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Abstract.

This article presents the principle of utilizing hydraulic drives instead of mechanical
drives for transmitting motion to working parts in cotton harvesters, as well as the
principle of bench testing. In cotton harvesters, the mechanisms driving the fan used in
the pneumatic system that conveys cotton from the harvesting apparatus to the hopper consist
of reducer, contour, and belt drives. These mechanisms cannot ensure uniform movement,
resulting in strong rotational vibrations in the fans. Experiments have shown that the
addition of supplementary hydraulic drives to the cotton harvester's hydraulic system leads
to rapid oil overheating and a decrease in the o0il's viscosity coefficient. The proposed
test stand employs a separate oil tank and valve for the operation of the hydraulic motor,
which receives motion from a dedicated power take-off shaft.
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Introduction. Currently, hydraulic motors, which convert
fluid flow energy into mechanical energy, are widely used in
industry. Hydraulic motor (hydraulic motor) - a hydraulic
motor designed to bring the internal point of rotation to an
infinite angle of rotation. The designs of the hydraulic
motors are similar to those of the corresponding pumps[3].
Implementation of domestic and foreign service centers by
improving the stand and implementing manufacturers' testing
methods in the conditions of repair enterprises in methods
for monitoring the technical condition of the volumetric
hydraulic drive of agricultural machinery [4].

Main Part. Design of an automated testing bench for the
hydraulic motor drive of the fan in the pneumatic system of
a cotton harvester. The main function of the testing stand is
to carry out the testing process of the hydraulic motor drive
of the fan 1in the pneumatic system, which directs cotton
fibers sent to the receiving chamber by the separator of the
cotton harvester's picking apparatus to the hopper.

Structure of the hydraulic motor drive of the fan in the
pneumatic system of a cotton harvester. The hydraulic motor
drive consists of the following main elements: electric motor,
flexible coupling, hydraulic pump, hydraulic lines, filter,
pressure gauge, microcontroller, electromagnetic valves,
crankcase, hydraulic motor, gearbox, fans, temperature
sensor, and radiator. The pressurized working fluid generated
by the hydraulic pump is fed to the hydraulic motor, which
rotates the fan through the worm gearbox shaft.

The gear pump 3 is driven by an electric motor 1 through
an elastic coupling 2. The working fluid passes through the
main pipeline 4 and filter 5, then through the gear pump 3.
The pressure of the working fluid is measured and monitored
by the pressure gauge 6, while the temperature is measured by
the temperature sensor 16. The pressure gauge 6 transmits the
collected data to the microcontroller 7, which compares it
with the reference data stored in the microcontroller. If the
pressure of the working fluid in the pressure gauge 6 1is
within normal range, the fluid activates the hydraulic motor
10. The motion from the hydraulic motor 10 is transmitted
through the drive shaft to the reducer 12, which then drives
the fans 13 and 14 that transfer the collected cotton to the
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hopper. The working fluid returning from the hydraulic motor
10 is fed to the main pipeline 15 and its temperature 1is
measured by the sensor 16.

13 14

Figure 1
Basic schematic of the automated test bench for testing the hydraulic
motor drive of the pneumatic system fan of a cotton harvesting machine:
1 - Electric motor; 2 - Elastic coupling; 3 - Gear pump; 4, 11, 15, 18 -
Hydraulic lines; 5 - Filter; 6 - Manometer; 7 - Microcontroller; 8, 17,
19 - Solenoid valves; 9 - Reservoir (Carter); 10 - Hydraulic motor;
12 - Gearbox; 13, 14 - Fans; 16 - Temperature sensor; 20 - Radiator

The microcontroller 7 compares this data with its stored
reference data. If the temperature of the working fluid rises
too high, the electromagnetic valve 8 on the main pipeline 4
leading to the hydraulic motor 10 is closed. Simultaneously,
the microcontroller 7 opens the electromagnetic valve 19 on
the main pipeline 18 leading to the radiator 20. The working
fluid is then cooled and returned to the crankcase 9 [13].

To design an automated testing bench for the hydraulic
drive of the pneumatic system's fan in a cotton harvesting
machine, we determine the following key parameters: the

nominal rotation frequency of the fan Men> 10ad torque y?

hydraulic motor displacement IQ’ operating pressure in the

hydraulic system P> ang working fluid flow rate Qé'
We determine the rotational frequency of the hydraulic
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motor using the following expression [6].
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b

v
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Here Q flow rate of working fluid, m-/s; Y, working volume

3. —
of a hydraulic motor, m-, = volumetric efficiency

coefficient.

In the design ©process, the mutual compatibility,
reliability, and dynamic stability of the hydraulic system
elements must be ensured [1,7,8].

Requirements for the pneumatic fan of cotton harvesting
machines. In a cotton harvesting machine, the pneumatic fan
should generate the airflow necessary for the transfer of
cotton fibers. We determine the main technical parameters of
the fan through the driving moments M i of the pneumatic
system drives and the angular velocity ¢ ‘1 of the fan. We
determine the fan power using the following expression [9].

Nfa,,=Mi~(bi=60-151.76=9.l kVt. )
here Aif_dfiVing torque of pneumatic system drives, N -m;

% T the angular velocity of the fan, rad /s.

We calculate the rotational speed of the fan using the
following formula [2].
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here A4ﬁ__torque, i.e., the moment generated by the working

fluid pressure Pi on the gear pump shaft. In this case, losses
due to mechanical friction caused by the resistance to the
movement of the working fluid are not taken into account,,

e _ 3/
N-m; QLg geometric displacement of a hydraulic motor, ™ /s;

lﬁ__working'fluid_pressure in the hydraulic motor's main line,

_ 2. _
p, =20 N/m?; Dem ~ the working volume of the hydraulic motor,
=28 sm’; — -

9 om Ty volumetric efficiency coefficient, 9ma ~ the
[

displacement of the hydraulic motor, agm__angular velocity

of the hydromotor shaft,

T-n
o, = 3Ogm =200.96 circle / min;

am

Mam ™ votational frequency of the hydraulic motor shaft,
n,, =1920 circle / min.

A specialized automated test bench was developed and
assembled to conduct an in-depth study of the operating
characteristics of the hydraulic motor drive for the fan in
the pneumatic system of cotton harvesting machines. The test
bench allows for the replication of real operating conditions
in a laboratory setting.

The main components of the test bench include: a hydraulic
pump, a hydraulic motor, electromagnetic valves, pressure and
temperature sensors, a filter, and a data collection and
control module.

The test bench is used to carry out the following studies:
changes in the rotational speed of the hydraulic motor over
time, the dynamics of pressure and temperature during
transitional ©processes, and the system's stability in
response to load changes.

These factors are crucial in determining the operational
state of the hydraulic motor drive for the fan 1in the
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pneumatic system of cotton harvesting machines [10,11].

Implementation of a control and monitoring system on the
test bench. An automated control system is being implemented
to 1increase the accuracy and reproducibility of results
obtained on the test bench for the hydraulic motor drive of
the cotton harvester's pneumatic system fan. This system is
built on the Dbasis of a microcontroller or industrial
programmable logic controller (PLC) and processes signals
from sensors in real-time.

The automated test bench system performs the following
functions: maintaining the hydraulic motor rotation frequency
at a specified value, controlling pressure and temperature,
automatically detecting emergency situations and protecting
the system, and storing experimental data in digital format.

Control of the testing process is carried out through a
proportional-integral-derivative (PID) controller and ensures
the specified fan rotation frequency [12, 13]. To stabilize
the parameters of the technological process, a PID controller
was used 1in the automatic control system. This controller
forms the control action by taking into account the
proportional, integral, and differential components of the
error signal.

The assembly of the automated stand is carried out in the
following sequence. The electric motor, hydraulic pump, and
fans are mounted on the frame. The hydraulic motor is attached
to the fan frame. The worm gear is mounted on the fan shaft.
A crankcase, stand starter, and port storage box are installed
and secured to the fan. When installing the automated system
on the automated stand for the hydraulic drive of the
pneumatic system fan in cotton harvesters, there are ports
inside the port storage box, from which data is automatically
transmitted to the computer via cable. For designing the
hydraulic motor drive of the pneumatic system fan in cotton
harvesters, we use the automated test bench for hydraulic
drives of machine-tractor units shown in Figure 1.

Driving the pneumatic system fan of the cotton harvester
with a hydraulic motor drive ensures stable fan rotation and
continuous air pressure. The hydraulic drive of the test bench
allows it to be used instead of mechanical drives.

The hydraulic drive of the pneumatic system fan can reduce
metal usage in the design and production processes of cotton
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harvesters, increase their productivity, ensure operational
reliability, and reduce energy consumption.

In cotton harvesters, the hydraulic motor drive of the
pneumatic system fan 1s the main working component for
transferring cotton to the hopper through the fan. 1In
practice, in most machines, the fan is driven by mechanical
transmissions, which increases energy consumption. Based on
the results of the automated testing system, applying
hydraulic drives to cotton harvester fans is an important
area of development.

Conclusion. Applying complex mechanical drives for uneven
motion transmission to the fans of the pneumatic system in
cotton picking machines leads to reduced metal consumption in
preparing mechanical drives, decreased mass of these
components, and lower fuel consumption. The use of hydraulic
drives in machine-tractor units results in simplified motion
transmission designs, noise elimination, smoother operation,
and increased efficiency of the unit.
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