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Abstract— In manufacturing and machining operation of 

different components for automotive manufacturing industry 

the challenge of mass production firm is focused mainly on 

the achievement of high quality in terms of work piece 

dimensional accuracy, surface finish, high production rate, 

less wear on the cutting tools, economy of machining in 

terms of cost saving and increase the performance of the 

product with reduced environmental impact. To achieve this, 

it is necessary to executing of continuous process 

improvement efforts in the operations. As the part of a 

continual improvement process, the essential part is 

switching to coated grades of carbide tools from regular 

carbide grades for machining operations of hardened steel. 

The purpose of this paper is to define tool wear mechanism 

and tool life, selection of proper tool coating and work piece 

material combination for research work. 
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I. INTRODUCTION 

The manufacturing industry is constantly striving to 

decrease its cutting costs and increase the quality of the 

machined parts as the demand for high tolerance 

manufactured goods is rapidly increasing. The increasing 

need to boost productivity, to machine more difficult 

materials and to improve quality in high volume by the 

manufacturing industry has been the driving force behind 

the development of cutting tool materials [1]. Numerous 

cutting tools have been developed continuously since the 

first cutting tool material suitable for use in metal cutting, 

carbon steel, was developed a century ago [2]. 

II. LITERATURE REVIEW 

Rama Rao. S, Padmanabhan. G., discussed about 

Application of Taguchi methods and ANOVA in 

optimization of process parameters for metal removal rate in 

electrochemical machining of Al/5%SiC composites. Metal 

matrix composites (MMCs) are now gaining their usage in 

aerospace, automotive and biomedical industries because of 

their inherent properties like high strength to weight ratio, 

low wear rate etc. 

Bala Murugan Gopalsamy, Biswanath Mondal, 

discussed about Taguchi method and ANOVA: An approach 

for process parameters optimization of hard machining 

while machining hardened steel. In this paper, Taguchi 

method is applied to find optimum process parameters for 

end milling while hard machining of hardened steel.  

Hari Singh & Pradeep Kumar, explained in detail 

Tool wear optimization in turning operation by Taguchi 

method. A design of experiment-based approach was 

adopted to obtain an optimal setting of turning process 

parameters (cutting speed, feed and depth of cut) that may 

yield optimal tool wear (flank wear and crater wear) to 

titanium carbide coated carbide inserts while machining 

En24 steel (0.4% C), a difficult-to-machine material. The 

effects of the selected process parameters on tool wear and 

subsequent optimal settings of the parameters were 

accomplished using Taguchi’s parameter design approach. 

J.A. Ghani ,I.A. Choudhury, H.H. Masjuki[2],explained in 

detail Wear mechanism of TiN coated carbide and uncoated 

cermets tools at high cutting speed applications. The wear 

mechanism at the end of tool life was investigated in detail 

using scanning electron microscope (SEM). From the 

photographs of the progressive wear, it has been observed 

that the time taken for the cutting edge of TiN-coated 

carbide tools to initiate cracking and fracturing is longer 

than that of uncoated cermets tools, especially at the 

combinations of high cutting speed, feed rate, and depth of 

cut. 

III. TOOL WEAR AND TOOL LIFE 

A. Physical mechanisms of tool wear 

The mechanisms that cause wear at the tool–chip and tool–

work interfaces in machining can be summarized as follows: 

Abrasion-This is a mechanical wearing action caused by 

hard particles in the work material gouging and removing 

small portions of the tool. This abrasive action occurs in 

both flank wear and crater wear; it is a significant cause of 

flank wear. 

Adhesion-When two metals are forced into contact 

under high pressure and temperature, adhesion or welding 

occur between them. These conditions are present between 

the chip and the rake face of the tool. As the chip flows 

across the tool, small particles of the tool are     broken away 

from the surface, resulting in attrition of the surface. 

Diffusion- This is a process in which an exchange 

of atoms takes place across a close contact boundary 

between two materials. In the case of tool wear, diffusion 

occurs at the tool–chip boundary, causing the tool surface to 

become depleted of the atoms responsible for its hardness. 

As this process continues, the tool surface becomes more 

susceptible to abrasion and adhesion. Diffusion is believed 

to be a principal mechanism of crater wear. 

Chemical reactions-The high temperatures and 

clean surfaces at the tool–chip interface in machining at high 

speeds can result in chemical reactions, in particular, 

oxidation, on the rake face of the tool. The oxidized layer, 

being softer than the parent tool material, is sheared away, 

exposing new material to sustain the reaction process. 

Plastic deformation-Another mechanism that 

contributes to tool wear is plastic deformation of the cutting 

edge. The cutting forces acting on the cutting edge at high 

temperature cause the edge to deform plastically, making it 

more vulnerable to abrasion of the tool surface. Plastic 

deformation contributes mainly to flank wear. 
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Most of these tool-wear mechanisms are accelerated at 

higher cutting speeds and temperatures. Diffusion and 

chemical reaction are especially sensitive to elevated 

temperature. 

 
Fig. 3.1: Wear mechanism for machining as a function of 

cutting temperature 

IV. TOOL LIFE 

As cutting proceeds, the various wear mechanisms result in 

increasing levels of wear on the cutting tool. The general 

relationship of tool wear versus cutting time is shown in 

Figure 1.5. Although the relationship shown is for flank 

wear, a similar relationship occurs for crater wear. Three 

regions can usually be identified in the typical wear growth 

curve. The first is the break-in period, in which the sharp 

cutting edge wears rapidly at the beginning of its use. This 

first region occurs within the first few minutes of cutting. 

The break-in period is followed by wear that occurs at a 

fairly uniform rate. This is called the steady-state wear 

region. In our figure, this region is pictured as a linear 

function of time, although there are deviations from the 

straight line in actual machining. Finally, wear reaches a 

level at which the wear rate begins to accelerate. This marks 

the beginning of the failure region, in which cutting 

temperatures are higher, and the general efficiency of the 

machining process is reduced. If allowed to continue, the 

tool finally fails by temperature failure. The slope of the tool 

wear curve in the steady-state region is affected by work 

material and cutting conditions. Harder work materials 

cause the wear rate (slope of the tool wear curve) to 

increase. Increased speed, feed, and depth of cut have a 

similar effect, with speed being the most important of the 

three. As cutting speed is increased, wear rate increases so 

the same level of wear is reached in less time. 

 
Fig. 3.2 Tool wear as a function of cutting time 

Flank wear (FW) is used here as the measure of 

tool wear. Crater wear follows a similar growth curve 

A. Taylors Tool Life Equation 

If the tool life values for the three wear curves are plotted on 

a natural log–log graph of cutting speed versus tool life, the 

resulting relationship is a straight line as shown in Figure 

1.5.The discovery of this relationship around 1900 is 

credited to F. W. Taylor. It can be expressed in equation 

form and is called the Taylor tool life equation: 

𝑉𝑇𝑛 = 𝐶 (3.1) 

Where V is cutting speed, m/min; Tis tool life, 

min; and n and C are parameters whose values depend on 

feed, depth of cut, work material, tooling (material in 

particular), and the tool life criterion used. The value of n 

is relative constant for a given tool material, whereas the 

value of C depends on tool material, work material and 

cutting conditions. 

V. TOOL COATINGS AND WORK MATERIAL SELECTION  

A. Tool Coatings 

The use of coating materials to enhance the performance 

of cutting tools is not a new concept. The first coated 

cemented carbide indexable inserts for turning were 

introduced in 1969 and had an immediate impact on the 

metal cutting industry [3]. The boost in wear resistance 

gave room for a significant increase in cutting speed and 

thereby improved productivity at the machine shop floor. 

And today, 70% of the cemented carbide tools used in the 

industry are coated [3]. 

The effect of coatings can be summarized in the 

following statements: 

1) Reduction in friction, in generation heat, and in 

cutting forces 

2) Reduction in the diffusion between the chip and 

the surface of the tool, especially at higher 

speeds (the coating acts as a diffusion barrier) 

3) Prevention of galling, especially at lower cutting 

speeds. 

B. Materials Used In Coatings 

The majority of inserts presently used in various metal 

cutting operations are cemented carbide tools coated with 

a material consisting of nitrides (TiN, CrN, etc.), carbides 

(TiC, CrC, W2C, WC/C, etc.), oxides (e.g. alumina) or 

combinations of these [8]. Coating cemented carbide with 

TiC, TiN and Al2O3 dramatically reduces the rate of 

flank wear. A primary contributor to the wear resistance 

of the coating materials is that they are all much less 

soluble in steel than WC at metal cutting temperatures. 

The first PVD coating material to have a 

commercial application was TiN [5]. TiN deposited as a 

mono-layer holds a dominant position in the field of hard 

coatings to improve the wear resistance of cutting tools 

[5]. However, a drawback of TiN coating is its limited 

oxidation resistance at temperatures above 600°C where a 

TiO2 layer is formed. Due to the large difference in 

molar volumes between the TiO2 and TiN, compressive 

stresses are developed in the oxide layer resulting in 

spallation and exposure of the nitride to further oxidation. 

In case of TiAlN coating, the improvement in the cutting 

performance is due to the oxidation resistance of TiAlN 

properties at higher temperature. High wear resistance 

even at high temperatures is the outstanding property of 

TiAlN, a characteristic that makes this coating 

appropriate to cut abrasive work piece material such as 

cast iron, aluminium silicon alloys and composite 

materials at high speeds. 
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C. Coated Carbide Tools Used In Dry Machining 

Cutting tools suited for dry machining can be 

manufactured in three different ways; changing cutting 

tool material, changing tool geometry or by applying 

coating on the tool (hard or soft). The most widely used 

and practical solution is the third option i.e. applying 

coating on the tool. Coatings have low thermal 

conductivity and thus prevent heat transfer from the 

cutting zone to the tool material and also cause less 

temperature fluctuation in the substrate material. Thus, 

coated inserts can work under high cutting temperatures, 

which mean that they can be used under aggressive 

conditions in turning and milling without compromising 

tool life. The coating thickness can vary from 2 to 

18microns. Thinner coatings are more suited for 

interrupted cutting conditions like milling because they 

undergo more stress when compared to thick coatings 

during rapid cooling and heating cycles. 

Thinly coated inserts have shown a tool life 

improvement of up to40 %. PVD coating techniques are 

being used to deposit thinner layers of coatings that 

adhere better to contours of round tools and sharp edges 

on milling and turning tools. 

TiAlN based coatings are widely used in the 

tooling industry to improve the life and performance of 

the cutting tool. At elevated temperatures, this coating 

has high hardness and good wear resistance. Tin is a 

traditional PVD coated tool that can be used for both wet 

and dry machining conditions. However under dry 

machining conditions, TiN deteriorates significantly. At 

about550°C, TiN forms an oxide layer TiO2 (titanium 

dioxide) that reduces the wear resistance of the tool 

compared to that of an uncoated tool. On the other hands, 

TiAlN resists oxidation up to a temperature of 925°C at 

which point, an oxide layer forms on the surface that 

prevents oxygen from diffusing into the underlying 

coating. There is also an inward diffusion of oxygen that 

forms a titanium rich oxide layer at the interface of the 

coating and the substrate. Thus, there is a passive double 

oxide layer formation that inhibits further oxygen 

diffusion into the coating. TiAlN coated carbides are 

suited for machining dry and also at high speeds because 

of the properties mentioned above. 

The automotive industry has taken particular 

interest in the development of PVD TiAlN tools as they 

can machine gray cast iron and aluminium silicon alloy 

components at higher speeds and feeds. These materials 

account for the majority of material used in the car and 

truck industry today. This success has prompted more 

research in the developments of quaternary nitride 

coatings like titanium aluminium vanadium nitride 

(TiAlVN), titanium aluminium zirconium nitride 

(TiAlZrN), titanium aluminium carbonitride (TiAlCN) 

and titanium aluminium chromium nitride (TiAlCrN). Of 

the abovementioned coatings, addition of up to 3 % 

chromium in TiAlN coatings has considerably improved 

the oxidation resistance of the coating. 

From the above discussion, it can be seen that 

TiAlN coated carbide inserts are preferred when high 

hardness and wear resistance is needed at elevated 

temperatures. This kind of a condition prevails at the tool 

work piece interface during dry and semi-dry machining. 

This research will study the wear behaviour of PVD 

TiAlN/TiN multilayer coated carbide inserts during semi-

dry and dry machining conditions. 

VI. WORK MATERIAL SELECTION 

EN24 is a carbon alloy steel which achieves a high 

degree of hardness with compressive strength and 

abrasion resistance. Hardened EN24 steel typically used 

for Connecting rods, Gear shafts, Clutches, Cam shafts, 

Spindles, Screws, Studs, Pinions, Boring bars, Aircraft & 

Heavy vehicle Crank shafts manufacturing. 

Carbon C 0.35-.045% 

Chromium Cr 0.90-1.40  % 

Manganese Mn 0.45-0.70  % 

Silicon Si 0.10-0.35 % 

Phosphor P 0.040 Max. 

Sulphur S 0.040 Max 

Table 1. Chemical Make Up % of EN24 alloy steel 

To choose the right machining parameters it is 

necessary to characterize specific cutting tool, coating 

material and work piece combination to understand the 

interaction between machining parameters and tool wear 

performance. For this the combination of a TiAlN coated 

carbide tool and hardened EN24 alloy steel work piece 

will be evaluated using single point turning under dry 

machining condition to optimize the tool wear. Also for 

TiAlN coated tools, more experimental results and hence 

further research is required to determine the dominant 

wear mechanism. 

VII. CONCLUSIONS 

The progressive wear of a tool takes place mainly in two 

distinct ways: 

1) Wear on the rake face characterized by the 

formation of a crater and/or built-up edge 

resulting from the action of the chip flowing 

along the face. 

2) Wear on the flank face, including often regions 

adjacent to the major and minor cutting edges 

and tool nose, where characteristic land is 

formed from the rubbing action of the newly 

generated workpiece surface. 

By plotting the tool life values for the three wear 

curves on a natural log–log graph of cutting speed versus 

tool life, the resulting relationship is a straight line. It can 

be expressed in equation form and is called the Taylor 

tool life equation:  〖VT〗^n=C 

By applying the coatings on tool the tool life can 

be increased by 30% to 200%, depending on application 

and higher speeds (sometimes higher feed rates) are 

possible. 

To choose the right machining parameters it is 

necessary to characterize specific cutting tool, coating 

material and work piece combination to understand the 

interaction between machining parameters and tool wear 

performance. For this the combination of a TiAlN coated 

carbide tool and hardened EN24 alloy steel work piece 

has been evaluated using single point turning under dry 

machining condition to optimize the process parameters. 
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