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An Approach to the Design Parameter of Air-Cored
Superconducting Synchronous Generator

Wk B EWK-F BRI Rtk EYm ke
(Young-Sik Jo * Jung-Pyo Hong * Ju Lee - Myung-Hwan Sohn
Young-Kil Kwon - Kang-Sik Ryu)

Abstract - Air-cored superconducting synchronous generator(ASSG) is characterized by an air-cored machine with its
rotor iron and stator iron teeth removed. For this reason, in the case of the shape optimum design of ASSG, other
design variables different from an iron-cored machine should be considered, which will lead to substantial improvement
on the performance. The major design variables that are considered by using Three-Dimensional Finite Element
Method(3D FEM) in this paper are : 1) field coil width, 2) axial length of magnetic shield, and 3) armature winding
method. End-ring of armature winding is considered in the calculation of EMF. When it comes to field coil width, as
field coil width enlarges, its effective field increases but the maximum field on the superconductor decreases. This
determines the critical current density. This study presents an effective field coil width, axial length of magnetic shield,
and armature winding method, and also the analysis is verified by the experimental results
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Fig. 1 30kVA superconducting synchronous generator
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Fig. 2 Cross section of 30kVA ASSG
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a3 3 AX=mg
Fig. 3 Field coil

< = Unit : [mm)
¥ 1 ASSGY F2ArY
Table 1 Specifications of ASSG
334&9Y 30kVA
o E R 1800 rpm
FF 4
EF3EAF 10
T 36
A=Y NbTi
AR F 580 A(5T,4.2K)
ARLLES 532
4 HF 200 A

Z2iMaEe BR

Table 2 Classifications of analysis mode! Unit = (mm)
A7ldEe] FWE ZHol Azzde &
St 192 W1 44
s2 240 w2 46
S3 280 W3 50
S4 320 W4 54
S5 520 W5 56
W6 60
w7 64




Magnetic
Shield

Axial length
of magnetic
shield

- Tield Coil

8 43D FEM sidEy
Fig. 4 Analysis model of 3D FEM
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Fig. 5 Maximum flux density at field coit and radial
component of flux density at armature
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Fig. 6 EMF according to the varation of axial length
of magnetic shield

Short pitch armature winding
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a8 7 AXte] ¥ #sto e EMF
Fig. 7 EMF according to the variation of field coil width
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Table 3 Distortion factors of EMF Unit(%)
94y Hdd gdd Hxd
S1 0.30 0.52 w1 047 0.94
S2 0.31 0.46 W2 048 0.86
S3 031 0.46 W3 0.36 0.58
54 0.33 047 W4 0.30 0.52
S5 0.31 0.46 W5 0.30 0.38
W6 0.27 034
w7 0.31 047
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Fig. 9 Maximum EMF of according to variation of the
field coil width
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Fig. 10 Comparison analysis with experimental resuits
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Table 4 Distortion factor of line-to-line voltage
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