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ABSTRACT

In this research, Taguchi method was applied to find the optimal
values of minimum quantity lubricant (MQL) condition in hard
turning of SKD 61 with consideration of reduced surface roughness.
The performance characteristics of MQL parameters (cutting fluid
type, pressure and fluid flow) were studied by using a L9 array, the
signal-to-noise ratios and analysis of variance (ANOVA). In result of
the present study, the lubricant and the pressure of MQL condition
are the most influential factors which give statistic significant effect
on machined surfaces. In addition, the optimal condition of the MQL

mode to reduce the roughness was also presented.
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INTRODUCTION

Nowadays, hard machining has been widely applied
in mechanical processing due to have many
advantages. The advantages of hard machining were
indicated as geometric accuracy, the improved quality
of the finished surface, the reduction of the labor
expenditures and also reduction burr formation, better
chip disposal, higher stability, simplified tooling[1-3].
However, due to high hardness of the work piece
material and high cutting temperature, the tool life is
reduced[4]. The application of flood coolant in hard
machining has not been satisfied, especially in the
matter of environment[5, 6]. MQL is a successful key
to hard machining. MQL is an effective,
environmentally friendly solution to be applied in
metal cutting processes. Machining with MQL is a
process in which a small amount lubricant at a flow
rate less than 250 ml/h is mixed with compressed air
and sprayed on cutting zone [7]. MQL helps in
increasing the quality of surface finish, improving
tool life, reducing tool wear, decrease cutting
temperature and cut down the cost of lubrication[8-
12]. The effectiveness of MQL has been
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demonstrated in many studies and application of
turning and milling processes.

In machining with MQL, the lubricant, the air
pressure and the fluid flow are mainly parameters.
They decide the effectiveness of MQL cutting.
Applied lubricants in machining are wealthy as
mineral oil, synthetic esters, fatty alcohols...[13].
Even the vegetable oil was also used and proven
effective in machining[5, 13]. Several authors
optimized MQL parameters and achieved positive
results [1, 14]. However, the researches on the effects
and optimization of the parameters of MQL including
flow rate, air pressure and type of lubricant still
remain open.

In the study, the Taguchi method and ANOVA were
applied to optimize MQL conditions for surface
roughness. The best MQL parameters of hard turning
of SKD61, such as cutting fluid type, pressure and
fluid flow were found out in order to get the better
surface roughness.

EXPERIMENTAL PROCEDURE

In this study, Taguchi method was used to design the
experiments. This method has been widely used
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because it is a simple and robust method to optimize
the parameters of process with involving significant
reducing in cost and time of processing. With three
parameters at three levels, Taguchi’s L9 orthogonal
array was used to organize the experiments. The
purpose of present research is to optimize the
parameters of the MQL system to get the better
surface roughness which are set to minimum.
Therefore, the-smaller-is-the-better type was selected.
It is calculated according to the following formula:
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Where: y; is the observed data, n is the number of
experiments which is repeated.

The turning process was performed by a Maxxturn 45
turning CNC machine and CBN cutting tool. The
work pieces are SKD 61 steel block with 55 HRC
hardness. The turning parameters were cutting
velocity of 60 m/min, feed rate of 0.05 mm/rev and
depth of cut of 0.1 mm.

RESULTS AND DISCUSSIONS

The analysis was carried out to determine the effect
of MQL parameters (fluid flow F, pressure P and type
of lubricant L) on surface roughness. The statistic
analysis was performed by using Minitab software
version 18. From formula (1), S/N ratio was
calculated. Value of S/N ratio and measured result of
Rais shown in the Table 1. Mean of S/N response for
surface roughness is shown in the Table 2.

TABLE 1. THE SURFACE ROUGHNESS RESULT AND S/N RATIO

Peanut oil 20 3 1.232 | -1.81221
Peanut oil 60 4 1.311 | -2.35205
Peanut oil 100 S5 1.687 | -4.5423
Straight cutting oil 20 4 1.293 | -2.23197
Straight cutting oil 60 5 1.65 | -4.34968
Straight cutting oil | 100 3 1.055 | -0.46505
Emulsion 20 5 1.388 | -2.84779
Emulsion 60 3 0.901 | 0.905504
Emulsion 100 4 0.955 |0.399933

Table 2 shows the response table for S/N. The ranked highest of each level of MQL parameters is the first level
for the type of lubricant, the third level for the fluid flow, and the first level for the pressure. Consequently, the
optimal condition of the hard turning process will be (1-3-1). The rank of the pressure is “1” meaning that
pressure is the most influential factor on the surface roughness. The second factor affecting surface roughness is

the type of lubricant

TABLE 2. MEAN OF S/N RESPONSE FOR SURFACE ROUGHNESS.

1 -0.5141

2 -2.9022

3 -2.3489
Delta | 2.3881
Rank 2

-2.2973 | -0.4573

-1.9321 | -1.3947

-1.5358 | -3.9133

0.7615 | 3.4560
3 1

Figure 1 shows the S/N response graph. From the S/N response analysis, the MQL optimal condition of MQL is
the emulsion for lubricant, flow rate of 100 ml/h and the pressure of 3 KG/cm?.
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FIGURE 1 EFFECT OF MQL PARAMETERS ON SURFACE ROUGHNESS
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TABLE 3 THE ANALYSIS OF VARIANCE FOR SURFACE ROUGHNESS

L 2 10.177171 | 0.088585 | 63.90 0.015 28.7
F 2 10.008498 | 0.004249 3.06 0.246 1,38
P 2 10428841 | 0.214420 | 154.67 0.006 | 69.47
Error 2 10.002773 | 0.001386 - -
Total 8 |0.617282 - - -

Table 3 shows the analysis of variance for surface
roughness. Based on analysis of variance, pressure
and lubricant are the most significant factors affecting
the surface roughness. They contribute 69.47 % and
28.7 % to the total effect, respectively. Their P index
less than 0.05 mean that the effect of these factors has
statistic significant.

CONCLUSION

In this paper, the Taguchi method and ANOVA were
applied to optimize MQL conditions for surface
roughness. Some main conclusions are given as the
following:

The emulsion lubricant, the 100 ml/h fluid flow and
the 3 KG/cm? pressure provided the best result for
surface roughness in hard turning of SKD 61 with
MQL condition.

Lubricant and pressure were two factors most
affecting the surface roughness. Lubricant factor
contributed 28.7 % and pressure factor contributed
69.47 % of the total effect. The effect of them had
statistic significant.
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