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The National Onstitute of Reseazch-Development Jor _Machines and Dhnstallations designed to Agriculture and
gaoa Onaustzq -INMA Puchazest has the oldest and most prestigious reseatch activity in the Jield of agzicultuzal machinety

and mechanizing technologies in Romania.

Shoer Histrey
v On 1927, the Jizst teseazch Center Jor Agticubtural Machinety in <Agricultuzal WResearch Onstitute of Romania -
ICAR, (Establishing Law was published in OD. no. 97/05.05.1927) was established;

v On 1930, was Jounded CThe Clesting Department o Agticultural Machinery and Clools by transforming Agticultuzal
Reseazch Centre of ICAR - that Jounded the science of methodologies and expetimental technidues in the Jicld (Decision
no. 2000/1930 of ICAR, _Manage: - GHEORGHE IONESCU SISESTI):

v On 1952, was established the Wesearch nstitute Jor Mechanization and Electrification of Agricultuze - I[CMA
DPBincasa, by transforming the Depattment of Agticultuzal _Machines and Tools Testing:

v DOn 1979, the Research Ohnstitute of Scientific and Technological Engineeting Jor Agricultural _Machinery and Tools
— ICSITMUA was founded - subordinated to Ministzy of Machine DBuilding Ondustry - MICM, by unifying ICMA
subozdinated to MAA with ICPMA subozdinated to MICM,

v On 1996 the National Ohnstitute o) WResearch- Development Jor Machines and Onstallations designed to HAgricultuze
and Fo0d Ondustry — INMA was founded — according to G.D. no.1308/25.11.1996, by reorganizing I[CSITMUA,
G.D no. 1308/1996 coordinated by the Ministry of Education and Reseazch G.D. no. 823/2004;

v On 2008 INMA has been aceredited to cazzy out reseazch and developing activities Jinanced Jrom public Junds under

G.D. no. 551/2007, Decision of the National Authozity for Scientific WReseazch - ANCSno. 9634/2008.

HAs a result of widening the spectrum of communication, dissemination and implementation of scientific research results,
in 2000 was Jounded the institute magazine, issued undet the name of SCIENTIFIC PAPERS (INMATEH), ISSN
1583 — 1019.

Stasting with volume 30, no. 1/2010, the magazine changed its name to INMATEH - Apricattural Enginceting,
appeating both in print format (ISSN 2068 - 4215), and online (ISSN online: 2068 - 2239). \The magazine is bilingual,
abstzact being published in native language and English, with a thythm o] theee issues / yeaz: Januazy-<Apzil, May~August,
September Decomber and is recognized by CNCSIS — with W™ category. Published atticles are Jrom the Jield of AGRICT
LTURAL ENGINEERING: technologies and technical eduipment Jor agicultuze and Jood industry, renewable enetgy,

machinety testing, envitonment, transpott in agricultuze ete. and ate evaluated by specialists inside the country and ab:oad, in
mentioned domains.
Technical level and performance processes, technology and machinety Jor agricultuze and Jood industry inczeasing, aceording

to national reduizements and éuzoyzean and inteznational regulations, as well as exploitation of renewable tesouzces in terms
of efficiency, life, health and envizonment protection tepresent refetential elements for the magazine , INMATEH - Agticubtutal
Ve ate thankdul to all readets, publishers and assessots.
PrD. Eng. Wadut Nicolae- Valentin
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ABSTRACT

The paper presents an analysis of the basic principles of formation, the properties and characteristics of a
new modular energy tool, consisting of the energy and the technology modules. The purpose of this study is
to assess the degree of impact of the throttle in the hydraulic line, connecting the cavity of the hydraulic
cylinder, upon the controllability of the modular power tool with a mounted plough during the movement of
the ploughing aggregate on the headland. As a result of the conducted tests, it was proved that increasing
the controllability of the movement of the aggregate on the basis of a mobile power tool is possible by
throttling one of the hydraulic cylinders that limit the mutual reciprocal rotation of the modules in a horizontal
plane. Installation of the throttle modular power tool on the limiting hydraulic cylinder with a drag coefficient
1.03x10%N-m-s-rad ™" allows one to reduce two times the delay in the reaction of the relative bearing of the
energy module to a change in the angle of rotation of its driven wheels.

ABSTRAKTS
Darba analizéti jauna modula tipa energétiska un tehnologiska lidzekla vérté$anas un raksturoSanas
pamatprincipi. Pétijumu mérkis — droseles ietekmes pakapes novértéSana  hidrocilindru dobumus

savienojosaja  hidromagistralé arSanas agregata ar uzkarinamu arklu kustibas laika pagrieziena josla.
Pétijumu rezultata pieradijies, ka agregata kustibas vadibas uzlabosanas uz mobila energétiska Ilidzekla
bazes iespéjama pie viena hidrocilindra droseléSanas, ierobeZojot modulu savstarpéjo pagrieSanos
horizontala plakné. lerobeZojo$a hidrocilindra uzstadiSana modula tipa energétiskajam lidzeklim ar droseles
pretestibas koeficientu 1.03x10%N-m-s-rad™ Jauj divas reizes samazinat energétiska modula virziena lenka
reakcijas nokavésanos uz dzeno$o ritenu pagriesanos.

INTRODUCTION

Agriculture is the largest user of tractor equipment used to perform field work. One of the perspective
directions is the modular construction of tractors (Padureanu et al., 2013; Klets, 2013; Bindi et al, 2013). In this
embodiment, the tractor consists of the energy and the technological modules. Their combination in a single
design of a machine-and-tractor aggregate is a modular energy tool (Fig. 1).

The controllability of tractors was investigated by many scientists (Wong, 2008; Taran and Bondarenko,
2017, Aoki et al., 2009; Bochtis et al., 2010; Popa and Buculei, 2013). However, the controllability of energy
modular units has a number of features and their further detailed study is required.

An energy module is a tractor the energy saturation of which should ideally be more than 14 kW-t™.
However, as practice shows, under real conditions, the efficiency of using a modular energy tool can also
occur with a lower energy saturation of the energy module (Bulgakov et al., 2015).

The technological module of the modular energy tool is a bridge the wheels of which are driven from a
synchronous power take-off shaft of the energy module (Kutjkov, 2004; Gjachev, 1981).

! Ivanovs S., Dr.Eng, Bulgakov V., Prof. Ph.D. Eng; Nadykto V., Prof. Ph.D.; lhnatiev Ye., Dr.; Smolinskyi S., Dr.;
Kiernicki Z., Prof. Ph.Dr.
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In the frontal part of the technological module there is a hitch mechanism with which it is attached to
the rear mounted mechanism of the energy module. Coordination of the peripheral linear speeds of the
wheels of the technological module and the rear wheels of the energy module is carried out using a special
gearbox, located on the frame of the technological module.

T oL

Fig. 1 - A modular energy tool

For aggregation with the agricultural implements the technological module is equipped with a hydraulic
mounted system, its own power take-off shaft, a saddle device and a brake system. In a horizontal plane the
energy module is connected to the technology module by means of a vertical hinge. Its presence ensures
the rotation of the technological module relative to the energy module by + 30° during the movement of the
modular energy tool on the headland. In a longitudinal-vertical plane the energy module is connected to the
technology module using a horizontal hinge. Due to it the modular energy tool can carry out quite satisfactory
copying of the longitudinal profile of the field surface. The limited turning ability of the technological module
relative to the energy module in a horizontal plane is provided by two hydraulic cylinders, connecting the
frames of the energy and the technological modules. To ensure the flow of oil from the over-piston cavity of
the hydraulic cylinder into the under-piston cavity, the cavities are interconnected by a hydraulic line.
However, in the process of experimental research of the modular energy tool it was found that, when it
moves as part of the aggregate on the headland, the technological module may have increased vibrations in
a horizontal plane. As a result, a decrease in the movement speed of the modular energy tool on the field
headland was required. And this, as it is known, leads to lower efficiency of this or that machine-and-tractor
aggregate (Bulgakov et al., 2018; Samorodov and Pelipenko,2016). To eliminate this drawback, a throttle
with a resistance coefficient K, = 1.03x10%H-m-s-rad™ was mounted in the hydraulic hose of one of the
hydraulic cylinders, connecting the energy and the technological modules (Fig. 2). The substantiation
methodology of the value of this coefficient is described in detail in (Bulgakov et al., 2019).

The purpose of this study is to assess the impact degree of the use of the aforementioned inductor
with a resistance coefficient K, = 1.03x106 H m s rad ™" upon the controllability of a modular power tool with a
mounted plough during the movement of this ploughing machine-and-tractor aggregate on the headland.

] = ( )
| N

EM ™ /

]

K

m

Fig. 2 - An installation scheme of a throttle in the hydraulic cylinder, connecting the energy and the
technological modules of the modular energy tool
EM — the energy module; TM — the technology module; K, — the inductor generating the resistance coefficient

10
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MATERIALS AND METHODS
Experimental research of the ploughing aggregate based on a modular energy tool (table 1) were
carried out on the field after peeling stubble of winter wheat (Fig. 3).

Table 1
Technical characteristics of a modular energy tool
Energy module

Operating mass [kg] 3900
Engine power [kW] 77.2
Energy saturation rate [kW-t"] 19.8
Front wheels track [mm] 1500
Rear wheels track [mm] 1500
Front wheels tire size 13.6R20
Rear wheels tire size 15.5R38

Technological module
Operating mass [kq] 2600
Wheel track [mm] 1500
Tire size 16.9R38

During experimental field research of the movement of this ploughing machine-and-tractor aggregate,
based on a modular power tool on the headland, the average value of the soil moisture in the field in the O ...
10 cm layer was 15.3%. The soil density in the same layer did not exceed 1.24 g cm?®. The average value of
the movement speed of this ploughing machine-and-tractor aggregate on the headland was 2.4 m s™. The
longitudinal oscillations of the field irregularities were also recorded (Dospehov, 2012).

The movement of the investigated ploughing aggregate on the headland was effected in the same
gear with a throttle installed (K, = 1.03x10° H m s rad™) in the hydraulic cylinder and without it (K, = 0). The

path of the movement of the aggregate was equal to 50 m. Based on this, the speed of the aggregate (Va)

was determined by the formula:
V,=50-(t)" (1)
where t — the passage time of the aggregate is 50 m long.

To record the movement time of the modular power tool with a plough on the headland, an electronic
stopwatch with a measurement accuracy of + 0.1 s was used.

In the process of the movement of the modular energy tool, the turning angle of the driven wheels of
the energy module (a) and its relative bearing angle (¢) were recorded.

To measure the soil moisture (W), an MG-44 electronic device (Ukraine) was applied with an accuracy
of + 1%. The measurement of the soil density (py) was carried out by a device that we have developed
according to the methodology (Nadykto and Kotov, 2015). The number of measurements of each of the
parameters W and p4 was 50.

11
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The turning angle of the energy module’s driven wheels of the modular energy tool was recorded
using a variable resistor SP-3A with a linear characteristic and a rating of 470 Ohm. The resistor was
mounted on the rotation axis of the left frontal wheel of the energy module of the modular energy tool (Fig.
4).

Fig. 4 - Resistor SP-3A (440 Om)

In order to measure the oscillations of the longitudinal field profile, a special instrument (Ukraine) was
used, the recording element of which was a variable resistor SP-3A with a linear characteristic and a nominal
value of 470 Ohm (Fig. 5).

The relative bearing angle (¢) of the energy module of the modular energy tool was recorded using a
GY-521 gyroscope with an Arduino microcontroller (China).

The electrical signals from the gyroscope and resistors for recording the angle a, as well as the
oscillations of the longitudinal profile of the field, were transmitted to an analogue-to-digital converter and
then to a personal computer. The repeatability of the measurement of these parameters was 3.

Statistical characteristics, such as dispersion, as well as normalised correlation functions and spectral
densities were calculated from the resulting data arrays (Box et al., 2005).

To analyse the movement controllability of the ploughing aggregate, based on the modular energy tool
at different throttling values of the hydraulic cylinder, a normalised cross-correlation function (Dospehov,
2012) was applied that relates the oscillations of the turning angle of the energy module’s driven wheels of
the modular energy tool (a) with the oscillations of its relative bearing angle ().

RESULTS AND DISCUSSION

Analysis of the data, characterising the fluctuations in the irregularities of the longitudinal profile of the
field surface, showed that the correlation length of the normalised correlation function of this process is 1 m
(Fig. 6 a).

Knowing the movement speed of the machine-and-tractor aggregate, it's easy to determine the time of
the correlation link. In this case, at the aggregate velocity of 2.4 m s it is equal to: 1 (2.4)‘l =042s. In
addition, it can be considered that the oscillations of the longitudinal profile of the field surface practically do
not have a hidden periodic component. The information on the changes in the correlation function that take
place in the graph, shown in Fig. 6a, is not enough to determine the source of their generation.

In addition, the dispersion of the oscillations of the discussed process is 0.91 cm? It is mainly
concentrated in a rather narrow frequency range 0..2 m™ (Fig. 7). Considering that the speed of the
movement of this ploughing machine-and-tractor aggregate is 2.4 m s™, the range is 0...4.8 s or 0...0.76
Hz.

The cut-off frequency of the spectral density, as can be seen from the graph, shown in Fig. 6 b,
practically does not exceed 6 m™ or 14.4 s™, which is equal to 2.3 Hz.

When this ploughing aggregate moved on the agrotechnical background with such characteristics of
longitudinal profile oscillations, the control action in the form of the turning angle of the driven wheels of the

12
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modular energy tool changed in a very narrow range. Thus, the main part of the dispersion of this
parameter’s oscillations is concentrated in the frequency range 0...2.0 s, or 0...0.32 Hz (Fig. 8).
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Fig. 6 - A normalised correlation function of oscillations of the field surface longitudinal profile
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Fig. 7 - Spectral density of oscillations of the field surface longitudinal profile

The maximum value of the normalised spectral density of angle a oscillations falls on a rather narrow
frequency range: 0.30 ... 0.35 s

As it turned out, the block-modular unit worked out the fluctuations in the input impact differently. In the
absence of the hydraulic cylinder throttling of the technological module of the modular energy facility a
positive correlation was found between the parameters a and ¢@. But, first, it is rather weak since the
maximum value of the mutual correlation function does not exceed the mark (Curve 2 presented in Fig. 9).
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Fig. 8 - Normalised spectral density of the turning angle oscillations
of the modular energy tool’s driven wheels
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Fig. 9 - The normalised mutual correlation functions of the relative bearing angle ¢ oscillations,

caused by angle afluctuations at various throttling levels of the technological module’s hydraulic cylinder
1) K = 1.03x10° Nm s rad™; 2) K, = 0

e

Normalized cross-correlation function

Second, the maximum value of this function is shifted to the left of the zero coordinate by about 1 s.
This means that the input of this dynamic system is not the turning angle a of the driven wheels of the
modular energy tool but its relative bearing angle ¢. That is, the control impact is a reaction to the change in
the relative bearing angle ¢ with a delay in time at the level of 1 s.

Besides, the cause of the change in the relative bearing angle ¢ of the modular energy tool may be
the fluctuations in the expanding (turning out) moment, acting from the side of the technological module, or
some other disturbance.

At the same time, the introduction of a hydraulic damper into the hydraulic cylinder of the technological
module of the modular energy tool with a stiffness coefficient K, = 1.03x10° N m s rad™ essentially changes
the behaviour of the mutual correlation function o—¢. The data obtained and processed by statistical
methods of the experimental field investigations give reason to state the following:

14
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First, the strength of the correlation link between the changes in the parameters a and ¢ sharply
increases. Compared with the variant K, = 0, the maximum of the mutual correlation function increases 2.6
times, reaching the level of 0.89.

Second, the maximum of the estimated function (Curve 1, Point C, shown in Fig. 9) is shifted to the
right of the zero ordinate. And this indicates that the control impact (that is, angle a) is the input, and the
relative bearing angle of the modular energy tool ¢ is the output of the dynamic system under consideration.

Third, the delay in the reaction of the relative bearing angle ¢ to a change in the control impact of the
wheels of the modular energy tool is reduced almost two times. In this case it is approximately equal to 0.51
s. Such a result is desirable since the reaction of the consideration tracking dynamic system to a change in
the control impact should, in the ideal, be instantaneous. That is, it proceeds with zero delay. But, since it is
impossible to achieve this in practice, any structural and technological solution, aimed at reducing the
response of a dynamic system to the useful input signal, is desirable. In our case, such a solution is to install
a throttle in the hydraulic cylinder of the technological module of the modular energy facility

CONCLUSIONS

It is possible to increase the controllability of the aggregate movement on the basis of a modular
energy tool, consisting of the energy and the technological modules, by throttling one of the hydraulic
cylinders, which limit the mutual turning ability of these modules in a horizontal plane.

The equipment of the hydraulic cylinder of the modular power tool with a throttle, having a resistance
coefficient 1.03x10° N m s rad™ , makes it possible:

—to bring the maximum value of the mutual correlation function between the control impact, i.e., the
turning angle of the energy module’s driven wheels of the modular energy tool and its relative bearing angle
to the level of 0.89;

— to shift the maximum value of this cross-correlation function to the right of the zero ordinate, thereby
providing the turning angle of the energy module’s driven wheels of the modular energy tool with a role of
input (rather than output) impact;

— to reduce practically two times the delay in the reaction of the relative bearing angle of the energy
module of the modular energy tool to a change in the turning angle of its driven wheels.
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ABSTRACT

The article suggests that the rate of plant biomass gas generation is proportional to the amount of plant
biomass, which can still be gasified. To analyse the change in fuel mass during the operation of the gasifier
for a certain period of time, three models can be used with the following assumptions: the change in fuel
mass is inversely proportional to the fuel mass and time, the change in fuel mass is inversely proportional to
the fuel mass, the change in fuel mass is inversely proportional to time. The coefficients of the fuel
gasification rate are experimentally found.

ABCTPAKT

B cmammi 3pobneHo npunyweHHs, wo weudkicme 2azozeHepauii pocnuHHOI b6iomacu nporopyitiHa
Kiflbkocmi pocsiuHHOI 6iomacu, wo we Moxe 6bymu easudpikoeaHa. [ns aHanizy 3MmiHU mMacu nasuea 8
npoyeci pobomu easzozeHepamopa ynpooos8X rnegHozo rnepiody Yacy MoOXHa sukopucmamu mpu MooOesi i3
HacmyrnHuMu AonyuweHHsMU. 3MiHa Macu ranuea obepHeHO nporopyitiHa mMaci nanuea i yacy, amiHa macu
nanuea obepHeHO nporiopuiliHa Maci nanuea, 3MiHa Macu nanuea obepHeHO riporiopuiliHa 4dacy.
EkcnepumeHmanbHuUM winisixom 3HalideHO KoegpiuieHmu weudkocmi 2asucbikauii nanusa.

INTRODUCTION

When burning plant biomass there are difficulties associated with the heterogeneity of biomass,
relatively high humidity, low specific energy, low melting point of ash (Golub et al, 2018a; Golub et al, 2018b;
Thiagarajan et al, 2018). Therefore, the use of gasifiers for biomass gasification will be appropriate for the
consumer to obtain a stable energy supply (Patra, Sheth, 2015). Analysis of scientific research allows us to
conclude that the gasification of biomass is a complex process based on the equations of thermochemical
equilibrium, kinetics, heat transfer and mass transfer (Melgar et al, 2007; Zainal et al, 2001; De La Hoz et al,
2017), which are based on the rate of biomass gasification.

Taking into account the stoichiometric equilibrium of the reaction of combustible gas formation (Fani
Mostafa et al, 2018; La Villetta et al, 2017; Jia et al, 2018) and considering the formation of resins, the
equation of wood gas formation will be:

mC,H ,O,N, +m,H,0+m,(0,+AN,)=

=m,CO +m;H, +m,CO, + m;H,0 +m,CH, +(nm, + Am,)N, + m,C
where: m; — specific consumption of dry fuel (biomass) in the formation of combustible gas, mol/sec; m, —
specific fuel moisture consumption, mol/sec; mz — specific air consumption, mol/sec; ms — specific content of
carbon monoxide in the wood gas (output), mol/sec; ms — specific content of hydrogen in the wood gas
(output), mol/sec; me — specific content of carbon dioxide in the wood gas (output), mol/sec; m; — specific
content of moisture in the wood gas (output), mol/sec; mg — specific content of methane in the wood gas
(output), mol/sec; mg — specific content of resin in wood gas (output) , mol/sec; A — coefficient characterizing
the nitrogen content in the air (A=3.76); x — the number of carbon molecules in the fuel mole; y — the number
of hydrogen molecules in the fuel mole; z — the number of oxygen molecules in the fuel mole; n — the number
of nitrogen molecules in the fuel mole; xwar — the number of carbon molecules in the resin mole; yir — the
number of hydrogen molecules in the resin mole; zr — the number of oxygen molecules in the resin mole.

1
H...O @

xtar ytar =~ ztar

1 Genadii Golub, Prof.Dr.; Savelii Kukharets, Prof.Dr.; Jonas Césna, Dr.; Oleh Skydan, Prof.Dr.;
Yaroslav Yarosh, Dr.; Mykolai Kukharets, As.
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Taking into account the equivalence ratio (ER) which determines the ratio of the oxygen amount
supplied to the gasifier to the oxygen amount required according to the stoichiometric combustion of fuel

(Maneerung et al, 2018; Yan et al, 2018) we obtain: ER =0.21m, /(xm, +0.25ym, +0.5zm), the value of

the air flow will be:
m, =4.76ER(xm, +0.25ym, +0.5zm,). 2

Substituting the equation 2 in 1 and taking into account that the coefficient characterizing the nitrogen
content in the air is A=3.76, we obtain:

C,H,O,N, +4.76ER(x+0.25y +0.52)(0, +3, 76N,,) -
m
' —(N+17.9ER(x+0.25y +0.52)N,
=m,CO +m,H, +m,C0, +m,H,0 +m,CH, +(nm, +3.76m,) N, + m,C

If we take into account the molar masses of the chemical components included in equation (4), it can
be written as the calculated material balance:

CXHyOZNn +4.76ER(x+0.25y +0.5z)(0, +3,76N,) —
—(n+17.9ER(x+0.25y +0.5z)N,
=28m,CO +2m,H, +44m,C0, +18m,H,0 + (4)
+16m,CH, +28(nm, +3.76m, )N, + 1,m,C,. . H ... O,....
where: y1 — molar mass of fuel, g/mol; ys — molar mass of resin, g/mol.

Obviously, in equation 5, the product pyim; is the fuel consumption rate or the rate of plant biomass
gas generation. Nevertheless, the study of biomass gasification rate is difficult for theoretical research due to
the complexity of interaction, diversity and transience of the corresponding processes (Yan et al, 2018; Ali et
al, 2016). This complexity prevents theoretical models from achieving the necessary accuracy to optimize the
gasification process (Mazaheri et al, 2018). In addition, the insufficient amount of experimental data on the
rate of biomass gasification also does not allow the developed theoretical models of the gasification process
to achieve the required accuracy (Gu et al, 2019). Therefore, it is necessary to accumulate experimental data

in the real range of parameters of gasifiers and create simple mathematical models that adequately describe
the biomass gasification rate.

J+m2H20: -

H,.O

xtar ytar ~ ztar *

,ulmi[ }+18m2H20:

MATERIALS AND METHODS

A specially designed research plant was used for experimental studies of biomass gasification rate
(Fig. 1 a, b). The structure of the plant included a gasifier of the reverse process. The diameter of the
recovery zone was 200 mm; the height of the recovery zone was 110 mm and was determined according to
the studies described in (Golub et al, 2019). The number of tuyere holes was 12; their diameter was 10 mm.
The flow of air into the gasifier was carried out by a blower and was varied in the range of 0.0009 m3/sec and
0.012 m3/sec. The performance of the blower was adjusted by frequency converter. The gasifier was
installed on the scales, loaded with fuel and put into operation. Operating mode was fixed by steady burning

of gas torch.
5

Fig.1 - Appearance (a) and scheme (b) of the plant for the study of changes in the fuel mass
in the process of combustible gas production
1 — anemometer Tenmars TM-402; 2 — blower Goorui GHBH-0D5-34-1R2; 3 — frequency converter Hitachi-3G3JX-A4075-EF;
4 — socket 0.4 kV; 5 — gasifier GG-1; 6 — scale; 7 — scale indicator; 8 — wood gas torch
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Straw pellets, wood pellets, wood pieces and peat pieces were used as fuel. With the help of scales,
the mass of fuel remaining in the gasifier was fixed at equal intervals. For the final moment of time, it was
accepted the moment when the torch of combustible gas extinguished. Further, the mass of fuel remaining in
the gasifier and the mass of ash were recorded.

RESULTS
Theoretical studies

Assuming that the rate of gas generation of plant biomass is proportional to the amount of plant
biomass that can still be gasified, three models with the following assumptions can be used to analyse the
change in fuel mass during the operation of the gasifier for a certain period of time: the change in fuel mass
is inversely proportional to fuel mass and time; the change in fuel mass is inversely proportional to the fuel
mass; the change in fuel mass is inversely proportional to time.

The first model is based on the assumption that the fuel mass change dM/dr is inversely proportional

to the fuel mass M and time 7:

dﬂ = _kMrMT ’ (5)
dr

where:

M — the fuel mass, kg; T — gasifier operating time, sec; ki, — the speed ratio of the fuel gasification
according to mass and time.

The solution of the equation (5) will be as follows:

dm K
V:_kmrdr; InM-InM,=- Z (c*-72).

Considering that 7o = 0, we will obtain:

2 M Ky 7°
n M- K™ , — =exp| ——— |,
M 2 ' M, 2

0

2 2
M =M, exp(— kMér j,Mg =M, (1—exp(—kM#TD; (6)
where:

Mo, M, My —initial, final, and the mass of the gasified fuel, %.
In this case, the rate coefficient of fuel gasification based on research data can be determined by the
formula:

k =£In%_ (7)

Mt 2

T M
The second model is based on the assumption that the fuel mass change dM/dr is inversely
proportional to the fuel mass M:

W -k, M; ®)
dr
where:
ki — the speed ratio of the fuel gasification according to the mass.
The solution of the equation (8) will be as follows:
M =M, exp(—k,7), My =M, (1-exp(-k,7)). )

In this case, the rate coefficient of fuel gasification based on research data can be determined by the
formula:

k, ==In—. (10)

T M
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The third model is based on the assumption that the change in fuel mass dM/dtT is inversely

proportional to the operating time of the gasifier T:

M K z; (11)
— =k
dr ’
where:
k; — the speed ratio of gasification according to the time.
The solution of the equation (11) will be as follows:

k k
M=M0—Efz'2, M, :MO—(MO—?%Z) (12)

In this case, the rate coefficient of fuel gasification based on research data can be determined by the
formula:
M, -M
k =2—2——.

2 2
T

13)

Experimental studies

Experiments on the gasification rate of straw pellets at different modes of oxidizer (air) supply to the
gasifier oxidation zone at the optimum height of the reduction zone were carried out and the results given in
table 1 were obtained.

Experimental values of fuel mass change in the process of straw pellets gasification Teble
indicator Mass of gasified fuel, kg
0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ’ 4.8
The air supply to the gasifier 0.012 m3/sec
Ash mass, kg 0 0.04 0.08 0.12 0.16 0.2
Gasifier operation time, sec 0 135 250 415 620 840
Current fuel mass, kg 5 3.96 2.92 1.88 0.84 0
Ash content, % 0 0.8 1.6 2.4 3.2 4.0
The air supply to the gasifier 0.006 m3/sec
Ash mass, kg 0 0.04 0.08 0.12 0.16 0.2
Gasifier operation time, sec 0 150 300 475 740 1015
Current fuel mass, kg 5 3.96 2.92 1.88 0.84 0
Ash content, % 0 0.8 1.6 2.4 3.2 4
The air supply to the gasifier 0.0009 m3/sec
Ash mass, kg 0 0.04 0.08 0.12 0.16 0.2
Gasifier operation time, sec 0 315 621 1040 1630 2100
Current fuel mass, kg 5 3.96 2.92 1.88 0.84 0
Ash content, % 0 0.8 1.6 2.4 3.2 4

Substituting the value of the initial and final mass and time (from table 1) in formulas 9, 13 and 1, the
coefficients of the gasification rate of straw granules were determined and the change in the fuel mass was
calculated according to the above three models (table 2).

Since the calculated coefficient of determination is the highest for the model with the assumptions that
the change in fuel mass is proportional to the fuel mass, it is the closest to the experimental values of the
change in the mass of straw granules during the operation of the gasifier for a certain period of time. The
obtained dependences are shown in Fig. 2.
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Similar calculations were also performed for other values of air supply to the gasifier.
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Fig. 2 - Change of fuel mass in the process of straw pellets gasification during air supply 0.01169 m3/sec

Table 2
Calculated values of fuel mass change in the process of straw pellets gasification (initial fuel mass 5 kg,

air supply to the gasifier 0.012 m3/sec, time 620 sec)

Gasifier operation time, sec The sum
Indicator of the
0 135 250 415 620 values
Experimental data
Current fuel mass, kg 5 3.96 2.92 1.88 0.84 14.6
Igliessqf‘r‘grrﬁ tﬁ; gdeenvei?;iloe?ri tﬁ‘;ﬂ:ﬁg%gﬁ”w 1.8225 | 0.0961 | 05329 | 3.1329 | 7.8961 | 13.4805
The change in fuel mass is inversely proportional to fuel mass and time
The ratio of gasification rate, sec? 9.2809-10¢
Current fuel mass, kg 5 4.59 3.74 2.25 0.84 16.42
ﬁ’gl;na;ﬁegt‘egi\gla;fg of experimental data 0 0.3969 | 0.6724 | 0.1369 0 1.2062
Coefficient of determination 0.955
The change in fuel mass is inversely proportional to the fuel mass
The ratio of gasification rate, sec™! 0.002877
Current fuel mass, kg 5 3.39 2.44 1.52 0.84 13.19
]csrgl:na;ﬁegfre(tjii\;ilac‘:iﬁ; of experimental data 0 1.44 169 0.5329 0 3.6629
Coefficient of determination 0.973
The change in fuel mass is inversely proportional to time

The ratio of gasification rate, kg-sec-2 2.1644.10%
Current fuel mass, kg 5 4.8 4.32 3.14 0.84 18.1
fsrglr'lnaiﬁeg:eﬂi\;ila;ir?: of experimental data 0 0.7056 1.96 1.5876 0 4.2532
Coefficient of determination 0.848

2
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Similarly to the study of the rate of straw pellets gasification, the experiments on the rate of gasification
of wood pellets, wood pieces and peat pieces were conducted (table 3-5).

Table 3

Experimental parameters of fuel mass change in the process of pellets and wood gasification

(air supply to the gasifier 0.012 m3/sec)

) Mass of gasified fuel, kg
Indicator
0 1 2 3 4 4.85
Ash mass, kg 0 0.03 | 0.05 | 0.08 0.1 0.15
Gasifier operation time, sec 0 105 230 390 580 785
Current fuel mass; kg 5 3.97 | 295 | 1.92 0.9 0
Ash content, % 0 0.6 1 1.6 2 3
Table 4
Experimental parameters of fuel mass change in the process of gasification of wood pieces
(air supply to the gasifier 0.012 m3/sec)
. Mass of gasified fuel, kg
Indicator 0 1 > 3 2 18
Ash mass, kg 0 0.04 | 0.08 | 0.12 0.16 0.2
Gasifier operation time, sec 0 125 235 405 615 830
Current fuel mass; kg 5 3.96 | 292 | 1.88 0.84 0.00
Ash content, % 0 0.8 1.6 2.4 3.2 4.0
Table 5
Experimental parameters of fuel mass change in the process of gasification of peat pieces
(air supply to the gasifier 0.012 m3/sec)
. Mass of gasified fuel, kg
Indicator
0 1 2 3 4 4.65
Ash mass, kg 0 0.07 | 0.14 | 0.21 0.28 0.35
Gasifier operation time, sec 0 109 222 375 595 800
Current fuel mass; kg 5 393 | 286 | 1.79 0.72 0
Ash content, % 0 1.4 2.8 4.2 5.6 7

According to the results of experimental studies, the values of the gasification rate coefficients
depending on the air supply to the gasifier were calculated (Fig. 3). It was established that for other types of
biomass the closest to the experimental values of the fuel mass change and during the operation of the
gasifier for a certain period of time was a model with the assumptions that the fuel mass change was
proportional to the fuel mass. Empirical equations for determining the coefficient of fuel gasification rate by
mass depending on the air supply to the gasifier are given in table. 6.

0.0035
o
(]
n |
g 0.003 |/l¢=—‘_
s
50,0025 | /
b
=
% ~0.002
©
(@]
° 0.0015 —+
o
..§ %
2 o0.001
~ 0 0.002 0.004 0.006 0.008 0.01

Air supply to the gasifier, m3/sec
Wood, pellets Peat, pieces —&o—Wood, pieces —— Straw, pellets

Fig. 3 - Change in the speed of gasification depending on the air supply
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Table 6
The values of the speed ratio of biomass gasification
Air supply qg, m3/sec
Fuel type Empirical equation
0.0009 0.006 0.012
Wood, pellets 0.001148 0.00254 0.002957 kn=-16.73304%+0.3776(¢+0.0008
Peat, pieces 0.001246 0.0028 0.003257 km=-18.819q4%+0.4226(¢+0.0009
Wood, pieces 0.001101 0.002467 0.0029 km=-15.994q4%+0.3675 qgg+0.0008
Straw, pellets 0.001094 0.002411 0.002877 kn=-14.57q4?+0.3481qy+0.0008

According to the values of the coefficient of biomass gasification rate, peat pieces have the highest
gasification rate, and straw pellets — the lowest one. The proposed method of biomass gasification rate
estimation can be used for other types and sizes of gasifiers.

CONCLUSIONS

Mathematical models of fuel mass change in the gasifier in the process of wood gas depending on the
air supply to the gasifier are developed.

In mathematical models, the following assumptions were made: change in fuel mass is inversely
proportional to the mass of fuel and time; change in the mass of the fuel is inversely proportional to the mass
of fuel; change in the mass of the fuel is inversely proportional to time.

It is found that the closest to the experimental values of the fuel mass change during the operation of
the gasifier for a certain period of time is the model of the fuel mass change proportional to the fuel mass.

On the basis of experimental studies, it was found that peat pieces have gasification coefficient of
0.0033 sect, wood pellets — 0.003 sec?, wood pieces and straw pellets — 0.0029 sec! when the air supply to
the tuyere belt of the gasifier equals 0.012 m3/sec.
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ABSTRACT

In order to improve the accuracy of rice transplanter model parameters, an online parameter
identification algorithm for the rice transplanter model based on improved particle swarm optimization (IPSO)
algorithm and extended Kalman filter (EKF) algorithm was proposed. The dynamic model of the rice
transplanter was established to determine the model parameters of the rice transplanter. Aiming at the
problem that the noise matrices in EKF algorithm were difficult to select and affected the best filtering effect,
the proposed algorithm used the IPSO algorithm to optimize the noise matrices of the EKF algorithm in offline
state. According to the actual vehicle tests, the IPSO-EKF was used to identify the cornering stiffness of the
front and rear tires online, and the identified cornering stiffness value was substituted into the model to
calculate the output data and was compared with the measured data. The simulation results showed that the
accuracy of parameter identification for the rice transplanter model based on the IPSO-EKF algorithm was
improved, and established an accurate rice transplanter model.

iE

Ky T 1T B B Z HA IR I, BEH T — A T2 19 #7 7 7F 37 1A (1\PSO) Fl7) e 78 2 JEH 502
(EKF) 975 BB I S 5 7E 26 H iR 7% L T IBRPL ) ) Z R, T OE TR Z 8. #1X0 EKF Z7%
PG T X LG IR TSI 1R EDER SR AT I, 2571515 B 26 NS T A2/ \PSO S7ZX EKF B2 9 A7 [
T . RYFE T4, RS \PSO-EKF X G I A6 19l i) 1T 126 HE iR, F A7 R 1 I il 1 1 CA
T B 1 B i 1 B 5 B BB HTA AT o G AT 07 R RZE Y, B 7 \PSO-EKF 448 87 T iRl IR S5
HIBRIRFGSE, L T IR Y

INTRODUCTION

With the intelligent and modernized development of agricultural machinery, a rice transplanter with
autonomous navigation has played a key role in rice planting. However, an accurate dynamic model must be
established before the model-based rice transplanter control algorithm is designed. The accuracy and
real-time of parameters for the dynamic model directly affect the path tracking control of the rice transplanter
(Kayacan E., et al., 2019). The cornering stiffness of the front and rear tires for a rice transplanter is an
important parameter of the dynamic model, it needs to be accurately identified online. At present, it is difficult
for sensors to directly measure the cornering stiffness of tires in real time, so the system identification method
is particularly important to identify the parameter of vehicle models.

The least square algorithm is widely used in parameter identification. The non-linear least squares
algorithm is used to identify the vehicle parameter, namely, the cornering stiffness of the front and rear tires
(Kayacan E., et al., 2015). The offline least squares algorithm is used to identify tire cornering stiffness by real
vehicle tests (Li L., et al., 2016). They don’t consider that the cornering stiffness is a time-varying parameter.
The variable forgetting factor recursive least squares algorithm is used to identify online parameters such as
the vehicle mass and the rotational inertia (Khaknejad M B., et al., 2011). Although the algorithm meets the
requirements of online identification, it is only suitable for simple linear models and can’t be directly used for
nonlinear models. The modern intelligent optimization algorithms are also applied to parameter identification.
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The eight unknown parameters of the semi-trailer train model are identified by genetic algorithm and
L-M optimization algorithm (Liang Q.Z., 2016). The improved genetic algorithm is presented to optimize the
parameters of the inertia for three coordinate axes (Zhang Q.C.,2007). The genetic algorithm can identify
multiple parameters at the same time and can reach the global optimal solution, but the calculation is large
and complicated, and the identification of time-varying parameters can’t be well applied. Considering the
real-time nature of the algorithm, the EKF algorithm is used to identify the vehicle’s mass and the cornering
stiffness of front and rear tires online (Wang J., 2019). The EKF is used to identify the cornering stiffness of
the front and rear tires of vehicle (Reina et al.,, 2019). As the noise matrices are selected according to
experience, the filtering didn’t reach the expected effect. A method is presented for identifying parameters of a
vehicle dynamic model (Best., et al., 2007). They used an adaptive EKF with variable fading factor to identify
vehicle’s mass, the rotational inertia and wheelbase parameters online, but this algorithm was more
complicated and adjusted more parameters.

Considering the above-mentioned problems, this paper proposes an online parameter identification
algorithm based on IPSO-EKF. As the selection of the process noise matrix Q and the measurement noise
matrix R determines the convergence for EKF algorithm, and the true value of the Q and R can’t be obtained
directly, combined with PSO algorithm, Q and R matrices are identified offline to determine the optimal noise
matrices. This algorithm not only solves the difficult problem of determining the noise matrices in traditional
EKEF, but also doesn’t need to change the original EKF algorithm. Therefore, the IPSO-EKF algorithm is used
to identify the cornering stiffness of the front and rear tires for the rice transplanter online.

MATERIALS AND METHODS

Dynamic model of the rice transplanter

According to motion characteristics of rice transplanter, the two degrees of freedom of the bicycle
model with only lateral and yaw motion are established. In the range of small angles, the lateral tire forces are
assumed to be proportional to the slip angles. The front wheel of the rice transplanter is steered and the front
wheel has a small angle. The bicycle model is shown in Fig.1.
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Fig. 1 - Two degrees of freedom of the bicycle dynamic model

According to Newton’s second law of motion, the lateral and yaw motion of the rice transplanter is
written as follows (Xu VY., et al., 2019):

ZFY = (mv, +mrv,) = 2Fcosdy +2F,,

D My =1, =2F, ¢ -2F, |,

Where m - is the mass of the rice transplanter, kg; V,- the longitudinal velocity, m/s; v, - the lateral

@)

acceleration, m/s?, v, - the lateral velocity, m/s; I - the yaw acceleration, rad/s?; I - the yaw rate, rad/s; Fy
- the lateral force on the front wheels, N; F,, - the lateral force on the rear wheels, N; J; - the steering angle
of the front wheels, rad; 1, - the moment of inertia around the vertical axis, Kg-m?; |; - the distance between

the front axle and the centre of gravity, m; | - the distance between the rear axle and the centre of gravity, m.

The lateral tire forces are calculated in a linear model in which they are assumed to be proportional to
the slip angles, and they are written as follows:
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Fyf =Cfa1 (2)
I:yr =Cia,
v, +l.r
=5, - yv !
” 3)
lr-v,
a, = v

X

Where C; - is the cornering stiffness of the front tires, N/rad; C, - the cornering stiffness of the rear

tires, N/rad; ¢, - the side slip angles of the front tires, rad; «, - the side slip angles of the rear tires, rad. By
combining equations (1), (2) and (3), the state-space model of the rice transplanter can be written as follows:

2C; +2C, 2C;l; —2C,I, 2C,
. _r s S T
Vv mv. mv V
Yz X ) XZ A Ss )
2C, I, —2Cl; 212c, +217C, || r ] | 2Cl
1V, Vg I,
An approximate value for the rotational inertial can be calculated as follows:
Iz = mlflr (5)
In equation (4), m,l; , 1 and |, are invariant parameters of the rice transplanter, |, can be

approximated by (5), J; is steering angle of the front wheel as input variable, v, can be approximately

equal to the speed of the rice transplanter on the ground, C; and C, are the cornering stiffness to be

identified. In this paper, the cornering stiffness of tires for the rice transplanter will be changed for the
complexity of the road surface. Therefore, the cornering stiffness is regarded as a time-varying parameter for
online identification. Equation (4) can be equivalently expressed as:

X(t) = F(x(t),5(t) (6)
In order to collect the data, the steering angle of the front wheel is set to 20 degrees step, and the rice

transplanter is driven counter clockwise on the asphalt ground at a low speed, as shown in Fig. 2. The rice
transplanter uses RTK system for precise positioning. The speed and heading angle of the rice transplanter

are obtained by the M600 receiver, and the data collection frequency is 5 Hz. The lateral velocity v, and yaw

rate I of the rice transplanter are obtained by coordinate transformation.
The measurement vector z=[vy,r]T is introduced as the measurement equation of the system,

which is equivalently expressed as:

2(t) =h(x(t)) ™

Fig. 2 - The actual vehicle test of the rice transplanter
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EKF algorithm for online identification parameters

The EKF algorithm can be used as a parameter online identification algorithm of nonlinear systems
which can be transformed into a linear problem by Taylor decomposition, and be the same as linear Kalman
filtering (Battistelli G., 2016). In the process of parameter identification, the state vector x=[vy,r]T and the
cornering stiffness of the front and rear tires to be identified are combined into a joint state vector, and the
EKF algorithm is used to make the optimal estimation of the parameters by combining the joint state vector.
When the value of the parameter to be identified converges, the convergent value is used as the value of the
optimal parameter. EKF is widely used for online identification of model parameters due to its small amount of
calculation and high real-time performances.

In this paper, EKF is applied to the online identification of the parameters for the rice transplanter’s

dynamic model, C; and C, are added to the state vector X. The equations (6) and (7) can be expressed
as a nonlinear system.

{X(t) = f(x(1),5(1)) +w(t) ®)

z(t) = h(x(t)) +v(t)
Where w(t), v(t)- the process noise and the measurement white Gaussian noise with zero mean,

respectively. First, the above continuous-time nonlinear equations need to be converted in a discrete-time
state-space representation.

{Xku = f(x.0)+w ©)

z, =h(x)+Vv

Where f(.) - the state evolution function represents the rice transplanter dynamics, h(.) - the
T
relationship between the state vector and measurement, X, =[vyk,rk,Cfk ,C,J - the joint state vector at time

k., d; - the steering angle of the front wheel, and z, =[v, , r.] - the measurement vector at time K . If the

sampling period is dt, the discrete system is represented by a first-order difference quotient, f(.)is
expressed as follows:

2C, +2C, 2C, 1, -2C I 2C,
frv, =Q-—"——dt)v, +(-v,—— “—)dtr, + —=dtJ,
k+1 mvx k . m
2C I, -2C, I, 212C, +2I%C, 2C, I,
fir., =#dtvyk +(1- kl “dt)r, + Ik dto, (10)
fy:C, =Cy
f4 :Crk+1 :Crk
Similarly, h(.) can be obtained as:
h:v, =v
. Yiat Yk (11)
h, ifea =1,

The EKF algorithm can be given by the following recursive equations:

X = F(R,6)

F_)k+1 = AkPkA<T +Q

Ky = PgHy (H P HY +R)™ (12)
)A(k-v-l =X1 Kk+1(zk+l - Hk+17k+1)

Pt = (- Kk+1Hk+1)|3k+1

Where X, ,,- the priori state vector prediction; I5k+1— the posteriori error covariance matrix prediction; Q - the
process noise matrix; R - the measurement noise matrix; K, ,,- the Kalman gain; X, ,,- the posteriori state
vector prediction; z,,, - the measurement vector; | - the identity matrix; B, - the posteriori error covariance

matrix prediction; In these equations, A , H, - the Jacobian matrix of the state vector and the Jacobian matrix
of the measurement vector, respectively.
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A A, Ay A
| of (X, u,) o _ A A A Ay (13)
AK{ o, (Xk)} 0 0 1 o0
o 0 o0 1
mo= i 6n)-ls § o o) 4
ox, 0100
Where:
LK+ : Zkalf—ZérJr)dt
=/l-— =-v,-——
Aﬂ mVX !A12 X mVX

3

72vykdt+2rklfdt N 25, dt A, = 2l rdt—2v, dt

4

mv, m mv,
~ ~ 24 2 A
A a1 212C, +21°%C,
1 = ) 2
IZVX IZVX
2l v, dt+21%rdt  21,5,dt 2l,v, dt—217r,dt

3= — + 1 A=

Izvx Iz Izvx

The initial values P(0) and x(0) are selected by experience, and the measurements of the

vehicle’s response (vy,r) are input into the extended Kalman filter that recursively outputs the vector

(C,,C,) according to equation (12). Then the optimal state estimate is obtained, and model parameters of

the rice transplanter are obtained in real time.

Parameter identification algorithm of IPSO-EKF

The Q and R matrices corresponding to the statistical characteristics of noise w and v have a
greater impact on the convergence of EKF. In this paper, IPSO combined with the EKF algorithm is used to
optimize Q and R offline. Particle swarm optimization (PSO) is a population-based stochastic search
algorithm inspired by the social behaviour of bird flocking. It was first introduced by Kennedy and Eberhart in
1995. Each particle in the PSO algorithm represents a feasible solution, and the particle has two properties:
velocity and position. In the search space, individual particles compare the optimal positions they pass with
the optimal position of all the particles and adjust their speed continuously so that they can move closer to the
global optimal position. The velocity and position of each particle are updated according to the following
equations (Liu W.X., et al., 2011):

Vig (K+1) =wv, s (K)+C,r(p; g =X 4 (K)+C,H (94— X 4 (K)) (15)
X (K+D) =% 4 (k)+V, 4 (k) (16)
Where i- the number of the particle; d - the dimension of the particle; k - the number of iterations;
C, . C,- the acceleration coefficient; r,r, - two random numbers uniformly distributed in the interval [0,1];
P, - the historically optimal position of particle i; g - the optimal position experienced by all particles in the
population; w- the inertia decreasing weight. In order to increase the new space solution for more extensive
search, an adaptive detection radius is proposed (Zhang Q., et al.,2019).
X oaxd )y (X —xq,)
( = ) | O :

Where A is a variable parameter (A >2), u represents the random numbers uniformly distributed

in the interval [0,1]. Xgmx and Xr‘f“n are the upper and lower bounds of the variables, respectively. The IPSO

R(k) = e *ecos(27u) a7

velocity equation is updated according to the following equation:
Vig (K+D) =wv, 4 (K)+c (P g =X (K)) +Ch (94— X 4 (K)) +C,r(R(K) =X 4 (K)) (18)
Because the standard PSO algorithm is easy to fall into the local optimal value, chaotic search is
introduced into the PSO algorithm. After updating the velocity and position of each particle according to
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equations (15) and (16), the fitness function f of each particle is updated accordingly. When the particle i

satisfies |f(xi) - f(pi)| <o for N consecutive times, it is judged that the particle has a stagnation state.
So, the chaotic sequence generated by Logistic is used to search again; it is expressed as follows:

Yirra =4Yia Q= Yia) (19)
Each component of the initial value y, is randomly generated in a uniform distribution in the interval [0,1]. In

a carrier-like manner, the particles expanded to an area with R, radius centred on the current position.
Xik,d =X4 TRy (2Yq -1 (20)

When f(x,)< f(x,) is satisfied, the current particle position is updated. When k>N is

satisfied, chaotic iteration ends. By increasing the adaptive detectable radius and chaotic sequences
generated by stagnation, the IPSO algorithm solves the problem which falls into a local optimal solution, and
greatly improves the reliability of global optimization.

IPSO optimizes the noise matrices

The parameters optimized by the IPSO algorithm are Q and R noise matrices in EKF. The
sequence of lateral speed, the yaw rate and the steering angle of the front wheel collected by the above M600
receiver were input into a discrete rice transplanter model. IPSO randomly generates FxD dimensional
matrices, and uses equations (15) and (16) to update the position and velocity of particles and chaotic search
for stagnant particles. The random Q and R noise matrices are input into EKF, and the optimal Q and
R matrices are obtained according to the objective function until the maximum number of iterations is met.
The selection of fithess function is a core part of the PSO algorithm. If it is not adopted properly, it will affect
the global optimization performance of the algorithm. The optimized noise matrices Q and R in EKF are

designed to minimize the cumulative absolute error between the sampled measurement data y, , and the

filtered output HX, ., . The objective function is defined as follows (Xiang Y., et al., 2016):

13 _
f= Wz‘ Y — HXk+1‘ (21)
k=1

Where N - the number of the measurement data. The two degree of freedom dynamic model of the
rice transplanter established in this paper has four state variables and two output variables, where the
matrices corresponding to the Q and R are as follows:

Q=diag(;,9;,,95,9ss) (22)
R= diag(rll’ r22)

The structure of the noise matrices for the EKF algorithm identified by the IPSO algorithm is shown in

Fig.3.
- - - - - - - - - - =
| |
| u, , |
e —_— Calculate |Xopt
_IQR | objective |f(@QR)
| function

Current Q
Modified Q and R
and R

CPSO

fQR

Fig. 3 - Structure diagram of IPSO optimized noise matrices
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The parameters of the identification algorithm are set as: F=20,D=6,N,=20,c =1,c,=1.5,

c,=2,k,, =40,N, =10,N=5,R,=10,4=4,5=10°,w decreases linearly at [0.9,0.4]. When the

IPSO algorithm is run, the change curve of the global optimal objective function value for population is shown
in Fig.4. It can be known that about 13 iterations tend to stabilize in the search process. Chaotic search and
adaptive detection radius are introduced to solve the problem that the PSO algorithm is easy to fall into the
local optimal value, and the global optimal solution can be searched. The identified Q and R noise

matrices will be used in the online identification algorithm based on IPSO-EKF in the next chapter.

0.062

0.06 - 4

0.058 - 8

0.056 - .

0.054 - g

Objective function value

0.052 - g

0.05 - ’ ;
0 10 20 30 40

Number of iterations
Fig. 4 - Evolution of the objective function

RESULTS

Simulation of parameters setting
This simulation uses MATLAB to verify the accuracy of the IPSO-EKF algorithm. The model parameters

of the rice transplanter PZ60-DT are shown in Table 1. The ground speed and course angle of the rice
transplanter come from the M600 receiver, and the yaw rate and lateral acceleration are calculated by
coordinate transformation.

Table 1
Simulation model parameters of the rice transplanter
m I I, 1 5,
Parameters 2 3
[Kd] [m] [m] [Kg-m?] [°]
Values 720 0.7 0.4 201.6 20

Online identification of cornering stiffness based on IPSO-EKF
The data collected by the above M600 receiver and the Q and R noise matrices identified by

IPSO-EKF are input into dynamic simulation model of the rice transplanter. The initial value of the cornering
stiffness is set to C, =C, =1000N/rad, the simulation results of the cornering stiffness of the front and rear

tires for the rice transplanter are shown in Fig.5, which shows the evolution in the cornering stiffness of the
front and rear tires at each sampling time. Considering the unevenness of the test field and the serious side
slip of the front wheels during driving, the change in the cornering stiffness of tires is obvious. In order to more
intuitively verify the accuracy of the identification results, the identified cornering stiffness of the front and rear
tires are substituted into the dynamic model of the rice transplanter, and the model output obtained is
compared with the measurement data collected by M600 receiver as shown in Fig.6. It can be seen from Fig.6
that the cornering stiffness and yaw rate response curves of the model output after IPSO-EKF identification
are basically consistent with the collected data. In what follows and for comparison purposes, our proposed
method will be compared with trial-error method for standard EKF. As shown in Fig.7, it can be known that
model output identified based on EKF algorithm doesn’t match the measured value. There is a large error
between the model output calculated from the identified model parameters and the measured data in Table 2.
The simulation results show that the noise matrices optimized by IPSO have a better optimization effect on
the online identification algorithm of EKF, and can accurately identify the model parameters.
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Fig. 7 - The value of model output and measured value obtained by EKF algorithm
under 20-degree step condition

Table 2
The statistics of lateral velocity and yaw rate for errors under 20-degree step condition

Identification Maximum errory, Maximum error r Average error v, Average error r
algorithm [m/s] [rad/s] [m/s] [rad/s]
IPSO-EKF 0.0672 0.0873 0.0064 0.0050

EKF 0.3050 0.3841 0.0595 0.0316

Simulation verification under different operating conditions

In order to verify the consistency of the algorithm, the data under different working conditions are used
to simulate the IPSO-EKF algorithm. The steering angle of the front wheels for the rice transplanter is set to
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30 degrees, and it is driven clockwise at low speed along the field. Similarly, the collected longitudinal velocity,
lateral velocity and yaw rate are input into the dynamic model of the rice transplanter. The cornering stiffness
of the front and rear tires are identified by the EKF algorithm, as shown in Fig.8. The comparison between the
output data calculated by the model and the data measured by M600 receiver is shown in Fig.9. Fig.9 shows
that the data calculated by the model are basically consistent with the measured data, although there are
some errors which are small and can better match the measured data, and the overall curve trend is
consistent.
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Fig. 8 - The cornering stiffness of the front and rear tires under 30-degree step condition
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Fig. 9 - The value of model output and measured value obtained by IPSO-EKF algorithm under 30-degree
step condition

CONCLUSIONS

In this paper, through the dynamic analysis of the rice transplanter, a lateral dynamic model of the rice
transplanter was established. In order to accurately identify the parameters of the rice transplanter dynamic
model, the IPSO-EKF algorithm was proposed. In the offline state, combined with data collected by M600
receiver, the noise matrices in EKF were optimized by IPSO algorithm. The optimized noise matrices are
selected as the best matrices, and the cornering stiffness of the front and rear tires for the rice transplanter
model was identified online based on the IPSO-EKF algorithm. The simulation results showed that the output
data calculated by the model was basically consistent with the data collected by M600 receiver. Compared
with the EKF algorithm, the IPSO-EKF algorithm greatly improved the accuracy of the identification. In order
to verify the consistency of the algorithm proposed in this paper, the data collected under different operating
conditions of the rice transplanter were used to verify the algorithm. The simulation results showed that the
algorithm can better describe the dynamic characteristics of the rice transplanter and accurately realize the
online identification of the parameters for the rice transplanter model. This algorithm lays the foundation for
the design of a rice transplanter based on a dynamic model control algorithm.
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ABSTRACT

This paper attempts to design a universal, easy-to-use pruning tool suitable for taller branches. For this
purpose, the author proposed an omni-directional electric pruning saw. The saw has a 360° rotatable head,
which can prune branches in all directions. Under the saw blade, a V-shaped groove was added so that the
branches can be introduced, cut and released stably. A telescopic rod was included in the design to prune
branches at different heights. To facilitate the retraction and release of wire, a winding reel was provided to
make the wire change with the length of the rod. In addition, there is a deadlock device at the handle, which
prevents the manmade safety hazards. The proposed pruning saw was tested through an experiment. The
results show that the saw could be used for various branches and was 4 times more efficient than the
traditional hand saw.
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INTRODUCTION

China has made great progress on land afforestation. In 2017, China planted 7.362 million hectares of
trees and tended 8.302 million hectares of forest, making a great contribution to the ecological protection in
the country (Li and Wang, 2006). One of the main measures for forest tending lies in tree pruning. Rational
pruning keeps the trees straight, tough and bending-resistant and facilitates the upper photosynthesis; it is
very important for the growth of trees (Cheng, 1981; Ji, 1990; Liu, 1975). Traditional pruning tools like saw
and machete are relatively backward. These tools require high labour intensity and only apply to lower
branches, failing to achieve desirable pruning effect. China is located in East Asia, in the north of the
distribution centre of bamboo plants in the world. There are more than 30 genera of bamboos, accounting for
about 45% of the world's bamboos. The total area of bamboo forest is about 3.4 million hectares, the total
volume is about 71.2234 million tons, and the total annual cutting volume of commercial bamboo is about 5
million tons. In the paper (Yu, 2019), a cluster bamboo selective cutting machine featuring operation in a
small space, small size, light weight and a reciprocating saw-based cutting mode was designed. The
preliminary test shows that the surface cut by the reciprocating saw is very relatively smooth, with no serious
tearing phenomenon of bamboo outer skin, able to meet the basic requirements for selective cutting of
cluster bamboo, the saw was 4-6 times more efficient than the traditional hand saw. Bosch GSA18V compact
reciprocating saw (Jeremy, 2018) did everything the operator wanted to do. Cordless, portability and
convenience with high electrical storage capacity of 6.3 Ah, makes the instrument more competitive on the
market. One V-type bamboo cutting program with double cylindrical helical cutter was proposed in his paper
(Wang, 2016). Two experiments about the efficiency of cutting bamboo and impact resistance capacity show
that the cylindrical cutter can be used for cutting bamboo, and its cross section is similar to conical surface
which is formed by the chopper. Considering the huge demand for forest pruning in China and the poor

! Qingging Shang, M.S.; Bin Wang, B.S.; Jiawei Yang, M.S.; Yizhi Lu, M.S.; Tongming Yin, Ph.D.

35



Vol. 61, No. 2 /2020 INMATEH — icultutal

capacity of traditional pruning tools (Chen, 2018; Deng, 2017; Shen, 2010), this paper attempts to design a
universal, easy-to-use pruning tool suitable for taller branches.

MATERIALS AND METHODS
Determination of pruning saw working mode

At present, most of pruning saws at home and abroad are circular saw, chain saw and hand saw.

The circular saw has simple operation and high rotational speed, but its feeding is difficult and the safety is
poor. The cutting thickness of the chain saw is large and the maintenance can sometimes be difficult. The
hand saw needs pure manpower for operation with high labour intensity, low work efficiency and high risk,
which is not suitable for large-area pruning operation (Wang et al., 2017; Tang, 2015; Lin, 1985).

In the omni-directional electric pruning saw, a high-power charged lithium battery is taken as power
supply, a worm gear reducer is provided, and a small teeth space saw blade is used for reciprocating cutting,
ensuring sufficient power and increasing working stability. Charged machine is light, environmental and
energy-saving. By increasing the extension length of the equipment and the rotation degree of the saw head,
it can be well adapted to the change of the height and orientation of tree branches, highlighting its strong
application value (Michael and Jin, 2014).

Overall design and parameters of pruning saw

The pruning saw consists of a locking device, a telescopic device, a rotating device, a cutting device,
and an introduction device, as shown in Fig.1. The winding device is composed of a winding reel, a winding
reel and electric wire. The wire can be retracted or released according to actual requirements to avoid
enwinding of the electric wire (Liu et al., 2018).

winding device locking device telescopic device rotating device cutting device introduction device

I‘/ 1—=/~/”{_ ~ F\ /
= U

Fig. 1 - Schematic diagram of omni-directional pruning saw

AR

Wood

The locking device is composed of a power dead lock button and a power switch button.
The telescopic device is composed of n (n>=3) one-meter-long steel pipes and n-1 connection heads. The
telescopic device can be adjusted over two meters in length, and the connection heads are used to fix the
position of the steel pipes.

The rotating device consists of a shell, a bayonet lock and an annular support which can rotate within
360 degree, and the bayonet lock is responsible for fixing its position.

The cutting device is mainly composed of a slider-crank mechanism, which converts the rotary motion
of the motor into the reciprocating linear motion of the saw blade.

The introduction device is mainly a V-shaped groove structure composed of a saw blade and a frame,
which is convenient for locking the branches and stabilizing the sawing operations.

Operation force analysis of pruning saw

The force analysis of V-shaped groove structure is shown in Fig.2. V is the moving direction of the
saw blade, F1 is the force of the frame to the wood, F2 is the vertical force of the knife saw to the wood,
F3is the horizontal force of the cutter to the wood. Therefore, the resultant force received by the wood is

F , so the wood will move in the direction of F in the process of being cut, which is conducive to fixing the
cut branches.

As shown in Fig.3, VV is the moving direction of the saw blade, F1 is the force of the frame to the
wood, F—3 is the horizontal force of the cutter to the wood, and F—Z is the vertical force of the knife saw to

the wood. The resultant force received by the wood is F2, so the wood will move downward and leave the
saw blade in the process of being cut, which is not favourable for the operator to perform the pruning
operation.
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The following symbols are used in this paper:
\/ =The moving direction of the saw blade;

F =The resultant force received by the wood;
F1=The force of the frame to the wood;

F 2=The vertical force of the knife saw to the wood;
F3=The horizontal force of the cutter to the wood

Pruning saw parameters

For the users of electric power tools, efficiency and running time are the most important to evaluate
whether a pruning saw is excellent or not besides the comfortable holding and exquisite design, so it is
important to set the parameters of the pruning saw correctly.

Worm gear reducer. When using tools for wood sawing, one of the basic characteristics of cutting
machine under load is power. The correct selection of worm gear reducer determines the cutting force of
pruning saw. Specific parameters include the structure type of the motor, output speed, power, voltage, and
diameter specifications. Technical parameter range and selection parameters of small worm gear reducer
are as follows:

Table 1

Technical parameter range and selection parameters of small worm gear reducer

Parameters Range Selection parameters

Voltage (V) 3-24 18

Power (W) 0.5-50 24

Reduction 1:17,1:31, 1:50 1:31

Output 5-1,000 260

Gear Metal and plastics Metal

Motor Motor, DC, Step-hy- DC motor

Lithium battery. The battery pack with high mA hour rating can maintain the reciprocating saw for a
longer time than the battery pack with low mA hour rating. According to the number of branches cut by the
saw after one charge, the voltage of the worm gear reducer and the weight of the whole machine, the
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pruning saw is equipped with 2 to 3 lithium batteries with a voltage of 18 (V) and battery capacity of 3.0 (Ah)
for one day’s work (Zhang et al., 2018; Katuril and Gorantla, 2018).

Saw blade. In daily life and industrial production, there are numerous examples of interchangeability,
and saw blades are produced and sold according to the requirements of interchangeability. Therefore, the
selection of the saw blade in this study is based on the parameters existing on the market, and can be
replaced with each other in the same specification. (1) Choice of materials. According to the processing
object, using strength and processing precision, the cutting object of the pruning saw is wood, the strength
requirement is lower than in the case of metal, and the precision requirement is lower. At present, there are
duplex metal saw blades (Jia et al., 2017), high-speed steel saw blades and carbon steel saw blades.
Carbon steel saw blades are low in cost and hardness, so they are more generally used. (2) Selection of
dimensions. The maximum cutting width of the saw blade is equal to the total length (mm) of the saw blade
minus 70 (mm). The thicker the material is, the larger the teeth spacing is. In accordance with the load
capacity of the battery and the power analysis provided by the worm gear reducer, the larger the teeth
spacing is, the larger the saw feed amount is, the larger the battery power consumed by the sawing process
is. When the electric quantity is small, the saw blade is easy to be blocked (Li, 2017). A saw blade with
length of 150 (mm) and teeth spacing of 2.6 (mm) is selected in combination with market research and
experiment.

EXPERIMENTAL TEST OF PRUNING

Experimental test of pruning is carried out on three kinds of common trees, poplar, plane tree and pine
in Fig.4. The hand saw with teeth spacing of 6 mm and omni-directional pruning saw with teeth spacing of
4.3 mm, 2.6 mm and 1.4 mm are used to conduct pruning on the trees with different diameters and their time
is counted. Each experiment group is carried out for three times. Finally, the average value is taken. The
results are shown in Table 2.

Table 2
Statistical table of data
Type of tree Poplar Plane tree Pine
Branch diameter (mm) 251303 (25|30 |3 |25|30]| 35
Pruning time with teeth spacing of 6 mm (s) 28.3|39.1{69.7|15.6|51.6|98.1|22.6(29.6(49.3
Pruning time with teeth spacing of 4.3 mm (s) 7.8 118.5/20.3| 6.3 |15.0|22.2| 6.0 |11.7|17.6
Pruning time with teeth spacing of 2.6 mm (s) 5319.2|149| 3.5|10.4|125| 6.9 | 9.4 |12.1
Pruning time with teeth spacing of 1.4 mm (s) 10.815.5(36.8| 5.9 [15.6(19.6(11.2|13.7|20.5

Experimental analysis: as a whole (take Fig.5 as an example), the larger the diameter is, the longer
the pruning time of different cutters is. Under the condition of the same tree diameter, the pruning time of
omni-directional pruning saw is obviously shorter than that of the hand saw. In the case of the same tree
diameter, the pruning time of saw blade of 2.6 teeth spacing is significantly shorter than that of the other two
kinds of teeth spacing. And we also cut the bamboo with this experimental equipment and saw blade. In this
case, compared with the time taken for hand saw, the omni-directional pruning saw of 2.6 saw blade is
approximately 1/4 of the time, that is, its efficiency is approximately 4 times that of the hand saw.

o

4 —

Fig. 4 - Experimental test of pruning
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CONCLUSIONS

The study researches a type of omni-directional electric pruning saw with 360-degree rotary saw head,
V-shaped groove under saw blade, telescopic rod, winding reel and head lock device at the handle. The
experiment shows that the saw can be used for various branches; compared with ordinary hand saw, the
efficiency is improved four times and the present manual labour mode is completely replaced, reducing the
field labour intensity and the risk of high-altitude operation and improving the overall work efficiency of the
existing high-altitude operation. In addition, the pruning operation cost is reduced and the pruning economic
benefit is improved.
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ABSTRACT

In the machine technology for cultivation and harvesting of root crops and onions, one of the most
important quality indicators determining the duration of root crops storage is the presence of soil and plant
impurities in the heap to be stored. The impossibility to separate soil lumps from the heap of root crops and
onions is due to the fact that the majority of harvesters use slotted separating executive devices, while the
inter-rod distance of the separating conveyor, in order to eliminate the loss of root crops, is made smaller
than the minimum size of the separated root crop, which leads to the impossibility of their cleaning on the
separating executive devices of harvesters, and, consequently, to the damage of a significant part of
commercial products and loss of a significant part of the crop grown during storage. The modern
technologies and technical means for harvesting root crops and onions are not capable of providing high-
quality commercial products with minimal labour, due to falling behind or a lack of development of
technological foundations, technologies and executive devices for harvesting root crops and onions, capable
of reducing or excluding the content of soil lumps in commercial products under various soil and climatic
conditions. Therefore, development of mechanization tools for harvesting root crops and onions, which would
allow reducing or eliminating the content of mechanical impurities in commercial products under various soil
and climatic conditions, is a scientific problem, the solution of which will contribute to the innovative
development of the domestic agricultural market, Russia's stable position on the foreign market.

PE3IOME

B mawuHHOU mexHonoeauu 8030esbigaHusi U ybopKU KOPHEenno0o8 U riyka OOHUM U3 8axKHeUwux
rnokasamersel Kkadecmsa, ornpeodensoueao OnumesibHOCMb XpaHeHUs1 KOpHerni00o8 s1ersiemcsl Hanu4due 8
3aknadbleaeMOM Ha XpaHeHUe B80pPOXe [1OYBEHHbIX U pacmumenbHbiX npumecel. Hego3MoxHOCMb
omaoesieHUs1 MOYBEHHbIX KOMKO8 U3 80poxa KOPHENI0008 U fiyka 0bycrioerieHa mem, 4mo Ha bonbuuHcmee
y60POYHbIX MawuH MPUMEHSIIOM wjesiesble cenapupytouwjue paboque opaaHbl, Mpu 3MOM MEXIPYmKosoe
paccmosiHue cenapupyrowezo mpaHcriopmepa C Uerbio UCKITIOYEHUST MOmMePb KOPHEer0008 6bIrNoSIHEHO
MeHbWe MUHUMAalibHO20 pasMmepa cernapupyemMozo KopHerioda, 4mo rnpueodum K HEB03MOXHOCMU UX
OYUCMKU Ha cenapupyrowux pabodyux opa2aHax yb0opOYHbIX MawuH, a criedosamersibHO, K mpasmupo8aHUio
3Ha4yumenbHOU 4Yacmu moeapHoU rnpodyKyuu U omepsM [pu XpaHeHuu 3HayumersibHOU 4acmu
8blpawjeHHo20 ypoxas. CospeMeHHble MmexHOoo2uU U mexHu4Yeckue cpedcmea ybopKu KOpHernodos u
Jiyka He CrocobHbl obecrieqyump MOyYeHUEe KadyecmeeHHOU moeapHoU npoldyKuuu npu MUHUMabHbIX
mpydo3ampamax, 4mo 06ycri08/1IeHO omcmasaHueM unnu omcymemeuem 8 pa3pabomke mexHOM02U4ecKUx
OCHO8, mexHosoaul u paboyux opzaHos yOopKU KOPHeriodo8 U JiyKa, 0380M[WUe CHU3UMb UMU
UCKIMIOYUMb  cOOepXKaHUEe [MOY8EHHbLIX KOMKO8 8 moeapHOoU Mpo0yKyuUu 8 pasfiudHbIX [04Y8EHHO-
Knumamudeckux ycnosusix. CniedoeamernibHo, paspabomka cpedcme MexaHu3ayuu O0nsi ybopku
KOPHEernn0008 U JlyKa, MO38OMISIOUUX CHUSUMb UMU UCKTIOYUMb codepxaHue MexaHUYecKux rpumecel 8
mosapHoU npodyKuuu 6 pPasfudHbIX MOYEEHHO-KIIUMamu4yeckux ycrosusix mnpedcmasrisgem Hay4YHyro
npobnemy, peweHue komopoul 6ydem criocobcmeosampb UHHOBAUUOHHOMY pPa3gumuio 8HYMpPEeHHe20 pbiHKa
ceribCcKoX035UcmeeHHOU MpoOyKUuUU, ycrmou4ueoMy rnosoxeHuUsi Poccuu Ha 8HEWHEM PbIHKE.

! Dorokhov Alexey Semyonovich, Prof. PhD. Eng.Sc.; Sibirev Aleksey Viktorovich, PhD. Eng.Sc.;
Aksenov Alexander Gennadievich, PhD. Eng.Sc.; Mosyakov Maxim Alexandrovich, PhD. Eng.Sc.
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INTRODUCTION

Creation and implementation of machines of a new, intellectual type is the determining component of
the agricultural engineering development strategy in the Russian Federation (Aldoshin N.V. et al., 2015;
Aldoshin N.V. et al., 2014; Kukharev O.N. et al., 2018; Kurdyumov V.I. et al., 2019; Kurdyumov V.I. et al.,
(2016)). The harvesting productivity and efficiency depends on the optimal solution to the problem of
controlling the technological process of machine harvesting of root crops and onions (Bashkirtsev V.. et al.,
2017; Lobachevsky Ya.P. et al., 2016; Laryushin N.P. et al., 2015).

When solving many problems related to the improvement of technological processes and executive
devices of agricultural machines, the main goal is to increase crop yields and improve the harvesting quality
of the grown crops (Zykin E.S. et al., 2017; Kukharev O.N., 2006; Kalinin A.B. et al., 2015; Kalinin A.B. et al.,
2016; Kukharev O.N. et al., 2018).

The main task to be achieved by mechanized harvesting of root crops and onions, as well as other
crops, is to increase the completeness of collection, reduce damage to the products, which can be achieved
by creating higher-performance harvesters.

When harvesting root crops and onions, a large volume of soil passes through the separating devices
of root and onion harvesters on each hectare, from which root crops and bulbs must be extracted with
minimal damage. Because of this, the productivity of harvesters is determined mainly by the throughput
capacity of the separating devices (Kukharev O.N. et al., 2018; Sibirev A.V. et al., 2018).

At the same time, separating devices, and in particular the most common ones - rod elevators, are
unable to ensure the required completeness of separation and sufficient performance under various
conditions of their use.

To eliminate these deficiencies, various intensifiers with various drive designs are used on harvesters.

The disadvantages of separation intensifiers of various designs include the fact that, as a result of
force impact on the material being processed, the product is damaged, moreover, during harvesting, soil
impurities come together with root crops and bulbs, which leads to the clogging of the product, so additional
processing is required for its cleaning at the site, which entails additional costs.

It is known that the separating ability of a rod elevator depends on the inclination angle a; and the
elevator speed vg;.

The separation coefficient € at any inclination angle «, increases as the speed of the rod elevator v,
increases, to a certain maximum value, after which it starts decreasing. The optimal movement speed vg;, of
a rod elevator is an interval between 2 m/s and 2.5 m/s.

Moreover, to avoid unloading a heap of root crops and onions on the surface of the rod elevator, the
following conditions must be met (Sorokin A.A., 2006):

VEL = VMe = Vg " A (1)

where v — is the progressive speed of the harvester movement, m/s; A — coefficient (A=1.3).

Therefore, an increase in the productivity of the technological process of harvesting root crops and
onions will lead to a decrease in the separation quality and increase in the damage to commercial products.

MATERIALS AND METHODS
Based on the functional diagram of the control system with a perturbation control principle, an

intelligent technology for harvesting root crops and onions was developed, with the development of a
separating rod elevator with an adjustable blade inclination angle.

The separating rod elevator with an adjustable inclination angle (RF patent No. 2679734) ensures
damage reduction and improves the quality of the separated products by minimizing the impact of the
vertical component of the gravity of root crops and bulbs, while also increasing the uniformity of distribution
of the heap of root crops and bulbs across the separating surface when changing angle a of the rod
elevator inclination as a result of changes in soil and climatic conditions of harvesting root crops and
onions (Sibirev A.V. et al., 2019). To adjust the inclination angle of the blade of rod elevator 1, weight
sensors 2 mounted on digging plough share 3 (Figure 1) are used.

Weight sensors 2 measure the weight of the incoming heap of root crops on digging plough share 3
and send the readings to microcontroller 4 during the root crops and onion heap separation and bar elevator
1 inclination angle aadjustment.
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The linear drive, represented by electric cylinders 5, moves the linear drive rod to the required
distance S;or S,changes the a,inclination angle of the blade of rod elevator 1 depending on the readings of
weight sensors 2 after receiving a signal from microcontroller 4.

Fig. 1 — Diagram of changes in the inclination angle of the rod elevator:
1 —rod elevator; 2 — digging plough share weight sensor; 3 — digging plough share; 4 — microcontroller;
5 — electric cylinder; 6 — inertial sensor

When a heap of root crops passes across the surface of rod elevator 1, the soil is screened through
slotted holes formed by adjacent rods of the blade (Figure 2). The screened soil is registered by means of
inertial sensors 6 installed along the length of rod elevator 1. When evaluating the efficiency of separation by
inertial sensor 6, the oscillation frequency will also be characterized by the movement speed of rod elevator
1 (interchanging gaps and rods above the sensor).

However, the amount of the screened soil will be characterized by peak amplitude values. Therefore, the
separation efficiency of the elevator is estimated according to the amplitude values (Sibiryov A.V. et al.,
2019).

If the soil is screened on the rod elevator below the required value set by microcontroller 4, inclination
anglea, of rod elevator 1 is adjusted in the specified range of values. After determining the mass of the root
crop and onion heap on the digging plough share, the controller, with time delay T, along with the movement
of the rod elevator, sends a control signal to move the actuator rod.

Fig. 2 — General view of the machine for harvesting root crops and onions, equipped with
a separating rod elevator with adjustable blade inclination angle and receiving plough share
for digging/collecting root crops and bulbs
1-— frame; 2 — receiving plough share for digging/collecting root crops and bulbs; 3 — supporting wheels; 4 — main separating
rod elevator; 5 — additional rod elevator; 6 — bed-forming roller; 7 — shaker adjusting plate; 8 — narrowing tray;
9 — electric cylinders; 10 — weight sensor of the digging plough share; 11 — microcontroller
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The aim of the studies was to substantiate the possibility of using a separating rod elevator with an
adjustable blade inclination angle for harvesting root crops and onions, as well as to establish the optimal
values of its process parameters under laboratory and field conditions, ensuring high-quality separation of
onion heaps from soil and plant impurities.

Fig. 3— General view of the harvester for root crops and onions, equipped with separating rod elevator with an
adjustable blade inclination angle and receiving plough share for digging/collecting root crops and bulbs
1 - Tractor MTZ 1221; 2 —root and onion harvester

Field studies of a separating rod elevator with adjustable blade inclination angle of root and onion
harvester (Figure 3) were carried out on the fields owned by Tsirulev E.P. peasant farm enterprise in the
Samara region in 2019, when harvesting Stuttgarter Riesen breed onions.

Production studies were carried out in accordance with STO AIST 8.7-2013 “Machines for harvesting

vegetables and gourds. Methods for assessing functional indicators".
When conducting studies of separating rod elevator with an adjustable blade inclination angle installed on a
UKL-1.3 root and onion harvester, the physical and mechanical properties of the soil were determined, as
well as the onion heap separation quality indicators. The soil in the plot selected for the studies is medium
loamy black earth soil, the field relief is flat, the field contour is close to a rectangular shape, the pass
(furrow) length is 350 m.

The quality of the technological process performance was assessed according to the following
indicators:

— damage P to the bulbs;

— separation completeness v of an onion heap (Sibirev A.V. et al., 2018; Sibirev A.V. et al., 2019).

When determining the optimal value of the studied factor during production studies, the other factors
remained unchanged, i.e. equal to the optimal values determined during laboratory and field studies. In the
process of laboratory and field studies of a root and onion harvester equipped with separating rod elevator
with an adjustable blade inclination angle, process parameters were set in the above specified range of
values.

Progressive speed vg; of the rod elevator blade varied from 1.0 m/s to 1.8 m/s with a variation interval
of 0.2 m/s.

The only exceptions are the factors, the optimal values of which could not be investigated under
laboratory conditions; these factors include depth h; of immersion into the soil of the digging plough share
and progressive vy speed of the root and onion harvester. In addition, in order to study the influence of the
amount of onion heap supply Qgg; on the quality of separation of the rod elevator with an adjustable blade

inclination angle, the progressive speed vp of the root and onion harvester, as well as the depth h; of
immersion of the digging plough share into the soil, were changed.

The progressive speed vi of the root and onion harvester varied from 1.0 m/s to 1.8 m/s with a
variation interval of 0.2 m/s, the immersion depth h; of the digging plough share into the soil varied in the
range of 0.02 m to 0.06 m, in increments of 0.01 m.
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The performance quality of the rod elevator with an adjustable blade inclination angle was determined
as follows. At the start of the registration plot, with self-propelled combine 1 moving non-stop (Figure 3),
canvas was placed under the separating rod elevator upon a signal, in which all the harvested mass was
collected.

In the process of passing the plot, canvas was unrolled behind the harvester, on which the heap
dropped after separation.

Then samples were taken from the canvas surface from the entire territory of the registration plot.
In so doing, the fractional composition of the heap was determined, taking into account: bulbs, loose soil and
soil attached to bulbs.

RESULTS AND DISCUSSION

When conducting laboratory studies of a rod elevator with adjustable blade inclination angle, the
optimal values of the studied factors were determined, to be investigated for quality indicators of work in a
production environment. The study of the technological process of the work of a rod elevator with adjustable
blade inclination angle under laboratory field conditions was carried out with factors varying within (Figure 4):
— depth of the digging plough share immersion into the soil h; = was 0.02 m to 0.06 m;

— progressive speed of the root and onion harvester vy = was 1.0 m/s to 1.8 m/s;
— the progressive speed of the rod elevator blade vg; = 1.55 m/s to 1.67 m/s.

According to the results of processing the experimental data, dependence graphs were plotted with
regard to the completeness of separation of onion heap v in % and damage to bulbs D in % vs. the operating
and process parameters of the harvester (h;, and vp) and the separating rod elevator (vg;) with an
adjustable blade inclination angle.
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Fig. 4 — Dependence of separation completeness v and damage to bulbs D of a separating rod elevator with an
adjustable blade inclination angle vs. depth h;, of the digging plough share immersion into the soil

The correlation between the quality indicators of the technological process of operation of a root and

onion harvester equipped with rod elevator with an adjustable blade inclination angle from the immersion
depth h;, of the digging plough share into the soil is expressed by an equation of parabolic functions:
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{v =102.32 —3.24 - h; + 0.28 - h?, )
D =2.52-3.28-h, —0.71-hi. 2)

Analysing the graph (Figure 5), we can say that high quality of onion heap separation exceeding 98 %
is ensured when the digging depth of the digging plough share is 0.02 m, and when the digging depth is
increased, the completeness of onion heap separation is significantly reduced.

This circumstance is explained by an increase relative to the optimal onion heap supply determined
under laboratory conditions for the rod elevator studied.

The lowest indicators of damage to onion bulbs, i.e. less than 2.5%, are achieved with the greatest
digging depth of the digging plough share into the soil equal to 0.06 m/s, which is explained by the presence
of a soil layer between the elevator rods and the separated onion products.
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Fig. 5 — Dependence of the completeness of separation v and damage to bulbs D

of separating rod elevator with adjustable blade inclination angle vs. the progressive v,
speed of the root and onion harvester

When determining the quality indicators of the technological process of operation of a rod elevator with
adjustable blade inclination angle, we obtained a correlation dependence of the separation completeness of
the onion heap v in % and damage to the bulbs D in % on the progressive speed of the seed onion
harvester:

{v =114.29 — 2.37 - v + 0.67 - V2, 3
D =239+ 0.85 v + 0.53 - v&. ®

An analysis of quality indicators of operation of the root and onion harvester equipped with rod
elevator with adjustable blade inclination angle depending on changes in the progressivevy speed of the root
and onion harvester shows that the completeness of separation and damage to the bulbs drop with an
increase in the technological indicator under study.

According to the graph shown in figure 6, it follows that the optimal ratio of onion harvesting quality
indicators is ensured when crossing curves approximating the separation completeness of 95.7 % and bulb
damage of 2.6 % at a progressive speed of the root and onion harvester equal to 1.38 m/s.

The results of studies of progressive speed vg; of the rod elevator with adjustable blade inclination
angle with regard to quality harvesting indicators in the field indicate that the optimal value of the studied
factor corresponds to 1.6 m/s with separation completeness of 98.5 % and production damage of 2.3 %.
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The correlation between quality indicators (v and D) of onion harvesting and progressive speed vg;, is
determined by a correlation dependence, which is expressed by an equation of parabolic functions:

v=18279+412.2 vy — 2.14 - V&, @
D = 0.45 + 0.05 - v, + 0.53 - vZ,.
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Fig. 6 — Dependence of the completeness of separation v and damage to bulbs D of separating rod elevator with
adjustable blade inclination angle vs. the progressive speed v, of the rod elevator blade

CONCLUSIONS

The results of production studies performed on a root and onion harvester equipped with rod elevator
with adjustable blade inclination angle demonstrated high-quality performance of the technological process
of separation of an onion heap with optimal values of parameters:

— progressive speed vg;, of the rod elevator with adjustable blade inclination angle of 1.6 m/s, with
separation completeness of 98.5 % and product damage of 1.3 %;

— movement speed vy of the root and onion harvester 1.38 m/s, with separation completeness of 95.7
% and damage to the bulbs of 1.6 %;

— digging depth h; of the digging plough share equal to 0.02 m with onion heap separation
completeness exceeding 98 % and damage to the products less than 1.5 %.
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ABSTRACT

Unclear soil layer coupling failure characteristics on natural grassland impeded the design and
optimization of appropriate tillage tools. The coupling failure characteristics including surface disturbance and
profile, disturbed cross-section area, soil over-turning rate, and coupling forces between the soil layer of
natural grassland and selected passive subsoiler-type openers were investigated in this paper. Three single-
shoot openers (i.e. CO, AO and WAOQO) and a test unit were designed, and furrow opening experiments under
different working depths were conducted. Results showed that, along the passages, U-shaped disturbed
cross-sections were usually created with soil-root clods overturned along the furrows. The roots were usually
broken in a pulling or dragging way underground. Both disturbed cross-section area and draft force values
increased with the working depth increasing linearly (R?20.93), contrary to the tendency of the specific draft
force with the depth. Winged opener (i.e. WAQO) had larger draft forces and disturbed soil layer cross-section
areas than no-winged openers (i.e. AO and CO). The soil layer failure processes of the natural grassland
were affected by its composite soil layer structure and the geometry parameters of the openers. The results
provide original references for designing novel furrow openers applicable to improve degraded natural
grassland.
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INTRODUCTION

Natural grasslands are important ecological screens of Northern China. Leymus chinensis (Trin.) Tzvel.
(abbreviated as L-C hereafter), as a popular fodder grass, due to its good palatability and high forage value,
widely spread in the natural grasslands of Northern China (MOA, 1996). However, the natural grasslands
have been showing degradation trends including vegetation cover reducing, productivity decreasing, and
ecosystem conditions deteriorating etc. recently, mainly caused by irrational management (e.g. overgrazing
and over-cultivation) and climate change (Zhao et al., 2006; Han et al., 2008; Li et al., 2018).
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Mechanical improvement methods including aerating, fertilizing, shallow ploughing, soil gashing and root
cutting, loosening, and reseeding have been applied to improve degraded natural grassland in recent years
(You et al.,, 2012; He et al., 2015; De Boer et al., 2018). Among those methods, drilling or reseeding practice
was one of effective and long-standing recommendation means (Liu et al., 2015; Zhou et al., 2017).

A furrow opener is an irreplaceable component for a planter, which is very important for building a
suitable seedbed. In general, it moves in the soil layer underground and breaks the soil layer structure,
creating a furrow and allowing the seeds to be deposited before being partially covered with the soil. Furrow
openers such as hoe, shovel, shoe, runner, single disc, double disc, and chisel types have been widely used
for many years in conventional tillage system (Chaudhuri, 2001). With the conservation agriculture technique
developed, no-tillage farming system has been accepted and adopted gradually, openers such as disc, tine,
chisel, shank types etc. have been applied, seeds are placed into crop fields by opening a narrow furrow, or
hole of only sufficient width and depth to obtain appropriate seed placement and coverage (Derpsch et al.,
2014). Numerous investigations around the furrow openers in agricultural tillage system have been
conducted in recent years. Performance of various furrow openers of seed drills or planters were studied in
the laboratory, and compared with the results obtained through the experiments in the field (Chaudhuri et al.,
2001). The disturbance caused by selected furrows and related working forces was also investigated under
various different soil properties, operating conditions, and geometry structures (Sanchez-Girén et al., 2005;
Solhjou et al., 2013; Matin et al., 2016; Barr et al., 2020). In addition, the interaction relationships between
the soil and furrow openers were also investigated, to supply suitable indexes for evaluating the performance
or design novel tillage tools (Hasimu and Chen, 2014; Qin et al., 2018).

The natural grassland forms undisturbed soil layer structure underground, different from the usually
cultivated crop field due to composite tangled and outspread L-C roots underground, which bring about
different soil layer failure characteristics from that of crop fields. However, the coupling failure characteristics
caused by tillage tools were still undefined, affecting the development of appropriate tillage tools used for
degraded natural grassland restoration. The mechanism, type and degree of soil disturbance of the natural
grassland must be considered for the design and optimization of suitable tillage tools, related coupling forces
should also be considered. However, almost all related studies and experiments about the openers focused
on common crop fields, limited research or reports about specific furrow openers applied for natural
grassland were found. This paper was a new attempt, aimed to investigate the soil coupling failure
characteristics caused by selected passive subsoiler-type openers (i.e. chisel opener, arrow opener, and
winged arrow opener) operated under different working depths on natural grassland, to provide original
references and support for designing novel and specialized furrow openers applicable to natural grassland.
The visual analysis of grassland surface disturbance, soil over-turning rate, and cross-section area of
disturbed soil layer were used for describing the coupling failure characteristics, and the failure mechanism
was analysed. The coupling horizontal and vertical resistances from the soil (defined as draft force and
vertical force in this paper) were also recorded as well. Working depth and its uniformity were measured so
that the results could be compared at the same controlled situation.

MATERIALS AND METHODS
*  Experimental site description

The experimental site was located in a typical natural grassland with the area of over 80 ha in Chabei
district of Hebei province (41°28'31.649"N, 115°1'28.733"E). L-C was the dominant grass species of this area.
No conventional tillage practices were used in this area before and no livestock grazing was allowed in
recent three years. The bulk density, moisture content, and porosity of the soil layer within the depth range of
0-15 cm on natural grassland were obtained based on the survey method as He et al. (2016) reported, listed
in Table 1.

Table 1
Soil physical properties of the experimental site
Depth (cm) Bulk density (a/cm?) Moisture content (9/(100q), d.b.) Soil cone index (MPa)
0-5 1.04+0.05 9.99+2.43 2.92+0.53
5-10 1.26+0.13 13.68+2.42 2.38+0.62
10-15 1.34+0.12 17.18+2.35 2.20+0.56
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* Experimental openers and test unit

Three single-shoot subsoiler-type openers were selected. They were chisel (CO), arrow (AO), and
winged arrow (WAO) openers, as shown in Fig. 1. The front working surface of the chisel opener consisted
of a flat and a shank adapter, the arrow opener resembled a sweep, and the winged arrow opener had a
similar configuration, but with two additional wings. These openers were designed based on typical
subsoilers commonly used in conventional tillage system in China. A shared shank was designed without
any cutting edges. In the experiments, the openers were mounted on the same shank. The other parameters
of the openers and the shank were similar to those listed in the MOMI standard (MOMI, 1999).

7 40mm

Chisel . Winged

60

Chisel "N Winged
Fig. 1 - Selected openers used in the experiments

A test bench (Fig. 2) was designed and applied in the experiments, which was mainly composed of a
data collection system, an image collecting device, frames and depth limiting device. The test bench was
linked with a tractor by three-point hydraulic suspension frames. The openers were fixed on the frame in an
articulated connection way. Two tension-pressure sensors (BK-2B, China Academy of Aerospace
Aerodynamics) used for monitoring force data were fixed on the frame in horizontal and vertical directions,
respectively. A data collector (SQ 2020, Grant Squirrel) was placed on the frame, which could gather the
data from the two sensors. During the experiments, the data was reserved by the collector, then was
exported to the laptop when the experiments were finished. An image collecting device (GoPro video) was
fixed on the frame to capture the images, moving processes and interactive behaviours between the openers
and soil layer on the natural grassland

[

“ : Tractor

\‘(

RS
Kis

'Data collector 3

Fig.2-The photograph of the test facility
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A profile metering device was used to measure the surface profile of disturbed soil-layer, as shown in
Fig. 3. The spirit level was placed on the fixed plate to keep the horizontal ruler overlapping with the
horizontal line. Coordinate value of a point of the disturbed area could be confirmed through the readings of
the two rulers, then the cross-section profile could be drawn by Computer Aided Design (CAD) software
through the coordinate values.

Fig. 3 - Profile meter

e Experimental procedure and calculation

Based on the pre-experiments, the openers always went through two phases when they were working,
i.e. the phases of penetrating into the soil and moving stably. The dimensions of the experimental field area
were 25 m x18 m (length x width). The openers usually entered the soil layer gradually at the first distance of
1 meter along the moving direction, then kept on-the-go movements stably underground along the last
distance of 24 meters. During the stable movement phase, the results were obtained from every 8 meters
along the length. There were 3 repetitions for each opener. The openers were operated at a forward speed
of 1.08+0.14 km/h pulled by the tractor moving at a slow speed of No.2 level. The operating depth was 5 cm,
10 cm, and 15 cm, respectively.

The depth uniformity was used to describe the stability of working depth during the tillage movements

of the openers, taking the Chinese NY standard (MOA, 2003) as a reference, calculated as follows:

U= (1 - 1:70) x 100% 1)

V =2x100% )

Xi(hi—h)?
S=J" e @)

where:

U is the uniformity of working depth;

V is the coefficient of variation;

S is the standard deviation of depth;

h is the average value of depth;

h; is the measured depth value at the point i;

N and n are the numbers of the measurement points.

The soil over-turning rate was defined as the total length of overturned soil clods divided by the travel
distance of the opener (MOMI, 2007), calculated by:

F, =2 x 100% @)
where:
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F. is soil over-turning rate;

Lt is the average value of the total length of overturned soil clods;

b is the numbers of opener while working, L is the travel distance.

The disturbance range of soil layer underground caused by the openers was described by the value of
disturbance cross-section area, which was defined as Askari (2013) reported, calculated by equation (5) as
follows:

A=[@ZL,d) - (d; +d,)] x5 ()
where:

A is disturbance cross-section area;

di is profile meter reading, which represented the depth from the disturbed bottom surface
underground to the grassland surface;

d; and d, are the first and the last profile meter readings for every section of the profile, respectively;

| is the interval distance of every two adjacent measurement points, which was controlled at 10 mm
along horizontal direction in this study.

The specific draft force was calculated using the following equation:

S.D=1 (6)
where:
S.D is specific draft force;
F is the draft force of tillage openers. Average draft force and disturbed soil layer area were used to

calculate the specific draft force.

RESULTS

*  Working depth and its uniformity

Table 2 showed that the actual working depths of all openers were basically located in the range of 0-5
cm, 5-10 cm, and 10-15 cm as desired. The actual working depth had no significant differences between the
three openers within the depth range of 10-15 cm. In the range of 0-5 cm and 5-10 cm, significant differences
existed between the depth values of CO and AO at the significance level of 0.05, but no significant
differences were found between CO and WAO. There were three gradients in the working depths, implying
that the working performance of the same opener could be compared under various working depths.

The working depth uniformity was obtained based on equations from equation (1) to (3).

All openers had good working depth uniformities with the value of exceeding 76%, especially it went
over 85% for WOA within the depth range of 0-15 cm. The results demonstrated that the openers had stable
movements when they were working.

Table 2
The actual working depth of all openers

Ti Desired depth of 0-5cm Desired depth of 5-10 cm Desired depth of 10-15 cm

ines -

Actual working depth (cm)

CO 3.23+0.15bC 8.17+1.94bB 12.33+2.61aA

AO 5.37+1.27aC 11.3+0.72aB 14.63+0.23aA
WAO 4.23+0.45abC 8.37+0.45bB 15.03+2.22aA

Note: Different lowercase letters (i.e. a, and b) in each column represented the significant difference at the significance level of 0.05 by the
Duncan Multiple Range Test. Different capital letters (i.e. A, B, and C) in each row represented the significant difference at the significance level
of 0.05 by the Duncan Multiple Range Test.

* Soil layer coupling failure characteristics on the grassland

The L-C roots in the horizontal direction were mainly distributed in the subsoil layer at the depth of
around 5 cm, and there were almost no roots that could be observed clearly beyond the depth of 10 cm
underground. The rhizomes and soil formed composite structure underground. The disturbed soil layer
surface profile was measured via the profile meter aforementioned; it could be concluded that it usually
formed a “U” type disturbed cross-section profile underground after the opener making a furrow. Three main
disturbed grassland surfaces remained after working, one was that big clods were overturned along the
furrow, another one was only small over-turning clods left after working, the other one was that the soil layer
on the grassland surface was ruptured, and bulged but not overturned after the opener moving. These
selected openers easily caused the soil-root clods overturning when they were moving underground on the
natural grassland. The soil over-turning rate was more than 5% for all openers calculated by measuring the
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over-turned clods with the diameter of more than 5 cm along the furrows. Within the depth range of 5-10 cm,
the soil over-turning rate even reached 26.08 %.

Among all the disturbed results, the situation with big clods overturned occupied most, and it was hard to
produce soil backfill. The typical disturbed situations were as shown in Fig. 4.

Above ground

Ground surface

Travel direction

Under ground

@ (b) (©) (d)

Fig. 4 - Soil disturbance on grassland: (a) typical profile of disturbed soil layer cross-section (b) big clods
along the furrow; (c) small clods along the furrow; (d) soil layer bulged without overturning

When the opener was moving underground, the front surfaces of the opener lifted up the soil-root
complicated layer structure and push them laterally, as shown in Fig. 5 (a). In addition, it was observed that
the roots in the soil layer were broken by the openers in a pulling or dragging way. The aboveground part of
the shank was usually wrapped by the composite structure of soil and roots, clods and dry grass during on-
the-go movements.

N .\,

(a) (b)

Fig. 5 - Soil disturbance underground: (a) schematic diagram of the coupling failure mechanism
between opener and soil layer, (b) broken roots caused by openers

Two kinds of actions of the soil layer usually generated with the opener moving along the passage. a)
When the opener was moving in the soil layer, the front surface contacted with the soil layer, producing
disturbance and fracture. During the experiments, the fracture line of the soil layer was usually created
randomly, not always along the symmetry line of the shank and front surface. The soil root clod was
disturbed and lifted up, then moved along the front surface of the shank. Under the connecting function by
the rhizomes with the undisturbed soil layer, the disturbed soil root clod moved laterally, and fell back
subsequently. This coupling mechanism resulted in the surface disturbance characteristic with bulged soil
layer but not overturning. The coupling procedure was as shown in Fig. 6 (a). b) The soil layer was lifted up
by the front contact surface of the opener, then it moved along the shank, under the action of the shank, the
soil layer was separated into two soil-root clods. Due to the tangled rhizomes, the two clods were still
connected and went forward with the shank. With the opener moving underground, the soil layer ahead the
front surface was lifted up again, and higher rising height following, the disturbed and uplifted soil layer
prevented the two clods from moving forward. The tangled roots were pulled apart and broken by the
ongoing shank, and the clods were overturned along the passage. Related coupling procedure was as
shown in Fig. 6 (b).
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@

(b)
Fig.6 - Coupling procedure between the grassland surface and opener. (a) coupling procedure for disturbed
surface with overturning soil clods, (b)coupling procedure for disturbed surface with bulged soil layer

The area of disturbed soil layer cross-section underground was calculated by equation (5), listed in
Fig.7.
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Fig. 7 - Cross-section area of disturbed soil layer underground
Note: The different lowercase letters reflected the significant differences between cross-section areas of different openers at the same depth

range at the significance level of 0.05 by the Duncan Multiple Range Test. The different capital letters represented the significant differences
between cross-section areas at different depth ranges of the same opener at the significance level of 0.05 by the Duncan Multiple Range Test.
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In text:

e Parenthetical citation: (Grady et al., 2019)

o Narrative citation: Grady et al. (2019)

Conference or Symposium:
https://apastyle.apa.org/style-grammar-quidelines/references/examples/conference-proceeding-references

Duckworth, A. L., Quirk, A., Gallop, R., Hoyle, R. H., Kelly, D. R., & Matthews, M. D. (2019). Cognitive and noncognitive
predictors of success. Proceedings of the National Academy of Sciences, USA, 116(47), 23499-
23504. https://doi.org/10.1073/pnas.1910510116

In text:

e Parenthetical citation: (Duckworth et al., 2019)

e Narrative citation: Duckworth et al. (2019)

Dissertation / Thesis:
https://apastyle.apa.org/style-grammar-quidelines/references/examples/published-dissertation-references

Zambrano-Vazquez, L. (2016). The interaction of state and trait worry on response monitoring in those with worry and
obsessive-compulsive  symptoms [Doctoral  dissertation,  University of Arizona]. UA  Campus
Repository. https://repository.arizona.edu/handle/10150/620615

In text:

e Parenthetical citations: (Kabir, 2016; Miranda, 2019; Zambrano-Vazquez, 2016)

e Narrative citations: Kabir (2016), Miranda (2019), and Zambrano-Vazquez (2016)

https://apastyle.apa.org/style-grammar-guidelines/references/examples/unpublished-dissertation-

references

Harris, L. (2014). Instructional leadership perceptions and practices of elementary school leaders [Unpublished doctoral
dissertation]. University of Virginia.

In text:

e Parenthetical citation: (Harris, 2014)

e Narrative citation: Harris (2014)

Patents: Names and initials of authors, year (between brackets), patent title (Italic), patent number,country:
Grant, P. (1989). Device for Elementary Analyses. Patent. N0.123456. USA.

Legal regulations and laws, organizations:
https://apastyle.apa.org/style-grammar-guidelines/references/examples/iso-standard-references

International Organization for Standardization. (2018). Occupational health and safety management systems—
Requirements with guidance for use (ISO Standard No. 45001:2018). https://www.iso.org/standard/63787.html
Occupational Safety and Health Administration. (1970). Occupational safety and health standards: Occupational health
and environmental control: Occupational noise exposure (OSHA Standard No. 1910.95). United States
Department of Labor.
https://www.osha.gov/laws-regs/requlations/standardnumber/1910/1910.95
In text:
e Parenthetical citations: (International Organization for Standardization, 2018; Occupational Safety and Health
Administration, 1970)
e Narrative citations: International Organization for Standardization (2018) and Occupational Safety and Health
Administration (1970)
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Web references: The full URL should be given in text as a citation, if no other data are known. If the authors, year, and
title of the documents are known and the reference is taken from a website, the URL address has to be mentioned after
these data.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa).

Do not cite references in the Abstract and Conclusions !.

Unpublished results, personal communications as well as URL addresses are not recommended in the

references list.

Making personal quotations (one, at most) should not be allowed, unless the paper proposed to be published

is a sequel of the cited paper. Articles in preparation or articles submitted for publication, unpublished,

personal communications etc. should not be included in the references list.

Citations style

Text: All citations in the text may be made directly (or parenthetically) as bellow.

- single author: the author's name (without initials, unless there is ambiguity) and the year of publication:
“as previously demonstrated (Brown, 2010)”.

- two authors: both authors' names and the year of publication: (Adam and Brown, 2008; Smith and Hansel,

2006; Stern and Lars, 2009)

- three or more authors: first author's name followed by "et al.” and the year of publication: “As has recently

been shown (Werner et al., 2005; Kramer et al., 2000) have recently shown ...."

Citations of groups of references should be listed first alphabetically, then chronologically.

Units, Abbreviations, Acronyms
= Units should be metric, generally Sl, and expressed in standard abbreviated form.
= Acronyms may be acceptable, but must be defined at first usage.

2. REVIEWS

Summaries, reviews and perspectives covering topics of current interest in the field, are encouraged and
accepted for publication. Reviews do not have the requirements for regular articles. However, should
include: (*) an introductory chapter, (**) a careful and critical presentation of the relevant aspects of the topic
approached and (***) emphasis of the aspects that aren’t known and require further research to progress.
Reviews should be concise (max. 12 pages).
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