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Abstract: Both energy consumption and the ecology of mobile wood-chipping machines are important
issues in forest management. One way of improving the efficiency of wood-chippers is to use
innovative design solutions in drive unit control systems. This can result in a reduction in fuel
consumption and quantitative exhaust gas emissions. This article presented the results of research
conducted on the fuel consumption of a cylindrical wood chipper driven by a small engine. We carried
out testing of the unmodified chipper (A), made two different chipper modifications (B) and (C),
and tested the modified versions to achieve the indicated results. The process allowed analysis and
comparison of recorded data. For this purpose, the engine was supplied with fuel in three different
ways: carburetor (factory-made) (A), the injector (B), and injector with an adaptative drive control
system (designed by the authors) (C). The construction of a maintenance-free and adaptive drive
control system where its functioning depended on operating conditions was done following patent
application P.423369. All three fuel supply systems: A, B, and C were tested experimentally in terms
of fuel consumption. The research was conducted in both set exploitation conditions (idle work
with high (1) and low (2) rotational speed, with a continuous chipping process (3)) and transient
exploitation conditions (4) (resulting from the delivery time of wood waste). Thus, the first stage of
research involved two constructions (A, B) for three different working conditions (1-3). The second
stage consisted of three constructions (A-C) tested in the fourth working conditions (4). The tests
showed that the injection system reduced fuel consumption by around 61% during the continuous
chipping process in comparison with the carburetor system. The adaptive drive control system (C)
reduced fuel consumption by 55–74% in comparison with the carburetor system (A), and by 24–60%
in comparison with the injection system (B) without an adaptive drive control system. The level of
energy consumption in these systems depended directly on the ratio of idle work time during the
chipping process.

Keywords: adaptive drive system; reduction of fuel consumption; wood chipper

1. Introduction

The introduced innovations in machines for forestry are based on pro-ecological solutions and
solutions that bring growth to the economy of the related technological processes. These processes are
wood transportation [1], biomass transportation [2], tree felling [3], and transportation [4,5], including
used collection systems [6]. One of the essential machines used in the process of pruning and cutting
trees regardless of their purpose and place of service (for example forests, orchards, urbanized, and
roadside areas) are wood chippers.

The available literature on the energy consumption of wood waste transformation processes
in forests [7] shows that the methods currently employed for collecting, chipping, and transporting
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forest biomass in the form of chips are very efficient from the energy balance point of view [2].
The development of these machines is focused mainly on the development of their working
mechanisms [8] and the machine’s settings and configuration [9].

Significant progress has been made in the collection of raw wood materials owing to the
introduction of modern harvesters, forwarders, and tower yarders. However, there are certain forest
areas where the use of these machines is either difficult or impossible [10]. In such cases, mobile
chipping machines equipped with small engines are used. These devices affect the natural environment
(locally and globally), as well as the people who operate them [11]. The internal combustion engines
powering these machines also consume non-renewable energy sources and emit harmful exhaust gases
and noise [12–17]. Permissive regulations regarding exhaust gas emissions [18] have resulted in the
low technical sophistication of these types of drive units [19].

The scientific development trends are to use drive units with electronic fuel injection [20], to use
engines that run on alternative fuels [21], and to use drive units that adapt to operating conditions [22,23].
These trends are technologically ahead of the designs that meet the European emission regulations
introduced in 2019 (Regulation (EU) No 2016/1628) [24].

In the wood waste chipping process, the exploitation conditions are irregular (thus exploitation
conditions are considered as transient) but can be estimated successfully with certain periodically-
variable conditions. This result is due to the frequency of waste (branches) supply to the working unit
of the chipping machine. The most common concept of drive control in mobile chipping machines
features two operational states. The first state is idle work, with rotation speed that enables maximum
torque. The second state is caused by the material subjected to chipping, as a result of drive load
change. The lack of electronic control (in the injection-ignition system) and sensors (recording the
drive’s parameters) results in problematic data recording concerning working states (e.g., rotary
speed, torque, fuel consumption, the efficiency of combustion processes) in real operating conditions.
Meanwhile, there are no publications on that topic. Such data analyses are performed mainly for
working machinery such as excavators and loaders, with drives that are equipped with the EOBD
(European On-Board Diagnostic) system [25–32].

We estimated the fuel consumption of wood chippers utilizing various control and fuel feed
systems, as well as the different ratios of idle and under load operating time. Analysis of operating time
was performed for the wood chipping process in relation to the distance between the chipper and the
branch stack [33]. These studies showed that as a result of branch delivery performed by one operator
over the distance of 0.5 m, the idle work time was equal to 22% and was growing as the distance between
the branch stack and the chipper increased. Systems that limit the fuel consumption of working
internal combustion engines depend on operating conditions, e.g., start-stop systems in vehicles, are
considered as beneficial and effective even when they are used 20% of the time [34]. This is the premise
for the development of a new, innovative system that reduces fuel consumption and quantitative
exhaust gas emissions by adapting the drive rotational speed to current operating conditions.

The concept of such a system in machinery intended for forestry is a maintenance-free and
adaptive control system of a wood chipper drive with low-power spark-ignition engines [22]. Such a
system has two idle working states. In the first state (1), high rotational speed allows for reaching either
maximum power or maximum torque (like in the classic control method). The second (2) idle working
state enables automatic reduction of engine rotational speed given that the internal combustion number
of cycles is reduced. As a result, this leads to both decreased fuel consumption and quantitative exhaust
gas emissions. The respective working states are activated maintenance-free via optical sensors located
in the feed channel. The sensor used in the discussed solution is triggered by the detection of objects
in the feed channel. When this happens, the rotational speed of the idling engine increases (the first
state (1) is activated). After the chipping process is complete, the rotational speed is reduced to low
(the second (2) state is activated). This concept does not affect the operating parameters of the drive
unit during the chipping process (the third state (3)).
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This paper presents the results of fuel consumption tests of a cylindrical chipper driven by a
low-power spark-ignition internal combustion engine with three different configurations. The first
configuration (A) is an engine with a carburetor fuel feed system utilizing the classic control concept.
The second (B) is an engine with an injection system that uses the classic control concept. The third (C)
is an engine with an injection system fitted with an adaptive control system. Throughout the research,
various active and idling operation times were considered. The purpose of this paper is to measure and
demonstrate the differences in fuel consumption depending on the system’s design and the adopted
idea of chipper drive control.

2. Materials and Methods

For the experimental research, a chipper was used which, after initial stage testing, was modernized
in terms of design and drive unit control. Tests were carried out in two stages. During the first stage,
it was carried out in set exploitation conditions:

• Idling at low speed (1).
• Idling with maximum torque (2).
• Operation through a continuous chipping process (3).

During the second stage of research, the cylindrical wood chipper was tested in periodically-
variable exploitation conditions (4). In this research, the load of the chipper’s drive varied periodically,
as such the situation imitated the frequency of branch being supplied to the chipper. The results of
periodically-variable supply of branches were presented as the percentage contribution of time in the
chosen exploitation state. The research was carried out considering three distances between piles of
branches and the chipper (resulting from the previously published research [33]. This reflected the
percentage contribution of idle to chipping work time. Percentage contribution of idle to chipping
work time during experiments was defined per Table 1. The research was carried out in ten repetitions
for every exploitation conditions and fuel supply systems. One test took about an hour.

Table 1. Percentage of operating conditions times depending on the distance between the branch stack
and the chipper.

Distance between the Pile of Branches
and the Chipper

Percentage of Time for the Different Operating
States Chipping/Idle Work

0.5 m 78%/22%
1.5 m 71%/29%
2.5 m 65%/35%

The subject of the performed research was a Red Dragon RS−100 wood chipper driven by a
German GX 390 OHV four-stroke spark-ignition engine (Figure 1a). The factory configuration version
(A) uses a carburetor fuel feed system and a contactless ignition system with a fixed ignition angle [35].
It is intended for processing wood waste and branches with a diameter of up to 80 mm. Then,
the original design (A) was modernized to the second version (B). It was developed through the
application of an electronic injection-ignition system developed by the authors [36].

The basic component of the developed system was the ECU EMU MASTER central control unit
which enabled the processes of the injection and ignition system control to be programmed. This system
also provides monitoring and recording capabilities and allows indirect injection of fuel to the intake
duct before throttle. Examination of this version (B) was conducted in the second stage of research
before it was modernized by retrofitting a proprietary system of rotational speed control. Thus, the
functioning of the machine became dependent on exploitation conditions, which resulted in the third
version of the wood chipper (C).

The essence of the used rotational speed control system was the utilization of signals from optical
sensors (placed in the feed channel) that control the two idling work states of the machine. These
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signals use an algorithm that controls the rotational speed of the drive by changing the position of
the electronic air throttle. This version of wood chipper was tested in the third stage of the research.
A schematic of the innovative injection-ignition system used in the Ger man GX390 engine, together
with the maintenance-free detection and adaptive chipper drive control system is shown in Figure 2.
The developed prototype is presented in Figure 1b–d.

Figure 1. Red Dragon RS−100 type cylindrical chipper: (a) with a German GX 390 type engine;
(b–d) with the adaptive control system.

Figure 2. Schematic of the innovative injection-ignition system used in the German GX390 with a
maintenance-free detection and adaptive chipper drive control system.

Research on the machine operating parameters, fuel consumption, and operating conditions
was carried out on the same chipper with various drive system configurations (A, B, C). The tests
were carried out on a cylindrical chipper with an internal combustion engine with three different fuel
supply systems:
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• The first system–equipped with a carburetor fuel feed system and the classic control concept (A).
• The second system–equipped with an electronic injection system and the classic control concept (B).
• The third system–equipped with an electronic injection system after reequipping with a

maintenance-free and adaptive rotation speed control system (C).

Freshly cut Walnut branches (Juglans regia) with a diameter in the biggest cross-section at
approximately 80 mm and humidity of 30% were chipped at every stage of the tests. The trees
came from areas that were prepared for building plots, and their branches were pruned irregularly.
The specimens that underwent the tests were a representative of medium hardwood species following
Janka classification [37]. The Janka hardness test measures the resistance of a sample of wood to
denting and wear. It measures the force required to embed an 11.28 millimeters (0.444 in) diameter
steel ball halfway into a sample of wood [38,39].

The statistical analysis consisted of performing the distribution normality test using the
Shapiro-Wilk method, rejecting excessive errors using the Chauwenet method and determining
the standard deviation for the mean of the measurements. For the measurement results, the mean
value was calculated considering corrections according to the Student’s t distribution for the 95%
confidence level (see Tables 2–6) [40–44].

The measurement of actual fuel consumption was modelled using the volumetric method [45,46].
The measurement included providing a specified amount of fuel to the measuring cylinder, performing
work under predefined operating conditions, and then checking the level of fuel consumption, which
yielded an accuracy of 0.002 L.

3. Results

Fuel consumption test results of a cylindrical chipper driven by an internal combustion engine
with a carburetor fuel supply system (A) from the first stage are presented in Table 2. The results for
the fuel injection system (B) are shown in Table 3.

Table 2. Results of fuel consumption measurements of a cylindrical chipper powered by an internal
combustion engine with a carburetor fuel supply system (A); AVG–arithmetic average, SD–standard
deviation of the mean, I–incertitude limits using the Student’s t distribution for a 95% confidence level.

Operating Conditions

Test No.

Idle Work with Low
Rotational Speed (1)

Idle Work with High Rotational
Speed (High Torque) (2)

Continuous
Chipping (3)

Average Fuel Consumption [l h−1]

AVG 0.602 1.203 3.041
SD 0.0054 0.0056 0.1214
I 0.0120 0.0124 0.2704

Table 3. Results of fuel consumption measurements of a cylindrical chipper powered by an internal
combustion engine with an injection fuel supply system (B); AVG–arithmetic average, SD–standard
deviation of the mean, I–incertitude limits using the Student’s t distribution for a 95% confidence level.

Operating Conditions

Test No.

Idle Work with Low
Rotational Speed (1)

Idle Work with High Rotational
Speed (High Torque) (2)

Continuous
Chipping (3)

Average fuel consumption [l h−1]

AVG 0.374 1.310 1.185
SD 0.0073 0.0063 0.0265
I 0.0162 0.0140 0.0590

The fuel consumption for the cylindrical wood chipper with a carburetor fuel supply system
(A) during idle work with low rotational speed (1) was 0.602 ± 0.0054 l h−1. The consumption was
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twice as high during idle work with a high rotational speed (2). While continuous chipping (3), fuel
consumption varies depending on the type of material being processed. Despite the same initial
cross-section for all tested branches, fuel consumption differed as a result of the different number
of shoots on branches. Fuel consumption in these conditions was several times greater than during
idle work.

Fuel consumption for the cylindrical wood chipper with an injector fuel supply system (B) during
idle work with a low rotational speed (1) was 0.374 ± 0.0073 l h−1. The consumption became much
higher when the device was idling with a high rotational speed (2). While continuous chipping (3),
fuel consumption was lower in comparison to the idle work with a high rotational speed (2), but still
is a few times higher than during idle work with a low rotational speed (1). These results could be
explained based on the adopted concept of controlling and recognizing loads in the drive system of
the machine.

The second stage of research could be characterized as real exploitation conditions due to the
periodically-variable loads of the chipper (3). Obtained results concerning fuel consumption for the
cylindrical wood chipper with the carburetor fuel system (A) are presented in Table 4. The developed
system in conditions ranging from 22% to 35% of idle work time was characterized by fuel consumption
from 2.126 ± 0.0670 l·h−1 to 1.998 ± 0.0513 l·h−1. A 13% increase in idle work time resulted in a 6%
reduction in fuel consumption. Therefore, this proved that the examined system was characterized
by the decrease in fuel consumption with the increase of idle work time. Rest of the recorded data is
presented in Tables 5 and 6 for the wood chipper with an injector fuel supply system (B) and the wood
chipper with an adaptative control system for fuel injector system (C), respectively. The system (B) in
conditions ranging from 22% to 35% of the idle work time was characterized by fuel consumption
from 1.252 ± 0.0117 l·h−1 to 1.279 ± 0.0115 l·h−1. A 13% increase in idle operation time resulted in a
2.2% increase in fuel consumption. This result showed that the tested system, along with the increase
in idle time, was characterized by an increase in fuel consumption. However, this consumption was
lower than for the system (A). System (C), as assumed, was the most susceptible to changes in idle/load
work time ratio in conditions ranging from 22% to 35% of idle work time. It was characterized by
fuel consumption from 0.951 ± 0.0509 l·h−1 to 0.515 ± 0.0432 l l·h−1. A 13% increase in idle work time
reduced fuel consumption by approximately 45.9%. This result indicated that the adaptive system (C)
showed the highest drop in fuel consumption under the presented conditions.

The values of the standard deviation indicated that the system (B) was the least susceptible to
changes in the amount of fuel consumption in the tested operating conditions and was on average ±
0.0123 l·h−1. System (A) was characterized by an increase in the average standard deviation of 357.7%
and amounted to ± 0.0563 l·h−1. For system (C), it increases by 286.2% and was equal to 0.0475 l l·h−1.
On this basis, one can indicate the tendency of systems (A) and (C) to shift fuel consumption as a
result of different work conditions. In system (A), the centrifugal mechanism reacted to load changes,
while in system (C), the device responded to change of the rotational speed need of the drive. This
contrasted to system (B) which during the operation was not susceptible to any of the above regulations.
A detailed analysis of the systems focused on their comparison is presented in the next chapter.

Table 4. The results of fuel consumption of the cylindrical wood chipper with carburetor fuel supply
system (A) in periodically-variable exploitation conditions (3); AVG–arithmetic average, SD–standard
deviation of the mean, I–incertitude limits using the Student’s t distribution for a 95% confidence level.

Operating Conditions

Test No.

Percentage of Time for the Different Operating States: Chipping/Idle Work

78%/22% 71%/29% 65%/35%

Average Fuel Consumption [l h−1]

AVG 2.126 2.053 1.998
SD 0.0670 0.0506 0.0513
I 0.1492 0.1128 0.1143
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Table 5. The results of fuel consumption of the cylindrical wood chipper with injector fuel supply
system (B) in periodically-variable exploitation conditions (3); AVG–arithmetic average, SD–standard
deviation of the mean, I–incertitude limits using the Student’s t distribution for a 95% confidence level.

Operating Conditions

Test No.

Percentage of Time for Different Operating States: Chipping/Idle Work

78%/22% 71%/29% 65%/35%

Average Fuel Consumption [l h−1]

AVG 1.252 1.260 1.279
SD 0.0117 0.0136 0.0115
I 0.0261 0.0303 0.0255

Table 6. The results of fuel consumption of the cylindrical wood chipper with an injector fuel
supply system equipped with an adaptative drive control system in periodically-variable exploitation
conditions. AVG–arithmetic average, SD–standard deviation of the mean, I–incertitude limits using the
Student’s t distribution for a 95% confidence level.

Operating Conditions

Test No.

Percentage of Time for the Different Operating States: Chipping/Idle Work

78%/22% 71%/29% 65%/35%

Average Fuel Consumption [l h−1]

AVG 0.951 0.633 0.515
SD 0.0509 0.0484 0.0432
I 0.1135 0.1080 0.0962

4. Discussion

The main assessed parameter was the energy consumption of work of chipping machines expressed
by fuel consumption. The first stage research results enabled a comparison of fuel consumption in
constant exploitation conditions. Selected test results are shown in Figure 3. The analysis of the fuel
consumption in these three conditions allowed us to determine the range of fuel consumption that one
can expect in periodically-variable exploitation conditions.

Figure 3. Fuel consumption in selected operating conditions: Idle work with high (1) and low (2)
rotational speed, with a continuous chipping process (3).

Idle work at low rotational speed is more effective in the case of a system with electronic
fuel injection (B). The operation at high rotational speed under the same load conditions is more
advantageous in the case of a system with a carburetor fuel feed (A). The reason for this is the lower
rotational speed during active work (while chipping, i.e., about 3800 rpm). The drive with the injection
system (B) operates at 4200 rpm, where more combustion cycles occur. The differences in the rotational
speed values were related to the different control concept, that resulted from the reference characteristics
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of the engine. In the carburetor system (A), a significant load on the working mechanism caused the
rotational speed to decrease. This was limited by a change in throttle position that caused an increase
in the fuel-air mixture inflow to the combustion chamber. The process provided a greater fuel-air
mixture volume making it possible to increase rotational speed, thereby allowing maximum torque to
be reached again. This action was carried out by a centrifugal regulator integrated with the carburetor.
In the constant branches chipping process (3) this caused a significant load on the working mechanism.
Because of this, fuel consumption differed significantly depending on the fuel supply system used.

In the injection system (B), the load value was recognized based on the signal from the throttle
position sensor. Hence, the load caused by the object to be fragmented was not detected by the system.
In the injection system, the current load value was known due to the signal from the throttle angle
sensor. Therefore, the demand for increased torque (caused by appearing elements to be chipped)
could not be considered by the injection system.

This reduces the rotational speed and the ability to achieve the maximum torque value. The system
was designed in such a way that during idle operation it rotates at speeds greater than that required to
achieve maximum torque. The appearance of the load results in a decrease in the rotational speed, and,
in turn, it reaches a value guaranteeing the maximum torque to be obtained. This is in accordance with
the actual operating characteristics of the internal combustion engine.

The combustion engine with the fuel injection system (A) used in the first stage tests ensured that
the fuel-air mixture was maintained at a similar level during chipping. It was done by reducing the
rotational speed (and the number of cycles) which led to lower fuel consumption.

As a result of applying an injection system (B), the fuel consumption during idle work with
low rotational speed decreased at about 38%. During idle work at high speed, the fuel consumption
increased by 9%. In the case of chipping objects that caused a significant load of the drive, the
modification allowed the lowering of fuel consumption by 61% (Figure 3). The second stage fuel
consumption test results allowed for a comparison of the fuel consumption in periodically-variable
exploitation conditions (4) with different fuel supply systems (Figure 4). To compare systems in
constant conditions, we supplied the branches in such a way that allowed us to keep a constant ratio
between chipping and idle work. If the operating conditions were close to reality, the carburetor system
with the classic control system showed a significantly higher (by 56–70%) fuel consumption than the
injection system. Another important factor affecting fuel consumption was the method of controlling
the injection system. An adaptation of the system to operating conditions ensured a reduction of fuel
consumption compared to classic control (with carburetor–A) by about:

• 24% with a chipping/idle work ratio of 78% to 22%,
• 50% with a chipping/idle work ratio of 71% to 29%,
• 60% with a chipping/idle work ratio of 65% to 35%.

Figure 4. Fuel consumption under selected operating conditions: Transient exploitation conditions (4).
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Fuel consumption in the adaptive system was largely dependent on the ratio between chipping
and idle work times. This value decreased with the increase of idle work during machine operation
time in processing operations.

The above comparison of drive control systems and concepts shows that the average fuel
consumption per hour (apart from the injection time) is affected by the rotational speed, on which
the number of cycles of the internal combustion engine depends. The introduction of a system with
the possibility of adaptation (in terms of mechanical power) to operating conditions will reduce
fuel consumption.

A similar method of reducing emissions from the internal combustion engine was used in motor
vehicles by introducing the start-stop system. It is estimated that using systems of this kind reduces
fuel consumption and carbon dioxide emissions by 5–10%, and in hybrid vehicles by 10–25% [47,48].
Cieślik et al. [34] showed that the start-stop system is used for 20% of the time when the vehicle is
operating in the urban environment. For chipping machines, the frequency of changes in operating
states, and especially the length of idle work time is too short to enable turning the engine off. According
to the authors, the rotational speed decreasing system is beneficial. In addition, system utilization time
can be assumed to be 20% or more over the entire operation cycle time, according to the test results
concerning real conditions for mobile chipping machines.

The quantitative reduction of exhaust gas emissions results from the decrease in fuel consumption,
but the quality of exhaust gases is also important. The adaptive system is characterized by the extended
work time in a transient state. Such a state is characterized by the lack of fuel-air mixture regulation in
feedback, which may result in a different composition of exhaust gases than at the combustion of the
stoichiometric fuel-air mixture, which is the most advantageous.

The last compared parameter of the described systems was the design and applied components.
A broadband sensor of oxygen content in the exhaust gases and an electronically controlled throttle
are the distinguishing elements of the systems used in the described research, in relation to other
innovative drive designs of non-road mobile machines. The lack of a fuel vapor absorption system
offered in other modules intended for motor modernization from this category (in means of mechanical
power and mass) is a disadvantage here.

Factory motor equipment (the most common is the carburetor) can be characterized by its limited
ability to adjust the composition of the fuel-air mixture and the probability of settings loss due to
machine operation. The modernization of the injection-ignition system of the drive unit is characterized
by a significant increase in the number of components used. Using the modernized system can be
considered a disadvantage in term of costs, especially when compared to machines equipped with a
classic drive unit. However, the increase in ecological requirements will lead to the development of
such drive units, just like in the case of motor vehicles.

5. Conclusions

The application of low-power drive units with electronic fuel injection in wood chippers compared
to drives with a carburetor system showed reduced fuel consumption from 36% to 41%. This was
dependent on the ratio of active and passive work time in the chipping process. Operation of the
device with the possibility of adapting the drive control process to operating conditions by changing
the rotational speed ensured a reduction of fuel consumption from 41% to 60%. The adaptive drive
control systems are beneficial in combustion engines. Still, in case of branch chipping machines, as it
turns out, it is more beneficial to adjust rotational speed than to use the start-stop system as in cars.
The advantage of combustion engines with adaptive drive control systems are:

• Automatically attaining two idling states by changing the rotational speed, which ensures a
reduction in fuel consumption and quantitative exhaust gas emissions,

• Limitation of the operator’s effort in terms of their intensity of attention,
• Reduction of the operator’s stress related to the costs of machine operation.
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Operation of the device with the possibility of adapting the drive control process to operating
conditions through adaptive rotation speed control ensures a reduction in fuel consumption. It reduces
the quantity of exhaust gas emissions. Qualitative assessment of the generated exhaust gases requires
further testing, e.g., in real operating conditions using PEMS (the Portable Emissions Measurement
System). Another beneficial effect of the introduced system discussed here is the limitation of
the operator’s functions in terms of rotational speed regulation depending on operational needs.
After starting the motor, the operator does not interfere in the control process (focusing their attention
on the supply of raw material for processing), and the control function is activated automatically.
In the future, this type of system should be used in machines driven by combustion engines with
periodically-variable work cycles, used in forestry.

Further work can be focused on determining the chipping to idle work time ratio for which the
use of this system ceases to be profitable. Moreover, after performing qualitative tests of the exhaust
emissions, it can be expected that further work on the adaptive system should be conducted. It should
be in the direction of controlling combustion processes of internal combustion engines in the field of
rotational speed changes (for transient work states).

6. Patents

The design solution described in this paper is subject to a patent application in Poland: Ł. Warguła,
P. Krawiec, K.J. Waluś, 2017a: The system and method of speed control of wood chipper drives (original
text in Polish: Układ i sposób sterowania prędkością obrotową napędu rębaka do drewna), Poznan
University of Technology, Poznań, Poland, application number: P.423369, date of filing 06.11.2017.

In addition, the design developed on the basis of the above-mentioned patent application was
rewarded with a silver medal at the XII International Invention and Innovation Show INTARG,
4–5.06.2019, Katowice, Poland, and a silver medal at the International Warsaw Invention Show IWIS
14–16.10.2019, Warsaw, Poland.
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