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Magnetic Field Distribution Analysis of Superconducting Niobium Foil of
Linear Type Magnetic Flux Pump using Simulation

o]g ! A

’

Ho

0% 3 4 5
L2 Mg, &8, LS

Eung Ro Lee', Yoon Do Chungz'*, Duck Kweon Bae’, Yong Soo Yoon*, Tae Kuk Ko’

Abstract: We investigated an operating characteristic
of linear-type magnetic flux pump (LTMFP) as a
current compensator under the various conditions. In
order to explain the mechanism of the LTMFP, the
magnetic behavior of superconducting Nb foil
according to pumping actions should be understood.
In this paper, the magnetic field analysis of
superconducting Nb foil installed in LTMFP has
been performed based on the three-dimensional finite
element method (3D FEM). Through the simulation
analysis, the mnormal spot region on the
superconducting Nb foil is found to be enhanced
swiftly over about 20 Hz The simulated finding
agreed with an analytical estimation based on the
phenomenon of magnetic diffusion.

Key Words: Linear type magnetic flux pump,
Normal spot region, Phenomenon of magnetic
diffusion, 3D FEM.
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A = (Linear Type Magnetic Flux Pump; LTMFP)
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Fig. 1. Basic principle of linear type magnetic flux
pump. By moving the magnet from (a) to (c), the
current [; increases because the magnetic fluxes @
are pumped in the superconducting loop.
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Fig. 2. Illustrations of the LTMFP system (unit:
mm) (a) structure (b) schematic illustration of the
homo-polar traveling magnetic flux wave on the
superconducting Nb foil.
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Fig. 3. INllustrations for the magnetic diffusion in the
superconductor according to velocity of the moving
magnetic field.
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Fig. 6. Measured V-1 curve of the Nb foil at 42 K
(20 mm X 2mm X 20um).
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Fig. 7. The distribution of magnetic flux density
with DC bias current at 10 A and AC current at 6
Apeax in the LTMFP. The analysis position is also
shown as a line.
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Fig. 8. Spatial variation of the magnetic flux density
in analysis position of Fig.7.
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Fig. 9. Contour plots of the magnetic flux density in
the Nb foil for different driving frequencies with the
DC bias current at 10 A and the AC current at 6 A
peak. The upper surface is the symmetrical plane of

the upper part. The electrical angle of the A-phase
is 120",
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Fig. 10. Spatial distribution of the magnetic flux
density obtained for f=60 Hz in Fig. 9.

~
el
ga0
& g
oS -
=& o
- = -
= L
= & *
2 05} e
|3 i - e
R S i
-
o L
2 G
[
e L
()
Qﬂ 0 1 —_ 1

0 10 20 30 40 50 60
Frequency, f /Hz

Fig. 11. Calculated results of the invaded magnetic
flux normalized by the total length of the Nb foil
(120 mm). The criterion for the definition of the
invaded area is 100 mT.
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