EFFECT OF HIGH PRESSURE COOLANT JET ON
TEMPERTURE, CHIP AND CUTTING FORCES IN
TURNING STAINLESS STEEL BY COATED
CARBIDE INSERT

MOHAMMAD SHAH ALAM

k. omgiim

DEPARTMENT OF INDUSTRIAL & PRODUCTION ENGINEERING
BANGLADESH UNIVERSITY OF ENGINEERING & TECHNOLOGY
20 February 2008
DHAKA-1000




EFFECT OF HIGH PRESSURE COOLANT JET ON
TEMPERTURE, CHIP AND CUTTING FORCES IN
TURNING STAINLESS STEEL BY COATED
CARBIDE INSERT

A Project Thesis

by

MOHAMMAD SHAH ALAM

DEPARTMENT OF INDUSTRIAL & PRODUCTION ENGINEERING
BANGLADESII UNIVERSITY OF LNGINEERING & TECHNOLOGY
DHAKA-1000




EFFECT OF HIGH PRESSURE COOLANT JET ON
TEMPERTURE, CHIP AND CUTTING FORCES IN
TURNING STAINLESS STEEL BY COATED
CARBIDE INSERT

A Project Thesis

By

MOHAMMAD SHAH ALAM

Submited to the Depanment of Industrial & Production Engineering,
Bangladesh University of Engincering & Technology, Dhaka, in partial
fulfillment of the requirements for the degree of Master of Engineering
Industrial and Production Engineering

DEPARTMENT OF INDUSTRIAL & PRODUCTION ENGINEERING
BANGLADESH UNIVERSITY OF ENGINEERING & TECHNOLOGY

20 February 2008
DHAKA-1000



The thesis litled “Effect of high pressure coolant jet on temperature, chip and
culling forces in umning stainless steel by coated carbide insert” submitled by
Mohammad Shal Ajam, Roll No: 100508015F, Session Ociober 2005 has
been accepted as satisfactory in partial fulfillment of the requirement for the
degree of MASTER OF ENGINEERING IN INDUSTRIAL &
PRODUCTION ENGINEERING on 20 February 2008

BOARD OF EXAMINERS

Dr. Nikhil
Chairman
Prolessor (Supervisor)

Industrial & Production Engineering Department
BUET, Dhaka.

il

Dr. A KM Masud

Assoeiate Professor

Industrial & Production Engineering Department
BULT, Dhaka.

e

T, Abelullahil Axeem
Assistant Professor

Industrial & Productlion Bngineering Department
BUET, [Jhaka. )

Ranjan D

tad

- DEPARTMENT OF INDU STRIAL & PRODUCTION ENGINEERING
BANGLADESH UNIVERSITY OF ENGINEERING & TECHNOLOGY
20 February 2008
DHAKA-1000



+ Padirp i 1 N Tl L

Declaration

1 do hereby deciare that this work has been done by me and newther this thesis nor
arny part of it has been submitted elsewhere for (he award of any degree or diploma excepl

for publication.

Countersigned
&
K: BN
Vo0 bl
Dr. Nikhi) Ranjan Dhar Moharmunad Shah Alam

Supcrvisor & Prolossor
[ndustrial & Production Enpingering Depallment
BULEL, Dhaka



Acknowledgements

W
<+

Lhe author is deeply indebted to his project supervisor Dr. Nikhil Ranjan Dhar,

Professor of the Department of Industrial and Production Engineering, Dangladesh

University of Engincering and Technotogy (BUET), Dhaka for s continuous help and
encouragement throughout the progress of the project work.

The author is highly thankful to Md. Kamrurzaman, PhD student, IPE department, BUET,
[Dhaka.

The auther is deeply indebted to his parents [or providing mental strength to continue
sludy smoothly.

Author is also grateful 1o all the teachers and employees of Lhe depariment of Industrial
and Production Engineering, BUET, Dhaka. Special thanks also go to all lhe stafls of
machine shop of BUET for their help 1n conducting the experimental work.

20 February 2008

Author




Abstract

\ M

High production machining, inherently generates large amount of heat leads to
high cutting zone temperature for its higher cutting velocity, feed and depth of cut. Such
high culling temperature if not reduced impairs surface inteyrity of the product and reduce
dimensional accuracy as well as tool life. Conventional cutting fluid can not maintain this
siluation properly. Though in lower velocity a small amount of Nuid epter in to the
mterface for its capiliary aciion bat in higher velocity it is nol evident. As cutting Muid can
ot reach into the chip-teol and werk-tool interface duc to low pressure and low boiling
temperature, it cannot eflectively lubricate and cool the too! and job. Low beiling
temperature cause vaporization of culting fluid and prevent it to enter into cuthing interface
making a harrier 1o flow. High-pressure coolant (HPC) jel is an elfective alternative to
reduce temperature and tool wear. HPC jet applied diagenally 1o the inserts cutting edge
removes heat and reduce loo) wear and also provide better lubrication in the ool tip and

cutling interface.

Keeping these in view, objective of the present work 13 to make an cxperimental

investigation on the rolc of high pressure cooling jet in turning stainless steel.
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Chapter-1

Introduction

1.1 Introduction

Machining is the process in which a tool removes material from the surfaee of a less
resistant body, tirough relative movement and application of force. The matenal removed,
called chip, slides on the face of toal, known as ook rake face, subnitting it to high normal
and shear stresses and, moreover, 1o a high coefficient of friction during chip formation .
Most of the mechanical energy used to form the chip becomes heat, which generates high

. temperatures in the cutting region. Due 1o the fact thal the higher the tool temperature, the
[aster it wears, the use of culting fluids in machining processes has, as its main goal, the
reduction of the cutling zone tempetature, either through lubrication reducing friction

wear, or through cooling by conduction. or through a combination of these funclions.

In fact. high cutting temperature not only reduces dimmensional accuracy and too! life
but alse impaivs the surface integrity of the product. High-spcod machining for a given
material ean be defined as that speed above which shear —localization develops completely
in the primary shear zone, a huge amount of heat generates at the chief tool interface,
which lead a very high cutting temperature, Currently, ths problem 15 tried to be
controlled by reducing heat generation and removing heat [rom the culling zone through
optimum selection of machimng parameters, proper cutting Auid selection and application,
Some recent lechniques have cnabied partial control ol the machining temperature by

using heat resistant tools like coaled cartdes, CBON ele .However ,CBN tools are very

expensive and the practice in the industry are still not wide spread .



Moreover, possibility of controlling high cutting temperature in high production
machining by some alternative methods has been reported Cutting forces and temperature
were Tound to reduce while machining steel with terminologically modified carbide
inscrs. Cryogenic machining with liquid nitrogen and machining with minimum quantity
lubrication bas improved machinability of steel 10 a certain extent under normul cutting
conditions .1t hay also been reported that the machining of steel liguid nitrogen improves

the mach -inabilily index but cryogenic machining is costly duc 1o bigh cost of Cryogenic.

In present, due Lo lechnological innovations, machining without cutling fluid, i.e. dry
cutting, is already possible, in some situations. During dry cutting operations, the friction
and adhesion between chip and ool tend lo be higher, which causes higher temperatures,
hygher wear rates and, conscquently, shorter tool lives. Therefore, the permissible feed and
depth of cut have 10 be restricted. Up to this moment. completely dry cutting is not suitable
for many machining processes since cutting fluid is necessary 1o prevent the chips from
sticking to the tool and causing its breakage. Though injection of conventional coolant in a
form of mist (ML) improves machinablity index to some extent. il cannot remove the

problems associated with the conventional culting fuid.

Besides, technological evolution has provided some options for the use of cutting
fluids in maclining processes. Tool material propertics have been improved and new ool
materials have been developed in order to avoid or minimize Lhe use of cutting (luids.
Therefore, properlics such as resistance against abrasion and diffusion, hot hardness and

ductihey have been greally improved with the new tool materials. Tool coalings have

- provided ngh hurdness, low friclion cocfficient and chemical and thermal stability to the

tool. Tool geometrics have been optimized to better break chips and also to produce lower
surface roughiicss vajues in the work plece. New concepts of machine tool design have
allowed machining speeds to beeome faster, and incrcased rimdity enables more sovere

cutling operations to he used.

‘The concepl of high pressure coolant presents tself as a possible solution for high
speed ma;;hming in achieving slow tool wear while maintaining cutting force /power as
responsible levels, if the high pressure cooling paramcicrs can be strategically tuned.
Coolant applied at the cutling zone through & high pressure jel nozzle could reduce the

contract length and cocfficient of [riction at chip-lool interface and thus could reduee

e



cutling force and improve toal lile lo some extent. Migh —pressure coolant injection
wehnigue not only provide reduction ef cutting foree and temperature but also reducce the
consumption of cutting fluid by 50% .It bas been reporled that the cootant and lubrication

is improved in high speed machining of difficult —lo-machinc materials by the use of high

pressurized coolant /lubricant jet .

The success of implementing this technology across the metal removal indusiries
will, therefore depend on inercased resemich aclivitics provides the credible data for n
depth understanding of high pressure coolant supplics at the tool-chup interface and
integrity of machine components. The view of the hierature suggests that high pressure

cooling provides several benefits in machining.

Lald



Chapter-2

Literature Review

2.1 Introduction

Until now, abundant rescarch and investigations have been donc in different pars
of the world on machinability of different materials mainly in respect of chip
morphology, cutting forces, cutting tcrlnpcmmrc. chip tool interaction, dimensional
acouracy, surface integrily and wear and life of cutling too] with and without (dry
machining) using cutting fuid. Research has also been initiated on control of such
poflution by HPC machining and their technological effects particularly in temperature
infcnsive machining. A brief review of some of the intercsting and important

contributions in the ¢loscly related areas is presented in this section.
2.2 Literature Review

The manufacturc of a product had heen attempted to be done as rapidly and
incxpensively as possible. Now that more environmental regulations arc being pul in
place, manufocturers are forced to re-evaluate their manufacluring processes and reduce
or eliminata their waste streams. The waste  streams present in machining include cutling
fluid Mow, chip flow, und cutting loul usage. ‘Lhe machining temperature could be
reduced (o some extent by improving lhe machinability chargcteristics ol the work
material Imcta]lmgical]y, aptimizing the ool geometry and by proper selection of the

process parameters [Muraka 1979; Licter 1981 and Jawahir 1988]). Some recent




loghniques have enabled partial control of the machining temporature by usinpg heat
resistance 100l like coaled carbides, CBN cle. The thermal deterioration of the cutting
tools can be reduced [Narutaki and Yamane 1979] by using CBN tools. [f properly
manufactured, selected and uscd, CBN ool provides much less cutting forces,

lemperature and henee less tensile residual stresses [Davies et al. 1986]. But CDBN tools

dare very expensive.

Kosa ot al [1989] sugpested thal in machining ductile metals, the heat and
lemperature developed duce o plastic deformation and rubbing of the chips with tool may
cause conlinuous built-up of welded debris which alfcets machining opcration. Austenitic
stainless steels are ganerﬁlly considered difficult-to-machine because of hgh work-
hardening rate, toughness and ductility. Therafore, tools will be subjected 10 high
frictiona! heat, and chips will have a tendeney Lo stick and cause severc built-up edge

formation,

Vieugels ot al. [1995) observed that the contact length between the ool and chip
has a direct influence on the cuting temperawures and the amount of heat energy that is
dissipated in the tool which enhances thermaily activated chemical wear. Maximum
temperature is found to develop on the rake face of the tool. at o certain distance from the
culling edge. where catering occurs. The amount of cnergy dissipaled through the rake

face ol the tool alse raises the temperature at the flanks of the tool.

Reed et al. [1983] reported that the hardness, plastic modulus and the fracture
toughness of the wol decline with increase in cutting lemperature, which accelerates tool
wear rale. Moreover., thermal stresses in the ool increase with the temperature resuitng
in more cracks in the lool and premature fEilure of the ol The high cutting temperature

also causes mechanical and chemical damage of the inished surface.

The high specific eneryy required in machining under high cutting velocity and
unfavorable condition of machining results in very high temperature which reduces the

dimensional accuracy and lool life by plastic deformation and rapid wear of the culting




points [Chattopadbyay and Bhattacharya 1908; Chariopadhyay and Chattopadhyay
1982 and Singh et al, 1997). On the other hand such high temperature, if not controlled,
impairs thc surface integrity of the machined component by severe plastic Mow of waork
tmaierial. oxidation and by inducing larec tensile residual stresses, micro cracks and
subsurface cracks. This problem s lurther intensilied while machining for faster material
remaval in bulk and tinishing very hard. strong and difficult-to-machine matenals, which
arc gradually adverling wilh vast and rapid developments in the modern areas, like

acrospace lechnology and nuclear seience.

The effect of the heat generated at the primary shear zone is less significant for its
lesser intensity and distance from the rake surface. But the heat generated at the chip-toal
interface is of much greater significance, particularly under high cutting speed conditions
where the heat source is a thin Aow-zone scized to the tool [Trent 1984). The coolant
canol acl directly on this thin zone but only eaternally cools the ¢hip, work piece and the
lool, which are accessible to the conlunl. Removal of heat by conduction through the
chip and the work picce s likely to have relatively Little eflect on the temperature at the

chip-toat and work-loal interface.

Previous rescarch has been focused on the temperature and its distribution in the
culting zone because 1l is believed that it has a direct impact on tool life [Chao and
Trigger 1955]). The primary function of cotting fluids s to reduce this cutting
lemperature and merease tool lile [Shaw et al. 1951]. The cutting fuids are believed to
reduce cutting temperature either by removing heat as a coalant or reducing the heat
penuration as a lubricant, In addition, the cuding [uid kas a practical {unction as a chip-
handling medium [Beanbien 1964]. Culting fluids also help in machining of ductile
malerials by reducing or preventing formation of a built-up edge (BUE), which degrades

ihe surface finish [Heginbotham and Gogia 1961].

Lisually the high cutting temperature is maintained by profuse cooling [Alaxender
ct al. T998;: Kurimoto and Barroe 1982 and Wrethin ot al. 1992]. But such profuse

conling with conventional cutting Muids is not able to solve these problems fully even




when cmploved in the [orm of el or mist. With the advent of some modern machining
process and harder matedials and for demand for precision machining, the centrol of
machining temperature by morc cifective and efficient cooling hus become cxtremely

ensenlial,

A tribological experiment was attempted [Farook et al. 1998] to medify the
contact surface of turning inscris by deposition of a soft bearing material by EDM. 1t was
observed that although (e modified inscrts offer reduced cutling lorce, their bencficial
¢ifcet on surface finish is marginal. Al higher cutting velocitics the brought on layers are
fast depleted with culting time and makes no contribution to wear resistance of (he lool,
especially al ihe flanks. It was reported [Alaxender et 2l 1998] that coolant injection
alfers batler culting performance in terms of surface [inish, wol force and (ool wear when

compated to flood cooling.

Force modcling in metal cutting is tmporlant for thermal analyses, tool litfe,
gstimation, chatter, prediction and ool condition monitering purpose. Significant eflorts
have becn devoted 1o understanding the Jorce position in metal cutting. Aleng with a
laboripus experimentai approach, several numernical and anatytical approaches have been
proposed to model the chip {ormation force associated cutting forces. There are some

problemalie arcas in the cutting process. Culting {orees can lead ta dangerous vibrations

and high temperatures in the contacl area between the chip and the tool. Fhis causes ool
wear and affects the work-piece and chip brealung, in which long chips can obstruct the
cutting process and can destroy both the tool and the work-picce. The high cutting forces

acncrated during machining will induce mtensive pressure at the cufting cdge.

Several mechanisms have baen proposed |Solaja 1958] w explain grooving wear,
Such as (1) developmentl of a work-hardencd/abrasive oxide layer on the cut surface (i1)
formation of thermal cracks dug to steep temperature pradient (iiy presence of side-
spread material at the edges of a newly cutl surface and (iv) fatipue of tool material due to

cutting force fluctuations at ihe free surface causcd by lateral motions of the edges of the

chip. Trent [1983] also reporied that in machining ductile metals, the chip contact fength



plays significant role on the chip and too] temperature which becomes maximunt almeost
at the centre ol the chip-tool contact surface where Lhen crater wear beging and grooves
mtensively. The application of cutting fluid may always reduce the cutting tool wear as is
commonly believed. Rather some conditions like machining stecls by carbide wwols, the
use of coolunt may increase tool wear. It has been expericnced [Shaw et al. 1951] that
there was more ol wear when cutting with coolant than cutting dry in case of machining

ATSL 1020 and ALST 4340 steels by M-2 high speed steel tool cuding.

Proper sclection and application of cutting fluid generally improves tool life, At
low cutting speed almost [our times longer ol life was obtained [Satoshi et all. 1997| by
such cutting fiuid But surface finish did not improve significantly. During machining, the
cutting teol gencrally undergoes [Trenc 1983 both Nank wear and crater wear, Flank
wedr gencrally couses an increase in the cutting [orces, dimensional inaccuracy and
vibration. Crater wear takes place on the rake face of the (ool where the chip slides over
the too] surface. In machining ductile melals even with cutling fluid, the increase in
cutting velocily reduces the duetility of the work material and causes production of long

continuous chips, which raiscs the cutting lemperature further | Nedess and Hintze 1989].

Generally, suitable cutting Muid is cmployed lo reduce this problem through
cooling and lubrication at the cutting zonc. Bul it has been experienced [Cassin and

Boothrayed 1965] that lubricaticn is elfective at low speeds when it is accomplished by
difTusian through the work-piece and by [orming solid boundary layers lrom the extreme
pressure additives. but at high speeds no sulficient lubrication effect is evident. The
inctiectiveness of lubrication of the cutting Nuid at high speed machining is attributcd
[Shaw et al. 19517 to the inability of the cutting [luid to reach (he actual cutting zone and

particutarly at the chip-loo] interface due to plastic contact at high cutling speed.

The coeling and lubricating effecis by cutling [uid [Merchant 1958 and Kitagawa
et al. 1997} influence each other and diminish with increase in cutting velocity. Since the
cutting fluid docs net enter the chip-wol interface during high speed machining, the

cutting fluid action is limited to bulk heal removal only. Mazurkiewicz [1989] reported



that a coolant applied at the culting zone through a high pressure jet nozzle could reduce
the contact length and cocfficient of friction al chip-too] interface and thus could reduce
cutting forces and increase too! life to some cxtent.A cutting Muid may impart two mote
aclions, namcly the mechanical strength reducing action and the electro-chemical action.

The mechanical strength reducing action (known as the Rehinder effect) scemed to be
negligibic when steel jobs ars machined at moderate suling speeds with carbide tools

[Kurimato sid Barroe 1982

A recent development |Chandraseharan et ul. 1998] in this context is the vse of
CO, snow as the coolant in machining. This is feasible if COs in liguid form under
pressure (60 bars) is fed to the cutting zone and diffused through a capillary jet. This
results in a change of state and the furmation of CO; snow (endothermic reaction
resulting in a temperature  of 7090, Ealier  investigations  [Theors  and
Chandrasekaran 1994] obscrved thal COp snow could function as a good cutting
Nuidfcoolant under certain circumstances, which are very much related 1o (he tool-work

combination and the actual mede of feeding the coolant to the cutling zone.

I'he temperatures generated by the cutting speeds of today’s advanced tooling can
actually prevent low-pressure flood coolant from cntering the cutting zone. The majority
of the cooling and lubricating aspects of & flood coolant stream are lost as the coolant 13
vaporized prior to entering the cutting 7one [Frederick Mason 2001]. It is the preat
problem for machining, HPC play well role to minimize this type of problem. Frederick
Mason [2001] found better solution from it and he states that HPEC systems generale high
velocity conlant streams moving at several hundred mph. This high-speed coolant casily
penelrates the vapor barrier to efleclively lubricale and cool the tool. In fact, when
machinists apply high-pressure coolant to a long standing process, which has always
produced blue chips, they are ofien amazed that Uhe same or even higher speeds and feeds
produce shiny, silver chips that are coo! Lo the touch, Cutting luids have the dual tazks of
cooling the cutting surface and lashing chip. In some operations such as tarning, for
example, cutting (luid is imporiant to remove the chips {rom work-piece. | Klocke 1997

and Derflinger 1999]. They also help to control cutting-face lemperature and this can

£



prolong tool life, improve cut quality, and positively inlluence part finish. It has the
benetit of @ power full stream that can reach onto the culling area, provides sirong chip

removat and in some cases enough pressure o debure [Robert 2004].

Possibility of controlling high cutting temperature in high production  machining
by some alternative method has been reported. High-pressure coolant injection technique
provided reduction in cuiting forces and temperature [Robert 2004 Mazurkiewicz ct al.
[1998] reported that a coolant applied at the cutting »one through a high-pressure jet

nozzle could reduce the contact length and coefficient of friction at chip-loo] mterface

and thus could reduce cutting forces and increase Lool Llife (0 some extent.

High—pressure jet of conventional coolant has been reporied Lo provide some
teduction in cutting temperature [Robert 2004].  High-pressure coolant can often cut
cyele times in half or betler and improve surface finish and double or quadruple tool lile
while dclivering a reduction in cycle time [Frederick Mason 2001}'The idea of
delivering coolant under high pressure to the culling region in order Lo increase tool life
during machining began in carly 1950s [Pigoit and Colwel 1952 | The primary
objective ol this machining technique is to significantly reduce the temperature generated
at the tool and wotk-picce and tool-chip interfaces when cutting at higher speed
conditions. This is achieved by directing coolant under high pressure at the chip-lool

tateriace.

This process can atso achieve high chip breakability and control through increascd
chip up curl and compressive stress [Ezugwo 2004]. Ezugwu |2004] stated that ability 1o
deliver coolant at high pressure very close o the critical point on the secondary shear
zone can improve machinabilily at higher speed conditions. The credibility of this
technique of coolant delivery has been thoroughly investigated over the years, The high
speed coolant jet traverses the surface faster, thus significantly lowering the film boiling
action of the coolant at the cutting area. This conseruently minimizes heat transler to the
cutting tool. ' he high-pressure coolant jel creates a hydraulic wedge between Lhe (ool and

the work piece. penclrating the interfuce with a speed cxcecding that required even for



high speed machining and alse alters the chip Now conditions [Mazurkiewicz 1989]. The
penetration of the high energy jet into the tool-chip interfuce reduces the temperature

gradient and eliminates the seizure effect, offering an adequate lubrication at the tool-

chip inlerface with a significant reduction in friction |Ezugwn 2004],

High-pressure coolant also provides Jubricily by blasting lubricating fuid berween
the chip and the cutling edge at hundreds of miles per hour. Combined with much lower
temperature. this increased lubricity ofien causes surface finishes to be twice as good.
With conventional coolant, the culling cdpe comes up 1o a very high temperaturc as it
eniers the cut, and stays hot until 1l [inishes the cut and is cxposed to an extreme thermal

shock as the coolant quenches the cxposed tnol.
2.3 Summary of Literature Review

High-pressure coolants always provide a much better surface finish than dry cut.
Chips produced by dry cutling are long spiral, turn and half turn type where as for
coolants: mosl ol the chips are spiral Under dry cut, the clup is tightly curled and ils
radius of curvature is relatively smaller than that produced when using the coolant. This
is because chips in dry culling are subjected to intense heat, resulting in more piastic
deformation than those oblained by coolant. The serration of chips with the application of

high-pressure coolant s wider and larger than those using conventional coolant.

The hydraulic wedge created as the result of high-pressure coolant, forms a
cushion at the tool-chip interface that reduces wool—chip contact fength. This accelerates
chip breakage and improves surlace finish and tool lile. The chips obtained in the case of
high-pressure coolant jet cooling are much smalier than Llhose oblained under similar
culting condilions in the case of dry cooling. The lemperature is significantly reduced by
administering, cootant under high pressures directly to the cutting interface. This could

therefore, minimize thermally related wear mechanisms,




Chapter-3

Objectives

3.1 Introduction

The high cutting temperature generated during machining not only reduces too! life
but also impairs the product quality, lhe temperalure Lecomes more inensive when
cutling velecity and feed are increased for higher MRR und the work materials are
relalively difficult to machine for their bigh strength, harden ability and lesser thermal
conductivity, Cutling [luids arc widely used to reduce the culling ternperature. In this
regaid, it has alrcady been observed (wough previous research that proper applicalion of
HMPC may play vital role in providing not enly environment friendliness bul also some

techno-cconomical bencfits.

For achieving subsiantial technelogical and cconomical benefits in addition to
environment friendliness, the HPC system needs to be properly designed considering the
tollowing important Taclors: (i) effective cooling by enabling HPC jet reach as closc to the
actual hot zones as possible.(ii) avoidance of bulk cooling of the tool and the job, which

may cause unfavourable metallurgical changes.(iii) minimum consumption of cutting fluid

by pin-poinled impingement and only during chip formation



3.2 Objectives

The objective of this project is 1o cvaluale the ellectiveness of high pressure coolant
in improving the cutting parametcrs on work materials of stainless steel of different cutting
velocity and feed rates. The performance of high-pressurc coolant investigated by focusing

on the effects of high pressure coolant on the machinability characteristics of slainless steel

al different cutting velocities and feeds in terms of

. chip morphology ie. chip shape, chip color and chip reduction coefficient.
= cutting forces i.e. main cutting force and [eed force,
. average chip—tool interface lemperature and work (ool temperature



Chapter-4

Exgerimental Investiéation

4.1 Introduction

A lot of heat ig ercated during high speed machining, Low pressurce cutting [luid of
Nood cooling is vaporized due to high temperature when it comes in contact with the tool-
chip-work, makes a barrier {{ilm), for this no cutling {luid reach in the tool-chip interface

or eutting zone [Ezugwu 2004).The [lm boiling temperatures of conventional cutting
fluids is about 350°C [Ezugwu and Bonney 2003 . But in HPC machining coolant is
supplicd with high pressure (min 40 bars). Due 1o high pressure coolant reach sufficiently
in to the tool-chip interface and break down the vapor barrier and easily cnter inio Lhe

culting zone.

4.2 HPC Delivery System

HPC set up contains motors, vena pump, flow cootro! vatve, regulating composite
device and filter is shown in Fig.4.1. These devices arc mounted at the top of a tank that is
made of mild steel shects and angle bars. This tank contains the cutting oil that is used as a

coolant. And (he eapacity of the coolunt tank is 200 litters. A coolant indicator is mounted
heside the wall of coolant tank; it is used to know the quantity of coolantl present in the
tank during machining. A 3 hp motor is used to operate the vena pump. A gear coupling is ?
used between the vena pump and motor 1o fransmit powcr. This pump pressunized the

coolant 1o pass through the Now control. Flow control valve controls the amount of flow.
The flow control valve is turned te minimize and maximize [low during machining.

A relief valve hus mounted with the flow conirol regulating composite. Relief valve

control the pressure and discharge excess oil to the tank. A pressure gauge is also mounted

14



to observe the pressure of coolant. A direction control valve is used for changing the
direction of supply. A perfect nozzie is used to supply high pressure coolant towards the
cutting zone, From the nozzic pressurized fluid impinged at the chip-tool interface and
reduces the cutting temperature. A recycling pump and a filter are used to recycle the used

coolant.

Directian

B
o Ol lewel
- indicator

Fig.4d.1 Photographic view of high-pressure coolant delivery system

Ta
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5. Relieve Valve 10. Machine Tool 15. Work-picce

Fig.4.2 Schematics diangmm of experimental set-up.

4.3 Experimental Results

The machining trials were carmicd owl by luming a ausienitic stainless sieel {0 140

mm * 630 mm) rod in a powerful and rigid lathe (10 {{P) at different cutting velocitics
(Vc) and feed (So) under dry and hiph-pressure coolant condition. The high pressure
coolant was supplied Bt an average Mow rote of 6.0 UYmin und pressure of 60 bars and
directed via 2 nozzle on the 100] holder to the region where the chip breaks conlact with the
ipal, The pholographic view and schematic diagram of (he experimental setup are shown

in Fig 4.1 and Fig.4.2. Coated carbide insert (TiCN + Al;O;) with 1SO tool designation

A
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SNMG and SNMM 120408 was used for the machining trials. The following cutling

conditions and environmicnts were employed in this investigalion:

Table-1: Excremental conditions

hMachine . lLathe machine (10 hp), China

Malerial : Slain]ess steel,

Size @ 140 mm = 600 mm

[nsert :  Coaled carbide insert (SNMG and SNMM )
Irocess parameter

Cutting velocity, Vo 1 94, 13-4, 138 and 268 mmin

Feed rate, S, : r;r.m,..h.m,hg.m, 0,22 mm/rev.

Depth of eut, t P A mmll |

{Coolant supply pressurg : 60 bar

Coolant flow rate ;6.0 liter/inin

Cutting environment :  High plﬂSSll.lT{: coolant and diy condition

The averape culling temperature was measured under all cutting conditions
undertaken by smmple but reliable tool-work thermocouple technique with proper
calibration, The machining chips were collected during all the treatments [or studying Lheir
nature of interaction with the cutting insert at its rake surface. The roughness of the
machined surface after each cut was measured by a Talysurf (Sutronic 37, Rank Tylor

Hobson Limmited).

4.3.1 Cutting Temperature

Puring machining any ductile materials. heat is generated at the (i) primary
deformation zone duc to shear and plastic deformation (i) chip-iool mierface due w
secondary delormation and sliding (iii} work-100l interfaces due to rubbing. All such heat
sources produce maximum temperature at the chip-tool interface. which subsiantally

influcnice the chip formation mode, cutting forces and ool lile. Therefore, attempls are made

10 reduce this detrimental cutting temperature. Conventienal cutting fluid application may, 1o
some extent, cool the tool and the job in bulk but cannot coof and lubrcate expeclediy

ellectively at the chip-lool interface whete the temperatuie 1s high, This is mainly because the |
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[owing chips male mainly plastic contact with the ool rake surlace and may be [ollowed by
elastic contact just before leaving the centact with the tool. Plastic contact docs not allow the
culling fluid to penctrate in the interfuce. Elastic contuct allows slight penetration of Lhe
cutting fluid only over a small region by capillary action. The cutting fuid action becomes
more and more ineffective at (he interface with the increase in Ve when the chip-lool contact

hecomes almost ully plastic,

In the present work, the average chip-tool interface lemperature could be effectively
measured under dry and HPC condition very refiably throughout the experimental domain,
However, the distribution of temperalure within the tool, work and ¢chip cannot be
determined effectively using cxperimental techniques. The evaluated role of HPC on
averape chip-tool interfuce temperature in turming the steel by the coated carbide SNMG
and SNMM insert at different ¥V, and S, under dry and HPC conditons has been shown in”
Fig 4.3.




600 | material ¢ Stamless Steel Environmeant
1| Dapth ofcul 4.4 mm Diry
Insext ; Coated carbice [SNMG) |V HPC _
500 —— T T

80 120 160 200 240 280

Cutting velocity, vV, mfmin

Average chip teol interface temperature,’C

(a) SNMG insert

1000
|| Environment || Fgtimme
| Dry ..o %uu

Matenal . slantess sieel
i Depth of cul 1 00 mm
Inge:t Coated carhide{GMNMR

200 T T T T T T T I T
80 120 160 200 240 280
Cutting velocity,V, mimin

Average chip tool interface temperature,”C

(b} SNMM insert

Fig. 4.3  Varlalion of temperature with different cutting velgeity, ¥V, und feed rates, 5,
" under Dry and HPC environment in tuming stainless stecl by coated (a) SNMG
{b) SNMM insert.
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4,3.2 Wlachining Chips

The form, color and thickness of the chups also dircetly and indirectly indicate the
nature of chip-tool nteraction influeneed by the machining environment. The chip samples
were collecled during both short run and long run machining for all the work-tool and V-
S, combinations under dry and HPC conditions. The form and color of all those chips were
noted down (Table-2 & Tabice-3). Thickness of the chips was repeatedly measured by a
slidde caliper o determine the value of chip reduchion coeflicient, { (ralwe of chip (hickness
afler and before cut), which is an imporlant index of machinabilily. "I'he chip samples
collected while turning the steel by the insert of configuration SNMG and SNMM insert at
different V-8, combinaiions under dry and 1IPC conditions have been visually examined
and categorized with respect to their shape and color, The resuits ol such categorization of
the chips produced at different conditions and cnvironments by the steel al diffcrent [eed
~rates have been shown in Table- 2 and Table- 3. Fip.4.4 to fig.4.11 show the actuai shape
ol the chip produced during turning stainless steel by both SNMM AND SNMG inserts

under dry apd HPC condition at different Ve, So and t combination.



Table-2

Comparison of chip shape and colour by different ¥, and 8, under Dry and HPC
conditions by coaled SNMM inscrt.

Feod rute, |V, (m/mind Enviroament l
S (e Dy HPFC
Shapc Colour Shape Colour |
24 Spiral Metallic Tubular Metallic
¢.10 134 Full Turn Metallic Tubular Metallic
188 Half Turn Metallic J1alf Turn Metallic
268 Full Turn Metallic Half Turn Metallic
94 Spiral Metallic Spiral Metallic
134 Swpiral Metallic Tubular »etallic
004 [ 188 Full Turn Metallic Tulbwilar Metallic
208 Full Tarn hctalhe Spiral Metallic
G4 Spiral Metallic Spiral Metallic
134 Spiral setailic Spiial Metaliic
018 188 Spiral Metallic Spiral Metallic |
268 Full Turn Metallic Spiral Metallic
o+ Spiral Metallic Spiral Metallic
134 Spiral Metallic Spiral Metaliic |
0.22 188 Spiral Metallic Spiral Metallie
268 Hall Turn Metallic Ribbgon Metallic |1
Chip shupe @Q | @ 7 7 }% '
o . S
Group Half turn Tubular/helical Spiral Ribban
Table-3  Comparison of chip shape and colour by diflerent ¥V, and 5, under Dry ad HPC
conditions by coaled SNMM inscn,
Feed rate, [V, (mimin) Enviranment
Se (e ) Dy HPC
Shape Colour Shapc Colour
44 Spiral MetaHic Spiral Metallic
010 134 Hpiral wetallic Full Turn hictallic
| 58 Spiral Metallic Metadlic
268 Spiral Metallic Full Turn Metallic
G4 Spical hMutallic Full Turn Metallic
134 Spiral Metallic Full Turn Metallic o
0.14 138 Spiral Metalhic Full Tum Metallic
268 Spiral Metallic Full Turn Melallic
o4 Spiral Metallic Full Turn Metallic
134 Spital Metallic Full Turn Metallic
018 138 Spiral hctallic Half Turn Metallic
268 Talf T Metallic Hall Turn Metallic
G4 Half Turn setallic Half Turn Metallic
|34 Half Tuen setallic Half Turn Metallic
0.22 [BH Hall Turn Matallic Hall Turn Metallic
268 Full Turn | hctallic Hulf Turn | Metallic
Chip shape o % @& %
@" =
Wy b
Giroup Half turn Tubular/hclical Spiral Ribbon
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Fip. 4.6 Actual shape and color of chips produced during machining stainless
stee] umder Dry ond  HPC environment at Vo = 188 m/min amd
difTerent feeds by conted SNMG insert.
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Fig. 4.7 Actun! shape and caolor of chips produced during machining stainless
stee]l under Dry ond HPC covironment at Vo = 268 m/min and
different feeds by coated SNMG insen.
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Fip 4.8 Actual shape and color of chips produced during machining stainless
steel under Pry and HPC environment ot Ve = 94 m/min and
dilTerent {eeds by coated SNMM insert,
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Fig 4.9 Actunl shape and color of chips produced during machining stainless
steel under Dry and HPC environment at Ve = 1M m/min and
difTerent feeds by coated SNMM insert.
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Fig. 4.10

Actual shape and color of chips produced during machining stninless
sleel urdder Dry and HPC cnvironmenl at Ve = 188 m/min and
differem feeds by coated SNMM insert,
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Fig. 4.11

Actual shape and color of chips produced during mochining stainless
steel under Dry and HPC environment a1 Ve = 268 m/min and
differem feeds by coated SNMM insert.
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4.3.3 Chip Reduction Coeflicicut

Another important machinability index is chup reduction cocfficient, & {ratio of chip
thickness afler and before cut). For given wol geometry and cutting conditions, the value
. of chip reduction coefficient, & depends upon the nature of chip-tool interaction, cip
contact length and ehip form all of which arc expected to be influenced by liquld mtrogen
i1 addition to the levels of V. and 8,. The variation in value of chip reduction coefficient, §
with cutling speed, V. and feed rates, g, as well as machining environment evalualed bas

been plotted and shown in Fig. 4.12.
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Fig, 4.12

Chip Reduction Coeflicient,{
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4.3.4 Cutting Forces

Main cutting lorces, Pz gencrated during the machming Irials were recorded with the
aid of a dynamometer aller cach complete pass. The signals of the [orces generated during
mauchining were [ed into a charge amplifier conneeted 10 2 dynamometer. This amplilier

' eonverts the analogue signal to digital signal that can be read ona digital oscilloscope.

1ower culting forees were recorded with inereasing coolant supply pressure
when machining austenitic stainless steel with coated carbide inserts SNMG & SNMM.
This is because coolant supply at high-pressure 15 able lo access the culling interface,
cnsuring effective cooling, labrication and reducing the cutting interface temperature. The
reduction i main cutting forces, P, obscrved is also partly due to the chip scgmentation
when machining with high-pressurc coolant supplies (Fig. 4.13, Fig. 4.14).Higher forces
were recorded when machining with conventional coolant fow where COLINUOUS type
chips were gencrated (Table-2 & Table-3).Coolant supply at high-pressurc tends to Lt up
the chip after passing through the deformation sone resulting to 4 reduction in the tool-
chip contact length. Chip segmentation is considerably enhanced, as the chip curl radius is
reduged sipnificantly, due to targeted maximum coolant foree on to the chip which aids the
chip shearing process and consequently lowerig cutling forees. The chip curl radius also
depends on the coolant pressure and the flow rate. I'herelore at a piven power, staller chip
. curl radius could be achieved at a lower coolant pressure with a high coolant frow rate .The
chips generated when machining with coated carbide tools under both dry and high-
pressure coolant supplics are basically small discontinuous [ull tuen type. The chips are of
the calastrophic shear localized type with sharp serrated edges. The mechanism for shear
localized chip formation involves initially plastic instability and strain localization at a
narrow band with a gradual build-up ol scumenls on the shear plane with negligible

deformation by upsching work material by the advancing tool.
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4,3.5 Surface Roughness

Alter machining the stainless stecl bar by the coaled carbide SNMM and SNMG
insert, al different V-S; combinations under dry and HPC conditions. Surface mughress
values were recorded after each complete pass with a portable stylus type instrument. The
average of three readmgs represents the surlace roughness value of the machined surface.
surfasce roughness is an imponant index ol machinability, which is substentially influenced
by the machining environment for given tool-work pair and speed-feed, V.-5, combinations.
Surlace rouglness has been measured aller o few scconds of machining with sharp tool while

recording the chip-tool interface lemperature at various V-8, combinations under dry and

HPC conditions are shown in Fig. 4,15,
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Fig, 4.15
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Chapter-5

Result and Discussion

5.1 Cutting Temperature

In machining heal sources produce maximum temperature at the chip-tool interface,
which substantially inflnence the chip formation mode. cutting forces and tool life. That is
why; attempls are made to reducce this detrimental cutling temperature, Conventlional
cutling [luid application may, to some extent, cool the tool and the job in bulk but cannot

cool and lubricate expectedly and elfoctively at the chip-tool interface where the
temperature is maximum. This is mainky because the [lowing chips make mainly bulk
contact with the lool rake surface and may be followed by clastic contact just before
leaving the contact with the tool. Bulk contact docs not allow the cotting flud to penctrate
in the intcrface. Elastic contact allows slipht penetration of the cutting {luid only over a
small region by capillary action. The eutting fluid action becomes more and morc
ineflective at the inleriace with the incrcase in Vo when the chip-tool contact becomes

alimost fully plasiic.

Thercfore, application of HPC at chip tool interface is expected to improve upon the
aloresaid machinabilily characteristics (hat play vitat role on productivity, product quality
and overall economy in addition to environment-friendliness in machining particularly
when the eutting temperature is very high. The average chip-tool interface temperature, T
has been determined using the tool work Uhermocouple technique and plotted against
cutung veloeity [or different feeds and environments undertaken. The Tig. 4.5 and is
shawing the effect of high pressure coolant (HPC) on average chip-iool interface
temperature, T under differcat cutting velocity, V. and [eed rate, 5, as comparcd to dry

FIPC conditions.



HMoweser, it is clear [rom the alorementioned figures that with the increase in ¥V, and
S, avernoe chip-tool wmlerlace temperature, T nercased as wsual, even under HPC
condition, due to increase in cncrgy input. The roles of variation of process paranmeters on
percentage reduction of average interface temperature due to HMPC have not been wwform,
This may be atiributed to variation in the chip forms particularly chip-tool contuct length,
which Tor a given tool widely vary with the mechanical properties and behaviour of the
work malerial under the cutting conditions. The value of chip-lool contaet lenpth affects
not only the culling [orees but also the cutung temperature. Post cooling of the chips by
HIC jet 15 also likely to influcnce temperature, 1 to some extent depending upon the chip
form and themmal conductivily of the work materials. Apparently, more reduction in
average chip-tool interface temperature, T is expected by employing IPC but actually it is

not o because the TIPC could not reach the intumate chip-tool contact zone.

During machining at lower cutling speed. ¥ when the chip-tool contact is partialty
glastic. where the chip leaves the tool, HPC is dragged in that clastic contact zone in small
guaniity by capillary effect and is likely to enable more effective cooling. With the
increasc in ¥, the chip makes fully plastic contact with the ool rake surface and prevents

any [uid from entering into the hot chip-teol micrlace.

As shown in Fig. 4.3, HPC cooling effect also Improved to some extent with the
decrease in feed particularly al lower cutting velocity. Possibly, the thinncr chips,
especially at lower chip velocity, ane slightly pushed up by the high pressure Coolant
(HPC) jet coming from opposite dircction and enable it come closer 1o the hot chip-tool

gontact zone Lo remove heat more effectively.

Further, al high cutting velacity, the coolant may not get encugh Lime o remove the
heat aecomulated at the cutting zone resulting in less reduction in temperature under HPC
condition. With the increase in feed rate, S, the chip-tool contact length generally increases
but the close curvature of the grooves parallel and close to the cutling edges of the inserl has
reduced the chip-lool contact fenpth and thus possibly helped in reducing the chip-tool
interlace Item perature further. However, it was obsened that the J4PC jet in its present way of
application enabled reduciion of the average culting temperature by about 5% to 10%

depending upon the levels of the process paramelers cutting velocity, Vo and feed rates, S,
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liven such apparently small reduction in the culling temperature is expected to bhave some

- T Al *
favourable inthuence on other machinability indices.

5.2 Chip

The pattern of chips w machining duetile metals arc found to depend upon the
mechunical prapertics of the work materal, tool geometry particularly rakes angle, levels
ol V., and S, nature of chip-loo] nteraction and cutting environment. In absence of chip
breaker, length and uniformity ef chips increase with the inereasc in ductility and softness
of the work material, tool rake angle and cutting velocity unless the chip-tool interaction 1s

adverse causing intensive friction and built-up edge formation.

Table-2 & Table-3 shows that when stainless steel is machined by the paltern type
coated SNMG and SNMM inscrt under both dry and HPC condition produced spiral type
continuous chips at lower fced rates and more or less turn & hall turn type discontinuous
chips at higher feed rates. When machined with HPC the form of these ductile chips
change appreciably and their back surface appeared much brighter and smoother. This
indicates that the amount of reduction of temperature and presence of HI'C application
enabled favourable chip-tool intcraction and climination of cven trace of built-up cdge
formation. The colour of the chips have also become much lighter i.c, metallic or golden

(Table-2 & Tablc-3) depending upon cutting velocity, V. and {eed rates, S, due to

reduction in cutting temperature by Migh pressure coolant,

Almost all the parameters involved in machining have direct and indirect influence
on the thickness of the chips during deformation. The degree of chip thickness ratio plays
vilal role on cutting {orces and hence on culung cnorgy requircments and cutling

emp grature,

Fig. 4.12 cicarly shows that throughout the present experimentai domain the value of
chip thickness ratio, § gradually decreascd with the incrouse o culling speed, ¥, though in
different degree under both dry and HPC by conditions. The value of chip thickness ratio,
¢ usually decreases with the increase in cutting speed, Ve particularly al s lower range duc

to plasticization and shrinkage of the shear zone for reduetion in friction and built-up edge



formation at the chip-tool interface due fo increase in temperature and sliding velocity. In
machining steel by coaled carbide tool, usually the possibility of built-up edge formation
and sive and strenpth of the built-up edpe, if formed gradually increasc with the increase in
temperaturc duc 1o inerease in cutting speed, ¥, and also feed rates, S, and then decreasc

with the furher increase in cutting speed, V. due 10 o much softening of the chip

material and ils removal by high sliding speed.

Fig. 4.12 shows that HPC has reduced the value of chip thickness ratio, € particularly
at Tower values of cutting speed, V. and feed rates, S;. By HPC applications, chip thickness
ratio, £ 1s reasonably expected 1o decrease for teduetion in (tiction at the chip-tool interface
and reduction in deterioration of elfective rake angle by built-up edge formation and wear

at ihe cutting edges mainly due o reduction 1n cutting temperature.,

5.3 Cutting Forces

Main culling forces were recorded with incrcasing coolant supply pressure when
machining stainess steel, This is because coolanl supply at high-pressare is able to access
the cutting interface, cnsuring cflective cooling. lubrication and reducing the culling
interface temperature. This will consequently result in uniform flank wear and the gradual
wear rate recorded. The reduction in cutting forces observed is also partly due to the chip
segmentation when machining with high-pressure coolant supplies, higher forces were
recorded when machining with conventional coolant [low where continuous type chips
were gencrated. Coolant supply at high-pressure tends to lift up the chip aller passing,
Uirough the deformation zone resulting to a reduction in the tool=chip contact lenglh. Chip
segmentation is censiderably enhanced, as the chip curl radius is reduced significantly, due
to targeted niaximuom coolant pressure on to the chip which aids the chip shearing process
and consequently lowering cutting forces. The chip curl radius also depends on the coolant
pressure and the flow rate. Therelore at a given power, smaller chip curl radius could be

achicved at a lower coolant pressure with a high coolant flow rate.
Lower cutling forces where geperaled when machining stainless sieel with coated

carbide insert while machining at higher coolant supply pressures due to improved coofing

and lubrication (low frictional forces) at the cutting interface and also as a result ol ¢hip
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segmentation caused by the high-pressure. Very low surface roughness values were

reeorded when machining stainless stee]l with the enated carbide insert.

The meagurcment of main cuiting force, P, components is highly wcssential to
analyses more effectively the machinability factors of ausienitic stainless steel. Dry tuming
opcrations were performed o evaluale the main cutting forces, P, The (eed force, Py in the
dircction of the tool travel and main culling Torce, P, in the direction of cutting velocity
veetor were measured for analvzing the machinability characteristics of stainless steel. Fig.
13 and Fip. 4.14 show the infMluence of cutling speed on the feed force, Py and cutting
force. 2,. The turning operations were performed at varfable lked and 1.0 mm depth of cut.
Experimenial results represent that the [eed [orce, P is high at Jow cutting speed and
cutting force, P, is low at low cutling speed as compared to the high cutting speed. From
the figure. it can be obscrved that lhe cutting force components, P, and feed foree
| component, P, arc deercase by increasing cutting speed during twning ol stainiess steel.
Fig.] 3 and Fig. 4.14 shows the influence of feed on Lhe feed force and cutting force during

turtung of stainless steel.

The teed force, Py and main cutting force, ', arc increased by increasing feed. The
feed force and culting force both are low at low feed and boelh are high at high feed. The
ool is a coated carbide insert in HPC condition loree (P, & P) were found 10 to 15% less,
than that of twming austenitic stainless steol under dry condition while machining by both

insert SNAIM and SNMG.

5.4 Surface Roughness

The guality of any machined product of given material is generally assessed by
dimensional accuracy and sucface integrity, which govern the performance and service lite
of that product. For the present study, only surface fimish has been considered for
assessment of quatity of product under dry and HPC machining. Surface roughness is an
important measuring criteria of machinability because performance and service life of the
machined component are often allected by its surface finish, nature and extent of residual

stresses and presence of surfuce or subsurface micro-cracks, 1 any, parlieniarly when that
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compouent is to be used under dynamic loading or in conjugation with some other mating

part.

The major causes behind development ol surlace roughness in continuous machining
processes like turning, particularly of ductiic metals are:
t.  Repular feed marks left by the ool tip on the Tinished surface.
i1. Irregular deformation of the auxidiary cutting cdge at the tool-tip due o
chipping, fracturing and —
ii.  Vibration in the machining systen.

iv.  Duilt-up edge [ormalion, 10 any.

The variation in surface roughness observed with progress of machining of stainless
steel by the SNMG and SNMM inserl at a particular set of cutting veloocity, V., feed rate,

S, under dry and FI'C condibons has been in shown in Fig. 4.15 .

Conventionally applied culling Jluid did notl reduec tool wear compared to dry
machining. It appears from Fig. 4.15 that swiace roughness grows quile fast under dry
machining due to more intensive temperature and siresses al the tool-tips. HPC appeared to

be effective in reducing surface roughness.

Ilowever, 11 1s evident that HPC improves surface finish depending upon the work-

tool materials and mainly through conlrolling the detenmoration of the auxiliary curling

cdge by abrasion, chipping and buitt-up edge {ormation.



Chapter-6

Conclusion

The results obtained from this study show the capability of high-pressure coolant jet
1 improving the machining performance while machining austenilic stainless steel. As
already slated, with the application of high-pressure coolant jet, the rate of main cutung
forec, I, tomperature are reduced which conteibutes to the improvement in surlace [imsh.
The high pressure coolant jet serves o reduce the tool-chip contact arca. This was evident
lrom the lact that ihe chip siee (which depeads upon the tool-chip contact lengtl) is much

zmaller at high pressure, The overall Andings of this expeliment are -

There is a draslic reduction in the main cutting [orees, I, and leed {orces, P, required
to remove malcrial from the work-piece with the application of high pressure coolant

Jet.

The surlace {inish obtmned with the use of high pressure coolant jet in both SNMM

and SNMG inserts 15 much belter than oblained i the case of dry cooling,

Finally, the resulls achieved by this investigalion were very cucouraging, Cutting
forces weie reduced, chip shape, surface gquality and ool hle improved, thereby inercasing
the mictal removal rate, and improving the overall perforinance of the machining operation
in casc of high pressure coolant. The reduchion of culung lorce accompanicd by

" improvement in tool life ,surface fimsh and chip shape with the use of high pressore
coolant jel as a coolantlubricant leads 10 improvement in the metal removal rate and
consequently the elliciency of single point cutling tool operations espectally in case of

stainloss sleel.
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