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Abstract. In the machining process, the workpieces are installed in machining devices in order
to establish a strictly determined position with the cutting tool or its trajectory. During the
cutting process, the weight of the workpiece, the forces and moments of inertia, cutting forces
and moments, clamping forces, the heat released during the cutting process determine the
contact forces between the locators and the workpiece. The magnitude of these forces is
important because too large value can destroy the surface of the workpiece, and a too small
value can cause the workpiece to slip on the locators or even the loss of the contact with the
workpiece. Both situations must be avoided. In the paper is presented a study regarding the
determination of the magnitude of the contact forces in dynamic condition using dynamic
analysis realized with a CAE software.

1. Introduction

It is well known that within the technological system of machining by cutting, the fixture constitutes a
basic component that defines, to a large extent, the main technical-economic coordinates of the
obtained product - the cost and the quality [1], [2].

In the process of obtaining a part through a cutting process, the workpiece is installed directly on
the machine table or in a fixture in a strictly determined position in relation to the trajectory of the
cutting tool. The installation requires two phases, orientation and fixation, carried out simultaneously
or successively.

Orientation means making contact between the surfaces of the part and the locators, and the
fixation is achieved by applying clamping forces with the clamping mechanisms in order to maintain
the orientation layout and to ensure maximum rigidity of the fixture — workpiece assembly.

In the practice of designing machining fixtures, the evaluation of the contact forces between the
elements of the workpiece-fixture system (locators, workpiece, clamping elements) is very important
because their size is not constant during the processing of the workpiece, depending on the cutting
forces and moments, which have a variable feature and a position and direction which vary during the
processing [3].

The maximum and minimum values of the contact forces are very important. The extreme values of
the contact forces are determined according to [4] and [5].

The contact force must not exceed the maximum value fc,,x as there is a risk of damage to the
surfaces of the workpiece (indentation will appear) and the minimum contact force (fc;,) must
prevent the loss of contact between the workpiece and the locators, and must also prevent the
workpiece to slipping from the locators [6].
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2. Model development
The paper studies the contact forces that appear between the workpiece and the locators, taking into
account the material removal effect, using a CAD-CAE software.

The software of CAD-CAE type provides the user with working tools that enable designers to carry
out design tasks in a specific environment, in a short time and with low costs. These are used in the
most varied engineering situations [7-10].

The Ansys software is compatible with this simulation. Ansys Explicit Dynamics is a transient
explicit dynamics workbench application that can perform a variety of engineering simulations,
including the metal cutting simulation [11].

In order to study the contact forces between the elements of the assembly workpiece — locators -
clamping elements, a model consisting of a workpiece, the cutting tool and machining fixture is
proposed, as in Figure 1. The workpiece has a parallelepiped shape, with dimensions 30 x10 x10 mm,
oriented on the 6 locators, according to the 3-2-1 orientation layout, and then fixed with the clamping
elements, C1 and C2, the clamping forces being 250 N and 180 N.

It is processed by milling, with a milling cutter, with 10 mm diameter, a channel given by
dimensions 1.5x2.25 mm, positioned according to Figure 1.

Mill Mill
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i ay Workpiece

(a) (b)

Figure 1. 3D model of the workpiece — fixture — cutting tool system

The material used for the workpiece is an alloy of aluminum, Al 7039 and the cutting tool, Steel
4340, with the properties shown in Table 1.

Table 1. Properties of the materials

Properties Al7039 Steel4340
Density [kg/m’] 2770 7830
Specific heat [J/kg-C] 875 477
Bulk Modulus [MPa] 27600 1,59-10°
Shear Modulus [MPa] - 81800

Because, in metal cutting, the materials will deform under high strains, high strain rates, and high
temperatures conditions, for failure criterion is used the Johnson-Cook model. The metallic material
relationships between stress and strain can be described by the Johnson-Cook model as follow:
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where o is the equivalent stress, ¢ is the equivalent plastic strain, &, &, are the strain rate and
reference strain rate, T is the deformation temperature, Ty, is the melting temperature of the material
and T, is the reference temperature.

The material constants are A, B, n, C and m. A is the initial yield stress of the material under
reference conditions, B is the hardening constant, n is the hardening exponent, C is the strain rate
constant, and m is the thermal softening exponent. Values of these material constants are presented in
Table 2, and Figure 2.

Table 2. Values of the materials constants

Material Name AI7039  Steel 4340
constant
A Initial yield stress, MPa 337 792
B Hardening constant, MPa 343 510
n Hardening exponent, - 0,41 0,26
C Strain rate constant, - 0,01 0,014
m Thermal softening exponent, - 1 1,03
&er  Reference strain rate, 1/s 1 1
T, Reference temperature, °C 603,85 1519,9
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for Al 7039 simulation

3.3036

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Plastic Strain [m m~-1]

3. Analysis settings

For simulation, it must be activated the erosion control, that is the numerical mechanism for the
automatic removal of elements during the simulation. There are a number of mechanisms available to
initiate erosion of elements. The erosion options can be used in any combination. Elements will erode
if any of the criteria are met [9].

In this cutting simulation, we used two criteria for erosions: on geometric strain limit and on
material failure. On geometric strain limit option allows removal of elements when the local element
geometric strain exceeds the specified value. The value of 1.0 is used in this case. In material failure
option, elements will automatically erode if a material failure property is defined in the material used
in the elements, and the failure criteria has been reached.
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The frictional type contact between the cutting tool and the workpiece was established, with
friction coefficient 0,2 and damping coefficient 0,1. For body interactions, it is used Penalty
formulation, with body self-contact and element self-contact.

4. Results
A sequence during the simulation is presented in Figure 3. After the simulation, the results are
presented in graphical form, in the following.

In Figures 4,...,9 the contact forces between the workpiece and the locators LL1...L.6 are shown.
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Figure 4. Contact force between workpiece and locator L1
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Figure 5. Contact force between workpiece and locator L2
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Figure 6. Contact force between workpiece and locator L3
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Figure 7. Contact force between workpiece and locator L4
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Figure 8. Contact force between workpiece and locator L5
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Figure 9. Contact force between workpiece and locator L6

At the same time, the minimum and maximum equivalent stresses that appear during the simulation
can be evaluated, as well as the temperature in the workpiece and the cutting tool that appears due to
the heat generated during the cutting process. These are presented in the Figures 10 and 11.

The equivalent stress in workpiece and cutting tool at the end of the simulation are shown in Figure
12 and the cutting temperature at the end of the simulation are presented in Figure 13.
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Figure 10. The Equivalent Stress evolution Figure 11. Cutting temperature evolution
during simulation during simulation
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Figure 12. Equivalent Stress in workpiece and Figure 13. Cutting temperature in workpiece
cutting tool at the end of the simulation and cutting tool at the end of the simulation

5. Conclusions

During processing, due to the variable character of the forces and the moment of cutting, the contact
forces between the workpiece and the locators have, in their turn, a variable character, sometimes
varying within very wide limits.

In all the figures, very high values can be observed in the initial phase of the processing, at the
entry into the cutting of the cutting tool, after which the values decrease. In practice, this can be
avoided by using small feed rates at the cutting entry.

For the situation presented in the paper, the values of the contact forces were not less than zero,
which indicates that the workpiece did not lose contact with the locators, so the orientation layout was
not compromised.

The explicit dynamic analysis with the consideration of the material removal effect allows to study
the behavior of the workpiece — fixture assembly more efficient and closer to reality. Important
informations can be obtained that can be used to determine processing accuracy.
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