friried applied
e sciences

Article

Influence of Circular Saw Blade Design on Reducing Energy
Consumption of a Circular Saw in the Cutting Process

v 2

Jan Svoreni, Lubomir Nasca

check for
updates

Citation: Svoren, J.; Nasc¢ék, L.;
Barcik, 8.; Koleda, P; Stehlik, 5.
Influence of Circular Saw Blade
Design on Reducing Energy
Consumption of a Circular Saw in the
Cutting Process. Appl. Sci. 2022, 12,
1276. https://doi.org/10.3390/
app12031276

Academic Editor:
Amjad Anvari-Moghaddam

Received: 21 December 2021
Accepted: 21 January 2022
Published: 25 January 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

k, Stefan Barcik, Peter Koleda * and Stefan Stehlik

Department of Manufacturing and Automation Technology, Faculty of Technology, Technical University
in Zvolen, 960 01 Zvolen, Slovakia; svoren@tuzvo.sk (J.S.); nascak@tuzvo.sk (L.N.); barcik@tuzvo.sk (5.B.);
xstehlik@is.tuzvo.sk (5.5.)

* Correspondence: peter.koleda@tuzvo.sk

Abstract: Optimal cutting conditions, which lead to a high quality of the machined surface and low
energy consumption, are crucial for wood processing. This paper describes the effect of feed speed,
cutting speed and mean chip thickness on energy consumption and saw blade surface temperature
during the spruce (Picea excelsa) cutting process. In the experiment, the energy consumption and the
surface temperature of the saw blades were measured to find the optimal cutting conditions for the
energy-efficient cutting process. The surface temperature of the circular saw blade was monitored
online using a non-contact infrared sensor connected directly to a PC via a USB connector. The
results show that the cutting power and the surface temperature of the circular saw blade increased
with increasing feed speed. The lowest values of cutting power were shown by the saw blade
CSB3. Compared to the classic CSB1 circular saw blade, the values were lower by 8%. The surface
temperature of the circular saw blade is highest at the outer edge (area of the heel of the teeth),
and decreases towards the center of the circular saw blade. For an identical mean chip thickness,
energy-efficient cutting was achieved at a feed speed of 21 m/min. There must be a trade-off between
machine productivity and energy consumption. Monitoring the cutting process of circular saws using
intelligent sensors is the way to adaptive control systems that ensure higher quality of the machined
surface and cost-effective machining.

Keywords: circular saw band design; energy consumption; cutting; temperature

1. Introduction

Circular saws are the most used machines in the primary and secondary industries of
processing wood and wood materials. They are intended for transverse cutting (cutting
in the direction perpendicular to the fibers) and slitting (cutting in the direction of the
wood fibers). They occur mainly in sawmills, resawings, or in workshops to produce wood
products as secondary equipment that cut and treat wood. They are mostly edging saws,
ripcut circular saws, multi-blade ripsaws, multi-blade cross-cut circular saws, parallel
pendulum saws, sliding table saws, and CNC panel saws [1]. Transverse cutting operations
are divided into two types: transverse cutting to the preliminary dimension and transverse
cutting to the final dimension [2]. When using forest wood resources, cross-cutting to a pre-
liminary dimension is often used, such as cutting a tree for logs and production of various
wood products. Research on reducing energy consumption in wood processing machines is
carried out by introducing innovations in cutting mechanisms [3-5], drives [6-8], or control
system. The authors of [9] reported that lower values of cutting power were measured in
transverse cutting of balks of coniferous (Spruce) than in deciduous wood (Beech). The
rake angle (—5°; 0°; 20°) has a great influence on the cutting power. The lowest values of
cutting power were achieved at different feed rates for the rake angle of 20°. The authors
of [10] also reported the different influence of coniferous (Spruce) and deciduous wood
(Beech and Oak) on the cutting power in cross-cutting of boards.
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Thus far, little attention has been paid to the research of the cutting process in pri-
mary applications of wood processing (lumber production). Optimal woodworking in
terms of energy efficiency and high cutting accuracy (waviness of the machined surface)
plays an important role in cost-effective lumber production and investment in technical
development. Energy consumption and waviness increase with increasing feed speed and
cutting height [11,12]. Among several monitored parameters, the thickness of the chip and
the cutting direction have the greatest influence on the main cutting force. Other param-
eters, such as wood density, wood moisture, and cutting wedge rake angle, had a lower
effect. Most of the research on the cutting process is focused on secondary applications
of wood processing (production of wood products). Research of optimal woodworking
conditions [13,14] has shown that the cutting process is influenced by three basic factors:
type of wood, technical equipment, and coefficient of wood moisture. The process of
sawing wood is influenced by specific properties of the workpiece (material—hard or soft
wood, agglomerated materials DDT, MDF, or plywood, moisture, density, temperature,
etc.), circular saw blade (rake angle v, clearance angle «, cutting wedge angle (3, cutting
speed vc, etc.), feed (feed speed vf, cutting height H, overlap f, etc.), and a combination
of factors. The effect of these factors has been investigated on energy consumption by the
authors of [15-23]. When using circular saws, the waviness of the machined surface is
affected by cutting parameters such as cutting height and feed speed. Other factors that
affect the waviness of the machined surface are the dynamic behavior, oscillation, and
deflection of the saw blade from the cutting plane [1]. Research of the effect of vibration
and deflection of the circular saw blade on the waviness of the machined surface has not
yet been sufficiently carried out except for a few works [11,24-28]. One of the factors that
influences the oscillation and deflection of the saw blade is its heating in the tooth part
during the cutting process. The most significant obstruction during cutting is its aberration
(deformation) in a plane [29]. The effect is only caused by compressive stress in the circular
saw blade, which is dependent on the temperature distribution. Knowing the accurate
temperature distribution is one of the main points to solve the problem. The measurement
of the tool surface temperature during a high cutting speed (vc = 50-100 m/s) is not easy.
The thermocouple method (copper—constantan) with a diameter wire of 0.125-0.15 mm was
used [30-32]. The measuring of the temperature of the circular saw blade body with the
infrared thermometer is published by authors [33—41]. The simulation of the temperature
cutting process by means of a digital computer was used in [42].

Optimal machining of wood and wood materials is a multi-parameter problem when
low energy consumption, low noise emission, and low dust emission are required versus
high cutting accuracy, tool life, and high productivity of the cutting process. The main goal
of this article is to determine the influence of the circular saw blade design on the energy
consumption of the circular saw. The range of the monitored feed and cutting speeds was
designed to suit extreme cutting conditions in secondary wood processing. The influence of
cutting parameters on the energy consumption and the heating temperature of the circular
saw blade was investigated.

2. Materials and Methods

Samples of spruce wood (Picea excelsa) with dimensions of 1500 x 300 x 25 mm
(L x W x H) were used in the experiment. They were cut into boards and then processed
to the exact thickness of 25 mm by one-sided thicknessing planer. The measurement of
the moisture content was performed with a Greisinger electronic device type GHH 91
(Figure 1). The average moisture content of samples was 7% with a standard deviation
of 0.3%.

For the experiment, three saw blades with cemented carbide cutting plates for wood
machining (Stelit s.r.o Trenc¢in, Slovak republic) were used as tools. The material of the
body circular saw blades was the steel (DIN 75Cr1, EN 1.2003). Teeth of circular saw blades
are fitted with inserts of cemented carbide and are alternately diagonally grinded. The
structural differences of the circular saw blades are shown in Figure 2. Circular saw blades
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(CSB) were different in the width of the cutting plates and in the surface treatment. CSB1
had an uneven tooth spacing, cemented carbide cutting plates were soldered on its teeth,
and it had no surface treatment. It had radial and compensating slots, which are terminated
by holes and filled with copper threads (Figure 2a). CSB2 differed from CSB1 only in the
width of the plates ST = 3.8 mm (Figure 2b). CSB3 as well as CSB1 had an uneven tooth
spacing, radial and compensating slots in the body, which are terminated with holes and
filled with copper threads, and surface treatment. The surface of the CSB3 was altered
powder coating RAL 9006 (Tiger LACQUER SLOVAKIA Ltd., Pezinok, Slovakia). It was
coated in the company K-system Ltd. (Kosorin, Slovakia) from both sides with a thickness
of 100 um and fired in a kiln at a time of 20 min at a temperature of 192 °C (Figure 2c).
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Figure 1. (a) Example of the location of humidity measuring points on the sample; (b) device for
measuring humidity.
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Figure 2. The structural differences of the circular saw blades used for experimental measuring:
(a) CSB1, (b) CSB2, (c) CSB3.

The basic parameters of the used circular saw blades for experimental measuring are
in Table 1.
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Table 1. The basic parameters of the used circular saw blades.

Parameters CSB1 CSB2 CSB3
Circular saw blade diameter (mm) 350 350 350
Clamping hole diameter (mm) 30 30 30
Number of teeth (—) 36 36 36
Body thickness (mm) 24 24 24
Length of the cutting edge (mm) 4.0 3.8 4.0
Tooth height (mm) 13 13 13
ar=15°
Tooth geometry Bs = 65°
"yf =10°

A full factorial experimental design resulted in nine different machining conditions
(Table 2). The experiment was conducted with six replicates for each treatment.

Table 2. Rotational speed, feed speed, and cut height for the nine cutting conditions. Also listed is
the corresponding average chip thickness.

Condition Rotational Feed Speed Cut Height Average Chip
Number Speed (rev/min) (m/min) (m) Thickness (mm)
1 4050 14 0.025 0.065
2 4100 14 0.025 0.064
3 4150 14 0.025 0.063
4 4050 21 0.025 0.098
5 4100 21 0.025 0.096
6 4150 21 0.025 0.095
7 4050 28 0.025 0.130
8 4100 28 0.025 0.128
9 4150 28 0.025 0.127

The average chip thickness in orthogonal cutting and parallel to the fiber direction
with a circular saw blade (Figure 3) is defined according to [1]:

taip = e x (VO—H-f+JO=P D) )

where t;, is the average chip thickness (mm), vf is the feed speed (m/min), v, is the
rotation speed (rev/min), z is the number of teeth, D is the tool diameter (mm), H is the
cutting height (mm), and f is the override (mm).

Figure 3. Representation of the mean chip thickness, cutting trajectory through the plate thickness,
and kinematic cutting.
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The whole experiment was carried out on an experimental single-shaft circular saw,
which is located in the laboratory of the KVAT Faculty of Technology in the development
workshops of the Technical University in Zvolen. The main purpose of using this machine is
the production of wood semi-finished products and experimental research. The machine is
of a compact construction; the main supporting part of the whole machine is a frame, which
is welded from a plate steel material. The circular saw-cutting mechanism assembly is
attached to the frame by screw connections. The high-speed part of the cutting mechanism
(shaft) is mounted in radial ball bearings in the bearing housings. The feeding mechanism
of the circular saw consists of a belt conveyor and an upper roller feeder MW 102 (TOS
Svitavy a. s., Czech Republic). The feed speed of the belt conveyor is continuously variable
in the range of (4—40) m/min. The feed speed of the upper roller feeder is gradually variable
by means of a gearbox in the range of (4-34) m/min. The moving parts of the machine are
mounted in plain bushes or ball bearings. The drive of the circular saw shaft is ensured
by an electric motor, pulleys, and V-belts. The electric motor has a power of 5.5 kW and
speed of 2910 rev/min. A smooth change of shaft speed is ensured by using a frequency
converter (VONSCH s.r.o Brezno, Slovakia). The circular saw was connected to a mobile
sawdust extractor type U 1500.

The power measurement was realized by the frequency converter, while the active
power input without losses and the power of the electric motor were evaluated from
the current, voltage, and efficiency of the electric motor. Recording of measured power
quantities could be read, displayed, and saved on an external computer via VDS software
(Vonsch Drive Studio, Brezno, Slovakia). This measuring device generated 20 power values
per second. Individual cuttings of the samples lasted more than 3 s. All measurements
have already considered the values during idling before and after cutting.

Cutting power is calculated based on the relationship:

P = Pc — Pcy (W), (2)

where Pc is total power during sawing (W) and P¢g is power during idling (W), calcu-
lated as:

PC = UC IC cos ¢ (W), (3)
and:

Pco = Ucg Ico cos ¢ (W), )
where Uc and U are voltages during sawing and idling (V), I¢ and I are currents during
sawing and idling (A), and cos¢ is the power factor.

The temperature distribution in the circular saw blade is determined by the following

factors: friction in the cutting process and heat dissipation from the saw blade surface. The
differential equation determining the temperature distribution is given by the expression:

1ap @ 10

Kot a2 Txar O ©)
The terms in the Equation (5) are as follows:
_ A _ 2« _ 2
= n=s B=—"" (6)

where A is the thermal conductivity of steel (W/m/K) (for steel = 50), a is the thickness of
the circular saw blade (m), T is time (sec), r is the radius of the circular saw blade (m), c
is the specific heat (J/kg/K) (for steel ~ 469), p is the density (kg/m?) (for steel ~ 7800),
w is the coefficient of heat transfer (W-m?/K) (for air 10-500), « is the thermal diffusivity
(m? /) (for circular saw blade steel &~ 0.049), Q1 is the quantity of heat generated at the unit
surface area by friction in time unit, ® is the temperature difference between T and T on a
certain place, T is the temperature of this place (K), and T is the temperature of the air (K).
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For measuring the temperature, Pixsys/Calex PUA8-CF sensors were used. They are
industrial infrared contactless temperature sensors with standardized current output and
USB connection. It is possible to set values such as measuring range corresponding to
analog output, emissivity, etc. The sensor works with a connected analog output (powered
by a Pixsys power terminal) or with a connected USB, or with both outputs connected. The
parameters of the temperature sensor are given in Table 3.

Table 3. Temperature sensor parameters.

Parameter Value
Power supply 6...28 Vss
Measuring range —40 ...+ 1000 °C (adjustable)
Output 4...20mA, USB
Optika 30:1
Emissivity Adjustable via USB and computer
Spectral range 8...14 um
Accuracy +1% of value or & 0.5 °C (whichever is greater)
Housing operating temperature 0...+70°C
Response time 240 ms (90%)
Dimensions @25 x 106.5 mm
Mounting Thread M20 x 1
Coverage IP65
Case material Stainless steel AISI304

The infrared thermometer uses the law of Stefan—Boltzmann for the temperature
calculation (Lévesque 2014), which is given by the equation:

[=e¢0 (T4 - T{}) (V/m2), @)

where I is the heat energy (W/m?), ¢ is the emissivity, ¢ is the Stefan-Boltzmann constant
(W/m?2/K*) (5.6703-108), T is the temperature of the measured body (K), and Tj is the
surrounding temperature (K).

3. Results and Discussion

The measured values of the power input of the circular saw electric motor, as well as
the values of saw blades surface temperature, were pre-processed in the program Excel.
The values of the cutting power were further processed in the program Statistics 12. The
figures showing the dependence of the cutting power on the individual parameters show
the mean values from six repeated measurements. The figures showing the dependence of
the surface temperature of the saw blades on the individual parameters show the mean
values from two repeated measurements.

3.1. Consumption of the Cutting Power

The results of the processing of the cutting power values in the program Statistica 12
are given in Table 4.

Table 4. Analysis of variance showing the influence of the circular saw blade, feed speed, and rotation
speed on the cutting power.

Cutting Power

Parameter F Value p Value
Feed speed 526.24 0.000
Rotation speed 30.57 0.000

Circular Saw Blade 19.44 0.000
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The Statistics 12 program shows that all considered cutting factors have a significant
effect on the consumption of cutting power at a significance level of 0.95. More precisely,
the design of the circular saw blade, the feed speed as well as the rotation speed affect
the value of the cutting power. According to Statistica 12, the feed speed was the factor
that had the greatest impact on cutting performance. Rotation speed was the second most
important factor influencing the cutting power. Figure 4 shows the effect of the feed speed
and circular saw blade design on the cutting power. Increasing the feed speed from 14
to 21 m/min significantly reduced the cutting power by 10%. Increasing the feed speed
from 21 to 28 m/min significantly increased the cutting power by 39%. Similar results
were reported by the authors of [11]. The modified design of the CSB3 circular saw blade
compared to the classic (unmodified) design of the CSB1 circular saw blade reduced the
cutting power values of 8.0%.

3400
3200
3000
£ 2800
)
g
& 2600
o
£
3 2400
2200
Blade
&1
2000 52
%3
1800
14 21 28 14 21 28 14 21 28
Feed Speed (m/min) Feed Speed (m/min) Feed Speed (m/min)

rpm 4050 rpm 4100 rpm 4150

Figure 4. Effect of the feed speed and the design of the circular saw blades on cutting power.

Figure 5 shows the effect of the cutting speed and circular saw blade design on the
cutting power. The figure shows that the cutting power increases with an increasing feed
speed for all circular saw blade designs at the feed speed used. The increase of speed within
range of (4050-4150) rev/min caused an increase in cutting power of 11%. However, this
finding contradicts [22], where the problem is discussed that a higher cutting speed can
reduce the cutting power. The authors justified this by the fact that there is a reduction in the
tool-workpiece friction and changes in lignin in the cut area. Some other scientists [12,14]
stated in their work that the cutting speed did not have a significant effect on the cutting
power. These conclusions correspond well with the results obtained in our experimental
measurements.

The critical factor in the sawing process on a circular saw is the average chip thickness.
It has a significant effect on cutting power and dust emissions. Figure 6 shows the effect of
the mean chip thickness and circular saw blade design on the cutting power.
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Figure 5. Effect of the rotation speed (rpm) and the design of the circular saw blades on the cut-
ting power.
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Figure 6. Dependence of the cutting power on the mean chip thickness at all nine cutting conditions.

From Figure 7, the circular saw blades CSB1, CSB2, and CSB3 had the lowest cut-
ting power at a mean chip thickness of 0.097 mm, which corresponded to a feed speed
of 21 m/min. The cutting power increased with decreasing mean chip thickness up to
0.063 mm, which corresponded to a feed speed of 14 m/min. The authors of [15,21] also
mentioned this important phenomenon in their works. The highest cutting power of
all three circular saw blades was measured at a mean chip thickness of 0.13 mm, which
corresponded to a feed speed of 28 m/min. The cutting power generally increases with
increasing mean chip thickness from a certain value, which depends on the cutting param-
eters. The results of our experimental measurements are consistent with [12,16,18]. The
cutting power values were different for each circular saw blade, the lowest values had
CSB3, slightly higher values CSB2, and the highest values CSB3.
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Figure 7. Dependence of the circular saw blade surface temperature on the feed speed at a shaft
speed of 4050 rev/min: (a) CSB1, (b) CSB2, and (c) CSB3.

3.2. Circular Saw Blade Surface Temperature

The adverse effect of the heating of the circular saw blade in the cutting zone and, thus,
the resulting temperature difference between the central hole and the edge of the circular
saw blade caused increasing variability in the cutting process [31]. The author of [36] also
emphasized that the temperature differences of the circular saw blade between the edge
and the center hole have a fundamental effect on its rigidity. Therefore, it is necessary
to measure the temperature of the circular saw blade both at the tim, in the middle of
the radius, and at the center hole. This demonstrates the heating and cooling principles
of the circular saw blade. For experimental measurements of the surface temperature of
circular saw blades, the non-contact method was used by means of an infrared sensor
Calex PUAS-CF. The temperature sensor was set to three positions relative to the center of
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the circular saw blade, as shown in Figure 8. When changing the cutting parameters, we
obtained 54 data files for each circular saw blade. From the temperature values obtained
under the same cutting conditions, we calculated the arithmetic mean.

155
1 2 /7
| I
L1] _
| £
L_2<D 9
>
L3l 2o \
1 Q0o o
O < v N x
= | 5S )
c w =2 n n
S | =5 )
w (]
oL | 2>
2z |55
>

L
L

Figure 8. Scheme of a circular saw, including a device for measuring the cutting power and the
surface temperature of the circular saw blade.

1—frequency converter (UNIFREM 400 007 M), 2—sine filter (SKY3FSM25), 3—control
panel with digital display connected to the frequency converter via the RS232C serial
interface, 4—electric motor, 5—V-belt transmission, 6—frame circular saw with a shaft
mounted in radial bearings, 7—saw blade with clamping flanges, 8—three positions of the
Calex PUAS8-CF temperature sensor, 9—laptop.

Figure 9 shows the temperature change during one cutting cycle. The terms ATg, ATy,
and ATy represent the maximum values of the saw blade temperature at the center hole,
at the center of the radius, and at the edge after cutting process. The symbol At is defined
as the time required to reach the temperature of the circular saw blade after the cut to a
constant value.
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Figure 9. Experimentally measured values of CSB2 surface temperatures. (Feed speed = 21 m/min,
rotation speed = 4100 rev/min).
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Figure 10 shows the dependence of the surface temperature of the circular saw blades
on the feed speed at a shaft speed of 4050 rev/min.
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Figure 10. Dependence of the circular saw blade surface temperature on the distance of the sensor
from the saw blade axis at a shaft speed of 4100 rev/min: (a) CSB1, (b) CSB2, and (c) CSB3.

As we can see from Figure 10, the surface temperatures of the circular saw blades CSB1
and CSB2 had values at about 21 &+ 0.5 °C at the sensor position of 65 mm from the shaft
axis (near the flanges). These temperatures increased slightly with increasing feed speed to
values of 23-24 °C. Based on experimental measurements, the authors of [30,40,41] reported
similar temperature values in the range of 22-24 °C for the area of clamping flanges. At the
position of the temperature sensor of 110 mm from the shaft axis, the surface temperatures
of the discs have already increased significantly to values of 24-25 °C. These temperatures
also changed with increasing feed speed. At the last position of the sensor closest to the
heel circle of the teeth (R = 155 mm) from the shaft axis, the surface temperature of the discs
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reached 32-34 °C. The authors of [35] stated a temperature value of 33 °C for the area of
the heel circle of teeth. This area of the circular saw blades was most affected by the change
in feed speed of all three areas. The temperature gradient created at CSB2 is 41-32 °C, and
42.6-34 °C at CSB1. The circular saw blade CSB3, which had a powder-coated coating
applied to the surface, differed significantly in temperature from CSB1 and CSB2, mainly
in the area (R = 155 mm). The highest temperature gradient between the areas (R = 155 mm
and R = 65 mm) is at a feed speed of 28 m/min for all circular saw blades. For CSB1 this
value is 18.9 °C and for CSB2, it is 17.6 °C. Comparing the temperature gradient for CSB3
(3.1 °C), there is a big difference between CSB1 and CSB2. This difference in temperature
gradient may be one of the parameters that causes the different dynamic behaviors of CSB3.

In Figure 11, we can observe the dependence of the temperature on the surface of the
circular saw blades from the distance of the temperature sensor from the axis of the saw
blades (shaft) at a speed of 4100 rev/min.
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Figure 11. Influence of the average chip thickness on the surface temperature of the saw blade:
(a) CSB1, (b) CSB2, and (c) CSB3.

Comparison of Figure 10 (a) CSB1, (b) CSB2, and (c) CSB3 in terms of the temperatures
at individual positions of the sensor at a shaft speed of 4100 rev/min showed a large
temperature difference between circular saw blades CSB1 and CSB2 and circular saw blade
CSB3 on the sensor position 155 mm from the shaft axis. As we can see in Figure 10a,b, CSB2
had lower temperature values than CSB1 at each feed speed (0.7-1.5) °C. This temperature
difference can be explained by the shorter cutting edge length of 1 = 0.2 mm at CSB2. At
the temperature sensor distance of 100 mm from the shaft axis, CSB1 and CSB2 had almost
identical results. The same applies for the temperature sensor distance of 65 mm from the
shaft axis. For CSB1 and CSB2, there is a large temperature gradient between the 155 mm
and 110 mm positions. From Figure 10, we see that the temperature gradient between
the sensor positions 155 mm and 65 mm is not uniform; it has most likely an exponential
dependence. When comparing all three circular saw blades, the course of the temperature
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gradient is similar, but the CSB3 differs in the lower temperature values at each position of
the sensor.

In Figure 11 (a) CSB1, (b) CSB2, and (c) CSB3, we can see the dependence of the surface
temperature of the circular saw blades on the average chip thickness, at the three positions
of the temperature sensor. At a feed speed of 14 m/min, which corresponded to a value of
the mean chip thickness in the range of (0.063-0.065) mm, the temperature slowly increased
with decreasing mean chip thickness for all three positions of the temperature sensor. We
noticed a similar phenomenon in the dependence of the cutting power values on the mean
chip thickness. Based on these results, we can say that the values of cutting power as well
as the surface temperature of the circular saw blade are significantly influenced by the
parameters of the cutting process. At feed speeds of (21-28) m/min, this phenomenon
was repeated.

4. Conclusions

This paper assesses the effect of the feed speed, cutting speed, tool construction, and
mean chip thickness on the cutting power and circular saw blade surface temperature
during the spruce (Picea excelsa) cutting on an experimental single-shaft circular saw. The
main goal of the research was to achieve sustainable (acceptable) woodworking with the
lowest energy consumption. Emphasis was placed on performing experiments under
cutting conditions that occur in the secondary wood processing industry, to better study
the harsh cutting conditions. In addition, the surface temperature of the circular saw blades
was measured, which is a significant factor influencing the dynamic behavior of the saw
blade in the cutting process. The role of the mean chip thickness in the cutting process,
which represents the combined effect of several cutting factors as a critical factor, was also
investigated. Future research should focus on extending the experiment to a wood cutting
process with a higher moisture content (raw wood).

The influence of the feed speed on the cutting power was in accordance with the data
reported in the literature by several authors. Based on the measurement results, the value
of the cutting power decreased in the feed speed range of (14-21) m/min. In the feed speed
range of (21-28) m/min, the value of the cutting power increased. These data show that
the lowest value of the cutting power at the given cutting parameters was achieved at a
feed speed of 21 m/min for all circular saw blade designs and cutting speeds. Regarding
the role of the circular saw blade design, we can see that the lowest value of the cutting
power at the given feed speed was shown by the circular saw blade CSB3. Compared to
the classic (unmodified) circular saw blade (CSB1), it showed cutting power values that
were 8% lower.

The influence of the feed speed on the values of the circular saw blade surface tem-
perature confirmed the dependences which are presented in scientific articles by several
authors. As can be seen from the measurement results, the circular saw blade surface
temperature increases the most at the edge of the circular saw blade depending on the
feed speed. The maximum temperature difference for uncoated CSB1 and CSB2 circular
saw blades is T = 8.5 °C. The temperature difference of 3 °C was in the middle of the
radius of these circular saw blades and a difference of °C was around the flanges. The
temperature difference at the coated (modified) CSB3 circular saw blade is T = 0.5 °C at
all three positions of the temperature sensor. The course of the surface temperature of the
circular saw blades has an assumed exponential course from the edge to the area of the
flanges. The individual circular saw blades differ from each other only in the size of the
temperature drop. For the CSB1 circular saw blade, the temperature drop was AT = 18.9 °C;
for the CSB3 circular saw blade, it was AT = 3.1 °C. This large difference in the temperature
gradient of the two circular saw blades is probably the reason for the change in the dynamic
behavior of CSB3 in the cutting process, which was finally reflected in its lowest values of
cutting power.

The influence of the size of the average chip thickness on the values of the cutting power
and the surface temperature of the circular saw blades is evident from Figures 7 and 11. With
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an increasing value of the mean chip thickness in the range of 0.063-0.098 mm, the cutting
power in the cutting process decreases for all three saw blades. In contrast, in the range
of the mean chip thickness of 0.098-0.131 mm, the cutting power in the cutting process
increases for all three circular saw blades. Under the given cutting conditions, all three
circular saw blades showed the lowest values of cutting power at a mean chip thickness
value of 0.01 mm. With a decreasing mean chip thickness value due to a change in cutting
speed in the range of 0.063-0.065 mm, the surface temperature of the circular saw blades
during the cutting process increases at all temperature sensor positions. The same applies to
the ranges of 0.096-0.098 mm and 0.127-0.131 mm. With an increasing mean chip thickness
value in the range of 0.065-0.131 mm, the surface temperature of the circular saw blades in
the cutting process increases at all temperature sensor positions.
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