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EXTENDED ABSTRACT

Introduction

Severe voltage fluctuations in the different points of the network are one of the serious
concerns of the widespread low-voltage electrical energy distribution networks. In
particular, small industrial loads and rural consumers in remote geographical areas, which
are fed by long lines, always experience large voltage drops. The use of common distribution
transformers equipped with off-load tap changers has not been effective in solving this
problem due to such issues as the lack of access to all network points for operators, the need
to de-energize the line during tap change and the successive and unpredictable load
changes. Therefore, the use of transformers with automatic voltage adjustment at different
points of distribution networks has been given much attention. This paper aimed to
implement a simple solid-state voltage regulator (SSVR) in the low power range to
automatically eliminate severe voltage fluctuations.

Methodology

In this research, a solid-state voltage regulator with a rated power of 5 KVA was
designed and built to automatically compensate for the voltage of a small group of home
customers (who have a severe voltage drop due to the distance from the distribution post).
In addition to automatically adjusting the voltage at the end of the feeders, this SSVR will
also meet the goals of protecting consumers, neutralizing sudden voltage fluctuations and
quick response to sudden changes in voltage. The proposed SSVR consists of three main
parts, including the autotransformer, the switches that change the coils in the transformer
circuit, and the control part. In this research, to automatically adjust the voltage in a wide
range, the selected autotransformer had 15 different taps from 140V to 250V with 5V and
10V steps (after reducing the voltage to 150V, the autotransformer and SSVR cut off the load
and the protective function). Switching of autotransformer taps was done through triac
switches, which require 15 triacs to change the state of the taps. The 32-bit ARM
microcontroller (digital control system) was used as the main processor of SSVR, which
performs the main programming of switching, software protections, entering the bypass
circuit, and controlling the output voltage. The 3.3V analogue signals of the microcontroller
output were applied as input to the driver circuit of the triacs. MOC3023 optotriac was used
as the driver of triacs. This optotriac has the task of isolating the power circuit from the
electronic circuit. A zero current switching strategy was used to turn on the triacs. Figure
(1) shows the general schematic of the product, including the control circuit, interface
circuits, and switching.
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Figure 1. General control schematic of the proposed solid state voltage regulator circuit.

To increase flexibility, three general operating modes were considered for this SSVR. To
set the working mode of the voltage regulator, a three-position rotary switch was built into
the device. In the first operating mode, the input and output of the device were
simultaneously separated from the power grid and the load and the device was placed in an
isolated state, meaning that the device was turned off. In the second operating mode, the
load was directly connected to the network in such a way that the input phase to the device
was directly connected to its output phase and the voltage regulator section (including
autotransformer, digital control system, driver, semi-switches and conductor) was
completely removed from the circuit. In the third operating mode, a digital control system
based on model predictive control (MPC) was used for intelligent control of the SSVR. The
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device adjusts the output voltage in the set reference value by relying on digital control
based on MPC. The digital control system continuously monitors the performance of the
voltage regulator device and performs the necessary control measures according to the
device's operating state. In the third operating mode, to increase the reliability of the SSVR
5kVA, another bypass mode named "automatic bypass” was designed and built. The
automatic bypass circuit was designed to protect the SSVR device increase its life and
prevent common power outages.

Results and discussion

To evaluate the performance of SSVR, two energy meters (with the ability to measure
and store electrical parameters) were installed on the input and output of SSVR. For an
accurate and comprehensive evaluation, the input and output electrical parameters of SSVR
were stored and recorded hourly by the meters for 22 days. As seen in Figure (2), the SSVR
was capable of delivering the low voltage of the network in a desirable range to the
consumer, confirming the very good performance of this equipment. Based on the
measured currents and power factor, the low losses of the equipment and its lack of impact
on the power quality and power factor of the network were confirmed.
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Figure 2. SSVR input and output voltage measured in 22 days.

Conclusion

In the present research, the design and construction of SSVR to compensate for the
voltage drop of several home subscribers who had voltage drop was investigated. The
results of the measurements showed that this equipment can limit the voltage changes to
220+3%, while it does not affect the power quality. In addition, various hardware and
software protections were designed for the device built against network disturbances and
abnormal consumer functions.
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