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Abstract - Solid carbide drills are employed in the majority of today's drills because of their maximum dominance, which
is required for the irregular drilling cutting action. The increased wear of the equipment caused by the abrasion of
workpiece materials is a crucial explanation for the occurrence of damage. As a result, the drill must be modified on a
regular basis, which slows down the production process and raises the ultimate cost. Drill geometries are a crucial
factor in determining the uniformity of the hole that is being drilled. Considering drill size and work material
temperatures when cutting 153048 steel, the purpose of this work is to apply real-time tool condition monitoring (TCM) to

characterize drill tool performance offered to aid in the choice of the right tool for the required quality of the drilled hole

condition.
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1. Introduction

Heat cutting elevates the temperature in the focused
cutting zone [1]. This causes needless tool wear [2], lower
tool wear [3], and substandard machining precision, as
well as substantial heat [5-6]. The consequent high
temperature [7] shortens the instrument's life and impairs
its wear, uniformity, and quality. To optimize the drilling
operation, examine the sharp tool's temperature [8].
Cutting temperature projections were wrong in these tests
because the genuine tool-chip friction condition and
temperature decrease step were not considered [9]. When
cutting steel, high heat and abrasion caused quick tool
wear [10]—investigating cutting tool temperatures using
experimental, computational and theoretical methods. The
temperature in the drilling operation is examined in this
article to reflect on the tool life model [11-15].

2. Materials and Methods

As more and faster sensors are developed, in-situ
TCM gains favour in the industry. Little emphasis has
been paid to designing the frameworks for monitoring
tools for decreased complexity and better dependability.
The current research focuses on TCM when drilling
1S3048 steel with cemented carbide drill bits (Table 2).
Table 1 lists the chemical and mechanical attributes of
10-by-150-by-150-mm 1S3048 steel specimens.

Cutting temperatures are recorded using a FLIR E60
thermal infrared camera at a distance of 5 feet from the
workpiece and tool contact location as the cutting speed
and feed rate change. Spindle speeds ranged from 600 to

1200 rpm throughout the experiments, carried out on a
CNC vertical machining focus, as indicated in Figure 1.

Table 1. 1S3048 workpiece chemical and mechanical parameters

Chemical Composition Mechanical Properties
Ni 8.00~10.50 Modulus of 41.00
Cr 18.0~20.0 elasticity (%) '
Tensile (M/mm?) 520
c 0.09 Yield (N/mm?) | 206.01

GE \commtest V%y /
vibration anam' -

FLIR E60 THERMAL
CAMERA

Fig. 1 Drilling 1S3048 Steel in an Experimentation Setup

As shown in Table 2, the machining is done under
controlled circumstances with a variety of 7 mm & 3 mm
cemented carbide drills. The FLIR E60 Imaging system is
targeted during the milling process. For every pulse
interval, high-resolution thermal pictures are recorded.
Based on the orthogonal L9, the experiments were carried
out.
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Table 2. Specifications for the tools

Parameters Tool-A mm Tool-B mm
Length of the cutting edge 38 38
Shank Diameter 8 5
Length 165 100
Tool Diameter D7 @3
Table 3. Tool A @7 mm diameter
Test Rotational Feed (f) DOC, Temperature, Temperature, Temperature,
conditions speed (N) (mm/rev) d (T (T2) Ta
TC-1 600 0.5 8 171.6 172.6 85.8
TC-2 600 0.1 10 179.5 1755 89.75
TC-3 600 0.2 12 184.6 183.5 92.3
TC-4 900 0.5 10 191 189.5 955
TC-5 900 0.1 12 194 1935 97
TC-6 900 0.2 8 179 180.06 89.5
TC-7 1200 0.5 12 184.1 181.6 92.05
TC-8 1200 0.1 8 178.1 181.5 89.05
TC-9 1200 0.2 10 178 177.8 89
Table 4. Tool B @3 mm diameter.
Test Rotational Feed (f) DOC, Temperature, Temperature, Temperature,
conditions speed (N) (mm/rev) d (TD (T2) Ta
TC-1 600 0.5 8 158.9 157 79.75
TC-2 600 0.1 10 158.5 157.1 79.25
TC-3 600 0.2 12 160 160.5 80
TC-4 900 0.5 10 161.6 161.9 80.8
TC-5 900 0.1 12 165.1 165.5 82.55
TC-6 900 0.2 8 159.6 161.5 79.8
TC-7 1200 0.5 12 159.8 157.5 79.9
TC-8 1200 0.1 8 158.6 160.5 79.3
TC-9 1200 0.2 10 161.3 158.5 80.65

The data gained from the tests are displayed in
Tables 3 and 4.

3. Results and Discussion
Tool A and Tool B were analyzed and plotted based
on testing results.

3.1. Analyses Based On Temperature

Each test condition was created using the L9 taguchi
orthogonal method. According to Table 3, we have
compiled the results. An 1S3048 steel with measurements
of 150x150x10mm and solid carbide cutting tools with
diameters of 7 mm and 3 mm are used in the drilling
operation. By capturing temperature data and making
high-resolution images, thermal imaging evaluation is
done during the drilling operation. A set of two readings
were collected for every testing condition (From TC1 to
TC9) done on every tool for accuracy.

The temperature obtained with the FLIR EG60
Infrared image non-contact temperature measuring
equipment is clearly shown in Table 3. T1 and T2 are the
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beginning and ultimate temperatures, respectively. For
each test condition, the mean annual temperature (Ta) of
the first and end temperature readings is recorded. Table
4 presents the machining temperature readings for Tool
B's 3mm carbide cutting tool test.

The thermographic images below were acquired
using a 7 mm solid carbide tool. As illustrated in Figure
2, the carbide cutting tools used in machining are tested
in order to determine their working conditions. Figures
2—7 show the recorded thermal images for Tools A and
Tool B under test settings.

A L9 taguchi orthogonal approach was used to
produce each test condition. As stated in Table 3, the
findings have been tallied. In the drilling operation, an
1S3048 steel with dimensions of 150x150x10mm was
employed, along with solid cutting tools with diameters
of 7 mm and 3 mm. Thermal imaging assessment is
carried out through high-resolution images of the drilling
process by taking temperature measurements. For each
instrument, two readings were taken for each testing
circumstance (TC1, TC2,...TC9) to ensure accuracy.
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FLIR RECORDED - TOOL A

Fig. 4 TC2, T,=177°C

FLIR RECORDED -TOOL B

.

Fig. 6 TC1, T, = 158°C

TC2 and TCY7 test circumstances record temperatures
of 182°C and 177°C, respectively, Figures 4 and 5 show
how the temperature rises with tool diameter and Table 3
cutting parameters. Likewise, for Tool B with a 3mm
diameter, Figures 6 and 7 indicate recorded temperatures
for TC1 and TC4 test circumstances, where the
temperature at TC1 is 158°C, and the temperature at TC4
is 165°C. The data clearly demonstrates increases in
cutting parameters like speed, feed, and depth of cut. To
better comprehend the Tool A temperatures assessment in
relation to Tool B, the recorded information is shown in
the graphs illustrated in Figures 8 and 9.

3.2. Measurement of The Temperature Using Tool A

Figures 4 and 5 show the temperature spike tool
diameter as well as machining conditions (see table 3),
which clearly characterizes this relationship.

Fig. 7 TC4, T,=165°C

Temperature Analysis Tool A

200
195
190
185
180
175
170
165
160

TC1TC2TC3TC4TC5TC6 TC7 TC8 TC9

Fig. 8 An investigation of Tool A's temperature
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Analysis Tool B
166
164
162
160
158
156
154

165.15

TCL1TC2TC3TC4 TC5TC6 TC7 TC8 TC9
Fig. 9 Analysis of Tool B's Temperature

The minimum temperature reading is observed at TC1
of 1720C, which is the beginning condition of the tools
performing the drilling operation, as shown in Figure 8.
The diagnostic testing TC5 identified the highest
temperature during drilling because the L9 Orthogonal
Array was utilized to establish the optimal settings.

3.3. Measurement of The Temperature Using Tool B

The curve in Figure 9 is generated using the plotted
readings detailed in Table 4 on behalf of Tool B. TC5 has a
temperature of 1650C whenever the feed (f) at 0.5 mm, the
speed (N) is 9000 rpm, and the axial depth of cut (d) is 12
mm.

The minimum temperature reading is observed at TC1
of 1720C, which is the beginning condition of the tool
initiating the drilling operation, as shown in Figure 9.
Since the Taguchi L9 Orthogonal array was used to
develop the optimum settings, the studies looking at TC5
revealed the greatest temperature during the drilling
operation. The temperatures recorded are for a 3mm
diameter tool.

3.4. Comparative Temperature Analysis

As can be seen in Figure 10, Tool A has a
substantially higher temperature than Tool B. Because the
tooltip is in contact with the workpiece for a shorter period
of time with Tool A's 7mm diameter than with Tool B's
3mm diameter, the temperatures are greater.

Comparitive Vibration Analysis
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0.5/600/8 0.1/600/10 0.2/600/12 0.5/900/10 0.1/900/12 0.2/900/8 0.5/1200/12 0.1/1200/8 0.2/1200/10
Test Condition

= Horizontal Acceleration - A = Horizontal Acceleration - B

Fig. 10 Tool B's and Tool A temperatures Analysis
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As seen in Figure 10, Tool A has a significantly
greater temperature than Tool B. Tool A's temperatures
are higher than Tool B's because the tool tip's engagement
with the workpiece is shorter.

Under test settings TC-5 at 161°C and 165°C,
correspondingly, with such a speed (N) at 900 rpm, feed
(f) at 0.5mm, and cutting depth of 12mm, the highest
temperatures obtained for both tools are shown in Figure
10. Under test condition TC1, the starting temperatures of
both tools were also determined. The greatest temperature
is recorded around test condition TC5 for Tool A, which
has a diameter of 7 mm, as opposed to Tool B, which has
a diameter of 3 mm.

3.5. Cutting Temperature Models Developed Using Math

The cutting operation and tool condition are both
influenced by the amount of heat produced during the
metal-separating procedure. Feed, cutting speed, and
depth of cut all affect this. Changing tool diameters under
different cutting conditions might result in considerable
tool damage. To use the linear regression approach to
correct the tool temperatures, the following equation
model was created, as given in Eq (1),

AT = —-16 — 02t -1 +3.6d+ 10F + 0.02D +
0.008V (°C)

In numerical data, R? = 0.977.

Regulated R?=0.9.

Standard deviation = 5.26.

(i)

When cutting, the temperature rises by t minutes
(0C), and the temperature rises by V (speed), d (feed), and
F (depth of cut), correspondingly. It has been proven
using a linear model that tool diameters and cutting
circumstances, such as cut and feed rate speed, have a
favourable influence on tool temperature rise. Cutting
temperatures are influenced by cutting conditions that
modify the diameter of the cutting tool.

Z8ku

Fig. 11 Microstructure of Tool A
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Fig. 12 Microstructure of Tool B

3.6. Microstructural Analysis

Figure 11 also shows microstructure images of the
petal areas for drilled holes. Insufficient temperature
increase, which results in inadequate material softening,
shatters the workpiece material and produces material loss
from the drilling surface in the surface area, as shown in
the microstructure view of the drilling tools for solid

Furthermore, the presence of porosities in the petal
area of a drill tool with a diameter of 3 mm demonstrates
the drilling tool's inadequate penetrating of the softened
material.

Regarding the drilling process, which is the first step
in the metal removal process, and the tool wear of the
drill tool as a result of thermal variations in various
machining parameters. The built-up edges are produced
beside the flank and affected machining because of the
low thermal conductivity of 1S3048 steel, which causes
significant heat generation along the drilled hole. Figure
12 illustrates a microstructural image of the drill tool tip
area, which reveals severe tool wear.

4. Conclusion

Maintaining a consistent temperature profile along
the rake surface of a machining operation is critical
because it affects cutting durability as well as the type of
machined object being produced. Experiments revealed
that a tool with a larger diameter generates more than a
tool with a smaller diameter. Because of the larger
abrasive contact zone in Tool A, the temperature is
higher than in Tool B. The temperatures tend to climb at
TC5, with a speed (N) of 900 rpm, a flow rate (f) of
0.1mm, as well, as a cutting depth (d) of 12 mm, both in
cutting tools, according to the experimental design. The
temperature had a huge impact on tool condition when it

carbide with 7 mm diameter.

created throughout the workpiece and the workpiece
material does not soften correctly, the material is ruptured
in the third stage, when the drilling tip pierces the
softened material.

was combined with regularised, optimum cutting
conditions.
In other words, because adequate warmth is not

This study examined the influence of different tool
diameters on temperature distribution in the contact zone
as a function of cutting variables such as cut and feed rate
and depth of cut.
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