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Abstract - In all machining processes, tool wear is a major
problem and it leads to tool failure. In metal industries, the use
of cutting fluids affects both employee’s health and
environmental pollution. But the use of cutting fluids becomes
necessary to keep tight tolerances and to maintain the work-
piece surface properties without damages. Researchers are
trying to reduce the use of coolant lubricant fluids in metal
cutting to obtain environmental safety. So, to minimize the use
of cutting fluids new cutting techniques are investigated.
Minimal quantity of Lubrication (MQL) is a recent technique
introduced in machining to obtain less tool wear and
environment safety. The minimum quantity lubrication was
provided with a spray of mixture of air and vegetable oil at
suitable pressure. MQL machining was performed much
superior compared to dry and wet machining due to
substantial reduction in tool wear and cutting zone
temperature and a better surface finish. MQL provides neat
and clean environment avoiding health hazards due to smoke,
fumes and gases etc. In this study work-piece of SAE 1018
were prepared to investigate their Surface finish under turning
with coated tool bits. Wear of nose radius of tool bits were
analyzed by SEM which results in less wear in MQL process as
compared to flood cooling.

Keywords: Minimum Quantity Lubrication (MQL), Scanning
Electron Microscope (SEM), Flood Cooling

I. INTRODUCTION

In view of green manufacturing, dry machining has drawn
much attention from industries recently. Dry machining is
eco-friendly in nature but less effective where better surface
finish required. Currently industries use very huge amount
of metal working fluids which are hazardous to the
Environment and workers health. The cutting environment
plays very important role in machining. During the cutting
operation friction produced between the tool and work-piece
which results in huge rise in the tool-chip interface
temperature and influences the Surface Quality, Tool life
etc.

The need of using less harmful cutting fluids suggested the
semi dry lubrication technique. This technique utilizes very
least amount of cutting lubricants which leads to economic
benefits and reduced machine cleaning time.[2] Semi Dry
machining refers to the condition of applying cutting fluid at
relatively low flow rates, on order of 2-100 ml/h, as
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opposed to the conventional way of using either a large
quantity [6].

A. Need of Semi Dry Lubrication

1. NDL uses comparatively very little amount of cutting
fluid making it almost dry and clean.

2. The aerosol of the cutting fluid vaporizes quickly
removing the heat while making the process clean and
environmentally friendly.

3. Semi Dry lubrication gives reduced tool wear,
improved tool life and better surface finish as compared
to dry and wet machining.

4. No need to wash work pieces [10].

5. Accidents due to large quantities of leaking coolant are
avoided.

6. Due to a dry machine, the risk of accidents at work is
reduced. [4]

B. Concept of MQL

Minimum quantity lubrication is an effective semi dry
machining techniques as well as an efficient alternative to
completely dry and wet cutting conditions from the
viewpoint of cost, ecological and human health issues and
machining process performance. [12]. MQL is a technique
which sprays small amount of cutting fluid (10-100 mi/h) to
the cutting zone area with aid of compressed air. [11]

In high speed machining, conventional cutting fluid fails to
penetrate the cutting zone and thus cannot remove the heat
effectively. Infect the high cutting pressure in the contact
area and small space between chips and tool don’t allow the
cutting fluid to reach this zone. In order to get a good
cooling action the cutting area is generally flooded by
lubricant.[1] MQL presents itself as a possible solution for
hard turning in achieving slow tool wear while maintaining
the cutting forces at reasonable levels.[10] MQL is an
ecologically friendly and cost effective method of fluid
delivery. [13] The present work experimentally investigates
the tool wear and Surface roughness of SAE 1018 at
different Speed combinations with constant feed and Depth
of Cut by coated carbide insert and compares the
effectiveness of MQI and Flood machining.
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Il. METHODOLOGY

For the present experimental studies, the plain turning was
conducted on specimen of SAE 1018 of 36 mm Diameter
and 520 mm length in the workshop at MIMIT, Malout with
Coated Carbide insert under different cooling conditions i.e.
Flood Cooling and MQL to study the effects of MQL on
Tool wear and surface finish of specimen. The Experimental
conditions are given in Table I. The experiment conducted
at three different speeds with constant Depth of cut.

The aerosol needs to be supply at high pressure and directed
to tool chip interface at high-speed through the nozzle. A
MQL delivery system has been designed by considering
required conditions. The schematic view of MQL setup is as
shown in fig. 1.

TABLE | EXPERIMENTAL CONDITIONS

Machine Tool hapthe Machine (Panther 2

Cutting Insert Coated Carbide- PS08
. . . SAE 1018 (Dia 36 mm,

Work-piece Material and Size Length 520 mm)

Spindle Speed 288, 384, 598 rpm

Feed Rate 0.86,0.10,0.11

Depth of Cut 0.5 mm

MQL Supply

Air Pressure 7 bar

MQL Flow Rate 80 ml/hr

Oil Used Mustard Oil

Nozzle Diameter 2mm

I1l. MEASUREMENT OF SURFACE ROUGHNESS
AND TOOL WEAR

Nose wear is important factor for the tool life. Less nose
wear of the tool provides the better surface finish.
Measurement of the tool wear, the carbide insert was
withdrawn after each operation to study the Nose wear
under different operations and experimental conditions. The
Nose wear of each carbide insert was observed with the help

AJEAT Vol.7 No.S2 November 2018

68

of CMM (Co-ordinate measuring machine) test at R&D
centre.

The turned samples of work-piece after all operations were
prepared and inspected with Mitutoyo SURFTEST-4 at
R&D Centre Ludhiana. Surface roughness of each work-
piece sample was inspected.

IV. RESULTS AND DISCUSSION

Nose wear is an important factor which affects the tool life
and surface roughness. The gradual nose wear caused due to
high cutting forces and high interface temperature. In this
study different machining environments studied which gives
different wear results.

Grg 1ge' "

ated Carbide bit

The pictorial view of Coated Carbide bit as shown in fig. 2.
This study reveals less Nose wear under MQL machining as
compared to flood cooling. The fig. 3 shows the Effect on
nose wear in different cooling environment at different
speed. From the graph it is proved that the amount of nose
wear for the tool in MQL is less as compared to that of
flood cooling. It is appeared that MQL increases the tool
life.

The experiment was carried out at three different speeds and
MQL provides less nose wear and flood cooling gives
significant wear of carbide insert. The best result obtained at
384 speed with MQL technique.
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Fig. 3 Comparison of Nose Wear with Speed
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Surface Roughness is also important factor of experimental
conditions. To evaluate the machining process performance,
Surface roughness were compared under different cutting
conditions.

During this study surface roughness has been measure for
both MQL and Flood machining. Experiment was carried
out at different speed and cutting environment and Surface
roughness is measured after each operation. Fig.4 shows the
variation in the surface roughness with spindle speed under
flood and MQL by mustard oil conditions. As MQL reduced
nose wear of cutting tool. Surface roughness also grew very
slowly under MQL as compared to flood environment.

Comparison of Ra Value & Speed
7 -
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M Flood

288 384 598
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Fig. 4 Comparison of Ra value and Speed

During the MQL cutting environment surface roughness
decreases and increases in case of Flood cooling
environment.

Fig.4 describes that surface roughness grew faster in flood
cooling due to more cutting forces and high interface
temperature. Mustard oil in MQL technique gives reduced
surface roughness.

V. CONCLUSION

The main Aim of this research was to compare the effects of

MQL on Tool wear and Surface Roughness in terms of

Nose Wear and Surface roughness at suitable cutting

conditions. The Experimental results concludes that

1. The Nose wear results obtained by using MQL are
better than flood cooling.
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Turning of SAE 1018

The surface roughness decreases as cooling provided by
using Mustard oil with Compressed air at high pressure.
During MQL, minute amount of fumes and oxides
produced which is eco-friendly with environment.

The cutting performance of MQL operation is better
than flood machining.
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