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ABSTRACT
"f ,.,0.

In the age of market economy it 1S essential that the production
cost of any part has to be minimum to make competitive in the
global market. From this point of V1ew tool geometry plays an
important role in manufacturing economy. Tool geometry has
influence on wear .rate and, therefore, on tool 1 ife, also on
product ion costs. The knowledge of se 1ect ing appropr iate too 1

geometry and other cutting conditions for various application 1S
almost absent in the relevant industries of our country at
different cutting conditions. The cutting speed range was selected
to cover the critical cutting speed at which built up edge vanishes
from the tool surface during cutting. Tool wear is also found to
have minimum value near the critical cutting speed.Experiment were
conducted with various parameters of the tool geometry with a view
to determining their optimum values.The optimum values of these
angles were determined from the condition of minimum intensity of
tool wear criterion. It has been established that intensity of tool
were can be reduced quite appreciably ( 3 to 4 times) by proper
selection of tool geometry. In the present work the tool geometry
parameters were varied one by one, so there remains a scope for
further works by varying two or more paraeters together. The
present work attempts to present a method of selecting optimum tool
geometry for turning stainless steel with cemented carbide cutting
too 1.
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1.1

In the age of Market Economy, it 1s essent ia 1 that the
production list of any part has to be m1n1mum so that the part
is competitive in the global market. To make a product
competitive, its production cost has to be low. From this
point of view tool geometry plays an important role in
manufacturing economy of products. It 1S also important that
the processes involved be efficient and capable of producing
parts of acceptable quality at low cost. The choice of the
proper tools, speed and feeds in cutting ;s a compromise since
the faster a machine is operated, the higher the efficiency of
both the operator and the machine.

It is well recognized that successful transfer of technical
knowledge is essential in order to utilize modern technology
properly. Otherwise the local engineering products wi 11 not be
comparable to competiting incoming forcing products. Thus,
experiments have been performed with a view to enriching the
technical knowledge in the field of metal cutting.
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The country 1aunched a programme of intensive industria-
lization including manufacturing of machine tools, cutting
tool spare parts, agricultural and general purpose machines
which involves huge amount of metal cutting and processing.
The government, semi-government and private sectors have made
a goo~ head-w~y in developing the industrial capabilities.
Although faced with numerous problems, the industrial sector
is at present capable of meeting a major portion of the
country's demand. One of the major problems which is faced by
the machine building industry 1S shortage of technical
knowledge for proper and economic operation of the existing
machine tools. This is a hindrance to rapid industrial growth
in the country. In factories a small number of engineers and
almost no worker are aware of optimum conditions of machining,
without which achievement of economy in industrial production
is almost impossible. In the factory the scientific methods
the whole metal cutting operation is based on thumb-rules, due
to lack of proper technical knowledge. Thus devevelopment of
new economical and scientific process of metal cutting
variables are chosen either from experience as usually done by
machine tool operators or selected from the available
engineering tables. None of these methods take the process
constraints into consideration and merely depend on the
personal experience of the employed personnel and hence lead
to values which are too far from the economic values. It
results in low production rate and high machining cost which

( ....".~



is undesirable for the factory. Therefore, any means of
improving this situation is of direct concern to all.

To avoid and to improve upon this condition, it is necessary
to study the underlying principles of metal cutting and tool
wear and to emp 1oy more effect ive methods of metal cutt ing
with appropriate tool configuration. This will enable to raise
productivity, to increase machining accuracy and to machine
most economically. The primary purpose of machining
economically, is to determine the machining parameters,
corresponding to optimum conditions of tool geometry. The
optimization is performed with respect to an objective
function which may (a) The machining cost, (b) The Production
rate, (c) Profit rate, or a suitable combination of these
three functions. So, optimum results from metal cutting
operations with proper tool geometry - ln terms of piece cost,

,

productivity and profit rate is of major importance to the
factory.

cemented carbide tools are suitable in machining operation of
steel 'at a reasonable cutting speed with respect to economy
and surface finish. The selection of cutting tool geometry has
long been recognized as a major factor governing the economics
of metal cutting. Experiences gained over the years have led
to the determination of certain empi rical rules or guiding
principles for choosing the optimum tool geometry for a given



machining operation. With a view to using the optimum
geometry and the principles of metal cutting in the factory,
this experimental study has been made. A turning operation has
been chosen to develop the proper geometry which needs no
special or costly eQuipments and adequate technical know how
of the workers to reach the above mentioned goals.

On the basis of the fundamentals of chip formation, cutting
tool wear and the trends toward higher output in the metal
cutting process, it is possible to establish well-ground
optimum values for the geometric elements of the tool point
the optimum tool geometry in any concrete case depends upon
the material of the blank work material to be machined,
material of the tool point or cutting component (tool
material), type of cutting tool used and other actual
condition of machining.

4



1.2 Aims and objectives

Following objectives were set before the present work:

i. To determine the critical cutting speed Vc for selection
of experimental cutting speed range of metal.

ii. To determine the relation between tool wear and cutting
speed for various tool geometry values in the selected
cutting speeds range.

iii. To determine the optimum tool geometry from the
re1ationsh ip between intens ity of too 1 flank wear and
cutting speed.

iV.To determine the optimum tool geometry of cemented
carbide cutting tool for turning stainless steel in the
optimum cutting speed range.

5



CHAPTER TWO
BACKGROUND SYUDY AND GENERAL THEORY

2.1 BACKGROUND STUDY

Metal cutting has played a vital role in the advent of modern
civilization. Most of the consumable goods are made by metal
cutting processes. Metal cutting process is accompanied by a
great deal of friction and heat generation. It is governed by
definite laws which must be studied to make the process more
productive and economical.

The first research on mechanics of machining started in
ninetenth century. Research in metal cutting had already been
carried out by the French scientist Trescall as far back as
1873, although fundamental theories have been developed only
during the past three or four decades. Beginning with Mallock12

in 1881, and through 1900, several contributions were made
toward understanding the metal cutting process by determining
cutting 'forces and the effects of tool geometry and cutting
environments. The first to make fundamental theoretical and
experimental studies of the main problems in metal cutting
were the Russian scientists I. Thime (1868-69), K. Zvorykin
(1892), A. Briks (1896) and Usachev (1912-14). They can
rightfully be called the founders of the theory of metal
cutting.

6



Hermann and zvorjkin made an analysis on metal machining and
developed a relationship at the end of eighteenth century
comprising shear angle, rake angle and friction angle at the
chip-tool interface this relationship, with slight
modifications, has remained unchanged to the present time.

In 1907, Taylor1J developed a relationship between cutting
speed and tool life. His works emphasized the role of
temperature of the tool on its life. However, from that time
until 1925 the developments led more toward producing
empirical data than contributing to theoretical analysis.

In around 1920, Herbert and Rosenhain and sturney established
the term machinability which referred specially to the speed-

.1 ife relationship and not to criteria 1ike surface finish,
chip disposal etc. But the presence of the tool-chip interface
temperature was considered at this period.

In 1924, Milton C. drew the relationship between emf and
temperature, between temperature and cutting speed, between
tool and cutting speed ln machining steel with cemented
carbide tools. Eckersley and TrentJ6 illustrated manufacture,
nature, properties and application of cemented carbide. They
observed that the melting point of tungsten carbide is over
2500oC. They also tested the hardness of the cemented carbide
and showed the relationship between hardness and temperature.
Trend studied the main type of wear, factors affecting wear,

7



Iinc1Jding flank wear, the bui1t-up-edge, plastic deformation,
mechani ca 1 Chipping and thermal crack ing. He studi ed first
four of these factors separately and their occurrence over a
wide range of conditions on a member of ferrous materials by
a series of short time cutting tests. He also studied the
flank wear occurring in short time cutting tests. The results
suggest that the rate of wear is greatly influenced by the
pattern of temperature distribution and flow of work material
around the cutting edge.

In 1938 Ernst and Marellott14 confirmed the role of bui1t-up-
edge in metal cutting and presented their theories on the
mechanics of its formation and breaking off and its effect on
tool temperature and on the surface' finish of the machine
parts. Cons iderab 1e st imu 1us was given to theory of meta 1
cutting by Ernest and Martellott14 in 1938; Ernst15 in 1938, and
Ernst and marchant in 1940. This group explained the mechanics
of metal cutting and the interrelated effect of tool geometry,
tool temperature, chip formation, cutting fluid and surface
finish.

It was realized that the customary methods of solving
machining problems in the period of 1950, which used the thumb
rule, must give way to a scientific method. The requirements
of metal cutting are changing and the results in continuing
changing interrelated compromises which involve new materials,
better surface finish and higher rate of production. Thus, it
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is necessary that objectives be achieved in the very near
future. This requirement has led to extensive developments in
metal cutting since the year 1950.

In 1952, Merchant9, Ernst and Krabacher presented a scientific
method of tool life testing, specially, for cemented carbide
tool, the mechanical aspect of metal cutting was investigated
by zorev17 in 1952. In the same year, Laladzee30, a leading
scientist in USSR, presented a well recognized theory of chip
formation during metal cutting process.

After 1950 the considerable affort has been expended on
develpping the optimum machining variables.

In 1955, Ernst and Gilbert optimized the cutting conditions
with respect to minimum production cost. In this objective
function, cost of production is a function of tool cost and
machining cost.

In 1956, Rozenberg and Eremin3131 carried out experiments on
the basis of metal cutting principles and established a
relationship between machining variables and metal cutting
theory. Rozenberg also deve loped the re1ation between cutting
forces co-efficient of chip strinkage.

In 1958, La1adzee'8 presented the role of tool wear in
optimization of metal cutting process. This was confirmed by

9



clushin32 in the same year after investigating the metal
cutting process. BrewerS also worked on the basic turning
operation to optimize the cutting variables for maximum
production rate. According to this objective function,
production time depends on machining time, idle time, etc.

In 1966, Makarov19 performed various tests on tool wear
optimization of metal cutting process. In the same year,
Armerego and Russe12 used maximum profit rate as an objective
function for optimizing machining variable and proved that
maximum profit depends on both tool cost and idle time.

In 1967, Zorev, Gronovsky, Larina and Tritiakov33explained the
mechanics of metal cutting. In this years Bekes. identified
the restrictive conditions of optimization and presented a
method for calculating the optimum cutting condition with in
these conditions. In this method production rate was only the
objective criterion. In the same year Basu5 modified this
method by developing a new approach for chosing optimum
cutting variable. Boothroyed, Engle and chisholm34 determined
the effect of tool flank wear on metal cutting process.

'~'
•

In 1968, Bjorke3 developed a methamat ica1 model for
calculating th~ cutting, condition during turining operation.

In 1969, Talantov6 established that tool wear is a function of
chip-tool contact process and minimum tool wear is,observed in
a definite range of cutting speed which is just below the

10
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critical speed for a single carbide tool. The same authors
determi ned exper imenta 11y the dependence of too 1 wear on
cutting speeds. Considerable support was given to this theory
by Roznikov in 1969.

In 1970, Time11 explained the resistance of metal during
cutting operations. And in 1975, Babrov35 presented the
fundamental theory of optimization of the metal cutting
process.

In 1978, Talantov, Chriomeshn ikov10 and Kurchenko presented the
relationship between cutting speed, metal cutting process, and
tool 1ife.

Rafiqu137 Islam showed that the intensity of tool wear is
directly proportional to the emf developed during turning with
different types of carbide tips.

In 1984 sankar13 expe irmenta 11y dete rmined the opt imum cutting
conditions for low alloyed steel. In determining the critical
cutting speed the co-efficient of chip shrinkage of nickel-
chromium steel of known composition was measured. The optimum
speed was found to correspond to the maximum value of the co-
efficient of the chip shrinkage.

11



Abu Hanifa26 has investigated of the effect of cutting speed
on chip tool contact process and tool wear for steel of
unknown composition.

Gullur Rahman25, carried out study on the existing
manufacturing process and Qual ity of locally manufactured

I

cemented carbide tool.

Kha1i1ur Rahman24 investigated the wear characteristics during
cutting 'V' threads.

A considerable contribution also has been made to the solution
of the principal problems of the cutting process and of tool
design and production by research minded production engineers,
technicians and operators. Present day development of metal
cutting science and cutting tool design requires further
research in the physics of cutting process, a search for new
less expensive, stonger and wear resistant materials for the
cutting elements of tool.

It is a surprising to note that a very few scientific
investigations have been so far carried out on the influence
of too1 geometry, tool wear during turning operation of
stainless steel as work material by cemented carbide tools.
This work attempts to present an experimental method of
selecting the optimum tool geometry during turning of

12
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stainless steel work material by a. cemented carbide tool

material.

2.2 Theory

From the manufacturing point of view, production costs,
production rates and profit have great importance during
machining. But analysis of these three variables at a time is
quite complex. So it was decided to use only one objective
criterion, the production cost criterion. Therefore, minimum
production time condition should be determined. For a given
materia1 and tool, the restrictions of feed, depth of cut,
cutting speed, cutting forces (as funct ion of power) and
surface finish will be the restrictive criterion to determine
the optimum cutting condition.

2.3 Tool Life

The life of a tool is an important factor in production work
isince considerab 1e time is lost when ever a too 1 is 9round and

reset. The tool life, a measure of the length of time a tool
will cut satisfactorily and like wise machinability, may be
measured in a number of ways. Tool wear is observed in two
places (Fig.S). One is on the flank of the tool where a small
land, extending from the tip to some distance below, is
abraded away. On high speed tools a failure is considered to
have taken place if this 1and has worn 0.062 in and for

13



carbide tools when the wear land has reached 0.30 in. Wear
a1so takes place on the face of the tool in the form of a
small crater or depression behind the tip. since tool life
decreases as the cutting speed is increased.

It has been estalished that there is a definite relationship
between the cutting speed and the life of a cutting tool.The
higher the cutting speed,the shorter the too 1 1ife(curves 1

and 2 in Fig. 1). This is readily explained by the effect of
cutti('1gspeed on heat generat ion and wear. In respect to
carbide-tipped tools, this relationship is more complex. It
follows from the relationship shown in Fig. for certain
conditions in machining unhardened steel that the life of a
carbide-tipped tool is first reduced with an increase in
cutting speed, then increased and finally reduced again.
In 1907, Frederick W. Taylor showed that a relationship exists
between tool life and cutting speed, as follows:

VT" = C

where
v = cutting speed, m/min.

T = tool life, min.
n = exponent depending upon cutting conditions
C = constant = the cutting speed for a tool-life of one

minute
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T, min

•••-
1

1 2

1. Carbon tool steel
2. High speed steet
3 .. Cemented carbide

Zone of rational
utilization of cemented
carbides

•• Vc m/min

Fig,1 Relationship between cutting speed and tool life
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2.4 optimization

The optimization is performed with the feasible region defined
by the relevant constraints, and with regard to the expected
value of the objective function.

2.4.1 conditions of Optimization

There are several conditions for optimization, these are as
follows:
1. Minimum cost (optimization of the cost condition)

Cp = C1 + Cc + Ctc + Ctg + Ctd

2. Maximum production rate (condition of production time)
TP = T1 + Tc + T tc + Ttc/T l

3. Maximum profit rate

f

p ~
Ii

2.4.2 Standard time and Machining Time during cutting Operation

The standard time (per piece) Tp required to machine a single
work piece in a definite operation is made up of the following
elements.

TP = Tpr + Th + Ts + T f

16



where,
Tp =

Tpr=
I'T =h

TS =

Tf =

standard time (per piece), min.
processing time, min.
handling time, min.
time required for servicing the work place, min.
fatigue allowance (time required for rest and
personal needs), min.

The processing time is the time during which the chip is being
cut from the work piece. In machine tool operation, processing
time can be machining time or combined manual and machining
time.

The machining time is the time during which the chip is being
cut from the work piece without the direct participation of
the operates (for example, the time is turning a shaft in a
lathe when the power feed is engaged). In the following, this
time will be denoted by Tm• In lathe work the machining time
for one pass can be calculated by the formula

T co Le min,. ns

where,
LC= travels of the tool in the direction of the feed

motion, mm.
n = speed of the work piece (spindle), rpm
s = rate of feed, mm per rev.

17
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2.5 Effect of cutting Speed

The effect of cutting speed on the cutting angle with SUE
formation, chip contraction, cutting force Fl and the co-
efficient of friction is shown in Fig.2. According to the
curve, force Fz is reduced beginning with a speed of 3 to 5 m
per min. then begins to increase at a speed of v = 20 to 25 m
per min, and finally drops again. Cutting force ~ is first
reduced because the formation of a built-up-edge leads to the
increase of the rake angle, y. The minimum value of
pzcorresponds to the zone of intensive SUE formation. with a
further increase in the cutting speed, SUE formation
decreases, and angle y is decreased, approaching the rake
angle of the tool obtained after sharpening. This leads to an
increase in force Fl' with a further increase in the cutting
speed, built-up-edge disappears and force Fz is reduced again
because the co-efficient of friction decrease. The curve in
Fig.2 show the effect of cutting speed on chip formation, the
greater the deformation in the process of chip formation the
greater the force will be.

At low speeds tool wear takes place largely by abrasion and
interaction of surfaces under high pressure, and the formation
and break-up of cold pressure welds. Temperature becomes an
important cause of tool wear at high cutting speeds. As speed
increases and temperature rises, the chip material next to the
tool face becomes weaker and shears more easily in friction.

18
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2.6 Effect of the Depth of Cut and Rate of Feed

The greater the depth of cut and feed, the larger the cross-
sectional area of the uncut chip and the volume of deformed
meta 1 and consequent 1y, the greater the resistance of the
metal to chip formation and the larger the forces Fz' and Fy

and ~ will be in the cutting process.

In longitudinal turning, the depth of cut has a greater effect
on the cutting force than the rate of feed. If the depth of
cut is increased, for example two fold, the width of the uncut
chip is also increased two fold. consequently, the load on the
tool, caused by forces acting on its face and flanks will also
increase two fold. Therefore,

where,
x = 1 for any material being machined.

If, now, the feed is doubled, the cross-sectional area of the
uncut chip is also doubled. with the width of the uncut chip
remaining the same, its thickness will then be doubled. Also
of importance is the maximum stress and deformation across the
thickness of the layer being cut at the cutting edge, i.e. in
layers near the plane of the cut. In layers further away from
the plane of the cut, the stress and deformation are gradually
reduced. This reduces the forceS acting as the tool from the

20
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Fig.3 Effect of depth of cut 0) and rate of feed

b) On the widlh and thickness of the uncul chip (at 5 Ll)
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layer being cut. As a result, a two fold increase in feed
leads to an increase in force Fz which is however less than
two fold the previous value Fig. 3.

The dependence of force Fz on the rate of feed can be
expressed by the following equation.

C 5Yz

where,
y < 1 (at s > 0.1 mm)

2.7 Factors Affecting the Tool Geometry

It is customary to define the tool geometry i.e. tool angles
in the static condition assuming that the plane of the cut is
vertical. It is also assumed that the tool point is set at the
same 1eve 1 of the work ax is. Pract ica 11y, in the cutting
process, its position and consequently, the values of certain
tool angles are affected by the position of the cutting edge,
or certain of its points, in reference to the work axis i.e.
higher or lower, the rate of feed and the work piece diameter.

It follows from the above discussion that three factors affect
the tool angles in the cutting process. The factors are ;

1) The position of the cutting edge of the tool in reference
to the work axis.
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"2) 'The rate of feed and its direction which means the
relative movement between tool and work piece with regard
to both feed and direction.

3) 'The diameter of the work piece.

2.8 Effect of'Cutting Tool Angles

Effect of Rake Angle:

The effect of the rake angle y ; on"the tool life is shown in
fig.4. A positive rake (+y) is ground' on a single-point
cutting tool to promote chip formation. But the larger the
rake ang 1e y. the smaller the .we'dge(tip) ang 1e 13 th is weaken
the cutting edge. Therefore, in machining hard metals, when
considerable forces act on the tool and in machining
interrupted surfaces. when the tool is subject to impacts, as
well as in machining brittle metals, when, due to the "loose"
fractured chips are obtained, the load on the tool is
concentrated on an area nea,r the cutting edge. It becomes
necessary to reduce the rake angle in order to increase the
strength of the cutting edge. The softer the metal to be
machined, the less the forces acting on the tool and
consequent 1y, the 1ess the forces act ing on the tool and
consequently, the greater the positive rake angle +y may be.
With a negative rake angle -y, the tip is subjected almost
exclusively to a compressive load readily withstood by
cemented carbides. The application of negative rake not only
changes the nature of the deformation undergone by the tip,
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but also helps to move the centre to pressure of the ch ip
further from the cutting edge.

However, the use of an increased negative rake angle leads to
an increase in forces acting in the cutting process. This, in
turn causes vibration, reduces machining accuracy and raises
the power expanded in cutting. Hence, tool wi~h negative rake
should be used only when absolutely necessary.

Effect of Relief Angle

The friction between the tool flanks and the machined surface
or the surface of the cut is reduced by. gr ind ing the side
(main) flank to an angle a.

The effect of the relief angle a on the tool life is shown in
Fig.5. The heavier the feed, smaller the optimum value of
angle a will be (at which the life is maximum). The reason for
this is that at heavy feeds, the cutting edge will be subject
to the action of large forces, and a large wedge angle G will
be required to prevent to failure the wedge angle is increased
by reducing the relief angle a.

The interrelation between the optimum value of relief angle
and the rate of feed is estab 1ished by the fo 11owing. The
friction between the tool and work wi 11 be specially great, if
the radius to which the cutting edge is rounded over is equal

25
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to or more than the thickness of the layer being cut. The
thinner the layer being cut, the smaller the radius p should
be. Radius can be easily reduced by increasing relief angle o.
Therefore the thinner the layer being cut. the larger angle 0

should be.

It is necessary to grind the tool flanks with two angles. The
tip is ground to the relief angle o. and the shank below the
chip, to the clearance. or secondary. angle 0'=0+(2° or 3°).
This is done to facilitate the grinding and lapping of the tip
in sharpening and if it is a carbide tip. to reduce wear of
the expensive diamond wheel or silicon carbide wheel used in
sharpening since such a procedure avoids the loading or
glazing of the grinding wheel with the shank material. First
the clearance angle is ground on the shank using an ordinary
aluminium oxide wheel.

Effect of End Relief Angle

To reduce the friction between the end flank and the work,
this flank is ground to angle 0, which is made equal to the
side relief angle in all single point tools except cut off.
The relief angle 0 is between the vertical line BB and the
tool flank. Fig. 6(a) If the tool nose is set to a point
higher than the work piece axis, the trace A'A' in Fig 6(b) of
the plane of the cut normal to the radius passing through the
tool nose, will be inclined at a certain angle L to the line

27



•

B

B

(b) (0) (c)

Fig.6 Effect on the tool angles of setting the tool nose

above or below the work piece.

28

B



BB. Consequently, the actual relief angle a' will be reduced
i.e. a' = a-T, the rake angle y, on the contrary, will be
increased V' = V+T.

If the tool is set with nose below the work piece axis Fig.
6(c) the opposite wi11 be true, i.e. the rake angle wi11 be
reduced and the relief angle increased V" = V+~ and V-T. The
angle T can be determined from triangle OKN in Fig. 6a. Thus,

Sin 'f = h
ON

2h=
D

In boring operations, angle a and V wi 11 change ln the
opposite directions i.e. the rake angle will increase and the
relief angle will be reduced when the tool nose is set at a
height lower than the workpiece axis.

Effect of Plan Approach Angle (side cutting edge angle)

The effect of the plan approach angle on the cutting speed is
shown in Fig. 7. The smaller the plan approach angle ~ on a
single point tool the greater the tool life and permissible
cutting speed. In addition, the use of a tool with a small
angle ~ (and ~1) enables a better surface finish, with less
roughness, to be obtained.
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With a reduction in angle $1 however, the deflection of the
tool away from the work will increase if, in this case, the
machine fixture tool workpiece complex is sufficiently rigid,
the machining accuracy may deteriorate and vibrations may be
initiated that make further operation practically impossible,
for this reason, under machining conditions which can not
ensure sufficient rigidity of the complex, larger values of $
should be assigned.

The angle $ and $1' obtained in sharpening, will not change in
the cutting process if the tool shank is perpendicular to the
work axis. If the tool is swivelled counterclockwise, looking
from above, angle $ will increase and angle $1 will decrease.

2.9 Chip Contraction

As a result of plastic compression of the layer of metal being
cut, the chip turns out to be shorter than the part of the
work from which it has been cut i.e. L(Lo in Fig. (8).

This shortening of the chip is called longitudinal chip
contract ion and its magnitude is characteri zed by the co-
efficient of contraction or cutting ratio or chip shrinkage.

The co-efficient of contraction, K 1S the ratio of the length
of the section on the work from which the chip was not to the
length of the chip removed, thus
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K = Lo
L

Since L<Lo, the co-efficient of contraction K>1 and may reach
5 or 6 depending upon the machining conditions.

The volume of the layer being cut 1S equal to the volume of
the cut-off 1ayer. Therefore, any contract ion of the chip
should be accompanied by an increase in its cross-sectional
area. This is called transverse chip contraction and the
increase in area is due mainly to the increase 1n chip
thickness and only to a lesser extent to any increase in chip
width.

The co-efficient of chip contraction, or cutting ratio, 1S a
certain quantitative measure of the degree of plastic
deformation in metal cutting. Thus, the smaller the chip
contraction, the less the plastic deformation in the cutting
process, and consequently, the more favourable the conditions
of chip formation and the less the power consumed to machine
the given blank.

The main factors affecting chip contraction are (1) geometric
elements of the tool point (chiefly the cutting angle and the
nose radius) (2) cutting variable (mainly the cutting speed
and rate of feed) (3) cutting fluid and (4) metal being
machined and its mechanical properties.
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2.10 Causes of Tool Failure

Failure of the cutting tool is considered to have occurred
when it is no longer capable of producing parts with in
required specifications, the point of failure, together with
the amount of wear that determines this fai lure. This is a
function of machining, surface quality, dimensional stability,
cutting forces, cutting horsepower, and production rates. It
may, for instance, take very little wear to affect the
stabi 1ity of the buiIt-up-edge, which in turn may affect
surface quality, although the tool itself could continue to
remove metal with little, if any loss of efficiency. In
contrast only a few thousandths of an inch wear on a wide form
tool might cause such a large increase in thrust or feeding
forces that would result in a loss of dimensional stability,
or required excessive power, in addition to a loss of surface
quality.

Tool Wear

In the process of cutting metals, the tool is worn as a result
of friction of the chip on the tool face and of the tool
flanks on the workpiece tool wear involves abrasion and the
removal of microparticles of the surface as well as
microscoping chipping of the cutting edge.
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Friction and the resulting wear in cutting metals differ some
what from the general friction of the surfaces of machine
parts, the physics of tool wear in metal cutting is extremely
comp 1icated. It invo lves abrasive, molecu 1ar and diffusive
wear, there is no known too1 mater ia1 that can comp 1ete 1y
resist contact and rubbing.

The direct contact with the work material, there are three
major:regions on the tool where wear can take place, which are
face, flanks and nose Fig. 9(a).

Face wear

The face of the tool is the surface over which the chip passes
dur in9 its format ion. wear takes the form of a cavity or
crater which has its origin not along the cutting edge but at
some distance away from it and within the chip contact area.
As wear progresses with time, the crater gets wider, longer,
and deeper and approaches the edges of the tool, tool face
wear is shown in Fig. 9(b).

Flank Wear

Flank wear is always present regardless of work and tool
material, or even of the cutting conditions, the flank is the
clearance face of the cutting tool, along which the major
cutting edge is located. It is the portion of the tool that is
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in contact with the work at chip separation point and that
resists the feeding forces. Because of the clearance, initial
contact is made along the cutting edge. Flank wear begins at
the cutting edge and develops into a wider and wider flat at
increasing contact area called a wear land, tool flank wear
shown in Fig. 9(c).

Nose Wear

Nose wear is similar to and often considered a part of flank
wear. Nose wear sometimes proceeds at a faster rate than flank
wear. Pract ica 11y when one 1s working on rather abras ive
material and using small nose radius. In finish turning
operations, the nose is in directe contact with the workpiece,
and excessive wear might affect dimensional stability as well
as surface roughness. where sharp corners are to be
maintained, the rounding or flattening of the nose can cause
failure long before flank wear itself becomes a factor. Tool
nose wear shown in Fig. 9(d).

2.11 Optimum Wear Criterion

Optimum wear means wear for which the total serVlce life of
the tool will be the longest. The total service life M of a
tool is determined by multiplying the number of sharpening
(grinds) allowed by the tool tip for the given amount of wear
by operating time during which such wear occurs, thus
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M = K'T min
where,

K' = number of sharpening allowed by the tip for the
given amount of wear.

T = the machining time (tool life) corresponding to the
given amount of wear.

The number of sharpenings allowed by a tool tip subject to
face wear Fig. 10(a).

~C'
K{;_J_;x'

where,
c' = height (thickness) of tip, mm
x' = layer removed in grinding the tool face in

sharpening, mm
A = sharpening tolerance (for removing x' layer slightly

thicker than the crater depth) A = 0.1 to 0.2 mm.

As a rule, the whole tip is not ground off to its base. This
is taken care of in the formula by the factor 2/3.

The number of sharpening allowed by the width of the chip when
it is subject to flank wear is Fig.10(a).

~
~B
3
7
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Fig.l0 Elements of wear and tool sharpenting
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where,
B = width of the tip. mm; 1n a direction normal to the

side (main) cutting edge
y' = layer removed in grinding the tool flank 1n

sharpening, mm; it is measured along the width
of the tip.

But y' = p + 4
From Fig. lOeb)

p m a and a c hj tan ••
0.:0'" 1

then hi tan ere
cosy

y' ._ h~ tan ere + A
cosy

and
+ A

The average value of 4 ;s 0.15 mm.
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CHAPTER THREE
METHODOLOGY AND CONDITIONS

OF EXPERIMENTS

3.1 Methodology

The main factor influencing machining as well as the produc-
tion costs is tool life. But it has some interpretations. It
can either be the useful life of cutting tool expressed 1n
minute between two grinds or the total time which a tool can
withstand before complete destruction. This leads to frequent
tool sharpening and consequently, to a 1055 of the labour of
the workman sharpening the tool, a 1055 of time required to
remove and set up the tool. Thus tool wear influences the
output and the cost of machining operations.

For decreasing production cost and higher production rate, it
is necessary to improve tool life. In order to form a basis
for such improvement, much effort has been made to understand
the nature of tool wear and other forms of tool failure, the
life of a cutting tool can be brought to an end in many ways,
these ways may be divided into two main groups.

i) The gradual or progressive wear of certain regions of the
face (crater wear) and flank (flank wear) of the tool.
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ii) Failure of the tool-life at a premature stage.

In impractical operations, tool geometry plays an important
role. In absence of definite cutting angle the greater the
deformation, heat generation and forces acting on the tool,
the more intensive tool wear wi 11 be, the surface wi 11 be
rough and the shorter the tool life, but in certain cutting
angle the deformation, heat generation and cutting forces are
reduced and the tool life is increase. Therefore, an optimum
value of the cutting edge exists for each work material, tool
material and other machining variables at which the tool-life
and consequent 1y the permi ssib1e cutting speed wi 11 reach
their maximum values. It is true that, under all circumstances
the wear at the tool flank in the sole gage in prescribing the
useful life of a cemented carbide tool.

It is also true that when tools are used in optimum tool
geometry, the flank wear is minimum and the product is under
economical control.

An 'increase in cutting speed leads of more productive
machining by reducing machining time. But the cutting speed
can not be assigned without taking into account the concrete
machining conditions since the intensity of tool wear 1S

sharply increased with the cutting speed.
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So there should be a compromise between cutting speed and tool
wear rate which leads to the term 'critical cutting speed'.

The critical cutting speed, vc, 1S considered as the cutting
speed at which few traces of unstable built-up-edge appear on
or just disappear from the rake side of the chip, as it
protects the tool from excessive wear. Co-efficient of chip
shrinkage (k) is related with cutting speed, Rozenberg
established an expression of cutting force Pz.

p a•
T S t cos Yo
•.. sin P cos (P-yol
1 _ sin 1)

T. cos (" -Yo)

and shown in Fig. 11.

This indicates that pz depends on the value of k. sand t. K,
is the chip reduction co-efficient or chip shrinkage where

K=
cos(ll - Yo) Lo

sin J = Lc
Length of uncut chip

Actual lengtb of tbe cbip

The value of K is affect by -

i. cutting variables i.e. v, s, t. etc.
ii. cutting environment and auxiliary variables.
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The behaviour of K as influenced by cutting variable fully
depends on cutting force, pz for determination of cutting
force and to explain a cutting tool performance. The value of
chip shrinkage K and its behaviour with respect to cutting
variables is very important. Measurement of K is very easy and
needs no costly and precise instrument where measurement of pz
is troublesome and costly. Rozenberg has demonstrated that the
behaviour of cutting forces with respect to cutting speed is
identical with chip shrinkage characteristics. That's why, in
this present experiment to find critical cutting speed Vc,
chip shrinkage K is used instead of cutting force Pz.

Critical cutting speed, Vc has been used to find a broad range
of cutting broad speed known as experimental cutting speed.

The work materials stainless steel, have been turned with
cemented carbide tool at these experimental cutting speeds for
different tool angles. After turning a specific length of work
material, corresponding tool wear has been measured with
instrumental microscope. Flank wear, hf vs. cutting length, L
curves shows the intensity of tool wear. Again, intensity of
tool wear Ih vs. cutting speed, Vc for different values of same
tool angles curves have been plotted. From these curves, the
angles for which intensity of tool wear is minimum has been
considered as 'Optimum tool angle'. This experiment has been
performed for six tool angles - Back rake angle y, side rake
angle 'rl' end relief angle, a1 side relief angle, a End cutting
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edge angle. +1 side cutting edge angle, ~ from which a optimum
tool geometry is obtained.

Thus, to find a optimum tool geometry. the experiments
performed under this work are as follows:

i. Determination of chip shrinkage
ii. Determination of critical cutting speed
iii. Determination of intensity of tool wear
lV. Determination of optimum tool angle.

The optimization of each angle were done by varying it
considering other angles fixed to determine the optimum tool
geometry.

3.2 Description of Work and Tool Material

Experiments have been conducted with cemented carbide tool and
stainless steel work material. Stainless steel possesses high
resistance to corrosion. They are produced to cover a wide
range of mechanical and physical properties and for particular
applications at atmospheric, elevated and cryogenic
temperature. Common applications of stainless steel include
air-craft, railway, trucks, food processing equipment, cooking
utensils, cutlery, flatware, jet engine parts, etc. Stainless
steel materials are generally selected first on the basis of
corrosion resistance and 2nd on the basis of strength or other
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mechanica1 properties. More force is required faced by the
tools and to bend. draw and cut. and slower cutting speeds and
difficult tool geometrics are required for machining.

Cemented carbides have a high first cost but can be run
relatively faster and they can produced much more than cheaper
tool materials. They are most popular for production
operations. carbides are made in many grades to suit many
purposes by varying the size and proportions of the carbide
particles and the amount of binder. cemented carbides are made
and sold under a number of trade names such as Kennametal and
carboloy. Cemented carbide have a high density, hardness and
wear resistance at high temperature. In the production of
meta 1 cutting too1s use is made of (1) straight tungsten
cemented carbides which are grains of tungsten carbide held in
a matrix of cobalt (grades BK2. BK3M, BK4, BK6, BK6M, BK8 and
BK8B) (2) titanium tungsten cemented carbides consisting of
grains of a solid solution of tungsten carbide in carbide of
titanium and surplus grains of tungsten carbide. all bonded by

Ithe cobalt, or just the solid solution with out the surplus
grains in the cobalt matrix (grades T5K10, T14K6, T30K4 and
T5K12B and (3) titanium-tantalum-tungsten cemented carbides
consisting of grains of a solid solution made up of the
carbides of titanium, tantalum and tungsten and surplus grains
of tungsten cemented carbide together by cobalt, (grade TT7K12
and TTlK15).
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The following figure, the letter K in second group indicates
the cobalt content, as before, while the figure after the T is
the titanium carbide content in percent. Thus grade T5K10
contains 10 percent cobalt, 5 per cent titanium carbide and
rest 85 per cent tungsten carbide-titanium-tungsten cemented
carbide are also used efficiently for turning heat-resistant
steels and super alloys, distinguished for their high
toughness and low heat conduct ivity . The titan ium tungsten
group of cemented carbides is divided into (a) the strongest
but least wear-resistant grade T5K10 (b) less strong but more
wear resistant grades (T14K8 and T15K6) and (c) the most
brittle grade but having the highest wear resistance (T30K4).
Grade T5K10 is used in roughing steel for interrupted cuts. In
the present experiments T5K10 type cemented carbide tools are
used.

3.3 Selection of Grinding Wheel

To grind work of high quality at a high rate of output, the
grinding wheel specifications must be properly selected to
suit the concrete conditions of the job.

The kind of abrasive material is determined by the nature and
properties of the work material. Thus, aluminium oxide
abrasive is best for grinding steel, malleable iron and soft
bronzes. Black silicon carbide abrasive is most efficient in
grinding cast iron, bronze and aluminium castings and cemented
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carbides. Green silicon carbide abrasive is used in sharpening
carbide tipped cutting tools.

The grain size of the wheel is selected in accordance with the
required surface finish, the work material and the size of the
area of contact between the wheeland the work. In rough
grinding, wheels of coarser grain size are used than in finish
grinding. Coarser wheels are used 1n grinding ductile and soft
metals to avoid rapid loading of the wheel, fine grained
wheels are used for brittle and hard metals, the larger the
area of contact with the work, the coarser the grain of the
wheel should be. A grain Slze of 40 to 25 1S suitable for
wheels used in high velocity grinding.

The selection of the wheel grade is based on the observance of
conditions favourable for self sharpening of the wheel in the
gri ndi ng process. Consequent 1y, the harder the meta 1 be ing
ground, the softer the wheel should be and vic-versa, since a
grinding a hard metal the grains will wear more intensively
and be broken out of the whee 1 more read i1y to expose. new
sharp grains.

TO avoid breaking down, harder wheels should be more coarse
grained, since other conditions being equal, .the.grain of a
coarse-grained wheel is subject to a higher load than that of
a fine-grained wheel.
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The structure of the wheel is selected to suit the grinding
conditions, wheels of dense structure which retain their shape
well are used for finish and form grinding, wheels of medium
dense structure are employed for grinding hardened steel
parts, for sharpening cutting tools, wheels of open structure
are used in grinding ductile and soft metals.

3.4 considering Cutting Angles Ranges

The side cutting edge angle should be established first. It
should be large enough to ease the tool into the work piece
without endangering a breakdown of the nose, and while it must
be 900 when machining in a lathe upto a square shoulder, it
should average around 500 with values upto 30° for roughing
cuts on ragged surfaces. The end cutting angle is necessary to
avoid rubbing action between the tool and workpiece at points
other than the cutting edge. It should be as small as possible
to avoid weakening the nose and should range from 15° to 450,
with large angles introduced reluctantly in case where other
means to reduce chatter have not met with success.

The rake and clearance are determined from _8° to +150 and make
the side and end clearance angles from 50 to 150. The smaller
the relief angle, the stronger the cutting edge, but if the
angle is too small, rubbing action will take place.
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The nose radius should be selected next. If it is too large,
it may cause chatter, and in cases where firm rigidity is hard
to obtain, it should be made as small as possible. The nose
radius has a distinct bearing on the chip formation and
surface finish. Its dimension should not be too rigidly
specified by the tool designer.

3.5 Assumptions and conditions of Experiment

The aim of the experimental setup were to findout the
critical values of the factors influencing the optimum cutting
condition from the earlier theoretical investigation.It was
proved.that the influencing factors were cutting force, speed,
feed, depth of cut, tool-life etc. cutting fluid has
considerable influence on cutting conditions, yet it was not
used, since coolant quickly shatters cutting edge and forms
crack for repeated quenching. To investigate the above
mentioned factors carefully and systematically, experiment was
conducted in several steps and the assumptions were state
below:

i) Tool geometry considered conventional and it 1S constant
ii) The properties of the work material do not vary during

and after the operations.
iii) Instantaneous conditions of temperature, pressure and

chip formation in the region of cutting corresponding to
the appropriate steady-state conditions.
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iv) Feed, depth of cut rema in unchange on 1y cut t ing speed
Vary1ng.

v) Only the turning operation considered for the experiment.

3.6 Experimental setup

The experiment has been done to obtain the result according to
the methods mentioned in the methodology. The critical cutting
speed was determined to get the range of experimental cutting
speed by measuring chip shrinkage co-efficient.

There are several other ways to find out critical cutting
speed (vc), such as by studying chip tool contact process and
intensity of tool wear with respect to cutting speed.
Convent iona 1 method was app 1 ied to determi ne the cri t ica 1

cutting speed. In this experiment, a round sol id bar of
stainless steel was turned with cemented carbide cutting tool.

The bar initially was rough turned to make ready for the
experiment, because chip lengths would be measured and
recorded according to the uncut chip length also longer chips
are usually unhandy while shorter chips do not permit
sufficient accuracy. So to determine the value of chip
shrinkage, K from turning operations, it 1S feasible and
recognized to interrupt the cut by a groove 1n order to have
a measure of the uncut length of the material which later is
removed as a chip. A small groove parallel to the centre line
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of the work piece leaves marks at the edge of the chip at a
distance equal to one revolution of the work. The chip
shrinkage, K was found out by measuring the distance of the
markon chip and dividing the circumstance of the work piece
by the measured length. The length of the chip is measured
preferably on the smooth surface, chip-tool contact processes
were estimated by viewing the scratch patterns on the rake
face of the chip and by studying the photomicrographs of the
chip.

There are many processes to determine the intensity of tool
wear, one of them is radio-active method. In this method,
radio-active equipment is required in operation and counting
the wear particles which travel with chip as the cutting
fluid. Geeger counter are used for counting the wear particle.
It is complicated and expensive process. On the other hand,
there are some conventional methods. One of them, is of
machining with a cutting tool to a predetermined cutting
length of certain amount of metal removed and measuring
respective wear with a metallurgical microscope. Though this
conventional method is simple and economical, so it was used
in this experiment.

The lathe machine used to find out experimental cutting speed
was also used to continue the experiment for the work and tool
material. The intensity of wear of a single point cemented
carbide cutting tool, depend upon various cutting conditions.
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In this experiment to determine the rate of tool flank Wear
feed, depth of cut, nose radius, considered cpnstant. Cutting
fluid was not used during operations and temperature did not
influence on cutting operation. Experiment was done with in a
cutting speed range from 11m/min to 35m/min. Only the variable
was tool geometry. The intensity of tool flank wear. It was
found by measuring of tool flank wear with respect to cutting
speed and tool geometry and dividing the respective cutting
length.

There are several methods to determine optimum tool geometry
such as radio active method and conventional method. In radio
active method, a radio active tool in used for the rapid
measurement of too 1-1 ife. Th is method measure wear on the
cutting face as well as on the clearance face i.e. tool flank.
And the other process is conventional method, which consists
of machining with a cutting tool, either unti 1 its complete
fai lure or to a predetermined amount of wear from cutting
operation in time or length, as wear measured an instrumental
microscope. The experiment had been done on the rate of tool-
wear with respect to cutting length. Instrumental microscope
was used to measure the tool wear.

To determine the optimum tool geometry, the following
conventional process may be considered i.e. power consumption
vs. tool angle, vibration vs. tool angle, co-efficient of
friction vs. tool angle, temperature VS. tool angle, cutting
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speed vs. tool angle, tool life vs. tool angle, SUE vs. tool
angle, cutting force vs. tool angle. Co-efficient of chip
shrinkage vs. tool angle, and intensity of tool flank wear vs.
tool angle with respect to variables, under consideration such
as, feed, depth of cut, speed, nose radius etc.

This experiment has been performed to compare the intensity of
flank tool wear with respect to different tool angles. The
intensity of tool flank wear was calculated. Graphs of
intensity of tool flank wear vs. cutting angle and also
cutting speed were then drawn. Optimum values of cutting tool
angles have been selected by studying the above curves.

3.7 Experimental Details
3.7.1 Determination of Critical Cutting speed

To determine the critical cutting speed, considering the above
parameters, in chapter-2, a solid stainless steel bar of 85 mm
diameter and 53 cm length were set on the said lathe. Turning
operations were carried out for obtaining unifOrm diameter of
84 mm. Considering feed. S=0;2 mm/rev. and depth of cut, t =
1 mm for each turning operation.

To determine the value of chip shrinkage from turning
operations, a slot was made on the work material along the
horizontal axis by the hacksaw, the depth of slot wa~ not more
than depth of cut, cutting operations were performed at
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Data sheet - 1 :
For turning operation at 5=0.2 mm/rev., t=O.l, r=o, a=5~,
~=450, $,=20°, y=OO, Y1=00 and different cuttlng speeds,
determine co-efficient of chip shrinkage k.
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I Speed of I Actual I Length of

, -"
I

,I
sl. Dia. of RPM Length II
No. workpiece N m/c. V I cutting uncut I of II

D mm m/min I speed I chip, Lc m I chip, L ,I
I I II

~ I
I Vc I I m

III m/min. I ,

I, , , , ~

I
I
I
I
I
I=

23. 78 I 130 I 31.856 i 33.9 i 245.044 i 146.8 Ji
1 130 ! 1 34.8

I I 153.2
I'

24. 82
,I

I 33.489 1257.611 II
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I I
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Data Sheet : (Continued)
For turni ng operat i on at 5=0.2 mml rev., t=O. 1, r=O, 0=50,
$=450, ,$,=200, y=OO,. y,=0° and different cut t i ng speeds,
determlned co-efflclent of Chlp shrlnKage k.
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Data sheet # 2
Observation of chip nature, quality and physical microscopic study
to determine critical and optimum cutting speed.
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Observation of chip nature, quality and physical microscopic study
to determine critical and optimum cutting speed.
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various cutting speeds and respective chips were collected.
The actual cutting speeds, were calculated from the reading of
techometer which was recorded during cutting operation and
uncut chip length were calculated for the respective speed.
The length of chip was measured by rolling the chip over a
sheet of paper.

The chips were collected separately for each cutting speed at
least three marked sections and chips lengths were measured
carefully and accurately and average chip length was
calculated. The value of chip shrinkage was found by dividing
the uncut chip length by the respective measured chip length.
During cutting operation observed chip tool contact type by
the metallurgical microscope and noted for every case. with
the values of chip shrinkage and the corresponding values of
cutting speed, a curve, k = flv) was plotted Fig. 12, there,,
were two peaks of chip shrinkage at two cutting speeds. It is
known that the reduction of the chip shrinkage usua11y is
associated with a reduction in cutting force and also with an
increase in temperature and vice-versa. Thus, at maximum chip
shrinkage force is also maximum and for minimum chip shrinkage
force is minimum. The values of uncut chip lengths and
respective chip lengths for each cutting speed are shown in
data sheet-I. The values of co-efficient of chip shrinkage
with respective cutting speed were calculated and recorded in
the table-1. Data sheet-2 shows the observed of chip nature
and quality as found by physical observations and also
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Table - 1
Determined values of K at 5=0£ mm/rev., t=0.1 mm, r=O, 0=5°,
01=6°, 4>=45°, 4>,=20°, y=Oo, y,=oo at different cutting speeds ln

turning stainless steel.

i
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I
I

J
I

I
t

I
I
I
I
I
I
II
II
II
II
II
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microscopic studies during experiment. A curve was plotted
with chip shrinkage vs. respective cutting speed using the
data of table-l Fig.12. There is no sharp point which may be
considered as critical cutting speed, because the critical
cutting speed is that speed where the co-efficient of chip
shrinkage is maximum and built-up-edge, is absent. From the
curve, k=f(v) in Fig.12 it is clear that the critical cutting
speed, Vc lies between the point -7 to -11 and point -15 to -
19. The two values of critical cutting speeds were due to
double carbide cutting tool material and the critical values
of cutting speed are mentioned by a range, not by a particular
value. The select optimum cutting speed for cutting
operations, required a particular critical cutting speed, Vc.
But it is not possible to say the accurate critical cutting
speed value from the curve of Fig. 12 though critical cutting
speed Vc lies within the cutting speed range.

By carefully studying the chip shrinkage vs cutting speed
curve with the characteristics of chips and observed data of
table -1, it was found that the values of critical cutting
speeds Vc = 18.6 m/min and Vc = 26.5 m/min. Because at point
8 and point 16, the values of chip shrinkage is comparatively
minimum and turn towards high and BUE is absent and also work
material had a good finished surface.
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Determination of critical cutting speed Vc of stainless
steel with cemented carbide cutting tool
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3.7.2 Selection of experimental cutting speed to determine the
optimum tool geometry

From Fig.12 and by observations of the cutting conditions, it
was clear that there were two critical cutting speeds, i.e.
double optimum cutting speed. That means turning operation
could be selected in anyone of the two optimum cutting
speeds. considering some other parameters such as chip
characteri stics, bui1t-up-edge, tool wear, 't:.emperature,
surface finish. etc. metal cutting sp<:ledcould be selected
within a range. Therefore, the experimental cutting speeds,
were selected at 15, 20, 25, 30, 35 m/min. by analyzing
Fig. 12 and dat~ sheet-2.

3.7.3 Determination of Intensity of Tool Flank Wear and
optimum Tool Geometry

Intensity of tool wear is defined as the wear per unit cutting
length of the workpiece. In this experiment, intensity of tool
flank wear was determined at a various conditions of tool
geometry and cutting speeds. Cutting operation was carried out
in the same lathe machine, which was used to determined
critical cutting speed, using same work and tool materials of
cutting conditions at 5=0.2 mm/rev, t=0.1 mm, r=O and
different selected speeds for various tool geometry.

Solid shaft of stainless steel were turned at different
speeds and cutting angles and turning was interrupted at a

(

regular pre-determined traverse
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respective tool flank wear with an instrumental microscope by
using chemical reagent aqua regia (Hel : HN03 = 3:1).

To measure the tool flank wear for each tool geometry and
speed, cutting length of the workpieces were pre-determined
and was divided into 3 to 5 divisions. starting tool geometry
was set at 0=5°, 01=6°,4>=45°,4>1=20°,y=oo, & YI=Oo, which was
used to determined critical cutting speed.

Tool flank wear was measured in this experiment by varing any
one of the angles keeping the others fixed.

At first, side cutting relief angle 0 was varied and others
angles were kept unchanged i.e. 01=6°,4>=45°,4>'=20°,y=oo, Y1=00
was fixed and the values of 0 were 5°,7°,9° & 11°. First
turning operation of the experiment was performed at side
cutting relief angle 0=5°, cutting speed was 16.1 m/min.

Stainless steel bar were cut five times each had predetermined
traverse length (sample data sheet-3). Here after every
turning operation the tool was carefully observed under the
microscope and the tool flank wear was measured. The amount of
wear was recorded each time (same data sheet-3). It was
observed that the wear increased with the increase of traverse
length is all cases.
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A curve was plotted for these values of tool flank wear hf and
the corresponding values of length of cut Lc in Fig-13 for
tool geometry 0=5°, 01=6°,41=45°,<I>i =20°, y=OO, YI=0° and cutting
speed 16.1 m/min. Straight line relationships were with
different slope angles were obtain in different cases. From
the slope of these curves intensity of tool flank wear In was

calculated by using the relation,

of Ih were listed in table-2.

In = h, • All of the values
Lc

Simi larly, in the same above tool geometry i.e. 0=5°, 01=6°
41=45°, 411=20°,y=oo, YI=Oo; tool wear measured for cutting
speeds in 21.7 m/min, 26.8 m/min, 30 and tool flank wear vs.
cutting length ~ curves were drawn in Fig.13. Also intensity
of tool flank wear Ih were c,alculated from the curves for
respective cutting speed and were listed in table-2.

similar cutting operations and calculations were performed for
0=7°, 0=9° and 0=11° at different cutting speeds, where 01, 41,
411'Y, Yl remain same as before and measured wear were recorded
(sample data sheet-3). hf vs. Lc curves were drawn in Fig. 14,
15 & 16 for 0=7°, 0=9° and 0=11° respectively, and calculated
intensity of tool flank wear were listed in table-2.

In the same proceses, simi lar experiment was done for end
cutting relief angle 01, side cutting edge angle 4>, end
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Obn. Machine Work Actual Time for each Length of Flank I
NO. rpm piece cutting turning cut, lc m wear,

N dia, speed operation hi mm
, d,mm Vc T. min
, m/min

1 5 min 5 sec 81 .681 0.06
2 10 min 10 sec 163.363 0.083
3 60 80 16.1 15 min 16 sec 245.044 0.125
4 20 min 22 sec 326.726 O.16
5 25 min 28 sec 408.407 O. 196

1 3 min 5 sec 85.451 0.067
2 7 min 54 sec 170.903 0.108
3 95 68 21.7 11 min 51 sec 256.354 0.16
4 15 min 49 sec 341 .805 0.205
5 19 min 47 sec 427.257 0.252

1 2 min 48 sec 74.770 0.05
2 118 68 26.8 5 min 36 sec 149.540 0.081
3 9 min 36 sec 256.354 O. 142

1 2 min 33 sec 76.969 0.073
2 130 70 30.3 5 min 7 sec 153.938 O. 11
3 8 min 39 sec 260.752 O. 17

1 2 min 22 sec 79.639 0.062
2 4 min 45 sec 159.779 O. 11
3 130 78 33.9 7 min 8 sec 238.918 0.164
4 9 min 31 sec 318.558 0.213
5 11 min 54 sec 398.197 0.257

sample Data sheet # 3
For turning stainless steel at S=0.2 mm/rev., t=O.l, r=O, 0=5°, 01=6°,
4>=45°,4>1=20°,y=oO, Yl=Oo with cemented carbi de.
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Table-2

Determined values of In for various tool geometry and cutting speeds
ln turning stainless steel with cemented carblde cutting tool
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/ cutting edge angle ~1' Back rake angle V and side rake angle,
VI measured data and calculated values of Ih were recorded 1n
same sample data sheet and table and graphs were plotted as
follows.hl vs. Lc curves were drawin in fig. 17, 18, 19 & 20

for variab 1e 01 of 5°, 7°, 9° & 110respect ive 1y, where other
angles were fixed. Fig. 21,22,23 & 24 for variable $ of 30°,

40°,50° & 60° respectively, where others angle were fixed,
Fig. 25, 26, 27 & 28 for variable ~I of 15°, 25°, 35° & 45°

respectively, where other angles were fixed. Fig. 29, 30, 31

& 32 for variable y of -8°, 0° 5° & 10° respectively and other
angles fixed, Fig. 33, 34, 35 & 36 for variable VI of _7°, 0°,

5° & 10° respectively where others angle fixed.

For every tool geomatry, it should be noted here that after
the turning operation for a particuler speed. It was carefully
grinded the tool flank wear to the oreginal tool angle, which
was created during cutting operation. Actual rpm and cutting
times were also measured and recorded (sample data sheet 3)
during turning operations. Chips were also collected for
microscopic analysis and to determine optimum tool geomatry.

There were five cutting speeds for tool geometry 0=5°, 01=6°

~=450, ~=200, V=OO, Vl=Oo where 0 was variable and others were
fixed. hI vs. Lc curves were drawn in Fig. 13 for each cutting
speed and intensity of tool flank were Ih was calculated from
each curve for the respective cutting speed and was listed in
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Figure-13
Effect of cutting length on tool flank wear, h, at
constant 5=0.2 mm/rev, t=O.l mm r=u, a=5c, a,=6~, $=450
4>1=20°, Y=OO & Yl=Oo in turning with stainless' st8el
with cemented carbide cutting tool.
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Figure-14
Effect of cutting length on tool flank wear, h; at
constant 3=0.2 mm/rev, t=O.1 mm r=O, a=7~, a.=6c, ~=45C
$~=20J, y=O: & Y,=OC In turniD9 witn stain-less. steel
with cemented c~rbide cuttiD9 tool.



0.18

0.15

O.lJ

0.12

E
:;:; E

_. 0.10
.s::

r 0.08

OV=17.3
x V = 19.5
[:, V = 23.3
o V = 25.5
$ V=28.5
Il'l V=31.9

60 100 140 180 220 250 300 340 380 420
lc, mFigure-15

Effect of cutting length on tool flank wear, h, at
constant 5=0.2 mm/rev, t=0.1 mm r=O, a=gC, a.=6C, ~=45°
~.=200, y=Oo & y,=oo in turning with stainless' steel
wlth cemented carbide cutting tool.
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Figure-16
Effect of cutting length on tool flank wear, h, at
constant 5=0.2 mm/rev, t=O.' mm r=O, a="C, a, ='60

, 4>=45'
4>,=20', y=OO & y,=oo in turning with stainless 'steel
w1th cemented carbide cutting tool .
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Figure-i7
Effect of cutting length on tool flank wear, h, at

" G "constant 8=0.2 mm/rev, t=o. 1 mm r=O, a=7", a. =5 , ~=45"
~~=20", y=oG & '1',=0" in turning with stainless steel
with cemented carbide cutting tool.
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Figure-18
Effect of cutting length on tool flanK wear, h, at
constant 8=0.2 mm/rev, t=0.1 mm r=O, 0=7', 0,=7°, ~=45'
~.=20C, y=Oc & y,=Oc in turning witn stainless steel
with cemented carbide cutting tool.
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Figure-19
Effect of cutting length on tool flank wear, h, at
constant 5=0.2 mmirev, t=0.1 mm r=O, 0=7°, 0.=9°, ~=45'
~,=20c, y=Oo & y.=o' in turning with stainless' steel.
wlth cemented carbide cutting tool.
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Figure-20
Effect of cutting length on tool flank wear. h. at
constant 5=0.2 mm( rev. t=o. 1 mm r=O. 0=70• c,= 1',0.

Q C " "\ .. , .cjl=45, 4>1=20• y=O' & Y1=0' ln turnlng wlth stalnless
steel with cemented carbloe cutt1ng tool.
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Figure-21
Effect of cutting length on tool flank wear, h. at
constant 8=0.2 mm/ rev, t=o. 1 mm r=O, a= 7~, a.= it ,
4>=30°, $,=20:, y=OO & y,=O' in tu rning wi th sta in 1ess
steel with cemented carbide cutting tool.
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Figure-22
Effect of cut.t-i.ng- length on~t00-l-f-lank_ wear-,~i'I, .. at-~-~-_. .._-_. ...__ ., ..~~ __ ~ ~_

• 'I. ~ "constant 8=0.2 mm/rev, t=O.' mm r=O, Q= 7", Q, =7", 4>=40'
lj>.=20G

, y=oG & y,=oG in turning with stainless steel
wi th cemented c'arbi de cutting too 1.
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----EHect-6fcutt i ng 1ength on tool flanK wear, h

b
at

constant 5=0.2 mm/rev, t=O.l mm r=O, 0=7°, 0.=7, $=500
Q~=200, y=oo & y.=oo in turning with stainless' steel
with cemented carbide cutting tool.
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Figure-24
Effect of cutting iength on tooi fiankwear, h; at

"_" __ "_ - - - • ~--- _:. • __ n __ • __ •••• I'" --ro~-Y.

constant 5=0.2 mmj rev, t=o. 1 mm r=O, 0=7", Q, =7-, 4'=60'
$.=20°, y=O= & y,=Oc in turning with stainiess steei
wlth cemented carbide cutting tooi.
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Fi gure-25 .... ---~-.-- ___~ .. -
Effect of cutting length on tool flank wear, -h;-at--. --- .
constant S=O. 2 mmirev, t=o. 1 mm r=o, 0=70, a, =70

, $=50C
$:=15°, '1'=0: & '1'.=0° in turning with stainless' steel

" - . ! .. - . -wlth cemented carblde cuttlng tool.
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Figure-26
Effect of cutting. i ength .on tool.- fi ank wear, h, at -'-~-'
constant 8=0.2 mmjrev, t=O. 1 mmr=O, 0=7°, 0, =7°, $=50:
~=25°, '1'=0°& '1',=0° in turning with stainiess' steei .
With cemented darbiae cutting tooi.
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Figure-27
Effect of cutt i ng 1ength on__tooJ flank wear ,_ h, at
constant 5=0.2 mm/rev, t=O.l mm r=O, 0=7c, 0.=7c, ~=50"
$,=35°, y=oo & y,=00 in turning with stainless steel
with cemented ~arbide cutting tool.
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Figure-28
Effect of cutting length on tool flank wear, h, at
constant 5=0.2 mm/rev, t=O. 1 mm r=O, G= 7", G, =7', $=50"
4>.=45', '1'=0' & '1'.=0' in turning with stainless' steelo with cementea carbide cutting tool.
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Figure-29
Effect of cutting length on tool flanK wear, h, at
constant S=0.2 mm/rev, t=0.1 mm r=O., 0=7C, 0,=7°, $=50'
$,=25C, y=-aO & y:=oo in turning with stainless steel
with cemented carbide cutting tool.
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Figure-3D
Effect of cutting length on tool flank w~ar, hi at "
constant S~O.2 mm~rev, t=O:l mm. r=o, 0=7~, 0

1
=7°, ~=50".,=25°, y=O" & y,=O" 1n turn1ng w1th sta1nless steelwith cemented darbide cutting tool.
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Figure-31
Effect of cutting length on tool flank wear, h, at
constant 5=0.2 mm/rev, t=0.1 mm r=O, a=7", a1=7D, $=50'
$,=25°, y=5° & y.=o= in turning with stainless steel
with cemented carbide cutting tool.
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Figure-32
Effect of cutting length on tool flank wear, h, at
constant 5=0.2 mm/rev, t=O.l mm r=O, 0=7°, 0,=7°, <1>=50°
4>,=25°, y=100 & y,=oo in turning with stainless steel
with cemented carbide cutting tool.
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Figure-33
Effect of cutting length on tool flank w~ar, ~ at

. ~ ~ ~constant 5=0.2 mm/rev, t=O.l mm r=O, 0=7", ~=7", .=50"
.,=250, y=Oo & y,=-70 in turning with stainless steel
with cemented darbide cutting tool.
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Figure-34
Effect of cutting length on tool flank wear, h, at
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table-2. The curves of intensity of tool flank wears Ih vs.
cutting speeds Vc were plotted in Fig. 37.

csimiarly the curves were plotted in the same Fig. 37 for
values of variable a=7°, 9° & 11° from Fig. 14, 15 & 16. It was
seen that there were two lower values of each curve. 1.e.
intensity of tool flank were lower at two speeds, the minimum
intensity of tool flank was 2.79058 x 10-4 mm/m for a=70 at
25.8 m/min. Observation of chips, work piece surface finishing
& vibration was in good conditions at the angle a=70 and
cutting speed 25.8 m/min. From this experiment, the optimum
tool angle for side cutting relief angle a was determined
equa 1 to 7°.

In Fig. 38, 39, 40, 41 & 42 graphs were plotted for Ih vs.
cutting speed, Vc for different sets of tool geometry.
Influence of tool angles a1, ~, ~1' Y & YI were showing on Ih'
From these curves the optimum tool geometry were determined.
Determined values of minimum intensity of tool flank wear for
different tool geometry was listed in Table-3. In the optimum
tool geometry, intensity of tool flank wear is minimum the
values of minimum intensity of tool flank wear and optimum
tool geometry are listed in table 5.

By studying the curves 37, 38, 39, 40, 41 & 42 data of
intensity of tool flank wear were listed in data sheet-4 for
some cutting speeds at different tool geometry and determined
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Table - 3
Determined values of minimum intensity of tool flank wear

for different tool geometry

II
II
Ii
II
II
II
II

JI

II
II
Ii
I]
II
:1

II
II

11intensity ~
flank wear II

il
ii
n
['
.1

---Ii
II
II
II

Minimum
of tool
In mm/m

4.2849

2.7906

2.9303

3.1085

3.3399

2.8041

2.3704

2.6811

2.4516

2.0778

2.9604

3.3792

3.1225

1.9224

2.0788

2.5129

r-il
I 2.8403 II
I ;1
I 2.4358 ....JI
I II
13.3150 II
I III 3. 64~ --.J1

II
II
II
II
"II
II
II
II

I
I Correspond ing
I Cutting speed
I vc'm/min.
I

116. 1

125.8

117.3

115.0

II 25.8

1
25.9

I 25.0
I
I 15.2

I
I 15. 1

122.0

1
27.0

I 26.9

I
I 23.8

122.8
I
I 22.1

118. 1

I
I 27. 1
I
I 25.8
I
I 27.2
Ii 23.6

01 = 5°

01 = 7°

o = 9°

o = 11°

1 Variable
I 0 = 5°

I 0 = 7°

I 0 = 9°
I
I 0 = 11°

I y =
I y =
I

'1 y =
I

1 .9684

3. 1835V -_ -70I 1

II = 0°

Yl = 5°
I = 10°

I
I 21 .7

126.0
I
I 25.9
II 25.8

JI
II

....JI
II1.6799 II

I II
I 2.296~==.-J1
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~considering I 11Tool geometry Corresponding intensity II

II
cuttlng speed I

t Variable of tool flank wear IIVO m/min. I Fixed angles In mm/m III I I angle I

II
I I

a=5°
II

I ° I 4.3625 _JI
I °1=6 b 4>=45° I

a=70
II

II <1>1=20• y=oo I 3.1625 JI

II

17.5 YI=Oo I
a=90 2.9500

II
I II
I

a= 11 °
II

II I I 3.4625 _-----.JI
II I I

5° 5.5125
II

II I al=60 b 4>=45°
la = ---11

II I
7°

II
II

I II> -2~ V-0° la = 3.6125 II
22

..,..,- , -
II

II YI=O a = 9° 3.6750 "I ---11
II 11c

II
II I a = I 4.1500 II
II I

5°
I II

II
I a = I 5.287 5._____________ JI
I a1=60 $=45°

7° i 2.7750 II
I II> - 2~b Y -0° a = II
I ""1- , - I I II26

111=0 901° = I 3.6375 ~\

II I
11°

I II
I la = I 2.4750 II

II I I
5° I il

II la = 5.4875 il

II
al=60 4>=45°

la
7° [3.5375

II
$l=20b• y=oO = II

! 30 Yl=Oo 9° 14.3250
II

la = II
I

11 ° I II
I 1° = 4.6625 II

I I
a-50

I -~I
! I- I 2.9667 ~II i 0=7°. $=45° I a-7° II 4>1=2~0. y=00 I 3.0000 "I- I'

17 1)=0 I
a-9°

I III I- I 3.5168 II
I a1= 11 °

I II
I
3.9375 II

I
al=50

II
I I 3.2227 II

0= 7°, $=45°
I a-7°

I II
$1=20°. y=oo ,- I 2.7875 II

I 22 I YI=Oo I a-9° I II
I I- I 3.6375 'II I I

a1= 11 °
I II

i I I I 4.2250 II
I I a-50

I II
I- I 2.8750 ---11

a=70, $=45°
I

a-7°
I II

I I- I 2.4375 II
26 (j)1=200, y=oo I

a-9°
I II

I y -00 I I- I 3.3375 II
I )- I

al = 11 °
I
3.8185

~
I I II

I I
a-50 I II

I I I- I 2.9875 II
I I

a-7°
I II

I a=70, $=45° I I- I 2.6000 II
30 I $1=20°, y=oo I a-9° I

3.7750
II

I YI=oo I I- I II
I

0, = 11 0
I II

I I 14.1373 _______ JI
Data Sheet If 4 Study data from Flg. 37-42
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. . I
Consldenng I
cutting speed
Vc m/min.

II
intensity Ii
wear II

II
II
II
[I

II

II
II
II
II
[I
II
II
11

II
II
II
II
II
II
II
"II
II
Ii
II
II
II
il

JI
II

JI
II
II

II
II
II
II
II

JI
II
II
"II

JI
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II

II
II
II
II
II

corresponding
of tool flank
In mm/m

I
Tool geometry I

Fixed angles I variable I
I angle I

I
I 4l=300 13.5875

- III $=40° . 2.9750

I (j)=500 12.5875

L4l=600 13.0813

i 4l=300 I 3.8563
I P=400 I 2.8041
I p=500 I 2.5500
I 4l=600 I 3.0650
I 4l=300 I 3.7875
I 4>=400 I 3.3250
I p=500 I 2.3704
I 4l=600 12.6813

I $=300 14.1675
I II 4l=400 I 3.8450

I 4>=500 12.6105

I 4l=600 13.1163
I I
I ~=150 12.7063
I I
I ~=250 12.6323
I I

I
.I.e =35° I 3.3000

I
"'1 II

. $,=450 .3.3732

I $1=150 12.5000

I $1=25° I 2.0812
I $1=35° 12.9813

I $1=45° 13.5875

I $,=150 12.4693
I I

I

I ::::: t ::;:~~

. 411=45
0 I 3.4938

I 'b=450 12.6125

I ~=450 12.5125

I 9>1=45° 13.2750
I II $1=45° 13.5625

data trom t 1g. 37-42

17

22

27

32

18

23

26

30

sheet # 4

I

~

II
~

II
II

II
II
II

II

II
II

II

I
II

II

I
II
II

I
II
~.

II
Data
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II considering I
cut t1ng speed I
Vc m/min. I

- II
intensity II
wear il

Ii
--II

II
II
II
ii
II
II
II
II
II

-JI
II
\1

II
II
II
II
II
)1
II
II
II
II
Ii
II
Ii
II
II
II
il

~I
II
II

,I
II
II
II
II
II
II
II
'!

II
II
Ii

---.JI
II

JI
II
II
II
II
II .
II
Ii
II
il

JI
II
I)
il
II
II
II
II
~

Tool geometry I Corresponding
I

I of tool flankFixed angles variable I /lh mm mI angle I
I I
I Y = -8c I 3.4500

Iy=oo 12.2025

Iv=50 12.4750

I y = 10° I 2.6063

I , = -80 I 3.2000

I y = 00 I 2.0750

I y = 5° I 2.4500

I y = 10° 12.5375

I y = -80 I 3.6500

I y = 0° I 1.9250

I y = 5° I 2 .. 1750

I y = 100 I 2.6000

I y = -8° I 4.0000
I I
I V = 0° I 2.0500

I V = 5° I 2.1500

I y = 10° 12.8321
I I
I XI = -70 I 3.3250

I "f1 = 0° t 2.1688

I y, = 5° 1 2.0500

IVl = 10° 12.3875

I V, = -7° I 3. 1875

tv, = 00 12.0918
I 50 IIYI= 11.9125
I II y, = 10° 12.4988

I Yl = -7° t 4.0375

1'1 = 0° 11.9750

I Y1 = 5° I 1.6800
I I
IYI = 10° 12.2995
I I
I VI = -7° I 4.2250
I I
I Y1 = 00 12.1563
I . I
I Vl = SO I 1. 7875

I y, = 10° I 2.7500
Study data from t1g'31-42
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I
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I
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0
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between intensity of tool flank wear, I~
cutting ang'le, 0 keeping other angles "
"'=45', •••.=20:, ",=0: & "'0 =0' )
T ~. I I

'100900

30 m/min
26 m/min
22 m/min

17.5 m/min

----.~ 0'-
700

5.75

5.5

5.25

5.0

4-75

E 4.5....
'E
E 4.25

..•.
r 4'00~

•...• xa 3.75•....• ~-

1
3.5

3.25

3'0

2.75

2.5

It I

500

Figure~43
Relationship
and variable
fixed (0,=6°,



5'0

4.75

4.5

4.25

E 4.0.•...
E
E 3.75•.....

0 ..•.
00 '0~ 3.5

)(

J:. 3.25-
1

3.0

2.75

2.S

2lS

2.0 --II"
5°c

o 22 m/min
o 30.m/min
Co 17 m/min
x 26 m/min

7%

-- ..••- .,(.. 1

gQ., 11~

Figure-44
Relationship between intensity of tool flank wear, I,
and variaoJe cutting an~le, a~ keepinp other angles .
fixed (a=7c

• "'=45°•.•..=20' v=b' & v.=O°.'T '-Vi ' r r L ;



4.75

4.5

4~5
4.0

H5
E•.•.. 3.5
E
E 315•....•

C> ..•.
<D '0 3.0

)(

.&: 2.75•....•

t 2.5

2.25

2.0

1.75

~
30~ 40'"

• <f'

o 32 m/min
x 17 m/min
l1 22 m/min
o 27 m/min

50° 60<>

Figure-45
Relationship between intensity of tool flank wear, I,
and variable cutting angle, • keeping other angles'
fixed (0::70, o~::7e, l\l, ::20°, )'::0° & )'. ::0°)



4.25
I

0 23 m/min
4.0 r

f::, 30 m/min
3.75~ x 26 m/min

3.5 L 0 18 m/min

E 3.25
...•..
E 3.0
E

•...• ~ 2.75•...•
1

00
~
)( 2.5
.t:-

1
2-25

2.0

'.75

'.50

'.25

'.0
15"" 2S~ 3S~ ,"SQ

'P,
Flgure-46.Relationship between intensity of tool flank wear, In
and variable. cut}ing angle, ~1 keepi~g other angles '
f1xed (0=7°, 0, =7', 4l=500, ,=0 & " =0°)



4.5

4.25

4.0

3.75

3.5
E..••. 3-25- e
E 3.0~
'0

2.75
•... ~•...•... )(

~ 2.5

2.25

2.0

1.7S

1.S

1-25

1.0 -8~

0 30m/min
t::> 26 mlmin

0 18 m/min
x 22 m/min

o. SO 10"

---i
Figure-47Relationship between intensity of tool flank wear, In
and variable cutting angle, y keeping other angles .
fixed (0=7°, 0:=7°, 4>=50°,(jI,=250& y,=oo)



4.5
4.25

4~ ~ \\ 0 31 m/min

\ \
21 m/min3-75 I- 16 m/min

3.51 \\ (j, 26 m /min
0..

E '3'25
"-E 3.0
E

-oS 2.75
•....• 10•....• ~
N 2.5x

.c- 2.25

1
2.0

1'75
1.5

'.25

'.0 -7- 0" 5~ 10~..~,

/' :j
y

/

Flgure-4B
Relationship between intensity of tool flank wear, I,
and variable cutting angle, V, keeping other angles'
fixed (0=7°, 0:=7°, ~=50c, ~:=25C, y=OO).



Table - 4
Determined values of minimum intensity of too!

flank wear for particular cutting speed
at different tool geometry

,I
II
,I

II
II
II
Ii
"Ii
II
II
II
II
II
II
II
II
II
II
II

. II
II
II
Ii

JI
II
II
II
II
II
II
II
Ii

II
II
II
II
II
II
II
I!=

2.050

1.913

1.680

1 .788

I

I a=7°, al=70
•••.-200 v-0°Tl- " -
Yl=Oo

II 23
a=70, al=70 I Q, _ ° - I Ii
$=50°, y=oO I y -25 2.081 Ii

~ YI=oo I 1 II
I 26 191=25° I 2.175 II
I

30 I $ -250 I
2.513

~
I I I- I 11

I 18
I I y=oo

I
2.203

II
I II

I I II

I
22 a=70, al=70 I y=oo I 2.075 --.JI
26 $=50°, ~ =25° 1 y=oo I 1.925

II

Yl=Oo ..c.J1
~ 30 1 y=oo

I II
I 2.050 II

1 al =6° & $=45° I
26 1$1=20 , y=oo

Y1=00 I
30

17
I

11

I
22

a=70, $=45° I
I 4> -20° v-0° I,- , r-
I

26 Yl=Oo I
I I

II

~:~
II 26

~ 31

30

1 7

22
27

I 32

1118

II Particular Tool geometry TMinimum

I
~II cutting speed e--------.----------~i intensity O~4
Vo m/min Fixed angles i Variable I wear In x 10 .

I I I s 'I mm/m11--------------' ang e i
~ 17 • 5 I a= 9° I 2. 950

22 la=70 13.610

a=70 1 2.775

~=70 13.538

al=50 12.967
Ial=70 12.788

a, = 7° I 2.438

! aJ = 7° _ I 2.600

I $=50° i 2.588

1 $= 50° I 2. 550

1 !\!=500 12.370

1!\!=500 12•611

I QI=250 I 2.632
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Table - 5
Determined values of optimum tool geometry

and related cutting speed in turning stainless steel
with cemented carbide cutting tool

values of optimum Corresponding Minimum intensity
tool angle cutting vc mlmin of tool flank wear

In x 10-4 mmlm
a = 7° 25.8 2.7058

al = 7° 25.9 2.4358

41 = 50° 27.0 2.3704

+1 = 25° 22.8 2.0778

Y = 0° 25.8 1.9224

Yl = 5° 25.9 1.6799
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Table - 6
Determined values of optimum tool geometry

and related cutting speed in turning stainless steel
with cemented carbide cutting tool

Actual cutting Optimum tool angle Minimum intensity
speed Vc mimi n of tool flank wear

Ih x 10-4 mmlm

26 a = 7° 2.7750

26 af = 7° 2.4375

27 41 = 50° 2.3704

23 411 = 25° 2.0812

26 Y = 0° 1.9250

26 YI = 5° 1.6800

Table - 7
Individual Optimum values of different tool angles

Optimum tool geometry
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values of minimum intensity of tool flank wear for particular
cutting speed at diffeent tool geometry is listed in table-4.

Intensity of tool flank wear vs. tool angle curves were
plotted from data sheet-4 in Fig. 43, 44, 45, 46, 47 & 48 and
optimum tool geometry was determined from Fig. 43-48 by
considering minimum intensity of tool wear. The minimum values
of intensity of tool flank wear Ih, respective cutting speed
and optimum tool geometry are listed in table-6.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Results:

The critical cutting speeds of stainless steel at S=0.2 mml

rev., t=O.l mm, r=O and tool geometry 0=5°, 0,=6°, 4>=45°,

lPl=200, y=oo & YI=Oowere found 18.6 mlmin and 26.5 mlmin this

two critical cutting speeds was due to double carbide cemented

carbide cutting tool. The optimum cutting speeds is less or

equal to critical cutting speed i.e. VoP~ Ve
13. In this case

V
OP
!~ Vel and VOP1~ Ve1. cutting speed range considered was 15

mlmin to 30 mlmin for stainless work material & cemented

carbide cutting tool to suit the avai lable rpm range and

diameter of workpiece.

Optimum tool angle 0 1S found from turning operation using

S=0.2 mm/rev. t=0.1 mm, r=O, tool geometry, 0,=6°, 4>=45°,

411=20°,y=oo, Y1=00keeping fixed and 0 variable, the values of

o was 5°, 7°, 9° & 11°. The intensity of tool flank wear for

0=50 were 4.2849 x 10-4, 5.5 x 10-4, 5.4467 x 10-4 and 6.2784 x

10-4m~/matcuttingspeedsof 16.1,21.7,26.8,30.3 and

33.9 mlmin respectively. From the above calculations, it is

seen that the intensity of tool flank wear Ih are not uniform

along the cutting speed range, the curve Ih vs. V for 0=5° in

Fig. 12 shows the two lower values of Ih also the other curves
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of Fig.12 in same nature. It 1S for double carbide cutting

tool. the minimum intensity of wear Ih=4.2849 x 10.4 mm/m

occured for a=50 at 16.1 m/min also min Ih 2.7906 x 10-4 mm/m

for a=70 at 25.8 m/min.

Min Ih = 2.9303 x 10-4 mm/mfor a = 9° at 17.3 m/min and mln Ih

= 3.1085 x 10-4 mm/mat 15 m/min. i.e. absolute minimum value

of Ih = 2.7906.X 10.4 mm/mfor a = 7° 25.8 m/min which is the

optimum tool angle of a.

In case of a1• the absolute minimum value of Ih = 2.4358 x 10-4

mm/mfor a1 = 7° at 25.9 m/min. For ~ absolute minimum value

of Ih = 2.3704 x 10-4 mm/mfor cI> = 50° at 27 m/min. Absolute min

value of Ih = 2.0778 x 10-4 mm/mfor 4>1=250at 22.8 m/min also

for y. absolute minimum value of Ih = 1.9224 x 10-4 mm/m for

y=oo at 25.8 m/min and for y,=50 at 25.9 m/mm. It is clear from

the above results that there is a substantial effect of tool

geometry Ih in turning operation. It means that the intensity

of tool flank wear Ih varies Quite appreciably with tool

geometry and also cutting speeds.

It is observed that the intensity of tool flank wear Ih

decrease gradua 11y to the opt imumtool angl es sett i ng and also

the cutting speeds within a very short range.
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From the experiment and the above result, it can be concluded
that for double carbide tool, there are two critical cutting
speeds and optimum cutting speeds range. optimum tool
geometry is 0=70, °1=70 41=500, 4>1=250, y=oo and 11=50 for
stainless steel work material and cemented carbide cutting
too1.

4.2 Discussion

Experiments have been performed ,n Mechanical workshop, SUET
with conventional method, which is very simple and easy.

The considered parameter for the experiment are tool material,
work material, cutting speed, nose radius and cutting tool
angles 0, 01' 4>,4>1'y and Yl' Used TSK1Dtype cemented carbide
cutting tool material, stainless steel as work material, nose
radius r=O is constant, cutting speed range is se1ect by
determining critical cutting speed and determined tool
geometry, Although cutting fluid and temperature have
considerable influence on cutting conditions, yet cutting
fluid was not used and temperature was not considered also
feed and depth of cut was unchange during cutting operation
,,e, feed and depth of cut were kept fixed during a11 the
experiments.

Conventional method of calculation was used to determine the
critical cutting speed. Chip-shrinkage calculation was done by
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very simple method, but the chip lengths was difficult to
measure. But was measured very carefully.

Fig.13-36, shows that the initial wear is higher than stable
wear. This is due to the fact that the tool was not given
initial wear by grinding but it is obvious that the wear is
always higher for a sharp edge. However, initial wear was
avoided in calculating the intensity of tool wear. It was also
observed that the wear rate is not the same of all cutting
sections for each cutting speed. It was not possible to
maintain particular cutting speeds for different tool geometry
due to unavailability of speeds for the remaining diameter of
the workpiece and rpm available in the machine tool, also
different cutting length of each section for the same reason,
though the above factors did not effect the results, because
the result obtained with respect to intensity of tool flank
wear with related cutting speeds.

In Fig. 37-42 it was observed that at low cutting speeds,
intensity of tool flank wear is low at most of the cutting
tool angles. It is seen that with the increase in cutting
speeds, intensity of tool flank wear increases in most all
cases. For different tool geometry, some curves were not of
the same nature. All curves ln Fig. 37-42 showed symmetrical
characteristics i.e. intensity of tool flank wear is low at
cutting speeds range 24 m/min to 29 m/min for different tool
geometry. The factors such as chips, work material, vibration
and other some parameters contribute to extremely low wear
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rate of the tool in the above mentioned cutting speeds range.
Optimum tool geometrY,a was determined by comparing the curves
of Fig. 37. Simalarly, other geometrical parameters were
determined in the same way from Fig. 38-42. The technique of
finding the optimum tool geometry is so simple that it needs
no adequate technical knowledge and expensive instruments.
Having given a through idea about this technique, any
technical person can predict the optimum tool geometry by
using this method.

4.3 Limitation:

For more accurate control of tool geometry upto date tool
grinding facilities should be made available in SUET. Thouge
all possible efforts had been made to hold the tool geometry
within a high precision level by using the facilities
available, it is not unlikely that some errors in imparting
the right geometry might have removed. The microscope by which
the readings were taken is not a sophisticated one. Some
errors may be incorporated during wear recording by that
microscope, also some manual errors could be recorded during
observing tool wear.

The determined tool geometry may deviate slightly during
practical applications due to its varlOUS limitations of
expermental facilities. Though the experimental data has been
measured carefully.
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Inspite of the small deviation of the results of proposed
geometry from expected results, the approach has succeeded to
show the way of achieving the final goal to optimize the tool
geometry more precisely. Even the same approach may given
better results providing the most sophisticated technological
facilities.
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CHAPTER FIVE
CONCLUSION, RECOMMENDATION

AND PROSPECT

5. 1 CONCLUSION

From the results of the experiment, the following conclusion
can be drawn.

1. There exists certain relationship between co-efficient
of chip shrinkage, K and critical cutting speed, Ye•

The maximum value of k corresponds to critical cutting
speed, Ye•

2. It has been affirmed that for a palr of comented carbide
cutting tool and stainless steel work matarial at a
particular cutting speed the intensity of tool flank wear
varies with the tool geometry.

3. There is a particular cutting tool angle at which the
intensity of tool flank wear is minimumm for a particular
cutting tool and work matetial for a given cutting
condition. This particular cutting tool angle is known
as optimum tool angle for the tool and work material.
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4. Cutting speed has a significant effect on tool wear,
because the temperature and vibration during cutting
opertion depend on cutting speed.

5. It has been estab 1ished that for a cemented carbide
cutting tool and stainless steel work material, the
instensity of tool flank wear minimum when tool angles
are a=70, a1=70, 4>=50°, 4>1=25°, y=oo, Yl=OO

5.2 RECOMMENDATION

Following suggestions are made to overcome the drawbacks which
have been observed in the experimented work:-

1. This study had been conducted with a particular type of
tool, tool material and work piece material. Further work
can be performed varying the tool type, tool material and
workpiece material.

2. This research had been conducted without uSlng cutting
fluid though cutting fluid has considerible effect as
coolant during turning operation. There is a scope of
study of the wear characteristics by using cutting fluid
during cutting operations.

3. In this experiment a selected value of nose radius was
used. Though thisis the recommended value, there is
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scope of further study by changing the value of nose
radius to confirm the experimental results.

4. The experiment were performed by varying only one cutting
angle. There is a scope of further study by varying two
or more angles at a time. In that case more effective
values could be determined.

5. A palr of ce~ented carbible cutting tool and stainless
steel work material was used in the experiment due to the
limitation of time. For the same reason it was not
possible to change the feed, depth of cut, length of cut
etc. Although the test results comfirms the theoretical
ideas, yet there is a scope of further study by changing
the above conditions.

The experiment was conducted compete 1y 1n the "1aboratory
Condition" and the proposed conventional method was developed
on the basis on only these experimental results. Any change in
"experimental condition" may change the values of test
results, though in our opinion, the general pattern of the
curves developed from the test results will hold good under
changed conditions.
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5.3 PROSPECT

This type of rescarch work has a wide prospect in Bangladesh.
If the concept of optimim tool geometry in the economical
cutting conditions, adopted by the machine building industry
including different engineering workshops they are bound to be
economically benefitted. These industries and workshops are
playing a vital role in our national development and the
improvement of their compet itive edge in the age of market
economy is the pre-conditions of the . .SOClo-economlC
development of our country.

Thus, the present study has been made with a view to enriching
the technical knowledge in the field of metal cutting
operations.

There is wide fluctuation of the quality and prlce of the
imported goods with the local products, the present study was
under taken to reduce the production costs and improve the
quality of products in the international market. Thus, it has
becomes necessary and it has practical importance determining
the optimum cutting conditions. Therefore, there is a bright
propect of this research work.
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