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ABSTRACT
The current manufacturing industry involves machining as one of the most wide spread metal removal process. The cost,
time and quality have always been the main purpose for manufacturing industries. This paper presents experimental
study related to optimization of turning process using Response Surface Methodology (RSM). The turning operation is
performed on AISI D2 tool steel using coated carbide inserts. The RSM based Central Composite Design (CCD) is
utilized as an experimental design. Contour plots are used analyze the relationship between process parameters [cutting
speed (m/min), feed rate (mm/rev) and depth of cut (mm)] and response parameter (cutting force). The performance of
machining is optimized for cutting force. The influence of each process parameter is studied through analysis of variance
(ANOVA). It is found that all process parameters and interaction terms cutting speed*depth of cut and feed rate* depth
of cut are significant for cutting force. Optimized process parameters found during the investigation are 107.57 m/min
cutting speed, 25.19 mm/min feed rate and 0.2 mm depth of cut for 21.17 N cutting force.
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INTRODUCTION
The manufacturing industries in the present era are competing in market to produce the product at less cost.
The machining set up to be used should be effective enough to take less effort and time. This ultimately gives
need for optimization of cutting parameters viz. cutting speed, feed rate and depth of cut to get better
responses like maximum material removal rate, minimum cutting forces, minimum time, less tool wear,
surface finish etc.

Generally turning operation is performed to produce cylindrical, particularly axi-symmetric parts having
various features like tapers, threads, grooves, holes, knurls, diametrical steps and also contoured surfaces. This
process is also used as a secondary process to add or refine features on parts that were manufactured by other
processes. Turning operation offers high tolerances and surface finishes, it is ideal for adding precision
rotational features to a part whose basic shape has already been formed.

The selection of machining parameters for a turning operation is a very important task in order to accomplish
high performance. By high performance, means good machinability, better surface finish, lesser rate of tool
wear, higher material removal rate; faster rate of production etc. Present day metal cutting industry has to
meet the challenges of quality and productivity of the machined parts during turning economically [3].

The relative forces in turning operations are eminent for designing machine tool. The machine and its various
parts should withstand the forces without any vibrations, deflections and chatters during machining. There are
three major forces produced during turning namely cutting force, axial force and radial force. The cutting
force is also known as tangential force acts downward on tool tip causing upward deflection of the workpiece.
It supplies energy required for cutting operation. Cutting force depends on the material.



1046 P. B. Pawar, R. S. Powar

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 3

March 2018

LITERATURE REVIEW
Sadílek et al. [1] performed the experiments on cold worked tool steel by keeping depth of cut constant and by
varying depth of cut. They measured the cutting forces and tool wear and observed that tool life of variable
depth of cut strategy increased from 6.2 min to 8.3 min (20%).

For turning of D2 steel, Parvinder and Rajinder [2] investigated radial force as a machining characteristic
under different process conditions using SN ratio and ANOVA. They found that feed and depth of cut are
significant factors for radial force. Pawar and Dabade [3] performed experiments and analysed surface
roughness during turning using RSM and concluded that cutting speed and depth of cut are significant
parameters for surface roughness.

Bartarya and Choudhury [4] performed turning of EN31bearing steel using CBN insert using a full factorial
DoE for cutting force components and surface roughness. They concluded that depth of cut followed by feed
influentially affects three cutting forces. Raykar and Dabade [5] used high pressure coolant during turning of
Inconel 718 and optimized the process by Taguchi and TOPSIS method. By ANOVA they found that depth of
cut followed by feed, coolant pressure and speed had significant effect on cutting force components and
surface roughness.

Boujelbene [6] investigated and modelled the cutting force while turning of titanium alloy. He used Taguchi
method for experimentation and RSM was used for modelling of cutting force. He found that feed rate and
cutting speed are dominant factors affecting cutting force.

For turning of AISI H13 tool steel, Suresh et al. [7] explored how the cutting parameters affects cutting forces
and tool wear using RSM. They concluded that cutting speed and depth of cut have significant effect on axial
force while feed rate and depth of cut have significant effect on radial force and for cutting force all three
parameters were significant. Ozel et al. [8] experimentally studied the effect of cutting edge geometry,
workpiece hardness, feed rate and cutting speed on cutting force components. By ANOVA they found that for
cutting force the parameters edge geometry, cutting speed, hardness and feed whereas the interaction of edge
geometry and hardness, cutting speed and feed rate are remarkable.

Selvaraj et al. [9] carried out turning operations on nitrogen alloyed duplex stainless steel using Taguchi
method by keeping depth of cut constant varying cutting speed and feed rate at different three levels. They
found that feed rate and cutting speed were affecting the cutting force.

Aouici et al. [10] experimentally investigated the effect of cutting speed, feed rate, workpiece hardness and
depth of cut on cutting force components in hard turning of AISI H11 steel using RSM. They concluded that
cutting force components are impacted mainly by depth of cut and workpiece hardness. For turning of AISI
1050 steel Rao et al. [11] recorded significance of impact of parameters on cutting force using Taguchi
method. They specified that feed rate followed by depth of cut has significant influence on cutting force. They
also concluded that interaction of all the three cutting parameters is significant for the cutting force.

EXPERIMENTAL PROCEDURE
Workpiece Material and Cutting Tool

The workpiece material selected for experimentation is AISI D2 Tool Steel of 32 mm diameter and 125 mm
length. Tool steel refers to a variety of carbon and alloy steels that are particularly well suited to be made into
tools. It is extremely hard, resistant to abrasion and deformation and has ability to hold a cutting edge at
elevated temperatures. It is high carbon, high chromium with extremely high wear resisting properties
material. The CNMG 120408 MT TT5100 Taegu Tec make inserts coated with TiCN-Al2O3-TiN were used
for turning of AISI D2 steel.

Experimental Work

The dry turning experiments were performed using MTAB MAXTURN Plus CNC Lathe, ideally suitable for
machining high precision components on mass production.
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The values of the selected three machining parameters, each at three levels of are shown in Table 1, these
values are selected by conducting trial experiments on D2 steel; the experimental setup is shown in Fig 1.The
feed rate (mm/rev) is converted into feed rate in mm/min for experimental convenience. During turning the
cutting force was measured using “Kistler type 9257BA” three component piezoelectric Dynamometer
available at Advanced Manufacturing lab, WCE, Sangli.

RSM is used for experimental design and process optimization in this experimentation. The RSM based
central composite design or CCD is used for experimental design. The CCD consists of 20 runs which include
eight factorial runs, six axial or star runs, and six centre runs.

Table 1. Process parameters and their levels

Process parameters Level 1 Level 2 Level 3

Cutting speed (m/min) 50 100 150

Feed rate (mm/rev) 0.05 0.1 0.15

Depth of cut (mm) 0.2 0.4 0.6

RESULTS AND DISCUSSIONS
The experiments were performed as per the DoE done using RSM. The results of the experiments are shown
in Table 2. The MAXTURN CNC lathe requires values of feed rate in mm/min, and these values are used for
analysis. These results are studied using contour plots and the analysis is done using Minitab-17 software.

Fig 1: Experimental setup

Tool and Dynamometer

Workpiece
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Analysis of variance (ANOVA)

The analysis of variance (ANOVA) is used to identify the most significant variables. ANOVA assess the
importance of one or more factors by comparing the response variable means at the different factor levels.
This analysis is carried out at 95% confidence level.

The ANOVA for cutting force is shown in Table 3. It is seen that the parameters cutting speed, feed rate, and
depth of cut are significant. The quadratic term cutting speed * cutting speed and the interaction terms cutting
speed * depth of cut and feed rate * depth of cut are significant for the cutting force. The R-square and R-
square adjusted values are above 90%, which indicates that the model fit is on higher side of acceptable limits.
The equation 1 shows regression equation for cutting force. From regression equation it is seen that, depth of
cut has significant influence on cutting force followed by cutting speed and feed rate.

Cutting force (N) = 31.7 – 1.808*Vc + 1.361*f + 398*d + 0.01132*(Vc)2 – 0.00058*(f)2

– 11*(d)2 – 0.00802*Vc*f – 2.107*Vc*d + 1.370*f*d  ........Equation (1)

Analysis and Discussions

Analysis of experimental results is carried out using Minitab-17 software. Here cutting force, axial force,
radial force, surface roughness and material removal rate are the response variables. The contour plots are
plotted for determining the optimum region for the responses.

Table 2. Experimental results

Std
Order

Input parameters Response parameter

Cutting  Speed, (Vc)
(m/min)

Feed rate,
(f)

(mm/min)

Depth of cut, (d)
(mm)

Cutting force (N)

1 50 25.196 0.2 61.39
2 150 75.587 0.2 56.22
3 50 75.587 0.2 104.7
4 150 226.760 0.2 112.2
5 50 25.196 0.6 152.8
6 150 75.587 0.6 135.8
7 50 75.587 0.6 291
8 150 226.760 0.6 252.2
9 15.91 16.035 0.4 191.3

10 184.09 185.530 0.4 136.4
11 100 16.035 0.4 61.55
12 100 185.530 0.4 208.4
13 100 100.782 0.064 34.95
14 100 100.782 0.74 253.9
15 100 100.782 0.4 147
16 100 100.782 0.4 148.3
17 100 100.782 0.4 142.3
18 100 100.782 0.4 155
19 100 100.782 0.4 139.3
20 100 100.782 0.4 137.2
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The contour plot for the cutting force is obtained as shown in the Fig 2.  It is seen that the cutting force is
minimized at the higher cutting speed, medium feed and lower depth of cut. Cutting force is minimum in the
region of cutting speed 60 – 180 m/min, feed rate 16.035 - 50 mm/min and depth of cut 0.0636 - 0.2 mm as
seen in Fig 2 (a,b).  While Fig 2 (c) shows that, as feed rate and depth of cut there is increase cutting force
also. The increase in cutting speed decreases cutting forces as increase in temperature at shear plane region
softens machined surface thereby reducing shear strength of the material. The cutting force is more at higher
feed rate and depth of cut due to increased area of undeformed chip cross section.

The optimization plot to minimize cutting force was plotted using RSM technique in Minitab 17. This was
done to find the optimum values of cutting speed, feed rate and depth of cut to get minimum value of cutting
force during turning of AISI D2 tool steel. The optimum plot is shown in Fig 3. This plot gives optimum
values of parameters along with the value of cutting force.

Table 3. ANOVA for cutting force

Source Degree of freedom Adj SS Adj MS F-Value P-Value

Vc 1 12097.4 12097.4 47.04 0.000

f 1 16637.6 16637.6 64.70 0.000

d 1 52961.7 52961.7 205.94 0.000

Vc* Vc 1 2701.3 2701.3 10.50 0.009

f * f 1 44.9 44.9 0.17 0.685

d * d 1 1.2 1.2 0.00 0.947

Vc* f 1 1080.5 1080.5 4.20 0.068

Vc* d 1 1973.8 1973.8 7.68 0.020

f * d 1 1906.5 1906.5 7.41 0.021

S=16.0364  R-sq=97.07%     R-sq(adj)= 94.44% R-sq(pred)= 79.43%

CONCLUSIONS
By carrying out the literature review, performing the experiments and analysis on AISI D2 steel by turning
process, the following conclusions are drawn:
The cutting force decreases when cutting speed is at higher level whereas feed rate and depth of cut are at
lower level.
From literature it is found that all three process parameters along with workpiece hardness significantly affect
cutting force.
From analysis it is found that the cutting speed, feed rate and depth of cut are significant parameters for
cutting force.
Depth of cut is found to be the most influencing parameter on cutting force during turning.
The quadratic term cutting speed*cutting speed is also significant for cutting force.

The interaction of cutting speed*depth of cut and feed rate*depth of cut are influencing the cutting force.

The cutting force is minimized at the medium value of cutting speed (107.57 m/min), lower feed rate (25.19
mm/min) and lower value of depth of cut (0.2 mm).
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Hold Values Depth of cut 0.4mm

a) Contour plot of Cutting force  vs Feed(mm/min),
Cutting speed (m/min)

Hold Values Feed 121.4 mm/min

b) Contour plot of Cutting force  vs Depth of cut
(mm), Cutting speed (m/min)

Hold Values Cutting speed 100 m/min

c) Contour plot of Cutting force  vs Depth of cut (mm), Feed (mm/min)

Fig 2: Contour plots for cutting force
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Fig 3: Optimization plot

REFERENCES
[1] Sadílek M., Dubsky J., Sadílková Z. and PorubaZ. 2015. Cutting Forces during Turning with Variable Depth of Cut.

Perspectives in Science, http://dx.doi.org/10.1016/ j.pisc.2015.11.055.
[2] Singh P. and Singh R. “Optimization of Machining Characteristic of D2 Steel under Different in Turning

Condition”, International Journal of Innovative Science, Engineering and Technology, 2014, Volume 1.
[3] Pawar P. and Dabade U.2017. Analysis of Surface Roughness during Turning of AISI D2 steel, in Journal of

Advances in Science and Technology, Volume 13, 219-226.
[4] Bartarya G.  and Choudhury S. 2012. Effect of Cutting Parameters on Cutting Force and Surface Roughness during

Finish Hard Turning AISI52100 Grade Steel. In 5th CIRP Conference on High Performance Cutting, Procedia
Engineering, Volume 1, 651 – 656.

[5] Raykar S. and Dabade U. 2016. Optimization of High Pressure Coolant Assisted Turning of Inconel 718 using
TOPSIS, in Advances in Intelligent Systems Research, Volume 137, 113-120.

[6] Boujelbene M. 2018. Investigation and Modeling of the Tangential Cutting Force of the Titanium Alloy Ti-6Al-4V
in the Orthogonal Turning Process. In 2nd International Conference on Materials Manufacturing and Design
Engineering, Procedia Manufacturing, Volume 20, 571–577.

[7] Suresh R., Basavarajappa S. and Samuel G. 2012. Predictive Modeling of Cutting Forces and Tool Wear in Hard
Turning using Response Surface Methodology. In International Conference on Modeling Optimization and
Computing, Procedia engineering, Volume 38, 73-81.

[8] Ozel T., HsuT.  and ZerenE., “Effects of Cutting Edge Geometry, Workpiece Hardness, Feed Rate and Cutting
Speed on Surface Roughness and Forces in Finish Turning of Hardened AISI H13 Steel”, International Journal of
Advances in Manufacturing Technology, 2005, Volume 25, 262–269.

[9] Selvaraj D., Chandramohan P. and Mohanraj M. 2014. Optimization of Surface Roughness, Cutting Force And Tool
Wear of Nitrogen Alloyed Duplex Stainless Steel in a Dry Turning Process using Taguchi Method. Measurement,
Volume 49, 205–215.

[10] Aouici H., Yallese M., Chaoui K., Mabrouki T. and Rigal J. 2012. Analysis of Surface Roughness and Cutting Force
Components in Hard Turning with CBN Tool: Prediction Model and Cutting Conditions Optimization.
Measurement, Volume 45, 344–353.

[11] Rao C., Rao D. and Srihari P. 2013. Influence of Cutting Parameters on Cutting Force and Surface Finish in Turning
Operation. InProcedia Engineering, Volume 64, 1405-1415.


