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Abstract: Created 3-D model of an end mill and workpiece in the software package SolidWorks. A virtual finite -
element model of end milling is presented. The calculation of temperature fields in the cutting tool and the
workpiece under dynamic loading with usage of a universal program system ANSYS. Residual stresses in the
workpiece surface layer formed under influence of power and temperature fields in the software package
Abaqus, is calculated.
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INTRODUCTION

Product quality, reliability and durability are largely
depend upon the nature and magnitude of residual
stresses [1] generated in the surface layers of parts during
their producing [2]. Residual stresses are formed both
under the force impact and of temperature fields occurring
in the processing zone [3].

The Main Part: A method for calculating of a thermal
factor of the technological system at the end milling and
also a method for calculation of residual stresses in the
workpiece are presented in this suggested work. End
milling diagram is shown in Figure 1.

The method of calculation of the temperature fields
in the tool and the workpiece, is based on use of the Fig. 1: Scheme of the end milling
universal software system FEA/finite element analysis
ANSYS . Creation of a virtual model of an end mill for

integration in the environment ANSYS  was performed
in CAD software package SolidWorks . The three-
dimensional model of the end mill, produced in the
program SolidWorks , is shown in Figure 2. 

Boundary conditions of the virtual model of the
technological system in the environment ANSYS  during Fig. 2: 3D dimensional model of the end mill created in
milling are the results of  calculating  of  the  intensity  of "SolidWorks" software
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heat flows in the cutting zone. Determination of heat flow
intensity, coming through the contact surface of the mill,
carried out in accordance with the procedure, presented
by Professor A.N. Reznikov [4] for turning process [3] and
applied with certain amendments to the end milling
process by the authors. The initial data for this method
are: geometric, physical - mechanical and thermal
parameters of the workpiece and mill materials; parameters
of the cutting mode, including cutting speed, depth of
cutting, feeding and width of milling, sizes of the contact
areas on the front and rear surfaces of the mill teeth; chip
parameters, in particular shrinkage values of chip for
thickness and width, volume coefficient of the chip and
maximum thickness of the restrained layer; cutting force
components. Methods of determining the heat flows,
average contact temperatures and temperature fields in
the cutting areas, described in the work [1], provides for
temperature fields by finding the values of temperature in
the point cloud on the contact surfaces on the basis of
which the average contact temperatures are determined on
the front and rear surfaces of the cutting tool, the Fig. 3: Heat flow distribution in the cutting zone 
workpiece contact surface and on the chip surface facing
to the front surface of the cutting mill blade. To implement When calculating of the temperature fields in
the calculation of temperature fields in the software ANSYS  [7] boundary conditions are also the length of
package ANSYS based on the method of A.N. Reznikov contact of chips with the cutter front surface and a rear
[5], it is necessary to determine the intensity of the heat surface of the tool with the workpiece. In Figure 3 they are
flow from the frictional forces at the front and rear specified as OL and OS, respectively. The values of these
surfaces of the tools, intensity of the heat flow from the lengths are available in every software specializing in
strain in the cutting area and the heat exchange rate finite - element analysis in the field of dynamics. Such a
between the tool and the chip and the tool and the software, for example, is ANSYS  [8], to be exact its
workpiece. To calculate the heat flows initially, the software platform Workbench  with module Explicit
dependency diagram of the shearing section from the Dynamic . The process of obtaining the lengths values of
rotation angle of the mill is made. Thus, both the cutting the contact is shown in Figure 4.
mode and the mill geometry are taken into consideration. At this stage, it is also possible to obtain equivalent
After that the dependency diagram of the intensity of the stress fields distributed over the elements of the
heat flow from the cutting area is made. As the area of technological system. This information will give the
cutting when milling is not constant and can vary from possibility to judge about strength condition of the
zero to a maximum value, or vice versa, then the intensity cutting tools.
of the heat flow will change in a similar way. It is assumed At the next step, a three-dimensional model of the
in this work that the intensity of the heat flow varies technological system of milling in the module ANSYS
linearly. Calculation of temperature fields and the average Workbench  - Thermal  is developed, on the basis of
contact temperatures was carried out with taking into which after launch of the calculation we obtain a picture
consideration of the cooling, supplied to the prcessing of the temperature distribution,  such  as  shown in
area. The values of the cutting forces are determined by Figures 5 and 6.
empirical dependences, obtained experimentally and Knowledge about the distribution mode of the
shown in reference books on cutting data, are defined [6]. temperature field and its values gives the possibility to

Further on taking into consideration the values of the determine the strength characteristics of materials of the
friction coefficients at the contact surfaces, the geometry technology system during the cutting process.
of the mill and cutting parameters, evaluation of heat flow Determination of residual stresses in the surface layer
values, which distribution in the cutting zone is shown in of the workpiece begins with the producing of a virtual
Figure 3 is executed. model of the technological system at the end milling in the
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Fig. 4: The process of cutting in "Explicit Dynamic"

Fig. 5: Distribution of temperatures along the mill

Fig. 6: Distribution of temperatures in the workpiece

Fig. 7: Working stage in "Finite Element modeler"
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Fig. 8: Setting up process of relationships between system components inside of "Workbench"

Fig. 9: Distribution of residual stresses when milling

Fig. 10: Scheme of method for calculation of residual stresses and thermal stress

program complex of the strength analysis Abaqus . To Due to the fact that Finite Element modeler is only
convert the virtual models of the cutting tool and the a component of the system ANSYS Workbench  [10] for
workpiece is used ANSYS Workbench  [9], namely the providing possibility of conversion of the virtual models
component of the system Finite Element modeler . from the environment SolidWorks  to the environment
Working stage in the component system Workbench ANSYS  and further inside the environment of ANSYS
Finite Element modeler  is shown in Figure 7. from expansion of AGDB  in MESH dat  and then in



World Appl. Sci. J., 31 (1): 51-55, 2014

55

INP , a connection of two more system components REFERENCES
should be configured - Geometry and Mechanical
Model . Setting up process of relationships between 1. Reznikov, A.N., 1986. Basis of calculation of thermal
system components inside of Workbench is shown in processes in technological systems. Kuibyshev:
Figure 8. KuAI, pp: 154.

Having exported the three-dimensional model of the 2. Reznikov, A.N., 1963. Heat transfer and cooling in
end milling process in Abaqus , it remains to set the cutting tools. Moscow: MASHGIZ, pp: 199.
parameters of cutting and to start up a computer 3. Reznikov, A.N., 1969. Thermophysics cutting.
calculation. Figure 9 shows an example of calculation of Moscow: MASHINOSTROENIE, pp: 288.
residual stresses in the workpiece. 4. Reznikov, A.N. and L.A. Reznikov, 1990. Thermal

The complete block-scheme for calculation of thermal processes in technological systems. Moscow:
fields in the tools and workpiece and residual stress is MASHINOSTROENIE, pp: 287.
presented in Figure 10. 5. Reznikov, A.N., 1981. Thermophysics processes of

CONCLUSIONS pp: 273.

Thus, the methods of calculation of the thermal fields A.V. Onishko and A.K. Sergeev, 1987. Book of
in the tools and a workpiece and residual stress in the reference for toolmaker. Leningrad: Mashinostroenie,
workpiece are developed on the base of the software pp: 846.
package ANSYS and Abaqus . 7. Nakasone, Y. and S. Yoshimoto, 2006. Engineering

Analysis With ANSYS Software. Chennai: Charon
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