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Abstract 

This paper analyzes the effect of tool wear on residual stresses when turning. Inconel 718 discs were machined for prolonged periods at several 
cutting speeds, feed-rates and depth of cut. Tests were interrupted to measure and relate tool wear with the subsequent residual stress 
measurements. The discussion of experimental results is supported by orthogonal cutting simulations. It was found a critical tool wear where 
tensile surface residual stresses were maximum, decreasing for lower and higher values of tool wear. Nevertheless, it was observed that the 
compressive residual stress layer increased with increasing tool wear. 
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1. Introduction 

Titanium and nickel based alloys are extensively used to 
manufacture aero-engine components as they possess 
excellent mechanical and chemical properties at high 
temperatures. Nevertheless, they are very difficult to machine 
and if appropriate machining conditions are not used the 
surface integrity can be negatively affected and therefore the 
final behavior of the component. 

The level of tensile residual stress generated during cutting 
is one of the most important characteristic of the surface 
integrity of the machined component [1]. Together with 
cutting conditions, tool geometry and wear are major variables 
in residual stress generation [2]. For this reason, many 
researchers have focused their studies on analyzing the effect 
of tool wear on machining induced residual stresses. 

In general, surface tensile residual stresses increase as well 
as the depth of the compressive residual stress layer when 
machining with worn tools [3]. For instance, Liu et al. [4] 
observed higher tensile residual stresses and deeper 
compressive layers when hard turning JIS SUJ2 bearing steel 
with worn tools than with new tools for different nose radius. 
El-Wardany and co-workers [5] also reported more tensile 
residual stresses in the near surface when hard turning D2 tool 

steel with slightly worn tools (0.15 mm flank wear). More 
recently, Sharman et al. [6] also found higher surface residual 
stresses in Inconel 718 with increased tool wear. 

However, some authors have reported contradictory trends 
when machining with worn tools. For instance, in an earlier 
study Sharman et al. [7] found that surface residual stresses in 
the cutting direction increased when turning Inconel 718 with 
worn coated cemented carbide tools at cutting speeds of 
40 m·min-1 and 80 m·min-1, but they decreased when 
machining at 120 m·min-1. In each of the cases, the feed-rate 
was of 0.25 mm·rev-1 and the depth of cut of 0.25 mm. 
Recently, Muñoz-Sanchez et al. [1] analyzed experimentally 
and numerically the effect of flank and crater wear on surface 
residual stresses induced when machining Inconel 718 at 
constant cutting speed, feed rate and depth of cut. They found 
that surface residual stresses were higher when flank wear was 
increased. By contrast, surface residual stresses with the 
largest crater wear were lower than with the smallest crater 
wear used in their tests. 

Although there is a general agreement in the literature 
about the effect of tool wear on residual stress generation 
some contradictory trends have also been reported. As tensile 
surface residual stress can play an important role in the fatigue 
behavior of the machined component, it is important to 
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