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Electricity distribution network delivers 220V voltage to single phase
customers. In weak distribution systems, the length of feeders is long
so the end of feeders is faced with excessive voltage drop.
Compensating for this voltage drop by constructing medium voltage
power systems and installing new distribution substations is not cost
effective. Especially in rural areas where the prospect of development
and increase in subscribers is unlikely. Therefore, other flexible and
low-cost solutions should be considered. In this research, to
compensate for voltage drop, a semi-industrial model of solid-state
voltage regulator was designed and manufactured for a small group of
home subscribers who had voltage drop due to their distance from the
distribution substation. In this structure, dry autotransformers with
nominal power of 15KVA were used as single-phase (or three-phase).
The low-voltage autotransformer taps were changed by the use of
triac semiconductor switches with voltage closed-loop control. To
show the efficiency of this method, a 500VA laboratory sample was
made using 12 triacs with 40A rated current, from which successful
results were obtained. The measurement results showed that this
equipment could limit voltage changes to the range of 0.95 to 1.05 of
the nominal value while also not affecting the quality of power. The
semi-industrial version of this voltage regulator was manufactured
and successfully tested, in which appropriate protection functions are
embedded for operational use in power systems.
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EXTENDED ABSTRACT

Introduction

Electricity distribution network delivers voltage of 220V to single phase customers. In
weak distribution systems, the length of feeders is long so the end of feeders is faced with
excessive voltage drop. Compensating for this voltage drop by constructing medium voltage
power system and installing new distribution substations is not cost effective, particularly
in rural areas where the prospect of development and increase in subscribers is unlikely.
Therefore, other flexible and low-cost solutions should be considered. In this research, to
compensate for voltage drop, a small group of home subscribers who experienced voltage
drop in their distribution systems due to their distance from the distribution substation, a
semi-industrial model of solid-state voltage regulator (SSVR) was designed and
manufactured which can be installed on outdoor electric poles.

Methodology

The proposed SSVR consisted of three main parts of transformer, the switching of
transformer taps and the circuit control part. In this SSVR, a dry autotransformer with
system nominal power was used as a single-phase (or three-phase). Autotransformers, due
to having only one coil, have a smaller core and coil volume, lower cost, and less loss than a
conventional transformer with isolated coils. Thus, autotransformers are used here. The
low-voltage autotransformer taps were changed by the use of triac semiconductor switches
with voltage closed-loop control. To show the efficiency of this method, a 500VA laboratory
sample was made using 12 triacs with 40A rated current. Itis noteworthy that under normal
conditions, when feeder voltage is 220V, coil switch 1/1 is closed, implying that none of the
coils are placed in series with the load and the load current does not pass through the
transformer coils, and its coil losses are almost zero.

Here, 12 different taps from 140V to 250V with 10V steps were used to automatically
adjust the voltage in a wide range. After reducing the voltage to 140V, the autotransformer
and SSVR cut off the load and the protection function was performed. This implied that by
changing the input voltage to SSVR in the range of 140V to V250V, it was possible to set the
output voltage delivered to the load in the range of 220V with changes less than 3%.

One of the most important parts of SSVR implementation is the control circuit of triac
firing pulse. In the control circuit, the voltage of the load and feeder is measured and
according to the amount of voltage drop, the appropriate tap is selected and then the
corresponding triac is excited based on the voltage zero crossing. In the present research,
appropriate analog electronic circuits were used to control the firing pulse of triacs. To
detect the feeder voltage, it was necessary to measure the line voltage and for this purpose,
the line voltage was converted to DC voltage by the diode bridge rectifier. Then, the DC
voltage entered the comparator as the main quantity of the line voltage measurement. A
comparator circuit consisting of an op-amp was used to compare the online voltage with
the reference voltage in order to make suitable signals to be sent to the triacs. The taps 12
of autotransformer had to be switched and consequently LM339 ICs 3 were used, which
have 12 op-amps. In order to determine the desired value of the output voltage of the
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autotransformer through the op-amp command, voltage divider resistors with equal value
were used according to Figure 1. In order to prevent the interference of the operation of
different triacs (which causes short-circuiting of some coils of the autotransformer), XORs
were used in series with the comparator, which can also be seen in Figure 1.
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Figure 1. Schematic SSVR with analog control circuit.

When the feeder voltage is between the minimum and maximum value, the voltage of
some branches of the voltage divider resistors is greater than V:er and the output of some
op-amps switches on. The value of the resistors was set in such a way that with the changes
of the feeder voltage in the steps of 10V, the op-amps were turned on in order. The output
signals of the digital comparator circuits must fire the triacs of the power circuit, so a
suitable interface circuit must be used to convert the output of the control circuit, which is
a 5V signal, into the appropriate command to connect and disconnect the triac. MOC3041
optotriac IC was used in this circuit, which enabled to turn the triac on and off at the point
of zero voltage, and in this way, it had the least effect on the quality of the voltage waveform
and load current.

Results and discussion

The complete setup of SSVR laboratory sample is shown in Figure 2. In this circuit, a 500-
watt load was made using 100 watt lamps and used for testing. The output voltage
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waveform was measured through a 5-watt 1-ohm resistor, which was connected in series
with the neutral wire. The potential on this resistor was less than 10 volts and directly
connected to the oscilloscope for measurement. The voltage waveform of the resistor,
which is actually equal to the load current, can be seen in Figure 2. As can be observed, the
obtained waveform did not have any transients and its harmonics were close to 1%. In
addition, the circuit was continuously kept on and no temperature increase was observed
on the surface of the heatsink.

M i
L

Figure 2. Complete set-up of laboratory sample and lamp current waveform in SSVR operation.

Conclusion

The results showed that SSVR can limit the voltage changes to the range of 0.95 to 1.05
of the nominal value without affecting the quality of power. The semi-industrial version of
this voltage regulator was manufactured and successfully tested, in which appropriate
protection functions were embedded for operational use in power systems. In general, the
obtained results demonstrated that the equipment had a high efficiency in compensating
the voltage drop caused by long low pressure feeders.
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