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Abstract- The purpose of this research was to investigate the behavior and ability of wear resistance of the endmill carbide 
coated with PVD in the machining process with cold workpiece specimens. The JIS grade SKD11 is based on two types of 
coatings: Diamon Carbon (DLC) and Titanium Aluminum nitride (TiAlN). The wear assessment of the cutting edge is based 
on ISO 3002 / 1 with a set value of VB max ≤ 200 µm, using statistical analysis so-called factorial design techniques. The 
results showed that, according to the VB wear values, the endmill coated with TiAlN is the best cutting tools compared to 
coated with DLC and non-coated carbide. 
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I. INTRODUCTION 
 
Nowadays, there are a lot of technologies to improve 
the surface of various metals in Thailand's industrial 
sectors such as Plasma-Nitriding, Physical Vapor 
Deposition (PVD) and Chemical Vapor Deposition 
(CVD). Diamond Like Carbon (DLC) and Titanium 
Aluminum Nitride (TiAlN) are used in a variety of 
industries, such as magnetic storage devices, 
automobile, tooling and biomedical.   Since DLC-
coated and TiAIN-coated films have the property of 
high hardness, corrosion resistance and low friction 
coefficient. Reautrakool el al. (2014) studied those 
two matters and found that  DLC-coated film  
influenced on the wear resistance of small drill bits, 
Tungsten carbide material with diameter of 1 mm 
coated with four types of  DLC films: DLC, H-DLC, 
Si-O-DLC and Si-N-DLC in the process of plasma-
based ion implantation (PBII) where the  film 
thickness is 500 nm [1]. 
The workpiece is Duplex Stainless Steel with a 
thickness of 2 mm. The drill is made of 300 holes. 
The evaluation after trials is based on the accuracy of 
hole diameter. Reautrakool el al. (2014) reported a 
case study of silicon nitride (Amorphous Si3N4) and 
silicon filled into TiAlN TiN which has become 
TiAlSiN. The results showed that hardness of coating 
increased. It can be explained that the hardness 
increase due to fine grain. 
Therefore, the displacement of the dislocation is 
inhibited [1]. She-quan el al.(2011) presented a case 
study of comparative wear resistance of 2 standard 
slot drills with 12 mm diameter. They were coated 
with TiAlN, TiCN and TiN. The results showed that 
cutting tools, type M41 and M42, have a 9-15 degree 
broken corner angle, a 10-14 dodge degree angle and 
24-33degree oblique angle.  The internal hardness is 
in the range of 934-978 HV. The hardness of TiAlN 
TiCN and TiN were different, 1,644-1,834 HV, 
1,507-1,602 HV, and 1183-1834 HV, respectively. 
The coating thickness was in the range of 1.75-3.75 
µm [2]. The shear results showed that the degree of 

wear on the skin was significantly different. Bite-
resistant mills have 5 times better wear resistance 
than those using the same coating with higher wear-
grade binders, indicating that the processing and 
coating capabilities are different.  It was found that 
the cutting ability with wear resistance of the cutting 
edge was varied according to the selling price, i.e, 
good quality, high price, consistent with some bite 
code. Wongsrisa (2000) presented the JIS SKD11 
cold rolled steel grades and JIS SKS3 grades that 
affect the wear of cemented carbide cutter coated 
with titanium nitride (TiN). The experiments are 
designed to test and statistical analysis, including 
error analysis and prediction using artificial neural 
network models [3]. 
The input variables are cutting speed, feeding rate 
and cutting depth. The output is the wear of a carbide 
cutter. The results show that the cutting speed will 
affect the wear of flank wear and followed by the 
feed rate, while increasing the rate of metal removal 
affects the wear as well. The results of neural 
networks for predicting the wear of flank wear 
machining from machining of JIS SKS3 and JIS 
SKD11 grades show that they can predict accurately 
the average errors of 1.68% and 2.84%, respectively. 
This will allow for proper planning of production and 
reduce trial time. Klainin el al. (2012) investigated 
the wear resistance of the end mills coated with PVD 
in the surface machining process with SKD 11 
materials, with two coatings, DLC and TiAIN [4]. 
 
II. DETAILS EXPERIMENTAL 
 
The design of experiments (DOE) for this study is a 
factorial experiment. The parameters used in this 
study are: Spindle Speed, Feed rate, Depth of Cut, 
and the response is the average of Roughness: Ra, 
Weight Loss, and Flank Wear (VB).  The specimen 
are steel cold tool standard JIS grade SKD11 which 
features excellent wear and abrasion resistance. This 
is due to the high carbide content. The major 
limitation of this type is its ability to perform various 
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machining operations and lower viscosity compared 
to cold-formed steels in other groups. The test 
specimen of steel tool SKD11 has the size of 50x50 
mm. 
The endmill coated with PVD is made of a 10 mm 
diameter carbide material with 4 cutting edges 
through two types of coatings, DLC and TiAlN.  The 
milling machine used in this operation is a 3-axis 
machine with reference to a 3D Cartesian axis 
system. 
 The CNC milling machine is designed to move the 
work table in the X and Y axes. The Z axis is the part 
of the Spindle that is the movable part. 
 
III. RESULTS AND DISCUSSION 
 
3.1. The statistical analysis  
The design of experiment (DOE) is an analysis of the 
effects of several factors at the same time on a 
response. The response is the value of VB.  The input 
variables are Type of coating (A) and Cutting length 
(B). The results from each experiment were recorded, 
find the condition of a process or component of a 
product that has a significant effect on the quality and 
determine which factors produce the best results. 
 
Based on the factorial analysis, the wear of the end 
mill as shown in Table 1.  It was found that when 
comparing the characteristics between the coated and 
the non-coated end mills was in the same direction 
with 95% confidence level. The data analyzed is very 
reliable at 98.19%.  The main effect plot is shown in 
Fig. 1 and the interaction plot is shown in Fig. 2.   
The results indicate that the wear of the endmill is 
best when the CNC milling process is performed and 
the Mille were coated with Titanium nitride (TiAlN), 
followed by the Dymalic Carbon Dioxide (DLC) and 
the non-coated endmill , respectively. 

 
 

Table1: The statistical result 

 
 
The interval plot on wear (VB) is shown in Figure 4.   
According to ISO 3685, when determining the Tool 
Life Criterion of an ISO 3002/1 according to the 
VBmax whose value ≤ 200 µm, it is found that the 
endmill coated with TiAIN has much long life more 
than with the DLC and the  one with uncoated, 
respectively. The endmill coated with TiAIN has the 
long life or 10 meters while the uncoated ones has the 
long life of 6 meters. 

 
Fig.1. Main effect plot of VB 

 

 
Fig.2. Interaction plot of VB 

 

 
Fig.3. Optimization plot of VB 

 

 
Fig.4. Interval plot of VB 

 
3.2. The geometry analysis 
The analysis of the structure is for comparing the 
wear characteristics of the endmill to the workpiece 
shearing range of every 2 meters with a maximum 
flank waviness (VBmax). The measurement method 
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is in accordance with ISO 3685. The tool life criterion 
of an EN 3002/1 stamper is VBmax ≤ 200 µm.  The 
results of each workpiece shear period indicate that 
the endmill coated with TiAlN is the best one. 

 
Fig.5. The geometry analysis of uncoated end mill (at 6 m) 

 

 
Fig.6. The geometry analysis of DLC end mill (at 6 m) 

 

 
Fig.7. The geometry analysis of TiAlN end mill (at 6 m) 

 
CONCLUSIONS 
 
The results from the CNC milling machine for the 
steel test specimens JIS SKD11 standard tool are 
divided into two parts: 
1.  The results from the factorial analysis, the 
wear of endmills coated with the TiAlN was the best 
followed by the DLC and  the non-coated one, 
respectively. 
2.  The analysis of the structure is performed 
for comparing the wear characteristics of the endmill 
to the workpiece shearing range of every 2 meters 
with a maximum Flank wear (VBmax). The 
measurement method is in accordance with ISO 3685. 
The tool life criterion of an EN 3002/1 endmill is 
VBmax ≤ 200 µm.  The results show that the endmill 
coated with the TiAlN was the best and followed by 
the DLC and the uncoated one, respectively. 
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