
International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-8 Issue-1S2, May 2019  

75 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: A00070581S219/19©BEIESP 
 

 

Abstract: The machining of Inconel 718 which is a nickel based 

super alloy has become a material of great importance mainly in 

the aerospace industry. Reason being the materials possesses 

properties of increase in strength at elevated temperature, high 

resilience to chemical reaction and high wear resistance. Gaining 

optimum machining parameters have   become a great concern in 

the manufacturing industry, where economy of machining plays a 

very important key role in the market. This paper gives an 

overview of the experimentation conducted on the basis of 

Response Surface Methodology (RSM). Regression equations 

have been developed for surface roughness, by taking into 

consideration the machining parameters like cutting speed, feed 

rate and depth of cut for face milling operation performed in 

CNC machine. RSM analysis was carried out with the help of 

Mini Tab 18 software. The Mathematical equation developed 

after regression analysis shows to be very efficient.   
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I.  INTRODUCTION 

Inconel 718 has been of great importance for the 

aerospace industry due to its properties which makes it hard to 

cut. The alloy possess high materialistic properties such as 

high resistance to corrosion, high thermal property and high 

strength [1]. Tool wear and surface roughness analysis has 

been done to optimise the machining parameters on Inconel 

718 [2]. 

Surface roughness has been found to be lower at higher 

cutting speeds [3,7]. The tool geometry plays a vital role when 

it comes to surface finish during high speed machining of 

Inconel 718 [4]. Optimal conditions were obtained for surface 

roughness by using Grey relation grade. ANOVA was used to 

determine the significant input parameters which is to 

optimise the Grey relation grade [5,6]. From RSM the 

minimum and maximum surface roughness on material 

removal rate was attained [11]. 

This paper focuses on the analysis of surface roughness 

using Response Surface Methodology (RSM). The machining 

is carried out using a CNC machine and tool insert made of 

tungsten carbide is used. Relationship between various 

process parameters such as cutting speed, feed rate and depth 

of cut is found from RSM. 

 

 
Revised Manuscript Received on December 22, 2018.  

 Sachin Kattookaren & Sanath Vimal, Department of Mechanical, 

CHRIST (Deemed to be University), Bangalore, India. 

Dr Pal Pandian P, Department of Mechanical, CHRIST (Deemed to be 

University), Bangalore, India. 

Ivan Sunit Raut, Department of Mechanical, CHRIST (Deemed to be 

University), Bangalore, India. 

II. EXPERIMENT PROCEDURE 

In this paper, the impact of the machining parameters, for 

example, cutting speed, feed rate and depth of cut is 

determined. The procedure parameter on surface roughness is 

dictated by framing the regression equation and a connection 

is built up between them utilising the response surface 

methodology (RSM). 

 

A. Materials and processes 

The machining have been completed on a BOSCH CNC 

vertical processing milling machine under wet machining 

condition. The machine has a most extreme cutting speed of 

1800 rpm, feed rate of 10 m/min and 25-kW drive engine. The 

work piece utilised was Inconel 718 which is a Nickel-based 

super alloy of measurement (75×50×40) mm Fig. I. A round 

insert of Tungsten carbide (Grade TT3540) as shown in Fig. I 

was utilised for machining. Surface roughness is estimated 

utilising a Surface roughness tester in (μm). Cutting speed, 

feed rate and depth of cut were considered as input variables 

and several experiments were carried out at different levels of 

individual input parameters to obtain a various output for 

surface roughness. The relation between the process 

parameters and the surface roughness is analysed using 

response surface methodology (RSM) model. 

 
Fig I. Inconel 718 block 

 
Fig II. Tungsten Carbide Tool insert 
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III. RESULT AND DISCUSSION 

      Exploratory runs were conveyed by utilising certain 

control factors for the machining, for example, cutting speed, 

feed rate, depth of cut and reaction factor surface roughness as 

seen in Table I. Cutting insert utilised was Tungsten Carbide 

to machine Inconel 718 utilising the CNC milling machine.  

      A round cutting insert was used while machining. Mainly 

because the corners of the cutting insert play a very important 

role . Since the round insert has no corners  

it has been found to be more useful as it gives an edge while 

machining. 

 

Table I. Control factors and their levels for the experiment. 

Parameter Unit Symbol Minimum Maximum 

Cutting 

speed RPM V 500 700 

Feed Rate mm/min F 10 20 

Depth of mm D 0.2 0.6 

cut 

 

A. RSM Analysis (Surface Roughness) 

      The design of experiments table is generated by using the 

method response surface methodology (RSM). Machining 

parameters such as cutting speed, feed rate and depth of cut 

have been taken into consideration to get the regression 

equation for the surface roughness after performing 

machining on Inconel 718 work piece. All the measured 

values for the input parameters while machining along with 

the surface roughness values are shown in Table II. The 

surface roughness values are measured using the Mitutoyo 

SJ210 surface roughness tester. Each value of surface 

roughness is measured after performing a single run on 

machining the work piece. Values of surface roughness are 

noted down in (μm) it was obtained in the range of 0.131 μm - 

0.289 μm. It was noted that the surface roughness values does 

not increase considerably.

Table II. Standardized observation table to obtain surface 

roughness 

Cutting 

Speed 

(rpm) 

Feed Rate 

(mm/min) 

Depth 

of cut 

(mm) 

surface 

roughness 

(μm) 
500 10 0.2 0.167 

700 10 0.2 0.191 

500 20 0.2 0.257 

700 20 0.2 0.148 

500 10 0.6 0.272 

700 10 0.6 0.176 

500 20 0.6 0.289 

700 20 0.6 0.168 

431.8207 15 0.4 0.212 

768.1793 15 0.4 0.235 

600 6.591036 0.4 0.191 

600 23.40896 0.4 0.170 

600 15 0.063641 0.141 

600 15 0.736359 0.185 

600 15 0.4 0.171 

600 15 0.4 0.179 

600 15 0.4 0.141 

600 15 0.4 0.131 

600 15 0.4 0.141 

600 15 0.4 0.136 

 

      The tests showing significant regression and model 

coefficients were done to show goodness of the fit for 

obtained model. These tests had been summarised with help 

of analysis of variance which help in identifying factors which 

significantly affect the response variable. The result of 

ANOVA along with response variable of surface roughness is 

carried out having a level of a = 0.05 such that the accuracy 

level is of 95.95%. Also the P- values have been realized at 

different level as shown in 

Table III. Each term for the P-value has been found to be less 

than 0.05 which shows that the model has a significant effect 

on response. The determination coefficient R
-
Sq is an 

important coefficient and it has found to be high at 95.95%, 

which means that response model has a good fit with the 

actual data as shown in Table III.

 

Table III. Estimated Coded Coefficient for Surface Roughness 

 

Term Coef SE Coef T-Value P-Value VIF 
Constant 0.18105 0.00523 34.65 0.000  

Cutting Speed 0.00847 0.00347 2.44 0.035 1.00 

Feed Rate 0.02219 0.00347 6.40 0.000 1.00 

Depth Of Cut -0.03640 0.00347 -10.50 0.000 1.00 

Cutting Speed*Cutting Speed -0.01001 0.00338 -2.972 0.014 1.02 

Feed Rate*Feed Rate 0.00007 0.00338 0.02 0.985 1.02 

Depth Of Cut *Depth Of Cut 0.01580 0.00338 4.68 0.001 1.02 

Cutting Speed *Feed Rate -0.01587 0.00453 -3.50 0.006 1.00 

Cutting Speed *Depth Of Cut -0.00438 0.00453 -0.97 0.357 1.00 

FEED RATE*DEPTH OF CUT -0.02588 0.00453 -5.71 0.000 1.00 

R-Sq=95.95%                                                                                              R-Sq(pred)=76.03% 

R-Sq(adj)=92.30% 
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The Figs. III(a), III(b) and III(c) shows the estimated tool 

wear as a function of cutting speed, feed rate and depth of cut. 

For each plot variables which are not presented are held at the 

middle levels which are constant. These surface plots confirm 

the observations observed during the effect of plot analysis. 
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Fig. III (a)  :Response surface plot for cutting speed versus 

feed rate and surface roughness. 
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Fig. III (b)   :Response surface plot for feed rate versus depth 

of cut and surface roughness. 
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Fig. III (c)  :Response surface plot for depth of cut  versus 

cutting speed and surface roughness. 

From the graph shown in Fig. III (a) it can been seen that when 

the feed rate is in the range of 10 and 15, cutting speed 

between 500 and 600 the surface roughness was found to be in 

the range of 0.15 and 0.20. 

      From the Fig. III (b). it was noted that when the depth of 

cut was within the range of 0.0 and 0.2, feed rate between 10 

and 15 the surface roughness was found to be in the range of 0 

and 0.15.  

     From the Fig. III (c). When the cutting speed was in the 

range 500 to 600 and the depth of cut between 0.0 and 0.2 the 

surface roughness was found to be between 0.0 and 0.15. 

      After performance of analysis initially on RSM, all 

parameters are included. The values are reduced with respect 

to the elimination of values which have no significant effect 

on the response. The final regression equation obtained after 

elimination of insignificant terms for surface roughness is as 

follows: 

Regression Equation for (surface roughness) = -0.654 

+ 0.001850 * v + 0.03376 * f + 0.021 * d - 0.000001 * v 

v + 0.3950 d * d - 0.000032 * v * f - 0.02587 * f * d   (1).                  

V. CONCLUSION 

 The experiment was conduted using RSM table which was 

developed using  MINITAB 18 software. 

 The regression analysis for surface roughness was carried 

out using MINITAB 18 software with the available 

experimental data. 

 Efficiency of the regression equation was 95.95%. 

 The output derived from the regression equation was  in 

compliance with the experimental results. 
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