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Abstract: [ Objective ] To address the limitations of
traditional large-scale permanent magnet synchronous wind
generators, which cannot regulate the excitation magnetic
field, and traditional double-fed generators, which are not
suitable for direct drive and require post-installation
maintenance, a modular dual-rotor synchronous wind
generator is proposed. [Method] The stator winding of the
generator was designed using fractional slot concentrated
winding ( FSCW ), while both rotor windings were
concentrated and excited by direct current. The stator
excitation generated two dominant poles, which magnetically
coupled with the dominant poles of the two rotors, forming a
flux linkage. First, the basic structure and operating principle
of the generator were introduced. Following this, a
mathematical model was developed and the electromagnetic
characteristics, including flux linkage and induced
electromotive force, were analyzed based on FSCW theory.
Finally, a finite element simulation model was created, and
the simulation results were compared with the theoretical
predictions. [Results] The results indicated that flux linkage
calculations were accurate when the magnetic surfaces of the
stator and rotor teeth were aligned. However, when the teeth

were misaligned, the presence of air-gap leakage inductance

introduced a certain degree of error in the calculations.
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[Conclusion] The simulation results are generally consistent
with the theoretical calculations, validating the accuracy of
the proposed modular dual-rotor synchronous wind generator
design.

Key words: dual-rotor synchronous wind generator; magnetic
flux linkage; fractional slot concentrated winding; induced

electromotive force
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Fig.4 Simplified analysis model of the stator and rotor
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Fig.5 Parallel magnetization distribution
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separate excitation of two rotors
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Currently, permanent magnet synchronous
generators ( PMSGs) are the primary choice in wind
power generation systems. However, in recent years,
the increasing capacity and scale of wind turbines
have posed challenges for the design, installation,
and maintenance of large-scale units. Additionally,
permanent magnets have the drawbacks of an
unadjustable magnetic field and high costs, while
double-fed induction generators ( DFIGs) involve a
complex drivetrain. To address these issues, this
paper presents the design of a dual-rotor synchronous
wind generator based on fractional slot concentrated
winding (FSCW ) and wideband coupling of spatial
pole pairs. This design employs a coreless, modular,
dual-rotor axial flux generator structure, utilizing
electrically excited field regulation to overcome the
limitations of traditional PMSGs and DFIGs.

The paper first introduced the basic structure

of the

synchronous wind generator. The generator adopted

and operating principles dual-rotor
an axial flux design, with two rotors positioned on
either side of the stator. The stator windings were
designed using FSCW to improve winding utilization
and enhance the overall efficiency of the generator.
Both rotor windings were concentrated and excited by
Magnetic flux linkage occurred

direct current.

between the dominant poles of the stator and those of

S9

the rotors, significantly boosting the electromagnetic

coupling efficiency of the stator’ s dominant poles.
Next, a mathematical model of the generator was

established, and its electromagnetic characteristics,

flux

electromotive force, were analyzed based on FSCW

including magnetic linkage and induced
theory. Finally, a modular axial flux generator model

was constructed with appropriate parameters,
followed by a comparative analysis of finite element
simulation results and theoretical calculations.

The following conclusions are drawn:

1. The calculated values of magnetic flux
linkage at the aligned positions of the stator and rotor
teeth However, at misaligned

are accurate.

positions, the presence of air gaps introduces
discrepancies between the calculated values and
simulation results.

2. When the dual rotor windings are excited

the of the

electromotive force on the stator side is approximately

simultaneously, amplitude induced
equal to the sum of the induced electromotive force
amplitudes generated when each rotor winding is
excited separately.

3. The presence of modular gaps disrupts the
continuity of the magnetic flux path, leading to an
increase in harmonic components within the induced

electromotive force of the modular generator.
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