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Abstract: Modeling and simulation of metal cutting processes has the potential for improving cutting tool designs and 
selecting optimum conditions, especially in advanced applications such as high-speed milling. The milling process is one of 
the most common metal removal operations. It is widely used in a variety of manufacturing industries including the 
aerospace and automotive sectors. These industries require an increase in productivity and better quality of the final product. 
The objective of this study was to develop a methodology for simulating the cutting process in end milling operation to 
predict workpiece stresses and temperatures using 3D finite element analysis. Rectangular pieces of titanium Ti-6Al-4V were 
cut, the tool was an endmill coated with Aluminum Titanium Nitride with 4 cutting edges and 3/8" on a diameter of the tool. 
The milling was carried out over a length of 47 mm. The finite element model considers speed rate, feed and depth as input. 
Temperature results were compared to those measured experimentally 
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1. Introduction 
 
Ti-6Al-4V alloy offers a combination of high strength, light weight, formability and corrosion resistance which have 

made it a world standard in aerospace industry. Some applications of this alloy include aircraft turbine engine components, 
marine applications, medical devices, and sports equipment. Metal cutting of alloys involves very complex phenomena that 
are difficult to handle in an analytic fashion. Therefore numerical techniques will help to approximate the solution of the 
problem. One of the most widely numerical techniques used is the Finite Element Method (FEM).  

Machining processes involve very complex phenomena altogether. Finite Element Modeling of Machining processes 
is a powerful tool to understand the mechanisms of chip formation, heat generation due to both plastic deformation and 
interfacial friction, and the mechanical integrity of the machined surface.  

There are three different mechanical formulations that can be used. The Eulerian formulation, in which the mesh is 
not attached to the material, it is computationally efficient but needs to update the free chip geometry. In the Lagrangian 
formulation, the mesh is attached to the material and requires updating of the mesh. Lagrangian formulation needs a chip 
separation criterion. There are several chip separation criteria such as displacement, strain energy density, stress, and 
effective plastic strain (Huang, 1996). An alternative method is to use Arbitrary Lagrangian Eulerian (ALE) formulation. In 
this case the mesh is not attached to the material and it can move to avoid distortion and update the free chip geometry. This 
work uses a similar procedure done by Özel et.al. (Özel, 2005), González (González, 2009), and Aspinwall (Aspinwall,2002). 
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