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Abstract

A side collision reconstruction algorithm using a database based on the deformed shape information from experi-
ments is suggested. A deformation index related to the deformed shape is developed to set the database for the side
collision reconstruction algorithm. Two small-sized model cars are developed to carry out the side collision test. Sev-
eral side collision tests according to velocities and collision angles are performed for establishing side collision data-
base. A high speed camera with 1000fps is used to capture the motion of the car. Side collision reconstruction algo-
rithm is developed and applied to find the collision conditions before the accident occurred. Several collision cases are
tested to validate the database and the algorithm. A database from computer simulation is verified with experiments.
According to comparing errors between simulation and experiment, it is satisfied within 6.6%.
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1. Introduction

The meaning of a collision reconstruction is to
identify the cause of an accident and to reconstruct
the conditions before a collision by using all the in-
formation after a collision. Reconstruction of a car
collision accidents deals with the analysis of the cause
of the accidents and collision behavior by using the
available information from vehicle accident circum-
stances. In many researches, the collision reconstruc-
tion is based on the principle of the impulse-
momentum, a restitution coefficient, and an impulse
ratio at the impact center [1-3]. Strother measured the
stiffness and developed a method for calculating the
deformation energy according to velocities from the
experiments [4]. Ueyama studied the determination of
collision configurations from vehicle deformation
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patterns [5]. In past researches, the finite element
models for accident reconstruction were well de-
veloped but not verified with experiments because
of costs and time. But an experiment which uses
model cars can be an alternative.

In this study, a side collision reconstruction algo-
rithm using a database based on the deformed shape
information from experiments of model cars is sug-
gested. A deformation and angle index related to the
deformed shape are developed to set the database for
the side collision reconstruction algorithm. Two
small-sized RC cars are developed for the side colli-
sion test. Several side collision tests according to
velocities and collision angles are conducted to estab-
lish the side collision database. A high speed camera
with 1000fps is used to capture the motion of the car
and a sensor (LVDT) is used to measure the deforma-
tion of the car after the collision.

From the tests, all the information related to the de-
formation is used to build the database. Moreover,
collision database information in the side of cars is
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used for giving a basis for scientific and practical
reasons in a reconstruction of the car accident. A side
collision reconstruction algorithm is developed and
applied to find the collision conditions before the
accident occurs. Several collision cases are tested to
validate the presented database and algorithm.

2. Experiments of side collision

2.1 Experimental setup

Model cars as shown in Fig. 1 are made for the side
collision test. The suspension and frame of the model
cars are made at 10% size of a racing car. But, the
weights and stiffness are not considered. The collided
car is 2,000g and the colliding car is 1410g. Two
small-sized RC (Remote Control) cars have the fol-
lowing dimensions: wheelbase 198mm, length
365mm, and width 183mm.

The side door of a colliding car has a round shape
and the bumper of the colliding car has the 4 support
beam. As shown in Fig. 1, the side door of the col-
lided car is bolted to the frame. The door and bumper
parts for test cars are designed by using CATIA. The
material for door and bumper is selected as SS41.
Computer simulation was carried out by using LS-
Dyna 3D. First, a pre-analysis was done to set the
thickness of material and curvature radius of the door
which can represent the deformation of a real accident
car well enough. But, it is impossible to find the de-
formation of the real car according to the velocities
and collision angles. So, in this research, to have simi-
lar results with the full car simulation as shown in the
reference [4], the thickness and radius are set to
0.8mm and 106mm, respectively. The numbers and
dimensions of the support beam are set to show the
bump deformation well according to the collision
angle.

The deformation quantities of the side door are
measured by using LVDT for calculating the defor-
mation and angle index. The deformation of each test

(a) Collided car (b) Colliding car

Fig. 1. Model cars used in tests.

piece is measured before and after the collision. Tests
with 3 different velocities, 18, 22, 26km/h, and 3 dif-
ferent collision angles, 60, 70, 90 degrees are per-
formed.

2.2 Deformation index

Fig. 2 shows the deformed shape according to col-
lision velocities and angles. Tests were performed for
9 cases. The side door is divided into 12 sections with
10mm in horizontal direction and 7 sections with
8mm in vertical direction, respectively. The deforma-
tion index is calculated by using Eq. (1).

= M

where T (=84) is total number of nodes, and N (=7),
M (=12) means the number of nodes in vertical and
horizontal direction, respectively. The value of x;
means the deformation value at position (i,j). The
index means the mean square of deformations.

2.3 Angle index

The right half side of the door is mainly deformed;
therefore, the right half side of door is considered for
calculating the angle index. The angle index from
side door deformation can be calculated by Eq. (2).
At Eq. (2), denominator, 60, means the horizontal
length of right half side. The deformation of the bump
support beam is considered for calculating the angle
index as shown in Eq. (3)

o=y e 2

18km/h

Fig. 2. Deformed shape according to collision velocity and angle.
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p=20 @)

Finally, the angle index is defined as Eq. (4)
I=a+p 4)

3. Database construction using simulation

It is difficult to build a database for all the cases
though experiments. Therefore, a database from the
computer simulation was established. LS-Dyna 3D
program for computer simulation was employed and
HyperMesh was used for finite element modeling of
the model cars. The number of nodes, solid elements,
and shell elements is 32189, 24804, and 4391, respec-
tively. Piecewise linear plasticity is applied to the
door and bumper. The other parts are considered as
elasticity property. Figs. 3 and 4 show the compari-
sons of collision velocities in case of 22km/h, 60deg,
and 26km/h, 90deg, respectively. As shown in Figs. 3
and 4, the results of simulation show a good agree-
ment with those of experiment. However, when the
car collides with 18km/h at 90 degrees, there are rela-
tively big errors compared to others. Because when
the car collides at 90 degrees, the rollover motion of
the collided car is larger than in the simulation. The
differences are due to that. And the deformation and
angle index have the tendency according to the ve-
locities and impact angles. So, the presented database
using the two indices can be used in reconstruction of
the conditions before the impact.

4. Reconstruction examples

4.1 Reconstruction algorithm

The reconstruction algorithm for the side collision

accident is as follows:

1) The deformation after the collision with the arbi-
trary speed and angle is measured.

2) The deformation index and the angle index are
calculated from the measured information.

3) Angle index at the first velocity (18km/h) and
the last velocity (26km/h) of database recalcu-
lated from the interpolation by using the calcu-
lated angle index at step 2.

4) Deformation indices at the first velocity (18
km/h) and the last velocity (26km/h) of the data-
base are calculated.
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Fig. 3. Comparison of the deformation index.
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Fig. 4. Comparison of the angle index.

5) Gradient of deformation index is calculated by
using deformation indices calculated at step 4.

6) By comparing the deformation index at step 4
with the gradient of deformation index, the colli-
sion velocity is calculated.

7) Gradient of angle index is calculated by using
angle indices calculated at step 3.

8) By comparing the angle index at step 3 with the
gradient of angle index, the collision angle is
calculated.

4.2 Reconstruction examples

Fig. 5 shows the resultant deformation and angle
index according to various impact velocities and an-
gles. To show the fidelity of this paper, two recon-
struction examples are suggested. In case 1, deforma-
tion and angle index calculated from deformation
information are 86.0 and 0.34, respectively. In case 2,
deformation and angle index are 54.5 and 1.13, re-
spectively. As shown in Table 1, case 1 shows more
errors compared to case 2. The velocity and angle are
algorithmically affected by the gradient of the defor-
mation index at the first step. Moreover, since there
are no experimental data between 70 and 90 degrees,
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Table 1. Comparison of results of accident reconstructions using
simulations.

Velocity 18,20, 22, 24,26
DB (knv/h)
Angle 60, 65,70, 75, 80, 85, 90
(deg)
Casel Prediction 22.89km/h 80 °
(20km/h, 80" ) Error 14.45% 0%
Case? Prediction 25.6km/h 64.4°
(24km/h, 65°) Error 6.6% 0.86%
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Fig. 5. Resultant deformation and angle index according to
various impact velocities and angles.

the gap between 70 and 90 degrees is bigger than that
between 60 and 70 degrees. Therefore, the error of
case 1 shows larger than the other.

5. Conclusions

Two different cases with arbitrary velocities and
angles were tested for verifying the reconstruction
algorithm. The following conclusions are drawn from
the verification.

1) The velocity prediction error shows 14.45 and

6.6%. And the angle prediction error shows 2.90
and 0.43%.

2) The suggested algorithm is reliable because the

errors are relatively small.
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3) When the number of tests increases, the er-
rors may be smaller.

4) According to the comparison of simulations
with experiments, the errors are relatively small.
Therefore, simulations can be used in many
other accident cases instead of experiments.
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