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Method of Reducing Transformer Remanence by Changing Capacitance of External Circuit
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ABSTRACT: Because of the magnetic hysteresis effect, there
will be remanence in the iron core after the de-energization of
the transformer. When the transformer is re-energized, if the
closing angle is not appropriate, the remanence will make the
iron core reach the saturation state and will cause inrush
current. The inrush current will cause the action of relay
protection devices and fail the re-energization. Besides, the
non-sinusoidal inrush current may cause power system
resonance and thus lose the stability. In order to eliminate the
remanence, an oscillating attenuated current can be applied in
the winding, but this requires a set of demagnetization power
source and complicated operations, which are rarely used in
practice. Therefore, the ideal situation is that the transformer
directly has no or little remanence after the de-energization,
and additional demagnetizing methods are not necessary. A
method to reduce the transformer remanence based on the
principle of automatic demagnetization was proposed. The idea
is that utilizing the capacitance effect in the external circuit of
the transformer, especially the parallel voltage equalizing
capacitor of the circuit breaker, makes the current after the
de-energization oscillate to a certain extent under the influence
of the capacitance and the equivalent inductance of the
transformer. The oscillating attenuated current is equivalent to
the demagnetization current, and will make the magnetic field
in the core decrease to a small value. The simulation results of
the remanence variation characteristics with the capacitance in
the external circuit were given, and then the value of the
parallel voltage equalizing capacitor of the circuit breaker with
sufficient core demagnetization effect was given. Besides, the
influence of the ground capacitances of the circuit breaker and
the transformer on the remanence was also analyzed. Finally,
the comprehensive configuration scheme of the capacitors and

the application scope of this method were given.
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Fig. 1 Equivalent circuit of the transformer and

the circuit breaker
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Fig. 2 Transient current waveform during the

de-energization process (de-energization moment: 0.25s)
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the transformer
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Ci/pF BJT B, o RS RIWEI T 7 /%
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When the transformer is re-energized, if the closing
angle is not appropriate, the remanence will make the
iron core reach the saturation state and cause inrush
current. The inrush current will make the relay protection
devices act and fail the re-energization. Besides, the
non-sinusoidal inrush current may cause power system
resonance and stability losing. In order to avoid these
consequences, measures need to be taken to reduce the
transformer remanence.

A method to reduce the transformer remanence
based on automatic demagnetization is proposed in this
paper. The idea is that utilizing the capacitance effect in
the external circuit of the transformer, especially the
parallel voltage equalizing capacitor of the circuit
breaker, makes the current after the de-energization
oscillate to a certain extent under the influence of the
capacitance and the equivalent inductance of the
transformer. The oscillating attenuated current is
equivalent to the demagnetization current, and will make
the magnetic field in the core decrease to a small level.

The field-circuit coupling method is used to
calculate the remanence of an unloaded transformer after
the de-energization. The H-B trajectory of the iron core
fully reflects the influence of the capacitance in the
external circuit on the current and remanence. The
remanence variation characteristics with the capacitances
are obtained through simulation. With the increase of the
parallel voltage equalizing capacitor of the circuit
breaker, the remanence decreases gradually. The increase
of this capacitor does not conflict with the requirements
of voltage equalizing, and it can be implemented by
directly changing the parameters of existing equipment
without adding additional demagnetizing equipment,
which reduces the cost and is easy to be carried out.
Besides, the smaller the ground capacitances of the
circuit breaker and the transformer are, the smaller the
remanence is, but it is difficult to reduce them after the
manufacturing and installation of the power equipment.

The comprehensive configuration scheme of the
capacitors is given. First of all, in the manufacturing and
installation process of the circuit breaker and the
transformer, with the basis of meeting the insulation
requirements, minimize their ground capacitances as
much as possible. Then, the parallel voltage equalizing
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capacitor of the circuit breaker is increased. Under the
condition of representative de-energization phase angles,
the variation of transformer remanence B, with parallel
voltage equalizing capacitor Ct of the circuit breaker is
shown in Fig. 1. According to the maximum remanence
curve in Fig. 1, different configuration schemes and their
effects of remanence reduction are shown in Table 1.
According to the tendency that the remanence decreases
by 23.6% every time the parallel voltage equalizing
capacitance of the circuit breaker increases by 1 time,
increasing the parallel voltage equalizing capacitance to
3~4 times of the original required value can reduce the
remanence to less than half of the original value. The
increase of the capacitance has no adverse effect on the
circuit breaker.
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Fig. 1 Variation of transformer remanence B: with
parallel voltage equalizing capacitor Cf of the circuit breaker

(the legend: de-energization phase angle)

Table 1 Configuration schemes of parallel voltage equalizing

capacitor of the circuit breaker and the effects

Ci/pF B/T Percentage of the original B,/%
1 000 0.318 100.0
2 000 0.279 87.7
3000 0.166 523
3500 0.130 40.9

The method proposed in this paper can reduce the
transformer remanence based on the principle of
automatic demagnetization, which is convenient and
effective. This method is applicable to the remanence
reduction of transformers with multi-break circuit breakers
in high-voltage power systems of 220kV and above.



