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OPTIMIZATION OF THE DIMENSIONS VALUES
BY MEANS OF FINITE ELEMENT METHOD

Abstract: The paper presents the possibilities of applyimg CAE software based on the
Finite Element Method to optimize the dimensionshef machine elements.

1. Introduction

Due to the dynamic technological progress the yrbthat was just recently introduced to
the market, soon becomes out of date. Nowadaysntheket faces the producers with
a difficult task: they have to develop a producattimeets the specific requirements of
customers, has a competitive price, high quality darability while on the other hand they
have to reduce the duration of the design and ptamu process. The application of
computer-aided optimization process combined wiimutation helps to meet the
requirements. Optimization of the dimensions by mseaf the Variational Analysis based on
the Finite Element Method is one of the most imaatristages of the design process which
aims at improving the design characteristics offtitere product as well as reducing the time
of introducing the new product to the market.

2. Description of the method of optimizing the dimengins values by means
of the variant analysis

In the case of a conventional material strengthlysis with the usage of the Finite
Element Method, all of the design features (geomeparameters, material strength
properties, size of finite element, etc.) are dixalues. Therefore, the matrix of the model
stiffness is constant for a given set of paramefgne obtained results thus illustrate how the
analyzed element will behave a specific set of ipatars, without any information on the
possibility of introducing variant changes to imypedhe properties of the future product. One
analysis allows obtaining only one point in thecgpaf possible solutions, which is usually
far from the optimal solution. Manual changes irapaeters of the model and further
analyses is time consuming and does not guaraetaéegyclose to the optimal solution.

By applying the Variational Analysis implementedprograms supporting the design process
of such as I-DEAS (Variational Analysis) [2] or NgGeometry Optimization) [1,3] it is
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possible to obtain optimal values of the dimensimindhe elements in a relatively short period
of time according to specific criteria such as:

- not exceeding the allowed stresses

- not exceeding the defines transformations,

- minimal mass or volume of the element.
In the Variational Analysis the design space (patamzed CAD model) is transferred
directly to the analysis, so that the software mnattically changes the values of the defined
dimensions and conducts an analysis for each ofdhants. The stiffness matrix is therefore
a function of changed optimization parameters. Végant space of the model can contain
unknowns such as geometrical data (the valuesrahla dimensions) or material properties.
This results in not only an optimal solution (waptimally chosen geometrical and material
parameters), but also shows how the strength otémeponent will change for the whole
range of design variables.

3. Stages of the variant analysis

The process of optimizing the dimensions with Wagiational Analysis has been divided
into three main stages: the Preparatory StagejtggsAnalysis and Parametric Analysis.
The Preparatory Stage (Fig. 1) includes the falhgvoparations [2]:
» developing a parameterized CAD model
defining the material of the element,
generating a finite element mesh model,
defining the boundary conditions,
determining the loads,
initial strength analysis.
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Fig.1. Preparatory Stages of the Variational Anays

The Sensitivity Analysis determines the relationstween the variable parameters
(geometrical and material) and the defined critdtiallows identifying the parameters most
influencing to change the results of the stresdyaisa The result of the analysis is the
histogram of the sensitivity of the dimensions ena&in criteria.

In the parametric analysis diagrams presentingctienges in dimensions values are
generated (Fig. 2) depending on the conductedtiberaBefore starting the analysis, it's
necessary to define objective function and critefiaptimization and geometrical parameters
subjected to the optimization process. These pasamare selected based on the results of
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Sensitivity Analysis. It is also necessary to defime limit number of iterations and the
ranges of variation of selected parameters.

a) b)

Optimization History
Based on Altair HyperOpt

Design Objective Function Results

e
Minimum Weight [N] 0 1 2 3 4 \x
110,0054 107,5005 108,8501 92,50193 91,19989

Design Variable Results
Name 0 1 2 3 4
"model do AV"::WYS_PODST=45 as 43 as 36 35 ]
"model do AV"::GRYB_RAM_UCHW=26.5 26,5 26,5 25,6 22 22
Design Constraint Results

0 1 2 3 4
Result Measure
Lower Limit = 140.000000 [N/mmA2(MPa)) 89,531 91,823 94,259 138,76 147,29

Result Measure
Lower Limit =0.080000 [mm)

el 5 AV"WYS_POOST~45 ws. Oesign Cycle “modl do AV GRYS_RAM_UGHW=2 . Design Cyde

Fig. 2. Results of the optimization analysis fatiidual iterations: a) values of the variable
parameters and the optimization criteria, b) diagraf the element’'s mass, c¢) d) values of the
optimized dimensions

Based on the analysis of variability of stress&ajrss, and mass, the algorithm determines
the optimal values for the dimensions, which at®matically transferred to the CAD model.
The relational - graphic parameterization autonadliicupdates the initial model to the form
with the optimal value dimensions. The Fig. 3 pmsethe comparison of the strength
analysis of a fragment of a bracket before and #fiee optimization of its dimensions.

For the presented in the paper example it was Iplesg reduce the weight from 22.2kg to
18.6 kg by increasing the strain of material fro@M%a to 139MPa, and not exceeding the
allowed displacements.
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Opmax = 89.97MPa Ui N2

max

“ w2t Opmax = 138.72MPa
Fig. 3. Distribution of stresses: a) model befoptimization, b) model after optimization with the
Variational Analysis

The optimal design due to the defined criteria $thdoe further subjected to the process of
standardization of dimension values and be verifegghrding the criteria of the identity of the
coupled dimensions.

4. Conclusion

In the example of geometrical dimensions optima@atf a bracket presented in the paper the
minimum weight and the following boundary condigomnere determined as the main criteria
of the optimization:

- stresses in the element less than 140MRa& € 140MPa)

- displacement of any point of the yoke less thanndm.

The optimization was performed using the Geomefptirization tool, implemented in

NX8.5 CAD/CAE software.

As a result of optimization using Variational Angily the weight of the bracket has been
reduced by 16% with the defined boundary conditiooisbeing exceeded.

The application of the optimization of dimensiggeometrical and material) by means of
Finite Element Method not only improves and aceds the design process, but also leads to
a reduction the weight of element, allows better ofsthe material and shortens the duration
of the manufacturing process. These savings witlibectly reflected in a lower final price of
the product and/or the manufacturer's financial.ga
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