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Abstract  
Turning operations were performed on Inconel 718, a Nickel based super alloy under dry cutting conditions using PVD 
coated carbide cutting tool. An optimized set of input parameters have be presented for obtaining the best combination of 
Tool wear, Temperature, surface roughness and Material removal Rate. The control factors that were investigated were 
Cutting speed, feed and Depth of cut. The chosen response factors are Flank Wear, Tool Tip Temperature, Surface 
roughness and Material removal rate. For each control factor 3 levels were selected, conducting 27 experiments in total 
according to full factorial design of experiments. Regression was carried out for the experimental results, where the 
mathematical model was found to be adequate enough. The mathematical models obtained for both the responses were 
used for formulating a multi objective optimization which was solved using Genetic Algorithm for optimized control 
factor values. The optimized solutions were confirmed with experimental results. In addition, tool life was also calculated 
for optimized solution. A user friendly application program was developed to suit the industry needs. 
  
Keywords: Flank Wear; Tool Tip Temperature; Surface Roughness; Material Removal rate; Inconel 718; Regression; Genetic 

Algorithm; Multi Objective Optimization.  
 
1. Introduction 
 

Inconel 718 also known as alloy 718 is considered to be one of the difficult metals [1] to be machined. Its 

qualities such as high melting point, high hardness (up to 40 HRC), and high creep resistance makes it very 

hard to 
 

machine when compared to various High strength steels. Inconel 718 is classified into High Resistant Super 
Alloys (HRSA), which are extensively used [2] in various high temperature applications such as in Jet Engine 
turbines for manufacturing high pressure turbines, in automotive industry for manufacturing parts of Turbo 
Chargers, etc. It is very suitable to be used at a temperature range of about −250 to 705 °C without failure 
because it possesses excellent mechanical properties, creep resistance and corrosion resistance [3].  

In any machining operation, the goal is to obtain highest quality, with highest possible production rate at 
low running costs. With this respect, low cutting costs implies less optimum usage of machinery and tools, i.e. 
better use of tool inserts in the case of turning; high productivity implies high Material removal rate; high 
quality implies high surface finish (i.e. minimum surface roughness. Tool wear and Tool tip temperature plays 
an important role in optimizing since it effects are very much conflicting to various responses [4]. Good 
understanding of work piece material, tool inserts, cutting parameters, and output responses is very much 
essential to formulate an optimization problem [5-7].  

Hari singh [8] et al., have performed dry turning operations on En24 steel which is a difficult to machine 
material, using TiC coated carbide tool to find out the effects on the tool wear. The experimentation was done 
using Taguchi's parameter design approach. They found the optimum setting to obtain the least possible flank 
wear and crater wear. S.R. Das [9] et al., have presented an optimization method of the cutting parameters in 
dry turning of AISI D2 steel to achieve minimum tool wear and low work piece surface temperature. The 
experimental layout was designed based on the Taguchi’s L9 (34) Orthogonal array technique and ANOVA. 
The results showed that depth of cut and cutting speed are the most important parameter influencing the tool 
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wear. Regression analysis was also performed to find the relationship. K.Saravanakumar [10] et al., have 
conducted 27 turning experiments for finding out the optimum setting for least possible MRR using Inconel 
718. Relationship between material removal rate and input parameters and between surface roughness and 
input parameters are arrived through Minitab software. Optimization was done using Genetic Algorithm using 
the generated regression equation. B. Satyanarayana [11] et al, have presented optimum process parameters to 
minimize cutting force, surface roughness and tool flank wear in high speed dry turning of Inconel 718 using 
Taguchi method based Grey Rational Analysis. The study involved 9 experiments and the significant process 
parameter was found using ANOVA for the above optimized model. Ashvin J. Makadia [12] et al, have 
conducted experiments on AISI 410 steel to find out surface roughness w.r.t. cutting speed, Depth of cut, tool 
nose radius, and feed. The effect of these parameters on the surface roughness has been investigated by using 
Response Surface Methodology (RSM). A second order RSM equation was used for predicting the optimum 
condition required for desired condition.  

According to study done through number of papers Genetic algorithm is one of the best optimization tool 
available out there. Genetic algorithms belong to the larger class of evolutionary algorithms (EA), which 
generate solutions to optimization problems using techniques inspired by natural evolution, such as 
inheritance, mutation, selection, and crossover [13]. This method can produce the best output predictions 
when compared to other optimization methods. For this research work an optimized controllable turning 
parameter for Inconel 718 material is obtained with respect to Flank wear, Tool Tip Temperature, Surface 
Roughness (Ra) and Material removal rate (MRR) using Multi objective Genetic Algorithm as shown in 
below Fig (1) (2) and Fig (3). 
 
2. Experimental details 
 

Numbers of preliminary experiments were performed to determined best input parameter bounds for 
Inconel 

718. A Full Factorial design was selected for design of experiments. 3 control factors which are Spindle 
speed, Feed rate and Depth of cut were selected. 3 levels were selected with regular interval for all the 3 
factors were considered. This corresponds to a total of 27 experiments according to Full Factorial design. The 
control factor and the corresponding levels for each control factor were given in the Table 1. The experiments 
were carried out on SUPER JOBBER 500 CNC lathe. Inconel 718 is the selected work piece material and for 
tool inserts, PVD coated carbide inserts with designation CNMG 120408 of grade TS2500 under SECO 
Tools, were selected. 27 separate tool corners were used for conducting 27 turning experiments. For each 
experiment tool wear of the tool insert’s corner was measured using a digital Tool maker’s microscope 
(Mitutoyo TM-500). Tool Tip temperature for each experiment was measured simultaneously while the 
turning is performed using a thermal camera (Flir IR Thermograph). Surface roughness for all the machined 
work pieces were measured using a surface roughness tester (Mitotoyo SJ-210). All the experimental response 
values with their corresponding setting. 

 

3. Results and discussion 
 

The response values collected from experiments pertaining to Flank Wear, Tool Tip Temperature, Surface 
roughness and MRR were all compared to corresponding simulated values generated through a dynamic Finite 
element Analysis using Deform 3D. The comparison was satisfying with very less variation between the 
experimental data and simulated data. ‘Design Expert 9’ was for statistical analysis. ANOVA for each 
response was performed where all the models were found to be significant with satisfying ‘p’ values.  

Regression analysis is a statistical tool used to find the mathematical relation between the control factors 
and the response factors. The fitness measures for wear, temperature, roughness and MRR is good with a 
value of 0.9887, 0.9962, 0.9929 and 0.9767 respectively which is very close to unity. This shows that the 
models can explain the variation in the responses up to the extent of 98.87%, 99.62%, 99.29% and 97.67% 

respectively. On the basis of the high values of R2 it can be said that the models are adequate in representing 
the process. Regression yields the fitness equations 1,2,3,4 as follows: 
  

In a machining process, the general sense is to get better finish with maximize production using less 
money. The aim of the optimization is to get maximum production i.e. MRR, with best quality i.e. low surface 
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roughness, using less number of tool inserts i.e. minimum tool were and low tool tip temperature. So the four 
goals has to be attained at the expense of each other. This is due to conflicting effect of process control 
variables on all the responses. Therefore, in the present work, the machining problem is formulated as a multi-
objective optimization problem in which Flank wear is minimized, temperature is minimized, roughness is 
minimized and MRR is maximized simultaneously, subject to the feasible bounds of process control variables. 
The problem is stated as follows: 
 

Once the problem is formulated, it is solved using an evolutionary algorithm called multi objective Genetic 
Algorithm using MATLAB. The code or algorithm is written using the MATLAB editor and saved. The GUI 
based multi objective GA module is opened through MATLAB Apps and the required fitness function is 
called. Preliminary experiments were performed to determine the best parameter settings for the Genetic 
Algorithm. These preliminary test runs in the GA system were executed for the output parameters 
independently. Based on these experiments, the final parameters used to generate the models are given below. 
Evolutionary Algorithms are generally robust to variations of control parameters. Tests with populations of 
different sizes of 50, 100 and 200 were performed. In all cases, the best results were achieved with the large 
populations. However, it was noted during the runs that there was increase in computation times with 
increasing the population sizes. Thus, a reasonable size of 50 was considered. GA, being probabilistic by 
nature, it is possible that it will land at differing approximate solutions every time. In order to exploit this 
intrinsic variation, multiple runs are performed as shown in below Table 1 and Table (2). 
 

Table 1. Parameters for GA  
Population size: 100 
Number of generations (Maximum): 50 
Number of independent runs: 30 
Crossover probability (%): 85 
Mutation probability (%): 5 
Reproduction probability (%): 10 
Selection method: Tournament 
Fitness measure: R2 

Maximum depth of tree: 6 

 
The genetic Algorithm yields not one optimized solution but many solutions known as decision variables. 

According to genetic algorithm an optimized solution can occur at many settings, and since there are more 
than one response to be considered, the results are always in the form of decision variables. An engineer can 
select one setting from the following set of decision variables so as to obtain the corresponding response 
values. Some of the solutions were confirmed by performing confirmation experiments . 
 

Tool life was performed on Inconel 718 rod using both the obtained optimized setting and the highest 
setting, Tool life experiments were conducted at regular time intervals, where at each interval the tool wear 
was checked and recorded. Experiments were carried out until the maximum allowable tool wear was reached 
(0.3 mm) . Total tool life time for optimized setting was found to be 21.33 minutes, whereas for high setting 
the total time was found to be 3.5 minutes. Tool life curves for both the settings are compared and are shown 
below. SEM images shown below were taken for both the tool insert corners that were used under optimized 
condition and highest condition. 
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    Table 2. Decision variables through GA    
 Doc (mm) Feed Speed Flank Wear Temperature (OC) Surface MRR  

  (mm/rev) (m/min) (mm)  Roughness (mm3/min) 
      (Microns)   
 0.298 0.198 59.995 0.101 664.893 0.982 3678.538  
 0.249 0.196 41.673 0.081 496.678 1.905 2240.952  
 0.118 0.109 40.033 0.070 449.056 0.489 543.331  
 0.298 0.143 56.390 0.111 612.801 0.624 2552.457  
 0.101 0.198 40.082 0.055 421.109 1.569 759.875  
 0.103 0.109 40.002 0.067 445.758 0.441 481.702  
 0.256 0.195 40.116 0.081 487.290 2.022 2226.327  
 0.103 0.109 40.002 0.067 445.758 0.441 481.702  
 0.282 0.169 55.160 0.105 602.285 0.878 2775.746  
 0.298 0.198 59.995 0.101 664.893 0.982 3678.538  
 0.106 0.194 40.546 0.058 424.593 1.482 794.600  
 0.158 0.168 40.023 0.074 442.270 1.207 1099.790  
 0.211 0.196 40.041 0.075 464.894 1.863 1798.726  
 0.294 0.159 51.204 0.104 585.500 0.914 2553.633  
 0.292 0.197 46.137 0.089 560.844 1.702 2896.065  
 0.297 0.196 56.208 0.098 639.267 1.108 3446.353  
 0.149 0.197 40.074 0.065 438.735 1.675 1216.239  
 0.294 0.196 41.244 0.085 518.508 2.094 2660.577  
 0.299 0.193 40.053 0.086 509.377 2.168 2603.944  
 0.298 0.144 53.296 0.108 596.507 0.713 2423.427  
 0.290 0.191 49.560 0.094 583.233 1.377 2941.619  
 0.298 0.129 56.133 0.111 607.835 0.580 2316.707  
 0.265 0.147 52.279 0.105 564.636 0.800 2150.363  
 0.186 0.195 40.460 0.072 456.377 1.748 1570.582  
 0.125 0.194 41.479 0.063 435.543 1.525 994.453  
 0.269 0.189 59.418 0.103 623.005 1.015 3130.143  
 0.230 0.182 40.616 0.083 475.973 1.645 1838.264  
 0.293 0.196 44.335 0.088 545.433 1.824 2796.607  
 0.296 0.183 59.512 0.106 648.883 0.843 3372.381  
 0.238 0.195 40.248 0.079 479.209 1.945 2060.017  
 0.245 0.113 47.121 0.099 522.840 0.744 1337.108  
 0.299 0.146 47.495 0.103 560.406 0.977 2192.170  
 0.269 0.180 40.121 0.087 491.166 1.794 2132.739  
 0.294 0.189 41.228 0.088 516.291 1.966 2548.413  
 0.250 0.189 51.657 0.094 563.055 1.277 2568.975  
 0.261 0.136 40.019 0.094 485.956 1.196 1462.285  
 0.276 0.126 42.988 0.099 514.647 1.017 1538.381  
 0.162 0.134 57.883 0.102 493.772 1.061 1271.285  
 0.257 0.142 49.225 0.102 541.283 0.847 1884.046  
 0.267 0.155 49.694 0.101 553.220 0.939 2170.372  
 0.120 0.111 43.730 0.075 455.922 0.569 602.073  
 0.296 0.156 54.437 0.107 605.795 0.758 2666.623  
 0.229 0.165 40.036 0.086 470.935 1.425 1629.677  
 0.293 0.197 51.614 0.094 603.917 1.355 3176.733  
 0.131 0.194 46.937 0.071 459.322 1.486 1163.909  
 0.125 0.190 41.329 0.064 434.886 1.460 975.196  
 0.289 0.171 49.996 0.100 577.053 1.086 2627.426  
 0.258 0.138 47.089 0.100 529.664 0.888 1756.150  
 0.296 0.152 59.512 0.112 630.558 0.610 2836.013  
 0.299 0.127 59.973 0.115 624.856 0.527 2458.741  
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Fig.1. Tool life comparison graph  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2. SEM images: Tool Insert Corner under Optimized condition  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3. SEM images: Tool Insert Corner under Highest condition 

 
A user friendly computer application have been designed and programmed, where a user or an operator can 

obtain the value of the certain response(s) for its corresponding input variables (also vice versa) for Inconel 718 
under dry turning. 
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4. Conclusion 
 

Regression yields out high values of the correlation coefficient, R2 (98.87%, 99.62%, 99.29% and 97.67% for 
Flank wear, temperature, roughness and MRR respectively). This results in fitness equations with highest accuracy 
for the model. Genetic Algorithm was applied for Multi-Objective Optimization of the conflicting performance 
measures to find multiple sets of optimal solutions (decision Variables). According to the decision variables 
obtained through GA, an optimized setting with respect all the four response is found at 0.15767087 mm - depth of 
cut, 0.16782615 - mm/rev Feed rate and 40.023112 m/min - Spindle speed, The Flank wear, Temperature, Surface 

roughness and MRR corresponding to the above optimized setting is 0.074397107 Microns, 442.2701141 OC, 

1.20654689 Microns and 1099.79022 mm3/min respectively. Confirmation experiment has been performed with the 
above parameters, where the output was found to be close enough, where the error was no more than 5%.Tool life 
experiments yields the result that the insert under optimized condition lasts longer. 
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