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Abstract: This project work is mainly focused on the optimization of surface roughness (SR) and Material Removal Rate (MRR), 
the experiment is carried out as per Box Behnken Design under Response Surface Methodology (RSM)  
After that the Design of Experiment (DOE) methodology a Box Behnken Design was used to optimization of Surface Roughness. 
The experimental study of surface roughness which is perform on CNC machine of EN-36(with hardening and without 
hardening) material using coated carbide cutting tool by various cutting parameters like feed ,cutting speed and depth of cut and 
determine optimum cutting parameters of Surface Roughness. After the work piece test on surtronics 3+ tester measuring 
surface roughness and getting the results those results analyzed in Minitab 16 software and analysis of variance (ANOVA) was 
carried out for Surface Roughness on EN-36(with hardening and without hardening) material and their constribusation rates 
was determined, finally experimental observation shows optimum parameters for Surface Roughness. 
Keywords: surface roughness, RSM, BBM and Parameters 
 

I. INTRODUCTION 
A. Surface Roughness  
Surface roughness is used to determine how the real objects interact to its environment. Rough surface comparatively wear very 
rapidly and also have a high coefficient of friction, when compared to smooth surface. If there is presence of irregularities on to the 
surface then it is the first sign for the formation of nucleation and cracks on to the surface.  
In simple word we can also explain surface roughness, as a measurement on to the texture of the surface. So if the measurement of 
the surface texture is to be carried out the very first thing we have to do is to compare the deviation in between vertical deviation 
and idle position of the surface. Now after the measurement of the surface texture, if the deviation made by the vertical surface from 
its ideal position is large then the surface would be rough or else if the deviation produced is small then the surface would be 
smooth.  Roughness is one of the undesirable factors of manufacturing process which should be controlled in order to get better 
quality product. Controlling surface roughness involves more machining time and it leads to increase in the manufacturing cost. 

B. Surface Texture Parameters  
Among the various roughness parameters Ra is most common; this is often for several different historical reasons but not for 
particular advantages as the early roughness meter can only measure Ra. Some of the most common roughness parameters include 
Rz, Rq, and Ry which is narrated below:  
1) Ra (Arithmetical mean deviation): Ra is broadly worldwide recognized, and most frequently implemented, international 

parameter of surface roughness. In simple word we can interpret it as an arithmetic average of the absolute values of the 
roughness profile, with in its sampling length.  

 
 
 

 
Fig 1.2.1 Graph of Ra within its sampling length 
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2) Rq (Root-mean-square roughness): In simple word Rq is interpreted as the root mean square of variable which is proportionate 
to Ra (Arithmetical mean deviation). It is an average of all the heights deviations that is taken in its elevation length and is 
measured from the mean linear surface.  

 

3) Ry (Maximum peak to valley roughness): The maximum of all peak to valley values within each cut off length is determined. 
Vertical distance is taken in between the maximum peak point and deepest valley with in sampling length. 

 
Fig 1.2.2 Graph of Ry within its sampling length 

4) Rz (Ten-point height): In simple word Rz or Rtm can be interpreted as an average of absolute values of five maximum peaks 
points and five lowest valleys over an evaluation length.  

 

 

 

Fig 1.2.3 Graph of Rz within its evaluation length 

C.  Objectives of Work  
The objective of this project work is to obtain optimal Surface Roughness and Material Removal Rate parameters in turning 
operation using EN-36 steel through experimental investigation and employing design of experiments “Box Behnken Design” 
technique. The investigation is to be carried out on EN-36 steel with two conditions, with hardening (HRC-30) and without 
hardening. 
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II. METHODOLOGY AND EXPERIMENTS 

 
Fig. 2.0 Methodology Flow Chart 

A.  Specimen Material 
The material which is used for this investigation process is EN-36 alloy steel. EN-36 is a low carbon and high alloy content steel. It 
has high toughness due to the presence of nickel in it. It is used for making components which have large cross section and require 
comparatively high toughness and strength. It has huge application in different manufacturing industries such as gears, crane shafts 
etc. In aero space application it is used to make heavy duty gear. It is most commonly used metal in manufacturing industries.  
 

Table 2.2 Chemical Composition of EN-36 Steel 
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B.  Factors and Levels 
The three machining parameters feed, speed and depth of cut are taken as the control factors in this experimental process. Each of 
the control factors are designed to three levels denoted by level 1, 2 and 3. The experiments are planned using Box Behnken design 
under RSM process, which helps in reducing the probable number of experiments as the numbers of runs are minimized. The 
different input parameters and levels with its unit are shown in table 2.3.  

Table 2.3 Input parameters with level 

 

C.  Design of Experiment  
In simple word we can interpret design of experiment as an orderly step by step procedure which is carried out in controlled 
condition for divergent purposes while carrying out the experimental process. For short experimentation process the Box Behnken 
design methodology is employed for optimized results.  
Depending on different input parameters and its corresponding levels, a design matrix is to be constructed. The design matrix is 
constructed by employing Minitab V-16 software. Minitab is statistical software which could be employed in order to perform a 
large variety of tasks, it starts from the construction of graph, and the numerical summation of the set of data, to that of highly 
complicated statistical procedures and tests. The design matrix is obtained from Minitab V-16 software by following steps: 
1) Step-1: Starting Minitab V-16 software  
To start Minitab, click its shortcut icon present on the monitor of computer. A window is opened. 

 
Fig. 2.4.1: Minitab window 

2) Step-2: Creating the response surface design  
Here in this step click the start, select the Design of experiment (DOE) then go to response surface and click on create response 
surface design. After clicking on create response surface design a dialog box is appeared. 

 

 

 

 

 

 

Fig. 2.4.3: Creating response surface design 
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3) Step-3: Select number of factors and type of design under Response Surface design 

 
Fig. 2.4.4: Selection of number of factors and type of design 

4) Step-4: Select the number of runs for the available Response Surface design  
After clicking display available designs in step-3 a dialog box is appeared. Here in this step among different design i.e. Box 
Behnken design and the number of runs for that design i.e. 15 are selected. 

 
Fig. 2.4.5: Display of available designs under Response Surface Design 

5) Step-5: Create Response Surface design factors  
Here three different factors are selected and its low and high values are inserted for EN-36 alloy steel. 

 

 

 

 

 

 
 

Fig. 2.4.6: Create Response Surface design factors 
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After clicking ok in step 5, the Box Behnken design in terms of coded variable and design matrix is obtained as shown in table 2.4.1 
and 2.4.2 for EN-36 alloy steel.  

Table 2.4.1 Box Behnken Design in terms of coded variable 
 

\ 

 

 

 

 

 

 

 

 

 

Table 2.4.2 Design matrix obtained from Minitab V-16 
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D.  Response Surface Methodology (RSM)  
It is a collection of set of the statical and mathematical techniques which are employed for the development, improvement and 
optimization of a process. It plays a vital role in the design of new product, improvement of the existing product. It can be used to 
identify the probable modifications needed for the existing product in developing entirely new product. The major application of 
Response Surface Methodology (RSM) is in industrial and manufacturing field where various input parameters affects collectively 
on the performance characteristic and quality aspects of the process.  
The objective of RSM process is to get the optimum response, if in a particular situation there is more than one response then in 
such situation it will be better to find out the compromised optimum, which optimizes only one response. In a certain conditions, if 
there are constraints on the design data, then the design of experiment should meet the requirements for such constraints. 
Under the response surface methodology there are several different methods as:  
1) Box Behnken Design (BBD)  
2) Central Composite Design (CCD)  
 
a) Box Behnken Design: In 1960 George E.P box and Donald Behnken developed this three level design for fitting the response 

which is now popularly called as Box Behnken design. This design is formulated by combining factorial with that of incomplete 
block designs. These design purposed is more accurate and efficient particularly on the basic of number of runs that are either 
rotatable or nearly rotatable. Fig .2.5.1 shows the Box Behnken design for three factors. 

 
Fig. 2.5.1 Box Behnken Design for three factors 

While conducting the experiment through Box Behnken design, no any points that are present on its vertices, of the experimental 
region is chosen because, on its vertices all the points have peak values. The prime benefit of implementing this process as design of 
experiment is that, it indicates the definite point where the experimental boundary should be located.  

III. EXPERIMENTATION 
Now after the design matrix has been developed, and the basic working of CNC machine is studied in detail, the experiments were 
carried out. The machine used for the experimentation process is Midas 6 Industrial type of CNC Lathe. A series of turning tests 
were conducted to assess the influence of cutting parameters on the Surface Roughness (SR) during the turning operation on EN-36 
steel.  

A. Operational Sequence  
1) Turning on Lathe Machine: In this operation EN-36 alloy steel bar of 30 mm diameter and 32 cm length is used to get the 

specimens of 26 mm diameter and 18 mm long. The facing operation is carried out on CNC lathe as shown in fig 3.11. Thirty 
specimens are prepared. 

 

 

 

 

 

 
Fig 3.11 Preparation of work piece on lathe and Specimen after cutting on lathe machine 
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2) Heat Treatment: During the heat treatment of EN-36 alloy steel (case hardening) it is heated to a temperature of 6200C for 8 
hrs, quenched in furnace oil and then cooled to change the hardness and strong structure. EN-36 steel alloy exhibit a very good 
stability in heat treatment process. Heat treatment unit is shown in fig 3.1.2 and specimen before heat treatment and after heat 
treatment is shown in fig 3.1.1 

 

 

 

 

 

 

Fig 3.1.2 Heat treatment of specimens on Quenching oil furnace 

3) Turning on CNC: The machine used in order to carry out this experimental process is Midas 6 Industrial type of CNC lathe.  

 
Fig 3.1.3 Specimens ready for machining on CNC 

4) Measurement of Surface Roughness: The surface roughness of the specimen is obtained using Talysurf Surftronic 3+ 
profilometer. Figure shows the probe and display screen of Surtronic 3+ tester. 

 

   

 

 

 

 

 

Fig 3.1.4.1 Surtronic 3+ tester measuring surface roughness of specimen 
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Surface roughness of each single specimen is measured three times at three different sections of the specimen starting from its face 
along the entire length.  

Table 3.1.4.1 Average Surface roughness obtained on hardened specimens of EN-36 

 

Table 3.1.4.2 Average Surface roughness obtained on non-hardened specimens of EN-36 

 

In order to employ regression analysis and analysis of variance, the data is tabulated as shown in table 3.1.4.1 and 3.1.4.2.  
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Table 3.1.4.3 Surface Roughness of EN-36 (Hardness 30 HRC) 

 

Table 3.1.4.4 Surface Roughness of EN-36 (without hardening) 
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IV.  RESULT AND CONCLUSION 
This chapter mainly emphasis on the results obtained from the experimental exploration and inspection with respect to the material 
removal rate and surface roughness in turning operation. The results are analyzed which factors among speed, feed and depth of cut 
are more significant applying Box Behnkan design of experiments under Response Surface Methodology.  
In this proposed work, Minitab version-16 software is used to draw the graphs and plots for both surface roughness and material 
removal rate. As the process parameters change from one level to another, its main effects and interactions on Material Removal 
Rate (MRR) and Surface Roughness (SR) are calculated and plotted. In order to check the sufficiency of the second order model, 
analysis of variance (ANOVA) has been employed.  
 
A.  Regression Analysis for Surface Roughness  
Regression is employed to investigate and find out the interrelation ship between the response variable and the unknown variables. 
In order to find out the regression analysis and ANOVA analysis we have to follow the following steps:  
1) Step-1: Prepare the input matrices use spread sheet of Microsoft Excel  
Here we import the values for the response variable as per the design matrix obtained in Minitab V-16 software from excel sheet. 
The values are imported as per it has been obtained during experiment. 

 
 Fig 4.1.1: Importing values for surface roughness from excel sheet 

2) Step-2: Analyzing the response surface design  

 
Fig 4.1.2: Analyzing response surface design 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 8 Issue V May 2020- Available at www.ijraset.com 
     

©IJRASET: All Rights are Reserved 619 

3) Step-3 and Step-4: Selecting the response surface and Inserting the confidence interval for the Response Surface Design 
Prediction  

Here in this step responses are selected and the data is analyzed using uncoded units. 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.1.3: Selecting the response to analyze Response Surface Design and Analyze Response Surface Design prediction 

              
Fig 4.1.4: Estimated Regression Coefficient obtained for the response variable and Analysis of Variance obtained for the response 

variable 

Following regression estimate table and the table for analysis of variance (ANOVA) were obtained from Minitab V-16 software for 
SR without material hardening and with hardening to (30HRC). 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 8 Issue V May 2020- Available at www.ijraset.com 
     

©IJRASET: All Rights are Reserved 620 

Table 4.1.1: Estimated Regression Coefficients for Surface Roughness on the specimens without hardening 

 

Table 4.1.2: Analysis of Variance for SR on the specimens without hardening 

 

Here DOF denotes degree of freedom; it is an amount of information provided by your data so as to calculate the unknown 
variables. Here Seq SS denotes sequential sum of square and Adj SS denotes adjusted sum of square and Adj MS denotes adjusted 
mean square. F denotes f value, which is the ratio of mean square. P denotes p value, which is used to show weather the results so 
obtained are significant or not. 
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Table 4.1.3: Estimated Regression Coefficients for SR on the specimens with hardening 

 

Table 4.1.4: Analysis of Variance for Surface Roughness on the specimens with hardening 

 

B. Main effect Plot for Surface Roughness 
The main effects plots are mainly employed to find out the optimal response by employing the optimal design conditions. After 
doing the ANOVA and regression analysis the main effect plot is obtained by following the steps: 
1) Step-1: Go to start then ANOVA and select the Main effect plot 

 
Fig 4.1.1.1: Minitab window for main effect plot 
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2) Step-2: Select the responses and factors for main effect plot  
After clicking on main effect plot in step-1 a dialog box is appeared as in fig 4.8.Here in this step the different responses and factors 
are selected. After clicking ok in fig 4.8 a graph is obtained for main effect plot. 

 
Fig 4.1.1.2: Select responses and factors for main effect plot 

 
Fig 4.1.1.3: Main effect plot graph in Minitab window 

 

 

 

 

 

 

 

 
Fig 4.1.1.4: Main effect plot for SR v/s Feed on without and without hardened specimens 
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C.  Interaction plot for Surface Roughness 
Interaction plots are used to show the effect of two parameters on the response variable. After doing the ANOVA and regression 
analysis the interaction effect plot is obtained in Minitab by following the given steps: 
1) Step-1: Click on start and then ANOVA and select the Interactions plot 

 
Fig 4.1.2.1: Minitab window for Interactions plot 

2) Step-2: Select the responses and factors for Interactions effect Plot  
After clicking on interactions plot in step-1 a dialog box is obtained. Here in this step the different responses and factors are 
selected. After clicking ok in fig 4.1.2.2 a graph is obtained for interactions plot 

 
Fig 4.1.2.2: Select responses and factors for interactions plot 
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Fig 4.1.2.3: Interaction plot graph in Minitab window 

Demonstrates interaction plot due to the impact of various different factors on surface roughness (Ra value). 

 

 

 

 

 

 
Fig 4.1.2.4: Interaction plot for surface roughness v/s DOC for the specimens without hardening 

The interaction plot for SR for the specimens without hardening. In figure the speeds are shown in different color lines. Its surface 
roughness is plotted along y-axis and its respective depth of cut plotted along x-axis. 

 
Fig 4.1.2.5: Interaction plot for SR v/s Feed for the specimens with hardening 
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Table 4.1.2.1 the machining parameters for Optimum Surface Roughness 

 

V. CONCLUSION 
This dissertation work is mainly focused on the optimization of Surface Roughness (SR). Suitable combination of different process 
parameters are done to produce low Surface Roughness possible. The experiment was planned as per Box Behnken design under 
Response Surface Methodology (RSM) in order to carry out the machinability study. Analysis of variance (ANOVA) is used to 
check adequacy of the proposed model. After the completion of the experiment and detailed analysis, following conclusions were 
drawn: 

A. Optimum Surface Roughness (SR) of 0.33 is obtained for EN-36 material (without hardening) at a feed rate of 0.10 mm/rev, 
speed of 200 rpm and depth of cut of 0.5 mm. For EN-36 hardened to 30 HRC the surface roughness obtained is 0.425 at a feed 
rate of 0.20 mm/rev, speed of 200 rpm and depth of cut 0.9 mm.  

B. The result of ANOVA for Surface Roughness shows that the feed and depth of cut are the more significant parameters for the 
material without hardening, where as the least significant parameter is speed. For the material hardened to 30 HRC feed is the 
more significant parameter where as the least significant parameter is speed followed by depth of cut.  

C. The experiment model obtained helps the designer in selecting a best suitable combination of design parameters to get optimum 
Surface Roughness during the turning operation. This helps in reducing the machining time, cost and tool wear rate.  
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