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ABSTRACT

The present study investigates the effect of Tool Tip Temperature on
crater wear of cutting inserts of ceramics in the machining of Inconel 718
with varying hardness ranges from 26 HRC to 45 HRC respectively. The
effect of cutting speed on the tool-tip- temperature and crater wear has
also been investigated. A series of tests were conducted to measure the
tool-tip temperature during the turning process, under controllable
process parameters. Aluminum - oxide ceramic (620), mixed - oxide
ceramic (6050) and silicon- nitride ceramic (6190) Sandvick triangular
cutting inserts were used under dry conditions of machining. It was
observed, that the temperature of cutting rises monotonically due to an
increase in cutting speed. Further, temperature built up on the surface
near to the tooltip leads to crater wear. The significant difference was
observed in crater wear for (i) varied hardness of work-piece (ii) different
cutting speed and (iii) several ceramic turning inserts with fixed
machining time. The al-oxide insert has shown better cutting performance
low crater wear, in comparison with silicon nitride, and mixed oxide
turning inserts irrespective of the hardness of work piece and also cutting
speed. Further, with the increase of work piece hardness from 26 HRC to
45 HRC, i.e. 58 % of increase of hardness has a strong influence on higher
temperature rise 71% at the tooltip. Further, 26 HRC possess gave better
crater wear resistance.

© 2020 Published by Faculty of Engineering

1. INTRODUCTION

Metal cutting is

a traditional process of

is becoming important. Conventional approaches
of machining of thermo resistant alloys involve
cutting fluid (traditional) and these have raised

machining for giving the desired shape to the
components. It is a valuable addition to the
mechanical parts has a significant contribution
from machining operations [1,2]. Nowadays,
increasing of sustainability process of machining
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some environmental concerns [3-4]. Therefore,
machining remains a topic of interest to
researchers and industrialists keeping in view
economic and environmental concerns [5]. Dry
machining and environmentally cleaned is one of
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the most environmentally friendly machining.
Absence of lubrication, often results in decrease
in tool life. Further, accompanying thermal
effects close to tool-tip leads to deformation of
work piece and also tool wear. In difficult to
machining of materials e.g. Inconel -718, even at
slow cutting speeds, considerable heat is
generated at the, interface of cutting tool, and also
work piece which often gets manifested as
significant rise of temperature particularly at
tool-tip [6]. However, due to demand for
productivity and to reduce use of coolants during
machining, ceramic cutting tools, are emerging as
suitable candidates for high temperature
applications, e.g. elevated temperatures
accompanying during the turning of the nickel
based alloys under dry conditions [7]. Ceramic is
stable at high temperatures, besides having good
characteristics and high resistance to
deformation is a strong candidate for metal
cutting [8]. The Inconel nickel alloy 718 is
difficult to machine because it is accompanied by
high-temperature rise, rapid tool wear, it has
relatively low thermal conductivity. Cutting
parameters strongly influence which may result
in undesirable effects on the work piece,
including micro structural changes [9,10].
Machining of nickel alloy 718 is unique in terms
of its composition and microstructure has better
nickel-based super alloy -718. Due to the
extraordinary  properties under elevated
temperature conditions, and is widely used as a
material to resist harsh and aggressive
environments as in aircraft engines, turbines, and
nuclear power plants [11]. Nickel alloy 718 has
good thermal resistance, hardness, adequate at
high temperatures and low thermal diffusivity.
Besides its superior toughness, the difficulty of
machining of Inconel-718 life of tool limits due to
work- hardening of the alloy and may introduce
metallurgical changes in work piece due to a rise
in higher temperature and high cutting forces
[12]. Work piece structural and surface
integrities are strictly required for the final
application of parts made of nickel alloys in aero
engine applications [13]. These conditions of high
temperatures on tool rake face combined with
high mechanical loads and tool cutting edge lead
to rapid tool wear with a certain probability of
chipping along the cutting edge [14]. The Tool Tip
Temperature is an important parameter that
influences the quality of the surface finish
imparted to the work piece [15]. High cutting
temperature is detrimental to the cutting tool

[16,17]. Temperature rise may affect the
tolerances of the machined surface. The
dimensional changes in cutting tool geometry
often accompanied by elongation due to thermal
effects may protrude the cutting tool towards the
work piece and lead to geometrical inaccuracies
significantly 0.01 - 0.02 mm. Although heat
dissipation occurs through flowing chip 60 - 80
% of heat from the tool-work piece interface,
however, the overall generation of heat process
in the metal cutting of difficult to machine alloys
is highly transient and steady-state although
desirable may never be attained under dry
conditions. The work piece drains heat 10 - 20 %,
while cutting tool dissipates heat approximately
10 % [18]. Work piece also gets deformed. The
major portion of the heat flows with the chips.
The build-up of temperature during high-speed
cutting results in (i) rapid tool wear i.e. reduction
in tool life, the cutting edges of the tool may be
plastically deformed under the influence of
adverse thermal gradient conditions may lead to
flaking and fracturing of cutting edges [19].
Temperature measurement of the tooltip is a
challenging task and it involved techniques and
procedures in the unwanted material cutting
process. In situ instrumentation for the
measurement of temperature is difficult, as heat
is generated in close vicinity of the cutting edge,
and the tool is in the relative motion during the
cutting [20,21]. The assessment of cutting
temperature and its control is still a big challenge
in particular during the machining process of the
same alloys [22].

Measurement of Tool Tip Temperature in the
vicinity of the tool-work piece interface includes
thermocouple method, infrared radiation
pyrometer method, etc. The thermocouple
method is not a direct measurement technique
the tooltip but permits an estimation of an
overall temperature in heat affected zone close
to cutting tool [23]. Tool Tip Temperature
directly leads to an increase of wear and the
limits tool life and may plastically damage the
cutting tools, which may result in metallurgical
changes of the work-piece and tool material
[24]. Therefore, assessment of Tool Tip
Temperature is an important parameter to
maintain the good surface finish. Under steep
thermal gradient conditions, the tool-chip
contact may lead to higher friction (dynamic)
and plastic deformation and severe wear of
cutting tool [25].
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The different wear mechanisms observed are
abrasion wear at low cutting speed, low feed rate,
and higher work piece hardness. High
temperature accompanied by high cutting speed
resulting in the removal of the protective layer
and suppressed the BUE formation. Adhesion of
work piece material followed by plastic
deformation and notching was clearly visible at
low work piece hardness [26]. The steady-state
wear rate decreases with an increase in cutting
speed, depth of cut and work piece hardness [27].

Keeping in view, the limited reported work
regarding machining of Inconel alloys with
regard to the Tool Tip Temperature of the cutting
tool and also wear of the tools. The main aim of
this work is to assess the effect of varying
hardness from 26HRC, 35HRC and 45HRC of
work piece material under various cutting speeds
on tool tip temperature and tool life in turning of
Inconel alloy -718 using commercialized ceramic
tools, Al- oxide ceramic (620), mixed -oxide
ceramic (6050) and silicon- nitride ceramic
(6190) respectively of Sandvick cutting inserts of
triangular shape under dry conditions. The
novelty of the work is exemplified with the
consideration of varying hardness of Inconel
alloy in machining and proper assessment of tool-
work piece interface temperature.

2. MATERIAL AND EXPERIMENTAL METHOD
2.1 The material of the work-piece.

Several tests were conducted on rounded bars of
nickel alloy -718. The varied hardness ranges
from 26 HRC to 45 HRC was obtained through
solution treatment. The microstructure details
of work piece material are given in Figs. 1a and
1b, and Fig. 1c respectively. Figure 1(a-c) shows
the effect of heat treatment on Inconel 718.
These samples were solutionzed at 980 °C (Fig.
1a), at 1066 °C (Fig. 1b) and at 1160 °C (Fig. 1c)
for the period of 1-hour soaking and cooled by
furnace cooling. The SEM surface micrograph
results revealed that there is a precipitation of y’
(Niz (Al Ti) phase which appeared as a white
spot in Fig. 1(a-c) and y"(NisNb) intermetallic
phase (Fig. 1c) appeared as a black spot in the
heat-treated samples. Inconel-718 heat-treated
sample at 1160 °C (Fig. 1c) has highest hardness
value (HRC 45) because of the formation of two
phases of y' and y" precipitates, as compared the
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sample heat-treated at 980°C (Fig. 1a) and
1060 °C (Fig. 1b) which has formed only one y'
phase. The EDS of Inconel 718 is shown in Fig. 2.
The chemical composition of Inconel 718 was
obtained and is given in Table 1.
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(c) The microstructure of HRC 45

Fig. 1. lllustration of different SEM microstructure of
Inconel alloy 718 at various heat treatment process
temperatures (i) 980 °C; (ii) 1060 °C; and (iii) 1160 °C.
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Table 1. Composition of IN-alloy 718.

The composition is (wt%) of IN -alloy718
Al Ti Cr Mn Fe
0.16 0.57 16.14 0.24 17.68
Ni Nb Mo Ta Total
60.69 2.49 1.57 0.46 100

2.2 Areas of applications of nickel-based

silicon-nitride TNGA (6190)08T02520
respectively, were used for experimental
machining tests of Inconel 718. Triangular type
multiple lock tool-holder was used. The
geometrical configuration of inserts having rake
angle -10°, clearance angle 0°, the radius of the
nose of insert 0.8 mm and approach plan angle
30° respectively was used for machining tests.

alloy-718
Table 3. Specifications of Tool-holder.
The major area of applications of Inconel nickel- Brand Name Dorian Tool
based super alloy -718 is given as under in Table 2. Cutting Angle 30°
o ) Cutting Direction Neutral
Table 2. Applications of nickel alloy -718. Item Shape Triangle
Applications Components of Inconel nickel- Length 4-1/2 inches
based alloy -718 .
et - arbi Rake Type Negative
et engines, gas turbines, space re- X X
Ael;iosptace entry vehicles, rocket technology Shank Height % inches
naustty reactors. Shank Type Square
Marine Gas turbines, combustors, Shank Width 34 inches
Applications propeller shafts. Size 1 inches
Power Plants Reactor Springs, fuel element
(Nuclear) recovery. . .
Processing Shipping Drums, Processing 2.5 Machine details.
Industry equipment

Full scale counts: 816

Base(742)

Fig. 2. EDS of Inconel nickel alloy-718.
2.3 Properties of nickel alloy -718

Inconel 718 is a nickel-based super alloy that is
well suited for application requiring high
strength in temperature ranges up to 1400 °F.
Inconel 718 also exhibits excellent tensile and
impact strength. The physical properties of
Inconel 718 such as specific gravity 8.19 g/cm3
and melting range 1370 - 1430 °C. The thermal
conductivity at various temp for Inconel 718
ranges 0 - 100 °Cis 6.5 W/m.K.

2.4 Cutting tools

Aluminum-oxide ceramic with designation
TNGA  (620)160408T02520, mixed-oxide
Ceramic TNGA (6050)160408S01525 and

Tests were performed on the center lathe
machine (Kirloskar make 1550) with spindle
speed ranging 45 m/min to 2000 m/min) with
S5HP motor drive. A sensor has been attached
with the machine spindle for amassment of
actual cutting speed as shown in Fig. 3a and
similarly thermocouple was fixed (groove in the
shim at the bottom surface of the tooltip) as
shown in Fig. 3b.

2.6 Measuring devices

The instrumentation for tool and its holder
consists of a thermocouple which is connected to
computer collection of data pertaining to
temperature in the vicinity of tool-tip during the
machining operation. The spindle speed and local
temperature are measured during the cutting
process via a sensor and a thermocouple installed
in the groove of the shim of the cutting insert as
highlighted in Figs. 3a and 3b respectively.

2.7 Calibration of Thermocouple:

A calibration frame is installed on the lathe
supported and positioned through a three jaw
chuck, a tailstock and guide rail of the lathe.
Then a spiral loading mechanism for exerting
force on the simulated cutting tool in at least one
of the directions i.e., X-direction, Y-direction and
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the Z-direction is correspondingly installed on
the frame body, and the spiral loading
mechanism exerts the force on to the simulated
tool according to the calibration requirement so
as to calibrate the tool dynamometer. To avoid
the deflection during calibration, supporting of
three jaw chuck, a tail stock and guide of the
lathe is required during calibration and

calibration accuracy is ensured.

(a) Asensor installed for measuring the spindle
speed of the machine.

(b) Thermocouple installed in the groove on the
tip of the shim of the cutting insert for
measurement of tool tip temperature.

Fig. 3. Attachment of measuring devices for cutting
speed and Tool -Tip- Temperature (a - b).

Thermocouple inserted in
the groove provided in
shim of the insert.

Fig. 4. Thermocouple attachment for cutting insert.
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The thermocouple has a measuring range of
temperatures 0 °Cto 1500 °C. Itis at an adequate
location in the vicinity of the cutting area. The
details of the insertion of the thermocouple into
the shim of cutting insert are given in Fig. 4. A
full assembly for the cutting operation using
ceramic insert with facility for in situ
measurements of in the vicinity of tool-tip is
given in Fig. 5.

(a) Sectional view near thermocouple with cutting
insert assembled on a tool holder.

(b) Assembly of cutting insert with thermocouple
attached in a tool holder.

Fig. 5. Details of experimental set up along with tool
thermocouple for tooltip temperature measurement
(a-Db).

To read the exact travel of cutting tool during
turning, the feed sensor is installed on the
machine attached with the lead screw. The
duration of machining time for all the
experimental tests was constantly fixed timing
with 180 seconds. At the end of each test surfaces
of the specimen have been examined.
Observation of cutting tooltips was carried out by
means of SEM equipped with an EDS system. Tool
wear measurement was obtained using advanced
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microscope Leicadm 6000 and equipped with the
software of Leica image analysis.

Table 4. Numerical values of process parameters used
in machining tests.

Process parameters (For| Numerical values of process
tests) parameters

Cutting speed (v)

(m / min) 145,230 and 360

Feed rate (f)

(mm/rev) 0.19(constant)

Depth of cut(ap)

(m m) 0.3(constant)

Duration of machining

(sec.) 180 (constant)

The crater wear was examined for all cutting
inserts sequentially using an optical microscope
and SEM. Numerical values of input process
parameters i.e. (i)cutting- speed(v) (ii) feed -
rate(f),(iii) depth of cut (ap) and cutting
duration) are given in Table 4.

3. RESULT AND DISCUSSION
3.1 Measurement of the tool tip temperature

The measurement of temperature in the vicinity
of the tooltip for the turning process was
performed under ambient conditions to
determine variation in it by changing
parameters cutting speed, work piece material
(varied hardness) and cutting tool (different
ceramic cutting inserts) respectively. The
experimental results were obtained for cutting
temperature versus cutting speed under the
varied hardness of work piece is given in Figures
6, 7 and 8 respectively.

Figures 6, 7 and 8 respectively give details of
cutting temperature for a machined tool sample
under three cutting speeds (i) 145 m/min, (ii)
230 m/min, and (iii) 360 m/min respectively,
which clearly indicates that temperature
increases gradually at all the selected parameters
to a certain values in fixed machining time of 180
seconds with varied hardness of sample material
i.e, 26 HRC, 35 HRC, 45 HRC range of hardness
work-piece material respectively.

All three curves for various cutting speeds
indicate the same trend at the beginning of

machining using the Al-oxide tool as shown in Fig.
6a. The temperature curve for cutting speed at
145 m/min rises sharply at the beginning of
machining time in 20 sec. up to 54 °C and it
increases gradually with machining time of more
than 50 sec. up to 60 °C temperature and further
the temperature curve becomes flatter in the
middle part duration of machining time from 60
sec. to 120 sec. and similarly at the final stage of
machining time from 125 sec. to 180 sec. the
cutting temperature starts increasing gradually
to higher temperatures.

However, the trend of cutting temperature at
cutting speed of 230 m/ min, and 360 m /min is
different comparing with the lower cutting speed
at 145 m/min. The trend of increasing cutting
temperature  drastically increases  after
completion of the machining time of 20 sec. and
the temperature of 74 °C and 95 °C for 230 m/min,
and 360 m/min respectively were recorded as
shown in Fig. 6a. However, comparing the cutting
speed 145 m/min, and 230 m/min, and 360
m/min respectively the cutting temperature for
machining Inconel 718 (HRC 26) using Al oxide
cutting insert is higher 12 % for 360 m/min than
145 m/min as shown in Fig. 6a.

Similarly, Figs. 6b and 6c¢ show the cutting
temperature result when mixed oxide and
silicon nitride cutting tools respectively were
used for machining of HRC 26. It can be noticed
that temperature curve in both cases increases
drastically at the beginning of machining time
and after some machining time, the temperature
curves tend to be reasonably stable and start
increasing gradually. Further, comparing Figs.
6b and 6c, with Fig. 6 a, it is apparent that the
cutting temperature for mixed oxide was
approximately 20 % higher than for silicon-
nitride, and 30 % for Al-oxide, cutting inserts for
all the higher cutting speeds.

Similarly, the graphics of Figs. 7a, 7b, and 7c¢ and
Figs. 8a, 8b, and 8c respectively, clearly indicates,
that cutting temperature increases with the
increase of cutting speed for all these three ceramic
tools during machining of 35 HRC and 45 HRC.
However, the trend of increasing cutting
temperature during turning increases with the
increase of work piece hardness as shown in Fig. 8.

Further, cutting temperature of 45 HRC was
higher than 35 HRC, followed by 26 HRC
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respectively, by an average cutting temperature
was found to be 10 % higher during machining of
45 HRC than 35 HRC and 26 HRC, using Al -oxide
cutting insert. Accordingly, 22 % higher cutting
temperature was found as an average when used
mixed- oxide insert during machining HRC 45,
compared with 35 HRC, and followed by 26 HRC.

However, the chipping of mixed oxide insert was
carried out at cutting speed 360 m/min at the
completion of machining time 123 seconds and
temperature abruptly decreases as shown in Fig.
8b. Further, the rate of increasing the cutting
temperature increased with an estimated 15 %
with an increase of hardness 45 HRC indicates
during using silicon nitride cutting insert.
Furthermore, itis evident that the temperature of
the tip of the cutting tool is a key factor that
accelerates the crater wear and also effects the
cutting speed and productivity in machining of
Inconel alloy 718 [28].

The graphics in Figs. 6, 7 and 8 (a, b, and c)
respectively indicate that the temperature of
tool-tip evolves and accordingly it increases due
to the increase of process parameters, cutting
speed and also the hardness of the material of
work-piece (varied hardness). The most
effective and influential parameter for
assessment of the rise of temperature is the
hardness of work piece material, as compared
with cutting speed [29].

The analysis with regard to the rise of
temperature of the tool and work-piece
interface may be attributed to the hardness of
the material i.e. Inconel 718. The build-up of
temperatures is a strong function of the
hardness of HRC 45. The speed of cutting has a
secondary effect on the rise of temperature at
the tool-tip e.g. for a 40 % increase in cutting
speed an average rise in temperature was 22 %
observed for all the three types of inserts. The
al-oxide insert had a minimum rise in
temperature followed silicon-nitride and mixed
oxide inserts respectively.

The consequent effect of the rise of temperature
at tool-tip is manifested in terms of wear. This
wear volume for hardness HRC 45 is maximum
while wear for hardness HRC 26 is minimum
[30]. Besides it, high mechanical and thermal
loads causing high wear tendency of ceramic
cutting tools while it retains more chemically
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stable and its hardness at high temperature
when machining difficult to cutting materials
even atlower speeds [31].

The study of generation of high temperature at
localized area occurring at tool-tip is crucial
because of impact of machining responses during
cutting process which can be detrimental and
lead to rapid wear mechanism. Reducing the
temperature at the critical zone during
machining may result productive and qualitative
performance of the cutting tool [32].

This has significant attribution for the rise of
temperature and it affects the crater wear.
Therefore, it was noticed that the function of the
rise of temperature during cutting of Inconel
718 is strongly correlated with the cutting
speed, work piece hardness and cutting insert.
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Fig. 6. Cutting temperature versus cutting speed for
work- piece hardness (26 HRC) using (a) Al - oxide (b)
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Fig. 8. Cutting temperature versus cut - speed for

work- piece hardness of (45 HRC) using (a) Al-oxide
(b) mixed-oxide (c) silicon -nitride ceramic tools.

The steep decrease in the temperature at the
cutting speed of 360 m/min after 120 seconds is
due to the sudden failure of the cutting insert
during machining process.

3.2 Analysis of wear of ceramic tools

To understand the wear behaviour and tool failure
modes which occur in ceramic cutting tools used
in these experimental tests conducted under
similar process parameter conditions. The worn-
out tools were examined thoroughly on scanning-
electron- microscope (SEM) and optical-
microscope and has been found that adhesion,
abrasion is the two wear modes which are the
main cause of flank wear and failure of ceramic
tools. Generally, these two wear mechanisms
develop due to the high temperatures interface
during cutting operations that affects the
properties of the tool and work piece. Further, it is
also evident the face of the rake surface of cutting
tools effects by crater wear and cause of crater
wear is notch and diffusion wear which results in
severe crater wear and damages the rake face.

For analysis of tool wear apart from tool wear
measure by tool maker’s microscope (Leica DM
2500M microscope) and Scanning Electron
Microscope (Hitachi) is also wused. These
techniques are very useful to observe the actual
tool pattern and damage to the tool. SEM and
microscopic images of cutting inserts were
taken and evaluated to assess more effectively
the determination of wear mechanisms
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occurring in the ceramic inserts used in the
cutting experiments and establishing wear types
and consequently better evaluation of tool
performance.

3.3 SEM analysis of tool wear

Figures 9, 10 and 11 respectively, show SEM
images for the flank and face of the rake surfaces
of all the used ceramic cutting inserts. The main
focus of the present experimental study was to
investigate the tool wear in particular crater
wear behaviour of ceramic cutting inserts on
correlation with tooltip temperature for three
varied hardness Inconel 718 work piece
material. Generally, during the experimental
study, it has been observed that hardness and
cutting speed plays an important role in the
wear progression of ceramic inserts. Tool wear
was characterized by the crater wear and flank
wear which was observed during turning of
Inconel 718 of varied hardness for cutting
insertsi.e. (i) Al- Oxide, (ii) mixed- oxide and (iii)
silicon- nitride respectively.

3.4 SEM Analysis of wear of the ceramic tools
at speed of machining (145 m/min)

Figure 9(a-c) gives details of rake wear, and flank
wear, at the speed of cutting at 145 m/min, (with
constant feed and depth of cut, 0.19 mm/rev, 0.3
mm respectively). Three different cutting inserts
namely Al- oxide, mixed-oxide, and silicon-oxide
during machining of nickel alloy - 718 was used
with varied hardness 26 HRC, 35 HRCand 45 HRC
respectively. Rough flank wear is conspicuous
while crater wear is in am bionic stage. Abrasive
type of wear and adhesive wear on flank face
surface and on rake face surface deformation and
chipping off for all cutting inserts were observed.
Figure 9(a-c) shows the variation of flank wear
land with varied work piece hardness when
machining with different cutting inserts at
cutting speed 145 m/min. The flank wear did not
increase quickly for all cutting tools. However,
the trend can be changed when the cutting
conditions work piece hardness changed. Such a
situation was very obvious for the mixed oxide
cutting tool as shown in Fig. 10b. The Al- oxide
tool gave the best performance than other used
ceramic cutting inserts. When the cutting speed
was 145 m/min. The highest tool life value was
achieved with Al-oxide ceramic tool at constant
timing at 180 seconds.
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SEM analysis of tool wear at cutting speed (145 m/min)
Work-piece material Inconel- 718 (26,35 and 45 HRC)
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marks

Pockets formed due to removal of hard materia!
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Edge
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(c) Silicon - nitride tool after machining at cutting- speed - 145m/min

Fig. 9. SEM images of wears on (a)aluminum Oxide,(b) mixed -oxide and(c) silicon- nitride cutting inserts at cutting
-speed 145m/min during turning of Inconel alloy -718 of the varied hardness of (26,35 and 45 HRC).
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SEM analysis of tool wear at cutting speed (230 m/min)
Work-piece material Inconel - 718 (26, 35 and 45 HRC)
HRC26 7 HRC 35 HRC 45

Crater wear

Pockets
Bl formed
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(c) Silicon - nitride tool after machining at cutting speed 230m/min

Fig. 10. SEM images of wears on (a) aluminum Oxide, (b) mixed - oxide, and (c) silicon - nitride cutting inserts at
cutting - speed 230 m/min during turning of Inconel alloy -718 of the varied hardness of (26, 35 and 45 HRC)
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SEM analysis of tool wear at cutting - speed (360 m/min)
Work-piece material Inconel -718 (26, 35 and 45 HRC)
HRC 26 HRC 35 HRC 45
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(@) Silicon-nitride tool after machining at cutting speed 360m/min

Fig. 11. SEM images of wears on (a) aluminum Oxide, (b) mixed - oxide and (c) silicon - nitride Cutting inserts at
cutting - speed 360 m/min during turning of Inconel alloy -718 of the varied hardness of (26,35 and 45 HRC).

3.5 SEM analysis of tool wear at cutting- speed during turning of Inconel alloy - 718 of the varied
(360 m/min) hardness of 26 HRC, 35 HRC, and 45 HRC. The
flank wear, for the three different hardness

Figure 11 shows SEM images of wear on material conditions, is compared and it was
aluminum and mixed -oxide and silicon- nitride observed that due to the increase of speed of
cutting inserts at cutting -the speed of 360 m/min machining the flank wear increases and as
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expected work piece hardness, has an overall
strong influence, on the flank and as well as on
crater wear.

Figure 11(a-c) also indicates that work piece
hardness has also strong effect, on notch wear
while the cutting speed seems to have less effect
as compared to hardness. Wider pockets, deep
severe crater wear, and fracture of cutting edge
at a higher cutting speed of 360 m/min during
machining of (HRC 45) is conspicuous with
mixed oxide as shown in Fig. 11b. Furthermore,
significant wear is observed on both sides of the
ceramic inserts (rake face, and flank face) and
degradation leading to change of geometry of
cutting inserts particularly at high material
hardness and high cutting speed as shown in
Figs. 9, 10 and 11 respectively (such as deep
severe crater wear, notch wear, fracture of nose,
and adhesive wear).

3.6 Microscopic analysis of crater wear

Tool wear during dry turning of Inconel 718
with three different ceramic tools was
characterized as crater wear and flank wear
which were also investigated using an optical
microscope. Figures 12, 13 and 14 respectively
demonstrate the optical microscopic images of
rake surfaces depicting the growth of crater
wear of all the three different ceramic inserts
(with constant time) and for different cutting
speeds. It is also evident, that increases in work
piece hardness and cutting speed have a
detrimental effect on crater wear of all three
ceramic cutting tools.

Three different material hardness values for a
particular cutting speed are given in these Figs. 12,

13 and 14 respectively. Crater wear of tool while
machining Inconel 718 is primarily governed by the
contact forces at the chip-tool contact interface
region. Figures 12, 13 and 14 respectively
demonstrate the optical microscope images of rake
surfaces indicating the growth of crater wear of all
the three different ceramic inserts with constant
time duration and for different cutting speeds. It is
evident that the increase of both workpiece
hardness and cutting speed increased the average
crater wear of all three ceramic cutting tools.

Crater wear develops on the rake face of the
tool and influences the geometry of the tool-
chip common surface. The important
parameters affecting this wear are (i) the
temperature on the common surface of tool-
chip. (ii) the tendency for the chemical
decomposition of cutting tool and work piece.
Abrasion in the crater wear occurs through
different mechanisms. In ceramic cutting tools,
diffusion of particles in the work piece is the
main mechanism. The process of creating
crater wear involves chemical degradation of
the materials of the chip and the ceramic tools
that are evident for the common surface of the
chip-tool. Because of the tendency to create a
tribo chemical degradation in the materials of
the work piece and the cutting tool chemical
wear takes place. This process particularly
becomes active at the high temperature
generated by the cutting operation [30]. This
experimental work shows that this type of wear
becomes (more pronounced) at the high
velocities and when the temperature on the
common surface of the evolving chemical
composition involves the substances of the
work piece and the cutting tool.

Microscopic analyses of crater wear at cutting speed (145m/min).
Work-piece material Inconel- 718 (26,35 and 45HRC)

Hardness 26-HRC

Hardness 35-HRC

Hardness 45-HRC

(a) Aluminum - oxide tool (620) after machining( at cutting speed- 145 m/min)
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(c) Silicon - nitride tool after machining at (cutting speed -145 m/min)
Fig. 12. Microscopic images of crater wear of aluminum -oxide, mixed- oxide, and silicon- nitride cutting inserts at
cutting-speed -145m/min during turning of Inconel alloy -718 of the varied hardness of (26, 35 and 45 HRC).

Microscopic analyses of crater wear at cutting speed (230m/min)
Workpiece material Inconel -718 (26,35 and 45HRC)
Hardness 26- HRC Hardness 35-HRC Hardness 45-HRC

(b) Mixed - oxide tool after machining at (cutting speed - 230 m/min)

(c) Silicon - nitride tool after machining at (cutting speed - 230 m/min)

Fig. 13. Microscopic images of crater wear of aluminum - Oxide, mixed, and silicon - nitride inserts at cutting-
speed - 230 m/min during turning of Inconel alloy -718 of the varied hardness of (26, 35 and 45 HRC).
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Microscopic analyses of crater wear at cutting speed (360m/min)
Workpiece material Inconel -718 (26, 35 and 45-HRC)
Hardness HRC-26

Hadness HRC-35

(a) Aluminum - oxide tool (620) after machining at (cutting speed - 360 m/min)

Hardness HRC-45

(c) Silicon - nitride tool (6190) after machining at (cutting speed - 360 m/min)

Fig. 14. Microscopic images of crater wear of aluminum - Oxide, mixed, and silicon - nitride inserts at cutting -
speed - 360 m/min during turning of Inconel alloy -718 of the varied hardness of (26, 35 and 45 HRC).

4. CONCLUSION

In this experimental study, the authors studied
the effects of the hardness of the material and
cutting speed on ceramic turning tools with an

emphasis on tooltip

temperature and

consequent crater wear.

e The hardness of the work piece plays a
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dominant role in building up of
temperature at the tip of cutting tool and
wear while cutting speed has a secondary
role for all cuttings tools.

Temperature near the rake face increases
significantly 71 % when the material
hardness increases 58 % from 26 HRC to
45 HRC coupled with increasing cutting

speed, from 145 m/min to 360 m/min.
The temperature at the tooltip increases
with cutting speed all cutting inserts. For
a 40 % increase in cutting speed an
average rise in temperature was 22 %
observed for all these three ceramic
inserts.

Crater wear was significantly influenced by
both hardness of work piece and cutting
speed despite the fact, the flank wear was
mainly affected by the speed of machining
and contact conditions.

e Al -oxide cutting insert displayed superior

performance  compared  with  the
performance of (i) silicon- nitride and (ii)
mixed- oxide cutting inserts.
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Generally, it was observed, that Crater
wear increased when the hardness of
work piece increased irrespective of (i)
type of ceramic cutting insert and (ii)
Speed of cutting used. Besides it, lower
crater wear was observed for a lower value
of hardness i.e., 26 HRC and followed by 35
HRC) and deep crater wear was noticed
for higher range of hardness i.e., 45- HRC.

Al-oxide ceramic cutting insert gave the
best performance while the higher severe
wear rate was found in mixed oxide
ceramic cutting insert.
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