IJRET: International Journal of Research in Engineering and Technology elSSN: 2319-1163 | pISSN: 2321-7308

EFFECT OF CUTTING SPEED ON THE PVD-COATED CARBIDE
INSERT IN THE MACHINING ON WASPALOY

Yahya Isik?

'Uludag University, Vocational School of Technical Science, Bursa, Turkey

Abstract
Waspaloy is a difficult-to-cut material used for gas and steam turbines and aircraft engine components construction that call for
considerable strength and corrosion resistance at high operating temperatures. The machining of waspaloy generates high
temperatures at the cutting tool edge. The high temperature resulting in the cutting zone critically affects the dimensional
accuracy of the job and tool-life of the cutting tool. In this study, the effect of cutting speed on temperature was investigated on
tool life and surface quality in the machining on Waspaloy. Experiments were conducted on Waspaloy AMS5708 superalloy
samples and a PVD TiAIN-TiN-coated WNVG 080404-1C907 carbide insert was used during the turning process. The highest
cutting speed generated higher temperatures. It was concluded that cutting speed the most influencing parameters on chip tool

interface temperature and tool life.
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1. INTRODUCTION

Nickel based alloy also known as a group of super alloys, is
widely used for various parts of components and structure
for aerospace, marine, and automobile industries, as well as
chemical processing etc. They are used in these aggressive
environments because of their ability to maintain high
resistance to corrosion, mechanical and thermal fatique,
mechanical and thermal shock, creep and erosion at elevated
temperatures [1].

Nickel-based alloys exhibit poor machinability owing to
their excellent physical properties [2]. These characteristics
cause increases in cutting temperature and resultant tool
damage, even at low cutting speeds and low feed rates. The
machinability of super alloy materials is much more difficult
compared to that of steels and stainless steels [3, 4].
Although it is one of the most common nickel superalloys
used in the aerospace industry, some drawback are noticed
and within these the poor machinability is probably the
worst one. Thus, all the cutting parameters, such as tool and
coating materials choice, tool geometry, machining strategy,
cutting speed, feed rate, depth of cut, lubrication, etc., must
be controlled and selected in order to improving quality and
surface integrity of the components, increasing productivity
and lowering cost [5]. The optimum condition for most
machining operations is in the solution treated and partially
aged condition where the hardness is about 30 HRC [6].

The machining of Waspaloy generates high temperatures at
the cutting tool edge. Tool temperature is very important
parameter of metal cutting since it influences tool life, the
performance of the tool and surface quality. It is necessary
to satisfy the surface technological requirements in terms of
high product accuracy, good surface finish and minimum of
drawbacks that may arise as a result of possible surface
alterations by the machining process [7].

Waspaloy is not easy to cut and thus has been regarded as a
difficult-to-cut material. Several problems that exist after
machining nickel-based super alloys have been reported in
the literature, including surface tearing, plastic deformation,
increased surface roughness, and short tool life [8]. The
effect of cutting condition and chip-tool interface
temperature on attained surface roughness of machined
work pieces have been investigated by many researchers.
Recent research works are focusing on superalloys as a
valuable choice to expedite production process for machined
parts. These studies aim to explore the effect of machining
parameters on final product qualities. Unfortunately, limited
numbers of these researches are available, which they
proposed prediction models for machining super alloys [9,
10].

The influence of the cutting parameters on the tool
temperature was studied among other researches such as
Chu and Wallbank in 1998, where a relationship between
the cutting temperature and cutting parameters for a specific
range of cutting speed and feed rate was established. The
correlations for the workpiece temperature with cutting
parameters have been developed. The results show that the
temperature correlates well with cutting speed and feedrate
but the nose radius has little effect [11]. Khan et al., have
turning of Inconel 718 wusing low concentration
polycrystalline PCBN inserts. The C-type tools and round
tools were compared for built-up-edge (BUE) formation and
grooving at different cutting speeds [12]. In summary, the
measurement of temperature in machining is still a
challenge that requires unique solutions.

In this study, the effect of cutting speed on temperature was
investigated on tool life and surface quality in the machining
on Waspaloy. Experiments were conducted on Waspaloy
AMS5708 superalloy samples and a PVD TiAIN-TiN-
coated WNVG 080404-1C907 carbide insert was used
during the turning process.
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2. EXPERIMENTAL PROCEDURES
2.1 Experimental Setup

Round Waspaloy AMS5708 bars of 38 mm in diameter and
300 mm in length were used in the experiments. A PVD-
coated WNVG 080404-1C907carbide insert was used during
the turning process. The cutting insert was indexed and a
brand new edge was introduced after each trial.
Experimental conditions are shown in Table 1.

The chip-tool interface temperature was measured using an
Optris CF4 infrared pyrometer (IR). The accuracy of the
system was + 0.3% for a reading of +2 °C. Five
measurements were recorded by the pyrometer every
second. The tool temperature was measured using a K-type
thermocouple. The accuracy of the tool temperature
measurements using the K-type thermocouple data
acquisition system was +2.5 °C or £ 1%. The thermocouple
and IR pyrometer setup is shown in Figure 1.

Table -1: Experimental conditions

Machine Harrison M300

Work specimen’s materials Waspaloy AMS5708 superalloys

Size Cylindrical workpieces & 38x300 mm
Cutting tool PVD coated carbide WNVG 080404-1C907

Tool-chip interface temperature

Optris CF4 infrared pyrometer

Tool temperature

Type K thermocouples

A profilometer

TIME TR200 Surface roughness tester

Microscope Nikon 104 with a magnification of X10
Cutting speed 45 m/min, 65 m/min, 95 m/min

Feed rate 0.10 mm/rev

Depth of cut 0.50 mm

Environment Dry

IR pyrometer ot

Thermocouple for inlet and
outlet water temperature

—~—

Fig - 1: The thermocouple and IR pyrometer connection in
the tool holder

2.2 Cutting Tools

Tool coating plays a major role in tool development,
especially for dry machining by acting as a partial substitute
of cutting fluid. The TiAIN coated carbide tools performed
significantly for dry and MQL machining of stainless steel
as well as hardened steel up to 63 HRC because of high hot
hardness and wear resistance of coating at elevated
temperature associated to ultra-fine crystallinity [13].

NR 2020K-08 insert holder, with PVD TiAIN-TiN coated
WNVG 080404-1C907 carbide insert was used for the
experiments. This type of insert is recommended for

Waspaloy cutting operations. Cutting edge geometry for
PVD coated inserts are shown in Figure 2.

@ Coating Layer

@ Substrate

. i ~
Fig — 2: Cutting edge geometry for PVD coated inserts

2.3 Workpiece Material

Nickel-based superalloys currently have hard abrasive
carbides in the microstructure that allow the formation of
abrasive flank wear [14, 15]. High dynamic shearing
strength during the cutting process results in localized
shearing stresses. High strength and hardness properties at
high temperatures, render the cutting tools undergo
deformation due to the cutting process [16]. Chemical
composition of Waspaloy - % volume is shown in Table 2.
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Table- 2: Chemical composition of Waspaloy (Vol.%) [17]

C S Mn Si Cr Mo | Co | Ti Al B Zr Fe
0.036 | 0.0004 | 0.03 | 0.05| 19.87 | 4.27 | 13.2 | 3.08 1.35 0.007 | 0.06 | 0.09
Cu Ni P Ch | Ta W \ Ch+Ta | Ti+Al | Ni+Co | Y

0.01 |57.32 | 0.004 | 0.04 | <0.01 | 0.03 | 0.02 | 0.04 4.43 7058 | -

2.4 Experimental Study

In total, 18 (3 x 3 x 2) combinations of turning trials were
carried out to complete the series of cutting experiments.
Each test was repeated three times under the same cutting
conditions and the average of the measured values was
recorded. A series of trials were conducted at different
cutting speeds and the surface roughness values were
measured using a portable TIME TR200 device. After each
turning test, surface roughness was measured at intervals of
120° on the outer diameter and the average of the values was
recorded. The average width of the flank wear (Vb) was
adopted as indication of the tool wear. Flank wear was
measured using a Nikon104 microscope with a
magnification of X10. A workshop microscope with the

minimum graduation of 0.01 mm was used in the
measurement.

3. RESULTS AND DISCUSSION

Machining hard materials has become an important

manufacturing process, particularly in the aerospace and

bearing industries. There are many advantages of dry

machining such as increased flexibility, decreased cycle

times, reductions in machine tool costs, and elimination of

environmentally hazardous cutting fluids. To study the

behaviour of waspaloy while machining is the main aim of

this research. The objectives of this experimental

investigation are:

a) To analyze the effect of cutting speed on tool life

b) To assess the effect of cutting speed on chip-tool and
tool temperature

c) To analyze the effect of cutting speed on surface
roughness and flank wear.

3.1 Cutting Temperature and Wear

The highest cutting temperature always occurs at the middle
of tool-chip contact area. In this case, maximum heat
generated by the experimental value of was 641°C. Since the
tool wear depends largely on the temperature generated, the
experimental value proved that this location encountered the
most severe flank wear along the cutting edge.

During the cutting process, an increase in the temperature
was observed depending on the processing time. This was
due to the tool wear and the increased friction at the cutting
zone. Moreover, a large amount of the heat was removed
from the workpiece by the chip. As the cutting speed
increase, more heat was removed. However, the rise in
cutting speed increased the temperature abruptly [18].
Therefore, the cutting speed is an important influential
factor on tool wears and tool life when cutting nickel-based

alloys. In the experiments, the influence of cutting speed on
the tool-chip interface and tool temperatures of the
Waspaloy samples was observed under dry conditions. The
relationship was investigated between the cutting speed and
the cutting temperature recorded by the remote temperature
measurement method under dry conditions. It was observed
that the highest cutting speed generated a higher cutting
temperature at the tool-chip interface, which meant that the
cutting speed was the most effective parameter.
Comparisons of temperatures under the dry cutting
conditions are shown in Table 3.

Under dry conditions, the temperature measurement via IR
pyrometer indicated that for a speed of 45 m/min, the
maximum temperature was 456 °C. As the cutting speed
increased from 45 m/min to 95 m/min, the maximum
temperature reached 641 °C, with an increase rate of 28%. A
higher cutting speed meant more plastic deformation in the
workpiece; therefore, more mechanical energy was
converted into heat energy and the temperature increased
significantly. Thus, the substantial increase in the
temperature was the result of the material characteristics of
the Waspaloy.

There is a linear relationship between cutting speed and
temperature, even with a low coolant flow rate. A higher
temperature difference was obtained at high cutting speeds.
Figure 3 and Figure 4 shows the tool-chip interface and tool
temperature differences for the dry conditions at various
cutting speeds.

700 -
G50 -
600 -
550 -
500 -
450 -
400 -
350 -
300

=010 mmirev, a=0.5 mm

|

tool-chip interface temperature

45 fi5 95
cutting speed [m/ nun]

Fig — 3: Tool-chip interface at different cutting speeds
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Table — 3: Comparisons of temperatures under dry
conditions (f = 0.10 mm/rev, a = 0.5 mm)

Tool-chip interface | Tool
temperature (°C) temperature
(°C)
V (m/min) | Dry Dry
01 | 45 456 62
02 | 45 456 62
03 | 45 456 62
04 |65 491 68
05 | 65 491 68
06 |65 491 68
07 |95 641 72
08 |95 641 72
09 |95 641 72
80 4 f=0.10 mmirev, a=0.5 mm
F:T: ?U N /
2 60 -
=
£ 50 -
—= 40 -
3D T T
45 5 o5

cutting speed [m/ min]

Fig — 4: Tool temperatures at different cutting speeds

3.2 Tool Wear and Surface Roughness

The tool wear aspect of tool life is significantly influenced
by the temperature generated at the cutting zone, especially
for low thermal conductivity alloys such as Waspaloy.
When cutting Waspaloy, the most recognisable type of tool
wear is the flank wear formed by the cutting speed due to
the high thermal combination. The reference flank wear
value according to the International Standard Organisation
(ISO 3685) of Vg = 0.3 mm was chosen as the wear
criterion. A cutting tool was rejected and further machining
was stopped based upon a combination of the rejection
criteria in relation to 1SO standard 3685 for tool life testing.
The wear mechanism is affected by the cutting temperature;
low cutting temperatures can minimize the development of
tool wear.

The wear mechanism is affected by the cutting temperature;
low cutting temperatures can minimize the development of
tool wear. Flank wears and tool life for the dry conditions
are shown in Figure 5. The lowest roughness value was
shown to be Ra = 0.699 pum at a cutting speed of 95 m/min,
Figure 6. Shows surface roughness comparisons under the
dry conditions at various cutting speeds.

~ V=09m /min, =010 mm'rev,
0.30 =03
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tool life [min]

Fig — 5: Comparisons for various cutting speeds on flank
wear
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Fig — 6: Comparisons for various cutting speeds on surface
roughness

4. CONCLUSION

The work material in this experimental study was Waspaloy,
which is costly and exhibits poor machinability. The major
findings of this work can be summarized as follows:

e The cutting speed is an important influential factor on
tool wears and tool life when cutting nickel-based
alloys. Higher cutting speed means more plastic
deformation in the workpiece owing to the material
properties of Waspaloy; therefore, more mechanical
energy is converted into heat energy and the
temperature increases significantly.

e Asthe cutting speed was increased from 45 m/min to 95
m/min, the maximum temperature reached was 641 °C,
an increase in the temperature rate of about 28%.

e Another important point to be underlined is that the
surface roughness is significantly improved when
machining at higher cutting speed ranging between 45
and 95 m/min. This improvement was related to higher
temperatures generated at a higher cutting speed,
leading to flank wear formation. As the cutting tool
became worn, lower surface roughness occurred due to
the location of the wear scar, which tended to be away
from tailing edge.
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