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Abstract

The manufacturing of machines relies heavily on cutting tools. All of the critical procedures in the machine industry would
have to be performed with an unacceptable level of imprecision without the use of effective cutting tools. Selecting an
appropriate cutting tool material allows manufacturers to decrease machining times, eliminate unnecessary processes, raise
standards of surface smoothness and accuracy, and, ultimately, increase their profits. The heat treated DIN115CrV3 steel
is used as a predominant cutting tool material in the industries. Predicting wear rates at various working temperatures were
crucial for selecting the cutting tool material. Considering maximum wear resistance was essential in designing the cutting
tool. This research attempted to identify the wear rate influence of varying parameters like hardening temperature,
tempering temperature, sliding velocity, sliding distance, and load. Each parameter with three levels was selected to design
the experiment using Factorial and fractional factorial designs with restrictions. The experiments were conducted as per
standard test method to conduct the wear analysis in the pin-on-disc apparatus (ASTM G99) based on the L27 design
matrix, and responses such as friction force and wear rate were measured. ANOVA was performed to find out the
significance of the measured results. RSM, Excel solver, and Box-Cox approach were used to predict the wear rate and
frictional force. The optimized wear rate and friction forces were predicted by a grey relational approach, which was
verified by a confirmatory test. The result was that 200 °C tempering temperature offers the minimum dry wear behaviour.
The sliding distance contributes significantly to wear and frictional force compared with other parameters. The hardening
temperature 800 °C, tempering temperature 200 °C, sliding Velocity 5 m/sec, sliding distance 2000m, and load 25 N are
optimal parameter combinations of the dry wear process after the heat treatment obtained by GRA and confirmation. The
strength and wear behaviour of cutting tool affects the quality of manufacturing process and also reduces the accuracy
industrial products. Hence, the improvements in cutting tool material through optimization is the best way of improve the

manufacturing process in industries.
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1. Introduction

Cutting tools that operate at high speeds have specific
material requirements, including high hardness, strong wear
resistance, and good thermal fatigue resistance at elevated
temperatures, all of which are met by high-speed steels (HSS).
High amounts of tungsten, molybdenum, vanadium,
chromium, and other alloy constituents give this type of tool
steel its wear- and heat-resistant, secondary hardening
properties. In today's market, cemented tungsten carbide is the
material of choice fo

r cutting tools since it has the properties necessary to suit the
needs of manufacturers. Single coatings, multi-layered
coatings, nanocomposites, and superlattices are only some of
the coatings that have been applied to cutting instruments to
boost their efficiency. The use of hierarchically structured
coatings is a recent development in industrial production
[1,2]. Over the years, ceramic tools have helped us in a variety
of ways. Advanced ceramic cutting tools have been shown in
studies to be capable of performing rapid and efficient
machining on challenging materials. For a number of reasons,
they are among the most useful machines available. However,
it's important to remember that ceramic tools, like any other,
have their drawbacks [3]. Despite the low cost of the raw
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materials, ceramic cutting tools have a number of drawbacks,
including a low transverse rupture strength (TRS), low edge
strength, low fracture toughness, a high propensity to
chipping (both micro and macro), and a high cost to process
and finish the tools [4]. The need arises to design a cutting
tool with less cost, which adapts to the new soft material being
produced. In particular, the investigation of aluminium and
aluminium composites is high because of lightweight, non-
toxic, and high thermal conductivity [5]. However,
improvement in aluminium is still hot due to its strength and
cost. Today’s demand for aluminium is being used in
everything from home use to aerospace equipment [6]. At the
same time, a suitable tool for machining a new material also
needs to be considered. The research on the investigation of
cutting materials is minimum compared to developing the
new composite materials. HSS and Carbide based tools are
only utilized for various small-scale industries even though
the material is less hardened [7,8]. Replacement of traditional
cutting tool materials and decreasing the problem of
developing new cutting tool material is still in the research
gap.

DIN 115CrV3 is one of the cold working tool steel
materials. It is easily available at a low cost. It is used in many
machine tool-related applications [9-12]. It was mainly used
in tap drills, breaching tools, metal saws, etc. With its great
hardness and wear resistance, as well as its ease of machining,
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stainless steel is a popular material in general engineering
applications. Carbon steel has low hot hardness because its
hardness and wear resistance drastically decrease at operating
temperatures above 200 degrees. Research is ongoing on
utilizing it as a cutting tool. Thus, it is possible to create a high
wear resistance cutting tool with superior properties at a low
cost that can be used instead of a practical HSS cutting tool.
This change can be reduced tool-based costs from 50-62.5%
compared to traditional HSS costs. Before this, research was
done on DIN 115CrV3 by various coating and used as a
cutting tool [13]. However, the effect of tool steel over
aluminium has been investigated, but its usage has been
limited because of a few limitations [14-18]. With its great
hardness and wear resistance, as well as its ease of machining,
stainless steel is a popular material in general engineering
applications. Carbon steel has low hot hardness because its
hardness and wear resistance drastically decrease at operating
temperatures above 200 degrees. The amount of force exerted
by friction is dependent on both the load and the sliding speed.
When the load is raised, the wear rate rises dramatically. On
the other hand, the wear rate is decreased by increasing the
sliding speed, the loading, and the sliding distance.

To replace the conventional cutting tool material with
DIN115CrV3 steel, an investigation needs to be carried out
on its tribological character, especially dry wear. DIN
115CrV3 material dry wear property still not investigated
well with varying hardening and tempering temperature. This
investigation is needed to determine how DIN115CrV3 holds
its tribological properties and to analyze the optimum
parameters. Wear resistance is affected by sliding velocity,
track diameter, load, sliding distance, etc. [19-21]. Thus,
factors influence the wear rate of different natures for
different materials. Investigating those factors is essential
before utilizing any material in the rubbing area. The 27
experiments were carried out by varying the input parameter
levels and generating factorial and fractional factorial designs
based on the model with two interactions [22-24]. With the
generated experimental sequence, its frictional force and wear
rate variation is measured. Also, the ANOVA test was
performed to determine whether the measured results were
significant. The experiment reading is investigated by single
response-based minimization approach by RSM, Excel
solver, Box-Cox approach and through which identify the
best-fitted model by comparing the error produced. After that

Table 1. The chemical compositions of the specimen.

combined effect of response was determined by multi-
response-based optimization, which was done by Grey
Relational Analysis (GRA). The objective of the present
research work is to investigate the influence of the wear
parameters on cutting tool with regards of heat treatment.
Also, to optimize the cutting parameters within the selected
range of the input parameters with different single and
multiple objective function-based optimization approaches.

2. Materials and experimental methodology

DIN 115CrV3 specimen was first subjected to Scanning
Electron Microscopy (SEM) and Energy Dispersive X-Ray
Analysis (EDX) test to study its topography and confirm its
composition with EDX spectrum, as shown in Figure 1.
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Fig. 1. (a) EDX spectrum and (b) Investigated region.

Table 1 shows the influence of the constituent and its
fraction of occupation mentioned. Generally, various wear-
testers were used to identify the wear: pin-on-disk (PoD)
based tester, abrasive based tester, and rolling sliding-based
tester. The wear test was conducted in this investigation using
a computer-assisted PoD wear tester. For wear identification,
cylindrical specimens were prepared for a dimension (in mm)
of height: diameter to be 30:10. Workpiece materials were cut
by desired size and which was allowed in shot peening
operation for cleaning the dust and foreign slurries presented
over in its surface. After that, the materials were kept in air-
tight closer to protect from corrosion.

Chemical composition % . Thermal Thermal
Density Expansion Conductivity
C Cr Si Mg Fe (Kg/dm3) m/(mK) (W/mK)
0.431 0.006 0.0114 0.0048 Balanced 7.80 10°¢ 32

Multiple response-based effects could be investigated at a
time by providing the sequence of steps for conducting the
experiments called the design of experiments (DoE). DoE
demanded a definite level and mixture of process constraints
to expose the results. DoE had trivial vital points, namely
planning, conducting, and analysis [25, 26]. This
investigation mainly analyzed the following responses: wear
rate (Wr) and frictional force (Fy). The heat treatment had a
crucial role in affecting the wear pattern of materials. The
hardening and tempering temperature also had taken as two
additional factors. The main motive was to know the relation
between the expected loads, sliding velocity of the pin, and
sliding distance of the pin and how it reacted. Factorial and

29

fractional factorial designs with randomization restrictions
had been implemented [27-29], and hardening and tempering
temperatures were assumed as attributes. Hence multi-factor
design with a 4-point fit was used to design the experiment to
identify the relation of the combination of any two factors
among the three (normal loads, sliding velocity of pin, and
sliding distance of pin), which was focused and were
neglected the effect of hardening and tempering temperature
over other interactions. The 2F] Based model was designed
by Design expert 13 software with five factors, 3 level
designs, as mentioned in Table 2, and L27 trials were
formulated.
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Table 2. Factors and levels associated with responses (wear rate and friction force).

Factor Levels
Minimum Intermediate Maximum
Hardening temperature(°C)-Thara 780 800 820
Tempering temperature(°C)-Tremp 180 200 220
Sliding Velocity (m/sec)-Vs 3 4 5
Normal load (N)-Wy 10 25 40
Sliding Distance(m)-Ds 1000 2000 3000

2.1 Heat treatment on DIN115CrV3

The hardening was done for a corresponding temperature with
a holding time of 30 minutes at the vacuum furnace using
brine solution as a quenching medium [37]. The properties of
the quenching medium were tested, and it has been listed in
Table 3. After the hardening, the material was processed for
tempering at various temperatures for 30 minutes. The
temperature medium was used as fresh air with a suitable
incubator. The heat treatment was carried out with the help of
an alumina crucible, as shown in figure 2 (a and b), with a
proper lid that kept the process so efficient.

2.2 Hardness Test after heat treated DIN115CrV3

Rockwell hardness test was utilized to identify the resistance
to indentation of DIN 115CrV3 as per ASTM E-18 [30]. The
results of the hardness test carried out on the heat treated
DIN115CrV3 were noted in Table 4. The hardness values

Table 3. Property of Brine Solution (in mg/l).

obtained for the heat-treated DIN115CrV3 reveal that
increasing hardening temperature increases the hardness
value. Still, for the constant hardening temperature, the
hardness increases and then decreases while tempering
temperature increases [17].

Fig. 2. (a) Tempering setup, (b) Alumina Crucible with the specimen and
lid.

pH Chlorides Sulphates Hardness Acidity Alkalinity TDS
6.53 358.32 453.2 546 290 70 530
Table 4. The hardness of the heat treated DIN115CrV3.
S.No Taara Tremp Hardness -1 Hardness-2 Hardness-3 Mean
°C) ©C) Hardness
( (HRC)
1. 780 180 40.8 41.1 41.1 41.00
2. 780 200 452 453 454 45.30
3. 780 220 36.7 36.5 36.8 36.67
4, 800 180 52.4 52.2 52.7 52.43
5. 800 200 56.9 57.3 57.1 57.10
6. 800 220 55.1 554 55.3 55.27
7. 820 180 52.6 52.9 52.5 52.67
8. 820 200 58.4 58.7 58.4 58.50
9. 820 220 51.7 51.5 51.8 51.67

2.3 Wear performance analysis

The pin-on-disc wear test is used to quantify wear and friction
during sliding, rather than in a single direction as is the case
with the unidirectional sliding wear test. Many rubbing
components undergo periodic reversals in the direction of
relative sliding as part of their regular operation, and this test
method is meant to mimic that geometry and those motions.
The information gleaned from such motion may be different
from that gleaned from the identical materials' experiences
with unidirectional sliding. Further, unlike material pairings,
the wear may vary in speed based on the nature of the pin and
the flat plate. Figure 3 shows the pin-on-plate tribo-
experimental tester's setup and data collecting system.

3.Result and Discussion
Initially, the disk was cleaned with Acetone (Make: sd fine

chemical Itd, Mumbai) which removed the unwanted foreign
particles and debris from the previous test [31]. This

30

investigation followed the ASTM G99-05 for the experiment
the wear tests, the PoD surfaces were polished before every
test, and it was done by silicon carbide sheets of 240, 320,
400,600 grit sheets [26]. Based on the hardness test, Hardened
die steel (63 HRC) was used as the disc against which the
sliding. The trial was tested in triplicate, and which mean
value was taken into consideration. Track diameter was
controlled constant, and it was maintained as 120 mm. The
setup was connected with automated wear sensing for
multiple data points every second and plotted wear versus
time graph, through which wear rates were identified

3.1. Effect of process parameters on the wear rate

From the experiment, when the load increased to 40 N, it
produced frictional heat gradually. The frictional heat
generated at the contact surface lessens the strength of the
material. It increased the wear rate by decreasing wear
resistance. At the same time, the load was also crucial because
it created high stresses at peaks and valleys of the surface
finish, resulting in higher wear rates. Sliding velocity
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increased the separation of two surfaces and decreased the
contact area.

Pin at the specimen holder

Rotating disc

Data Acquisition setup

»

Fig. 3. Pin-on-disc apparatus and data acquisition setup.

Hence the wear rate reduces drastically when the sliding
velocity increases. The heat generation grew the sliding
distance increments in the pin tip which collapses the internal
structure. At the same time, adhesion had dominated by
increasing the cohesion activity. Due to this, the roughness
was upsurge. Hence wear rate increased with the increase of
sliding distance. Hardening temperature increased the
hardness of the surface layer by layer, which gave the
resistance to pin action.

Consequently, the hardening temperature decreased the
wear rate when increased the hardening temperature. With the
increasing tempering temperature, the hardness was reduced.
At the same time, the impact toughness increased at first and
then decreased sharply when the temperature was over 200
°C. Initially Wear rate rises then drops in the case of increases
in the tempering temperature. Tempering temperature 180-
200 °C region wear rate increases drastically, then from 200
°C wear pattern vary which changes is not able in slope.

3.2. Effect of Process Parameters on the Frictional force

The frictional force with load increases drastically when the
load is increased to 40 N. Based on the velocity, the frictional
force first drastically decreases and then decreases steadily
when the velocity increases; based on the sliding distance, the

frictional force decreases when the sliding distance increases
the frictional force increases when the load increases. Because
the load increases the heat at the contact surface and reduces
the material strength by frictional effect [27]. The frictional
force decreases when the velocity increases from 3 to 4 m/sec.
After that, the frictional force slowly decreases when velocity
is increased. When sliding distance is increased, the frictional
force decreases.

Frictional force does not directly depend on velocity and
load, but the change influences it in hardening and tempering
temperature. Hardening temperature has less influence on the
frictional force, which increases the frictional with minimal
slope. In the case of tempering temperature, the frictional
force decreases once after the significant temperature
increment. Initial increment of tempering temperature, the
frictional force is steadily increased with negligible value.
The frictional force decreases after the increment of 200 °C.

3.3. Analysis of Variance (ANOVA) analysis on heat
treated DIN115CrV3

The individual output response, such as wear rate and
frictional force significances, has been checked by conducting
ANOVA. It has demanded to analyze of the effects of
hardening temperature, tempering temperature, normal load,
sliding velocity, and sliding distance on the wear rate, the
frictional force of the DIN115CrV3 and identify the highest
influencing parameter over the responses tested to compare
the variance of input parameters with the variance of residual
(error); From the ANOVA (table 6), sliding distance is the
most significant which suggested by high F value for both the
cases. Sliding distance and hardening temperature are
desirable and significant factors, followed by tempering
temperature for wear rate and for frictional force the sliding
velocity are desirable factors. Detecting the significant terms
of response has been checked by P wvalues. In this
investigation, the sliding distance p-value is less than 0.001,
and the remaining values are higher p-values except for
sliding velocity. Even though the few terms have high P-
values, the model has been confirmed as significant by less P
value. Sliding velocity is also of considerable significance
next to the sliding distance. Hence, F values should be as high
as possible meanwhile, P values must be less than 5%.

Table 6. ANOVA - Wear rate and Frictional force on heat treated DIN 115CrV3.

ANOVA — Wear rate after heat treated on DIN 115CrV3
Source Sum of DoF Mean Fovalue P value Result
Squares Square
Model 2.77 5 0.5547 45.24 < 0.0001 significant
Hardening Temperature (°c) 0.0642 1 0.0642 5.23 0.0326
Tempering Temperature (°c) 0.0174 1 0.0174 1.42 0.2471
Sliding Velocity (m/sec) 0.0095 1 0.0095 0.7788 0.3875
Normal Load (N) 0.0040 1 0.0040 0.3246 0.5749
Sliding Distance (m) 2.65 1 2.65 216.35 <0.0001
ANOVA - Frictional force after heat treated on DIN 115CrV3
Model 343.85 5 68.77 59.42 < 0.0001 significant
Hardening Temperature (°c) 0.1495 1 0.1495 0.1291 0.7229
Tempering Temperature (°c) 1.36 1 1.36 1.17 0.2908
Sliding Velocity (m/sec) 5.11 1 5.11 4.42 0.0479
Normal Load (N) 1.03 1 1.03 0.8940 0.3552
Sliding Distance (m) 336.24 1 336.24 290.52 < 0.0001

3.4. Single Response based on Prediction models

Based on the executed design, the output response data has
intimated in Table 7. The experimental wear rate has been
influenced by some input parameters sensed by proper

31

mathematical model prediction. To identify the fitted model
for prediction has been identified by three methods, such as
the response surface method, the power transformation
method, and Excel solver. RSM has identified the prediction
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of response based on the surface area and its involvement,
done by design expert-12. Figure 4 & 5 shows the relation
between the experiment value and the predicted value of the
RSM model. Excel solver is the method that consumes less
time to identify the prediction model by utilizing Microsoft

Excel. The solver produces the result based on the objective
function by adjusting the decision variable to satisfy the limits
of the constraint.

Table 7. Experiment value compared with the predicted value of the different model.

Experiment Predicted value
E. RSM Model Box-Cox model Excel Solver
No Wr F¢ Wr F Wr Fr Wr Fy
(nm/s) ()] (nm/s) ™) (nm/s) ™) (nm/s) ™
1 0.8682 9.9 0.8853 11.22 0.8988 10.39 0.8650 11.137
2 0.1082 2.4 0.0284 2.07 0.0212 2.60 0.0447 2.098
3 0.1109 2.2 0.1456 2.49 0.1384 1.81 0.1252 2.404
4 0.9775 11.8 0.9293 11.42 0.9552 12.27 0.9455 11.443
5 0.5807 6.2 0.5649 6.71 0.5226 6.10 0.5445 6.620
6 0.5077 8.3 0.5100 7.20 0.5300 7.83 0.5263 7.226
7 0.4714 6.7 0.4477 6.29 0.5462 5.98 0.4639 6.315
8 0.0021 3 0.1896 2.69 0.0021 3.00 0.2058 2.709
9 0.9411 10.1 0.8670 10.51 0.9534 10.62 0.8832 10.531
10 0.8525 12.2 0.8516 10.55 0.8481 11.08 0.8191 10.504
11 0.3828 6 0.4323 6.34 0.3566 6.63 0.3998 6.287
12 0.501 6.7 0.4743 7.44 0.4598 6.48 0.4784 7.498
13 0.7885 13.1 0.7947 11.95 0.7579 12.61 0.7989 12.015
14 0.1197 2.3 0.0570 2.31 0.0953 1.57 0.0611 2.376
15 0.9618 12.3 0.8955 10.75 0.9145 11.05 0.8997 10.809
16 0.4921 3.7 0.4762 6.53 0.5638 5.68 0.4804 6.593
17 0.0188 2.3 0.1118 1.82 0.0494 2.79 0.0794 1.770
18 0.0312 2.3 0.0550 3.22 0.1031 3.01 0.0591 3.281
19 0.0884 8.1 0.3175 7.14 0.2139 7.79 0.3337 7.165
20 0.7728 10.6 0.7367 11.36 0.6779 11.40 0.7530 11.381
21 0.4764 6.3 0.4183 5.94 0.4541 6.77 0.4345 5.959
22 0.6385 9.1 0.7387 10.45 0.6385 9.10 0.7550 10.476
23 0.0378 2.2 -0.0010 1.72 0.0601 1.73 0.0152 1.743
24 0.6997 11.2 0.8539 11.77 0.8563 11.78 0.8335 11.687
25 0.1023 33 0.0154 3.34 0.0921 3.97 -0.0050 3.254
26 0.6796 8.5 0.4347 7.56 0.5331 7.24 0.4143 7.470
27 0.0156 2.6 -0.0030 2.62 -0.0150 2.11 0.0132 2.648

RSM based model for wear rate prediction
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Fig. 4. RSM predicted value for wear rate.

RSM Based model for frictional force prediction
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Fig. 5. RSM predicted value for the frictional force.

Power transformation is the mathematical base approach
typically used to transform non-normal data into standard
data. Various methods are encountered to capture the model
to transform normal data, such as the Box Cox method,
Johnson cure distribution, item grouping, and bootstrap
method. In the Box-Cox method, Johnson distribution is
widely utilized for transformation. From the experimental
data, both responses followed the non-normal data, as
indicated in Figures 6 and 7. The power transformation has
been used to transform the data into normal and followed with
the least square method to capture the prediction model by
Minitab19.

Probability Plot of wear rate
Normal - 95% CI

Percent
3

Mean 0.4529
StDev  0.3414
N 27
AD 0.949
P-Value 0.014

05 00  wear rate 0.5 1.0 15

Fig. 6. Probability plot of wear rate.
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Probability Plot of transformed frictional force (Box-Cox)
Normal - 95% CI

951
901

801
701
601
501
401
30

Percent

Mean 5979

20 StDev 684.0
N 2
104 AD 1753
P-Vale <0.005

1 N T T T T
-2000 -1000 0 1000 2000 3000
frictional force

Fig. 7. Probability plot of frictional force.

The accuracy governed by the power transformer is
always notable and acquired compared to others. The
transformation method is reduced with improved accuracy,
which is evidently proven by various research studies. Box-
Cox transformation has transformed the data into normal
probability with desired P-value in this investigation. The
transformed data are noted in Table 8, and the Box-Cox plot
for wear rate and frictional force is ploted in Figures 8 and 9.
In both output responses, the rounded value of & is 0.5, which
means the transformation formula for this investigation is
(output response)®.

Table 8. Transformed data by box Cox transformation.

Box-Cox Plot of wear rate

0.6

0.44

0.24

LowerCL

Upper CL

A
(using 95.0% confidence)
047
025
0.82

Estimate
Lower CL
Upper CL
Rounded Value  0.50

Limit

0.0

05 10 5 15 20 25 30

Fig. 8. Box-Cox plot of wear rate of heat treated DIN115CrV3.

Box-Cox Plot of frictional force

40

StDev

04

Lower CL Upper CL

s
(using 95.0% confidence)
Estimate 033

Lower CL 037
Upper CL 1.09

0.50

Rounded Value

Limit

-5.0

=25 0.0 25 50
2

Fig. 9. Box-Cox plot of frictional force of heat treated DIN115CrV3.

F Transformed Transformed
E. No W (um/s) (N‘) W F;
(pm/s) ((\)]
1 0.8682 9.9 0.654424 970.299
2 0.1082 2.4 0.001267 13.824
3 0.1109 2.2 0.001364 10.648
4 0.9775 11.8 0.934007 1643.032
5 0.5807 6.2 0.195819 238.328
6 0.5077 8.3 0.130864 571.787
7 0.4714 6.7 0.104754 300.763
8 0.0021 3 9.26E-09 27
9 0.9411 10.1 0.833503 1030.301
10 0.8525 12.2 0.61956 1815.848
11 0.3828 6 0.056094 216
12 0.501 6.7 0.125752 300.763
13 0.7885 13.1 0.490236 2248.091
14 0.1197 2.3 0.001715 12.167
15 0.9618 12.3 0.889722 1860.867
16 0.4921 3.7 0.119168 50.653
17 0.0188 2.3 6.64E-06 12.167
18 0.0312 2.3 3.04E-05 12.167
19 0.0884 8.1 0.000691 531.441
20 0.7728 10.6 0.461531 1191.016
21 0.4764 6.3 0.108122 250.047
22 0.6385 9.1 0.260305 753.571
23 0.0378 2.2 5.4E-05 10.648
24 0.6997 11.2 0.342559 1404.928
25 0.1023 33 0.001071 35.937
26 0.6796 8.5 0.313877 614.125
27 0.0156 2.6 3.8E-06 17.576

33
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3.5. Comparison between the models

To investigate the accuracy of the three models, each model's
mean absolute error (MAE) has been identified, and its
distribution is plotted in figures 10 & 11. MAE is determined
by using eq. (1),

i

% MAE =

X 100% )

Where,E; is denoted by the experiment value of i experiment
and P; be the predicted value of the i experiment. The Box-
Cox transformation has less MAE error value from the mean
absolute error. Hence the Box-Cox transformation is a more
accurate model for identifying the wear rate and frictional
force of DIN115CrV3.

3.6. Multi response based optimization

Grey Relational Analysis (GRA) solves the inter-relationship
among the numerous performing characteristics. GRA is pre-
processing the data where the unit and range of any data
sequence differ from others. The transformation of the results
of experiments is modified between the range of 0-1. The
attributes of the data sequence decide the diverse approaches
of data pre-processing obtainable for the GRA [32-36].
Normalization can be calculated based on the given equations
(2), (3), and (4).

For minimum is the best criterion

Xij = mi:::’c-l-/l—]mi:;/-- (2)
ij ij

Where,

Xj- Normalized value of i experiment and j* response
Y;; - Experimentally observed value of i experiment and j*
response

maxY;; - Maximum experimental observed value of j®
response

minY;; - Minimum experimental observed value of j®
response
A”= |X0 _Xl (3)

Deviation sequence is a variation of absolute value X,
with comparability value X;; which is noted as A;; [37]. Grey
relational coefficient (GRC) is an interactive degree among
the normalized and ideal experimental results calculated
based on the below equation (4).

Amint¥PXAmax
Ajj EPX Amax

GRC;j = )

Quality loss can be treated as maximum (A,,, ) and
minimum (A,;, ) absolute differences and W is the
identification coefficient from 0 to 1. For this investigation,
the impact of wear and frictional force was considered with
equal effect. Hence ¥ is assumed as 50%. The mean of the
GRC corresponding to each performance characteristic is
calculated. Based on this, the grey relational grade is
intimated [34].

GRA could be efficiently adapted for solving the
complicated relationships among the selected performance
characteristics. GRA was developed into a controlling tool to
examine the procedures with numerous characteristics. In

34

grey relational analysis, the intricate numerous response
optimization problems could be cut down into optimization of
a single response-based GRG. The larger GRG indicates the
efficient correlation between performance characteristics
calculated using equation (5).

1
Gi =~ ,GRC

Where n, G is the number of performance characteristics and
GRC of the i™ experiment for performance characteristics,
respectively. Table 10 shows the GRC and grade for each
experiment. The highest grey relational grade is the order of
1. The ANOVA for GRG is tabulate in table 11.
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force prediction).

Table 10. Response table -GRG on heat treated
DIN115CrV3.
Level THara TTemp Vs Ds Wn
1 0.5372 | 0.5828 0.5795 0.5700 0.6194
2 0.5752 | 0.5479 0.5564 0.5516 |0.4995
3 0.5715 | 0.5532 0.5480 0.5623 10.5650
Delta| 0.0380 | 0.0349 0.0315 0.0185 ]0.1200
Rank 2 3 4 5 1
Table 11. Grey Relational Grade- ANOVA Analyses.
Source Thara Tremp Vs Wi Ds
F Value 091 0.73 0.55 0.18 | 7.45
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The hardening temperature 800 °C, tempering
temperature 200 °C, sliding Velocity 5 m/sec, sliding distance
2000m, and load 25 N are optimal parameter combinations of
the dry wear process after the heat treatment obtained by GRA
and confirmation. This model has adjusted R? values of 89.48
% and 90.68% and predicted R? values of 92.31 % and 93.19
% for wear rate and frictional force, respectively. It is a
convincing result because R* values are close to each other.
The difference between the adjusted R* value and the
predicted R? value is less than 3% which intimated that the
number of insignificant terms is less for investigation.

4. Conclusion

The heat-treated cutting tool material was undergone the wear
performance analysis using pin-on-disc apparatus. This
investigation proposed the factorial and fractional factorial
designs for single and multi-response-based optimization of
the dry wear condition with heat treatment. Significant
findings were listed as follows, From the hardness test,
hardness reduced once after the 200 °C of tempering
temperature. This material behaves with good hardness for a
tempering temperature of 200 °C with quenching media brine
solution. In single response optimization, Box-Cox
transformation had highly fitted with less mean absolute error
percentage compared with the other two models, such as excel
solver and RSM. From wear test, the Hardening temperature,
tempering temperature, Sliding Velocity, Load and Sliding
Distance had contribution with wear rate of 2.23 %, 0.769 %,

0.28 %, 1.42 % and 95.39 %respectively and with frictional
force 0.029 %, 0.23 %, 2.42 %, 0.094 % and 97.23 %
respectively. In both cases, sliding distance had major
contributions. From the grey relational response table, the
hardening temperature 800 °C, tempering temperature 200 °C,
sliding velocity Sm/sec, sliding distance 2000 m, and load 25
N was the optimal parameter of the dry wear condition after
heat treatment. Based on the ANOVA of the GRG results, it
is observed that hardening temperature, tempering
temperature, sliding velocity, normal load, and sliding
distance also had a significant contribution to the response
after the heat treatment and their contribution values were
1.20 %, 18.38 %, 10.38 %, 44.12 %, 25.90 % respectively.
Hence, the strength and wear behaviour of cutting tool affects
the quality of manufacturing process and also reduces the
accuracy industrial products. Hence, the improvements in
cutting tool material through optimization is the best way of
improve the manufacturing process in industries.
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