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Abstract—This paper presents a study of
the prediction of surface roughness in a milling
process. On the basis of inheriting theoretical
studies of the milling process, this study has built
a model for predicting the surface roughness of a
workpiece when surface milling using a face
milling tool. The accuracy of the model has been
assessed through the comparison of roughness
when calculating and testing milling 40Cr steel.
The results showed that the roughness value
when calculating is very close to that when
testing, with an average deviation of only about
0.077pm.
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l. INTRODUCTION

Surface miling with a face milling tool is a
machining method for high productivity and precision,
which is increasingly popular in mechanical
processing. When evaluating the efficiency of surface
machining using a face milling tool, surface roughness
is often chosen as one of the first criteria. It's because
the surface roughness of workpieces has a great effect
on the workability and durability of the products. To
have a basis for selecting the parameters of the
process and control of the technological system in
order to workpiece surfaces with small roughness,
many studies have been done by scientists with
different methods. Among them, the study direction
most conducted by scientists is empirical study to
determine the effect of machining process parameters
on surface roughness, such as studies of Khleif et al.
[1]; Ali Riza Motorcu et al. [2]; Duong Xuan-Truong et
al. [3], Pathak et al. [4]; Sredanovi¢ et al. [5]; etc.
However, the experimental study process is often
costly and time-consuming, which affects the efficiency
of the machining process. On the other hand, the
results of empirical studies are only applicable to a few
specific cases. In order to overcome the above
limitations of the experimental study method, a number
of scientific studies were also conducted by the
theoretical method to build the surface roughness
model, namely: Rui Wang et al. [6] developed a
surface roughness model for the case where a
triangular section is used; Patricia Mu™noz-Escalona et
al. [7] developed a surface roughness model for the
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case of using a square piece; Jie Gu et al. [8]
developed a surface roughness model with worn
inserts, etc. This paper will inherit theoretical studies
on the process of surface milling using a face milling
tool to build surface roughness model.

1. DEVELOPMENT OF A SURFACE ROUGHNESS MODEL

In order to control the surface roughness of the
workpiece when milling through the -cutting force
signal, Cus et al. [9], Yaser Hadi [10] performed the
simulation of milling process according to the genetic
programming (GP) method and built the surface
roughness model as follows:

2
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In equation (1), Pc is the cutting force. The
determination of the cutting force Pc can be done by
experimental or calculation methods. In this study, the
value of cutting force is performed by the calculation
method, which is detailed in the study of Qin Li et al.
[11]. However, to make this study clearer, the
determination of Pc can be summarized through
formulas from (2) to (11).

P, =./P? + P? 2)

In which:

R, = 0.0254.( (1)

T .
P, = Ng .cosy + Fff .siny + Ffed (3)
Py = —Ngq — Ff* .cosy + Ng,..siny  (4)
With:
Ff =Ny . f )
fr _

FI" =N, .f 6)
In equations (5) and (6): f is the friction coefficient
between the cutting tool and the surface of machined
workpiece, y is the rake angle of the cutting tool. The

components Ny and Ng are determined using the
following equations:

Neg = Oc; - Scut (7
NfT = O-com 'SpT (8)

In equations (7) and (8): oq and o,m are the
compressive strength and bending stress of the
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material, respectively. The components Sg; and Sy,
are determined by the following formulas:
Seut =B .h, (9)
Spr =B .t (10)
In equations (9) and (10): B is the width of the

cutting edge, h, is the length of wear on the back of the
cutting tool. The value of t’ is determined as follows:

S,.t

R .sin [arccos (1 — %)] (11)

In equation (11): S, is the feed rate, mm/tooth; R is
the radius of cutting tool, mm; t is the depth of cut, mm.

t' =

From the equations (1) to (11), a model for
determining the surface roughness of the machined
workpiece will be built according to the equation (12),
in which Ry, is included in this equation to adjust for
each specific case of processing conditions. From this
equation, it is possible to calculate the value of the
surface roughness according to the cutting
parameters, the geometric parameters of the cutting
tool and parameters of some properties of the
machined material.

( 8932

R, = Rfactor 2
[293 — BYM? + N2]
M = —a,. h.(1+ f.cosy) + o.om-t'.siny

N = g.om-t'(cosy + f.siny) + f.0.. h, (12)
. S, .t
L R .sin [arccos (1 - %)]

11 COMPARISON OF SURFACE ROUGHNESS
BETWEEN CALCULATING AND EXPERIMENT

Some results of experimental study on milling 40Cr
using PVD-coated milling cutter by Nguyen Hong Son
[12] will be used to compare the surface roughness
value between the calculation result according to
equation (12) and test results. The parameters used
during the test will also be used during the calculation
in this study as shown in Table I. Under these
machining conditions, the authors had determined the
correction coefficient Reeor =1.9953. The roughness
value when calculating by formula (12) and the
roughness value when testing is presented in Table Il
and Figure 1.

TABLE |l. PARAMETERS FOR DETERMINING SURFACE ROUGHNESS
Parameter Unit Value
v m/min 185; 223.65; 250
t mm 0.281; 0.4; 0. 519
R mm 62.5
S, mm/tooth 0.08;0.1; 0.13; 0.16; 0.18
B mm 10
Y Degree 25
h, mm 0 (considered in the condi'_tion of using a
new cutter, not worn in the back)
Gl MPa 200
Geom MPa 400

TABLE Il. COMPARISON OF SURFACE ROUGHNESS WHEN CALCULATING AND TESTING

No. % S, t Ra(measured) [12] Ra(calculated) Deviation

(m/min) | (mm/tooth) (mm) (um) (um) (um)
1 146.35 0.1 0.281 0.26 0.244 0.016
2 223.65 0.1 0.519 0.40 0.259 0.141
3 146.35 0.16 0.519 0.27 0.300 0.030
4 223.65 0.16 0.519 0.15 0.300 0.150
5 120 0.13 0.4 0.16 0.268 0.108
6 250 0.13 0.4 0.26 0.268 0.008
7 185 0.08 04 0.18 0.242 0.062

Www.jmest.org
JMESTN42353282 11522


http://www.jmest.org/

Journal of Multidisciplinary Engineering Science and Technology (JMEST)

ISSN: 2458-9403
Vol. 7 Issue 2, February - 2020

8 185 0.13 0.6 0.13 0.285 0.155
9 185 0.13 0.4 0.29 0.268 0.022
10 185 0.13 0.4 0.26 0.268 0.008
11 185 0.13 0.4 0.37 0.268 0.102
12 185 0.13 0.4 0.34 0.268 0.072
13 185 0.13 0.4 0.41 0.268 0.142
Mean 0.2677 0.2699 0.0770
0.45
0.40 B Ra(measured) [12]
k5 0.35 B Ra(calculated)
= 030
E 0.25 |
2 0.20 -
8
o 015 -
‘-'E-‘j—)' 0.10 -
£ 0
v 0.05 -
0.00 -

1 2 3 4 5

Number of experiments

7 8 9 10 11 12 13

Fig. 1. Surface roughness when testing and calculating

Table 1l and Figure 1 show that the roughness
value when calculating is quite consistent compared to
the test. The average deviation between the calculated
results and the tested results is only 0.077 um. The
largest deviation between the calculated results and
the tested results is only 0.155 pum. As a result,
equation (12) is perfectly suitable for prediction of the
surface roughness of the workpiece.

V. CONCLUSION

Based on theoretical studies of the milling process,
a model of surface roughness was proposed in this
study. The accuracy of the model has been verified
when comparing the calculated roughness values and
experimental roughness values. The results show that
the roughness value when calculating is very suitable
compared to the test. As a result, the surface
roughness model proposed in this study is perfectly
suitable to predict the surface roughness of part when
milling. The use of this roughness model allows to
reduce machine adjustment time, test machining time,
and contribute to improving the efficiency of the milling
process.
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