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Abstract:

Aim: The research is about maximizing material removal rate by novel hard machining and flood cooling
approach using advanced inserts like Cubic Boron Nitride (CBN) and Poly-crystalline Diamond (PCD) in the
turning process. Materials and methods: 42CrMo4 is selected as workpiece material and the inset used are
PCD and CBN, Hard turning is considered as an experimental group and Flood cooling as control group which
is innovative and novel in this work. Cutting depth, rate of feed and speed of cutting are the cutting parameters
used in this procedure. The given parameters are used to machine a total of 36 samples. Result: The average
MRR for the hard turning is 48.4311 g/min and for flood cooling is 67.0467 g/min. The significance value
achieved by hard turning and flood cooling is 0.003 (p<0.05). Conclusion: The outcome of the research shows
that the rate of material removal is maximum in flood cooling compared to hard turning.
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INTRODUCTION

In this work, the primary objective is to compare the performance of novel hard machining (turning) and flood
cooling approaches during turning die steel towards increasing productivity through increasing the pace of
material removal (Senthilkumar, Tamizharasan, and Anandakrishnan 2014a;Dinesh et al. 2016; ) in a CNC
machining center. Turning is the removal of undesirable material from a revolving workpiece to obtain a desired
shape and size of component. If the process does not utilize any coolant then it is known as green machining.
Green machining eliminates the risk of environmental pollution arising out of vaporization of coolant at the
interfaces. CNC machines are employed to do machining with a high level of surface quality and dimensional
accuracy. The component under research is 42CrMo4 die steel, a chromium-molybdenum steel with high
intensity and hardenability after quenching and tempering. The alloy steel 42CrMo4 offers greater hardenability
and strength (Biermann et al. 2013). The 42CrMo4 alloy offers a high fatigue life as well as strong low-
temperature impact strength. Potential applications of 42CrMo4 includes gear, connecting rod, engine cylinders,
crank shaft.
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In the last five years, similar to this research work, 5300 journal papers are available in google scholar and 1350
journal papers published in sciencedirect. Das et al. (2019) carried out dry hard turning considering L7 array
for optimizing flank wear, chip thickness, chip morphology, MRR, tool temperature, dimensional deviations
and roughness and determined that cutting depth influences the surface roughness higher although the most
significant input parameter of MRR was feed rate (Das, Hotta, and Biswal 2019). Turning of cutting rock with
round RNGN inserts and dome buttons was studied, and it was discovered that tools made of cemented carbide
exhibited comparable wear processes regardless of tool shape, and PCD outperformed cemented carbide in
terms of resistivity towards wear. (Johansson et al. 2019). Kim e tal. (2016) performed hard turning studies on
AiSI 52100 by fabricating micropatterns by layer-by-layer on CBN using EDM machining and observed
reduction in resultant forces by 2.5~10.9% using the micropatterned insert and reduced tool wear by 9.7~11.4%
in comparison with inserts having non-pattern. Friction is reduced due to greater shear deformation caused by
air gaps on the inserts due to micropattern (Kim et al. 2016). The material removal rate is mainly influenced by
the rate of feed and cutting depth, the taguchi’s optimisation method is an effective way to identify the optimum
cutting parameters for achieving optimum MRR (Sudharsan 2020). Moreover, our workforce has extensive
expertise working on a variety of research initiatives across several fields (Samuel et al. 2019; Johnson et al.
2020; Venu, Subramani, and Raju 2019; Keerthana and Thenmozhi 2016; Thejeswar and Thenmozhi 2015;
Krishna and Babu 2016; Subashri and Thenmozhi 2016; Sriram, Thenmozhi, and Yuvaraj 2015; Jain, Kumar,
and Manjula 2014; Menon and Thenmozhi 2016)

Based on all these findings it has been determined that lower efficiency is the most important factor to improvise
in novel hard turning or green machining. As a result, the study's aim is to compare and determine the efficiency
of innovative hard machining with flood cooling approaches in terms of optimizing MRR to increase
productivity. PCD and CBN tool inserts are considered in this work to improve the performance through higher
MRR.

MATERIALS AND METHODS

The sample material used for the turning process was 42CrMo4 and the insert which was used for machining
are PCD and CBN inserts (Xu, Zhao, and Ai 2017). This research is performed at Saveetha Industries, Saveetha
School of Engineering (SSE), Saveetha Institute of Medical and Technical Sciences (SIMATS), Chennai. CNC
controlled machining center having 500 mm swing with 260 mm carriage swing with 320 mm maximum
diameter of turning and 400 mm length of turning, No of stations 8, distance among the centers of 425 mm and
3500 rpm spindle speed of maximum range. This project includes two groups (an experimental group and a
control group). In this process, 42CrMo4 with hard machining is considered as an experimental group and
turning with flood cooling is set as a control group. The sample size used for novel hard machining is 18 and
for flood cooling is 18 (Senthilkumar, Selvakumar, and Tamizharasan 2016).

With high wear resistance and very favorable core properties 42CrMo4 tool steel is found to be suitable for
high-stress components (including large forged parts) in vehicle, engine, and machine engineering (e.g.
crankshafts, pinions, balance shafts). Static and dynamic loading are both resistant to the steel. -40°C is the
lowest temperature at which you can operate. More mounting components will be used at a higher level.
42CrMo4 elemental constituents are shown in Table 1.

A polycrystalline pattern formed by sintered diamond particles, giving in a wear-resistant hard material with
strong heat conductivity, allowing heat to be easily extracted from the cutting edge is commonly known as
polycrystalline diamond (PCD) cutting tool. PCD is a synthetic substance that is sintered at a high temperature
and pressure. Fig. 1 shows a PCD insert commonly used for machining high-silicon aluminium, non-ferrous
metals and other non-ferrous metals. The nomenclature of PCD insert adopted in this study is TNMG 160408H.

One of the most important benefits of hard part turning is the ability to cut dry (Senthilkumar and Tamizharasan
2015). Cutting temperatures of over 1,000°C are no concern for cubic boron nitride (CBN) inserts. CBN has a
positive effect on tool life in dry conditions in general, particularly in interrupted cutting. The nomenclature of
the CBN insert used here is TNMG 160408. It was obtained from GTK tools and services, Tamilnadu Chennai
which is shown in Fig. 2. The turning was done in the Super Jobber CNC turning center as shown in Fig. 3.
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In the tool holder, the cutting tool was positioned and the total setup was placed in the tool drum. In the
headstock the workpiece was set. Cutting depth (mm), rate of feed (mm/rev) and speed of cutting (m/min) are
among the parameters that have been selected and are kept constant.

To measure the material removal rate (MRR), a workpiece with a diameter of 25mm and a length of 50mm is
machined. PCD and CBN cutting inserts are used in the machining process for turning 27 samples. For both
PCD and CBN inserts, the material removal rate per unit time is recorded for each experiment trial. A weighing
machine is used to determine the weight of the specimen prior to the machining process. During machining, a
stopwatch is used to monitor the time, and the weight of the specimen is measured afterward. MRR is
determined using the weight difference (Tamizharasan and Senthilkumar 2012). The following simple formula
was used to measure the rate of material removal. Equation (1) shows the formula to determine MRR in the
turning process.

MRR(g/min) = (Difference in weight before and after machining) / machining time (1)

Statistical Analysis

The mean, standard error, and standard deviation are measured using SPSS v.26 statistical software. When the
probability value p>0.05 is used, the significance degree is taken into account. Type of cutting insert and method
of machining are the independent variables in this study, while material removal rate is the dependent variable
(MRR).The outputs are evaluated by an independent sample T-test to assess the importance of hard machining
and flood cooling approaches.

RESULT

The measured MRR values for both hard machining and flood cooling is noted and tabulated in Table 2 for a
constant value of speed of cutting, rate of feed and cutting depth. Table 3 determines the group statics values.
From Table 2 the average and SD value of MRR for flood cooling is 0.6690 and 0.11323 which is more efficient
compared to hard machining. The result of the independent T test sample is depicted in Table 4. From the
tabulation it is determined that there is a significance among the groups, as P= 0.03 (P<0.05). The bar chart in
Fig. 4 shows the correlation between hard machining and flood cooling approaches, which shows that flood
cooling has better mean accuracy and standard deviation than the dry hard machining.

DISCUSSION

Results obtained from hard machining and flood cooling of 42CrMo4 using PCD and CBN inserts show that
the performance of both the tools are good enough and the better results are obtained for flood cooling rather
than hard cooling (Senthilkumar, Tamizharasan, and Anandakrishnan 2014b). In flood cooling effective heat
transfer occurs as the interface between tool and workpiece and tool and chip whereas in dry machining heat
transfer takes place only with the atmosphere air. Due to this higher material is removed from the workpiece
(Gajrani et al. 2019). The significance value obtained for this study is lower (p=0.03) than the considered
(p<0.05) as the analysis is performed with 95% confidence interval. Hence it is observed that a significant
variance exists between the experimental and control group. The Fischer value obtained for the study is 11.364.

Apart from this cooling method, the parameters that mainly affect the MRR are cutting depth, rate of feed and
speed of cutting (Senthilkumar and Tamizharasan 2014). Due to the high hardness of die steel, low grade cutting
tools will produce higher tool wear and poor surface finish even though higher MRR is achieved. For reduced
surface damage the cutting depth and rate of feed has to be optimum (Senthilkumar, Sudha, and Muthukumar
2015). The result obtained from this study matches with the results obtained by previous researchers
(Tamizharasan et al. 2019) and no opposing findings have been recorded.

From the Bar chart (Fig. 4), it is identified that the flood cooling process has a maximum material removal rate
with advanced inserts. Hard machining is comparatively low in MRR with varying machining factors viz., speed
of cutting, rate of feed and machining depth. Material removal rate is dependent on these parameters. Increase
in these parameters affects material removal rate.
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CONCLUSION

In this work, performance of two different cutting tool inserts such as PCD and CBN are compared along with
the impact of novel dry machining with conventional flood cooling system during turning tool steel 42CrMo4.
The performance measure considered in this study is the amount of material removed, MRR. 18 samples are
considered for each insert and it is found that performance of CBN is higher than PCD tool. Also due to higher
heat removal through flood cooling higher MRR is observed. Cooling the interfaces such as tool-chip and tool-
workpiece effectively improves the performance of both the inserts.
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Tables and figures
Table 1. Workpiece chemical constituents In terms of weight % for 42CrMo4

Elements Carbon Silicon Manganese

Weight % 0.38-0.45 0,10-0.40 0.60-0.90

Table 2. Considered groups with obtained MRR for hard machining and flood cooling techniques

Exp. No Hard machining - MRR (g/min) Flood Cooling - MRR (g/min)

PCD CBN PCD CBN
1 18.32 40.05 20.37 75.54
2 33.38 45.86 24.91 78.65
3 38.63 52.91 30.55 84.33
4 45.86 59.14 35.55 87.23
5 52.91 63.75 40.03 91.42
6 22.71 68.54 47.73 96.16
7 28.65 71.17 59.58 97.23
8 32.38 78.34 64.17 100.87
9 36.73 82.43 69.67 102.85
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Table 3. Group statistics obtained during comparison of hard machining and flood cooling along with
standard deviation, mean and values of standard error.

Machining Technique N Mean Standard Deviation Standard Error
Hard machining 20 48.4311 18.97603 4.47269
Flood cooling 20 67.0467 27.80566 6.55386

Table 4. Outcomes of independent sample T-test shows significance variance among hard machining and flood
cooling techniques as p<0.05.

Hypothesis F Significance |t Standard Error Difference

Equal variances assumed 4.161 .0.049 2.346 7.93461

2.346 7.93461

Equal variances not assumed

Fig. 1. Polycrystalline Diamond insert - TNMG 160408 EN - M42 - Cutting edge length 16.5 mm; Fixing hole
diameter -3.81 mm; Insert width 4.76 mm; Cutting edge position code E - Rounded; Insert hand N - Neutral;

Corner radius 0.8 mm.
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Fig. 2. CBN insert TNMG 160408 having 3.81 mm diameter of fixing hole with 4.76 mm thickness and 0.8 mm
corner radius and 16.5 mm length of cutting edge.

Fig. 3. CNC Machining Centre - Mega Jobber.
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Fig. 4. Comparison of hard machining and flood cooling approaches in perspective of mean precision The
average precision of flood cooling is higher than the hard machining . MRR mean detection precios of £1SD
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