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ABSTRACT

The physical properties of the working materials like, surface hardness, depth of

penetration through which the influence is ~bserved, tensile strength etc. are

subjected to change during any machining operation. Like physical properties, the

chemical composition and microstructure of the metal are also changed in such

operation. Machining of metal involves forcing of a cutting tool through the excess

material aftbe work piece. This excess material is progressively ,;,eparated from the

work piece in the tnon of chip, thereby rendering the work piece to a de~ired shape

and size. Cutting force causes plastic dctormation of the metal which results III

strain or work-hardening ofthe metal and thus makes it harder and strODger.

The forces in the metal cutting process varies with the cutting conditions. So, at

different cutting conditions the properties of the work material are fOlmd (0 be

different.

In this experiment, Mild Steel was turned off on a lathe machine at different cutting

conditions using a cemented carbide tool ofa particular geometry. Then specimens

were taken from the machined surface for cach set of cutting conditions and their
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surface hardness and depth of peneuation both weIe measured. It was observed

that the ~urt:ace hardness and depth of penetration both were the function~ of

cutting spced whcn the tecd and dcpth of cut were kept constant. Surface hardness

was found to be maximum at 'the critical cutting speed, where cutting forces and

co-efficient of chip shrinkage both are ma..•...,imum. Feed and depth of cut also affect

the hardness. Surface hardness increased with the increase of feed, but it reduced

with the increase of depth of cut. Depth of penetration of the change is maximum

at low speed and high feed. It "''as found that surface hardness increased near

about sixty to seventy percent aftcr machining mild steel with respect to the base

metal.

The objective of this project is to establis,h the relationships between the surfac-e

hardness and the depth of penetmtiOll of the hardened layer with the cutting

rarameter~ like teed, speed and depth of cut etc., and to identity the critical cutting

conditions and compare the machining process "",iththe case hardening process
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CHAPTER!

INTRODUCTION

1.1General Introduction: Mankind has been confronting with problems of

material since the time Adam and Eve felt the need of some sort of apparel after

eating the prohibited apple.

In the olden days people bad relatively simple material problems of clothing and

construction of shelter. But in this age of advanced technology we are in need in of

a variety of materials along with the materials for clothing and shelter. In old days

few metals and their alloys like iron, copper, brass, tin, and zinc, ceramics, wool,

cotton, asbestors, cellulose etc. were sufficient to fulfill man's needs for several

centuries. But the end of 19th Century and the beginning of 20th Century is a new

age of materials. During this time, steel and aluminum have become the major

engineering materials. The most exciting group of modem day engineering

materials are the celluliod .

To meet the challenges imposed on manufacturing engineers, it is desirable for him

to have a thorough knowledge of material science, design and
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manufu.cturing processes. A successful design depends upon the selection of

materials having the most desirable properties for a given function, whilest at the

same time taking iflto consideration the cost of the materials and the problems

with machining of the materials to the required shape_ Present day manutacturing

demands high degree of accuracy. For these reasons the engineer needs to know a

great deal about the metal cutting processes and the influence of machining

conditions on the properties of materials.

The economic importance of the cutting processes may be appreciated by the single

observation that nearly every- device in our complex society has one or more

machined surfaces or holes. There are several reasons for developing a rational

approoch to the metal cutting problem:

ilIo improve the cutting techniques - even mmor improvements are of
significant in high volume production.

ii)To produce products of greater precision and of greater useful life.

iii)To increase the rate of production and produce a greater number and
variety of products with the tools available.

iv)To predict what will happen under an as yet untested set of
circumstances.

v)To catalogue the large volume of empirical infonnatiou that is available.
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In thi.~treatment of the SlUOjectwe shall com:ider the cutting in fundamental tenns.

The objcctiw is to explain a number of commonly observed results rather than to

present a large mass of empirical constants and a large number of empirical

relationships oflimited applicability.

1.2 Literature Review-
Research in metal cutting had already been carried out by the French Scientim

Terrace (lJ as far back as 1873, although fundamental theories have been developed

only during the past three or four decades. Beginning with Malcoim(2) in 1881. and

through 1900, several contributiolls were made towards the understanding of the

metal cutting processes by determining cutting forces and the effects of tool

geometry and cutting environments.

In 1907, the classical work of Taylor P), "On the Art of Cutting Metals", stimulated

considerable experimental work in metal cutting. Taylor's work emphasized the

role of temperature of the tool on its life. However, from that time until 1925 the
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Fundamental research on the metal cutting mechanism has been continued since

1930. And it has been influenced by similar researchers. In 1955 Emst and

Marplot (4) confirmed the role of the built-up edge in metal cutting and presented

their theories on the mechanics of its formation and breaking and its effects on tool

temperature and on the surface finish of the machined part. Considerable stimulus

was given to the theory of metal cutting by Ernst and Martellottin in 1935, in Ernst

(~)1958, and Ernst and fyIerchant(~)in 1940. This group explained the mechanics

of metal cutting and the interrelated effect of tool geometry, tool temperature, chip

fomlation, cutting fluid and surface finish.

By the.year 1950 it was realized that the customary methods of soh'fig machining

problems, which used the rule-of-thumb, must give way to a scientific method. In

metal cutting the requirements are changing and they result in continually changing

intelTelated compromises which involve new materials, better surface finish and

higher rates of production. Thus, it is nece.~sary that ohjectives he achieved in the

vel)" ncar future. This requirement has led to the extensive developments in metal

cutting since the year 1950.



Regarding wear process of the cutting tool, life, testing method, etc. many reports

have been presented by many researchers. Merchant, Ernst al.d Krabacher (7)

presented a scientific method of tool lite testing, for cemented carbide tool. The

mechanical aspect of metal cutting was investigated by Zorro (8) in 1952.

Laladsee(9), a leading scientist in USSR, presented a well-rec<lgnized theory of chip

_formation during the metal cutting process. Considerable effort has been expended

after the year 1950 on developing the optimum machining variables. In 1955, Ernst

(10), Gilbert (il) optimized the cutting condition with respect to minimum cost of

production. The oost of production is a function of the oost of the tool and

machining operation. In 1956, Rozenberg and Ermine (12) carried out experiments

on basic metal cutting principles and established a relationship between machining

variables and metal cutting theory. Rozenberg also developed the relation of cutting

force co-efficient of chip-shrinkage with cutting force. Laladze (13) presented the

role of tool weal' for optimization in metal cutting process. This was continued by

- Clashing (14) in the same year after investigating the metal cutting process. Rrewer

(IS) also workcd on the basic turning operation to optimize the cutting variables for

maximum production rate. Ae<:ording to this objective function. production time

depends on machining time, idle time, etc.



Macaroon (16)carried out investigations on tool wear and optimization of metal

cutting pl'Ocess. In this year, Ai'illerego and Russell (17) used the maximum pl'Ofit

rate as the criterion for optimi;.:ing machining variahles and have proved that

maximum profit depends on both tool cost and idle time. Zorro, Gronovsky,

Lamina and TritiakOV<18)explained the mechanics of metal cutting. In this year,

Bekes (lY) identified the restrictive conditions of optimization and presented a

method for calculating the optimum cutting condition within these conditions. In

this method production nlte was only the objec.tive criterion. In the same year,

Basu (20) modified this method by developing a new approach for choosing

optimum cutting variables. Boothroyed, Engle and Chisholm (21) determined the

effect of tool flank wear on metal cutting pro~ess.Bjorke (22) developed a

mathematical model for calculating the cutting condition during truing operation.

The nature of chip-tool contact process is an important factor in chip formation and

it is one the most significant metors detellllinillg the process of tool Welll'.Talalltov

(:3) pre~nted a relationship between chip-tool contact process and tool wear for

Cemented Carbide tools to improve metal cutting process. Nadai (24) in his study

developed an equation with the help of which critical cutting speed can be

determined. Considerable support was given to this theory by Roznikov (2'1 .In

1970, Time (26) explained the resistance of metal during cutting operations and in

•



1975, Babrov (27) presented the fundamental theory of optimization of the metal

cutting process. In 1978, Talalltov, CheriomosllIlikov(28) presented the

relation.~hip between cutting speed, metal cutting process and tool life. This work

attempted to present a method of selecting maximum surface hardness and depth

of penetration during turning operation on the basis of earlier progress in

optimizing the metal cutting process, and it also attempts to establish a relationship

between the surface hardness and the depth of penetration with the cutting

variables.

1.3 General Theol)'"

Extensive research works were carried by the scientist in the field of Metal- cutting.

French scientist Tresca, Mallack. Taylor, Ernst and Merchant, leroy, Rozenberg

and many other scientist had developed several theol1es and empil'ical fOl111ulae

and equations. But, all of these theoretical model.~are not relevant and applicable

to the work. In this project work attempt has been made to explain a number of

commonly Obsel"\'ed results. Some common theories of metal-cutting processes

relevent to this project work are discussed here.
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1.3.1THE EFFEeI' OF PLASTIC DEFORMATION ON THE
PROPERTIES OF METAL:

J)ekmnation if> the change in dimensions or form of matter under the action of

applied load or forces. This is caused either by the mechanical action of external

forces or by various physical and physio-chemical processes(for example, change

in volume of separate crystallites in phase transformation or as aresult of

temperature gradient). Plastic deformation significantly affects all physilKhemical

properties of a metal. It is evident from Figure.1 and Figure 2. That, with increase

of the degree of defonnation, metal's ultimate strength and hardness increases.

Plastic deformation causes strain or work.hardening of the metal and makes it

harder and stronger. Before plastic deformation the dislocation density may be

from 106 to 108 dislocations per cubic centimeter (as in the annealed condition).

The density in strain hardened metal may reach 1012 per cubic centimeter.

Deformed metal posses less corrosion resistance tJlan wldefonned metal. Cold

deti"lrmatlonof iron sUMtantilllly increases its coercive forces and decreases its

magnetic pcnniability.

Any process of defonnation will end in fracture if the stresses are increased to a

high enough value. Two types offracture are distinguished: brittle and
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Fig.l Effect of plastic deformation on the micro-
structure of a metal, x 300; a-before
deformation, b - after deformation.

,

,,
Q In &Q ,0'0
lkgfu if d((orC'ct'M. %

Fig-2. Effect of cold working on the mechanical
properties of low-carbon steel 1 - hardness,
2-tensile strength,3-clongation.



ductile. Fracture due to tangential stresses, resulting from plastic

deformation, will of course, always be ductile. Normally machining of a

materia'i is accompJlsed by plastic deformation But mosl frequently, melal

fracture does not occur as pure separation or shear but as a complex

combination of this two types of fracture,

1.3.2 Theory of Metal Cutting:

Machining of metal involves forcing of cutting tool through the €xcess

material of the work piece. In the form 01 ChipS, this excess material is

progressillely separated from the work piece, thereby rendering work piece

to a desired shape and size, It may be emphasi ed here thai the cutting 1001

never peels of chips or the excess malenal from the work piece, but the

chips 3r"egenerated because of plastic deformation of melal just ahead of

the cutting edge of the 1001.

Elelllenl~ of ,,;u1lingproeess(Meehanislll of metal cutting):

Machining proce~s involves work piece, a cutting tool (including holding

devlce~l, chips Cl,,(J cutting fluid For removing the melal, wedge shap€d

cutting tool is constrained to move relative to the work piece so that it

IemOVl;&the metal in the form of chips The first requiremnet of all metal

10
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cutting tools is that the tool be harder than the material being cut. The

second is that the tool and materia! being cui must be held rigidly in a

manner Ihat will cause the fool to penetrate the work piece when forces are

applied. When 1hese conditions are satisfied metal will be displaced,

providing Ihere is sufflcienl force and power to overcome the resistance of

the work piece material. Fig. 3 shows the progressive formation of a chip

using a single point tool. ~

At Fig. 3(a), the tool contacts the work piece material. Compression in the

work piece material lakes place at the point of contact at (b). At (c), the

cutting force overcomes Ihe resistance to penetration of the 1001and begins

to deform by plastic flow. As Ihe cutting force Increases, eilher a rapture or

a plastic flow in a direction generally perpendicular to the face of the tool

occurs, and the chip is formed as shown at (d). The formation of a new chip

segment begins, and the sequence of compression, plastic flow, and

rapture is repeated. The cycle is repeated indefinitely_ This process of chip

formation is basic to edged mate! cutting tools.

According to the positron of the tool metal cutting process can be classified

into two proups- 1) Orthogonal or two dimensional process. In it the culling

edge of the tool is at right angles to the direction of the relative motion

between the tool and work piece. Examples of orthogonal cutting are: cut off

11



or turning operation on Lathe. ii) Oblique or three dimensional cutting

process, jn which the cutting edge of tool is located at 900 to the mol ion of

the work piece.

Fig. 4 shows the position of cutting tool in relation to work piece in a

orthogonal cutting process in order to cut metal with less effort

From figure it will be seen that three are three basic angles of importance,

viz. rake angle, relief angle or clearence angle and setting angle. Figures

5,6,7 illustrate the effect of varlalion of this angles.

In any cutting operation, following observations can be made:

a) Metal is cut by removal of chips which may be in the form of

continuous ribbon or discontinuous chips composed of individual segments,

which depends on the work malerial and cutting conditions, The chip is

thicker Ihan the actual depth of cui and il is corrospondingly shortened. The

hardness of the chip is usually much greater than the hardness of Ihe

parent malerial.

b) There is no flow of melal at right angles to the direction of chip flow.

12



(-" ".r"."•

"'''''e,,,,
'""""I

'"
( ""'.,r,"«,

,co

1~,(

T"",

/
< "''''''I"",•

'"
c."'''.r",,,
••

,,,

fl
13

Fig-J.Progressive formation of d metal chip.

•• <-•...••..••.••••~c
_",4(i-~"_~.L '

c.)",a~ s:~;~'
evr •.•••U(~) •

Fig-4. Position of tool ,in relation to work.



~
. "0"

J,,,

\
••t~,".~

I
Fig-5-. Ra~(' and relief angles of

a cutting tool

14

Ld:::::::::=1 "'•••••,-
'"

'm.1I "I"f '".'"r'o •••••,,,•••••
,.",,, •• J•• ,,,

\ I~-;;'
••

£<,""' ~ •., ••, ,,'~(
'''ow, ••••, 01 'ou'
,. du. no""••r-.
""",~I'""."".'
I•• , ""00 ''''''"'

I~_--'--J!

Fig-5. Variation of rake angles
from positive to negative:
(a) positive, (e) negative,
and (b) zero rake angles.

,;""" ",,,r "••".
"",",,, '" •••'."'"1
<dO' ",n w'" ••••••••••", """.",« M,,,,,"'0".
"",.,'" .'••• r".,"""'."'..

Fig-7. Effect of variation in relief angles.



c) Flow lines are evident on the side and back of a chip, which suggests

that cutting involves a shearing mechanism. On observing the flow lines on

Ihe surface it will be obvious thai chips are formed by, block wise slip of

meta!. However, the fronl surface is usually smooth due to a burnishing

action. It is important to note that chips are formed due to the process of of

deformation or plastic flow of material, which takes place by means of a

phenomenon called "slip." Generally there are three basic types of chips (a)

discontinuos (b) continuous and c) continuous chip with built up edge. Fig.

8 and Fig. 9 show the basic mechanism by which all chips are formed.

The process of plastic deformation occuring along the plane elongates the

individual crystals of melal in the general direction indicated by share angle,

This action tends to produce a chip that is thicker than the layer of parent

material from which it originates. The chip malerial moves up Ihe 1001face in

layers of distorted material. Each layer is pushed outward a fixed amount

with respect to an adjacent layer and retain this posilion as the whole chip

slides up the tool face. A large amount of energy is needed for chip

formation and to make it move across the 1001face. Avery large amount of

strain also takes place in the shear regIon in a very short interval of time,

which result in fracture of the metal. Fig. 10(a), 10(b) and Fig.11 show the

action of too) during cutting operation and the formation of chips.

15



Fig-S. The basic mechanism by which all chips
are formed.
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Discontinous chips are formed as the result of machining brittle malerials,

like gray cast iron and high-lead bronze. Machining of these materials chip

may come off in completely individual segments or the segments may

adhere to each other to form a loose chip which fractures easily.

Continuous chips are associated with relatively ducliJe materials where

definile successive ruptures do not lake place, The planes tend to slip and

weld and produce a continuous plastic flow of the metal without fracture

ahead of the tool, followed by a smooth flow up the face of the of the tool.

This type is usually associated with higher cutting speeds, as low cutting

speeds some limes cause certain ductile materials to pile up ahead of the

tool and come off in small lumps simi/iar to discontinuous chip. However it is

often referred to as an "idea)" chip because it produces excellent surface

finish, the power consumption is iow, fiction between tool and chip is low,

and excessive heat is not generated. II does create a Chip disposal problem

and this is usually taken care of by incorporating chip breakres behind the

cutting tool edge.

Although continuous chips are sometimes considered ideal, they are often

difficult to obtain when machining the usual ductile materials. More often

than not, ductile materials appear to be "gummy" and tend to adhere to the

face and flank of the tool. This \s the result of high friction between the face

of the tool and the chip. The metal piles up on the tool point until! it appears

18
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Fig-IS. Basic chip types : (a) discontinuous,
(b) continuo~s, (c) built-up edge.



to resemble a cutting edge and is sometimes incorrectly referred to as a

"false cutting edge". More correctly, it is referred to as a built up edge

(SUE), and the result is a continuous chip whilh a build up edge. The

formation of these chip is presented in FiQ.12.13, 14 and Fig.15.

d) A lot of heat is generatedin the process of cutting due to friclion

between chip and the 1001.The temperature of the cutting 1001reaches a

high value wilen taking a heavy cui at a high speed. Fig.16 shows the

distribution of heat in metal cutting process and Fig.17 shows the effecl of

temperature at tool - chip interface associated with cutting speed and feed

and effect of temperature on the hardness of the cutting tocl material.

e) In front of the cutting tool point, generally no crack is observed. Due

to strain hardening, the hardness of metal in chip, the built up edge and

near the finished surface IS usually greater than that for the parent melal.

Fig. 18 shows the hardness distribution for duclile chip.

f) Formation of build up edge singificantly alters the cutting process. It

deteriorates the surface finish and rate of 1001wear is increased. Fig.19

shows lhe tool wear.

g) The inclination of plane AS in Fig. 20 with respect to the surface of

work is known as shear angle. This angle increases when the tool friction is

decreased; and increase of share angle means that share plan will be

20
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Curve-4; Cutting temperature measured by tool
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(b) Areas of tool wear, (e) eratering wear.
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Fig-19: Tool wear in metal cutting; (d) Cross-section of a worn carbide
tool showing w('"r land and crater. (e) Rubbing of chip on tool
to form crater.



smaller length and thickness of chip wilt also be less. When the angle of

shear is small, the path of shear will be longer and the resulting chip will be

thicker and will require greater cutting forces to separate the chip from the

work piece material. Fig. 20 shQINS the effecl of variation of shear angle.

In practice every effort should be made 10keep the shear angle as large as

possible. Even if the shear stress on the shear plane is assumed 10 remain

constant, the force acting along the shear plane also varies with the area of

the shear plane. Further the amount of plastic deformation 10which the chip

is subjected also decreases as the shear angle increase.

The amount of plastic deformation or shear strain is related to the shear

plane angle and the rake angle as shown in Fig. 21. From Fig. 21 it will be

noted that for each rake angle. there is a minimum strain when the mean

chip thickness is equal to feed (tc=tu). For zero rake angle it occurs at shear

plane angle of 45°. Also at zero rake angle the minimum shear strain is 2

and becomes less and less as the rake angle is increased. Fig. 22 and Fig.

23 shows how the change of shape of a Unit cube after passing through the

shear plane occurs for different values of the shear plane angle.

h) In the cutting process, three areas of interest requiring due

consideration are shown in Fig 4 by circle I,ll and Ill. In thermal aspects of

metal machining these three zones play vital roles. the first one is along the

24



25

-.L
i.

T

,....
"-<,, .".~

",..,,'.,..,"'~ ,•

"'"" P'" J••••• •

Fig-20: Orthogonal cutting showing the effect of large and small
angles on chip thickness and length of shear planes.

"0 SO 60
PlANE ""Guo:_

r ;,,,
w

" ,• Ral<. a"gl •w

•, 0

,,', ,,'

Fig-23: Shape of a unit
cube after deformation.

Fig-21. Variation of shear strain"with the shear plane
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shear plane, where maximum heat is generated because of the plastic

deformation of metal, and practically all of this heal is carried away by the

chip as machining is a rapid and continuous process. The second zone is

the interface between the chip and the fool face. This zone is known as

friction 20ne. Heat is generated here mainly due 10 friction between moving

chip and fool face and partly due to secondary deformation of the build up

edge. The thrid zone is along the finished surface and the material of tool

adjacent to that surface. Heal in this zone goes on increasing with time as

the wear land on the tool develops and goes on increasing, Fig. 17 shows

the distribution of heat.

i) The steady stale conditions on which the cutting theories are based

often gel changed by the formation of discontinuous chips. The tool

geometry is also altered by the presence of build up edge.

1.3.3MECHANICSOFMACHINI~9~ t.)
('~J-' '1=!

a) Cutting Force In Turning:'@Cutting forces in orthogonal cutting

process are shown in the Fig. 24 Here the forces are all on one plane and

the components of the forces can be added algebraically as in elementary

mechanics.

Referrin~~~Y~~~~f;_~,UJlant force$R has two basic components Fc
.~ ~'~".""".-, b<& _ _

and Ft. Fe aetermnes'tne amount of work reqUIred 10move the cutlmg tool a

16



given distance. Ft does not work, but both components produce deflections

of the 1001relative to the work piece. At the 1001face, the force components

F,and N,act on the chip. ).is known as friction force between chip and tool.

The force components acting at the shear plane are Fs and Fn. Fs is the

shearing force and represent the force required to shear the metal on the

plane of shear. Fn acts normal to the shear plane.

(30) From the geometry of Fig. 24, equations can be derived from which

various mechanical quantities can be calculated if certain quantities are

known. These are shear angle ~, rake angle (1, the force component Fe and

ft, chip cross - sectional area Ao, and cutting speed V, The equations for

making such calculations from these known quantities are summarized in

Table-1.

b) Cutting Force in the Lathe -Turning operations:

(31) The cutting forces experienced in turning operation can be resolved

into three components:

i) Tangential Force, Ft

ii) :Radial Force, Fr

iii) Axial orce, Fa

27



Fig. 25 shows the components of the cutting forces on lathe.

Tangential forces Ft: (3.1~Acts in the direction of cutting velosity vector

and is some times reffered to as turning force. It is mainly responsible for

the cutting power needed. II is usually the highest of the three forces and

constitutes approximately 99 percent of the tolal power required by the 1001.

It can be expressed as

where, f and d are feed and depth in mm.

K1= 162 for 0,2% carbon steel.

X1 and Y1are constants and their values are 0.38 and 0.98 for 0.2%

carbon steel.

Radial Forces Fr: acls in a radial direction from the centre of the work. II is

the force that holds the tool to the correct depth of cut. It is the smallest of

the three tool forces only 50 percent as la'rge as the longitudinal or Axail

force. (3~) The radial force plays no part in horse power requirement and is

given by

Where, K2 = 34, x2 = 0.8 and Y2 = 1.42 for 0.2% carbon steel.
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Axial Force F~: acts in the direction of longitudinal feed. 11is also known as

longiludina force or feeding force. Jt is about 40 percent as high as the

tangential force. Power required on account of this is very less compared to

Ft. (3,1~II is given by

Fa = K3fX3 dy-\<gf X9'~VN.

where, K3=40, l{J=O.67, Y3= 0.67 for 0.2% carbon steel.

Whenever a single points tool is cutting the metal, the resultant cutting force

'P' acling in oblique directions can be resolved in three directions at right

angles.

i) Vertical chip pressure (tangential components Pz)

ii) Horigental work pressure across lathe (axial component Px)

iii) Horigental feeding pressure across lathe (radial components Py)

Out of these three, the first one i.e. Pz is most predominant as regards to

power absorbed and the other two aflhough absorbing power, are generally

neglected. In order to account for these two and account for the friction to

overcome, generally.30% of power is added to the power calculated on the

basis of Pz.

29



(31~ From the numerous experiments performed, the following relation for

the cutting pressure on a single point tool has been established.

where,

p", Pressure

~[,,,, feed

d '" depth of cut

C,::: constent

and 'a' and 'b' are constant depending upon the meta! being cut and other

factors.

(3~) But generally for most of the practical purpose, it has been observed

that the following relation also gives very good results:

P"'kxdxf

'" k x (area fa cut)

Where k is constant i.e. pressure on the tool in kg per square cm of cut area

and depends upon the metal being cut and its value for vrious metal is

given in table.2

-; 30
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Fig-24; Schematic diagram of force system acting in
orthogonal cutting with a continuous chip
(from ASTME, "Tool-Englneers Handboiik"-2mj ~

edition,19S9
TABLE-I. Equations for calculating important mechanical quantities.
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where, Ao~ cross-sectional area of chip before cutting.

Fu= friction force; acting between tool face and sliding chip.
Fc= cutting force; in direction of tool travel.
Ft- thrust force; in direction perpendicular to surface generated.
Ss= mean shear stress on shear plane.
Wf- work done in over coming friction between tool and chip.
Wn= total work done in cutting per unit volume of metal removed.
Ws- work done in shearing of metal per unit volume' of metal removed.
x -effective rake angle of tool.
o -shear angle;

Source: "Tool Engineers Handbook" 2d ed., 1959.



Fig-25: Conlponents of the cutting forces during turning operation
on lathe machine.

TABLE-2. Values of the constant k , for different metal.

M,~, ~,d ~ ,~, ,~,U" B•• " ",- AI.m •••..•••Ix,". "" 100--110 150-200 200--JOO ;~ ,-Bnn,U "-" "n",U "-.,
IUXXl ,,~2l,OCQ 10,700 .~,,= 10,= _,700
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If v is the cutting speed of the tool in m/min. then work done per munite will

be pxv and the horse power required is given by

pxv

H.P= ------

4500

These cutting forces of the 1001points are usually measured with

dynamometers.

Influence of cutting speed. feed, depth of cut and work material upon

cutting forces:

The cutting forces depend upon several factors like work material, cutting

speed, feed rate, Depth of cui, approach angle, side rake angle, back rake

angle, nose radious and 1001wear. Here machining operation off Mild steel

will be performed by using Cemented carbide tool of particular geometry and

tool life. So, the factors which should be given more importanls are as

follow:
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jl Cutting speed (vI.: In lathe, cutting speed means the number of meters

measured on the circumference of job that passed the cutting edge of the

1001in one minute. Mathematically cutting speed v is expressed as-

,DN

V =--------mJminutes.

1000

Where, D = Dia of jOb, mm

N = rpm (spindle or job speed)

The amount of power used in a machining operation is generally

proportional to the cutting speed in that the rate of metal removed is

proportional to speed. (3~Melal removal rate is given by-

MRR'" (Feed x Depth of cui x 12 x Speed) cubic inch/mlnute

where, Depth of cut = inch,

Feed=inch/rev.

Speed = feet permin.

Mlhod of calculating MRR is obtained by Table. 3

34
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Horse power of the motor(3~) HPm is given by

uhpxcxMRR
HPm= •••---------

Efficiency

Unit horse power x feed correction factor x MRR
=----------------------------_ .._----------------------

effeciency of the motor

where, c= is feed correction faclor.

MMR = Metal removal rate

Unit horsepower, uhp can be obtained form Table-4 and feed correction

factor can be found from Fig. 29.

Speed, however, has little effect on cutting forces within the normal cutting

range. Fig. 26 shows how the tangential force Pz vanes with Increase in

cutting speed.

Similar curves are applicable for cutting force components Pz and Py also.

I! will be noted that cutting forces first increase with increase in cutting

speed and on further increase in speed reach a maximum value and start

decreasing and become fairly establish at higher speed range. The initial
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rise in cutting force uplo about 70 m/min is due to the effecl of built up edge

which does not occurs at high speeds. The cutting forces at high speeds

beyond 70 mimi decreases because of high temperatures Involved which

tends to make the malerial plastic.

For all practical purpose, the change in culling forces due to increased

speed may be ignored as long as the speed is with in the normal cutting

range.

ii) Feed: It is the amount of tool advancement per revalution of job paralled

to the surface being machined.

The tangetial component of cutting force is greatly in fluenced by the feed

rate. Other two coree components are also increased with incres8 of feed. It

has been observed that cutting force change linearly with feed of higer

speed, but at slower speeds the change is exponential. Fig.27 shows the

effect of feed on the tool forces.

iii) Depth of cut: It is the advancement of tool in the job in a direction

perpendicular to the surface being machined. Fig.28 shows that depth of

cut increases tangential and logitudinal forces but it makes no change in

36



the radial forces. Depth of cut has the most direcl effecl on cutting forces.

Thereby it will be possible 10 remove metal more effficienlly at heavy feeds

since less unit horse power required .
..

So, from the above discussion it whou!d be found that, cutting speed has
the greatest influence on tool temperature, followed by feed and depth of
cut.

Depth of cut has the greatest Influence upon cutting forces, followed by

feed, with cutting speed having the least influence.

Feed has the greatest effect on sutface funish when it is set according to

the nose radious. Considering these relations tool designers and

manufacturing engineer selecl the best suitable cutting conditions for

machining of melaL

The most common empirical formula (3~) that has ben developed to give the

cutting speed on the basis of relationship between steel hardness, depth of

cut, cutting speed and feed a specific 1001life is as follow.

225.000
13 ;: •.•••• _••.............. ~ .

DxO.2 x FxO,58x8x12
Where, 13;: recommended cutting speed fpm "" -%'12.""I''''

D ;: depth of cut. inch", .0?-1;'1'"",

F ;: feed, ipr", 'O'lS", ••••cl,"'/<cv.

8 ;: 8rinell hardness,
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The nomograph in Fig.3D was developed by using this empirical formula as

the basis for cutting-speed recommendation for steel using a single point

Carbide tipped tool.

Iv) Work malerial: One of the important factors in determining tool forces

and power is the work malerial ilself. Ductility, hardness, co-efficient of

friction and work hardening all have definite effects on tool forces, Increased

ductility results in increased chip thickness and therefore increased forces,

Higher hardness causes higher unit power or force, as shown in Fig.31, 32

material at different point during machining process, The co-efficienl of

friction can be reduced by additions such as sulfur and lead, and lower

forces will result. Ausleritic material work hardens and requires higher

forces and unit power. Fig. 33 shows a comparetive relations with factors

influencing tool forces, feed, cutting speed and power requirement.
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TABLE-3. Method of calculating volume of
metal removed per minute.

TABLE-4. Average unit horse factors.
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Cutting speeds are based on the following conditions:
Material: Carbon steel
Surface conditions: heat-treat scale.
Coolant: none
Cutting tool: Carbide grade3?
Style:B; Tool life:60min based on O.020in Reak wear-lan

,- • " f-P"O~ ,
Ji
~.

=j0- ,," --.~ ~• ••• W_::IoooooI •• ""• ~._ .•-.. .••••.:c.:. •••o~ • -: .j 1=, '~""XIO_ •• ::1.- ~ , 0- ~.•• , •••••• of •••••••
•.Ill •••••.

0- , ••Il . ~-, • -,,--, -~.., ,. j, C"_ o.'JocIt'c:of•••• ••0- G I 00)' .' •••• U,lJ ••• _~ I, ~Q" I_~ ,. -.;1-- ...••• _----1'~020 '. ••r":!: x. *,. (,'"_ •••••••• ' It ••• -,~. . . . lOO _ •••••••••••••.• ~ •••••• : ~." - '" *0O •• • ••0",,, , '.,I'", 0011 •• .~'- , ,. •
O"~l , ","" Q

~,., •"~, , • -m - •, •0•• • -, Q •0o" , .- - ,
•••• , ~. • ,.

nt(>, _ ,, ,
On•• , - • -001,

, .- '- A •• _. '., ,~•..•...•••.~"«....•.•. ,."- , ,~.•...•...., ,.., ,..-, ••• _ •• 1<01•••

0"" , •• '., '- .",~, , "- •• ,.

Fig-3D: Speeds for machining steel with carbide tools.
(from "Carboloy Application data manual",
Metallurgical Products Department, General
El ectri c Company.).
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Fig-31: Horsepower per cu.in.per min. when turning various metals.

Fig-32: Horsepower per cu. in. per min. when turning steel.

(Metallurgical Products Department,General Electric Co.)
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Fig-33: Factors influencing tool forces, feeds, cutting speeds,
and power requirements.
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TA~LE-5: APPROXIMATE STEEL HARDNESS CONVERSION NUMBERS
BASED ON ROCKWELLHARDNESS.(Source: "Ryerson
Stock List", Joseph T. Ryerson and Son,Inc.,)
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1.3.4 CI1tkal cutting speed:

It is known that. cutting force, Pz i~II fhnction of cutting varillbles(j<) .

Pz- ftV, F,D)

Expression oftoollife, T L - -----"---- (Kg x 981)N.

V 11. x Fyvln x DX"'"

For II particular cutting condition, where Vallles of F nnd D are remain con'>fant, Pz i~II

function of <mlyoutting speed, Pz - f(V) .Rozenberg (l:lestablished an expressio.n of

cutting force, Pz,

SinOx Co6(o-x)
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------------ ---x 9.lUN

""'",- ------_._--
K. COll ( u- xl

';><IThisindicates that Pz depends on the value of K. F , 0 and V . K is the 'cmp-
reduction co-efficient' or 'chip shrinkage' , where

oo~(o-xl
K=

Sin x

K --------

From Figure. 34 uncut chip thickness is-

tu =F ••d x coso
when: = 0 is the side cutting edge angle of the tool.

Actual chip thickness can he mellSUfed by using high magnification microscope .



I-hl: \aluc ol'k I, aflCcled h\"--~.

i) Culling I'miables, i,e \ _etc,

II) ClIltlng enl'ironment and au\i1iary vuriables

The beha, lor ofk as mfluenced by cuttmg \'ariabks full:,. depends on cutting

loree, I'z- for determination of cutting force and c"plallling cutting (001

p"erf()rrnan~t_ the ,alut of chip shrinkage. k and its beha,lOr ",ilh rc,pCCllO

cUlling \'arm.blc~ I~ VCI)' IlIIportant. And also, measurement ork I, I"cry "~".\'

ill1d nced~ no costly and prcci~e 1Il,lrurnt:'nl But 011 the other haJll.!. cultlng

force, J'•. measuremen1 j~vcr~' trot.1blc~()meand the instrument IS also len'

co,lly. [n Fig -,;S, I{ozenherg (12) has demonstrated [hat the behavior of

cuUing loree, with rbptd to culling speed 1$ IdcJllic~1 with chlp-shrinkuge

characteristiCS So, to tinct oulthe crillcal cutting speed, Ye. chip-shrinkagc.

K ISused Instcad of cutting !ilrcc, 1';>.'
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So, ac.;Ol'dingto ROZ~llb":lg'~~~\heol'.v it call say's that 'K' is a function of cutting

wlocity.

K=f(V)

If a curve K~ f ( V) is plotl<:d",ith th~ "alues of 'K' and corresponding vnlues of'\" ,

then Critical cuttiug sp.:~-d,Vc will be at-the point wher..: 'k' wHi be maximum. TIle

point Vc play~ n oignifkant rot.: in 'Eoonomic~ ofmelal cutting' 08 the nature of the

"urves and 'Chip-tool-oontact' pf(",,,,~~es"hange!; drastically at tins point M"lIy

authm denote thi~ point as 'Critlc:!1 point' or 'Critk,,) cutting speed' or 'V-crilical' or

simply as 'Vc", For ~ingle cal'bid~ tool 'Yup t.;.Vc'

,,
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1.4 Ai~s and objective:

The objective of this proJect is to study and established the relationship

between the surface hardness and depth of penetration of the hardened layer with

culting parameters like feed, speed, and depth of cut etc. while cutting ductile

material lIke Mild steel using Cemented carbIde tool of partiCUlar geometry.

To attain this the following aims were set ;

1. To determine the surface hardness and depth of

penetration at different cutting conditions.

Z. To determine the critical cutting speed for different

cutting conditions.

~. To determine the maximu~ surface hardness and depth of

penetration at the optimum cutting conditions.

4. To determine the e!'fect of cutting parameters like feed, speed,

and depth of cut upon the surface hardness and depth of penetraion

1.5 Restrictions

~'henthe obJective is carried out, it is necessary to consider the factors which

impose restrictions on the cutting conditions. There are various restrictions

used hI' various authors and systematically stated by Bjorke \4) are 'liven below:

4'



1. Power: Power absorbed by cutting process can not exceed the power

capacity of the main drive.

2. The torque absorbed by the cutting process must not exceed the torque

capacity of either of the main drive, or of the work piece, Or of

clamping

3. Speed: For ChlP breaking and safety of the operator, the cutting speed

must not exceed an upper Ilmit , And, also lower bound of the cutting

speed is limlted by hui1t up edge formation.

4. Feed: The product of feed and speed must be listed to keep

the validity of ~ear crlterion

5. Depth of cut: The maximumdapyth of cut is restricted by the length of

the main cutting edge, machining allowance, power of the machine,

deflection of the work piece,etc.

O. Force & vibration : Forces and vibrations in tooi and work piece also

restrlcted the cutting conditions.

7. Machine feed '"speed steps The restrictions in this CaSe depend on the

machine used •
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CHAPTER-2

METHODOLOGY

2.1 Plan of work: PllI-'>ficdefonnation of work m~teria1occures during cutting operation.

Mild Steel po;;ses~ good pla&tic pr0pe1ties. Morever, Mild Steel possesses good machinability.

It iR ~lso readily available in the local market. That i~why Mild 8tJi1el Wll_~cho~n a-~the work

material. Cemented carbide tool with pmikulfli' geometry llIld tool life was chosen for the

fuming operation of the work metal because carbide tool can with'>l:andto a very high

temperature without 3J1Ypla<.1ic flow 01' thenna:! <nq>all£ion throughout the operation.

Variation of the cutting plIfllmeters depend~ on th", capa.dry and ntnge of the Lathe machine.

For this reas<m cutting parameters were chosen WitJ1UIthe working range of the Lathe.

CaI'bide tools were chosen with the following goometly:

Side rllke angle, 0( = 0°

End1'llkeangle, 0(, -= 0°
Side dearnnce angle, ~.= 100

End clearance angle, ~, = 100

Sid~ cutting edge angie, ft = 450

End CIItting edge angle, eo = 25"

::JiiiJOi.dx flU
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The followingrange cutting parameters were tound suitable tor the chosen

lathe machine: Feed, F=O.05 to 0.2 nun/rev.
Depth oreut, I>=1t02 mm.
Cutting velocity, V=30 mlmin to 150 mImin.

And the cutting conditions which has been selected for the experiments are

listed on the followingpages. Machining has been done at these four conditions

and specimens were taken for each condition. Specimens were taken from the

surface of the job. They were cut off from the patent material in a direction

parallel to the cutting velocity. The specimens collected were very small and

were in 'v' shaped. Such a small and odd shaped specimen was very difficult to

handle for finishing. So, cold die operation was performed to fix or set the

specimen into a suitable shaped die. The chemica! clay made of simplex powder

and :>implexliquid was die materia!' This cbemical clay bard quickly. The

specimens wefe fitted within the die in such a manner, that the specimens fitted

",ithin the dic in sueh a manner, that the specimens first brought to shape using

files and then special coarser emery paper, successively by finer and grades until

the finest available grade was reached. The specimens were polished by a

rotating disc, covered with broad cloth, felt or velvet, to which a very finely

ground abrasive material (alumina, chromium oxide etc.) was sprayed.



Followin~ cuttin~ conditions w~r~ chosen for Turning operation
and to investigate the change of properties of the work-piec'"

material :

Clltti-ng conciition-1:

a) F " 0.2 mm(rev
D=lmm
V '"~U m/min •

bl F '"O.Z mm/rev
D=lmm
V '" IHl m/min •

0) F " 1).2 mm/rev," , mm
V " to, m/min .

" F " U.2 mm/rev," , mm
V 0 ,>0 m/min

Clltting conciition-2:.) F " 0,05 mm/rev," , mID
V " " m/min .

"' F " a.us mm/rev,• ,mm
V " " m/min

0) F • 0,05 mm/rev," , mm
V " '00 m/min .

" F " U.05 mID/rev,• , mm
V " ,>0 m/min .
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Cutting co:nd:ition-.::J:

" 1 ,0 0.05 mm/rev

" 0 , mm
V 0 eo m/min

01 ,0 0.05 mm/rev

" 0 'mm
V 0 " m/min .

o 1 F ~ 0,05 mm/rev

" 0 , mm
V 0 ''" m/min •

'I F ~ 0.05 mm/rev

" 0 , mm
V 0 '" mlmln .

Cutting conctit:ion-4:

m 1 F 0 U. ~ nun/rev

" 0 , mm
V 0 eo m/min.

01 F , O. ~ mm/rev

" , ~' nun
V , " m/min •

01 F , D.l nun/rev

" 0 , mm
V 0 '"" m/min

, 1 F , lJ.l mmfrev

" 0 , mm
V , "" m/min .
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Me2surement of microhardnes..'land depth of penetration: The Vickers

hardness and depth of penetration of the specimens were measured at different

points from surface to core successively by inereasing depth using

Microhardness tester. The first point was selected at a distance of 0.1rum from

the surface. Because, below this point it was difficult to measure the accurate

hardness of the specimens. After this point, the next points were selected by

increasing depth O.05mm successively and carefully measured their hardness

until a depth of penetration of each cutting conditions were measured and

recorded. The obtn.ineddata were listed on a tabular fonn for analyzing the

results.

After taking the measurements of tJle microhardness the specunens were

polished again to remove the rusted layer. Then i!pecialreagent~etched them.

Etching reagents for mild steel:

i) Nital: 2 to 5% Nitrie acids in Methyl or Ethyl alcohol.

ii) Picric: 4% Picric acid in Ethyl alcohol.

The etching time varies from a few seconds to one minute.



Micrography: It reveals the SIZe, form and arrangement of crystallites,

shrinkage porosity, gas cavities, and cracks appear in the defonne-d metal. It

collsi:rts of the study of tJlC st1'Ucture of metals and their alloys unde/' a

microscope at magnifications tmm x 75 to x 1,500. The observed structure is

called the microstructurc. After etching with proper etching photograph of the

structure of the hardened layer and also of the unreformed layer ofthe core

of the specimen have been studied.



Critical flitting velocity (Vc): Chip" were collected separl1tely for each cut l1nd the

value of chip-slninkage , K was ca1culllU;d after measuring the chip thidmess, tu

carefully and l1ccurat.ely. But it wa-~ very difficul1 to measure the chip 1hickne~~

preciesely due to the roughness of the back sluface of the chip. Using Photogt'aphic

Microscope at higher magnifica1ions chip thicimess,'u were mellsured. The dlltl1

obtained were listed on the following pages. With these value." of K and corresponding

val\les of V, a curve l{ = f (V) was plotted in Fig.2.1. TIlls clllve is similiM"1(1Ihm of

the previously established 'Pi Vs' V' curve. Here, value of chip-slninkage, K reaches

11nmximum vallie at a certain cutting speed and ~ases with fimher increa.'<ein the

cutting speed. It is Imown that a reduction of the chip-shrillkage usually is associated

with the reduction in the cutting forces and aho with an increase in temperfltllfe and

vice-versa. TIllis at maxinlUm chip-shrinkage K, pz is also maximum alid at minimum

K, value of P"l. is minimllm. From Fig-2.t critical cutting _<:peedWllS found at that

point where K was maximum.

,



EXPERIMENTAL DATA FOR CHIP THICKNESS &
CRITICAL SPEED.

DATA FOR CUTTING CONDITION-l
CUTTING CONDITION:
FEED,F=O.~mm/rev.
DEDTIl OF CUT,D=lmm.
SPEED,V=~O,oO,lOO,150m/rnin.

TABLIl-~.lta)

Experimental Data: " =Uncut chip thickness,
=feed/.[2 mm.
"0,1414 mm.

" =Chip thickness, mm
K =\/tu ,co-efflcient 0'. chip

I
cotruction.

v =cutting speed,m/min

t_,mm 0.155 U.llU {).lllO 1),177 I
I'0 " '0 U u I 1.::1 I 1.2;' I

v, m/min "" m/min CO m/min I 100 m/min I 150 m/min I
I I

DATA FOR CUTTING CONDITION-I::
CUTTING CONDITION ;
FEED=O.U5 mm/rev .
DUPTH OF CUT, D=2 mm.
CUTTING VKLOSITTY V=30,bO,lUU,150 m/min.

TABLE-l.llb}

III Experimental Data ., =IJncut ChlP thickness

I. " Feed! '(;: mm0

I =0.3;'3 ~ I
I , 0 Chip thickness, mm

I K' 0 tc /tu '
0 Co-efflcient 0' Chip contruction., - Velosity I

0.055 I, ,mm 0.050 0.045 0.040 I,-, Ie 1.08 1.40 1.:::8 1. 43 I

, ,m/min I 30 m/min " m/min '"" m/min ''" m/min

•
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EXPERIMENTAL DATA FOR CHIP, THICKNESS &
CRITICAL SPE:l-<:::D.

DATA FOR CUTTING CONDITION-3
CUTTING CONDITION:
FEED,F=0.05mm/rev.
DEDfH OF CUT,D=lmm.
SPEED,V=30,aO,100,150m/min.

TABLE-~.I(c)

Exper~mcnt"l Data: " =Uncut chip thickness,
=feed/Y"2 ~..
=0.0353 •••'. =Chip thickness,mm

K =\/t, ,co-et-rlcient M chip Icotraction., =cutting speed,m/min, .mm 0.030 0.031:l 0.0:145 0.0~80
K~t It, 0.1:l5 1.07 0.87 , O.il21 II
v,m/min " m/min CO m/min 100 m/min I 150 m/m1n Ii

DATA FOR CUTTING CONDITION-4
CUTTING CONDITION
FEED=0.2 mm/rev .
DUPTH OF CUT, 8=2 mm.
CUTTING VELOCITTY V=30,oU,lUO,15U m/min.

TABLE-~.I(d)

II Experimental Data ", =Uncut chip thickness
~ Feed/ """2 mOl

I =0.1414 ~~, ~ Chip thickness, •• .
K' ~ t/t, '

~ Co-efficient 01 chip contraction.
" - Velocity, ,.~~O.HlU O.~40 O.~10 0.200 I

K=tjt, 1.27 La!! 1.48 1.414 I
I, • ,m/min " m/min , co m/min leO m/min 100 m/m~n

•
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Fig.2.1: Behaviour of chip shrinkage, K with respect to cutting speed, V.
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Fig.2.1(a): Behaviour of chip shrinkage, K with respect 10 cutting speed, V.
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Fig.2.1(d): Behaviour of chip shrinkage, K with respect 10 cutting speed, V.
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CHAPTER-3
RESULTS AND DISCISSION

The data obtained at different Gutting conditions were plotted

against dIfferent cutting parameters far analyzing the result.

llor Cu.tt:i-ng c:onnit10n-::L:Fe"d, F"'U.« mm/rev;Dept.h

of cut,D:lmm, Speed,V=30,BO,IUU,150m/m.

AT Fig.3.l.l Surface hardness and depth of penetratIon has been

plotted found at different cutting speed. From Fig.3.l.l it was

found that maximum surface hardness within this condition

obtained at cutting speed tiO m/min and maximum depth of

penetration obtained at 30 m/min.

Fig. 3.1." shows the comparison between the surface hardness and

cutting speed. From Figure it was found that for this cutting

conditions the maximum hardness Was 1!l3 HV (VIckers hardness

number) and it was obtained at cutting speed 00 m/min. Beyond

this point hardness starts to decrease.Hardnes:; first 1ncrease

~ith increase in cutting speed and on 1urther increase in speed

reach a maximum value and start decreasing and become fair.ly

established at h1gher speed range. The figure 18 simi.liar to the

curve, Pz=f(V), which shows the variation 01 the cutting forces

with cutt1ng speed. For this cutting conditions the critical

cutting speed waS found by the curve K =f(V) which shows the

variation of chip shrinkage wilh cutting speed From Fig.<!.l'la)

shows that cri tical cutting condition is 60 m/min for this

cutting conditions where the value of "K" were maximum. So, at

cutting speed 60 m/m the value of chip shrinkage, cutting forces

(Pz), and surface hardness (HV) were maximm.
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TIle curve K = f(V) ~h"W$fhe behRviour of chip shrinkage ••"ilh C:,fting

speed. From the curve it was found that 'K' reached a maximWll value at

critical cutting cutting speed and decrel'sed with a further increase of the

wtting speed. Tile reduction of tile value of E' Wa;, as~ociated with the

reduction of the cutting forces and with the increa~esof the temperature. 'K'

starts to increase fl:om a low cutting ~peed and with increases in spe-cd

reaches at ffi'lximum value. The initi.llIincr~."Cs of 'K' was due to the

f0I111ationof the built up edge, which does not occure at high cutting speed.

At low cutting speed heat dessipation rate was low and the ~llrfaCe(>[ the

work mateIial experienced more localized a.::tionof heat TItis should have

increased the the depth of penetration as shown in Fig-J.1.2, Referring

Fig.3.1.1 maximum depth of penetration at c"UttingCOllditioIl-1was OAllIm

and it wa' found at cutting speed, V=30m/min, But at the speed of 30m/min

surface Il<li"liness\Va.,;found 183 HV.

Fig.3.l.J. shows that the sUlface hardness and depth of pe'letration at the

critical cutting speed were 193 HV, and 0.3mm respectively for cutting

condition-I.

Similiarly, for Cutung cunilliJoll-2 :

Critio:a1cutting speed, Vc wet'e 150m/min. Maximwll.sUlfa.::ehafdntss and

depth of penetration at critical cutting speed were f"und 170.3 HV and

O.2111mrespectively. r..Iaximum depth of pe11ctrationwas O.25mm ilI1d

obminedat speed 60m/min. But, at that speed surface hardness were reduced

to a value ofl43.1 HV.



EXPERIMENTAL RESULTS & TABLE OBTAINING BY DIFFERENT CUTTING
CONDITION.

FOR CUTTI~G CONDITION-I:
Feed,F=O.~mm/r8v.
Depth Ofcut,D=lmm.
Cutting Speed, v=~U, liD, 100, 15lJm/min.

TABLR-3.1(a)
II Experimental Data for:F=O.L D=I,V-JO
lop I 1).10 U. 15 1).20 0.<:5 o.3U 0.35 0.40 1).45 1).5m

mm mm mm mm mm mm mm mm m

" H:l5.
1
147

.
147. 143. 143. I 1:.J5. 1<:I:!• 12H. I ILl:! .

I '" " " " " " '" '" '"I I
TABLE-3.1(b)

IfExperimental Data for;F-O.2,D_l,V=liO.
hp 1).10 U. 15 U. LV 0.25 0.30 0.35 0.40 lJ. 4 5 U.50

i
I

mm mm mm mm mm mm mm mm mm

" 1\13. 147. 135. 121:1. 1<:1:1. 125. 125. 125. 1<:5.
CO " '" '" '" '" '" '" '"

TABLE-3.1(c)

if;;peri:~~:alo~::afor:F-O.2,D_l,V=lOO.
0.20 U.25 0.30 0.35 0.40 0.45 U.50

mm mm mm mm mm mm mm om om

" 170. lli5. 134. 1131. 13l. 131. 131. ---- ---
I '" '" 30 \lD '" '" '"

TABLE-J.lld)

Experimental Data for:F_O.2,D-l,V-15U.

II" I1).10 1).15 0.20 1).25 0.30 o. ~6 0.40 0.45 0.50
mm mm mm mm mm mm mill mm mmIrHV U~. 1~0. Ul:l. 1~5. 1~f>. i Uf>. 1~f>. 1~5. 1<'5. I

I50 '" '" <U 10 10 W '" W

,
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Surface Hardness, HV
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Surtace Hardness, HV
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EXPERIMENTAL RESULTS & TABLE OBTAINING BY DIFFERENT CUTTING
CONDITION.

FOR CUTTING CONDITION-2:
Feed,F=O.05mm/rev.
Depth Ofcut,D=2mm.
Cutting Speed,V~~O,oO,100,15Um/mln.

TABLE-3.lta)

Exnerimental Data for;F-O,05,D=L V-3D
I" 0.10 0.15 I O.;W 0.25 o. JO O.~5 0.40 0.45

= mm mm mm mm mm mm mm I"' 1431 131;1 1<'1:14 1318 131\1 1319 ---- ----

TABLE-3.2(b)

Experimental Data for:F-U.05,D;2 V-50. II " 0.10 O. 15 U. ,::0 0.25 0,30 0.35 0.40 .0.45 Imm mm mm mm mm mm mm mm
1431 J 1355 I"V 1471 121:14 12l:l4 121:14 1<'1:14 ---

T.4BLE-3. <' (c)

" erimental Data for:F_U.U5,D=L' V IOU, I
" I0.10 0.15 U.20 0.25 0.30 0.35 0.40 0.45 U.50mm mm mm mm mm mm mm mm mm

"' 1514 1319 1251 1251 1251 i 1251 1251 ---- ---

TABLE-3.2{d)

I Experimental Data for:F-O.U5,D=2,V=15U.

I" O. 10 D.lf> 0.20 0.25 0.;;0 0.35 U.40 0.45 0.50 Imm mm mm mm mm mm mm mm mm II BV 1703 1355 1;<51 H84 I 1:;51 1:;51 1:;51 -- --

71
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FIG(3.2.1): Depth of Penetrarion Vs SurtaGe Hardness
for Cuttin£1 COnditioll-2 (F:~O_05mrnfrev. D=:2mrn).
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FIG(32.3): Depth of Penetration Vs Hardness
at Critical Cutting Velocity (Vc:::150mpm)
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EXPERIMENTAL RESULTS « TABLE OBTAINING BY DIFFERENT CUTTING
CONDITION.

FOR CUTTING CONDITION-3:
Feed,F=O.05rnm/rev.
Depth Ofcut,D=lrnrn.
Cutting Speed,V=30,60,100,150rn/rnin.

Experimental Data for:F=0.05,D=1,V=30
DP O. 10 O. 15 O. ;w 0.25 0.30 0.35 0.40 0.45 0.5m- mm mm mm mm mm - mm m
ev 170. 165. 143. 133. 132. 132. 132. In. 132.

" " W "' eo eo eo eo eo

TABLE-3. 3(b)
Experimental Data for:F=0.05,D=1 V=60.
DP 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

mm mm mm mm mm mm mm mm -HV HlO. 1l:!5. 132. 131- 131- 131- 131- 131- 131-
00 00 eo " " " " " "

TABLE-3.3(c)
Experimental Data for:F=O. 05, D=I, V=100.
DP 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50- mm mm mm - - - - -HV 141l. 131l. l:J4. 133. 133. 133. 133. 13:J. 133.

" " " 00 00 "' 00 00 00

TABLE-3.3{d}
Experimental Data for:F=0.05 D-1 V-150.
DP 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

mm mm - mm mm mm mm mm mm
HV 151- 132 . 125. 12!1. 12l:!. 12l:!. 12l:!. 121l. 121l.

<U eo <U <U <U 40 40 40 40
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EXFERIMENTAL RESULTS & TABLE OIlTAINING BY DIFFERENT CUTTING
CONDITION.

FOR CUTTING CONOITION-4:
Feed,F=U.lmm/rev.
Depth Ofcut,D=~mm.
Cutting Speed,V=~OJoU,100,150m/min.

TABLE-~.4Ia)

Experimental Data for:F-0.2 D=2,V=~U

Ii OF 0.10 0.15 U.20 I 0.25 0.:10 0.35 0.40 U. 45 0.5m
mm mm mm mm mm mm mm mm m

" 147. 14~. 131. 135. 131. 1211. Hll- 1211. 1211.

'" '" " 50 " '" '" '" '"
TABLE-3.4(b)

Experimental Data for:F=0.2,D=2,V-oU.

" O.lU U. 15 O. :::U U.25 O. ~O 0.35 U. 4U 0.45 0.50
mm mm mm mm mm mm ~ mm mm ,

IN lin. I 7U. 147. U5 .• UO, I 3U. UU. 130. 1:1U•
W 50 W 5U.- 50 50 50 50 50

TABLE-~.4(c}

EXl>er~mental Data for:F O. <: D-<:.V=IOO.

D' 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
mm mm mm mm mm mm mm mm mm

" Hi!:! • 143, 143. 135. 132 • 132. 132 . 132 • 13l.
00 W W 50 "" " "" "" ""

'f.~BLE-~.4(d)

EXperImental Data for:F=0.2,D-l,V-150.

I" 0.10 0.15 O.lO 0.25 O. 3U 0.35 0.40 0.45 0.50
mm mm ~ ~ mm mm mm mm mm

I" 100. 135. U1. 1lII. Hl:!. 1211. Ill:!. 12l:!. 12l"

'" 1 50 1 "0 w w w w w w
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Fig(3.4.1) : Depth of Penetration Vs Surface Hardness
For Cutting Condition-4
(F=O.2mm/rev, D=2mm).
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Surface Hardness, HV
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For Cutting condiUon-3 : Critical cutting speed, Ve was 60m1min. ill Ve

maximum surface hardness and depth of penetration were 195 IIV and

0.25= respectively. }.1aximum depth of penetration was found 0.3= at

the speedof30m!rnin. But, at 30mimin surface hardness was found 170.3

HV.

For l.utting condition-4: Critical cutting speed, Vc was fOlUld60m/rnin.

At this ~peed surface hardnef:l!!and depfh of penetrati •..•n were found

ISUHV and 0.3= respectively. Maximum depth of peno:tration was

0.35mm and it was obtained at the speed of 30m/min where surface

hardness was 147.IHV.

From the above discussion it has seen that for all the above four cutting

conditions maximum surface hardness were obtained at their respective

critical cutting speed. But, mal\imum depui. of penetration were fOlUld

below the critical cutting speed where surface hardness were smaller than

the critical cutting point. It is due to the low heat dissipation rate Vi"hich

produL'Cmore localized action on the surtace of the work material and

makes it to flow plarucally. Ifhardness are considered as the main factor,

than machining at cnticai cutting speed is the optimum cutting condition

to obtain maximum surface hardness.

Fig.3.5 shov.;; the surface hardness and depth of penetration obtained at

the critical cutting speed at the above four cutting conditions.



Rcfclling Fig,3,5 it h<l~ ,;cell that ~Ulfa(;c hardlle~s and depth of

penetration both are the functioll of feed and depth .,f cut al critiC<l1

cutting speed .SurfalXlhal'dl\e~~.HV - f(1',D) at (i'itical cutting sj;eed.

For, Cutting cOlldilion-l (1'-0.2,D-1,Vo::-60) Maximum sUltace

hllnhlc~s "blamed is = 193HV.

F,)f. Cutting c'JDdifion-2 (F=O.05,D"'2,Vc"'150) : Maximum ~1lff;lce

hanblt!ss \lbtained is - 170.3HV,

for. CuUb'g cOlldlthm-3 (1'-0.05, 0-1, V<:;-60): Maximum sUlfae.::

hardnes~ ohiainerl i~=190HV,

1'''1',CtlUln~ ('/lndition-4 (1'=0,2, D=2, Vc=60) : Maximum surface

hardness obtained is -181.1 HV

RcfL'11'ingFig,3.5 it is obvious to say that machining of MilJ Steel (0.3

In O.R%C) within the f,)l!owing cutting nmge: F=o.ns To 0.2 mmJrev,

0- l11llll tu 2mm and \'-30 To L'iOmpm will impl'()ves the smfaee

h;1r(lnes~aoout 46% 10 66°,{, with respect to the base metallmrdness and

provides a ewe depth about 0.2 to 0.31lUlI approximately.

RetCHing Fig3.6 it has found that hll.l'<,leningof the same metal (Le.

heating above UPI'''''"critical temperature) and qUlmching in oil llnd

water increases the slIlface haJuness about 280% aJld 80% respectively

with respe...'1to Ihe base mctal hardness.
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H.r<loess, HV.
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FIG.3.6:DEPTH OF PENETRATION Vs SURFACE HARDNESS OBTAINED AT
HARDENING PROCESS
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3.2 Discussion: Experimental result show that machining of metal possess the

cold deformation (Work hardening or strain hardening) on the metal which

substantially effect all pllysjcocllemical properties of the metal. Machining of

Mild steel increa~ its surface hll.rdne~s and decrBll.'>eits ductility. High hardne.<;<;t

and strength and -lowductility result in good surface finish. The most suitable

and economic method of obtaining the highest surface hardness and depth of

penetration is to machining the metal at critical cutting speed with a heavier feed

and the lowest depth of cut. Experimental results show that surface hardness

and depth of perpetration both are the function of the cutting parameters.

Numerous industrial applications require a hard wear-resistance surface called

the case and are relatively soft, tough inside caI.ledcore. For this purpose ductile

materials like mild steel containing 0.1 to 0.8% C were subjected to case-

hardening process, which other wise will not respond to direct hardening

process. Case-hardening process consists of carbonizing and subsequent heat

treatment. There il1'e several otller processe1>of case hili'delling, such as,

nitriding, cyaniding, inductlon hardening etc. Ry these processes the surtace of

the mild steel wcre saturated by carbon and then subsequcnt heat treatment were

done to produce a hard wear-resistance surface and a soft core. These process

are costly and time consuming. From the experimental results it has found that

machining of mild steel also increase its surface hardness to a certain limit.



SO,due to the work ha.rdening of metal, ma"hitliug can be considered as a case-llardenillg

pro~ss lIplo a ~rtain limit,

A comparison between machining and case-hHdening process of mild steel were shown

below:

~

Ma~hining CarburiLing Cyaniding Hard~ning( qum- HlIHI\:Jling
ching in oil) (quenching ;",

water)
Strain " work- Surface " satur Surface is samra Swf~ " hml ~ace is hard
hardening "ted ~. C, and ffi tcdbyC&Nand cned by hcating cucd by heating
oeeured. _,d by " hardened by & cooling only. & cooling only.

quenching. quenching.

No extra C req Extra C req Extra C req No extra C add..'"tl ~o extra C
added.

""""= ODI<lin Hardness ODf<lin Hvdness ohtain Hardness obtain H~f(lne,~s obtain
edi> about 193 ed j" about 1000 ell k ldlout 1000 ,d " about 206 '" " about 400
HV, ~d ,= 10 llOOHV, & 10 HOO HV, & HV, H\'.
depth is 0.3mm. case ''Pili ffi ca.-;e d'Pili "about 1.25mm. about O.25mm

fbrdnso03 mcrea Hanin",," mere" fhni."Ies" mere" fbrdne •• mcrea Hardne"s mcrea"",0 68% W.f.t sed=900% w.r.t sed=900% W.f.t sed=280%W.f.t sOO=780%w.f.t.
base mat. base mat. ~ase mat base mat. base mat.

Time req. is low Time req.is high. Time req.is high Less time req_ Less time req.

From above discussion it can say that machining of mild steel improves its ~lIrface

hardm;ss near about Qfle hve1fth times dlall case-heardening process, near abont one

fourth times than hardening process followed by quenching in water, and near abont.

equal to the hardening process followed by quenching in oil .



Though the investigation was performed only on Mild Steel with a Comented

eat'bide tool of particular geometiy aild using only tlle facilities of BUET aild

limited test data., this experimental result will act as a guide line and also will

encourage every one to determine the surface hardncss & dcpth of penetration at

optimum condition for any other tool & work material. and working condition.

Quantitative value of this work is less, but to evaluate this work properly,

qualitative value must be considered.

The test results may deviate slightly during practical application due to its

various limitations of experimental laeilities. In spite of all the hindrances, the

experimental study was carried out carefully.

It is hoped that the experimental investigation has analyze-d some aspects of

detennining the surface hardness and depth of perpetration at different. Cutting

condition within its limitations and finally has enabled the establishment of a

method of predicting the maximum surface hardness and depth of cut at the.

optimum cutting condition in machining mild steel with cemented carbide tools
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CHAPTER-4

Conclusions and Remarks •

4.1 Conclusions: On anal)'sing the results of the e~:pcrimental investigations

the following conclusiOIlllcan be drawn :

1. There exists a relationship between the co-efficient of chip shrinkage, K and the

critical cutting speed, Vc and the maximum value of K is found to the critical

cutting speed, Vc.

2. There all'lO exis1J;;a relationship between the Surface Hardnes~HV) and the

depth of penetration with the cutting parameters. Surface Hardness is maximum

at the Critical cutting speed where Chip Shrinkage is maximum. If feed and

depth of cut changes "K" will change and so as the Surface hardness will do.

Generally. high feed will provide high surface hardness and high depth of cut

will results low surface hardness and poor surface finish. Power requirements

will also be higher at greater depth of cut.

3. The hardness attained is about one twelfth of the hardness obtained at the Case-

hardening process and about one fourth of the hanhless observed at hardening

of Mild Steel where quenching medium is water. The hardness is compareble to

the hardness observed at the hardening process where oil is uaed as IIquenching

medium.

4. Cutting oonditions Cll11 be adjusted to achieve a desired hardness level of mild

steel within the observed limits. So it tnfly be possible to avoid or eliminate the

heat-treatment processes where a comparable hardness is necessary to be

developed foc a particular application.

•
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4.2 Recommendation for future works :

The present study was confined with Mild Steel as 1i~workmaterial. Although

t1wse results exhibik'l.l a trend, there remains a scope of similar investigations on

odie!' metals, compooites etc. to establish the behavioW"fOWldin the present study.

In this experiment , particular tool geometry "'WI selected Though these are

recommended values for the used tool material, yet there remains a scope of further

study by changing the values oftool geometry.

lbroughout the experiment only carbide tool was used.Although the test result>

coincide with the theoretical one for this material there remains a scope for further

study with tools of different other materials, to investigate the trend observed

The research work was conducted without using any cutting fluid.This fluid may

have effect on the fmished surface. So there is a scope of study to evaluate the

effects quantitatively through experiments.

The study experiments was conducted completely in the "laboratory condition" and

the obselvation was made on the basis of the experimental results. Any change in

experimental condition may affect the results. Though it is envisaged that the

general pattern aod trend of the curves developed fi'Olll the test data should be

similar, further investigation may be made to confirm and correlate the test resultll

with the experimental conditions.
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