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Abstract A high-temperature superconducting(HTS) generators have been actively studied

because of its advantages of weight, size, and efficiency. A large-scale superconducting wind
power generator becomes a very low-speed high—torque rotating machine. In these machines,
high electromagnetic force and torque are important issued. Two generators connected in series
on one shaft design are one of the solution to overcome the high torque problem. In this paper,
the authors design and analyze a 15 MW class HTS generator. The 15 MW HTS generator is
confirmed in terms of magnetic field distribution and torque performance using a 3D finite
element method. As a result, the designed generators generates less torque than a conventional
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generator. The designed 15 MW superconducting generator will be effectively utilized in the

construction of the large-scale wind power generation system.

Key Words :

1. Introduction

Wind power is considered as one of the
main technologies to deliver the renewable
energy. Development of wind turbine
generators of higher power rating becomes
The

superconducting drive train are a high torque

more important. advantages of the
and the mechanical simplification in the form
of the direct drive, where the turbine blades
are connected directly to the generator
without a gearbox[1]. High-power direct-drive
synchronous generators tend to become very
large because of low speeds and high torque.
A high-temperature superconducting generator
can be one of the key technologies to solve
this
efficiency[2-3].

problem n weight, size, and

Therefore a superconducting
generator can be more efficient, lightweight

compact than conventional

HTS
of high current density and

and generators.

Large-scale generators have
disadvantages
magnetic field that generate high torque. This
paper 15 MW wind power

generator design method that serially connects

proposed a

two generators to one shaft (SCTG) to solve
the high torque problem. The SCTG have two
75 MW generators on one shaft and these
generators connected in series on one shaft.
The objective of the design is to reduce the
torque, the size of the nacelle, and the weight
compared to conventional wind power
The 3D Finite Elements Method
(FEM) is used to analyze the magnetic field

generator.

distribution and is used to confirm in terms of

Generators, High-Temperature Superconductor, Wind Power Generation

torque performance. To demonstrate the most
efficient design for a 15 MW HTS wind
turbine, we describe the results of SCTG's
weight, nacelle size, and torque compared to a
single 15 MW class generator. These results
can be utilized to design a large-scale wind
turbine.

2. Design of a 15 MW HTS Generator

2.1 Design of the
Generator

15 MW Single HTS

A single generator was designed before the
SCTG design. Fig. 1 shows the layout of a
typical three bladed offshore turbine with rotor
radius Fp.qe given by the blade length and
Viina g€iven by the wind speed.

The output power of the wind turbine is
calculated by the Kkinetic energy (Z,) per unit

time and power coefficient (Cp).

Fig. 1 Three blades wind turbine with a
Rpage and the Vigpa.
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Poi=Tre = Lopt o pViuCr )
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where is the length of the blade, p is the
density of the air, and Vi, is the average
wind speed [4]. Using the equation (1), we can
calculate the rotor blade radius by knowing
the rated wind speed and output power. Since
the rated wind speed is designed to 12 m/s,
rotor blade radius is calculated as 99 m where
p=1.225 kg/m’ is the mass density of the air
and C,=0.48 is maximum power coefficient.

Table 1 shows the design specifications of
the wind turbine.

Table 1 Design Specifications of the Wind

Turbine

Item Value
iaot;jidi(;;zzr mechanical loss) 156 MW
Rotor diameter 198 m
Rated rotation speed 8 rpm
Rated wind speed 12 m/s
Maximum power coefficient 0.48
Optimal tip speed ratio 6.91
Number of poles 40

2.2 Design Motivation and Concept of the
SCTG

High electromagnetic force and torque of a

large—scale superconducting wind  power
generator are important issued. Currently,
large—scale superconducting synchronous

generator(SCSG) is not verified about the high
torque of HTS coil. According to equation (2),
the torque is related to weight and diameter.

T % WD (2)

load
superconducting coils.

when the torque increases, the

increases and affects

This paper proposed a design that the SCTG
to solve this problem.

Fig. 2-3 show the block diagram of the 15
SCTG. The
rotor part consists of a superconducting field

MW single generator and the

coil, a vacuum shield to cool the coil, and a
rotor body to support the superconducting coil.
The stator part consists of a stator winding
and a stator body to support the stator coill5].

Full scale frequency converter

Grid

Transformer

SCSG
Fig. 2 Block Diagram of the 15 MW Single

Generator

SCSGs Full scale frequency converter

Transformer

Fig. 3 Block Diagram of the 15 MW SCTG

2.3 Design of a Single Generator and the
SCTG

The 15 MW class SCSG was
considering the rated line-to-line voltage of 6.6

designed

kV, rotating speed of 8 rpm and the number
of poles of 40 poles. Turbine capacity of the
single generator considering mechanical loss is
15.6 MW.

The 15 MW class SCTG was designed with
two generators and each generators are
considered the number of poles of 20 poles. The
SCTG configures the serial connection of two
78 MW generators on one shaft considering
mechanical loss. Fig. 4 shows the 3D structures

of the single generator and the SCTG.
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Fig. 4 3D Structures of the Single Generator
and SCTG

3. Simulation Results and Comparative
Analysis

3.1 FEM Analysis Results of the
Class Single Generator

15 MW

The single generator is designed in detail
and simulated using 3D FEM program. The
results included the magnetic field distribution
and the peak voltage.

66.8
Viatear— 1 = —7=>< /380 @)

V2
The output voltage of the designed single
generator i1s 6.55 kV using the output voltage
of the
designed SCTG is calculated as the same. Fig.

equation (2). The output voltage

5 shows the perpendicular and maximum
magnetic field distributions of the single
generator. The perpendicular magnetic field

and maximum magnetic field of the single
generator are 2.87 T and 524 T, respectively.

3.2 FEM Analysis Results of the 15 MW
Class SCTG

The SCTG is designed with two 7.8 MW
generators. A 7.8 MW single generator is
simulated using 3D FEM program to analyze
the SCTG. Fig. 6 shows the perpendicular and

maximum magnetic field distributions of the

Shaded Plot
1B smoothed
1: 750ms

50m:

Fig. 5 Magnetic Field Distribution of the 15 MW
Class Single Generator

7.8 MW single generator. The perpendicular
magnetic field and maximum magnetic field of
the single generator are 2.92 T and 593 T,

respectively.

Shaded Plot

| Shaded Plot
‘l By smoothed
i 750ms

Fig. 6 Magnetic Field Distribution of the 7.8
MW Single Generator

3.3 Comparative Analysis of the 15 MW
Class Single Generator and the SCTG

Table 2 and FEM
analysis results of the 15 MW class single
generator and the SCTG.

Total weight of the single generator and the
SCTG is 420.1 ton and 276.6 ton, respectively.
Total volume of the single generator and the

shows specifications
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SCTG is 1356 m’ and 82 m® respectively.
The diameter and the torque of the SCTG are
smaller than the single generator. Since the
diameter is small, the size of the nacelle is
also reduced. These results will be effectively
utilized to the design of a large scale SCSG

considering the cost.

Table 2 Specifications and FEM Analysis
Results of the 15 MW C(lass
Single Generator and the SCTG

Ttems Single SCTG
generator
Turbine capacity
(considering mechanical 15.6 MW 156 MW
loss)
Generator capacity
(considering mechanical 15.6 MW 78 MW
*2ea

loss)
Rated L-L voltage 6.6 kV 6.6 kV
Rated armature current 1364.65 A 682.32 A

Rated torque 1862 MN'm 9.31 MN-m

Rotating speed 8 rpm 8 rpm
Turns of stator coil 15 turns 15 turns
Turns of field coil 320 turns 350 turns
Number of slot 240 120
Number of poles 40 20
Number of layer 6 6
Operating current 340 A 345 A
Air-gap length 30 mm 30 mm
Maximum magnetic field 5.24T 593 T
gggendicular magnetic 287 T 202 T
;I;Opt:llrcfr?dgjzltiﬁfg wires 148.7 km 163.82 km
gllll)teiofglr;ize;ezferator 859 m 466 m
Total weight 420.1 ton 276.6 ton
Total volume 1356 m° 82 m’

4. Conclusion

We discussed the design and analysis of the
SCTG which can alternate large scale wind
generator. The SCTG is designed to connect
two generators in series on one shaft. The
magnetic field distributions of the generators
were analyzed using a 3D FEM program. The
results show that the diameter and torque of
the SCTG is smaller than a single generator
and the SCTG is advantageous over a single
generator in terms of weight and volume. This
result shows that a SCTG is one of the good
candidates for further large scale wind turbine
The

disadvantage of using SCTG is that there are

generators considering economy.
two generators, so shaft torsion can affect the

power converter. Therefore, we will further

study the influence of the shaft torsion.
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