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ABSTRACT

Passenger car is one of the popular and important vehicle in transportation but the
accidents caused by head-to-head collision are always leading to injuries and fatalities
to passengers and drivers. Therefore, studying the structural optimization of passenger
car’s head is urgently needed. This thesis is based upon the standard ECE R94 and ECE
R66, applications of computer engineering (CAE) software which HYPERMESH to
build finite elements model then simulate and analyze the structural safety of passenger
car’s head when head- to-head collision happens with LS-DYNA. Base on the structural
problems of the passenger car’s head, proceeding to give these improvement design to
ensure the sustainability of structure and does not violate the safety space. In the
selected solution, A5052 Aluminum is used in the structural improvement design of
passenger car’s head. Then proceed to optimize structure to reduce mass and
acceleration impact. Using the method of orthogonal experiment design to design
simulation, applying software SPSS regression equation construction for optimal goal.
Applying Genetic Algorithm in Mat-lab to calculate to find the optimize value. The
results showed that the volume of the variables after the optimization reduced 9.8 %
compared with the previous optimization, acceleration reduced 9,9 %, compared to
before the optimization that safe space is still not compromised safety standards when
head - to head collision occurred
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1. INTRODUCTION

Passenger vehicles are the most common and important means in the road network, but
accidents caused by frontal collisions always result in major injuries and casualties for drivers
and passengers. Therefore, conducting research and optimizing the visitor car head structure to
reduce impact volume and acceleration is essential.
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This study is based on ECE R94 and ECE R66 standards, applying computer engineering
(CAE) in which HYPERMESH software builds a finite element model, then simulates and
analyzes the safety of passenger car head structure when head-on collision by LS — DYNA.
Based on the existing problem of passenger car front structure [1-15], design improvement
options are proposed to ensure the durability of the structure and not infringe on the safe space
according to ECE R66 [16]. Among the selected options is the use of A5052 Aluminum material
in the design of improving the structure of the passenger car's front bumper.

Then proceed to optimize the structure to reduce the mass and acceleration of the collision.
Using the orthogonal experimental design method, conduct simulation design, apply SPSS
software to build regression equations for the optimal goal. Applying genetic algorithm GA in
Matlab to calculate the optimal value. The results show that the volume of variables after
optimization is reduced by 9.8%, acceleration is reduced by 9.9% compared to before
optimization, but the safe space is still not violated according to safety standards when a
collision occurs direct touch.

2. SIMULATION MODELS

2.1. Design Model

Based on the dimensional parameters from the 2D Autocad drawings provided by the
manufacturer Tracomeco, the author proceeds to build 3D drawings using Catia software.

Figure A. Front frame not improved

Figure B. The car's front frame after

improvement
Figure 1 Front frame
Table 1 Material parameter
Material name | Mass separately |Elastic modulus E Poisson’s Stress of fluidity
Q235B 7850 206 0.3 235
Q345B 7850 210 0.3 345
A5052 2750 68 0.3 130

2.2. Finite Element Analysis Model

The model meshing is the basis for building a quality assurance model in HyperMesh to provide
the necessary calculation and analysis results. First we have to choose a mesh type, in this
section choose a mixed mesh (Mixed) with a size of 20 mm on the entire passenger car skeleton.
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Figure 2. Full model mesh error check
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2.3. Human Injury Analysis Model
Head injury index of according to formula 1.

2,5
HIC = max{ﬁ :Za(t)dt} (t,-t) (1)
t,,t, : time to change the maximum acceleration value

t, —t,: maximum range 36m/s

a: acceleration with time at the center of the dummy head.

3. ANALYZE SIMULATION RESULTS

3.1. Results of Structural Strength Analysis of Integrated Seats

Based on the initial simulation results, it is shown that the front bumper of the passenger car is
deformed very much, the safe space is violated, and the acceleration at the vehicle's center of
gravity is small, which is necessary when considering hurt people. But this distortion violates
the ECE R66 safe space (Figure 3).

Figure A. Model of skeleton before head-on Figure B. Skeletal model after impact at
collision 180 ms

Figure 3 The skeleton model is not optimized for collision.
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From the values of the variables found above, set the thickness property in HyperMesh and
run the optimization simulation again to test

Figure A Model of skeleton before head- Figure B Optimal simulation results
on collision when a head-on collision occurs

Figure 4. Skeletal model after optimization during collision

4. CONCLUSION

Using CAE computer technology, successfully built a finite element analysis model according
to the standard of ECE R94 frontal collision combined with safe space in ECE R66. The
simulation results of the initial analysis of the vehicle's front skeleton are completely deformed,
the safe space is violated. The author improved the steel bars and force-absorbing bars with a
custom cross-section, resulting in a safe space, but the mass of the front passenger car increased
by 54.55% and the acceleration increased by 44.3%. Using A5052 Aluminum material in the
initial improvement and together with changing the folding structure of the first part of the
absorbing rods, the new improved results have the following advantages: The weight of the
front of the car is reduced compared to the original improvement 15.7% and acceleration
reduced by 20.8%. From improvement towards this Aluminum material. Through the
optimization problem, conduct simulation experiments by experiments based on the U6*(64)
model, give the regression equations simulated by SPSS. Solving the regression equation by
genetic algorithm GA in Matlab finds the optimal thickness size of the selected variables.
Comparing the total mass of the post-optimal variables with the pre-optimum reduced by
9.812%, the survey acceleration was reduced to 9.9% without the safe space being violated
according to ECE R66 standard.
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