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Abstract
In this study, surface roughness values that were obtained by turning a medium-carbon steel (AISI 1050) applied to sphe-
roidization heat treatment were modeled with two different optimization methods. The test materials were subjected 
to spheroidization heat treatment for three different periods as 15, 60, and 180 min. Three different cutting speeds and 
three different feed rates were used for the turning operations. Surface roughness values obtained from the surface of 
the workpieces after turning were analyzed by the response surface method (RSM) and Taguchi method (TM). These 
analyses show that the surface roughness changes directly depending on the feed rate and other parameters have a 
limited effect on the surface roughness. The regression analysis revealed that in both methods, the R2 values were higher 
than 0.99, and it showed the effectiveness of these two methods. As a result, these two different experimental design 
methods showed high stability in solving this engineering problem. Additionally, in the comparison of the methods 
with each other, the ratio of similarity to the experimental results was evaluated by considering the percentage. The 
ratio of similarity was obtained by over 90% in both methods. When the ratio of similarity was analyzed, RSM had more 
effective results than TM.
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1 Introduction

Metals are subjected to various heat treatments by a 
series of heating and cooling processes in order to obtain 
the required mechanical properties, hardness, and grain 
structures. The spheroidization heat treatment of high- 
and medium-carbon steels is aimed to obtain spherical 
grains in the microstructure of the material. After the sphe-
roidization heat treatment, machinability of the materials 
increases and cutting tool wear decreases, contributes to 
the total production by reducing the machining time of 
the workpiece and thus decreases the workpiece produc-
tion costs. In machining processes, the aim is to ensure 

that the workpieces are in the desired surface quality and 
accurate dimensions.

In general, it is desirable to reduce the surface rough-
ness of the workpieces to be manufactured in machining 
operations. Therefore, it is important to determine the 
cutting parameters affecting surface roughness [1, 2]. 
Many studies have been carried out on surface rough-
ness, and such studies are still ongoing to achieve better 
results. In order to achieve these circumstances, the cut-
ting parameters must be at the optimum values [3]. This is 
directly related to the optimization of the selected cutting 
parameters (cutting speed, feed rate, depth of cut, etc.) in 
the experiments [4, 5]. Ozturk [6] focused on the surface 
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roughness of the AA7075 material in turning operations 
using carbide inserts. The Taguchi method and ANOVA 
were used to evaluate the cutting parameters. The study 
revealed that feed rate affects the surface quality more 
than the other parameters (the depth of cut and cutting 
speed). In the study by Kıvak [7], Hadfield steel was applied 
to a turning operation using coated inserts (PVD and CVD). 
The surface roughness and insert wear values were opti-
mized with the Taguchi method  (L18). As a result, it was 
found that the feed rate on the surface roughness and cut-
ting speed in tool wear were the most effective param-
eters. Ribeiro et al. [8] used the optimization of machin-
ing parameters to improve surface quality. The Taguchi 
orthogonal method  (L16) was used in the optimization 
process. The ANOVA test results revealed that the radial 
cutting depth was the most effective parameter (30%), and 
the interaction between the radial and axial depth of cut 
was in second place in terms of contribution (24%) in this 
study. Awopetu et al. [9] investigated the effects of cut-
ting parameters on the surface roughness of mild-carbon 
steel (AISI 1020) by using the Taguchi  (L16) method. The 
analysis showed that high cutting speed, low depth of cut, 
and low feed rates were suitable for obtaining low surface 
roughness. Verma et al. [10] used steel alloys to investigate 
turning parameters by the Taguchi  (L9) method. The results 
showed that cutting speed and feed rate were effective 
on surface roughness by about 57 and 23%, respectively. 
Thamizhmanii et al. [11] analyzed the optimum cutting 
parameters to obtain lower surface roughness on the 
SCM 440 material with the Taguchi  (L18) method. The 
analysis showed that the depth of cut plays a significant 
role. Palanikumar [12] investigated surface roughness on 
fiber-reinforced plastic (GFRP) composites. The research 
was carried out with the Taguchi  (L27) method. Feed rate 
had a great effect on surface roughness. Salvi [13] adopted 
the Taguchi method on turning 20MnCr5 steel. The opti-
mum cutting parameters were examined to obtain a lower 
surface roughness. The Taguchi approach showed that the 
feed rate was the most important parameter in the experi-
ments. Sarikaya [14] estimated the surface roughness val-
ues obtained by turning stainless steel using a coolant 
with the Taguchi method. As a result of their study, they 
found that the feed rate was the parameter that was the 
most effective on surface roughness.

In the literature review, it was seen that many optimiza-
tion methods were used besides the Taguchi method for 
surface roughness optimization. Sahoo [15] used not only 
the Taguchi method but also the response surface meth-
odology to evaluate surface roughness. Sahoo examined 
surface roughness after the turning process using the opti-
mization methods such as RSM and genetic algorithms. 
Muñoz-Escalona et al. [16] examined surface roughness 
on a face milling operation in the AA-7075 material. An 

artificial neural networks model was developed for the 
prediction of surface roughness values after a face milling 
operation. The Taguchi method was also used to reduce 
the number of experiments. The study showed that sur-
face roughness was directly affected by chip thickness. 
Basmaci et al. [17] estimated surface roughness by using 
the Taguchi method and RSM. They examined the param-
eters that affected surface roughness in turning of mate-
rial (Hastelloy C-22). They also carried out studies on the 
optimization of these cutting parameters. As a result, the 
most effective parameters for the lowest surface rough-
ness, respectively, were cutting speed, entering angle, chip 
angle, and flow rate. Ekici et al. [18] optimized the surface 
roughness values obtained by turning Hadfield steel 
by RSM. As a result of their studies, they found that the 
parameter that was the most effective on surface rough-
ness was the feed rate. Izule et al. [19] used the response 
surface method to optimize the vibration and surface 
roughness values obtained in turning the 41Cr4 alloy. The 
study showed that the RSM model accurately predicted 
surface roughness and vibration values. Kumar et al. [20] 
investigated the effects of cutting parameters in turning 
the AA7075 alloy. RSM and artificial neural networks were 
applied to analyze cutting parameters (cutting speed, feed 
rate, and approach angle). The study revealed that feed 
rate was the most effective parameter in experiments and 
had a more significant contribution to both materials than 
speed and approach angle.

In the literature, although the surface roughness values 
resulting from machining are analyzed with experimental 
design methods, two different experimental design meth-
ods (surface response method and the Taguchi method) 
were used in this study when analyzing the surface rough-
ness values. Thus, the experimental design methods are 
compared with each other and the advantages and dis-
advantages offered by these methods are analyzed. Addi-
tionally, the effectiveness of the experimental design 
results was compared, and the best results were obtained.

2  Materials and methods

The AISI 1050 steels are medium-carbon steels with a car-
bon content of about 0.5% and are often used in a wide 
range of applications as a result of their high heat treat-
ment suitability, good machinability, and a good combi-
nation of mechanical properties. For this reason, the AISI 
1050 steel material was preferred in the studies and sub-
jected to spheronization heat treatment at two different 
temperatures and three different times. The chemical com-
position of the AISI 1050 steel is given in Table 1.

The AISI 1050 workpieces were machined to the 
desired dimensions (Ø30 × 200 mm) to perform the tests. 
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The prepared workpieces were austenitized at 850 °C for 
15 min before the spheroidization process, and subse-
quently, water quenching was applied to the materials. 
After all, the samples were subjected to three different 
spheronization times (15, 60, and 180 min.) and two dif-
ferent temperatures (600 °C and 700 °C).

After all the heat treatment operations, in the machin-
ing process of the PSBNR 2525M12 form tool holder and 
the CVD-coated GC4215 form, double-sided cutting tools 
were selected. The SNMG 120,408 PM form chip breaker 
geometry was selected. For each workpiece, it was aimed 
to increase the validity of the experiment by using a new 
cutting tool.

A CNC lathe (TC-35 JOHNFORD) was used for the experi-
ments. A 2.5 mm cutting depth was determined, and dry 
cutting was preferred during the process. A portable 
surface roughness tester (Mitutoyo Surftest SJ-201) was 
used to measure surface roughness values after the experi-
ments. The mean surface roughness (Ra) values were used 
for surface roughness measurements.

In the analysis of surface roughness, the cutting speed 
and the feed rate parameters, which are frequently used 
in the literature [21], were examined. In addition to these 
parameters, the parameters of spheronization time and 
spheronization temperature were also used in the analysis. 
The experimental set and parameters created for this study 
are shown in Table 2.

Experimental design methods are systematic methods 
that allow results to be obtained with a smaller num-
ber of experiments for a determined experimental set. 
The Taguchi method (TM) is highly applicable to many 
machining processes [22, 23]. In some optimization stud-
ies, the response surface method (RSM) method is pre-
ferred [24]. Apart from these methods, many different 
optimization methods can be applied in machining [15]. 
Among these methods, the TM and the RSM were chosen 

for the present study because of their good results in 
previous literature studies. Thus, the experimental sets 
generated by RSM and TM were used for the study. The 
Minitab program was preferred for the implementation 
and analysis of these two methods. In the experimental 
design, both analyses were performed for two spheroidi-
zation temperatures (600 °C and 700 °C) separately.

Experimental design methods aim to achieve a result 
with a lower number of experiments with a sample 
subset from the whole experimental set. For the experi-
mental sets processed at 600 °C and 700 °C, a total of 
27 tests (3 × 3x3 = 27) were required if all of the experi-
mental design parameters were used (Table 3). From 
the whole (27) experimental data, 15 experimental data 
were selected by RSM and nine experimental data were 
selected by TM. The selected experimental data for RSM 
and TM are shown in Table  4. The experimental data 
selected by both methods were different from each 
other except for two units of data.

Different models may be created by using RSM 
to solve engineering problems. The Box–Wilson and 
Box–Behnken models are mainly used in RSM [25, 26]. 
This study preferred the Box–Behnken model, which 
may be modeled with a smaller number of experiments. 
This model was selected as it allows multiple parameter 
changes at the same time for a single set of experiments.

The experimental design selected by RSM and the lev-
els of these data are shown in Table 5. With this method, 
it is possible to evaluate the experimental set with a total 
of 15 experiments.

In the TM experimental design, modeling is per-
formed according to the levels created for different 
parameters. Three parameters affecting surface rough-
ness values were evaluated on three different levels. This 
experimental set consisting of 27 experiments could be 
evaluated by TM with a total of nine experiments  (L9). 
The data used in the TM experimental design and their 
levels are shown in Table 6.

Table 1  Chemical composition of AISI 1050 steel

C Mn Si P S Fe

0.45–0.54 0.60–0.90 0.10–0.30 0.009 0.022 Remain

Table 2  Experimental set

Parameters

Temp  °C Time min Cutting speed mm/
min

Feed 
rate 
mm/rev

600 15 150 0.16
700 60 175 0.25

180 200 0.4

Table 3  Experimental design parameters

Response surface method levels Level 1 Level 0 Level 1

Taguchi method levels Level 1 Level 2 Level 3

Symbol Parameter

t Spheroidization time (min.) 15 60 180
v Cutting speed (m/min.) 150 175 200
f Feed rate (mm/rev.) 0.16 0.25 0.40



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:2104 | https://doi.org/10.1007/s42452-020-03953-y

Table 4  Experimental data 
selected by two different 
experimental designs

Exp. number Spheroidization 
time (t) (min.)

Cutting speed (v) 
(m/min.)

Feed rate (f ) 
(mm/rev.)

Design method in which 
the data were selected

1 15 150 0.16 Selected by TM
2 15 150 0.25 Selected by RSM
3 15 150 0.4
4 15 175 0.16 Selected by RSM
5 15 175 0.25 Selected by TM
6 15 175 0.4
7 15 200 0.16
8 15 200 0.25 Selected by RSM
9 15 200 0.4 Selected by TM
10 60 150 0.16 Selected by RSM
11 60 150 0.25 Selected by TM
12 60 150 0.4 Selected by RSM
13 60 175 0.16
14 60 175 0.25 Selected by RSM
15 60 175 0.4 Selected by TM
16 60 200 0.16 Selected by RSM and TM
17 60 200 0.25
18 60 200 0.4 Selected by RSM
19 180 150 0.16
20 180 150 0.25 Selected by RSM
21 180 150 0.4 Selected by TM
22 180 175 0.16 Selected by TM
23 180 175 0.25
24 180 175 0.4 Selected by RSM
25 180 200 0.16
26 180 200 0.25 Selected by RSM and TM
27 180 200 0.4

Table 5  Experimental set using RSM

Exp. number Spheroidization time (t) (min.) Cutting speed (v) (m/min.) Feed rate (f ) (mm/rev.) Experimental results 
surface roughness 
(µm)Level Actual values Level Actual values Level Actual values

1 − 1 15 − 1 150 0 0.25 1.98
2 1 180 − 1 150 0 0.25 2.145
3 − 1 15 1 200 0 0.25 2.000
4 1 180 1 200 0 0.25 2.205
5 − 1 15 0 175 − 1 0.16 1.24
6 1 180 0 175 − 1 0.16 1.455
7 − 1 15 0 175 1 0.40 6.185
8 1 180 0 175 1 0.40 7.11
9 0 60 − 1 150 − 1 0.16 1.065
10 0 60 1 200 − 1 0.16 1.000
11 0 60 − 1 150 1 0.40 6.67
12 0 60 1 200 1 0.40 6.945
13 0 60 0 175 0 0.25 2.365
14 0 60 0 175 0 0.25 2.365
15 0 60 0 175 0 0.25 2.365
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3  Results and discussion

After the experiments, the Minitab 17 package program 
was used for the evaluation of both RSM and TM. The 
experiments performed at 600 °C and 700 °C were mod-
eled separately. In the modeling process using RSM, a 
first-degree (linear) model was preferred. This model 
is seen in Eq. 1. The back-propagation elimination was 
used to increase the prediction capability of the model 
generated with RSM:

The essential factor in TM is the signal-to-noise ratio. 
In the modeling of surface roughness values, it was 
desired to reach the smallest surface roughness value. 
Therefore, in the calculation of the signal-to-noise (S/N) 
ratio, the "smaller is better" formula was used. The for-
mula is shown in Eq. 2:

The result of the ANOVA generated by both models 
(RSM and TM) for the experiments performed at 600 °C 
can be seen in Table 7 (Fig. 1).

(1)Y = �0 + �1X1 + �2X2 + �3X3

(2)S∕N = −10xlog(

∑

y2

n
)

The high Adj. SS values in Table 7 show that the feed 
rate is the most effective parameter for both the RSM and 
the TM models. The effectiveness of other parameters is 
very low. This result was in parallel with several studies in 
the literature [6, 13, 14, 18]. In order to better understand 
the effectiveness of the parameters, the % effectiveness 
value was calculated and plotted for each parameter in 
both methods (Fig. 2).

In the activity plots shown in Fig. 2, the results of the 
two methods were very close to each other. The efficiency 
of the feed rate parameter was 100% in the RSM model 
and 98% in the TM model. The other two factors, namely 
the cutting speed and spheroidization time, had very low 
effectiveness. The ANOVA results generated by both mod-
els (RSM and TM) for the experiments performed at 700 °C 
can be seen in Table 8

Similar to the results at 600 °C in Table 7, although the 
statistical values calculated were different, the experi-
mental parameters remained insensitive to temperature. 
The feed rate parameter was the most dominant. Figure 3 
shows the plots of the effectiveness of the parameters.

When the results obtained in Fig. 3 were examined, 
similar to the results at 600 °C, the efficiency of the feed 
rate parameter was 100% in the RSM model and 99% in 
the TM model. In all experiments, the cutting speed and 
spheroidization time parameters were almost ineffective. 

Table 6  Experimental set using TM

Exp. number Spheroidization time (t) (min.) Cutting speed (v) (m/min.) Feed rate (f ) (mm/rev.)

Level Actual values Level Actual values Level Actual values Experimental results 
surface roughness 
(µm)

1 1 15 1 150 1 0.16 0.765
2 1 15 2 175 2 0.25 2.120
3 1 15 3 200 3 0.40 6.000
4 2 60 1 150 2 0.25 2.040
5 2 60 2 175 3 0.40 6.860
6 2 60 3 200 1 0.16 1.000
7 3 180 1 150 3 0.40 6.950
8 3 180 2 175 1 0.16 1.455
9 3 180 3 200 2 0.25 2.205

Table 7  ANOVA models 
created for 600 °C temperature

Source DOF Adj. SS Adj. MS F value P value

RSM TM RSM TM RSM TM RSM TM RSM TM

Spheroidization time 2 1 0.501 0.285 0.251 0.285 9.01 7.54 0.10 0.041
Cutting speed 2 1 0.253 0.011 0.127 0.011 4.55 0.28 0.180 0.621
Feed rate 2 1 51.77 61.33 25.88 61.33 930.9 1622.1 0.001 0.000
Error 2 0.056 0.028
Total 8 3 52.58 61.62
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Fig. 1  Experiment order

Fig. 2  Efficiency of parameters for experiments at 600 °C

Table 8  ANOVA models 
created for 700 °C temperature

Source DOF Adj. SS Adj. MS F-value P value

RSM TM RSM TM RSM TM RSM TM RSM TM

Spheroidization time 2 1 0.075 0.391 0.075 0.195 1.91 7.57 0.226 0.117
Cutting speed 2 1 0.012 0.041 0.012 0.020 0.30 0.78 0.61 0.56
Feed rate 2 1 65.57 58.89 65.57 29.45 1667.8 1141.1 0.00 0.001
Error 2 0.052 0.026
Total 8 3 65.66 59.38
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The main effect and signal-to-noise ratios of the experi-
ments performed at a temperature of 600 °C in the Taguchi 
experimental design are shown in Fig. 4.

It was observed that spheroidization time and cutting 
speed parameters had a particularly limited effect on 
both the main effect plot and signal-to-noise plot graph 
in Fig. 4. The feed rate had a significant effect. Increasing 
the feed rate significantly increased surface roughness 
(almost % 500). Similar plots were formed in the experi-
ments conducted at 700 °C in Fig. 5.

The experiments conducted at 700  °C (Fig.  5) were 
almost identical to the experiments conducted at 600 °C 
(Fig. 4). In the plots shown in Fig. 5, the effectiveness of the 
parameters other than the feed rate parameter was very 
limited. This has shown that the temperature change in the 
spheroidization process is almost ineffective on surface 

roughness. The interactions of the parameters affecting 
surface roughness are shown in Fig. 6.

The plots formed as a result of the interaction of all 
parameters (Fig. 6). At both 600 °C and 700 °C, the plots 
obtained as a result of the experiments were almost 
identical. These results showed that the effect of the 
temperature difference on the experimental results was 
quite limited. The spheroidization time and cutting speed 
parameters could not provide significant results. This may 
be explained by the fact that the parameters other than 
the feed rate were almost ineffective, as shown in the 
results of ANOVA.

After analyzing the relations of experimental param-
eters with each other using the Taguchi method, the 
relations of these experimental parameters with each 
other were also analyzed by RSM. The parameters that 

Fig. 3  Efficiency of parameters for experiments at 700 °C

Fig. 4  Mean values of control factors for surface roughness results at 600 °C a and S/N ratios b 
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affected the surface roughness values are divided into 
two groups (600 °C and 700 °C) and plotted in Figs. 7,8, 
and 9. First of all, the effects of spheroidization time and 

cutting speed parameters on the surface roughness are 
evaluated in Fig. 6.

Fig. 5  Mean values of control factors for surface roughness results at 700 °C a and S/N ratios b 

Fig. 6  Interactions of the parameters with effects on the surface roughness a 600 °C b 700 °C

Fig. 7  Relationship of surface roughness with spheroidization time and cutting speed a 600 °C b 700 °C
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When Fig. 7 is examined, an increase in the surface 
roughness values may be observed in the experiments at 
600 °C depending on the increase in the spheroidization 
time and cutting speed parameters. In the experiments 
carried out at 700 °C, there was no significant effect of 
spheroidization time. In parallel with the increase in the 
cutting speed, the surface roughness increased and then it 
decreased. Similar to the results in RSM, these two param-
eters did not produce significant results when evaluated in 
TM. The effect of these two parameters on the experimen-
tal results was only about 1%, which prevented them from 
producing significant results. The effects of spheroidiza-
tion time and feed rate parameters on the surface rough-
ness are evaluated in Fig. 8.

In terms of surface roughness, when the effect of sphe-
roidization time and feed rate was examined (Fig. 8), the 
spheroidization time was shown to be ineffective in the 
experiments conducted at both temperatures. The feed 
rate alone determined almost the entire effect. Similar to 
previous analyses, the change in spheroidization tempera-
ture did not have any significant effect. Finally, the effects 
of cutting speed and feed rate parameters on surface 
roughness were evaluated (Fig. 9).

As seen in Fig. 9, the parameters of cutting speed and 
feed rate were analyzed. The cutting speed in parallel with 
what is presented in the previous figure (Fig. 8) did not 
reveal a significant change for both temperatures (600 °C 
and 700 °C). All changes in Fig. 8 were shaped according 

Fig. 8  Relationship of surface roughness with spheroidization time and feed rate a 600 °C b 700 °C

Fig. 9  Relationship of surface roughness with cutting speed and feed rate a 600 °C b 700 °C
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to the change in the feed rate parameter. Similar to the 
result obtained in this study, it has been understood that 
the feed rate parameter is the most dominant parameter 
in many different machining studies [7, 14].

After the analysis of both models, the ability to predict 
these models was investigated. Twenty-seven experiments 
were performed at both 600 °C and 700 °C. For each tem-
perature, 15 experiments were carried out with RSM and 
nine experiments were conducted with TM. After these 
experiments, these two experimental design methods 
were used to predict all experimental results. The plots 
showing the results obtained with the methods that were 
applied are shown in Figs. 10 and 11.

When both plots are examined, it may be seen that 
both the RSM and TM models produced near-perfect 

results. At a temperature of 600 °C, the value of 0.9965 
R2 was reached with RSM. When the same dataset was 
analyzed with TM, the value of R2 was 0.992. Likewise, for 
a temperature of 700 °C, the value of 0.9969 was reached 
with RSM and the value of 0.9964 R2 was reached with 
TM. The very high R2 values calculated in both methods 
highlighted that both methods were suitable for solving 
this engineering problem.

In order to evaluate the methods between each other, 
the results obtained by using these experimental design 
methods were compared to the experimental results. For 
this purpose, a similarity graph showing the similarity 
ratio of the results is shown in Figs. 12 and 13. In the 
process of creating the plots, the results obtained by the 

Fig. 10  Evaluation of predic-
tion ability of experimental 
design models at 600 °C

Fig. 11  Evaluation of predic-
tion ability of experimental 
design models at 700 °C
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experimental design methods were determined as the 
percentage of similarity to the actual test results.

In the plot shown in Fig. 12, the results obtained with 
both the experimental design methods for 600 °C tem-
perature are compared to the results of the experiment. 
In both methods, it was observed that the plots differed in 
terms of similarity percentages while reaching quite high 
 R2 values. Although the similarity percentage values were 
quite high (RSM = 94.58% and TM = 91.23%), it was seen 
that the percentage similarity rates obtained by the meth-
ods differed significantly in the first, fourth, and seventh 
experiments. In experiment no. 1, the percentage perfor-
mance of the RSM method (68.78%) was low. The same 
test data in the Taguchi method achieved a success ratio of 
98.6%. In the fourth and seventh experiments, the percent-
age performance of TM was low. At this point, especially 
experiment number 7 was different. The performance of 
the seventh experiment was 28.4% when it was evaluated 
with the Taguchi method and 99.87% when it was evalu-
ated with the response surface method. It is noteworthy 
that both of these methods had high R2 values. However, 
they had different predictions. This may have occurred due 
to deviations in some experimental results due to experi-
mental conditions.

The evaluation made in Fig. 12 was carried out with 
the same methods in Fig.  13 for the temperature of 
700  °C. In Fig.  12, unlike Fig.  12, the performance of 
the majority of test data exceeds 90%. The mean per-
formance was 94.75% for RSM and 94.72% for TM. The 
incompatibility seen in Fig. 12 was not seen at the 700 °C 
temperature in Fig. 13. This may be explained by the fact 
that the experiments carried out at 700 °C were affected 
less by the experimental conditions. Different studies 
have shown high consistency for both TM (96.8%- [14], 
94%- [7]) and RSM (90.21%- [24], 82.5%- [22], 87.5%- [23]) 
in the optimization of machining operations. When these 
results were evaluated, it was understood that the analy-
ses made with TM obtained the same results as the suc-
cessful studies in the literature, and the analyses made 
with the RSM obtained more successful results com-
pared to the studies in the literature.

Both methods could be used effectively to solve this 
engineering problem. However, unlike the analysis using 
RSM’s 15 experimental data, TM performed the same 
analysis with only nine experimental data. On the other 
hand, RSM stood out with its high percentage compli-
ance and more stable structure.

Fig. 12  Evaluation of per-
centage compatibility of 
experimental design models at 
600 °C temperature

Fig. 13  Evaluation of per-
centage compatibility of 
experimental design models at 
700 °C temperature
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4  Conclusions

This engineering problem, which is based on the analysis 
of surface roughness values after turning of spheroidized 
medium-carbon steel materials, was investigated. In this 
study, the spheroidization time, cutting speed, and feed 
rate parameters that influence surface roughness values 
were modeled for both the 600 °C and the 700 °C sphe-
roidization temperatures. The response surface method 
and Taguchi method were used as the modeling meth-
ods. At the end of the analysis with these methods, the 
following inferences could be made;

• It was seen that the main parameters affecting the 
surface roughness values, the feed rate, spheroidiza-
tion time, and cutting speed did not have a signifi-
cant effect.

• At both the 600 °C and 700 °C temperatures, the same 
results were obtained, and it was understood that the 
effect of spheroidization temperature was not signifi-
cant.

• In all experimental design methods, the R2 values 
above 0.99 showed that both methods were effec-
tive in solving this problem.

• In the RSM and TM experimental design methods that 
were used, it was seen that the percentage similarity 
rates were higher than 90% in similarity to the higher 
R2 values.

• Despite the high percentage of similarity rates at 
600  °C, both experimental methods showed that 
some estimates produce low percentage conver-
gence.

• In particular, the Taguchi method was estimated at 
28.4% with a very low percentage of similarity despite 
estimates of high percentage adaptation. Similarly, 
the estimates made with the RSM method were also 
relatively low (68.78%).

• For both temperatures (600 °C, 700 °C), RSM used 15 
experimental data, while TM performed the same 
analysis with only nine experimental data. Addition-
ally, considering the percentage similarity ratio, it was 
understood that the RSM method produced more sta-
ble results.
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