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ABSTRACT

Minimum quantity lubrication (MQL) machining is orgf the promising solutions to
the requirement for reducing cutting fluid consuimpt The work here describes MQL
machining in a range of lubricant consumption @-2.355ml/s, which is between 10—
100 times lesser than the consumption usually &doptindustriesMQL machining in
this range is called pulse jet coolant deliverytalys A specially designed system, the
IP MQL, was used for concentrating small amountsluliricant onto the cutting
interface. The performance of concentrated spegaginlubricant in pulse jet coolant
delivery system design was simulated and compardd tvat of current ‘Pulse Jet
MQL’ systems. The concentrated spraying of lubricaith a specially designed system
was found to be effective in increasing tool lifethe pulse jet coolant delivery system

range.



ABSTRAK

Proses pemesinan yang menggunakan pelinciran yargiantiti minimum (MQL)
adalah salah satu cara penyelesaian yang bolehakgn untuk mengurangkan kuantiti
penggunaan cecair pelincir. Dalam kajian ini, gemgan pelincir MQL adalah
sebanyak 2.0-2.355ml/s, di mana 10 hingga 100iédailn kecil berbanding penggunaan
biasa di dalam proses pemesinan. MQL yang digunmp&da kadar ini dikenali sebagai
sistem panghantaran penyejukan ‘pulse jet’. Beaikuitu, sebuah sistem yang
direkabentuk khusus untuk menumpukan semburangoreke kawasan pemotongan
telah digunakan. Prestasi rekabentuk sistem petgtaam penyejukan ‘pulse jet MQL’
yang baru disimulasikan dan dibandingkan dengag gadia ada. Dengan rekabentuk
yang baru ini, sistem didapati cukup berkesan damemingkatkan jangka hayat

pemotong.
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CHAPTER 1

INTRODUCTION

1.1  Background

A cutting fluid can be defined as any substancekvis applied to a tool and
work in metal cutting to reduce heat generatedrinyidn, lubricate, prevent rust,
and flush away chips. Cutting fluids have been usdaeénsively in metal cutting
operations for the last 20@ars. In the beginning, cutting fluids consistédimple
oils applied with brushes to lubricate and cool thachine tool. Today’s cutting
fluids are special blends of chemical additivegricantsand water formulated to
meet the performance demarafsthe metalworking industry (Md. Abdul Hasib et
al., 2010).

It is generally agreed that the purpose of applyatjing fluid to the metal
cutting process are to reduce the rate of tool vaear to improve surface quality.
The cutting fluid acts as a lubricant as well asoalant during the operation. It
reduces the surface friction and temperature ontabeworkpiece and tool-chip
interfaces. The cutting fluid applied during a maofg operation, can have a
significant effect on the cutting temperature aodl wear. Cutting fluid also flush
away chips out from the cutting area consequentbyept scratch on the surface
finished.

Although many advantages in the metal cutting meaan be gained from
the use of cutting fluid but using a large amouwfitsutting fluid could pose serious
problems in terms of health and environmental legszaOperators who are exposed
to the cutting fluids may have skin contact witle ttutting fluids, inhale mist or

vapor, or even swallow the cutting fluids. Becao$eheir toxicity, there may be



health problems such as dermatitis, problems in rdepiratory and digestive
systems, and even cancer. Improper disposal oktlatting fluids may cause
serious environmental problems such as waternaisail pollution.

Typically, the cutting fluid is applied under norhaessure and velocity
which is known as conventional application or floagplication. This application
method requires a large volume of cutting fluidaggply during an operation. This
large amount of cutting fluid increase the totaldurction cost through procurement,
storage, maintenance and disposal of the cuttingl.flA survey carried out in
German automotive industry shows that workpiecateel manufacturing costs
incurred in connection with the use of cutting dlus at the level of 7-17% of total
production cost. This is several times higher thaol costs, which accounted for
approximately 2 - 4% of total production cost (Ktecand Eisenblatter, 1997). The

diagram is shown in Figure 1.1.

Workpicce-related manufacturing cost

Equipment cost 58%
/ Repair cost 8%
Tool cost / Energy cost 8%
2-4% Personal cost 6%
Process materials 2%
Cutting fluid cost Cutting fluid +additional cost 14%
7-17% Disposal cost 1%

Figure 1.1: Lubricant cost exemplified by centatifity (Klocke and Eisenblatter,
1997)

Dry cutting seem to be the best solution to overedhe problems posed by
the use of cutting fluid. However, it is not easystvitch to dry cutting because the
condition which has to be met prior switching toamaing in dry mode is that dry
cutting should achieve at least the same cuttimg,titool life and part quality as in

conventional machining with flood application (Kkecand Eisenblatter, 1997).



When a 100% dry cutting can not be realized fohnetogical reasons,
cutting with decreased use of cutting fluid is saged as an intermediate step (J.F.
Kellya and M.G. Cotterell, 2002). The alternatiubrication strategies for a cutting
process are detailed in Figure 1.2.

ColdHigh-speed
Minimal Quantity Jetsof Gas
Lubrication

Dry Machining
Ultimate Goal

Bio-degradable
Coolants

Conventional
Liquid Coolants
Present Solution

Figure 1.2: The alternative lubrication strated@sa cutting process (J.F. Kellya
and M.G. Cotterell, 2002)

The phenomena mention above has led to a new tosvattd the reduction
of the amount of cutting fluid used or even dry lmamg. Nevertheless, switching
from conventional flooding to dry machining requsireonsiderations of matching
the machining performance of flooding method, mmt@f cutting time, tool life and
part quality.

A new technique called minimal cutting fluid haseb introduced by A.S.
Vadarajan in 2002. This method utilizes small gitiest of cutting fluid in the form
of high velocity and narrow pulsed jet targetedhat cutting zone. The cutting fluid
consumption rate was only 2 ml/min and it showedmrang performance which
was superior to dry machining and flooding methotiard turning of hardened tool
steel on the basis of force, tool life, surfacestin cutting ratio, cutting temperature
and tool chip contact length. Anyway, the cuttimndition in continuous cutting
process of turning is different from intermittenitiing process of milling which
involves rotating cutter with multiple cutting edgeEffectiveness of minimal

cutting fluid in milling process may be differembin turning process and problems



such as thermal shock in intermittent cutting pss¢cecaused by cutting fluid may
occur (A.S. Vadarajan, 2000).

In 2005 an investigation of the minimal cuttingidl technique in high speed
milling of hardened steel with carbide mills wasddoy Thanongsak Thepsonthi.
Cutting fluid was applied in the form of high veitycand narrow pulsed jet at the
rate of 2 ml/min and the machining performance waspared to flood and dry
cutting. The findings of the study show that magkgnwith minimal cutting fluid
application can be adopted as a replacement ofl feoam dry cutting. The research
was done using three different cutting modes, whaiehMQL, flood and dry cutting
commonly used in machining operations. Each ofdtwesting modes has been used
with ceramic cutting tool. Study on the machinireggfprmance comparison for these
cutting fluids has not been investigated and theingu fluid which has the better
machining performance has not been determined €pgdnthi et al., 2009).

Thus, the minimal cutting fluids application inlpel jet form has shown to
be a viable alternative to the current, flood amg cutting method that are used
widely in industries. However, to comply with indiys application, the system
needs an improvement because recent researchntmragiiced the basic technique —
Lab prototype. Therefore, this study would explitre feasibility of designing MQL
application technique which can be used in moreaaded machining strategies.
Evaluations would be made on the newly designetesysnd compared to existing

technique.

1.2  Objectives

There were three main objectives in this study;

(1) To design a new technique of pulse jet form dejivarstem for minimal
quantity lubricant (IP MQL).

(i) To calculate the important parameters of IP MQL eowhpare with

simulation.



(i) To compare the performance of IP MQL with MQL apgtion prototype,
conventional flood application and dry applicatiorslot milling machining

process.

1.3  Scopeof thestudy

This study is concentrated to the design and dewedmt of IP MQL operations.
The system is used in order to concentrate smatiuats of lubricant onto the
cutting interface. The performance of concentraf@eying of lubricants in IP MQL
system was simulated and compared to MQL applicgi@totype, conventional
flood application and dry application by using expental method. Experiments
were conducted using high speed milling machine spetifically on slot milling

cutting. The experiment measures cutting forced, w@ar and surface roughness.

1.4  Research Methodology

There are six stages in the research methodologghwimclude (i) literature
reviews, (ii) setting up the research strategi@g,data collection and evaluation,
(iv) design process, (v) data analysis and laétty,documentation of findings. The
details of task in every stages are illustrateshan points below. The flow of the

process is also explained in chart as shown inrEigB.

Stagel: Literature Review

This introductory stage gathers information on drigtand theories of general
information on cutting fluid and its functions inachining process, and the present
method of cutting fluid application, from the typicflood application until the
development of minimal cutting fluid application.nd works associated with
minimal cutting fluid application are also preseht@ this section. The issues

related to the use of cutting fluid are explainetha end of the chapter.



Stagell: Setting up theresear ch strategies

Information gathered in literature review givesighs on the existing MQL system,
function and specification where the system reaquéet leads to the introduction of
the new mechanism. In this stage, several desigoepis were developed according
to the parameters and system requirement in omlaeliect the optimum design
concept. The design calculation also involved leefgenerating the 3D drawing.
Hence, to ensure the design can optimize its pedace, Computational Fluid
Dynamic simulations (CFD) analysis were carried twutainalyze the pressure and

velocity.

Stagelll: Data collection and evaluation

In this stage of research works, data from prelaninsources were collected and
some evaluation carried out to locate the suitaiégor variables. The evaluation
were measured based on calculation, simulationexipeériment before proceed to

the next stage.

Stage | V: Design process

The data collected from earlier stage encourageddésign process. In this stage,
the planning simulation tool requirements wereisgttip. After selection of design

concept in the previous section, the simulationledign developed and calculation
were done. The process also to evaluate whether tere any improvement to the

previous design process and modification will belento the result afterwards.

Stage V: Data analysis

The focus of the analysis is to identify the maehiools, cutting fluid delivery, type
of cutting tool and work piece used in the reseaftten, the following part explains
the experiments were conducted and the data doltecThe experiments were
conducted in slot milling process which is gengralpplied to ball end milling. The
experiments were done in many different levels wtitg parameters in order to

explore a cutting performance of IP MQL applicatiand compare it to MQL



application prototype, flood and dry cutting (T.psenthi et al., 2009). The results
of this study show the performance of the IP MQlterms of cutting force, surface

roughness, and flank wear.

Stage V: Documentation of findings

The results of significances performance of IP Mi@lrication techniques in high
speed end milling of hardened steel were preseatrlgl in Chapter 5 and 6. The
results evidently indicate the advantages of ughigyIP MQL in pulsed jet. Cutting
forces, surface roughness, and tool wear weretatfdeeneficially when using the
IP MQL mode.
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Q LéJ LITERATURE REVIEW
E ®) Primary data collections
w
CRY SETTING UP THE RESEARCH STRATEGIES
E E Identifying problem statement and objectives

v
W W DATA COLLECTION AND EVALUATION
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Figure 1.3: The flow of stage in the research pece

15 Organization of thethesis

This thesis consists of six chapters. The contehisach chapter are explained as
follow.

Chapter 1 gives the background of the problemsediud this thesis, as well
as the scope and objectives of the research work.

Chapter 2 give literature review contains two imgot parts. First is general

information on cutting fluid and its use in macligi process, as well as a



conventional application technique. Second pad simmary of the research that
has been done in to minimize cutting fluid usedechining process.

Chapter 3 describes the IP MQL system developmentegs. From the
MQL application prototype system function and speaiion, the new mechanisms
were designed based on the system requirementgerebesoncept designs were
developed and chosen according to the system ssqgeirt and interest. After going
through the evaluation of concept designs using thgic matrix, the optimum
design were selected. All the mechanical and ctetrparts were identified to meet
the specification. Appropriate 3D drawings were eyated for the part and
components. The designs were go through the CFDIaiion for the confirmation
of parameters.

Chapter 4 describes the work pieces, tools anécallpments used in this
research. An experimental setup and procedurexalaieed here in detail. Cutting
forces, tool wear and surface roughness are plattedraph against cutting
parameters

Chapter 5 presents the discussion on the perforenainid®® MQL application
compared to MQL application prototype, conventiofiabd application and dry
machining.

Chapter 6 presents the conclusion of the reseanck and its contribution to
the machining process. Several recommendationsalae suggested for further

development.



CHAPTER 2

LITERATURE REVIEW

21 Introduction

This chapter presents a review of the existingditee relating to the delivery
cutting fluid system. It introduces the generabmfiation on cutting fluid and its
functions in machining process, and the presenhoaetf cutting fluid application,

from the typical flood application until the devptoent of minimal cutting fluid

application. The works associated with minimal iogttfluid application are also
presented in this section. The issues relatedeasle of cutting fluid are explained
at the end of the chapter.

2.2  Cutting fluid functionsin machining process

Cutting fluids typically perform numerous functiorsmultaneously, including
cooling and lubricating the tool-workpiece and toblp interfaces, minimizing the
effect of built-up edge (BUE), protecting the woikge from corrosion, and flushing
away chips. However a good cutting fluid must sdwe important basic functions,

namely cooling and lubrication.
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2.2.1 Cooling function of cutting fluid

Cutting fluids initially were thought to act primigras coolants (M.A. El Baradie,
1996). By flowing over the tool, chip and workpigeecutting fluid can remove heat
and thus reduce temperature in the cutting zone.

In order for a cutting fluid to function effectiye as a coolant, two
requirements must be met. The cutting fluid mush gan access to the source of
heat, and the fluid must have the thermal capglmfiremoving the heat.

The properties of a cutting fluid which determite ability to cool are its
thermal conductivity, specific heat, heat of vapation, and wet ability with metal
surface (M.A. El Baradie, 1996). Water fulfils threquirement and has the
additional advantage of being inexpensive, bug & poor lubricant and therefore is
not effective in reducing friction between chip atabl face. In addition, it is
corrosive to ferrous metals and so cannot be teléran high end machine tools.
Moreover, it tends to wash the lubricating oil fratre sliding and rotating the
surfaces of the machine, thus reducing the smosghoé running and increasing
wear (M.A. El Baradie, 1996).

Generally a reduction in temperature resultsdeeease in wear rate and an
increase in tool life. This occurs because, fitisg tool material is harder and so
more resistant to abrasive wear at lower tempezatiand secondly, the diffusion
rate of constituents in the tool material is lessloaver temperatures (M.A. El
Baradie, 1996). Opposing these two effects, a temudn the temperature of the
workpiece will increase its shear flow stress, Isat the cutting force and power
consumption may be increased to some extent. Uceltain conditions this can
lead to a decrease in tool life (M.A. El Baradi@9).

Particularly, to clarify the condition of decreagiin tool life, the cooling
effect is important in reducing thermal expansion distortion of the work piece.
The cooling action does not have a very significeffiect on the surface finish
produced. It can, however, bring about some smmairovements in the surface
finished at medium to low speeds. This is probahig to the chip formation which
increase chip curl and reduce built-up edge foromafM.A. El Baradie, 1996).
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2.2.2 Lubrication function of cutting fluid

Lubrication, as defined in most theories, consideye sliding surfaces, and it

depends on the ability of the fluid to penetrate ithterfaces of the cutting zone. If
the lubricant can penetrate into the chip tool aoharea, it will reduce the contact
length and decrease the forces, heat generatiolpetatures and tool wear. Its
ability to improve surface finish is attributedttee fact that it can lubricate the rake
face and avoid formation of built-up edge (BUE), mjnimizing adherence. If the

lubricant cannot penetrate the entire contact tertgtould at least lubricate part of
the contact where there is no strong adherences(iiag zone) reducing the shear

stress distribution on the rake face, reducing éhergy, as well as temperature.

BUE depesit
on the chip

BUE deposita on the

J_____,,E}_a.chmed 511rfE£i

Built Up Edge

Figure 2.1: Built Up Edge (BUE) diagram (M.A. El Baie, 1996).
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Surface cleanliness is one of the most importamaipeters affecting the
friction coefficient. Even a single molecular layef contaminant from the
atmosphere may produce a very large decrease ¢tiofri In machining, the
underside of the chip and the machined surfaceendy formed surfaces and are in
close contact with the tool. They rub against thel tsurface, removing oxide
coatings and any other contaminant. Thus, the cesfaan metallurgically bond
together. This bonding and the motion of the s@datend to exclude cutting fluid
(Wright et al., 1979).

It is not clear yet what access a cutting fluid tathese interfaces or how it
can get there. The average normal stress on tipet@bi contact zone is extremely
high, being in the range of 200-800 MPa for stdekiit, 1988). At high cutting
speed where the temperature is high, further pnabl@re encountered as the
lubricant may get boiled or decomposed before patiet the cutting zone. On the
rake face during cutting (at high speed), theresaieure zones and sliding zones.
The length of these depends on the stress distibwin the tool. There is some
support (Childs and Rowe, 1973) for the theory thiatbricant cannot gain access to
the seizure zone and so attention should be focaosethe sliding region. If the
lubricant is applied and it penetrates only thdisg zone, which makes only a small
contribution to the total forces, it will only manglly affect the total force. The
sliding zone has the lowest compressive forcesamnduch can be influenced by
small changes in the cutting process. Lubricanty fb@ able to decrease the
effective stick slip situation in this zone and i@ smoother cutting action. This
same phenomenon could happen at the flank face.

As the cutting speed increases the temperatureases, which means that
coolant properties become more important, and ¢atiobn becomes much more
difficult. Neat cutting oils used at high speedtenfexhibit signs of decomposition
in the form of smoking, which renders them unsuégMarcio Bacci da Silva et al.,
1998). The term of neat cutting oil refers to thbssed predominantly on mineral
oil (M.A. El Baradie, 1996).
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2.2.3 Cutting fluid accessibility

Cutting fluid accessibility depends on cutting gedmy, severity of the operation,
properties of the fluid and to some extent, conditand nature of the workpiece
material. It is not completely clear how a cuttihgd actually manages to penetrate
to the deformation and friction zones since (1) riative motions of the chip, tool
and workpiece combine to carry fluid away from titing zone and (2) the contact
pressures between the tool and the material caxtibemely high.

Several mechanisms have been proposed to accoutite ability of the
cutting fluid to penetrate the system. Some redseascsuggest that the present of
small (on the order of 0.0001-218n) crevices or fissures at the interface allows
fluid to spread by capillary action (Thomas J. Dilazand Charles Wick, 1983).
Other researchers believe that some cutting fleiteprates through the metal lactic
via a diffusion mechanism. However, it is not walpported by evidence. Another
proposed mechanism is the volatilization of a kguwo a gas of much lower
viscosity, allowing the gas to penetrate the cgttmones (Thomas J. Drazda and
Charles Wick, 1983).

The most persistent alternative mechanism is tRehbinder effect”
observed with certain surface active additiveshédigh the details of the effect are
not well understood, it is believed that the sugfactive species (usually chlorine)
interact with the workpiece material to reduce #mear strength in the primary

deformation zone.

2.3  Typesof cutting fluid

Although hundreds of cutting fluids and specialnfatations exist for cooling and
lubricating metal cutting operation, there are fouajor classes of metal-working
fluids widely available: Neat cutting oil, solubtgl, semi synthetic, and synthetic.
Numerous metal working fluids, except the neatiegtbils, are mixed with water

for use. Each has additives such as surfactardasidess, extreme pressure agents,
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anti-oxidants, and corrosion inhibitors to imprgverformance and increase fluid

life. Figure. 2.2 shows the classification of aurdtifluid.

Cutting fluid

Neat cutting oil Soluble oil Semisynthetic Synthetic
- Active cutting oil - Gieneral purpose soluble oils
- Inactive cutting 0il - Clear type soluble oils

- Fatty soluble oils
- Extreme-pressure (EP) soluble oils.

Figure 2.2: Classification of cutting fluid (M.Al Baradie, 1996)

2.3.1 Neat Cutting oil

The term of neat cutting oil refers to those basemtiominantly on mineral oil and
use as supplied i.e. not mixed with water. Thietgh metalworking fluid is made
up mostly of mineral (petroleum) or vegetable GMsA. El Baradie, 1996).

It may be used straight (uncompounded) or compedindth polar additives
or/and chemically active additives. Common poladitikes include animal and
vegetable oil, derivation of castor oil and syniheiperm oils. Chemically active
additive include sulfur, chorine and phosphorus.

Neat cutting oil is generally used for proces$ed tequire lubrication rather
than cooling. They perform best when used at slatting speeds, low feed rate,
and high metal-to-metal contact or with older maeki made specifically for use
with cutting oils.

There are two main types of compounded neat cutbits. The first is
inactive cutting oils, these neat cutting oil arenenal oils compounded with
chemically inactive additives. In general they pdevhigh lubricity and are non-
staining, but exhibit limited anti weld properti@$e second is active cutting oils, it
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contains sulfur, chlorine, and/or phosphorus iraative form blended with mineral
oil or fatty mineral oil blends. These chemical iiglds, extreme-pressure
lubricants, provide a tough, stable film of therightion at the tool-chip interface.
They are particularly useful in extending tool life high temperature and high
pressure applications. Active neat cutting oilslude sulfurized mineral oil,
phosphorized mineral oil, sulfa-chlorinated minesd) and sulfa-chlorinated fatty

oil blends. Lots of chemical active cutting oilsyr&ain certain metals.

2.3.2 Solubleail

Soluble oils are commonly called emulsifable agsulsions or emulsifiable cutting
fluids. An emulsion is a suspension of oil dropletsvater made by blending the oil
with emulsifying agents and other materials. Thesuilsifiers (soap or soap like
materials) break the oil into minute particles dwmkp the particles dispersed in
water for long periods of time.

Bactericides which are usually nonphenolic orgaicpounds are added to
control the growth of micro-organisms such as bagtalgae and fungi. If disposal
is of no concern, phenolics may be used. The soapiting agents, and couplers
used as emulsifiers in water soluble fluids redsiwdace tension significantly. As a
result, the liquid has a greater tendency to foaherwsubjected to shear and
turbulence. For this reason, soluble fluids somesimmause foaming problems in
operations such as gun-drilling and double-diskding. With the use of special
wetting agents and foam depressants, however, waligble fluids can be rendered
sufficiently nonfoaming to be effective in almost @perations (M.A. El Baradie,
1996).

Soluble oils combine the lubricating and rust praion properties of oil
with water's excellent cooling properties. Emulsiowith their cooling lubricating
properties, are most effectively used for metatiogtoperations with high cutting
speeds and low cutting pressures accompanied Isydswable heat generation.

Advantages of soluble oils over straight or comquad cutting oils include
greater reduction of heat, cleaner working condgjoeconomy resulting from

dilution with water, better operator acceptance amgroved health and safety
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benefits. They can be used for practically all tigihd moderate duty cutting
operations, as well as for most heavy duty apptioat except those involving
extremely difficult to machine materials.

Soluble oils can be used for practically all gl operations with the
exception of severe grinding operations, such as,fohread and plunge grinding
where wheel form is a critical factor. Extreme greg, compounded soluble oils do
not suffer from this limitation.

Cutting fluid manufacturers supply soluble oilscamcentrates that the user
prepares by mixing with water. Mixtures range friarpart oil in 100 parts water to
a 1:5 oil water ratio. The leaner emulsions aredufs grinding or light duty
machining operations where cooling is the essemnguirement. Lubricating
properties and rust prevention increase with higleacentrations of oil.

Generally, soluble oil can be divided into fourimé&ypes, general purpose
soluble oils, clear type (or translucent) solubils,datty soluble oils and extreme-
pressure (EP) soluble oils (M.A. El Baradie, 1996).

General purpose soluble oils: it is milky fluidstiwmineral oil droplets of
0.005mm to 0.2mm diameter. It is commonly usedilatidns of 1:10 to 1:40 for
general purpose machining (M.A. El Baradie, 1996).

Clear type (or translucent) soluble oils: clegretygoluble oils contain less oill
(with higher proportions of corrosion inhibitorshcaconsiderably more emulsifier
than do milky emulsions. The clear type, therefamsists of oil dispersions with
smaller oil droplets which are more widely disttiddl Since there is less dispersion
of transmitted light, the fluid is less opaque, dhd result is a translucent liquid.
The translucency is not permanent, though, becaftea with times the tiny oll
droplets tend to coalesce and from larger droplétese oils are generally used for
grinding or light duty machining.

Fatty soluble oils: it have animal or vegetablés far oils or other esters
added to the mineral oil content to provide a ramfefluids with enhanced
lubricating properties.

Extreme-pressure (EP) soluble oils: EP soluble cdntain sulfur, chlorine
or phosphorus additives to improve load carryingfquenance. Since the EP
concentrate is diluted 5 to 20 times when the eionils prepared, the lubricating
capability is reduced. Where the lubricating calii@ds of soluble oil emulsions and

the cooling properties of cutting oils are inadegu&P soluble oils can satisfy both



18

requirements in many cases. These fluids, commikmbyvn as heavy duty soluble
oils, have in some cases replaced cutting oilsbfoaching, gear hobbling, gear
shaping and gear shaving (Metcut Research Assediate 1980).

Drawbacks in using soluble oils, however, it ismetimes have poor
corrosion control, sometimes dirty (i.e., machioeltsurfaces and nearby areas
become covered with oil or difficult-to-remove pumd residues), may smoke (it
may not cool as well as semi synthetics and syw)etand may have poor mix
stability or short sump life.

2.3.3 Semi synthetic

This type of metalworking fluid contains a lower @mt of severely refined base
oil, for example, 5-30 percent in the concentretCut Research Associates Inc.,
1980). Semi synthetics offer good lubrication, gdoeiat reduction, good rust
control, and have longer sump life and are cleahan soluble oils. They are
comprised of many of the same ingredients as seloids and contain a more

complex emulsifier package.

2.34 Synthetic

These metal working fluid formulations do not cantany petroleum oil. It contains
detergent-like components to help wet the part atiger additives to improve
performance. Like the other classes of water-misdihids, synthetics are designed
to be diluted with water.

Among the four types of fluids, synthetic metalog fluids generally are
the cleanest, offer the best heat reduction, haeellent rust control, and offer
longer sump life. In addition, this type of metahkiog fluid is transparent
(allowing the operator to see the work) and argdprunaffected by hard water.
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24  Cutting fluid application

The normal way of applying a cutting fluid is calldlood application. Large
volumes of cutting fluid are applied to the cuttimgne as a continuous flow at low
to moderate pressure. It is very efficient in a@moval. However, at higher cutting
speed, it has been proved that the cutting fluge lits effectiveness as a coolant.
Because of the inability of cutting fluid to reatie region to be cooled and the
tendency of the faster moving chip to carry out tiwting fluid away from the
cutting zone (R. Kovacevic et al., 1995).

In 1952 the high pressure jet application methasl een started (Piggot and
Colwell, 1952). Pressurized cutting fluid is injedtinto a cutting zone through a
remote nozzle or through the tool rake face. Théthod is much more beneficial
than conventional flood application (R. Kovaceviak, 1995; P. Dahiman, 2002).

However, the amount of cutting fluid used in floadplication and high
pressure jet application compared with the smalasiof contact in the cutting zone
that should be affected, a very small volume oidflshould be enough to lubricate
the entire contact area. If a typical machiningrapen is considered, a cutting
speed of 200 m/min, 2 mm depth of cut and a feelah0.2 mm/rev then the area
of the lower surface of the chip which is produes@ry minute is approximately
400,000 mm To effectively lubricate, the surface of the mgtfluid must interject
this interface to at least one molecular layersMmould require a cutting fluid about
7.2 x 10" cm/h. Assuming and efficiency of 1 % coverage thaltoutting fluid
required will be approximately 0.1 éth (A. R. Machado and J. Wallbank, 1997).
Therefore practical machining applies much moreirmuitfluid than is required to
just contaminate this interface. If the amount aitiog fluid used can be drastically
reduced without affecting the process many of tloblems caused by cutting fluids
may be minimized. Some techniques to apply a sqahtity of the cutting fluid
have been innovated and investigated during thediesade. The most researchers
paid attention in applying extremely low quantit@soil in compressed air stream
or so-called mist application.

A. R. Machado and J. Wallbank (1997) conductedearpents on turning of
medium carbon steel (AISI 1040) using cutting flaichounting to 3.3-5 ml/min,

which was applied in a fast flowing air stream & MPa through a special venturi
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designed to mix compressed air with small quastioé a water and soluble oil.
Figure 2.3 shows the schematic diagram of the vented by them. The result
showed that surface finish, chip thickness andeforariation were all affected
beneficially compared to those obtained by thedleoolant at flow rate of 5,200

ml/min.
e
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Figure 2.3: The schematic diagram of the oil aintue (A. R. Machado and J.
Wallbank, 1997)

In a study by Toshiaki Wakabayashi et al. (1988)containing uniform and
extremely low concentration (0.01-0.16 mi/min) afttmg oil was discharged on
the rake face and flank face of a turning tool aressure of 0.6 MPa. Considering
4,000 mi/min as the conventional cutting fluid blemark, it was concluded that the
result was almost equal to conventional methoeims of prevention of tool wear,
improvement of surface finish and control of buii-edge.

Tea Jo Ko et al. (1999) used the oil mist applaatfor the turning of
hardened materials. The cooling system relies ororéex tube for cooling the
ejected air, and the liquid coolant supplied atabeling nozzle formed into a mist
by the air. In this system, the air temperaturéhatoutlet was lowered by more than
20°C. This system is similar to a conventionaltnaigolant system except that it
uses cooled air. In the experiments, the cooledviilir oil mist ejected at the tip of

the cutting tool lowers the tool temperature, aaduced the wear of a TiN coated
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tool to give 30% of CBN tool life at the same audtilength. Figure 2.4 shows the

schematic diagram of the air vortex tube.
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Figure 2.4: The schematic diagram of the air vottdse (Tea Jo Ko et al., 1999)

M. Rahman et al. (2002) have done the experimemnd milling using a
superfine particle oil mist generator to apply Oh¥min of cutting fluid at a
pressure of 0.52 MPa. Results indicated that nupti@ation can be considered as
an alternative to flood application at 42,000 mfinawing to the drastic reduction
(1/300,000 times) in lubricant consumption.

Durval U. Braga et at. (2002) have done a reseanctirilling of aluminum-
silicon alloys using 10 ml/h of oil in flow of comgssed air (4.5 bars). The result
showed that minimal cutting fluid application hag similar performance compared
to flood application.

T. Aoyama (2002) has developed and investigatspiradle-through coolant
supply method which can effectively supply an oistto the cutting area at the rate
of 0.02-0.04 ml/min. The study was conducted bottrilling and end-milling using
27,000 ml/min as a benchmark for flood applicatidhe result showed that the
drilling with minimal cutting fluid application proded almost the same
performance as conventional drilling with flood &pation but a considerable
advantage was obtained in end milling.

In 2002, A. S. Vadarajan et al. introduced a newimmal cutting fluid
application technique which mist is not generatadhis method small quantity of
cutting fluid was applied in form of high velocityarrow, pulsed jet. The amount of

cutting fluid was only 2 ml/min as an injection psere 20 MPa and pulsing rate of
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600 pulse/min. An experiment was conducted in anding of hardened tool steel
(AISI 4340). Results indicated that the overallfpenance during minimal cutting
fluid application was superior to that during diyrrting and conventional wet
turning on the basis of cutting force, tool lifeirface finish, cutting ratio, cutting
temperature and tool-chip contact length. It shdugdnoted that the research was
done at moderate cutting speeds in turning whenesiag a pulsed jet to the cutting
zone poses no problem as the cutting tool is statjo This process also can be
done on high speed milling as proven by Thanondsepsonthi in May 2005 with
his paper “Investigation into minimal cutting fluagpplication in high speed milling

of hardened steel using carbide mills”.
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25  Problem related to cutting fluids

Cutting fluids may contain other substances sucheamilsifiers, stabilizers,
corrosion inhibitors, biocides, fragrances, extrggnessure additives (EP additive),
and contaminants. These complex mixtures are v@fulibut can cause a variety of
health problems such as dermatitis, asthma, anéregpsitivity pneumonitis (HP).

Cutting fluid can form a mist of small droplets tlzse suspended in the air
and can be inhaled and ingested. When these ffoitis into a mist during the
machining process, they can be very irritating He eyes, nose, and throat. The
larger droplets can pass into the nose and windamze can be swallowed. The
smaller droplets can deposit into the lungs (StepgheGauthier, 2003). This also
includes not only oil mist, but also breathing ios fumes, and vapors from
solvents and various gases.

During the machining process, a considerable amolunéat is generated at
the cutting zone and may produce vapors resultiog fthe heating of the cutting
fluids. The vapor then is produced as a resultadtity. Vapor generated then may
condense to form mist.

The inhalation of cutting fluids mist, vapors, asshoke over a period of
time may cause asthma or hypersensitivity pneunsortixposure to mineral oil
mists can cause eye, skin, and upper respiratacy trritation as well as central
nervous system effects in humans. In additionagernineral oils are carcinogenic
in humans. Exposure to mineral oil mists can resullocalized irritation of the
mucous membranes, and if exposures are excesspaglathes, dizziness, and
drowsiness may result. Many studies confirm thatrjyorefined mineral oil can
induce skin and scrotal cancers after prolonggukated, and heavy direct contact
with the skin (Stephen L. Gauthier, 2003). In addit repeated dermal exposures
may result in dermatitis. Aspiration of mineral oiists into the lungs can result in
blue coloration of the skin, rapid heartbeat, fewd chemical pneumonia possibly
followed by a secondary infection. Ingestion widluse a burning sensation in the
mouth, throat, and stomach followed by vomitingrchea, and belching.

There are some regulations applied in order toeptatorker from danger of
cutting fluid mist. For example; in 1999 the Occlipaal Safety and Health
Administration (OSHA) Metalworking Fluids Standardslvisory Committee also
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