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Abstract

This paper presents the effect of grinding parameters on surface roughness when external
cylindrical grinding SKD11 steel using Hai Duong grinding wheel. Three grinding parameters
mentioned in this study include workpiece velocity, depth of cut, and longitudinal feed rate. The
factor selected as the criterion for evaluating the grinding process is the surface roughness of the
workpiece. The Hai Duong grinding wheel, Cn80.G.V1,400x50x207x35m/s, was used in this
study. The experiment was conducted with 15 experiments according to the Box-Behken matrix.
After analyzing experimental results, the three grinding parameters significantly affected surface
roughness. The influence of the interaction between the grinding parameters on surface
roughness was also analyzed in this study. This study has also built a regression model on the
relationship between surface roughness and the grinding parameters with the correlation
coefficient 96.69%. This is the basis for selecting and controlling the value of the grinding
parameters in order to obtain the surface roughness according to specific requirements. Finally,
the further research is also mentioned in this paper.

Keywords: SKD11 steel, external cylindrical grinding, Hai Duong grinding wheel, grinding
parameters, surface roughness.

1. Introduction

In machining process, external cylindrical grinding is commonly used to refine important
surfaces [1, 2]. Surface quality of external cylindrical grinding is evaluated by many parameters.
In particular, surface roughness is a factor that greatly influences the working ability of elements
and is often used as a criterion for evaluating the quality of grinding materials [1, 2].

SKD11 steel is widely used to manufacture moulds and cutting tools with the outstanding
advantages such as high hardness, high abrasion resistance, low quenching stress [3]. The
research on grinding SKD11 steel has been conducted by a number of researches such as study
on cutting force, surface roughness and chip thickness when using minimum quantity lubrication
(MQL) technology [5], the influence of cutting parameters on surface roughness when grinding
with CBN grinding wheel [6, 7], the effect of cutting parameters on cutting force when grinding
with discontinuous grinding wheel [4], evaluating the cutting ability of CBN grinding by
electroplating method in Vietnam [9], and the influence of cutting parameters on surface
roughness when grinding with CBN wheel [8].

Hai Duong grinding wheel manufactured by Hai Duong Grinding Company in Vietnam is a
commonly used in the machining process. In addition, this grinding wheel is also being exported
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to countries such as Serilanka, Indonesia, and Korea with large annual output. However, there
has not mentioned any researches investigating the effect of grinding parameters on surface
roughness when external cylindrical grinding SKD11 steel by Hai Duong grinding wheel.

In this paper, the experimental method is used to determine the effect of grinding parameters on
surface roughness when external cylindrical grinding SKD11 steel using Hai Duong grinding
wheel.

2. Experiment system

- Machine: using external cylindrical machine TOYODA 45M in Thai Nguyen University of
Technology.

Fig. 1. Grinding machine
- Hai Duong grinding wheel: Cn100.G. TB1. V1.400x50x207x35m/s.

- Experimental material is SKD11 steel. Before the experiment, the workpiece was machined
through turning steps, heat treatment reached hardness 62HRC, semi-sharp grinding, and the

diameter of workpiece ©@30. The chemical composition of SKD11 steel after heat treatment is
shown in Table 1.

Table 1. Chemical composition of SKD11 steel

Chemical C Mn Si Cr V Mo Ni
element
% 156 |0,32 0,22 11,5 0,21 0,36 0,32

- Roughness measurement device is SJ201 Mitutoyo, Japan as shown in Fig. 1.
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Hinh 2. Roughness measurement device SJ201
- Soluble oil: emusil 5% with flood cooling method and flow 40 liters/min.
- Dresser: multipoint, symbol 3908-0088C.

3. Experimental design

The experiment was conducted according to the Box-Behnken matrix, which is commonly used
in experimental optimization [10]. The value of the input parameters is suitably selected for fine
grinding conditions of high hardness materials and suitable for technological capabilities of
machines. Values at the three levels of the grinding parameters for experiments are shown in
Table 2.

Table 2. Grinding parameters and their values at the three levels

secnmm smbol | unie [
Workpiece velocity % m/min 22 26 30
Depth of cut t mm 0.01 0.02 0.03
Longitudinal feed rate | f mm/rev 4 6 8

Experimental matrix of Box-Behnken for 3 experimental variables (v, t, f) at the three levels of
grinding parameters was designed by Minitab 16 software as shown in Table 3.
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Table 3. Experiment matrix

Levels
No. y i ;
1 -1 -1 0
2 1 -1 0
3 -1 1 0
4 1 1 0
5 -1 0 -1
6 1 0 -1
7 -1 0 1
8 1 0 1
9 0 -1 -1
10 0 1 -1
11 0 -1 1
12 0 1 1
13 0 0 0
14 0 0 0
15 0 0 0

4. Result and discussion

The experiment was carried out for SKD11 steel grinding test with 15 test runs as shown in Table
3. At each test run, grinding samples are performed on three samples, with each sample
measuring the roughness at least 3 times. The roughness value at each experimental point is
presented in Table 4.
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Table 4. Results of the experiment

Grinding parameters
'II\'Iis.t run | Level Value Ra (M)

v t f Vot (mm) f

(m/min) (mm/rev)

! -1 -1 0 22 0.01 6 0.83
2 1 -1 30 0.01 6 0.90
3 -1 1 22 0.03 6 1.55
4 1 1 30 0.03 6 2.56
5 -1 0 -1 22 0.02 4 1.66
6 1 0 -1 30 0.02 4 1.48
7 -1 0 1 22 0.02 8 1.68
8 1 0 1 30 0.02 8 2.96
9 0 -1 -1 26 0.01 4 1.13
10 0 1 -1 26 0.03 4 1.01
11 0 -1 1 26 0.01 8 1.59
12 0 1 1 26 0.03 8 3.09
13 0 0 0 26 0.02 6 0.96
14 0 0 0 26 0.02 6 0.98
15 0 0 0 26 0.02 6 0.90

The ANOVA analysis results for surface roughness are presented as in Table 5.
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Table 5. Results of ANOVA analysis

df sS MS E Significanc
eF
Regressio | g 7.6559 ‘7)'850 16.2364 | 0.0034
Residual |5 0.2620 2-052
Total 14 7.9178
Coefficient | Standard Lower Upper Lower | Upper
tStat | P-value 950 |95.0
S Error 95% 95%
% | %
intercept | 09467 {01322 | 1% Joooos | osor0 | ;200 | D607 1260
v 02733 100809 |37 | 00197 |0.0653 0.481 | 0.065 |0.481
0 3 3 3
i oasss |oosos  |57% |ooozs | oogos | 0676 |0.260 | 0.676
3 9 9 9
f 05053  |00809 |%%* 00015 |o02073 |13 | 2297 10713
6 4 3 4
vev  |o37es 01101 | > o046 [00724 | 2084|0072 106584
1 8 4 8
t*t 01376 |0a101 | ™% [03004 |-01686 |04 0168 | 0
6
£ f 06200 |01101 |22 00034 |o3wae | 0927 | 0314 10.927
0 1 6 1
vrt 02363 |01144 | 2% oooze [-00s79 |20 |00s7 | DO
9
vef  |03es9  |01144 |19 Joo2a1  |o00728 | 2060 | 0071 10660
5 1 8 1
t*f 04035 |01144 | 5°% oo1es [0a003 | 9O07 | 24090697
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The results in Table 4 show that:

- All three parameters such as the workpiece velocity, depth of cut and longitudinal feed rate
have a significant influence on the surface roughness as shown in Fig. 2. The value of workpiece
velocity increases from 22 m/ min to 26 m/ min, the roughness of the surface is less changed.
However, when the workpiece velocity increases from 26 m/ min or more, the surface roughness
increases rapidly. For the depth of cut, increasing the value of depth of cut will cause to rapidly
increase the surface roughness. When the longitudinal feed rate increases from 4 mm/ stroke to 6
mm/ stroke, the roughness of the surface is little changed, however, if the value of longitudinal
feed rate is 6mm/ stroke or higher, the surface roughness increases very quickly.

- Regarding to the interaction effect between parameters, the interaction between the depth of cut
and the longitudinal feed rate has the greatest impact on surface roughness. The following effect
is the interaction between the workpiece velocity and the longitudinal feed rate. The interaction
between the workpiece velocity and the depth of cut has little effect on surface roughness. To
verify the results, it can be seen in Fig. 3.
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Fig 3. The effect of the grinding parameters on surface roughness
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Fig 4. The effect of interaction between the parameters on surface roughness

As shown in Table 5, the relationship between surface roughness and grinding parameters is
expressed in the regression equations (1). From this equation, it can be easy to determine the
surface roughness depending values of input parameters. This equation has a correlation
coefficient R? = 0.9669. This coefficient is very close to 1, which proves that equation (1) has a
great match compared to experimental data. This can be used to predict surface roughness. The
results were compared with experimental values as shown in Table 4 and Fig 4.

Ra = 0.9467 + 0.2733*v + 0.4689*t + 0.5053*f + 0.3786 V>

1
+0.1376*t* + 0.6209*f* + 0.2363* v*t + 0.3659*v*f + 0.4035*t*f @
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Fig. 5. Comparison between the theory as shown in Eg. (1) and the experiment

The observation in Fig 4 shows that the surface roughness according to equation (1) is very close
to the experimental values. The average deviation between the predicted results and the
experimental results is only about 8.21%. From that, the regression model presented in (1) is
completely suitable for predicting surface roughness when external cylindrical grinding SKD11
steel by using grinding wheel Cn80.G.VV1.400x50x207x35m/s.

5. Conclusion

This paper proposed the effect of grinding parameters on surface roughness when external
cylindrical grinding SKD11 steel using Hai Duong grinding wheel. Some conclusions are drawn
as follows:

- The process of experiment for grinding SKD11 steel by using Hai Duong grinding wheel was
done in order to determine the influence of grinding parameters including workpiece velocity,
depth of cut and longitudinal feed rate on surface roughness of workpiece. The effect of the
interaction between these parameters on surface roughness was also performed. This study has
also built the model to predict the surface roughness depending on grinding parameters. This is
the basis for selecting the suitable value of the grinding parameters to ensure the value of surface
roughness in each specific case.

- The influence of the dressing parameters, cooling and lubrication technology on surface
roughness has not been mentioned; thus determining the optimal value of these parameters for
grinding process will be discussed in further studies.
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