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ABSTRACT 
 

Robustness, Low cost and Easy maintenance with-out power electronics components is considered as the 
key factors for the novel approach, known as Voltage regulator , for Rural distributed networks. These 
characteristics make it suitable for rural networks, where investments and operational cost in power quality 
improvement are limited. The regulator consists of a multi winding reduced-power transformer, and 
provides serial voltage compensation. Different voltage compensation steps are obtained by modifying the 
connection and the polarity between the primary and secondary windings. The transformer design has been 
optimized to obtain a high-efficiency and low-cost regulator. An automatic controller monitors the output 
voltage and sets the optimal compensation step. The results were studied in MATLAB/SIMULINK.   
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1. INTRODUCTION  
 

Power quality in distribution network is to 
be considered as long-duration voltage variation. 
Regulated standards are maintained in each country 
of various factors like supply voltage, power 
quality. These standards are complemented in each 
country by specific codes, rules and procedures etc.  
National rules usually define more restrictive 
voltage ranges. The value of voltage amplitude is 
an important quality issue, because loads are 
designed to work correctly within a specific voltage 
range. Several problems in domestic and industrial 
equipment are associated with long duration under 
voltages, such as malfunctioning in relays and 
contactors, incandescent lighting dim, switch-off of 
discharge lighting, failure of nonlinear loads (e.g., 
computer power supplies), and torque reduction in 
induction machines. Long duration over voltages 
usually result in the overheating of loads (motors & 
transformers), and hence reduction in their expected 
durability. Low voltage rural distribution networks 
compared with urban networks are more 
susceptible to long-term voltage variations, due to 
the dispersed configuration of customers. Voltage 
variations in rural areas are usually associated with 
long distances between the loads and the 
distribution transformer. Nowadays, the integration 
of non-controllable dispersed generation in these 

networks is a new potential source of voltage 
variation.  

To minimize long-term voltage variations 
in rural networks, distribution companies have 
traditionally performed different actions such as tap 
change control in the main distribution transformer 
or installation of compensation equipment, like 
capacitor banks, voltage regulators, boosters, or 
auto-boosters; or as a last resort, because it is the 
most expensive alternative, the distribution 
company upgrades the low voltage network 
(increasing the line capability, or changing the 
network rated voltage) [5]. In rural areas, the ratio 
of contracted power per connection point is much 
smaller than for urban areas; therefore, investments 
to solve specific voltage problems are limited. In 
this situation, the use of compensation equipment 
such as voltage regulators becomes an interesting 
alternative. Moreover, the distribution company 
also takes into account the operation and 
maintenance costs and the energy losses resulting 
from the different options for solving voltage 
problems. Consequently the cost-efficiency of 
voltage regulators is also a key issue. The most 
advanced commercial voltage regulators are based 
on power electronics and provide accurate voltage 
output. Nowadays there are few approaches to 
voltage regulators in rural networks [7]–[10]; 
moreover these approaches still do not completely 
cover the needs of rural distribution networks. This 
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paper presents a new voltage regulator that fulfills 
the rural networks needs: high efficiency, 
robustness, easy maintenance and low cost. Various 
sections present the design of the voltage regulator, 
describing its power circuit and control system. 
Some practical considerations regarding the design 
of the voltage regulator and the operation 
experience data of voltage regulators installed in 
the distribution network. 

2. PRINCIPLE OF OPERATION 

The proposed voltage regulator provides 
discrete serial Voltage compensation. Voltage is 
compensated using tap switching, which combines 
two regulation principles: voltage ratio regulation 
and polarity selection. The voltage regulator has a 
transformer with two independent primary 
windings, which is fed from the network, and a 
secondary compensation winding, which is serially 
connected. Different compensation values can be 
obtained by changing the connections between the 
primary and secondary windings, using three power 
contactors, with four poles each. An automatic 
controller measures the output voltage and selects 
the optimal voltage compensation connection.  
The characteristics of the proposed design make it 
suitable for the needs of rural distribution networks:  
Step voltage regulation: voltage is adjusted within 
the required quality range, and for industrial or 
commercial applications in rural networks there is 
usually no need for an accurate voltage regulation 
based on small steps or continuous regulation. 
Robustness: the voltage regulator will be usually 
placed Out-doors, in dispersed locations, some of 
them with difficult-access. For greater reliability 
and easy maintenance, electro-mechanical 
contractors are preferred to power electronics. 
Low cost: using serial voltage compensation instead 
of a full power converter reduces the device size 
and cost, increasing the efficiency notably. 
Moreover, the higher reliability reduces the 
maintenance costs. 
 Power Circuit 
The power circuit of a Single-phase voltage 
regulator consists of a multi winding transformer 
(see Fig. 2), with two primary windings and a 
secondary serial compensation winding. In addition 
three power contactors are used to connect the 
windings and the network. 

 
 

Fig. 1. Two High-Efficiency One-Phase Voltage  
 

regulators installed in a rural Area 
With this design, five different voltage ratios can be 
achieved in the transformer by changing the 
connection between the windings (see Table 1). 
The selection of the adequate compensation step is 
performed by a microprocessor-based control unit. 
 

 
Fig 2 Schematic Diagram Of Voltage Regulator 
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Control System 

The objective of the voltage regulator is to 
improve the line voltage whenever it can be 
achieved, and to guarantee system security in the 
event of a failure of the voltage regulator or severe 
contingency in the distribution network. In this 
situation, the device will be automatically 
disconnected from the network. For this purpose, 
the voltage regulator includes a control system that 
consists of three modules as shown in fig 3.. 
The Measure Module registers voltage and current 
at the voltage regulator output. Every 32 cycles, 
average RMS voltage values are calculated, and 
these are used to decide if voltage compensation is 
needed. For the sake of security, if the voltage 
exceeds the security range ( , ) the voltage regulator 
will be disconnected from the network. 
The Comparison Module compares the average 
value of a set of output voltage values with the 
reference voltage range ( , ), and decides if a new 
compensation step is required. 
The Compensation Module receives a step-change 
order from the Comparison Module and opens or 
closes the three contactors to achieve a new 
compensation step in the voltage regulator. 
 

 
Fig. 3. Control System Of The Voltage Regulator. 

3. DESIGN AND CONSTRUCTION: 

PRACTICAL CONSIDERATIONS 

 

Transformer Design 

A shell-type transformer has been selected 
for its hardness and its lower operation temperature, 
which makes it more appropriate for achieving 
greater efficiency in the functioning of the voltage 
regulator. A software tool has been developed to 
analyze the costs of different transformer column 
designs. This tool analyzes the active material cost 
and the energy losses cost of the transformer [11]. 
Different designs for the column length of the 
magnetic core are presented. The cost calculation 
assumes the following prices: the steel lamination 
cost per kg, the copper cost per kg, and the energy 
losses for certain hours per kWh. For the design, 
total transformer costs can be split into for energy 
losses and active material cost.  
Voltage Reference Range Definition 

The reference voltage range (Vup,Vdown) 
will be defined usually in accordance with the 
quality standards in each country. For instance, if 
voltage requirements at the load are 230 V ± 7%, 
the proposed settings for the voltage regulator will 
be, Vup=214V and  Vdown=246V . However, for 
certain voltage-sensitive applications, a reduced 
reference voltage range may be required. In this 
case, some adaptations in the design are required to 
avoid oscillations in the compensation maneuvers. 
Compensation Maneuvers Sequence 

From the past section, a compensation 
maneuver changes the position of the contactors of 
the device. The compensation maneuver starts with 
the disconnection of the contactor C1. Then, 
contactors C2 and C3 are opened or closed 
depending on the compensation step needed. This 
operation is performed off-load, which minimizes 
possible transients and extends the service life of 
contactors C2 and C3. And finally, C1 is closed, 
and a new compensation step is obtained. 
Experimental results for the compensation 
maneuver are shown in Fig. 8, which shows voltage 
in the coil of contactor C1, and voltage in the 
primary winding Vp. 
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Fig. 4 Tested Compensation Maneuver. 

4. OPERATION & CASE STUDY 

 
 

Fig 5 Voltage Regulator Model Developed In 
MATLAB/SIMULINK. 

 
This section presents some results of the 

voltage regulator during its commercial operation. 
Currently, more than four hundred voltage 
regulators have been installed in rural areas in the 
distribution network in INDIA. Most of these 
devices are Single phase voltage regulators. These 
regulators are generally installed to solve local 
voltage problems, though they have also been used 
in a wide area voltage control, which required 
installing two or more regulators connected in 
cascade. The coordinated operation of various 
voltage regulators requires some practical 
considerations.  

 
 

 
Fig 6: Input & Output Voltage                               

       

Fig 7: Voltage Compensation (Input And Output) For A 

Real Case Study. 

5. CONCLUSION 

According to the analysis presented in the 
paper, the main advantages of the proposed design 
are the following.  
a) The rated power of the proposed voltage 
regulator depends on the maximum supplied 
current and the desired compensated voltage. 
Therefore, the voltage regulator design is smaller 
and cheaper than a conventional voltage regulator 
or transformer. Moreover, the efficiency of the 
proposed voltage regulator is also higher than that 
of conventional voltage regulation devices. For cost 
evaluation purposes, comparison of unitary weights 
and sizes, where the proposed design requires the 
lowest unitary weight and size. In addition, 
proposed voltage regulator has the best minimum 
efficiency compared with the analyzed commercial 
regulators.  
b)The step compensation provided by this voltage 
regulator is a cheap alternative. The use of 
contactors to select between the different 
compensating steps makes the equipment more 
reliable. Moreover, it has lower costs and is more 
easily maintained than the regulators based on 
power electronics. The device is automatically 
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disconnected from the distribution network, which 
guarantees the continuity of the power supply. 
Experimental records for the operation of installed 
voltage regulators have shown their reliability, high 
efficiency, and their capacity to improve power 
quality in rural networks.  
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