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Abstract 
Cutting tools, which are used extensively in machining, are expected to have high performance and longer service 

life. Tool life term defines the time period between the starting of the cutting tool and the sharpening of the tool so that 
the tool is actively used. According to international standards, tool deterioration by wear is a specific criterion used to 
determine tool life. In this study, the effects of cutting parameters on the cutting performance and tool life of standard 
end mills with diameters Ø6, Ø8, Ø10, Ø12 which are used extensively in the die-making industry, were investigated. 
Detection of cutting-edge wear conditions was achieved by conducting detailed surface observations with a high-
resolution camera of a three-dimensional (3D) digital microscope. 
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INTRODUCTION 

There are numerous types of cutting tools 
depending on the industrial and engineering 
application areas. It is used extensively in 
applications such as die makers, machine 
manufacturers, aerospace and defense 
industries. Manufacturers need high quality, 
long service life and low cost in cutting tools. 
It is very difficult to obtain these requirements 
randomly, considering that the cutting tool 
expenses of the machining enterprises today 
correspond to 30% of the operating costs (60% 
in some enterprises). However, it is possible to 
optimize all these parameters in the best 
possible way with today’s technology. 

During the machining process, a certain 
load is applied on the workpiece by the cutting 
tool and the desired shape is given to the 
workpiece by removing chips from the 
surface. The main aim is to approach the ideal 
cutting process by providing the highest values 
in terms of tool life and surface quality, and 
the lowest cost and minimum machining time. 
The most important factors that directly affect 
tool wear the material of the cutting tool used 
and the cutting parameters such as the cutting 
speed, depth of cut and feed rate used at the 
time of cutting are the. 

In this study, tool wear was investigated as a 
result of working with variable cutting 
parameters of standard end mills and inserts of 
different sizes.  

Saleem et. al. investigated tool life and 
surface integrity for Ni based superalloy 
materials. They used multi radii insert 
geometry and employed PVD coated carbide 
inserts with novel wiper edge geometry for 
face milling operation.[1] 

Dadgari et. al. studied on tool wear and tool 
life prediction for micro-milling of Ti-6Al-4V 
material. Their study show that the low feed-
rate enhances the plowing effect on the cutting 
zone, resulting in reduced surface quality and 
leading to burr formation and premature tool 
failure.[2]  

Some researchers studied tool life and wear 
mechanism relations according to the milling 
operation for different profiles.[3–5] 

Reichenbach analyzed tool wear behavior 
of micro tools.[6] 

The mathematical approach is also another 
useful tool to predict tool life for milling 
operations. Karandikar et.al. used Bayesian 
method and Drouillet et.al. applied neural 
network technique for tool life predictions. [7,8] 

Krain and his research group studied for 
optimization of tool life and productivity for 
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end milling operation. At first stage of their 
experiments, they used fixed tool material and 
geometry to examine the effects of feed rates 
and depth’s of cut. At second stage, they 
examined reduced number of parameters for 
various tool materials and geometries.[9]  

Çakır et. al. used DIN 1.2738 steel for 
different cutting parameters with different 
coating layers, and different coating layers 
were evaluated. [10] According to the research 
findings; 

• If the depth of cut is increased by 50%, 
the tool life is reduced by 6%. 

• If the feed rate is increased by 50%, the 
tool life is reduced by 60%. 

• If the cutting speed is increased by 50%, it 
reduces the tool life by 90%. 

Accordingly, it was stated that the changes 
in the depth of cut had little effect on the tool 
life, the changes in the feed rate had a greater 
effect on the tool life than the changes in the 
depth of cut, and the changes in the cutting 
speed had the greatest effect. The experiments 
with carbide burrs and inserts were calculated 
separately based on these principles. 

Çaydaşı et al. applied chip removal at 150, 
200, 250 m/min cutting speeds under dry 
machining conditions of carbide and ceramic 
tools for AISI 52100 Bearing Steel. It was 
observed that tool life for both tool materials 
decreased in direct proportion to the increase 
in cutting speed. The highest tool life value is 
80 min. in the tool working with V=150m/min 
speed was measured. [11] 
 
MATERIALS&METHOD 

 

DIN1.2344 ESR hot work tool steel, which 
has a very intensive use in the mold making 
industry, was used in the experiments. 
Machining experiments were carried out in 
Victor P106 CNC vertical CNC machine. In 
this study, TURCAR Akviya cutting tools with 
the diameter of Ø6, Ø8, Ø10, Ø12mm 4-flute 
TiAlN coated end mills and 3-corner XPKT 
insert were used. The chemical composition of 
2344 type tool steel is shown in the Table 1. 

 
Table. 1. Chemical Composition of 2344 tool steel 

C Si Mn P 
max 

S 
max 

Cr Mo V 

0,35-
0,42 

0,80-
1,20 

0,25-
0,50 

0,03 0,02 4,80-
5,50 

1,20-
1,50 

0,85-
1,15 

In the experimental study, each tool 
machined a 10mm depth hole form the 
centerline of an aluminum block with the size 
of Ø200x35mm. The chip thickness was kept 
as constant and was 2 mm. Cutting speed for 
each tool was selected to obtain optimum feed 
rate for obtaining longer service life. The 
higher cutting speed value is the actual cutting 
speed which was taken from the workshop and 
lower value is selected for experimental study 
to obtain efficient cutting condition. Feed rate 
per tooth value was measured as (0.062 – 0.08), 
(0.049 – 0.06), (0.025 – 0.045), (0.011 – 0.033) 
mm/tooth, respectively. Table 2. Summarizes the 
parameters used in these experiments. 
 
Table. 2. Machining Parameters for experiments 
Cutting 
Tool  

S 
(rotation) 

F (feed 
rate) 

Vc 
(cutting 
speed) 

fz: 
(feed per 

tooth) 
Turcar 
Ø12 

Milling 
tool 

4000 1000 152 0,062 

3000 1000 110 0,083 

Turcar 
Ø10 

Milling 
tool 

5000 1000 160 0,049 

3200 1000 100 0,08 

Turcar 
Ø8 

Milling 
tool 

6000 600 151 0,025 

3600 600 90 0,045 

Turcar 
Ø6 

Milling 
tool 

6000 315 135 0,011 

4250 315 80 0,018 

 
In Turcar cutting tools with 4-flute TiAlN 

coated end mills with diameter of Ø6, Ø8, 
Ø10, Ø12 was used for the experiments. The 
cutting speeds were reduced by keeping the 
feed rate and depth of cut constant for each 
tool. Tool wear values as tool wear were 
observed under a microscope. 

 

 
Fig. 1. Tool wear for 45min. machining  

of Ø12 Turcar  
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The figure 1 represents the tool wear of the 
same cutting tool for two different cutting 
speed after 45 minutes machining operation. It 
can be seen from the figure 1. That tool wear 
for cutting speed of Vc:152 m/min is much 
more severe comparing to the cutting speed of 
Vc:110 m/min. The tool life for Vc:110 m/min 
was measured 126 minutes when the tool life 
for Vc:152 was only 455 minutes. The total 
tool life is almost 3 times higher than actual 
machining cutting speed parameter. 

 

 
Fig. 2. Tool wear for 45min. machining  

of Ø10 Turcar  
 
When the test results were examined, tool 

wear differences in the cutting edges were 
observed when the end mill products with the 
same diameter (Ø10mm) were used for a 
certain time (45 minutes) for the same working 
conditions. The life of the tool working with 
Vc:160m/min was 45 minutes, and the total 
measured tool life was 72 minutes for cutting 
speed is Vc:100m/min.  

 

 
Fig. 3. Tool wear for 45min. machining  

of Ø8 Turcar  

The figure 3 gives the tool wear comparison 
for Ø8mm end mill. The tool life for cutting 
speed of Vc:151m/min was 45 minutes, while 
tool life of cutting speed for Vc:90m/min was 
measured as 128 minutes. 

 

 
Fig. 4. Tool wear for 45min. machining  

of Ø6 Turcar  
 
In Figure 4, the tool wear difference 

between cutting speed Vc:135m/min and 
cutting speed Vc:80m/min was given. Higher 
cutting speed leads more deformation on the 
cutting edges of the tool. The measured tool 
life of Vc:80 m/min is three times higher than 
that of the actual machining parameter’s tool 
life. 
 
 
CONCLUSIONS 

 

The experimental results showed that 
proposed optimization method for cutting 
speed is efficient for tool life determination 
and following conclusions could be drawn as ; 

 • It has been observed that there is a 
proportional decrease in cutting tool wear due 
to the decrease in the cutting speed (Vc) of the 
cutting tools.  

• A significant increase in tool life has been 
observed due to the decrease in cutting speeds 
(Vc) of the cutting tools.  

• It was understood that cutting tool life can 
be increased by only reducing cutting speed 
(Vc) by keeping feed (F), depth of cut (Ap) 
and production time constant from cutting 
parameters. 
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