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Mechanism of transition between magnetization states

in Inductive Nonlinear Fault-Current-Limiter
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Abstract

The saturated cores fault current limiter (SCFCL) is one of the promising concepts for
limiting fault currents in distribution and transmission level grids. The SCFCL utilizes a
complex, non-linear magnetic circuit composed of several AC coils sharing common
magnetic cores. The AC coils, connected in series to the grid and DC coils, are configured to
saturate the core. The FCL is characterized by two principle parameters: impedance at
nominal current (insertion impedance) and impedance at fault current (limiting impedance).
The impedance is mostly reactive and is defined naturally by the sum of inductances of AC
coils. The inductance of each coil depends on the varying permeability of the magnetic core
in different points and in each point it is current dependent and thus time dependent. In this
research work we present the first study of the spatial and temporal behavior of the this
complex system. Our approach is based on a novel experimental approach combined with
extensive simulations of the magnetic behavior. We designed and built a laboratory scale
SCFCL model and studied its magnetic behavior in different regimes. We developed
experimental method to measure the current dependent inductance of AC coils, thus
defining the device characteristics L(l). We received the L(l) function also by exploiting the
Finite Element Method (FEM), simulating the same experiment for verification. An in depth
analysis of a transient process of changing magnetic states of soft ferromagnetic material in
terms of demagnetizing factor was performed. The results allowed solving numerically the
differential equation that govern the SCFCL dynamics, predicting the exact behavior of the
SCFCL in all scenarios at different grid configurations. The solution was obtained by MATLAB
for various conditions. In parallel we performed Finite Element Method (FEM) simulations
with Vector Fields software. Both results are presented as waveforms of current and voltage

drop SCFCL. Waveforms for the laboratory model in nominal, fault and overload states were
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measured experimentally and exhibited excellent match to the calculated waveforms. The
methods developed in the framework of this research provide new tools for analyzing the

SCFCL and improving future designs.
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