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Abstract - This paper describes the design of toroid-type
HTS DC reactor magnet. Target operating current and
inductance of the HTS DC reactor are 1,500 A and 400 mH,
respectively. The HTS DC reactors were designed through
electromagnetic analysis and 3D CAD program. And, we
analyze the operating performance of the Double Pancake Coil module
for the 1,500 A, 400 mH HTS DC reactor magnet under the liquid
nitrogen condition.

1. Introduction

Large electric power systems, such as HVDC transmission
systems need large capacity reactors that have large
inductance and high transport current. General DC reactor
used metal conductor of HVDC systems has some
disadvantages such as large reactor size, leakage flux, large
install space, heavy weight and big losses according to the
large operating current.
The High-Temperature Superconductor (HTS) DC reactor as a key

technology to diminish the disadvantages associated with general DC
reactors. HTS has zero electric resistance under DC current
conditions. It is possible to increase the capacity of the transport
current, hence, reduce the reactor’s size, weight, and electrical losses.
From the flux leakage point of view, a toroid-type magnet is an ideal
structure. The toroid-type HTS magnet has much lower flux leakage
compared to a solenoid-type HTS magnet. So, the installation space
can be much smaller with the toroid-type HTS DC reactor [1-4].
In this paper, the toroid-type HTS DC reactor was
designed. The toroid-type HTS magnet for DC reactor system
is designed by 3D CAD program, and manufactured using the
GdBCO 2G HTS wire. The magnetic field of the toroid-type
HTS DC reactor magnet is analyzed using FEM program.
The design goal of HTS DC reactor are 1,500 A, 400 mH
class. Expected operating temperature is under 20 K using
conducting cooling. And, we analyze the performance (inductance,
expected Ic, flux density of coil) of the HTS Double Pancake Coil
(DPC) module for 1,500 A, 400 mH class toroid-type HTS DC
reactor magnet under the liquid nitrogen temperature condition.

2. Design of the 1,500 A, 400 mH toroid-type HTS DC 
reactor

 2.1 Structure design of the HTS DC reactor magnet
Fig. 1 presents the structure and size of the toroid-type DC
reactor magnet. The inner diameter and outer diameter of the
reactor magnet are 439.24 mm and 940.76 mm, respectively.
The DPCs are arranged at an angle of 12° from each other
based on the central axis of the toroidal-type magnet. That is,
all coils constituting the toroidal-type magnet are arranged at
identical intervals. The toroid-type magnet consists of 30
DPCs. The unit length of DPC is 87.6 m, and the total wite
length of the toroid-type HTS DC reactor magnet is about
2.628 m.

 2.2 Electromagnetic analysis and whole system drawing of 
the HTS DC reactor
Fig. 2 shows the electromagnetic analysis results of the reactor

magnet, which was conducted on one-half of the DPC with a
selected boundary condition. The values obtained here were applied to
all the DPCs to determine the parameters of the magnet. When the
operating current was assumed to be 1,500 A, the max. perpendicular
flux density, the max. parallel flux density, and the inductance were
1.65 T, 4.52 T, and 404.59 mH, respectively. The detailed
specifications and 3D CAD drawing of the designed toroid-type DC
reactor are shown in Table 1 and Fig. 3.

<Fig. 1> Structure and size of the DC reactor magnet : (a) 
reactor coil (DPC), (b) HTS DC reactor magnet.

<Fig. 2> Electromagnetic analysis results of the HTS DC 
reactor coil (Half of DPC) : (a) Perpendicular flux density, 

(b) Parallel flux density.

 <Table. 1> Specifications of HTS DC reactor

Parameter Value

Wire type 2G GdBCO wire

Thickness of wire 0.61 mm

Width of wire 12 mm

Operating temperature 20 K

Operating current 1,500 A

Magnet inductance 404.59 mH

Length of wire (DPC) 87.6 m

Number of DPC 30 ea

Total length of wire 2,628 m

Number of turns 57 turns

Width of magnet 940.76 mm

Height of magnet 370.76 mm
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<Fig. 3> 3D CAD drawing of the 1,500 A, 400 mH class 
HTS DC reactor system.

3. Performance test result of the DPC module for 1,500 A, 
400 mH toroid-type HTS DC reactor

 3.1 Experiment setup
Fig. 4(a) shows the configuration of the DPC module. the DPC

module for DC reactor magnet is composed of a center plate, two
D-shape coils, two bobbins, two side plate and joint parts(joint plate,
wire holder). The whole structure (without joint plate(Cu)) of DPC
was made by GFRP. 50 μm Kapton tape was lapped around the HTS
wire for the insulation between each HTS wire.
Fig. 4(b) shows the experiment setup for performance test of DPC
module. The hall sensor was positioned at the center line of the DPC
module. The voltage taps were soldered at the DPC module terminal.
All characteristic tests were performed in a bath of liquid nitrogen at
77 K.

(a)
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<Fig. 4> Performance test of the test DPC module: (a) 

Shape of the DPC module, (b) Experiment devices.

 3.2 Performance test result of the DPC module
Fig. 5 shows the performance test result of the DPC
module. The critical current, terminal voltage and flux density
were tested. The charge current ramping rate and the
terminal voltage of the HTS DC reactor magnet were 1 A/sec
and 5.37 mV. The inductance of the HTS DC reactor magnet
was 5.37 mH. The FEM analysis value was 5.49 mH. It has a
value difference of 2.18 %. The magnetic field of the HTS DC
reactor from hall sensor installation point was 0.187 T. The
FEM analysis value from the same point was 0.203 T. It has
a value difference of 7.89 %. The critical (quench) voltage was
8.76 mV without inductance voltage. Therefore, the critical current of

the DPC module was 350 A. The expected critical current of the
DPC module was 345.6 A. Table 2. shows the comparison results of
the DPC module performances in test value and design value.

<Fig. 5> Performance test results of the DPC module. 

<Table.2> Comparison of the DPC module Performances in 
test value and design value.

4. Conclusions

The authors developed the HTS DC reactor system. The
concept of the toroid-type magnet model was suggested. The
toroid-type reactor magnet consists of 30 DPCs. The
operating current and inductance of the reactor magnet were
concluded as 1,500 A and 404 mH at 20 K. In addition, the
performance characteristics (inductance, critical current, magnetic flux
density) of DPC module for the toroid-type HTS DC reactor magnet
were tested at liquid nitrogen condition. The fundamental data
obtained from these researches will be applied to the real
HTS DC reactor system.
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Items Measurement value Designed value

Inductance
of module DPC

5.37 mH 5.49 mH

Error : 2.18%

Critical current of DPC
350 A 345.6 A

Error : 1.26%

Flux density from
hall sensor position

0.187 T 0.203 T

Error : 7.89%


