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Abstract

Aim: This research is about comparing the performance of poly-crystalline diamond (PCD) insert
and uncoated cemented carbide insert for improving the material removal rate (MRR) in CNC
turning. Materials and Methods: The material investigated in this research was SS316L. PCD insert
was set as the experimental group and uncoated insert was set as the control group. The cutting
parameters employed in this process were cutting speed, feed rate and depth of cut. Totally 27
samples per group were machined by using the selected parameters. Results: The mean MRR value
obtained for the PCD tool is 0.22593 g/s, whereas it is 0.07600 g/s for the uncoated tool. The
significance value obtained among the experimental group and control group is 0.000 (p<0.05).
Conclusion: Within the limits of this study, the outcome of the research shows that MRR is more
when the specimen is machined by PCD insert than machined by uncoated insert.

Key-words: Green Machining, Material Removal Rate, PCD Insert, Uncoated Insert, SS316L
Stainless Steel, Novel Machining.

1. Introduction

Turning is a basic conventional machining process in which a cutting tool is used to remove
the material from the workpiece. In the seventies, lower productivity with less accuracy of
components was the major problem to be rectified as far as the mass production is concerned.
Machining performed without the usage of coolants is termed as green machining, which is
environmental friendly. CNC machines are used to carry out the machining with more surface finish
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and dimensional accuracy (Soares et al. 2017). Performance of PCD insert and uncoated insert were
compared for improving the material removal rate to increase productivity (Dinesh et al. 2016). In
this work, material investigated is SS316L stainless steel. Stainless steel has a wide range of
applications such as chemical process equipment, aerospace components, for food, dairy and
beverage industries (Nataraj and Balasubramanian 2017) (Kaladhar, Subbaiah, and Rao 2011)
(Nataraj and Balasubramanian 2017).

There are 5560 similar works of maximizing MRR in CNC turning available in google scholar
and 1350 works available in science direct. A comparison study on the machining performance of
PCD and PCBN inserts in dry turning titanium alloy were observed in the findings of (Ren et al.
2019). In that work, the researcher concluded that PCD tools have better performance than PCBN
tools. Statistical analysis of different machining characteristics of EN 24 alloy steel during dry hard
turning with multilayer coated cermet inserts were studied in the findings of (Das et al. 2019). In that
work, the researcher analysed the effect of flank wear on surface roughness parameters, dimensional
deviations and effect of MRR on different patterns of crater wear. It is found that the influence of
coating material and cutting parameters on material removal rate and surface roughness in the turning
process using the Taguchi method (Moganapriya et al. 2018). In that study, the author determined a
predictive equation for determining MRR and surface roughness with a given set of parameters in
CNC turning. A study on machining experiments of AISI 304L austenitic stainless steel with a PVD
(Physical vapor deposition) coated cermet tool was carried out (Kaladhar, Subbaiah, and Rao 2011).
In that study, the researchers highlighted that the feed was the predominant parameter on the
machined surface followed by nose radius. In addition, the depth of cut was found as the most
important parameter influencing the MRR followed by feed. Among all these papers the best cited
paper is: Influence of coating material and cutting parameters on surface roughness and material
removal rate in turning process using taguchi method (Moganapriya et al. 2018).

Previously our team has a rich experience in working on various research projects across
multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S. R.
Samuel, Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; Venu,
Subramani, and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019;
Krishnaswamy et al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al.
2019; Ke et al. 2019; Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the
growing trend in this area motivated us to pursue this project.
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Based on all these studies it is found that lower productivity is the main criteria to be
improved. Hence the aim of the study is to compare and evaluate the performance of PCD insert and

uncoated insert for improving the MRR to increase the productivity.

2. Materials and Methods

The workpiece material considered for turning purpose was SS316L and the cutting tool insert
used was PCD and uncoated carbide insert. The workpiece material was difficult to machine. Hence
these two inserts were considered in this work. This study was carried out in the CNC turning centre
available at Saveetha Industries, Saveetha School of Engineering (SSE), Saveetha Institute of
Medical and Technical Sciences (SIMATS), Chennai. The total number of groups involved in this
project was 2 (experimental group and control group). In this work, novel machining specimens with
PCD insert was set as an experimental group and novel machining with uncoated cemented carbide
insert used was set as control group. The sample size per group was 27. Clinical online sample size
calculator was used to calculate the sample size with 80% g power. During the calculation, the mean
value and standard deviation considered for the experimental work was 0.22 and 0.25, respectively
(Ramana, Venkata Ramana, and Kumar 2018).

SS 316L is more attractive material because of its properties such as high hardness, toughness,
yield strength, excellent ductility, super resistance to corrosion and oxidation. SS316L stainless steel
cylindrical rod was cut into the required dimension (20mm diameter and 55mm length) for
conducting experiments. The cylindrical rods were obtained from Mehta metals, Chennai. Chemical

composition of S316L is given in Table 1.

Table 1 - Chemical Composition of Workpiece Specimen SS316L in Weight Percentage; it contains Chromium, Nickel,
Molybdenum and Manganese

Elements | Cr Ni Mo Mn

Wit% 16.00 -18.00 | 10.00 -14.00 | 2.00 — 3.00 | 2.00 Max

A polycrystalline structure of diamond particles sintered together, creating a hard and wear-
resistant material with high thermal conductivity for quick removal of heat from the cutting edge.
PCD material is a synthetic material sintered under high temperature and high pressure. PCD insert
which is shown in Fig. 1 is used generally for machining non-ferrous metals, high-silicon aluminum,
carbon fiber, and fiber-reinforced plastics. It was obtained from CERATIZIT India Pvt. Ltd, Chennai.
The nomenclature of the PCD tool used is: TNMG 160408.
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Uncoated carbide insert which is shown in Fig. 2 are ideal for applications involving non-
ferrous materials, such as aluminum. The specification of the insert is TNMG 160408. It was also
obtained from CERATIZIT India Pvt. Ltd, Chennai.

Fig. 2 - Uncoated insert - Specification- TNMG 160408 EN - CF; CF - Negative relief angle; Insert included angle 60
degrees, Cutting edge length 16.5 mm; Insert thickness 4.76 mm; Corner radius 0.8 mm; Cutting edge condition code E -
Rounded; Insert hand N-Neutral; Fixing hole diameter -3.81 mm

Fig. 3 - CNC Machining centre - Super jobber - Specification: Swing over bed -500 mm, Swing over carriage - 260mm,
Maximum turning dia - 320 mm, Maximum turning length - 400 mm, Distance between centres - 425 mm, Maximum
spindle speed - 3500 rpm, No. of stations - 8)

Vivo V1S
Al Triple Camera

In this work, the turning process was carried out by using a CNC turning centre (Super jobber)
shown in Fig. 3. The cutting tool holder used to hold the PCD and uncoated insert is MTIJNL 2525
M16, a solid square rod of dimension 25 x 25 mm with an approach angle of 35 degrees. The
experiments by using CNC machining and weighing of the specimens to calculate the MRR were
carried out at Saveetha Industries, Saveetha School of Engineering (SSE), Saveetha Institute of
Medical and Technical Sciences (SIMATS), Chennai. The workpiece specimen was fixed in the head
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stock of the lathe and the insert was fixed in the tool holder which was fixed in the tool station.
Selected cutting parameters were cutting speed (m/min), feed rate (mm/rev) and the depth of cut
(mm) (Frifita et al. 2020). The cutting parameters were set in CNC machines (Senthilkumar, Sudha,
and Muthukumar 2015). Weight loss method was used for determining the MRR during machining.
The workpiece having dimensions of 20mm diameter and 55mm length was machined using PCD
and uncoated carbide inserts and subsequently MRR was calculated. The MRR per unit time was
noted for each experiment trial for both PCD insert and uncoated carbide insert. Cutting speed was set
as 100 m/min, feed rate as 0.10mm/min with a depth of cut of 0.6 mm. Before the machining process,
weight of the specimen was measured by using a weighing machine. A stopwatch was used to
measure the time taken for material removal in seconds during machining and after machining the
weight of the specimen was again measured. By using the difference in weight, MRR was calculated.
Material removal rate was calculated by using the following simple formula (Senthilkumar,

Tamizharasan, and Anandakrishnan 2014):

__ Weight of specimen before machining —Weight of specimen after machining
MRR (g/s) = 1)

Time taken during machining

Statistical Analysis

SPSS v.26 statistical software was used to calculate mean, standard error and standard
deviation. Totally, 27 experiments were carried out for analysis for each group so that 95%
confidence level can be achieved with P value < 0.05. In this work the independent variables used are
cutting speed, feed rate, depth of cut and the dependent variables is material removal rate (MRR).
Independent sample T-test was used to analyze the outputs to identify the significance among PCD

and uncoated inserts.

3. Results

As per the machining setup and constant machining parameters, the calculated MRR values
for both PCD and uncoated inserts are tabulated in Table 2. Table 2 reveals experimental details
carried out with parameters of cutting speed 100 m/min, feed rate as 0.10 mm/min and depth of cut of
0.6 mm for both inserts. Group statistics values are tabulated in Table 3. From the table it is observed
that mean value (0.22593) and standard deviation value (0.251379) are obtained for the PCD tool.
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Table 2 - Experimental details with Calculated MRR for Polycrystalline diamond insert and uncoated insert with set
machining parameters

Trial no. | MRR for PCD insert g/s | MRR for uncoated insert g/s
1 0.052 0.040
2 0.058 0.049
3 0.054 0.051
4 0.078 0.040
5 0.076 0.039
6 0.073 0.041
7 0.081 0.062
8 0.082 0.061
9 0.086 0.063
10 0.824 0.094
11 0.856 0.091
12 0.832 0.090
13 0.477 0.104
14 0.468 0.106
15 0.452 0.102
16 0.193 0.113
17 0.196 0.115
18 0.197 0.111
19 0.101 0.072
20 0.104 0.074
21 0.109 0.076
22 0.091 0.070
23 0.093 0.068
24 0.095 0.071
25 0.121 0.083
26 0.124 0.085
27 0.127 0.081

Table 3 - Group Statistics - Polycrystalline diamond insert provides higher MRR as compared with uncoated insert. Mean
value of 0.22593 and standard deviation value of 0.251379 is obtained for the PCD tool for 27 samples. The standard error
mean value for PCD insert is 0.048378 and uncoated insert is 0.004568
Group | N | Mean | Std. Deviation | Std. Error Mean
PCD 27 | .22593 | .251379 .048378
uC 27 | .07600 | .023737 .004568

Table 4 - Outputs of independent sample T test. A significant difference between the control group and experimental group
is observed - significance value P=0.000 (P < 0.05). (t value is 3.085 & 3.085; and the df is 52 and 24.464)

F Significance | t df
MRR - Equal variances assumed 3.085 | 52
MRR - Equal variances not assumed 29.654 | .000 3.085 | 26.464
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The outcomes of the independent sample T test is shown in Table 4. It is learnt from the table
that among the control group and experimental group a significant difference is obtained P=0.000 (P
< 0.05). Bar chart (Fig. 4) shows the comparison of PCD insert and uncoated insert in terms of mean
accuracy and standard deviation. PCD insert has better mean accuracy than uncoated insert and it also

has slightly better standard deviation than uncoated insert.

4. Discussion

From the results obtained, the performance of PCD insert appears to perform significantly
better than uncoated insert when material removal rate is concerned during machining SS316L. The
fischer value obtained for this study is 29.564, with a significance value of 0.000 that is < 0.05 which

shows that a significance difference exists between the two tools.

Fig. 4 - Comparison of PCD insert and uncoated insert in terms of mean accuracy. The mean accuracy of PCD insert is
better than uncoated insert and the standard deviation of PCD insert is slightly better than uncoated insert. X Axis: PCD
insert vs uncoated insert. Y axis: Mean accuracy of detection + 1 SD

Simple Bar Mean of MRR by group

0.400

0.300

0.200

Mean MRR

0.100

0.000
PCD uc

group
Error Bars: 95% CI

From the bar chart (Fig. 4), it is clearly observed that higher MRR is obtained when the
specimen is machined by PCD insert and MRR is lower when the same is machined by uncoated
cemented carbide insert (Senthilkumar, Tamizharasan, and Anandakrishnan 2014). This is mainly due
to the higher hardness and capability of PCD tool (Mashinini, Soni, and Gupta 2019).The finding of
the above researchers is in compliance with the findings of this work. Depth of cut is a more

significant factor for material removal rate for both the coated tools ((Ramana, Venkata Ramana, and
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Kumar 2018). The above researchers mentioned that interaction between factors is significantly
influencing the material removal rate with a minor percentage of contributions. The findings of the
above authors are not in line with the findings of this work. The reason for this conflict may be due to
interaction between factors considered by the above authors whereas constant input parameters
followed in this work. In the turning process, parameters such as materials,tools geometry and cutting
conditions (Cutting speed, feed rate and depth of cut) have an impact on material removal rate
(Kuppusamy and Ramalingam 2018).

Our institution is passionate about high quality evidence based research and has excelled in
various fields ((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019;
Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018;
Ramadurai et al. 2019). We hope this study adds to this rich legacy.

Limitations involved in this study is the high cost of the PCD insert and formation of the built-
up chip due to high contact temperature. In future work, the same study of comparing coated and
uncoated inserts for turning of SS316L can be tried by using low cost inserts which provide more
MRR.

5. Conclusion

The turning was performed on SS316L using PCD and uncoated carbide inserts to compare
the material removal rate using CNC machine using a set of cutting parameters. The effect of MRR is
dependent on cutting parameters considered. From the results it is concluded that PCD insert provides
higher MRR (0.22593 g/sec) than the uncoated carbide (0.07600 g/sec) insert during machining
SS316L material.
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