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Abstract - This article presents empirical study
to determine the influence of cutting parameters
on the surface roughness when milling 060A4
steel. Three cutting parameters have been
covered in this study including the cutting speed,
the feed rate and the cutting depth. Surface
roughness has been selected as the criteria to
evaluate the milling process in this study.
Experimental process was carried out on a
vertical milling machine. Box-Behnken design
matrixes were used to design experiments with a
total of 18 experiments. Analysis of experimental
results has determined the influence of the input
parameters as well as the interaction between
them on the surface roughness. The cutting
parameters optimization problem was also carried
out in this study. Solving the problem has found
the optimal value of the input parameters to
ensure that the surface roughness reaches the
smallest value. Optimization results have been
verified again by experimental process. Finally,
the further development direction for the next
study is mentioned in this article.
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[. INTRODUCTION

Milling is a popular machining method, resulting in
high productivity and is widely used in mechanical
machining. Milling method can be performed to
process many different types of surfaces, with a
variety of materials. Surface roughness has a great
influence on the life of the products and is often
chosen as one of the criteria to evaluate the efficiency
of milling process in particular and cutting processes
in general [1-4]. The study of milling process to find
any solutions to reduce the surface roughness when
milling has been done by many authors. Among them,
the authors often focus on the study of the influence of
cutting parameters on the surface roughness when
milling. This is also easily explained because control
of the cutting parameters is more easily performed by
the machine operator than by adjusting other
parameters. The results of those studies are the basis
for the selection of parameters of the cutting mode in
each specific condition.

Empirical AlISI 304 steel milling process has been
done in [5], and the results of this study have given
the following conclusion: both the parameters of
cutting speed and the feed rate have a great influence

on the surface roughness. In which, the influence of
cutting speed on the surface roughness is greater
than the one of feed rate.

In [13], the author has studied the milling process
of two types of alloys including Al-1Fe-1V-1Si and Al-
2Fe-1V-1Si, and then made a comment such as: all
three parameters of cutting parameters are almost
have negligible influence on the surface roughness
when milling 1Fe-1V-1Si alloy; When milling Al-2Fe-
1V-1Si alloy, the cutting parameters have a great
influence on Rz test criteria. But for Ra criteria, the
parameters of cutting have negligible influence.

In. [6], when milling AISI 316L SS steel with a
cutting tool with a milling cutter with a cutting piece
coated with WC layer, it is shown that: Both the two
parameters including the feed rate and the cutting
speed all have a significantly influence on the surface
roughness. In which, the influence of the feed rate on
the surface roughness is greater than the influence of
the cutting speed; The law of the influence of the feed
rate and the cutting depth on the surface roughness is
quite complicated. When increasing the value of these
two parameters, sometimes it increases, sometimes
decreases the value of surface roughness.

The content of the study was presented in [2],
which gave a conclusion such as: The feed rate has
the greatest influence on the surface roughness,
followed by the influence of the cutting speed and the
cutting depth that have a smaller influence on the
surface roughness than the one of the feed rate and
the cutting speed; The interaction between the feed
rate and the cutting depth has the strongest influence
on the surface roughness, followed by the influence of
the interaction between the cutting speed and the feed
rate, the interaction between the cutting speed and
the cutting depth has a negligible effect on the surface
roughness.

In. [7], when studying milling Ti-6242S alloy, the
author gave a conclusion such as: All three
parameters of cutting parameters have a significant
influence on the surface roughness; Increasing the
value of the feed rate and the cutting depth results in
an increase in the surface roughness. Conversely,
having a decrease in the surface roughness occurs
when an increase in the value of the cutting speed
occurs.

In [8], the author has experimented milling 6061
aluminum alloy under the minimum quantity
lubrication (MQL) with a high speed steel cutting tool
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and made a comment: The interaction between the
cutting speed and the feed rate has a great influence
on the surface roughness; The influence of the cutting
speed on the surface roughness is greater than the
one of the feed rate.

The results of the study that are presented in [9]
has shown that: When milling SKD61 steel, all three
parameters of the cutting parameters including the
cutting speed, the feed rate, the cutting depth and
hardness of the machining materials have all a
significant influence on the surface roughness.

In [3], the author has carried out an experiment in
42CrMo4 steel milling with the cutting tools coated
with TiN, then the conclusions of this study were
shown as follows: The cutting speed has little
influence on the surface roughness; For the feed rate,
when machining with a fixed cutting depth, the
influence of the feed rate on the surface roughness is
greater when machining with a variable cutting depth.

In [10], the author has shown that: When
experimenting with milling AA2014 alloy (T4), the feed
rate has a significant influence on the surface
roughness, while the cutting speed has a negligible
influence on the surface roughness; An increase in
the value of the feed rate results in an increase in
surface roughness. Meanwhile, the law of influence of
cutting speed on the surface roughness is quite
complicated, when increasing the value of the cutting

Table 1. Designation of 060A4steel in several standards

speed, sometimes the value of surface roughness
increases, sometimes the one decreases.

From a number of general studies as above, the
author has shown, although there have been many
studies investigating the influence of the cutting
parameters on the surface roughness when milling
was published, in each specific machining condition,
the degree as well as the law of influence of the
cutting mode parameters on the surface roughness is
different. From there it shows that, in order to apply
the results of the study into the production process, it
is required to carry out an empirical study with each
specific processing condition on machining materials
and cutting tools. In this article, the author will conduct
the study to determine the influence of the cutting
mode parameters on the surface roughness when
milling 060A4 steel.

Il. THE MILLING PROCESS EXPERIMENTED
2.1. Experimental system

The experimental sample used is 060A4 steel (BS
- China standard). In Table 1, the author shows the
equivalent symbols of this steel according to several
standards. In Table 2, the chemical composition of
steel is presented. The sizes including length, width
and height of the experimental sample are 80mm,
40mm and 30mm, respectively.

Country China USA Germamy Italy Japan
Standard BS AlSI DIN UNI JIS
Symbols 060A4 1045 CK45 C45 S45C
Table 2. Chemical component and mechanical properties of 060A4 steels
Composition (%)
C Si Mn Cr Ni Mo Vv Ti B Cu
0.44 0.23 0.67 0.20 | 0.15 0.03 0.02 0,002 0.0008 0.22
The experimental machine used in this study was and the cutting depth. Each parameter will have three
a vertical milling machine with the serial number JL- value levels. The value of the parameters at the levels
VH320B. This is a product of Jen Lian Company - are chosen according to the practical experience as
Taiwan (Figure 1). The machine has some shown in Table 4. The experimental design matrix of
specifications as shown in Table 3. 18 experiments is presented in Table 5.
Surface roughness tester SJ201 (Mitutoyo - Japan) lll. RESULTS AND DISCUSSION
was used during the experiment. At least three times Experimental process was carried out in the order
of measurement will be caried out in each as shgwn in TabIF()a 5, the value of surface roughness
experimental sample. The surface roughness value at at each experiment ’vvas also included in thisg table
each experiment is the average value of the The statistifal software Minitab 16 was used to gra h
consecutive times of measurement. During the the influence of the input parameters on the SL?rfage
measurement process, the standard length of the rouahness as shown pin Fl):i ure 2. The interaction
machine is set to 0.8mm, the measuring head ianL?ence among the input zgrametérs on the surface
diameter is 0.005mm. mong the input p
roughness is shown in Figure 3.
2.2. Experimental design
The Box-Behnken experimental design matrix was
used to design the experiments in this study. The
input parameters of each experiment are the cutting
parameters, including the cutting speed, the feed rate
WwWw.jmest.org
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Fig 1. Experimental machine

After the process of observation, the author gave
Figure 2 as follows:

- Out of the three parameters investigated, the feed
rate is the one that has the greatest influence on the
surface roughness. Meanwhile, the cutting speed and
the cutting depth have their negligible influence on the
surface roughness. However, if considered in details,
it can be seen that the part cutting speed affecting
surface roughness is greater than the influence of the
cutting depth.

- When the feed rate increases, the surface
roughness increases rapidly, this is also consistent
with the studies published on the milling process [12].

Table 3. Some specifications of the experimental machine [11]

Working surface of table 300 x 1500 mm
Longitudinal travel 1000 mm
Cross travel 380 mm
Table _Vertical travel _ 460 mm
T-slots (size x number x distance) 16 x3x 70 mm
Longitudinal feeds 12 + 270 mm/min (12 steps)
Rapid longitudinal traverse 1800 mm/min
Rapid vertical traverse 680 mm/min
, 70 + 3800 rpm (Mechanical Variable
Spindle speeds
speed)
Quill travel / Quill Dia 150 / &105
Vertical Main Taper of spindle nose NT 40
Spindle Swivelling angle of spindle head (R & L) each side 900
Swivelling angle of overarm 3600
Overarm travel 450 mm
Distance of spindle end to table top 90 + 500 mm

Table 4. Input parameters with different levels

Parameter Unit code Values at different levels
-1 0 1
Cutting speed m/min v 168 240 312
Feed rate mm/tooth f 0.12 0.24 0.36
Depth of cut mm ap 0.336 0.48 0.624

After the process of observation, the author gave
Figure 3 as follows:

- When the cutting speed is 168 m/min: if there is
an increase in the feed rate, the surface roughness
increases slowly.

- When the cutting speed is 240 m/min: when the
feed rate increases from 0.12 to 0.24 mm/tooth, the
surface roughness increases slowly, but if the feed
rate continues to increase, the surface roughness
increases rapidly.

- When the cutting speed is 312 m/min: when the
feed rate increases from 0.12 to 0.24 mm/tooth, the
surface roughness decreases, but if the feed rate
increases from 0.24 to 0.23 mm/tooth, the surface
roughness increases rapidly.

- When machining with the cutting speed of 168
m/min: if the cutting depth increases, the surface
roughness increases slowly.

- If the cutting speed is 240 m/min: the surface
roughness will decrease quickly if the cutting depth
increases from 0.336 to 0.480 mm, but if the cutting
depth continues to increase, the surface roughness
will increase rapidly.

- In the case of machining with the cutting speed of
312 m/min: when the cutting depth increases from
0.336 to 0.480 mm, the surface roughness increases
rapidly, but if the cutting depth continues to increase,
the surface roughness will decrease rapidly.

- When the feed rate is 0.12 mm/tooth and 0.24
mm/tooth, the cutting depth has almost no influence
on the surface roughness.
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- When machining with a feed rate of 0.36
mm/tooth: if the cutting depth increases from 0.336
mm to 0.48 mm, the surface roughness decreases

Table 5. Plan matrix of testing and results

rapidly, but if the cutting depth continues to increase,

the surface roughness increases rapidly.

No Code value Actual values Surface roughness
' % f ap v (m/min) f (mm/tooth) ap (mm) Ra (um)
1 0 0 0 240 0.24 0.48 0.775
2 0 1 1 240 0.36 0.624 1.683
3 1 0 -1 312 0.24 0.336 0.558
4 0 0 0 240 0.24 0.48 0.717
5 1 1 0 312 0.36 0.48 1.017
6 0 -1 -1 240 0.12 0.336 0.575
7 0 0 0 240 0.24 0.48 0.683
8 1 -1 0 312 0.12 0.48 0.600
9 0 0 0 240 0.24 0.48 0.725
10 0 -1 1 240 0.12 0.624 0.600
11 1 0 1 312 0.24 0.624 0.517
12 -1 1 0 168 0.36 0.48 0.992
13 0 0 240 0.24 0.48 0.683
14 -1 -1 0 168 0.12 0.48 0.692
15 -1 0 -1 168 0.24 0.336 0.683
16 0 1 -1 240 0.36 0.336 1.567
17 -1 0 1 168 0.24 0.624 0.850
18 0 0 0 240 0.24 0.48 0.733
IV. OPTIMIZATION OF THE MILLING PROCESS
Main Effects Plot for Ra (um) L L .
Data Means The statistical software Minitab 16 was once again
14 v (m/min) f (mm/tooth) used to solve the optimization problem of the milling
1.24 process. The optimization graph is shown in Figure 4.
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Fig 2. Influence of cutting parameters on Ra
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Fig 3. Interaction effects of cutting parameters on Ra
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Fig. 4. Graph optimization

The results in Figure 4 show the optimum values of
the parameters of the cutting speed, the feed rate and
the cutting depth are 312 m/min, 0.159 mm/tooth and
0.55 mm, respectively. The expected function is equal
to 1, which means that the probability of reaching the
minimum surface roughness when machined with the
optimum value set of the cutting mode parameters is
100%. The optimum value set of the parameters was
also used to carry out the milling process with 5 steel
samples. The average value of surface roughness in 5
experiments was 0.368 um. So the difference
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between the experimental results and the predicted
results is only about 2.01%.

V. CONCLUSION

The 060A4 steel milling experiment was carried out
in this study. The determination of the optimum value
of the cutting parameters has also been performed.
Some conclusions are drawn as follows:

- Of the three cutting mode parameters including
the cutting speed, the feed rate and the cutting depth,
only the feed rate is a parameter that has a significant
influence on the surface roughness. In case the feed
rate increases, the surface roughness increases
rapidly. The cutting speed and the cutting depth have
a negligible influence on the surface roughness.

- The optimal value of the cutting speed, the feed
rate and the cutting depth are 312 m/min, 0.159
mm/tooth and 0.55 mm, respectively. When
machining with these values of the cutting mode
parameters, the surface roughness has the smallest
value, about 0.368 pum.

- The determination of the value of the cutting
parameters to ensure simultaneously the targets such
as the minimum surface roughness, the minimum
shear force, and the maximum material removal rates,
etc. are the further directions for the next study.
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