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For some decades, power quality did not cause any problem, because it had no effect on
most of the loads connected to the electrical distribution system. Voltage sags is the most
common type of power quality disturbance in the distribution. Recently various power
electronic devices are proposed for this purpose. Among these devices special attention was
given to the family based on the VSC technology for faster response. This project intends to

investigate mitigation technique that is suitable for different type of voltage sags source with
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different type of loads. The mitigation techniques that will be studied are such as Dynamic
Voltage Restorer (DVR), Distribution Static Compensator (DSTATCOM). The simulation is
done using PSCAD/EMTDC software.

DVR,
PSCAD/EMTDC,
VSC.

Introduction

Power quality is the one of the major concern at present.
Voltage magnitude is one of the major factors that determine the
quality of power. In the distribution level the load is subjected to
voltage sags and voltage swells because of sudden switching of
high inductive loads such as arc furnace & capacitive loads etc.
At present most of the industries are using electronic devices
which may cause the most of the power quality problems.
Voltage swells can cause the over heating, tripping or even
destruction of industrial drives. Voltage sag is the one of the
severe power quality problem which may be defined as the
reduction in voltage magnitude between 0.1pu-0.9pu with
respect to the nominal voltage.

Many efforts have been made to remedy the situation.
Indeed custom power technology and flexible AC transmission
technology (FACTS) has been emerged as a best solution to
solve the problem for the continuity of power to the consumer.

At present wide range of flexible controllers are designed
for the power system applications. Among this distribution
compensator (DSTATCOM) and dynamic voltage restorer
(DVR) are based on the VSC technology. A DSTATCOM can
inject a voltage in shunt with the system via a coupling
transformer and a DVR can also inject the voltage into the
systemsimilar to the DSTATCOM but in series.

VSC Based Controllers

In this section VSC based controllers are discussed which
are proposed in this paper.
DSTATCOM:

In the basic form, the DSTATCOM consists of a voltage
source converter (VSC), dc storage device and a coupling
transformer connected in shunt with the system. fig 1 represents
the basic form of DSTATCOM.

The VSC converts the dc voltage across the storage device
into the three phase AC voltage which is coupled with the
system voltage through the reactance of coupling transformer.
By the angle between system voltage and VSC voltage the
active power flow is controlled and reactive power flow is
controlled by the difference between the magnitudes of these
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voltages. The controller continuously monitors the load voltage
and determines the amount of compensation required by the AC
system for various disturbances.
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Figl. Basic configuration of DSTATCOM
The control scheme is explained in the section .
DVR:

It is a recently proposed series controlled solid state device
which injects a voltage in series with the system. It is normally
installed between supply system and the sensitive load. In its
basic form it is similar to the DSTATCOM but it is connected in
series with the system through coupling transformer. Its primary
function is to boost up the voltage at the load end in the event of
any disturbances. Fig 2 represents the basic form of DVR. The
control scheme is explained in section 11l
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Fig2. Basic configuration of DVR
Control Scheme
This section describes the control scheme for the proposed
custom power devices. The control scheme is based on the
sinusoidal pulse width modulation (SPWM). The aim of this
control scheme is to maintain a constant voltage at the point
where a sensitive load is connected under any system
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disturbances. This scheme is same for both the custom power
devices. The control system exerts the voltage control as
follows: the load rms voltage Vrms is continuously monitored
and compared with the reference voltage magnitude Ve and
produces an error signal. This error signal is processed through
the Pl controller then the controller generates a delay angle
which drives the error to zero. In the pwm generator the
sinusoidal signal Vontror is phase modulated by the delay angle
generated by the PI controller. This control voltage Veontrol IS
compared with the triangular signal (carrier signal) and produces
the switching signals required for the VSC.

Test Cases and Simulation Results

This section is divided into two parts. In the first part
DSTATCOM simulation model is designed and simulations
results are explained which is followed by the simulation design
of DVR and its results.

DSTATCOM simulations & results

Figd. Shows the test system implementation for the
DSTATCOM using PSCAD/EMTDC. The test system consists
of 230KV transmission system which is represented by thevinen
equivalent circuit which is feeding the primary of the 3-phase
transformer 3 winding transformer. The varying load is
connected to 400V the secondary winding of the transformer.
The DSTATCOM is connected at the 400V tertiary winding of
the transformer. A capacitor is connected is connected on the
DC side of the DSTATCOM to provide energy storage
capability.

A set of simulations are carried out for the test system
shown in fig. 4. the control scheme implemented is shown in
fig.3 The simulation relates to two main operating conditions.

1. In the simulation period 300ms-600ms the load is increased
by closing the switch B. In this case the voltage is dropped to
almost 25% with respect to the reference voltage.

2. At 600ms the switch B is opened and remains same
throughout the rest of the simulation then the load voltage is
same as the reference voltage i.e. 1PU.

Fig 5(a) shows the RMS voltage at the load point when the
DSTATCOM is not connected to the system. Similarly a set of
simulations are carried out but now with DSTATCOM. The
results are shown in the fig. 5(b), where the effective voltage
regulation is achieved.

Fig3 control sheme for DSTATCOM
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Fig 4. Test system implemented in PSCAD/EMTDC for
DSTATCOM simulations
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Fig 5) wltage at the load point a) with no DSTATCOM
b) with DSTATCOM

DVR simulations & results

Fig7. Shows the test system implementation for the
DSTATCOM using PSCAD/EMTDC. The coupling transformer
is connected in delta on DVR side with a leakage reactance of
10%. The control scheme implemented is shown in fig.6 .In
these two simulations are carried out as follows:
1. At 300-600ms a three phase short circuit fault is applied with
a short circuit resistance of 1 Q. Then the voltage sag is 50%
with respect to the reference voltage.
2.The second simulation is carried out with the same fault
condition same as above, but now with DVR in operation.

The total simulation period is 1.4ms. The simulation results
are as shown in fig 8.

Fig 6. Control scheme for DVR
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Fig7. Test system implemented in PSCAD/EMTDC for DVR
simulations
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Fig 8) wltage at the load point a) with no DSTATCOM b)
with DVR

Conclusion

In this study modeling and simulation of DVR &
DSTATCOM with necessary control strategy is implemented.
The simulation results showed clearly the performance of the
DVR & DSTATCOM in mitigating the voltage sag. The load
has been maintained at the constant voltage magnitude. A new
PWM based control scheme is implemented to control the
operation of the power electronic switches in VSC which is used
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in the DSTATCOM & DVR. The control scheme will measure
only the voltage magnitude but not the reactive power. It is
observed that their regulating capability depends on the two
factors. They are the capacity of DC storage capacitor and the
characteristics of the coupling transformer.
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