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Abstract The growing demand for products that resist in en-
vironments considered severe has stimulated in the last years
series of researches. They have the objective to improve the
properties of materials and their processing and applications.
Among the metals commonly used in extreme temperature
and corrosion, there are the nickel superalloys, in particular
Inconel 718. However, the same thermal, mechanical, and
metallurgical properties, which make it a material of great
applicability, also characterized as one of the metals of low
machinability. Given that the market trend is increasingly
using special materials such as superalloys, a detailed study
about the machining of these materials is strategic and it is
necessary that companies constantly seek to improve their
processes. Besides that, the attention to environmentally safe
processes from society and governmental regulation is grow-
ing. Therefore, this paper evaluated the performance of differ-
ent conditions, dry and wet, on external longitudinal turning
of Inconel 718 with ceramic tools, identifying the mechanisms
and types of predominant wear. For both conditions, notch
wear was the main type observed in the experiments and it
was more evident during dry machining.

Keywords Turning . Nickel superalloys . Inconel 718 . Tool
wear . Ceramic tools

1 Introduction

The growing demand for products for possible application in
severe environments has stimulated a lot of research to im-
prove the physical and chemical properties of materials and
their machining and applications. During the machining of
high-temperature resistant alloys, due to its low thermal con-
ductivity, the heat conduction to the chip occurs in low rate.
During the turning process, high pressure and temperature are
generated in the contact area between the tool and workpiece.
These high temperatures can produce undesirable tenses in the
workpiece structure, tool wear, and build-up-edge (BUE) for-
mation. The high material toughness and disorderly chip for-
mation in strip form and spiral also need to be considered [1].

These particularities of the process request the use of a
cutting fluid. In contrast, the non-use of cutting fluid can bring
environmental improvements and, besides that, it can protect
the worker against lots of diseases. When it comes to environ-
mentally friendly process, studies indicate the necessity to
understand and develop expertise in machining under dry con-
ditions, because it can bring significant technical changes.

The machining of superalloys demands particular require-
ments in relation to the tools, due to their especial properties as
the limited metal removal rates by the ability of the materials
used in the tools to tolerate the generated tenses and temper-
atures. Thus, the machining cost of nickel-based alloys is very
high [2].

Ceramic cutting tools are mostly applied for machining
hard materials in industry because of their unique mechanical
properties. The high-temperature resistance in ceramic tools
makes them able to be used at high cutting speeds, abrasion
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and corrosion resistance, hot hardness, and low chemical af-
finity. When compared to carbide tools, they present longer
tool life [3]. The market shows a tendency in increasing the
use of materials based on ceramics, on the precision require-
ments, and the high quality of the machined surfaces together
with the high performance of the tool life [4].

The paper focuses on the analysis of mechanisms and evo-
lution of tool wear when turning Inconel 718, one of the most
significant Ni alloys, with ceramic tools, both in wet and dry
cutting. The use of modern ceramic inserts in these conditions
is the novelty of the study. Their applicability in hard machin-
ing was tested in order to enlarge the options considering tool
variation.

In addition, the present studies also indicate that the evalu-
ation of Inconel 718 in dry turning with ceramic tools was not
strongly covered in literature. This has encouraged this work
with an aim on developing knowledge with this issue.
Moreover, it is known that companies want to reduce time
consumption and costs with a coolant. In this way, a study
about the machining of Inconel 718 is necessary for compa-
nies due to their strategic decisions in relation to economy and
quality.

2 Literature review

Dry cutting can be the best option under the point of view of
non-generation of residual cutting fluid, based on environ-
mental and economic reasons. Once that the amount spent in
coolant acquisition, use, disposal, and the cleaning is mean-
ingful, up to four times one of cutting tools is used in cutting
operations. Coolants are generally used for chip disposal, im-
provement of machining accuracy, surface finish, and exten-
sion of tool life, especially in aggressive cutting conditions in
the tool and in the workpiece [5].

In most cases, the dry machining causes high wear rate and
results in relatively short tool life, especially when cutting
some difficult-to-cut materials [6]. Due to this, the main stud-
ies regarding the turning of Inconel 718 were performed using
a cutting fluid; therefore, the effect under dry conditions has
been slightly investigated [7].

Tool wear can lead to machine down time, product rejec-
tion, and can cause other problems such as poor surface qual-
ity. The tool life can end in two main ways. The first one is the
progressive tool wear because of the wearing away of certain
regions of the face and flank of the cutting tool. This gradual
tool wear makes the cutting tool replacement necessary. The
second mode is the catastrophic tool failure, which ends the
tool [8].

Zhuang et al. work investigated the wear mechanism of
alumina-based ceramic cutting tools during dry turning of
Inconel 718. The author proposed a predictive model, which
can guide the effective control of tool wear by reducing the

work-hardened layer through the optimization of processing
parameters [9]. In another study, experiments in turning
nickel-based alloy under dry conditions with ceramic cutting
inserts were realized. The uncoated and TiCN-coated Sialon
ceramic cutting inserts showed abrasive and adhesive wear.
When it comes to tool life, TiCN-coated inserts presented
much better results than the uncoated inserts, implying that
the coating helps to save the tool from frictional wear [10].
In the Dudzinski et al. research, the author suggests ceramic
tool for dry machining of Inconel 718 because they are poor
conductors and vulnerable to thermal cracks. Besides that,
some ways to move towards dry machining are explored, as
different coating techniques [3].

The investigation of surface damage, during turning
Inconel 718 with whisker-reinforced ceramic cutting tools,
showed different types of surface damage, probably because
of the geometric profile, the degree of subsurface deformation,
and the residual stress. Besides that, they affirm that ceramics
are able to work in much higher cutting speed and it provides
an increase of productivity. Besides that, the use of fluid can
result in lesser surface damage [11].

Tebaldo et al. turned Inconel 718 in dry condition aiming at
the environmental needs. They studied two different lubrica-
tion methods and made economic analyses. They could reach
similar results as wet machining, but the lowest cost was ob-
tained by the use of a cutting fluid [12]. Li et al. carried out
series of tool life experiments using several coated carbides
and ceramics by means of rapid face-turning without a cool-
ant. His recommendation for tool inserts for high-speed cut-
ting of Inconel 718 was ceramic inserts of KY2000 with neg-
ative rake angle. He also affirms that the major wear mecha-
nisms of nickel-based alloys are interactions of abrasive wear,
adhesion wear, micro-breakout, and chipping [13].

Diamond coating was deposited on ceramic silicon nitride
inserts, and they realized that the coated inserts showed good
behavior in hard metal turning [14]. The life of silicon nitride
cutting tools was upgraded from two to four times in turning
of hardened steel by applying hard TiN coating on the surface
of the tools [15].

3 Experimental work

The experiments were realized in the industry. In this way,
some working conditions were employed based on the condi-
tions and experience of the company.

During the machining experiments, the inserts were ana-
lyzed by optical microscopy to realize the qualitative and
quantitative evaluation of the presented wear. The wear be-
havior was monitored every 50 mm machined. Table 1 shows
the details of the experiment.

Three main ways of tool life criteria were adopted. The first
was maximum flank wear (VBmax) of 0.6 mm, the second was
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catastrophic failure, and the last one was 600 mm machined
length.

3.1 Workpiece

The turning strategy was longitudinal external, because it al-
lows a better control of the parameters and reduces the influ-
ence of the vibrations generated by the machine tool and fix-
ing of the tooling. Figure 1 shows the machined workpiece
schema.

In order to reduce the influence of cutting interruptions for
wear analyses, channels were machined each 50-mm cutting
length. Those channels were machined with a depth of 2 mm
and 45° chamfer to smooth the entry and exit of the tools.

The workpiece for the experimental tests was
manufactured in a cylindrical forged bar of Inconel 718 hard-
ened by precipitation. The physical and mechanical properties
are shown in Table 2, where the main characteristics are pre-
sented in the material report provided by Weatherford Ind. e
Com. Ltda.

The workpiece was also drilled and rough machined in
order to eliminate the scale and oxides from the previous pro-
cesses and facilitate their fixation in the machine.

3.2 Equipment and tools

Machining experiments were realized in a CNC PUMA 350L
from Daewoo, with 22 kWof power and 2000 rpm maximum
speed. This machine is used in the regular production where
this research was realized.

Two different ceramic inserts were tested. Table 3 shows
the geometrical characteristics and the substrate material of
the insert and the tool holder. The materials selected were

SiAlON and Al2O3 + SiCwhisker. They seem to be the most
promising by the theoretical framework, and they were indi-
cated by the supplier for nickel superalloy machining. Both
tools were with the macro geometry SNGN.

The square geometry, in the ceramic inserts used, was cho-
sen because it is a robust geometry that enables a 45° cut side
angle, which according to various references ensures a better
tool performance when machining nickel alloys. The geome-
try tested was null and there was a null clearance angle.
However, the tools were fixed on supports that gives a −8°
inclination angle.

3.3 Fluid application condition

The tests were realized with cutting fluid application and dry
condition. The cutting fluid used was an emulsion of
vegetable-based water miscible oil, Vasco 1000, with 10%
concentration, supplied by Blaser Swisslube. It was applied
externally on the tool with a flow rate of approximately 30 l/
min and 1.45 MPa pressure.

The SiAlON ceramic insert provider suggests the use of
fluid, considering its good toughness and high resistance to
thermal shock; on the other hand, the fluid application was not
recommended by the supplier with the ceramic insert Al2O3 +
SiCwhisker.

3.4 Cutting parameters

The cutting parameters were defined based on the industry
expertise, also considering the tools manufacturer’s recom-
mendations and based on pretests performed by the company.
Table 1 shows the final cutting parameters, which were used in
the analyzed tests.

Table 1 Experiment planning
Fluid application MQL Dry

Ceramic tool SiAlON Al2O3 + SiCwhisker

Analysis Tool wear VB − VBmax Wear mechanisms

Evaluation system Optical microscopy quantitative Optical microscopy quantitative

Cutting parameters Cutting speed = 250 m/min, feed = 0.2 mm/rot, cutting depth = 1.5 mm

Fig. 1 Schematic drawing of
channels machined and details of
the workpiece
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4 Results and discussion

The results from the experiments are presented in the form of
tool wear behavior graphs and mechanisms and types of wear
images, as well as the statistical treatment data.

4.1 Ceramic tool with cutting fluid application

The graphs in Fig. 2 present the tool wear behavior for the two
different ceramic tools, during wet machining. In a global
analysis, it is possible to conclude that the best condition for
wet turning was reached by SiAlON insert. Its life lasted
2.06 min. For Al2O3 + SiCwhisker tool, the wear was higher.
For this reason, it was not possible to do the minimum number
of measured points in the wear behavior curve, according to
ISO3685 standard.

The graphics show the wear analysis sequence. The first
one exhibits four different points of analyses and explains that
the tool wear was raising according to the cutting time and
reached 0.6 mm, the lifetime point, after 2.06 min. The second
one shows a worse behavior; in the first analysis, it presented
higher wear then it was expected by the lifetime. However, it
did not increase considerably in the second examination. The
second situation goes against the wear behavior expected by
Klocke [16]. The author explains that it may increase in the
beginning and, as the time goes by, it stabilizes and then the
wear rises again. On the other hand, the first graphic shows a
wear behavior according to the one described by the author.

SiAlON experiment conforms to several results obtained
by other researchers in turning of nickel-based superalloys
with high cutting parameters, and there is a connection to its
excellent toughness and abrasion resistance and exhibits good
chemical stability [17, 18]. Because of these qualities, the
machining was performed with SiAlON insert and cutting
fluid presented resistance to notch wear.

The use of cutting fluid can cause an increase of tool life
because of lubrication and cooling effects. It reduces the cut-
ting forces and the temperature in the tool. However, these
effects are not clear in high-speed machining, mainly, when
ceramic inserts are used [3].

It is possible to see the tool wear in Fig. 3. The pictures
show notch and abrasion wear on the insert. In the first picture,
the occurrence of notch and abrasion wear is clear, and 61.8 s
later, there is a significant increase in wear rate. However, the
third picture does not show a substantial difference in com-
parison to the second picture, 30.6 s before.

The predominant wears, as can be identified by analyzing
the images, were notch wear and flank wear. Those are the
main failure modes, which limit the tool life. Due to the high
cutting temperatures, oxidation and diffusion also occur [3].
Several researchers [18–21] who tested ceramic inserts in the
machining of nickel superalloys have already reported the
same wear situation.

In the same condition, Al2O3 + SiCwhisker insert was tested.
Figure 4 shows that the notch wear was the main limiting
factor in the tool life. It is important to observe the specific
wear geometry, which is probably associated with extreme
friction conditions generated in this region, due to burr forma-
tion. The first picture shows notch wear in the work piece and
in the insert; 30.6 s later, the second analysis shows an in-
crease in notch wear and besides that the appearance of abra-
sion wear.

Burr formation occurred during turning Inconel 718. It is
irregular and creates great friction conditions between the tool
and workpiece at the time of cutting depth. This friction, to-
gether with the action of diffusion and oxidation mechanisms,
which tend to reduce the abrasion resistance of the insert,
generates an extremely favorable condition in relation to the
appearance of notch wear in the tool. An evidence of burr
formation in experimental works is observed in Fig. 5. It
shows the chip removal from two ceramic tools tested during

Table 2 Physical and mechanical properties of Inconel 718

Density [g/cm2] Tensile strength
[Mpa]

Yield strength
[Mpa]

Hardness
[HRc]

Elongation
at failure [%]

Thermal conductivity
[W/m K]

8.19 1264 959 37 35 11.4

Yield strength
(YS0.2)
[KSI]

Ultimate tensile strength (UTS)
[KSI]

Elongation (A4)
[%]

Reduction of area (RoA)
[%]

Impact energy (Charpy-V)
[ft-lbf]

HRC

138.18 182.75 37 47 49–53

Table 3 Characteristics of the
ceramic tools and the tool holder Rake angle (γ) [°] Clearance angle (α) [°] Radius (r) [mm] Substrate material

Insert geometry 0 0 1.2 SiAlON

0 0 1.2 Al2O3 + SiCW

Toolholder angles −8 −8
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wet turning. The burr presence on the chip is visible in Fig. 5,
mainly, on the chip generated by Al2O3 + SiCwhisker insert,
which had a higher notch wear rate. This fact, added to the
high work hardening of the material, increases the tendency to
notch wear, as a layer of high hardness is formed in the cutting
depth position in the cutting edge of the insert.

The burr formation can be related to several factors, mainly
the tool geometry because it is more negative than themachined
material properties. Formaterials with a huge grain size (ASTM
4), the burr formation was relevant; on the other hand, the
materials with fine grains (ASTM 9) practically did not show
burr formation. The grain size of the material used in this paper
experiments is rated at 3.5 ASTM E112-10. As it can be con-
sidered as a coarse grainmaterial, it may confirm the hypothesis
that the notch wear presented by ceramic inserts is related to the
burr formation. This burr occurs due to the machined material
condition and null geometry of the ceramic inserts.

The use of cutting fluid controls the temperature and may
decrease the wear rate, but it can bring some environmental
issue and other costs with cleaning, transportation, and the
operator’s health risk. For this reason, the study of the avail-
able types of cutting fluids as well as the methods to apply
them, in order to maximize the efficiency of cutting fluids in
all machining processes, is suitable. It may significantly re-
duce the heat generation in machining and improving the sur-
face roughness. Surface roughness and tool wear are always
used as a quality indicator of a finished or semifinished
product.

This discussion around the advantages and disadvantages
of the use of cutting fluid led to the study of the ceramic tool
use during turning Inconel 718 in dry condition, in order to
check if this condition can improve environmental issues, re-
duce costs, and raise the safety in relation to the operator’s
healthy. These factors are unsolved problems so they are
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discussed in a day-to-day basis in the companies as they affect
people and costs.

4.2 Ceramic tool in dry condition

For dry turning, the friction and heat are extremely high; for
this reason, SiAlON insert did not show the same performance
as in machining with fluid application. Figure 6 shows the tool
wear generated in this process. The first image presents notch
and abrasion wear and in the second image it is considerably
higher than before.

During dry turning, the wear mechanisms are activated
with high intensity. Once Inconel 718 presents high mechan-
ical strength even at high temperatures and low thermal con-
ductivity, the chip transportation during shear is difficult.

The tested cutting parameters presented tough conditions
dur ing dry machining. Tt resul ted in numerous
microchipping. They are possibly associated with the high
thermal and mechanical tensions in the insert cutting edge. It

changed its original geometry and the heat generated was
sufficient to adhere the machined material over its edge, as
shown in Fig. 7b.

The inserts, in both situations, presented a high wear rate.
SiAlON reached the maximum wear before 0.75 min and
presented a different wear behavior compared to the one pro-
posed byKlocke [16]. However, the second situation, Al2O3 +
SiCwhisker, behaves itself as expected by the author and its life
ended before 1.25 min.

Al2O3 + SiCwhisker insert presented excessive notch wear as
in wet machining but had better results during dry turning,
confirming the provider’s indication. It can be confirmed by
the wear evolution showed in Fig. 8. The first image shows
notch and abrasion wear, and it turns worse as the cutting time
gets higher.

Comparatively, dry machining with Al2O3 + SiCwhisker in-
sert showed a lower notch formation rate than that observed
during wet machining. This is possibly due to high heat-
generated sectional area of the material, which would not

Fig. 4 a, b Tool wear (Al2O3 +
SiCwhisker) during turning with
fluid application

(a-1) 30.6 s (SiAlON) (a-2) 124 s (SiAlON) (a-3) SiAlON

(b-1) 30.6 s (Al2O3 + SiCw) (b-2)62s (Al2O3 +  SiCw) (b-3) Al2O3 + SiCw

1.5 mm

Fig. 5 Generated chip during
turning with ceramic insert and
fluid application
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allow the same to increase their hardness by work hardening,
thereby reducing the abrasive action of the chips generated on
the cutting edge of the insert [19].

The workpiece of heat-resistant superalloy tends to form a
work-hardened layer due to the machining-induced deforma-
tions on the subsurface therefore the work hardening tendency
of nickel alloys under excessive strain loading; thus, a highly
hardened surface layer is created and it becomes difficult to
cut [22].

The SiCwhisker addition to the Al2O3 matrix raises the ma-
terial thermal conductivity and hardness, and it gives excellent
toughness to the insert. On the other hand, it decreases the
chemical stability and it can induce the wear rate [23].

The cutting fluid use can bring some disadvantages related
in environmental issues, worker’s health, costs, and other sig-
nificant questions about its application. A possible better so-
lution to reach the machining manufacturers goals is moving
towards dry cutting by eliminating or minimizing the cutting
fluid use.

There are other advantages in dry machining, such as the
reduction of skin and respiratory diseases, other health prob-
lems, environmental benefits, and no residue on machining

components, which reduces or eliminates the cleaning costs
and the cutback of disposal costs and associated energy con-
sumption [3]. The author also says that in dry machining is
necessary to find another way to insure the positive effects of
coolants, because the removal of chips from cutting zone and
heat evacuation must occur. In order to get an acceptable sur-
face integrity tools with high hot hardness, high refractivity,
low adhesion, and low friction properties are required [3].

Comparing carbide and ceramic tools in dry conditions and
different cutting speed, they could conclude that tool wear in
high speed cutting. The major wear mechanisms of nickel-
based alloys are interactions of abrasive wear, adhesion wear,
micro-brake out, and chipping [13].

Carbide and ceramic inserts were compared during ma-
chining Inconel 718 in dry condition with focus on cutting
speed, and it was possible to conclude that force and average
surface roughness in ceramic tools are lower than in carbide
tools [24].

The effects of machining parameters such as cutting speed,
feed rate, and depth of cut on machining forces were investi-
gated. These forces include feed force, thrust force, and cut-
ting force. In addition, surface roughness was examined.

Fig. 6 a, b SiAlON wear during
dry turning

Fig. 7 a, b Wear behavior
graphic VB × cutting time
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Results showed that in contrast with conventional machining
processes, cutting speed and coating are the most important
parameters in removing cutting fluids [25].

After the wet and dry turning of Inconel 718 with ceramic
tool evaluation, it is possible to realize that, due to the low
machinability of Inconel 718, the tools are easily affected,
leading to excessive tool wear during machining operations.
To ensure good results, not only in tool wear decrease but also
in good surface quality, special care must be taken when
choosing cutting conditions and other important factors to
the process. To minimize these problems, hard turning, in
some situations, requires a large amount of cutting fluid.

In contrast, the cutting fluid application involves high costs
and it is not truly accepted because of environmental issues.
When it comes to environmental concerns and growing regu-
lations over contamination and pollution, the search for re-
newable and biodegradable cutting fluids is increasing. It is
necessary to consider green machining in every condition,
even when the cutting fluid is appropriate.

Besides these differences, during the experiments, the most
noticeable wears were notch wear and flank wear. This wear is
associated with a combination of high temperature, high
strength of the machined material, plastic deformation follow-
ed by hardening of the surface layer, high voltages on the chip-
tool interface, chemical reaction of the cutting tool material
with the components in surrounding area, and forming abra-
sive chip [16].

Some researchers have studied the machining of Inconel
718 with ceramic cutting tools. The main wear mechanisms
reported were abrasion and diffusion as can be seen in a recent
work on tool wear characteristics in machining of nickel-
based superalloys [12, 26]. The friction in machining of
nickel-based superalloys is seen as the key for rapid tool wear,
mainly the notch wear. It is the predominant type of cata-
strophic failure mechanism for the round type ceramic cutting
tools. The author also presented a notch wear model consid-
ering work-hardened layer used to establish the depth of notch
wear. Series of cutting tests are used to validate the proposed
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0.52 min 1.03 min 1.55 mina b cFig. 8 a, c Al2O3 + SiCwhisker
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model [9]. In other research, it was showed that the sensitive
strain rate and easy work hardening characters would cause
upward tool wear [3]. Notch wear formed at the depth of cut
line was the mainly wear noticed, while turning Inconel 718,
because of severe thermal processes, abrasive particles, high
work hardness and high strength of the workpiece [27].

The notch wear commonly occurs where the hardening
layer is located. Based on this, it is noted that the notch wear
might have been generated by the work-hardened layer
resulting from the previous cutting process, and the friction
between the workpiece and the cutting tool will increase the
damage.

Figure 9 shows the results from all the experiments. It is
possible to conclude that Al2O3 + SiCwhisker in dry turning
shows a better result in comparison to SiAlON in dry turning,
and Al2O3 + SiCwhisker with cutting fluid presents impractica-
ble results. SiAlON also presents good results with cutting
fluid, because it reached the tool life in the longest period
and the wear behavior is according to Klocke [16].

The investigation shows clear results, which are organized
and confirmed by 22 and ANOVA analyses. Table 4 shows
details of the eight tests realized in the study and their results.

In the sequence, the data showed in Table 4 was used to
calculate the total wear and its average. After that, the
ANOVA analyses with 0.05 significance were used to deter-
mine whether there are any meaningful differences between
the groups. It compared the importance between the groups of
interested and determined if any of these are significantly

different from each other. Table 5 displays the results and it
is possible to conclude that the type of fluid application, in this
case wet or dry, and the interaction between this and the type
of the insert are significant. On the other hand, the type of the
insert by itself makes no big difference in the results.

Following this further, it is noticeable the survey of existing
works has revealed paucity studies published with focus on
dry turning using ceramic inserts. Under these circumstances,
it is important to discuss this process in an attempt to improve
it in order to bring an environmentally friendly and economic
option, which, in the future, may be applied on the shop floors.

After this discussion, it is possible to conclude that dry
machining cannot be considered the best technical option dur-
ing turning Inconel 718. However, it is relevant to study and
improve the process. The results show SiAlON with cutting
fluid as the best option to be applied when turning Inconel 718
with ceramic inserts. Under these conditions, other results
were presented and this information can help decision makers
to choose the best parameters to be applied in their companies
considering the processes and its particularities.

Despite to the supposed excessive costs when using
conventional lubricants, this condition continues to be the
best when a production increase is required. This informa-
tion was found in a study where characterizations and turn-
ing tests were carried out, varying cutting conditions and
lubricooling systems to evaluate the machinability of
Inconel 718 [12].

5 Conclusion

Rapid tool wear and short tool life are huge problems, which
need to be improved. In this paper, the comparison among the
use of cutting fluid and dry turning of Inconel 718 with ce-
ramic tools showed that in both conditions, the main tool wear
is notch and flank wear and it is extremely high. The main
contribution of this research is to develop knowledge about
dry machining andmove towards an environmentally friendly,
economic, and healthy process.

Experiments and machining simulation now have to work
together to find a way to the dry cutting of Inconel 718 as the
results presented have not been adequate yet. The objective is

Table 4 22 data

N test Fluid Insert ×1 ×2 Wear

1 Flood SiAlON −1 −1 0.38

2 Flood SiAlON −1 −1 0.35

3 Dry SiAlON 1 −1 1.77

4 Dry SiAlON 1 −1 1.32

5 Flood SiCwhisker −1 1 0.84

6 Flood SiCwhisker −1 1 0.98

7 Dry SiCwhisker 1 1 0.54

8 Dry SiCwhisker 1 1 0.42

Table 5 ANOVA results
Source
of variable

Sum of
squares

Degree of
freedom

Mean
square

F0 Fc P Conclusion

A 0.1352 1 0.1352 4.56 7.71 9.9 × 10−2 F0 < F tabela

B 0.2813 1 0.2813 9.48 7.71 3.6 × 10−2 F0 > F tabela

AB 1.2961 1 1.2961 43.67 7.71 2.7 × 10−3 F0 > F tabela

Error 0.1187 4 0.0297

Total 1.8312 7
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to find a suitable tool and appropriate coating, to define the
better geometrical tool configuration and the optimal cutting
conditions in order to obtain a more acceptable surface integ-
rity and the longer tool life.

In relation to tool life experiments, the best result was ob-
tained by SiAlON, with cutting fluid application. This result
converges with the results obtained by other nickel superalloy
turning researches, with high cutting parameters. It is associ-
ated to its excellent toughness, abrasion resistance, and good
chemical stability.

The predominant wears were notch wear and flank wear.
The notch wear in the cutting depth was the main type ob-
served for all tested conditions, and it was related to the hard-
ened area.

References

1. Witting H (2002) Torneamento de superligas. Máquinas e metais
38(440):156–165

2. Trent EM, Wright PK (2000) Metal cutting, 4th edn. Butterworth
Heinemann, Oxford 446p

3. Dudzinski D, Devillez A, Moufki A, Larrouquere D, Zerrouki V,
Vigneau J (2004) A review of developments towards dry and high
speed machining of Inconel 718 alloy. International Journal of
Machine Tools and Manufacture

4. Karpuschewski B, Schmidt K, Prilukova J, Beno J, Manková I,
Hieu TN (2013) Influence of tool edge preparation on performance
of ceramic tool inserts when hard turning. Journal of Materials
Processing Technology. Germany

5. Devillez A, Schneider F, Dominiak S, Dudzinski D, Larrouquere
(2007) Cutting forces and wear in dry machining of Inconel 718
with coated carbide tools. Wear

6. Klocke F, Gerschwiler K, Fritsch R, Lung D (2006) PVD-coated
tools and native ester-an advanced system for environmentally
friendly machining. Surface and Coating Technology

7. Devillez A, Le Coz G, Dominiak S, Dudzinski D (2011) Dry ma-
chining of Inconel 718, workpiece surface integrity. Journal of
Materials Processing Technology. France

8. Altintas Y (2012) Manufacturing automation: metal cutting me-
chanics, machine tool vibrations and CNC design, 1st edn.
Cambridge University Press, UK

9. Zhuang K, Zhu D, Zhang X, Ding H (2014) Notch wear prediction
model in turning of Inconel 718 with ceramic tools considering the
influence of work hardened layer. Wear. State Key Laboratory of
Digital Manufacturing Equipment and Technology. Huazhong
University of Science and Technology. China

10. Liu J, Ma C, Tu G, Long Y (2016) Cutting performance and wear
mechanism of Sialon ceramic cutting inserts with TiCN coating.
Surface & Coatings Technology. China

11. Zhou JM, Bushlya V, Stahl JE (2011) An investigation of surface
damage in the high speed turning of Inconel 718 with use of whis-
ker reinforced ceramic tools. Journal of Materials Processing
Technology. Division of Production and Materials Engineering,
Department of Mechanical Engineering. Lund, Sweden

12. Tebaldo V, Confiengo GG, Faga GM (2016) Sustainability in ma-
chining: “eco-friendly” turning of Inconel 718. Surface characterisa-
tion and economic analysis. Journal of Cleaner Production. Italy

13. Li L, He N, Wang M, Wang GZ (2002) High speed cutting of
Inconel 718 with coated carbide and ceramic inserts. Journal of
Materials Processing Technology. China

14. Chen NC, Sun FH (2013) Cutting performance of multilayer dia-
mond coated silicon nitride inserts in machining aluminum–silicon
alloy. Transactions of Nonferrous Metal Society of China. China

15. Peng ZJ, Miao HZ, Wang W, Yang S, Liu CZ, Qi LH (2003) Hard
and wear-resistant titanium nitride films for ceramic cutting tools by
pulsed high energy density plasma. Surface and Coating
Technology

16. Klocke F (2011)Manufacturing process 1: cutting. Springer-Verlag,
Berlin

17. Choudhury IA, El-baradieMA (1998)Machinability of nickel-base
super alloys: a general review. Journal of Materials Processing
Technology

18. Therezani DF (2012) Avaliação de diferentes ferramentas no
torneamento da liga Inconel 713C. Dissertação de Mestrado-
Universidade Estadual de Campinas

19. Silva LR, Coelho RT, Catai RE (2004) Desgaste de ferramentas no
torneamento com alta velocidade de corte da superliga “waspaloy”.
Metalurgia & Materiais 57:109–114

20. Santos TSR (2009) Estudo dos efeitos do hidrogênio nas
propriedades mecânicas da liga 718 em diferentes condições de
envelhecimento. Dissertação de Mestrado–Universidade Federal
do Rio de Janeiro

21. Aruna M, Dhanalakshmi V, Mohan S (2010) Wear analysis of ce-
ramic cutting tools in finishing turning of Inconel 718. International
Journal of Engineering Science and Technology

22. Ulutan D, Ozel T (2011) Machining induced surface integrity in
titanium and nickel alloys: a review. International Journal of
Machine Tools and Manufacture. The USA

23. Pashby IR, Khamsehzadeh H (1990) A usinagem de waspaloy com
diferentes pastilhas cerâmicas. Máquinas e Metais, 296, pp. 30–39.
Setembro

24. Amini S, FatemiMH, Atefi R (2013) High speed turning of Inconel
718 using ceramic and carbide cutting tools. Arabian Journal for
Science and Engineering Iran

25. Tazehkandi HA, Pilehvarian F, Davoodi B (2014) Experimental
investigation on removing cutting fluid from turning of Inconel
725 with coated carbide tools. Journal of Cleaner Production Iran

26. Zhu DH, Zhang XM, Ding H (2012) Tool wear characteristics in
machining of nickel-based super alloys. International Journal of
Machine Tools and Manufacture. China

27. Altin A, NalbantM, Taskesen A (2007) The effects of cutting speed
on tool wear and tool life when machining Inconel 718 with ceram-
ic tools. Turkey

2714 Int J Adv Manuf Technol (2017) 92:2705–2714

http://www.sciencedirect.com/science/journal/09240136
http://www.sciencedirect.com/science/journal/09240136
http://springerlink.bibliotecabuap.elogim.com/journal/13369
http://springerlink.bibliotecabuap.elogim.com/journal/13369

	Wear mechanisms during dry and wet turning of Inconel 718 with ceramic tools
	Abstract
	Introduction
	Literature review
	Experimental work
	Workpiece
	Equipment and tools
	Fluid application condition
	Cutting parameters

	Results and discussion
	Ceramic tool with cutting fluid application
	Ceramic tool in dry condition

	Conclusion
	References


