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ABSTRACT

In metal cutting processes for economic machining, the selection of

various cutting variables, to'll geometry and cutting tools play an

important role. The know how of selecting appropriate tool geometry

and clltt.'ing conditions for various application is 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 stainless

s'teel and cast iron.The experimental results may,act as guide

lines for selecting optimum cutting conditions for other

combinations Of work and tool materials.
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CHAPTER ONE

INTRODUCTION
AND LITERATURE SURVEY

1 _1 INTRODUCTION

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 economical

method of manufacturing. This may be accompl ished by

considering all feasible manufacturing methods and selecting

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 able to

manufacture it at a suffici~ntly low cost. The design should

be such that each component part should be manufactured at the

constant possible cost. When a new product is assigned to the

manufacturing department for production, it is necessary to

select the manufacturing method which actually will be used

for it. If the design 18 good enough, the manufacturing

department should have little difficulty in selecting most

suitable manufacturing method.
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In our 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 demand of

our country. But shortage of technical knowledge is one of the

main problems in these sectors. In most of our factories, the

workers as well as many engineers use thumb rules. They don't

think about accuracy, optimization and quality. This is due to

the lack of their technical know-how and shortage of technical

facilities. There is absence of adequate ideas about the

influence of feed, depth of cut, tool geometry etc. on the

cutting speed and also on cutting tool. In practice, the

values of the metal cut~ing variables are determined either by

mere experience of the machine tool operators or selected from

the ava; lable out dated handbooks. It results in low

production rate and high machining cost. This is not desirable

for the factory. It is our concern to improve this situation.

Economic machining is primarily based on the selection of

different cutting variables and tool geometry. These are the

governing factors in metal cutting process.

Cutting tools selection 1also play vital role io metal

cutting operations. For cutting"cast iron, stainless steel,

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

wear resistant.
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The purpose of this report is therefore to give an idea how to

overcome this undesirable situation by studying the metal

cutting processes of different work materials with various

cutting variables. Experiences gained over the years have led

to the determination of the guidelines and empirical formulae

for choosing the optimum cutting conditions for a given

turning operation. This work attempts to present a simple

method of selecting optimum metal cutting conditions during

turning operation. It does not require special or costly

equ i pments.

1.2 LITERATURE SURVEY

Metal cutting has a great importance, so many research works

in this f'ield has already been carried out. But. most of the

important fundamental theories have been developed only during

the pas~ three or four decades.

In 1873, H. Treseall],

cutting. After that, A.

conducted research works on metal

Mal10ckl2] worked on the metal cutting

,
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processes. His cont.ributions l>'erA made toward understanding

the metal r;utting process by dCJtRrm.lning cutting forces and

the effects of tool goometr':, and cutting environments. The

eff"ct of temp. on tool life were developed by F.W. 'I'aylor!]1

by ~everal exp"rimentEJ in 19()7. This was published in his book

"'~'ll the art of cutting metals". From 1907 to 1925,

empirical formula and daLa were developed.

many

III 1935 ll,Ernst and ~1. ~lart()llott,i[il in theil" work "The

form"tion of bui It-up f'd<J(>" confirmed the role 0:[ the built-up

edge in metal ('llLting. They also presented their th",Qries on

tile m,=,chanj(;s of it~ form~tion and breaking off and its effect

on tool temperature and on the surf,,,,,, finil;h of the machined

part. Th" "ffeet of tool geOffif'try, temperature, chip

formation, surface finish, cui ting thread on the metal cutting

process "'<IS also ('xplid ..J)ed lJy them. Ac:tually fundamental

r"sp."rclles on- the metill cutting ffif'chanisnl has been continued

~iJl(:'~J 930.

In m"tal cutting process accuracy, "ptimization has a vital

role. This •.'i1S not cOllsiflered ilJ the previous researches. Many

of the pl "cesses ",oro don" by thumb-rule, rather than

sci"ntific metllOd. TI1P.customary methods ",sed in various metal

cutting processes, ",sing thumb rul"s must be repl,ll:ed by

scientific ffielbods' this re,d i.7.ation had begun in 1950,

Demand in met"l cutting Cllanges continuously better surface

4



finish, higher ratos of pJ:'o(l""tion, economic production 'had

become unoer (~onsideration. Si.n"e then extensive developments

in metal cutting had lweI! carried away. In the very near

future, it is necessary to fulfil tile requirements.

Many reseilrches wer", dOlle on the too] w",ar. Many reports have

been presented by man~' researchers on the tool life test,

testing metnod, wear process of the cutting tuol, vibration

etc. For cemented carbide tool, Merchant, Ernst and

KrabacherlSI prpsented a scientif.ic method of tool life,

testing. T.N. Laladzeel,l o[ USSRprosented iI well recognized

theory or chip formation dur ing metal cutting process in 1952.

Mechanica] "ollsideration during metal cutting also developed

by Zorf'vPI ill the same y",ar.

Optimum ('lltLill,!, <condition ,,'ith respect to minimum production

"ost \.las considered aft"'r the year 1950. Various development

,,'en' done on the opti,"ll"l mdchinina variablf's. Here machining

cost, tooJ rost wl,iell 'are thE: functi.on of pLolluction cost,

also considered. R",Jatjoll o[ coefficient of cbip shrinkage

with "utting [orl'es, also doveloped by Rozenberg. Eremin and

RoZ~nbergl!j carried out experimf'nts all basic metal cutting

principl",c: and f'stab] j shed a relationship hetween metal

cutting theory ami machining variilbles. The role of tool wear

'in the optimi"ati,Oll o[ metal eutting procf"ss weLe presented by

Laladze. Clushin[9l, a scielllisl: of USSRin his research 'Metal

5
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cutting proress' also confirmed the effect of tool wear for

optimizatioll process. For maximum production rate, basic

turning o[Jeratioll Lo optimize the cutting variables, was

performed by Bre"ierll~l. He developed that the production time.

depends on the machining time, idle time etc. Also Makarov1ll]

had c<lrried out some inl'estigations on tool wear and

optimization of mE'taJ cutting process. Another economic

analysis was done by Armerego and Russellll] in 1966. 'They

showed that tool cost and idle time influence the maximum

profit. They used maXi~1l1mprofit rate as an objective function

for op~imizing machining variiJ.bles.

'In th •• researcl, h'ork "Development of the science of metal

cutting" by Zorev, Gronovsky, 'fritiakov and Larinall31, shoh'ed

the mechanirs 01 m0tal cutting. For optimum cutting condition,

restrictions were also cunsidered by Bckeslll]. In thl s method,

Lhe objecti,-e h'as only the production r,,-te. This method was

modified by Basull,] in tJle Game ye,1(. A matheloatical Dlt)del for

calculatinq the cutting condition dudng turning operation was

developed by Eljorkcll,] .in 1,ls papeL" "Mathematical Models for

calculation of cutting Datd in Rough 1'llTning."

For cemented ciJ.l;bide Lool the relationship bct",'een chip-tool

ronlact process dnd tool ,",eal' in the metal cutting process was

<le<'eloped by Talantovl111 in 1969. The chip-tool contact process

is ill] important factor in dJlp formation and .it is one of the

G
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most significant factors for determining the process of tool

wear. Later, several researches was done on it and the

equation to determine critical cutting speed, was also

developed by Nadai, resistance of metal during cutting also

explained by I.A. Time. In 1978, in the research work

"Influence of cutting speed on different characteristics of

Cheriomoshnikov

metal cutting process and tool wear

and Kurchenco[IB] showed the

by Talantov,

relationship

between cutting speed, metal cutting process and tool life.

The fundamental theory for the optimization of metal cutting

process a1so deve loped by BabrovlllJ.

All of these research works by many scientists and researchers

had developed this field. By the series of experiments and

analysis in these years, various factors which influence the

metal cutting process had come under consideration on the

bas'is of the earlier progress in optimizing the metal cutting

process, this paper attempts to present a method of selecting

optimum metal cutting conditions during turning operation.

Works in this field for the development of the theory of metal

cutting and their problems have been listed in this chapter.

Thus the objectives of the present work are set on the basis

earlier developments in this field and are discussed in, the

following section.

7



1.3 AIMS AND OBJECTIVES 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 steel

with cemented carbide tool.

ii) To determine the cutting speeds,at which intesity

of tool wear is minimum in turning cast iron with

cemented carbide tool.

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

cutting speed corresponding to minimum tool wear.

iv) To conduct an economic analysis to select the

cutting conditions for a particular work piece.



CH.7\.P'.f'EH TWO

G 1::Nl': [{A,L TI-IEOH Y

7.1 '1'lmORY

1"'''"1 I:II'~ "''''IUf'''''\I''ltI~_J I,,)illt, cJf VIPh', pruduction CLlst~,

produGt i ,'11 r" I",,; <owl pl'n (i' hiJv,-, the lJt eat i,mport"-JlcP ,luring

1IlclClli,lIilllJ. 11111'iln~lY~'l" ()I 1.1"';;(' 1[01"'" t~rm~ ilr" 1101' l'",;siblc

"I 'J I.im,' f,,]' r")l1l)'.1,,:-il,\' ,io, it i,0 '-'15(' I." use oilly one

"I)jI'r:I iI'" critu'i(ll1, ',1,,"""<1:1'1,:"mjnillllll1lcost Cljtp,.jull.

111<>I'r>fo]'r:,'-"'''''''lll.I(' "lIltll"J c0nclitjnn SiHlll.1d I••, detEH'IILlned.

['()l'" '-'-";('11 m,JI"l'L.\l ,)]1(1',0(1j, t.hr, r",,.I[i,~li')Il,; nf fe'crl, (l"'l'l:h

or ,-,"t, .Sl-'~,,(l, <;\1LI';"'t jO[r:':: (d'; [uncl:j"l1 of [Jo,,'er) and

n\11f,we f;lli>;I, \-,'jll 1)(' th,c p'stric1'iv,,, cril."",;"" 1.0 clct01"mine

Lll" optilnlJlIl ';\lttjng (,oll,:ljl i'lil.

2.2 Cul:l:i"'J Tu',1 MAtCI'jiLI

To 11"'11'1mi ;L" I II" "pi ,i,illllH '_HI I iWJ ,.ollrlj I'j Otl, c",m",n!.e,l {'iu'bidc

1IIPL",I 11lI'(I\'. Til"

,:" r1" ,i ,le""

pri]wiL)"i,

dt." .iniLi',ll" fonnf'c1 by powder

"iirblC1r- JH t'\lWjHlpti ""II,i(10, all,1
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carbide. TheRP c<a"bide pow<Jr~rs arE" mixed wji"h a powder of

cobalt or ll,icl(")l, whi"h serves ,is the binder. Carhide tool

bits ilt") extre[llely hard "ild som",",)'''!: britt]". To get I"ure

sho"l, t'esistanc: ••, GODlehardness mrlYbe sacrificed. 'l'his may

done by vClrying t.be composi.til)n, such as Ihe amount of binder.

This malerial is ,T:eJativ"ly hiLJh in co~l., but 1.00,1bits made,
of it X''2l11iLincffe<:l:i\'e at eX(~"l--'t1onally 111yh cutt.i.ng speeds.

ThllR lliei' remOVE'metal X'<lpidly and p.-t"luce ex(.ellent surface

R",oothne5R DlL the w(H'I(. This toul bits ,-"'LLlain ef[e~tive

longer. 'fl1,is tool b,iLs Lan he sharpened by grinding with fil1e

abrasive grains.

2.3 CoeI.ficient u1 Ch-ip Contraction

H<'re,
B • Shear angle

Shear " • R,.,lief angle
plane

W/P (-i-~(
( • Rake angle

C • 'fhiekness o(

chip

" • Th,ickness of

metal being

remov"d

1 • Shear plane

1eTl9th
Tool

F19.1 Coefficil'nt of chip contrd(;l,iotl

10



Coefficient of "hip contral;t.lOJl, k is a value aull is expr"'ssed

as,

k ' Thickness of chip
Thickness of metal beiIJ~ ~emoved

From the fig.,

k = h = 1 cos{y-Pl
a 1 sin P = 'Cos(y-Pl

sin P

Tll'3 ia"tuJ"s which cff"cLs Oil 'k' ,Ire as folJow~:

i) Tool qeOmE'tTy (mflinly rake ""91e)

ii) Cuttinq varLJbles, as feed, depth of cut and cutting

iii) CuLi.ing fluid and

Lv) 'Tool "'ill-erial and 1I1Pmptal baing miiddn",d,
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~5 eloar feom rig, (hat c'ooffi.C',ient of chip

c6ntratian', k increases "jLl, cut.Li.nl} ,\11g1e, n, If Ii increases

then wear "Iso incredses.
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'3

__ Cutting speed, v"-_Culling speed v,(m/min)

1

Fig. 3
Effel't of cuLling speed on, k

Fig. 4
Effect of cutting
speed on miCl 0
irregulat,ll'ies

Prom ['ig.3, it ir; f.;llOWntllat the chip cuntraction, k decreases

between 2')-40 )"ange ilnd then increases am] remains const in

the l',,,,e of medium carbon steel.

In Fig.4, th", ",ff",cL a[ tile cutting spe",rl on the surface

,'OUqllll<:'.S.Sis r;llol-m, Curv", J .i s ShD"'[l [or general case curve 2

for high aJloy steels, nonferrous l~etaJH ""d brittle cast

irons. In the range vI to vJ' 1.'!lere "j nC'ar to "el'D, the

surfal'e roug!"'E'SS increases. This is due to tile beginning of

12



built-up edge fonnatioll. It is maximuniat speed, v2. Beginning

with ~peed v" tile condition [or BUE formation deteriorates

due La rise in temperature, the height of the BUEis reduced,

and at a certain speed, v) it disappears. Speed from vJ to vi

the surface roughness contunucs to decrease due to the reduced

friction between the tool fli\llk and the machined surface. This'

is also to the gencral reduction in plaster deformation from

Gpeed, vI' the height of the microirregulaL-ities remains

practically canst. Here t.ll" ,-,lItting process is stabilized. In

curve ;l the rouglmesB of the I""chined surface first drops

sharply with an jncreaGe ill l-he cutting speeu and then becomes

practically constant. This is due to ,;omplete absence of BUE

formatioll.

2.4 Chip '1'001 Contact Proc"s,; and Tool Lif ••

During cuttiJl\l, a portloll o[ chip contact Io'ith the tool face

due to high temperatllrc, which is iOlOwnas HUE. Generally

hardlleBs of tool l-R 1.8 timcs greater than the ,,'II', but

hardncss of flUE is 2-3 times gr'e,\ter than w/p. So it can cut

meL"l. It reChWeRthe tool I_;ear. Cut ting force also reduces by

the formRtion or BUEdue to increase in rak" angle. It forms

during low speed and cluring [ormation of continuous chip.

Ch,ip-Lool contact process mainly determines the tool wear

during machjnillg. Tool-I-'ear is determined by various types of



built-up edge, "hieh "xi5t~ in the cutting zono. The

relation"hip iJetlJCf'l1the contact process and the tool li [e \-;as

eGtalJl i~llGdby Talautov ~lld i~ sho,m il,S[allows in tlle fig. 5.

TOOl life curve

1

Continuous chip with B UE Continuous chip
without SUE

Type-A Type- 8 Type- C

l' ig. 5

____ Cutting speed, v

'l'ypj"al relation"hip lletl.;een contact I-'rOf'ess
,,!nd tool life (By Talantoy)

Too] lire is maximum [01 type c 1\1)1-;and minimum fm: type-B

BUE. It ifJ.aJ"o "xperiw~ntally ~)]()~'edby 'l'alantov that in the

rontact process of L'ypo-C, LllOWjhUlC BUI;:.-is ullsla))io, hut il:

proLecls tho tool 1j f,' from ',,,al' and L"f>clUC0" fJ.cHlk I-iear and

also prod'lce mirror .typc ""I-fac(' tini"h. lIe'p the value of

flank we,ll, Ilf for singlt~ carbide tool is 'dlso minimum.



2.5 Objective Criterion and RE'stdctions for optimization

Bya large number of rese"rcllen;, it was developed that there

are three types of objective ct"iLerion for optimi;:ation. These

are (i) minimum cost cr-iterion, when cost is the decisive

factor, (i i) maXImum prod\J(~tion rate criterion, when

production rate is th", criterion and (iii) maximumprofit rate

when profit is the decisive factol:. But here minimum cost

criterion is used for n,e experi~Le"L.

'filE' formula used for mi"imum cost criteria" is,

11"n" , Cr
0 Cost ,ec p_le~"?

" 0 Nar;hining cost

Cj 0 Idle ,.os t

C" 0 '1'001 ch"nging cost

C +g ,CI~ 0 '1'001 Cost

Restrictions for th" objective r;riterion are considered as

fe"d s, depth of cut t, and speed v. Because for optimum tool

life cost is a fU11(:t:Lonuf speed, f"ed and depth of cut and

should be minillltllll i.e.

f(v, s, t)

15



Speed: Thc cutting f,[wpd should not exceed the upper' limit

for chip breaking i1lld safety of Lhe operator. The lower limit

of speed s!Jould be maintained so that it should not be less

tha" the limit. BecausE' then built-up edge will form rapidly.

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

keep the validity of the wear criterion.

Depth of Cut: Depunding on the length of tile main cl1tting

edgc, machilLing allowance', po,,'er of the machine, deflection of

the I.'orkpiece, etc. the maximumdepth of cuL is restr.tcted.

Power: Dllring eutti_ng process, the power should not exceed

the "iI['acity of tlle main drive.

2.6 critical Cutting Speed

critical cuttin'] spcl'd is that speed, where intensity tool

wear is minimum. Typical diagl-i1m of Intensity of tool wear vs

cutting speod is ShO"'ll in Fig. 6.

!Jere, the value of hEe first decreases with the increase of

cuttinq speod. Thpn it 111~n"a"es to a maximumpoint by the

incre,"'" of cutting speed. After that it decreases again, The

critical cutting sppeci is that speed where the h[~ is minimum.

16
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CHAP'[,E"H 'rHREE

J)l'ITE'RM:I:Nl\'.l'JON OF CRIT:r:Cl\'L. CUIT:r:NG- SPEeo
l\ND OP'J,'.1MUM CUITTISIG CC)NO:I:T:r:ON"IN ',I'URNING

STl\IN'-,l~<:;:S S'I'EEL Wl'.lH CEMENI'ED
Cl\RHTDE TmL

3.] T1IL':ORY

Flank ',ear Lo; ,\ tlat \0.'01'1\hE'lliml Lhe cutting ed'lP which

eliminates "omp ,]"arancc or 1'<'lie[. Flank wear is limited

orrlinar-ilj' to a maximumof "bout 1/32 inch OJ 0.80 mm. Th"

tool iH considered to hav" reached thp pnu of its us"ful life

when tlds mdxil1l1111lbaH 1",,,,, rcadwd. It llllist then b"

resha,-pplied. The [lanl, \o.'8ar\.iill b" [,dpiu if the t"mpeIdture

is too hig11 UU]incj cutting p,-acesG. If a cul:ting tool is

allol-Ien to \o.'ear too f"r, all excessive amoun'!:at tool milt"t-ial

will llave to be removed by grinding in oruer to reC'omUtion

it. Afj cntting speed is inC're<lseu, tool life deCreaGe5. II

J:elaliollsh'ip between I'DOLlifc and cul:tlng Gpccd may 1", shown

by a typical graph aG follows (fig. 8).

r

Straight lin," relationship

tane=~:n

,.,
Logarithm of tool life, T,(minj

Fig.a R,"J,I!:iollShip bet"eell tooJ life alld (;utting speed
sllU~'n plot.ten on log-log graph paper



This graph is dra,.;n on a log-log graph paper-cutting speed as

the ordinate i1nd the tool life as the abscissa.

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

equ<ltion for a stra.iqllt line as,

v • log ~ - II log T

Taking antilo<]5

n • constant depending upon cuttinq <.:ondition

c • cutting speed fOJ" tool lire of 1 min

'I' • Tool lire, min.

for economic rea::;ons, il relatively intrlca'te cutting tool that

i::; d.ir [leult , 0 should be operated "'
conservatively slow cutting speed.

Tool life may be ol>servQd by the following ways:-

iI The member 0' workpieces produce between tool

manuf"" luring.

This is the preferred method i"

iil Volume of materia] remoyerJ between tool sharpening.



iiil r.utting time in minutes between lool sharpenings. Cutting

conditions IIIUGtremain constant in this case.

The second method, that is the volume of the metal removed, is

the mOAt scientific method for measuring tool life ,and

therefore preferred.

The flank wear is used to determine when a cutting tool has

reached the end of its USefLlI life. For large quantity

produc'tion, tool life is very much important. The costs for

the cutting tool sharpening and the down time of a large

quantity produ[)tion machine tool needed for the r",placing of

worn cut'ting tools with sharpened ones may account for the

considel'able portion of a ELLachiningoperation cost. The forces

required for tile cutting im'reases when a tool cutting edge

wears sufficiently or fails.

Tool I-;eill', whether it is [ace or flank, is not. uniform along

the active cutting edge during actual machining operation. So

it iG difficult to measure. The effect of lhe wear of the

"arb ide tool on the workpiece eMmot be observed. So it is

also diffiC:ILlt to determine tile life of cemented carbide tool.

It was detcrnlinecl I hilt the ,,'ear of thp carbide tool progresses

at tile tool flanl, an,l tile ,,'idth of the wear land at the flank

is ll"ually taken as a measure of the amount of ,,'oar and can be

uetermined by meclll of a Metallugrical Microscope.
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"relitf
angle

i (rake angle I

Elldtie wi.dt:h of the flank w""r.

By Bl'earcrllOI iL ,"'as experiment"lly shol-in thilt lhe flank wear

is tlH' ollly the d••t ermining far'to, of the tool life of a

f:iH"bide tool.

The c1epelH1PJJL'eof weRr on time and tool operation is expressed

by the ,,'ear -"S. time <;\)1'"e as shol'n in Peg.IO.

III Fig. lU{a) it 1" .L:Drflank weR!; "nd IO(b) it if; for face
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'fh" wear can be di.vicled into three sections as fol lows
(Pig.ll)

E
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Fig. 11

---T,min

For a gj,-en ,wL-k and tool nlilterial relatiotlshlp
betwcQJl tool wear and tilne ()[ operation
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Se(;tion 1 , This is the ,"'''ill-in period linitial weilr) during

which heavy "bras ion o[ l:he most salient parts o[ the surface

occurs. In flank ,"'.car this section is less pronounced.

section II : Thir; is the period of normal wear. With the

operation time

gradually.

(abrasion time) increilses it increases

sectlon III : This D",riod begins after certain degree of wear

has been reilchC'd MIldthe friction condition changes.

3.2 D~TAILED DESCRIPTION OF WORK MATERIAL AND TOOL MATERIAL

The total experimellt wa::; carried out in the machine shop of

BUET'. 1\;'0 stainlee::;s steel bar were used for t.his purpose.

Both of t.hem were about 90-94 mmof diameter and 950-1050 ",m

of .length. 'Ihe cem<ont.edcarbide tip which used is Bk8 t.ype. It

cont.aills 8% o[ Co and rest We. The tool was used during

turning operation. Il was resharpened with grinding after

turning in a particular speed, reed ann depth o( ~ut.

The tool geometry was e' follows:

" ,", 0 ,,'
r &' f[ 0 0' .'

• 0 45°

" 0 ,,'
24
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cons.il1erable ",ffect in the cutting process. It- was not used

because coolant quickly short"rs cutting edge and forllls cracks

for- repE'ated quenching.

3.1 EXPERIMENTAL SE;'r 1lI'

.Tn thE' expe)'illlent, it \"as not"d that round solid bar was

turned by cemented carbide tool. To determine the critical

culting sl'"e[l, 'tool W"al" were measured in the metallurgical

microscope. 111itially t\,'O stain1"ss steel bar wore rough

turned to 86 mm of [Iii} from 90-94 mm of dia. This was

performed to mai,e ready the bars for the exp"riment. Cutting

speed ;,'ere selBctE'cl11E'dl about 15,25, 35 and 45 m/min. It was

se1<:'cted from th," previous exp,;orimental knowledges.

First of al.J [or a ::;",t of feed and depth of cut, a r.p.m. was

selected to tUlll t11,"bar ",')tl! the exiRting diameter and with

the s"lected ::;peed. The traverse length was JO-ll mm. The time

and the actual speed of the machine was also recorded by a

stop watch and techometer respectively. Flank tool wears were

mea);ured under the microscope. This turning process at, this

comhi""tion of feed, lIepth of cut and r.p.lII. was perforlll"d

times and each time tool wear were measured. To rense this

tool [or another speed, 'it was grinded to the desired tool

geometry which "as used in this expE'riment. Critical cutting

speed anu optimum ""tting condi lions were determined fI'om the

measuI'ed cutting speed.



3.5 EXPERIMBNTAL DE'nILS "ND DETERMINATION OE' CRITICAL
!\Nil OPTIMUM CUTTING SpeED

To determine the Gritical cutting speed, predetermined speeds

were selected from the previous experimental results, which

were near about 15, 25, 35 and 45 m/min. They were selected

without consLdering that whether they were critical or not.

Three sets of feed and depth of cut were selected i.e. $=0.1,

0.2 and 0.12 mm/rev. and t = 0.5, 1.0 and 1.5 mm. The tool

qeomctry explained in the previous article.

Par thc. tUrJJing operation of $=0.1 mm/rev., t=0.5 mill, N=64.82

r.p.m. (actual) and V=16.7 m/min (actual), the slainless steel

bFlJ"waS cut four tilLLe[;, each had 10 Gmtraverse length {S<lmple

data [;heet-ll. Here, after every turning operation, the tool

WilScarcfully observed under the mic:roscope to determine the

flank wear. The amouHl of wear l-iil5recorded each time (Sample

data shcet - 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 Lc' a curve I-,as plotted in fig.12. From the

curve, it was shown that the curve is a straight line, having

a slope. It means by increasing the cutting speed, the flan],

wear increases gradually. Here the feed value is the lowest

and the r.p.rn. is minimum (i.e. 64.82 r.p.rn). This means from

the Fig.5,that at low speed,it has medium tool life (type-A).

2 'I



,
'0. M Traverse Diameter Cutting <'" Velocity em/min) Length Tool
Observation Length (mm) Time of Cut flank

(em) (min) Selected I Actual Calculated Actual (m) wear
mie (mm)

) )0
,

257.61 1 0.01516.13
2 20 " 16.17 eo 64.62 15.457 16.70 515.22 0.055, " 16.22 772.83 0.08
4 " 16 . 13 '030.44 0.12

•
) )0 8.07 219.92 0,005
2 20 " 8,02 '" 120.96 25.950 26.60 439.82 0.007

!2 " 8.05 659.74 0,095
4 I 40 8.07 879.64 O. , 2

) )0 5.18 I 191 .64 0.007
2 20 " 5 • 1 7 "5 ,

189.94 35.453 35.40 383.28 0.011
5 " I 5. 15 574.91 0.15
4 " I 5. 18 756.55 0.17

) )0
1 ,

245.04 0.075.20 I2 20 " 5.22 )" 188.54 45.33 46.20 490.09 O. 1 2
3 " 5.22 735.13. O. 15
4 " 5.18 980.18 O. 19

':1•.-

Sample data sheet-l for turning stainless steel at S = 0.1 mmjrev,

28

t = 0.5 mm
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From the sllilpe of this curve (Fig.12) intensity of tool wear,

hfc was determined by using the relatiou, . All of

the villues of hie. ,"'ere listed in tallle-l for stainless steel.

Similarly, for the above set of feed and depth of cut i.e.

S=O.l mm/rev. and t=O. ') mm, tool ,"'ear were measured for the

cutting speed of 7.6.6, 36.4 and 45.2 m/min (actual). In each

case, hf vs. G, curve was drawn (Fig.12). From that graphs

intonsity of tool \olear, hE, were alsO calculated. It was

mentioned above j-llat all of the values of hIe were listed in

table-l.

The nine sets of f",ed MId depth of cut used for various speeds

were as follows:

S = 0.1 mm/rev.

t=0.5mm

S = 0.1 mm/rev.

t = 1.0 nom

S = 0.1 mm/rev.

t=1.5mm

S = 0.2 mm/rev.

t=0.5mm

S = 0.2 rom/rev.

t = 1.0 nom

S = 0.2 mm/rev.

t=1.5rom

S = 0.32mm/rev.

t=0.5mm

," 0.32 rom/rev. ;",
-",

t " 1.0 ""

S '" 0.32 mm/rev.

t=1.5mm
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For stainless sle!.'!

o 16.90 m/min

,25.60m/mln
35'80 m/min

,46.00 m/min

o 200 400 600 BOO
---_ •• Lc (m)

Fig.13 Eff",,! of culling I"ngth on flank wear for S~O'2 mmlrl'v
I ' 0,5 mm (l'xpHime-ntall
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0.3 For stainless stt'el

-~
I

01

• V , 15.70 mfmin

0 V , 25,60 mimi ..•
, V =35.80m/mln

0 V , 47'00 m I min

o 200 400
---_ Lc (m)

500 BOO

F,g.14 Effl"d of cutting length on flank wear for 5=0.32 mm/rev.
I ' 0.5 m m (expH;men!o\')
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03 For stainl!?ss steel

0 V , 1550 m!min

0 V,25.00m/min

• V ,36'40 m/mil'l

, V ,45-40 m/min

E
E

1

01

01

o 100 400
---_ •• Lc (m)

500 800

Fig.16 Effect of cutting length on flank WE'or for S ,0.2 min/rev

and t = '.Omm (E'xperiml'ntal)
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OJ
For stain Ie-55 steel

BOO500400200o

0 V ,16'20m/min

• V , 2650 mimi"
0 V = 35,'0 m/min

02 , V ,~~,70m/min

E
E-~
I
0-'

---_. Lc(m)

Fig.17 Effect of cutting l"nglh on flank weor for S~O.J2mm/rev

I' 10mm (€,xpHimO?ntol)
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E

03

- 0.2.

01

For stainless sleel

•
o
o,

V =16-00m/min

V ,2:'-50 m/min
V : 31:.-30 m Imin
V ,,~S,lO m Imin

o 100 "'0
--- __ Lc (m)

500 800

F'(j.19 Etl"c! of cutling lel'lgth 01"\ flonk wear for
SoO'lmm/rev I,'.:' mm (expHiml?nlol!
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03

o 200

For stainless sleel

0 V 0 1580 m/min

• V 0 2560 m/min

0 V 0 35.20m/min

, V 0 ~6'~0m/min

600

------Lc (m)

Fig 20 Effect of cutting length on flar<k wear for

5: 0-32mmlrev 1= 1-5 mm (experimental)
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o 1

o ~,~~--~---~---~--~-----'---~--
15 25 35 45

---_Cutting speedv (m/minJ

Fig 2\ Determination of optimum cutling speed of stainless steel
ke"ping depth of cut constant ot t ,0.5 mm lE~perimenlal)
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o 5 ; 0.1 mm frev

o 5 = 0-2 mm/rev

D. S = 032 mm/rev
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_ Culling speed v [m/min)

Fig, 22 D<?lerminolioll of opllmum culling speed of stainless sleel
keeping depth of cut cons Ion! CIt l;.' 0 mm {Experimental)
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07 0 5 0.' mm / rev
0 5 01 mm/rev

0 5 , 0-32 mm frev

0.6
E,
E
E

~ 0.5
0

,
"~<
, 0'0•,
0
0-0 03--~
0•-0
1

01

0'

o 25 35 45

___ Culting speed v (m/mmJ

J:'ig. 23" Determination of optimum cutting speed of stainless sleel
keeping depth of cuI constant ot \' 1.5 m m (experimen,!o\)
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Fig 2~ Delerm,nol;on of optimum culling speed of stainless steel
keep,og feed constollt 01 5" 0.1mm/rev (experimental I
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Fig 25 Determinotion of optimum culting speed of sta:nless steet
keep,ng feed constant ot S ,'O:Z mm/rev (experimental)
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Fig 26 Delermination of optimum cuttinq speed 01 slain less sleel
keeping feed conslan! at 5 e O.:l2mm freY (experimental)
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CHAP'J'ER POUR

DE_IT~'RM.r.NZV.l'"r.CJNOF CRI'J'ICl\L CU.l',rIN(:: SPEED l\ND
OPTIMUM c:ur.l'ING rrNJI'l'_lCJN IN '.1'URNING CAS'.1' ~

WJ.'J_H CEMENT'E:D Cl\RDIDE 'IC'OL

4.1 DE'I'lITf,ED [)ESCRTPTl()N OF WORK liND 'fOOL MlI.TERTALS

Th.i.~ experiment waR al~n performed :In the laboratory of SUET.

Two solid barn of casL irol1 ',e' e used for this -purpose. The

lat],e mflohine 15 us",d was Ccltic-14 type provided with a 3 hp

moLor. The two b"rs •...''''-e initially ahout 9n mmand 86 mm dia.

lind th •.•lengt1, \.lOre ~OO-10()()~"n. 'I'h" tool used was UIC type o[

BI,B, •..•'hicl1 cont"ins R% of Co. ~tld rest wr. The tool geometry

'.as as follol.''':

0, ,,[ • ,,"
[' 1[ • 0",

• • ~ Sa.[ • /.5~

Th" [een Were 0.1. O./. and 0.32 mUi/rev. and ueptll of <;ut were,

0.5,1.0 and 1.5 mill.

4.::1 EXPRRIMEN'rll.L nP,Tl\ll,ll ANI) DETERMTNl\.TJON Of' CRI'1'JCl\.L liND
OP'l'.lMUM ClJTTIm; CONIl]'fJ.ON OF CAST IRON

To cletermin" the orit.i "al cutting spe"d sam'" pre-determined

speerl" were sc1.p<;t",d, I.'hetl",1' tlwy ar" critieal or not. Total

nine CUti-lUg conditions ~I: this four cutt ing speeds, weJ:"e



Mo. of Traverse Diameter Cutting ePM Velocity (m/min) Length Tool
Observation Length (mm) Tlme of Cut flank

, (em) (min) Selected Actual Calculated Actual (m) wear I
m/o (mm)

{ S 2.42 I ,
39.27 0.07•, {O " 2.42 " 97.40 14.923 15.30 78.54 0.01

C " 2,40 117.81 O. , 3, 32 2.42 157.08 o . , 5

S 2.43
,

{ I 64.40 0,07
, 2 {O " 2.45 " 95.27 24.473 24.80 128.80 0.09

3 " 2.43 193.20 o . 1 1, 32 2.45 257.60 O. , 3
• ;

{ I s 1 .88 72.25 0.06
2 {O " 1 .87 '" 121.79 34.105 35.20 114.52 0.08
3 " 1. 87 216.78 O. 11 I, 32 , .88 289.04 0.13

{ S I 1 .22 59.69 0,08
2 {O " 1 .23 {85 t 87. 63 44.171 44.80 119.38 0.12
3 " 1.22 179.07 o . 1 5, 32 1.20 238.76 o . 1 7

Sample data sheet-2 for turning Cast Iron at S = 0.32 mmjrev,

52
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• V
o V
o V
, V

= 16-20 m/min
25.90 m /min

o 35-50 m /min

: 45-60 m/min

For Cost If Oil

E
E

~

\ 0.1,

300o 100 100 400-

---_._Lc (m)

500 600 700 BOO

Fig ,27 Relationship b••twe"n flank ,wear and l",ngth of cut at S~O.l mm/rev
t ~ 0.:' mm (experi mentol)
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0.2

o 1

For Cast irOI"l

0 V lS_90m/mil"l

• V e 7.6-20 m/mil"l

0 V e 36-70 m/mio
, V e ~6-60 m/mil"l

o 100 200 laO 400
Lc{m]

500

F;g,lB R~latloo5hip b~lw~"o flank w~or God lE'ogth of cut

at S' 0-2 mm/r~v t e'O-S mm {('xpNimE'nlol)
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For Cast iron

03

• V 016.50 m/min

0 V ,2510 m/min

0 V e 30'40 m/min
, V e f,6-f,O m/min

E
E

1

02

01

o 100 200 300 1,00
---~._ Lc (m)

;00 600

Fig.29 R~lar,onship between flank wear and length of cut
at So 032 rnm/rev t = 05 mm (E'xpHimentol)
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01

•
o

For Cast iron

V,l:"BOm/min
V" 26.20m!mlrl
V ' 36.50 m/m
V = 1,650 m/rnin

E
E
.0

01

o 100 100 300
_ Lc (m)

;00 600

Fig. 31 Relationship bl.'tw~~n flank WQor and length of cuI
al S,O-2mm!r"v lol.0mml«xperimontal)
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1

OJ

0-2

01

F"or Cast I ron

• V 1620 m/mirl

0 V ~ 26-80 m/min
0 V ~ 35-70 m/min, V 4G-f,O m/ min

-'~---~----~----~----~----~-
o 100 100 300 1,00

Lc (mJ
100 500

Fig,J2 Rl.'lationship between flank wear Gnd length of cut at
5, o.n mm Irev t, 1.0 mm (experimental)
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03
For Cost I ron

• V = l~SO mfrnll'l

o V 2S10 m/mir.
o V ,3570 m/mil1

x V,I,"90m/min

02

E
E

1
01

600500400200100 ]00
_____ ._ LclmJ

Fig- 3~ Relationsh,p between flank wear and I,ength of cut at

S ~ 0-2 mm/rev to '.!l mm (experimental)

o
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0.3 -
(

F" Casl Iron

• V 1S 30 m/mln (
0 V , KI'JO m/min

0 V , 1520 m/min
, V , 1,~I'JOm/min

0.2 -

E
E i-<
1

.

0.1 -

o 100 200 !': '.300 400
---_ •• L C (m)

500 600

Fig 3 5
!

Relationship between flank wear and length of CLJt at
S' 0.32 mm/rev to 1.5 mm (experimel1lal)
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Fig.35 Determination of optimum cutting speed of cost iron

keeping depth of cut constant ot 1,0.5 mm lexpefimentalJ
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Fig 37 Determination of' optimum culling speed of cast iron
k"eping depth of cut constant at t ,W'rnm le~perimentQIJ
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ClIl\.PTEH FIVE
ECONOMIC l\.Nl\Ly~~:rS OF

S'.['AINLESS STEEL
Cl\S'J' TRON

5.1. THEORY

'rURNING
AND

Econom.i" <1rlillysis of turning stainless 51:"e1 and cast iron

,,"'ere performed in three cntl-inq conditions. Though, there are

Gever~.1 m,,,,h) ning operat i 0115 for drawing rol.1 er, here in this

experiment, turning oppraLion was uspd. We know from previous

investigaUons and analysis that cost p,n' piece depends on

cutLing 5IJeed, fc('d aml ,lelJll1 of cut and flank wear. Depth of

cut inrluence the machjro:iug time. '1')1<"[lank wear .influence

1:00] grinding 1--'lllE', because maxilllilm permissible wear is O. B

"'10. But in this expprilllPnt, tool WEIOregrinded before 0.::12 mm

(maximum) of wcar. 'rOO] changing time, culting time also

influence the prod,,,'I:,ion cost per pie(~".

The most commolily UJ;('d formuLa used her~ [or

analysis, iI),

C, " C, , c) , '"
,Ceo , Ctd

Here, Cp " Tolal cost pel:" piece

C, " Machining cost

" " 'lcll R "osl;

CtC " Tool "hang:ing cost

r lq ,'" " 'fuu] (;0'; t pc. plece.

economic



The "hove terrrl::; call be i IIus I-,-"L",l ,,5 folloW's:

Nachinillg co~t.,

~J ~ Machine I< opera'tor rate

'f -e ~lllchlning time•

Jd.!e Lost,

1'1 = Idle time

Tool changing ('ost,

etC = ~I.Nt/Nb td

Nt = No. o[ tool

Maximumwe,1r:for tool life
1001 weor Rfter operati0fl

tet = 1'001 Cllllllgillg and resetting time

Tool Lost per piece,

C, = t-oo) co"L per yrlnd.

JI '-I"" ,lSSUmPOU,,,L Ll,e ba,s We,e st"ched near the machine

re,,,ly to IJp gr,lsp",d hy 1:11eopel'a!.ol.

for to determine tool qrindiuq cost, the number of grinds

possible mUGt be determined. I'hi!] can be done a" follows:
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')'1", lig. sl1m;s I.he porl-joJl af iJ ton:! Ilith fl,ln!; wear or amount

hr. Considering a sm,,]! portion A to be ground off together

with hE sjn {l and .U' be the limil:ing amount of portion which

r~tL be grouf)rl-off before a tool i" IIselcss [or it::; present

purpose, Il,,, regrind" passible is

Q
sina: • A

,.,
0.3 x sinH)" '".,. 0.075 (let)

[From table 7]

- _,3 UmeG

The valuc o( ]] tim("_' oJ: l'f'g,-i"diJl<j is (or- Htainless "tee1.

elltd for cant i1 OJl it if;

'.5 - ,~.5 ~ 23 Limes
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5.2 COST OF GRINDING

Cost of gr inding ~ tool is (From tillJle 7).

~ Machining cost + Dire"'_ labolJT cost + Jndirect labour cost

~ 'rk.42.96 x 7/60 1- 1'](.10,00 x 7/60 + Tk.56 x 7/60

~ Tk.12.7U

Tool <1ep[ec1ati.on per grind (For s\:Qinlcss steol)

Tool cost
Total no. of regrinds

•

Tk. 120 ~ Tk. 3.63
B

'J'ool depr('ci"lioll Ifor "asL iron)

Tk. Tk.

')'l1"'''£'lore '1'o1"al \.001 co"t per grin,ling is (ell

Ct = l)rinc1ing cosl + DOPTP(~.iiltion cosL

= '\'k.12.'11 + :J'k.3.GJ

= '1'1(.16.34
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For cast iron

C
t
:= Tk.12.71 + Tk.5.22

:= Tk.17.93

For both cases,

Machine and operator rate

M := Mac:hine cost + Direc:t labour cost + indirsc:t labor cost

= Tk.42.96/hr. + Tk.l0.00/hr. + 55.00/hr.

= Tk.l0B.96

Some data of BMTFwere reused in this experiment (Table-7).

These data were used by Mr. Sankar Roy in his M.Sc. thesis

work.

5.3 COST ANALYSIS FOR STAINLESS STEEL

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

following three ways:

i ) "' turning ," , pass (cut)

Turning "'. V 0 25.5 m/min

e 0 o. , mm/rev.

,0 U mm.

i i ) 'J turning io , passes (cuts),

'" turning "'
V 0 35.0 m/min

e 0 0.32 mm/rev.

,0 ).0 mm.

"

•



and then at

v = 25.5 m/min

s = 0.2 mm/rev.

t = 0.5 mm.

; i i ) " turning i , ,passes (cuts)

Each of which m ot
V " 25.5 m/min

," 0.2 mm/rev.

t " 0.5 mm.

5.3.1 Cost for Cutting according to Condition-1

Actual turning time = L--s.N

900
0.1 x 95

[From tahle-2, N ~ 95 rpm]

= 94.74 min.

Idle time, tr = 40 mins.

Tool wear

0.14 x 94.74 "
25.65

0.52 mm.

[hi = 0.14 mmafter turning, 25.65 min.]



Tool life 0.8 x 25.65 ~ 146 5' ._____ -- . ml-n.
o .l4

Each tool will produce before regrind.

~ ~ 1.54 pieces.
0.52

, 1-~ "
:1-.54

0.65

Now,

CI" !>ttl" Tk.108.96 x 40/50" Tk.72.54

Cm" M.t~" Tk.10B.95 x 94.74/60 "Tk.172.05

Ctc" M.Nt/N~.tct" Tk.l08.96 x 0.65 x 3/60

" Tk.3.54

= Tk. 10.621

Therefore Total cost per piece
Cp = C1 + Cm + Ct. + Cl9 + Ctd

" Tk.72.64 + Tk.172.05 + Tk.3.54 + Tk.10.62

" Tk.258.85



Therefore total cost for turning of 500 pieces of drawing

rollers

Cp x 500

Tk.258.85 x 500

Tk.1,29,425.

5.3.2 Cost for cutting according to cutting condition-2

Actual turning time,

For rough cut L
s.N

900
0.32 x 185

'" 15.2 min [From table-2, N ~ 185 rpm]

For finish cut, time '" L
s.N

900
0.2 x 95

'" 47.37 min [From tab] e-2, N '" 95 rpm]

Total actual turning time'" (15.20 + 47.37) min. '" 52.57 min.

since, 2-passes were used, so auxiliary cutting time'" 2 min.

Therefore total Machining time, ~

Idle time,

'" (62.57 + 2) min.

'" 64.57 min.

'" 40 mins.



Tool wea~ du~ing rough cut 0.22 x 15.20
9.1

mm ~ 0.37 mm.

[Tool wear = 0.22 mmafter tu~ning 9.1 min.]

During finish cut 0.09 x 47.37
18.5

mill ~ 0.2) mill.

[Tool wear = 0.09 mmafter turning 18.5 min]

Total tool wear = (0.37 + 0.23) mm

~ 0.50 mm

Too1 1i fe' fo~ rough cut"

Tool life for finish Gut =

.cOc.c'cc,cc9cc. 'c ~ ~ A<,~ -'-'.VO' ffil.n.
0.22

0.5 x 18.5 ~ 1"'" .______ ., .•..•.• rnl.n.
0.09

Therefore, N, " 0.80 ~ 1.33 pi~ces
0.60

Therefore, 1
1.33 " 0.75

Now. Cr" Tk.l08.96 x 1'k.72.64

9'



Cm ~ Tk.11J8.% x 64.57__ ~ Tk.117.26

'"

C.~m Tk.108.96 x 0.75 X 5
00

m Tk.4.086

<C,'1+ C"~~ 0.75 X 16.34 Tk.12.26

<C
p

Tk.72.64 oj- Tk.117.26 + Tk.4.0B6 + Tk.12.26

m Tk.206.70

Total cost for turning of 500 pieces

Cp x 500 = Tk. 206.70 x 500

= Tk.1,03,352

5.3.3 Cost Calculation for Cutting Condition-3

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

Actual turning time = '00
0.2 x 95

x 3 min. = 142.11 min.

[From table-2, N = 95 rpm]



Total turning (machining) time" 142.11 + 3 " 145.11 min.

Tool wear during operation" 0.12)( 145.1l
16.1

mm " 1.011 mill.

[Tool wear" 0.12 mmafter turning 16.1 min].

= ~ =
1. DB

0.74 pieces

,.--'
0.74

1.35

Now, " "

" "
'Co "

M.t! = Tk.l08.96 x 40/60 = Tk.72.64

M.tm = Tk.l08.96 x 145.11/60 "Tk.263.52

M.Nt/N~.tct = Tk.108.96 x 1.35 x 3/60 = Tk.7.35

Ctj+Ctd = Nt/Nb.Ct" Tk.1.35 x 16.34 = Tk.22.06

Therefore, C~

= 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,

C
i
x 500

Tk.365.57 x 500

= Tk.l,82,785



5.4 COST ANALYSIS FOR CAST IRON

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

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

i) 8y turning in 1 pass (cuts)

Here the cutting condition and r.p.m. are:

v = 25.0 m/min

S = 0.2 mmlrev.

t=1.5mm

ii) 8, turning '0 ,passes

1st. , 0 35.0 m/min
,0 0.32 mmjrev.
,0 LC mm.

iii) 8, turning i"
,passes

Each cc, wi11 be .c,

V = 25.5 m/min

S = 0.32 mm/rev.

t=O.5mm.

2nd V = 36.5 m/min

S = 0.2 mm/rev.

t=0.5mm.

5.4.1 Determination of cost according to condition-l

Here 1 pass was used

So, Actual turning time = L
S,N



900
0.2 x 95

47.37min. [From table-5, N := 95 rpm]

Idle time, t] := 40 mins. (Table-7)

Tool changing time according to Table-7 is, tc( := 3 mins.

During turning, tool wear 0.16 x 47.37 ;
16.5

0.46 rom.

(From experiment, hf := 0.16 mmafter turning 16.5 min)

Tool life 0.8 x 16.5
0.16

; 82.5 miDs.

Now N~ " ~ ~1.7~pieces
0.46

Now,

,
1. 74

" 0.575, siDce one tool is used so Nt " 1

c,
Idle cost" M.t) ",tk.l08.96 x 40/60" Tk.72.64

Machining cost := M'.t~ " Tk.l08.96 x 47.37/60 " Tk.86.02



Tool changing cost ~

~ Tk . .108.96 x 0.575 x 3/60

~ Tk.3.13

Therefore, Total cost pl?rplece

c, " " • c, • Gtc • c" • CCd

" Tk.72.64 • Tk.86.02 • Tk.3.13 • Tk.10.31

" Tk.172.10

For'drawing 500 pieces of cast iron bar,

cost is needed

Cp x 500

Tk.172.10 x 500

Tk.86,050

5.4.2 Cost calculation for cutting condition-2

Here 2-passes were used. So auxiliary cutting time 1S taken 2 mins.

Actual turning time,



For rough cut

L
o. N

90"
0.32 )( 185

~ 15.21min. [From table-5, N = 185 rpm]

For finish cut = L
s.N

'00
0.2 )( 185

'" 24.32 mln. [From table-5,

N = 185 rpm]

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

= 39.53 mingo

Total actual turning (machining time)

= (39.53 + 2) mins = 41.53 mins.

Tool wear

Dl~ring rough cut., COC'"'O'~C'~'""c."'"', 0 0.76 mm.
5.60

[hj = 0.28 mm after turning 5.60 min]

During finish cut, 0.16 )( 24.32 ~
8. J 0

0.47 rrm.

[h, = 0.16 mmafter turning 8.30 min],



Therefore Total tool wear" (0.76 + 0.47) mm= 1.23 mm.

Tool 1ife for rough cut "

Tool life for finish cut =

0.6 x 5.60 ~ 1" '''' '______ <>. vv mul.
O.~.8

0.8 x 8.30 '1 5 .______ ~ "i • m~n.
o . 16

Now, Nb = 0.8/1.23 =0.65 pieces

and Nt/Nb = 1/0.65" 1.54 (since, Nt = 1)

Now,
C] = Idle cost = M.t] = Tk.10a.96 x 40/60

= 72.64

em = Machining cost = M.tm = Tk.108.96 x 41.53/60

= Tk.75.42

= Tk.108.96 x 1.54 x 3/60

= 8.39

= 1.54 x Tk.17.93

= Tk.27.61

Therefore, total cost per place,

c, c]+cm+Ctc+Cts+Cld

= Tk.72.64 + Tk.75.42 + Tk.8.39 + Tk.27.61 = Tk.184.06



For drawing 500 pieces total cost

= Tk.184.08 x 500

= Tk.92,030.00

5.4.3 Determination of cost according condition-3

Here 3 cuts were used, and therefore auxiliary cutting time was 3 min

Actual turning time

L
S.N

x 3 ~ '"0.32 x
x ) mins.,~ [From table-5, N = 95 rpm]

= 88.82 mins.

Total turning (machining) time = (88.82 + 3) rnins.

= 91.82 mins.



Table - 7

Some Records of Work Material, Tool Material,
Working Conditions and some data of B.M.T.F.

i) Length of bar (stainless steel & cast it"on)
drawn " 900 mm

ii) Job loading & unloading time
(centering, tool approach & engage time
also included) idle time " 40 mins.

iii) Tool changing & resetting time, "\t
iv) Tool grinding time

v) Aux'i1iary cutting time/cut

vi) Carbide tip size

This tip was reased for cast iron
Then the size was

" 3 mins.

" 1 mins.

" 1 min.

" 9.5mm x 24 mm

" 7.5mm x 20 mm

Machine rate & overhead

Di rect labour rate & overhead

Administrative overhead
(Indirect labour)

" Tk.42.96/hr.

" Tk.10.00/hr.

" Tk.56.o0/hr.

II,



Idle time " 40 mins. (Table-7)

Tool changing time, tet " 3 mins.

Tool wear during operation" 0.14 x 88.82mm ".1-.29 mm.
9.67

[hi = 0.14 mmafter turning 9.67 min]

Tool life, Tl = 0.' ,.]..9." .mln. "
O. H.

55.26 min.

Now Nt = 0.8/1.29 = 0.62 pieces

Therefore, Nl/Nb = 1/0.52= 1.61, since no. of tool" 1.

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

calculated as follows:-

e, - Idle cost - M.t] - Tk.108.96 , 40/60

- Tic 72.54

e, - Machining cost - M.tm - Tk.108.96 , 91.82/60

- Tk.155.75

etc - Tool changing cost, - M.Nl/Nb , tGl

- Tk.108.96 , 1. 61 , 3/50

- Tk.8.77

Ceo • c" - Tool cost pec piece - Nt/N; , C,

- 1. 61 ,Tk.t7.93 - Tk.2B.87

9J
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Therefore, total cost per plece,

C, " c, • C, • Ct, • C'g " ',d
" Tk.72.64 " Tk.166.75 • TI<.8.17 • Tk.28.87 ~.
" Tk.277.03

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

C~ x 500
Tk.277.03 x 500

Tk.l,38,515.00

5.5 RESULTS & RECOMMENDATION

From the previous cost calculation of both stainless steel & cast ira'

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

5.5.1 For Stainless Steel

For production of 500 pieces. of drawing roller

At condition-l

At condition-2

At. condition-3

Total cost ~ Tk.1,29,425.00

Total cost = Tk.l,03,352.00

Total cost = Tk.l,82,785.00



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

stainless steel rollers is minimum for Gondition-2. 1
From condition-1, it is less

Tk.l,29,425 Tk.1,03,352.00

::: Tk.26,073

From condition-2, it is less

::: Tk.1,82,785 - Tk.1,03,352.00

::: Tk. 79,433.00

," " mimin

, " 0 ..32 mm/rev.

, " LO "".," 25.5 m/min

, " '-' mm/rev.

t " 0.0 ""

b) For final cut,

Therefore condi ti on-2, 1S the eGonomicall y advantageous from the other

two condltions. So it is recommended for turning operation of the solid

bar.

So, the recommended cutting condition is,'

'a) For rough cut,

9J
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5.5.2 For cast iron

Foe drawi ng roller (turning operatin) of ;00 pieces of cast iron,

M. condition-l Tota 1 cost 0 Tk.B6,050.00

" condi t.i on-2 Total cost 0 Tk.92,030.00

" condition-3 Total cost 0 Tk.i ,3B,515.00

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

minimum than the other two cases.

It is less,

from condition-2

from condition-3

Tk.92,030.00 - Tk.B6,050.00

" Tk.5,980.00

Tk.l,38,515.00 - Tk.86,050.00

" Tk. 52,465.00

Therefore, condition-i is recommended and is economically advantageous

from the other two cases.

So the recommended cutt.ing condition is,

V" 25.0 m/min

S " 0.2 mm/rev.

t=1.5mm.



CI-tAPTER SIX
DISCUSSION~ CONCLUSION &
FUTURE RECOMMENDATION

6.1 DISCUSSION

By determining the optimum cutting speed and then by economic

analysis, the most economic cutting conditions for drawing

rollers of stainless steel and cast iron have been determined.

This method enable us to select the most economic cutting

condition.

This experiment may act as a guide line for large nO. of

praduction at various cutting conditions with na. of tools and

work material. Here in this experiment only one tool is used

and two workpieces were used. This method can be applied to

many small and large industries wher-e metal cutting is

involved. Bec<luse the method to determine the optimum cutting

conditions and cost analysis 1S not sO complex, that adequate

technical knowledges <lnd expensive instruments is needed.

Rather, it is necessary to use this technique or other

techniques ta fulfil the objective. Because, metal cutting

process and other machining processes by thumb-rules or by

previous technical data can decrease the quality of work as

well as effect the cost. The test results and experimental

work will encourage t.he industrial sector for the development

of future planning.



Due to various limitations 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 analy'zed some

aspects of optimum cutting condition.

Stainless steel and cast iron are always used in small and

large industr-ies for metal cutting purpose. So selection of

Lhese two metals are justified. Similar method can also be

applied to other metals.

6.2 CONCLUSION

Fr-om the experimental results and analysis, it can be

concluded that -

a) For single carbide tool(used in this experiment} optimum

cutt.ing speed, Yapis less or equal to critical cutting

speed, ve

b) Critical cut.ting is that speed, where, few traces of

unstable SUE appear on or just disappear from the rake

side of the chip.' ,

c) For single carbide tool, explained by

pulsation t.ype of c!lip~tool contact process in the range

of cutting speed just before ve'



d) Increase of feed and depth of cut decreases the critical

cutting speeds of both stainless steel and cast iron.

e) For drawing roller of stainless steel bar the most

economic cutting condition is,

~or_Lough cut '0' finish oct
, 0 35.0 m/min , 0 25.5 m/min

e 0 0.32 mm/rev. , 0 '-' mm/rev.
t 0 LO ~~ t 0 o.e mm.

nnd for cast iron, the most economlC cutting condition is

V ~ 25.0 m/min

S ~ 0.2 mm/rev

t~1.5mm.

6.3 FUTURE RECOMMENDATIONS

This experiment was performed by cemented carbide tool of type

BK8which contains CO.8%and rest We. This is a single carbide

tool. Though only one type of tool is used, so there is no

scope to compare the process with other type of tips.

Performing the experiment with various grades of tools, will

give a more clear idea.

Here nickel chromium steel was used. Although the results

confirms the theoretical values, though there remains scope Of

further study by changing the composition of work material.



The tool geometry used were const. for the two work material

throughout the experiment. This was done to avoid complexity.

Because nine sets of feeds and depth of cuts were selected &
alsO four speeds were selected from previous experimental

investigation. Changing tool geometry with this cutting

condition could lengthen the procedure and make it complex.

So, there remalns a scope of fur.ther study by changing _the

values of the tool geometry.

Cutting fluid was avoided during the experiment. It has

considerable effect on turning operation. So, there is a

chance to use cutting fluid, to observe, that how the values

vary from the experimental results.

Th~ 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 in the

real production situation.

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

values of feed can be changed to perform the experiment.

Further researches and experiments in this field by varying

various cutting conditions, work material, tool material, will

enable to find a more economic cutting condition.
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