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ABSTRACT

A 1ot of cxperimental and theoretical works have been carned out on ool wear and job surface
roughness. But sufficient works huve not yet been donc to investigate the relationship between
them. In the present werk experiments have been carricd out in an attempt to monitor the
change of work-picce surface roughness as cuiting time elapsed, caused by the increase of tool
Mank wear, in up-milling operation under constant feed, speed und depth of cut, The material

machined was mild steel and tool material was half hardencd HSS.

To investigate the relationship between ool wear and surface roughness one single tooth (ly
cutter of HSS was made. The single tooth fly cutler was overhung from the tool holder and
was clamped by clamping screws. [lat surface was cul by up-milling operations using single
tooth My cutter mounted on a tool holder. Tool wear was measured along the [lank surfaces of
tools and at the same time surface roughness of a mild steel job was measured during up-
milling operation. The relationship betwecn tool wear and job surface roughness has been

investigated.

The results show (hat the tool wear influences the surface roughness of work-piece as cutting
time elapsed and the value of surface roughness can be uscd to establish the moment to replace
the tool in nmilling operation. Experimental results show that at the beginning of machining
surface roughness continues to improve though tool Mank wear increases as cutting time
elapscs. But after tool wear reaches certain value, job surface roughness hegins to increase
again. The relation between tool wear and job surface roughness can also be used to deternline

the desired quality of job surface finish.



CHAPTER-1
v"’ A )
INTRODUCTION AND LITERATURE SURVE G fay Ry ::\

Lo IR0 Te

GENERAL INTRODUCTION

Milling is a basic machining process by which a surface is generated pl"DgIEhSiVE':{ hy
the removal of chips from a workpicce as it is [ed to a rotating cutter in a direction
perpendicular 1o the axis of the cutter. In some cases the workpiece remains stationary

and the cutier is fed to the work.

The milling operations can be broadly classified as plain (or peripheral) and face {or
cnd) milling. When the cutler velocity during peripheral milling is in the opposite sensc
to the feed motion, the process is called conventional or up-milling as shown in
{(Fig.1.1) and when they arc in the sume sense (Fig.1.2) the operation is called down-
milling. In up-milling the chip thickness is zero al the start of the cut and increases to 2
maximum value just before the tooth disengages the workpiece while in down-milling
the chip thickncss is maximum at the start of cut and drops to zero value at the end of

cut.

Metal cutting by milling operation is a common aperation in many manufacturing
systems. Roughness of the machined surface is an important measure of quality in
meta! cutting, and it is important to monitor and control surface roughness over time
during the machining operation. If the surface becomes too rough, the cutting tool has

to be changed.

The roughness of a machined surface preatly affects the wear resistance of the surfaces
of the part, its strength, corrusion resistance and the reliability of fixed joints of mating

parts.



|t ey vty T

% ~—— Feed (So! J“‘erark piece

Fig.(11) UP MILLING

e
[ \
\ P, /]

/\

u“

—_—

Feed {Sg)

Fig.(12) DOWN MILLING

2



The surface which results from a milling operation is subjecled to two types of defects,
waviness and roughness. Waviness (Fig. 1.3a) involves surface imperfections of
relatively long wave length that are repetitive. Surfuce roughness which involves
random impertections of surface geometry of shorter wave length is largely caused by

the Buill-Up-cdge (BUE) (Fig. 1.3b] that forms at the tip of the cutting tool.

Tool wear on the flank upto a certain limit [0.5 or 1mm)] below the cutting edge, the
effcct of wear on the roughness is insignificant. More wear, however, leading to a
considerable increase in roughness of the cutting edge, radius and forces acting in the
cutting process, may increase the height of the micro-irregularities of the machined
surface (Fig. 1.4). If the machinc-fixture-tool-warkpiece complex is insufficiently
rigid, tool wear may cause vibration which substantially detcriorates the micro

gcometry of the machined surface.

Tool wear influcnces on surface roughness of wurkpicce and the value of surface
roughness is one of the main parameters used to establish the moment to replace the
tool in milling operation. Therelore, it would be very useful to delermine relation

between tool wear and desired quality of job surface finish,

The geometry of tool wear causes change in job surtace roughness as machining time
elapses. Groove and (lank wear are the two kinds of wear that most influence this
change in surface roughness. Groove wear changes the (ool nose curvature, and this is
reflected in the workpicce surface. It also increases the chip side flow. Alfter a certain
limit surface is also greatly influenced by the lank wear. Frequently both groove and

flank wear are the causes of growth of ronghness.

In the present work cxperiments have been carried out in an attempt to monitor the
change of workpiece surface roughness caused by Ihe increase of tool flank wear

~ during milhng operation.
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1.2

LITERATURE SURYEY

M.E.R. Banifacio and A.E. Diniz [1] carricd out experiments on job surface linish
through variation of the vibration in finish turming. He also investigated the change of
workpiece surface roughness cavsed by increase in tovl wear, under different cutting
conditions. These results shows that vibration of the tool can be resulted from higher
degree of its wear considered as a limiting condition of tool wear for a certain level of
job surface roughness in tinish turning. These conceptions have been used in the

present work.

Kai Yang and Angus Jeang |2] studied the statistical surface roughness checking
procedure based on a cutking tool wear model. His study develops an eflicient surfacc
roughness monitoring and controlling procedure that combines statistical analysis and

the physics of cutting tool wear mechanism.

Researcher Chisholm [3] studied the influence of cutting speed on surface roughness
during turning and demonstrated that maximum roughness {Hmax f Rmax) height

approaches the ideal value when cutting speed is increased.

Opitz and Mell [4] investigated the effect of feed and nose radius on job surface
roughness in turning operation. An cxtensive survey on surface finish research has

been made by spears {3].

The topographic characteristics of a surface texture have been extensively studied by

Protevin [6], Nicolau [7], Peklenik & Kuobo [R,10], Nakamura [9] and athers.

Theoretical analysis on up-miiling and down-milling has been donc by Martellotti [11]
who clearly showed that the path of a miiling cutter tooth is trochoidal. Martellot

derived equations of this trochoidal tool path for the maximum undeformed chip



thickngss (t,,) which corresponds (o the feed in tuznimg operation, the undeformed chip
length (i) frem which the time of contact per tooth can be found, the inherent roughness
height (h) lift over by milling process. The inherent roughness height h) equation lor
trochoidal path are used 1o determine the characteristics of job surface roughness with

change of tool wear.

Special contributions toward tool wear were made by the following rescarchers through
their respective research work which should be regarded as the background study tor
this present work.

In the early $900s, Fredenc Taylor [12] und associated metallurgists developed high
speed steel and rovolutionized the whole metal cutling indusiry. His work enabled
cutting lools to retain the hardness of culting cdges at elevated temperature of over
1000°F. Since then, lots of research had been carried out in this field over the decades
with a view to improving metal cutting process and cutting conditions to formulate
optimisational censtraints for cutting conditions, 10 explain the mechanics of meial
cutting and the interrelated effect of tool geometry, tool temperature, chip formation,

cutting fluid and surface finish, vibration in metal cutting tool wear in cutting process.

Erncst and Merchant [13], Gilbert [14], Rozeuberg [15] and Bekes, Jan B. [16], and

so forth are the very fumous rescarchers in this tield.

In 1938, 4 research work had been conducted by Markov, AL | 17] aboul 100l wear
and tool life. Later on Bhoothroyd, G. [18], Shaw, M.C. [19] Solaja, ¥V [20] carried
oul research works on effeet of tool wear on the temperature generated during metal
cutting in 1967. Similarly other researchers like Tantalov, N.V. [21] Cherimoshnikov,
[22] N.P. Kurchenco, AL [23] showed the influence of cutting speed on different
characteristics of metal cutting process and tool wear. In 1970, Thime, LA. {24]

conducted an extensive research on “Resistance of Metal and Wood during Cutling™.



His study gives the idea of cutting forces during cutling actions to overcome the
resistance of the chip. Cutting speed has also great effect on cutting process which
inturn affects on built up edee formation, its maximum height and disappearance. A
good relationship between BUE formation and cutting speed has been given by a

famous researcher lsaev, A. [25], by conducting a significant number of experiment.

Yeremin, A. [26] is another famous researcher who extensively studicd the effect of
cutting speed on the cutting angle preduced by the built-up edge (BUE), chip

contraction and tool wear.

Malkin, A. [27] studied the relationship between toot fife and cutting speed for different
tool materials. His study showed that tools of plain carbon steel and HSS have

decreasing nature of tool life with increasing in cutting speed.

Relationship between cutting temperatures and cutting speed at various depth of cut had
been siudied by Danielyan, A. [28]. He showed that temperature increases with
increase in cutting speed and depth of cut in general. He also studied the relationship

between the cutling lemperatarc and the cutting angle at various speeds.

From the literature survey made above it becomes clear that though many rescarch
works have been carried out on metal cutting process, sutficient works have not yot
heen done to investigate the relationship between change of job surface roughness

resulted by the change of tool wear as cutting time clapsed during milling operation.



1.3

AIMS AND OBJECTIVES

The critical value of the lank wear {which indicates the moment of tool replacement) 15
commonly determined from tool wear vs, time curve. The present study was

undertaken -

To investigate both the toel wear and job-surface roughness in relation to the machining

time.

To study the relationship, if any, between tool wear and job surfuce roughness during

up milling and to determine the critical flank wear.

In view of the above study, the aims and objectives of the present work were -

To develop a relationship between ol wear and job surface roughness s a function of

culting kime.

To establish a relationship between job surface roughness and change of tool wear on

the basis of experimental results.



2.1

CHAPTER-2

THEQRETICAL ANALYSIS OF JOB SURFACE ROUGHNESS
DURING MILLING PROCESS

The quality of a machined surface during milling is characterized by the accuracy of 1ts
manufacture in respect to the dimensions specified by (he designer, ils physico-
mechanical properties and the roughness obtained in machining. The physico-
mechanical properties of machined surfaces depend chiefly on the chemical composition
of the given metal, its microstructure, strength, hurdness, residual stresses, wear

resistance andd coroosion resislance.

The roughness of a machined surface - one of the matn characteristics of its quality -
greatly atfects the wear resistance of the surface of the part, its strength, corrosion

resistance and the reliability of fixed joints of mating parts.

The roughness of the machined surface is affected by the chip-formation process and
some other factors which include cutting speed, properties of the metal being machined,
1ol geometry, cutting fluid, elastic deformation of the surface, roughness ol the cutting
edgc on the tool and degree of tool wear. The present work is about the ool wear effect

on job surface roughness.

A through analysis has been presented by “Martellotti” on job surface roughness who
clearly showed that the path of a milling cutier tooth is trochoidal. Previous to this work

the tooth path was considercd 1o be a circular arc.

Ideal surface roughness in plain milling can be easily evaluated from (Fig. 2.1). It is
generally found (hat superimposed waviness occurs for cach revolution of the cutter.

This waviness may be due to eccentricity in the spindle or variation in tooth heights.

9
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For ideal surface roughness the surface generated by an individual tooth may be
approximated by an arc of a circle of diameter equal to that of the cutter. The surface

generated will also have the feed marks by individual tooth as shown in Fig. 2.1.

From Fig. (2.1)

It is also noticed that even when a circular path is assuwimed a number of approximations
are required to arrive simple relations. Assuming a circular tooth path implies that the
workpicee is stationacy during a tooth engagement and then moves suddenly by feed

per looth (Sp) before the next tooth slarts a cut.

When considering circular path, the inherent roughness height (h) is left over on the job

during plain milling procc5§ depends on feed per tooth (Sg) and culter diameter (L),

On simplitication (his relation can be expressed by the equation:

52

4]

T 1D
Wherc,

S = feed per tooth

D = cutter diameter
When the trachoidal path is considered “Martellotu™ showed that the inherent roughness

height or height of tovth mark {h) depends on feed per tooth (5,), cutter diameter (D)

and number of tooth in cutter (2. This relation can be expressed by Lhe cquation:

11



The upper sign refers “up” milling and lower sign refers (o down milling.
whene,

S, = feed per tooth

I3 = cutter diameter

Z = Number of tooth in cutler

h = height of tooth marks or surface roughness height leli over plain milling process.

Quality of finish of 4 machined surface is generally uffected by: (1} Tool marks: Tooth
and revolution marks as shown in (Fig. 2.2) which depend on the tool geometry of the

machining process used.

In up-milling toath marks such as A, (Fig. 2.3) results from the engagement ol a tooth
with the weork material. In down milling, a similar mark N' (Fig. 2.4} is geaerally

produced.

A milled surface may be generally considered as the result of innumerable elements of

the tooth path of a length approximately equal to the feed per tooth.

The unitormity of the spacing depends on the location of the points such as AA" and
NN' (Fig. 2.3 and Fig. 2.4), where the teeth intersect the path gencrated by the

preceding teeth.

In addition to the tooth marks, a surface milled with a plain milling cutter may show
periodic variations having a wavy appearance, and recurring with the frequency of the

cutter revelutions per minute.

12
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The presence of one or the other of holh types of marks alters the geometric conditions

of the surface and, consequently, the quality of surface linish,

{2} Marks Produced in Formation of Milling Chips : Marks of microscopic dimensions

resulting from the plastic flow of the material during the formation of chip.

Far a short distance after the cutting cdge contacts Lhe work surface machined by up-
milling is shiny in appearance and of uniformiy good (inish. The extent of this surlace
depends on the material being cut, chip thickness and rake angle and also on the
presence on the cutting edge and adjacent surfuces of a film of molecular dimensions
which prevents the chip material from bonding to the touth and forming the built up

cdge.

In the present case (up milling process), the element of smooth surface produced at the
beginning of chip formation is an element of the final surface. This condition ensures 4

surface of generally good finish and free from fragments of the buill-up edge.

The quality of surface finish also may semetimes be affected by chip fragments

adhering to the weth and being dragged wnto the work in subsequent engagerments.

15



2.2

IS0 RECOMMENDATION FOR ASSESSMENT OF SURFACE
ROUGHNESS.

In I1SO recommendation three itcnis are necessary for assessment of surface roughness.

Those thiee iterns are:

i Ra
ii. Rimax
i, Ry
i. Ry

R, is the arithmetical average [CLA or Centre-Line-Average] value of the departure of
(he whole profile both above and below its centre line throughout the prescribed meter

cut-off in @ planc substantually normal to the surface. As shown in (Fig. 2.5).

Mathematically, foor B, = %-J“ [}‘|a’,1:.

ii. Rmax

Ry 1§ the maximum distance between two refercnce lines parallel to the mean linc

touching the highest and lowest points within the sampling length (1, as shown in

(Fig. 2.6).
iii. Iz
R, is a ten-puint averaged height of irregulantics. It is given by the dilference between

the uverage height of five highest peaks and five lowest peaks within the sampling

length "1g” measured with respect Lo a datum paralicl to mean line as shown in Fig, 2.7,

16
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dathemalically,

B [R]+RJ+Rq+R?+Rq}—{R2+R4+R6+RH+R,U}

R:‘
5

The surlace finish may also be specified in terms of peak to valley height, centre line
average (CLA) or root mean syuare (RMS), The peak to valley height Hyp,y 15 the rool

to crest value of surface roughness as shown 1n (Fig, 2.5).

The centre line average value is found by averaging the height of the surface above and
below a centre line over the sample length Ig. The centre line is a line parallel to the
gencral profite dircction such that the profile ureas below and above the centre hine arc

equal. II thc ordinates y or h are yp, ¥z ... yy ©or hy, hz _ hpthen
l il

hr:,i"rh:__}:h’.l-
nr=|

The RMS value is defined as the square root of the mean of the squares of the ordinates

of the surface from the centre line, Thus,

hT{MS

112
B [yf + }r§+}'§] .

n

18



2.3

THEORETICAL ANALYSIS OF TOOL WEAR DURING MILLING
OPERATION

There are various ways in which tool failure can be identified e.g.., wear land size,
depth of crater, tool wear volume, magnitude of cutting forces, change in component
size, total destruetion of tool, surface Mnish value eic. The main objective of this work

is the tool failure identification by surlace finish quality.

The rapid increase of wear at the end of tool [ife, causcs a sharp increase of surface

roughness and leads to more vibration.

The geometry of tool wear causes a change in surface roughness as machining time
clapses Groove and flank wear are the two kinds of wear lhat shows significant

influence on change in surface roughness.

In miliing operation during revelution of cutter tooth most of ils path passcs through the
air withoul dosng any cutting. This cools the tooth and has a lzvorable cffect on tool
fife. To continue the chip formation process along the work, the woth must cnter the
cutting zone again. This is accompanied by an impact of the cutting cdge against the
layer of steck (¢ be removed. Such impact loads shorten tl'l,utl.er life and in some cases

leal to complete failure of the cuthng edge.

In up milling the gradual increase in load on the looth could be cited as another
advantage if the tooth could begin the cut exactly at the theoretical point of tooth
entrance K (Fig. 2.8). However since the culting edge can not be absolutely sharp and

is rounded over 1 a minute radius {p), the woth actually begin the cut at point M. The

tooth is subjected to heavy friction in sliding over the cut surface from K to M and since

. this surface is work hardened by the action of the preceding tooth intence Mank wear

OUCurs.

ig
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In the process of cuiting metals the tool is worn as a result of friction of the chip on the
tool face and of the toot flanks on the work-piece. Tool wear involves abrasion and the
removal of micro-particles from the surface, as well as microscopic chipping of the

culling edge.

The physical phenomenaon of tool wear in metal cutting is cxtremely complicated. It
involves abrasive, molecular and diffusive wear. Abrasive wear results from sconng -
the culling away of microscopic velumes of the tool malerial by the inherently bard
structural constituents of the material being machined. A skin on casting or scale on

forging also produces a scvere abrasive elfects.

Molecular wear results from the action of the considerable forces of molecular adhesion
between the work material and the tool. As the chip slides it tears away minute particles
of the tool material. Ditfusion wear occars as a result of the mutuzal dissolution of the

reacting malerials of the work tool pair.

Tool wear depends upon many factors: Physico mechanical properties of the material
heing machined and of the tool material, condilions of the surfaces und cutting edges of .
the tool, kind of cutting fuid used and its physico chemical properties, cutting
variables, condition of the machine tool, rigidity of the machine-fixture-tool-workpiece

complex and other machining factors,

In the general case tool wear occurs both on the face and Mlank but depending upon the

machining conditions, one of these types of wear may predominate.

Flank wear is characierized by the height {hp) of the wear land (Fig. 2.9). Face wear is
-characterized mainly by the depth h, and the width b of the wear crater (Fig. 2.10);

the change in the length of the crater is 1" negligible. Flank wear is nonuniform along

21



the active section of the cutting edge on tools having a nose radius. Flank wear can be
measured by micrscope. The height by of the land below the cutting edge with a relief
angle equal to 00, 15 the more typical and is more requentiy the limiting factor, The
larger this Jand, the more friction between the wol and work and greater the cutting

forces required.

The dependence of lank wear on time of tool eperation is cxpressed by the (Tank wear

vs. time curve (Fig, 4.2) that can be divided into three sections.

Section [ is the wear in period (intlial wear) which occurs due Lo higher pressure per

unit en contact surface between the 100l and the workpiece.

Section 1l is the period of normal wear. It is characterized by gradual wear with the
operation time. When a certain degree of wear has been reached. the Inetional
conditions changes (mainly duc to the sharp rise in cutting temperature) and period 11

hegins. This can be called the period of rapid (destructive) wear.

Certain characteristics features of flank wear growth may be obscrved from (Fig. 4.2).
Upto point “T', the region 1 denoltes the zone of initial wear. The sharp edge rapidly
breaks down duc to plastic deformation and consequential temperature rise and the
point "I is reached. After that the wear rate process 15 more or less uniform unul a point
“J" has been reached. The ) region shown as region 1l in Fig. (4.2} is the mechanical
wear region. Beyond *J' the rupid growth of wear process cnsures and the cutting tool
fails very soon after reaching this point of inflexion J. This point J7 is often called as

critical point of flank wear characteristics or simply “critical flank wear’,

22



[n machining tough {ductile} metals, teel wear will proceed in a more complex manner.
Flank wear predominates at low cutling speeds, when there is no built up edge (BUE).
The rcason for this is that the sliding speed on the {lank about the workpiece is higher

than that of the chip on: the tool face (because of chip contractionl.
When flank wear reaches a certain value, cutting force increases, the culuing

temperature is raised, the finish of the machined surface deteriorates, machining

accuracy 15 lowered and vibration 15 causcd.
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CHAPTER-3
EXPERIMENTAL PROCEDURE

Metal cutting by milling operation is a cormmon operation in many manutacturing

system and surface roughness is an important measure of quality in metal cutting. If the

surface becomes Lo rough, the cutting tool has to be replaced.

To develep a relationship between tool wear and job surface roughness as a function of

cutting time and to establish a relationship between job surface roughness and change

of too! wear on the basis of experimental results the following procedure was followed.

ii.

il

1¥.

A [at surface was machined by milling operation on mild steel using HSS (ool

Flank wear of the tool and roughness of the job surface were perodically

measured after a definite interval of lime of machining (6.5 min).

Tool wear was measurcd along the Mank surlace of the tool using a microscope.

Relation of wear characterisiics with time was investigated.
Surface roughness was measared on the surface milled by H5S 1ool. This was
done using a surface roughness measuring cquipment. Relation of surface

roughness charucteristics with time was investigated.

Relationship between change of job surface roughness resulted by the change of

tool wear as the cutting time elapsed during milling operation was investigated.

24



3.1

DESIGN OF A SINGLE TOOTH FLY CUTTER AND TOQOL HOLDER

To investigate toof wear a single tooth {ly cutter was designed. Detailed design of the

tly cutter and the 1ol holder are shown in (Fig. 3.1).

During designing of the single tooth [Ty cutter the recommended values ol relief angle
and back rake angle were taken as 9 and 42 respectively. The tool holder was made of
mild steel. One single tooth {ly culter of high speed steel {(H38) was made, which was
used in milling (up milling) process. The tool was half hardencd and the hardness was

ahout 30-55 RC.

The single tooth [y cutter (2} was overhangs trom the tool holder (13 and was clamped
by clamping screws (3, 4). The diameter and lenglh of cutter were 25.4 mm and 47.0
mm respectively, The diameter and length of the tool holder were 66mm and 49.5mm

respectively.

Arrangeinent was done 1o adjust the overhanged of the tool from the toel holder so that
diameter of the cutter could be varied. Experiments on tool wear were conducted for a
fixcd diameter of the cutter. Detailed deawings of single tooth fly cutter and single tooth
fly cutter mounted on the tool holder are shown in Fig. 3.1 and 3.2 respectively. The

dimension of the workpiece is shown in Fig. 3.3
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3.2 A BRIEF DESCRIPTION OF THE SURFACE ROUGIHNESS

MEASURING EQUIPMENT

Surface roughness was measured on surfaces machined by milling process using H5S
tool. This was done using a surface roughness measuring equipment {surface test AB-5
machine, Fig. 3.4, 3.5, 3.6). The surface test AB-5 is a stylus type surface roughness
measuring instrument, designed to have accurate measurcment of surface texture with
high magnification. The level of the irregularity concerning surface - tlexture can be
represented as deviation trom the nominal surface tn erms of roughness, waviness and

straightness.

Surface test AB-5 machine is also applicable for measurement of deviation trom the
nomina! surface. The surface test AB-5 machine consists of a measuning unit and
amplitier/recording vnit. As the stylus passes over the surface its riscs and falls
(mechanical displaccment) by amountl proportional to surface roughness. The
mechanical displacement le the stylus is converted into electrical responses thru strain
gage of bridee circuit and it amplified in the amplifier/recording unit into a desired
vertical magnification as shown in Fig 3.7, The horizontal magnitfication is determined
by the stylus speed and chart feed speed. Specification of the surface roughness

measuring equipmenl is given in Appendix-L

1. Furnished Accessories of Surface Roughness Measuring

Equipment

i Leveling table (£ 5%)

ii. Workpieoe holding device

il Small vice

Iv. Precision reference specimen {12 pm, in height, about 1609)
v. Recording chart (3 folds)
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vi.

vil.

viii.

ix.

Fuse (1A 2 PC's)

w . ey uﬂn?u‘pu )
Power supply cord (3-pin} measuring vt
Connecting cord (4-pmn) power drive unit to base
connecting cord { 10-pin) power drive unit 1o recorder
Ink fred) 5 cartridges
Pen cleaning wires [0 pes

Blowar

Injector

2. MEASURING UNIT OF SURFACE ROUGHNESS MEASURING

EQUIPMENT

1. Elevation Wheel Power Drive Unit

Elevation wheel s used to move the power drive unit in the runge of about [80mm for

positioning the stylus on the workpiece 1o be measued.

2. Fine Elevation Wheel

The [ine elevation wheel is used to elevate the power drive vt finely in the range of 7

mm. Clockwise rotaton is used to move the power drive umit upward, and counter-

clockwise rotation is used (o move it downward.

. Indicator, Fine Adjustment

The finc clevation of the power drive unit is indicated in this indicator.
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4. Stylus Clutch Knob

The clutch can be dis-engaged by turning the knob. When (he clutch 1s disengaged, the
manual kneb can be used for manual driving of the stylus for levehng or quick

positioning.

5. Manuoal Knoh

When the stylus clutch is dis-engaged, the manual knob becomes effective for munual
stylus drive in forward or backward direction. It is used for leveling the workpicce and
quick positioning of the stylus to the measured point of the workpiece.

6. Column

Column contains power drive unil elevation screw and can be turned by aboul 270

degrees for measuring workpiece which can not be mounted on the base.

7. Travel Settling Knob
The travel range of the stylus can be adjusted to a desired fength within the range of
30mm. The stylus wili automatically stop its travel at the predetenmined cnd of range st

by this knob. Chart feed will also stop when the stylus stops.

5. Travel Indicutor

[t contains two indicating wheel onre Tor iraverse movemnent of the stylus and the other

tor the limil of the travel range.
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9. Power Drive Unit

The power drive unit pivols the instiument and conlaing stylus drive mechanism and

detector of stylus displaccment.

10. Pilet Lamp

At “ON’ of the power swilch, the pitot lamp lights.

1. Power Swilch

At “ON" of this switch, the measuring unit is energized with pitot lamp and the stylus

will begin o travel.

12. Leveling Table

For leveling the workpiece placed on this table within the range of £ 5 degrees
{counter-clockwise rotation of leveling screw for up, and clockwise rotation for down).
The leveling table is furnished with micrometer head (25mm range. 0.01 mm
graduatton) for positioning the workpiece in cross direction to the stylus travel. Table

size: 146 x 126 mm with two clips for workpiece holding.

13. DBase: Reference surface for workpiece.

14. Fuse Holder: Contains 1A luse.

15. Receptacle: For power supply cord.

16 & 17. Receptacle: To supply electric power to power drive unit.
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18. Receptacle

To he connceted to Amplihier/ Recording unil 1o give electric signals to amplilicr.

19. Clamp Lever, Column: To clamp (he column at desired angle.

20. Clamp Lever, Power Drive Unit:

The clamp Jever is used when iransporting the instrument.

3. SET UP FOR MEASUREMENT OF SURFACE ROUGHNESS
MEASURING EQUIPMENT

l. Precautions Before Measurement

i Insjallption
i, The instrument should be instatled in a place (ree [rom vibration. The vibration

will cause abnormal movement of the recording pen.

b. The instrument should be installed in a place where lemperature is controlled at
a certain level like in inspection room. At feast should be avoided the place with
rapid temperature Nuctuation. The detector adhors high tomperature and high

humidity.
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3.3

il. Cord Connectiog

The cords should be connected referring to the fig 3.6 and shouid be made sure electric

grounding from terminal of the recorder and tfrom power supply cord of measvoring

unit.

a. Conneclion and disconnection of cords should be made with power switch at
"OFE".

b. The power supply cords should be connceted to the AC-line isolated from other
electric equipment, although the input circuil of the instrument is fumished with
high performance filter, excessive noise, il flows into, can be a cause for swing
of pen or can aflect the accuracy.

c. The instrnment is sel to the frequency (50 Hy, or 60 Hy) with the AC-line belore

shipment.

MEASURING OF JOB SURFACE ROUGHNESS

Job surface roughness way measurcd by surface roughness measuring equipmeni
(Surface test AB-5 machine). This equipment was designed Lo have accurate

measuremenl of surface roughness at high magnification.

For leveling, the workpiece was placed on this table within the range of £ 5 degree
{counter-clockwise rotation of leveling screw lor up, and clockwise rotation for down).

The leveling ble was furnished with micrometer head for posilioning the workpiecc.
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During job surface roughness measurcment switch was selected lor vertical
magnilication 10000X. The value of one division for 10000X magnification is 0.2 um
(as shown in Appendix-I). After levelling the stylus comes in conlact with the

workpicee (mounted on the levelhing tablc).

The movement of the stylus from the initiul position (selected) to final position
(sclected) was the recorded job surface roughness height. Reading was taken at
different positions of the surface milled and measure mughness as hy, hz ... hs. By
averaging the height at different pointrthﬂ actual height {h}) was found. The whole
procedure was repeated for other readings of job surface roughness height (). The

results of measure surfuce mughness are listed in Table-2.
MEASURING OF TOOL WEAR

Experiment on tool wear were conducted in the workshop at BUET. To investigate tool
wear, onc single tooth fly cutter of high speed steel (HSS) was made and used in

milling a workpcee of mnild steel as shown in Fig 3.3.

A [at surface was milled by up milling process using single tooth fly cutler mounted on
the tool holder. After milling the workpiece at a depth of cut {t) = 0,1524 mm, feed rate
(5} = 9.525 mm /min, cutter diameter (D) = 120 mm, cutter RPM (N) = 33 rpim, the
cutting tool was taken under the microscope to observe Nank wear of the wol. During
milling operation actual cutting time was recorded. The subsequent procedures were
repeated with same cutting parameters and tool dimensions until tool wear reaches the

crtical value. The results of measurements of flank wear are listed in table-1.
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4.1

CHAPTER-4

EXPERIMENTAL RESULTS OF JOB SURFACE ROUGHNESS AND
TOOL WEAR WITH MACHINING TIME

A Nat surface was milled by up-milling process on muld steel using high speed steel
tool. Wear was measured along the flank surface of (0ol using a microscope.

Expertmental results on tool wear are presented in Table-1.

Surface was milled with the following culting parameters:

Rotation of the spindlc (N] = 33 rpm
Feed rate of the work-piece (5) = 9.525 mm/min.
Depth of cut {t) = 0.1524 mm

Cutter diameter 120 mm

Figure 4.1 shows the variation of surface roughness with time. This graph shows that
there is an incrcased amplitude of the surfuce roughness at the beginning of cut, a
decreased tendency in the mddle region and again an increased endency at the end of

thine.

The dependence of tool wear on the tinie of tool uperation is expressed by the wear vi,
Gme curve (Fig. 4.2) that can be divided into three sections. Section-1 s the wear-in-
period (initial wear) during which heavy abrasion of the most salient parts of the

surlace occurs,

Section-11 is the period of normal wear. It 18 characlerized by gradual wear with the

operation time.

When a certain degree of wear has been reached, period 111 begins. This can be called

the period of rapid (destructive) weat.
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From {Fig. 4.1 and Fig. 4.2} 1 common relationship was identificd between tool wear
{(h,) and surface roughness height (h) with trrne as shown in (Fig. 4,30 and Fig. 4.3b).
Curve-4.3(a) and Curve-4.3(b) shows the variation of tool wear and height of surface

roughness with cutling time respectively and they can be divided 1nto three scctions.

From tool wear vs. time curve as shown in (Fig. 4.3a) it is seen that section-1 15 the
wear period ol initial wear which occurs due to the sharp cutting edge and higher per
unit pressure on contact surface belween the cutting tool and the work piece. The sharp
edge, due to plastic deformation and conscquential temperalure rise breaks down

rapidly.

In section-T initially tool was very sharp and tool wear occurs rapidly, the surtace

roughness height in this region (C'D) also increases {(as shown in Fig. 4.3b).

Because at the beginning of machining the cutting edge was very sharp and due to high
pressure per unil area on the cutting edge, micro-volumes were broken off from the
cutting edge. Again, the micro-volume removed off along the cutting edge is not

uniform which causes vibration and increase in job surtace roughness.

Scction-II, Fig. (4.3a) is the period of gradual wear with the operution lime as the
sharpness of the tool reduces gradually. Tn this section there is a decreasced tendency of
the surface roughness because the vibration of the (ool at this stage is less than that of
the first region which results better surface finish. Also wear growth in this region is

less steeper than the initial region (gradual wear region).

When a certain degree of wear has becn reached, the frictional conditions change
{mainly duc to the sharp rise in cutting temperature) and period-TIT begins. This can be

called the pedod of rapid (catastrophic) wear.
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In section-[1I surface roughness again shows a stecper increasing lendency us the tool

flank wear reaches a critical value and a rapid detenioration of the tool happens.

In Figure {4.3b) section-1l begins from point “D” and the corresponding roughness
value is 11.3316 x 10°¢ m. In Figure {4.3a) scction-1I begins Mrom point *[" and the

corresponding wear and time are 0.275 mm and 13 minutes respectively.

In Figure (4.3b) section-1TT begins from point “F™" and the corresponding roughness
value is 8,55 x 10% m. In Figure {4.3a) section-IIT begins from point *J” and the

corresponding wear and time are 0.52 and 45.5 minutes respectively.

From flank wear vs. time curve if ¢an be scen thal the cutting tool has to be changed
afler attaining a Mank wear value of 0.52 mm. From relationship between tool wear and
job surface roughness with machining tinie, tool life was lound 45.5 min which is
lower than the practical case. Because in the present work half hardened tool was uscd
to get the experimental resolts guickly. Also from surface roughness vs. tool wear
curve it was seen that the surface roughncss height (h} suddenly increases more rapidly
alter a wear value of 0.52 mm. AL this stage more {riction and severe vibration oceur
which results poor surface linish. Beeause of high fniction cutling forces as well as
power consumption increases. When job surface roughness height reaches a value of
8.55x 106 m (though it is less than the maximum value) corresponding to flank wear

0.52 1min the cutting tool has to be replaced to get belter surface finish,
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TABLE-1
DETERMINATION OF TOOL FLANK WEAR (h)} DURING MILLING OPERATION (UP-MILLING)

[~ Mo. of Depth of Cut Time Initial Reading Final P;ading Acmal Flank Wear | Actua] Surface Roughness
Observation {mm) t{min} {mm) {rnm) (hy) mm Heighi (h)in m I

1 0.1524 6.5 5.26 5.40 0.14 11425 x 106
2 1.1524 13.0 6.10 6.375 0.275 113316 x 106

|| 3 0.1524 19.5 610 6.44 0.34 10.24 x 10-6 |
4 {.1524 26.0 7.33 7.73 0.4 10,44 x 104
5 0.1524 32.5 826 8.68 0.42 9.27 x 106 l
6 0.1524 39.0 9.12 9.60 0.48 §.346 x 10rP
7 01524 45,5 11.38 11.90 0.52 .55 x 10-6
8 0.1524 520 12.13 1274 06l 1045 x 106 I
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TABLE-2
MEASUREMENT OF SURFACE ROUGHNESS HEIGHT (h) IN MILLING OPERATION (UP-MILLING)

Nﬁf ﬁcaﬂing—: 2nd ﬁading meading= 4th ﬁading Sth Reading | Aver:_iéé Aft‘l.lﬂm
Observation . & - & - & - Hz_,h h = & Ralatrir:?g fhy in ()
49 N i i) n
(pm) {pm) (pLm) (LLm} (m) Jl
1 36.3 25.09 58.57 74.18 66.5 52,128 x 0.2 | 10425 x 105
= 10.4256
2 13.2 71 75 78.43 45.66 56.658 x 0.2 | 11.3316 x 106
=11.332 "
3 68.28 35.4 69.18 4678 36.4 51.2x02 10.24 x 106
= 10.24
4 77.5 56.3 23 42.2 61.4 52.12x 02 | 10424 x 106 "
= 10.424
5 95.70 33.75 42 71 13.69 46,0 46372 x 02 | 927 x 106
=927
“ 6 124 30.4 51.76 67 27.1 41732 x 0.2 | 8346 x 10°6 "
8.346
7 33.1 34.4 18.28 75.33 52.842 42.79 x 0.2 8.535 x 106
= 8.55
8 62.167 48 47 75.22 37.33 38 52237 x02 | 104475 x 108
o - = 10,4475 J




4.2

EXPERIMENTAL RESULTS OF JOB SURFACE ROUGHNESS AND
1TS RELATIONSHIP WITH TOOL WEAR

Job surface roughness was measured on surface machined by milling (up-milling)
process. These was donc by using a surfuce roughness measuring eguipment.
Exporimental results on job surface roughness are presented in Table 2. Roughness
was measured al different point of milled surface and the aciual value was obtained by
taking their average to gel the mare accurate resuits.

The theoretical value of jub surlace roughness height () by “Marlellotli’s™ equation,

{as shown in Chaptler-2) with the following cutting parameters:

Cutter dtameter (L)) = 120 nmum
Feed per tooth {S0) = {28806 mm
Cutting speed (N} = 33 ipm

Number of tooth in culter (Z} = 1

are tound to be 5.784 x 10r® mm.

Relation of surface roughness characteristics with tool wear was investigaled.

Experimental results are presented in Table-2 and Curve-4.4.

The dependence of surface roughness on tool weur is presented by the surface

roughness vs. tool wear curve |CDEFG] that shown in Figure-4.4 and can be divided

into three sections.

Tn scction-1, there is a small increased amplitude of the surface roughness at the
beginning of cut. The geometry of tool wear causes u small change in surface

roughness. At the beginning of machining the cutling cdge was very sharp and due to
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high pressure per unit area on the cutling edge, micro-volume were broken off from the
cutting edge. Again the micro volume removed off along the cutting edge is not umform

which causes vibration and increase in jub surface roughness.

In section-II (in the middle region) a decreasing tendency of the surface roughness was
observed, which was caused by the fact the culting edge has attazined an opimum
radius. Tool wear in this region is morc or less uniform. Also the vibration of the tool

at this stage is less than that of the initial region and results better surlace fimish.

In section-TI1, the surface roughness again shows an increasing tendency at the end of

(he tool lite as wear increases more rapidly.

Initially flank wear does not show significant influence on surface roughness. When
flank wear reaches a critical value {about 0.48 to 0.52 mm} friction of the work-picce

with the tool [lank increascs and the surface ronghness ingreases steeply.

In the present experimental work the starling point of this steep growth of roughness
(though it is less than maximum roughness 11.3316 x 10-% m} is associated with the
moment of tool change or regrinding. Where flank wear valuc varies from (.48 mm to
0.52 mm and surface roughness value vary from 8.346 x 10 mto 855 x 10-%m

where as theoretical roughness value is 5.78 x 10-6 inm [By the equation ol Chapter-2].

The permissible flank wear value recommended for high-speed steel plain milling
entters for machining steels is: by = 0.4 to 0.6 mm. Where as in the present work when

tool having wear between 0.48 mum to (.52 mm resuits better surface finish.

Tool wear with a value more than 0.48 mn to 0.52 mm, the effect of flank wear on job
sulace becomes more significants and causes more friclion and grealer temperature rise

along the cutting zone. Due to more friction more vibration occurs which resulls stecp

49



increase in tool wear and more power consumption. As a result, the quality of the
machined surlace deteriorates, roughness increases more rapidly, machimng accuracy

becomes poeorer. This can be defined as the moment of toel replacement.

From surface roughness vs, tool wear curve it s seen that scetion-11 begins from point
D, where the value of the surface roughness is 11 336 x 10% m and the value of the

Mank wear is 0.275% mm.

Scction-1II begins between point E to F where value of flank wear from 0.48 mm to

0.52 mm and the value of the roughness between point 8.34 x 100 m w0 8.55 1 105 m.

1t can be said that in working with the tool having wear less than 0.48 mm to 0.52 mm
the quality of surface finish will be better and working with tool having wear more than
the above value wall give a poorer surtace finish, more friction and vibration increases
the culting forces and results more power consumption. So this value indicates the
moment of ool replacement. For other combination of tool and job material the vaiue of

the critical flank wear may vary.

Therelore, it can he concluded that hesides from the tool wear ¥s. time curve we can

determine critical flank wear (0.52 mum} aiso from roughness vs. wear curve.
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5.1

CHAPTER-5

DISCUSSION

A milling machine is a very versatile one, It can be used to machine Mat and trrcgularly
shaped surface, to drill, bore, cut gears, penerate helical shapes. produce cams and be

adapted for slotling work.

Metal culling by milling operation is a common operation in many manufacturing
systems, so ronghness of the machined surface is an important quality measure in metal
cutting and it is important to monitor and control surface roughness over time during
milhing operation. When the surface becomes too rough, the cutting (ool has to be

changed or reground.

Roughness of a machined surface also reduces the reliability of fixed joints between
(wo parls because when one part is pressed into the other, the ridges are crushed,

reducing the design interference of the fit.,

It follows trom the consideration that the roughness of the machined surfaces plays an

important role in performance of machine parts.

The scrvice life of present day high speed and powerful machinery depends not only on
the kind, quality and heat treatment of metals of which its component parts are made,
but also on the surface quality obtained in machining the parts. Tn the present work the

relationship between tool wear and job surface ronghness has been investigated.

Alyo Lhe relationship between tool wear and job surface roughness with machining time

was investigated.



[n order to carry out experimental procedure a single tooth fly cutter mounted on a
holder was designed. A flat suiface was machined by up milling operatton on muld stecl
work-piece using HSS weol, Tool wear was measured along the lank surface of tool
using & microscope., The microscope by which reading were tuken, was not a
sophisticaled one. The magnification systemn of the inicroscope was not high cnough to
get more perfect reading. In the present work surface roughness was measured only by
vertical magnification i.¢., by range switch. Because of coagulation of ink at the pen up
it was not possible to record horizontal magmfication on the chart paper. For these
reason Some error may be incorporated during wear recording by microscope and

roughness recording by SURF TEST Al-5.

In up milling the tooth of the cutier is subjected to heavy friction in sliding over the cut
surface. Therefore, inense flank wear occur in up milling. There are several other
numbers of causes that influence on tool wear, Tool wear invelves abrasion and the
removal of micro parhicles of the surface us well as tnicroscopic chipping of the cutting

cdges of tool.

Chipping of the tool, as the name implies is removal of relatively large discrete particles
of tool material. Built-up-cdge (BUE) formation also has a lendency Lo promote tool
chipping. BUE is never completely stable but it perindically breaks olf and takes away

some particle of the tor! matenal with it.

Tool wear influences the surface roughness of work-picce and the value of surface
roughness is one of the main parameters used to specily the moment to replace the (ool
in milling operation. So it would be very uscful to estabiish a relationship between ool

wear and desired quality of job surface roughaess.
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The relationship between job surlace roughness with machining time shows that there
is an increasing amplitnde of the surface roughpess at the beginning of cut, o decreasing

tendency in the middle region and again an increasing tendency with sharp turn.

These relations show that the obtained iool life is 43.5 min and corresponding surface
roughness and tool wear are 8.55 x 10-6 m and 0.52 mm respectively. The life of the
tool that obtained in Lhe present work was lower than the practical (ool, hecause half

hardened tool was used to get (he experimental results quickly.

The relationship between tool wear and cutting time shows that tool wear initially
increases rapidly due o the sharp cutting edge and higher per unit pressure on contact
surfuce between the cutting tool and the work-piece. Due (o plastic deformation and
consequential rise in (emperature, the sharp edge nuero volumes were broken off from
the cutting edge. Moreover, the miceo-volume removed oft along (he cutting edge these
procedure is not uniform. This causes vibration and increases in job surface roughness,

as shown in tool weur vs. surface roughness curve.

From the middle period of cutting time il was observed that tool wear occurred
gradually as sharpness of the tool reduces gradually. During this period of tool wear
there is a decreasing lendency of the surface roughness as found from the relation of
tool wear and surface roughness. Because the vibration of the tool at this stage is less

than the initial period.

From the relation between ol wear and cutting time it is seen (hat when a certain
degree of wear is reached, wear increases steeply with time. At this stage more [riction
occurs resulting in greater temperature rise. This can be called the period of "rapid
wear”. From the relationship between surface roughness and tool wear it was found
that ot this stage surface roughness also increases sieeply. Duc to the sharp rise of tool

wear severe vibration and more friction occur leading to grealer power consumption.
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The maxtmum permissible flank wear value recommended for high speed steel plain
milling cutters for machining steels is hy = 0.4 to 0.6 mm. In the present work it was
found (hat for flank wcar upto 0.48 to 0.52 mm hclow the cutting edge the effect of

wear on the job surface roughness was less pronounced.

Upon Turther wear beginning with hy = 0.48 mm to 0.52 mm and the corresponding
roughness height between 8.346 x 10-6 m into 8.55 x 10-% m, the effect of flank wear
on job surface roughness becomes more significant. After that the quality of the
machined surface deterorates, roughness increases steeply, machining accuracy
becames poorer and severe vibration oceurs, The large increase of wear at the end of
tool life canses a large increasc ot surface roughness and can be defined as the moment
of too! replucement or regrinding. The theoretical value of job surface roughness height
(h) during up milling was found to be 5.784 x 10+® mm for the given tool and cutting

parumeters.

The height of job surface roughness or height of tooth marks affect the quahty of
finish. The height of tooth marks or job surface roughness height can be reduced by

increasing radius of the cutter and decreasing the fecd per tooth.

In machining tough (ductile) metals tool wear will proceed sn a more complex manner,
Flank wear predominates al low cutting speeds, when there is no buili-up edge. The
reason [or this is that the sliding speed on (he flank about the wotkpicee is higher than

that of the chip on the tool face (because of chip contraction).
When MMunk wear reaches a certain value (0.48 mm o 0.52 mm}, cutting force increascs

which raises power consumption the culting temperature is raised the finish of the

miachined surface deteriorates, machining accuracy is lowered and vibration s caused.
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Flank wear was nol found to be uniform along the cutting edges of the tool. This is not
absolutely unusual. As already mentioned (in chapter-2}, the physical phenomena ot
1ol wear in metal cutting are extremely complicated and the resolant tool wear involves
abrasive, molecular and diffusive wear, Thus the deviation of aclual wear prolile 15

likely to occur due to complex phenomena of the wear process during cutting action,

Int the present work cutting fluid was not used. But cutting fluid or coolant has
considerable influence on cutting condilions. Simply speaking, it reduces the cutting
forces by minimizing the friction between the tool and work-picce during machining. Tt
also removes (he heat that is generated during cutting action and reduccs tool wear.
Coolant was not used through oul (he experinient because of formation of rust on the

flank surface which causes problem i taking readiog under microscope.

Experiments on ool wear were conducted using high speed tool, because tool material
for most of the milling cutters is of high speed steel (HSS). If the carbon content 1s
low, the steels have high impact resistance. Tt the carben conlent is high, they have
high abrasion resistant qualities. Becausc of their extremely high hardenability
characteristics, they may be oil or air hardened without tear of the steel crucking or
distorting. To get the expernmental results quickly half hurdened HSS tool was used
throughout the experiment. The hardness of the tool was about 50-35 RC. But
practically high speed steel (ools acquire a hardness of 62-63 RC when correctly heat
treated and operate cfficiently al cutling speeds two or three times higher than those
aliowed for carbon stee! tools. High speeds steels contain from 8.5 to 1% percent
tungsten and from 3.8 to 4.6 percent chromivm. They do not lese their cutting abnlity

cven when they are heated to 600°C in the cuthng process.

All experiments with a view o give 100% accurate result need ideal atimosphere which

can never exist in practice. Therefore some assamptions must be made.
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Assumption made {or this experiment arc as follows:

1.

ini.

The properties of the 100l matenal aver its entire length are unitorm.
The properties of the work material remain unchanged during opcrations.

Different points along the length of the culling cdges of wool have the some
cuthing speeds.

iv. The cffect of vibralion on tool wear and job surface roughness has been
ignored.

V. The effect of temperature on change ol hardness of the tool has been ignored.

CONCILUSIONS

From this study the lollowing conclusions can be drawn,

1t can be said that in working with ool having wear between 0.48 to 0.52 mm
results better surface finish. Tool having wear more than 0.48 te 0.52 mm
causes more friction, results more power consumplion and greater temperature
rise along the cutting zone and also causes more vibration. As a result tool wear
increases steeply resulting rapaid increase of surface roughness. So the wear
hetween 0.45 to 0.52 mm and corresponding surface roughness value indicates

the titne of teol replacement i.e., the life of the tool.

The maximum permissible flank wear value recommended for high-speed steel
plain milling cutters for machining steel is 0.4 to 0.6 mm which is very close to

the obtained result .48 mm to 0,52 mm.

The values of maximum permissibie tool wear 0.48 (0 0.52 mm based on the
criteria of surface roughness values and on the criteria of Ume arc similar.
Therefore besides from the too] wear vs, time curve cntical flank wear can 2lso

be determined Trom roughness vs. wear curve.
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ii.

The surtace roughness and tool wear present a similar behaviour at the
beginning of cut as cutting time elapses i.e., both increases slightly. They also
show similar behaviour at the end of cut when the time to change the tool is

close, i.c., both increase steeply.

Tool wear influences the surface roughness of the work-miece and the value of
surface roughness is one of the main paramelers used to establish the moment to
replace the tool. There 15 an increasing amphitude of roughness with tool wear at
the beginning of cut, a decreasing tendency in the middle region and agaio un

increasing tendency at the end of cut as cutting time elapsed.
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6.1

CHAPTER-6

SCOPE OF FUTURE WORKS

The following suggestions regarding the further continuation of this study cun be given

for future works:

i. This study had been conducted with a single tooth fly cutter. This study can be

revised using multiple-iceth cutier.

1. This study had been conducted with a particular type of tool material and work-
piece material, which can be performed for different tool and work-piece

nulerials,
Lil. Cutting fluid wus not used during experiments. Thercfore, the wear and job
surface roughness characteristics can be restudied using cutting Ruid during

cutting operalion.

1v. In the present work the cutting variables like, feed, speed and depth of cut was

conslanl. The study can be revised by changing the cutting variables.
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APPENDIX - I

Specifications for Surface Roughness Measuring LEquipment.

i. Measuring range:
Yertical 0 - 300 mm
Horizontal (0 - 50 mm (adjustable by knob)
2. Magnification:
Verical 500X, 1000X, 2000X, 3000X, 10000X, 20000X

tlorfzontal 10X, 20X, 30X, 100X, 200X, 500X, 1000X

3. Magrification Accuracy:
Recorded Length Less than 125 mm QOver 125 mm
Vermical + 1 mm + 2 mm
Harizontal + | mm + 1/125 mm

L = Recorded length in mm

4, Stylus speed 0.5 mm and 2.5mumn / min (switchable by clutch)
3. Charl speed 25 mum, 50 mm, 250 run and 500 mm / min,
. Stylus

Stylus foree 0.198 mN/um {0.2 gt/um)

Materal diamond

Tip angle 60 degreas

Tip radius 5 mm
7. Recording chart :

Length 151

Width 250 mm {effective)

Gradualion 2 mm x 2 mm
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The value of one division for each magnilication

Vertical S00% 100X 2000X S000X Q000X 20000X

Value (mm) 4 2 I (.4 0.2 0.1

Horizontal 10X 20X S0X 100X 200X SO0X | 1060X

Valuc {mm) 0.2 0.1 0.04 0.02 0.0] 0.0 (.002
8. Power drive unit:

Elevation about 180 mm (feed screw P =3 mm)
7 mm for line adjustment {fecd screw P = (L5 mm})
9. Column rofation : About 270 degrees with clamp.
0. Basg sive : 460 (W1 x 185 (D) mm with T-slot.
1. Calibration range for vertical magnification: 10 mm and 100 mm
12, Response speed of recording pen: 50 cm/sec,
13, Ambiani temperature : -10°C to +300C,
14.  Line voltage : AC100, 117,200, 220 or 240 V (specily for wiring)
50/60 hz. (switchable).

15, Powcr consumption : 25 VA
16,  Dimensions and weight

Measuring unil - 4500W) % 372({D) x 582(H) mm, 37 kg
Amplifierfrecording unit . 430(W) x 255(D) x 200(H} mm, 10 kg
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