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Fig. 7. Analysis Example for SC Overcurrent Caused by No-load Energization of Transformer

that may occur due to the ground capacitance of the trans-
mission cables. Table 4 summarizes the major peculiar
phenomena that will occur in the long-distance AC power
transmission cables and examples of possible countermea-
sures. Nissin Electric carries out power system analyses to
assess the necessity of implementing countermeasures and
provides customers with the equipment specifications when
an appropriate countermeasure is essential.

Table 4. Peculiar Phenomena in Long-distance AC Power Transmission Cables
and Examples of Countermeasures

Phenomenon Phenomenon of concern and example of countermeasure
Peak voltage remains in the cables when the breaker is turned off. If
Residual the breaker is turned on under this condition, overvoltage will occur.
voltage in As a result, the related equipment and devices may be damaged.
cable [Countermeasure] Discharging voltage by installing transmission
line VT (after verifying winding tolerance)
Large capacitance C of long distance cables reduces the resonance
frequency with inductance L of the power system. As a result,
Harmonic | Particular harmonics expands.
resonance | Resonance frequency = 1/(2nVLC) )
= Resonance frequency decreases as C increases.
[Countermeasure] Installation of harmonic filter
When the charge current of cables overlaps the transformer
magnetizing inrush current, a time period without current zero
occurs. During this time period, it may be impossible to open the CB
Current for transformer when power system fails.
Zero miss - -
[Countermeasure] Appropriate operation of power system or
energization of transformer by means of breaker mounted with built-
in resistor
Voltage fluctuates when power transmission through long-distance
Voltage‘ cables is turned on/off (voltage rise in particular).
fluctuation -
[Countermeasure] Installation of shunt reactor (ShR) and/or SVC

In addition, installation of instrument transformers
like a voltage transformer (VT) and current transformer
(CT) are required when distributed power sources are
newly interconnected. It is known that an extraordinary
vibration phenomenon, called ferroresonance, rarely
continues in a circuit in which capacitance (C) coexists
with the magnetizing inductance (L) of a device equipped
with an iron core like a VT. The generation mechanism of
ferroresonance is as follows. When L is magnetically satu-

rated temporary by an electrical shock, such as turning on/
off of a breaker, energy is transferred between L and C. If
ferroresonance continues, the related equipment and
devices may be damaged due to overheating and the main
circuit may cause a grounding fault caused by dielectric
breakdown.

An analysis example of the ferroresonance phenom-
enon” is shown in Table 5 and Fig. 8. In the circuit diagram
shown in Fig. 8, the tertiary circuit was ungrounded. When
the breaker was turned on without load in this power system,
zero-phase voltage waveforms (voltage of the same phase

Table 5. Phase Voltages and Line-to-line Voltages of VT and Zero-phase Voltages
(measurement and simulation results)”

Voltage

Measured waveform ‘

Analysis result

50 Hz voltage waveform fluctuates alternately

(generation of 1/2 frequency harmonic vibration) 50Hz  25Hz
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Cp: Ground capacitance of transformer’s tertiary coil
Cy: Ground capacitance of VT + GIS

Fig. 8. Circuit Configuration of GIS Power System for Use in the Tertiary
Circuit of Overseas 500 kV Substation
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and amount contained in each phase) were measured, as
shown in Table 5. It was confirmed from this table that the
zero-phase voltage oscillated at a frequency of 25 Hz, which
was one-half of the basic frequency (50 Hz), and the same
component was superimposed on the voltage of each phase.
In the simulation that was carried out to reproduce the zero-
phase voltage under practical power system conditions,
results of which are shown on the right side of Table 5, a 1/2
frequency harmonic vibration with the same waveforms as
those measured was obtained. It was confirmed from the
above simulation result that ferroresonance occurs in actual
power systems.

The occurrence of the ferroresonance phenomenon
depends on the constant of peripheral circuits and the oper-
ating conditions of the power system. Based on abundant
experiences in this field, Nissin Electric provides customers
with the analysis of their power systems and countermea-
sures.

3-3 Analysis example for customer’s power system

The major items to be studied for the steady operation
of customers’ power systems and the measures to be imple-
mented to prevent system failures are shown in Table 6.
Instantaneous voltage-drop / power-failure prevention tech-
niques will become more important for business continuity
given the recent and frequent occurrence of natural disas-
ters and the rising concern about the deterioration of power
quality because of the expanded introduction of renewable
energy. This section describes and discusses some exam-
ples of analyses for instantaneous voltage-drop / power-
failure countermeasures.

Nisshin Electric developed various types of equipment
that are indispensable for semiconductor production
processes in order to prevent instantaneous voltage-drop /
power-failure, and supplied them to semiconductor plants.
Figure 9 presents an outline of our parallel-type full-voltage
compensator “ALLSAFE”® that can control instantaneous
voltage drop / power failure, while Fig. 10 compares the
waveforms that were measured in an in-plant test of this
equipment with the waveforms obtained by EMTP, instanta-
neous value analysis software.

As shown in Fig. 10, by creating analysis models that
can accurately reproduce the actual operations of instanta-

Table 6. Major Study Items and Solution Examples to Protect Customers’

Power Systems from Failure
Study item Problem and example of solution
Instantaneous [Problem] Preliminary study of the compensation performance

voltage-drop /
power-failure
countermeasure

of instantaneous voltage-drop / power-failure prevention
equipment: Study of the effect of load device on compensation
performance and the torque of rotary machine’s output shaft

(Continuous
plant operation
even in the event

[Example of solution] Installation of prevention equipment (e.g.,
Series/parallel-type compensator and current-limiting circuit

of disaster) breaker)
Cooperative [Problem] Verification of the stable operation of a power
control/stable system during disturbance and compensation for fluctuation of

operation of

renewable energy supply

various types of
power sources

[Example of solution] Installation of power stabilization
system (e.g., battery)

Voltage
fluctuation when

[Problem] Instantaneous voltage drop and malfunction of
protective relay that are attributable to magnetizing inrush
current generated when transformer is energized

power-receiving
transformer is
energized

[Example of solution] Use of resistor, input phase control,
and synchronous energization by magnetizing secondary
components

Generation of

[Problem] Expansion of harmonics on customer’s power
systems

harmonics by
load device

[Example of solution] Installation of harmonic filter, control
of harmonics source (e.g., installation of AC reactor)

/
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Fig. 9. Outline of the Operation of Instantaneous Voltage Drop / Power Failure
Prevention Equipment (ALLSAFE)
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Fig. 10. Operation Analysis of Instantaneous Voltage Drop / Power Failure Prevention Equipment in In-plant Test
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neous voltage-drop / power-failure prevention equipment,
Nissin Electric optimized designs for various customers’
power system conditions.

It has also commercialized a system that supplies the
load power from an emergency power generator in the
event of a prolonged power failure.

4. Conclusion

Power systems in Japan have been changing dramati-
cally in association with the massive introduction of solar
power, electricity system reform, and reinforcement of
interconnections between regional electric power utilities.
This paper reported Nissin Electric’s efforts for solving
power system problems that are anticipated to occur in the
future, with focus on its original technology for power
system analysis. Using its system analysis technology,
Nissin Electric will continue to solve various problems and
contribute to the development of power systems.

« ALLSAFE is a trademark or registered trademark of Nissin Electric Co., Ltd.

Technical Terms

%1 Flicker: Voltage fluctuation in an arc furnace and
other facilities that are exposed to load fluctuations. It
causes illumination to flicker.

%2 SVC: Acronym for static var compensator; it
comprises a semiconductor device to continuously
control the magnitude of reactive power. TCR, which
is an acronym for thyristor-controlled reactor,
controls lagging power by continuously controlling
reactor current by controlling the firing angle of
thyristors.

*k3  Harmonic: Voltage or current whose frequency is an
integral multiple of the fundamental frequency of the
power system (50 Hz in eastern Japan; 60 Hz in
western Japan).

%4 PCS: Acronym for power conditioning system; a
device for converting generated power to AC power
and delivering it to a power system.
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