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llBB'TRAGT

In practice, the values of cutting speed, feed and depth
of cut during machining oper••tion are determined either by
mere experience ss usually done by machine tool operators or
selected fro~ the available engineering tables. In both the
cSBes,the assigned values are, generally, too far sway frow
the economic value~. This Thesis presents a scientific method
of predicting the optimum values of the machining variables
for turninc operations of steel with cemented carbide tool ma-
terials. Experiments have been carried out to determine the
optimum values of cutting speed, feed and depth of cut, which
lead to minimum manufacturing cost. It has been established
that the critical cutting speed (Vc) corresponds to the naximum
value of coefficient of chip-shrinkage (K) along the curve K =
f(V) and that there exists ~ definite relationship between cri-
tical cutting speed (Vc) and optimum cutting speed (Vop)' For
single carbide tool material, there is one optimum cutting sp-
eed which is just before critical speed (Vopt,;;-vc)'But for
double carbide tool material, there are two optimum cutting
speeds; the first being just before Y, (Yo ~ V ) and the secondP'j c
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NOMENCLATURE

Total machining cost/piece
Idle cost/piece
11achining cost/piece

Tool cost/grind

Tool cl'langing cost/pi,eel!

Tool regrinding cost/piece
T~ol depreci••tion cost/piece

Taylor constant
Time to complete a piece
Idle time/piece (including loading & unloading time)
MachininG time/piece
Tool changin~ time
Time
Tool life

Maximum tool life available
Profit rate

Income/piece (excluding material cost)
Total machine and operator rate(including overhead)
Number of tools used for a piece
Number of pieces machined by a tool ~fter each
grind
Feed, ram/rev.

Depth of cut, m<:l.

Cutting speed, m/min.
Critieal cutting speed, m/min.
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n Taylor exponent

Exponent for feed and depth of cut
Co-efficient of chip-reduction or chip-shrinkage
Length of met~l being cut

v

LO Length of chip corresponding to La
Pz Gutting force, Kg.
Ls Shear stress

hf flank wear, mID.

4
f

Initial flank wear, ffiW.
o

I

Z

'w
Sm=
Vm=
tmax
Pmax
W.R.T

Intensity of wear, mm/m.
LWe"'e.r-j;~-'unit metai~al, mm/m3- ~ ,..~~--
Total metal removal, m3

Metal removal rate, m3/min
Maximum feed ava.ilable in ~achine
Maximum cutting speed available in machine
r,aximum depth of cut available at the cutting edge
Y.aximum power available at the cuttin~ edge.
',lith Respect To

Side rake angle
Shear angle
Frictj,onal angle

Back rake angle
Side cutting edge angle
End cutting edge angle
Side clearance angle
.End clearance angle
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CRAPI'ER - 1

INTRODUCTION

Introduction

The country launched a progra~me of intensive industria-
lization including manufacturing of machine tools, cutting
tools, spareparts, agricultural and general purpose machines
which involves huge a~ounT, of metal cutting and processing. The
Government, Semi-Govt., and private sectors have made a good
head-way i,n developinB"the industrial potentialities. Although

faced wi,th nn:nerous problems, the indUstrial sector is at pre-

sent capable of meeting a major portion of the country's demand

in this field. One of the major proble~s which faced by the ma-
chine building industry is a shortage of Technical kno~'howfor

proper and eeol101lie operation of the existinc; machine tools.

This is hinderAnce to rapid Industrial Growth in the country. In
factories, a small number of engineers And almoi'Jtno worker are
aware of o-ptimum conditions of 1:l&chining,without which ach:ieve-
rnent of economy in industrial prod'Jction is almost impossible.
In the factory, withmlt using scientific method, the ~hole metal
cuttin~ operation is based on tmunb-rules due to lack of proper
technical knowledge in this field and equipment facilities. Thus,
development of new economical, scientjfic process of metal cutt-

ing is beyond the scope of the factory. In practice, the values
of the metal cutting variables are determined either by mere
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experience as US11al1ydone by machine-tool operators or selec-

ted from the available Engineering tables. None of methods takes

the process constraints into consideration and merely depend on
the personal experience of the employed personnel and hence lead
to values which are too far away from the economic values. It

results in low production rate and high machining cost which is
undesirable for the factory. Therefore, any ~eans of improving
this situation is of direct concern to all.

To improve upon this condition, it is necessary to study
the underlying principles of metal cutting and tool wear and to
employ more effective methods of metal cuttin~. This will enable
to raise productivity, to increase machining accuracy and to m~-
chine most econimically. The primary purpose 01 machining econo-
mically is to determine the machining parameters correspond inn
to optimum condition~. The optimization is performed with respect
to an objective function which may be (a) the machining cost, (b)
production rate, (c) profit rate, or a suitable combination of
these three functions. 80, optiIDlm results from metal cutting
operations - inter'TIsof piece cost, productivity, and profit rate
is of major importance to the factory.

The selection of cutting conditions has long been recogni-
zed as a major factor governing the economi.cs of metal cutting.
Experiences gained over the years have led to the determination
of certain 8:'lperical ruleD or Guiding principles for choosins. >\

"



the optimum cuttin~ conditions for a given machining operation.
With a view to use the optimum conditions and the principles of
metal cutting in the factory, this experimental study has been
made. A turning operation has been chosen to develop a method
which needs no special or costly equipments and adequate techn~-
cal knowho~ of the workers to reach the above mentioned goals.

1.2 Literature Review

Research in metal cutting had already been carried out by
the French Scientist Tresca(19) as far back as 1873, although
fund~~ental theories have been developed only during the past
three or four decades. Beginning with Mallock(?'O) in 1881, and
through 1900, several contributions were made toward understan-
ding the metal cutting process by determining cutting forces and
the effects of tool geometry and cutting environments.

In 1907, the classical work of Taylor(21), "on the Art of
Cutting Metals", stimulated considerable experimental work in
metal cutti,ng. Taylor' 5 work emphasized the role of temperature
of the tool on its life. However, from that time until 1925 the
developments led more toward producing emperical data than con-
tributing to theoretical analysis.

Fundamental research on the metRl cutting mechanism has
been continued since 1930. And it has been influenced by similar
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researchers. In 1935 Ernst and Martellott(22) confirmed the
role of the built-up edge in metal cutting and presented their
theories on the mechanics of its formation and breaking off and
its effect on tool temperature and on the surface finish of the
machined part. Considerable stimulus was given to the theory of
metal cutting by Ernst and !'lartellottiin 1935, Ernst(23) in
1938, and Ernst and Merchant(24) in 1940. This group explained
the mechanics of metal cutting and the interrelated effect of
tool geoT'letry, tool temperature, chip formation, cutting fluid

and surface finish.

By the year 1950 j,t was realized that the customary methods

of solving aschining problemc, which used the rule-oi-thumb, must

give way to a scientific method. In metal cutting the requirements
are changing and they result in continually chnn~ing interrelated
compromises which involve new materials, better surface fini.sh and
highar rates of production. Thus, it is necessary that objectives
be achieved in the very near future. This requirement has led to
extensive developments in metal cutting since the year 1950.

Regarding wear process of the cutting tool, tool life test,
testing method, etc. many reports have been presented by many
researchers. In 1952, Merchant, Ernst and Krabacher(12) presented
a scientific method of tool life testinG, specially, for cemented
carbide tool. The mechanical aspect of metal cuttinG was investi-
gated by Zorev(25) in 1952. In the sa'lleyear, Lalad~ee(26), a
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leading scientist in USSR, presented a well recoGnized theory
of chip formation during met~l cutting process.

Considerable effort has been expended after the year
1950 on developing the optimum ~achining variables. In 1955,
Ernst(1), Gilbert(2) optimized the cuttin~ condition withrespect
to minim~~ production cost. In this objective function, cost of
production is a function of tool cost and machining cost.

In 1956, Rozenberg and Eremin(9) carried out experiments
on basic metal cutting principles and established a relationship
between machining variables and metal cutting theor,y. Rosenberg
also developed the relation of cutting force co-efficient of .chip-
shrinkage with cutting force.

In 1958, Laladze(28) presented the role of tool wear for
optimization in metal cutting process. This wns confirmed by
Clushin(27) in the same year after investigating the metal cutting
process. Brewer(11) also worked on the basic turnine; operation to
optimize the cutting variables for ;'laYimur.:tproduction rate. Acc-
ordi,ng to th:i.sobjective function, production time depencs on
machi,ning time, idle time, etc.

1966, Makarov(29) carried out investigations on tool wear
~nd optimization of metal cutting process. In this year, ~erego
and Russel(3) used maximum profit rate as an objective function
for optimizing machining variables and have proved that maximum
profit depends on both tool cost and idle time.

I
o
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In 1967, Zorev, Gronovsky, Larina and TritiakovC30)
explained the mechanics of metal cl\tting. In this year, Bekes(5)

identified the restrictive conditions of optimization and presen-
ted a method for calculating the optimum cutting condition within
these conditio!ls. In thi,s methodproduction rate was only the

objective criterion. In the same year, Basu(6) modified this me-
thod by developing a new approach for chasing optimum cutting
variables. Boothroyed, Engle and Ohisholm(14) determined the eff-
ect of tool flank wear on metal cutting process.

In 1968,' BjOrke(4) developed a mathematical model for

calculating the cutting condition during truning operation.

The nature of chip-tool contact process in an important
factor in chip formation and it is one of the most significant
factors determining the process of tool wear. In 1969, Talantov(8)
presented a relationship between ch:i,p-toolcontact process and
tool wear for cemented carbide tools to improve metal cutting
process. Nadai(31) in his study developed an equation with the
help of which critical cutting speed caD be ,determined. Conside-
rable support was given ,to this theory by Roznikov(32) in 1969.,

In 1970, Time(33) explained the resistance of metal during
cutting operations. And in 1975, B&brov(34) presented the fund a-
mental theory of optimization of the metal cutting process.
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In 1978, Talantov, Cheriomoshnikov and Kurchenco(18)
presented the relationship between cutting speed, metal cutting
process and tool life.

This work attempts to present a method of selecting
optimum metal cutting conditions eurin~ turning operation on
the basis of the earlier pro5ress in optimi7,ing the metal cutting
process and in establjshing relationship between tool wear and

chip tool contac~process. Attempts have been made in thi8 article
to present a comprehensivelist of the works so far done in this

direction overall development of the theor,y of metal cutting
alongwith works which dealth'with the problems, selected for
study in the present work.

1.3 G-eneral Theory

The optimization 18 performed within the feasible region
defined by the relevant constraints, and with regard to the ex-

pected value of the objective function.

1.3.1 Objective Criterion for Optimization:

Large number of research work were carrJed out by Ernest(1)
Gilbert(2), ArmareGo & ~lssel(3) to determine this criterion.
Accordine to their decisions,Cthe objective criteria are:

i) Minimum cost (cost as criterion):
• • •
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i1) Maximum production rate (production time as criterion):

... (2)

iii) Maximum prorit rate (profit rate as criterion):

• • •

1.3.2 Restrictions for optimization:

When the optimization of the objective is carried out,
it is necessary to consider the factors which impose restrictions
on the cutting conditions. There are veri.ous restrictions used by

various authors and systematically stated by BjOrke(4) are given

below:

i) Power

ii) Torque

Power absorbed by cutting process cannot
exceed the power capacity of the main drive
The torque absorbed by the cutting process
must not exceed the torque capacity of either
of the main dri.ve, or of the work piece, or
of c11'lID.ping

iii) Speed : For chip bre~~ing sne safety of the operator,
the cu.tting speed must not exceed an upper
limit. And, also lower bound of the cutting
speed is limited by built up edge fo~ation.

iv) Feed The product of feen and speed must be listed
tn keep the validity of wear criterion.

Depth
of cut

v) The maximumdepth of cut is restricted by
the length of the main cuttin~ edge, machi-
ning allowance, power of the machine, defl-
ection of the work piece, etc.

vi) F.oree.&3: F'oroes and vibrations in tool and workpiece
v~e••_t.~i.o.n.'•..')also restrict the cutting conditions.
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vii) Machine feed & Speed steps: The restrictions in
this case depend on the machine used.

1.3.3 Selection of Optimum Cutting Parameters under Various
Restri,ctive Conditions:

i) With cost as objective criterion:

For optimum tool life, cost is a function of speed,
feed, and depth of cut and should be a minimwn.

Cp e:- f(v, 5, t)

ii) With production rate as objective criterion:

Theusual objective criterion is obtained f'romequa-
tion(2) in which time of production is minimized.
According to Bakes(;;), metal removal rate (v.s.t) 0-
should be maximUlll.

rev, 5, t) and

v.s.t •• maximum.

But, Basu(6) found that for this criterion -

iii) With maximum profit rate as objective creterion:
Fro-n equlltion(3) , due to A:rrnarego & Russel (3),

PR 'p
0p

• 'p
where, Ip • depends on market price,

0p • f(t, " t)

Tp • r(v, " t)
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It is true that, to a manufacturj,ng concern, production

costs, production rates and profit rates, all are of vital
interest. But analysis of these three ter~s at a time is not
possible for cOTIplexity. It is wise to use only one objective
criterion, generally minimum cost criterion(7), as required to
determine economical cutting conditions. According to the vari-
ous authors, it should be noted t:!'lat, for a given materi,al and

a tool, the restrictions of feed, speed, depth of cut, cuttinp;

force (as function of pOl1er), and surface fini,sh will apply

whatever criterion is used to detemine "Optimum Cutting Condi-

"tion::;".

1.3.4 Cretical Cutting Speed

It is kno~m that, cuttine force, Pz is a function of
cutting variables.

Pz •• f(v, s, t).

Expression of tool lire, TL"- ••• (4)

For a particular cuttins condition, where values or S & t

are constant, P is a function of only cutting speed.,
Pz "-

similarly,

rev)
rev)

... • ••

...
(5)
(6)

Since, the tool lire, TL is derined by flank-wear, hf,

then, • rev) • • • (7)
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From equation (4), the cutting speed. V can be expressed

as follows taking tool life constant,

v • • • • ... (8)

the relationship between Pz and V; hf
represented eraphically as in Figures

when s ~ 1, t ~ 1, then V ~ Cv'

Generally, Yv Xy, It means that feed has greater
influence on cutting speed than depth of cut. This case is

just opposite for cutting force, Pz on which depth of cut has

greater influence than feed.

Large number of research works have been carried out in
the "Volgogrr<dPolytechnic Institute", USSR, to estaolish the

relations described by elluatiolls 5, 6 & 7, for any cutting con-

ditions with cemented carbide tool. According to the results,
and V; TL and V, can be

- 1, 2 & 3 respectively..-
Fig. 1, shows that llpto point Cr, the dependence of Pz on V is

complex, for both the cases. After that, for single carbide tool
material, curve takes a regular shape (Pz decreases with increase
of V), but for double carbide tool material, the curve takes the
shape 8S shown by dashed line which shows a second peak at C2,

In Fig, 2, for single carbide tool, the value of hf decre-
ases first with increasing V, followed by an increase to maximum
with further increase in V, then again hi'decreases upto a
0, close to V, ~t the point V , hf increases sharply and" ,

point,-then,..~;
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FIGURE:- 1. Typical Curve, Pz

--- Single Carbide.

- - - Double Carbide.

Speed V,m/min.

,,,c,
,~--.... I C'~_ /1 .•...... '-

-- I i --..., ",,,,,,
Cutting

Vs v.

I
•

m• Carllide.
Carbide.

v, Cutting Speed V.m/min.
FIGURE- 2. Typical Curve, hf Va V;

--- Single CaIbide ~
_ - - Double Carbide.

Cutting Speed V ,m/min.

FIGURE- 3. Typical Curve, TL Va V;,
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the curve changes its shape indicating constant increase of
hr, with increase of V. But for double carbide tool, beyond~the
point V , with increase of V the value of h~ increases first, ,>

and then decrease till point C2, after that there is constant
increase of hf with further increase of V (within certain limits).

From Fig. 3. it lS found that, for single carbide tool
material, one peak at point C1which indicates maximumtool life

at cutting speed corresponding to this point and then decreases
with further increase of V. But, for double carhide tool mate-
rial there are two peeks - one at point C1 and other at point C2
mean that tool life increases at first to a maximum value (point
C1) with increasing V, followed by a decreaS8 with further incr-
ease of V. The relation reverses again upon further increase in
V to another maximum value (point C2) where upon tool life drops
with continued increase in V. it seens Rpparently that, at point
02' tool life is less than that of at point 01' But considering
tool life per piece of product, tool life at point C2 is higher
than that of at point C1• Similar results were also obt~ined by
other researchers(18) whO worked in this field.

From the aoove figures, it is found that, the point Vc
ph.ys a significant role in "Econo:nics of Mlltal Cutting" as the
nature of the curves and "Chip-tool Contact " processes changes
drastically at this point. Harry authors denote thi,s point as
"Critical point" or "Critical CuttinE;"Speed", or "V - critical"
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or simply as lOVe". For single carbide tool materi a1 Vop""Ve,

and for double carbtde tool material, VOP1~ Ve, VOP2~Vc'

1.3.5 Chip-tool Contact Process and Tool Life

Durinr:;normal machining operation, tool-wear mainly0
depends on the "Chip-tool contact process". In the zone of cu-

tting speed where built-up edge exist, the tool-wear is deter-
mined by the type of built-up edge. There are several types of
built-up edge, whose typical views are shown in Fi~ire4.

Chip

Buil t-up edge
Type-A

:Bu.i,lt-up edge
Type-B

Chip

Built-up edge
Type-C

Figure 4; Typical view of built-up edge

Many researchers have worked on 'The effect of chip-tool
contact process on tool wear'. And talantov(B) has been able to

establish a rel>J.tionship between the contact process ane the

tool life, which is shown in Figllre 5.



1

Tool life curve

Continuous chip Continuous chip

with built-u edge

Type-AType-BType-

without built-up edge

• V

Figure 5: Typical relationship between contact
process and tool life (after Talantov)

It is observed that at higher speed during type-C contact

process, tool life is maximumand minimumtool life at type-B

contact process. It is also experimentally proved by T1l.1antov

t~at type-C contact process, though unstable built-up edge but

soft due to high teQperature for higher speed, protects the tool

life from wear and reduces flank-wear end also produce mirror

type Elurfece finish. This is a spectal type of contact process

a::ldaccording to him it is c1'llJed "Pulsation Contact Process".

It is also sho",'llin Fig. 2, that in the range of cutting speed

where this type of contact process :is realised, the value of



flank-wear, hf is minimumfor single Carbide tool material. By

the rBcent research works of the sa~8 mlthor, it has also been

estnblished that for double cemented carbide (titRnium - turrgs-

t=) tool materials there exists a range of cutting speed just

above Vc' where the tool is protected against weer by a permanent

welded layer of work material formed on the tool-face. Approxi-

mate shape of the curve TL ~ f(V) is showni,n Fig. ,.

1.4 Aimsand Objectives:

i) To determine the critical cutting speed, Vc for
different cutting condjtions

ii) To determine the econo:nic cutting condition with
respect to tool life and to establish its relationship
with critical cutting speed, Vc•

iii) To evaluate the econo'llic benefit of the proposed
methods over the existin~ one by cost analysis and
to recoillQendthe most economicmethod.



CHAPl'ER - 2

DETERMINATION OF CRITICAL CUTTING SPEED

2.1 Theory

The nature of vari,ation of cutting force is intimately
related with cutting speed. Rozenberg(9) established an expre-
Bsion of cutting force, Pz

•
1 -

O:::os -t,.
~i,,~.c.<l'5.(J}-i'~)

• •• (9)

This indicates that Pz depends on the value of ,K, S
and t. K is the "chi,p-reduction co-efficient" or "chip shrinkage",
where

K • • length of uncut chip
Actual length of the cnip

The value of K is affected by;-

i) Cutting variables, i.e. v, s, t etc.
ii) ~ltting environment and auxiliary variables

The behaviour of K as influenced by cutting variables
fUlly depends on cutting force, Pz• For determination of cutting
force and explaining cutting tool performance, the value of chip
shrinkage, K and its behaviour with respect to cutting variables
is very important. And also, measurement of K is very easy and
needs no costly and precise instrument. But on the otherhand,
cutting force, Pz measurement is very troublesome and the inatru-
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'0,
ment is also very costly. In Fig. 6, Rozenberg(9) has demons-
trated th8t the behaviour of cutting forces with respect to
cutting speed is identical with chip-shrinkage characteristics.
So, to findout the critical cutting speed, Ve, chip-shrinkage,
K is used instead of cutting force, Pz',

o

Fig. 6:

40 80 120
V,m/min.- .-

The behaviour of cutting force, P and chip-
shrinkage, K with respect to cutt!ng speed, V.
(after Rozenberg)

2.2 Flace of Investigation

B~gladesh Machine Tools Factory Ltd. is the biggest
factory in the country which involves huge amount of metal

cutting and metal processing. It is evident that yearly metal
cutting cost on machine-tools operated in BMTF is enormous.
Thus savings can~be realised by i,nvestigating and suhsequently

improving the existing metal cutting process. ~lring the year



1980-81, ~~82, Bl'1TFincurred net loss of Tk.761.07 lacs
and Tk.698.49 lacs respectively and factory production fulfils
only 16% of the local demand(15). Exiating met~ cutting con-
dition may be one of the causes of this situation as the assign-
ed values of machining variables are determined on the basis of
mere personal experience. This has emphasized the need for the
determination of the machining condition. To show the efficiency
and benefit of the proposed metal cutting process over the exis-
ting one, the field of research work was chosen in EMTF and the
experimental study wae done on one of its important product the
".Drawing Roller" on which the main and primary operation il'l
turning.

2.3 Details of Work and Tool Materials

The experiment wns carried out in the mechine shop of BUEr.
With a view to use all the facilities of BMTF and to maintain
the existing working conditions (input variables) of BMTF, expe-
riments were performed with identical work material, machime-tool,
cutting-tool, etc. Nickel-Chromium steel of group 10N06 (c =00.12%
iii';",' 0.60 - 0.90%, Si - 0.10 - 0.40%, Ni - 1.2 - 1.6%, Cr ••0.85 -
V"
1.15%, P(max) ••0.035%, & S(max) '"0.035%) as work-material and
Cemented-Carbide of group P15 (15% TiC, 6% Co, 79% we - Double
Carhide) rectangular brazed type tool tip ee cutting tool, were
used is the experiment and both of them were supplied from the
office of BMTF. Size of the tool-shank was 25mm x 25mm x 14Omm.



Tool geometry was as follows: '1J:.5°, 'f',"' 5°, <1.&<:(, "8°,
Ij/ "' 91°, Diameter of the drawing roller was 73 - 74mm and

length was 954 - 1207 mID. Machine U8ed wes a 'MTM No.7' engine
lathe provided with a 10 h.p. motor, Spindle speed: 83,jQg_.~
141, 182, 242, 316,410 & 528 r.p.m. end Feed: 0.20, 0.25, 0.30,
0.35, 0.40 mm/rev. close to those available in the production
'OERLIKON' engine lathe used in the EMTF for this very operation.

2.4 Condition and Assumptions of the Experiment

The aims of all the experimental aet'lpswere to findout
the critical values of the factors influencing the optimum cutt-
ing condition. From the earlier theoretical investigation, it
was proved that the influencing factors were, cutting force,
speed, feed, depth of cut, tool-life, etc. Influence of tool
geometry was neglected for constant tool geometry through out
the investigation. Although cutting fluid h~s considerable in-
fluence on cutting conditions yet it was not used, since coolant
quickly shatters cutting edge and forms crack for repeated quen-
ching. To investigate the above mentioned factors carefully and
systematically, experiment was conducted in several steps and
the assumptions were stated below:

i) The properties of the work-material do not vary during
and after the operations

ii) Instanteneous conditions of temperature, pressure, and
chip-formation in the region of cutting correspond to
the appropriate steady-state conditions.
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2.5 Experimental Setup

Conventional method was applied for to determine critical
cutting speed. It was noted that for this experiment a round
solid bar was turned ""ith cemented carbide tool. Shallow axial

slots were cnt on the bar surface before turning operation,

because chips of 25am_to 100= in length Cfl,D be measured wi,thout

difficulty. But longer chips are usually unhandy while shorter
chips donot permit ~lfficient accuracy. So to determine the value
of chip-shrinkage, K from turnins operatiODG, it is feasible and
also recognized to interrupt the cut by e groove inorder to have

a measure of the uncut length of the. material which later is remo-
ved as a chip. A small groove parallel to the centre-line of the
workpi ace leaves marks at the edp;e of the chip at a distance equfl.l
to one revolution of the work. The chip-shrinkage, K is found by
meaffi!ring the dista~ce of the mark on chip and dividing the cir-
cu~stfl.nce of the work piece by the measured length. The length of
the chip is mea6Ured preferably on the smooth surface, chip-tool
contact processes were estimated by viewing the scratch patterns
on the rake face of chip and by studing the photomicrographs of
the chip.

2.6 Experimental Details

To determine the existing factory (BMTF) condition, which
is S = O.20~/rev., t = 2.5mm, V - 52m/min, N = 225 rpm., whether
critical or not, cutting operations were carried aut with previ-:77:>
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ausly said lathe speeds taking S ~ 0.20 mm/rev., and t - 2.5 rum.

The chips were colJectca separately for each cut whose duration
was a few seconds and the value of chip-shrinkage, K was calcu-
lated after meamlring the chip length carefully and accurately
and also chip-tool contact type was marked and noted for every
case. With these values of K and corre~ponding values of V, a
curve K '" f(V) was plotted in Fig. 7. This curve is similar to

that of previously established test results. Here, valUe of
chi,-shrinkage, K reaches a maximum value at a certain cutting
speed and decreases with further increase in the cuttinr: speed.

It is knownthat a reduction of the chip-shrinkage usually is

associated with a reduction in cuttine; force And also ",ith an
increase in temperature and vice_versa(A4). Thus at maximum K
Pz is also maximum and for minimum K value of Pz is minimum.
After analyzing, the curve and chip-tool contact process, critical
eutting speed was determined which was Vc = 75 m/min and corres-
ponding N = 3~6 r.p.m •• This indicates that factory cutting speed,
V = 52 m/min, N = 225 r.p.m. was not critical as it was too low
in comparison with the experimental value of Vc for the given
values of S and t.

SimilRrly, keeping feed constant, S • 0.20 mm/rev, varying
only depth of cut, t and taking its value equal to 3.0, 3.5, 4.0
4.5 and 5.0 = cutting tests \<,'ereperformed. For each condition,
chip were collected seperately and value of chip-shrinkage, K was
calculate. Chip-tool contact process was also noted. Finally D
after plotting curves K = feV) in Fig. 7, the value of Va was
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determined for each condition. SimilRrly, for each of the foll-
owing values of S of 0.20, 0.25, 0.35 and 0.40 mm/rev, cutting
tests were conducted with the sjx above mentioned values of t

(t .,2.5. 3.0, 3.5, 4.0, 4-.5 & 5.0 IDI'l) for various values of 0
cutting speed, V. In every case, types of chip-tool contacts
were marked carefully and values of K were calculated. "lith 1.;-_'---:)

these values, curves K ~ rCv) were plotted as sho~~ in Figures
8, 9, 10 & 11. Photomicrographs of the chips for the points
marked on the curves in Figures 7, 8, 9, 10 & 11 are sho~rn in

FigUres 12, 13, 14, 15, 16 & 17 respectively. Photographs of W
Fig. 12 repreRent the points, such as 1, 2, 3 & 4, marked on the
curve (t ., 2.5 mm, S ., 0.20 ill'll/rev.) in Fig. 7. It is observed

that at point 1, chip lS discontinuous type And there are pro-
minant fracture marks on chipy At point 2, chip-tool contact
process is contiIDlOUS type with traces of builtup edge; while
at point 3, the chip is continuous with unstable builtup edge
and traces of this type of builtup edge can be observed on the
rake face of chip, as well as on the cutting surface. At point
4, continuous chip almost without builtup edge which vanishes
after a few seconds of cut (as in lfig.2g).

Due to similar shape of all curves in Fie. 7, it is argued
•

that the similar point on any curve behaves similarly i.e. they
should correspond to identical chip-tool contact process. To es-
tsblish this state~ent, photomicrographs of the points ~,' , ,

,,2,3&4
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~

v c 42 m/min, t ~2.5 rum., S ~ 2.0 mm/rev.

v: 56 m/min, t : 2.5 m~., S : 2.0 mm/rev.
Fig. 12: Photomicrographs of chip at S - 0.20 ~~/rev.,

t c 2.5 rom. magnification c 100.



'0o

~
f _

v ~ 73 m/min, t = 2.5 mill., S c 0.20 mm/rev •

<

=- ••..•-- ••

. < •

v = 94 ill/min,t ~2.5 mm., S ~ 0.20 mm/rev.

Fig. 12: Photomicrogra.phs of chip lit S z 0.20 nun/rev.,
t = 2.5 mm., l'1.agnification •• 100



"o

v •• '2 Ill/l:lin. t ••5.0 mm•• 5 •• 0.20 =/rllv.

v •• 42 Ill/min, t ••5.0 mm._, S •. ,0.20 =/rev.

Pig. 1}: PhotO:Ilicrogr.phs of chip fit S •• 0.20 Illlll/rev.,
t ••5.0 me. !'lllgnification •• 100
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v "" 73 m/min, __t_'" 5.0 rnm., S .,0.20 rnm/rev.
Fig. 13: Fhotomicrogr~phs of chip at S '"0.20 ~m/rev

t '" 5.0 mm. Magni fication '"100
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marked on the curve (t ~ 5.0 mID, S = 0.20 mm/rev) in Fig. 7.
which were similar to the points ~, 2, 3 & 4 respectively, are
shown in Fig. 13. It is observed from the pbotographs that at
point 1, chip is discontjrnlOUS type and there are prominant
fracture marks on chip. At point 2', chip-tool contact process
is continuous type ~ithtraces of builtup edge; while at point
3' the chip is continuous with unRtable builtup edge and traces
of tois type of builtup edge can be observed on the rake side of
the chip as well as on the cuttine; sl~rface. At point 4', conti,-

DUCUS chip without builtup edge is observed.

Figure 14, shows the nature of chip and chip-tool contact
process for the points 1, 2, 3 & 4 marked on the curve (t = 2.5 mID
S = 0.25 mID/rev) in Fig. 8. From the photogr8phs it is found th8t
at point 1, chip is discontinuous type and there are prominant
fracture marks on chip. At point 2, chip~tool contact process is
continuous type with traces of built up edge; whi;e at point 3,
the chip is continuous with unstable builtup edge and traces
of this type of builtup edge can be observed on the r8ke side of
chip as well as on the cutting surface. At point 4, continuous



v .• }2 m/min. t ••2.5mm•• 5 •• 0.25 mm/rev.

V •• 42

Figure 14:
m/miIl~t •• 2.5 mill., S .• 0.25 mm/rev.
Photc~iero6r.phs of chip at S • 0.25
t ••2.5 mm. M.gn.Hiution •• 100

mm/rev.



v • 56 m/min, t • 2.5 mm, S • 0.25 mm/rcv.

v • 73 c/min, t • 2.5 mm, 5 • 0.25 mm/rev.
Pigure 14: Photogrlphe of chip .t S • 0.25 mmlrcv.

t • 2.5 lIlD. M.gnification • 100

Q
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v ~ 32 m/mln, t ~2.5 mm, 8 = 0.30 mmjrev.

v c 42 m/min, t : 2.5 mm, S = 0.30 mm/rev.
Figure 15: Photomiorographe of chip .t S R 0.30 mm/rev.

t = 2.5 mID. Megnificetion = 100

36
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V E 56 m/min, t ~ 2.5mm, S E 0.30 rom/rev.

.:....:

-. ."'--- --'-•• _....0.....-'
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=..:-~Z; ~~_-,;:~

:-,....••.-....h::';:;;-: S.'-,' ~ .~--.c

v c 73 m/min, t - 2.5 rom, S • 0.30 mm/rev.
Figure 15: Ph.tomicrogrBph~ of chip .t S E 0.30 mm/rev.

t E 2.5 mm. M.gnificathn ••100
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chip without built-up edge is found. For similar nature of
all curves in ~ig.8, the chip-tool contact process and chip-
type will behave siroil~rly for similar point on any curve as
sho.••.n in F-ig. 14.

Fhotographs of Fig. 15. for the points 1, 2, 3 & 4 res-
pectively marked on the curve (t - 2.5 ~~, s = 0.30 mm/rev.)
in ]'ig. 9, show that at point 1, chip is discontinuous type and

there are prominant fracture marks on chip. At point 2, chip

tool contact process lS continuous type with traces of built-up
edge; while at point 3, the chip is continuous with unstable
bui,lt-up edge and traces of this type of built-up edge C8Dbe

observed on the ra,;e side of chip as well as on the cutting

surface. At point 4, chip is continuous without <milt-up edge.
Due to similar nature of all curves in Fig. 9, the behaviour

of the similar points on each curve ~,i_ll be same as sho"-'Il:\,n

Fig. 15.

Photographs of Fig. 16 represent the point 1, 2, 3, 4

respectively marked on the curve (t ""2.5 mm, S "" 0.35 rum/rev.)

in .Fig. 10. It is observed that at point ~, chip is discontinuous

type and there are prominant fracture marks on chip. At point 2,

chip-tool contact process is continuous type with traces of



v • 32 m/min, t • 2.5mm, S = 0.35 mm/rev.

v = 42 _~/min, t s 2.5 rum., S = 0.35 rum/rev.
Fig. 16: Photomicrographs of chip at S = 0.35 mm/rev.

t = 2.5 mID. Magnification = 100



V E 56 m/~in, t = 2.5 mm, S = 0.35 ffiQ/rev.

V a 73 m{min, t = 2.5 mm, S - 0.35 mm/rev.~
Fig. 16: Photomicregr.ph~ of chip et S E 0.35 mID/rev.

t c 2.5 ~. tlagnirication - 100
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built-up edge; while at point 3, the chip is continuous with

unstable built-up edge and traces of this type of built-up edge
can be observed on ~he rake face of the c'::1ipas well as on the

cutting surface. At point 4, chip is continuous wi~haut any
built-up edge. The similar poiuts on the all other curves, ss

si:nilar in Bhape, in Fig. 10 will behave. sirililai'ly like that of

photographs in Fig. 16.

Photographs of FiE_ 17, show the nature of chip ~d chip-
,

tool contnct process foT' the points - 2, 3. 4 respectively rnar-,.
ked on the curve (t ~ 2.5 rum, S ) .40 mm/rev. ) in Fig. 11. From
the photographll, it i, ohserved that ot point - chip i, dlscon-, .
tinuous type end there ara prominant fracture marks on the chip.
At point 2, chip-tool contact proceeD is continuous type with

traces of built-up edge; while at point 3, the chip is continuous

with unstable built-up edge and traces of this type of built-up

edge can be observed on the rake side of chip as well as on the

cutting surfBce. At point 4, chip is continuous ~nthout built-up

edge. Bince the shape of all curves in Fig. 1-; are simi,lar in

nature, the simtlar point on Rny other curve will behave similar-

ly as observed in Fig. 17.



v = 25 m/min, ~-~ 2.5 mill, S = 0.40 rom/rev.

v = 32 m/min, t 2 2.5 mm, S = 0.40 ~/rev.
Fig. 17: Photomicrographs of chip at S 2 0.40 mm/rev.

t = 2.5 mill. Magnification = 100



4,
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v c 42 m/min, t = 2.5 mID,S - 0.40 mm/rev.

v = 56 m/min, t = 2.5 rom, S = 0.40 mm/rev.
Figure 17: Photomicrographs of chip at S = 0.40 mm/rev.

t = 2.5 mm. Magnification = 100
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2.7 Experimental Results

Fro:nthe above figures and conclusions, it is justified

to say that the critical Gutting speed, Vomust lie somewhere

in between the two points 2 and 4 or in between two similar
points on the other curves. The critical Gutting speed, Vo is

considered to thp. cuttin~ speed at which few traces of unstable
built-up edge appear on or just d:isappeer from the rake side of

the chip, as it protects the tool fro'll excessive wear. So, after

investigating and comparing carefully the rake face of chip-for-
med at the three points 2, 3 and 4 on each curve, the critical C::
cuttinr, speed, Vc was determined for each cutting condition,
which is shown in Table 1. It is found that some values of Vo
ere mentioned by ranee, not by A particular value. The actual
value of Vc lies somewhere within the above mentioned range,
because of the fact that the speed of the given machine-tool
could be varied infinitely during the operation.

In the next chapter it will be shown that tool life has
certain relationship ,nth the shape of the curve K ~ f(V). It
will be also shown that knowing the shape of the above mentioned
curve it is possj.ble to predj,ct at ",hich particulRr cutting speed
or its range, the value of tool wear will be minim,un.



Table _ 1

Values of critical cutting speeds for different
cutting conditions

45
CJ)

Feed Depth of out Critical cutt1ng Corresponding
, mm/rev. t, mill speed. Vc rom/min spindle Speed

N r.n.ill.
2.5 7' '16

'.0 56 242

0.20 305 56 242

4.0 42 - 56 182 - 242
4.5 42 - 56 182 - 242

5.0 42 - 56 182 - 242

2.5 56 242

'.0 42 - 56 182 - 242

0.25 305 32 - 42 141 - 182

4.0 '2 - 42 141 - 181

4.5 32 - 42 141 - 182

5.0 42 182

2.5 56 242

'.0 32 141

0.30 '.5 '2 - 42 141 - 182

4.0 32 - 42 141 - 182

4.5 '2 - 42 141 - 182

5.0 '2 - 42 141 - 182

2.5 56 242

'.0 '2 - 42 141 - 182

0.35 '.5 32 141

4.0 32 141

4.5 32 141

5.0 '2 141

2.5 42 182
3-0 32 - 42 141 - 1fl2
305 @ 25 109

0.40 4.0 25 - '2 109 - 141
4.5 25 - 32 109 - 141
5.0 32 - 42 141 - 182



CHAPl'ER - 3

DETERIlINATION OF OPrInml CUTTING COHDI'C'ICN WITH
RESPECT -TOTOOL LIFE AND ITS RELATION WITH CRITICAL
CUTTING SPEED

The most important mechanical factor influencing machi-
ning costs, is normally tool-life. But it has several i,nter-
pretations. It can either be the useful Iife of 8 cutting tool
expressed in ~inutes between grinds or the total time which a
tool can withstand before complete destruction. For cemented
Carbides, tool-life is frequently designated 8S the time to
produce a specified amount of flank-weRr,_ e.g. 0.80 mill.While
tool-Ijfe expressed in time sloop may have merit in computing
machining coat, it ~ay not be a fair index of a tool's effec-
tiveness to remove metal by chip formation, since the cuts can
be deep or shallow, the feeds heavy or lie;ht, and the speeds
fast or slow. Kronenberg(10), in his study concluded that only
the volume of metal removed fro~ the workpiece can definitely
be coordinated wj,th t001-weRr. Hence, in great f;lajorityof the
tests, tool-life is expressed in termG of the volume of Pletel
removed.

The tool-life enters mechinjnB costs in t~ree ways:

i) in dO.•.•"Iltime for tool chBTle;ing
ii) in labour and overhead involved in t00l re~rinding

and repair, and
iii) in replacement of wornout tool.
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Thus AnymaRneof i,mproving tool-life results in a

lower cost per piece Ana a higher production TAte. In order
to form a basis for such improvement much effort has been made
to understand the nature of tool wear and other forms of tool
failure. The lif •.•of a cutting tool can be brought to an end

in various ways, but these w~vs may be seperated into two
main groups:

The grA.dnsl or progressive wearinl
regions of the fece (crater we"'r
wear) of the tool

away of certain
and flank (flank

ii) Failures brinding the life of tool to a premature
end.

Before the sdvent of Carbide tool, it was considerably
easier to determine tool-life because the failure of the tool

could readily be seen from the appearance of a burnished ring
on the workpiece when the tool was dull. But the burnished ring
usuDlly cannot he observed on the work piece when machined with
carbide tools. So it is il bit troublesome to detennine the life
of cemented carbide tool. In practical machining operations,
the wear of the face and flan~ of the cutting tool is not uni-
form along the active cutting ed~e and hence measurement of wear
is also di,fficult. It is proved(7) that the l1ear of the carbide
tool progrefwes at the tool flAnk and the width of the ","'ear-land
at the flank is usually taken as a measure of the amount of wear
and eRn be determined by means of il.'1l'ietallugriealMicroscope.
Figures 18 & 19, show the typical wear at the tool fl~nk(10).
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From previous experiQental results(11). it is true that. under
all circumst~nces the wear at the teol flank is the sole gage
in prescribing the useful life of a cnrbide tool. It is also

true(7) that when tools are used under economical conditions,
the flank wear is usually the controlling factors.

Figure 18: Wearland on the tool flank, hr

Figure 19: Erratic width of wear land.
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III

T, min.

Figllre 20: Growth of wear land with respect to time ata constant cutting speed and for a given pair
of work and tool material (Theoretical)

Figure 20 shows the growth of flsnk wear with respect to

time(13).

The charecteristi,c features of this figure are:

i) the zone T, upto point Q;, denotes the zone of initiAl
"break-in" which repidly breaks down.

ii) the zone II, QF, is the mechanical wear region.
iii) the zone III, beyond F, the rapid growth of wear

process and tool fails very soon. Point F is known as
critical flank wear. This point shifts with increase
or decrease of cutting speed.
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3.2 Experimental Setup

There are 31'!veralmethods of tool-life testing, such es

Radio-active method and Conventional method(12). In radio-ective

method, radio-active tool is used in operation and the wesr par-
ticles that travel with chip or the cutting fluid are counted
with "Geiger _ Gounter". Onthe other hend, the conventional one

consists of machining with a cuttigg tool, either until complete
failure occurs or to a predetermined amount of wear, as measured
with a l'letallurgic1l1 microscope.

Conventional method, for its simplicity, was applied here
which consists of machining with carbide tool to a predetermined
length (time of cut) and the flank-wear, hI'was measured with 8.
Metallurgical Microscope. Test-experiment was not haeed on tool
failure rather on the rate of tool-wear, so that wear can be
determined by mell.surementsafter short period or time (i.e. small
amount of metal removal).

Cutting tests were carried out on the same machine-tool, .~
was used for previous series of experiNents using same tool-geo-
metry. The rll.teof wear of carbide tool, when machining under
normal conditions, is so slow that measurement required a long
period of time of the same order of magnitude as the life of tool.
But due to limitation of cutting material (stock of solid bar) and
to get the mechanical wear region of Fig. 20 (i.e. the. straight-
lined portion of the theoretical curve), a predetermined flank-
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wear, hro had been deliberately and accurately imposed on the
tool-flank before starting the cutting operation. This was done
during grinding operation of the tool.

3.3 Experimental Details

The solid bar of the material, dimensions as mentioned
earlier wes cut at different speeds, N : 182, 242, 316 & 410 rpm.
with feed, S " 0.20 mm/rev, and depth of cut, t ••2.5 =. This
experiment was started with the lower value of feed, as because
it is knownthat feed bas greater influence on tool-life. It is

shown in Fig. 5, that at Pulsation contact process (zone C), tool

wear is minimuilli.e. maximumtool Ii,!e and at contact procesB of

tY}le-B, tool wear is maximumi.e. minimumtool life. It is also

observed from Fig. 5 that at contact process without built up
edge tool life decreases continuously with increase of cutting
speed. So, for maximum tool life, cutting speed must be in the
range of pulsation contact process zone. This speed caD only be
dete~ined by measuring and comparing the tool wear at different
speeds close to that contact zone (zone 0). So, to determine that
speed by comparing the tool-wear, the speectranges were so selec-
ted during the experiment that they were below ~nd above the cri-
tical cutting speed, Vc as determined in chapter-2. Cutting tests
were interupted at regular intervals (after cuttine a predeter-
mjned length) and the flan~ wear, hf was measuree after each
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hfO '" 0.30 mm;
LO=O.
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After 2nd cut; bfZ = O.39mm;
TZ =: 6 min; Lz = 240 mm.

•d.

T
0.435
L

After 3rd cut; hr3 =

T3 = 6 min; L3 '" 240
~ .•

After 4th cut; hr4 =

T4 = 6 min; L4 = 240 mm,

7

FIGURE- 21. Typical view of flank wear land (cumulative)

N:= 182 r.p.m., S = O.20mm/rev •• t_= 2.51111ll.

(Experimental),
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'"O.315mmj
287 mIn.

r
0.43
L

After 4th cut; hf4 '" O.43mm;
T4 '" 4.96minj L4 '" 287mm.

FIGURE_ 22. Typical view of flank wear. land (cumulative)

N '" 242 r.p.rn •• S = O.20mm/rev., t = 2.5mm.

(Experimental).



.o~~
After 1st cut; hfl
T, = 3.62min; L1 =

After 3rd cut; hf3 ::: O.435mmj
T3 = 3.14min; L3 = 215mm.

Aftar 4th cut; hr4 = O.47mm;
T4 = 3.'ltminj L4 = 215mm.

FIGURE- 23. Typical view Of flank wear land (cumulative)

N::: 316 r.p.m., _S ::: O.20mm/rev •• t::: 2.5mm.

(Experimental) •
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mmj

= 0.2_;
200mlll.

After let cut; hf1
T, = 2.33m1n; L1 =

After 2nd cut; hiZ
TZ = 2.33m1n; L2 =

= O.27mmj
200mm. '

After }rd cut; hf3 = 0.29mll\;
T3 '" 2.33minj L3 '" 2001l\m.

After 4th cut; hf4 = O.32mmj
T4 = 2•.3'3'roinj L4 = 200mm.

FIGURE_ 24. '.[ypical view of nank wear land (cumulative)

N = 4'0 r.p.m., S", O.20mm/rev •• t", 2.5mm.

(Experimen tal).
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interval using a Mettalurgical Microscope (model no. ZEISS
35196, CARl,.Germanywith 50 times magnification). For every

cutting speed, there were four interruptions and consequently
four values of hr" Since the wear-land js not of uniform-width
but rather erratic, as in Fi~. 19, the average width of wear
land was taken. The flank wear-land before and after operation
at different speeds "re sketched in Figures 21, 22, 23, 24 res-

pectively. Ifi,th the e:xperimentB.l data curves hf = reT) were

plotted on Fig. 25.

To compare the tool wear for dj fferent speeds, eN ., 182, ~
242, 316 & 410 r.p.ro.) at sa~e feed and depth of cut, (6 = 0.20
mm/rev. & t ~2.5 m~), total metal removal during cutting opera-
tion for each speed was determined and finally intensity of wear

was calculated as sho.m jn Table - ? From these experimental

and calculated values different curves were plotten as s~ownin

figures lj sted below'

i) hf " f(Zw) ( flank wear versue metal removal rat"') in

Fig. 26

ii) hf • f(L) ( flank welO.rversue total length of cut)

in Fig. 27

iii) • fey) (jntensity of wear veri'lue cntting speed)

in Fig. 28
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Metal removal rate zw
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Figure 26: Effect of metal removal rllte Z ~ v.s.t.
on flank wear. (Evaluated fromWtest data
given i.n table-2, S - 0.20 mm/rev.,t~2.5 m'll)
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F1GURE-.28 Effect of Cutting Speed on Intensity of wear

at S" 0.20 mm/rev., t." 2.5 lIllIl.

(Evaluated 'from teet data)
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Figure 28 shows that wear intensity increases to a maximllm

value with increasing cutting speed, followed by a decrease
with further increase in the cutting speed, the relation reve-
rses again upon further increase j.n speed to another maxiJTlum

value where upon weer intensity drops with incresse in cutting
speed. PhotomicrogrAphs of the chip at cutting speeds

N K '182, 242. 315 & 410 r.p.ill. are ShOl.;llin- Fie; •. 29.

After carefully studyine; the above sigures and the values of
Table-2, it was found that at N ~ 242 & 410 r.p.m. wear inten-
sity par unit length is ~ore or less equal. This indicates that
there are two similar zones of minimum wear intensity at two
different cutting speeds - one is before the critical cutting
speed, Vo and other is after Vc• This condition occurs only for
double carbide tool mate:dal. But for single carbide tool matedal,
there must be one such zone hefore Vo• During the metal cutting
operation with double carbide tool at higher speed beyond Vc' a
thin layer or ~ork material welded on the tool face, becomes a
part of tool and maximum temperature zone is shifted frQ~ the
tool face to the upper portion of the welded layer over which
the chip flo~. This layer protects the tool face from wear and
thi,stype of chip-tool contact is called as "stllgnantContact
Process". At hi,gher cuttine; speed heyond this contact process,



v .• 42 m/min, t '" 2.5 IDm,S = 0.20 mIll/rev.,

V •• 56 m/min."t = 2.5., S = 0.20 mm/rev.

62

Figure 29: Photomicrograph~ of chip at S = 0.20 mm/rev.
t ••2.5 rom. (after continuous cut)
Mngnification ••100
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v - 73 m/mi~., t ., 2.5 mm., S = 0.20 mm/rev.

v - 94 JIl/lllill., t .,2.5., S - 0.20 =/rev.
Figure 29: Ph~t.~iGr;grapha er chip at S = 0.20 mw/rev.

t .,2.5 = (after C<Jlitinuituscut)
MagnificatieR .,100



']1&ble- 2
Test Results

-~-- ----
Theoreticall Actual Feed Depth Total Tot.l Initial Final Total Total Metal Inten- .Wear per

Measured of time length nonk flan~ flank ~etal remo- sity unit of

"
value out of of cut wear wear wear removal v.l of wear metal re-

C out hf hf hf • rate moval
N V N V S t T L hf~I-~ Z Z I0 1 w

rpm m/mi.n rpm Tll(!'1iE-_ ~/J:e,;__ mm min = rom = mm m' m3;lnin =/m 1llm/m3

182 42 1200 46 1 0.20 2.' 24 960 0.30 0.48 0.185.162 0.22x 0.19 348.70
-4x10 -4

10

242 56 1289 66 1 0.20 2.5 19.48 1148 0.28 0.43 0.15 6.121 0.31x 0.13 245.10
-4 _4

x 10 (';)10

316 73 1342 73 I 0.20 2.5 13.04 895 0.32 0.47 0.15 4.414 O.34x 0.17 339.80
-4 _4

x 10 '0

410 94 1434 94 1 0.20 2.5 9.26 800 0.21 0.32 0.11 4.126 0.45x 0.1375 266.60
';4 -4

x 10 10

316 73 1323 7' I 0.20 '.0 10.23 655 0.32 0.42 0.106.640 0.65x 0.1526 150.60_4 -4
x10 10

64

~f::
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the thin layer mentioned above vanished and result i~ vigorus
wear of tool-face. So, the clltting speed, N '" 410 r.p.m., lies

in the stllgnllnt contact zone, Fromthe llbove observations :it

was argued that, on the basis of l'lliximum tool life, there were
two optimu~ values - one was N '"242 r.p.m. and other was N =
410 r.p.m. But from the experiment in chapter - 2, for this
condition, the selected critical speed was, Vc '" 73 m/min, &

N '"316 r.p.m. The results of experiments are given below:

Vc '" 75 m/min, N = 316 r.p.ill.

v = 56 rn/:nin, N 2 242 r.p.m.°P,
• 94 ill/min, N '"410 r~p.m •

The above results also justify the previous statement in
chapter 1 that V 6 V snd V '> V for cDubIe carbide tooloP1 C oP2 c
material. But considering the valUe of metal removal rate, Zw'
N ~ 410 r.p.m. is more ~dvant~geous than N • 242 r.p.m. And
also with respect to qu.lity of surf.ee finish, it was experi-
~entally proved that N = 4~0 r.p.m wan the best of all other
values (i.e. N ~ 182 242, 316 r.p.m.). Now co~bining the
above three considerations tOEether (tool life, metal removal
ra.te,and surface fjnish), it ~IaBconcluded that for this cutt-
ing condition i.e. S = 0.20 mm/rev. t= 2.5 mm, the optimum
cutting speed is Vop ~ 94 m/min, & N = 410 r.p.m.



66

With this experimental results and decision, it may be
also argued that the optimum'clttting speed will be the next

higher value of the Ve, determined from experiment in chapter
2, for every cutting condition. The optimUI:lvalue for differ-

ent cutting conditions are shown in Teble-3 and the curves

Vap ""ret) and Vcp ""res) were plotted in the figures 30 & 31
respectively. It is true to say that any change of the values

of D, t & V ~rill affect the magnitudes of hr' Zw' Ve, etc.

throughout the experiment, but the general shape of ell the
curves, plotted for only one cuttin~ condition and chip-tool
contact process as sho.m in photomicrographs wjll not be affected.
In this light of analysis, it may be also concluded that N • 316
rpm at S ""0.20 nun/rev., t >: 5.0 mmwill be the similar point to

N ., 410 rpm at S >: 0.20 rnm/rev., t '" 2.5 mm. To know the exact

value, tool-life testinr; wes slso done :for this condition, N '"

316 r.p.r.:t. S ., 0.20 mm/rev., t '" 5.0 ill"!,and intensity of flank

wear was calculated os shown in Table 2 and photomicrograph of

chip is ShOl'JIlin :I!'ig. 32 to compare the chip-tool contact pro-

cess with that of at N ., 410 r.p.m. S '" 0.20 mm/rev., t '" 2.5 ~~.

From this test, tool-wenr land was sketched on :Fig. 33 and curves

h:f = feT) and hf '" reL) were also plotted in Figures 25 & 27

respectively. It was observed that, in this cuttinp' condition metal

removal rate is very hi,gh, wear intensity is low and surface finish

is moderate.



Table - 3

Critical and Optimumvalues for different
Cutting Conditions

67

ee~h Depth of 'C:f.iticlll Value Optimum Value
mmrev out Nrpm V m/min N rpm V m/min

2.5 316 73 410 94
3-0 242 56 "6 73

0.20 '.5 242 56 316 73
4.0 182 - 242 42 - 56 316 73
4.5 182 - 242 42 - 56 316 73
5.0 182 - 242 42 - 56 316 73
2.5 242 56 3

'
6 73

3.0 182 - 242 [t4"2"'.=,f56 "6 73

0.25 3.5 141 - 182 32-42 242 56
4.0 141 - 182 32-42 242 56
4.5 141 - 182 32-42 242 56
5.0 182 42 242 56

2.5 242 56 3
'
6 73

3-0 ,141 32 182 42

0.30 3.5 141 - 182 32-42 242 56
4.0 141 - 182 32-42 242 56
4.' 141 - 182 32-42 242 56
5.0 141 - 182 32-42 242 56--
2.5 242 56 3

'
6 73

'.0 141 - 182 32-42 182 42
~~". 3.5 141 32 182 42
~35 4.0 141 32 182 42

4.5 141 ~ 182 42
5.0 141 32 182 42
2.5 141 - 182 32-42 242 56
3-0 141 32 182 42

0.40 3.5 109 - 141 25 - 32 141 32
4.0 109 - 141 25-32 182 42
4.5 109 _ 141 25-32 182 42
5.0 141 - 182 32-42 182 42
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Further changing of the cutting conr!itions to~[ards higher

values, continuation of these tests were not possible with this

br~zed tip type cutting tool, because of the development of very
high temperature at cutting edges which leads to the crack of
brazed type carbide tips due to appreciable uneven linear-expan-
sion of steel and carbide. From the above mentioned, experi~ental
findings, :\.t can be concluded thl'lt optimum cutting sp!!ed, Vop'
for S • 0.20 mm/rev, t • 2.5 mm, i, 94 Ill/min, and for S '" 0.20

mm/rev, to • 5.0 !DIn • i. 73 m/min.

C:' . -,~--

v '" 73 m/min, t '"5.0 mm, S '" 0.20 mm/rev.

Figure 32: Photomicrograph of chip at S • 0.20 mm/rev.
t = 5.0 mm(continuous cut)
Magnification '"100

,



o
71

= Q.34rnrn;

'" 165 mm.

After 2nd cut; ht2
Tz = 2.60min; L2 =

= O.37mmj

165 mIn.

After 3rd cut; ht3 = O.3911l111j
T3 = 2.59min; L3 = 165 mm.

Atter 4th cut; hr4 = O.42mmj
T4 = 2.49mini L4 = 160 mm.

FIGURE- 33. Typical view of flank wear land (cumulative)

N = 316 r.p,m •• S = O.20mm/rev; t = 5.0 mm.

(Experimental) •



3.4 Experimental Result

Machining allowance on the job i.e. solid-bar, in the
turning operation can be calculated from the diameters of the
job before and after the cut which are 74 and 59 mm respectively.
So, maximum depth of cut i,67.5 mm. There are two possible ways
of turning the solid bar within the specified dimension by using
the above cutting conditions, such as:

i) turning by 2 passes (cuts), - (variant-1):
initial cut with N c 316 rpm, S ~ 0.20 mm/rev, t=5.Omm
final cut with N ~ 410 rpm, S ~ 0.20 rom/rev, tc2.5mm

ii) turning by three passes (cuts),
each cut with N ~ 410 rpm, S~0.20

(variant-2) :
mm/rev., t=2.5

The existing factory variant, - (variant - 3) is as follows:
turning by 3 passes (cuts) and eech cut with N = 225 rpm
S c 0.20 mm/rev, t = 2.5 rum.

It apparently seems that turning by 3 passes - (variant-2)
is more advantageous than turning by 2 passes-(variant-1) and
also than the existing Factory variant-(veriant-3). But it has
been proved by economic analysis in chapter-4, variant-1 is most
economic ~ongst the above mentioned 3 (three) variants. Economic
advantage of the variant-1, in machining ~OOO pieces, over varia-
nt-2 is approximately Tk. 26,140.00 and over variant-3 for the
same lot is approx. Tk. 95,120.00.
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A comparative study of the above three conditions of cut
is shown in Teble-5, (chapter-4). Therefore, variant-1 i~e. tur-
ning by 2 passes (cuts) can be recommended for the turning ope-
ration of the solid bar. The initial and final cuts can be termed
aa rou~~ cut and finish cut respectively.

Thus, the recommended cuttine conditions are as follows:

i) For rough cut, N = 316 rpm, S ~ 0.20 mm/rev,t=5.0 mm.
ii) For finish cut, N = 410 rpm, S = 0.20 mm/rev,t=2.5mm.



CRAFTER _ 4

ECONOMIC AN.\LYSIS

4.1 Theory

The production of DrawingRoller involves several machi-

ning operations using a variety of nachime-tools. But only

turning operation was considered throughout this experimental

investigation.

After analysis the each cost term of the above equation,

Brewer(11), concluded that the cost/pi ece~ie a function of four

vnriable, viz, v, 5, t and hf. It iR true that for optimum

values of v .od s a maximumll.mountof wear, hf 'fi1?8 mmin per-

mitted be:fore regrinding the tool. Machining time is directly

inf~uenced by depth of cut. In practical purpose, only rough &
finish cuts are usee. S6, cutting time/tool grincing time, and

tool changi,ngtime ere the major influencing factors of total

production cost per piece, as the other factors re~ain constant

for any cutting condition.s. The l:lethai of calcul ••ting these

costs varies from factory to factory but the mostly used method

j.s applied here. Frome'lustion(1), the cost term£:mJlYbe written

in the following form:
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= M.t1, which 13 constant for particular operation
= N.t , which is reduced as cutting speed and depth
of ~t are increased at constant feed

Cto M. Nt
t,t p.nd,• Nb •

Ctg -1--~Ctd
Nt

Ct'• "c •

To "void materi,al handling cost, it is assumed that the

solid bars are stacked near the machine ready.to be grasped by
the op"rator land that the operator will stack the machined

piece conveniently ne",T the machine. According to the 3 - veri,a-

nts mentioned in Chapter - 3, the cutting conditions are as
follows:

i) Cutting condition according t, vnrj,ant-~:

•• Rough 'ut with, N • 316 rpm, G • 0.20 ill.'ll/rev
t • 5.0 =

b. Finish ,ut with,N • 410 rpm, G • 02.0 mm/rev
t • 2.5 om •

ii) Cutting condition according to variant - 2:

Each cut with, N _ 4~O rpm, S = 0.20 m~/rev,t=2.5 mm

iii) Existing Factory cutt:i,nE:v;ariant, (vllriant - 3);

EAChcut with, N ~ 2259rpm., S = 0.20 rom/rev.
t=2.5mm.

•
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4.2 Determin8tioD of Number of Regrind Possible for the Tool:

T
1

The fjgure shown above indicates the profile of a tool
with ~lank wear of amount, hr" Theoretically, the 2illount to
be ground-off inorder to p:rod\1cea satisfactory flaok is,

AB_ hr" sine{ • But in practice, on amount (hf.sin +!J. )

must be grmlnd-off as the worn face is not a well defined line.
Let, tool is reground 'R' times before it is of no use for the
operation and 'Qt. he then limiting amount which can be ground-off
before a tool is uBeless for its present purpose. The tool is

ground after its maximum flank wear, i.e. hf ~ 0.80 ~. Hence,

•

s',

Q

•

J. "" 0.075 = (Let),

10.5-3 - 7.5 mm. (Table 4)

Numberof grinds possible,

R ~ Q
hrsh "'-, •

• 40 ti::tes.

7.5
0.8 x sin 8°, + 0.075
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4.3 Determination of Goat of Grinding

There are certain coats associated with r~grinding which
are independent of the amount of wear. Generally, these are
handling costs associated with removal of tool, inspection,
lapping where necessary, machine depreciation, overhead, etc.

Cost of grinding a tool is, (data from table-4)

= Machine Cost + Direct labour cost + Indirect labour cost
Tk.42.96

e Tk.18.16

10xbO+ Tk.10 10x bO + Tk.56 x 10
60

Tool depreciation per grind is,

Cil • Tool cost
Total no. of regrinds

Total tool cost per grind is,

Ct" Cost of grinding + tnol deprt'!ciation

•• Tk.18.16 + Tk.4.13
•• Tk.22.29

Inform~tion for cost calculation has been recorded in
table-4.(----~<----:~)
- "

._"'"~,---------<-,-~-"'".-i.?'i"'F--~-~-.-;>-.' ..
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Machine end operator rate,

M K Machine cost + Direct labour cost + Indirect
labour cost

~ Tk. 42.96 + Tk. 10 + Tk. 56
'" Tk. 108.96 per hour.

Table - 4

Records from EnTF regarding Drawing Roller, Carbide tool and
Factory rates:

tot~ ,mins.
• 10 ~ins.

• 1 min.
• 10.5 ~x 18 ~

• 3 mm•

'" Tk. 56.00/hr •

t1 '" 40 mins.

L • 1207~

D. • 74 ~

D • 59 ~
ill

• Tk. 42.96/hr.

• Tk. 10.00/hr.

Indirect labour cost

,
,

and resetti.ng time,
time i/o loading &

Length of the solid bar to be turned,
Initial diameter of the bar
Final diameter of the bar
Machine rate including overhead
Labour rate including overhead

(direct labour rates)
.Administrati,ve overhead

(indirect labour rate)
Job loading & unloading time, including
centering, tool approach & engage time
(idle time)
Tool changine;
Tool grinding
unloading
Auxiliary cutting time per cut
Carbide tip size
InitiBl tool cost C306R, P15, RH)
Machine and operator rate:
M '"Machine cost + Direct labour cost +
'"Tk. 42.96 + Tk. 10.00 + Tk. 56.00 '"Tk. 108.96/hour

Tool cost per grind:
Ct '"TIl:. 22.29
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4.4 Cost Analysis for 3-variants

4.4.1 Cost for cutting condition according to variant-i:

Au.xili.ary cutting ti!'le if; 2 min, since two passes are

used in this variant

Actual turning ti~e'

L _
S.NO -

for rough cut, =

for finish cut ,"

L
S.N • 1207

0.2 x 316

12070.2 x410 = 14.72 :nins.

Total actual turning time'" 19.1 + 14.72 ~ 33.82 mins.
and tctal turning (machininE) time, tm e 33.82+2=35.82 mins .

Idle time, t1 = 40 mins.
~ool wear:

during rOl1ghcut = 0.10 x 19.1
10.23 = 0.19 In!Il.

(since from taole-2, hf = 0.10 rom, after turning 10.23 ~ins)

during finish cut '" 0.11 x 1"1-.729.26 = 0.175 illm.

( fro'll table-2, hf '" 0.11 mm, after turning 9.26 mins)
Total tool wear '" 0.19 • 0.175 .• 0.365 mm.

Tool life for" rough out • 0.8 x 10.23 = 81.84 mins.0.10

Tool life for finish cut ~ 0.8 x 9.26
0.11 :;67.35 mins.
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Each tool will produce before regrind,

Maximum wear for tool life
Total wear after operation

1
2.19 ~ 0.46, since Number of tool, Nt ~ 1.

Now, jnorder to calculate cost per piece, 0p according
to equation(1), the values of its compon~ntB are calculated as
follows:

Idle cost, Or '"

i'lachining cost,

Total changing cost,

0.46 x -to 2 Tk. 2.51

Tool cost per piece,

•
• •

)It
•• ~ 'Ct •.0.46 x 22.29 2 Tk.

(from table-4, Ct •.Tk. 22.29)

Total cost per piece,

10.25

0p ~ Or + Co + Gte + Gtg + Ctd
= Tk.72.64 + Tk. 64.05 + 'Tk. 2.51 + Tk. 10.25

= Tk. 150.45

Tot~ cost for turning of 1,000 pieces of Drawing Roller
is,

•

0p x 1000 •.150.45 x 1000
-0'

Tk. 150,450.00
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4.4.2 Cost for cutting condition according to Variant-2:

Auxiliary cutting time is ;5mins, since three passes

aI" used in this variant.

Actual turning time ~ L-=- x 3 •S.N
1207

0.2 x 410 x 3

=- 44 .16 !'lins.

Totd turninr; (machini,ng) time, tm =- 44.16 + ;5 ~ 47.16 mins

Idle time, t1 c 40 mins, from table-4

Tool changing time, tot ~ ;5mins., from table 4.

Tool WI!l;,l.!, during operati,on. '" 0.11 x 44.169.26 '" 0.525 =.
(eince from table-2, hf - 0.11 mm, after turnin~ 9.26 mins)

Tool life, TL '"
0.8 x 9.26

0.11 c 67.35 mins.

Each tool will produce before regrind,

(

•
: :::-:-;,

t1l1Jtimumwear for tool life
Total wear iift""!' operation 0.8 '"1.52 p08 •

e 0.525

•• • Ne'Nb '" 1/1.52 = 0.66, since number of tool,

Nt '" 1.

Inarder to calculate cost per piece, Cp Recording to

equation(1), the values of its components are calculated as
follows:
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40108.96 x ~ '" Tk.72.64

4l.16Muchining cost Cc ~ M.tm • Tk. 108.96 x 0
= Tk. 85.64

Tool changing cost, Ctc Tk. 108.96 x 0.66 x

x rt- m Tk. 3.50

Tool cost per piece,

N,
N.Ot m Tk. 0.56 x 22.29 '" Tk. 14.71
b

(trom hble-4, Ct '"Tk. 22.29)

•
• • Total cost per piece,

•

'" Tk. 72.64 + Tk. 85.64 + Tk. 3.50 + Tk. 14.71

m Tk. 175.59

Total cost for turning of 1000 pieces of Drawing
Roller is,

•

•

0p x 1000

Tk. 176.59 x 1000

'" Tk. 176,590.00
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4.4.3 Cost for existing r~ctory cutting varisnt (v~ri~nt-3):

Auxili~ry cutting time in 3 mine, since three passes
are used in this variant.

Aetnal truning time ~

= 80.47 mins.

L
S.N x 3 = 1207 x 30.2 x 225

Totd turning (machining) time, tm = 80.47 -t 3

c 83.47 mins.

From table - 2, for V = 46 m/min, which is close to
factory speed, V " 52 m/min & N " 225 rpm.

• 0.18 mmafter turning 24 mins •

Tool life, TL =
0.8 x 240.18 ., 106.67 mirrs.

Total tool wear after operation ~ 0.18 x 80.4224
" 0.604 rum.

Each tool will produce hefore regrind,

Maximum wear for tool life 0 8Total tool w~arafter operation = 0.504 = 1.30 pes •

•
• • Nt/Nb = 1/1.30 = 0.77, since number of tool, Nt - 1

Now, in order to calculate cost per piece, 0p according
to equation (i), the values of its components are ca1cu1;oted as
f0110l"8 :



~ Tk. 108.96 40x60 ~ T'.\:. 72.64

Machining cost, Gc ~ M.tm = Tk. 108.96 x 8to47

Tool ch~nging cost, Gte

Tool cost per piece,

•.Tk. 151.58
Nt

~!'l.r.tct
b

•.Tk. 108.96 x 0.7? x~

•. Tk. 4.19

NtCtd " -N-,Ct •.0.77 x 22.29 =
b

tahle-4, Ct = Tk. 22.29)

Tk. 17.16

Total cost per piece,

ep • Cr + Cc + eto + Ttg + Ctd

• Tk. 72.64 • 151.58 + 4.19 + 17.16
• Tk • 245.57

Total cost for turning of 1000 pieces of Drawing
Roller is,

245.57 x 1000 •.Tk. 245,570.00
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4.5 Results and Recommendation

Fro:tl the above menti'oI'.edcost calculation for three

variants, it can be concluded that the total cost for turning
of 1000 pieces of Drawine;Roller is as follo~ls:

For variant-i, total cost is Tk. 150,450.00
For variant-2, total cost is Tk. 176,590.00

For variant-3, total cost is Tk. 245,570.00

Now, the benefit of Variant - 1 over Variant-2 is,

•. Tk. 176,590 - Tk. 150,450

•• 26,140.00

AndQlso, benefit of Variant-1 over Variant-3 is,

~ Tk. 245,570 - Tk. 150,450

•. Tk. 95,120.00

It is clear from the above mentioned that Variant-1 is
the most economic Variant amongst the three Variants. Economic
advantage of the Variant-i, in machining 1000 piecell of Solid

bar (Drawing Roller), averd variant-2 is a'pproxim~tely Tk.26,140
and over Variant-3 for the s~me lot is Tk. 95,120. Therefore,
the V~riant-1, can be recommended for the turning oper~tion of
the solid bar (Draw-J.De;3'Roller).
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So, fin~lly the recommended cutting conditions are as follows:

i) Rough cut; N ~ 316 rpm, S = 0.20 mm/rev., t ~ 5.0 mID.

i1) Finish cut:N = 410 rpm.,S = 0.20 mm/rev., t ~2.5 mID.
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Table - 5
A Comparative study of the 3 (three) Variants:

NaIlleof Items Varilillt- 1 Variant - 2 Variant - 3
~~~~~~~~~~~~~~~~~~~~~~::~~:~~~~~~~~~~~~~~~e~~~~~~~~~~~_~_~z~z~_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.~~~

v) Total turning(machining) time/piece
vi) Total tool wear/piece

v~Jtl?~hlti:."-,.0

i)
ii)

i~i),,)

Vi~i'l"x
Xilxii

xiii
xiv)~)

Idle ti.me, t1Tool ch~nging time, t t
Auxiliary turning t5mg
Actual turning time/piece

No. of pieces produce before regrind
Idle cost, C
Machining colt, C
Tool changing cost, CtcTool grinding cost
Total cost/piece, CpTotal cost for 1000 pieces
Cost reduction over variant-3

40 'llin.
3 min
2 min.

Rough cut ~ 19.1 min.
Finish cut~ 13.72 min

3 .82 min.
35.82 min.
Rough cut -,.l.o.19rnm
Finish cut=~O.1~5 illN

0.3 5 =Rough cut - 81.84 min.
Finish cut~ 67.35 min
2.19 pieces'
Tk. 72.64-
Tk. 65.05
TIc. 2.51
Tk. 10.2~Tk. 150. 5
Tk. 150,450.

'9%

40 min.
3 min.
3 min.

44.16 min.

0.525 mill
67.29 min
1.52 pieoes
Tk. 72.64-
Tk. 85.64-
Tk. 3.60
Tk. 14.71
Tk. 175.59
Tk. 176,590

28%

40 min.
3 min.
3 min.

80.47 min.

0.6Q4. mIll

106.67 rnin.
1.3 pieces
Tk. 72.64-
Tk. 151.58
Tk. 4.19
~. 17.16
Tk. 245.57
Tk. 245,570
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CHAPI'Ea - 5

DISCUSSION A.t"ifDCOlICLUGION

5.1 Discussion

Experimentpl results show thQt the moat econo~ic method
i.e. optimum condition of met£l cutting reduces ~pproximately
39% of the exiating machining cost. The technique of finding
the optimum cutting condition is so si~ple that it needs no
adequate technical knowledge and expensive as well as special
instrument. After giving a thorough idea about this technique,
a semiskill also can predj.ct the optimum condition with only a
simple scale using this method. So, a simple scale can save 39%
production cost. It is no doubt a break through over factory's
present method of metal cutting and it will also speed up the
Industrial growth in the country. This method can be applied
everywhere irrespective of small and large enterprises where
metal cutting is involved. It ill co ;moral obligation of all to
improve and increase production by optimization lindto do this,

,
the proposed method r:l:<Ybe applied for selecting optimum cutting
condition. The test results and th",experimentsl work will en-
courage the Industrif\l Sector for pl=ing futUre development &

improvement of metal cutting methods.
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Thoughthe investigation was performed ".'ith only one paj,r

of tool and workmaterial llsing only the facilities of BHTFand

limited test datR, this experimental result will act as a guide

line and also "rill enc~~r8ge every one to determine the optimum
condition for any other pair of tool & work material, aDd work-
ing condition. Quantitative value of this work i,8 less, but to

evaluate this work properly, qualitative value must be conside-
red.

The test results may deviate sliEhtly during practical
application due to its various limitations of experimental 1'80i-

1itie5. In spite of all the hinderances, the experimental study
was carried met carefully.

It is hoped that the experimental investigation has ana-
lyzed 80me aspects of optimum cutting condition within its limi-
tations and finally has enabled the establishment of a method
of predicting the optimum cutting condition in machinine steel
with carbide tipped tools.

5.2 Conclusions

From the results of the experL~ental investigations the
following conclusions can be drawn:

1. There exists certain relationship between coefficient
of ChiP-~~nkage, K and critical cutting speed, Vc•
The maximum value of K correspond to critical cutting
speed,Vc•



90

2. There also exists definite relationship between Vo
and Vap• For single c~rbide tool material, Vap Vo
(at mllXimumvalue of K); but for double C!l.rbide tool
material, Vap Vo and Vap Vc•

3. Existence of Vop for single carbide tool material j,B
explained by a pulsation type of chip-tool contact
process in the ranee of cutting speed just before
Vo' For double carbide tool material the sxistance
of two optimumcuttinf'; speeds is explained as follo~!s:
the first optimumcuttint speed, V exists dne tooP,
the presence of pulsation type chip-tool contact pro-
cess as in the case of single carbides, where as the
presence of Vap is explained by the presence of
Stagnant contacf zone on the tool face which saves
the tool free intensive wear at that speed range.

5.3 Future Recommendation

The followinr, shortcomings might have been observed in
the work:

The recom:nended method ,,'asdeveloped on the basis of expe-
riments on only nickel chromium steel ~s work material. Although
these results confirmed the theoretical values, there remains
scope of further study by changine;,~the composition of work ma-
terial to prove the validity of the proposed method for any
other grade of steel.

In the experiment the value of tool geometry was selected
from the engineering Handbook end throughout the experi~ent these
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fllotvalue~ were changed. Though these are recommended values for
the used tool m~terial, yet there remains a scope of further
study by changing the valuea of tool geometry to confirm the
experimental results for any other tool geometry.

Throughouth the experiment only double carbide tool was
used due to time lffidtool limitations. Althoughthe test results

coincide with the theoretical one for this material there reme-
ins a acope for further study with other carbide tool materials
to justify the validity of the method of chosing optimum value
devel'oped in thi,s work.

The research work wes conducted without using cutting
fluid. Though cuttine fluid has negligible effect as lubricant
during high speed turning, there is e scope of study to correct

the experi~entQl results qUQntitatively.

The experiment was conducted completely in the "laboriltory

condition" and the proposed method was developed on the basif1 of

only these experimental results. ~ chllnge in "experimental

condition" may change the exact values of optimumconditions.

Though, in OUTopinion, the general pattern of the curves deve-

loped from the test data will remain the same, further investi-

gation mQybe IDQdeto correlate the test results with ilctual one.
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