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Abstract—This paper presents an empirical study
to determine the influence of cutting parameters
on surface roughness when milling a plane with a
face milling cutter. The testing material used in
this study was XC42 steel. Three parameters of
the cutting mode were investigated in this study:
the cutting velocity, the feed rate and the depth of
cut. Fifteen tests were designed according to the
Box — Behnken matrix, including three tests at
the central point. An analysis of the test results
has determined the influence of the parameters
as well as the influence of the interaction
between parameters on surface roughness. A
rough surface model was proposed in this study
as a quadratic polynomial. An assessment of the
suitability of surface roughness model with test
data was also conducted in this study.

Keywords—milling a plane with a face milling
cutter, XC42 steel, surface roughness model.

1. Introduction

Milling of a plane with a face milling cutter is a
common machining method offering high productivity
and being widely applied in mechanical processing.
Surface roughness has a great influence on the shelf
life of products and is often chosen as one of the
criteria to evaluate the efficiency of milling processes
[1- 4]. Studying the milling process to find solutions to
optimize surface roughness of workpiece has been
done by many authors. Among them, the authors
often focus on the study of the effect of cutting mode

parameters on surface roughness. From there, there
is a basis for controlling the milling process. Pham
Thi Hoa et al. [5] tested milling aluminum alloy
A6061; Erol Kilickap et al. [6] tested milling Ti-6242S
alloy; Okokpujie Imhade et al. [7] tested milling
aluminum alloys; Tien Dung Hoang et al. [8], Huu-
That Nguyen et al. [9], Nguyen Thanh Binh et al. [10]
tested SKD11 steel milling; Muhammmad Yasir et al.
[11] tested milling AISI 316L steel; Drazen Bajic et al.
[3] tested milling 42CrMo4 steel; Pathak et al. [12]
tested milling Al-1Fe-1V-1Si and Al-2Fe-1V-1Si
alloys; Hasan Gokkaya et al. [13] tested milling
AA2014 (T4) alloy; Luis Wilfredo Hernandez-
Gonzélez et al. [14] tested milling AlSI 304 steel; ect.

This paper presents the study on the influence of
cutting velocity, feed rate and depth of cut on surface
roughness when milling XC42 steel. A surface
roughness model was proposed in this study. The
accuracy evaluation of the roughness model was
also conducted in this study.

2. Milling test
2.1. Testing material

The testing material used in this study was XC42
alloy steel. This steel is often used to make machine
parts that work under heavy loads, such as parts in
cars, construction machines and mining machines.
The equivalent symbols for this steel according to
some standards are presented in Table 1. The
chemical composition of this steel is shown in Table
2. The test sample is a cube with a size of 50 (mm).

Table 1. XC42 steel equivalent of countries

France USA Japan Germany U.K Italy
AFNOR AlSI JIS W.nr DIN BS UNI
XC42 1045 S45C 1.12 CK45 080M46 C45
Table 2. Chemical composition of XC42 steel
C Si Mn Cr Ni Mo Y, Ti B Cu
0.44 0.23 0.65 0.15 0.15 0.04 0.01 0.001 0.0004 0.21
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2.2. Milling machine and milling cutter

The testing machine used in this study is a vertical
milling machine with the symbol TF-OSS (Figure 1).
The cutting tool used in this study was a face milling
cutter with a cut piece, the cut piece is made of hard
alloy.

2.3. Design of experiment

The Box-Behnken test matrix was applied to
design the tests. Three input parameters include
cutting velocity, feed rate and depth of cut. Test
matrix was designed with 15 tests, including 3 test
points at the center. Each input signal will have three

values corresponding to three encrypted values
(Table 3), the test matrix is shown in Table 4.

2.4. Measuring device

The SJ-201 roughness tester has been used to
measure roughness of test samples. For each test
sample, roughness has been measured at least three
times. The roughness value for each test is the average
of successive measurements, also included in Table 4.

3. Influence of parameters on surface roughness

The minitab statistical software was used to
analyze the data in Table 4. The results are

presented in Table 5, Figures 2 and 3.

Fig 1. Milling machine

Table 3. Value at levels

Parameter Symbol Unit 1 Gia tr talocac mere 1
Cutting velocity v m/min 80 140 200
Feed rate f mm/min 30 65 100
Depth of cut t t 0.2 0.35 0.50
Table 4. Experimental matrix and result
No Code value Actual value Surface roughness
' v f t v (m/min) f (mm/min) t (mm) Ra (um)
1 0 -1 -1 140 30 0.2 1.12
2 1 -1 0 200 30 0.35 0.82
3 0 1 1 140 100 0.50 2.40
4 0 1 -1 140 100 0.2 2.50
5 -1 -1 0 80 30 0.35 1.48
6 -1 0 -1 80 65 0.2 2.28
7 1 1 0 200 100 0.35 1.90
8 0 0 0 140 65 0.35 1.52
9 1 0 1 200 65 0.50 1.08
10 1 0 -1 200 65 0.2 0.99
11 0 0 0 140 65 0.35 1.68
12 -1 1 0 80 100 0.35 2.88
13 0 -1 1 140 30 0.50 0.88
14 -1 0 1 80 65 0.50 2.35
15 0 0 0 140 65 0.35 1.46
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Table 5. Analysis results

Response Surface Regression: Ra versus v, f, t
The analysis was done using coded units.
Eatimated Regression Coefficients for Ra
Term Coef S5SE Coef T i3
Constant 1.55333 0.11105 13.988 0.000
v -0.52500 0.08800 -7.720 0.001
f 0.87250 0.0&200 9,890 0.000
T -0.02250 0.08800 -0.331 0.754
vy 0.08333 0.10010 0.833 0.443
£*f 0.13333 0.10010 1.332 0.240
T*L 0.03833 0.10010 0.323 0.717
v -0.08000 0.09617 -0.832 0.443
VLD 0.00500 0.09817 0.052 0.981
f*c 0.03500 0.09817 0.364 0.731
5 = 0.192337 ERESS = 2.&038
B-5g = 9&.98% PR-Sgipred) = 57.52% R-Sgiadj) = 91.55%
Data Means
v (m/min) f (mm/min)
2.5
2.0
1.51 \
5 1.0 T T T T T T
) 80 140 200 30 65 100
=
t(mm
2.5+ (mm)
2.0
= - b
1.5
1.0- : : :
0.20 0.35 0.50

Fig 2. Main effects for surface roughness

The results in Table 5 shows:

- The feed rate is the parameter that has the
greatest influence on the surface roughness, when
the feed rate increases, the surface roughness
increases. The cutting velocity also has a significant
influence on the surface roughness, when the cutting
speed increases, the surface roughness decreases.
The depth of cut has a negligible influence on the
surface roughness because the probability coefficient
P with a value of 0.754 is much larger than the
significant level (normally the significance level a
selected is 0.05). The graph depicting the influence
of the parameters on surface roughness presented in

Figure 2 will illustrate more clearly for these

statements.

- The meticulous review shows that the interaction
between parameters influencing surface roughness
will gradually decrease in the order: the interaction
between the cutting velocity and the feed rate, the
interaction between the feed rate and the depth of
cut, interaction between the cutting velocity and the
depth of cut. However, these interactions do not
significantly influence surface roughness. Figure 3
clearly shows these statements.
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4. Surface roughness model

From the data in Table 5, the roughness model
represents each relationship between surface roughness
and cutting velocity, feed rate and depth of cut expressed
by the following regression equation. In this model, the
cutting parameters are taken in encrypted form. This
equation has a determination coefficient R? = 0.9698,
very close to 1. This model is used to calculate
roughness and compare it with roughness values tested
in Table 4, the results are illustrated in Figure 4.

Figure 4 shows the roughness value when calculated
by formula (1) is very close to the value of test result. The
average value of deviation between the calculated results
and the test results is only about 6.76%. The largest
deviation between the predicted results and the test
results is only about 20.4%. This confirms that model (1)
iSs very consistent with test data. This model is the basis
for determining the value of the cutting velocity, the feed
rate and the depth of cut to ensure a certain value of
surface roughness.
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Fig 3. Interaction plot for surface roughness
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Fig 4. Value of surface roughness by Eqg. (1) and in measurement

5. Conclusion

Some conclusions are drawn when milling XC42
steel by face milling cutter with hard alloy cut pieces
as follows:

1) The feed rate is a parameter that greatly
influences the surface roughness, when increasing
the feed rate, the surface roughness increases. The
cutting velocityalso has a significant influence on the
surface roughness, when the cutting speed increases
the surface roughness decreases. The depth of cut
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and the interaction between the parameters have a
negligible influence on the surface roughness.

2) A surface roughness model was proposed in
this study. This model gives very high accuracy
compared to the test results. This model allows
prediction of surface roughness with each different
value of cutting parameters. This model can also be
used to determine the value of the cutting parameters
to ensure surface roughness is reached at the
desired value.
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