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Abstract

Machining is an important aspect in the field of manufacturing in order to shape the metal into required form and to get the good
dimensional tolerances. Any machining process involves three basic elements viz., chip, cutting tool and work piece, in which
the cutting tool is one of the major considerable factors. It is the ability of the cutting tool to shear the unwanted material form
the work piece. It not only meant for the shearing the metal but also to achieve the required accuracy. These tasks can be
performed efficiently when the cutting tool severs for a long period of time, which determines the rate of production and in turn
governed by the number of times that a tool must re-grinded or reconditioned. The efficiency of the cutting tool not only
enhances the productivity but also minimizes the cost of reconditioning of tool. Therefore there is a need to enhance the
performance of the cutting tool and is measured as the time taken between two successive grindings which defines the cutting
tool life. Knowledge on various machining parameters and tool failure mechanisms that affect the tool life is vital. Many globally
reputed manufacturing organization of cutting tool with their rich experience of research and development, invented different
ways of enhancing the life of cutting tool in order to optimise the rate of the production and to reduce the cost of production,
which is highly acceptable to the manufacturing industry. To optimize the service life of a given tool, failures must be minimized
in all manufacturing steps going into its production and its proper use must be ensured. A register of tool failures covering the
full range of failure sources can therefore contribute significantly to a tool service life improvement and hence, to more efficient
manufacturing. The main objectives for improving the cutting tool life are enhancing the productivity, reducing the
manufacturing cost and to maintain the same accuracy till the end of the machining. This paper is devoted towards studying the
effects of machining variables on tool life and various tool failure mechanisms.
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I. INTRODUCTION

In the facet of manufacturing, metals can be shaped into different forms through various processes i.e, with the removal of
material and without removal of material. Non-cutting process involves moulding the metal without removing the material,
which includes the operation like rolling, spinning, extruding, drawing etc. Another process involves the shaping the metal by
removing excess or unwanted material form the parent metal in the form of chips and the process termed as machining process, a
few of them are turning, milling, planning, drilling etc.

The study of metal cutting is one of the most fascination experiences in the manufacturing field. The importance of metal
cutting can be emphasised by the fact that every product the humans use in their day to day life have been undergone some kind
of machining operation. Machining is an important aspect of the manufacturing processes to achieve desired shape of
component, good dimensional tolerances and high surface finish. Any machining process involves three basic elements viz.,
chip, cutting tool and work piece as shown in the figure no 1. Due to the demand for the higher productivity and good quality for
machining parts and to increase the efficiency of the machining processes, researchers and engineers has made an eagle view on
various factors that influence the machining among which the tool life is one aspect.

Cutting tool is one of the important elements among the three elements of machining process. Cutting tool is not only meant
for the cutting action, it also determines the required surface finish and accuracy of the product. Cutting tool has to sever for long
period and should be strong to withstand the wear resistance in order to perform the above said tasks.

If there is an efficient cutting tool, the productivity can be increased and the cost spared on the cutting tool reconditioning can
be minimized. Therefore, enhancing the performance of cutting tool is an economically important goal. Many studies have been
made to improve machining performance by revamping the tool geometry, material, machining parameters etc. and invented
various ways of increasing the cutting tool life in order to enhance the production rate and to minimize the production cost.

Al rights reserved by www.ijirst.org 126



Study on Tool Life and its Failure Mechanisms
(1JIRST/ Volume 2 / Issue 04/ 017)

Y
Motion of chip Cutting tool
Motion of tood
(refative to work)
Onginal surface -
: New surface

Shear deformation
{0 form chip

Cutting edge of tool

Fig. 1: Elements of machining

Il. LITERATURE REVIEW

S.V. Kadam and M.G. Rathi [1], in a paper stated that the machining performance can be enhanced by selecting proper cutting
parameters and using proper machining strategies. They opined that at optimum cutting temperature tool gives better tool life.
Tool life is optimum when machining in a vertical upward orientation at an inclined workpiece angle of 15°. Further in their
study it was shown that, Edge honing for carbide drills and end mills have shown 40-60% improvement in tool life. They
suggested that some research should be carried out in the direction to decide optimum cutting edge radius with respect to work
materials. The thin film coating is an emerging field which aims to reduce the cutting temperature and prevent the different wear
occurring at the tool surfaces. New developed super hard coatings from nano-composite have shown greater hardness, better
wear resistance and lower coefficient of friction.

Sunday Joshua Ojolo and Olugbenga Ogunkomaiya [2] in a journal concluded that, among the parameters which affect the
process quality, spindle speed has an inverse influence on tool life and it was more dominant than the effect of feed rate. The
effect of feed rate at (0.3 mm/rev) was evident on tool life giving shorter tool life in all cases. Using experimental data, a
multiple linear regression model was developed and proves to be effective in optimizing the cutting condition in turning
operations. In their work, the Taguchi method gives effective methodology in order to find out the effective performance output
and machining conditions. DNMG carbide tool has the longest tool life among the three types of cutting tools followed by
Tungsten carbide and HSS tool which leads to the conclusion that for improved tool life, lower cutting speeds should generally
be selected in combination with suitable feed rates.

Viktor P. Astakhov [3] in a paper titled “Effects of the cutting feed, depth of cut, and workpiece diameter on the tool wear
rate” investigated that there are least five independent factors that determine the influence of the cutting feed on tool wear. The
cutting temperature and length of the tool path are of prime importance. These tends to the influence of the cutting feed on the
tool wear rate is different at different cutting speeds. He also opined that at the optimal cutting temperature, the increase of the
cutting feed leads to increased dimensional tool life. He has drawn a conclusion that influence of the depth of cut on the tool
wear rate is negligibly small if the machining is carried out at the optimum cutting regime. It has also been concluded that the
diameter of the workpiece has a strong influence on the cutting temperature and, thus, on the tool wear rate and the roughness of
the machined surface.

Kapil sharma, Dalgobind Mahto and S.S Sen [4] In their paper it is found that the rake angle of gave the longest tool life of
170.69 minutes and the volume of material that has been removed during this period is 317368.11 . Time and energy are very
important parameters used in optimizing the production capacity of any production unit, selection of the best rake angle for
turning is pretty much important. Hence both useful production time and energy is saved. They concluded that choosing rake
angle, gives maximum tool life other than, and 3 degrees.

Kadirgama et al [5] conducted a research on the effect of dry cutting on cutting force and tool life and made a general
comparison between the experiments carried out with cutting fluid and without using any coolant and lubricant. The result
showed that dry cutting produce high cutting force and low tool life compared with using coolant. They also discovered that
most of the cutting tool from the dry cutting suffered high crack and some insert damage

Vagnorius et al. 2010 [6] proposed age replacement model. In this study it was assumed that penalty costs are incurred each
time a tool fails before the planned replacement. The probability of such an event is determined from the tool reliability function.
The optimal replacement time is then determined from a total time on test (TTT) plot. The adequacy of the proposed approach
for practical application is tested and confirmed in a case study on turning of Inconel 718 with cubic boron nitride (CBN) tools.

Sikdar and Chen 2002 [7] focused on the relationship between flank wear area and cutting forces for turning operations on a
CNC lathe without coolant. Flank wear surface area was measured by Talysurf TM series using a software package whereas
cutting forces by Kistler TM piezo-electric dynamometer. The experimental results shows that cutting forces increase with the
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increase of the flank wear surface area, greater the flank wear area, the higher will be the friction between the tool and the work
piece resulting in high heat generation, this ultimately raises the value of cutting forces.

A. Tool Life
The number of components produced by a cutting tool edge before regrinding is required determines the tool life. Evaluation of
tool life in machining operation is a key task some time it needs skill of operator also. A tool that no longer performs the desired
function is said to have failed and hence reached the end of its useful life. In order to deform the material the cutting tool is
stressed continuously. After a while when the tool wear is increased the cutting tool loses its ability to deform the material
efficiently and it should be reground. It the tool is not sharpen, it would fail totally. The tool life can be effectively used as the
basis to evaluate the performance of the tool material, assess machinability of the workpiece material and know the cutting
conditions. Generally the ways of expressing the tool life are:

1)  Time period in minutes between two successive grinding

2) Cutting speed for a given time to failure

3)  Number of components machined between two successive grindings.

4) In terms of volume of material removed between two successive grindings

B. There Are Various Factors That Affect the Tool Life Some of Them Are
1) Geometry of cutting tool
2) Speed feed depth of cut
3) Cutting tool material
4) Work piece material
5) Use of cutting fluids

I1l. EFFECT OF CUTTING TOOL GEOMETRY ON TOOL LIFE

In the machining processes, tool angles have a great influence on the machining performance and tool life. There are total of six
angles associated with cutting tool, in which rake angle has a mixed effect. If the rake angle increases in the positive direction,
the contact between the chip and the rake face of the tool will be less. This in turn reduces the heat generation and the cutting
forces, which increases the tool life. But on the other hand, if the rake angle is tool large the edge of the cutting tool is weakened.
Negative rake provides stronger cutting edge and hence stronger cutting edge. But at the same time the cutting forces and the
heat generated are maximised. This indicates if the rake angle increases positively the strength and the tool life is lowered and if
it is increased negatively the cutting forces and the heat generated are enhanced. So for an efficient tool life there is a necessity
to balance a value between two. The optimum value of the rake angle is -5° to +10°.

Another angle that affects the tool life is Clearance angle. This angle also has the dual effect as same as the rake angle.
Clearance angle is provided to avoid rubbing between the job the tool. If the clearance angle is reduced, the temperature and the
wear produced on the flank surface can be reduced. And hence improves the tool life. But a very large clearance angle weakens
the tool that reduces the tool life. The optimum value of clearance angle varies from 5° to 8°. Next the two cutting edges also
have their influence on the tool performance. Up to a certain optimum value an increase in this angle permits the use of higher
speeds without an adverse effect on tool life. But increase beyond that value will result in reduction of tool life. Generally the
angle varies from 5° to 8°.
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Fig. 2: Effective rake angle vs Tool life

IV. EFFECT OF SPEED, FEED AND DEPTH OF CUT

Among all the variables, cutting speed has the maximum effect on tool life. Tool life varies inversely with the cutting speed. That
is higher the cutting speed the smaller the tool life. So, proper cutting speed is the most critical factor that needs to be considered
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when establishing optimum cutting conditions. Generally, the minimization in tool life corresponding to an enhancement in
cutting speed is a parabolic curve.

A. Tool-Life Equation
Taylor thought that there is an optimum cutting speed for the best productivity. At low cutting speeds, the tools have higher life
but productivity is low and at higher speeds the case is reverse. Based on his experimental work he proposed a formula for the
cutting tool life i.e.,

VT "=C

Feed rate and the depth of cut are also the important cutting variables which also affect the tool life. The larger the feed, the
greater is the cutting force per unit area of chip-tool contact on the rake face and tool-work contact on the flank face. Therefor
the cutting temperatures and tool wear are increases. Effect of feed rate on tool life is smaller. So, When considering the best
feed rate and depth of cut, always choose the highest feed and depth of cut because they will reduce the tool life much less than
the too high cutting speed The speed, feed and depth of cut are inter-related by the formula

V= 257/(-'-0.19 x 236 x to.so)

The material removal rate (MRR) is the measure of tool life. The metal removal rate is the rate at which the metal is removed
from an unfinished part and is measured in cubic centimeters per minute. Whenever any one of three variables (speed, feed and
depth of cut) is changed MRR will change.

For example the cutting speed or depth of cut is increased by 25% the MRR also increase by 25% but the life of the cutting
tool is reduced. The % of tool life reduction by increasing the machining variables are as follows:

— Increasing the depth of cut by 50% reduces the tool life by 15%
— Increasing the feed rate by 50% reduces the tool by life 60%
— Increasing the cutting speed by 50% reduces the tool life by 90%

Cutting Speed , Depth of Cut
N + 50%
£ 50% Feed +50% || | 50%

I 15%

Fig. 3: achining variables which affect tool life

B. Effect of Cutting Tool Material

Many centuries ago, the machining was done with the help of tools made from the plain carbon steel or an alloy steel. As the
technology changing on, many cutting tool material came into existence.

The properties of the tool material which enhance the tool life include the following

— Hardness to resist deformation

— Toughness to resist sudden load in interrupted cuttings

—  Wear resistance

— High thermal conductivity

— Low coefficient of friction, at the chip-tool interface, so that the surface finish is good and the wear is minimum.

V. EFFECT OF WORK PIECE MATERIAL

The microstructural properties of the work piece material have a significant effect on the life of the cutting tool. Spheriodized
pearlite is favourable to tool life whereas laminar pearlite is harmful. Similarly, in cast iron that contains large amount of free
graphite and ferrite lead to the increase in tool life than containing free iron. The increase carbide cutting temperature and power
consumption vary directly as the hardness of the work piece material. Due to the tendency of pure metals to stick on to tool face
of cutting tool, these would adversely affect the tool life

The properties of the work material that tends to increase the tool life include the following

—  Softness

— Absence of abrasive constituents

— Lack of work hardening tendency
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V1. USE OF CUTTING FLUIDS

The cutting fluids cool the chip and work piece and may even reduce the frictional stress at tool-work and tool chip interfaces to
some extent. This reduces the cutting temperature. If the tool material has the low amount of temperature then there is an
appreciable increase in tool life.

VIl. TOOL FAILURE MECHANISM

It is not very difficult that the success of machining depends on the sharpness of the tool. Even common sense tells us the use of
blunt tool results in large amount of power consumption and deteriorated surface finish. If however, it is not giving satisfactory
performance it indicates the failure of the cutting tool. Cutting tool is said to be failed when one or more effect of the following
results during machining.
—  When the surface finish is poor on the work piece
—  When the consumption of the power is high
—  Work dimension not being produced as specified
—  Overheating of the cutting tool
—  Appearance of a burnishing band on the work surface.

These chances may happen when the failure of tool arises that in turn caused by the failure mechanism of the cutting tool. The
failure mechanism of the cutting tool may be due to the one or more combination of the following adverse effects.
1) Thermal cracking and softening
2) Mechanical chipping
3) Gradual wear

A. Thermal Cracking and Softening

During the machining process heat is generated at various elements, among which cutting tool is the prominent one. Due to the
intimate contact of the chip and workpiece with cutting tool, severe temperature gradients are developed that causes several
losses to the cutting tool. Due to this the tool tip and the area closer to the cutting edge becomes very hot. Although every
material has certain limit to resist up to some temperature without losing its hardness. If that limit is crossed, the tool material
starts deforming plastically at the tip. Thus the cutting ability of the tool is loosed and the tool is said to be failed due to
softening. The factors responsible for the occurrence of such kind of failures are high cutting speed, high feed rate, excessive
depth of cut, smaller nose radius and the choice of wrong tool material

B. Mechanical Chipping

Chipping refers to the breaking away of small chips from the cutting edge of the tool or an insert on the account of impact,
plastic deformation, thermal stresses and flank wear. Large number of stresses is induced on the cutting tool especially on the
nose and the cutting edges of the tool. Due to these stresses the area near the nose and cutting edge is peeled off which
machining. The common reasons for such failures are too high cutting pressures, mechanical impact, excessive wear, too high
vibrations and chatter, weal tip and cutting edge etc.

C. Gradual Wear

When the tool is in use for some time, it is found to have lost some weight or mass which is due to the wear.

The following two types of wears are generally found to occur in cutting tools:

1) Crater Wear

In general, crater wear is of a relatively small concern. On the face of the tool there is a direct contact of tool with the chip. Wear
takes the form of cavity or crater, which had its origin above the cutting edge. It leads to weakening of tool, increase in cutting
temperature, friction and cutting forces. The tool life due to crater wear can be determined by fixing the ratio of width of crater to
its depth. This phenomenon is prominent in ductile materials
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Fig. 4: Region of crater wear and wear land
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2) Flank Wear
Flank wear or wear land in on the clearance surface of the tool. It occurs due to the abrasion between the tool flank and the work
piece and the excessive heat is generated as a result of the same. Adhesion is also a factor because welding of the tool to the
work material causes a built up edge which is torn away, taking particles of the tool material with it. The entire area subjected to
flank wear is known as wear land. This type of wear occurs on the tool nose and front and side clearance faces.

By the proper selection of cutting tool material, tool geometry and the cutting conditions thermal cracking and mechanical
chipping can be prevented. However, the gradual wear of the tool cannot be eliminated totally and ultimately the tool failure
through wearing cannot be avoided.

VIIl. CONCLUSION

It is seen that the cutting tool is the important element in machining. The production rate, surface finish of the product,
dimensional accuracy and the cost of the machining are determined by the cutting tool performance. Hence if the cutting tool
doesn’t possess a prolonged life it may incur any one or more of the above said tasks. In this paper a study was done on the tool
life and its failure mechanism. The geometry of the tool has some key influence in deciding the tool life, among which the rake
and clearance angles are important one. The optimum values of rake and clearance angles are -5° to +10° and 5° to +8°
respectively. Next the machining condition has an important role in deciding the life of tool. Among the speed, feed and depth
of cut, the cutting speed has a more considerable effect. The minimization in tool life corresponding to an enhancement in
cutting speed is a parabolic curve. An improper selection of the tool and work material also leads to the reduction of tool life. So
the mechanical properties should be considered before starting the machining. A very minute change may occur when the cutting
fluids are used in machining in order to increase the tool life. Tool failure mechanisms are due to the high thermal stresses, wear
and mechanical forces. If the care is take to reduce the tool failure mechanism and if the geometry of tool and machining variable
are chosen optimally, then the life of the cutting tool may enhanced.
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