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 Surface roughness (SR) is a very important parameter to evaluate the 

quality of a machining process in mechanical production. The construction 

of the surface roughness 

model during the machining process will be the basis for predicting the 

surface roughness for each specific case. The construction of a surface 

roughness model when turning of 1066 steel was done in this study. An 

experimental process was performed with a total of fifteen experiments. 

These fifteen experiments have been designed according to a Box-Behnken 

matrix. In each experiment, the values of three parameters were changed, 

including cutting speed (V), feed rate (S), and depth of cut (t). Surface 

roughness values were also measured at each experiment and then a 

surface rouhness model was built. This model demonstrates the 

mathematical relationship between surface roughness and three cutting 

parameters. A second surface roughness model was also established using 

the Box-Cox transformation. The accuracy of these two models was 

compared through three parameters including coefficient R2, R2(pred), 

and R2(adj). The results show that all three parameters of the second 

model are better than the first model. In other words, the accuracy of the 

surface roughness model has been improved through the use of Box-Cox 

transformation to convert the data. 

Keywords: 1066 steel turning, surface roughness, Box-Cox conversion, TiC 

cutting tool. 
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I. INTRODUCTION 

 

1066 steel is steel manufactured to United States 

standards. This type of steel has the advantage of high 

wear resistance and is used a lot to make parts with 

high requirements for wear resistance such as parts in 

the cement industry, thermoelectricity, sliding plates, 

etc., etc [1]. Thanks to advances in materials science, 

from assessing properties to improving those 

properties, this steel is increasingly used to make 

http://www.ijsrset.com/
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high-quality parts.  Parts with high requirements for 

quality often need to be finished with some surfaces 

to be assembled with other parts. Therefore, ensuring 

these mounting surfaces have a small roughness is 

often a requirement when processing this steel. 

However, the number of published studies on surface 

roughness in particular, and on the processing 

processes of this steel is quite small. Searching for 

related articles, the authors of this article can only list 

some recent studies when processing this material 

such as research on surface roughness when surface 

grinding [2], study on surface roughness and 

machining productivity when external grinding [3], 

investigating the change in hardness of surface layer 

when grinding [4-7], evaluating cutting force when 

milling [8], and investigate the phenomenon of 

hardening of the surface layer when machining EDM   

(Electrical Discharge Machining) 

[9].  The absence of published studies on turning of 

this material is the primary reason why this research 

needs to be carried out. 

To evaluate a turning process, one or more different 

criteria can be used. Surface roughness is the most 

commonly used parameter to evaluate turning 

processes. The reason for this is that surface 

roughness has a direct influence on the wear 

resistance, fatigue strength, and chemical corrosion 

resistance of the product surface [10]. In addition, 

measuring surface roughness during the experiment is 

also easier than measuring other parameters such as 

cutting force, cutting heat, etc. [11]. When studying 

surface roughness during turning process, a 

commonly used method is to build surface roughness 

models. Surface roughness modeling is the basis for 

predicting surface roughness under specific 

conditions. However, the accuracy of the prediction 

results depends on the accuracy of the surface 

roughness model.Therefore, it is necessary to improve 

the accuracy of the model. This is also the second 

reason to improve the accuracy of the surface 

roughness model in this study. 

 

II. TURNING PROCESS EXPERIMENT 

 

The steel used in the test is 1066 steel. The test steel 

samples have lengths and diameters of 150 mm and 25 

mm respectively. Before testing, the steel samples 

were heat treated to a hardness of 56HRC. The 

percentages by mass of the major chemical elements 

in the steel that have been analyzed by 

spectrophotometer have the values shown in Table 1 

 

Table 1. Chemical composition of 1066 steel 

Eleme

nt 
C Si Mn P S Cr Ni 

% 
0.6

4 

0.2

2 

1.0

5 

0.00

3 

0.00

3 

0.1

8 

0.3

1 

The cutting tool used during the experiment was a 

TiC-coated insert. This type of insert is commonly 

used in the turning process [12]. Some parameters of 

the insert such as the front angle is 140, the back angle 

is 90, and the nose radius is 0.2 mm. 

A 10% emulsion solution was used for cooling during 

the experiment. This solution is introduced into the 

cutting zone at a flow rate of 12 l/min. 

Surface roughness was measured with the SJ201 gauge. 

The experimental matrix was designed in the Box-

Behnken form. This is the most commonly used 

matrix form to build the relationship between input 

parameters and output parameters [13]. The values of 

the three cutting parameters were changed in each 

experiment. Three cutting parameters were 

mentioned in this study including cutting speed, feed 

rate, and depth of cut. These are three parameters that 

can be adjusted quickly by the operator of the 

machine [14]. Each parameter has been selected with 

three levels of values corresponding to the three 

encoding levels -1, 0, and 1. The values of the 

parameters have been selected at each level as shown 

in Table 2. 

 

 

 

 

https://www.antsmachine.com/edm-machines/
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Table 2. Values of cutting parameters at levels 

Paramete

r 
Unit 

Code 

symbo

l 

Actual 

symbo

l 

Value at levels 

–1 0 1 

Cutting 

speed 
m/min A V 

16

0 

20

0 

24

0 

Feed rate 
mm/re

v 
B S 0.2 0.4 0.6 

Depth of 

cut 
mm C t 0.2 0.3 0.4 

The experimental matrix was built according to the 

Box-Behnken method with fifteen experiments as 

shown in Table 3. 

 

Table 3. Matrix of experiments 

Tria

l. 

Code 

value 
Actual value SR 

(m

) A B C 
V 

(m/min) 

S 

(mm/rev) 

t 

(mm) 

1 
-

1 
0 

-

1 
160 0.4 0.2 

1.40

0 

2 1 0 
-

1 
240 0.4 0.2 

2.32

9 

3 
-

1 
1 0 160 0.6 0.3 

0.96

6 

4 1 1 0 240 0.6 0.3 
1.55

4 

5 0 1 1 200 0.6 0.4 
1.17

1 

6 0 0 0 200 0.4 0.3 
0.88

7 

7 
-

1 
0 1 160 0.4 0.4 

0.87

1 

8 1 0 1 240 0.4 0.4 
1.37

8 

9 0 0 0 200 0.4 0.3 
0.88

5 

10 0 
-

1 
1 200 0.2 0.4 

0.78

8 

11 0 0 0 200 0.4 0.3 
0.88

3 

12 0 
-

1 

-

1 
200 0.2 0.2 

1.09

7 

13 0 1 
-

1 
200 0.6 0.2 

1.50

3 

14 
-

1 

-

1 
0 160 0.2 0.3 

0.79

8 

15 1 
-

1 
0 240 0.2 0.3 

1.09

7 

The experimental process was carried out according 

to the sequence of experiments as shown in Table 3. 

Surface roughness (SR) in each experiment was also 

summarized in Table 3. 

Minitab 16 software is used to analyze experimental 

data in Table 3. The surface roughness model is built 

in Eq. (1). 

SR = 0.8850 + 0.2903A + 0.1767B − 0.2651C

+ 0.2867A2 

−0.0680B2 + 0.3227C2 − 0.0722AB

− 0.1055AC − 0.0057BC 

(1) 

The three coefficients used to evaluate the accuracy of 

the regression model are R2, R2(pred), and R2(adj). 

The closer these coefficients are to 1, the more 

accurate the regression model is claimed to be [13]. 

Eq. (1) has the coefficients R2, R2(pred) and R2(adj) of 

94.55%, 12.79%, and 84.74%, respectively. Thus, it 

can be seen that the coefficient R2 has a rather high 

value, but the other two coefficients have a small 

value, especially the coefficient R2(pred) has a very 

small value. This shows that if Eq. (1) is used to 

predict surface roughness, the predicted results will 

be much different from the experimental results. 

Therefore, to improve the accuracy of using the 

regression model to predict the surface roughness, it is 

necessary to improve its accuracy. This content will 

be implemented shortly. 

 

III. IMPROVE THE ACCURACY OF THE SURFACE 

ROUGHNESS MODEL 

 

In this study, the Box-Cox transformation method 

will be used to improve the accuracy of the surface 

roughness model. The condition to perform the Box-
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Cox transformation is the set of surface roughness 

values when the experiment is not distributed 

according to the normal distribution [13]. Therefore, 

checking the distribution rules of the set of surface 

roughness values when testing is necessary. Figure 2 

shows the distribution of surface roughness values 

when testing. 

 
Figure 2. Probability plot of surface roughness 

 

In Figure 2, the red dots represent the surface 

roughness values, the straight line represents the 

center of the normal distribution, and the two side 

curves represent the limits of the normal distribution. 

We see that there are red dots located far away from 

the line, even red dots are outside the limits of the 

normal distribution. It proves that the set of surface 

roughness values is not distributed according to the 

normal rule. On the other hand, a probability P-value 

of 0.021 is smaller than the significance level 

(normally the significance level is chosen to be 0.05). 

This also confirms that the set of surface roughness 

values is not normally distributed. That is, the surface 

roughness dataset is eligible to perform the Box-Cox 

transformation. 

Figure 3 is a diagram of the Box-Cox transformation. 

We find that the lambda conversion coefficient () is 

equal to -1.00, which means that the relationship 

between the surface roughness before and after the 

transformation is represented by Eq. (2). 

 
Figure 3. Box-Cox transformation model of surface 

roughness 

SR′ =  (SR)λ =
1

SR
  

 
(2) 

Where: SR and SR' are the values of surface roughness 

before and after Box-Cox conversion, respectively. In 

Table 3, surface roughness values are summarized 

before and after the Box-Cox conversion. 

 

Table 3. Surface roughness values before and after 

Box-Cox conversion 

Trial. SR (m) SR’ (dimensionless) 

1 1.400 0.714 

2 2.329 0.429 

3 0.966 1.035 

4 1.554 0.644 

5 1.171 0.854 

6 0.887 1.127 

7 0.871 1.148 

8 1.378 0.726 

9 0.885 1.130 

10 0.788 1.269 

11 0.883 1.133 

12 1.097 0.912 

13 1.503 0.665 

14 0.798 1.253 

15 1.097 0.912 
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The surface roughness data set after the Box-Cox 

transformation is checked again for its distribution 

rule. The test results are shown in the chart in Figure 

4. 

 
Figure 4. Box-Cox transformation model of surface 

roughness after Box-Cox transformation 

Looking at Figure 4, we see that all the red dots are 

within the limits of the distribution law. In other 

words, the data set after the Box-Cox transformation 

is distributed according to normal rules. The 

probability P-value of 0.348 is much larger than the 

significance level. This also confirms that this data set 

has a normal distribution. 

From the data set of surface roughness after Box-Cox 

transformation, an equation like in Eq. (3) has been 

built. 

SR′ = 1.1299 − 0.1800A − 0.1434B + 0.1595C

− 0.1698A2 

+0.0007B2 − 0.2057C2 − 0.0125AB

− 0.0343AC − 0.0422BC 

(3) 

Combining (2) and (3) we get the surface roughness 

model as Eq. (4): 
SR

= [
1.1299 − 0.1800A − 0.1434B + 0.1595C − 0.1698A2

+0.0007B2 − 0.2057C2 − 0.0125AB
−0.0343AC − 0.0422BC

]

−1

 
(4) 

 

Eq. (4) has the coefficients R2, R2(pred) and R2(adj) 

of 99.09%, 85.42%, and 97.44%, respectively. These 

values are all very close to 1, which proves that Using 

Eq. (4)to predict surface roughness will ensure high 

accuracy. The quantities R2, R2(pred), and R2(Adj) of 

two models (1) and (4) have been summarized in 

Table 4 

 

Table 4. Some parameters of surface roughness models 

Model R2 R2(pred) R2(Adj) 

Without 

transformation 
94.55% 12.79% 84.74% 

Using Box-Cox 

transformation 
99.09% 85.42% 97.44%. 

 

According to the data in Table 4, all three coefficients 

R2, R2(pred), and R2(Adj) of the model using Box-Cox 

transformation are larger than those of the model 

without data transformation. That proves that the 

model using the Box-Cox transformation has higher 

accuracy than the other model. In other words, 

improving the accuracy of the surface roughness 

model has been successfully implemented in this 

study. 

 

IV. CONCLUSION 

 

Building a regression model showing the relationship 

between input parameters and output parameters is a 

commonly used method in experimental research in 

general and in the field of machine building in 

particular. These regression models are often used to 

predict output parameters for certain values of input 

parameters. However, the accuracy of the prediction 

results depends a lot on the accuracy of the built 

regression model. Therefore, in order to improve the 

accuracy of the prediction results, it is imperative to 

improve the accuracy of the regression model. This 

work was carried out in this study when building a 

regression model of surface roughness in the 1066 

steel hardening test. Box-Cox data transformation was 

used to perform this task. Accordingly, the surface 

roughness model when using the Box-Cox 

transformation has higher accuracy than the model 

not using the data transformation. This success makes 

the surface roughness prediction more accurate. 
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