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ABSTRACT: - In this research, a FEM simulation of orthogonal turning process is made.
The effects of feed rate and rack angle of cutting tool on cutting force and generated
temperature are analyzed. The analyses are curried out using MSC Marc 2013. Cutting tool is
considered rigid in the modelling. While work hardening of workpiece material is considered
in analysis to provide more accurate results. The results are compared to previous
experimental analysis for same material and cutting conditions and show good agreement.
Current analysis show that cutting forces increase with the increase of cutting feed, and
decrease with the increase of rack angle of cutting tool. Results also show that the
temperature rise increase significantly with increase of cutting feed, while change of rack
angle does not have clear effect on temperature rise.
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1- INTRODUCTION

Turning is a very important machining process in industry and has countless
applications. The process has been used to reduce the diameter by using the single-point
cutting tool which removes the material from the surface of a rotating cylindrical work
piece®. In orthogonal cutting it is observed that the cutting forces and the temperature are
directly depended on the cutting parameters such as; Cutting speed, feed rate, depth of cut,
tool material, geometry (rake angle) and work piece material, which need to be determined
for optimize parameter. Finite element analysis are widely used for calculating the
temperatures in the tool, chip and work piece, as well as cutting forces, plastic deformation
(shear angles and chip thickness), therefore it's become the main tool for simulating metal
cutting processes®. Researchers have long investigated the effect of different rake angles on
cutting forces and temperature, by using modeling and analysis software Ansys, Hendri
Yanda et al.®studied the effect of rake angle on stress, strain and temperature on the edge of
carbide cutting tool in orthogonal cutting. They used FEM simulation of seven simulations
for various rake angles of -15 deg, -10 deg, -5 deg, 0 deg, +5 deg, +10 deg, and +15 deg.
They showed that the increasing of rake angle in positive section cause a decrease in cutting
force and, increasing the rake angle in negative section, increases the cutting force, at
constant feed rate and depth of cut. The investigation conducted by Jaharah A.G, et
al.®presented simulation of turning process of AISI 1045 and carbide tool using finite
element method. They found that the temperature increases when using negative rake angle.
Negative rake angle will increase the cutting force and therefore high heat will be generated
in the range of -5° to 5°tool rake angle. Ship-Peng Lo™ presented an analysis of cutting under
different rake angles 5, 10, 15 and 20° using the finite element method show that the increase
of rake angles from 10 tol5° caused to decrease in the cutting force during required
machining, but in the rake angles from15 to 20° the cutting force slightly decrease. The
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investigation conducted by L. B. Abhang and. Hameedullah®found that the maximum
temperatures occur in the contact zone between the chip and the tool. There are three main
sources of heat generation during the process of cutting metal with a machine tool. Heat is
produced in the primary shear zone as the work piece is subjected to large irreversible plastic
deformation (Shear- zone).Yaseen. S. J.® in his theoretical study of temperature distribution
in turning process using a finite element analysis (Deform 3D) show that the effect of
different rake angles, feed rates, work piece material on temperature distribution, when the
feed rate increase, the cutting force increase due to increase chip section, that cause to high
temperature generation, while increasing the rake angle in the positive section cause to
reduces the cutting temperature. Satyanarayana Kosaraju et al.(”) presented experimentally
study the effect of different rake angles(0°, 4°, 8°, 12°, 16°, 20°) and feed rates (0.022, 0.048,
0.088, 0.108, 0.132 mm/rev) on cutting forces in an orthogonal turning process, by machining
ENS hollow cylindrical work piece, the increase of different rake angles from(0° to 20°) in
the positive section cause to, decreases in cutting force and increasing continuously in feed
rate with constant of cutting speed and depth of cut. Yash R. Bhoyar et al.® show in their
study finite element analysis on temperature distribution in turning process using (deform-
3D), the maximum interface temperature exists in the first part of the tool-chip contact. G.
Ravi Kumar et al. © in their analysis show that the maximum temperature during machining
process distribution along the rake surface, which is influences to the tool life. Ashutosh. V
and Prof. Suman. S. 9 experimentally studied the influence of tool rake angle. They showed
that the main cutting force is increased as the tool rake angle increases from 0° to 16° with
several materials of work piece. Lungui. N and Borzant. M. 9 investigated the effect of
cutting speed and feed rate on tool geometry, temperature and cutting forces in machining
AIS11045 carbon steel using FEM simulation. Their study show that as increasing the feed
rate, the temperature increases. The highest value of the temperature (889 °C) is obtained for
the feed rate value of 0.2 mm/rev, also the highest values of cutting forces increases as the
feed rate is increased. Patil P. K, et al. # made analytical investigation of the cutting forces
on single point cutting tool by using the MATLAB analysis. The results reveal that by
increasing rake angle the forces on cutting tool will decrease.

In current research, the effects of change in rack angle and feed rate on cutting force and
temperature rise are analyzed. Workpiece material and cutting conditions are taken similar to
those obtained experimentally by a previous research .,

2. FEM ANALYSIS

The analyses are curried out using MSC Marc 2013 finite element software. The
workpiece material is EN8. The mechanical properties of this material are available in
literature®), MSC Marc allows dealing with complex material models. Such as temperature
dependent mechanical properties and strain hardening- dependent plastic properties. But
Marc does not facilitate direct dealing with both effects (temperature and strain hardening)
simultaneously on plastic properties of material. Several tests were made to evaluate the
effect of each parameter on accuracy. It is concluded that strain hardening has the dominant
effect on accuracy. So the work hardening of material is considered in analysis. Friction
coefficient between cutting tool and workpiece (and chip) is taken as 0.2 4. A total of 30
FEM analyses were performed with 6 different rakeangles 0,4,8,12,16,20 Degrees at a
constant depth of cut of 2.5 mm at 5 different feed rates0.022,0.048,0.088,0.108and 0.132.
These values are selected according to previously published experimental results?” to
facilitate comparison. The analysis considered as plane strain with thickness (which is the
cutting depth 2.5 mm).Cutting tool is considered rigid in analysis and modeled as geometric
solid object in MSC Marc. The heat generated due to plastic strain is considered in
analysis.The maximum generated temperature in each case of analysis is determined and
plotted in results. It is to be mentioned that the FEM analyses are performed as quasi-static
steady state analysis for both structural and thermal analyses.So the obtained temperature
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values do not reflect accurate temperature distribution on workpiece and chip. But, they can
be used to provide good indication on actual maximum temperaturegenerated on each cutting
condition. Due to the complex and highly nonlinear metal cutting process, mesh adaptability
feature is utilized in building the model in Marc software. This feature is very important in
simulation of such complex process which contains chip formation and separation from
original workpiece. Snapshots of some of the analyzed conditions are shown in figures 1, 2,
and 3.

MSC Marc. The heat generated due to plastic strain is considered in analysis. The maximum
generated temperature in each case of analysis is determined and plotted in results. It is to be
mentioned that the FEM analyses are performed as quasi-static steady state analysis for both
structural and thermal analyses. So the obtained temperature values do not reflect accurate
temperature distribution on workpiece and chip. But, they can be used to provide good
indication on actual maximum temperature generated on each cutting condition. Due to the
complex and highly nonlinear metal cutting process, mesh adaptability feature is utilized in
building the model in Marc software. This feature is very important in simulation of such
complex process which contains chip formation and separation from original workpiece.
Snapshots of some of the analyzed conditions are shown in figures 1, 2, and 3.

3. RESULTS AND DISCUTION

A total of 30 orthogonal turning conditions are analyzed on MSC Marc. Results of the effect
of rack angle on cutting force under different cutting feeds are shown in Fig. (4). Results
show clear reduction of cutting force with the increase of rack angle. The change of force
with rack angle is severe at smaller rack angle as shown in the figure. The effect of cutting
feeds on cutting force under different rack angles is shown if Fig. (5). It is clear that the
cutting force is directly proportional to cutting feed. The relation tends to be linear.

Figure (6) shows the effect of rack angle on temperature rise under different cutting feeds. It
can be concluded that change of rack angle does not result in clear change in resulting
temperature rise during cutting. But, the effect of feed change has a significant effect on
resulting change in values of temperature rise as shown in Fig. (7). Where it is clear that
temperature values tends to increase as feed values increase.

Results of current research are compared to those obtained experimentally for same material
and cutting conditions. Figures 8 and 9 show that results obtained numerically are in a very
good agreement with experimental results.

4. CONCLUSIONS
In this research a numerical analysis of orthogonal turning procedure is presented. The
analysis is done using MSC Marc FEM software. Results are compared to those obtained
experimentally of identical workpiece and cutting conditions and show very good agreement.
The following conclusions can be drawn from presented research;
1- Efficiently and carefully built FEM models of orthogonal turning process can provide
accurate results compared to more expensive experimental analysis.
2- Cutting force decreases with the increase of rack angle of cutting tool. This reduction
tends to be more drastic at lower angles.
3- The increase of cutting feed results in proportional increase in cutting force.
4- Change in rack angle does not result in significant change in maximum temperature
generated during turning.
5- Generated temperature values tend to increase with the increase of feed.
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