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Lecture - 13
Tool Wear and Tool Life and Tool Life Equations

Welcome to the course of Mechanics of Machining. Today, [ am going to discuss about
Tool Wear and Tool Life; this is the 13th lecture in this course. What is tool wear and tool

life?
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TOOL WEAR AND TOOL LIFE

+ Wear: failure of cutting tool due to repeated operation and loss
from the surfaces in sliding contact

+ Cause : adhesion, abrasion, erosion, surface fatigue, gross fracture
cutting temperature

Wear process generally involves more than one type of wear

+ Adhesive wear particles first form due to welding - breaking of surface asperitie
oxidize and produce harder material

* Oxidized abrasive wear particles may act as solid lubricant and reduce abrasive

First let us discuss about the wear, wear is the failure of cutting tool due to repeated
operation and loss of material from the surfaces in sliding contact. Tool is in contact with
the workpiece even the chips are sliding on the rake surface of the tool. So, gradually

there is loss of material that is called wear.

Wear can be caused by various reasons adhesion that actually suppose the chip is flowing
on the surface. It may addle to the surface, there may be due to adhesion and after that
adhesion is a type of small welding and then after that it is removed. So, it takes some
material away. Suppose, there is one surface asperity is there, some this surface is not
smooth, there are asperities; it may be like this, another surface is also having this type of

asperities suppose they come in contact like this. So, momently there is a welding and



then after that, this when this separate due to force. Because, this there is a relative

motion then it takes away some fragments that is basically adhesion.

Abrasion is actually caused by suppose, you have some soft material and on that top of it
there is a some hard particle or hard material that abrates it; that means, because of it
something like it ploughs whole material that is called abrasion. If you see the dictionary,
erosion will be mentioned as one synonym of abrasion, but there is some difference there
is a fine difference and that may differ from book to book also, but generally in erosion

there may be some fluid material in that it may get eluded.

Suppose there is a rock and in that water is flowing. So, we say that water is eluding that
but if there is a solid material, we say it is abrading that. These type of fine differences
are there, but otherwise you can say people generally say abrasion and erosion combine,
then, surface fatigue is there because surfaces are on contact, tool is in contact with the
workpiece, there are contact forces. So, suppose tool is making contact here after that it
will go away it will separate. So, this surface of the tool gets oscillating stress because
suppose when this tool is actually taking large cut depth then in that case large amount of
forces come on the tool, but then once it has removed that material then the force comes

down also.

So, there is alternating or fluctuating force is there and because of that you will get
fatigue. Then there can be gross fracture, suppose, load is force is more, then the strength
of the material then tool can separate that suppose this type of tool is there, may be it can
fracture like this. This portion can totally go away then of course, high cutting
temperature high cutting temperature takes place that is why that tool will become soft. It

will lose its hardness hot hardness and that is how that you can get this type of wear.

So, wear process generally involves more than one type of wear, one is adhesive wear
particles. First form due to welding as I have told adhesive wear is very common and
then they these bonds they get broken breaking of surface asperities may oxidize and
produce harder material; that means, they gets broken and they get exposed and there can
be oxidation and that oxidation those oxides can be actually much harder that type of
thing can be there and oxidized abrasive wear particles may act as solid lubricants.
Sometimes oxidized lubricants they may be brittle also and they may reduce abrasive

wear also; so that means, wear is very complicated phenomena. We cannot say definitely



that what will be its effect. Usually we try to make a assessment based on some

experiments; so, next.
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TOOL WEAR TYPES

Adhesion: welding and fracture of surface asperities

a. Attritious wear - Dictionary meaning is wearing away by frict
grinding, wear of abrasive grains such that sharp edges gradually be
rounded. Grinding wheel becomes glazed.

b. Galling - when large particles are removed. Removed particles ma
stick to other surface.

2. Abrasion - the scratching material must be at least 20% harder. It ma
be caused due to plowing, cutting and fragmentation. 4
3. Diffusion - atoms from one of the mating surface may get diffused into
the matrix of the other surface depending upon relative affinity. £
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So, suppose discuss one by one I am going to discuss. Suppose, we discuss adhesion in
the cutting tool, three type of wears are very common; adhesion, abrasion and diffusion.
Now, let us discuss how the adhesion wear takes place in the cutting tool. Adhesion in
you can say in one word, it is basically welding and fracture of surface asperities surface
is not smooth. If you see under the microscope, it may be having this type of undulations.
It is not smooth, other surface is also not smooth and when the peaks of both the surfaces

contact with high amount of pressure and temperature is also there..

Then, there may be at micro level there may be welding and then after that because that
welded joint is not very strong it separates also. So, it causes the fracture of its surface
asperities. Suppose this surface is there another surface as come in contact here they will
weld here, but they will separate. So, they will in the process of separation, some
material will be removed may be some material has got removed from both sides, from

this material as well as from this material.

Adhesion wear may be called attritious wear, usually this we used in grinding. In
grinding, we use term attritious wear, dictionary meaning is wearing away by friction. In
grinding, wear of abrasive grains such that sharp edges gradually become rounded that is

called attritious. It is basically you know rubbing of that and grinding due to which we



say grinding wheel becomes glazed. It looks a shining type of thing and you say that this
is basically some glazing type of thing occurs. So, you will see that because these glazes
are faces will become rounded and you can identify by naked eye that the grinding wheel

has become glazed.

Then there is a galling, when large particles are removed that is called galling. Removed
particles may stick to other surface. Second type of wear is abrasion; the scratching
materials must be at least 20 percent harder. Abrasion is due to scratching. Suppose I am
having some type of suppose this is wax and on which I am moving a knife. So, this
knife is actually abrading the material. So, here that what happens that the scratching
material must be at least 20 percent harder then, it may be caused due to ploughing,
cutting and fragmentation. There is a ploughing type of phenomena; it cuts also and the

chips gets fragmented means, when it is cutting then there will be fragmentation.

Then diffusion; atoms from one of the mating surface may get diffused into the matrix of
the other surface depending upon relative affinity. There can be diffusion, suppose, some
work material is containing carbon, it is possible that this carbon may diffuse into the
tool material or vice versa. Sometimes tool is at very high temperature from the tool that
some material may diffuse into the other workpiece. So, atoms from one of the mating
surface may get diffused into the matrix of the other surface depending upon relative

affinity that is called diffusion wear.
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ADHESION WEAR:

It commonly occurs in metal and depends on mutual affinity of two m

When two mating surfaces come in close contact, strong bonds are form:
welding of surface asperities.

If the bonds formed at the asperity junctions are stronger than the local st
the material, particles may transfer from one surface to the other when the
junction fracture.

They are of two types:
ATTRITIOUS: The removed wear particles are very small. Gra
wear.

GALLING: The removed wear particles are large.
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So in this case, adhesion wear is very common on the flank surface of the tool. You have
flank face and rake face. Suppose I am making one tool in orthogonal cutting and it is
cutting like that chip is flowing here on that; so this surface is called rake surface. As you
know, rake surface is that surface on which the chip is flowing and another surface is
called flank surface side, which is generally in touch with workpiece; that means, it may
rub against the workpiece. So, there are 2 surfaces; this type of adhesion wear is more

common in the flank face of this one.

So, when 2 mating surfaces come in close contact strong bonds are formed due to
welding of surface asperities. If the bonds formed at the asperity, junctions are stronger
than the local strength of the materials then particle may transfer from one surface to the
other when the junction fractures. So, this one, suppose I have got this thing and if I have
made a bond here, another material is this is material number 1 this may be 2 here. The
bond has formed, this bond is very strong, but you applied more force because surface 2

has to move.

So, it will move, but since bond is very strong and below the bond this material is not
that much strong. So, what it may do that some portion of this material it may fragment
from here. And some portion of material 1 can be removed means bond will also go; so
that means, you may have I am showing exaggerated, you may have this situation that
this 2 component has come here, this is the bond and this surface has moved this type of

material of 1 also has moved with that. So, it is really small portion of material 1.

If the there are 2 types of wear adhesion wear attritious; that means, removed wear
particles are very small it is a gradual wear and in galling the removed wear particles are

large.
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ABRASION WEAR:

When two surfaces are in sliding contact, the surface asperities of the harder material plo
on the softer material.

The sources of hard materials are scale or sand remains during casting, wear particles etc,
To have abrasive wear, it is necessary that one material to be harder and other to be softer.
Abrasion wear rate depends upon the hardness, elastic properties and the geometry of the mati
The erosive and cavitation wear are similar to the abrasive wear.

» Scratching can be considered as the form of abrasion wear.
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Then about abrasion, when 2 surfaces are in sliding contact the surface asperities of the
harder material plough a series of grooves on the softer material. So that means, basically
this is a soft material on that a hard material is moving like this and this is abrading; it is
like this, like this, like this. So, this is making a groove if you see the if [ make the top

view you may observe this type of groove type of thing here.

So, the source of hard materials are scale or sand remaining during casting because we
are concerned about tool wear. So, what I am telling that surface of the tool may get
abraded. Who will do that? Why you say tool is very hard? Tool is harder than the work
material, but then also the work material may have some constituents which will be very
hard. For example, in a casting there may be some sent particles. These sent particles
which were produced during casting they may abrade the tool and there may be wear
particles also. They may also abrade to have abrasive wear, it is necessary that one

material is harder than the and the other is softer.

So, what may happen, that may be very high temperature can rise it. When high
temperature reaches, then the tool becomes soft, relatively soft and suppose you have this
sand parties or anything or even the material is also suppose harder material and its
temperature may not reduce that much. In fact, tool temperature may reduce more then

that particular portion can be removed; that means, workpiece may contain some



constituents which may be harder than the tool, at that particular temperature and it can

remove this one.

So, abrasion wear rate depends on the hardness, elastic properties and the geometry of
the mating surfaces. The erosive and cavitation wear are similar to the abrasive wear. Just
like abrasion, in abrasion what we mean that suppose, it is one best example is there
suppose you have butter and with the knife you are moving, you are moving the slice of
that. So, you are basically ploughing, I am having this material and on that I am

ploughing, I am rubbing, I am moving.

Let me make correct type of figure, here, I can let me just erase these like this. See even
here I may be doing some abrasion when I am moving. So, here what may happen? I
have some suppose soft material and this is a tool type of thing I am just it is abrading, it
i1s moving. It takes some cut means it plunges little bit and it is hard and it is removing so

it is removing the material like this.

So, that is called abrasion, but sometimes suppose the some water fluid is moving or
some chemical is moving. So, this particle may get dissolved that is generally, we call
erosive wear and cavitation wear is what? You know that, cavitation sometimes occurs.
Particularly, this is very common not here, but suppose in turbines, etcetera that you have
some water turbine and suppose at some location, the partial pressure becomes very low.
So, that water may vaporize and again, it may condense and it can condense and it can

drop with a force that phenomena is called cavitation.

So, cavitation is also similar and it erodes that you know that I can have say jet of some
vapor or something. So, this cavitation is also similar to that scratching can be
considered as the form of abrasion wear. Suppose, we scratch we have scratcher surface
scratcher is there. So, in that there is a scratcher is there that like I am doing scratching

here. So, this is also a form of abrasion wear..
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DIFFUSION WEAR:

Atoms from one of the mating surfaces may get diffused into the matrix of the other su
upon the relative affinity of the atoms.

Causes a change in physical properties such as hardness, toughness, ductility.

It is a temperature-dependent phenomenon and depends on time of contact.

Occurs due to high interface temperature between tool and workpiece during machining.

Due to high temperature the atoms from hard material get diffused to the softer material and the
mechanical properties (hardness, ductility and toughness) get changed.

So, these wears are also they are and then diffusion wear that is more common on the
rake surface not on the flank surface. Because, rake surface temperature is very high we
have discussed in the previous class that, you get lot of temperate on the rake surface. At

some distance away from the tool cutting edge; that means, from nose of the tool.

So, in diffusion wear atoms from one of the mating surfaces may get diffused into the
matrix of the other surface. Depending on the relative affinity of the atoms, it causes
change in physical properties such as hardness, toughness, ductility, diffusion is a time
and temperature dependent phenomena, it depends on the time of contact more there is a
contact more will be the diffusion, diffusion is a process which is dependent on the time
and also it is dependent on temperature. Diffusion is basically a type of chemical process

when one constituent will enter into the other because of the concentration difference.

So, it is accelerated usually by temperature at high temperature more material will
diffuse. So, it occurs due to high interface temperature between tool and the workpiece
during machining due to high temperature the atoms from hard material get diffused to
the softer material. And the mechanical properties hardness ductility and toughness get

changed.

So, they get diffused to the so what happens, that tool is suppose very hot hard, but it is
hard and from there it may get diffused into the workpiece. And therefore, tool may
become weak that type of thing may happen.
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PROGRESSIVE TOOL WEAR -

The Progressive wear of a cutting tool takes
place in two distinct ways

Flank wear: The wear taking place on the flank face of the
tool.

Flank wear’

(if) Crater wear: The wear taking place on the rake face of the tool

like crater, called crater wear. Workplcce >

Fig. 1 Tool wear

Now, so progressive tool wear what do we mean by progressive tool wear; that means,
wear is increasing with time. So, I have made a schematic diagram here this is the
workpiece and this is a cutting tool and this is doing cutting suppose workpiece is
coming in this direction. So, material is removed in the form of the chips as you can see
that the chip is rubbing against the rake surface and maximum temperature may be
somewhere here on this surface in this one. So, 2 type of wears are very common one is
the flank wear on the flank surface. This material some wear may take place and
therefore, this is the wear and may be this much material gets removed ultimately this

portion comes.

So, flank wear will affect the dimension because, as you can see that suppose this portion
has come in contact and. Therefore, that what happens that instead of this much surface
now this one is there. So, it is basically effectively that distance from this one has
increased suppose here you are getting this type of surface, but suppose this material has
been removed. So, now, the tools location is land this one. So, this nose basically has
shifted from here to here because that much. So, new geometry is this because the
bottom portion has worn out so; that means, effectively now earlier the depth of cut was

from here to here now the depth of cut is from only here to here.

So; that means, you basically get dimension. So, dimension is stability is effected by

means of flank wear and this is this much material has been removed from here to here



and this portion has come in contact. Now, so this is called wear land L w is the wear
land on the other hand crater wear takes place on the rake surface here you get a crater
type of thing; that means, a pit type of thing like this type of pit some material. So, crater
wear occurs here crater wear will not affect the dimensional stability because crater is on
this surface, but dimensional accuracies effected by this one, but crater may change

effective rake angle and how and it generally makes the tool very big.

Suppose this much crater, crater has been created you see that here this much material is
only left. So, the tool has become very weak. So, flank wear is the wear taking place on
the flank face of the tool and crater wear is the wear taking place on the rake face of the

tool like crater or pit this is called crater wear.
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means of a measuring microscope. : i o
Wear land growth can be divided into three regions: i| ~
Initial wear zone: AT s |
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broken down
Wear rate in this region is high since the area rig, 2 Flank wear versus i m}
of contact is less

Steady wear zone:
Experiments show that normal force on the cutting tool is proportional to
the size of wear land
land growth curve is usually linear and wear increases at a uniform rate
Severe wear zone:

Wear rate is high because of high
temperature plastic deformation
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Flank wear is usually evaluated in terms of the length of the wear land which can be
measured by means of a measuring microscope. We can see it on a tool makers
microscope so this is flank wear land from here to here. If you say material has been
removed and wear and growth can be divided into 3 regions. We can make time versus
flank wear to initially the wear is very rapid. Why because on the surface there may be
already some asperities which are actually very high may be 1 or 2 and in a regular way.
So, what will happen that they will get warm soon, but once they have become worn then
more or less you get relatively flat structure. So, now, the wear will be small. So, initially

there is some (Refer Slide Time: 22:55) period in which the wear rate is very fast then



there will be steady wear zone which is for a longer duration. And after some time the
tool will become very weak and then there will be severe wear zone that will be very

rapidly causing tool to fail.

So, initial wear zone; that means, sharp cutting edge of the tool is quickly broken down
suppose tool is there it is having very sharp cutting edge. In beginning then it will
produce large amount of stress also because these stress are force divided by area. So,
that sharp cutting edge will experience lot of stress and it will be getting broken or
fractured or it will deform here. Then what happens that remain suppose this much small
portion gets. So, it automatically will become rounded type of thing and contact area will

increase. So, now, further wear will reduce.

So, in the beginning sharp cutting edge of the tool is quickly broken and wear rating this
region is high. Since, the area of contact is less that is the initial tool wear zone this
figure is not to the scale. Actually, this region may be very small and this region can be
very bigger actually middle region then we have got steady wear zone in that experiment
show that normal force on the cutting tool is proportional to the size of wear land. So, it
is generally proportional to the normal force and land growth curve is usually be linear
and wear increases that uniform rate then we have got severe wear zone; that means,

wear rate is high because of high temperature plastic deformation.

When lot of wear has taken place more wear has taken place more area is in contact.
Suppose, even the tool was very nicely doing its job in the beginning and it was having
something like this type of shape. Not much portion was in contact, but after some time
when the material has worn then, there will be more contact just like suppose you have
got suppose some tyre. It is a brand new tyre it will be having contact at point and then
after that suppose tyre gets worn out then it will be more surfaces will be in coming in
contact and therefore, this temperature will increase further and high temperature. You

will be getting and then the wear rate will be very rapid in this case.

So, finally, that wear rate is very high and generally it is seen that the wear land is
proportional to F q particularly in steady wear zone. So, F q is may be the force normal

force coming on the tool
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Fig. 3 Flank wear versus time curve for dry turning (a) cutting speed, v = 135 m/min, feed, f
=0.32 mm/rey, depth of cut, d = 0.3 mm (b) v = 270 m/min, f = 0.32 mm/rev, d 1.2 mm
(Ojha and Dixit, 2005)

We did some experiments actually with time and wear we are measuring the wear up to
now, we have taken one condition in which cutting speed was 135 meter per minute.
These were called wipe tools feed was point 3 2 mm per evolution depth of cut was point
three mm and we got this type of curve ¢ we have got very small here the wear is very
rapid, but then more or less. It is steady wear rate is not very high and we did only up to
this, we got a wear of about less than 0.18 or something, but here the second case you
have velocity cutting speed of 270 meter per minute, speed of 0.32 meter per evolution

and depth of cut was 1.2.

So, more severe condition so here the wear rate was very high very rapid and you are
having that here you see up to that, about I think more than 0.6 or something like 0.6 up
to 0.6 or 0.7. That you just see no if you draw may be 0.6 is up to here. Only and this
may be 0.7. So, between 0.6 to 0.7 somewhere that much wear has taken place and
naturally the tool is considered to be fail many people take this as a criteria that this
much amount of wear land as tool rate if the wear land is beyond that then naturally it

has to be tool has to be changed.

So, I just showed these 2 figures to illustrate that how the cutting conditions affect the

flank wear.



(Refer Slide Time: 27:46)

CRATER WEAR

o The crater wear is evaluated in terms of the depth of crater and
the shape is assumed to be segment of an arc.

Velocity

Crater depth
(d)

o Atlow cutting speed, the cutting edge is protected from the action
of the chip because of the formation of a stable built-up-edge.

o Athigh cutting speed diffusion plays a major role.

o The maximum temperature at the chip-tool interface appears to exist Cutting time
at some distance from the tool edge.

Fig. 4 Variation of maximum crater depth with
cutting time

+ At higher speed the crater wear is predominant than flank wear because diffusion is
a temperature sensitive phenomenon.

* |t occurs at high velocity tool chip interface.

Now, what about crater wear? Carter wear is evaluated in terms of the depth of crater and
the shape is assumed to be segment of an arc; that means, basically it is usually will
occur on the rake surface of the tool. Suppose, this is the tool this is nose and this is rake
surface and here I get crater type of thing I plot a crater this much; that means, this is we
you have got a crater let me erase that upper proton yes up to this; that means, now the
tool has become like this we got a we got a crater type of thing just like we get a pit in
the road. Pothole type of thing we get that type of crater we will be getting and it is

evaluated in terms of the depth of crater;.

That means, we say how much is the depth of the crater from here to here and the shape
is assumed to be circular at low cutting speed the cutting is protected from the action of
the chip because of the formation of a stable built up edge at low cutting edge speed

already there is built up edge.

So, chip will slide on the top of the built up edge and there may not be contact of the chip
with the rake surface. So, we do not get crater, but at high cutting speed diffusion plays a
major role why because the at high cutting speed temperature also becomes high.
Because, more power is there that gets in converted into heat. So, maximum temperature
at the chip tool interface appears to exist at some distance from the tool edge not at the
tool edge maximum temperature is not here rather it is here why it is here because

already some heating was done because of the plastic work then on top of that chip is



sliding and the chip is sliding. So, its temperature is again increasing. So, it may be
somewhere here maximum temperature that is why maximum amount of crater wear is

here.

At higher speed the crater wear is predominant than flank wear because diffusion is a
temperature sensitive phenomena it occurs at high velocity tool chip interface. So,
generally it will occur on this one now having talked about the flank wear and crater

wear.
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TOOL LIFE

+ Atool that no longer performs the desired function is said to hav
+ The tool life can be defined in following ways:
+ Cutting time to failure
+ Cutting length to failure
* Volume of material removed to failure
+ Number of components produced to failure
Various ways in which tool failure can be identified
Wear land size, depth of crater, tool wear volume, magnitude of cutti
forces, surface finish value, change in component size, total destructio
tool

VARIABLES AFFECTING TOOL LIFE

a. The cutting conditions ‘

b. The tool geometry

¢. The tool material ‘

d. The work material \
e. The cutting fluid

Which are the 2 common wear in which of course, as I told dimensional stability or
dimensional accuracies affected by flank wear and rake angle is affected by top rake

angle? By crater wear even side rake angle also will be affected by crater wear.

So, tool life we should discuss now a tool life is what a tool that no longer performs the
desired function is said to have failed; that means, we say tool life failed tool life can be
defined in many ways. One is cutting time to failure like after 5 minutes of machining.
My tool failed then we say that tool life is 5 minutes cutting length to failure that how
much meter it has moved so; that means, cutting length or volume of material removed
to failure; that means, before failing. How much volume it has removed and the number
of components produced to failure. We can do like that if there are similar type of

components we can say this tool made about hundred components other tool made 150.



So, one tools life is 100 piece others is 150 piece, but cutting time to failure is most
common tool life. Various ways in which tool failure can be identify; first we have some
criteria about wear land size. Say for example, we say HSS tool is there and we say if the
wear land is more than 0.4 mm. Then we will say tool has failed and we will change the
tool. So, wear land size is there, depth of crater can be there, some criteria tool wear
volume we can measure, magnitude of cutting forces; that means, we can also say tool
life like this that if the cutting forces will increase then we will say the tool life is means

is 1; when the tool life will be over the forces will increase to a large extent.

Then, surface finish value suppose we are not now getting the good surface finish. In the
beginning, surface finish was good, but now the surface finish has become poor then also
this one change in component size the suppose lot of flank wear is there you are doing
the same type of setting, but now you see that your component is of slightly increased
size; that means, some wear has taken place and total destruction of the tool sometime
catastrophic failure can also be there; that means, tool can be tool can get broken
variables effecting tool life are cutting conditions what is the feed depth of cut and
cutting speed tool geometry is one feature then tool material and then the work material
and whether we are using cutting fluid or not because cutting fluid does some lubrication

so may be the tool life is improper.
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CUTTING CONDITION:

+ Experimentally, it is found that the rate of wear increases as cutting
increased.

+ The wear land-cutting time curves are obtained at various cutting sp
(Figure 5)

« From curves such as these, the tool life at various cutting speeds for a ¢
wear-land size L,* can be obtained.

+ Taylor tool life equation } Velcly ke v
W” = C b (l) )
where
V = cutting speed
T = tool life !
nand C are constants :
1

Wear land (L)

L*

|
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\ T T
Cutting time (7)

Fig. 5 Wear land growth at different
cutting speed



Cutting condition means experimentally it is found at the rate of wear increases as
cutting speed is increased. The wear land-cutting time curves are obtained at various
cutting speeds. Suppose this is the at V 1 is less cutting speed, V2 is more, V3 is the
highest cutting speed in this figure. And this is the wear land and this is cutting time. So,
we are seen that here at low cutting speed, first you are having some initial wear period.
Then steady wear period and then high wear period rapid wear period, but this wear is
nevertheless less. If the cutting speed is increasing, then the wear is increasing. And
similarly if the cutting speed has increased further then wear rate has increased further

and overall life has reduced.

From such curves, we obtain 2 life at various cutting speeds for a critical wear land size
L w can be obtained. I may have some criteria. So, my critical wear may be L w star,
when L w star wear will take place I stop my machining operation and change the tool.
So, you see that L w line was cutting this curve here at this point. So, at V1 the tool life
is T1, at V2 the tool life is T2 and at V3 the tool life is T3. Taylor did these type of
experiments basically, in the something last decades of this one 19th century; that means,
before something like 1900 and he has done lot of experiments F W Taylor. And he
machined several materials and got lot of data and that he has in fact, he has tons of

material | think he machined.

So, he gave and this a study he conducted for about decade and then he obtained this
type of Taylor tool life equation that is V T to the power n is equal to C, where V 1is
cutting speed, T is tool life, n and C are constants. So, V is cutting speed, T is tool life
and n and C are constant which depend on the tool and workpiece combination; this is

called Taylors tool life equation.
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VT =C

S where
g V = cutting speed,
T = tool life
nand C are constants
T=1

iog M)
Fig. 6 Tool-life curve

I can plot it on log plot I take plot here log v and log n, then I am getting a linear type of

curve and the slope of this one is basically 1 by n; means tan theta is equal to basically

minus 1 by n.

So, this we can find out if we can conduct plot of experiment we can plot this type of

curve then we can find out exponents also. So, this equation one can use.
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¢ The variables speed, feed and depth of cut, affect the material removal rate and hence

have a direct bearing on the production cost. The above equation can be rewritten
to show the effect of cutting speed as:

o

ig 2 O
V%r 2 it (ﬁ /\ z C
+ Tool life can also be expressed as: \[
P 9
where V%f %’ld/% :
¢ f=feed

¢ d=depth of cut,
* C, =constant for a given tool-work material combination and tool geometry, and
* 1/n,and 1/n, are the exponents for feed and depth of cut, respectively.
* Here 1/n >1/n, >1/n, and indicates that the cutting speed has the greatest influence on
tool life followed by feed and then depth of cut. u

The variables speed and depth of cut affect the material removal rate and hence have

direct bearing on the production cost. The above equation can be rewritten to show the



effect of cutting speed as tool T is equal to C1 to the power n divided by V 1 by n. So,
you can see that if n is very small then, we will have more effect much more effect on

that one, but suppose n is very large then it may not have that much effect.

So, tool life can also be expressed as Tisequalto C1,V1byn 1l f1byn1anddl byn
1 or sometimes we say V and may be f to the power something x and d to the power y
and t to the power n is equal to constant; this type of thing, no matter in what way you
express. Here, it has been expressed in this way T is equal to C 1 by this one, but or you
can express in this way, but this is called Taylors extended tool life equation. It is
showing the effect of f and d also. If f increase then also tool life decreases if d increases
then also T2 life decreases, but effect of these speed is more; that means, in this
expression 1 by n is much more than 1 by n 1 and it is much more than 1 by n 2. So, it
indicates that the cutting speed has greatest influence on tool life followed by speed and
then depth of cut. So, therefore, what you should do? That you should try to take as much
depth as possible and then you can have more speed also, but try to have the cutting

speed somewhat small.
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+ Tool life is related to cutting temperature irrespective of the cutting condition by a
relationship of the form

(-6 (4)

In general the cutting temperature will increase with V, f and d and hence the effect of these variables
can be combined in terms of temperature

Now, tool life is related to cutting temperature irrespective of the cutting condition.
Means whatever effect is there, cutting speed effect or speeds effect ultimately generates

some temperature and we can also like this type of equation. That T theta m to the power



m is equal to C 2. In general, the cutting temperature will increase with V, f and d and

hence the effect of these variables can be combined in terms of temperature.
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TOOL GEOMETRY

RAKE ANGLE:

Tool life (1)

¢ Increasing the rake angle reduces the cutting
forces and the cutting temperature resulting in
increased tool life. pvey

Fig. 7 Effect of rake angle on tool life for work
material of different flow stress

* When the tool rake angle is large, although the cutting forces are lower, the tool edge is
weakened resulting in increased failure to chipping off the cutting edge.

* Hence, there is an optimum rake angle which gives the maximum tool |ife.

Now, let us see that what is the effect of the tool geometry rake angle, what is the effect
of the rake angle? If we increase the rake angle, then the cutting force reduces and the
cutting temperature also reduce because of that. So, it results in increase tool life, but
when the tool rake angle is very large although the cutting forces are lower. The tool
edge is weakened resulting in increased failure to chipping of the cutting edge. So, that is
why that if the rake angle in the suppose, there is tool like this its rake angle is this if |
increase the rake angle; that means, this surface really has come here then in that case
you see the tool has become week. Earlier, this much thickness was there here now this

thickness is this much only.

So, that is why tool edge will be weakened and it will result in increased failure chipping
of the cutting edge. Hence, there is optimum, there is an optimum rake angle which gives
the maximum tool life. So, that is why you are seen that the tool life is first increasing

with rake angle and then it is starts decreasing. So, there is an optimum tool angle.



(Refer Slide Time: 40:41)

FLANK ANGLE

* Increasing the flank angle reduces
rubbing between the tool and the
workpiece and hence improves the tool
life.

+ Too high a value, however, weakens the
tool and reduces its life.

+ The optimum value of flank angle is also
affected by the feed rate Fig. 8 Effect of flank angle on tool life at

+ higher the feed rate lower is the different feed rate

optimum value /

Flank angle( 5 )

Rake angle same thing happens about flank angle or clearance angle. Here, that cutting
tool is there and this is the flank surface this is the surface which is machined there is

some gap between machine surface and this.

Now, if I have it very less then there will be rubbing between the workpiece and tool
there may be some even if we set it to like there is a clearance here, but because of the
heating there will be expansion. So, this portion will stop touching the tool here these
type of. So, therefore, you have to have sufficient gap so there may be rubbing between

the tool and the workpiece and hence if you increase the flank angle.

Then, it will reduce the rubbing between the tool and the workpiece and hence it will
improve the tool, but life, but again if you increase the flank angle too much, again tool
gets weakened. Because, suppose I am showing that suppose this is like this. Now you
want to increase this one flank angle, then you may make a tool like this, but this tool is

thinner.

So, optimum value of flank angle is also affected by the feed rate higher the feed rate
lower is the optimum value. So, here it is this one here the optimum flank angle here is
this, but if the here f 1 is more much more and this is less. So, that is what it is

happening; f1, f2, f3, £ 1 is the highest. So, you are having optimum flank angle is less.
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SIDE CUTTING EDGE ANGLE

* For a given feed and depth of cut, the length of the engaged cutting edge increases

with increase in the side cutting-edge angle.
This gives lower cutting temperature and increases the tool life.

Tool life (T)

Side cutting-edge angle ()

Fig. 9 Effect of side cutting-edge angle on tool life
for work materials of different flow stress

Side cutting edge angle for a given feed and depth of cut the length of the increase
engaged cutting edge increases with increase in the side cutting edge angle. This gives
lower cutting temperature and hence increases the tool life. So, side cutting edge is also

having this type of behavior.
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NOSE RADIUS

» Anose radius on the tool is favorable for long tool life.

» Anominally sharp tool is highly stressed at the tip and has short tool life.

» Anincrease in nose radius, therefore, improves the tool life.

¥ Increase in nose radius also increases the cutting forces and is conducive to chatter.

» From these considerations nose radii in the range of 0.5-2.5 mm are used most
often.

And nose radius nose radius on the tool is favorable for long tool life suppose nominally
sharp tool is highly stressed at the tip and has sharp tool life increase in nose radius.

Improve the tool life increase in nose radius also increases the cutting forces and is



conducive to chatter. So, therefore, you have to have here also some optimum nose

radius and that is generally kept between 0.5 to 2.5 mm these type of we keep.
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TOOL MATERIALS

1. Hot hardness:- Maintaining hardness at elevated temperatures.
2. Tough enough to withstand shock and fracture.

3. Should have high resistance to wearing action.

4. Coefficient of friction should be low.

5. Thermal conductivity and specific heat should be high.

6. Thermal expansion should be low

7. Easier in fabrication and cheap in cost

+ A wide variety of cutting tool materials are still in use and the common ones are:
a) Carbon tool steel
b) High-speed steel
c) Cast non-ferrous alloys
d) Cemented carbides
e) Sintered oxides
f) Artificial abrasives
g) Diamond.

Now, what are the properties of the tool materials, very important is the hot hardness;
that means, it should retain its hardness at high temperature, then it should be tough; that
means, it should be able to withstand shock and fracture it should have high resistance to
wearing action. It should have coefficient of friction should be low its thermal
conductivity and specific heat should be high thermal expansion should be low it should

be easy to fabricate and cheap in cost.

Wide variety of cutting tool materials are still use and common ones are carbon tool steel
basically high carbon tool steel. Then high speed steel then cost non ferrous alloys then

cemented carbide sintered oxide and artificial abrasives we can have diamond also.
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Carbon tool steels will contain generally, carbon in the range of 0.9 to 1.2 percent and
some alloying element. It may have manganese and this one small amount of sulphur is
also there, but not much used in industry nowadays. High speed steel usually they
contain suppose 18 percent tungsten, 4 percent chromium and 1 percent vanadium. This

type of steel is called 18 41 and there is some carbon and manganese also there.

Molybdenum HSS is basically tungsten is replaced by molybdenum. So, we have 8
percent molybdenum, 4 percent chromium, 1.5 percent tungsten, 0.6 percent Mn and 1
percent vanadium. Super HSS; Super High Speed steel 12 percent cobalt is added to
better hot hardness and resistance to abrasion with some sacrifice and toughness. Cast

non ferrous alloy can be 43 to 48 percent carbon, 17 to 19 percent tungsten, 30 to 35

Carbon tool steel:- Contains 0.9 to 1.2% carbon and some alloying elements. High carbon
steel has 0.9% C + 0.6% Mn + rest Fe - little use in today

High-speed steel (HSS) are alloy steels:- Mainly consisting of about 18% tungsten, 4%
chromium, 0.75% C, 0.6% Mn and 1% vanadium

'Moly'HSS:- tungsten is partially replaced by molybdenum
8% molybdenum, 4% chromium, 1.5% tungsten, 0.6% Mn and 1% vanadium.

Super HSS:- 12% cobalt is added for better hot hardness and resistance to abrasion with
some sacrifice in toughness.

Cast non-ferrous alloys :- 43-48% cobalt, 17-19% tungsten, 30-35% chromium and about
2% carbon.

percent chromium and about 2 percent carbon.



Cemented carbides or sintered carbides are very much in use they are composed of hard

metallic carbides

ingredients in most common cemented carbide tools are tungsten carbide and cobalt
binder. Sometimes titanium or tantalum carbides are added to reduce crater wear sintered
alumina containing about 90 percent sintered alumina oxide plus boron nitride power
union carbide developed some UCON. It consists of 50 percent columbium thirty percent

titanium and twenty percent tungsten and permits 60 percent increase in cutting speed.

Cubic boron nitride expensive tool, but it has five times more tool life than carbides
hardness is next to diamond. Generally, used for grinding purpose artificial abrasives and

diamonds are used then coated carbide are there in which we put a thin film of tic or
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Cemented carbides or sintered carbides:-

o Composed of hard metallic carbides bonded together in a metallic matrix.

o The main ingredients in most common cemented carbide tools are tungsten carbide

and cobalt binder.

o Sometimes titanium or tantalum carbides are added to reduce cratering wear.
Sintered alumina:- Containing about 90% sintered aluminium oxide + Boron Nitride
powders.

UCON:- Consists of 50% columbium (niobium), 30% titanium and 20% tungsten and
permits 60% increase in cutting speed when compared with tungsten carbide.

CBN (Cubic Boron Nitride):- It has five times more tool life than carbides. Hardness is
next to diamond. Generally used for grinding purpose

Artificial abrasives: Artificial abrasives and diamond are used for grinding and polishing
purposes only and their use in metal machining is limited.

Coated carbide with thin film of TiC / TiN on cemented carbide tool

like tungsten carbides bonded together in a metallic matrix. Main

titanium nitride on cemented carbide tool.
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Coated carbides are used for countering crater formation.

~

+ Athin film of about 0.005 mm of TiC when deposited on cemented carbide tools reduces crater
formation.

* Other coatings are Al, O and TiN.

+ TiC and Al, O, provide chemically stable layer between chip and tool

* TiN provides low tool friction.

* Multi-layer coatings of TiC and TiN have been used.

* In this arrangement, the stable diffusion barrier is provided by TiC, which prevents iron from
entering the cobalt phase, and carbon from leaving the carbide substrate, while TiN provides fow

chip-tool interface friction.

So, coated carbides are used for countering crater formation a thin film of about 0.005
mm; that means, 5 micron of tic when deposited on cemented carbide tools reduces
crater formation. Other coatings are Al203 and tin tic and AI203 provide chemically
stable layer between chip and tool. Tin provides low tool friction multi-layer coatings of
tic and tin have been used in this arrangement the stable diffusion barrier is provided by

tic and then tin provides low chip tool interface friction.

So, what happens that suppose the coating I will do like this, that here suppose this is my
tool this is the rake surface. So, here first I will coat tic and on top of that I will coat this
one will be this is not up to the scale, but I am just showing tin. So, tin portion will come
in contact with the chip. Whereas, tic portion is in contact with this side. So, this is what

this type of thing you can do and.
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+ The most desirable property of a tool material for machining purposes appears to be high hot hardness.
+ An increase in hardness, however, decreases the toughness or facture strength. Further, harder the material,
more difficult is the problem of giving it the required shape and geometry.

100
9%
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» Figure 9 shows the effect of temperature on the "

Hardness (R.)

)

hardness of typical tool materials. 9

50

» High-speed steels, for example, are good about 600
0 200 400 600 800 1000

Tempreture ©° €)

°C, beyond which the hardness drops rapidly.

Fig. 10 variation of tool hardness with temperature (a)
Carbon steel (b) High speed steels (C) non-ferrous caste
alloys (d) cemented carbides (e) sintered oxides

» Carbon tool steels, on the other hand withstand very
low temperature, hence are good for cutting at low

speeds only.

The most desirable property of a tool material for machining purpose appears to be high

hot hardness.

An increase in hardness decreases the toughness and we see the graph that with
temperature the hardness is decreasing. So, high speed steel or good about 600 degree
centigrade up to that. So, these type of for various type of tool materials these graphs

have been plotted
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Sintered carbide & cemented oxides retain their hardness at elevated temperature also and hence are suitable for

use cutting speeds.
It has been found experimentally that the value of exponent » is higher for harder material.

Thus, the effect of cutting speed on tool wear and tool life will be greater when softer materials are used.

A

=



And then it has been found experimentally that the value of exponent n in Taylor’s tool
life equation is higher for harder tool material; that means, VT n is equal to constant and

this one.
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WORK MATERIALS

* In general, harder the work material, higher will be the tool wear rate and lower
will be the tool life

* Experimentally, for a constant tool life, the work material hardness and cutting
speed are approximately related by an equation of the type:

(Vl
/A o (5)
Where
+ Vp is the cutting speed for a given tool life,
* ('and n'are constants and
* Histhe hardness on material.

And then generally that hardness of the material also effects the tool wear; that means,

corresponding cutting speed for a given tool life will reduce of the hardness is more.

So, we can have such this type of some equation approximate equation.
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CUTTING FLUIDS:-

+ Used for decreasing the cutting temperature and the chip-tool interface friction

They also cool the workpiece to avoid thermal expansion

.

Promote easy handling

* Provide a rust-proof layer of the finished surface and remove chips from the
machining area

* Cutting fluids are either oil based or water-based



Cutting fluids are used for decreasing the cutting temperature and the chip tool interface
friction. They also cool the workpiece to avoid thermal expansion and they promote easy
handling they provide a rust proof layer of the finished surface. And remove chips from

the machining area cutting fluids are either oil based or they are water based.
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* Qil-based fluids are generally effective in reducing friction in low-speed cutting
operations such as tapping, broaching, etc.

* The mode of |ubrication is one of boundary lubrication and the chemical
property of the cutting fluid is more important than its physical properties

* At high cutting speeds, oil-based cutting fluids are ineffective and it is the
cooling action that is operative

* The water-based fluids are, therefore, more effective at high cutting speeds
because of their high specific heat and conductivity

Oil based fluids are generally effective in reducing friction in low speed cutting
operation such as tapping and broaching etcetera. Now, mode of lubrication is one of
boundary lubrication and the chemical property of the cutting fluid is more important
than physical properties at high cutting speed oil based cutting fluids are ineffective and
it is the cooling action. That is operative water based fluids are therefore, no effective at
high cutting speed because of their high specific heat and conductivity because they have

to quickly dissipate heat.

Now, let us see that how we determine tool life equation 1 way is that you conduct large

amount of experiments at different.
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DETERMINATION OF TOOL-LIFE EQUATIONS

* Inorder to evaluate tool-life constants n and C of equation , cutting tests are carried
out on a lathe at a suitable feed rate and depth of cut.

* Tool-life values for a critical wear-land size can be obtained and plotted on logarithmic
co-ordinates to obtain the values of n and C graphically

* Alternatively, the exponent n can be evaluated from the relationship

v
n.= i [ #] (6)
log [ 1)
I/r
where
* V,and V, are any two cutting speeds and

+ T,and T, are the corresponding tool life values

Temperature different cutting speed and then you can get you can plot, but what happens
in order to evaluate tool life constants n and C of equation cutting tests are carried out,
but you cannot effort to waste lot of material in conducting the test. So, some efficient
ways has to be found out tool life for a critical wear land size can be obtained and plotted
on logarithmic coordinate to obtain the values of n and C graphically and exponent can
be evaluated. From this relationship also, n is equal to log Vb by Valog TbTaby Tb.
Where, V a and V b are any 2 cutting speed and T a and T b are corresponding tool life

values.

(Refer Slide Time: 51:00)

* Experiments indicate that typical values of n for common tool materials are :

HSS 0.1t00.15
Cast alloys 0.15t00.2
Cemented carbides 0.2t00.5

Sintered oxides 0.5t00.8



We can do that and experiments have indicated for HSS we got 0.1 to 0.15 cast alloys n

was 0.15 to 0.2 cemented carbide. It was 0.2 to 0.5 sintered oxides was 0.5 to 0.8.
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QUICK TOOL LIFE TESTING

* The tests include
(a) facing tests,
(b) taper turning tests and
(c) disc turning tests

¢ Infacing test:
* The tool traverses radially outwards from diameter D, to D, thereby changing the
cutting speed continuously from V; to V,
* The effect of variable speed is evaluated in terms of an equivalent cutting speed V,,

constant speed and give the same tool wear in the sam tting time as the variable speed

Which is rin the same cutting t 1
* Assuming linear wear-land growth as approximated in Figure 11.

d, _Fank v lnd (/)

T wollis@) @

Now, quick tool estimation methods are like that one method is based by based on facing
test, other is taper turning test. And the third is the disc turning test in facing test what we
do tool traverses radially outward from diameter D1 to D2. There by changing the
cutting speed continuously from V1 to V2. So, cutting speed is continuously changing it
is not a constant speed I will put a tool here and the tool will start moving like this. So, it

will do facing you know facing operation.

If I show the other view it is a circle and this face will be machined. So, effect of variable
speed is evaluated in terms of equivalent cutting speed which is constant speed and give
the same tool wear in the same cutting time as the variable speed you assume there is
linear wear land growth because steady wear zone you have seen that wear land is
proportional to time. So, we say d I w by d T is equal to flank wear land I star w by tool

life this equation is there you can use.
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Tool-life testing

‘ 4
9 e
N
@ " "
- 2
£
3
8l
Qlw
S - = Criteria for
_ Flank wear land
R
Cutting time

Fig. 11 Approximated linear wear land growth

And then we have we conduct tool life testing like this wear land size | w and criteria for

flank wear land and this is what you see that it is linear.
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* If Taylor tool-life equation is assumed to hold in the range of cutting speed covered
while the tool travels from diameter D, to D,, the wear land L1 at anytime T
can be obtained as

T .

\/ 1l %
b= =ydt

0 (';

* Since equivalent speed V., will also give the same flank wear land /,,; after time T,

Ui gr :
= _IVL’I[ [ 1 (8)
('11
* The corresponding equivalent speed V= after equating the 1, above

/‘
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| ”
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So, here if Taylor tool life equation is assumed to hold in the range of cutting speed
covered while the tool travels from diameter D 1 to D 2, D 2 is more than D 1, the wear
land I w 1 at any time T 1 can be obtained by this formula; 1 w 1 0 to T1 and we have | w
C n V n dT. Since, equivalent speed V eq will also give the same flank wear land after

time T1 then we get this type of relation, | w 1 is actually this. So, if we make the



correspondence between these 2 we get, V equivalent is equal to 1 by T1 0 to T1 V to the

power 1 by n dT to the power n and we are getting this type of relation.
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* |f Taylor tool-life equation is assumed to hold in the range of cutting speeds covered
while tool travels from diameter D, to D,, the wear land [, atany time T; can be
obtained as:
fa 1
[ dl= fﬂd[ whgre/g is _\'/()[)L) The constant slope is estimated from the condition given in figure 11
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* The corresponding equivalent speed V, TR S
Vl n

(7,) 1= [ear

e
0

‘ 15 i
]
1

* Since equivalent speed V., will also give the same flank wear land /,,; after time T,
2 1
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If Taylor tool life equation is assumed to hold in the range of cutting speeds covered
while tool traverse from diameter D1 to D2, the wear land | w 1 at any time can be
obtained like that 0 to 1w 1 1 T 1 is equal to 0 to T1 beta dT, where, the beta is the slope
and the constant slope is estimated from this. So, we get | w 1 is equal to this one and at |
is equal to 2 1 w star, T star is equal to this much and slope beta I star w by T star that can
be written as 1 star w star by Taylors tool life equation VT n equal to constant. So, T star
can be written like this and you get this equation. So, corresponding equivalent speed
comes out to be this one. Since equivalent speed will also give the same flank wear land |

w 1 after time T 1, so, we get 1 w 1 is equal to this much..
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* Infacing tests the cutting speed varies with diameter and time as
V=2nRN = 2nN(fNT +R)

Where

N = spindle speed,

f =feed per revolution and

T = cutting time to reach radius R

* From equations (9), the equivalent speed V,, in facing from radius R, to R, in time T,
can be obtained as

I+ L

D," -D,"

f‘ | " T n "
v,= ljl’u/r =21N lj‘(_m'hle,)'ud'r =7N| | 2 (10)
1% i) el n =D
pohoh DD i
WNoh N

And then if you equate in facing test the cutting speed varies with diameter and time as
this one V is equal to 2 pi RN; R is the radius and 2 pi N and this is fNT plus R1, fis

feed per revolution and this one.

So, here equivalent speed in facing from radius R1 to R2 in time T can be obtained by
putting these values and integrating then you will get equivalent speed and you get T1 is

equal to this much R2 minus R1 D2 minus D1 by this one. So, you can obtain this one.
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* Foragiven D, and D,, V,, > N and the effect of cutting speed on tool life can be
obtained by varying N
* The fraction of tool life X consumed in time T, when tool moves from D, to D, is

X:L]Veql”Tl
(’ n
v l+n l+n
X:(ﬂ] et (12)
c) |nl|” 2w
4 !
ly = _‘EVU{,HTI
(" n
iebe -V, 'R,

W ol



For a given D1 and D2, V equivalent is proportional to N and the effect of cutting speed
on tool life can be obtained by varying N. So, fraction of tool life consumed in time T1,
when tool move from D1 to D2 is X is equal to this much and X is equal to pi N by C
and this one. You can substitute these values equivalent speed, 1 w 1 is equal to this

much, this is also is given here.
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¢ If X, and X, are the fraction of tool life consumed at spindle speed N, and N, for a given D;, D, and f then:

" Tlog (X, 7 %,) log (N, /N, )]+
('-nN[L ] (15)
n+1

* Thus, by performing tests at two different speeds N, and N, for a set of
diameters D, and D,, the tool life constants C and n can be evaluated

IV R Y]
DA P
2N X

If X1 and X2 are the fractions of tool life consumed at spindle speed N1 and N2 for a
given D1 D2 and f, then X1 by X2 is equal to this much.

So, if we put these things ultimately we can get n is equal to in this form and C is equal
to this much. So, performing test at 2 different speeds N1 and N2 and diameter D1 and
D2 we can obtain C and N.
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* |ntaper turning, the speed at any given radius R

Nf .,
or diameter D (Fig. 11) is V'=2nRN = 2”N|:Rl +R,- Rl)T[ }

14 N/.Hlu "
V.= - ~R)=—
z m{ﬁ{w& R)T 1} 4 (16)
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*  Fraction of tool life consumed is:

| nl nil
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* By performing two taper turning tests at
spindle speeds N, and N,, the
corresponding values of X, and X, can be Fig.12 Taper turning
obtained and n can be evaluated using
equation

In the same way, we can do taper turning also. In taper turning the tool is experiencing
the variable speed because change of diameter. In this case, the equivalent speed
expression becomes this and fraction of tool life consumed comes out to be like this.
There is some algebra which I am skipping here. Now by performing 2 taper turning
tests at spindle speeds N1 and N2, the corresponding values of X1 X2 can be obtained

and again you can obtain and N can be evaluated using that type of equation.
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V' = 992 (Taper turning test)

Log (M)

y VI = 1040 (Conventional turning
e test)

[

Log (D)
Fig. 13 Comparison of taper and conventional turning tool life curves



And so they have obtained that suppose, taper turning tests somebody obtained this type
of curve and by conventional turning also the same type of curve similar type of thing

was obtained.
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* Indisc turning test (Rao and Lal) proceeding in the same manner as for the facing
test, the equivalent speed can be obtained as:

141 140 \]"
e R R (18)
/ n+l| D -D,
* The fraction of tool life is: O

1 Lo bt
e
@ n+l 2fN

* Inthese equations D, > D,, being the outer diameter. In facing tests D, > D, since the
tool moves outwards

In disc turning test, it is done the same way, but here we do the machining of a disc
basically. So, we get this type of expression instead of we have disc not facing it is
hollow type of disc that, we are basically machining. So, we are having this type of
expression and fraction of tool life is this. So, in these equations D1 is much is greater
than D 2 and in facing test D2 is greater than D1. Since the tool moves outwards, but in

this one we are machining the basically the disc and from D1 to D2..



(Refer Slide Time: 58:11)

If X,and X, are evaluated at two different spindle speeds N, and N, for a set diameters D, and D, and in feed f, the
tool-life exponent n can be obtained from equation (14)
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Fig. 14 Tool life-cutting speed relationship from disc test
(Rao and Lal, 1977)

So that means, here we are doing turning disc is getting turned and then we can it can be

obtained that here we get similar type of expression and we can also get this one.
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MACHINABILITY

* The criterion used in these attempts could be classified into the following
four broad categories:

(a) Tool-life criterion

(b) Production-rate criterion

(c) Power-consumption criterion
(d) Surface-finish criterion

Now, last point is that machinability. What do we call machinability? Criteria used in
these attempts could be classified into the following 4 broad categories. Tool life
criterion based on the tool life suppose tool life in machining a material is better then we
can say the machinability of that material is better. Production rate criteria; if the

production rate is high machinability is good, power consumption criterion; if power



consumption is less, then machinability is good. Surface finish criterion, if the surface

finish is good we say machinability is good.
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MACHINABILITY

¢ When tool-life criterion is used, it is common to
express it in terms of cutting speed for a given tool
life.

ing speed (1)

Cutti

Standard specimen
(BI112 steel)

Test material

30 min
Tool life (7)
Fig. 15 Machinability rating

* For example, if (V1) is the cutting speed for a tool life of T min for the standard
material and (V7), is the cutting speed for the same tool life for the test material
then the machinability of the test material can be expressed as :

(Vr)u/ (Vr)s x 100%

So, when tool life criterion is used it is common to express it in terms of cutting speed
for a given tool life. We can have some reference. For example, if V T S is the cutting
speed for a tool life of T minute for this standard material and V TM is the cutting speed
for the same tool life for the test material then the machinability of the test material can
be expressed as VT M by V T S into 100 percent. Suppose, the machine cutting is speed
while machining material is same as the standard material, machinability is 100 percent.
If the cutting speed much more, then the machinability is more than 100. So, like that

otherwise it may be less than 100 percent.

So, these things are there. he expressions for variable tool life machining variable tool
speed for finding out the cutting tool life ok, you can easily nicely do because there was
lot of mathematics may be you might have faced some difficulty because, I have not
derived very slowly, but this you if you see this book you can easily understand these
expressions. In the book of GK Raman you can just do simple arithmetic and you can get
to do that. So, I have told you today about the tool wear in which I have told that crater
wear and flank wear is important and tool life also we discussed about tool life. Usually
Taylor’s tool life is very an imperial way to estimate the tool life and then I talk about

then machinability of material.



Suppose, you can cut the brass very easily then it is called brass is a has got a good
machinability. If you cannot cut some material very easily, it has got poor machinability.
And machinability is can be accessed means cutting easily means the force should
become should be less, surface finish should be good and tool wear should be less. So,
any of these criteria or a combination of so, many criteria can be used and then you can
define machinability. In fact, definition of machinability may vary from context to
context and person to person. It is basically a subjective measure and this one. So, in the

next class we will discuss some more interesting things.

Thank you.



