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Abstract – A flux pump (FP) can inject the DC current into high
temperature superconducting (HTS) field coils of a HTS rotating
machine without slip ring and current lead. However, it has limits to
improve the value of DC current, and has time constants of DC
current according to inductances of the HTS field coils. When a
large-scale HTS generator with the FP is designed, a proper point
about the inductance, field current, and time constant is demanded to
decide parameters of the generator.
In this paper, a parameter tuning skill of a large-scale
superconducting wind power generator for applying a FP has been
proposed. The design of the FP has been fixed, and 12 MW HTS
generators have been variously designed by adjusting parameters
related with the inductance of the HTS field coil. The induced
current values have been calculated based on the FP design. The
time constants of the induced currents depending on the DC current
values and inductances of the generator have been represented. The
results of the parameter tuning of the HTS generator have been
discussed in detail.

1. Introduction

An high temperature superconducting (HTS) synchronous machine
requires a power source and transmission devices such as slip rings
and current leads, which are capable of carrying large DC current.
However, these components require a complex structure and increase
the heat invasion from ambient temperature to cryogenic temperature.
To solve these problems, an flux pump (FP) capable of inducing DC
current into the HTS field coils of the machine is suggested [1-3].
In the case of high temperature superconducting (HTS) field coils
in a large scale HTS generator with low rotational speed, the induced
DC current by the FP has a long time constant owing to high
inductance of the field coil. Whereas, the lower inductance of the
HTS field coil requires the higher field DC current to generate the
same output power of the generator. The value of the induced
current by the FP has a limit. Therefore, a proper point about the
inductance, field current, and time constant to design the large-scale
HTS generator for applying the FP is demanded.
In this paper, a parameter tuning skill of a large-scale
superconducting wind power generator for applying a FP has been
proposed.
The design of the FP has been fixed, and 12 MW HTS generators
have been variously designed by adjusting parameters related with
the inductance of the HTS field coil such as the number of HTS
poles, the number of HTS field coil layers, an effective length of
HTS field coil, and field current using a finite element method (FEM)
program. The rotating speeds of the FP are determined according to
the design specifications of the 12 MW HTS generators. Total
resistances of the FP depending on the required DC field current
values have been calculated by the formula [3]. By the resistance of
the FP and inductance per pole of the generator, the time constant
has been estimated.
As a result, for applying the FP to the large-scale HTS generator,
the DC field current is 340 A and the time constant is 46 hr for the
field coil. The analysed results will be effectively utilized to design
large-scale superconducting wind power generators minutely.

2. Conceptual design of a 12 MW HTS generator with a 
flux pump

  2.1 Configuration and driving principles of the HTS 
generator with the FP
Fig. 1, shown below, illustrates the configuration of the HTS
generator with the FP. The large-scale HTS generator consists of
HTS field coils, rotor body, vacuum vessel, copper stator coils, and
stator body. These components are applied usually to iron-cored HTS
rotating machine. The HTS generator in this paper considers a
modularization design which means all of the HTS field coils are
separated structurally and not connected in series. This design
improves stability of the generator when some field coils are faulted.
The FPs are the permanent magnets rotating nearby the HTS
stator wire. When the magnetic flux of the magnets penetrates the
HTS wire, the DC current is induced causing quasi-DC electro
motive force (EMF) in the HTS wire by Faraday’s law and flows
into the HTS field coil. The components of the FP are divided to
rotor and stator parts. The rotor parts are permanent magnets and an
iron-disk. The stator parts are an HTS wire, an iron-disk, and
iron-poles. The FP per the HTS field coil is composed for the
modularization design. The stator parts are located in the vacuum
vessel of the generator for connecting the HTS wire to the HTS
field coil directly. The rotor parts interlock with stator teeth of the
generator to turn the rotor parts.

<Fig. 1> Configuration of the HTS generator with the FP

 2.2 Specifications of the HTS generator with the FP
The material and mass density of each component of the HTS
generator with FP are shown in Table 1, and the specifications of
the fundamental design are represented in Table 2.
The stator body of the generator uses a laminated silicon steel to
reduce the total length of HTS wire. The FP has long air-gap
between the rotor parts and the stator parts because the wall of the
vacuum vessel is located in the air-gap. It means that the magnetic
flux density to induce DC current in the FP is decreased owing to
long air-gap. The cold rolled steel is used for the iron-disk of the
FP to increase the magnetic flux density.
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<Table 1> The material and mass density of each 
component of the HTS generator with FP

HTS generator

Parts Material Density (kg/m3)

Rotor wire YBCO 11,000

Rotor body 304 Stainless steel 8,190

Vacuum vessel 304 Stainless steel 8,190

Stator wire Copper 8,940

Stator body M-27 24 Ga 7,650

FP

Magnets Neodymium magnet
(N52)

7,539

Iron-disk Cold steel 6,800

HTS stator wire YBCO 11,000

 <Table 2> Specifications of the fundamental design of the 
HTS generator with FP

HTS generator

Specifications Value

Rated output power 12.3 MW

Rated line-to-line voltage 6.6 kV

Rated rotation speed 10 rpm

Operating temperature 20 K

The length of air gap 20 mm

Current density of stator wire 5 A/mm2

Num. of field coil turns/layer/pole 500

Num. of stator coil turns 15

Num. of stator slots/pole 6

Width of HTS wire 12 mm

Thickness of HTS wire 0.1 mm

FP

Outer diameter 200 mm

Num. of magnets 30

Num. of poles 12

3. Results and discussions

The parameters related with the inductance of the generator are
changed as shown in Table 3 to confirm the resistance of the flux
pump and the time constant. When comparing Model 1 and Model 5,
the inductance per pole of Model 1 is much higher than Model 5 to
generate the same output power. The DC field current of Model 1, on
the other hand, is lower than Model 5 because the field current is
decided by the magnetic field density of the field coil. Fig. 2 shows
the FP rotational speeds depending on the radius of FP and Model,
and the dynamic resistance of the FP is calculated using a formula
[3]. A adjustable resistance of the FP is changed to control the value
of induced DC current of the FP. Therefore, the DC current of the
FP is induced as much as the field coil of the generator requires.
Fig. 3 represents the total resistance, which is the sum of dynamic
and adjustable resistances, and the time constant according to the
inductance and DC field current of the generator. When considering
the time constant and total resistance, Model 1 is proper for applying
the FP.

Table 3> The control parameters of the generator

Parts Model
1

Model
2

Model
3

Model
4

Model
5

Num. of rotor
poles/layers

16/10 20/8 24/8 30/6 36/4

Operating
current (A)

281 294 298 313 340

Effective length
of field coil
(mm)

1,000 1,000 1,000 500 600

Inductance per
pole (H) 51 25.58 17.48 7.74 4.27

<Fig. 2> FP rotational speeds depending on FP radius and 
inner stator radius of each Model

<Fig. 3> Time constants and total resistance of the FP 

4. Conclusions

In this paper, a parameter tuning skill of a large-scale
superconducting wind power generator for applying a FP was
proposed. A 12 MW HTS generators were variously designed by
adjusting parameters related with the inductance of the HTS field
coil. The induced current values were calculated, and the time
constants of the induced currents depending on the DC current values
and inductances of the generator were estimated. When considering
the time constant and the total resistance of the FP, the DC field
current of 340 A and the time constant of 46 hr were suitable to the
generator for applying the FP.
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