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The machining parameters is optimized during CNC end milling process of brass C26130 alloy using
Taguchi technique. The experimental results shows that the combination of 750 rpm spindle speed,
20 mm/rev feed rate and 1 mm depth of cut was identified as the optimum level for minimum surface
roughness (SR) and the combination of 750 rpm spindle speed, 60 mm/rev feed rate and 0.75 mm depth
of cut was identified as the optimum level for minimum tool wear (TW). ANOVA results revealed that the
spindle speed and feed rate was identified as the highest influencing parameters on SR and TW.
� 2019 Elsevier Ltd. All rights reserved.
Peer-review under responsibility of the scientific committee of the International Conference on Recent
Trends in Nanomaterials for Energy, Environmental and Engineering Applications.
1. Introduction

Now days, the use of brass and its alloys play a vital role in
many industrial applications because of its favourable properties
such as high specific strength, hardness, high elastic modulus
and good wear and corrosion resistance [1]. Metal cutting process
is one of the most essential and frequent operations used for every
manufacturing of industries because of its ability to remove mate-
rials faster with better surface finish [2]. Among the conventional
machining process, Milling and end milling are the most important
machining processes. End milling process is the widely used
machining operation for metal removal in every production indus-
tries including the transportation, marine, defence, aircraft and avi-
ation industries when the quality is an considered factor in the
production of complex or intricate shapes and slots with high tol-
erance accuracy [3–5]. In recent decades, modern manufacturing
industries are attracted to use of CNC milling machine which is
very useful for its flexibility, accuracy and versatility that permits
production of components in short time, and low cost with high
quality surface finish [6]. Some researchers reported that the effect
of parameters during end milling process. Sakthivelu et al. investi-
gated the machining characteristics of aluminium alloy 7075 with
various milling process parameters on material removal rate (MRR)
and SR using Taguchi method. They revealed that feed rate was the
most influencing factor on SR and depth of cut was the most dom-
inant factor for MRR [7]. Subramanian et al. studied the surface
roughness of AL7075-T6 during end milling process and reported
that SR increases with increase the feed rate, whereas SR decreases
with increase the cutting speed [8]. Rajeswari et al. investigated
that the effect of geometrical and machining parameters on SR
and tool wear rate (TWR) during end milling of Al356-SiC metal
matrix composite using HSS end mill cutter. They concluded that
cutting speed has most significant parameter on SR and TWR fol-
lowed by helix angle and rake angle [9]. Ibrahem Maher et al. opti-
mized the process parameter such as spindle speed, feed rate and
depth of cut on SR during end milling of brass (60/40) alloy and
concluded that high spindle speed would result in lower the sur-
face roughness [10]. Cetin Ozay et al. analyzed the influence of var-
ious cutting process parameters on SR during tangential turn
milling process of MS58 brass material. They observed that the bet-
ter surface quality obtained at lower cutting tool speed with lower
work piece speed [11]. Anis Nair et al. optimized the end milling
parameters on SR of brass UNS C34000 by using Taguchi method.
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They revealed that the speed was the most significant factor on SR
[12].

The aim of the present study is to analyze the effect of end
milling process parameters namely spindle speed (rpm), feed rate
(mm/rev) and depth of cut (mm) on surface roughness (SR) and
tool wear (TW) during machining of brass C26130 alloy. Signal to
noise ratio (S/N) and analysis of variance (ANOVA) was used to
identify the optimal parameters on SR and TW.

2. Experimental details

2.1. Materials used

In the present experimental work, Brass C26130 alloy having
dimensions of 150 mm � 50 mm � 10 mm were used as a work
material. The reason for selecting this material is that, the brass
C26130 alloy gains more importance in automotive, nuclear and
aerospace industries because of its unique combination of proper-
ties, it is stronger and harder than copper. The chemical composi-
tion and properties of the work piece material are given in Tables 1
and 2.

2.2. Design of experiments

In present study, three process parameters namely, spindle
speed (rpm), feed rate (mm/rev) and depth of cut (mm) was con-
sidered as the predominant parameters based on the output per-
formance characteristics on end milling process of any materials
with an objective to minimize the surface roughness and minimize
the tool wear [13]. According to Taguchi method, an L9 orthogonal
Table 1
Chemical composition of brass (C26130) alloy.

Elements Copper Lead

Weight (%) 71.2 0.05

Table 2
Properties of brass (C26130) alloy.

Density(g/cm3) Hardness (HV) Tensile Strength (MPa) Elongation (%

8.55 80–130 280–350 35–40

Table 4
Taguchi L9 array and output responses.

Ex. No Spindle speed (rpm) Feed rate (mm/rev) Depth of cut (m

1 500 20 0.5
2 500 40 0.75
3 500 60 1.0
4 750 20 0.75
5 750 40 1.0
6 750 60 0.5
7 1000 20 1.0
8 1000 40 0.5
9 1000 60 0.75

Table 3
Machining parameters and their levels.

Symbol Process Parameter Units

A Spindle speed rpm
B Feed rate mm/rev
C Depth of cut mm
array was selected for the experiments. The milling process param-
eters and their levels are presented in Table 3. The experiments
were carried out as per L9 orthogonal array and the experimental
layout is provided in Table 4.

2.3. Machining process

The machining operation was performed by using CNC vertical
milling machine (CNC MILL). The diameter of 12 mm HSS end mill
cutter was used as a cutting tool. The uniform length, breadth and
depth of machining were maintained at all the experiments. The
experimental setup is shown in Fig. 1(a). The surface roughness
was measured at three different locations by using surface rough-
ness tester (Mitutoya Talysurf SJ-210) and the average surface
roughness (SR) value is considered. The surface roughness test is
shown in Fig. 1(b). The tool wear was calculated based on the
weight difference of the tool before and after the machining pro-
cess under a period of machining time. The weight of the tool
was measured by using electronic weighing balance machine with
accuracy of 0.0001 g. The calculated and measured output
responses are provided in Table 4.

2.4. Taguchi technique

Taguchi method is a standard statistical technique for optimiz-
ing the process parameters in any process and also can reduce the
number of experiments [14]. In present work, the experimental
results were analyzed through Taguchi based S/N ratio analysis.
In the Taguchi method, the output response values are converted
into a signal-to-noise (S/N) ratio g values. The term ‘‘signal”
Iron Zinc Arsenic

0.05 28.64 0.06

) Modulus of Elasticity (GPa) Melting Point (�C) Poisson Ratio

110 965 0.33

m) SR (mm) S/N ratio (dB) TW (g/min) S/N ratio (dB)

1.165 �1.3265 0.00649 43.7551
1.188 �1.4963 0.00666 43.5305
1.087 �0.7246 0.00038 68.4043
0.594 4.5243 0.01375 37.2339
0.945 0.4914 0.00517 45.7302
0.872 1.1897 0.00015 76.4782
0.978 0.1932 0.0305 30.3140
0.913 0.7906 0.06909 23.2117
0.837 1.5455 0.00157 56.0820

Level

1 2 3

500 750 1000
20 40 60
0.5 0.75 1.0



Fig. 1. (a) End milling process setup and (b) Surface roughness testing.
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represents the desirable mean value and the ‘‘noise” represents the
undesirable value for the output performance characteristics.
There are three types of quality characteristics are possible to
evaluate the S/N ratio such as smaller-the-better (SB), nominal-
the-better (NB) and higher-the-better (HB) [15]. Since, we require
minimum surface roughness (SR) and minimum tool wear for this
study [16,17]. Hence, the smaller-the-better S/N ratio characteris-
tic was selected for SR and TW by using given equation.

S=N ratio ¼ �10log10ð1=nÞ
Xn

k¼1

Y2
ij ð1Þ

where n – number of replications, Yij – observed responses value
where i = 1, 2, 3. . ...n; j = 1, 2, 3. . .. . ..k. The evaluated output
response and their corresponding S/N ratio are depicted in Table 4.
3. Result and discussions

3.1. Effect of parameters on surface roughness

Fig. 2 illustrates the main effect of process parameters, such as
spindle speed, feed rate and depth of cut on surface roughness. It is
clearly noticed that, middle level of spindle speed, low level of feed
Fig. 2. main effect plot fo

Table 5
S/N ratio table for surface roughness.

Level 1 2

Spindle speed (A) �1.18248 2.06844
Feed rate (B) 1.13033 �0.07146
Depth of cut (C) 0.21791 1.52448
rate and middle level of depth of cut decreases the surface rough-
ness. The mean S/N ratio for surface roughness is given in Table 5.
From the Table, spindle speed and feed rate is most influencing
parameters for surface roughness followed by depth of cut. The
minimum surface roughness is obtained for the optimal combina-
tion of parameters (A2B1C2).

ANOVA is a standard statistical tool, which is used to determine
the individual effect from all of the input process parameters. In
this analysis, the percentage of contribution of each parameter is
employed to measure its corresponding effects on output
responses [16]. In present study, ANOVA was applied to analyze
the influence of the end milling parameters, namely, spindle speed,
feed rate and depth of cut that extensively affects the surface
roughness (SR) and tool wear (TW). Table 6 shows the ANOVA
results of surface roughness. From the table, it is observed that
the spindle speed has greater influence on controlling the surface
roughness of the brass C26130 alloy (P = 68.74%), followed by the
depth of cut (P = 10.97%) and feed rate (P = 6.67%).

3.2. Effect of parameters on tool wear

Fig. 3 shows the main effect plot of process parameters, such as
spindle speed, feed rate and depth of cut on tool wear. It is clearly
r surface roughness.

3 Delta Rank

0.84310 3.25091 1
0.67019 1.20179 3
�0.013331 1.53781 2



Table 6
ANOVA table for surface roughness.

Source DoF Seq.SS Adj.SS Adj.MS F P Con (%)

Spindle speed (A) 2 0.18514 0.18514 0.09257 5.05 0.165 68.74
Feed rate (B) 2 0.01794 0.01794 0.00897 0.49 0.671 6.66
Depth of cut (C) 2 0.02956 0.02956 0.01478 0.81 0.554 10.97
Error 2 0.03667 0.03667 0.01833
Total 8 0.26931

Fig. 3. main effect plot for tool wear.
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understood that, middle level of spindle speed and high level of
feed rate and depth of cut decreases the tool wear. The depth of
cut increases, the high contact between the tool edges and work
piece causing increased in tool wear rate. The mean S/N ratio for
tool wear is presented in Table 7. From the Table, it can be clearly
noticed that, feed rate is the most significant factor affect the tool
wear followed by spindle speed and depth of cut. The minimum
tool wear is achieved for the optimal combination of process
parameters (A2B3C3).

Table 8 shows the results of ANOVA and contribution of each
individual parameter on tool wear. It is also confirmed that spindle
speed is most influencing parameters with contribution of 39.92%
and followed by feed rate 26.22% and depth of cut 12.88%. Increase
in spindle speed and feed rate increases the surface roughness and
thus the tool wear is also increased due to the more erode of
materials.
Table 7
S/N ratio table for tool wear.

Level 1 2

Spindle speed (A) 51.90 53.15
Feed rate (B) 37.10 37.49
Depth of cut (C) 47.81 45.62

Table 8
ANOVA table for tool wear.

Source DoF Seq.SS Adj.SS

Spindle speed (A) 2 0.0016054 0.0016054
Feed rate (B) 2 0.0010544 0.0010544
Depth of cut (C) 2 0.0005179 0.0005179
Error 2 0.0008429 0.0008429
Total 8 0.0040206
4. Conclusions

1. The present investigation was made to find the optimal machin-
ing parameters for END milling process of Brass (C26130) alloy
by using Taguchi methodology.

2. The optimum parameters obtained for minimum surface rough-
ness: spindle speed 750 rpm, feed rate 20 mm/rev and depth of
cut 0.75 mm.

3. Theoptimumparameters achieved forminimumtoolwear: spin-
dle speed 750 rpm, feed rate 60 mm/rev and depth of cut 1 mm.

4. From ANOVA results, it is found that spindle speed was the
most significant factor affecting surface roughness followed
by depth of cut which contributes 68.74% and 10.97%.

5. The spindle speed was most dominant factor affecting the tool
wear followed by feed rate which contributes 39.92% and
26.22% respectively.
3 Delta Rank

36.54 16.61 2
66.99 29.89 1
48.15 2.53 3

Adj.MS F P Con (%)

0.0008027 1.90 0.344 39.92
0.0005272 1.25 0.444 26.22
0.0002590 0.61 0.619 12.88
0.0004215
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