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Abstract- In this work, Inconel 718 nickel-based alloy was chosen for analyses the machinability and
microstructure. CNC turning center was used for conducting the experimental work based on the L9 orthogonal
array on heat treated and non-heat-treated material. The design of experiment is performed by using MINITAB
17 statistical software tool. From the experiment material removal rate and surface characteristics was computed
in order to conclude the machinability of the nickel-based alloy. Both the results obtained from heated and non-
heated materials were compared and evaluated. The microstructure of the heat treated and non-heat-treated
nickel-based alloy material was analyzed with help of scanning electron microscope.

Index Terms- Machinability; Inconel 718; micro structure; surface roughness; material removal rate;

1. INTRODUCTION

Machining is one of the manufacturing processes.
The process of removing material is called machining.
The setup cost of this process is low compared to
molding and casting. For tight tolerance and good
surface finish required machining process. Turning is
another basic machining processes. Turning is defined
as reducing the diameter of the material. during
turning processes, the workpiece is rotating, and tool
is fixed in the lathe. Lathes are designed for turning
operations, in this process tight tolerance is achieved.
The chuck in lathe holding the workpiece which is
rotated with respect to stationary tool.

Machinability of nickel based super - alloys is
extremely poor, mainly due to their low thermal
conductivity, build up edge and self-hardening, which
leads to high dynamic cutting forces. Due to these
factors the tool wear is extremely high and increasing
the tool life by minutes is an enormous success. The
greatest problem in machining these materials is the
heat stress. An extreme heat load is applied to the
tools and the plastic deformation of the cutting edge
may be observed.

Jawaid [1] Nickel-based super alloys have been
widely used in the aircraft and nuclear industry due to
their exceptional thermal resistance and the ability to
retain mechanical properties at elevated temperatures.
Hasimoto [2] the microstructural evaluation in Inconel
718 were investigated in both solutions annealed (SA)
and precipitation hardened (PH) condition. Soo [3]
The development of a 3D finite element model for the
turning of Inconel 718 using ABAQUS as per cursor
to ball end milling simulation. Arunachalam [4] this
paper focuses on the residual stresses and surface
roughness aspects of surface integrity in the facing
operation of Inconel 718 using CBN and mixed

ceramic cutting tools. Pawade [5] the quality of
machined surface and subsurface during high speed
machining of Inconel 718 is necessary so as to achieve
component with greater reliability and longevity.
Courbon [6] machining the Inconel 718 with coated
carbide insert in the most aggressive cutting
conditions, using 20.3MPa coolant pressure. Abdullah
Kurt, [7] in this paper, the cutting tool stresses
(normal, shear and von misses) in machining of
nickel-based super alloy Inconel 718 have been
investigated. Tabernero [8] Nickel alloy containing
significant amount of element that include Iron,

Chromium, Molybdenum, and Niobium, among
others.
The detailed study of literature reveals the

following problem identifications. The nickel based
super alloy like Inconel, ivory, monel, nicrofer,
nimonic are investigated in the past years, but even
there is some gap in the research are identified and put
forth to investigate. The Inconel alloy are difficult to
machine due to the hardness, hence because of the
strength ratio is less reach area. The microstructure
analysis of nickel alloys shows that the strong
adhesive nature with Iron-Carbon region, hence the
study of optical diffraction is very less in
microstructural analysis. These information about the
materials are not accurate, description in the function
of strain rate, temperature and other parameters. There
iS no proper iterative convergent procedures was
employed to improve Finite Element (FE) prediction.
The objective of the present study investigates the
following aspect, to evaluate machinability index for
the hard material as Inconel 718. The material
hardness increases with help of the heat treatment and
evaluate the machinability of the material. The
adhesive of the Inconel material is to increase by the
process of heating, and it is analyzed by
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microstructure. To determine the accurate value of
stress & strain rate, temperature, displacement and
velocity of the nickel alloy Inconel 718. To evaluate a
proper iterative convergent procedure to improve the
Finite Element (FE) prediction.

2. MATERIALS AND METHODOLOGY

2.1. Work piece material

INCONEL alloy 718 (UNS NO7718/W.Nr. 2.4668) is
a high-strength, corrosion-resistant nickel chromium
material used at -423° to 1300°F. Typical composition
limits are shown in Table 1.

Table 1. Chemical composition of Inconel 718
Elements % Elements %
Ni 50.00-55.00 Al 0.20-0.80
Cr 17.00-21.00 Co 1.00 max
Nb 4.75-5.50 Cr 0.08 max
Mo 2.80-3.30 Mn 0.35 max
Ti 0.65-1.15 Si 0.35 max
P 0.015 max B 0.006 max
S 0.015 max Cu 0.30 max

2.2. Cutting insert

The tool opted for experimental purpose is coated
carbide tool insert whose specification is TN2000 04.
The following figure represents the carbide insert. The
coatings offer high speed capability. TN2000 is an
ideal grade for machining of workpiece. Tool insert is
coated on two sides shown in figure 1; hence
machining can be done on both sides. TN2000
provides improved impact resistance, at the time of
machining. So that the tool insert possesses extended
working life.

2.3. Experimental procedure

Taguchi Ly OA was used as design of experiment wit/E R Medtis fadltHeie i \RALmaETming were carried out along with tag

heated and un heat treated was carried with help of
scanning electron microscope. The CNC turning
center as shown in figure 1. This type of turning
centres are widely suitable to machining the hardened
material. It also used for high speed turning machining
purpose to yield the maximum production rate and
minimize the machining time. The surface
characteristics of machined material is measured with
aid of surface roughness tester. With aid of Muffle
furnace material was treated with appropriate
temperature. Muffle furnace shown in figure 2.

Fig 1. CNC turning center

|11
Wl |
| \\\ﬂ

Fig 2. Muffle furnace

3. EXPERIMENTAL DESIGN AND
PREDICTED VALUES
The magnitude of design parameters corresponds
to different levels are shown in table 2. Three levels
were given to machining parameter based on
Experimental design and is analyzed to through
ANOVA. The experimental plan encloses nine

Table 2. Machining parameters and levels

Parameter Level 1 | Level 2 | Level 3
Speed (rpm) 700 800 900
Feed (mm/rev) 0.20 0.25 0.30
Depth of cut (mm) 0.50 0.75 1.00

By using statistical tool (MINITAB 17), experimental
design was done which is used to conduct the
experiment with effective manner at different levels
and various input cutting parameters. This type of
design experiments gives controlled output values and
gives the required information about objective. The
following table 3. depicts the Lg Orthogonal Array.
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Table 3. Ly Orthogonal Array

4. RESULT AND DISCUSSION

SN Speed Feed Depth of .
: (rpm) (mmirev) | cut (mm) 4.1. Comparison study
1. 700 0.20 0.50 The validated results are compared between the
2. 700 0.25 0.75 heated and non-heated Inconel 718 nickel-based alloy.
3 700 0.30 1.00 The comparison is done for various measured
4' 800 0'20 0'75 roughness of a surface and material removal rate are
! : : represented in the table 6.
5. 800 0.25 1.00 Table 6. Comparison between treated and untreated
6. 800 0.30 0.50 material of Inconel 718
7. 900 0.20 1.00 Non—heat—t_reated Heat-treated material
8. 900 0.25 0.50 material
9. 900 0.30 0.75 surface | M surface | Metal
S.NO | Roughness remova Roughness emova
(Ra rate (Ra rate
Surface roughness and material removal rate of the non-heatt-treated {ncotel MBRlickel-bated alloy wi¥RRas
Table 4. Ra and MRR for non-heat-treated material 1. 1.76 36.17 2.72 45.92
Depth
sno | Speed Feed of Eut R, MRR 2. 1.89 67.40 3.56 86.95
' (rpm) | (mm/rev) | (mm) | (M) | (mm¥sec) | | 3. 2.35 107.77 3.98 100.92
1. 700 0.20 050 | 1.76 | 36.17 4. 2.97 61.62 3.15 75.95
2. 700 0.25 0.75 | 1.89| 67.40 5. 3.26 102.07 3.96 98.26
3. 700 0.30 1.00 | 2.35| 107.77 6. 207 62.002 453 90.85
4, 800 0.20 0.75 | 297 | 6162 7 183 91.866 505 10182
5. 800 0.25 1.00 | 3.26| 102.07
6. 800 0.30 0.50 | 2.07| 62.003 8 2.85 58.136 3.62 6235
7. | 900 | 020 | 100 | 1.83] 91.866 9. 316 | 103.999] 482 112.567
8. 900 0.25 050 | 2.85| 58.136 The above represented values are depicted
9. 900 0.30 075 | 3.16| 103.999 graphically in the following figure 3. Here the blue

Surface roughness and material removal rate of the

heat-treated

Inconel

718 nickel-based alloy was

measured from the experiment conducted on CNC
turning center based on DOX is shown in the
following table 4.

Table 5. Ra and MRR for heat-treated material

S.NO | Speed Feed Depth | R, MRR
(rpm) | (mm/rev) | ofcut | (um) 3
(mm) (mm?>/sec)
1. 700 0.20 0.50 | 2.72 45.92
2. 700 0.25 0.75 | 3.56 86.95
3. 700 0.30 1.00 | 3.98| 100.92
4, 800 0.20 0.75 | 3.15 75.95
5. 800 0.25 1.00 | 3.96 98.26
6. 800 0.30 0.50 | 453 90.85
7. 900 0.20 1.00 | 295| 101.82
8. 900 0.25 050 | 3.62 62.35
9. 900 0.30 0.75 | 4.82| 112.567

lines represent the curve corresponds to material
removal rate for non-heat-treated material. Similarly,
the red lines represent the curve corresponds to
material removal rate for heat-treated material. From
that comparison, the material removal rate is mostly
influence for heat treated material.
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Fig 3. Comparison of Surface roughness (Ra)
between treated and untreated material
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The above represented values are depicted
graphically in the following figure 3. Here the blue
lines represent the curve corresponds to surface
roughness for non-heat-treated material. Similarly, the
red lines represent the curve corresponds to material
removal rate for heat-treated material. From that
comparison, the surface roughness is mostly influence
for heat treated material.

Ra

1 2 3 4 5 6

—

8 9
=®=Untreated (Ra) 176 189 235 297 326 207 183 285 316

=#=Treated (Ra) 272 356 398 315 39 453 295 382 482

No. of workpiece

w=ntreated (Ra)  =f=Treated (Ra)

Fig 4. Comparison of metal removal rate (MRR)
between treated and untreated material

4.2. Microstructure study

Scanning electron microscope is useful technique
for the investigation of surface structure of samples.
SEM has been previously used to show a clear
visualization of microstructure for the underlying
surface. The SEM images are taken in scanning
electron microscope instrument model JSM-6610.

# A

.48 mm

SEM HV:
SEMMAG: 500 x  Date[m/dly): 03/24/16 100 pm

View field: 382 pm Det: SE PMU, Thanjavur.

Fig 5. Microstructure of nonheat treated Inconel718

SEM HV: 20 kV WD: 4.63 mm Fiin

SEM MAG: 3.00 kx  Date(m/dly): 03/24/16 10 ym
View field: 63.6 pm Det: SE

VEGA3 TESCAN

PMU,Thanjavur.

Fig 6. Microstructure of heat-treated Inconel 718

The figure 5 clearly shows the microstructure of non-
heat-treated Inconel 718 nickel-based alloy. The figure
5 clearly shows the microstructure of non-heat-treated
Inconel 718 nickel-based alloy.

5. CONCLUSION
In this work following conclusion have been made,
e Minimum surface roughness value have been
predicted for the heat treated and non-heat treated
Inconel 718 Nickel based alloy. Machining
operation have been done using CNC turning
Centre based on Orthogonal array.
¢ Maximum material removal rate for heat treated
and non-heat-treated Inconel 718 Nickel based
alloys have been predicted based on Orthogonal
array.
Both heat-treated and non-heat-treated material
surface roughness were compared. similarly,
material removal rate also compared. from that
comparison Heat treated Inconel 718 have been
achieved the maximum material removal rate and
minimum surface roughness was achieved on heat
treated Inconel 718.
e Microstructure analyses have been performed on
both heat-treated and non-heat-treated Inconel 718
alloy by using scanning electron microscope.
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