Machinery & Energetics Journal homepage:

Vol. 15, No. 2. 2024 https://technicalscience.com.ua/en

UDC 631.331.54
DOI:10.31548/machinery/2.2024.46

Vasyl Kravchenko®

PhD in Technical Sciences, Associate Professor
Uman National University of Horticulture
20301, 1 Instytutska Str., Uman, Ukraine
https://orcid.org/0000-0003-2334-0705
Andrii Voitik
PhD in Technical Sciences, Associate Professor
Uman National University of Horticulture
20301, 1 Instytutska Str., Uman, Ukraine
https://orcid.org/0000-0002-8196-3102

Oleksandr Pushka

PhD in Technical Sciences, Associate Professor
Uman National University of Horticulture
20301, 1 Instytutska Str., Uman, Ukraine
https://orcid.org/0000-0002-6481-8536

Ivan Lisovyi

PhD in Technical Sciences, Associate Professor
Uman National University of Horticulture
20301, 1 Instytutska Str., Uman, Ukraine
https://orcid.org/0000-0003-1480-1805

Mykola Korobko

PhD in Technical Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0002-2602-4225

Modelling of the hydraulic scheme for loading the sowing sections
of sowing machines for energy recovery

Abstract. One of the most promising areas for improving the energy efficiency of machines is the use of energy recovery
from its source. The study aims to develop a basic hydraulic scheme of the clamping mechanism of the sowing section,
which would allow to recovery of the energy of the oscillatory movement of the sowing section relative to the sowing frame.
The paper considers the scheme of using hydraulic loading of sowing sections using a single-acting hydraulic cylinder. To
collect the energy of the sowing section of the seeder, it is proposed to install a hydraulic motor in the existing hydraulic
loading circuit to convert the hydraulic energy of the system into the mechanical energy of rotation of its output shaft
and a system of check valves to redirect the working fluid in the system and ensure that the hydraulic motor shaft rotates
in one specified direction. The input parameters of this system are unevenness of the soil, design features of the sowing
section of the seeder, and forward speed of the seeder. The influence of the main parameters of the hydraulic cylinder,
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hydraulic accumulator and hydraulic motor of the system on the rotational speed and torque on the hydraulic motor shaft
is investigated. The research shows that under certain external conditions, when modelling the system in the MATLAB
Simulink software, the forced reciprocating motion of the hydraulic cylinder piston is converted into the rotational motion
of the hydraulic motor output shaft, which, under certain system parameters under study, can rotate at a speed of 6-86
rpm, developing a theoretical torque of up to 22 N-m. The size of the hydraulic cylinder piston has the greatest influence
on the output characteristics of the system. The hydraulic accumulator provides smoothing of pulsations, the magnitude
of which, like the total pressure in the system, depends on the pressure of its pre-charging. The results of this study can
be applied in agriculture to optimise energy use during the sowing process by developing efficient energy recovery systems
for sowing machines, which will reduce fuel consumption and negative environmental impact

Keywords: seeder section, hydraulic cylinder, hydraulic accumulator, hydraulic motor, MATLAB Simulink

INTRODUCTION

Energy vehicles with internal combustion engines that use
fossil fuel energy are the main performers of all mechanised
operations in the field when growing crops. Therefore, the
main task of agricultural machinery developers is to im-
prove the energy efficiency of these machines by reducing
energy consumption during the performance of specified
technological operations. There are many ways to improve
the energy efficiency of agricultural machinery: improving
the design of the working bodies of these machines, chang-
ing the operating modes of the working units, or changing
the energy source from an internal combustion engine to
electric drives powered by electrical energy from batteries,
electrical networks, etc. A. Bonavolonta et al. (2019) believe
that the use of energy recovery in machine operation is a
very promising way to improve energy efficiency. Many re-
searchers are working towards harnessing this energy re-
covery potential in various mechanisms and machines. One
of the main conditions for such research is the presence
of “free” kinetic or potential energy in machines and the
ability to “capture” such energy. Agricultural machines also
have the potential to generate renewable energy, which is
mostly converted into heat and dissipated. For instance, in
the case of precision seed drills with working bodies placed
on separate movable sections, when the field surface is
copied by individual sections, these sections move spon-
taneously up and down relative to the main frame of the
seed drill, the energy of this movement is often lost in the
clamping mechanisms of the sections and is spent on heat-
ing the springs of these loading systems.

The clamping mechanisms of the sectional working
bodies of the seeders are designed to create additional
pressure on the working bodies when performing opera-
tions related to penetration into the soil or cutting plant
residues noted by A. Sharda et al. (2017) note. Springs are
used to generate the downward force on the sowing sec-
tion. Pneumatic or hydraulic cylinders are also used in-
stead of springs to increase the range of clamping forces.
The hydraulic pressurisation systems of the sowing sec-
tions of precision seed drills can be equipped with single
or double-acting hydraulic cylinders as the main actuators.
Double-acting hydraulic cylinders forcibly lower and raise
the suction pressure or automatically change it depending
on the soil conditions. S.S. Virk et al. (2021) note that the

introduction of such regulations facilitates the introduc-
tion of precision farming systems, as they allow for auto-
matic response to external changes in the system.

Similar to the processes of lifting and lowering the
sowing sections of the seeders while tracing the soil sur-
face is the movement of the vehicle suspensions, which
has already been sufficiently studied in terms of energy
recovery. As such, M.N.Awad et al. (2018) addressed hy-
dropneumatic regenerative car suspension systems. This
regenerative system contains a double-acting hydraulic
cylinder, a hydraulic rectifier with a check valve system,
two hydraulic accumulators in the high and low-pressure
lines, an unregulated hydraulic motor designed to rotate
the shaft of an electric generator, the energy from which
is stored in the accumulator battery. The performance of
the developed hydropneumatic scheme was compared with
conventional mechanical suspension, and hydropneumatic
suspension using a double-acting hydraulic cylinder and a
single-acting one. The proposed suspension system allows
for collecting up to 20% more energy than its counterparts,
and it is concluded that the larger size of the hydraulic
accumulator can significantly improve the stability of the
hydraulic motor and, accordingly, the entire regenerative
system (accumulators with a volume of 0.16, 0.35, 0.5 and
0.75 litres were studied).

The research into energy recovery systems is also be-
ing extended to material-handling machines such as ex-
cavators and telescopic handlers. The potential energy of
the load and the actuator itself is converted into a source
for energy recovery and storage when they are lowered.
J. Li et al. (2020) found that a hydraulic cylinder designed
to lift and lower loads becomes the main actuator in en-
ergy recovery. The working system can also include a hy-
draulic accumulator when energy is stored in the form of
compressed gas, or a hydraulic motor. With the help of a
hydraulic motor, through its output shaft, which can be
connected to the input shaft of a generator, energy can be
stored in the form of an electric current in batteries or,
when the hydraulic motor shaft is connected to a flywheel,
energy can be stored in the form of kinetic energy of a
spinning mechanical drive.

Another example of energy production using hydrau-
lic systems is given by Z. Fang et al. (2021), employing the
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principle of the up-and-down motion of a body floating
on the water surface to convert the kinetic energy of a sea
wave first into mechanical and then into electrical energy;
the main actuators here are also double-acting hydraulic
cylinders that create a directed flow of working fluid inside
the hydraulic system, which also contains a check valve
system, high and low-pressure hydraulic accumulators,
and a hydraulic motor whose output shaft is connected to
the shaft of the electrical energy generating plant.

Thus, there are many developments and studies of
clamping systems for seeder sections, but they have not
been investigated in terms of the possibility of recovering
the energy of the lifting and lowering movement of the
sections. Furthermore, the issue of obtaining regenerative
energy from the reciprocating motion of hydraulic cylin-
ders, which are actuators in-vehicle shock absorbers, lifting
machines, etc. is sufficiently covered in the literature, but
the obtained patterns need to be adapted and investigated
for the operating conditions of a precision seeder.

This study aims to create a basic hydraulic scheme for
the pressing mechanism of the sowing section of the seed-
er, which provides the possibility of using the energy aris-
ing from the vibrations of the sowing section compared to
the seeder frame.

Figure 1. Hydraulic loading
of the sowing section using a single-acting hydraulic
cylinder RFX Hydraulic Planter Down Pressure System
Source: Precision Farming Dealer (2015)

The study of the proposed energy recovery system was
carried out with the help of MATLAB Simulink software us-
ing the internal libraries of hydraulic and measuring equip-
ment (Fig. 3).

The main actuating elements of this system were a
hydraulic cylinder, the parameters of which determine the
pressure and flow rate of the working fluid in the closed
system of loading the sowing sections, a hydraulic accu-
mulator that determines the rigidity of the system, and a
hydraulic motor, through the output shaft of which energy
was extracted from the system, the size of which can be es-
timated through its rotational speed and the torque gener-
ated, which represents the energy capacity of this system.
A hydraulic accumulator is installed after the hydraulic

MATERIALS AND METHODS

One of the simplest schemes of using hydraulic loading of
sowing sections with the use of a single-acting hydraulic
cylinder is considered. For example, such a scheme is pro-
posed in the RFX Hydraulic Planter Down Pressure System
by Dawn Equipment Company (USA), which aims to main-
tain a given pressure on the working bodies of the sowing
section of the seeder (Fig. 1).

When using this scheme, the pressure on the sowing
section is set according to the pressure gauge using a valve
mechanism. The hydraulic accumulator acts as a shock-ab-
sorbing element, taking over the overloads that occur in
the system due to the spontaneous movement of the sec-
tions up and down due to uneven field surfaces.

To collect the energy of the oscillatory movement of
the sowing section of the seeder, it is proposed to install
a hydraulic motor to convert the hydraulic energy of the
section’s movement into hydraulic energy in the existing
hydraulic loading circuit, which contains a hydraulic cylin-
der as the main actuator for converting the mechanical en-
ergy of the section’s movement into hydraulic energy, and
a system of check valves to redirect the working fluid in
the system and ensure the rotation of the hydraulic motor
shaft in one given direction (Fig. 2).

O

o

Figure 2. Schematic representation of the proposed
system for energy recovery of the oscillatory movement of
the sowing section of the seeder

Source: compiled by the authors

cylinder and before the hydraulic motor to smooth out the
pulsations of the working fluid entering the hydraulic mo-
tor (Awad et al., 2018).

The input parameters of this system were: soil irreg-
ularities, which in MATLAB are expressed as harmonic
oscillations of the seeder section with a certain amplitude
(responsible for the amount of change in the vertical com-
ponent of the section position and the movement of the
hydraulic cylinder piston (Fig. 4) ); design features of the
sowing section of the seeder (a parallelogram suspension
system for connecting the sowing section of the seeder to its
frame was studied); the translational speed of the seeder as
the main dynamic characteristic (an increase in the speed
of movement leads to an increase in the supply of work-
ing fluid by the hydraulic cylinder rod) (Voitik et al., 2021).

Machinery & Energetics. Vol. 15, No. 2

4



Movement, Aln(t), m

>
- >

1

Suspension of the planter section

&

Gain Ideal Rotational B

Motion Sensor =
A
@ 4
JRF——
c\@ R A

Fixed-Displacement

-

N

f(x)=0
fen
Field

Rotation, n(t), rpm__Mean

O

Ideal Translational
Velocity Source

Kravchenko et al.

Translational
Mechanical Converter

(L)

S
D> R [§
C%> R

(s

Pressure Sensor (IL)2

A®g

Pressure Sensor (IL)1

Pregsure, P(t), MPa

A/A1B
N

Check Valve (IL)1

Check Valve (IL)

WL Motar (IL) nr\
N BWW/A
Gas-Charged
- Accumulator (IL) “
Torque, T(t), Nm Ca<
(I ]
Tl s

Ideal Torque Sensor

Figure 3. The model of energy generation from the movement
of the sowing section of the seeder is compiled in the MATLAB Simulink program field

Source: compiled by the authors

T T T T T T T T T

=4
o
—_

o
o
S
928

|
=4
o
—_
(928

Movement the hydraulic cylinder rod (m)
<)
o
@

o
[
[3%)
(O]
N
ok
[}
-
(o]
el
—_
o

Time (s)

Figure 4. Movement of the hydraulic cylinder
rod when the sowing machine is in motion
Source: compiled by the authors

The equation (Voitik et al., 2021) was used to deter-
mine the amount of stroke of the hydraulic cylinder rod
during the translational movement of the seeder within the
parallelogram suspension of the sowing section:

Al,(9) = \/a? + b? + 2ab - cos(0,5m — arcsin(9)) , (1)

where Al - stroke length of the hydraulic cylinder rod of
the parallelogram section suspension, m; $ — variable that
determines the position of the working bodies relative to
the central frame beam; a — length of the short link of the
suspension parallelogram, m; b — length of the long link of
the suspension parallelogram, m.

Next, the MATLAB Simulink internal block The Ideal
Translational Velocity Source measured the velocity of the
rod according to the formula:

V=0, 0, 2)

where v, and v — absolute speeds at ports R and C respec-
tively (Fig. 3).

This unit is an ideal velocity source that generates ve-
locity in proportion to the input physical signal. A source
is ideal in the sense that it is considered powerful enough
to maintain a given speed regardless of the force acting on
the system.

To represent the hydraulic cylinder, the Translation-
al Mechanical Converter (IL) block was selected, which
reflects the relationship between an isothermal fluid and
a mechanical system, i.e. converts mechanical force into
isothermal fluid pressure and vice versa. The hydraulic
cylinder in this recovery system worked as a pump, acting
as a converter of mechanical energy of the sowing section
movement into hydraulic energy of the working fluid flow.

QM) =S-h(), ©)

where Q(t) — hydraulic cylinder supply of the hydraulic
fluid, m%/c; S — piston surface, m?; h(t) — piston velocity,
m/s. The main parameters of the hydraulic cylinder are
the piston stroke, which depends on the unevenness of the
field, and the piston diameter. Manufacturers of seed drills
and sowing section pressing systems mainly use hydrau-
lic cylinders with a piston diameter of 40-50 mm (Zhou et
al., 2023). Therefore, this size was used as a baseline for
further research. To redirect the working fluid to the
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hydraulic motor inlet, the system is equipped with two
Check Valves that allow the fluid to flow in only one di-
rection. The locking elements of the valves started to open
when there was a pressure difference of 0.5 bar in the work-
ing fluid, and the diameter of the passage hole of the se-
lected valves was 11 mm.

When overcoming obstacles, the piston of the hydrau-
lic cylinder must reciprocate relative to its body, while the
compression movement will occur when the initial pres-
sure set in the system is overcome, which provides the
necessary downforce of the sowing section. Since the hy-
draulic system’s working fluid is incompressible, the hy-
draulic accumulator plays the role of a shock absorber and
volume compensator in this system. The main parameters
for the study of the accumulator were its volume, which
determines the amount of working fluid that it can accept
to compensate for the movement of the hydraulic cylinder
piston, and the precharge pressure in its gas part, which
is recommended to be set at 60-90% (Dindorf et al., 2023)
of the set pressure in the hydraulic clamping system, but
at the same time, the damping properties of the system
depend on the precharge pressure of the accumulator: the
greater the pre-charging pressure of the hydraulic accumu-
lator, the stiffer the system.

The Gas-Charged Accumulator (IL) block simulates a
gas-charged hydraulic accumulator in an isothermal fluid
system. The battery contains a pre-charged gas chamber
and a liquid chamber. The chambers are separated by a
membrane. According to the description from the MATLAB
Simulink library, the total volume of the hydraulic accu-
mulator V. is divided by the membrane into a liquid cham-
ber with a potential volume V, and a gas chamber with a
potential volume V. The volume of liquid in the V, liquid
chamber is always less than the total volume of the battery,
so the gas volume is never zero:

V.=V.-V, 4)
Vc = VT - Vdead7 ©)

where V, - overall hydraulic accumulator volume, V, - vol-
ume of liquid in the hydraulic accumulator, V, - gas volume
in the hydraulic accumulator, V, - capacity of the liquid
chamber of the hydraulic accumulator (V,-V,), V, .- the
part of the gas chamber that remains filled with gas when
the liquid chamber is full.

The contact pressure of the hard stop was modelled based
on the specified stiffness and damping properties. The ratio
of gas pressure and gas volume between the current state
and the pre-charge state was polytropic, and the pressure
was balanced on the membrane of the hydro accumulator:

P Vish=P Vi, 6)

where P, — gas pressure in the gas part of the accumulator,
P - precharge pressure of the gas part of the accumulator
(when there is no liquid in the liquid part of the accumula-
tor), k,, — coefficient of specific heat capacity (assumed to
be 1.4). Since the system considers only one sowing section
with one hydraulic cylinder, a 1-litre hydraulic accumula-
tor was used as the basis.

The actuating mechanism of the proposed system was
an unregulated hydraulic motor, through the output shaft
of which the hydraulic energy created by the hydraulic cyl-
inder would be converted back into mechanical energy for
further transformation. This element is represented by the
Fixed-Displacement Motor (IL) block, which models an en-
gine with a constant displacement. The main characteristic
of a hydraulic motor is its displacement - the speed of ro-
tation of its shaft and torque will depend on the displace-
ment of the hydraulic motor (Zou et al., 2017):

n=2m, (7)
=4k
T =5, ®)

where n i T - rotational speed and torque of the hydraulic
motor output shaft, respectively; q - engine displacement;
Q - the flow of working fluid passing through the hydraulic
motor; AP — pressure drop between the inlet and outlet of
the hydraulic motor; 1, and 5, - respectively, volumetric
efficiency and mechanical efficiency of the hydraulic mo-
tor. According to J. Mi et al. (2017), a hydraulic motor with a
displacement of 20 cm®/rev was used as a basis. To measure
the pressure upstream and downstream of the hydraulic ac-
cumulator, Pressure Sensor units with the settings to show
gauge pressure were used. This block displays the physi-
cal pressure difference between the P and P, sensor ports
(Fig. 3). The main initial data for the study of the hydraulic
model of energy recovery from the movement of the sow-
ing section of the precision seeder in MATLAB Simulink are
given in Table 1.

Table 1. Initial data for research

No. Parameter Value
1 Length of the short link of the parallelogram, m 0.2
2 Length of the long link of the parallelogram, m 0.4
3 Driving speed of the sowing machine, m/s 3
4 Bump wavelength, m 0.3
5 Height of field irregularities, m 0.02
7 Hydraulic cylinder piston diameter, m 0.04; 0.06; 0.08
8 Hydraulic accumulator capacity, 1 1
9 Initial charging pressure of the hydraulic accumulator, bar 20; 30; 40
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Continued Table 1.

No. Parameter Value
10 Displacement of the hydraulic motor, cm®/rev 10; 20; 30
11 Nominal hydraulic motor pressure drop, MPa 10
12 Volumetric efficiency of the hydraulic motor 0.92
13 Mechanical efficiency of the hydraulic motor 0.88
14 Diameter of the valve bore, mm 11

Source: compiled by the authors

To obtain the output parameters on the hydraulic
motor shaft, the Ideal Rotational Motion Sensor and Ideal
Torque Sensor blocks are used to measure the shaft rota-
tion speed and torque, respectively. Both units operate in
“ideal” conditions, without considering inertia, friction,
energy losses, etc. The Ideal Rotational Motion Sensor unit
measures the rotational speed in rad/s, so the Gain auxil-
iary unit is used to convert these revolutions to rpm, and
the Mean unit is used to display the average values of the
hydraulic motor shaft rotation on the oscilloscope display.
During the research, these blocks were connected to the
output shaft of the hydraulic motor in turn, separately
from each other.

RESULTS AND DISCUSSION
The main purpose of the proposed scheme for loading the
sowing sections of precision seeders was to obtain energy
from the spontaneous movement of these sections relative
to the seeder frame on the output shaft of the hydraulic
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motor, which can be estimated by its rotational speed and
the torque generated by it. Therefore, the influence of the
main parameters of the system on the efficiency of the
hydraulic motor, namely the parameters of the hydraulic
cylinder, hydraulic accumulator and, directly, the hydraulic
motor itself, was investigated.

When varying the size of the hydraulic cylinder piston,
it should be borne in mind that the volume of working fluid
it pushes out depends on the size of the piston stroke and
its diameter, while at the same pressure, the size of the hy-
draulic cylinder piston diameter affects the pressing force
of the sowing section, according to Pascal’s law. That is, the
larger the piston diameter, the lower the pressure in the sys-
tem should be, and also, such a hydraulic cylinder as a pump
can create a greater flow of working fluid for the same peri-
od, which was confirmed by the corresponding simulation
graphs in MATLAB Simulink, which show the dependence of
the rotation speed of the hydraulic motor output shaft on
the size of the hydraulic cylinder piston diameter (Fig. 5a).
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Figure 5. Rotational speed (a) and torque (b) on the shaft of the hydraulic motor of the clamping system
Note: with variable hydraulic cylinder piston dimensions a constant hydraulic motor displacement of 30 cm3/rev

and a precharge pressure of 30 bar
Source: compiled by the authors

As can be seen from the graph (Fig. 5a), the rotational
speed of the hydraulic motor shaft was on average 8, 14
and 25 rpm with the corresponding hydraulic cylinder pis-
ton diameters of 40, 60 and 80 mm. The amount of torque
on the hydraulic motor shaft (Fig. 5b) also increased with
increasing hydraulic cylinder piston diameter: the peak
values increased from 6 N-m at a hydraulic cylinder pis-
ton diameter of 40 mm to 12 N-m at a hydraulic cylinder

piston diameter of 80 mm. During the research, the nomi-
nal pressure losses at the inlet and outlet of the hydraulic
motor were assumed to be 10 MPa. Similar trends can be
seen in the work of P. Zheng et al. (2019). When determin-
ing the optimal parameters of a hydroelectric regenerative
vibration damping system in car suspension systems, the
effect of the piston diameter of a hydraulic cylinder that
perceived the main shock loads from road irregularities
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was investigated. In the experiments, when the piston
diameter increased from 25 to 50 mm, the rotational
speed of the hydraulic motor shaft increased from 300 to
1100 rpm, and the power increased from 10 to 220 watts.
Thus, it is possible to conclude that the dimensions of the
hydraulic cylinder piston are one of the decisive factors
influencing the efficiency of the regenerative component
of the proposed energy recovery system since the rota-
tional speed of the hydraulic motor output shaft and its

torque will determine the amount of energy that this sys-
tem can generate.

To analyse the effect of the hydraulic accumulator pa-
rameters on the system operation, the study investigated
how changing its precharge pressure affects the kinematic
and dynamic parameters of the system, namely, smoothing
the fluid pressure fluctuations after the hydraulic cylinder
is supplied (Fig. 6) and directly on the rotational speed and
torque on the hydraulic motor shaft (Fig. 7).
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Figure 6. System pressure upstream and downstream
of the accumulator at 20, 30 and 40 bar accumulator precharge pressure

Note: with a constant hydraulic motor displacement of 20 cm3/rev and a hydraulic cylinder piston diameter of 60 mm

Source: compiled by the authors
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Figure 7. Rotational speed (a) and torque (b) on the shaft of the hydraulic motor of the clamping system
Note: at variable pre-charging pressure of the hydraulic accumulator and constant working volume of the hydraulic motor
of 20 cm3/rev and piston diameter of the hydraulic cylinder of 60 mm

Source: compiled by the authors

As can be seen from the graph (Fig. 6) the hydraulic
accumulator acts as a pulsation smoothing device, reduc-
ing the peak fluctuations that occur when the hydraulic
cylinder rod moves. This ensures more stable operation of
the hydraulic motor and more even rotation of its output
shaft. The lower the pre-charging pressure of the accumu-
lator, the lower the pulsation amplitude after the accu-
mulator. But it is also worth noting that the pre-charging

pressure of the hydraulic accumulator directly affects
the overall pressure of the loading system: when the
pre-charging pressure of the hydraulic accumulator was
doubled from 20 to 40 bar, the pressure in the clamping
system also increased from 5.3 to 10.6 MPa. This factor
must be addressed when designing the regeneration sys-
tem, as it directly affects the downward force on the work-
ing members of the seed drill section.
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After analysing the graphs (Fig. 7), it is possible to
conclude that the value of the pre-charging pressure of the
hydraulic accumulator, in our case, does not affect such pa-
rameters of the hydraulic motor as the speed of rotation of
its output shaft and the torque on it. Similar conclusions
about the role of a hydro accumulator in a regenerative
system were made by P. Zheng et al. (2019), who traced the
effect of changing the volume of the hydraulic accumula-
tor on the kinematic and energy parameters of the hydrau-
lic motor output shaft in such a system. They noted that
changing the parameters of the hydraulic accumulator has
the least impact on the average speed of rotation of the hy-
draulic motor shaft and its torque, although in their stud-

Kravchenko et al.

ies, increasing the volume of the hydraulic accumulator
from 0.63 to 1 litre led to a decrease in the speed of rotation
of the hydraulic motor shaft within 30 rpm and a decrease
in power within 50 W, under the conditions of their exper-
iments. The output shaft speed of the hydraulic motor is
directly proportional to the flow rate of the working fluid
and inversely proportional to the working volume of the
hydraulic motor. The amount of torque depends on the
pressure drop between the inlet and outlet of the hydraulic
motor and is directly proportional to the displacement of
the hydraulic motor. These facts can be seen in the graphs
(Fig. 8) when performing simulations in MATLAB Simulink
with changes in hydraulic motor parameters.
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Figure 8. Rotational speed (a) and torque (b) on the shaft of the hydraulic motor of the clamping system
Note: when its working volume changes the precharge pressure of the hydraulic accumulator is constant at 30 bar and the

piston diameter of the hydraulic cylinder is 60 mm
Source: compiled by the author based on research

Analysing the graph (Fig. 8a), it is possible to note that
with a decrease in the working volume of the hydraulic mo-
tor from 30 to 10 cm®/rev, the rotational speed of the hy-
draulic motor shaft increases at its peak values from 17 rpm
to 42 rpm. A similar trend was observed by P. Zheng et
al. (2019), in which a decrease in the working volume of
the hydraulic motor from 8.94 to 5.77 cm’/rev led to an in-
crease in the speed of rotation of the hydraulic motor shaft
from 600 to 1000 rpm. The effect on the torque (Fig. 8b) of
the hydraulic motor displacement, in this case, is the oppo-
site: with an increase in the hydraulic motor displacement,
the torque increases from 11 to 13 Nm at its peak values.
The difference is small, which can be explained by the fact
that in MATLAB Simulink, in the hydraulic motor proper-
ties, the same nominal pressure drop was set for all three
studies with different hydraulic motor displacements. The
results obtained are in line with the studies conducted by
J.Zou et al. (2017). When studying the regenerative vehicle
suspension system, the researchers obtained clear results
of the effect of the hydraulic motor displacement on the
energy performance at its output shaft. By changing the
working volume of the hydraulic motor from 8 to 12 cm3/
min in increments of 1 cm3/rev, and taking into account the
change in the speed of the hydraulic motor output shaft,

they obtained a steady increase in power from 2200 to
5000 W on this shaft.

Recent studies have shown that the use of recupera-
tion systems on various types of machines helps to improve
their efficiency. For example, for machines with lifting
mechanisms, the reduction in energy consumption due to
the accumulation of electrical energy can range from 17%
(Wang & Wang, 2013) to 54-58% (Minav et al., 2012; Yu &
Ahn, 2019). For systems with energy storage in the form of
pressure up to 50-70% (Zhao et al., 2017; Xia et al., 2018).
The use of flywheels reduces energy consumption for exca-
vator operations by up to 44%-62% (Choi et al., 2015; Li et
al., 2020).

The results of the research on modelling the energy
generation from the oscillatory movement of the sowing
section relative to the seeder frame, made in the MATLAB
Simulink software, show that with predefined system pa-
rameters, it is viable and can implement the rotation of the
hydraulic motor output shaft with a certain frequency and
torque for further accumulation or use of the generated
energy flow. Analysing the physical data obtained on Sim-
ulink oscilloscopes, it is possible to state that the actual
values of rotational speed and torque have patterns simi-
lar to those obtained by other scientists in the study of car
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suspension systems. This can be explained by the similari-
ty of the process, when an external disturbance causes the
hydraulic cylinder to move, as well as the similarity of the
equipment. However, in the studies, the values of the hy-
draulic motor shaft speed and power are higher than those
obtained in this study. This difference can be explained by
the fact that the vehicle’s movement on the road has much
higher speeds and, accordingly, higher dynamic charac-
teristics compared to the movement of the seeder in the
field, which contributes to a greater number of working
strokes of the hydraulic cylinder rod, which is the basis of
the shock absorber. In addition, all the reviewed works on
energy recovery in car suspension systems use double-act-
ing hydraulic cylinders, which makes linear movements of
the hydraulic cylinder rod in both directions work. Thus, to
optimize the performance of a hydroelectric regenerative
vehicle suspension system, B. Gong et al. (2016) investigat-
ed the regenerative system of a hydraulic electromagnetic
shock absorber for vehicles. The hydraulic part of this sys-
tem includes a double-acting hydraulic cylinder, a hydrau-
lic accumulator, and a system of check valves that direct
the working fluid from both chambers of the cylinder to a
nonreversible hydraulic motor, which directly rotates the
shaft of the power generator.

CONCLUSIONS

A basic hydraulic diagram of the clamping mechanism of
the sowing section was developed, which would allow to
recovery of the energy of the oscillatory movement of the
sowing section relative to the sowing frame, and its op-
eration was modelled in the MATLAB Simulink program.
The research shows that under certain external conditions,
namely the magnitude of field irregularities, the speed of
the seeder and the design parameters of the parallelogram
mechanism of the sowing section, and the pre-accepted pa-

into the rotational motion of the hydraulic motor output
shaft, which, with certain system parameters under study,
can rotate at a speed of 6-86 rpm, developing a theoretical
torque of up to 22 N-m. The size of the hydraulic cylinder
piston has the greatest influence on the output character-
istics of the system. The rotational speed of the hydraulic
motor shaft was on average 8, 14 and 25 rpm at the cor-
responding hydraulic cylinder piston diameters of 40, 60
and 80 mm, and the torque value increased with increasing
hydraulic cylinder piston diameter: from 6 N-m with a hy-
draulic cylinder piston diameter of 40 mm to 12 N-m with a
hydraulic cylinder piston diameter of 80 mm. However, the
design parameters of the hydraulic cylinder require addi-
tional justification, as it is also the main actuating element
of the pressing system of the sowing section of the seeder.
The hydraulic accumulator provides pulsation smoothing,
the magnitude of which, like the total system pressure, de-
pends on the precharge pressure of the hydraulic accumu-
lator. However, the precharge pressure of the accumulator
directly affects the total pressure in the system; when the
precharge pressure of the accumulator was doubled from
20 to 40 bar, the pressure in the clamping system also in-
creased from 5.3 to 10.6 MPa. The parameters of the hy-
draulic motor require additional research in terms of work-
ing with a certain number of sowing sections of the seeder
because the research was carried out with only one sowing
section. The study determined that reducing the hydraulic
motor’s displacement from 30 to 10 cm 3/rev leads to an
increase in the motor shaft speed from 17 rpm to 42 rpm,
while the effect on its torque is inversely related to this
parameter: as the displacement of the hydraulic motor
increases, torque increases from 11 to 13 Nm. The system
of further conversion, storage and use of recovered energy
also requires separate research.

rameters of the main structural elements, namely the hy- ACKNOWLEDGEMENTS
draulic cylinder, hydraulic accumulator and hydraulic mo-  None.
tor, this system will be able to function. When the system
was modelled in MATLAB Simulink, the forced reciprocat- CONFLICT OF INTEREST
ing motion of the hydraulic cylinder piston was converted  None.

REFERENCES

(1]

(2]

(3]
(4]
[5]
(6]

Awad, M.N., Sokar, M.I., Rabbo, S.A., & El-Arabi, M.E. (2018). Performance evaluation and damping characteristics
of hydro-pneumatic regenerative suspension system. International Journal of Applied Engineering Research, 13(7),
5436-5442.

Bonavolonta, A., Dolcin, C., Marani, P., Frosina, E., & Senatore, A. (2019). Comparison of energy saving and
recovery systems for hydraulic mobile machines. AIP Conference Proceedings, 2191, article number 020025.
doi: 10.1063/1.5138758.

Chen, Q., Lin, T., Ren, H., & Fu, S. (2019). Novel potential energy regeneration systems for hybrid hydraulic
excavators. Mathematics and Computers in Simulation, 163, 130-145. doi: 10.1016/j.matcom.2019.02.017.

Choi, K., Seo, J., Nam, Y., & Kim, K.U. (2015). Energy-saving in excavators with application of independent metering
valve. Journal of Mechanical Science and Technology, 29, 387-395. doi: 10.1007/s12206-014-1245-5.

Dindorf, R., Takosoglu, J., & Wos, P. (2023). Review of hydro-pneumatic accumulator models for the study of the
energy efficiency of hydraulic systems. Energies, 16(18), article number 6472. doi: 10.339 0/en16186472.

Fang, Z., Xiong, F., Xie, X., & Wang, J. (2021). Design and research of hydraulic conversion system of wave energy
generating device. Journal of Physics: Conference Series, 2125(1), article number 012058. doi: 10.1088/1742-
6596/2125/1/012058.

Machinery & Energetics. Vol. 15, No. 2

4


https://www.researchgate.net/publication/326671131_Performance_Evaluation_and_Damping_Characteristics_of_Hydro-Pneumatic_Regenerative_Suspension_System
https://www.researchgate.net/publication/326671131_Performance_Evaluation_and_Damping_Characteristics_of_Hydro-Pneumatic_Regenerative_Suspension_System
http://dx.doi.org/10.1063/1.5138758
https://doi.org/10.1016/j.matcom.2019.02.017
https://doi.org/10.1016/j.matcom.2019.02.017
https://doi.org/10.1007/s12206-014-1245-5
https://doi.org/10.1007/s12206-014-1245-5
https://doi.org/10.3390/en16186472
https://doi.org/10.3390/en16186472
https://iopscience.iop.org/article/10.1088/1742-6596/2125/1/012058
https://iopscience.iop.org/article/10.1088/1742-6596/2125/1/012058
https://iopscience.iop.org/article/10.1088/1742-6596/2125/1/012058

Kravchenko et al.

[7] Gong, B., Guo, X., Hu, S., & Fang, Z. (2016). The ride comfort and energy-regenerative characteristics analysis of
hydraulic-electricity energy regenerative suspension. Journal of Vibroengineering, 18(3), 1765-1782. doi: 10.21595/
jve.2016.16746.

[8] Li,J., Zhao,]., & Zhang, X. (2020). A novel energy recovery system integrating flywheel and flow regeneration for a
hydraulic excavator boom system. Energies, 13(2), article number 315. doi: 10.3390/en13020315.

[9] Mi,]J., Xu, L., Guo, S., Abdelkareem, M.A., Meng, L., & Zuo, L. (2017). The dimension match and parameters setting
of the hydraulic motor for the hydraulic-electromagnetic energy-regenerative shock absorber. In International
design engineering technical conferences and computers and information in engineering conference (article number
VO003T01A019). Cleveland: American Society of Mechanical Engineers. doi: 10.1115/DETC2017-68093.

[10] Minav, T.A., Virtanen, A., Laurila, L., & Pyrhonen, J. (2012). Storage of energy recovered from an industrial forklift.
Automation in Construction, 22, 506-515. doi: 10.1016/j.autcon.2011.11.010.

[11] Precision Farming Dealer. (2015). https://www.precisionfarmingdealer.com/articles/1797-planter-downforce.

[12] Sharda, A., Fulton, J., Badua, S., Griffin, T., Ciampitti, I., & Haag, L. (2017). Planter downforce technology for uniform
seeding depth. Retrieved from https://bookstore.ksre.ksu.edu/pubs/mf3331.pdf.

[13] Virk, S.S., Porter, W.M., Li, C., Rains, G.C., Snider, J.L., & Whitaker, J.R. (2021). On-farm evaluation of planter
downforce in varying soil textures within grower fields. Precision Agriculture, 22, 777-799. doi: 10.1007/s11119-020-
09755-x.

[14] Voitik, A., Kravchenko, V., Pushka, O., & Shchur, T. (2021). Investigation of movement of sections with working bodies
of seeding machines for the purpose of energy recovery. Bulletin of Lviv National Environmental University. Series
Agroengineering Research, 25, 92-98. doi: 10.31734/agroengineering2021.25.092.

[15] Wang, T., & Wang, Q. (2013). An energy-saving pressure-compensated hydraulic system with electrical approach.
IEEE/ASME Transactions on Mechatronics, 19(2), 570-578. doi: 10.1109/TMECH.2013.2250296.

[16] Xia,L.,Quan,L.,Ge,L., & Hao,Y.(2018). Energy efficiency analysis of integrated drive and energy recuperation system
for hydraulic excavator boom. Energy Conversion and Management, 156,680-687.doi: 10.1016/j.enconman.2017.11.074.

[17] Yu, Y.X., & Ahn, K.K. (2019). Optimization of energy regeneration of hybrid hydraulic excavator boom system. Energy
Conversion and Management, 183, 26-34. doi: 10.1016/j.enconman.2018.12.084.

[18] Zhao, PY., Chen, Y.L., & Zhou, H. (2017). Simulation analysis of potential energy recovery system of hydraulic hybrid
excavator. International Journal of Precision Engineering and Manufacturing, 18, 1575-1589. doi: 10.1007/s12541-017-
0187-0.

[19] Zheng,P.,Wang,R.,Gao,]., & Zhang, X. (2019). Parameter optimisation of power regeneration on the hydraulic electric
regenerative shock absorber system. Shock and Vibration, 2019, article number 5727849. doi: 10.1155/2019/5727849.

[20] Zhou,L.,Ma,Y., Zhou, H., Niu, K., Zhao, B., Wei, L., & Zhang, W. (2023). Design and test of sowing depth measurement
and control system for no-till corn seeder based on integrated electro-hydraulic drive. Applied Sciences, 13(10), article
number 5823. doi: 10.3390/app13105823.

[21] Zou, ]., Guo, X., Xu, L., Tan, G., Zhang, C., & Zhang, J. (2017). Design, modeling, and analysis of a novel hydraulic
energy-regenerative shock absorber for vehicle suspension. Shock and Vibration, 2017, article number 3186584.
doi: 10.1155/2017/3186584.

Machinery & Energetics. Vol. 15, No. 2



https://doi.org/10.21595/jve.2016.16746
https://doi.org/10.21595/jve.2016.16746
https://doi.org/10.21595/jve.2016.16746
https://doi.org/10.3390/en13020315
https://doi.org/10.3390/en13020315
https://doi.org/10.1115/DETC2017-68093
https://doi.org/10.1115/DETC2017-68093
https://doi.org/10.1016/j.autcon.2011.11.010
https://doi.org/10.1016/j.autcon.2011.11.010
https://www.precisionfarmingdealer.com/articles/1797-planter-downforce
https://bookstore.ksre.ksu.edu/pubs/mf3331.pdf
https://doi.org/10.1007/s11119-020-09755-x
https://doi.org/10.1007/s11119-020-09755-x
https://doi.org/10.1007/s11119-020-09755-x
https://doi.org/10.31734/agroengineering2021.25.092
https://doi.org/10.31734/agroengineering2021.25.092
https://ieeexplore.ieee.org/document/6482248
https://ieeexplore.ieee.org/document/6482248
https://doi.org/10.1016/j.enconman.2017.11.074
https://doi.org/10.1016/j.enconman.2017.11.074
https://doi.org/10.1016/j.enconman.2018.12.084
https://doi.org/10.1016/j.enconman.2018.12.084
https://doi.org/10.1007/s12541-017-0187-0
https://doi.org/10.1007/s12541-017-0187-0
https://doi.org/10.1007/s12541-017-0187-0
https://doi.org/10.1155/2019/5727849
https://doi.org/10.1155/2019/5727849
https://doi.org/10.3390/app13105823
https://doi.org/10.3390/app13105823
https://doi.org/10.1155/2017/3186584
https://doi.org/10.1155/2017/3186584

Modelling of the hydraulic scheme...

Bacuias KpaBueHko

KaHmupaT TexHiuHMX HayK, TOLEHT
YMaHCbKMIi HalliOHaJIbHMIA YHiIBEepCUTET CaAiBHULITBA
20301, Bya. IHcTUTYTChKA, 1, M. YMaHb, YKpaiHa
https://orcid.org/0000-0003-2334-0705
Aupapii Boittik
KaHaupat TexHiuHUX HayK, TOLEHT
YMaHCbKMIT HalliOHA/IbHUI YHiBEepCUTET CaliBHUIITBA
20301, Bys. [HCTUTYTCBKA, 1, M. YMaHb, YKpaiHa
https://orcid.org/0000-0002-8196-3102

Onexkcanzp Ilymka

KaHaupat TeXHiUHMX HayK, JOLEHT
VYMaHCbKMIi HalliOHaJIbHUIA YHiBEpCUTET CaAiBHULITBA
20301, Bya. IHcTUTYTChKA, 1, M. YMaHb, YKpaiHa
https://orcid.org/0000-0002-6481-8536

IBau JIicoBmii

KanaupmaT TexHiYHUX HAYK, JOLIEHT
YMaHCBhKUI1 HAlliOHAJIbHUI YHIBEPCUTET CafiBHUIITBA
20301, Byn. IHcTUTyTChKA, 1, M. YMaHb, YKpaiHa
https://orcid.org/0000-0003-1480-1805

Muxkona Kopo6ko

Kangmpat TexHiYHMX HAYK, TOIEHT
HauioHanbpHMi1 yHiBEpcuTeT 6iopecypciB i mpupomoKkopucTyBaHHS YKpainu
03041, By:n. I'epoiB O6oponu, 15, m. Kuis, Ykpaina
https://orcid.org/0000-0002-2602-4225

MopenioBaHHA rigpaBniyHoOi cCXeMn [OBaHTAXKEHHS
BUCIBHUX CEKLiM NOCIBHMUX MaLLUMH 3 METOIO peKynepauii eHeprii

AHoTauig. OmHNM 3 TePCIEeKTYBHMUX HAIPSIMKIB IiJBUIIEHHS eHeproedeKTUBHOCTI MalllH € 3aCTOCYBaHHSI peKyreparlii
eHeprii cTBOpeHoO] ii mkepenom. MeToio aHOT po6OTH € pO3pOOKA MIPUHITUIIOBOI IiApaBIiyHOI cCXeMy IPUTUCKHOTO
MexaHi3My ceKIii ciBayiku, sika 6 JaBaga MOXKIMBICTh peKyIllepyBaTH eHeprilo KOJMBaJAbHOTO PYXY BUCIBHOI ceKirii
BiIHOCHO pamu CiBajaKu. B po60Ti pO3MISIHYTO cXeMy BUKOPUCTaHHSI TiIpaBliuHOrO JOBaHTAXXeHHST BUCIBHUX CEKIIilt 3
BMKOPUCTAHHSIM TiIpOLMITiHIPA OGHOCTOPOHHBOI 1ii. [Ijis 361paHHs eHeprii pyxy BUCiBHOI CeKIlii CiBaKM IPOTIOHYETHCS B
icHyIOUy rifjpaB/IiuHy JOBaHTaXXyBaJIbHY CXeMY, BCTAHOBUTU TiIpaBliuyHMIi MOTOP AJi ITlepeTBOPEHHS TifipaBliuHOi eHeprii
CUCTEeMU B MeXaHiuHy eHeprito 06epTaHHsI 10T0 BUXiTHOTO BaJTy Ta CUCTEMY 3BOPOTHMX KJIamaHiB Jijisl TepeHanpaBaeHHs
po6ouoi piguHM B cucTeMi i 3a6e3mnevueHHs] 06epTaHHS Basy rifpaBliuHOrO MOTOPY B OLHOMY 3aJaHOMY HAIPSIMKY.
BxigHMMM MMapamMeTpamu JaHOI CUCTeMU €: HePiBHOCTI I'PYHTY, KOHCTPYKTMBHI OCOOIMBOCTI BUCIBHOI CeKIlii ciBaiku,
MOCTyNaabHa MWBUIKICTh PyXy CiBaaku. JJOCTiI)KeHO BIUVIMB OCHOBHMX IMapaMeTpiB TiIpOUIiHApa, TiIpoaKyMy/asiTopa
Ta riZpoMoTOpa CUCTEMU Ha MIBUIKICTb 00epTaHHS Ta KPYTHUIT MOMEHT Ha Bajy TiIpaBiaivHOTO MOTODY. IIpoBeneHi
IOCTiIKeHHST TIOKa3yIOTh, IO 3a IIeBHMX 30BHIIIHIX YMOB, TPY MOJe/TI0BaHHi cucTeMu B roii nporpamu MATLAB Simulink
TIPUMYCOBMI1 3BOPOTHO-TIOCTYIIAAbHMI PyX TOPIIHS TiAPOLMIiHAPA TepeTBOPUBCS B 06epTaIbHII PyX BUXiTHOTO Baly
TiJpoMOTOpa, SIKUI1 TTPY MeBHUX AOCTiIKYBaHUX MTapaMeTpax CMCTeMU MOXKe 0b6epTaTucs 3i MBUIKICTIO B MeXax 6-86 06/
XB, PO3BUBAIOUM TEOPETUUHMI KPYTHUIT MOMeHT 10 22 H - M. Haibinpmunit BIVIMB Ha BUXiOHI XapaKTepUCTUKY CUCTEMMU
Mae po3Mip MopurHs rigpoimiinapa. ligpoakymyasaTop 3abesneuye 3raIKyBaHHS MyIbcalliii, BeIMUMHA SKUX, SIK i
3arajbHMIi TUCK B CUCTEMi, 3aJIeXKUTD Bifl TUCKY J10T0 IOTIepeqHbOTO 3apsiisKeHHs1. Pe3ysbTaTyt 11bOT0O JOCTiIKEHHS MOXYThb
6yTM 3aCTOCOBAHI B CI/TbCHKOMY T'OCITOAAPCTBI /11 ONTUMIi3allii BUKOPUCTaHHS eHeprii B rpoiieci ciB6u yepe3 po3poobKy
eheKTUBHMX CUCTeM peKyTiepalii eHeprii BUCIBHMX MallVH, IO JO3BOIUTh 3MEHIINTY CIIOKMBAHHSI [1a1Ba Ta HETaTUBHMIA
BIUIMB Ha HABKOJIMIIIHE CEPelOBUILE
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