Pre prints.org

Article Not peer-reviewed version

Development of an Efficient Power
Supply System for Autonomous
Consumers Based on a Specially
Desighed Wind Farm

Sultanbek Issenov * , Dainius Steponavi€ius , Felix Bulatbayev i , Gulim Nurmaganbetova : , Damir Kayumov ’
, Makhabbat Tleugabylova

Posted Date: 21 January 2026
doi: 10.20944/preprints202601.1566.v1

Keywords: alternative energy; electric power; wind turbine; autonomous power supply; renewable sources
wind power

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/3854405
https://sciprofiles.com/profile/3222433
https://sciprofiles.com/profile/4938305
https://sciprofiles.com/profile/3758719
https://sciprofiles.com/profile/4938306
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 January 2026 d0i:10.20944/preprints202601.1566.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

Article

Development of an Efficient Power Supply System
for Autonomous Consumers Based on a Specially
Designed Wind Farm

Sultanbek Issenov »*, Dainius Steponavicius 2, Felix Bulatbayev *, Gulim Nurmaganbetova 1%,
Damir Kayumov 4* and Makhabbat Tleugabylova 3

1 Saken Seifullin Kazakh Agrotechnical Research University, «Institute of Energy», 62, Zhenis Ave.,
Astana, 010000, Republic of Kazakhstan

2 Vytautas Magnus University Agriculture Academy, Faculty of Agricultural Engineering, Institute of
Agricultural Engineering and Safety, Studenty str. 15A-301, LT-53362 Akademija, Kaunas district, Lithuania

3 Abylkas Saginov Karaganda Technical University, «Energy Faculty», 56, Nazarbayev Ave., Karaganda,
100024, Republic of Kazakhstan

* "Light Engineering LLP",18, Republic Ave., Karaganda, 100018, Republic of Kazakhstan

Correspondence: issenov.sultanbek@gmail.com (S.L); bulatbayev.felix@gmail.com (F.B.);

sahitovna.1978@gmail.com (G.N.); kayumovdi@gmail.com (D.K.); Tel.: +7-7172 31-75-26 (S.I.)

Abstract

The object of research in the scientific article is the process of converting wind flow energy into
mechanical energy. The process of converting wind energy into mechanical energy is carried out by
two counter-rotating wind wheels. And into electrical energy in the generator, with the armature and
inductor rotating in opposite directions. The purpose of the scientific article is to study and develop
an efficient power supply system for autonomous consumers based on a wind power plant of a
special design with an increased wind energy utilization coefficient. In the course of the work, the
main parameters of a special-designed wind turbine with counter-rotating wind wheels were
determined and the process of electric generation was modeled on the principle of counter-rotation
of the armature and generator inductor; a physical model of a special-designed wind turbine based
on a two-wheeled system located in the same wind flow and providing rotation of the armature and
generator inductor individually from each wind wheel in the opposite direction was developed; a
design documentation on the basis of which the experimental design sample was made; experimental
studies of the experimental design sample of a wind turbine were conducted to determine its main
parameters for the purpose of efficient power supply to autonomous consumers. Main design and
technical and economic indicators: optimization of wind power plant parameters, dimensions of
wind wheels, their relative location, as well as generator power depending on the expected wind
speed. The degree of implementation lies in the fact that a wind generator with variable torque of a
wind wheel is patented (patent for invention of the Republicof Kazakhstan No. 36903; Eurasian
patent for invention No. 047230). The effectiveness of the research lies in the application of technical
solutions patented by the authors in practice, which makes it possible to increase the energy efficiency
of wind turbines. Scope of application of the developed wind turbine of special design in the field of
alternative energy and decentralized agricultural consumers.

Keywords: alternative energy; electric power; wind turbine; autonomous power supply; renewable
sources wind power
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1. Introduction
1.1. Selection and Justification of the Research Direction

Given the growing consumption of electric energy in the Republic of Kazakhstan in industrial
production, it is important to reduce costs in the power supply system [1]. This is relevant for
autonomous consumers, who are usually low-powered, and in agriculture [2], electricity
consumption can also be seasonal, which leads to high costs.

The use of renewable energy makes it possible to reduce the cost of energy consumed by
replacing organic fuel [3,4]. The climatic and natural conditions of the Republic of Kazakhstan
provide ample opportunities for using wind energy [5,6].

One of the possible solutions to this issue, possibly by improving the wind turbine of a special
design. The principle of rotation of the anchor and inductor parts of the generator from separate
counter-rotating wind wheels is proposed, the novelty of which is protected by the patent of the
Republic of Kazakhstan No. 36903 (No. 2023/0313. 1. dated 08.11.2024) [7,8].

The main problem of wind turbines is that they operate in a narrow range of wind flow velocity
characteristics, namely, from 4-6 m / s to 11-14 m / s [9]. Wind power plants are characterized by the
minimum wind speed at which the wind wheel starts to rotate, which is usually 2-3 m / s, and the
operating wind speed when the wind generator develops its rated power [10,11].

At wind speeds of more than 14 m /s, in order to avoid damage, it is necessary to limit the speed
of rotation of the wind generator blades by ballast resistances or mechanical methods such as
changing the angle of attack of the blade or rigid fixation of the blade [12,13], etc.

An analysis of the technical literature and patent development has shown [14-16] that there are
many developments in the direction of improving wind wheels [17,18], but most of them solving a
specific problem [19-21], nevertheless have a number of characteristics that do not allow them to be
effectively used in low wind conditions [22-24], varying from calm to stormy [25-27].

A device is known [28], the axis of rotation of the wind wheel coincides with the wind direction,
and the planetary drive of the electriccurrent generator of a wind power plant is carried out from a
wind turbine consisting of two wind wheels - external and internal, with a common axis and the
possibility of counter rotation. The disadvantages are the presence of complex and expensive gear
conversion, the need for synchronization of mechanism elements, the need for special equipment for
manufacturing a planetary mechanism, losses on gears and reduced efficiency, the need for
preventive maintenance of a mechanical transmission, dependence on climatic factors-winter or
summer lubrication, etc.

The device under study with counter-rotating wind wheels [7], where a wind generator with an
axis of rotation coinciding with the wind direction contains two counter-rotating wind wheels, while
one of the wind wheels is attached to the rotor, and the second to the generator stator, the rotor shaft
is located inside the hollow outer stator shaft having current-collecting rings, and the outer shaft is
attached to to the body of the nacelle through the bearing supports. At the same time, it is possible to
increase the production of electric energy with a smaller area of wind wheels, reduce the length of
the blade, which will reduce the weight and size, and thereby increase the reliability of the
installation. The wind generator will reach its rated generating capacity at lower wind speeds. The
wind generator does not require synchronization and is extremely easy to manufacture and maintain.

Integration into existing power supply systems is important for wind farms [29-32]. There are
various types of wind turbine generators [33-35]. Various systems and circuit solutions for the
introduction of wind power plants into the power supply system of agricultural consumers are also
known [36-41].

The technical result is a more efficient use of wind energy, the possibility of generating
mechanical energy at low wind speeds. However, for the proposed wind turbine, the main
parameters are insufficiently studied; it is necessary to develop methods for their determination and
optimization, taking into account the incoming wind flow energy and the operating mode of the
installation as a whole.
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Simulation of the power generation mode based on the principle of counter rotation of the
armature and generator inductor. In the course of the study, it is important to establish the influence
of wind flow on the operation of wind wheels and their relationship.

To study the relationship between the design and operating parameters of a wind turbine, a
simulation of the mode of electric power generation is performed. It is important to jointly study the
rotation parameters of wind wheels with the output data of the generator and establish the necessary
dependencies to determine the generated electricity of the proposed wind power plant. Insufficient
research in this area involves establishing the relationship between the parameters of the wind wheel
and generator with the output indicators of the power generation mode.

The results of the study should allow optimizing the parameters of the wind power plant, the
size of wind wheels, their relative location, as well as the generator power depending on the expected
wind speed. The proposed solutions should make maximum use of the potential energy of the wind
flow.

2. Materials and Methods

Today, one of the most common types of wind turbines used on an industrial scale is wind
turbines with a horizontal axis of rotation. However, this type of wind turbines has a common
disadvantage: weak generation at low wind speeds of up to4 m /s, and at storm winds above 25 m/s,
alow range of operating wind speeds [42-44]. Classic wind turbines are not able to operate efficiently
in high-speed winds. This is due to the fact that under such conditions there are large forces acting
on the wind turbine blades, which can lead to damage and even destruction. Increased load leads to
a decrease in the reliability of the system as a whole [45—48].

In this regard, the task is to increase the efficiency of wind turbines at the specified wind speeds.
The paper considers a method for increasing the efficiency of generating electric energy at low wind
speeds, by adding a second wind wheel mounted on the stator, rotating in the opposite direction.
Based on this, the effect of increasing the relative speed of rotation of the stator and rotor is achieved.
The efficiency studies of the presented wind farm of special design were carried out, including
experimental studies, and two models of windmills with counter-rotating blades were also
developed. These studies are relevant and have potential for further study.

A specially designed wind farm with counter-rotating wind wheels is an efficient technology
that allows productive conversion of wind energy into electricity [7]. The principle of operation of
such a device and its advantages over traditional wind turbines are considered [37].

Since almost 90% of wind turbines used in the world have a horizontal axis of rotation. Then it
is more profitable from a practical and economic point of view to modernize this particular structure.
As a result, an experimental model of the wind generator design with counter-rotating blades with a
horizontal axis of rotation was constructed [38].

2.1. Development of Design Documentation for a Laboratory Model of a Specially Designed Wind Farm in
Accordance with the Requirements of the Unified System of Design Documentation

When developing a laboratory model of a wind turbine of a special design based on a two-
wheeled system located in the same wind flow and providing rotation of the armature and generator
inductor individually from each wind wheel in the opposite direction, the object of research is a wind
generator with counter-rotating blades. A special feature of this design is the presence of two wind
wheels that rotate in opposite directions.

Based on the task set in the project, design documentation was developed for a laboratory model
of a wind turbine of a special design based on two wind wheels and a rotating inductor and generator
armature, the general view of which is shown in Figure 1 (a, b).

The design of the device includes: two wind wheels, one fixed to the stator, the second to the
rotor axis, a metal base, a current collector mechanism. During the research, an experimental
laboratory model and a semi-industrial installation (experimental sample) were used. Experimental
studies have confirmed the theoretical increase in the generation of electrical energy by this design.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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In practice, a wind generator with counter-rotating blades is used to increase the efficiency of
generating electric energy at low wind speeds.

View A View B (with the blades opened)
View from above

View B (with the
View A blades closed)
View from above
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Figure 1. General view of a laboratory model of a specially designed wind farm (top right).

Table 1 shows the developed specification of design documentation for the assembly of a
specially designed wind farm.

Table 1. Specification for design documentation.

Pos. Name Qty Welght
units kg
.1 Frame assembled from a metal profile 20¥20*2 (1,5) 1
2 Blades 1, with the possibility of unfolding from 3, to 6 units, 1-0 1
rotate the axis of the wind generator
3 Blades 2, without the possibility of unfolding, 3 units, rotate the 1
stator of the wind generator, are attached to generator housing
Wind generator stator 1-5 -
Sliding contact block 1
5.1 -2 contact rings
52 - 2 sliding contacts
53 -platform for installing sliding contacts
Axis of the wind generator, made of M10 bushing 1
7 Bearing supports, fix the axis of the wind generator, with the 3
possibility of rotation
Jumper, made of a metal profile 40x20 2

9 Blade folding unit

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Based on the results of modeling, a physical model of a wind turbine is developed and created
for conducting research in laboratory conditions, which allowed further research and became the
basis for creating a prototype.

1.3. Description of the Technological Process of Assembling a Specially Designed Wind Turbine

According to the developed design documents shown in Figure 1, a wind turbine of a special
design was assembled.

Assembly procedure for a wind generator with counter-rotating blades:

1. The frame of the wind generator is made of metal profile pipe 20*20*2 (20*20*1,5), according
to the drawings.

2. Support bearings are installed on each of the three pillars of the frame, in the center of the
upper bar;

3. The base for the future platform for sliding contacts is installed on the central rack, and a
dielectric (wooden) surface must be installed on top;

4. Generator;

4.1 A dielectric element "tube with expansion” is attached to the back of the generator, copper
contact rings are pressed on this element, for a tighter fit, it is recommended to wind insulating
materials under the contact rings;

4.2 The two generator terminals are soldered to the contact rings, having previously passed
wires inside the tube that fit snugly to the inner surface of the tube;

4.3 A connecting washer is attached to the opposite side of the generator for attaching blades to
it, the main function of the washer is a flat surface on the side of the blade attachment;

4.4 Generator axis lengthened. There are two ways to do this:

1) Remove the existing axle, having previously disassembled the generator and replace it with a
solid long hairpin;

2) Using the connecting nuts, extend the existing axle on both sides with a metal stud.

5. Using a template, six blades are cut out of durable plastic materials. Three blades should be at
the right angle of attack, three blades at the left. This is achieved by turning the template over before
opening it. The length of the blades of the first design is 0.5 m;

6. Cut a circle with a diameter of ~200 mm from sheet metal with a central hole in the center, this
disk is necessary for attaching the blades to the rotor;

7. We attach three blades to the cut circle, using self-tapping screws or bolts with nuts;

8. We attach three blades to the generator through a pre-prepared washer;

9. Attach the cut-out circle with blades from the point on the axis;

10. Assemble all the parts together and fix the axle in the bearing units;

11. On the platform of sliding contacts, install two sliding contacts so that they fit snugly to the
contact rings when passing a full turn of the generator;

12. Lead wires ~1-1. 5 m long are soldered to the sliding contacts for connecting measuring
instruments.

Figures 2 and 3 show the appearance of the created laboratory model and the main elements of
a specially designed wind turbine.

The wind generator with counter-rotating wind wheels is an innovative solution that allows you
to improve the extraction of wind energy. The principle of operation of this technology is based on
the fact that the wind wheels rotate towards each other.

Figure 4 shows a graph of the start-up of wind wheels with a different number of wind wheels
involved and combinations of the number of blades.

As can be seen from the graph in Figure 4, there is a relationship between the number of blades
involved and the initial speed of rotation of the wind wheel. So, when using three blades on one wind
wheel (with the second one blocked), the average starting speed is 1.63 m/s. When using two wind
wheels with three blades each, the average starting speed is 1.35 m / s, which is 20% less than when

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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using a single wind wheel. The third type of measurement was performed when three blades were
deployed on one of the wind wheels.

a) Current-collecting rings from the generator armature b) Inductor (rotor) and
(stator); armature (stator) winding.

Figure 3. Main elements of a laboratory model of a specially designed wind turbine.

When using this technological solution, the average starting speed of the wind wheel is 1.01 m /
s, which is more than 30% more than in the second experiment and more than 60% more than in the
first. Therefore, we can safely conclude that with the increase in the number of blades and the
addition of an additional wind wheel, the required wind speed to start starting the wind wheel
decreases.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Dependence of the start of the start on the wind speed

1.75
1.55
1.35

—_
—
(9]

0.95
0.75

1 2 3 4 5 Average

Wind speed at the moment of starting, m/s

Serial number of the experiment

M 2 wind wheels, 3+6 blades M 2 wind wheels, 3+3 blades
1 wind wheel, 3 blades

Figure 4. Dependence of the start of starting the wind wheel on the wind speed.

For primary laboratory studies, a wind generator with counter-rotating wind wheels was used,
shown in Figures 2, 3. This version of the wind generator is achieved by changing the generally
accepted design and adding an additional wind wheel that rotates in the opposite direction relative
to the first one in the wind direction [7,37,38].

2.4. Investigation of the Main Parameters of a Specially Designed Wind Turbine

When operating a laboratory model of a specially designed wind turbine, three conditionally
selected zones of air flow movement are formed that affect the operation of a specially designed wind
turbine, which are clearly shown in Figure 5.

Zone | Zone ll Zone lll

Figure 5. Zones of the air flow location at interaction with wind wheels.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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To determine the optimal distance between wind wheels, conditions were created on the model
under which it was possible to adjust the distance between wind wheels. To maximize the transfer of
wind energy, the optimal distance between wind wheels is selected, at which the wind flow stabilizes
after the first wind wheel and exerts the maximum impact on the second one [37].

During the operation of a specially designed wind turbine, as shown in Figure 5, three
conditionally separated areas of air flow are formed that affect the operation of the wind generator:

1) The air flow zone before interaction with the first wind wheel;

2) The area located between the first and second wind wheels;

3) The area located after the second wind wheel.

Air flow zone before interaction with the first wind wheel. This area does not differ from the
area in front of a traditional wind generator.

Figure 6 shows the air flow in zone L.

T
W

RRRIRRRRLAY

Fvis the air flow force, Fp is the lifting force.

Figure 6. Air flow direction in zone I.

When the air flow moves on the active screw of the wind wheel, the blades form drag. According
to Newton's third law, the force acting on the blades, which is converted into the rotational motion
of the propeller, is equal to the force of drag of the blades. These two forces are directed in opposite
directions. However, a wind generator with a horizontal axis of rotation (used in scientific research)
gets its rotation from the lifting force Fn, which has a direction of 90¢, relative to the direction of wind
movement [37].

Figure 8 shows the areas where the air flow is located when interacting with wind wheels.

The zone located between the first and second wind wheels has specific properties and features.
In this space, there is a twisting of air flows passing through the area of rotation of the first wind
wheel. Since wind wheels rotate in opposite directions, the air flow when moving from the first wind
wheel to the second, passes a spiral geometry first in one direction, then in the other. Mathematically,
you can describe the direction of the air flow with opposite signs. At the moment of changing the
direction of movement, swirls occur.

Figure 5 shows a description of the air flow in zonel, i.e. before interaction with the wind
generator. This zone is identical to a traditional wind turbine. The air flow has a linear direction up
to the first wind wheel, crossing the first blades, enters zone II (Figure 7).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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These swirls negatively affect the conversion of wind energy into electrical energy, since the
second wind wheel does not receive an equivalent amount of straight-line air flow in comparison
with the first wind wheel.

Swirls of air flows during the operation of an unconventional type of wind generator are shown
in Figure 7.

Fvis the air flow force, Fp is the lifting force.

Figure 7. Air flow direction in zone II.

The third zone, located after the second wind wheel, is shown in Figure 8, does not participate
in energy generation, since only the energy of the air flow passes there, which is not involved in the
generation of electrical energy.

The amount of undeveloped wind energy is determined by the Betz limit [49]. The wind energy
utilization rate is 0,593 [50]. That is, of 100% of the wind energy that passes through the windmill
area, 59% is used to generate electricity.

Figure 8 shows the air flow of the third zone. Therefore, when calculating power, it is necessary
to take into account the fact that the second wheel receives less wind energy than the first one by a
factorof k [38].

Fv is the force of the air flow.

Figure 8. Zone III air flow.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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It should be assumed that this coefficient depends on several parameters:

- wind speed, V, m /s.

- air flow density, P, kg/m3;

- number of blades n, pcs.

- wind wheel rotation speed v, rpm;

- distances between wind wheels I, m.

Based on the above, it is clearly seen that the most convenient parameter for changing the
function is the distance between wind wheels.

Obviously, with an increase in the inter-wheel distance, the interaction between the air flows
created by the wind wheels will decrease, because when the first wind wheel passes, the air flow will
have more time to restore straight properties, which will favorably affect the rotation of the second
wind wheel. The straightness of air flows at different inter-wheel distances is shown in Figure 9.

/2

2r

a) the distance between wind wheels is 1/2; b) the distance between wind wheels is r; ¢) the distance between wind wheels is 2 1;

Fw — air flow strength.

Figure 9. Straightness of air flows at various temperatures inter-wheel distances.

As can be seen from Figure 9, the curvature of the straightness of the air flow decreases as the
distance between the first and second wind wheels increases. Since the curvature decreases, the
impact on the blades increases and thereby a higher rotation speed is achieved and, accordingly, the
generation of electrical energy.

The distance between wind wheels plays an important role in energy production. The results
showed that the optimal distance depends on the diameter of the wind wheel and is equal to one
radiusr.

3. Results and Discussion

3.1. Experimental Study of the Aerodynamic Characteristics of Wind Wheels with the Determination of the
Main Parameters and Indicators

The research paper considers an unconventional design of a wind turbine, so we will consider
the effect of sliding blades on the power of a specially designed laboratory model of a wind power
plant and the maximum possible indicators of different diameters of wind wheels.

The diameter of the wind wheel is selected based on the power of the installed generator in the
wind turbine. For weakly powerful systems, wind wheels with a diameter of several meters are not

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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needed, since a small rotation lever is enough to promote such an electric unit. Wind wheels with
large radii are used to power wind turbines of several kW and higher.

Based on the above information, Figure 10 shows graphs of the dependence of wind wheel
diameters on the generated capacity.
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Figure 10. Graphs of the dependence of wind wheel diameters on the maximum power generated by the wind

generator.

As can be seen from Figure 10, the more blades on the wind wheel, the smaller the diameter
required to generate identical power.

Wind wheels with two and three blades should be considered in more detail, as they have the
best balance of aerodynamics and overall weight characteristics.

When the power is increased from 10 to 50 W, the two-bladed wind wheel increases in diameter
by 2 times. This relationship is also preserved for a three-bladed wind generator, but the initial blade
length of such a unit is longer.

By superimposing the data obtained during experiments with the design of sliding blades on
the above data, it is theoretically possible to identify the additional generated power when the
mechanism is activated.

Since the laboratory model of a specially designed wind farm was assembled for experiments
with a power of ~60 W, it is necessary to increase the scale of data for wind generators with a two-
blade wind wheel. It is known that the coefficient of spreading the wind wheels of a wind turbine is
1.2, therefore, it is possible to theoretically make a forecast for increasing generation.

To structure the data with folded and spread blades of the laboratory model, Table 2 was
compiled and the following data were obtained.

Table 2. Comparison of theoretical results of operation of the blade spreading mechanism.

Wind generator with closed Wind generator with
No Power, W
blades extended blades
1 10 2 2,4
2 20 2,82 3,38
3 30 3,44 4,13
4 40 4 4,8

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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50 4,48 5,38
60 4,9 5,88

As can be seen from the calculated data, starting with 30 W of generated energy, a wind
generator with spread blades jumps to the next generation stage in comparison with the standard
design. So with an initial radius of 3,44 m and 30 W generation, the extended blades increase the
radius to 4,13 m, while increasing the potential generation to 40 W. This pattern has a non-linearly
increasing character, which allows us to conclude that this design actually theoretically allows
increasing the generation of electrical energy.

For a more detailed consideration of this dependence, we construct a graph for a two-bladed
wind generator in different positions of the sliding mechanism, shown in Figure 11.

Theoretically, this wind generator design justifies its existence. So to achieve a 3-fold increase in
power, it is necessary to increase the diameter of the wind wheel by one and a half.
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Figure 11. Power dependence of a two-bladed wind generator in the range of 10-60 W depending on the diameter

of the wind wheel.

To consolidate the obtained data, they must be supported by practical modeling. Modeling on
an experimental model of a wind farm of a special design was carried out in laboratory conditions,
the results obtained are considered and demonstrated in the following sections.

3.2. Instrumentation for Conducting Experiments of the Power Generation Process with Establishing the
Relationship of the Studied Parameters

For practical confirmation of the theory, a model of a wind generator with sliding blades was
assembled (Figure 2). Experimental studies include two experiments. The first experiment consists in
measuring the characteristics of a wind generator with non-spread blades with a screw radius of R1.
The second experiment is necessary to measure the characteristics of a wind generator with extended
blades and a screw radius of R2.

The characteristics that were taken during the experiments are:

1) Voltage, U (V);

2) Current, I (A);

3) Rotation speed, n (rpm);

Wind speed, Vin (m /s).

When conducting experimental studies, it is necessary to use measuring devices, and it is
extremely important to take into account certain factors for each specific application.

Based on the above, the following criteria were used to select a suitable measuring device:
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- the desired level of accuracy.

- type of measured value.

- the size and shape of the object being measured.

- the environment in which the measurement will be performed.

In accordance with the above requirements, the following measuring devices were selected.

To measure the voltage at the terminals of the wind generator, a digital voltmeter PZ194U-
2X1T120x120 was used. The appearance of the device is shown in Figure 12.

To measure the current, a digital ammeter PA1941120x120 was used, with an accuracy class of
0.2 or 0.5. Figure 13 shows the appearance of the device [51].

&) AMNEPMETR

Figure 13. Appearance of the digital ammeter PA1941120x120.

The voltmeter has the following technical specifications. The PZ194U single-channel voltmeters
are designed to measure voltage and frequency in electrical circuits. Accuracy class 0.2 or 0.5. Four
buttons on the front panel for viewing measured values on the indicator and setting up the device
(access to the settings menu is password protected). You can also configure it using the iPMS program.
iPMS service program for setting up and adjusting instruments, viewing and accumulating
measurement results. Setting up the reading range of the device, taking into account the measuring
transformer, shunt, and additional resistance applied at its input. Indicator type: 1-line LED indicator
(digit height up to 20 mm). Visual overload indication. The degree of protection of panel devices on the
front panel is IP66, on the body-1P40. Secure mounting of the panel device with metal brackets. Climatic
conditions: operating temperature range--40°C to +70°C; relative humidity - up to 95% at 35°C.

The ammeter has the following technical characteristics, designed to measure strength and frequency
in electrical circuits. Accuracy class 0.2 or 0.5. Digital interface: 1RS-485 port (Modbus RTUprotocol).
Analog outputs: 1. Four buttons on the front panel for viewing measured values on the indicator and
setting up the device (access to the settings menu is password protected). You can also configure it using
the iPMS program. iPMS service program for setting up and adjusting instruments, viewing and
accumulating measurement results. Setting up the reading range of the device, taking into account the
measuring transformer, shunt, and additional resistance applied at its input. Indicator type: 1-line LED
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indicator (digit height up to 20 mm). The degree of protection of panel devices on the front panel is IP66,
on the body-IP40. Secure mounting of the panel device with metal brackets. Climatic conditions: operating
temperature range--40°C to +70°C; relative humidity - up to 95% at 35°C.

When measuring the speed of rotation of the wind generator screw, it was performed with a
digital tachometer of the AR926 series, shown in Figure 14. An anemometer of the UNI-T UT 363
series was used to measure the velocity and temperature of the air flow during the experimentsUNI-
T UT. Figure 15 shows the UNI-T UT363 series anemometer.

Digital Tachometer
ARgze

Figure 14. Digital tachometer AR926 in the process of measuring parameters.

Figure 15. Anemometer of the UNI-T UT363 series.

The digital tachometer has the following technical characteristics, dand the range of rotation
speed measurement: about 2.5 revolutions per minute (06rpm) to 99999 (rpm). Speed resolution: 0.1
rpm (for a rangeof 2.5rpm to 999.9 o6rpm); 1 oOrpm (for a range of morethan 1000rpm). Measuring
distance: about50 mm to 500 mm. Measurement accuracy: + (0.05% + 1 digit). Sample time: 0.8
seconds (at a rotation speed of morethan 60rpm). Max./Minimum measurement: nis supported. Data
storage:nis supported. Clearing memory: nis supported. Range Selection: andvtormaticheskiy.
Battery charge indication: nis supported. Power: Poweredby 3 x 1.5 V AAA batteries. Net weight: 91
grams. Size: 150*56*31 millimeters [52,53].

The UNI-T UT363 series anemometer has the following technical characteristics, wind speed
range: 0-30 m/s. Division 0.1 m/s. The error is +(5%+0.5).

Temperature: -10-50°C.The division is 0.1°. The error is + 2°C.Data commits, podstvetka, auto-
shutdown: yes. Size: 160*50*28mm. Battery: 1.5v (AAA) [53].To construct the dependences of the
effect of extending blades on the final generation of electric energy, it is necessary:

1) Get data and plot the dependence of the screw rotation speed n, on the wind speed Vin;

2) Obtain data and plot the dependence of the generated voltage U and current I on the speed of
rotation of the wind turbine screw n;

3) Compare the obtained dependences of the first and second experiments and identify
improvements or deterioration in generation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

d0i:10.20944/preprints202601.1566.v1


https://doi.org/10.20944/preprints202601.1566.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 January 2026 d0i:10.20944/preprints202601.1566.v1

15 of 28

3.3. Development of a Model of the Wind Mechanical Part of a Wind Turbine Based on Two Wind Wheels
with Details of the Design of the Blade Spreading Mechanism

The mechanism of spreading the blades consists of several key structural parts. All the details of
this design can be divided into two main parts, the electrical and mechanical circuit.

The electrical circuit includes such elements as: two servos and sliding contacts.

The mechanical chain includes: two toothed rails, two toothed gears, and a mechanism body.

Structurally, the mechanism is as follows:

1) To set the mechanism in motion, it is equipped with two servos, which are connected to the
220V network via sliding contacts;

2) At the ends of the servo shaft, gear gears are fixed, which transmit rotational motion to the
gear rack by rack and pinion transmission;

3) The gear rack receives rotational motion from the gear, converts it into translational;

4) A blade is attached to the gear rack, and at the moment of converting rotational motion into
translational motion, the blade extends to a certain distance determined by the design.

In this design, a rack made of polymer materials was used as a gear rack, to facilitate the design.
A gear wheel made of polymer materials was also used for the windmill layout, and metal parts can
be successfully replaced with polymer ones, since they are currently being made very strong. Figure
16 shows a polymer gear rack equipped with a toothed gear. Figure 17 shows the appearance of the
60DNA-04DB1AKS servomotor.

“

Figure 16. Polymer gear rack with pinion.

Figure 17. Servo motor60DNA-04DB1AKS.
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Model 60 DNA-04 DB 1 AKS drives were used as servos in the blade extension mechanismDNA-
04DB1AKS. These drives were used because of their weight and size characteristics and technical
characteristics. These servos have magnets on their rotors that induce EMF in the stator windings.
Also, it should be noted that these servos have high accuracy. According to the manufacturer's
information, the shaft position error is two angular minutes.

These servos are completely closed and have a self-cooling function, which allows you to operate
the unit without maintenance for a long time.The blades for the wind turbine are made of strong
polymer materials to achieve the angle of attack. The developed and manufactured blades are shown
in Figure 18.

Figure 18. Manufactured wind turbine blades.

For a more complete picture, a drawing of the assembled wind generator has been developed.
Figure 19 shows that inside the housing of the "rotor cap", the entire mechanism for spreading the
blades is placed.

e —
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Figure 19. Drawing of a wind generator with a blade extension mechanism.

Based on the developed model of the wind-mechanical part of a wind turbine based on two
wind wheels with a detailed design of the mechanism for moving the blades apart, it is necessary to
conduct an experimental study.

3.4. Experimental Study of the Characteristics of a Specially Designed Wind Farm with Blades in the Initial State

The first experiment carried out on an experimental setup with the blades not spread apart,
shown in Figure 20, implies obtaining characteristics for further comparison with the results of the
second experiment.
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For the purity of the experiment and to reduce the measurement error, five measurements were
made at each wind speed, Table 3 shows the average values, in order to avoid data clutter.

The appearance of the installation during the first experiment is shown in Figure 20.

For further analysis and construction of characteristics, we measure the speed of rotation of the
wind generator screw at different wind speeds.

The measurement results are shown in Table 3

Table 3. Results of rotation speed measurements.

No Wind speed Vv, m /s Rotation speed n, rpm
1 5 230
2 6 260
3 7 300
4 8 340
5 9 410

Based on the results of measurements of the rotation speed, a characteristic of the dependence
of the rotation speed on the wind speed is compiled. Figure 21 shows the characteristic obtained as a
result of the experiments.

1 Blade 2

/

‘ V

Blade 2 Gear rack 1

2000

of the blade
wind turbine
A

spreading
mechanism
lade 1 \
Gear rack 2
Blade 1 v

a) b)

a) General view of the blades; b) General view of the blade extension mechanism.

Figure 20. A specially designed wind farm with a blade extension mechanism, blades in the initial state.
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Based on the graph of dependence shown in Figure 21, it follows that the rotation speed
increases relative to the wind speed, almost linearly. Minor deviations from the linear pattern are
caused by the error of the instruments and imperfect experimental conditions.

9.0 1 —®- Experimental data

8.5 1

8.0 1

7.5 1

7.0 1
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6.5 1
6.0 1
5.5 1

501 &

300

Figure 21. Obtained characteristic of the rotation speed dependence from the wind speed.
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When measuring the speed of rotation, the generated parameters of current (I) and voltage (U)
were measured in parallel. The results obtained during the experiments are presented in Table 4.

Table 4. Results of measurements of the generated parameters of the current (I) and voltage (U) of the blade in

the initial state at the measured rotation speed (n).

No Rotation speed n, [rpm] Voltage U, V Current I, A
1 230 8,10 55,29
2 260 8,74 52,14
3 300 9,46 47,38
4 340 10,05 44,58
5 410 11,01 40,71

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

Based on the data obtained in Table 4, a characteristic of the dependence of the generated current
and voltage on the rotation speed is constructed. Figure 22 shows the experimental characteristicsof.
As can be seen from the graphs in Figure 22, at the beginning of measurements, when the wind
speed reached 5 m/s (which corresponds to a rotation speed of 230 rpm), the voltmeter shows values
in the region of 8 V, with a further increase in speed, the voltmeter continues to grow. As for the
generated current, to a greater extent, the current depends on the generated voltage and, according
to Ohm's law, has the opposite pattern from the rotation speed. When the generated voltage increases,
the current drops.
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Figure 22. Obtained characteristics of the voltage-current relationship depending on the speed of rotation (blue
- U, orange-I).

According to the described result, an increase in voltage generation is expected in the next
experiment, since the design with extended blades (increased radius of the wind wheel) predicts a
higher rotation speed.

3.5. Experimental Study of the Characteristics of a Specially Designed Wind Farm with Sliding Blades

The second experiment was conducted on the extended-blade setup shown in Figure 23. In
theory, the generation of current and voltage should increase, because the shoulder of the applied
force increases at the same wind speed.

In this experiment, as well as in the first, five measurements were made for each wind speed.
Table 5 shows the mathematically averaged values.

Table 5. Results of rotation speed measurements.

No Wind speed Vv, [m/s] Rotation speed n, [rpm]
1 5 280
2 6 330
3 7 370
4 8 420
5 9 510

The appearance of the installation on which the second experiment was conducted is shown in
Figure 23.
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Figure 23. A specially designed wind farm with a blade extension mechanism, the blades in the extended state.

By analogy with the first experiment, we measure the rotation speed at different wind speeds.
Based on the results of measurements of the rotation speed, a characteristic of the dependence
of the rotation speed on the wind speed is compiled. Figure 24 shows the characteristic obtained as a

result of the experiments.
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Figure 24. Characteristic of the dependence of the rotation speed on the wind speed.

The results of rotation speed measurements show that at the same wind speed, the rotation
speed increased by an average of 20%, which is an indicator that a wind generator with spread blades
has a higher rotation speed of the wind wheel under the same wind conditions.

The results of voltage and current measurements are shown in Table 6. Using the data obtained
from experiments and recorded in Table 6, a characteristic of the dependence of current and voltage
on the rotation speed is constructed (Figure 25).

Table 6. Results of measurements of the generated current and voltage with the blades spread apart, at the
measured speed of rotation.

No Rotation speed n, [rpm] Voltage U, V Current I, A
1 280 10,12 69,11
2 330 10,93 65,17
3 370 11,82 59,22
4 420 12,56 55,73
5 510 13,76 50,89

As a result, the characteristics of the dependence of voltage and current on the rotation speed
are plotted, shown in Figure 25.
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Figure 25. Voltage and current dependence characteristics depending on the speed of rotation (blue - U, orange - I).

As can be seen from the graphs in Figure 28, the trend of linear dependence of voltage and
current remained from the first experiment, but the generated indicators increased.

A detailed comparison of the results obtained during the experiments is given in the next
subsection.

3.6. Comparison of Experimental Characteristics of a Specially Designed Wind Farm

When comparing the characteristics obtained during the experiments in the first and second
experiments, a summary table of results 2.7 was constructed.

To graphically display the data obtained in summary Table 2.7, graphs comparing the
characteristics of the first and second experiments are constructed. Figure 29 shows rotation speed
comparison graphs; Figure 30 shows voltage comparison graphs; and Figure 31 shows current
comparison graphs.

Table 2.7. Summary table of the results obtained during the experiments.

Wind First experiment Second experiment
speed, m/s Rotation Voltage, V Current, Rotation Voltage, V Current,
speed, rpm A speed, rpm A
5 230 8,10 55,29 280 10,12 69,11
6 260 8,74 52,14 330 10,93 65,17
7 300 9,46 47,38 370 11,82 59,22
8 340 10,05 44,58 420 12.56 55.73
9 410 11.01 40.71 510 13.76 50.89
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Figure 29. Comparative graphs of the rotation speed of two experiments (blue color indicates speed 1, orange
color indicates speed 2).

wh
[V VR N
O
o

>
wh

8.00 10.00 12.00 14.00
Voltage, V

Wind speed, m / s

Figure 30. Comparative voltage graphs of two experiments (in blue - velocity 1, in orange-velocity 2).
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Figure 31. Comparative current plots of two experiments (blue Ui- Ul, orangeU-vz, gray - U Uaverage).

4. Conclusions

Analysis of the experimental data obtained during the operation of a special wind turbine design
shows the following.

Based on the comparative graphs shown in Figures 29, 30, 31, it should be concluded that the
design of a wind generator with sliding blades has a positive effect on the amount of voltage
generated.

Figure 29 shows that the speed of rotation of the wind wheel has increased by about 20%, which
makes it possible to generate electric energy at a lower wind speed.

Figure 30 shows that the generated voltage increases proportionally as the speed of rotation of
the wind turbine blades increases. The corresponding results of the first and second rotational speed
measurements are correlated with the voltage measurements.

In Figure 31, the current drop is explained by the generator power. When the generation voltage
increases, the current value at the generator terminals decreases, since the rated power of the
generator (~0.7 kW) does not exceed the permissible one.

Thus, this design of a specially designed wind farm allows the use of wind energy in areas with
lower wind characteristics with constant production. In contrast to increasing the length of the blades,
active control systems can dynamically adjust the operating parameters of the wind turbine
characteristics, such as the angle of inclination of the blades and the speed of rotation, to maximize
the use of current wind conditions.

Under ideal conditions, it can be assumed that the opposite rotation of the stator and rotor will
increase the power generated by 2 times. Therefore, the coefficient of added generation due to the
second wind wheel has the following value

1 <k<2. 4.1

Since there is a directly proportional relationship between the wind energy absorbed by the
second wind wheel and the generated power of the wind generator, it should be assumed that the
coefficient of energy generated by a wind generator with counter-rotating wind wheels Pwb relative
to a traditional wind generator P» has the following relationship.

Puo =k Py, 4.2)
where k is the coefficient of energy generated by a wind generator with counter-rotating wind
wheels;
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Pub — power of a wind generator with counter-rotating blades;

Pv — the power of a traditional wind generator.

To confirm or refute the theoretical assumption of the value of the coefficient of energy generated
by a wind turbine with counter-rotating wind wheels, experimental work was carried out with the
created semi-industrial experimental design sample of a wind turbine of special design and an
analysis of the obtained values was carried out.
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