ISSN 1392 - 1207. MECHANIKA. 2012 Volume 18(4): 453-460

Design of car frontal protection system using neural networks and

genetic algorithm

J. Majak*, M. Pohlak**, M. Eerme***, T. Velsker****

*Tallinn University of Technology, Ehitajate tee 5, Tallinn, Estonia, E-mail: juri.majak@ttu.ee
**Tallinn University of Technology, Ehitajate tee 5, Tallinn, Estonia, E-mail: meelis.pohlak@ttu.ee
***Tallinn University of Technology, Ehitajate tee 5, Tallinn, Estonia, E-mail: martin.eerme@ttu.ee
****Tallinn University of Technology, Ehitajate tee 5, Tallinn, Estonia, E-mail: tarmo.velsker@ttu.ee

crossref http://dx.doi.org/10.5755/j01.mech.18.4.2325
1. Introduction

In general, the car frontal protection systems are
designed with an aim to protect vehicles. However, the use
of traditional vehicle protection systems may cause certain
risk to pedestrian safety. There are two principally
different types of the car frontal protection systems: origi-
nal equipment and separate technical units.

The aim of this study is to design separate tech-
nical units of a vehicle which basic components include
tubular parts and the brackets. The final product designed
had to satisfy the requirements of the Directive
2005/66/EC of the European Parliament and of the Council
[1]. In the following, the car frontal protection system is
considered as a complementary energy absorbing structure.

A large number of papers covering different im-
pact energy absorbing problems can be found in literature
[2-6]. Al Galib et al. 2004 [2] have studied experimentally
and numerically the energy absorption in axially loaded
circular aluminium tubes (compressive loading). Static and
dynamic analysis of the circular thin-walled tubes with
various mass and impact velocity has been performed. FE
analysis results are found to be in good agreement with test
results. Alghamdi 2001 [3] has studied different defor-
mation modes (axial crushing, lateral indentation) of ener-
gy absorbing structures such as circular and square tubes,
honeycombs, sandwich plates, etc. Gupta 2001 [4] has
studied the applicability of structural foam in car protec-
tion system design. The potential areas where the steel
structures can be replaced with structural foam were found
out. An aim of such replacement is to provide light weight
design and advanced energy absorption properties. The
frontal crash of vehicles is studied by Griskevicius et al.
2003 [5]. Dependence of energy absorption capabilities on
age of the vehicle has been detected. It is pointed out that
modern AVC longeron columns may absorb several times
more energy than corroded longeron columns in old vehi-
cles. De Kanter 2006 [6] has performed experimental and
numerical analysis of energy absorbing structures designed
using multi-materials. The crushing behaviour of the me-
tallic and plastic cylinders has been analysed. It has been
observed that both metallic and composite characteristics
are common to the multi-material elements in the crashing
behaviour. The techniques for integrating metal and poly-
mer materials were discussed.

Due to new regulations (more strict requirements
constituted by the Directive 2005/66/EC) the frontal pro-
tection systems of a vehicle should be redesigned in order
to improve their energy absorption (softer) in the case of

car-pedestrian accidents [7-10]. Du Bois et al. 2004 [7]
provide an overview of the vehicle design safety problems.
In [8] the brake assist system is analysed and its ad-
vantages are pointed out. In Matsui [9] the lower extremity
injury is investigated. The influence of some key factors -
vehicle bumper height and impact velocity is discussed. It
appears that in the case of impact velocity in range 20-
30 km/h the basic injury is knee ligament, but in the case
of impact velocity near 40 km/h the injury is a fracture of
the lower extremities. The cushioning methods and new
trends in bumper design (lower stiffeners, beam face fea-
tures, etc) are reviewed by Schuster 2006 [10]. In [10] spe-
cial attention is paid to techniques allowing reducing the
lower limb impacts of pedestrian.

The design of frontal protection system of a vehi-
cle is commonly based on application of optimisation
techniques [11, 12]. In [11] the crashworthiness analysis is
performed by use of software package LS-OPT. In order to
save recourses the meta-modelling techniques are em-
ployed.

Optimal design of a crash box is investigated by
Wang [12] considering the difference between maximum
and minimum force values as objective function. Such an
approach allows obtaining more smooth distribution of the
force values. Main attention is paid to shape optimization
of a crash box.

This paper studies the possibilities of increasing
the safety of pedestrians in the case of traffic accidents.
The frontal protection system, consisting of tubular parts
and the brackets, is clamped to a vehicle. Latter amplifica-
tion is performed without structural changes of the vehicle.
Thus, the energy absorbing structures of the vehicle holds
good. The study is focused to the design of the brackets.
The key factors need to be considered in design of the
brackets are the safety of the pedestrians and mechanical
properties of the car accessories. There are two opposite
kind of constraints on design of the brackets. Firstly, the
car protection system must be flexible enough in order to
evade extreme accelerations of human body in case of the
traffic accident. Secondly, the car protection system must
be stiff enough in order to withstand to the accelerations of
the car. This allows using extra lights fastened to car pro-
tection system.

The size, shape and topology of the fastening
components are subjected to optimization in order to
achieve maximum energy absorption. The optimal design
problem posed involves several complexities, like large
plastic deformations, geometric and physical nonlinearities
(studied by the authors in [13, 14]), impact loading, contact
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modelling and quite strict limitations on the design space
accrue from the geometry of the brackets (small dimen-
sions), the requirements set by the manufacturer and the
EU directive [1].

In this study the FE software package LS-DYNA
is used for the car-pedestrian crash situation analysis. The
approximation of the objective and constraint functions is
modelled by use of a neural network and search for an op-
timal design is accomplished by applying genetic algo-
rithm. The real-coded genetic algorithm is employed,
which allows to provide higher accuracy. However, in a
standard formulation the genetic algorithm may converge
close to an optimal solution. The refined algorithms are
proposed for design improvement. The function approxi-
mation and optimization modules are realized in MATLAB
and C++ programming environment.

Due to high safety requirements (safety of pedes-
trian) two alternate solutions are developed and compared
(first approach is introduced in [15], where the solution is
treated by the use of optimization software package LS-
OPT). A theoretical estimate on the deformation energy is
given.

2. Estimate on deformation energy

In the following it is assumed that the velocity v

of the legform coincide with that of the car protection sys-
tem. In the case of simplified model the kinetic energy can
be given as

)

where the indexes Eg and Ep correspond to the kinetic en-
ergy before and during crash and v, is initial velocity of
the legform. The masses of the legform and the car protec-
tion system are denoted by m and M, respectively. The
formula of the deformation energy of the bracket Dp can
be expressed as

D, =E; -Ep 2
Computing the deformation energy as an integral

of the
E,=[Fds or E,=|Fdt (3)

Latter formulas describe dependence of the reac-
tion force F on the velocity v.

3. Testing procedures

The Directive 2005/66/EC defines several differ-
ent tests for the frontal protection system (Directive 2005).
The tubular accessories fastened to the front of the car may
worse considerably the situation for a pedestrian in case of
an accident, so only minimum requirements can be met
without adding sophisticated systems (like airbags, etc). A
minimum test is the lower legform impact test. The car
frontal protection systems with a height of over 500 mm
need for the upper legform impact test.

In the current study, the height of the car frontal
protection system is limited up to 500 mm and the safety
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requirements corresponding to upper legform test can be
omitted (Fig. 1).

_—PV

b

a

Fig. 1 Lower legform impact test

The legform ‘a’ was shot at the speed v at the car
frontal protection system ‘b’ ( v = 11.1 m/s). The follow-
ing sensors were installed in legform impact or: an acceler-
ation sensor; a bending angle sensor; shear displacement
sensor. The directive 2005/66/EC [1] requires that

a <21° y <6 mm, a, <200, (g :9.812) 4)
S

where a, y and ay stand for the maximum dynamic knee
bending angle, maximum dynamic knee shearing dis-
placement and the acceleration measured at the upper end
of the tibia, respectively. The constraints (4) hold good for
the vehicles with total permissible mass less than 2500 kg.
For more weighty vehicles the values of the parameters «,
y and a, are 26.0°, 7.5 mm and 250 g, respectively. The
most complicated task is handling of the constraint sub-
jected to acceleration.

An overview on energy absorbing structures in-
cluding laminates, honeycombs and rings is given in
[3, 6, 16]. Various materials (solid metals, composites,
multi-materials) are utilized in these structures. The energy
absorption structures can be categorized into two main
types characterized by (Fig. 2):

—high peak of reaction force (type I);
—flat load-displacement curve (type Il).

(=2}

—Type | —— Type Il
51
§4 l\
g
23
52
e 7
S e
14
4

1 2 3 s 5 6
Displacement, mm
Fig. 2 Force-displacement relationship: 2 types of energy

absorbing structures

Obviously, it is desirable that the reaction force
will increase steadily to certain given level and then remain
unchanged [16]. In this study the energy absorbing struc-
ture of type | (bracket) was redesigned by changing the



geometry, adding cutouts, folds and performing parameter
design. The resulting bracket belongs to the energy absorb-
ing structure of type II.

The acceleration can be decreased by employing
optimal design techniques for determining optimal config-
uration of the frontal protection system. Let us return to the
lower legform impact test described in Fig. 1. Correspond-
ing acceleration distribution is depicted in Fig. 3. Obvious-
ly, the constraints imposed on the acceleration are not sat-
isfied in the case of tubular parts and the bracket used by
the producer originally (Fig. 3). Thus, it can be concluded
that the car frontal protection system in its original config-
uration is too stiff.
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Fig. 3 Acceleration diagram: lower legform impact test
In the current study the main attention is paid to
design of the fastening components as energy absorbers. In
Fig. 4 is shown initial design of the bracket suggested by
the manufacturer. The main aim is to determine the opti-
mal values of the design variables a, b, c, d and e shown in
Fig. 4. Initial topology of the bracket is given by manufac-
turer, but certain changes in topology are allowed (the fold:

form, location; etc.).

Fig. 4 Energy absorbing structure

The properties of the tubular components were
determined by applying robust design and technological
constraints.

4. Objective and constraint functions

Obviously, one of the most realistic and practical
objective for posed problem is minimization of the peak
force (acceleration). However, not only the first peak force,
but also a sudden change in the force (following unload-
ing) constitutes a potential risk for the pedestrian. For that
reason the above posed problem is considered as mul-
ticriteria optimization problem and formulated as
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min(F, (X),F, (X)) ®)

Subjected to linear and nonlinear constraints giv-

—X", U, =yui+uZ<u’, (i=1..n) (6)

In Eq. (5) X=(X,,X,,....X,) is a vector of inde-
pendent design variables. The objectives F, (X) and F,(X)

stand for peak force and difference between the maximal
and the minimal force, respectively

F(X)= max F (t.X)

_ )
F,(X)= max F (t.X)- min F (t.X)

In Eq. (7) F(t,X) stands for axial (frontal) force

component and t is a time. Nonlinear constraint (6) is set
on the displacements in the y — z plane. The protection sys-
tem of a vehicle designed should satisfy two requirements
simultaneously:
— must be a good energy absorber;
— must have high stiffness characteristics in the di-
rections perpendicular to the moving direction.
The weight of the car frontal protection system is
assumed as an acting load. The stiffness of the car frontal
protection system as a whole is determined experimentally
by measuring the displacements in the y and z direction
denoted by u, and us in Eq. (6), respectively. The con-
straint on stiffness is described by Eq. (6), where u” is a
given limit value. Thus, in normal car exploitation condi-
tions the Eq. (6) must be satisfied.

5. Solution algorithm

The weighted summation is the simplest and most
commonly used technique employed for solving multi-
objective optimization problems. The Pareto optimality
concept can be considered as a most general approach for
solving multicriteria optimization problems. However, an
analysis done for the current problem allows to conclude
that the objectives considered are not in contradiction.
Thus, there is no reason to apply the Pareto optimality
based approach. The two optimization techniques consid-
ered in the following are: the weighted summation, com-
promise programming.

The approaches used for the Genetic algorithms
(GA) improvement: two stage GA and the hybrid GA.
These techniques are discussed in more detail above (de-
sign improvement). Basic steps of the design procedure
proposed are given in Fig. 5. The experimental validation
of the computer simulation is included in the algorithm in
order to describe the full design process. Actually, the im-
pact tests are performed in TUV Rheinland (Germany).
The static compression tests of the fastening components
are executed in TUT (Tallinn University of Technology).
The topology of the bracket has been modified based on
experimental data.

The major modules of the algorithm are described
in detail in the following sections.
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Fig. 5 Basic steps of the design procedure
6. Numerical analysis

In the following the finite element analysis soft-
ware package LS-DYNA is employed and fully integrated
shell elements are considered [17]. The multi-linear rela-
tionship is assumed for describing the stress-strain behav-
ior. The plastic anisotropy is modeled by use Hill’s yield
criterion. Two kind of FEA is realized:

—dynamic analysis - crash simulation;
— static analysis - stiffness evaluation.

It can be seen from Fig. 5 that the values of the
input data for FEM analysis (i.e. the design variables
shown in Fig. 4) are determined by design of experiment
and the values of the output data obtained (i.e. maximal
reaction force, difference between maximal and minimal
reaction force, maximal displacements during static load-
ing) are utilized for response modeling.

The FEA model proposed is validated against re-
sults obtained from experimental study. The brackets with
different configurations were tested. Changes in topology
of the bracket may change also the number of design vari-
ables (from 4 up to 8). The compression tests performed
allows obtaining initial values of the force components and
deformation modes. The results of the FEA and experi-
mental tests are shown in Fig.6, where a=1.6 mm,
b=12mm, c=6 mm and d =10 mm. Note that here is
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assumed that the shape of the fold is triangular and the
design parameter e is omitted (bend angle is used instead
of design parameter e).
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Fig. 6 Load-displacement relation

The FEA results appear to be close to correspond-
ing experimental results (see Fig. 6). Remarkable differ-
ences in values of the reaction force are observed in the
case of brackets with inner folds, where the folded parts of
the bracket move into contact. Actually here take place
sliding between the contacting surfaces. Occurrence of the
sliding can be confirmed experimentally, since the sym-
metry conditions are not fulfilled ideally in an experi-
mental test, but not numerically. Even in this exceptional
case, good agreement between numerical and experimental
results can be found in the range of small deformations
corresponding to peak force. Remarkable differences in the
values of reaction force can be observed in the case of
large deformations (caused by contact between the folded
surfaces). Obviously, the first peak of reaction force is the
most significant in regard to pedestrian safety.

The dependence of the reaction force on design
parameters a, b, c, e is illustrated in Fig. 7.

TR
find

Fig. 7 The influence of design parameters a, b, ¢, e and
their interactions on the value of the reaction force

The sensitivity of the reaction force is highest
with respect to thickness and lowest with respect to the
upper fold. Note that the results given in Fig. 7 depend on
the selection of the design space. The values of the reaction
force may change more than 10 times due to changes in
design parameters and the topology of the bracket. Also,
the nonlinear constraint Eq. (6) deploys substantial re-
strictions on original design space.



7. Surrogate models

The evaluation of the objective and constraint
functions described above includes time consuming FE
simulations.

In the following the FE analysis results are used
as response values, corresponding to the data set of design
variables. The artificial neural networks (ANN) are used
for the response modeling. The ANN based approximation
of the objective and constraint functions is realized by the
authors in software package MATLAB and C++ pro-
gramming environment. Levenberg-Marquardt algorithm
was used to train the ANN model. It is a compromise be-
tween the gradient descent and Gauss-Newton optimiza-
tion methods used widely in engineering applications 20].
In the first and second layer of the ANN the radial bases
and linear transfer functions are employed, respectively. In
[15] the posed optimization problem is realized by use of
software packages LS-OPT (combined with LS-DYNA).
The solution is analogous to the current approach.

8. Optimization

In this section, the optimization modules are
discussed in detail.

8.1. Why GA?

GA were first developed by Holland [18]. Tradi-
tional gradient based optimization methods have a trend to
converge to the nearest optimum (which may appear to be
local), also here is need for computation of the derivatives
of the objective and constraint functions with respect to the
design variables. In the following, a genetic algorithm is
employed for solving the optimization problem posed. The
GA has the following advantages over traditional gradient
based techniques:

—in general, the convergence to global extreme can
be expected;

—integer type design parameters can be used;

—computation of derivatives of objective and con-
straints functions is not required.

However, there are also some disadvantages
common to GA:

—convergence to the solution close to global optimum

(not exactly optimum);

—relatively long computing time.

In order to overcome the above mentioned draw-
backs, several refined GA approaches are proposed in lit-
erature [19]. Henz et al. [19] studied optimization of injec-
tion gate locations in liquid composite molding process
and presented a global-local search approach. The hybrid
search approach used include a global search performed by
use of GA and was improved with a gradient search (con-
tinuous sensitivity equations). In [20-22] multilevel opti-
mization strategy has been developed and validated by
solving different engineering design problems (design of
large composite structures, design of sandwich panels, etc).
In [23] a novel GA, particularly suited to hardware imple-
mentation, is introduced. The optimal individual monoge-
netic algorithm (OIMGA) is treated, which includes global
and local searches with hierarchical structure.
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8.2. Search for an optimal solution

As mentioned above the objectives considered are
not in contradiction and the Pareto optimality concept is
not employed. First the two objectives given by Eq. (7) are
normalized

F.(X)—minF (x
(x)—minF,

f, (X) - (X()

max F,

fi(x)=

 maxF,

)
(x)
—-minF, (x)
X)—min F, (x)

®)

Next the following multicriteria optimization
techniques are employed:
— weighted summation (Eg. (9));
— compromise programming (Eqg. (10)).

fws = ivvl fi (9)
m 1/ p
to=| S| (1)

In Egs. (9) and (10) m stand for the number of ob-
jectives (m =2) and w; for weights of the objectives. The
combined objective function has been minimized by use of
genetic algorithm.

In optimization algorithm the values of the reac-
tion force in moving direction and the y —z displacement
are determined from corresponding response surfaces in-
troduced above. The response surfaces built by use of
ANN are given by analytical formulas. Thus, the evalua-
tion of the objective function in optimization algorithm is
computationally relatively cheap operation. In this study
the MATLAB Genetic algorithm and Direct Search
Toolbox is employed for minimization of the objectives (9)
and (10). In order to achieve higher accuracy the real-
coded approach of the genetic algorithm is considered. It
was not surprising that combined use of ANN and standard
GA lead to the solution close to global extreme, but does
not provide convergence to global extreme (remains to
bend near global extreme). Thus, certain improvement of
the algorithm seems reasonable.

In [15] the leap-frog algorithm is applied and the
solution of the optimization problem is realized by the use
of software package LS-OPT. In the following different
approach is used.

8.3. Design improvement (refined algorithm)

As mentioned above, two different approaches are
considered for design improvement — the two stage GA
and the hybrid GA. Both algorithms consist from a global
search and one or more local searches. In the case of the
two stage GA, the genetic algorithm is employed for
search in both levels (global and local). The domain for the
local search is given as

X' =6 <x<x'+6, (i

1,..,n) (11)



where x? is a value of the design variable corresponding to
global search and o; describes the deviation. The lower

and upper bound vectors of the design variables are rede-
fined as

Ib[i]=x* -6, ubli]=x"+45, (i=1..n) (12

Obviously, the numerical results obtained using
sub sequential runs of the GA code may differ, since the
GA is based on a stochastic search method. Furthermore, if
several equal or close minimal values of the fitness func-
tion exist in the global design space, then the optimal solu-
tions corresponding to different subsequent runs of the
code may differ significantly (i.e. the values of design var-
iables differ significantly, but the corresponding values of
the fitness function are close). In the latter case the design
space (11) should be specified and the local search per-
formed for a set of solutions is obtained by applying the
global search. The solutions are given in matrix population
and the corresponding values of the fitness function in ar-
ray scores.

The hybrid GA considered herein, include GA
and the steepest decent methods applied in global and local
level of the optimization algorithm, respectively. The best
individual of the population generated by the GA is used as
an initial value of the gradient method. In the cases where
elite population (set of solutions obtained by fitness-based
selection rule) contains individuals, which chromosomes
(parameters) differ substantially, it is reasonable to per-
form local search for all these individuals. Thus, the num-
ber of local searches necessary depends on the result of the
global search. The local search may be interpreted as a
design improvement. To reach the final solution the results
of all local searches are to be compared (selection is based
on the value of the fitness function). Note that the 2D ar-
ray population should be sorted using the values of the
fitness function given in array scores before the selection
of the elite population (initially not sorted).

It was observed that the hybrid GA converges
faster and exactly to the extreme value of the objective
function in comparison with two stage GA. However, the
two stage GA may appear more effective in particular cas-
es when several extreme values of the objective function
are expected in the local search domain.

8.4. Freeware based solution

Obviously, the FEA performed above is a prob-
lem specific, but the approximations of the objective (con-
straint) functions as well as optimization are the tasks of
more general character. Thus, the solution algorithm treat-
ed to solve the latter problems can be applied to solve wid-
er class of similar optimization problems.

For that reason a freeware based solution covering
function approximation and optimization tasks in C++
code is developed. Another consideration for the develop-
ment of C++ code was the fact that the MATLAB GA
toolbox has been developed in parallel with the solution of
the posed optimization problem (first versions of
MATLAB GA algorithm does not support the constrained
optimization).

Due to the similar main algorithms used, the nu-
merical results obtained by the use of freeware and
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MATLAB based solutions coincide or are close.

The main advantages of the commercial software
MATLAB based solution in comparison with the freeware
based solution is the presence of advanced tools for
graphics.

9. Numerical and experimental results

Satisfaction of the constraints imposed on accel-
eration is most complicated task. Furthermore, huge accel-
eration (or corresponding reaction force) is most critical
also in terms of pedestrian safety. Thus, the objective f; in
Egs. (9) and (10) has higher priority in comparison with
objective f,. The solution of the posed optimization prob-
lem allows reducing the value of the reaction force more
than 4 times in comparison with the reference value. The
reference solution was chosen with a reserve since the pre-
dicting of the value of the y-z displacement u. (constraint)
corresponding to a certain set of design variables is ex-
tremely complicated (detailed description is given in sec-
tion 5). The reaction force versus time relation is given in
Fig. 8. The solid and dashed lines in Fig. 8 correspond to
the initial and optimal solutions, respectively. The con-
straints (6) are satisfied in the case of both solutions. The
stiffness of the bracket with initial design in the moving
direction of the vehicle is much higher than that of opti-
mized bracket. Thus, the total energy absorption is higher
in the case of reference solution.

5
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= = Optimal design
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Fig. 8 Force vs. time diagram: reference solution and the
optimal design

Obviously, the character of the reaction force
curve corresponding to the optimal solution and the char-
acter of the curve corresponding to the energy absorber of
type Il, shown in Fig. 2, are close (Fig. 8). In Table the
optimal values of the reaction force components, thick-
nesses of the metal sheet and also nonlinear constraints
corresponding to the optimization algorithms introduced in
the current paper and in [15] are compared.

Based on results shown in Table, it can be con-
cluded that the values of the reaction force corresponding
to GA, the two stage GA and the hybrid GA algorithms are
close to each other. However, certain differences between
the latter solutions and the solution, obtained by applying
software package LS-OPT [15], can be observed. It should
be noted that in the case of first three methods the response
surface is considered to be “static” i.e. it is not modified



Table
The values of the frontal force components, thicknesses
and nonlinear constraints correspond to the optimization
algorithms introduced in the current paper and in [15]

Optimization GA Two stage | Hybrid | LS-OPT
algorithm GA GA
Frontal force | )57 1134 1125 1067
component, N
Thickness of |, 2 1.72 171 17
the sheet, mm
Nonlinear

during optimization process. In the case of forth solution
method (LS-OPT based) the response surface is considered
to be dynamic i.e. it is updated in each iteration step. Since
the software packages LS-DYNA and LS-OPT are compa-
tible, the sequential executing of explicit and implicit sol-
vers can be realized by introducing a special user defined
script. Combining MATLAB with FE solvers is more
cumbersome (several restrictions exist on what kind of
standalone executable MATLAB code can be compiled
with the MATLAB compiler).

The nonlinear constraints have an inequality form
in the case of simple GA algorithm and turn to an equality
form in the case of all other methods. The optimal design
appears most sensitive with respect to the thickness of the
bracket (discussed in more detail in section 6). The number
of function calls performed by the GA method (global and
local level) depends on random values and is not deter-
mined uniquely. However, approximately 10-100 times
more function calls were observed in the case of the pro-
posed optimization algorithm in comparison with the gra-
dient method.

The two stage GA and the hybrid GA algorithms
are discussed above, the solution treated by the use of
software package LS-OPT is described in detail in [15]. It
is correct to note that the numerical methods used in the
software package LS-OPT for optimization differ from
those used in the MATLAB and C++ algorithms described
above. The LS-OPT version 3.1 features Monte Carlo
based point selection schemes. The sub-problem is opti-
mized by the dynamic leap-frog method.

10. Conclusions

1. The design procedure for optimization of the
frontal protection system of a vehicle has been proposed.
The results obtained in the current study are compared with
the results given in [15].

2. The results obtained from experimental study
and FE simulations were found to be close to each other
(see section 6 for details). The influences of the different
design parameters on the final results are estimated. A
simple theoretical estimate on deformation energy is given.

3. The energy absorbing component (bracket) de-
signed is characterized by its low cost and simplicity of
fabrication.

4. The frontal protection system has been de-
signed according to the Directive 2005/66/EC. As a result,
the EU patent application no 07108163 “Mounting bracket
for frontal protection system” was submitted. Nine prod-
ucts have passed through the type improvement test.
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AUTOMOBILIO PRIEKIO APSAUGOS SISTEMOS
PROJEKTAVIMAS NAUDOJANT NEURONINI
TINKLA IR GENETIN] ALGORITMA

Reziumé

Sudarytas optimalus automobilio priekio apsau-
gos sistemos projektas. Sis straipsnis yra skirtas jungiamy-
Jju komponenty projektavimui aprasyti. Automobilio ir pés-
¢iojo susidirimo situacija buvo analizuojama naudojant
tiksly sprendinj LS-DYNA. Tikslo ir jégy rySio funkcijoms
modeliuoti panaudotas dirbtinis neuroninis tinklas, o opti-
malus variantas nustatytas naudojant genetinj algoritma.
Gauti skaitiniai rezultatai patvirtinti eksperimentiskai.

J. Majak, M. Pohlak, M. Eerme, T. Velsker

DESIGN OF CAR FRONTAL PROTECTION SYSTEM
USING NEURAL NETWORK AND GENETIC
ALGORITHM

Summary

Optimal design of the frontal protection system of
a car is considered. The study is focused on design of the
fastening components. A simple theoretical estimate on
deformation energy is given. The car-pedestrian collision
situation is analyzed by use of the LS-DYNA explicit solv-
er. Corresponding stiffness analysis is performed by use of
the LS-DYNA implicit solver. The approximation of the
objective and constraint functions is modeled by use of
artificial neural network (NN) and search for an optimal
design is performed by use of a genetic algorithm (GA).
The obtained numerical results are validated against exper-
imental test results.

Keywords: design, car frontal protection system, neural
network, genetic algorithm.

Received February 01, 2011
Accepted June 13, 2012


http://dx.doi.org/10.1016/j.compstruct.2009.09.039
http://dx.doi.org/10.1051/ijsmdo:2007004
http://dx.doi.org/10.1016/j.compositesa.2007.03.005
http://dx.doi.org/10.1016/j.compstruct.2009.09.039
http://dx.doi.org/10.1016/j.compstruct.2009.10.003
http://dx.doi.org/10.1016/j.compstruct.2010.01.015
http://dx.doi.org/10.1016/j.neucom.2006.11.031

