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ABSTRACT

In prectice, the values of cutting spesed, feed and depth
of cut during machining operation are determined aither by
mers sxperiance ss usually dona by machina tool opereters or
gelacted frem the avnilabhle engineering tables. In both the
cepes,the assigned values are, generally, too far ewaey frow
the economic values. This Thesie prasents & scientific method
of pradicting the optimum values of the machining variebles
for turning operations of steel with cemented carbide tool ma-
terials, Experiments have been carried cut to determine the
optimun values of cutting speed, feed snd depth of cut, which
lead to minimum menufacturing cost. It has been sstablished
that the criticel cutting spesd (?c) corresponds to the meximum
value of ceoefficient of chip=shrinkage (K} nlong the curve X =
f{V) and that thers sxists = dafinite relationship between cri-
tical cutting spesd (Yc) and optimum cutting speed (Vﬂp). For
single carbide tool material, thare ig one coptimum cutting ap-
esed which is just before critical speed (?GP%;V£). Fut For
double cerbide tool materiel, there are two optimum cutting
spesds; the first being just before ¥V, (?prch) and the second

just ebove V, (?apé> ?C).



O a a o Q. q

L

0
<

H
e

o

[N
[

[+
i
o+
=

(2

te?

2 H M- OB B3 a8 A2 |/ #J
H = B

ot

iv

NOMENCLATURE

Totzl machining cost/pisce

Tdle cost/piece

Machining cost/piece

Tool cost/grind

Tool changing cost/piece

Tool regrinding cost/piece

Teol depreciation cost/piace

Taylor consghant

Time to complete 2 pisce

Tdle time/piecs {including loading & unloading time)
Mpchining time/piece

Tool changing tine

Time

Tool 1ife

Meximum tool 1life availahle

Profit rate

Income/piece (excluding materisl cost)

Total machine and operator rate(including cverhead)
Hueber of toolg uced for a piece

Fumber of pim=ces machined by a tool after each
grind

Feed, mm/rev.
Depth of cut, mm.
Cutting spe=d, m/min.

Critical cutting speed, m/min.



n Taylor exponent

Xy s ¥y Sxponent for feed and depth of cut

K Co-afficient of c¢hip-reduction or chip-shrinkage
L0 Length of metal being cut

Lc Length of chip corrssponding to LG

Pz Cutting force, Eg.

C Shear stress

he Flank wear, mm.

hfn Initial flank wear, mm.

& Intensity of wear, mm/m.

I ﬁMr@ﬁgﬁal, mm,/m”

Z Total matal removal, m3

2 Metel removal rate, mafmin

Bnax Maximum feed available in nmachine

vmax Maximum cutting zpeed available in machine

tmnx Maximum depth of cut available at the cutting adge
Eﬁax Maximum power available et the cutting edge.

W.H.T With Heapect To

S3ide reke angle
Zhear angle

Frictional angle
Back rek= angle

Engd cutting edge angle

o

2

¥ Side cutting edge mngle
s

ol Side cleerance angle
oy

End clearance angle
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1 Introduction

The country launched & programme of intensive industria-
lization includiné manufacturing of machine tools, cutting
toole, spareparts, agricultural and general purpese machines
which involves huge amoun% of metel cutting snd processing. The
Government, Semi-Govt., and private gectors have mads a good
hesd-way in developing the industrial potentialities. Although
faced with numerous problems, the industriel sector 1s at pre-
sent cepable of meeting a major portion of the country's demand
in this field. One of the major problems which faced by the ma-
chine building industry is 2 shortage of Technical knowhow for
proper and econcnic operation of the existing machine tools.
This is hinderance to raplid Industrial Growth in the country. In
factories, a2 small number of enginesers and almest no weorker are
eware of optimum conditions of machining, without which achieve-
ment of economy in industrial production 1= almost impossible.
In the factory, without using scientific method, the whole metal
cutting operation is based on thumb-rules due to lack of proper
technicsl knowledge in this field and equipment facilitiee. Thus,
development of new econemical, scientifie process of metal cutt-
ing is beyond the scope of the factory. In practice, the values

of the metal cutting variables are determined either by mere



experience ag uneuslly done by machine-tool operators or selec—
ted from the available Enginesring tables. None of methods takes
the procecs constraints inte consideration and merely depend on
the personal experience of the employed personnel and hence lead
to values which are too far away from the economic values. It
results in low producticn rote end high machining cest which is
undesireble for the factory. Therefore, any means eof improviag

thizs gituation ie of direct concern to all,

To improve upon this condition, it is necessary to study
the underlying principles of metal cutting snd tool wear and to
employ more effective methods of metal cutting. This will enable
to raise productivity, to inerease machining accuracy and to mz-
chine most econimically. The primary purpcse of machining econo-
mically is to determine the machining parameters correspondinn
te optimum conditions. The optimization is performed with regpect
to an objective function which may be (a} the machining cost, (b}
production rate, {¢) profit rate, or a suitable combination of
these three functions., So, optimum resulte from metal cutting
operationg - interms of piece cost, productivity, and profit rate

is of mejor importance to the factory.

The selection of cutting conditions hag long been recogni-
zed peg 8 major Tactor governing the economice of metal cutting.
Experiences gained over the years have led to the determination

of certain empericel rules or puiding prineiples for choosing

o



the optimum eutting conditionms for a given machining operation.
With & view to use the optimum conditions and the principlesg of
metal cutting in the faetery, this experiﬁental study has been
made. A turning coperation hag been chosen to develop a method
which needs no gpecial or costly equipments and edequate techni-

cal knowhow of the workers to reach the above mentioned goals.

M Litersture Review

Regearch in metal cutting had already been carried ocut by
the French Secientist Tresca(qgj gs far back as 1873, altheough
fundamental thecries have been developed only during the pest
three or four decades. Beginning with Hallﬂck(go) in 1881, and
through 1900, several contributions were made toward nnderstan-
ding the metal cutting process by determining cutting forces and

the effects of tool gecmetry snd cutting environments.

In 1907, the clmesical work of Taylurigq), "on the Art of
Cutting Metals", stimulated considerable experimental work in
metal cutting. Taylor's work emphasized the role of temperature
of the tool on its life., However, from that time until 1925 the
developments led more toward producing emperical ﬂata than con-

tributing to theorétical analysis.

Fundamental research on the metal entting mechenism has

been contimmed since 193%0. And it hasg been influenced by aimilar



researchers., In 1935 Ernst and Hartellott(ggj confirmed the
role of the built-up edge in metsl cutting and presented their
theories on the mechenics of its formation and breaking off and
its effect on tool temperature and on the surface finish of the
machined part. Considerable stimnlus wag given to the theory of
metal cutting by Ernst and Martellottl in 1935, Ernst(23) in
1958, and Ernst and Merchant‘S'’ in 1940, This group explained
the mechanics of meteal cutting and the interrelated effect of
tool gecmetry, tool temperature, chip formation, cutting fluid

end surfece finish.

By the year 1950 it was realized that the customary methods
of solving machining problems, which used the rule-cf-thumb, must
give way to a scientific method. In metal cutting the requiremehts
are chonging and they result in contimslly changing interrelated
compromises which involve new materials, better surface finjsh and
higher rates of production. Thus, it is necessary that cobjectives

be achieved in the very near future. This requirement has led to

extensive developments in metal cutting since the year 1950.

Regarding wear process of the cntting tool, tool life test,

testing method, etc. many reports have been presented by many

(12}

researchers. In 1952, Merchant, Ernst and Krabacher presented

a gcientific method of tool life testing, specially, for cemented

carbide tonl. The mechenical aspect of metal cutting was investi-

(26)

gated by Zcrev(EB) in 1952. In thes same vear, lLaladdee a



leading scientiet in USSR, presented A well recognized theory

of chip formation during metal cutting process.

Considerable effort has been expended after the year
1950 on developing the optimum machining varjables. In 1955,
Eﬁnst(q), Gilhert(E) optimized the cutting conditicon withrespect
to minimum production cost. In this objective function, cost of

production is s function of tool ¢ost and machining cost.

In 19565, Rozenberg and ETEmin(g) carried out experiments
on begic metesl cutting principles and egtablished a relationsghip
between machining variableg and metal cutting theory. Rozenberg
slso developed the relation of cutting force co-efficient of chip-

shrinkage with cutting force.

1

In 1958, Laladze(eaj pregented the recle of tool wear for
optimization in metel cutting process. This wns confirmed by
GluShiﬂ<E?> in the same year after investigating the metal cutting
pPToOcess. Brewer(qq) slso worked on the basic turning operation to
optimize the cutting variables for maximum production rate., Acc-
ording to this objectiwve function, production time depends on

machining time, idle time, etc.

1366, Nakarav(gg)

garried out investipgations on tool wear
and optimization of metal cutting process. In this year, Armerego
and Hussel(a) uged maximum profit rate as an objective function

for optimizirg machining variables and have proved that maximum

profit depends on both tool cost and idle time.



In 1967, Zorev, Gronoveky, Larina and Tritiakov¢>0)

explained the mechanics of metal cutting. In this year, Dekes(E)
identified the restrictive conditione of cptimigation and presen-
ted a method for calculating the optimum cutting condition within
thege conditions. In this method producticon rate was only the

(6)

objective criterion. In the same year, Basu modified this me-
thod by developing & new approach for chosing optimun cutting

I
variebles. Boothroyed, Engle and Ghisholm(qu) determined the aff-

ect of tool flank wear on metal cutting process.

In 1968, Ejorke(q) developed a mathematical model for

calenlating the cutting condition during truning operation.

The nature of chip-tool contact process in an important
factor in chip Tformation and it is one of the most significant
factors determining the process of tool wear. In 1969, Talantov(g)
presented e relationship between chip=tool contact process asnd
tool wear for cemented carbide tools to improve metal cutting
ProcCess. Hadai(Eq) in his study developed an equation with the

help of which critical cutting speed can be determined. Conside-

rable support was given to this theory by Huzniknv(32) in 1969,

In 1970, Time(33> explained the resistance of metal during
F
cutting operatione. And in 19%Y5, Babrnv(34) presented the funda-

menta]l theory of optinization of the metal cutting process.



In 1978, Talantov, Cheriomoshnikov and Eurchenco{qa)
presented the relationship between cutting speed, metal cutting

process and tecol life.

This werk attempts to present a methoed of selecting

optimum metal cutting conditions during turning operation on

the bagis of the earlier progress in optimizing the metal cutting
process and in establishing reletionship between tool wear and
chip tool contactprocess. Attempts have been made in this article
to present a comprehensive list of the works so far done in thisg
direction overall development of the theory of metal cutting
alcongwith works which deslth with the problems, selected for

study in the present work.

1.3 General Theory

The optimization ic performed within the feasible region
defined by the relevant constraints, and with regard tc the ex—

pected wvalue of the cobjective function.

1.%.1 Cbjective Criterion for Optimization:

(1

Large number of research work were cerried out by Ernest
x
Gilbert{E), Armarsgo & Husselij) to determine this eriterion.

According to their decisions,ﬂxhe objective criteria are:

i) Minimum cost {cost as criterion):
0. = . + Gc + G + Gt

B I + Ctd . {1)

tc E



§i) Maximom production rete (production time as criterion):

Tp =Ty + T, + T (TC/TL} e (2}

iii) Maximum profit rate {profit rete ms criterion):

1.%2.2 Restrictions for optimization:

When the optimization of ths objective is carried out,
it is neceseary to consider the faetors which impose restrictions

on the eutting conditions. There are various restrictions used by

various authors and systematically stated by Ejorke(4) are given
below:
i) Peower : FPower absorbed by cutfing process cannot
exceed the power capacity of the main drive
ii) Torgue : The torque absorbed by the cutting procees

muet not exceed the torque capacity of either
of the nmain drive, or of the work piece, of
of clamping

iii) BSpeed : TFor chip breaking and safety of the operator,
the cutting speed must not exceed an upper
l1imit. And, also lower hound of the cutting
speed is limited by built up edge fermation.

iv) Feed : The product of feed and speed must be listed
to keep the validity of wear criterion.
v) Depth : The meximum depth of cut 1s restricted by
of cut the length of the main cutting edge, machi-

ning allowsnce, power of the machine, defl-
ection of the work piece, etc.

vi) Force £™: Forces and vibrations in tool snd workpiece
vlbﬂtiﬂn‘?-:] also regtrict the cotting conditions.



vii) Machine feed & Speed steps : The restrictions in

this case depend on the machine used.

1.%.% Selection of Optimum Cutting Parsmeters under Varicus
Regtrictive Conditions:

i)

ii)

1i4)

With cost es objective criterion:

For'optimum tool life, cest is a function of speed,
feed, and depth of cut and should be a minimm.

Cr = (v, 8, t)

With production rate ae objective criterion:

The usual objective eriterion is obtained from eque-
tion{2} in which time of production is minimized.
According to Eekes(5}, netel removal rete (v.s.t) o,
should be maximum.

e = f(v, 2, t) end

ToS.t = maximum.

But, Basu‘®’ found that for this criterion -

E 3
T, Tp
¥
max
£ £

With maximum profit rate as objective creterion:

Fron equation(3), due to Armarego & Russel(ﬁ),

P = - S
R IP
where, IP = depends on market price,
GP = f{f, s, t)
T, = f(v, 5, t)
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Tt is true that, to s mamifacturing concern, production
cogts, production rates and profit rates, all are of vitel
interest. But analysis of these three terme at s time is not
possible for complexity. It is wise to use only one objective

(73

criterion, generally minimum cost criterion , ag requirad to
determine econcmical eutting conditions. According to the vari-
ouz anthors, it should be noted that, for a given material and
a tool, the restrictions of feed, speed, dﬁpth of cut, cutting
force (as function of power), and surface finjsh will apply

whatever criterion is used to determine "Optimum Cutting Condi-

.
tions".

1.3.4 Cretical Cutting Speed

It is known thet, cutting force, Pz iz a function of

cutting variables.

P = f{v, 5, t).

z
C
. . _ v
_ Expression of toel life, Ty = A7n Evan tvan e L4

Tor a particular cutting condition, where values of 5 &

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

F_ = ¥£(V) aan ves (5)

z
end, similarly, T} = (V) - S (&)

3ince, the tool life, T. is defined by flank-wear, h

L T

then, hey = £(V) cre eea (7)
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From equation (&), the cutting speed, V can be expressed

as follows vaking tool life constant,

c
vV
1'IT = - -as (E-)
siv, +%v

Generally, Yv Kv, It means that feed has grester
inflnence on cutting speed than depth of cut. Thie case is
Just opposite for cutting force, P, on which depth of cut has

greater influence than feed.

Large number of rezearch works have heen carried out in
the "Volgograd Polytechnic Institute'", USSR, to establish the
relations described by equations 5, 6 & 7, for any entting con-
ditions with cemented carbide toel. According te the results,
the relatiocnship between F, and V3 h, and V; Ty end ¥V, can be
represented graphically az in Figures - 1, 2 & % respectively;r
Fig. 1, shows that upto point C;, the dependence of F,on ¥V is
complex, for both the cages. After that, for single carbide tocl
materisl, eurve takes a regular shape (Pz decreacses with increase
of ¥), but for double carbide tool material, the curve takes the

shape &s shown by dashed lins which shows & second peak et G,.

In Fig. 2, for single carbide tool, the wvalue of hf decre-
gses first with increasing V, followed by an increase to naximum

with further increase in V¥, then egain hI decreases upto a point,

G1 nlose to vc:] At the point ?é, hf incresses sharply and then.. 3
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Single Carbida.

v Cutting Speed V,m/min.

FIGURE = 1. Typical Curve, P Vs Vi

B ,
- _~" ™= 3ingle Carbide.
-~ )l - ~ = = Double Carbide.
H | __._.-'f
3 e P S
AT o |
3 T
|
E ’ |
! i
v, Cutting Speed V,rn/min.,
FIGURE = 2. Typical Curve, hy Vs V.
A?{
n' f..-"'"‘-_“-‘-‘r../f | x__-&-_-___rc“‘z.
|7 ' LT~
[ | ! ™
E:l C-i I } -
o | : Single Carbide,
- | | ~ - — Double Carbide,
o - |
o ! I
£ [ |
\ |
Vo Cutting Spead V ,m/min.
FIGURE ~ 3. Typical Curve, T; Vs Vi
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the curve changes its shape indicating constant increase of

h., with increage cof V. But for double carbide tool, beyond?the

:[‘!
point TG, with increase of V¥V the walue of Eg increases first
and then decrease till point G?, after that there is constant

inerease of H. with further increase of ¥ (within certain limitsg).

From Fig. 3, it is found thet, for single carbide teol
naterinl, one peak at point Gq which indicates maximum tool 1life
at cutting speed corresponding to this point and then decreases
with further increase of V. But, for double carhide tool mate~
rial there are two peasks - one at point L'J,.I and other at point CE
mean that tool life increases at first to B meximum value (point
qu with increasing V, folleowed by a decreass with further incr-
sage of V. The relation reverses agsin upon further increase in
V to ancther maximum value {point GE) where upon tocl 1life drops
with contimied inersase in V. it seensz mpperently that, at point

C,, tool 1life is less than that of at point C,. But considering

E!
tool life per piece of product, tool life af point C, is higher
than that of at point C,. Similar results were also obtained by

(18)

other rezearchers who worked in this Tield.

From the above {igures, it is found that, the point Tc
Plays a significant role in "¥conomics of Metal Cutting” as the

I

nature of the curves and "Chip=tocl Ceontact processes changes
drastically at this point. Many anthors dencte this point as

"Uritical point"™ or "Critical Cutting Speed"”, or "¥ = critical®



e
or simply as "Vc". For single carbide tool materizl TJOP._E._T.TC,
and for dguble carbide tool material, vop%é’?c‘ ?opé?vc'
e ’

1.2.5 ©Chip-tool Contact Frocess and Tool Life

Turing normal machining cperaticn, tool-wear mainly ::J
depends on the "Chip=tool contact procees”. In the zone of cu-
tting epeed where btuilt-up edge exist, the tool-wear is deter-
mined by the type of tilt-up edge. There are several types of

built-up edge, whose typical views are shown in Figure &.

Chip
Tool
Built-up edge Built-up edge Built-up edge
Type-4i Type-B Type-C

Figure 4: Typical wview of huilt-up edgs

Many researchers have worked on 'The effeet of chip-tool
contact process on tool wear'. And talantGV(B) has been able to
ectablish a relsationship between the contact process and the

tool life, which is ghown in Fignre 5.



Topl 1ife curve

z////f/ Continuous chip Continuous chip

o o e

with built-up edge without built-up edge

Type=Ai |[Type-Bl Type~(

—._._-...1|I|r

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

It is obgerved that at higher speed during type-C contact
process, tool life is meximum and minimum toel 1life at type-B
contact process. It iz also experimentally proved by Talantov
that type-C contact process, though unstable built-up edge but
soft due to high temperature for higher speed, protects the tocl
life from wear snd reduces Tlank-wear end nlso produce mirror
type snrface finish. This is a special type of contact process
and according to him it is called "Pulsamtion Contact Process™.
Tt is alsc shown in Fig. 2, that in the range of euntiing speed

where this type of contact process ig realised, the wvalue of



.

flank-wear, hf is minimum for single Carbide tool material. By
the recent research works of the same author, it has also been
established that for double cemented carbide (titanium - tungs-
tan) tool materials there exists a range of cutting speed Jjust
above Vc’ where the tool is protected egainst wear by a permanent
welded layer of work material formed on the tool-face. Approxi=-

mate shape of the curve T = (v} is shown in Fig. 3.

1.4 Aims and Cbjectivea:

i) To determine the critical cutting speed, V, for
different cutting conditions

i3) To determine the eccnomic cutting condition with
respect to tool 1ife and to estahlish its relationship
with criticel cutting speed, Vc.

iii) To ewvaluate the economic benefit of the proposed
methods over the existing one by cost analysis and
to recommend the mogt economic method.



CHAPTER - 2

DETERMINATION CF CRITICAL CUTTING SFRED

2. Theory - -

The nature of wvaristion of cutting force is intimately

releted with cutting speed. Rozenbergiq) established an &Xpre-

ssion of cubting force, P

=
og 'ﬂ]n
r.:Lt. n - -
P - s Sinf - Cos(p-¥) g ees (9
{ - in R

K.Con {2
This indicates thet P, depends on the value of , E, 5
and t. E is the "chip-reduction co-efficient” or "chip shrirkage”,

where

ccsiﬁ“‘ o}  _ Lo length of uneut chip

sin 2 T, = Tictuml length of the chip

The value of K is affected by:i-

i)} Cutting variebles, i.e, v, s, t etc.

ii) Cuntting environment snd auxiliary variables

The behaviour of K ma influenced by cutting varisbles
fully depende on cutting force, Pz‘ For determination of cutting
force and explaining cutting tool performence, the value of chip
shrinkege, K and ite behaviour with respect to cutting variables
ig very importent. &nd also, measurement of K 1a very easy and
needs no cogtly end precise instrument. But on the otherhand,

cutting force, Pz measurement is very tropblesome and the instru-



18

Iy

ment is algso very costly. In Fig. 6, Rczen‘nerg(9> has demons-
trated that the behaviocur of cutting forces with respect to
cutting speed jis identical with chip-shrinkage cheracteristics.
S50, to findout the critical cutting speed, ‘Jc, chip-shrinkage,

K is used ingtead of cutting force, P, .
|

_ 3
Rvﬁ T, )
110 & o S N
e~ L
Q0
o : .
40 B0 120

vV,mn/min ———=

Fig. 6: The behaviour of cutting force, P, end chip-
ghrinkage, K with raspect to cuttfng epeed, Y.
(after Rozenberg)

2.2 Flace of Investigation

Beangladesh Machine Tools Factory Ltd. is the biggest
fectory in the country which involves huge amount of metal
cutting end metal proceesing. It is evident that yearly metszl
cutting cost on mechine-tools opereted in BMTF 1e enormous.
This savings caJ:LE,be realised by investigrting and subhsequently

improving the existing metal cutting process. Diring the year
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1980—81,,@&32}52, HMTF incurred net_loss of Tk.761.07 lacs

and Tk.598.49 lecs respectivaly and factory production fulfils
only 6% of the local demand(qﬁ). Existing metal cutting con-
dition may be one of the ceuges of this situation as the assign-
sd values of machining variables are determined on the basis of
meres personal experience. This has emphesized the need for the
determination of the machining condition. To show the efficiency
and benafit of the proposed metal cutting process over the exis-
ting one, the field of research work was chosen in HITF end the
exparinental study wes done on one of its important product the
"Drewing Roller" on which the main and primary cperation i=

turning.

e Detrils of Work and Tool Materials

The experiment was carried out in the machine shop of BUET.
With a view to use all the facilities of HMTF and to meintain
the existing working conditions (input variebles) of BMTF, expe-
riments were performed with identicsl work meterial, mechime-tool,
cutting-tool, stc. Nickel-Chromium steel of group TONCE (¢ =i0.12%
11%_:5 0,60 ~ 0.90%, 5i = 0.10 - 0.40%, Ni = 1.2 - 1.6%, Cr = 0.85 -
1.15%, P(max) = 0.035%, & S(mex) = 0.035%) as work-material and
Cemented-Carbide of group P15 (15% TiC, 6% Co, 79% WC - Double
Carbide) rectenguler hraced type tool tip am cutting tool, were
used is the experiment and both of them were supplied from the

office of HMTF. Bize of the tool-ghank was 25mm x 25mm x 40mm.
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Tool geometry was as follows: ¥ =E»°, W= 5°, of & ol =8B
W = 91°, Diamster of the drawing roller was 73 — 74mm end
length was 954 — 1207 mm. Machine umed was a 'MIM No,?7' engine
lathe provided with a 40 h.p. motor, Spindle speed: aa,nﬁﬁzz;}
1, 182, 242, 316, 410 & 528 r.p.m. and Feed: ©.20, 0.25, 0.30,
0.35, 0.40 mm/rev. close to thoase available in the production

'OERLIECN' engine lathe used in the HMTF for this very operetion.

2.4 Condition and aAssumptions of the Lxperiment

The aims of all the experimental setups were to [indout
the critical velues of the factors influencing the cptimum cutt-
ing condition. From the earlier theoretical investigation, it
was proved that the influencing factors were, cutting force,
gpeed, feed, depth of cut, tool-life, &tc. Influence of tecol
gaometry wee neglected for constant tool geometry through out
the investigation. Although cutting fluid h=ze gnnsidurable in~
fluence on cutting conditions yet it wae not used, since coolant
quickly shatters cutting edge end forms creck for repeated guen-—
ching. To investigate the above menticned factors carafully and
systematically, experiment was conducted in several stepa and
the assumpticns were staeted below:

i} The propertiss of the work-material do not vary during

and efter the operations
ii) Inatentenescus conditions of temperaturs, pressurs, and

chip-formetion in the region of cutting correspcond to
the appropriate steady-state conditions.
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2.5 Experimental Setup

Conventional method wss applied for to determine critical
cutting speed. It was noted that for this experiment = round
gsolid ber was turned with cemented carbide tool. Shallow axial
slots were cut on the bar surface before turning opgration,
becanse chips of 25mm.to 100mm in length can be measured without
difficulty. But longer chips are usually unhandy while shorter
chips donot permit sufficient accuracy. 3¢ to determine the wvalue
of chip—shrinkege, K from turming operntions, it is feasible and
also recognized to interrupt the cut by s grocve inorder to have
a measure of the uncut length of the.materizl which leter is remo-
ved a3 a chip. 4 smell groove parallel to the centre-line of the
workpiece leaves marks at the edge of the chip at a distance equal
to one reveolution of Ehe work. The chip—-shrinkage, K is found by
measiring the distance of the mark on chip and dividing the cir-
cumstance of the work piece by the measured length. The length of
the chip is measured preferably on the smooth surface, chip-tool
contact processes were estimated by viewing the scratch patterns

on the rake face of chip and by studing the photomicrographe of

the chip.

2.6 Experimentel Details

To determine the existing factory (EMTF) condition, which
is 5 = 0.20mm/Tev., t = 2.5mm, V = 52m/min, N = 225 rpm., whether

¢ritical or not, cutting operations were carried out with previ—:: .E ;
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ously said lathe speeds taking S5 = 0.20 mn/rev., and t = 2.5 mm.
The ehips were col]ected1separately for each ent whose duration
was a few seconds and the wvelue of chip-shrinkmge, K was calcu-
lated after msasuring the chip length carefully and accurately
and aleo chip-tool contact type was marked and noted for every
case. With these wvalues of K and corresponding values of ¥, a
curve E = f{V) was plotted in Fig. 7. This curve is similar to
thet of previously estmablished test results. Here, value of
chim=chrinksege, K reaches s maximum value at a certain cutting
speed and decreases with further incresse in the entting speed.
It is known that a reduction of the chip=shrinkage usuzlly is
agsociated with 2 reduction in eutting force snd also with an
increase in femperature and ?ice—veraa(ﬁu}. Thus st maximum K

P, e also maximum and for minimm K value of P, is minimume.

After mnalyzing the curve and chip=-tool contact process, critical
cutting speed was determined which was ?G = 75 m/min and correge
ponding N = 346 r.p.m.. This indicates that factory cuftting speed,
¥ = 52 m/min, § = 225 r.p.m. was not critical as it was too low

in comperison with the experimental value of ?c for the giwen

values of 5 and t.

Similarly, keeping fzed constant, 5 = 0.20 mm/Tev, varying
anly depth of cut, t and taking its value equal to 2.0, 3.5, 4.0
4.5 and 5.0 mm cutting tests were performed. For each condition,
chip were collected seperately and valne of chip-shrinkege, K was
calculete. Chip-toocl ceontact process was also noted. Finalljr:a

after plotting curves K = £f{¥) in Fig. 7, the velue of V., was



© (P dﬂﬁmﬂ_.ﬁﬁxm WY ) ARl WML 70 =8

SPo{layy - diys  we  pasdd @.ﬂﬁ._bu a4 A - JYNOtd
Gt E.JK__SAi +6 5t S 95 2% T
] t 1 . |._(\)
o S
7]
. .ﬂhu d
. \
7, &
o

.

&
w05 1 N
W Gy = - @ _‘+._ Q o)
‘W Oy = 3 - %
un gy = - %

. 2

-9 .
1)

‘wwl 0g =

PR TS e . S

Twatr &g =

My

—or



24

determined for =sach condition. Similarly, for emsch of the foll-
owing velues of & of 0.20, 0.75, 0.35 and C.40 mm/rev, cutting
tests were conducted with the six mbove mentioned values of t

(t = 2.5, 3.0, 3.5, #.0, 4.5 & 5.0 mm) for various values of i}
cutting speed, V. In every case, types of chip-teocl contacts

were marked carefully and values of K were caleulated. Withi '~ -3
these valnes, curves K = f{V) were plotted as shown in Figures

B, 9, 10 & 11. Photemicrographs of the chips for the points
marked on the eurves in Figurees 7, 8, 9, 10 & 7171 are shown 1in
Figares 42, 13, 4, 15, 716 & 417 respectively. Fhotographs of \._ J
Fig. 12 represcent the points, such me 1, 2, 3 & 4, marked on the
curve {(t = 2.5 mm, 3 = 0.20 mm/Tev.) in Fig. 7. It iz obaserved
that ot point 1, chip is discontinuous type and there are pro-
minant fracture marks on chipe At point 2, chip=tool contrct
process ia continnous type with traces of builtup edge; while

at point 3, the chip is combimuouns with unstable builtup edge

and traces of this type of builtup edge can be ohserved on the
reks face of chip, as well as on the cutting eurface. At point

4, contimaousg chip slmost without builtup 2dge which venishes

after a few seconds of cut (as in Fig. 29).

Due to similar shape of all curves in Fipg. 7, it is argued
that the similar point on any curve behaves similarly i.e. they
should correspond to identical chip-tool contact process. To es-

L] ! !
tablish this statement, photomicrographs of the points 4: 2, 5 &4
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V= 56 m/min, t = 2.5 mm., 8 = 2.0 mm/Tev.

Fig. 12: Fhotomicrographs of chip at 8 = 0.20 mm/rev.,
t = 2.5 mm. magnification = 1100.



Vv = 94 m/min, t = 2.5 mm., S = 0.20 mm/Tev.

Fig. 12: Fhotomicrogrephs of chip at S = 0.20 mm/rev.,
t = 2.5 mm.,, Magnification = 100



¥V = 32 n/mnin, t = 5.0 oam., 5 = 0.20 ma/rev.

t = 5.0 om., 5 « 0.20 oo/rev.

¥ = 42 n/nin

Fig. 13

Photanicrographs of chip st 5 = 0.20 mm/rev.,
Megnification = 100

t - S-G .

-
-
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¥ = 72 m/min,. tw= 5,0 mm., 5 = 0.20 mm/rev.

Fig. 15: Fhotomicrographs of chip at 6 = 0.20 mm/rev
t = 5.0 om. Megnificetion = 100
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marked on the curve (t = 5.0 mm, 5 = 0.20 mm/rev) in Fig. 7,
which were similar to the points 4, 2, 3 & 8 respectively, are
shown in Fig. 13. It is observed from the pbotogrsaphs thaf at
point 1, chip is discontimious type and there are prominant
fracture marks on chip. At peint 2', chip-toel contact process
ig contimaous type with traces of builtup edge; while at point
Z' the chip is continuous with unstable builtup edge and traces
of tnis type of builtup edge can be observed on the rake side of
the chip as well as cn the cutting surface. At point #', conti-

mious chip without builtup e€dge is cbserved.

Figure ‘4, shows the nature of c¢hip and chip~tool contact
process for the points 1, 2, 3 & 4 merked on the curve (t = 2.5 mm
5 = 0.25 mm/rev) in Fig. 8. Fram the photographe it is found that
at point 1, chip is discontinuous type and there are prominent
fracture marks on chip. At point 2, chip-tool contect process iE
continuoua type with traces of bullt up edge; whi;e st point 3,
the chip is continuous with unstable builtup edge and traces
of thie type of builtup edge can be observed on the rake side of

chip as well 28 ou the cutting surface. At point 4, continuous
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¥V =32 m!hin?&ﬁ =« 2.5 am., § = 0,25 mn/Tov,

Pigure 14: Photonicrographs of chip at 6 = 0.25 mn/rev.
t = 2.5 nm. Magnification » 100



Ve?0/min, t = 2.5 o2, S » 0.25 on/rev,

Figure H: Photographa of chip at 8 = 0.25 am/rev.
t = 2.5 am, Magnification = 100

35
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¥ = 42 m/min, t = 2.5 mm, S = 0.30 mm/rev,

Figure 15: Photomierographs of chip at 8 = 0.30
t = 2.5 mm. Megnificetion = 1100

mm/rev.

36
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Y e 73 n/pin, t = 2.5 mm, 85 = 0.%0 mm/rev.

Figure 15: Phatomicrographs ¢f chip et S = 0.30 mm/Tev.
t = 2.5 mm. Magnification = 100

37
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chip without built~up edge is found. For similar nature of
all curves in ¥ig. B, the chip~tool contact process and chip-
type will behave ginilarly fer similar point on any curve as

shown in Fig. 4.

Fhotographs of Fig. 15, for the points 1, 2, 3 & 4 res-
pectively merked on the curve (t = 2.5 mm, 8 = 0.30 mn/rev.)
in Fig. 9, show that at point 1, chip is discontinucus type and
there are prominant fracture marks on chip. At point 2, chip
tool econtvact process 1s continuous type with traces of built-up
edge; while at point 3, the chip is continuous with unstable
built-up edge and traces of this type of bdbuilt-up edge can be
observed on the rake side of chip ag well as con the cutting
surface. At point 4, chip is continuous without tmilt-up edge.
Due to similar nature of ell curves in Fig. 9, the behaviour
of the similar points on each curve will be same as shown in

Fige. 15.

Fhotographs of Fig, 16 represent the point 1, 2, 3, &
regspectively merked on the curve (t = 2.5 mm, 3 = 0.35 mm/rev.)
in Fig., 10. It is observed that at point 7, chip is discontimiocus
type and thers are prominant fracture marke on chip. At point 2,

chip=tocl contact process is contimuous type with treces of
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V =« 22 m/min, t = 2,5mm, S = 0.35 mm/rev.
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. V=42 m/min, t = 2.5 mn., B = 0.%5 mm/rev.

Fig. 16: Photomicrographe of c¢hip at 5 = 0.35 mm/rev.
t = 2.5 mm. Magnification = ‘100



V=55 m/min, £ = 2.5 mm, 5 = 0.35 mm/Tev.

V = 73 m/min, t = 2.5 mn, S8 = 0.35 mn/rev.

Fig. 16: Fhotomicregraphs of chip at 5 = 0.35 mm/rev.
t = 2.5 mn. Megnificetion = 100

Om



built-up edge; while at point %, the chip is continuous with
ungtable built—up edge and traces of this type of built-up edge
can be ohserved on bhe rake face of the chip as well as on the
cutting surface, At point 4, chip is continuous without any
built-up edge. The similar points on the &ll other curves, as
aizmilar in shape, in Fig. 40 will behave. §imilatly like that of

photographa in Fig. 6.

Fhotographs of Fig. 17, show the nature cof chip end chip—
tool contact procesgs for the pointe 4, 2, 3, 4 respectively mar-
ked on the curve {(t = 2.5 mu, S ).40 mo/rev.) in Fig. 11. Frou
the photographs, it is observed that at point 4, ehip is discon-
tinmaous type end there are prominant fracture marks on the chip.
At point 2, chip-tocl contaect process is continuous type with
traces of built—up edge; while at point 3, the chip is centinuous
with unstable btuilt=up edge and traceeg of this type of built-up
edge can be observed on the rake side of chip as well as on the
cutting surface. At point 4, chip is continuous without built-up
edge. BSince the shape of all curves in Fig., 14 are similar in
nature, the similar point on any other curve will-behave gimilar-

ly as observed in Fig. 7.
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V=322 o/min, t = 2,5 mm, S = 0.40 mu/rev.

Fig. 17: Photemicrographs of chip at 8 = 0.40 mm/rev.
t = 2.5 mm. HNagnification = 100
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¥V = 42 m/min, t = 2,5 mm, 5 = 0.40 mm/Tev.

T o
S

T T

Vv = 56 m/min, t = 2.5 ma, 5 = Q.40 nn/rev.

Figure 17: Photomicrographe of chip at S = 0.4C on/rev.
t = 2.5 mn. Magnificetion = 100



2.7 Experimental Results

From the sbove figures end conclusions, It is Justified
to sey that the critical cuttfing speed, ?c must lie somewhere
in between the two points 2 and & or in between two similar
points on the other curves. The critical cutting speed, ?c is
congidered to the cutting speed at which few traces of unstable
built=up edege appear on or Just digeppear from the rake side of
the chip, as it protects the tool from excessive wear. 3o, after
investigating and comparing carefully the reke face of chip-for-
med at the three points 2, 3% and 4 on easch curve, the criticalﬂ
cutting speed, ?ﬂ wes determined for each cutfing condition,
which is shown in Table 1. It is found that some values of ¥V,
are mentioned by range, not by a particnlar value. The actual
value of V, lies somewhere within the above mentioned range,
because of the fact that the speed of the given maechine-tool

conld be varied infinitely during the operetion.

In the next chapter it will be shown that tool life hes
certain relationship with the ehape of the curve K = (V). It
will be also shown that knowing the shape of the ahcve mentioned
curve it is possible to predict at which particular cutting speed

or its range, the value of tool wear will be minimum.



Table — 1

Valuas of critical cutting speeds for different
cutting conditions

Feed Depth of eut  Critical cutting Corresponding
5, nL/Tev. t, mm spaead, ?c mn,/min spindle Spsed
H, TuD«lHa
2.9 75 316
2.0 56 242
0.20 3+5 5 242
4.0 47 = 56 182 -~ 242
4.5 42 ~ 65 182 = 242
5.0 412 - b5 182 = 247
2.5 56 242
2.0 42 - 9& 182 -~ 2472
0.25 %5 A2 = 42 Wt - 182
4.0 A2 = 47 417 - 181
4.5 12 = 4z 141 = 182
5a0 4.2 182
2.5 CE 242
3.0 e 141
4,0 2 = 42 W1 - 182
4,5 A2 = 4P W1 - 182
5.0 A2 = 42 W1 - 182
2.5 56 242
5.0 2 - 4z 141 ~ B2
0.35 5.5 e 441
4,0 o 141
4.5 32 141
5.0 I 141
2.5 42 182
3.0 32 - 42 w1 - B2
%5 L@ 25 109
040 4.0 25 = ®2 19 - 1
4.5 25 = A2 109 - 141
5.0 T2 o~ 4z %41 = 182




CHAPTER - 3
DETERMINATION OF OPDIMIM CUTTING CONDITICHN WITH

RESPECT TC TCCL LIFE AND ITS RELATICN WITH CRITIGAL
CUTTING GFELD

T TheoTy

The most impertant mechsnicel factor influencing machi-
ning costs, is normelly tecl-life. But it has several inter—
pretatinns. It can either be the useful 1ife of a cutting tool
expressed in mimutes betwsen grinds or the total time which a
tool can withstand before complete destruction. For cemented
Carbides, tool=1life is frequently designated as the time to
produce B specified mmount of flank-wear, e.g. 0.80 mm, while
tool-1ife expressed in time alone may have merit in computing
gachining cost, it may not be & fair index of a tool's effec-
tiveness to remove metal by chip formation, since the cuts can
be deep or shallow, the feeds hemvy or light, and the speeds
fagt or slow. Kronenbergtqo), in his study concluded that only
the volume of metal removed from the workplece can definitely
be coordinated with tocl-wear. Hence, in grest majority of the
tests, tool-life is expressed in terms of the volume of metal

Temoved.
The tool-life enters machining coste in three ways:

i} in down time for tool changing

i) in labour and overhead involved in tool regrinding
and repair, and

$1ii) 4in replecement of wornout tool.
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Thus any meane of improving tool-life results in a
lower c¢ost per piece and a higher production rate. In order
to form a basis for such improvement much effort has been made
to understand the nature of tool wear and other forms of teol
failure. The life of a cutting tool ¢en he brought te an end
in various Hays,-but these ways may be seperated into two
main groups:

i} The gradual or progressive wearing away of certain
regions of the fmce (erater we&r? and flank (flank
wear) of the tool

ii) TFailures brinding the life of tool to & prematurs
end.

Before the advent of Carbide toel, it was considerably
gagier to determine tool=1ife because the failure of the tool
could readily be seen from the appesarance of m burnished ring
on the workpiece when the tool was dull. But the burnished ring
ususlly cennot be observed on the work piece when machined with
carbide toole. S0 it is & bit troublesome to determine the life
of cemented carbide tool. In practical machining operatlons,
the wear of the fuce and flank of the cutting tool is not uni-
form along the ective cutfting edge and hence measurement of wear
is algo difficult. It is proved(?) that the wear of the carbide
tool progresces at the tool flank and the width of the wear-land
gt the flank is usuelly taken as a measure of the amount of wear
end ¢an be determined by mesns of m"Metsllugrical Microscope.

Figures 18 & 19, show the typicel wear at the tool flank(qn>.



A8

(11)

From previous experimental results y, it is true thet, under
gll circumstances the wear at the tool flank is the sole gage
in prescribing the useful life of =& carbide tool. It is 8lso
true(?) that when tocls are used under econcmical conditliens,

the flenmk wear is usually the controlling factors.

Figura 18: Wear land on the tool flank, He.

Figure 19; Erratic width of wear land.
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]:Lf i

=T - IT e 11T
T, min.
Figure 20: Growth of wear land with respect to time at

a constent cutting speed and for a given pair
of work mnd tool material (Thecretical)

Pigure 20 shows the growth of flank wear with respect to
(13)

time

The characteristic features of this figure are:

i)} +the zone I, upto point Q, denotes the zone of initial
"break-in" which repidly breeaks down.

ji)} the zone II, QF, is the mechanical wear reglion. ’

i$i) the zone IIT, beyond F, the rapid growth of wear
process and tool fajils very socon. Point F ig known as
¢ritical flank wear. This point shifts with increase
or decrease of cutting speed.



50

Y- Experimental Setup

Thers sre saveral methods of tonl-iife testing, such es
Rpdio-active method and Conventional mcthod(qgj. In redio-sctive
method, radio-active teool is used in operstion and the wear par-
ticles that travel with chip or the cutting fluid are counted
with "Geiger - Counter”. On the other hand, the conventional one
consists of mechining with a cutting tool, cither until c&mplete

failure occcurs or to 8 predetermined amount of wear, as measured

with a Metellurgical microscope.

Conventional method, for its simplicity, was applied here
which consists of machining with carbide tool to a predetermined
length (time of cut) end the flank-wear, h, Was meazsured with a
Metallurgical Microscope. Test-experiment was not haaed on tool
foilure rather on the rate of tool-wear, so that wesar can be
determined by measuraments safter short period of time {i.e. small

smount of metsl removal).

Cutting tests were carried out on the same machine-tool, as
wae ngad for previous seriss of experiments using aems tool-geo—
metry. The rate of wear of carbide tool, when machining under
normel conditions, is so¢ slow thet meagurement required s long
pariod of time of the seme order of megnitude as the life of tool.
But due to limitotion of cutting material {stock of solid har) end
to get the mechanical wear region of Fig. 20 (i.e. the. straight-

lined portion of the theorsticael curve), & predetermined flank-
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WEET, hfn hed been deliberetely end eccurately imposed on the

tool-flenk before starting the cutting operation. This was done

during grinding opereticn of the tool.

2.h Experimental Details

The s0lid ber of the material, dimensions as mentioned
earlier wegs cut at diflfersnt speeds, N = 182, 242, 316 & 410 rpm.
with feed, § = 0,20 mm/rev, end depth of eut, t = 2.5 mm. This
experiment was started with the lower value of feed, as because
it is known that feed hes greater influence on tool=-life. It isg
shown in Fig. 5, that et Pulsation contact process (zone G}, tool
wear is minimum i.e. meximim tool 1ife and at contact process of
type-B, tool wear is maximum j.e. minimum tool 1ife., It is also
obsarved from Fig. 5 that et contact process without tmilt up
edge tool life decresses contimmously with increase of cutting
speed. So, for maximum tool life, cutting speed muat be in the
renge of pulsation contact process zone. This speed can only be
determined hy meesuring end compering the tool wear at different
cpeeds close to that contect zone (zone CG). So, to determine that
speed by comparing the tool-wear, the speed ranges were go gselec-
tad during the sxperiment thet thay were below end above the cri-
tical cutting speed, ?c g8 determinad in chaptar=-2. Cubtting tests
were interupted at regular intervals (after cutting s predeter-

mined length) and the flank wear, h,. was measured after rach
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ﬂ’

Inltial; hfﬂl = 0,30 mm;
TD=D;LD=U'

R

\n

&

After 1st cut; hf1 = 0.345mm;

T, = 6 min; L, = 240 mm,

1

After 2Znd cut; th = 0,.39mm;
T, = 6 min; L, = 240 mn,

D.E5
After 3rd cut; hfs = D.436 mm:
T3 = & min; L3 = 240 mm,
1 ¢ /
O, 48
4

After Lth eutly hfﬁ = 0,48 mmj

T# = & min; Lu = 240 mm,

FIGURE = 21, Typlcal view of flank wear land {cumulative}
N = 182 r.putey, 5 = 0,20mm/rev,, t.= 2.5mu.,

{ Experimental).
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3

Qa2

After 15t cutj hf1 = 0.%515mm;

T1 = 4,96min; L1 = 28Y mm,

D.?EE

After 2nd cut: hfa = 0,355mm;

TE = 4,96min; L2 = 287mm,

After 3rd cut; hf3 = 0ga393mm;

T5 = L,96ming L3 = 287mm,
T
0.43
After 4th cut; hfq = O,43mm;
Tq = L4496min; Lq = 287mm.

FIGURE - 22, Typical view of flank wear land (cumulative}

N = 242 r,p.n,; 5 = 0,20mB/rev,, t = 2,5mm,

(Experimental).



0.32
e
Initial; th = 0,32 mm;
Tb = Lo =0 .

| i
[}

T, = Z.67min; L, = 250mm,

After 2nd cut; hfE = 0,395mm;
TE = B, 14ming L2 = 215mm,

T
U.Ei?
ﬁftar 3rd cuts hf3 = Q. 435mm;
= 3.)inin; Ly = 215mm,
Aftm‘? hth cut; h = Q.47mm;

11
q = Z,14min; Lh = 215mm.

FIGURE - 23, Typical view of flank wear land {cumulatiwve)
= }16 T.P.EI., -5 = Dieom}"’rﬂ?il t' - Eiﬁnml

(Experimental).
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DE W ﬂW—'

Initial: th = 0,21 mm;

D}; ’

4 Affer 1st cut; hﬂ = C.24mm;
T1 = 2.,5%min, L! = 200mm,

Y )/

0.27

4
After 2nd cut; th = 0,27mm;
TE = 2433min; L2 = 200mm, '

A4

After 3rd cut; hf3 = 0,29mm;
T3 = 2,3%min; L3 = 200mm,

e

After 4th cutj hf# = 0,32mm;

Th = 2,%min; L# = 200mm,

FIGURE - 24, Typlcal view of flank wear land (cumulﬁti?e]

N = 1}10 TePelllu s 8= D.Eﬂmm/rev'-, t = E.ﬁmm.

(Experimental),
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interval using a Mettalurgicel Microscope (model no. ZEIBS
25196, CARL, Germeny with 50 times magnification). For every
cutting speed, there were four interrupticne and consequently
four values ef hf. Since the wear-land is not of uniform-width
but rather erratic, as in Fig. 19, the aversge width of wear
land was taken. The flank wear-land hefore and after operation
at differsnt spesds are sketched in Figurea 271, 22, 23, 24 res-
pectively. With the experimental data curves hg, = £(T) ware

plottad on Fig. 25.

To compars the tcol wear for different spseds, (N = "IBE,
242, 316 & 410 r.p.m.) st same feed and depth of cut, (8 = 0.20
mm/rev. & t = 2.5 mm), total metal removel during cutting opera-
tion for each speed wae determined and finally intensity of wesr
was calculated as shovn in Table — 2. From these expsrimental
and celculeted values different curves were plotted as shown in

figures listed below:
i) h, = f(zw} (flenk wear versus metal Temovael rate) in
Fig. 26

ii} hp = f{L) {flank wear versue total length of cut)
in Fig. 2%

1i4) = f(V¥) {intensity of wear versue cntting speed)
in Fig. 28
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Gido—

@
!
I

[ ) / & - R = 184 Lpmn.
ﬂ?rﬂ'-lla " H 242 CpTh
i / e

[ . A o H = 4i0 T

/ ’ o - K = 36 rpm.
B

S = 020 men/rey.

t = 2.5 min.

S = 0.00 mrm/eev.

-+

= 50 men

! i | I
=) 10 i3 an

—_—ay TUME i

FIGURE -25. Effecdt o eu"tﬁng time om Plank -wese { From experinenial dala ) .

L3
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Flank wesrT hf,mm.

0.0

4 : -
i 040

0320

Metal removal rate Zw X 10‘4, m3fmin.

Figure 26: Effect of metal removal Tate Zw = ¥.5.t.
on flank wear. (Evaluated from test data
given in teble-2, 5 = 0.20 mm/rev.,t=2.5 mm
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D207
O
£0,15-
501
E
“ O
[
0,10~
D
d e 1 ] i |
B2 56 62 73 94

Cutting Speed V, m/pdn,

FIGURE -. 28 Effect of Cutting Speed on Intenslty of woar

at 5 = 0,20 om/rev., .= 2,5 mm,

(Evaluated from test data)
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Figure 28 shows that wemr intensity increages to a maximum
value with increesing cutting speed, followed by a decrease
with further increage in the cutting speed, the reletion reve—
rses again upon further increase in speed to ancther maximun
value wheres upon wesr intensity dropa with inersese in cutting

speed. Fhotomicrographa of the chip at cutting speeds

N ='"62, 242, 316 & 410 r.p.m. are shown in Fig. 29.

After carefully studying the above sigures and the values of
Table-~2, it was found that at ¥ = 242 & 410 r.p.m. wear inten-
sity per unit length is more or lsze equal. This indicetes thet
there are two similar zones of minimum wear intensity et two
different cutting speeds = one is before the eritical cutting
gpeed, ?c and cther is sfter ?c. This condition occurs only for
double ¢rerbide tool material. But for single carbide tecol material,
there muet be one such zone hefore ?G. Diring the metal cutting
gperation with dcuhle carbide tool et higher speed beyond ?c, ;|
thin leyer of work material welded on the tool face, bscoues &
part of tocl and mawimum temperature zone is shifted Iram the
tocl face to the upper portion of the welded layer over which
the chip flow. This layer protects the tool face from wear end
this type of chip-tool contact iz ¢alled as "stagnant Contact

Process". At higher cutting speed heyond this contact process,



Vv = 42 n/min, t = 2.5 om, S = 0.20 mm/rev.,

V L 56 Iﬂg"’miﬂ-,,t = 2.51! S‘ = D-ED l!]IIl,-”'I‘E'V-

Figure 29: Photcmicrographs of chip et S = 0.20 mm/rev.
t = 2.5 mm. (efter continuzous cut)
Magnification = 400

B2
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¥V = 94 n/min., t = 2,5., 8 = 0.20 om/rev.

Figure 29: Photemieregraphs ef chip at S = 0,20 mm/Tev.
t = 2,5 om {&fter comtinusus cut)
Magnificatiom = 1100



Tabla -~ 2
Teast Results

Theoretical | Actual |Feed Depth Total Totsl Initial Final Totel Total Metal Inten-  Wsar per

Measured of time length flank flark flank metel remo— sity unit of
R value cut of of out wEar' WwWear waar Temoval val of wear metel re-
i cut h b hy = rats moval
N v N v B & T L f, f4 he-Bep & 7 I
Tpm  m/min |rpm m/minimm/rev  mm  min mm ik mm Gl m” mz}inin mm,/m mrsu’m3

182 42 200 46 0.20 2.5 24 9E0 0.30  O.48 0.18 5,162 0.22x 0.13 248,70

-4x10 -4
10
242 BE |28 &6 0.20 2,5 “19.48 1148 0.28 0.43 0,15 §.121 0.3 1x  0.13 245,10
= 154 {Eijﬂ :
316 73 | A2 73 0.20 2.5 13,04 895  0.32 Q.47 0.15 4.423 D'Eﬁx 0.17 329,80
x 10 10
410 94 lazy g4 0.20 2.5 9,26 BOC 0,21 0.32 0.1 4.1&3 D.igx 0.1375 266.60
x 10 10
316 7% |%23 75 0.20 5.0 10,23 655 0.32 042 0.10 6,640 0.65x 0.1526 150.860
mEﬂ ‘154
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the thin leyer mentioned above wvanisched and result is wvigorus
veer of tool-face, So, the cutting speed, N = 410 r.p.m., lies
in the stagnant contact zone, From the above obgervations it
was argued that, on the basis of meximum teool 1ife, thers were
two optimum veluee - one wes N = 242 r.p.m. and other was N =
410 r.p.n. But from the experiment in chapter - 2, for this
conditicen, the selacgted ¢ritical speed wes, VC = 73 m/min, &

¥ = 316 r.p.m. The results of experiments are given below:

)
M

c 75 w/min, ¥ = 316 r.p.m.

i's = 56 m/1in, ¥ = 242 r.p.m.
op 4

VOPE = 94 w/min, § = 410 r.p.m.

The ebove results alse justify the previous statement in
chapter 71 that ?Opq& v, and vﬂPE? v, for double carbide tool
material. But considering the value of metal removel rate, &,
N = 470 r.p.m. is ﬁore advaptageous then M = 242 r.p.m. ind
glso with raspect to quality of surface finish, it was axperi-
nentelly proved that ¥ = 440 r.p.m wan the best of all cther
values (i.=. ¥ = 182 , 232, 316 r.p.m.). How ccubining the
sbove three congiderations topether {(tool 1ife, metal removal
rate, end surface finish), it was concluded that for this cutt-

ing condition i.e. B = 0,20 mn/rev. t= 2.5 mm, the optimum

cutting speed is vop = 94 m/min, & ¥ = 410 r.p.m.
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With this experimental results and decision, it may be
also argued that the optimum cutting speed will be the next
higher value ol the Yc, determined from experiment In chapter .
2, Tor every cutting condition. The optimum walue for differ-
ent cutting conditiong are shown in Table-3% and the eurves

¥V = f(t)} and ?0 = f(s) were plotted in the figures 30 & 31

op P
respectively. It ig true to sey that any change of the values

of 8, t & V will affect the magnitudes of h., 2, ¥ ., etc,

c'!‘
throughout the experiment, but the general shape of all the
curves, plotted fer cnly one cutting conditicon and c¢hip-tool
contect process as shown in photemicrographs will not be affected.
In thie light of enalysis, it may be 2lso concluded that N = 316
rom 8t S = 0.20 ma/rev., t = 5.0 mm will be the similar point to
M o= 440 rpm at 8 = 0.20 mm/rev., £ = 2.5 mm. Lo know the exact
value, tool-1life testing wes mlso done for this condition, W =
296 rapoile S = 0.20 am/Tev., ¥ = 5.0 mm, and intensity of flank
wear was caloulasted sas shown in Tohle 2 and photomicrogrsph of
chip is showm in Fig, 32 to compare the chip-tool contact pro-
cecs with that of at 0 = 410 r.p.m. 5 = 0.20 mm/rev., t = 2.5 mm.
From this test, tool-waar land was sketched on Fig. 33 and curves
h

= f{T) and h, = f(L) were elso plotted in Figures 25 & 27

b f
respectively. It was observed that, in this cutting condition metal
removal rate 15 very high, wesr intensity is low and surface finish

is moderate.



Table - 3

Critical mnd Optimum veluss for different
Cutting Conditions

67

[Faed Depth of  Ciitical  value Optimum value
S, i/ Tev cut N rpm ¥ m/min ¥ rom ¥ m/min
2e5 16 23 410 Q4
3.0 24z 55 316 73
0.20 1.5 242 56 316 73
4.0 182 ~ 242 42 - 56 =16 7T
n.5 182 - 242 42 = 56 316 7z
5.0 182 = 242 42 = 56 I16 7%
2.5 242 216 73
5.0 182 = 242 2 316 73
0.25 2.5 M1 - 182 12 - 42 242 =)
4.0 141 - 182 2 — 42 242 Lo
4.5 141 - 182 A2 = 42 242 56
D 182 42 242 56
2.5 242 5& 516 73
5.0 A4 32 182 42
0.30 .5 141 = 182 T2 - 4p 242 o)
4.0 41 - 182 32 — 42 242 o
4.5 W - 182 32 = 42 242 56
5.0 14 ~ 182 I2 -~ 42 ok ¥ai e
2.5 24z = 216 7%
5.0 141 - 182 72 = 42 182 42
— 3.5 144 z2 182 42
w235 4,0 14 22 182 42
4.5 141 T 182 42
5.0 11 e 182 h2
2.5 141 - 182 T2 - 42 242 712
2.0 144 2 182 4z
040 3.5 109 - W1 25 - 32 141 32
4.0 M09 = 144 25 = 52 182 42
4.5 100 - 14 25 =~ 32 182 42
B.G 141 - 182 32 o= 42 182 4.2
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Further chonging of the cutting conditieons towards higher
veluee, contimuetion of theses tests were not possible with this
brezed tip type cutting tool, because of the development of wvery
high temperaturs at cutting edges which leads to the crack of
brazed type carbide tips due to appreciable uneven linsar-expen=-
gsion of stesl and carbide. From the ebove mentioned, experimental
findings, it cen be concluded thet optimum cutting speed, ?OP’
for S = 0.20 mm/rev, t = 2.5 mm, is 94 m/min, and for 5 = 0.20

mm/rev, to = 5.0 mm. ig 73 m/min.

V=73m/min, t = 5.0 om, 5 = 0.20 mm/rev.

Figure 32: Photcmicrograph of chip at B = C.20 mm/Tev.
t = 5.0 mm {contimuous cut)
Magni fication = 100
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s

Inltial; hey = 0,32 mm;

04 34mm;
165 mm,

After 18t cut; hyg

"

After 2nd cut; hes = 0.37mm;

TE = 2,60min; L, = 165 mm,

After 3rd cut; hez = 0.39mm;
T.3 = 2¢59min; L.3 = 165 mm,

8!
0442

I‘—

-,

T, = 2,49min; L

# 160 mm .

.’+=

FIGURE - 33, Typical view of flank wear land {cumulstive)

N = 316 r.p,m., 3 = 0,208m/rev; t = 5,0 mm,

(Experimental),



2.4 Experimental Result

Machining allowance omn the job i.e. solid-bar, in the
turning operation can be calculated from the dismeters of the
job before and after the cut which are 74 and 59 mm reepectively.
So, maximum depth of cut is 7.5 mm. There are two possible waye
of turning the solid bar within the specified dimension by using

the above cutting conditions, such as:

i) turning by 2 pasees (cuts), - (variant-1):
initial cut with ¥ = 316 rpn, 5 = 0.20 mm/rev, t=5.0mn
final cut with N = 410 rpm, 8 = 0.20 mm/Tev, t=2.5mm

ii) turning by three passes (cuta), - {variant-2):
each cut with ¥ = #10 rpm, $=0.20 mm/rev., t=2.5 mm.

The existing factory variant, - (variant - 3) is as follows:
turning by 2 passes (cutg) and esch cut with N = 225 rpn
E_' = 'D-ED ]ZIII.mfI'E'V, t = 215 mm «

It apparently seems that turning by 3 pssses — (veriant-2)
is more adventagecus then turning by 2 pesses—{variant-1) and
also than the existing Factory variant-(veriant-3). But it has
Yeen proved by economic analysis in chapter—4%, variant-1 ieg most
economic amongst the above mentioned 3 (three)} variants., Bconomie
advantage of the variant-41, in machining 000 pieces, over varia-
nt-2 is spproximately Tk. 26,140.00 and over varient-3 for the

game lot is epprox. Tk. 95,120.00.
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A comparative study of the above three conditicns of cut
is shown in Teble-5, (chapter-4)., Therefore, variant-1 i.s. tur-
ning by 2 passes {(cuts) cen be recommended for the turning ope-
ration of the solid bar. The initial and final cuts can be termad

a8 Tough cut and finish cut respectively.

Thus, the recommendsd cutting conditions are eg follows:

i} For rough cut, N = 316 rpm, S = 0.20 mm/rev,t=5.0 mm.

ii) For fimish cut, ¥ = 410 rpm, 8 = 0.20 mm/rev,t=2.5mm.



CHAFTER ~ 4

ECONGMIC ANALYSIS

4.1 Theory

The production of Drawing Eoller involves several macini-
ning operations using a variety of Machime-tools. But only
turning operation was considered throughout this experimental
investigation.

Cost per piece, CP = GI + Gc + th + ctg + th

After analysis the esch cost term of the above eaquation,
Brewer(qq), concluded thet the cost/pieceiis a function of four
variable, vis, v, 8, £ and hf. It is true thet feor optimum
values of v and s & meximum amount of wear, hr'ilﬂ.ﬁ ot in per-
mitted before regrinding the tool. Machining time is directly
infiuanced by depth of e¢ut. In practical purpcse, only rough &
finish cuts are used. 56, cutting time/toel grinding time, and
tool changing tim= ere the major influencing factors of total
production c¢oat per piece, as the other factors remain constant
for any cutting conditions. The nethad of calculating thess
coeta varies Ffrom factory to factory but the mostly used method
jis epplied hers. From equstion{1), the cost termr may be written

in the following form:
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¢; = M.t,, which is constant for particular cpsreticn
Gc = M.t_, which is reduced se cutting sp=2ed and d=pth
of %ut are increassd at constant feed
C ME
Gtc = I, Hh - tct and,
.. bt
ctg +-£th -Trb— . G‘t'

To evoid materjal handling cost, it is assumed thet the
gsolid bers are stacked near the machine ready.to be grasped by
the operator and that the operator will stack the machined
piece conveniently near the machine. According to the 5 - varia-
nts mentioned in Chapter - %, the cutting conditions are as

fellows:

i} ©Cutting conditicn according to varimnt--:

It

a. Hough cut with, N = 316 rpm, 5 = 0.20 mn/Tev

t = 5.0 mm
b. Finish cut with,N = 410 rpm, S = 02.0 mm/Trev
t = 215 T »

ii) Cutting condition according to variant - 2:

Each cut with, N = 440 rpm, S5 = 0.20 oun/rev,t=2.5 nn

i1i) Existing Factory cutting varient, (variant - 3):

Each cut with, N = 225,4rpm., B = 0.20 mn/Tev.
t '-'2,5 MM «
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4.2 Determination of Humber of Regrind Possible for the Tool:

TI:
1

The figure shown above indicates the prefile of a tool
with flank wesr of amount, hf. Theoretically, the 2mount to
be ground-off inorder to produce & satisfactory flank im,

AR = h,., sing . But in practice, en amount {hf.sin + A )

f
nuat ba ground-off ar the worn face is not a well defined line.
Let, tool is reground 'R' times before it is of no use for the
operaticn and '3'" be then limiting smcunt which can be ground-off
befora a tool is useless for its present porpose. The ftool is

ground efter its maximum flank wear, i.e. hf = 0.80 rm. Hence,

A =8% + & =0.,075 om (Let),

. '. HNumber of grinde possible,
B = = 222
D-B X Ei]‘l BG-' -+ D-D?s

hf.ﬁin & + A

= 40 timems,
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4.3 Determineticn of Comrt of Grinding

Thare are certain costs mssocieted with regrinding which
gre independent of the smount of weer. Generally, thegs are
hendling coats associated with removal of tool, inspeetion,

lapping where necegsary, nachine deprecietion, overhead, etc.
Cost of grinding ® tool ie, (data from table-4)

Mechine Cost + DMregt labeour cost + Indirect labour cost

Tk 42.06 x —gg— + Tk.10 x —gg— + Tk.56 % gg

Tk.18.16

Tool depraciption per grind ig,

E) - Tool cost
Total mo. of regrinds

. Tk. %%— = Thot.13

Total tool cost psr grind is,

It

Gt Cost of grinding + taol depreciation

Tk.18.16 + Tk.4.13

Tik.22.29

Informetion for coat calculation has been racorded in

tabla-i,




Machine end operator rate,

M

Tk, 42.96 + Tk, 10 + Tk, 56

I

Tk. 408.96 per hour.

Table = 4
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Machine cost + Direct lahour cost + Indirect

labour ecost

Records from BMTF regarding Drawing Heéller, Carbide tool and

Factory rates:

Length of the solid ber to be turrned,
Initial diemeter of the baer ,
Final diameter of the bar »
Machine rate including overhead

Labour rate including overhead
{(direct labour rates)

Administrative overhesd
(indirect labour rate)

Job loeding & unloading time, including
centering, tool approach & engege time
(idle time)

Tool changing and resetting time,

Tool grinding time i/c loading &
unloading

Auxiliary cutting time per cut
Carbide tip size

Initinl fool cost (306R, P15, RH)
Machine and operator rete:

&

1207 mm

4 mm

59 mm
Tk. 42.96/hr.
Tk. 40.00/hr.

T]!Cs 56-00,;'}111-
40 mins.

% mine.

10 minas.

41 min.
10.5 mm x 18 mm
5 mm.

¥ = Machine cost + Direet labour cost + Indirect lahour cost

= Tk, 42,96 + Tk. 10.00 + Th. 56.00 =

Tool cost per grind:

Gt = Tx., 22.29

Tk . 108.96/hour
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4.4  Cost Analysis for 3-variants
4.4,1 Cogt for cutting condition according to variant=1:

Auxiliery cutting time is 2 min, since two paSSeEs are

uged in this variant

Actual turning tinme:

for rough cut, = E?N = 0.32223¢6 = 19.1 wing.
for fihish cut,= SLHQ = 2 = .72 mins.

Totgl actual turning time = 19.1 + 4,72 = 33.82 mins.
and tctal turning (machin?ng) time, t_ = %% ,82+2=%35,82 mins .

Idle time, t, = 40 mins.

Tool weor:

during rough cut = 0_120T2;9.1 = .19 mm.

(since from table-2, h, = 0.0 an, after turning 10.2% mins)

guring finish cut = —S2UEAZE. o 0,175 mn.

{from table~2, hy = 0.1 mn, efter turning 2.26 mins)
Totel tool wear = 0,419 + O.175 = 0.5%5 mm.

0.8 x 10,23

0-10 = 'EI‘IA'BLI' ]'JliﬂE-

Teool life for-rough cut =

Tool life for finish cut = O'g §q9‘26 = 67.35 mins,




Each tool will produce before regrind,

N. = Maximum weur for tool life _ 0.8

b Tota] webr after operetion  O.365 = 2.79 pieces.
foﬁb = —nga_ = 0,46, gince Iunber of tool, Hf = 1.

Now, inorder to calculate cost per plece, CP according
to aquation(4), the values of its components are calculated as

fellows:

Idle cost, Oy = M.t, = Tk. 108.96 x —pg— = Tk. 72,64

‘s ’ .8
flachining cost, Cc = H.tm = »Tk. 1080.96 x EEE—E = Tk.65.05

I¥

Total changing cost, Gtc = M.hﬁE— t
b

0.46 % 2o = Tk. 2.5

ot = Tk1 108496‘ X

Tool cost per piece,

4] H‘b
Gtg + th = T -Ct = G446 x 2Z2.29 = Tk. 10.25

(from table=4, C, = Tk, 22.29)

t

* Total cost per piece,

GP = GI + Gc + Gtc + ctg + th

= Tk.?E-m + Tk. 6‘4‘.05 + 'Tkv 2.51 + Tkl 10-25

Total cost for turning of 1,000 pieces of Drawing Roller

P

is, = G, x 1000 = 150.45 x 1000
ot
= Tit. 150,450 .00
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4.,4,2 Cost for cutting condition according to Varient-2:

fuxiliary cutting time is 3 mines, since three passes

are used in this variant.

Actnel turning time = _ﬁ%ﬁ_ X3 =5 Eqiﬂﬁqg x 3

= 44.16 mins,
Total turning (machining) time, t = 44 .16 + 3 = 47.16 nmins
Idle time, t, = 40 mins, from table—d

Tool changing time, tot = % mins., from teble 4.

Tocl wear during operation, = D.ﬂﬂgngﬂ.ﬂa = 0,525 mm.

(since from table-2, h, = 0.11 mm, after turning 9.26 mins)

. 0.8 -d .
Tgol life, TL = 0?13 e . ©7.25 mins.

Emch tool will preoduce before regrind,

_ _Hexipum waar for teel lifes _ 0.8 _
By Total wear after cperstion 0.5¢5% 152 pes.

. e Hffﬁb = 1/1.52 = 0.66, since mnher of tool,

Tnorder to ceulculate cost per piece, GP according to
equation{1}, the velues of its components are calculated as

follows:



g8z

1.6 = 50 _
Idle cost, Cp = H.t, = Tk. 108.96 x —gp— = Tk.72.64

. s 47,16
Machining cost Gc = H.tm = T, 108.96 x'—gﬁ-—

= qu 55-6’4‘ i

=

. i _t o
Tool changing cost, th =M. gty Tk. “108.96 x 0.66 %

ke x-e%nTk. 260

Tool cost per piece,

Hf
tg 7 Cpg = ﬁ;'c

G = Tk, 0.66 x 22.29 = Tk. 14,71

t

{from table—i, Gt = Tk, 22.29)

. =« Total cost per piece,

GP = GI + Gc + th + Gtg + th

e, 72.64 + Tk, 85.64 + Thk. 3.60 + Tk, .7

= Tk. 176.53

Totel cost for turning of 1000 piecesa of Drawing

Eoller i=,

GP x 1000

Tk. 176.53 x 1000

Tk. 176,590.00
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Cost for existing factory cutting wvarisnt {veriant-3):

Auxiliary cutting tima is 3 mine, since three passes

gre used in this wvariant.

Actual truning time = SLH x 3 = ﬁjgg%_%ﬁg'

= B0.47 mins.

Total turning (machining) time, b = 80,47 + %

= 83,47 mins.

From table - 2, for V = 46 m/min, which is ¢lose to

factory speed, V = 52 m/min & N = 225 rpn.

h = 0.18 mu efter turning 24 mins.

T
Tool life, Ty = —:2 X 2. = 106.67 mins.
Total tool wear after cperation = G.ﬂﬂgﬁ 8047
= (0,604 mm.

Euch tool will produce hefore regrind,

N = deximum wean for togl life _ _0.8
n ~ Total tool wear after operation = 0.604

= 1.30 pcs.

s a Ntbe = 1/1.30 = 0.77, since number of tool, N = 1

Now, in order to calculate cost per piece, Cp eccording

to aquetion (1), the valuas of its components are calculated as
followa:



Idle cost, C; = M.t, = Tk. 108.96 x —%%— = Tx, 72.64

I 1

Machining cost, O, = M.t = Tk. 108.96 X S
= Tic. 1571.58

N
Tool changing cost, Gtc =

|
;3
1
ot
e
ot

Tk. 108.96 x 0.77 xE%r

Tk, 4.9

Tool cost per piscs,

I,
Cto ¥ Cpa 7 N,

(from table-4, C. = Tk. 22,29)

-G

g = Q.77 x 22.29 = Tk, 17.76

Total cost per piece,

+ T + C

Cp = Cp + O, + Cpp te td

P

Tk 72.64 + 151.58 + 4.19 + 17.76
T, 245.57

Total cost for turning of 1000 pieces of Drawing

Eoller is,

GP ® 1000

245,57 x 1000 = Tk. 245,570.00
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4,5 Rezulte and Recommendation

From the sbove mentioned cost caleculetion for thraa
varianta, it csn be concluded that the total cost for turning

of 1000 pimces of Drawing Roller is as follows:

For variant=1, total cost is Tk. 1150,450.00
For variant-2, total cost is Tk. 176,590.00

For varient=-3, total cost is Tk. 245,570.00

How, the banafit of Veriant - 1 over Variasnt-2 is,

= Tk. 176,590 - Tk. 150,450

= 26,140.00
And =lgo, henefit of Variant-1 over Variant-3 is,

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

= Tk 95,120.00

It ie clear from the above mentionad that Veriant-1 is
the most economic Variant amongst the three Variants., Econeomic
edvantage of the Variant-1, irn machining 1000 pieces of Solid
btar (Drewing Roller),overa variant-2 is approximately Tk.26, 140
end over Variant-3 for the ssxe lot is Tk. 95,7120. Therefore,
the Varisnt=1, can be recommandad for the turning cpearation of

tha gclid bar (Drawinégﬂoller).
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S0, finally the recommended cutting conditions are es follows:

i)} Rough cut: W = 316 rpm, B = 0.20 mm/rev., t = 5.0 mm.

i1} TFinish cut:N = 410 rpm.,3 = 0.20 nm/rev., t = 2.5 mm.



Teble - 5

A Comparative study of the 3 (three) Varianta:

Name nf Ttems

1} TIdlea time, t
iiy Tool changln& time, t

iid
iv

v) Total turning(machining) time/pisce

vl)

quj Tool.1ife.

ix
x
x1i
xii%
®iil

viii%

xiv) Totsal cogt for 1000 piec=s
xv} Cost reduction over veariant-3%

Auxiliary turning tin

Actual turning time/piece

Totel tool wear/piace

No. of piecss produce bafora regrind

Idle cost, C
Machining codt, O

Tool changing ces% G

Tool grinding coat
Total cost/piece, G

gt

VYariant - 1

Yariant - 2

Yariant - 3

40 min. 40 min. 40¢ min.

T min 2 min. 2 min.

2 min. 2 min. I min.
Rough cut = 13.1 min.
Finish cut= J0.78 @I 44 16 min.  B0.47 min.
15.82 min.
Bough cut EHG 19 mm
Finish cut=v9."

De IS5 mm 0.525 om (.604 mm
Reugh cut = B1.84 min.
Finish eut= 67.35 min 67.29 min 106,67 min.
2.1 pieces 1.52 pleces 1.3 pieces
Te. V.54 Tk. Y2.54 Tk. P2.54
Th. 65.05 Tk. 85.64 ™. "151.58
T, 2.51 Tk. 3.60 ™. 4.19
Teo 0.2 Tk 14.71 Tr. 17.716
Tk. 150.45 Tk, 178,59 k. 245.57
Tk 150,450 Tk. 176,590 Tk. 245,570
9% 28% -
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CHAPTER - 5

DISCUSSICN AND CONCLUSICH

5.1 Dizcuszion

Experimentel results show that the most esconcmic method
i.e, optimm condition of metal cutting reduces approximately
79% of the existing machining cost. The technigue of finding
the optimum cutting condition is so simple that it needs no
adequate technicel knowledge end expensive as well ms special
instrument., After giving a thorough idems about this technique,
2 semiskill alsoc can pradict the optimum condition with only a
gimple scale using this method. So, & simple scale can gave 39%
production cost. It is no doubt a break through over factory's
present mathod of metal cutting and it will also speed up the
Industrial growth in the country. This methed can be applied
averywhere irrespective of small and large enterprises where
metel cutting is involved. It is a .moral cobligation of &ll to
improve end inerezase production by bptjmization und to do this,
the proposed method may be applied for selecting optimum Eutting
condition. The test results and the experimentsl work will en-
courage the Industrirl 3ector for planning future development &

improvement of metsl cutting methods.
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Though the investigation wag performed with only one pair
of toecl and work materiel using only the facilities of BMTF and
limited test date, this experimental result will mct ms a guide
line end alsgo will socourege every one to determine the optimum
condition for eny other pair of tool % work material, and work-
ing conditlion. Quantitetive wvalue of this work is less, but to
evalueste this work properly, qualitetive value must be conside-

red.

The tést results may deviate aliphtly during prectical
application due to its various limitetions of experimental faci-
lities. In spite of all the hinderences, the experimental atudy

wes cerried out cersfully.

It is hoped thaet the exparimental investigation has ana-
lyzed some aspecte of optimum cutting condition within its limi-
tations and finally has enabled the ectablishment of = metheod
of predicting the optimum eutting condition in machining steel

with carbide tipped tools.

Sl Cencluesions

From the rasults of the experimental investigations the

fcllowing conelusions can he drawn:

1. There exists certain relationship between coefficient
- - t" - L +
of ﬂhlp-ght;nkage, K and eriticael cutting speed, Vc.

The maximum wvalue of E corregpond to eriticel cutting
Epeed,?c.
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2. There also exists definite relationship between Vc

and Vap. For gingle carbide tool material, vnp vc
(at meximum wvalue of K): but for double carhide tool
material, vop YG and vap Jc'

%. Existance of vOP for single cerbide tool material is

explained by m pulsation type of chip-tocl contect
process in the ranpe of cutting speed Just before

?G. For double carbide tool material the existance

of two optimum cutting speeds is explained as follows:
the first optimum cubtint gpeed, vﬂPq exipts due %o
the presence of pulsation type chip-tool contact pro-
cess as in the cese of single carbides, where as the
presence of Vop is explained by the presence of
Stagnant contncg zone on the tool face which saves
the tool free intensive wear at that speed range.

5.3 Faturs Recommendation

The following shortcomings might have been cbserved in

the work:

The recommended method was developed on the hasis of expe-
riments on only nickel chremium steel as work mﬁterial. Although
these resulte confirmed the theoreticel wvalues, there remains
scope of further study by changing@ the compogition of work me-
terinl to prove the walidity ol the proposed wmethod for any

other grede of steel.

In the experiment the velue of tool gecmetry wos selected

from the engineering Handbook and throughout the experiment thege
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not
- valueﬂfweru changed. Though thess are recommended values for

the used tool material, yet there remeins a scope of further
study by changing the valuas of tocl geometry to confirm the

sxperimental results for any other tool gecmetry.

Throughouth the experiment only double carbide tool was
used due to time snd tocl limitetions. Although the test results
coincide with the theoretical one for this material theres rema-
ins m scops for further study with other carbide tool materials
to Justify the validity of the method of chosing cptimum value

developed in this work.

The research work was conducted withovt using cutting
flizid. Though cutting fluid has negligible effect as lubricant
during high speed turning, there ia a scope of study to correct

the experimental results guantitatively.

The experiment was conducted cempletely in the “"laboratory
condition" and the proposed method was developed on the bagis of
only theses experimental results. Any chenge in “experimentel
condition" may change the exact values of optimum conditions.
Thongh, in our o¢pinion, the general paftern of the curves deva-
loped from the test data will remain the same, further investi-

gation may be made to correlete the test results with sctual one.
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