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Abstract— The use of engineering materials has increased to a great extent in the industries. To increase the quality of the 
machined parts during turning process is considered as the main challenge of industries. So it is required to find the optimum 
parameters in order to have easy and economical machining. Material removal rate affects the productivity and in turn the 
cost of manufacturing. This paper presents the optimization of material removal rate (MRR) and surface roughness for a 
given range of cutting parameters in turning operation. AISI D2, a high chromium high carbon steel was selected for this 
study owing to its major applications in dies and tool industries. Optimum values were obtained and the effect of cutting 
speed on  surface roughness and MRR was studied. 
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I. INTRODUCTION 
 
The today's industries  require the manufacturing of 
low cost and high quality products in short time. 
Surface roughness and material removal rate are two 
important parameters, which are paid more attention 
from the industries. Material removal rate is an 
important factor that greatly influences production 
rate and cost. So, it is required to evaluate the surface 
roughness and material removal rate before the 
machining is done. This will be further useful in the 
production which will contribute to the minimization 
of production time and cost of product  of desired 
surface quality. Higher machining rate and better 
surface finish are desirable for better performance of 
any machining process.The material removal rate 
(MRR) in turning operations is the volume of material 
that is removed per unit time in mm3/min. The effects 
of machining parameters on MRR in turning process 
were widely investigated by previous researchers. In 
this paper the effect of cutting parameters on MRR 
and surface roughness in turning of AISI D2 steel was 
found. AISI D2 is one of the most popular high-
chromium and high-carbon steel is considered for the 
study. The researchers have studied the effect of 
various parameters using various methods on 
different materials but it was found that the 
experimental investigation needed to be carried out 
on AISI D2 considering its wide applications in tools 
and die industries. 
 D.I.Lalwani et.al investigated the effect of 
cutting parameters on load and surface roughness. He 
analysed the effects such as subsurface residual 
stresses and surface roughness values on MDN 250 
with 50HRC.They evaluated by performance that 
good surface roughness is obtained at higher values of 
speed and depth of cut. [1] 
 Kamely et.al found out alternative low cost 
cutting tools for hard turning of AISI D2. She 
performed experiments and evaluated that tool life for 
mixed ceramic coated inserts is higher than CBN 

tools whereas the Ra is highest in ceramic. She also 
found that tool wear decreased in low coated CBN 
tools at low speed conditions.[2] 
Increase in productivity is desired during the 
machining processes which depend upon Material 
Removal Rate (MRR). Higher the MRR more the 
productivity achieved, Cost of machining is strongly 
related to the MRR. MRR for a turning operation is 
given by product of cutting  
parameters (speed, feed and depth of cut). Thus it is 
very essential to study MRR. 
 Sayak Mukherjee et.al  formulated an 
experiment using Taguchi to optimize MRR during 
turning of SAE1020 using mixed ceramic insert. The 
experiments resulted with a maximum MRR at 
optimum cutting parameters and showed that depth of 
cut has the most significant effect on MRR.[3] 
 Rishu Gupta et.al proposed Principal 
Component Analysis for the optimization of multiple 
performance characteristics. They used Taguchi 
method to optimize the parameters. They found that 
feed rateand cutting speed had great influence on 
surface roughness and MRR.[4] 
 R.K.Suresh et.al investigated the effect of 
cutting parameters on EN-41 B alloy steel using 
Taguchi technique. An accurate regression model is 
developed for material removal rate. They found that 
feed is the most dominant parameter for MRR.[5] 
 Vijaykumar S. Jattiet.al  developed an 
empirical model to predict material removal rate in 
terms of spindle speed, feed rate and depth of cut 
using multiple regressions modelling method. 
AlMgSiCu was workpiece material and carbide 
inserted cutting tool. For material removal rate, 
confirmation experiments resulted in an average 
percentage error of 3.35, underlining the satisfactory 
performance of the prediction model.[6] 
 Sandeep Kumar et.al demonstrated that, 
when feasible process parameters are selected, mild 
steel (1018) could be efficiently turned using coated 
carbide tool.The feed rate shown an impetus effect on 
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material removal rate. Further Surface roughness 
increases when feed rate increases, however cutting 
speed also the influencing parameter followed by 
depth of cut.[7] 
 S. R. Das et al. concluded that MRR showed 
an increasing trend with an increase in cutting speed, 
feed and depth of cut. They expressed the relationship 
between cutting parameters and performance 
measures by a multiple regression equation.[8] 
 Jitendra J. Thakkar et al. carried out the 
experiments on Ss410 round bars and using ANOVA 
they found that the volume of material removed can 
be achieved better when machining was done at high 
depth of cut and high feed rate. Depth  of cut was 
found to be the most significant parameter for MRR 
and Surface Roughness.[9]  
  
II. EXPERIMENTATION DETAILS 
 
The aim of the experiments was to study the effect of 
cutting speed on material removal rate and compare 
the results for two different tools. 
Workpiece material- Experiments were conducted on 
AISI D2  solid round bars of diameter 32 mm with 
120 mm length, hardened to 40 HRC. A composition 
of this alloy steel is given in the table below: 

 
TableI. Composition of AISI D2 

 
 
Tools -The tool inserts used in was Sandvik make, 
mixed ceramic (Al2O3 + TiCN) coated with TiN with 
nose radius 0.8mm and rake angle -5o. 
 

 
Fig.1.FANUC controlled CNC 

 

 
Fig.2.Mixed ceramic insert 

 
Experimental procedure-The cutting speed was varied 
for five values and feed and depth of cut were kept 

constant. The experiments were carried out on an Ace 
Designers make, FANUC controlled Simple Turn 
5075 CNC lathe under dry cutting conditions. A thin 
layer of 0.5 mm was machined from the work piece 
before actual experimentation in order to remove the 
uneven surfaces to ensure consistency. Material 
removal rate (MRR) has been calculated from the 
difference of volume of workpiece before and after 
each experiment by using the following formula.   
																																								 ( ) 	 mm3/min 

where, D1 and D2 is diameter workpiece before and 
after machining, L is length of machined workpiece 
and N is spindle speed to achieve specific cutting 
speed. The surface roughness was measured for each 
run using Surface Roughness Tester: Mittutoyo SJ 
410. 
Following table shows the cutting parameters and the 
experimentation results. 
 

Table.2. Cutting parameters and results 

 
 

III. RESULTS AND DISCUSSION 
 

 
Fig.3. Scatterplot of MRR vs Cutting speed 

  
It can be observed from the results that MRR 
increases with the increase in cutting speed. This is 
due to the decrease in the cutting time required to 
remove the material. The MRR required is maximum 
for maximum production rate so the optimum value 
of MRR is 1794.37 mm3/min which is obtained at 
maximum cutting speed of 180 m/min. 
 

 
Fig.4. Scatterplot of Surface Roughness vs Cutting speed 
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From the results it is clear that surface roughness 
decreased with increase in cutting speed. At low 
cutting speeds there is occurrence of built up edge 
which generates large amount of burrs producing 
greater surface roughness. It can be observed that the 
surface roughness gradually decreases with increase 
in the cutting speed up to 180 m/min. This is because 
of decrease in the size of built up edge.Higher cutting 
speed produces lower surface roughness. This is 
attributed to higher cutting temperature, which results 
in thermal softening of work material.We also 
observe that after reaching a value of 150m/min of 
cutting speed the change in the surface roughness is 
non differentiable. At this speed when the effect of 
built up edge is considered negligible. This implies 
that the optimum solution for the problem lies 
somewhere between 150 and 180m/min of cutting 
speed and further increase in cutting speed would not 
give any changes in surface roughness.   
  
CONCLUSIONS 
 
Increase in cutting speed decreases the surface 
roughness. This is due to the higher cutting 
temperature attained at higher cutting speed makes 
the material ahead of tool softer and plastic. 
Optimum value of cutting speed is in between 150 
and 180m/min. 
The experimental observations highlights that MRR 
in CNC turning is greatly influenced by depth of cut 
followed by cutting speed.  
There is an increase in MRR with increase in cutting 
speed. Optimum value of MRR is found to be 
1794.37mm3/min at 180m/min. 
 

REFERENCES 
 

[1] D.I.Lalwani, N.K.Mehta, P.K.Jain, "Experimental 
Investigation of cutting parameters on load and Ra," 
Journal of Materials Processing Technology 2 0 6 ,167–
179, 2008. 

[2] Kamely ,M.A , Noordin, Venkatesh, "Alternative low cost 
cutting tools for hard turning of AISI D2," Journal of 
Advanced Manufacturing Technology," Vol. 2, Issue2, 
July-December 2008. 

[3] S. Mukherjee, A. Kamal, K. Kumar" Optimization of MRR 
during turning using Taguchi Technique," 12th Global 
Congress on Manufacturing and Management , GCMM 
2014. 

[4] R. Gupta, A. Diwedi, “Optimization of Surface Finish and 
Material Removal Rate with Different Insert Nose Radius 
for Turning Operation on CNC Turning Centre,” 
International Journal of Innovative Research in Science, 
Engineering and Technology., Vol. 3, Issue 6, June 2014. 

[5] R.K.Suresh, G. Krishnaiah “Parametric Optimization on 
single objective Dry Turning using Taguchi Method” 
International Journal of Innovations in Engineering and 
Technology, vol.2 Issue April 2013. 

[6] V. S. Jatti, R. Dabahale, “Optimization of Material 
Removal Rate of AlMg1SiCu in Turning Operation using 
Genetic Algorithm,” Wseas Transactions on Applied and 
Theoretical Mechanics., Volume 10, 2015. 

[7] S. Kumar, S. K. Sharma, “Optimization of Material 
Removal Rate in Cnc Turning of Mild Steel 1018 Using 
Taguchi Method,” Int. Journal of Engineering Research 
and Applications., Vol. 4, Issue 4, April 2014. 

[8] S. R. Das, R. P. Nayak, Dr. D. Dhupal, "Optimization of 
Cutting Parameters on Tool Wear, Workpiece Surface 
Temperature and Material Removal Rate during Turning 
of AISI D2 Steel," International Journal of Engineering 
Research & Technology.,  Vol. 1, Issue 5, July  2012. 

[9] J. J. Thakkar, M. I. Patel, V. B. Prajapati, S. Patel,  
"Optimization of Process Parameters For Surface 
Roughness And Material Removal Rate For Ss410 
Material During Turning Operation,"  International Journal 
for Scientific Research & Development., Vol. 2, Issue 03, 
2014. 

 
 
 
 
 
 

 
 


