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Abstract

Conventional direct current (DC) rotating machines are usually used for crane and press machine using high torque in metal and
steel industries, because of a constant output power along variable rotating speed. A general DC motor with permanent field
magnets could not increase a magnetic flux density at a gap between armature coils and field magnets. However, a superconducting
DC motor has field magnets composed with high temperature superconducting (HTS) coils and it could increase the magnetic flux
density at the gap to over 10 times than those of a general DC motor by control the excitation current into HTS coils. The
superconducting DC motor could be operated with extremely high torque and constant output power at a low rotational speed.

In this paper, a 500 W superconducting DC rotating machine was conceptually designed with a LNz (Liquid Nitrogen) cooling
method and the operation characteristics results of HTS field magnets were presented. The two no-insulation HTS magnets for a
500 W superconducting DC rotating machine were fabricated. The excitation current for the HTS magnets could be controlled from
01to 40 A. This test results will be available to design large-sized HTS magnets for a number of hundred kW class superconducting

DC rotating machine under LNz cooling system.
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Fig. 1. Conceptual three dimensional design of a
superconducting DC rotating machine with HTS magnets.
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TABLE |
SPECIFICATIONS OF THE HTS MAGNETS FOR 500 W-CLASS
SUPERCONDUCTING DC ROTATING MACHINE.

Parameters values

Maker of HTS wires SUNAM in Korea
Critical current at 77 K 220 A
Width of HTS tapes 4.2 mm
Thickness of HTS tapes 0.15 mm
Width of STS tapes 3.5 mm
Thickness of STS tapes 0.1 mm
No. of turns in a single pancake(SP) coil 210 turns
No. of SP coils 6eax2sets=12ea
Length of a SP coil About 110 m
Total length of HTS SP coils 1320 m
Inner diameter of a SP coil 75 mm
Straight length of a SP coil 60 mm
Icr:)ciiltéc):tance of a set of the HTS magnet (6 SP 23417 mH
Maximum rpendicular magnetic  flux
deisityl;t 40pAe\ pendicule eonetie. T 0.445°T
Maximum magnetic flux density 046 T
Estimated_critical current of an HTS magnet 128A
stacked with 6 SP coils at 77 K
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Fig. 2 Magnetic flux density distribution at the surface area
in a stacked 6 SP coils with the excitation current of 42.8 A.
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Fig. 3 The critical current of a stacked HTS magnet,
considering maximum magnetic flux density of a HTS wire
with 4.2 mm of the width at 77 K and load line of the
magnet, was estimated
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Fig. 5. Magnetic flux density distribution of the 500
W-class superconducting DC rotating machine.
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Fig. 6. Magnetic flux density distribution of two HTS
magnets with iron cores, excluding the color distribution of
the magnetized iron cores.
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Fig. 8. Fabrication process of the two HTS magnets with
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Fig. 9. Fabrication process of the two HTS magnets with
LN chambers.
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Fig. 10. Changing and discharging test result of the HTS
magnet A.
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Fig. 11. Changing and discharging test result of the HTS
magnet B.
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