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ABSTRACT 

In the present research work the effect of CNC machining parameters: cutting speed Cs, depth of cut Dcand feed 

rate F on the surface roughness (Ra) in a turning of EN8 Steel is investigated using the Taguchi method and 

ANOVA. A three level, three parameter design of experiment,L9 orthogonal array using Minitab 14 software, 

the signal-to-noise (S/N) ratio is employed to study the performance characteristics in the turning of EN8 Steel 

by taking coated carbide inserts cutting tool on CNC turning machine. The statistical methods of signal to noise 

ratio (S/N ratio) and the analysis of variance (ANOVA) are applied to investigate effects of cutting speed, depth 

of cut and feed rate on surface roughness. The analysis of variance (ANOVA) is applied to study the 

optimization of the process parameters affecting the surface roughness was achieved with the Taguchi 

orthogonal test design. The results are verified by taking confirmation experiments. The present investigation 

indicates that feed rate is the most significant factors influencing the surface roughness Ra for turning of EN8 

steel material.  

 

Keywords: CNC turning, Minitab14, Surface roughness, Taguchi method, EN8 steel, coated 

carbide inserts tool 
 

I. INTRODUCTION 

 

Turning process is performed to modify shape, dimension, and surface roughness of a work piece by removing 

the unwanted material it in the form of chips [1]. The theory of metal cutting and chip formation are 

complicated, not only plasticity but also thermodynamic and mathematical analysis are involved. Turning is one 

of the most widely used metal removal processes in industry. Turning is largely used to mate with other parts in 

die, aerospace, automotive and machinery design also in manufacturing industries. 

Surface roughness is an important index of quality for a turning operation. The factors responsible for surface 

roughness are not only limited to machining parameters (cutting speed, feed, depth of cut) and tool geometry 

(nose radius, rake angle, face angle), but also includes tool wear, tool material, tooling errors, operator skill, 

machining environment and so on. Surface roughness has greater impact on the performance of machined parts 

such as fatigue behavior, corrosion resistance, creep life etc. and also influences production costs. 

The literature survey reveals that several authors have published their research work related to CNC turning 

process and with different steel materials and optimized turning process parameters by using with different types 
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of Taguchi’s orthogonal array design, grey relational analysis and ANN-GA Approachs. Chorng-JyhTzeng et al. 

investigated the optimization of CNC turning operation parameters for SKD11 (JIS) using the Grey relational 

analysis method, based on an orthogonal array of Taguchi method. The depth of cut was identified to be the 

most influence on the roughness average and the cutting speed is the most influential factor to the roughness 

maximum [2]. SujanDebnath et.al. investigated the effect of various cutting fluid levels and cutting parameters 

on surface roughness and tool wear of mild steel bar using a TiCN + Al2O3 + TiN coated carbide tool by 

employing Taguchi orthogonal array using CNC turning process[3].İlhanAsiltürket al. studied the modelling of 

experimental data of surface roughness of Co28Cr6Mo medical alloy machined on a CNC lathe based on cutting 

parameters: spindle rotational speed, feed rate, depth of cut and tool tip radius based on the Taguchi orthogonal 

test design and RSM[4].SupriyaSahu et al. studied the performance of multi-layer TiN coated tool in machining 

of hardened steel (AISI 4340 steel) under high speed turning and analyzed the influence of cutting parameters 

(speed, feed, and depth of cut) on surface roughness using Taguchi methodology[5]. İlhanAsiltürket al. studied 

the optimization of  turning parameters based on the Taguchi method to minimize surface roughness of 

hardened AISI 4140 (51 HRC) with coated carbide cutting tools on a CNC turning lathe[6]. Kuldip Singh et al. 

optimized the CNC machining parameters Ti-6Al-4 V titanium alloy to minimize the surface roughness by using 

Integrated ANN-GA Approach and indicated a good agreement between the predicted values and experimental 

values of surface roughness [7].A.K. Parida, et al. developed the Surface roughness model by Response surface 

methodology approach and optimized the machining of GFRP composite using Taguchi approach [8].Milan 

Kumar Das et al. conducted the Experiments based on Taguchi's L27 orthogonal array (OA) and Optimized the 

Surface Roughness and metal removal rate in Electrochemical Machining of EN31 Tool Steel Using Grey-

Taguchi Approach [9].Vikas et al studied the effect of EDM machine parameters on the Surface Roughness for 

an EN41 Material and optimized the EDM process parameters by using Taguchi approach. The experimental 

results obtained were compared with the theoretical results and they were found very close to one another [10]. 

The main objective the research work is to investigate the cutting parameters of EN8 steel in CNC turning 

machine and optimize these cutting parameters like depth of cut, speed and feed rate in order to enhance the 

quality of the surface property. 
 

 

II. EXPERIMENTAL DESIGN 
 

2.1. Orthogonal Array and Experimental Factors 
 

Initial step in the Taguchi method is to select a proper orthogonal array. The standardized Taguchi-based 

experimental design, a L9 (3
3
) orthogonal array is used in this project shown in Table.2 This basic design makes 

use of up to three control factors, with three levels for cutting speed Cs, depth of cut Dc and feed F. A total of 

nine experimental runs must be conducted, using the combination of levels for each control factor as indicated 

in Table 2 

The selected parameters are listed in Table.2 along with their applicable codes and values for use in the Taguchi 

parameter design study. The response variable is the dependent variable 

 

2.2. Design of Experiment Set up and Procedure 

http://www.sciencedirect.com/science/article/pii/S0263224115004789
http://www.sciencedirect.com/science/article/pii/S2214785315004630
http://www.sciencedirect.com/science/article/pii/S2214785315004927
http://www.sciencedirect.com/science/article/pii/S2211812814004544
http://www.sciencedirect.com/science/article/pii/S2211812814004544
http://www.sciencedirect.com/science/article/pii/S2211812814004544
http://www.sciencedirect.com/science/article/pii/S2211812814004143
http://www.sciencedirect.com/science/article/pii/S0924013606009393#tbl1
http://www.sciencedirect.com/science/article/pii/S0924013606009393#tbl1
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The selection of work piece material, machine tool insert, process and performance parameters and procedure 

opted tocarry out the optimization is presented below. 

2.2.1. Work Piece Material 

EN8 steel in its heat treated forms possesses good homogenous metallurgical structures, giving consistent 

machining properties and has good tensile strength. EN8 is widely used for many general engineering 

applications. Typical applications include dynamo and motor shafts, studs, heat treated bolts, connecting rods, 

driving rings and flanges, screws, rollers, gears, stressed pins, railway couplings, axles, brackets, housings and 

parts not subjected to high stresses or severe wear, keys etc.  

The chemical composition and physical properties of selected EN8 steel are shown in Table1. 

Table 1. Chemical composition and Physical properties of EN8 Steel 

 

 

 

 

 

 

 

 

 

2.2.2. Cutting Tool Material 

Based on VDI 3323 CERATIZIT’s Master Guide, carbide coated tool is selected the cutting of selected work 

piece. The specification of selected cutting tool is given in Table 2: 

 Table 2. Cutting tool specification DNMG09 

 

 

 

After turning operation one response parameter that is surface roughness  Ra is measured with the help of 

Surface Roughness Tester,  SURFTEST, S.J.201, SR.No: 900266, MITUTOYO MECH, JAPAN instrument and 

the turning measurement sampling length is kept 0.8 mm.  

 

 

 

2.2.3. Machine Tool 

Chemical composition of  EN8 Steel 

C Mn Si S P 

0.35 - 0.45 0.60 - 1.00 0.10 - 0.35 0.050 Max 0.050 Max 

Physical Properties of EN8 Steel 

Maximum stress 850 N/mm
-2

 

Yield stress 465 N/mm
2
 

Elongation 16% 

Proof Stress (0.2%) 450 N/mm
2
 

Density 7.87gm/cm
3
 

Hardness 201-255 Brinell 

Tool Type Designation Composition Grain size Hardness  

CoatedCarbide tool DNMG09 Co 6.0%; 

WC balance 

1 micron 

 

HV 1630 
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Turning operation of selected work pieces EN8 steel bars is conducted on MTAB MAXTURN+ CNC machine. 

The detailed specification of machine tool is shown in Table 3. Figure 1 shows the experimental set up of 

MTAB MAXTURN+ CNC machine. 

Table 3.Specification of MTAB MAXTURN+ CNC machine. 

 

 

 

 

 

 

 

 

 

Figure. 1. MTAB MAXTURN+ CNC machine. 

2.2.4. Surface Roughness Ra Measurement Apparatus 

Roughness is often a good predictor of the performance of a mechanical component, since irregularities in the 

surface may form nucleation sites for cracks or corrosion [11]. Roughness is a measure of the texture of a 

surface. It is quantified by the vertical deviations of a real surface from its ideal form. If these deviations are 

large, the surface is rough; if small, the surface is smooth. Roughness is typically considered to be the high 

frequency, short wavelength component of a measured surface. 

The parameter mostly used for general surface roughness is Ra. It measures average roughness by comparing all 

the peaks and valleys to the mean line, and then averaging them all over the entire cut-off length.  

X-Axis Travel 120mm 

Y-Axis Travel 200mm 

Chuck Size 135mm 

Maximum bar diameter  200mm 

Maximum Turning length  200mm 

Maximum Speed  6000RPM 

Power main spindle  5.5kw 

Turret BTP 63 

Number of tool positions turret  08 
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Figure. 2.Surface roughness tester to measure surface roughness of work piece CNC turned EN8 steel. 

The experimental work has been carried out by using two measuring apparatus: a digital surface tester for 

surface roughness Ra and digital weighing machine for metal removal rate. The experimental set up of Surface 

Roughness Tester,  SURFTEST, S.J.201, SR.No: 900266, MITUTOYO MECH, JAPAN instrument is as shown 

in Figure 2 and the turning measurement sampling length is kept 0.8 mm. Electronic weighing machine with 

maximum capacity of 300 gm and least count 0.001 gm  is used to estimate material removal rate. 

2.2.5. Selection of Turning Parameters and Their Levels 

In CNC turning operation three turning process parameters:  cutting speed Cs i.e., spindle speed (in rpm), feed 

‘F’ (in mm/rev) and depth of cut Dc ( in mm) play an important role to get desired quality level of output. 

Therefore these turning process parameters and their associated levels are selected based on preliminary trials, 

literature review and catalogue provided by cutting tool manufacturer for machining of EN8 steel. The levels of 

turning process parameters are shown in Table 4. 

Table 4.  Process parameters and experimental design levels used  

 

 

 

 

 

2.2.6. Design of Experiments  

The aim of the experiments was to analyze the effect of turning parameters on surface roughness and material 

removal rate of EN8 steel. The experiments were planned using Taguchi’s orthogonal array in the design of 

experiments which help in reducing the number of experiments. The experiments were conducted according to a 

three factors with three levels, L9 (34) orthogonal array. Table 5 shows the orthogonal array L9 of Taguchi 

experimental design with coded and actual factors 

 

 

 

 

Process parameters     1 2 3 

Cutting Speed Cs i.e., spindle speed (rpm) Cs X1 750 1000 1250 

Depth of Cut ( mm)  Dc X3 0.2 0.3 0.3 

Feed  (mm/rev) F X2 0.1 0.2 0.3 
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Table 5.Orthogonal array L9 of Taguchi experimental design with coded and actual factors. 

 

 

 

 

 

 

 

 

 

 

To evaluate the machining performance Taguchi introduced three types of quality characteristics: nominal is 

best, larger is the better and smaller is the better. The optimal combination of the process parameters can be 

predicted by S/N ratio and ANOVA analyses. Finally, a confirmation experiment is conducted to verify the 

optimal process parameters obtained from the parameter design. In this study, the parameter design of Taguchi 

method is adopted to obtain optimal machining performance in CNC turning. Taguchi has proposed a large 

number of signals to noise ratios three are the most widely used: 

Nominal is best:                                                                            Larger is better: 

 

Smaller is better: 

 

III. EXPERIMENTAL METHODOLOGY 

 

Figure 3 shows the nine specimens of 40mm diameter and length 100mm before machining and 30mm diameter 

after machining. As per this Taguchi’s L9 orthogonal array technique, total numbers of experiments considered 

for conducting the experiments are 9 as there are three input process parameters each at three levels.  Therefore, 

a total of 9 experiments were carried out for each configuration.Figure 4 shows a photograph of the 

corresponding experimental setup showing the EN8 steel specimen before machined and after finished in two 

steps in CNC Machine.  

Exp 

No. 

Coded factors Actual factors 

Cutting 

Speed 

Cs 

(rpm) 

Feed 

F  

(mm/rev) 

Depth 

of Cut 

Dc 

(mm) 

Cutting 

Speed 

Cs 

(rpm) 

Feed 

F 

(mm/rev) 

Depth 

of Cut 

Dc 

(mm) 

1 1 1 1 750 0.2 0.1 

2 1 2 2 750 0.3 0.3 

3 1 3 3 750 0.4 0.5 

4 2 1 2 1000 0.2 0.3 

5 2 2 3 1000 0.3 0.5 

6 2 3 1 1000 0.4 0.1 

7 3 1 3 1250 0.2 0.5 

8 3 2 1 1250 0.3 0.1 

9 3 3 2 1250 0.4 0.3 
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Figure.3. EN8 Steel Specimens turning before and after CNC machining. 
 

 

Figure.4. Experimental set-up showing the EN8 steel specimen before machined and after finished in two 

steps in CNC Machine. 

IV. RESULT ANALYSIS AND DISCUSSION 

4.1. Taguchi Quality Characteristics Method 

Table 6 shows the full factorial design of experiment with independent process parameters, their levels and 

measured SNR value of response variables using mentioned Taguchi quality characteristics method for surface 

roughness Ra.  

Table 6.L9 Taguchi orthogonal array design layout matrix and experimental responses of surface roughness 

Ra. 

Exp 

No. 

Cutting 

speed 

Speed 

Cs 

(rpm) 

Depth 

of cut 

Dc 

(mm) 

Feed 

F 

(mm/min) 

Surface 

roughness 

Ra1 

(μm) 

 

Surface 

roughness 

Ra2 

(μm) 

Mean  

Surface 

roughness 

Ra 

(μm) 

S/N ratio 

Surface 

roughness 

Ra 

(db) 

1 750 0.2 0.1 2.08 1.73 1.905 -14.5427 

2 750 0.3 0.3 6.23 6.22 6.225 -13.6699 

3 750 0.4 0.5 17.58 16.8 17.19 -24.3891 

4 1000 0.2 0.3 7.48 7.46 7.47 -16.8584 

5 1000 0.3 0.5 17.6 17.83 17.72 -24.6447 

6 1000 0.4 0.1 1.69 1.62 1.655 -6.2984 

7 1250 0.2 0.5 17.22 16.72 16.97 -24.8235 

8 1250 0.3 0.1 1.32 1.38 1.35 -1.5474 

9 1250 0.4 0.3 6.93 6.97 6.95 -16.8334 
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4.2. Analysis of Variance (ANOVA)  

The adequacy of the developed models was tested using the Analysis of Variance (ANOVA) technique and the 

result of the linear regression equation fitting in the form of analysis of variance (ANOVA) is given in Table 7. 

The test for significance of the regression models, the test for significance on individual model coefficients and 

the sequential F-test were performed using the statistical Design-expert 10 software package.  

The experimental results from Table 6 were analyzed with analysis of variance (ANOVA), which used for 

identifying the factors significantly affecting the performance measures. The results of the ANOVA with the 

surface roughness Ra are shown in Tables 7. This analysis was carried out for significance level of α=0.1 i.e. for 

a confidence level of 95%. The sources with a P-value less than 0.1 are considered to have a statistically 

significant contribution to the performance measures. The last column of the tables shows the percent 

contribution of significant source of the total variation and indicating the degree of influence on the result. 

Table 7.ANOVA table for angle of entry of surface roughness Ra (Linear Model). 

 

  

 

 

FromTable 7, the Model F-value of 247.97 implies the model is significant. Values of "Prob> F" less than 

0.0500 indicate model terms are significant. In this case Feed, F is a significant model term. Values of P greater 

than 0.1000 indicate the model terms are not significant. 

The same Table 7 shows also the adequacy measures R
2
, adjusted R

2
 and predicted R

2
.The coefficient of 

determination R
2 

indicates the goodness of fit for the model. In this case, all the values of coefficient of 

determination R
2 

are nearly equal to 1. Clearly, we must have 0 ≤ R
2
 ≤ 1, with larger values being more 

desirable. The adjusted coefficient of determination R
2
 or “adjusted” R

2
 is a variation of the ordinary R

2
 statistic 

that reflects the number of factors in the model. The entire adequacy measures are closer to 1, which is in 

reasonable agreement and indicate adequate models [12].  

The sum of squares of residual 0.5131or error contribution is 0.134 for surface roughness Ra, is very small it 

signifies that neither any important factor was omitted nor any high measurement error was involved [13]. 

Source 
Sum of 

Df 
Mean F p-value 

 
Squares Square Value Prob> F 

Model 381.67 6 63.612 247.9688 0.004021947 Significant 

Cutting speed, Cs 0.5309 2 0.2654 1.034693 0.491474551  

Depth of cut, Ds 0.1856 2 0.0928 0.361779 0.734333628  

Feed, F 380.96 2 190.48 742.51 0.001344972  

Residual 0.5131 2 0.2565    

Corrected Total 382.19 8     

Model 381.67 6 63.612 247.9688 0.004021947  

R-Squared 0.9987  

Adjusted R-Squared 0.9946  

Predicted R-Squared 0.9728  
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Table 7 shows the linear model for surface roughness Ra. It is ensured that there is a linear relationship between 

the main effects of the three process parameters. It is evident from the Table that the main effect of Feed, F is 

the only significant model term. In this case, the main effect of main effect of Feed, F those influence the 

surface roughness Ra significantly significant. From the table it has been observed that the turning process 

parameters such as cutting speed Csand depth of cut Dcare not the significant model terms and hence these are 

not at all affecting the surface roughness Ra. It is important to note that fit summary output indicates that the 

linear model is statistically significant for surface roughness Ra model. Since surface roughness Ra totally 

depends on Feed, F it is also conferred that Feed, F model is statistically significant 

 

4.3. Regression Equations  

The relationship between the factors cutting speed Cs, depth of cut Dc and feed F and the performance measure 

surface roughness Ra was modeled by multiple linear regressions. The following equation is the final regression 

models in terms of coded parameters for:  

Surface Roughness Ra =8.6033-0.16333*Cs+0.17833Dc-6.96667*F 

 

4.4. Main Effect Plots  

Figure 5 and Figure 6 shows the relation between mean effects of SNR and means of means (utility factor) of 

objective function to levels of independent parameters respectively. It has been observed from the Figure 5 that 

S/N ratio is almost consistent with cutting speed Cs and depth of cutDc. But S/N ratio becomes smaller and 

smaller as feed rate F increases. This in turn reveals that thatfeed rate has more influence on surface roughness 

Ra as compared to cutting speed and depth process parameters. 

It is observed from the Figure 6 that the overall utility factor i.e., surface roughness Ra is almost consistent with 

all levels of cutting speed Cs and depth of cut Dc . But is the quality of the surface roughness Ra decreased with 

increase in feed rate. It can be seen from Figure 8 that the third level of cutting speed = 1250 m/min, second 

level of depth of cut = 0.3mm and first level of feed = 0.1mm provide optimum value of overall utility value. 

The main effect plot for means of means shows that feed is most significant controlling   factor that affecting the 

performance characteristics of quality of surface roughness Ra. 

 

Figure.5. Main effect of SN ratios versus input parameters for surface roughness Ra for EN8 Steel 
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Figure.6. Main effect of Mean effects versus input parameters for surface roughness Ra for EN8 Steel 

4.5. Confirmation Test 

Conducting a verification experiment is a crucial final step of the robust design methodology. The predicted 

results must be conforming to the verification test, with the optimum set of conditions. The predicted value of 

surface roughness Ra is 1.283. The conformation experiment is conducted with optimum control factors of third 

level of cutting speed Cs = 1250 m/min, second level of depth of cut Dc= 0.3mm and first level of feed F= 

0.1mm/min. The Surface roughness values are taken and the S/N ratio is calculated for this condition. These 

values are shown in Table 8. 

 

Table 8. Confirmation Test for surface roughness Ra Values 

 

 

 

 

 

 

 

 

It is found that the actual value of surface roughness Ra by confirmation test is within the acceptable limits of 

the predicted value of surface roughness Ra and the objective is fulfilled. The suggested optimum conditions can 

be adopted. 

 

V. CONCLUSIONS  

 

The experimental investigation and optimization of CNC turning with the objective function as quality 

improvement, is presented in this paper. Surface roughness (Ra) was chosen as the response variable. The 

following conclusions were drawn from this study: 

1. The advantages of Taguchi method in simplifying the experimentation was effectively utilized in this 

investigation for design and analysis for surface quality. 

2. The analysis of the experimental trials highlights that Surface roughness Ra in CNC turning process for 

EN8 Steel is highly influenced by feed rate only.  

The optimized value of Process parameters  Level 

Value of 

process 

Parameter 

Cutting Speed Cs i.e., spindle speed (rpm) Cs 3 1250 

Depth of Cut ( mm) Dc 2 0.3 

Feed  (mm/rev) F 1 0.1 

Surface Roughness (Actual) Ra  1.334 

Surface Roughness (Predicted) Ra  1.283 



 

1152 | P a g e  
 

3. The lowest surface roughness (Ra) of 1.195μm was achieved corresponding to: Cutting speed Cs =1250rpm, 

Depth of cut, Dc = 0.3mm/mm and Feed= 0.1mm. 

4. The most significant parameter in influencing the quality of machined surfaces in CNC turning was feed. 

5. The quality of machined surface decreases with increase in feed rate. 
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