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Abstract: In low voltage distribution system, the power quality disturbance due to voltage swell and sag is minimized by using an
custom power device called Dynamic Voltage Restorer (DVR) which is placed between the supply voltage and sensitive load. New
configuration of DVR with improved d-q-o controller has been proposed. The simulations are performed using Matlab/
Simulink’s Sim Power Toolbox.Industries which uses sensitive loads rapidly causes several problems like voltage swell, sag,
transient and unbalance etc, which leads to generate more losses and creates disturbances which in turn leads to malfunctioning
of the apparatus and sometimes to shutdown even.In order to prevent equipment from these disturbances and malfunctioning
several methods are available but the most commonly used methods is the use of DVR . “Dynamic Voltage Restorer” acts as the
series voltage controller. DVR is an important tool to mitigate disturbances related to power quality problems in the low voltage
distribution network.

Keywords: voltage swells, distribution system, Dynamic Voltage Restorer, sensitive load, d-q-o controller.

L INTRODUCTION
Complex networks such as hundreds of generating stations and thousands of load centers are interconnected which involves Modern
power systems , which are connected to each other by the use of long transmission and distribution network.In the view of
customers Quality and reliability of power is mainly considered at various load centers. In developed countries the generation of
power is fairly reliable and the quality of the power is not reliable completely. An uninterrupted and smooth sinusoidal voltage
should be provided by the Power distribution systems, at the required magnitude and frequency.
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Figure 1: Schematic Diagram of Conventional DVR

But, in practical conditions, the distribution network includes mostly the non-linear loads, which affects the quality of power
significantly. Therefore, the sinusoidal voltage gets disturbed due to the presence of non-linear loads, harmonics etc, it loses the
purity, and this is the origin of power quality problems. Apart from nonlinear loads, some systems even include both regular (e.g.
condenser switching, motor starting) and irregular (e.g. faults) could also inflict power quality problems.
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Figure 2: Typical DVR Circuit Topology (Single-Phase Representation).

The response of the natural system with the function of time is considered as the transient response. Electromagnetic transient
studies have always played an essential behavior of the system in the event of different forms of transient phenomena, which can
hardly be achieved by other means. This project addresses the transient studies of electrical networks with power electronics-based,
FACTS and Custom Power (CP) controllers. A considerable percentage of power system studies rely on electromagnetic transient
simulations. The CP controllers include Dynamic Voltage Restorer (DVR).This paper is organized as the theory behind Voltage
Source Converter (VSC) based Controllers namely DVR and the PWM scheme adopted in this paper is described. The test cases
are presented and the simulation results are discussed and finally conclusive remarks are drawn.

1L THE NEW PROPOSED CONFIGURATION OF DVR
The new model of the proposed DVR is shown in Figure 3.This new model we use three single phase of the injection transformer.
All three injection transformer can be connected either in delta/open or star/open configuration. In this paper all three series
injection transformer was connected as delta/open. In this paper the DVR circuit consists of the 3-leg inverter which has 6 IGBT
switches and the battery as a dc energy storage. The low pass filters are used to convert the PWM inverted pulse waveform from
DC to AC conversion in the VSI. In this model, the filters are installed in both the high voltage side and the low voltageside.

Programmable AC Voltage Il
Source I

Impedance

Step-Down
Transformer Y YY)

Injection

Transform%
©COPOr M<——d-0Zmo

¢}
w
o
F
Proposed Filter
Scheme

L=
L—
_F\e
L
N\
AN
N\
AN

abeio)s ABiaug
m|n

al Jn:b; J
i

| Control Circuit |

Figure 3: The Proposed Configuration of DVR
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When filters are placed in low voltage side, high order harmonics from the three phase voltage source PWM inverter is by pass by
the filtering configuration and its impact on the injection current rating can be ignored [14]. The type of this filtering configuration
can also eliminate switching ripples produced by theconverter.

As for the filtering configuration is placed in the high voltage side. In this case, high order harmonic currents will penetrate
through the injection and it will carry the harmonic voltages. When compensate the voltage sag/swell at the critical load, DVR
produce a harmonics distortion fed from series transformer as an injection voltage to the critical load. Using the Fast Fourier
Transform (FFT) analysis to analyse the Total Harmonic Distortion (THD) for the voltage signal. The proposed of the filtering
configuration results a THD value of about 1.4%.

II1. THE CONTROL OF DVR SYSTEM
The Control of DVR system using d-q-o Park’s transformation technique in. Figure 4 show the main components of the control
system .The control system consists of 6 blocks and each, block has its function and can be described as follows:
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Figure 4: Block Diagram Control Scheme of DVR for Voltage Swells
Block 1 is used to convert the three phase load voltages (Vsa, Vsb, Vsc) into the a-p-0 coordinates.Block 2 and block 3 is the a-p-0

to d-q-o transformation blocks which are used to convert the three phase load voltages reference components V, ref, Vgref and V,
ref to Vqref, Vgref and V, ref.

In the control scheme the Block 4 is used to convert the d-q-o to a-p-0 and the block 5 is used for transformation of the a-p3-0 to a-b-
c. By using the three-phase PLL angle 6of the source voltage can be obtained. The detection and reference voltage generation is
done by information extracted from the PLL. The detection scheme for the voltage unbalance compensator is showed in block 6.
Figure 4 shows that the synchronous frame variables —Vd and Vq- are used as inputs for low pass filters to generate voltage
references in the synchronous frame. Block 7 receives the components of the load voltage vectors Vd ref and Vq ref and transforms
them to three-phase coordinates and the generation voltages are used as the voltage reference. The DC link error in Figure 4 is used
to get optimized controller output signal because the energy on the DC link will be changed during the unbalance voltage. Block 8 is
the PWM block which provides the firing for the Inverter switches (PWM]1 to PWMG6). The difference between the reference load
voltage and the supply voltage is injection voltage which is generated and is then send to the voltage source converter (VSC).
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(AVA MATLAB BASED SIMULATION OF DVR SYSTEM:

FLTIOAE VR

DR

e ‘ A A -

T T e

3"

Figure 5: The Matlab/Simulink Model of the Proposed DVR

The DVR voltage which is injected in to the transmission line during sag condition is shown below.

DVR voltage
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Figure 6: The Matlab/Simulink Result of The Injected DVR Voltage to the System
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By simulating the proposed circuit the output voltage , which is obtained by using DVR in the distribution system is shown below.
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Figure 7: The Matlab/Simulink Results of the Input and Output Voltage of the System

V. CONCLUSION

This project presents that the power quality problems in low voltage distribution systems like voltage swell can be mitigated by
using a new compensation voltage control scheme which was proposed in this paper. The proposed method i.e., the dynamic
voltage restorer can protect the consumer’s equipment from potential voltage swells. The mitigation of voltage swell by using DVR
was proved experimentally by using matlab and simulation and was shown in the paper. These results validate the proposed
strategy for the detection and control of the various power quality problems in low voltage distribution systems. These matlab and
Simulink results also shows that the of power quality problems like voltage swells can be compensated very quickly and smoothly
and the source voltage fault can be compensated by series voltage injection transformer.
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