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Nowadays, wind energy is developing rapidly as it is clean and renewable and the offshore wind energy is
one of the most popular ones for its abundant source. To avoid frequent maintenance of the offshore wind
turbine system, a large direct-drive generator is needed. Due to the advantages of the higher magnetic field
in the high temperature superconducting (HTS) machine compared to that of the regular one, it becomes a
great candidate for offshore wind power application for its large torque density. However, the cost of the HTS
material is very high and it limits the industrialization of the HTS wind generator.
In this paper, a 10 MW HTS claw pole wind generator is designed. This generator adopts claw pole machine
topology with HTS toroidal winding. Two excitation coils are used to create a magnetic field that is directed
to the air gap by the C-type teeth. Compared to the conventional HTS generator, its structure is simpler with
a stationary cryogenic system and it consumes less HTS materials as it has a relatively shorter end winding.
What’s more, the excitation magnetic field in the core is still, which means it will have lower core losses.
The design and optimization of the HTS axial-flux generator are investigated by finite-element analysis.
Firstly, the basic electromagnetic performance of this new topology is calculated by the finite-element method.
Then, several optimizations such as decreasing its torque ripple are conducted and clarified by the finite-
element analysis. At last, its electromagnetic performance is compared with the existing three-phase HTS
synchronous generator. The comparison results show that the HTS material used reduces by 30% in this
topology, which means a big decrease in the cost of the wind turbine system.
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