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ABSTRACT

Abrasive material removal processes is high power consuming and results in high temperatures.
Effective lubrication and cooling is necessary to ensure temperature levels do not become
excessive, flood lubrication is used, but this fluid delivery system increase production cost due to
fluid purchase and disposal. Moreover, waste fluids have a negative environmental impact.
Minimum Quantity Lubrication (MQL) method is effective lubrication method where a small
amount of fluid is directed into the machining area in the form of liquid droplets with
compressed air. This paper presents a comparative study of three cooling methods: conventional
flood cooling, dry grinding and grinding with MQL. AISI/ SAE - 4340 steel will be ground with a
general purpose alumina wheel. Results obtained demonstrate that MQL can deliver a
comparable performance to flood delivery.

INTRODUCTION

A great amount of energy is required per unit of removed material processes, a large amount of
energy is consumed, and this energy dissipates in the form of heat. The heat generated in the
contact area between the wheel and the workpiece is the main cause for the deterioration of the
metallurgical properties, surface quality and also reduces grinding wheel life. However, if
cooling lubricants, such as cutting fluids, are used, the heat can be reduced by decreasing
friction. Thus, the forces and the residual stresses on the workpiece will be minimized.

The conventional flood lubrication method cutting fluid is delivered at low velocity high-
volume. As a result of use and time the fluid loses its properties to finally become a waste. It has
been found that cooling costs can be as high as 17% of a total part manufacturing cost, whereas
depreciation and waste disposal contributes for around 54% of cooling costs. Hence, thereby
reducing the fluid used can considerably increase economic benefits.

To reduce environmental impacts of the manufacturing processes, as well as the costs associated
with cutting fluids minimum quantity lubrication (MQL) can be used. MQL refers to the delivery
of small volumes of

fluid via an aerosol to the cutting region. The air and oil mixture can be produced either in a
reservoir or at the nozzle tip. The general guide for conventional fluid usage is 1 1/min of fluid
per 1 mm of wheel width. In contrast, MQL fluid consumption is typically 250-500 ml/h.
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Therefore, MQL has the potential replace the conventional lubrication which use of large amount
of cutting fluids, generating several benefits to industries through a reduction in expenses,
improved handling, and the disposal of cutting fluids while reducing environmental and human
health impacts. (Vasanthy and Jeganathan 2007, Vasanthy et.al., 2008, Raajasubramanian et.al.,
2011, Jeganathan et.al., 2012, 2014, Sridhar et.al., 2012, Gunaselvi et.al., 2014, Premalatha
et.al., 2015, Seshadri et.al., 2015, Shakila et.al., 2015, Ashok et.al., 2016, Satheesh Kumar et.al.,
2016).

MINIMUM QUANTITY LUBRICATION

Minimum quantity lubrication (MQL) is a technique that uses a spray of small oil droplets in a
compressed air jet. The lubricant is sprayed directly into the cutting zone, avoiding the huge
flows of conventional flood coolant methods. The air jet carries the oil droplets directly in the
cutting area, it provides efficient lubrication. One of the advantages of MQL is the fact that after
grinding runs, chips, workpieces and tools have less impregnated fluid, making cleaning easier
and cheaper. Furthermore, during grinding runs, since the workpiece is not fully covered with
fluid, visual monitoring is possible. The general guide for conventional fluid usage is 1 1/min of
fluid per 1 mm of wheel width . In contrast, MQL fluid consumption is typically 200-500 ml/h.
(Manikandan et.al., 2016, Sethuraman et.al., 2016, Senthil Thambi et.al., 2016).

Figure 1

EXPERIMENTAL SETUP

The purpose of this experiment was to measures the performance of MQL in the case of
cylindrical grinding. This was achieved by studying the effects of MQL in comparison with the
conventional flood delivery and dry grinding situations. The following parameters were taken as
input: grinding wheel speed, workpiece speed, depth of cut and fluid flow rate. The surface
roughness was taken as the output result of experiment.
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The cylindrical gridding machine used was a MASTER RS1, 3-phase motor of 2HP. Castrol
Syntilo2000 metal cutting lubricant was used because of its suitability for ferrous material. For
the conventional flood delivery at lubricant was used at 5% concentration. Delivery conditions
were 1 bar pressure and approximately 48 1/h was the flow rate.

For grinding with MQL, 50% concentrated Castrol Syntilo 2000 was delivered via MQL system.
A supply pressure of 2bar delivered approximately 250 ml/h and 500ml/h. The grinding wheel
used for the experiment was general purpose aluminium oxidewheel, the flow control valve and
nozzle were calibrated.

The material used in these tests was tempered and annealed AISI/ SAE2 4340 steel (0.4% C—
1.8% Ni—0.9% Cr—0.3% Mo—0.7% Mn—-0.23% Si), 60 HRC. It is employed in the manufacture of
automobile components that require a good combination of mechanical strength and toughness.
The tests were carried out with aluminum oxide (Al203)grinding wheel.
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Figure 2

Figure 3

Figure 4

GRINDING CONDITION
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Table 1

Grinding mode External cylindrical plunge
grinding

Grinding wheel Al,Os

Grinding machine | Riat son’s - Master RS1

Wheel speed (Vg)

Work speed (Vw)

Environment Dry, fluid, MQL

grinding fluid Water-miscible coolant lubricant Castrol Syntilo 2000
MQL flow rate (Q) | 250ml/h and 500 ml/h

Air pressure 2 bar

Workpiece material | SAE 4340 steel (dia 28mm, length 100mm)

EXPERIMENT PROCEDURE

The experimental work was performed in three stages: (1) conventional flood delivery grinding
(WET), (2) dry grinding (DRY) and (3) minimum quantity lubrication grinding (MQL). The
Regular Two-Level Factorial Design method was used for the experimental design resulting in
creation of 8 trial. The process parameters used for this study are given in Table 2. Before each
trial fluid flow was calibrated as per the process parameter.

The grinding experiments were conducted on a cylindrical grinding machine. The ground
material was AISI/ SAE 4340 steel. The MQL equipment is made of a compressor, pressure
regulator, air flow gauge, and mixing nozzle, flow control valve allowed the separate regulation
of compressed air and lubricant flows. The surface roughness was measured using Ra on a
surface roughness meter.

The results shown are averages of readings in different positions for each of the three workpieces
used and for each cooling-lubrication condition.

Table 2
Factor 1 Factor 2 Factor 3 Factor 4

Run | A:Grinding Wheel Speed | B:Work Piece Speed | C:Depth of Cut | D:Fluid Flow Rate
m/s m/s mm ml/h

1 29.21 0.952 1 500

2 21.99 0.513 1 500

3 21.99 0.952 0.5 250

4 29.21 0.952 0.5 500

5 21.99 0.513 0.5 500

6 21.99 0.513 1 250

7 29.21 0.513 0.5 250

8 29.21 0.952 1 250

RESULTS AND DISCUSSION:

976




This section, the experimental results of the output variables for each grinding condition will be
presented. The conventional cooling-lubrication system (flood coolant application) was used as a
reference because it is the most widely used in industry. The results show the quantity of
lubricant used and surface finish obtained in each grinding process, it evident from the results
that the MQL gives better result compared to conventional and dry grinding. MQL gives better
surface finish and consumes very less lubrication (200 times less than conventional lubrication)

Table 3
Fluid flow rate | Depth of cut | Surface roughness
(I/h) (mm) (um)
Dry _ 1 1.018
Flood lubrication 48 1 0.947
MQL 0.25 1 0.676

This section, the experimental results of the output variables for each grinding condition will be
presented. The conventional cooling-lubrication system (flood coolant application) was used as a
reference because it is the most widely used in industry. The results for the analysed variables
are illustrated in bar graphs containing their average measurements.

Table 4
Factor 1 Factor 2 Factor 3 Factor 4 Respo
nse 1
Run A:Grinding Wheel B:Work Piece C:Depth of D:Fluid Flow surfac
Speed Speed Cut Rate e
rough
nrss
Units m/s m/s mm ml/h um
1 29.21 0.952 1 500
2 21.99 0.513 1 500 0.676
3 21.99 0.952 0.5 250
4 129.21 0.952 0.5 500 0.329
5 21.99 0.513 0.5 500
6 |21.99 0.513 1 250
7 129.21 0.513 0.5 250 0.630
8 129.21 0.952 1 250 0.456
Conclusions

An analysis of the experimental data of this study led to the following conclusions regarding the
cylindrical plunge grinding AISI 4340 steel:
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It is evident from above results that MQL is able to outperform conventional flood cooling
delivery.

The MQL technique can be applied efficiently in the grinding process.

The Ra values were substantially reduced with the use of the MQL technique, due to
excellent properties of lubricity.

MQL gives better surface finish and consumes very less lubrication (approximately 200
times less than conventional lubrication)

e The significant reduction in coolant used results in reduction in cost of production.
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