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Leakage magnetic field analysis and magnetic circuit modeling of a saturated iron-core

superconducting fault current limiter

LUO Yinghong HAO Xi HUANG Linke LI Chongyang SHI Dongbei
(School of Automation and Electrical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

ABSTRACT In this paper, the basic structure of saturated iron-core superconducting fault current limiter (SISFCL)
was analyzed and 3D model of the limiter whose superconducting coil was comprised of 44 double pancake rings was
established. The magnetic flux leakage distribution of the limiter was calculated by using the finite element method
(FEM), the distribution characteristics of leakage magnetic field was analyzed. The equivalent magnetic circuit model
was built with magnetic field division method with the magnetic flux leakage. The simulation was compared with the
test results. The results show that the equivalent magnetic circuit model is valid. This has a certain reference value for
the design and application of SISFCL.

KEYWORDS Saturated iron-core superconducting fault current limiter (SISFCL), Leakage magnetic field,
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Table 1  Specifications of main components of
the 35 kV/90 MVA SISFCL

R R DQI30
Iron cores Material
AL EAR dpc/ mm 584
Radius of AC leg
FLRM EAZ dpe/ mm 944
Radius of DC leg
W Fi hy/ mm 1520
Height of the inner window
W& 58 hy/ mm 450
Width of the inner window
BILAH K 0.97
Stacking factor
AL W L/ mm 1070
AC coils Height
[HEL Nac 40/4H
No. of turns
B WA S BRI AR
DC coils Magnet structure Single solenoidal
magnet
¥ Conductor BSCC02223
X Double pancakes 44
% Height (h) / mm 880
4% Inner diameter(d;,) /m 1280
AMZ dyy/ mm 1340
Outer diameter
[T % Npe 470
No. of turns
BUE LR A Jraie/ A 300
Rated DC current
IBATIRE T/K 77
Operating temperature
A Loge/ km 17.6
Total tape length

f ey
Iz '#’*f:ﬂ
{

.

2 SISFCL =#Ef#i
Fig.2 3D model of SISFCL
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Fig.3 Magnetic field distribution in different DC currents
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Fig.4 The core of magnetic flux density distribution along the path: (a) Ipc =300 A, ixc=2121 A, (b) Ipc =300 A, ixc = 2121 A
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Fig.7 Leakage magnetic energy of different winding currents: (a) DC winding, (b) AC winding
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Fig.8 Magnetic flux leakage distribution along the path
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Fig.9 Magnetic field distribution of SISFCL with
flux leakage effect
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Fig.11 Simple division of flux leakage: (a) flux tube of bow and half-moon cross-section, (b) flux tube of semi-circular
cross-section, (c¢) flux tube of rectangular cross-section
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