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ABSTRACT

Tungsten carmde/cobalt ("WC/Co™) is widely used for cutting tools, metal-forming
tools, mumng tools, and wear resistance surfaces for various applications. For these
apphicattons the importani mechanical properties are hardness, toughness, compressive

strength, transverse rupture strength, and wear resistance.

The properties of tungsten carbide/cobalt (WC/Co) are contrelled by composition
and microstructure. The hardness increases wilh decreasmg Co (Cobalt) content and
smaller particle size of WC. Again addition of titanium carbide and tantalum carbide with
WC/Co improve significantly hot hardness; reduce transverse mpture strength and the

tendency of chips to weld of the cuiting tool edge.

I this, pmjact- worl, carbide inserl was fabricated by varyving composition and
reducing the grain size of hnpsten carbide (W) in BOF (Bangladesh Ordnance
Factonies). Here this insent is tenmed as the ‘New Insert’ and the standard/traditional inser
of BOF is termed as “Existing Inscrt’. The compeosition of fabricated carbide was selected
by reviewing scveral papers and handbocks. The grain size of WC is measurcd by using

the sicve. Other parameters of present WC fabrication process remain unchanged.

To compare the perfonmunce, brazed wseri lurmng (ool was manufactured by the
newly fabncaled insert and machining on steel was performed. Process par-amelers such
as tool wlear, surfuce finish and lemperalure was recorded for both ihe newly fabnicated
insert and cxisting insert with same cutting condition. It is found that surface finish
improved whercas tool wear and tempemture gcncratlion reduces for the newly fabricated

inscrt tool.
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Chapter-

Introduction

1.1 INTRODUCTION

Cemented ungsten carbides arc a class of very hard wear resistant materials
produced by powder metallurgy precessing. Karl Schuoter made significant contributions
toward the development of modern cemented carbide in Germany n the early 1920's.
Carbides arc commercially onc of the oldest and most successful powder metallurpy
products, The wide application of cemented carbides for cutting tools and wear resisting
parts because of their combination of mechanteal, physical, and ¢chemical properties. The
ingredients of most comimercial carbides are tungsten carbide, titanium carbide, tantalum

carbicle and cobalt binder.

In a produchion systemn maching tool, cutter, attachments, and tooling has vital role.
Among these things [ast-moving item is culter or culting tool. If the performance of
cutting tool 1 not good, then it causes the increase in production time and decreases in

quality and {inally affcets the production cost.

There are wide.variety of tool materials has been developed to fulfill the demands
ol modern producuoen practice on different machine tools. The best tool material for a

cartain job is the one that wall produce the best job at the lowest cost.

The growing demand for ligher productivity, product quality and overall economy
in manufacturing by machining, parlicularly 10 meet the challenges thrown by
liberalization and global cost competitivencss, insists high metal removal tate and high

stability Elllld long life of cutting tool.
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But high production machining with hiph cutting vclbmly, feed and depth of cut is
mhergntly  associaled with generation of large amounl of heat and high cuiting
lemperalare. So the desirable properliies for any ool matenal will be the ability to resist
softening at high temperature (Hot hardness), a low co-cfficicnt of itiction, good wear
resistance qualities, and sufficient toughness to resist fracturc. Usc of cemented carbide
tools in machining is a sclution to avoid these problems. The main characteristics of
cemented carbide lools are high hardness, Ingh heat resistance, lugh wear resistance and
hich hot hardness (because it will maintain a cutting cdge at temperature about 1000°C).

Carbide tools pormut catling specd 2~3 times ihal of cast alloy tools, [1,2]

Depending upon the amount of cobalt {binder material} content, titanium carbide
and the gram size of lungsien carbide, vanely of cobalt bonded cemented carbndes has

heen developed for different machining purpose.

Cemented carbide tools containing tungsten carbide and cobalt {(binder material}
arc suitable for drawing dics, forming-dic inserls, punches and cutting tools for machining
cast ron and most other matenals except steel. Cemented carbide contammng only tungsten
carbide and coball are known as “"straight grades”. Straighl grades carbides cannot
satisfactorly machine steel because the chips stiek or weld to the toel surface and soon
ruins the tool. To eliminate this difficulty, titanium or tantalum carbides are added with

W( . This type of carbides is termed as "complex grade”. [3,4,5]

Usec of cemented carbide tools in production factory will reduce production cost,
improve product quality & quantity, reduce cutting fluid cost and save power. Now for
the development of carbide-cutung tool insem—;, it 15 very essenhial 10 study the eflect of
cobalt conterit, titanium carbide and the erain size of tunesten carbide in cemented carbide

1ooks

The most important advance i carbide cuiting ool technology 15 the development
of coated tools. Typical coatings are Titanium Carbide {T1C), Titanium Nitride {TiN),
Titanium Carbonitride (TiCN), and Alumina (Al:O:). Among these TiN is widely used

for 1ts lower coefficient of frichian against steels compared to WC/Co

In BOF (Bangladesh Ordnance Factories) both straight grade and complex grade

carbide is used to produce die (forming and drawing) and cutting tool inserts respectively



by powder metallurgy process. The quality of carbide die (92% WC & §% Co) of BOF 15

good. But there 15 scope of unprovement of the quahty of cutting toc! inserts of BOF.

The ann of the present research 15 to fabricate uncoated carbude cutting insent by
varying sonie process parameter such as parlicle size, composition, sintering temperature
and soaking time during the fabrication proecss of carbide tools. Then some specimen
carbide tools will be {abricated by varying the experimental paramcter. To find out the
performance of these fabricated cutting toels, machining on steel will be perfnlmu—:d. And
tools wear and surface fimish will be measured. This work also designed (o Nind out the

perlormance both of existing insert and that of expenimentally produced nsert.

1.2 OBJECTIVES OF THE 5TUDY

The main objectives of this project work are: |

i., Fabrication of carbide inserl by changing process parameters e.g. parlicle sizc
of powder (WC), Soaking time, Sintering temperaiure, and Powder |
Composition (WC, TiC, Co).

ii. Preparation of carbide lurming tool by the fabricated insert.

iti. Measurement of lool wears and surface finish.

iv. Comparison of performance of the experimentally fabricated tool with the
existing tool.

v. Selection of optimum parameter for best carbide tool.

1.3 METHODOLOGY

The step-by-step methedology for this project work is outlined below:

i, Study the present fabrication process of carbide insert.

ii. Selection of {powder) composition for carbide tips by studying the literature.

iii. Selection of duration / values of other process parameters (Soaking time, and
Sintering temperaturc)

iv. Pecrformance evaluation {under same cutting condition} of the cxisting and
expenmentally fabricated inserts / tips that includes the following:

(2) Measurcment of tool wears under different cutling lengih and time



fb) Surface roushncss under different cutting time and length
v. Compari sot of the perlormance of newly [abncaled cutling ool wilh the

previous culling lool
1.4 FABRICATION OF CEMENTED CARBIDES

In 1923 Karl Schroter discovered a new technigue. In this technique carburized
tungsten is mixed with metallic cobait. This mixture is pressed-into a dic and heated to a
+ temperature below the melting point of cobalt, under a protective atniosphere of hydrogen
ot in vacuwnt. In this process of sintering the tungsten carbide dissolves in the cobalt and
by recrystatlization the carbide grains grow. On cooling the carbide is precipitated from
the cobalt. These carbide grains are cemented (joined) together by cobalt. Hence the nanie

cemented carbide. [2]

Carbides are made by blending micron-sized tungsien carbide and coball powders,
then compacting the nuxture in a mold and sintermg the molded part at a temperature high
cnough {o causc the cobalt to [low in the pores under capiltary action. During this process
the cobalt fills the voids botween the tungsten grains and thoroughly coats each gramn
under aclion of surface tension. When the cobalt solidifics, it cements the grains together
and fonns a dense composite. Cemented carbides get their hardness {from the tumgsten
grains and their tonghness from the tight bonds produced by the cementing action of the
cobalt metal. By varying the amount of cobalt and tungsten carbide grain size the
hardness, wear resistance and toughness (shock resistance) of the carbide can be changed

1o suil the particular tunpesten carbide needs.



Chapter-2

BACKGROUND STUDY AND
LITERATURE REVIEW

2.1 INTRRODUCTION

In 1923 Karl Schroter discovered a new techrique. Tn this technique carbunzed
lungsten is rmixcd with mctallic cobalt. This mixturc is pressed into a dic and heated to a
~ lemperature below the melting point of coball, under & protective almosphers of hydrogen
or in vacuum. In this process of sintering, the tungsten carbide dissolves in the cobalt and

by recrystallization the carbide grains grow.

2.2 CHARACTERISTICS OF CEMENTED CARBIDE TOOLS

In 1979, Kumar Dr. B, [1] showed the main characteristics of cemented carbide
tools are
i, High hardness.
. High hcat resistance.
iti. High wear resistance
iv. High hot hardness unto a temperature of 900°C.
¥. Low specilic heat. -
vi. High thermal conductivity. * - r
vil. [ow thermal expansion {compared to stecls). -
viii. They can operale at high cuiting specds ranging from 45 te 360. mcter per
minute.
iX. Grinding 15 very difficult and can be done only with silicon carbide or diamond

wheels.



In 1987 Amstead, B.H [2] found that carbide tools permit cutting speed 2~3 limes
that of cast alloy tools. The main characteristics of cemented carbide tools arc high
hardness, high heat resistance, high wear resislance and high hot hardness (because 1t will
maintain a cutting edge at temperature about 1000°C). Carbide tools must be very ripidly
supported to prevent cracking as they are very briftle and has low resistance to shock.
Cemented carbide {(contains W and cobalt) cannot satisfactorily machine stcel because
_ the clups stick or weld 1o the tool surface and soon ruins the tool. To ehmunate this

difficulty, titanium or tantalum carbides are added with W,

13 CLASSIFICATION OF CEMENTLED CARBIDES

The first cemented carbide was produced by tungsten carbide with a cobalt binder.
COwver the years, this original material has been modified 1n many ways to produce a varety

ol cemented carbides that can be usced in a wide range of applications.

In 1989 ASM committee {3] classified cemented carbides mamly mnio two

catcgorics (depending on the ingredients used).

Cemented carbide containing only tungsten carbide and ¢oball (hinder material)
arc known as "straight grades". Straight grade carbide are suitable for drawing dics,
forming-die inserts, punches and culting tools for machining cast iron and most other

materials except steel.

Cemented carbide containing tungsten carbide, hitanium carbide, tanialum carbide,
andfor niobium carbide aud coball, andior mckel (binder material) are known as' "
Complex grades". Complex grades are nscd chicily to make cutfing tools and cutting tool
insert for machining steel. Tools made of complex grades exhibit less wear than that of
slraight grades. Also the complex grades have better resistance to defonmation at the

temperatures developed along the cutling edge.

To think about (he improvement of ccmented carbide, it is essential to know the
properties. of different grades carbide and the effect of alioying elements, grain size of

powder, sintering lemperatur, cte.



2.4

PROPERTIES OF REFRACTORY METAL CARBIDES AND BINDER

MATERIALS USED IN MANUFACTURING OF CEMENTED CARBIDE
1391

According to ASM commiltee {3] the properties of a tungsten carbide depend on

the properics of refractory matenal used 1o that carbide. The Propertics of refractory

metal carbides tungsten carbide {(WC), titamum carbide {TiC), Vanadiwm carbide (VC),
Hafinum carbide (Hf), Zirconium carbide (Zrll), Niobtum carbide (NbC), Tantalum

carbide (TaC} and propertics of binder matenal Nickel and Cobalt are shown in Table 2.1.

Knowledge of these basic propemies of the refractory carbides is uselul in understanding,

generally, why cemented carbides resist wear at clevaled lemperalure and have high

modulus of elasticity and high densitics.

Table: 2.1 Properties of refractory metal carbides and binder matcrials used in
manulactunng of cemented carbide,

Material | Hardness [Crystal structure|  Melting | Theoretical |Modutus of | Thermat

HY (50 temperature | density, elasticity, | expansion,

ke) (°C) glem’ GPa un/mK
WO 2200 Hexagonal 2800 15.63 625 3.2
TiC 3000 Cubic 3100 4.94 451 7.7
v 2900 Cubic 2700 5.71 422 72
HfC 2600 {Cubic 3900 12.76 352 0.6
il 2700 Cubic 3403} 6.56 348 6.7
NhiZ 2000 Cubic 3600 7.8 338 6.7
Tal’ 1800 Cubie ~ 3800 14.5() 285 6.3
CrCa 1400 Orthorharmbic 1800 6.66 373 103
Co <100 Cubic/ 1495 8.9 207 16.0

hexaponal '

Ni =100 Cubic 1455 8.9 207 15.0)




2.5 VARIATIONS OF PROPERTIES WITII COBALT CONTENT FOR
STRAIGHT GRADES OF CEMENTED CARBIDES

According to ASM committee {3] the properlies of tungsten carbide/cobalt
(WC/Co) are controfled by composition and microstructure, The hardness, compressive
strength, modulus of elasticity and abrasion resistance increases with decrcasing of cobali

content and particle size (Fig. 2.1 ~ Fig. 2.5)

D Fine gram
i fedivm gram
&C"m‘: 2raun

. o
=

4

. Hardness HRA

80 -
0 10 20 io

" Cobalt Content, "

Figure 2.1 Vanations of hardness with cobalt content for straight grades of cemented

carbides.



£000

K 0 OFJnL: grain

edium prain =

f., %, ; g:j'lan: prain ~1 B0 -

T 5000 ol 3

g ' . =700 5

$ 4000 -1 600 B

5 TN 5

. E
S \ — 500§
Juoo l
g it 24 30
Cobalt Content, %%
Figure 2.2 Vartations of Compressive Strength with cobalt content for straight grades
ol cemented carbides.

700 — — ' ; : -
a0 - - 1 - |[CFinegrain I 'DU =8
T Mediom peain a

- & COACSE Brain 'I:Dc
£ & ~ _Ha -
o BOp ' =
prt =
m o ; L
|1 I . A — et
5 €00 — ' s
=] , \ .70, 3
=] g4 . : 3
= ' ' =

=]

408 1 60 =

0 - 1G 20 30
Cobalt Content, %

Figure 2.3 Variations of Modulus of Elasticity with cobalt conlent {or straight grades

of ccmented carhides.
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Transverse ruplure strength of carbide increases with inereasing of cobalt content

and decreasing ol grain sizc for straight prades of cemanted carbides Fig, 2.5
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Figure 2.5 Variations of transverse rupture strength with cobalt content for

straight prades of cemented carbides.
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2.6

PFROPERTIES OF DIFFERENT GRADE TUNGSTEN CARBIDE

ASM commiliee showed [5] the composition and properiics of six straight grades

and two complex grades of cobalt-bonded carbides:

Tahle: 2.2 Prepertics of different grade tungsten carbide.

Nomnal |[Grain size| Hardness |Density| Trans- | Compre- | Modulus | Relative | ‘Thennal

composition |{in micron|  HEREA ofenr’ | verse S51ve of Abrusion | conducti-
size) (60K g} strength,| smength, |elasticity |Resistance| vity,W/m °K
MPa MFPa (iPa

DTWC3Co | Medium | 92.5-932| 153 1390 5860 641 100 121
H4W6Cn Fine |[92.5-83.1| 15.0 | 179C 3930 614 100
04WCOCo | Medium | 91.7-92.2| 15.0 | 2000 5450 048 58 130
04WC6Co | Coarse |90.5-91.5]1 150 | 2210 5170 641 25 121
SOWC1{Co Iine [90.7-91.3| 14.6 | 3100 5170 620 22
OOWC1(Co | Coarse [87.4-88.2| 14.5 | 2760 4000 552 7 112
B2.4WC-
8.3Ti- 92 1275 | 1725 |, 3900 550 15
3.3TaC-6C0
78 4WC- ]
8.3TiC- 90.8 [2.50 | 2070 3900 515 to
3.37TaC-
100

[1




2.7  EFFECE OF TUNGSTEN CARBIDE GRAIN S1ZE AND COBALT
CONTENTS ON ITARDNESS

In 1989 ASM commiltes [3] on tooling materials suggested that of cobalt grade to
have the greatest hardness and abrasion resistance propertics thal make it well suitable for
wire drawing dies and for cutling tools Iin machining of cast iron and olher abrasive or
gummy materials, The 6% cobalt grade has moderate {Table 2.2) values of all properties
and s & good for general purpose carbide material. The 25% cobalt grade has the greutest
toughness, and 18 used for applications involving heavy impact. Because of its relatively
Jow hardness and abrasion resistance, it is not used for cutting (ools.

In 1990 Ralpha, W Stevenson [4) showed that hardness increases with decrsasing
ol cobalt content and the finer the lungsten carbide particles, the higher the tool hardness

and lower the tool toughness Fig. 2.6.

94
32 o ‘\
o w
é o 3 "
T ..\31"\\_ ~\g_ 6% Co
: o
3 o ; M. ) )
E ! m%% Co
i
= ™ 16% Co
TN 20% Cp
- ' 1 -
83 25% Co
1 2 . 3 4 5 b I
Tungstan carbide grain size, um
Figure 2.6 Etfect ol hardness on tungsten carbide grain size and cobalt contents.
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2.8 EFFECT OF TITANIUM CARBIDE IN COMPLEX GRADL {(TUNGSTEN
CARBIDE/ TITANIUM CARBIDE / COBALT) CARBIDLS

Ralpha W Stevenson [4] found that the complex/alloyed grades of cemented
carbides are used in the machining of steel and other matenals, yiclding strong and
conlinuous chips that contribute to the formation of craters on the top face of a cutting

" oal.

The most significant contribution of titanium carbide or a titanium carbide/
tumgsten carbide solution in a carhide-cutting tool is the reduction of the tendeney of chips
to weld or adhere to the cuiting cdge. The weld strength of these alloyed grades is less
than that of lungsten carbide/cobalt; consequently, adhesion does uet occur, and the

incidenee of particie fraclare from the cutting toel 1s reduced.

At high operating speed, temperatures developed at the tool/ chip interface are
high, and tool wears results from diffusion between werk and tool. Additions of titanium
~ catbide to the basic carbide matrix reduce this diffusion wear process. Also, this addition
delays the formation of craters in the rake facc of the tool, which is the most comman tool

fanlure in steel cutting operalions.

,Tempgrr alure, "F

200 800 1900 1400
| ] 1

109

| o83 tangsten cartide,’
T 8% titantum cdrkida,

T
d

H
\\

z 9% cobalt .77 - L
< , . i,
“
o
[y '
® 0 T O -
T o0 91% {ungsten curb.ide.ﬁ . ‘.
9% cabalt , R \
-0 Tt 400°- .- EOO -7t B0 -
| Températre,'C - .
Figure 2.7 Effect of tilanium carbide in complex grade (tungsten carbede/ tlanium

carbide / cobalt) carbides.
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Hot hardness also is improved with additions of titanium carbide. Figure 2.8 shows
relalive hardncss for two typical grades of carbides, Both grades contain 9.0 wt % Co. the
alloyed compact is somcwhat harder at oo temperalure. As temperature increases,

however, the spread between the hardness of the two prades increases.

2.9 FACTORS CONSIDERED FOR MANUFACTURING CARBIDE INSERTS

Propertics ol cemented tools depend on many factors. Ellcet of these factois
" described in this literalure review. From this review the main factor considered for
matwfacturing carbide inserts are: for maximum tool life and safety towards breakage,
lowest cobalt content and [inest grain size is useful. Use of titanium carbide reduces crafer
wear, seizing and chips welding to tool tip. When there is possibility of abrasion wears and

crater wears, addition of tantalum carbide gives beller results.

210 EFFECT OF SINTERING TEMPERATURE & SOAKING TIME IN
MANUFACTURING OF CEMENTED CARBIDE

Ralpha, W Stevenson [6] showed increasing the sintcring temperature decrease (he
amount of time required to achieve full density. Higher temperature also reduces the time

between reaching full density and over sintering. This relationship is shown in Fig. 2.8,

Amstead, B.H [7] found that the temperatures used 'in sintering are usually well
helow the melting point of the principal powder conslituent, but may very over a wide
range up o a temperature just below the melung point of binder material. Tesls have
proved thai {here is usually an eptimum maximum sintcring temperature for 4 given set of
condilions with nothing to be gained by going above this temperature. The time vares
with different metals, but in most the effect of heating is complete in a very shorl time and

there is no cconomy in prolonging the operation.

14
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manufacturing of cemented carbide.

n

Kalpakjian, Serope [8] showed that there is considerable range in the sintering

temperature, but the following temperaturcs mentioned in Table 2.3 have proved

satisfactory.

Table 2.3 Sintering tempetature and soaking time in manufacturing of cemented carbide

and other materials.

Material Temperature {"C) Time {Minute)
(Copper, Brass, Bronze 760~ 900 10- 45
lron & iron- Graphite 1000~1150 B~d5

Stainiess steel 11030~12%0 30~60
Tungsten carbide 1430~1500 20~30




211 PARTICLE SIZE, DISTRIBUTION AND SHAPE
2.11.1 PARTICLE S1ZE AND STEVE ANALYSIS

Kalpakjian Serope{8] mentioned that paticle size 15 wsually measured by
screening, that is, by passing the metal powder through screens (sicves) of various mesh
sizes. Screen analysis is achieved by using a vertical stack of screens, wilh the mesh size
becoming finer as the powder flows downward thmﬁgh the screens. The larger the mesh
sizee, the smaller is the opening in the screen. For example, a mesh sire of 30 has an
apening of 600 pm, sive 100 has 50 um, and size 400 has 38 um. {This method 15 sumilar
to the numbening of abrasive grains: The larger the number, the simaller the size of the
abrasive particle.)

Tn addition to scrcen analysis, several other methods are also available for particle

size analysis:

a. Sedimentation, which involves measuring the ratc at which particles settle
in a fluid.
b, Microscopic analysis, which may include the use of lransmission and

scanning electron microscopy.

C. Light scattering fom a lager that ilhuninates a sample consisting of

particles suspended i a hquid medium.

d. Optical means, such as paricles blocking a beam of light that is then

sensed by a pholocell.

€. Suspending particles in a liquid and then detecting pariicle size and

distributicn by electrical sensors.

The size distribution of particles 18 an imporant consideration, because 1t affects
the processing characteristics of the pewder. The distribution of particle size is given in

terms of a frequency distribution plot. The maximum frequency is called the mode size.
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2.11.2 PARTICLE SHAPE

Particle shape has a major influence on processing characteristics. The shape is

usually desenibed in terms of aspect ratio or shape factor.

Aspect ratio is the ratio of the largest dimension to the smaliest dimension of the
~ particle. This ratio ranges from unity ({or a spherical particle) to about 10 for flake likc or

needlelike partticles.

Shape [actor {SF), or shapc index, is a measure of the ratio of the surface area of
the particle to its volume, normalized by reference lo a spherical particle of cquivalent

volume. Thus, for example, the shape factor for a flake 1s higher than that for a sphere.

212  SINTERING

According to Warang G.B.S [9] sintering is the process of heating of powder
compacts at an elevated temperature i @ fumace (Fig. 2,9) under controlled atmospheric
conditions. It is the process by which solid bodics arc bonded by atomic forces. The
effectiveness of the surlace tension rcactions is increased and the metal powders parlicles

are pressed 11to @ more intimate contact by the application of heat.

Sintering can occur by a variety of mechanism c.g. solid-state, liquid-phase, and
vapor-phase sintering. Fach mechamsm can work alone or in combination with other
mechamsm to achicve densification. Liquid phase sintening 1s the mam mechanism [or
sintering of WC-Co. Liquid phase sintering has three stages e.g. rearrangement, solution-
precipitation, and Oswald ripening. Most sintering furnaces employ three distinct zones.
The fimst region, the burn-ofl or purge chamber, is designed to remove air, volatilize and
remove lubricants or binders that would interface with good bonding, and slowly raise the
temiperature of the compacts 1in a manner that prevents the buildup of internal pressure
from ent-rul}ped air and lubricant and the resulting swelling or fracture.  The. lugh
temperatute vone is the site of actual sintering between powder pariicles. The lime must be
sufficicnt to obtain the desired density and final properties, and usually varics from 10
minutes to several hours. Finally a covling zonc is required to lower the temperature and

thereby prevent oxidation upon discharge into air and possible thermal shock.
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All three zones usually operate with a controlled protective atmosphere. This is
critical because the fine powder particles have large exposcd surface areas and at elevated
temperature rapid oxidation can occur and signilicantly impair the qualiy of particle

bonding.

The atmospheres commonly based on hydrogen, dissociated ammoma or cracked
hydro-carbons, arc preferred since they can reduce any oxide alrcady present on the

particle surfaces and remove gascs liberated during sintering.
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Figure 2.9  Longitudinal seclion of a muflle type coutiuuous production furnace

2.13 TOOL WEAR AND TOOL WEAR MEASUREMENT

Kumar Dr. B, mentioncd wear is loss of weight or mass. Thus when we say that is
tool is worn out, we mean that the tool has lost some ol its mass. The loss of mass occurs
at two places on a cutting tool: at the cutting edge and the principal flank of the tool and at
the rake face of the tool (Fig. 2.10). The wear at the flark is called Mank wear and at the

* rake face crater wear.
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Figure 2,10 Flank Wear and Crater Wear.

4 - Poncipal Nank wear

- Auxiliary flank wear
- Crater wear

Figure 2,11 Craler wear

KT - Depth of crater wear.
D - Widihof Land.
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2131 MEASUREMENT OF TOOL WEAR

The {lank wear is cstimatcd by measuring height of wear land {Fig. 2,12} with

instrumental microscope Fig. 4.2.

va

yC ' VN

Figure 2.12 Flank wear measurement.

Ve-  Width of lank wear {mean)
Vi - Maximum wear of nose radius.

Yw -  Notch wear.

Ramkan MD. Gullur Shah mentioncd that the relationslup beiween tool wear and
culting time could be divided into three sections (Fig. 2.13). Section — I is the period of
initial wear, during which heavy abrasion of the tool flank surface occurs. The smoother
Lthe friction surfaces, the lower the rate of wear. Section - il is the period of normal wear.
It is characterized by gradual wear with the operation (abrasion time) when a certain
degree of wear hay been reached the friction conditions change (mainly duc to the sharp
rise in cutling temperature) and section — 111 begins. This can be called the period of rapid
wear because of the high hardncss of cemented carbide and very slight reduction in this
hardness at high temperature, Inilial tool wear is very fast. It then increases slowly until a

tHenit is redched. From that limit point, wear increases substantially
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tnitial Weaar

1 Sectign- Il

1 Section=l Sudden Wear
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Figure 2,13 Tool Wear vs. Time graph.

2,132 SURKFACE ROUGHNESS MEASUREMENT

Amstead B.H [12] mentioned that scveral devices have been developed (o measure
surface roughness. Surface roughness can be measured by using surface roughness tester.
“Surtronic 3+ surface roughness tester 1s shown in Fig. 2.14. This is a direct reading
instrument that measures the number roughness peaks per inch above a pre-selected height

by passing @ Nne tracer puinl over the surface.

Tie unit consists of a tracer that converls the vertical movements of the tracing
points imo a small. fluctuating voltage that is related to the height of the surface

irrecularity, a motor driven device {profilometer) for operating the tracer, and’ the

amphmeter. The amplimeter
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receives the veltage from Lhe tracer, amplilfies it, and integrates it so that 1t nay be read as
digital values or shown on a steip chatt recorder. The process is a continuous one, and the
mstrument shows the variation in averape roughness fromt a reference line as illustrated in

the magnified profile of a surface in Fig. 2 15, Height of rougliness peaks of dilferent

Surface
roughness
chiceke

Figure 2.14  “Surtronic 3+" surface roughness checker including transducer tracer,

amplificr, and indicator for measuring surface roughness.

points are shown in Table 2.4 and roughness is calculated by the root mean square average

value.

C abed g h i D

Fipure 2.153 Magnificd profilc of a surface shows the roughness peaks.



Table: 2.4 Height of roughness peaks of different points of a surface.
Observation Dala symbol Value Syuare of Value

1. il 4 16

2. ) 19 361

3. c 23 529

4, d 15 230

5. g 31 961

f. f 20 AQ0

7. u 27 729

5. h 20 400

9, 1 31 961

10. ] 13 169

11. k 23 329

12. 1 15 225

13 m {i 36

Total = 248 5572

Rool mean square v erage = \}I 5572/13 = 20.7 micro inches.
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Chapter-3

FABRICATION PROCESS OF
CARBIDE INSERT

31 FLOW CIART FOR THE EXISTING MANUFACTURING PROCESS
OF CARBIDE INSERT [6]

Tungsten carbide (W) 78.20%,
Titaniunm carbide {T1C) 15.64%
and Cobalt 6.10% are pourcd into
hall milling drwmn.

Carbnde halls

Co 304

'

Co Powder

!

Screening of
WC, TG, Co

l

WC- 78.20 %
TiC -15.64 %
Co— 6110 %

To be reduced by Hy at a temp.of
500 - 600° C. The boat to be

pushed 3.3 mm / munules.

Mesh: 0.09-0.13 mm. (Opening)

Reclified sprit

|

h 4

Ball Milling of
Ingredients

l

Filtering

|

24

(methanol)
250 mlf kg,

36-43 hours.

Mesh: 0.042-00.045 mun.



'

Drying Steam pressure nol be more than
2Kg.f cin
| 0-ml. gasoline + 4.9 % v
rubber, glue melting niachine/ Sereening Mesh: 0.13-6.20 msm (Opening)
glue container T ' '

r
Blending glue and
| ingredicnts

x

Drying Steam pressure 2- 3Kpfom’

180-250ml/Kg.

To be done manuatly

b J

Screening Mesh: 0.2-0.45 mm {Opening).

!

Pressing 30 Tons

L J
Green Insert

Drying Steam pressure 3- 4 Kyp./ cm?

AlOy+0.08-02% C

b 4

Ball Mlling

1 H; for protoction

liller
YY yv_ ¥

Sintering,

Inspection and Packing of | Inspection and packing of the
Products carbide products shall be
carricd out

Mitrogen to exhaust air in|
the furmace before start of
sintcring operation

Figure 3.1 [low char for the existing manufacturing process of carbide insert.
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3.2 DESCRIPTION OF EXISTING MANUFACTURING PROCESS OF
CARBIDE INSERTS

32,1 COBALT OXIDE REDUCTION PROCESS

Purc cobalt required in the manufacturing process of cemented carbide. Cobalt is
available in the markel as Cos04 (Cobalto cobaltic oxide). To get cobalt [rom Coi0y_ it is
reduced by hydrogen gas in the furnace at a temperature of S00°C-600°C. The reduction

process takes place according to the reaction below. After reduction oxyvgen removed-from

Co; Qgand 73 .4% Co by weight is received.

S00°C~600°C
4H, + Cos0y, » 3Co +4H.0
H: Flame Il: Outlet
= Door R
i =
5 :
—_— Heating zone Cooling Zone S

\_

o- Tray

—_—
117 Inlet

Figure 3.2 Schematic Diagram of Reduction Furnace
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| he furnace is air scaled. During operation air j—[2 Flame

cdid not enter into the {urnace because it makes b
T
cxplosion with Hy gas. Dunng loading and

unloading opcration Hs flow increased so that

oxyoen {(air) did not cnter into the fumace

through the mouth. Then open the fumace
mouwth carefully and at the sometime burn the L ’
H; gas in the furnace mouth (Fig. 3.3}.In this Cobalt uay

condition Cobalt tray unload from the furnace Fit'.“"“ 3.3 Unloading process of

. ) ) reduction furnace.
and in the samc way loading of Cos(y is done.

After loading and unloading furnace mouth is closed. After reduction, coball
powdet is sicved on a vibrating sicve with 0.1~0.6 mesh. The oxygen content in cobail
powder should not be more than 0.7% and bulk density of powder should not cxceed
D,?igf’ch. The chemical composition of the powder should be Co-99.4%, Ni-0.4%, C-
0.06%, 02 - 0.10%, Cu- 0.05%, Si- 0.03%, [c-0.25%, moisture- 0.2% [6].

3.2.2 MIXTURLE PREPARATION PROCEDURE AND BALL MILLING.

Tungsten carbide, utanmiom carbide and cobalt powders of specified guantity (wt.)
are packed 1 ball milling drum. The drum 15 made of stamless steel and its mner side is

covered by WO (tungsten carbide) layer (Fig. 3.5).

Ball Milling
Drum

Roller

/

Fipurc 3.4  Schematic view of ball milling

+—Stainless Steel
WC Layer

WC Ball

Figure 3.5 Scctional vicw of ball milling d.am
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The drum is assembled on ball mill and ball milling {Fig. 3.4) is done so as to
pruduce homogencous mixture. Specification of mixture: WC-78.20%, TiC - 15.64%, Co-
6.10%. According to specification, required amount (wt.} of powder of cach item, WC ball
and alcohol are taken into the ball-milling drum. The drum 1s covered Ughi]y,-il 15
mounted on the ball mill and the maclune 15 pul nte operation. Ball milling is continued
for 48~72 hours wilh one-hour rest after cach two hours interval. When the milling time 15
up, the ball mill is stepped. For discharging, the ball-mulling drum is taken down and it is
uncovered. Then the mixture 15 Nltered with double decked sieve with heles of 0.04~

0045 mm in diamcter.

3.23 DRYING OF MIXTURE AFTER BALL MILLING.

After ball milhng the nuxlure is dricd in the steam oven. The temperature of the
aven is maintained 70"C and the steam pressure will not be more than 2Kg/em®. Dried
mixture s sieved with double-decked brass wire sieve having opening of 0.13 ~ 0.20 mm

in diamctc-r.
3.2.4 PROCEDURE OF RUBBERIZING OF MIXTURE.

To increase strength of the green inserls, cubber solution is added nto the mindare,

Techmcal specihication of rubber solution 15 as follows: -

Concentration:  4~0%

Ash content: not more than 0.05%.

Butadicnc sodium synthetic rubber InCH=CH- CH= Cl{> — Na; (-CH- CH = CH-
CHajiz} 13 cut into small pieces. Rubber solvent {Gasoline) and rubber picces are put into
the shircing tank and the mixture is shirred up until rubber pieces are dissolved completely.
The solution is prepared according to the proportion that 4~6gm. of rubber 1y added into

100 ml. of mubber solvent. Silk cloth is used to filter the rubber solution.

Required veolume of rubber solution is added into the powder muxiure for
rubberizing and stirred up umformly to produce homogeneous mixture, The homogeneous

mixture is dried in steam oven with temperature of 70~80°C and pressure of 2~3 keg/em®
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The dricd mixture is sieved on the sieving machine with sieve having opening of 0.20-

0.45 mm in diameter. The sieved mixture is packed in the air proof container with CQ; [6]-
3.2.5 GCREEN INSERT MANUFACTURING OR PRESSING OF MIXTURE. |

Rubberized mixture is weighed into pressing die (Fig. 3.6) and is pressed by a hydraulic
press to produce green insert of required size. This green insert heated in the oven at
70~80°C. This healinig imparts sufTicient strength to the green insert and it can be handled

without difficulties, 1t is called presintering. These insens are then piven 1o the final

stntering.
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Fipure 3.6  Dic Ard Punch lar Preparing the Green Inserl, -
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3.2.6 SINTERING

Sintcring is the process of heating of powder compacts at an efevaled temperature
10 a furnace (Fig. 2.13) nnder controlled atmospheric conditions. Sintering 15 performed 1n
a continuous 3-zone furnace, which is similar to the reduction furnace. The constructional
features of reduction furnace and sintcring furnace is same, only lhe difference m
temperaturc capacily. Before raising temperature, furnace door closed properly so that air
did not enter into or hydrogen gas did not come out. Then nitrogen gas passed into the
furnace to exhaust the air from the furnace. After 20~30 minutes hydrogen gas s
introduced inte the furnace for about iﬂ minutes. Then hydrogen sample tsken for
explosion test. If air {s present in the hydrogen sample then huge explosion sound heard
When explosion test found satisfactory then hydrogen is ignited in the outlet valve and the
(urnacc power on. 1he presintered inseris are placed into graphite boat with layer by layer.
Misture of aluminum oxide and carbon is filled beiwecn the layers so that the inserts did

not come into contact during sintering,

When emperature reaches to 1360"°C graphite boat filled with green insent (Fig.
3.7a} is loaded throngh the furnace. The feeding rate is 2.5 mm/min. Feeding pracedure is

like as that of reduction furnace.

Cover Insert
1 R G i / Aluminum
e | [‘mEie .
£ B ,?ﬂtimg"- 4'// Oxide
r i 50ram
Figure 3.7(a) Graphite boat. Figure 3.7(b) Sectional view of graphite boat.

327 INSPECTION AND PACKING

When sintering is [inished graphite boats are then come out automatically from the
unloadinglﬁmd of furnace. Inscrts are taken out from the graphite boat and then inspect and

packed for storage.
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33 MANUFACTURING PROCESS OF NEWLY FABRICATED CARBIDE
INSERT

331 DESCRIPTION OF MANUFACTURING PROCESS OF NEWLY
FABRICATED CARBIDE INSERTS.

The properties of tungsten carbide are controiled by mmpositlian and
microstructure; the hardness increases with decreasing Co (Cobalt) content and smaller
particle size of tungsten carbide  (Fig. 2.6). In this experimental carbide manufacturing
process, grain size of WC(Tungsten carbide) used 0.02 mm instead of 0.042mm. The
composition of powder used  WC- 83 %, TiC-11 % amsd Co-6 %o instead of WC- 78.2 %,
TiC - 15.64% and Co-6,1 % . The specification of composition was determined by
reviewing several papers, handbooks and propentes of different grades of cememed
carbide (Table 2.1, Table 2.2). Particle size is measured by using sieve. In this experiment,

\ sieve used of opening 0.02~ 0.024 mm. Other parameters of existing WC fabrication

process remain unchanged.

332 PHOTOGRAPHIC VIEW OF NEWLY FABRICATED CARBIDE INSERT

Figure 3.3 Photographic view of the newly fabricated carbide inser.

13 7mm |

[
Smm \
T

22 Somm i Smm i

Figure 3.9 Drawing of the newly fabricated carbide insert.
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333

TURNING TOOL PREPARATION BY USING CARBIDE INSERT

Several turning tools are prepared for the performance measurement of newly

fabricated insert and existing carbide insert. Sequence of operation for toof manufhcturing
procedures is given below:

b e W

Approximate size of shank making, 26x26x105 mm by shaper machine.
Cavity (for insert brazing) making by milling machine.
Insert brazing with ths shank.
Tool shank final grinding.
Tool angles:

a) Backrnkeangle=—5°

b) Side rake angle=-5"

¢) End relief angle = §°

d) Side relief angle = 5"

¢} End cutting edge angle = 5°

f) Side cutting edge angte = 15°

g) Nose radius = 0.6 mm

Figure 3.10  Complete tuming tool by newly fabricsted carbide Insest.
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Chapter-4

PERFORMANCE TEST AND RESULTS

4.1 PITYSICAL PROPERTIES TEST OF NEWLY FABRICATED INSERT AND
EXISTING CARBIDE INSERT,

Tn this cxperiment both types of inserl was fabricated in BOF. The physical
properties of the inscrts are shown in Table 4.1, From the data table it is observed that

hardness and densily of newly fabricated tool is shghtly higher than that of existing tool.

‘Fahle 4.1 Comparisons of physical properties of newly fabricated and cxisting carbide

msert.
Nomcnclature | Hardness (HRA) | Density Remarks
{60Kg)
Newly fabricated inscrt (83 2%WC, T1 % 91~92 12.38
TiC, G%Ca)
Existing insert (78.2 %WC, 15.64 % TiC, 90~91 1235
f.1 % Co)
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4.2 TOOL WEAR MEASUREMENT
42.1 EXPERIMENTAL PROCEDURE I'OR TOOL WEAR MEASUREMENT

Several methods are used 1 tool wear measurement. In this experiment, tool wear
measurement 18 caried out in a lathe machine lool and 88mm diameter M5 shalt was
tumed af approximately constant cutting velocity Ve = 160m/min, depth of cut t=lmm,
feet! So=0.10 mmTev, specd=590 rpm and culting condition was dry. Tools wear was
recorded by varying the machining time. The experimental setup is shown in Fig. 4.1 but

hers mill volimealer was not connected.

In this experiment principal flank wear and auxiliary fank wear of tool was
measured by using instrumental microscope (Fig. 4.2, Fig. 4.3). During machining the
cutting too] was withdrawn afler a certain machining time and then the salient features like,
VB, V§ ete. were measured under instrumental microscope (CARE ZEISS, model -[9700.

351396, Germany). The microscope was fitted with micrometer of least count 1 pm.
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Figure 4.2 Principal flank wear measurement by instrumental microicope, CARL
ZEISS, model- 19700, 351396, Germany

Fignre 4.3 Awxiliary flank wear measurement by instrumental microscope. CARL
ZEISS, model- 19700, 351396, Germany.
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4,22 RESULTS OF TOOL WEAR MEASUREMENT

Curves of principal flank wear Vs machining time and auxitiary flank wear Vs
time machining has been plotted from the recorded data. From thve graph it is found thar
flank wear increases with machining time. Both principal (Fig. 4.4) and smuxiliary flank
wear (Fig. 4.5) of experimentaily fabricated tool is less than that of existing tool.

From Fig. 4.4 (principal flank wear Vs machining time} it is found that principal
flank wears increases rapidly within first 05 minutes time peviod. From this time principal
flank wear increases gradually up to 25 minutes machining time. After this time period
too!l wear increases substantially and finally life of the tool is finished.

—a— YB Mew
—&— B Exfefing

\
\

Averige princips flank wear, ¥, um
53
Tool life mcmasd

104
wlf/
e - Y ' T . r . T - ' r .
i 5 1 " X 25 o 1]
Machining Tire, min
21738 27.%1

Figure 4.4 Growth of avernge principal flank wear
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For newly fabricated tool principal flank wear (Fig. 4.4) reached 300 um within
2782 mimutes machiming time. Again for existing tool principal flank wear reached
300pm within 22.38 minutes.
Tool life increased by [(27.82 - 22.38Y22.38] X 100=19.55%

From Fig, 4.5 it is found that suxiliary flank wear incTeases rapidly within first 06
minutes machining time, After this time period tool wear increases gradually for
experimentally fabricated tool and rapidty for the existing tool.

=0
—n— V5 New
1| —=— V5 Existing
e 4
=

Aweraoe suonlary flank waar, V5, pm
]
L

100 /
i
5o
[+ B T T T Y T T T T ¥ T g
1] [ ] 10 . ] 25 x F -

bi-]
Machining Time, min

Figore 4.5 Growih of average mxiliary flank wear
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4.3 SURFACLE ROUGHNESS MEASUREMENT

431 EXPERIMENTAL PROCEDURE FOR ROUGHNESS MEASUREMENT

Surface roughness of a job depends upon the quality of tool by which 11 machined.
So to hind oul the performance of the experimentally fabricated tool, surface roughness
measurcment is important. Therc are several methods used for measuring ihe surface
roushness. In this experiment “Surtronic 3+ surface roughness checker is used 1o measure
roughness (Fig. 2.14). Roughness measurement is carried out on the same setup in which

1ool wear measurement is performed.

A solid shafl of diamctcr 82 mm and length 520 mm was turned al constani cutting
velocity V.= 160t m/min {approximately), depth of cut t=1 mm, feed §,= 0.10 mm/rev.
speed =590 rpm and cutlting condilion was dry. Tuming was wnterrapted alter 0.5, 1, 2, 3,
4. 5.5, 5, minutes respectively and surface roughness was measured. Roughness was

measurcd three times for cach data and average vaiue was recorded for the [nal data,

432 RESULTS OF ROUGHNESS MEASUREMENT

Curves of surface roughness Vs machining time has been plotted from the recorded
data. Figure 4.5 Shoes the effect of machining time on surface roughness for the two lypes
of 100, From (he graph it is found that roughness for the newly fabricated tool is less than

that of existing tool.

From Fig. 4.6 it is found thai surface roughness increases subslantially within 30
scoonds 6f machining time. From this point surface roughness decreascs for a short peried

of time and afler this rougliness inereases very slowly.
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1.5+

104

Surface roughness R,

8

Machining tme T, min

Figore 4.6 Varigtion in average surface roughness

44 DETERMINATION OF EMF GENERATED AT YARIOUS FEEDS,
4.41 EXPERIMENTAL PROCEDURE FOR EMF MEASUREMENT

Many methods have been used to estimste the chip-tool imerface temperature
including radiation pyrometers, embedded thermocouples, temperature sensilive paints etc.
Since tool life is mainly depending upon the temperature raised at the chip-tool interface.
So the mill volts obtained directly from milli-voltmeter assesses the quality of a tool.
Embedded thermocouple is used to measure emf in this experiment. The tool-work contact
serves ag the hot junction of thermocouple and the work piece other end serves as cold
junction. The experimental setup is shown in Fig, 4.1.
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‘'he tool was covered by mica shect and clamped in the tool post of a lathe
machine Mica sheet-is used to insulate the carbide tool from the lathe machine. insulalor

o must Lo take mill volimeter reading during turning the shaft.

A hole was made from the downward of the carbide tool (Fig. 4.7). A tungsten
carbide tod was inserled through the hole in such a way thal it touches the carbide tool
ipsert. From the end of the carbide rod, a probe was connected o the mill voltmeter and
another probe was connected to a small copper plate. During experiment this copper plate
was touched 1o the work piece manually and the copper plate was insulaled from hand by
~ hand oloves Thus an clectrical circuit was established beginning frum tool inscrt and
cnded 1o work picce. Finally 1o perform the experiment a 78 mm diametcr MS shaft was
tarned at differcnt f;:eds So = 0.1,0.13,0.16,0.18,0.20 mm/frev, with constant cutling
velocity V,= 143 m/min, dept of cut t= 1 mm, speed = 590 rpm and cutting condition was
dry. Generated emf was rocorded from milli voltmeter during turning the steel shaft at

different foeds.

Carbide Insen

-

-———
—_——eammw

W Iod To milli volimcter

Figure 4.7  Tool setup for emf measurcment.
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4.4.2 RESULTS OF EMF MEASUREMENT

Machining was performed about 10 seconds with each selection of fied and data
(emf) was recorded for each feed. With those data curves of feed Vs emf has been plotted
(Fig. 4.8). From the graph it is found that tempernture increases graduslly as the feed
increases for both the tools. For the newly febricated carbide tool temperature increases is
lower than that of the existing toot.

—i=—Toup sxisting
——Tamp. New

E 740 ')f%

E 720 -/

010 013 016 (018 020
Fead

Figure 48 Temperature Vs feed graph.
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Chapter-5

Discussion on Experimental
Results

Physical properties of expenimentally produced and existing carbide Inserls are
illustrated in Table 4.1, From the data table it is observed that hardness of newly
[abricated too] is slightly higher than that of existing tool. In the experimenial {abricated
tool grain size of WC.is reduced from 0.042 mm o 0.02 mn and composition of powder
changed { WC- 83 %, TiC-11 % and Co-6 % instcad of WC- 78.26 U, TiC - 15.64% and
Co-6.1 %) as mentioned in 4.2, As the amount of TiC and grain size of powder reduced, 1t

affects the properties of inserl.

Reduction of grain size affects the increases of hardness and reduction the amount

of TiC" ulfcets the decreases of hardness. But the physical properties tesl result|shows that

hardness of experimental tool increased shehtly than that of cxisting tool. So it may be

mentioned that the tesultant affect of changing grain.size and amount of TiC is found in
I

this experiment. It can be concluded that the affect of decreasing gramn sizc is higher than

that o[ deereasing TiC amount.

‘Tool rejection criteria for finishing operation were cmployed n Ihis invest: Zation.
The valucs established in accordance with ISO Standard 3683 for tool life testing. A
cutting tool was rejected and furlher machimng stopped Dascd o1 ene or a combination of

rejection criteria [18]:



L Average Flank Wear = 03mm
. Maximum Flank Wear > 04 mm
ii. Nose Wear > (.3 mm
iv. Notching at the depth of cut line > 0.6 mm
v, Avcrage surface roughness value > 1.6 um
vi. Excessive chipping (flanking) or catastrophic

fracture of cutting edge.

The machining responses have been monitored and studied using sophisticated &nd

telahie cquipments and techniques as far as possible.

Productivity and economy of manufacturing by machining are sigmficantly
affected by life of the cutting toels. Cutting tools may fail by brittle fracture, plastic
deformation or eradual wear. Turning carhide inserts having cnough strength, toughness
and hot hardness generally fal by gradual wears, With the progress of machining the tools
attuin crater wear at the rake surface due to continuous interaction and rubbing with the
chips. Again flank wear grows at the clearance surfaces due to continuous interachion and

rubbing with the work surface, as schemﬁticu]ly shown in Fig. 2.10 - Fig. 2.12.

Among the aforesaid wears, the principal fMlank wear (Vg) 15 (he most imporiant
hecause it raises the culling forces and the related problems. The life of carbide tools,
which mostly fai] by wearing, is assessed by the actual machining time afler which ihe
average vatue (Vi) of its principal NMank wear reaches a limiting value of 0.3 mm [19].
Therelore. attempts should be made to reduce the rale of growlh of flank wear (V) in all

possible ways without much sacrifice in MR,

Figurc 4.3 clearly shows that average ftank wear, ¥p dccreased by tﬁe use of
eaperimental carbide tool having & new composition rather than that is frequently used in
BOJ {Fxisting tool). Crater wear of carbide tools in machining stecls occur particularly at
higher cutting vclocity (V) and feed (Sp) by adhesion and diffusion as well as post
abrasion, whereas, flank wear occurs maimnly by miicro-chipping and abrasion and with
increase in cutting veloeity (V) and Feed (So) adhesion and diffusion also come into

piclure due to inhmate contact with the work surface al elevated temperature.

The cause behind reduction in Vp observed might reasonably be attributed to a

emuall reduction in the cutting temperature, increase in hardness by the use of newly
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fabricated carbide tool having a new composition. Auxiliary [ank wear (Ws), though
occltrs less intensively, also plays significant role in machining by aggravating
dimensional inaccuracy and roughness of the finished surface. It appears irom Fig. 4.4 that
auxiliavy [lank wear (Vg) has also decreased size ably due io use of carbide tool having a

nEew COmposition.

Surface roughuess is an important index of machinability, which is subsiantially
mfluenced by the machining envirenment for piven tool-work pair and speed-feed
combinations. Surface roughness has been measured every ime when Lhe tool wears werc

measured,

The major causes behind development of rough surface in continuous machinng
processcs like turning, particularly of ductile metals are: |

i. regular feed marks lefl by the tool tip on the [imished surlace

Wi, irregular deformation of the auxihary cutting edge at the lool-tip due to

chipping, fracturing and wear

iii. viliration in the machining ystem

iv. built-up cdge formation, il any.

The varialion in surface roughness observed with progress of machining of AISI
1060 steel by the standard and manufaclured inserts at a particular set of cuthng velocity
{Vt), fecd rate (So) and depth of cut (1) under dry condition have been shown in Fig. 4.5
As average auxiliary flank wear is reducced and produced no notch wear on auxiliary
cutting edge. surface roughness also grew very slowly in case of experimentally produced

IMSCIT,

The machining tempcrature at the cutting zone is an wmportant index of
machinability and needs to be controlled as far as pc;smblc. Cutling temperature Incieases
with the increase in specilic encrgy consumption and material removal rate (MRR}.
Duting machining any doctile matcrialls, heat 15 goenerated at the

(1) primary deformation zone due to shear and plastic deformation

(ii) chip-toel interface duc to secondary doformation and sliding and

(i) work-lool intctfaces duc to rubbing.
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All such heat sources produce maximum teﬁ1pcrature at the chip-tool interface,
wlich substantially nfluence the chip formation mode, culting forces and tool life. That is
why; attempts are made to reduce this detrimental culling temperature. The Fig. 4.7 is
showing the variation on average chip-toot interface temperature at dry condition under
different feed rates (So), as compared to existing tool and experimentally manulactured
tool. However, it is clear from the aforementioned figures that with the increase in feed
{S0), average chip-tool interfacc temperaturc increascd as usual, duc to increase in energy
inpul. The roles of variation of process parametcrs on percentage reduction of average
interface temperature have not been umform. This may be altributed to vanation in the
chip forins particularly chip-tool contact length, which for a given tool widely var:,rl with
ihe mechanical pmpérties and behavior of the work material under the cutting conditions.
However, during machining at lower fced when the chip-tooi contact is partially clastic

there the temperalurc reduction is more.
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Chapter-6

Conclusion & Recommendation
ﬁ

4.1 CONCLUSION

The following conclusions can be drawn the naturc of effective
performance of newly produced tungsten carbide insert based on the experimental

results,

. Tool wear was found less for the newly fabricated tocl. Depending on the
principal flank wear (upon which tool life depends) tool life increased by

19 55 % for the newly fabricated tool.

L. Average auxiliary flank wear is generally responsible for rough machined
surface. In the present experiment average auxiliary flank wear was also

reduced. As a result machined surface was pood with out of feed Imark.

11l Surface roughness for the newly [abricated tool was less than that of
existing tool. This is due to Jesser average auxiliary Mlank wear of newly

{abricated tocl

V. Temperalure  generation during machining operation with  newly

fabricated tool was also less than that of recorded for existing tool.

V. Hardness and density of newly tabricated tool is slightly higher than that

of existing tool. This is due Lo new compaosition and grain siee of powder.
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6.2

IL

fIL.

[V,

RECONMMENDATION

Followings are recommended for fulure work:

In this experiment perfermance of newly fabricated found satisfactory for
machining steel (MS) shaft. But there is scope of further study by

changing work material other than MS {High speed stecl, alloy steel),

This experiment was perfonined in dry cutling condition i.e. without
using cutting ftuid. So there is scope of experiment, the effcet of cutting

fluid on the carbide insert.

[n this expenment the performance of newly fabricaled tool was
compared with BOF existing tool. So there is scopc of further study with

other kinds of carbide tools to justify the validity of the result.

In this study the tool geometry were kept constanl throughout the
cxperiment. Though these arc recommended values for the used material,
yet there remains a scope of further study by changing the tool geometry

Lo confonn the results.

Sieve cannot manufacture the grin size of powder. It can oniy separats
(he grain to a certain value {up to mesh size). Since graim size has vitat
role for the quality ol carbide insert. So there is scope of study to
measure he correct grain size of powder and fabricate new inser! to

confonm this results.
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Appendices

A-1

Dala table for Poacipal flank wear, Auxiliary flank wear and Surface roughness of newly
fabricated tool,

Cutting Condition: Dhy
Diameter ol job  :© 88mm
Cutting Speed . 590 rpm

Process Parameter:
Cutting velocity
Dieptl of cut

Fead

Vi3 = Principal tlank wear
Vs = Auxihary tlank wear
Ra = Surface roughness

Ve = 163.0 m/min
t= 1.0 mm.
So=0.10 mm/frey.

MNewly Iabricated Tool (Negative rake)

Composition of tool material; WC- 83 %, TiC 11 %, Co -6 %

Mo, of | Time |{Comulative| Dha. of Ve Vi Yy TLa
{Ibhservation Time Jal

| 4] 1] HH [63.0 4] )] 1]
2 1/2 1/2 88 163.0 40 20 2.09
3 ] 1.5 h1i] 163.0 70 a0 1.94
4 2 35 - 33 163.0 110 70 1.82
5 3 6.5 88 163.0 150 110 1.93
f 4 0.5 48 163.0 180} 130 2.05
7 3 15.5 6 159.3 210 6 2.25
8 5 20.5 &4 155.6 250 190 2.57
o 3 255 &4 1535.6 270 220 272
L] 5 3.5 82 1519 320 240 | 2.86
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A-12

Data lable for Principal Nank wear, Auxihary [(lank wear and Surface roughness of
exisling ool

Cutiing Condition : Dry
Diameter of job  : &2mm
Cutting Speed  : 5390 mm

Process Paramcter:

Cutting velocity Ve = 151.9 mman Vg =Prmcipal Nank wear
Dicpth of cut t=1.0 mm. Vs = Auwaltary flank wear
Feed So =0.10 mm/rcv. Ra = Surface roughness

Tool Geometry: Existing Tool (Negative rake)

{Compesition of tool material:
WC- 78.26 %, TiC -15.64 %, Co-6.10%

MNo. of Time Cumulatve | Dia. of Ve Vi WVE Ra
Cibscrvation Time Job

1 {0 0 B2 151.% 0 U 0
2 1/2 1/2 22 1519 50 20 2.20
3 | 1.5 g2 151.9 "l 2{} 2.31
4 p) 3.5 g2 151.9 130 7 2.02
5 3 6.5 32 151.5 [50 124} 2.21
fr 4 10.5 80 148.2 220 140 2.67
7 5 155 a0 148.2 250 1580 - 284
R 5 20.5 78 144.5 290 230 3.19
g 3 255 78 144.5 330 250 3.25
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A-3

Data table for em( measurcment of newly fabncated and existing tool.

Feed Emf existing Emf-new Temp. Existing*® Temp. new
0.10 12.05 11.57 733.24 705.57
013 12.24 12.15 744.19 739.00
(h16 12.59 12.49 764.36 758.6
0.18 12.96 1276 785.69 77416
(r.20 13.35 13.09 808.17 79318

*Temperature, T= A+BX [20]

Where, A is a Constant = 38.71556
N g a Constant = 57.63643
X =eml
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