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ABSTRACT

Cutting Spéed is one of the most important
factor on which Tcel Wear depends. In-Fetal éuttiné
operation there exists an optimum speed at which the
Tool Wear is minimum. This'opfimum Cutting Speed

maintains a definite relatienship with the critical

. Cutfing Speed from which Tool Wear starts increasing

abruptly. Critical Cutting speed can be identifiied
amongst other methods by observing the Chip-Tool Con—~
tact Process and Chiﬁ surface finish. It is found that
the critical cutting spéed'appears during the transi-
tion from contact process with'buiit—up edge to coﬁpr

tact process without built—up'edge. It has begn'eéfgb-

lished in the présent work that for single carbidé fool

material optimum cutting speed in machining steel of
unknown composition and under any condition of cut is

Just below the critical cuttingﬂspeed.
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CHAPTER - 1

IRTRODUCTION AND LITERATURE SURVEY

1s1e Introduction:

It has been well fecégnised that successful transfer
of technical knowledge is essential in order to_ufilize
the modern technoiogy properly. Otherwise the local engi-
neering products willrnot be comparable to that of the
foreign products. Thus,the-present:study-has been made with
a view to enrich the technical knowledge in the field of

metal cutting.

Metal cutting principles ad ptéd by the Machine: Buile
ding Industry including different Engineering WOrkshOPS
are based on mere experience due to lack of prqper tech-

nical knowledge. This industry and Werkshops ‘are playlng

" & key role to the national development and the ﬁ“provement

of their status is the precondition of the Socio—economic‘
deveiopment of the country. In this industry and workshépg,
apart from Cast iron,‘steel is the most widely used-ﬁate-
rial in the productlon of dlfierent ~engineering producus.
But the steel is available in the local market , . mainly

in the form of scraps, the composition of which are quite
unimown before making any metallurgical test on it. Sorting

of this steel as per different test results is not feasible
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due to the small size of the lot consumed by the
end users and infact it is rarely practised. fhus
it has become necessary and it has of practical
1mportance to determine the optlmum cuttlng condi-

tions of such a steel material, whose oomp051t10n

‘and physiCO-mechanical properties are not known.

People in such a industry, naﬁely, foremen,
technicians and even a good proportion of the engi-
neers usually use thumb-rules to determine the value
of optimm cutting speed in machining operation. In
most of the cases this value is farvaway from the
optlmum cutting speede. This ¢ptimum speed is to be~

identified from Tool Wear con51derat10n. Tool Hear
varies mainly with cutting speed due to thg?forma;ion
of different Chip-tool Contact Process dueing'mgéhi- |
ning operations. Therefore in the present work.efforts
were given to 1aent1fy the optimum Cuttlng Speed of
steel of unknown comp051tlon from the consideration. of

Chip-tool Contact Process and Tool Wear.



1.2 Literature Survey:

Althbugh metal cutting operations were started from
the earliest stone age but upto seventeénth century there
has not been. any development except in the concept of three |
basic anglescj) - the rake angle, the clearance angle and
the setting angle. | |

The first research period on mechanics of chip for-

~ mation extended approximately from 1850 to 1900. Cocquilhét

-

= in 1851, Wiebe in 1958, Timme in 1870 and Tresca in 1873(2)

\ worked in this field contributing 6n determination of cutting
forces and power, Lasfly Tresca prop&se& a different concept
of chip formation déscribing the mechanism as a process of
compression. Subsequently, it was proved that the compression
process differs from the ordinary compression but Knﬁpetsev
and Krivoukhov(”,-showed that the principal laws di"cja;rd‘inary'
. ' 7 compression were valid for cdntrained compTression aé'wéll andq
that the chip=-forming process wés actually the prééééélof '

plaste—elastic deformation of the.layer of metal beiﬁg‘removed.

Mal;ock(4) made a microstructural study of polished and
etched chips and vividly described the process of chip'forma-
tion which is identical with the curren "gliding deck of cards™

analog’(q )o
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At the end of eighteenth century Zvorikin and

e e e b

Hermann(s) made an aralysis on metal machining and deri-
ved a relationship comprising shear angle, rake angle
and friction angle at the chip-too; interface. These
relationship, with slight modifications, have remained

unchanged to the present time.‘

Taylor(e), was probably the first person to study the
specd-life relationships, including the tool shape and

size of cut in 1907.

‘Herbert(7) and Rosenhain and Sturney‘®’ in around 1920
were the first user of thé(term "machinability" which refe-
rred specifically fp the speed~life relationship and not
to criteria like surface finish; chip disposel etc.Kowever
the presence of the-tool—chip interface tempergturé'ﬁés con-

sidered at this peried.

Ernst and Martellott(®) in 1935 confirmed the role of
built-upreage in metal cutting and described its effect.on’
toel temperature and on surrace'finisp{ Again Ernsfsqo)iin
1938 and Ernst and Merchanf(ﬂq> in 1940 interrelated the
effect of tool geometry, tool temperature, éhip formation,

cutting fluid and surface finish.

Merchant, Ernst and Krabacher(12) in 1952 presented a

~ scientific method of tool life testing, specially for
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cemented carbide tool. Laladze(13), in 1958 presented.
the role of tool wear for optimization in metal cutting

process.

{
Bekes‘14)

in 1967 developed a method of calculating
the optimum cutting conditions, Basu(qs) in the same year
modified this method by developing a new appfoach for

chosing optimum cutting variables.

Cutting speed is the most dominant factor of the cu-
tting variables which determines the nature of chip-tool

contact process and also the probess of tool wear.

Talantov(16) in 1969 established that tool wear isl
a fuﬁction of chip~tool contact process and minimum tool
wear is observed in a definite range of cutting speed ﬁhich
is Jjust below the critical speed for a sinpgle carbidé tool.
The same authors determined experimentallf the depéﬁdence
of tool wear on cutting speed.‘It was also estabiiéhed'thaﬁ

this critical cutting speeds can be shifted to highter

.#alues(17) for steel alloyed with calcium,

sankar{’®) in 1984 experimentally determined the optimum

- cutting conditions fér low alloywd steel., In determining

the critical cutting speed the co-efficient of chip-shinkage
of Nickel-chromium steel of known composition was measured
and found the requireqlspeed at the maximum value of the

coefficient of chip-shrinksze.
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The present work attempts to identify the.
critical cutting speed for a steel of unknown compo—

sition from the study of the chip-tool contact process.
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1.5, GenerallTheozx;

It is of immense practical importance to Fnow the exéct
dependencé of chip~tool contact process aﬁd Toql—wear on
cutting épeed. Large number of research works have been ca-
rried out in the "Volgograd Polytechnic Institute”, UssR(1?7,
to establish the exact dependence of these interrelated fac—
tors. According to the results the relationship between chip-

shrinkage coefficient, K Vs. V(cutting speed) and Tool wear

(flank), h. Vs. V, can be represented graphically in figures

1 and 2 respectively., From Figure 2 it is seen that variawi

tion of tool wear with respect to cutting speed in the range upte
Vé is somewhat complex in nature, This is due to the change

in chip~tool contact process as a csult of the format®on of
difference types of built-up edge (BUE) on the face of -the

tool adjacent to ﬁhe cutting edge. The BUE is weage'shaped

and consists of a:.part of the metal being machined. Different
types of chip-toocl contact proceés is identified ffoﬁ the |
size and nature of this BUE (Figure 3). At low cutting speed
there is no BUE because of a discontinuous chip is produced

and the cu%ting temperature is ibw.iAs the cutting speed -

~ increases the chikp changes from the discontinuous type to

the partially continuous and continuous types, and BUE is
formed., Upto a certain range of cutting speed this BUE extends
only within the (rake) face of the tool. Breaking tendency of

BUE in this range causes increase in the face wear which

affects the cutting

[
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BUE - BUE - BUE
(g} (b) (d)
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process to a smaller degree and cannot be taken as opt;mum
wear. BUE in this range is called BUE of Type-A (Figure-aa).
After this range BUE extends beyond the rake surface and over-
hanges the tool. In case of its fracture the entire material
of the hardenedl BUE is dragged along the flank surface of the )
tool causing intensive wear of the tool flank, It is well=
known that flank wear affects the accuracy of butting process
and for this reason it is taken as the limiting criteria of
Teol wear. BUE in this ..range is called BUE of Type-B (Figure-3b).
It is important to note that BUE of Type-B and specially its
instability increases the flank wear whereas BUE of Type-A
saves the tool from flank wear. However, further increase in
cutting speed causes rise in.temperature, consequently BUE is
softened and its size is reduced to a thin layer called BUE
of Type-=C (Figure-3c), It is unstable in nature and sometimes
called "Pulsation Contact Process”. "Pool Wear is always mini-
mum at'this range. Beyond this range the BUE disappearé COMl=
pletely, a continuous contact of chip and tool is observed
causing abruptly increase in tool wear. Figu:e;E & 34 illusQ
trate this phenomenon, This transition from contact prbceés
with BUE to contact process without BUE occurs at a defiﬁite
cutting speed (point v, of Figure-l & 2) which is known as

critical cutting speed, V,. It has been established by Talantog16)

c .
that for a single carbide tool material the thimum cutting -
speed (cutting speed corresponding to minimum tool-wear) is

usually just below the critical cutting speed, V, o
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-Cne method of determining'vc is from the study of chip’
shrinkage coefficient, K(la). Figure-l(l9) shows the varia-'
tion of “EY with respect to cutting speed. Critical cutting
speed <V ® is observed to be the point where VK% becomes
maximum. However this is an indirect method for estimating
QVbﬂ which is not reiiabl:for all the time as it is seen
in some cases that ?K% is increasing even after ”vb@. For
exact estimation of “Vc@-study of chip-tool contact process
is one of the most reliable methods. The main problem of
this study-is the.iﬁstant"rreeﬁiDSJ“ of the ¢éutting process
end collection of chip-tool contact region, for which spe-

cisl experimental set up is required.’

(20)

Sen and Bhattacharyya in ‘1965 suggeéted different

methads for thirz purpose. But details of design and fabri-

cation of an apparatus as well as the systematic procedure
of studying the chip tool contécf process for a material

of unimown compesition is very rare. So the present werk
aftempted to design and fabricate a simple 2nd less expen-
sive apparatﬁs for thié purpese, which is known as Dropping

Tool Apparatus.
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1.4 Aims and Objectivés:

i) To design and fabricate the Drepping Tool Apparatus

for the study of Chip-tool contact process.

ii) To determine the optimum cutting speed ¢f a material
(Steel of unknown composition) for which the tool-wear is

minimum,



CHAPTER . 2

DESIGN AND FABRICATION
OF

DROPPING TOCL APPARATUS

2.1 Dropping Tool Apparatugsg

Design of Dropping Tocl Apparatus meinly depenﬂs
on the type and size of the machine on which it is to

be used. In ‘this study the apparatus was de51gned for

oSty s e e

a lathe mechlne ’ hav1ng a square turret, Tool fixing

space (X,¥,2) in the turret and the dlstance from the

R T PR A e

base of the turret to ‘the center llne of the lathe(s)

\LJ‘

as shon in Flgure 4 ~were the main crlterla whlch deter—

mined the dlmen51ons of dliferent parts of the apparatus.

- - R Y P -
PSR St TY. S SO L TR

S O SO

# T,athe machine of 81ze 1% feet bed” length and maximum
machlnable J@b dlameter 150 mm.

LW SO S - aEe Al [ P
e, + € - Rt

- el e - T o g e N -
- LA ndl SV I o (PR R BET D SR V) Jh‘ T e e b VA L ST -
L 3 - - -
< e - oF A Bl e w e " P
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Figure - & Sketch of lathe.
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Figure ~5. Shows the different parts of Droppiﬁg Tool
Apparstus.

AT

Different parts of Dropping Teool Apparatus

l. Fixture Bedy 5.Clamping Plate
2.Te0l bit holder 6. Pins
- 3,Drepper Plate holder 7, Stendard Fasteners

4 ,Dropper plate 8. Teol bit
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Figure-6, Shows the Dropping Tool Apparatus in sub=
assembled condition, ready for mounting on the square

turret of the lathe machine.

Figure=6
Sub-Assemblieé of the Dropping Tool Apparatuse

2e2e Details of Fabrication:

Figure-7 shows the assembly drawing of the
epparatus fitted in the lathe~turret. |



BILL OF MATERIALS

r t i t

Parts identification Name ot the parts Materials Quantity
no.
1 Fixture body Medium 1
carbon steel
2 Tool bit holder . 1
3 Dropper plate . 1
holder
4 Dropper plate . }
5 Clamping plate . 1
ba Pin Cast iron 4
6b Pin Steel ]
70 Bolt Medium 1
carbon steel
7b Bolt 2
7c Washer . 1 '
8 Tool bit Single carbide 4
(32%. Wc 8,Co) )

FIGURE~ 7 ASSEMBLY DRAWING OF DROPPING TOOL
APPARATUS FITTED IN THE LATHE -TURRET
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In order to make fabrication work easy detailed
drawing as well as master operation sheet for each of

_ these parts are shown in figures 8 to 15.

e,

s



Part NO. 1

Materizl Madium Cari)en

v

| Scale~ Full Size OSteel
/-l. Drill through
/ 3 _18 BSW C 2B
- j6 0. F2W |
H ) u>
A =~
'I* )
~ .~| | )
22— 55
' Top view =15 —f=—25—
ik | T
1t . . 10
I'i r y. ,,.LlL..,_u‘..I
i | = i
! |" n
1 ik 7 ~ |
= 1k X 2 g
__{ | 60 — 4 .
' - 80 : -
" Front view ' R HS view
Figure= 8

Detail drawing of Fixture body
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Master Operation Sheet

- Opera- Descrip- Bketches Machine,
; tion tion Fixture,
Ne. | Teole &.
Gauges
R s I |
1 Cutting off] T Power saw
the blank- Machine
: 1| vise,scale.
2. Machining Shapewm.
- face Mac g; vise,)
41
£
s e Machining Shaper
' faces Machine vise
scaleycenter |
i 5 and ‘punch, hammer |-
—— (] ) .
ko M e 11 machs
4 Drilling - [ B g:: . | Drill machine
h i f ; Drill bit
soiess | Pl i : /) | Machine vise
- e o1 T center punch
_ 5—/—"|L|:1§ "”“51 Section-ab| hammer,
}é‘ 5 Cutting eof Thread
_ thread in Cutter vise
hole '
>
6 Cleaning Brush and
and chamfe= filese
. ring




19

- —

Part Ne.,2

d2-18 BSW (NC) . -
3R Material-~Mediun Carbon Steel

N

i

a - Scale ~ Full Size
t ' .

.

S

3 .
i

TOP VIEW

- - 9 drill thru. '/l' drill thru.

i . e | |
‘ . , n |
N . m 1

— 7
+|‘ :
]
17—
)
.
]
i
-*‘::;,_j"
_{3:.___-
==1L"='.=ﬂ

|lw
Al - .
o 128 — ' - R.H.S VIEW
FRONT VIEW
Figure =« 9 ,
Detail drawing of Tool bit holder )



Master of Operation Sheet

b~

¥

¥

Chamfering

Opera=— Description Sketches Machine
tion : ' Fixture
FNe. Tools and
‘ Gauges
1 Cutting off Power saw
- the blank ) Machine vise
e 128 = |7}~ | SCElE
1
2 Machining faces Shaper
' Machine vise
1 and 2 ‘\_2 N Center punch'
hammer,scale.
3 Machining faces De
3 and 4
4 Milling for <§%y Milling
tool housing a machine
5§> machine vise
scale.
5 Drilling holes Drill machine
. Drill bit
>~ 6. 7 and Machine vise
8 center punch
hammer
scale
6 butting of Thread
Thread in cutter vise.
hole . .
8
7 Cleaning and Brush and
Files,




Part No.3?

Material=Medium Carbon Steel .
Scale -~ Full Size

21

——Ce s s s
S |
<ty
\\I__' ‘!I::: s o =]
Top view‘
//' .
‘-——-45———4——-- | q—%'—u'ssw C 2B
150 . - )
Front view ‘ * o R.H.S. .vi'ew
Figure = 10
Detail drawing of-Drobber Prate holder
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Opera- Description Sketches Machine Fixe=
tion ture
Ne. Tocls and
Gauges *
Cen 22
15 0] s-—i
1 Cutting eff o} |Fower saw
the blank =) |Machine vise
Scale
e 3
2 Machining _
faces _ .Shs.pter
1 2 3& _”Mzzfrk 4/, {Mgchine vise.
4 2 3 |
3 ! 'Facing face - //"5 Lathe
b g | Facing tool
_ ' 6 . .
4 i Driiling hole 4 Drill machine
6 ~= Drill bit
. T Machine vise
1
K : . 2 .
5 Cutting eof Thread Cutter
: Thread in Vise -
hole
6
6 | Cleaning and Brush, " .
' Chamfering -

!

4, Drepper Plate:

Shape .and size of the dropper plate are to be consie

dered by fitting the fixture body,%ool bit holder & Dropper

plate holder in their respective places,
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~ Part Ne.4 :
. Material-Medium Carbon Steel
Scale-Tull Size

..;1_1-.-

TOP VIEW

///f“’ 13 Through.

ST 4
5 =
; | y, 1 [
o - 68 - . | R.H.S. VIEW
— - 154 - ‘

FRONT VIEW - Fillets & rounds are S mm

. .Figure-11
Detail drawing of Dreopper piate



Master Operation Sheet:

Opera~| Description BSketches Machine,
tien Fixture,
HNeo. Tools and
Gauges
. ¥ |
1 . Cutting eoff o Band saw ,
the blank 7 ~ -| Machine vise
. i scale
{-———' 151.———-] 11 e
: 1
2 Machining ' ' .Shaper or
face Milling
, Machine vise
1 to the Center punch
reauired hammer,scale.
Bhape Grinding
: machine
3 ~Drilling Drilling
hole machine
2 Drill bit
Machine vise
Center punch
hammer
4 Cleaning Brush and
and ‘Files
Chamfe=
ring

5 Clamping Plate':

Its shape and size are alse to be considered Dby

setting the Teol bit in its proper place on the tool bit holder.
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Part Ne. 5

Material=Medium Carbon Steel

Scale-Full Size

8 drill thru.

////——L drill thru,
e
4
N

¢

L——fnaj

—

<‘.

T0
i—r: N ;
N
T T
R.H.S.VIEW

Detail drawing of Clamping Plate

.

--—5--
- ——— 35 -
TOP VIEW
. /—\ NI
Vool b b T
- : { I ¥ : o i
W L0 i 81 *
FRONT VIEW
Figure-12
?‘r



Master Qperation Sheeb:

Machine

Opera= | Description Sketeches
tion - : Fixture
Re.. Tools and
: Gauges
1 Cutting off T Band saw
the blank 3 Machine vise
. Scale
4L Be
35— ot 12}
. ' : ‘ 1 .
2 Machining : _ Shaper,
‘ faces ' : a Machine vise
- ‘scale :
1 & 2 1 Center punch
2 hammer
_ 3
3 Machining ' Do
surface .
7 Gz
4 Grinding all ' Grinding
~the cormers ;:::::[} ~machine
5 Drilling Drilling
holes machine
‘ Drill bits
48& 5 Machine vise
5 Center punch
Hammer
.6 - Cleaning and Brush and
Chamfering Files.
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Detail drawing .

and Part NO.G
Master Operation Sheet : Scale~ Full Size
a) Cast Iron Pin
Opera- Description Sketches Machine -
tion - ' Fixture
Koo Tools &
Gauges
: T‘——— 18 mm———l.
1 Parting ef I ' . Engine
the rod i : - y v Lathe,
o3% "™ Lathe tool
2 Turning to _ A Engine
the desired ' = ‘é‘ Lagthe
diameter 4 Tool
' N = oy Calliperse
b) ... Steel Pin
1 _ Parting off E‘ | Engine
the rod , lathe
: % m Lathe
|—-23’mm"l o9 m tool
B
E
_;!\\J
2 Turning to ’ , i Engine
the desired : Lathe
shape and 'EBE}T @_ : Lathe
size Tool
Calliperse

Figure=13
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Y28
) Part N@.?
. Material=Fiedium Car¥bon Steel

:  Scale= Full Size
64 |

(a)

12

s
.[.‘T

L _ ' 10
—28—e S [ ’]

;

3 -8 BSWC2A

(b)

| | .i}: &if'.-'f' ow
_ | . :._-:: | / _ @32

%

)

|
- 1'—2'5 |
; (c

-

e

sll’

_ Figureé~a4f ‘
‘Detail ‘drawing of Standard Fastenérs

.
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Part Ne.8

_Materiale Single Carbide BK 8 (USSR)

Scale~ Full Size

3
L]

B\ b
'l-—az-—f

T0P

Lﬁﬂﬁ-rﬁ--

FRONT -

Figure-15
Detail drawing ef Tool bit
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Figure - 16 Shows the Dropping Tool Apparatus fitted in
the turret of the lathe during cutting operation.

Pigure = 16

Dropbing Tool Apparatus fitted in the turret of

the lathe during cutting operation.

Teol bit is mechanically clpmped in its position of
Tool bit holder by the clamping plate fixed with tﬁe S
steel pin and standard 5/16" BSW bolt. Then the tool bit
holder is fixed to the Fixture body with the help of stan-
dard 5/16" BSW boltrand cast iron pin. Dropper plate is
attached to the Dropper plate holder by standard %" BSW bolt.

Ela
-
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2e3 Working Principle of the Apparatus :

During the course of cutting operation, a hammer is
was used to break down the cast iron pin instantaneously

which causces rotation of the tool=bit holder around the

fixed bolt, as shown in Figure = 16{a)

o
| Figure - 16{a)
Position eof the apparatus during partition of

Chip=Tool contact region.

Such devise makes a sudden Withdrawl of the Tool-
bit during cutting operation, leaving a partially for-
med chip attached to the workpiece.The section of the
metal in thé vicinity of the partially formed chip is

so-called Chip-Tool contact region whlch is parted from
the workpiece very carefully.



] '\jf

o

~ CHAPTER =3
EXPERTIENTAL DETERNMINATION Oi THE EFFECT OF CUTTING
SPEED OF CHIP-TOOL PROCESS AND TOOL WEAR.

?.l. Experimental Conditions and Data Generation

The experiment was performed on a lathe machine as

"speciiied in Chapter 2, p.712. The cutting conditions of

the experiment were as follows:

Cutting Tool- Single Carbide BK 8 (USSR)
92% WG, 8% Co.

 Feed, S = 0,20 mm/rev,
Depth of eut, t = 1.0 mm
Cutting Speeds, V = 2, 2.5, 5, 7.5, 10, 12.5,
15, 20, 25, 30, 35, 40, 45, 50,75,

100, m/min,

‘ A computer program was developed on a mlcrocomputer
IBI1 PCXT to select the machine RPM and Diameter of the Work- ~
piece material w1th a view to malntaln the desired speeds.

The flow chart of the program is given in figure—l?g.Selected

values of the RPIM and Workpiece Diameter from the ?rograi

are shown in Table-l. All the experiments were’perfbfmed at

toom temperature and without the application of cutting

fluide. In the experiment Dropping Tool Apparatus was used to
collect tus chip too! contact region by "freezing" the eutting
process instantaneously in the same way as described in

section 243.
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J0 REM"SELECTION OF MACHINE RPM”
o0 DIM D(12),V(16),NM(Z24)

30 FOR 1= 1 TO 12 :

40 READ D(I)

50 NEXT 1 :

50 FOR K= 1 TO 16

70 READ V(K)

80 NEXT K : _
90 LPRlNT L1 N" , " NM r ’ " D" R " v'l
100 LPRINT .

110 FOR 3= 1 TO 24

120 READ KM(J)

130 NEXT J

140 FOR 1=1 T0 12- ,

150 FOR K= 1 TO 16 o :

160 LET N= (1000%V(K))/(3.142%D(I))

170 FOR J= 1 TO 24 I :

1800 IF ABS (NM(J)-N) <1.8 THEN LPRINT N,NM(J),D{(1),
V(K) ELSE. GOTO 180 o . , .

180 NEXT J

200  NEXT K

210 NEXT 1

220 DATA 85,84,82,80,78,75,70,53,55,50,56,53,2;2.5,5,7.5,10,12.5,
15q20,25,30,35,40,45,50,75,100,12,15,19,24,30,38,46,58,76,
96,120,150L185,230,305,380,460,480,600,610,765,955,1200,1500

230 BEEP - ' -

240 END
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3.2~ Opecimon T

ek B AL A e 2

1ol

-

The apecimen showistg the chip~bocl convach romiam

uas eollocted ab enchl of the aforezaid ppeeds, For coenve

ience n hasdling Lhe specimens were fromen in a definite

arientabicon inke a cylindzizal sheps with #he help of spe-

kg

cigl plestic moterial Pedowt, Exch ol the apecimen and £lat

auriace. Hext the polished curface wayd etehad with a reagent

-

of &% Nitriec acid and 959% EEbhyl alcechel » The etcohed sunface
of the specimen was photographed throveh n licro-liordness
Tester, al a magnification of 100 times. 'Yolal magnifiication

¢l thia phebo-prings - 1400 timss. Leeh of these pheotogriophs

are shown bhalow sequonttially.

o
B Y Ll Eal) s —r D S M T I et B A s T S T BT 6 T G w7+ T R s S e b

*Redonl~ FPlastic Towder and a liquid. On gradusl addition of
the lieuid plastic pouwder gels disgolved inbo its Terming a
thick.fluid. After standing for a ghot peried of *im~ it getlns

hardened.
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: Ta.’bie—’l '

"No. {0 Designed 0 Selected { Selected {§ Act- { Actual
e, it m m Wor - mymin
1 2.0 12 53 12,00 2.00
2. 2.5 2 66 12,00 2,50
3 5 .. 86 19.58 5.2
4 7.5 30 - 8 3103 8.
5 10 38 86 36.79 1044
6 12.5 46 86 50,70 13.6
7 15 58 84 60.22  15.9
8 20 | 76 st 78430 20.6
9 25 9% 84 . 99.76 26,3
10 30 | 120 80 - 128,14  31.1
11 35" 1% 75 155.75  36.7
12 40 150 84 153,71  40.5
13 45 . 185 78 189.75  46.5
14 50 .. 185 86  189.50 - 51.1
15 75 305 - 78 313.20  76.7
16 1000 380 84 393,80  103.9

Selected Machine RPM and Workpiece Diameter.
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t=1m, S = 0,20 mm/rev,

V = 2.0 m/min -

Figure-18,.
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ion = 1400

t

ica

ﬁagnif

nu..



29

Photograph of chip-tool contact process _
at V =2.5n/min  , t =1 mn , 5 =0.20 mm/Teve

Magnification = 1400,
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Figure-20., Photograph of chip-tool contact region

at V = 5¢2 m/pin, tel mm, S =0.20 .mm/rev

Magnification = 1400,
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Figure'-a'l..' Photograph of chip-tool contact region

at V a 83 o/min, t =1 mmS = 0.20 mm/lrev...
Magnification = 1400,



42

ﬁ:

hip-tool contact region

S = 0,20 mm/Teve.
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Photograph of chip tool contact region

V = 13,6 m/min,t=l om, S = 0.20 mm/rev.
Magnificaition = 1400,

-t



Photograph of chip-tool contact region.

Figllre-aq‘ ‘.

S = 0,20 mm/reve,

9 m/mj_n’ t=1mm,
ficationa 1400
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Photograph of chip=tool contact region

S = 0,20 mm/rev,

26.3 ‘m/min,

ta J—m'
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Pigure-26 ,



Photograph of chip-tool contact region

Figure-E?:

t=1mm, S = 0,20 mm/rev,

1 m/min ,

at V= 31

on: = 1400
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Magnificatbti
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Pigure 28 .  Photograph ¢f Chip-tool contact région
- V= 36,7 m/min , t= 1l mm, S = 0,20 mm/Tev.
Magnification: = 1400



|
Y
tli.
. 3
:%; "
i.
AT _ Figure 29 Photogfaph of Chip-tool comtact region
' . V= 40,5 m/min, - t =1 mm, S = 0,20 mm/reve

Magnification+ = 1400




Figure 30.. Photograph of Chip-tool contact region
V= 46,5 m/min , £elmm, S = 0,20 m/reve.
Magnification- = 1400
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Figure 31..

Photograph of obwﬁl«oo.w contact Homwoﬁ.

V « 51,1 m/min , t =1mm, S= 0,20 mn/rev.
Magnification- K = 1400
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l Figure 32,

Photograph of Chip-teeol contact region

'V-?G,?m/min, tﬂlm'
‘Magnification- = 1400

S 5 0,20 mm/reve



Photograph of Chip-tool contact region

V =103,9 m/min , telmm, S= 6.20 nn/reve
' Nagnificaf:ion:-.c 1400



2e%e Effect of Cutting Speed on Chip~tool Contact Process

After a careful study of these photographs (Figure
18-33) it Becomeé evident that BUE started at a cutting
speed, V = 2,5 m/min (Figure-19) and disappeared at
Speed, V =4§;5. m/min (Figuref3b); Height eof BUE at

‘different cutting speed was measured and shown in Table¥2.

Figure-34 shows the variation of the height of BUE with

. cutting speed-which is of the same pattern as obtained

byaisaéﬁﬁ?ZaFlg.34al_yiggggggzﬁgpeedarange zatiwhichdifferent

N -

"‘ types of BUE formed are als¢ shown in the same flgure.

The cutting speed at which BUE diéappeared is evidently,
V = 46,5 m/min (Figure -30). So this is the desired

critical speed at which tramsition from contact process

with BUE to contact process without BUE observed. It is
very important to note that during this experiment steﬁ-
less variation of cutting speed was not possible.Therefore
such trangition may occur at any speed from v = 41 to 46

m/min as the speed was varied stepwise.
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Table =2
Ne., Qﬂctual speed QHe:Lght of BUE measured ( Actual Height
A R L S L
2,0 | 0.00 0,00
2.5 4,50 32,14
5.2 |  5.00 35.71
8.1 | 850 . 60,71
104 10,00 71.00
13.6 o 9.00 6428
15,9 “ 8,00 ' 57.14
20.6 | 6450 46,40 '
26.3 8.50 60471 '
10 3101 6.00 42,85
Y 36,7 - 3.00 ' 21442
12 40.5 1,00 - 07.14
13 46,5 | 10,00 ' 0.00
14 51.1 S 0.00 0,00
15 . 76,7 0.00 | 0.00
16 103.9 .. 0,00 ' 0.00

Height of BUE at different cubting speed.
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Steel ; =55 kgt /mm?
t= 45 mm '
S=0.67mm/rev.

Figure -34(a) Height of BUE Vs. Cutting Speed. (AMer A. Iseav )
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2.4 Effect of Cutting Speed on Tool-Wear

Cutting speed'is one of the most important factor upon
" which tool wear depends, It is only the flank wear (hf) which
determines the useful life of a Tool.Variation'of"hf' with
respect to cutting speed is shown in Figure-2. It has been-
established that wvariation of the intensity of tool weaT with
respect to Cuttlng Speed alse follows a deflnlte pattern(zq)
However, in order to show the relatlonshtp between "Teol Wear
and‘cther facters-it is very necessary'to devise methods by which
Tool Wear can be measured properly and correctly.leferent methods

can be adopted for this purpose(12)

«In this experiment a conven—
tional methpd was used which needed a lMetallurgical Microsccpe_-
(Hodel-ZElSS 35196,GARL,GEHMANY) and a Chemical reagent aqua-— b,
regia (HCL: HN05=1:3).The reagent was used fer_cleaning the

BUE and other micro-elements which most frequently adhere on

the Tool face in welded condition, The cutting length of the
workpiece was limited and it was divided only in four almest

eﬁual divisions.for four different'observatlons of toel wear

. at eveyy speed. The cutting oeperation was interrupted at the

end of each division on‘the'workpiece for every observation,
Consequently four values of 'hf' were dbteined to every'cutting
speed which are ehown in Table - 3 o During the experiment

~all the conditions remained same as described ic section 3.1, .
-Differentrcnrves of 'hf} as functien of cutting length were

plotted as shown in Figure = 35. Intensity of Tcol wedr{ﬁhi&ﬁﬁib
- deflned as the Te@l wear per uﬁlt cuttlng length of the work-—

piece was also calculated at these speeds.
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ZABLE -3
1, be digwl derwd etk Tas Iing Rar na Rk ol omle
‘ v L by . 1 1 ¢ length
1} 1 F o/min mm min mn mm mm o
45.8  11.69 0.00 0.027 0.02 45,8
47.19 12,05 0,027 0.06 0,04 92.99
19 19.58 5.2 45,03 11,50 0,06 0.08 0,02 138.02
47,48  12.12 0,08 0.098 0.018 185.50
46,00 5.93 0,00 . 0,025 0.025 46,00
. 44,91 5,79 0,025 0.030 0.005 90.91
38 38.79 10.4 :
- . &6.62 6,01 0,030 0.039 0.009 137.53 =
39,41  6.37 0,039 0.050 0.011 186.94 .
! 48,1 3.995 0.00 0.022 0.022 48.1
. 46,9 3.89 0,022 0,040 0.0%4 97.00
58 60.22 16.0 498 3,97 0.080 0.050 0.010 " 144,80
42,2 3.5 0,050 0.0 0.009 187,00
49,35 1.60 0,00 0.030 0.030 39,35
46,55 1.51 0,030 0.055 0.025 95.90
120 134614 - 31,1 44.60  1.45 0,055 0.078 - 0,023 140.50
42,90 1.55  0.078 0.100 0.022 188,40
'-,., 47,50 1l.26 0.00 0.0e5 0.025 49,50
’ 47,20 1.2 0.025 0,041 0.016 94,70
150 153.71 40,5 44,80 1.18  0.041 0.048 0.007 139.50
. 45,50 1.198 0.048 0.056 0.007 185.00
W40 1.169 0,00 04010 0.010 44,40
47.50 1,251 0,010 0.015 0.005 < 91.90
185 180.75 46.5  43.55 1,147 0.015 0.020 0.001 T 135.45
48,55 1,279 0.0 0.025 0.005 184,00
47,7 0,761 - 0,00 0.01 0,01 49,7
. ’ 45.6 0,727 0.010 0.028 0,018 93,3
=y 380 393,2 76,7  45.7  0.727 0,028 0.046 0.018 139,0
| 46,1 0.046 0.063 0.017 185.1

0.735

Tool Wear at different cutting length
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Finally a curve, showing the intensity of Tool Wear
Vs, Cutting Speed was plotted as shown in Fig 367Fig.34
and 36 were plotted up and down respectively on the

same page where cutting speed for both the figures

was taken in the same scale. It was done for better
observation of the relationship between Chip-tool

Contact Process and wear rate,
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" CHAPTER o 4

DISCUSSION AND CONCLUSION

4.1 Discussion

Experimental results show that initially Wear is
higher than normal Wear at almost all the Cutting Speeds

. (Figure-35). This is due te the fact that the tools wexe

not given initial wear by grinding - thus it is obvious
that rate of wear is always hlgher for a sha:p edge.
However 1n1t1al wear was av01ded in calculatlng the ine
tensity eof Tool Wear. It can be observed from Fig.56 that
at 10# cutting speeds intensity of tool wear is high.This
is becaﬁse of the ebsence of BUE (Figure-lB) in this speed-

‘range and due to the formation of discontinuous chip which

causes chipping action on the tool-face. BUE Type-A star-

ted appearing at cutting speeq,lv = 2,5 m/min (Figure-19).

Because of this Tool wear started decreasing from this
speed onward, This decrease may be explained by the fact
that with the incresse in cutting speed, BUE became sta=
ble in nature and 1t was hardened and welded on the Tool
face, saving the tool from intensive weaT, Thls precess

continued upto the speed, V=103% m/min (Figure-22). Then

| starting from the speed, V = 13s6 m/min (Figure~23) BUE

type B was formed, which extended beyond the rake surface,

‘Starting from this.speed Tool Wear started increasing.

This process was observed upto the speed, V = 31.1 m/min,
(Figure-27). .This may be explained by the fact that BUE,
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‘type-B is unstable and it has the tendency of brittle
breakage-and being dragged along the flank surface of

the tool. Further increase in cutting speed caused de- '
crease of Tool Wear. This is because of the change in
chip-tool contact process. In this speed range BUE s type-

C was formed (rlgure-28 to 29). This type of. BUE is soft
enough due to high temperature. It has the tendency to
move along the rake surface of the tool in case of its
breakage., Height of such a BUE is aiso smali unlike type

A and B. All these Tactors contribute extremely low wear
réte of the tool in this cutting speed range. Stgrting
from the speed V = 5l.1 m/min (Figure-30), BUE disappeared
completely and a continuous contact of chip and Tool was
observed. Therefore Tool Wear started rising abruptly from
this speed. 4 good indication to identify this spegd?is
that the tool touching face of the chip -has migforflike

surface finish.
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‘2. Conclusions:

&/
| 1. It has been reaffirmed that for any pair .of steel
gnd cemented carbide tool of definite geometry and g pate
ticular condition of cut the type of chip and chip-tool

contact process has a definite law of formation, At low

‘cutting speed element type chip with ne BUE is formed

which is follewed respectively by partially continuous
and continuous chip with BUE types A,B, C and continuous

chip without BUE.

2. There is a particular cutting speed at which
ch::.p—tool contact process changes abruptly from contact
process with BUE to that without BUE. Teol touching sur— '
face of chip after this speed has a mirror=like surface |

finish but has traces of BUE before this speed. This par-

ticular speed is termed as critical cutting speed, V..

3, Tt has been established that for a carbon steel
of any composition tool wear is a2 function-of chip-tool
contact process. Tool wear is high in the cutting speed
range of eleﬁent chip formation without BUE, low for

contact process with BUE types A and C and high for BUE

type B and continuous chip without BUE above Ve

.4, Cutting speed corresponding to minimum inten-

éity of tool wear, for single‘carbide tool is in the range
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ef BUE type C and'just belew critical speed, Vc. This'

speed is termed as optimum cutting speed; Vep®

Se Drépping tool apparatus may be successfully used
for finding the optimum cutting speed, Vo, of any pair
of steel and tool material for any condition ef cut and
as such it may be used for determining machinability ef
steel and testing the quality of cemented carbide toolse -
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4¢3 Recommendatiion ol Tiuture work

4 Single Workpiece was used in the experiment due
to the liﬁitation of time. For the same reason it was
not pbssible to change the feed, depth of cut, tool
ﬁaterial and tool geometry. Although the test results
confirms the theoretical ideas, yet there remains a
scope of fﬁrther study by changing thé above conditions.
It will be wise to use several work-piece materials for

a better confirmation'of the test results.

CET—

¢
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