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COUNTER-ROTATING ROTOR AND STATOR
GENERATOR AND FARADAY GENERATOR

Conventional generation methods are reviewed, which have low
performance compared to newly developed ones. A method for generating
electrical energy, protected by several patents, is proposed. The essence of
the method consists in applying the counter-rotation of both the rotor and the
stator, which allows the relative rotation speed of the generator to reach the
sum of the rotor and stator speeds. Increasing the rotation speed leads to an
increase in the frequency of the electromagnetic field, this allows for reduced
generation power [losses], decreased weight and dimensions of the magnetic
circuit due to operation at higher frequencies, and an improved material
utilization factor. It is shown that the power changes proportionally to the
cube of the velocity V and the square of the diameter d of the wind turbine.
This means that when the wind speed or blade length increases by a factor of
2, the power (energy) of the airflow increases by 8 and 4 times, respectively.

The developed wind energy extraction method enables the utilization
of low-potential wind speeds: the starting torque of the rotor is significantly
reduced, allowing generation to begin at lower wind speeds compared to
traditional single-rotor systems.
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In fact, with this generation method, it is possible to double the electricity
output for the same equipment and financial costs. The structural changes are
minor in terms of complexity and are fully feasible for implementation.

The application of wind turbines based on the author’s patents will allow

Jfor a significant reduction (up to 40-50%) in the capital expenditures for wind
farm construction, which, on a national scale, will reduce the funding required
for the deployment of wind power units.

The localization of wind turbine production with these properties will
ensure attractiveness for buyers in terms of the price-to-power generation ratio.

Keywords: renewable energy sources, coaxial wind turbines, enhanced
efficiency, autonomous power supply, small wind power.

Introduction

In the context of rising electricity demand and the growing consumption
trends in industry and agriculture, the implementation of renewable energy sources
is becoming increasingly important. Small-scale wind turbines with a capacity of
3—10kW are of particular significance for small enterprises located in remote areas, as
transmitting more than 1 kW of power over a distance of 1 km becomes economically
unviable due to transmission losses. Providing power to industrial and agricultural
facilities is further complicated by the fact that many of these sites are situated at a
considerable distance from centralized power supply networks.

Autonomous power supply for organizations can be implemented in various
ways. Power supply from diesel and gasoline generators, due to its extreme high
cost, is not widely used and is reserved for categorized strategic facilities. As
alternative energy sources, wind turbines are employed as they possess sufficient
energy potential; solar panels are used, though they have a lower electricity output
compared to wind turbines; and hydrogen and biogas plants are utilized, which are
characterized by insignificant generation volumes. Hydropower offers high efficiency
but requires substantial capital expenditures, comparable to those of nuclear, thermal,
and district power plants, and most importantly, it requires the presence of water
arteries suitable for hydroelectric dam construction.

Given the steady upward trend in fuel prices, coupled with the decreasing cost of
equipment for wind energy, rapid construction timelines (6 months), tariff reductions,
and subsidy policies in most countries — including Kazakhstan — the study of power
supply for remote autonomous consumers using renewable sources, specifically
wind energy, is highly relevant and holds significant scientific and practical interest.

Object of Research: A wind turbine with a counter-rotating rotor and stator.

Subject of Research: Derivation of the dependence of power generation
on wind speed.
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Goal: To investigate the capabilities and potential of counter-rotating wind turbines.

Objectives: To demonstrate the advantages of generators with counter-rotating
stators and rotors; to present a methodology for calculating the relationship between
wind speed and generated electric power; to evaluate the technical and economic
efficiency of counter-rotating rotor and stator wind turbines.

Materials and Methods

This article is based on the research materials of established solutions in
the field of electric generator and wind turbine design, incorporating a review of
historical engineering experience. The study builds upon recognized developments
and research in wind energy systems, including those published in patents and
articles within Kazakhstan and internationally. The research methodology includes
a systemic analysis of existing devices [1; 2; 3; 4] and a comparative study of the
design features of single- and dual-rotor horizontal axis wind turbines (HAWTs).
Furthermore, the work utilizes generalized results from laboratory and field
experiments, experimental methods (physical modeling), and a feasibility study
(techno-economic assessment) presented in this paper and the author’s previous
publications listed in the references.

Results and Discussion

The first electrical generator was constructed in 1831 by Michael Faraday.
The generator consisted of a horseshoe-shaped permanent magnet and a copper
disc rotating between the magnetic poles (Fig. 1, a). As the disc rotated, a constant
EMF (electromotive force) was induced between its axis and its edge [5].

a il Wi

Figure 1 — Electric power generators:
a — Faraday generator, b — Pixii generator, ¢ — modern generators
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In 1832, Hippolyte Pixii improved upon Faraday’s generator (Fig. 1, b),
though the operating principle remained unchanged. More advanced homopolar
generators, which are still in use today — albeit relatively rarely — are designed
based on this same principle (Fig. 1, c).

The fundamental principle of conventional electricity generation is based on
the rotation of a rotor relative to a stationary stator (Fig. 1).

Rotor rotation is considered most optimal from the perspective of design
simplicity: a fixed stator and a rotating rotor.

A more detailed analysis of the power generation process reveals that to
generate electricity, a magnetic field — for instance, from a permanent magnet —
must intersect an electrical circuit (coil). This causes an EMF to arise at the ends of
the circuit. When the circuit is closed, an electric current flows. The intersection of
the circuit by a magnetic field implies that the magnetic field possesses a gradient
— it changes in magnitude over time. This is most easily implemented through
rotation. In this case, the induction value changes according to a sinusoidal law:
it increases and decreases, passing through zero between these intervals.

Faraday and Pixii do not specify which component must rotate: the frame or
the permanent magnet (Fig. 1, a and b). According to the law of electromagnetic
induction (Faraday, 1831), a change in the magnetic flux through a closed circuit
induces an electric current within it.

Core Principle

The foundations of this principle were established in 2010. The first results
were published in the Republic of Kazakhstan innovative patent for invention No.
26105, titled “Wind Wheel,” authored by Drobinskiy A. V., Shapkenov B. K.,
and Kaidar A. B., dated September 14, 2012, Bull. No. 9 [6].

In a conventional electrical machine, only the rotor rotates while the stator
remains stationary. In a counter-rotating design (Fig. 2), both magnetic circuits
can rotate in opposite directions, creating:

— a relative rotation speed equal to the sum of the rotor and stator speeds,
rather than the difference or the single speed of the rotor alone (Fig. 3).

This allows for an increase in electromagnetic performance without increasing
the overall dimensions.
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Figure 2 — Counter-rotation of the rotor and stator:
a — design, b — implementation

Figure 3 — A design variant of a wind turbine with counter-rotating
wind wheels based on the author’s patents [6; 7; 8; 9]
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In a conventional generator, the permanent magnets of the rotating rotor (or
its excitation winding) induce an EMF in the stator. In a counter-rotating rotor and
stator configuration, the magnetic flux changes more rapidly due to the increased
total relative velocity ®

relative”

('Orelative = U‘)rotor + (Dstator (1)

That is, the EMF increases linearly as a function of both rotations.
Substituting ®=2xf and dividing both sides by 2x, we obtain:
frelativezfrotor—‘r fstator (2)

The combined frequency of the field and the generated EMF increases
accordingly (2).

This means that the frequency of the EMF generated in the stator depends
on the total relative velocity of the rotor and stator.

An increase in frequency allows for:

— increasing the power output;

— reducing the size of the core iron (due to operation at higher frequencies);

— improving the material utilization factor.

The interaction between two moving magnetic systems significantly enhances
the generator’s capabilities. It increases the power output and, when applied in
wind energy, allows for the utilization of weaker winds. This expands the potential
for electricity generation under low-wind conditions, where single-rotor systems
operate with negligible efficiency.

The wind power (energy) — a crucial parameter for the calculation and
selection of wind turbines — depends on the wind speed. The relationship between
these characteristics is directly proportional and is expressed by formula (1):

_ 8 aa
N, = . L 3)

where:

- N - air flow power (W);

— V —air flow velocity (m/s);

— p—air density (kg/) (its standard value at a temperature of +15°C and a
pressure of 760 mm Hg is 1.225 kg/)
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— S — rotor swept area () (is practically equal to the area of the circle
described by the edges of the wind turbine blades that are furthest from the axis
of rotation); it is calculated using formula (4):

5 =ndd, 4)
where:

- mw=3,14;

— d - rotor diameter (m).

From the given formulas, it follows that the power N, changes proportionally
to the cube of the speed V and the square of the diameter d of the wind generator
turbine. This means that when the wind speed or the length of the blades increases
by 2 times, the power (energy) of the air flow will increase by 8 and 4 times,
respectively. Taking the area S equal to 1m?. Setting V from 3 to 25 m/s, we get

Calculation for 3 m/s: ™, I"If' 3'=16.5 Wim*.

The more visually presented information is shown in Table 1:

Table 1 — Dependence of power N on speed V according to formula (3)

Wind speed (m/sec) 3 4 |5 7 10 | 14 16 20 25
(S\I)’v‘j?ﬁcp"weva"“hea‘rﬂ"w 16,539 | 76,5 | 210 | 612 | 1681 | 2509 | 4900 | 9570

The above arguments and formulas are purely theoretical. In reality, it is
impossible to convert all the energy of the wind flow passing through the wind
wheel into mechanical energy. Part of it is lost to the resistance of the wind turbine
to the movement of air particles, part to friction; a significant part of it passes
further with the flow, bypassing the wind generator.

Taking everything into account, the power of the wind generator on the wind
turbine shaft can be calculated using formula (5) [9]:

N = Va-d-S M0 (5)

where:

— N - wind generator power without accounting for losses in bearings
and transmissions (W).

— V- wind speed (m/sec).

— d-— diameter of the wind wheel (m).

— &—wind energy utilization factor (shows what part of the air flow power
a specific wind generator can turn into mechanical energy).

— 2080 — empirical coefficient accounting for air density p=1.225 kg/m?)
and conversion factors of circle geometry (m/4).
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The value of the coefficient £ depends on the design of the wind engine, the
quality of manufacture and shape of its wings, and other factors. For high-speed
wind engines equipped with blades of an aerodynamic streamlined profile, the
value of the coefficient can be 0.42...0.46. In slow-speed units equipped with a
large number of blades, this indicator is in the range of 0.27...0.33.

Advantages

Increased specific power. Due to the increase in the relative rotation speed,
the change in magnetic flux is accelerated.

This allows obtaining more power at the same machine size or reducing
dimensions at the same power.

Increased torque. Torque is proportional to the product of the interacting
magnetic fields.

Simultaneous rotation increases the effective shaft torque, especially in motors
for aviation, robotics, and UAVs.

Higher Efficiency (in some implementations). When optimizing the magnetic
circuit, it is possible to reduce losses in iron and copper.

For turbomachinery and ventilation units: counter-rotation increases
aerodynamic efficiency and reduces power demand.

Possibility of energy recovery. In some systems, stator rotation can be used
to generate additional power circuits, or for energy transfer to neighboring nodes.

Compactness. It is not required to increase the length of the active part or
the diameter to achieve high revolutions.

This is advantageous for compact high-power electric drives.

For wind power plants, the product cost remains equivalent to that of a
single-rotor system plus the cost of an additional rotor, which does not exceed
10 % of the total cost of the primary equipment: the wind generator, tower,
rectifier-inverter system, and battery storage. In fact, total capital expenditures
are reduced by 40-50 %.

Main Architectures of Counter-Rotating Machines

There are 3 basic variants.

1. With two independent rotating parts:

— Internal rotor — permanent magnets or winding.

— Outer rotor (actually a moving “stator”’) — also a magnetic system.

Used, for example, in motors for coaxial propellers.

Plus: maximum torque.

Minus: complexity, heavy bearings.

2. Rotor plus rotating stator (via bearings):

The stator receives mechanical motion not from the electrical supply, but
from an external mechanism.
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Used in specialized generators.

3. Bi-directional machines with double inverters (double feed):

When:

— the rotor is controlled through excitation;

— the stator is controlled by a separate inverter;

— rotations are synchronized by electronics.

This is the most modern variant.

Where Counter-Rotation Gives Maximum Effect

Electric aviation

For coaxial propellers:

— counter-rotating blades reduce vortex losses;

— and a double-rotation electric motor reduces weight and increases the
efficiency of the propeller group.

Efficiency gain can be 10-25 %.

Unmanned Aerial Vehicles (UAVs) and helicopters.

Allows reducing the gearbox or completely abandoning it.

A gearbox is a source of noise and losses — abandoning it gives a large gain.

Marine screw-rotor installations

Coaxial screws increase the efficiency of propulsion systems by 15-30 %,
and direct electric control allows abandoning complex mechanics.

High-speed generators

For example, in wind turbines:

— counter-rotation increases generator power without increasing the
diameter [6; 7; 8].

Conclusions

The provided analysis is more accessible and clearer when presented in
tabular form.

Table 2 — Advantages and disadvantages of counter-rotating wind generators

Parameter Advantages Disadvantages

Power Higher ~ 2 times at the same dimensions —

Torque Significant growth —

Efficiency May be higher —

Construction | More compact More complex
Reliability — Reduction in reliability
Cost — Higher up to 10%
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The developed method of wind energy extraction allows engaging low-potential
wind speeds: the starting of the wind wheel occurs at lower speeds, which allows
starting generation at lower wind speeds compared to traditional single-rotor ones.

With such a method of generation, with the same hardware and financial costs,
it is possible to increase electricity generation by 2 times. Changes in construction
are technically insignificant in quantitative embodiment, and are quite feasible in
execution [9; 10].

The application of wind generators according to the author’s patents will
significantly (up to 40-50 %) reduce capital costs for the construction of wind power
plants, which on a state scale will reduce funding for the use of wind units.

Localization of the production of wind generators with the specified properties
will ensure attractiveness for buyers from the point of view of price — generation power.
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Kazakcran PecryOnukacel, AcTaHa K.;
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16.04.26 x. bacmara TyCTI.

16.04.26 x. Ty3eTyJepiMeH TYCTi.

22.05.26 x. O6achII MIBIFapyFa KaOBUIIaH B

KAPAMA-KAPCHI AMHAJIATBIH KEJI IOHT'EJEKTEPI AP
KEJ I'EHEPATOPJIAPBIHBIH TUIMJALJIITTH HETI3JIEY

JKanaoan a3ipreneer 90iCMepMeH CanblCmbipP2anoa eHIMOLIIZ MOMEH
docmypii eenepayusinay mocinoepi Kapacmulpwliovl. biprewe namenmnen
KOpaaiean 91eKmp SHepeUsiColH 6HOIpY mocili YCbiHbLIObl. Tocindiy MoHi
— pOmop MeH Cmamopobly KApama-Kapcvl AuUHALyblH KOJLO0aHyod, Oy
2eHepamopObI CANbICMBIPMATLL AUHANLY HCLLIOAMObIZIH POMOP MeH
cmamop HcoLIOAMObIKMAPbIHbIKY KOCIHObICHIHA OCUIH HCemKizyee MyMKIHOIK
bepedi. Aunany scuinieiniy apmysl 1eKMPOMASHUMMIK OpIC JHCULTIZIHIK
JHco2apIIAYbIHA dKeNedi, Oyl 2eHepayus KyamviH OHMALIAHObIPY2d, HCO2apbl
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JHCULTIKME HCYMBIC iCme)y eceOiHeH MAeHUM OMKIZIUMIY CAtMaK-0muUeMOiK
KepCemKiumepiH a3aimyaa sHcoHe Mamepuaiobl NAt0anany Kodgguyuenmin
arcakcapmyaa MyMKiHOIK 6epedi. Kyam moHi dcen mypOUHACbIHbIY
JHculI0amMOvlabiHbly V KyObiHA dHcone Ouamempiniy d KeadpamsiHa
nponopyuoHan e3eepemiti kopceminzen. byn orcen scolioamovizel Hemece
Kanakmapowiy y3ulHOblebl 2 ece apmKaHod, ayd azbiHblHbIY KYambl
(sHepeusicol) cotikecinute 8 dcome 4 ece apmamuitbiH 6L10IpeOi.

O3ipiieHzen el IHEPSUACHIH ALy MOCLLi MOMeH NOMEHYUANObL JiCe
JHCBLIOAMOBIKMAPLIH NAUOANAHY20 MYMKIHOIK bepedi: el OeHzene2iHiy
icke KocbLLy comi atimapavikmai memeHoetioi, Oyn 0scmypii Oip pomopiivl
2eHepamopIapMeH CAnblCMbIP2aHOa HCenoiy MOMEH HCbLIOAMOLIKMAPLIHOA
2eHepayusiHbl Dacmayeaa Heaz0atl Heacaiovl.

Ic ocysinoe, cenepayusanayoviy MyHOaU MOCiliHOe anNApammslK, HCoHe
KApoHCLUIbIK Uibl2bIHOap OIpoet D0N2aH Hcaz0atioa d71eKmp SHEPSUACHIH OHOIpYOi 2
ece apmmuipyaa 601a0bi. KoHcmpykyusoazel e32epicmep meXHUKAIbIK mypeblOaH
ManbI30bL emec HCOHEe OPbIHOATYbL MOTBIKMALL ICKe ACbIPbLIAmbIH OeHeelioe.

Aemopoviy namenmmepi 60UbIHWIA JceNl 2EHEPAMOPAAPLIH KOIOAHY
JHCeN INEKMP CIMAHYUANIAPBIH CALY2A HCYMCANAMbIH KYPOei WbleblHOAPObl
atumapnvikmaii (40-50 %-2a Oetiin) momenoemyze MymKinoik 6epeoi,
Oy MemieKemmiK ayKblMOda dicel azpe2ammdapbuli natidaidaHyobsl
KAPAHCHIIAHOBIPYObL A3aUMA0bL.

Amanzan Kacuemmepi bap dwcen cenepamopirapsvl OHOIPICiH
JOKAIU3AUUANAy (Hcep2inikmenoipy) camulin anywbliap yulin «basa —
2eHepayusi Kyamoly mypeblCblHa MapmulMObLIbIKMbL KAMMAMACHL3 emeoi.

Kinmmi ce30ep: srcanapmoiiamuln 3Hepeust Ko30epi, KOAKCUmbOi dicei
2eHepamopIapbl, H#02apbl MUIMOITIK, ABMOHOMObL dTEKMPMeEH HCADOLIKMAY,
WIA2BIH JHCeTl IHEPSEMUKACHI.
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I'EHEPATOP CO BCTPEYHO-BPAITAIOIIUMHUCA POTOPOM
N CTATOPOM UTEHEPATOP ®APAJESA

Paccmompenvr mpaouyuonnvie cnocodwl eenepayuu, Komopule no
CPABHEHUIO € BHO8b PA3PAOOMAHHBIMU UMEIOT HUSKYIO NPOU3B0OUMETbHOCID.
Tpeonodicen cnocob eenepayuut SNeKmpu1ecKoll IHepeull, 3anameHmoBaHHbllL
Heckonvkumu namenmamu. Cyms cnocoba cocmoum 6 npumeHeHuu
BCMPEUHO20 6PALYEHUs U POMOPA, U CIAMOpA, YMo No380Jsem obecneyums
OMHOCUMENLHYIO CKOPOCHb 6DAUEHUST 2EHEPAMOPA 00 CYMMbl CKOPOCHEl
pomopa u cmamopa. Yeeauuenue 4acmomsl 6paujeHus npUeoOum K
VBENUYEHUIO YACTNOMbL IIEKMPOMASHUMHO20 NOJs, YMO NO380sem
VMEHbUWUMb MOWHOCb 2EHEePAYUY, YMEHbUUMb MaAcco2abapummble
NOKA3amenu MazHumonpo8ood 3a c4em pabomul Ha 60/iee BbICOKUX YACMOMAX,
yayuwums Kod@duyuenm ucnonvzosanus mamepuaia. Ilokaszano, umo
MOWHOCIb USMEHSAEMCS NPOROPYUOHATILHO KYOY ckopocmu V u keadpany
OQuamempa d sempomypOuHsl 8empozenepamopa. Imo o3Hauaenm, 4mo npu
VEeIuueHul CKoOpocmu éempa ui OUHbl Jonacmeti 6 2 paza MOUWHOCb
(3Hepeus) 8030yuiHO20 nomoka eospacmem 6 8 u 4 pasa, CoomeemcmeeHHo.

Paspabomannwiii cnocob uzeneuenusi sHepeun 8empa no3eosem
3a0eticmeosams HU3KONOMEHYUAIbHbIE CKOPOCMU 8empda: NYCKOBO
MOMEHM 8eMPOKONECd 3HAUUMENbHO CHUINCAEMCS, YMO NO380Jis1em
HAuuHame 2eHepayuio npu 60ee HUKUX CKOPOCHSIX 6emMpa NO CPABHEHUIO
O0OHOPOMOPHBIMU MPAOUYUOHHBIMU.

Daxmuyecku npu MaKom cnocobe 2eHepayuiL pU mex Hce AnnapamypHbIx
U UHAHCOBBIX 3aMPpamax 603MOJCHO 6 2 paza NOGLICUMb 2eHEPaAYUI0
anexmposnepauut. Mzsmenenus 6 KOHCMpYKYUU MeXHUYeCKU HeCyyecmeeHHble
6 KOMUYECMBEHHOM BONIOWEHUU, 8 UCHOTHEHUU BNOTIHE PEAU3YEMO.

Ilpumenenue eempozenepamoposd no nameHmam agmopa no360JauUm
cywecmeenno (00 40-50 %) chuszume kKanumanbHble 3ampamsl HA
CMpOUmMenbCmeo 6empoINEKMPOCMAHYUL, YMO 8 MACUIMADAX 20cyoapcmsd
CHU3UM PUHAHCUPOBAHUE HA UCNONL30BAHUE BEMPOAZPE2AMO8.

Jlokanusayus npouzeo0cmea 6empo2eHepamopos ¢ YKa3aHHbIMU
ceoticmeamu obecneyum NpUeIeKamenbHoCms 0l NOKYRamenetl ¢ mo4Ku
3PeHUs YeHa — MOWHOCb 2EHEPAYUU.

Knrouesvie crosa: 60300H06/151eMble UCMOUHUKY IHEPUU, 6CTNPEUHO-
spawjaouuecs 6empozeHepamopul, NoGblleHHAs IPdekmusHocmo,
A8MOHOMHOE INIEKMPOCHADIICEHUE, MANAS BEMPOBAsL IHEPSEMUKAL.
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