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ABSTRACT –Tool wear is a problem when machining 
Inconel 718 and it is important to understand tool wear 
and its mechanisms. This paper presents a study on tool 
wear and tool wear mechanism using coated carbide 
inserts when end milling Inconel 718. The study was 
done at cutting speeds of 80-120 (m/min) and radial 
depth of cut of 5-10 (mm). The tool wear and tool wear 
mechanisms were observed using the tool maker’s 
microscope and scanning electron microscope. Results 
showed that tool life decreases at increasing speeds and 
radial depth of cut due to increasing temperatures and 
increasing surface area of contact causing flank wear. 
 

1. INTRODUCTION 

Inconel 718 is 16, 6, and 4 times more difficult to 
machine than aluminium, mild steel, and stainless steel 
repectively [1]. The uses of Inconel 718 vary in a wide 
range of fields such as aircraft turbines, oil and gas, 
cryogenic tankage and also components for liquid 
rockets. This is due to the good tensile, fatigue, creep and 
rupture strength [2]. Inconel 718 also has high 
temperature strength, high corrosion resistance and is 
well known for being a difficult-to-cut-material[3]. 
Hence, the ability to machine Inconel is heavily 
demanded in the industry. Zhu et al. [4] studied the tool 
wear characteristics in the machining of nickel based 
superalloys and found that tool failure mechanism mainly 
includes the adhesive wear, abrasive wear, diffusion 
wear, oxidation wear and debonding failure. Hao et al. [5] 
conducted a study on tool wear mechanism in turning of 
Inconel 718 and found that the main reason which causes 
tool wear was the tool materials fall off from the tool 
substrate in the form of debris. Also, the formation and 
the peeling of the wear debris are accelerated due to the 
element diffusion between tool and workpiece and 
oxidation reaction. Correa et al. [6] studied the wear 
mechanism present on the surface of  coated carbide tools  
during the turning of stainless steels and found that at 
high cutting speeds and high depth of cut the 
supermartensitic steel S41426 presented a shorter tool 
life than the martensitic stainless steel S41000. The 
dominant wear mechanism for machining of martensitic 
stainless steel were abrasion and diffusion while the 
prevailing wear mechanism for supermartensitic stainless 
steel were attrition and abrasion. 

This study focuses on the tool wear propagation and 
tool wear mechanisms that occur when end milling 
Inconel 718. 
 

2. METHODOLOGY 

The parameters in this study are the cutting speed 
(V), radial and axial depth of cut (d) and also the feed rate 
(f). The axial depth of cut and the feed rate were kept 
constant at 0.5 mm and 0.05 mm/tooth. The varied 
parameters were the cutting speed which is at 80, 100, 
and 120 m/min and radial depth of cut which is 5, 7.5 and 
10mm. 

The main work material was Inconel 718. The 
Inconel 718 work samples used for side milling were of 
130mm x 50mm x 16mm. The cutting tool used in this 
study is TiAlN coated carbide insert. The inserts were 
placed on 20 mm diameter holders with three inserts on 
a single holder.  

In this study, the instrumentations were divided into 
two parts which are major instruments and measuring 
instruments. The major instrument is the CNC milling 
machine which is the Mazak Variaxis 500-5X. The 
measuring instruments are the tool maker’s microcope 
which is used to measure wear on the cutting tool while 
the scanning electron microscope (SEM) is used to 
observe the tool wear mechanisms with more clearance. 
The tool wear was measured after several intervals of 
cutting pass in order to observe the wear propagation. 
The machining process was stopped when the inserts had 
reached the maximum tool wear VBmax. According to 
ISO 8688-2, the tool life failure for end mill would be 
VBmax= 0.3mm      

 

3. RESULTS AND DISCUSSION 

3.1 Tool wear in first cut 

As illustrated in figure 1, the tool wear is shown to 
increase with increasing radial depth of cut. This trend 
can be seen throughout all three cutting speeds. 

 

 
Figure 1 Tool Wear in first cut. 
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3.2 Effect of radial depth of cut on tool wear         

propagation 

According to Figure 2, experiment 2 with cutting 
speed of 80m/min and radial depth of cut 7.5 mm reached 
the longest length of cut at 2700mm. The cutting speed 
that reached the maximum flank wear of 0.3 mm first was 
120m/min followed by 100m/min and 80m/min. 

 

 
Figure 2 Tool wear propagation for cutting on radial 

depth of cut, ae=7.5mm. 
 

Figure 3 illustrates the tool wear progression. At the 
cutting length of 100mm, the flank wear reached 
0.085mm with BUE clearly visible. The measurement of 
flank wear increases along with the development of BUE 
as the cutting continues.  

 

 
Figure 3 Tool wear propagation for (Vc=80m/min, 

ae=7.5mm). 
 

3.3 Tool wear mechanisms 

Figure 4 shows the tool wear mechanisms. The 
chipping occurred due to built-up edge formation due to 
increasing the pressure on the tool edge [7]. The high 
temperature was generated during the cutting process can 
be assumed as the main cause of adherence of workpiece 
material to tool flank and rake face at every cutting speed. 
After cutting tool reached the out of wear, it’s found the 
notching is appeared and not suitable to use anymore. 
 

4. CONCLUSION 

When the cutting speed is increased, the operating 
temperature increases which leads to a substantial 
increase in tool wear, this can be seen from the results 
obtained as in Figure 1. Furthermore, the increasing of 
radial depth of cut causes the contact area and 
temperature to also increase and the tool wear increases. 

 
Figure 4 Magnification of wear mechanism on flank 

face. 
 

The dominant failure modes that was detected in the 
milling operation was the formation of built up edge, 
edge chipping, groove formation and notching especially 
on flank face because of the combination of attrition and 
abrasion wear. 
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