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ABSTRACT
In the last years engineers have to deal with multiple, often conflicting targets, where improvement of one quantity
leads to deterioration of others, therefore it is impossible to obtain simultaneous structure enhancements without automatic
optimizations tools. The so-called trade-offs have to be applied, providing less efficient modifications, nevertheless, for all
of the design objectives. The Pareto front is a method that helps to determine a set of equipotential designs.
In order to explore entire design space, response surface methodology supplemented by genetic algorithms is often
used. In the work presented, the Gaussian Processes Methodology and an Adaptive Range Multi-Objective Genetic
Algorithm - ARMOGA were implemented. Basing on the solutions obtained by the design of experiment, response surface
methodology is used to predict the values of the measured outputs throughout the full range of interest. Since only a
reduced number of tests is needed, the overall computational time is strongly reduced. Subsequent application of genetic
algorithms, provide the possibility of detailed exploration of established metamodels.
In Centro Ricerche Fiat S.C.p.A. an effort of elaborating a novel optimization platform for linking different engineering
fields has been undertaken. Noise, Vibration and Harshness, static strength computations, ergonomics and aerodynamics
analysis have been coupled in one process, in order to find the most optimal trade-off solutions in Pareto sense during the
first phases of the architectural development (early stage design phase).
The main goal of this kind of approach is to increase the product quality, by attaining multiple advances and reduce
time-to-market. Simultaneous usage of RSM and genetic algorithm in purpose of conducting optimization, has improved
all of the design objectives, keeping the resultant car body shape respect to the ergonomics constraints. Structural
modifications were applied by means of the morphing technology, providing changes in the geometry in fully controllable
manner.
CITATION: Korta, J., Raniolo, R., Danti, M., Kowarska, I. et al., "Multi-Objective Optimization of a Car Body Structure,"
SAE Int. J. Passeng. Cars - Mech. Syst. 5(3):2012, doi:10.4271/2012-01-1555.
____________________________________

INTRODUCTION

process are therefore conflicting, what precludes obtaining
intended results in a simple, straightforward approach. Very
often improvements provided in one field of interest, lead to
deteriorations in remaining groups. Therefore it is of
paramount importance to develop optimization tools, able to
deal with multiple targets and support the work of multidisciplinary engineering teams. The early stage design phase
is the one that can be supported by this type of procedures
and gain the most, due to its flexibility and possibility of
introducing significant changes to many parameters, that are
meaningful for the mechanical behavior of the structure.

Nowadays the automotive design process consists of
many steps, that are often conducted by separate specialized
groups, in parallel. Their target is to obtain improvements in
the line of activity that they are dealing with, what
unfortunately often stands in contrary to goals established in
other fields. As a good example, ergonomics and
aerodynamics approaches can be mentioned, where the
former tends to support comfortable large spaces for the
driver and passengers, when the later pursue low profile,
streamlined car body outline. Many aims of a modern design
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When occurs a need of dealing with many parameters, it
is convenient to use methods basing on statistics, due to its
capability of managing a large amounts of data in acceptable
time. Especially the response surface methods have proved
their usefulness and have found their place in engineering. A
good overview of this group of approach is provided in [4,
10, 11, 12]. Their usability can be further extended, due to the
complementation with the fast converging search algorithms
based on the natural evolution theory, the so-called genetic
algorithms, which are described in [1,2,3,13]. The abilities of
conducting the search in a vast, mathematically complicated
domains supported by robustness against the local extremes,
assures detailed exploration of a design space and fast
convergence to the quasi-optimal solutions. The obtained
compromises, as it is the case in multi-dimensional problems,
can be screened easily by means of Pareto frontier. A brief
explanation of that concept is provided in subsequent section
of this paper, more detailed information can be found in
[2-3].
The first part of the article provides the theoretical
introduction to the problem and the explanation of the
objectives and constraints that are taken into consideration.
Subsequent part presents detailed information about the
optimization path itself and discussion of the results.

OPTIMIZATION PROCEDURE
DESIGN OF EXPERIMENT
PREPARATION
The described optimization procedure departs from the
Design of Experiment (DoE) [1], that is an approach that
allows to estimate the influence of individual design factors
on the measured outputs. In addition it provides an ability of
determining the level of interactions between the examined
quantities, describing the architecture and its behavior, hence
facilitates turning any analyzed solution into its robust form.
This is possible, thanks to the sensitivity analysis based on
the results obtained from the preliminary experiments. In that
manner all the weaknesses of the construction can be detected
and eliminated, providing higher level of quality.
The first step of the described algorithm is defining the
design variables, that can be combined into the design vector
[2]. Those are parameters that are allowed to
change their values, throughout the n-dimensional design
space. In the presented implementation of the elaborated
approach, there were 11 factors that controlled the evolution
process of the baseline model, what was the key information
in the DoE algorithm selection. Among a great number of
possible methods, the most popular choices are the n-level
full factorial and the cubic face centered procedures [3]. In
both of them, the number of intervals in variation of a single
parameter is preliminarily specified, what allows to estimate
the amount of solutions needed to complete the experimental
phase. The total number of the required numerical
simulations is denoted as ln in the former case, while ln + 2n

+ 1 corresponds with the later. The symbolic values refer to
the dimensions of the design space (n) and the total number
of each variable's variation levels l (where l ≥ 2). Basing on
the presented expressions, it is noticeable that in the problem
stated (n = 11), the set of the necessary test solutions would
be very large, hence the time needed for the numerical
analysis, would be unacceptable.
The overall time needed for one comprehensive
simulation of the vehicle's model was close to 15 hours.
Because one of the assumptions of the project was to
decrease the duration of the concept phase design stage, the
number of tested solutions had to be decreased to feasible
amount, therefore the so-called reduced factorial algorithm
was applied. Its usefulness is especially evident when the
design variables' general influence on the modified solution
needs to be assessed, without extraction of high-order
interactions. With such assumption, the exploration of the
design space can be done, using only fractional number of the
examination points. As depicted in Figure 1, the main idea
standing behind the algorithm is the application of
simultaneous changes on all of the design variables and
therefore significant computational time savings. In the
described approach, the design of experiment consisted of 64
designs, what was sufficient for evaluating the influence of
all of the design variables, on the examined model. This
number has been chosen in order to meet the industrial time
demands on early stage design phase.

Figure 1. Comparison between the different DoE
algorithms for 3 design variables (a - three level full
factorial, b - central composite design, c - reduced
factorial).
The geometry morphing technique was an instrument of
applying structural changes to the finite element model of
auto vehicle structure. Detailed information about that
approach and examples of application can be found in [4-5].
In brief description, it is a method that allows to change the
shape and size of a single component or the whole assembly
in fully parameterized way, without further need of redrawing
or remeshing the objects. In this manner, the tested solutions
have been generated with significant decrease of preparation
time, with full control of the process. For the described
attempt, the baseline model has been enclosed by the socalled morphing volumes as shown in Figure 2. Thanks to the
division into local segments, this ‘global box’ allowed shape
tuning of subcomponents lying in the field of interest, without
influencing adjacent parts.
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model, without influencing the material properties. If the
elements enclosed by the morphing boxes are twodimensional, also the thickness of the walls remains
unchanged. Since body-in-white models of a car consist
mainly of the shell elements, panels gauge is not affected.

ANALYSIS OF THE MORPHED
STRUCTURES

Figure 2. The analyzed FE model enclosed by the
morphing volumes.
The prepared set of variables has been specified in order
to fulfill the requirements of all the engineering fields taken
into consideration during the optimization process. Each of
them influenced separate components of the bodywork, by
changing their position, curvature or size, together acting on
the structure in the most comprehensive way. Since the
geometrical modifications are crucial for the body design, it
was possible to find parameters affecting all of the objective
functions. Among them, there were factors deciding on the
position of the upper and lower edges of the windscreen or
roof front section vertical position, what altered
simultaneously the strength, noise and aerodynamic
characteristics of the structure. The example is depicted in
Figure 3. Other features, like the spoiler's attack angle, had a
major role for improvements in only one discipline.

The subsequent step of the optimization process, after
generating all of the required test solutions, was carrying out
a number of analysis in purpose of extracting the essential
data. As mentioned in the introductory paragraph, the aim
was to find simultaneous improvements in different
characteristics, which brief explanation is presented in the
following paragraphs.

Static Strength
The static strength characteristics of a car vehicle have a
significant influence on handling and noticeable impact on
other features like crashworthiness, vibrations or fatigue.
Therefore an improvement in the static behavior was stated as
one of the optimization targets. Torsion and bending
coefficients were computed on the basis of the numerical
simulations results. They describe the deflection of the
structure under specified loads, which have been designed as
corresponding with the real operational conditions. The two
quantities can be expressed, using well-known [6] formulae,
eq. 1.

(1)
Where kf and kt are the static strength bending and torsion
coefficients respectively, F and M chosen force and torque
used for simulating the actual loads acting on a vehicle and
finally Δd and Δφ are the translational and rotational
deflections of the structure.

Vibroacoustics

Figure 3. Example of the design variables: windscreen
upper edge (upper) and roof middle section vertical
(lower) position.
The main principle of the morphing technique is, that it
changes only the geometrical position of the grid points of FE

The vibroacoustics analysis are carried out in purpose of
estimating the structure born noise level, expressed as a
transfer function describing the changes in output quantity, in
regard to the input quantity alterations. In case of a car
vehicle structure, all the frequency dependent loads are
applied in the suspension mounting points and engine
bushings, while the measured quantity is defined as the cavity
pressure fluctuations. It is measured inside of the cabin, at the
positions corresponding to the driver ears [7,8,9]. The
comprehensive acoustic analysis consists of inseparable
steps, that is: modal analysis of finite element structural and a
fluid (inner cavity) models, followed by coupling matrix
evaluation. During this stage, the connection between two
analyzed models is established, enabling their common
interactions, described by equation 2.
This treatment guarantees proper dynamic behavior of
adjacent subcomponents, allowing to estimate frequency
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response functions (FRF), which are in the scope of the
interest, by means of estimating the value of pressure P at the
locations of interest.

(2)
The elements in the above mentioned formulation are as
follows: M - mass and K - stiffness matrixes (S - structure, F fluid), F is a excitation force, acting with the angular
frequency ω, while the area of the coupled surfaces in
denoted as A. The calculated quantity is the transfer function
expressed in the function of excitation frequency,
linking the value of the load force with of the cavity pressure
fluctuations.

Figure 4. Separate modal analysis of the structure and
cavity models, with subsequent coupling and FRF
estimation.
This phenomena is described by a great number of curves,
derived from different excitation points and directions. For
the intended purposes, there was a need of compounding
them into scalar values, suitable for further optimization
purposes. For this reason all of the curves were numerically
integrated and averaged over the frequency band Δf, as
explains equation 3. The results were combined into a vector
, which elements of represent different
subsystems (i.e., four columns of suspension system and
engine mounting) and the final overall result, describing the
full structure's behavior.

(eq. 3)
Where m is a number of frequency steps and j number of
curves considered for one subcomponent of a vehicle.

Aerodynamics
The target of the aerodynamics computations is extraction
of the drag coefficient, responsible for the value of the drag
force (eq. 4), that acts on the surface of the vehicle during the

ride. By tuning the shape of the vehicle, that is by improving
its aerodynamic behavior, fuel consumption savings can be
obtained.
The drag force depends strongly on the air pressure
distribution, when the fluid flows around the structure.
Hence, the shape of the bodywork has a significant
importance [10]. An example is presented in Figure 5.
Improvements in aerodynamics of the car can be obtained
by frontal area (the greatest area of the vehicle cross-section
perpendicular to the flow) modification or by the body
curvature tuning.

(eq. 4)
Where Fd is the drag force, ρ denotes the air density, v
indicates the velocity of the fluid surrounding the vehicle and
cx and Af are the drag coefficient and the frontal area
respectively. The last two quantities were taken into
consideration in the optimization process.

Figure 5. Air pressure distribution in vicinity of the
vehicle in ride.

RESPONSE SURFACE
METHODOLOGY
The RSM is used for empirical model building and
optimization purposes, by means of experimental design and
statistical techniques [11-12]. Regression analysis applied for
the DoE results is used in order to obtain a surrogate for an
output quantity, subject to the changes of independent
variables values (i.e., design variables). The reason of using
this technique is not only exploring the design space, but also
identifying the regions where the analyzed quantity reaches
its optimal level. On the basis of this information, the near
optimal solution can be found.
In the presented attempt, the Gaussian Processes for
Regression (GPR) were implemented, that is a method, that
takes advantage of the multivariate Gaussian Processes. In
this approach, rather than relating measured data to some prespecified model (e.g. polynomial), algorithm allows for more
significant and individual influence of the collected
experimental data. That is possible, because for each new
observed output, a separate prediction is done. Formally, the
Gaussian process generates data located throughout some
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domain such, that any finite subset of the range follows a
multivariate Gaussian distribution. Having n measurements,
they are treated as a sample of n-dimensional Gaussian
distribution (most often with zero mean value), what allows
for application of statistical analysis. In such cases, the
relation between the samples can be described by the
covariance function k(x, x′) with measurement uncertainty
folded into. Popular choice is squared exponential formula,
expressed by equation 5:

(5)
Where x and x′ are the respective data points collected,
is the parameter that describes the maximum allowable
covariance, l is responsible for the level of influence of far
lying points,
is the measure uncertainty expressed by the
set variance and δ (x, x′) is the Kronecker delta function. To
use the described regression method, covariance matrixes
should be prepared as described by equation 6.

(6)
Where x* is the new value of independent variable. Since
the data is treated as a multivariate distribution with mean
value equal to zero, the dependence between measured output
values and the newly estimated one can be formulated in
equation 7:

(7)
is a vector of known dependent values and T
Where
denotes transposition. This describes the normal distribution
of the set of data acquired from the experiments and predicted
new values of the observed quantity. After modifications
explained in [11], the two resultant conditional probabilities
that define the examined parameter, can be expressed by
equation 8:
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more complex and hence more time consuming. In case of
contradicting objectives, the so-called trade-off solutions
have to be found. The method of solving the multi-objective
problem can be divided into two steps: narrowing the region
of search by defining the design variables limits and
subsequent choice of the quasi-optimal solution, that fulfills
the requirements in the most desired way.

GENETIC ALGORITHMS
The Genetic Algorithms (GA) are the search methods
based on the Darwin's evolution and natural selection
theories, designed to mimic the adaptive abilities of
biological organisms. The mechanism of searching the best
solution depends on a fitting function concept, that assess the
quality of the individual design. The most fitted specimens
are reproduced by mixing their chromosomes, which contain
information about represented design variables and applying
the mutation process on the specified features.
Initially, the first generation is chosen randomly across
the design space, then fitness of each proposed solution is
evaluated and the most appropriate specimens are chosen for
reproduction purposes. Next population calculation takes
advantage of a random crossover and mutation processes.
Those operations are repeated until the defined number of
generations are tested or specified improvements are
obtained.
This group of algorithms have been tested in many multiobjective cases with outcomes far ahead from the traditional
analytical search algorithms. Their robustness and
effectiveness are particularly easy to notice in complex
problems.
In the described optimization approach, the Adaptive
Range Multi-Objective Genetic Algorithm (ARMOGA) was
implemented [13]. The main feature that characterizes this
solution is an ability of changing the range of interest (i.e.,
design space limits) during the run. It is conducted on the
basis of statistical distribution of analyzed solutions. The
advantage is faster exploration of the regions that seem to
provide strong individuals, hence faster convergence.

PARETO FRONT
In multi-dimensional problems, where objectives are in
most cases competitive, it is useful to use the Pareto Frontier
method [2,4] for pointing out the set of non-dominated
solutions. Mathematical formulation of this concept is
expressed by equation 9. Having two design variable vectors
and
dominates

, it is said that
if for m targets:

(8)
Basing on that statement, prediction of y* can be done.
To handle multi-dimensional responses, a surrogate is
built for each of the measured outputs. With growth in the
number of responses and parameters, the problem becomes

(9)
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OPTIMIZATION PROCEDURE
OBJECTIVES AND CONSTRAINTS
The goal of the undertaken optimization procedure was to
find improvements in all of the three engineering fields: static
strength, aerodynamics and NVH. The objective set has been
specified as: increasing the static bending and torsion
stiffness coefficients, decreasing the drag force by changing
the drag coefficient and frontal area and finally finding NVH
behavior improvements, by means of minimizing the
elements of the pressure vector . The static behavior of the
vehicle body is correlated with its acoustic characteristic.
However to keep the later under control during the
optimization procedure, it was inevitable to specify it as a
separate target. Several different configurations of the
objective function have been tested: minimizing all the peak
values or only the highest ones, using different threshold
values or taking under consideration only the chosen
elements from the mentioned vector. Although all of the
attempts have resulted in improvements, the most significant
has been obtained by minimization of each element of the
vector.
Constraints, that have been established for the discussed
procedure, concerned the ergonomics. Because of the chosen
method of structure's shape adjusting, some limitations
regarding the geometrical position of morphed elements had
to be established, to prevent loss of functionality in the output
structures.

Figure 6. Example of angles describing the ‘visibility
level’ for the structure.
The mentioned constraints can be divided into two
groups: the visibility and accessibility characteristics. The
former describes the angles of possible observation field, that
is limited by the obstacles (pillars, roof, cockpit, etc.), as
depicted in Figure 6. The later describes the geometrical
position of the specified elements (pillars inclination, steering
wheel position, seat height, etc.). Controlling those values
and maintaining them in the restricted limits, guarantees
safety and convenience for the driver and passengers. Figure
7 presets the solution that violates accessibility limitations.

Figure 7. Accessibility constraints violation.
The optimization procedure have been realized by means
of Esteco modeFrontier software, which is oriented for multiobjective problems and is capable of coupling the results
from different computational solvers. In the described
approach, Metacomp CFD++ and MSC Nastran have been
used for aerodynamic and NVH/static strength analysis.

RESULTS AND DISCUSSION
SENSITIVITY ANALYSIS OF THE
OBJECTIVES
Basing on the results supported by the DoE phase, the
sensitivity analysis has been carried out. In order to assess the
influence of the morphing parameters on the resultant
structure, the Box Whiskers charts have been employed. The
detailed description of the method can be found in [3]. It
divides all of the applied design variables' values into two
groups, located on both sides of their mean values and
estimates the influence of those sets on the examined output.
The mean values of those subgroups are connected by a
straight line, to visualize the effect on the analyzed objective.
The more steep this line is, the more important variable is,
because it causes more significant changes. Below, in Figure
8, some results of the sensitivity analysis are presented. It can
be seen, that in purpose of decreasing the value of the drag
coefficient cx, modifications of the roof and C-pillar positions
should be applied. The most desired changes concern
translation of the middle roof section frontwards and upwards
simultaneously and increasing the inward inclination of the
C-pillars.
Analysis of the static torsion stiffness strength (Figure 9)
and internal acoustic pressure (Figure 10) reveals, that the
considered objectives in the optimization approach are in fact
competitive. Alteration of the same design parameters, can
cause advances in the NVH characteristics and decrease the
structure's strength simultaneously. It is clear, that finding the
trade-off solutions satisfying all of the goals is inevitable. The
results in Figure 9 show, that improvements in analyzed filed
can be obtained by moving the middle part of the roof
backwards and c-pillars outwards. The vertical position of the
roof is not of importance in this case, since it does not
introduce noticeable changes in the kt coefficient. The
pressure vector describing the overall acoustic behavior of the
structure is governed by the presented variables in

Downloaded from SAE International by Brought To You By Monash University, Sunday, December 07, 2014
Korta et al / SAE Int. J. Passeng. Cars - Mech. Syst. / Volume 5, Issue 3(July 2012)

1149

contradicting manner. For the values of the design variables
that improve strength, the internal noise level is increased,
what stands in contrary to the considered objectives.

Figure 8. Sensitivity of the drag coefficient for the design
variables. 1 - middle roof section longitudinal position, 2
- middle roof section vertical position, 3 - inward/
outward inclination of the C-pillars.

Figure 10. Sensitivity of the internal acoustic pressure. 1
- middle roof section horizontal position, 2 - middle roof
section vertical position, 3 - inward/outward inclination
of the C-pillars.

MASS DISTRIBUTION AFTER THE
GEOMETRIC MODIFICATIONS

Figure 9. Sensitivity of the bodywork's static torsion
strength. 1 - middle roof section horizontal position, 2 middle roof section vertical position, 3 - inward/outward
inclination of the C-pillars.

In the automotive design, control of the mass
characteristic is of paramount importance. Improper mass
distribution can have critical consequences in regard to the
handling of the vehicle. The position of the center of gravity
of the structure should be kept within specified limits,
otherwise it can cause instability.
The presented optimization process takes advantage of
geometry morphing technique. By changing the size and
position of large components, the general mass distribution is
affected, therefore should be monitored. Other important
disadvantage that can occur is an increase of the total mass of
the vehicle, what results in the excessive fuel consumption
and wear of subassemblies.
On the basis of DoE results, changes in the center of
gravity position and the total body weight have been
calculated. Figure 11 depicts the overall mass of the morphed
body-in-white models. The red circle shows the weight of the
baseline model, that is for bodywork with no modifications
applied. Throughout the DoE set the structures' mass varies,
being augmented or reduced. The maximum differences
observed are the increase of 9,32kg and the decrease of
6,82kg for the 35th and 51st design respectively. Those
variations are noticeable and cannot be neglected. Therefore
the mass of the chosen, near optimal solution should be
investigated.
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common ameliorations has been found. The presented
maximum partial outcomes are expressed relative to the
baseline solution adequate characteristics.
Due to the multi-objectivity of the problem, the trade-off
solution that fulfilled all the requirements in the most
satisfying way, had to be found.

Figure 11. The total mass of the morphed models.

Table 1. Best improvements obtained for each of the
objectives. Results relative to the baseline structure
solution.

The corresponding graph depicting the center of gravity
position changes is shown in Figure 12. Due to the order of
magnitude of the analyzed quantities, presented curves are
not to scale, therefore the graph gives only general
information about the variability of the measured values.
Structural modifications applied were symmetrical with
respect to the longitudinal axis, hence only the upwards/
downwards and frontwards/rearwards changes of its position
were taken into consideration. For the same group of
analyzed models, the alterations of longitudinal variation of
the CoG position are: +15.2mm and −9.55mm for 31st and
13th designs, while in the vertical direction for models 35th
and 51st: +8.87mm and −10.6mm. It can be seen, that same as
the mass, also this values should be controlled in case of the
quasi-optimal solutions, since their alterations are evident.
min - minimize, max - maximize

Figure 12. The CoG position for the morphed models
(not to scale).

IMPROVEMENTS OBTAINED
The described process has led to the variety of results.
The ARMOGA genetic algorithm, used for conducting the
search throughout the response surfaces, has found a large
Pareto set of the near optimal designs that fulfilled the
specified objectives. As depicted above the targets were
contradicting, hence the search algorithm has found possible
advances in all of the fields separately. As shown in Table 1,
although each of the examined quantities could have been
improved noticeably, no solution introducing significant

Using the elimination method, two sets of predicted
modifications have been chosen and validated by means of
numerical simulations. In Figure 13 one of the obtained
models (red) is overlapped with the baseline structure (blue).
Due to the similarity between both new solutions, the second
one is not presented. As it can be observed, main area of
changes is localized in the upper part of the body: roof
position has been moved upwards, angles of the spoiler and
the windshield inclination have been tuned. Since it was
shown in the sensitivity analysis, that those parameters had
major effect on the specified objectives, the results seem to
be correct. The comparison between the baseline and
modified structures is presented in Table 2. All the results are
normalized to the corresponding baseline structure
characteristics. The improvements have been obtained in
every field of interest, nevertheless, only slight changes have
been introduced to the static strength of the analyzed
bodyworks.
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CONCLUSIONS

Figure 13. Models comparison: baseline (blue) and
morphed (red) structures.
In case of the NVH curves, as mentioned in the preceding
paragraph, several different definitions of the objective sets
have been tested. The example of acoustic improvements in
p/F transfer function, corresponding with the most effective
objective formulation is presented in Figure 14. Because of
the possible negative impact of the applied changes on the
vehicle's weight and mass distribution, also those two
parameters have been inspected. The results of the
examination carried out are presented in Table 3. It can be
seen, that both of the parameters have not been influenced
strongly, since the new body-in-white structures are 0.709kg
(Case A) and 0.721kg (Case B) lighter than the baseline. In
case of the center of gravity position, there are negligibly
small changes in vertical and longitudinal directions. The
former has been changed by +0.019mm and −0.018mm,
while the later: −1.05mm and −0.934mm.

Due to the ability of introducing rapid changes into the
geometry of the bodywork, the elaborated optimization
platform is meant for the early stage design phase, when the
final structure shape is not fixed yet. Instead of tuning done
by hand, the method provides the possibility of testing
arbitrary number of solutions, hence time to market can
decrease dramatically. The procedure accuracy is a
consequence of using proper settings concerning the DoE
size, proper parameters controlling the RS construction and
GA working conditions. By the DoE size augmentation, the
accuracy of metamodels can be boosted, however the time
needed for numerical analysis can extend exorbitantly,
therefore the decision about the type of the utilized algorithm
is a critical choice.
The static strength, aerodynamics and NVH behavior of
the vehicle have been taken into consideration
simultaneously, while the morphing technique has provided a
possibility of modifying the baseline model, with respect to
the set of constraints concerning visibility and accessibility.
The elaborated novel method consists of inseparable steps,
that is: DoE preparation with utilization of the morphing
technique, metamodeling and genetic algorithms application,
with subsequent near optimal solution screening by means of
Pareto Frontier method. To obtain the full serviceableness,
the presented approach can be complemented by the crash
and fatigue analysis.

Table 2. Comparison of the numerical results obtained
for the baseline and both chosen trade-offs.

Table 3. Overall weight and the center of gravity position
alterations.

Figure 14. Exemplary Acoustic Pressure Transfer
Function before and after shape optimization.
The tests of the elaborated optimization platform have
reviled the usability of the method, by providing
improvements in the engineering objectives with additional
time to market earnings. Hence, the developed optimization
platform is supposed to be used by Centro Ricerche Fiat
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S.C.p.A. in the nearest future, during the early stage design
phase of the new automobile vehicles.
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