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Fig.1 Hysteresis loops of nanocrystalline current
transformer at different frequencies
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Table 1 The effect of model parameters change
on the shape of the hysteresis loop
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Fig.2 The trend of J-A model parameters
with harmonic frequency
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Table 2 Classical J-A hysteresis model
parameters at industrial frequency
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Table 3 Parameter identification time and
error of three optimization algorithms
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Table 4 The harmonic correction parameters
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Table 5 Corrected J-A model parameters
at different harmonics
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Fig.3 Simulink simulation of the secondary
current of the current transformer
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Fig.4 Experimental principle of current
transformer accuracy detection
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Table 6 Comparison of ratio errors under
single frequency sinusoidal excitation

H2%/%

Mz e A REHE IETEJI0 JA REWE
g Bmgy o

50 -0.083 -0.083 -0.073
150 -0.151 -0.080 -0.089
250 -0.265 -0.094 -0.101
350 -0.363 -0.097 -0.108
450 -0.401 -0.099 -0.116
550 -0.474 -0.105 -0.136
650 -0.532 -0.129 -0.154
750 -0.638 -0.132 -0.169
850 -0.679 -0.147 -0.182
950 -0.745 -0.177 -0.193
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Table 7 Comparison of angle errors under
single frequency sinusoidal excitation
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Table 8 Influence of approximate linear superposition

of magnetic characteristics on ratio errors
under multi-harmonic excitation

f/Hz e
APEEI RIERE  AfE
50 -0.081 -0.073 0.008
150 -0.095 -0.089 0.006
250 -0.110 -0.101 0.009
350 -0.114 -0.108 0.006
450 -0.122 -0.116 0.006
550 -0.143 -0.136 0.007
650 -0.163 -0.154 0.009
750 -0.174 -0.169 0.005
850 -0.189 -0.182 0.007
950 -0.198 -0.193 0.005
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Table 9 Influence of approximate linear superposition
of magnetic characteristics on angle errors
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Modification of J-A hysteresis model considering harmonics
XIAO Xianbo', XU Qifeng', WU Shuting' , HUANG Yifan', TAN Qiao’
(1. College of Electrical Engineering and Automation , Fuzhou University , Fuzhou 350108, China;
2. College of Computer and Control Engineering, Minjiang University , Fuzhou 350108, China)
Abstract: The J-A hysteresis theory is widely used in the modeling of the magnetic properties of electromagnetic current
transformers. However, under harmonic conditions, the model has significant errors. To solve this problem, the classical J-A
model parameters are modified for each harmonic,and genetic-annealing algorithm is used for parameter identification. Then, the
magnetic characteristics of each harmonic are linearly added to achieve the magnetic characteristics modeling of the current
transformer under non sinusoidal excitation. The premise of adopting this correction method is that the nonlinear error of the
measuring current transformer meets the specified level 0.2S, so the simulation analysis and error correction of harmonic
hysteresis loops are approximately applicable to the linear superposition principle. Taking 0.2S level current transformers made
of nanocrystalline materials as an example,the simulation analysis and experimental verification of angle errors and ratio errors
show that the J-A model after parameter correction improves measurement accuracy under harmonic conditions, and the
approximate linear superposition method of multiple harmonic magnetic characteristics has a negligible impact on measurement
accuracy. This confirms that the J-A hysteresis model correction considering harmonics is reasonable and effective.
Keywords : electromagnetic current transformers; J-A hysteresis model; harmonic; parameter correction; genetic-annealing

algorithm ; linear superposition
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