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Abstract: In this project work machining of the EN-36 Alloy Steel (with hardening and without hardening)  with the help of 
coated carbide tool is perform on CNC Turing machine. Material Removal Rate (MRR), the experiment is carried out as per Box 
Behnken Design under Response Surface Methodology (RSM). Analysis of the Material removal rate is done The experimental 
study of material removal rate 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 material removal rate. The help Minitab 16 software and ANOVA (Analysis of Variance), the most 
effective parameter selected from the input to obtain the optimal combination for Material removal rate 
Keywords: Material Removal Rate, RSM, BBM and Parameters 

I. INTRODUCTION 
Material Removal Rate (MRR) is the measurement for how much material is removed from a part in a given period of time.  
Machining is one of the manufacturing processes in which the dimensions, shape or surface properties of machined parts are 
changed by removing the excess material. The turning process is carried out on a CNC machine and the automatic turning process is 
performed by Computer numerical control (CNC) lathe machine. The three primary factors in any basic turning operation are 
cutting speed, feed, and depth of cut. Other factors which further influences the machining are type of material and tool geometry. 
 
A.  Turning  
Turning is an important process which is employed to produce a wide variety of parts; primarily it is employed to produce 
cylindrical parts by a single point cutting tool on lathe. The cutting tool is fed either linearly or along a specified path to the 
direction parallel or perpendicular to the axis of the rotation of the work piece, as per the nature of the job to be accomplished. 
Turning is done on CNC lathe, and the power to turn the work piece at a definite rotational speed is provided by motor which is 
joined to the chuck. Basically while performing any turning operation on CNC lathe we have two types of motions i.e. primary 
motion which rotates the job, while the secondary motion is the feed motion of the cutting tool. 

B.  Objectives of Work  
The objective of this project work is to obtain optimal Material Removal Rate parameters in turning operation using EN-36 alloy 
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. 

II. 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 Material Removal Rate during the turning operation on EN-36 
steel.  

A.  Work Piece 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.  
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Table 2.1 Chemical Composition of EN-36 Steel 

 

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 2.2 

Table 2.2 Input parameters with level 

 

 

 

 

 

C. 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 2.31. Thirty 
specimens are prepared. 

 

 

 

 

 

 

 

 
Fig 2.3.1 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 and specimen before heat treatment and after heat 
treatment is shown in fig 2.3.2 

 

 

 

 

 

 

Fig 2.3.2 Heat treatment of specimens on Quenching oil furnace 

3) Weigh Work Piece: Now after the completion of turning operation on lathe machine, the weight of the specimen is taken with 
the help of highly precise digital weighing machine. 

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

 
Fig 2.3.4 Specimens ready for machining on CNC 

Table 2.3.1 Design matrix obtained from Minitab V-16 
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5) Weigh The Work Pieces After Machining: Now after the completion of turning operation on lathe machine, the weight of the 
specimen is taken. The weight of the specimen is taken before and after machining to find out Material Removal Rate (MRR). 

6) Calculation of Material Removal Rate: The Material Removal Rate (MRR) can be calculated by deducting the weight of the 
specimen after experiment from the weight of the specimen before experiment, and then dividing it by the density of work piece 
material and time taken to complete the operation. 

 

 
Where,  

Wi= Initial weight of the specimen in gms  
                            Wf= Final weight of the specimen in gms 

  t= Machining time in sec  
                            ρ=Density of EN-36 alloy steel (15.7*10-3 gm/mm3)  

The data obtained for the hardened specimens is tabulated and MRR calculated is shown in table. 

Table 2.3.2 Material removal Rate of EN-36 (Hardness 30 HRC) 
 

 

 

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

The data obtained for non hardened specimens is tabulated and MRR calculated is shown in table. 
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Table 2.3.3Material Removal Rate of EN 36 (without hardening) 
 

 

 

 

 

 

 

 

 

 

 

 

III. RESULT AND CONCLUSION: 
This chapter mainly emphasis on the results obtained from the experimental exploration and inspection with respect to the material 
removal rate 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) 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 Material Removal Rate 
Regression is employed to investigate the interrelation ship that exists between the response variable and the unknown variables. 
Now after completion of the experiments the results are tabulated and fed in to Minitab version-16 software. Then after the 
following regression, estimate table and the table for analysis of variance were obtained for MRR without material hardening and 
with material hardening to 30HRC. The analysis is carried out using uncoded units. 

Table 3.1.1: Estimated Regression Coefficients for MRR for the specimens without hardening 
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Table 3.1.2: Analysis of Variance for MRR on the specimens without hardening 

 

Multiple linear equation was developed to inter relate between the divergent process parameters to estimate the material removal 
rate for any combinations of elements in a range specified. The model equation developed from table  in order to predict MRR for 
the material condition without hardening is given in equation.  
MRR (In uncoded units) =1072.87-8.95 * cutting speed -1470.56 * feed +0.02 * cutting speed * cutting speed +109.37 *DOC 
*DOC+6.73* cutting speed* feed 

Table 3.1.3: Estimated Regression Coefficients for MRR on the specimens with hardening 

 

The p-value with asterisk mark (*) indicates the significant factors. Here cutting speed, feed, cutting speed* cutting speed and 
cutting speed*feed are highly significant factors. The R-square value of 0.9665 suggest that the variation in the response at the 
confidence interval of 90 % can be predicted satisfactorily considering only the significant factors for the model so far developed. 
The R-Square adjusted value 0.9061 is in agreeable range. The model equation developed from table 4.8 in order to calculate MRR 
for the material condition with hardening is given in equation.  
MRR (In uncoded units) =845.552 – 7.507* cutting speed - 936.046*feed + 0.017* cutting speed* cutting speed + 4.928* cutting 
speed*feed 
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Table 3.1.4: Analysis of Variance for MRR on the specimens with hardening 

 

B.  Main effect plot for Material Removal Rate  
 The impact of various factors on the Material Removal Rate (MRR value). 

 

 

 

 

 

 

 

 

 
Fig 3.2.1: Main effect plot for MRR v/s speed on the specimens without hardening and with hardening 
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Fig 3.2.2: Main effect plot for MRR v/s feed on the specimens without hardening and with hardening 

C.  Interaction plot for Material Removal Rate 
Interaction plot are obtained, when we feed the results obtained  to Minitab version-16 software. Interaction plots are used to show 
the effect of two parameters on the response variable. 

 

 

 

 

 

 

 

 

Fig 3.3.1: Interaction plot for MRR v/s feed on the specimens without hardening 

 
Fig 3.3.2: Interaction plot for MRR v/s feed on the specimens with hardening 
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D.  Machining Parameters for Optimum Material Removal Rate  
From the responses, the optimum set of machining parameters for MRR for different material conditions i.e. without hardening and 
with hardening.  

Table 3.4.1 Optimum machining parameters for MRR 

 

IV. CONCLUSION 
This dissertation work is mainly focused on the optimization of Material Removal Rate (MRR). Suitable combination of different 
process parameters are done to produce high Material Removal Rate 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. The optimum Material Removal Rate (MRR) is obtained for EN-36 without hardening is 62.42mm3 /sec at a feed rate of 0.20 
mm/rev, speed of 220 rpm and depth of cut of 0.7 mm and the MRR for EN-36 material hardened to 30 HRC is 59.49 mm3/sec 
at a feed rate of 0.20 mm/rev, speed of 220 rpm and depth of cut of 0.7 mm.  

B. The result of ANOVA for Material Removal Rate shows that speed and feed are the most significant parameters for both the 
material without hardening and material hardened to 30 HRC, where as the least significant parameter is depth of cut.  

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