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Abstract

The objective of this work is to reduce the tool flank wear of the cutting
tool while machining the PH17-4 stainless steel using a minimum quantity
lubrication (MQL) and compare it with tool flank wear of the tool used in the
dry machining process. Two groups were considered for the study, i.e., control
group and the study group. The number of samples is calculated using a sample
calculator. Twenty samples were taken for each group. In the control group, the
machining operation is carried out on PH17-4 without any kind of lubrication.
In the experimental group using novel MQL technique, the compress lubricant
is applied to the machining zone. The tool wear of the tool of each group is
measured by a microscope. The results were analyzed to understand the influence
of MQL. The tool wear of the samples from novel MQL is lesser than the samples
obtained from the dry machining operation. The significant value obtained is p
= 0.000, which is less than 0.05. It was concluded that there was 32% reduction
in tool wear when the MQL technique was implemented over dry machining.
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Introduction

Cutting fluids, also known as coolants, or cutting lubricants, play a critical
role in machining operations. It improves cutting performance and extends tool
life. Here are some notes on cutting fluids in machining [1]. One of the primary
roles of cutting fluids is to dissipate the heat generated during machining.
'This not only protects the tool and workpiece from thermal damage, but also
maintains dimensional accuracy as excessive heat can lead to material expansion
[2]. There are various types of cutting fluids used in machines, including oils,
emulsions, and synthetic fluids. Each type has its advantages and disadvantages
[3]. Cutting fluids lubricate the contact area between the tool and the workpiece.
'This decreases friction which, in turn, decreases the amount of energy needed for
the cutting operation, reduces cutting forces, and helps prolong the tool life [4].
Tool wear is unavoidable which leads to tool failure in the machining process.
'The tool wear has a strong influence on dimensional accuracy and surface finish
obtained. The cutting tool wear is classified into flank wear, crater wear and corner
wear. Chinchanikar and Choudhury [5] confirmed that the fluid can help flush
away the cut chips from the tool/workpiece interface, preventing them from being
recut or hindering the cutting process. Wang et al. [6] stated that by reducing
heat and friction, cutting fluids can enhance the surface quality of the workpiece,
resulting in a more precisely machined part. During machining operations, a lot
of heat is generated due to the friction between the tool and workpiece. The fluids
act as a coolant, reducing the temperature and preventing tool damage due to
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overheating. Hamano et al. [7] pointed out that cutting fluids
provide lubrication at the interface between the tool and the
workpiece, thus reducing friction. Reduced friction leads to
smoother cutting action and hence, a better surface finish is
achieved. Cutting fluids help to dissipate the heat generated
during machining. This prevents the tool from overheating,
which can cause changes in the tool’s geometry and lead to a
rough surface finish. Furthermore, preventing excessive heat
also ensures the workpiece does not expand or warp, affecting
the final dimensions and surface quality. The fluids aid in
flushing away cut chips from the cutting zone. This prevents
chip recutting or adhesion which can mar the surface finish.
Szczotkarz et al. [8] suggested that Cutting fluids help prevent
the formation of built-up edge (material accumulation on the
tool edge due to high pressure and temperature). This built-up
edge, if formed, can break off irregularly, causing waviness or
roughness on the machined surface.

The total number of research papers published related
to this work and sustainable production was 18300 in
google scholar and 6124 in ScienceDirect in the past ten
years. Jabbaripour et al. [9] analyzed the correct application
of cutting fluids can have a significant impact on achieving
a good surface finish in machining operations. However, the
type of fluid used should be carefully chosen as the level of
improvement can depend on the fluid’s properties [10].
Machining processes produce a significant amount of heat due
to the friction between the cutting tool and the workpiece.
Cutting fluids help absorb and dissipate this heat away from
the cutting area, preventing overheating. This improves the
tool life and aids in maintaining the dimensional accuracy
of the workpiece [11]. Cutting fluids act as a lubricant at the
interface between the tool and the workpiece. This reduces
friction, resulting in smoother cutting action, reduced energy
consumption, and less wear on the tool. Fluids help to wash
away the chips that are cut off during the machining process.
The removal of these chips prevents them from interfering
with the ongoing cutting, contributing to a smoother process
and a better surface finish on the workpiece. Szczotkarz et al.
[8] and Nagaraj et al. [12] concluded that built-up edge refers
to the accumulation of workpiece material on the cutting
edge of the tool, which often occurs due to high pressure
and temperature during cutting. Cutting fluids prevent the
formation of this built-up edge, thus contributing to a better
surface finish and improved tool life [13]. Some cutting fluids
also provide protection against corrosion and oxidation, thus
preserving the integrity of both the tool and the workpiece.
He concluded that the effectiveness of the cutting fluid can
depend on proper application and maintenance. Factors like
fluid type, concentration, application method, and system
cleanliness can significantly affect the performance benefits
provided by cutting fluids. It was considered that Szczotkarz
et al. [8] research work is closely related to this research work.

According to the findings of the research, only a limited
work has been conducted on the influence of MQL on tool
wear of the PH17-4 stainless steel [14]. The experimental
and depth theoretical knowledge about various machining
operations, MQL technique, tool wear measurement
techniques, metals and alloys and interest towards sustainable

production motivated me to carry out this research work [15].
This research work is focused on the surface roughness (SR)
of the machining of PH17-4 stainless steel under different
machining conditions [16].

Materials and Method

The CNC machining operation without any kind of
lubrication is considered a control group. The machining
operation using a novel MQL technique i.e., the compressed
lubricant is applied to the machining zone is considered an
experimental group. To obtain better results, a number of
samples have been taken. The number of samples is calculated
using a sample calculator [10]. In robust statistical research,
appropriate determination of the sample size is crucial and can
be calculated using a sample size calculator. The computation
process requires four principal variables: the population size,
margin of error, confidence level, and expected proportion. The
total population size corresponds to the number of individuals
within the demographic that the study pertains to. The chosen
margin of error, typically labelled as the confidence interval,
indicates a permissible degree of randomness in the survey
outcomes. Subsequently, the confidence level, primarily set at
90%, 95%, or 99%, represents an estimate of the probability
that the population’s responses will fall within this margin.
The expected proportion or rate of response is an anticipated
outcome of the survey. After ascertaining these values, they
are input into the sample size calculator. The result is the
minimum sample size needed for the study’s results to be
reflective of the larger population within the desired confidence
level and margin of error. As sample sizes can't incorporate
fractional individuals, it’s essential to round up the final figure.
Determining sample size through this methodology can
contribute to generating statistically significant results within
the established tolerance [17].

For the control group, the machining operations are
performed without lubrication. It is called dry machining. For
this study SPH17-4 stainless steel is taken as a study material
[18].The material was purchased at Viruvadia traders, Chennai.
'The size of the specimen is 150 mm x 150 mm x 10 mm. The
abovementioned coated carbide tools are used to machine the
PH17-4 stainless steel material. For the control group, the
machining operations are performed without lubrication. It is

called dry machining.

For the experimental group, the machining operations are
carried out with MQL set up (Figure 1) [3]. The lubricant is
prepared by mixing graphene nanoparticles with castor oil. The
lubricant is compressed with the help of the compressor and
supplied through the nozzle at the cutting zone. The set-up is
shown in figure 2. The tool inserts are preserved for measuring
the flank and crater wear.

The CNC machining operation has been performed using
CNC lathe machining center EV 1020A which is shown
in figure 3. Based on the literature survey, the machining
parameters are kept as follows. The coated carbide tool insert
was used to perform the CNC machining operation. The
end milling operation was performed under dry operation
conditions for the control group. The MQL set-up is fitted,
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Figure 1: MQL set-up line diagram.

Figure 2: MQL set-up.

Figure 3: CNC lathe super jobber.

and the end milling operation was performed under novel
MQL technique for the experimental group for the same
machining parameters.

After machining for the specified time, the tool inserts
were collected and cleaned as shown in figure 4. The metzer
optical microscope is used to observe tool wear shown in figure

5.'This is a portable optical instrument that allows accurately
measure tool wear. The tool inserts were kept on the measuring
platform. The microscopic images were captured. Then the
images were exported to Image] software. For more precise

and accurate measurements of flank wear, a practical approach
involves utilizing a toolmaker’s microscope. This instrument
magnifies the flank, making the wear land, or worn-out area,
clearly visible and effectively measurable. The cutting tool
insert should be fitted onto the stage of the microscope,
aligning the focus to provide a well-resolved image of the
flank. The incorporated scale within the microscope permits
accurate quantification of the length of the wear land. This
method, therefore, allows detailed characterization of the
tool’s wear pattern, which is vital in understanding not only

Figure 4: Flank wear of the tool insert.

=t e

Figure 5: Metzer microscope.
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the severity of wear but also the wear mechanism itself. The
reliable and accurate inferences derived from the use of a
toolmaker’s microscope for flank wear measurement denote its
significance in enhancing the precision and adequacy of tool
wear monitoring. The tool wear of the samples is tabulated in

table 1.
Statistical analysis

For all the 20 samples of tool inserts used for machining
PH17-4 stainless steel machined in dry condition and 20
samples of surface tool wear of the tool inserts under MQL
technique. The SPSS software is used for statistical analysis.
The number of the samples was calculated by keeping the
alpha value 0.05 and G-power as 80% [19]. Performing
statistical analysis using the statistical package for social
sciences (SPSS) software has proven highly advantageous
in a range of academic research. The elevated degree of data
organization, data transformation, and the possibility of
running both descriptive and inferential statistical tests have
been exceedingly valued. Before the analysis itself is conducted,
raw data is input into an SPSS data view window, primarily
resembling a spreadsheet. Data must be carefully coded, with
variables clearly defined and assigned a respective scale of
measurement in the variable view tab. Common descriptive
statistics such as mean, median, and mode can be computed
with ease, along with inferential statistics including correlation
coefficients, regression analysis, t-tests, and ANOVA. 'The
software also allows visual representation of data, facilitating
its understanding. Ease of use and robustness make SPSS
an effective tool for performing complex statistical analyses,
offering valuable insights into the collected data.

Results and Discussion

'The tool wear of the samples from the control group and
study group were measured using metzer optical microscope.
The tool wear of both group tool inserts was further
statistically analyzed using SPSS software and obtained values
of various tests. The results are shown in table 2. The mean
tool wear of the tool insert of the dry machining is 2.2870
with a standard deviation of 0.11291 and the mean tool wear
of the for machined surface obtained in the MQL technique
is 1.5560 with a standard deviation of 0.22698. The bar graph

Table 2: Descriptive table representing mean and standard deviation of
tool wear of dry machining with MQL set-up.

Flank tool wear N | Mean | Std. deviation | Std. error mean
Control group 20 | 2.287 0.1129 0.0252
Experimental group | 20 | 1.556 0.2269 0.0507

is shown in figure 6.The X axis denotes method of machining
technique and Y axis denotes the mean tool wear of the. This
graph shows that the machined surface obtained in the MQL
technique has a better surface finish with a significantly lower
error deviation.

'The results prove that surface finish has been improved in
the MQL machining compared to dry machining. The mean
tool wear of the dry machining is 2.287.The mean surface tool
wear of the MQL machining is 1.5560 which is evident that
surface finish has improved. Table 3 shows the levene’s test for
equality and t-test for equality of means independent samples.

In this study, it was observed that SR has been reduced

Mean Tool Wear

GROUP

Eqror Bars: 95% C1
Enror Bars: +-2 5D

Figure 6: Mean surface tool wear comparison of machined surface from
dry machining and MQL technique using bar graphs. The SR for ma-
chined surface from dry machining is 2.2870 with a standard deviation of
0.11291 and the SR for machined surface obtained in the MQL technique
is 1.5560 with a standard deviation of 0.22698. X axis denotes method of
machining technique and Y axis denotes the mean tool wear. This graph
shows that the machined surface obtained in the MQL technique has a
better surface finish with a significantly lower error deviation SD =+ 2.

Table 1: Tool wear in of tool inserts from dry machining and MQL technique.

Tool wear dry Tool wear dry Tool wear MQL Tool wear MQL
Sample no machining (mm) Sample no machining (mm) Sample no technique (mm) Sample no technique (mm)

1 2.34 11 2.48 1 1.82 11 1.55

2 2.42 12 2.4 2 1.68 12 1.58

3 212 13 2.41 3 1.36 13 1.22

4 2.3 14 2.18 4 1.48 14 1.81

5 2.24 15 2.23 5 1.56 15 1.92

6 2.4 16 2.16 6 1.84 16 1.12

7 2.16 17 2.18 7 1.83 17 1.36

8 2.18 18 2.22 8 1.74 18 1.4

9 2.23 19 2.36 9 1.67 19 1.34

10 2.32 20 2.32 10 1.42 20 1.42
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Table 3: Levene's test for equality and t-test for equality of means.
Levene's test for .
equality of variances T-test for equality of means
Ind dent les test 95% confid interval
néependent samples tes F Si c daf Significance Mean Std. error oocf(;lrle d:;:::c:rv
& (2-tailed) difference | difference
Lower Upper
Equal variances assumed 10.098 0.003 12.895 38 0 10.4000000 | 1.0531107 | 12.2680889 13.8178687
Equal variances not assumed - - 12.895 | 27.860 0 14.4000000 | 1.0531107 | 12.2523904 | 13.8178689

while MQL technique with the help of graphene nanoparticles
has been implemented when compared with dry machining
i.e., without any coolant while machining the monel material.
The MQL technique minimizes the friction between the
cutting tool and workpiece which leads to minimizing the
surface irregularities.

'The obtained results were compared with similar kinds of
research work [20]. The usage of MQL techniques presents
significant implications on the surface finish of machined
parts. MQL techniques aim to provide an optimal amount
of cooling and lubrication by precisely applying a minute
amount of lubricant, aspiring to achieve the most favorable
machining performance. These techniques are known for
their potential to reduce friction and heat generation at the
cutting zone, consequently leading to an improved surface
finish. Attanasio et al. [21] concluded that MQL also helps in
deterring the welding of work material onto the tool surface,
a common cause contributing to SR. The consistently formed
lubricating film between the tool and the workpiece tends
to minimize the abrasive and adhesive wear on the cutting
tool, further reducing the likelihood of surface imperfections.
Khalil et al. [22] found that the optimally targeted and
reduced usage of lubricant brought by MQL minimizes the
chances of the lubricant infiltrating the machined surface,
which can sometimes cause texture variations and other
finishing issues [23]. The effects of MQL on surface finish
can significantly depend on numerous factors including the
material being machined, the type of lubricant used, the tool
material, and the machining parameters. Thus, the benefits of
MQL techniques should be evaluated in a context-specific
manner. The experimental work by researchers proposed that
by delivering a minimal amount of lubricant specifically to
the cutting zone, largely lessening the temperature within the
cutting zone due to decreased friction. This precise application
of lubricant creates a thin film between the cutting tool and
the workpiece, effectively reducing the direct contact between
them, hence lowering the tool wear and the heat produced.
Wika et al. [24] simulated MQL and suggested that reduction
in heat and friction translates to an improved surface finish as
there are fewer thermal distortions and lesser likelihood of the
work material adhering to the cutting tool, factors that often
contribute to a rougher finish. Moreover, the cooling effect
prevents the tool from reaching conditions that could lead to
the softening of the tool material and consequent premature
tool failure.

The MQL also aids in ejecting the chips away from
the cutting zone. This chip removal prevents the chips from
interfering with the cutting process and thus reduces the

chances of creating surface artifacts on the workpiece. Overall,
the central mechanism of MQL revolves around reducing
friction and cooling the tool and workpiece to achieve an
optimum surface finish. Nevertheless, it’s also important to
consider the other machining parameters in order to fully

exploit the benefits of MQL techniques.

Conclusion
Within the limits of study, the influence of a novel MQL

technique on flank wear on machining of PH17-4 stainless
steel has been studied. The tool wear of novel MQL machining
was compared with the tool wear of the dry machining process.
It concluded that there was a 32% improvement in the surface
finish when the novel MQL technique was implemented
over dry machining. The future scope of MQL is promising
and expansive, particularly in the sustainable manufacturing
industry. As environmental concerns rise and regulatory
demands tighten, MQL is viewed as a greener alternative
to conventional flood cooling due to significantly reduced
lubricantusage and waste disposal. Future advances may involve
refining MQL systems for more precision and advanced control
over the lubrication process, potentially leading to even greater
efficiency and eco-friendly benefits. Additionally, integrating
MQL with other innovative techniques such as nanofluid
technology or cryogenic cooling could potentially enhance
its effectiveness and broaden its applications. There also lies
potential in exploring its use with different materials and
machining operations. Thus, further research into establishing
optimized parameters and determining the effectiveness of
MOQL under various conditions stands as an enticing prospect,
potentially revolutionizing machining processes in terms of
both performance and sustainability.
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