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Abstract— The aim of the present work is to optimise the process parameter such as feed, speed and depth of cut in CNC turning 

process. The quality of the turning operation is depends on the surface roughness and material removal rate. The present work focuses on 

optimisation of turning parameters using the Taguchi technique to minimize surface roughness and maximize material removal rate. The 

experimental investigation for turning operations has been executed on a CNC lathe. Turning operations are performed based on the 

Taguchi 23  L8 orthogonal array for stainless steel (303) and HCHCr (D3). The optimal condition for both material removal rate and surface 

roughness are calculated by using a technique called grey relational analysis. Grey relation grade is used to calculate the optimal condition 

for combined parameters. 
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1 INTRODUCTION                                                     

urning is the Soperation through which material is re-

moved from the work piece while the work piece is been 

rotating. Various cutting tool inserts are available for turning 

operation. Quality and productivity can be enhanced through 

process parameter optimisation. There are number of research 

works related to various turning parameters optimisation for 

achieving the better performance characteristics. Among these 

material removal rate and surface roughness are important 

process parameters. The major parameters are surface rough-

ness and metal removal rate. So the primary objective of the 

optimisation analysis during turning operation is to optimise 

the input parameters. 

The primary objective this work is to optimise the process 

parameters such as spindle speed, feed and depth of cut by 

using Taguchi and Grey relation analysis. The optimisation 

parameters are maximizing the material removal rate and 

minimising the surface roughness. 
 

1.1 CNC Machine 

High speed turning is a machining operation which is 

done on CNC lathe. The quality of the surface plays a very 

important role in the performance of dry turning because a 

good quality turned surface surely improves fatigue strength, 

corrosion resistance and creep life. Surface roughness also ef-

fects on some functional attributes of parts, such as, contact 

causing surface friction, wearing, light reflection, ability of 

distributing and also holding a lubricant, load bearing capaci-

ty, coating and resisting fatigue. 

As we know in actual machining, there are many fac-

tors which affect the surface roughness i.e. cutting conditions, 

tool variables and work piece variables. Cutting conditions 

include speed, feed and depth of cut and also tool variables 

include tool material, nose radius, rake angle, cutting edge 

geometry, tool vibration, tool overhang, tool point angle etc.  

Work piece variable include hardness of material and 

mechanical properties. It is very difficult to take all the param-

eters that control the surface roughness for a particular manu-

facturing process. In a turning operation, it is very difficult to 

select the cutting parameters to achieve the high surface finish. 

This study would help the operator to select the cutting pa-

rameters. 

2 MATHEMATICAL METHODOLOGY   

2.1 Taguchi based Design of Experiments (DOE) 

DOE techniques are used to convert the standard de-

sign into a robust one. These techniques enable designers to 

provide an insight into the interaction factors that may affect 

the output. Taguchi method uses orthogonal array experi-

ments. Orthogonal array will provide a set of balanced and 

minimumnumber of experiments. There are some standard 

well defined orthogonal arrays. Each of these arrays are meant 

for a specific number of independent design levels and varia-

bles.In this experiment we are using Taguchi 23 L8 Orthogonal 

Array. 
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2.2 What is Grey Relational Analysis (GRA)? 

Grey relational analysis (GRA), also called Deng's 
Grey Incidence Analysis model, It was developed by a Chinese 
Professor Julong Deng of Huazhong University of Science and 
Technology. It is one of the most widely used models of Grey 
system theory. GRA uses a specific concept of information. It 
defines situations with no information as black, and those 
with perfect information as white. However, neither of these 
idealized situations ever occurs in real world problems. In fact, 
situations between these extremes, which contain dispersed 
knowledge (partial information), are described as being grey, 
hazy or fuzzy. A variant of GRA model, Taguchi-based GRA 
model is very popular in engineering. 

 A grey system means that a system in which part of 
information is known and part of information is unknown. 
Grey analysis does not attempt to find the best solution, but 
does provide techniques for determining a good solution, an 
appropriate solution for real world problems. The theory has 
been applied in various fields of engineering and management 

 In the Grey relational analysis the quality characteris-
tics are first normalized, ranging from zero to one. This pro-
cess is known as Grey Relational Generation. Then the Grey 
Relational Coefficient based on normalized experimental data 
is calculated to represent the correlation between the desired 
and the actual experimental data. Then overall Grey Relational 
Grade (GRG) is determined by averaging the Grey relational 
coefficient corresponding to selected responses. 

The overall performance characteristic of the multiple 
response process depends on the calculated GRG. This Grey 
relational approach converts a multiple response process op-
timization problem into a single response optimization prob-
lem. The optimal parametric combination is then evaluated, 
which would result in the highest Grey relational grade. The 
optimal factor setting for maximizing the overall Grey rela-
tional grade can be performed using the Taguchi method. 

 
2.2.1- When smaller-the-better is a characteristic of the exper-
imental data, then the experimental data can be normalized as 
follows. 

where Xi(k) is the normalized value, xi(k) is the experimental 
output value. Max xi (k) is the maximum value of the meas-
ured experimental value for the kth response. Min xi (k) is the 
minimum value of the measured experimental value for the 
kth response.  
 
2.2.2- When the larger-the-better is a characteristic of the ex-
perimental data, then the experimental data can be normalized 
as follows. 

 
where Xi(k)= normalized value or grey relational value, yi(k) is 
the experimental output value. Max yi(k) is the maximum val-

ue of the measured experimental value for the kth response. 
Min yi(k) is the minimum value of the measured experimental 

value for the kth response. 
 
 
2.2.3- Then the grey relational coefficient can be calculated as  
follows. 
Where ξi(k) is the grey relation coefficient. 
Where 𝜟0i(k)= ‖X0(k)-Xi(k)‖ is the difference of the absolute 
value of Xo(k) and Xi(k) ;  
Ψ is the distinguishing coefficient. 0≤ Ψ≤1. Ψ is usually kept as 
0.5. 

Δmin=the smallest value ofΔ0i, and 𝜟max= the largest value of 
𝜟0i. 
 
2.2.4- After averaging the grey relational coefficient, the grey 
relational grade is found by the following. 

Where γi is the grey relation grade and n is the number of re-

sponses.The parameter combination with the highest grey 

relational grade is the optimal condition for combined process 

parameters. 

 
2.2.5- Material removal rate was calculated using the formula. 

 
Here Wi= initial weight of the work piece, Wf= final weight of 

the work piece, t= time in minutes 

during turning operation and ρ = density of the material in 
kg/m3. 
 

3 EXPERIMENTAL DETAILS 
 
3.1 Material Selection 
Stainless Steel (303) 

               Stainless Steel 303 is specially designed to exhibit im-

proved machinability while maintaining good mechanical and 

corrosion resistant properties Due to the presence of sulphur 

in the steel composition, Alloy 303 is the most readily machin-

able austenitic stainless steel Alloy 303 demonstrates excellent 

toughness. 
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Table 3.1.1 shows Chemical Composition of S.S 303 is as fol-

lows. 

 

Table 3.1.1 

 
 

High Carbon High Chromium (D3) 

High carbon high chromium steel comes with very high wear 

resistance power, it hardens with very slight change in size. 

The alloy possesses very high compressive strength and is 

deep hardening. 

Table 3.1.2 shows Chemical Composition of HCHCr D3 is as 

follows. 

Table 3.1.2 

 
 

3.2 Process Parameters 

For the experimental study the machining parameters 

such as feed rate, speed and depth of cut are considered. The 

paramter design was done with three levels of machining pa-

rameters. The dimensions for both the materials are Length 

100mm and Diameter 25mm. 

The experiment was done on a CNC lathe by a tungsten car-

bide insert. 

Table 3.2.1 shows the process parameters and their levels for 

Stainless Steel 303 material. 

Table 3.2.2 shows the process parameters and their levels for 

High carbon high chromium (D3) material. 

 

 

Table 3.2.1 

 
 

Table 3.2.2 

 
 

3.3 Profile Design 
 

 
Figure 3.3.1 - Profile 3D view 

 

 
Figure 3.3.2 – Profile 

4 DATA COLLECTION 
 
Table 4.1 Response values for High carbon High chromium D3 
Steel. 
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Table 4.2 Response values for Stainless Steel 303. 

 
Where, 

• Ra - Surface roughness (µm) 

• Mt - Machining time (sec) 

• MRR - Material Removal Rate (mm3/min) 

5 CALCULATIONS 
 

5.1 Calculations for HCHCr D3 Steel 

Table 5.1.1 Normalized values for High carbon High chromi-
um D3 Steel. 

 
Table 5.1.1 shows the normalization values of the turning op-

erations for HCHCr D3 steel. The values normalized between 

0 and 1 using the grey relational analysis formula (1) and (2). 

 
 
 

Table 5.1.2 Delta values for High carbon High chromium D3 
Steel 
 

 
 

Table 5.1.2 shows the Delta values of the turning operations 

for HCHCr D3 steel. The values normalized between 0 and 1. 

 

Table 5.1.3 Grey Relational Coefficient Values for HCHCr D3 

Steel. 

 
 

Table 5.1.3 shows the grey relational coefficient values of sur-

face roughness, machining time, material removal rate for 

High carbon High chromium D3 Steel by using the formula 

(3). 
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Table 5.1.4 Grey Relational Grade for High Carbon High 

chromium D3 Steel 

 
Table 5.1.4 shows the grey relational grades of the High carbon 

High chromium D3 Steel. The grey relational grade values are 

the average weighted values of the grey relational coefficients 

of surface roughness, material removal rate, machining time. 

 

Table 5.1.5 SIGNIFICANCE OF MACHINING PARAMETERS 

FOR HCHCR D3. 

 
From Table 5.1.5 It is found that level 2 parameters have high-

est weighted grade value so they are optimal turning parame-

ters, and feed have maximum value in the max-min values. So, 

feed is the most influential factor of the turning operation. 

 

5.2 Calculations for Stainless Steel 303 

Table 5.2.1 SIGNIFICANCE OF MACHINING PARAMETERS 

FOR S.S 303. 

 
From the  tables 5.2.1 it is found that level 2 parameters have 

highest weighted grade value so they are optimal turning pa-

rameters, and feed have maximum value in the max-min val-

ues. So, feed is the most influential factor of the turning opera-

tion. 

6 CONCLUSION 

 The Grey Relational Analysis based on an orthog-

onal array of factorial design method is a way of optimizing 

the turning operations for High Carbon High Chromium Steel 

and Hot Die Steel. The analytical results are summarized as 

follows: 

 From the response table of the average grey rela-

tional grade, it is found that the largest value of the Grey rela-

tional grade for the Spindle speed = 1400 rpm, Feed rate = 0.4 

mm/rev, Depth of cut = 1 mm for HCHCr 303 and for SS 303 

S=1400, F= 0.14, DOC= 1. It is the recommended levels of the 

controllable parameters of the turning operations as the mini-

mization of surface roughness, machining time and maximiz-

ing the material removal rate. 

 The order to the importance for the controllable 

factors to the roughness average in sequence is the feed, the 

spindle speed; the depth of cut similarly for machining time 

and material removal rate in sequence is the Feed, the depth of 

cut, the spindle speed. 

7 FUTURE SCOPE 

• Further changing the machining parameters can give 

improved results. 

• The Process Optimization technique can also be used 

for different machining operations like, Drilling, Mill-

ing, Welding etc. 
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