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ABSTRACT

The paper is concerned with the development of a data acquisition system for the
measurement of temperature used for metal cutting. In this study, machining tests were
performed and an analysis of the temperature and wear of the cutting tool is presented
herein. In metal cutting operations, the wear of tools is generated largely due to the heat
emitted from the cutting zone. Therefore, a coolant is often used to cool down the cutting
area and protect the cutting tools. However, because of environmental concerns,
engineers now try to avoid using cutting coolants and perform cutting operations in almost
dry conditions. In this study, a mild-steel round bar was turned at various feed rates,
depths of cut and cutting speeds. A data acquisition system was built to record the cutting
temperature while turning the bar. From the study, it is evident that certain combinations
of cutting parameters result in higher temperatures than those produced in other
experiments. It was established that the depth of cut and cutting speed at their highest
values (1 mm and 250 m/min, respectively) contribute largely to the high surface
temperature, while the effect of feed rate is intangible. Increasing the cutting speed results
in an increase in the cutting temperature. A similar result was observed when the depth
of cut was increased. However, increases in feed rate did not significantly cause increases
in cutting temperature. In addition, cutting inserts were examined under a scanning
electron microscope (SEM) to quantify the tool wear in each experiment. A correlation
between tool wear and temperature is clearly noticed. The study concluded that the
combination of variations in cutting speed and depth of cut results in severe tool wear
action on the tool’s flank face as a result of the intensive heat generated.
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INTRODUCTION

Metal cutting is a common material-processing operation used to make mechanical
components. It is realised in a very complex environment and until now has still not been
completely investigated. Increasing the productivity and quality of machined parts is a
core challenge in the machining industry [1]. Certain processing parameters can largely
affect the level of productivity, quality, and overall economy of machined parts. These
parameters include tool life and wear, surface finish, part accuracy, cutting forces,
material removal rate, power consumption rate, and cutting temperature (on the tool and
workpiece). In the cutting of materials, the majority of power is converted into heat, thus
resulting in extremely high cutting temperatures in the cutting zone [2]. Temperatures in
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the cutting zone depend on the extent of contact length, cutting forces, and friction
between the tool and workpiece [3]. The amount of heat generated varies with the type of
material being machined and machining parameters employed, especially the cutting
speed [4]. The temperature rise in the cutting zone may limit the cutting speed and depth
of cut, causing extensive tool wear that may quickly deteriorate the tool’s life and create
thermal stresses in the machined material and distortions of its surface [5]. The heat
generated in the cutting zone is shared by the chip, cutting tool, and the workpiece. 10%
to 20% of the total heat goes into the tool, while some heat is absorbed into the work piece
[6]. There is no doubt that the cutting efficiency gets improved if the cutting temperature
is maintained at low levels. The effect of the cutting temperature is detrimental to the life
of the tool and the workpiece surface quality.Literature contains a lot of reports on
experimental studies that are based on experiments that have utilised various techniques
meant for determining the cutting temperature and its distributions along the cutting edge
of the tool [7-13]. Such studies have been successful in accurately predicting the cutting
temperature, thanks to the new improvements and developments in instrumentation and
data acquisition techniques. The techniques for the measurements of cutting temperature
have evolved over time. These include the use of embedded thermo-couples, infrared
radiation sensors, thermo-sensitive painting, and metallographic methods that are based
on determining the material’s microstructure alteration. The most extensively used
method is the tool-work thermocouple. This method is useful in showing the effect of
cutting conditions such as cutting speed and feed rate, but the absolute values of the
temperature measured are inaccurate [14]. However, by using thermocouples with small
diameters, it is possible to obtain good results in relation to the temperature gradient in a
tool by inserting many thermocouples in small holes close to the cutting edge [14]. A
more advanced and complicated method is by measuring the cutting temperature using
built-in thin film thermocouple sensors. This technique works very well in accurately
monitoring and predicting the temperature [15].

The purpose of this paper is to present an investigation of the cutting temperature
produced when varying three cutting parameters: cutting speed, depth of cut and feed rate
when machining a mild-steel grade. The objective of the study is to establish a
relationship between cutting temperature and tool wear. A data acquisition system was
built to measure the cutting temperature while turning a mild steel grade.

METHODS AND MATERIALS

The aim of this experimental investigation is to establish the effect of cutting parameters
on tool inserts’ flank wear and cutting temperature. The turning tests were conducted with
the help of the design of experiments (DOE) methodology. DOE refers to the process of
planning experiments so that the appropriate data can be analysed using statistical
methods which result in valid and objective conclusions. The experiments were
conducted according to a three-level Taguchi orthogonal array design. The cutting
parameters identified are the cutting speed, depth of cut, and feed rate. The control
parameters and the level used in the experiment, experimental setup and conditions are as
given in Table 1. These parameters were selected based upon the maximum ratings of the
lathe machine and considering the initial observations of tool insert failures obtained at
the preliminary stage of the preparatory experimentation conducted to establish the
practical boundaries of machining parameters and their ranges. In this design of
experiments, the axial point central composite design was adopted as the design of the
experiment.
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An AISI 1018 mild steel round bar of @55x300 mm was turned in this study. The
material has the yield and tensile strengths of 370 and 440 MPa, respectively. The
workpiece was checked for its surface hardness, and an average value of HRB 71 was
obtained. The chemical composition of the machined workpiece is shown in Table 2.

Extremely smooth coating surface prevents
abnormal damage and weld chipping.

Flat Al203

A flat layer of Al203, which delivers
excellent heat resistance and reduces
the progress of crater wear.

Microscopic TiCN

This microscopic layer of TICN, which
is known for its high wear resistance,
reduces flank wear.

Special carbide substrate

A layer of unprecedented toughness has been
retained thanks to newly developed technology.
This prevents the propagation of cracks during
intermittent cutting and ensures stable cutting.

Figure 1. Multilayer-coated insert (TNMG160404-MA).

Workpiece

Figure 2. Experimental setup: (a) general view; (b) closeup view
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Table 1. Cutting parameters and their levels.
Parameter Unit Level
Low Middle High
Depth of cut (D) (mm) 0.5 0.75 1
Feed rate (F) (mm/rev) 0.15 0.2 0.25
Cutting speed (VS) (m/min) 150 200 250
Table 2. Chemical composition of AISI 1080.
Element Carbon, Manganese, Phosphorous, Sulphur, Iron,
C Mn P S Fe
% 0.14-0.20 0.60-0.90 <0.040 <0.050 98.81-99.26
.I IR Temperature Monitoring = = ‘ = ‘
Temperature 2683 (deg C)
= ,
Infrared o Arduino U s Bvthon GUI R Microsoft
Thermometer - /r uine =ne - ython . Excel

Figure 3. Block diagram of the data acquisition system.

Lathe cutting inserts (TNMG160404-MA) from Mitsubishi Tooling were used in
turning. The inserts had multiple layers of coatings that consist of Al.Osz and TiCN
(Figure 1). This coating combination provides heat and wear resistance and helps
maintain the maximum tool life of the inserts. In addition, the cutting inserts contain a
chip breaker to control the chips during the cutting process. The technique of measuring
temperature using radiation is useful in obtaining the surface temperature of the
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workpiece, the chip, and the tool. Methods for measuring temperature based on radiation
are known as non-contact methods. In this study, an infrared sensor (Figure 2) compatible
with many microprocessors was used to measure the cutting temperature. A commercially
available infrared sensor (Melexis MLX90614) was mounted on a bracket in such a way
that it would not be damaged by the chips during cutting. The position of the sensor with
respect to the measured target was tuned with the help of a laser-based setting device. The
block diagram shown in Figure 3 represents the data acquisition system. The data
acquisition system is comprised of an infrared sensor to capture the cutting temperature,
a liquid crystal display (LCD) screen to display commands and cutting temperature, and
a microprocessor to control and manage the system. A Graphical User Interface (GUI)
was designed using Python. It was necessary to create a multithread in order to store the
temperature measurements in an excel file and display it on the LCD display.

RESULTS AND DISCUSSION

Table 2 shows the experimental combinations as designed according to the Taguchi
method. The workpiece surface temperature was monitored for each experiment run and
graphs were plotted for each run. Table 2 also shows the workpiece’s highest surface
temperature at the cutting zone for each run of the experiment. It is evident that the
workpiece’s highest surface temperature was recorded in Run #9 with a cutting speed 250
m/min, a 1-mm depth of cut and a feed rate of 0.2 mm/rev (Figure 4). A general
observation of all of the experimental runs indicate that the depth of cut and cutting speed
contribute largely to the surface temperature, while the effect of feed rate is intangible.
This could be attributed to the inability of the cutting inserts to maintain their sharp cutting
geometry at increased cutting speeds and feed rates. It was evident from the experiments
that the inserts maintained good cutting edges at different feed rates for the same cutting
speeds and feed rate values. In addition, there is a big chance that built-up edge (BUE)
was developed at the far edge at higher speed rates, resulting in more dull cutting edges
on the tool and consequently, higher cutting temperatures [16].

Table 2. Workpiece surface temperature.

Cutting Speed, Depth of Cut, Feed Rate, Temperature,

Run # (m/min) (mm) (mm/rev) (°C)
1 150 0.5 0.15 66
2 150 0.75 0.2 57
3 150 1 0.25 77
4 200 0.5 0.2 60
5 200 0.75 0.25 67
6 200 1 0.15 65
7 250 0.5 0.25 81
8 250 0.75 0.15 70
9 250 1 0.2 95

To validate the findings mentioned above, further experimentation was conducted
to confirm the effect of the cutting speed on the cutting temperature. Therefore, the depth
of cut was kept constant at 0.5 mm. It was found that that as the cutting speed increased,
so did the cutting temperature. Also, the same was observed when varying the feed rate
at a constant depth of cut. However, the effect of varying the depth of cut was established
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to be negligible when fixing both the feed rate and cutting speed. Since the cutting
temperatures are now known, it was necessary to correlate the temperature to the tool
wear [17]. An SEM was used to determine the flank wear on the cutting inserts. The flank
wear occurs on the tool flank as a result of friction between the machined surface of the
workpiece and the tool flank which resulted in the gradual chipping of the cutting edge.
Flank wear greatly affects the cutting process by increasing the cutting forces [18, 19].
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Figure 4. Temperature measurement in Run # 9.
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Figure 5. Flank wear for experimental run No. 9.

Figure 5 shows an SEM image of the cutting tool of experiment No. 9 which
employed the highest cutting parameters. In this run which resulted in the highest
temperature, the tool suffered the highest wear recorded in this study. The maximum flank
wear, in this case, is 199 um. This wear may be largely caused by the effect of the high
cutting speed used. The temperature measured for this experiment run was 95°C. The
dark areas on the flank’s face were a result of the excessive heat generated during
machining. One can conclude in this regard that with the increase in cutting velocity, the
flank wear increased as a result of fast chipping action influenced largely by high
temperatures and the lack of lubrication [20].

Figure 6 shows an SEM image of the cutting insert used for experiment 2 which
resulted in the lowest cutting temperature (57°C) with a depth of cut of 0.75 mm, a feed
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rate of 0.2 mm/rev and a cutting speed of 150 m/min. Only a flank wear land of 27 pum
width was obtained in this case. Therefore, one can conclude that low cutting
temperatures increase the life of tools. With a lower cutting speed, the friction is reduced
as a result of low cutting forces, and this will reduce the amount of heat generated.

Figure 6. Flank wear for experimental run No. 2.
CONCLUSIONS

A data acquisition system to monitor the cutting temperature in the turning operations of
a mild steel grade (AISI 10180) was successfully implemented. The system has proven
to be easy to use and provided sound results for data analysis purposes. In this study, it
was established that the depth of cut and cutting speed have larger effects on cutting
temperature compared to feed rate. When the tool was employed at highest cutting speed
and depth of cut, a maximum flank wear of 199 um was obtained, while the lowest wear
of 27 um was obtained at the lowest cutting speed and feed rate. A high feed rate;
however, causes uniform wear on the tool. It was shown that temperature has a direct
impact on flank wear and the life of the cutting tool. Therefore, cutting parameters need
to be properly and optimally selected to reduce the cutting temperature. However, there
has to be a balance between surface finish, processing time and tool wear.
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