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Abstract

To better the machining rate and surface smoothness of unalloyed car-
bon medium steel (ENS). This study compares novel chromium aluminum ni-
tride-coated WC tool to uncoated High Speed Steel (HSS) tool for CNC GM.
This study made use of a 20 mm diameter by 50 mm long ENS steel rod. Using
normalization at 650 °C and annealing at 840 °C, ENS steel was successtully pro-
cessed. After heating to this point, hardening can be achieved by quenching in oil
or water. Each group had 32 tests, including 16 members and 16 more as outliers.
Each rod from the control group (unalloyed EN8 steel) and the experimental
group is subjected to a control turning operation to determine the surface finish.
The software G-power 3.1 is used to determine an 80% G-power, and The com-
bined sample size for the groups is 32.This research intends to analyze and com-
pare the efficiency of an HSS tool, and a chromium aluminum nitride coated WC
tool. This is achieved by analysing the cutting settings and measuring the finding
surface irregularities values for all samples. A Material removal rate (MRR) of
350 mm®*/min was used for the turning process, and the cutting force and power
were found to be significantly affected by the depth of cut (62.31% and 60.72%,
respectively). A roughness value of 24.252 characterizes the surface. Using a chro-
mium aluminum nitride coated Tungsten carbide tool in CNC machining is one
way to reduce surface roughness compared to a HSS tool. The p values for both
the SR and MRR, at p = 0.020 and p = 0.025, respectively, are less than 0.05, as
shown by the outcomes of the t-test. The surface roughness and MRR of EN8
medium carbon steel were optimized using the response of chromium aluminum
nitride within the scope of the experiments. The collected data demonstrated that
the MRR is mainly influenced by feed rate, spindle speed, and cut depth. Turning
with an MRR was achieved by setting the spindle speed to 500 RPM, the feed
rate to 0.4 mm/rev, and the depth to 0.2 mm.
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Introduction

To increase the durability and performance of manufactured shafts made
from ENS, this study explores the use of novel chromium aluminum nitride
coated Tungsten carbide during computer numerical control turning [1]. The
main gain from this study was the realization that EN8 is difficult to machine
because of its exceptional mechanical strength and hardness. Embedded apparatus
is characterized by a high rate of material evacuation and a smooth surface [2].
Shafts, gears, and bolts are just a few examples of the many places where the
increased strength of this EN8 material is an improvement over mild steel. Parts
and pieces for cars and other vehicles, parts, and pieces for engineering projects,
and so on [3]. Forging, casting, connecting rods, axle-shafts, and crankshafts
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are just few of the many uses for EN8. In the tool and die
producing industries, it serves as a less costly die material
[4].When comparing low carbon steels, this material can be
toughened to increase its strength and wear resistance [5, 6].

Over the past 5 years, there have been about 137 goo-
gle scholar articles and 60 scientific direct articles devoted to
studying EN8.The workpiece’s MRR is dramatically enhanced
in comparison to that achieved with single edge equipment
[7].The product quality finished surface is particularly import-
ant in the metal cutting and assembly industries. An excellent
level of surface completion not only guarantees quality but also
reduces production costs. The influence of FR and shaft speed
on surface unpleasantness of CS in computer numerical con-
trol turning is investigated with regards to its significance in
terms of resilience [8]. This, in turn, reduces get together time
and eliminates the need for auxiliary activity, which in turn
shortens activity time and leads to a decrease in overall costs

[9].

'The current evaluation will use equipment without cool-
ants in the hopes of achieving exceptional surface completion
and satisfactory mechanical assembly work interface tempera-
ture. Cutting rate and feed must be given the most fundamen-
tal of considerations during the machining of solidified steel.
Lack of material plastification at low cutting speeds shortens
the lifespan of the cutting hardware and leads to inferior sur-
face quality. Turning device materials are notoriously difficult
to cut due to their high temperature and hardness. Accom-
plishing the most common method of turning precisely de-
pends on factors such as machine instrument strength and
stability, cutting fluid, turning device, and turning gadget, and
material [10,11]. Metal turning is a crucial machining process,
as it is widely used in most of the metal cutting assemblies.
Novel chromium aluminum nitride coated WC tools outper-
form uncoated HSS tools when it comes to machining toler-
ances for turning activities. Good machinability includes char-
acteristics like high surface finish, low rate of tool wear, low
temperature, high thermal stability, high MRR, fast produc-
tion rate, etc. [12]. Raising the turning operation’s machining
settings in advance of reducing surface roughness [13]. One of
the most fundamental techniques of machining is turning. The
part is rotated around its axis of rotation while a single-point
cutting device is moved in a straight line. Both the interior and
exterior of the part must be turn able [14].

Various cycles, including anticipating, assembling, ejec-
tion, and drawing, convey the basic materials surrounding a
workpiece. Both conventional machines and modern, comput-
er-controlled, automated ones should be capable of turning
[15].The name “Computerized numerical control” implies that
the machine tool in question is controlled by a personal com-
puter, which is not the case. In turning techniques, cutting rate,
feed rate, and meaning of cut are portrayed as crucial cutting
cut off points. Wear on metal-cutting tools is affected most by
the cutting temperature, contact pressures, and relative sliding
speed at the contact site [16]. These correlation variables are
affected by the mechanical assembly and workpiece materials,
instrument mathematics and coatings, cutting circumstanc-
es, and coolant [17, 18]. The best of these publications is just
20% relevant to my work, but it does discuss how to get better

results with a chromium aluminum nitride-coated WC tool
than from an uncoated HSS one [17].

Neither the novel AICrN coated WC tool nor the uncoat-
ed HSS tool have been the subject of any comparative study to
my knowledge. Surface polishing and increased machinability
are ideal for this procedure. The optimum machining tech-
nique is revealed when uncoated HSS tools are compared to
modern chromium aluminum nitride tools. It has good tensile
strength for a steel of its medium strength category. You can
have it normalized or rolled; it’s up to you. The CNC turning
process requires careful consideration of the tool holder, tool
grades, and cutting dry grades employed in the process. Medi-
um-carbon, EN8 is used as a coolant. It has been determined
whether or not a chromium aluminum nitride coated WC tool
or a HSS insert is more effective in boosting the MRR in the
sectors.

Materials and Methods
ENS8 material is being investigated along with CRONAL

insert and HSS insert cutting tools for the turning process. The
tensile strength of EN8 material is greater than that of standard
medium-strength steel. Therefore, the process consisted of the
two insertions. The CNC turning center on our university’s
campus in Chennai served as the testing ground for this
experiment. Since no testing was done on human subjects,
no permission from an ethical review board was necessary for
this study. This study pits a novel chromium aluminum nitride
coated Tungsten carbide tool against a standard HSS tool in
an experimental setting. If there are to be no more than two
groups, then each group needs 16 participants. To calculate
80% of G power, we utilize the program G-power 3.1 and a
total of 32 samples across all groups. The sample means for
the traditional methods are 0.9175, and the sample means for
the new approaches are 0.973. 0.283735 was utilized as the
standard deviation [19].

I acquired ENS8, a novel chromium aluminum nitride
coated WC tool, and an HSS tool for this undertaking. At
NJ Shop in Karaikudi, Tamil Nadu, I purchased 20-millime-
ter-diameter rods, three meters in length, of the EN8 080M40
grade. We also purchased a titanium silicon nitride coated tool
(CRONAL) from the same supplier. Dimensions of 20 mm
x 50 mm were used in the final draft. Dry turning machining
with an HSS tool is to be performed on control group samples.
'The process of green manufacturing using variable inputs. The
50 mm length standard was applied to the samples. The tensile
strength of ENS steel is moderate. It is typically distributed in
a virus-drawn or -transferred form. The tensile properties ex-
hibit variability, with a typical range spanning from 500 to 800
N/mm?. The wear-resistant coating on chromium aluminum
nitride makes it ideal for high-speed cutting. It has a decent
level of hardness, temperature resistance, and oxidation resis-
tance all around. There is a lot of Cr in it. Silicon to the coating
arranges nano composite systems in business.

Cronal granules with nanometer precision are embed-
ded in an a-sinx matrix. For the machining of solidified pre-
pares from 55HRC and the tempered steels with strength up
to 1200 HV, CRONAL is typically coated on quick cutting
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devices used on computer numerical control machines. Dry ( h
machining is when it really shines. Tools like saws and drill op Bac oo ol ULy frcrp

bits rely heavily on it. It can take greater temperatures with- -

out losing its temper, This characteristic renders it well-suit-

ed for earlier HCS tools that were widely used throughout somon

the 1940’s. Because of this quality, HSS can make faster cuts
than high carbon steel. In comparison to standard carbon tool
steels, HSS have typically demonstrated greater hardness and
abrasion resistance. Group B is the control group, and they are
going to machine some samples with a AICrN coated HSS
tool using a various combination of parameters that the other
group is going to use.

Utilizing a C.N.C. machine the individual workpiece is
machined utilizing green machining techniques (turning op-
eration) with a novel AICrN coated WC tool and an uncoated
HSS tool insert. After the machining is complete, the inserts
are compared based on their surface roughness and the MRR.
ISO 4287(1997) is the testing standard. There is a 0.25 mm/s
sampling rate and a 50 mm sample length. The minimum
length to be considered is 15 mm, and 16 values are averaged.
Having the sample’s pre- and post-machining weights allows

one to determine the MRR (Figures 1 to figure 4).

The MRR is determined by comparing the sample’s pre-
and post-machining weights, as this is the only way to account
for the effects of machining on a short sample. Errors were
minimized by doing the process multiple times and taking the
average result into account. The parameters of the CNC green
machining process were supplied in table 1 as input specifi-
cations; this work extracted three parameters across four rpm
ranges from these requirements. Data for the control group’s
MRR and the surface roughness while using HSS and a
CRONAL coated HSS tool are summarized in table 2.

Statistical Analysis

We used the statistical program “SPSS statistics 26” to
conduct our analyses. Means from both The comparison be-
tween the experimental and control groups was conducted
using an individual sampling test. MRR and Ra were calcu-
lated by changing the FR (0.10 mm/rev), CS (50 m/min), and
DOC (0.25 mm). T-tests and independent-samples tests were
performed as part of the statistical study. If Surface roughness
and MRR are the dependent parameters. The analysis in this
study was conducted using the SPSS program using ANOVA
tables and graphs.

Results

Both groups’ sample sizes (16 total) and the values of Ra
and MRR are examined statistically. Table 3 shows that the
mean thickness of CRONAL coated Tungsten carbide was
0.505125 p, which is much less than the mean thickness of
3.519625 p in the HSS control group. Thus, the MRR was
noticeably better for samples machined using the CRONAL
coated Tungsten carbide tool compared to those machined
with the standard HSS tool. All 16 types of experiments’ in-
put specifications are listed in table 4. Table 5 presents the
MRR values for samples that were machined using HSS tools.

4000000

3000000

Mean MRR

2000000

1,000.000

HSS Tool

CRONAL Coated W Tool
Group

Ermor Bars: 9%5% CI
Error Bars: +- 150

Figure 1: Depicts the percentage of coated and uncoated tool cutters that
dominate in terms of MRR. The CRONAL coated WC cutting tool from
these cutters provided good MRR despite variations in cutting speed, feed,
and cut depth. HSS and CRONAL coated WC tool on the X-axis; mean

MRR of identification within 1 SD on the Y-axis.
. J

s 7
Simple Bar Mean of Surface_Roughness by Group

Mean Surface_Roughness
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Figure 2: Illustrates the dominance of coated and uncoated tool cutters

in terms of rough surface. Even with variations in CS, FR, DOC the

CRONAL coated WC Tool cutter generated minimal surface roughness

from these cutters. HSS and CRONAL coated WC tool on X-axis, and
kthe mean SR of detection 1 SD on Y-axis.

J

Samples machined using HSS tools had a MRR and surface
roughness values in the range of 0.210 to 1.786, as shown in
table 6. There is a range of 1434.017% to 7051.0259% for the
MRR. Means, standard deviations, and standard deviation er-
rors from a T test are shown in table 7 for the CRONAL
coated WC tool and HSS tool groups, respectively. The results
of the statistical significance test conducted using an indepen-
dent sample are presented in table 8. EN8 was used to create
a unique lightweight material. Images (a) before and (b) after
machining of the maximum surface roughness of each of the
sixteen specimens. The sharp edges have been appropriately
machined to provide smooth curved edges, while the contour
measuring 200 mm in square dimensions has been machined
to a depth of 15 mm. CNC turning machines will be used to
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Table 1: Control variables.
Factors Levell | Level2 | Level 3 | Level 4
CS (rpm) 400 800 1000 1100
FR (mm/rev) 0.2 0.4 1.0 1.6
DOC (mm) 0.1 0.3 0.5 0.8
Table 2: Test process.
Parameter Value
Stnd ISO 3287
specimen length 45 mm
MS 0.15 mm/sec
LOC 15 mm

Figure 3: Machined samples.

_

+f5stool

S

Figure 4: HSS tool and CRONAL coated WC tool.

machine all the contour profiles. MRR and SR response values
from each of the 16 runs of experiments. Figure 1 displays the
impact of two types of tool cutters, namely HSS and titani-
um silicon nitride, on the rate at which material is removed
and the roughness of the surface. Surface roughness and MRR
comparisons at the 1 standard deviation level are shown in
figure 1 and figure 2, respectively. The outcome of the T test
indicates that both the SR and MRR are statistically signifi-
cant (p < 0.020 and p < 0.025, respectively). Therefore, it can be

argued that the results are meaningful (Figure 5 and figure 6).

Discussion

As can be seen from the results above, raising either the
teed rate or the DOC increases the MRR. Raising the DOC
speeds up the rate at which material is sliced away. A high
MRR improves the surface finish of the workpiece, which in
turn boosts the part’s performance and longevity. The signifi-
cance level is 0.04. The CS, FR, DOC may all be seen in the
accompanying bar chart. This is the standard recipe for HSS
tool inserts and HSS inserts coated with chromium alumi-
num nitride (CRONAL). SPSS study reveals that the CS has
a negligible effect on the final product, in comparison to the
feed rate and the depth of cut. Compared to the feed rate and
cut depth, cutting forces were found to be negligible.

When the cutting speed and the nose radius of the tool
are both raised, the cutting force required is reduced. The
MRR improves when the CS,FR,DOC are all high. The sta-
tistical significance of these results is p < 0.06, indicating high
intelligence [20]. When compared to the HSS tool, the chro-
mium aluminum nitride coated WC significantly decreased
the composite’s MRR. The parameters of unit FR and DOC,
when equally defined, are additional factors that have an im-
pact on MRR and surface roughness [21]. MRR and the SR
are said to have improved by 21.515 and 22.252 percentage
points, respectively, when compared to conventional HSS
when the DOC, and FR were increased, respectively [22].
Since only a small set of variables are allowed to influence the
output. In addition, CNC turning employs the use of a tool
with a novel chromium aluminum nitride coating [23]. Since a
higher MRR is needed for each application, the results of this
investigation confirmed that a CRONAL coated WC tool is
optimal for this composite. The CRONAL coated Tungsten
carbide tool is often recommended for CNC machining, par-
ticularly for contour turning operations. In this process, it has
been noticed that increasing the speed and feed rate while de-
creasing the depth of cut leads to the highest possible MRR
for this composite material. The objective of this study is to
conduct an experimental analysis of the CNC turning process.
It focuses on examining how different cutting parameters af-
fect the quality of the materials that are turned [24]. Only the
SR, MRR and the die material are considered in this study.
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The previous discussions have clearly shown that, apart
from the traditional input factors such as CS, DOC, FR the

hardness of the tool and the temperatures in the cutting zone

Table 3: Control factors for HSS insert.
Trail | CS (RPM) | DOC (mm) | FR (mm/rev) | BM weight (gm) | AM weight (gm) | CNC run time (sec) MRR (g) Surface roughness (pm)
1 500 0.12 0.39 119 123 5.3 1534.12 1.86
2 500 0.14 0.78 118 123 5.3 2433.26 1.19
3 500 0.16 1.15 112 121 5.8 3853.38 1.48
4 500 0.8 1.6 124 120 5.95 4138.361077 1.108
5 800 0.2 0.4 124 123 5.44 1405.020607 1.113
6 800 0.4 0.8 124 123 5.84 1808.786319 1.985
7 800 0.6 1.2 124 122 591 2586.569239 1.011
8 800 0.8 1.6 124 122 6.06 2522.545248 1.155
9 1100 0.2 0.4 124 123 5.55 1377.173352 1.264
10 1100 0.4 0.8 124 122 5.95 2569.180538 1.332
11 1100 0.6 1.2 124 122 6.02 2539.306346 1.197
12 1100 0.8 1.6 124 121 6.17 3716.359207 1.256
13 1400 0.2 0.4 124 122 6.12 2497.814412 1.743
14 1400 0.4 0.8 125 123 6.09 2510.118917 1.248
15 1400 0.6 1.2 124 122 6.1 2506.003968 1.204
16 1400 0.8 1.6 123 119 6.4 3777.070064 1.049
Table 4: Process variables for AICtN (CRONAL) coated high tungsten carbide insert.
Trail | CS (RPM) | DOC (mm) | FR (mm/rev) | BM weight (gm) | AM weight (gm) CNC run time (sec) MRR (g) Surface roughness (pm)
1 500 0.2 0.4 122 121 4.33 1765.1991 0.742
2 500 0.4 0.8 123 122 4.73 1615.92222 0.845
3 500 0.6 1.2 124 122 4.89 3126.099019 0.881
4 500 0.8 1.6 123 119 4.95 6176.41382 0.742
5 800 0.2 0.4 123 121 4.42 3442.933379 0.762
6 800 0.4 0.8 122 120 4.84 3158.393431 0.742
7 800 0.6 1.2 122 119 491 4670.048127 0.875
8 800 0.8 1.6 124 120 5.06 6042.143954 0.762
9 1100 0.2 0.4 124 122 4.55 3359.697627 0.758
10 1100 0.4 0.8 123 121 4.95 3088.20691 0.210
11 1100 0.6 1.2 123 121 5.02 3045.144264 0.898
12 1100 0.8 1.6 123 120 5.17 4435.190775 0.758
13 1400 0.2 0.4 123 121 5.12 2985.66879 0.755
14 1400 0.4 0.8 123 121 5.09 3003.266052 0.814
15 1400 0.6 1.2 123 120 5.11 4487.267379 0.878
16 1400 0.8 1.6 123 118 5.42 7051.025924 0.755
Table 5: Results of a t-test conducted on a specimen of EN8 material that s1gn1ﬁcant1y 1mpact both the MRR and surface' roughr.le.ss.
underwent machining using two distinct procedures. The samples in group The use of the CRONAL coated WC tOOL which exhibits
A undergo machining using a HSS tool, whereas the samples in group greater hardness compared to the HSS tool, led to notable
B are machined using a WC tool coated with CRONAL. The mean val- enhancements in both low SR and high MRR. Despite the
ues obtained from the suggested approach (Group B) show a statistically | g hstantial advancements made, there are still several caveats
Zﬁfgim increase in MRR compared to the standard HSS tool used in | ¢ 415 study. This research did not account for the impact of
coolant on MRR because it was focused on “Green manu-
Group statistics facturing,” although coolant will considerably contribute to
c . Std. Std. error lowering MRR. MRR and surface roughness were optimized
omposite N | Mean deviati . i X
eviation mean utilizing CRONAL coated WC tools. In the future, it will
MRR HSS 16 | 2582.022 | 856.2694 | 214.0673 be possible to investigate the characteristics of wet machining
CoaiRdovl:I]é]:OOI 16 | 3840788 | 15345366 | 383.6341 using noncorrosive coolants such as cryogenic and nanofluids.

Conclusion

Only data from CNC turning of EN8 with a chromium
aluminum nitride (CRONAL) coated WC tool vs HSS were
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Table 6: Findings of an individual samples test performed on EN8 material that was turned using a CNC lathe using a normal HSS tool (GP 1) and a
suggested CRONAL coated WC tool (Group 2). One way ANOVA results in a MRR has a statistically significant difference (p = 0.025, p = 0.05), it has

been found.

Independent specimen test
Levene's test for .
equality of variances T test for equality of means
Sig. (2 95% confidence interval of
F Sig t df taligl; Q) Mean difference | Std. error difference the difference

Lower Upper
Equal variances

MMR assumed 5.58 0.025 -2.8] 30 0.008 -1258.6 439.376 -2155.7 -361.3

Equal variances | = - 28] 235 0.009 -1258.6 439317 -2166.2 -350.8

not assumed

Table 8: Outcomes of an independent samples test performed on EN8 material that was turned using a CNC machine and either a conventional HSS tool
or a newly suggested coated HSS tool (group 1). When using one-way ANOVA, it was shown that Ra showed a difference that can be backed up by statistics
(p = 0.020, p = 0.05).

Analysis of different samples
Levene's test for .
equality of variances T test for equality of means
95% confidence interval
F Sig t | df tsalﬁefiz) Mean difference | Std. error difference of the difference
Low High
Assumption of equal 5.1 002 |77 20 0 0.56466 0.08394 0392976 | 0.7363
variance
Ra o, ion of equal

¢ assumption of equa - - 7.8 2452 0 0.56466 0.08255 0394375 | 0.7349

variances is not made

Table 7: Results of the t-test for a sample of EN8 that was processed using
two different techniques. HSS and WC tools are used to machine the sam-
ples in groups A and B, respectively. In comparison to the standard HSS
tool utilized in sample group A for surface roughness, the sample means of
the suggested approach (group B) are much lower.

~
LH

Statistics for groups
Composite N | Mean SD SEM
Ra HSS 20 | 2.4325 | 0.17343 | 0.70934 —

i

CRONAL WC tool coated | 21 | 0.76148 | 0.16355 | 0.04223

=

Figure 6: CNC machining setup (Turning).

included in this comparison. Surface roughness was found to
be lower for the group of machined specimens with CRONAL
coated WC tool and uncoated HSS tool. Surface roughness
was improved by 19.252% and the rate of material removal
was increased by 20.515% thanks to the proposed tool.

Acknowledgements

None.

Conflict of Interest

Figure 5: Surface roughness tester. None.

NanoWorld Journal | Volume 9 Supplement 3, 2023 $862



Enbanced Machining Rate and Surface Finish in CNC Green Machining of Unalloyed Carbon

Medium Steel (EN8) using an Innovative AICrN Coated WC Tool and an Uncoated High Speed Steel

Lokesh and Sathish.

References

1.

10.

11.

12.

13.

14.

Malarvannan RR, Moorthy TV, Shunmuga Priyan M. 2014. Perfor-
mance of PVD coated on high speed steel cutting tool in industrial ap-
plications. Adv Mater Res 984: 495-501. https://doi.org/10.4028/www.
scientific.net/AMR.984-985.495

Verma M, Pradhan SK. 2020. Experimental and numerical investiga-
tions in CNC turning for different combinations of tool inserts and
workpiece material. Mater Today Proc 27: 2736-2743. https://doi.
01g/10.1016/j.matpr.2019.12.193

Ramadass R, Sambasivam S. 2018. Process variables optimization in
lapping of EN8 material using taguchi method. Eng Marh 2(1): 50-55.
https://doi.org/10.11648/j.engmath.20180201.15

Muthukumar K, Sabariraj RV, Kumar SD, Sathish T. 2020. Investiga-
tion of thermal conductivity and thermal resistance analysis on differ-
ent combination of natural fiber composites of banana, pineapple and
jute. Mater Today Proc 21: 976-980. https://doi.org/10.1016/j.mat-
pr.2019.09.140

Sivarajan S, Padmanabhan R. 2014. Green machining and forming
by the use of surface coated tools. Procedia Eng 97: 15-21. https://doi.
0rg/10.1016/j.proeng.2014.12.219

Sachdeva A, Kumar P, Yadav OP, Garg RK, Gupta A.2019. Operations
management and systems engineering. Select Proceedings of CPIE.

Sathish T, Kamaraj L, Mohanavel V, Jazaa Y, Qahtani F et al. 2023. A
novel technique implementation to fabricate and analysis of AZ91D
with TiN through FSP. Inz J Adv Manuf Technol 1-6. https://doi.
0rg/10.1007/s00170-023-12024-6

Sathish T, Saravanan R, Sharma K, Zahmatkesh S, Muthukumar K,
et al. 2023. A novel investigations on medical and non-medical mask
performance with influence of marine waste microplastics (polypropyl-
ene). Mar Pollut Bull 192: 115004. https://doi.org/10.1016/j.marpol-
bul.2023.115004

Li L, Pratihar DK, Chakrabarty S, Mishra PC. 2019. Advances in ma-
terials and manufacturing engineering proceedings of ICAMME 2019.
Proceedings of ICAMME. 2019: 1.

Kumar BR. 2016. Optimisation of quality and prediction of machining
parameter for surface roughness in CNC turning on EN8. Indian J Sci
Technol 9(48): 1-7. https://dx.doi.org/10.17485/ijst/2016/v9i48/108431

Childs TH. 2000. Metal machining: theory and applications. Butter-

worth-Heinemann.

Saravanan R, Sathish T, Sharma K, Rao AV, Sathyamurthy R, et al. 2023.
Sustainable wastewater treatment by RO and hybrid organic polyamide
membrane nanofiltration system for clean environment. Chemosphere

337:139336. https://doi.org/10.1016/j.chemosphere.2023.139336

Abdallah A, Rajamony B, Embark A. 2014. Optimization of cutting
parameters for surface roughness in CNC turning machining with alu-
minum alloy 6061 material. J Eng 4(10): 1.

Sajjad MO, Sathish T, Rajasimman M, Praveenkumar TR. 2023. Ex-
perimental evaluation of soapberry seed oil biodiesel performance in
CRDI diesel engine. Sci Rep 13(1): 5699. https://doi.org/10.1038/
s41598-023-32424-8

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sajjad MO, Sathish T, Saravanan R, Asif M, Linul E, et al. 2023. Com-
bustion, performance and emission discussion of soapberry seed oil
methyl ester blends and exhaust gas recirculation in common rail direct
fuel injection system. Energy 278: 127763. https://doi.org/10.1016/j.
energy.2023.127763

Sathish T, Natrayan L, Prasad Jones Christydass S, Sivananthan S,
Kamalakannan R, et al. 2022. Experimental investigation on tri-
bological behaviour of AA6066: HSS-Cu hybrid composite in
dry sliding condition. Adv Mater Sci Eng 2022: 1-9. https://doi.
org/10.1155/2022/9349847

Rosa LG, Anjinho CA, Amaral PM, Fernandes JC. 2019. Mechanical
properties of some metallic powder alloys and their contribution to the
performance of diamond tools used for cutting granite. Mezals 9(11):
1219. https://doi.org/10.3390/met9111219

Ding J, Meng Y, Wen S. 2000. Mechanical properties and anti-weara-
bility studies of multilayer thin coatings on cutting tools. Chin | Mech
Eng 13(2): 102-107.

Kane W], Hassinger TE, Xu TO, Kirkner AE, Maddox M], et al.
2022.3 Incidence and characterization of rectal complications from fe-
cal management systems. Dis Colon Rectum 65(1): 108-116. https://doi.
0rg/10.1097/dcr.0000000000002013

Deena S, Vedanayaki S, Sathish T, Dao MU, Rajasimman M, et al. 2023.
Magnetic Co/CoOx@ NCNT catalysts for activation of potassium
peroxymonosulfate to deteriorate phenol from wastewater. Environ Res

216: 114763. https://doi.org/10.1016/j.envres.2022.114763

Arunnath A, Masooth PH. 2021. Optimization of process parameters
in CNC turning process on machining SCM440 steel by uncoated
carbide and TiCN/ALO/TiN coated carbide tool under dry condi-
tions. Mater Today Proc 45: 6253-6269. https://doi.org/10.1016/j.mat-
pr.2020.10.699

Lei X, Wang L, Shen B, Sun F, Zhang Z. 2013. Effect of boron-doped
diamond interlayer on cutting performance of diamond coated micro
drills for graphite machining. Materials 6(8): 3128-3138. https://doi.
org/10.3390/ma6083128

Kumar K, Ranjan C, Davim JP. 2020. CNC programming for machin-
ing. Springer.

Jon W. 2020. Secrets of the cronal: The sword of dragons book 3.
[https://www.goodreads.com/book/show/54596653-secrets-of-the-
cronal] [Accessed on November 03, 2023]

NanoWorld Journal | Volume 9 Supplement 3, 2023

5863


https://www.scientific.net/AMR.984-985.495
https://www.scientific.net/AMR.984-985.495
https://www.scientific.net/AMR.984-985.495
https://doi.org/10.4028/www.scientific.net/AMR.984-985.495
https://doi.org/10.4028/www.scientific.net/AMR.984-985.495
https://www.sciencedirect.com/science/article/pii/S2214785319342166
https://www.sciencedirect.com/science/article/pii/S2214785319342166
https://www.sciencedirect.com/science/article/pii/S2214785319342166
https://doi.org/10.1016/j.matpr.2019.12.193
https://doi.org/10.1016/j.matpr.2019.12.193
https://www.sciencepublishinggroup.com/article/10.11648/j.engmath.20180201.15
https://www.sciencepublishinggroup.com/article/10.11648/j.engmath.20180201.15
https://doi.org/10.11648/j.engmath.20180201.15
https://www.sciencedirect.com/science/article/abs/pii/S2214785319333838
https://www.sciencedirect.com/science/article/abs/pii/S2214785319333838
https://www.sciencedirect.com/science/article/abs/pii/S2214785319333838
https://www.sciencedirect.com/science/article/abs/pii/S2214785319333838
https://doi.org/10.1016/j.matpr.2019.09.140
https://doi.org/10.1016/j.matpr.2019.09.140
https://www.sciencedirect.com/science/article/pii/S1877705814032780
https://www.sciencedirect.com/science/article/pii/S1877705814032780
https://doi.org/10.1016/j.proeng.2014.12.219
https://doi.org/10.1016/j.proeng.2014.12.219
https://link.springer.com/article/10.1007/s00170-023-12024-6
https://link.springer.com/article/10.1007/s00170-023-12024-6
https://link.springer.com/article/10.1007/s00170-023-12024-6
https://doi.org/10.1007/s00170-023-12024-6
https://doi.org/10.1007/s00170-023-12024-6
https://www.sciencedirect.com/science/article/pii/S0025326X23004368
https://www.sciencedirect.com/science/article/pii/S0025326X23004368
https://www.sciencedirect.com/science/article/pii/S0025326X23004368
https://www.sciencedirect.com/science/article/pii/S0025326X23004368
https://doi.org/10.1016/j.marpolbul.2023.115004
https://doi.org/10.1016/j.marpolbul.2023.115004
https://indjst.org/articles/optimisation-of-quality-and-prediction-of-machining-parameter-for-surface-roughness-in-cnc-turning-on-en8
https://indjst.org/articles/optimisation-of-quality-and-prediction-of-machining-parameter-for-surface-roughness-in-cnc-turning-on-en8
https://indjst.org/articles/optimisation-of-quality-and-prediction-of-machining-parameter-for-surface-roughness-in-cnc-turning-on-en8
https://dx.doi.org/10.17485/ijst/2016/v9i48/108431
https://www.sciencedirect.com/science/article/abs/pii/S004565352301603X
https://www.sciencedirect.com/science/article/abs/pii/S004565352301603X
https://www.sciencedirect.com/science/article/abs/pii/S004565352301603X
https://www.sciencedirect.com/science/article/abs/pii/S004565352301603X
https://doi.org/10.1016/j.chemosphere.2023.139336
https://www.nature.com/articles/s41598-023-32424-8
https://www.nature.com/articles/s41598-023-32424-8
https://www.nature.com/articles/s41598-023-32424-8
https://doi.org/10.1038/s41598-023-32424-8
https://doi.org/10.1038/s41598-023-32424-8
https://www.sciencedirect.com/science/article/abs/pii/S036054422301157X
https://www.sciencedirect.com/science/article/abs/pii/S036054422301157X
https://www.sciencedirect.com/science/article/abs/pii/S036054422301157X
https://www.sciencedirect.com/science/article/abs/pii/S036054422301157X
https://doi.org/10.1016/j.energy.2023.127763
https://doi.org/10.1016/j.energy.2023.127763
https://www.hindawi.com/journals/amse/2022/9349847/
https://www.hindawi.com/journals/amse/2022/9349847/
https://www.hindawi.com/journals/amse/2022/9349847/
https://www.hindawi.com/journals/amse/2022/9349847/
https://doi.org/10.1155/2022/9349847
https://doi.org/10.1155/2022/9349847
https://www.mdpi.com/2075-4701/9/11/1219
https://www.mdpi.com/2075-4701/9/11/1219
https://www.mdpi.com/2075-4701/9/11/1219
https://www.mdpi.com/2075-4701/9/11/1219
https://doi.org/10.3390/met9111219
https://pubmed.ncbi.nlm.nih.gov/34538832/
https://pubmed.ncbi.nlm.nih.gov/34538832/
https://pubmed.ncbi.nlm.nih.gov/34538832/
https://doi.org/10.1097/dcr.0000000000002013
https://doi.org/10.1097/dcr.0000000000002013
https://www.sciencedirect.com/science/article/abs/pii/S0013935122020904
https://www.sciencedirect.com/science/article/abs/pii/S0013935122020904
https://www.sciencedirect.com/science/article/abs/pii/S0013935122020904
https://www.sciencedirect.com/science/article/abs/pii/S0013935122020904
https://doi.org/10.1016/j.envres.2022.114763
https://www.sciencedirect.com/science/article/abs/pii/S221478532038322X
https://www.sciencedirect.com/science/article/abs/pii/S221478532038322X
https://www.sciencedirect.com/science/article/abs/pii/S221478532038322X
https://www.sciencedirect.com/science/article/abs/pii/S221478532038322X
https://doi.org/10.1016/j.matpr.2020.10.699
https://doi.org/10.1016/j.matpr.2020.10.699
https://www.mdpi.com/1996-1944/6/8/3128
https://www.mdpi.com/1996-1944/6/8/3128
https://www.mdpi.com/1996-1944/6/8/3128
https://doi.org/10.3390/ma6083128
https://doi.org/10.3390/ma6083128
https://www.goodreads.com/book/show/54596653-secrets-of-the-cronal
https://www.goodreads.com/book/show/54596653-secrets-of-the-cronal

	Abstract
	Keywords
	Introduction
	Materials and Methods
	Results
	Discussions
	Conclusion
	Acknowledgements
	Conflict of Interest
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 8
	Table 7
	Figure 5
	Figure 6

