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Abstract
Present study focuses on performance of high pressiolant on tool wear while turning EN8 materibd.industry common practice
is to use low pressure coolant up to 10 bar. Inghesent experimentation, instead of low presshigh pressure coolant (70 bar) is
used. The set of experiments are conducted on Catbine during turning operation on cylindrical cooment made up of EN8
steel. It is observed through set on experimeraslith increase in pressure of coolant during faghoperation shows reduction in
tool wear considerably. With 10 bar pressure oflanbRa value for 160th component is 2.923 um, edemwith 20 bar pressure Ra

value for 200th component is 1.687 pm and for #Qpbassure for 520th component is 1.521 pm.
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1. INTRODUCTION

Machining is the process of removing unwanted niténom

component in the form of chips to produce the @esshape.

It is a form of manufacturing used to create olgjeatit of
metal. During machining, machine tool cuts the maleo
alter the appearance and shape of work piece dupto

In the process of machining, a tool penetrates thwork
piece and removes the material in the form of chipsnajor
portion of the energy is consumed in the formateamd
removal of chips. The greater the energy consumptibe
greater are the temperature and frictional fordetha tool
chip interface and consequently, the higher willthe tool
wear. Flood or conventional coolant is applieddmove the

heat generated at the cutting zone. During madhinin

especially of very hard materials, much heat isegated by
the friction of the cutter against the work piewadich is one
of the major causes of rapid tool wear [1].

2. EFFECT OF CUTTING FLUID ON TOOL
WEAR

Cutting tools are subjected to an extremely sevat#ing
process in machining processes. They are in metaletal
contact with the chip and work piece under veryhhifress
conditions at high temperature [2]. The situatienfirther

aggravated due to the existence of extreme stress a

temperature gradients near the surface of the t@aling
cutting, cutting tools remove the material from tmenponent
to achieve the required shape, dimension and fifshWear
occurring during the cutting action, results in fhgure of the
cutting tool. Cutting tools may fail due to the giia
deformation, mechanical breakage, cutting edgetisignand

tool cracks due to the rise in the interface temmjees. Due to
variations in chemical composition of cutting flaidr under
high temperature, high pressure; cutting tool hasmally

complex wear appearance, which consists of somie basr

types such as crater wear, flank wear, thermalkcrhgttle

crack, fatigue crack, insert breakage, plastic uhe&ion and
build-up-edge. The dominating basic wear types vétk the

change of cutting conditions. Crater wear and fladar are
the most common wear types in tools [4].

3. HIGH PRESSURE COOL ANT

The application of coolants in machining is undérgo
revolution. Many machine shops use coolant in aventional
way, directing a tube which floods the machiningeoSome
machine shops question the use of coolant altogethd
introduce dry turning. Some use it only to controkt, chip
evacuation or for finishing to achieve requiredface quality
and tolerance.

Flooding the machining zone with coolant is not g If
coolants are to be applied effectively they neebteaapplied
through high pressure jets which must be exactheatied.
Such a jet, when controlled in a laminar flow, sbps the
contact length between chip and rake face. In fhisn,
coolants can affect, the generated heat is dis&ibuand
removed, the amount of tool wear, the formatiorchips and
its deformation as well as the amount of smearihgvark
piece material on the cutting edge. This becomegdally
important for materials which are difficult to maoh, where
heat and chip control need extra measures [5].

High pressure jet of coolant, if applied at the pctool
interface, the wedge formation by the jet mayuiftthe chip,
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segregating it and could break the vapor barrietr @educe
cutting temperature and improve tool lifehe combination ¢
reduced heat and more efficient evacuation of cpigong
tool life and the cutting tool wears out naturalfther thar
failing prematurely because of excessive heat gr damage

[6].

Application of pressurized coolant jet for effective cool
without polluting the environment is becoming meapular
day by day. But in addition to pollution contrdbetindustrie:
also reasonably insist economic Vviability throt
technological benefits in term$ product quality, tool life an:
saving power consumption by the applicatior pressurized
jet cooling. So it is necessay study the role of high presst
cooling on cutting temperature, chips, cutting &rool wear
tool life and surface quality dhe product in machining whe
high cutting temperature is the major conceThere have
been several studies on applying coolant at higlsqur, at
the toolchip interface, focused on a stationary singleimg
edge in a turning operation. Coolingiisportant in reducin
the severity of the contact processes at theing tool-work
piece interfaces [7The performance of hi¢-pressure coolant
is investigated by focusing on surface finish, ta@a which
are compared for low and high pressureadlant.

Two main basic conditions are in place to improvechining
with high pressure coolarilany CNC machines have cool:
supply at low pressureand high flow rate as stand: and
many have a tool holding system that is suited Hagh
pressure coolant supply. Handlingols equipped with hig
pressure coolant is as easy and efficient as andinals, with
no operator settings of coolant jets. The benefisly to bott
extenal and internal operations as well as groovingfilomg
and pocketing [5, 7].

4. BENEFITSOF HIGH PRESSURE COOLANT

High pressure coolant can provide the following dfig
especially in difficult of machine materials, [7].

a) Consistent machining process.

b) Fewer machine stoppages

c) Better component quality

d) Improved surface finish

e) Better chip control

f) Faster cycle time andhert machining tim

g) Better utilization of machine capabilit

h) Increase in tool life

These benefits can also be appliedntdling and drilling
operations alsoThe principle behind the application of hi
pressure coolant is that a reduction in the fluidet (nozzle
on tool holder) produces an increase in the fluaoeity
coming out of the nozzle. Larger the nozthe higher will be
the flow rate of the fluid Moreover, the number of nozzl
(accumulated outlet area) will affect thesulting fluid outle
pressure [8,9].

The Bernoulli’'s proven theory expresses the relation:

between pressure, leeity and flow rate of a fluid, such as

coolant. Aghe fluid passes from a largdiameter to a smaller
diameter tubge the flow rate requiments are smaller to
achieve a highvelocity jet. The larger the nozzle out

diameter, the greater the flow rate requirementdedeto

deliver a certaimmount oipressure on coolant [6].

5. METHODOLOGY

The Fig. 1shows flowchart ¢ the methodology used to
perform the experimestin currentwork. To study the effect
of high pressure coolant on tool wear while turnita
manufacture the threaded nipple of ENS8 steel.

Performance tool wear in turning of EN8

——

flow rate (50 lpm) & flow rate (10 lpm) &
pressure (10 bar pressure (70 bar)

I_I_I

Measure Surface finish & Tool
Wear

!

Analysis of results

L

Conclusion

Fig.l: Flow diagran of experimental work

6. EXPERIMENTATION

The high pessure coolant attachmentdesigned to supply
high pressure coolant during turning operat The fixed
parameters in the experimentation are as fol
¢ Work material -EN8 Stee
¢ Machining metho« Turning
e Tool —Single point cutting tot
e Tool insert -DNMG (IC320), WNMG (IC901&
¢ Cutting Conditions
» Speed 2000 rpm
» Feed -0.1 mm/re'
» Depth of cu+ 0.2 mm
e Coolant “Water bas Ashoka LD-700
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The Pressure of coolant is varied while conducttng set of
experiments.

Fig.2 shows the high pressure coolant system wiiththa
attachments. Pressure relief valve, pressure gandgemotor
are mounted on the top of reservoir. The pump tached
inline below the motor, inside the tank.

High pressure coolant system e

Fig. 4. Experimental Set up

The component for study is threaded nipple showRign 5.
This is used for supplying the oil to the enginen @is
component various machining operations are perfdrrirer
present study the turning operation on hexagonabbasmm
size is under study.

Fig. 2: High pressure coolant system

Fig. 3 shows the insert used for turning of threldd nipple.
The details of insert are.

Type of tool : Single point cutting tool

Tool Insert : DNMG (IC320)

Fig. 3: Triangular insert

The experiments are performed on CNC with high sunes
pump attachment as shown in Fig. 4, with high pness
coolant system attachment. The externally high sounes M itutoyo Surface Roughness Tester SJ-201
coolant supplying nozzle is also attached to th&€@N shown s
in Fig. 4.

Fig.6: Mitutoyo Surface Roughness Tester used for testing
surface roughness of machined components

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org 63




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

The Surface finish of machined component is measine
Mitutoyo Surface Roughness Tester SJ-201 as shoviigi
6. At 10 bar pressure, the tool performs well tochiae
160components with the necessary surface finisthdrwhole
experiments, every 10thsuccessive component iskeldefor
its surface finish. The surface roughness is cla:dhe the
batch of 160 components with 10 and 70 bar pressfire
coolant supply.

7. EFFECT OF COOLANT PRESSURE ON TOOL
WEAR

Tool wear is measured in terms of surface finistool after
machining of 160 components. During machining, hisat
generated at the primary deformation zone due ¢aritg of
metal, secondary deformation zone and the flankafelnce)
surfaces due to rubbing, but the temperature attaigximum
at the chip-tool interface. High pressure coolart penetrate
effectively into the chip-tool interface and redutés chip-
tool interface. The scanning electron microscop&EMp
studies of tool are performed with water based aatolvith
different pressure especially with 10 bar (50 Ipfmcoolant
supply) and high pressure of 70 bar (10 Ipm of aobl

supply).

8. SURFACE ROUGHNESS PARAMETERS

Surface roughness is measured by using Ra, Rq anchRRh
gives the surface roughness value in micron. Rahée
universally recognized parameter of roughness.sltthe
arithmetical mean of the departures of the prdfiten the
mean line. For technical drawings the surface raegh value
is indicated directly in micron as Ra value or bsadg
numbers.

1

1
R, = Tf 1Z(X) |dx

0

Rq is the square root of the arithmetic mean ofstingares of
the deviations from the mean line to the evaluatoofile.

The Root Mean Square roughness is commonly spedidie
the surfaces of optical component. In general, foilve RMS
roughness of an optical component, the less sighyt bnd
higher the quality of the component.

1
Rq = ﬁfzz (x)dx
0

Rz value is measures over a single sampling leagth is
itself an average of positive and negative peakieal It is
useful parameter when only a short length of théase is
available for assessment. The Rz divides the etiatuprofile

into segments based on the sampling length. Foh eac

segment, the sum of the highest and the lowest fram the
mean line is calculated. Rz is the average of thases.

_ (R1+R3+R5+R7+Rg)—(Rz+R4+Rg+Rg+R1g)
L

Rz

Table 1 shows the surface roughness (Ra, Rq anddRzgs
of the tool after machining of 160 components byngsvater
based coolant. The use of high pressure coolanbérp10
Ipm) improves the surface finish significantly. TRa, Rq and
Rz values should be as low as possible, for betteface
finish.

Table 1: Surface finish of tool after machining of 160
components at varied coolant pressure

Coolant Flow Ra Rq Rz
Pressure rate

(bar) dpmy | M| (um) | (um)

10 50 2.923 3.790 13.798
70 10 0.786 1.157 4.497

The tool wear at low pressure (10 bar) and higlssaree (70
bar) is given in Table 2.

Table2: Tool Wear

Pressure | Flow Distance  of| Tool wear
(bar) Rate(lpm) | 100 um Scale| (um)
Low(10) | 50 55 pt 73.47
High

(70) 10 55 pt 46.49

9. SEM STUDIES OF TOOL TIP FOR SURFACE
FINISH

Scanning electron microscopy (SEM) uses a focussziren
probe to extract detailed information point-by-gofrom a
region of interest in the sample. The high spagablution of
an SEM makes it a powerful tool to helps morphataegstudy
of thin films, powders, pellets of Metals, Metal idas,
polymers, alloys. The JEOL JSM-6360 make SEM iduse
capture the tool tip images. These images are takét 250
magnification at 20 kV. The Fig. 7 shows the SEMages of
tool tip after machining of 160 components at 10frassure.
Tool wear is measured with the help of SEM imagastured
during study.
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Tool Wear

8 188um BEBZ -SUK-FPHY

Fig. 7. SEM image of tooinsert tip at 10 bar pressuafter
machining of 160 compone!

Fig. 8 shows the SEM images of tool tip afimachining of
160 components with 70 bar pressure.

Tool Nose

188um BREZ SUK-PHY

Fig. 8: SEM image of insert todip at 70 bar, 10 Ipm afte
machining of 160 componel

600
520(1521Ra)
500 -

100 4

300 4

200(1.687Ra)
200 - 160(2923Ra)

; J
0
10 20 70

Pressure in har

No. of Comp onents for maximum
allowable Ra

Fig. 9: Number of component v/s Press

From Fig. 9shows the number of components machined

different pressure conditiong.dan be seen that for maximt
allowable Ra value the number of components turatedO
bar, 20 bar and 70 bar pressungtli flow rate 50, 30, 10 Ipm
respectivelyjare 160, 200 and 520 respectiv

CONCLUSIONS:

e Tool wear at 70 bar coolant pressure is 46.49
whereas for 10 baritis 73.47 |

e High pressure with low flow rate water based cob
(70 bar, 10 Ipm) results in less tooear compared to
low pressure and high flow rate water based cod[E®
bar, 50 Ipm) during turning of ENsteel.

« Use of high pressure water based coolant redue
tool wear, withimprovement in surface finish of the
component.

« With 10 bar pressu of coolant Ra value for 180
component is 2.923 pnwhereas with 20 bar pressure
Ra value for 200 component is 1.687 um and for 70
bar pressure for 5" component is 1.521 pm.
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