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HARD IRON AND SOFT IRON COMPENSATION 
OF THREE AXIS MAGNETOMETER 
MEASUREMENTS

KOMPENZÁCIA HARD IRON A SOFT IRON 
VPLYVOV NA MERANIE TROJOSÉHO 
MAGNETOMETRA

Marián Kišev, Patrik Kósa, Lukáš Vacho, Juraj Baláži, Vladimír Cviklovič

Department of Electrical Engineering, Automation and Informatics, Faculty of Engineering, 
Slovak University of Agriculture in Nitra, Tr. A. Hlinku 2, 949 76, Nitra, Slovakia, dtf@uniag.sk

ABSTRACT: Nowadays, the navigation systems are more and more used. They are mainly used 
in the transport, but they come into the field of autonomous systems. The navigation systems use 
a combination of GPS and inertial sensors. One of the inertial sensors is a magnetometer that mea-
sures the resulting magnetic field vector of the Earth. When it is measuring acceleration and dis-
tance, it is necessary to know the heading. The absolute heading value can be determined by the 
magnetometer. The magnetic field is deformed by magnetic materials which change the final mag-
netic induction vector and the magnetic field needs to be compensated. The device itself, on which 
the sensor is located, affects the measured magnetic field and therefore the magnetometer has to be 
directly compensated on the device on which is it located. The calibration constants are determined 
from the measured data that are subsequently applied to the individual measured samples. The cali-
bration algorithm is implemented directly into the microcontroller that acquires the measured data.

Key words: magnetometer, microcontroller, calibration, ellipsoid

ABSTRAKT: V súčasnosti sa čoraz častejšie používajú navigačné systémy. Používajú sa najmä 
v doprave, ale dostávajú sa aj do oblasti autonómnych systémov. Pri navigačných systémoch sa po-
užíva kombinácia GPS spolu s inerciálnymi snímačmi. Jedným z inerciálnych snímačov je magne-
tometer, ktorý meria výsledný vektor magnetické poľa Zeme. Pri meraní zrýchlení a prejdenej dráhy 
je treba poznať natočenie, ktorého absolútnu hodnotu je možné určiť magnetometrom. Magnetické 
pole sa pôsobením magnetických materiálov deformuje, čím sa mení výsledný vektor magnetickej 
indukcie, ktorý treba ďalej kompenzovať. Samotné zariadenie, na ktorom je umiestnený snímač 
ovplyvňuje merané magnetické pole a preto je treba magnetometer kompenzovať priamo na zaria-
dení, na ktorom bude umiestnený. Z nameraných údajov je možné určiť kalibračné konštanty, ktoré 
sú následne aplikované na jednotlivé namerané vzorky. Kalibračný algoritmus je implementovaný 
priamo do mikrokontroléra, ktorý zbiera namerané údaje.

Kľúčové slová: magnetometer, mikrokontrolér, kalibrácia, snímač, elipsoid
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INTRODUCTION

At present, the potential of using inertial sensors in mobile robotics is increasing. In-
ertial sensors used to be extremely costly in the past, but the introduction of sensors pro-
duced by the micro-electro-mechanical technology (MEMS) into consumer technology 
greatly contributes to the availability and to affordability of these sensors. 

In this study, we are conducting the tri-axis magnetometer calibration using the least 
square method and subsequent absolute measurement of the heading angle in order to 
increase its accuracy and reliability for use in practice. Its precision is influenced by a va-
riety of factors from the environment and from the device on which it is located. Among 
the factors, which are influencing the magnetometer we mainly classify noise measure-
ment, manufacturing inaccuracies and at least, errors caused by foreign magnetic fields or 
materials, which are deforming the measured magnetic field of the Earth. Errors caused by 
deformation of the magnetic field or by the effect of a foreign magnetic field, which do not 
change over time, can be partially compensated by calibration of the sensors. 

Hemanth at al. (2012) estimated bias and scale factors for all axes, using a simpler  
2 step procedure. The proposed technique exploits the relation between the body axis rates 
and the Euler angles to define a limited rotation and an associated optimization problem 
to determine the calibration parameters. In results of Pylvänäinen (2008) report there is 
proposed an automatic calibration algorithm algorithm based on recursive fitting of an el-
lipsoid to collected samples from the sensor which can adaptively update the calibration 
parameters. Three different calibration strategies were analyzed and compered by Shitu 
at al. (2013). Calibration and magnetic disturbance compensation can be solved by com-
puting nonlinear equations (Hongfeng et al. 2016). There are also researches which are 
especially analyzed calibration of errors caused by sensors deviations and the error separa-
tion based on non-magnetic three axis rotation platform (Včelák et. al. 2005, Zhiwei at al. 
2016, Gorkem & Billur 2016). More information about sensors and its calibration can be 
found in the literature (Farrell 2008, Groves 2008).

MATERIAL AND METHODS

Magnetometers are used in systems where it is necessary to determine absolute direc-
tion of orientation, which is an advantage, because while using relative sensors, the error 
increases rapidly. The used sensor is a MEMS LSM303DLHC sensor. These sensors have 
become very popular because of their price. Their disadvantage is their dependence on the 
environment that disturbs the magnetic field and then the error rises.

Magnetic induction of the geomagnetic field ranges from 20 to 130 μT. The vector of 
the magnetic induction of the Earth contains elements in all three axes of the coordinate 
system and they help us to determine the North Magnetic Pole. The North Magnetic Pole is 
located near the Northern Geographic Pole and it is unstable. The horizontal plane is given 
by the Beh vector, which consists of two components Bex and Bey. The resulting vector of 
the geomagnetic field is then given by the sum of the horizontal component Bex vector and 
the vertical component Bey vector. The angle between the vector of the geomagnetic field 
and the horizontal plane is called as the inclination angle. The angle between the magnetic 
pole and the geographic pole is called as the declination angle. Its value is within ± 20 °.
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Fig. 1. Components of the magnetic induction vector
Obr. 1. Rozloženie vektora magnetickej indukcie Zeme

The electromagnetic field is known to be different from other physical quantities by the 
fact that its sources are in the vicinity of every magnetic induction sensor and they cannot 
be removed. The only solution is to calibrate the sensor on a complete device with all its 
structural elements. The first disturbing phenomenon in magnetometers is the so-called 
“hard-iron” interference of magnetic field generated by ferromagnetic materials. Their 
electromagnetic field is constant over time and it is added to the Earth‘s electromagnetic 
field. It reflects as an offset on the on the output of the magnetic induction sensor. The so-
called “soft-iron” electromagnetic field interference is generated by the inner segments of 
the sensor device. It can be caused by electric currents flowing through a printed circuit 
board or by the soft magnetization of materials. These sources generate an electromag-
netic field that is changing over time. 

The effect of the so-called “soft-iron” distortion causes an error in the entire rotation 
of the sensor, which is evident in the tilt of the ellipsoid described by the rotation of the 
sensor in a space with a constant magnetic induction. Another interfering phenomenon is 
gain factor, which is defined as a sensitivity error of the sensor. In the best case, the elec-
tromagnetic field sensor has the same sensitivity in all three axes of the coordinate system. 

In real conditions, each of the sensors in all three axes (x, y and z) has a different 
sensitivity. The effect is that after rotating the device around one of the axes, the vector of 
the measured magnetic induction describes an ellipse. If the device does not contain the 
so-called “hard-iron” and “soft-iron” interferential magnetic fields, the sensitivity of the 
sensors in the individual axes are the same and if the frame of the device and of the sensor 
are identical, then the measured vector of magnetic induction upon rotation describes the 
same surface of the sphere with its centre at centre of coordinate system.

The LSM303DLHC is an integrated circuit, featuring an integrated three-axis acceler-
ometer and a three-axis magnetometer. The magnetic induction can be measured in ranges 
of ± 130 μT, ± 190 μT, ± 250 μT, ± 400 μT, ± 470 μT, ± 560 μT and ± 810 μT. The com-
mon circuit for both sensors that was produced by MEMS technology minimizes energy 
demands with the simultaneous absence of additional geometric adjustment of the axes 
of the both sensors. The measured data is read by a microcontroller via the I2C commu-
nication standard. The magnetometer and accelerometer have in applications that require 
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an electronic compass an advantage in their ability to compensate the inclination, which 
extends the compass usability for a variety of applications in research and practice.

RESULTS

The aim of the calibration of the geomagnetic induction sensor is to determine the cor-
rection parameters, so that the measured data is later compensated with minimal measure-
ment uncertainty. Verification of the so-called “soft-iron” effect is done through a graphi-
cal rendering of the magnetic induction vector in space for various device rotations. The 
vector must describe the surface of the sphere. 

The first connection of the LSM303DLHC with the EFM32WG990F256 microcon-
troller on the STK3800 development board was done only through the wires, but this had 
a negative impact on the measurement. The currents flowing through the wires created an 
interfering magnetic field. For this reason, we created a module that is directly connected 
to the development board. The module contains a SD card slot that is used to store the 
measured data used for calculating the calibration constants on the computer. To deter-
mine the tilt compensation, it includes a gyroscope together with an accelerometer. Fig. 2 
shows the development board with the designed measurement module.

Fig. 2. Measurement device
(a – development board STK3800, b – designed measurement module LSM303DLHC)

Obr. 2. Meracie zariadenie  
(a – vývojové zariadenie STK3800, b – vyhotovený prídavný merací modul s LSM303DLHC)

The communication is controlled by a microcontroller, which output provides data for 
tilt and heading angle after it gets calibration constants. Tilt is calculated from the accel-
erometer and gyroscope data. Measured sensor data has to be compensated according to 
the calibration protocol to assess the heading angle accurately. The microcontroller must 
compensate all the measured data in real time and, at the same time, perform all the neces-
sary calculations.

The microcontroller has the ability to directly measure the data using the software low-
pass filter of the specified frequency, thus sensor output is stabilized slightly.

The components of the vector of magnetic induction B are for simpler calculations 
normalized to its absolute value. Their value after normalization ranges from –1 to + 1. 
If the calculated absolute value is not equal to 1, it informs us of the presence of another 
interfering electromagnetic field and the measured directional angle is not accurate.

 
a) 

 
b) 
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The communication is controlled by a microcontroller, which output provides data for 

tilt and heading angle after it gets calibration constants. Tilt is calculated from the 
accelerometer and gyroscope data. Measured sensor data has to be compensated according to 
the calibration protocol to assess the heading angle accurately. The microcontroller must 
compensate all the measured data in real time and, at the same time, perform all the necessary 
calculations. 

The microcontroller has the ability to directly measure the data using the software low-
pass filter of the specified frequency, thus sensor output is stabilized slightly. 

The components of the vector of magnetic induction B are for simpler calculations 
normalized to its absolute value. Their value after normalization ranges from -1 to + 1. If the 
calculated absolute value is not equal to 1, it informs us of the presence of another interfering 
electromagnetic field and the measured directional angle is not accurate. 

The measured values needed for calibrations are then processed in the Matlab to get 
calibration constants using least square ellipsoid fitting method. By a surface we mean a set of 
points in a space whose right-angled coordinates correspond to the equation F (x, y, z) = 0, 
where F is a function having at each point a continuous partial derivation of at least the first 
order. The general equation of quadratic surface has four so-called invariants, whose values 
do not change in the transformation of the coordinates by displacement and rotation. The 
general equation of quadratic surface: 

2 2 2
11 22 33 12 13 23 14 24 34 442 2 2 2 2 2 0a x a y a z a xy a xz a yz a x a y a z a           (1) 

 
where a11.. a44 are constants that describes quadratic surface  [-], 
 x, y ,z are parameters of quadratic surface  [-]. 
 

The measured values are given in the general equation of the quadratic surface. The 
number of samples corresponds to the total number of rows stored in matrix D. The ellipsoid 
can be mathematically described by the least square method, which gives us the best equation 
for ellipsoid to get the individual calibration constants for the both cases of distortion. 
Accuracy increases with the number of measured vectors at different turns. However, the 
prerequisite here is a pre-calibrated accelerometer to measure the tilt and climb angles. It is 
unacceptable to calibrate the sensor itself, because it needs to be calibrated on a complete 
device on which no further adjustments will be made. Least square method is realized by 
equation 2. 
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The measured values needed for calibrations are then processed in the Matlab to get 
calibration constants using least square ellipsoid fitting method. By a surface we mean 
a set of points in a space whose right-angled coordinates correspond to the equation F (x, 
y, z) = 0, where F is a function having at each point a continuous partial derivation of at 
least the first order. The general equation of quadratic surface has four so-called invariants, 
whose values   do not change in the transformation of the coordinates by displacement and 
rotation. The general equation of quadratic surface:

2 2 2
11 22 33 12 13 23 14 24 34 442 2 2 2 2 2 0a x a y a z a xy a xz a yz a x a y a z a+ + + + + + + + + =  (1)

where  a11.. a44 are constants that describes quadratic surface [-],
 x, y ,z are parameters of quadratic surface [-].

The measured values are given in the general equation of the quadratic surface. The num-
ber of samples corresponds to the total number of rows stored in matrix D. The ellipsoid can 
be mathematically described by the least square method, which gives us the best equation for 
ellipsoid to get the individual calibration constants for the both cases of distortion. Accuracy 
increases with the number of measured vectors at different turns. However, the prerequisite 
here is a pre-calibrated accelerometer to measure the tilt and climb angles. It is unaccept-
able to calibrate the sensor itself, because it needs to be calibrated on a complete device on 
which no further adjustments will be made. Least square method is realized by equation 2. 

(2)

where  V is result matrix of the quadratic surface [-],
 D is data matrix [-].

From the matrix of the quadratic surface we can obtain the values of the length of the 
half-axles and of the center, which are used as calibration constants for the magnetometer. 
Matrix of quadratic the surface is described in equation 3.

 
(3)

Measurement was performed by free movement of the sensor around all the axes. The 
calibration consists of 10,000 measured samples. The first measurement proved only hard-
iron offset (fig. 3a). To properly demonstrate the functionality of the algorithm, we placed 
a ferromagnetic material near the sensor, which influenced the resulting vector of mag-
netic induction and then we repeated the measurement. In the second measurement, a con-
siderable magnetic field deformation occurred (fig. 3b), on which the vector describes the 
surface of an ellipsoid that has its center out of the center of the coordinate system and its 
being rotated. The red points indicate the measured values and the blue dots indicate the 
calibrated magnetic induction values.
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 a) b)

Fig. 3. Normalized measured values of magnetic induction
(a – without affecting of magnetic material, b – affected by magnetic material)

Obr. 3. Normalizované namerané údaje magnetickej indukcie 
(a – bez ovplyvnenia magnetickým materiálom, b – ovplyvnenie magnetickým materiálom)

If the sensor is in a horizontal position, the tilt angle is equal to zero. The z-axis com-
ponent is not required to specify the heading angle. In that case, we calculate the heading 
angle ψ from the relation:

(4)

where  ψ is the heading angle [rad],
 Bym , Bxm are the measured components of the magnetic induction vector [μT].

The gravitational acceleration vector data from the accelerometer serves to correct the 
magnetic induction vector from which the heading angle of the device relative to the North 
Magnetic Pole is calculated. The tilt and the rise of the device were set from the distribu-
tion of the gravitational vector, from which the vector of the Earth´s magnetic induction 
was also transformed. The relations from whom the components of the magnetic induction 
vector required to determine the heading angle were calculated are as follows:

  
(5)

where  Bx , By are the compensated components of the magnetic induction vector [μT],
 Bxm , Bym, Bzm are the measured components of the magnetic induction vector [μT]
 ϕ, θ are the tilt angles [rad].

After the compensation, it is possible to calculate the heading angle according to the 
equation 4, but it is necessary to use the compensated components of the magnetic induc-

V ( ).T TD D D Y  (2) 
 
where  V is result matrix of the quadratic surface  [-], 

D is data matrix  [-]. 
 
From the matrix of the quadratic surface we can obtain the values of the length of the 

half-axles and of the center, which are used as calibration constants for the magnetometer. 
Matrix of quadratic the surface is described in equation 3. 

11 12 13 14

12 22 23 24

31 23 33 34

14 24 34 44

 

a a a a
a a a a

V
a a a a
a a a a

 
 
 
 
 
 

 (3) 

 
Measurement was performed by free movement of the sensor around all the axes. The 

calibration consists of 10,000 measured samples. The first measurement proved only hard-
iron offset  (fig. 2a). To properly demonstrate the functionality of the algorithm, we placed a 
ferromagnetic material near the sensor, which influenced the resulting vector of magnetic 
induction and then we repeated the measurement. In the second measurement, a considerable 
magnetic field deformation occurred (fig. 2b), on which the vector describes the surface of an 
ellipsoid that has its center out of the center of the coordinate system and its being rotated. 
The red points indicate the measured values and the blue dots indicate the calibrated magnetic 
induction values. 

 

 
a) 

 
b) 

 
Fig. 2. Normalized measured values of magnetic induction 

(a – without affecting of magnetic material, b – affected by magnetic material) 
Obr. 2. Normalizované namerané údaje magnetickej indukcie 

(a – bez ovplyvnenia magnetickým materiálom, b – ovplyvnenie magnetickým materiálom) 
 

ym

xm

B
arctg

B
 =

( ) ( )
( ) ( ) ( ) ( ) ( )

cos sin

sin sin cos sin cos
x xm zm

y xm ym zm

B B B

B B B B

 

    

= +

= + −



ACTA FACULTATIS TECHNICAE, XXIV, 2019 (1): 9–16 15

tion. The calculated calibration constants are then load to the microcontroller which then 
compensates the measured values of the magnetic field in real time as follows:

(6)

where  Bxc , Byc, Bzc are calibrated components of magnetic induction vector [μT],
 Bxo , Byo, Bzo are offsets of magnetic induction [μT],
 M is transformation matrix that contains rotation and gain factor of ellipsoid [-].

CONCLUSION

In this paper we present the application of the least square method for calibration of 
the magnetic induction sensor. When the measured magnetic induction vector is properly 
calibrated; it describes the surface area of a sphere. In case of incorrect calibration, the 
magnetic field vector will describe an ellipsoid, which can have its centre deflected from 
the centre of the coordinate system, and it can be also rotated. In the initial measurement 
the sensor has shown only a hard-iron interference, which has resulted in the shift of the 
sphere’s centre. In order to demonstrate the accuracy and the functionality of the calibra-
tion, we have placed materials near the sensor that have induced not only hard-iron inter-
ference, but also soft-iron interference. Calculation of calibration constants was performed 
in mathematical simulation software Matlab.

To apply the least square method to find the approximate equation for the ellipsoid we 
have used 10,000 samples. Calculation with all collected samples could not be performed 
directly in the microcontroller due to lack of operating memory and computing power. 
After applying the calculated calibration constants to the measured data to the sensor, it 
shows correct values and the resulting vector describes the surface of a sphere. With cor-
rectly selected samples that do not contain a large measurement error, caused for example 
by interference, it is possible to approximate the equation for the ellipsoid with at least 
nine samples. 
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COMMUNICATION BETWEEN A PLC AND 
A RASPBERRY PI VIA OPENPOWERLINK

KOMUNIKÁCIA MEDZI PLC A RASPBERRY 
PI PROSTREDNÍCTVOM OPENPOWERLINK
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ABSTRACT: Nowadays, communication between industrial PLCs and programmable platforms is 
increasingly required in practise. Usage of a programmable platform like Raspberry PI offers in ad-
dition to simple programming features also low price while the processing power is preserved. One 
of the areas, where the advantages of the communication between a PLC and a Raspberry PI can be 
used is data processing of industrial cameras and other sensors in the industry. The most common 
methods of measuring and sensing of quantities are focused on usage of a communication protocol 
which is compatible with the used control system. Since these methods are in the most cases expen-
sive, we have decided to modify an existing technology based on a Raspberry PI single-board PC. 
The objects of this research are Hall-effect current sensors and an industrial camera from Keyen-
ce, which are incompatible with the control system B&R X20CP1584 without usage of additional 
modules. The solution for incompatibility is adaptation of the openPOWERLINK communication 
protocol, which is supported by the Raspberry Pi and its connection to the PLC, which supports 
POWERLINK protocol. This solution provides an easily programmable and a cheap method how to 
reduce designing costs of any industrial solution effectively.

Key words: OPENPOWERLINK, PLC, Raspberry PI, industrial camera

ABSTRAKT: V súčasnosti je v praxi čoraz častejšie požadovaná komunikácia medzi komerčnými 
programovateľnými platformami a priemyselnými PLC. Použitie programovateľnej platformy akou 
je aj Raspberry PI ponúka okrem jednoduchého programovania aj možnosť zníženia nákladov pri 
zachovaní výpočtového výkonu daného systému. Jednou z oblastí, kde je možné aplikovať výhody 
komunikácie medzi PLC a Raspberry PI je spracovanie údajov z priemyselných kamier a rôznych 
iných snímačov v priemysle. Najpoužívanejšie spôsoby merania a snímania veličín sú zamerané 
na použitie komunikačného rozhrania kompatibilného s použitým riadiacim systémom. Keďže tie-
to spôsoby merania a snímania veličín sú často nákladné, preto sme sa na základe tohto rozhodli 
upraviť existujúcu technológiu založenú na platforme Raspberry PI. Objektmi skúmania sú Hallove 
snímače prúdu a priemyselná kamera od firmy Keyence, ktoré sú bez použitia rozširujúcich mo-
dulov nekompatibilné s riadiacim systémom B&R X20CP1584. Riešením na nekompatibilitu bola 
adaptácia komunikačného protokolu openPOWERLINK podporovaného platformou Raspberry Pi 
na komunikáciu s PLC, ktorý podporuje komunikačný protokol POWERLINK. Vďaka tomuto rie-
šeniu sme vytvorili jednoducho programovateľný a cenovo nenáročný spôsob ako efektívne znížiť 
náklady pri návrhu určitého technologického riešenia. 

Kľúčové slová: OPENPOWERLINK, PLC, Raspberry PI, priemyselná kamera
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INTRODUCTION

Minimalization and rising of effectiveness of control systems and their peripheries is 
nowadays a commonly resolved problem, which creates space for usage of unconventio-
nal methods. One of the areas where unconventional methods can be applied is usage of 
affordable hardware components, which are incompatible with the used control system. 
Innovative solutions allow designing affordable devices with similar parameters to the 
professional devices. These devices can replace expensive extending modules, which are 
used for data processing of used hardware components. Usually, the limiting factor in 
usage of affordable components is the fact that their do not support communication via 
standardised industrial communication protocols. In this research we have concentrated 
to develop a system based on a Raspberry Pi 2 platform, which will process and send data 
via POWERLINK communication protocol. The backbone of the system is an existing 
openPOWERLINK communication protocol package that was developed for communi-
cation between two or more Raspberry Pi´s without the possibility to communicate with 
a PLC. Modification of this package allows creating a device that is able to communicate 
via POWERLINK communication protocol, which can be adapted to any specific requi-
rements.

MATERIAL AND METHODS

The goal of this work is adaptation of openPOWERLINK communication protocol for 
communication and data transfer of an industrial camera and of Hall-effect current sen-
sors to a B&R X20CP1584 PLC, which supports POWERLINK communication protocol. 
While designing, we had to know the characteristics of the POWERLINK communication 
protocol from which the openPOWERLINK software package was modified. We had to 
modify it to make it able to establish communication between Raspberry Pi and PLC. 
After its adaptation, a measuring device was developed, which will process data from the 
used sensors and from the industrial camera. To process data from the Raspberry pi 2, 
we had to set up the parameters of the communication protocol aND CREATE A CON-
TROL PROGRAM ON THE PLC.

Ethernet POWERLINK
Ethernet POWERLINK is a deterministic and a real-time variant of the Ethernet com-

munication protocol, which is based on the IEE802.3 standard with its full compatibility 
(Zurawski, 2014). The principle of the communication is based on sending requests for 
deterministic data transfer (Kubacki, 2016; Mozdík et al., 2015). This way of commu-
nication guaranties a transfer of critically time dependent data in very short cycles with 
configurable timing. The structure of the data processing is divided into two parts:
1. Isochronous part – in this part, the transfer of time dependent data, which requires 

time synchronisation, is located. The data transfer is addicted to the sent communica-
tion requests.

2. Asynchronous part – in this part, the less time dependent data and packets (paramet-
ric data or link overload) are transferred.



ACTA FACULTATIS TECHNICAE, XXIV, 2019 (1): 17–25 19

The data layer of the network consists of one master device “Managing node” (MN) 
and of maximally 240 slave devices “Controlled nodes” (CN). The MN device is defining 
the synchronisation pulses for all devices in the network and it processes data from the 
communication cycle (Lindner, 2018). The communication of the CN with the MN is po-
ssible only after the CN has received a communication request from the MN (Thomesse, 
2005). The principle of the data transmission is shown in Figure 1.

 

Fig. 1. POWERLINK data transmission
Obr. 1. Prenosový cyklus protokolu POWERLINK

The data transmission of the POWERLINK communication protocol consists of three 
periods:
1. The data transmission cycle begins with “Start period”, when the MN sends a SoC 

(Start of Cycle Frame) message to all CN devices for synchronisation of the commu-
nication.

2. Communication between the MN and the CN begins in the second period called “Is-
ochronous phase”, when the MN sends a PollRequest (PReq) message to establish the 
data transfer between the CN and the MN. The CN sends their data via PollResponse 
(PRes) message.

3. The third period indicates the start of the asynchronous phase by sending a SoA (Start 
of Asynchronous) message from the MN. In this phase, the less critical packets or data 
are transferred (Kubacki, 2016).

The application layer of the POWERLINK protocol is based on the application layer 
and on the services of the CANopen communication protocol (Luvisotto, 2017). Its main 
feature is that every device has its own interface, which is expressed to the other devices 
through files called object dictionaries (OD). The participants of the communication can 
communicate with each other via access to the OD of every device in these ways:
1. Synchronously: via Process Data Objects (PDOs).
2. Asynchronously: via Service Data Objects (SDOs). 

 
The Object dictionary is a structured list of objects in CANopen style. This list defines 

the main interface between devices and it also allows exposing data, parameters and servi-
ces to other devices in the network. The objects of the OD can be accessible through SDO 
or PDO services. The description of the OD plays a very important role in XML Device 
Description (XDD) file, which contains the description of the used objects and subobjects 
in the POWERLINK communication protocol. All of them are defined with specific pro-
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perties like index, name, predefined and actual value. These properties are declared in the 
definition of the object dictionary for all POWERLINK devices (nodes) and they have to 
be signed in the XDD file of the specific node identically (Knezic et al., 2017). 

Raspberry Pi 2, model B 
 
Raspberry Pi 2 is a single-board platform, which is with its architecture a device 

between embedded systems (e. g. Arduino) and desktop PC´s. This platform is based on a  
4-core 900 MHz Broadcom BCM2836 processor with 32-bit ARMv7 Cortex-A7 cores. Its 
RAM memory size is 1 GB and it also contains 4 USB ports, 10/100 BaseT Ethernet port, 
HDMI port, microSD card slot and many other peripheries (Girling, 2016). 

 Fig. 2. Raspberry Pi 2 model B
Obr. 2. Raspberry Pi 2 model B

GPIO (General Purpose Input Output) connector is a periphery where the pins for di-
gital inputs and UART, I2C and SPI communication buses are located. These pins can be 
used to process data from sensors (Girling, 2016). The GPIO connector pinout is shown 
in Figure 3. 

Fig. 3. GPIO connector pinout
Obr. 3. Rozloženie vývodov na konektore GPIO

1. The data transmission cycle begins with “Start period”, when the MN sends a 
SoC (Start of Cycle Frame) message to all CN devices for synchronisation of 
the communication. 

2. Communication between the MN and the CN begins in the second period 
called “Isochronous phase”, when the MN sends a PollRequest (PReq) 
message to establish the data transfer between the CN and the MN. The CN 
sends their data via PollResponse (PRes) message. 
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of the object dictionary for all POWERLINK devices (nodes) and they have to be signed in 
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Raspberry Pi 2, model B   
 Raspberry Pi 2 is a single-board platform, which is with its architecture a device 
between embedded systems (e. g. Arduino) and desktop PC´s. This platform is based on a  
4-core 900 MHz Broadcom BCM2836 processor with 32-bit ARMv7 Cortex-A7 cores. Its 
RAM memory size is 1 GB and it also contains 4 USB ports, 10/100 BaseT Ethernet port, 
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 Fig. 2. Raspberry Pi 2 model B 
Obr. 2. Raspberry Pi 2 model B 

GPIO (General Purpose Input Output) connector is a periphery where the pins for 
digital inputs and UART, I2C and SPI communication buses are located. These pins can be 
used to process data from sensors (Girling, 2016). The GPIO connector pinout is shown in 
Figure 3.  
 

 
 

Fig. 3. GPIO connector pinout 
Obr. 3. Rozloženie vývodov na konektore GPIO 

 

Hall-effect current sensor 
 The Hall-effect current sensor is a sensor, which functionality is based on the  
Hall-effect. Hall-effect is an effect when a potential difference is produced on the electrodes 
of a semiconductor when a magnetic flux is applied in a direction perpendicular to that of the 
flow of current. The voltage generated on the semiconductor is also called as Hall voltage. 
The value of this voltage is only a few mV, therefore it has to be amplified via operational 
amplifiers (Cviklovič, 2017). 
 The principle of the current sensor is based on a wire through which is the measured 
current flowing. The flowing current produces a magnetic field that is transferred to the 
semiconductor through a magnetic toroidal core. The core is made with a gap in which the 
Hall cell (semiconductor) that is measuring the magnetic flux is placed. This cell has to be 
supplied with a control current IC, which allows the magnetic flux to produce voltage on the 
electrodes of the semiconductor. The principle of the Hall-effect current sensor is shown in 
Figure 4. 
 

 
 

Fig. 4. Principle of the Hall-effect current sensor 
Obr. 4. Princíp Hallovho snímača prúdu 

 
The Hall-effect current sensor allows to measure direct and alternating current and it 

provides galvanic isolation of the measured object. The main pros of this sensor are: low 
price, small dimensions, low consumption and ability to measure currents up to 10 kA. Its 
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Hall-effect current sensor
 
The Hall-effect current sensor is a sensor, which functionality is based on the  

Hall-effect. Hall-effect is an effect when a potential difference is produced on the electro-
des of a semiconductor when a magnetic flux is applied in a direction perpendicular to that 
of the flow of current. The voltage generated on the semiconductor is also called as Hall 
voltage. The value of this voltage is only a few mV, therefore it has to be amplified via 
operational amplifiers (Cviklovič, 2017).

The principle of the current sensor is based on a wire through which is the measured 
current flowing. The flowing current produces a magnetic field that is transferred to the 
semiconductor through a magnetic toroidal core. The core is made with a gap in which the 
Hall cell (semiconductor) that is measuring the magnetic flux is placed. This cell has to 
be supplied with a control current IC, which allows the magnetic flux to produce voltage 
on the electrodes of the semiconductor. The principle of the Hall-effect current sensor is 
shown in Figure 4.

Fig. 4. Principle of the Hall-effect current sensor
Obr. 4. Princíp Hallovho snímača prúdu

The Hall-effect current sensor allows to measure direct and alternating current and it 
provides galvanic isolation of the measured object. The main pros of this sensor are: low 
price, small dimensions, low consumption and ability to measure currents up to 10 kA. Its 
cons are: temperature dependent amplifying drift, limits for current frequency and middle 
set up time (Cviklovič, 2017).

RESULTS

The design of the measuring device was based on the design of a measuring chain for 
data transmission from Hall-effect current sensors and the Keyence IV-500MA industrial 
camera. The block diagram of the designed measuring chain is shown in Figure 5. 

Fig. 5. Block diagram of the measuring chain
Obr. 5. Bloková schéma meracieho reťazca
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 The basic element of the measuring chain is the signal processing board that serves to 
process the signal from Hall-effect current sensors and the industrial camera. The used current 
sensors are ACS712 sensors in 5A and 20A versions. These sensors have a sensitivity of  
185 mV/A (5A version) and 100 mV/A (20A version). The voltage at the output is at zero 
current 0.5 x Vcc, while the Vcc is supply voltage of 5V. The given voltage offset appears to 
be undesirable for measurement purposes, so it needs to be shifted to 0V by operational 
amplifiers. The adjusted voltage from operational amplifier cannot be processed directly with 
the Raspberry Pi 2, because it does not contain an AD converter. For this reason, it was 
necessary to use an external AD converter that modulates the analogue signal from the 
operational amplifier to a digital signal that is easy to process. We chose an ADS1115 circuit 
from Texas Instruments as an AD converter. The ADS 1115 is a 4-channel 16-bit AD 
converter that communicates via I2C bus. This converter allows to process voltage signals in 
range of 0-4.096V at a supply voltage of 5V. Therefore, it is necessary to set the output 
voltage range to the same value after processing the signal from the Hall-effect sensors via the 
operational amplifiers. A comparison of the original and adjusted measuring ranges and 
sensitivities is shown in Table 1. 
 
Table 1. Original and changed ranges and sensitivities 
Tabuľka 1. Pôvodné a upravené rozsahy a citlivosti 

ACS712 Original 
range1) [V] 

Original sensitivity2) 
[mV/A] 

Adjusted 
range3) [V] 

Adjusted sensitivity4) 
[mV/A] 

5A 2.5-3.425 185 0-4.096V 819.2 
20A 2.5-4.5 100 204.8 

1)Pôvodný rozsah, 2)Pôvodná citlivosť, 3)Upravený rozsah, 4)Upravená citlivosť 
 
 The adjustment of the measuring range was performed by a LM324 operational 
amplifier, which was used as an inverting amplifier in two serially connected blocks. The 
voltage offset shifting at zero current was achieved by an additional input branch in the 
summing amplifier circuit. The amplifier is shown in Figure 6. 
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The basic element of the measuring chain is the signal processing board that serves to 
process the signal from Hall-effect current sensors and the industrial camera. The used cur-
rent sensors are ACS712 sensors in 5 A and 20 A versions. These sensors have a sensitivity of  
185 mV/A (5A version) and 100 mV/A (20A version). The voltage at the output is at zero 
current 0.5 x Vcc, while the Vcc is supply voltage of 5 V. The given voltage offset appears 
to be undesirable for measurement purposes, so it needs to be shifted to 0V by operational 
amplifiers. The adjusted voltage from operational amplifier cannot be processed directly 
with the Raspberry Pi 2, because it does not contain an AD converter. For this reason, it 
was necessary to use an external AD converter that modulates the analogue signal from the 
operational amplifier to a digital signal that is easy to process. We chose an ADS1115 cir-
cuit from Texas Instruments as an AD converter. The ADS 1115 is a 4-channel 16-bit AD 
converter that communicates via I2C bus. This converter allows to process voltage signals 
in range of 0–4,096 V at a supply voltage of 5 V. Therefore, it is necessary to set the output 
voltage range to the same value after processing the signal from the Hall-effect sensors 
via the operational amplifiers. A comparison of the original and adjusted measuring ranges 
and sensitivities is shown in Table 1.

Table 1. Original and changed ranges and sensitivities
Tabuľka 1. Pôvodné a upravené rozsahy a citlivosti

ACS712 Original range1) 
[V]

Original sensitivity2) 
[mV/A]

Adjusted 
range3) [V]

Adjusted sensitivity4) 
[mV/A]

5A 2.5-3.425 185 0-4.096V 819.2
20A 2.5-4.5 100 204.8

1)Pôvodný rozsah, 2)Pôvodná citlivosť, 3)Upravený rozsah, 4)Upravená citlivosť

The adjustment of the measuring range was performed by a LM324 operational am-
plifier, which was used as an inverting amplifier in two serially connected blocks. The 
voltage offset shifting at zero current was achieved by an additional input branch in the 
summing amplifier circuit. The amplifier is shown in Figure 6.

Fig. 6. Schematic of the operational amplifier
Obr. 6. Schéma zapojenia operačného zosilňovača

 Figure 6 shows that to achieve the correct voltage range, it is necessary to provide 
a power supply of ±5 V and a voltage of -2,5 V to the input of the summing amplifier. Sin-

 
 
Fig. 6. Schematic of the operational amplifier 

Obr. 6. Schéma zapojenia operačného zosilňovača 
 
 Figure 6 shows that to achieve the correct voltage range, it is necessary to provide a 
power supply of ±5 V and a voltage of -2,5 V to the input of the summing amplifier. Since the 
proposed device is intended for industrial applications where a +24 V DC voltage source is 
used, it is necessary to provide the needed voltage levels via step down (buck) converter. The 
used +24 V to +5 V step down converter is an available module based on LM2596 circuit, 
which works with 4 – 35 V input voltage, 1,23 - 30 V output voltage and provides maximally 
3 A output current. To provide a -5V voltage level, it was necessary to use a LM2662 voltage 
inverter from Texas Instruments, which allows inverting voltage in 1,5 – 5 V range with 
maximal output current of 200 mA. The -2,5V voltage was provided by a voltage divider 
consisting of two resistors with a resistance of 1 kΩ. In addition to data from Hall-effect 
sensors, it was also necessary to process data from an industrial camera that was transmitted 
through four digital outputs (0 – 24 V). The voltage levels of these outputs had to be 
converted to a 3,3 V logic supported by the Raspberry Pi 2. The conversion of voltage levels 
was performed by PC817 optocouplers, which switched 3,3 V for specific GPIO pins.  

The next step in the design was to set up the interface for the POWERLINK 
communication protocol. In the first phase, it was necessary to install the openPOWERLINK 
V2.1.1 open-source software package developed by Kalycito®. This package contains all the 
default objects specified by the POWERLINK communication protocol. Because the package 
does not contain objects to transfer 16-bit data, it has to be modified to be able to transmit the 
measured data from the AD converters. The modification was based on modifying the XDD 
file of the package. It was necessary to add objects into the XDD file that would be processed 
by the MN.  

The objects can be added to the Manufacturer Specific Profile Area, where can be 
added specific objects depending on the current design requirements. This space allows 
defining objects with addresses from 0x2000 to 0x5FFF. To transfer the data from the camera, 
we did not need to add new objects, because we could use predefined UNSIGNED8 data type 
objects. The modification of the XDD file for the transmission of the 16-bit data is shown in 
Figure 7. 
 

 
 

Fig. 7. Modified XDD file 
Obr. 7. Upravený XDD súbor 
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ce the proposed device is intended for industrial applications where a +24 V DC voltage 
source is used, it is necessary to provide the needed voltage levels via step down (buck) 
converter. The used +24 V to +5 V step down converter is an available module based on 
LM2596 circuit, which works with 4 – 35 V input voltage, 1,23 – 30 V output voltage and 
provides maximally 3 A output current. To provide a -5V voltage level, it was necessary 
to use a LM2662 voltage inverter from Texas Instruments, which allows inverting voltage 
in 1,5 – 5 V range with maximal output current of 200 mA. The –2,5V voltage was provi-
ded by a voltage divider consisting of two resistors with a resistance of 1 kΩ. In addition 
to data from Hall-effect sensors, it was also necessary to process data from an industrial 
camera that was transmitted through four digital outputs (0 – 24 V). The voltage levels  
of these outputs had to be converted to a 3,3 V logic supported by the Raspberry Pi 2. The 
conversion of voltage levels was performed by PC817 optocouplers, which switched 3,3 
V for specific GPIO pins. 

The next step in the design was to set up the interface for the POWERLINK commu-
nication protocol. In the first phase, it was necessary to install the openPOWERLINK 
V2.1.1 open-source software package developed by Kalycito®. This package contains all 
the default objects specified by the POWERLINK communication protocol. Because the 
package does not contain objects to transfer 16-bit data, it has to be modified to be able 
to transmit the measured data from the AD converters. The modification was based on 
modifying the XDD file of the package. It was necessary to add objects into the XDD file 
that would be processed by the MN. 

The objects can be added to the Manufacturer Specific Profile Area, where can be 
added specific objects depending on the current design requirements. This space allows 
defining objects with addresses from 0x2000 to 0x5FFF. To transfer the data from the ca-
mera, we did not need to add new objects, because we could use predefined UNSIGNED8 
data type objects. The modification of the XDD file for the transmission of the 16-bit data 
is shown in Figure 7.
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Obr. 7. Upravený XDD súbor

In the modified XDD file, an array type object (objectType = „8“) with a 0x2000 index 
named ADConverterData of the data type UNSIGNED8 (dataType = “0005”) was crea-
ted. Under this subject, three subobjects, where the first created subobject with index 00 is 
called NumberOfEntries. This subobject defines the number of objects under the ADCon-
verterData object array through defaultValue parameter. The subobject with index 01 is 
called as ADC1 and it is responsible for the data transfer of the first AD conversion. The 
data type of this object was set up as INTEGER16 (dataType=”0003”) with the possibility 
to read and write (accessType=”rw”). It is also mapped for the PDO as a TPDO (object 
for data transfer for the PDO). Subobject with index 02 has same definition as object with 
index 01.
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In addition to the XDD file for MN, it was also necessary to modify the Objdict.h file, 
which performs the same function as the XDD file, but this file, is used by the CN device. 
The way the Objdict.h file was modified is shown in Figure 8.

Fig. 8. Modified Objdict.h file
Obr. 8. Upravený súbor Objdict.h 

The modification of this file consists of adding a new main object OBD_BEGIN_IN-
DEX_RAM with a 0x2000 index, which consists of three subobjects and its trigger is set up 
to FALSE. The trigger is always called only when a read or a write action was performed. 
Subobjects OBD_BEGIN_INDEX_RAM_VAR and OBD_SUBINDEX_RAM_USERDEF 
are connected with the subobjects NumberOfEntries, ADC1 and ADC2, which definition 
is the same as in the XDD file, but it is necessary to keep the definition declared by the 
communication protocol.

After editing and loading the modified files into the openPOWERLINK package in 
the Raspberry Pi, it was possible to set the POWERLINK communication interface on the 
PLC to be able to receive data from the Raspberry Pi. The setup consisted of loading the 
XDD file and setting correct cycle time timings in μs for the MN (Cycle time) and respon-
se time in μs (Response timeout). The cycle time was set to 100,000 μs and the response 
time was set to 15,000 μs. After compiling and loading the configuration into the PLC, 
the configured devices are ready for future use. The photograph of the created measuring 
device is shown in Figure 9.

 

Fig. 9. Created openPOWERLINK measurement system
Obr. 9. Zhotovené openPOWERLINK meracie zariadenie 
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the costs of designing technological solutions. The designed device is currently located on 
a technological machine for processing plastics. This machine´s current consumption is 
nowadays monitored by six Hall-effect current sensors and the production quality via the 
Keyence IV-500MA industrial camera. The analyzed method how to provide data trans-
mission in an industrial environment with limited hardware configuration is a very effec-
tive solution, since it can be adapted to several applications where it is required to sense 
different physical quantities. At this time, the cycle time (transmitting speed) is limited by 
the Raspbery Pi´s Ethernet interface to 100 ms. This timing limit can be decreased in the 
future by usage of another programmable platform with faster Ethernet interface. 
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ABSTRACT: The paper deals with the behaviour of different type of tires on the asphalt road in 
summer conditions, when the temperature reaches more than 20 ℃. Observed parameters such 
as braking deceleration, braking distance together with time and vehicle speed were measured by 
using the XL-Metertm Pro Gamma decelerometer. The measurements were performed on the ve-
hicle Peugeot 301 1.2 Vti with a maximum output power of 53 kW at 5000 rpm and operating 
weight 1165kg. The tested tyres used on the vehicle were Kleber Krisalp HP2 winter tyres and the 
185/65 R15 88T GoodYear GT3 summer tyres. As measured speeds were proposed speeds 40, 60 
and 100 km h-1. The results in the submitted paper show importance of choosing the right type of 
tyres at different seasons during a year, due to the fact that under the stated conditions summer tyres 
showed significantly better attributes than winter tyres.

Key words: tyres, vehicle, braking deceleration, braking distance

ABSTRAKT: Príspevok sa zaoberá správaním rôznych druhov pneumatík na asfaltovej vozovke 
v letných podmienkach, kedy teplota dosahuje viac ako 20 ℃. Sledované parametre, ako je brzdné 
spomalenie, brzná dráha spolu s časom a rýchlosťou vozidla boli merané pomocou decelerometric-
-kého prístroja XL-Metertm Pro Gamma. Merania prebiehali na vozidle Peugeot 301 1.2 Vti s maxi-
málnym výkonom 53 kW pri 5000 min-1 a prevádzkovou hmotnosťou 1165kg. Testovanými pneu-
matiky použitými na vozidle boli zimné pneumatiky značky Kleber Krisalp HP2 a letné pneumatiky 
GoodYear GT3 s rozmermi 185/65 R15 88T. Za merané rýchlosti boli navrhnuté rýchlosti 40, 60 
a 100 km.h-1.V príspevku uvedené výsledky ukazujú dôležitosť voľby správneho druhu pneumatík 
v rôznych ročných obdobiach vzhľadom na fakt, že za daných podmienok vykazovali letné pneuma-
tiky významne lepšie hodnoty ako zimné pneumatiky.

Kľúčové slová: pneumatika, vozidlo, brzdné spomalenie, brzdná dráha
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INTRODUCTION

Tires are very important for cars, which ensures the transmission of drive and side 
forces on the road. To achieve the actual properties of the tire, the tire goes a long way. 
The first cars used wooden wheels with a steel rim. The maximum speed of 20 km.h-1 was 
unfortunate and due to the lack of elasticity of the wheels, did not offer any comfort dur-
ing the ride. From the historical point of view, it was the breakthrough year 1888, when 
the first tire was patented and 8 years later it was used for a car. (Sloboda, 2008; Abrahám, 
2014)

During the improvement of the tire properties, was made tread on tires and were used 
cords together with the synthetic caoutchouc. Historic tires have come close to today‘s 
tires after 1948 and 1950 when were developed a radial and tubeless design. (Sloboda, 
2008; Abrahám, 2014)

The modern automotive and rubber industry is making great progress. Over the past 
few decades, it has undergone a major transformation not only in the production technology 
but also in the development of new materials and product designs. Today the customer can 
choose from a large number of quality products, which are divided into the basic 3 groups 
according to the period of use. It is summer, winter and all-season tires. I distinguish with 
many parameters, but mainly with a mixture of rubber and decay. Tested types of tires have 
certain advantages and disadvantages and there exist recommendation to use these tires de-
pending on environmental and road temperature. (Abrahám, 2011; Janoško, 2014a)

Therefore, the contribution deals with the braking capabilities of selected summer 
and winter tires from different manufacturers under summer temperature conditions, thus 
temperatures about 15 ℃ and points to the importance of choosing the correct tire type. 
(Janoško, 2014c; Chrastina, 2014)

MATERIAL AND METHODS

The braking properties of the tires were measured on the Peugeot 301. The Peugeot 301 
belongs to the lower middle class. The car has begun to produce it in 2013 and is still pro-
duced today. The car is powered by a 1199 cm3 petrol engine with the highest engine output 
of 53 kW at 5000 revs. The vehicle was almost new and has a total of 5642 km. The vehicle 
is equipped with ABS anti-blocking system and electronic ESP stabilization system.

Table 1. Technical parameters of Peugeot 301 vehicle
Tabuľka 1. Technické parametre automobilu Peugeot 301
Kind of vehicle Personal vehicle
Factory brand, type Peugeot 301
Engine power 53 kW / 5000 min-1

Cylinder displacement 1199 cm3

Transmission / Number of speed Manual / 5 speed
Body type Sedan
Color Dark gray metallic
Manufacturer PSA PEUGEOT Slovakia - Trnava
Operating weight 1165 kg
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For testing were used winter and summer tires. As summer tires were used Goodyear 
GT3 185/65 R15 88T and as winter tires were used Kleber Krisalp HP2 with dimensions 
185/65 R15 88T. The tables show the basic parameters of the given tires.

Table 2. Technical parameters of Kleber Krisalp HP2 tires
Tabuľka 2. Technické parametre pneumatík Kleber Krisalp HP2 
Manufacturer Kleber
Type Krisalp HP2
Dimension 185/65 R15
Load and speed index 88T
Tire presure Tread depth
Left front wheel 250 kPa 8 mm
Right front wheel 250 kPa 8 mm 
Left rear wheel 260 kPa 8 mm 
Right rear wheel 260 kPa 8 mm

Table 3. Technical parameters of GoodYear GT3 tires
Tabuľka 3. Technické parametre pneumatík GoodYear GT3
Manufacturer GoodYear
Type GT3
Dimension 185/65 R15 
Load and speed index 88T
Tire presure Tread depth
Left front wheel 260 kPa 8 mm
Right front wheel 260 kPa 8 mm
Left rear wheel 260 kPa 8 mm
Right rear wheel 260 kPa 8 mm

To measure acceleration, resp. deceleration was used digital measuring instrument 
XL-MeterTM Pro Alpha. XL-MeterTM Pro Alpha is the third-generation device of the ultra-
sophisticated XL MeterTM Pro range. XL MeterTM PRO Alpha allows to make a more ac-
curate measurement of the longitudinal and transverse acceleration of the car on the road. 
Fast installation and easy use is one of the other benefits of this device. (Szabó, 2013; 
Hujo, 2016)

During an evaluating of data, the device will create graphical measurement of the 
measurement using the software. The software is available with the device. XL MeterTM 
for Alpha and has more language options and Slovak languages also. The device is mount-
ed on the windscreen, which can be longitudinally fixed to the place where it was most 
comfortable. However, the device in the transverse direction must be placed horizontally. 
The numbers in the display indicate the position of the device – two zeroes indicate a hori-
zontal position. (Janoško, 2015; Tkáč, 2016)
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Table 4. Technical parameters of XL MeterTM PRO Alpha
Tabuľka 4. Technické údaje zariadenia XL MeterTM PRO Alpha
Number of measurements 3 - 8
Storage capacity of measurements [s] 3 x 80 s - 5 x 40 
Frequency of data collection [Hz] 25 - 200 
Range [m.s-2] ± 13,0 - ± 20,0 
Resulution [m/s2] 0,005 
LCD 16 x 2 LED
Dimensions (H x W x D) [mm] 50 x 97 x 110 mm

Fig. 1. XL MeterTM Pro Alpha 
Obr. 1. XL MeterTM Pro Alpha

To measure the traveled distance was used Rollmeter. This device is used to measure 
ground distances on communications or on terrain. The meter works with a measuring 
range of 0.1 to 9999 m with the smallest possible unit of 1 dm. When reverse gear, the 
device automatically registers the wheel counterclockwise, and subtracts the value. (Švec, 
2013; Janoško, 2014b)

Fig. 2. Rollmeter 
Obr. 2. Rollmeter

Table 4. Technical parameters of XL MeterTM PRO Alpha 
Tabuľka 4. Technické údaje zariadenia XL MeterTM PRO Alpha 
 
Number of measurements 3 - 8 

Storage capacity of measurements [s] 3 x 80 s - 5 x 40  

Frequency of data collection [Hz] 25 - 200  

Range [m.s-2] ± 13,0 - ± 20,0  

Resulution [m/s2] 0,005  

LCD  16 x 2 LED 

Dimensions (H x W x D) [mm] 50 x  97 x 110 mm 

 

 
 

Fig. 1. XL MeterTM Pro Alpha  
Obr. 1. XL MeterTM Pro Alpha 

 
To measure the traveled distance was used Rollmeter. This device is used to measure 

ground distances on communications or on terrain. The meter works with a measuring range of 
0.1 to 9999 m with the smallest possible unit of 1 dm. When reverse gear, the device 
automatically registers the wheel counterclockwise, and subtracts the value. (Švec, 2013; 
Janoško, 2014b) 

 

 
Fig. 2. Rollmeter  
Obr. 2. Rollmeter 

Table 4. Technical parameters of XL MeterTM PRO Alpha 
Tabuľka 4. Technické údaje zariadenia XL MeterTM PRO Alpha 
 
Number of measurements 3 - 8 

Storage capacity of measurements [s] 3 x 80 s - 5 x 40  

Frequency of data collection [Hz] 25 - 200  

Range [m.s-2] ± 13,0 - ± 20,0  

Resulution [m/s2] 0,005  

LCD  16 x 2 LED 

Dimensions (H x W x D) [mm] 50 x  97 x 110 mm 

 

 
 

Fig. 1. XL MeterTM Pro Alpha  
Obr. 1. XL MeterTM Pro Alpha 

 
To measure the traveled distance was used Rollmeter. This device is used to measure 

ground distances on communications or on terrain. The meter works with a measuring range of 
0.1 to 9999 m with the smallest possible unit of 1 dm. When reverse gear, the device 
automatically registers the wheel counterclockwise, and subtracts the value. (Švec, 2013; 
Janoško, 2014b) 

 

 
Fig. 2. Rollmeter  
Obr. 2. Rollmeter 



ACTA FACULTATIS TECHNICAE, XXIV, 2019 (1): 27–36 31

The measurement was carried out on a reinforced, asphalt road road in the vicinity of 
the city of Nitra with a mild wind, an ambient temperature of 22 ℃ and a road temperature 
of 24 ℃. The instrument was placed on the windscreen of a car. Subsequently, was setted 
a test section on which the vehicle was driven.
Vehicle braking has taken place from a few speeds:
•	 40 km.h-1,
•	 60 km.h-1,
•	 100 km.h-1.

After the braking process, it was necessary to draw and measure the braking distance 
of the vehicle by rollmeter and write it together with XL-Meter data into the table.

The measurement procedure was applied to both the tire sets and therefore the summer 
and winter tires.

RESULTS

During the measurement, the braking performance of GoodYear GT3 tires and winter 
tires from Kleber Krisalpin HP2 was measured. The tires were new, almost unused with 
a depth of 8 mm. Measurements were made at vehicle speeds of 40, 60 and 100 km.h-1.

On the basis of measured data, the braking distance and the data from the XL-Meter 
Pro Alpha, it was possible to review and compare the tire brake test under summer condi-
tions at an ambient temperature at 22 ℃ and a road temperature at 24 ℃. The results of 
the summer tire braking performance are recorded in Table 5 and shown in Figures 3–5.

Table 5. GoodYear GT3 summer tires measurement results
Tabuľka 5. Výsledky merania letných pneumatík GoodYear GT3 
Vehicle type Peugeot 301
Tire type Summer tires GoodYear GT3 185/65/R15 88T
Measurement / Temperature Summer / 22°C
Prescribed initial speed [km.h-1] 40 60 100
Brake lane (road) [m] 9,6 17,8 31
Measured values from XL-Meter
S0 [m] 9,7 17,7 44,2
V0 [km.h-1] 45,9 63,5 101,0
Tbr [s] 1,45 1,95 3,07
MFDD [m.s-2] 9,2 9,3 9,8
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Fig. 3. Peugeot 301, v0 = 45,69 km.h-1, temperature 22 °C, GoodYear GT3
Obr. 3. Peugeot 301, v0 = 45,69 km.h-1, teplota 22 °C, GoodYear GT3

Fig. 4. Peugeot 301, v0 = 63,50 km.h-1, temperature 22 °C, GoodYear GT3
Obr. 4. Peugeot 301, v0 = 63,50 km.h-1, teplota 22 °C, GoodYear GT3
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Fig. 5. Peugeot 301, v0 = 101,81 km.h-1, temperature 22 °C, GoodYear GT3
Obr. 5. Peugeot 301, v0 = 101,81 km.h-1, teplota 22 °C, GoodYear GT3

From the recorded values in Table 5, we can notice that the braking distance increases 
with increasing speed. Braking deceleration values (MFDD) increased from increasing 
speed. The measured values are very good and the GoodYear GT3 fulfills its purpose, 
transferring power to the pad.

After measuring the properties of a summer tire, followed a wheel change to winter 
Kleber Krisalp HP2 measuring 185/65 / R15 88T, and the control of inflation. Followed by 
further measurements, which were conducted under the same conditions, the same ambi-
ent temperature (22 °C) and the ground temperature (24 ° C), which results are recorded 
and shown in Table 6 and Figures 6–8.

Table 6. Kleber Krisalp HP2 summer tires measurement results
Tabuľka 6. Výsledky merania zimných pneumatík Kleber Krisalp HP2
Vehicle type Peugeot 301
Tire type Winter tires Kleber Krisalp HP2 185/65/R15 88T
Measurement / Temperature Summer / 22 °C
Prescribed initial speed [km.h-1] 40 60 100
Brake lane (road) [m] 8,2 16,0 58,6
Measured values from XL-Meter
S0 [m] 11,1 20,6 50,7
V0 [km.h-1] 43,1 63,6 101,2
Tbr [s] 1,68 2,26 3,53
MFDD [m.s-2] 8,0 8,2 8,2
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Fig. 6. Peugeot 301, v0 = 42,90 km.h-1, temperature 22 °C, Kleber Krisalp HP2
Obr. 6. Peugeot 301, v0 = 42,90 km.h-1, teplota 22 °C, Kleber Krisalp HP2

Fig. 7. Peugeot 301, v0 = 63,55 km.h-1, temperature 22 °C, Kleber Krisalp HP2
Obr. 7. Peugeot 301, v0 = 63,55 km.h-1, teplota 22 °C, Kleber Krisalp HP2

 

 

 
 

Fig. 6. Peugeot 301, v0=42,90 km.h-1, temperature 22°C, Kleber Krisalp HP2 
Obr. 6. Peugeot 301, v0=42,90 km.h-1, teplota 22°C, Kleber Krisalp HP2 

 
 

 
Fig. 7. Peugeot 301, v0=63,55 km.h-1, temperature 22°C, Kleber Krisalp HP2 

Obr. 7. Peugeot 301, v0=63,55 km.h-1, teplota 22°C, Kleber Krisalp HP2 

 

 

 
 

Fig. 6. Peugeot 301, v0=42,90 km.h-1, temperature 22°C, Kleber Krisalp HP2 
Obr. 6. Peugeot 301, v0=42,90 km.h-1, teplota 22°C, Kleber Krisalp HP2 

 
 

 
Fig. 7. Peugeot 301, v0=63,55 km.h-1, temperature 22°C, Kleber Krisalp HP2 

Obr. 7. Peugeot 301, v0=63,55 km.h-1, teplota 22°C, Kleber Krisalp HP2 



ACTA FACULTATIS TECHNICAE, XXIV, 2019 (1): 27–36 35

Fig. 8. Peugeot 301, v0 = 100,99 km.h-1, temperature 22 °C, Kleber Krisalp HP2
Obr. 8. Peugeot 301, v0 = 100,99 km.h-1, teplota 22 °C, Kleber Krisalp HP2

 
Unlike summer tires, winter tires do not have sufficient braking effect on the road dur-

ing summer. During comparing the summer tire braking distance of Table 5 and winter 
tires in Table 6, we see that winter tires have a braking distance of 100 km.h-1 by 1/3 longer 
and also winter tires have a lower deceleration than summer tires. The used mixture from 
which the winter tire was made was softer and thus more wear-free.

In the data from the table it is possible to see the difference between the measured 
braking distance using the roll meter and XL-Meter. Imprecision is attributed to the poor 
visibility of the vehicle brakes track from the overlapping with other braking traces and 
the fact that begin of braking tracks were poorly visible and identifiable due to the use of 
the vehicle with ABS system.

CONCLUSION

During the measurements, we focused on testing 15-inch summer and winter tires. 
The measurements were carried out on asphalt road near Nitra city at temperature 22 °C 
on selected 185/65/R15 88T tires. Summer tires were GoodYear GT3 and winter tires 
from Kleber Krisalpin HP2. As measured velocities were determined speed 40,60 and 100 
km.h-1. The measurements were made on the Peugeot 301 1.2 Vti with a maximum output 
of 53 kW at 5000 rpm. Result of the work pointed out that the impact on driving safety 
have winter tires in the summer. It also pointed out that winter tires are not safe in the sum-
mer because of a low braking effect on the road above 15 °C, where the braking distance 
was evaluated from 100 km.h-1 to 1/3 longer braking distance. Irresponsibility of the driver 
at a late tire change, or the wear of the winter tires at the end of tire life may cause a threat 
to him and other road users.
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IMPORTANT CHANGES IN ISO 9001:2015 
FROM ISO 9001:2008 AND THEIR IMPACT 
ON SUPPLIER COMPLAINTS MANAGEMENT

VÝZNAMNÉ ZMENY NORMY ISO 9001:2015 
OPROTI ISO 9001:2008 A ICH DOPAD NA RIADENIE 
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ABSTRACT: ISO 9001 is an international standard of the Quality Management System (QMS). 
ISO 9001 specifies the basic requirements for QMS. The latest version was published in September 
2015 and is known as ISO 9001:2015. Organizations that are currently registered to ISO 9001:2008 
must transition to the 2015 version until September 2018. ISO 9001:2015 brings some changes from 
the previous 2008 version. The paper attempts to provide knowledge on important changes and their 
impact on supplier complaints management in organization. One of the most important changes in 
ISO 9001:2015 versus ISO 9001:2008 is the increased focus on risk-based thinking which is also 
required to manage suppliers. The aim of this paper is to analyse the supplier claims in organization 
and to determine risk-based requirements for suppliers of the most problematic category of supplied 
products with regard to the ISO 9001:2015. For this purpose, organization XY was used as the case 
study. XY is located in the Czech Republic and is the molded plastic parts producer, including its 
decoration, assembling and final packaging process.

Key words: Quality Management System, ISO 9001:2015, risk-based thinking, complaint, supplier

ABSTRAKT: Medzinárodná norma ISO 9001 špecifikuje požiadavky na systém manažmentu 
kvality (QMS). Posledná verzia normy je ISO 9001:2015. Organizácie, ktoré sú v súčasnej dobe 
certifikované podľa normy ISO 9001:2008, museli prejsť na verziu 2015 do septembra 2018. Opro-
ti predchádzajúcej verzii prináša ISO 9001:2015 významné zmeny. V článku je uvedený prehľad 
týchto zmien a ich dopad na riadenie dodávateľských reklamácií v organizácii. Jednou z hlavných 
zmien ISO 9001:2015 je zavedenie systematického prístupu k zvažovaniu rizík, ktorý je rovnako 
vyžadovaný pri riadení dodávateľov. Cieľom tohto článku je vyhodnotiť dodávateľské reklamácie 
v organizácii a určiť požiadavky na dodávateľov najproblematickejších kategórií dodávaných vý-
robkov s ohľadom na zvažovanie rizík. Za týmto účelom bola prevedená prípadová štúdia organizá-
cie XY. Organizácia XY sídli v Českej republike a zaoberá sa výrobou lisovaných plastových dielov.
 
Kľúčové slová: systém manažmentu kvality, ISO 9001:2015, zvažovanie rizík, reklamácie, dodá-
vateľ
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INTRODUCTION

ISO 9001 is an International Standard of the Quality Management System (QMS). 
ISO 9001 specifies the basic requirements for a quality management system that an orga-
nization must fulfil to demonstrate its ability to consistently provide products and services 
that enhance customer satisfaction and meet applicable statutory and regulatory require-
ments (ISO, 2015). The first version of this standard was published in 1987. ISO 9001 
underwent revisions in 1994, 2000 and again in 2008 (Staněk, 2013). The latest revision 
was published in September 2015 and is known as ISO 9001:2015 (ISO, 2015). This fifth 
edition cancels and replaces the fourth edition (ISO 9001:2008) (EN ISO 9001:2015). 
Organizations that are currently registered to ISO 9001:2008 must transition to the 2015 
version until September 2018.

In 1993, when a system overview of certifications was for the first time introduced, 
24 000 certificates were registered in 48 countries (Staněk, 2013). Now more than one mil-
lion organizations from more than 160 countries have applied the ISO 9001 standard requ-
irements to their quality management systems. A total of 1 106 356 valid certificates were 
reported for ISO 9001 (including 80 596 issued to the 2015 version) in 2016 (ISO, 2017).

ISO 9001 certification can have internal and external benefits. Casadesús et al. (2000) 
and Boiral (2012) reported the following benefits:
•	 Internal benefits: product and service quality improvement; decrease in incidents, re-

jections, and complaints; improved productivity and efficiency;
•	 External benefits: improved customer service (increased customer satisfaction and 

complaints reduction), fewer complaints with suppliers (improvement in supplier qua-
lity, less inspection) and marketing advantages.

 The latest version ISO 9001:2015 brings some structural changes and changes in terms 
of content. It includes a revised clause sequence and the adaptation of the revised quali-
ty management principles and of new concepts (ISO, 2015). If ISO 9001:2008 empha-
sizes on continual improvement and customer satisfaction, ISO 9001:2015 puts more 
focus on risk-based thinking (Sari et al., 2017). The major changes are as follows:

•	 A high-level structure: the new structure is the most noticeable change to the standard. 
ISO 9001:2015 now follows the same overall structure as other ISO management sys-
tem standards, making it easier for anyone using multiple management systems (ISO, 
2015).

•	 The focus on risk-based thinking: it is a way of thinking that replaces preventive action 
and seeks to add some systematic evaluation of potential and actual issues with the aim 
of making processes more robust and capable (Fonseca, 2015). More information on 
how to adapt to this risk-based thinking can be found in Ezrahovich et al. (2017).

•	 Increased involvement of the leadership team: leadership replaced the previous edition 
concept of management responsibility, requiring top management to engage and sup-
port the QMS (Fonseca & Domingues, 2016).

•	 A reinforced emphasis on the process approach and intended results with less emphasis 
on prescriptive requirements and on documentation (Fonseca & Domingues, 2016).

•	 The consideration of change management and knowledge management has been intro-
duced (Fonseca & Domingues, 2016).

•	 Different terminology between ISO 9001:2008 and ISO 9001:2015 (ISO, 2015).
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ISO 9001:2008 ISO 9001:2015
1. Scope 1. Scope
2. Normative References 2. Normative References
3. Terms and Definitions 3. Terms and Definitions
4. Quality Management System 4. Organizational context
5. Management Responsibility 5. Leadership
6. Resource Management 6. Planning
7. Product Realizations 7. Support

8. Measurement, Analysis and Improvements
8. Operation
9. Performance Evaluation
10. Improvement

More information about the comparison of the changes between the ISO 9001:2008 
and ISO 9001:2015 is given in Fonseca (2015) and Fonseca & Domingues (2016). Table 
1 shows the relationship between ISO 9001:2008 and those in the new ISO 9001: 2015. 
While the previous version has 8 clauses, the new version has 10 clauses.

Table 2 is a brief summary of a number of important changes to the terminology com-
pared with ISO 9001:2008.

Table 2. Major differences in terminology between ISO 9001:2008 and ISO 9001:2015
Tabuľka 2. Hlavné zmeny v terminológii medzi ISO 9001:2008 a ISO 9001:2015

ISO 9001:2008 ISO 9001:2015
Products Products and services
Documentation, quality manual,  
documented procedures, records,
instructions

Documented information

Work environment Environment for the operation of processes
Monitoring and measuring equipment Monitoring and measuring resources
Purchased product Externally provided products and services
Supplier External provider

One of the most significant changes in ISO 9001:2015 versus ISO 9001:2008 is the 
increased focus on risk-based thinking. It can contribute to eliminate complaints that are 
one of the biggest costs to be borne by the organization. Complaints with suppliers are 
very important because poor quality supplied products and services can have a huge ne-
gative impact on quality of the organization‘s production process and – even worse – on 
its customers.

ISO 9001:2015 requires the use of risk-based thinking to manage suppliers. The or-
ganization shall ensure that externally provided processes, products and services do not 
adversely affect the organization‘s ability to consistently deliver conforming products and 
services to its customers. The organization shall take into consideration the potential im-
pact of the externally provided processes, products, and services on the organization‘s 
ability to consistently meet the customer and applicable statutory and regulatory require-
ments (EN ISO 9001:2015).

Table 1. The comparison of clauses between 2008 and 2015 versions of ISO 9001
Tabuľka 1. Porovnanie klauzulí medzi 2008 a 2015 ISO 9001
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The aim of this paper is to: (i) analyse supplier claims in organization, (ii) identify the 
most problematic category of supplied products, and (iii) determine risk-based require-
ments for suppliers of this category with regard to the ISO 9001:2015.

MATERIAL AND METHODS

Organization XY was used as the case study in this paper. XY is located in the Czech 
Republic and is the molded plastic parts producer, including their decoration, assembling 
and final packaging process. XY is ISO 9001:2008 certified and will make the transition 
to the latest version of the standard in 2018.

The collected data were 2016 annual supplier claim report. This report presents data on 
XY’s supplier claims in each category of the supplied products – cardboard, printed mat-
ter, plastic packaging, non-standard material, paints and granules. Claim frequency and 
claim costs were evaluated for each of these categories. Claim costs at XY are calculated 
according to (1). It is the sum of the material cost and manpower-hour costs including 
manual power hours and machine hours.

 (1)

where Cc is claim cost [EUR],
 CMat is material cost [EUR],
 CMPH is manpower-hour cost [EUR].

The collected data were analysed using the Pareto diagram to identify the most proble-
matic supplied products in the XY claim process. The Pareto diagram is one of the seven 
basic quality tools and one of the most popular techniques for identifying the causes of 
quality problems. It is based on the Pareto principle, which states that 80% of the consequ-
ences stem from 20% of the causes. Formulated by the father of quality J. M. Juran and 
named after the famous Italian economist Vilfredo Pareto, this principle helps separate the 
„vital few“ from the „useful many“. This helps to focus on solving the right set of prob-
lems (Nenadál et al., 2008). Pareto diagram is having bar graphs and line graphs, where 
individual items are represented by a bar graph in order of decreasing frequency and the 
cumulative total is shown by a line graph (Lorenzo curve) (Veber et al., 2007).

RESULTS

A total of 82 claims were made with total claim cost of EUR 15 746 in 2016 at XY. Fig. 
1 shows that cardboard and printed matter represent the most problematic categories of 
supplied products in terms of claim frequency. Conversely, claim frequency was minimal 
for plastic packaging, non-standard materials, paints and granules. Cardboard and printed 
matter are also the most problematic categories in terms of claim costs. Claim costs were 
low for paints and granules, and zero for plastic packaging and non-standard materials.

𝐶𝐶𝐶𝐶 =  𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 +  𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 
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Fig. 1. Claim frequency and claim costs in each category of supplied products
Obr. 1 Frekvencia reklamácií a náklady na reklamácie v každej kategórii dodaných produktov

The same data are presented in Fig. 2 and Fig. 3. Pareto diagram of claim frequency 
can be found in Fig. 2. Pareto diagram of claim costs is given in Fig. 3. The criterion for 
identifying the „vital few“ was chosen at level 70%. Fig. 2 shows that the category of card-
board was identified as the „vital few“ in terms of claim frequency. This category accounts 
for 71% of the total claims.

Fig. 2. Pareto diagram of claim frequency in each category of supplied products
Obr. 2. Pareto diagram frekvencie reklamácií v každej kategórii dodaných výrobkov

Pareto diagram of claim costs (Fig. 3) takes into account the economic aspect and 
constitutes another approach to identifying the „vital few“. Only one category of supplied 
products cannot be identified as the „vital few“ in terms of claim costs. 70% of claim costs 
are caused by category of printed matter (52% of total claim costs) and in part by category 
of cardboard (18% of total claim costs). These two categories account for 97% of the total 
claim costs.

 CMat is material cost [EUR], 
 CMPH is manpower-hour cost [EUR]. 
The collected data were analysed using the Pareto diagram to identify the most 

problematic supplied products in the XY claim process. The Pareto diagram is one of the 
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quality problems. It is based on the Pareto principle, which states that 80% of the 
consequences stem from 20% of the causes. Formulated by the father of quality J. M. Juran 
and named after the famous Italian economist Vilfredo Pareto, this principle helps separate 
the "vital few" from the "useful many". This helps to focus on solving the right set of 
problems (Nenadál et al., 2008). Pareto diagram is having bar graphs and line graphs, where 
individual items are represented by a bar graph in order of decreasing frequency and the 
cumulative total is shown by a line graph (Lorenzo curve) (Veber et al., 2007). 

RESULTS 
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constitutes another approach to identifying the "vital few". Only one category of supplied 
products cannot be identified as the "vital few" in terms of claim costs. 70% of claim costs are 
caused by category of printed matter (52% of total claim costs) and in part by category of 
cardboard (18% of total claim costs). These two categories account for 97% of the total claim 
costs. 
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Fig. 3. Pareto diagram of claim costs in each category of supplied products
Obr. 3. Pareto diagram nákladov na poistné plnenia v každej kategórii dodaných výrobkov

It follows from the above that cardboard was identified as the most problematic cate-
gory of the supplied products in terms of claim frequency. Printed matter and partly car-
dboard was identified as the most problematic category of the supplied products in terms 
of claim costs.

DISCUSSION

One of the most significant changes in ISO 9001:2015 versus ISO 9001:2008 is the 
increased focus on risk-based thinking. The new version ISO 9001:2015 also requires the 
use of risk-based thinking to manage suppliers. Since XY will make the transition to this 
version, it should increase the requirements for selected suppliers of the most problematic 
products – for suppliers of cardboard and printed matter. These suppliers cause XY the 
most frequent and costly claims. They are at the same time the highest risk of XY’s pro-
duction. For example, the following categories can be used:
•	 Strategic supplier – A supplier that provides a large number of products. There is cur-

rently no other supplier available to deliver the same kind of product.
•	 Supplier with poor rating – A supplier that has achieved a low level in regular Quality 

Supplier Evaluation.
•	 Supplier after big accident – A supplier that delivered nonconforming products and 

caused XY the necessity of recall and the impossibility of selling products (products 
blocked in distribution centres).
Table 3 shows example minimum requirements for selected supplier categories using 

a risk-based approach.
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Table 3. Minimum risk-based supplier requirements
Tabuľka 3. Minimálne požiadavky dodávateľov   

Minimum 
requirements

Supplier Category

Strategic supplier Supplier with poor 
rating

Supplier after big 
accident

QMS certification ISO 9001 ISO 9001 ISO 9001
Receiving inspection Permanent Permanent Temporary
Supplier audit Once a year Once a quarter After the accident

FMEA Before conclusion of 
the contract Half-yearly After the accident

XY should require these categories of suppliers to have their QMS based on the 
ISO 9001 standard to ensure that the supplied products consistently meet the quality requ-
irements of XY, and that the quality of the products is consistently improved. At the same 
time, XY should introduce receiving inspection for these categories of suppliers, such as 
sampling based on performance. A permanent receiving inspection should be implemen-
ted by strategic suppliers and suppliers with poor rating. Suppliers after big accident wo-
uld have implemented a temporary receiving inspection. Its duration would depend on the 
verification of the corrective action. Supplier audits should be conducted by the XY audit 
team at different time intervals or after big accident, depending on the supplier category. It 
is also very important that all three categories of suppliers use the FMEA for risk analysis. 
XY should require strategic suppliers to use the FMEA before conclusion of the contract. 
Suppliers with poor rating should use the FMEA half-yearly and the remaining supplier 
category after the accident. More information about the FMEA as a step-by-step approach 
for identifying all possible causes of failure is given in Juran & Blanton Godfrey (2000).

CONCLUSION

Organizations that are currently registered to ISO 9001:2008 must transition to the 
2015 version until September 2018. One of the most significant changes to ISO 9001:2015 
is the increased focus on risk-based thinking which is also required to manage suppliers. 
This paper showed how this requirement could be met and the example of implementa-
tion in the organization XY. Analysis of supplier claims and use of minimum risk-based 
requirements for selected supplier categories of the most problematic products can lead 
to a significant reduction in claims and claim costs. The method used in this paper is very 
well applicable in the QMS and supply relationship management.
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MONITORING OF THE HOUSEHOLDS’ ENERGY 
CONSUMPTON AS INDICATOR OF LIFE 
QUALITY IN RURAL MICRO- REGIONS 
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ABSTRACT: The aim of paper is to introduce project that monitored households’ energy con-
sumption in selected rural micro-regions of the northern Bohemia. The public survey was carried out 
by a questionnaire method. The attention was payed to different energy sources to describe a fossil 
and alternative energy sources proportions. The obtained data characterise the quality of life in ac-
cordance with the selected criteria.

Key words: monitoring energy consumption; alternative source; “post-carbon” future;

ABSTRAKT: Cieľom príspevku je predstaviť projekt, ktorý sleduje spotrebu energie domácností 
vo vybraných vidieckych mikroregiónoch severných Čiech. Verejný prieskum bol vykonaný do-
tazníkovým výskumom. Pozornosť bola venovaná rôznym zdrojom energie k zmapovaniu pomerov 
fosílnych a alternatívnych zdrojov energie. Získané údaje charakterizujú kvalitu života v súlade 
s vybranými kritériami.

Kľúčové slová: monitorovanie spotreby energie, alternatívne zdroje energie, „bezuhlíková“ 
budúcnosť

INTRODUCTION

To a certain degree, every human being affects his environment and the whole of hu-
manity with their existence and activities, and in this manner, they also affect the Earth’s 
climate system. The durability of this system is currently under threat but humanity can 
extend or shorten it with their possible actions. One of the possibilities is to slow down the 
speed of consumption of fossil energy resources and to replace them with other, non-fossil 
or low-carbon resources. The transfer to a “post-carbon” future is represented by innova-
tion in energy supply from renewable (alternative) sources, for example, to communities 
within the country. A growing number of such communities is interested in to get to know 
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their complete energy demand. It is necessary to solve transfer’s technical possibilities to 
the use of alternative energy resources in a complex manner but it must not be forgotten 
all social and cultural changes that are connected with the future low-carbon society. The 
aim of this changes is to decrease consumption of fossil fuels and to reduce greenhouse 
gases production (Vávra, 2012) (Neuvonen et al., 2014) (Phillips et al., 2014) (Dou et al., 
2016) (Maier, 2016).

A fundamental condition to carry out transformation to a low-carbon society is a clear 
intervention “from above” in form of regulations and functioning incentives. A change 
in the system is necessary: “but it is not possible to rely only on individual changes of 
behaviour”. When we look at the carbon footprint of households in the Czech Republic, 
we can make some interesting observations. The greatest share of the footprint falls on 
emissions from heating and food consumption. Since a connection between the expressed 
pro-environmental opinions of the respondents and their real behaviour is different, this 
points out the influence of the infrastructure and the system, that include, for example, heat 
sources, and also the problematic relation between attitudes and behaviour (Vávra, 2012) 
(Hulme, 2008) (Jones et al., 2012) (Dreborg, 1996) (Quist, 2006).

A safe, secured, sustainable and affordable energy is a condition of a full-value and 
quality life of citizens, competitive industry and fully functional society. Already now, an 
energy infrastructure is being built here, which will become a source of energy for house-
holds, industry and services in 2050, the buildings that people are going to use are also 
designed and constructed. At the same time, a model of energy production and use for the 
year of 2050 is being set up. The EU has bound itself that until 2050 it will decrease emis-
sions of the greenhouse gasses by 80–90% in comparison to the values from 1990 within 
the necessary decrease of emissions in the developed countries as a whole. The impacts of 
this reality have been analysed in the “Roadmap for moving to a competitive low carbon 
economy in 2050”. “Roadmap to a Single European Transport Area” focused on solutions 
for the transport field and on creation of a singular European transport area. In this energy 
roadmap drawn for the period until 2050, such tasks are being researched, that are based 
on fulfilment of the EU decarbonisation goal along with simultaneous provision of energy 
supplies and preserved competitiveness (Evropský parlament, 2016) (Grunfmann et al., 
2015) (Svenfelt et al., 2011) (Jenssen et al., 2010) (Urban et al., 1988).

The prognosis implies, that until 2050, the emissions will be lowered by 40%, how-
ever, that is not sufficient to achieve the goal of decarbonisation of the EU. Behind all this, 
we can imagine the amount of changes and effort, which are going to have to be put forth 
for the emissions to be lowered and for the competitiveness and security of energetics to 
be preserved (Jenssen et al., 2014) (Höjer et al., 2000) (Svenfelt et al., 2001).

MATERIAL AND METHODS

The main cause for concerns about changes is the impact of anthropogenic activities 
on the climate, that is, the phenomena named global warming. The methods of research 
in use thus far are predominantly sociological and they are dedicated to the viewpoint 
of households and individuals from communities in the countryside i.e. micro-regions. 
In each of these micro-regions, it is necessary, using the methodology of qualitative and 
quantitative solutions, to establish and analyse the real and prospective energy consump-
tion, but also opinions and attitudes of the inhabitants in connection to changes in energy 
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consumption and thereby in connection to the decrease of emission production as well 
(Curtis et al., 2016) (Robinson, 2016) (Svenfelt et al., 2001) (Urban et al., 1988). 

Questionnaires were focused on the inquiry of different energy source structure that 
enables to describe the ratio of fossil and alternative energy sources. The obtained data 
were used to assess the quality of life according to the chosen criteria and the impact on the 
climate system. Due to the significant positive influence of alternative energy sources on 
the life of citizens, the alternative source will be recommended to selected micro regions.

The survey was conducted using printed questionnaires whose structure of questions is 
shown in Table 1. The first part of the questionnaire was devoted to the characteristics of 
households, consumption monitoring, used energy resource etc. In the second part, ques-
tions were asked to the respondents linked with their global warming awareness and their 
attitudes, as addressed citizens, to the use of alternative energy sources.

Data collection from the respondents was carried out in cooperation with the trained 
staff of the local action group Labské skály. Questionnaire survey was carried out in mu-
nicipalities: Libouchec, Verneřice, Petrovice, Arnultovice, Velké Chvojno, Luční Chvo-
jno, Žďár, Mnichov, Malečov and Březí. The 250 households with different structure and 
use of energy sources were addressed in total. Subsequently, the data were overwritten 
using MS Excel software.

Data processing expects to divide building according their age (operational life) i.e. 
into groups over 50 years, 30-49 years and building under 30 years. The data obtained 
should also provide information on the state of households, the means of transport used, 
the most frequent lengths of the respondents’ journey and their objectives, the number of 
means of transport. In addition, information on the attitudes of the public to the transition 
to a low-carbon future, their awareness of the future and the current state of affairs should 
also be obtained.

RESULTS

Results of carried our survey (during July - August 2017) of monitored energy con-
sumption in selected micro regions of the Northern Bohemia. The selected evaluation 
criteria are presented at the Fig. 1. 

Structure of household
Household condition

Used of energy sources
Used renewable sources

Usage appliances
Usage of means of transport

Usage of public transport
Characteristics of respondents routs

Supplementary  questions about global warming
Supplementary  questions about renewable resource support

Fig. 1: Structure of questionnaire
Obr. 1: Struktura dotazníku
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The most frequently represented objects in the studied region are more than 50 years 
old and in accordance with this fact is the state of their energetic character, see Figures 2 
and 3. 

Fig. 2: Age of buildings
Obr. 2: Stáří objektů

Fig. 3: The energetic character of the object
Obr. 3: Energický charakter objektu

According to the results of the survey, it was estimated that the state of the objects is 
standard in terms of energy savings and there are only 4% of passive buildings. 

Furthermore, the energy consumption of individual commodities used for house heat-
ing and water heating was monitored. The questionnaire survey found out in what propor-
tion the limit is represented Energy resources for water heating and heating in households: 
Gas, Coal, Coke, Wood, Pellets, Biomass and Electrical energy. The individual representa-
tion of the sources is shown in Figure 4. 
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Furthermore, the energy consumption of individual commodities used for house heating and 
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Fig. 4: Number of households use of energy resources for water heating and heating
Obr. 4: Počet domácností dle energetických zdrojů pro ohřev vody a vytápění domácností

In the third part of the questionnaire the respondents were asked about global warming 
and also about their attitudes towards alternative sources. The results are shown in Figure 
5.
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think global warming 

will affect your 
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Yes No I do not know
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Fig. 5: Opinion poll
Obr. 5: Průzkum veřejného mínění

Individual household members are surveyed to report on the impact of the use of fos-
sil resources on the environment and on their own consumption. Most respondents are in 
favor of the use of alternative sources, especially in the financing of municipalities.

The results show that in the surveyed regions it is 58% for buildings over 50 years 
old. Buildings aged 30-49 have 30% representation. According to these results, there are 
also energy states of the buildings where the passive house is represented by only 4%. Hot 
water is most often heated by gas and electricity. For heating, most respondents use carbo-
naceous fuels and gas. Regarding the use of renewable resources, their share is very small 
besides wood and pellets. On the other hand, respondents do not prevent their use and sup-
port them, which is a good ground for municipal intervention and central implementation. 
The results in individual graphs can be affected by ignorance of the possibilities of using 
alternative energy sources as well as by the own consumption of the population. Another 
limiting factor is certainly the possibility of financial investment in the purchase of new 
sources or the possible reduction of the energy intensity of the building by thermal insula-
tion etc. However, the overall state of the municipalities can be solved centrally and thus 
help to reduce the production of carbon emissions.
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DISCUSSION

On one hand the results of the questionnaire survey show the buildings in individual 
micro-regions need to reduce the energy demands. Although the respondents stated the 
use of gas as the most common source of house heating and water heating, solid fuel ad-
ditional heating is a frequent alternative. 

On the other hand public is informed about the impacts of global warning and the 
importance and they are not against the use of alternative sources of energy within the 
municipal development.

CONCLUSION

The obtained data prove the quality of life in accordance with the selected criteria. It is 
possible to assess their influence the on the climate system. The results can show the com-
plete view of energy consumption in the selected micro-regions of the Northern Bohemia 
and its substitution effects by alternative sources. These survey results can create the basis 
of planning and designing of an alternative energy resources for a specific area. Research 
results can enable and it is possible to predict the energy consumption in future. 
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CHIPLESS CUTTING OF WOOD 
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BEZTRIESKOVÉ DELENIE DREVA – 
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ABSTRACT: The article is aimed at comparing the course of the sector in terms of cutting force, 
cutting speed and knife geometry in the process of chipless cutting of wood. To address these prob-
lems, an experimental system has been put in place to monitor the cutting process under laboratory 
conditions and measure the cutting forces and cutting speeds, indicating the energy intensity of the 
processing process with respect to the quality of the unwinding process. By evaluating the analysis, 
was obtained theoretical knowledges through which was able to compared the factors that influence 
the process of delimbers. The cutting resistance of the tool when it enters the wood plays a signi-
ficant influence on the delimbing process. The first measurements have shown us that the cutting 
force and cutting speed cutting speed for cutting spruce samples of wood. When measurements were 
used 3 types of knives with different geometries. The quality of a chipless shield timber other than 
the thickness of the delimbing knife and the cutting speed, which results in the optimal speed in the  
2 cm.s-1 pneumatic chipless of wood.

Key words: cutting force, cutting speed, branch diameter, geometry knife.

ABSTRAKT: Článok je zameraný na porovnanie priebehu odvetvovania s ohľadom na reznú silu, 
reznú rýchlosť a geometriu noža pri procese beztrieskového delenia dreva – odvetvovania.  Pre 
riešenie týchto problémov bol postavený experimentálny stend, ktorý dovoľuje sledovať proces 
rezania vetiev v laboratórnych podmienkach a merať pritom rezné sily a rezné rýchlosti, z čoho vy-
plýva energetická náročnosť procesu rezania s ohľadom na kvalitu odvetvovacieho procesu. Vyhod-
notením analýzy sa zistili teoretické znalosti, vďaka ktorým bolo možné porovnať faktory ovplyv-
ňujúce proces odvetovania. Výrazný vplyv pri odvetovacom procse zohráva rezný odpor nástroja 
pri jeho vnikaní do dreva. Prvé merania nám ukázali, aká je vhodná rezná sila a rezná rýchlosť pri 
odvetvovaní smrekovej vzorky dreva. Pri meraní sa  používali 3 druhy nožov s rôznou geometriou. 
Na kvalitu beztrieskového delenia dreva ma okrem hrúbky odvetvovacieho noža aj rezná rýchlosť, 
na základe čoho sa javí najoptimálnejšia rýchlosť pri pneumatickom delení dreva 2 cm.s-1.

Kľúčové slová: rezná sila, rezná rýchlosť, priemer vety, geometria noža 
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INTRODUCTION

The process chipless cutting of wood is a problem characterized by a number of input 
and output factors that are interconnected. Qualitative and quantitative indicators in this 
process are cutting force, cutting speed, cutting quality, cutting edge resistance to wear. 
The basic analysis is found in thesis (Kováč 2006). Initial measurements were carried out 
on an experimental stend, which consisted of a straight-ahead hydromotor. On the hydrau-
lic motor, the blade with different geometry was fastened by means of a coupling fork. The 
forest harvesting is the process chipless cutting of wood is used mainly in the processing 
and dilution of wood by Harvester. This method of wood splitting is also applied to multi-
-operation machines (USA, Canada). Current, in the forestry industry, different kinds of 
multi-operation machines are applied to this work for the dilution or processing of wood. 
Their platform and functionality makes it possible to process wood even under available 
conditions (Pentek et.al., 2008) and (Wiesik 2015).The biggest problem with the applica-
tion chipless cutting of wood in forestry about  of timber  harvesting is the frequent wear 
of the cutting device (Dvořák 2008). Incorrect cutting edge angle and partial tool defor-
mation cause a poor woodcutting process. For this reason, wood is pulverized and longitu-
dinal cracks result in high shear forces resulting in a considerable load on the mechanism.

From analyzes and publications abroad or at our department it was found that the gre-
atest influence on the cutting resistance upon entering the wood has the thickness of the 
tool. The higher the thickness of the tool, the higher the energy consumption and the better 
the cutting surface quality (Mikleš 2009).

The  cutting tool in the wood processing industry is a delimbing knife. Its geometry 
may be different and the design may have different shapes of cutting edge and blade angle. 
In this experiment, a wedge-shaped wedge is used, the shape of which is identical to the 
wedge with the angle of the cutting edge β, and the back angle α = 0 where the angle δ = 
β. The results of the chipless cutting of wood research showed that the cutting force at the 
entrance of the knife into the wood initially increased linearly and then dropped to zero. 
The maximum force Fc corresponds to the blade penetration depth of 0,55 to 0,80% of the 
cross sectional area. In the chipless cutting od wood by a wedge knife in a direction that 
does not agree with the direction of the wood fibers, considerable cutting forces are cre-
ated.One of the specific cases of this method is the power cutting of branches. Therefore, 
sometimes a process of unthreading wood splitting with a wedge knife in a direction that 
is not identical to the direction of the fiber is called force cutting. In the case of power 
cutting of branches, knives of a complicated structure are used. The special feature of kni-
ves designed for cutting the branches by the force method is the combination of effective 
cutting with copying ability of knives in the process. The magnitude of the cutting force 
acting in the direction of the velocity vector is the result of all the components of the force 
of resistance acting on the different parts of the knife forming its cutting profile (forehead, 
back, cutting edge), (Mikleš, J. and Mikleš, M. 2015). The basic theory of the analytical 
calculation of the forces in the branch process was built by (Zacharenkov 1963, 1964). 

Chipless cutting is characterized, in particular, by the fact that, up to the moment of 
removal of the branch from the forehead knife , it penetrates the wood only to the detri-
ment of compressing the wood and pushing it out of the cutting zone in a volume equal to 
that of the protruding portion of the knife. This is illustrated by the fact that the branch has 
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a long enough length is characterized by such great resistance to shearing along the fibers, 
that the vertical force FQ1 is not able to overcome it. Therefore chip is not formed and 
subsequently observed a characteristic decrease cutting resistance. The cutting resistance 
is constantly increasing, reaching the maximum at the moment when the over-cut branch 
begins to separate from the forehead knife, after which the opposite process takes place. 
The nature of the growth and decrease of the cutting resistance must ideally be the same. 
The conclusions follow that the maximum force acting from the wood on the forehead of 
the knife must be counted out based on the condition of energy consumption for pressing 
the wood. Here we assume that the relative pressure, caused by the cut-off branch on the 
forehead is in direct dependence on the volume of wood extruded by the forehead in the 
cutting process.

Measuring pressure on the entire contact area with the forehead knife being evenly 
distributed, which is most likely to at chipless cutting. The principle is that in the given 
method the over-cut part of the branch does not leave the forehead knife but is attached to 
it until the condition is maintained and the relationship applies:

  
 

(1)

FQ1   mesauring pressuer wood [N],
a   longer axis slit branch [mm],
z   depth of knife penetration [mm],
b  shorter axis slit branch [mm],
OH  timber strength of the branch along the fibers [MPa],

Subsequently, the calculation of the maximum force FS1 and its components can be 
made, based on the condition that the uniform pressure distribution on the knife forehead 
is maintained.

When calculating the forces FS1, FQ1 and FP1, only the deformations of the wood pres-
sing, caused by the front edge of the knife. Then the normal force FN1, acting on the knife’s 
forehead, can be determined from the following relationship:

(2)

Where:
q the specific compression force, per unit of volume of the compressed wood [N.mm-3],
V1 volume of wood, knife – crush out [mm-3] 

MATERIAL AND METHODS

In the experimental solution, we perform a comparison  chipless cutting wood  process 
without cutting force, cutting speed and knife geometry when cutting freely the cutting 
wood  process. To solve article problems, an experimental machine has been developed 
which allows  the cutting process to be monitored in laboratory conditions and to measure 
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z  depth of knife penetration [mm], 
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OH  timber strength of the branch along the fibers [MPa], 
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the cutting forces resulting in the energy demand of the cutting process with respect to 
the quality of the delimbing process. The experimental device (1) is controlled by a direct 
pneumatic cylinder (6). For cutting, knives with different geometric parameters are used in 
Table. 1. Delimbing knives (7) are produced with STN 19 083. Wood spruce are branched 
sections of soil where the diameter of selected branches ranged from 10 to 70 mm. The 
relative humidity of wood wrel % was determined by gravimetric method according to STN 
49 0108. All knives achieve a hardened hardness of 52 - 56 HRC. They will be treated with 
surface roughness Ra = 0.8 µm. In the experiment, we varied pressure compressed airline 
in the pneumatic cylinder to be given to determine the optimum cutting speed and cutting 
force. The cutting speed was recorded by the acceleration sensor (4) and the cutting force 
using a tensometric sensor from DMP 331. The air to the pneumatic cylinder was supplied 
by the Orlik compressor. The pressure in the reservoir was controlled by a barometer (5). 
The air is conveyed to the hose of the air to the desired pressure (2).

Fig. 1 Experimental device for delimbing the branched part of the tree
        Obr.1 Experimentálne zariadenie na odvetovanie zavetvenej časti stromu

(3)

Where: a1- the coefficient of proportionality depends on the parameters of the knife, 
the wood and the angle of ingrowth of the branches

This relationship can be said to be that FRMAX is directly proportional to the cutting 
surface of branch S:

         (4)

Where:
k = FspMAX  the proportionality ratio corresponding to the maximum nominal cutting force, 
which includes the influence of the geometric characteristics of the knife  [N.mm-2],
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S cutting surface of the branch [N.mm-3], 

Fig. 2. The geometry of the cutting wedge delimbing knife
Obr. 2 Geometria rezného klina odvetvovacieho noža

          s – thickness of the knife, βf1 – side angle of the cutting wedge, 

Table 1. Technical parameters of knives intended for experimental tests
Tabuľka 1. Technické parametre nožov určených pre experimentálne skúšky

Knife 
number.

δ – cutting 
angle (°)

α – knife 
of back angle (°)

s – knife 
thickness(mm)

r – radius cutting 
edge  (mm)

1 20 7 15 0,012–0,025
2 15 4 15 0,012–0,025
3 20 4 15 0,012–0,025

RESULTS

The main task of the experiment is to determine the optimum cutting speed and cutting 
force parameters in the process of repositioning on the experimental device. The deflation 
process is carried out by means of an air cylinder and a flat blade. In the measurements, 
woods with a diameter of between 10 and 70 millimeters were used. The sample wood was 
a spruce with a relative humidity of wrel 30%.
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Fig. 3. The course of cutting force when delimbing  branch mean d0
Obr. 3 Závislosť reznej sily od času počas odvetvovania vetvy do priemeru d0

The dependence of the cutting force on the delimbing process is limiting course. The 
forces required in the experiment were influenced by the diameter of the wood, the re-
sistance of the wood and the geometry of the knife. In the determination of the maxi-
mum cutting force, knife with the best geometry was selected δ = 20°, α = 4°, h = 2 mm,  
s = 15 mm. The maximum cutting force recorded in the experiment is 9023 N.

Fig. 4. The course of cutting speed when delimbing  branch mean d0
Obr. 4 Závislosť reznej rýchlosti od času pri odvetvovaní vetvy do priemeru d0
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The cutting speed dependence on the deflation process is plotted parabolically. The 

speeds required in the experiment were influenced by the pressurized air pressure in the 
pneumatic train, the wood resistance, and the knife geometry. In the determination of cutting 
speed, knife with the best geometry was selected δ = 20°, α = 4°, h = 2 mm, s = 15 mm. From 
the first experimental measurements, we determined the optimal cutting speed of the knife 
2,0 m.s-1. 

DISCUSSION 

Chipless cutting of wood is an theme that is closely related to forest management. 
Different researches and analyzes deal with this theme and theme (Hatton et al., 2015, Cacot 
et.al.,2016, Krilek 2016). In this article, the maximum cutting force and cutting rate required 
for cutting the bent part of the tree was determined using experimental measurements. By 
experimental measurement, it has been found that the great influence on the cutting force and 
the cutting speed has the resistance of the wood and its moisture. It also affects the branch and 
the sample tree diameter. The branch diameters used in the experiment ranged from 10 - 70 mm 
and the humidity of the wood was wrel 21 - 46% (Philipp D,. et. al.,2015). Another factor 
influencing the measurement was the geometry of the cutting knife, which is devoted to 
different studies (McEwan et al., 2016, Gerasimov et al., 2013). Based on analyzes (Mikleš 
2009), three branch knives with different geometry were used. These, the most appropriate was 
chosen and used to determine a maximum cutting force of 9023N and a cutting speed of 2.0 
m.s-1. The greatest influence on the cutting force is the choice of the correct geometry of the 
cutting knives, it is characterized by different sizes of max. of the cutting force in the examined 
knives, and we confirmed the correctness of the best knife geometry selection with the 
following parameters δ = 20°, α= 4°, h = 2 mm, s = 15 mm. When delimbing with different 
geometry of a knife, the sphere does not change the character of the course and the change does 
not occur even when selecting another branch thickness. In the experiment there was also a 
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The cutting speed dependence on the deflation process is plotted parabolically. The 
speeds required in the experiment were influenced by the pressurized air pressure in the 
pneumatic train, the wood resistance, and the knife geometry. In the determination of cut-
ting speed, knife with the best geometry was selected δ = 20°, α = 4°, h = 2 mm, s = 15 mm. 
From the first experimental measurements, we determined the optimal cutting speed of the 
knife 2,0 m.s-1.

DISCUSSION

Chipless cutting of wood is an theme that is closely related to forest management. Dif-
ferent researches and analyzes deal with this theme and theme (Hatton et al., 2015, Cacot 
et.al., 2016, Krilek 2016). In this article, the maximum cutting force and cutting rate requ-
ired for cutting the bent part of the tree was determined using experimental measurements. 
By experimental measurement, it has been found that the great influence on the cutting 
force and the cutting speed has the resistance of the wood and its moisture. It also affects 
the branch and the sample tree diameter. The branch diameters used in the experiment 
ranged from 10 – 70 mm and the humidity of the wood was wrel 21– 46% (Philipp D,. et. 
al., 2015). Another factor influencing the measurement was the geometry of the cutting 
knife, which is devoted to different studies (McEwan et al., 2016, Gerasimov et al., 2013). 
Based on analyzes (Mikleš 2009), three branch knives with different geometry were used. 
These, the most appropriate was chosen and used to determine a maximum cutting force 
of 9023N and a cutting speed of 2.0 m.s-1. The greatest influence on the cutting force is the 
choice of the correct geometry of the cutting knives, it is characterized by different sizes 
of max. of the cutting force in the examined knives, and we confirmed the correctness of 
the best knife geometry selection with the following parameters δ = 20°, α = 4°, h = 2 mm,  
s = 15 mm. When delimbing with different geometry of a knife, the sphere does not change 
the character of the course and the change does not occur even when selecting another 
branch thickness. In the experiment there was also a change in the angle of neurite branch. 
If the blade is constantly penetrated into the wood where the cutting angle is increasing, 
the average value of the fiber deformation in the direction of the blade face is increased. 
This flag were causing increasing deformation forces. Assumed  in the literature that refer 
to loads, they divide the process of deformation into two regions, the area of incomplete 
elasticity s < σm a and the area of plastic flow at s ³ σm, (Mikleš and Marko 1992). In the 
first area there is a load on the body so that the deformation is reversible after unloading. 
Principally composed of Hooke’s law. After deformation relief, it does not disappear but 
causes permanent body change. Plasticity is accomplished by the movement of disloca-
tions. 

CONCLUSION

The aim of this contribution was to determine the maximum cutting force and cutting 
speed in the process of repositioning on the experimental facility in the premises of TU 
Zvolen. The issue of wood processing in forest management is current. Therefore, it is 
necessary to devote itself to its deeper and subsequent research to monitor the forces 
determined from the initial measurements, how they will act on the cutting knife and 
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eliminate the device errors. From the first analyzes, we know that the force required for 
tree delimbing is about 9 kN at the cutting speed of movement of the knife 2,0 m.s-1. This 
finding ensures the perfect tree delimbing without damaging the wood by pulling the wood 
or the rest of the branch.
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ABSTRACT: The objective of the method proposed in following paper is to locate the Vehicle 
Registration Plate within the image taken by camera from real world. We understand this aim as 
the first necessary step to the total recognition of the vehicle registration number. We consider the 
vehicle registration plate as a series of 7 characters placed in a row. The designed method is based 
on adaptive thresholding, connection of neighbouring foreground points into continuous regions and 
on a searching of 7 regions which are of roughly the same size and are placed in the image appro-
ximately in the same Y-position. This method has been tested using a database of 50 Slovak vehicle 
registration plates and results achieved have shown satisfactory performance.

Key words: Vehicle Registration Plate, Morphological operations, Adaptive Thresholding

ABSTRAKT: Cieľom metódy navrhnutej v nasledujúcom článku je nájsť evidenčné čislo vozidla 
v obraze, ktorý bol získaný kamerou z reálneho prostredia. Tento cieľ chápeme ako prvý nevyhnutný 
krok k úplnému rozpoznaniu evidenčného čísla vozidla. Pre účely lokalizácie uvažujeme o evidenč-
nej tabuľke vozidla ako o sérií 7 znakov umiestnených v rade vedľa seba. Navrhnutá metóda je zalo-
žená na adaptívnom prahovaní, spájaní susedných bodov popredia do súvislých oblastí a na hľadaní 
siedmich oblastí, ktoré majú zhruba rovnakú veľkosť a sú umiestnené v obraze približne v rovnakej 
Y-pozícii. Táto metóda bola testovaná na databáze 50 slovenských evidenčných čísiel vozidiel a do-
siahnuté výsledky preukázali uspokojivý výkon.

Kľúčové slová: evidenčné číslo vozidla, morfologické operácie, adaptívne prahovanie

INTRODUCTION

The recognition methods find still bigger use in various branches such as manufactu-
ring, robotics, medicine, quality control, cartography, processing of satellite images etc. 
Their aim is to create an autonomous system, which does not need presence of man res-
pectively they try to make analyse of image data easier. The main benefit is speed and 
efficiency of processing.
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The recognition of Vehicle Registration Plate (VRP) is one of the classical tasks in re-
cognition of text in real scene images. All vehicles which are in operation on public roads 
in Slovakia must have the Vehicle Registration Number (VRN), which is formed by letters 
and digits. The vehicle registration plate (VRP) replaced the previous plates with State 
Registration Number (SRN).

The recognition of VRP could be applied in various systems. You can find it in transpor-
tation e.g. in speed control, in tracing of traffic offences, monitoring of traffic density, 
parking systems, tolling systems, tracking of stolen cars etc. However, the algorithms and 
various ways of solving the problem of VRP recognition can be generalized and used in 
wide variety of other fields of life where the text recognition is required, such as manufac-
turing, indexation of texts in image database, automatic warnings in monitored processes, 
translating of foreign language texts, aids for visually impaired people etc.

We can divide the process of the recognition of VRP in two steps, first step is location 
finding of VRP in the whole image among many other objects, and the second step is the 
following detection of the individual characters, which form the VRP and their final re-
cognition as a text. In this article we deal with the first phase of recognition of VRP – that 
means we solve the problem of finding the area which probably contains the VRP.

RELATED WORK

There were many papers published in the past on these problems (Abolghasemi & 
Ahmadyfard, 2009; Zhai et al., 2010; Mahini et al., 2006). Those works are based on the 
characteristic features of VRP such as geometrical shape (rectangle with certain aspect 
ratio), position (horizontal with upper and bottom edge of the image), the colour pattern 
of VRP (black characters on the white background i.e. similarity of colour intensities in 
RGB colour model), strong contrast of the characters against the background of the VRP 
(in case of standard Slovak VRP, the black lettering on the white background), minimal 
and maximal number of characters in VRP and so on. We present a brief overview of some 
frequently used approaches:

•	 Edge detection: is based on the assumption that individual characters of VRP are 
significantly contrasted against the background and so, on their rims you can find the 
significant edges. Applying the edge operator (e.g. the vertical Sobel operator) we are 
looking for regions with high density of the edge points.

•	 Morphological operations: by this method we suppose that the characters of VRP 
make up the relative small dark areas respectively that the gaps between the characters 
make up relative small white areas. When using the appropriate large structural ele-
ment we are able to identify these areas. The size of structural element is critical for 
application of these methods and that is why we have to expect a certain specific size 
of VRP. If we are not able to make such guess we can use the iterative process whereby 
the image is gradually decreased and the location process is repeated.

o Morphological operation Bottom-Hat is defined as subtraction of the original 
image from morphological closing (dilation followed by erosion). It highlights the 
details and elements which have size smaller than size of the structuring element 
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and they are darker (dark characters of VRP) compared to surrounding (white 
background). Morphological operation Bottom-Hat is defined as:

(1)

where denotes dilation and denotes erosion operation.

Structuring element must be chosen bigger than stroke width of a character.

o  Morphological operation Top-Hat is defined as subtraction of the morphological 
opening (erosion followed by dilation) from the original image. It highlights the 
details and elements which have size smaller than size of the structuring element 
and they are lighter (white spaces between the dark characters of VRP) compared 
to surrounding. Morphological operation Top-Hat is defined as:

(2)

Distance between the characters must not be bigger than the width of structuring ele-
ment.

MATERIAL AND METHODS

We proposed and verified a method for position finding of VRP. All the parameters 
(sizes, tolerances) mentioned in the following text were set empirically from the testing 
set of VRP samples.

The location finding is based on the assumption that single characters of VRP make 
up together the distinct continuous areas of the foreground points of the same height and 
those continuous areas are in the roughly the same Y-position in the image and they are not 
far from each other than the given constant.

Image pre-processing
•	 Change of the size: because of the better efficiency of processing we decrease the ima-

ges wider than 1600 points to the width defined by integer ratio width/800 
•	 If image metadata (EXIF) contains the information about orientation of the image, we 

turn the image due to this information
•	 Colour conversion: we transform the colour (RGB) image to 8-bit gray scale image. 

Working with this method we do not make use of colour characteristic of VRP, but 
only the fact that characters making up the VRP are darker than the background.

Image segmentation

The goal of segmentation is the separation of the foreground points (black characters 
of VRP) from the background points (white background of VRP). There is a problem 
with the global thresholding using the fixed threshold, when the VRP are not uniformly 
illuminated. In the same way, the automatic setting of the threshold, e.g. by Otsu method 
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also does not lead to good results, as the image contains beside VRP also wide surrounding 
objects with many disturbing image information.

The better results we can achieve by adaptive thresholding. In the Fig.1, there are seve-
ral not uniformly illuminated VRPs. In the Fig.2 are shown the VRPs after transformation 
into a gray-scaled image. The comparison of global thresholding using various thresholds 
you can see in the Fig.3. In the Fig. 4, there are shown the adaptive thresholding with 
window size 30 and delta 10 (Bradley & Roth, 2007).

Fig. 1 Non-uniformly illuminated VRP
Obr. 1 Nerovnomerne osvetlené EČV

Fig. 2 Gray-scaled VRP
Obr. 2 Šedotónové obrazy EČV

Fig. 3 Global thresholding
Obr. 3 Globálne prahovanie

Fig. 4 Adaptive thresholding
Obr. 4 Lokálne prahovanie

When applying thresholding we get a binary image, where the black points represent 
the points of the foreground and the white points the background.

MATERIAL AND METHODS 
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Fig. 2 Gray-scaled VRP 
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Fig. 3 Global thresholding 

Obr. 3 Globálne prahovanie 
 

 
 

Fig. 4 Adaptive thresholding 
Obr. 4 Lokálne prahovanie 

 
When applying thresholding we get a binary image, where the black points represent 
the points of the foreground and the white points the background. 

 
Forming of blobs by connecting points into continuous regions   

In further progress we apply the 2–pass algorithm of connecting the neighbouring 
points into the continuous regions (Rosenfeld & Pfaltz, 1966). When we add a new 
point into region or when we connect the equivalent regions we update the region 
descriptors: 

 area of the region (number of points in the region) 
 dimensions (outer boundary rectangle of the region) 
 number of holes 

 
 The Fig.5 shows the individual continuous regions which represent individual 
characters of VRP are colour-differentiated. 
 

 
 

Fig. 5 The marked continuous regions 
Obr. 5 Označkované spojité oblasti 
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We are looking for such continuous regions which could be the characters of VRP. To 
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 Minimum and maximum size (width in <5, 160>, height in <20, 210>)  
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Forming of blobs by connecting points into continuous regions 
In further progress we apply the 2–pass algorithm of connecting the neighbouring 

points into the continuous regions (Rosenfeld & Pfaltz, 1966). When we add a new point 
into region or when we connect the equivalent regions we update the region descriptors:

•	 area of the region (number of points in the region)
•	 dimensions (outer boundary rectangle of the region)
•	 number of holes

 The Fig.5 shows the individual continuous regions which represent individual charac-
ters of VRP are colour-differentiated.

Fig. 5 The marked continuous regions
Obr. 5 Označkované spojité oblasti

The selection of VRP character candidates
We are looking for such continuous regions which could be the characters of VRP. 

To declare the region to be candidate for further processing, the region has to fulfil the 
following conditions:

•	 Minimum and maximum size (width in <5, 160>, height in <20, 210>) 
•	 Aspect ratio height to width in <1.3, 7.6>
•	 Maximum of 3 holes

We sort the satisfactory regions by Y-coordinate of the upper bound of the bounding 
box and we search in the list of sorted regions. We look for regions, which have ±4 points 
in the same Y-position (we assume that characters making up the VRP are approximately 
of the same height and in a line) and the gap between them is from 2 to 40 points. If we 
find at least 7 such regions (we suppose that VRP consist of 7 characters) we have to test 
their specific features. We check if the height of the characters is ±4 points (we suppose 
that all the characters are of the same height) and we check if the ratio width to height of 
the bounding box is from 4.5 to 6.25. If such testing gives positive result, we can declare 
the region as a candidate to be VRP. 

(This algorithm expects that the VRP is a standard type of Slovak VRP for vehicle, 
with dimension 52×11 cm and that its position is approximately horizontal)

RESULTS

We have tested the above proposed method on a testing set of 50 photos of Slovak 
VRPs of standard dimensions 52x11. The photos were taken from medium distance so 
that the VRP width made up from 10 to 50 % of the full width of the image (recognition 
algorithm was not tuned for detailed VRP pictures).

The testing set contained the photos which were taken at twilight, with partly oversha-
dowed VRP or VRP, which were covered with safety strips. Samples of the photos are in Fig. 6.
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Obr. 4 Lokálne prahovanie 

 
When applying thresholding we get a binary image, where the black points represent 
the points of the foreground and the white points the background. 

 
Forming of blobs by connecting points into continuous regions   

In further progress we apply the 2–pass algorithm of connecting the neighbouring 
points into the continuous regions (Rosenfeld & Pfaltz, 1966). When we add a new 
point into region or when we connect the equivalent regions we update the region 
descriptors: 

 area of the region (number of points in the region) 
 dimensions (outer boundary rectangle of the region) 
 number of holes 

 
 The Fig.5 shows the individual continuous regions which represent individual 
characters of VRP are colour-differentiated. 
 

 
 

Fig. 5 The marked continuous regions 
Obr. 5 Označkované spojité oblasti 

 
The selection of VRP character candidates 

We are looking for such continuous regions which could be the characters of VRP. To 
declare the region to be candidate for further processing, the region has to fulfil the 
following conditions: 

 Minimum and maximum size (width in <5, 160>, height in <20, 210>)  



ACTA FACULTATIS TECHNICAE, XXIV, 2019 (1): 63–7068

Fig. 6 Samples of testing photos
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Obr. 6 Ukážky testovacích fotiek
ideálny kontrast
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EČV s poistnými páskami

With our method we achieve 86 % detection rate, when in 43 out of 50 VRP, the loca-
tion was successfully found.

DISCUSSION

The proposed method expects the horizontal position and standard dimension of VRP. 
Our opinion is that this is not a limiting factor for most applications, like parking and se-
curity systems, where car must stop at certain place (before the gate) and the camera has 
a fixed position.

Problem for correct segmentation could make safety strips, running across the VRP, 
which causes wrong segmentation as shown in Fig. 7.

Fig. 7 VRP with safety strips
Obr. 7 EČV s poistnými páskami

If the width of safety strip is smaller than stroke width of character we can use morpho-
logical operation – conditional erosion in gray scale image. In the first step we dilate ima-

 Aspect ratio height to width in <1.3, 7.6> 
 Maximum of 3 holes 

 
We sort the satisfactory regions by Y-coordinate of the upper bound of the bounding 
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characters) we have to test their specific features. We check if the height of the 
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we check if the ratio width to height of the bounding box is from 4.5 to 6.25. If such 
testing gives positive result, we can declare the region as a candidate to be VRP.  
(This algorithm expects that the VRP is a standard type of Slovak VRP for vehicle, 
with dimension 52×11 cm and that its position is approximately horizontal) 
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Fig. 7 VRP with safety strips 
Obr. 7 EČV s poistnými páskami 

 
If the width of safety strip is smaller than stroke width of character we can use 

morphological operation - conditional erosion in gray scale image. In the first step we dilate 
image by structuring element “the horizontal line” of the strip width (all groups of black 
points with smaller width than width of structuring element will disappear) and in following 
step we erode image with same structuring element, but we recover only those black points 
which exists in original image. 

 

 
 

Fig. 8 VRP after conditional erosion 
Obr. 8 EČV po podmienenej erózií 

 
The weak point of this approach is that for very small characters those characters 

themselves will be removed. It is difficult to set appropriate width of structuring element 
beforehand. 

For this case the simplified method will remove up to X black points in the row only 
when they are surrounded by at least Y white points. This way we can make the segmentation 
better, but the remains of strips are still present and they deform characters. 

 

 
 

Fig. 9 VRP after partial removal of strips 
Obr. 9 EČV po odstránení častí poistných pások 
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ge by structuring element “the horizontal line” of the strip width (all groups of black points 
with smaller width than width of structuring element will disappear) and in following step 
we erode image with same structuring element, but we recover only those black points 
which exists in original image.
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The weak point of this approach is that for very small characters those characters 
themselves will be removed. It is difficult to set appropriate width of structuring element 
beforehand.

For this case the simplified method will remove up to X black points in the row only 
when they are surrounded by at least Y white points. This way we can make the segmenta-
tion better, but the remains of strips are still present and they deform characters.

Fig. 9 VRP after partial removal of strips
Obr. 9 EČV po odstránení častí poistných pások

CONCLUSION

In this article we describe the possibility of VRP location finding in image, which 
could be followed by recognition of individual VRP characters. The methods of image 
processing and text recognition could be adopted for various purposes as above mentioned 
traffic security, car monitoring, parking systems etc.

Automated text recognition and object identification in the image could be also used 
for recognition of traffic signs, recognition of objects in robotics systems or in equipment 
for visually impaired persons.

In manufacturing, object recognition can be used in robotic lines, for identification of 
components and their identification numbers. This identifiers could be linked to database 
of the components, where are full information available about the components, needed for 
adjoined processes like purchase, storing or selling.
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ABSTRACT: The article presents the possibilities and the extent of utilization of alternative energy 
sources (photovoltaics, biogas, wind, water) as adequate substitutes for traditional non-renewable 
resources in rural areas.
Subsequently, the thesis examines the possibilities of electromobility in areas with lower density of 
dwelling in connection with the location of fast-charging stations for electromobiles with a survey 
of density, directions and gradient areas of transport, as well as the supporting infrastructure of fast-
charging stations. 

Key words: electrovehicles, population density, environment, distribution system of electricity, sur-
vey of living conditions, renewable sources

ABSTRAKT: Článok predstavuje možnosti a rozsah využitia alternatívnych zdrojov energie (foto-
voltaika, bioplyn, vietor, voda) ako primerané náhrady za tradičné neobnoviteľné zdroje vo vidieck-
ych oblastiach. Následne práce skúma možnosti elektromobilu v oblastiach s nižšou hustotou obydlí 
v súvislosti s umiestnením rýchlonabíjacích staníc pre elektromobily s prieskumom hustoty, smerov 
a spádových oblastí dopravy, ako aj s podpornou infraštruktúrou nabíjacích staníc.
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INTRODUCTION

Currently in the Central European region and the Czech Republic is infrastructure 
for massive development of electromobility at a very low level. Infrastructure refers to 
recharging stations, service and support centers for electrovehicles. The study on which 
this article is based provides guidance on how to remedy that condition at the time units 
of years. Developed world states are creating global agreements to reduce SO2, CO2 and 
NOX emissions. Agreements the Kyoto Protocol and the Paris Agreement, in particular the 
Paris Agreement, commit states to reduce emissions of gases that cause adverse global and 
local climate change.

The European Council has adopted a common platform that encourages municipali-
ties and cities to save energy, increase its production from renewable sources, and reduce 
dependence on fossil fuel imports and combustion. Typically, energy consumption and 
prices depend on local availability of resources. Separately developed energy supply op-
tions that meet these requirements vary by region and may vary within a large city. (Maier, 
2016) An increasing number of municipalities want to cover their entire energy use by 
using their own renewable resources. (Jensen et al., 2017) Microregions in Austria are 
succeeding in reducing energy dependence on energy supplies from the external distribu-
tion system. They assess the possibilities and trade-offs between the costs and benefits of 
increasing the energy self-sufficiency of a small rural area. (Karchin, Geldermann, 2015) 
Energy projects are linked to the environmental impacts that can bring pros & cons to 
other economic activities. Therefore, the development of renewable resources must also 
be assessed on the basis of the preferences of life in rural areas. Part of the process is the 
need to assess the impacts on local transport and the economy. (Schmidt et al., 2012) 
Availability of the potential of renewable energy sources and high-efficiency technologies 
are two main reasons for expanding low-carbon energy supply. Creating a mathematical 
model that optimizes local power generation and distribution to customers must take into 
account parameters such as the availability of renewable energy sources, the number of 
customers for electricity and heat, system losses, economic appreciation or investment 
return assessment and a healthier environment. The mathematical model assesses avail-
ability or build, location and type of renewable resource with respect to the lowest cost 
of electricity and heat supply. The development of renewable energy sources, such as 
wind and hydroelectric power plants, brings about interference with landscape and nature. 
Energy projects are associated with environmental impacts that can cause damage or the 
decline of other economic activities. This activity is also tourism. Therefore, the develop-
ment of renewable resources must also be assessed on the basis of the preferences of life 
in the village and the city. Surveys in the areas must be the acceptability of the type of re-
newable resources and their use in energy supply and transport. (Wappelhorst et al., 2014) 
Traffic from rural areas by automotive transport with internal combustion engines versus 
electrified vehicles faces problems of costs and driving distances. (Chen, Song, 2015) 
There are many innovative concepts and technologies that address the needs of energy 
supply and need to provide a comprehensive methodology for planning and evaluating 
the development of “smart” energy systems that will lead to a complex power supply of 
technological networks from various sources that minimize the influence to the environ-
ment. (Ramirez-Diaz et al., 2016) Effective and lasting reduction of negative impacts on 
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the environment in rural areas is a recommendation to expand the use of renewable elec-
tricity and heat. An increasing number of municipalities want to cover their entire energy 
use by using biomass. However, it is important to analyze the costs of land use and energy. 
(Bergmanna et al., 2008)

MATERIAL AND METHODS

The process of planning the development of energy and transport infrastructure in 
a particular geographical area is complex and lengthy. Optimizing energy technologies, 
networks, and scenarios resulting from the use of certain methods help to create an energy 
mix framework. Processed surveys and new scientific knowledge will be used to create 
smart solutions in the energy supply sector and as an integral part of stakeholder discus-
sion (investors, municipalities and regions, suppliers, state institutions and last but not 
least, buyers) to implement their own plan through city development its parts, villages or 
areas.

The questionnaire survey was carried out in the areas with names MAS Vyhlídky and 
MAS Labské skály, which found, among other things, the number and type of vehicles, 
the kilometres per week, the system of heating the buildings. We tested driving with an 
electric vehicle and a vehicle with an internal combustion engine in identical routes and 
under the same conditions (time, climatic conditions, traffic situation). The routes were 
chosen as the usual and most common ones that were found in questionnaire surveys. The 
project solves the possibilities of electromobility in areas with lower density of dwellings 
in connection with the possibilities of recharging of electric vehicles in the mentioned 
areas. Secondary research addresses air pollution by emissions from local sources and 
transport and provides an optimal recommendation to remedy the situation. Thermovi-
sion measurement was performed in ideal design conditions for objects and with different 
types of heating systems in the area MAS Vyhlídky. Technical values were identified and 
measurements were did in the electricity distribution system in the area MAS Vyhlídky. 

Proposal of methodology for the development of the studied area with regard to the 
consumption and supply of energy in buildings and in transport. The methodology for ex-
panding electromobility is associated with a supportive infrastructure - comfort, the cost 
of electric vehicles, the cost of recharging and the reduction of transport emissions. The 
installation of renewable resources is confronted with the reduction of emissions from lo-
cal heating, as well as the possibility of reducing losses in the energy system. There must 
be a wider dimension in relation to the site plan (possible restrictions on heritage conser-
vation, nature reserves, protected landscape areas or national parks, etc.).

The whole of this development methodology has proven to be ideal and optimal in the 
area and time.

RESULTS
 
The measurement results from rides are very large, as well as from questionnaire sur-

vey. The measured values were fuel consumption, amount of carbon oxides, amount of 
solids in the exhaust for car with internal combustion engine. The measured value was 
mainly energy consumption of electric vehicle. This main index is further developed in 
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connection with the recharging of the electric device and the adjustment of this consump-
tion with the energy mix in the Czech Republic and Europe. Comparison of emissions 
from industrial power generation to recharge a certain number of electric vehicles and 
emissions produced by a certain number of vehicles with internal combustion engines. 
Questionnaire survey has brought the number of people in the household, the number and 
type of motor vehicles, the average weekly number of kilometres, including the target 
location, the nature of the subject (from the standpoint of energy intensity), the age of the 
building, the used fuel and energy sources, the knowledge of the inhabitants about the 
environment, and other details.

Fig. 1. Production of electricity in the Czech Republic and European Union (2015)
 Obr. 1. Produkcia elektrickej energie v Českej republike a Európskej únii (2015)

The car of Skoda Citigo with Natural Gas 95 petrol spark ignition engine produced 
10.9 kg of CO2 per 100 km. Vehicle WV e-up! with an electric drive consumed 11.7 kWh 
per 100 km. When converting to the energy mix of the Czech Republic, 6.8 kg of CO2 is 
produced to produce this amount of energy, and if we move on, only 4.4 kg of CO2 is pro-
duced when converting to the EU energy mix. The maximum charging current taken from 
the fast charging station on the DC side has reached values of up to 100 A in so-called 
smart charging when the electric car control system communicates with the charging sta-
tion via the charging connector.

Vyhlídky. Technical values were identified and measurements were did in the electricity 
distribution system in the area MAS Vyhlídky.  

Proposal of methodology for the development of the studied area with regard to the 
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installation of renewable resources is confronted with the reduction of emissions from local 
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reserves, protected landscape areas or national parks, etc.). 
The whole of this development methodology has proven to be ideal and optimal in the area and 
time. 
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The measured values were fuel consumption, amount of carbon oxides, amount of solids in the 
exhaust for car with internal combustion engine. The measured value was mainly energy 
consumption of electric vehicle. This main index is further developed in connection with the 
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Fig. 2. The CO2 emissions of the Škoda Citigo to 100 km and the converted CO2 emissions of the 
electrovehicle WV e-up! for the energy mix of the Czech Republic and the European Union

Obr 2. Produkcia emisií CO2 vozidla Škoda Citigo na prejdenie 100 km a prepočítané emisie CO2 
vozidla WV e-up! na energetický mix Českej republiky a Európskej únie

For calculations of CO2 production per kilowatt-hour produced values from each 
source type were calculated from the average of 20 sources per source which excludes 
a significant statistical error.

On Tuesday, February 27, 2018, the maximum load in the winter of 2017/2018 was the 
Czech Republic’s electricity system. Parameter monitoring has found that in the area of   
Mělník – Kokořínsko it is not possible to engage in bigger electricity consumption in the 
current state - in our case, the fast charging station for electric vehicles and these electric 
devices cannot be recharged from the mains from the socket 16 A in winter. The reason for 
this is the lack of transmission capacities in the distribution system and the calculations 
confirmed a strong and uncontrolled voltage degradation in the event of a further increase 
in the load of the distribution system with the possibility of damaging the equipment of 
the distribution system operator as well as electric appliances for the customers of electric 
energy. In the Mělník substation two transformers are installed in the area from which the 
surveyed areas are delivered. They do not work in parallel in the basic circuits and each 
feeds their power supply area on the secondary side.

DISCUSSION

Over the next few years, national and European interests will increase the number of 
electric vehicles in areas with lower population density, and the related infrastructure, es-
pecially energy and service, will have to be adapted to this trend. Power grid operators are 
unable and will not be able to cover the increase in electricity consumption for charging 
electric appliances without significant investments in the energy grid [HV (high voltage) 
– 110kV, HV – 22kV and LV (low voltage) – 400/230V lines, HV – 110kV/22kV and HV/
LV – 22kV/400-230V transformations]. Energy production and its consumption must be 
close together because of low losses and the ability to respond faster to changing condi-

The car of Skoda Citigo with Natural Gas 95 petrol spark ignition engine produced 10.9 kg of 
CO2 per 100 km. Vehicle WV e-up! with an electric drive consumed 11.7 kWh per 100 km. 
When converting to the energy mix of the Czech Republic, 6.8 kg of CO2 is produced to produce 
this amount of energy, and if we move on, only 4.4 kg of CO2 is produced when converting to 
the EU energy mix. The maximum charging current taken from the fast charging station on the 
DC side has reached values of up to 100 A in so-called smart charging when the electric car 
control system communicates with the charging station via the charging connector. 
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- Kokořínsko it is not possible to engage in bigger electricity consumption in the current state - 
in our case, the fast charging station for electric vehicles and these electric devices cannot be 
recharged from the mains from the socket 16 A in winter. The reason for this is the lack of 
transmission capacities in the distribution system and the calculations confirmed a strong and 
uncontrolled voltage degradation in the event of a further increase in the load of the distribution 
system with the possibility of damaging the equipment of the distribution system operator as 
well as electric appliances for the customers of electric energy. In the Mělník substation two 
transformers are installed in the area from which the surveyed areas are delivered. They do not 
work in parallel in the basic circuits and each feeds their power supply area on the secondary 
side. 
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tions (eg climate). The impossibility to produce energy from renewable sources is quanti-
fied by the relevant functions and devices in the distribution system, and the forecasts and 
probabilities of production, consumption and external influences have to be incorporated 
into the planning model. The results offer planning and evaluation in several areas, im-
proving living conditions, gaining profits, reducing emissions, minimizing energy loss, 
increasing stability and improving system security.

Local electrification systems can operate either synchronously connected to the parent 
system or can be disconnected and operated separately. Switching between these modes 
may cause intermittent or overcurrent oscillations on the remote island side and compro-
mise device safety or system stability. With the energy self-sufficiency project of the entire 
territory, a way of automatically managing a seamless transition between island mode op-
eration and the connected operating mode with the surrounding system must be designed.

Fig. 3. Radial connection of the distribution system
Obr. 3. Radiálne (lúčové) zapojenie distribučnej sústavy

CONCLUSION
 
The project evaluates the environmental benefits of electric vehicles. This project rec-

ommends to these sites how to use available renewable and affordable sources with the 
possible accumulation of surplus and energy supply in order to avoid massive investment 
in energy infrastructure, which would mean a gradual and lasting increase in electricity 
for the final customer. Process determination – an algorithm that proposes a project variant 
suitable for implementing the region’s energy self-sufficiency and determining an optimal 
energy mix for a given area and time based on the projected future energy consumption 
based on energy survey inputs, traffic measurements, questionnaire survey, environmental 
impact, optimization transport, territorial development, employment and other appropriate 
or necessary opportunities.

DISCUSSION 

Over the next few years, national and European interests will increase the number of 
electric vehicles in areas with lower population density, and the related infrastructure, especially 
energy and service, will have to be adapted to this trend. Power grid operators are unable and 
will not be able to cover the increase in electricity consumption for charging electric appliances 
without significant investments in the energy grid [HV (high voltage) – 110kV, HV – 22kV and 
LV (low voltage) – 400/230V lines, HV – 110kV/22kV and HV/LV – 22kV/400-230V 
transformations]. Energy production and its consumption must be close together because of low 
losses and the ability to respond faster to changing conditions (eg climate). The impossibility 
to produce energy from renewable sources is quantified by the relevant functions and devices 
in the distribution system, and the forecasts and probabilities of production, consumption and 
external influences have to be incorporated into the planning model. The results offer planning 
and evaluation in several areas, improving living conditions, gaining profits, reducing 
emissions, minimizing energy loss, increasing stability and improving system security. 
Local electrification systems can operate either synchronously connected to the parent system 
or can be disconnected and operated separately. Switching between these modes may cause 
intermittent or overcurrent oscillations on the remote island side and compromise device safety 
or system stability. With the energy self-sufficiency project of the entire territory, a way of 
automatically managing a seamless transition between island mode operation and the connected 
operating mode with the surrounding system must be designed. 

 

Fig. 3. Radial connection of the distribution system 
Obr. 3. Radiálne (lúčové) zapojenie distribučnej sústavy 

CONCLUSION 

 The project evaluates the environmental benefits of electric vehicles. This project 
recommends to these sites how to use available renewable and affordable sources with the 
possible accumulation of surplus and energy supply in order to avoid massive investment in 
energy infrastructure, which would mean a gradual and lasting increase in electricity for the 
final customer. Process determination - an algorithm that proposes a project variant suitable for 
implementing the region's energy self-sufficiency and determining an optimal energy mix for a 
given area and time based on the projected future energy consumption based on energy survey 
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ANALYSIS OF ROLLING RESISTANCE 
OF TYRES FOR AGRICULTURAL AND 
FORESTRY MACHINES ON PAVED SURFACES 

ANALÝZA VALIVÉHO ODPORU PNEUMATÍK 
AGROLESNÍCKYCH STROJOV NA SPEVNENEJ 
PODLOŽKE
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ABSTRACT: The main objective of rolling resistance analysis for agricultural machines and equip-
ment on a reinforced surfaces is to compare different combinations of rolling resistance at different 
tire loads with different inflation pressures. This is accomplished by measuring the pulling force on 
a devicewhich is then stored on a computer using software. Subsequently, Excel and Statistics are 
used to chart and graph the data and draw conclusions.

Key words: tyre rolling, rolling resistance, analysis, agricultural tyres

ABSTRAKT: Hlavným cieľom analýzy merania valivého odporu pneumatík pre agrolesnícke stro-
je a zariadenia na spevnenej podložke je porovnať rôzne kombinácie valivého odporu pri rôznom 
zaťažení pneumatík s rôznym hustiacim tlakom. Je to docielené meraním ťažnej sily na zariadení 
ktorá sa ukladá do počítača pomocou softwaru. Následne sú využívané programy Excel a Statistica 
ktoré slúžia na tabuľkové a grafické vyhodnotenie údajov a sformulovanie záveru.

Kľúčové slová: valenie pneumatiky, valivý odpor, , analýza, agrolesnícke pneumatiky

INTRODUCTION

The majority of used agro-forestry machines have a wheel chassis, as these chassis 
mostly correspond to the soil conditions in our area. In agro-forestry machines, these 
tires are subject to great strain, resulting from the growing performance of agro-forestry 
machinery. By choosing the right tire and inflation pressure, we can reduce rolling re-
sistance, reducing wear and tear, reducing time to work and, in particular, reducing fuel 
consumption. An important advantage is the reduction of soil compaction, which is a very 
important factor in the use of heavy energy vehicles carried and towed. (Beneš P., 2009) 
(Antos G., 2009)
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At present, the deformation properties of the entire tire are investigated by finite ele-
ment method calculations. The predictive ability of the calculation results can only be 
verified by a real tire test. In addition, according to the test results, the calculation can be 
adjusted to allow calculations to be made more precise with regard to the input of material 
and other inputs. That is why it is very important for the tires to be tested. The endeavor is 
for the tests to be as close as possible to the actual load during operation and to make the 
results comparable to each other. (Bauer F. et al., 2013) (Lajbl L., Antos G., 2007)

Rolling Resistance Coefficient

The rolling resistance coefficient f is affected by several factors. The most important is 
the road surface. Other factors affecting the rolling resistance coefficient include deforma-
tion and wheel speed of the vehicle. For a tire with a low inflation pressure, deformation 
occurs to a greater extent than when the tire is inflated to a higher pressure. As the tire 
pressure decreases, the rolling resistance increases. This is due to a higher value of de-
formation and damping work. The last factor is the wheel speed of the vehicle. (Dočkal 
V., Kovanda J. and Hrubec F., 1998) (Bálimt Tóth J., 2011) (Delanne, Y. 1994) (Huang, 
J. 2011))

Experimental rolling resistance measurement

Measurement of tire rolling resistance is relatively simple. For this purpose, we use 
a guiding frame with side guides. The measurement is based on the drawing of the pulling 
force required to traverse the main and auxiliary guide frame of the wheel by means of the 
brake reel. The main sensed physical magnitude is in this case the pulling force required to 
pull the wheel and guide frame. This is captured by the HBM S9M sensor. (Helexa, 2012) 
(Bložon, 2008) (Schwalbe, 2011)

MATERIAL AND METHODS

The basis of our test facility is to guide the subframe. Its length is 9,000 mm, which can 
be extended to the required value by connecting other welded steel beams. The support 
rails are also fastened to the concrete floor of the laboratory by means of threaded anchors. 
This ensures its stable position and capture, in particular, the lateral and vertical forces 
acting on the subframe. The auxiliary frame (or lateral guide) serves to longitudinally 
guide the subframe, the main purpose of which is to guide the main support frame of the 
test wheel (s) in the straight line. The guide frame and the main frame with the wheel are 
connected together by means of four square bars. The main support frame of the wheel 
includes a wheel drive mechanism and also carries additional weights through which the 
wheel‘s vertical load can be changed. The main frame of the wheel itself has a weight of 
222 kg, with the additional weight being increased up to 734 kg. The drive of the test wheel 
is provided by the Siemens 1LA7 133-4AA electric motor of 7.5 kW. The Siemens 1LA7 
113-4AA winding electric motor with a power of 4 kW serves for the backward movement 
of the entire steering and wheel drive mechanism. A picture. (Helexa, 2012) (Grappe, F.; 
Candau, R.; Barbier, B.; Hoffman, M.D.; Belli, A. & Rouillon, J.D. 1999)
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Fig. 1 Soil Testing Channel (Measurement on Concrete Floor)
Side guides, 2. Main wheel support frame with drive, 3. Guiding frame, 4. Braking device, 

5. Reversing winch [Helexa, 2012]
Obr. 1 Kanál na testovanie pôdy (meranie na betónovej podlahe)

1. Bočné vodiace lišty, 2. Rám nosného kolesa s pohonom, 3. Vodiaci rám, 4. Brzdové zariadenie, 
5. Reverzný naviják [Helexa, 2012]

Used tyres

Tires to carry out the measurement were selected by Mitas. Specific type of TS tread 
for agroforestry machines. From this series we used two models to measure. Specifically 
TS-04 and TS-05. We chose them mainly because of their availability and similarity be-
cause they are from the same manufacturer of the same type. Further, they have been 
selected for their appropriate dimensions for the device used and their parameters that are 
suitable for measurement.

Table 1 Technical data of Mitas TS-04 tires
Tabuľka 1 Technické údaje pneumatík Mitas TS-04

Casing size 6,00 – 16 Load Index / Speed Index 79/91 A8
PR 6 PR Frame / Frame (allowed) 4.00Ex16/4.50Ex16

Profile Width (mm) – Outer diameter (mm) 735
Static radius (mm) 345 Effective circuit (mm) 2160

Weight (kg) 10 Load (kg) –
Hose pressure (kPa) 280 Tubeless (TL) / Tubetype (TT) TT
Inner tube / Inserts 6,00 – 16 EAN code 8590341017314

Table 2 Technical data of Mitas TS-05 tires
Tabuľka 2 Technické údaje pneumatík Mitas TS-05

Casing size 10,0/75 – 15.3 Load Index / Speed Index 111/122 A8
PR 10 PR Frame / Frame (allowed) 9,00x15.3

Profile Width (mm) 264 Outer diameter (mm) 780
Static radius (mm) 360 Effective circuit (mm) 2295

Weight (kg) 20 Load (kg) –
Hose pressure (kPa) 400 Tubeless (TL) / Tubetype (TT) TL
Inner tube / Inserts 10-15 HS / 10/75-15 EAN code 8590341016874
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RESULTS AND DISCUSSION

We used the Catman program from DAQ Software, which belongs to HBM, from 
which we also used the QuantumX MX840A signal strength and signal amplifier to guar-
antee compatibility and accuracy of measurement.

The accuracy of the measurement is given by the manufacturer of the silomer HBM 
S9N, namely 0.02%. So, in this case, we need to take into account the measurement devia-
tion because it represents a negligible part of the result. We‘ve set the scanning frequency 
from the sensor to 5Hz, so every second we get 5 values, which is enough because the 
main frame goes through the entire usable path of the device in about 40 seconds.

Measurement procedure

Put the selected tire on the main frame of the measuring device without using the drive 
and, after it has been inflated to the required pressure, weigh the main frame of the meas-
uring device by weighing the necessary weight. We move the main and auxiliary frames 
using a winch to the starting position where the winch is disconnected and the rope is at-
tached from the main winch, which is tensioned manually to reduce the vibrations of the 
trolley. On the computer, we run the measurement record and run the main reel until the 
trolley reaches the final position where the reel stops. We stop recording the measurement 
that we store and prepare for further measurement with other loads or other tire pressures.

Measuring parameters

Table 3 Mitas TS-04 tire input parameters
Tabuľka 3 Vstupné parametre pneumatík Mitas TS-04

Tire inflation pressure [kPa] Tire Load Size [kg]
100 222
150 350
200 478
250 542
300 606

670

Table 4 Mitas TS-05 tire input parameters
Tabuľka 4 Vstupné parametre pneumatík Mitas TS-05

Tire inflation pressure [kPa] Tire Load Size [kg]
100 222
150 350
200 478
250 606
300 734
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Calculation of measured data

For each measurement, we received approximately 200 values, and after reviewing, 
we found that the measured values had a scattering which is the smallest in 2 areas. This 
scattering can be caused by several factors. We can divide the values into 2 regions, name-
ly A and B, and from each region we chose a 10 second section in which the values were 
the least scattered to maintain the highest accuracy and consistency of the measurement. 
As an example for the enclosed graph, we chose Range A for Area A between 16 and 26 
seconds, and Area B ranges between 38 and 48 seconds.

Fig. 2 Graph of values showing dependece of pulling force by time from area A 
Mitas TS04 6,00 – 16 6PR p = 150 kPa, m = 478 kg

Obr. 2 Graf hodnôt zobrazujúci závislosť ťahovej sily od času z oblasti A
Mitas TS04 6,00 – 16 6PR p = 150 kPa, m = 478 kg

Fig. 3 Graph of values showing dependece of pulling force by time from area B 
Mitas TS04 6,00 – 16 6PR p = 150 kPa, m = 478 kg

Obr. 3 Graf hodnôt zobrazujúci závislosť ťahovej sily od času z oblasti B
Mitas TS04 6,00 – 16 6PR p = 150 kPa, m = 478 kg
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Subsequently, we added values   from each area to Statsoft‘s Statistica, which allowed 
us to calculate, for example, the mean and the standard deviation of the measured values. 
We used the values   of the mean in the resulting graphs and we used the standard deviation 
values   as a check. If the standard deviation value was too large, we did not match that 
measurement into a graphical representation. This situation can be considered a measure-
ment error that is mainly due to the instability of the device‘s lateral guidance and non-
repeat measurement. Finally, we used an area that had a smaller measurement error.

As a result, however, we only got the total resistance when pulling the trolley. To deter-
mine the magnitude of the rolling resistance, we still had to calculate all other resistances 
in the device and deduce them from the total resistance.

To calculate the resistance of the trolley, we proceeded as in the total resistance meas-
urement. The only difference was that no tire was mounted on the main frame and was 
unloaded onto the guiding frame in order not to rush on the ground.

Evaluation of measurement results

We calculated the resulting calculated values visually into graphs for better interpre-
tation. For the most appropriate evaluation of the results, we have chosen three types of 
dependencies that best show the dependence of the rolling resistors. To view the example, 
we chose the Mitas TS04.

Example 1

In the first example of the dependence of rolling resistance on wheel load at different 
inflation pressures, we should see a linear dependence on theoretical knowledge, where 
the roller resistance should also increase when increasing the load on the wheel. Along 
with the increasing inflation pressure, the resistance of the vane should decrease.

Fig. 4 Dependence of rolling resistance on wheel load 
Mitas TS04 6,00–16 6PR A

Obr. 4 Závislosť valivého odporu na zaťažení kolesa
Mitas TS04 6,00–16 6PR A
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As we can see in Fig. 4, the measurement has confirmed the theory and therefore, with 
increasing tire load, the rolling resistance is almost linear, and the rolling resistance de-
creases with the increasing inflation pressure. At the lowest tire pressure measured, the tire 
pressure is considerably higher at the lowest pressure, but at all other inflation pressures 
the rolling resistance does not change. This is due to the fact that, at low inflation pres-
sures, most of the load is transmitted to the sidewall of the tire which in this case can not 
handle even a low load and its deformation results in an increase in rolling resistance. At 
higher inflation pressures, the sidewall is relieved to the extent that the increase in inflation 
pressure no longer reduces rolling resistance, as with higher loads. When measuring with 
a tire that has a stronger sidewall already this trend at a low load we can not see what we 
can confirm in the Fig. 4.

At the same time, the function of dependence on the pressure value of 200 kPa is still 
described in the graph, since it is the mean value of the pressure and should describe this 
dependence as accurately as possible.

(1)

Example 2

In the second example, the dependence of the rolling resistance on the tire inflation 
pressure. Here, according to theoretical knowledge, we should see the decreasing ten-
dency of rolling resistance with increasing tire inflation pressure. At the same time with 
the increasing load, the rolling resistance should also increase.

Fig. 5 Dependence of rolling resistance on tire pressure 
Mitas TS04 6,00–16 6PR A

Obr. 5 Závislosť valivého odporu na tlaku v pneumatikách
Mitas TS04 6,00–16 6PR A
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Figure 5 shows the confirmation of the theoretical part. Rolling resistance has a de-
creasing tendency with increasing tire inflation pressure. We can also see that, at lower 
loads, the inflation pressure value begins to stagnate from a certain inflation pressure val-
ue. This means that the tire is sufficiently infiltrated and has sufficient strength to prevent 
further deformation, and further pressure increases no longer affect the rolling resistance.

Also, a dependency function for a load of 478kg is described in the graph, since it is the 
average load value and should describe this dependence as accurately as possible.

(2)

Example 3

In the latter example, we have the dependence of the rolling resistance coefficient on 
the inflation pressure of the tire, which is essentially the same as in the previous example, 
except that the rolling resistance is calculated on the tire load unit. According to theoretical 
knowledge, we should see the same dependence as in the previous example, namely the 
decreasing tendency of the rolling resistance coefficient with the gradually increasing tire 
inflation pressure. The roller resistance coefficient should remain the same with varying 
load.

 Fig. 6 Dependence Rolling resistance coefficient of tire inflation pressure 
Mitas TS04 6,00–16 6PR A

Obr. 6 Závislosť Koeficient odporu valenia pneumatikového hluku
Mitas TS04 6,00–16 6PR A

As we can see in Figure 6, the theoretical part is mostly confirmed and we see a very 
similar dependence as in the previous example. Values are scattered but not too large. This 
scattering may be due to less stability of the lateral guidance of the device when increasing 
the tire load. We can also see the measurement uncertainty at a load of 222kg. This inac-
curacy is probably caused by the imperfectly flat surface of the laboratory on which the 
measurements were made, as the error occurred at a low load and in the previous example 
of dependence the error did not appear.
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As in the previous example, the chart depicts a dependence function for a load of 
478kg, since it is the average load value and should describe this dependence as accurately 
as possible.

(3)

Measurement errors

As with each measurement, this measurement also had measurement errors. Errors 
may have been caused mainly by the imperfections of the construction of the equipment 
and of the laboratory environment where the measurement was carried out. Errors have 
been attempted to remove the best of measurement by using the measured values averages 
and using the data from the two most steady areas of measurement.

CONCLUSION

Based on the theoretical knowledge gained in the first part, we were able to evaluate 
and compare the measured and calculated measurement data with theoretical values   based 
on the calculations only. All the measured and calculated results were confirmed in all 
three cases.

In the first example, we have confirmed that the rolling resistance of the tire almost 
linearly increases with increasing load, but we can partially reduce it by increasing the 
inflation pressure in the tire. We have also found that the used Mitas TS04 tire has suf-
ficient strength with a measured load of 222kg and a spraying pressure of 150kPa, where 
the rolling resistance value did not fall below a certain value even with increasing infla-
tion pressure. It results from the fact that the tire‘s sidewall is strong enough and the tire 
has a low deformation so that it is not necessary to increase the inflation pressure above 
a certain value for a low load or a sufficiently rigid tire to reduce the rolling resistance.

The second example confirmed that the rolling resistance decreases with the increasing 
inflation pressure. However, at a certain value of the inflation pressure, rolling resistance 
stops falling and begins to stagnate. This value of inflation pressure is rising along with 
the increasing load.

In the third example, we came to the same conclusion as the second example. The only 
difference in these examples is the use of the rolling resistance coefficient instead of roll-
ing resistance directly. This change should eliminate the tire load and the resulting coef-
ficient values   should be the same. We almost succeeded in measuring and computing. The 
resulting values   of the rolling resistance coefficient are almost the same. Small differences 
in these values   are likely to cause mistakes and measurement inaccuracies, even though 
we have tried to eliminate them as much as possible.

Measurement errors have occurred and are still visible for some measurements de-
spite our efforts to eliminate them. Measuring the measurement values   and collecting the 
seemingly best value ranges was not enough. The incompleteness of the laboratory envi-
ronment, and especially the rigid substrate, contributed to inaccuracies and measurement 
errors. Another important factor of accuracy is the number of repeated measurements.

𝑦𝑦 = 0,2023𝑥𝑥−0,383 
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DESIGN OF A DEVICE FOR VERIFICATION 
OF A  HYDRAULIC PUMP OPERATION
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ABSTRACT: This article deals with the design of a hydraulic device that serves to verify the flow cha-
racteristics of the hydraulic pump. In this article is created design of device that is used to verify the cha-
racteristics of a hydraulic pump outside the tractor.  This design to measure of the tractor hydraulic pump 
was used. Article aims is to verify the measurement of the proposed laboratory device. Laboratory tests 
and measurements were carried out in the laboratory of the Department of transport and handling, Facul-
ty of Engineering, Slovak University of Agriculture in Nitra. By using the verification measurement, we 
have shown that the designed device is suitable for verifying characteristics of a hydraulic pump as well 
as for hydraulic pump testing. Measurement was performed at individual revolutions. Specifically at  
n1 = 500 rpm, n2 = 750 rpm, n3 = 1000 rpm , n4 = 1250 rpm and  n5 = 1500 rpm. By measuring, we found 
out  the hydraulic pump flow at given speeds and then we calculated the pump efficiency. The highest 
efficiency was found at nominal revolutions (η = 1500 rpm), η = 98,02 %.

Key words: hydraulic pump, flow efficiency, flow characteristics.

ABSTRAKT: Tento článok sa zaoberá návrhom hydraulického zariadenia, ktoré slúži na overenie 
charakteristík prietoku hydrogenerátora. V danom článku je vytvorený návrh zariadenia, ktoré slú-
ži pre overenie charakteristík hydrogenerátora mimo traktora. Tento návrh bol použitý na meranie 
hydrogenerátora použitého v traktoroch ZETOR. Cieľom je overiť meranie navrhovaného labora-
tórneho zariadenia. Laboratórne testy a merania boli vykonané v Laboratóriu Slovenskej poľnohos-
podárskej univerzity v Nitre na Technickej Fakulte. Použitím overovacieho merania sme preukázali, 
že navrhnuté zariadenie je vhodné na overenie charakteristík hydrognenerátora ako aj na testovanie 
hydrogenerátorov. Meranie sa vykonalo pri jednotlivých otáčkach. Konkrétne pri n1 = 500, n2= 750, 
n3 = 1000, n4=1250 a n5= 1500. Meraním sme zistili prietok hydrognerátora pri daných otáčkach 
a následne sme vypočítali účinnosť čerpadla. Najvyššiu účinnosť  sme zistili pri nominálnych otáč-
kach (n = 1500 ),  η	= 98,02%.

Kľúčové slová: hydrogenerátor, prietoková účinnosť, charakteristiky prietoku.

ACTA  FACULTATIS  TECHNICAE    XXIV
ZVOLEN – SLOVAKIA 2019



ACTA FACULTATIS TECHNICAE, XXIV, 2019 (1): 89–9790

INTRODUCTION

Hydraulic systems have recently become an important means of modernizing and auto-
mating machines. He can develop enough strength to lifting, transmission and many other 
operations. The main goal is to transfer energy and reduce work requirements. Hydraulic 
devices have a broad upturn in the mechanisms of propulsion of agricultural and forestry 
machinery as well as in other areas. The development of hydraulic components is curren-
tly focused mainly on increasing energy transfer, reducing energy intensity, minimizing 
environmental pollution and increasing the technical life and reliability of the machine 
(Tkáč et al., 2008). Hydraulic pump operating conditions greatly affect pump efficiency, it 
is very important to understand how pump efficiency depends on operating conditions of 
the hydraulic pump (Inaguma and Yoshida, 2013, Rundo, 2017). Hydraulic mechanisms 
have several advantages over other mechanisms, the most important of which are high 
performance, good reliability and simplicity. The flow rate of the hydraulic pump is used 
to determine the hydraulics of the hydraulic pump. The working conditions of the hyd-
raulic pump significantly affect pump efficiency, it is very important to understand how 
the pump efficiency depends on the operating conditions of the hydraulic pump (Inaguma 
and Yoshida, 2013, Rundo, 2017). Current trends present greater demands on hydraulic 
mechanisms. The aim of this article is to design a device for measuring the properties of 
a hydraulic pump. This device allows us to measure the flow characteristics to see if the 
hydraulic pump is correctly measured and mechanically or otherwise damaged.

MATERIAL AND METHODS

Hydraulic pump – is a source of pressure medium in the hydraulic circuit, which 
serves to drive hydro motors. The device is used to convert the mechanical energy of the 
rotary motion of the shaft into the kinetic and pressure energy of the fluid. We require 
sufficient flow and pressure from the hydraulic pump. The agricultural industry is ma-
inly used for tractors that are used to create pressure in the tractor‘s hydraulic circuit. In 
designing a hydraulic laboratory device for testing hydrostatic pumps, it is based on the 
following calculations (Máchal et al., 2013, Kim and Kim, 2013, Hao et al., 2016):
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Where:  
𝑄𝑄 – flow rate [m3. s−1], 
𝑊𝑊– energy[ J], 
 

‒ Wall thickness 
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∆𝑇𝑇– temperature difference [°C], 
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‒ Tank area to remove heat produced 
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𝑄𝑄τ – Total heat power [m3. s−1], 
𝑘𝑘𝑛𝑛– Heat transfer coefficient [W. m−2. K−1], 

 
 

‒ Heat power  

𝑄𝑄τn = 𝑘𝑘𝑛𝑛. 𝑆𝑆𝑛𝑛. Δt          (5) 
𝑆𝑆𝑛𝑛– shallow waterreservoir [m2], 

 
‒ Overall heat power 

𝑄𝑄τ = 𝑃𝑃𝑠𝑠 − 𝑄𝑄τn           (6) 
𝑃𝑃𝑠𝑠– power dissipation[𝑊𝑊], 
𝑄𝑄τn– Heat delivered by the tank [°C], 
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STATISTICAL ANALYSIS

Standard deviation σ is defined as a positive square root of variance. Standard devia-
tion is calculated if we have a complete set of possible states of the process (system). In 
probability theory and in statistics, standard deviation or mean square deviation is a mea-
sure of statistical dispersion. Simply said, it refers to how widely are the values   distributed 
in a set (Hill and Lewicky, 2006).
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where:  
e – base of natural logarithm, 
σ – standard deviation, 
x – arithmetic average of population. 

If a variable x has normal distribution with parameters x , σ2, then, after transformation: 
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where: 
σ  – standard deviation, 
xi  – individual values of population, 
x  – arithmetic average of population, 
zi  – variable with normal distribution, 

The variable has normal distribution with mean value 0 and variation 1 (then standard 
deviation is also 1). This distribution is called as standardized normal distribution (Hill and 
Lewicky, 2006). 
 

‒ When selecting a value from the range –1σ, +1σ, the probability of standard normal 
distribution is 68,27 %;  

‒ When selecting a value from the range –2σ, +2σ, the probability of standard normal 
distribution is 95,46 %; 

‒ When selecting a value from the range –3 σ, +3σ, the probability of standard 
normal distribution is 99,73 %. 

We have chosen to evaluate the data of -1σ and +1 σ so that we obtain the values as 
close as possible to the nominal pressure of the hydraulic pump (p = 16 MPa). When choosing 
the range of -1σ and +1 σ, the credibility of results is 68,27 %. The flow efficiency of the 
hydraulic pump was calculated from this sample of values. 
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close as possible to the nominal pressure of the hydraulic pump (p = 16 MPa). When cho-
osing the range of -1σ and +1 σ, the credibility of results is 68,27 %. The flow efficiency 
of the hydraulic pump was calculated from this sample of values.

RESULTS AND DISCUSSION

In the present article a gear hydraulic pump was measured. The measured hydraulic 
pump is the UD 25 is a gearhead hydraulic pump. This hydraulic pump has a relatively 
wide range of geometric volumes, namely Vg = 5 - 40 cm3 / rpm. the pump achieves no-
minal working pressures up to 30 MPa. The measured hydraulic pump is used in the latest 
Zetor Forterra tractors. The device for verifying the characteristics of the hydraulic pump 
operation consists of two hydraulic circuits. The left hand side of the hydraulic circuit ser-
ves to drive the HP2 hydraulic pump. Three phases the HG 1 output is directly connected 
to the output of the HM (HP1 is a control axial piston pump). The change of flow rate on 
the HP1 hydraulic pump serves to adjust the velocity on the HP2 pump. In the case of 
high pressure, there is a risk of damage to the part of the circuit and the risk of damage 
to the device, which is why the pressure valves PV1 and PV2, which have a safety valve 
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function in this circuit, are included. The proportional pressure regulator PRV (from p = 0 
MPa to p = 20 MPa) is used to adjust the pressure values. Make sure that all connections 
are watertight and do not run out of them, which could cause deformation of measurement 
and results. Check the functionality of individual sensors and sensors. Before we measure, 
we perform a verification test to determine the functionality of the device. Measurement 
took place at the Laboratory of the Slovak Agricultural University in Nitra. We measured 
the flow of UD 25 and its efficiency.

Fig. 1. Scheme of the laboratory testing device for hydraulic pump testing
Obr. 1. Schéma laboratórneho testovacieho zariadenia pre testovanie hydraulických púmp

EM – electromotor, HP1 – regulatory hydraulic pump, PV1, PV2 – pressure valve, HM – regulatory 
hydraulic motor, HP2 – tested hydraulic pump, C1, C2 – cooler, t – temperature sensor for tanks, 

p – pressure gauge, RV – reducing valve, PRV – proportional reducing valve, C – coupler, n – rpm 
sensor, t1, t2 – ETS 4148-H-006-000 temperature sensors, P1, P2 – EVS 3108-H-0300-000 flow rate 

sensors, p1, p2 – HDA 4748-H-0400-000 pressure sensors

Fig. 2. Testing device for the measurement of hydraulic pump characteristics
Obr. 2. Testovacie zariadenie na meranie charakteristík hydraulickej pumpy

RESULTS AND DISCUSSION 
In the present article a gear hydraulic pump was measured. The measured hydraulic 

pump is the UD 25 is a gearhead hydraulic pump. This hydraulic pump has a relatively wide 
range of geometric volumes, namely Vg = 5 - 40 cm3 / rpm. the pump achieves nominal 
working pressures up to 30 MPa. The measured hydraulic pump is used in the latest Zetor 
Forterra tractors. The device for verifying the characteristics of the hydraulic pump operation 
consists of two hydraulic circuits. The left hand side of the hydraulic circuit serves to drive 
the HP2 hydraulic pump. Three phases the HG 1 output is directly connected to the output of 
the HM (HP1 is a control axial piston pump). The change of flow rate on the HP1 hydraulic 
pump serves to adjust the velocity on the HP2 pump. In the case of high pressure, there is a 
risk of damage to the part of the circuit and the risk of damage to the device, which is why the 
pressure valves PV1 and PV2, which have a safety valve function in this circuit, are included. 
The proportional pressure regulator PRV (from p = 0 MPa to p = 20 MPa) is used to adjust 
the pressure values. Make sure that all connections are watertight and do not run out of them, 
which could cause deformation of measurement and results. Check the functionality of 
individual sensors and sensors. Before we measure, we perform a verification test to 
determine the functionality of the device. Measurement took place at the Laboratory of the 
Slovak Agricultural University in Nitra. We measured the flow of UD 25 and its efficiency. 
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Table 1. Technical parameters of hydraulic pump UD 25 
Tabuľka 1. Technické údaje hydraulickej pumpy UD 25 
Parameter Unit Value 
Rated speed  [𝑚𝑚𝑚𝑚𝑚𝑚−1] 1500 
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Table 1. Technical parameters of hydraulic pump UD 25
Tabuľka 1. Technické údaje hydraulickej pumpy UD 25
Parameter Unit Value
Rated speed 1500
Maximum speed 3000
Minimum speed 500
Maximal pressure at the inlet 0,05
Minimum inlet pressure  0,03
Nominal outlet pressure 20
Maximum outlet pressure 23
Geometric volume 25
Maximum oil viscosity 1200
Minimum oil viscosity 10
Maximum oil temperature 80
Minimum oil temperature –20

Table 2. Measured values
Tabuľka 2. Namerané hodnoty

Speed   of rotation Number of measurements flow Average flow Efficiency

1 2 3
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Fig. 3. Flow rate depending on individual revolutions
Obr. 3. Rýchlosť prúdenia závislá na otáčkach

  

Fig.4. Flow characteristic of hydraulic pump
Obr. 4. Charakteristika prúdenia hydraulickej pumpy

Before the measurement, make sure that all connections are watertight and do not leak 
from them, which would distort the measurement itself and the results.

The measurements were made at five different rotation speed of the UD 25 hydraulic 
pump, at the rotations speed n1 = 500, n2= 750 , n3 = 1,000, n4 = 1,250, n5= 1,500 .

n – nominal speed of hydraulic pump, 1.rpm 
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For individual measurements for a given hydrogenerator rotations, the flow efficiency 
of the non-pressure system was calculated. The flow efficiency was: 

During the measurements, we found that the efficiency of the hydraulic pump increases 
with increasing speed. This means that the UD 25 works best at rotating speed n = 1500 
rpm. We have found that the hydraulic pump flow increases as the speed increases. Dob-
rota et al. (2010) evaluated the efficiency of the hydraulic pump flow rate at rated speeds 
n = 95,73 % depending on the pressure p = 20 MPa and Michael et al. (2012) evaluated 
flow efficiency at nominal speed n = 95,00 %. These values corresponded to our results.

CONCLUSION

Farm machinery manufacturers have recently tried to introduce into hydraulic systems 
new plant- or synthetic-based fluids and oils that are more environmentally friendly, de-
composable and less damaging to water resources (Molari and Sedoni, 2008). The device 
for measuring the characteristics of the hydraulic pump serves to verify the flow rate as 
well as to measure the efficiency. These two parameters are the most important. Thanks to 
this device, we can also detect the damage or leakage of individual elements. The device 
serves to diagnose the hydraulic pump. The proposed laboratory equipment greatly facili-
tates the testing and assessment of the use of various energy carriers in hydraulic systems 
of tractors and optionally provides an opportunity to assess the effects of energy carriers 
on the properties of hydraulic circuit components. The laboratory equipment may also be 
used to compare the properties of the individual energy carriers under the same conditions.
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USE OF HARVESTER HEADS IN FORESTRY

VYUŽITIE HARVESTOROVÝCH HLAVÍC 
V LESNÍCTVE
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ABSTRACT: The main reason for the development of logging and transport machines in Slovakia 
was their application to the processing of wood in random mining. Harvesting and processing of 
trees by the harvester takes place in a continuous workflow with a synchronized follow-up on the 
material transport tractor. The task of the Harvester Head is to span the tree, branch it, cut the tree to 
the specified length, and save it to the gathering. Branching is one of the most profitable operations 
of the mining and production process. The branches of the tree trunk serve the branch mechanism, 
which is the most common knife. These are basically hyperbolically shaped knives stored in the 
head or telescopic boom. Most harvester heads have three knives, one fixed and two movable. Be-
tween these knives they are cut off by the pulling of the branch of his branch. Therefore, the cutting 
blades should be able to best duplicate the shape of the strain.

Key words: branching, cutting blades, harvester head, strain

ABSTRAKT: Hlavným dôvodom rozvoja ťažbovo-dopravných strojov na Slovensku bolo ich na-
sadenie na spracovanie dreva v náhodných ťažbách. Vyrúbanie a spracovanie stromov harvestorom 
prebieha v kontinuálnom pracovnom postupe so synchronizovanou nadväznosťou na traktor vy-
konávajúci odvoz materiálu. Úlohou harvestorovej hlavice je spíliť strom, odvetviť, narezať strom 
na zadanú dĺžku a uložiť ho na zhromaždisko. Odvetvovanie je jedna z najprácnejších operácií 
ťažbovo-výrobného procesu. Na odvetvenie kmeňa stromu slúži odvetvovací mechanizmus, ktorý 
býva najčastejšie nožový. Jedná sa v podstate o hyperbolicky tvarované nože, uložené v hlavici, prí-
padne na teleskopickom výložníku. Väčšina harvestorových hlavíc má tri nože, jeden pevný a dva 
pohyblivé. Medzi týmito nožmi sa preťahovaním kmeňa jeho vetvy odrezávajú. Preto by odvetvo-
vacie nože mali byť schopné čo najlepšie kopírovať tvar kmeňa.

Kľúčové slová: odvetvovanie, odvetvovacie nože, harvestorová hlavica, kmeň

INTRODUCTION

The main reason for the development of mining and transportation machines in the 
Slovak Republic was their application to the processing of wood in random mining. In 
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the Slovak Republic there was a change in the mining methods by eliminating the con-
sequences of the endemic calamities in 2004. The first advantages and disadvantages of 
the harvester technologies were reflected here. One of the advantages was the smaller 
handling capacity and the labor force savings compared to manual technology by up to 
70.5%, as well as the rapid and easy transfer of technological units. On the other hand, 
the application of harvester technology has led to an increase in production costs of up to 
35.5% and the impossibility to perform a good wood preservation (Malík, V. et al., 2007).

MATERIAL AND METHODS

The harvesting and processing of trees by the harvester (Fig. 1) takes place in a con-
tinuous operation with a synchronized follow-up on the material-carrying tractor (Kalin-
cová, D. et al., 2016).

Fig. 1 Harvester JOHN DEERE 1470G (MERIMEX)
Obr. 1 Harvester JOHN DEERE 1470G (MERIMEX)

First, the trees are ripped off on tracks to prevent machine passages with subsequent 
mining interventions in the working field of the plant. Trees are harvested, harvested, cut 
in the length of the required assortments and deposited most often perpendicular to the 
export line, always on the other half of the work field than they were harvested. The angle 
of rotation of the pile axis to the axis of the line does not affect the efficiency of the trac-
tor‘s work when exporting timber. Piles of export lines are always assembled from one 
assortment. Branches contain the rest of the branches on the line of export, the root system 
and the roots of the root line. Through the tick carpet, the machine pressure is evenly 
decomposed on the soil substrate and the risk of damage to the soil surface is reduced, as 
well as the damage of the ground-level trees (Dvořák, J, et al., 2011).
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First, the trees are ripped off on tracks to prevent machine passages with subsequent 

mining interventions in the working field of the plant. Trees are harvested, harvested, cut in the 
length of the required assortments and deposited most often perpendicular to the export line, 
always on the other half of the work field than they were harvested. The angle of rotation of the 
pile axis to the axis of the line does not affect the efficiency of the tractor's work when exporting 
timber. Piles of export lines are always assembled from one assortment. Branches contain the 
rest of the branches on the line of export, the root system and the roots of the root line. Through 
the tick carpet, the machine pressure is evenly decomposed on the soil substrate and the risk of 
damage to the soil surface is reduced, as well as the damage of the ground-level trees (Dvořák, 
J, et al., 2011). 

RESULTS 
The task of the Harvester Head is to span the tree, branch it, cut the tree to the specified 

length, and save it to the gathering. There are a number of design variants of the heads. The 
heads are different in particular by the thickness of the treated wood, the shape and number of 
cutting blades, the type of feeding device, the way of measuring the lengths and thicknesses, 
the arrangement of the cutting part (Kováč, J. et al., 2017). 

A typical harvester head (Fig. 2) consists of a chain or blade undercutting mechanism. 
Nowadays, however, the chain mechanism is used because it is lighter and does not pull the 
wood fibers on the cutting surface, does not cause cracking and pulping in the cutting area. The 
saw is driven hydraulically. It has a more robust chain and higher performance than any other 
chain that can be handled by humans (Neruda, J., 2013). There are also two or more bent cutting 
blades that remove the branches along the perimeter of the tree. From their curvature depends 
on the quality of branching as well as on the two rotating feeders working with the strain in the 
horizontal position. Feeders can be belt or wheel with different types of steel spikes. The side 
pins on the sides allow the tree to be clamped with the harvester head. The wheels rotate to 
force the cut tree to pass through the cutting blades (Neruda, J. et al., 2006). 
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RESULTS

The task of the Harvester Head is to span the tree, branch it, cut the tree to the specified 
length, and save it to the gathering. There are a number of design variants of the heads. 
The heads are different in particular by the thickness of the treated wood, the shape and 
number of cutting blades, the type of feeding device, the way of measuring the lengths and 
thicknesses, the arrangement of the cutting part (Kováč, J. et al., 2017).

A typical harvester head (Fig. 2) consists of a chain or blade undercutting mechanism. 
Nowadays, however, the chain mechanism is used because it is lighter and does not pull 
the wood fibers on the cutting surface, does not cause cracking and pulping in the cutting 
area. The saw is driven hydraulically. It has a more robust chain and higher performance 
than any other chain that can be handled by humans (Neruda, J., 2013). There are also two 
or more bent cutting blades that remove the branches along the perimeter of the tree. From 
their curvature depends on the quality of branching as well as on the two rotating feeders 
working with the strain in the horizontal position. Feeders can be belt or wheel with differ-
ent types of steel spikes. The side pins on the sides allow the tree to be clamped with the 
harvester head. The wheels rotate to force the cut tree to pass through the cutting blades 
(Neruda, J. et al., 2006).

Fig. 2 Harvester head 1 – rigid head frame, 2 – rotor, 3 – fixed cutting knife, 4 – upper moving cut-
ter blade, 5 – lower moving cutter blade, 6 – feed roller rotors, 7 – chain) (Kováč, J. et al., 2017)

Obr. 2 Harvestorová hlavica 1 – pevný rám hlavice, 2 – rotátor, 3 – pevný odvetvovací nôž, 
4 – horný pohyblivý odvetvovací nôž, 5 – dolný pohyblivý odvetvovací nôž, 6 – podávacie val-

cové rotátory, 7 – koliesko na meranie dĺžok, 8 – rezacia jednotka (reťazová) 
(Kováč, J. et al., 2017)

At the end of the hydraulic crane, a rotor is installed to allow rotation at an angle of up 
to 280 ° due to the presence of a hydraulic line. Some rotators allow even continuous rota-
tion (Neruda, J., 2013). The rotor is a suspended steel frame of a rectangular profile and 
there is a harvester head that ensures the operation of the mining and complex processing 
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valcové rotátory, 7 – koliesko na meranie dĺžok, 8 – rezacia jednotka (reťazová) (Kováč, J. et 

al., 2017) 
 
At the end of the hydraulic crane, a rotor is installed to allow rotation at an angle of up 

to 280 ° due to the presence of a hydraulic line. Some rotators allow even continuous rotation 
(Neruda, J., 2013). The rotor is a suspended steel frame of a rectangular profile and there is a 
harvester head that ensures the operation of the mining and complex processing of the tree. 
Upon arrival of the harvester near the tree, the harvester head is mounted on a tree trunk by a 
crane, above the rootstocks, the tree is gripped by moving cutting blades and feed rollers. 
Slicing knives that have an arched construction at this time fill the grab function. The cutting 
of the tree is followed by a saw blade, the tilting of the tree into the working position, which is 
enabled by a rotational bearing in the frame of the head which is still vertical (Ulrich, R., 2006). 
The other steps are the branch which is carried out by pulling the stem through the cutting 
blades at a speed of about 5 m.s-1 thanks to the feeding device and the truncation of the strain 
to individual assortments (Malík, V. et al., 2007). 

At present, there are two basic types of heads, Swedish and Finnish. The Swedish type 
heads are designed to work with long and straight stems, so their construction is more robust 
and has a longer base frame than the other type of head. It is equipped with two feed rollers 
(Ulrich, R., 2006). On the contrary, the Finnish-type head is characterized by a more compact 
structure, has a shorter base frame that is also capable of working with curved stems. The 
feedrate of the strain is secured by four feed rollers, which however do not have as much pulling 
force as in the Swedish-type head. Its lower weight facilitates manipulation with the crane 
(Neruda, J., 2013). 

The harvester heads can also be used with wheeled or tracked chassis, where 
conventional accessories such as a spoon behind a drill head are shaken. However, the machine 
must be equipped with a system in the cab to allow the head to be controlled (Krilek, J. et al., 
2013). The use of these machines is then found either on saws or forks where they are thus cut 
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of the tree. Upon arrival of the harvester near the tree, the harvester head is mounted on 
a tree trunk by a crane, above the rootstocks, the tree is gripped by moving cutting blades 
and feed rollers. Slicing knives that have an arched construction at this time fill the grab 
function. The cutting of the tree is followed by a saw blade, the tilting of the tree into 
the working position, which is enabled by a rotational bearing in the frame of the head 
which is still vertical (Ulrich, R., 2006). The other steps are the branch which is carried 
out by pulling the stem through the cutting blades at a speed of about 5 m.s-1 thanks to 
the feeding device and the truncation of the strain to individual assortments (Malík, V. et 
al., 2007).

At present, there are two basic types of heads, Swedish and Finnish. The Swedish type 
heads are designed to work with long and straight stems, so their construction is more 
robust and has a longer base frame than the other type of head. It is equipped with two 
feed rollers (Ulrich, R., 2006). On the contrary, the Finnish-type head is characterized by 
a more compact structure, has a shorter base frame that is also capable of working with 
curved stems. The feedrate of the strain is secured by four feed rollers, which however 
do not have as much pulling force as in the Swedish-type head. Its lower weight facilitates 
manipulation with the crane (Neruda, J., 2013).

The harvester heads can also be used with wheeled or tracked chassis, where conven-
tional accessories such as a spoon behind a drill head are shaken. However, the machine 
must be equipped with a system in the cab to allow the head to be controlled (Krilek, J. et 
al., 2013). The use of these machines is then found either on saws or forks where they are 
thus cut to shorter sections of the strain that are the output of the stock mining method for 
further processing or transport. For the needs of smaller ribs, the connection of the min-
ing heads with the hydraulic crane fitted in the three-point hitch of the tractor is also used 
(Mikleš, J., 2017).

In order for the head to perform the required operations, it is equipped with the follow-
ing mechanisms (Ulrich, R. et al., 2002):
•  Sawing mechanism,
•  Feed mechanism,
•  Branching mechanism,
•  Measuring, marking and other mechanisms.

Sawing mechanism

The sawing mechanism serves to trim the tree and direct the tree to the desired direc-
tion.

At present, most of the heads are equipped with a chain saw. Their precursors are 
hydraulic shearing knives, which are suitable for small stem diameters up to 30 cm. Some 
types are suitable for processing trees up to 50 cm in diameter. Today, it can be used, for 
example, in the processing of fast-growing woods, when one strain is multiplied by mul-
tiple strains at the same time or when preprocessed (Mikleš, M. et al., 2012). In order to 
make redundancy more efficient, they can be used on the hydraulic crane forklift instead of 
the grabber, when the spliced trees are loaded into the cargo compartment of the machine 
directly by the shearing head. They are also referred to as scissor heads or energy firing 
heads. Most of these heads are not capable of spinning. Other predecessors are the saw 
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blade heads. However, the saw blades were of incomparable dimensions to the diameter 
of the tree to be processed. The advantage of the two technologies to chain sawing is easy 
maintenance and simple construction (Neruda, J., 2013).

The chain saw itself consists of a 0,404 „or ¾“ chain consisting of planing teeth, guides 
and connecting links. The chain is guided in the guide bar, which can reach up to 1320 mm 
in the most powerful machines and is usually made of alloy steel. The width of the guide 
groove is between 1.6 and 2 mm and there are guides and a single sprocket that is driven 
by a hydraulic motor, which results in the chain movement itself (Ulrich, R., 2006). The 
direct hydraulic motor ensures that the entire guide bar is tilted when cutting. The lubrica-
tion is carried out with oil from a separate tank and is always switched together with the 
chain drive motor (Kučera, M. et al., 2009). The hydrogenerator is located on a base ma-
chine from which the oil is supplied via a hose lead to a harvester head to control the drive 
and move the chain. The line includes two piping, pressure and return. The problem can 
arise at a great distance between the hydrogenerator and the harvester head (length loss 
of conduction), the distance of the conductor in the harvester machines can be up to 20 m 
(according to the size of the hydromanipulator) (Kováč, J. et al., 2017).

The chain is very prone to damage when cutting low on the ground when it may come 
into contact with stones or soil. Large wear also occurs in contact with sandy soil that 
contains fine grain sand and it gets into functional parts of the chain.

Feed mechanism

The feed mechanism provides for the longitudinal displacement of the spliced strain 
between the individual operating mechanisms.

In practice, we can meet the following types (Ulrich, R. et al., 2002):
•  cylindrical,
•  belt.
•  telescopic.

The rolls are most often installed on the movable arm and the drive is secured by the 
rotary hydraulic motor for each cylinder separately. The cylindrical type is most common-
ly all metal with flat or conical spikes or ribs on the cylinder surface. The disadvantage 
of their use is damage to the surface of the strain in the form of imprints and scratches, 
therefore they are used where this damage does not matter (Malík, V. et al., 2007). On 
the other hand, they are characterized by a good transmission of the sliding force on the 
strain, which makes it impossible for the branches to be branched. They have a long ser-
vice life. In cases where emphasis is placed on a good surface of the pulling assortment, 
rollers made of a steel rim and a rubber-coated sheath are used. This can be screwed, glued 
or pressurized to the hoop. For sufficient power transmission, angled anti-skid chains or 
a presser-tipped layer are used on the surface. However, the chains are more wear-free 
than the spikes and are pushed into the rubber surface, which leads to its damage (Neruda, 
J., 2013). For these reasons, it is necessary to perform more thorough maintenance, check 
the tension of the chain and, in case of wear, ensure replacement. The advantage of this 
is to reduce the head load in case of sudden shocks and thus to prolong their life, on the 
other hand the head has a higher weight. Another option is the rollers in which the surface 
is composed of metal bodies carried on the pins. This movable body arrangement allows 
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copying of the stem shape and their individual replacement in case of damage (Ulrich, R., 
2006).

The belt feed device consists of one pair of belts made of steel members. The belts 
are located on two rollers, one of which provides tensioning and a second torque transfer 
from the rotary hydraulic motor. The advantage is the good quality of the timber surface 
and the less incline of the trunk. Both of these benefits are due to a greater contact surface. 
However, this results in the use of straight trees for straight trees. The disadvantage is the 
complexity of construction and larger dimensions (Malík, V. et al., 2007).

The last solution is the telescopic feeding device. The mining head is equipped with 
a telescopic arm with splitting knives. The suction procedure is as follows: „By pulling 
the telescopic arm is a branch of the tree. After the shoulders are pulled, the stem is firmly 
gripped by the front knives and the head is attached to them. With the attachment of the 
head, the branched strain is measured and the assortment is performed. The process is 
repeated until the tree is completely processed. „(Ulrich, R. et al., 2002).

Straightening mechanism

The spinning mechanism serves to branch out the tree trunk. It is usually assembled 
from two knife blocks having a triangular profile with a 35 ° cut angle. The blades are 
equipped with a blade on both sides, allowing the branch to be removed when the stem 
is moved in both directions. The mechanism of separation of branches from the strain 
operates on the principle of pressure. Its size depends on the thickness of the trunk and is 
controlled from the cabin. Knife sharpening is done manually by a file. Occasionally it is 
necessary to overcome the curve sections of the knife strain, which is made possible by 
direct hydraulic motors. If it is necessary to separate branches of larger diameters or larger 
densities, it is possible to use the pre-branch function. The head thus forms a predeter-
mined lengthwise stretch without branches, in order to create a free path without obstacles 
for the start of the next shift (Mikleš, J., 2017).

Measuring, marking and other mechanisms

The metering mechanism serves to automatically measure the length and diameter of 
the tree to be processed. The measuring device performs a prognosis of the profile of a log-
ging trunk from the stem of the logging tree at the main section and specifies it with the 
movement of the stem by the head. Based on the forecast, a new forecast is made.

The length of the strain is measured by the spur gear. It is rolling along a trunk with 
a minced head. With the rotation of the wheel, the impulses are registered, which is the 
specified length unit. From the number of pulses, the calculated tree length or assortment 
is needed to calculate the volume. Measurement is performed with an accuracy of one 
centimeter (Malík, V. et al., 2007).

Uncertainty of measurement can occur with tooth wear, poorly calibrated, in excep-
tional cases with shifted bark after the triangle in which the wheel is trapped, or in the case 
of the humpiness of the strain where the wheel passes through unevenness. To reduce the 
inaccuracy during the sinks, a wider wheel is installed or two wheels are installed on the 
shaft next to each other. Modifications of the measuring wheels are also possible for other 
specific properties of the treated woods, which may be, for example, strong storm.
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The stem diameter is measured in two perpendicular directions at the ten-centimeter 
intervals that are averaged. Thickness sensing is performed by sensors (potentiometers) 
responsive to the movement of the blades or feed rolls located in the fold of the arms of 
the front blades or feed rollers. Signals resp. the voltage from the transmitter passes into 
the electronic unit and then into the operating system where it is transformed to thickness 
(Kováč, J. et al., 2017).

Modern harvesters are equipped with an automatic system for measuring the lengths 
and thicknesses of the treated strain. For the measurement of lengths, a gearwheel is 
mounted in the harvester head, which during the movement of the strain copies the stem 
surface and derives the length of the strain from the number of turns of the wheel. The 
thickness of the strain is derived from the size of the cutting down of the lower cutting 
blades that surround the stem. It is measured using a potentiometer located in the harvest-
ing arm blades of the harvester head on the basis of the measured voltage in the poten-
tiometer. The measurement and evaluation systems allow you to calculate the volume 
produced by the type of wood, thickness, length and quality. This data is captured on 
the harvester‘s computer and later can be used for further processing. Frequent problems 
with the wheel of the sensor of the length measuring device are often encountered during 
the operation of the head, as small pieces of wood accumulate in the wheel space, which 
impair its functionality. At present, almost all harvester manufacturers offer computer-
controlled measurement and evaluation systems (Malík, V. et al., 2007).

In order to better distinguish similarly sized assortments, the mining heads may be 
provided with a marking device which identifies the loaded material on the front with two 
different colors or combinations thereof. Paint application is solved through nozzles in 
saw blades or cutting blades.

Further, a coniferous protection system can be utilized to dispense urea or other alter-
natives to the feed through the nozzle in the guide bar to prevent rot. (Neruda, J., 2013.)

DISCUSSION

The article describes the use of harvesters in forestry technology. In particular, the in-
dividual parts of the harvester head are mentioned. Specifically, they are a siphon mecha-
nism, a feeding mechanism, a vane mechanism, and a metering and tagging mechanism. 
For each of them, a short section is given in the article, which mentions their basic char-
acteristics.

CONCLUSION

At present, the technical level of the machinery used in forestry technology has seen 
a significant shift forward. This is achieved mainly through the introduction of automa-
tion, mechanization and information and communication technologies into forestry. The 
current development of technology in the world is focused on the constant improvement 
and application of new mechanical and electronic elements, including elements utilizing 
the positioning of machines. The article shows the basic use of harvesters in forestry tech-
nology. In the article, the individual parts from which the harvester heads are comprised 
are also brought closer together.
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