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Abstract: The commercial success of a new product is influenced by the time market product. New cutting inserts are developed by 
time consuming trial and error process guided by the empirical knowledge of the mechanical cutting process. One of the state–of-the-art 
efforts in manufacturing engineering is the finite element simulation of the mechanical cutting process. These computational models 
would have greater values in increasing the understanding of the cutting process and in reducing the number of experiments which 
traditionally are used for the tool design, process selection etc. This project work focuses on the development of a finite element model 
for the cutting process, which can predict chip formation, cutting forces and stress – strain distribution on the work piece. A dynamic 
explicit time integration technique with Arbitrary Lagrangian Eulerian (ALE) adaptive meshing finite element method (FEM) is 
employed to simulate the model. The Johnson-Cook material model is used to describe the work material behavior. Two basically 
different modeling approaches have been used for the chip separation, geometrical and physical model. The automatic control of the 
mesh quality is managed by using the ALE. The implemented combined penalty-barrier contact algorithm has been found to be efficient 
in conjugation with the adaptive meshing. 
 
Keywords: ALE, FEM, Johnson-Cook, Mesh, Chip 
 
1. Introduction 
 
The study of metal cutting focuses on the features of the 
behavior of tool and work materials that influence the 
efficiency and quality of cutting operations. Development of 
cutting tool materials has held a key position. The 
technology of metal cutting has been improved by 
contributions from all the branches of the industry with an 
interest in machining. Productivity has been increased 
through the replacement of carbon tool steel by high-speed 
steel and cemented carbide which allows cutting speed have 
led to the development of the most advanced tool materials. 
These development continuous today with the use of 
ceramic with multiple coating technologies and ultra hard 
tool materials. Machine tool manufactures have developed 
machines capable of making full use of the new tool 
materials, with computer control (CNC), and transfer 
machines greatly increases the output per worker employed. 
Tool designer have optimized the shape of tool to give long 
tool life at high cutting speed. FEA simulation of the 
machining is a typical dynamic non/linear problem for use 
of the explicit method. In FEM continuum modeling there 
are four formulations: Lagrangian, Eulerian, Arbitrary 
Lagrangian Eulerian (ALE) and Smooth particle 
Hydrodynamics (SPH). Most common formulation based on 
the early works, and with simplest code, is the Lagrangian 
one, which was also used in this research. A separation 
criterion is important to describe the chip separation in the 
Lagrangian formulation. Several of them have been 
implemented into commercial FE software. Another method 
called as a remeshing (adaptive remeshing) or contact break 
criteria can be used for the chip separation. 
 
2. Literature Survey 
 
Several studies on residual stress induced by machining have 
been performed. Unfortunately, due to limitations in finite 

element (FE) modeling of the metal cutting process and the 
complex physical phenomenon involving the formulation of 
machining residual stress, most of these studies remain 
experimental in nature. 
 
Liu and Guo [1] proposed an FE model to investigate the 
effect of sequential cuts and tool-chip friction on residual 
stress in a machined layer of AISIS 304 steel. They reported 
a reduction in the superficial residual stresses when the 
second cut is performed. Moreover, the residual stress can 
be compressive, depending on the uncut chip thickness of 
the second cut. They also found that residual stress on the 
machined surface is very sensitive to the friction condition 
of the tool-chip interface. Later, using the same work 
material, Liu and Guo presented a similar study on the effect 
of sequential cuts on residual stresses. They showed that 
decreasing the uncut chip thickness below a critical value in 
the second cut may result in favorable compressive residual 
stresses.  
 
Yang and Liu [2] performed a sensitive study of the friction 
condition on the tool-chip contact, the cutting forces and the 
residual stresses in machining-affected layers of AISI 304 
steel. In this study they proposed a new stress based 
polynomial model for modeling the tool;-chip contact, which 
represents a simple curve fitting the experimentally obtained 
shear and normal stresses acting at the tool-chip interface, 
When comparing this new friction model with other friction 
models based on an average friction coefficient deduced 
from cutting forces or from stresses, they found significant 
differences among the predicted residual stresses. They 
concluded that the conventional force based friction model is 
inadequate to predict the residual stresses induced by 
machining, and they showed the potential for improving the 
quality in predicting machining residual stress by adopting 
the stress based polynomial model. Although it is widely 
accepted that friction conditions will change along the tool-
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