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Abstract
Temperature at the cutting point of the tool is a crucial parameter in the control of the machining process. Due to advancement in the
machining processes, a special attention has been given on the life of a tool. To achieve this, the best way is to apply the coating to the
tool. In this study, coated and uncoated tungsten carbide tools were used and temperature occurred during machining were measured.
Among the number of temperature measuring methods, the tool-work thermocouple technique is used as it is easy to install and
inexpensive as compared to other methods. The procedure for the working of Tool-work thermocouple and method of calibration is
described in this paper.

Keywords: Temperature measurement, tool-work thermocouple, CVD coating

**k*k

1. INTRODUCTION W. Grzesik et al. obtained some results of extensive
. experimental investigations of the thermal interactions
The importance of knowledge of temperature measurement at between the coating/substrate and the moving surface of the

the cutting point of the turning tool occurred due to the chip. Semi orthogonal cutting when bar turning medium
changes in the cutting condition is well known due to severe carbon steel and an austenitic stainless steel was carried out.

effects on the tool and work piece materials properties [1, 3]. Both flat-faced and grooved inserts coated with TiC, TiC/TiN,
During machi_ning heat is generated at the c_utting point from and TiC/AI203/TiIN was tested. A standard K-type
three sources i.e. primary, secondary and tertiary zones [5]. thermocouple embedded in the work piece was used to convert
measured emf’s to the interfacial temperatures. In addition, the
chip rake contact length and the area of contact were
determined by using computer processing of scanned contact
images. The minimum steady-state temperature at the
interface between the moving chip and the coating substrate
system was explained in terms of the heat flux intensity and
the thermal properties of both components of a unique closed
tribo-system [3].

The chip, tool and work piece help to remove this heat from
the cutting zones. Figure 1 schematically shows this
dissipation of heat. The increase in temperature at cutting
point of the tool is mainly due to secondary shear zone, but
primary shear zone also contribute towards the temperature
rise of the cutting tool and indirectly affects the temperature
distribution on the tool rake face [11, 14].

Temperature drops along the Abhijeet Amritkar et al. designed and developed a calibration

P e set-up in order to establish a relationship between obtained
A emf during machining and the cutting temperature. Also, the
TO0L most simplest and economical technique of temperature

measurement i.e. tool-work thermocouple setup was
developed for the measurement of the cutting temperature in
machining [13].

Temperature Varies
acrossthe Chip ™

.| Friction on Tool Face

2. EXPERIMENTAL DETAILS
2.1 Experimental Setup

[_pr_nwy Shear Zone ’ ‘\\

N In this experiment, the HMT heavy duty lathe LTM-20 were

WORKPIECE used to conduct the tests without using any coolant. A
commercially available CVD coated turning insert CNMG

120408 PR 4225 were used to compare the temperature

Fig 1 Dissipation of heat in machining obtained at uncoated tool inserts. The machining was
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performed using work piece EN8 alloy steel (250 mm long
and 45 mm diameter).

The Tool-Work thermocouple was used to measure the
temperature at the cutting point of the tool. The tool-work
thermocouple is work on the principle of seebeck effect which
states that if there is a temperature difference between any two
junctions then there will be a development of emf in between
the two junctions. The principle of this method is shown in
figure 2.

Fig 2 Setup of Tool-Work Thermocouple

In this experiment, turning insert and work piece were
insulated from the lathe machine by using mica as an
insulating. Cold end of the inserts and work piece were
connected to the millivolt meter and carbon brush is used to
connect the millivolt meter to the work piece as the work piece
in turning is rotating. Figure 3 shows the experimental set-up
of the too-work thermocouple for measuring thr average
temperature at the tool tip.

Fig 3 Experimental set-up of tool work thermocouple

In this work, calibration of the tool work thermocouple was
carried out by using a heating coil. This set-up is similar to
one used by Abhijeet Amritkar et al [13], in which workpiece
was directly calibrated with the tool. Figure 4 shows the
calibration set-up for tool-work thermocouple.

nillivoltmeter

Fig 4 Calibration set up for tool-work thermocouple

In this set-up, Junction of tool and workpiece was connected
to the milliVoltmeter and also K-type Alumel-Chromel
thermocouple was connected to the heating rod. The
temperature indicator was used to display the temperature of
heating rod sensed by the Al-Cr thermocouple.

3. EXPERIMENTAL RESULTS

The objective of this experiment was to compare the
temperature generated during machining at uncoated and CVD
coated tungsten carbide cutting tool. The machining tests were
conducted by varying the cutting speed and feed rate whereas
depth if cut was kept constant i.e. Imm. The cutting speed
used for machining was 35.32, 59.34, 100.32 and 169.56
m/min whereas feed rates were 0.83, 1.04, 1.25 and 1.65
mm/rev. The calibration curve i.e. Temperature Vs.
millivoltage graph obtained for uncoated and coated tool
inserts is shown in figure 5(a) and 5(b) respectively.
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Fig 5(a) Temperature Vs. milliVoltage graph for uncoated tool
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Fig 5(b) Temperature Vs. milliVVoltage graph for coated tool

Figure 6 shows the change in temperature in cutting zone of
uncoated and CVD coated turning tool according to the feed
rate for the machining at 35.32 m/min respectively. As feed
rate increases from 0.83 to 1.65 mm/rev, the temperature at the

uncoated tool is increases at high amount as compared to the
coated tool.
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Fig 6 Effect of feed rate on cutting temperature

Similar results were found for the cutting speeds 59.34,
100.32, 169.56 m/min which is shown in figure 7, figure8, and
figure 9 respectively.

Vc=59.34 m/min, d=1
mm

400
390
380
370
360
350
340

B uncoated tool

Temperature °C

M coated tool

0.83 1.04 1.25 1.65

Feed rate mm/rev

Fig 7 Effect of feed rate on cutting temperature
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Fig 8 Effect of feed rate on cutting temperature
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Fig 9 Effect of feed rate on cutting temperature

The maximum temperature difference between coated and
uncoated tool was occurred at a cutting speed of 169.56
m/min. At f = 1.65 mm/rev, Vc =169.56 the temperature at the
coated tool was found to be 82 °C less than the uncoated tool.
The temperature occurred at different cutting speeds for
coated and uncoated tool by keeping f =1.65 mm/rev and d =
1mm is shown in figure 10.
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Fig 10 Effects of cutting speeds on cutting temperature

4. CONCLUSIONS

e The Tool-Work thermocouple is the best way to obtain
the temperature at the tool rake face as it is easy to
install and inexpensive as compared to other methods.

e With the increase in a cutting speed or a feed rate, the
temperature at the tool rake face also increases as found
in the machining tests

e Due to the advancement in machining processes,
generation of high temperature at the tool rake face
takes place. This generation of heat can be resisted by
using a coated tool. Reduction in the temperature of the
tool improves the tool strength and also improves the
surface roughness of work piece.

e From the experimental data, it is found that as
compared to uncoated tool the coating of the tool
increases the life of a tool for the same cutting velocity
or for the same tool life, coated tool can be used at
higher cutting speed as compared to uncoated tool.
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