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 This article proposes a generator that operates efficiently in low-pressure water 

streams and low-speed wind flows. The article considers it relevant not to use 

gearboxes and generators with excitation windings in micro hydroelectric 

power plants and wind power plants. The proposed generator consists of 

multipolar permanent magnets with a low rotation speed. To further reduce the 

rotation speed of the generator, counter-rotation of the rotor and stator is 

ensured. In order to evaluate the technical and economic indicators of the 

proposed generator, a computer model was created and analyzed in the Ansys 

Electronics Desktop program. the research work is relevant for the design and 

production of generators that are used to generate electricity from low-speed 

flows.  
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Introduction: 

Energy efficiency is a set of processes aimed at efficient, 

that is, rational use of energy resources. Achieving the 

desired result at the cost of consuming less energy for the 

energy supply of consumers or production processes is 

also an indicator of efficiency. At the current level of 

technical and technological development, achieving 

economically based efficiency in the use of fuel and 

energy resources, as well as compliance with the 

requirements of environmental protection, are among 

them [1]. 

All electrical devices have optimal operating 

conditions. Any change in these conditions can lead to a 

decrease in the efficiency of the equipment. Electric 

generators are no exception. The parameters of the 

generator are not a fixed value - it depends on several 

factors. These omls are affected by manufacturing 

variations, environmental and structural parameters and it 

is essential to ensure these parameters to ensure optimum 

performance [2]. Therefore, the analysis of analytical and 

computer models in the design of electric generators is of 

urgent importance.  

Literature review: 

The use of axial-flux generators in wind turbines without 

the use of a gearbox resulted in an increase in wind 

energy utilization coefficient and energy density, as well 

as a decrease in generator weight [3]. When comparing 

axial (SGPM-5-150A) and radial (SGPM-5-150T) flux 

generators, the axial flux generator has a 2.1% higher 

efficiency, 2.2 times less commutation, and many other 

advantages [4]. The voltage of the two-rotor axial 

generator was recorded at 219-402 rpm, and the 

frequency was 333 rpm at 50 Hz [5]. The energy density 

of the two-rotor and three-rotor axial flux generators, and 

the energy density of the two-rotor and single-stator axial 

flux generators was recorded as 283.6 W/kg and 195.3 

W/kg, respectively. However, the large number of 

magnets required for the manufacture of this type of 

generator increases the cost of the generator [6]. Radial 

current generators are currently used in many large-

capacity hydroelectric power plants. The generator used 

in these hydroelectric power plants is multi-polar, has a 

low rotation speed. The difference in voltage between 

each phase of a radial flux generator with a power of 10 

kW and a rotation speed of 214.3 rpm was observed to be 

0.3%-1.3%, and the difference between practical and 

theoretical experiments was 5% [7]. Other research 

studies have shown that the use of radial flux generators 

for wind flows with low potential energy efficiency gives 

good results. When the flow speed is 3 m/s-5 m/s, the 

generator speed can reach 100 rpm-500 rpm [8] 

Materials and methods: 

Based on the values obtained using a mathematical model 

used in the design of a multi-polar, low-speed electric 

generator, a computer model was constructed in the ansys 

electronics desktop program. Based on the computer 

model, the output voltages, torques, and losses of the 

electric generator were analyzed. Twenty-two different 

electric generator designs were analyzed on the computer 

model. Radial-axis synchronous generator consisting of 

permanent magnets has 48 magnetic poles and 36 coils, 

the conductor type and cross-sectional surface, the 

number of windings were selected as in the axial-axis 

electric generator. 12 computer models were created by 
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changing the type of stator and rotor materials and 

structural structure. In order to reduce the time spent on 

the design, the models were created in the form of two-

dimensional models. 

 

 

 

Fig. 1. Magnetic field distribution of generator 

with stator and rotor cast steel 

 

 

 

Fig. 1b. The direction of the magnetic force 

vectors of a cast steel generator with stator and rotor 

 

Taking into account that the initial results of the designed 

model are at the required level, we can conclude that the 

generator is designed correctly [9]. Fig. 1 shows a 

graphical representation of some values from computer 

models of designed radial axis electric generators 

 

 

Fig. 2. EMF in the generator stator with stator and 

rotor cast steel 

 

Fig. 2b. Induction current in the stator of a generator 

with a cast steel stator and rotor. 

 

 

Fig. 3. The mechanical power used to rotate the 

generator stator and rotor 

 

 

Fig. 3b. Losses in a two-rotor electric generator with 

solid rubber stator 

The obtained results of experimental studies: 

 

Axial-flow, single-rotor electric generators conductive 

forces were compared in the studies carried out on the 

computer model in the Ansys Electronics Desktop 2022 

program (Fig. 3). Values in different phases were selected 

so that the lines representing the indicators in the graph 

do not overlap with each other [10]. 
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Fig. 4. Single-rotor, axial flux electric generators 

computer model results in Ansys Electronics Desktop. 

According to the results of the model, the lowest 

indicators were observed in generators with solid rubber 

rotors. Further analyzes focused on the comparison of 4 

steel-based models [11]. Relatively high values were 

found in the model with a solid steel structure, but 

because of the high dissipation of cumulative currents in 

this model, the three models were continued to be 

compared. In the remaining three models, the values of 

electric driving force are approximately the same, but the 

radius of the generator with such a design increases 

dramatically and causes an increase in the value of the 

moment of inertia in the rotational movement. For this 

reason, further research was conducted on two-rotor, 

axial-flow electric generators based on the same number 

of magnets and conductors. Fig. 4 shows the results of the 

two-rotor axial flux electric generator. As can be seen 

from the graph, here too, the electric power value of the 

electric generator with solid rubber stator is lower 

compared to the generators with steel base. In the general 

case, the values are lower than the results of single-rotor 

axial flux generator models [12]. For example, in electric 

generators with a solid steel base, the EMF value is 46% 

lower in the two-rotor construction than in the one-rotor 

construction, and in the stator generators made of pressed 

thin steel plates, the two-rotor construction is 48% lower 

than in the one-rotor construction. For this reason, a 

comparison of radial flux electric generators was also 

determined. 

 

Fig. 5. Results of a computer model in Ansys 

Electronics Desktop software of a two-rotor axial-flux 

electric generator 

Fig. 5 compares the results obtained by the computer 

model of radial flux electric generators based on different 

materials. In the results, 82.4% lower EMF value was 

recorded in hard rubber stator constructions compared to 

steel base constructions. 

 
Fig. 6. EMF in the phases of electric generator 

with radial flux of different designs. 

The maximum value in the design with radial fux is 7.2% 

more than the maximum value of EIUK in the single-

rotor design with axial flux [13]. Due to the fact that the 

EMF value is relatively high in generators consisting of a 

steel-based stator among all constructions, further 

research was continued on these constructions. That is, 

the generators of the four selected constructions are 

additionally based on waste and steel platespressing 

directionwas also analyzed by modification [14]. That 

ispressing the effect of pressing the stator made of thin 

plates along the y-axis and x-axis on the EMF generated 

in the generator was evaluated (Fig. 6). 

 

Fig. 7. EMF in the phases of a radial flux  electric 

generator pressed in different directions with a thin 

plate. 

It can also be seen in Fig.7 that the best results of EMF in 

the phases were recorded in the structure with the stator 

and rotor made of solid steel and the stator with a thin 

plate pressed along the x-axis and with a solid steel rotor. 

At the next stage of the research, losses were evaluated in 

structures with stator and rotor made of solid steel and 

stator with thin plates pressed along the x-axis and with 

solid steel rotor. Fig. 10 shows the breakdown of active 

power losses in two selected electric generators. 
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Fig. 10. Active power losses in structures with 

stator and rotor made of solid steel and stator with 

thin plate and rotor made of solid steel 

In the Fig., the performance of an electric generator with 

a stator and a rotor made of solid steel is shown in blue, 

and the results of a construction with a stator and a thin 

plate pressed along the x-axis and a solid steel rotor are 

shown in red. Based on the results, active power 

dissipation is higher in electric generator with stator and 

rotor made of steel. 

 

Knowing the mechanical systems that transmit power in 

parallel and in series, parallel transmission systems have 

been proven to be more efficient than series transmission 

systems. The same system can be applied to two counter-

rotating wind and hydro turbines, or to two counter-

rotating wind and hydro turbines driving a counter-

rotating electric generator [15]. To transfer power to the 

generator, a system consisting of two mechanisms 

providing a series transmission with torques M1 and M2 

(Fig. 12) or two counter-rotating mechanisms from one 

turbine (R) in parallel transmission (It has an electric 

generator with GR and GS) and a standard electric 

generator (G) from two counter-rotating turbines (R1 and 

R2) (or a counter-rotating generator with rotor rotation 

(GR) and stator rotation (GS)) systems were selected. 

Here i1 and i2 are kinematic ratios, as well as η1 and η2 

are characterized by the efficiency of mechanisms. A 

motion with an angular velocity ꞷx and a torque Tx is 

transmitted to each shaft x. 

 

Fig. 12. Series and parallel power transmission 

schemes of mechanisms with a degree of freedom 

equal to one. 

For Case 1 in Fig. 12, i.e., with one input (R) and one 

output (G), the angular velocity is calculated as: 

𝜔𝐺 =
𝜔∙𝑅

𝑖1∙𝑖2
      (1) 

𝑇𝐺 = −𝑖1 ∙ 𝑖2 ∙ 𝜂1 ∙ 𝜂2 ∙ 𝑇𝑅   (2) 

efficiency for the same system: 

𝜂𝐴 =
−𝑃𝐺

𝑃𝑅
=

−𝑇𝐺∙𝜔𝐺

𝑇𝑅∙𝜔𝑅
= 𝜂1 ∙ 𝜂2   (3) 

In case 2 of Fig. 12, speed change with one input (R) and 

two outputs (GR and GS): 

𝜔𝐺𝑅 =
𝜔𝑅

𝑖1

 

𝜔𝐺𝑠 =
𝜔𝑅

𝑖2
  𝜔𝐺 = 𝜔𝐺𝑅 − 𝜔𝐺𝑠 =

𝑖2−𝑖1

𝑖2∙𝑖1
∙ 𝜔𝑟 (4) 

𝑇𝑅1 = −
𝑇𝐺𝑅

𝑖1𝜂1
  (5) 

𝑇𝑅2 = −
𝑇𝐺𝑆

𝑖2𝜂2
      (6) 

𝑇𝑅1 + 𝑇𝑅2 = 𝑇𝑅    (7) 

Knowing that the torques transmitted from the turbine to 

the moving stator or rotor of the electric generator are 

equal but opposite in sign (TGS = -TGR), assuming that 

the torque TG = TGR and the mechanical power TG WG 

transmitted to the electric generator are equal: 

𝑇𝐺 = 𝑇𝑅
𝑖1∙𝑖2∙𝜂1∙𝜂2

𝑖1∙𝜂1−𝑖2∙𝜂2
   (8) 

𝑇𝐺 ∙ 𝜔𝐺 =∙ 𝜂1 ∙ 𝜂2 ∙ 𝑇𝑅 ∙ 𝜔𝑟
𝑖2−𝑖1

𝑖1𝜂1−𝑖2𝜂2
 (9) 

It allows you to calculate the transmission 

efficiency for the beam B as follows: 

𝜂𝐵 =
−𝑃𝐺

𝑃𝑅
=

−𝑇𝐺∙𝜔𝐺

𝑇𝑅∙𝜔𝑅
= 𝜂1 ∙ 𝜂2 ∙

𝑖2−𝑖1

𝑖1𝜂1−𝑖2𝜂2
  (10) 

Conclusion: 

As a general conclusion, it has been confirmed that 

parallel power transmission has higher efficiency than 

serial transmission based on the above equations and 

research conducted by foreign scientists [16]. Good 

efficiency was evaluated as a system summing the input 

and output power for the case of H1 (Fig. 12). The second 

most efficient case is case H2 with two inputs and one 

output (Fig. 12). The next efficiency is for case H3 with 

single-turn and counter-rotating electric generator. The 

least efficient option was found in the case of H4 in the 

serial transmission of mechanical power. Thus, it can be 

concluded that the transmission of two parallel input 

systems into one output system, or the transmission of 

one input power as two parallel output power, is highly 

efficient in the efficient use of tidal and wind energy. 
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