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The paper presents a review on methods, algorithms and tools available for
optimal design of engineering systems. The focus primarily is put on methods and
algorithms for global sensitivity analysis (GSA) and solution of Pareto
optimization problems (POP) for multidimensional nonlinear mechanical systems.
The computer code SAMO, developed at Mechanical Systems, Division of
Dynamics, Chalmers University of Technology, is presented as an efficient toolbox
for optimal design of engineering systems with different applications. The toolbox
SAMO includes two modules: SAMO-GSA and SAMO-POP.

The module SAMO-GSA is developed based on the multiplicative version of
the dimensional reduction method. In the SAMO-GSA an efficient approximation
is employed to simplify the computation of variance-based sensitivity indices
associated with a general function of n-random variables. The GSA results are
presented as a mapping of the design parameters of the engineering system in
question and total sensitivity indices of the objective functions. These results might
be used as an input to the SAMO-POP for multi-objective optimization.

The module SAMO-POP works based on genetic algorithm. The genetic
algorithm setting includes lower and upper bounds for variation of the design
parameters, population size, number of generations, elite count, and Pareto fraction
settings. The results of SAMO-POP are presented in terms of Pareto fronts and
corresponding Pareto sets for further analysis and decision making by the user.

The efficiency of the proposed algorithms and developed toolbox is
illustrated, first on scholar applications (thermally induced stress intensity factor
and quarter car vehicle model), and second by the GSA and solutions of several
multi-objective optimization problems for nonlinear multidimensional mechanical
systems which represent high-speed train bogie suspension [2, 3], hand-held
impact machines [4], drivetrain systems [1], others.

The computational model of bogie suspension of a high-speed train
developed for optimal design of stiffness-damping suspension components to
enhance vehicle safety and comfort as well as to minimize wear is presented in
figure 1, (left). The results of GSA of bogie suspension is depicted in figure 1,
(right), as mapping between the sensitivity indices of comfort, safety and wear and
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fourteen design parameters of the system in question. Details of the results

obtained can be find in [2, 3].

0.82
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

1 2 3 4 56 7 8 91011121314
(a) Suspension Components

Fig. 1 Model of bogie suspension (left) and results of the GSA (right), [1, 2].
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J0 OIITUMAJIBHOI'O ITPOEKTYBAHHS IHHKEHEPHUX CUCTEM

Ilpedcmasneno oensio memodie ma aneopummie O ONMUMATLHO20 NPOEKMYEAHHS
inorceneprux cucmem. Ocnogna yeaza NPUOIIAEMbCS MEMOOAM | aneOpumMam 2nobanbHo2o
aunanizy wymaueocmi i posze'szannio 3a0au Ilapemo onmumizayii 0ns 6azamosuMipHux
Heninitinux mexaniunux cucmem. Komn'tomepnuii ko0 SAMO, pospobrenuit y 6i00ini
Mexaniunux cucmem, Chalmers University of Technology, npeocmaenenuii sik epexmugnuii
iHcmpymenmapiii 015 ONMUMAILHO20 NPOEKMYBAHHS IHIICEHEPHUX CUCEM PI3HOMAHIMHO20
NPU3HAYEeHHS.





