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Abstract 

The purpose of this paper is to examine how the surface roughness of alloy steel EN43 is affected by hard turning. Tests were 

conducted on the CNC lathe using different cutting parameters. The surface was evaluated in terms of surface roughness. Tests 

showed that hard turning provide good surface finish. Process parameters (cutting speed, depth of cut and feed rate) are used as 

input parameters. Taguchi method is implemented to find out the optimum cutting parameters for surface roughness (Ra) in hard 

turning. The L9orthogonal array, signal to noise ratio and analysis of variance has been employed to study the performance 

characteristics in turning of alloy steel EN 43 using carbide inserts (WNMG1.2/0804808CQ CA5525). Experimental data have 

been used to generate, compare and evaluate the proposed model of surface roughness for the considered material. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Surface roughness has received serious attention for many years. In addition to tolerances, surface roughness imposes one of the 

most critical constraints for the selection of machines and cutting parameters in process planning. Surface finish is the method of 

measuring the quality of a product and is an important parameter in machining process. In addition to the surface finish quality is 

also an important characteristic in turning operation and high MRR is always desirable. The quality of a surface is a factor of 

importance in the evaluation of machine tool productivity. Hence it is important to achieve a consistent surface finish and 

tolerance because it plays an important role in many applications such as precision fits, fastener holes etc. In this paper data of 

factorial for the response (surface roughness) when turning of alloy steel EN 43 are used to predict the machinability model 

using taguchi concept. The obtained models are compared using relative error analysis, descriptive statistics. Four machining 

parameters were considered (cutting speed (v, m/min.) feed rate (f, mm/rev.) depth of cut (d, mm). Therefore this paper presents 

the following contribution first it applies taguchi concept to design the process for machining using orthogonal array. Second it 

applies response to perform analysis of mean and analysis of variance to optimize the cutting parameters to improve surface 

roughness using Minitab 17 software. 

II. ABOUT MATERIAL AND TOOL USED 

 About Work Piece Material 

In this study the work piece of alloy steel EN 43 was used.  
Table – 1 

Work piece (EN43) composition 

Element Carbon Silicon Manganese Phosphorous Sulphur 
 

Weight% 0.45-60 0.05-0.35 0.70-1.00 0.05 0.05 
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 About Tool Used 

A new kind of Al2O3-based ceramic tool material used in tool manufacturing for high speed machining. Using a new kind of 

sintering technique, i.e. Repetitious-hot-pressing technique, Al2O3 cutting tool material was fabricated.  Insert can withstand the 

high cutting temperatures and Forces and still retain its cutting edge. This is why delivers long, consistent tool life and produces 

components with excellent surface finish. Its properties can be improved by Refining microstructure. 

III. EXPERIMENTAL SET UP AND CUTTING CONDITIONS 

The experiment has been carried out on Carbide tools which have a thermal conductivity of 110 W/ (m°K). The tool should be 

selected according to the work piece because different tools give different reaction while cutting and some specific tools only can 

provide us the intended operation over the work piece. For instance, we selected Carbide type tool. The working ranges of the 

parameters for subsequent design of experiment, based on Taguchi’s L9 Orthogonal Array (OA) design have been selected. In 

the present experimental study, spindle speed, feed rate and depth of cut have been considered as process variables. The process 

variables with their units are listed in Table 2. The values of the cutting parameters and cutting parameter range were chosen 

from the research paper [1] for the tested material. 
Table – 2 

Machining parameter 

FACTORS 
LEVELS 

I II III 

Cutting Speed (v, rpm) 1005 1005 1311 

Feed Rate (f, mm/min) 0.05 0.1 0.2 

Depth of Cut (t, mm) 0.4 0.6 0.8 

Table – 3 

Orthogonal Array (OA) L9 

Trail no. V F D 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 1 1 2 

5 1 2 3 

6 1 3 1 

7 1 1 3 

8 1 2 1 

9 1 3 2 

Table – 4 

Result of experiment with surface roughness (Ra) values 

Trail no. Cutting speed (rev/min) Feed (mm/rev) Depth of cut (mm) Ra 

1 600 0.05 0.4 3.705 

2 600 0.1 0.6 2.713 

3 600 0.2 0.8 1.749 

4 1005 0.05 0.6 1.75 

5 1005 0.1 0.8 0.848 

6 1005 0.2 0.4 1.991 

7 1311 0.05 0.8 1.206 

8 1311 0.1 0.4 0.843 

9 1311 0.2 0.6 1.247 

 The Experimental Design using Taguchi Method 

The traditional methods to design the process are very complicated and difficult to use. Moreover with increase in the number of 

process parameters, the number of experiments increases which have to be carried out. The taguchi is an experimental design 

technique which is used to reduce the number of experiments by using orthogonal arrays and also tries to control the factors 

which are going out of control. The basic philosophy of taguchi is to provide quality in design phase. The greatest advantage of 

the taguchi is that it reduces experiment time which reduces cost to find out significant factors in shortest possible time. S/N ratio 

is used as a measured value instead of standard deviation because as the standard deviation decreases, mean also decreases and 

vice versa. The higher the ratio of desired signal to the background noise, the less obtrusive the background noise. Taguchi has 

find out that the two stage optimization procedure involving S/N ratio indeed gives the parameter level condition where the 

standard deviation is minimum keeping mean at the target value. In daily practice the mean value targeted may change during the 

process development. The concepts of S/N ratio are useful in the improvement of quality through variability reduction and 

improvement of measurement. The S/N ratio with a lower-the-better characteristic can be expressed as following formula. The 

result for the experiment with S/N ratio “smaller-is-better” obtained from MINITAB 17 is given in table 5. 
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Table – 5 

Value of S/N ratio for surface roughness 

Experiment No. S/N ratio 

1 -11.3758 

2 -8.669 

3 -4.8558 

4 -5.8607 

5 1.432 

6 -5.9814 

7 -1.6269 

8 1.4834 

9 -1.9173 

 

The most important data in taguchi method for analysing the experiment data is signal-to-noise ratio. In this study the S/N 

ratio should have maximum value to obtain optimum cutting conditions. According to taguchi the optimum cutting condition was 

found as 1.4834 S/N ratios for Ra respectively in L9orthogonal array table 5. The optimum cutting conditions which were cutting 

speed 1311 rev/min, feed rate 0.1mm/rev. and depth of cut 0.8 mm were obtained for the best Ra values. Level values of the 

factor obtained for Ra according to the taguchi design is given in table 6 below. Figure 1 show the graphical representation of the 

level values A, B, C, factors given in table 6 and figure 1 in determining the optimum cutting conditions of the experiment 

constructed under the same condition.  
Table – 6 

S/N response table for Ra factor 

 
 

 
Fig. 1: Main Effect of Surface Roughness vs. Cutting Speed, Feed, Depth of Cut. 
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The different values of S/N ratio between maximum and minimum values are shown in table 5. Cutting speed and Feed rate 

are the two factors which are having highest difference between values 7.6132 and 4.0367 respectively. Based on taguchi 

prediction larger is the difference of S/N ratio value corresponding factor will have more effect on the surface roughness. Thus it 

can be concluded that with increase in the value of cutting speed and feed rate, the value of surface roughness (Ra) will also 

increases.  

The result for data analysis for Ra values which is calculated with the help of taguchi method are shown in the table 7 below 

where (SS is sum of squares, DF is degree of freedom, F is variance ratio, P is significant factor, PE is percentage contribution 

and MS is mean of sum of squares ). Thus it seems that in both table 6 and figure 1 that first level of factor A (cutting speed), 

second level of B (feed rate), and third level of C (depth of cut) are the optimum cutting parameters for the current turning 

process. 
Table – 7 

Result of analysis of variance for surface roughness 

 
Table 7 shows the result of ANOVA for surface roughness. The optimum condition for carrying out the final experiment will 

be A3 B2 C3 i.e. cutting speed 1311 rev/min, feed rate 0.1mm/rev, depth of cut 0.8mm. 

IV. CONCLUSION 

The taguchi experimental design was used to determine the optimum cutting parameters in turning of alloy steel EN 43. 

Experiment results were analysed using ANOVA techniques. The result obtained in the study is as follows: 

 L9 Orthogonal array has been selected for three different levels of process parameters. Surface roughness and S/N ratio for 

the surface roughness were measured and calculated respectively according to orthogonal array. The maximum value of S/N 

ratio is calculated using smaller is better equation. Optimum cutting condition which responds to maximum -2.129 S/N 

value of the smaller value for the surface roughness in hard turning 1.277 were found to be cutting speed 1311m/min, feed 

rate 0.1mm/rev, depth of cut 0.8mm. 

REFERENCES 

[1] Taguchi, G., 1990, Introduction to quality engineering. Tokyo: Asian Productivity Organization, Chap. 

[2] I. Coudhury, M. El-Birdie, Machinability assessment of inconel 718 by factorial design of experiment coupled with response surface methodology, J. 
Mater. Process. Technol. 95 (1999) 30–39. 

[3] L. Ozler, A. Ozel, Theoretical and experimental determination of tool life in hot machining of austenitic manganese steel, Int. J. Mach. Tool Manufacture. 

41 (2001) 163–172. 
[4] U. Zuperl, F. Cus, B. Mursec, T. Ploj, A hybrid analytical neural network approach to the determination of optimal cutting conditions, J. Mater. Process. 

Technol. 175 (2004) 82–90. 

[5] S. Wong, A. Hamouda, Machinability data representation with artificial neural network, J. Mater. Process. Technol. 138 (2003) 538–544. 
[6] C. Feng, X.Wang, Digitizing uncertainty modelling for reverse engineering applications: regression vs. neural networks, J. Intell. Manufact. 13 (2002) 189–

199. 

[7] T. Ozel,Y. Karpat, Predictive modelling of surface roughness and tool wear in hard turning using regression and neural networks, Int. J. Mach. Tool 
Manufacture. 45 (2005) 467– 479. 

[8] W. Chien, C. Chou, The predictive model for machinability of 304 stainless steel, J. Mater. Process. Technol. 118 (2001) 441–447. 

[9] Minitab Inc., Meet MINITAB Release 14, Minitab Inc., 2003 
[10] A.Abu-Sinna, Yon-KyuPark, Dae-ImKang, Min-SeokKim, The influence of loading frame stiffness on load cell–dead weight force machine interaction, 

Measurement 42 (6) (2009) 830–835.  


