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Nonlinear Characteristic Analysis of Charging Current for Linear
Type Magnetic Flux Pump Using RBFNN
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Abstract

In this work, to theoretically analyze the nonlinear charging characteristic, a Radial Basis Function Neural Network
(RBFNN) is adopted. Based on the RBFNN, an charging characteristic tendency of a Linear Type Magnetic Flux
Pump (LTMFP) is analyzed. In the paper, we developed the LTMFP that generates stable and controllable charging
current and also experimentally investigated its charging characteristic in the cryogenic system. From these
experimental results, the charging current of the LTMFP was also found to be frequency dependent with nonlinear
quality due to the nonlinear magnetic behaviour of superconducting Nb foil. On the whole, in the case of essentially
cryogenic experiment, since cooling costs loomed large in the cryogenic environment, it is difficult to carry out various
experiments. Consequentially, in this paper, we estimated the nonlinear characteristic of charging current as well as
realized the intelligent model via the design of RBFNN based on the experimental data. In this paper, we view RBF
neural networks as predominantly data driven constructs whose processing is based upon an effective usage of
experimental data through a prudent process of Fuzzy C-Means clustering method. Also, the receptive fields of the
proposed RBF neural network are formed by the FCM clustering.
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Table 1. Pumping current rate with load magnet 1.3
mH.

L(mH) | Ii(A) | Lc(Apear) (Hz) %%ﬁﬁ%
dc ac peak. f VA < S)

6 198

55 8 223

20 284

1.3 10 7 597

6 9 253

15 298
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Table 2. Pumping current rate with load magnet 543
mH.

EERE
LmH) | Li(A) | Le(Apaw) | f(Hz) (mA/s)

7 3.4

8 3.9

9 4.2

10 4.7

125 5.8

15 6.9

175 8.3
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30 75
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No. of nodes in the hidden layer
2 3 4
0.4315+2.61e-6 0.0570+7.90e-7 0.1039+3.94e-5
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Table 4. Data set obtained by experiment equipment.
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