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Abstract. Due to the tendencies to deform the component during milling process,
and, as it is known, this can affect the dimensional characteristics, and not only, is
very important to evaluate total deformation, equivalent elastic strain, equivalent
stress, directional deformation, on X, Y and Z axis, shear elastic strain using the
finite element analysis method for milling process of aluminum alloys.

In order to perform this analysis, a 3D model of the assembly is developed,
with respect the real dimensions for each component, part and tool, respectively.
Then, 3D model was transfer to the finite element analysis software, where, the
results were obtained. For 3D model and finite element analysis, the dedicated
software is used.
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1 Introduction

Aluminum alloys are one of the most used materials in industry due to ability to combine
the low weight with the good strength, and high strength-to-weight ratio can be an
advantage to substitute steel and cast iron in the manufacture of many components.
These properties make them widely used in automotive, shipping, aircraft industries, but
also in the food industry and not only, [1, 2].

From point of view of machining, in a brief study [3, 4] the authors, study the
machinability of the aluminum alloys, under aspects of tool wear, surfaces roughness,
power consummation, tool conditions monitoring, cutting temperature, [3] or cutting
forces, chip formation, dust emission, [4].

Finite element analysis is a well-known method to analyze different phenomena
during cutting process as temperature, chip formation, stress, deformation etc.

In [5] the authors analyze, using finite element modeling, the influence of cutting
speed, cutting edge inclination angle, tool rake and relief angles, and feed per tooth on
cutting forces during high-speed milling of an aluminum alloy, while in [6] 3D finite
element method is applied to simulate the influence of the tool helix angle in thin-wall
milling process, also, of an aluminum alloy.
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In [7] the authors used finite element method to broaden the possibilities of predicting
the deflection of thin walls during milling of aluminum alloys.

In order to predict the distortion due to machining induced residual stress for a
milled thin walled aluminum workpieces, 3D FEM cutting simulation is presented by
the authors in [8].

In [9] finite element analysis is applied to study of burr formation in face milling
of a cast aluminum alloy, and they use a tool with variable cutting edge radius and
performance are compared with a conventional tool with uniform cutting edge radius.

Also, simulation, using the finite element method, with an adequate program, for
analyze stress field and temperature field distribution, is presented by the authors in
[10].

The main purpose of this analyze is to find the maximum values for stress and
deformation during milling process of aluminum alloy using finite element method.

2 Analysis Details

2.1 Work-Piece Material and Milling Conditions

The materials used in this analysis, are, for work-piece, aluminum alloy, EN AW-6082
EN 485, with the mechanical properties, presented in Table 1 and chemical composition,
in Table 2, and, for cutting tool, carbide alloy, with the mechanical properties, presented
in Table 3.

Table 1. Mechanical properties of aluminum alloy, EN AW-6082

Rm, Rp0,2 Elong. % HB
MPa MPa 50 mm
EN AW-6082 295 240 8 89

Table 2. Chemical composition of aluminum alloy, EN AW-6082

Si, |Fe, C, |Mn, Mg, |Cr, Ni, Zn, Ti, Ga, Vv, Al
% % % % % % % % P %o %

1.1 042 |0.1 |0.7 0.85 10.17 |0.013 [0.095 |0.016 |0.009 |0.2 |REM

Table 3. Mechanical and physical properties for carbide alloy

Ultimate Young’s Poisson’s ratio | Density, Thermal Specific Heat
strength, Rm, | modulus, Kg/m3 expansion, | capacity,
MPa E, GPa 1/K J/Kg-K

2600 800 0.22 14500 5.4-10-6 220
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Fig. 1. 3D model for assembly workpiece-end mill; a. 3D model in SolidWorks: b. Assembly in
Ansys Workbench, with the Mesh applied

3 3D Model of the Assembly Workpiece-Tool

In order to obtain the maximum values for stress and deformation during milling process
of aluminum alloy, first, was necessary to develop the assembly workpiece-tool. For this
purpose, a dedicated program for solid modeling, SolidWorks, Fig. 1, a, was used, and
then 3D model of the assembly was exported in Ansys Explicit Dynamics, where the
Mesh was applied, Fig. 1, b.

Then, in order to perform the finite element analysis, Ansys Explicit Dynamics was
used, following the well known steps: material properties both for tool and work-piece,
defining the coordinated system, interaction between the bodies.

4 Results of Finite Element Analysis

After the steps presented bellow, next results were obtained. So, in Fig. 2, total defor-
mation, a, with the maximum value, 62.127, and equivalent elastic strain, b, with the
maximum value 0.87338 mm/mm, where is visible the chip formation (see detail, c.),
are presented.

Figure 3 shows the equivalent stress, with the maximum value 180.65 MPa.

Directional deformation after X axis, is presented in Fig. 4, a, after Y axis in Fig. 4,
b, and after Z axis in Fig. 4, c., with the maximum values, respectively, 10.971, 10.973
and 2.9063, and as it is on the figure the minim value is after Z axis.

From point of view of maximum principal elastic strain, Fig. 5, a, the maximum
value is 0.70003 mm/mm, and minimum 3.4841 -10~> mm/mm, Fig. 5, b.

For normal stress, Fig. 6,a, and shear stress, Fig. 6,b maximum obtained values are,
48.222 MPa, and 79.546 MPa, respectively.
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Fig. 2. Total deformation, a, and equivalent elastic strain, b, with the detail, ¢, to see the chip
formation

Fig. 3. Equivalent stress, with the maximum value 180.65 MPa
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Fig. 4. Directional deformation, after X axis, a., Y axis, b. and Z axis, ¢

Fig. 5. Maximum, a., and minimum values for principal elastic strain, b.
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Fig. 6. Maximum values for normal stress, a. and shear stress, b

5 Conclusions

In order to estimate total deformation, equivalent elastic strain, equivalent stress, direc-
tional deformation, on X, Y and Z axis, shear elastic strain using the finite element
analysis method is applied for milling process of aluminum alloy. First, the model was
developed in Solid Works, and then exported in Ansys Explicit Dynamics.

After define all the input data, material for cutting tool, for workpiece, with their
mechanical properties, cutting parameters, meshing etc., the results of analysis was
obtained and presented in Fig. 2 to Fig. 6. The values obtained, show the normal values,
under the admissible values, for all data obtained.

From Fig. 2, the maximum values, for total deformation is 62.127, while the
maximum value for equivalent elastic strain, is 0.87338 mm/mm, Fig. 3.

For directional deformation after X, Y and Z axis, Fig. 4, are, respectively, 10.971,
10.973 and 2.9063, with the maximum values in XOY plane, and minimum value after
7. axis.

Maximum and minimum values for principal elastic strain, Fig. 5, are
0.70003 mm/mm, and 3.4841 -10~> mm/mm, respectively.

Important are also, maximum values for normal stress, 48.222 MPa, and and shear
stress, 79.546 MPa.

The present analysis was done just for one type of aluminum alloy, EN AW-6082
EN 485. In order to have more information about other types of aluminum alloys and to
compare the results for the above results obtained for 6082 aluminum will be necessary,
on the future, new finite element analysis applied to other aluminum alloy, like 5083,
7075 etc.
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