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from the editor

In real estate, it’s all about location, location, location. It would appear that, in
publishing, it’s all about content, content, content. So, content has been our
primary focus. The second issue of Collision is now bigger and better than the
first with articles based on the 2007 ARC-CSI Conference in Las Vegas as well
as articles offered by additional authors providing Collision’s readers with fresh,
original content not found anywhere else.

Our motto is “out with old, in with the new.” We are not going to be satisfied

with reprinting the same old thing; stale news releases and public records. We

are going to continue to work to get new and original content to you in addi-

tion to meaningful, timely and useful testing data. Opinion pieces designed to generate discussion, test data you
can actually use, topically relevant subject matter...that’s what we decided Collision would be all about.

Since the first issue, we've received input from a variety of readers on a number of topics. Some have asked some
really good questions, and made some comments I thought I'd share:

“Your magazine Collision is a breath of fresh air. I have been reluctant to contribute to the [other magazine]
because of their nonprofessional quality. I would like to contribute to your magazine on the topic of event data
recorders. I wrote my Masters thesis on the court’s acceptance of event data recorder data.” On this note, we
would love to see the reconstruction community get more involved with Collision. If you would like us to review
and article or paper for inclusion in a future issue, please email it to editor@collisionpublishing.com.

Another correspondent wrote: “...You should expand to include engineer accident reconstructionists on a wider,
more diverse editorial advisory board...” Our content advisory board members are volunteers from the larger
reconstruction community and we welcome others who can contribute in a meaningful way. We don't differenti-
ate between one reconstructionist and another based on some perceived or self-serving description or a non-re-

construction specific background.

Another comment was: “Not too bad but not at a very high tehnical (sic) level. Since NAPARS is filled with po-
lice accident reconstructionists, you obviously have to severely limit the technical level or else those guys will get
lost. I do understand why it cannot be more technical.”

ter I picked my jaw back up o e hoor, I wondered if this individual was reading Collision or some other
After I picked my jaw back up off the fl I dered if this individual ding Coll th
publication. The “tehnical (sic)” level of the content of Collision is aimed at Crash Reconstructionists regardless
of background. We welcome the submission of a “more technical nature” if someone would care to share what
that actually means. In the meantime, we find that reconstructionists of a variety of backgrounds have found Col-
lision a valuable resource and while we’re open to constructive input, it seems we're heading the right way if we've
been able to generate that kind of angst in just one issue.

g g )

It all got me to thinking, wait until they see THIS issue! That takes us back to content, with this issue of Col-
lision you'll find not a CD but a DVD with some 2+ gigabytes of content including 70 crash video clips, over
1,000 digital photos, Vericom data, Stalker data, IST data, CDR data and PowerPoint presentations from the
2007 ARC-CSI Conference. You won't find THAT anywhere else but Collision!

— - S
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Scott B. Baker
Managing Editor
www.collisionpublishing.com
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With this issue of Collision, you will find a DVD with more than 2

gigabytes of content including 70 crash video clips, over 1,000 digital

photos, Vericom data, Stalker data, IST crash data, CDR System re-
trieved data and PowerPoint presentations from the 2006 ARC-CSI
Crash Conference. The autorun DVD includes a menu screen that
will load when you insert the DVD in your computers DVD drive.
Please note this is a DATA DVD and not a video DVD. It will only
work on a DVD ROM drive.

Scott Baker  Publisher, Managing Editor

editor@collisionpublishing.com
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BY GARY LEWIS

BSTRACT:

In the analysis of motor vehicle collisions, involving pas-

senger cars and/or light trucks, the determination of a

deceleration rate is relatively simple to determine. Ve-
hicles with conventional braking systems usually “lock up the tires”
in pre-impact skids and the tires are often locked by vehicle damage
post-collision. The percentage of the vehicle’s weight remains fairly
constant during the pre and post-impact phases of the collision.
Vehicles with ABS systems perform rather uniformly during “skid-
ding” or hard braking maneuvers, and usually react predictably and
similar to vehicles with conventional braking systems post-impact,
assuming the vehicles are uncontrolled post-impact.

However, motorcycles have unique braking systems. There are two
separate brake controls on the vast majority of motorcycles, and
sometimes different types of brakes on each wheel. Some motor-
cycles have integrated braking systems and a few models have ABS
systems. Previous studies have shown that it is difficult for the mo-
torcycle operator to efficiently control two independent brakes dur-
ing hard braking maneuvers. Add to that the reduced fine motor
skills during stressful situations, such as impact avoidance, and it is
even more difficult to effectively utilize the brakes on a motorcycle.
Limited rider training in the proper use of motorcycle brakes further
reduces the effectiveness of the vehicle/rider braking capability.

The author attempted to determine the most significant factors in-

volved in the determination of the deceleration rate to be assigned
to the motorcycle in pre-impact braking.
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NTRODUCTION:

There have been significant advances in the design of pas-

senger car and light truck braking systems. ABS systems

are becoming more the norm than the exception. Motor-
cycle braking systems have been improved in the area of friction
capability, but the overall braking system has remained relatively the
same since the vehicle’s original design — a hand lever controls the
front brake and a foot pedal controls the rear brake. In integrated
systems there is some pressure applied to the front brake during ac-
tivation of the rear brake and in some there is rear brake application
during front lever actuation.

Motorcycle operator training is limited. Most motorcycle training
courses are conducted at low speeds, usually under 35 mph, and at
isolated locations, free from other traffic. The riders are taught how
to control the vehicle’s clutch, throttle, and gear shift to start from
a stopped position, and to accelerate from a stopped position. They
perform low speed turns through a marked course. There is train-
ing in proper clutch and brake control to bring the vehicle to a safe
stop during normal operating conditions. Few motorcycle operators
receive any additional training before taking their vehicles on the
road.

During the investigation of motor vehicle collisions, the investiga-
tor commonly attempts to quantify speed (energy) losses of the in-
volved vehicles. For passenger cars and light trucks, the determina-
tion of an acceleration rate (positive or negative) is typically easier to
determine than that of a motorcycle.

www.cellisionpublishing.com
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Vehicle Dynamic Characteristics

f SUVs in On-Road, Untri

BSTRACT

Rollover testing has typically been conducted with
vehicles equipped with outriggers.
serve two primary purposes: to insure the safety of

The outriggers

the test driver and to prevent irreparable damage to the test
vehicle. However, outrigger contact usually occurs shortly af-
ter two-wheel lift, subsequently affecting the vehicle’s pre-roll
trajectory.

Within the last ten years, state-of-the-art technology has allowed
for remote control operation of vehicles subject to rollover.
However, remote control operation of vehicles subjected to on-
road untripped rollovers at highway speeds is costly endeavor.
Therefore, very little test data exists, particularly at the point
of roll, for vehicles that have experienced steering-induced on-
road, untripped rollover.

The purpose of this paper is to present vehicle dynamics data
for Sport Utility Vehicles (SUVs) that have been involved in real
world, on-road, untripped rollover accidents. This paper com-
piles and analyzes 34 SUV rollover accidents. The accidents were
reconstructed with the pre-roll vehicle motion simulated using
the Vehicle Dynamic Analysis Non-Linear (VDANL) computer
program. The vehicle dynamic characteristics that were ana-
lyzed include: vehicle speed, roll angle, roll rate, yaw angle, yaw
rate, lateral acceleration, and sideslip angle. These character-
istics were analyzed at two distinct points: two-wheel lift and
four-wheel lift. Steer inputs, numbers of rolls, and rollover dis-
tances are also presented.

To reduce the occurrence of rollover and the high injury severity
associated with these accidents, a better understanding of the
vehicle dynamics that lead to rollover important design tools.
Furthermore, the data presented in this paper provide valuable
information for reconstructing rollover accidents.
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NTRODUCTION

A rollover is defined as an event in which the vehicle

rotates at least 90 degrees about its longitudinal axis

and its tires are no longer in contact with the ground.
[1] Rollovers account for 3% of all vehicle accidents involving
passenger cars and 8% of all accidents involving SUVs. [2] Al-
though these frequencies are relatively low when compared to
all types of vehicle accidents, rollovers are associated with high
fatality rates. FARS data for 1991-2000 calendar years show that
rollovers accounted for 75% of all fatalities involving SUVs and
42% of all fatalities involving passenger cars. [3]

Typical rollover testing has been conducted with vehicles
equipped with outriggers. The outriggers serve two primary
purposes: to insure the safety of the test driver and to prevent ir-
reparable damage to the test vehicle. However, outrigger contact
usually occurs shortly after two-wheel lift, subsequently affect-
ing the vehicle’s pre-roll trajectory and thus preventing observa-
tion of the vehicle dynamic characteristics at point of roll. The
point of roll is defined as the point at which there are no longer
any vertical tire forces on any of the vehicle’s tires. Within the
last ten years, state-of-the-art technology has allowed for remote
control operation of vehicles subject to rollover, including brak-
ing, accelerating, and steering. However, remote control opera-
tion of vehicles subjected to on-road untripped rollovers is a dif-
ficult and costly endeavor. Furthermore, most tests that induce
rollovers are conducted at speeds no more than 50 miles per
hour (mph). Therefore, very little test data exists at the point of
roll for vehicles that have experienced steering induced on-road,
untripped rollovers, particularly at highway speeds.

The database presented in this paper is a compilation of 34 real
world SUV rollovers. These cases were investigated and recon-
structed for the purposes of litigation. The original data base
which has been updated and augmented for this research has

www.cellisionpublishing.com



2006 ARC-CSI CRASH CONFERENCE




IIIB GOIIISIOII
casestudy

4'5.1' C. Gregory Russell, Rusty Haight & Brad Muir

DITORIAL STUFF FIRST
Let’s get this out of the way up front: yes, we pre-cut the
target car so it would split in half. So what? Let’s keep
this in perspective: this case study is about momentum
.. particle momentum ... tracking masses moving in specific direc-
vectors. We are not applying any sort

no crush damage in this analysis. Maybe, if

tions at specific speeds ...
of energy analysis ...
we had some idea of specifically what impact (pun intended) the
pre-test “dotted line” had on the stiffness of the target car in this
example, if we could quantify the change we made in the structural
integrity of the target car, we might entertain that as a separate
intellectual exercise, but that was not the plan here so before we
get sidetracked with inane permutations, too mindless to consider,
let’s stay on track: this is a momentum exercise; complete, simple,
independent of energy'.

ACKGROUND
On June 5th, 2006 during the
"' ARC-CSI Conference in Las Vegas,
a crash test was conducted using a
2000 Chevrolet Malibu as the designated bul-
let vehicle and a 1991 Geo Metro at the target
vehicle. It was the Geo that, prior to the test,
was pre-cut to ensure that during the crash the
Geo would separate into two pieces; two pieces
of known dimensions.

Since this was crash test - it was planned and
there are facts about the crash that
an investigator who would be working this

conducted -

crash after the fact would not have normally

90 Cellision

known with the same degree of certainty as we have here (that’s
why crash tests make good case problems!). In order to attempt to
make this analysis as realistic as possible, let’s approach it as if this
crash had occurred on a public road, with the analysis, when pos-
sible, based solely on the scene evidence. There were facts known
about the movement of the vehicles post collision that will be ig-
nored in this case problem, since they would not have been known
to a investigator working the collision in “the real world,” but thats
the only meaningful difference here.

At this point, the trained investigators and attentive readers will
realize that the crash data from the June 5 ARC-CSI Conference in
Las Vegas is right here before you, in your hands at this very mo-
ment: it’s on the DVD which is part of this issue of Collision. So,

www.cellisionpublishing.com



Contribution of a
Laterally Displaced Vehicle
to Post-Impact Deceleration

of

Wade Bartlett, PE
Mechanical Forensics

Engineering Services, LLC

Bill Wright
Florida Reconstruction

a Heavy Truck

David Brill
Collision Analysis &
Investigations

BSTRACT

It is not uncommon for a slow-moving passenger vehicle

(PV) to be struck in the side by a commercial motor ve-

hicle (CMYV). When this occurs, the PV often remains
engaged with the CMV to their final rest position. Evaluating an
appropriate post-impact drag factor requires assessing the frictional
contribution of both vehicles. Two crash tests were conducted in
which a stationary PV was struck by a CMV traveling at approxi-
mately 40 mph (64 kph) in order to assess the overall post-impact
drag factor. It was found that the combined units slowed at a rate
higher than the CMV alone, but lower than the skidding value of
the passenger vehicle alone, and commensurate with the mass-ratio
of the two vehicles involved. Standard crash analysis techniques
were found to accurately predict the CMV’s pre-crash speed.

NTRODUCTION

Two collisions were staged in which a heavy commercial

motor vehicle (CMV) impacted a stationary passenger car

on one side. The first test (Crash #1) involved a bobtail
International cabover truck-tractor striking a Chevrolet Lumina,
while the second test (Crash #2) involved a GMC conventional
truck-tractor pulling a lightly loaded flat-bed trailer which struck a
Chevrolet S-10 Blazer. For both tests, the CMV operator initiated
an emergency stop immediately prior to the impact.

The roadway coefficient of friction at the test area was determined
by conducting locked-wheel skid tests with three passenger ve-
hicles. Test skids were also conducted using both CMVs to de-
termine their emergency-stop deceleration rates. Neither CMV
was equipped with an anti-lock brake system (ABS), consequently,
most of the wheels locked during an emergency stop.

Additionally, the CMV deceleration rates were estimated using the

technique promulgated by Heusser [1992], based on vehicle pa-
rameters and measured brake adjustments.

9% Ceollision

The overall post-impact deceleration rate was evaluated based
on both VC3000 and Stalker data, and compared to a standard
weight-ratio-based momentum analysis.

EST AREA AND ENVIRONMENTAL FACTORS:
The test area was a concrete apron at Cecil Field in Jack-
sonville, Florida.
mately one week prior to the crash test, which occurred
on April 25, 2006, as part of IPTM’s 2006 Special Problems semi-

nar. For all tests and crashes, the weather was warm and dry.

Skid tests were conducted approxi-

ASSENGER VEHICLE SKID TESTS

Locked wheel emergency-stop skid tests were conducted

between 35 and 43 miles per hour (57 and 69 kph) using

three vehicles: a 1999 Chevrolet Astro van bearing the
vehicle identification number (VIN) IGNDM19W0XB171453,
a 2006 Hyundai Sonata 4-door sedan bearing VIN 5NPEU-
46FX6H091142, and a 2006 Chevrolet Cobalt 4-door sedan bear-
ing VIN 1G1AL55F467759992. The Astro’s rear wheels could not
be reliably locked by the service brake, so tests conducted with only
the service brake pedal were discarded. The reported value was the
result of simultaneous application of the service brake pedal and
the emergency brake pedal, which resulted in four-wheel lockup,
and a slightly higher braking rate.

The average skidding acceleration of each vehicle was evaluated us-
ing a Vericom VC3000 accelerometer and a Stalker ATS radar unit.
The acceleration recorded by the VC3000 was averaged between
the point where acceleration reached -0.2 g’s and the point where
the vehicle was stopped. The Stalker data was evaluated as the
change in speed divided by the change in time, starting from the
point where the calculated acceleration rate approached -0.2¢g’s to
the point where the radar unit ceased recording the vehicle’s speed,
which was typically at 3 to 5 mph. Consistent with other research
(Bartlett et al, 2006), the average acceleration recorded during the
five locked-wheel skid tests as measured by the two techniques were
essentially the same, and are shown in Table 1.

www.cellisionpublishing.com
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alculating the Principle Directiont of Force “pdof” rela-

tive to'a vehicle involved in a<Collision, is important for a

number of reasons. Not the least of these is demonstrating

that the analysis has complied with Newton’s Three Laws
of Motion while providingfor a basis of an occupant motion or
kinematics study.

Arguably the most commonly used formula used to calculate the
pdof is the following:

-1 1I--:'r.‘-“{S]..'If]. .I'Il'l.lg

daf = s
pdaf = sin .

Where:

v = the vehicle’s post impact velocity

Delta Theta = the change in direction between the vehicle’s ap-
proach and departure angles.

Delta v = the change in velocity the vehicle experienced as a

result of the collision.

RINCIPLE DIRECTION OF FORCE:

In the confines of collision reconstruction, the pdof

is used to describe the direction of the force that

was applied to the vehicle during the collision. The
pdof is measured relative to the direction the center mass
was traveling on impact, typically along the longitudinal
axis of the vehicle for which the pdof is being determined.
When using this convention, the longitudinal axis (running
front-to-rear) is such that an angle of 0° is at the front of the
vehicle while the angle of 180° is to the rear. When the pdof
angle is expressed as a positive number it identifies a pdof
that intersects the longitudinal axis from the right, while a
pdof expressed as a negative number identifies an angle in-
tersecting the longitudinal axis from the left. However, it is
import to note, without additional analysis, there is no sig-
nificance whether the angle returned by the pdof equation is
either positive or negative.

The pdof is used, from a purely mathematical or physics
based perspective to demonstrate that the reconstruction-

12 Cellision

C. Gregory Russell

ist has met|the test of Newton’s Third Law of Motion. That is,
the force applied to each of the'yehicles was equal'and specifically
opposite when'the vehicles are positioned along their respective ap-
proach headings at the point of maximum engagement.

From an occupant motion perspective,ithe pdof is used to analyze
the kinematics or motion of occupants in a vehicle during the col-
lision as a result the collision forces. Relative to the vehicle, the
occupants in a car will appear to move in a line opposite to the
force applied, or toward the pdof. For example, a force applied to
the right front quarter of a vehicle will result in the appearance of
the occupants moving inside the car, to the right front. Therefore,
an unrestrained right from passenger might be expected to make
contact with the right “A” pillar while an unrestrained driver might

be expected to move toward the review mirror mounted on the

windshield.

www.cellisionpublishing.com
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JANUARY 29-31, 2007
HOUSTON, TEXAS

The 2nd Annual International Crash Data Retrieval User's Conference is a comprehensive
conference to publish CDR System related information. The conference will address legal
issucs, legislation, user applications, current and furure developments and applications.
Well known presenters will offer insight into crash data and using the Vetronix Crash Data
Retrieval System through peer reviewed papers, data compendium and presentations.
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www.CRASHCONFERENCES.com
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