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Abstract
Inconel 718 alloy exhibits high strength and creep-rupture strength at high temperatures. These properties are heavily
influenced by heat treatment. Machining, especially milling of this alloy is very difficult because of the high strength and
hardness at high temperature. Self-hardening is one of the problems, which leads to enormous tool wear. Productivity of
machining is relatively low. This paper is focused on the factors which have the greatest effect on the cutting tool wear
and the machined surface quality when the Inconel 718 is machined. There is a description of these factors and their
explanations. The experiment for comparing three different cutting tool materials is described. The experiment is also
focused on the confirmation of the theoretical information.
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1. Introduction
It is possible to machine this alloy with cutting tools which are made from various materials. Ceramic tools have
a high melting point, high hardness, good chemical inertness and high wear resistance. [6] These properties make them
usable for the productive machining of Inconel 718. But there is also cutting tool material, such as carbide with thin layers,
which can ensure similar properties at a lower price. For example the TiAlN nano-A thin layer is usable for increasing
the abrasive resistance of the cutting edge. [7]
Machining Inconel 718 with carbide tools is non-productive. This is due to high abrasive wear which is caused
by carbide particles in the structure of Inconel 718. There are also problems with low thermal conductivity – the high
temperatures at the face of the tool (especially at higher cutting speeds) leads to enormous tool wear. The difficulty of
machining Inconel 718 is caused by low tool life and damaging the machined surface by high temperature and plastic
deformation. These last two factors lead to unwanted tensile residual stress. Residual stress has a significant effect on the
fatigue strength of the products. The low productivity of the machining of Inconel 718 with carbide cutting tools is also
caused by demand on the high torque on the spindle of the machine at low revolutions. All of these problems should be
suppressed, because machining of Inconel 718 will be increasingly needed.
There are many studies which are focused on the machining of this alloy. For example, [1],[3],[5] offer a lot of
information about the properties of the cutting process when Inconel 718 is machined. But there is no information about
usable materials in terms of the finer classification and the comparison of the thin layers which can be used for the
machining of this material. This article describes tests which are focused on the differences between some thin layers. As
will be described, the type of the thin layer is crucial for the productive machining of this alloy. It may be stated that all
of the tested thin layers were designed for machining of this alloy and there are enormous differences between the cutting
tool durability when these thin layers were used.
2. Increasing the cutting tool life
The absorbed energy during the machining of Inconel 718 is largely converted to heat [1]. There are multiple
options which lead to increasing cutting tool life by reducing the temperature at a place near the cutting edge. [8]
High pressure cooling is a way to increase the productivity of machining Inconel 718. It creates lower
temperatures near the cutting edges and more effective break off of the chip. The break of the chip is provided by the
mechanical action of the pressurized technological fluid. [2] The disadvantage of this method is the impact on the
environment due to the increased consumption of the technological fluid. [1]
Minimum quantity lubrication (MQL) is usable for milling, turning and grinding. This method is characterized
by the evaporation of the aerosol, which is composed from oil, water and gas which is used for transporting the emulsion
to a place near the cutting edge. [3] Selection of the gas which transports the emulsion to the cutting edge is also very
important. Experiments with machining Inconel 718 imply that argon is unsuitable for this application, especially because
of its low thermal conductivity and heat capacity, which leads to higher temperatures at the cutting edge in comparison
to using air. [5] This method may achieve the same results as wet cutting.
Cryogenic cooling is suitable for applications such as grinding, where very high heat is generated. This method
is usable for controlling tensile residual stresses which are caused by the heat. Nitrogen is often used as the coolant,
because of its price and environmental friendliness. Due to the low cutting tool temperature, increased cutting tool life
can be expected. However, the cutting forces are higher because of the absence of material softening at high temperatures.
[3]
There are many others methods which can lead to increased cutting tool life when Inconel 718 is machined (such
as cooling with pressurized air, plasma assisted machining [1] etc.). The main methods are described.
3. Machining strategy
Climb milling is the best way for productive machining with carbide tools. The main reason for this
recommendation is the self-hardening of the Inconel 718 by plastic deformation. Using conventional milling leads to selfhardening. It is very important to ensure small chips on the exit of the tool from the material.
The value of the entering angle Ƙr should be lower than 45°, because of the increase of the cutting forces. The
entering angle Ƙr is described by Fig.1 on the example with a round insert. It may be stated that with the round insert, the
Ƙr is determined by depth of cut. [4]

Fig. 1. Description of the angle Ƙr [4]
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Radial immersion ae/Dc (see Fig. 2) should be smaller than 0.5 because of the higher chip thickness on entering
the material. Radial immersion with ratio ae/Dc= 1 leads to enormous tool wear. [4]

Fig. 2. Description of radial immersion [4]
4. Usable cutting conditions
The cutting speed has a very important role in terms of the influence on the residual stress. When the cutting
speed is increased, heat generation is also increased. So the heating of the machined surface leads to tensile residual stress,
which is not good for the fatigue strength of the machined product. And conversely, with lower cutting speeds (tens of
m/min) the residual stress is compressive. The compressive residual stress leads to the increased fatigue strength. [1] The
feed speed should be relatively high to ensure the recommended maximum chip thickness h ex. The hex depends on the
entering angle Ƙr and radial immersion. The depth of cut depends on the requested value of Ƙ r.
5. Influence of the cutting tool on the residual stress
When dry cutting is used, round and square inserts create the tensile residual stress. This is due to the generated
heat. The positive geometry of the cutting edge also leads to tensile residual stress. When negative geometry is used, the
residual stress is usually compressive. But in some cases the higher plastic deformation which is caused by negative tool
geometry leads an increase in temperature and tensile residual stress. [9]
The cutting conditions are very important in this problem. The round inserts are better for the machined surface
quality, because they have longer contact length compared to the square inserts. [4]

6. Experimental study of the cutting tool efficiency
We conducted an experiment focused on cutting tool efficiency. Three different insert materials were used. The
tool was a face milling cutter with indexable inserts. All inserts are coated by method CVD (chemical vapour deposition).
The material of the first insert (I1) is coated by a thin layer with composition TiN-Ti(CN)-Al2O3-Ti(BN). The thin layer
thickness is 6 µm. The second insert (I2) has a thinner layer– 4 µm. The composition of the thin layer is TiN-TiB2. These
two thin layers have a hardness of 89,3 HRA.
The last insert (I3) is I1 modified by a special method. All inserts have the same chip breaker. The clearance
angle of all inserts is αo = 11°. The rake angle at the orthogonal plane is γo= 15°. The inserts were placed in the face
milling cutter. The cutting conditions were set as in Table 1.
Cutting conditions

Value

Unit

Cutting speed

20

[m/min]

Feed per tooth

0.18

[mm]

Radial depth of cut

21.4

[mm]

Axial depth of cut

0.5

[mm]

Entering angle

24

[°]

Pressure of coolant

20

[bar]

Concentration of coolant

6.5

[%]

Table 1. Cutting conditions
In this experiment, the cutting tool wear and cutting forces were monitored. The tool wear was monitored on a
Multicheck PC 500 optical microscope. The flank wear VBB was monitored. VBB= 150 µm is the limit for the flank wear,
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which was achieved by all the inserts. The tool wear was monitored after 3.56 min in cut. The cutting forces were
monitored with a Kistler 9255C dynamometer. The milling process was carried out on a MCV 750 CNC machine.
6.1. Analysis of the results
The longest time in cut was achieved by the I2. This is due to the sliding properties and durability of the TiNTiB2 thin layer. The time in cut of this insert is 21.36 min. It may be stated that the radial depth of cut is 50% of the cutting
diameter. This leads to the lower durability of the cutting tool inserts. It is very surprising that the I3 withstands a longer
time in the cut than I1. This fact can be attributed to the mechanical modification of the cutting edge such as strain
hardening and changes in the insert micro geometry. It is known, that these modifications have a crucial influence on the
cutting tool life. There are differences in cutting tool life, when the sharp, facet or radius cutting edge is used. [10]. It may
be stated that I1 and I2 are designated for the milling of Inconel 718. The cutting conditions were designed according to
the catalogue values. All of these results are illustrated in Fig. 3 (a).

Fig. 3. (a) The dependence of the tool wear on the time in cut; (b) Cutting forces
As was stated, the cutting forces were monitored. Fig. 3 (b) shows the chart illustrating the course of the forces
in the direction of the relevant axis. The forces are shown which were generated with insert I2. Fig. 4 (a) describes the
appropriate direction of the forces. It is clear that the cutting forces were higher at the last crossing (when the VBB reaches
150 µm). It is interesting that the force in direction of the axis Fx is increased more than the other forces. It can be expected
that this phenomena is caused by the tool wear on the rake of the insert. The flank wear is illustrated in Fig. 4 (b). It can
be seen that the flank wear is uniform, without notch wear.

Fig. 4 (a) Description of the force direction; (b) Flank wear – VBB=150 µm, Insert I2
The insert I1 had VBB=150 µm after 7.12 min in cut. More repetitions were performed with the same results.
This experiment shows that it is possible to machine the Inconel 718 by carbide cutting tools with relative high cutting
tool life, but only with the right thin layer and usable cutting conditions. The insert 3 have a special mechanical
modification, which ensure higher cutting tool life. So the influence of the shape of the cutting edge is confirmed.
7. Conclusion
The factors which have the greatest effect on tool durability were described. Recommendations for the more
effective machining of this alloy are given. The main problem is the correct selection of the tool material. The experiment
proved that the best thin layer material is TiN-TiB2. The insert with this thin layer withstands 21.36 min in cut The insert
I1 with the thin layer TiN-Ti(CN)-Al2O3-Ti(BN) could only withstand 7.12 min in cut. These two inserts are designed for
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nickel-based super alloys, so the difference between these inserts is surprising. It is possible that the cutting conditions
which were selected are inappropriate for the insert I1, but they were chosen according to the manufacturer's catalogue.
Further research will be focused on different cooling regimes. It can be expected that conventional cooling is less effective
than high pressure cooling, taking account of the different direction of coolant supply.
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