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ABSTRACT. The present paper aims to identify the cause of vehicle crash. The object of
study is deformation area of accident vehicle. Through impacting test of actual vehicle,
this study researches the extraction and equivalent technology of accident vehicle for body
deformation. Based on the 8D laser scanner and reversal designing software, this paper
studies investigation method of deformed region and extraction method of body defor-
mation for accident vehicle. Through designing and carrying out the deformation test
of actual vehicle, the relation curve between force and displacement is gotten. Through
building the model of deformed region based on finite element method, this paper develops
the extraction and equivalent systems for road traffic accident vehicle body deformation
on VC++ platform, and then calculates the deformation of deformed region of test vehi-
cle. This system can contribute to the analysis and reconstruction system of road traffic
accidents and provide the basis for road traffic accidents.
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1. Introduction. As the rapid development of automobile industry in China, the traf-
fic problems are highlighted increasingly. The analysis methods of road traffic accidents
based on computer technology are used very well. According to equivalence principle of
deformation amount, normalizing the complex and irregular deformation can input the
parameter into computer and analyze the road traffic accident, and also study the rela-
tion between force and deformation of typical vehicle crash. At present, the measuring
methods of body deformation of accident vehicle include equivalent plastic method and
photogrammetry method. The equivalent plastic methods in China for the deformation
of traffic vehicle include the empirical approach and improved equivalent plastic method.
The 3D reconstruction model of accident vehicle had been built based on normal camera
by Beihang University [1]. Shanghai Jiao Tong University had researched on photogram-
metric model based on direct method of linear transformation, and extracted vehicle
deformation using 2D and 3D models [2]. At present, the common measurement method
of body deformation for accident vehicle has some deficiencies. The postulated condi-
tions of empirical approach are too many, and the test data points are limited and have
low accuracy. The equivalent plastic method divided the deformed region of vehicle into
several minizones, and summed up deformation along the width direction. This method
has a certain application value, but the accuracy is low [3]. In addition, the method
above-motioned cannot reflect complex and irregular deformation, and the result cannot
be input into the computer to analyze traffic accident [4-6].

Based on the 3D laser scanning technology and three-dimension testing software, this
paper studies investigation method of deformed region and extraction method of body
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deformation for accident vehicle on the VC++ and OpenGL platform, designs the ex-
traction and equivalent systems for road traffic accident vehicle body deformation, and
applies the system to the actual deformation.

2. Study on the Deflection and Feature of Vehicle Deformation. This study sur-
veys the curved face of vehicle deformation and gets the deformation data using handheld
positioning 3D laser scanner named Handyscan EXAscan which is produced by Creaform
company. The vehicle impacting test is shown as Figure 1. Through the investigation of
deformation of the test vehicle using Handyscan EXAscan, the scanning data and chart
are gotten using the software Geomagic Qualify. The scanned charts of left side B-pillar
of the test vehicle before and after loading are shown as Figure 2 and Figure 3, whose
formats are STL. Then, the vehicle deformation is extracted using the software Geomagic
Qualify. This study does orientation deviation analysis for left side B-pillar of the test
vehicle and gets the result, as Figure 4. The maximum of positive deviation of deformed
region is 10.564 mm, the maximum of negative deviation of deformed region is —124.107
mm. The average of positive deviation of deformed region is 1.850 mm, and the average
of negative deviation of deformed region is —55.677 mm. The standard deviation of all
the deformed region is 31.272 mm. On the left of Figure 4, there are 19 sections of the
deviation of chromatography, which are convenient to observe deformation.

FIGURE 2. Scanned charts before loading

3. Analysis of Force and Deformation for Vehicle Body. In the vehicle environ-
mental simulation of laboratory, the mechanics and deformation characteristics of car
body are tested. The test instruments in the laboratory include dynamic electro-hydraulic
servo test system and SYNERGY5173 data acquisition instrument. In the laboratory, the
common vibration and impacting of vehicle can be simulated, as Figure 1. The data of
deformation and force can be gotten in the process of loading in the road traffic accident.



F1GURE 5. Chart between displacements and loads
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FI1GURE 4. Extraction of deformation
TABLE 1. Partial data of displacements and loads on B-pillar
Time (s) | Displacement (mm) | Load (KN) | Time (s) | Displacement (mm) | Load (KN)
0.00 0.00 0.012 4.00 1.57 0.079
1.00 0.37 0.037 5.00 1.98 0.098
2.00 0.78 0.049 6.00 2.38 0.128
3.00 1.18 0.067 7.00 2.78 0.195
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Then, this study analyzes the data of the test as Table 1 and draws the curves between
displacement and load as Figure 5. Through analyzing the test data, the relation between
displacements and loads loaded on the B-pillar is linear. In addition, this study also does
the loading tests on the A-pillar, C-pillar, engine cover and door of the test vehicle, and
processes the test data. The results are that all of the relations between displacements
and loads on the A-pillar, C-pillar, engine cover and door of the test vehicle are linear.



1308 W. YUAN, R. HU, L. WEI AND W. ZHANG

4. Study on Equivalent Plastic of Deformation Based on Finite Element Meth-
od. Based on deformation test of loading on vehicle, this paper has compiled the program
using VC++ and OpenGL, which can read the data of variance analysis and the STL data
of scanning. Now, this paper will put forward a calculation model of total deformation
for vehicle deformed region, which will divide the total deformation into many triangular-
prisms and get the coordinate formulas of the triangular-prisms volume. Furthermore,
this study will analyze the deformation shape of accident vehicle, and build cone and ball
equivalent plastic deformation model respectively.

4.1. Building of total deformation model. First, this paper reads the variance anal-
ysis data when extracting the displacement of vehicle deformation. The curved face after
deforming is test surface, and the curved face before deforming is reference surface. In the
process of variance analysis, this paper sets X, Y, Z coordinates. The coordinates before
and after deforming are fixed, which can be used for searching the displacements of tri-
angular patch vertex which compose the curved face after deforming. At last, this paper
matches the data of variance analysis with the order of STL data of scanning after de-
forming and gets the coordinates and the displacements of triangular patch vertex which
compose the curved face. The total deformation of deformed region can be converted into
total volumes of certain numbers’ triangular-prisms.

According to the definition of the variance analysis, this paper divides the curved face
into many triangular-prisms, whose element is shown as Figure 6. In Figure 6, the triangle
ABC locates reference surface, and the triangle A; B;C] locates test surface. ng is the
direction of deviation axis. The lengths of segments AA;, BB; and C'C are displacements
of three vertexes along the direction of deviation axis, and the segments AA;, BBy and
CC} are parallel each other.

Ci

FI1GURE 6. Triangular-prism

Suppose the coordinates of triangular-prisms’ vertex are A(wzy,uy1,21), B(x2,Yys, 22),
C(xs,ys, 23), A1(wg,ys,24), Bi(ws,ys,25), C1(xe,Ys,26). The lengths of segments are
AA; = a, BBy = b, CC; = c¢. The distance from segment AA; to plane BCC)B; is
h. The distance between segments BB and C'C} is hy. The volume is Equation (1):

(a+b+c)hh (1)
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In Equation (1), ¢ b = \/(x5 —x9)° +
v +



ICIC EXPRESS LETTERS, PART B: APPLICATIONS, VOL.7, NO.6, 2016 1309

After determining the volume of every triangular-prism, this paper sums up the volumes
and gets total deformation of deformer region as Equation (2).

v=3ov, @

4.2. Cone equivalent plastic deformation model of deformed region based on
finite element method. Through analyzing the deformation of a large number of vehicle
bodies, this study finds that a part of deformations of impacting points on the front and
side are maximum. The collision point is the center and makes the related assemble
deform. When the intersecting line between the plane which includes the impact point
with boundary point of deformation and curved face is straight line, or the deformation
shape is similar to cone, this study can select cone equivalent plastic deformation model.
The input parameter of the model is basal diameter of cone D, ., and the averages include
horizontal and vertical distances of deformed region’s boundary as the basal diameters of
cone named d; and dy. D,, is shown as Equation (3):

dy +d
= (3)

The output parameters are the height of cone H,, and the area of deformed area S;.

According to the total volume of deformed region V. H,, is shown as Equation (4):

12V
= 4
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According to physical significance of variance analysis based on Geomagic Qualify, the
body deformation in this paper tests the distance between the points of the test surface
(after deforming) and the projection points of reference surface (before deforming). These
projection points divide the reference surface into many triangular-prisms together and
the vertex coordinates of every triangular-prism are known. Suppose that there are N
triangular-prisms, which have deformed in the reference surface. The coordinates of the
three vertexes i are A(z14, Y14, 21i), B(T2i, Y2i, 22:), C(T34, Ysi, 23:). The area of triangular-
prism is shown as Equation (5):

l)— —

()

The area of total deformation is shown as Equation (6):

S=)_S (6)

4.3. Ball equivalent plastic deformation model of deformed region based on
finite element method. Through analyzing the deformation of a large number of vehicle
bodies, this study finds that a part of deformations of impacting points on the front, side
and rear-end collision are similar to ball. This study can select ball equivalent plastic
deformation model. The input parameter of the model is plane diameter of ball Dy, the
average includes horizontal and vertical distances of deformed region’s boundary as the
basal diameters of cone named d; and dy. D, is shown as Equation (3). The output
parameters are the height of ball H,, and the area of deformed area.

This model defines the spheriform center of spherical segment as the origin of coordi-
nates, the spherical segment is the space segment using full line. X axis is parallel to
spherical segment and Y axis is perpendicular to spherical segment. The coordinate sys-
tem is shown as Figure 7. Suppose that the depth of spherical segment is H,, the radius
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FiGUuRrE 7. Ball element

of cross section is r, and the spheriform radius is R. The volume of spherical segment is
shown as Equation (7):

R R
1
V= / raidy =7 / (R? — y*)dy = TRH,,> — ngqq?’ (7)
R—h R—h
The total deformation of vehicle body is V', and r and R are known:
1 H,* +r?
r = §qu, R = —qu (8)
aq

According to equivalence principle of total deformation, Equation (9) can be gotten:

3 6
qu3 - ZDqQZqu - ;V =0 9)
Then solving Equation (9) using Cardano’s Formula method, the depth of spherical seg-

ment can be gotten. In addition, the area of body deformation refers to Equation (6).

5. Implementation of Equivalent Systems of Deformation for Road Traffic
Accident Vehicle. Based on the 3D laser scanning technology and geomagic three-
dimension testing software, this paper studies investigation method of deformed region and
extraction method of body deformation for accident vehicle on the VC++ and OpenGL
platform, and designs the extraction and equivalent systems for road traffic accident vehi-
cle body deformation. The STL data of B-pillar is shown as Figure 8. Aiming to B-pillar
deformation of test vehicle, this paper calculates the equivalent plastic deformation, and
inputs the basal diameter of cone or plane diameter of ball. After clicking the button of
each model, the height of cone and the depth of spherical segment can be gotten. The
calculation result of B-pillar of test vehicle after loading using the system is shown as
Figure 9. Through testing, the transverse distance of B-pillar of test vehicle after loading
is 1654.054 mm, the vertical distance is 495.952 mm, so the basal diameter of cone or
plane diameter of ball is 1075 mm. The calculated depths are 109.152 mm and 70.8684
mm, and the area of deformation is 7280892 mm.

6. Conclusions. This paper designs and carries out the loading test of common collision
position. Through researching the key technology of deformation extraction, reading and
matching technique of scanning data after deforming, this study builds calculation model
of total deformation based on finite element method. Combined with the deformation
characteristic of different position, this paper builds cone equivalent plastic deformation
model and ball equivalent plastic deformation model respectively using the equivalence
principle of total deformation, and develops the extraction and equivalent systems of body
deformation for accident vehicle by means of actual deformation.
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FiGure 8. STL data of B-pillar

Cone model parameters

Cone bottom diameter |1075 mm Calculation
Calculated depth|109.152 mm  Deformation area 728089 R

Spherical segment parameters

Plane diameter of ball |'07° mm " Calculation
Calculation depth | 70-8664 mm  Deformation area (728089 mmrmm

FiGURE 9. Calculated results of B-pillar
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