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ABSTRACT

In metal cutting processes for economic machining, the selection of
various wuktting variables, tool geometry and cutting tocls play an
important rale. The know how of selecting appropriate tool geometry
and cutting conditions for various application iz almost absent in
the relevent industries of our country.The purpose of this work is
therefore to raise the technical know how in this particular
sphere.The present work attempts to present a method of selecting
optimum metal cutting conditions for drawing rollers of steiniess
steal and cast iron.The experimental results may.act as gu}de

Tines for selecting optimum cutting conditions  for other

combinations of work and tool materiale.
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CHAPTER ONE e
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INTRODUCT ION )

o 2
srady, 8
AND LITERATURE SURVEY .

INTRODUCTICM

The primary aim to manufacture a product is that it must be
designed to satisfy all the desired purposes. Another
important aim is to design a part for the most eccohomical
method of manufacturing. This may be accomplished by
considering all feasible manufacturing methods and selecting
the manufacturing method which appears to be most
advantageous. It is not enough that inventors and engineers be
able to develop new machineries and new products. After they
have developed a new product, they must then be ahle to
manufacture it at a sufficiently low cost. The design should
be such that each component part should be manufactured at the
constant possible cost. When a new product 15 assigned to the
manufFacturing department for production, it 95 necessary to
select the manufacturing method which actually will be used
far it. If the design is good enough, the manufacturing
department should have little difficulty in selecting most

suitable manufacturing method.



In nur country, there are various types of production
processes as well as huge amount of metal cutting processes in
various sectors. They can meet a great portion of damand of
our country. But shortage of technical knowledge is one of ths
main problema in these secters. In most of our factories, the
workers as wall as many engineears use thumb rules. They don't
think about aceuracy, optimization and guality. This is due to
the lack of their technical know-how and shortage of technical
faci]ities.There 1is absence of adequate ideas about the
influance of feed, depth of cut, tool geomebkry etc. oOn tha
cutting speed and also on cutting tool. In practice, the
values of the metal cutting variables are determinad aithar by
mere experiesnce of the machine tool oparators or galacted from
the available out datsed handbooks. It results 1in low
production rate and high machining cost. This is not desirable
for the factory. It is our concern to improve this situaktion.
Economic machining is primarily based on the selection of
different cutting variables and tool geometry. These are the

governing factors in metal cutting process.

Ccutting tools selection :2leo play a vital role in metal
! ot
cutting operationhs. For cutting cast iron, stainless steel,

specially at high speeds, 'the cutting tool has to be heat and

wear resistant.



The purpoase of this report is therefore to give an fdea how to
overcome this undesirable situstion by study{ng the metal
cutting processes of different work materials with wvarious
cutting variables. Experiences gained ovar the years have led
to the determination of the guidelinss and empirical formulae
for choosing the optimum cutting conditions for a given
turning operation. This work attempts to present a simpls
method of selecting optimum metal cutting conditions during
turning operation. It does not require special or costly

equipments.

LITERATURE SURYEY

-

Metal cutting has a grsat importancs, so many research works
in this field has already been carried ocut. But most of the
important fundamental thecories have been developed only during

the past three or four decades.

In 1873, H. Tresca“], conducted research works on matal

cutting. After that, A. Ha110ck[“ warked on the metal? cutting



processes. His contributions were wade toward understanding
the metal cutling process by determining cutting forces and
the effects of tool geometry and cutting environments. The
gffect of temp. on tool life were developed by F.W. Taylorui
by several experiments in 1207. This was published in his book
n -""

9gn the art of cutting metals". From 1207 to 1925, many

empirical. formula and dala were developed.

In 1935 f.Ernst and M. Martellottill in their work "The
formation of bujlt-up edge” confirmed the role of the built-up
edge in metal cutting. They also presented their theories on
the mrchanics of its formabtion and breaking off and its effect
on tool temperaturc and on the surface finish of the machined
part. The effect of tfool geomelry, temperalbure, chip
Formation, surface finish, cutting thread on the metal cutting
process was also oxplained by them. Actually fundamental
tesedarches on the metal cutting mechanism has been continued

sirnce 1930,

In metal cotting process accuracy, optimization has a vital
role. This was not considered in the previous researches. Many
of the piLocesses were done Dby thumb-rule, rather than
scientific method. The custowmary methods used in various metal
cutiing proéesaes, uging thumb rules must be replaved by
scientific methods’™ - this realJization had begun in 1950,

Demand in metal cutting changes continuously better surface



x

finish, higher rates of prodacition, economic production had
become under consideraticon. Since then extensive developments
in metal cutting had heen carried away. In the very near

fisture, it is necessary to fulfil the requirements.

Many researches were done on the tool wear. Many reporis have
been presented by many reseérchérs nn the tool life teét,
testing method, wWear process of the cutting teol, vibration
et¢. For cenented ‘carbide tool, Merchant, Ernst and
Krabacherlﬂ presented a scientifie method of tool life,
testing. T.N. Laladzeeu] of USSE presented a well recognized
theory of chip formation during metal cutting process in 1952,
Mechanical consideration during metal cutting also developed

Loy anevi” in the game vear.

optimum rutting coadition with respect to minimum production
cost was considered after the year 1950. Various development
wvere dune.on the opbimum machining variables. Here machining
cost, tool cost which are the function of produetion cost,
alsn considered. Relation ol coefficient of c¢hip shrinkage
with cutting [orees, also developerd by Rozenberg. Eremin and
Rozenberg['ﬂi carried out cxperiments on basic metal cutting
prifnciples and estabklished a relationship between metal
cutting theory and machining variables. The role of tool wear
in the optimization of metal cutting process weire presented by

Laladze. Clushin”], a scientist of USER in his research "Metal

'



cutling process' also confirmed the effect of tool wear for
Coptimization process. For maximun production rate, basic
turning operation to optimize the cutting wariables, WwWas
performed by Brewer““. He developed that the preoduction time.
depends on the machining time, idle time etc. Also Hakarov““
had carried out some investigations on tool wear and
gptimization of metal cutting process. Another economic
analysis wag done by Armerego and Russel“E] in 1966. They
showed that tool cost and idle time influence the maximum

profit. They used maximum profit rate as an gbjective function

for optimizing machining variables.

In the research work "Development of the science of metal
cutting” by Zorev, Gronovsky, Tritiakev and Larina““, showed
the mechanics of metal cutting. For optimum cutting condition,
restrictions were also considered by Bekes“”. In this methed,
Lhe objective was only the production rate. This method was
modified by Basu“” in the same year. A mathewmatical model for
calculating the culting condition during turning operation was
develpped by Bjﬂrke“ﬂ in Lis paper "Mathematical Models for
calcutation of culting Uata in Rough Turning.”

For cemented carbide Loopl the relationship between chip-tool
rontact process and tool wear in éhe metal cutting process was
develaped hy Talantﬂv“Tiin 1969, The chip-tool contacht process

is an important factor iwn chip fermatbion and it iz one of the



most significant factors for determininglthe process of tool
wear, Later, several researchss was done on it and the
equation to determine critical cutting spsed, was &l180
developed by Nadai, resistance of metal during cutting also
expiained by I.A. Time. In 1378, in the research work
“Thfluence of cutting speed on different characteristics of
metat cutting process and tool wear” by Talantov,
Cheriomoshnikovy and Kurchehco“ﬂ showed the relationship
hetween cutting speed, mstal cutting process and tool 1ife.
The fundamental thecry for the optimization of metal cutting

111

process also developad by Babrov

211 of these research works by many scientists and researchers
had daveloped this field. By the series of experiments and
analysis in thess years, various factors which influence the
metal cutting process had come under consideration on the
bacis of the earlier progress in optimizing the metal cutting
process, this paper attempts to present a method of galecting
optimum metal cutting conditions during turning pperation,
works in this field for the development of tha theory of metal
cutting and their problems have been listed in this chapter.
Thus tha objectives of the present work are set on the basis
earlier developments in this field and are discussed in, the

fFollowing section.



AIMS AND OBRJECTIVES OF THE PROJECT WORK

The objectives of the research were set as follows:-

i} To determine the cutting speeds, at which intensity
tool wear is minimum in turning stainless stae]

with cemented carbide toal.

i) To determine the cutting speeds,at which intesibty
of tool wear is minimum in turning cast iron with

cemented carbide toocl.,

ii1) To determine influence of feed, depth of cut on the

cutting speed corresponding to minimum tool wear.

iv) To conduct an economic analysis to salect the

cutting conditions for a particular work pieca.
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CTIAEP'TIER WO

GINTIRALL TIHIEORY

TITFRORY

From  the mangfarturiong point o of  view, production (oests,
production rabkes and prafit have the great impertance during
machining. Dy analysis ol Leese Theee Eerms are nel possible
At Lime for oowmplexilsy . S0, It is wise Lo use only one

nlject ive vriterion, gengral Ty miniwnw cost o iterian.,

Thererfoarae, reouomic oul Lineg condition should Dbe determined,
Foroa given walerial and teol, kEhe recstriclions of feod, deplh
oof ontb, speod,  cul ling rIULr:rz (auy  Eunction of power)  and
anrface finish will be Fle restrictive criferion Lo defermine

Lhe aptinum cutting condil ion.

Borbore disconssuing the olojectise criberdon, a brich deasoription
of tonl walerial, aad some proper Lies which are cogential to

e lorm Ehio aspoe ozt are direnmased e low,

Culligg Tool Mabterial

T alesbezrmiee Dhe opl dmam ont Y iwg condivion, cemenbed carbide
Lonl ras uned. tarbides are dnilialiv formed by powdenr
melallurgy. The principal carbhode is fungslen cathide,  and

thin way lore mizeool w2l sowe Lanlalow carbide and bitaminm

[l



Fig.1l

carbide. These carhide powders are mnixed with a powder of
cobalt or wmickal, which serves a¢ the binder. Carbide tool
bitz ate extrewely hard and somewhat brittle. To get wmore
shocl registance, some hardhness may be sacrificed. This may
done by varying the uumpoéitiun, such as the amount of binder.
This material is relatively high in cosbt, but tool bi?s made
af it remain cffeclive at exceptionally high cutting speeds.
Thus Lhey remove metal rapidly and produce excellent surface
smnothness on the work. This tool bits rewain eflective

longer. This tool bils van he sharpened Dby grinding with fine

ahrasive grains.

Coelficient ol Chip Cenlraction

W

Here
= Hhear angle

b ] —e

L — Shear plane = Rnlief angle

W/P V?-Q}

=" Rake angle

> = a1 @
L

= Thickness of
chip
a = Thickness of
metal being
removed
i1 = Bhear plane
lenglih

s gefficient of chip contrackion

io



Coeflficient of chip contraction, k is a value and is expressed

aisy

Thickness of chip
Thickness of metal being 1emoved

From the figq.,

k= b . dros{y-p) _ cos{y-pP)
a d a2in p sin p

The facloers which effecits o "k' are ag follows:

il Toocl geomebtry {mainly rake angle)

iiy Cutting variables, as feed, depth of cut and cutting
spraed

iii) Culiing fluid and

ivl  Tool material and Llie metal bering wachined.

FA
20 1
» 19 |
+8 t
17 | Tool
1'G [ I
Iu [l il | - i | ]
60 70 80D 90 100
——= Cutting ﬂnglextﬂ
Fig.2ta}) : Fig.2{l}
Elfect oF cutting angle on k Cutting Angle

{(Typical corvel

11



1+ is ¢lear from Flg., 2ia) fhat coefficient ol chip
cantration, k increases with culting angle. &, If 8 increases

then wear also inercases.

L
&5
-‘E'E \
- h |
E-—E | *\
T,
ES 170N 2
ST e
| N T B
: I ffa [ i |
25 40 ' Y1 V2 ¥3 vy,
—— Cutting speed v,(m/min) — = Cutting speed, v
Fig. 3 : Fig. 4 :
Effect of cutting speed on, k Effect of cubtting
speed on micLo
irregulataries

From I'tg.3, it is shown that the chip contraction, k decreases
between 25-40 range and then increases and remalns const in

the case of mediaw carbon steel,

In Fig.4, the effect of Lhe cotting speerd on the surface
rougliness is shown, Curve 1 is shown [or gencral case gurve 2
for high alley steels, nonferrous metals and brittle cast
irans. Iﬂ the range vy to vy, where ¥, near to =ero, the

surface roughness increases, This is due Lo the beginning of

12



built-up edge formation. It is maximum at speed, v;. Beginning
with speed v,, the condition Lor BUE formation deterlorates
due Lo rise in temperature, the height of the BUE is reduced,
and at a wcertain speed, vy it disappears. Speed from vy Lo vy
the surface roughness contunues to decrease due Lo the reduced
friction between Lhe tool Flank and the machined surface. This:
ig also to the genecral reducticn in plaster deformatiﬂn from
speed, vy, the height of the microirreqularities remainé
practicaily const. Here the vutting process is stabilized. In
curve % the roughness of the machined surface first drops
sharply with an increase in the cutting speed and then becomes

practically constant. This is due to complete absence aof BUE

formatl:ion.
Chip Tool Contact Process and Tool Life

During wuatting, a poftjon of c¢hip contact with the tool face
due to high temperature, which is known as BUE. Generally
hardness of tool is 1.8 times greater than the w/p, but
hardness of BUE is 2-3 times greaber than w/p. So it can cut
melal. It reduces the Lool wear. Cul ting force also reduces by
the formation of BUE due to increase in rake angle. It forms

during low speed and during formation of centinuous chip.

Chip-tool contact process mainly determines the tool wear

during machining. Tool-wear is determined by various types of

13




huilt-up edge, which exists in  Lhe cutting 2one. The
relationship between the contact process and the btool life was

estalbilished hy Talattov and is shown as [ollows in the Fig. 3.

Tool life curve

Continuous chip with BUE | Continuous chip

without BUE
X /\
-_____.-/’/

) Type-A Type-8 |[Type-C

— = Cutting speed. v

Fig. 5 : ‘'Typical relationship between contacl pracess
and tool life (By Talantov}

Tool 1ile iz maximam Lot Lyvpe ¢ BUK and wminimam for type-B
BUE. It ig-alse experimentally showed by Talantov that in the
rontact process of Lype-, Lhough Lhe BUE is unstable, but it
prolLecls the too) 1ife [rom wear and reducns flank wear and
also produce mirror -type surface [inish. Here the wvalue of
flank wear, hy for single carbide tool is also minimum.

14




[y

Objective Criterion and Restrictions for optimization
By a large number of researchers, it was developed that there

are three types of objective criterion for optimization. These

are (i) minimum cost criterion, when cost is the decisive

fantar, {ii) maximum producltion rate criterion, when

production rate is the criterion and {iii) maximum profit rate

when profit is the decisive factor. But here minimam cost

criterion is used for the experimentl.

The formula wsed for minimum cost eriterion is,

C, = C ¥ € + T+ Oy +Cy
Here, CP = Cost per pleve
c, = Machining cost
e, = Idle cos=l
C,e = Tool changing cost
CJrq G = Topol Cost

Restriciions for the objective criterion are considered as
feed s, depth of cut t, and speed v. Because for optimum tool

jife cost iz a fumetion of speed, feed and depth of cut and

should be minimum i.e.



Speed : The cutting speed shiould not exceed the upper: limit
for chip breaking and safety of Lhe operator. The lower limit
of speed shbould be maintained so that it should not be less

than the limit. Because then built-up edge will form rapidly.

Feed : Combhination of feed and depth of cut must be listed to

keep the wvalidity of the wear criterion.

Depth of Cut_ : Depending onh the length of the main cultting

edge, machining allowance, power of the machine, deflection of

the workpiece, etc. the maximum depth of cul is restricted.

Power : During cutting process, the power should not exceaed

the capacity of the main drive.

Critiral Cutting Speed

Critical cutting gpeed is thal speed, where intensity tool
wear iz minimum. ‘I'ypical diagram of Intensily of tool wear vs

cutting speed is shown in Fig. 6.

Here, the walue of hm first decreases with the increase of
cutting speoad. Then it invreases to a maximum point by the
increase af cutting speed. After that it decreases again. The

critical eutting speed is that speed where the hg, iz minimum.
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wear h¢,. (mm/m}

Intensity of toal

¥e¢ (Critical cutting speed)

— = Cutting speed, v {m/min}

Fie.to 1 Typical diagram lor cutting speed vs. inbensity
ol tonl wear
From Tailers Ledal lile egnuAatron, we know bthal,
T e
whers, valw= of "n' and "¢' depends on Lhe pat Liculay pair of
lool amd Sorkelooe, For o particalar eabting conditiaon, where

A oapst Yt omre consLanl Chioen,

Culting Lopee, Foo= v}
Tenl 1ife o= Fiwh
and Flanl. wear, hp = 1L (w3, also.

Fffrey of foaod and depth of enlt an ool life and cutting speed

way be expiessed by 1he Lollowinag relaticenship,

-

* L]

".V =

LET L

Thos giaphical velabionshdp is shown Lo Fig., 7.

i :



Deplh of cut

life {T}

Tool

—=Culting speed, v

Cig. 7 @ Fifecl of "5’ & ‘1 an tonl like and speerd

- k
Fer, B=1, =1 and taking fonl lile as const, then v =0C

enl Lang, Bl critical cul bing speed plavs

an dmparlbant role. Ad ericical cutling speed, Lhe chjp-tmnf

o ook s melal

crod aet M odensses ellanges sharpky. For single carhide tool

aptmun cut Ling sheed, v ih loss oT equal to critical eutiing

gperamd, v, Loe. Vi 5 V.o Fribival cuiting spaed point  was
ciopoLedd By omaney aulhits s ‘eril oAl pointt o onox Twecrilical .
Lo sinle caibide ook, at Che crilical colling swoed, Rhe
lool 100 1 i maximum. Wilh Euviier incerease of 1the enthing
sifaererid lwﬂi lTile decpeauss. Al the crilical b Ling  speed,
G Tinn oroe  is o masimi. Thege wore derived DY various
Pregral ol iss, [, thig o worl  erilical culd ing  apeed was

ded my o e by measn: ing Laol wear after L uing operation and

Ll ol tmmane ot 3oy condition  wae  detorwmined.  Tinally

coanoanie apalyois vas done.
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CITAPTER 'THREE

DMTMTERMINALIION OF CRTTICAHLL CIFITING SPISED
AND OFUIMUM CUTTING CXINDITTTION TN TTIRNING
STATNLESS STEEL WILIH CEMENTED
CARBLINE TO0L

THEORY

Flank wear is 4 tlat worn behind Lhe cutting edge which

eliminates some clearancve or relief. Flank wear 1s limited

ordinarily to a maximum of about 1/32 inch o1 06.80 mm. The
tgol is considered to have reached the end of 1ts useful ﬁi[e

when this maximum  has  been reacrhced. Tt mast  then  be

resharpened, The flank wear will he rapid if the temperature
is too high dw ing vutting procvess. If a culting tool is
allowed to wear tao far, an excessive amount of tool material
will have to be removed by grinding in order to reccndilbion

it. A5 outting speed is increased, tool 1ife decreases. A
relaltionship between tool life and cutting speed may be shown

by & tvplcal graph as follows (Fig. 8).

Straight line rejationship

. b
tunE-T-n

Logarithm of cutting
speed v (ft/min}
L)

1-0
—= Logarithm of tool life, T,{min}

Fig.8 : Relationship belweeon Lool life and cutting speed
shown plotted on 1og-log graph paper



Thig graph ig drawn on a log-leg graph paper-cutting speed as

the ordinate and the tool life as the abscissa.

This line may be expressed by the slope-intercept type of

equation for a straight line as,

Taking antilogs

where,

n constant depending upon cutting condition

cufting speed forr tool life of 1 min

1l

-

Tonl life, min.

H

r['l

Fot economic reasons, a relatively intricate cutting tool that
is difficult to reosharpen should be operated at a

conservatively slow cullting speed.

Topol 1ife way be observed by the following ways:-

il The member ol workpieces produce between  tool
sharpeninus. T™is is the preferred method in

manufacluring.

ii) vVolume of material removed between tool sharpening.

20



iii} Cotting time in minutes between Lool sharpenings. Cutting

conditions must remain constant ino this case,

The second method, that is the volume of the metal removed, is
the most scientific method for measuring tool life rand

therefore preferred.

The flank wWear is used Lo determine vhen a cutting tool has
reached the end of its useful life. For large quantity
production, Lool life is vary much important. The costs for
the cutking tool sharpening and the down time of a large
gquantity production machine tool needed for the replacing of
worn cutting tools with sharpened ones may account for the
considerable portion of a machining operation cost. The forces
reguired for the cultting increases when a tool rutting edge

wears sufficiently or fails.

Tool wear, whether it is [ace or flank, is not uniform along
the active cutting =dge during actuai machining operaticen. 5o
it is difficult to measure. The effect of the wear of the
uarbide tool on the workpilece uannﬁt be cobhserved. 50 it is
alsa dif Ficult to determine tite Life of cemented carbide tool.
It was determined ihat bthe wear of the carbide tonl progresses
at the tool flank and the width of the wear land at the flank
is usually taken as a measure of the amount of wear and can be

determined by mean of a Metallugrical Microscope.
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Fig. % shows the Llank wear:

‘1) {rake an
gle}
v

_clll--l-
e
relief
angle
Fig.9 : Eiratic width of the flank wear.

By Brearcr“m il wag experimentally shown that lhe flank wear
is the only the determining fartor of the taol life of a

-

carbide btool.

The dependence of woar on time and tool operation is expressed

by the wear vs. time curve as ghown in TFig.l10.

In Fig. 10{a) it is [For I[lank wear and 10(b} it is for face

wWeair.
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E E
]

-C“-- VJ A

0 10 20 0 40 . 0 10 20 30 L0

— = Time, T (min) ———= Time,T (min)
(a) (b}
fa) {b}

Fig.l0 : Relaticnship belween wear and the time of operation
(Tvpical curve)

The wear can be divided into three sections as follows
{Fig.11}

hg (mm}.

T, mih

11 : Far a given work and tonl material relationship

Fig.
between tool wear and time of operation
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gection I : This is the wemi-in period f(initial wear) during
which heavy abrasion ol the most salient parts of the surface

oecurs. In flank wear this section is less pronounced.

gpction II : Thic is the period of normal wear. With the

operation time (abrasion time) increases 1t increases

gradually.

Section III : This period begins after certain degree of wear

has been reached and the friction condition changes.
DETAILED DESCRIPTION OF WORK MATERIAL AND TOOL MATERIAL

The total experiment was garried out in the machine shop of
BUET. Two stainleess steel bar were used for this purpose.
Both of them were about 90-94 mm of diameter and 250-1050 mm
of length. The vemented carbide Lip which used is Bk8 type. It
containg 8% ol Co and rest W,. The tool was used during
turning operation, Il was resharpened with grinding after

turning in a particular spned, feed and depth of cut.

The tool'geometry was as follows:

@ & ap = 10°

r &r =290° x r
b = 45"

P = 25"
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3.3

The Jathe machine used was Crltic-14 type provided with a 3.0
W owotor. Spindle opesd of GO, a5, 118, 130, 185, 230, 260

1.p.m. webn used,

Tha fred weice 0,1, 0,720, 0.32 nm/roev. and the depth ol gut
wero 0.0, 1.0 and 1.% mm. All combingtions ol teed and deepth

nf oub were used 1o perform the experiment.
ARSUMPTITONS AND CONDITIONS OF THER EXFPLERIMENT

Soame assumpt ions were cansidered during the pxperimeant. They

are a5 follows:

il L was considered Lhal the cutting region was more or
legn in sleady slako,

i1y Hfleet of Lewpcoralitre, pressurc worie nat gonsidered.

iiiY The properties of work material and bool material do not

vary duling and alter the opperation

e know from the earlicr Lheorectical investigations that to
debermine Fhe opt jwuw entting condition, the factors which
influenee the process are speed, foed, depth of cut, oculting
foree, Lool geowetry, tool life, cutting Llnid elo. In this
cxperimenl ool geometry was considel ed constanl througout the
experinent, thug omitling the effect of this factou. Cntting

{luid was not used in the proiecl work, since it Dhas



considerable effect in the cutting process. IL was not used
because coolant quickly shorters cutting edge and forms cracks

for repeated quenching.

EXPERIMENTAL SET UT

In the experiment, it was noted that round so0lid bar was
turned by cemented carbide tool. To determine the critical
cutt ing speed, tool wear were measured in the metallurgical
microscope. Initially two stainless steel bar were rough
turned to 86 mm of dia from 90-54 mm of dia. This was
performed to male ready the bars for the experiment. Cutting
specd were selected neat about 15, 25, 35 and 45 m/min. It was

celected From the previocus experimental knowledges.

Firet of all for a set of feed and depth of cut, a r.p.lt. Was
selected to turn the bar with the existing diameter and with
the selected speed. The traverse letigth was 10-11 mm. The time
and the actual speed of the machine was also recorded by a

stop watch and techometer respectively. Flank tool wears were
measured under the microscepe. This turning process at this
combination of feed, depth of gut and r.p.m. was performed
times and each Ltime tagl wear wWere measured. To rense this
tool f[or another speed, 'it was grinded to the desired teool
geometry which was uged in this experiment. Critical cutting
speed and eptimum cutbing condilions were determined from the

measured cutting speed.



o

EXPERIMENTAL DETAILS AND DETERMTNATYON OF CRITICAL
AND OPTIMUM CUTTING SPLED

To determine the critical cuiting speed, predebtermined speeds
were selected from the previous experimental results, which
were hear aboub 15, 25, 35 and 45 m/min. They were selected
without considering that whethet they were critical or net,
Three setgs of Ceed and depth of cut were selected i.e. B=0.1,

0.2 and 0,32 mm/rev. and t = 0.5, 1.0 and 1.5 mm. The tool

geometry explained in the previous article.

For the turning operalion of 8=0.1 mm/rev., t=0.3 mm, N=64.82
r.p.m. {actual} and ¥v=16.7 m/min {actual}, the stainless steel
bar waz cut fonr Limes, each had 10 cm traverse length {Sample
data sheet-1). Here, after every kurning operation, the tool
was carefully ocbserved under the microscope to determine the
flank wear. The amount of wear was recorded each time {BSample
data sheet - 1}. It was observed that the wear increased with

the increase of traverse length.

For these values of tool wear-h; and the corresponding values
of length of cut L,, a curve was plotted in fig.l12. From the
curve, 1t was shown that the curve is a straight line, héving
a slope. It means by increasing the rutting speed, the flank
wear increases gradually. Here the feed value is the lowest
and the r.p.m. is minimum {i.g. £4.82 r.p.m). This means from
the Fig.5,that at low speed, it has medium tool life {type-a).
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Na. of Traverse Diametar cutting RPH Velosity (m/ming Length Toal
Chservation | Length {mm] Time af Cut flank

{cm) (min} Sslected | Actual Calculated | Actuai {m) wear

mic (mm}
1 10 16.13 257.681 0.0158
2 20 82 1617 B0 G4.82 15.457 t6.70 515.22 ¢.055
3 30 16,22 TT2.83 0.08
4 40 16.13 1020, 44 a.12
1 10 8.407 219.22 0.0058
2 20 F0 8.0 118 120.96 28 .8580 26 .60 439_/2 o.0a7
3 30 8.058 ' 659.74 0.095
4 40 g.07 879.64 .12
i 10 5.18 191.64 G.a07
P 20 61 5.17 185 188,894 35,453 JE8 .40 J383.28 0.011
3 30 5.15 ET4 .91 .15
4 A0 5.18 T6G6.55 G.17
1 10 5.20 245 .04 o.avy
2 20 7a 5.22 185 g8 .54 45 .33 46,20 4390.0%9 .12
2 20 5.22 T35.13 Q.16
4 40 5.18 880,18 d.19

Sample data sheet-1 for turning stainless steel at 3 0.1 mm/frev, t = 0.5 mm
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= = = = i ]
Fee] 2 Velooily o Dntoewns ity i Feard 3 Veloguty ETI]LE‘E'I:_;."Lt}' '
| {enn 1=y} faetuatll 1ol Lool T/ 1ol tretuall | of tool
fodepth ol fm/win 11J0r1r I, ] andd fm/men) in;e<ir e,
TE : [fmmfm) | cleptl of f Qun/m”
L) i Eemt, i
I { {mm) i
| 16.70 iﬂ,lﬂﬁ w0 | 16,20 i 0.63% < 107
| oe.s0 Joong xonen !} 26,50 lo.477 107
B o= 0.1 - 18 = 0,32 1 i
Fo= 0.5 1 36,40 o.ian < 10 e = Lo wn.1n lolaz v Lo
| [
| 1690 0,173 % Jo 14.70 0.765 x 107
16,90 0,333 5 107 15.60 n.129 x 107
i :
i 25,60 (0,222 1077 ] 25,90 0.007 x 107 |
o= . 102 = 11,3
t = 0.n I MR nLane o 1T ir = 1.5 15.70 0.161 x 107
5 . - :
| e.00 L o.3nn b 1710 loa18s o107
P 1 ] _3
! 1n.71n !ﬂ NI PR B 1n, 00 Ef}‘jﬁ?’:\ J{JJ:‘
| | ! |
| ! k] M
o I AR 1) I LR T R S 20480 [ 0.22% x 10T
= 0,30 7= 0.7y
[t =05 | 3580 L0667 w107 L = 1L 36.30 | 0.429 x 107
1 - 1
i | =
[ 47.00 10,600 5 107! 150000 | 0.3y x 107
16,00 6,217 s 107 ; 15,80 0,016 x 107
s - 26,60 1 o.132 no107 25.60 | 0.422 x 107
i 3= 0. . 9= 0,33
f o= 1.0 se.an rnnas x0T Te o= s 35.20 | 0.750 x 107
1 .
r ELTD 0250 < N 4610 | 0.422 x 107
15.50 .60 % 10
. a6, 00 0.320 £ 107
g = 0.
o= ) | 34,100 9.208 % 107
| 3640 a.407 ¢ 107"

Talile =

Nelarmined values ot
ot

af

in Turning
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From the shape of this curve {Fig.l1l2) intensity of tool wear,

By
—= , All of
L

f+

hg, was determined by using the relation, A,

the values of hﬁ wvere listed in table-1 for stainless steel.

4imilarly, for the above set ol feed and depth of cut i.e.
a=0.1 mm/rev. and t=0.5 mm, tool wear were measured for the
culkling speed of 26.6, 36.4 and 46.2 m/min {actual}). In each
case, h; vs. [ curve was drawn (Fig.12). From that graphs
intensity of tool wear, h; were also calculated, It was

menlioned above that all of the values of hh were listed in

table-1.

The nine sets of feed and depth of eut used for varicus speeds

wore as follows:

8 = 0.1 mm/rev. g = 0.2 mm/rev. g8 = 0.32mmn/rev.
t = 0.5 mm t = 0.5 mm t = 0.5 mm
8 = (.1 mmfrev. 8 = 0.2 mm/frev. & = 0_32 mm/frev. h;
£ = 1.0 mm t = 1.0 mm t = 1.0 mm
S = .1 om/rev. g = 0.2 mm/rev, 8 = .32 mm/rev.
t = 1.5% mm t=1.5 mm t = 1.5 mm
30
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For stoinless steel
03+
¥ ¥ = 16890 m/min
g WV = 2560 m/min
o ¥ = 3580 m/min
& V = 4600 mSmin
02 -
E
E
=
(IRN=
1 [ 1 !
0 200 400 600 800
—_— m Lo (m)
Fig. 13 Effect

of cutting fength on flank wear for 5=02 mm/irev
t = 05 mm {experimental)
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0.3 k For stainiess steel
e V1670 m/min
oy - 2560 m/min
x ¥ = 3580 m/smin
— o V =z 4700 m/min
E 02
E
£
O
01+ »
1 i [ |
0 200 500 600 BOO
—_— L {m)

Fig.14 Effect of cutting length on flank wear for 5=032 mm/rev.

t - 05 mm (experimental)
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03 - For stainless steel
© V¥ : 1550 m/min
g V= 2600m/min
e VYV - 3040 m/min
¥ Y = 4540 mfl‘mﬁ
02r
01F
[ 1 4 .
0 200 400 500 800

—-L(-_ {m)

Fig-16 Effect of cutting length on flank wear for S=02mm/rev

and

= 1-0mm {experimental}
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03 r
For stainless steel
o Y =1620m/min
e V = 2650 m/min
0o ¥ = 3%10 m/min
02k A 4490 mfmln
. +
E
E
=
(%)
o4 |
[m]
0 200 400 500 800

— = Leim)

Fig-17 Effect of cutting length on flank wear for S=03Zmm/rev
t=10mm {experimental)
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hf I[mmJ

03 I For stainless steel
e V - 1600 m/min
o Y = 2550 m/min
x ¥ =4510 m/min

02 r

01}

|' [ 1 1
¢ 200 400 600 800

—~——-—Lc{m}

Fig.19 Effact of cutting length on flank wear for
S-=02mmsirey t =15 mm {experimental)
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For stainiess steel

0-3F
o V¥ = 1580 m/min
e V¥ = 2560 m/min
o ¥ : 3520 m/min
x N = 4640 m/min

1 1 1
B 200 &00 600
I —_— - L'IL'. im)
Fig 20 Effect of cutting length on flonk wear for -

$:=032 mm/srev t=15mm (experimental)
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Foi each sel, the L ve. L, Jrapl was plotied iu Fig.1?, 13,

14, 1%, Yo, i, 08, 10 ol A0,

T shoarddd ﬂe noated hisre thab aftm Lhe Lurning operalion Lo
A particular epeeacl, J1 Was careliully grinded bo the original
shape (the tool gromelly naed in this experiment). Aclual
T.prew. aned cath g Fime were also measured during the Lyl uing
operaticn. Cliips werne also vollected Tor microscopic alalysis

and Lo Ackermine Lhe opl i cubiing condi Fioen.

Frit o selb ol Leod and depth oloent Lhere avn Fomr vabknes of ll[n
and v, Critical cubbing speoxl, S0 wan determined for each set
al Teed andd depth of ool o e ol T cubting wendillans were
Lesl o imenl A0 one Ve araph inlensily af Lool wear v, apeoad, FPor
Ehies o120 Dier nl enrb b1y conebil jons, Llie aplimm cul bing speed
wel e el el valges of Lho erirical and gpEimum cutting
gpeeds are Tialed i tahle:? & 3 chow i inLlnenees of depib ol
ent o and e Tiguwne 2E, 0 2240 & A tegpecl ively  show  the
Pl Dienes ol Deed ated Tiowre 24, 25 & 26 jespeclively shaow Lle
inl Tueten of depth of ool in deleyvwining the apd dmum culting

appeor].
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= o - =
Lad I~ Ln a7}

[ia
Pt

—— Intensity of tool wear hg.x 1973 (mm/m)

01

T

B S:=01mmirev
a S=02mm/rev
0 S5=032mm/irey

\0\—6”

L.__JL 1 1 1 | I 1 [ 1
15 25 i5 L5

— = Cutting speed v {(m/min)

Fig 24 Determination of oplimum cutling speed of stainless steel
keeping depth of cul censtant at t =05 mm (Experimental)
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& Intensity of tool wear hi. x153 [mm/im]

03 mmirey

D2 mm/iTey
032 mm/Srey

[
o 5-=
A5

07

0-61

05

02r

0 .n'] 1 1 1 L 1
25 35 45
— = Cutling speed ¥ [m/min}

Fig. 22 Determingtion of optimum cutting speed of sloinless steel
keeping depth of eut constant at t=10mm {Experimentol}
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07

0.6

0.5

Intensity of tool wear hyo X H.‘r_3 fmm/m)
[}
I~

{12

01

09 mm/lrey

L
1

02 mmirey

0.3 mm/drey

-

i 1 1 1 i 1 1 |
15 20 35 L5
= {ytting speed v (m/mm}

Fig. 23 Determingtion of optimum cutting speed of stoinless steel
keeping depth of cut constant at t= 15 mmi{experimentol)
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=
on
T

=
tn
LI

Intensity of tool wear heo X 167 (mm/m)

ot =05mMm
04 b ot =10mm
&t s 1E mm
03
02
0.

1 I 1 i | 1 1 1
0 15 25 i5 L5

— e Cutling . speed v {m/mn]j

Fig 24 Determingtion of optimum cutling speed of stoinless steel
keeping feed constanl at Sz 01 mmsrev {(experimental]
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0.7

0.6

fmm/m)

0.5

-3

04

03

Intensrty af tool wear hf-ﬂx1

02

04

T

: 0BEmm

10 mm

> 0 0
1

1.Emm

H1 ]

1 1 1 1 1

15 25 3%

45

— = Cutting speed v {m/min)

Fig 25 Determination of optimum culting speed of stainless steel

keeping feed constant ol g =02 mmirey {experimental}
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a7

0-6

05

04

tool wear

03

02

— = Intensily of

04

=05 mm

— T

= 1.0mm

ju)
fa?
]

) — \ 1

15

Fig 26

|
25 35
— = Culting speed v {m/min]

Determination of optimum cutting speed of stainless steel
keeping feed constant at 5 =032mm /rev {experimental}
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Depth Froaeh, 0 crilical | Oplimen Biamekber | Corves-
ol oul, tmmdres) | cukling entting b} ponding
{ T{mm} spro=d, speard, rpHm
H LN At
i v . up
: i (m/min}
’ 0.l an 25,0 B .0 95
Ny op 0.3 20-35 25.0 A5G 95 '
. 0,34 25-35 25.5 85.5 95
! 0.1 36-40 a6.0 G3.0 10%
1 1.0 0.2 7 35-41 46.0 62.0 | 109
0,12 20 AN, 0 Bo.0 105
n.J 1% anLh A5.0 a5
A Y 20-3% 25.0 i, 0 95
h 0. 37 25 | 45.0 84,0 9%
Talhle- 3 values of difleront critical & optimum

enLting spreds of slaipkess stoel shiowing
infinense of JTeod.
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[eed . 0 A D AR !CrJLj:ﬂ] ]Upijmﬂm iy T orros- !
fmm oy (ol cul, fentbing crl i {m Prartnel il
bofme) s, S RIETA LTom
; A Vi
: Clm/wmaInd (w/mid | !
j I T 25.0 1.0 95
|
0ol .o | 25-15 26,0 62.0 185
! s L an 45.5 5.5 4 95 |
. : I
] ¢.5 | e5-1n 5.0 85.5 95 ]
| 0. Lo 0 35-15 | 36.0 672.0 195 |
R 25 P L5.0 g4.0 35
| Poop.3 T oaw-3n Loas.o 85. 5 95 |
N2 1.0 b §5-3% y 16D 600 185 |
. I : i |
i boge b s 8.0 9y |

jalila-3 ¢ Ualpges ol eriline] and epl i cutling saned
vl onlaenlenn shoel whsieing inflnence of elepth
af el

FYXPRRIMENTAL RRSULTD & CONCLAUSTON

Tho oprilienl enlLing spreds of slainless steal ol 5=0.1, 0.2
Son.y muSrey . amloat oot and depbh of cut, P00 nm Were

an o anoan A 2G-A0 Al respogtively. Tos t e

Cenppl Ley are BL

qlaesrs ok o feeedd Pl deptl of vl oal L=1.0 wm, |he cribiral
cubbing speeds were fonnl o te b 540, 3AN-40 and 2% wSmin,
tespooiively. Amd o ok Aepth of  owr =15 mw, fhe orilical

gl Pl Gpoed A e AN, RN =30, and 2%
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Fram 1he above dexnlis it oan e conceluaded thabt crikical

vkl speeemls decreases wWith Lhe incerrase of feed atb constant

depth ool ot

The aplimen catting speeds AfF slainless sleel at feed 5=0.1,
. el 6.3 mmA e, and oAt ronsland depth of ocub, =053 mw
are AN, anLh, Ah.D wSmin. reopeehively. For the same ael of
Lerd vilues and depth ol aul, 1=1.0 wa, [he gplimnm cubling
cpends were Dound Lo he 3600, A6.0 & 35.0 w/min respectively.
Tand b deplh ol ol I#i.ﬁ mm,  Lhre walues are 2505, A0 and

an 0 mimin respeelively, which showg that elfect of feed on

epkimim ol Ling spreed is nedgligible.

[ ean b juntbified Thal Do aingle carhide Laok. o b Jmim

b asg apeed 1o bers oo wepead Leoee i fcal eutting apead, D.oe.

Tl Al el b can e rearvanged so thalt alt deprh of cuab,
P=r. %, 1.0 aoeh 1.5 e aued constanl feal, 50,1 mm/rev., the
by il i sl ewiting squxneds oale 30, 35-45  anel % wmAmin
Jenpeol dvedy . Thrae wadnen Al =0, g/ rev. are 25-35%, 35-45
aned A% wmSmin o and o ato O=0,030 mnd res . are 2535 ,25-35 annd 25
wAmin, teapeoblvely. Fhese resulbs fhends Fhial by increasing
Ehie ebeplh oof emt ab cunsland [ed bhe values ol Lhe erilical
Ant by speodn decresaeas Taho The Lot of depth of cul is

gwa ] Tor Than That ol Foedoon oo if ical culling speed.

The aplimum entling speerds, ol Aepih ol enl, £=0.%, 1.0 and

[o% wmm aned el apk Lol de | g rey . are A0, 30Ut EHLH
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AT m i1 e apea ]l fee Ty o Bl va e a1 f=0.2 mmfrev. are 253.5,

AR e L0 A uen anel ol fel, L e, are 2500, 35,0 and 25.09

mAmin. Frem |liee rasnlta 1Y Js Seel Flat Lhetre is an ellect

Al el ool cub o ol i el Ling spead.

Theauhy o wide  tange  of v Loty was  nol nsed in  the
prperiment o g0 sonne valurs of critical ¢nlting spends Were

defermited T range.



CHAP'T'ER FOUR

DELIERMINALLICN OF CRTULCHL CUI'MING SPEED ARND
OPFTIMUM CUULDNG  CCRELTLON TN OTURNING CAST TRON
WILTIL CEMENTIED CARDINDIE TO0L

1 DETATLED DESCRTPTION OF WORK AND TCOL MATERTALS

This experiment was also performed in the laboratory of BUET.
Tup solid bars of casb lroh weire used for this-purpose. The
lathe machine is vused was Celtic-14 type provided with a 3 hp
motor. The twa bars were initially abkout o mm and B6 mm dia.
and the length were 900-1000 mm. The tool used was Lhe type of

Bkf, which contains 8% of Co. and rest w,. The tool geometry

was as fnllows:

., m) = 1in"
[, T4 = 0°
¢ - A4 R0
& 7 25" .

The feed were 0.1, 0.2 and 0.32 mm/Tev. and depth of culk were,

0.5, 1.0 and 1.5 m.

.72  EXTFRIMENTAL DETAILE AND DETERMINATION OF CRITICAL AND
OPFTIMUM CUTTING CONDITION OF CAST IRON
To determine the oritical cutting speed 50me pre-determined
speeds wore selected, whether they are critical or not. Total

nine cutting eonditions ak this four cutling speeds, Were



No. of Traverse | Diameter | Cutting RPMH Valosity (m/mind Length | Tool
Obserwvation | Length { mm} Time of Cut | flank
(cm) {minj) Selected | Actual Calculated | Actual {m} wear

m/c { tnm }
1 A 2.42 39.27 0.a7
2 146 50 2.42 25 97 .40 14,323 15,30 T78.54 o.01
3 24 2.40 117 .81 0.13
4 32 2.47 157 .08 .15
1 8 2.43 84 .40 Q.07
e 16 a2 2.45 95 85.27 24 .473 24 .80 128,80 g .09
3 24 2.43 183,20 o.11
4 32 2.45 257 .84 0.13
1 8 1.88 T2.2% 0.0D8
Z 16 92 i.87 118 121.7% 34 .105 35. 20 114.52 o.oe
3 Z4 1.87 216.78 a, 11
4 22 1.88 253,04 0,13
1 2 1,22 59,49 0.08
2 16 Filsi 1.23 185 t87.63 44,171 44 .80 119,38 0.12
3 24 i.22 179.07 0.15
A 3z 1.20 238,746 .17

Sample data shest-2 for turning Cast Iron at S = .32 mm/rev, Lt = 1.5 mm

he




Q3
Faor Cast iron
YV =z 1820mM/min
O Y =z 2590 m /min
D ¥ = 3550 m/min
o3 - A0y = 4550 m/min
E
£
=
‘ a4k
] ] ] ] ] t ] ]
0 100 200 300 00" 500 E00 700 BOO
_— Lo {m}

Fig.27 Relattonship between flank wear and length of cut gt S=00 mm/rev
t=05mm {experimental)
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For Cast iron
0.3 r
o Vv = 1500m/min
e V = 7620 m/min
0oy = 3670 m/min
v W = 4660 m/min
2 r
E
E
P
o1r
i L 1 | 1 1
0 100 200 300 400 R00 500

Fig-28 Relgtionship between

Flank wear and length of cut

ot S:02 mmsrev t =05 mm {experimental)
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hf[mm}

For Cast iren
03 F
e V¥V =1650m/min
o V : 2510 m/min
o ¥ o= 3640 m/min
b4 v o= 4540 m/min
02
oy P
] 1 L 1 1 | |
W] 100 200 100 £00 500 GO0

— = Lg {m}

Fig.29 Relationship between flank wear ond length of cut
ot S-032mm/irev t=05mm [experimental)
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Relationship hetween flank wear and length of cut

at S=02 mmZrev Yt =10mm {experimental)

h7

032+
Far Cast iron
e YV :15B0m/min
o W =z 2620m/min
o Y = 3650 m/m
x ¥V = 4650 m/min
02pF
E
‘E
= N
- ]
I ]
01 F
1 ] 1 1 1 1
0 100 200 00 &0 QG 600
—I-L{; {TTI}
Fl'g- 31



0.3+
For Cast iron
e Y = 1620m/min
0 Y = 26-B0 m/min
Oy - 3570 m/min
w W s A640 m/ min
0-2
e
c
<
01k
L | 1 1 1 i
0 100 200 300 400 500 500

L ()

Fig.32 Relationship between flank wear and length of cut at
Sz 032 mm/rev t=z10mm {experimental)
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—-——-—-hf[mm}

03k For Cast iron
e Y = 1450 o min
o Y o= 2510 mfmln
o ¥ = 3570 m/min
« V2 AL90 m/min
02
5
Oir
L I 1 1 1 1
0 J00 200 ang 400 500 00

Fig- 34 Relationship between flank wear and ‘length of cul al

S :-02 mmsirey telbmm lexperimental)
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hf{mm}

0.3 |-
Far Cast iron
e v - 1830 m/min
o ¥ = 2480 m/min
o ¥V = 3520 m/min
<« V = 4480 m/min
G2 |
4
| ]
-'..
a1
1 ] !, 1 1 1 )
0 o . 200 ! '300 600 500 600
— = L {m)

Fig3s Relationship between flank wear and length of cut ot

S =032 mm/irey

|

t = 1.5 mm {experimental)
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prerfotwed by Turndag cperalion in Lhe lalhe, ALLer every
Lnrning operal iom, Ll ool and Lhe chiip were carafully

aboe vad des Ll awiezroseo e

[ Lhis experimenl the pnocednre applied for slainloss sleel,
wits name. So Lhere ig oo nead fo1 delail denso iption {sawple
data sheet-21. The seleclod aspeed wore near abont 15, 25, 35
and A0 msmin. ,-'tr.[e*ll‘ caLelully observe The chips under the
mrevancope, The crilical onkting speads were fletermined. Here

fle chips were ot ol Jmnong, Lhey were britile.

The Lol alter evel ¥ Lurning aperating wvere observed under the
mict osenepe Lo determine ily Elank weal. AFteT medasuring ib,
[k wear va, cubbing lengbh oalyen were pLoLtﬂﬂljn Fig. 27,
SRS, %N, %1, M, 33, A & 350 Freom hesa graphs intensiky
ol Laod weag s Qi were calewlated, 311 of Lhe values ol h[r: are

Tialed in Tablo-d.

In Fig.36, 37, 348, 39, 40 & 11 yraphs weee platbed o3 1y, vs.
culbing spred four different scbs nl cutting conditions showing
intlnence of Cecd and Jdeplh of ont. Prom thab ocurves Lhe
opbimun raftiag speeds yvere delerpdned. In bhe optLlmum cutbing
cpeed, inlensily ol bool wear s owmindmam: The values ol bthe
Critical awd apl Lo cukving spereds are Tigled in Fable-3 & G

rhowing inllnence af feed and Jdeplhh ol ent respeclively.
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0.7

o
=

=
L

—
w

¥75 R

Intensity of tool wear hj,. x 10° (mm/m)
o]

o]
a

01

0 mmitev

02 mmirey

032 mm/irev

1 1 L
-:n_q' 35 . 25 35 (5
——» Cutting speed v (m/min)

Fig.96 Determination of optimum cutting speed of cast iron
keeping depth of cut constant at t =05 mm {experimental)
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{mm/m)

=3

Intensity of teol wear hy. x 10

07

0 S =01 mm~irex
0O 5 =02 mmirey
L, —

0% 632 mm/rev

G5

T

03t

02

01

.._JE,_..l i 1 1

0 15 25 35 L5

- Cutting speed v (m/min)

Fig 37 Determination of optimum cutting speed of cast 1ron
keeping depth of cut constant at t:10'mm [experimental)
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0.7

{mm/m]
o
o

3
&2
in

Intensity of tool wear hy. X 10
o
]

!
L

L]
Mt

01

i a S=z201mmsrey
0SS =02 mm/rev
0 S =032 mm/irey

1
—4’ l . ?,IS . 3%

0 15

— = Cutting speed v (m/min]

Fig. 38 Determination of optimum cutting speed of cast iron
keeping depth of cut constant at t-1bmm {experrmentq[}
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3

Intensity of tool wear heax 10" (mm/m]

0.7

05

0-5

- D4

03

02

01

= 05 mm

—

10 mm

- O O

t =15 mm

[ |

|
0 1% P25 35 45

—— = Cutting speed v {m/min}

Fig 39 Determination of optimum cutting speed of cast iron
keeping feed constont at S = 01mm/rev (experimental)
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07

1

(emm /m )
o
[y ]

-3
o
n

{J_{' L

3 -

Intensity of tool wear hte x 10

02

1 | L ]
o - 45

0 i5 25 1%

—=Cutlting speed v {m/min)

Fig. 40 Determination of optimum cutting speed of cast iron
keeping feed constant at 5:=02 mm/rev (experimental)
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(mm/m)

~3

hicx 10

Intensity of tool wear

07

06

0%

04

03

02

01

L "
ot = -5 mm

L a t=10mm
ot =15mm

- A -
) -

| t‘_‘" A

._¢ 1 1 1 1

0 15 25 35 45 -

— = Cutting speed v (m/min}
Fig 41 Determination of aptimum cutting speed of cast iren

keeping feed constant at 5 = 032 mm/rev {experimental)
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Favanedl 03 Velovily binlensily ! Frrd 1 Velority | Intensity
fminLd ee ) (Ao luall al oo ; SV ANGES) [Acbuall of tool
I deprle ol | dmimind wedr Dy, i and {mhining wear h
| cul, | foun s md ;dl—*|‘.l|.,fl o {mm/m}
) e, ot
1 {mm} '
16 an 0.764 = 107 | 16.90 0,778 x 107
25.90 0.670 x Lo~ 26.80 0.500 x 107
1l o (‘J_J B !}.‘1.!2
o= L% V6L 50 0,125 w108 L= 1.0 15,70 0.300 x 107
A6 .60 6.333 107 46.40 0.563 x 107
“ 1%L un 0. w307 15,90 0.318 x 107
h .0 g.400 % Lo 25.10 0.136 x 107
N 0,7 qo= 0.
o= 0.5 16,70 0.2%0 < 107 fE = 1.5 15.00 6.192 x 107!
16 .60 n.aus s Lo 16.40 4.333 x 107
| tean 6.688 « 107 11.%0 0.643 x 107
} A5 G.ann o« 107 | A5.710 n.zse x 107
5= 0.7 | 15 = 0.2
| ! a
TP TR B T B OO0 OO WAL WA 35.70 [ 0.273 x 107 |
| —
! i6.60 10600 o107 14,90 o364 x 107
7.0 aLaon o Lo0 i 15,30 0.699 « 107
95,30 0,208 x 10 24.80 0.313 x 107}
:1:[“]_] r::'D.._!l?p i
fn o= 1.0 154D n.1n6 o« 1070 F e = 1.5 35,80 {0.333 x 107
q% .10 VR I R i 441,00 0.484 x 107
I_— — — p—a—————
1500 YA JFV!I
LA an n.213 % 10"
N (P ———
I ? g0 n.an bn !y
- - ——_—— ._..1
! A6.50 Ln.a33 o Lot ]
I i r B |
Tabilm - 4 Delormined values of Ly, [or varions Teeds and depth

nl enls in Lorning Cask
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Thopel Iy Flowael Criliecal | Opl imm Diamecter | Corlen-
1ol cut, fww et ol oy Pl iy {1 poncing
i (R ETITTE ! cpred, speed, Trm
! Vl' ) I\"L'I: .

fmdmin} fnifmind
n. | wn-ds 1 56,0 6. 0 185
oo 0.2 3540 365 62.5 185
1 r
0.3z REE A0 B0.0 9%
: L | 45-4% 35 .10 60.0 185
I 0.2 1 35.9 60.0 185
[l 1
! 0.32 | 25-25 35.0 60.0 185
| Lo b 6.0 7.0 95
| N 25-45 25. 0 84.0 9%
I ! —T
/ I 25.0 A4.0 a5
Tabile- U o Valnes of different critical & oplimum

el b ing specdn ol Casl Tron shodng

infFinenee ol [eed,
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= - - -
Y Toed, B | el !rjxll.in-LI it L Niamebter | Covres-
I Cmm /e inl enl, il inyg CnkEng {mn} ponding
[ I {umt sl gloed, PN
! I .- -
i | P , oy
L RLFATRY. (m/mir
1
L 3-45 36 .0 62.0 185
0 I I 35-475 45,0 60.0 185
[ 3 5 20,0 Bv.o 95
! 0.0 - N1 G2.0 184
Iony | .4 W1 35.0 60.0 185
;' N 75-3% | as.0 g4.0 95
.0 f 35 255 85.5 . 95
;I fi, 20 E 1.0 2070 45,0 G{.0 if8h
| ] 1.5 25 5.0 84.0 95

Tahle-0 Values ol oritical
ol Casl Tron showing ialluence of dephth
el el

FEPERTMENTAL RUIGULE AND CONCTIGTON

Al SenL), 0.2, 0.0% awmdrev. e oab conslant depth of oot
=005 mm, e e i Pical cubling ﬂpﬁ?ﬂﬁ of cast lron wore [ownd
A%-4A%, 3%-4% amnd YW owSmin. lthe same calues o at =10 mm

3T 1%, 7%, 2YS-10 omAmin and ar =100 e oare Vh, A0L=35 anc
mAmin. Lt is elear Trrom Lhe above resallsg that there s
cfCoct el feed it critical cwtying spead, T0 deereases

Ehe inurrase of [ear,

7l

and opbimmn cukting speed

arm

With



The abmvie genndlle otan I.n'; e laitnrel i Ll way Lhiab al cleplh of
e, L=0LS, 1.6 and T0% wm, Lhe ceitical culbing specds ab
a0 ] At aLle Sh=d%, A5 1% and 3% wAwin. The same at 6=0.2
mmd ey, altr 33-A%, 3%, 2%-3% apd at G=0.73 mmS ey, are 2D, A%-
A% and WS o wSmin. The off{rel af fdeplh of ook i crilical

el Lty sperd is clear Trom Hhe above jesulls. [ deccease by

the dnernase of ddepbh ol ol

Ties aplimmm el Ling spoeeds ol o easl iron at §=0.1, 0.2 and .32
i rev. atd at depth o of oul, t=0.% mmoare 6.0, 36.0 and 25.5
mAmin. These valte: al, F=3.0 g are 25,0, 35,0, and 35.0 m/min
rerpolively and ab t=L.0 mm are 6.0, 25.0 and 25.0 wm/min.
Fespeelively. 1t can be concinded from tho above resalls that
ol Facl af Jaedl is smaller than Bhal af deplh of cut an mptliimll'ﬂ
el i spesd, The salue ol oplimom onlLing speeds at £=0.5,
1.0 and 1% mm o ol 3=0.§F meSreov, are 36.0, 35,0 and 26.0
mAmin, These values ab 0.2 mnfrov. are 6.0, 35.0, 25,0 and at
G030 mS ey are 2005, 360 and 2500 mAuin,. recpectively. 1t

ahignes bhat fhere dq an eoffecl  of ceplh of out dn opd ionuw

el ling spoeed.
Fiomn e aliove pesuall it can o lan Be oo Inded Chal bor single

et e Lool, optimmm cnurting spesd ds 0 less o egual  to

cr Lt beal el Ding e,

7e



CIITATTER TTIVE
ECONOMIC ANALYSIS OF TURNING

. HBSTATNLESS STEEL AND
CAST TRON

THEORY

Economic analysis of turning stainless steel and cast iron
were performed in three cutting conditions. Though, there are
several machining operations for drawing roller, here in this
experiment, turning cperallion was used. We know from previous
investigalions and analysis that cost per piece depends on

cutling speed, feed and depth of cut and flank wear. Depth of

cut influence the machining time. 'The f{lank wear inlluence

tool grinding time, because maximum permissible wear is 0.8

amim. Bub in this experiwent, tool was regrinded before 0.22 mm
(maximum] of wear. ool changing time, cutting time also
influence the production cosh per piece.

The maost commotly used formula used here for  economic

ahalysis, is.,

Cp = G + 0 Cie + Cyy + Cyy
Here, (ﬁ = Tolal cost per piece
¢, = Machining cost
C;p = Tle rost:
Cie = Tool changing oost :
Cpy *+ €y = Tool cost per plece.



The nhmﬁe terms can be 1llustralerd as follows:

Machining cost,

c,o= M. T, ¥ = Machine & operator rate

T, = Machining time

Tdle rost,

CI = M.TI T! = Idle time

Tool changing cout,

-

Nt= Wo. of tool

Maximum wear Yor topld life
Tool wear after operation

N, =

t,4 = Teol changing and resetting time

Tool cost per pliece,

Clﬂ] + ':Llj = Ntf’rNbcCt {:; = t-UD] CUEL I}EI‘ gI‘iI‘lﬂ.

1t was assumed thal Lhe bars weie sbached near the machine

Feady bto be grasped hy bthe aperalol.

For to determine tool gurinding cost, the number eof grinds

possible must be determined. This can be done as follows:
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e Lig. shows the porlion of a tonl with flank wear of amcunt
]”. Considering a small peortion A to be ground off Legether
with hfajn w and "Q' e the limiling amount of portion which
ran be ground-off before a tool is nfeless [or its present

purpose, lhe regrinds possible is

i, sina + A D.8 » ginin® + 0,075 (Iel)

o = 0 _ 9.5 -~ 2,5

vee wv+ [From table T}

~ 233 Himes

The valuc of 133 Limesn of vregrinding ls fotr stainless steel.

attdl for cast ii1an 1t is

T.5 - 2.3

o= - « 33 1 fmes ... [From table 7]
U.5 3in 107 + 0.0N75
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5.

coaT OF GCRINDEING

ffost of grinding a tool is (From table 7).
= Machining cost + Direct labour cost + Tndirect labour cost

Th.42.96 x 7/60 + Tk.10.00 = 7/60 + TK.56 x 7/60

Th.12.714

Tool depreciation per grind {(For stainless stecl)

Tool cost
Tatal no. of regrinds

120

= Tk, =— = 7k. 3.63
33
Yool depreciation (For casl iron)
_ . 130
= tk. =2Y - ko522
23 ?

Therefore Total Lool cost per grinding is (C}

I'oprr stainless _steel

¢, = gyrinding cost + Depreciation cosl

Tk.12.7%1 + Tk.3.03

Tik.16.34

/6



For cast _iron

C{ = Tk.12.71 + Tk.,5.22
= Tk.17.93
For both cases,
Machine and operator rate

M = Machine cost + Direct labour cost + indirect tabeor cost

Tk.42.%68/hr. + Tk.10.00/hr. + 56,00/hr,

Tk.108.96

some data of BMTF were rsused in this experiment {(Table-7).

These data were used by Mr. Sankar ROy in his HM.Sc. thesis

wark,

COST ANALYSIS FOR STAINLESS STEEL

Turning of depth of cut of 1.5 mm can be performed by the

fallowing three ways:

il By kurning in 1 pass {cut)
Turning_at, ¥ o= 25.5 m/min
2 =

0.1 mm/rav.
t = 1.5 mm.
ii] By turning in 2 passeés {cuts)

15t turning at

¥ = 25.0 m/min
g = 0.32 mm/rev.
t = 1.0 mm.

T



and then at

¥ = 25.5 m/min
5 = 0.2 mmfrev.
E = 0.5 mm.

iii} By turning in 3 passes (cuts}

Each of which are at

¥ = 25.8 m/min
5 = 0.2 mmfrev.
t = 0.5 mm.

5.3.1 Cost for Cutting according to Condition-1

. . L
Actual turning time =
d s N
- 900 [From table-2, N = 95 rpm]
G.1 = 9%
= 54,74 min.
Idle time, t; = 40 mins.
Toal wear
0.14 % 94.74 _ o &2 mo.

25.85

Uy = 0.14 mm after turning, 25.65 min. ]

TE



Tool life = 2.8 X25.65 _ 4,5 57 min.

0.14

Each tool will produce before ragrind.

Now, Ny = 0.8 . 1.54 pieres.
‘ 0.52
N,
g ot = _L - g3
Ny, 1.54

NowW,
GI = HtI = Thk.108.95 = 40/60 = Tk.72.64
Cr“ = |'~"|.1:.r= = Tk,.i10B.86 x 94.74/60 = Tk.172.056
th— H'NEINI}'t‘{:E = Tk.10R.96 » 0O.65 x 3/8B0
= Tk.3.54
Ctg + Ctd = NEKNb.Gt = Tk.0.65 = i6.34

= Tk. 10.821

Therafare Total cost per piece

CZCI+C + C,.  + C
m e

i + Ctd

tg
Tk.72.64 + Tk,172.05 + Tk.3.54 + Tk.10.62

Tk.258.856
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Therefore total cost for turning of 500 pieces of drawing

rollers

Cp ¥ BOD

1

Tk.25A8,.85 x 500

Tk.1,29,425.

5.3.2 Cost for cutting according to cutting condition-2

Adctual turning time,

a00

For rough cut

For finish cut, time

Total actual turning

Since, Z-passas were

Therefore total

Machining time, t

Idle time,

s.N n.3z x 185

.2 min {From table-2, N = 185 rpm]

L _ 900
s.N 0.2 x 95

.37 min {From table-2, N = 25 rpml

time = (15.20 + 47.37) min, = B2.57 min.

used, so auxiliary cutting time = 2 min.

{62.57 + 2) min.

64.57 min,

1

40 mins.

iy
1

g0



Too]l wear during rough cut © - 0.22 x 15.20 ma = 0.37 mm.

2.1

' [Tool wear = 0.22 mm after turning 2.1 min.]

During finish cut - ©.09 x 47.37 pp o= 0.23 mm.

15.5

[Tool wear = 0,08 mm after turning 18.5 mini

{n.37 + 0.23) mm

Total tool wear

D.60 mm

Tool 1ife for rough cut =

= 33.09 min-
0.22
Taaol tife for finish cut = U'EGXG;B'E = 154 .44 min.
Therefore, N, = 0.80 . 1.23 nieres
0.&60

N
Tharefora, X = L = 7.7h

N, 1.33

Now, ¢ = Tk.108.96 x 20 = Thk.72.64

a1



C. = Tk.108.96 x 15%%31 = Tk.117.26

O = TK.108.96 X D.75 X é% = Tk.4.08B6

e

Cog * Cog = 0.75 % 16.34 = Tk.12.26

T = Tk.72.64 4+ Tk.117.26 + Tk.4.086 + Tk.12.26

= Tk,206.70

Total cost for turning of EOO pieces

Gp x 500 = Tk.206.70 x 500

Tk.1,03,352

5.3.2 Cost Calculation for cutting Condition-3

Here, 3-passes were used, so taking auxiliary cutting time =

3 mins.

500

— 2 — — ¥ 3 min. = 142.11 min.
0.2 % 95

Actual turning time =

[From table-2, N = 95 rpm]
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Total turning {machining) time = 142.11 + 3 = 145.11 min.

Tool wear during operation = 0.12 ® 145.11 . = 1.08 mm.

l6.1

[Tocl wear = ©.12 mm after turning 16.1 min].

0.8

= . = 0.74 plecas
Ny 1.08 P
1 -
N/ = o573 = 132
Now, C; = M.t; = Tk.108.86 x 40/60 = Tk.72.64
c, = M.t, = Tk.108.96 x 145.11/60 = Tk.263.52
Cpp = M.-N/Ny.ty = Tk.108.96 x 1.35 x 3/60 = Tk.TI.EE

Gtﬂ+ctd = Nt,.-"'Nh.Ct = Tk.1.36 » 16.34 = Tk.22_056

Therefore, Cn = CI + Cn + Gy, *+ CH + Cm

- TK.72.64 + TK.263.52 + Tk.7.35 + Tk.22.06

= Tk.365.57

Therefore, cost of turning of 500 pieces of drawing roller is,

[t

Cq] x 500

Tk.365.57 x 500

k]

Tk.31,82,785

B3



5.4 COST AMALYSIS FOR CAST IRON

For coet analysis of cast iron three turning of depth of cut

of 1.5 mm can be performed by the following three ways:

i) By turning in 1 pass {cuts)
Hare the cutting condition and r.p.m. are:
Vo= 25.0 m/min

= 0.2 mm/rev,

t. 1.5 mm

ii) . By turning in 2 passes

1st, ¥ = 35.0 m/min énd ¥ = 36.5 m/min
5 = 0.32 mm/reav. S =0.2 mmfrey,
t = 1.0 mm. t = 0.5 mm.

111} By turning in 3 pasees

Each cut will be at,

¥ = 258.B mfmin
5 = 0.32 mmfrewv,
t = 0.5 mm.

§.4.1 Determination of cost according to condition-1

Here 1 pass was used

-
FF

S50, Actual turning time =
s.N

g4



400

- _ min = 47.37min. [From table-5, N = 25 rpm]
0.2 x 895
Idle time, t; = 40 mins. {Table-7)
Tool changing time accerding to Table-7 is, t, = 3 mins.
During turning, tool wear = 0.16 x 47.37 _ ¢.48 mm.

16.5

(From expariment, hy = 0.16 mm after turning 16.5 min)

Toot 1ife = Q-8 % 18:5 _ g5 5 mins.
0.16
0.8
Mow MW, = = 1,74 pieres -
¥ 0. 46 ol
Mo . .
et = .2 - 0.575, since one tool is used so N, = 1
N, 1.74
Mow,
CI = Idle cost = H.tl =, tk.168.26 x 40760 = Tk.72.64
C, = Hachining cost = I'-‘lr.t’1 = Tk.10B.86 %X 47.37/60 = Tk.86.02

i

B



- " ‘ _ rc
Gy, = Tool changing cost = Hja ¥

= Tk. 10B8.96 x 0.575 x 3/60
= Tk.3.33

ChgtCrg = My/Ny x €y = 0.575 x 17.93 = Tk.10.31

Therefore, Total cost per pisce

P Cr g

Tk.72.64 + Tk.86.02 + Tk.3.13 + Tk.10.231

C

1

+Cm+ctc+ct +Ctd

Tk.172.10

For drawing 500 pieces of cast irocn bar,

cost is needead

Cp x 500

T.172.10 = 500

1

Th.&6,080
5.4.2 Cost calculation for cutting condition-2

Here ?-passees were used. So auxiliary cutting Lime is taken 2 mins.

Actual turning time,

28



For roudgh cub

2 Lo - 200 = 15.2imin.

E.N N.32 » 185

For finish cut = L. 200
F.N 0.2 % 185

= 24,32 nin.

N = $85 rpm]

[From table-5,

H = 185 rpm]

[From table-5,

Therefore, Total turning time = (15.21 + 24.32) mins.

= 39.53 mins.

Total actual turning (machining time)

41.52 mins,

= {(29.53 + 2) mins

Tool wear

0.28 x 15.21

Curing rough cut, = = 0.7 mm.
5.60

U” = 0.28 mm after turning 5.60 min]

During finish cut, = 0,16 x 24,32 0.47 mm.

B.40

[hf = 5.16 mm after turning 8.30 min]

BT



Therefore Total tool wear = (0,76 + 0.47) mm = 1.23 mm.

Tool life for rough cut G.Eﬂx?g.ﬁﬂ = 16.00 min.

&,.8 x B.30
0.le

= 41.5 min.

Tool life for finish cut

How, Ny = 0.8/1.23 =0.65 pieces

and Ny/Ny = 1/0.65 = 1.54 (since, N, = t}

Now,
Cy = Idle cost = M.t; = Tk.108.96 x 40/60
= T2.64
o = Machining cost = M.t = Tk.108.96 x 41.53/60
= TK.76.42
C,, = Toot changing cost = M.NG /Ny Xty
= Tk.108.96 x 1.54 % 3/60
= B.39
Crg + G,y = Tool cost per piece = NJ/Ny x C;

1.54 » Tk.,17.83

Ll

Tk,27.61

Therefore, total cost per piece,

Coo = Gt GG Y&

p + Gy

g
Tk.72.64 + Tk.75.42 + Tk.8.3% + Tk.27.61 = Tk,184.06

It
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For drawing 500 pieces Lotal cost

Tk.184,06 » 500

Tk.92,030.00

5.4.3 Determination of cost according condition-3

Hera 3 cuts were used, and therefore auxilfary cotting time was 3 min

Actual turning time

900 ,
= . = e . F table-5, H = 95 rpm
S.N”3 0_32K95x3m.m3 {From tabla pm]

BB.BZ mins.

Total turning {machining)} time {ag.82 + 3) mins.

11

91.B2 mins.

5%



Table - 7

tome Records of work Material, Toel Material,
Working Conditions and some data of B.M.T.F.

i) Length of bar {stainless steel & cast iron)
drawn

ii) Job lopading & unloading time
{centering, tool approach & engage Lime
also included) idie time =
1111 Tocl changing & resetting time, = t, =
ivl Tool grinding time =
v Auxiliary cutting time/cut =

vi] Carbide tip size =

This tip was reased for cast iron
Then the size was =

From BMTF _Data (Previous thesis by Sankar Roy]

Machine rate & overhead =
Direct labour rate & overhead =

Administrative overhead =
fTndirect tabour)

830

S00 mm

40 mins.

2 mins.

7 mins.

1 min.

Q. 5mm

7.omm

Th.42
Tk.10

Tk.E6

x 24 mm

¥ 20 mm

.88/hr.
.00/ hr,

.oo/fhr.



Idle time = 40 mins. {(Table-7}

Tool changing time, t, = 3 mins.

0.14 x EE'EEHHJ=.1.29 mm.

Tool wear during operation =
9 ©op 9.67

Hy = 0.14 mm after turning 9.67 minl

Tool life, T = c.8 x]g'ﬁ?min. = £§5,.26 min.

0.1l4

Now N, = 0.8/1.29 = 0.62 pieces

Therefore, M /H, = 1/0,82= 1.61, since no. of teol = 1. -

To determine the wvalue of cost per piece, the cost components are

calculated as follows:-—

o = Idle cost = M.t; = Tk.10B.96 X 40/60
= Tk.72.54

c, = Machining cost = H.L, = Tk,108.96 ® 91.82/60
= Tk.166.75

Cre = Tool changing cost, = H.HtIHh % by

= Tk.10B.96 x 1.61 x 3/60
= Tk.B.77
Cpg + Cyy = Teel cost per piece = Ntfﬂh x Gy

= 1.81 x Tk.17.83 = Tk.28.87

g1



5.5

5.6.1

Therefore, total cost per piece,

- Tk.77.684 4 Tk.166.75 + Tk.8.77 + Tk.28.87 ﬁ
= Tk.277.03

Therefore, Total cost for turning of 500 pieces of drawing rotiler,

= Gp ¥ BOD

= Tk.277.03 x b0O0

= Tk.1,38,515.00

RESULTS & RECOMMENDATION

From the previous cost calculation of both stainiess steel & cast iro

for the three condition a comparative study can be dohe as follows:

For Stainless Steel

For production of 500 pieces, of drawing roller

At condition-t Total cost = Tk.1,729,425.00

At condition—2 Total eost = Tk.1,03,352.00

At condition-3 Total cost = Tk.1,82,785.00
92



It is clear from the above three figures, that the cost for drawing 500

stainless steal roilers is minimum for condition-2.

From condition—-1, it is Tless

Thk.1,29,425 - Tk.1,03,352.00

H

Tk.26,073

From condition—-2, it is less

= Tk.1,82,785 - Tk.1,03,35%2.00

Tk.79,433.00

Therefaore condition-2, is the economically advantageous from thae other
two conditions. So it is recommended for turning operatien of the sol1d
bar.

So, the recommended cutting condition is,

"al For traough cut, ¥ o= 3B m/min
5 = (.32 mm/frev.
t = 1.0 mm,
b} For final cut, ¥ = 25.5 m/min
& = 0.2 mm/rev.
t = 0.5 mm
a3



6.5.2 For cast iron

For drawing roller (turning operatin) of 500 pieces of cast iron,

At condition-1 Total cost = TKk.B6,050.00

At condition-2 Total cost Tk.82,030.00

AL condition-3 Total cost Tk.1,38,615.00

It is clear from the above three figures that the cost at condition-1 is

minimum than the other two cases,

It iz less,

11

from condition=2 Tk.32,030.00 - Tk.86,050.00
= Tk.5,980.00

Tk.1,38,5156.00 - Tk.86,050.00

from condition-3

= Tk.52,465.00

Therefare, condition-1 is recommended and is ecchomically advantageous

from the other two cases.

30 the recommended cutting condition s,

¥ = 25.0 m/min

I
1]

0.2 mm/rewv.

t = 1.5 mm.

g4



CHAPTER — SIX

DISCUSSION, CONCLUSION EZ
FUTURE RECOMMENDATION

DISCUSSION

By determining the optimum cutting speed and then by economic
analysis, the most economic cutting conditions for drawing
rollers of stainless stesl and cast iron have been determined,

This method enable us to select the most aconomic cutting

condition.

This experiment may act as a guide line for Targe no, of
production at various cutting conditions with no. of t$c1s and
work materiat. Here in this experiment only one tool is used
ahid two workpieces were used. This method can be applied to
many =mall and large 1industriss where metal cutting is
involved. Because the method te detsrmine the optimum cutting
conditions and cast analysis 15 not so complex, that adequate
technical knowledges and expensive instruments 16 needed,
Rather, it 1is necessary to use this technique or other
techniques to fulfil the objective. Because, metal cutting
process and other machining processes by thumb-rules or by
previous technical data can decrease the quatlity of work as
woll as effect the sost. The test results and sexperimental

work will encourage the industrial sector for the development

of future planning.



Due Lo various limitatichs of experimental facilities, there
may be some variations during the application of the process
in the practical field, Within its various limitations, it is
hoped that the experimental investigation has shalyzed some

aspects of ocptimum cutting condition,

Stainless steel and cast iron are always used in smeall and
large industries for metal cutting purpose. 5o selection of

Lhese two metels are justified. Similar method can also be

applied to other metals.
CONCLUSION

From the experimsntal results and anatysis, it can  be

concluded that -

al For single carbhide toolf{used in this experiment} optimum
cutting speed, vm is Jess or equal to critical cutting

speed, Ve

bl Critical cutting is that speed, where, few traces of
unstable BUE appear on ar just disappear from the rake
side of the chipﬁ

cl Far single carbide tﬁﬂ1, the Yap is explained by
pu1§ation type Dflchip—tno1 contact process in the range

of cutting speed just before Vo
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d] Increase of feed and depth of cut decreases the critical
cutting speeds of both stainless steel and cast iron.
el For drawing reoller of stainieas steel bar the most

economic cutting condition is,

For_ rough cut For finish cut
¥ = 2E.0 m/min Y = 2E.E m/min
S = 0.32 mmfrev, 5 = 0.2 mmirev.

t = 1.0 mm L = 0.5 mm.

s#nd for cast iron, the most economic cutting condition s

¥ = 2E.0 m/min
S = 0.2 mmfrev
t = 1.5 mm.

FUTURE RECOMMEMDATIONS

This expariment was performed by cemented carbide tool of type
BK8 which conhtains Co.8% and rest Wc. This is a single carbide
tool. Though only one type of tool is used, so there is no
scope to compare the process with othar type of tips.
Performing the experiment with various grades of tools, will

give a more clear idea.

Hare nickel chromium steel was used. Although the results
contirms the theorelical values, though there remains scope of

further study by changing the compcsition of work material.

a7



The tool geameﬁry used were const. for the two work material
throughout the experiment. This was done Lo avoid compiexity.
Bacause nine sets of feeds and depth of cuts ware sealected &
alao four speeds were selected from previcus experimental
inveestigation. Changing tool geometry with +this cutting
condition could tengthen the procedure and make it complex.
8o, there remains a scope of further study by changing the

values of the tool gesometry.

cutting fluid was aveided during the experiment. It has
cansiderable effect on turning operation, So, there is a
chance to use cutting fluid, to cbserve, that how the values

vary from the experimental results.

The pattern of the graphs in varying situations will be more
or less same. Further investigations in this field will be
helpful to compare these results with those obtained imn the

real production situation.

The wvalues of depth of cut were selected low. This and the

values of feed can bes changed to psrform tha aexpariment.
Further researches and experiments in this field by varying

various cutting conditions, work material, teool material, will

enahle to find a more economic cutting condition.
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