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WELCOME MESSAGE FROM GENERAL CHAIR OF LEM21 

  

Welcome to Fukuoka, Japan for the 4th International 
Conference on Leading Edge Manufacturing in the 21st 
Century, entitled LEM21-Fukuoka, organized and sponsored 
by both the Manufacturing and Machine Tool Division, and the 
Manufacturing System Division of the Japan Society of 
Mechanical Engineers (JSME). 

The city of Fukuoka is located geographically in Kyushu 
island, the southern part of Japan. The conference site, the 
Fukuoka International Congress Center, is located in the 
seaside of the Fukuoka city. Fukuoka city is very near to 
Korea, China, Taiwan and Southeastern Asia, so Fukuoka is 
called "the gateway to Asia". From 7th to 11th century 
Fukuoka, whose old name was Hakata, has been open to Korea and China regarding the 
trade and culture. Afterward Kyushu island has been, for a long time, a base of heavy 
industry, like iron & steel, ship, porcelain industry, robot industry, and so on. Recently, 
Kyushu island is becoming the hub of the production of semiconductor, flat panel display, 
automobile and clear distilled liquor (shochu) in Japan. 

The previous conferences were held in Tokyo in 1997, in Niigata in 2003 and in Nagoya in 
2005 with great success, sponsored by JSME. This conference will provide an 
interdisciplinary forum for the exchange of information on the leading edge research and 
development in manufacturing 

The program of the conference includes one keynote speech and thirteen organized 
sessions. A keynote speech will focus on high performance superabrasive grinding. More 
than 190 selected papers will be delivered in seven rooms. A welcome party and banquet, 
and short tours as well as the industrial panel exhibition will be held. 

On this occasion, we would like to focus on the potential of engineering, from the 
manufacturing point of view, for enhancing our life quality and simultaneously caring for the 
environment of the earth. As we all know we must cope with the rapidly changing 
technology development and at the same time, we can not neglect the issue on 
environment degradation. We would like you to enjoy this conference through lively and 
active participation in various events and exciting discussions about future manufacturing 
technologies and systems for the sustainable growth and development of the world. 

I would like to express my deepest thanks to all members of the Organizing Committee, 
Program Committee and Kyushu Committee for their cooperation in preparing the Program 
and the Proceedings. I also would like to express my sincere thanks to the Fukuoka 
Convention & Visitors Bureau for their financial support. 

Finally, I offer my best wishes to all the participants and I hope you have a wonderful and 
meaningful stay in this city of Fukuoka and Kyushu island. 

Thank you very much ! 
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Professor Hiromichi Onikura 
Chair of LEM21-Fukuoka Organizing Committee 

Kyushu University 

  

[Return to top page] 

../top.htm


Committees  

[Return to top page] 

Committees 

Organizing Committee 

Hiromichi ONIKURA, Kyushu University, 
General Chair 

Masaomi TSUTSUMI, Tokyo University of 
Agriculture and Technology, Vice General 
Co-Chair 

Akimitsu NAGAE, Yamazaki Mazak Corp, 
Vice General Co-Chair 

Yoshio MIZUGAKI, Kyushu Institute of 
Technology, Vice General Co-Chair and 
Chair of Program Committee 

Jun'ichi TAMAKI, Kitami Institute of 
Technology, Chair of Finance Committee 

Takuya SENBA, Fukuoka Institute of 
Technology, Chair of Kyushu Committee 

Yuji FURUKAWA, Tokyo University of 
Agriculture and Technology, Past General 
Chair and honorable advisor 

Yoshiharu NAMBA, Chubu University, Past 
General Chair 

Takashi NAKAMURA, Nagoya Institute of 
Technology, Past General Secretary 

Masami MASUDA, Niigata University, Past 
General Secretary 

Toshiyuki OBIKAWA, The University of 
Tokyo, Past General Secretary 

Yoshimi TAKEUCHI, Osaka University, 
Past Co-Chair 

Masahiro ANZAI, RIKEN 

Eiichi AOYAMA, Doshisha University 

Hideki AOYAMA, Keio University 

Tojiro AOYAMA, Keio University 

 

Koichi MORISHIGE, University of Electro-
Communications 

Noboru MORITA, Toyama University 

Nobuyuki MORONUKI, Tokyo Metropolitan 
University 

Hitoshi OHMORI, RIKEN 

Etsuji OHMURA, Osaka University 

Osamu OHNISHI, Kyushu University 

Akira OKADA, Okayama University 

Koichi OKUDA, University of Hyogo 

Hiroyuki SASAHARA, Tokyo University of 
Agriculture and Technology 

Kazuyuki SASAJIMA, Tokyo Institute of 
Technology 

Masahiko SATO, Tottori University 

Shinji SHIMIZU, Sophia University 

Hidenori SHINNO, Tokyo Institute of 
Technology 

Tadahiko SHINSHI, Tokyo Institute of 
Technology 

Keiichi SHIRASE, Kobe University 

Nobuhiro SUGIMURA, Osaka Prefecture 
University 

Hirofumi SUZUKI, Kobe University 

Hiroshi Suzuki, Kyushu Institute of 
Technology 

Yasuhiro TAKAYA, Osaka University 

../top.htm


Kiwamu ASHIDA, AIST 

Wei GAO, Tohoku University 

Shinya HAYAKAWA, Nagoya Institute of 
Technology 

Yoshio ICHIDA, Utsunomiya University 

Yukitoshi IHARA, Osaka Institute of 
Technology 

Toyoshiro INAMURA, Nagoya Institute of 
Technology 

Hiroyasu IWABE, Niigata University 

Akio KATSUKI, Kyushu University 

Tadao KAWAI, Osaka City University 

Koichi KIKKAWA, Kyushu Institute of 
Technology 

SungLim KO, Konkuk University 

Eiji KONDO, Kagoshima University 

Tsunemoto KURIYAGAWA, Tohoku 
University 

Muneharu KUTSUNA, Nagoya University 

Hwa-Soo LEE, Nihon University 

Atsushi MATSUBARA, Kyoto University 

Takashi MATSUMURA, Tokyo Denki 
University 

Yosuke TAKEUCHI, Toto LTD. 

Takeshi TANAKA, Ritsumeikan University 

Hisataka TANAKA, Tottori University 

Jun TANIGUCHI, Tokyo University of 
Science 

Naoki TOUGE, Noritake Super Abrasive 
Co. Ltd 

Takashi UEDA, Kanazawa University 

Yasushi UMEDA, Osaka University 

Noritsugu UMEHARA, Nagoya University 

Yoshiyuki UNO, Okayama University 

Shin'ichi WARISAWA, The University of 
Tokyo 

Takao YAKOU, Yokohama National 
University 

Hitomi YAMAGUCHI, University of Florida 

Jiwang YAN, Tohoku University 

Takanori YAZAWA, Nagasaki University 

Shaohui YIN Hunan University 

Nobuhito YOSHIHARA, Tohoku University 

Libo ZHOU, Ibaraki University 

 

International Program Committee 

Yoshio MIZUGAKI, Kyushu Institute of 
Technology, Vice General Co-Chair and 
Chair of Program Committee 

 Koichi KIKKAWA, Kyushu Institute of 
Technology 

Mutsumi TOUGE, Kumamoto University 

 

Kyushu Committee 

Takuya SENBA, Fukuoka Institute of 
Technology 

Hiroshi SUZUKI, Kyushu Institute of 
Technology 

 Hiroyuki NARAHARA, Kyushu Institute of 
Chair of Kyushu Committee Technology 

Yasuhiko OGIYA, Nagasaki University 



Takanori YAZAWA, Nagasaki University 

Osamu OHNISHI, Kyushu University 

Kohji AKASHI, Ariake Technical College 

Koichi KIKKAWA, Kyushu Institute of 
Technology 

Yoshihiro KOHNO, Kagoshima Technical 
College 

Eiji KONDO, Kagoshima University 

Makoto KURUSU, Sasebo Technical 
College 

Yoshio MIZUGAKI, Kyushu Institute of 
Technology 

Kisaburo NAGANO, Kurume Technical 
College 

Tsutomu NAKANISHI, Miyazaki University 

Hiromichi ONIKURA, Kyushu University 

Hoa QIU, Kyushu Sangyo University 

Shigehiko SAKAMOTO, Kumamoto 
University 

Toshio SUZUKI, Fukuoka University 

Hisanori TERAI, Kitakyushu Technical 
College 

Mutsumi TOUGE, Kumamoto University 

Yoshihiro TSUDA, Oita University 

Heiji YASUI, Kumamoto University 

Hidehiro YOSHINO, Saga University 

Junji WATANABE, Kumamoto University 

 

International Advisory Committee 

Yusuf ALTINTAS, The University of British 
Columbia, Canada  

Gerry BYRNE, University College Dublin, 
Ireland 

Thomas H. C. CHILDS, University of 
Leeds, UK 

Han DING, Shanghai Jiao Tong University, 
China 

David DORNFELD, University of California 
Berkeley, USA  

Guo Yon FENG, Harbin Institute of 
Technology, China  

Dongming GUO, Dalian University of 
Technology, China  

Tian HUANG, Tianjin University, China 

Ichiro INASAKI, Keio University, Japan 

Renke KANG, Dalian University of 
Technology, China  

 Jianbin LUO, Tsinghua University, China 

Ioan MARINESCU, The University of 
Toledo, USA 

Toshimichi MORIWAKI, Kobe University, 
Japan  

Andrew Y. C. NEE, National University of 
Singapore, Singapore  

Mustafizur RAHMAN, National University 
of Singapore, Singapore  

JiaMing SHYU, Chien Kuo Institute of 
Technology, Taiwan  

Alexander H. SLOCUM, Massachusetts 
Institute of Technology, USA  

Hendrik Van BRUSSEL, Katholieke 
Universiteit Leuven, Belgium  

V. C. VENKATESH, Univeriti Teknogi 
Malaysia, Malaysia  

Huayong YANG, Zhejiang University, 



Fritz KLOCKE, RWTH Aachen, Germany  

Ranga KOMANDURI, Oklahoma State 
University, USA  

Jang Mo LEE, Seoul National University, 
Korea 

China 

Guoxiong ZHANG, Tianjin University, 
China 

Youzhen ZHANG, Nanjing University of 
Aeronautics & Astronautics, China 

 

 

[Return to top page] [Top of this page] 

../top.htm


Program (The first day) 

[Return to top page] 

  

November. 7, 2007 

Keynote paper 

 
 

 High Performance Superabrasive Grinding 
David STEPHENSON and Paul COMLEY 

 

 
 

Room A  

 

-Milling- 

7A [101] Surface Integrity in Ball Nose End Milling 
Noriyuki KORETA, Hiroyuki SAKAI, Hiroaki EZAKI and Noriaki NAGAYOSI 
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4V Using Uncoated WC-Co and PCD Inserts 
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-Difficult to cut materials- 
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7A [110] High Speed Drilling Ti6Al4V 
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Effect of Edge Geometry on PVD-TiN Coated Carbide Tools  
when Face Milling Titanium Alloy, Ti-6246 

 

Safian SHARIF1, Erween Abd. RAHIM2, Amrifan Saladin MOHRUNI1 and Ashraf JAWAID3 

1Faculty of Mech. Engg, Universiti Teknologi Malaysia (email: safian@fkm.utm.my) 
2Faculty of Mech. and Manuf. Engg, Universiti Tun Hussein Onn, Malaysia  

3School of Engg., Coventry University, United Kingdom 
 

Abstract 
This paper presents the investigation on the effect of edge geometry of PVD-TiN coated carbide inserts 
on the cutting performance and wear characteristics during face milling of titanium alloy, Ti-6246. Two 
similar PVD-TiN coated inserts with different edge geometry were tested at various cutting speeds with a 
feed of 0.1 mm/tooth. Results showed that edge geometry had a significant effect and sharp insert was 
observed to outperform chamfered (T-land) insert at all conditions. Excessive chipping and flaking at the 
cutting edge were the dominant failure modes on both tools under most conditions. In addition to 
adhesion, attrition and diffusion wear mechanisms, thermal cracks and plastic deformation were also 
observed on both tools. 
 

Keywords: Tool wear, Carbide tools, PVD coatings, Face milling, Titanium alloys 

1. Introduction 
Increasing trend in using titanium alloys in aerospace, 

chemical and petroleum industries are mainly due to 
their attractive properties such as strength to weight ratio, 
low density, superior corrosion resistance and 
compatibility with composite materials [1, 2]. However 
many researchers have classified titanium and its alloys 
as “difficult to cut materials” due to their high 
temperature strength, low thermal conductivity, low 
modulus of elasticity and chemical reactivity [3].  

Great advancement in the development of cutting 
tools for the past few decades showed little improvement 
on the machinability of titanium alloys. Previous studies 
have shown that almost every cutting tool developed so 
far, including diamond, ceramics and cubic boron nitride, 
is highly reactive with titanium alloys, causing rapid tool 
wear [4-8]. Most of the studies had shown that uncoated 
WC/Co or straight carbide tool still remains the first 
choice when turning [7,8] and face milling [9, 10] of 
titanium alloys. However studies have also shown that 
PVD-TiAlN coated tool was more superior than 
uncoated carbide when drilling Ti-6Al4V [11].   

Severe chipping and flaking of the cutting edge were 
reported to be the main failure modes when milling 
titanium alloys with carbide tools. These types of failure 
modes are due to a combination of high thermo-
mechanical and cyclic stresses, as well as the adhesion to 
and breaking of workpiece material from the tool faces. 
Despite numerous investigations on milling of titanium 
alloys [12-15], study on the effect of tool edge geometry 
on cutting performance is still lacking. Previous studies 
[16-18] on face milling of steels have shown that edge 
beveling strengthened the cutting edge and significantly 
improved the tool life.  

As such this work is aim to investigate the influence 
of edge chamfering of PVD-TiN coated carbide tools on 

the cutting performance with respect to tool life and 
failure modes during face milling of titanium alloy, Ti-
6246 at various cutting conditions. 
 

2. Experimental Details 

2.1 Workpiece Material 
Machining trials were conducted on a rectangular bar 

of alpha-beta Ti-6Al-2Sn-4Zr-6Mo (Ti-6246) or IMI 646 
of 125 mm x 52 mm x 400 mm, which was machined 
from a diameter 203 mm round bar. The received 
material was open forged at 9200C in alpha beta 
condition and air cooled with no further heat treatment. 
In order to maintain a constant entry and exit angles 
during face milling trials, one end of the bar where the 
cutter enters was pre-machined whilst the other end was 
left uncut. The composition of the workpiece material is 
shown in Table 1.  
  
Table 1: Nominal composition of Ti-6Al-2Sn-4Zr-6Mo 
Al Sn Zr Mo Fe H2 O2 N2 Ti 
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2.2 Inserts 

Investigation was conducted on two PVD-TiN coated 
carbide inserts of similar substrate and properties but 
with different edge geometry and labeled as Tool A and 
Tool B. Properties of the substrate are listed in Table 2. 
Tool A consists of negative chamfer (γ) of 20o and a T-
land width (b) of 0.213 mm whilst Tool B is a sharp edge 
insert as shown in Figure 1. Both inserts were square in 
shape with wiper edges at the corner edge. The inserts 
were clamped to a standard cutter to provide the cutting 
geometry listed in Table 3.  

 



 
 
 
 
 
 
 
 
 

 
Figure 1: Edge geometry of chamfered (Tool A)  

and sharp edge (Tool B) 
 
Table 2: Properties of substrate of Tool A and Tool B 

SUBSTRATE 

Nominal Composition (wt %) WC = 86 
Co = 11.5 
Ta(Nb)C = 2.5 

Grain Size (µm) 1 ~ 6 

Hardness (kg/mm2) 1460 

Transverse Rupture  
Strength (GPa) 

2.61 

Density (gm/cc) 14.2 

Thermal Conductivity  
(cal/cm-sec-oC) 

0.161 

 

2.3 Machining test 
Face milling tests were carried out on a Sabre 750, 

9KW Cincinnati CNC vertical machining center using 
the machining conditions shown in Table 3.  

 

Table 3: Machining conditions. 

Cutter 
Geometry
 
 
  
 

Diameter = 80 mm 
No of inserts = 6 (fully loaded) 
Approach angle = 45o 

Radial rake angle = - 11o 
Axial rake angle =  +20o 
Effective rake angle = +6o 

Cutting 
conditions 

Axial depth of cut (DOC)  = 2 mm 
Radial depth of cut (DOC) = 58 mm 
Cutting speed = 55, 65, 80, 100 m/min  
Feed = 0.1 mm/tooth 

Inserts PVD coated with TiN of thickness 2 ~3.5 µm 
Edge radius, r < 0.02 mm 

 
As recommended by ISO [19], neutral milling mode 

was performed to avoid the occurrence of “foot 
formation” as a result of the unfavorable exit angles [20]. 
The presence of “foot formation” could lead to 
premature tool failure through excessive chipping and 
fracture of the cutting edge. Concentration of 6 % 
coolant under flood condition was used throughout the 
milling tests. 
 

2.4 Tool Wear Measurement and Analysis 
The tools wear land were examined and measured 

using a Nikon tool-maker’s microscope at 30X 
magnification without dismounting the inserts from the 
milling cutter. A SEM was used to examined the tool 
wear and tool failure mode. Tool rejection or failure was 
determined based when any of the following criteria had 
reached; average flank wear ≥ 0.35mm (average of all 
six inserts), maximum flank wear ≥ 0.7 mm (on any of 
the inserts) or excessive chipping/flaking or catastrophic 
failure of the cutting edge. 
 
3. Results and Discussion 

3.1 Tool Life 
Results on tool life when face milling Ti-6246 using 

Tool A and Tool B are shown graphically in Figure 2. 
Sharp tool (Tool B) recorded the best tool life 
performance of 16 minutes at the lowest cutting speed of 
55 m/min. when compared to beveled insert (Tool A) 
which only obtained 6.5 minutes tool life. This implies 
that an increment of 146% tool life was recorded with 
Tool B as compared to Tool A. Face milling above 
cutting speed of 65 m/min showed a significant decrease 
in tool life for both tools. Shortest tool lives of 3.4 and 
3.7 minutes were recorded for Tool A and Tool B 
respectively at the highest cutting speed of 100 m/min as 
displayed in Figure 2.  

6.5 6.0
4.5

3.4

16.0

8.0

4.7
3.7

0.0

4.0

8.0

12.0

16.0

20.0

55 m/min 65 m/min 80 m/min 100 m/min

Cutting speed (m/min)

T
o

o
l 

li
fe

 (
m

in
) Tool A

Tool B

 

Figure 2: Tool life performance between chamfered tool 
(Tool A) and sharp edge tool (Tool B) at various cutting 

speeds and feed of 0.1 mm/tooth. 
 

Tool A or chamfered tool failed prematurely when 
short tool lives were recorded at all cutting speeds, 
probably due to the effect of the negative T-land which 
may cause unstable cutting hence accelerating chipping 
and flaking of the cutting edge. 

As shown in Figure 2, the effect of cutting speed on 
the performance of Tool A was less significant as 
compared to Tool B. The influence of cutting speed on 
tool life of Tool B was very significant especially when 
cutting speed was reduced from 65 to 55 m/min. An 
increment of 100% tool life was achieved with only 15% 
reduction in cutting speed. It can be suggested that sharp 
cutting edge insert (Tool B) outperformed beveled edge 

γγγγ = 20o

b= 0.213 mm

 

Tool B 
Tool A 



insert (Tool A) with reasonable tool lives at all cutting 
speeds tested. It is recommended that cutting speed 
should remain low for maximum tool life performance of 
TiN coated carbide tools whenever face milling Ti-6246  
is to be carried out. 
 

3.2 Tool Wear and Failure Mode 
Results showed that both tools exhibit a similar flank 

wear pattern at all cutting speeds except at 55 m/min, 
where the wear rate of Tool B was more gradual than 
Tool A. The growth of flank wear was significantly 
reduced by employing the lowest cutting speed of 55 
m/min. In general, an increase in cutting speed, increases 
the tool wear. Non-uniform flank wear was dominant at 
all cutting conditions for both tools. Uniform flank and 
nose wear which were pronounced during the initial cut 
were suppressed as cutting progressed. Wear on the 
minor cutting edge of the tool was too small to cause any 
significant effect to the tool during machining. In general, 
the flank wear rate of sharp Tool B was slightly lower 
than the chamfered Tool A resulting in better tool lives. 

 

Figure 3: Severe flaking and thermal cracks on Tool A 
after 3.5 minutes of face milling Ti-6246 at 100 m/min 

 
Results on the tool failure modes indicated that in 

most cases, average flank wear with combination of 
excessive chipping and/or flaking on the rake face were 
the dominant modes of failure in rejecting both tools 
especially at higher cutting speeds as shown in Figure 3 
and 4. Thermal cracks were also observed on Tool A 
(Figure 3) and Tool B (Figure 4) after reaching their tool 
life criteria. 

Wang and Zhang [21] reported that the temperature 
at the tool-chip interface can reach up to 800 o C when 
face milling Ti-6Al4V at cutting speed of 47 m/min with 
feed of 0.1 mm/tooth. The high cutting temperature and 
cyclic mechanical stresses encourage thermally related 
wear mechanisms to operate such as diffusion, plastic 
deformation and thermal cracks on the cutting tools. 
These may eventually promote chipping and flaking of 
the tool. In this study, machining trials were carried out 
at higher speeds hence higher temperature generation 
was anticipated which would facilitate the thermally 
related wear mechanisms to operate.  

 

Figure 4: Severe chipping and thermal cracks on Tool B 
after 5 minutes of face milling Ti-6246 at 80 m/min 
 
It was observed that at lower cutting speed of 55 

m/min, attrition wear was the major contributor to the 
occurrence of chipping and flaking on the rake face of 
both tools and sample of such wear on Tool B is shown 
in Figure 5. 

 

Figure 5: Severe flaking on Tool B after face milling Ti-
6246 for 16 minutes at 55 m/min 

 
Both tools experienced coating delamination almost 

instantly (after 5 seconds) as the cutter enters the 
workpiece. Such evidence is shown in Figures 6 and 7 
for Tool A and Tool B when face milling Ti-6246 at 80 
m/min and 55 m/min respectively.  

 
Figure 6: Section of Tool A showing delamination of 

coating on the chamfered face after 5 seconds of  
face milling at 80 m/min. 
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Figure 7: Delamination of coating and adherent of work 

material on Tool B after face milling for 5 seconds  
at 55 m/min. 

 
The early delamination of TiN coatings exposed the 

substrate to various wear mechanisms such as adhesion, 
attrition, plastic deformation and diffusion which may 
eventually lead to the failure of tool. Based on this 
findings, it is appropriate to suggest that TiN coatings is 
not recommended to be used as coating material for 
protecting the carbide substrate from wear and plastic 
deformation when dealing with titanium alloys, probably 
due the high reactivity of titanium material. 

An examination of the sectioned worn inserts under 
the SEM, demonstrates that both Tool A and Tool B 
suffered severe plastic deformation and adherent of work 
material when face milling Ti-6246 at high cutting speed. 
Sample of such deformation on sharp edge (Tool B) is 
illustrated in Figure 8 after 4 minutes of machining at 
100 m/min. One of the main contributor for plastic 
deformation to occur when machining with cemented 
carbide tools was the extrusion of cobalt content after the 
softening effect [22]. This softening effect intensifies 
with higher cobalt content and high cutting temperature 
as what happened in this investigation. In addition, the 
high reactivity of titanium towards cobalt element 
accelerated the diffusion process hence weakening the 
structure of the tool substrate. 

 

 
Figure 8: Section of Tool B, showing severe plastic 

deformation after face milling for 
 4 minutes at 100 m/min 

Notching at the depth of cut (DOC), a common 
phenomena in turning of titanium alloys [6,7] was not 
observed on any of the worn tools for both Tool A and 
Tool B throughout the face milling trials. 

 

3.3 Effect of edge geometry 
Researchers [16-18, 23] have found that beveling or 

chamfering of the main cutting edge may influence the 
tool life quite significantly. Results showed that 
chamfered Tool A which was originally designed to cater 
the problem of edge fracture did not exhibit promising 
results when face milling Ti-6246 as a result of shorter 
tool lives recorded. Tool life results in Figure 2 illustrate 
that the performance of Tool A was never higher than 
Tool B at all cutting speeds investigated. The tool life 
variations of both tools were quite substantial when 
machining at lower cutting speed between 55 and 65 
m/min.  

Introducing a negative T-land that is greater than the 
feed on Tool A restricts the chip flow within the chamfer 
face which results in a negative rake cutting. Hence the 
geometry of the cutter with Tool A inserts changed to a 
negative-negative cutter from a negative-positive cutter 
which was the case for Tool B inserts. The disadvantages 
of double negative cutter when machining titanium 
alloys were probably the reasons underlying the poor 
performance of chamfered tool (Tool A).  

The generation of high cutting forces [18-25] and the 
poor ejection of the serrated chips [24,25] with the 
negative-positive cutter can cause severe damage to the 
tool and the workpiece. All these factors coupled with 
the high cutting temperature at the chamfer face of Tool 
A may escalate the wear mechanisms of diffusion and 
attrition thus promoting the occurrence of various failure 
modes. As a result, rapid flank wear and premature 
failure of Tool A occurred at all cutting conditions and no 
improvement in tool life was achieved. Even at the 
lowest cutting speed of 55 m/min, the tool life obtained 
was relatively short (6.5 minutes). 

Despite experiencing similar failure modes and wear 
mechanisms as chamfered tool, (Tool A), sharp edge 
(Tool B) offered much better tool lives when machining 
Ti-6246 at all cutting conditions investigated. The 
outstanding performance of Tool B was probably due to 
the favorable geometry of negative-positive cutter which 
offered many advantages when machining titanium 
alloys. The negative radial rake angle of the tool 
provides a strong cutting edge, while positive axial rake 
angle allows smooth ejection of the chips and reduces 
cutting force during machining [24-25]. 

Although many researchers have outlined the 
advantages of using chamfered tool, this study indicates 
that chamfered tool (Tool A) was not recommended to be 
used in face milling titanium alloy, Ti-6246 when 
compared to sharp tool (Tool B). In order to realize the 
greatest potential of chamfered tools when machining 
titanium, optimization of the edge parameters such as 
rake angles and edge geometry are essential.  

tion 

adherent of workpiece 

coating delamination 



4. Conclusion 
Conclusions drawn from face milling titanium alloy 

Ti-6246 with two different geometry coated carbide 
inserts are as follows: 
1. In general, sharp cutting edge inserts (Tool B) 

produced better tool life performance at all cutting 
conditions when compared to chamfered/beveled 
edge inserts (Tool A) when face milling titanium 
alloy Ti-6246. The best cutting condition with respect 
to highest tool life (16 minutes) was achieved with 
sharp edge inserts (Tool B) at cutting speed of 55 
m/min and feed 0.1 mm/tooth.  

2. Edge beveling or chamfering of the cutting edge had 
not improve the cutting performance of the tools 
when face milling titanium alloy Ti-6246 as what 
have been claimed when face milling of steel. 

3. A combination of non-uniform flank wear, excessive 
and flaking and/or chipping of the cutting edge were 
the dominant failure mode on both tools at most 
cutting conditions.  

4. TiN coatings was not able to prevent the occurrence 
of plastic deformation and thermal cracks at the 
cutting edge due to its early delamination effect 
during face milling Ti-6246. 
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