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ABSTRACT 

 

 

 

 

Titanium alloys are being constituted in modern aerospace structure, marine, 

automotive and chemical industry due to their strength-to-weight ratio, excellent 

corrosion and fracture resistance and low modulus of elasticity.  However, titanium 

and its alloys are considered very difficult-to-machine material due to its highly 

chemical reactivity and tendency to weld to the cutting tool.  These result in edge 

chipping and rapid tool failure.  Although in the past, many studies had been carried 

out to predict the tool performance during end milling operation in terms of primary 

machining parameters, the effect of tool geometry was not taken into consideration.  

Therefore, an effort has been made in this research to evaluate the influence of tool 

geometry (radial rake angle), feed and cutting speed when end milling titanium alloy, 

Ti-6Al-4V.  Machining trials were performed under flood condition with a constant 

axial and radial depth of cut.  The cutting tools used were uncoated solid carbide 

tools grade K30 and coated with a physical vapor deposition (PVD) TiAlN and 

Supernitride.  Tool performance of the above mentioned tools were investigated 

under various cutting conditions, while the surface roughness of the milled parts and 

cutting forces were measured.  The performance of cutting tools was described using 

response surface methodology.  It was found that, the cutting speed, feed rate and 

radial rake angle have a significant effect on various responses investigated such as 

tool life, surface roughness and cutting forces.  The developed mathematical models 

were validated statistically using analysis of variances (ANOVA), which can be used 

for predicting the optimum cutting conditions within the limits of the factors 

investigated.  In general, coated solid carbide tools performed better than the 

uncoated tools when end milling Ti-6Al-4V.  
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ABSTRAK 

 

 

 

 

Aloi titanium digunakan di dalam struktur bidang aerospace moden, marin, 

automotif dan industri kimia, disebabkan oleh kadar berat dan kekuatannya, 

ketahanan terhadap kakisan dan keretakan serta modulus elastik yang rendah.  Walau 

bagaimanapun titanium dan aloinya dikategorikan sebagai bahan yang sukar untuk 

dimesin, disebabkan oleh kereaktifan kimia yang tinggi, dan becenderungan untuk 

terkimpal ke matalat dengan pantas.  Walaupun pada masa yang lalu telah banyak 

kajian dilakukan untuk menjangka prestasi matalat semasa proses kisar hujung 

terhadap parameter permesinan utama, kesan dari geometri matalat tidak pernah 

dipertimbangkan.  Oleh itu, usaha telah dibuat dalam penyelidikan ini untuk menilai 

pengaruh geometri matalat pemotong (sudut sadak jejarian), uluran dan kelajuan 

pemotongan ketika pengisaran hujung aloi titanium, Ti-6Al-4V.  Percubaan 

permesinan telah dilakukan di bawah keadaan basah serta kedalaman pemotongan 

tujah dan jejarian yang tetap.  Matalat pemotong yang digunakan adalah matalat 

karbida padu tanpa salut dengan gred K30 dan matalat bersalut PVD-TiAlN dan 

Supernitride.  Kebolehan matalat pemotong yang disebut di atas diselidiki di bawah 

pelbagai keadaan pemotongan, sementara kekasaran permukaan benda kerja dan 

daya pemotong diukur.  Kebolehan matalat pemotong digambarkan menggunakan 

kaedah permukaan respon (RSM).  Didapati kelajuan pemotongan, kadar uluran dan 

sudut sadak jejarian mempunyai kesan yang besar terhadap tindak balas yang 

diselidiki seperti hayat matalat, kekasaran permukaan dan daya potong.  Model 

matematik yang dibangunkan, disahkan secara statistik menggunakan analisa varian 

(ANOVA) dan ianya dapat digunakan untuk menjangkakan keadaan pemotongan 

optimum di dalam julat faktor yang diselidiki.  Secara umumnya matalat bersalut 

menunjukkan prestasi yang lebih baik berbanding matalat tidak bersalut ketika 

pengisaran hujung Ti-6Al-4V. 
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 CHAPTER 1 

INTRODUCTION 

1.1 Overview 

This research is carried out to evaluate the machining performance of 

uncoated and coated physical vapor disposition (PVD) TiAlN and Supernitride 

(SNTR) solid carbide tools when end milling titanium alloy.  The research involves 

the development of mathematical models for tool life, surface roughness and cutting 

force, which describe the relationship between the independent variables and the 

machinability parameters.  The results obtained from this research will provide the 

suitable cutting conditions and cutting tool geometry when machining titanium alloy 

Ti-6Al-4V. 

1.2 Background of the Problem 

The development of better and more advanced materials is crucially 

important for the advancement in technology.  This is especially true in high 

technology industries like aerospace, defense, nuclear power engineering etc.  The 
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trend in the aerospace industry in the recent past has been towards the development 

of materials for constructions that are:  

 

(i) of greater strength 

(ii) resistant to oxidation, particularly at high temperature 

(iii) exhibit small deformations at high temperatures 

(iv) of lighter weight 

(v) not brittle at low temperature 

 

One of the advanced materials such as titanium alloys have been introduced 

to meet these requirements.  Hence, nowadays the demand on machining this 

advanced material increases rapidly.  Even though new cutting tools like coated 

carbides, ceramics, diamond etc. have been developed, titanium alloys are still 

considered “difficult to machine” materials due to rapid failure of the faults (Kramer, 

1987; Komanduri et.al., 1981; Hartung et.al., 1982). 

1.3 Statement of the Problem 

It was often thought that coatings offer better productivity advantages to 

carbide tools when machining steels and aluminium.  However, most of the coatings 

developed so far including diamonds, ceramics and CBN are highly reactive with 

titanium alloys, causing rapid wear on the cutting tools (Kramer, 1987; Komanduri 

et.al., 1981; Hartung et.al., 1982). 

 

 

The most recent coating material TiAlN has proven to offer higher hardness, 

increased toughness and improved wear resistance.  TiAlN coated tools are also 

much more chemically stable and therefore suitable for high speed machining 

(Erkens, 2003, 2004). 
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Nevertheless, the suitability of TiAlN coated tools when machining titanium 

alloys is yet to be investigated. This work is aimed to evaluate the performance of 

TiAlN and Supernitride coated tools as compared to uncoated carbide (WC/Co) tools 

when end milling titanium alloy, Ti-6Al-4V. 

 

 

The basic aim of tool performance assessment is the provision of sufficient 

technological data to ensure the efficient use of machine tools and other 

manufacturing resources. The tool performance data system is essential for the 

selection of cutting conditions during process planning and it has become an 

important component in the implementation of Flexible Manufacturing System 

(FMS) and Computer Integrated Manufacturing Systems (CIMS). 

 

 

Computerized tool performance data systems have been classified into two 

general types: 

 

(i) Simple data retrieval system 

(ii) Mathematical model system 

 

The simple data retrieval systems are based on the systematic collection and 

storage of large quantities of data from laboratory and industry resulting in so called 

“tool performance or machining data banks” and simply the retrieving system 

recommended the cutting speeds, feed rates and cost information for any specific 

cutting operation (Balakrishan and Deviries, 1983, 1985; Alauddin, 1997). 

 

 

The mathematical model systems attempt to predict the optimum cutting 

conditions for a specific operation. The machining responses data such as tool-life, 

surface roughness, cutting forces, power, etc., are used as the primary data. Then 

mathematical models of these machining responses are developed as a function of 

the machining variables using a model building module, the model parameters and 
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other relevant economic factors being used to derive the optimum set of cutting 

conditions (Wu, 1964; Taraman, 1974; El-Baradie, 1994). 

1.4 Objective of the Study 

The objective of this study comprising the following: 

 

(i) To develop a mathematical model for tool life, surface roughness and 

cutting force of uncoated and coated carbide tools when end milling 

titanium alloy, Ti-6Al-4V. 

(ii) To determine the optimum machining conditions in end milling of a 

titanium alloy, Ti-6Al-4V using uncoated and coated carbide tools. 

(iii) To evaluate the effect of cutting conditions on tool life, surface 

roughness and cutting force of uncoated and coated carbide tools in 

end milling of titanium alloy, Ti-6Al-4V. 

1.5 Significance of the Study 

Most published research works on the development of mathematical model 

systems are concerned mainly on turning process, whilst end milling has received 

little attention due to the complexity of the process and the high cost involved. 

 

 

Currently, reports on end milling of Ti-6Al-4V using the new hard coatings 

such as TiAlN and Supernitride are still lacking.  Hence, this work is undertaken to 

carry out the investigation. 
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1.6 Scope of the Study 

The scope of this research was focused on end milling of Ti-6Al-4V using 

three types of cutting tools, they are uncoated carbide and two coated carbide tools 

(TiAlN and SNTR).  The processes were conducted under various independent 

variables which include cutting speed, feed rate and coatings materials and tool 

geometries.  At the end of the study the performance of each cutting tool was 

compared by means of response surface methodology, the mathematical models 

(empirical equations) for tool life, surface roughness and cutting force were 

developed.  Ultimately, the optimum cutting conditions for carbide tool in end 

milling of Ti-6Al-4V were established. 
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