FRFZ71AS 20009 % FA%SdHY =83 pp.262~267

A Study on the Effect of Tool Thermal Deformation on Surface

Roughness for Turning Process

Min Sung Hong®, Zhe Man Lian™, Dong Joon Kim™

* Division of Mechanical and Industrial Engineering, Ajou Univ.

*x* Department of Mechanical Engineering, Graduate School, Ajou Univ.

Abstract

During the turning of the workpiece, cutting
heat causes thermal deformation of the cutting
tool which influences the surface characteristics
of the machined part. This paper presents a
study of thermal deformation of the cutting tool.
For this purpose, cutting tool is modeled based
on Pro/Engineering and temperature and
deformation are simulated by means of the finite
element method. The thermal effect on the
surface roughness profile is simulated by using
surface-shaping system.
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1. Introduction

During the metal cutting energy is expended
in deforming the chip and overcoming friction
between the tool and the workpiece. Almost all
of this energy is converted into heat."! Most of
the heat is carried away by the chip while the
rest is conducted through the tool and convected
through the workpiece due to the movement of
the workpiece relative to the cutting edge. The
heat causes a rise in temperature and thermal
deformation of the cutting tool. The deformation

leads to displacement between cutting edge and
surface of the workpiece which effects the
surface roughness of the machined parts.

A number of experimental techniques and the
finite element methods®” have been applied to
measure and calculate machining temperatures.

[4]

The thermal deformations of the workpiece™ due

to the change in the temperature and the
thermal deformation of the cutting tool in end
milling[S] have been studied. However, the effect
of thermal deformation of the cutting tool on the
surface roughness in turning process has not
been reported.

This paper presents a method for predicting
the thermal deformation of the cutting tool in
turming. Tool insert is modeled based on the
Pro/Engineering and temperature and
deformation are simulated by means of the finite
element method. The effect of the deformation
simulated by

on the surface roughness is

surface-shaping system.

2. Formulation of the Thermal Deformation
of the Cutting Tool

A finite solid model, resembling the tool insert

with dimensions 0<x<L, 0<y<L, and

0<z<L, is considered in this study. Since chip



continuously flows on the rake face of cutting
tool with a constant speed during machining,
heat
tool-chip interface. When the tool is assumed to

constant frictional is generated at the

have a sharp cutting edge, with negligible
the flank and the

workpiece, a heat source for the cutting tool

contact between face
exists at the tool-chip interface.
The

condition,

governing equation and  boundary

assuming  temperature-independent

thermal properties and ignoring radiations is

written as:

or (1)

2
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2=0; 0<x<qa,0<y<b,
where T is the temperature, k£ is the thermal
conductivity, @ is the thermal diffusivity, @ and
b are tool-chip contact length representing the
dimension of the heat source at the rake face,
and @ is the heat source. This problem is most
easily solved using Green’'s functions.®"® Figure
1 shows the coordinates of the cutting tool. The
heat source has a rectangular shape with length
a in x direction and length b in y direction.
Heat transfer takes place at the surface of tool.
The Green's
expressed as follows:

function for the tool can be
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Fig. 1 Heat source of the

rake face

X (hsino,y + v,c08 0,5 Y hsing,z + g,c087,2°)  (3)

Since heat source exists on the rake face of the

tool. Temperature of the tool is:
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where B, vn, 7, are eigenvalues. k is relative

heat The
deformation of the tool in x direction can be

coefficient  of transfer. thermal

expressed as follows:

ax=t 52
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The thermal deformation 43y in the y direction
and the Az in the z direction are solved by
using the same method, respectively. The tool
thermal deformation in the direction of the depth
of cut as shown in Fig. 2 can be written as
follows:

al=V ax’+ 8y’ + a2t x

cos(tan _lv-zx—f‘_l-z_A—yz~ 7o) X cos (tan _1—%— k)
(7

where 7y, k; are respectively rake angle and

The

deformation is also observed in the following
FEM model.

end cutting edge angle of the tool

3. Surface Generation by Surface-Shaping
System for Turning Process

], proposed by Hong,

Surface-shaping system[9
will be used to describe the generation and
characteristics of engineering surface. It defines

a generalized analytical framework and procedure
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Fig. 2 The thermal deformation of the

cutting tool
for the simulation of

processes. The system incorporates not only the

surface  generation

nominal cutting motions but also takes into
account errors during machining such as spindle

runout, machine deformation and vibration, as

well as higher order motions. The
surface-shaping system model also utilizes a
precise description of the tool geometry.
Therefore, this model provides a general
mathematical basis for the prediction of the
surface  characteristics of metal removal
manufacturing processes. The model of the

surface-shaping system can be expressed as

follows:

ro = By .Bre’ 8
Figure 3 shows the traditional turning process
with a single-point tool. The radius vector ro of
the surface-shaping points p; on the cutting
edge in the reference frame {S¢} is derived as
follows:
ro = By srs
="ANO"A (D) "A ) "A () A (s (9)

where ¥ A%(6) represents the nominal rotation



of the frame {S:} about the Z-axis and ™~ A'(x)
. NMA%y), and Y A2

translations x, y, and z of the different frames

are the nominal

in the X, Y, and Z directions with respect to
frame {So}, respectively. ZA'( e,) represents the
thermal deformation. rs is the radius vector of
the of the

frame{Ss} which can be written as:

surface-shaping points tool in

rs =V AN HNA ) NA b€’ (10)

where ™ A%(¢) is the nominal rotation of the
radius vector r5 about the Y-axis and V¥ A'(0)
and NAz(pyk) are the nominal translations p
and p,. of the radius vector rs in the direction

of the X and Y axes with respect to frame {Ss},
respectively.

4. FEM Analysis

In order to observe thermal deformation of the
cutting tool, the cutting tool is modeled by
using Pro/E 2000i and the FEM package
ANSYS 56 is used. The material properties of
cutting parameters used the
in Table 1 and 2,
respectively. Figure 4 shows the FEM model of

tool and in

simulation are tabulated

the tool insert. The temperature distribution of
the tool insert is shown in Figure 5a and the
the
direction of the chip flow is shown in Figure 5b.

temperature  distribution measured in
The thermal deformation of the tool tip is 41 um

as shown in Figure 6.

5. Results and Discussion

(o]
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Fig. 3 Surface-shaping system of
the turnig process

Table 1. Material properties of tool

Young's Modulus 517 GPa
Coefficient of Thermal 6, e
) 6.0x107/ °C
Expansion
Thermal Conductivity 48 W/m °C

Table 2. Cutting parameters

Spindle Speed (rpm) 600
Feed (mm) 0.2
Depth of Cut (mm) 1
End Cutting Edge Angle 35°
Rake Angle -5°
Tool Carbide Insert
Based on the surface-shaping system,

computer simulation for the surface roughness is
conducted. Figure 7 shows the methodology to
simulate a machined surface. From the above
the of

influences the surface roughness profile of the

simulation results, deformation tool

machined workpiece. The difference of surface
profiles between ideal and thermal deformation is
shown in Figure 8. The surface profiles varied
This

along feed direction. is due to thermal



Fig. 4 FEM model of tool insert

(a) Tool insert
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(b) Measured in the direction of chip
flow
Fig. 5 Temperature distribution
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Fig. 6 The thermal deformation of
the tool insert

error of tool. Figure 9 shows the thermal error
of the tool. The surface roughness average S,

and root mean square Sq are 1.61 um and 1.99
um under the ideal conditions, and 1.91 zm and
2.27 ym considering the thermal deformation of

the cutting tool, respectively.

6. Conclusions

This paper presents a study of thermal
deformation of the cutting tool. The thermal
effect on the surface roughness is simulated
based on the surface-shaping system. From this
study, the following conclusions can be drawn:
1. The temperature distribution of the rake face
of the tool and thermal deformation have been
observed based on the finite element method for
the tool insert.

2. Through FEM analysis model and simulated
results based on the surface-shaping system, the
thermal deformation of the cutting tool
influences the surface roughness profile.

3. By using the general model of the surface
-shaping system, the surface roughness can be

predicted for turning process.
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Fig. 7 Methodology to simulate

a machined surface
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Fig. 8 The difference of surface
profiles between ideal and thermal
deformation
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Fig. 9 Thermal error of the tool
tip



