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ABSTRACT 
Super alloys are widely used in sophisticated 

applications due to unique properties desired for the 

engineering applications. Due to its peculiar 

characteristics machining of Super alloys are difficult and 

costly. The increasing use of super alloy (Inconel) in 

aerospace and automobile industries necessitates the 

knowledge of their machinability at higher cutting speeds, 

which is not adequate at present. Further, less attention has 

been paid to optimize the process conditions to improve 

machinability in terms of cutting forces.  

Thus, keeping in view the extensive applications of 

turned components in critical aero space engine, turning 

process is selected to assess the effect of machining 

parameters on cutting forces in CNC machining of super 

alloy material. The present work is an attempt to make use 

of Taguchi optimization technique to optimize cutting 

parameters during high cnc turning of in super alloy using 

tungsten carbide cutting tool. The cutting parameters are 

cutting speed, feed rate and depth of cut for turning of work 

piece material Super Alloy (Inconel). The experimental 

investigations are done using Taguchi method which is a 

powerful design of experiments (DOE) tool for engineering 

optimization of a process. This study involves the nine (9) 

or twenty seven (27) experiments of taguchi orthogonal 

array. 

By doing this experiment we can find out the 

optimal level of cutting parameter on Super alloy (inconel).  

In this I need micro structure of material, after machining 

process .In this I want turning operation, and high speeds 

which we have taken should be very clear. Inconel material 

which is used is our choice other than Inconel 740, because 

it is already done. It reports on the CNC turning research 

relating to improving performance measures, monitoring 

and control of process, optimizing the process variables. 

The reviewed paper also discusses the future trend of 

research work in the same area.  

 

Keywords: Cutting Force, Feed length, Chip Analysis, 

Taguchi Method 

 

1. Introduction 

Machining industries continuously demanding for 

higher production rate and improved machinability as 

quality, and productivity play significant role in today’s 

manufacturing market. The extent of quality of the procured 

item (or product) influences the degree of satisfaction of the 

consumers during the usage of the procured goods. Higher 

production rate can be achieved at high cutting speed, feed, 

depth of cut which is limited by tool wear, capability of 

tooling, surface finish and accuracy required selection of 

cutting parameters is generally a compromise between 

several variables and it can be easily possible to determine 

by using Response Surface Methodology.  

CNC machines are commonly used in industry. 

The operation of this machine is expensive because it has 

many parameters to consider. Optimization of cutting 

parameters is usually a difficult work where the following 

aspects are required: knowledge of machining; empirical 

equations relating the forces, power, surface finish and 

dimensional accuracy etc. Trends in manufacturing industry 

have drive trends in metal cutting inserts developments. 

Changes in cutting parameters catalyze parallel advances in 

metal cutting tooling technology. Coated tools have found 

widespread use in today’s metal cutting industry, bringing 

about significant improvements in tool performance and 

cutting economy through lower tool wear reduced cutting 

forces and better surface finish of the work piece.  

Dry machining is desirable to avoid the extra costs 

and environmental problems associated to cutting fluids. 

High speed machining of hardened steel has the potential of 

giving sufficiently high quality of the machined surface to 

make finishing operations such as grinding and polishing 

unnecessary.  

Design of experiment (DOE) based on Taguchi’s 

orthogonal array can be conveniently applied to design the 

experimental layout so that machinability aspects can be 

studied to obtain maximum information related to the 

process with less number of experiments. Simulation of 

machining process can be used to understand the influence 

of process parameters on material removal rate, surface 

roughness and flank wear of tool so that experimental cost, 

time and effort can be reduced.  
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Simulation model must be validated with 

experimental results to check the adequacy of the 

simulation model. Since DOE approach cannot optimize 

multiple responses in machining processes, attempt has 

been made to propose a fuzzy inference system coupled 

with a newly developed technique Imperialist competitive 

algorithm for simultaneous optimization of multiple 

performance characteristics. Nickel-based alloys constitute 

an important class of materials that are used under 

demanding conditions of high corrosion resistance and 

high-temperature strength.  

These characteristics together with their good 

ductility and ease of cold working make them generally 

very attractive for a wide variety of applications; nearly all 

of which exploit their corrosion resistance in atmospheric, 

salt water and various acidic and alkaline media. 

1.2 Applications of the super alloys 

 Super alloys are heat-resistant alloys of nickel, 

nickel iron and cobalt that exhibit a combination of 

mechanical strength and resistance to surface degradation 

generally unmatched by other metallic compounds.  

The primary uses of these alloys are in aircraft gas turbines 

e.g. disks, combustion chambers, bolts, castings, shaft 

exhaust systems, blades, vanes etc.   

steam turbine power plants e.g. bolts, blades, stack gas 

reheaters.  

   

1.3 The Main Characteristics For Its Machinability  

The high strength of nickel-base super-alloys at 

cutting temperatures causes high cutting forces generating 

more heat at the tool tip compared to alloy steel machining. 

 

The presence of hard, abrasive intermetallic 

compounds and carbides in these alloys causes severe 

abrasive wear at the tool tip.  The high capacity for work 

hardening in nickel-based alloys causes depth of cut 

notching on the tool which leads to burr formation on the 

work piece.  

  These alloys have excellent mechanical properties, 

workability and corrosion resistance in aviation and 

extensively in the chemical industry heaters, condensers, 

evaporator tubes, pipes mirrors. However, low thermal 

conductivity and high cutting strength is still considered as 

challenging. 

 

1.4 Inconel 740 Super alloy 

Inconel 740 is a family of austenitic nickel-

chromium based super-alloy. Inconel alloys are oxidation 

and corrosion resistant materials well suited for service in 

extreme environments subjected to pressure and heat. When 

heated, Inconel 740 forms a thick, stable and passivating 

oxide layer protecting the surface from further attack. 

 

1.5 The Properties Of  Ni-based Alloys Contributing To 

Machinability 

A major part of their strength is maintained during 

machining due to their high temperature resistance 

properties work hardening occurs rapidly during machining 

which is a major factor contributing to notch wear at the 

tool nose and/or depth of cut line cutting tools suffer from 

high abrasive wear owing to the presence of hard abrasive 

carbides in the super-alloy chemical reaction occurs at high 

cutting temperatures.  

2. LITERATURE REVIEW 

 J. S. Senthil kumaar et al [1] heat-

resistant super alloy material like Inconel 740 machining is 

challenging task even in modern manufacturing processes. 

Therefore the genetic algorithm coupled with artificial 

neural network (ANN) as an intelligent optimization 

technique for machining parameters optimization of Inconel 

740. The combined effects of cutting speed, feed, and depth 

of cut on the performance measures of surface roughness 

and flank wear were investigated by the analysis of 

variance.  

 Waleed Bin Rashid et al [2] provided the 

experimental results of cnc turning of AISI 4340 steel using 

a cubic boron nitride (CBN) cutting tool. An orthogonal 

array was implemented using a set of judiciously chosen 

cutting parameters. Subsequently, the longitudinal turning 

trials were carried out in accordance with a well-designed 

full factorial based Taguchi matrix. The speculation indeed 

proved correct as a mirror finished optical quality machined 

surface was achieved by the conventional cutting method 

using a CBN cutting tool. The design of experiment using 

Taguchi’s approach can be used to evaluate the effect of 

control parameters for parameter optimization. Taguchi’s 

approach allows the study of the whole parameter space 

with a limited number of experiments, as long as they are 

carried out in a planned orthogonal array.  

2.1 Multi-Objective Optimization 

Thirumalai and Senthilkumaar have applied technique for 

order preference by similarity to ideal solution (TOPSIS) 

for selecting best parameter setting out of a large number of 

non-dominated solutions during high-speed machining of 

Inconel 740 using carbide cutting tool for reduce the 

uncertainty in choosing the best solution. 

3. METHODOLOGY 

3.1 Taguchi method of Analysis 

 According to Taguchi “ Quality is the loss 

imparted to society from the time a product is 

shipped.” Taguchi concept attempts to reduce the 

impact of noise rather than eliminate it. Taguchi 

also proposes a three-stage design operation to 

determine the tolerances and target values for 

relevant parameters in the product and the process 

which are the system design, parameter design 

and the tolerance design. 
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 Parameter design aims to minimize the 

performance variability by finding out the 

optimal settings of the product and process 

parameters. And in tolerance design, tolerances 

are set around the target values of the control 

parameters identified in the parameter design 

phase and is done only when the performance 

variation achieved by the settings identified in the 

parameter design stage is not acceptable.  

 Taguchi also defined a performance 

measure known as the signal to noise ratio (S/N) 

and aims to maximize it by properly selecting the 

parameter levels. Signal here, represents the 

square of the mean value of the quality 

characteristic whereas noise is a measure of the 

variability of the characteristic, or the 

uncontrollable factors.  

3.2 Steps Involved in Taguchi Method 

The use of Taguchi’s parameter design involves 

the following steps .  

1. Identify the main function and its side effects. 

2. Identify the noise factors, testing condition and 

quality characteristics. 

3. Identify the objective function to be optimized.  

4. Identify the control factors and their levels.  

5. Select a suitable Orthogonal Array and 

construct the Matrix. Conduct the Matrix 

experiment. 

7. Examine the data; predict the optimum control 

factor levels and its performance. Conduct the 

verification experiment. 

3.3 Experimental Procedure 

 

 

 

 

 The work material used was Inconel 740. 

Machining tests were carried out on a precision 

high speed CNC lathe under dry conditions. The 

microstructure and EDAX profile of Inconel 740 

are shown in Figs respectively. Table 1 shows the 

composition of the elements present in Inconel 

740. Taguchi based method design involves 

selection of response variables, independent 

variables their interactions and an orthogonal 

array. Standard L9 orthogonal array was selected. 

The multiple response characteristics including 

three cutting forces (cutting force, radial force 

and feed force), chip thickness are chosen as the 

output. 

3.4 Chemical composition of Inconel 740 

Table 3.1: Inconel 740 chemical composition 

 
Figure 1: CNC lathe 

Table 3.2 : CNC lathe specifications 

 

 

 

 

           Figure 2: Work Piece (Inconel 740 rod) 

 

 

 

Elements C Ni Cr Al Ti Cu Mn Si Fe P Ti 

Inconel 
740 

0.08 32.5 21.0 0.4 0.4 0.4 0.8 46.0 0.5 0.01 0.3 

Details Unit Description 

Swing over Bed Mm 400 

Turning Diameter Mm 225 

Turning Length Mm 300 

Spindle speed RPM 50-5000 

Spindle Motor KW 5.5/7.5 

Z axis stroke Mm 325 

X axis stroke Mm 125 

Maximum no. Tools In Turret NOs. 8 

Rapid Transverse m/min. 20 
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Figure 3: Tool Holder 

 

 

 

 

 

Figure 4: Microstructure of  Inconel  740 

 3.5 Cutting Tool Specifications 

3-6% matrix of cobalt gives greater hardness 

while 6-15% matrix of cobalt gives a greater 

toughness while decreasing the hardness, wear 

resistance and strength. Tungsten carbide 

tools are commonly used for machining steels, 

cast irons and abrasive non-ferrous materials. 

Table 3.3 : Types of materials  

Coating material 
(top layer) 

ISO grade of 
material (grade) 

Geometric 
form 

Manufacturer 
and code 

 

WC (Tungsten 

carbide) 
 

 

P25-P40, M20-

M30 

 

CNMG120412MS 

Kennametal K313 

4. RESULTS AND DISCUSSION 

4.1 TAGUCHI METHOD 
 Design of an experiment is an essential tool for 

conducting the experiment with minimum resources. 

Orthogonal Array is a statistical method of defining 

parameters that converts test areas into factors and 

levels. In this work, L9 Orthogonal Array design matrix 

is used to evaluate the process performance Design of 

an experiment is an essential tool for conducting the 

experiment with minimum resources. Orthogonal Array 

is a statistical method of defining parameters that 

converts test areas into factors and levels. In this work, 

L9 Orthogonal Array design matrix is used to evaluate 

the process performance. 

To conduct the experiment first of all the factors and the 

levels are decided, secondly based on the design and 

also considering the guide lines given in the operator’s 

manual provided by the manufacturer of the lathe 

machine is also taken into account for further steps. 

Similarly the factors and their levels are shown in the 

table below. 

4.2 Input Parameters 

Table 4.1 : Input parameters for turning operation 

 

4.3 Selection Of Orthogonal Array 

 

 To select an appropriate orthogonal array for 

conducting the experiments and to obtain an accurate 

result, we should determine the degrees of freedom 

positively. The same data is given below: Degrees of 

Freedom: 1 for Mean Value, and 9 = (3x3), two each for 

the remaining factors Total Degrees of Freedom: 9 The 

most suitable and perfect orthogonal array for 

experimentation purpose is L9 array as shown in Table 

4.2  - .As a result, a total nine experiments are to be 

carried out firmly and effectively. 

Table 4.2 Orthogonal Array (OA) L9 

Experiment 

No. 

Control Factors 

1 2 3 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

 

Table 4.3 : Experimental Results For Inconel 

740  Super Alloy 

Inconel 740 

Feed 
rate 

mm/rev 

Cutting 
force 

m/min 

Cuttin
g 

Tool Ra (lm)   Fz (N) 

S/N 
rate 

for Ra 

S/N rate 

for Fz 

PARAMETER LEVEL-1 LEVEL-2 LEVEL-3 

SPEED (rpm) 421 605 787 

FEED (mm/rev) 0.08 0.12 0.16 

DEPTH OF CUT(mm) 0.4 0.6 0.8 
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0.10 75 K313 1.452 695 3.2393 56.8397 

0.10 75 KT315 3.179 560 

          

10.0458 55.6422 

0.10 75 KC9240 0.725 505 2.7932 54.0658 

0.10 80 K313 1.691 705 4.5629 56.9638 

0.10 80 KT315 1.235 550 1.8333 54.8073 

0.10 80 KC9240 0.576 508 4.7916 54.1173 

0.10 100 K313 1.001 695 0.0087 56.8397 

0.10 100 KT315 1.027 568 0.2314 55.0870 

0.10 100 KC9240 0.755 483 2.4411 53.6789 

0.15 75 K313 0.958 875 0.3727 58.8402 

0.15 75 KT315 4.785 785          13.5976 57.8974 

0.15 75 KC9240 1.580 691 3.9731 56.7896 

0.15 80 K313 1.307 876 

          

62.3255 58.8501 

0.15 80 KT315 1.533 707 3.7108 56.9884 

0.15 80 KC9240 1.476 555 3.3817 54.8859 

0.15 100 K313 0.812 887 

          

58.1911 58.9585 

0.15 100 KT315 0.950 724 0.4455 57.1948 

0.15 100 KC9240 1.380 1.511 2.7976 63.5853 

4.4 Experimental Analysis 

4.4.1 Flank wear and MRR results 

Table 4.4 :Experimental data Results 
 

S.No 

Level of factors 

 

Experimental Responses 

Speed 
(N) 

 

Feed 
(f) 

Depth of 
cut (d) 

Flank wear 
(µm) 

MRR 
(mm3/sec) 

1 421 0.08 0.4 211.25 23.91 

2 421 0.12 0.6 224.45 30.81 

3 421 0.16 0.8 241.82 34.24 

4 605 0.08 0.6 231.94 28.45 

5 605 0.12 0.8 247.3 33.71 

6 605 0.16 0.4 257.46 34.78 

7 787 0.08 0.8 232.46 38.36 

8 787 0.12 0.4 246.41 43.91 

9 787 0.16 0.6 255.67 52.04 

4.5 Taguchi Analysis 

Table 4.5 Optimization cutting parameters for 

Inconel 740 rod 

 

PARAMETERS INPUT LEVEL 
   

Speed (rpm) 421 Level - 1 

Feed (mm per rev) 0.08 Level - 1 

Depth of Cut (mm) 0.4 Level - 1 

 

 

Figure 5: According to the level of machining 

parameters in Inconel 740, cutting force (Fz), the 

signal-to-noise (S/N) ratio. 

 

Figure 6: According to the level of machining 

parameters in Inconel 740 surface roughness 

Ra(lm) the signal-to-noise (S/N) ratio). 

5. CONCLUSION 

In this experimental study, the material 

used is super alloy Inconel 740 which is a costly 

material and has got peculiar characteristics 

which makes it difficult to machine. Therefore, 

the selections of optimal parameters are important 

to minimize the higher unit cost per machined 

part and service life. Analysis of results showed 

that in the turning of Inconel 740 using 

conceptual S/N ratio approach. In this work, 

Taguchi method is used to provide an efficient 

design of experiment technique to obtain simple, 

systematic and efficient methodology for the 

optimization of the process parameters and their 

interaction effect. 

The experimental results showed that the 

Taguchi parameter design is an effective way of 

determining the optimal cutting parameters for 

the cutting force and feed force evaluation. The 

optimal parameters are cutting speed 421 rpm, 

cutting force 500N, feed 0.08 mm/rev and depth 
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of cut 0.4 mm gives the lower cutting force 

within the range of experiments based on smaller 

the better characteristics. Taguchi orthogonal 

array arrangement, it has seen appropriate to 

analyzed the cutting force and average surface 

roughness defined in this article. 
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