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Abstract: Finding new wood resources is a permanent challenge nowadays, especially due to the fact
that there is a crisis of these resources through the continuous degradation of forest areas that can
be exploited. In this general context, the use of spruce (Picea abies L.) branches to create panels with
a transverse texture becomes the main purpose of this research. Going beyond the current stage of
research in the field, this research highlights the particularities of cutting panels with a transverse
texture made from spruce branches, especially due to the cutting direction compared to the wood
grain. In addition to the activities of collecting and sorting the branches, processing and joining,
in order to obtain dimensionally stable panels, the workability of these panels with a transverse
texture represents a new challenge in this field. The work methodology was based on the effective
measurement of the cutting and advance power during cutting with a circular blade. The obtained
results referred to the comparison of 10 working regimes from the point of view of the electrical
power consumed, according to the two main parameters taken into account, which are the rotational
speed of the circular blade and the advance speed. The final conclusion of the work highlighted the
fact that the processing of panels with a transverse structure requires specific work regimes, namely
an optimal regime of electric consumption of 2.2 kW, at a cutting speed of 79.2 m/s and an advance
speed of 3.7 m/min.

Keywords: transverse-textured panel; branches; Picea abies; spruce; circular blade; cutting power;
advance speed; rotation speed; mechanical work

1. Introduction

The branches of different trees, whether from the forest or from orchards, have been
used over time for different household activities as the simplest form of use. In this sense,
in addition to the classic use as firewood [1,2], these branches were used for fences and
other types of enclosures, small shelters for birds and domestic animals, classic floors and
subfloors, roofing felt, etc. [3-5]. A more efficient use of branches is that in the industry of
agglomerated composite boards such as boards made of wood chips, as raw material, from
which chips superior in quality to other types of lignocellulosic resources are obtained [4,6-9].
That is why branches are considered a basic raw material in the chipboard, wood paper and
fiber industry, with timber [10,11] having the percentage of participation in a raw material
recipe/consumption of over 50%.

The physical-mechanical properties of the wood from the spruce (Picea abies L.)
branches are similar to the wood from the trunk [12-14], with the exception of the fact
that they contain a lot of compression and tension wood [15-17]. However, some chem-
ical differences [18-20] have been sporadically reported [21-23]. Based on international
standards [24,25], many branch properties [26,27] and its qualities were determined [28,29].
The compression wood from the spruce branches is less homogeneous, has areas with
different densities within it and swells and contracts differently [30-32]. That is why, when
forming the prisms from the spruce branches, it is recommended to use the prism with
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compression wood on the same panel [8,9], in order to obtain stable panel structures. The
panel structures made of branches can have sides with the longitudinal texture of the
wood, or with the highlighting of the transverse texture of the wood [9]. Despite the fact
that the transverse structures are less stable and subject to multiple cracks, they present a
pleasant appearance, and the highlighting of the cracks sometimes considerably increases
the aesthetic appearance of the panel [9,33].

From a microscopic point of view, the diameter of the cell, the thickness of the cell wall
and the diameter of the lumen of the axial tracheid of Scots pine [8] are much smaller in the
branches than in the trunk. Also, the density and other chemical and mechanical character-
istics of pine are different from those of spruce, which make pine much more difficult to
be processed than spruce. Contrary to the data from the specialized literature [18,19], the
number of vessels per surface unit is about 25% higher than those in the trunk. Regarding
the volume of medullary rays that exist in the branches, it was found that they do not differ
significantly compared to the trunk area, even if there is a slight tendency to increase. From
a macroscopic point of view, a slight increase of about 10% in the density of the branches
compared to that of the trunk was found, especially due to the compression wood [12]
with a higher percentage of late wood [9]. Although the branches are considered woody
remains [33], they are ecological [34-36], and the procedures for processing and using them
belong to eco-design procedures [36-38].

During the processing of softwood branches, in order to create panels with a transverse
texture, a number of disturbing factors must be taken into account, such as the use of prisms
with the same dimensions within a panel [9], the prisms should not have longitudinal faces
with the heart on them and to use strong adhesives for gluing the prisms in the panel (to
eliminate the possibility of cracks and deformations) [39,40]. Several researchers [40—43]
have studied the machinability of branch wood and panels obtained from wood branches,
but no researchers have studied the panels that use the transverse texture of the spruce,
even more, the cutting of them with circular discs.

The critical analysis of previous researches in the field showed that there are no studies
related to the cutting of panels with the transverse texture of the wood from the spruce
branches. This work is the continuation of two other previous papers, which presented the
technology and the properties of traversed-texture boards obtained from spruce branches.
Therefore, the aim of this work is the cutting of panels with a transverse texture, made
from spruce branches, on circular saws. In this sense, the main machinability parameters,
specified to this kind of panel, would be the panel cutting parameters (such as the cutting
power, advance power, cutting force, specific mechanical work of cutting, etc.), but also the
influencing factors of the processing (such as the advance speed and the cutting speed).

2. Materials and Methods
2.1. Theoretical Aspects

The wood chipping process, including cutting panels with a transverse texture, is
generally valid for the processing of all wood species, but with some particularities specific
to the direction of longitudinal-parallel, longitudinal-perpendicular and transverse pro-
cessing. When cutting panels with a transverse texture, the longitudinal-perpendicular
cut is identified (Figure 1), with a direct influence of the joining areas of the branches.
Therefore, cutting panels with a transverse texture obtained from spruce branches is very
different from other wood cuts, both by the direction of the cut against the wood grain, but
also by the existence of gluing areas in the way of the circular disc.

As can be seen in Figure 1, the main influencing factors of the cutting process for
panels with a transverse texture are the cutting speed, denoted by v, and the advance speed,
denoted by u. The cutting speed is the peripheral cutting speed of the teeth of the circular
blade and is determined according to the diameter of the circular blade and its speed, and
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the advance speed is the speed of the advance roller and is determined according to the
diameter and speed of the roller, as shown in Equation (1)

m-D-nm
v |

:m },u:n'D,nr[m/mm] (1)

S
where v is the cutting speed, in m/s; D is the diameter of the circular disc, in [mm]; 7 is the
rotation of the circular blade, in rotation/min; u is the advance speed, in m/min, D, is the
roll diameter, in m; and #; is the roll speed, in rot/min.

The advance per tooth is the ratio between the advance at one rotation of the circular
blade and its number of teeth, and is determined with the following relationship:

1000-
Uy = ZOPZu [mm /tooth] ()

where u; is the advance per tooth, in mm/tooth; u is the advance speed, in m/min; 7 is the
speed or rotation of the circular blade, in rot/min; and z is the number of teeth.

During cutting, the wood panel is in permanent contact with the toothed area of the
blade along the length of a circular arc, which corresponds to the contact angle, determined
as the difference between the contact angle at the entrance of blade to the panel and the
one at the exit from the panel, as shown in Equation (3)

m-D-g

.e+h
I = 360 [mm] ¢ = ¢, — ¢, ¢, = arcsin

P, = arcsin% 3)

where [ is the length of the circular arc, in mm; D is the diameter of the circular blade, in
mm; ¢ is the contact angle between wood and tooth, in sexagesimal degrees; ¢; is the
contact angle at the entrance of the tooth into the wood panel, in °; ¢, is the contact angle
at the exit from the wood of the tooth, in sexagesimal degrees; ¢ is the distance from the
center of rotation of the blade to the base of the piece, in mm; / is the cutting height, in mm;
and R is the radius of the circular blade, in mm.

At the interaction between the cutting edges of the circular blade and the panel that
are to be processed, some forces arise due to the penetration of the cutting edges into the
wood, the deformation of the detached layer and the wood area from which it detaches, all
forces that must overcome the cohesive forces of the panel. Since the complexity of all the
processes that take place during cutting makes it difficult to establish all these forces in the
calculations, the total cutting force is taken into account, which is necessary to overcome all
the resisting forces that oppose the movement of the cutting edges of the tools. This force,
called the “cutting force,” is denoted by F (Figure 1), and is different from other cutting
types, even more so for cutting panels with a transverse texture. The average contact angle
between the teeth of the circular blade corresponding to the point of application of the
cutting force is determined similarly to the two previously calculated angles (Equation (3)),
and the number of teeth that simultaneously cut the entire height of the panel is calculated
according to their pitch as follows:
e+ % m-D-g

Zs = (4)

0., = arcsin R 360 p

where 6, is the average contact angle between tooth and wood, in sexagesimal degrees; e is
the distance from the center of rotation of the blade to the base of the piece, in mm; # is the
cutting height, in mm; R is the radius of the circular blade, in mm; D is the diameter of the
circular blade, in mm; ¢ is the contact angle between wood and tooth, in degrees; and p is
the tooth pitch, in mm.
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Figure 1. (a) Cutting scheme with circular discs plated with metal carbides: h is the cutting height

equal to the thickness of the panel, in mm; n is the speed, in rotation per minute (rpm); u is the
advance speed, in mm/min; e is the distance from the axis of rotation of the circular blade to the
machine’s ground; u; is the advance per tooth, in mm; v is the cutting speed, in m/s; F is the cutting
force, in N; (b) panel from spruce branches.

The minimum thickness of the chip is the one corresponding to the entry of the tooth
into the wood, the maximum thickness of the chip is that of the exit of the tooth from the
wood and the average thickness of the chip is given by the average contact angle between
the tooth and the wood, the calculation being carried out with the following relationship:

Amin = Uz COS 1 [Mm] Amax = U COS P, [mm] a,, = u; cos ¢, [mm] (5)

As a physical quantity, the cutting power is defined as the speed with which the
mechanical cutting work is performed. The average power developed by the cutting tool is
equal to the total mechanical work carried out by the cutting tool divided by the total time
interval. The mechanical work performed by a force on a particle is defined as being equal
to the product of the magnitude of the force (F) and the distance that the particle moves (d).
Replacing the mechanical work in the cutting power relation, the final expression of the
power in the case of cutting panels with a circular blade will be obtained as follows:

144 K-V _F-v

P=-5 (W] W=Fd[]] P=F-oW] P=-""C[W] P="

t 100 [kW] ©)

where P is the cutting power, in kW; W is the mechanical work carried out by a force on a
particle, in [J]; v is the cutting speed, in [m/s]; K is the specific mechanical work of chipping,
defined as the mechanical work consumed for chipping a cm? of material, in [daN-m/cm?];
V is the volume of sawed wood in the unit of time, in [cm3/s]; and F is the chipping force,
in [daN].

The volume of wood cut in the unit of time is calculated according to the cutting
surface and the advance speed, with the following relationship:

_b-h-u

%4
60

[cm? /5] )

where b is the width of the cut, in mm; / is the cutting height, in [mm]; and u is the advance
speed, in [m/min].

From Equations (6) and (7) results the expression of the specific mechanical work of
cutting, respectively, of the cutting force, depending on the cutting power:

_ B
T bk

~ P-100

_ P-100 [daN/mmz} F= 5 [daN] 8)

K
|4

[daN-m/cm®] K;




Forests 2024, 15, 685

50f21

Therefore, according to Equation (8), the specific cutting resistance, K, is defined as
the ratio between the cutting force, F, and the specific area of 1 mm? of the chip section,
measured normal to the cutting direction at each point of the cutting edge. It is denoted by
K and is measured in [daN-m/mm?].

2.2. Measurement Method

The principle of the working method consists in measuring, recording and storing the
values of the active power when panels with a transverse texture made of spruce branches
are being cut. Also, based on the calculation formulas known from the theory of chipping,
the specific mechanical work of cutting, the specific resistance of cutting, and the average
cutting force were determined. The recording and storage of the values of the active power
when cutting panels with a transverse texture made of spruce branches was achieved
by using a system of measurement, recording and storage of experimental data. Such a
system is made up of the following components: the signal generator (the component
that provides the input quantity to the system), the data measurement and conversion
element (represented by a transducer of electrical quantities), the data recording element
(that allows data to be recorded in real time and is usually represented by a data acquisition
board) and the element of data storage and processing (that allows memorizing the data
obtained as a result of the measurement as well as their processing, which is, currently, an
electronic computer) (Figure 2).

Kinematic

cutting [P

chain

Current Active power

transformer [P transducer 3TPT-

chain

Advance kinematic

79-63215
CH1 EIRN
s 3
o, ®
CH2 g N7
£ § »  Computer
CH3 2 E
2 2
g T
CH4 < >
Active power

> transducer

3TPT-79-47111121

Figure 2. Scheme of measuring the cutting and advance power when the panels are cut.

The actual tests were carried out on the FCT-type circular saw, produced by the Me-
chanical Enterprise (Roman, Romania), with the following characteristics: supply voltage
380 V; frequency 50 Hz; installed power 4 kW; control voltage 220 V. A Festol circular blade
code 488289 brand (Lebanon, Indiana, North America) was mounted on the circular saw
with the following characteristics: blade diameter D = 225 mm; bore diameter d = 30 mm;
number of teeth, 48; cutting width, b = 2.6 mm; the seating angle a = 15°; the sharpening
angle B = 65°; clearance angle v = 10°; tooth pitch p = 14.76 mm. The distance from the
center of rotation of the work shaft to the base of the workpiece, denoted by “e” in the
diagram of circular saw cutting (Figure 1) was 76.51 mm.

The measurement of the working shaft speed was made with the Chauvin Arnoux
tachometer model CA 27 (Chauvin Arnoux Metrix, Paris, France) with the following
characteristics for the measurement: a range between 1000 and 9999.9 rpm and a resolution
of 0.6 rpm; an accuracy 10~ of the read value; a measurement time less than 0.5 s. The
measured speed of the working shaft for the two speed steps was n; = 4216 rpm and
ny = 6722 rpm. A mechanical roller feed device manufactured by Co-Matic, Model AF38
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(Co-Matic Machinery, Taychung City, Taiwan), with eight feed speeds and a 380 V supply
voltage, was installed on the circular saw.

A three-phase active power transducer with the code 3TPT-79-63215 manufactured
by LLA.E.M. (Timisoara, Romania) was used to measure the cutting power. The transducer
was electronic and has achieved the conversion of the active power absorbed in the three-
phase circuit of the electric motor into a signal with a voltage variation of 0-10 V, which is
applied to the input of the analog-to-digital converter (as acquisition board). The technical
characteristics of the three-phase active power transducer were as follows: accuracy class
1%; nominal values of input voltages 220/380 V; nominal values of input current 5 A; input
range for built-in power factor transducer 0-1; input frequency range 45-55 Hz; output
signal 0-10 V, max. 20 mA; and the supply voltage of the transducer 220 V/6 VA.

To measure the active power absorbed by the advance motor, an active power trans-
ducer type 3TPT-79-63215 manufactured by L. A.E.M. (Timisoara, Romania) was used. The
technical characteristics of the three-phase active power transducer were as follows: accu-
racy class 1%; nominal values of input voltages Un = 3 x 220/380 V; nominal values of
input current In = 5 A; input range for built-in power factor transducer 0-1; input frequency
range 45-55 Hz; output signal 0-10 V, max. 20 mA; and the supply voltage of the transducer
Un=220V/6 VA.

A Velleman K8047 acquisition board was used for data acquisition, with the following
hardware characteristics: connection and power via USB; four DC-coupled input channels
(load + ground); input resistance 1 MOhm; maximum number of records per second:
100; four input channels: 3V, 6 V, 15V, and 30 V; sensitivity 10 mV; accuracy £3% of
the maximum scale; led for power and recording signaling, and also a Software: analog
digital data output; four simultaneous recording channels; recording and saving data in
the form of a diagram and/or text file; long-term automatic data recording option; time
and voltage marker.

Since the output signal was a voltage in the range 0-10 V, it was necessary to measure
the active power with a wattmeter and establish a correlation factor between this voltage
value and power as follows:

P= Vi fKW] fo= - ©
u
where P is the active power (measured with the wattmeter), in [kW]; V,, is the value
of the output signal (voltage recorded by the acquisition board), in [V]; and f. is the
correlation factor.

The wattmeter produced by Gossen Metrawatt Camille Bauer, model Manowatt 4
(Wohlen, Switzerland) was used to measure the power. The measurements were made for
each advance speed (u;—us) and for each cutting rotation (n; and ny). For each of these, the
idle power was measured after each cutting of each specimen. In Table 1, the values of the
correlation factor for the advance speeds and the cutting speeds are shown.

Table 1. Correlation factor between the output signal value V,, and the measured active power P, for
advance speeds (uy,. . .,us) and cutting speeds (v and v;).

. Active Power Measured with the Output Signal Value .
Characteristics Wattmeter, [kW] ( Acquispition %0“ d) V,,, [V] The Correlation Factor, f.
u; 0.30 0.838 0.357
up 0.28 0.353 0.793
u3 0.34 0.493 0.688
Uy 0.26 0.353 0.736
us 0.33 0.940 0.350
A1 0.56 0.224 2.492
V3 0.68 0.392 1.730

2.3. Statistical Analysis

The statistical processing of the data obtained from the experiments was carried
out with the help of Microsoft Excel 2019 software, and the coefficients of the regression
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equations were checked with the DataFit 9 program (Bioxing, Danville, CA, USA). For
each sample, the arithmetic mean and the standard deviation of data were determined
(Equation (10)), with the mention that the standard deviation (s) in this form is also used by
the Microsoft Excel software, with the STDEV function

Iy nyi g xi2 — (X xi)2
=Y xS = \/ T (10)

where x,;, is the arithmetic mean of the values; 1 is the number of values taken into account;
x; is effective values, respectively, x1, xp,..., X5; and s is the standard deviation of the
calculated values.

By calculating the confidence interval of each value, the errors that may appear during
the processing process are statistically eliminated. The confidence intervals were 95%; in
other words, a value of the parameter can be calculated with an error of 5%. Through this
calculation, two values are obtained from the equation contained in the relation (ISO 2602,
1980) [43]: the lower value and the upper value

t
Xm — tnS S VSqo/o S Xm + tns; Lg% = Xm — fnS; ug% = Xm + tns tn - ﬂ (11)

Vn

where x;, is the arithmetic mean of the data recorded for each sample; # is the number of
recorded data for each sample; x; is individual recorded values, (i =1, 2, ..., n); s is the
standard deviation from the average of the recorded data for each sample; Vg% is the value
corresponding to the 95% confidence interval; Lg% is the lower value of the confidence
interval; Ug% is the upper value of the confidence interval; m is the number of samples for
each regime; and tg g5 is the value of Student’s t-distribution with n + 1 degrees of freedom,
where its value depends on the number of data recorded for each sample and its values are
tabulated in ISO 2602: 1980.

From the point of view of the dispersion of the results, it is important that 95% of the
resulting values are found in the confidence interval. Since, in most cases, the European
norms impose the condition shown by an inequation with minimal value, the lower value
of the confidence interval was calculated with the result expressing the size of the measured
parameter for the respective specimen

Ly, > Vaamisivit X = Lio, = X — tns (12)

3. Results
3.1. Panel Cutting Parameters for All 10 Working Regimes

Bearing in mind that the research is based on a new type of cutting, specific to the processing
of panels with a transverse texture, all 10 cutting regimes were chosen taking into account this
specificity (Table 2). All parameters for R; and R; regimes are found in Table 3.

Table 2. Working regimes and coding of samples.

Regime Code of Sample
Ry (n; = 4216 rot/min; uy = 2.811 m/min) nmu-(i) G =1,2,34,5)
Rj (ny = 4216 rot/min; up = 3.981 m/min) nup-(i) G =1,2,34,5)
R3 (n] = 4216 rot/min; uz = 7.269 m/min) njuz-(i) 1=1,2,3,4,5)
R4 (ng = 4216 rot/min; ugy = 10.629 m/min) njug-(i) 1=1,2,3,4,5)
R5 (n; = 4216 rot/min; us = 20.233 m/min) mus-(i) G =1,2,34,5)
Rg (np = 6722 rot/min; uy = 3.705 m/min) npu-(i) G =1,2,34,5)
Ry (np = 6722 rot/min; uy = 4.798 m/min) nouy-(i) 1=1,2,3,4,5)
Rg (np = 6722 rot/min; uz = 7.937 m/min) nyusz-(i) G =1,2,3/4,5)
Ry (np = 6722 rot/min; uy = 10.962 m/min) npuy-(i) 4 =1,2,34,5)

Ryg (np = 6722 rot/min; us = 20.324 m/min) nyus-(i) G =1,2,34,5)
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Table 3. Parameters of regime R; and R,.

Regime Ry (ny = 4216 rot/min; u, = 2.8 m/min)

Cutting Code Feed Power, [kW] Cutting Power, [kW] Mechanical Work, ~Cutting Force, ~Specifical Force, K1,
OnEmpty OnWork  OnEmpty OnWork K, [daN-m/cm®] F, [daN] [N/mm?]

njuy (1) 0.300 0.325 0.614 2321 88.413 4.673 0.834
njuy (2) 0.211 0.216 0.607 2.288 87.831 4.608 0.825
njuy (3) 0.208 0.218 0.586 2.357 91.296 4.746 0.848
njuy (4) 0.209 0.212 0.588 2.342 89.996 4715 0.843
njuy (5) 0.194 0.211 0.558 2.251 84.207 4.532 0.810
Mean 0.224 0.237 0.591 2.312 88.349 4.655 0.832

SD 0.042 0.049 0.021 0.042 2.684 0.085 0.015
V-5% 0.184 0.190 0.570 2.271 85.790 4.573 0.817

Cutting Code Regime R; (ng = 4216 rot/min; uz = 3.981 m/min)

nyuz-(1) 0.28 0.313 0.577 2.138 69.695 4.305 0.840
nyuz-(2) 0.28 0.314 0.586 2.109 68.718 4.248 0.829
nyuz-(3) 0.28 0.3234 0.584 2.158 70.574 4.345 0.848
njuz-(4) 0.280 0.329 0.568 2.434 62.498 4.901 0.956
njuz-(5) 0.279 0.329 0.591 2.506 63.949 5.046 0.983
Mean 0.279 0.322 0.581 2.269 67.087 4.569 0.891

SD 0.00007 0.007 0.008 0.186 3.623 0.374 0.072
V-5% 0.279 0.314 0.573 2.092 63.634 4212 0.822

From the analysis of the Table 3 data, the following can be seen:

- The advance power at idle represents 96.86% of the forward power at load for the R;
regime and 88.96% for the R; regime.

- The cutting power at idle represents 25.11% of the cutting power at load for the R;
regime and 27.39% for the R, regime.

- The advance power when running under load represents 33.32% of the cutting power
when running empty and 8.36% of the cutting power when running under load for
the R1 regime, and 54.89% and 15.03% for the R; regime, respectively.

Putting the advance and cutting speeds into graph form, the following two variation
diagrams for the njuy-(1) and njuy-(2) panels can be identified for the R; regime, and

nju3-(3) and njuz-(4) panels for the R, regime (Figure 3).

From the analysis of the Table 4 data, corresponding to R3 and R4 regimes, the follow-
ing can be seen:

- The advance power at idle represents 75.58% of the forward power at load for the R3
regime and 66.96% for the R4 regime.

- The cutting power at idle represents 20.06% of the cutting power at load for the R3
regime and 14.99% for the R4 regime.

- The advance power when running under load represents 75.85% of the cutting power
when running at idle and 15.22% of the cutting power when running under load when
the R3 regime is taken in consideration, and 66.88% and 10.03% for the R4 regime,
respectively (Figure 4).

Cutting power (Pas) and feed power(Pav) for n1u2-(1) Cutting power (Pas) and feed power (Pav) for n1u2-(2)
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Figure 3. Cont.
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Figure 3. Cutting power (Pas) and feed power (Pav) for R; and R, regimes: (a) for regime R1 and
sample number 1; (b) for regime R; and sample number 2; (c) for regime R, and sample number 3;
(d) for regime R, and sample number 4.
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Figure 4. Cutting power (Pas) and advance power (Pav) for R3 and R4 regimes: (a) for regime Rz and
panel 4; (b) for regime Rz and panel 5; (c) for regime R4 and panel 1; (d) for regime R4 and panel 2.

From the analysis of the Table 5 data, corresponding to R5 and R¢ regimes, the follow-

ing can be seen:

- The forward power at idle represents 62.89% of the forward power at load for the Rs
regime and 88.53% for the Ry regime.

- The cutting power at idle represents 14.25% of the cutting power at load for the R5
regime and 35.01 for the R4 regime.

- The feed power when running under load represents 77.20% of the cutting power
when running empty, and 11.00% of the cutting power when running under load
when the R5 regime is taken in consideration and 30% and 10.50%, respectively, when
the R4 regime is taken in consideration (Figure 5).
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Table 4. Parameters of R3 and R4 regimes.

Regime R3 (ng = 4216 rot/min; ug = 7.269 m/min)

Cutting Code Feed Power, [kW] Cutting Power, [kW] Mechanical Work, Cutting Force, Specifical Force, K;,
OnEmpty OnWork  OnEmpty  On Work K, [daNm/cm®] F, [daN] [N/mm?]
njuy-(1) 0.335 0.438 0.582 3.125 44.718 6.292 1.119
njug-(2) 0.328 0.435 0.572 2.997 42.803 6.034 1.071
njuy-(3) 0.325 0.430 0.562 3.317 47.214 6.678 1.182
njug-(4) 0.327 0.431 0.599 2.902 48.865 5.843 1.140
njuy-(5) 0.326 0.430 0.587 2.777 46.366 5.592 1.090
Mean 0.328 0.433 0.580 3.023 45.993 6.088 1.120
SD 0.003 0.003 0.014 0.207 2.328 0.417 0.043
V-5% 0.325 0.430 0.567 2.826 43.775 5.690 1.079
Cutting Code Regime Ry (ng = 4216 rot/min; us = 10.629 m/min)
njus-(1) 0.270 0.419 0.608 3.781 37.187 7.614 1.364
njus-(2) 0.26 0.406 0.600 3.843 38.579 7.738 1.387
njus-(3) 0.26 0.392 0.602 4.420 44.156 8.900 1.595
njus-(4) 0.26 0.380 0.577 4.408 50.048 8.876 1.588
njus-(5) 0.263 0.436 0.572 4.249 40.038 8.555 1.513
Mean 0.262 0.407 0.592 4.140 42.002 8.337 1.489
SD 0.004 0.022 0.016 0.307 5.199 0.619 0.109
V-5% 0.258 0.385 0.577 3.847 37.046 7.7465 1.385
Cutting and advance power for R5 regime and n1u6-3 Cutting and advance power for R5 regime and
10 panel 10 nlu6-4 panel
= z
Zs =5
o o]
[ 2
X X
& o 2 4 6 8 10 0 2 4 6 8
Time, [s] Time, [s]
Pas[kW] Pav[kW] Pas[kw] Pav[kw]
(a) (b)
Cutting and advance power for R5 regime and Cutting and advance power for R6 regime and n2u2-(5)
4 n2u2-(4) panel 4 panel
s —
=2 / \ —i 2
: 5
20 g 0
0 5 10 15 A 0 5 10 15
Time, [s] Time, [s]
Pas[kw] Pav[kW] Pas[kW] Pav[kW]
() (d)

Figure 5. Cutting power (Pas) and advance power (Pav) for R5 and R4 regimes: (a) for regime Rs and
panel 6; (b) for regime R5 and panel 4; (c) for regime Ry and panel 4; (d) for regime Ry and panel 5.

From the analysis of the Table ¢ data, the following can be seen:

- The forward power at idle represents 76.48% of the forward power at load for the Ry
regime and 73.60% for the Rg regime.

- The cutting power at idle represents 31.29% of the cutting power at load for the Ry
regime and 27.78 for the Rg regime.

- The advance power when running under load represents 53.48% of the cutting power
when idle running and 16.74% of the cutting power when running under load when
the Ry regime is taken in consideration, and 68.02 and 18.89%, respectively, for the Rg
regime (Figure 6).
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Table 5. Cutting parameters of R5 and R4 regimes.

Regime Rs (ng = 4216 rot/min; ug = 20.233 m/min)

Cutting Code Feed Power, [kW] Cutting Power, [kW] Mechanical Work, Cutting Force, Specifical Force, K;,
OnEmpty OnWork  OnEmpty  On Work K, [daNm/cm®] F, [daN] [N/mm?]
niug (1) 0.333 0.543 0.646 5.388 28.191 10.849 1.917
nyue (2) 0332 0.524 0.642 5593 29582 11261 1.992
njug (3) 0.318 0.503 0.654 4.840 25.471 9.7456 1.732
njug (4) 0.316 0.497 0.647 4148 21.714 8.352 1.491
nyug (5) 0.311 0.506 0.649 5.793 30.912 11.665 2.082
Mean 0.322 0.515 0.648 5.153 27.174 10.374 1.843
SD 0.009 0.018 0.004 0.664 3.657 1.338 0.235
V-5% 0.312 0.497 0.644 4.519 23.688 9.099 1.6195
Cutting Code Regime Rg, (ny = 6722 rot/min; u; = 3.705 m/min)

npup-(1) 0.211 0.238 0.689 2.054 57.334 2.593 0.456
npup-(2) 0.200 0.222 0.737 2.103 61.584 2.655 0.467
npuy-(3) 0.187 0.215 0.744 2.035 58.346 2.570 0.451
nyuy-(4) 0.194 0.216 0.744 2.454 68.789 3.099 0.543
nyuy-(5) 0.190 0.214 0.795 2.402 68.045 3.033 0.531
Mean 0.196 0.221 0.742 2.209 62.820 2.790 0.490
SD 0.009 0.010 0.037 0.201 5.352 0.254 0.044
V-5% 0.187 0.211 0.706 2.017 57.7195 2.547 0.448

Cutting and advance power for R7 regime and n2u3-

Cutting and advance power for R7 regime n2u3-2 panel

4 1 panel 4
. Z, [/ A
= =
= o
£0 E, 0
2 o0 4 6 10 12 0 2 4 6 8 10
o Time, [s] Time, [s]
Pas[kW] Pav[kwW] Pas[kW] Pav[kW]
(a) (b)
Cutting and advance power for R8 regime and Cutting and advance power for R8 regime and
4 n2u4-3 panel 4 n2u4-4 panel
i;‘- 2 P;_‘. 2
] 5
3 2
o0 S 0
0 4 6 10 0 2 4 6 10
Time, [s] Time, [s]
Pas[kW] Pav[kwW] Pas[kW] Pav[kwW]
(c) (d)

12

Figure 6. Cutting power (Pas) and advance power (Pav) for Ry and Rg regimes: (a) for regime Ry and
panel 1; (b) for regime Ry and panel 2; (c) for regime Rg and panel 3; (d) for regime Rg and panel 4.

From the analysis of the Table 7 data, the following can be seen:

- The advance power when idling represents 51.37% of the advance power when it is

running under load for the Rg regime, and 49.86% for the Rj( regime.

- The cutting power at idle running represents 21.37% of the cutting power when

running under load for the Rg regime, and 16.22% for the Ry regime.

- The feed power when running under load represents 72.22% of the cutting power
when running idle and 15.43% of the cutting power when running under load for the
Rg regime, and 58.42% and 9.47%, respectively, for the R;j regime (Figure 7).
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Table 6. Cutting parameters of Ry and Rg regimes.

Regime Ry (n; = 6722 rot/min; uz = 4.798 m/min)

Cutting Code Feed Power, [kW] Cutting Power, [kW] Mechanical Work, Cutting Force, Specifical Force, K1,
OnEmpty OnWork  OnEmpty OnWork K, [daN-m/cm®] F, [daN] [N/mm?]
nyus (1) 0.303 0.399 0.731 2.721 59.217 3.436 0.603
nyus (2) 0.290 0.376 0.703 2.125 47.295 2.683 0.470
nyus (3) 0.291 0.381 0.709 2.492 55.049 3.147 0.553
nyus (4) 0.289 0.376 0.704 2.522 55.231 3.185 0.561
nyug (5) 0.287 0.384 0.708 2.371 52.213 2.995 0.528
Mean 0.292 0.383 0.711 2.446 53.801 3089 0.543
SD 0.006 0.009 0.011 0.219 4.409 0.276 0.048
V-5% 0.286 0.374 0.700 2237 49.598 2.825 0.497
Cutting Code Regime Rg, (n; = 6722 rot/min; ug = 7.937 m/min)
npuy-(1) 0.404 0.513 0.706 2.831 40.733 3.576 0.632
npuy-(2) 0.390 0.490 0.709 3.029 43.541 3.825 0.676
npuy-(3) 0.378 0.511 0.719 3.240 36.900 4.091 0.725
npuy-(4) 0.360 0.487 0.711 2.686 34.672 3.392 0.600
npuy-(5) 0.346 0.477 0.719 2.429 35.102 3.067 0.543
Mean 0.376 0.496 0.713 2.843 38.190 3.590 0.635
SD 0.023 0.015 0.006 0.311 3.829 0.393 0.069
V-5% 0.354 0.481 0.707 2.546 34.540 3.215 0.569
Cutting and advance power for R9 and n2u5-4 panel Cutting and advance power for R9 and n2u5-5 panel
10 10
§5 m —gi 5
= =
5y =— =
OO ©) 0
~ 0 2 4 ? 8 10 ~ 0 2 4 8
Time, [s Time, [s]
Pas[kW] Pav[kW] Pas[kW] Pav[kW]
(a) (b)
Cutting and advance power for R10 and n2u6-2 panel Cutting and advance power for R10 and n2u6-3 panel
10 10
Zs Zs
5 4 g
2 20
g 0 1 2 3 4 5 6 8 0 9 4 6 8
Time, [s] Time, [s]
Pas[kW] Pav[kW] Pas[kW] Pav[kW]
(c) (d)

Figure 7. Cutting and advance consumed power for Rg and Ry regimes: (a) for regime Ry and

panel 4; (b) for regime Rg and panel 5; (c) for regime Rjg and panel 2; (d) for regime R and panel 3.
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Table 7. Parameters of Rg and Ry regimes.

Regime Ry (n; = 6722 rot/min; us = 10.962 m/min)

Cutting Code Feed Power, [kW] Cutting Power, [kW] Mechanical Work, Cutting Force, Specifical Force, Ky,
Ungfz) ad On Load On Empty  On Work K, [daNm/cm®] F, [daN] [N/mm?]
nyus (1) 0.277 0.526 0.729 3.238 31.123 4.089 0.724
nyus (2) 0.270 0.545 0.723 3.629 35.168 4.583 0.811
nyus (3) 0.271 0.546 0.732 3.841 37.471 4.850 0.860
nyus (4) 0.271 0.517 0.735 3.637 35.641 4.592 0.814
nyus (5) 0.271 0.535 0.728 3.595 34.906 4.540 0.805
Mean 0.268 0.522 0.723 3.387 32.694 4.276 0.758
SD 0.003 0.012 0.005 0.219 2.320 0.276 0.049
V-5% 0.269 0.539 0.724 3.632 35.126 4.586 0.814
Cutting Code Regime Ryg, (nz = 6722 rot/min; ug = 20.324 m/min))

nyug-(1) 0.206 0.405 0.707 4.101 21.048 5.179 0.918
nyug-(2) 0.206 0.421 0.693 4.375 23.257 5.524 0.978
naug-(3) 0.204 0.453 0.706 5.231 27.845 6.606 1.172
noug-(4) 0.204 0.420 0.699 5.049 26.157 6.375 1.130
noug-(5) 0.200 0.412 0.694 4913 25.661 6.204 1.099
Mean 0.204 0.422 0.700 4.734 24.794 5.978 1.059
SD 0.002 0.018 0.006 0.476 2.660 0.601 0.107
V-5% 0.202 0.405 0.694 4.280 22.258 5.405 0.957

3.2. Synthesis of Results

Due to the structural particularities of the spruce branch transverse texture panels,
especially due to the transverse structure of the faces, the case of cutting them with circular
discs is a special case of windowing the wood, because the cutting carried out by dividing
and breaking the bonds between the fibers along them. In this way, the specific mechanical
cutting resistance is modified, in the sense of its reduction.

The theoretical and experimental model of the total power diagram for circular blade
cutting of a specimen is shown in Figure 8.

P
(kW]

Zmg Zin Zms Zie | Zmg
I tis]

Figure 8. The T-TPfSB characteristic power diagram model. Zmg is the idling zone before the start of

the cut and after the end of the cut; Zin is the entry zone of the blade into the material characterized
by the successive entry of the teeth into the material, in which at the end of this zone, each blade tooth
cuts only once from the material; Zms is the load walking zone, in which the blade cuts successively
with all the teeth; Zie is the teeth exit zone characterized by the successive exit of the teeth from the
cutting process.

If compression wood appears in the area where the teeth exit the material on the test
piece, a jump appears in the power diagram (Figure 8). This jump represents an additional
consumption of power caused by the increased hardness of the compression wood and
the fact that the effort is distributed over a smaller and smaller number of teeth. If the
compression wood zone is in the entry zone of the teeth in the material on the power
diagram, no jump is recorded because the effort is taken successively by all the teeth
compared to the exit zone where the effort is taken by only a part of the teeth. This model
of the power diagram when cutting with circular blades is characteristic of these types of
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panels, with a frequency of occurrence in 80% of the cases, with the only exception being
the specimens that do not have compression wood in the area where the teeth exit the
material (e.g., Ry and Ry processing regimes).

From the analysis of the data obtained following the interpretation of the results of
the tests on the cutting with a circular saw of the panels with transverse texture of spruce
branches, it follows that the cutting power is directly influenced by the advance speed and
the cutting speed.

3.3. Results on Cutting Power

The cutting power varies directly in proportion with the advance speed and inversely
in proportion with the cutting speed (Table 8). The regression relationship between the
cutting power and the feed speed for the speed n; = 4216 rpm is represented by the
polynomial equation of the second degree, with a coefficient of determination R?= 0.9633,
and the speed ny = 6722 rpm is represented by the other polynomial equation of the second
degree, with a coefficient of determination R? = 0.9633 (Figure 9).

Table 8. Synthesis of the cutting parameters obtained after processing the experimental data.

Cutting speed, v = 49.668 [m/s]
Advance per Tooth, u,, [mm/tooth]

Parameter 0.013 0.019 0.035 0.052 0.099
Cutting power, Pys, [KW] 2.271 2.092 2.826 3.847 4519
Advance power, Py, [kW] 0.190 0.314 0.430 0.385 0.497
Cutting force, F, [daN] 4573 4212 5.690 7.746 9.099
Specific mechanical strength, K, 0.817 0.822 1.079 1.385 1619
N/ ) . . . .
Specific mechanical work, £, 85790  63.634 43775  37.046  23.688
[daNm/cm?]
Cutting speed, v = 79.191 [m/s]
Advance per tooth, u,, [mm/tooth]
Parameter 0.011 0.014 0.024 0.033 0.062
Cutting power, Py, [kW] 2.017 2.237 2.546 3.387 4.280
Advance power, Py, [kW] 0.211 0.374 0.481 0.522 0.404
Cutting force, F, [daN] 2.547 2.825 3.215 4276 5.405
Specific mechanical strength, K, 0.448 0.497 0.569 0.758 0.957
N/ . . . . .
Specific mechanical work, Ky, 57719 49598 34540  32.694 22258
[daNm/cm?]

Cutting power related to advance and cutting speed

=
=
0 5
(]
£ 45
o4 P=0.1422-.u2-0.2278u+2.2311 -
£ 35 R2=09633
5 03
3 3
25 P =0.1342-u2 - 0.2376-u + 2.1306
2 e U R2=0.9965
15
1
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0 —1=49.668 [m/s] v2=79.191 [m/s]

ul u2 u3 u4 ub

Figure 9. Variation of cutting power depending on advance speed and cutting speed.
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3.4. Results on Mechanical Work of Cutting

The specific mechanical work of cutting decreases with the increase in the advance
speed and increases with the decrease in the tool speed and the cutting speed, respectively
(Table 8 and Figure 9). The regression relationship between the specific mechanical work
and the advance speed for the speed nj = 4216 rpm is represented by the second-degree
polynomial equation, with a coefficient of determination R? = 0.991, and for the speed
ny = 6722 rpm, it is also represented by a polynomial equation of the second degree, with a
coefficient of determination lower than the previous one, namely R? = 0.9683.

3.5. Cutting Force

The cutting force varies directly proportionally with the increase in the advance
speed and inversely proportionally with the revolution of the tool and the cutting speed,
respectively (Figures 10 and 11). The regression relationship between the cutting force and
the advance speed for the rotation n; = 4216 rpm is represented by the polynomial equation
of the second degree, with a coefficient of determination R? = 0.9633, and for the speed
ny = 6722 rpm, it is represented by the polynomial equation of the second degree, with a
higher coefficient of determination, R? = 0.9965.

100

90

80 K =2.1949-u?~ 28.248-u+ 111.39
= R?=0.991
E 70
E 60
R
v 40 T e
%4 B0 S
2 K = 0.613-u? - 12.461-u + 70.002
g 10 R2=0.9683
%‘ 0
g ul u2 u3 ud ub
2 Advance speed, [m/min]
ks|
& e v1=49.668 [m/s] v2=79.191 [m/s]

Figure 10. The variation of the specific mechanical work of cutting depending on the advance rate
and the cutting speed.

_10 F = 0.2862-u? - 0.4587-u + 4.492

z 9 R2=0.9633 =

0= —

Q7 e

g 6

e —

£, =

S 3 F=0.1694-u% - 0.3-u + 2.6905
2 R2=0.9965
1
0

ul u2 u3 u4d ub

Advance speed, [m/min]

e v1=49.668 [m/5] v2=79.191 [m/s]

Figure 11. The variation of the cutting force depending on the advance rate and the cutting speed.
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3.6. The Specific Resistance to Cutting

The specific resistance to cutting increased with the advance speed and decreased
with the increase in the cutting speed (Figure 12).

K =0.0363-u? - 0.0009-u + 0.749
R?=0.9786

K =0.0299-u2 - 0.0512+u + 0.471
204
: R2=0.9967

Specifical resistance to cutting, K,
N,
o
(o)}

ul u2 u3 u4 ub
Advance speed, [m/min]

v1=49.668 [m/s] v2=79.191 [m/s]

Figure 12. The variation of the specific cutting resistance depending on the advance rate and the

cutting speed.

The regression relationship between the specific cutting resistance and the advance
speed for the cutting speed v| =49.66859 m/s is represented by a second-degree polynomial
equation (Figure 12), with a coefficient of determination R? = 0.9786, and the cutting speed
vy =79.191696 m/s is given by another polynomial equation of the second degree with a
higher coefficient of determination, R?=0.9967.

3.7. The Specific Mechanical Work

The specific mechanical work decreased as the advance on the tooth increased (Figure 13).
The regression relationship between the specific mechanical work and the advance on the
tooth for the cutting speed v; = 49.66859 m/s is represented by a polynomial equation of
the second degree, with a coefficient of determination R? = 0.948 (Figure 12), and the cutting
speed v, =79.191696 m/s is represented by another polynomial equation of the second degree,
with a higher coefficient of determination, R? = 0.9641 (Figure 14).

g 100
= y = 1227352 - 2036.7-x + 105.31
§ 80 .. R2 =0.948
TE 60
C ~
S § 40
il
o)
Ea
é .
2 0 0.02 0.04 0.06 0.08 0.1 0.12

Advance per tooth, uz [mm]
—8—v1=49.668579 [m/s]

Figure 13. The variation of the specific mechanical work of cutting depending on the advance on the
tooth for v =49.668579 m/s.
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7
4 ’ y = 17948-x2 — 1979.9-x + 76.111
2 @ R2 = 0.9641
—
o
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S E
§ 8 30
S Z
O « 20
£ T
= 10
9
£ 0

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Advance per tooth, uz [mm]
—0— v2=79.191696 [m/s]

Figure 14. The variation of the specific mechanical work of cutting depending on the advance on the
tooth for v =79.191696 m/s.

3.8. Cutting Power, Cutting Force and Specific Cutting Resistance Relating to Advance per Tooth

Cutting power, cutting force and specific cutting resistance increased with the increase
in the advance on the tooth and are shown in Figures 15 and 16.

10
9
8 Y =-516.95x2 + 117.82-x + 2.5455
R?=0.9536
7
£
=
35
(-
o 4 .
s e y = —256.76-x2+ 58.522-x + 1.2643
S3 e R2=0.9536
2 e
g2 '
R y =-100.94-x2+21.494-x + 0.4861
® R2 = 0.9802
g0
8 0 0.02 0.04 0.06 0.08 0.1 0.12
Eg Advance per tooth
o —o—P, [kW] F, [daN] K, [N/mm2]

Figure 15. Correlation between cutting power (P), force (F), specific cutting resistance (K) and feed

per tooth for v =49.660 m/s.

The regression equations between these tree parameters and the advance on the tooth
for the cutting speed v = 49.668 m/s was given by the polynomial relations of the second
degree (visible in Figure 15), and for the cutting speed v = 79.191 m/s by other relations
(visible in Figure 16).
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Figure 16. Correlation between cutting power (P), force (F), specific cutting resistance (K) and advance
per tooth for v =79.191m/s.
3.9. The Total Power That Was Consumed When the Panels Were Being Cut

The total power that was consumed when the panels were being cut was a sum of
advance and cutting power, and is shown in Figure 17.

(o)
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S

The consumed power, [kW]

o

T T T T T T T T 1
Rl R2 R3 R4 R5 R6 R7 R8 R9 RI10
Working regime

Figure 17. Total power when a circular saw cuts the panels from cross-textured spruce branches.

Based on the principle of reducing energy consumption, it can be observed that the
optimal regime of cutting with circular discs of panels with a transverse texture made of
spruce branches was the regime R¢ characterized by the speed of the tool shaft 6722 rpm,
the cutting speed of 79.191 m/s and the advance speed of 3.705 m/min.
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4. Discussion

The working hypothesis from which this research started were multiple. First of
all, it started from the hypothesis that the transverse structure of the wood offers a more
pleasant image to the finished product [9], and the combination of several transverse
structures of the wood complemented and intensified the general image of the finished
product [8,9]. Also, a second research hypothesis was related to spruce branches, which
are processed similarly to any other piece of softwood timber [10], and the gluing of dry
slats is acceptable from the point of view of gluing resistance and deformation of obtained
panels [4]. These simplifying hypotheses of the research led to the realization of panels
from spruce branches [7] and, above all, their processing with cutting discs.

The second aspect of the discussions was about previous studies and comparisons
with the results of actual research. Warguta et al. [39] found that when cutting wood, the
average energy consumed per hour of operation was 1.67 kWh, and relative to the ton of
wood cut, the electricity consumption was 11 kWh/t. If the necessary correlations are made
(by transforming the speed into working hours and the dimensions of the panel used in
tons of wood material), comparative values of the consumption of electrical energy can
be found in the results of these authors and this study. Oliveira Guedes et al. [40] found
different values of the specific mechanical work, depending on the wood species processed,
as follows: 406 KJ/cm? for Pinus taeda, 429 k] /cm?® for Goupia glabra and 435 kJ/cm? for
Dypterix alata. If the transformation from kJ/ cm? to kWh/cm? is made and the cutting
duration is taken into account in the two cases, values of the specific mechanical work
between 80 and 100 daN-m/cm3 are obtained, which are slightly higher than the results of
the present work, which is on average 50 daN-m/ cm?. The lower values obtained in this
paper are due to the fact that the spruce wood used in this research is softer and less dense
than the three species studied by Guedes et al. [40], and the direction of the cut also favors
the reduction of specific mechanical work. Cristovao et al. [42] studied the influence of the
advance per tooth on the total energy consumption, finding for an advance per tooth of 0.45
mm a total energy consumption of 8 kW, and for an advance per tooth of 0.55 mm a total
energy consumption of a 10 kW boiler. The current values of 2-4 kW energy consumption,
specific to this research, were much lower than those obtained by the previous authors,
being primarily due to a small advance per tooth, up to 0.1 mm, but mainly due to the
longitudinal cutting of the wood. Differences between the values of the current research
and those of other authors are due to the different type of cutting taken into consideration
in this work, namely that of cutting with circular discs the panels with a transverse texture
obtained from spruce branches. Also, the presence of a considerable number of adhesive
layers in the path of the circular disc has a major influence on these differences.

The third approach to the discussions is the one related to findings and their impli-
cations. The first problem is related to the fact that panels with a transverse structure are
particularly sensitive to processing, requiring tools with metal carbides that are well sharp-
ened. Otherwise, the processing of these types of panels will be carried out with scraps
of chips and fibers, reducing the quality of the processed surfaces. The second problem
is that of the compression wood [8,9,13-15] that was at the exit end of the circular blade
from the panel, which increased the chipping power and created chippings. Therefore, it is
recommended to watch the panel carefully in order to identify the compression wood [14],
in order to insert it with this end into the circular disc or to reduce the advance speed when
compression wood is encountered, in order to reduce the cutting power and obtain a clean
surface, without the plucking of chips and fibers.

Directions of future research could be multiple. First of all, the research of some hard
deciduous species (such as hornbeam, beech, acacia, etc.), which show greater contractions
and deformations to size, but also require greater cutting powers [41], could be the first
direction of future research. In addition to this, the following could be used: epoxy or
polyurethane adhesives, half prisms when making the panels (changing the image of the
panel) and inclined cutting of the panel blocks, in order to elongate a section to the elliptical
cross-sectional image of the branches.



Forests 2024, 15, 685 20 of 21

5. Conclusions

Regarding the quality of the surfaces cut with circular blades, it is given by the value
of the advance on the tooth. According to the experimental data, the advance on the tooth
had values between 0.01 and 0.09 mm. These values lead to the classification of the cut
surface in quality class 7-8, corresponding to a degree of fine-finished surface.

In order to reduce energy consumption, it is recommended that the idling time be as
short as possible, because the advance power when idling represents between 49.86% and
96.86% of the advance power when the processing is under load, and the cutting power at
idle represents between 14.12% and 35.01% of the cutting power when the processing is
under load.

By finding the limitations of the specialized literature, the proposed objectives, the
results obtained and the discussions on the topic addressed, the present research brings to
the fore innovative and novel aspects in the field of cutting wood from spruce branches
with circular discs.

Based on all experiments, it can be generally considered that panels with a transverse
texture made of spruce branches can be successfully used in the production of small
furniture and interior decoration items, because the workability with a circular saw gives
them this specific quality when the advance per tooth is respected.
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