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Abstract

Nickel based superalloy Inconel 718 is difficult to machine as a material. The
prediction model of surface roughness in high speed milling of Nickel-based
Superalloy Inconel 718 was developed based on multiple regression analysis. The
model is established from the experiments conducted on a XH714D matching
center. The predicted results by using this model agree very well with those
obtained from experiments, and the Prediction model of surface roughness of
nickel based superalloy can provide a foundation to optimize cutting parameters
and control surface quality.
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1. Introduction

Nickel-based superalloy are widely used in aerospace applications due to their excellent
mechanical properties maintained at high temperature and their corrosion resistance. [1]
However, Nickel-base super alloy Inconel 718 is well known to be one of the most
difficult materials to machine because of its high hardness, high strength at high
temperatures [2]. Surface roughness on Inconel 718 is contributed by tool geometry and
material properties, cutting kinematics and cutting conditions [3].

The surface roughness in the machining is mainly due to the surface roughness caused
by geometrical factors, which is mainly affected by the residual area height. In addition,
during the milling process, the chip peeling, Built-up edge and the vibration of the
machine tool can affect the surface of the processing. Therefore, the factors affecting the
surface roughness is very complex in high speed machining which mainly manifest in the
following four points [4-6].

1) Tool factors. In the process of milling, tool material, tool rake angle and back angle,
nose radius, tool wear and so on will influence on the surface roughness produced.

2) Influence of workpiece factors. In the workpiece material properties, the strength,
hardness, plasticity and toughness of the workpiece material, the microstructure of the
workpiece material will have an impact on the surface roughness. In the process, the
plastic of the workpiece material determines the formation of the built-up edge and scale.

3) Influence of milling parameters. The milling parameters mainly include the milling
speed, milling depth, feed rate and milling method. These parameters affect the surface
roughness in high speed machining, and often lead to the change of milling force,
vibration of machine tool and milling temperature.

4) Influence of milling process factors. Mainly refers to the influence of milling force,
milling temperature and machine tool vibration on the surface roughness in high speed
machining.

The influence factors of surface roughness are mainly divided into two categories, one
is geometric factor, and the other is non geometrical factor. In terms of geometric factors,

ISSN: 1975-0080 IJMUE
Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.7 (2016)

the milling model can be simplified to the cutting edge relative to the workpiece for small
linear motion, as shown in Figure 1.
From Figurel, nh is the surface of the processed surface of the residual area height.

Residual area height h is mainly governed by the tool of main angle k, , tool angle k, ',

feed per tooth f. and tool radius r . These can be collectively referred to as the influence
of geometric factors.

On the other hand, in the process of the emergence of the scale, machine vibration,
built-up edge, the wearing of tool and whether the use of cutting fluid will have an impact
on the surface roughness. These can be referred to as non geometrical factors.
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Figure 1. Milling Workpiece

Through the analysis of the geometric factors, the formation of residual area height of h
will occur three cases after machining, as follows.

1) The intersection region between cutting tool and two straight line cutting edge. As
shown in Figure 2.

2) Tool position intersects in straight line and arc. As shown in Figure 3.

3) Tool position intersects in arc. As shown in Figure 4.
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Figure 3. Tool Position Intersects in Straight Line and Arc
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Figure 4. Tool Position Intersects in Arc
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When the third case occurs, thatis f < 2r -sin k',

h=r—r1/r2—(L)2 (3)
2

With f < 2r-sin k,', The formula (3-3) Can be simplified:

f2
" “

Where h is residual area height, r is corner radius and f is feed rate. According to the
actual measurement experience, the theoretical surface roughness is Ra ~ 0.2h .

2. Experimental Procedure

2.1. Workpiece Material and Cutting Tool

The experiments were performed using an XH714D vertical machining Center. A
nickel-based superalloy Inconel 718 was selected as the workpiece material for the
experiment, of which heat treatment is solution and aging.

Hardness: 40 HRC; Workpiece size: 80mm X 40mm X 25mm; Table 1 shown the
chemical composition of the Nickel-based superalloy Inconel 718 used for the
experimentation.
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Table 1. Composition of Nickel-Based Superalloy Inconel 718 Used for
Experiment wt%

Composition Content Composition Content Composition Content
C <0.08 Ti 0.75~1.15 Si <0.35
Cr 17.0~21.0 Nb 4.75~5.50 P <0.015
Ni 50.0~55.0 B <0.006 S <0.015
Mo 2.80~3.30 Mn <0.35 Cu <0.30
Al 0.30~0.70 Mg <0.01 Fe ~

Ceramic blade KYHS10 was selected as the main cutting tools in the experiment.
Roughness measurement using LINKS 2207 type surface roughness measuring
instrument, as shown in Figure5.

Figure 5. LINKS 2207 Surface Roughness Measuring Instrument

2.2. Experimental Design

Taguchi method is a unique and powerful statistical experimental design technique,
which greatly improves the engineering productivity [7,16].According to Taguchi

method-based robust design and an L (4% orthogonal array are employed for the

experimentation. Three machining parameters are considered as controlling factors
(Milling speed, feed per tooth and depth of cut) and each parameter has four levels,
denoted by 1, 2 and 3. Table 2 shows the milling parameters and their levels as considered
for the experimentation.

Through the analysis of the experimental results, using MATLAB software to fit
the experimental data and obtained the mathematical model of surface roughness,
find the influence rule of milling parameters on the surface roughness. Provide
theoretical basis for selection of cutting parameters.
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Table 2. Milling Parameters and Their Levels

Level
Sl.no. Machining parameters
1 2 3 4
1 Milling speed v (m/min) 300 350 400 450
2 feed per tooth . (mm/z) 0.05 0.07 0.09 0.1
3 depth of cuta , (mm) 0.7 0.9 1.2 1.5

3. Experimental Details

After the end of the milling experiments take the workpiece. In order to prevent the
workpiece surface adhesion, the tiny chips and dust, the machined surface of high voltage
jet and oil processing. This will help to accurately measured the surface roughness value.

After the pretreatment, the workpiece is placed on the platform of LINKS 2207 type
surface roughness measuring instrument. Each set of parameters measured 6 ~ 8 points,
and Then the average value of these points is recorded in Table 3.

Extreme difference analytical method was used to find the optimum combination of the
best milling parameters for surface roughness. Surface roughness range analysis table as
shown in Table 4.

Table 3. Roughness in Different Milling Parameter

Milling speed Depth of cut Feed per tooth Roughness
Sl.no. .

v(m/min) ap(mm) f,(mm/z) Ra(um)
1 300 15 0.05 0.212
2 300 12 0.07 0.379
3 300 0.9 0.09 0.366
4 300 0.7 0.1 0.645
5 350 15 0.07 0.343
6 350 1.2 0.05 0.270
7 350 0.9 0.1 0.290
8 350 0.7 0.09 0.596
9 400 15 0.09 0.383
10 400 1.2 0.1 0.581
11 400 0.9 0.05 0.530
12 400 0.7 0.07 2.324
13 450 15 0.1 0.392
14 450 1.2 0.09 0.738
15 450 0.9 0.07 0.529
16 450 0.7 0.05 0.980

In the same way, the range value of the depth of cuta A and the range value of feed per

tooth f can be obtained. From Table 4, it is found that the effect of depth of cut is the
most influence, the second is the milling speed, and the last is the feed per tooth.
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Table 4. Range Analysis of Finish Surface Roughness

levels Milling speed Depth of cut Feed per tooth
K1 0.401 0.333 0. 498
K2 0. 375 0. 492 0.894
K3 0. 954 0. 429 0.521
K4 0. 66 1.136 0.477
R 0.58 0. 804 0.417

From the analysis reference table for S/N ratio, the response suggests that choosing
milling speed 350m/min, depth of cut 0.7mm and depth of cut 0.1mm/z results in lower
surface roughness within the range of experiments based on smaller the better

characteristics. The surface roughness measured in the optimal milling parameters is
shown in Figure6.
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Figure 6. Finish Surface Roughness

4. Conclusions

In this study, the Taguchi optimization method was applied to find the effect of milling
speed, depth of cut and depth of cut on surface roughness in finish milling of Inconel 718.
It is found from the result that good surface finish are obtained using ceramic tool when
finish milling Inconel 718 at small depth of cut. The optimal milling condition for good
surface finish is milling speed 350m/min, depth of cut 0.7mm and depth of cut 0.1mm/z.
The experiment studied the influence factors of surface roughness in high speed milling
and proposes an optimal process plan to control surface quality.

Acknowledgements

This research was supported by the Education Department Project of
Heilongjiang Province (12541699).

92 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.7 (2016)

References

[1] J. L. Cantero, J. D1'az-A” Ivarez, M. H. Migue” lez n and N. C. Mari'n, “Analysis of tool wear patterns
in finishing turning of Inconel, vol. 718, no. 297, (2013), pp. 885-894.

[2] E.O.Ezugwu, Z. M. Wanga and A. R. Machadop, “The machinability of nickel-based alloys: a review”,
Journal Mater Process Technology, vol. 86, (1998), pp. 1-16.

[3] E. O. Ezugwu and S. H. Tang, “Surface abuse when machining cast iron G-17 and nickel-base
superalloy (Inconel 718) with ceramic tools”, Journal Mater Process Technology, vol. 55, (1995), pp.
63-69.

[4] D. Ulutan and T. Ozel, “Machining induced surface integrity in titanium and nickel alloys: A review”,
International Journal Mach Tools Manufacturer, vol. 51, (2011), pp. 1-31.

[5] B. Ozcelik, H. Oktem and H. Kurtaran, “Optimum surface roughness in end milling Inconel 718 by
coupling neural network model and genetic algorithm”, International Journal Advance Manufacturing
Technology, vol. 27, (2005), pp. 234-241.

[6] J. S Senthilkumaar, P. Selvarani and R. M. Arunachalam, “Intelligent optimization and selection of
machining parameters in finish turning and facing of Inconel 7187, International Journal Advance
Manufacturing Technology, vol. 58, (2012), pp. 885-894.

[71 M. Aruna, D. V. Dhanalakshmi and S. Mohan, “Wear analysis of ceramic cutting tools in finish turning
of Inconel 7187, International Journal Engineering Science Technology, vol. 2, no. 9, (2010), pp. 4253-
4262.

[8] A. Altin, M. Nalbant and A. Taskesen, “The effects of cutting speed on flank wear and tool life when
machining Inconel 718 with ceramic tools”, Materials and Design, vol. 28, (2007), pp. 2518-2522.

[9] M. S. Kasim, C. H. Che haron, J. A. Ghani, M. A. Sulaiman and M. Z. A. Yazid, “Wear mechanism and
notch wear end milling of Inconel 718, Wear, vol. 302, (2013), pp. 1171-1179.

[10] D. G. Thakur, B. Ramamoorthy and L. Vijayaraghavan, “Machinability investigation of Inconel 718 in
high-speed turning”, International Journal Advance Manufacturing Technology, vol. 45, (2009), pp.
421-429.

[11] S. K. Bhattacharya, A. Jawid and M. H. Lewis, “Behaviour of sialon ceramic tools when machining cast
iron”, Proceedings of the 12th North American manufacturing research conference, (1984), pp. 265-70.

[12] Y. B. Liuand Y. D. Zhang, “Research on the Wear Mechanism of Ceramic Tool in Turning of Nickel-
based Superalloy GH4169”, International Journal Control and Automation, vol. 7, no. 12, (2014), pp.
407-414.

[13] D. Q. Gao, Z. Y. Li and Z. Y. Mao, “Cutting Performance Analysis and Parameter Optimization on
Nickel-based Alloy High-speed Cutting”, Modular Machine tool Automatic Manufacturing technique,
vol. 12, (2010), pp. 10-12.

[14] F. Ning, P. P. Srinivasa and S .Mosquea, “Effect of tool edge on the cutting forces and vibrations in
high-speed finish machining of Inconel 718: an experimental study and wavelet transform analysis”,
International Journal Advance Manufacture Technology, vol. 52, (2011), pp. 65-77.

[15] T. Dinesh, B. Ramamoorthy and L. Vijayaraghavan, “Optimization of high speed turning parameters of
super alloy Inconel 718 material using Taguchi technique”, Indian Journal of Engineering & Materials
Sciences, vol. 16, (2009), pp. 44-50.

[16] P.J. Ross, “Taguchi techniques for quality engineering”, McGraw-Hill, New York, (1988).

[17] J. Zhao, G. M. Zheng, A. H. Li and X. B. Cui, “Predictive Tool Life Model of Ultra High Speed

Turning Inconel 718 and Cutting Parameter Optimization”, Journal of Harbin university of
science and Technology, vol. 16, no. 1, (2011), pp. 9-12.

Copyright © 2016 SERSC 93



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.7 (2016)

94 Copyright © 2016 SERSC



