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Abstract

Accident reconstructionists routinely rely on computer 
software to perform analyses. While there are a 
variety of software packages available to accident 

reconstructionists, many rely on custom spreadsheet-based 
applications for their analyses. Purchased packages provide 
an improved interface and the ability to produce sophisticated 
animations of vehicle motion but can be cost prohibitive. 
Pycrash is a free, open-source Python-based software package 
that, in its current state, can perform basic accident recon-
struction calculations, automate data analyses, simulate 

single vehicle motion and, perform impulse-momentum 
based analyses of vehicle collisions. In this paper, the current 
capabilities of Pycrash are illustrated and its accuracy is 
assessed using matching PC-Crash simulations performed 
using PC-Crash. The results indicate that Pycrash is well-
equipped to perform fundamental accident reconstruction 
analyses, including impact related effects, but its simplified 
suspension model is a limitation. It is hoped that others 
within the accident reconstruction community will use 
Pycrash, make suggestions for its improvement and develop 
additional capabilities.

Introduction

Accident reconstructionists rely on computer software 
to perform calculations and analyses related to their 
work. Whether it is a spreadsheet-based customized 

solution or a purchased software package, accident recon-
struction analyses are founded in fundamental physics and 
peer-reviewed accident reconstruction techniques. While 
purchased packages provide turn-key solutions for accident 
reconstruction analyses and visualization, they do not provide 
freedom to adapt the calculations or output, are limited to the 
functionality provided by that piece of software, and can 
be cost prohibitive.

Reconstruction software packages like VCRware, Virtual 
Crash, PC-Crash and HVE determine planar vehicle motion 
based on inputs such as braking and steering and the resulting 
tire reaction forces. The tire model is a critical component in 
predicting vehicle motion and there are several formulations 
that determine the forces applied by the tire as a function of 
slip angle, tire properties, and suspension characteristics [8, 
30, 34, 9, 14]. The application of purchased software packages 
like PC-Crash has been well-documented and extensively 
evaluated under various conditions [25] which is a benefit of 
purchasing a reconstruction software package.

While lacking a graphical interface, mathematical models 
of vehicle motion consisting of varying degrees of complexity 
have been developed and their results published. However 
these custom-built solutions are not made available to the 
public and, therefore, only provide utility for the owner [24, 36].

While accident reconstruction is not a novel science, the 
mathematical methods are evolving, and data sources 
continue to expand. An open source tool allows users to 
change the software functionality to fit a specific application 
and utilize new sources of data as they become available. 
Additionally, the details of the calculations can be explored 
and visualized to the desired level of detail when the source 
code is accessible. Finally, open source is free and can 
be improved upon by anyone. The purpose of this paper is to 
introduce the Pycrash software package and illustrate its 
current capabilities.

Methods
Pycrash was written in Python (Python Software Foundation, 
www.python.org), an open source, object-oriented language. 
There is a wide range of open source, scientific packages 
written in Python that provide a means to process, visualize 
and analyze data well beyond the typical spreadsheet or 
accident reconstruction software. Pycrash makes extensive 
use of the Pandas [21], Numpy [18], Scipy [35] and Plotly [33] 
packages for processing data, calculations and visualization.

Pycrash provides the user with callable functions that 
create vehicle objects to be analyzed, perform calculations 
and create visualizations. In addition to running scripts from 
a basic Integrated Development Environment (IDE), Python 
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can be run within a Jupyter Notebook which provides an 
interactive document that can contain text, code and visual-
izations (Figure 1, Appendix 1) [19]. The analyses presented 
here were written in Jupyter Notebooks to serve as a tutorial. 
The data produced by Pycrash is stored in a dataframe, so that 
it can be easily accessed by the user outside of Pycrash. All 
the data produced by Pycrash can be readily saved in the 
common .csv or other spreadsheet formats.

Pycrash is composed of modules that perform isolated 
tasks within the overall package. This facilitates collaboration, 
so that different methods for analyses can be built as separate 
modules and then called upon by the main code. There are 
basically three main categories of applications within Pycrash: 
1. Fundamental equations and methods for general recon-
struction, 2. Planar vehicle motion and, 3. Planar impact 
mechanics. The goal of this paper is to illustrate the current 
functionality of Pycrash along with a comparison to PC-Crash 
simulations and crash test data to illustrate its capabilities and 
provide validation data for future use.

Fundamental Calculations
Pycrash can be used to perform various fundamental calcula-
tions as you  would use a spreadsheet application. These 
modules allow the user to evoke equations described in 
accident reconstruction publications for tasks such as deriving 
A and B stiffness values from crash test data and solving for 
closing speeds in using impulse-momentum equations. 
Additionally, processing the load cell and acceleration data 
from the ascii files obtained from the National Highway 
Traffic Safety Administration (NHTSA) Crash Test Database 
is automated. Pycrash users can take advantage of higher-level 
open-source scientific packages (e.g., Scipy) to perform a wide 
range of analyses on the results produced by Pycrash.

Vehicle Motion
Pycrash will simulate vehicle motion when provided initial 
conditions and driver inputs (brake, steer, throttle). Tire forces 

are calculated using a linear model as described by Steffan 
et al. (1996) for PC-Crash [30]. Ackerman steering is used to 
determine the steer angle of each tire based on a prescribed 
steering wheel angle and steering ratio [17]. Weight-shift due 
to longitudinal and lateral acceleration is accounted for using 
a simple pendulum model based on a prescribed center of 
gravity (CG) height. The CG height within Pycrash is the 
height at which the vehicle mass acts rigidly with the vehicle 
chassis. Therefore, the greater the assumed CG height, the 
more weight shift will be applied for a given level of vehicle 
acceleration. This differs from an actual vehicle with suspen-
sion in which the CG height also has meaning in terms of its 
distance to the roll center of the vehicle. The planar vehicle 
motion predicted by Pycrash in its current state was evaluated 
using several simulations generated using PC-Crash.

PC-Crash is an accident reconstruction software program 
that has been validated for simulating vehicle dynamics and 
vehicle impacts [25]. This software uses a discrete time step, 
forward integrating model to simulate vehicle motion. PC 
Crash computes tire forces using, among of other things, 
vertical loads, suspension effects, slip rates, topography, and 
available friction. These forces are then applied to the vehicle 
by way of its inertial mass properties. For the comparison 
simulations with Pycrash, the linear tire model was used. This 
model assumes a linear growth of tire cornering forces using 
a slope set by the program at 0.1 g per 1 degree of slip. This 
growth saturates at the user defined global friction value. 
Throughout the comparison simulations, the Kinetics simula-
tion model at a 5 ms integration time step was used. 
Simulations were conducted assuming flat terrain, and global 
friction was set to 0.76 g. All vehicle motion simulations were 
performed with a time step of 0.01 seconds.

The specifications for the simulated vehicle were based on 
the data measured from a 2004 model year Chevrolet Malibu 
LT (VIN - 1G1ZU54854F135916) (Figure 2) that was previously 
testing in various steering maneuvers [3]. This test vehicle was 
equipped with a 3.5-liter, 6-cylinder gasoline engine and a 
four-speed, front-wheel-drive automatic transmission.

The same vehicle geometric and inertial properties were 
used within PC Crash and Pycrash for the comparative simu-
lations (Figure 3).

Two limit maneuvers were simulated using PC-Crash; a 
single steer maneuver and a fishhook maneuver. For the single 
steer maneuver, the simulated vehicle traveled straight at a 
speed of 15 and 30 mph, and a 360-degree leftward steering 
input (at the steering wheel) was generated over one second 
and held.

 FIGURE 1  Interacting with Pycrash using Jupyter Notebook 
and plot of vehicle initial positions for impulse-momentum 
simulation indicating location of impact point and impact 
plane orientation
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 FIGURE 2  Kineticorp 2004 Chevrolet Malibu Test Vehicle
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The second type of simulation involved performing a 
NHTSA defined “Fishhook test,” This procedure is titled 
“Laboratory Test Procedure for Dynamic Rollover  - The 
Fishhook Maneuver Test Procedure” and is a part of the New 
Car Assessment Program [2]. This test uses a vehicle specific 
steering angle which will produce 0.3 g of lateral acceleration 
(Figure 4). The full procedure includes tire scrubbing proto-
cols, and methods to repeatedly and safely determine this 
steering angle without jeopardizing the test driver. The test 
was being performed with a simulator, so much of these auxil-
iary protocols were not needed and were not performed.

A preliminary simulation was performed at 50 mph to 
determine the steering angle required to produce 0.3 g of 
lateral acceleration. The method outlined in the “3.1.2. 
Maneuver Description (Option #2, Preferred)” was used (2). 
This steer angle was then multiplied by the Steering Scalar 
factor of 6.5 to arrive at the Fishhook steering maneuver 
steering angle (steering angle A in Figure 4). This steering 
angle was input at 720 deg/sec and held until the roll rate of 
the vehicle went below 1.5 deg/sec (T1). A counter-steer of the 
same magnitude was then applied, again at 720 deg/sec and 
then held for 3 seconds (T2). The steering wheel was then 
returned to 0 degrees over 2 seconds (T3) (Figure 5). Fishhook 
simulations were run at 35, 40 and 45 mph. These test speeds 
were used as 35 mph produced a plow out and the vehicle spun 
out at 45 mph in PC-Crash. The effects of CG height were 
explored using the simulations of the fishhook maneuvers. 
During development of the Pycrash vehicle model, lowering 
the vehicle CG height was found to improve its response 
during more demanding steering maneuvers. To evaluate the 
effects of CG height in the more demanding fishhooks tests, 

a height of 1.8 ft, based on vehicle specifications and 1 foot 
were used as inputs. Since the Pycrash vehicle model does not 
currently have a suspension, altering the simulated CG height 
is a way to affect the overall response of the vehicle and, there-
fore, was evaluated here.

 FIGURE 3  PC Crash vehicle inputs
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 FIGURE 4  NHTSA fishhook steering plot
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 FIGURE 5  Simulated NHTSA Fishhook steering plot

©
 S

A
E 

In
te

rn
at

io
na

l.

Downloaded from SAE International by Gray Beauchamp, Tuesday, April 06, 2021



PYCRASH: AN OPEN-SOURCE TOOL FOR ACCIDENT RECONSTRUCTION 4

Impact Simulation
Planar impacts can be  simulated using two methods in 
Pycrash. For 1-dimensional analyses, single degree of freedom 
models can be used to determine the velocity changes of the 
vehicles and the crash pulse. For 2-dimensional analyses, such 
as intersection collisions, conservation of momentum methods 
can be used to determine the translational and rotational 
velocity changes of the vehicles. These methods are outlined 
below along with initial evaluations using PC-Crash simula-
tions and crash test data.

Single Degree of Freedom Model Fundamentally, 
damaged-based analyses of impact severity are based on the 
mutual stiffness between the impacting vehicles and the 
resulting crush [7, 23, 28, 29, 16, 15, 22, 10]. The model imple-
mented in Pycrash is similar to the two-vehicle collision model 
described by Brach (2003) in which the impact related accel-
eration and velocity of the vehicles is determined based on a 
mutually applied force [7]. Pycrash provides a means to 
simulate Single Degree of Freedom (SDOF) collisions using a 
mutual stiffness value for the collision and, when provided a 
vehicle-specific stiffness, will calculate the crush sustained by 
each vehicle. Braking can also be applied by each vehicle. The 
mutual stiffness of the collision can be provided through a 
single stiffness value (k [ft/b]) [4, 15], the common A and B 
values [10, 20], or through a table of force-deflection data that 
may be derived from load-cell barrier crash test data [31, 32] 
or quasistatic testing of bumper components [4, 5, 16, 28, 29]. 
Pycrash has a module for processing the ascii formatted data 
files obtained by the National Highway Traffic Safety 
Administration (NHTSA) test site [1]. The Pycrash module 
will load the datafiles containing load cell and accelerometer 
data, integrate the accelerometer data and create tables of 
force-displacement by summing across the rows and columns 
chosen by the user (Figure 6).

Once a stiffness relationship is chosen (solid line in Figure 
6), whether from load cell data, or other published sources, 
that data can be applied directly to a Pycrash vehicle to create 
a vehicle specific stiffness or it can be combined with addi-
tional data to create a mutual stiffness for the collision. 
Pycrash iteratively calculates the force and resulting accelera-
tion of each vehicle using the provided stiffness data as a 
lookup table to determine the force produced at each iterated 

level of crush, producing a mutual force-deflection response 
(Figure 7). If vehicle-specific stiffness values are provided, 
then vehicle-specific crush will be  calculated (Figure 8). 
Vehicle-specific crush is calculated using the vehicle-specific 
crash values provided to determine the vehicle crush required 
to produce the mutually applied force.

Pycrash is designed to run in iterations of three so that a 
low, mid and, high range model can be generated. The closing 
speeds can be chosen to produce the desired crush at each 
stiffness level and the resulting vehicle responses plotted 
(Figure 9, Figure 10).

Currently, this model is limited to a SDOF, future 
improvements will allow the forces to be applied at the point 
of impact as defined in the momentum analyses.

Impulse Momentum Vehicular impacts are also simu-
lated within Pycrash using the impulse momentum planar 
collision (IMPC) method. IMPC is used to calculate the trans-
lational and rotational momentum transfer between two 
vehicles in a collision that is assumed to take place instanta-
neously. A two-vehicle impact can be  simulated with the 
vehicles positioned at their point of impact with their pre-
impact speeds and yaw rates defined (Figure 1), or with initial 
motion of each vehicle with the IMPC method applied when 

 FIGURE 6  Barrier load cell data from crash test and linear 
approximations used to simulate vehicle collision in Pycrash
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 FIGURE 7  Example of a collision mutual force-
displacement response derived from load cell barrier data and 
constant vehicle stiffness data
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 FIGURE 8  Example of vehicle-specific force-displacement 
response calculated using the SDOF model in Pycrash. Blue 
line represents a constant stiffness for each run with varying 
levels of residual crush. Green line represents variable stiffness 
for each model run resulting in similar levels of mutual crush
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impact is detected. The IMPC method in Pycrash uses the 
Carpenter and Welcher (2019) formulation that accounts for 
dissipated energy from sliding [12]. Similar to the Brach et al. 
(2007) [6] application, the Carpenter method requires the user 
to input the angle of the tangential contact plane, the coeffi-
cient of restitution, the available inter-vehicular Coulomb 
friction coefficient, and a point on each vehicle that defines 
the impulse center. In additional to the coefficient of restitu-
tion, an inter-vehicular Coulomb friction value is required 
which specifies the relationship between the normal and 
tangential impulse vectors. To illustrate Pycrash functionality 
and the relationship between the impulse ratio required by 
Brach et al. (2007) and the friction value in Carpenter and 
Welcher (2019), a series of four simulations were performed 
based on four frontal-oblique impacts [26]. These tests 
involved passenger vehicles and SUVs, both traveling at about 
35 mph with a frontal impact angle of about 30 degrees. In 
the previously published research, the authors simulated the 
crash tests using the Brach impulse-momentum formation 
and determined the inputs that produced similar results to 
the crash test data. They determined that, the critical impulse 
ratio ranged between -0.51 and -0.4 in the four tests 100%. 
When simulating these four crash tests, we input the critical 
impulse ratio determined in the prior work. The results of 
these simulations were used to show the basic functionality 
of Pycrash and assess the relationship between the impulse 
ratio and friction inputs required by the two IMPC methods.

Results
All output data from Pycrash are easily accessible by the user 
to create custom plots or as inputs in additional analyses. The 
plots shown here are produced from built-in functions.

Vehicle Motion
Pycrash modeled the 15 and 30 mph steer tests very well, 
predicting the vehicle position within two and 4.5 feet respec-
tively, of the circles created by the vehicle CG at the end of the 
11 s PC-Crash simulations (Figure 11).

At the vehicle level, the forward and rightward accelera-
tion calculated by Pycrash closely matched that of PC-Crash 
(Figure 12). The greatest difference in acceleration between 
the two models was 0.02 and 0.05 g for the forward and lateral 
acceleration respectively.

There was greater variation between the Pycrash and 
PC-Crash CG positions for the fishhook tests. In the 35 mph 
run, the variation in vehicle position was mostly caused by a 
difference in the vehicle heading following the maneuver. At 
this time (~6.5 s), the difference in heading angle was 15 
degrees which resulted in an increase in the variation between 
the simulations with time (Appendix 2a). At the time the 
fishhook maneuver had been completed, the resultant differ-
ence in position was 14 feet; this difference grew linearly as 
the simulation continued in time. The Pycrash model produced 
similar vehicle acceleration to the PC-Crash simulation over 
the entire duration of the maneuver (Figure 13).

The lateral tire forces produced by the Pycrash model for 
the 35 mph fishhook maneuver explain the variation seen in 
the acceleration response (Figure 14). The Pycrash simulation 

 FIGURE 9  Velocity predicted using the SDOF model of an 
impact described in Figure 7. Solid line represents average 
model response
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 FIGURE 10  Acceleration predicted using the SDOF model 
of an impact described in Figure 7. Solid line represents 
average model response
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 FIGURE 11  Pycrash simulation of the 30 mph steer test 
(top) and comparison between Pycrash (black) and PC-Crash 
CG locations (below)
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initially produced an over-estimate of the left front tire and 
an underestimate for the right front tire lateral forces. During 
the hold portion of the maneuver, a continual offset between 
the lateral tire forces is seen with the front tires having the 
greatest variation. On average, the lateral forces predicted 

between the two models differ by about 2.6% at the front axle. 
This trend in tire forces was observed for the 40 mph fishhook 
maneuver simulation as well.

Similar to the 35 mph test, the 40 mph fishhook simula-
tion resulted in a variation of the heading angles at the end of 
the maneuver, causing the vehicle CG positions to diverge as 
the vehicle continued to travel. The Pycrash simulation at 40 

 FIGURE 12  Forward (top) and rightward vehicle 
acceleration for the Pycrash and PC-Crash simulations of the 
30 mph steer test (CG=1 ft)
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 FIGURE 13  Forward (top) and lateral acceleration for the 
Pycrash and PC-Crash simulations of the 35 mph fishhook 
maneuver (CG=1 ft)
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 FIGURE 14  Lateral tire forces predicted by the Pycrash 
(CG=1 ft) and PC-Crash simulations for the 35 mph 
fishhook maneuver
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 FIGURE 15  Lateral tire forces predicted by the Pycrash 
(CG=1 ft) and PC-Crash simulations for the 45 mph fishhook 
maneuver. Solid bars result when the model oscillates at zero
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mph resulted in additional yaw over the PC-Crash model, 
causing the Pycrash model to lose more speed and travel a 
shorter distance after the fishhook maneuver was completed 
(Appendix 2b).

The PC-Crash vehicle spun-out during the 45 mph 
fishhook maneuver which was also predicted by the Pycrash 
model (Appendix 2d). While the PC-Crash vehicle was essen-
tially stationary following the maneuver, the Pycrash model 
had a rearward speed of 9.5 mph, which increased the relative 
distance between the two vehicle simulations (Appendix 2c). 
To evaluate the effects of the Pycrash CG height, the fishhook 
maneuvers were also simulated with the Pycrash CG at 1 foot. 
The Pycrash vehicle with the lower CG height showed improved 
performance for the three conditions. The tire forces predicted 
by the Pycrash model in the 45 mph fishhook test showed the 
good agreement with the PC-Crash model (Figure 14).

Impulse Momentum
A series of four frontal-oblique crash tests were simulated 
using the Carpenter and Welcher impulse momentum forma-
tion within Pycrash. The results were compared to those 
published in a prior study using the Brach method by applying 
the same inputs and using the impulse ratio in the Brach 
method as the coefficient of friction in Pycrash (Table 1). In 
each test case, the Carpenter and Welcher method used within 
Pycrash indicated that sliding did occur and produced similar 
values for tangential energy loss, compared to the values 
produced by the Brach method. Overall, the tangential energy 
loss differed by 0.5% between the two methods. The change 

in speed and angular rate predicted by both models were 
essentially identical.

Discussion
The calculations and analyses performed by Pycrash are based 
on fundamental physics and reconstruction methods found 
in the published literature [10, 11, 12, 13, 16, 17, 27, 30, 31]. The 
impulse momentum calculations using the IMPC equations 
of Carpenter and Welcher (2019) were compared to those 
obtained using the planar impact mechanics equations of 
Brach [6]. When choosing the same value for the inter-vehic-
ular friction as the impulse ratio, the Pycrash impulse 
momentum model essentially predicted the same values for 
delta-V and change in angular rate as the prior research using 
the Brach impulse momentum formulation. This was an 
expected result since the both the impulse ratio and the coef-
ficient of friction values determine the relationship between 
the normal and tangential momentum along the defined 
impact plane.

The results of the vehicle motion simulations showed that 
the simplified suspension model works well for basic steering 
inputs and even more complex steering inputs at the speeds 
evaluated here. For the simulations not involving spinout, the 
average response between the tires in the Pycrash vehicle 
closely matched the overall response predicted by PC-Crash 
while producing balancing variation at the tire level. The 
fishhook simulation at 45 mph showed that Pycrash may not 
provide accurate vehicle displacement prediction for more 
transient maneuvers at higher speeds, when complex steering 
inputs are needed. The source of the variation for the Pycrash 
vehicle is the simplified suspension model that does not 
account for variability in suspension from front to rear or left 
to right that can occur during high-speed steering maneuvers. 
The weight shift in Pycrash occurs instantaneously with longi-
tudinal and lateral acceleration which produces the variations 
seen in the higher-speed maneuver responses evaluated here. 
While the rest location predicted between the two vehicles 
showed variation, this was due in part to the run-out produced 
after the maneuvers. The acceleration predicted by the Pycrash 
model closely matched that of the PC-Crash simulations.

When applying Pycrash to events that are beyond the 
scope of this paper, engineering judgement should be made 
to determine the applicability of the Pycrash model and its 
ability to create the expected vehicle motion. To facilitate this 
effort, the validation data provided along with Pycrash can 
be used to assess the accuracy of the simulations for a given 
application (see contact information). Since Pycrash is open 
source, additional validation data can be applied and used to 
assess and improve its accuracy in the future.

The SDOF impact simulation provides a flexible means 
of simulating impacts using standard A and B coefficients, 
linear spring stiffnesses or tabular force-displacement data. 
The output of these models can be used to assess the dissipated 
energy of a collision based on mutual or individual vehicle 
stiffnesses and crush. Pycrash can be  used to iteratively 
simulate a series of collisions to determine the closing speed 
associated with a defined level of crush for the subject vehicles. 

TABLE 1 Impulse momentum results for the Brach and 
Carpenter methods

Totals delta-V 
(mph)

delta-Omega 
(deg/s)

Test
IMPC 
Method Veh 1 Veh 2 Veh 1 Veh 2

Tangential 
E-loss 
(ft-lb)

4363 Brach 
(Rose 
2006)

39.5 29.1 31.3 -182 88158

Carpenter 
(Pycrash)

39.5 29.1 31 -182.6 87835

4364 Brach 
(Rose 
2006)

40.1 26.6 -110 -148 72434

Carpenter 
(Pycrash)

40.1 26.6 -108 -150.5 71187

4438 Brach 
(Rose 
2006)

39.7 27.8 -68 -166 69145

Carpenter 
(Pycrash)

39.7 27.8 -67.45 -166 69425

4474 Brach 
(Rose 
2006)

40.5 28.7 40 -194 65803

Carpenter 
(Pycrash)

40.4 28.7 40.1 -194 65582
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The model incorporates restitution so that absorbed and dissi-
pated energy can be calculated to account for varying levels 
of restitution.

Pycrash is an open-source software and can be installed 
onto any computer using the Python Package Index (pypi.
org). The main code can also be downloaded so users can add 
functionality specific to their use case or make improvements 
to the main code. Currently, Github (github.com) is used to 
host Pycrash which provides version control for all files and 
scripts associated with Pycrash. Changes to the main code 
can be tracked which allows contributors to make improve-
ments to the main code once approved and any alterations by 
users downloading the code can be identified.

Conclusions
The current functionality of Pycrash provides a useful tool 
for fundamental reconstruction calculations, impact response 
using impulse-momentum methods and basic vehicle motion. 
Accident reconstructionists do not need to know Python in 
order to use or improve Pycrash. The current functionality of 
Pycrash provides a useful tool for fundamental reconstruction 
calculations, impact response using impulse-momentum 
methods and basic vehicle motion. As it is an open-source 
package, it is hoped that reconstructionists will use it and 
make or suggest improvements.
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Appendix 1: Example Code and Usage with Jupyter 
Notebook

 APPENDIX 1a  Segment of Jupyter Notebook used to create vehicle and simulation of the 30 mph steer test.
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Appendix 2: Pycrash and PC-Crash Fishhook Simulation 
Results

 APPENDIX 2a  35 mph fishhook results at a CG height of 1.8 and 1 foot for the Pycrash vehicle showing relative position 
between Pycrash and PC-Crash vehicles. Lower right indicates resultant difference between CG location for the Pycrash and PC-
Crash models. Green line is the model with a 1.8 ft CG height, labels indicate distance at 6.5 seconds
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 APPENDIX 2b  40 mph fishhook results at a CG height of 1.8 and 1 foot for the Pycrash vehicle showing relative position 
between Pycrash and PC-Crash vehicles. Lower right indicates resultant difference between CG location for the Pycrash and PC-
Crash models. Green line is the model with a 1.8 ft CG height, labels indicate distance at 6.5 seconds
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 APPENDIX 2c  45 mph fishhook results at a CG height of 1.8 and 1 foot for the Pycrash vehicle showing relative position 
between Pycrash and PC-Crash vehicles. Lower right indicates resultant difference between CG location for the Pycrash and PC-
Crash models. Green line is the model with a 1.8 ft CG height, labels indicate distance at 6.5 seconds
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 APPENDIX 2d  PC-Crash vehicle motion during the 45 mph fishhook simulation overlayed onto the Pycrash model
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