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ABSTRACT - In the present study, 8 experiments were 

conducted in dry cutting and compressed air using full 

factorial design. The controlled parameters are the 

cutting speed (20-40 m/min), the feed rate (0.1-0.2 

mm/tooth) and the fixed depth of cut (0.1 mm), 

respectively. The result depicted that the duration of tool 

life can be extended up 46.3 min with lowest Ra value 

of 0.8 µm by adopting the compressed air. Besides, the 

optimum cutting force is 5.32 N.  

 

1. INTRODUCTION 

Basically, Inconel 718 broadly applied in 

aerospace industry due to its excellent mechanical 

properties such as good corrosion resistance, strong 

creep resistance and high fatigue strength and it covered 

approximately about 45-50% of engine component 

airframes [1-3]. This nickel based alloy has been 

generally known as a hard material to be machine, that 

becomes a major factor leads to difficulties during 

machining process. Most of common problem arise 

during machining Inconel was a flank wear, notch wear, 

crater wear [2]. These wear frequently obtain during the 

machining process and will causing a deterioration of 

the cutting tool that will change cutting geometry. 

Regarding to Liao and Shiue [3], the formation of build-

up edge will be making the cutting performance 

becomes worse by increasing the flaking formation and 

also notch wear. All these formations were 

unpredictable problems that will occur during 

machining process and obviously can lead to the 

premature tool failure [4]. The aim of this study is to 

control the responses that usually affected by the 

parameters used such as duration of tool of life, surface 

roughness of the workpiece and also the cutting force 

during the machining of Inconel 718.  

 

2. METHODOLOGY 

The specimens used to conduct in this experiment 

activity include the coated carbide insert tool with 

(TiAlN) and the work piece which is Inconel 718 

material. Inconel 718 grade AMS 5663 material will be 

used in this experiment conducted. This block having a 

dimension of 154mm x 52mm x 105mm (l x w x h). 

During conducting this experiment, the block does not 

undergo any of heat treatment process. There will be 8 

experiments will be conduct during this research by 

using certain parameters value and there will be 3 

output of responses. This experiment was being divided 

into two condition weather running in dry machining or 

by using a compressed air system. The parameters range 

study based on the suggestion from Hardmetal Division 

[5]. The material removal process will undergo along 

the path that having a length of 154 mm. The machining 

of the Inconel 718 will indicate the progression insert 

wear until the value reach of 0.3 mm as stated based on 

the ISO 8688-2. The insert wear are measure each time 

after time to time for each run of the experiment. The 

lower tool wear will indicate prolong in tool life.  The 

analyses of the data collected from the experiment is 

then to be done on the Design expert 7.0 software (trial 

mode). Then the results between the both different 

cutting conditions are comparing to justify the optimum 

performance are preferable on machining the Inconel 

718 workpiece.   

 

3. RESULTS AND DISCUSSION  

Figure 1 indicates the progression wear of dry and 

chilled air machining condition. Figure 2 and Figure 3 

shows the microscopic image flank wear for both dry 

and chilled air condition. It can be notified that the flank 

wear aggressively occurred during dry condition and the 

worn region obviously can be identified. The image 

shows the coating eroded significantly under dry 

condition compare to cutting tool under chilled air 

where there is some region was fully worn but there was 

also a part of partially worn coating can be seen (Figure 

4). From the experimental results, it can be concluded 

the most of process that running in air surrounding 

produced a long tool life. The findings is significant 

with Su and his team who had conducted a comparative 

of three cooling systems (dry machining, MQL and cold 

compressed air) in a high speed milling using Nickel-

base alloy. As main conclusion that the cold compressed 

air was able to extend the tool life up 78% compare with 

the dry and it was slightly better than the system of 

MQL [6]. 

In fact, there are some author mentioned, 

advantages were no found when working at low cutting 

speeds but, at high cutting speeds the tool wear was 

significantly reduced. Therefore, compressed air system 

seems to be a good alternative for machining high-speed 

[7]. By referring to the experiment that run in high 

cutting speed, 40 m/min with feed rate of 0.1 mm/tooth, 

when the comparison made between the dry and air 

process, there can be seen a high difference of tool life 

produced from the air process versus the dry. The 

method that using an air system provide a long tool life 

during the face milling process of Inconel 718. 
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Figure 1 Wear progression of dry and chilled air 

condition. 

 

 
Figure 2 SEM image of flank wear of cutting tool 

during dry condition. 

(vc 20 m/min, fz 0.1 mm/tooth, ap 0.1 mm) 

 

 
Figure 3 SEM image of flank wear on cutting tool 

during chilled air condition. 

(vc 20 m/min, fz 0.1 mm/tooth, ap 0.1 mm) 

 

 
Figure 4 Magnification image of progressive flank wear 

cutting tool during chilled air condition. 

4. CONCLUSION

Through variance analysis that has been 

conducted, it was found that all factors which are 

cutting speed, feed rate and also the cutting conditions, 

significantly affect the responses as well which are the 

tool life of coated carbide insert with (TiAlN), surface 

roughness of Inconel 718 and also the cutting force used 

during the face milling process of the workpiece. 

Among that these three factors, it was found that feed 

rate (fz) was the factor that most affects the responses. 

As the feed increase, the heat will generate in the 

cutting zone that will cause the deformation of cutting 

tool edge and significantly the tool will start to wear 

rapidly. In addition, the use of compressed air as an 

alternative of coolant system, it will reduce the high 

temperature in the cutting zone area and at the same 

time control the temperature from generate more heat 

that will cause a plastic deformation of the cutting tool 

edge.  
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