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Abstract Many companies have tried to develop wind power generators with a larger

capacity, smaller size and lighter weight. High temperature superconducting (HTS) generators are
more suitable for wind power systems because they can reduce volume and weight compared with
conventional generators. However, the HTS generator has problems such as huge vacuum vessel
and the difficulty of repairing the HTS field coils. These problems can be overcome through the
modularization of the HTS field coil. The HTS module coil require a current leads (CLs) for
deliver DC current, which causes a large heat transfer load.
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Structural Design and Thermal Analysis of a Module Coil for a 750 kW-Class High Temperature

Superconducting Generator for Wind Turbine

Therefore, CLs should be designed optimally for reducing the conduction and Joule heat

loads. This paper deals with a structural design and thermal analysis of a module coil for a

750 kW-class HTS generator. The conduction and radiation heat loads of the module coils

were analysed using a 3D finite element method program. As a result, the total thermal load

was less than the cooling capacity of the cryo-cooler. The design results can be effectively

utilized to develop a superconducting generator for wind power generation systems.
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1. Introduction

Many researchers have tried to develop
wind power generators with larger capacity,
weight  [1].
(HTS)
technology is a key technology for wind

smaller size and lighter

High-temperature superconducting
turbines that enable one-third of the weight
of conventional copper and permanent magnet
based generators and one-half the Iloss.
However, the HTS generator has its own set
problems, such as the need for a huge
vacuum vessel and the difficulty of repairing
and maintaining the HTS coils [2-4]. These
problems can be overcome through the
modularization of the HTS field coil [5].
Furthermore, the HTS generator require a
current leads (CLs) to deliver DC current to
the HTS field coil. The CL can be a bridge
between the cryogenic environment and room
temperature, which causes large heat transfer
load [6-8]. The optimal design of the CLs are
an important factor to operate the generator
effectively and stably. In there, the CLs
should be designed for minimizing the heat
load of the HTS generator [9-11].

This paper deals with a structural design
and thermal analysis of a module coil for a
750 kW-class HTS generator. The 750
kW-class HTS rotor is composed of &4
module coils. Each module coil consists of an

Current Lead, Cryo—cooler, High Temperature Superconducting Generator, HT'S
Module Coil, Thermal Analysis

HTS field coil, coil supports, bobbin, cryostat
and the CLs and was designed by 3D CAD
program. The total heat load of the HTS
module coil, including the Joule heat, the
conduction heat load of the CLs and the
radiation heat load, the conduction heat load
from supports were considered using the 3D
finite element method (FEM) program. As a
result, the operating temperature of the HTS
and the
cooling capacity margin was 52.9 W. The

coil was achieved under 30 K

analysis results of the HTS module coil were
reflected in the design and discussed in detail.
The results will be applied to the design of
an HTS module coil to be installed in a 750
kW-class

generator.

superconducting wind power

2. Structural Design of the 750 kW-Class
HTS Generator

2.1 Specifications of the 750 kW-class HTS
generator

The 750 kW-class superconducting generator
has 84 HTS module coils. All the structure of
the 750 kW-class HTS generator were drawn
by the 3D CAD program as shown in Fig. 1.
Table 1 shows the specifications of the 750
kW-class HTS generator.

_34_



Journal of the Korea Industrial Information Systems Research Vol. 24 No. 2, Apr. 2019 : 33-40

Nacelle

Tower—\lib
Fig. 1 Design of the 750 kW-class HTS

generator

Table 1 Specifications of the 750 kW-class
HTS generator

Items Value
Rated power 750 kW
Rated L-L voltage 780 V
Rated armature current  597.8 A
Rotating speed 25 rpm
Rated torque 0.3 MNm
Number of poles 84 poles
Diameter of generator 3.55 m
Weight of the generator 12 ton

2.2 Design of the modularized HTS field coil

The HTS module coil consists of HTS field
coils, coil bobbins, supports, a copper block,
the CLs, a cryostat, and a cooling pipe. To
prevent iron loss, stainless steel is used as
the material of the cryostat. The coil supports
are made of glass—fiber reinforced plastic
(GFRP) to improve the heat insulation between
the cryostat and the HTS coils. The HTS
coils are covered with bobbin and bobbin
supports to protect the HTS coils from a
high mechanical force.

Fig. 2 shows the structural design of the
HTS module coils. The 84 HTS module coils
were divided into 14 parts. Each part was
mounted on a cryostat with a copper block
and cooling pipes. The liquid neon gas flows
inside the cooling pipes to cool the HTS
module coils. The HTS coils consist of three
double pancake coils. The HTS wire of the
rotor coil is coated with long flat conductor
tape with a thickness of 0.15 mm and a
width of 12 mm.

Bobbin
Current lead —
Support

Copper terminal
Cooling pipe

Fig. 2 Structural design of the HTS module coil

2.2.1 Structural design of the current lead

The conduction and Joule heat loads of the
CLs made of
mathematically and analyzed. The minimum
heat load and ideal length of the CL can be
calculated by equations (1) and (2) [4].

Q= ¢/?’ (1)

aT (2)

brass were calculated

Y Dk(Ta

Ty
A 1/
2
TL
The thermal conductivity k(7) and the

electric resistivity p(7) are inversely related,
according to Wiedemann-Franz law (3).

k(D)p(T)=L,T (3)
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where, the Lorentz number is - _
Ly=2.45X 10 WK 2, L is the length of ol " ‘i&ﬂme{&/ﬂ!ﬂ
the CL, A is the cross-sectional area, and 7 = (7T7",'n°r'§)”es/sf>/‘ ///«]. L
is the carrying current, 75 and 7 represent s or \'\. }gggg&/ﬁnﬂ)
the temperature of the cold and warm ends, ge r \'\. Cross setfon area
E(T) is the thermal conductivity, and p(7) is % Al \'\.
the electric resistivity [12]. \'\_

Fig. 3 shows the structural design of the T \'\.\.
CL for HTS module coil. The CLs, including or Thickness 7.7 mm &
brass current terminals and current feedthrough, 0.02150 0.0655 0.02]60 0,0665 0.0;)70 0.0‘075 0.0080

Thickness (m)

were designed using the 3D CAD program. . . .
The length and thickness of the CL were 100 Fig. 4 Heat invasion of the CL

mm and 7.7 mm, respectively.

_an Surface: Temperature (K)

_ el 4 300
- 300
™
250
- 300 K
200
Fig. 3 Structural design of the CL
219K : 150
102K
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3. Thermal Analysis of the HTS Module Coil S i
(a)

The total thermal load of the HTS module
. . . . Surface: Temperature (K)
coil, including the Joule heat, the conduction . 4 300
o Operating current: 397.8 A 300
heat load of the CLs and radiation heat load,
and the conduction heat load from supports
were considered using the 3D FEM program.
The total heat load of the CL includes Joule
heat and the heat invasion at room
temperature. The heat invasion of the CL is
obtained by varying the thickness of CL as
shown in Fig. 4 and should be closed to 0 W.

For the simulation, the operating current

(b)

was 3978 A. The temperature distribution

analysis results of the designed CLs is shown Fig. 5 Temperature distributions of (a) one

in Fig. 5 (a) and (b). The total heat load of CL and (b) CLs with HTS module

one CL was 20.1 W. coil
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The GFRP,

conductivity was used for support to reduce

which has low thermal
conduction heat load. The conduction heat
load of supports was analysed by using the
3D FEM program and compared with the
calculation result. The length and conduction
area of the support were 20 mm and 0.078 m?,
respectively.

The radiation heat load was evaluated by
the Stefan-Boltzmann equation using the 3D
FEM program. The
between the 1V

13

radiation heat load

layer of multi-layer

insulations is estimated as [3]:

Q = Ngi (1= 1) (4)

1

where, ¢ is the effective total thermal emissivity
of the materials. The emissivity of 0.01 was
Stefan

Boltzmann constant, 7, and 7, are radiation

T (&

applied, in this paper. o 1is the
temperature and enclosure temperature, respectively.

As a result, the temperature of the HTS
coil was 27.1 K. The conduction heat load
from the supports and the radiation heat loads
were 394 W and 759 W, respectively. The
conduction and Joule heat load from the CLs
was 40.2 W. The total heat load of the 750
kW-class HTS generator was 87.14 W.

The  temperature  distribution  analysis
results of the HTS module coils are shown in
Fig. 6. The temperature distributions in the
HTS module coils and temperature distributions
of the cryostat are shown in Fig. 6 (a) and
(b), respectively.

Table 2

simulation

compares the calculation and
results. The total heat load

obtained by the calculation and simulation

Surface: Temperature (K)

Surface: Temperature (K)

Cryostat

Operating current
S 397.8A

(b) w271

Fig. 6 Temperature distribution of the (a)
HTS module coil and (b) cryostat

results were 7505 W and 8714 W,
respectively.

The temperature was 27.1 K, which was
30 K. The AL325

cryo—cooler was used to cool the HTS

achieved less than

module coils. Based on the capacity map of
the cryo—cooler, the total heat load should be
less than 140 W, thus the cooling capacity
margin of the HTS module coil was 52.9 W.
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Table 2 The total heat load of the HT'S module coil

Calculation Simulation

Ttems result result
Conduction and
Joule heat load from 372 W 402 W
the CLs
Current teminals and ) oo v (55 vy
jomnt
Conduction heat
load from the 329 W 394 W
supports
Radiation heat load 46 W 759 W
Total heat load 7.0 W 8714 W

4. Conclusions

This paper discussed the structural design
and thermal analysis of a module coil for a 750
kW-class high temperature superconducting
generator for wind turbine. The total heat
loads were analyzed using a 3D FEM program.
The design procedure was performed at an
of 30 K, and the
overall heat load of the HTS module coil was
less than the
cryo—cooler. The

operating temperature
cooling capacity of the
simulation results were
compared with calculation results. As a result,
the conduction heat load from the supports
was 394 W, and the radiation heat load was
759 W, the Joule heat load of the current
terminal and the joint was 0.35 W, the Joule
and conduction heat loads from the CLs was
40.2 W. The total heat load and the
temperature of the HTS module coil were
8714 W and 27.1 K, respectively. The AL325
single-stage cryo—cooler was adopted to cool
the HTS module coils. Overall heat load of
the HTS module coil was less than the
cooling capacity of the cryo—-cooler, and the
cooling capacity margin was 52.9 W. The

structural design and thermal analysis results
of the HTS module coil can be -effectively
utilized n the development of a
superconducting generator for wind power

generation systems.
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