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This paper presents a research about the modelling of surface roughness in the grinding
process. Based on the analyzed results about the surface roughness models from the
previous studies, this study was performed to develop a surface roughness model in the
grinding process. The surface roughness model is proposed with two hypotheses about the
shape and ratio of the number of scratches of the grinding grains leaving on the workpiece
surface. The first hypothesis is that the shapes of scratches of the grinding grains leave on
the workpiece surface with five types including the triangle, the curved arc, the parabolic,
the semi-circular, and the curved arc of a quarter circle. The second hypothesis is that the
ratios of the number of the scratches with different shapes of the grinding grains leaving
on the workpiece surface are the same (all are equal to 20%). This research paper discusses
about the modelling of surface roughness when considering many shapes of scratches of
the grinding grains left on the machining surface. This proposed model can be used to
calculate the surface roughness in grinding processes of the different pairs of grinding
wheels and workpieces. The developed surface roughness model has been applied to
calculate the surface roughness during the grinding of SUJ2 steel using an aluminum oxide
grinding wheel. Calculated surface roughness using proposed model were quite close to
the experimental results. The average difference between calculated and the experimental
results was about 14.84%. This study offers a promising ability to calculate the machining
surface roughness in the grinding processes.

Nomenclature

a - Cutting depth.
ay - Grinding wheel dressing depth.
b, - Grinding wheel width.

f - Ratio of the part volume of particle (participated in the
cutting processes) and the volume of particle.

L - Contact length between the grinding wheel and the
machining surface.

M - Graininess of the grinding wheel (The number of sieve

C - Grinding grain concentration (for diamond and CBN  joles per square inch of the sieve).

grinding wheels).

N - Number of dynamic cutting grinding particles per unit area

d. - Equivalent diameter of grinding wheel. of grinding wheel surface.

dg - Diameter of the grinding grain.

dg - Grinding wheel diameter.

r - Ratio between the length and the height of the chip.
S - Structure number of the grinding wheel (for normal

d,, - Workpiece diameter. grinding wheel).

E (h) - Expectation of the undeformed chip thickness. Sq - Grinding wheel dressing feed rate.

E(R,) - Expectation of the surface roughness. S; - Plunge feed rate.

h - Undeformed chip thickness in grinding processes. Vg - Volume ratio of the grinding particles in the grinding
wheel.

"Corresponding Author: Do Duc Trung, Faculty of Mechanical Engineering,

v, - Grinding wheel velocity.

Hanoi University of Industry, Vietnam, doductrung@haui.edu.vn v,, - Workpiece velocity.
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1. Introduction

Grinding method is one of the most common machining
methods in the metal cutting processes. This method is often
chosen as a finishing machining process to machine the surfaces
with requirement of high dimension precision and high surface

quality [1, 2].

Surface roughness has much influence on the working ability
and the life of the mechanical products. So, the surface roughness
is often selected as one of the most important factors to evaluate
the efficiency of a grinding process. However, in the investigation
of grinding surface roughness, the experimental method costs
much time and money usually. Besides, this method is only applied
to a few specific cases, the application ability of experimental
results is the limitation [3] and [4].

The grinding surface roughness was modeled by different
methods. In this study, the surface roughness models in the
previous studies were analyzed, and then a new surface roughness
model was developed to calculate the surface roughness in the
grinding processes. The accuracy of the development surface
roughness model has been validated through the experiments of
grinding processes.

2. A brief review of some surface roughness models in the
grinding processes

To overcome the limitations of the experimental methods,
many studies were performed to model the grinding surface
roughness by different methods. The surface roughness models
were built depending on the parameters of the grinding processes
as presented in the Table 1.

From the Table 1, it seems that the surface model was modeled
by only considering the relationship between surface roughness
and the workpiece velocity, grinding wheel velocity, the grinding
wheel diameter, and the contact length between the grinding wheel
and the machining surface [3]. In this model, the effect of
characteristic parameters of grinding wheel such as the graininess
of the grinding wheel, the structure number of the grinding wheel,
etc. on the surface roughness has not mentioned. So, it is difficult
to apply this model in different cases when using different grinding
wheels.

In the model 2, the surface roughness was built depending on
the velocity of workpiece and velocity of grinding wheel [5], [6].
In these studies, the effect of other parameters on the surface
roughness was evaluated through the adjustment coefficients R,
and the exponential number x;. So, to apply this model in the
calculation of surface roughness, the experiments must be
conducted to determine the values of the coefficients R, and x;.
Similarly, to apply the model (3), the experiments must be
performed to determine to coefficients R, and x, [7].

In the Table 2, some surface roughness models were presented
based on the specific machining conditions. These models can be
directly used to calculate the surface roughness. However, these
models were only applied to calculate the surface roughness for the
case the workpiece material, the grinding wheel types to be the
same that one in the proposed research models.

WWwWw.astesj.com

Table 1: Surface roughness models — Type 1

Source Model Note No.
The surface
1 v L \2 roughness was
[3] R, = —<%> built for surface (1)
93 Vsds/ grinding
processes.
R, and x; are
the  constants
that depend on
vy @\t the machining
[Sland [6] | R, = Rl( ) conditions and 2)
Us can be
determined by
experimental
method.
R, and x, are
the  constants
that depend on
o5 o5 (V@) the _machining
(7] Ry =Rys4” ag (v_) conditions and 3)
s can be
determined by
experimental
method.
Table 2: Surface roughness model - Type 2
&0 3
o — o
Sl 2
Source Model 22 .g‘ No.
%2
m
2| s
Rq Z | g
g . \038 ;g \043| N/ 2 4
(8] — 12_953.54‘13.34 (U_W) (b_t) 3 § “
s s § )
o
e
=B
R
[9] Ry = 0.92 % 0.3574%0% x p E L2 G
=l =
S| ©
(e}
<
b
o~
\Y
« 3 5
n & §
g V —~
Vi < — § N —_—
n ~— = m o
S & s Z |2
[10] and SN N z | 8
Vg SN ) M by 6)
[1] o8 5 [5p=2 % | 9
g S| % | =
g N H_SQ + < 2]
T . a <
MmN O 8
o3 \O
= X
~
w S n
o S
<) s -
e M
s = ]
x 2O
1185



http://www.astesj.com/

N. Nguyen et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 5, 1184-1188 (2020)

In the Table 3, the surface roughness models were built
depending on the undeformed chip thickness and the adjustment
coefficient (R). These models were built based on the theory of
cutting processes in which these models did not depend on the
specific machining conditions (grinding wheel types, workpiece
materials, and so on). So, these models can be applied in a wider
range than the above models. Besides, the undeformed chip
thickness that has the relationship to the many parameters of the
grinding processes including the cutting parameters, the grinding
wheel geometry, etc. This relationship would be presented in the
detail in the next sections.

Table 3: Surface roughness model - Type 3

Models Note No.
Hypothesis was that shapes of
scratches of the grindin,

E(R,) = Snane

particles leaving on the (7N
workpiece surface was the
triangle.

Hypothesis was that shapes of
the scratches of the grinding

0.37 E(h), [4]

E(Ry) =

particles leaving on the ()
0.423 E(h), [12] workpiece surface was the
curved arc.

Hypothesis was that shapes of
scratches of the grinding
particles leaving on the )
workpiece surface was the
parabolic.

Hypothesis was that shapes of

E(Ry) =
0.396 E(h), [13]

scratches of the grinding
0 4751(5,(1})1):[1 4] particles leaving on the (10)
) ’ workpiece surface was the

semi-circular.
Hypothesis was that shapes of

_ scratches of the grinding
E(Rq) = articles leaving on the | (11)
0.92 E(h), [15] | PAe &
’ workpiece surface was the

curved arc of a quarter circle.

The above cited surface roughness models showed that
depending on the different hypotheses about the shapes of the
scratches of the grinding grains left on the workpiece surface. Few
literatures were performed to confirm the exact shape of each of
the scratches of the grinding grains left on the workpiece surface.
It can be inferred that during the grinding processes, the geometry
of the grinding grains is always changing (texture, form, self-
dressing, and so on). These features on each cut of grinding grains
left on the workpiece surface will always change. The shapes of
scratches of the grinding grains left on the workpiece surface did
not retain the shapes like that one in the hypotheses of the previous
literatures. Hence, it is necessary to develop a surface roughness
model considering the different shapes of scratches of the grinding
grains left on the workpiece surface.

3. Developing a surface roughness model in grinding process

In this study, the surface roughness modelling was performed
for grinding processes. The surface roughness model was built
with two hypotheses as following:
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The first hypothesis is that the shapes of the scratches of the
grinding grain left on the workpiece surface are of five types such
as triangle, curved arc, parabolic, semi-circular, and curved arc of
a quarter circle.

The second hypothesis is that the ratios of the number of the
scratches with different shapes of the grinding grains leaving on
the workpiece surface are the same (all are equal to 20%).

Basing on above two hypotheses and the analyzed results from
Table 3, the surface model that was proposed in this study as
presented by (12).

E(R,) = 0.516 E(h) (12)
Where E(R,) - The expectation of the surface roughness.
E(h) - The expectation of thickness of undeformed chip.

The undeformed chip thickness (h) has been mentioned in
many studies. However, to present of this study in detail and
clearly, the undeformed chip thickness was determined as
following: According to reference [16], the undeformed chip
thickness (h) that was calculated by (13) and (14).

(13)

(14)

According to reference [17], it was difficult to determine the
value of “r”, that was selected in the range from 10 to 20. In this
study, the value of “r”” was chosen by 20 (selecting according to
previous studies [ 18] and [19]).

According to reference [19], the value of “N” that was
determined by (15).

1 1
N=4f—

dz—’
9 (;_%)2 (15)

According to reference [18], it was also difficult to determine
the value of “f”. In almost case, it can be assumed that half of a
grinding grain that participated in cutting process. It means that
f=0.5.

d is diameter of grinding grain that was determined from (16)
to (18).

d, = 15.2/M (16)

The value of I, was selected depending on the grinding wheel
structure number (S). With common grinding wheel, the structure
number is from 0 to 16, the value of 1 is determined by (17)
which means if the structure number increases one time, the
volume of the grinding particles in the grinding wheel decreases
2%. According to reference [3] the maximum value of Vj; does not
exceed 60%.

V, (%) =2(32 - S) (17)
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V, (%) = 0.25  C (18)

For the cases of the diamond and CBN grinding wheels, V; is
determined according to the sign of the grinding particle
concentration as listed in Table 4, [20]. From this table, for the
diamond and CBN grinding wheels, the grinding particle
concentration was determined by (18).

Table 4: The V, of several diamond and CBN grinding wheel [20]

Concent
ration sign, | 25 | 50 | 75 | 100 | 125 | 150 | 175 | 200
C
6. | 12. | 18. | 25. | 31. | 37. | 43. | 50.
0,
Yy (%) 25150 | 75 |1 00 | 25 | 50 | 75 | 00

From the (12) to (18), the surface roughness can be calculated
by the block diagram with the parameters of the grinding process
r,f,vn, v, a,dg, M, S, C va dy, ) as shown in the Figure 1.

r, f vw, Vs, a|  |dg, M, S, | | dw
L
N de
E(h)
E(Ra)

Figure 1: Block diagram of surface roughness calculation
4. Validation of the developed surface roughness model

The SG-5010AHR surface grinding machine was used to
perform the experiments (Figure 2). The experimental workpiece
was steel SUJ2 with the dimensions: length of 80 mm, width 40
mm, and height of 10 mm (Figure 3). This steel is often chosen for
the fabrication of parts with high precision and surface gloss such
as bearings, mold guide shafts, gears, etc. This study used an
aluminum oxide grinding wheel with the symbol
Cnl00GV1x250x30x75x35m/s. This grinding wheel was
produced by Hai Duong Grinding Stone Company (Viet Nam).

Figure 2: Experimental machine
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Figure 3: Experimental workpieces (SUJ2 steel)

In experimental method, 6 experiments were performed with
the change of depth of cut, and 6 experiments were performed with
the change of the workpiece velocity. Before each experiment,
grinding wheel was dressed with a dressing depth of 0.01 mm and
the dressing feed rate of 150 mm/min, respectively. Surface
roughness SJ-210 tester was used to measure surface roughness
(Ra) of the product. The basic parameters of this measuring
equipment are shown in Table 5. And then, the measured results
were used to compare to the calculated results by using proposed
model of surface roughness. The compared results were described
in Figure 4 and Figure 5. Figure 4 showed the surface roughness
when calculating and measuring with varying depth of cut. For
example: with point 6 in Figure 4: when the depth of cut is 10 (um),
the surface roughness when measuring and calculating are 1.92
(um) and 1.57 (um), respectively. Figure 5 showed the calculated
surface roughness and the measured surface roughness when
changing the workpiece velocity. For example: with point 11 in
Figure 5: when the workpiece velocity is 11 (m/min), the surface
roughness in the measurement and calculation are 1.42 (um) and
1.72 (um), respectively.

Table 5: Parameter of SJ301 surface tester (Mitutoyo — Japan)

Model SJ-301

Trademark Mitutoyo

Display Touch screen and integration
printer

Monitor 14.5cm (5.7 inch)

Cable length I m

Measurement method Induction method

Sliding radius 40 mm
Measurement force 0.75 mN
Interface port RS-232C

Resistance wear standard | EN ISO, VDA, ANSI, JIS

Digital filter 2RC -75%, 2RC -75%

Auto rest after 5 minutes
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Figure 4: Measured and calculated surface roughness with the change of the
cutting depth
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Figure 5: Measured and calculated surface roughness with the change of the
workpiece velocity

The results of Figures 4 and Figures 5 illustrates that by using
proposed model, the calculated and experimental results were
quite close to each other. The average difference between the
calculated and experimental results was 11.51% considering the
depth of cut and 18.18 % for change in the velocity. The average
difference between the calculated and experimental results was
14.84% for all cases.

5. Conclusion

The conclusion of this paper was drawn based on the
investigation:

- A new model of surface roughness has been proposed
considering different shapes of abrasive cuts left on the surface of
the workpiece.

- The evaluation of the proposed surface roughness model in
this study was carried out when grinding the SUJ2 steel using the
aluminum oxide grinding wheel. The results inferred that the
calculated surface roughness was quite close to the experimental.

In addition, the parameters of grinding wheel dressing mode,
cooling lubrication parameters, and others also considered in the
surface roughness model will be implemented in the further
research.
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