 3200 hertz, a low-pass filter
cut-off of 510 hertz, and 4 megabytes
of memory. Per SAE J211, the data
was processed in DynaMax 1.4.1
nd
using a 2 order Butterworth Filter
with a lowpass cutoff frequency of 100
hertz. Operated by Roman F. Beck.
Instrumented
Sensor
Technology
(IST) EDR-6DOF double tri-axial
accelerometer with a range of about
2.5g, a resolution of about 0.005g, a
sampling rate of 3200 hertz, a lowpass filter cut-off of 200 hertz, and 4
megabytes of memory. Per SAE J211,
the data was processed in DynaMax
nd
1.4.1 using a 2 order Butterworth
Filter with a lowpass cutoff frequency
of 100 hertz. Operated by Roman F.
Beck.

Vetronix Crash Data Retrieval (CDR)
Toolkit, with software version 2.71. All
downloads completed through the
Diagnostic Link Connector (DLC).
Operated by Ed Phillips.
Stalker ATS professional radar gun
(FCC ID IBQACMI001, 33.4-36.0
GHz, Applied Concepts, Inc., Plano,
Texas 75074) with the download
software program Stalker ATS for
Windows 95, version 4.01 on a Sony
Vaio laptop computer. The speed
samples were taken at a rate of 31.25
per second and accurate to 0.1 miles
per
hour.
Operated
by
J.J.
Miramontes.
FarmTek
Polaris
Multi-Event
Electronic Timers set three feet apart.
Operated by Jerry Eubanks.
Canon 20D digital camera with a
Canon EOS autofocus 18 to 55millimeter, 1:3.5-5.6 zoom lens, and a
58-millimeter Cokin UVO filter. The
resolution was set to 3504x2336 (8.3
megapixel). Operated by Sigifredo
Miramontes.
Canon D-60 digital camera with a
Tamron 28 to 300-millimeter, 1:4-32
zoom lens, and a 72-millimeter Crystal
Optics UV filter. The resolution was
set to 3072x2048 (6.3 megapixel).
Operated by Nischel Casteel.
Canon Rebel digital camera with a
Canon EFS autofocus 18 to 55millimeter, 1:3.5-5.6 zoom lens, and a
58-millimeter Canon UV Haze filter.
The resolution was set to 3072x2048
(6.3 megapixel). Operated by Jerry
Eubanks.
Olympus E-20N digital camera with an
Olympus autofocus 9 to 36-millimeter,
1:2-2.4 4x zoom lens, and a 62millimeter Crystal Optics UV filter. The
resolution was set to 2560x1920 (4.9
megapixel).
Operated
by
J.J.
Miramontes.
Canon
ES8400V
8mm
video
camcorder 800x digital zoom. About 3
minutes of video footage was shot at
an exposure rate of 30 frames per
second. Although operated at the
same time, the video was not
synchronized with the radar. Operated
by Nischel Casteel.

Leica
TRCA1103
Plus
robotic,
reflectorless Total Station and rod
equipped with single 360-degree
prism. Operated by Ed Phillips.
Results
The roadway surface template was
mapped out using a grid system. A
straight Portland concrete curb was
used
as
the
reference
line.
Perpendicular reference lines were
laid out and then the grid system was
marked in one-foot increments. The
markings covered thirty feet of the
vehicle’s approach path and thirty feet
into the post-collision area. The
roadway surface was in good
condition and was clean and dry
during the tests.
In all three tests, the motorcycle was
positioned upright with the front axle
centered over the “zero” measurement
mark. The longitudinal centerline of
the motorcycle was visually lined up
with the estimated approach path of
the vehicle. It was balanced in an
upright position and steadied. The
kickstand was down on the left side of
the motorcycle. Several coins were
positioned under it to level it at a
balance point. A wood 2x4 section
was set lightly against the right side to
keep it from falling over. The bottom
end of the wood was angled slightly
forward to keep it from interfering with
the motorcycle’s rearward travel at
impact. The dummy was placed on
the motorcycle in an as normal riding
position as its anatomical structure
would allow. In all three tests there
were post-collision roadway markings
left by tires and components.
Given the design parameters of
accelerometer architecture, the IST
and SDM accelerometers conflate all
sources of directional input at each
time interval and at each axis into a
single data point. In a collinear rearend collision, the lead vehicle may
undergo positive acceleration as a
result of both throttle input and impact
forces. A similar situation holds true
for collinear head-on collision, where
either or both vehicles may undergo
negative acceleration as a result of
both brake input and impact forces.
An
accelerometer
does
not
differentiate between multiple input

sources. The airbag deployment
criteria focus on the rate of change in
acceleration (or jerk), and can thus
differentiate between lower braking
jerk levels from higher collision jerk
levels. The contribution of braking to
the overall change in velocity requires
separation from the influence of the
collision pulse. For example, in the
skid test, the only contributor to the
overall change in velocity is braking,
but in the three crash tests, braking is
a small yet significant component in
the overall pulse, especially for
collisions between two objects of
disparate weight or momentum. In the
three collision tests, an average drag
factor of -0.72g was included into the
collision pulse. In the first and third
tests, the front wheels of the Chevrolet
came off the ground. By accounting
for the center of mass location, the
rear wheels contributed about -0.225g
braking alone. The contribution of
braking to the overall change in
velocity was dependent upon the
duration of the collision pulse.
Because of the contribution of braking
to the overall change in velocity,
vehicles equipped with ABS and
EDRs that lack pre-collision data may
overestimate the actual change in
velocity as a function of impact
between two objects.
Skid Test
A skid test was performed before the
three crash tests. The vehicle was
accelerated to 40 miles per hour for a
short distance. Full braking was then
applied in an attempt to lock up the
wheels (100% slip). According to the
IST EDR-6DOF accelerometer, the
vehicle braked at an average drag
factor of -0.77g, while the Stalker
radar recorded an average drag factor
of -0.72g (Figure 2). The Stalker value
was used because it is more reliable
for acceleration inputs exceeding 2 or
3 seconds. The IST accelerometer
data
is
more
appropriate
for
acceleration inputs shorter than 0.5
seconds.
Test #1
In Test #1, the Chevrolet’s impact
speed was about 11.96 miles per hour
(Tables 1 and 2). The impact occurred
as the Chevrolet was braking. There

was little post-collision displacement
of the motorcycle. As the motorcycle
began to acquire the Chevrolet’s
speed, the rear tire lifted several
inches above the roadway surface,
and landed after traveling 18 to 24
inches.
The front wheel rotated to the right as
the front bumper of the Chevrolet was
pushing it. The motorcycle’s front tire
left a scrub mark on the roadway that
clearly showed tire rotation. At the 2foot mark on the grid, the tire mark
had a twisted appearance as it
transitioned from the tread to the
sidewall portion of the tire. The
scuffmark left by the shoulder of the
tire had a definitive pattern, and ended
at about the 7.3-foot mark. The tire
was lifted from the roadway surface at
this point (Figure 3). The end of the
axle and other components located on
the right side of the motorcycle left
several light surface scratches up to
the point of rest. The motorcycle came
to rest about 9.9 feet from the impact
point. The motorcycle came to rest on
its right side and had rotated about
18° in a counterclockwise direction
from its heading at impact.
Before the motorcycle was up-righted,
the tire tread areas were inspected.
The front tire had unmistakable signs
of abrasion at varying angles across
the tread and right shoulder. These
marks indicated that the motorcycle
was moving rearward as it pushed
and transitioned onto its right side.
The tire had a mark that outlined its
deformation at impact by the front
bumper. There was no visible damage
or deformation to the steel rim. The
rear tire tread had scuffmarks that
showed signs of rotation. These
marks were slightly angled, then
sharply rotated, and finally ran
laterally across the tread in the area
that was in contact with the ground.
The Chevrolet began braking heavily
prior to the impact. Initial contact was
made on the right portion of the front
bumper (Figure 4), just below the
headlight assembly. During braking,
all four tires left light, but clearly
defined marks on the road surface.

Table 1. Summary of crash test data.
Test 1

Test 2

Table 2. Summary of item locations to
the right of the Chevrolet’s centerline.

Test 3
Item

Farmtek
Impact
velocity
(mph)

11.96

Stalker
Impact
velocity
(mph)

12.06

27.79

37.24

IST
Average fx
during
impact (g)

-0.75

-1.82

-3.93

IST Peak
fx during
impact (g)

-1.70

IST Peak
fy during
impact (g)

0.53

3.19

4.22

IST Impact
duration
(ms)

185.6

180.3

96.2

IST ∆v
(mph)

-3.05

-7.22

-8.31

8.91

19.99

28.79

SDM ∆v
(mph)

n/a

-6.36

-7.78

SDM
underreporting
(mph)

n/a

-0.86

-0.53

SDM
underreporting
(%)

n/a

11.94

6.35

SDM time
from
algorithm
enable to
maximum
∆v (ms)

n/a

180.0

97.5

Velocity at
about -1
second
before
algorithm
enable
(mph)

n/a

Separation
velocity
(mph)

27.21

-6.57

26

Table 3. Summary of physical
evidence and separation velocities.

37.10

-12.68

42

Distance to the right of
the Chevrolet’s
centerline (feet)

SDM

1.21

Forward
Discriminating
Sensor

0.42

IST

1.15

Impact #1

1.12

Impact #2

2.00

Impact #3

1.04

During the collision phase, the front
wheels came off the ground and were
completely off the ground between the
-1-foot and 3-foot marks. The front
bumper of the Chevrolet came to rest
about one inch past the 7-foot grid
mark (Table 3, Figure 5). The
Chevrolet
rotated
about
0.5°
counterclockwise from impact to rest.
The motorcycle tire left a clear print of
the tire tread pattern on the bumper
cover (Figure 6). The front fender of
the motorcycle left a distinctive arcshaped transfer mark directly over the
tire tread pattern. The forward portion
of the motorcycle fender was bent
upward at about a 45° angle (Figure
7). The bumper cover retained its preimpact shape. There were signs that it
had been displaced and then
restituted back, with a crack that had
developed laterally across the top rear
portion.
No information from this test was
recorded in the SDM. A pre-existing
non-deployment remained recorded in
the SDM.
The IST data indicated a classic
“trough” pattern during the braking
phase, including a short and minor
negative
spike
in
longitudinal
acceleration (Table 1, Figures 8 to
12).

Test 1

Vehicle postimpact
distance (ft)

Test 2

Test 3

8.08

29.16

60.54

4.6

26.1

79.4

Motorcycle
drag factor
from ground
evidence (g)

-0.58

-0.59

-0.35

Dummy CG
post-impact
distance (ft)

8.33

38.51

57.56

Ground
evidence
from
motorcycle
(ft)

The IST recorded a change in velocity
of -3.05 miles per hour, which is
usually insufficient to deploy an
airbag, but is often substantial enough
to result in a recorded nondeployment event. The lengthy crash
pulse is probably most responsible for
the lack of a non-deployment level
event. However, the contribution of
braking to the overall change in
velocity is significant (Tables 4 and 5).
By including a -0.225g baseline
correction, the effects of braking
reduce the change in velocity as a
function of the collision pulse to -2.13
miles per hour. Given the impact
velocity and the lifting of the front
wheels off the ground, the actual
change in velocity is at the upper end
of this range. In the video footage of
Test #1, the Chevrolet is just about
stopped at separation with the
motorcycle, thus the low corrected
change in velocity from the IST data.
Test #2
In test #2, the scenario was offset
laterally from Test #1 by three feet,
and was 17 feet from the reference
line (Figure 13). The motorcycle was
positioned and balanced in the same
manner as Test #1. The impact point
on the car was on the right front
corner at a speed of 27.21 miles per
hour (Figure 14).

Table 4. Summary of contribution of
full braking (-0.72g) to overall change
in velocity. Test 1 is excluded because
the front axle lifted off the ground
throughout the collision sequence.
Test 2

Table 5. Summary of contribution of
rear braking (-0.225g) to overall
change in velocity. Test 2 is excluded
because the front axle remained on
the ground throughout the collision
sequence.

Test 3
Test 1

Corrected IST
Average fx
during impact
(g)

-1.10

Corrected IST
Peak fx during
impact (g)

-5.85

IST ∆v (mph)

-7.22

-8.31

Contribution of 0.72g to IST ∆v
(mph)

-2.85

-1.39

Corrected IST
∆v (mph)

-4.37

SDM ∆v (mph)

-6.36

-7.78

Contribution of 0.72g to SDM
∆v (mph)

-2.85

-1.39

Corrected SDM
∆v (mph)

-3.51

Corrected
motorcycle ∆v
(mph),
assuming 100%
energy
exchange

-19.80

Test 3

-3.21
Corrected IST
Average fx
during impact
(g)

-0.52

-3.71

Corrected IST
Peak fx during
impact (g)

-1.47

-12.45

IST ∆v (mph)

-3.05

-8.31

Contribution of 0.72g to IST ∆v
(mph)

-0.92

-0.41

Corrected IST
∆v (mph)

-2.13

-7.90

SDM ∆v (mph)

n/a

-7.78

Contribution of 0.72g to SDM
∆v (mph)

n/a

-0.41

Corrected SDM
∆v (mph)

n/a

-7.37

-9.65

-35.79

-11.96

-6.92

-6.39

-31.35

At impact the Chevrolet was in full
braking. All four tires left light but
distinct marks on the roadway surface.
The four wheels remained on the
ground throughout the collision
sequence. The front bumper of the
Chevrolet came to rest about five
inches past the 28-foot grid mark
(Figure 15). The Chevrolet rotated
about 3.5° clockwise from impact to
rest. The bumper cover detached from
the vehicle (Figure 16).
The front tire of the motorcycle was
rotated to its right as it was being
pushed rearward. The tire mark
showed that the tire was rotated
immediately and was pushed about
seven feet before it began to move
ahead of the front bumper.

Corrected
motorcycle ∆v
(mph),
assuming 100%
energy
exchange

The mark was about eight to ten
inches wide from the impact point up
to the 7-foot mark, where it became
much narrower and lighter in color as
that section of the Chevrolet’s weight
was no longer supported by the front
wheel of the motorcycle. The mark
was narrow and visible just past the 9foot mark, where it was separated
from the roadway surface as a result
of the motorcycle rolling onto its left
side. At about the 17-foot mark the
motorcycle was on its el ft side and
had rotated almost 90° in a counterclockwise direction.
Components such as the left end of
the handlebar, clutch lever, and left
foot peg generated surface scratching

up to final rest. The test method
required the kickstand to be in the
down position. It stayed in this position
during the event. As the motorcycle
rolled onto its left side, the kickstand
became an artificial and unnatural
pivot point and caused the front tire to
leave the ground sooner, thereby
causing the associated tire mark to
end sooner than it would have without
the interference. As the motorcycle
was struck and began to move
rearward, the kickstand was dragged
along the ground, leaving a distinct
mark. As the motorcycle fell onto its
left side it continued to rotate and
came to rest at about 130°
counterclockwise from its original
heading angle. The motorcycle came
to rest about 42.9 feet from the impact
point (Figure 17). The impact to the
ground fractured the left end of the
handlebar in a downward direction just
inboard of
the
handgrip.
An
examination of the surface scratches
alone suggested that the motorcycle
was sliding and rotating.
The rear tire of the motorcycle was
again lifted above the ground, but not
as high as in Test #1. There was a
very light colored and narrow mark up
to the point that it was at about a 45°
angle, where it began to widen for a
short distance, and ended as the
motorcycle rolled onto its left side. The
front tire again showed a distinct tire
mark on the road surface at the point
of impact. The impact deflected the
motorcycle’s front wheel off the right
corner of the bumper cover. The
wheel then rotated clockwise so that
its left side was in front of the vehicle’s
right front tire. Even though there was
little clearance between them, there
were no markings to suggest that they
were in direct contact. The front rim on
the motorcycle was not deformed by
the impact.
The motorcycle’s radiator developed a
small leak during the event. The fluid
did not leak immediately, but the leak
was significant enough that a pool
developed after final rest. It continued
to leak and left a trail while positioning
it for Test #3.
A mask was placed on the dummy’s
head. It separated when the head
struck the top corner portion of the

right front fender. It came to rest at
about the 16-foot mark.
Non-deployment information from this
test was recorded in the SDM (Figures
18 and 19). The SDM recorded a
maximum change in velocity of -6.36
miles per hour. Although the crash
pulse was similar in duration to Test
#1, the change in velocity was at least
twice as great, thus resulted in a
recorded
non-deployment.
The
decision to record an event is not
based on speed change, because the
system
activates
when
certain
acceleration levels are met.
The effects of braking on the overall
speed change were considered for the
heavier,
instrumented
vehicle.
Contrasting effects for the lighter, noninstrumented vehicle will require
additional
study
to
specifically
determine the effects of contribution of
braking through the collision sequence
when appropriate.
The IST data indicated another
“trough” pattern during the braking
phase, including a short and moderate
negative
spike
in
longitudinal
acceleration (Table 1, Figures 20 to
24). The IST recorded a change in
velocity of -7.22 miles per hour, which
is sometimes sufficient to deploy an
airbag. As depicted in Figures 22 and
23, the IST and SDM data shared
excellent fit. However, the contribution
of braking to the overall change in
velocity is significant (Table 4). By
including a -0.72g baseline correction,
the effects of braking reduce the
change in velocity as a function of the
collision pulse to -4.37 miles per hour.
Because all four wheels of the
Chevrolet remained on the ground, no
calculations were made for the effects
of rear-only braking on the collision
pulse. The long (180ms) crash pulse
is primarily responsible for the
substantial reduction of the change in
velocity.
Test #3
The impact in Test #3 was 37.10 miles
per hour, and was planned at a higher
speed to ensure airbag deployment.
The motorcycle was again offset from
Test #2 and was 15 feet from the
reference line (Figure 25). The

motorcycle was positioned and
balanced in the same manner as Test
#1, with the exception of the dummy’s
left hand. It was resting against the left
side of the fuel tank due to the
handlebar damage sustained in Test
#2.
The impact left a significant amount of
road surface evidence and vehicle
damage. The impact was on the right
portion of the front of the Chevrolet.
As the motorcycle was starting to be
accelerated in a rearward direction,
the rear tire was lifted off the ground
slightly and came down after about
four feet of travel. At about the 13-foot
mark, up the 18-foot mark, the rear
tire was deflected against the ground
and left a wide scuffmark. The front
bumper of the Chevrolet rode over the
motorcycle’s front tire, which was
compressed against the ground and
pushed rearward, leaving a scuffmark
between four and five inches wide.
The tire was deflated during this
movement.
The beginning of the tire mark was
dark and the shading became lighter
as it crossed the 5-foot mark, and was
very light as it rotated clockwise to its
right. The motorcycle fell onto the left
side and slid to final rest. The
motorcycle came to rest about 86.8
feet from the impact point. It had
rotated about 85° clockwise from its
original heading. As the Chevrolet and
motorcycle separated, the motorcycle
moved off at an approximate 7° angle.
It was completely on its left side at
about the 29-foot mark with the
kickstand again inducing an artificial
pivot point. The kickstand was
supporting
a
portion
of
the
motorcycle’s weight and left a
significant surface scratch up to final
rest. The left edge of the rear tire and
the left edge of the faring made light
surface markings up to final rest.
Several components on the left side
also showed light scratching and
rotational marks. The radiator left a
fluid trail that began as the motorcycle
was on its side and continued up final
rest. As the motorcycle was pushed
rearward, the fuel tank struck the
dummy. The interaction dislodged the
fuel tank, which was elevated along
with the lower portion of the dummy
and was struck by the left foot as the

body was rotating in the air. It struck
the ground at about the 50-foot mark
and slid another 34 feet, dispersing a
fluid trail as it rotated. For one major
reason the drag factor for the
motorcycle is much lower in Test #3
than in the other two tests (Table 3).
In Test #3 the motorcycle separates
from the Chevrolet and slides on the
roadway, without tumbling or rolling. In
the other two tests, the motorcycle
makes at least one tumbling
maneuver before sliding to final rest.
The front tire of the motorcycle had an
impact mark left by the front of the
Chevrolet. The rim was deformed at
the outer flanges. The lower portions
of the front forks were bent rearward
about 8 inches at the center of the hub
(Figure 26). The right fork tube was
fractured.
The tire had been displaced rearward
and was resting against the forward
surface of the radiator. A protective
wire mesh was trapped between the
tread of the motorcycle tire and the
radiator leaving a patterned marking
on the tread (Figure 27).
In Test #2 the front bumper cover of
the Chevrolet partially separated.
Before Test #3, the bumper cover was
repositioned and secured with one
bolt and duct tape. The impact in Test
#3 was on the right half of the front
structure, which overrode the front of
the motorcycle. When the vehicles
separated, the front bumper cover
was detached by the motorcycle. It
was compressed over the top of the
tire and partially deformed around the
fork tubes. It remained attached up to
the motorcycle’s final rest (Figures 28
and 29).
The front tires of the Chevrolet were
lifted from the ground by several
inches, and were completely off the
ground between the 5-foot and 12-foot
marks (Figure 30). Given that the front
wheels came off the ground after
maximum engagement (as evidenced
by the damage to the motorcycle’s
front rim and the Chevrolet’s 9 feet of
travel from impact to front-tire lifting),
the baseline correction of -0.72g is
more appropriate than -0.225g. The
Chevrolet was braking at impact. It left
light, but distinctive marks from all four

tires. The impact did not cause its
path to deviate. The bumper cover
was deformed and retained the
relative shape of the front wheel of the
motorcycle. The front bumper of the
Chevrolet came to rest about four
inches past the 59-foot grid mark. The
Chevrolet rotated about 3.7° clockwise
from impact to rest.

Discussion

In all three tests, there was evidence
on the roadway, as well as both
vehicles, that would indicate to an
investigator how the vehicles were
positioned at impact and post-collision
movements. Even though it was not
the goal of the tests, damage profiles
and contact patterns were compared.
When examined on its own, the
evidence would have presented an
accurate depiction of the collisions.

Application
of
conservation
of
momentum would indicate that the atimpact speed for the Chevrolet was
approximately 37 miles per hour
based
upon
the
post-collision
displacement and the typical or
tested-for friction values for the
automobile
and
motorcycle,
specifically a value of -0.5g was used
for the displacement of the motorcycle
based on the observed scrapes and
gouges generated by the post-impact
motion. Similarly, a value of -0.5g
was also assigned to the post-impact
displacement of the Cavalier because
full post-impact braking was not
indicated by the ground evidence. The
right front wheel was off the ground for
about seven feet after impact.

Assuming that epsilon (ε, the
coefficient of restitution) is zero, this
equation returned a range of closing
speeds, depending on the change of
velocity
(Table
6).
However,
calculations were made to compute ε
as a function of known data (see
calculated ε in Table 6). The
“corrected” values indicate the closing
speed after accounting for the
influence of braking. The significant
contribution of pre-impact braking to
the overall change in velocity is
apparent in all three tests. The weight
for the motorcycle includes the rider
weight, as verified with high-speed
films, the test dummy remained with
the motorcycle through maximum
engagement.

Using this information the at -impact
speed of the Cavalier is computed at
37.6 miles per hour. The speed
changes as a result of the collision
can be derived for the automobile to
be approximately 7.6 miles per hour,
and 34.4 miles per hour for the
motorcycle. This data is consistent
with the video motion data that
allowed for the computation of a postimpact velocity of 34.7 miles per hour
for the motorcycle.

Table 6. Summary of computed
closing speed values (mph) from listed
equation.

Deployment information from this test
was recorded in the SDM (Figures 31
and 32). The SDM recorded a
maximum change in velocity of -7.78
miles per hour. The crash pulse was
much shorter in duration than Tests
#1 and #2, the change in velocity was
slightly greater than in Test #2, and
thus the airbags deployed.
The IST data indicated another
“trough” pattern during the braking
phase, including a short and moderate
negative
spike
in
longitudinal
acceleration (Table 1, Figures 33 to
37). The IST recorded a change in
velocity of -8.31 miles per hour, which
is sometimes sufficient to deploy an
airbag. As depicted in Figures 35 and
36, the IST and SDM data shared
excellent fit. However, the contribution
of braking to the overall change in
velocity is significant (Tables 4 and 5).
By including a -0.72g baseline
correction, the effects of braking
reduce the change in velocity as a
function of the collision pulse to -6.92
miles per hour. Given that the front
wheels of the Chevrolet were off the
ground, the contribution of rear-only
braking reduced the change in velocity
to -7.90 miles per hour. The normal
(97ms) crash pulse is primarily
responsible for the less significant
reduction of the change in velocity.

An effort was made to contrast the
typical information an investigator may
have to the empirical data recorded
during the testing procedure. The
post-collision displacement for the
motorcycle in Test #3 was about 79
feet.

In comparison, the SDM recorded a
maximum speed change of -7.78
miles per hour. The IST data indicated
a change in speed of about -8.31
miles per hour, which resulted in a
6.4% differential between the IST and
the SDM.
Also of interest was the reading of the
pre-impact speed for the Cavalier from
Test #3 at a point of approximately -1
second. The value stored was 42
miles per hour. The Cavalier was
under aggressive braking and was
able to easily reach the impact value
of 37 miles per hour within the near
one-second recording window. The
integration of the data would indicate

the Cavalier was at 42 MPH 300milliseconds prior to impact.
In addition, the IST data was applied
to a formula that is indicated to report
the “Closing Speed” of two objects:
Vc =

∆V1(W1 + W2)
W2(1 + ε)

Data Source

Test 1

Test 2

Test 3

IST ∆v

17.11

40.49

46.61

-0.225g
Correction to
IST ∆v

11.95

n/a

44.31

-0.72g
Correction to
IST ∆v

n/a

24.51

38.81

SDM ∆v

n/a

35.67

43.64

-0.225g
Correction to
SDM ∆v

n/a

n/a

41.34

-0.72g
Correction to
SDM ∆v

n/a

19.69

35.84

11.96

27.21

37.10

0.43
(IST)

0.31
(SDM)

0.18
(SDM)

Actual
closing
speed
Calculated ε
(data source)

(Table 6 – note: With the coefficient of
restitution of zero assumed, the
“closing velocity” equation significantly
over-estimates the actual closing
speed which was measured via speed
trap data. The “calculated epsilon”
when inputted into the equation
returns the actual closing speed as
determined from speed trap control
data).

Conclusions
Based on data obtained by the SDM
and IST in Tests #2 and #3, the
Chevrolet SDM underreported the
change in velocity by 0.53 to 0.86
miles per hour and by 6% to 12%.
Given that the Chevrolet sustained
less than 3.7° of rotation from impact
to rest, the effect of the location of the
SDM and IST on the recorded crash
pulse would be negligible. Significant
post-impact rotation requires an
energy component that does not
contribute to linear acceleration, which
could then result in the SDM
underreporting the actual change in
velocity. Furthermore, given the lack
of deformation to the Chevrolet’s floor
pan, the actual location of the SDM
would have only a negligible effect on
the recorded crash pulse. A greater
influence on the overall change in

velocity was the brake application.
Depending on the duration of the
crash pulse, the effect of brake
application on the overall change in
velocity ranged between 1.4 and 2.9
miles per hour, which is a substantial
influence for collisions involving
vehicles of disparate weight or
momentum. The change in velocity for
the vehicle with less weight or
momentum could be significant,
especially in collisions involving
motorcycles,
bicycles,
and
pedestrians.
Underreporting in these tests was
examined
by
contrasting
the
independent IST data against the
SDM data. The SDM data works with
a forward discriminating sensor and
this
impact
configuration
was
purposefully narrow. Consistency was
observed between the recorded
accelerometer data for both devices.
That data, when viewed globally, with
high-speed films and speed trap
information, indicates that the SDM
underreporting was less than 12%.
In collisions involving two vehicles
with similar mass, the effect of braking
may be negligible. However, in
collisions involving vehicles or parties
with disparate mass, the effect of
braking in the larger vehicle on the

overall change in velocity for the
lighter vehicle could be considerable.
Because of the small sample size and
the limited types of motorcycles and
vehicles, the project director has
planned future tests involving a wider
variety of motorcycles, vehicles, and
SDMs. This project will contribute to a
better understanding of EDR underreporting by giving investigators the
necessary tools to investigate and
reconstruct collinear motorcycle-motor
vehicle collisions.
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Figure 1. Photograph of SDM (right) and IST (left) accelerometers. The right front passenger seat was removed for these
tests. The two IST accelerometers were “piggy-backed” onto a wood platform, which was then bolted to the floorboard.

Figure 2. Skid test data from IST accelerometer and Stalker radar. Note the latency associated with the Stalker radar
around the 5-second mark.

Figure 3. Crash test #1. Note the lifting of the Chevrolet’s front wheels.

Figure 4. Impact alignment in crash test #1.

Figure 5. The Kawasaki and Chevrolet at final rest in crash test #1.

Figure 6. The Chevrolet after crash test #1.

Figure 7. The Kawasaki after crash test #1, in preparation for test #2. Note the minor fender damage and fairing scrapes.

Figure 8. Crash test #1 data from IST accelerometer and Stalker radar.

Figure 9. Crash test #1 data from IST accelerometer and Stalker radar.

Figure 10. Crash test #1 data from IST accelerometer and Stalker radar.

Figure 11. Crash test #1 data from IST accelerometer.

Figure 12. Crash test #1 data from IST accelerometer and Stalker radar.

Figure 13. Impact alignment in crash test #2.

Figure 14. Crash test #2.

Figure 15. The Chevrolet after crash test #2.

Figure 16. The Chevrolet after crash test #2. The bumper cover was taped back onto the bumper before crash test #3.

Figure 17. The Kawasaki after crash test #2. The front forks sustained minor torsional damage. The wheels at the top of
the photograph are not those of the test vehicle.

Figure 18. CDR file for crash test #2.

Figure 19. CDR file for crash test #2: SDM recorded delta-v.

Figure 20. Crash test #2 data from IST accelerometer and Stalker radar.

Figure 21. Crash test #2 data from IST accelerometer and Stalker radar.

Figure 22. Crash test #2 data from IST accelerometer, Stalker radar, and SDM.

Figure 23. Crash test #2 data from IST accelerometer, Stalker radar, and SDM.

Figure 24. Crash test #2 data from IST accelerometer and Stalker radar.

Figure 25. Impact alignment in crash test #3.

Figure 26. The Kawasaki after crash test #3. Note the damage to the front forks and front rim.

Figure 27. The Kawasaki after crash test #3. Note the damage to the front forks and front rim.

Figure 28. Crash test #3 at final rest. Note that the bumper cover is attached to the motorcycle.

Figure 29. The Chevrolet after crash test #3. The bumper cover remained with the motorcycle after separation.

Figure 30. Crash test #3. Note that the front wheels of both vehicles are off the ground, and that the Kawasaki’s gas tank
is separated from the frame.

Figure 31. CDR file for crash test #3.

Figure 32. CDR file for crash test #3: SDM recorded delta-v.

Figure 33. Crash test #3 data from IST accelerometer and Stalker radar.

Figure 34. Crash test #3 data from IST accelerometer and Stalker radar.

Figure 35. Crash test #3 data from IST accelerometer, Stalker radar, and SDM.

Figure 36. Crash test #3 data from IST accelerometer, Stalker radar, and SDM.

Figure 37. Crash test #3 data from IST accelerometer.

